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WE T REIRRE S E U R B, 2R ARG 2T AR R B B BRI S id 2 Be g, LR 5
WAZ 5 T4 1455 R () R B 1T o (CaMK T o)~ S M ) 38 P AH OG FE A 3(PRG-3)~ B 50 Bk i i ik I B 1 45 35 (CCK).
BEBTHHE R 1(ZnT-DA 3(ZnT-3)RIAMIE IR, 2EJ5 29 K (P29) ) SD K ERBENL A 755 2 SR BIAL 4IRS 41, n=39)K%
AR K AL (NS 41, n=21). RS A HMERHNERER, %IAEE 5.60x10° Ukg, S 6 X, NS 41 LLFFE 72 8 it 56
AEEK. TARWIG 157 3. 6 Al 12 h i@ Bl g0l M T R AR, TRUEIRG 1 h #HTRHIds, TR )G
24 h JEU AR 3 BRI I8 ToVE(TUNNELYS: Ui S 1240, 433 F PS1~ P56, P81~ P84, P92~ P95 #EAT 3 K Morris /K ik 5k
B, KWK RIS 6e . &, R Timm QMM D E A 4L 5, Ut & RT-PCR M E# D CaMK Il o
PRG-3. CCK. ZnT-1 Ml ZnT-3 KL, R U F: a. BTSRRI IK)G 1.5~ 12 h AJ WK BRI A 0 28 0 P v i Al
BT, AWNMATERR, 12 h EVERIYE TR RAEAE; TUNNEL SR T 41 812 (P <0.05). b. RS AAKKEKE 3~ 5 min
i EEL S S SR A A SR TR, BRI R AR B R . ¢ Morris AKEEENSEIG BoR, 5 1 VIR 4R v AR YT 2 ST R B
P, {HRS 45 5 RIBRIMHER T NS 41, B EBENZERP<0.05), RSAH 2 YokkeiRds 1 R RHEET
NS 41, BAZIHES, 53 KKK E S 2 RIS T NS 41, HAEZI#E X, d. 7F Morris 7K % =48 5 5%
TR RIS, 55 1 UOKRRE X RALASE 4 KRS 5 KRG AR T RS 41, BAZKU#E X (P<0.01), 552 KAIH
3 UOKIRE AL 3 RS ST RS 41, B SZKIF#E X (P<0.05). e. Morris iddZ L5 Won: 3 KidlZiR T 6%
MBS Rz Lk, RS 413 ciZiikyy il AR T NS 41, HREEZERP<0.05). f. Timm @A E/R, RS 415 5EIR
[Py 40 F 2R CA3 DX HE RN A2 7T ULH B i S A B R 2 o, X IRATR WK ZE. g fESEW it RT-PCR REEH, 20T
BIR RS D CaMK IT o Al ZnT-1 FIEH BAKT NS 4(P<0.05), BRSWFAHKLHHEMH, NS 4L CaMK I o« PRG-3.
CCK. ZnT-3 X 4 MRS HAG JLRAEAE, J H &N 2 0 B A B2, 1 RS 4140 CaMK T o F ZnT-1 HAHH &
PILIRIG H R IEADC, AWFRERIE, 400 KR53 U A BB 8 18 iife T o 28 70 2 0140 00 (0 368 R T8 )y, 1
B R S RNAIZ el s, T RE ST 0Z 4 F CaMK I & ZnT-1 ik A K.

KGR HERAL WO, mkERT, 2 7L, CaMK o, ZnT, CCK, PRG-3

ZRIHE S R493, R741, R322.81

RE WA 20%~ 40% HILE 8 R & & 5
G B, I PERERR ), 2 33.3% 47 & ) B fi (4 ik )
FERIUNCAZ R . 2 e, U E L
() G i BREJ A0 IR N RIS A & 3™ Bl Bk
0 T RE AZE AN R 5 Loy FHLLE T —b A2
FH AL, DR AR E R LRHIG R 710
.

