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[ Abstract] Objective To investigate the effect of pre-ischemia physical activity on cognition and ascorbate con-
tent in medial prefrontal cortex (mPFC) after cerebral ischemia. Methods Twenty-four Sprague-Dowley rats were en-
rolled in this study and randomly divided into the following 4 groups: running-ischemia group, running group, ischemia
group and shame operation group. Cerebral ischemia was brought about by permanent 2 vessels occlusion (2-VO) method.
Treadmill running was used as physical activity training. Ascorbate in mPFC was monitored with in vivo microdialysis
coupled with on-line electrochemical flow cell analysis. Passive avoidance was used to test cognitive function at 24 hours
after 2-VO cerebral ischemia. Results Neurochemistry study showed that ascorbate level in mPFC increased within 3
hours after 2-VO ischemia and the increase was attenuated in the running-ischemia group. The baseline level of mPFC
ascorbate in the four groups has no significant difference. Behavioral data indicated that 3 weeks pre-ischemia running
promoted cognitive function recovery after 2-VO ischemia. Conclusion The pre-ischemia physical activity could in-
crease the ascrobate storage in mPFC and enhance the antioxidant ability of this region. Therefore, it is one of the pos-
sible neurochemical mechanism underlying pre-ischemia physical activity for the improvement of cognitive function after
cerebral ischemia. Thus pre-ischemia physical activity can be of benefit to cognition rehabilitation after stroke.

[Key words] Cerebral ischemia; In vivo microdialysis; Medial prefrontal cortext; Ascorbate; Passive

avoidance

DOI:10.3760/cma. j. issn. 0254-1424. 2013. 07. 003

FETH . EEK G AR ELEE IH (30900709) 5 365 1T A 15 # S50 H (KZ201010029031 ) 5 b6 52 11 8 55 524 1
NASEHRAHR) AR T A R FR R 5 H (PHR201008179 ) 5 b 5T TH Z B R Q135 & T H ( PXM2012_014206 _
000003 )

YEF B 100191 dU5T, 1 AT 24 Biiz shb i 5 B B S e B S B =

BEVEH X3 Email : liukun@ cupes. edu. cn



- 520 - B PIE S SREE 24K 2013 4E 7 4535 55 7 Chin J Phys Med Rehabil, July 2013, Vol.35, No.7

R I B BOE AR M BOR R B, e FEH
NI AR A P i P e T B
FETHY B 2 " 3 i S AT LATRD i ok i,
RA T AR A R T BRI S (BRI
ARFTHE— L0, M b pro R il i
18 2l AT I TR RE T, BT M P9 Al R i 14
PERHERBEIN ., &AW F RS IR IESS T HE i
TKAFIB 2 AT B i N N A 208 TR T R A R T
ThIigi XA 2 AR RE ST, RS B A DA Mk PN B Y
BB E X, AMUS G5 e SR BTt
B8 S HUY BURE 25 R A e DI e =, )
I FRU B S5 X B 22 e 2 B AV R, 5 &2
S e i B A 13 PR RE D I Bk A A0 T 5 B0 i
WU B AR AT, n] RN A e IR BE e 2T gL
AT T RIS B, ASHETOR I M
PRAEAT HARMEL A A A 0 T BOA , WL i 1 T 38 75
18 ZIXF R SR ATAR - B J A IR I PR K- ) 5 i - 1]
Pzl [kt S PO R B 22 212 RE

W

— SLE S N sy

VEHUfERR 3 H W4 e Sprague-Dawley (SD) K BR 24
HRHE 250 ~350 g, FRAb SR B SL 5 3y ol
PRft e R A R o R SR | SR TOK IS T
FAR BT DGR, B R BRIR LR 7R 150 his 5h
17 11 AT N D0 A0 e 7011 D O e 0 B N E R |
6 H,

