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Analysis of magnetic resonance spectroscopy in superacute cere —

bral infarction in the rabbit
ZHONG Shijiang ,et al
(Department of Neurology and Radiology , College of Clinical Medicine , Chongqing Medical University)

[ Abstract] Objective: To explore the metabolic characteristics and the changes with lapse of time in superacute cerebral infarction in
order to provide pathophysiological evidences for.thrombolytic therapy and the use of neuroprotective drugs in superacute stage. Meth-
ods : 12 healthy rabbits were randomly divided into two groups: sham operative group (5 rabbits)and occlusion of middle cerebral artery
(MCAO) group (7 rabbits) . The rabbits with MCAO were scanned with 1. 5T MRI unit. The infarct regions and their mirror image re-
gions were analyzed by probe 2000 software package of multi — voxel 'H magnetic resonance spectroscopy (\H—- MRS) at0.5,1,2,3,4 and 6
hours respectively after MCAQ. Results : (1)sham operative group: bilateral metabolites were symmetrically distributed,and N — acety-
laspartate (NAA)/choline containing compounds (Cho} , phosphocreatine and creatine( Per + cr) /Oho showed no significant difference
(P<0.05). (2YMCAO group: Lactate( Lac) was detected in the infarct region at 0. 5 hours after ischemia, which kept increasing dur-
ing first 6 hours. NAA and Per + Cr showed no obvious changes from O. 5 to 1 hours while began to decrease after 2 hours, as com-
pared with the mirror image regions( P<0.05 or 0.01). Cho was relatively stable within 3 hours and showed a reduction at 4 and 6
hours(P <0.05). Conclusion : The brain tissue in the infarct regions carried on anaerobic glycolysis continuously under local hypoxic
conditions in the superacute stage after ischemia. The neuronal damage and the obstacle of energy metabolism begins at 2 hours and the
breakdown of nerve cell membrane and myelin sheath at 4 hours. Above results suggest that the earlier the thrombolysis and the use of
neuroprotective drugs for cerebral infarction begins, the better the effect of treatment may be.

[Key words] Superacute cerebral infarction; MRS; Rabbit

MIRBGE (MRS) R A IRAR AL MO TR RRBAAEERREEENE
FAL# (chemicai shift)fF R R I (R AR 41 4L A3, SREUIMAL SR (DWI) 24K 87Kk 4 F 76 83
iz 5l (B 3R I0) B S 2R (A8 22 (X B £ R TE B S sk
EEMB A Lix (1962 ), B, 8803, W4, BER BT ER LR B AN ., AiEEREHZ

ERTRTQRAFAYRIAR. PR R FRESRUL I ('H ~ MRS) Bt & DWI X Sk



http://www.cqvip.com

BEERI A8 2004 SES 29 %% 4 85 (Journal of Chongging Medical University 2004. Vol. 29 No. 4)

D000 http://iwww.cqvip.com|

— 475 —

fii o B ik o A AR 2R AU AT T I L R S
HAR IR, 0 A 28 1 S VR B R T A 4R
TP 70) B4 PR PR AR B A B AR AR

1 #EFFHE

FEH My MR E

fRRFE %R 12 R EEH 2.0~2. Skeg, AR, W EKE
BRZEsY .0 R M, FELA 6K o 3 Bk A 28 (MCAO)
H7H,BFRHAS5 R, MCAO HE M Yamamoto! S % MCAO
BRI &S, SAEAR, BB RRTHK, A0 T HA%E
J& BB KA h s PR 56 B, A SUBE s iR Wt B . KB K
A b Sh KA, BB R 1% A S A B 2, A i A 1
#ith. RFE# 0.5h,1h.2h,3h.4h.6h B 8] 5% 4T DWI &
MRS #5325 , K25 58 52 J5 5 RO o3k B gy, 17 TTC o8, B F
ARE , BE R MCAO 4, {2 5T K sk, AR sseshix,
Hi 2 WEFAEEXT DW] & MRS 12 ##20H

1.2 DWI A MRS # &

% Al GE Signa Highspeed MR/i 1.5T #% MRI 1%, /N B
2 B. DWI: EPI J¥ %5, TR 5000ms, TE 10ms, 2 &
3mm, [B]f& 1 mm,FOV 24 X 24mm, %5 FF 128 x 128, {136 ]
40s."H— MRS: Probe 2000 £ {4 % MRS %41, F5# /i & 3
533, CHESS /K # i , STEAM € 3, PRESS J¥ %1, TR 1000
ms, TE 144ms, /& 3mm, BB 1 mm, FOV 24 X 24mm, %8
128 x 128, At E) 9.4min, BIILIRMBKRENITFR . &
A 8] A SE3KER DWI El&, DWI B {5 B K @8 E X i
B, MRS B %R X (region of interest) B EFERX &
MU PR AKX, #4T MRS 981 £
1.3 F#am