WO AL E 2. BARB AR y- " T
P 5 4o 350 0 M S AR S . CAS3 XA 8 1B 3 %
AL R B S A A AT R B R, E T 5 fi

DOI: 10.3724/SP.J.1206.2008.00576

FTERPEAR, 5 BT Y P AR S 2 XA SR
PR SRR A R ASHIETT LS fih vl 28 P A G
AN, BBLZED TS5 R E MR

* [ K H KRR A 4 % B I H (30470555, 30571909, 30870808,
30872666), VL7344 H AR = 4 T AE RO A A BT L AT H
(BK2007509)FIVLJ5 44 i 12 1 AR B2 25 4 W5 B 10 H (07K JB320103).
= HIHEE R AL

Tel: 0512-67787306, E-mail: nhdoctor@163.com

WeRS H . 2008-09-18, #:52 H I 2008-11-07



2009; 36 (4) REE: HFERRS

BERSREEIEANIIRE RS FHLRIFR

-481+

INHHG P B AE IR R, R AR T ik
SUFIAHELORER,  LIYIA - A S 1 OB 4y 14
ek,

5 /A5 R 2R AR 1) 2R 11 RS 1T o(CaMIK 1T o)
FEREAPAE T ORI, A2 R B UG, b
PRy T S mT P AH DG L K] 3(PRG-3) &
PSR MR B > 72—, PUis i i ik i 22
W45 35 (CCK) A2 i P 7 et e i (R PR 2R IR B 8 3
IEAR 1(ZnT-1)H1 3(ZnT-3) & 1 & B 4T Y 5 15
BMEE T WX S B FAE R E IR G
ST HAH ELOG R I ST M AR AT A

ERPAV-asE il enik7)c 3 e S D PSS Rty
RS, SRR IR A AR, HARESE

S IIEN QU NEV N IDESISWINER & p el NIbES
TR, EER R y- 2 TIREEN, B
JREESH Y AR S RS A . T A i
IR R TE, RIAIHITE y- 25 TRZ AN K FIE T
WA ER MRS, TR TR B W
R RIAE M TERT SRS . AW B XA F
B INTREE, g BB SR BT B, e 5 57

RAETT AR SIS ), R bRl b, FRATTR2E
PR R R I B R RN D RE AT
G ] TR G50 1 ARIE B I R Wi

1 MR57E

1.1 SEIgE
111 L5 3. HEPE Sprague-Dawley K i 52
H, H#d 21K, E60~70g, HEH, WiTHBEy
SEEG Y O AE, VERTIESS . SCXK2003-0001.
WERRE, 12 h BAIEES, wEREY, RS, A mdEe
K AT TSR,
1.1.2  EZEEHAL

TS HEHE R G, 80x10* U/ S (bl 2 4y
HRAR): KM, R, BR AWM.
BR A, Tris. &ALEY. SSEAbEN. BERE. KA
SR, DCELLZE . RRIR. R AR, My
PEIR B0 A IR S5 (b [ s 25 42 A Eafg Ak 2511
A T).

5 PP S I B i AR T AR TR BR 2
mER, FRAIIER 1 PR,

Table 1 The information of the five oligonucleotide probes

g::;ank umber Species Primer sequence Size/bp No. of cycles
ZnT-3 Rat F: 5" TGGGCGCTGACGCTTACT 3’ 63 45
NM_001013243 R: 5" GTCAGCCGTGGAGTCAATAGC 3’

probe: 5" FAM-ACCACGTTGCCTCCGCACACCT-TAMRAM 3’
ZnT-1 Rat F: 5" CGTTGTTGTGAATGCCTTGGT 3’ 72 45
NM_022853 R:5" GGGTTCACACAAAAGTCGTCTTC 3’

probe: 5 FAM-TTCTACTTTTCCTGGAAGGGTTGTA-TAMRAM 3’
Camk Il « Rat F: 5" CGAGGGCCTGGACTTTCA 3’ 66 45
NM_012920 R: 5" TGCACGGGCTTGCTGTT 3’

probe: 5 FAM-CGATTCTATTTTGAAAACCTGTGGTCCCG-TAMRAM 3’
Prg-3 Rat F: 5" TTGTTCGGGATCTGACCTAACA 3’ 73 45
AF541280 R: 5" AGCGAGGGTCGCATGCT 3’

probe: 5 FAM-AACAATGGCAAAAAGTCATTCCCGT-TAMRAM 3’
CCK Rat F: 5" CAGCAGCCGTTGGAAACC 3’ 67 45
NM_012829 R: 5" GACACACGCCGCACTTCA 3’

probe: 5’ FAM-CAGCTGACTCCGCATCCGAAGAT-TAMRAM 3’

