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The Changes of Infarcted Area and Regional Cerebral Blood Flow in Rats
Subjected to Reversible Middle Cerebral Artery Occlusion

Shou MIYANOKI

The purpose of this study was to evaluate time dependent changes in rCBF (regional cerebral

blood flow) and an infarcted arca after temporal middle cerebral artery occlusion in rats. The right
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middle cerebral artery and common carotid artery were occluded for 1, 2 and 26 hrs using the
intraluminal filament method in permanent occlusion groups. Reperfusion group rats were
occluded for 1, 1.5, 2 and 3 hrs, and were sacrificed 26 hrs after onset of ischemia.

Infarction was observed in the ischemic core and the perifocal regions in the 26 hr permanent
ischemia group. In the reperfusion groups, the infarcted rate increased rapidly when the ischemic
time exceeded 1.5 hrs. The infarcted rate of reperfusion group after 3 hrs of ischemia became
worse than that of the 26 hr permanent ischemia group.

The rCBF in the ischemic core and the perifocal regions was reduced time-dependently, but that
in the exofocal regions (regions not perfused by the middle cerebral artery but which have a
neuronal connection with the ischemic core) increased during permanent ischemia. In the
reperfusion groups, rCBF in the ischemic core and the perifocal regions changed variably depending
on whether the ischemic time exceeded 1.5 hrs or was within 1.5 hrs. In the exofocal regions,
increase in the rCBF was only seen in the SNR  (substantia nigra ).

The findings in this experimental model suggest that reperfusion done within 1.5 hrs is
beneficial to the ischemically injured brain, but that deterioration will have already occurred if
reperfusion is done after 3 hrs.

In addition, it was suggested that rCBF in the exofocal regions was changed transneuronally,
depending on ischemic damage of the ischemic core. However, the reaction of the rCBF in the
exofocal regions differed from each area. (Accepted on August 19, 1999) Kawasaki lgakkaishi 25(3)
181 —192, 1999
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FPM : frontoparietal cortex,motor area

"
|

Bregma 0.2mm (level of the CP)

FPS : frontoparietal cortex,somatosensory area

CP : caudate putamen

HIP : hippocampus

THAL : thalamus

THAL-VP : ventroposterior thalamus

HYP : hypothalamus
Bregma -3.3mm {level of the THAL)

0CC : occipital cortex,visual area

TeAud : temporal cortex,auditory area

SNR : substantia nigra

Bregma -5.3mm (level of the SNR)

Fig. 1. The regions of interest on the three coronal levels
These corenal levels are (.2 mm anterior (level of the
caudate putamen), 3.3 mm posterior (level of the
thalamus), and 5.3 mm posterior (level of the substatia
nigra) to the bregma. This figure is used for measure-
ment of rCBF and the infarcted area.
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Table 1. Physiological parameters in the control group, the permanent ischemia groups, and the reperfusion groups
Groups
Permanent ischemia groups Reperfusion groups
control Thriperm 2hr:perm 26:perm Thr/25hr 1.5hr/24.5h 2hr/24hr 3hr/23hr
(n=6) {n=5) (n=5} (n=5) (n=5) (n=7) {n=6) {n=5)
[BWka) 29167 £ 7.53 | 29333 £ 1211 | 297.50 + 9.57 | 30000 = 8.16 | 294.00 + 1049 | 293.57 £ 476 [296.67 = 13.66 |334.00 + 548
rectal temp ('C) | 3803 t+ 0.24 3802 + 0.53 3833+ 0.13 38.08 £ 059 | 37.68 + 030 37.77 + 0.60 38.20 + 0.40 | 38.03 £ 0.95
mean BP(mm Hg) | 101.06 + 595 122,50 + 1667 | 117.50 + 6.24 10825 £ 7.14 | 105.33 £ 4.48 101.57 + 3.29 9922 + 1.61 112.20 £ 1011
ph 744+ 003 7.44 + 0.04 7.37 &£ 0.03 7.46 + 001 7.44 = 0.01 7.42 t 0.01 7.46 + 0.07 7.41 £ 0.02
Pa02(mm Hg) 96,50 + 7.53 BS.67 + 7.89 99.00 + 0.82 87.25 + 3.30 93.20 + 6.22 B2.17 + 21.50 | BB.83 + 7.68 79.60 + 8.68
PaCO2{mm Hg) 38.18 + 1.63 3597 % 2.15 3443 + 3.30 3468 + 400 | 3572 = 3.44 41.60 £ 17.99 | 3163 £ 6.0 37.60 £ 2.05
{BE(mEQ/1) 1,90 + 2,34 -162 + 2.37 -3.90 + 2.06 208+ 196 1.30 & 1.43 -0.34 + 1.45 0.57 + 1.51 0.54 = 1.88
Na(mEq/1) 14283 + 1.72 143,00 + 1.55 14325 + 2.36 14475 £ 330 | 14280 £ 3.11 148.71 £ 3.25 |146.00 = 2.53 |[153.20 £ 217
k(mEq/1} 3.63 £ 022 4,30 £ 0.42 430 + 0.18 438 + 0.59 392 + 019 3.86 t 0.26 390 + 0.34 3.42 + 0,54
Ca{mmol/1) 126 ¢ 0.05 1.22 + 0.06 1.22 + 0.08 124 + 009 1.29 + 0.09 1.16 & 0.07 1.20 £ 012 1.20 £ 0.10
BS(mg/dl) 12867 £ 1035 || 11017 + .47 13225 + 1839 [ 15225 £ 19.00] 117.80 = 8.41 91.86 £ 16.42 | 8450 + 12.85 | B3.80 + 4.21
lactate(mEq/1) 2.44 + 0.73 2.41 + 0.55 5.16 & 1.53 418 + 174 2.22 £ 0.41 2.20 + 0.72 2.03 + 0.85 1.42 + 0.76

