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SMEENEXNKXRIITAR
B ZERE R KRR
ERR AXE FRE

(" ER L BB ST AT - A7 4, JEE 100101) (CHEER KA LY EHME, JL5 100054)

B E AN REE O R BT R T AR B AL T B AT BE A G H 2R IR TE, MUK (Neurogra-
nin,NG) B—Fhi R B R fke B AR, EE MR RTEM ICRMNIE D IR, 2 5 R ARG A S B8 7T 2
HLE, FT BB S B DB BAT AR PR AL o (ER, SCT NC NI E AT R Z [ i L R I A M Bk 2 RGBT
W8 o AT FERRIT R BA B K BAT M NG B/, LK NG #7285 RE AT 3R 22 Al i) AH
KFRo MIRPERA VS K Ik i, S ar A BN B AR AL 4 40 Rk SD K SREBEDL bk i 1(SS1, #
UK PLEAAT TR Tk hiaE 2 (SS2, 3 2 W Dk L BT A 42 AT ML) IE W XHRA 1 (CL, 32247 AT
W) MIER XA (C2, ARG TALMAIR) (n=10) o RAW"F547 20 A1 28 7 26 B A1 55 R 1% 5 K BT AT 38
&, Western blotting 75 U2 S FIRT IR /2 89 NG S EABRERILK T o 45 RRW . BIBUS SS1 H FI R T A1
I, 5 ClL A LS, ZRA B& M ,p <0.01;581 IS NG & BN NG BRRILK 3w, 5 C1 71 C2 ML, 25
B mEYE, B2 p <0.05;5S1 R JRK) NG & &3, 5 C1 M C2 M, ZRA BEM, ¥4 p <0.01;SS1 HEZE
9 NG BRER LK P34 ®, 5 C1 HAH L, 257 B4 B ,p <0. 01 BTN BZZ 49 NG BEBR (LK P15 SR #1708 Z IR A
KIKREIKF o TR BN BETE & 3hH) W1 S O RMB SR, AT A T2 S e e A 2 o7 Y 3 BT O R U £

FE 2 FERR , 1 S FIRT AR BT 2 4 X S P2 B 80 S oy SRR I X . NG B B R 1 7K T 1T BE 2 S R o 1 A oy 38

S ST R R Y — TR B AR AR A
KR ETRIE S RUNLAT N, AR R
SEE BB4S

1 mrE

i REOET BT A B B AL T o B AT AR
PO BRI T B AR S T, U D e PR L P o7 A
KB (AN AT J5 D B AT, |32 P 4R I B A A
HRIE ) SRR AR AR IR R . BRTBIIER
W, AR AR 2 R 8 IR AR AR I ST , LA 7
BAT R R RS ITHE o (BT TR IR B X
BB Z D

Pl N AN 22238 TA o S S S A M D R vl 2B P
B PLTE F M 2 RSB T AR
W7, Ee R BT A S SR, TR
ke A IR 5 OO RS R AR AR , AR R AR IS
REMUMAL RS T EEMEM. RN
BRER A 5T R A AT 5 B AT A SRR 85 15 .

