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[ Abstract )

(FNS) on the neuronal mitochondrion of rats early after cerebral ischemia.

To investigate the effect of preconditioning electrostimulation of fastigial nucleus
Methods
and divided into 5 groups: a normal control group, a sham FNS group and 3 FNS groups. The FNS of the rats in the

Objective

Forty Wistar rats were used

FNS groups was conducted for 1 hr, 1 day or 7 days, respectively, before the models of middle cerebral artery occlusion
(MCAO) were made with them. Three hours after the model was established, the animals were sacrificed and the water
content of the brain of the ischemic side was measured. The neuronal mitochondrion was observed by electron micro-
scope, and its Vv, specific volume (Sv) and specific surface (Ss) were analyzed. The rats in the normal control group
were not given any special treatment. For the rats in the sham-FNS group, intrinsic neurons of FN were destroyed with
ibotenic acid (IBO), and 5 days later, the FN was electrically stimulated, and 1 day later, MCAO models were made.
Results

in the sham-FNS group, while the Vv and Sv of neuronal mitochondrion increased and the Ss decreased, which were

Three hours after MCAO, the water content of the brain increased and neurological function score decreased

significantly different from those of the normal control group(P <0.05). Electrostimulation of the FN for 1 or 7 days
before MCAO significantly alleviated the increase of the water content in brain, increased neurological function score,
while reduced the Vv and Sv and increased the Ss as compared with the sham-FNS group( P <0.05). Damage of FN a-
bolished the protective effects of the FNS.  Conclusion Preconditioning FNS can inhibit neuronal mitochondrial swell-
ing and relieve ischemic brain edema early after cerebral ischemia, thereby alleviate neurological function impairment.
Fastigial nucleus; Cerebral ischemia; Mitochondria

[ Key words]

IR afe ML i , 5 0L DX SRR K 2R K i, O AN W 2k
JE o i R L, R 7K e 2 522 e i AR A R0 2 TS L 2 S B
SRFACT R RN R, A R L i oK e i) 2 A e K
J A B Tk s e I . F AT oy

FETH R AR LI 4 F S0 H (No. 39730170 ) M 1 b3 H
( No.30040013)

YE# B4 .400010 PR, 5 PR R K 24 IR 55 — B Bedh 2 R (T
ft) s PR R RV 2 I 55— BE B 2 R (GGE R ) s R R s TR AR
WHFERT (fi7 )

PN K R AN T O AR A L 6 AT
TERLIN ] AR (E A i i S Ca® R 30K B fli K%
BOANMFET-" 20 BRIk, 0 ) ke ot 309 19 40 PR K
PR RIS 2SR 403 P OB /DN I TOUAZZ FL S35 ( fasti-
gial nucleus stimulation, FNS) # 1A &y J& — Fh AR 538 1) i
L 52 155 )5k . W56 FNS 1 h, Al{ERE/S 10 d 4
I H Bl ik 4] 2E ( middle cerebral artery occlusion,
MCAO) FFS8UHFELL I 1 45 /N7 A F T F2 BEWLER T
26 FNS Xof A BUIq e I L 393l 28 S e b A% Jie JiK 114 52 i



- 10 - FAE S SRR E 2435 2005 4E 1 %527 545 1] Chin J Phys Med Rehabil, January 2005, Vol.27, No. 1

B E D it PR N HT FNS Bij i A% HR i 15 K i 2 43 52 56
{1

W i

— S K

AR IETE Wistar KL 40 H, KK E 250 ~ 300 g, i
HIRER AL sy bRt BELS R 5 4, /)
TEH X HEZH I FNS 2H FNS T8 (1 d) 25 . FNS il &
(7 d) 4 R 5 RS T 28 (1BO) $4 8% /NI TH A% (FN)
JEHRLL FNS 8 2H (IBO-FNS 4H) , fF2H 4 8 H. 1IF%
XTHRA KB TAEAT AR R, i FNS 2H KB MCAO Hif
1 d{& FNS T Ab#E, FNS i & (1 d/7 d) 4 K R
MCAO fif 1 d 5% 7 d 457 FNS FiAb# i IBO-FNS 4
KBS FN J5 57 FNS, 1 d J517 MCAO,

