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Analysis of the mechanism of physical exercise for preventing neuronal death
after stroke via cytokines and apoptosis
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Atherosclerosis causes platelet activation, endothelial dysfunction, and
coagulation fibrinolytic disorder, resulting in cerebral thrombosis. Furthermore, inflammatory
cytokines, apoptosis, adhesion molecules, and growth factors induce neuronal death in the
non-affected neurons. The aim of this study is to clarify whether the continueing exercise
contributes to the prevention of neuronal death after stroke. This study demonstrated that physical

and occupational therapies reduced the parameters of inflammatory cytokines, apoptosis, adhesion
molecules, and growth factors in patients with stroke. It is suggested that the therapeutic
exercise prevent the recurrence of stroke and the neuronal death after stroke.



(ischemic

cascade) ischemic
cascade
(H12-13 )
(H16-17) (H20-
22) (H23-25)
(H26-28) 2
2

ischemic cascade
neuronal death

ischemic cascade

ischemic cascade

20-30
IL-6, IL-6R, IL-1B, TNF-a, TNFR-1, TNFR-2 sFas, Fas Ligand, TNFR,
IL-6,IL-1p P-selectin, L-selectin, ICAM, VCAM, ELAM, NCAM PDGF, BDNF
(EC, TM, VWF) (PF4, BTG) (TAT, PIC, DD)
(MCP-1) 20 30 50 60 2
40 120
2
(min/day) 2
1) Case-Control study
2) Dose-dependent study A
2 postvalue prevalue A

AsFas, AL-selectin, AIL-1, AIL-6, ATNFR 2 A 1



(min/day)

IRB Informed Consent
2 t
1 69.6+17.2 5 6 4 7 11
skas, FasL, L-selectin, P-selectin, IL-1p, IL-6, IL-6R, TNF-a, TNFR1, 2), ICAM,
VCAM, NCAM, ELAM, TAT, PIC, DD, TM, EC, vWF, PDGF, VEGF, NGF, BDNF, MCP-1 1
2 2
1) Case-Control study:
IL-6 1 IL-6R
2 TNF-a 3 BDNF
4 MCP-1 5

2) Dose-dependent study:
(min/day)

2 AsFas, AL-selectin, AP-selectin, AIL-1B, AIL-6, ATNFR

APIC 1
r=-0.5079 6 APg
1
r=0.7930, r=0.6859 7 ATM 1
r=0.-0.4527 8 AVWF 1
r=0.-0.450 9 AFas 1
r=0.-0.790 10 AIL-6 1
r=0.-0.450 11 1
AIL-1B r=0.530 12 ATNFR2
1 r =-0.589 13
1 IL-6 2 sIL-2R 3 TNF-a
s
07 p=0.033 | p=0.010 _ 300 NS

20

. |
10 o
0 0 ‘

BER  nm Rz wm TP ]

| sead seseell (] sesem [ Rl Sreal 038
) = GRERE) () GRETE) = (bHET) - GRFERY)

8 30 [
[ 2.0
6

5]




4 BDNF
BDNF NS
pe/ml
2,500 NS
2.000
‘ -
1.500
1.000
500
0 L]
Bz @

Rk s H
O (EH) - GREEH)

6 APIC
gk APIC-FTH
r=-05079 %
| xS
= " N
> R
ﬂ e RS
ﬂ/B - \\\\
—_— b
1B O FEHOEFFEFRE
LR APIC-OTH
r=-0.1649 o
9 NG
- - \\
< i LN
l\‘ﬁ
#/8 "%
N
——————————
1 B @D R
8ATM
ATM, FUImL
25
r=-0.4527
8 p=0.012
15
~
1 -
L% . TR -
o 0 = s_n" B ™ o
05 =
. . @/B
15 ——
18 OFHOBPRHEM
10 A Fas
AsFas - PT/d
1
05
E o
B ) ]
P 1
%
i,
-15
r=-0.790
= minutes of PT per day

e mEn R/ H

5 MCP-1

MCP-1
p/ml
400
NS NS
3001
200+
2
0
100 -
1]
i = ot
1 4 Sl
= (’éi.?, o (GEEEH)
7 APlg
E*ﬁ;ﬁ PT/d- Alg
25
© e =0.7930
e 15
o p=0.0035 .
| =
< | s % o
0 + 2
10 20 /{ 40 50 80 10
= ~ R ] <

