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Abstract 

One of the leading causes of death and disability worldwide is stroke. Experimental models used for studying brain infarction 

are important for the development of therapeutic interventions for all types of stroke but may differ in pathology post-injury. 

The aim of this study was to compare infarct sizes in different common carotid artery occlusion models of ischaemic stroke. 

Adult male rats were divided into five groups, each containing 12 rats: control, sham operated (SCCAO), temporary unilateral 

common carotid artery occlusion (TCCAO), permanent unilateral common carotid artery occlusion (PCCAO), and combined 

permanent and temporary common carotid artery occlusion (PTCCAO) groups. The common carotid artery was isolated, and 

occlusion was done by applying a silk suture either for 30minutes or permanently. Motor and sensory functions were tested 1 

and 3days later, using the hanging wire and adhesive removal tests respectively. The rats were euthanized, brains removed, 

sectioned, and stained with H&E, Nissl and Triphenyltetrazolium chloride stains. Total brain infarct volumes and ischaemic 

neurons were compared across the groups. TCCAO and PCCAO caused slight ischemia and little infarct, however, PTCCAO 

caused substantial cerebral ischemia and infarctions in the cerebral cortex and striatum. In contrast to the other experimental 

groups, motor and sensory deficits were observed in the PTCCAO group when compared to controls. Only PTCCAO achieved 

significant infarct, but the type of infarct produced was inconsistent, possibly due to the existence of differences in the rat’s 

cerebral circulation. 
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*INTRODUCTION 

 

Stroke is caused by a change in blood flow within the brain 

and often leads to neurologic deficits. It involves injuries 

caused by haemodynamic perturbations and coagulation that 

are undetected in blood vessels, and has been adjudged as a 

devastating disease (Sommer, 2017). Currently, it is the 

leading cause of disability and third most common cause of 

death worldwide (Wayman et al., 2016). In Nigeria, studies 

have shown that the mortality rates for stroke are very high 

ranging from 21-45% in different regions (Njoku and 

Adeloju, 2004; Komolafe et al., 2007; Desalu et al., 2011). 

Stroke is classified as either ischaemic or haemorrhagic 

based on the etiology and characteristics of the lesion (Beal, 

2010), with the ischaemic subtype accounting for the greater 

number of stroke cases, and vessel rupture associated with 
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haemorrhage accounting for about 15% (Onwueke and 

Ezeala-Adikaibe, 2012; Perna and Temple, 2015).  

A temporary or permanent reduction in cerebral blood 

circulation that is limited to the territory of a major cerebral 

artery or its branches leading to blockages and deficiency of 

oxygen in vital tissues results in ischaemic stroke (Fluri et al., 

2015). It is heterogeneous in nature and occurs in several 

varieties but can be classed into a few clinical entities: global 

cerebral ischemia and focal cerebral ischaemia (Yan et al., 

2015), or according to some authorities, in three forms i.e., 

global, focal and multifocal (Braeuninger and Kleinschnitz, 

2009; Woodruff et al., 2011). Global ischemia results when 

there is pervasive reduction in cerebral blood flow in the 

brain. In focal cerebral ischemia, there is reduction in blood 

flow to specific region of the brain, although, there is usually 

some flow that reaches the affected area via collateral 

circulation. There is usually a gradient of blood flow from 

the inner core reaching out to the limits of the ischemic area. 

It is usually the result of occlusion of a major cerebral artery. 

In multifocal ischemia, there is a patchy pattern of reduced 

cerebral blood flow (Traystman, 2003).  

Ischaemic stroke may also present like thrombotic stroke 

(large vessel and small vessel types), embolic stroke (with or 

without known cardiac and or arterial factor), systemic 
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hypoperfusion or venous thrombosis. Regardless of the 

trigger, defective vascular supply to the brain is the sole 

event in majority of acute strokes (Mir et al., 2014). The 

telencephalic circulation is of utmost importance in the body 

because cessation of circulation for 5 minutes can result into 

neuronal death (Moss, 2001).  

The arterial supply to rodents’ encephalon is composed of 

two pairs of large arteries, the right and left internal carotid 

arteries and the right and left vertebral arteries which is 

similar to that of humans. The bilateral internal carotid artery 

(ICA) supplies the anterior cerebral circulation including the 

middle and anterior cerebral arteries (MCAs and ACAs) 

while the vertebral artery (VA) supplies the posterior 

circulation including the basilar artery (BA) and posterior 

cerebral arteries (PCAs) (Krishnaswamy et al., 2010). Both 

anterior and posterior circulations anastomose at the Circle of 

Willis via anterior and posterior communicating arteries. This 

circle gives rise to the anterior, middle, and posterior cerebral 

arteries, which through smaller arteries and arterioles supply 

corresponding areas of the cerebral cortex by running along 

the surface until they penetrate the brain tissue (Cipolla, 

2009). In the event of occlusion of either the internal carotid 

arteries (anterior circulation) or the vertebral basilar system 

(posterior circulation), the collateral circulation in the circle 

of Willis provides blood to the affected area deprived of 

blood (Prince and Ahn, 2013).  

Several studies have reported that the volume of an 

ischaemic lesion is strongly correlated with stroke severity 

and moderately correlated with impairment of motor function 

and activity limitations (Saver et al., 1999; Chen et al., 2000; 

Johnston et al., 2002). Knowledge about lesion volume might 

support predictions about future level of functioning and 

decisions about types of care in stroke (Yaghi et al., 2017). In 

addition to volume, infarct location has also been found to be 

fundamentally linked to neurological deficits, thus the 

combination of lesion volume and infarct location results in a 

stronger correlation with the severity of symptoms (Menezes 

et al, 2007; Laredo et al., 2018). 

