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[HE] BT Ak A& K47 (somatostatin, SS) #4852 A o A 4P 2 T 69 40 £ h 5 . FHik:6 ~8 Ak
B SD K R A A 0 (R EST A4 + B FF &%) fo st BAL (R E S A4 + AT B K) 2
%) F1,7,15,30,60 d 5 Aot & LR A 5 ATA(AL ~5 B4 ,Bl ~5 B20), %0k 48403 5 skl
BT R B R R ) B )% SS P 1) AY 206G AR B A db R F L, 2 A 2 U 45 A% 30 R (neuronal
nuclei, NeuN) #9 %, 7% B 240 5 B 2 55 SS 89 %, 9% 5 A BAFIL, R SS P o Z L9 B A AT R FUa &
T4, GER . FiRH 4K A (status epilepticus,SE) & 60 d B CAl [X SS b2 4k B A it s BB 41 (P <0.01) ,60
datisD CAl RA B TILKEH %69 SS Fatk2f 4 ;SE /5 60 d CAl X 64 A2 44 3f 45 45 B A2 45 % & NeuN 81
A2 AHK B AT EF;SE B 15 d #iF 5 NeuN sUFRie 69 SS W A4 2 T/ CAl R 4 22 #i3 % 60 d Bf CAl 4
EBAGRET I 5 69 WAFIT SS P lHlAh 2L, Z5iL:SE B 60 d CAl RAEKRFI 56 SSMMLagfRa T
CAl X 4% B R 45K E3G % 04 SS Tabk & [0 A 22 70, X A ym A 4h % B 3 T AR L B vH R 09 K A Ao i 0 B &
AP RETEAA,
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Axonal sprouting of somatostatin positive

interneurons in the hippocampus in epileptic rats

YI Fang', XIAO Bo’, JIANG Ting’, LONG Lili*, LIANG Jinghui’, FENG Li*, LI Guoliang
(1. Department of Geronotology; 2. Department of Neurology, Xiangya Hospital
Central South University, Changsha 410008, China)

Abstract: Objective To investigate the axonal sprouting of somatostatin ( SS) positive in-
terneurons in temporal lobe epilepsy. Methods 6 —8 week-old healthy male SD rats were divided
randomly into an epileptic group (treated by lithium and pilocarpine intraperitoneal injection) and a
control group (by lithium and normal sodium intraperitoneal injection). Each group was randomly
divided into 5 subgroups at 1,7,15,30, amd 60 d after the injection. Immunohistochemistry method
was used to detect the number changes of SS or neuronal nuclei (NeuN) positive neurons in different

domains of the hippocampus at different time points in each group, and the coexpression of SS
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positive interneurons combined with NeuN was detected by double immunofluorescence to observe
the dynamic changes and axonal sprouting of SS positive interneurons. Results The number of SS
neurons in the experimental group exceeded that in the control group in the CAl area at 60 d post-sta-
tus epileptieus SE (P <0.01), and numerous SS positive fibers were seen throughout the layers of the
CAl area at 60 d post-SE. NeuN positive neurons in the stratum oriens and stratum radiatum layers in
the initiation site of the CAl area were beyond normal at 60 d post-SE. The number of double labeled
SS interneurons gradually rose at 15 d in stratum oriens of CAl, and even exceeded that of the controls
in the stratum oriens and stratum radiatum layers of CAl at 60 d. Conclusion The numerous SS

positive fibers throughout the layers of the CAl area at 60 d post-SE come from the increased interneu-

rons in the stratum oriens and stratum radiatum layers of CAl area. The pathological axonal sprouting

may play an important role in the generation and compensation of temporal lobe epilepsy.
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SMEIR PRI HH LR 2R 0 R A D 2R B
U SR 5L, (B2 4 Dy 1k A B TS AN B
B o T A P [ S 10 394 5 R0 S P [ 5 ) i 553
WU & R B RO B AR AR,
KT ATE [0 B BT R 22, TS T R4 o] 1 el
LI -2 FE T R (y-aminobutyric acid, GABA)
AE P ] # ZE TR DTS AR XD L

