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PR EIZE (EP 21) JBOW + B A Ak a4 (NaHS 41) ;5% F Morris 7K 32 B 480 B 23 1] 2 ST 02 B8 7 5 SERT 5696 E ik PCR
e I v v ) B B Tk -B -5 1 ( CBS) mRNA fiI CREB mRNA 5748 fk, €58 EP A2 | BFH2= 212871 5 NC 4 1k
AW S 9IR < Morris 7KK B 28 AL AT 552 50 v b VR IR I B AE 4 (P < 0.01) , 58 3 IR A R i) W 448 (P <
0.05) 5% 3 G FRUFUKPE 2 i S0 B9 A9 43 L DA K8 T 5 B S 9820 (P < 0. 01) ; NaHS AT 42 =i oK B 27 2T id A2 g
J1,5 EP A H#, 28 b5 21012 R J) 45 Wik il 46 A Y A B 3 25 5 (P <0.05,P <0.01), 7.30 d B} EP 21 KR 5 CBS
mRNA 357K -8 BAEF NC 41(P <0.05) ,1fif NaHS 4 CBS mRNA 23k /K B 5.5 F EP 41 (P <0.05) ;EP 41¥% T CREB
mRNA F557E 7 .30 d B #5700 BALF NC 41 (P <0.05),7fj NaHS 241 CREB mRNA 7f 24 h.7 .30 d B 3355 15 2 & F EP 4]
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Exogenous hydrogen sulfide improves epilepsy-induced cognitive dysfunction in rats
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[ Abstract | Objective  To investigate the neuroprotective effect of exogenous hydrogen sulfide (H,S)
on cognitive deficits induced by epilepsy in rats. Methods  The epilepsy rat model was induced by intraperito-
neally administration of LI-PILO. Male SD rats were divided into 3 groups, normal control group (NC group) ,
epilepsy group (EP group), EP + NaHS group ( NaHS group, intraperitoneally injection of 14 pwmol/kg NaHS
in 25 min before PILO administration). The ability of spacial learning and memory of epilepsy rats was tested by
Morris water maze. The expression of cystathionine-B-synthase ( CBS) and cAMP response element binding
protein (CREB) in the hippocampus was observed by real-time PCR in 2 and 24 h, and 7 and 30 d after model
establishment. Results Morris water maze test showed that the spatial learning and memory ability of EP rats
were decreased when compared with NC group. In EP rats, the escape latency to find the platform was signifi-
cantly prolonged or extended compared with NC group (P <0.01). The times of passing platform, mean explo-
ring time and percentage of swimming distance in original platform quadrant were decreased significantly
compared with NC group (P <0.01). NaHS improved the ability of learning and memory, with all indices of
spatial learning and memory had significant differences when compared with EP group (P <0.05, 0.01).
Compared with NC group, the expression of CBS mRNA in the hippocampus of EP rats were down-regulated
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(P<0.05) in 7 and 30 d. While, the expression of CBS mRNA in NaHS group was higher than EP (P <

0.05). Compared with NC group, the expression of CREB mRNA of EP rats were down-regulated in chronic
period (7 and 30 d, P <0.05). The expression of CREB mRNA in NaHS group was higher than EP group at
24 h, and 7 and 30 d (P <0.05), but had no statistical significance at 7 d and 30 d when compared with NC

group (P >0.05). Conclusion

Exogenous H,S exerts neuroprotection effects and improves cognitive deficits

in epileptic rats, which may be through upregulating the expression of CBS and CREB mRNA.
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TR (epilepsy , EP ) J& #1 28 JG W] 25 57 ToC |, 7]
S BROK i 7 Y Ty B 5 0 AE L B B 28 AR 0 A
HDHE DL Rt 2 S R R B — TR R . Sh
S FNG RWTFERIR,  T B s TE B )
Gan 1 O SR TRLVA: AR 1= KoY S o)) A 1 D R
AELT BT B0 5 13 19 HARBIL 1 6 A Bt , i R
ZARARTT B IR T B0 A KN T BE B A K M 52
Wi 3SR B AR T B i, o H RO PR B R
AWFTERM], N IRPERT AL A (hydrogen sulfide, H,S) 5
RS G D RE FE RS O, FF R B0 H,S AT 2 i
Pl CAL X R HG 5 (LTP) , $27R8 H,S Al &
FOJEICE BHHEY AR A H,S BB S 5 T RN
FEA BT RERRRT , H T A . I, AL
AP 2 iy (Li-PILO ) &2 4 K B 155 28
WA AMNEYER) H,S A NaHS 35 380 K e il
1268 77 16 5 6 A7 ik -B - il ( cystathionine-B-synthase,,
CBS) A8 B 17 S 0 TG4 45 5 85 1 (cAMP response
element binding protein, CREB) mRNA F k72 {k, L)
TRIT H, S [k 28 O 40 4 TR B8 8 0 K B R0 D) g
B i (R AL o

