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Abstract

Objective: To observe the changes in behavior and hypothalamic-pituitary-adrenal(HPA) axis function of post-
stroke depression(PSD) rat model and the effect of exercise training intervention.

Method: Healthy male SD rats were randomly divided into five groups: sham-operation group, cerebral isch-
emic stroke group, depression group, PSD group, exercise training group. Ischemic stroke rat model was estab-
lished with reformed Longa method; applying chronic unpredictable mild stimulation and isolation feed were
used to make the rat depression model: the combination of the above methods were taken to induce rat PSD
model; rats in exercise training group took treadmill training for 4 weeks. The changes in spontaneous behav-
ior of rats were observed and the changes of corticotropin-releasing hormone(CRH), cortisol(Cort) of HPA ax-
is were investigated by using Western-blot and enzyme linked immunosorbent assay (ELISA).

Result: The open field test(OFT) showed the behavior scores of vertical and horizontal movements in depres-
sion group and PSD group decreased (P<0.05 or P<0.01), in PSD group the scores reduced more than that in
stroke group and depression group (P<0.05 or P<0.01); HPA axis hormones as CRH and Cort, in depression
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group and PSD group were hyper-secreted (P<0.01), in PSD group secretion of CRH and Cort increased signifi-

cantly than that in stroke group and depression group (P<0.05 or P<0.01). In exercise training group the OFT
score increased (P<0.05) and the CRH, Cort secretion reduced (P<0.05 or P<0.01).

Conclusion: The pathological basis of cerebral vascular damage and endocrine disorders caused by chronic

stress aggravated the HPA axis dysregulation and depressive symptoms. Exercise training could improve the

HPA axis abnormalities and decrease the incidence of PSD.
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Jigi 2 v 5 FIABAE (post-stroke  depression, PSD)
TGN I A e A AR S B AR R A B
PERARAE A AR RO BE B, FLR G2 o ki 2 v £ 5
49 20%—79% , " E 5% i) S8 5 14 AR A o i R RE &2 T
Ja"e T Ffi-EER-H E IR (hypothalamus-pituitary-
adrenal, HPA )l 8015 J& 0 38 s N 19 F BRRE , 2
EIE 28 0 EE LATE WA SR T RIAE R A2 AR, ST
REZRTALAE PSD WY AR AL 2 —='s H Fir e AL i 2
o (IO ) S d5 5 LA i 2 p 2 B o i A rh
4 60%—80%", L 11" F Ay igi 451 3 A0 B A A 4
B s 7 0 38R AT 614 HPA il i HPA AR OC
WAL B E IR B M & (corticotropin-releasing
hormone, CRH) , i Jii i (cortisol, Cort) J& 1y fEfis,
XTI EL A RO A 4y, (HAG 5C PSD 5 HPA il 2 [1]
KRG SCHRENEL D I RS & Bz )l i fid
W PSD B35 FER Y, S0 UE B Az 3l I 25 o 8
HPA 1 o] DS 208 M D 3K BRIAR R B, {H 32 3y
JE AT RS IH 15 HPA il 98/ PSD Y & 2B A R it
9o AL i W g B Sl Zr vt PSD R BRAT 2
I HPA Bl Z0E , RS A B2 E— 2D PR PSD Y &
S BILTRL , LA Al DRIA 7 B B (%) S8 i

1 MRt EF*®
1.1 s o d

18 1 2 (sprague-dawley, SD) K, HEVE, A
230—270g, 1 Fg L BERF R A7 5255 34 o SR 5]
I, A HRIE S : SCXK (57)-2006-002, et i35
S5 (open-field test, OFT) 17 N2E1E4), B K Fiz
ShAIEE Hiz sl B KT 30 0 m = T 120 20 A0 sh#) 5
Bk, 1940 AH I ) K BB LS 5 40 AR TR 4 26 v
4 PR PSD A iz sh4H , F4 10 H,

1.2 Bk

120 PR AUMSE YO, 5B ILA S0
Sk SN ShIKG , 37 RIEE G Kk, AR5 & B 35 4
JH

1.2.2 AR SR R 3l ke €1 (middle ce-
rebral artery occlusion, MCAO)™il] £ &y kb i ik
IR BB . AR5 2R FH Longa "% 1 451k RUtEA T
P22 S RE BB R4y, VB0 N 1—3 0 M Al 2l
AL 2 AL B DU R 55500 B R RO S A,
HRLE SR 4

