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Abstract

Despiteimportant progressin obstetric and neonatal care, Hypoxic-Ischemic Encephalopathy
(HIE) is one of the common causes of neonatal brain damage. The aim of the present
study was to investigate the possible neuroprotective effects of two different dosages of
pentoxifylline (60 and 100 mg/kg) (PTX) on a model of perinatal HIE. Seven-day-old Wistar
rat pups were subjected to right common carotid artery ligation and hypoxia (92% nitrogen
and 8% oxygen) for 2h. They were treated with PTX or saline both immediately after
hypoxia-ischemia (HI) and after 2h. In sham group animals, neither ligation, nor hypoxia
was performed. Neuronal apoptosis was evaluated by the caspase-3 immunostaining
methods. The numbers of caspase-3 immunoreactive cells in the parietal cortex and dentate
gyrus were observed to have significantly increased in the HI, PTX60 and PTX100 groups
compared to the sham group, and, no differences were detected between the HI, PTX60
and PTX100 groups. The numbers of caspase-3 immunoreactive cells in the cornu ammonis
regions of the hippocampus were significantly higher in the HI, PTX60 and PTX100 groups
than in the sham group. But, elevated in the PTX60 group was significantly lower than that
determined in the HI group. However, the number of necrotic cells in all regions of brain
were significantly lower PTX60 than HI and PTX100 groups. These results show that PTX
administration after hypoxia-ischemia reduces neuronal apoptosis and necrosis. Therefore,
PTX may be an effective drug to use to decrease the severity of neonatal hypoxic-ischemic

brain injury.
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Introduction

Despite important progress in obstetric and neonatal care
hypoxic-ischemic encephalopathy (HIE) during gestation
and perinatal period are common causes of neonatal
brain damage which are frequently associated with
neurodevelopmental disorders, including cerebral palsy,
epilepsy, memory deficits, learning disabilities, and other
cognitive impairments [1-3]. Incidence is 1 to 2 per 1000
live births, but is 2 to 3 times more common in developing
countries [4]. Although, hypothermia is the only standard
neuroprotective treatment used in infants with HIE, it has
anumber of limitations [5]. Therefore, new pharmacologic
and therapeutic approaches continues to be investigated.

Today, it is better known that inflammation plays an
important role in brain injury induced by neonatal HIE [6-
9]. Cytokines are important inflammatory mediators, and
also plays role both in maintain brain tissue homeostasis
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and in the response of the brain to diverse forms of injury
[7,8]. Recent evidences shown that tumor necrosis factor
alpha (TNF-a) and interleukin-1 beta (IL-1f) protein and
gene expression increase within hours after a cerebral
hypoxic-ischemic insult in rats [8-10]. Furthermore,
recent data indicate that TNF-a can potentiates glutamate
neurotoxicity by inhibiting glutamate uptake in induce
neuronal cell death [11]. In addition to this, Zhao et al. have
shown that TNF-a may play an important role as an effector
of receptor-mediated apoptotic cell death in the central
nervous system and TNF-o induced caspase-3 during
apoptotic cell death in hippocampal culture [12]. Systemic
administration of either a pharmacologic antagonist of the
IL-1 and TNF-a receptor attenuates apoptosis to cause
hypoxic-ischemic injury in seven day old rats [13,14]. The
results of morphological, biochemical molecular studies
denote that both apoptotic and necrotic mechanisms
contribute to neurological death after hypoxic-ischemia in
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different neonatal animal models [15-18]. The evidence so
far demonstrates that apoptosis involves the activation of
caspases, which are aspartate-specific cysteine proteases
and members of the interleukin-1B-converting enzyme
family, that serve as the primary mediators of apoptosis
[19]. In various ischemia models, caspase-3 is a potent
effector of apoptosis triggered via several different
pathways in neuronal cells in the brain and caspase
inhibitors are neuroprotective in adult ischemia models
[16,20-23].