The advent of experimental stroke research was birthed with 

the use of higher species such as cats, pigs, sheep, dogs and 

non-human primates (Yan et al, 2015; Prinz and Endres, 

2010; Macrae, 2011; Braeuninger et al., 2012; Sozmen et al., 

2012), however, changes have occurred within the last 3-4 

decades. Mice and rats are now increasingly being selected as 

in vivo stroke models, due to the lower costs of acquisition 

and maintenance, possession of similar cranial circulatory 

anatomy to humans, simpler monitoring methods and tissue 

processing as well as ethical issues (Sommer, 2017; 

Woodruff et al., 2011). Ischaemic stroke models can be 

separated into focal and global ischaemia models. Focal 

ischaemic stroke caused by an acute cerebral vessel occlusion 

can be reproduced by different techniques such as 

mechanical occlusion of the middle cerebral artery (MCA), 

unilateral occlusion of the common carotid artery or by 

thrombotic occlusion either via injection of blood clots or 

thrombin into the MCA or by photo-thrombosis after 

intravenous injection of Rose Bengal (Bacigaluppi et al., 

2017). The cerebral arteries have been occluded through the 

common carotid arteries in rodents to induce hemispheric 

ischaemia. According to the location of arterial occlusion, 

global or focal ischaemic models are presented. Temporary 

occlusion of both common carotid arteries is deemed the 

most convenient model to induce transient global cerebral 

ischaemia (León-Moreno et al., 2020). Bilateral CCA 

occlusion has been performed to induce global cerebral 

ischaemia by reducing the blood flow to the brain through the 

arterial circle of Willis, while unilateral CCA occlusion 

induces focal ischemia (Kuraoka et al., 2009).  

 While validated models of bilateral CCA and unilateral CCA 

exist in rodents, comparison of the different common carotid 

artery occlusion models has not been well documented. We 

therefore compared the effect of different common carotid 

artery occlusion models of ischaemic stroke on sensorimotor 

function and infarct sizes in rats using permanent and 

temporary occlusion. 

 

 

MATERIALS AND METHODS 

 

Adult male Wistar rats weighing about 200g were acquired 

from the Central Animal House of the Faculty of Basic 

Medical Sciences, University of Ibadan, Ibadan. All the 

animals were housed in plastic cages at room temperature 

with food and water ad libitum. The animal experiments 

complied with the ARRIVE guidelines and were conducted 

in accordance with the NIH Guide for the Use and Care of 

Laboratory Animals, and the European Communities Council 

Directives (86/609/EEC), minimizing the number of animals 

used and avoiding their suffering. 

To evaluate the effect of common carotid artery occlusion 

(CCAO) models of ischaemic stroke on infarct sizes, male 

rats were randomly assigned to five (5) groups. Group 1: 

Temporary unilateral CCA occlusion (TCCAO), Group 2: 

Permanent unilateral CCA occlusion (PCCAO), Group 3: 

Permanent and temporary CCA occlusion (PTCCAO), Group 

4: Sham operated CCA animals (SCCAO) and Group 5: 

Control group. For temporary unilateral common carotid 

artery occlusion, a duration of 30 minutes was chosen to 

induce the infarct.  

 

Induction of stroke: All animals were anesthetized with 

60 mg/kg Ketamine hydrochloride and 10 mg/kg Xylazine 

hydrochloride given by intraperitoneal injection. After 

anesthesia, the animals were immobilized in the supine 

position on the surgical table using adhesive tape. The 

incision region was shaved and disinfected with ethanol and 

the midline neck skin incised. Through the incision, the 

common carotid artery was isolated from the vagal nerve and 

connective tissue by blunt dissection (Guzel et al., 2014; Lee 

et al., 2014). Temporary right common carotid artery 

occlusion was performed with a silk suture loop for 30 

minutes, after which the suture was removed to restore blood 

flow. A permanent left common carotid artery occlusion was 

also performed using a silk suture. A combined permanent 

and temporary CCA occlusion was performed using a silk 

suture applied for 30minutes on the right and removed, a silk 

suture was then applied on the left permanently after the 

occlusion of the right (Cao et al., 2018). Sham-operated rats 

underwent the same procedure without CCAO. Thereafter, 

the neck incision was sutured. To eliminate bias regarding 

the effect of the procedure or anesthesia, control animals did 

not undergo the procedure. Postsurgical survival was checked 

and two rats each euthanized at 24hours, 3 days and 7 days 

(Kuraoka et al., 2009). 

 

Neurobehavioral Tests: The functional effect of stroke was 

assessed using the hanging wire and adhesive removal tests 

24 hours after the animals regained consciousness. Motor 



Olopade et al. - Infarct sizes in models of ischaemic stroke 

Archives of Basic and Applied Medicine 9 (December 2021) 137 

performance was assessed using hanging wire test while the 

adhesive removal test was used to assess sensorimotor 

function in all the groups. Pre-training had earlier been done 

for the rats before induction of ischemia. 

 

Hanging wire: Rats were placed to grip a wire stretched 

between two posts 60 cm high above soft padded surface. 

The time until each rat dropped off the wire (Latency to fall) 

was recorded. A time of zero was assigned if the rat dropped 

off immediately while 120seconds was the maximum period. 

Three trials were performed for each rat at each time point 

(Priyanga et al., 2017). 

Adhesive Removal Test 

A small adhesive tape was applied to the forelimbs and the 

rat was then put into a cage. Time taken to contact and 

remove adhesive tape was recorded with 120 seconds being 

the time limit. Contact occurred when the mouth was first 

used to try to remove the patch (Bouet et al. 2010). 

 

Tissue Collection: The rats were anesthetized with an 

intraperitoneal injection of 60 mg/kg Ketamine hydrochloride 

and 10mg/kg xylazine. Subsequently, they underwent 

transcardial perfusion with normal saline, followed by 10% 

neutral buffered formalin (NBF) after which the brain tissues 

were removed and post-fixed in the same solution for 48 

hours. Five-millimetre coronal sections were obtained and 

stained with Hematoxylin and Eosin as well as cresyl violet 

to identify ischemic neurons. A subset of the rats (2 per 

group) was sacrificed under ketamine/xylazine anesthesia 

and their brains stained with Triphenyltetrazolium chloride 

(TTC) staining. The rats were decapitated, their brains were 

removed and sectioned coronally into five slices at an 

average thickness of 2mm each (Kuraoka et al., 2009).  