Wk B 2:2006 —03 —29

B AL R i T2 AR 43, 2B H R B ER AL K V- 1 AR L
FIE PR T PR A S RS I, SR 5 1R SR A T %
SRER A RG AT DUER B, R P S R s R
fl ok S A 2 1 R SR B ALK R AR A1k,
] REIE o B 2% Al 45 A I T BE T BB AL, B 5 L
WA T O R AR AL o TR, XTI —1&
BRI T AU IEYE 058, BI R LR 5K T
M IT R PR R B K 52 2 8 70 (Heat
Shock protein —70,HSP -70) \ JHiEEM L EHRIA T
(brain derived neurotrophic factor, BDNF) | JA: K 48
F%fEH (the presynaptic 43 — kDa growth — associated
protein, GAP —43) %5 5 1 BRI ORE M R 15 & A2 4%
PIAESED Y IR HE NI B R E R A R &
F BTE RS L A AR AL b T BB AR R
PR R (Neurogranin, NG ) 2 —Fdji 2047
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S Ca®" FURMER CaM A EH, REMBEEH
1 EF C(Protein kinase C,PKC)HJEHY, B NG K
LIk, EMEY=ER - B2 BB R FENRN R,
HRPFFER , T PKC EE{LEYE AR
LG, fBE L T o Al IR FE B U SR W A
TRk, FrLL, NG YE2h PKC WJEY), & H 5 CaM
5T o TG R L [F] e 51, HoAe B v vl BB
KR fimf5 Ca®'/CaM {55 38 % M PKC A+ R —
FHRGEEER, T PKC Hr 2MES1EEERE
Tk HEEES . )5 NG S BHB IS B2
Ca’" /5 JHTE B 155 R AR A 2 il 7T 28 M 1 X S R
HBE o AP NG AR PHR N - B - D - R4
E W5 Z K (N — methyl — D — aspartate receptor, NR) #&
HiME LTP B2/ T #iF 4>+, NG BERR ALK R 3 i
AR HESEAlS B 1 NR 3640, Be SRS plE (55
R AR, KT NG 54T R RIME S R BBt
LR B, NG RERZ M 5 il & & AN B 72, NG 1
B2 AT DU BUAS (] 52 T BB 0 Bk B, 7R8I 1L
I ip X 2 RGBT RS I R A A R P ff
A NG B!, X R4 R R NG %
AT RSB I B R W A A, BT BB AT
MR PR LS. Hhsh, NG FE 404 FRIF A
BT U L AN A A% XU T 1 4 T ) AR R 58
R, T 3 A i X 7 B oy B8 I 8 AT Ry I R i 485
o AB4 NG 27518 W B BT R e A48 14 i BIL )
HEAER? B RN B RE A S K NG 4
1 MBERRAK A B AR AL S5 R ER R R . BT, X
T NG I MAT HZHMXRE NI HELZ RS
AR SEHRIE

AL Z DR R 4 S p 8 Mo M Ak T
AR L, [R BN AT N A WA b, BB M A T
BRSO BRAT AR NG FIZm, KL & NG 48
WERETHZENAR R FREAW, BYHRE M
KWK BB R BOR R B AT R R, W BRI
Wt R 20 NG 5 &2 35T %, NG BRR AL AT K
WA I H NG WL SR ETHZHEMHXE
FUO R AR VER B v s S A, thfRAR
TEA—HMTELE R #RE MBS, NG
BB R RE ] BB B b i X 5 fik ] AP BIL I A 45
&, I 3 BUAH DL (94T A A5 . NG F Rl R 18
PEA: SRR 45 L B BT O RS B R AR L. A
I, AT 2PN S AR BN Eh A, r
AL A SR Ve K UK, R R G 8 NG
5O B o AN [ B 7 3R R B AT A S8 =22 () 14

KER, I NG & B MBRRRIL/K T 1AL
R R 18 O IR I B T R RN W B A [ g e
MRAL K] — TR A ) FFE R o

2 MRS

2.1 XBHYWRSHE

SLE6 VeI HEYE Sprague — Dawley R 40 2, 1l
H 4@ AR s s, R E 250g UL I, SR
Fo LB EPLTENME 7 X, /B HAB N
12h/12h( YL BRI} [E] 08.00 ~20.00h) , ENIRJE A
(22£0.5)C,{BE X 50% e 47, &N NETAE 30
Y B R EFIROK , R ESZ 3min FLiK,

KR BEHL A A VO 2 : i UK O P 4H 1 ( Swimming
Stress group 1,SS1) \JH#¥k K 8 4H 2 ( Swimming Stress
group 2, SS2) . IF & X R #H 1 ( Control group 1, C1)
FIIEH % B4 2 (Control group 2, C2), &4 4 10
Ho SST 52k b BRI RAT il , SS2 432 1
VKRBT A2 41 R A, C1 #2:32 W R A7 A T,
C2 NG TALMIAL B, RS i o5, SS2 4R C2 4
R E T AT A = A R
2.2 MHER

B BEALHE, SS1 I SS2 FHH LT 8 AiB
B TKIR 10°C , /KN 20cm 7K FP 3R A vk, 35
L Smin, B—IK.

