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[ Abstract] Objective To investigate the effects of treadmill training at different intensities on neurological
function and expression of kalirin-7 in rats after cerebral ischemia-reperfusion, and the possible mechanism.
Methods  Sixty Wistar male rats were randomized into a model group, a routine training group, an intensive training
group and a sham-operation group (n = 15 for each group). A middle cerebral artery occlusion/reperfusion
(MCAO/R) model was established in all the rats of the first three groups. The model group and sham group did no
motor training, while the utine training group did treadmill training once daily, and the intensive training group did
treadmill training twice a day. On the 3rd, 7th and 14th day, Zausinger scores was used to evaluate the neurological
deficit; reverse Transcription PCR (RT-PCR) and Western blot were adopted to detect the expression of kalirin-7 and
kalirin-7 mRNA in the peri-ischemic brain tissues respectively. Results The average Zausinger scores of the model
group and 2 training groups were significantly lower than that of the sham-operation group at all time points; on the
7th and 14th days, the average score of the intensive training group was significantly higher than that of the outine
training group. Moreover, the expression of kalirin-7 and kalirin-7 mRNA in the MCAO rats were significantly lower
than that in the sham-operation group. On days 7 and 14, the expression of kalirin-7 in the intensive training group

was significantly higher than that of the routine training group, which was still significantly higher than the model
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group. On day 14, the expression of kalirin-7 mRNA in the intensive training group was significantly higher than that
of the routine training group, which was still significantly higher than the model group. Conclusion The intensive

training is superior to routine training in promoting neural functional recovery and expression of kalirin-7 in rats with
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cerebral ischemia-reperfusion.

[ Key words] Cerebral ischemia-reperfusion; Intensive training; Rat; Neurological function

FE NAMYBIETE SR ik 2R v s 2 sl 2k L A
AR 8 EIE s D RE IR I, B LA s ki shil 2k Y
FPRCE R - AR s A bR R s
SN E H MR E IR, 2Z R LRI %
(P>0.05)", Z3y7 ik igi sh it Rk T
S5 EEFz s A] s Ak 2 shill 202 48 i i 3 n iz
3 A (TR) 32 B DR G s i IRy =
HHRX P 2 B AT SR P Ry R A I Y St AL TS
SR A SRR IT R W 38 S I G e 2 il A AN
2oz L[R]3 ] 00 200 B 0 T A 28 S E , AT I
I 3 o A< v g 2 D) BRI S A FE T, Kalirin 2
Rho 2 F 25 /1N GTP i Y — F fift 2855 S5 1 5 %
¥ 1R %% 4k ] F ( guanine-nucleotide exchange factor,
GEF) " FE A U kalirin B AE P AX M2 R 58
ik, 1M kalirin-7 J& 63k B B9 kalivin RS-,
AWFFEUEN  kalivin-7 7] 5% 0 240 B 22 FHE Ok il 2
TEHERAER I N, SIAh kalirin-7 2 4EHF
RE R WA 20 25 A | 5 58 R 45 ) R ) i ) el A L
SEM 5 fil (5 R A% 3 BTS2 3l 2 2T A R
RESIN L ARSI B 1E L EE R AkAZ B I S B e i
T K SRR 28 T BB 52 R P kalivin-7 3R3K (4 500
TR SR AIZ BRSO A e 0L 0 1K B 22 D B
AREIAIL

MR E

— LY

TH I Wistar KEL 60 H (H & i1 24 5 K 0 i
SR A iR HEME 1A (300 £20) g, FLIE 2 ~
3 EFRHEE E R (21 £2)°C, BRI, B Bk
KBRS o A R B4 7 5 6 i 7 52 6 5 PR 1] o —
Jil o ¥ 60 HOR BIR BENLECT R IE I AR R @ il
Rl ALY SR A TR, 245 15 H

= e i P T S AR A A

I 55 111 P98 VE R FH Longa #4Msh ik etk ) 8
Ay A AL s VAR A Y HOR A BR2S A A ZE ] Sy
90 min, EAR#AET 2. RAT 12 h 288, FARRE
10% /KA %#% (0. 4 ml/100 g PR FE ) M6 s T SRR, R
H S AE N 25 Bl K ( common carotid artery , CCA) 30
MBIk (external carotid artery , ECA ) F1%51 PN 8l ik (inter-
nal carotid artery, ICA) , Z54LZ2M CCA Fl ECA .0