= Tz sl 07 vk MR A

R HIBCIR PT2000 B B R B 65 (P AT ) , 2=
M Bedford &5 1211 HA iz sh s e, e &
N 15 m/min, BEHE 00, 4F H 1 h, 365 d, BAAKE
2 d, %3 A, B sk RS SR IR K RT3
JEzalG, Bl RA K RAMEH e Rk, 12
Bl I 20 >R FH S 2508 3l ik 45 L (two-vessels occlu-
sion,2-VO) il £ 18 M i it i R BRBEARD 5t i Xof e 26 R
RFARARBAHTH GBS, F TR 3 5,
e it X R R 2-VO g 7 0 1 il e 1t R RS 7R f
FARANCRFE DBk, A TE5FLAEE

N [ IR L NTEVAS VN

Wiz 2 I 2k 45 K, R 10% K & &
(3.5 ml/kg) HEATIE BRI, 56 BUG $5 H 2 T4k 8
BEAC L, RIS BAT Xk [ o S0 EE, FH S e 4 [
ETHMEZ LT 3.3 mm, PRUEF-E 2R A T 7K P07
B DITF IR ik, 2% B 1T X M5 IR, AR R O R ST
AR A P T T 5 7 O Ak DX 1) = 457 B 10 AT
PRET R AR S fii X, BT SR O HITJS (AP) =

4.4 mm,ZEAM(L) =3.0 mm, FEHH(V) =2.5 mm,
FERET SR B B AL T e 3 N IRAT, R K
e 1 R PR e T AR ET S, B RS0 1 RGBT
SREEATY B, LARRE J5 3 500 2 P ORI 3 B S
B BB 2 mm R BB BT AR 2 T30 AR R
W IX. S o B2 v R R AR R A K R IR AL T
37 C,

WA BN 1 S L e

I FH G AR 30 0 Pk N 3R BT R AR B AR 4R AR50 BT
FeAR T 3K UM BRI AT 1 h ZEMSE 3 h N
PR MBI AT I SRAERT, (o FH it v 4 28 L
L L ) B BT 4 A PR N T i A, BBUAS: A i
MR A A T2 000 sl At R A TR il R 1
SETELE AL 2A RGN FELR B AL R R R Bh
P FFE Tt AR 3% A 20y 0 ks PN 8 BT 2R 0 T 08 2L G, TR )2
it Bl L A — R O R S, B B 6 mm
BEOR A ( TAERL)  Ag/AgCl LI ( S HL LR ) Al 1
FRANEEANAE (R H AR ) 2R, 39 A 7 4 I g P e 2R
MFRACE RS WE 1 PR,

B
= e
e
I
MERE v B b2 T fE b
BUBHR Xk (O _0) Sl
i e 1. KRR, 000

MR
1 {ERLESNE I AP I R K 2R 5E

BTN 25 B Iat VAE -9 b e

R I F5 24 b, R 45 3 003k S 5 P4 R BRI 2%
it te ) . PEEIRFETE—A R S BB S [nl ik R S
WIGRFah AT . WA R A HLIEE IR, 20 B %
g =, HER /N, K %m0 20 em 28 cm .,
8 em; HE R B A, K. 9. M4 4 H 20 cm, 28 cm,
42 em , HESHEEMEEE LA 117 em x7 em [H[H
BRAL, A TG s IR R Al AR Rl o,
JCHH Z AR EAE R 5 mm L JRFFH AL, &R AT 2 18]
FHREL. 5 em, FERLSNIIEESRHI R I 2 IR 4 )8
FFRTEHL ™ 1.5 mA B, YIZARTICE T 50 3h)
YR IR 2 H, %R 2 YGHEAT , DI 25
B, SR A 2, 200 2 min 30T, FTIFIH (RS2
[R5, TSR AT B % 35 (R bR 22 sl W i A i 25 g s (]
Frshit ARG %5 , G = R bl 25 TR =K 4
JEFFS s ML, AT B, sh W A sk [ B %
24 hm PR TN 25, ¥ sh ) B T 3502 minf5,
FTHF B G2 R R, 10 sk s B 25 N Y B IS ]



Chin J Phys Med Rehabil, July 2013, Vol.35, No.7

- 521 -

1

R SREE 2R 2013 4E 7 SB35 B4 7 )
E 350 £ 350
# 300 ﬁsoo
{m 250 Ta i 250
a
%200 Meleatedtas gzoo
= 150 I HN 2 150}
B 100 [ ehyst & 100 Y
E 50 i 50
& -30-20-10 0 10 20 30 40 50 60 42

