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4 Objective: Angiotensin converting enzyme (ACE) inhibitors are frequently used in the treat-
ment of essential hypertension causing disorders especially in the cerebral circulation. In this study, 
neuroprotective effect, and mechanism of action of ACE inhibitors in focal cerebral ischemia cre-
ated in rats via unilateral common carotid artery ligation were examined and their effects on 
behavior patterns were tested.

Methods: Thirty rats were used in this study. The rats were separated into 5 groups randomly. 
Following left common carotid artery ligation, Group 1 was given captopril, Group 2 ramipril, and 
Group 3 perindopril. Group 4 received normal saline for 7 days, and Group 5 was used as a control 
group. The rats were sacrificed after carrying out behavioral tests for 7 days. Their exenterated 
brains were histopathologically examined. 

Results: Neuronal damage was lower in ACE inhibitor groupa in comparison to the normal saline group 
The lowest neuronal damage was observed in the perindopril group. The results of behavioral tests 
indicated that ACE inhibitors did not have any effect on behavior patterns in cerebral ischemia. 

Conclusions: Our data indicate that perindopril, ramipril and captopril have beneficial effects in 
brain ischemia and should be tried as therapeutic agents in the management of this condition.
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ACE İnhibitörlerinin Serebral İskemi Sonrası Sıçan Beyin Hücrelerindeki 
Nöroprotektif Etkisi: Histopatolojik Değerlendirme

4 Giriş: Anjiotensin dönüştürücü enzim (ACE) inhibitörleri özellikle serebral sirkülasyonda 
bozukluğa sebep olan esansiyel hipertansiyon tedavisinde sıkça kullanılmaktadır. Bu çalışmada, 
sıçanlarda tek taraflı karotis kommunis ligasyonu ile oluşturulan fokal serebral iskemide ACE 
inhibitörlerinin nöroprotektif etkisi ve etki mekanizması incelendi ve davranış üzerine olan etkile-
ri test edildi.

Yöntem: Bu çalışmada 30 rat kullanıldı. Ratlar rastgele 5 gruba ayrıldı. Sol kommon karotid arter 
ligasyonunu takiben 7 gün boyunca 1. gruba kaptopril, 2. gruba ramipril, 3. gruba perindopril, 4. 
gruba serum fizyolojik verildi. Beşinci grup kontrol grubu olarak kullanıldı. Yedinci gün ratlara 
davranış testleri yapılarak, sakrifiye edildi. Çıkarılan beyinler histopatolojik olarak incelendi.

Bulgular: ACE inhibitörlerinin verildiği gruplarda nöronal hasar serum fizyolojik grubuna göre 
daha azdı. En az nöronal hasar ise perindopril verilen grupta gözlendi. Davranış testlerinin 
sonuçları serebral iskemide ACE inhibitörlerinin davranış üzerine etkisi bulunmadığını gösterdi.

Sonuçlar: Elde ettiğimiz veriler, perindopril, ramipril ve kaptoprilin beyin iskemisinde yararlı 
etkisi olduğunu ve bu durumun tedavisinde teröpatik olarak denenebileceğini göstermektedir.

Anahtar kelimeler: ACE inhibitörleri, nöron, nöroprotektif etkiler, serebral iskemi
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Stroke is the eventual outcome of occlusive 
cerebrovascular diseases. These diseases 
which can be defined as the dysfunction 

of the nervous system are caused by any pathol-
ogy in the cerebral circulation. Occlusive cere-
brovascular diseases. ranks as top third, and to 
some authors even second in frequency as a life-
threatening disease group in the western world 
(mean 27 %) and most frequently it results in 
long term disability. Because of unique ana-
tomic and physiological structure of cerebral 
blood flow, brain is protected from many disor-
ders in circulation. However, if a disease emerg-
es in this protective system, then it results in 
stroke (11). It was previously indicated that ACE 
inhibitors prolonged survival in cerebral isch-
emia depending on common carotid artery occlu-
sion in rats. Neuroprotective effects of ACE 
inhibitors have been verified in histological 
studies (20). Although a lot of researches have 
been carried out on the protective effect of ACE 
inhibitors, their mechanisms of action are not 
completely known. 

This study aimed at both in vivo demonstration 
of the neuroprotective effects of ACE inhibitors 
histopathologically with focal cerebral ischemia 
model created by unilateral common carotid 
artery ligation, and determination of their effects 
on animal behaviors as assessed with opto-
varimex tests. 
 
