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ABSTRACT

Objective: The effects of erythropoietin (EPO) which has been
frequently studied as an anti-epileptic agent, on peripheral tis-
sues have not been investigated. This study investigated the ef-
fects on malondialdehyde (MDA), advanced protein oxidation
products (AOPP), superoxide dismutase (SOD), prolidase and
sialic acid (SA) levels in the heart, kidney and liver tissues of EPO
pretreatment in pentylenetetrazole (PTZ)-induced seizures.

Material and Method: Thirty three male adult rats were divided
into three groups. A saline-injected control group, a 60 mg/kg
PTZ-injected group to induce seizures and a 3000 [U/kg EPO-in-
jected group 24 hours before seizures. After seizure severity and
seizure latency were scored, the rats sacrificed, the tissues were
immediately removed for biochemical analyses.

Results: The PTZ-induced seizures increased MDA in kidney
(p<0.01) and AOPP in liver (p<0.05) but didn't alter these mark-
ers in heart tissue. In all three tissues, SOD didn't change due
to seizures. The SA levels increased in the heart (p<0.001), de-
creased in the kidney (p<0.001), and were unchanged in liver.
Prolidase increased (p<0.05) only in kidney, and was unchanged
in other tissues. EPO-pretreatment decreased seizure severi-
ty and increased seizure latency. It prevented the increase in
MDA in the kidney (p<0.01) but increased AOPP (p<0.05) and

OzZET

Amag: Antiepileptik ajan olarak siklikla calisilan eritropoietinin
(EPO)'nun periferik dokular tzerindeki etkileri aragtirlmamustir.
Bu calismada pentilentetrazol (PTZ) ile indiklenen ndbetlerde
EPO &n tedavisinin kalp, bobrek ve karaciger dokularinda ma-
londialdehit (MDA), ileri protein oksidasyon riinleri (AOPP), su-
peroksid dismutaz (SOD), prolidaz ve sialik asit (SA) seviyelerine
etkisi arastinildi.

Gereg ve Yéntem: Otuz Ug eriskin erkek sican U¢ gruba aynldi.
Salin enjekte edilmis kontrol grubu, nébetleri indiklemek icin
60 mg/kg PTZ enjekte edilmis grup, nébetlerden 24 saat 6nce
3000 1U/kg EPO enjekte edilmis grup. Nébet siddeti ve nébet
gecikmesi puanlandiktan sonra, sicanlar sakrifiye edildi, dokular
biyokimyasal analizler icin hemen cikarildi.

Bulgular: Pentilentetrazol ile indiklenen ndbetler, bobrekte
MDA (p<0,01) ve karacigerde AOPP'yi arttirdi (p<0,05), ancak
kalp dokusunda bu markirlar degistirmedi. Her l¢ dokuda da
SOD ndbetler nedeniyle degismedi. Kalpte SA artti (p<0,001),
bobrekte azaldi (p<0,001), karacigerde degismedi. Prolidaz sa-
dece bobrekte artti (p<0,05), diger dokularda degismedi. EPO
on tedavisi nodbet siddetini azaltti ve ndbet latansini artirdi. EPO
boébrekte MDA artisini engelledi (p<0,01), ancak AOPP'yi artirdi
(p<0,05) ve SOD'u azaltti (p<0,01) ve prolidazi nébetlerin arttirdi-
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decreased SOD (p<0.01) and further increased prolidase more
than the seizures increased (p<0.01). EPO-pretreatment pre-
vented the increase in AOPP in the liver (p<0.05) but was inef-
fective in PTZ-induced SA changes in the heart and kidney.

Conclusion: We think that the increase in the heart SA level in
seizures is an original finding and deserves investigation in the
context of seizure-related cardiac arrhytmias. Also, despite the
EPQO’s anti-seizure effect, increased protein oxidaiton and proli-
dase, especially in the kidney, is an other important finding that
needs further research.

Keywords: Erythropoietin, PTZ-induced seizures, oxidative
stress markers, sialic acid, prolidase, peripheral tissues

Jindan daha fazla artirdi (p<0,01). EPO 6n tedavisi, karacigerde
AOPP artigini énledi (p<0,05), ancak kalp ve bdébrekte PTZ'nin
neden oldugu SA degisikliklerinde etkisizdi.

