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Abstract

Background: Hippocampus CA1 cells are highly sensitive to ischemia. Because of anti-oxida-
tive property, atorvastatin by eliminating free radicals and other constituent due to cell lesions
prevents damages or death of intact cells. The aim of this study is to determine neuroprotective
effect of atorvastatin on apoptosis of hippocampus CA1 cells in male rats. Materials and Meth-
ods: In an experimental study 24 male rats —Wistar adult race- were divided into four groups:
Ischemic, vehicle, treatment and control. In order to make an ischemic- reperfusion model,
common carotid artery was clamped bilaterally for 20 minutes. In treatment group, the first
dose of Atorvastatin (10mg/kg) was injected six hours after ischemic- reperfusion and 24, 48
and 72 later intraperitoneally. Four days after ischemic- reperfusion tissue section were obtained
and stained using Nissl method. Then intact healthy pyramidal CA1 hippocampus cells were
counted. TUKEY and One Way ANOVA were used for analyzing the obtained results. Results:
No significant difference was found in numbers of healthy intake pyramidal and apoptotic cells
of CA1 hippocampus region between treatment group (10mg/kg Atorvastatin) and controls,
whereas a significant reduction of these cells was observed in ischemia and vehicle groups in
comparison to controls (P<0.05). Conclusion: Using 10mg/kg atorvastatin following cerebral
ischemia- reperfusion has a protective effect on pyramidal cells of CA1 region in hippocampus
in male rats leading to reduction of degeneration and apoptosis.[GMJ.2016;5(2):82-89]
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Introduction aphasia and behavioral disorders especially

spatial learning disorders [1-3]. Reperfusion

Cerebral ischemia is a well-known major
common problem worldwide. Stroke is
the most important cause of cerebral ischemia
and the third cause of death after heart infarc-
tion and cancer in western countries. Cere-
bral ischemia will lead to several disorders
such as motor, sensory, visual complication,

lesions are those complications caused by
establishment of blood stream in tissue af-
ter an ischemia period. Lack of oxygen and
other nutrients leads to a situation in which
re-establishment of blood stream, instead of
natural tissue activity, produces inflammation
and oxidative lesions by inducing oxidative
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stress [4]. Investigators have shown that com-
mon carotid bilateral closure for a few min-
utes causes ischemia in hippocampus, CAl
neurons and hilus are the most susceptible re-
gion for damage [5]. Regarding to vital role of
hippocampus, reducing damage and repairing
this region following diseases and traumatic
lesion are of great importance [6].
Hippocampus is located in the bottom of later-
al ventricle in temporal lobe. This area plays a
role in formation of new memory and spatial
information processing and is among the first
areas influenced by degenerative ischemic
diseases and traumatic damages [7, 8]. Hippo-
campus is very sensitive to hypoxia and trau-
matic damages and numerous functional dis-
orders will emerge after ischemic- reperfusion
damages [9]. Upon ischemic- reperfusion, free
radicals of oxygen and other oxidants will be
formed which attack target tissues and cause
cell destruction more than ischemia alone
[10]. During generalized cerebral ischemia
in rats, specific neural destruction occurs in-
hippocampusCA1 region and dorsolateral of
striatum mostly in striatum in first 24 hours
and in hippocampus after72 hours. As a result,
neurons in hippocampus have a longer time
for survival than other parts of brain. Pul-
sienelli et al called it delayed cell death which
yields a proper opportunity for treatment and
prevention of cell death [11].

Thrombolysis is used for eliminating athero-
sclerotic lesions which cause ischemia [12].
Atorvastatin- a member of statins- is used
nowadays as an important drug for cerebral
ischemic lesions. Statins inhibit the process
of changing Malonate to HMG-COA and thus
reduce cholesterol production [13]. Atorvas-
tatin is capable of increasing cortical neurons
resistance to cell death and oxidative damages
due to ischemia [14]. Prolonged administra-
tion and preventive treatment using statins in-
duces reduction of stroke extent and improve-
ment of neural damages in rats with cerebral
ischemia [15]. Moreover, atorvastatin has a
protective effect in periods pre and post-isch-
emia [16] and more lymphophilic impact and
longer half-life in inhibiting HMG-COA Re-
ductase enzyme [17].Besides reducing serum
cholesterol, Atorvastatin has a wide range of
anti-inflammatory and anti-oxidative proper-
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ties, and prevents atherosclerotic lesions [18]
and regulates nitric oxide synthesis in endo-
thelial cells which leads to elevation of capil-
lary blood stream [19].

