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The Effect of Mild Hypothermia on Reversible Middle Cerebral Artery
Occlusion in the Rat
— Effect on Regional Cerebral Blood Flow and the Therapeutic Time Window —

Keisuke KUMADA

Background and Purpose : Mild hypothermia is possibly the single most effective method of
cerebroprotection developed to date, but there have been few reports regarding regional cerebral
blood flow (rCBF). In this study, the results of two investigations designed to determine the
chronological changes in rCBF under mild hypothermia and their effects on infarct size,
programmed cell death, and IL- 6 bioactivity are presented.

Methods ; In the first study (1), two hours of transient middle cerebral artery occlusion and
reperfusion were performed with a rat suture model under normothermic and hypothermic
conditions, rCBF was measured during ischemia, 2 hr after reperfusion, and 24 hr after
reperfusion. In the second study (1), four hours of transient middle cerebral artery occlusion
(prolonged ischemic time under hypothermia) and reperfusion were performed under hypothermic
conditions, rCBF, infarct size, programmed cell death, and TL- 6 bioactivity were measured 24 hr
after reperfusion.

Results : Acute post-ischemic hyperperfusion and delayed hypoperfusion in the ischemic core

arca were inhibited, rCBF was highly maintained in the ischemic penumbra area, no effect in
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ischemic remote area (1 ).

(%2rd 2 2001)

When the reperfusion time was prolonged under mild hypothermia,

extension of the infarct region was suppressed by an increase in rCBF. Apoptotic cells were absent

in the subcortical cortex, and IL- 6 bioactivity in the ischemic hemisphere did not increase (II).

Conclusions :

that this therapy prolonged the therapeutic time window. (Accepted on July 9,
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ischemic core
* somatosensory area

+ caudate putamen
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Fig. 1. Coronal section of rat brain
The coronal levels were 0.2mm anterior (level of cau-
date putamen), 3.3mm posterior (level of thalamus),
and 5.3mm posterior (level of substatia nigra) to the
bregma.
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Table 1. Physiological parameters during ischemia and after reperfusion
MABP(mmHg) |pH Pa0;(mmHg) |PaCO(mmHg) |BE(mEq/l) [Na(mEg/l) |K(mEg/l) |lactate(mEqg/l)
2NT |2br ischemia 117.5+£6.2 |7.37+0.03] 99.0£0.8 34.4+3.3 |-3.90+2.06]|143.2+2.4| 4.3+0.2 5.2%1.5
2NT [reperfusion Zhr | 102.8+£10.6 |7.39+£0.02] 89.6%8.9 38.7+2.5 |-3.18+2.00]| 143.0£1.0| 4.3+£1.0 4.5+1.8
2ZNT [reperfusion 24hr| 99.22+1.6 |7.46+0.07] 88.8x7.7 37.6%+6.9 0.57£1.511 146,0+£2.5| 3.9£0.3 2.010.9
2HT |2hr ischemia 104.2+16.1 |7.33+0.06] 103.3x7.7 345+6.9 |-5.70+4.78|140.0+1.2| 4.6+0.5 5.7+2.9
2HT |reperfusion 2hr 93.1+6.2 |7.38£0.06] 104.0+16.5 38,4459 |-1.60+1.61]135.8+1.7|4.6+0.7 4.6+1.2
2HT |reperfusion 24hr| 118.4%14.9 17.44+0.04] 90.247.1 38.9+3.7 2.68+3.141141.8+£1.2| 3.4%1.8 3.4+1.9
4HT [reperfusion 24hr| 110.6x£13.4 |7.43£0.04] 91.417.3 38.2+3.9 1.76+2.37] 145.9+£2.6| 3.84£0.4 3.5€1

Results are expressed as means ; values in parenthesis are standard deviations of the mean (SD),n =5 in each group.

MABP, mean arterial blood pressure ; BE, base excess

2 NT, 2 hr MCAo normothermia group ; 2 HT, 2 hr MCAo hypothermia group ; 4 HT, 4 hr MCAo hypothermia group
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Fig. 2. Time course of rCBF in ischemic regions of interest (ROIls), ischemic core (somatosensory area, caudate putamen),
penumbra (motor area) and remote areas (ventroposterior thalamus, substantia nigra), of the normothermia group and
hypothermia group. Dotted lines indicate normal regional cerebral blood flow. Date are expressed as mean = SD.

*p <0.05 ** p<0.001
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Fig. 3. Regional cerebral blood flow in the ischemic core, penumbra and
remote areas of the normothermia group and hypothermia group ( 2 hr and
4 hr).
Values are mean = SD, n = five in each group
¥ p <0.001% p <0.05

D, THOL2NTHEEBTLEHMML Twi,

55 @ &5 12 THAL-VP T136.6 £26.3, SNR T



128

113.4+17.6 ml/100 g¢/min Ta& b,

NT #iSx LTHE

- FESESHIE 2 & OMRET (Fig. 4)

2 NT B T199.5 +25.8mm T,
4HT ##T84.05=11.2 mm *C
Bk st (2HT B, 4HT ) (3EEME

29.6+2.2 mm?3,
Hh,

Area (mm 2)

N e o2 4y ik (a7 525 2001)

hside (2NTH) IR LT, WeFRbATIIHEE

FEE e, DR Bz, WML & LTlX, 4HT 3
TIECPIZITIT B IR - Twizs, &

2 HT # ¢ P4 (FPS, FPM) TIXHZ|Z 13 - T

oo,

80
=0 2hr MCAo normothermia
607 L —®&—  2hr MCAo hypothermia
? 1 @ Ahr MCAo hypothermia
40 1
"."‘ T TR T,
20 1[;__. 0 -.__’.. % ............ .
'..‘ ----- E
0 T T
2.5 0 2.5 -5 -7.5
Distance from bregma (mm)

(mm 3)
250
200 -
150

##p<0.001
100
=
504 ¥ ¥p<0.001
0]

2hr MCAo

normothermia

4hr MCAo
hypothermia

2hr MCAo
hypothermia

Fig. 4. Mean areas of infarction and total tissue injury for normothermia and
hypolhermm evaluated at coronal levels traversing the anteroposterior

extent of the lesion (upper).

Quantification of infarct volume in the

normothermia group, 2 hr hypothermia group and 4 hr hypothermia group at

24 hours postischemia (lower).

The 2 hr and 4 hr hypothermia groups

were showed significant decrease in infarct volume as compared with the

normothermia controls by ANOVA and the Student’s t test.

Data are

expressed by as mean = SD.

Table 2. Quantification of apoptotic nuclei at 24 hours after reperfusion
following two hours of MCAo.

Region ZNT 2HT AHT

apoptoticcel  TUNEL  apoptoticcell  TUNEL  apoptoticcell  TUNEL
motor arealpenumbra) 298153 1145£28.0 Q 0 a a
somatosensorey area(ischemic core) 35424 1140%19.0 aQ o a Q
caudate putamen(ischemic core} 41.3+4.7 135.5%17.3 456454 123.3+13.8 42.5+6.1 13144123

Data are mean = SD.

2 NT, 2 hr MCAo normothermia group ; 2 HT, 2 hr MCAo hypothermia group ;
4 HT, 4 hr MCAo hypothermia group
TUNEL . TUNEL positive cells
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Fig. 5.

amount of [L-6 bioactivity (mean = SD) detected in the hemispheres

after MCAo.
* p <<0.05%* p <0.0001 versus contralatral hemisphere
' p <0.05 versus 2 hr MCAo normothermia
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