Sonug: Nébetlerde kalp dokusundaki SA artisinin ndbet-iliskili
kardiak aritmiler baglaminda arastirmayi hak eden orijinal bulgu
oldugunu distinlyoruz. Ayrica EPO 6n tedavisinin nébet engel-
leyici etkisine ragmen dzellikle bébrek dokusunda artmis prote-
in oksidasyonu ve prolidaz da ileri arastirmayi gerektiren diger
dnemli bulgudur.

Anahtar Kelimeler: Eritropoietin, PTZ-indikli nébetler, oksida-
tif stres belirtecleri, sialik asit, prolidaz, periferik dokular

INTRODUCTION

It is demonstrated that epileptic seizures cause oxida-
tive stress (OS) not only in the central nervous system but
also in peripheral tissues (1). OS is an issue caused by an
imbalance between the production of reactive oxygen
species (ROS) in tissues and the capacity of endogenous
antioxidant defense systems to remove these reactive
products. Superoxide dismutase (SOD), one of the im-
portant antioxidant enzymes in the body, plays a key role
in detoxifying superoxide anions and may prevent OS-in-
duced cellular damage (2). It is shown that experimental
induced epileptic seizures increase lipid peroxidation and
decrease SOD enzyme activity in liver and kidney (2). On
the other hand, it is reported that various anti-epileptic
drugs (AEDs) are insufficient in preventing seizures and
may trigger OS in brain and peripheral tissues, impair
the endogenous antioxidative ability. Thus, epilepsy pa-
tients are suffering from hepatic and renal dysfunctions
due to their current anti-epileptic drug treatment (1). For
instance, it is shown that commonly used drugs such as
sodium valproate is associated with serious hepatotoxicity
(3). Thus, novel AED investigations that suppress seizures
more efficiently with no or minimum adverse effects draw
attention. Erythropoietin (EPO) is a hypoxia inducible he-
matopoietic factor, which is predominantly expressed in
the kidneys. However, EPO and its receptors are widely
expressed in many tissues including brain, liver, skeletal,
heart, muscle and lungs (4). There are many studies show-
ing the anti-epileptic effect of EPO (5-7). In our previous
studies, we have shown its antioxidant and anti-inflam-
matory effects on brain tissue in addition to antiseizure
effect of EPO treatment in a generalized acute tonic-clon-
ic epilepsy model induced by pentylenetetrazole (PTZ) in
rats (6, 7). However, although EPO's anti-epileptic proper-
ty is shown, it is an important deficiency that its effects on
peripheral tissues have not been investigated yet. EPO has
been shown to have an antioxidant effect and a protective
effect on heart tissue and kidney ischemia/reperfusion injury
models (4, 8, 9). These reports led us to ask what effect
EPO treatment might have on the OS that may occur in
peripheral tissues in epileptic seizures.

Because of detoxification and excretion functions, the liver
and kidney are two important organs that have been investi-
gated in the context of side effects such as OS in experimen-
tal seizure models (2, 10). On the other hand, it is reported
that drug refractory epilepsy patients have cardiovascular
abnormalities and epilepsy is associated with the risk of
cardiac ischemia (11). Also, it is known that sudden car-
diac arrest and heart rhythm disorders are considered
the most common cause of epilepsy-related deaths (12).
However, the effects of seizures and anti-epileptic drugs
on heart tissue have not been investigated. Voltage-gat-
ed sodium channels which include negatively charged sialic
acid (SA) is vital for neuronal signal conduction and regular
heart rhythms (13). Sialic acid can directly activate the volt-
age dependent sodium channel at lower depolarization
via contributing to negative potential (14). In this context,
it SA may affect heart muscle excitability, how epileptic
seizures and anti-epileptic drugs affect SA levels in heart
muscle is an issue that needs to be investigated, but as far
as we know, no such study has been conducted before.
Besides the effects of epileptic seizures and anti-epileptic
drugs on heart tissue have not been investigated in terms
of other biomarkers.

