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[EZE]8 89 it 4 A EEHN BRI AT s ttiBmfe g (CUMS) KR F IS 0ICk . & BT LI R s &850k
% (CRH) A %ef (DA) KPS IAEAGH R, Fik: 4536 A AR H 3 48: BpTiEa, B AuER g
WMIBAE, HH 12 P, RSBEANR N HEFE KRS #T CUMS 1k, #%4: 28d, RN R REHNAKRRET 4 AsREE
o MEBANERE AREET R IFHERASTACILE S, & F ELISA X404 Lam CRH KF, FHigtaeig-wiusx
(HPLC-EC) #&il# &40 4% DA K-F, #]JA Westernblot ix#M K &L X % & D1, D2 ke ks, &% (1) S5x@a
L&, Rk E RIS P AR A A K R LB R AR B AT SR IE R A RE K, BARZIRET A A bR F AL & R
RV B LA CRH K-F3 4, DA KF & % Bk D1 %4k (DIR) & D2 4k (D2R) & & & k¥ 2RV (P 3<0.01).
(2) SR M, Rk g Ry i#iEsha Kk RoKk g )4k 3~5d BB RIR B X FEWHKERH L E %43, B
AL IR RT B L R FARSE S AR RIE S, B D448 CRH K-FTFH%, DA K-F. DIR % D2R & & &k K-Fol R34 (P
<0.05, P<0.01), #£it: KM EEHTHE CUMS KR Ay Jnilchk /1, TR HLEHR Y ED CRH Bk, ¥imiEiD
DA K-F R i# DIR & D2R & & &k kA H %,
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The Effects of Treadmill Exercise on Learning And Memory, Hippocampal CRH Levels and
Dopamine Signaling Pathway in Chronic Stress Rats

SHEN Heyuan, WANG Xinjun, WANG Yikun, LIU Yihao, GUO Yanlan
College of Physical Education, North University of China, Taiyuan, Shanxi, 030051, China

Abstract: Objective: to investigate the effects of 4-week treadmill exercise on spatial learning and memory ability, hippocampal
corticotropin releasing hormone (CRH) and dopamine (DA) levels, and dopamine receptor expression in rats with chronic
unpredictable mild stress (CUMS). Method: 36 rats were randomly divided into three groups: control group, stress model group, and
stress exercise group, with 12 rats in each group. The stress model group and stress exercise group rats underwent CUMS once a day
for 28 consecutive days, while the stress exercise group rats underwent 4 weeks of treadmill exercise. After the treadmill exercise, the
spatial memory ability of rats was evaluated using a water maze experiment. ELISA was used to detect the level of CRH in the
hippocampus, HPLC-EC was used to detect the level of DA in the hippocampus, and Western blot was used to detect the expression of
dopamine D1 and D2 receptors in the hippocampus of rats. Result: (1) Compared with the control group, the escape latency and
swimming distance to the platform of the stress model group rats in the water maze experiment were significantly prolonged, and the
percentage of target quadrant time and the number of times they crossed the platform were significantly reduced; The level of CRH in
hippocampal tissue increased, while the levels of DA and the protein expression of dopamine D1 receptor (D1R) and D2 receptor
(D2R) were significantly reduced (both P<<0.01). (2) Compared with the stress model group, in the water maze experiment, the rats in
the stress exercise group had significantly shortened escape latency and swimming distance to the platform after 3-5 days of water
maze training. The percentage of time in the target quadrant and the number of times they crossed the platform also increased
significantly; The level of CRH in hippocampal tissue decreased, while the levels of DA, D1R, and D2R protein expression increased
significantly (P<<0.05, P<<0.01). Conclusion: long term treadmill exercise can improve the learning and memory abilities of CUMS
rats, which may be related to the reduction of hippocampal CRH release, increase of hippocampal DA levels, and activation of D1R
and D2R protein expression during this exercise.

Keywords: treadmill exercise; chronic unpredictable mild stress; learning and memory; a hippocampus; corticosteroid releasing
hormone; dopamine; dopamine receptor
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FEMEA, LB (Dopamine, DA) & HX 1142 24 &
BEPPEER, AR T RE . 1 4 R AR IR 1) H
BT, T DA BNl & R Rl
2 ELE 2445y A DI-D5 244, XA FImG U5 25 304 (i 72 %
W, WAL Z Bl D1 21k (DIR) & D2 Z{k (D2R)

