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Effect of swimming training on spatial learning—memory function of rats and its relationship with cAMP
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Abstract Objective: To analyze the influence of long—term swimming training on spatial learning—memory in rats
and its relationship with cyclic adenosine monophosphate(cAMP) and cyclic guanosine monophosphate(cGMP) signal
transduction pathway. Method: After 3 times adaptable swimming exercises (30min each time), 40 male SD rats
were divided into 2 groups: control group (CR, n=20) and exercises, group (TR, n=20). CR group didn’t swim,
and TR group swam without burden (6 times/week,60 min each time). After 8 weeks training, 10 rats were selected
from both groups respectively for examing of Morris water maze test. Radioimmunoassay was used to measure the
levels of ¢AMP and ¢GMP in hippocampus and prefrontal cortex of rats. Result: (DCompared with CR group, in
TR group learning—memory improved in a certain extent: (2Compared with CR group, in TR group, the level of
cAMP in hippocampus enhanced very obviously (P<0.01), the ¢cAMP/cGMP ratio enhanced obviously (P<0.05); in
prefrontal cortex the levels of ¢cAMP and c¢cAMP/cGMP ratio enhanced obviously (P<0.05). Conclusion: Swimming
training for 8 weeks improved the spatial learning—memory of rats in a certain extent, and elevated the level of
cAMP and ¢cAMP/cGMP ratio in hippocampus and prefrontal cortex of rats obviously. It is suggested that exercises
might affect learning—memory by ¢cAMP and ¢GMP signal transduction pathway.

Author’s address Dept. of Physical Education, Shanghai University of Engineering Science, Shanghai,201620

Key words exercises; rats; learning; memory; hippocampus; prefrontal cortex; cyclic guanosine monophosphate;

cyclic adenosine monophosphate

KAVE P Y2 3 RE S $2 i A\ sl sh Wy 2T g2
SIS REIN Sk X kR AT | ke 1M R B o AT A2 AL B
PANNE! €A (BRI BN B/ SR ST (26729 I3 - AL
2 2R ACRE T AR DI AE B AILAR RS OR B , HE D
A RE S TR 22 R ST INAE S o 1 R S R Y B
75 3E W AT SR BRI IR (eyclic 37, 5'-
adenosine monophosphate, cAMP) 5 ¥ B 2 &
(eyclic 3', 5'— guanosine monophosphate, ¢cGMP){E
N 40 LA A B 5 A B B AR NGy T TR
A RCAC i T R A T EEMAE, A
cGMP 5 cAMP 43512 5 T e 1CH 5B L Kid

=3
b
b
=

AC ) I AL o AR 7R R S B 2 2 5
WG R cAMP 5 ¢GMP &t & 15 T %
Ve 7 A28 M cAMP 5 ¢GMP W9FE I H % 38K
W38 BB sh R i 24 2] 590 12 R 1 0 PT REAIL .

