FRAAGGAL 20174 328 T

L

- Aok AR

< SREAPIBIM TR b YA e

P22 R 11 5 ARG

2

mOBREY MR ¥ O MR K

HE

B 50T s e igidile i K BRA TR 22 5 i 28 22 86 11 (NF) V58l R (SYN) RG340 -

Frik VR AR K R B M A R (MCAO) , BEMLAT A TE SR 7 4Ll "4l TE A3 " 24 AR R i =R
Mo RIFEH3.10.17.24 .30 KA TP HAL T AR50 S AR I , T T4 55 UE7 7628 4L 8k AR K BT AE ]
Bl K7 5t Az i T5 X NF \SYN Y26k

LR VAT RIS AR : = ANBIT AR RIF L T RS "4 (P < 0.05) o SRR ALl . “TE IR
CHIFET TB LR 2 R B AE ) PRl Bz 5t 2 it 0 X NF  SYN Z2 3548 3 TARMESR 2, “Te M b 35 20 265k 5 T At g
H(P<0.05),

510 UL B S AP EE AT AL M I R B AT 2 A, FELHLR AT g S i NF X SYN IR A G
KR TR AILTR  F A AR BRIl PR s A 22 B SR il

FE 43S :R743.3, R493  XEAFRIEAE:A  XE4HRS:1001-1242(2017)-07-0763-05

The influence of enriched environment on behavioral recovery and NF, SYN expression after focal isch-
emia in rats/XUE Li, LIAO Weijing, LIN Junbin, et al.//Chinese Journal of Rehabilitation Medicine, 2017,
32(7): 763—767

Abstract

Objective: To study the effect of “both physique and spirit” enriched environment on behavioral recovery and
expression of NF and SYN.

Method: Established the rat model of MCAO, then divided the rats into “physique regimen” group, “spirit regi-
men” group, “physique and spirit regimen” group, standard group and sham-operated group. The beam-walking
test and inclined plane test were used to evaluate the functional recovery at day 3, 10, 17, 24 and 30 after
MCAO. NF and SYN were immunohistochemistry stained to detect the expression in peri-infarct and hippocam-
pus area after intervention.

Result: Rats in three treated groups performed better than in standard group(P < 0.05) in the beam-walking test
and inclined plane test (P <0.05). The expression of NF and SYN in peri-infarct and hippocampus area of rats
in three treated groups were significantly higher than in standard group(P < 0.05).Moreover, the rats in “phy-
sique and spirit” enriched environment group had the highest expression than the other two groups(P < 0.05).
Conclusion: “Physique and spirit regimen” with enriched environment can promote the functional recovery,
which may be associated with the enhanced expression of NF and SYN.

Author's address Dept. of Rehabilitation Medicine, Zhongnan Hospital of Wuhan University, Hubei, 430071
Key word preservation from both physique and spirit; enriched environment; cerebral ischemia-reperfusion; neu-
rofilament; synaptophysin

DOI:10.3969/.issn.1001-1242.2017.07.006
HGIH  FEK A RFHHEE VI H (303163421)

1

IR g BE B R A B2 2R, RO I B o o0, 500, 4300715 2 RO P R B4t 3 JlilfE#

VR TSy B, L, MR A s i H - 2015-10-16

www.rehabi.com.cn

763



Chinese Journal of Rehabilitation Medicine, Jul. 2017, Vol. 32, No.7

i A e ISR Bk 0L/ R A, SRR SEIR R LE ) | H
48795 728 5 | e 1) JRy R A B 4 g 1) B B, F-p 22 F [
L 24h BE G EAE T ARERREY . AR IE A 2
JE AR, A S R BB T84T T T R, il
I A v ) SRR AN B AR AR, 4 R
FEowok TUTE R A, H HebbP 42 “ 5 £ 17
WSk, F R AR T s, F e 5
AT HE G ZH AR BRI AL, G s 28 R8RSR
i 52 55 K BT 2 S D Re . CREA N 28 ) s A i
LAFRAH, S LARIE , shil s & e LS . B phidtsR
S HP R SR A R A ) AR T ) A SR IO A A
IR AT AR S5 R B A TA RIS B , RER AT e i Hs A s 4]
RO, ARSI R K BURG v 2 Jik BH ZE AR R | W€
T TR F A ke i DR BRTA R B R R A 48 22 4 1
(neurofilament protein, NF) | % fit & (synaptophy-
sin, SYN)ZRIKAFZMR, Ayl PRIV AR 52 30 4 Hh .

