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[#ZE] B BT cAMP/PKA-pCREB 15 538 & 75 76 B &2 U1 2541 i 1) it i 26 i 4 vp K BRIz 8 T s 1 1k
HHTRIEERN ., ik R Longa B0 R 22 vkl £ I BRI H h ik Bk il P E VA% 7Y ( middle cerebral artery ische-
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YNGR Mg Sl xin K B2 sh 2 DI RR WK &5 (2) FARIG 2 d.7 d.14 d.21 d Kl i ik J8) R i 41 20 PKA
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cAMP/PKA-pCREB signal transduction pathway may mediate

a promoting effect of rehabilitation training on motor function
after ischemic stroke in rats

NIU Ling-chuan', ZHANG Yan-hong’, LI Chang-qing®, LIU Bin*, JIANG Ying”, LI Long-ling’

(1. Department of Rehabilitation,2. Department of Neurology, the Second Affiliated Hospital of Chongging
Medical University, Chongqing 400010, China)

[ Abstract] Objective To explore whether the cAMP-PKA-pCREB signal pathway plays a role in promoting the
recovery of motor function after rehabilitation training in cerebral ischemia-reperfusion rats. Methods The middle cerebral
artery occlusion model (MCAO) was established by modified Longa nylon occlusion method in adult male Sprague-Dawley
rats. The 84 MCAO rats were selected and randomly assigned to four groups: the natural recovery group without any special
training ( group B, n =24) ,natural recovery group with Rp-cAMP (group C, n =24) , rehabilitation training group ( group
D, n=18) and rehabilitation training with Rp-cAMP ( group E, n =18) , and in addition a control group (group A, n =
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12). To establish rat MCAO models immediately after injection of Rp-cAMP into the lateral ventricle of the brain. The rats
in the groups D and E were trained by balance beam, bar rotating and rolling exercises started at 48 h after MCAO. The ex-
pression of PKA was determined by enzyme-linked immunosorbent assay ( ELISA) and the pCREB protein expression was
detected by Western blot assay. Motor function was assessed by balance beam test. Results (1) The motor function score
in the group C was significantly higher than that of group B, suggesting that Rp-cAMP inhibited the recovery of motor func-
tion in the cerebral ischemia-reperfusion rats. The score of group D was significantly lower than that of groups B and E, in-
dicating that Rp-cAMP inhibited the promoting effect of rehabilitation training on motor function in the cerebral ischemia-
reperfusion rats. (2) The expressions of PKA and pCREB proteins detected at 2nd, 7th, 14th, and 21th days after surgery
showed that their expressions in the group D were significantly higher than those of the groups B and E, indicating that re-
habilitation training promoted the expression of PKA and pCREB, and Rp-cAMP significantly inhibited the promoting effect
cAMP/PKA-pCREB signal trans-

duction pathway may mediate a promoting effect of rehabilitation training on the recovery of motor function after ischemic

of rehabilitation training on the expressions of PKA and pCREB proteins. Conclusion

stroke in rats.
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JRE S YN RAE 3 G 4 v 28 35 D) BE R A T B TIE 52
R LR FHLE 1 A 52 40T . FRATRTIARFIE &
ML T MRV RR PR TF 2 ( cyclic adenosine monophos-
phate , cAMP) 25814 db-cAMP 32 5 i 20 1 1 cAMP
(e B i, T AR 2 i e ot S K B A2 T EAIR &2, 5
it — 2 LT Y R, cAMP-ZE B A
(protein kinase A, PKA ) {5538 [ ) I 1T B A2
SZYNZAE - Bt 1 K Bz 2 D Re R &2 A AL 2 —,
{HZXF T cAMP-PKA 15 53 i T lF R 1 R 8 I
PR 1 T HE— 2D SR T AR ST AR SR AR 1
il K BRAC A i st ik ke ot P 3 A 7R ) D 00 i 2
W5 PKA $5P05] Rp-c AMP , A8 e i - 30 i 4 41
PKA FIBEERIL cAMP S 1 G {4 45 & 2 14 ( phospho-
rylated
pCREB) ik 1481k, W5 cAMP/PKA-pCREB 15 %5
308 [ R A2 N e a0 s i RS BRUp 22 D B R B2 3L
TFER

