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Time and distribution characteristics of neuron apoptosis in rat after ischemic insult
CHEN Li-xue', JIANG Li-ren’, LIU Bao-:’-unu},;2 , CHEN Hen,g:-sluan,l_:2 , KANG Ge-fei' (! Department 3, Institute of Surgery Re-
search, Daping Hospital, Third Military Medical University, Chongging 400042 , * Department of Clinic Biochemistry, Chongqing University
of Medical Sciences, Chongqing 400016, China)

Abstract; Objective To investigate the time and distribulion characteristics of neuron apoptosis occurred
after global cerebral ischemia in rats, so as to provide some helpful experimental basis both for the early interfer-
ence of injured neuron and the prevention and treatment of brain secondary damage. Methods In the global
cerebral ischemia model with modified 4-vessel occlusion method, the amount and distribution of apoptotic neu-
ron in hippocampus and cortex after ischemia and reperfusion were detected with TTC staining, TUNEL labeling
and AO/EB fluorescence examination techniques. Intracellular free calcium concentration was measured with
Fura-2 AM fluorescent indicator, Results TUNEL showed that apoptotic neurons scattered in hippocampus 3 h
after reperfusion, then spread around to cortex. The amount of apoptotic cell reached to the peak at 24 48 h.
The died cells appeared later and mainly dispersed around the apoptotic cells. There was a significant increase
of the amount of died cells 72 h after ischemia and reperfusion. AO/EB fluorescence examination showed that
the total amount of the apoptotic neurons in hippocampus, frontal cortex and parietal cortex reached their peak
at 24 h and 72 h respectively, and they were significantly higher than that in control group (P <0.05). The in-
farct focuses were not found after reperfusion by TTC staining, which expanded around hippocampus and cortex.
Intracellular free calcium concentration was significantly higher than that in control group (P < 0.01).

Conclusion  The injured neuron underwent a process from apoptosis to death after global cerebral ischemia and
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reperfusion.

Hippocampal neurons, which are quite sensitive to ischemia, were injured first, and then the ap-

optotic process extended to frontal and parietal cortex. The early interferences in the apoptotic time window were

of help both in the protection of neuron in pre-apoptosis stage and reduce of secondary damage severity.

Key words: global cerebral ischemia; apoptosis;

R T Fh A4S DNA 5L FRA R AE
A FRAEPE T 2528 1 0 A A 738 1 40 0 3 3 13
AR TR T R o E AR e L P45 5 2 2 ik
R TER I T S IRTEAE AR SR R 4 T
FET- TR T T A%, U T 2R T i 2 O B
251 2 TE IR BE 500 R BB X 3o 19 1 AL, 5 ok o 40 495 )i
2 VA5 T W R U AR G, K B3 o R O A
%ﬁﬁﬁtm%%w%ﬁ%%@ﬁ 3T 42 i
Sk M S M 2 T R T T 5 A ARG, T L A
w%mﬁmﬁmﬂmﬁ ABFFER A Fura-2 AM £ i
£ M P U0 S i L TTC 3 {5 TUNEL JR A I 1= 4%
W AO/EB 96 4 6 0 8 1 S ek 465 5 vk R A ) T I
Gk 458493 05 o 420 8 0 9 8 2 1 ik PR R4 A R AR
R 1 20 SR IR X485 i, 4% Atk o 080 0 B0 o 222
TEHATHE FYEM.

1 MR57HE

.1 EEshh R 44

T TS Rk B AR HE PE Sprague-Dawley (SD) K FLC 2 =%

KK PF BR 5 95 95 3 ) rh O 4R 1) 120 L, A B & 230 ~
270 g»‘%w%ﬁﬂﬁ\#ﬂ P WAL M s S g R R
AR T AU FARUL Hh F AR SRl 5 min J5PKE 58
S A i 6 (] 43 Sy« PEIREOA 3061224 48 72 h 41, 54 15
H AL AR,

1.2 A 4E

% Pulsinelli 4 (%5 FELIBTEC S Milot i 27 0 2005 L0
HES kBer , U H 23 28 2 58 USRS bk, JE A 5 min f5 9% 550
B0 KPR I, PR AT AN [ A A A TR A
1.3 TIC &

T AH 7 1) i 7 S b B R Bl UL R 4, - 20 C K
B3 min J5 , LUFCAREE JE N T8 43 3 kR R bnid bl 1. 0
~2.0 mm JBL(6 /R IR & F 2% 34k 2,3 ,5- =256 I Emp
(2,3,5-Triphenyl tetrazolium chloride, TTC, Sigma 23 @] ) i i b,
37 CHOLIR T 30 min, JRIS R 5 PBS i (Y 4% % % H R b
(] 5, MR AL X 2 1 2, B
1.4 oYwgit/ it T (AO/EB) % AL &