This drug protects brain in inflammatory
damages and adjusts inflammatory factors
playing on important role in inhibiting isch-
emic inflammatory damages [20]. Due to lack
of investigation on the effect of atorvastatin
after cerebral ischemia in hippocampus CAl
region, this study was conducted to recognize
its effect on improvement of cerebral isch-
emia and neural cell death of hippocampus in
Wistar rat following ischemia-reperfusion.

Materials and Methods

Twenty-four adult male Wistar rats weighting
250-300gr were obtained from animal house,
School of Medicine, Rasht and kept under
standard condition in 12 hours light and darks
cycle in 21£3° with full access to adequate
water and food. They were treated accord-
ing to approved principles of vice chancellor
of technology and research guidance. Ator-
vastatin powder was donated from Sobhan
Darou pharmaceutical Company —10mg/kg
for treatment group. Measured powder (based
on weight of each rat) was dissolved in 0.5cc
normal saline. Each rat received an injection
once 6 hours after ischemia-reperfusion and
24 later during 3 days intraperitoneally [21].

Experimental groups

Rats were divided into four equal groups (6
rats in each):

Control: Animals anesthetized with ketamine
solution (100 mg/kg) and Xylazin (10 mg/kg)
[22], and underwent surgical stress in anterior
neck with no common carotid clamp.
Ischemia: reperfusion occurred after anesthe-
sia and clamping of common carotid bilateral-
ly for 20 minutes.

Treatment: 6 hours after anesthesia and isch-
emia-reperfusion the first dose of atorvastat-
in(10mg/kg) administered and next doses 24
hours afterward for 3 days intraperitoneally
[21].

Vehicle: After anesthesia and ischemia-reper-
fusion, normal saline (as solvent of atorvasta-
tin) was injected intraperitoneally.
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Surgical procedure

Rats anesthetized by ketamine (100mg/kg)
and Xylazin (10mg/kg) intrapreritoneally
and their both common carotid arteries and
Rt. Common carotid vein were exposed after
a 2cm incision in anterior neck under sterile
condition. In order to prevent stress or dam-
age during clamping, vagus nerve was recog-
nized and dissected carefully. After ligation
of common carotid vein’s distal end, 2 ml
heparinized saline (100 mL of 0.9% saline
containing 250 U heparin) was injected and
Then30% of total blood volume was extracted
from the vein both common carotid clamped
by Yashargil microclamp for 20min combined
with hypotension and then in order to induce
reperfusion and establishing natural blood
flow in cerebral arteries, clamping was re-
moved, the extracted blood was reinfused and
the incision was sutured. Rats were observed
until being stable and conscious and were
kept is isolated cages for 96 hours. They were
anesthetized and their brain was removed by
craniotomy and kept in 4% paraformaldehyde
for fixation. After three days and being certain
of tissue fixation, they were processed. To in-
vestigate cellular death rate Nissl staining was
recruited.

Nissl staining

This method is used for staining Nissl bodies
in the cytoplasm’s of neurons which are seen
in blue-violet color. It is used normally for
distinguishing basic structures of healthy neu-
rons from damaged neurons in the brain and
spinal cord [23]. After sample fixation and
preparation, coronal section with the thickness
of 10p 2/3-5 mm from posterior Bregma were
prepared using a rotary microtome, transport-
ed to gelatinized slides and dyed. They were
investigated under a light microscope with
400x magnification and only pyramidal neu-
rons with distinct nucleus and nucleoli are
considered as healthy living cells. In order to
study the whole region of CA1 hippocampus,
3 consecutive photomicrographs were pre-
pared for each sample and pyramidal cells in
this region were counted by image tools soft-
ware and their mean number was measured.

