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Cerebral Infarction Size According to the Duraton of the Middle Cerebral Artery
Occlusion in the Reversible and Irreversible Ischemic Infarction Models in the Rat*

Dong Sik Song, M.D., Man Bin Yim, M.D., Chang Chull Lee, M.D.,
Eun Ik Son, M.D., Dong Won Kim, M.D., In Hong Kim, M.D.
Department of Neurosurgery, School of Medicine, Keimyung Univercity, Taegu, Korea

To establish a simple recirculation model in rats without cranicctomy and to determine the
recirculation time necessary to benefits the infarction area with restoration of the blood flow in
a series of 30 adult rats, the authors induced irreversible ischemia(group | ) in 15 rats through
unilateral occlusion of the middle cerebral artery(MCA) by inscrting a 16mm length of 4-0
nylon surgical thread through the internal caroud caroud artery(ICA). Reversible ischemia
(group 1) was induced by pulling the thread that occluded the MCA with 3 hours re-
circuladon in 15 rats.

The author again divided the rats into 4 hours(Ia and IIa), 6 hours(Ib and IIb) and 12 hours
(Ic and IIc) groups designated as according to the sacrifice time of rats in group | and the
starting time of recirculation in group Il following the MCA occlusion. The percentage of the
infarction arca to the total brian was calculated by a computer image analysis system, and the in-
farction size between reversible and irreversible groups were compared.

The results showed that although the total average infarction sizes of irreversible ischemic
groups were larger than those of reversible ischemic groups, the difference of the infarction size
between each group of irreversible and reversible ischemia was not significant(group Ia Vs. Ila:
7.78+8.37% Vs. 3.28+1.98% ; group Ib Vs. IIb:9.071£4.72% Vs. 6.61+3.19 ; group Ic Vs.
IIc:8.35+4.47% Vs. 6.90+6.07%. p > 0.05, onc-way ANOVA test). However, the degree of
difference of the infarction size between irreversible and reversible ischemia decrease along with
the prolongaton of ischemic duration(difference between group Ia and Ila:4.5% ; group Ib
and I1b : 2.46% ; group Ic and Ilc : 1.45%).
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The author concluds that ischemic brain injury may be decreased by making a restoration of

the blood flow within 4 hours after occlusion of a blood vessel in rats, and this kind of re-

versible ischemic model may be useful in various studies on the focal cerebral ischemia without

manipulation of the brain tissue and blood vessel.

KEY WORDS : Cerebral infarction - Extracranial approach - MCA occlusion - Reversible - Ir-

reversible - Rats.
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Table 1. Experimental groups of animals

—

No. of animals

Group |. Irreversible ischemia

a : sacrifice at 4 hrs following MCA occlusion

b - sacrifice at 6 hrs following MCA occlusion

c - sacrifice at 12 hrs following MCA occlusion
Group II. Reversible ischemia

a - recirculation for 3 hrs after 4 hrs of ischemia

b : recirculation for 3 hrs after 6 hrs of ischemia

c : recirculation for 3 hrs after 12 hrs of ischemia

Abbreviation : No = number ; hrs = hours ; MCA = middle cerebral artery
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Fig. 1. Schematic drowing of position of 4 =0 nylon thread during occlusion of middle cerebral artery(A) and after re-
circulation(B).
Abbreviation : ACA = anlerior cerebral artery ; Acom = anterior communicating artery ; Pcom = posterior com-
municating artery ; PCA = posterior cerebral artery ; Basilar A = basilar artery ; ECA = external carotid artery;

CCA = common carotid artery.
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Table 2. Mean arterial blood pressure, gas analysis and rectal temperature in experimental animals

Pre MCAO 4h PO 6h PO 12h PO 3h AR

MABP(mmHg)

Group la 96.4 + 7.2 1056 + 7.2

Group |b 94.3 £18.3 99.1 + 9.0 107.4 +£14.3

Group Ic 103.2 +10.2 96.1 + 9.5 105.2 +10.2 101.2 = 7.9

Group lla 923 £ 7.3 913 £ 9.2 88.4 + 9.1

Group llb 92.1 + 8.2 914 + 7.3 906 +143 91.2 + 6.0

Group llc 89.2 + 9.0 924 + 8.0 884 + 9.0 948 + 7.4 1146 + 8.1

* Arterial pH

Group la 7.47 %+ 0.04 7.47 % 0.04

Group b 7.41+ 0.03 742+ 0.03 742+ 0.02

Group Ic 7.43+ 0.03 742+ 0.03 742+ 0.02

Group lla 744+ 0.02 7.44% 0.01 741+ 0.03

Group llb 7.42+ 0.24 7.42+ 0.05 742+ 0.05 744+ 0.05

Group llc 7.46+ 0.05 7.47 + 0.02 7.46+ 0.02 7.45+ 0.02 7.86+t 0.90
Arterial PaCO,(mmHg)

Group la 32.38+ 4.04 31.70+ 2.78

Group |b 3492+ 5.67 29.82+ 5.78 3294+ 4.12

Group Ic 3996+ 4.65 36.16+ 4.01 3558+ 2.85 3890+ 4.43

Group lla 36.78+ 4.70 40.01% 4.45 38.48+ 5.18

Group llb 38.52+ 5.08 37.22+12.69 39.50x 6.52 37.52+ 6.61

Group llc 3098+ 2.49 3224+ 2.71 3222+ 291 31.20% 2.15 30.74+ 1.89
Arterial PaO,(mmHg)

