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Effect of Acute Hyperglycemia on Cerebral Ischemia Reperfusion Injury in Rats

MAO Lun-Lin', GUAN Yang-Tai', MAO Xiao-Wei', ZHANG Xiu-Tian' , and GU Zhen-Mao’

(1. Department of Neurology, Changhai Hospital, the Second Military Medical University, Shanghai 200433, China; 2.

Shanghai Institute of Cerebrovascular Disease Prevention, Shanghai 200433, China)

[ KEY WORDS ] Acute Hyperglyeaemia; Cerebral Ischemia/Reperfusion Injury; Creatine Kinase Brain Isoenzyme; Rat
[ ABSTRACT ] Aim  To investigate the effects of acute hyperglycemia on cerebral ischemia/reperfusion injury ( CI-
RI) and analyze the relationship between blood glucose levels and the extent of CIRI as well as the prognosis. Meth-
ods Rats were subjected to 90 min middle cerebral artery occlusion (MCAO). To induce acute hyperglycemia, rats re-
ceived 25% glucose or 0. 9% sodium chloride (10 mL/kg body weight) via the intraperitoneal route 30 min before MCAO.

At 24 h afier reperfusion, the serum creatine kinase brain isoenzyme ( CK-BB) levels, infarct volumes, brain tissue water
contents, symptoms of neurological impairment, brain pathological changes and the degree of neuronal apoptosis were as-
sessed. Results Hyperglycemic group displayed lower survival rate and more severe brain pathological changes than
the control group (P <0.05), infarct volumes, apoptosis, brain tissue water contents, the risk of intracranial hemorrhage
(P <0.05), neurological deficits and the level of serum CK-BB (P <0.01) were all significantly higher than those in the
control group.  The levels of serum CK-BB and blood glucose concentrations displayed linear relationship before ischemia-
reperfusion. Conclusions  Acute hyperglycemia aggravates cerebral ischemia-reperfusion injury possibly by increasing
edema, promoting apoptosis and elevating the level of serum CK-BB.  Thus, high blood glucose levels are associated with

more severe brain damage and poorer prognosis.
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WK, RN O 5T A B SIS 36.3% ~ 53% &
A IR 7K S 1 e, I 5t e A 4 R A A G
P2 Bruno A5 N F E 21 4 4D £F I Il D R
3| ( recombinant tissue plasminogen activator, rt-PA) i
IT 624 IINEEZE R BIFTE e B, A e ) v i A fef 28
VR L AR R R, TOAST WF5E v i AR 23
TR AL IS ot i, PTG e 1A 5 R A
J A G, I 3 e A RE i 2K i B
B bl 3 e 0K A0 B R ek e I ke i S i A
PRI RS Capse 5 BIFSE & AR A R
HIATREVRE = T 1 440 mg/L T840 3 F5 LA L 5
T3 JF 58 B K AR AR G, PE L, A A
W s e XL 2 A A S8 3 A T N LU 22 A T G
B E
A= bR s 2 A6 e i A i 5 I, B
LA XST ik 6 i P 7B 451473 ( cerebral ischemia-reperfu-
sion injury, CIRT) B9S2 H 25 32 2 F W, V1 2 89 55
B WFSE L 22 0E 5% vy W 0 BRI e 1P U 45 4
T e Jeb A M e P PR A 2R S5 08w o R 2 B
— AN EE A IR 3 Y D PR R BRI X e Ry
SR BB DRI 1 R B B A S 0 e A KR
K A 2 ik FH 2€ ( middle cerebral artery occlusion,
MCAO) AU RERH 1=, F AT 30 min &S0 i A
R, 5 E L 2 e v I X R L 5 1 P 1 4
ARSI, - AT AR e J3E - U R 1 P9 3 48 e
KIUGHI KRR,

1 #RHTEE

1.1 SREEMRIAN{LER

2,3,5-4. 1 = K W & % ( triphenyltetrazolium
chloride , TTC) ( Sigma /A & ) , TUNEL & = £ Ml i 7|
(TR AE), IUEE % B g & B T 5 (creatine ki-
nase brain isoenzyme , CK-BB) ik 7| & ( L F M £ 4
B ARAE) ,MCAO 2 & (T R EHFE AR
IR A % ), Thermo B AR L MK3 ( Thermo Fisher A
7)), & & # QM (Thermo Scientific Centrifuge /A
7)), % 7 42 #L ( Canon /A 8 ), & 4% ( Olymbus A
), Z R A,
1.2 o ESE