1 #BEFE

1 Rl TR KR EH, 16, 201620
2 HEIRVTE K F R H 5 R b

3 HIEH

Ve A L, o, Bt B

Wk H 11:2008-12-28



ot R AT P A 2R 7, 2009 4F 5 24 % 55 114D 1003

1.1 3 Kesrd

2 AR IERE SD KR 40 1, W A bV 2h
R 98 BT st ooy o ) SR v I 1A 2 B0 ) ) e i
F5, H R, WA W IR (5 B9, ASROLIR,
1.2 iSRS AR 4

P A R RAEINZRAT 1 AT 3 Y i P i ok Ul
Y5, 15 IR 30min, Bl J5 K BEL 3 b 22 o0k BRZH (CR,
n=20) 5 WUk Y2541 (TR ,n=20) . K iz S E 1 i
P H AR U SR J7 i 34T T etk . CR K RANIZ 35
TR % & — 2 7N (27 18:00—20:00) #E 17 60min/Ik
G B S UK I 25, A 8 ] TiE VKK I 29+1°C ik
5 180ecmx60cmx80cm , KR Z) 60cm, 5 8 J& )i —
WINGREE R, B TR 4K BB iz shak B4l
(n=10)filiz sh A= 1L 4H (n=10) , [FIAT, CR 2B FEAL 5
R H (n=10) L # A A (n=10), B3Ik
B2 RN F R AR TR AT 2R B A AT S 2 [
32 Bl Az fb 20 RN 22 5 A AL 4 & T i AT JE DR 48 A A
T, DA ok By 2 2 R X A A PR bR A B2 I 8 Bl A
i G — s s e R Z), 5% &4l — [l T
Sk b B T HRR 4 2 (I AR R ) R AR D,
P URDRAFAEI
1.3 Morris /K3 B SLE R P

FEAR S | 6 LA T S5 56 3 g i 5d . 7E 1 5K
FEGHT 1R ARk HOR R A B FK 2min, 8 58S
IO PR AL A PR S5 AH CH A . 1 21 12 Sk sh i il Tk
3min (980, 1R A X5 BB COR 248l 25 ) | 3 B
KHRECE & IS5 1 KRR, B — 5 R
CEN-6 B Ry B RS- NIIGRT, B H
RPN 3 ), REAMA &AM =%
B i 2% S s BE K, B IR K IS 3 A 1 Bl L
1, AR KR 2min AR R & A0 42 5] 2
&, 45 B 30—60s, iX B AR 3min, R IIZR
] B 60s, IiI125 6 LT
1.4 JKHZH cAMP cGMP B 5E J7 ¥

cAMP 5 cGMP U5t 5 9% (RIA) 58] & h b ifg
SR A VA e /o i W L W By B o T (R o
FIHAZEAKBC ], 43 B0 FrE 4121 30mg 2
FOA A 2ml B 50mM S IR 2% oh ) pH4.75
A N A VKR ), AT 280 L U R 51 3 5 1Y
BIFMAE A 10ml i N, H 2ml JoK S BEVEA) 3K 48
J& B R E TN TR A 1 Smin, 3500 % B0
15min, ¥ LW RIEFETER/NEN , HH 75%
P Iml PEAI2EAS 1R, % 2ml 75% £ W56 U v TR
%] 3500 %% 5.0 15min, &I FIH W 60°CHEFRHE T,
SR 5 F R & U AR YO A #5150 25 4T RIA ¥4

ME  (SN-682 JHUHT fe s v tHECA% B BHBE L ifg i
TR TR ),
1.5 Siitstotr

Bl R F SPSS 1.5 HEA7T 8L ¢ K56, 45 L
PR 25 20K

2 #HR
2.1 8 BRI R B S RIS S R E AL L i 2
U

B A vk 2R 2R AT, CR R B J 88 s e
ARG s TR R BUACEE I AR O 2248, R BRETOL
5o, WISk, fid 8 FMiF kI Z)E TR RS
CR FH L, WUIZREE 4 J5 T st 1 SR AR B 5P T
W, UL AR S8 b WUk R BoA — 2 im sl iR
AFT R EARRIHFE, B T ARz, W1,

£1 SEHKIEHEARMEETL  (vosg)
anl R ARAE  NGERE  Ei @iif

MHIEZL 20 285.00+16.60 481.73+52.06%196.73+35.46  69.03
EHA 20 283.04+8.94 419.83+32.68"136.79+23.74 48.33
OHILRTHIIL P<0.01

2.2 8 JEUFK I ZR AR B Morris 7K 28 25 5256 45 5 1)
A

7 8 JEEK N GR e o m, DAPGZH K B 4% Pk iz
10 H 4T Morris K2R B 5255 25 L WL 36 2 R RAEL
it 8 JEI B ] A ek N 2 v AR 4 J, B R B K
T BF 5 BB >, 5 CR RBRARLE  7E55 3 K
5555 KR E A TR K B RI0] H B o 5 1 4
M R 7SR 2 RS 4 Kk e acsrp TR KR
PRI A R B0 S S M, A s B B B 1 4
e (49 P=0.076, P=0.095), K Itik A M 2
RIFh , TR KB R 2 48 J ik 3, X R A
FERE LB TR H CR K BUZE ZK 39 3 114 B[] ik
A TG BT BE IR EIE A