1 #REFE

1.1 45K A
BUAEREME SD KB, BT 180 ~220g, H 2% = ZE R K22 K
FPER BE BT SRAMEHIT 5T BT 52 50 3l ) Hh oG AR AL AR BRI B
R BN 35 [ Sigma A FIRHE,
1.2 o
HtE SD KEL 96 H, 438 3 41, 43 5 A % FR 4 (NC 41) 3
JRARIAL (EP 4) SRR + s ALl AL (NaHS 4) , 44 32
P BN 2.24 07 d 30 d4 a2 24 h 4
B AR 6 1,7 .30 d - Hf R A 10 H
1.3 KSR B A o ) 4
FAHL-DC T = T B R BRI B T, S0 A6 2 3 mmol/kg i

G, 18 ~ 24 h J5 1 R AR s TR S VS 2 R 30 mg/kg,30 min J5
MTIVH LA EEAE, PR 15 min FE 4 10 me/kg 38N, A
HBRIV 9% LA 1 TC A ik e B 0 RE 22 R 7S (status epilepticus,
SE) ., SEJG 1 h, i EHHbVGPE 10 mg/kg 281k SE, AURAER] F
30 min JEFES 1 %, NaHS 4] F AU ST 2 5 T 25 min
SIS T R U TS H, S AMEPEAL A NaHS (14 umol/kg) ,NC
20 K EP 2015 i 1 S IRV IAFR A A 38R 7K
1.4 Morris K% FHm X R ¥ elcte A

Morris 7K 2K E7 4% B RIS 56 Jy 195 2 BEOSCHR [4 1, 43 0060 4%
AR BB AL 2 ke R AR 0T L s TRV 2R R T & 42 BR 14 A 23
] JFOF- 45 G PR VK O B o LB B B E A HE L RS OE A
1.5 Real-time PCR 4]/ & 20 27% CBS f2 CREB mRNA

89 R A

FE2.24 .7 .30 d B i) g, R BUTGH T Sk BRI , 76 K 43 U
o R G ERED TR B RNA, B 19 RNA B13 20 pl
Jll DEPC 7k 980 pl #Fs ( x50) J&, 3R Tu-1810 4143 ¥k
JEEASCR TN RINA &8 Ry J8 , 42 3 4K, D(260) /D (280) L fE #E
1.6 ~2.0 Ju [ FR RNA 4388, IR D(260) Ei15
HH RNA B BER R B [ RNA YREE = D(260) x40 pg/ml x #ike
FEHC] B 50 ng/wl (1) RNA B B4 . AIEH GenBank £52%
Wit 519 751, i TaKaRa 49 TR~ Al G . CBS Lii#5|
#):5'-TCATCCTGCCCGACTCTGTG-3', F i 5] #: 5'- GGTG-
CAGATAGGCTCAGCTCTTG-3', 4" 3 p= 4 K-y 338 bp; CREB
Ei54:5'- GCACTAAGGTTACAGTGGGAGCAGA-3', F i 5|
). 5'- ACAGTTCAAGCCCAGCCACAG-3', ™ 8 = iy K- i fy
391 bp; B-actin I i7 5| ¥ : 5'-GGAGATTACTGCCCTGGCTCCTA-
3, F #5145 -GACTCATCGTACTCCTGCTTGCTG-3", I 3% 7=
WA BT A 227 bp s ¥ 5 5 S 7 B 50 ng/pl RNA, A Oligo (dT)
NEIEAT R 5 S cDNA 5 1. 965 & PCR I, SV i
BARFRRE 6.5 %, KNAR R : cDNA 2 pl; E{iF5 14 (10 wmol/L)
0.25 pl; T4 (10 wmol/L) 0.25 wl;SYBR superMix II 95
RAW 12.5 W, BHUR AR (L FiE514) 0.5 pl; DEPC K
9.5 wl;cDNA 2 pl; [RlBS BT 5 [ 1 — M I, RO 4% 56
1 4 HiAs: 95 °C x 8 min, 1 AMEFF; 45 2 4 . PCR % 95 °C x
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15 5,60 C x 1 min,40 MEER 45 3 25 R 28 407,95 °C x
30 5355 °C x15 ;95 C x30 s ,80 M5, 57 Real-time PCR
Rl M ZRAE S 38 B RR S PRI E 0 s R, B3I C fL, DU Rk
B-actin NP2, Al CBS,CREB & [H 3 &/ B-actin FE K F ik Y
LU AR AT AR 2 3 BT o
1.6 %itso

