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5= BRY 455040 2 & ahuk W B T A 8 o (subarachnoid hemorrhage, SAH) & #b 22 5, 4m 6L 8 ©= . 37 56 B 4k & M GA 4n 3 41 5 7% 04 %
v, kit 80 R FAEE M SD K R, AL va 4. B 21(n=20). 45 SAH 21 (n=20).SAH+ & & 7] 7& 77 41 (n=20)F=
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FERHH A 150 mgkg, 1k /12, 25k R T IS s dn s B0 5 48h 4L 58 820 3R 45 K R, IR fn 5% 3 JB) ) 0 o0 2 i 2 2R (3 R AR
A, iiif TUNEL 3 3t & & Fluoro-Jade B 3¢ 3. 3¢ &) & Ab 2 LM = B IRILAHE L, &Lkl 4 K A4 SAH /G 48 o 44383t
Morris K% B X I X A smh 4. EEER  SAH 41 K R4 7 30 2 463 & Morris 73K & 1K I 4 3k 38 AR B R EBEAE AP 2 A
B TAIRTEE YR EFTRAKXRZREA S (P<0.01), Mk EE477 80 LAY B FK T EBA G724 (P<0.05),12
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TRk f B K R YA e T L IE AT,
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ABSTRACT Objective: To investigate the effects and mechanisms of melatonin on the secondary brain damage and neurobehavio-
ral dysfunction after experimental subarachnoid hemorrhage (SAH). Methods: 80 adult SD rats were divided into four groups: control
group (n=20), SAH group (n=20), SAH+vehicle group (n=20), and SAH+melatonin group (n=20). The rat SAH model was induced by
injection of 0.3 ml fresh arterial, nonheparinized blood into the prechiasmatic cistern in 20 s. In SAH+melatonin group, melatonin was
administered i.p. at 150 mg/kg at 0, 12, 24 and 36 hr after the induction of SAH. Part of rats in each group were killed on 48 hr after
SAH.The brain sample was removed and keeped in 10% formalin solution.Cognitive and memory changes were investigated in the Morris
water maze at 48 hr after the induction of SAH with the rest of rats in each group. Results: The behavior and activity scores, escape laten-
cy and swimming distance in Morris water maze task, apoptosis and necrosis percentage of neurons of SAH rats were all significantly
higher than those of the contol rats (P<0.01), while the above index of SAH+melatonin group were significantly lower than those of the
SAH-+vehicle rats (P<0.05), but no significant difference was found in the above index between SAH and SAH+vehicle rats(P>0.05).
Conclusion: Melatonin may improve the neurobehavioral dysfunction after SAH through decreasing the apoptosis and necrosis of neu-
rons.
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WFFELL SD B AR BT 1 Hh UL A DR XS 4R, i id Mor-
ris ZKREE BT B B SAH J5 R BLBIA I REY, B 7E 4R 14l
SR e DO R J 4 1 SO kA58 9 K% A R 4 R ) B
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1.1 SKIe Y I8 % K SRk F

Morris /K 2k F1 BB (FMEREHL R AT LA 7)
TUNEL In Situ Cell Death fluorescein, 50 tests (ROCHE /A &=
i), FLUORO-JADE™B(Millipore /A &7 ).

JR A4 R IEME Sprague-Dawley(SD) K B i i M K24 R 2
e SB6 S g O R AE R TR 250~ 350 g, 4F il 6~7 A, T
1R 18~25C, HHIREYUK, Z# SOCHE 3R
1.2 BRMIARTS BE Y AR B 1938 7

SR FH S AR ) VR SRR, R A A8 SURIT b A B Bk i
SAH #58Y : 10% 7K £ S0 ¥ W A7 I8 M1 33 S5 JRR 98 (0.35-0.4
ml/kg), 7ER B SE AT XIET 7 7.5 mm FE 6, AR #EE, 7
SRR 45° MEER, 24 10~ 12 mm Z W38 SR, 7 20

FEHTEA 0.3 mL fAEIF 24k B RS ki 25 9058 SRS, B
HPAEE, 5T AU D, R,
1.3 54

LI 80 HUEME SD KB, I 250~ 350 g, Jif AL
BFEFRE, 400 B 4 (0=20), 545 SAH 2H(n=20), SAH+ &
FEYT A (0=20)H1 SAH+ BB ZIARYT H (0=20), U4,
14 FHEMSEFE