Prolidase is a metalloenzyme that is found in many
tissues including the kidney, brain, heart, lungs, and
pancreas (15). It plays a role in the recycling of pro-
line from imidodipeptides for the resynthesis of col-
lagen, the main component of the connective tissue
and therefore it provides collagen turnover, and ma-
trix remodeling (16). It is also reported that prolidase
enzyme activity may be induced with OS and inflam-
mation, also disturbances in prolidase enzyme activity
can contribute to the damaging effects of free radicals
through collagen breakdown and may play a role in the
progress of various diseases (17). Besides, it is shown
that serum prolidase enzyme activity and OS values
increased in epileptic patients taking anti-epileptic
drug and it is reported that this may be a risk factor for
vascular damage because of the increase in the colla-
gen cycle (18). To the best of our knowledge, there is
no data on how the epileptic seizures affect prolidase
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activity in kidney, liver, and heart tissues and how the
EPO treatment changes it.

In light of this information, in this study, we essentially fo-
cused the effects of PTZ-induced acute generalized tonic
clonic seizures as well as EPO pretreatment 24 hours before
PTZ administration on liver, kidney and heart tissues. We
evaluated these effects in terms of SA levels, prolidase
activity, advanced oxidation protein products (AOPP;
protein oxidation indicator), malondialdehyde (MDA, lip-
id peroxidaiton indicator) and SOD levels.

MATERIAL AND METHOD

Animals and experimental design

Male Wistar albino rats (200-250g) were housed in cages
and 12 h light-dark cycle and an ad libitum feeding were
maintained. Experiments were conducted in the morning
to avoid circadian variations. All procedures were done
in accordance with the guidelines of Bezmialem Vakif
University Animal Experiments Local Ethics Committee
(Date: 22.04.2016, No:128).

Thirty three rats were randomly divided into three groups
(n=11/each group); 1: Control group (administered with
0.9% saline), 2: PTZ group (administered with 60 mg/
kg PTZ to induce generalized tonic-clonic seizures), 3:
EPO+PTZ group (administered with 3000 1U/kg EPO 24
h before PTZ injection). PTZ (Sigma, St. Louis, MO, USA),
and Recombinant human EPO (r-HUEPO, Eprex; Epoetin
alfa, Santa Farma, Turkey) were dissolved in 0.5 ml 0.9%
saline and administered intraperitoneally. PTZ dose was
selected as it achieves the most successful convulsive re-
sponse with the least mortality (19). The EPO dose is the
dose that does not have any side effects that do not affect
the hematocrit values and has anticonvulsive activity (7).

PTZ-induced seizures

Pentilentetrazol is commonly used to create a model of
generalized seizure in rats and to study the effectiveness
of anti-epileptic drugs (7). A single dose 60 mg/kg PTZ
intraperitoneally was injected to induce tonic-clonic
generalized seizures. After the PTZ injection, the rats
were placed in a plexiglass acrylic cage and seizure
behavior was observed until convulsions stopped and
was recorded with a camera. The severity of seizures
were assessed, using scores based on modified Racine’s
scale (20), as follows: 1, ear and facial twitching; 2, head
bobbing and repeated myoclonic jerks; 3, partial clonic
forelimb convulsions in a sitting position; 4, major
seizures (generalized tonic-clonic seizures whilst lying on
the belly); 5, generalized tonic-clonic seizures; running,
followed by the loss of righting ability, and then a
tonic phase progressive to the clonus of all four limbs.
Seizure latency was measured as the time between
the injection of PTZ and the appearance of the first
myoclonic jerks.

Biochemical analysis of AOPP, MDA, SOD, SA and pro-
lidase enzyme activity in liver, heart, and kidneys
After the evaluation of seizure severity, rats were de-
capitated under anesthesia (50 mg/kg ketamine and 10
mg/kg xylazine) and the liver, heart and kidneys were re-
moved immediately. The kidney, heart and liver tissues
were washed in ice cold 0.01 M PBS (Phosphate Buffered
Saline) to avoid blood contamination. All tissue samples
were homogenized in 0.01 M PBS (pH 7.4) using Teflon/
glass homogenizer and the homogenates were centri-
fuged at 5,000 g for 15 min at 4°C. The supernatants were
aliquoted and stored at -80°C immediately until AOPP,
MDA, SA levels and SOD, prolidase activity assay were
performed. The total amount of protein was determined
by the Lowry method (21).