 

Triphenyltetrazolium chloride (TTC) staining and infarct 

measurement: After brain removal, slices were immediately 

immersed in 2% TTC solution in a plastic dish for 25-30 

minutes at room temperature. Then TTC solution around the 

brain tissue was gently aspirated and 10% NBF was added 

into the dish (to fix the brain tissue). This was done twice in 

order to ensure all the TTC solution was removed. The fixed 

brain tissues were arranged in a rostro-caudal sequence and 

photographed for analysis of infarct size.  Areas of ischemic 

damage were evaluated using the Motic Image plus software. 

Total infarct volumes were calculated as the sum of the 

products of the infarcted area and thickness of the slice.  

Edema correction of the infarct volume was estimated using 

the following formula: volume correction (infarct volume  

contralateral volume/ ipsilateral volume) (Dang et al., 2011). 

 

Statistical Analysis: Data collected for quantitative analysis 

were presented as means ± standard error of means (SEM) 

and compared among the groups using analysis of variance 

(ANOVA) and Bonferroni for post-hoc evaluations, with the 

GraphPad prism 7.0 statistical software (San Diego, 

California, USA). In addition, paired t-test was used for 

comparisons within groups and p<0.05 was set as the level of 

significance. 

 

 

RESULTS 

Gross Observation: Common carotid artery ligation caused 

unilateral ptosis (drooping eyelids) on the ipsilateral side in 

22.7% of group 1 (TCCAO) rats and all (100%) of group 2 

(PCCAO) rats, while bilateral ptosis was observed in all of 

group 3 (PTCCAO) animals. However, groups 4 (Sham 

operated) and 5 (Control) rats had no ptosis. 

Body Weight: All experimental and sham-operated animals 

(groups 1-4) had a reduction in body weight after the 

common carotid artery occlusion procedure compared to 

weight taken before the surgical intervention (Figure 1A). 

Brain Weight: Brain weight was significantly higher in rats 

that had PTCCAO and reduced in rats that were subjected to 

TCCAO and PCCAO in comparison to the controls but there 

was no significant difference between sham and control 

animals (Figure 1B). 
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Figure 1:  
(A) Body weight difference before and after induction of stroke in 

all the groups (B) Brain weight of rats after common carotid artery 

occlusion. Temporary unilateral CCA occlusion (TCCAO), 

Permanent unilateral CCA occlusion (PCCAO), Permanent and 

temporary CCA occlusion (PTCCAO), Sham operated CCA 

animals (SCCAO) 

 

Mortality Rate: Mortality rate 24hours after the procedure 

was recorded.  In the PTCCAO group, we observed a 58.33% 

mortality while all the rats in the TCCAO and PCCAO 

groups survived the procedure after 24hours.  

 

Tests of Neurobehavioural functions 

Hanging wire test 

In the hanging wire test, there was no significant difference 

in the latency to fall between rats in TCCAO and PCCAO, 

sham-operated and controls but the rats in PTCCAO group 

had a significantly shorter latency to fall than the controls 

(Figure 2). 



Olopade et al. - Infarct sizes in models of ischaemic stroke 

Archives of Basic and Applied Medicine 9 (December 2021) 138 

 

D a y  1 D a y  2 D a y  3

0

5

1 0

1 5

2 0

2 5

3 0 C O N T R O L

T C C A O

P C C A O

P T C C A O

S C C A O

* *

P o s t - o p e r a t i v e  d a y s

L
a

t
e

n
c

y
 
t

o
 
F

a
l

l
 
(

s
)

 
Figure 2: 

Hanging wire test showing deficits in forelimb strength after CCA 

occlusion. Temporary unilateral CCA occlusion (TCCAO), 

Permanent unilateral CCA occlusion (PCCAO), Permanent and 

temporary CCA occlusion (PTCCAO), Sham operated CCA 

animals (SCCAO) 

 

 

 

Adhesive removal test 

Following the occlusion of the common carotid artery, the 

PTCCAO rats exhibited pronounced deficit in their ability to 

make contact in both the left and right forelimbs, compared 

to the control group. There was no significant difference in 

the time to contact in the TCCAO, PCCAO and SCCAO 

groups compared to the control group.  We observed that the 

PTCCAO rats also took a longer time to remove the adhesive 

pads on days 1 and 3 post-occlusion (Figure 3). 
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Figure 3: 

Bar charts showing time-to-contact (A and B) and time-to-remove (C and D) the adhesive tape on the left and right paws of the rats on the 1st 

and 3rd day of observation. Temporary unilateral CCA occlusion (TCCAO), Permanent unilateral CCA occlusion (PCCAO), Permanent and 

temporaryCCA occlusion (PTCCAO), Sham operated CCA animals (SCCAO) 
 

 

Differential effects of common artery occlusion on brain 

infarct size 

In rats subjected to PTCCAO, the brains revealed infarcts in 

the cortex, caudate and putamen at day 1 and day 3. No result 

was presented for day 7 because none of the PTCCAO rats 

survived until that time. No clear demarcation of injured 

areas was found in brains of rat subjected to unilateral 

TCCAO and PCCAO 1, 3- and 7-days post occlusion, while 

the sham-operated and control brains had no unstained areas 

(Figure 4). 
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Figure 4: 

A representation of TTC stained brain sections showing areas of 

healthy tissue (red) and ischemic injury (white) for (A1) TCCAO, 

(B1) PCCAO (C) PTCCAO (D1) SCCAO and (E1) Control at Day 

1; (A3-E3) at Day 3 and (A7-E7) at Day 7 

 

Subsequent quantification of infarct volume revealed a 

significantly higher infarct volume in the PTCCAO model 

when compared to the sham and control groups (p<0.01). 

The volume of infarct in the sham and TCCAO group 

however appeared slightly higher than the control group, but 

not to significant levels (Figure 5).   
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Figure 5: 

(A) Infarct volume and (B) corrected infarct volume (%) calculated 

from TTC-stained coronal sections following CCAO or a simulated 

operation for different groups of rats. Temporary unilateral CCA 

occlusion (TCCAO), Permanent unilateral CCA occlusion 

(PCCAO), Permanent and temporary CCA occlusion (PTCCAO), 

Sham operated CCA animals (SCCAO) 

 

Morphological changes  

Microscopic examination of the sections revealed infarct 

lesions in the cerebral cortex characterized by shrunken 

neurons with perineuronal vacuolation in TCCAO and 

PCCAO brain samples at days 1, 3 and 7. The PTCCAO 

resulted in lesions in the cortices and striatum and was also 

characterized by shrunken neurons with perineuronal 

vacuolation and spongy neuropil. The brain sections of the 

Sham-operated and control rats had no features of 

vacuolation or shrunken neurons as they showed clear 

cytoplasm and the morphology of the neurons appear intact 

(Figure 6). 