FEAPHIRE ) A A AR B AR H, A BTal AR 245 i /E H
L R R B R B OB B % ( Corticotropin
Releasing Hormone, CRH) J&#i% HPA il o 2, kk
THAE NS INGEE, CRH RHZARIEANF T CUMS Xt
&R, FE CUMS K RINARFEST N 2 2Tl
{2661 R RS, (EENUBI MAE R . TR s, M
WOTiEd CRH {5 58 M R 8 5 ik DA BRI 2 B ik R
RGO, WK B K B ST A T 4
75 5 CRH KT ) DA ft R4 5%, STHRE D # K

I+ ELRTHARE 7R W, B 6 18 3 T LR MRS M RS 2 ok
AR AT ] BACAZ R, AR THLE] AR TE 2 . ok, A
WA M CUMS REBAL, #R T KN 6128 30 5
TR BR 2 A) 2 102 B8 T B2, () B A 0 B 2H 23
CRH /K°F-. DA /K°F % DIR. D2R SZAREIER ML, HEifi
] B B 5 12 3 CUMS KRR 21 ia A2 Th RE RV ZEAE
B

1 MR 5A%

1.1 ##

1.1.1 e K

3 H b it Fetfett Sprague-Dawley (SD) Kfi 36 H,
T PG R RSB sh Pty fRE (200~230) g,
FiR (2242) °C, {BE (55#10) %, e (12h B/12h
W, HHE 7:00~19:000, KEHBEE. YUK (BT ERN
WORKRIZFH B« KERIG R fE3E NS 1, # 36 Rk
BEEHL A 3 4. BIXTHEZL (Control Group). [tz
20 (Stress Model Group, SG) & % ##iz 5 41 ( Stress Exercise
Group, EG), &4 12 H.

1.1.2 k5 S Ax 2%

CRH ELISA ijf#. D1R. D2R & Wi & s T
U LAY TREEBR AR, DA ) & T 5 Al
V) TR TR . KR E T B SR A PR A R, fE RS
FAMWHEHA SANYO AF], ml e o E EE
Eppondorf 7 ]; Agilent1100 7 R AH (i3 F 3 [
Agilent A,

1.2 &

1.2.1 CUMS 7Y

KRB @M IR 1, BEJEH 36 KRR BENL
Gy 3 dH: BPDXTIEZH. MBSV K RIEGE A, A
12 R W5 2 FJTFeh, &L 4 AR FE T RRUT
H: Z5€r 24h. 25K 24h. Smin BE. KJE 1min. %
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KERIA K KR 4°C, 5 min). #UkiiFik (45°C, 5min).
BAREE 24h, BERBENLA T 1~2 R, DL g
FRBENL 2, s 28d0,

1.2.2 W%

NSRRI 5N s sh AR R A5 2 Al #2N
4 JE ) CUMS B0z sh 240K B3 — L FF iR 58 K R 48k
17 4 B EmEME GIEs) (60min/K/6 KIE)D, H—
Ji, MEHEEM 10 K/ ZHEiE g 20 K45y, £
M 3 I, SEBERFRAE 20 K15y . N T BRI K R 5E
BIE B B K R A S ZE R, S U R AN Re X
KA L

1.2.3 /KK E LR T

M EIZsssh & G5 K, KA Morris K=
il KRR IR 25 () 2 S1EAZ B8, G e AL AT SE 58 (5d) Al
TR ZRALS (B8 6d), BEARLE H K BRIk B A T
SN SAG AT RGO TR AT KK BN EE, &
1% 120cm. % 50cm, FEEEHFE (H#& 10ecm) BT
KT 2em 4o OTEE A HAT 250 AR R BRI 47 B
T b EE K R, e 120s WK EIF & iR a) Gk
BEERID . BHUIZ 2 Wk, E821Z5 5d, B2 iR
P EMEAE 4 H R L RSN GEit; B KR 120s
HEPPE, Wl FHEVE1F/E 155, HAR k@RI
N 120s. FEkbR: BEEEEIRI CRAL: )5 FIEF &K
FEES (Bf7: em).

AR R SIS T /KR B SR IR 128 6d JEAT, I H
BT GRH, iIE3 KR 120s WEBARRIR CF & e
SR BT 7 IR TA) B 43 b CE A G BRI 7] X 100%,
PLE 7 #3RoR) FIEER-T G IR CRAL: 0.

1.2.4 ELISA A CRH /K

KEEATNMRGE R G, RPZEERCEZ 6 H KRk
U, FOKIG AR P o) B e g S Fk e, B e 4%k
HEIKSHAS 109 MLEH % 1000555, &

(12000r/min, 10min) J5HL Bi&W, KA ELISA %, 2
WA VTS CRH KF (BA7: pg/mL) HIMIE .