1.2 KWHE

121 #VHEHERFRRKEIRR AR, KR
BEAL A g B AR A B AL NS 41)21 L5 R 2 A
PRRERAI(RS 41)39 K. KR 29 HEGW 4G, fAHE
100~110 g, 2 ml EHIEKFER 2 LHEHEG
(BC R JE 5710 U/ml), 39 HUBEARY ] K BURE H 15
e 5 % 5.60x106 Ulkg, %2 6 Ik, X4 1%

FIRE RS TN A B K. 413 T
BHRIGIESMEL 2.5~ 6 h.

1.2.2 T AMEE AT . MERRFUCON IR s 5 3
SR )T B 2R O R AE VR R AESTR . RAE
SREE FREEIN ) SR ARG, RAE 5> 92 i Racine
()73 AR UES. 0 S . o B 1A T T35 B AE TG st Bk
RAEs T 9 WEAAEITEOT A A T ik
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BUUR: M%: AWRS); Vg 25
g, V9 Ak A PEZE R AE.
1.2.3 MM gLk, Edn— IR S S0
FITT B 2% 2 00 A R OK & &8 4.25%, i
FREE 2.12%, [ ELELZ4 0.9%) 3 ml/kg A& s 5 ik
PR, e Tz Ao A b, BT RO B SK TR
B, T5%MREH R, WSk TE P2 U1k
FH Sk B o BaHg A A Sk Sz 4 FF - 70 0 B B p i S T
. 30% 1B K 78 40 B 2 THT, S
bR R PR AN, TR B S A R A eE IR G
PIAREN R B A IC S i N e A R, —
Ye A bn ok : x=1.0 mm, y=+4.0 mm, z=-1.0 mm.
F 502 JE 7K B A BE AU il e FA . LA i H T A
(1) F1, F2 WM T AL BAEASH ik, LUEE
o L AL IP) €35 C4 FEAR 0 3l 1 e e R AN i
SKHAR(PIIRET R 24T, FRIRHEAT IR Ad R, $rsk
5% 6 h, S TEIAR A KBS R R 78 BRI 7).
1.2.4 WS E . FEATI&AUEE. KA
5ANSEIGA, B 2 He AREER KRG RE
WHEBEG 15 3. 6 M 12h 4. JHE 0.5%%
P IY) 4% 2 T I 0 O MIERE L 18] 2, EUR 5E HE I PR
U, AEvK BV R, 2 B DO B2 ik
AREE CA3 X, PIEZ 1 mm® KN4, W
T (1) 4% W, 4°CIRTF. 4% HE & 1%
HRIRACE [ NEE K, BRI, LKB-1
RO HUOE Y], JEEEA 50 nm. MR
. Philips CM120 37 4 355 WL %2 K Bl i 55 A 3
CA3 X HEPR I TC (P I &5 A 44
1.2.5 Tunnel FT-K. NS 4181 RS 414 5 JLK
. ARG 24 h BUN . K 4123 7E 4% PFA
[ 52 24 h )5, BWLAE 20%IERE AW 24 h, U
Jo VIBURE Sh R o 2 ER He, =3 3R AT B0 5 T RS it
K, ZHZGEW, A, U A A,
Pl R )R & 3 um. $% B STk [7] & Boehringer
Mannheim 2 7 351 £ 16 B 24T Tunnel #1242,
BT i 4 R
1.2.6  ZLAMEAGETE 53 BT Morris 7K IR 57 SE5

KRR E i B Kt (42 120 cm, #5750 cm)s
KGR AL RS (B A5 3K) BRAE RGNS AR 21
J 15 K b A S o [ 1 R 4B ) AR 2R R 43
4N, FFAEIEESMUAH N A bR . AR —A
S BRI 1E KR A R 5 30 em [RIEE W F &, T
BT /KET 1~2cm &b, KEREFTQ5+ DT,