Ischemic cells with aberrant morphology were visible in the 

cortices of the TCCAO brains (at day 1, day 3 and day 7), 

PCCAO (at day 1, day 3 and day 7) and PTCCAO (at day 1 

and day 3). They were triangular in shape and exhibited dark 

staining due to condensation of cytoplasm and karyoplasm 

(Figure 7). 
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Figure 6: 

Photomicrographs of the cerebral cortices of experimental and 

control rats; (A-C) TCCAO, (D-F) PCCAO, (G-H) PTCCAO, (I-K) 

SCCAO and (L-N) Controls. Vacuolations and pyknotic neurons 

were observed in the cortices of TCCAO, PCCAO and PTCCAO 

brain samples when compared to sham and control. Black arrows 

show pyknotic neurons, red arrow shows area of vacuolation and 

blue arrows show normal neurons. (Magnification: X40) H&E 

staining 
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Figure 7:  

Photomicrographs of the cerebral cortices of experimental and 

control rats; (A-C) TCCAO, (D-F) PCCAO, (G-H) PTCCAO, (I-K) 

SCCAO and (L-N) Controls. Pyknotic neurons were observed in 

TCCAO and PCCAO brain samples, andpyknotic neurons with 

spongy neuropil were observed in the PTCCAO brain samples. 

Black arrows show pyknotic neurons, red arrow shows area of 

vacuolation and blue arrows show normal neurons (Magnification: 

X40)Cresyl violet (Nissl) staining 

 

DISCUSSION 

 

Our study showed that unilateral common carotid artery 

occlusion alone, either transient or permanent, caused slight 

ischemia but a combination of permanent and temporary 

common carotid artery occlusion caused marked cerebral 

ischemia in the cerebral cortices and striatum. Unilateral 

carotid artery ligation alone has been found not to cause 

substantial changes in ipsilateral blood flow or energy state, 

but it markedly reduces the circulatory reserve in the 

ipsilateral hemisphere (Bronner et al., 1998). Occlusion of 

one of the common carotid arteries has been shown to cause 

only slight cerebral ischaemia as a result of the enlargement 

of the ipsilateral posterior communicating artery (Sun and 

Kuan, 2015; Chio et al., 2017). Smaller anastomotic vessels 

between the distributions of the anterior cerebral and middle 

cerebral arteries have been found to be enlarged following 

permanent unilateral occlusion of the middle cerebral artery 

in the rat (Bronner et al., 1998; Ma et al., 2016). However, 

bilateral common carotid artery occlusion caused widespread 

ischemia in the cerebral cortex, the corpus callosum, the 

caudate putamen, the anterior commissure, the hippocampal 

fimbria and the hippocampus (Vicente et al., 2009; Hattori et 

al., 2014). 

Unilateral ptosis was noted in rats with temporary unilateral 

and permanent unilateral common carotid artery occlusion 

(TCCAO and PCCAO), while in rats with permanent and 

transient common carotid artery occlusion (PTCCAO), 

bilateral ptosis was observed when compared to the sham and 

control rats as also reported by Bronner et al. (1998) and Cao 

et. al. (2018). Bronner and his colleagues performed 

unilateral carotid artery ligation in male Wistar rats and 

observed ptosis in 23% of the animals, which they presumed 

was the result of damage to the sympathetic nerve trunk 

during isolation of the carotid artery, while Cao, with his 

colleagues, concluded that ptosis was an indication of a 

successful operation after bilateral common carotid artery 

occlusion in adult rats. 

 

In this study, sham operation, transient unilateral, permanent 

unilateral, and permanent and temporary common carotid 

artery ligation were followed by decrease in body weight. 

Other studies have reported weight loss following bilateral 

common carotid artery occlusion but there is no report on 

weight loss after unilateral common carotid artery occlusion 

(Farkas et al. 2007; Hirabayashi et al., 2004). Farkas et al. 

(2007) attributed weight loss to hypertrophy of certain 

muscles in the ventral cervical region (e.g., the sternohyoid 

and the sternomastoid muscles) during the isolation of the 

carotid arteries leading to discomfort during movement of the 

head, mastication and swallowing. Reduced blood flow to the 

hypothalamus, thus compromising its function as a major 

center of autonomic control, might also be responsible. In 

contrast, Wayman et al. (2016) opined that weight loss is a 

primary indication of dehydration and stress rather than loss 

of body weight due to reduced feeding. Further studies are 

required to address the underlying cause of weight loss in 

these models.  

 

We observed increased brain weight in the PTCCAO model 

and reduced brain weight in TCCAO and PCCAO rats, 

compared to the sham and controls. There have been reports 

in literature of brain swelling in the ipsilateral hemisphere 

due to edema after the middle cerebral artery occlusion 

(MCAO), since ischemia caused by the MCAO elevated 

brain water content in the lesioned hemisphere (Gerriets et 

al., 2004; Pasban et al., 2017). We speculate that this might 

be responsible for the increased brain weight we observed in 

the PTCCAO rats. 