1.2.3  FPARA  ARE STHR 09, R ISR GS S8
AS BT DL 3R R 1 3 (chronic  unpredictable mild
stimulation, CUMS )il &4MAR A AT . Jl3 035 -
O 5K 24h; QMR 45° 22h; @B ;
@58 (100g 52 J8 /11 200ml 7K ) 22h; ©4°C—8°CIK il
Pk Smin; @FFRLEE 38°C—39°C 20min; D5 THk
M) 220 @©F 7 AR 20min; 32
Imin, 2O Fili . PTRRIRIEA R, BERBENLREX
—F CUMS T LU, [RIFPl A 14 52 B, i sh
ANRETIAHL, INFRES A CUMS AL B 4 5]

1.2.4 PSD 41 : ¥ MCAO s AR % 2 K B S B HL58
R, ARG S 3 KIFLR, Bt & CUMS il 45 PSD £
R GELE4 Y,

1.2.5 G83h4 4 A K RORFT 8 2o 3 R Pk B A 1|
Z:3d. iz KB MCAO KR s BB R 5%
RJGHE 3 K45 A CUMS il £ PSD AL, CUMS [m] i)
HATB GBI, M ESE MR EWT PRk
JFE R 0° s AL 54 B - R ET 3 K, 10m/min; CUMS £ 1
K, 5m/min; CUMS 58 2 K 8m/min; CUMS X VA JG N
12m/min ; £ K 30min, 538 5 K, %224 JH .
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CRH —#T (Abnoval 24 H] , 3¢ [#]), GAPDH —#1
(SAB/AT],ZEH ), Cort(Abcam 27l , 2 [E ) , Vmax
TR A e (MDC 23 ], SE 1) |, 96 FLAF IS i
A, A 3 25U HL (Eppendorf 28 /) L, £ [ ) , 37°CHE.
AKIEAE (Grant A F] 2 E) , 4 A shfE R EFTRY (32
Bio-tek 23w, 5[ ) , Open-Field 4 ( F ) , M5
(A2 R A BRAFD .

1.4 ek

141 A7 R2E48hnIE o FEi8 sh Il 255 28 AR
FUR P2 L) OF T 143", ffb 255 43 i K AT
SEMUIE S S KO SRR RE DT VE P HOR AR
(B IFEAR , ARSI R FH S AR AR | 75 40em, K3
K 80cm, J&] BE Ay J& 4, Ji TH 0] 43 B TR RRURE 45 19 25
Yeo Dsh¥yzp SO i s (=IREL BB A) KFi%
A543, SR BRI TG SR s U ST IR B
HIGEh353 , sSh PRI s Tom DL F B8R RE ]
WAL, S H S BR = A . A0 T MU 5 PR T R
— FOR BN , B 5 Fsf (] 247 Smin.

1.4.2  HPA fliAH ¢ p 2238 i AKSF I 2 o QD I
Cort 7K -« BRI B[] R A7 A 2 4 Uk H 3 = 8 1 .
PL10%7K A S (4ml/kg IR TR ) I8 R RR I , BB &
g Bk Il 2ml, 57 BP I IR 2 o0 (4°C, 13000r/min,
10min) , W% BRI 3% 9 F-80°C UK A7, Fr b & s
E 17 T BX G %8 W2 [ 0 %2 (enzyme- linked immuno
sorbent assay, ELISA)F;ill. @ F Frfisi CRH #i5
7 RFR IS R H W R 8 I, A 10%7K & 508 (4ml/
kg PR H ) I S R BRL , W7 Sk J DR 20 28 F Fo i, &
F-80°CUKFA R AE , f it & )5 ¥4 2K JH Western blot %7
935 B I AG N CRH () 635, I 4L 5 )y ik N 2
GAPDH HJ 42 ERil .