B A (min) B (min)

@

-30-20-10 0 10 20 30 40 50 60 f‘% -30-20-10 0 10 20 30 40 50 60

®

-30-20-10 0 10 20 30 40 50 60

B[R] (min) B[R] (min) @

©

T ra FBBIEINA, b HIB XA, ¢ FBXT A, d BT ARH, P <0.05FR R 27 A G2 L
B2 Bk e R BRI B ST I AR 4 e B2 R Al

AN WA =0t

K H SPSS 17. 0 MUGE T 54 % AH OB He 0471 52
AT, THEBERER I (& £ 5) JBAFRIR HIA] HE#
KB E ) 22500, AP <0.05% /R 2 % H 5 1%

s R
o e T, 38 0 5k i 26 38 5 B e 4

FABRTF ARG K ERTA T B 5T 0P IR i AR it i B 433
H1(48. 15 £2.94) pmol/L, (52. 02 £ 3. 47) pmol/L.,
(50.76 +2.82) pmol/L . (49.97 +4.03) wmol/L, £ [i]
FLE S, & B4 4H R BU IR LR A S ik v 8 22 % T4 1
2R (P>0.05), NGRS T REES AT R B,
1z ISR 2H R R Rz ST A i P e A ki kUL S5
5 min RIFF 4G b T, 5 (E 38 B Al R B2 19 (203. 69 +
46.48)% , SERIMAT L, 2R AR ITFE L (P<
0.05) ,FEULIK 2a, & 3% B4 K EIE & 35 PR
MR ESZ Al b, ZR LG FBE L (P>
0.05) , FEULIE 2b,, B ifi %ok B 4 A S dsfe 1f J , 40 -
FRHR MR M BEAE 5 min PR I T} 28 SL A vk B 1Y
(222.37 +42.37)% (P <0.05) , ELAEBRIL)S 1 h P4
22 FIFZ3 (316. 98 +32.46) % , 5 e 1w 2L Al e BE 1
B ESEGHE (P <0.05) , FEWE 2¢, TR
R BRI T ARG PTIR I R e B 5 (B AR A S ati ik
BE LA, 2 R G4 (P >0.05) , TEWLIE 2d, 4
i) bl & B, 3 2y it i 2 5t 05 25 B 1) A5 0 B 3R I PR
e BRI T Bl X HEZH (P <0.05)

A SIS 24 b, 32 sl il 20 K B B 3 [R5 s S
st ] T e i X6 R 4, 42 7842 sh Bl 20 K B 2% 2T
ICRE S T B AT EZH (P <0.05) . 53z %) B4l
AL HL#R , 32 sl i 28 I BR A 8 3l (] 3k 2 23 s (]
B, EF TG FE (P >0.05), FEUWLE 3,

it
BRI (LR ) 25 5 9/ 5 F AL,
HRARH TR LT ™, LB o

%

300

250

200 |

150 -

HfECs)

100 |

50

RI R I C
B Ik

kN

LRI AE L, R Az S0 L T sk i X BE2H , C R
BRFARM, SHlxt R4 i, P <0.05
B3 e R Bt 2 ] i s e T

PUIR MR 5 & RN 251 | Bl 4EUS 40 9 24l fe 40
M6 2 K sl e R A IR F Kk & — RN EY)
H2EARAAT 9, ASHIFSE & B0, 7 BAAL R A5 I Rz o e o
WinJE , KEAPUIA MR E 3% LI, BAREE LT
P, EE RS Lin 25U B4R (076 T B2 I X DA i
L5 7 e 2 R B 2 A e S EIRSE I 458 — 2,
TR oA AR AE T R BT IR I AR , FLvk B n] 1k
AN AR E Y 20 5 DAL, 7 Sk i 545 A A e, 40 ks
PUIR I FR T 22 20 A1, T S50l i Ao 38 it g vk B I
FHET WA, B S B T A 2 0 A A I XA d iy
JE RO K A 2R, FL AT B 1F 5 p 28 o R 28
JO A 38 Ao 7 2 T Bt 3 A R A 2 A R P [R) ) 1) 40
J AR i R R PSR I R T PR, i Bk AL SR
IR e B )L T 7] 5512 X A0 23 2 R W S AR
Ko ARG, BRI K2 o A AT IR IR vk B TE ki
B &A1 h P EE BT HE AT e i Bl S
FAMMIFE TG O, AT BE -5 40 M A4 45 SRR - DT IR 1L TR S
A A 6

