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Abstract Objective: To explore effects of 8—week swimming training on spatial learning—memory of rats and on
expressions of c¢—fos, c—jun mRNA in rat's hippocampi and striatum, and to study the molecular mechanism of this
process. Method: Thirty —two rats were used as subjects in the experiment. The effects of 8 —-week swimming
training on the capacity of rats’ learning—memory were detected by Morris maze and the influence on c—fos and c-
jun mRNA in rats’ hippocampi and striatum were detected by RT-PCR. Result: (I)Comparing with control group,
according to the data of location—navigation and spatial probe test in Morris maze, after 8—week swimming training
the capacity of rats’ spatial learning—memory improved significantly. @Comparing with control group, after 8—week
swimming training up regulates in hippocampi the expressions of c—fos mRNA up-regulated 17%.,and c—jun mRNA
up —regulated 28% . There was no significant effect on the expressions of c¢-fos mRNA and c¢—jun mRNA in
striaturn. Conclusion:Optimal exercises training can up-regulate the expressions of c—fos mRNA and c¢—jun mRNA
in hippocampis thereby improve the capacity of learing—memory. It shows the molecular mechanism of this process
partially.
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R IRAL Z0E 1250 /ml B, b RE 8 wh R RE S
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Ay HEAD T Ca 41K BUET 4 K 0y St # 1% A W] i 4
w, BB 5 RAA WAL, X 2R Ta 2 KR
2 > B T B DT Ca 41 R 1) X BB 25 R0 2R

1 K Ta 41K BN @i AN a0 Ca 2, {H IR 2
RIFURELSF T Ca 2, HNE 3 RIFUR W4 Z (]
AT WEMEZER R Ta 41K Ric 12 77 3 & o s
MR T Cadl, SEEEMEIRS R BN,
FESS 1.2.5 K Ta 4 K BRUIFEUK 2 o KT Ca
U] Ta 202 D5 R 0 R EHR B & . Ta
HHAERR B e R PR (55— 5 BRO) W UK 1% i A8 B 1 [] 7
SILERLL Ca i, HARME X AN B W25 B
RERIBEIEA R T Cadl, nTLIFEH Ta ek E
A48 R B H pg b b st HOCAZ 1B T Ca
H AR BAED G M E 22 RARE It
RIS ARl A 27 > SR B, w046 FR AR Ak Y
SR, T — o A, ULk 2,

=2 8 E¥Eikill &3tk B Morris 3% = E I 11T L0 &5 4R A0 200 (xs) (n=8)