Morris /K38 5 SEBGFE /7. a. s AL WUAT SE 5

(place navigation test, PNT). SZ¥Gsr —FhBt: 25—
Brie, KB ST HEI IS, i 5 K, &R
HEATPRIRSESS:, 3 I AR5 B A K R PRI
BN TA) 2 b, EIMECREE RGE & i R 48 A Bl &R
15 K Iz s, 427 & 193 AR 1] (escape
latency). WEVKER & AR EE . RAWE
60 s AR, W 60 s KEAIFEAZITFE R
B ANE AR 60 s, HEAEE R R
5125 ERE 10s. 2 h it T F—Re2s. 5
RIS =B By il AN 81 IS AN 92 HER I AR, H
TAHE O BIINZRrZEAl, By DA AN B s 1
I 3 B ik 272 britk(60 s KEFLF 7). b.
78 i) ¥R & 5L I (spatial probe test, SPT). 58 & A7
WUTSER G 6, e 576 2 A ISR B
I R AR R, WK RUAE 60 s -6 % BT
VKIS 5 R L.

4 5 TR (search strategy): AN R -3 & 11 56
W& 43 B £k 3 (straight). # 7] 3 (taxis). B AL 5K
(random) F11 2% 5 (marginal). HZUFELIAK ALY
e RIEG A A, K RWEIE LT HEMIZ )
O GG BT EE A, R e b
N IE RS AN E AR UE- i Wt DN p vz R AT L IS
ML, B AR R, KR s Sk
BIAEIRA LSS, BT K Bl v v A BE AR 20 65 1)
W&z, MHLFR ARG L EATRAT— P8 5550
Mizzh i NEFu GRS, HL > Em
> B > 4.

R BRE FHA  FIG 8, ORI T Y
5. 3 HIT PS1~P56. P81~P84. P92~ P95 k4T
3 X Morris 7K 28 £ 5256 10 5% K SR 21 65 16 1 1R
(searching platform latency, SPL) El ¥ & 3% X U
(escape latency). P56. P84 il P95 W AT 12 5L
1.2.7 Timm (. FEHLA P73 A0 4 K
U128 3 OKRR B MRS (POSYTT REVERUM . H&
JPR I 7710 (0.3 ml/kg) JBR 19 0 bR T 8 3 A= B R K
50 mly 0.375%%% Ak 44 (0.1 mol/L R 2% h ¥ e 1)
25 ml. 4% % 5 H1 (0.1 mol/L 4 152 2% i i I 41
10 ml. 0.375%#% Ak4H (0.1 mol/L i R 2% 1 i i 1)
20 ml. WSk HRI, SRR A E T 0.375%m AL B i
4%Z% B PEER WP 7 HG, THEAKEY
BRI, DI JEBE 30 pm. K U) iR A0
W (50%F 741 2 60 mi, 10 mi Hi 4R 2% v
5.67%%F K Ty 30 ml, 17%HMH R4 0.5 ml)iks % 4
4 40~ 60 min, ¥ KIYE 10 min, RS LR
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ik ZHIZGEW], R AR A JEER EHE )G, 49 1~5 min HILR R, B

1.2.8 9 JGSE 5 B (real-time) RT-PCR. % 3
JOK IR E MR S (P9S)BEAT, #4% M Livak 2501 J5 1%
HARERAE. a. AR %% % HL cDNA Ff
a AAREAT 5 A BA SRR, H ML 5 B-actin 43
BIHEAT S 5 RT-PCR N, 1931966k,
I cDNA ¥ FEBE BE RN EE X ACT fEAE B ELER R
BRI b RIVAR R B RONAR R
25 wl, o cDNA B4R 2.0 wl.  Universal PCR
Master Mix(ABI A7), E[E) 12.5 pl. FEK R
19110 wmol/L)#% 0.5 plv #%EF(10 wmol/L)0.3 pl,
757K 9.2 pl. & DNA Engine Op ticon™ 2 (MJ
Research A ml) AT S8 SN, RN4ATH: 52°C
2 min, 94C 74Z % 10 min, 94T 155, 60C 60 s,
HE 45 MG,
1.3 HiEahE

SAS 8.0 B A X &5 R BEAT 43 B . 0K E E
Tunnel 453 5K FH 2467 3 kb B ¥ RT-PCR % K
F ANOVA #EATPIAL A W2 PhAr 5. R 2R 2K
HT (cluster analysis) Al A 5 43 M7 X 2467 vk &b B (7)
RT-PCR 4 AT 2R AAH I E 73 B B LA o + 5
TR, P<0.05 WG X