MATERIALS and METHODS

Experimental procedure and the animals used: 
This study was conducted at the Medical Expe-
rimental Research Center, Ataturk University. 
The Ethics Committee of Ataturk University 
approved the study protocol. All procedures 
were performed in accordance with the National 
Institute of Health Principles of Laboratory 
Animal Care. A total of 30 female Sprague-
Dawley rats weighing 180-220 g were used. 
Animals were kept under a 12h light/12h dark 
cycle and allowed free access to food and water. 
The rats were anaesthetised with 30 mg/kg 

sodium thiopental (Abbott, Istanbul) intraperito-
neally and allowed to breathe spontaneously 
throughout the procedure. 

Persuant to skin cleaning in cervical region in 
the supine position, vertical incision was made. 
After passing skin, subcutaneous tissue and 
muscle, trachea and esophagus were retracted 
medially. Left carotid artery was dissected away 
from vagal nerve, exposed and ligated with a 
silk suture. The layers were closed and the pro-
cess was terminated. The rats were divided into 
5 groups randomly. Group 1, was given capto-
pril (Deva, Istanbul, Turkey) 25 mg/kg/day i.p, 
Group 2, ramipril (Aventis Pharma, Italy) 20 
mg/kg/day i.p, Group 3, perindopril (Servier, 
Istanbul, Turkey) 5 mg/kg/day i.p, Group 4, nor-
mal saline for 7 days. Normal saline was admin-
istered i.p to the rats in Group 5 for 7 days 
without carrying out carotid ligation. After 7 
days, locomotor activity (opto-varimex behav-
ioral tests) was evaluated. Following this, the 
brains of the rats anaesthetized with high-dose 
thiopental were exenterated. The brains were 
kept for 5 days in separate jars previously pre-
pared in 10 % formaldehyde adjusted to an 
amount of 10 times for each sample with the aim 
of fixation. 

Histopathological evaluation: The samples 
kept in separate jars were sent to histopathologi-
cal examination. With three coronal incisions 
each brain specimens were divided in 3 pieces, 
labeled separately, and buried in paraffin-embed-
ded blocks. At least three pieces were taken 
from each block in order to facilitate evaluation, 
and preparates were stained with hematoxylin–
eosine. Neuronal damage occurring in cerebral 
cortex specimens after induction of cerebral 
ischemia was examined. Acidophilic neuronal 
cytoplasm, pycnosis and histomorphological 
appearance characterized (red neuron) with 
karyorrhexis were observed in the damaged neu-
rons. While neuronal damage was evaluated, the 
number of damaged neurons were counted in 5 
different microscopic fields, and the ratios of 

Neuroprotective Effect of ACE Inhibitors Following Cerebral Ischemia in Rats: Histopathological Evaluation

67Sinir Sistemi Cerrahisi / Cilt 3 / Sayı 2, 2010



damaged to undamaged neurons present in these 
areas were determined. The preparates were 
examined under Sony DXC-390P light micro-
scope having a camera attachment and photo-
graphs were taken. 

Evaluating Locomotor Activity: It was carried 
out by means of Locomotor activity meter 
(MAY ACT508 IR LOCOMOTOR ACTIVITY 
METER). The total of horizontal, vertical and 
ambulatory activities were recorded as total 
activity. 

Statistical analysis: Windows compatible SPSS 
(13.0 version) program was used. The damage 
scorings as assessed during histopathological 
study, and digital data obtained from the behav-
ioral tests were evaluated by One-way ANOVA 
test. The relationship between groups were 
accepted as significant if p was <0.05. 

RESULTS

Histopathological findings: The degree of neu-
ronal damage was less intense in the ACE 
inhibitor groups relative to the normal saline 
group . Minimal number of red neurons indicat-
ing neuron damage was found in the perindopril 
group (Figure 1). The number of red neurons 
was higher in the ramipril and captopril groups 

when compared with the perindopril, and sig-
nificantly lower in comparison with the normal 
saline group (Figure 2, 3, 4). A statistically sig-
nificant difference between ACE inhibitor 
groups, and normal saline group was found 
(p<0.05).

Results of Behavioral Tests

The results of opto-varimex behavioral tests 
indicated that ACE inhibitors captopril, ramipril 
and perindopril stereotypes did not have any 
effect on behavior in cerebral ischemia in terms 
of vertical, ambulatory and horizontal move-
ments. 