215 HARW(s) TPk A B (mm) 5 — R IR S — G BRI ) 4 He Yt ()
ERES

Caf 39.33x11.41 10001.21+2430.62 0.26+0.06 0.74+0.07 0.95+0.26

Ta % 47.51+10.23 7987.11+1279.51% 0.300.06 0.70+0.06 1.0420.21
H2X

Ca 4 32.87+24.31 6709.44+2778.71% 0.40£0.157 0.80+0.18 0.92+0.28

Ta 41 22.36+8.71% 4141.47+1131.76%% 0.46+0.11% 0.87+0.06% 0.81+0.23%
ERIPS

Ca 4 35.34+11.67 259.32+1479.682 0.54+0.182 0.88+0.09? 0.98+0.33%

Ta 41 11.93+6.312% 3080.32+1237.59% 0.63+0.12? 0.94+0.052 0.95+0.19
HA4R

Ca i 32.13+19.64 3855.83+2355.21% 0.60£0.22% 0.89+0.15% 0.70£0.27

Ta 4 10.84+11.722% 3017.55+£1368.85% 0.67+0.14? 0.95+0.06% 0.86+0.28
EPS

Cafi 13.35+9.307 3592.93+1014.19% 0.60+0.17% 0.92+0.07% 0.80+0.29

Ta 21 7.02+4.362% 2538.21+732.082% 0.72+0.10% 0.97+0.032 0.94+0.24

5 55— KA e :(DP<0.05,QP<0.01; 5 22 # %) B 20 (Ca ) A1 L:3)P<0.05 ,@P<0.01

2.1.2 8 JAl S U SR R B S Tl 48 2R S 6 1) R T
55 6 RitA7 25 [AHE R ILE 1L 5K 2min R BRTER S
IR DX 358 PAY 90 3K 4 S e IR ) B P ot A 6 e ML 5 )
B 73 L m% ms% , 2 B 5 P 65 1 OO A8 R F-
B AL il i 5d 10 R 9 Morris 2K 5711 %k
A R BRUAESS 6 RIS MR R S g b, R
XEA B ICIS, —#E AK R 3 % A
AR, 2min N, Ta 41K BT 09 8 8% 72 A2
HPEHR/N T Ca 41, {H 22 590 A8 B35 X UM 21K Bl

TE 5 — G PR UK 6 R B 0] ' 43 L & 9, Ta 234K
T Cadl, U HRIMAES — S WRUF UK B F2 F 40 b LA
3 M 22 5 (P<0.05) 5 R B2 i i 15 0 85 1) B
CatHZ T Tatfl,HER ANHE I H Ta HEMHE
MR ZE R Ca HK; WA Ta KT Ca d1{H 2
SR 8 e S B e R b R 2 K B 4 R R R
HEAT LGS J5 & PR, Ta 2H K BRUGT Jth BE %) A 25 4 A o il
B SRR R Y AL E R TR B R AR R
Tk Ca dlAs, W3 3,

R 3 8 Bkl X R = EE R KB H R (xs)
2851 % B R (mm) FEEE (mm/s) R E L SRR R E I WA R WA ()
Ca 4l 8 22473.10+6919.11  187.28+57.66 0.37+0.08 0.44x0.06 6.70+1.95 0.76+0.48
Ta 41 8 17877.90+2205.09  148.98+18.38 0.430.05" 0.45:0.05 6.10+2.64 0.78+0.47

Ta 15 Ca # H#:DP<0.05
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PR 5

221 5N c—fos.c—jun mRNA ik .5 Cb 44
Fe#s 8 Sl ik iz sl 2k 2 5, Th 4R B SN e—
fos .c—jun mRNA Y54 W & 5 (P<0.05) WL 3% 4, 4%
FAROR L8 i vk Az shl 2k nl DL 3% R K R 5

c—fos (1.1 17% ,P<0.05) .c—jun (L 28% ,P<0.05)
RIL

222 BURIKN c—fos c—jun mRNA F£ik. 5 Cb 4
FHLELER 8 JAiFvkiz shill 2R 2 J5 , Th 4 K RBCIR A
c—fos .c—jun mRNA [t Cb 41£, {H2E 5 %A W&
B (P>0.05), WFEs5,
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c—jun mRNA i &1 (x%s)
49 BIEL c—fos/GAPDH(H I/ Z)  c~jun/GAPDH(H /14 %)
Ch# 8 1.23+0.15 0.72+0.05
Th#l 8 1.44+0.187 0.92+0.217

Th 415 Cb 41l 4:DP<0.05
£S5 8 AMEKIIEKXBRLRKER c-—fos,

c—jun KX (ws)
A0 BIE c~fos/ GAPDH(H BI/PNZ)  c~jun/GAPDH(H /1 %)
Ch#l 8 0.8420.15 0.830.20
Th4l 8 1.000.17 0.98+0.24
3 iFig
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FEEE IR B T G — 2R R SRS | AP-1 {7
SAHZS & PRS2 KA K- B A P55 5 AR
eI G CY S v I NTTTE (87 = s R TR v 1 A I ]
LS R Th A SCIRIKR N e—fos .c—jun mRNA [
RIBE Cb AIFABAT BEFM R, X 55
D% HE PR 2R 38 I AR FE AN AH— B HEN e—fos .c—jun J&
K R IR A e AR L 22 5 i h R 2 s | 1