KRAEL S 8 AN R A Ik VI 25, 1830 &
MR, 5 CR AL S 2 K TR K EGE i) &
PR ) R 0 e s [R5 3 R 5 5 REE
SCEGH TR $ B R 3 M 25 5 I TR K RRU7E ok 8
S iz Bl Y R R 2 B D i SR R # TR K
RZEZ T 8 BRI 2R, PIR L 530 sl i R 46
., 5 CR KRR, 755 2 K 53 RE% 5 Kk
AL H TR KRB R B 25, M LR
RS, UL R B gkl 45 b Gtz sh i
MESRRAEE, IR LR, 18 5hhe S
5, ] ATE RS0 A8 S LR N R B & xR W 8 JE]
MUK I 2R RE 7 — e R 4R e KB 25 1] 2% > i




1004 Chinese Journal of Rehabilitation Medicine, Nov. 2009, Vol. 24, No.11

1CBETT .
2.3 8 AUk I 2R R B N cAMP ,cGMP & & 1Y
A

M 2% 3 "I 0L, 8 JEIiEUk UIZR)5 , TR 5 CR K EAH
o, ¥ cAMP 5 cAMP/cGMP HCAH H PR & 25 P 13
Fro Ho TR VT cAMP B 2 PERE E i TR I
cAMP/cGMP A 13 8L 5 35 PR3 I, [R1AE 8 & iz sl

)5 ,TR 5 CR KB AH L, W% i B cAMP 5
cAMP/cGMP 1 Bk 238, Forf TR i & i i it
cAMP ,cAMP/cGMP ¥ i 38 8 M35 hn . DL _E 5255 48
b 1Y 22 S 5 R T, 8 JAE Ui vk VI A K RV 5 i
MR N ¢cGMP .cAMP 5 ¢cAMP/cGMP HCAER#AK , J&
i F ¢cGMP .cAMP 5 ¢AMP/cGMP %t K 391l 2% 7= 4=
T WA

%2 8 Bkl 34 KR Morris 7K B B £ K% ) (xwats)
IR ] (ms) R (mm) PR L1515 ) 2 (mm)
EIRIER UES EIRIER VIENS EIRIER UES
ERIPN 39.34+34.34 47.46+£36.44 10001.23+£8767.01 7987.05+5460.80 6628.12+7042.02 5784.85+4665.72
2R 32.87+36.95 22.36+26.41 6709.45+6837.40 4141.47+3478.02% 4275.41+£5060.72 2469.88+1956.89%
ERPN 20.83+19.30 11.93+10.95% 4259.33+3046.61 3083.92+2166.937 2954.32+3231.56 1724.99+1630.10%
4K 18.23+26.69 10.85+17.49 3855.83+3756.62 3017.56+£2232.15 2271.09+3420.13 1415.05+1397.52
5K 13.36+16.91 7.03+12.16% 3592.92+2777.89 2538.19+1488.377 1916.04+2809.79 1088.66+1410.527

5 22 6t 414 1 . DP<0.05; @P<0.01

x3 8 AKX KRMA cAMP.cGMP & 1 %M

(ws,pmol/g)

g0 U 5 AU K BT
cAMP cGMP cAMP/cGMP cAMP cGMP cAMP/cGMP
Il 25 B 10 651.11+£169.64 11.03+1.50 60.22+19.19 634.32+180.72 9.09+2.10 70.06+17.83
SRR 10 260.17+155.34% 8.87+2.26 32.01+24.90% 321.51+273.377 8.11+1.69 37.89+29.917
B2 IR 1 . (DP<0.05,2)P<0.01
3 itig i HE-L-FG R H IR (N°-nitro—argine methyl ester,