1 ##EITTE

1.1 Xz 545E

THIEGUNAT SD HEPE R EL 96 H, fAHE (250 +
20) g, i1 PR BE R K 25 50 46 sh ) ot [ SCXK (i)
2012 - 0002 ] 454t , 2 18 Longa*! Mt B 4R M 45K
BEA 0 A v 2 Jok e i, P9 3 AL TR ( MCAO) , R
2 h JEHE TR, R TR RS I B
e 0 J AR g6 A A 750 G 3 ) ST T s o | TG 98 1 B
TSI AIRE, BRI 84 R R AARIFFT
BEHLAY K. ASRIKE 4 (n =24) HRKE + Rp-
cAMP 4 (n =24) FEEINHH (n =18) FRHEE I

cAMP-response element binding protein,

Cerebral ischemia; Rehabilitative training; Motor function; Cyclic adenosine monophosphate ; Protein

+Rp-cAMP 4 (n =18) , [RIBf X IR FARU( n =
12) . SEEGHRAET- 5 o 3 R R R 2250 — B B B
SEEGHFSE HL [ SYXK (1) 2010 —0002 4243
1.2 RXF

KU 4121 PKA 2R 1 B 00 1y il B fhe 922
(ELISA) Kit 96T 71 &L T3 [E R&D A ], Rp-
cAMP i FI3EF Sigma A H), FAKIRP) pCREB H
SLEPURILSE T Cell Signaling Technology 723 Hl
1.3 KRERFIE
1.3.1 KEl MACO A H] £

Z I Longa Pl R G v il £ R A DN R i v 3
Jok e ifiL P58 3 ( MACO ) B FH 10% B9 7K A& S
0. 33 mL/100 g JI§ fa T3 565 BRI R BUS B HAD MO [
ETFARSG, FIETYIRKZ 2 em, 508 4 il 2 4
Bk (common carotid artery, CCA) | 551 PN 3l ik (inter-
nal carotid artery, ICA ) M #i4h 8 ik ( external carotid
artery, ECA) , 4541 ECA i3, B ECA 3% i i 5
ICA B B 26, T3 il 4 2 B 1 92 1] ICA Fil CCA, 7E
ECA 5% 3 it 73 SCALBF — /N 11, fff FH EL 4% (0. 28 =
0. 02) mm YR Ui 5 50 60 ZE A4 HLRE S Y #0242k
e, 28 ECA i A ICA  JIUPAJERA ICA HIFHUMAE I , 4k
ZLAf A 2 18 ~ 20 mm BH Wy K i gl ik o £ | 25 FL
ECA Y] 03 [ @ #& F4E ICA W, s J& (4] CCA 1
TR e, 2 A1 0 Bl 2 h 53k 2 ke (i R
W, TR BRI R K R TR AR BRI S L A
IR AR , TORERE FBET- R s BB . RTF R4
FARMFER -, HERE s S, U6A
A 12 mm 7 52 203K AN DL BEL W KA o 2 Jok
I3, FoJ 4 A U0 B T8 2 R SR AR R TR X
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M. HARPKE + Rp-cAMP I & % + Rp-cAMP
T 2L D0 2 7 O] Ay 2 e B 5L 40 nmol/L Rp-cAMP )=
S EDHEAT MCAO BB 45

1.3.2 A i

S8 Yoo %1 () 3Lk #E 17 M0 A% % 1 S Rp-
cAMP, H] 10% /K A& &% 0. 33 ml/100 g 8 & &
SRR BRUR o FL [ T S A4 A b, Sk TR %
RIEFFYIT 1 ~ 1.5 em, BUEEUKEER VI O, 78075 4
MR FERTIX , SEARE SACE R, BT 1.5 mm, [1]
558 1.1 mm AFEEFZ) 4.5 mm, B SpL B9
HEHEEA 5 WL 1 Rp-cAMP, LA 1 wL/5 min ()55 i
GRWEA TSRS B A 5 min, FREEAR IR
A S A IR S IH B A VI D s, S R
1T MCAO BAIAY ] 25
1.4 EEIl%