gy af LGN 3] c—fos c—jun 2 55 B 263K, M 75 SUR
PPN TR W AIE , B R AN ALY TEGs 7] g HAT AR 11
JA5 7 AR I X, B A 552 shilll Zife
15 Y c~fos .c—jun FEH F2 38 1 38 A 2 0L, A ¢
B 5% A s Taeck—Hyum Lee SFU% B, KRR 48 g
GBI Z 5, 6 D R 4 X3, Fos 25 1
ek N, JF 2 B FRE ] | SR A RO
Dayas CVUUAI Oladehin AU2V53 51 % 81}l 15 12 ah) K i
Vkiz g ] DhBG oK BB H  e—fos \c—jun FE PR 1 3R
K, KBRS A S B Y A R — B

2,8 JEiE Uk 32 3 I 25l A1 4 e % 4 #F o
fos c—jun JE R A FRIEWE 7 HALHIAR AT BE 5 H A H0E
i A B AE RS AR A DG, JLIF R 4 B %
oI 3 Z A 3 F B A A 5 A R SIS c—fos |
c—jun KL, B H v R AR Y &R IO (protein
kinase C, PKC).cAMP & Ca*/45H & i@ it 5% -
fos 1Y JE PRI 42 17 91 R B, SX 2R 0 3l 7 B B A LY
TATA X Z4b, — ik &4 TGACGTCA [8] 3 T
(CRE) FlIfiL 7 % 2 ¥ 51 (SRE) %5 148 Z A 57 X, iX %
BH 4 i M5 5 B F o] BB 3 i 25 LT cAMP 1) PKC
{5 L t% 8 i Je s # I F SRE Al CREB 1E
HF c—fos JE , fli i ik . PKC #FATH1E% >
B4, HFTN IMHV96.5%Fos BH 1 41 28 0t i 7
PKC S BHYE, 47287 557 2012 K IMKV X
P20, PKC R ) B IR 1k 7T BEJ2: TEGs W80 Y 40 %
5 TE cAMP M5 Sk A2 | Y M AME S Bl 2R 1R
THEZAR )G, 518 G H ARG, 76 1L
YEHF ,cAMP B B3I, cAMP 3075 PKA &
T, PKA 4 Ak W 6 B R 0 AR B I
W TR AL . BEIR L1 3% 238 # J2 Ser, T HI 7
VFZ M o AR 3 AR R PRSP I, c—fos JE R & F
cAMP P85 BL R, HB ¥ GACGT, Eft5H
cAMP 25 5 B HAME A, XAl BEJE c—fos 3 K BEXT
cAMP 7K F- (1 i A5 Al R 22 A HLEE  SIEB0 R B  AE S
E AL N cAMP AR AL 1 R R B AT i5 5 c—fos FEIH 3
ik, 7E Ca¥ 3 M5 5 G Eh i B b Ab A5l =
I3 A BT e A K T R R A e AT
T PKC, R G ¥ 51 AW, 58U 5 B 7 1 %
Ak, o Le iR 1L Y 8 T VE T SRE, DI 4% -
fos Fl1 c—jun FE PR ) F ik