MBI x 5 42755 T SPSS 18.0 BB Pt B 4% 418
PEATRRIZR T 2253 #7

2 HR

2.1 SMRME H,S R KR F T LI HE A 09 % e
2.1.1  Moris AR EEMMATHE AT LI
5 d, BEF N ZROCRN I 22 , 48 2R Bk b T DR 0T 28 A A [ e
AL, 5 NC 21 gL, EP 416 AR ] RSB 4 (P <0.01),
NaHS 24 EP 41 gk (R W] 4k (P <0.01) ., WLk 1.

F1 BAXRECMITEREEEZEKILLE (x£5,n=10)
4151 1R 2R $3 R 4R ERES

NC# 24.8+12.4* 16.5+10.2% 8.9+8.4* 7.1x6.1* 6.9+3.8%
EP#4 50.8+16.9 33.8+10.8 30.8+9.6 12.8+8.2 11.5%6.9
NaHS 4 26.4 £10.5% 19.7 £8.8* 9.9 +4.8° 8.8+3.7* 7.9x3.2%

a: P<0.01,5 EP 41145

2.1.2  Morris /KK 25 [ F R 9 K 5 NC 414, EP 44
H1 NaHS 4156 3 ZBRGERA SR B E 4% (P < 0.05) ,EP
YIRS 3 G BRUFUK I B o 8B S 1 4 B DL R 5 T 5 OB
I NC AW Wi/ (P <0.01) 5 5 EP 41 LbAL ,NaHS 4055 3 4
FRIRZRA A0 a) B SRR 55 3 G R K BE S 7 R B 4
b R RO B B B £ (P <0.05, P<0.01), M
HWEREUEATE ,NC 20 F01 NaHS 21 K 5 5 ok ol £ 4L b 7
- K LR B EP 2K B T DK B0 ) S B A vh e K it 2%,
WA RIS RRXA(F£2) .

®2 BAXRREFAKRRFTHYUME HKESSBES
BOURFETFERE(x=5,n=10)

I PREREARNE] (s) BFK IS/ SIS (%) TR B U (R
NC 41 6.98 +1.36 40.23 +6.36 6.61 +1.14
EP 4] 5.63 +4.822 27.36 +8.46" 2.71 +1.00"
NaHS 4 6.40 +1.43% 36. 11 £5.00% 5.63 +1.16%

a:P<0.05,b:P<0.01,%5 NC #Lrt#;c.P<0.05,d:P<0.01,%5
EP 414k

2.2 ShRMESTE AKX A ED CBS 72 CREB mRNA %
A

EP 4 B 2 CBS mRNA 32357E 2.24 h i F NC 41
(P<0.05),7£7.30 d BHMIEF NC 41 (P <0.05) ; NaHS 411§ 5
CBS mRNA #3576 7.30 d B EF EP 41 (P <0.05), 5 NC
A b4 EP K U 54141 CREB mRNA K3A7E 2.24 h #] i
FTE (P <0.05) 1 7.30 d i} B TR (P <0.05) ; NaHS 4
724 h.7 d F130 d Bf CREB mRNA ik 20 85 F EP 41
(P<0.05) ;5 NC 41 4%, NaHS 207 7.30 d it CREB mRNA
Rk E2ZEF(P>0.05), WL#k3,

3 g

KBTS R )G, /T HHIRE TL% RS
AL A SR 0 1o 1 & AR, I AT LA R S SE,
VTS R s e IR K BV B 5 A SIS
SRARRURRE . 50 & A 5, BB BB R A 20
TSGR NI BEZ B L AR S
LA Tt NG R 1 =2 TR vt = I T A N e S S P
P H,S A NaHS T 5 ] I 35 S0 S 00 < B2 (] 2%
JICTCRET T, B K BRI TA M1 ) g R A% 7 fig 5 i
NI H,S K