PTX, structurally similar to the methylxanthines is a
synthetic theobromine derivative and non-steroidal
immunomodulating agent with unique hemorrheologic
effects. It has been used in a variety of infectious and
inflammatory conditions such as sepsis, necrotizing
enterocolitis and chronic lung disease in newborns (24).
PTX downregulates pro-inflammatory cytokines such as
TNF-a, IL-1B, interleukin -6 (IL-6), platelet activating
factor (PAF) and Interferon gamma (IFNy) [24-26].
Experimental studies have shown that PTX treatment
improves brain edema, neurological and neurochemical
deficits in rats subjected to transient focal cerebral
ischemia and stroke [27,28]. Previous studies reported
that the pretreatment with PTX decreased the incidence
and severity of hypoxic-ischemic injury in immature
rat brain, by attenuating the expression of IL-1p and
TNF-a gene [29]. Furthermore, several studies reported
that the anti-inflammatory features of PTX include
the inhibition of TNF-a production and the TNF-a
inhibition and anti-inflammatory effect of PTX may
be responsible for the neuroprotection provided by the
drug [27,30].

Given the evidences which suggest TNF-o induces
caspase-3 during neuronal apoptotic cell death and TNF-a
production inhibited by PTX, we hypothesize that the
neuroprotective effect of PTX afforded by the inhibition
of caspase-3-dependent apoptosis [12,27]. The objective
of the present study was to investigate the possible
neuroprotective effects of two different dosages of PTX (60
and 100 mg/kg) on a model of perinatal hypoxic-ischemic
brain damage, by evaluating the neuronal apoptosis. To
this end, we evaluated the regional and temporal profiles
of caspase-3 immunoreactivity in the parietal cortex and
hippocampus of neonatal rats after unilateral hypoxic-
ischemic brain injury.

Materials and Methods
Experimental animals

The experiments were carried out on seven-day-old Wistar
rat pups of male sex in accordance with the European
Communities Council Directive of 24 November 1986
(86/609/EEC) regarding the protection of animals used
for experimental purposes, and with the guiding principles
for the care and use of laboratory animals approved by
Erciyes University. The rat pups were randomly divided
into four groups as follows:
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Sham (n=5) group: The animals were anesthetized, right
carotid released but no ligation or hypoxia was done.

Hypoxic-ischemia (HI) (n=6) group: Saline (0.5 ml) was
intraperitoneally injected both immediately after ligation
and hypoxia exposure and after 2h.

PTX60 (n=6) group: 60 mg/kg pentoxifylline was
intraperitoneally administered immediately after ligation
and hypoxia exposure and after 2h.

PTX100 (n=6) group: 100 mg/kg pentoxifylline was
administered immediately after ligation and hypoxia
exposure and after 2h.

Pentoxifylline was dissolved in saline.
Surgical procedure

Hypoxic-ischemia was performed according to the
Levine-Rice model ( on postnatal day 7 (P7) since the
brain of this developmental stage is similar to the brain
of a 32-34-week-old human fetus histologically [31,32].
Rat pups were anaesthetized by izoflurane inhalation and
duration of surgery was less than 5 minutes. At supine
position and under the microscopic magnification, the
right common carotid artery ligated with a 6-0 silk suture
through a median cervical incision. After the ligation of
carotid artery the animals were given to the dam for 1
h to recover and feeding period. After recovery, except
of the sham group, the animals were placed in a plastic
chamber and exposed to hypoxia duration of 2 h (8% O,-
92% N,). The air temperature of chamber was maintained
at32.5+0.5°C.

