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Abstract: Stroke is the most common cause of seizures in the elderly, and seizures are among the most common
neurologic sequel of stroke. About 10% of all stroke patients experience seizures, from stroke onset until several
years later. We have investigated in the current study the possible protective effects of carvedilol versus the use of
carvedilol immediately post stroke in a global cerebral ischemic model in rats. Twenty six male Wistar albino rats
were divided into normal control (n=6), ischemic vehicle treated group n= (8) with neck tourniquet for 7.5 minutes
and preinjected with phentolamine (0.5 mg/rat), group received daily injections with carvedilol (3mg/kg) for four
days before induction of ischemia and group treated with carvedilol single injection (3mg/kg) immediately after
induction of ischemia. Our results demonstrated that carvedilol either pre or post treatment significantly decreased
the duration and the severity of seizures and consequently the mortality of the rat. Histological examination showed
that pyramidal cells had features of cell degeneration and there was significant increase in the immunohistochemical
reactions for GFAP, caspase-3 and TNF- a in ischemic group. Whereas, the pre-treated group showed protection of
the pyramidal cells with significant decrease in the immunoreactions, the post-treated group showed less
improvement in signs and immunoreactions than that of the pre-treated group. Therefore, it is regarded that the use
of carvedilol has a neuroprotective beneficial effect over the use of carvedilol just after ischemia. Weather the
repeated injections with carvedilol after stroke for a given duration will give a more neurotherapeutic effect or not,
this is for further evaluation.
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1. Introduction induces a complete loss of Cornu Ammonis area
Post-stroke seizure and post-stroke epilepsy are (CA)I pyramidal neurons, whereas the resistant CA3
common causes of hospital admissions, either as a pyramidal  neurons  display a  long-term
presenting feature or as a complication after a stroke. hyperexcitability several months after the insult
Cerebrovascular disease is the commonest cause of (Epsztein et al, 2006). As regarding, pro-
epilepsy in the elderly population (Kramer, 2001). inflammatory cytokines play key roles in the
Around 45% of early onset post-stroke seizures occur epileptogenic cascade  including seizure-related
within the first 24 hours. It is described as a late onset pathological changes in hippocampus, such as
seizure, when it occurs after two weeks of stroke neuronal death, reactive gliosis and aberrant mossy
onset. Late onset seizure has a peak within 6 to 12 fiber sprouting (Fabene et al., 2010).
months after the stroke and has a higher recurrence Astrocytes also play a critical role in
rate of up to 90% in both ischemic and haemorrhagic epileptogenesis (Tian et al, 2005). Reactive
stroke (Myint et al., 2006). astrocytosis may exacerbate inflammation by
There are several causes for early onset seizures inducing the migration of other leukocytes into the
after ischemic strokes. An increase in intracellular injured site, interrupting blood-brain-barrier function
Ca* and Na" with a resultant lower threshold for (Vezzani et al., 2010), producing reactive oxygen
depolarization, glutamate excitotoxicity, hypoxia, species (Hamby et al., 2006) and causing cytotoxic
metabolic dysfunction, global hypoperfusion, and edema (Zador et al., 2009).
hyperperfusion injury (particularly after carotid end Glial fibrillary acidic protein (GFAP) is
arterectomy) have all been postulated as putative expressed in the central nervous system in astrocytes.
neurofunctional aetiologies. Late onset seizures are It is involved in many cellular functioning processes,
associated with the persistent changes in neuronal such as cell structure, movement, cell
excitability and gliotic scarring is most probably the communication, and the functioning of the blood
underlying cause (Silverman et al., 2002). brain barrier. GFAP has been shown to play a role in
In the hippocampus, which is one of the regions mitosis by adjusting the filament network present in
most sensitive to ischemic challenge, global ischemia the cell and maintenance of CNS myelin integrity.
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GFAP is also proposed to play a role in astrocyte-
neuron interactions, Purkinje cell communication and
possibly many other neural cells. Moreover, GFAP
levels are already used as a marker of neurologic
damage in adults who suffer strokes and traumatic
brain (Vos ef al., 2010)

Caspases are cysteine proteases that mediate
apoptotic death in a variety of cellular systems,
including neurons. Caspases are activated through
extrinsic or intrinsic pathways. The latter is used by
most neurons in most situations. In response to
harmful stresses, cells induce programmed cell death
(PCD); apoptosis. Seizures can induce neural damage
and activate biochemical pathways associated with
PCD. Since seizures trigger intraneural calcium
overload, it has been presumed that the intrinsic cell
death  pathway mediated by mitochondrial
dysfunction would modulate cell death following
seizures (Meller et al., 2006).