IEWARMAT TA B, SRBERITTHL TRBREFNE
I7 BT SS)i 150 mg/kg , 7 SAH A5 37 BV E 5
BEJGTE 12.24 J 36 h ARG v 8T, 8 4 ko RIFIA E
FHEZARER, BRN T5%0R S A BRI AW, T SAH #
BT 48 h PR B, il e A 6 i J2 AL 2R (i 5
TR, LA 10%48 2K ThARIE T 17 AT o TR R BRI A2 SR
WA BRGS0y 10 Bty , Zead Ol o0
Jei BB SD K ERAISET-ZRLAH 31%
1.5 1T AENHNEIES bR

W P fs ) AR R A ST J5 26 47 h 4y BT R B it &
B IS MR =T S . (1)
1.6 Morris 7k 2k Zik 16

Morris 7K 3 B 50 18 45 E MR — AN PN EE B A2 2 m RTPY

= 1 TABEDED IR

Table 1 Standard of behavior and activity scores

Category Behavior Score
Appetite Finished meal 0
Left meal unfinished 1
Scarcely ate 2
Activity Walk and reach at least three corners of the cage 0
Walk with some stimulations 1
Almost always lying down 2
Deficits No deficits 0
Unstable walk 1
Impossible to walk 2

IEE RS 0.75m BYIRIE B KM . 3 KM A =2 0.4 m Y55
PRI, Kl 7R 32 C 2 35 °C, RS2 R B K A Ja
FPIE KA S S T TETC R B AR (B YR BRI 2, A
SRR BAIKG , Toiii i PLoe & B 6 0 7ELSC SAH
TR IR 5 48 /N T AR #EAT Morris 7K K S5

SR F A TSI S R R S S . (1)E AT I
B E SAH J5 55— KIT IR B LEE AT 4 K, B4 KU KT
40 BRI 60 Fb o B —K, KRR — RS A BRSO T 15 B
HEBR XG50, B LU BE RS B R B, 7 2 IS 5 518
%o VB RUBAEPI IR BRI IE R, O T HERRE T KR 5
AR R R SR I R, R B 7 A S CRIBR T P9 b2 5k
7R PG AL AR PR SR ) T EE RE LA iC
FRATE 60 FbAHREIF- 15 Fr s 84 ] (6 kv A ) K i 3l
FERR . SR IR (]S 10-20 F0CRa] BRI ] 1 kR U R
PRIZAATT I LI SE g R A AMERIHD o (2) 78 [ PR T2
PEfR e —UCERTATIRIR S5 SR 1 24 /it (B SAH ARJF5 6

R, BEAM T BT B R BRI BT 5 08 X 0 5 B T ] 3l B
A, TSR HAE 60 Py ARG BRAE 2% B B E) 43 Lo B R
R R 6 0 B AL AT A TNEATE K 8 s3] 18
RUZ AT A % RS ALY K SE 0 5 IR M R B R FF AR
BT, IFPAR 72 MK AT,
1.7 TUNEL %3¢t

(1) 4-6 pm A A, Gead — WK  JoK 2R R4S
FEERE G KL, (QFALEL: TR 37 C R CIREA 1,
VIRAFHEAMRE KEBR (10-20 pg/ml in 10 mMTris/HC1, pH
7.4-8)i2 1 30 min. (3)PBS &k 3 ¥k, &R 5 min, (4)7F
WHEE i TUNEL TAEWSW, % 5 60 min, (5)PBS ¥
YR 3 Yk, YK 5 ming (6)REE R RNCT , IS KE
R N g B R ot s A R
1.8 FLUORO-JADE B &3t &

(1)HX 4-6 pm (AT R, ZGead — WK JoK 2B R4S
FEORS IS KL . (2)THAb 3 : FREE =R P, B A 0.06%[1
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KMnO, 753 15 min, (3)PBS Pk 3 ¥k, &K 5 min, (4 )%
Il Fluoro-Jade B T/EIA# (0.1% Z FRIEF] )M H 60 min, (5)
PBS AP 3 W, AR S min, (6) 55 FP IRRCE il i o¢
FEBEKE R R, sz gk v, W06 BB IR
1.9 SitE o