% ] Functool 2000 #4240 2 DWI1 1 MRS, MRS
YLt B 35 E 5B R HF IE AR R iRE &
ERWE, BMERHIY, FIEE 8MRBERIBIH
B3R B R XE 3 MR LG B M R F 3 H. BTSN
R - ZHBMEEM(NAA) , BEFRALBR FULER ( Per + cr) , A
&Y (Cho) MIZLAR (Lac) . FLERMEE R T 1. 33ppm &, 7

1.1

TE 144ms JF5|o , 28 & K Wik, BRI E ZE 248
HRFHEE, UL Cho BE NREE, B EBRTHRBNBRIMES
2 HoE , 488 NAA/Cho Hil Per + er/Cho BIME . 4 B 8] f 3K
BRRAEB+ REERR(T ), HIHESWER : BE,
P<0.05 A NEBERER,

2 &5 R

2.1 BFRKRa
118 49 B4 ) X3 FR 4 45 , NAA/Cho, Per + Cr/
Cho, B A B ZEZ51(P>0.05), BM % *E 5 T

Lac(F 1),
#1 BRFERARFEYRAE(E +5)
ke NAA/Cho Per + Cr/Cho
BFRMA
M5 0.72+0.13 0.61+0.20
£Rl5 0.73+0.16 0.62+0.14
P >0.05 >0.05

3.72

1 EEHiRiEinmE
1AMCAORE 6h I EMB#, & - ZBRNEFHE
(NAA), BB B Fn AL &8 (Por + Cr) , BBAR 3 M & (Cho) M
BT R, 2 55 MCAO /& 6h BEX ik, T NAA IS
BEAE, I MAIPLER (Lac) itH ;0

#2 MCAORTEHEGSSEXEEEEXREDRNE

B lac NAA Per+ecr Cho

BEKX TR IX BEKX BARIX EEX BEX HEKX FRX
0.5h 0.56£0.32 3.73£0.41  3.80+0.33 2.88£0.37  3.0240.41 4.8910.44 5.0410.29
1h 0.68%0.25 3.52£0.52 3.7320.24 2.6610.30  3.0240.19 4.80t0.35 5.00%0.27
2h 1.2040.34 3.34£0.40" 3.7320.22 2.19+0.34* 3.00+0.25 4.72+0.36  5.01+0.23
3h 1.59+10.45 3.05£0.40" " 3.71£0.27 1.8910.43* * 3.0040.23 4.65£0.43  5.00%0.25
4h 1.7710.21 2.68£0.23% " 3.71£0.20 1.71£0.26* * 2.98t0.30 4.57£0.32* 5.00%0.21
6h 2.3610.24 2.23:0.44" " 3.70£0.29 1.40£0.15* * 2.9840.20 4.35£0.28* 5.00£0.19

F:" P<0.05,” * P<0.01 AFR—BTHSIEFER SHBBRRE MR


http://www.cqvip.com

D000 http://iwww.cqvip.com|

MEER AR 2004 S£5 29 %5 4 H8 (Joumal of Ghongging Medical University 2004. Yoi. 29 No.4)

2.2 MCAO 4

Lac ZEBRIL/S 0. 5h Bf B AT EAE ZE R 00V 3, H
KN 0.56 +0.32, FEELMAT REKE FFH#
#o6h i, Lac FFE 2.36+0.24, NAA 1 Per + cr,
PSR 1L B[R] A9 RE K 2 T &S, 1h P9, NAA #l
Port o SEHEXEEXLEEER(P>0.05),2h
Bf ,NAA fl Per+or THEBA R, SHEBRX LB, 2
BASEH(P<0.05), 7E 3h.4h & 6h B &) &5, 3%
RMEBE®(P<0.01), Cho,7E 3h PHRAIFRE,
5B HEELEEER(P>0.05),7 4h # 6h
—odiE A, Cho R TFHBEBRK (P <0.05) (%K 2, H
1),

31 #

MRS fE A —HIEE X FAEFERET L
Mo B 28 2R AR 8 AR Ak B i, FRRE T B 9T i 4
AR REAA BN &R, EARTLEYP,
1B F AR 4 BB IR AR, BB g, T
HEER, B RETF AR RET RAE TR

