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Comparison of the Effects and Mechanism of the Curcumin 
with Different Drugs in Experimental Vasospasm After 
Subarachnoid Hemorrhage

ABSTRACT

experimental and clinical studies, the exact underlying 
mechanisms for the associated pathological conditions such 
as vasospasm remain to be identified. Major histological 
change during the cerebral vasospasm after SAH is the 
endothelial cell injury induced by apoptosis. 

Nimodipine is a dihydropidin-group calcium channel blocker 
that is selective to the cerebral vessels. It is the only used 
in clinical practice in patients diagnosed as SAH (3,24,26). 

█    INTRODUCTION

Subarachnoid Hemorrhage (SAH) is an acute-onset, 
usually arterial or rarely venous bleeding into cerebral 
subarachnoid space or between the arachnoid and pia 

mater (19). It is commonly seen after head trauma, while 
75-80% of the spontaneous SAH results from the rupture 
of intracranial aneurysms (11). Despite using the available 
treatments, the mortality is high. Although there are numerous 

AIm: Cerebral vasospasm following subarachnoid hemorrhage (SAH) is the most important complication that effects the mortality 
and morbidity of patients with intracranial aneurysm. Today, the mechanisms of vasospasm are not understood in spite of 
experimental and clinical researches. The aim of our study was to investigate the effects of curcumin on vasospasm following SAH.    
MaterIal and Methods: In this study, 64 rats (200-250 g weight) were divided into 7 groups. Group 1: having no treatment after 
SAH; Group 2: treatment with nimodipine after SAH; Group 3: treatment with nicorandil after SAH; Group 4: treatment with sildenafil 
citrate after SAH; Group 5: treatment with 150 mg/kg curcumin after SAH; Group 6: treatment with 300 mg/kg curcumin after SAH, 
Group 7: treatment with 600 mg/kg curcumin after SAH. The experimental SAH was induced by injection of autologous blood into 
the cisterna magna. After medical treatment, in the first hour, blood was taken for quantified the levels of TNF-α, IL-1β and IL-6. 
Then, cerebrum and cerebellum were removed for analysis. Basilar artery luminal diameter was measured and apoptotic cell count 
was performed with tissue samples.     
Results: Histopathological findings showed that, in sufficient dose, curcumin dilated the basilar artery beside anti-oxidant effect.    
ConclusIon: Curcumin can be used for the treatment of vasospasm as a new medical drug.        
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Because of its high selectivity, low-dose nimodipine results in 
dilatation of cerebral vessels and prevents cerebral vasospasm 
without leading to a prominent decrease in systemic blood 
pressure (7,21).

Nicorandil is a drug leading to the opening of adenosine 
triphosphate (ATP)-dependent potassium channels and to 
the release of nitric oxide (NO). Although it is commonly used 
for the treatment of angina pectoris and acute heart failure, 
current treatment approaches also include use of the drug in 
ischemia-reperfusion injury. The drug improves the chronic 
vasospasm and vascular contraction induced by subarachnoid 
hemorrhage (12,22). 

Sildenafil is a peripheral vasodilator agent inhibiting the 
phosphodiesterase type V enzyme selectively. The drug is 
used for angina pectoris, erectile dysfunction, pulmonary 
hypertension, Reynaud phenomenon, and vertebrobasilar 
insufficiency (5,15). Because the drug increases the blood 
flow, it prevents neuronal injury induced by vasospasm 
following SAH (15). 

Curcumin was isolated in 1842 by Vogel and Pelletier from the 
roots of turmeric, which is yellow-flowered plant known for 
nearly a thousand years. Up to the present day, approximately 
4000 studies have found that curcumin exerts antibacterial, 
anti-inflammatory, hypoglycemic, anti-oxidant and antifungal 
effects. It is also well known that curcumin results in 
sympathetic blockage and NO release, leading to decreased 
blood pressure through vasodilatation (1,8,13). 

The aim of this study was to examine the effects of curcumin, 
in addition to its well-known vasodilator effects also used for 
disorders in locations other than the central nervous system 
(CNS), on vasoconstriction induced by ischemia and various 
factors and on apoptosis induced by the blood-brain barrier 
dysfunction following brain injury, as well as on the prevention 
of activation of inflammatory pathways (28). 

█    MATERIAL and METHODS
The experimental part of this study was conducted at the Med-
ical and Surgical Experimental Research Center (MESERC), 
Laboratory of Experimental Animals. The histological prepara-
tions, basilar artery diameter measurement and histopatho-
logical evaluation were performed at the Laboratory of His-
tology and Embryology, and immunochemical studies were 
carried out at the Laboratory of Pharmacology of Osmangazi 
University, Eskisehir, Turkey. The study protocol was approved 
by the Osmangazi University Ethics Committee for the Experi-
mental Use of Animals (Date: 27.02.2013, Number: 55-318).