2.3 {UEEFKHA

B—PiikHt NG BREHEZFLEHIR.B - Actin
B REDUA B PR BAR A A ALY BEARIC A LU A
Pt 1gG Frik. 1L E P i TG FL ik BCA ( Bicincho-
ninic acid ) 2 H A A £ | buffer (241 I ZLFR)
THER 4T 4t & % ( Nitrocellulose filter, NC) 4 Sigma
NETE S G TR EAL % R O & 5 ( Electrochemilumi-
nescence, ECL) iR & W H 3£ F Pierce 2\ Hl, Gel.
Doc BERL LG E BT RGN B Bio — Rad 2AH],
2.4 7AW

AT G EAMEE T FREMLSET,SS]
AN C1 2H Zh¥p e AR MO AR 31T IR

A1 R
24.1 @B KIBPETE Om, HiE

180cm Al AU I 3 0 R A K BRI 7, L
7y 60lux, ENFEE . MEBE AT ALEENRER
AGILRIYTEY H A Smin K778 R, AHFHEKF-
{ESIE R EH AL B RS REE AR E R . Kok
S SR Y AR B AT N IR ER AT R ARG L
¥, AL BT M RRIEAT A BB IR &
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ERRE. BRBYNIEERUVGREERE 1% EH B HGR G %) 55K, Kk Ll R
HEE BB BOR R o Smin,4°C &[> 30min, 2 BR 41 AE A, W B B35 o

2.4.2 SE+TFEREES HEER SOcm, FHH
B 110cm x 10cm x 10em( £ x5 x %) , A5 B E
2 110em x 50em x 10em( K x 5 x 58) . Wik T &
X 10:00 ~ 14 :00h #47, ZEMFF G0, KRB
EREWFE-E6 L, EREE RN RO E
W 1E] 2 Smin, 15 4 M7 AR, (1) FEARE
BT BB, (2) 7R3 S TR B TR 4 g
B (3) BEARE A BB B (4) R EH &
R,

2.5 BEMAIKEE NG §EMBEEBAL KT
EOMBCEERAREXH X SS1 A C1 4H KR
PEATAT R IRE , o7 BPR i SK AR SE A KR, R
¥ I R RV ACRR (R 1T i B J2 2H 41, W A e SR AH 4L
RRHIE A BRI B s P L T 2R B S0 BT A MO P iy 2
FEHL (WA 1 s ML R M2 X)) . IR
HH B AR A

2.5.1 BE. AIREEAAAMESEARNG&E
Hedg RO B S AN K2 R 3 A 250ul
P (2R B R R iR R (SOmM. Tris - CL pH 7.5,
150nM NaCl,2mM EDTA, 2mM EGTA, 50nM OKA,

A S 2ul EEWMA lml BCA RIES)
(1:500) , £ 37°CKIEA IR T 30min {5 5L
P, B ML E I E B FE AWM EE
HWE, S HASEARKEEREE 15.75 ~
19. 85ug/ul, FiFMHABEHMRELELE 17.4
~20.55ug/ul o ZJ& , B8 H O BUR ¥ B FTET % B2
FHAHH /RS EHEERN Spg/pl, KR
150ul WRE T HIK P B By B2 AR &
Aot g R RS B BB
B, LLLRE ML BB W + H3 ¥k 2% #h WK ( Running buff-
er) | : FHH A M ( Loading buffer) =4:1 AR
FoB, it B B R — R A U S R A
150ul, S35 H & & by 450ug B IKAE &, 75 20
AR & — #£ 5 J& % . Running buffer FI Loading
buffer & FH, H &, Loading buffer & FH %150 ul
X 1/5 = 30ul; BE 5 B0 AR 4 - 450ug/ BE i 128 £
¥ BF , Running buffer f{{AFH % 120 ul — £ 5 R A
H, HE—FRAHRN SRR N 3pg/ul,
BWEHAS Bk #FTEXKNEREE S &
—H,

Bl KRS EGE (Paxinos, 1986 )