A KA ER (somatostatin, SS) H [ 1l 28 0 J& T 1Y
RAL GABA REFPRI M 22T, 2 5 M 4 oo RIE L
Sefibid e o EAMIFE K BUAE S R
RRASTRY ) e 1 1] X 7 A SS v il b 28 00 1 . 2
RS, B IR B AT AE -5 U 1 S A S DI AR
Ko (AR E il ORI 1) 3 2528 10 e g 1k
SR B2 0 2 DO N 2 LD o ASBIF S J i A Sy DL
& i O R SRS, A [R5 (] K SS e [a] o
ZIUH) B A BT 2 O, 45 il 2 e S
PERZYLIFE (neuronal nuclei, NeuN) i S ig 1 2Uf 2 [
H5 SS WY FOE IR IC, RV SS [l 22 T8 1Y
SRR 2GR

1 HEH®

1.1 ER%FHhh Ao

6 ~8 J&] i g e 1 P Sprague Dawley K R ( H R
KA B 2% Bt S 56 sl v 4L ) 1A BT (250 +
20) g,90 H FEHLA A SLEE A (A 4, n =55) FIXTHR
(B4 ,n=35) , BAMEEFELA)ET 1,7,15,30,60
d LFEALAY R S ANTLH (AL ~5 T4 ,n =11;B1 ~5

somatostatin ;

interneuron;  axonal sprouting;

W ,n=7),
1.2 fa sk h B AL ) A

S < M S AR A 125 mg/kg, 18 ~24 h
JE I ETESTIE 2 R it 20 mg/kg, 4 30 min 7] 5147 25
TULE R 10 mg/ke, i P & AF 2 2 35 Racine FR
WG K LA FHESE 60 min DL_E 2 M EOR AL 5
FEES 6 Wa A8 2 ) 13 F BUW K8 W, 7
o BURRING T LA 10% KA EBELIE . aEiEE
W SRS (status epilepticus,SE) I, 4 KWL 5)
WAT R, WEERFR] A 8200 am ~ 12: 00 pm, X A2
55 S 55 2H A [] 74 BRF i) 500 s 3 Sk S A R B A PR
K TS JE ST BDWER R B AT 27284k
1.3 #EEzBRMferkE kR

490 22 5 FIRE RS 45 I ) 5 K BUA T30 1 SO, 3B
B4 C 4% 2 T W [ € o IS, BB 2 7 TS
UKV R AL (7 [ SLEE Tecknik 23 %]) 47 16 pm J&
Wb AR L U) e , WO A T 5 R 43 i R T A
0.01 mol/L R h 2% mifk (PBS) 1 24 fLAH . R
0 e e R BRG 4H 4H 8 T B R R (50% 0. 01 mol/L
PBS,20% N —F%,30% 2, %) W, T - 20 CykAE 1%
e
1.4 fagiLsie

0.01 mol/L PBS(pH 7.2 ~7.4) {10 min x
6 W ;3% it A AL A 400 pl/AL, =R T & T8 K 30
min DL M SR AL DTl PBS BEUE s 5% IR
IR G + 0. 03% Trion-100 ¥ 2 i 1 h B FA1 471
Ji 5 1% /N4 DL 3 11 2K 1 (bovine serum albumin, BSA)
MBI — HT (bt KL SS Z s BEiiAk 1: 1 500,
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Bachem 23] ; /)N BT K B NeuN B 5g BT {4 1+ 250,
Chemicon A 5])4 CIFE % ,37 C K& 1 h;PBS &
U 10 min x 6 K ;1% BSA i B 5t (FHi e M2+
/R TgG, 312 1: 200 5 fif B & ) 2 il 45 min; PBS
BUEAB Z AW E IR 30 min; PBS BUEE — &
BRI R A5 5 min A4y, ZR AR K 0k ROV (AP TE
W2 RS i) 5 68 58 UG Il R I T 22 R R
SO PR BRI A, BT R RLBK GE W] B R, BT
XFRECR T PBS A — 40, R Il R # AR, 45 R
B
1.5 F& 38 A WAR