1 O F 90 B3 ]

[HEmmE oo

® [T r=0.6859
= . [ p=0.0562 -
<l s = e
0 > T
i) n_, % « 50 &®
‘: — ] <
1FLED S D 3 AR
A VWF
AvWF
150
.F:g ‘; 1 20
"' 100
-
r =-0.450 5/8
260 ———
18 O FEHOEREFERTE
11 A IL-6
AlL-6 - PT/d
' \
[} e
L] 0 » » =0 5]
- £
¥
|
3 E ]
r=-0580
i minutes of PT per day
B RReE B



12 IL-1B

QIL-1p - PT+OT/d
r=0.530

BIL-1P, pg/mL

minutes of PT+OT per day
R BULER B

Kurabayashi H, Kubota K, et a: Effects of hypertheraml stress on the ultrastructure of platelets with special
reference to the localization of platelet peroxidase and fibrinogen in vivo. Am J Hematol 56: 244-247, 1997.
Kurabayashi H, Machidal, et a: Effects of physical therapy on cytokines and two color analysis-lymphocyte

13 TNFR2

ATNFR2, pg/fmi.

bgbs.su888¢8

ATNFR2 - PT+OT/d

r=-0.589

minutes of PT+OT per day
P+ M B

subsets in patients with cerebrovascular diseases. JMed 30: 31-37, 1999.

Kurabayashi H, Tamura J, et al: Possible existence of platelet activation before the onset of cerebral infarction.

Atherosclerosis 153: 203-207, 2000.

Kurabayashi H, KubotaK, et a: Platelet activation is caused not by aging but by atherosclerosis. Arch Gerontol

Geriat 51: 205-208, 2010.

Hishinuma A, Maima M, Kurabayashi H: Insulin resistance in patients with stroke is related to visceral fat

obesity and adipocytokines. J Stroke Cerebrovasc Dis 17: 175-180, 2008.

Hishinuma A, Majima M, Kurabayashi H: Is insulin resistance related to recurrence of stroke or incident of

ischemic heart diseases in patients with stroke? J Stroke Cerebrovasc Dis 18: 294-297, 20009.



16

54

2019
73-73
DOI
56
2019
S853-853
DOI
56
West 2019
S$393-393
DOI
28
2018
Journal of Clinical Rehabilitation 363-368

DOl




53

2018

78-78

DOl

558

2018

S$337-337

DOl

35

2018

S5246-246

DOl

558

J-CHS

2018

120-120

DOl




Sasazaki S, Yamada E, Kurabayashi H, Hishinuma A, Tamura J, Kubota K 80
Clinical Effects of Steam Rock Bathing in Saiboku Hot Spring for Allergic Rhinitis 2017
J Balneol Climatol Phys Med 73-79
DOI
, , 52
2017
73-73
DOI
, , 1
2017
158-158
DOI
s s s s s s s 1
2017
133-133

DOl




ADL 2017
127-127
DOI
, , , , 543
SRP 2017
Japanese Journal of Rehabilitation Medicine K10-10
DOI
, , 543
4 2017
Japanese Journal of Rehabilitation Medicine P4-4
DOI
, , , , . 543
(CONUT ) 2017
183-184

DOl




10

2019

Desaturation distance ratio(DDR)

29

2019

29

2019

37

2018




55

2018

55

2018

28

2018

28

2018




SRP

54

2017

68

2018

http://www.saitama-med.ac. jp/uinfo/rehabilitation/
http://www.saitama-med.ac.jp/jsms/vol43/01/jsms43_124_125.pdf
http://onki2015.umin.ne.jp/
http://www.saitama-med.ac.jp/uinfo/rehabilitation/

http://onki2015.umin.ne.jp/