1.2.5 HRUHAR A B ALEE (HPLC-EC) e S
DA /KF

T 6 RRRIBrkAbst, & FRITERCH A ME 5,
FESM T B B0 J B3, 4 B /N AR 1) 05
HPLC-EC EA MK fE D DA /KF (BA7: nglg).

1.2.6 Westernblot 5451145 % DIR. D2R EHAFKIE

KR E AT IR RO, AR R A 6 WK RIS I i
RELLEZ4H (3%, 0.01mg/kg) JRIR i F BUVEEVY: ] S v 2HL
41, B 50mg LA ZT EP &R, I\ 4L N o SRR
S)RIGIE R AW KA 10%50 BB, HIKKER
R E R A PVDF I, BEA4-0Y (5%) i3 1h J5 49y
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AN DIR —#i DIR —#i (1 :1000). D2R —#i (1:
1000) K B-actin —#7% (1 : 2000), 4°CHE & it #; 4 TBST
VRIS 3 Ik (BEIR 15min) JE I —$i (1 : 100000, =
B9 E 1h, F GG R ECL 422 K ek iid%. , Imagel
A5 Wr % K AL

1.3 FitED

8] SPSS 21.0 Gt AT Geit5 o0 Hr, BT Hdl
LA xas FoR, WU K E SR 7 25 5 M4 e B ) ot
K BRI TREVE AR S I 23K 7 & BV IK PR B (52 s K BRI S
CRH /K°F\ DA /K. 5 [X DA SZAREKIE K 5T & Ik
HAN B A G PR ) 28 1) L e 350 R FH B DR 20 22 4 #T s O 2
FrPERT SR LSD KT 364 1] 2 575 5 Z A5 B K Dunnett
LR IR ) 2 5 LA P<<0.05 KR 2 7 B St W,
P<0.01 RRZERHEAWEENE,

24 R

2.1 BHAXRED CRH & DA /KT EbEE

*1 HEAKRRBD CRH R DAKELR ( x+s, n=36)

ZH 5 xR ZH IR ik N s B
CRH 7KF(pg/mL)| 4.62+1.11 | 10.5438%* 6.96:42.34*"
DA K (nglg) |349.76:419.89 | 271.18::23.86** | 302.68 30.34*"

#: *P<<0.01, *P<<0.05 SxtiE41H%; *P<0.01, *P<0.05
SRR AL . PR .

MG IBsh R G, SX IR, o 7 4 F S %
BN KRS CRH 7K 23 A %1 (P<<0.01.P<<0.05),
Th g 5 3 4 128.14% 41 50.65%; &3 4 JE Ml G iE5h
TG, SMBIERAILE, RizaH KRS CRH
K53 AR (P<<0.05), FPEIEEE N 33.97%. WL 1.

MG Bsh R G, SXIRAMEL, o 2 F S %
1BENA K RIS DA /K383 FER(P<<0.01.P<<0.05),
R 2> R 22.47%F1 13.46%, 4t 4 A GEEN, N
B KRS DA KF & T R4 (P<0.05), Y

IniERE N 11.62%. W 1.

2.2 FAXRBEEBREA R ZET & 893K EE 5 bR

Morris /KK B R RA BN, TEEMIATSERF, K
EENGRA 1~5 REXTHRA LR, SR 21 K R 6 ikt
TEAR A K BIIEF & FF Ik EE 2538 5 10 (P #<<0.01).
SRR, NS 4K R KR ENIZREE 3~5
TR 1) R TR VAR e BIA T B UK BE B B B R (P<
0.05); TIYIZREE 1. 2 K, PHLH KB 16k 78 £R 301 A 311k
FEUKIEE LR EER (PH>005), k2. %3,

2.3 BHARFWT G XK BIrRIRATE LLEL

x4 TEAREFIWHRAKRRTFHETGRYEBIRSREE SEE
%8 ( xts, n=36)

253 FRET GO (RO |H R RIRE A E 5 E (%)
X HEZH 9.0241.28 50.0945.67
LAY 5.8742.34** 28.98:48.03**
NEGZEB2H 7.01+1.98*# 38.4647 .93*##

E0IRAAREL, A AR R LI 1205 N, RIS

AR B H Am G BRI IR o Ll 2 200 5 B0 B 35 b (3
P<<0.01), FEIFZ51Jy 42.14%F1 34.92%; 4 4 HH &G
TG, SRR AA LR, REIEshA KR B R IR
IR E] 5 b R 5T & YR E B in (P<<0.01., P<<0.05),

IR FE 73 32.71% /% 36.45%. W3 4.