AR HEME SD K FL86 R R E 250 ~280 g, B &
TEREARFEHLFHHFORE, KRB K 4
41 MRV 25 2R 30 min R 4T 4 E 2k 10
ml/kg R ;5 421 25 2, R #T 30 min 5 UE 47
25% % % ¥ 10 mL/kg R ; 4 32 3 KB F A 4 18

RORFATFARBELE, B EFHENTA 2 KA
WBC, g sk, AT R Bk o B R X R b
BFARA 18 R AT LR Bah A5,
1.3 EhREG&

% M Longa 37 R H th ek B & % HIEA R
AN MCAO A AL #1E 5 B4 T :10% K & B 75 i
(3.6 mL/kg) BE JEE ST R BE, IREE 5 ¥ K RAT AL E
R ABEIE O I Sk, FEEFEN 2.5 em
o, EZBAENAHR=AEFREHETEES
B A U 374 50 Bk A T B0 Bk, 25 3L 34 3 ik B o AR
B ik R AR B Bk R A3 ik, E RT3 47 1.5 em
A0 2T W S Bh ik, AL A SR A BE B k
o W B B0 Fik AL I B S A B4 3 Bk, A L E R G 3
Shoh Bk Fkom 2 Bl 3l — A&, AT R, FIRAL
EIN I B — /N0 R A ERFER L, BT
S Bk m T B S, B S kSR AL X i E R R, 3L
Rtk a4 MNIT A K, B4 22 4 A 3 ik P DL
KETHHN R KA, R ERHARLEZ BT
Jk L g AL FHENFUA B ik, B E A R A A i oAk
(HENFE R B i AL 47 17 ~18 mm) , K W12 4 B,
R K P Bh B, B 3 K R B0 Bk B AR 46 B, LT K
i o B Kk B9 BT LR 0 SRR BT 4A A TR K FUAh B
fk B4 A SALE , FRHEF 6T 0 Z ik, BZED
min J& , B & Skom 3R Z A 30 ik, R B K R B0 ik
o BESEAT R,

1.4 IAEHR A0 & AL ES i e Ak B 6] T B a9 7E

A B TR R E SV AT B ot R OE AT A O
724 h JE MR KB At R of B AR o A R
Foo BEESR)E Bl JER L 2 mL, ¥ R KCE 20
min J&,3 000 r/min, 3 5 min, B i1 & 300 wL, ™
4% B CK-BB iR /| & 9 W1 ¥ Fl B8 B & 0% % M %
( enzyme-linked immunosorbent assay, ELISA ) # |
CK-BB & -F
1.5 MERERRETS

KHELHESES% Longa ™5 2 bk 47
WA, 0 0 B EHRGEIER;1 2 A%
A B ST A2 4 1 X U 4% B 53 . ) X A
Bl 4 . A ERATAE,BERER, HEMAE, LT
HMATHERETE, B ~3 23PN JE 4 E
T B RS, B¥EE 24 h 5, KM AR
£ & £ E W 4 ( neurological severity score,
NSS) 13 ~ 18 4R F E A E T ~ 12 R R
E#HE;1~6 pRTREEME,

1.6 MtEFRERAMEARESKENE
B B EE 24 h 5, &M R R BE, R Sk
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fi, Bk /N AR AL T, T B8 2 mm SRS
NIRRT K, BT 2% TTC %% ,37°C # LR %, &
f% 15 min B W 1 5%, 2508 % 30 min, TTC # &k kit
ENEBAR THEEYMASLEE e SniE
MUBPEEE, REFEA% 5 RFBERET 24 h,
B AAHLAA FE, JH Image ] MM TITEFERERE
b, MERA LA KE, B kKRR, R
LT, AR BGE RE G E T 110°C BB T8N, itk
4Bh EHRBRTRE, WEMAKE aEAKE =&
& -THRE)/EFE x100%,
1.7 FNALRFRIESEE K 4R T
KEMREE, B0 MR G % T & 2 3 AKF 4%
SRPBEFEE, MALFHRERAR X E K+
WE R b, B 10% 18 /R DAk B E % LR
K FEW ZH BEE ERSKS pm HALA
RWR, S 1 mF 2 KAARR-Fagde, dERKR
HE, LREREMALLES, & 3 ~5 KAT TUNEL
BA A 4 e B T, 4% FR TUNEL R 7 &3 W 5 & %
BE MERSD, EEHIHEMOEHE)T
W B K A AL B oA R 2 23R4 50 B 3 X
BHNINFEENE T FH A, 2N