 

Mortality rate in the PTCCAO group was high and most 

deaths occurred within 24 hours after the procedure, but none 

of the rats in the TCCAO, PCCAO or sham-operated groups 

died after the procedure. Wang et al. (2020) reported a 25% 

mortality in rats that underwent bilateral CCA occlusion and 

Hattori et al. (2014) reported 58.8% mortality following 

bilateral implantation of ameroid constrictors to the CCAs, 

but most studies do not report any mortality following the 

unilateral common carotid artery occlusion (Bona et al., 

1997; Yoshizaki et al., 2008). The standard procedure in 

which there is concomitant ligation of the arteries 

permanently has been reported to be associated with high 

mortality (Farkas et al., 2005) whereas a decrease in 

mortality was recorded in a modified protocol where either 

CCA were occluded within an interval, for example, an 

interval of one week, or when an analgesia was administered, 

(Institoris et al., 2007; Cechetti et al., 2010). However, 

occluding both common carotid arteries concomitantly but 

not permanently also resulted in a high mortality rate in this 

study. Raval et al. (2009) attributed the high mortality rate to 

post-operative complications such as respiratory difficulties 

during the post-ischemic period, long duration of surgery 

period, surgical damage and excessive dose of anaesthesia. 
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The high mortality rate observed in the PTCCAO rats in this 

study might also be due to reduced feeding as well as post-

operative complications. 

 

Neurobehavioral assessment was done 24 hours after the rats 

recovered in order to detect sensory and motor deficits 

respectively. In the hanging wire test, the PTCCAO rats 

exhibited inability to hold the wire and the latency to fall was 

reduced significantly when compared to the controls; this 

was not the case in the other groups. Our findings are 

consistent with previous investigations. Nagakannan et al. 

(2012) evaluated muscle strength using the hanging wire test 

after transient bilateral common carotid artery occlusion for 

30 minutes in male Wistar rats and reported decreased grip 

strength in the ischaemic rats. Bona et al. (1997) performed 

unilateral common carotid artery occlusion in 7-day old rats 

and then exposed them to hypoxia and assessed muscle 

strength at day 42 using a horizontal rope, he observed that 

the latency to fall was shorter in the hypoxia ischemic 

animals compared to the controls. The decreased latency to 

fall was an indicator of motor deficits and/or loss of motor 

function in the rats. In the adhesive removal test, rats in 

PTCCAO group took a longer time to contact and remove the 

adhesive tapes when compared to the controls in both the left 

and right forelimbs, but no significant difference was 

observed in the other groups compared to the controls. 

Studies of other models of ischaemic stroke, such as the 

middle cerebral artery occlusion model report that animals 

with stroke took a longer time to remove the adhesive tape, 

indicating a deficit in sensorimotor function resulting from 

damage to the somatosensory cortex (Bouet et al., 2009; 

Bouet et al., 2010; Rewell et al., 2017; Trueman et al., 2017). 

We believe this must have led to the decreased ability of the 

PTCCAO rats to sense and then remove the adhesive tape on 

their whiskers. 

 

Triphenyl tetrazolium chloride (TTC) evaluation of infarct 

volume remains the most regularly reported outcome in 

experimental stroke studies because it is a convenient 

procedure for detection of brain infarcts. TTC staining was 

performed to estimate infarct size after reperfusion. It 

reliably delineated the infarct region allowing one to 

differentiate between the pale injured areas and the 

surrounding red non-injured area. TTC staining in this study 

showed little infarcted areas in the cortices of the temporary 

unilateral and permanent unilateral common carotid artery 

occlusion rat brains. In contrast, Renolleau et al. (1998) 

reported no ischaemic lesion and infarct following temporary 

carotid artery occlusion for 60 or 90 minutes in 7days old 

rats. Our results however revealed distinct infarcted areas in 

the cortices and striatum of the PTCCAO rats, in consonance 

with that of Vicente et al. (2009) and Hattori et al. (2014). 

Although the infarct size is an essential and accurate 

measurement of stroke outcome, another significant outcome 

parameter of cerebral ischaemia is the impairment of function 

measurements using neurobehavioral tests, as earlier 

reported. Histological examination of our unilateral occlusion 

models revealed pyknotic neurons with perineuronal 

vacuolation in the cerebral cortex while the PTCCAO brains 

had shrunken neurons with more pronounced perineuronal 

vacuolation, pale and spongy neuropil in the cerebral cortex 

and striatum. These pyknotic neurons were almost certainly 

the products of ischaemic injury. These observations are in 

accordance with that of Kuroaka et al. (2009) who studied 

transient and permanent unilateral CCAO in mice. However, 

Shmonin et al. (2012) who compared 5 different rat models 

of middle cerebral artery occlusion, found no ischaemic 

lesions at all in their experimental models. 

 

CONCLUSION 

The transient unilateral CCAO or permanent unilateral 

CCAO model caused only slight ischemia and resulted in 

little or no infarct, but severe cerebral ischemia and a large 

infarct was observed following PTCCAO. However, the 

infarct produced in the PTCCAO model was not consistent 

and reproducible due to discrepancies in the rat’s cerebral 

circulation and also due to previous observations that the 

more rostral the artery which is occluded is, the more 

inconsistent the outcomes. It is therefore necessary for more 

research to be done on discrepancies in the rat’s circulation in 

order to fully describe the influences exerted by collateral 

circulation. 

 

 

REFERENCES 

 

Bacigaluppi, M., G. Comi, and D.M. Herman. 2017. Animal 

models of ischemic stroke. Part two:  

Modelling cerebral ischemia. Open Neurol J. 4: 34-38. 

doi:0.2174/1874205X01004010034 

Beal, C.L. 2010. Gender and stroke symptoms: A review of 

the current literature. J Neurosci Nurs.  

42: 80 - 87. PMID: 20422793 

Bona, E., B.B. Johansson, and H. Hagberg. 1997. 

Sensorimotor function and neuropathology  

five to six weeks after hypoxia-ischemia in seven-day-old 

rats. Pediatr Res. 42, 678-683. doi: pr19972554 

Bouet, V., M. Boulouard,  J. Toutain, D. Divoux, M. 

Bernaudin,  P. Schumann-Bard, and T. Freret.  

2009. The adhesive removal test: a sensitive method to assess 

sensorimotor deficits in mice. Nat Protoc. 4(10):1560-4. 

doi: 10.1038/nprot.2009.125. 

Bouet, V., T. Freret, S. Ankri, M. Bezault, S. Renolleau, M. 

Boulouard, E. Jacotot, D. Chauvier, and  

P. Schumann-Bard. 2010. Predicting sensorimotor and 

memory deficits after neonatal ischemic stroke with 

reperfusion in the rat. Behav Brain Res. 212(1):56-63. doi: 

10.1016/j.bbr.2010.03.043. 

