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We propose a modifi cation to rat model of transient global cerebral ischemia with four-vessel 
occlusion avoiding pneumothorax and minimizing the consequences of surgery. Survival and 
neurological defi cit in rats in this model was studied over 5 days.
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Models of global transient cerebral ischemia (GTCI) 
are used in studies of the pathogenesis of cerebral 
ischemia and in the search for new drugs [2,4,10]. Rat 
GTCI model was developed by W.A. Pulsinelli and 
J.B. Brierley [6]. However, it has obvious shortcom-
ings, such as two-stage simulation (electrocauteriza-
tion of the vertebral arteries on experimental day 1 and 
occlusion of the carotid arteries on experimental day 
2), partial vertebrobasilar insuffi ciency persisting after 
reocclusion of the carotid arteries, diffi cult access to 
the vertebral arteries, and risk of damage to the brain 
stem during electrocauterization of the vertebral arte-
ries [6]. Subsequent modifi cation of this model did not 
eliminate these signifi cant drawbacks [7-9].

The new way of GTCI modeling in rats by re-
versible occlusion of the great arteries branching 
from the aortic arch and supplying the brain was pro-
posed as an alternative method [1]. In anesthetized 
rats, the great vessels extending from the aortic arch 
were clipped via the chest approach. The advantages 
of this model are one-stage surgery and the absence 
of residual collateral blood fl ow. At the same time, 
it is quite traumatic due to damage to the pleural ca-
vity leading to pneumothorax. Mortality in a group 

of sham-operated animals refl ects the severity of the 
surgery [1].

The aim of this work was to improve GTCI model 
[1], namely to reduce surgical trauma, and to assess 
survival and neurological defi cits in the animals after 
GTCI simulation by the proposed method.

MATERIALS AND METHODS

The study was performed on outbred Wistar male 
rats weighing 220-240 g obtained from the nursery of 
E.D. Goldberg Research Institute of Pharmacology, 
Siberian Division of the Russian Academy of Medi-
cal Sciences. Animal experiments were performed in 
accordance with the rules established by European 
Convention for the Protection of Vertebrate Animals 
Used for Experimental and Other Scientifi c Purposes 
(Strasbourg, 1986).

Surgery was performed under aseptic condi-
tions. GTCI reperfusion model was reproduced by the 
method of [1] in our modifi cation. The rats anesthe-
tized with chloral hydrate (450 mg/kg intraperitone-
ally) were intubated without tracheal injury and then 
breathed spontaneously, because approach to blood 
vessels supplying the brain used by us excluded open-
ing of the pleural cavity. Incision was made along the 
mid-ventral line of the neck; a. carotis communis sin 
was isolated and then ligated. On the ventral surface 
of the thorax at the level of the fi rst intercostal space 
transverse skin incision was made extending above 
the fi rst right costal cartilage, sternum, and fi rst left 
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costal cartilage. In the right intercostal space, inter-
costal muscles were cut between the fi rst and second 
costal cartilages up to the sternum, the ribs were re-
tracted, tr. brachiocephalicus was isolated proximally 
to the origin of a. subclavia dextra, v. cava cranialis 
dextra was gently retracted, and the isolated vessel 
was ligated with a small Cooper ligature needle. Then 
the intercostal muscles were cut in the left intercostal 
space between the fi rst and second costal cartilages 
up to the sternum, the ribs were retracted, a. subcla-
via sinistra was isolated, v. cava cranialis sinistra 
was gently retracted, and isolated vessel was ligated 
using small Cooper ligature needle. After connect-
ing a ventilator to the endotracheal tube in the open 
circuit, the ligated vessels were clamped for 7 min, 
after which the ligatures were removed, and wounds 
were sutured layer-by-layer. After the restoration of 
rhythmic spontaneous breathing, the animals were 
extubated. Sham-operated animals were subjected 
to the same manipulations except ligation of blood 
vessels.