AOPP assays were performed spectrophotometrically
at 340 nm wavelength by Hanasand’s modified method
(22). AOPP concentrations were calculated from the stan-
dard curve graph and expressed as ymol/L chloramine-T
equivalents.

Changes in tissue lipid peroxidation levels were evaluat-
ed by measuring MDA levels. Spectrophotometric anal-
ysis of MDA levels was performed by Beuge and Aust's
method (23), determined by the quantity of thiobarbituric
acid reactive products. The MDA concentration was cal-
culated by its molar extinction coefficient (=155 mM-~
Tecm™ 1) and expressed as nmol/mg protein.

SA levels were determined by the Tram method (24).
B-formylpyruvic acid formed because of periodic acid
oxidation was reacted with two molthiobarbituric acid.
A colored compound was formed that gave maximum
absorbance at 549 nm. Since this product is not stable,
absorbances were recorded at 549 nm in the spectropho-
tometer by pulling into the cyclohex-zanon phase. The
SA amount was expressed as pg/mg protein.

The total SOD enzyme activity was measured spectro-
photometrically (25). The percent inhibition rate was cal-
culated with the formula Ablank-Asample/Ablank x 100.
50% inhibition corresponds to 1 Unit of enzyme activity.
Enzyme activity was given as U/mg protein.

Prolidase enzyme activity was determined according to
the spectrophotometric method of Ozcan et al. 2007 (26),
based on the measurement of proline levels, a prolidase
product, produced by prolidase enzyme. Tissue prolidase
activities were expressed in terms of nmol/min/mg protein.

Statistical analysis

The levels of AOPP, MDA, SOD, SA and prolidase en-
zyme activity in the liver, heart and kidneys were analyzed
separately. The comparisons between groups were made
by unpaired t tests in GraphPad Prism 8 software. A value
of p<0.05 was considered statistically significant.
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RESULTS

Evaluation of PTZ-induced seizures

A single dose of 60 mg/kg PTZ caused generalized tonic
clonic epileptic seizures of 4-5 severity according to the
Racine’s scale. EPO pretreatment significantly reduced
the severity of seizures and increased seizures latency
(Table 1). As seizures were not observed in the control
group, it was not included in the table.

Table 1: Seizure severity and Seizure latency in PTZ
and EPO+PTZ groups

PTZ EPO+PTZ p value
Seizure latency (Sec) 74.86+6.02 101.1+8.54 p<0.05
4.8+0.4 3.4+05 p<0.01

PTZ: single dose of 60 mg/kg pentylenetetrazol was administered;
EPO+PTZ: 3000 IU/kg erythropoietin was administered 24 hours
before a PTZ injection. Seizures were not seen in control group,
therefore they are not given in the table.

Seizure severity

Evaluation of OS markers, prolidase and SA levels in
peripheral tissues

When the changes in the OS markers, prolidase and SA
levels in peripheral tissues were examined, different re-
sults were observed for all three organs. The variation of
each parameter according to the groups was as follows.

AOPP; PTZ induced seizures caused an increase in AOPP
in liver tissue compared to the control group (p<0.05) but
did not change in heart and kidney AOPP levels com-
pared to the control group (Figure 1). EPO treatment
before seizures decreased AOPP level in the liver com-
pared to the PTZ group (p<0.05). Conversely, it further
increased AOPP level in kidney compared to the PTZ
group (p<0.01) (Figure 1). EPO pretreatment did not sig-
nificantly cause change in terms of AOPP in heart tissue.
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Figure 1: AOPP levels in liver, heart and kidney tissues
in all groups

