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Erythropoietin attenuates hydrogen peroxide-induced

damage of hepatocytes

Hepatositlerde olusturulan hidrojen peroksit toksisitesinde eritropoietin'in

koruyucu rolu
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Background/aims: High levels of hydrogen peroxide (H202)
are observed during inflammatory and ischemic states of the li-
ver and usually lead to cellular dysfunction and cytotoxicity.
Recently, it has been reported that erythropoietin and mitoc-
hondrial K (ATP) channel openers have a protective effect via a
pharmacological preconditioning action during ischemia reper-
fusion injury of the liver and heart. However, it remains uncle-
ar as to whether K (ATP) channel blockers can reduce the pro-
tective effect of erythropoietin in the H202-induced injury of he-
patocytes. Methods: To determine whether erythropoietin treat-
ment decreases H202-induced toxicity, we used human hepa-
tocyte cell line Hep3B for assays. Cells were pretreated with dif-
ferent dosages of erythropoietin (0.1-1-10-50 IU /ml) 2 h before
H20:2 application. For determination of effects of blockage of mi-
tochondrial K (ATP) channels during erythropoietin treatment,
glibenclamide treatment was applied to the medium 2 h before
H202 toxicity. Cell number, lactate dehydrogenase and caspase-
3 levels were measured in erythropoietin, glibenclamide and /or
H202-treated groups. Results: Erythropoietin treatment signi-
ficantly increased cell number at the 24" and 48" h compared to
the control group. H202 application induced apoptosis and lac-
tate dehydrogenase release from Hep3B cells and decreased cell
number. Erythropoietin prevents H20z2 toxicity in hepatocytes.
The K channel inhibitor glibenclamide decreased the cytoproli-
ferative and cytoprotective effect of erythropoietin during H202
toxicity of Hep3B cells. Conclusions: Erythropoietin treatment
may be considered as a therapeutic agent during oxidative inju-
ries of hepatocytes and its cytoprotective effect is abolished by
glibenclamide.

Key words: ATP dependent K channel, caspase-3,
erythropoietin (EPO), glibenclamide, hepatocyte, hydrogen
peroxide (H202) toxicity, lactate dehydrogenase (LDH)

INTRODUCTION

In liver injury, hepatocytes are subjected to oxida-
tive stress from both reactive oxidative species
(ROS) generated intracellularly in response to

Amag: Karacigerin enflamatuar ve iskemik hasarlarinda yiik-
sek diizeyde H202 aciga ¢tkmakta ve genellikle hiicresel disfonk-
siyona ve sitotoksisiteye neden olmaktadir. Son donemlerde,
eritropoietin ve mitokondrial K (ATP) kanal agicillarinin kara-
ciger ve kalbin iskemi reperfiizyon hasart sirasinda farmakolo-
Jik onsartlanma olusturarak koruyucu etkiye sahip oldugu gos-
terilmigtir. Bununla beraber; K (ATP) kanal blokorlerinin, erit-
ropoietinin karacigerde olusturulan H202 toksisitesine karst
koruyucu etkisini azaltip azaltamayacagt heniiz bilinmemekte-
dir. Yontem: Eritropoietinin H20z2 ile olusturulan toksisitesin-
deki etkisini arastirmak amactyla ¢calismamizda insan hepato-
sit hiicre dizisi Hep3B kullanilmigtir. Hiicreler H202 uygula-
masindan 2 saat énce eritropoietinin farkli dozlaryla (0.1-1-
10-50 IU/ml) én tedavi edilmistir. Eritropoietinin wygulamasi
sirasinda mitokondrial K (ATP) kanal blokajinin etkisini gor-
mek amaciyla glibenklamid ortama H202 toksisitesinden 2 sa-
at once eritropoietin ile eszamanli olarak eklenmistir. Hiicre sa-
yist, laktat dehidrogenaz ve kaspaz-3 diizeyleri eritropoietin,
glibenklamid ve [veya H20z2 ile muamele edilmis hiicrelerde 6l-
ciilmiigtiir. Bulgular: Eritropoietin uygulamast hiicre sayisini
kontrol grubuna gore 24 ve 48. saatlerde belirgin bir sekilde
arttirmigtir. H202 eklenmesi; hiicrelerde apoptosis, hiicre olii-
mii ve laktat dehidrogenaz salinimini arttirmigtir. Eritropoieti-
n tedavisi; hepatositleri H202 toksisitesinden korumustur. K
kanal inhibitorii glibenklamid Hep3B lerde H202 toksisitesi st-
rasindaki sitoproliferatif ve sitoprotektif etkisini azaltmistir.
Sonug: Eritropoietin uwygulamast hepatositlerin oksidatif hasa-
ri strasinda torapetik bir ajan olarak énerilebilir ve eritropoie-
tinin sitoprotektif etkisi glibenklamid ile azalmaktadur.