1 #R5HE*®

L1 Pk

111 SEEGBh¥ M 434l - SPF 4, it SD K Kl 60
H W B R Py 5L s, R 220—240g,
TFRFRICKFAEY 2 =Rz, AN
BEALECT L5 BT ARG IR 74L g4 T
PILFEVL BRI, A 12 H

112 FZ G AR - NF /N BT B v e ik |
SYN Gebt Z Fe bt ik (RpUH L8 U AR D 5
Bt B/ G F A G i 20 k57 £ (Dako Denmark A/
S); e e gt (AW AR A E ARG IRAR) ;2
i f5% Olympus BX51( H A) ; k% Y1 A #l Leica
CM1950(F&[H ) .

1.2 LRk

1.2 Zh¥isifi . 2 BB Yl SR LR AR Mg R 9k T
KRG 5y ik BEL DBy B PR AR TR TR 2l 2R i
A (1.840.2) cm, I8 F A 28 4 4 ATEE Tom, 438
VERI T AR, L kedfi A 2h SR A, WEREARSG,
Z: M Zea Longa 15U 2 5 R A T # 2 T g
P, PO E 1—3 A BT, A SE 5
122 FEREEHE LT ARG 3 RIF RS
T B IR . TEFE 758 90cmxTSemx50em, FE P
BRCE SR B RIKAN, i E g SRR A

764  www.rehabi.com.cn

IRENOETHE NN = STE I 7 N G e 2 el 7/ (LR T
N R H SR MR R INE TSR, G
HSUE B SR JRRFRIK TR R R R
JETAERGE N 4h/d, “TE MR 2R RAE BT
4h JE i N W5 Ah, HOR B )R TARMETE . PRife
TRl S ABTFARAE T ICFAR R AR AESE H 44emx
32cm>20cm, T ARG 3 KIFIG 1725 4 Ji
123 17  RJE5H 3.10,17.24 .30 RifAT
(NP

SRS T L5 IR K B 3 DR )
AU, i K K 175em, FE 1.9cm, i 7E BE 2§ Hb 1A
70cm &b, ik R BRAEF BAT5E . TEPRHE0 43 KR
FEPM AR B3 TF ok 5 153 KRR _FJCikAT
A ATARTE 752 45 s KRBT E R ok ;3 40
KR BEE AT A, (H A5 A BE S Bl ) i 7%
315451 KREOE AR HA 50% MLk E); 5
g3 REGEIL A, B RA5 ;5 6 43 K BB 2 -
A Ok, B A0 3 BT

AR Al S Y« A TS K B P D e,
B 500mmx270mm I A 15 5% HE 4 AL
IR . AR S [A] (R A B T K BB,
FRO R AR R, A2 00 3 YR 3{E
124 fHEd gz et g i G % KR
10%7K 5 581 (350mg/kg ) BRI , FH AR BEER K Fil 22
R MRS T IE VR, HETFE L5 , AR HiE Paxinos
A A BRI 7 A4 2 A7 L 2 — R, VIR 5 A A At
SERY LU U T B oK RN B T
& R H AU W P AE Y R E A —i R
A Wy il 2 45 1 (streptavidin-perosidase, SP)4efd,,
e I NF /NPT e BERUIAR (SYN St 2 se bt
RFSP IR & o B XS BRI F ok B R 48 2% Pl
B —Pt, R LT . e 45 5 R H Im-
age-Pro Plus 6.0 RGLHA T4, B MR A BEALIEH
Sk A, 7 200 155 0 R T BRI A e B 3 AN ]
P 0 A B AL S Bl B2 Jo S 7 55 X NF  SYN BH
7= W) R BB % B (H (integral optical density,
10D) . FrAT A i 2 AR [R] 9 25 140 B A T A 3L
1.3 Gt