R U GR A E I 25 + Rp-cAMP 41K BT
WA S 48 h FFRHEAT R AR E L. (1) FAif AR
N2k K 1.7 m 58 2.0 em WY AREE ST 1 3
Il 7 em SAYSCHR b iR BRZE B THIRTT , 225
KEAT 3 T S D D 6g; (2) Fe el k. K
1.5 m H&E4.5 em MRIAREE, % 3 v/min (13 BT
W T AR i Bl Al K BRZE L IRICA T, EZIN R R
BAFRE T3 (3) A HIVR LR Ul Zhds K 65
em  ELA2 60. 0 cm, ES> K 4 45, 0T FIEFYIZE 4 H
KR, A [ 4, — B 4840, # 5 o/min 1)
R EE A TRE S 2, EZIN R RN ITUE iefs iz
ShIIke.,

R IYIZRAEH 2 ¥R, 8K 10 min, A 6 d,
YIZRAET 3 d SR BEWE (K BUBUARE S T ., AT 45 7 4
BB o BRI ALK RS T DL R A X 5
IR, ATTEE N UOK #EE K B HRTES), SHKER
FARJGNETEEENESE(S L), BN
FRFE SRR,

1.5 KRZZhThEEITES

SR N Z i AT P AR I0 P K B9 &
i s Yife, WAARRS N RfG2 d. 14 d
21 d, BRIFE 3 K, BOLFH(E

A AR IS (balance beam test) PEFRIE[6 ] ¢ 1
4y, BERIF - HL VU B 38 B PRS2 4, A —
MRFAE AR Z AR L3RR 3 5, A — A~
R R RSk 34 4, = AN BRI T AR S 4, 5 F
AR IR E AR T 56 4, i B AR Rl 2%
WO MTEAR R FIRIG R 7 7, HAE MRS B kTR

T TC DR - g ot 72
1.6 ALIRERIERAEN
1.6.1 ZHZUEE

(1) Western blot 72 B HUR 7 1%

S TFARIG 2 d.7 d. 14 d Fi1 21 d FEATR4LK
AYAHZHRI, FAR AL T = iR 35 ,10% 7K
SR I s TR P A U W Sk BB, & T 4°C B vk
TR 43 B A 0 R ik v 2l i pt i DX 2 B F 1S
mL ARG EP 45, - 80°C IR VKA AT .

(2) RRELAIE U 7

A3 ) TR AE 5T B BRURA , 109% 7K A GBS JRR I8 K B
J , B FFAM L, TOI5 40 55 FF I i, 5857 5 6%
O KT A R 22 D AR AR SRS, Lk i B
] A BV A0 B R E LT Ry PBS 150 mL,
4% Z W 150 mL 565 200 DEVE 1 [ 2 J5 |, % 0K
HE I BUIR , IR R E T 4% ZRF BT, FE 24 h
e 70% kG TP IRAE , FE AT AR A BUGE IS 40— AL
KB R YR, AP R TR 4 mm,
1.6.2  FEARAGEI

K IR G2 9% ( ELISA ) A I Fiki 24 41 PKA &
F 15, 2 H ED3F ( Western blot) 2 A6; 1 Fixi 2H 21
pCREB #1335, g 4l ALk kil pCREB (194317 .