0.01 mol/L PBS ¥t 10 min x 6 ¥ ;10% 1E %11
FAMIE +0. 03% Trion-100 ¥ % 1 h B 555
S3 AR 1% BSA Fi Be i) 2 Fh—Ht SS + NeuN ( f 47t
KELSS ZrafEdifk 1:1 500, Bachem 23 w] 5 /N BT K
B NeuN P FEFEHLIA 1: 250, Chemicon 2\ & )4 °C g
B ,37 CHE ¥ 1 h;PBS P 10 min x 6 ;1%
BSA #i B %< 06 9T (Cy3 FHU ol 488 4/ Rl
BIoh1: 1008 FL ) =05 2 h(iZ8 KU B BRALE
2 TR SE ) 5 PBS SEUE  FF I F IW Fr  22 Bl R
AEFAT B R, BT CH 3 s OB R AR B
i (2= ZEISS LSM 510) T W4%
1.6 Zafit H A it a2

FH HPTAS-1000 75 ¥ M 2 €455 181 2 70 A1 R 4
M7E SS K NeuN FHM: i 225048 H | SE 50 2040 34 FH

B+ bRifEZE (3 =) R, A BT Z AR ORI
SPSS12. 0 #FHLNZR Ty 2270 M (ANOVA) | S50 4 55
X L 6] EL A I AEAS ¢ K58, DA P < 0. 05 D 22 53
AR L.

2 #F R

2.1 AMEARATAHFAE
S 3 40 HOR BLUEUR BT A, A
7 ~9 H BRI G Sh R R 72.7% . 35 KRAE SE )5
15 ~30 d J5 ¥ 1 B 8 A& KA 5 6 B R B8 A UL
AT R
2.2 SS HEABALFEREE LR

SE J5 i 711X SS FHE# & T it Bk N I% 7
d Bl R R I, 15 d JE TRIR 3G I, (AT T 1E 5 K P
(P <0.01);SE J5 CAl [X SS #i £ 505k H & Wi /b,
7 d B EAR, 15 d JEE G 2,30 F1 60 d BRI IE
HKF-,60 d B CAL 46 2 FARIR 2 A] ILIS 21 SS
[ ZEI0(P <0.01,4 1,81 1) ;CA3 XSS fHMERIZ
JC SE Ji5 BIVZ 9 22 5 i, A8 PR SR A KA, (LTSI
TIEHAKF-(P<0.01) , TEH 15 R o5 2 F
ARBISN 3 )2 0] 0L SS Ye iy 27 4k, SE J5 112k ,30 d
B S K HE SS Yt (1 £F 4, JF B8 i 1F H 7K F-, SE
J& 60 d BfEEy CAL X 4234 A] I K6 SS YL iy 2f
4:(E1B)

F1 SEAREMESAREEML SS FHEREHZTHE (x £5)
Tab.1 Number of SS positive interneurons in different domains at different time points in the hippocampus (x +5)
415 n 1d 74d 154d 30 d 60 d
CAl X papitskicl 35 8.50 +1.48 9.00 +£1.30 8.60 £2.07 8.20+1.35 8.40 £1.30
SR 40 3.90£1.01" " 2.80+0.99" 9.00£1.23 10.80 £2.01 " 12.60 £1.52"
X X HEZH 35 36.20 £2.63 39.40 £3.21 35.90 £4.04 38.80 £2.70 37.00 £4.17
SEBGAH 40 20.80 £3.36" " 14.10 £3.58 " * 19.60 £3.75 "~ 23.60 +4.23" " 25.50 £3.04 " "
CA3 [X. popiiE:) 35 7.20 £1.57 6.90 £1.39 7.00 £0.89 6.50 £1.58 6.80+1.32
SEGAH 40 2.80+1.55*" 2.30+0.96 " * 3.10+1.03" " 3.50+0.87"" 3.60 £0.75" "

