ORIGINAL ARTICLE
Korean J Stroke 2009;11:82-87

2oz AZI, AMCEtn onirhst MATIEnA® DM SEtnA°
=ol o 5|2 2 . o3 2 =122
0|58 - 428 - A - F&H° - 2 - 5Ix|3

Microvascular Response Following Focal Cerebral Ischemia
in Diabetic Rats Treated with Tissue Plasminogen Activator
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"Department of Neurology, National Medical Center, Seoul, Korea

2Departments of Neurology, *Microbiology, Younsei University College of Medicine, Seoul, Korea

Background: Diabetes mellitus (DM) or hyperglycemia is known to be associated with increased risk of intracranial hemor-
rhage in acute stroke patients who are treated with IV tissue-type plasminogen activator (tPA). However, the underlying
mechanism remains unknown. We tested the hypothesis that different expression of matrix metalloproteinase (MMP) and
occludin in DM play a role in increased risk of hemorrhages in DM by using a diabetic rat model. Methods: DM was induc-
ed in Spargue Dawley rats by using injection of streptozotocin (60 mg/kg) and harvesting for 20 weeks. Focal cerebral ischemia
was induced by occlusion of the middle cerebral artery occlusion (MCAO) for 2 hours and then reperfusion for 18 hours by
using a nylon thread. tPA (10 mg/kg) or normal saline was infused via the femoral vein. Spectrophotometry, western blot and
zymography were performed to measure the amount of hemorrhages, levels of occludin (tight junction protein) and activity of
matrix metalloproteinase (MMP)-2 and MMP-9, respectively. Results: Mortality was significantly higher in diabetic rats. In
surviving rats, hemorrhagic amounts and levels of cerebral occludin were not different between diabetic and nondiabetic rats,
and tPA-infused and normal saline-infused rats. Although MMP-9 were higher in ischemic groups (P=0.001), their activities
were not changed in diabetic or tPA-treated rats. Conclusion: Occludin and MMP may not play a major role in increasing the
risk of hemorrhage in diabetic rats. (Korean J Stroke 2009;11:82-87)
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Microvascular Response to Ischemia in DM Rats
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FIGURE 1. Weight and serum glucose levels. Weight and serum
glucose levels increased significantly 1 day after administration of
streptozotocin . *P<0.05. DM: diabetes mellitus.



TABLE 1. Mortality after induction of middle cerebral artery occlu-
sion and reperfusion in control and diabetic rats

Total Death (%) P value
Control  MCAO+N/S 15 2 (13.3) 0.01*
MCAO+tPA 26 9 (34.6) 0.798**
DM MCAO+N/S 18 12 (66.7)
MCAO+tPA 22 10 (45.5)

*Compared with control and DM, **Compared with N/S and
tPA. MCAO: middle cerebral artery occlusion, DM: diabtes mel-
litus, N/S: normal saline, tPA: fissue-type Plasminogen Activator
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FIGURE 2. Hemorrhagic amounts of the rat brain assessed using
spectrophotometry. Hemorrhagic amounts are not significantly dif-
ferent among the groups. DM: diabetes mellitus, MCAO: middle
cerebral artery occlusion, N/S: normal saline, tPA: tissue-type
Plasminogen Activator.
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FIGURE 3. Occludin levels of the rat brain. Middle cerebral artery
occlusion was performed on the left side. Occludin levels are de-
creased in the ischemic hemisphere, but they are not different
among the groups (DM vs. control and tPA vs. placebo). DM: di-
abetes mellitus, MCAO: middle cerebral artery occlusion, N/S:
normal saline, tPA: tissue-type Plasminogen Activator.

M= 83.3% (15/18) 2 @izl Egkout BA14 9
u]= 9tk (P=0.068). A&l AHeS A = 27}

Z7o)A Sham< 591], MCAO+N/S< 7r12], MCAO+
tPAE= 109HY, @xatolA Sham< 59k, MCAO+N/S

Jong Yun Lee, et al.

4,500 [ 1schemic
4,000 [ ] Nonischemic
=
5 3,500
j=
[9)
T 3,000
B
~§ 2,500
<)
5 2,000
c
~ 1500
o
= 1,000
=
500
0
Control Control Control
A Sham MCAOQO +N/S MCAOQ +HPA
1,600 ~
] Ischemic
1,400 71| ] Nonischemic
>
G 1,200
[9)
°
o 1,000 H
o
e
5 800
o
£ 600
X
S 400 A
=
200
0 T T l
Control Control DM Control DM
B Sham MCAO +N/S§ MCAOQ +HPA

FIGURE 4. Matrix metalloproteinase activity of the rat brain. A:
MMP-2. B: MMP-9. MMP-9 levels are higher in the ischemic
groups (P=0.001). MMP: matrix metalloproteinase, DM: diabetes
mellitus, MCAO: middle cerebral artery occlusion, N/S: normal
saline, tPA: tissue-type Plasminogen Activator.
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= A (Figure 4).
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