NG, SRZYAERECRA, BB E 2> H W
Rl ol R
1.8 Sit=4biE

K SPSS 16.0 B @ #H AT St F A T E
TR Hx s X7, ITHRBAXAEELER, HERH
KR B EFEF £ 0400, BRI R XA X, P
<0.05 H=RARITFENL,

2 % R

2.1 KREEXR

FEF R B MCAO BRI FE ZAME T, KRS
EIEWG S % Zea Longa 5 /M EbrdESEAT M 2 D) fiE
o B2 N3 B 4R R 33 7E 1 ~3 2
[], B2 [E] Zea longa PV-4r G 2257 (P >0.05)
BRI FRRETE 24 h 5 TR K BIAFEIE . e A
20 K UM ke ol Pk A T SRR TR, 2 R A S
IER (P <0.05), HAMEMAA KRR (n =25)
AFEFET R, Wik U J5 A A 9 B IS & WLAS
[ R i, AR A 2 L AL P 3 1 i, 2 A 4
P IS L I XUBSE v TR ARIAL (P <0. 055K 1) .

F 1. BEHKXBRARG Zea Longa W45 (x +s) R BEFE 24 h BEEER SURE H XS L8

Table 1. The Zea Longa Scores (x +s) after surgery and the livabilities, the risk of intracranial hemorrhage after 24 h

reperfusion of the rats

| FEL(n) Zea Longa T4} BT TR FURE H 1R
A R KB T AR 18 00 0 100% 0%

e IR T AR A 18 00 0 100% 0%
AL 25 1.52+0.51° 1 96% 8%

1o AR 25 1.56 +0.51° 7 72%" 36%"

ah P<0.01, 5WEFARLALE ;b K P<0.05, SHAILA E,

2.2 AKRMAEREZNSHEERRKITES
SRINCFEVE 24 h 5 S AL S BT B SR
SiEE R 78 1, m S R F ARG 18 2L
RUZH 24 H ST 5 20 K BRI At 1l A TG A I 25 R
(P>0.05), FEMH: ST A A S ik i -FE 9 ng
X R 20 K BB ¥ N 8. 18 + 0. 55 mmol/L T &
11.51 +2.04 mmol/L, & Ifil 4% 2H IfiL 4 M 8.25 =
0. 64 mmol/L F+ % 19. 81 +2. 35 mmol/L, F-#E 1 24
h S5 AT PR RF RS i A o a0 i -9 3 iy N P
S5 IR v OB 2E O v R A S TR (P <

0.01) . XH77EHG K BCR A NSS ¥F4r, I F AR A sh Y
PRAZTIREIE S, S M ZH 304 NSS T4 i 2% = T8
RIGL(P <0.01) , M BIRER I BINE, 25 H 5
RN (R2),
2.3 KBRRKELGERRMARSKELLE

TR TFARL s, K Kk AT FESELE,, R4 K
R i A5 A6 A FRURI B 4 29 B K o B 3 R TR TF R4
(P<0.05), WifERTF-ALLIA] A R 2 235 7K 6 B
FES(P>0.05) o A 2E A R4 0 A R K A 4
U KR 3 TR (P <0.05; % 3 FIE 1),
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xR 2. FEAXRMEERRK TS FIA G E B mAEKFE LB (v +5)

Table 2. The neurological deficiency scores and the blood glucose levels in different time of rats(x +s)

- AR K IETFAR A e LA T AR 2] iEE] Al N
WEESE bR

(n=18) (n=18) (n=24) (n=18)
FEA K - 1 B% ( mmol/L) 8.16 £0. 48 8.26 +0. 64 8.18 +0. 55 8.25 +0. 64
5P 1 P9 33 B I ( mmol /L) 9.44 +0. 40 18.30 +1.07* 11.51 £2.04 19. 81 +2.35"
PP 5 R ( mmol /L) 8. 11 +0. 30 13.02 +1.71° 8.51 +0.52 14.87 +1.83"
FRHETE 24 h J5 NSS PE4> 0+0 0+0 6.83 +1.09° 9.22 +1.44"

a i P <0.01, 5EMEKBTRALE ;b H P <0.01, SHEBILH L 0 ]y P<0.01, SHIETARLE L,

&R 3. AMEMmMAENKRMEER fuE RSk EMARBTHERE(x+s)