Kwan and Wood (2010) assessed the
antiepileptic drugs (AED) for the primary and
secondary prevention of seizures after stroke. They
found three randomised controlled trials that have
assessed the effects of several different AED for the
secondary prevention of post-stroke seizures. Then,
they concluded that, there is insufficient evidence to
support the effectiveness of AED in the primary or
secondary prevention of seizures after stroke.

Myint et al (2006) limited the use of AED
around an associated sedation. Other special
considerations of AED use in older population are the
possibility of drug interaction because of hepatic
enzyme induction by commonly used AED such as
carbamazepine and phenytoin, the higher chance of
toxic effects because of the pharmacokinetic and
pharmacodynamic changes associated with ageing.
Drug compliance can also be an issue in older
patients. They all recommended further well-
conducted new strategy concerning this important
clinical problem and targeting either the mechanisms
or the mediators leading to development of ischemic
seizures.

Carvedilol is a non-selective beta blocker/alpha-
1 blocker indicated in the treatment of mild to
moderate congestive heart failure (CHF). The
neuroprotective efficacy of carvedilol might be
related to its properties such as endothelial protection,
antioxidant, anti-platelet effects and anti-
inflammatory effects (Watanabe ef al., 2011).

In this work, we try to find the possible effect of
carvedilol on hippocamal post-stroke seizures that
enabled us to model a clinically relevant scenario
with behavioural and histological studies.

2. Material and Methods
2.1. Drugs and Chemicals
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Carvedilol powder (GlaxoSmithKline Egypt,
GSK Egypt) was dissolved in 5% DMSO (Sigma, St.
Louis, MO, U.S.A.), then diluted in a 0.9% saline
solution. DMSO/saline vehicle was administered as a
control (Savitz et al., 2000). All the materials used in
histological study will be mentioned in their
condition.

2.2. Animals

Twenty six adult male Wistar rats (200-250 g)
were housed in plastic Perspex cages under
controlled conditions (ambient temperature of 22 +
1°C, natural light-dark cycle) for acclimatization and
classified into 4 groups. Standard laboratory chow
pellets and tap water were freely available. All
experiments were done at the same time of day
(between 9.00 am. and 12.00 a.m.) to minimize
circadian influences on seizure susceptibility at the
department of pharmacology in Ain Shams
University.

Groups

Group I: (Control group) n= (6)

Group II: (Ischemic group) n= (8) exposed to
ischemic injury (Cizkova et al., 2000), vehicle-
(DMSO and saline 9%) treated.

Group III: (Carvedilol pre-treated group) n= (6):
Carvedilol (3mg/kg b. wt. subcutaneously) was
injected daily, 4 days before the induction of
ischemia (Savitz et al., 2000).

Group IV: (Carvedilol post ischemic treatment group)
n= (6): Rats were injected with a single dose of
carvedilol (3mg/Kg b. wt., subcutaneously) just
after induction of cerebral ischemia.

2.3. Induction of global cerebral ischemia (Cizkova
etal, 2000)

A 7.5-min period of cerebral ischemia was
produced (ischemia group). This was done by
inflating the neck tourniquet till cyanosis was
observed, while inducing systemic hypotension for a
5 min period by giving phentolamine (0.5 mg/Rat,
IV). Starting 4 hours post-ischemia convulsive
behaviour responding to hot air was assessed.