K SPSS 18.0 B A b AT 70 M , #4546 IS 70 A
1) S5 9 K5 s I B bR i 22 s, 2 ARS8 1



PHAIE AL 20174 5 32% 5T

BRI R BT 220307 o

2 #ER

2.1 frhsEEsy

211 CPHEARTTE SIS ARJEH 10 K, B
5 I ML AP T MR bR iR 4
(P<0.05), “fh 72" 4l S5 bR e IR 4l JCBH B 25 5+ (P>
0.05) , RJF 55 17 RHATFARH 5325 TAnifESRA
(P<0.05), RIGEE 24 KIFUG, TR ISR D &
FHMFARL, 225 B4 BEEE L (P<0.05), K
JE 3R, TE AL ST ARA T 27 (P>
0.05). W1,

2.1.2 AWML IS RJEEE 10K, “TE M LR
T HVE S TTARESRA (P < 0.05) , RIGES
24 K, T IL IR S i T HAL F R4 (P<
0.05), “TEF="H o= T iR "4l B FR 4L (P <
0.05) , RJFH 17K 31 K, “IEFR"AH 5 T HLgR”
HPFor T IR 4 bREFRA (P <0.05), “TEFR”
ARSI B A Wi R =L e | 7 B o A R

FAATHEZERF(P>0.05), WLFE2,

2.2 BRI

221 “TEARITR AR i A FRASTE A R i X
NF IR 5200 « TR 2H K BUNF S ie 440 B e 41
SRR SR RTE , A5 0 o slbsi e (0, 76 K RS E A 1]
B I R g Hy X DL R36 o R Rz o Ry Ey X A,
AR (HFRR A R s TE R
INF Rk T HABK A (P<0.05), “FBF"HE T
CPRIRVUL, MRV S TARMESRAL (P < 0.05) , brifE
FEHFR R TRFARA(P<0.05), W3,

222 “TEARISE XN A FRASTAE 0 R i X
SYN A sZm : F AR K SYN Sl s v 9
AR R 5 U W] DLBRECME R GE . SYN H g [
PR RAR R ORCRECE 20 A1, HES BAAR 250
W s & AN A e, RFARAF R BG T
BIRTE TR 4] SYN Rk i T HAb & 4L (P<
0.05), “TEF&" =T dhigR 4 (HW & Z 8] U0 B 5 Pk 22
5 (P>0.05) AfEFRA M TIRFARL B S5RFARA
ZIJeE EEZER(P>0.05), W4,

1 BAKXRFEEHKRITELEES (acs)
20 51 LY/ HIK 10K EAVSN 24K 30K
2 12 1.82+0.87 3.18+1.08" 3.82+0.60" 4.36+0.67"° 4.45+0.69"%
b=t 12 1.64+0.67 2.36+0.92%% 3.45+0.8277 4.00+1.00™ 4.18+0.98"%

A ErE e 12 1.73+0.90 3.36+0.92" 4.1840.60*? 5.00+0.63"% 5.18+0.98"%
FRESRLH 12 1.55+0.82 2.18+0.75%% 2.734+0.90%% 3.09+0.83%% 3.2740.65%%
fRFALL 12 5.27+0.65"%7 5.64+0.67"7 5.91+0.30"7 6.00+0.00"** 6.00£0.00"*