55 [i) — If [ g5 ] — 2 0 B2 e %, = P <0.05, # = P <0.01,
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1SS R EALERE( x100) o A IRALEG T CAL K] I/ SS FIHE I8 ; By 95041 SE J5 60 d ¥
CAIL [X SS PE T b 23 TE KRN AL, CAT X 422 17 LK f S ST 4 .

Fig. 1 Immunohistochemistry of SS( x100). A: A few SS positive neurons can be seen in CAl area of hippocampus in con-

trol group; B: SS positive neurons in CAl area in the experiment group increase at 60 d after SE, and a amount of the

increased neurophils also can be seen in all layers.

2.3 NeuN kAL FE R ELR HEEICIR B E D (P <0.01) 14 R [l A50R: 200 g %%
U] SE Joife A A ARIFRER AT  RAXEA(P<0.05) ;B CAL X A& 45 #8074

BRAG . SR IRAUAALE, SE 5 7 d CAL KHEAAIAE  JEZFIRDIRIZE NeuN i B #h 22 080 H 38 B 2

JZ (CA3 [XHEMAR M Z | 1T X A 220 8 25 b (P < HIEH, M2 ouie &4 5, HEPIA S (P <0. 01,

0.01) . SXFAEAANLL (& 2A) ,SE J5 60 d CAL X 3£2~4,[2C),

HEPR AN HEAS T % (18] 2B) , CA3 IXHEMR AR AT X

B2 NeuN EBALRNLFERE( x100) o A:XF LMD CAL DCHEPRANNLZ #9 40 HEHES B 55 50 5 B SE862H SE J5 60 d
Mg CAL XHERAA AL AT 2% 5 C: 328041 SE J5 60 d i) CAL DX IR FFA 4R 2 S5 IR 2 NeuN BH MBI 25T
LN BUROE I

Fig. 2 Immunohistochemistry of NeuN( x100). A:Pyramidal layer of the CAl area of hippocampus in control group. The

neurons are well-arranged; B:Pyramidal layer of the CA1l area of hippocampus in the experiment group is almost disap-
peared at 60 d after SE; C:NeuN positive neurons are beyond normal in the stratum oriens and stratum radiatum in the

initiation site of CA1l area in the experiment group at 60 d after SE.
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£2 AEAESEDS CAl K NeuN & HMEMETITE(X £5)

Tab. 2 Number of NeuN positive interneurons at different time points in CA1l area of the hippocampus (x +5)

25 n 1d 74d 15d 30 d 60 d
IRz pagisE| 35 51 £10 55«11 56 +9 48 8 55+10
S 40 38 £9* 36+6"* 24 £7% " 52£5 78 £4*
HER A2 A IR 35 2040273 2 026 +260 2012 £249 2037 +278 2 042 +267
F2H 40  1816+193 889 £172* * 660 92 * 388 £30* * 163 10" *
HEARZE R TE XA 35 77 +16 79 +12 74 +11 80 =15 76 £ 15
SR AH 40 58 +11°* 60 +12* 58 £9 82 +7 90 £5*
5[] — b ] 5 [ —FB 7 X IR L3R, + P <0.05, % * P <0.01,
*3 FEAESEKE NeuN 2 REMETIHE(x +5)
Tab. 3 Number of NeuN positive interneurons at different time points in dentate gyrus (x +s)
265 n 1d 74d 15d 30 d 60 d
UL A )2 Xof BEZH 35 3502 +197 3513186 3497 £179 3509 =190 3512 +187
S 40 3415+140 3316123 3240 £169 3247 +110" 3178 +152*
X it B4 35 595 +91 599 £92 586 =86 590 =89 602 =101
S 40 30 £16** 31£14%" 37+10* " 40 £8* " 44 £11%"
SR Xof BEZH 35 22 %5 20 =7 24 +6 21 4 19 %5
S 40 23 4 27 £9 3212 14 £3 16 £7