TE AR e 1] 557 W7 3K A0 BE 40, AR LR iy 4480, E N T
L[ ACSF, % 14> (g/L) : NaCl 7.3, KCl 0. 18, NaH, PO,
0. 15,NaHCO, 2. 18, Glucose 3. 60, MgSO, 0. 17, CaCl, 0. 23, pH
7.4 1 b BN C P SR VE S AE UK L BETT ) 43 3 K i >

AO/EB; TUNEL; TTC

BRI By B R R B TR BB (3 bR AR) , R RRE,
0. 25% [FEE 1k, BTFE, I ACSF 200 wl {R%7,4 °C 1000 r/min
By 5 min, BUILEE M 50 wl AO/EB 4e i, 1R 5, B i
ACSF P9, B0 BUTLTE T ACSE FR 8% 200l SOt L
(AO K M 420 ~ 485 nm, % B4 520 nm; EB % I K
530 nm, HGHE I 590 nm) G E A HAT I OD {E.
1.5 Jgds#mpe/d —4&m| (TUNEL)

T 7 B (7 55 6K e 0 00, 8 % 0 O, 700 8 5 IO 42
FF-Eah kA 0.01 mol/L PBS Pl i f5 , 1L 300 ml 4% 2% R H
T 08 i R )08 B 0 81 5 3 ~ 4 b, BRI, 30% 1 B I S
24 h, LS PR A o IO % 5 e R KR YT R (10 pm) |, $%
TUNEL( TdT-mediated dUTP nick end labeling ) {2 7 & ( 3¢ & %
PG D) HAH AT 4

R T 240 UL 5 3 OB U O 4 I R R, T R
FL/NIEH S B T /MAD L T RS T ( % 400) iH4if 4
R T A M, A KO 10 SR e A ARFIED A 40
MR P B 5 53 AT R A A7 B A0 AT, AR R BORE ) i ok
INEFER
1.6 MLA5RMAFIEK

BB ARAR K R 00 e, 64T 6 R HE 3 68, 00 %2 filg 26 21
A HE [ 3 3 A F o 22 STIRFEA I
1.7 g Ao A % 8 45 6 ) 2O

BT 3k L G T B U U D, 1 D-hanks 3 A PR LI
0. 125% {71878 IS 1k 30 min (37 C), 7k RPMI1640 i (5%
BN I ) 28 1E T 4k, a3 200 H G R g1 500 o/ min @0 5
min, 75 LT, D-hanks #k 2 W, B IF7E RPMIN640 HiFEik
A IHGE 10° ~ 107 /ml, AGIEEAE LR B 37 “C R 5 min, il
A0 pl Fura 2-AM (1 mmol/L) ,37 “CHFEF 30 min, 1 500 o/ min
A5 min, F7 I, B NB B SE b Synergy HT BI( SE[H
Bio-TEK %5 ) ) 4 6 BE o100 52 4755 85 72 ik

FRAE T 0 2 2T A0 M P i S R R [ Ca T | = K
(sf,/sb,) x (R-R,,, )/ (R, -R), H o K, =224 nmol/L, R, H
I EGTA( £ 8 wmol/L) I} 340 nm 1380 nm A7 Hr
R, MHIA 0. 2% Triton i 340 nm Fl 380 nm [ %3 H {5
sf, K EAGH 380 nm (1995 Y6 {1, sh, Sy 40 P Fe A 5 BEEE 380
nm (PN . PENI BT & STy 510 nm, R
#7340 nm 1 380 nm, &GS HEAE K 5 nm, A& G 10 nm, £5
Lk nmol/L it
1.8 Hitsan

AT v o 5 I {4 T R B IO L AR R 1 S v B
APFR FHEBE Y L & + 5 Fo%, R ) SPSS 10, 0 48 i R4 X
FEA B TR ¢ KR

1 min,



%6

W S5 At ol 5 I A28 00 1 B I R RN G0 A O 533

2 #R

2.1 HiERERRSH

TTC & H AiTH FH A% G 20 20 S i A48 05 AR ic 9, ol 9 %
i 200 M 2 A B Y ISR S A O D A AT € S B T 1
Formazan ) 5, {4 1F 5 A £ 200 % RUZT €5, ; R 0f 498 7 DX S8 B 22 00
£k AT RERE RS , A BEIL 5L TTC AR A A 41 {6 Formazan 49 , %
Z KM A 405 5 (o, DT 5 IE B S ALK 0 T k. 2R A
A R L AR W SRk AR AL L ISR E A (1)