T H 1 3z s 2RI LS R AN N 2 ik i 2 B
Fiie \S—HT 55 #2836 JoT vl B 38 Jin ™) 30 6 36 Jo A oy 20
JEL T A2 388 4% 8 0 565 — AR, 1 T 58 ik J5 B 1 A G
TR L B cAMP (1972 Az 461 107 T S 4 HE R S5 11
A S5 b S-HT 5 28 fil J5 B 1Y) S—HT 52 1A 4%
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B K2R G E R A A R 2 0k S 2
T J5 ATP 76 B 11 B2 PR A0 0 1 FH R vl = A i 58
TAFM CAMP, AP ELUEW V2R 2 ik T RN A
2R T 0 3 AT D A IR A T R AR
(), Hoh £ T B e 2 1A, S i BE 52 IR R e 5 A% IR
AL Bl RE R 1 2 4K, IR X cAMP A L 3R 1R 0,
cAMP 8PS 2 1T A (PKA, BI cAMP #3811 2
I ) | 2 A AL EE T R AL O I N A SR
¥ CREB(cAMP S L TG4 45 & 1) J& PKA 19K
Yy, & A AT DL CREBSer133 #i 21k . CREB
TEAN BN A PR TR AE TR 2, BB R AR, BRIk
A AR BRI AL B R 1k i X, RO B R R Y
CREB 24K, X} DNA 1 55 1 7 FiVG 53 06 PR 1L 44
. CREB J& 7% 52 S R P 5% % 57 TN 1 R i A 1 J
Al EREY 5'-TGACGTCA ¥4 504 (B cAMP JZ i
J¥%1 CRE) %54 ,CRE 4 Fi1F 25 M LiFn Ja ah+
X, 4 PKA i DL fe fiff CREB 82 fk, {15
CREB XF DNA Fy 55 Fl 3 FUE s i M3, AT 456
T CRE AR #FA IG5 2 52 2J e A %
A FER B 20 6 [N c—fos R 5 4T cAMP UV ¥
5 CRE, 341,32 ik 4G nf BE (1453 ki 40 P 45 25 1
W RE TV, c—fos HE PR I St A1 45 77 91 75 A 45 S I JC 3
(CaRE) ¥ ¥ ICE , v HTY c—fos FEH Rk, EHk
JE Ca® 5 45 & (1 (CaM) &5 5 X B & W, o m X
CREB #FATHERR fLAE i, X SR 1 i & E A T
SRE, T I8 4% c—fos HE PR Y 223K | R 5 | S 41 A PN 5
B TSR Z Y ES c—fos LAY A, ok
SV B B AT LSRG N c—fos HEPH 63k 38 fin , He
HLHIAR 7] B85 IS c—fos JERN KA —fH A
Ko BHIL c—fos RIE Ry 55 = A5 i ofc o 7 4% o4 L At A
e S E P ST NT TN kS L EZSTWO P i ORI
N e—fos e sk JT BRI AL 1 AR Ry A s IR 73X
Hrp e—fos .c—jun (5L K #3577 FOS Fl JUN 4545
02 A WAE i S T AP1 (activator protein 1)
FTERLY B A B DR A RT IX T O S R
4 B8 i DT 45 BRI A9 2 10 0T, 5 I (1] el o3 72 g 22
JCINEEFATNRE . Blan, #Zon KHEiE ,5-HT2 %
TR M4 HBESZ 1A 20 2 MR IO 5 I 5l | p 28 4
KHFMERE A, (25 R B Bl 7 s o)
FTHRB T E¥ER T AP-1 85 &0 54, Fitid
TR IE LS TEGs i 8 1 40 M 956 52 1 e I 5 | ke 58
il VB AT G

NG S BoR R A K R T A B 8 3R
1) W8 5% 98 AN i (PCI2) S5, 7T 51 & — R A 3 P 33k 1)
ARAk Fe I fili 20 B LA 4 28 T R R AR X — AR fk
e ML B 1Y S c—fos Al c—jun mRNA 5 50,

S

T BDNF 5 NGF B9 & [A] 2, R e 3% AT #E 0 BDNF
B 2R WA 5T c—fos .c—jun [FRIE

4 it

8 Ji my i vk iz s I 2k ml LU K B 7E Morris 7K 2%
B RS B R BROR S YA s I kAT LR
HER B 25 (8] 27 222 RE ), — DT R B 1
L2 Bl I 2RO PR A R A R AR

8 JEl il Uk iz sl R REAE AN [ B2 2 B 51 i o
c—fos .c—jun mRNA Fik i H, $#&/8 G HME
BIIZR T LAGE 2 i P s S B PR i 3Rk, AT gk 2
g, XS 1z s s 21 gL
g FHLE . AHE B3 2H BUIRIE N e —fosmRNA [c—jun
mRNA Fib i 52 A LT 25, HIF K
LML A T 3 — DR 5,

S % CHk
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