AOPP: Advanced oxidation protein products; Control: 0.9% saline
was administered; PTZ: single dose of 60 mg/kg pentylenetetra-
zol was administered; EPO+PTZ: 3000 1U/kg erythropoietin was
administered 24 hours before a pentylenetetrazol injection. Each
column represents the mean=SD. *p<0.05; **p<0.01

MDA, PTZ-induced seizures increased kidney MDA level
compared to control group (p<0.01). Conversely, it did
not cause to any change in MDA levels in liver and heart
tissues compared to the control group (Figure 2). EPO
treatment before seizures significantly decreased MDA
levels in heart (p<0.05) and kidney (p<0.01) compared
to PTZ group (Figure 2). But EPO pretreatment did not
cause any change in liver MDA level compared to other
groups (Figure 2).
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Figure 2: MDA levels in liver, heart and kidney tissues in
all groups

MDA: Malondialdehyde. Control: 0.9% saline was administered;
PTZ: single dose of 60 mg/kg pentylenetetrazol was adminis-
tered; EPO+PTZ: 3000 1U/kg erythropoietin was administered
24 hours before a pentylenetetrazol injection. Each column rep-
resents the mean+SD. *p<0.05; **p<0.01

SOD; PTZ-induced seizures did not change SOD levels
of liver, heart and kidney tissues according to the con-
trol group (Figure 3). EPO treatment before seizures did
not cause significant difference in liver and heart tissues’
SOD levels, but EPO pretreatment significantly caused
a decreased SOD level in kidney compared to the PTZ
and control groups (p<0.001 and p<0.01, respectively)
(Figure 3).
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Figure 3: SOD levels in liver, heart and kidney tissues in
all groups

Kidney

SOD: Superoxide dismutase. Control: 0.9% saline was admin-
istered; PTZ: single dose of 60 mg /kg pentylenetetrazol was
administered; EPO+PTZ: 3000 1U/kg erythropoietin was admin-
istered 24 hours before a pentylenetetrazol injection. Each col-
umn represents the mean=SD. **p<0.01; ***p<0.001
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SA,; PTZ induced seizures significantly caused an increase
in the heart SA level compared to the control group
(p<0.001). Conversely, it caused a significant decrease
in the kidney tissue SA level compared to the control
group (p<0.001). But it did not cause a difference in liver
SA level compared to the control group (Figure 4). In the
EPO pretreated group all tissue SA levels were the same
as in the PTZ group. In other words, in the EPO treatment
group, as in the PTZ group, the SA level in the heart tissue
was higher than the control group (p<0.05), it was lower in
the kidney tissue compared (p<0.001). EPO pretreatment
also did not cause a significant change in the liver SA level
as in the PTZ group (Figure 4).
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Figure 4: Sialic acid levels in liver, heart and kidney tis-
sues in all groups

Control: 0.9% saline was administered; PTZ: single dose of 60
mg/kg pentylenetetrazol was administered; EPO+PTZ: 3000 |U/
kg erythropoietin was administered 24 hours before a penty-

lenetetrazol injection. Each column represents the mean=SD.
*p<0.05; ***p<0.001

Prolidase; PTZ-induced seizures did not cause a change
in liver and heart tissues prolidase level compared to the
control group but increased in the kidney prolidase level
in comparison (p<0.05) (Figure 5). EPO treatment before
seizures increased the kidney prolidase level (p<0.05),
but EPO pretreatment did not cause a change in liver and
heart tissues prolidase levels compared to other groups
(Figure 5).

£ 250+
g N mm CONTROL
S 200 * 03 P1Z
=
3 Y EPO+PTZ
] % 150
S =
5 £
&£ 100 .
[
o 50
£
£ 0
Liver Heart Kidney

Figure 5: Prolidase levels in liver, heart and kidney tissues
in all groups

Control: 0.9% saline was administered; PTZ: single dose of 60 mg/
kg pentylenetetrazol was administered; EPO+PTZ: 3000 IU/kg
erythropoietin was administered 24 hours before a pentylenetetra-
zol injection. Each column represents the mean+SD. *p<0.05