Anahtar kelimeler: ATP bagiml K kanali, kaspaz-3, eritropoi-
etin (EPO), glibenklamid, hepatosit, hidrojen peroksit (H202)
toksisitesi, laktat dehidrogenaz (LDH)

cytokines and hepatotoxins and ROS produced ext-
racellularly by inflammatory cells. Peroxisomal
oxidases and microsomal cytochrome P450 enzy-
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mes are the most important sources of ROS, jo-
intly accounting for the production of 80% of the
hydrogen peroxide (H202) in the liver under nor-
mal physiological conditions (1). Both exogenously
exposed and endogenously produced ROS are
known to act as intermediates in apoptotic signa-
ling. H202 is involved in numerous types of cell
and tissue injury. High levels of H202 are observed
during inflammatory states and usually lead to
cellular dysfunction and cytotoxicity. Especially
during alcohol-induced hepatotoxicity, induction
of microsomal cytochrome P450 enzymes occurs
(2). During infections and inflammation, neutrop-
hils trigger a long-lasting oxidant stress through
NADPH oxidase. Superoxide generated by
NADPH oxidase dismutatesto oxygen and H202,
which is a highly diffusible oxidant. In addition,
myeloperoxidase released from the neutrophils’
azurophilic granules can generate hypochlorous
acid (3). The hydroxyl and superoxide radicals ge-
nerated by H202 can lead to necrotic cell injury
through damaginginteractions with cellular DNA,
protein, or lipids, which disrupts critical cellular
macromolecules and energy production (1,4).

Erythropoietin (EPO) is a hematopoietic cytokine.
Decreased oxygen delivery, most often due to ane-
mic hypoxemia, is the primary stimulus to EPO
release. Typical for cytokines, EPO has multiple
functions besides bone marrow. Previous studies
showed that it has strong antiapoptotic and anti-
oxidant properties (5,6). EPO activates different
protein kinase signalling pathways and can incre-
ase resistance to ischemia and oxidative stress.
Before ischemia reperfusion (I/R) injuries, admi-
nistration of mitochondrial ATP dependent K
channel opener protects neurons from oxidative
damage and apoptosis (7,8). The same results we-
re seen after a liver I/R model (9). EPO treatment
during I/R damage mimics preconditioning (10). It
has been shown that ATP dependent K channel
activation is involved in cardioprotective effects of
EPO during cardiac I/R damage (11). Previous stu-
dies demonstrated the sizeable beneficial effects of
EPO in several clinical in vivo models of I/R injury
(9), shock (12) and laparoscopy (10) induced dama-
ge of the liver, but direct effect of EPO treatment
during H202 toxicity in hepatocytes is not yet
known. In this study, we aimed to investigate
whether EPO treatment is protective during H202
toxicity and its relationship with ATP dependent
K channel activation.
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MATERIALS AND METHODS
Cell lines, chemicals and materials:

Human hepatoma cell line Hep3B cells were obta-
ined from the ATCC. Cells were cultured in RPMI-
1640 medium (PAA, Austria), supplemented with
fetal calf serum (FCS) (PAA, Austria), L-glutami-
ne (Sigma, USA), streptomycin (Sigma, USA) and
penicillin (Sigma, USA). Effect of EPO (rHuEPO —
recombinant human erythropoietin- Eprex 4000
1U/0.4 ml flacon, Janssen-Cilag) treatment during
H202 (Sigma, USA) toxicity was studied. Cell co-
unts were tested by 3-[4,5-dimethylthiazol-2-yl]-
2,5 diphenyltetrazolium bromide (MTT, Sigma,
USA). For evaluation of apoptosis, caspase-3 le-
vels were measured by a fluorometric kit (Bioti-
um, USA). Lactate dehydrogenase (LDH) level
was measured with a kit using an automatic mul-
tianalyzer (Roche; P800).

Effects of glibenclamide (Sigma, USA) during
H20:2 toxicity were evaluated.

Cell culture and experimental protocol.:

The human hepatoma cell line Hep3B was cultu-
red in RPMI-1640 medium, supplemented with
10% v/v FCS, 2 mM L-glutamine, streptomycin
(100 pg/ml) and penicillin (100 IU/ml) in a humidi-
fied atmosphere containing 5% CO2 at 37°C. One
day before the experiments, cells were seeded on
96-well microtiter plates (Nunc, Denmark) as
2X10° cells/ml.

Depending on the groups, different concentrations
of EPO (0.1-1-10-50 IU/ml), glibenclamide (10 uM)
and/or H202 (100 uM) were added to medium. Be-
fore induction of cell death by H20z2, cells were
pretreated with different dosages of EPO for 2 h,
then H202 was applied for 2 h. Then medium was
changed according to group protocols. Glibencla-
mide treatment was applied to medium 2 h before
H202 toxicity. For determination of effects of gli-
benclamide during EPO treatment, we used EPO
at a concentration of 50 IU/ml in the experiment.

LDH and caspase-3 levels were measured from
EPO, glibenclamide and/or H202treated groups at
the 48" h. After supernatants were removed, cell
surface was washed with sterile phosphate buffe-
red saline (PBS) and cells were harvested with
lysis solution, and caspase-3 levels of groups were
measured from cell lysates. LDH measurement
was done from both the supernatant and cell lysa-
te.
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Evaluation of cellular proliferation:

The MTT, a colorimetric assay based upon the abi-
lity of living cells to reduce 3-[4,5-dimethylthiazol-
2-yl1]-2,5 diphenyltetrazolium bromide into forma-
zan, was used for evaluation of the effects of H202,
EPO and glibenclamide on cellular death or proli-
feration (2", 24" and 48™ h).

Biochemical Determination of Cell Death

Hep3B cells were plated in 96 multi-well culture
plates as 3X10° cells/ml. LDH is normally present
in the cytosol of hepatocytes. In response to cell
damage, LDH is released from the cells. Therefo-
re, to determine cell death, we measured secreted
and intracellular LDH levels and we calculated %
released LDH at the 48" h of each group. To do
this, the medium was collected to measure enzyme
activities. The adherent cells were lysed. Both me-
dium and cell lysates were used for quantitative
determination of LDH activity (IU/L), which was
performed with an automatic multianalyzer (Roc-
he) using kit (Roche). Released enzyme fractions
for each sample were calculated as the ratio of
enzyme present in the medium vs. the sum of the
levels of the same enzyme in the supernatant and
in the cells.

Measurement of apoptosis:
Caspase-3 levels:

The presence of apoptosis was determined by cas-
pase-3 levels. Equal numbers of cells were used for
caspase-3 level measurements. Cells were lysed
with assay buffer (50 mM HEPES, pH 7.4, 100 mM
NaCl, 0.1% CHAPS, 10 mM DTT, 2 mM EDTA, 2
mM EGTA, Triton X-100, 0.1%). Caspase-3 levels
were measured by DEVD-R110 Fluorometric HT'S
Assay Kit from cell lysates. The fluorogenic subst-
rate (Ac-DEVD)2-R110 was used for this assay. It
is completely hydrolyzed by the enzyme in two
successive steps. Cleavage of the first DEVD pep-
tide results in the monopeptide Ac-DEVD-R110
intermediate, which has absorption and emission
wavelengths similar to those of R110
(Aabs/Aabs=496/520 nm), but has only about 10% the
fluorescence of the latter. Hydrolysis of the second
DEVD peptide releases the dye R110, leading to a
substantial fluorescence increase.