SO R KO Y R 2 5, R R
i ¢ 5T B VR 22 20T HEh  TCAZ TR Sl R R R AU
T HEAT I 5 TV WU K R e AL e 4 i K i
B <A T, X ST PR B Y A8 R B LI R IR A
o AR R, 8 UK Y 2R |38 s 4 K RS %
PRH PO, 7 8 AL A T 55 3 b T DA A 6 A, L4
PRI BB RE SPIIR LA BRI B M X
5 JE H BB T 45 SR A — 2, R 2 8 kI
in , KRR 2 % ) 510128 15 3] — e .

cAMP 5 cGMP J& 5 22 1“5 {5 7, & ALIk
211 6 3y A 015 ML SR b G B G A, SRR RERR N
WM RGE S SRS, Hod il i 4 Fh i sh 7
S AR PR 7 DL Ca® < 81 S R AR =000 NOS, 2k
% NO 5 i 2% n] %5 78 5 4F 12 SR AL (soluble  guanylyl
cyclase, sGC)%E& 7€ Mg 1 ATP W= 51, i GTP
A cGMP, EAMIFGE & B, cGMP 7E K i 1042 - 4
(AT 1 B BE T BE AT R SIS 7 g 8 [l kg S 56 vh
KB, BRI B 20 5 cGMP 25U %) 8-Br—
cGMP J5 7] DL i KR 9142 1 B2k )5 3h FiE
5f 8-Br—cGMP Jf-JC i A k2 H AR A 52 55 1)1
25 )5 B 207 55 8—Br—cGMP [F) £ B $2 25 K BLAY 52 56
BCERS, A 2h 10]hE S 06 e, o BE 4K B T cGMP 7K
SAEYI 2 J5 B 205K W (8, 4 cAMP 7K V7€ 3h 5 A
IRFWEAEP, RSB K B, K B4 T 25 R) A8 46
(a1 B a2 e S S i s e o
cGMP BH P B i B 2 35 5 135 NOS 4l il 5771 N-oo—

L-NAME) J& , & 8l [nl 36 Jz b &1 T B | [ fsf 45 i
JE A N cGMP A0 055 . cCMP 258
i BOE cGMP AR P S (cGMP—dependent
protein kinase, PKG), i JiE ¥ & B iR 1k ok & 4% H
A BTIRE . B SN In] i S5 S B 201 B PKG 3Rk
Jn, 3R PKG ATRES 5 T K BHOZ I FHIE g,

— MR LR, AT LUK K B R 3 3R (Tong—term
potentiation, LTP) 4> F. 0] LTP (E-LTP) i ]
LTP(L-LTP) ,E-LTP ## £z i} 6]}y 1—2h, % A 5
() 23K 5 8 (R A ;0 L-LTP F# 2L i+ ] 88 i
8h, Jf HA S MM B SEATM A KM, A0
FEERW, D CAl X ¢cGMP/PKG #6235 T E-
LTPY7I {H cGMP A2 5K E 25 3h WATIEHZ
U o A2 [l e KA 7RI 505 RO 20 1 5 PA X
1) PKG 1 8l A 235l K, o] LA E-LTP /2
cGMP K #iPE (1), 1 L-LTP 1 J& cGMP 3k 4K #i #4:
YR cGMP BRTEAR 5 1% AR F h A A= A2 AR A | i
FIE 0% 3 2o 911 009 5 T i ot A B 5K P2 il cGMP
H cAMP 24 ¥ T 5 350K BRI B2 53 /0 sl ik
ik, Ho cAMP LB RA S0P, AR g R, K
W0 T 25X i Y cGMP 19 52 0 G i 35 1k, (H
BN cGMP &t kA —@E 22k (P=0.052), [@]H}
cAMP/cGMP M KA W& AR AL, % B AIE(E &
1 S0y 52 Z Mk 2L & ¢GMP 5 NO PKG [8] i) & 2=/
i, W cGMP 32 3l 52 Wi 2 2] 8 A2 o 8 v vl g &
T —EEH.