Table 3. The effects of acute hyperglycemia on the rats about cerebral infarction volume, water content of the brain and the

cell apoptosis(x £5)

O A (n) JRi AR FEAARFR Mgl 23 &K i YU T (AT )
H R KB TF AR 6 0+0 76.17% +1.83% 0+0

e IR T AR 2 6 00 76.31% +1.75% 0+0
FRY2H 8 28.87% +£3.03%" 81.68% +2.24%" 12. 68 + 1. 44"
=Lk 6 39.22% +2.55% ™ 85.02% +2.50% 17.05 £2. 04"

a P <0.01, 5H{EFARLLELE ;b N P <0.05, SR K,

B

1. BRINEZEE 24 h BRRMALR TTC FBER

A SRR BT ARAL, B A i B T ARG, C A RERIA D Ay i B

Figure 1. The results about the brain TTC staining of the rats 24 h after ischemia-reperfusion

2.4 KBMALRKFERSKET

HE B 0058 T AT UL A T A 20 K Bl Bz Jo pft 22
HRHES R SE R/ AR — 3, MR 2 [RE B o C
W RE LT, MR e 2% ) MR I o) R s A et
TR /NI 5] A — /N AT LR DY AT D A TR
WA IO, T CA1 XA 28 7e i ik 52 [ JE | it

FTCH] RS A | LA IR k2 S I 1
HEME 24 b, VB AR PESR AU A 220 T B A
TERNK B2 JZ , RN B R o 2 ML i 2%, HES 2L,
ML S AR, A 2 =8 22 FAR E
L IRAE DX AT UL /INAS 25 14 23 30 il 2 UK
R 2 MR 181 45 TR, IR , A= AN W]
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B JER/MRTE G o F oM AR ISR A
AT ERAG . PR BRIV T s A IR R 451
R, M9 5K T I, S [l i B2 =2 () TR gAY
SRR A, BRAF M 2R T R, MRk
N SIS TIPS = 2D U /S VR T
JUBTRE BRI R, 8 CAL X R 2 B0Ph 28 7o il 14

=M MG A e, R ZH B 22 0 L AR
NI DV IR AL, A B 22 T i TR B = A
LB BT 1S 58 5 T T CAL X2l 22 T Il 14
=AY M TE LD e (AR 2 RO S TG
S TP [, M5 G W g AT B i
e /MR (1812) o

2. ERMBEE 24 h G RREALYIF HE £BER (10 x40)

D hy i A

A AR B TARE B @ MR T ARA, C MR,

Figure 2. The results about the brain tissue sections HE staining of the rats 24 h after ischemia-reperfusion (10 x40 )

2.5 BAMALRMIMEMFT LR
BT AL 32 R UL I A B 0 T A i, S i
VLS ETA B AR B R AR 0, IR 4K R

3. TUNEL ;&4 A B SR BRI T- 45 3R (10 x40)

P2 AR TR 3 TR, ER A SIS
X (P<0.05;33 FE3),

A A IEOK BT ARA, B AR MR TR, C WBRIZE D S mi bl

Figure 3. The results about the brain tissue apoptosis of each team under TUNEL (10 x40)

2.6 KB ALER # A f 2Y B TEg/K F b

Bl P 24 h S AR BRER KR TR 4L i
BEIR T AR L AL A= S 2 CK-BB 7KF-43
WK 2.01 £0.29 u/L.1.98 +0.22 u/L. 11.68 +
2.22 WL }% 16.09 +2.42 w/L, SHAHEKMKTAR
20 oA, v MU AR 41X 1ML 7 CK-BB /KSF-J6 B 2
M (P >0.05), & MH 4K B TE CK-BB 7K
B TR MR TFARAL(P <0.01) , FRETE 24
h 5T S OB 2H CK-BB /K-, 5 Bt i 73 12

BB A LRGSR R R R r = 0. 68 (K
4) o

3 3 i

RIS P © B 23 DS 5 | i ot 5 9 #9257
e R, BES R KIS )iz 22, B A 512 i
PRV 1) s UL BE 5 | PN B D) BE A%, ke 28 M I
IR IR B L 5 DR/ R B 3R 2 3 U U A sk
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21 ' r=0.68

5 10 15 20 25
GRIAEEERMAERE ( mmol/L)