T /NI TR R SRR R A B

1. B FN 71 . 28 Reis 4 BT EEE, K
BORHET 1 d 258, A koK, H 3.5% K& &
(350 mg/ kg AR T ) BRI, HLIEE 4k F5 sh W) AR TR TE 37 ~
38°C., shWITEM , [ TR BN ST A4 A, AR K
UG ST AR 2 L ) 1 FN S A LA IR 2 T
2R fE 11,6 mm, 257 1.0 mm 78 5.7 mm, 7£ZEf5
B LAEREL i A RLC B (AR 100 um) |, DURICAS
M EN ., FHZNIG TR o SRS (P B RO 27 R TR
FERT B AL ) R AT A0 3, ) R O R AR 70 Ha B AR
0.5 msfIJ7 Pk o, B3 80 WA, P TT FN Al 346
A7, ISR 20 34 15 1 Sk S ) s o, R
FR 1 by RIS HBRET A, 2 Ak e, RJEHE KR
TR DIRE RSS2, i FNS ZH#AE (R
I, (AR AR O BT H R 373 R

2. W PN ik @ ilm) b, 0.5 wl (i 5 #%
35 0.2 pl(0.063 wg/pl) #EEE MR (1BO) 1AM
] FN 7 52 B8 5 4T 5 min, 28GRk 5 d J547 F—
AL TG A UESE FN Ab 2 o465

= R AR R ST

SR 28 30 PN B Jik 4 A4 v 4l B R BRUA il MCAO #2
Y SEEGRRZE 3. 5% KA AR RIS , (W Rz [ & 76T
RE b, ASUEP YA 43 B R A MBS S, 1w
Sk oy g5 2 h BN SR Sh Ik, g s s k&5 L. 7E
LB AL BT T B 22 mm, EAR0. 22 mmZE[h]
WA RANRHRN I RE AR RME , NSLE sk
Y AbEASRNBIIKZ) 18 ~20 mm BHEBIFE T V5 R RhK
rhEh Ik FEREPR G . RJEZ91 h KT, KR53 h
% Zausinger:ﬂ IOV DRE BA T MR o

DY 55 7K N

221K BT Sk S5 BBt ot 5 10 8 43, FH L PR
0 SR ZUE T 100°C 1E i 46 48 h 4T,

FRRRE T Ea RN KR,

Wi &K (%) = ( zﬂé}lagﬂ%j\; éﬂgﬂﬁi

BTN EZpves g A LNER G DU 3

Bi 3 h 5, FH 3. 5% W KA SR TR R B , 4 T4
A AEBIER K S 1. 5% [ (0.2 M PBS % fi# ) #E 1 [
FE S5, UG e 22 VRl XA 4, R R )
R T mmx1 mmx1 mmHARA5 ., BA4%
IR E W (pH =7.4) HEE 2 h, BUB S A PBS
(0.01 M,pH 7.25 ~7.35) ", F4CTFREMYE 12 h
Ph b 1% PR 5 1 249 2 b, INER K, [ 7= BR800 g
618 U Al H B ~BHE , dil B i ) e A v )
H o 3% FPEEIRET +0. 1% BSR4 AU EE HL T4 £4,, Opton
EM-10 HLEEIEE, AR IO SR 2 AN W), A4 4
] B BT 4% 73 2R A Y Ao 22 0 T X e 2 5K, 1 2 i
K20 000 1iF , Bl &5 ATHEAL, AT CM-2000B #Y
He W L 2 MG A3 Wt R G5 X R AR A T4 b b 381

SIATHE AR AL HE Lok AR A% BE | T B A b R T
HA R AR AREE (V) = M B IR Vx /2
HERBYIRA Vg 1125 B (Sv) = FEZ544 )0 T A Sx /
S IR AR IRFR Ve FEFRTA (Ss) = BEZE #4611 A Sx/ I
SERI AT Vx,

NG R T

BIGLL(x +s) Fom, A LR ¢ K258, P <
0.05 A EFAHGIEE X,

# R

— (NS Fitik BT R BRI ke 1t it 28 D1 B 149 52 )
(E 1)

) x 100%

m EWX R4
O fEFNSH

61 O FNS 144
B FNS7d4l
B IBO-FNS4

iy

WEThEFas ()

NO\—

Bl 1 FNS Figbs#xS KRB0 3 h J5 i 2 D RE B AR 1Y 52
T SIE W X B4 L8, * P <0.05; 51 FNS 4l 1L #,4 P <
0.05,2P>0.05
SIEH X HR4L s, I FNS 41 K Bl MCAO 3 h J5
P RE SR I b | 32 23R IR 20 O i R [ T ot 9
W, A BURE, AT BRI e CRESE ) e B AT R p 22
RETES> I IR (P <0.05) . BRIAT 1 d K7 d 43



PR B B AR AR 2 5 2005 4F 1 HER 27 55 13 Chin J Phys Med Rehabil, January 2005, Vol.27, No. 1 - 11 -