A R

-3

1 WRASEM24 h TTC

2.2 ArTmiadieEr

EEHLR IR B ARE 3 b 2 LA OD (ERDFF [ 35
G 12 h B E S TR R A R F AN, )5
24 h i A AU OD (EIKWEME, 15 2818 FREaS. #nt
JRCFNTO B BT £ OD (B A £ 5 FFAE 3 b JF b s A7 18 5, or
BIFE 72 h kWM, (B & 49 OD (B3 T a4, Ho LA
T ple TR 0 . 0% T Eh AL 00 ke 49 405 e o BRURR , 48
JCIR T A AR R i R TOT B T 28 S0 I 1 e e s T e
2 (HFEL] ) AT RELEC (] 2)

8 000 o— THiff
7 000 F g Hginf
6 000F g L
5 000

oD i

4 000
3 000
2 000

1000

0 . ~ . - = . '
FE# F 3h 6h 12h 24h 48 h 72h

A S AU

B2 AO/EB EMFES &M A ODE

2.3 pmtmfede ] Tamiedata £ R

AE 06 BRI T A 2L 08 L 080 o M, €305 PO 3 b o
ML AT 3N, 135 FEAE 12 b o 1 R 2 9 S T [
FCE 0 A D BE AN, i A () ) 4, 08 T 240 P B
S A R R I R, P S 24 ~ 48 b R T A0 R ik

U TR T R (AR A MU LA B KR 22 4 T LA gk 38
S C PRl 3) . O T 2 N B 2 A A () SR R A I, T T[]
WHFAE 105 PEE 72 h PSRN A AR O W R B R B
J5f e 44 T LA, B PR R F AR, o A A R i, fE 36
12 24 48 h iy L [0 1= HIRSE AN M KO REAT 8 S R (P <
0.05)(%1)

} KRR MBRE24 hiFDEAT (TUNEL x40)
F1 BiEEDETER IR E

PO BRML(n =5, ves)

(n=5) 3h 6h 12h Mh 4 h T2h

B 34229 DWT.60 B M27.329 BM27060 10728 20,080 8.7 +17.64¢ 8.08 + 10.55¢

HAE 18160 35880960 17.08 227500 25,20 4 662h 6. 48 4,490 71, 16 +8. 5140 %), 8 = 12 B2

a: P<0.05, 52820 k4 :b, P <0.05, 5485 &t jd] & 69 8 = f0 G rb 42

2.4 A& an R AR A5 T AL
M 1065 155 5 T 0 1 90 35 0 ) g o8 1 A BB, I
(515 3 b ZEL 400 M P i 25 45 9 ( 563,15 +34. 88) nmol/L, B i 7%

RPHEZH MY 11 4%, ik B0 7F 24 h JS AT F B, (R HE R TE 10
A (#2)

£2 MBhEEDHETHEFSEREEL (x5, nmol/L)

15 [Ca®* i

o B 411 124.63 9. 19
3h 563,15 + 34, 884
6h 855.65 +39.21°
12 h 1 398.92 +61.08¢
24 h 1302, 17 +66. 384
48 h 1 287.42 +38.88°
72 h I 157.42 +59.294

a: P<0.01, 5 %88 41 p 42

3 itig

LA T EAZ A UL A SE T TR S, PR
A% | SRR T AR e B R RE . BT AN A
A1 MR 20 I R 45 F th BUR EPE OE  JBE R Y



534 mO= % OE Kk % R 5508 %
TR ZE B A YR B A0 B M R R PN VD TR o R B9 s () 238 LA [ 350 (07 2 1 7 ] vy 7 B 8 T BBk . H
DNA WL 1 K 40 A e A R T /AR 0 27 4 L K i ke PR A R 0 i o T e B s ] 2 S

MU T A A — T R R AR A O B — e 5
Ca™" | H 3 2errtE a3 MR S AMERR B R EER A
R 10K 5 TR ATTIN S 440 PN S - R A 45 AR A, B
AN P R P T R R T AN R R T R AR S R KO
b AERFAR A Bt (8], 4 T 5 R R & PE P 2 e s T, Mok
2 () RIS B W) A0 B T AN ST A Bkl b 2 o0
P i f 2z i LR AR A M 28 e AE T ik A
Fh A A Y E

ABIFFELEH s, 4 ok ot 74398 9L A5 00 1 2 4
M 45005 L M = 2 DA A e o 0 )
3 h A F) TUNEL 3 257 7507 08 12 40 A Bl DR
Y IRRD T 200 N 5 B A AU T ) v O O [ AT A E K
A U P S 24 ~ 48 hon] LR RO T4 i, 1 ) R
T2 M B 1 R ﬂ%ﬂm' A IR FESE A (H
BB B 2808 1o 40 i /b, iX 5 Charriaut-Marlangue
0 &Jﬁﬂm:ﬁkmwulﬂ@ﬂh“}ﬁ 7 i Ak 1 12
WA R " M4k —8. TTC i.ct,&ﬁiﬂ[ikj:;lﬁfm.
Gofe LR A A2 IR O, T {0 2 A A A 2L 28 o 2 e 2
U TR T RO O ke ,J]vu*ﬂéflﬁm’u
DATRAIE A /]S o L 0L i 74 90 7 ] EF 551 7 R b
03", S PR g P e AR e AR ) K R A
HAT K FE H AT 5 R 40 M DNA 8545, 540 i £
SMESLE JIAS R LASE R B 1, ) S BBt {5 DNA (1§
BRI sh A MO T b AR L A, 0% Ay e A e
H:f’FFH 2 T 32 A4 4 A7 B 2 B 25 460 7% A B MG Fir 5 1)
Ca®" 1 28 %5 X3t S 5] ke pf 28 0 08 1 A R U
15 L