Neurological defi cit was assessed by McGraw 
Stroke Index scale [5] in our modifi cation by the total 
score of the studied parameters. Higher nervous activ-
ity was assessed out on days 1, 3, and 5 after GTCI 
by the following parameters: spontaneous locomo-
tor activity (normal, increased, decreased, or absent), 
gait disorders (stiffness, shakiness, slowness of move-
ments, or disorientation), tail-fl ick response, withdraw-
al refl ex, response to acoustic stimulation, tremors, 
convulsions, muscle tone in the trunk and legs (nor-
mal, increased, no tone), signs of ptosis (absence, one-
sided, two-sided). Each parameter was scored from 0 
to 2 (0 corresponded to normal; 1 and 2 corresponded 
to moderate and severe changes, respectively).

In each animal group, the proportion of animals 
with severe neurological disorders (total score ≥6), 
with moderate disorders (total score 3-5), and minor 
changes (≤2) was determined. The survival rate of the 
animals was recorded on days 1, 3, and 5 after GTCI.

Statistical processing was carried out using Sta-
tistica 6.0 software. The mean and standard error were 

calculated. The signifi cance of differences (p<0.05) be-
tween the series was determined using Student’s t test.

RESULTS

In the group of sham-operated animals, the surgery 
without ligation of the great vessels of the aortic arch 
caused no mortality (Table 1). On day 1 after surgery, 
the rats in this group showed only minor changes in 
spontaneous locomotor activity, which later disap-
peared. The average score of neurological defi cit was 
0.5±0.2 on day 1, no neurological disorders were de-
tected at later terms of observation (Tables 2 and 3).

On day 1 after GTCI, 30.4% animals died in the 
experimental group, which roughly corresponds to 
survival described by the authors of the model [1]. 
Mortality increased to 43.5% on day 3 and to 52.2% 
on day 5 (Table 1).

TABLE 1. Survival Rate in Animals after GTCI (%)

Group

Day after GTCI

1 3 5

Sham operation (n=10) 100 100 100

Ishemia (n=23) 69.6* 56.5* 47.8*

Note. Here and in Tables 2, 3: *p<0.05 in comparison with sham-

operated animals.

TABLE 2. Mean Score of Neurological Deficit in Rats after 

GTCI

Group

Day after GTCI

1 3 5

Sham operation 
(n=10) 0.4±0.2 0 0

Ishemia (n=23) 9.3±1.7* 7.7±1.9* 4.4±0.9*

TABLE 3. Neurological Status of Rats in the Studied Groups (% of Total Rat Number in the Group)

Severity of neurological 
deficit

Sham operation (n=10) Ishemia (n=23)

day 1 day 3 day 5 day 1 day 3 day 5

Severe (>6) 0 – – 68.8* 58.3* 30.0

Medium (3-5) 0 – – 31.2 16.7 40.0

Mild (<2) 100 – – 0* 25.0* 30.0

Note. “–” – no signs of neurological deficits were detected.
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During the fi rst 2-5 h after GTCI, experimental 
rats developed symptoms of CNS lesions, such as are-
fl exia, seizures, spastic paralysis of the limbs, tonic 
tension in the muscles of the trunk and lateral position.

The mean score of neurological defi cit on day 1 
after GTCI modeling was 9.3±1.7 and later decreased 
(Table 2).

On day 1 after GTCI, more than 2/3 of the ex-
perimental rats showed severe neurological disorders, 
and the rest have moderate degree of neurological 
defi cit. In none animals, mild neurological defi cit was 
observed. At later terms, the trend was observed for 
neurological status recovery (Table 3).

Thus, GTCI model induced by occlusion of the 
brachiocephalic trunk, the left subclavian artery and 
the left common carotid artery is associated with 
manifestations of severe and persistent neurological 
defi cit. The access to the great vessels supplying the 
brain avoiding damage to the pleural cavity used in 
our modifi cation makes the model less traumatic, re-
duces animal mortality, and, according to the results 

of survival in sham-operated rats minimizes the effects 
of surgery.
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