DISCUSSION

A common consensus could not be reached on 
the best therapeutic approaches which might 
alleviate and prevent disability caused by cere-
bral ischemia. In this study, focal cerebral isch-
emia created by unilateral carotis ligation in rats 
and the ability of ACE inhibitors; captopril, per-
indopril and ramiprilin to reverse neuronal dam-
age were examined. In addition, this subject has 
been discussed in line with the literature by test-
ing the effects of ACE inhibitors on behavior 
patterns in focal cerebral ischemia. The study 
was conducted considering the principle that 

Figure 1. The light microscopic view of the brain cortex incisi-
on obtained from the group in which unilateral carotid ligation 
was carried out and given perindopril therapy. It is observed 
that red neurons are lower in comparison to the group given 
ramipril and captopril (HE 2.5*100).

Figure 2. The light microscopic view of the brain cortex incisi-
on obtained from the group in which unilateral carotid ligation 
was carried out and given ramipril therapy. It is observed that 
red neurons are lower in comparison to the group given normal 
saline (HE 2.5* 100).
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various drugs in different classes of ACE inhibi-
tors may show different effects According to the 
data obtained from experimental results, ACE 
inhibitors demonstrate neuroprotective effect in 
focal cerebral ischemia only when compared 
with surgery.

The results of histopathological analyses of the 
brain tissue after experimental ischemia indicate 
that perindopril is superior to captopril with 
respect to their neuroprotective activities (18). 
This situation might result from the fact that 
perindopril is a prodrug metabolized from liver. 
In the histopathological results obtained by us, 
perindopril is also superior to both captopril and 
ramipril as for neuroprotective activity. The neu-
roprotective effect of ramipril on cerebral white 
matter lesions manifests itself by reducing free 
radicals in the chronic ischemia model created 
by bilateral carotid ligation (7). It was indicated 
that ramipril therapy for 14 days (20 mg/kg/day) 
healed white matter lesions and MDA level and 
GSSH/GSH ratios turned to normal in the rats 
with chronic ischemia. It was detected that white 
matter lesions increase in number in association 
with high level of MDA, and progressive forma-
tions of free radicals by damaged healthy neu-
rons. In addition, a decrease was detected in 
glutathione levels (7). Glutathione is both an 
essential tripeptide, and an endogenous antioxi-

dant detected in all animal cells. It protects 
against superoxidal damage of hydroxy-radicals 
by reacting against free radicals. The gradual 
reduction in glutathione levels after marked 
increase in free radicals makes us think that this 
is a compulsory outcome of the combat against 
oxidative stressws. Increases in GSSH/GSH 
ratio might be the result of secondary MDA 
increments after bilateral common carotid artery 
occlusion. And it is also possible that other 
mechanisms might be concealing white matter 
lesions by showing neuroprotective effects. 
Ramipril might increase blood flow following 
vasodilatory effect in brain arterioles, and pre-
vent the release of cytotoxic substances such as 
protease contributing to the healing of white 
matter lesions. Beneficial effects of ACE inhibi-
tors on cell apoptosis can have a role in the 
pathogenesis of white matter lesions (20). These 
data show similarities with histopathological 
neuroprotective effects of ramipril in our study. 
The results given above suggest us the formation 
of free radicals in white matter as a result of 
chronic hypoperfusion. A study asserted that 
ACE inhibitors such as enalapril and moexipril 
has a neuroprotective effect on white matter 
against toxic effects of free radicals in in vivo 
and in vitro focal ischemic injury models (18). It 
is possible that chronic cerebral hypoperfusion 
in rats might have covered the effect of acute 

Figure 3. The light microscopic view of the brain cortex incisi-
on obtained from the group in which unilateral carotid ligation 
was carried out and given captopril therapy. It is observed that 
red neurons are lower in comparison to the group given normal 
saline (HE 4*100).

Figure 4. The light microscopic view of brain cortex incision 
taken from the groups given normal saline and in which uni-
lateral carotid ligation was carried out. Red neurons are com-
monly seen (HE 2.5*100).
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ischemic damage and also masked the acute 
stage . Histopathological findings found out by 
us our in vivo focal cerebral ischemia models in 
rats also support these neuroprotective effects of 
ACE inhibitors. 