FTE B (x £ )3, K SPSS 19.0 #4743 4, 4l
6] 2% AT BTN B 2240 M, PIALIA] LR SNK-q #6356, L
P<0.05 £nEFHAGI =5 Lo

2 R

2.1 EHEKRRITHEHNEEITSHIELE

TEH AR RURTI EARIE N o 52l SAH 2 K 22 )R YT 4
REAEZERE, BACGEALBERL, A, B L ARG E 4R, T
/b, JR AT R AS I L. AR PR EAT T R ORI
B BRI ks TS . SAH R RIG S g
PEAMIE AL 35 T (P<0.01), 4B R IRY T ALIG S D RE 70
0 R L RORAY T 41(P<0.05), 1fii SAH 1A% B 2 22 1] 1
SHIIREVE o LT SE T2 78 S (P>0.05), A3k 2.

xR 2 SEAXBRITAFENIEITN LR
Table 2 Comparison of the Behavior and activity scores among

different groups

Group Average Score
Control 0.42% 0.12
SAH 2.75% 0.41*
SAH+vehicle 2.67+ 0.33
SAH-+melatonin 1.25+ 0.37#

7 :¥P<0.01 SIERA LS ;#P<0.05 SR B FEFT AL
Note:Compared with control group:*P<0.01; Compared with vehicle roup:
#P<0.05

22 HFHEKXRINAMINEERIELE:

SERTATIRINZE J o, 76 8 16 Wbkt e ks, 5
AR E , TF 5 2 306 3 v PR A S B B R B S IS (P<0.01),
HR PR ZRIRY T AL SRR AR L, 2k 3V R0 A s R A i
(P<0.01), (I 3-4)

3 BFEKRRE 2-5 Rkt BRI LLE(s)
Table 3 Comparison of the escape latency among different groups from the 2nd day to the 5th's(s)

Group Day 2 Day 3 Day 4 Day 5
Control 38.04+ 3.8 28.35% 2.9 22.6x 2.5 17.35+ 3.8
SAH 56.96x 3.9 54.68% 2.2 54.81% 3.7 49.4x 4.9%
SAH+vehicle 56.87x 2.2 55.04% 2.1 49.29+ 34 40.51% 2.2
SAH+melatonin 52.96x 1.9 4598+ 1.2 40.51x 2.2 27.01% 2.6#
HE:*P<0.01 SERMALE#P<0.01 SREAGAIT AL
Note:Compared with control group:*P<0.01; Compared with vehicle group:#P<0.01
F4 SHERRE 2-5 RABEBIEMLLE (cm)
Table 4 Comparison of the swimming distance among different groups from the 2nd day to the Sth's(cm)
Group Day 2 Day 3 Day 4 Day 5
Control 996.15+ 101.4 695.49+ 65.4 522.02+ 59.2 384.8+ 41.1
SAH 1481.94+ 138.2 1210.49+ 119.2 1237.252+ 135.6 1139.99+ 159.2*
SAH+vehicle 1397.98+ 129.3 1213.55% 119.5 1205.43% 142.3 1082.4% 99.4
SAH+melatonin 1390.74+ 128.4 1069.76x 130.2 897.25+ 92.1 647.99+ 98.1#

E:*P<0.01 SEERALLE;#P<0.01 SREFIGFT ALK

Note:Compared with control group:*P<0.01; Compared with vehicle group:#P<0.01

2.3 FEXREETHEMABAT BRI LR

R FH TUNEL 3 (06 0 4% 20 K B oo A i i T 1
SR N 5 IR LA, Bl SAH 4 KR 2 o 4 i)
AT E B3 37 (P<0.01), MR A ZIRyT A s oA T |
53 e AR T 22 BERA YT 2 (P<0.01), 1y & BERIIR Y7 4 5 B4l
SAH 42 TR AN R A T 43 Le LR TEGE i 124 24 57 (P>0.05),
mFk s,
2.4 FEKXRMEE TR E R B LB

K H Fluoro-Jade B 7¢ 5t 4 e 45 I 4% 20 K FUHR 22 om 4l i 1y
WFEIE UL, 45 51 W 5 15 3 X BRA b4, BRali SAH 2 A R
ZICAMISRBE A A 43 L b 24 =5 (P<0.01), iR BB RIRyT M &
JCAHMIIRTE A 43 L o AR T2 BERIR T 41.(P<0.05), i &