Equal volumes of sample and caspase-3 detection
buffer were added to assay plate, then incubated
at 37°C for 1 h. Results were read with a fluorome-
ter at 470 nm excitation filter and 520 nm emissi-
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on filter. R110 was used for generating a standard
curve to calculate amount of substrate conversion.

Statistical Analysis

Results of the experiments were analyzed by one
way ANOVA, followed by a multiple comparison
test using SPSS 10.0. p <0.05 was accepted as sta-
tistically significant. Results are given as me-
an+SEM.

RESULTS
Cell proliferation and toxicity:

H202 exposure decreased living cell number im-
mediately at the 2™ h compared to control and
EPO treatment groups (p<0.05). At the end of the
experiment (48" h), cell numbers in the H202-tre-
ated group were decreased significantly compared
to the other groups (p<0.001). At the 48" h of EPO
treatment, hepatocyte number was increased com-
pared to H202 and control groups (p<0.001). There
was no significant difference between cytoprotecti-
ve effects of the different dosages of EPO treat-
ment during H202 toxicity (Figure 1).
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Figure 1. % Cell death was determined at 2", 24" and 48" h by
3-(4.,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay. H202 exposure induced prominent cell death in
Hep3B hepatocytes. Data are from six independent experiments
for each condition. Data are given as mean+SEM. P<0.05 was
accepted as statistically significant.
‘represents p<0.05, "represents p<0.001 difference between
H202-exposed cells and the control group.

Glibenclamide diminished the proliferative and
cytoprotective effect of EPO treatment (p<0.05)
(Figure 2).

Cellular cytotoxicity of H202 was also determined
by LDH release percentages at the 48™ h. H20z2 ex-
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Figure 2. ATP dependent K channel blockage with glibenclami-
de inhibited the cytoproliferative effect of EPO. Data are given
as mean+SEM. P<0.05 was accepted as statistically significant.
‘represents p<0.05, ‘represents p<0.001 difference between

H202-exposed cells and the control group.

posure caused increased LDH release from Hep3B
cells. EPO treatment protected hepatocytes from
toxic effects of H202 (Figure 3).

Determination of apoptosis:

Caspase-3 level was used for the determination of
the apoptotic effect of H202. At the 48" h, H202 ca-
used apoptosis in Hep3B cells (p<0.001). EPO tre-
atment was protective against H202 by decreasing
apoptosis as measured by caspase-3 levels (Figure
4). Similar results were seen from the apoptosis
assay like MTT and LDH leakage. Glibenclamide
abolished the antiapoptotic effect of EPO treat-
ment at the 48" h. Glibenclamide alone slightly
increased apoptosis in Hep3B cells but it was not
statistically significant (Figure 5).

30

25 —

20

15

10

LDH % released

Q Q Q3 >
S & & &

Figure 3. H202 induced cytotoxicity at the 48" h of the experi-
ment determined by LDH % released to medium. H202 induced
two-fold LDH release from hepatocytes at the end of the 48" h
(p<0.01). Data are given as mean+SEM. *represents difference
between control and H202 groups.
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Figure 4. Caspase-3 levels: H202 toxicity caused prominent
apoptosis at the 48"h (p<0.001). EPO treatment during H202 to-
xicity decreased apoptosis. Data are given as mean+=SEM. *rep-
resents difference between control and H202 toxicity groups
(p<0.001).
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Figure 5. Caspase-3 levels: Glibenclamide, EPO, EPO+glibenc-
lamide treatment did not cause any increase in caspase-3 levels
of the hepatocytes at the 48" h. H202 toxicity increased caspase-
3 levels compared to control (p<0.001). EPO treatment during
toxicity decreased H202-induced damage (p<0.01). ‘represents
difference between H202, glibenclamide-H202 and control gro-
ups(p<0.001). "represents difference between EPO-glibenclami-
de-H202 and control groups (p<0.01).