(1) B Sers

WL H - 80°C vKAR T B J5 , FREL T & T 9
A2 mL A3 8 100 mg: 900 wL (1 EL il hn
AT B PBS W, il i 109% (5138 %, LA R
TEAC UK B8, IR E R E Rk e,
2000 r/min 2.0 15 min, FEHCEHEENTRMFES , 2
Je 7 BER ) Sr 1 B F EA TR

(2) AL

WL - 80°C VKAR I )5 , ¥ FR e Syt 2 24
AR AL A UL B AR UR 2 21 4 B 11, BCA 3L 5E &
B, FH 12% 47 B ICHEAT SDS-PAGE , S 56 45 5
HA 5 K, Quantity One FAF T4 E 4 NS
JREEAE, DL B RE A S NS0 K EEE W L E R
~ H R A AR Rk,

(3) Ryl fbik

A 5D R HRURIEA T I K FIA IR 2% vk
PR & 3% H,0, B N RPE i 4010 T
0.4% triton ¥ 5 | L= 1ML 3% 3P4 1: 800 1) pCREB
—4i. "YU . HRP DAB & H KEE Y hii s
b RBRAETZ W5 5 300 VR BE TSRS K B e i W 2R3
B AR IR B A, R IE] Tmage-Pro Plus 6. 0 3K 1F4)
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1.7 SitEHZE

KM SPSS 17. 0 WRGEIHA4E X Bdls #4748 11
M, A THE ORI (x £5) 3R, 24110 L H A
RIT 22500, AR LR ¢ K%, P <0. 05 2
SHEGIHFE X,

2 R

2.1 KRIZzhTheeitEs

A ARG PE 43 45 J WL 2 1,38 S V) RE VT4
FRAKRIZsh R, T ARE KA AL
BHs s REIE A o (1 £0) s BRIR T AR 4L 51, HoAth
KA I TE BRI PE 20 MG (B E ARG 14 d A 21
d, AWK SZ + Rp-cAMP 2001 B i T A SRR S22 | 42
7 Rp-cAMP R4 il figq 5k 1t K B2 2 0 28 1) g 14 4k
52 BRE VRV B B AT AR 41, #n fEE
YIZRAEHE T i ke i )5 R B2 sh o BB B . A 4Rk
42 + Rp-cAMP P40 W 52 35 F B SR 1K A2 201, HE ALV
Y5 + Rp-cAMP 413770 Bl i & FREE Y4 dl, $27R
cAMP/PKA 38 [ 78 5 I 25 At i e 1l )5 R Rz
IRk E il B EEAEH

F1 AAKEURIFN SRS RETS (5 £5)

2.2 KRIZEZ PKA pCREB EERRIEZLER
S ARTRIBF [R]85 PKA B Y Rk 25 R I3 2,
pCREB & RIBZERILE 1 F3k 3, REIIZAH
K B PKA  pCREB & H ik B 8 & T A R R
4, [l F R E IZE + Rp-cAMP 4 KR, 45 &z
BNTREVT 745 H AT HEWT . e &2 U1 R fie 2 i ke 15 K
FUZ I IRERI K 2 5 cAMP/PKA {5 5 % S H R
1 pCREB HY 3T % UIAHOC .
2.3 REHANLERT pCREB EEHNSYH
KK ZHZ pCREB 3% 3k ) 6 12 2H Ak 4G N
ZER LK 2, pCREB #H /& CREB # H B RR LB
K, & cAMP-PKA {5 5@ i) F 2 T E N, IEH
KEUAT WL /D5 Y pCREB 5 H %3k, pCREB £ T 41
RO N, A e o S € B R 5 i 2536 A D
i, HFRIRMEMES LB Western & [ EIi
Ror 25 SR 1 i A — 3, R E I ZR 40 1) K B pCREB
FEAMFRIAA & T ARKE A, [ & FREZ
%5 + Rp-cAMP A KB, 4565 12 sh D BE VT 43 45 SR AT 4
W B A2 DI A 2 i Bk 1l 5 K iz sh D RE W 2 5
cAMP/PKA {55538 [ 19 T i pCREB & [ 3R Hm
HYIME (K 2 WEA4)