Immunohistochemistry

For the determination of caspase-3 immunoreactivity, 24
hours after cerebral hypoxia-ischemia rats at postnatal day
8 (P8) were anesthetized intraperitoneally with urethane
(1.5 g/kg) and transcardic perfusion was performed
with 0.9% saline, followed by Bouine’s solution (75%
saturated picric acid, 25% formaldehyde, 5% glacial
acidic acid). After perfusion the brains were removed and
post—fixed in the same fixative for 6 hours, dehydrated,
cleared, and embedded in Paraplast. Six-micrometer-thick
adjacent serial coronal brain sections were cut at 50-100
pm intervals and mounted on glass slides coated with
3-Aminopropyl-ethoxy-silane (APES) (Sigma-Aldrich
Chemicals, St. Louis, MO, USA) and dried at 37°C. Four
slides were prepared from each sample, and each slide
contained a minimum of six sections.

Immunohistochemistry ~ was  performed using a
streptavidin—biotin—peroxidase detection system (Thermo
Fisher Scientific Lab Vision Corporation, Fremont, CA,
USA). Briefly, sections were deparaffinized in xylene and
rehydrated through a graded series of ethanol, and then
rinsed several times with phosphate-buffered saline (PBS;
pH 7.4). Endogenous peroxidase activity was blocked
by incubating the slides in 3% H,O, in methanol for
15 min at room temperature and washed with PBS two
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times. After, antigen retrieval was performed by boiling
in 0.01 M of citrate buffer (pH 6.0) for 30 min at 80°C
using a water bath and by cooling for 20 min prior to
immunostaining, for the interaction between the antigen
and antibody [33]. Sections were then washed in PBS and
incubated in a blocking serum (Ultra V Block, Thermo
Fisher Scientific Lab Vision Corporation, Fremont, CA,
USA; TA-125UB) for 5 min at room temperature to block
non-specific binding. The blocking solution was removed
by tapping the slides, which were then incubated with
primary antibody against Caspase-3 (CPP32 Ab-4, 1:100
dilution, Cat No: RB-1197, Thermo Fisher Scientific Lab
Vision Corporation, Fremont, CA, USA) overnight at 4°
C. This was followed by incubation with biotinylated
goat anti-rabbit IgG for 15 min and thereafter with the
avidin-biotin-peroxidase complex for 15 min. Between
each step, sections were washed four times in PBS. The
reaction was visualized using 3, 3’-diaminobenzidine tetra
hydrochloride (DAB; Thermo Fisher Scientific Lab Vision
Corporation, Fremont, CA, USA). After counterstaining
with Gill’s hematoxylin, the slides were dehydrated
through an alcohol series, cleared with xylene, mounted
with coverslips using a permanent mounting medium
(entellan).

The caspase-3 antibody was obtained from Thermo Fisher
Scientific Lab Vision Corporation (Fremont, CA, USA),
which guarantees that the antibodies are specific for rat
tissues. The specificity of immunohistochemical procedures
was also checked by using negative and positive control
sections. As positive controls, sections of colon carcinoma
were incubated with primary antibody. Negative control
staining was performed by omitting the primary antibody
and by using normal rabbit IgG (Santa cruz sc-2027)
instead of caspase-3 antibody. Non-spesific staining was
not detected in tissue samples from different experiment
groups. Examination was conducted using conventional
light microscope (BX51; Olympus, Tokyo, Japan)

Analysis of the distribution of caspase-3 immunoreactive
cells and necrotic neurons

Immunohistochemical staining was performed in
duplicate to verify results. Caspase-3-positive neurons
and necrotic neurons in coronal sections from-2.28 mm
until-4.52 mm were counted in areas of defined size:
parietal cortex (PC), 10x0.014 mm?; cornu ammonis (CA)
regions CAl, 10x0.014 mm?, CA2, 3x0.014 mm?; CA3,
5%x0.014 mm?; CA4, 3x0.014 mm?; dentate gyrus (DG),
10%0.014 mm?. An average number of cells were obtained
from 24 coronal sections of a single animal; no variation of
statistical significance could be found between individuals
of the same experimental groups. Quantifications of
caspase-3 expressing cells and necrotic cells were done
by counting of positive cells in 2-10 randomly
chosen depending on the hippocampal area at
x1000 magnifications by two independent researchers
(H.H, N.L.), and the mean score of the two observers was
calculated.
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Statistical analysis