£ MCAO 4, Lac ki 0. Sh B BLEREX, i
ELBaSE i B ) FE K GE AT A B . Lac FHEREHE,
EE 85— B U0 5 AR S 1 0 2 S0 R R o 5 A
FE T RRi£H 2R feh i i 4R, T SEORE B AR IS TN BB, WE i
B A8 vE A 3 B O B VWA A S O B S PRGN M B T B
36, BT Lac R BIZEIEH B 4, Lac 7548
ANREEASERALH ML ENIRE, Lac £
B 25 25 M 3R ) 3 BT B L g AR A 2 X A RN B B
i, Barker ZU7# F Lac # MRS B 7E A AE 3
KAESG 3h BEHARR T BRI ZE ) SROLFNYE L, X R i
EMBEINEHAZHERT - TRUFE, tRAE
AUEREEINEY, LadkESREABAGERE
AR K, IR Lac WEHE 0] 16 S 3 1 BUS 69 B 5
F2Z—

NAA JLF&E—BMLFRHEZ S, B E
TCHIAREY), NAA M /D, dRiC & & Tl o
BEZR), =S VERIIE 2 NAA FFERFEAR A9t Ja]
BB R4 K 2h(%) | Saunders %1 iR 4% 6~ 24h, i
[ R A ki B ) B9 FE K 2 T T P2, Saunders 25
BRI NAAKMTRERNT SN, ALK 5 ERE
FE R F LI EIL, NAA 78 £ X T 1410
B B ZE ST 2h, i B NAA B &t i A 6] #2843
TR, XETHEREA, FERHHETHR

hEEEEERE 1-2h, 75 DVIFTERHEES
Rt AR A REFLIX " ; 3R X B4 2 T HG
7 (5 R 2R T e A4S KWt Rl a2 @
¥,

Per+cr AR RERSRREL BRI FETHETT,
RAMIGERMEFE, EiF&'H- MRS 2,Per 5
Cr i B— ki, 1E N RER IR~ Y, EA
LEF , Per+cr THERET R FF 45 FRIEESS 2h, 5
NAA )T FEa ] —2, S M A ouse B #83R 55
H—3tE,

Cho 08 . H M Z R iR sk R M 2 &
Y, 25MMRE G B ARER R M. Cho 7EIitE
FEHE AL IRE R — , Gideon ZE VS A RRiAE ZEHF
REM,Cho EEEG 1~4 AR XTHEREL,4 A
JaFHE , i Saunders &' ;4 Cho 7E48 A ¥
SRR, LEHHAE., AL AIEES 3h
P ,Cho i 79 B B %, 4h % 6h B ATE &S 3 W&
&, BN 4h 5, % X it RFEE & J A fn

RES AR

B2, RSN 2, MRS AT{E 2 DWI
BI B, AR RS T R AR TS
BAEZ K FE DWI B —WIESS LiRBIEE X IR
HAZ AR JERIESHABHA T EES &, B2AR
X E R X R AL R F L, 1T EL i BE ) T A 22 IX
AL NFERSZ B, MREER S HHER
T AR B IR AT R R AR A 2
BEkto

$ F x &

[1] Wardlaw JM, Marshall I, Wild ], et al. Studies of acute is-
chemic stroke with protonmagnetic resonance spectroscopy: Re-
lation between time from onset, neurologicdeficit, metabolite
abnormalities in the infarct, blood flow,and clinical cutcome(]].
stroke, 1998;29:1618 — 1623.

[2] Ross B,Kreis R.Clinical tools for the magnetic resonance
spectroscopy and metabolite imaging [ J]. European Radiol,
1992:14:128 - 130.

[3] Federico F, Simone IL, lucivero V, et al. Prognostic value
of proton magnetic resonance spectroscopy in ischemic strok[J].
Arch Neurol,1999;55:489 — 494.

[4] Neuman - Haefelin T, Wittsack HT, wenserski F, et al.
Difusion and perfusion — Weighted MRI: The DWI/PWI mis-
(T#F 479 1)

matach region in acute stroke[J . Stroke,


http://www.cqvip.com

BEEEMAYSIRE 2004 £5 29 %% 48 (Jounal of Chongging Medical University 2004. Vol. 29 No.4)