R

21 THME
KU SR RS O B s v, K LI

(@ F1

2 4

F2
F3 \\\»/"'N\
F4

C3

C4

D5 T 7 N = 2 ) P A 29 ]
5~ 15 min (¥ RIS HILP IR S (29 60 IX /min).
BRSNS ) P TR B R E = £
A, AR AT B R AN 5 T bk A X
JRcAR AL R, b B Rk, VYR R B
B, SEEEEeSRhs), HE MRS BUR K
BT I8 BEBS 2~ 5 min BERAE—IK, BEIRFRLE R
2130~60s, RIEFEEMAEALAEL 05018

B g, RS 1~2 min KAE— K, BFREES:
30~60s. 2h LG RAEREEE 8>, 4h JaRAE

FEAAE L. B 6 RGNS & 2= B0 WO AE
PR IEEAa ke, RAEFGEEE . Hor
3 HUORBUAESS 2 IR 3075 55 35 AR AT AT Je
P AEAR PR AT, A 5t BRI AT e A A4 3 22 AN e it
Z. Hoh 7 JAE 6 s I I 5 R 2 5 I
V QAR AR, PR R SR AT AR T, i
Racine fFR#E, o4 29 HOCRESE 5 LT 2%
S MG A EA oA, WA A 56 4 s .
2.2 FrFEWER

EH KRR HEELL 7~9Hz () a 3k E, LW
WRERPET I, PR <50 wV(E 1a). B
S AR T R K T P S B T R . R A K RIS
AT R R G, AR 3~ 10 min g H LA
L, 2RI WS Wbk RIEH. W
FERTTF AR B, DUE TR R I, M, %

AL A A 0
AN o

\“WW'MWV\/\/MMW A A
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Fig. 1 Example of penicillin-induced epileptiform activity recorded in frontal lobe by electro-corticogram

(a) Control. (b) Vertex sharp transient wave (spike wave) and sharp wave were soon detected just in a few minutes afer the last seizure in RS group by

electrocorticogram.
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RS2 5, 20~ 30 min Ji 1 HL P b IR R PR
I R v B 22 R, R RO, 1 h kU
(B 1b), LURHT MR, KR IEEhE 6 h, ik
A SRIE T AL SR B TBH.

2.3 BEHTHEEWNEER
AR B ER KOG B A B A CA3 XHE Rl 48 7T
W JBse R, et s b, MR s A I

WKW AW R (K 2a), B R KRR S
1.5h, WAL Tedg WM 5K, I “C” B

Fig. 2 Example of transmission electronmicroscopy

(TEM) in hippocampal neurons

In the hippocampal neurons of the controls (a), chromatin and
cytoplasmic organoids showed eumorphism with nuclear membrane
integrity; 1.5 h after the last penicilin-induced recurrent seizures, “C” -
morphous double membrane structure of dilated endocytoplasmic
reticulum (arrows) could be observed (b); 3 h after the last seizures,
autophagosome appeared (c, arrowhead) with manifest dilated
endocytoplasmic reticulum; 6~ 12 h after the last seizures, the hippocampal
neurons showed apoptotic feature such as nuclear chromatinic pyknosis
and verge-aggregation(d).

) RS2 I 25 K 7 1 (8] 2b), 3 ho sy, 2k A i ik,
L E R IMA, EREAEH G2, Jf R0 A R
LW AR ALk ik (- 2¢), 6 h F112h, HWE/NME
FRGH AR B ER 2, LbiRgmzd, Mk
BIE, AMRZG R E g A, BRI T A,
FRFAIE(K 24).

2.4 Tunnel &

BRI T A0 B Az = R [ [ 4, REAE
e gets, NS Mg A MMHEA ML o T 5 H
(6.0+4.7, K 3a) B AT RS 41(16.2+6.5, =329,
P=0.0072, &l 3b), EAHG2Am L.

@ ) o e
»— e . "! ".
s - . s B
. — § "-: O‘b<‘—
| i .
» &5 o« T ANWES
- "v<— --.\ K- 4
o o ’;'5." ’ S

Fig. 3 Example of in situ end labeling (Tunnel)
in hippocampus
In the rat with a history of recurrent developmental seizures, there is
increased apoptotic neurons (arrows) in hippocampus (b) compared to
the controls (a). DAB colouration (palm tree and brown); enlargement
factor: x400.