TUNEL staining
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After sample fixation and preparation, by ro-
tary microtom, coronal sections with 3 thick-
ness 2-5Smm from posterior Bregma were ob-
tained. To recognize apoptotic cells, TUNEL
kit (Roche Company, Germany) was used for
dying according to the manufacturer’s proto-
col. Briefly sections deparaffinized in xylene
and hydrated by decreasing gradients of etha-
nol gradient, then washed in phosphate-buff-
ered saline (PBS) and permeabilized by pro-
teinase K (20 pg/ml) for 30 minutes at room
temperature. Sections were incubated with
3% H202 in methanol for 10 minutes to
block endogenous peroxidase (POD). Then
each section incubated in the TUNEL reaction
mixture at 37°C for 60 min, rinsed with PBS
and visualized by using converter-POD for 30
min at 37°C with a humidified atmosphere.
Sections were rinsed with PBS then 50- 100
ul DAB substrate [diaminobenzidine (DAB)]
was added and rinsed with PBS. All slides
were mounted by a cover slip and observed
by a light microscope at x400 magnification
for detecting TUNEL-positive cells.

Statistical Analysis

After entering data in SPSS version 20, the
normality of data distribution was investigated
using Shapiro-wilk test. The result was calcu-
lated and reported as mean and standard devi-
ation utilizing one-way variance test analysis.
If the difference was significant, pair compar-
ison of groups conducted using Tukey-test. P
value< 0.05 was considered significant.

Results

Regarding to number of viable and degen-
erated pyramidal CA1 cells, Nissl staining
revealed a significant difference between
treatment and control groups (P<0.05) af-
ter common right and left carotid clamping
for 20 min. The mean number of intact py-
ramidal cells in CA1 hippocampus in control
group was 108.5£14.2, in ischemia group
108.5£10.9, in vehicle 111.7+10.3 and in
treatment group was 184.7+13 (Figure-1).

Rats treated with atorvastatin showed less cell
death and more cell density than ischemic
group. The least number of degenerated cells
was found in treatment group (receiving Ator-
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vastatin 10mg/kg) after control group. Data
analysis showed no significant difference or
reduction in number of viable pyramidal cells
of CA1 region in treatment group and control
(P>0.05), while the difference was signifi-
cant in ischemic group compared to control
(P<0.05). The difference between vehicle and
control group was significant, indicating that
matter containing 0.9% saline acted as a sol-
vent for atorvastatin has no protective effect
on cells in CA1 hippocampus region. Com-
parison of ischemia and vehicle group re-
vealed a significant difference (P<0.05). The
mean number of viable cells of this region in
treatment group was more than other groups
except control (Figure-1).

Tissue section comparison in ischemic and
vehicle group revealed an increase in number
of damaged cells in CAl region while few
of them were found in treatment and control
group (Figure-2). Moreover, our findings
showed a significant difference in the number
of healthy pyramidal cells between ischemic
and vehicle groups (P<0.05).

TUNEL staining revealed that after isch-
emia-reperfusion the number of apoptotic
bodies in CA1 region was different from con-
trol group (P<0.05). The mean of apoptotic
bodies in control group was 1 and after induc-
ing ischemia it raised to 13 and in drug re-
ceiving group the mean reduced, indicated a

*
*
I I Groups I I

Figure 1. Effect of the Atorvastatin on viability of
CA1 Pyramidal cells. Mean no. of viable neurons
have decreased in ischemia and vehicle groups
significantly compared with those in the control
and treatment (atorvastatin) groups. (*P<0.05
compared with control group)

Mean no. of viable Pyramidal cells

Figure 2. Photomicrograph of the different groups
(A: control, B: treatment (atorvastatin), C: vehicle,
D: ischemia) showing the degenerated neurons
(short arrows) and viable neurons (long arrows)
in the CA1 region of hippocampus following Nissl
staining. Magnification x400
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significant statistical difference (P<0.001) but
no difference between control and treatment

group (P=0.510) nor between ischemia and
vehicle group (P=0.998) (Figure-3).