Braeuninger, S., and C. Kleinschnitz. 2009. Rodent models 

of focal cerebral ischemia:  procedural  

pitfalls and translational problems. Exp Transl Stroke 

Med.1:8 doi: 10.1186/2040-7378-1-8 

Braeuninger S., C. Kleinschnitz, B. Nieswandt, and G. Stoll. 

2012. Focal Cerebral Ischemia. In  

Platelets and Megakaryocytes. J. Gibbins, M. Mahaut-Smith, 

editors. Methods in Molecular Biology (Methods and 

Protocols), vol 788. Springer, New York. pp:29-42 doi: 

10.1007/978-1-61779-307-3 

Bronner, G., K.Mitchell, and F.A. Welsch. 1998. 

Cerebrovascular adaptation after unilateral carotid  

artery ligation in the rat: preservation of blood flow and ATP 

during forebrain ischemia. J Cereb Blood Flow Metab. 18: 

118-21. doi: 10.1097/00004647-199801000-00012. 

Cao, D., Y. Bai, and L. Li. 2018. Common carotid arteries 

occlusion surgery in adult rats as a model  of chronic 

cerebral hypoperfusion. Bio Protoc. 8 (2): e2704. doi: 

10.21769/BioProtoc.2704 



Olopade et al. - Infarct sizes in models of ischaemic stroke 

Archives of Basic and Applied Medicine 9 (December 2021) 142 

Cechetti, F.L.,  P.V. Worm,  L.O. Pereira,  I.R. Siqueira, and 

C.A. Netto . 2010. The modified 2VO  

ischemia protocol causes cognitive impairment similar to that 

induced by the standard method, but with a better survival 

rate. Braz J Med Biol Res. 43(12):1178-83. 

https://doi.org/10.1590/S0100-879X2010007500124 

Chen, C.L., F.T. Tang, H.C. Chen, C.Y. Chung, M.K. Wong. 

2000. Brain lesion size and location:  

effects on motor recovery and functional outcome in stroke 

patients. Arch Phys Med Rehabil. 81:447-52. 

Chio, C.C., C.C. Hsu, Y.F. Tian, C.H. Wang, M.T. Lin, C.P. 

Changand, and H.J. Lin. 2017.  

Combined hemorrhagic shock and unilateral common carotid 

occlusion induces neurological injury  in adult male 

rats. International Journal of Medical Sciences 14 (13): 

1327-1334.  

Cipolla, M.J. 2009. The Cerebral Circulation. Colloquium 

Series on Integrated Systems Physiology:  

From Molecule to Function. Morgan & Claypool Life 

Sciences. 1:1-59. 

10.4199/C00005ED1V01Y200912ISP002 

Dang, J., B. Mitkari, M. Kipp, and C. Beyer. 2011. Gonadal 

steroids prevent cell damage and  

stimulate behavioral recovery after transient middle cerebral 

artery occlusion in male and female rats. Brain Behav 

Immun. 25(4):715-726 doi: 10.1016/j.bbi.2011.01.013 

Desalu, O.O., K.W. Wahab, B. Fawale, T.O. Olarenwaju, 

O.A. Busari, A.O. Adekoya, and J.O.  

Afolayan. 2011. A review of stroke admissions at a tertiary 

hospital in rural Southwestern Nigeria. Ann Afr Med. 

10(2):80-85. doi: 10.4103/1596-3519.82061 

doi.org/10.1093/bjacepd/1.3.67 

Farkas, E., N. Timmer, F. Domoki, A. Mihály,  P.G. Luiten, 

and F. Bari. 2005. Post-ischemic  

administration of diazoxide attenuates long-term microglial 

activation in the rat brain after permanent carotid artery 

occlusion. Neurosci Lett. 387(3):168-72 

doi.org/10.1016/j.neulet.2005.06.036 

Farkas, E., P.G. Luiten, and F. Bari. 2007. Permanent, 

bilateral common carotid artery occlusion in  

the rat: a model for chronic cerebral hypoperfusion-related 

neurodegenerative diseases. Brain Res Rev. 54(1):162-80. 

doi: 10.1016/j.brainresrev.2007.01.003. 

Fluri, F., M.K. Schuhmann,  and   C. Kleinschnitz. 2015. 

Animal models of ischemic stroke and  

their application in clinical research. Drug Des Devel Ther. 

9: 3445–3454. doi: 10.2147/DDDT.S56071. 

Gerriets, T.L., E. Stolz,  M. Walberer,  C. Müller,  A. Kluge,  

A. Bachmann,  M. Fisher,  M. Kaps,  

and G. Bachmann. 2004. Non-invasive quantification of 

brain edema and the space-occupying effect in rat stroke 

models using magnetic resonance imaging. Stroke 

35(2):566-71. doi: 10.1161/01.STR.0000113692.38574.57 

Guzel, A., R. Rolz, G. Nikkhah, U.D. Kahlert, and J. 

Maciaczyk. 2014. A microsurgical procedure  

for middle cerebral artery occlusion by intraluminal 

monofilament insertion technique in  the rat: a special 

emphasis on the methodology. Exp Transl Stroke Med. 

6:6. doi: 10.1186/2040-7378-6-6 

Hattori, Y., A. Kitamura, K. Nagatsuka, and M. Ihara. 2014. 

A novel mouse model of ischemic  

carotid artery disease. PloS ONE 9 (6): e100257. 

doi.org/10.1371/journal.pone.0100257 

Hirabayashi, H.L., D. Kurita,  S. Takizawa, and Y. 

Shinohara. 2004. Phosphate-related energy  

compounds are not exhausted in chronically hypoperfused rat 

brain cortex after cortical spreading depression. J Stroke 

Cerebrovasc Dis.13(6):271-9. doi: 

10.1016/j.jstrokecerebrovasdis.2004.08.006. 

Institoris, A.1., E. Farkas,  S. Berczi,  Z. Sule, and F. Bari. 

2007. Effects of cyclooxygenase (COX)  

inhibition on memory impairment and hippocampal damage 

in the early period of cerebral hypoperfusion in rats. Eur J 

Pharmacol.574(1):29-38. doi: 

10.1016/j.ejphar.2007.07.019 

Johnston K.C., D.P. Wagner, E.C. Haley Jr, A.F. Connors Jr. 