2.4.The seizure severity Score (Raedt et al.,2011)
Seizure severity was assessed based on the
observation of  behavioral manifestations.
Preconvulsive behavior in the form of initial akinesia,
tremor of the whole body and/or incomplete limbic
gustatory automatisms, salivation and head scratching
was measured. The latency of the first seizure and the
longest seizure (min.) were determined. The seizure
severity score (SSS) was adapted from Racine's scale
(Racine, 1972) to take into account the typical
behavioral changes associated with hot air. This scale
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consists of six stages that correspond to the
successive developmental stages of motor seizures: 0:
normal non-epileptic activity; 1: snout and facial
movements, hyperactivity, grooming, sniffing,
scratching, and wet dog shakes; 2: head nodding,
staring, and tremor; 3: forelimb clonus and forelimb
extension; 4: rearing and salivating; and 5: falling and
status epilepticus. Seizure duration was the duration
of limbic seizures (stage 1-2) and motor seizures
(stage 3-5). Number of rats with clonic and tonic
seizures was counted. Additionally animals exhibited
Status Epilepticus (SE) > 120 min and animals
exhibited no seizures were determined. Finally the
mortality rate (%) was measured.

2.5. Histological study:

After 6 hours of induction of cerebral
ischemia, the rats were sacrificed by intra-cardiac
injection of 10% neutral buffered formalin under
ether anesthesia. The brain was removed immediately
and cut in coronal section. The specimen was fixed in
10% neutral buffered formalin and processed for light
microscopic study to get paraffin sections of 5 um
thickness. They were stained with (Bancroft &
Gamble, 2008):

A- Haematoxylin and Eosin (H&E)
B- Immunohistochemical technique for:

Glial fibrillary acidic protein (GFAP) of
astrocytes and Caspase-3 to detect apoptosis (mouse
monoclonal antibody purchased from Lab Vision,
USA).

Tumour necrosis factor-alpha (TNF-a)) (AAR33,
polyclonal antibody) as pro-inflammatory marker
(purchased from AbD Serotec, UK).

Serial paraffin sections were deparaffinized and
dehydrated, including the positive control sections.
The endogenous peroxidase activity was blocked
with 0.05% hydrogen peroxide in absolute alcohol for
30 minutes. The slides were washed 5 min in
phosphate buffered saline (PBS) at PH=7.4. To
unmask the antigenic sites, sections were put into
0.01M citrate buffer (PH=6) in the microwave for 5
min. The slides were incubated in 1% bovin serum
albumin dissolved in PBS for 30 min at 37 ¢ in order
to prevent the non specific background staining. The
slides were divided to apply the three markers GFAP,
caspase-3 and TNF-a. Two drops of ready to use
primary antibody of GFAP and caspase-3, while
dilution of 1:1000 of TNF-a were applied to sections,
except for negative control. Then, they were
incubated for one hour and half at room temperature.
The slides were rinsed with PBS, then incubated for
one hour with anti-mouse immunoglobulins
(secondary antibody) conjugated to peroxidase
labeled dextran polymer (DAKO, Denmark). In order
to detect the reaction, the slides were incubated in
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3,3-diaminobenzidene (DAB) for 15 min. The slides
were counterstained by Haematoxylin, then
dehydrated, cleared and mounted by DPX.

2.7. Morphometric study:

The number of the immuno-reactive star-shaped
astrocytes stained by GFAP and pyramidal cells with
positive brownish caspase-3 immuno-reaction were
counted per high power field (HPF) in CA1 area of
the hippocampus. Five fields from three serial
sections of six rats per group were examined using
x40 objective (final magnification x640) by Zeiss
microscope in Histology Department, Faculty of
Medicine, Ain Shams University. Color intensity of
TNF-a was evaluated in CAl area of the
hippocampus using Olympus BX40F~ microscope
and analyzed by image analysis software at regional
centre for mycology & biotechnology in Al-Azhar
University.

2.8. Statistical Analysis:

Mean and standard deviation (xSD) of the
values were statistically analyzed. Then, one way
ANOVA with post-hoc test of SPSS 17 was used to
find significance between groups. The calculations
were considered significant if P < 0.05.

3. Results
3.1. Effect of pre and post treatment of carvedilol
on the seizure severity Score:

Table (1) and figure (1) show that, treatment
with carvedilol either pre (repeated injections for 4
days) or post (single injection just after the ischemic
injury) significantly decreased the duration and the
severity of seizures and consequently the mortality of
the rats.