Tab.1 Scores of motor function by balance beam test in the rats at different time points

el ARJF2d ARJ5 14d ARJF21d
Groups Postoperative d2 Postoperative d14 Postoperative d21
B FAR 4L Sham-operation 1. 00 £0. 00 1.00 +£0. 00 1.00 +£0. 00
A Sk K52 41 Natural recovery 5.09 +0.77 2.23 +0. 66 1.63 +0. 57
EE N/ Rp-cAMP 4 Natural recovery + Rp-cAMP 5.24 £0. 66 3.75 +0.54 " 2.89+0.48 "
FEZ Y1540 Rehabilitation training 5.03 0. 66 1.49 £0.36 " 1.12£0.47"
FREIZ: + Rp-cAMP 4 Rehabilitation training + Rp-cAMP 5.15+0.59 2.73+0.714 1.85 0. 644
. 5 A MK ALECR, P <0.05, G JIZAL LR, AP <0.05.
Note: * P <0.05, compared with the natural recovery group; 4P <0.05, compared with the rehabilitation training group.
F2  AHRBARIR T L) PKA H R (v 25)
Tab.2 Expression of PKA protein in the rats at different time points
e %k PKA ( png/100 mg)
Gm;ps Number of ARF2d ARJF 7d AR 14 d ARJF 21d
rats Postoperative d2  Postoperative d7  Postoperative d14 Postoperative d21
1 > Q
AL . 12 4.65 £0.05 4.64 £0.06 4.63 £0.04 4.64 £0.02
Sham-operation
EP/RV K
A AR AL 24 8.08 0. 18 6.06 £0. 10 4.75+£0.17 3.39 +0.32
Natural recovery
SRR A —c 4
H IR + Rp-cAMP 41 24 4.62£0.14 3.94£0.19 3.52£0.30 3.25+0.31
Natural recovery + Rp-cAMP
W-RI[E2R4 . .
Jiﬂ‘EJIZ}:ﬂ . 18 - 17.84 +1. 18" 10.68 +0.46 " 8.27+0.23 *
Rehabilitation training
Zill%: + Rp-cAMP 4
BRSLUI%: + Rp-cAMP 4] 18 - 9.84+0.424  6.62£0.124 5.23 0. 164

Rehabilitation training + Rp-cAMP

TS HRE A, " P <0.05, S5EGUIZGA A, 4P <0.05,
Note: * P <0.05, compared with the natural recovery group; 4P <0.05, compared with the rehabilitation training group.
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F£3  HSARFARFEEESH pCREB 2RI (2 5)

Tab.3 Expression of pCREB protein in the rats at different time points

Zpil ik AJE2d AJE7d AJ5 14 d AJE 21 d
Groups Number of of rats  Postoperative d2  Postoperative d7 ~ Postoperative d14 Postoperative d21
3 4
A4 . 12 0.36 +0. 06 0.36 +0.05 0.37 £0. 09 0.36 0. 04
Sham-operation
SRR A 4
AR AL 24 0.58 +0.09 0.53 +0.05 0.45 0. 04 0.38 +0.04
Natural recovery
YRR -cAMP 2
AR + Rp-cAMP 41 24 0.47 0. 11 0.43 +£0.04 0.38 £0. 02 0.35 +0.04
Natural recovery + Rp-cAMP
k4
J%&ﬂlé:ﬂ . 18 - 0.76 +0.05 " 0.71 £0.04 " 0.64 £0.05"
Rehabilitation training
2 I 25 -cAMP 4
HESZIIZ + Rp-cAMP 41 18 - 0.54+0.05%  0.44:0.064 0.41£0.044

Rehabilitation training + Rp-cAMP

W5 HARMKE A LE, * P <0.05, S5HEE I L, 4P <0.05,

Note; * P <0.05, compared with the natural recovery group; 4P <0. 05, compared with the rehabilitation training group

(1 A B C D E 2) A B C D E
p-CERB —— —— P-CERB o o o s s
GAPDH GAPDH

H (1) F1(2) 4R ARG 7d Fil 144.
cAMP 41, D. B4, E: BEEVIZ + Rp-cAMP 41,
B 1 &Rk A 45 A K BN RIET B S pCREB & [ B R A&

Note: (1),(2): pCREB protein expression in each group at 7 days and 14 days after surgery.