DISCUSSION

It is demonstrated that PTZ-induced seizures in rats in-
creased the MDA level, which is a lipid peroxidation in-
dicator in the liver and kidney and also the brain (10, 27).
Although our findings are consistent with other studies
in terms of the OS increase in the liver and kidney, it is
original because it shows a difference because the
oxidative biomarkers differ according to tissues. PTZ
induced seizures did not cause significant changes in
oxidative markers in heart tissue, but it increased MDA
in the kidney and AOPP in the liver, it did not decrease
SOD, which is an antioxidant enzyme in both tissues.
Antioxidant markers are expected to decrease while oxi-
dative markers increase (28). The fact that the SOD level
was not decreased in our study suggested an increase in
the activity of the endogenous defense system against
the OS caused by seizures in tissues. Indeed, supporting
our suggestion, studies done in patients with epilepsy
have shown that there is an increase in oxidative markers
in plasma that show protein, lipid and DNA oxidation, and
an increase in antioxidant enzymes (29).

Another OS related parameter we investigated in our
study was prolidase, which is one of the matrix metallo-
proteinases. It was shown that increased prolidase en-
zyme activity and total oxidant markers in the serum of
epileptic patients taking the anti-epileptic treatment may
have an increased risk for vascular damage associated
with degenerated collagen turnover (18). In our study
PTZ-induced seizures increased the level of prolidase
only in kidney tissue, it did not change in other tissues.
When we consider that PTZ-induced seizures cause an
increase in MDA, which is lipid peroxidation indicator, in
the kidney we suggested that an increase in prolidase
may be associated with lipid peroxidation in particular.

Pentilentetrazol induce seizures by activating glutamate
receptors and inhibiting GABA receptors (20). Glutamate
receptors have been also identified in tissues such as
those of the liver, kidney, lung, and heart and also the
brain (30). Thus, seizures might affect peripheral tissues
through glutamate receptors. Also, it is reported that
N-methyl-D-aspartate (NMDA) receptors, which are
a subtype of glutamate receptors could be one of the
crucial mediators in the regulation of oxidative balance
in many tissues. Although the functional significance of
glutamate receptors for kidney, liver and other tissues is
not exactly understood, it is suggested that sustained
activation of these receptors induces changes in cellu-
lar calcium dynamics and in turn can activate free radical
generation, that is lipid peroxidation (30). A study tar-
geting glutamate receptors has reported that type-5 me-
tabotropic glutamate receptor (mGlu5) antagonist (MPEP)
administration might protect erythrocytes and liver tissue
against anoxic damage and prevent increase in OS re-
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vealed by PTZ-induced seizures in rats (10). In our study,
the fact that epileptic seizures increased prolidase and
MDA, especially in the kidney, may be due to containing
more glutamate receptors of the kidney. Indeed, it is re-
ported that the kidney contains more and all types of glu-
tamate receptors (30). In another study it is reported that
OS related tissue damage in renal cells may be caused by
excessive activation of NMDA glutamate receptors (31).

In this study we also investigated the change of SA in pe-
ripheral tissues following seizures. We found that PTZ-in-
duced seizures caused a significant increase in the level
of SA only in the heart tissue. We think this is important
because seizures related to cardiac rhythm disorders are
an important problem and we suggest this may be related
to SA. Indeed, it is proposed that the serum SA content
is associated with cardiovascular diseases. It is shown that
the SA level was elevated in serum after myocardial infarc-
tion (32). Moreover, a relationship between an increase in SA
biosynthesis and cardiac hypertrophy was demonstrated (33).
We think that studies investigating the significance of SA in
heart rhythm disturbances or sudden deaths observed in
epileptic seizures are needed.