A total of 64 female Sprague-Dawley rats weighing 200-250 
g were used:

Group 1: Untreated group with SAH  

Group 2: Nimodipine-treated SAH group 

Group 3: Nicorandil-treated SAH group 

Group 4: Sildenafil-treated SAH group

Group 5: 150 mg/kg of curcumin-treated SAH group 

Group 6: 300 mg/kg of curcumin-treated SAH group

Group 7: 600 mg/kg of curcumin-treated SAH group

In animals in Group 1-7, under general anesthesia, 0.1 mL of 
nonheparinized autologous arterial blood was withdrawn from 
the heart and given into the subarachnoid space via puncture 
with a 3G cannula at the occipito-atlantal distance. Powdered 
drugs (Nimodipine, nicorandil, sildenafil and curcumin) were 
dissolved mechanically in the mixture of 0.06 mg/1 mg 
saline/DMSO. In animals with SAH, a single dose of 0.05 mg 
nimodipine, 10 mg/kg nicorandil, 5 mg/kg sildenafil, or 150, 
300 or 600 mg/kg curcumin was injected intraperitoneally. The 
animals in Group 1 were treated with a single intraperitoneal 
dose of 0.06 mg/1 mg saline/DMSO after inducing SAH. In the 
first hour of the treatment, 2 mL of arterial blood was drawn 
for the measurements of IL-1β, IL-6 and TNF-α by the ELISA 
method (eBioscience, Bender MedSystems, Vienna, Austria).

Then, under general anesthesia, bilateral fronto-parieto-
occipital craniectomy was performed. The cerebrum, 
cerebellum and brain stem above the foramen magnum 
were totally removed while keeping the anatomic integrity. 
Macroscopically, all animals with SAH demonstrated diffuse 
subarachnoid hemorrhage in the basal surface of brain 
stem and around of the vertebral and basilar arteries. The 
terminal deoxynucleotidylTransferase Biotin - dUTP Nick End 
Labeling (TUNEL) method was used to determine whether 
apoptotic cells were present in the transverse sectioned 
tissue samples from the brain, brain stem and basilar artery. 
A blinded observer evaluated the number of apoptotic cells 
on four TUNEL-stained tissue sections from each animal 
by using a computer-assisted microscope Olympus BX 51 
(Japanese) and the BAB Bs200pro software. The diameter 
of the basilar artery was determined by using a microscope 
and the computer software. A total of ten measurements were 
performed on the vessel lumen in four-sections from each 
animal. 

Statistical Analysis

Statistical analysis was performed by using the SigmaStat 3.5 
and IBM SPSS Statistics 21 package software. Descriptive 
data were expressed as median 25-75%. Because data were 
not distributed normally, the data on the number of apoptotic 
cells, the diameter of basilar artery and the measurements 
of interleukin 1-Beta (IL-1β), IL-6 and tumor necrosis factor-
alpha (TNF-α) were analyzed by using Kruskal-Wallis One-way 
Analysis. The multiple comparison test used for cytokine levels 
and basilar artery diameter was Dunn’s method and that for 
the number of apoptotic cells was the Tukey test. Statistical 
significance was set as p<0.001. 

█    RESULTS
Histological Findings

The tissue sections for microscopic analysis were obtained 
from the brain stem and around the basilar artery. The 
examination under the light microscope revealed a healthy 
basilar artery structure, neuronal body and neuroglia cells 
in the control group. TUNEL staining showed that the DNA 
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fragments in apoptotic cells were negative in the brain tissue 
of the control animals (Figure 1).

Animals with untreated SAH demonstrated marked undulation 
in lamina elastica interna and distortion in the endothelium 
resulting from the vasoconstriction of the basilar artery. There 
was twisting in neuronal body extensions as well as shrinkage 
and contraction in nerve support cells and neurons during the 
apoptotic process. In addition, a large number of neuroglia 
cells and neuron bodies were positive for TUNEL reaction in 
this group (Figure 2).

In the SAH+Nimodipine group, although some regions of the 
lamina elastica interna of the basilar artery showed undulation, 
there was a dilatation of the artery lumen in general. There 
was also reduction, shrinkage and eosinophilic cytoplasm in 
neuron bodies and neuroglia cells. TUNEL-positive cells were 
also seen with being more less severe compared to the SAH 
group (Figure 3). 

