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Effect of Brain Hypothermia on Ischemic Injury and
Matrix Metalloproteinase Activity in Focal Cerebral Ischemia
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Background: Effects of hypothermia have been demonstrated in experimental animals with cerebral ischemia.
Although the exact mechanisms of hypothermic effects are unknown, decrease of the blood brain barrier (BBB) per-
meability, inhibition of free radical generation, and anti-inflammatory actions have been suggested. Matrix metallopro-
teinases (MMPs) may play arole in the hypothermic effect because they are known to mediate neuro-inflammatory
responses and BBB breakdown. M ethods: The rats were subjected to 2 hours of middle cerebral artery occlusion
(MCAO) and 18 hours of reperfusion. The normothermia group was maintained at 37 . Moderate hypothermia was
induced by maintaining the temperature at 32  during MCAO in the intra-ischemic hypothermia (IH) group, and for 2
hours immediately after reperfusion in the postischemic hypothermia (PH) group. The infarction size in coronal slices
were measured after 2,3,5-triphenyltetrazolium chloride stain. By gelatin zymography, the activity of MMP-2 and
MMP-9 was measured. Evans blue extravasation methods were used to determine the BBB disruption. Results. The
infarction size was significantly decreased in the IH group compared to the normothermia group. The MMP-2 and
MMP-9 activities in the ischemic hemispheres was significantly decreased in the IH group compared to the normother-
miagroup. In the PH group, only the MMP-2 activity was significantly decreased compared to the normothermia group.
Infarction size was significantly correlated with MMP-2 (r=0.688), and MMP-9 (r=0.707) activities. The disruption of
BBB was significantly reduced in the IH group compared to the normothermia group. Conclusions: Intra-ischemic
hypothermia effectively attenuated ischemic injury. Hypothermia-mediated inhibition of MMP-2 and MMP-9 activities
may contribute to this protective effect.
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Figure 1. Temperature changes during the ischemia and reperfusion in different study groups.
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Figure 3. Gelatin zymograms of brain tissues. The MMP-2 and MM P-9 activities are increased in the ischemic hemisphere compared
to the non-ischemic hemisphere. MMP std; recombinant MMP-2 and MMP-9 standard, NI; non-ischemic, |; ischemic, MMP; matrix
metalloproteinase
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Table 1. MMP-2 and MMP-9 activities of the groups.

MMP-2 MMP-9
| NI | NI
Control 505.3+ 55.1 450.0+ 53.2 90.9+ 26.6 69.0+ 26.0
Normothermia 1447.9+ 108.8 1053.3+ 102.8 2090.1+ 103.1 511.4+ 77.0
Intra-ischemic Hypothermia 587.0+ 67.8* 391.0+ 20.2 990.7+ 211.0* 111.7+ 331
Postischemic Hypothermia 1019.7+ 89.4* 580.2+ 51.3 1642.5+ 154.2 351.8+ 80.9

The MMP-2 and MMP-9 activities are expressed as integrated density. In the control group, ischemic and non-ischemic hemispheres
represent the left and the right hemispheres, respectively, *P <0.01 compared to normothermia, |; ischemic hemisphere, NI; non-
ischemic hemisphere, MMP; matrix metalloproteinase
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Figure 4. Correlation between the infarction size of the 4th corona slice and MMP-2 or MMP-9. The MMP-2 and MM P-9 activities
of the 4th corona dlice of the ischemic hemisphere show positive correlations with the percent infarction of the 4th coronal slice.
MMP; matrix metalloproteinase
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Figure 5. The effect of hypothermia on Evans blue extravasa-
tion. In the hypothermia group, Evans blue extravasation is sig-
nificantly decreased in the both ischemic cortex and striatum.

*P<0.01 20610.4+ 11186 0.D., 167000.8+
146726.1 O.D.
. 565933.4 83842.6 O.D.,
MMP 834832.& 24732.7 O.D.
MMP—2 MMP—9
MMP MMP—2 MMP—9 (165.@ 7.30D).
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