As far as we know, this study is the first study investigating
changes in SA levels in the heart and other tissues in epilep-
tic seizures. Interestingly in our study PTZ-induced seizures
lowered SA levels in the kidney. It is suggested that SA acts
as a competitive antagonist at the glutamate binding site
(34). Non-neural glutamate receptors may play a role in
normal cellular functions such as cell to cell communica-
tion. Also, all the ionotropic glutamate receptors, espe-
cially NMDA receptors are nonselective cation channels,
allowing the passage in small amounts of Ca*? (30, 35).
We think that the decrease in SA in the kidney tissue
and thus the increase in Ca* entry into the cell may have
triggered OS. On the other hand, PTZ-induced seizures
increased the SA level in heart tissue. We thought that
the increased SA in the heart tissue caused of seizures
might have prevented Ca*? entry into the heart cell, so
the increase of OS products in the heart tissue may have
been prevented. As a matter of fact, in our study, oxida-
tive markers did not increase in the heart tissue because
of the seizures. However, we thought that the excitability
of the heart may change because of the increase in SA in
the heart tissue that might prevents Ca* entry into the
cell. From this point of view, the effects, and consequenc-
es of seizures on SA levels in the kidney and heart tissues
are important subjects that require further investigation.

In our study, we also investigated the effects on periph-
eral tissues besides the anti-epileptic effect of EPO pre-
treatment in seizures. As previously shown by our stud-
ies (7, 19), also in the present study EPO pretreatment
decreased the severity of PTZ-induced seizures and in-
creased the seizure latency. EPO pretreatment prevented

an MDA increase caused by seizures in the kidney, while
increasing the level of AOPP, which was not changed
with seizures. It has been reported that AOPP, which are
protein oxidation products, are more reliable than lipid
peroxidation products as OS indicators due to their sta-
bility and longevity (36). Therefore, although EPO pre-
treatment reduces MDA in the kidney, it has a significant
oxidant effect in terms of AOPP. In addition, the decrease
of SOD in the kidney with EPO pretreatment is another
finding supporting that EPO therapy may cause OS in the
kidney. Moreover, EPO pretreatment increased the proli-
dase level in the kidney more than the increase caused by
seizures. It is reported that increased tissue prolidase levels
in diseases such as diabetes, chronic liver disease are an
indicator of OS and the reduction of antioxidant defense
could cause increase in prolidase level (37). Indeed, in our
study, in the EPO-treated group the kidney SOD levels
reduced, while prolidase level increased. All these find-
ings strengthen the theory that EPO pretreatment can
cause OS in the kidney. The Kidneys are the primary site
of EPO production and contain more EPOr, which have
higher affinity. Therefore, we think that exogeneously giv-
en EPO may arise from the affinity differences of the EPOr
in hematopoietic organ, the kidney and nonhematopoi-
etic organs, and the differences in the dynamics of the
signal pathways initiated through these receptors. Mean-
while, our findings revealed that EPO treatment before
seizure is ineffective to changes in SA levels in the heart
and kidney caused of seizures. Namely, the SA level was
high in heart tissue and low in kidney tissue as in the PTZ
group. On the other hand, interestingly EPO treatment
prevented the increase in AOPP caused by PTZ in the liver.
This finding at the same time shows the protective effect
of EPO in the liver.

CONCLUSION

Our results clearly showed that seizures cause OS in the
liver and kidneys and increase SA in heart tissue. We
suggest that increased SA in the heart is an important
and original result that may be critical for seizure relat-
ed cardiac arrythmias and/or sudden deaths. Our study
clearly showed that EPO suppresses PTZ-induced sei-
zures, as we have shown earlier. Furthermore, our results
revealed that EPO pretreatment affected the changes in
OS markers caused by seizures in tissues, but this effect
was different according to the tissue, increased protein
oxidaiton and prolidase, especially in the kidney. While
investigating the anti-epileptic effect of EPO in seizures,
its effect on tissues has not been studied before, and
thus limits our discussion. Although there is no parame-
ter showing the effect of EPO on glutamate receptors in
peripheral tissues in our study, we suggest that EPO may
show different effects on tissues due to the different gluta-
mate receptors expressed in peripheral tissues. Indeed, glu-
tamate receptors, which play a critical role in the initiation
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and spread of seizures, have been detected in peripheral
tissues including the heart and kidney and it is reported
that the glutamate receptors may mediate the functions
of tissues (38). Our preliminary study clearly shows that
while investigating the anti-epileptic effect of EPO, its ef-
fect on tissues must not be ignored. We think that further
studies are needed to understand the mechanism.
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