1.5 SeiteEoth

B A 38 S 45 SR U E R ME 25 R0, T80
T34 SPSS 16.0 X R i Ek s 1T 21t b, 4
[i] bR FH B R R 2293 #T o

2 #HR

2.1 BEhIZE%F PSD K RRAT Ry 2 BRI 52 )
ST ARAA IR PSD £H K B 7K -5

5 A% A, T LIS 3l B I 2D (P<0.05 B P<

0.01), 7 H.PSD 41 Fe A< Hr 21 SRR ALy /D o oy B 3%
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(P<0.05 5% P<0.01) ; 1fii iz 8l 2 K B AKF- 1 8l
HIG sh 45 PSD 4145 B B 2% (P<0.05) . L 1.
2.2 BN R B HPA BilAH G 2858 3 1Y 52 i

SD A BT Fefixi CRH AH X 2 1k 7K 5 |, #6200
J7¥: 5 Western blot ¥, LA GAPDHAE HNZ . LI
1.2,

SD K R Cort AHXT FRB A , Farilll I vk
MELISA T, WLFR3,

SIG AR R, 4541 NS GAPDH R B K H
— 3, SRFARAAM L, PABLL . PSD 21 K BT i
CRH kB 2 1, Cort 43I TT i , A3 W1k 25 ¢
(P<0.01). Ff H PSD 4 tbAx 41 SR 43 sy
3 (P<0.05 8% P<0.01) . iz 3120 KR 1Y CRH, Cort
ST IR PSD 4 A B IR e (P<0.05) .

F1 F28REZHAKXR OFTIES (xs)
205 AL KPR AL e Bz SR
TR 10 81.20+10.45 34.42+5.26
Ay 10 71.13£13.27" 27.00+4.21°
ikl 10 62.30+£7.17%° 27.00+6.78°
PSD4 10 51.88+10.71" 18.00+8.88"
iEBhd 10 63.22+9.117 27.1146.29

PSD S{EFARL 4 : DP<0.01; IR 5 B F AL gk : @P<0.01,
3P<0.05; 2R 20 15 PSD 41 L 45 : @P<0.05; ®P<0.01 ; R4 5 PSD
ZH U : ©)P<0.05 ;i 540 5 PSD 21 145 : (DP<0.05

%2 KRB TEMRCRH Western blot =453 H7  (xs)

an R CRH GAPDH CRH/GAPDH
BFERH 10 14.40+0.70 20.32+2.61 0.7210.12
Zhg] 10 18.80+1.57 20.88+3.41 0.92140.17%

AR 10 21.84+1.18 20.74£1.73  1.058+0.09*
PSDZH 10 27.20+1.21 19.02+1.27 1.43420.10”
mghdl 10 17.74+0.78 20.44+1.98 0.874+0.09”

PSD 5 FAL 4 : OP<0.01; AL S F AL L : @P<0.01;
A ] 5 PSD 4 Fu#% - @P<0.01; AR 4L 5 PSD 41 4% : @P<0.01;
s34 5 PSD 4 Hb i : ©P<0.01

#£3 ELISAERNKXRMFBERFBREREUE  (v)
2159 R Cort(ng/ml)

e FAL 10 78.27+10.69

gy 10 111.98+15.08”

AR 10 120.08+21.29%%

PSD#H 10 146.114£29.98"

B 10 116.71411.31%

PSD 5 FARL 4 : DP<0.01; IR S5 B FARLL 4 : @P<0.01;
A 4] 5 PSD 41 Fu#4 - @P<0.05; MR 41 5 PSD 41 He 4% : @P<0.05;
45 PSD 4 H# . DP<0.05
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E1 Western blot & H KR
T EB%§ CRH.GAPDH &iX

RTFARE Azl B4 PSDZA  iBdhi

p—— . & B

— — —  —— (A P])] ]

3 itig

FEAEFRIE DR , HPA $ili 1E % 431 Cort 45 F1 T4
FE NSRS, UM R Tl 4 38 DA R
1 A AR, ZERHE LT, PSD i B
Cort ¥ i34 57 , Cort (1975 & A Z5 6L, HPA Fli i) 4304
JUHER S IR ARRIESE 2 B, i 100450 78 1T 5 0%
PR E LR RN 2 , — Jy e 2 HPA il sl X
PR CRH 14 21 55— J7 1 7™ A= A 42 20 i = 1 A
FHAR 5 HPA %l 671 52 G5 081 v T 251 i i 4 v
Je 399 S Hh T R KA 2 Sh BE B AT s AN A=
T P T 45 /NS 5] 18 Mk R AR G bk R g R
HPA i 45 Efs ™,y AR AR