D000 http://iwww.cqvip.com|

— 479 —

TR B T X IR, (67 B E R it
12 B LA EN 4 F L 356 B B 47 B 2 M2 R I 2% FIB A %%
H& 2254,

AR E MR RALTET A
I7 2 Rl I AE v s PR 0 25 Th BE SR LR BE R4y VB 3L
R 34~ ABFH Barthel #5504 . AP REAR 5 3¢ 1R
MURER TR E M, X HRELUSE RSN
HITYER. T RiA RIS R T B ATI87T 24
FEN— e FIZ5 Y, B, B U0 s P R K R TE AR
TR AET . EAMEITG 3 M AN KB REBHET
HRTGT 2 HE ST & Rl 25 e PRy T 8%, (1B 1
BHE. 1 EVHISRER, BIBARETER
ZEFXEA, HAES %5 L, HIRET R
M REAIR, FHE AR O ETESOR
& BRIKG T 53 4208 AR 7=y 76 I R 3 7
% WANEREEAR K « - PA B2, 388 - PA
Y5 AR TE IR IS, [0 Bt 2 L /AR B AT R ) B
8 FRAK MAERH 7 , DA TR AR LR R B (260,

SPERREFE R A B i B A B R R R R
T , 55785 O 965 B RV 037 2 585 /5 SR O BRI 25 5
B, 2 MR BE 35 T T B X M R A 0
T F 47 B i) S BV R R MR FIB, W /MR &,
R A I RS BE , BB M ML AR 81280, B4, B & X
IR MK FIB /K-8 0% A B A %7 i T
ERFHRORR L, RS G HERATR.

RIEEPRIGRIRIE A L5, 3% FIBREZE 1. 3mg/
L 96 AR .3 1~ A it ADL HFH493 8, 8 FIB K
F 1. 3mg/l KR AN E 20 4. SEHIRBCRREA T
3% FIB B BARKFEE R 0.4 ~0. Tmg/Lo EBFR
EE 1.2.3RAZE FIBR/KFEBIBIFAIAET
B AR T 2. 0mg/L. Bk, ALEH#—FHE
FAZNERABH TR, U RS EIERLTBEIK
FIB fEAIRYATIR T/ U E & WAITFM .

& £ X W

(1] Dormandy J,Reid H. Controlled defibrination in the treat-
ment of peripheral vascular diseases[ J]. Angiology,1978:29:80
- 88.

[2] Bell WR,Pitney WP, Goodwin JE. Therapeutic defibrina-
tion in the treatment of thrombotic disease[J]. Lancet,1968;1
490 —493.

[3] Hossmann V,Heiss WD, Bewermeyer H, et al. Controlled
trial of anerod in ischemic stroke( J 1. Arch Neurol, 1983;40:803
— 808.

[4] Z=HBERPFRIMEL. ZABBTHAEHNER
333 Bl R & (). FAREEIE, 1982;62:324 - 327.

[5] Cole CW. Controlling acute ellevation of plasma fibrinogen
with ancrod[]]. Cerebrovase Dis, 1998;8 Suppl 1:29 — 34.

[6] The Ancrod Stroke Study Investigators. Ancrod for the
treatment of acute ischemic brain infarction[ J ]. Stroke; 1994
25:1755-1759.

R A T e Y Y N a a Y  R

(EEF 476 ®)

1999;30:1591 - 1597.

[5] Yamamoto K, Roshimine T, Ranagihara T. Cerebral is-
chemia in rabbit:a new experimental model with immunohisto-
chemical investigation[J]. ] cereb Blood Flow Metab, 1985;:5:
529 - 536.

[6] Petroff OAC, Graham GD, Blamire AM, et al. Spectro-
scopic imaging of stoke in humans: histopathology correlates of
spectral changes[]]. Neurclogy,1992:42: 1349 — 1354.

[7) Barker PB,Gillaard JH, Vanzijl PCM, et al. Acute stroke:
Evaluation with serial proton MR spectroscopic imaging[J]. Ra-
diology, 1994;192.723 - 732.

[8] Parsons MW, Li T, Barber PA, et al. Combined iH MR

spectroscopy and diffusion — weighted MRI improves the predic-
tion of stroke outcomel[ ] ]. Neurology,2000;55(4) :498 — 505.
[9] Fisher M, Prichard JW, Warach S. New magnetic reso-
nance techniques for acute ischemic stroke[J]. JAMA, 1995;
274(11):908 - 911.

[10] Saunders DE, Franklyn A, Boogaart AD, et al. Continu-
ing ischemic damage after acute middle cerebral artery infarction
in human demonstrated by short — echo proton spectroscopyl J ] .
Stroke, 1995;26(6) : 1007 — 1013.

[11]  Gideon P, Henriksen O, Sperling B, et al. Early time
course of N — acetylaspartate, creatine and phosphocreatine, and
compounds containing choline in the brain after acute stroke
[J]. Stroke, 1992;23(11) : 1566 ~ 1572.



http://www.cqvip.com