In3.2. Effect of pre and post treatment of
carvedilol on histological study

H&E examined sections of group I, CAl area
of the hippocampus showed its three layers
(polymorphic, pyramidal and molecular). Pyramidal
cells appeared with large vesicular nuclei and
basophilic cytoplasm (Fig. 2-A).
Immunohistochemichal stained sections for GFAP of
the same group showed few brownish star-shaped
astrocytes (Fig. 3-A). While the sections stained by
caspase-3 showed no brownish immuno-reaction in
the pyramidal cells (Fig. 4-A). The TNF-a stained
sections showed minimal brownish immune-reaction
in the different layers of CA1 area (Fig. 5-A).

In group II, the H&E stained sections showed
that some pyramidal cells were degenerated with
pyknotic nuclei and surrounded by halos, while
others appeared having karyolitic nuclei (Fig. 2-B).
Figures 3-B, 4-B and 5-B showed increase in the
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immuno-reaction of GFAP, caspase-3 and TNF-a
respectively. By statistical measures, table (2)
showed a significant increase in mean astrocyte
number (P<0.05) of GFAP immune-stain, a
significant increase (P<0.05) in mean number of
pyramidal cells with brownish immuno-reaction of
the caspase-3 stained sections and a significant
increase (P<0.05) of colour intensity of the TNF-a
stained sections, all compared to group L.

In H&E stained sections of group III, the
three layers of CAl area appear nearly similar to
group I (Fig. 2-C). Figures 3-C, 4-C and 5-C showed
decrease in the immuno-reaction of GFAP, caspase-3
and TNF-a respectively compared to group II. By
statistical measures, table (2) showed a significant
decrease in mean astrocyte number (P<0.05) of
GFAP immune-stain, a significant decrease (P<0.05)
in mean number of pyramidal cells with brownish
immuno-reaction of the caspase-3 stained sections
and a significant decrease (P<0.05) of colour
intensity of the TNF-a stained sections, all compared
to group II.

Group IV showed in H&E stained sections
few degenerated and shrunken cells of pyramidal
layer with more condensed nuclei (Fig. 2-D). The
GFAP stained sections appeared with immuno-
reactive star-shaped cells nearly similar to group I
(Fig. 3-D). The caspase-3 stained sections showed
some pyramidal cells with brownish immuno-
reaction (Fig. 4-D). Whereas, the brownish immuno-
reaction of TNF-o was apparently more than group
Il and nearly similar to group II (Fig. 5-D).
Statistical measures, (Table 2) showed a non-
significant increase (P>0.05) in mean astrocyte
number of GFAP immuno-stain compared to group
I, a significant increase (P<0.05) in mean number of
pyramidal cells with brownish immuno-reaction of
the caspase-3 stained sections compared to group I,
but a non-significant decrease (P>0.05) compared to
group II and a significant increase (P<0.05) of colour
intensity of the TNF-a stained sections compared to
group III, but a non-significant decrease (P>0.05)
compared to group IL

Table 1: Effect of carvedilol on poststroke seziures and mortality

w

Longest Seizure ( min) 57+5.18 (6)

Ischemic
(Vehicle treated)

Carvedilol
Post- treatment

2742.084% (4) 33.8 + 3.03%(5)

Pre-treatment

Average Racine's score 2.4+0.22 (6)

1.75 £0.96 24+£15 (5

Rats with tonic seizures (%)

0 0

Rats with clonic seizures ( % )

25 50

Rats exhibiting SE >120 min ( %)

0 0

Rats exhibiting no Seizures (%)

30 17

Mortality rate (%)

0 0

N.B Preconvulsive behavior onset, latency to first seizure, longest seizure and average Racine's are mean + SD with

the number of animals shown in parentheses.

-Rats with tonic and clonic seizures; animals exhibiting SE >120 min, exhibiting no seizures and mortality rate are

percentage (%) of rats.