2.5.2 FEHARENITES#7( Western blotting) R A
Western blotting $7 AR M 1& K B 5 X I, NG &

BRBEBRAKT T, 30ug BHE (P&
10ul) £ 15% FY 38 TR B R BE JEd vl k20 5, LB
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B Z NC &, NC FELIE R (10% BEER i H, 1% 4
MFEHEH, T TTBS) =R E ] 1h, A TTBS ¥
B¥,10min x3 K, 7ZEPL NGB — Actin Fl Phospho NG
AI— DL (PLIRF TTBS S8 ph i 1: 1000 #5 RE)
FIREE 3 /N, FEA TTBS PERR, 10min x3 K, 7E
HRP #ric By TTBS # B EH0 % (NG, Phospho NG)
MG/ (B — Actin) 19 — 407 W (HidkH TTBS
ZEnPik 104000 #i ) W T, EIRIR Y 1h, [RIFEPERE 3
Ko MIA ECL %JeHRIE, IR LR %, Z)5,
1T Gel. Doc B LB 1 B 7 Hr RGNS [F] — 7K
NC & Fieh B NG 5 (BEER 1k NG il B — Actin
BOFFTHTER, WAKEK NG FEM NG B
BRALZKT- 8 P52 LR — 3K NC R 1 NG &% & (8%
B4k NG 5 B - Actin &I LR FE R NG
FIBEIRIL NG 5 H B4R % B B A oL B
( Optical Density unit,ODu)
2.6 HTHE

SS1 £5F1 C1 AT A HEHRAY FLBCR RIS AEA ¢
K, VUZH R BRIE D A K 2= NG 5 &R NG #

BRALIKT- 1 SR R T LU R R R R 7 2 40t
(One — way ANOVA) F1Z5 )5 #6536 ( Post — hoc test,
LSD) ., W A7 he4s 51 NG 7K1 Z [a] ¥ AH 5 43
H1>R 3 Pearson FH2EAHICHN Spearman SFHAH

3 LhsiR

3.1 BmfTA

BEFLRT , PR S Y 2E ™ 54 7o P B & T4
PR EZER(p>0.05)

PS5 C1 AHE, SS1 S ZEw = i i
SRWAT Ry e HE YR W (] 2 B BN (0 p <
0.01) ,M7E HARTT HIRIs ERGEIT¥ BEE T,
LRI L,

3.2 BER+FRELES

BIBET , U R RAETHE SRR T E (=
i) | AR R R R KA DA 4 B I [ U T4 A Y
WHEZR YT EEN.(p>0.05), FHRIE?2,
%3

®1 HRHE,SS1AS5 C1 BRXRYBFITHILERNER (M £5D)

a5 ATEH(m)  EvE)  BWGN  BERENN0  RRIINKED RS
SS1 4H 1952. 30 +1463.47 8.40 +7.69 1.10+1.10 3.60 £2.91 1.00 £1.05 70.30 £80.26
Cl4 1287.00 +732.36 8.70 +7.80 1.60 +1.27 2.40 £2.37 0.00 £0.00 0.00 £0.00
t 1.65 0.01 0.89 1.02 9.00 7.67
P 0.22 0.93 0.36 0.33 0.01 0.01
2 RIWET SS1 5 Cl BXR+PHEESHHTHLRER (M 5D)
245 AL FHREERTIE] () FRETRE PR IE] () PR IREL
SS1 4H 10 182.50 +86.68 5.60 £3.37 117.50 +86.68 4.50£2.17
Cl#H 10 227.90 £39.11 7.60 £2.88 72.10 £39.11 4.60 £2.63
t 2.28 2.04 2.28 0.01
P 0.15 0.17 0.15 0.93
£3 RS SS15 CL AXR+FREESHHTHLRER (M D)
245 AL FHREERTIE] () FERE P RTIE] () Kik=20¢ ¢
SS1 4H 10 194.80 +97.60 4.70 £2.31 105.20 +97.60 3.10+1.73
Cl#H 10 191.90 +85.79 5.20+2.94 108.10 +85.79 3.50+1.90
t 0.01 0.18 0.01 0.24
P 0.95 0.68 0.95 0.63

3.3 EHESETMED SIMKENG EREE
FNEEER 1L KT

& i Western — blotting 4387 & 3, SS1 25 . SS2
£H 3 T T i B2 R X NG B RR 1L NG & H i
B ERIRT TIEE X AL, B - Actin F H R