Uiy, FH B ik e & P41 1CA 378 3 , 76 45 LAk F 50y Jok e 22 1]
[ CCA Y —/INH KA CCA AT A ICA, AR5
FLE CCA R Ab , WA TF Bl ik e J5 K 2 A 2k 25 1) P 4
i, NS BNFRBH 70 1k, 2 i A TR S BE 20
Bhk5r X (18.0 £0.5) mm &b, LA BE W72 0 5K i v 2 ik
M3, BHZE 90 min J5 #& 264, #5418 Zausinger 55-'%)
AR AT RVPE RIS S5 PE4 1 ~4 43K B
PIAIIE, BT AR L B AS A% e BH 28 1M 45 41, FLA
YEAHTA

=S M FRE I

BB YNk FHUEL IE A2 A= WA e 1 25 A PR W)
ZH-PT BUZ PS5 1 5, 3538 Y11 2R 2 A Ak I 2R 2 K
BRI TE AT AT 3 d A 38 NP B 5 I 25, Bl 5 B
5 m/min, B H Y%k 1R, BRI 15 min, 55
Y24 b g JFaa i T iIE M G U025, B Y 2R 21 25
FELHE D R A HEE N S m/min, Y4k 15 min; 55 2
K, HEHE N 8 m/min, Y% 20 min; 55 3 K2 14
R, MG HE R 12 m/min, & H I 1 K, BRI
30 min, SRAGYIZRA [ iz 3h 5 B i FE bRA 0% AL
RFESE = AN 24 i ( metablic equivalent, MET) 4§, A%
SR T 7 2O BR Al 0 iz 2 i 1] 9 07 =8 ] I 25
J7 2 BRI TS YN R A S | B 1] 538 38 I 2R 2H A
A, 2R BoE iz 4 H 2 K, 18k 8 h, AU Fik
FARAKBAHITHE DR

VU BT R

TERINIES 3.7 14 K, -l Zrdd Fsz Ak il
G KRB A IAG ARG, % 4 BRBRFTHEITH
PP, AR R S S R, P RS R
Zausingerff Z2 NREBLIIES "1 |0 2 N ARFE A K AT3E;
1 432k E SRS TR i AR X e 52 43 A3 B
JEARESUN J JTCES L, DA B 1) 9 722 X i e 53 0 S ) T
Jit [ 9 728 XA P A e 7 8T 1 T B 54 4 SRS REA L
S AR XTI , 8 2 4 B e XP Uit i 55 43 e 42 )
REBRAN . IV B 2 44 0 5250 40 2 AN 1 S8 A DL
RN TT VS A S I IR D i, BIR
X R B A3 AP Je BCE- 316

1. Western blotting ¥ K5l

(—) BRI MR B A

K H Western blotting Kl kalirin-7 £ [ f) 2 ik
K, TR IG5 3.7, 14 K, ¥ £ 4 52 W



- 408 - rhAB B E 2 5 R 25k 2015 4E 6 J1 4537 %5 6 1) Chin J Phys Med Rehabil, June 2015, Vol. 37, No.6

ZausmgerTEFé’éyjﬁgﬁk*ﬁﬂzﬁj\%jﬁ SRR AT RR i , I
WSk UK, — 80 C vKAAPRAFE . F2 R B VT 1 mm
JELR B, B BRI BT et R JHC ] ) B T, % i o AR LA 1)
B 22O A A 2 2%, — 20 C R #5000 20 min (3
A2 8 em, 12 000 r/min) Y4 BB, BGE & L
JH sk FH iR ( bicinchoninic acid, BCA) il & & H &
B RER R R 20 pe/10 wl, A FAEGE whiR , &
S min , R HGE BT -20 CUKFHIRAT .