2002. Combined clinical and imaging  

information as an early stroke outcome measure. Stroke. 

33:466-72. 

Komolafe, M.A., O. Ogunlade, and E.O. Komolafe. 2007. 

Stroke mortality in a teaching Hospital in  

South west Nigeria. Trop Doct. 3. 186–188. doi: 

10.1258/004947507781524557. 

Krishnaswamy, A., J. P. Klein, and S.R. Kapadia. 2010. 

Clinical cerebrovascular anatomy. Catheter  

Cardiovasc Interv. 75(4):530–539. 

doi.org/10.1002/ccd.22299 

Kuraoka, M., T. Furuta, T. Matsuwaki, T. Omatsu, Y. Ishii, 

S. Kyuwa, and Y. Yoshikawa. 2009.  

Direct experimental occlusion of the distal middle cerebral 

artery induces high reproducibility of brain ischemia in 

mice. Exp Anim. 58(1), 19–29. doi: 

10.1538/expanim.58.19. 

Laredo, C., Y. Zhao, S. Rudilosso, A. Renú, J. C. Pariente, 

Á. Chamorro, and X. Urra. 2018.  

Prognostic Significance of Infarct Size and Location: The 

Case of Insular Stroke. Sci Rep. 8(1):9498. 

https://doi.org/10.1038/s41598-018-27883-3 

Lee, S., Y. Hong, S. Park, S.R. Lee, K.T. Chang, and Y. 

Hong. 2014. Comparison of surgical  

methods of transient middle cerebral artery occlusion 

between rats and mice. J Vet Med Sci. 76 (12): 1555- 

1561. doi: 10.1292/jvms.14-0258 

León-Moreno, L.C., R. Castañeda-Arellano, J.D. Rivas-

Carrillo, and S.H. Dueñas-Jiménez. 2020. Challenges and 

improvements of developing an ischemia mouse model 

through bilateral common carotid artery occlusion. J 

Stroke Cerebrovasc Dis 29(5):104773. 

doi.org/10.1016/j.jstrokecerebrovasdis.2020.104773 

Ma, Y., C. Liang, Y. Suo, Y. Zhao, Y. Wang, T. Xu, and R. 

Wang. 2016. Blood flow changes after  

unilateral carotid artery ligation monitored by optical 

coherence tomography. In Dynamics and Fluctuations in 

Biomedical Photonics XIII. V.V. Tuchin, K.V. Larin, M.J. 

Leahy, R.K. Wang, editors. SPIE Proceedings Vol. 9707. 6 

pp. doi: 10.1117/12.2212278 

Macrae, I.M. 2011. Preclinical stroke research – advantages 

and disadvantages of the most common  

rodent models of focal ischaemia. Br J Pharmacol. 

164(4):1062-1078 doi: 10.1111/j.1476-5381.2011.01398.x. 

Menezes, N.M., H. Ay, M.W. Zhu, C.J. Lopez, A.B. Singhal, 

J.O. Karonen, H.J. Aronen, Y. Liu, J.  

Nuutinen, W.J. Koroshetz, and A.G. Sorensen. (2007). The 

Real Estate Factor Quantifying the Impact of Infarct 

Location on Stroke Severity. Stroke. 38:194–197. 

doi.10.1161/01.STR.0000251792.76080.45 



Olopade et al. - Infarct sizes in models of ischaemic stroke 

Archives of Basic and Applied Medicine 9 (December 2021) 143 

Mir M.A., R.S. Al-Baradie, and M.D. Alhussainawi. 2014. 

Pathophysiology of stroke. In Recent  

Advances in Stroke Therapeutics. M.A Mir, editors. NOVA 

Science Publishers, USA, pp.25-80. ISBN: 978-1-63117-

754-5 

Moss, E. 2001. The cerebral circulation BJA CEPD Reviews. 

1(3):67-71  

Nagakannan, P., B.D. Shivasharan, B.S. Thippeswamy, and 

V.P. Veerapur. 2012. Effect of tramadol  

on behavioral alterations and lipid peroxidation after 

transient forebrain ischemia in rats. Toxicol Mech 

Methods. 22(9): 674-678. 

doi.org/10.3109/15376516.2012.716092 

Njoku, C.H., and A.B. Adeloju, 2004. Stroke in Sokoto, 

Nigeria: A five-year retrospective study.  

Ann AfrMed. 3(2):73–76. eISSN: 1596-3519 

 Onwuekwe, I.O., and   B. Ezeala-Adikaibe. 2012. Ischemic 

stroke and neuroprotection. Ann Med  

Health Sci Res. 2(2): 186–190. doi: 10.4103/2141-

9248.105669 

Pasban, E., H. Panahpour, and A. Vahdati. 2017. Early 

oxygen therapy does not protect the brain  

from vasogenic edema following acute ischemic stroke in 

adult male rats. Sci Rep.7(1):3221. doi: s41598-017-

02748-3 

Perna, R., and J. Temple. 2015. Rehabilitation outcomes: 

Ischemic versus hemorrhagic strokes.  

Behav Neurol. 2015:891651. doi.org/10.1155/2015/891651 

Prince, E.A., and S.H. Ahn. 2013. Basic vascular 

neuroanatomy of the brain and spine: what the  

general interventional radiologist needs to know. Semin 

Intervent Radiol. 30(3): 234–239. doi: 10.1055/s-0033-

1353475. 

Prinz, V., and M. Endres. 2016. Modeling Focal cerebral 

ischemia in rodents: Introduction and  

overview. In: Rodent Models of Stroke. Dirnagl, U. editor. 

Humana press, Springer Science+Business Media, New 

York. pp:17-27 doi: 10.1007/978-1-4939-5620-3_3 

Priyanga, S.K., K. Vijayalakshmi, and R. Selvaraj. 2017. 