AHEGE R, 32 B i i 41 R BRUE G ki AT T3
JEBA E M Gz s, fEfk s i & 2B IS 1 by, R
B SR PUIR I 2 Tk B R R T ey, (LR B2 B S AT R
frssh iy B %t 40 (P <0.05) . HET, A XHiiz



- 522 -

B P SREE 24K 2013 4E 7 4535 55 7 Chin J Phys Med Rehabil , July 2013, Vol.35, No.7

S0 BRI ST LR A JBE S i B W S 4 (EAT
ZWFFE T US| 32 Sl SR e A 1 40 B 03
2 fifk 240 ML B SRR, 418 8 el 2 0 X e Sttt 452 4
ARTIRS 32 T LA, DR B Ml ke Jf, i A 14 T Bl DA —
SERERE b B 1 22 20 i 0 ke it gt SR 458 005 1Y i A2 fiE
T3, DTS 31 GRA7 3 28 B9V FH o 53 P9 TR I 7R e e
AT MRS T R 7 2, il o HA s A e ) S
2 PR STV PSR m LR B b 22 R AR 2 o A R
PR -PUR ML R S5 1) 5245t BN Dy B AT 2 0 AL 1
PERI) T2 2y ] 1 Jon A A ek pod 52 0 4o 2 48 i £ 4t
IR MR 12 B B5CRE:  hy abe i v Pl 22 200 D 1N 0K L
WA A7 e, 1 S BT B L BRI BE 122, A7 R 4B
FEARLR 18 Bl skl 4R SR 27~ E A2 RE TR 4K
U, SR BRI AT HGE B Al e g sl S I R D REIR R .

g LRI Tlaz gy n] WY 8 o2 fil ke i T 5 2B 4
DRI PR A H R, 2 e Mk AL 4 9 80 [ Sz S5 RE T
fle k=g JiCtZRE IR, 3 —AF I Al e 5 Tliz Bl e v
TR BTk L SR AR T BE A G, AT,
BRI ATHEAT B 65 0 S B0 22 B2 KRR B
JoT B FERIHCR I B v 2, (B T8 Bl /2 45 Bl T M4
PN BYBTIR L R A7 i 5 0 — 2T

2 % X #

[1] Rossi DJ, Brady JD, Mohr C. Astrocyte metabolism and signaling du-
ring brain ischemia. Nat Neurosci,2007,10:1377-1386.

(2] XIHFH, UL, F00 55, Ikl B L H ARTTE HER. dhe B
242£4),2012,30 . 1288-1230.

[3] Middleton LE, Corbett D, Brooks D, et al. Physical activity in the pre-
vention of ischemic stroke and improvement of outcomes: a narrative
review. Neurosci Biobehav Rev,2013, 37.133-137.

[4] Prior PL, Hachinski V, Unsworth K, et al. Comprehensive cardiac re-
habilitation for secondary prevention after transient ischemic attack or
mild stroke: I feasibility and risk factors. Stroke,2011,42;3207-
3213.

[5] Moro MA, Almeida A, Bolafios JP, et al. Mitochondrial respiratory
chain and free radical generation in stroke. Free Radic Biol Med,
2005, 39: 1291-1304.

[6] Kobilo T, Liu QR, Gandhi K,et al. Running is the neurogenic and
neurotrophic stimulus in environmental enrichment. Learn Mem,2011,
18 :605-609.

[7] Chae CH, Lee HC, Jung SL, et al. Swimming exercise increases the
level of nerve growth factor and stimulates neurogenesis in adult rat
hippocampus. Neuroscience,2012,212:30-37.