KT AO/EB 3 a5 g a] W48 25 ORI 007 06 - 4
MG 2 fk, AO (B & I 1S 485 nm, & 4 i K 528
nm ) fiE 7 ik 2 O BT 4tk A DNA | fili 22 52 B4 €0 EB (384
A A 530 nm, & HDE K 590 nm ) {3 FE 7 1o B4R 1 A
RS TR A DNA fili 22 SERRLT €5, P8 T 40 T e 60,
JOF Vel R 4 L0 A 3 € 357 50 — B30, nT LA 0 4 i
MR T3, ARWFSE AO/EB P T Y 45 5 s, 41 i i
T2 Yo A A A0 ol L 458 3 SURR 9 ¥ 5 CAL (CA3 X,
JF B ) 2E 2 3457 (] 600 P 0 T Ry 2 DX a4 e, T i
I 0] 1 40 0 T b ()R Tl G 2 40, Y
TUNEL {05 45 5 — 30, 12085 5 h o ke 1fiL 5 AR 4 A [v)

25 AT R, KB b 2 ik FHZE 2 b, P
TEJ 0.5 h AT H LR LA 24 ~48 h k5] fi i
Jil 3 b B 11 5 LR AT RE 5 0k FE A0 sl O 1 SR AT LA
Ktk of A HE R A G

AFSE RIS 5 T PE T 0, 4505 I ke 1 P S
Z B e T i IE T B AE T A AT L R, e A

FE— AR I IR 18 77, 3wl 2y 245 4 50 ot it f4
TARE . MR LA N SRS R, S LRI
FRURR SR JCRH o7 5 1, 475 il 375 % R 1 R 2% 28 I 3R
S T A AR AT i 22 R ) AP RS SRR 1 i
PRI, /N A AT T ) T A

B0k

(1] 2=, WEscTs, 56 M. s PRIEE IS th 22

LI G R, 2003, 7(19) ; 2726 - 2727.

(2] AR, & 5, & fF, % B aE AR ph T e & T i A e

F14 B2 1) R 45 B A7 (SRS R AR B fE TR P9 L . T I Al i
ML 2k, 2001, 3(2): 122 - 125.

] BLONDEAU N, LAURITZEN I, WIDMANN C, et al. A potent pro-

0 Y 980 0 1 BIL

tective role of lysophospholipids against global cerebral ischemia and

glutamate excitotoxieity in neuronal cultures [ J |, J Cereh Blood Flow
Metah, 2002, 22(7) . 821 - 834,

4] MAEDA M, FURUICHI Y, UEYAMA N, et al. A combined treatment
with tacrolimus (k506 ) and recombinant tissue plasminogen activator
for thrombotic focal cerebral ischemia in rats: increased neuroprotective
efficacy and extended therapeutic time window[ ] |. | Cereb Blood Flow
Metab , 2002, 22(10): 1205 - 1211.

[5] KAWAGUCHI M, DRUMMOND | C, COLE D ], et al. Effect of

isoflurane on neuronal apoplosis in rats subjected to focal cerebral is-

chemia [ J|. Anesth Analg , 2004, 98(3) . 798 —805.

B, Jedfe e, . R i L S0 £ L R A A

MBS ]. BERTAEY 177, 2003, 18(1) .

YIN D, ZHOU €, KUSAKA I, et al. Inhibition of apoptosis by hyper-

I[1]. J Cereb Blood

20-22, 27.

harie oxygen in a rat focal cerebral ischemic mode!
Flow Metah, 2003, 23(7) ; 855 — 864.
CHARRIAUT-MARLANGUE C, MARGAILL I, REPRESA A, et al.
Apoptosis and necrosis alter reversible local ischemia: an in situ DNA
fragmentation analysis[ ] ]. ] cereb Blood Flow Metab, 1996, 16(2) .
186 — 194,

FEM, REMEET, 30 4E. Caspase-3 7 R 0 FE9E TE A RUIR G S
LT P ET A 92 3R B TE L], S = EEE AR, 2004, 26
(14) . 1245 - 1247.

9]

(% FEL)