ot R AT P A 2R 7, 2009 4F 5 24 % 55 114D

1005

AR R (a2 20 R s S A ) 51
A EAME B F BRI ZIRLG SR, 712K
MRWAE, ZKS G EASEN T AC HFHELSM
Tl B AR ATP B2 1A PPi AR cAMP,, JEHT
H 5N A, cAMP W] REFE 1C 12 L [ /9 I 01 B B A
HHZAE M, cAMP —J7 [0 GBS L H204TE cAMP K
1 B 1% B (cAMP —dependent protein kinase,
PKA) (D ECE T BRI PKG) , o5 — 7 IH g fi% 38 i
Ny GTP 5 G A A TR 51 5 1
WIEAN S CaMiish, KEEENGESLBEIGE,
cAMP Xt 2% 2] 12 S HE N Y 48K 22 0E PR fg i 1 H
el i P PKA SEELRY o 784 2 J6 i R 04298 )
], PKA 3 3o S 48 1 5 fish 1 R R 4% b 2R 1 A 4544
I LA M DA AR 2 25 3o T 1) R 5 A K B R
A28 B R PKA 9 3 A7 #8220 fd A% N, il
CREB 45 ZF i 111 0 & AR W IR A, DT 48 5 30 R A
1235 T8 BOHT ) 58 Ml B & | A AR A5 015 B RE 1 D16
£ o AR SZ I v e B A T UK I 2R 5T BT Y c AMP 1Y
s B WEE, FRAlEiE s H KRS cAMP &
50 B O AAA AR 0 B 25 5 A K AT e AR
/N cAMP TE1z 3 #& 552 2 101G RE g o B b i BAE
o eAh,cAMP/cGMP FUAE ZE LA IR 15 5 #2 rf AT g
Fee il B mk i B o d el o 8 Rk Il 4 )5 K B
i cCAMP o cGMP 34 &5 0 8 3%, aliiF 28] cAMP X}
1 B3 5T O R

4 it

8 JE AU UK I 2 AF — 8 R B 8 v R B 23 )
2 ]2 I Tie 0 TR B KRRV A R e v
cAMP 73 5l kA T 35 W AR A, 0K IE B
Al g cAMP AR X 1C A2 1 J5 309 3L [ B B 7= A=
R ;B UK U 25 R B Y cGMP
ML I A %, B cAMP/cGMP HH & 4B T B3
PEARAE, AR cGMP 132 shi2 M2 2 g2 iy i 72 vp
Al REA & —EER 58 JA Bl vk I 25 K RO 55 A
A Kz Y cGMP .cAMP LA J2 ¢cAMP/cGMP A [
KV, B S X R S 4 XK s B I
PR35 I I A A SRR 22 S A G, L PR R L i il
A REE— 22 5T

S % CHk

[1]  Cotman CW, Berchtold NC, Christie LA. Exercise builds brain
health: key roles of growth factor cascades and inflammation[J].
Trends in Neurosciences, 2007, 30: 464—472.

[2] I, 2 0 b O A A5 D K DI 2o DK B2 20 S A A i 1A o 28 3 ol
1S []. op 52 3 B2 27 Ak, 2004, 23(3):261—265.

[3] ko, 5k S0, 5K R A2 Bl I Z5oxd i A5 4 AR 2 O B A R B A
s AR 1 5 11 52 el [J]. vh R A2 B2 7 kAR, 2007, 22 (1):21—23.

[4]
[3]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

o 2 5 A 4 328 Sl T 25 X I AR 98 K BRUAT Sy 2 B S AT 25 45 4
SRS W] A R AR Ak, 2007, 22 (1):224—27.

A AR AL, 5 WA 5 Bl B S X A AE K B 2T IC AL RE T
LTP 09520 [J]. thAedy i ps o 5 2 44, 2002, 24 (3):140—
143.

AR AL, 5 - W2 Fy I M ot 1l R B2 T 302 5 A i
P S ik 45 K 2R AL 1 56 R[] i AR A B BE 27 S RE A A%k, 2002, 24
(7):399—402.

