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Study of change in neuroprotective effect and brain physiologically active
substance on physical therapy after brain ischemia
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We investigated the neuroprotective effects of preconditioning exercise on
brain damage and the expression levels of the midkine (MK) and brain-derived neurotrophic factor
(BDNF) after brain ischemia. After the 3 weeks exercise program, stroke was induced. The infarct
volume, neurological deficits and motor function in the Ex group were significantly improved
compared to that of the No-Ex group. The expression levels of MK, BDNF, GFAP, and PECAM-1 were
enhanced in the Ex group compared to the expression levels in the No-Ex group after brain ischemia,
while the expression levels of activated caspase 3 and NT were reduced in the area surrounding the
necrotic lesion. Our findings suggest that preconditioning exercise reduced the infract volume and
ameliorated motor function, enhanced expression levels of MK and BDNF, increased astrocyte
proliferation, increased angiogenesis, and reduced neuronal apoptosis and oxidative stress.
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Fig 1. Representative TTC stained cerebral sections
of the Ex and No-Ex groups (A), HE stained cerebral
sections of the Ex group (B) and the infarction volume
(A) 48 h after MCAO. The infarction volume in the Ex
group was significantly decreased compared to the
No-Ex group. Two rectangle areas (B) in the motor
cortex of ischemic penumbra surrounding the necrotic
lesions (*) of the rectangle areas (A; #3 out of 6
consecutive TTC sections from the cranial to the
caudate region) were used for the quantitative
analysis of immunolabelled areas. Data are presented
as mean + SE. *
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Fig 2. Neurological assessment and sensorimotor
function after MCAO. The neurological scores (A), the
sticky tape removal test (B), the beam walking
scores(C), and rotarod walking times (D) are shown.
After MCAO, the rats were observed for any
neurological deficits and sensorimotor dysfunction.
The rats in the Ex group had improved performance in
the sticky tape-removal test and beam walking score
compared to the No-Ex group. However, the
neurological scores and walking times (rotalod) were
not significantly different between the Ex and No-Ex

groups. We showed the values of control groups in all
neurobehavioral test, because the neurobehavioral
score of Ex-only and Control groups were similar.
Data are presented as mean + SE. * P<0.05 ** P<0.01
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Fig 3. Photomicrographs of MK and BDNF
immunoreactivities (A), graphs of the areas of MK (B),
and BDNF (C) positive cells. MK immunoreactivity was
not detected in the normal intact brain. After MCAO,
MK expression was observed in the sensorimotor areas
surrounding the necrotic lesions. The MK expression
levels in the Ex group were significantly increased
compared to the No-Ex group. BDNF expression was
significantly increased in the Ex group and Ex-only
groups compared to the No-Ex group. The left side of
the photomicrographs in the Ex and No-Ex groups show
the necrotic lesions. Data are presented as mean +
SE. * p<0.05, ** p<0.01; scale bar in all panels =
50pm
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Fig 4. Photomicrographs of GFAP and PECAM-1
immunoreactivities (A); graphs of the areas of GFAP
(B) and PECAM-1 (C) positive cells. After MCAO, GFAP

expression in the Ex group was significantly
increased compared to the No-Ex and Control groups.
PECAM-1 expression in the Ex group was significantly
increased compared to the No-Ex group. The left side
of the photomicrographs in the Ex and No-Ex groups



show the necrotic lesions. Data are presented as mean
+ SE. * p<0.05, ** P<0.01; scale bar in all panels
= 50um
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Fig 5. Photomicrographs of caspase-3 and 3-NT
immunoreactivities (A); graphs of the areas of
caspase-3 (B) and 3-NT (C) positive cells. After MCAO,
caspase 3 and 3-NT expression levels in the Ex and
No-Ex groups were significantly increased compared
to the Control or Ex-only groups. The Ex group had
a significantly reduced number of Caspase-3 and 3-NT
positive cells compared to the No-Ex group. Caspase-3
and 3-NT immunoreactive cells were co-localized with
the neuronal marker NeuN in the brain cortex (D). The
left side of the photomicrographsin in the Ex and
No-Ex groups show the necrotic lesions. Data are
presented as mean £ SE. * p<0.05, ** p<0.01; scale
bar in all panels of A = 50um, Scale bar in all panels
of D = 25uMm
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Fig 6. Expression profiles by western blot analysis
in ipsilateral hemisphere (A). Western blot analysis
revealed that the protein levels of MK (B), BDNF (C),
and PECAM-1(E) were significantly higher in the EX
group than in the No-Ex group. The protein levels of
Caspase 3 (F) and NT (G) were significantly lower in
the EX group than in the No-Ex group. However, result
of the western blot analysis of GFAP (D) did not
indicate clear difference between the Ex and No-Ex
groups. Data are presented as mean + SE. * p <0.05,
** < 0.01
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