The data were analyzed using the statistical package
program SPSS (Statistical Package for the Social
Sciences) for Windows Release 11.5.1 (SPSS Inc., 1898-
2002). All data of this study were calculated as mean +
standard deviation (SD) and P value of less than 0.05 was
considered significant. Microsoft Office Standard Edition
for Students and Teachers (Microsoft ® Office Excel
2003-2007) modules were used for Graphic drawings. In
right brain regions, within-group differences in caspase-3
positive, necrotic cells and healthy normal neuron
were tested with one-way ANOVAs. In each group, the
comparison of the numbers of caspase-3 positive, necrotic
cells and healthy normal neuron between the right and left
brain regions were analyzed with dependent t-test (called
the paired-samples t-test).

Results

The mean weight of the offspring of rats was 11.8 £ 1.2 in
the study. Five rats in the all group died during the surgery
procedure. One of the dead rats was in sham group, two
rats were in HI group, and two rats were in PTX60 group.

In sham group, caspase-3 immunreactivity was observed
in the cytoplasm and nuclear membrane of normal
neurons, which had a large round nuclei and prominent
nucleoli. However, in treatment groups, the active
caspase-3 immunoreactivity was found in neurons with
chromatin condensation, nuclear fragmentation and
cytoplasmic condensation. Neither necrotic nor apoptotic
neurons were observed in sham group. Furthermore, in
treatment groups, many large vacuoles were found in
cortex, stratum pyramidale of CA regions and granular
cell layer of dentate gyrus. These large vacuoles were the
residual somata of degenerated or necrotic neurons. The
small pieces of chromatin clumps were also observed in
some vacuoles. The glial cells were located close to larger
vacuoles (Figure 1).

In many brain regions, such as the cerebral cortex, CA
regions and dentate gyrus, the numbers of caspase-3
positive apoptotic cells, necrotic cells and healthy cells of
each group are shown in Figure 2. Although no difference
between the number of healthy normal neuron in the right
and left brain region of sham group, their numbers in the
HI, PTX60 and PTX100 groups were significantly lower
in the right brain regions than in the left regions (P<0.05).
However, when the caspase-3 positive and necrotic cell
counts were compared between the right and left brain
regions, there were increases in the right brain regions of
HI, PTX60 and PTX100 groups, which were also found to
be statistically significant (P<0.05) (Figure 2). In addition,
the number of healthy normal neuron in the left PC of the
PTX100 were significantly lower than in the sham, HI and
PTX60 groups (P<0.05). As shown in Figure 2, whereas
the numbers of healthy normal neuron in the all regions
of right brain of PTX60 group were higher than in the
PTX100 group (P<0.05), the numbers of healthy normal
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The four caspase-3 immunostained sections (A-D) are from rats at postnatal day 8, evaluated 24 h
after sham surgical procedure (the animals were anesthetized, right carotid released but no ligation
or hypoxia was done). The twelve caspase-3 immunostained sections (E-P) are from rats at postnatal
day 8, evaluated 24 h after carotid ligation, followed by 2 h in 8% O,. The bar present in all panels

represents 10 pm.

Figure 1. The caspase-3 activated (c), necrotic (d) and healthy (N) neurons in the parietal cortex, cornu ammonis
regions (CAl, CA3) and dentate gyrus (DG) of hippocampus from right cerebral hemispheres of sham (4-D), HIE

(E-H), PTX60 (I-L) and PTX100 (M-P) groups.

neuron in the only DG region were significantly higher
than in the HI groups (P<0.05).

Evaluation of caspase-3 positive and necrotic cells in
right brain regions revealed significantly higher cell count
values in the HI, PTX60 and PTX100 groups compared to
the sham group (P<0.001). Generally, as shown in Figure
2, the maximum caspase-3 positive and necrotic cells
count occurred in the HI group.