Behavioral studies of wistar rats in rotene  induced model 

of Parkinson’s disease. Int J Pharm Pharm Sci. 9 (11): 159-

164.  

doi.org/10.22159/ijpps.2017v9i11.21465 

Raval, A.P., C. Liu, and B.R. Hu. 2009. Rat model of global 

cerebral ischemia: The two-vessel  

occlusion (2VO) model of forebrain ischemia. Animal 

models of acute neurological injuries. New York, pp. 77-

86. doi: 10.1007/978-1-60327-185-1_7 

Renolleau S., D. Aggoun-Zouaoui, Y. Ben-Ari, and C. 

Charriaut-Marlangue. 1998. A model of  

transient unilateral focal ischemia with reperfusion in the P7 

neonatal rat: morphological changes indicative of 

apoptosis. Stroke. 29(7):1454-60. doi: 

10.1161/01.str.29.7.1454. 

Rewell, S.S.J.,  L. Churilov, T.K. Sidon, E. Aleksoska, S.F. 

Cox, M.R. Macleod, and D.W. Howells.  

2017. Evolution of ischemic damage and behavioural deficit 

over 6 months after MCAO in the rat: Selecting the 

optimal outcomes and statistical power for multi-centre 

preclinical trials. PLoS One. 12(2): e0171688. doi: 

10.1371/journal.pone.0171688. 

Saver J.L., K.C Johnston, and D. 1999 Homer. Infarct 

volume as a surrogate or auxiliary outcome  

measure in ischemic stroke clinical trials. Stroke. 30:293-8 

Shmonin, A., E. Melnikova, and M. Galagudza. 2012. 

Characteristics of cerebral ischemia in major  

rat stroke models of middle cerebral artery ligation through 

craniectomy. Int J Stroke. (6):793-801. doi: 

10.1111/j.1747-4949.2012.00947. x. 

Sommer, C.J., 2017. Ischemic stroke: experimental models 

and reality. Acta Neuropathol.  

133(2):245–261. doi: 10.1007/s00401-017-1667-0 

Sozmen, E.G., J.D. Hinman, and S.T. Carmichael. 2012. 

Models that matter: White matter stroke  

models. Neurotherapeutics. 9: 349-358. doi: 10.1007/s13311-

012-0106-0. 

Sun, Y.Y., and C.Y. Kuan. 2015. A thrombotic stroke model 

based on transient cerebral hypoxia –  

ischemia. J Vis Exp. (102):52978. doi: 10.3791/52978 

Traystman, R.J. 2003. Animal models of focal and global 

cerebral ischemia. ILAR J. 44: 85- 

95. doi: 10.1093/ilar.44.2.85. 

Trueman, R.C.,  C. Diaz,  T.D. Farr,  D.J. Harrison, A. Fuller, 

P.F. Tokarczuk,  A.J. Stewart, S.J.  

Paisey,  and  S.B. Dunnett. 2017. Systematic and detailed 

analysis of behavioural tests in the rat middle cerebral 

artery occlusion model of stroke: Tests for long-term 

assessment. J Cereb Blood Flow Metab. 37(4): 1349–1361. 

doi: 10.1177/0271678X16654921 

Vicente, E., D. Degerone,  L. Bohn,  F. Scornavaca,  A. 

Pimentel,  M.C. Leite, A. Swarowsky,  L.  

Rodrigues, P. Nardin,  L.M. de Almeida,  C. Gottfried,  D.O. 

Souza,  C.A. Netto, and C.A. Gonçalves, 2009. Astroglial 

and cognitive effects of chronic cerebral hypoperfusion in 

the rat. Brain Res. 1251:204-12. 

doi.org/10.1016/j.brainres.2008.11.032 

Wang J., C. Yang, H. Wang, D. Li, T. Li, Y. Sun, M. Zhao, J. 

Ma, W. Hua, Z. Yang. 2020. A new  

rat model of chronic cerebral hypoperfusion resulting in 

early-stage vascular cognitive impairment. Front Aging 

Neurosci. 12:86   doi.org/10.3389/fnagi.2020.00086 

Wayman, C.,   D.A. Duricki,  L.A. Roy,  B. Haenzi,  S.Y. 

Tsai,  G. Kartje, J.S Beech, D. Cash,  and  

L. Moon.  2016. Performing permanent distal middle cerebral 

with common carotid artery occlusion in aged rats to study 

cortical ischemia with sustained disability. J Vis Exp. 

(108):53106. doi: 10.3791/53106 

Woodruff, T.M., J. Thundyil, S.C. Tang, C.G. Sobey, S.M. 

Taylor, and T.V. Arumugam. 2011.   

Pathophysiology, treatment and animal and cellular models 

of human ischemic stroke. Mol Neurodegener. 6: 11. doi: 

10.1186/1750-1326-6-11 

Yaghi, S., C. Herber, A. K. Boehme, H. Andrews, J. Z. 

Willey, S. K. Rostanski, M. Siket, M. V.  

Jayaraman, R. A. McTaggart, K. L. Furie, R. S. Marshall, R. 

M. Lazar, and B. Boden-Albala. 2017. The Association 

between Diffusion MRI-Defined Infarct Volume and 

NIHSS Score in Patients with Minor Acute Stroke. J 

Neuroimaging. 27(4), 388–391. 

https://doi.org/10.1111/jon.12423 

Yan, T., M. Chopp, and J. Chien. 2015. Experimental animal 

models and inflammatory cellular  

changes in cerebral ischemic and hemorrhagic stroke. 

Neurosci Bull. l31(6): 717–734. doi: 10.1007/s12264-015-

1567-z.  

Yoshizaki, K., K. Adachi,  S. Kataoka,  A. Watanabe,  T. 

Tabira,  K. Takahashi, and H. Wakita.  



Olopade et al. - Infarct sizes in models of ischaemic stroke 

Archives of Basic and Applied Medicine 9 (December 2021) 144 

2008. Chronic cerebral hypoperfusion induced by right 

unilateral common carotid artery occlusion causes delayed 

white matter lesions and cognitive impairment in adult 

mice. Exp Neurol. 210(2):585-91. 

doi.org/10.1016/j.expneurol.2007.12.005



Olopade et al. - Infarct sizes in models of ischaemic stroke 

Archives of Basic and Applied Medicine 9 (December 2021) 55 

 