2.4 2HEKRIED DA D1 KR

FiglA i, 3 KBS DIR K D2R KA
o BRI R T 22 43 A R, A% K g T DIR(F=58.122,
P<<0.01). D2R (F=84.690, P<<0.01) FEHAXEHAH BF
oM. FiglB Fiz, SATIRAIAREL, S SRR 4 AN s
B4 S DIR. D2R £ [F1RA ) i 35 4% (3 P<<0.01);
H 5RO AR, Mz sh4 KRS DIR & D2R
FEHERIKEET S (P<<0.01), BEHNMEIE 254 36.48%

M 48.75%.

K2 EMMITERFEELRLEERIMER ( xds, n=36)

5 BRI (9
ZH
1R dayl 52 K day?2 3K day3 4K day4 5K day5
ot R 567.12489.12 513.56 470.07 466.49461.75 415.48457.29 337.78455.47
B A
F;ﬁ;’a‘ 728.94497.85** 681.95293.07** 648.87487.56** 616.46365.24** 574.88470.79**
=4 A
NS
Fii(é‘ 718.94444.22%* 668.68256.31** 577.57482.18 *** 514.78498.86 ** 489.56474.31**
)]z
£3 EAMITRRIEAARIETENEKEEER ( xts, n=36)
3 FIAFE M FEER (em)
ZH
1K dayl 2K day2 3K day3 4K day4 5K day5
X B 2H 34.5547.67 28.0945.43 25.7344.39 23.1847.12 20.6416.38
PR R A 45,094389** 42.7344.18** 40.5544 56** 38.6445.78** 35.0943.92**
NE B 41.8347.18* 38.588.03* 32.1746.26*" 29.8345.69*% 26.7525.09*"
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D1R D2R

1 HA&EHMED DIR, DR BEAFAMNHM
A: DIR Hi1 D2R [ Westernblot El#&; B: #5 DIR 1 D2R EHFE
B

3 iT1ie

TN, B SN S 8O CRH [ 8 R
W BEER LTP. M55 A ST AZ DU, i B
A3 E HPA Bl BEEOE, BE ST CRH I BRI, Xl
w2 oo K L Rg i i E R, T CRH 324k 3E 7
AT TR A8 1 5 AR 3 R 7 5 S 1 T e A A i
%, #75 CRH £E12 1% T B K BA RN T R s fig ke
(S § 7 = e U B R R ) e 1] TR VA
HTHE, SRRz, AT, KR 4
Jil CUMS, HxfREZH LA, MR KB 4% >1id 12 /e
FJ1RZE TR, FR KRS CRH KT IR 1 B 71 &,
PiBA CUMS 7] R 2 il s HPA 5805 CRH /KF
Frimr, 51K RO FIThRE TR, 5T E i A4S
— 5, A RIB B CAIE B VAT IEE I RO,
FLXH 2 R G B (A3 18 F A3 20z it . s
FRY, HEIEZ)EE T HPA Rl i 1 s A K
BRI 25 18] 27 31 g 100 AT 92 B (0 S S B4R R
BN 4, SRER, SREBERAML, 4 HHGE
AR E G CUMS KR M5 Jdi2me /s, [FIR K
5 CRH /K. $&n KB 512 30 AT Ae i 35 91 HPA i D)
ReTCHE L gD CRH B, HET s CUMS KE S
2R ST, HBARBUE M 75— PR .
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MR TN G R G E A IR o), e S N VIR R
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T R N4 o DX S BT, ER R B, S RGES)
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I R FR I A v L B AR T, AT DATIUR AR AE AR )™ SR
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D1R kb TN % X DA WEEH B, Wang 25%Y
BT 50 A LA SR8 A O 128 SR BRI T 5 X A0 B It
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ANFIRIFFEASF BN R S5 R, W] Be 5 AN RIRE FE 85 F ) oK [X 42k
LS TT KA A A 2%

|zzo SEPAR SR, WS SRS CRH 13d AT 3
HUORER 2 EIZAE R DD REREAT , $Eom ST Re it 2 %
BE RGP R A B R BIR . JFH Payer 25
WA, CRH BABHEY ATLLFTT DA IR, #k
N R BN A B ) SR SR B SR R 2 — o PR e AR
W75 CUMS Ki DA /K“F & DIR. D2R E KA
KSR i S HZ] CRH KFi s, S5 DA fg
RAMMAETORBEMEA K. NN, KRGS H DA
AKFR/D . DI B2 ARZRIE T AT A8 2 DI 244 T (5 51l
AL PR, PATONETERRIR, W 2E CUMS K
R S1ICAZRE T TR, AR L, NIBUE A KR &
4 ¥ G285, 5 DA KFJtm H DIR. D2R &A%
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