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A simple method to stimulate ischemic
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ABSTRACT
Background: Rat is frequently used as a model for ischemic stroke,
because it has strains with homogeny gene, and ethically has been
widely accepted. Model for ischemic stroke on animal testing are
global and focal ischemic. Mechanical or pharmacological approach
may be used to stop the blood flow of brain artery. The purposes of
making ischemic stroke model on animal testing are to study how risk
factors cause brain cells damage, thus can be used as consideration
for preventing ischemic stroke, and to study pathophysiological
aspects and therapeutic plan (rechanalization, neuroprotection, and
neurorestoration). The blood flow in brain artery may be stopped by
intraluminal filament, photochemical, tromboemboli and endotelin
injection, electro coagulation on brain blood vein.
Methods: In this study, method to stimulate ischemic stroke
on Wistar rat was done through conventional method, which is

by binding (ligation) common carotid artery, external carotid
artery, and internal carotid artery on proximal middle cerebral
artery. Twenty five Wistar rats were used in this experiment. This
experiment was conducted in Institute of Bioscience, Brawijaya
University, Malang.
Results: From 25 Wistar rats that subjected to the artery binding
method, 2 rats (8%) showed neurological deficit level 1, one rat (4%)
with level 2, 17 rats (68%) with level 3, and 5 rats (20%) with no
symptom of neurological deficit.
Conclusion: This simple method successfully stimulate ischemic
stroke on 80% of treated rats, suggested that this method can be
considered as one of methods for stimulating ischemic stroke on Wistar
rat for animal testing.
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INTRODUCTION
Stroke is the second largest cause of death after
ischemic heart, and causes the largest damage
worldwide. Clinically, stroke can be divided
into three types, namely ischemic stroke (80%),
intra-cerebral bleeding (15%) and sub-arachnoids
bleeding (5%).1 Study on stroke using trial
animal such as Wistar rat is useful to study the
patho-physiological aspects of each type of stroke
before application for prevention and therapy of
stroke in human. There is a limitation of study
using animal testing, where animal with stroke
is exposed only with single disease, while human
with stroke in general is exposed to a complex risk
factors and comorbid.2
In the late of 1970’s, study of ischemic stroke
using animal testing was developed in order to
know the mechanism by which the damage of
brain cells occurred, as the basic of the development of pre-clinical studies and to develop the
new method of stroke therapy. Previous study
using animal testing was done to know the risk
factors, restoration of brain cells, to study the new
neuro-protective drug, and to develop strategy for
re-canalization.3

There are several types of animals that commonly
used for testing such as primates, pigs, goats, catchs,
rats, and Mongolian rats. The use of primates and
mammals is very important to obtain expected
results, however, the use of smaller animals is still
being done with the following reasons : it is suitable to study ischemic stroke, they have variation in
physiological properties, a small number of sample
is appropriate enough for statistical analysis, and
the cost is cheap. Rat is commonly used as a model
for study of ischemic stroke.4 The stimulation of
ischemic stroke is done through mechanical (intraluminal monofilament and electro-coagulation) or
pharmacological approach (intra-luminal thrombin and topical endotelin).5-9
Stroke occurs as a result of the decrease of blood
flow, and consequently may disturb neuron function and the death of the cells.10 Rat is frequently
used as a model for stroke due to several reasons.
Its patho-physiology is similar to human and the
lesion can be made according to the purpose. In
addition, the procedure is relatively simple and it
is not invasive, the cost is cheap, and monitoring
of physiological parameters and analysis of brain
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tissues can be done as intended. Genetically, the
strains of rat is homogeny, and ethically is widely
accepted.11
To date, there are two methods or models have
been developed to stimulate stroke in rats. The first
model is based on the size of ischemic, namely
global ischemic and focal ischemic. Global ischemic is an ischemic developed by stopping all four
brain-serving arteries i.e. two charotic arteries and
two left and right vertebral arteries. Focal ischemic
resulted from the stopping of one of the brain artery,
viz. middle cerebral artery.10,12 The second model is
based on the duration of occlusion, viz. permanent
occlusion and temporary occlusion. Permanent
occlusion occurred permanently with a damage on
cerebral cortex, striatum/globus palidua, nucleus
thalamus, and hippocampus. This type of occlusion
is used to study the new thrombolytic medicine.
Temporary occlusion occurs in a certain time, and
the damage may occur on cortex and striatum areas.
This occlusion is often used to study the effects of
antioxidants.12,13
Both of above mentioned methods hardly
applied in Indonesia due to the limitation of
supporting tools and chemicals, as well as the cost
is relatively high. Based on these reasons this study
was done to develop a simple method to stimulate
ischemic stroke in animal testing (Wistar rat) by
stopping common carotid, external carotid, and
internal carotid arteries on the basal of middle
cerebral artery.