o

caspase-3 levels (cfu)
o

DISCUSSION

In liver diseases, ROS are involved in cell death
and liver injury. During oxidative stress or ische-
mia, mitochondrial damage occurs; cytochrome c
releases and activates downstream caspases le-
ading to apoptosis. Application of H202 induced
apoptosis and cell death in hepatocytes (1). We fo-
und increased caspase-3 level in this group. LDH
is an enzyme that is normally present in the cyto-
sol of hepatocytes. In response to cell damage (nec-
rosis or late-stage apoptosis), LDH is released
from the cells (13). Therefore, to determine cell de-
ath, we measured secreted and intracellular LDH
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levels. Cell number of the H20z2 toxicity group was
lower at the 48" h compared to 2" and 24" h. We
calculated % released LDH at the 48" h of each
group. As a result of increased cellular damage,
increased LDH leakage occurs from cells to the
medium, as we found in the H202 toxicity group.

We applied EPO treatment before H202 toxicity.
Application of EPO decreased peroxide-triggered
apoptosis, LDH leakage, and cell death. Caspase-
3 levels were decreased in the EPO treatment gro-
up. We found that EPO treatment has antiapopto-
tic and proliferative effect on hepatocytes, and this
effect was independent of the dosages selected in
the experimental design. EPO had a hepatoprotec-
tive effect against H202 toxicity and the nonspeci-
fic ATP dependent K channel blocker, glibenclami-
de, abolished this effect. Direct acute protective ef-
fects of EPO have been shown to implicate these
channels. Previous studies have shown that syste-
mic application of single-dose EPO treatment inhi-
bits nitric oxide mediated free-radical formation in
the rat liver, and reduces oxidative stress, caspa-
se-3 levels and liver enzymes in the serum of rats
after I/R injury (9-12). Our study supported these
findings and we found that EPO has a direct
cytoprotective and cytoproliferative effect on hepa-
tocytes.

Information related to the role of K channels in
hepatocytes is limited. The ATP-sensitive K+
channels in both sarcolemmal and mitochondrial
inner membrane are the critical mediators in cel-
lular protection of ischemic preconditioning. Acti-
vation of mitochondrial ATP dependent K* chan-
nels plays a significant role in the reduction of
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apoptosis (13,14). ATP dependent K* channels ha-
ve significant roles in liver growth control as indi-
cated by stimulation of DNA synthesis. It was
shown that K ATP channel blockers quinidine and
glibenclamide inhibited DNA synthesis both with
and without hepatic growth factor stimulation in
hepatocytes (15).

Opening of these channels has been related to pro-
tein kinase C activation, calcium- mediated sig-
nals and through mitogen-activated protein kina-
ses (MAPK) activation (16,17). It is known that
EPO activates protein kinase receptors and
MAPK. Activation of protein kinases induces mi-
togenic activity in cells (18). The cytoproliferative
effect of EPO is also mediated by these kinases
and these effects were blocked by ATP dependent
K channel blockage (19). Although we did not eva-
luate intracellular pathways and kinases, blocka-
ge of the cytoprotective and proliferative effects of
EPO treatment by K channel blockage might be
due to blockage of protein kinases.

In conclusion, these results suggest that the pro-
tective role of EPO against hepatic H20z2 toxicity
correlated with activation of ATP dependent K
channel activation.

EPO is a therapeutic drug for different liver injury
models. However, further investigations are requ-
ired to clarify this role, because the hepatic protec-
tive mechanisms associated with EPO and subty-
pes of K ATP channels are not yet clearly defined.
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