In the SAH+Nicorandil group, dilatation of basilar artery, 
decreased undulation in lamina elastica interna, reduction and 
shrinkage in neuron bodies, and TUNEL-positive cells were 
present (Figure 4).

On the other hand, Sildenafil-treated animals with SAH not only 
showed dilated basilar artery but also had undulation in lamina 
elastica interna. Although some neuron bodies had pyknotic 
nuclei that were pushed to a cell pole and became necrotic, 
there were also healthy neuron bodies and extensions. In this 
group of animals, TUNEL-positive cells were mostly found in 
neuroglia cells (Figure 5).  

In the SAH+Curcumin 150 group, the undulation in lamina 
elastica interna was decreased in parallel to the dilatation in 
the lumen of basilar artery. With a great proportion of neuron 
bodies and neuroglia cells being healthy, the number of 
TUNEL-positive cells was lower than in the SAH group (Figure 
6)

Figure 1: The tissue sections for microscopic analysis were obtained from the brain stem and around the basilar artery. The examination 
under the light microscope revealed a healthy basilar artery structure, neuronal body and neuroglia cells in the control group. TUNEL 
method staining showed that the DNA fragments in apoptotic cells were negative in the brain tissue of the control animals. 
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Figure 2: Animals with untreated 
SAH demonstrated marked 
undulation in lamina elastica 
interna and distortion in the 
endothelium resulting from the 
vasoconstriction of basilar artery. 
There was twisting in neuronal 
body extensions as well as 
shrinkage and contraction in 
nerve support cells and neurons 
during the apoptotic process. 
In addition, a large number of 
neuroglia cells and neuron bodies 
were positive for TUNEL reaction 
in this group.

Figure 3: In the SAH+Nimodipine 
group, although some regions of 
the lamina elastica interna of the 
basilar artery showed undulation, 
there was dilatation of the artery 
lumen in general. There was 
also reduction, shrinkage and 
eosinophilic cytoplasm in neuron 
bodies and neuroglia cells. 
TUNEL-positive cells were also 
seen with being more less severe 
compared to the SAH group.
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distribution pattern and the Kruskal-Wallis One-way analysis 
showed a statistically significant difference (p<0.001). The 
intergroup differences were analyzed by using Dunn’s method 
and a significant difference was found between SAH-group 
and the groups treated with nimodipine, nicorandil, sildenafil 
and 300 and 600 mg/kg of curcumin (p<0.001) (Figure 12). 
Importantly, the effect of curcumin on vessel diameter was not 
dose-dependent and the significant effect was obtained with 
300 mg/kg and 600 mg/kg of curcumin.  

Because the number of apoptotic cells did not show a normal 
distribution, the Kruskal Wallis One-Way analysis was used 
and a statistical significant difference was found (p<0.001). 
The intergroup difference was analyzed by using Tukey test. 
The number of apoptotic cells decreased significantly in the 
SAH+Curcumin 300 mg group compared to the untreated 
SAH group (p<0.001). Similarly, the Curcumin 300 mg group 
had a decreased number of apoptotic cells compared to the 
nimodipine and nicorandil groups, and sildenafil had no effect 
on apoptosis (Figure 13).

█    DISCUSSION
Vasospasm is a complicated problem seen after subarachnoid 
hemorrhage and the underlying mechanism is not clear. The 
increased blood in the subarachnoid space is known to 
initiate the inflammatory process, which results in increased 

In the SAH+Curcumin 300 group, the dilatation in the basilar 
artery increased and the undulation of lamina elastica interna 
disappeared. Nissl granules and neuronal body extensions 
were healthy and clear, and the number of TUNEL-positive 
cells was lower compared to the SAH group (Figure 7). 
However, there was no difference between the groups treated 
with Curcumin 150 and 300 mg. 

In the SAH+Curcumin 600 group, there was no undulation in 
the lamina elastica interna due to the increased dilatation in the 
lumen of the basilar artery compared to all other experimental 
groups. The cells in this group showed less positive reaction to 
TUNEL staining (Figure 8). However, there was no significant 
difference. 