2.5 Morris /KixE

251 R, OB 1 K08 A MUAT S5 (place
navigation test, PNT)1~5 K& R NS 41H1 RS 41
BIRBW F s, (H RS 455 5 R0
TNS4, HARENERGC =314, P=0014 <
0.05); 5% 2 ¥ PNT MK E5 1 RMIES 3 I PNT il
PSS 2 KRR I RS 4078 8 /T NS 41,
BAZIE X (P<0.05, K4).

v o—
)
O T == <t - 0 =~
0 O — ——
, s 28 @ . miZ .
5 dE gE gy 82 90 8% o0 &7 _ 5
£80rgg =% 8% XY g4 SF = e oS5 %5
z 2L 2= s v M HoHH H W H e
O O < o< on <t N ¥ 4 o © = en I~ U S R
£ % & e ¥ I X w9 8% 44
S60f 2g S 2 &8 3%
oy * * s o
5 = &
=
sS40}
=
(5]
g
N ﬁﬁ’—‘-{%
[
o
o
P51 P52 P53 P54 P55 P81 P82 P83 P92 P93 P94
First PNT test Second PNT test Third PNT test

Fig. 4 The latency for rats finding the platform in the three PNT tests
The escape latencies from the water maze were significantly longer in rats of RS group than that of the control at d5 of the first PNT test, at d1 of the
second PNT test, and at d2 of the third PNT test. *P < 0.05. []: Control group; [0 : Recurrent-seizure group; P: Postnatal day.
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2,52 FYHEBEAT. SRS O R ] 2 2] R
JIHHRRE. a. 55 1 UOKKRE: S R F R
WSSk E, &ALl T L AT 34 D A
T 7, A2t 2R L A T ey B
Bahnias, B s K& T8 RHABAKL
BRI RALLE S 4 KA 5 KkgiH 28T RS
4, HAG 2L @P<0.01). b, 52 KME 3

H

>~

UOKRE : XA 3 Rfsi Wl Bt T RS 41,
HE R (P <0.01 or 0.05), W 2 Fins.
2.5.3 IR R R 5L 5 (spatial probe test, SPT)
LR, WETFE R KRS 5 SRS LA,
RS 21 3 I BAL T NS 41, FFEMEREP<
0.05, K 5).

Table 2 The frequency of the four searching strategy by nonparametric Kruskal-Wallis test

Frequency of the four searching strategy/%

Kruskal-Wallis test

Water maze  Group
Straight Taxis Random Marginal Total x° value P value

First maze

dl Cont 0 0 7.1 929 100 1.7318 0.1882
Rs 0 6.25 18.8 74.95 100

d2 Cont 0 0 50 50 100 0.2515 0.616
Rs 6.25 12.5 12.5 68.75 100

d3 Cont 7.14 42.9 28.6 21.36 100 22717 0.1318
Rs 6.25 12.5 43.8 37.45 100

d4 Cont 50 21.4 28.6 0 100 9.6621 0.0019™
Rs 12.5 6.25 43.8 3745 100

ds Cont 78.6 21.4 0 0 100 16.49 0.0001"
Rs 12.5 12.5 56.3 18.7 100

Second maze

dl Cont 14.3 50 357 0 100 5.512 0.0189"
Rs 0 25 68.8 6.2 100

d2 Cont 35.7 50 14.3 0 100 8.0468 0.0046™
Rs 6.25 31.25 56.25 6.25 100

d3 Cont 64.3 35.7 0 0 100 59711 0.0145°
Rs 31.25 25 43.75 0 100

Third maze

dl Cont 42.9 35.7 214 0 100 6.518 0.0107"
Rs 12.5 18.8 68.7 0 100

d2 Cont 78.6 14.3 7.1 0 100 10.5667 0.0012"
Rs 18.75 31.25 50 0 100

d3 Cont 78.6 14.3 7.1 0 100 7.483 0.0062"
Rs 31.25 18.75 50 0 100

Compared with the control, **P<0.01, *P <0.05.

el
Q n o >
—_— v O O
s < < < S <
+H S o D o o
= fSA1] 1 F H H
g —_ O O ~ o
= 05 N — o0 = 0 O
el . =S S @ A N A
S o (=3 o o
> £04
-5
£5—=03 * *
5 2 *
=}
o = 0.2
°g
.gOO.l
S E
x5 0

P56 P84 P95

Postnatal day (P)

Fig. 5 Spatial probe test
In the three memory tests, as for the value of distance in origin platform
quadrant to total distance, the RS group seemed worse than the NS group
in the three spatial probe tests. *P < 0.05. [J: Control group; [O:

Recurrent-seizure group.