5[] — If 11 5 ] — P02 0 PR ZH LU %R, = P <0.05, # = P <0.01,

®4 AEAEAED CA3 X NeuN ®EFRMEMZTITE(x £5)
Tab. 4 Number of NeuN positive interneurons at different time points in CA3 area of the hippocampus (x +5)
205 n 1d 74d 15d 30 d 60 d
5= R4 35 327 36 6 31 =4 35+6 34 +5
SUEZH 40 22 £6 24 £6 16 £5* 10£2*" 10+3"*
HEUR L) SPHEZH 35 1169143 1175 +148 1164 +135 1162 +140 1176 +139
SEEYL 40 603 £41* * 495 61" * 320 £50* * 332 436" " 317 £40* *
HRZERERFE MBEA 35 55 12 58 +16 53 +14 50 £12 56 =13
SEEH 40 87 £14* 30 +8 * 52 £10 38 +9 34 +5

5[] — ] [ g5 ] — R 0 BRZH LU %R, = P <0.05, # = P <0.01,

2.4 RBERKBARER

i id NeuN 5 SS PEAT G52 % 56 XUbR n] LA B B
SS B LR HE R SR I OB R AR B A4S
B, Cy3 BRiC iy SS FHPEZR I 2 543 nm K BEOL
WK G L1, Alexa Fluor 488 FRic ) NeuN FH P4
203 488 nm PR PO R B ax 0, W G A1)
R, R POARIC Y SS M 200 (B 3A) #j

SKJIE7R R R ZH RS2 56 4 4% 6 3 24 ] SRR Y SS
PRI R 400, 76 1T X 7 d i &2 54 (18 3B) ; CAl
X ARJ27E SE J5 15 d Fi £ ,30 F1 60 d i3 1t
IEH KT-,60 d B CAL IR 2 AEEAR 2 P W% 2 1) SS
Hia iz oC (|8 3C,3D) ; CA3 X SE J5 Rl & i il 2
AR P LA R 1 SS B2 T B WK A
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SS #0 NeuN & 5L WARIE(A: x500,B ~D: x200) o Al ~ A3 TEH R FUHE S CAL [X SS Fl NeuN BUbRIC A H ]
205 Bl ~B3: 52004 SE )5 7 d g CAL XXUBRICH] SS Hh il pf22 ok H I 2 fefik; C1 ~ C3: 525641 SE Ji5 30 d i
Iy CAL XERJZXUPRICHY SS M2 LB 22 i IR /K-F5 DI ~ D3 52552 SE Ji 60 d gty CAL XHRJZ AR
ARIZ AT UG Z 1 SS A ZETC; AL ~ D1 :SS 9EEhRiC; A2 ~ D2 : NeuN ZOUARIC ( FEARICHIEL) ;A3 ~ D3:SS 55k
FRICHT NeuN SR MER , A G0 2 B
Double immunofluorescence of NeuN and SS (A: x500, B—D: x200). Al — A3:Double labeled SS interneurons in
control group; Bl — B3 :Number of double labeled SS interneurons decrease to minimum at 7 d in the CAl area in the ex-
perment group. Cl — C3:Number of double labeled SS interneurons gradually raise at 30 d in the stratum oriens of CAl in
the experment group; D1 — D3 Double labeled SS interneurons are beyond normal in the stratum oriens and stratum ra-
diatum of CAl area at 60 d after SE in the experment group. Al — D1 :Immunofluorescence of SS; A2 — D2 ; Immunofluo-