(=) B PEERILE 5By

FEH FRERH 10 wl, 8% SDS 58 TR 45 Ik e 5 Jie v
VK2h, B35 h i E A% 2 PVDF i L, & T
5% g W M B 1 b, i A — B (R BT B
kalirin-7 , Fi B )% 4 1:500 ; S BT B tublin-B , i B 1% Ky
1:1000)4 CHIRPEFH 2% ,0. 1% TBS-T 72 % UEHE,
10 min/ R x 3 K 40 (GHAR i A AL P B AR 12 19 S 40
Y IeG Uik FRBEHE A 1:10 000)37 CHEIRIFE 1 h,
0.1% TBS-T Z¥Z M, 10 min/IK x 3 WK, B FiF N
2 &6 B, UL UVP BEIR R R G i 5 | Image J
G BT AR R 4T K B 73 B . Kalirin-7 28 11 3R 357K
S R 7 ¥R R Tmage T EG 20 1 85C2F 43 17 15 8
kalirin-7 A1 2 wblin-p 2 (14 B KA, 435031
& kalirin-7 1 tublin-B f FLAE , LUB TF AR 418 L AR
F1, HASHSBFARAME, 5 H %4 kalirin-7
GBSV IIPOE Suy 1

75 JRT-PCR {4610

Kl RT-PCR 3% K61 kalirin-7 mRNA £ 2% ik 7K
V-, #F Western blotting 546 I A $ B A5 A0k B H: ]
[l K2 5 FH Trizol %K% R ( ribonucleic acid, RNA ) 42 8
A S ARE ZUE RNA, W22 RNA W, Sk s B
A A K% A 4% R ( complementary  deoxyribonucleic
acid,cDNA) , KW 444 :37 °C 15 min, 85 °C 5 5,4 °C
LAk N, I FH 9 R 0 A S-SR Tl B S N ( re-
verse transcription-polymerase chain reaction, RT-PCR)
KM AK 20 2E kalirin-7 mRNA 2835 7K . kalirin-7 &
SIS R 5 -GTGCATGTGAGGGACCAACA-3',
TG K 5'-GTGGTGCAGGTTTTGATGTGA -3
JE A% :95 °C 5 min;95 °C 105,60 °C 30 s, fG£ 30
K372 °C 10 min 281k S b, SR AR X 8 v R B B0

L GeiteE ot

KH GraphPad prism 5. 01 RRAE X S2 56 B 547
SIRTAREE B LA (& £5) T, 2540 22 57 LB R 7
Z3HT(ANOVA) AP <0.05 N E R A G5 X,

# R

— Zausinger P45 5%
RFARLITCH 2 IR B, HoAx 3 41K RUGE S

2 IS TA] S5 Zausinger PF43 BT T 41 [A] I [A] A5
ZERBH G2 L (P <0.01) 3 %38 Y1 2k 41 Fsi Ak
WIZREH Y Zausinger P53 4] g T ALY 2 [a] ) 8] £ (P <
0.05), RS A8 3 K , 5k AL VI 2R 2H /Y Zausinger
Vo 5B @ I SR W] ) 8] A, 22 e g i
(P>0.05); BTN 46 7,14 K, 5AL I ZR 411
Zausinger YV-4735 5 T3 38 Y1 ZR 2 [R] If B] A5, 22 S5 39 A
il (P <0.05) , FRILE 1,

6 - BHFERHA
- - - B
2 —— Wl VIER4
3_:': 4r el LA e
&
g,
E 2k
=
0 1 1 1
3 7 14
I iElCd)

B 1 4 4K Zausinger W45 HEE

= AEFELE KR B T kalivin-7 £ I FRIA

3 2] K R AR J 45 B[] o5 ) A A A B ] L Rz
Jii kalirin-7 & [R5 B BLTFIRF AR A 5, 22
SEE S E L (P <0.01) . WEEEIES3 K,
S V11 2 20 0 3 Ak I 2 4 A0 A A0 K R H: R ) Rz o
kalirin-7 £ [1 3% i 55 6 80 41 [ if 0] o5 Lo 3, 22 57 48
TG FRE L (P >0.05) ; EHRKRINEEE 7,14 K,
U Sk 4 A5 Ak U 2 21 ) B A Kk K H R R R
kalivin-7 25 [ 2 34 1 B I v 4% A0 4 [R] A ] 05 (P <
0.05), H.5& Ak Il 2 41 09 45 56 &k e 5 Rz
kalirin-7 25 FH 3¢ 15 & 8 & T 385 38 Y1 2k 41 [5] A )
(P<0.05), K2,