K EHAR P ERY—,

7T AR R A1 I R R 2 X8, 1Y
HARBE NG SEMBRIAKTESALEBEEREE
(4350% F(3,36) =3.91, p <0.05;F(3,36) =
2.89, p=<0.05;F(3,36) =6.87, p=<0.01;F(3,36)
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=3.34, p<0.05), WAL AN, 71D X,
SS1 A/ NG S EMBIRIAKEHEES TS24
(43318 p <0.01;p <0.01) \CL(435]H p <0.05;p
<0.05)F1 C2 H(437 R p <0.05;p <0.05) , ZERK
ZEX,S81 NG SEBEER THA=H (45

7 p<0.01;p<0.01;p <0.01) ;i SS1 41 NG B
ALK ERERF CLH(p<0.01); 5C1 MC2 A
HHE, SS1 41 SS2 41 1 B R 1L /K - 304 1 & 1
g, BRLE4S,

®4 NAXRBD HKEE NC BB KFHZERILE(0Du, M £SD)

151 X NG & JHIX. NG BEEE K
5 RER 5 R R

ss1 21 2.44£1.56*4 2.55+1.02% %44 0.64£0.32%4 0.70 £0.28**
S22 1.08 £0.47 1.60 £0.35 0.40 +0.01 0.58 +0.20
clg 1.67 £0.44 1.72 +£0.47 0.47 £0.12 0.41£0. 14
24 1.48 £0.70 1.37£0.36 0.46 £0.17 0.57 +0.11

F 3.91 6.87 2.89 3.34

P 0.02 0.01 0.05 0.03

IE: = Fng C1EMIE,p <0.05; = » 3R CL AAMLL, p<0.01; AR5 C2 4Lk, p <0.05; AAFRR 5 C2 HAHLL,p <0.01

=ar

3.4 WHITAHER NG SETUHEXSH
FHRITER B 7w 0 I 5K 15 30 5

BEAAT A Z B R IEAR R T 9 5K Sl

HAATHRBEAMRE, BT N S ERY 5174

SRR Z [E] A5G J0 . 28 1k 5 BT B2 J= 79 NG BERR 1K
FLREAT AR B FIEMR, B D NG &8 NG #
BRI S5 & TR 47 D948 Z 18] A R S R IA E
Gt E LB ERL, 4RILES,

x5 B HITAHERZERY BTAERS NC SEMBERLKEZEAHBEXREER
- . s . . - B kE  IESNGEE
TR BT KPES)  RERRE BB &t HHEE NCEE  NCAE BT
7K 0.82%*
R REL -0.45* -0.33
SRR ] -0.49* -0.45% 0.68**
&4 -0.18 -0.35  0.14 0.13
HeE & -0.27 -0.27  0.27 0.37 -0.16
WO NG &8 -0.11 -0.06  0.29 0.36 -0.04 0.08
KENGE&E 0.07 0.33  0.33 0.07 -0.14  -0.29 -0.28
5 NG BBRILKFE  -0.16 -0.12  0.38 0.16 0.43 0.06 0.63** —0.08
R 2 NG BER LK T 0.11 0.32  0.50* 0.17 -0.27 -0.35 0.01 0.79** 0.13
P+ #+p<0.01  %p<0.05
4 g BT NG EE M7 D FIH R R E e M4

AW A B, SST H R RAED™ 3 5 th BB B
REAT A, R KUK L BT T R R R
HARRIEFIRMA S BT X5 Pijlman 85 AT 45 R —
HIE IR AL R BOR RN Y
T SR B2 TR, AR A8 (immobility)) BIZ . T
SS1 £H5 C1 4R R R 2R T 5 28 B A 55 A D R
FIRERARRIAN BEER, Tl 2 e
BB R BT MRS R E, U H K
TR EE SR