ACE inhibitors are easily utilized in brain and 
frequently in basal ganglions, cerebral cortex, 
circumventricular organs, hypothalamic neuro-
sensitive nucleus, dentate gyrus of hypocampus 
and cerebellum. In basal ganglions, ACE neu-
rons and striatum are combined. In addition, 
ACE shows changes in different areas in post-
mortem brains in cases with neuropsychiatric 
problems. Surprisingly, one of the recent studies 
determined that ACE inhibitor perindopril inhib-
ited striatal ACE, and increased dopamine levels 
2-3 times which were released into rat striatum 
(8). ACE inhibitors can pass blood-brain barriers 
very easily, and modulate levels of central neu-
rotransmitters. Besides, central effects of ACE 
inhibitors can modulate dopaminergic neu-
rotransmission. Current studies have indicated 
that ACE inhibitor perindopril increased the 
level of dopamine in patients with Parkinson 
disease. It was determined that perindopril 
reduced free radicals stemming from methyl-
phenyl-tetrahydopiridine (MPTP) in the dop-
aminergic system and it was effective in the 
treatment of neurodegenerative diseases (8). The 
relationship between ACE inhibition and neu-
ronal protection is slightly known, and the 
research should be carried out to that end.

ACE inhibitors might show neuroprotective 
effects because of the drug’s radical scavenger 
effect (14). It was determined in various studies 
that captopril has also a radical scavenger effect 
with its sulphydryl group. This tissue protective 
effect of captopril is due to its sulphydryl group 
bound to thiol groups formed after ischemia 
(1,5,12,13,17). In this study, since the neuroprotective 
effect of the drugs not containing sulphydryl 
group such as perindopril and ramipril in cerebral 
ischemia is stronger than captopril containing a 
sulphydryl group, we can deduce that chemical 

structure of ACE inhibitors is not an effective fac-
tor alone in the viability of neurons. 

It was indicated that oxidative stress had a role 
in physiotherapy of stroke. It was also demon-
strated that the free radicals destructed blood-
brain barrier (BBB), caused brain edema, and 
directed inflammatory cells into ischemic area 
leading to changes in blood-flow. Hydroxyl 
radical and superoxide ions having oxygen free 
radicals are reactive and bound to nucleic acids, 
lipids, carbonhydrates and proteins in neurons 
manifesting destructive effects on them (3). 
Captopril suppresses major oxidative stress pro-
cesses (for example, lipid peroxidation and pro-
tein oxidation) and shows neuroprotective effect 
(10). It was indicated that captopril inhibited lipid 
peroxidation triggerred in rabbits with FeCl3, 
and had protective effect in apoptosis model of 
oxidative stress in endothelium cells (2,21). It was 
demonstrated that ramipril due to its lipophilic 
nature showed neuroprotective effects with a 
similar mechanism (16). It was detected that the 
rats with suppressed NADPH oxidase activity 
were resistant to ischemic brain damage (3). The 
oxidative stress emerging in cerebral ischemia 
triggers the production of local ACE and angio-
tensin II. Angiotensin II induces the formation 
of superoxide by increasing vascular NADPH 
oxidase. As a result, NO levels decrease, and 
oxidative stress increases (4,6). It is possible that 
ACE inhibitors might reduce harmful effects of 
free radicals due to its antioxidant effect (by 
suppressing angiotensin II and NADPH oxidase 
activities). ACE inhibitors are kininaz-2 inhibi-
tors and prevent destruction of bradykinin which 
is a vasodilatory peptide (14). ACE inhibitors 
inhibit kininase activity providing bradykinin 
degradation and ensure the increase of pros-
tanoids with vasodilatation as a result of phos-
pholipase A2 activation dependant on bradyki-
nin. In addition, endothelial B2 receptors are 
stimulated with the local increase in bradykinin 
levels, and nitric oxide release from endothelial 
cells which contribute to its vasodilatory effect 
(9,15). It was determined that nitric oxide showed 
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neuroprotective effect by increasing blood build 
up in the ischemic area in the early stages of 
cerebral ischemia (19). In this study, we think that 
ACE inhibitors can reduce neuron death by 
increasing NO release.

There is not any information in the literature 
about the effect of ACE inhibitors on behavioral 
patterns in cerebral ischemia. The data obtained 
by us during statistical evaluations of horizontal, 
vertical, ambulatory and stereotype activities 
were statistically significant, but their signifi-
cance was not higher as we expected. We were 
hoping that total activity results obtained would 
be near to the normal group and there would be 
an increase in their neuroprotective effects. 
Consequently, we can express that ACE inhibi-
tors have not a positive effect on behavior pat-
terns in cerebral ischemia. 

Conclusion: ACE inhibitors might have pro-
vided a neuroprotective effect against cerebral 
ischemia due to their antioxidant, and free radi-
cal scavenger effects, and also increments in NO 
release.
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