= FHFEAE K Bl B2 3T kalirin-7 mRNA ik

3 2l K R AR 45 I [) a5 A B A B ] L Rz
JiT kalirin-7 mRNA &1k & TR T AR 4L [ a] A5
ERWH G FEL(P<0.01), EHEIEN 3
K, 18 YN 2 20 A5 Ak I 25 28 )RR FE Lk K H: JE) el R
J5t kalirin-7 mRNA ik i 5841 [R] s o] o5 o 32, 22
FREGIFE (P >0.05)  WEINEEH 7 K, 5%
BN 254 kalirin-7 mRNA % 1k 5 W 5 v T4 50 26 )
Hm Y SRl R R ), Z R WA SIS E L (P<
0.01) ; ¥ERBR TG S5 14 K, 530 Y S gl s Ak Ul 2
2H A BB kL R ) Bl 2 3 kalirin-7 mRNA 235 12 3
v TR 2 ) INF ] 25 (P < 0. 05) , HL3m Ak I 2540 i kil
BEAt Ko HC R BBl K2 3t kalirin-7 mRNA 363k 878 5 T3
WY RS, ZRYWARITFEXL(P<
0.05) ,HEILIE 3,



RS SRR E 24K 2015 4E 6 J145 37 5455 6 ] Chin J Phys Med Rehabil, June 2015, Vol. 37, No.6 - 409 -
MR 3R HEHERINE TR BRI G 14K

kalirin-7 S — — —

Tublin f . G —

kalirin-7 ——

Tublin f om— — — —

Kalirin-7 " — T _—

Tublin B A

F Tl [Ei{eA FRL Tl i = ’ i TRk,
TEFEARGL HRA VR Vs BFEARMA BRIl Y Vg fHFEAR4L AR VR
_ 1.5 1.5
r 1.5 - =
b= X b=
B # = ¢
® 104 = 10 Z10F b
© £ b : = L
o ) a0 a
g 2 T = E - g T
P —_ PLE 2 PLE
] 0 0
feFAR4l  BURA VIR wRib iR BFAA U4 FmEE ik BFAA SR HEEE ikl
S EFALL R ] R P < 0. 01 ; SRR A [ )5 AR, PP < 0. 05 ;58388 YI 2R 20 R B i) 4 L, P < 0. 05
B2 4 KB RIS E] S A AT e 8 Bz 0t kalirin-7 25 AHXS Fe ik 5 LLAL
HEBR ) G 3R bk ¥R S P HEBR ) 514K
w5 S = lsr
el Rl )
e w w
Em- Elo- Em- c
< < <
: : - Z +
£ 05 E 05F — E 05k a
I L = : + I =
: [ ]¢
= 0 = 0 = 0

BFARL BUNA PEYER IR

BFRA BAl THEVERA sRiklgal

BFAR4  BURA PHEYER IR

T ST ARG F I a) S PR, 2P < 0. 01 ; SRR [R] ) ) 5 Fe A, P P < 0. 05 5 5 33 )11 2426 w1 i [] 25 138, °P < 0. 05
B3 4 4K RASIFRI ) g A BT X B HL ] [l 2 3 kalivin-7 mRNA MR 05 & Hg

@

AHFFE S5 s | 25100 1] 2 41 5 Ak )1 25 40 1 A
2D REVT-43 34 ey TR AR 2 (W) e ] e, 3R BH M 5 )1 ZRomT
DRt 2 DI Re M IR iS5 7 .14 K, 5k
YR 2 D RE VT 5335 w8 Tl I 2k 4, B s Ak iz 3l
YIS P2 DI RER SR ORI T80 42 sh il 25, st
IREE R MNAT R B UESE T iz S 2R REWS I8 i 32 #i b 42
DIReWk A , b I GRS B 4, 1 Z2 0 58 YESE
iz 2 Il 2k AT A2 1 A R AR 8 IS A2 B A 28 D) fig B KR
27 kwakkel %" E i meta 4347 & B, 5 ALiE S
SnT M A S DR R 25 AT DI RR A H R AR TR S
BAE ST, TR Ao se 2 B, 3 Akaz sl il gkl i
B P R R A 2B AT RE SR A, 1A T
FEHIE I SRk IS SIS i A b d e ER B
IRERY YRS W as sl 4k i, 2R BG iR = X
(P>0.05),