The numbers of caspase-3 immunoreactive cells in the PC
and DG were observed to have significantly increased in
the HI, PTX60 and PTX100 groups compared to the sham
group (P<0.05). However, no differences were detected
between the HI, PTX60 and PTX100 groups (P>0.05).
The numbers of caspase-3 immunoreactive cells in the
CA regions of the hippocampus were significantly higher
in the HI, PTX60 and PTX100 groups than in the sham
group (P<0.05). But, elevated in the PTX60 group was
significantly lower than that determined in the HI group
(P<0.05) (Figure 2).

When considering the number of necrotic cells, as shown
in Figure 2, the maximum necrotic cell count occurred in
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the HIE group, which was greater than that observed in
the control, the PTX60 and PTX100 groups. However, it
was also detected that the numbers of necrotic cells in the
parietal cortex and dentate gyrus were significantly higher
in the HIE and PTX100 groups than in the PTX60 group
(P<0.05), and also their numbers in the CA regions of the
hippocampus were significantly lower in the PTX60 group
than in the HIE group (P<0.05).

Discussion

Perinatal cerebral hypoxia-ischemia is a major cause of
neonatal encephalopathy and cerebral palsy. Inflammatory
mediators including cytokines (e.g., TNF-o and IL-1f)
are implicated in the pathogenesis of hypoxic-ischemic
injury in immature brain [7-10]. A large number of diverse
interventions such as systemic administration of either
a pharmacologic antagonist of the IL-1 receptor or a
platelet-activating factor receptor antagonist applied after
hypoxia-ischemia has successfully reduced brain damage
in neonatal rat hypoxic-ischemic encephalopathy (HIE
models) [13,34]. To decrease the severity of neonatal
hypoxic-ischemic brain injury, the use of phosphodiesterase
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S: Significantly different from sham group; h: Significantly different from HI group; p: Significantly
different from PTX100 group; *: significantly different from other groups (p<0.05).
Figure 2. The mean counts of caspase-3 activated, necrotic and healthy cells in the parietal cortex, cornu ammonis
regions and dentate gyrus of hippocampus from right and left cerebral hemispheres of sham, HI, PTX60 and

PTX100 groups.

inhibitor is one of the effective strategies. PTX is a non-
specific phosphodiesterase inhibitor and a methylxanthine
derivative with a variety of anti-inflammatory effects
[35]. The mechanism of PTX in reducing inflammation is
thought to be due to inhibition of neutrophil activation,
down-regulation of pro-inflammatory cytokines such as
TNF-a, IL-6 and interferon-y (IFN-y), and prevention
of endothelial-leukocyte adhesion in postcapillary
venules [36-39]. Recent studies reported that PTX has a
neuroprotective effect in experimental models of global as
well as focal cerebral ischemia and PTX treatment initiated
either before or immediately after cerebral hypoxia-
ischemia attenuated brain damage in immature rats
[40,41]. There are several investigations on the effective
neuroprotective dose of PTX in the brain ischaemia models
[39]. Some of studies showed that PTX had protective
effect on the brain trauma on the doses of 30-60 mg kg,
but others informed that PTX at the doses of 10-20 mg kg
had no protective effect on brain trauma [42-45]. In a study
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conducted by Eun et al. 25, 40, 75 and 150 mg/kg/ doses
of PTX were used before and after hypoxia-ischemia and
the neuroprotective effect of PTX was evaluated necrotic
area measurement. The findings of the study have shown
that PTX pretreatment with 40 mg/kg/dose reduced the
incidence of liquefactive cerebral infarction, from 75%
in controls to 10% with pentoxifylline [40]. Kalay et al.
[41] the administration of 60 mg/kg of PTX immediately
after hypoxia may reduce brain damage due to hypoxic-
ischemic injury. Bruno et al. have reported that the PTX (50
mg/kg, i.p) treatment of ischemic animals reduced brain
injury relatively to controls (10% cell loss) in the CA3
region, but not in the cortex and DG regions. Furthermore
they have stated an increase in the number of viable cells
in the hippocampus CA1 region, as related to the ischemic
animals [29]. However, Honess et al. have determined
that at higher doses (200 mg/kg), PTX can induce mild
hypothermia (about 2°C core temperature reductions) in
mice [46]. Furthermore, LeMay et al. have determined
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that a high dose of PTX (200 mg/kg) caused hypothermia
in control rats and blocked LPS fever, while a low dose
(50 mg/kg) did not have these effects. These authors have
also determined that injection of the high dose of PTX in
control rats caused a rise in plasma IL-6 but not in plasma
TNF; however, the peak levels of plasma IL-6 and TNF
activities following an injection of LPS are significantly
reduced by pretreatment with PTX [47].