TLHIR SRR . NG RIBERR (L3 A B T LTP
FUEFRFRAA , AT SRS AL MORRE S o BRI
BUG L X NG 5 BT 1R f Bt 2o e
TR S A T 35 22 AR B9 189, NG RSB AR 1L K F
A AT R B AR A 2T Zh BE AR HR s . A
WA, 5 IEH X B A LG, SSU 4 ¥ 5 B Ak
FJz NG & BB BRALKF B8 5. R R
BIEAVER T, SS1 4 nl BB H BL T H X 4 2 e D B
A— PR , DA Rt onahtl bR Bt AR AL, 1
IR RGN X5 1 MR SR SR 45 R —
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. 40 Shen ZBFSE ™! & BSbk Bk BT | HE i
P2 XA AR I D (T AR B BT A R NSRS
22 3L E 15 AL 7 H B & 4% ( mitogen — activated
protein kinases , MAPKs) 7% 14: 3% o FIRE 2 {b /K SE 25
o Uysal Fll Dwivedi 2R (0855 " R ], 2tk 2
H o AT 5 | RS DR B T D R B ARG R B R R AL AL
( superoxide dismutase, SOD) .34 & L& M H Bk ib 4
B# ( glutathione peroxidase ,GP) MRNNEEFSER
B - BRARmE ML R A2 P 1 B R B BE A C (phos-
pholipase C,PLC) FIGMEHE0R . R KM B JE N
BUREAE LA A BETN BE , A A T HLAA XS S0 703
s . AR R, 5 C2 HAH,SS2
A C1 M NG & B MBERR AL /K V-2 T A8
o SEALE = U L R IESL R 2551, 15
SR BAT AR BES E R B NG S BN B E
ARG T s R HI AT B NG AR B
HE (BRI . BRI KRN E, 177 AN A
R E—F SRR B ERREMES , A 5if
TR AR B R AN AR B0 T, 7 BB B0 B RIEY
fRiFZ )2 NG & 8 NG BERAL/K-Fm. b TiF
TR I AR BE B B R TAT N, B A WU
MEUERE NG 22 FEMETE. RN NG
AL SR AR BE B VIAH G, SS2 HEER B — 1)
KK DAL, oA B8 WL2% B2 40 K Lo 5 T RiT i B2
EH NG S =EMBERIL K- R E SR, "TRERIE
RUZ .S 4380 U K R U 8 R 5 | B R BR b AR
ZIUTHREFISE I AT WL B B B A4k, (HAD 78
FRRK R 28 7 F D RE RN 25 A8 X /0 S 38 R I P 7 SR
BEWEM,

Pijlman %542 1) vk B ik 5 4 BLAY
ANEBFE SRS HE BT, T2 PR 2 B
(dopamine , DA ) i) 43 M5 i BT B, TR 2 L S5 2 Y
HR BT DA S B R IR TR . 3R DI
JEHT R ARG AT T AR Z R R4 R
Fefill, ABRER IR, ESMEIEIKN RO RS, B
R B 2 ) NG BERRALKF 5 AT AZ A2 B & 1E
M FORETN K Z 8 NG BRER LK 7 /] RE2 T
SVEA BB B A T A W — TR BUR R A )
SRR, BT REYD B B Stk A 3B R BUFT O R
IR RRLE . AT RER R R 2 2 NG B b, NG
BERRAL/K T B3 s (2 7 NR AR LTP iRk,
BoE R e B, — A B TR g Mite m
TEBAILIE , 55— 07 ME S AT A AP TERF S 445 1
L. IR BIESE , WA, X—

BB M 72— W TIE S

SEALREUERTIIER, 18I ki
DL IV £ DT 20 T RITW 2 9 NG &
RBE TR, NC MBFRIAKFERIAH T, &
PEIF G RN )& FR N X NG % & FIBERR LK F
BE AR, SN RIBORE R NG &
FIBRRAL KSR o JF BT S8 A T BRI
2R B NG B AR 1L 5 57 W AT O Z 8] R
MIEH 5 B E AT ORI NG (78 4k
55 IOE PR 4 5 AL R U R 5%, T DG A A P L K
B NG & B ABRR LK 1A R 2248
SRR R B P BT B A T O RS ] BRI
IR B AR AL B — TR Ao HR UL, AP AR, AN TR
P B L R RS AT R RS R B 22 5, W
K (g e X B ] BEAT FE AL R AR AR ALY o 7R LI
ISREAR )R AR, 1 48 DL SOR A 28 BT = B A T
W RABIRATTEE S (AR 5 R % 2 (Y
NG & BFBRRAL K F A R AR, &7
A NG KB AR A BT BE S 9 I B R B 24T A
FERg FFE R AL B — 3B 0o X — R A fr it
—BBSTIESE , (HARAG T AP IT RS 89 ] B S0
41 Pizarro 25 B F) R A, Ak kb 25 RLAE 2 3L
R BUR TR BAT BT , (0355 B2 OB BT
FrIF A T B, T 1 PR N S A S B
RESEUMAT I RNE o (HRIX PR R 2
RIS RIS CAL - CA3 XIS A (- #% FIET
i B2 JZ i) BDNFmRNA (R 35 B 2Z > I H AT
A, 3% 261 [X f¥) BDNFmRNA 2 1% i /D o] 88 & ¥
T I U TR B 5 i T SR AR AT A R B A B
S AR Sk, Roman 5 pyBF 75 4R i,
AR A 23 B T P S SR R A T RN R S PR
PRGN O A K AT AR B SR LA