ARSLIGEE IR R E AR 5 7 .14 K, il

YIZRA HIREFE Lt K J] ] K 3t kealirin-7 R34 5 W I /&
TR 2 RN 30 I 2 2 W) s 8] 05, 37 5k 4k iz sh il 2k
AT Ay 2 b AR A R BRI A e R L ] [T e T v 2% fi
FNGE il sy 3 0T8N AR E il 2 D RE AR &2, 54403
TR R G B A S5 AT e Ry SRR T, B
HRAX 2t R 8 ELA R R A9 T 98 M (neuroplasticity ) (2ol
TE G FR S R v DA 5 fik i 9 0 HOCG B 2 M 45 1
) 58 JE R SR 20 R FEIE W I RE A Rl A
5T 45, Kalirin 7 A # > Dbl 5805 5 1 R 28 46 K+
SEFBE, AT S 5 A 2 n] SRR YA S A R
il 2 i ) 2 A 220 L2 e 3R R e A T A i D
H ) o 28 0 AR 5 B L A TBICTR 25 4 RO TR 12 S AL,
Kalirin i BEA il — 48010 205 Bl 1, s A A rp X o 22
FRGEARAE M A i | — A A B R e 2 ny AR
2

25 FRTR | s Ak iz sh I 2 i iz sh I ke, Al B
Sy i 2 b AR A R P K LR 2R T RE A K A 3
Jorm A ke P A A5 K B kealirin-7 B RIA



- 410 -

TR PR PE S SRR 4 2015 4E 6 4B 37 B o

Chin J Phys Med Rehabil, June 2015, Vol. 37, No.6

Z £ x @t

exchange factor of the Dbl family, is localized to nerve, muscle, and
endocrine tissue during embryonic rat development [ J]. J Histochem

Cytochem, 2001, 49(7) : 833-844.

[1] Outermans JC, vanPeppen RP, Wittink H, et al. Effects of a high-in- i ) o
tensity task-oriented training on gait performance early after stroke: a [14] Schiller MR, Blangy A, Huang J, et al. Induction of lamellipodia by
pilot study[ J]. Clin Rehabil, 2010, 24(11) ; 979-987 Kalirin does not require its guanine nucleotide exchange factor activity

ilot study . Clin Rehabil , s : 987.
[2] Langhorne P, Coupar F, Pollock A. Motor recovery after stroke: a sys- [J]. Exp Cell Res, 2005, 307(2) ; 402417.

tematic review[ J]. Lancet Neurol, 2009, 8(8) : 741-754.
W, R W Bk, SRAKIS FVA T 0 A AR AR e AR T e R
SR [)]. AR IR SR, 2011, 33(5) : 377379.
Rodgers H, Mackintosh J, Price C, et al. Does an early increased-in-
tensive interdisciplinary upper limb therapy programme following acute
stroke improve outcome[ J]. Clin Rehabil, 2003, 17(6) ;579-589.
Gert K. Impact of intensity of practice after stroke ; Issues for consider-

ation[ J]. Disabil Rehabil, 2006, 28(13-14) . 823-830.

[15]

[16]

[17]

Longa EZ, Weinstein PR, Carlson S, et al. Reversible middle cerebral
artery occlusion without craniectomy in rats [ J]. Stroke, 1989, 20
(1) 8491.

Zausinger S, Hungerhuber E, Baethmann A, et al. Neurological im-
pairment in rats after transient middle cerebral artery occlusion: a com-
parative study under various treatment paradigms [ J]. Brain Res,
2000, 863(1-2) : 94-105.

Kwakkel G, van Peppen R, Wagenaar RC, et al. Effects of augmented
exercise therapy time after stroke: a meta-analysis [ J]. Stroke, 2004,

[6] Stroemer RP, Kent TA, Hulsebosch CE. Neocortical neural sprouting,
. . Lo .. 35(11) :2529-2539.
synaptogenesis, and behavioral recovery after neocortical infarction in ” o
B g/ = e | AR B Y I B e e
rats [J]. Stroke, 1995, 26(11) ; 2135-2144. (18] ?ET@’%@L Eaﬁﬁ.ﬁf;ﬂi«fugﬂiX;ﬂma;irgfzﬁﬁj: R
2 Yk iR W BT A 2 RNIPS Uy iopAl .
[7] Chae CH, Jung SL, An SH, et al. Treadmill exercise improves cogni- > Rt 8 1R R WA KPR [J].

tive function and facilitates nerve growth factor signaling by activating
mitogen-activated protein kinase/extracellular signal-regulated ki-
nasel/2 in the streptozotocin-induced diabetic rat hippocampus [ J].