-# significantly different from ischemic group at p< 0.05 - $ significantly different from carvedilol pre-treatment

group at p< 0.05

1001

804

604

401

20. l
0- T T T

W Ischemic (vehicle treated)
R Carvedilol Pre-treatment
Wl Carvedilol post-treatment

Figure (1) Effect of carvedilol on post-stroke seizures and mortality
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Table (2): Showing the mean =+ SD of different immunohistochemical techniques per high power field (HPF) (GFAP
for astrocytes detection, caspase-3 for apoptotic cell detection and TNF-a color intensity):

l

Number of GFAP immune-
reactive cells

Group I
(control;normal)

4+1.25

Group II
Ischemic
(Vehicle treated)

7.06 £2.15

Group III
Carvedilol
(pre-treated)

3.53+1.84"

Group IV
Carvedilol
(post-treated)

446 +1.12"

Number of caspase-3 immuno-
reactive cells

0.8 +0.78

350+ 1.71

1.40 = 0.96™

3+0.81

Color intensity of TNF-a

232.13+17.49

271.16 + 6.96

224.52 +5.84"

259.97 £22.85

-Values are expressed as mean + SD (standard deviati(*)n). - Number of rats = 6 per group
-Significant difference at p<0.05 - p<0.05significance of difference by LSD vs group I
- # p<0.05significance of difference by LSD vs group I - s p<0.05significance of difference by LSD vs group IV
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Figs. 2, -D]: howmg area CAl of rat hippocampus: (A) of g

T
polymorphic (PL), pyramidal (P) and molecular (M). Pyramidal cells of the middle layer appear with
large vesicular nuclei. (B) of group II with some cells of pyramidal layer (P) appearing degenerated
(A) having pyknotic nuclei, while others having karyolitic nuclei (7). (C) of group III with the three
layers polymorphic (PL), pyramidal (P) and molecular (M) appearing nearly similar to group I. (D) of
group IV having few degenerated and shrunken cells (1) of pyramidal layer (P). (H&E X400)
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Figs. [3, A-D]: Showing astrocytes of area CAl of rat hippocampus. (A) of group I with few

immuno-reactive star-shaped cells appearing with brownish granules. (B) of group II with
apparent increase in their number, size and immuno-reaction. (C) of group III with apparently
less in number, size and immune-reactivity than cells of group II. (D) of group IV with immuno-
reactive star-shaped cells nearly similar to group I. (GFAP X640)
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Figs. [4,A-D]: Showing area CA1 of rat hippocampus. (A) of group I with no brownish immuno-reaction
appearing in pyramidal cells. (B) of group II with brownish immuno-reaction in many pyramidal cells (7).
(C) of group III with minimal brownish immuno-reaction in some pyramidal cells less than those of group

II. (D) of group IV with brownish immuno-reaction in some pyramidal cells (1). (Caspase-3 X400)
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[5,A-D]: Showing

igs.

CALl of rat hippocampus. (A) of group I with minimal brownish immuno-
reaction in pyramidal cell layer. (B) of group II with brownish immuno-reaction (A) in pyramidal cell
layer and in endothelial cells (7). (C) of group III with brownish immuno-reaction apparently less than
group II. (D) of group IV with brownish immuno-reaction (A ) in pyramidal cell layer. (TNF-a X400)
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4. Discussion

Over the years, however, -blockers have been
associated with an incidence, albeit low, of central
nervous system (CNS) side effects. In addition,
noradrenergic receptors play a modulatory role in
many nerve functions, including vigilance, attention,
reward, learning and memory (Kumar et al., 2011).
Therefore, the present study has been designed to
explore the possible role of carvedilol, an adrenergic
antagonist on an ischemic injury induced seizures in
rats.

In this work, treatment with carvedilol (a
non-selective beta blocker/alpha-1 blocker) either pre
(repeated dose injections for 4 days) or post (single
dose injection just after the ischemic injury)
significantly decreased the duration and the severity
of seizures and consequently the mortality of the rats.
Several authors; (Kumar and Dogra, 2009, Arrieta-
Cruz et al, 2010 and Kumar et al., 2011) proved
experimentally that carvedilol had neuroprotective
potential, improved cognitive dysfunction and
oxidative damage induced by aluminium chloride,
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colchicine and in a genetic model of Alzheimer,
respectively.