Based upon the results of previous studies, in the present
study, to determine the effective dose of PTX in neonatal
rat model of HIE, two different PTX dosage regimens (60
and 100 mg/kg) were used. PTX has a short elimination
half-life (1 hour or less) [24]. High plasma levels of PTX
and both major derivatives occur within several minutes
after intraperitoneal or subcutaneous injection, but plasma
levels are low after oral administration [48]. Therefore,
to improve the effectiveness of PTX, we administered
the PTX intraperitoneally twice at 2 hours intervals
immediately after ligation and hypoxia exposure.

The pathogenesis of perinatal cerebral hypoxic-ischemic
injury has been extensively investigated by using rodent
models combine unilateral carotid artery ligation with
exposure to a period of hypoxia [49]. Several studies
have reported that the decrease of cerebral blood flow
during the initial phase of HIE causes to rapid depletion
of Adenosine-Tri-Phosphate (ATP) leading to failure of
Na/K-ATPase pump and this induces depolarization of
the cell membrane leading to activation of voltage-gated
calcium (Ca*) channels and an influx of intracellular
Ca'?. Increases in the intracellular Ca™ concentration
may produce cellular injury via that activation of Ca™—
dependent proteases, lipases and endonucleases and by
the production of cytokines and other factors can lead to
neuronal cell injury and death [50]. Neuronal cell death
after hypoxic-ischemic injury takes the form of necrosis or
apoptosis. Although necrosis predominates in more severe
cases, whereas accumulating data suggests that apoptosis
plays an important role in the evolution of hypoxic-
ischemic injury in the neonatal brain [15,23,51-55].
Neonatal HI triggers multiple pathways of apoptosis [56].
Mitochondrial release of cytochrome ¢ and associated
stimulation of caspase-3, which this cytochrome ¢ mediated
pathway is also referred to as the intrinsic pathway, has
been identified as a key mediator of apoptosis in ischemic
animal models [15,16,57,58]. Furthermore, Hu et al. have
reported that activation of caspase-3 may contribute to
HI-induced neuronal death in immature neurons, but
would play a minor role in mature neurons [53]. These
authors have also reported that caspase-3-mediated and
noncaspase-3-mediated neuronal death occur after HI
during brain maturation. Zeng et al. have demonstrated
that co-existence of necrosis and apoptosis in neonatal rat
hippocampus following transient forebrain ischemia [59].
Therefore, to determine neuroprotective effect of PTX
in neonatal rat model of HIE, we evaluated the regional
and temporal profiles of caspase-3 immunoreactivity and
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the numbers of necrotic and healthy normal neurons in
the PC and hippocampus of neonatal rats after unilateral
hypoxic-ischemic brain injury. We determined that
hypoxic neuronal apoptosis was characterized by the
caspase-3 immunoreactive shrunken cytoplasm and
condensed nucleus, but hypoxic neuronal necrosis is
characterized by the large vacuoles containing the small
pieces of chromatin clumps [59]. These morphological and
immunohistochemical results the co-existence of necrosis
and apoptosis in the brain region after HI [53,59].