FNGYTLH 5 4l SAH 21 (W 2T AN IR TEI A 43 LE LE A TE S8

x5 SHARWETHIETHBRA LR

Table 5 Comparison of the apoptosis of neurons among different groups

Group Positive cell percentage(%)
Control 6.5+ 1.8
SAH 375+ 5.1*
SAH+vehicle 36.7¢ 4.2
SAH-+melatonin 19.8+ 2.1*

E:*P<0.01 SIEFEALLE:;#P<0.01 5ZRFATT AR
Note:Compared with control group:*P<0.01; Compared with vehicle roup:

#P<0.01



+ 2826 ¢ DNREYESHE www.shengwuyixue.com

Progress in Modern Biomedicine Vol14 NO.15 MAY.2014

TH£225:(P>0.05), 43k 6,

* 6 SHKRMETHMIFILBERA LB

Table 6 Comparison of the necrosis of neurons among different groups

Group Positive cell percentage(%)
Control 8.5+ 2.1
SAH 66.7+ 5.4*
SAH+vehicle 60.1x 4.4
SAH-+melatonin 32.5+ 2.9#

:#P<0.01 SIEHALLE ;#P<0.05 5REFIAfFHLE
Note:Compared with control group:*P<0.01; Compared with vehicle roup:
#P<0.05

3 itig

AN RE AR 1 Mok IO 8 ¥t I R TF- AR VA 7 3 ik
I JEH DL B 44k & MR E R, R AE A i 0T IT 43 (glasgow outcome
scale) B i i B8 2 v A5 60% L) - £ 7 3 bk ik 22wl 51 Fok e
FARIGH 3 & 6 A Bl —TEL 2 L AT e AT, N
AT SesE 4k & AN T RERE A, O SR 32 225 AR S I IR
BEAERY K. H AT, Morris 7K 22 (Morris water maze, MWM)E,
ZR )1z TN R USRS D BE 45473 )5 J5 DA 0 D) e e el AR,
A5 IR I PSR B SAH J5 4k & A IA I D REFE RS

B EN- Lk -5- HER O ENEN EE BN RIRZE
Jok b A3 ih e A ILVBARG#A, S RT LA Pl e e 200 6 RS 1 i o
B, AR PRZE G AR T A S BRI R 1 R 3 e
it A B H IR (GSH)RY G180, AR 3P 28 3R 48 S M 20 29052 4
ARHAGI, R 482 ZE 0T DA o R 25 o0 AN B AR % 5 5
SMIEPER P RTR AN, R SR T A B 2R AT MR
FRAEARI T, NO 2 —Fpp 238 T, 7E M 2 8 & IS B S 1R
T A EEER, 2 52 IEE, (B4 NO Bl £, £
R MR, S B R4 , 0 R 2 CFET B T B
FHH BB R AR AL I/ N B NO AR Bl B, DA T ] e
I EREAPT T3 NO 338 5ty i s B, (HARSR R XT T SAH J5
ST A W AR 2 MR ) BE IS 04 52 1 i 1 R L ARGE .

AWFFEEE R R - SAH K BRIt 24T MG S TR 1743 ik
VR DR SR 2 B B R A I K U B (H AR SR R IRYT
#) SAH KL FIEFRECLBIFAYT HY SAH K RIS W BRI,
FH] SAH K BRAFAE ™5 A HI D RE B, T AR BE 2R AE I b
& SAH G4k K PERII I e st . AN, SAH K B Z: 7T
YU T RIRBEI E 4 L3RR G T 1E R R B AR R R IRYT Y
KR ZTTH A T SIRTEE 43 LR B BRNR YT A I
T R, 2% 0 2 2R R 005 a0 ok DO B s o 1ML 4 PR A 2200
AT RIRBE . R AT REE AL 98/ SAH 5 Mz To AN Y
AT RIRFE, MMk SAH R 25 () 2% > SN A D RE Y i
5o [H AR A 2 HLAAR SR8 i AL RDR AR b 2ot , el 28
TR T BIRFE R , K75 Btk — 2P B SR A 5T

EHT, X A PR T i B U SR LA
DI RERERF R B OCTE H a2, An ol 48 /3 SAH J5 AR T
B AN AITIREAIIK R BB DG, ARSI Ss R R R
W3 SAH J5 4k & BN T RERERS:, 3306 T B0 I 104555290 Y
T B SEZE IR E .
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