Group la 85.08+11.67 80.72+ 5.30

Group |b 90.28+ 5.34 95.68+ 3.66 94.14+ 3.83

Group Ic 9422+ 2.65 83.90+12.08 92.16+ 2.08 95.34+ 2.63

Group lla 81.48+16.72 89.98+ 7.62 87.98+10.80

Group Ilb 93.58+ 5.23 84.56+15.29 86.10+11.42 85.56+ 8.11

Group llc 83.70+11.28 §3.14+£10.33 84.68+12.20 84.64+10.32 81.70+ 9.29
Temperature(C)

Group la 36.92x 0.39 36.76+ 0.36

Group Ib 36.78+ 0.92 36.92+ 0.34 36.82+ 0.45

Group lc 36.94+ 4.45 37.004+ 0.37 36.98+ 0.36 37.00+ 0.14

Group lla 37.25+ 0.10 36.60+ 0.40 37.08x 0.15

Group lIb 36.84+ 0.42 37.14+ 0.31 37.00t 047 36.92+ 0.05

_ Group llc 36.64+ 0.36 37.24+ 0.33 37.22+ 0.08 37.04% 0.36 37.14%+ 0.30

Value are mean+SD. Statistical significance among groups by Mann Whitney test : p > 0.05.

Abbreviation : MCAO = middle cerebral artery occlusion ; H = hours ; Po = post-occlusion ; AR = after recirculation ; MABP
= mean arterial blood pressure
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Fig. 2. Basal view of rat brain shows a piece of 4 -0 nylon
thread inserted from right internal carotid artery
(ICA). This thread obstructed blood flow from the
ICA and collateral blood flow from anterior com-
municating artery and posterior communicating ar-
tery to the middle cerebral artery(arrow).
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o] HZ}HA HAMNTE T AAE) HAH A 377} 7as
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TUHTY HHF 64170 ATE o] A7 y)
7t 4 H 73T group bt AlcEAIZ] 714 w744
& group [Ib9] H]ae|A FA] HH 30| ME= group Ib
7} 20.6+11.3%, group IIb7} 18.7£14.5%2 A23
of 2 Abo|7} AALU, HH 4oA = b7} 21.4£10.
2%, group IIb7} 12.7+9.3% ¥ 11 AH 59 A= b7}
13.2%+11.4%, IIb7} 7.7£6.1% 2%, HA] SH£3lo]
b5 % 2919 74 2717} skt

T HAF 12417k 2@ glo] FAAZ
group Ic® ATEF A7 group HedlAE AH
394 group Ic7} 21.94+11.4%, group Ilc7t 21.0%
10.6% 2% A 2 ztol7h ¢iuth, =g BH 49A
group Ic7F 21.4£11.5%, group Ilc7} 16.7+16.8%.
AH 59X+ group Ie7t 10.9+12.1%, group Ilc7t
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3).

4. 719MD} H|71HM HZAMFollM AlZHE RO
(e A HE HZd437(e| |

AR e 9ol thF A AT ) WEgE ¥7IS
A HAYTFNME 4A7HE T7.7+8.37%. 6A17H 9.
07+£4.72%, 12N7+2 8.35+4.47%%H2, 744 H%
Aol e 4A1ZHE 3.28+1.98%. 6A17tT 6.61%3.
19%, 12X7F2 6.90+6.07%%cHTable 4). ¥t
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05, one-way ANOVA test), Ztl 5= #HH 71l
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A,

A28t (Table 4, Fig. 4).
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Irreversible group(group 1)

Reversible group(group 1)

4 hours

6 hours

12 hours

Fig. 3. A gross photograph of the coronal section of a rat's brain with TTC staining in group I(irreversible ischemic
group) and group I(reversible ischemic group). The infarcted area of the brain was revealed as those area that
had not stained into deep red by the TTC. The sizes of the infarcted area of the group |l which recirculated at 4

and 6 hours following MCA occlusion were smaller than those of group |.

Table 3. The average percentage of the infarction area® in each slice of the brain

No. of slice**

m

2 3 4 5 6
la 894126 13.9+11.6 149+16.8 13.3£12.6 11.4+15.6
b 115+ 89 20.6+10.2 21.4+10.2 1324114 59+ 9.7
Ic 10.9+10.1 219+11.4 21.4+11.5 10.9412.1 1.7+ 3.8
lla 0 139+ 9.4 74+ 6.5 50+ 4.4 0
lib 10.3+ 8.9 18.7£14.5 127+ 9.3 7.7+ 6.1 3.5+ 6.6
llc 50+ 5.2 21.0+10.6 16.7+16.8 9.3+12.3 34+ 54

e sum of infarction area(infarction size X thickness) of each slice of brain 100

sum of total area(total size X thickness) of each slice of brain
** . No evidence of the infarction in slices 1, 7 and 8

Values are mean+SD
Statistical significance among groups by one-way ANOVA test : p > 0.05

Table 4. The difference of average percentage of the infarction size between reversible and irreversible groups

w Irreversible Reversible
_ Subgroup (1) (in
a 7.78+8.47 3.2841.98
b 9.07+4.72 6.61+3.19
- ¢ 8.35+4.47 6.90+6.07

a:4 hours; b:6hours; c:12 hours
Values are mean+SD
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10(%) "

B [reversible group [ Reversible group

Fig. 4. The comparision of the average infarction size
between irreversible and reversible groups.
¥ :One-way ANOVA test:la Vs. lla:p=0.072
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