MATERIALS AND METHODS
Stimulation of ischemic stroke
Wistar rats on ages of 3-3.5 months with the body
weight of 200-250 g were used in this experiment.
The procedure for animal testing in this study was
Table 1 Neurologic Examination Grading System
Normal

Grade 0

No observable deficit

Moderate

Gtade 1

Forelimb flexion

Severe

Grade 2

Decreased resistance to lateral push (and forelimb
flexion) without circling

Grade 3

Same behaviour as grade 2 with circling

Table 2 N
 eurological deficit level of Wistar rats subjected to the
artery binding method
No

Neurological deficit level

Number of rats

Percentage (%)

1

0 (normal)

5

20

2

1

2

8

3

2

1

4

4

3

17

68
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done based on letter released by Ethical Clearance
Committee of Brawijaya University, Malang
Number 651-KEP-UB/2016. The rats were reared
for a week in a cage of Institute of Bioscience,
Brawijaya University, Malang. The rats were
fasted along the night, and prior to the treatment
they were anesthetized intravenally with 10 mg
ketamine through vena caudles. Middle cerebral artery was bound according to the method
developed previously with slight modification.14
Operation space was cleaned up using scissor,
and the skin around the petrosum of scapula
was incised and the neck muscle was displaced
to reach common carotid artery. Dissection was
done on bifurcation carotid artery and carotid
glomus around nervus vagus. Occipital artery,
the branch of external carotid artery was carefully
displaced from carotid artery. Internal carotid
artery was carefully displaced on distal part, an
entrance into intracranial. Internal carotid artery
was then branched into pterigopalatinum nearby
proximal, an entrance into head. Location of
middle cerebral artery is about 17-20 mm from
bifurcation common carotid artery. After all the
arteries have been identified, then occlusion was
done by binding common carotid artery, external carotid artery, and internal carotid artery on
proximal of middle cerebral artery. Occlusion was
done for 2 h, and then the binding was released
for reperfusion for 7 days. Treatment to the
Wistar rats with medicine or antioxidants can be
done after reperfusion.

Evaluation of Neurological Deficit
The result of this method is determined by neurological scores. The rat was lifted up as high as
one meter by holding the tail. When both of the
forelimbs are straight, means the rat is normal,
however when flexion on forelimbs occurred on
contra lateral lesion it indicated that infarction has
occurred. Then, the rat was laid on the floor while
holding the tail. Assessment of neurological deficit
was done according to the criteria developed by
Bederson15 as shown in Table 1.

RESULTS
Results of experiment showed that 80% of Wistar
rats subjected to the artery binding method showed
neurological deficit with deficit levels varied from
1 to 3 (Table 2). Most (68%) of them showed neurological deficit level 3, one rat (4%) with level 2, and
two rats (8%) with level 1, while five rats (20%) did
not show neurological deficit. Symptom of rat with
neurological deficit level 1 indicated by the occurrences of flexi on right forelimb as shown in Fig. 2.
In this method, no side effects was observed.
157
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Figure 1 Schematic of brain arteries of Wistar
rat. = places for binding arteries

Figure 2 
Wistar rat with neurological deficit
level 1 showing flexion on the right
forelimb (arrow) after occlusion and
free of anesthetic effect