Neuroscience, 2009, 164(4) . 1665-1673.

[19]

fep i SR %R, 2012, 34(5) :334-339.
Lincoln NB, Parry RH, Vass CD. Randomized controlled trial to eval-
uate increased intensity of physiotherapy treatment of arm function after

stroke[ J]. Stroke, 1999, 30(3) :573-579.

2 K ira K, Shi M A 1. Additi f i se rep-
[8] Chae CH, Kim HT. Forced, moderate-intensity treadmill exercise sup- [20] Kawahira K, Shimodozono M, Ogata A, et al. Addition of intense rep
presses apoptosis by increasing the level of NGF and stimulating phos- etition of facilitation exercise to multidisciplinary rehabilitation pro-
S functional rec f the hemiplegic 1 limb .
phatidylinositol 3-kinase signaling in the hippocampus of induced aging motes .motor unctional recovery of the hemiplegic lower limb [J]. ]
rats [ J]. Neurochem Int, 2009, 55(4) : 208-213. Rehabil Med, 2004,36(4) :159-164.
21] Kli AY gh WT. ic plasticity in cortical systems
[9] Michelini LC, Stern JE. Exercise-induced neuronal plasticity in central [21] Klintsova » Greenough WT. Synaptic plasticity in cortical systems
. Curr Opin N biol, 1999, 9(2) : 203-208.
autonomic networks: role in cardiovascular control [ J]. Exp Physiol, [J]. Curr Opin Neurobiol, »9(2):
2009, 94(9) ; 947-960 [22] Xie Z, Srivastava DP, Photowala H, et al. Kalirin-7 controls activity-
[10] Johnson RC i’enzcs P, Betty A, et al. Tsforms of kalirin, a neuronal dependent structural and functional plasticity of dendritic spines [ J].

(1]

[12]

[13]

Dbl family member, generated through use of different 5'- and 3’-ends
along with an internal translational iniation site [ J]. J Biol Chem,
2000, 275(25) :19324-19333.

Penzes P, Johnson RC, Alam MR, et al. An isoform of kalirin, a
brain-specific GDP/GTP exchange factor, is enriched in the postsynap-
tic density fraction [J]. J Biol Chem, 2000, 275(9) :6395-6403.
McPherson CE, Eipper BA, Mains RE. Genomic organization and dif-
ferential expression of Kalirin isoforms [ J]. Genes, 2002, 284(1-2) ;
41-51.

Hansel DE, Quinones ME, Ronnett GV, et al. Kalirin, a GDP/GTP

(23]

[24]

Neuron, 2007, 56(4) : 640-656.

Ma XM, Wang Y, Ferraro F, et al. Kalirin-7 is an essential compo-
nent of both shaft and spine excitatory synapses in hippocampal inter-
neurons [ J]. J Neurosci, 2008, 28(3) . 711-724.

Ratovitski EA, Alam MR, Quick RA, et al. Kalirin inhibition of in-
ducible nitric-oxide synthase [J]. J Biol Chem, 1999, 274(2) : 993-
999.

(&[5 H31.2015-04-21)
(ARG Bt )

B AR G

AT EFZRE AR ER

NME R0 AT 1989 4F KLU 4 B2 BoR 2 1 5 2% B o (Sl [ [ AR 4 1 B 2R B o) '8 A B
SRR H R B 22 B ) R DG =2 Bk 89 48 TR DA T, BT AR 2 A 119 4 1475 AN B A= 1 Rk R A S0 IR 22370 ) i, v 32y
Wy 22 R IO i T i R 24 i (3 2400 ) B0 T A 2 L2 % e 8 19 (25 44 B3 ) (AR RE 2590 ) YR 44 R, 5 SC25 90 44 o T T P A
S AN RN



	406.pdf
	407.pdf
	408.pdf
	409.pdf
	410.pdf