Our results revealed that while no statistically significant
differences were detected between healthy normal neuron
numbers in the right and left hemispheres of the sham
group, the right brain regions healthy normal neuron
numbers of the HI, PTX60 and PTX100 groups were
significantly lower than those of the left regions (P<0.05),
conversely caspase-3 positive and necrotic cell counts
were higher in the right brain regions of HI, PTX60 and
PTX100 groups (P<0.05). These findings showed that the
ligation of carotid artery is done correctly.

In present study we found that in the right brain of PTX60
group, the numbers of healthy normal neuron were higher
in the PC and CA regions than in the PTX100 group
(P<0.05), whereas in the DG than that observed in the
HI and PTX100 groups (P<0.05). These results indicated
that treatment with PTX (60 mg/kg) increased the number
of healthy neurons in ligature-induced hypoxic-ischemic
brain injury in immature rats and are in support of literature
reports (27,40,44) indicating that the PTX treatment (40 or
60 mg/kg doses) of ischemic animals reduced brain injury
and increased the number of viable cells. Additionally, our
findings receive support from the preclinical studies which
showed that PTX reduces neuronal damage following
ischemia [60,61].

Eun et al. have informed that pretreatment with 150 mg/
kg PTX resulted in 100% mortality; treatment with 75 mg/
kg/dose resulted in approximately 20% mortality [40].
However, these authors have stated that there were no
deaths among the rats that received posthypoxic-ischemic
PTX treatment, or among their littermate controls. Bruno
et al. have administered 100 mg/kg/dose of PTX in adults
and they did not detect any toxic effects [27]. Besides,
Cunha et al. have reported that PTX (50, 100 and 200 mg/
kg, i.p.) significantly improved learning and memory, in
rats with hippocampal lesions induced by glutamate, as
evaluated by the T-maze, passive avoidance, and water
maze tasks, as compared to the glutamate-lesioned group
without PTX treatment [62]. Our findings, which showed
that a decrease in the number of healthy normal neurons
and an increase in the number of necrotic neurons of the
left PC in the PTX100 group, suggest the hypothesis that
100 mg/kg dose of PTX can be toxic on cortical neurons
in neonatal rat brain.

Previous studies suggest that caspase-3 is the important
factor contributing to delayed caspase-dependent cell
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death after neonatal HI and caspase-3 inhibitors block
caspase-3 activation and cleavage of its substrates,
resulting in significant neuroprotection against HI-induced
brain injury [23]. Recently, researchers have shown PTX
significantly and dose-dependently reduced neuronal cell
death via the suppression caspase-dependent apoptostic
pathway [63,64]. Kalay et al. [41] demonstrated that
caspase-3 activities in the brains of ischemia group
were significantly higher than in that of control group
and treatment of PTX 60 mg/kg/dose (a single dose)
significantly decreased caspase-3 activity in the brain
of ischemia group by used spectrophotometric assay.
The immunohistochemical evidences obtained from our
study indicated that the maximum caspase-3 positive and
necrotic cells count occurred in the HI group, which was
greater than that observed in the control and the PTX60 and
PTX100 groups. Although no differences were detected
between the numbers of caspase-3 immunoreactive
cells in the PC and DG of the HI, PTX60 and PTX100
groups (P>0.05), the numbers of necrotic cells in the PC
and DG were significantly higher in the HI and PTX100
groups than in the PTX60 group (P<0.05). The numbers
of caspase-3 immunoreactive and necrotic cells in the CA
regions of the hippocampus were significantly lower in
the PTX60 group than in the HI group (P<0.05). These
findings support information in previous reports and
suggest the hypothesis that PTX significantly and dose-
dependently reduced neuronal cell death caused by HI
in neonatal rat model of HI via the inhibition of caspase-
dependent apoptotic pathway [63,64].

The evidences from this study reveal that the co-existence
of necrosis and apoptosis in the brain region after HI and
suggest that twice administration of PTX (60 mg /kg dose)
after HI reduces the number of apoptotic cells probably
via suppressing the activities of caspase-3 and thereby
increases the survival rate of healthy neurons.
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