A; Sham-operated group; B: Natural recovery group; C: Natural recovery + Rp-cAMP group;

D: Rehabilitation training group; E: Rehabilitation training + Rp-cAMP group.

Fig.1 pCREB protein expression in the rats at different time points.

Afpiij(zﬂ, B. Eﬁkmﬁéﬂ, C: HRWKE + Rp-

3 g

cAMP-PKA 15 2 # F _opl30/JAK/STAT3 {5 5
5 MAPK {5 555 PI3K/Akt 5 55 3552 E
POIF S 52 AR KNGS maT " cAMP 1
S AR B A A AR — AR i i
I PKA REESEN, FATATIBR Y M. 5 A
SRR AR L, 4232 RS N 20697 A0 il 1 B, G
RZHENN cAMP H1 PKA 23K /K-F- 24 B 34 5 | [m]
iz B REVE 45 R R is 2 U g W I ek st R RR
ANk il K 5z sh g i e 2E0E FH T e 2
it cAMP-PKA {5 S5 2/ S 928, M cAMP-
PKA 15 53 % S R i R i R R 45 07 U2 3
T 2t — Do ey

Montminy %" FERF 98 A KD R ILH 1) £k 5
PN RBL T cAMP I TG 45 G 2 (cAMP re-
sponse element-binding protein, CREB) , J&— Ff {ii T
FLAZ A YA A% N 0 B 5T, 1R Ry — A o R 4 A
¥ FERRZE T A S MY S o 2D e A T T A
FHEMTETVER T Gonzalez % R MK R
M1 2 alifk t CREB, & 1 341 4> 2 3L R 5% L4

B, N A A R R, C A b K&, 1 CREB
(AR5 e SR D) RE 5 AR B Bl R A A FH 98 9 A I, 2%
T A ol 1 7 2 SR TR R R , 24 cAMP-PKA YEH T
CREB i} {1 & 852k, Wi W2 k1) CREB J& i 7]
TR, 5 DNA E Y cAMP [ & JCAF (cAMP re-
sponse element, CRE) £5 4, J3 8 CRE 4% 19 3 R 4%
S, SR R A2 rE iR et Rk
BATERE THERR L CREB 1E cAMP-PKA {5553 [
9 I R A AR

S A5 R RS IR A A i ke 160K BRLS B
SRR B 4L AR L, L ot Ak R A Ml 4 20 PKA
pCREB & [ 2K B .1 5, [W AR B2 sh o sk
IREH AR $E7R PKA 2 pCREB 7 B & I 2 ik 3
K2 S aek & de G EE MR ER , b T
—HHIESE CREB J2 BAE N cAMP-PKA {5538 10T
Ui PR 1A 3 B A2 VIR 2 i A5 3T )5 K B2 3h D) BBk
52 IRATESZ I AT PKA F5305] Rp-cAMP, &%
& B ISRl K Bz sh D Be ik &2 B A T B
N + Rp-cAMP 41, [7]if H: PKA . pCREB % [15%
WIS w1 | WAE ToE /11 SN 2 )= | Y
i R K BRIz 3 D) BE K 2 5 cAMP/PKA-
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pCREB 1553 i (14 0 2% DI AR O .

WoE & 16 & B /b CREB 7] JH 3/ CRE 4%
R DRI 53 DN TR i 22 et A DG IR 7 A 338
&2 e | B9 5 2 K A K -1 (insulin-like growth
factor-1,1GF-1)  #f £ A K A ¥ (nerve growth factor,
NGF ) F i 5 14 4 25 %8 37 - ( brain-derived neuro-
trophic factor, BDNF) 2" ~2') Hia ) NGF J2 BDNF
TRl 2 RS REAS (2 1k i Rl P 22 AN P X B 22 2
AR I REIR I . W45 R I A W TE BRI R
HER BRIz I BEIK S P 4 R e E S AR T, o 2
FA T — 2L TSR IE

(AXE 2 WFiE4,)

2 X X W
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