Cytokine Levels

After the SAH, there was no difference in IL-6 levels                                 
(p >0.05) but the levels of TNF-α and IL-1β differed significantly 
between the groups (p<0.001) (Figures 9-11). Dunn’s method 
was used to compare the groups and a significant difference 
was found between the groups treated with nimodipine, 
nicorandil, sildenafil, and 150 mg/kg, 300 mg/kg and 600 mg/
kg curcumin (p<0.001)

Apoptotic Cell Count and the Diameter of the Basilar 
Artery

The diameter of the basilar artery did not show a normal 

Figure 4: In the 
SAH+Nicorandil 
group, dilatation 
of basilar artery, 
decreased undulation 
in lamina elastica 
interna, reduction and 
shrinkage in neuron 
bodies, and TUNEL-
positive cells were 
present.
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the cisterna magna has been suggested to be applicable and 
reliable as it resembles the clinical findings well. Therefore, 
this rat model is the most commonly used experimental 
method in neuropharmacological studies on the prevention of 
vasospasm. 

cytokine levels, increased apoptosis and decreased diameter 
of vessel lumen, leading to the vasospasm. Until recent years, 
numerous hypotheses have been developed on this issue and 
various experimental animal models (rat, rabbit and dog) have 
been used to test different drugs. The experimental rat model 
induced by injection of non-heparinized autologous blood into 

Figure 5: On the other hand, 
Sildenafil-treated animals 
with SAH not only showed 
dilated basilar artery but also 
had undulation in lamina 
elastica interna. Although 
some neuron bodies had 
pyknotic nuclei that was 
pushed to a cell pole and 
became necrotic, there were 
also healthy neuron bodies 
and extensions. In this group 
of animals, TUNEL-positive 
cells were mostly found in 
neuroglia cells.

Figure 6: In the 
SAH+Curcumin 150 group, in 
parallel to the dilatation in the 
lumen of basilar artery, the 
undulation in lamina elastica 
interna was decreased. With 
a great proportion of neuron 
bodies and neuroglia cells 
being healthy, the number 
of TUNEL-positive cells was 
lower than SAH group.
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Figure 7: In the 
SAH+Curcumin 300 
group, the dilatation 
in basilar artery was 
increased and the 
undulation of lamina 
elastica interna 
disappeared. Nissl 
granules and neuronal 
body extensions were 
healthy and clear and 
the number of TUNEL-
positive cells was lower 
compared to the SAH 
group.

Figure 8: In the 
SAH+Curcumin 600 
group, there was no 
undulation in lamina 
elastica interna due to 
the increased dilatation 
in the lumen of basilar 
artery compared to 
all other experimental 
groups, the cells in this 
groups showed less 
positive reaction to 
TUNEL staining.



 Turk Neurosurg 27(6):884-893, 2017 | 891

Aydin HE. et al: Effects of Curcumin in Vasospasm

Figure 9: Serum levels of IL-6 (pg/ml). Figure 10: Serum levels of TNF-α (pg/ml).

Figure 11: Serum levels of IL-1β (pg/ml). Figure 12: The diameter of the basilar artery is shown graphically. 
The significance between the groups is indicated with the marker.

Figure 13: The number of apoptotic cells shown graphically. The 
significance between the groups is indicated with the marker.

Nimodipine is an effective and safe treatment for symptomatic 
vasospasm after SAH (6,20). Regional administration of the 
drug has a potent vasodilatory effect even in low doses. 
Because high doses of nimodipine have been shown in 
dose-dependent experimental studies to result in no increase 

in dilatation, high doses of nimodipine should be avoided 
in order to prevent the hypotension-induced decrease in 
cerebral perfusion pressure (21). Moreover, prophylactic use 
of nimodipine may prevent the secondary injury resulting from 
the late cerebral infarction. The American Stroke Association 
has recommended immediate oral nimodipine treatment for 
all patients in the intensive care unit (26).  Accordingly, in the 
present study, apoptotic cell number was decreased and 
vasodilatation was increased in nimodipine-treated animals 
compared to the untreated animals with SAH (p<0.001). 
Nimodipine decreased the TNF-α and IL-1β levels, with no 
effect on IL-6 level. 

Previous studies have shown that sildenafil citrate has no 
effect on apoptosis, but leads to marked dilatation in spastic 
cerebral vessels (2,18,23). Sildenafil has been also suggested 
to increase the angiogenesis and the intracerebral blood flow 
selectively following ischemic stroke (5). In the present study, 
in parallel with the literature, sildenafil had a more potent 
vasodilatory effect than nimodipine with no effect on apoptosis. 
Thus, in addition to nimodipine –for which effectiveness has 
been established- sildenafil may be considered for use in 
cerebral SAH treatment due to the potent vasodilatory effect 
of the drug. 
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dose.  Additionally, a peripheral vasodilatory agent –Sildenafil– 
and the potassium channel opener agent “Nicorandil” were 
also found to result in cerebral vasodilatation, suggesting that 
these drugs may be also used in the treatment of vasospasm 
as an alternative to nimodipine. Further studies on the medical 
treatment of vasospasm, for which the underlying mechanism 
is not clear, are needed.   
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