S FNS T4 B, i ifn A BUZE 00 R o B0 il H 5%
BT AL, M DI RE VR /3 3 5 T ENS 41, 2 5
HEIT#E (P <0.05) , &0 FNS T & e ol S i
JE AL DIRE A E . i TUAEE FN S LA FNS
TUE WX K MCAO J5 2 DhBes ok TTeGEER

. FINS AR FRU L i K A (1] 2)

5 IEH % MR e, % FNS 2H MCAO 3 h )&, Bl ifil
AR SR B BN (P <0.05) , BRIMAT 1 d 3¢
7 d 457 FNS PALEE ) D) St i X 7 7K &I TR FNS
4, ERALGHFE X (P<0.05), 0] FNS kb AT
SRR I A, TS SE B PN JS FELL FNS ik
PR, Gl XA 2 5 oK 2 51 FNS 4 i, 25 48
HeFE (P >0.05),

B EEN R4
O fEFNS4
O FNS1d4
@ FNS7d4
84 - B IBO-FNS4
83t * A
82+ T
2 s1f A
; 80
% 79
g 78
77
76
75

2 FNS Tk B R BRGS0 3 h i & 7K dE A5
FELSIE W ST B E, * P <0.05; 5% FNS 4l 58,4 P <
0.05,2P>0.05
= FNS X e it SR A B E e HE AR A5
1. — oA 2 Bk IS 3 h, 5 1EH X IR
R, B FNS 2 1 28 50 i 3% 2ot 4 i Jik 1) 4., JHETE
ESERUAN 2 S NIING S 227 R LN L O Sl f T 11K =5
S BBl S e W 25 R M AR IE R (81 3 ~4) . 51 FNS
L HH, TSE (1 d 87 d) FNS ZbBR 5 i )5 59 £k A
Jib R B B R (B 5 ~6) , T AE et FN 5 H- LA
FNS T &, WG R Ip IR B 51 FNS Z2ERI(E 7).

o

B3 IEH IR Z e GRS (W HL 44 4, x20 000)

B 5 FNS1 d4l, iRk iR AR FNS i (W B
FHs, x20 000)

LR S
B 6 FNS7 d4l, iRk iR AR FNS s (WEH
FHeft, x20 000)

= - A . o p

Bl 7 IBO +FNS ZH Ay (A i ik B fat ( SCEE HL F- 444, x 20 000)

2. LRI E R B AL G el R B
BRIMJG 3 h, 5 1E 50 BRZ Fudss I FNS 2 #h 28 Je 2k



<12 - FAE S SRR E 2435 2005 4E 1 4527 545 1] Chin J Phys Med Rehabil, January 2005, Vol.27, No. 1

A Vv Fil Sy B 34T, 7 Ss B WRRAR, 2 R A F i
B (P<0.01);8rIMAT 1 d 87 d 45F FNS Fi&, 6t
I AL A Y b B R B ASE I NS 21 B s, Vv
Sv W EREAR, 1M Ss B &5 (P <0.05) ;1 Hi5E 1BO $5
% FN J5H57 FNS &, Wb iR i i 45 P8 hr 5 R
FNS 4 HeAe, 22 R T4 =2 L (P >0.05) ,$278 FNS
B P I ) PN A3 LLSEEL (&l 8 ~10)

| EW R4
O fEFNS#
O FNS1d4
B FNS7d4
o1 - B IBO+FNS#4
Fiy
0.08 :
T
0.06
Vv & &
0.04 | T Z
ol _
0.02 %

0

B8 Mk 3 h Mg nLk AR Ak
W S5E R AR 8, " P <0.05; 5% FNS 40 L #:,4 P <
0.05,2P>0.05

m EWXMEA
O fEFNSH
O FNS1d4
@ FNS7d4
B IBO+FNS#
0.012 1
Fay
0.01 | *
0.008 | A

Sv

0.006

0.004

0.002
0

B9 MBkIE 3 h Mg ndok A m Ak
T SIEH A BALE, " P<0.05; 5% FNS 41 L #,4 P <
0.05,%P>0.05

B EWXEA
A R
s T
SSD,IS /
0.1 r %
_

0
B 10 fskiijs 3 h #hZeondh ik bR AL
L S5E R AR S, " P <0.05; 5% FNS 40 L #:,4 P <
0.05,%P>0.05

i

ARSI o LB A K B MCAO J5 54481 (3 h)
ZTCERRLARR K . B T HLENG 28 R ekt i
XA e AR HEAT IR S 1T 0 b, 45 R B KRR
MCAO J& 7451 (3 h) il X35 K BN il X 2850
LB | TE 25 R T 250 % 1A %% P R T 8% 1
i, YR TN 5 SR LT 257 FNS Ab#H ) AT i 25 4 ]
i e 11 7 S5 ot 228 0 At AR e ik, I AR ke L X5 K
FNS RTS8t FN, WAl i B FNS 59 PR 57200, 5K
ISR ERIT FNS BRI e i 400 b 28 Se 2ok AR b ik
TR K e S DT B0 e I T 8P o 22 T B Bk 2