4. KEMRMBEEFHOERESROBET 240 E

Mi& CK-BB 7K FEHHE X 14

Figure 4. The correlation of the blood glucose concentra-

tions before ischemia-reperfusion with the serum CK-BB

levels 24 h after reperfusion

I E R TR SR AR 3G I, AN A5 PN R A
R St P AR T A A I 1 A R
T ORI R A A
Sk A B S v IR T R 2 K T R R S Y A A
P PR Ay 7 T ) BB A A BT R AR PN R K
PIRERZ PR AW EIR R N B R, T
5 S P I TR T R R R A v R
MIFET 3 Bk 6 G i i 22 D RE R &2, & Lok Tl
DNt L i A v BB TS B — AN ST R FR AR L 4R
1M /55 5 55 CIRT YOG 2 NI 2 & IS A B T 175
% CIRI MNE B AL 1CS Wim 2 19— e A
THAE , ARBIFSEAE R BTG St i P AT g Bl |
WRER 2P g IR R B CIRL A 520, 43 A 5 i b
W S A O AR R

AT R St e mBE i EE R B CIRL, 58
RIZUA g, EER IR 2T % 4l
Z1Er K, R R 28 T RE i IS RE TR £ 1 ko ]
DI 2 AR T, B KA SE AR AR, T 17 CK-
BB 7KF-, CK-BB %2431 £ ¢ 5 44 Mo 1 i 28 T
S WFFE I A 2 A G 1L 5 1 RS A0 R 8 405 J , 40 i
AP T 36 S il B T R I3 A0 B T B, PR
G, 3 3k 27 46 1 A B 5 I 2 A IV, T DA
A IS W o 22 T JE SOk £ et 4 A T T A
A Ay FiE P A 25 200 LA 3 7 R S 1 A AR R A RN A T
Bk, AR DA il i 28752 5 o 175 R 350 /5 1) AT S
PRIt AL I AR IR YT AR I R0 3h 4 i
CK-BB /D s & Ay, AWFFE K B S i 1 &
PRSI I A KRS, I & Bk i 99 10 ok S

CK-BB 7K-F- S22 PEAH G, DT 2 75 ik afi 38 2 1
AR TR Sy B CIRT R 3 Y — A EEAE bR, X 5 LA
AR IEFEA—2

e WA B A AR TS 5 2208 1 v 1A
FEElR AR &, 2 v U S AL I 52 R
T2 RF ] PAY £ 390 o 0 %t T e CIRT A AT 35 4L
| ARSE Mayer fil Yamaguchi F 771 5 — YR IE S
SV RS IR R B Bk PR A A, T e IR I
CIRL FYBHIALA i A B B, ATEA B 58 22 B v i
W P A A BT T AR R, o e B A b PRI v I
AR TCAE R AR 1 0, FLIRR & BUT B4 L R
TR BRCUAS it i S I T o o K i D s 4 T Rl
ik A T L A L A NO BEVEAE T, £ ik 2%
ar PR SRR S AL Ca® B 3R B IR LA A 1)
RESEDILHI 2 22 40 B A8 T, fin i fpfe o A4 i 26 245
B5t17200 e AT A BE 1 T R i K A
A ILPE-PRE 3 0 0 J T R v o A A I DR
54 J@ 8 F I 9 (matrix metalloproteinase-9 , MMP-9)
AR 1 0 — 25 o i ot 5 1) D) R e A A
PERERE)S L, 6 RBFFEH, Demchuk 257 137 A rt-
PA FRIKIESHAYT 138 24 EESE & & IF LB AE AT
AEA A PRI 0 T0US e B, A I AR 5 o 02 a2 Ak A
SEJE LAY 2 2E MARKF- KT 8. 4 mmol/L i HEHA
8 XL H G A A YR Bl W A R S v LA 3
RS,

L5 FRTIR AW T 45 3 s i i 4 2 Ve v I
AR EE N E KB CIRI, [R) A DA Ay v LA ol i ke 1f.
FEAEAL YK, 17 CK-BB /K VT &, #2840 i 4
THEN, AT BB SR i UM iR AT B8 A 22 T e
SRAER G AR 0L B AR ASE TR B 2 —
I B e MU AR P 5 I 103 5 TR BE AT R A C G R
HEKRA LD A 75 2t — D i o, R 4R
ARG RALBE 1CS B I N AEA T PR HE R Y7 R ™
A KT A CIRL, 4 /NI REAE I [, 791
B IR BT 5 1 i 114 00, 505 55 0 R, BRARAE T2
= 1CS TR KF-,
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