2.6 Timm Fsk

RS 41 B R IE A 731 )2 F CA3 X R4 41 i
JE T UL A AT, X IR R R ZF,
W 6 FioR.
2.7 KFIZEE RT-PCR
271 ERYHIRCE. RVE ARG F SN &
KL B-actin SN 26 e, I cDNA W
IO BAE AT ACT E(H 3R 5 N S cT (2
FEWEE, T3 & 3L 2R Rl R 4an 53 /h T 0.1,
Ui H AR DURT N S LD B 2R A ], SR 45
BRI 278 kAT 8 w0 AT, Wl 7 BT R(ZnT-1
).
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272 TESE R RS AilF D CaMK I o il
ZnT-1 KXW BT NS 40, 1fi CCK. PRG-3 F
ZnT-3 AL Z [RC W B ZE (P < 0.05, [ 8).

*

Fig. 6 Example of mossy fiber sprouting in control

rats(a, b) and rats with penicillin-induced PRG3  CCK  ZnT-3  ZnT-1 CaMKII

recurrent seizures (c,d)

In the rat with a history of recurrent developmental seizures, there is . . . . .
i i o ) i Fig. 8 Analysis of relative gene expressions data using
increased Timm staining (arrows) in the stratum pyramidale of CA3 (c)

. . . —ACT
compared to the controls (a). Increased Timm staining was also greater real-time quantitative PCR and 2 method

in the inner molecular layer of the dentate granuar cell layer (arrows) in Real time RT-PCR analysis showed decreased expression of CaMK II o

the rats with developmental seizures (d) compared to the controls (b). and ZnT-1 in hippocampus of RS group than that in control group.
Scale bar=100 pm. *P<0.05.¢—4: Control group, m—m : Recurrent-seizure group.

10 }

5 i : - o — o 273 FEMORAE MR W], NS 4 CaMK I o

<4l PRG-3. CCK. ZnT-3 4 ML EATILRRRAE, Jf
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Fig. 7 The comparison of gene amplification efficiency CaMK Il o 1 ZnT-1 B R EAH7%, PRG-3 #1 CCK

between objective genes (ZnT1 as example) and 3-actin IERUEAR S, H4s2 mTen G *Béglﬁ(ﬁé 3).

The slope rate is 0.006 33, P < 0.1, indicating that gene amplification
efficiency between the two genes is identical; coefficient correlation is
0.095 8, P =0.878 2 > 0.05, indicating no dependability between the two
genes. y=0.006 33x+6.344 9; r=0.095 8, P=0.878 2> 0.05.

Table 3 Correlation and regression analysis of the expressions of the five genes by quantitative RT-PCR

The compared two genes Control RS group
r P r P

CaMK- Il and ZnT-1 0.495 0.317 0.954 0.003%*
CaMK- Il and ZnT-3 0.976 0.000 8** 0.408 0.421
CaMK- Il and PRG-3 0.980 0.000 6** 0.227 0.664
CaMK- Il and CCK 0.927 0.007** 0.406 0.423
ZnT-1 and ZnT-3 0.34 0.509 0.357 0.486
ZnT-1 and PRG-3 0.449 0.370 0.344 0.503
ZnT-1 and CCK 0.180 0.732 0.214 0.683
ZnT-3 and PRG-3 0.985 0.000 3** 0.147 0.780
ZnT-3 and CCK 0.965 0.001** 0.309 0.551
PRG-3 and CCK 0.945 0.004** 0.761 0.078

Correlation and regression analysis demonstrated positive linear correlation among CaMK Il o, CCK, PRG-3 and ZnT-3 in NS group and
between CaMK Il e and ZnT-1 in RS group. **P<0.01.
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Long-term Effects of Penicillin-induced Developmental Kindling on

Cognitive Deficit and Related Gene Expressions in Hippocampus”