rescence of NeuN; A3 — D3 :Image overlayed by immunoflurescence of SS and NeuN, double staining presents yellow.
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SS J& Fh 5 B i M v E] A 20T, TSN
AR [B1F R b (8] 3= 2 A (A0RL 2 A R AR (42 20 ) 1) J
SR, N ANE A BRI R B R A
GABA g ] i 2 5T 19 Jid 2% LA 33K SS 1 #ilt 28 T it
N B B TR PE LA 1 19 GABA g [H]
IR HAR LB 8 85 R A — . NeuN J2 fif
ZICH) — UK SRR R ARG
NeuN o2 2H 240 7 25 R B oR - BUW J5 CAL Fi CA3
DX AR A AT DX A 28 0 R o a0, 7 R T ke 4
JHLER 43920, CA3 X IR 2 S B 43 2 4 42 T 8
A, CAL X AR 2 AR 2 2 on ki 5 g
PN BUR 5 T DA S AR AR g 2, g2
4 NeuN 5 SS ]t 2 e ik 17 WE bRid, 7] LA
R E AR R T R A2 Io I AR . AR KB SE
JE MR CAT XA 58 4 v [A] il 22 0 2 T 48 i, 60 d
B CAT DX IR JZ R AR 2 PT DL R 3 22 1 SS w [ia]
20,5 NeuN Gyl H AL #3281 CAT Xk F 44
I3 Z2AAY) G oSS By B Bl 28 50 = S IE 14 AR
[oa] o [ 5 240 AR0A 200 6 R 1A 200 i ) 1) 32 it
W B PEIINE TD CAL XSS i) i 2 T4 £ T
RETE CA DA S L4 il 15 00, o35 AT £ 24 i 2%
o [ A BAET ] X FNE S CA3 [X I AETE SS Hra]
LT SR IR e U g VSRV E Y Ve
5 Sun 25 75 v OBERL e A IF T 4 AR AL, 4R
TR 5T e [i] i 8 ST AE U A 2B FIE 1k Bk AR
AlREE B EEAE .

KR GABA REMIZTTAYANZE ) 2F 22
e M A VR [ AT 40 i P A 5 DX 0 5 LA A ot DS
B R B A BRI A B - IR 2 AR P-4
JZF IR i 7R B ( glutamic acid decarboxylase, GAD)
GURE LW PER 5 $R % GABA R [l B ) FE 4t
AIRE R AR S CAL X, 75 N\ 230 M50 4 21 b IR
KRB CAL X525 44 H (calbindin, CB ) 44 58 5 v 1]
W2 TUE % 22 X PRV 58 0 58 M 4 L IR
Ve S A IR JZ AR B0 1= GAD e )z
IO Y im BPAT B E) 422 Sz ik 1 CB v ) 4 42 50 1Y Al
R ZE, XSS Hh ] 2 0T Y WF Y i = Bl P A
AU )P 22 o0 28 ol B A GRS . ASBFSEE T SS AR
PEHAUL 2RI SE J5 60 d ¥ T CAL [X 42 B
KAIIINGY SS Qe £r4E, Lh CAL KGR IR H W,
AT 9O RS R, SE J& 60 d CAL X 45 = Al
FEARZ WU AR IO Y He E] B 22 50 B 2 3, AT 4 7
XL I 21 SS Je BV LF 4E Rk B T, SS
W B PP TCAE W D) CAL X AFAE S5 5 1 400 o 2 [l %

FAH BRI SS PRl M 2 nfE KM A &k
PRI ELE DL T 428 H 25 5 s O 25 0L

CAL DX 5 Y Hp ] Aot 220 57 L 2 1) PR 2T 2
] REE i S E S A 20 i 1Y RS 5 DX o AR 2%
P, A1 T E S IC B A 1 Rl 2 i o, il 2%
IR TR I R N P i/ (T
SR i o 2 T 5 2 T B DI RELE RN 2
7%, B ST TEAER B 4 A 2 R B A A AR R B B
FERE T H RTINS 2 o P, 96 S 22 0 A 5%
ZF SO 1958 AR b T 2 5 i AR BAE HE— P TR A
T

L% 0k
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