Values are the mean = S.D.

BW : body weight, BP . blood pressure, BE [ basc excess, BS | blood sugar
1 HR : PERM, 2 HR : PERM, 26 HR : PERM ! The permanent ischemia groups which was subjected 1, 2 and 26 hr

MCAOQO (middle cerebral artery occlusion)

1 HR/25 HR, 1.5 HR/24.5 HR,2HR/24 HR, 3 HR/23 HR : occlusion time of the middle cerebral artery/reperfusion time

1.5 HR/24.5 HR (mild) : The smaller infarction group of 1.
1.5 HR/24.5 HR (severe) . The larger infarction group of 1.

HR/24.5 HR
HR/24.5 HR
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Fig. 2. Schematic illustration of infarcted area

These illustrative coronal sections show the infarcted area in the reperfusion
groups and the 26 hr permanent ischemia group. Black area indicate the

minimum infarcted area of each group.
indicate maximum infarcted area of each group.

(GROUPS)

26HR:PERM 80.91

THR/Z5HR

1.5HR/24. SHR:MILD 56.77 o |

1.5HR/24. 5HR:SEVERE 7438 N.S,

2HR/Z4HR 77.85 N.S.
3HR/23HR 87.22 *
0 20 a0 50 80 100 (%)

Fig. 3. Infarcted rate
Comparison of the infarcted rate between each of the
reperfusion groups and the 26 hr permanent ischemia
group.

Bar graphs and error bars represent the mean = S.D..
P < 0.05, F*:P<0.00L NS

. not significant
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2O (H525% #3795  1999)

CONTROL

1.5 HR/24.5 HR
(MILD)

1 HR/25 HR

2 HR ! PERM

3 HR/23 HR

1.5HR /24.5 HR
(SEVERE)

Fig. 4. Representative rCBF autoradiograms in three sections at the level of the caudoputamen, thalamus, and substantia nigra of

rat brains in the control, permanent ischemia and reperfusion groups
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Table 2. Regicnal cerebral blood flow in the control group, the permanent ischemia groups, and the reperfusion groups