H,S 2R RIS 3 M SURGE 5+,
AT kg 40 P9 RD 20 L ) %) 15 5 A% S 00 1, RO I R
SR R G oA BB AR B . I H,S A
A TR CBS, /NERAY CBS J: R J5 s LT
WAE] H, S, 248 CBS iy 3% 4 o] LR Y H, S B9 A4
0, CBS BN TR M4 4L rh, T AR 1 vp g i
FesU78 L ZEIR A H,S 173 DISARIERAEAE,2/3 LU
NaHS JERXAFLE R H,S 5 NaHS Z (B fF7Esh A5 F
R, AMTHHREERRE" . Han 0 it &
WL H,S MR NaHS 1] BY i s 4% Jz &2 # M 1 Bk
FITEL Y 4l 4F K B S AR T i 545, 1 CBS 1 4l 551
HA JUIA] B 55 g fin o HOvE S b 28 o0 40 43 5 H, S 38 AT
o BN EESUR AL R G VR, ST A A A DT
JR K , X B S SO 40 B B 1 AR AR
KB, W A A G, KEUE S CBS mRNA Kk 2 HF

3 BEAKXREDZAL CBS 1 CREB mRNA &K% L% (CBS .CREB mRNA /B-actin mRNA, x +5,n=6)

CBS mRNA CREB mRNA
215
2h 24 h 7d 2h 24 h 7d 30 d
NC 41 125 10 120 £ 16 132 £29 108 26 124 £10 107 =67 107 29 154 +26
EP 4 132 £11# 148 242 95 +42 98 +82 186 =112 165 +822 100 +42 132 +82
NaHS 2 134 +9 130 262 159 428b 106 30" 193 +92 183 £26%" 107 =4b 153 £98"

a:P<0.05,5 NC 283b45;b:P <0.05,5 EP 2a1t4k
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W1(2 .24 h) -, 801 (7 30 d) FiERAEAL, 3275 H,S
WHES S TR R R EIE R, [, A Seut % 3
NaHS 5 1] B2 100 K B & CBS mRNA %
5, DT AT e A B 5 H, S A B, L% 4
WY AR ERW, H,S A 5 i s
cAMP 3&4% 3458 NMDA 32 {4 T 19 )% , i % NMDA
32 RAR MR 936 5 CAL LTP'®) T o LTP J2: 530
T2 222 2 P2 R 53X AT B NaHS T 55 Al ok
SR R FRAS [) 27 T 102 RE T ROBLRT =2 —

AHFFE KB, SNEE H,S A NaHS i 7 i %432
U K U T CREB mRNA 9335, CREB fFhic
12 IRES> T1E 1987 4E % Montminy & B34 , CREB
AR AT H TR U B S R e %, B 5 M 2ot
WM E R EEAEN Y. CREB 7622 g 425d
PR BRI CAG B 7050 B R, B 5E N B g
AR SR 1, B LTP R ful nf 38R A 0
1275 CREB 15 Pk Sh A BN i 2 > e RE Y
WrimAe, B AT RENCE IE S 2 > e A2 Th Rk
TR ARBF ST LS R BN, W K B ) CREB
mRNA K FFA T P8, 13 AT B2 5 05 i 45 403 A s #)
— PR SR B A s S A I A 2o
f1 CREB mRNA ik /KFF [5 AN H, S fE 4k
NaHS FH5 , Bl K B CBS mRNA ik E i, M
T T {0 R B 5 H, S A 3 i, (s K B v 25
CREB mRNA ik b3, A ShREAS 2 0] @ ol . 4R
77 H,S Hl S0l A B 5 CREB (72357 fg 2 H A 4%
Bz B HAR R ST A AR LR 2 —

AW 45 S F W], NaHS ] 8535 0 6 900 K FUA
HITHRESBE , 38 SR 24 > i 1CRe T, L nTee 5
I T CBS I CREB [R5 X, X Wi H,S 42
= 2E G RE ST W 43 FHLEI AN FE TR N AS, Wil R b
BI7 T TR I A RN DI BE SR AL 18T i LIS
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