DISCUSSION
To date there are five models or methods that
have been developed to result in ischemic stroke
condition on trial animal namely filament method,
photochemical method, thromboemboli method,
endothelin method, and Tamura method. However,
each of these five methods has its respective advantages and disadvantages.
Intraluminal filament method was firstly developed by Koizumi.6 This method is done by putting
a suture filament through internal carotid artery to
158

block blood flow into middle cerbral artery. This
method is often used, because it is relatively simple
and it is not invasive. The infarct occurred in the
cortex cerebri of rat is assessed by using magnetic
resonance imaging (MRI). Complications that
frequently occurred are sub-arachnoids bleeding,
spontaneous hyperthermia when lasting more than
2 h, and mechanical endothelial disorder. This
method uses 4.0 nylon filament suture under the
help of microscope through external carotid artery
and then stop the middle cerbral artery so that the
stop is accurate.16 Advantages of this method include
craniotomy is not necessary, duration of ischemic
can be controlled, and the changes occurred after
ischemic, and can make reperfusion. Disadvantages
of this method is that intraluminal filament is not the
same as thrombosis in the human, and cannot assess
combined therapy of recanalization with recombinant tissue plasminogen activator (rTPA).17 Other
filament that also used is Poly-L-Lysine (PLL) coated
filament. The success of this filament is very low, only
13-14% with the death rate at 21-31%. In addition, a
complication of subarachnoid bleeding is occurred.18
Other filament type method is Flame/heat-blunted
occluders. The success rate of this method is only
46%, with subarachnoid bleeding complication
(40%), premature reperfusion (24%). This method is
not recommended to study neuroprotection.19,20
Photochemical method is done by using
photo-sensitive injection with laser light or filtered
non-laser light that can pass through barrier of
brain blood, so that singlet oxygen and free radicals
are formed, and resulted in endothelial disorder
and formation of micro thrombus. This method
is used to assess neuroprotective medicines.21 This
method offer several advantages, i.e the neuron
disorder can be generated on intended location
because the phothochemical is directly toward
intended area, and can be used for animals with
various size. However, several limitations sujected
to this method. Craniotomy is needed to use this
method, and cannot appropriately assess the effect
of neuroprotective medicine, because duration of
reperfusion cannot be predicted, and occlusion
occurred permanently.17,22
Other method is thromboemboli method which
is developed by injecting freez blood to stimulate
embolic condition. This method was first used on
dog, and then it was used for rat as thrombolytic
as rTPA.23,24 Advantage of this method is that the
resulted lump is similar to that of human, and it
is suitable to study combined medicines for trombolytic and neuroprotective. Disadvantages of this
method is that it is difficult to make reperfusion
and difficult to assess occurrences of a complex
change.17
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Endothelin method is a method developed
by injecting natural peptide, endotelin-1 into
artery, that act as vasoconstrictor, which constrict
blood vessel and result in a decrease in brain
blood circulation, and finally causes ischemic
lesion. Following this method, its advantages
include no lesion occur around injection site,
low mortality even in old animal, less invasive,
lesion can be made with intended anatomy, and
can be done without anesthesia. While the disadvantage is the result is very much depending on
the dose and duration of occlusion, so that the
resulted infarct is not clear.9,25
The last method is Tamura method that has been
developed by Tamura.7 This method uses electrocoagulation on cerebral artery. This method is developed using micro clip or ligation with nylon thread.
This method is alternative to study neuro-protector
medicine. Advantage of this method is that occlusion can be made correctly on a artery that are
going to be stopped. The disadvantage are craniotomy is needed, and level of neurological deficit is
often not consistent.7,26
Presently, the common method applied to
stimulate ischemic stroke is intraluminal filament
method facilitated with MRI to assess the size of
infarct. Due to the limited access to get filament
and MRI in Indonesia, a simple method was developed by binding brain artery and successfully
showed clinical symptom, which is paresis on
contralateral side of body. This symptom indicated
that lesion has occurred on brain with the success
level by 80%. These rats are ready for further use
to study medicines or antioxidants. Advantage of
this method is that ischemic stroke in Wistar rat
can be stimulated without sophisticated tools with
the level of success relatively high. Its disadvantage is that the infarct resulted from this method
is not as wide as intraluminal filament method,
because the binding was not done directly in the
middle cerebral artery, but in the internal carotid
close to branching toward middle cerebral artery.
Furthermore, since the rats in this study are still
under treatment with antioxidants and have not
yet subjected to craniotomy, the occurrences of
infarct has not evaluated yet.

CONCLUSION
Application of a simple method through binding of
brain artery successfully stimulated ischemic stroke
on Wistar rat indicated by clinical symptom, a paresis on contralateral side of body with the level of
success by 80%. This method can be implemented
as an altenative method to stimulate ischemic
stroke for animal testing.
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