TR s

PRV e 0 B 2R T R P R T TR L 1 0

#AL

187

(Ipsilateral)
Groups
Permanent ischemia groups Reperfusion groups
CONTROL 1HR:PERM ZHRPERM | 26HR:PERM T1HR/25HR 1.5HR/24.5HR | 1.5HR/24.5HR | 2HR/24HR | 3HR/23HR
tn=6) {n=5) (n=5) | {n=5) (n=5) rildtn=a) severe(n=3) (n=5) (n=35)
REGION MEAN S0 MEAN SD MEAN 50 MEAN SO MEAN S0 MEAN S0 MEAN sD MEAN  SD MEAN  SD
FrPaM(motor) 122.48 11.69 36.85 654 *v| 3516 308 ***| 2680 961 **|101.00 1286 11371 31.88 60.90 3397 **| 4771 489 **=[ 2110 937 *v|
FrPaSS1{somatosensary) | 118.97 B.30 18.14 487 | 1234 562 650 520 *** 115893 2540 **[ 13629 46.32 2470 B854 "™ 1066 8.04 [ 576 460 v
caudate putamen 108.86 6.23 16.40 3.47 = 993 403 - 816 3.04 =™ |143.63 1970 **| 98,90 41.28 3867 2086 ** 17.62 23 | G116 1.85 44
hippocampus. 7765 3.26 42,08 850 ***| 5314 13.54 = 65.33 13.84 70.81 9.59 67.96 1349 7044 1118 E0.11 B.51 **7[ 63.07 16.49
thalamus. 10866 7.07 140.74 44.70 108,11 43.40 131,52 35.25 ** |100.06 13.83 s0.72 8.7 * 8337 2194 83.81 £8.32 *+* 92,48 17.95
thalamus-VP 109.18 7.08 179.34 64.21 * | 126.52 S50.36 154.20 4295 *** 1103.42 1513 96.54 5.10 *107.07 339 96.59 22 .02 98,43 39.57
hypothalamus. 86.72 411 25.41 819 ***| 2437 370 **v| 2321 1575 * | 7427 A7) B6.95 255 **%| 71,16 585 *% BB.1828.93 **+| 3377 10.82 *+¥
parietal{visual) 118.04 13.22 31.B1 743 | 3632 492 7| 3543 11.91 ") B86.93 18.88 ¥ 7509 1390 **| 6338 2815 **| 56.34 17.21 ***| 3388 11.60 ***
occipital{auditory) 14571 14.43 31.72 849 | 3598 664 **v| 59.22 43.21 *** 11633 19.01 *| 78.29 1420 ***| 7989 3481 **| 52.5725.11 v 2574 14.18 Y
ENR £81.59 9.53 92.98 13.05 95,15 496 v | 116,25 15.44 103.04 10.74 **| 02892 1206 9469 11,74 97.3512.53 104,59 25.98
(Contralateral)

FrPaM(mator) 11968 1043 103.78 11869 * 10224 14.31* 107.97 14,03 * [105.72 15.35 97.87 12.08 * B755 680 | B7.10 9.34 ***| 9006 6.09 ot
FrPaSS1 (somatosensery) | 120.81 7.03 112.04 1544 10140 9.76 * 116.92 13.30 110.66 12.56 10113 1167 *| B459 652 **v| 91.7513.368 ¢ 9821 485 -
caudate putamen 108.79 557 101.58 14.97 80.85 B.74 * 99.34 B.06 10863 983 9966 1576 81,41 203 *** BZ.00 4.42 ***| 91.54 592
hippocampus 77.53 2.58 68.55 11.42 €9.84 14,32 £9.42 11,37 | 7430 9.97 73.10 13.20 7234 662 63,66 4.76 ***| 67.27 14.44
thalamus 10B.48 B.51 105.90 20.01 96.34  13.34 94.92 10.86 * |101.49 16.63 85.76 1287 8980 986 **| BEE3 947 *v| 9118 1422
thalamus-VP 109.01 7.29 111.21 24868 10279 19.14 96.99 12.82 ¢ |10434 16.23 89,17 14,02 92.56 14.50 ¥ 93,53 11.88 *| 94.70 14.85
hypothalamus B7.02 7.90 82.54 17.34 73.85 11.80 69.75 9.81 | 7652 512 * 7174 1022 *| 66,56 408 **| 72.831 830 | 7046 587
occipital{visual) 118.20 12.91 89.91 12.06 ** 87.43 1185 95.76 31.14 *=| 93.56 12.07 “ BB.30 1889 *| 8351 1225 *t| BL.I0 1599 | 7037 12.97
temporal(auditary) 144,52 10.42 121.49 20.43 * 11135 1898 ** 127.13 32.86 ** |120.05 22.77 *| 136.47 30.B6 104,00 2524 **101.6511.80 ***|104.68 19.65
ENR 82.32 10.33 79.79 11.59 77.60 4.33 79.64 9.05 76,48 11.65 75.680 652 6328 683 "_3‘2,5? 15,66 69.67 13,37

Values represent the mean = SD (ml/100 g/min)

* 1 P<0.05,

* &

. P<0.01,
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