Figure 3. Photomicrograph of the different groups
(A: control, B: treatment, C: vehicle, D: ischemia)
showing the apoptotic bodies (arrows) in the CA1
region of hippocampus following TUNEL staining.
Magpnification x400
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Discussion

The finding of this study indicated that ad-
ministering Atorvastatin 10mg/kg increased
healthy pyramidal neural cells and significant-
ly decreased apoptotic bodies in hippocampus
CAL region after transient generalized isch-
emia. According to conducted studies, the
safety of high doses of atorvastatin is verified
[24]. In line with the present study findings,
other investigations have shown that one weak
treatment with Atorvastatin reduces neural
damages significantly and increases surviv-
al rate and synaptic reconstruction in hippo-
campus after traumatic cerebral lesions [25].
Following generalized transient ischemia,
reactivating oxygenated free radicals like hy-
drogen peroxide and hydroxyl (OH) are gen-
erated which invade targeted tissue and causes
a damage more than ischemia alone [10].
Reactive oxygen species (ROS) during neural
cell death are produced under different chem-
ical conditions, which play an important role
after ischemia and returning of blood stream
and cause some reactions of ROS precursors
[26]. Researchers have found that eliminating
ROS will reduce cerebral ischemic damages
[27].Besides reducing cholesterol level, ator-
vastatin has anti-oxidative and anti-inflam-
matory properties [18] which are very effec-
tive factors in ischemic lesions. This drug
eliminates reactivating oxygenating radicals
whereby reduces ischemic lesions and resul-
tant cell death. These findings are consistent
with our results.

On the other way, primary observation shows
that ischemic lesions are generated due to
changes of simple biochemical and physi-
ological bindings such as acidosis originat-
ing from anaerobic lactate and lack of blood
reperfusion due to astrocytes inflammation
and pressure to cerebral arteries following
blood stream disorders [29].

Similar to our findings, Elevaetal (2009)
found that atorvastatin acts as a preservative
for arteries after probative cerebral ischemia
and reduces hemorrhage after acute stroke
[31].

This finding is also consistent with our results
in the present study. We believe that atorvas-
tatin with some effect on artery and revascu-
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larization processincreases blood reperfusion
in ischemic region and reduces lesions acuity
and resultant cell death following ischemia.
Studies have indicated that estradiol is neuro-
trophic and increases neuron survival which
can reduces lesions created by cerebral isch-
emia in gender [32]. Therefore, in order to
prevent the effect of preservative effect of fe-
male hormone, male wistar rats are used here.
The results of the present study indicated that
due to anti-oxidative properties, Atorvastatin
prevents inflammation and lesions resulting
from oxidative induction and also reduces cell
death after cerebral ischemia. Another mech-
anism indicating positive effect of this drug
related to prevention of cell death proved in
this study is that, Atorvastatin has vasodilato-
ry and preservative effects on arteries which
regulate NO synthesis increase in endothelial
cell promoting capillary blood stream in isch-
emic region [20].

Regarding to anti-apoptotic property of Ator-
vastatin, investigators have concluded that
preventive treatment of this drug will inhib-
it apoptosis processes linked to caspase and
will reduce apoptotic neurons number [33]. It
seems that increase of the drug administration
will increase its preservative effect than low
or moderate dose [34]. Furthermore, in most
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studies 10mg/kg dose has been stated to have
the most neuroprotective and anti-apoptotic
effect [34-37].

Conclusion

Since our findings showed that 10mg/kg ator-
vastatin can prevent apoptosis and cell death
in pyramidal hippocampus CA1 neurons after
ischemia-reperfusion and also reduces cere-
bral ischemic lesions, to testify this results,
investigation on other sensitive ischemic ar-
eas is recommended.
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