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Hyperglycemia is a known exacerbating factor in ischemic stroke. It has been reported that hyperglycemia and post-
ischemic glucose intolerance can develop after stroke and be involved in the development of neuronal damage, as we
described previously. Here, we focus on the effectiveness of metformin, a hypoglycemic drug, in preventing the develop-
ment of neuronal damage using the middle cerebral artery occlusion (MCAO) model mice. 5'-AMP-activated protein
kinase (AMPK) is a serine/threonine kinase that plays a key role in the hypoglycemic effects of metformin. Recently, it
has been reported that centrally activated AMPK is involved in the development of ischemic neuronal damage, while the
effect of peripherally activated AMPK on ischemic neuronal damage is not known. In the liver, AMPK activity was not
affected by MCAO, while the administration of intraperitoneal metformin (250 mg/kg), an AMPK activator, sig-
nificantly activated hepatic AMPK and suppressed both the development of post-ischemic glucose intolerance and
ischemic neuronal damage without alteration of central AMPK activity. On the other hand, the administration of in-
tracerebroventricular metformin (100 ug/mouse) significantly exacerbated the development of neuronal damage ob-
served on day 1 after MCAO. These effects were significantly blocked by compound C, a specific AMPK inhibitor. These
results suggest that central AMPK is activated by ischemic stress per se, although peripheral AMPK is not altered. Fur-
thermore, the regulation of post-ischemic glucose intolerance by metformin-induced activation of peripheral AMPK
contributes to the reduction of cerebral ischemic neuronal damage.
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Fig. 1. Development of Infarction and Behavioral Abnormality after Cerebral Ischemic Stress

A: Representative photographs of 2,3,5-triphenyltetrazolium chloride (TTC) staining. B: Quantitative analysis of the infarct volume. Results are expressed as
means+S.E.M. n=8-17. C: Neurological examination was performed using the NDS. The boxes contain the values between the 25th and 75th percentile, the lines
across the boxes represent the medians, the whiskers extend to the highest and lowest values. **p<0.01, p<0.05, *p<0.01, Kruskal-Wallis test followed by the
Wilcoxon-Mann-Whitney U test. Sham group: n=6-11, MCAO group: n==8-17. (modified from Ref. 5)
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Fig. 2.
Stress

Transient Increment of Fasting Blood Glucose Levels (FBG) and Glucose Intolerance in the Early Phase of Cerebral Ischemic

A: The FBG after cerebral ischemic stress. Sham group: n=9-16, MCAO group: n=8-17. B: Time course of oral glucose tolerance tests (OGTTs). C: Quan-
titative evaluation of OGTT results. n=7-14. The area under the curve in Fig. 2B was calculated. Results are presented as the means +S.E.M. **p<{0.01 vs. sham

(12 h and 1 day), unpaired Student’s ¢-test, #p<0.05, one-way ANOVA and Dunnett’
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Suppression of the Development of Glucose Intolerance and Neuronal Damage by Insulin

A: The increment of FBG on day 1. **p<{0.01, #p<{0.01, one-way ANOVA and Scheffe’s test. B: Representative photographs of infarct volume. The continu-
ous administration of intermediate-acting insulin was performed during the first 48 h after MCAO by the following schedule: day 1: 5 U/kg, i.p., three times per

day, and day 2: 2.5 U/kg, i.p., three times per day. (modified from Ref. 5)
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Fig. 4. Schematic Illustration of Time Course of Develop-
ment of Glucose Intolerance and Neuronal Damage after Ex-
posure to Cerebral Ischemic Stress
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Ischemic Stress
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Effect of Systemic MET Treatment on the Levels of pAMPK/AMPK in Liver and on Neuronal Damage after Cerebral

Mice were treated with MET (250 mg/kg, three times per day, i.p.) immediately after MCAO. A: Representative western blots showing AMPK, pAMPK and
GAPDH levels. Relative levels were analyzed by determining the ratio of AMPK/GAPDH and pAMPK/GAPDH 1 h after the final MET administration on day 1
after MCAO. *p<{0.05, n=8-13. B: The increase in FBG on day 1. **p<{0.01, #p<0.01, n=6-12. C: Representative photographs of TTC staining on day 3. D:

Results of the NDS on day 3 after MCAO. **p
pound C (1 mg/kg, i.p.). (modified from Ref. 13)

<0.01, *p<0.05, #p<0.01, {p<<0.05, n=6-12. SAL; saline, i.p. MET; intraperitoneal metformin, Comp. C; com-
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Fig. 6. Effect of the Intracerebroventricular (i.c.v.) MET on the Levels of pAMPK/AMPK in Cortex and on Neuronal Damage after

Cerebral Ischemic Stress

Mice were treated with MET (100 ug/mouse, three times per day, i.c.v.) immediately after MCAO. A: Representative western blots showing cortical AMPK,
PpAMPK and GAPDH levels. Relative levels were analyzed by determining the ratio of AMPK/GAPDH and pAMPK/GAPDH 1 h after the final MET administra-
tion on day 1 after MCAO. *p<0.05, *p<0.05, "'p<{0.01, n=7-12. B: The increase in FBG on day 1. **p<{0.01, #p<{0.01, *'p<{0.01, n=7-11. C: Representative
photographs of TTC staining on day 1. D: NDS results on day 1. **p<{0.01, *p<{0.05, #p<0.05, 'p<{0.05, n=7-11. i.c.v. MET; intracerebroventricular metfor-
min, Comp. C; compound C (40 ug/mouse, i.c.v., administered 1 h before MET treatment). (modified from Ref. 13)
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