LB I 87 7 = 38 K B 7 S 6 R R M. L 5 AR T A= it
#,1991: 35—38l1.

Jos Prickaerts, Jan de Vente, Wiel Honig. ¢GMP, but not
c¢AMP, in rat hippocampus is involved in early stages of object
memory consolidation[J]. Eur J Pharmacol, 2002, 436: 83—87.
Bernabeu R, Schmitz P, Faillace MP,
c¢cGMP and cAMP are
processing of inhibitory avoidance learning [J]. Neuro Report,
1996, 7, 585—588.

Bernabeu R, Bevilaqua L, Ardenghi P, et al. Involvement of

et al. Hippocampal

differentially involved in memory

hippocampal ¢AMP/cAMP- dependent protein kinase signaling
pathways in a late memory consolidation phase of aversively
motivated learning in rats [J]. Proc Natl Acad Sci USA, 1997,
94: 7041—7046.

Bernabeu R, Schroder N, Quevedo J, et al. Further evidence
for the involvement of a hippocampal ¢GMP/cGMP-dependent
protein kinase cascade in memory consolidation [J]. Neuro
Report, 1997, 8: 2221—2224.

Prickaerts J, Steinbusch HWM, Smits JFM, et al. Possible
role of nitric oxide—cyclic GMP pathway in object recognition
memory: effects of 7 —nitroindazole and zaprinast [J]. Eur J
Pharmacol, 1997, 337: 125—136.

SRAEAL BREACH, EANE 55525 1AL G B I Y cGMP 1Y 3%
K RIS — AR A X R ()] SEAhEE 2 516 R ,2000,20(1)
60—62.

Huang YY, Kandel ER. Recruitment of long —lasting and
protein kinase A—dependent long—term potentiation in the CAl
region of hippocampus requires repeated tetanization [J]|. Learn
Mem, 1994, 1: 74—S82.

Frey U, Huang YY, Kandel ER. Effects of ¢cAMP simulate a
late stage of LTP in hippocampal CA1l neurons [J]. Science,
1993, 260: 1661—1664.

Nguyen PV, Abel T, Kandel ER. Requirement of a critical
period of transcription for induction of a late phase of LTP[J]].
Science, 1994, 265: 1104—1107.

Zhuo M, Hu Y, Schultz C, et al. Role of guanylyl cyclase
and ¢GMP-dependent protein kinase in long—term potentiation
[J]. Nature, 1994, 368: 635—639.

Arancio O, Kandel ER, Hawkins RD. Activity —dependent
longterm enhancement of transmitter release by presynaptic 3’,
5"—cyclic GMP in cultured hippocampal neurons [J]. Nature,
1995, 376 (6535): 74—80.

Arancio O, Antonova I, Gambaryan S, et al. Presynaptic role
of ¢GMP dependent protein kinase during
potentiation[J]. J Neurosci, 2001, 21: 143—149.
Selig DK, Segal MR, Liao D, et al. Examination of the role
of ¢cGMP in longterm potentiation in the CAl region of the
hippocampus[J]. Learn Mem, 1996, 3: 42—48.

Son H, Lu YF, Zhuo M, et al. The specific role of ¢cGMP in
hippocampal LTP[J]. Learn Mem, 1998, 5: 231—245.

Dundore RL, Clas DM, Wheeler LT, et al. Zaprinast increases
cyclic GMP levels in plasma and in aortic tissue of rats[J].
Eur J Pharmacol, 1993, 249: 293—297.

Paterno R, Faraci FM, Heistad DD. Role of Ca**-dependent
K* channels in cerebral vasodilatation induced by increases in
cyclic GMP and cyclic AMP in the rat [J]. Stroke, 1996, 27:
1603—1607, discussion 1607—1608.

Bernabeu R, Schmitz P, Faillace MP, et al. Hippocampal
¢cGMP and c¢AMP are
processing of inhibitory avoidance learning [J]. Neuro Report,

1996, 7, 585—588.

long —lasting

differentially involved in memory