[8] Liu K, Steketee JD. Repeated exposure to cocaine alters medial pre-
frontal cortex dopamine D,-like receptor modulation of glutamate and
dopamine neurotransmission within the mesocorticolimbic system. J
Neurochem, 2011,119.:332-341.

[9] JiG, Sun H, Fu Y, et al. Cognitive impairment in pain through amyg-

dala-driven prefrontal cortical deactivation. J Neurosci, 2010, 30

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

5451-5464.
Ahmad A, Rasheed N, Banu N, et al. Alterations in monoamine lev-
els and oxidative systems in frontal cortex, striatum, and hippocampus
of the rat brain during chronic unpredictable stress. Stress, 2010,13 .
355-364.
Liu K, Lin Y, Yu P, et al. Dynamic regional changes of extracellular
ascorbic acid during global cerebral ischemia: studied with in vivo mi-
crodialysis coupled with on-line electrochemical detection. Brain Res,
2009,1253:161-168.
Bedford TG, Loi PK, Crandall CC. A model of dynamic exercise: the
decerebrate rat locomotor preparation. J Appl Physiol,1992,72.121-
127.
Liu K, Lin Y, Xiang L, et al. Comparative study of change in extra-
cellular ascorbic acid in different brain ischemia/reperfusion models
with in vivo microdialysis combined with on-line electrochemical detec-
tion. Neurochem Int,2008,52:1247-1255.
Zhang M, Liu K, Gong K, et al. Continuous on-line monitoring of ex-
tracellular ascorbate depletion in the rat striatum induced by global is-
chemia with carbon nanotube-modified glassy carbon electrode integrat-
ed into a thin-layer radial flow cell. Anal Chem,2005,77 :6234-6242.
Miller BR, Dorner JL, Bunner KD, et al. Up-regulation of GLTI re-
verses the deficit in cortically evoked striatal ascorbate efflux in the
R6/2 mouse model of Huntington's disease. J Neurochem,2012,121 .
629-638.
Rice ME. Ascorbate regulation and its neuroprotective role in the brain.
Trends Neurosci, 2000,23.:209-216.
Harrison FE, May JM. Vitamin C function in the brain: vital role of
the ascorbate transporter SVCT2. Free Radic Biol Med,2009,46.719-
730.
Cechetti F, Worm PV, Elsner VR, et al. Forced treadmill exercise
prevents oxidative stress and memory deficits following chronic cerebral
hypoperfusion in the rat. Neurobiol Learn Mem, 2012,97:90-96.
Radak Z, Kumagai S, Taylor AW, et al. Effects of exercise on brain
function; role of free radicals. Appl Physiol Nutr Metab,2007,32;
942-946.
Kishi T, Hirooka Y, Katsuki M, et al. Exercise training causes sym-
pathoinhibition through antioxidant effect in the rostral ventrolateral
medulla of hypertensive rats. Clin Exp Hypertens, 2012 ,34,278-283.
Giusti S, Fiszer de Plazas S. Neuroprotection by hypoxic precondition-
ing involves upregulation of hypoxia-inducible factor-1 in a prenatal
model of acute hypoxia. J Neurosci Res, 2012,90.:468478.
Qiu S, Li L, Weeber EJ, et al. Ascorbate transport by primary cul-
tured neurons and its role in neuronal function and protection against
excitotoxicity. J Neurosci Res,2007,85:1046-1056.
Harrison FE, Best JL, Meredith ME, et al. Increased expression of
SVCT2 in a new mouse model raises ascorbic acid in tissues and pro-
tects against paraquat-induced oxidative damage in lung. PLoS One,
2012,7:35623.
Pierce MR, Diasio DL, Rodrigues LM, et al. Combined vitamin C and
E deficiency induces motor defects in gulo( —/ = )/SVCT2( +/ - )
mice. Nutr Neurosci, 2013,16:160-173.

(f&TH H 151:2013-06-28)

(AR R B



	519.pdf
	520.pdf
	521.pdf
	522.pdf