SRS X BRIl | B AR A BURR A A L 2% 2 — TR 2
MIFET- SR T AR OGS, BRI FS , 2k AN
W N 4R i TR Ak B BE SZ2 40 L ATP 5 Lo 2D | i BT
Ca®* W # . A AP, Z AN ST AR S (Fas,
TNF-R) LA TR AIBTIE T Bel-2 G058 A 18
AR S PR M B3R AR, Fe 2O ik e R A R 37 1
BRiE ( membrane permeability transition, MPT) , 1] MPT
A BE SR A 2 oese T S E A R MPT Y
T A G A VA B 368 375 P 15 0, 7K R F, i JB i A\
TRELT, S BOEEBK b, SRR b ik ; £ B A B AR Ak
LRLRSME R T (AR C AT SR AIF)
LERET, BUTR caspase, B SAMIE T ARSE
SRE ) | Fi it 0 f 730, A 28 o0 ok A i ik B 4, LB
SIFTIE SRR RS HE b 5 TE X B L, 2 A 40
TR S0, PR, 0l gt i 7 90 4 e 2k A ) b i | 2
VA 20 M A3 4 R L UK i S

F st i 5399 (3 h) B ZH UK b =2 AL N 7K i
ARSLEG A B FNS T A B AT S0 dfe i P 40 et 22 T 2 L
AT i | I AV 20 5 R0 T %85 85, 5 o L S T, 410 ] e
DX K RS, HEAA AR T AL 9 A 58 4
FE /I TR H SRR — ol AR 14 % A b 28 5
PALRIFAR | 5 S FRATTA B S8 YRS | $305%6 H L
N TR, R 4. 1 i i 2H 2% i 2 2 A Y Jmy ke e 4
o P ke P A Y T A2 R R O W A /N AR B AR
*R:S,]l] .

LG SCHR A SR AR AT FNS X e i 7
WIsh 2 TT ORI RTBE VS B AR AL . (1) 38 fm i i >
T R 2T IR AR E M . NS T IR SE B A 4K Aol
ZTuME L K -ATP Sl T8 P, 8 A A A7, R AR
LA U 5 Ml i A R A sk SRR, DA T i/ e
Lot B TR FNS Al /b df 22 o fE T AR 1R
FEMGZH R RE L, T T I8 H AR PE Na * 3018, 44 5 i %o
B B RN AZ B8 T, (2) B0 b R 2 AR Ak
( peri-infarction depolarizing waves,PIDs) , PIDs fJ &



R B S 2 5 R 2k 2005 4E 1 A 4527 B4 1 )

Chin J Phys Med Rehabil, January 2005, Vol.27, No. 1

.13 -

HH B AT i e L 2 IR AT e 280 1) i E— A RE N | Bk
MPER G — 2 mE % PIDs 5 K*-ATP 38 1% Pk
A, Wi de FNS Al ZE K K*-ATP 38 i f4 JF i, o fd
PIDs B4 7= A S A% S 2 52 30 30, ok 20 H 80 K 0
ML (3 W B IS R 2 C A R R S et M A IR
8 B A 2k B R, 7 NMDA SZ AR BT A 3 i 2% Ay 17k
05, NI Ca” NI,

g5 LTI /NI T A7 BRI , vl e sh A B
POTRPE LR HLT , R 2R, ARSI R B,
TUSE FNS 1 b J& , XoF asfe it -5 303 A A A 00 o) 28 o7 19 B[]
/KK 1 RLL 0 FNS H A AR 58 54 7 B 5 5 3k
N, FACHE FN DU AT BEMT FNS (R5xX — 80, ik — 4
HESE FNS A4 FUE (5P FH R 30 2 T00A% i 7S LA SE B
AHWFFESE T I R I FH FNS B 36 26 T 5 049 15 7K i 45
HET SR

£ % x W

1 Choi DW. Excitotoxic cell death. J Neurobiol ,1992,23. 1261-1276.

2 Rami A, Volkmann T, Agarwal R, et al. Beta2-Adrenergic receptor re-
sponsiveness of the calpain-calpastatin system and attenuation of neuro-
nal death in rat hippocampus after transient global ischemia. Neurosci
Res, 2003 ,47:373-382.