Il PRAFE 5T 2 B, 32 Sl ZRRe % Jal % PSD 8 5 I
PRAEAR , A 2 A 5 H R AR i, iz shil
YRn] REIE 1 A Rk A X K AR T Uk () HPA il 14 19
T, SRR UESE TS B S AT A A S 2y M
25390 ek R, DN T U8 HPA Bl 2l P e
Jiki CRH 32k i 43 5 38 2 (A7 RIS 11 5 A 28 At i A
e, SEB HPA Bih 7R R AL 1 D RE T 0 22 7
JI U B B 932 2y 87 g T AR ARG Co B S350 B
N CRH mRNA ik, 2 BRI 385 107 A5
HeFEHLARAE BRI BERIRSRE

ARSI B e 38 A 2 A 1 A MCAO #5578 3¢ B
R BRI IS 2 B A% , 592 ] CUMS 45 G955
DB S 00 1 R D PR B il 2% PSD KRR, SR 1
Brad FH A £ DI ot i ke i 32 sl Zhi Ak, 0K
i g 32 B B Az s, RS Sl ZR e fE iE
S it M AR % 5 Rl 2 D REMK A P AR FH LB
B S K R SR B TR S, i 493 J B st A AR
SARTT A ORI T AR R 27 B TE I A R &2
PERR TR R A L 5t AE V) e B A AR B AR

T i e i, A Ji R 7 R PN S, AR SR SR F A e i a0k
AR B A Bl 2 8 A ke 1 K B BB 845 10 AR
Je B B INZRN, R340 4 8 0 B 5 DI 2k 2 B uE S T
AF S8 el /N A AR, A A2 il e ki A RO 2 T e B
. 4 JE R PSD AT R BRAT Ry 2 Fl HPA Fli 1)
AE 1Y A2 4k, [8) I R0 32 3l I 2k 02 75 BE % 9% 15 HPA
il , Y% PSD B B AEFE

AT S0 R A TR 2 O i, iR i 7K
Sia s TR BRUEE s sh K, 3 A2
B T R BRORT A B A B i A AR RIS ER A i IR
28d B HIARAL \PSD 4 K UK - 28 A% 5k, 1 Hiz
Bl UCET A 9 /0 UE B AR AL Y | PSD A8E 7R AT A
PSD 21 45 A5 2L R AR LA T R 270 4 B AR oy
F, UL W] PSD BRI R R BE 55 L JH ki o 457 B Al
P SZ P ORI B A G . TTIE SR B
TG SR IS SR EUR 2 R Wiz sl ZRRe ks
A K A IARIRAS , #ill PSD %4 . CRH H
HPA Bt 8l HP XS Fe il 7300 , CRH 19 55 43 WA FE A AR
i A &S L] T ke #5 2 EEEVE RS, F9E A CRHL
Cort ¢ & REMS 2 WL B IIARIR S FAY T AR, 5256
45 9 5 7 28d AR ZH . PSD 4H CRH, Cort 43 WA 75
HE— A E B NAR AR AL PSD 55 8 () a] SE 4%, Tfif PSD
2H e AR T A R AR ZH B Ol BH AR 32 80 T TR RE A A
CRH i i Zik | F#AIK Cort 7K -

S5 T, S I B AR RN R A e
NI EE PSD K B HPA BT HE RN AR JE | 32 sh Il
ZR0T LAV TS HPA Bl1, D852 25 v 5 R BRAARR 2, DA
A 2L PSD. - 3 PSD A& it IR I A=
Yy OE A2 mR E L SRR AL R B
A , PSD K R TR BB 75 58 2 B A B A P R PR
SAFAESR L AR B B AR mT 2 6 o 5 mT g ot
IR 7 A BRI E T, ™ R AR DA R
F14) 1 355 ) T O PR B S P IR S L ISR (R B 858
R0 HR i 25 ep JR 3 2R 2t S AR SRR S I AR
0, WO HE BRI e W 4 R S PR I e A=Y, B2 T A
8K B A A sh ARG M stk 5 N8 25w s
TIERRIUARST , HPA Sl CH AL T ROn AL 2 10
F FMA S AR AR E SRR AT T
iz Il 25 HA PR PSD K B HPA Bl B /8 FA ML, Qi
ATl 2 15 BB sh A A e — 2T
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