NI Hong"”, JIANG Yu-Wu?, DING Mei-Li", WANG Zhe-Dong", TAO Lu-Yang", WU Xi-Ru?
(" Neurology Laboratory, Soochow University Affiliated Children's Hospital,

Laboratory of Aging and Nervous Diseases, Soochow University, Suzhou 215003, China;
? Department of Pediatrics, First Hospital Affiliated to Peking University, Beijing 100034, China)

Abstract Epilepsy in children is associated with a broad spectrum of cognitive deficits, which is associated with

hippocampal mossy fiber sprouting. The underlying molecular mechanisms involved in mossy fiber sprouting in

hippocampus following developmental seizures are not completely known. The timing of cognitive dysfunction
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and the relation of this cognitive impairment to calcium/calmodulin-dependent protein kinase I (CaMK- II ),
plasticity related gene 3 (PRG-3), cholecystokinin (CCK), zinc transporter 1 and 3 (ZnT-1 and ZnT-3) in
hippocampus were studied. A seizure was induced by penicillin quaque die alterna in Sprague-Dawley rats from
postnatal day 29 (P29). Rats were assigned into the recurrent seizure group (RS, seizures were induced in eleven
consecutive days, n=39) and the control group (NS, n=21). At 1.5 h, 3 h, 6 h and 12 h after the last seizure,
apoptosis and autophagy were detected by transmission electronmicro-scopy (TEM) or in sitw end labeling
(TUNNEL). Electro-corticogram was observed after the last seizure. During P51 to P56, P81 to P84 and P92 to
P95, the rats were tested for spatial learning and memory abilities with automatic Morris water maze task. On P95,
mossy fiber sprouting and gene expressions in hippocampus were determined subsequently by Timm staining and
real time RT-PCR methods. The results are as follows: a. TEM revealed the formation of autophagosomes and
apoptosis in hippocampus after kindling. In the hippocampal neurons of the controls, chromatin and cytoplasmic
organoids showed eumorphism with nuclear membrane integrity; 1.5 h after the last penicilin-induced recurrent
seizures, “C” -morphous double membrane structure of dilated endocytoplasmic reticulum could be observed;
3 h after the last seizures, autophagosome appeared with manifest dilated endocytoplasmic reticulum; 6~ 12 h after
the last seizures, the hippocampal neurons showed apoptotic feature such as nuclear chromatinic pyknosis and
verge-aggregation. TUNNEL staining also showed elevated number of apoptosis neurons in hippocampus of RS
group(P < 0.05). b. Vertex sharp transient wave and sharp wave were soon detected just in a few minutes afer the
last seizure in RS group by Electrocorticogram. c. Escape latency. The escape latencies from the water maze were
significantly longer in rats of RS group than that of the control at d5 of the first test, at d1 of the second test, and at
d2 of the third test. d. Strategy analysis. RIDIT analysis showed that the scores were much worse in rats of RS
group than that of the control at d4 and d5 of the first test. Moreover, the scores were much worse in rats of RS
group than that of the control at the whole three days of both the second and third maze tests. e. Memory test. As
for the value of distance in origin platform quadrant to total distance, the RS group seemed worse than the NS
group in three maze tests(P < 0.05). f. Aberrant mossy fiber sprouting was seen in the inner molecular layer of the
granule cells and the stratum pyramidale of CA3 subfield in RS group. g. Real time RT-PCR analysis showed
decreased expression of CaMK Il a and ZnT-1 in hippocampus of RS group than that in control group. Moreover,
the four genes (CaMK Il o, PRG-3, CCK and ZnT-3) in NS group and the two genes (CaMK [l o and ZnT-1) in RS
group showed copolymerization characteristic by cluster analysis. In addition, correlation and regression analysis
demonstrated positive linear correlation among CaMK II a, CCK, PRG-3 and ZnT-3 in NS group and between
CaMK Il o and ZnT-1 in RS group. It was concluded that recurrent developmental kindling induced by penicillin
could cause not only autophagy and apoptosis in the earlier stage of brain damage, but also have long- term effects
on cognitive function and hippocampal mossy fiber sprouting which may be associated with the down-regulated

expression of CaMK [l « and ZnT-1 in hippocampus.

Key words penicillin-induced kindling, epilepsy, cognitive deficit, molecular mechanisms, CaMK Il a, ZnT,
CCK, PRG-3
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