3 Reis DJ, Kobylarz K, Yamamoto S,et al. Brief electrical stimulation of
cerebellar fastigial nucleus conditions long-lasting salvage focal cerebral
ischemia: conditioned central neurogenic neuroprotection. Brain Res,
1998 ,780:161-165.

4 Reis DJ,Golanov EV, Galea E, et al. Central neurogenic neuroprotec-
tion; central neural systems that protect the brain from hypoxia and is-
chemia. Ann N'Y Acad Sci, 1997,835:168-186.

5 Paxinos G, Watson C. The rat brain in stereotaxic coordinates. 4th ed,

Orlando Florida: Academic Press,1998. 66.

6 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. Brain Res, 2000,
863: 94-105.

7 Neumar RW. Molecular mechanisms of ischemic neuronal injury. Ann
Emerg Med,2000,36 :483-506.

8 Sims NR, Anderson MF. Mitochondrial contributions to tissue damage in
stroke. Neurochem Int,2002,40.:511-526.

9 Blomgren K, Zhu C, Hallin U, et al. Mitochondria and ischemic reper-
fusion damage in the adult and in the developing brain. Biochem Bio-
phys Res Commun, 2003 ,304 .551-559.

10 Kobayashi T, Kuroda S, Tada M, et al. Calcium-induced mitochondrial
swelling and cytochrome c release in the brain: its biochemical charac-
teristics and implication in ischemic neuronal injury. Brain Res,2003,
960 :62-70.

11 Deng ZK, Dong WW. The effect of fastigial nucleus electrical stimula-
tion on the therapeutic window of opportunity for intervention of focal
cerebral ischemia. Zhonghua Yi Xue Za Zhi,2003,83:1173-1175.

12 Golanov EV, Zhou P. Neurogenic neuroprotection. Cell Mol Neurobiol ,
2003, 23: 651-663.

13 Hartings JA, Rolli ML, Lu XC,et al. Delayed secondary phase of peri-
infarct depolarizations after focal cerebral ischemia: relation to infarct
growth and neuroprotection. J Neurosci,2003,23.11602-11610.

14 Golanov EV,Reis DJ. Neuroprotective electrical stimulation of cerebellar
fastigial nucleus attenuates expression of periinfarction depolarizing
waves ( PIDS ) and inhibits cortical spreading depression. Brain Res,
1999,818:304-315.

15  Glickstein SB, Golanov EV,Reis DJ. Intrinsic neurons of fastigial nucle-
us mediate neurogenic neuroprotection against excitotoxic and ischemic
neuronal injury in rat. J Neurosci, 1999,19:4142-4154.

(& 181 H 181 :2004-02-28)
(AR H%E 2 2)

18 & k4 AR B S A T

B R Y R o E R R A e

e 39 8 A= TR R AT A AT FE T A R 2 — |, B R 7
ARAENG IR L BT 3Z 0 ARG X A= A LA w5 T Y B
L H fidg 2% RATHE WF I XA WL A by B b
SEHUEAREE PR R, AR A AR G AR 2 — RS T W
HATHE R A dgE SRRy aet . BB 2 (lipofuscin ) J2 H
BB AR SO AE e 8 1) 2R 2 — T A i B X IR
A7 e HAT AR AR 1 W 0 2 1 /1N 3 B 4R AR )
AL (SOD) FIAE # 3 % A8 AL A2, 284 1 R DLAT S 4l
i, AWFFONE THEE R0 /N E B SOD IR H R & &

PEH B0 :130021 K, I pRORSEEA B2 Be A W 5 00 2 W)
ST (AR e REHELR) AR EIRE (B B (1)
)

AP FETAT I -

RN, BRI,
WS T %

— BB

BRI 20 5,12 A MM, PR 52 o, AR
KEFSLB B YRR BRI S804 10 0 IRZE 10 1,

= RN

K5 mm x 3 mm [FHETE 5 05 76 1 0 T2 248 I, A K
75 em, $& 20 cm, PUBEAT AL, 6 R b e 2R T R 0 FH AR 9% BT 42
At R REIBUVBR A 200 mT, 1T 2 _E 3500 2 W , B E R
15 mT/cm, LA 53538 BE R CST-11A AU R0, #5s
B2 10 H/NE BB GAR P T REAL R 45 H @ B IERG 1 IR,
B 1 h, X RRAL/INE BUBCA RR ST o ISR WG B, Ak



	200501 9.pdf
	200501 10.pdf
	200501 11.pdf
	200501 12.pdf
	200501 13.pdf