The current study showed degenerated and
shrunken pyramidal cells with pyknotic nuclei in
H&E stained sections, as well as significant increase
in caspase-3 immuno-reactive cells in CA1 area of
hippocampus in group II (ischemic group). These
findings could be explained by Li et al. (1997), who
suggested that the cerebral ischemia triggered the
release of free radicals that interact with many
biological molecules such as nucleic acids, proteins
and lipids to destroy them. The stressed mitochondria
of the affected neurons released cytochrome ¢ which
activated caspases. Activated caspase-9 acted on
caspase-3 to initiate apoptosis. Créple ef al. (2003),
also, reported that oxidative stress is one of many
pathways that can activate neuronal apoptosis.
Furthermore, Hattiangady et al.(2011) demonstrated
that post-ischemic changes affected the CAl area of
hippocampus leading to neuronal degeneration.

The free radicals, also, generated after cerebral
ischaemia  increased  the expression of
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proinflammatory cytokines such as TNF-a and IL-1f3
(Lambersten et al, 2009). Endothelial cells,
leucocytes, astrocytes and even neurons released
cytokines in cerebral ischemia (Clausen et al., 2008).
This explained the significant increase in the TNF-a
color intensity of group II compared to group I in this
study. The resident microglial cells are the main
source of TNF-o (Lambersten et al, 2009). In the
present study, there was a significant increase in
mean number of GFAP immune-reative astrocytes in
group II. This might be a response to ischemic injury
as ischemia triggered secretion of TNF-a, which
activated astrocytes to produce other cytokines as
interleukin-6. Whereas, the activated microglia in the
affected middle pyramidal layer might initiate
phagocytosis with TNF-a. production (Uno et al.,
1997). On the other hand, some authors suggested
that TNF-o might have a neuroprotective role and
that the microglia acted as key regulator of neuronal
survival after ischemic tissue injury (Lambersten et
al., 2009).

The present study showed improvement of the
histological results in H&E stained sections with
significant decrease in mean number of GFAP
positive astrocytes, caspase-3 positive cells and TNF-
a color intensity in group III, which was pretreated
with carvedilol for 4 days, compared to group II
(ischemic vehicle treated group). These findings
could be explained by Abreu et al. (2000) who
mentioned that carvedilol, in isolated rat liver
mitochondria, is an antioxidant. Several authors
(Savitz et al., 2000 and Goyagi et al., 2006) reported
that carvedilol versus propranalol protects the
neurons after transient focal cerebral ischemia in rats,
through the preservation of mitochondrial function. It
has an antiapoptotic role and can downregulate the
inflammatory cytokine gene expression of TNF-a and
IL-1p.

Savitz et al.(2000) proved that carvedilol
inhibited a number of inflammatory processes during
brain damage and suppress the release of cytokines in
neurological animal disease models and lastly,
Kumar and Dogra (2009) stated that carvedilol had a
neuroprotective effect against colchicine-induced
cognitive impairment and could attenuate the
oxidative damages.

In the present study, the improvement of
ischemic changes in pre-treated group was more
evident than that of the post ischemic carvedilol
treated group. There was a non-significant decrease
(P> 0.05) of mean number of caspase-3 positive cells
and a non-significant decrease (P> 0.05) of TNF-a
color intensity in post ischemic carvedilol treated
group compared to ischemic vehicle treated group .
This could be explained by the need of multiple
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dosing regimens to accumulate the drug for efficacy
(Lysko et al., 1992).

Strosznajder et al. (2005) revealed that
carvedilol (7-70mg/kg) administered subcutaneously
directly after transient (5 min) forebrain ischemia
protected significant population of neurons in the
hippocampal CA1 area in gerbils, thus carvedilol
raises high expectations also in the therapy of
ischemia.

Given our findings that carvedilol (3 mg/kg/day
subcutaneous injections for 4 days) showed a
significant neuroprotective effect than single
carvedilol (3mg/kg) post ischemic subcutaneous
injection which might find a beneficial use in the
prevention of neuronal impairment, such as brain
ischemia and post stroke seizures. Weather the
repeated injections after stroke with carvedilol for a
while will give a more neurotherapeutic effects or
not, this is for further evaluation.
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