AT R BREA LU T P — =l TR
RBZ T S RETAM X NG & /i, ik
AW REMK X IH RIS, BRI TERE
SCHIESIR (R BER 2 S v K i ik DL ST L ¥ 5
FIRGA NG &5 & K32 HA FR 20, % 2
Ml XA NG S RIEH W, A, EFLEHEW
BRI EAK T, X SR RS KR
AR X NG 215 B 0 40 B At A7 34 8o #r
RIPLEAH 53T B L T B 2% 2 7 (B iAo
H) EF AL AN B —2 g, =
TR BB SR KON B S[R3 BE, RSB 58 L B
SES NG AR MAGIRCC R, BiE/RgEsk
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The Effects of An Acute Physiological Stressor on Behaviors,
Protein Levels and Phosphorylation of Neurogranin in Rats

Li Huanhuan',Lin Wenjuan', Li Junfa’
(" Brain — Behavior Research Center, Institute of Psychology, Chinese Academy of Sciences, Beijing, 100101, China)
(* Department of neurobiology, Capital University of Medical Sciences, Beifing, 10005, China)

Abstract

The possible role of brain - specific protein in mediating stress - induced behavioral disorder has gained more and
more attention. Neurogranin is a brain - specific protein newly found,which is Ca’" sensitive/calmodulin - binding protein
kinase C substrate, and is involved in the process of signaling conduction and long - term potentiation. It is mainly
distributed in the frontal cortex, hippocampus and amygdala of rodents that are considered essential components of neural
circuitry mediating stress responses. NG knockout animals exhibited deficits in learning and memory. These results
implied that NG might be a mediator between stress and behavior. Studies concerning the relations between neurogranin,
stress and behavior can provide further information about the mechanisms underlying the effects of stress on behavior.

The aim of the present study was to investigate the effects of acute physiological stress on behavior and protein
levels of neurogranin in brain, and the correlation between protein levels of neurogranin and stress - induced behavioral
changes. Forty rats were randomly divided into swimming stressed group 1 (SS1), swimming stressed group 2 (SS2),
handled - control 1 (C1) and handled - control 2(C2), with ten in each. The forced cold - water swimming was used as a
physiological stressor. Behavioral changes in rats after stress were observed by open - field test and elevated plus maze
task, and protein levels and phosphorylation of neurogranin of hippocampus and forebrain were determined by Western
blotting,

The results showed that freezing in open - field test in SSI was more increased than that in C1 group (p <0.01).
Protein levels and phosphorylation of neurogranin of hippocampus in SSI were significantly higher than that in C1
(p <0.05, p <0.05) and C2 (p <0.05, p <0.05). Protein levels of neurogranin of forebrain in SS1 were significantly
higher than that in C1 (p <0.01) and C2 (p <0.01). Phosphorylation of neurogranin of forebrain in SS1 was
significantly higher than that in C1 (p <0.01). Correlation is significant at p <0.05 level between freezing and
phosphorylation of neurogranin in forebrain.

These results suggest that acute swimming stress can induce anxiety. Freezing may be a sensitive behavioral
index, and phosphorylation of neurogranin in forebrain may be an effective biological predictor for anxiety and/or
depression induced by acute physiological stress.

Key words acute stress, physiological stress, hippocampus, frontal cortex, behavior, neurogranin.