[ ) 5 SRR TR HL R - (DP < 0.05 5 [R]SHA] o5 5 “FE S5 "4 HL A - QP < 0.05; [l B 0] o 5 “FE A L3 " 4 e A . P < 0.05
F2 FBHEKBRBRMEEI TS (xs)
. MR S5 P
ZH R

as - S ERER FI0K ERES EFYER 30K
BT 12 38.27+2.97 43.27+2.837 49.18+3.49" 51.55+4.16"% 52.55+3.62"
MR 12 38.09+2.66 41.91+3.65 45.64+4.03% 47.73+3.55V%¢ 50.55+2.81%
AU 12 38.45+4.11 43.554+3.86" 50.27+4.90" 54.554+3.3 54.64+4.117
FRUEFRA 12 37.82+5.15 38.91+3.53%% 41.91+6.76* 43.55+2.81%% 45.64+3.35%%
AL 12 52.5546.59"%% 54.55+6.23"%7 57.27+2.28"%° 57.55+2.88"%° 57.64+2.91"

RIS IA] 5 S AR EFR L e - DP < 0.05; [l ] 5 5 “TE 357 40 L4 - QP < 0.05 5 [l s ] i 55 “JE oL 35 40 e g - BP < 0.05

®3 RAARERABREREEBEDIX

R4 RAARERABREEREEIX

NF Rz ERAAZEE (x£s) SYN RiIZH ERAZEE (x£s)
255 SR AR R X G ZH 5 SR AEBEJE I R IX X
T4 12 25405.78+2624.29"  16050.55+1243.07" izl 12 24952.20£1210.22"% 12349.74+2540.04"

12476.41£1248.59"
20539.07+£2271.98"

TR 12
EMdtH 12

19634.07+2129.4
33487.08+4848.63"%
FrifEFRe 12 13631.56+2135.59%Y  8764.11+476.17%%
BFARA 12 9510.04+869.85%Y  6661.86+977.04%7

23117.81+1495.39" 11918.66+2347.68"
34380.14+6457.00"% 14858.23+2887.65"%
FrRUEFELH 12 9351.09+971.14%%  6857.79+508.10%%
BT A4 12 7220.78+974.96%Y  5523.13+660.49>°

TR 12
JEA LT 12

SR IR DX Sl v 3R A A - (DP < 0.05 ; S AHTR] X8 TR 37 4 e @)
P <0.05; SAHR DI TE AL IR 241 LE#L : BOP < 0.05

SR I DX Sl v SR A A - (DP < 0.05 ; S AHTR] X TR 377 4 e @)
P <0.05; SAHR I TE AL IR 24 L EL : BOP < 0.05

www.rehabi.com.cn 765



Chinese Journal of Rehabilitation Medicine, Jul. 2017, Vol. 32, No.7

3 iTig

TE RS o B SR A AR N, TR BN, B EL
i, 8 50 BARAE 0 B85 — R R R AE,
SR R R 25 A R A B A TP B, AT A i A
Hh 83 BUAIZ S RE , PR R A ORI
SRR HEEGE ONH AT N BE TR A AR iR
EIRRUERREE AT I 5 1, 24 2 KRR T+, K
ST NI TR AR R AL a1 APk, £ 5
WA E T T2 AESE , 2858 £ IE 5T
Be nE A2 RG] P B K R ERGE 12 3
FANHITRE

ASLIGTE B M IERE b, DL TE IR Bl
KIS T AR ST BEHIVE T IR, TN L
BEAFEAR B ARR SR BT At
S B, KRR N AT LA A8 3, A R R B
B AIE Bl 2 2] 2 7 AR B A A AT
PR T AR ST R FR AT p” B T e 5
G, KT LAE L # AR T 90 3R i gh =
(i), A F P A 35 TR T KRR () PR A8 3 o

AR FE R A AR T S50 AT X 52 56 7T
il K BIA T R . AR 25 R BoR , MR S5
5510 RIFIR , -7 & TR TEFR7 Mg
TE LR AT R 2 E LS R AR T AR SR, AR
J5i 24 KIFUR, “TE AR LS 21 B AR A 8 SE 56 L5
AR L4 B R T I AL, TR SR A
R T PhFRdl”, XEegh LRI KRS T rT ik
TR 2E UK I TE S TR 327 N, v B B 42 &
KR A2 s P R ACE- i D Re , e pdLsR " di kR
LS “TE IR ALK BUAH H 7 5 2 10 iR B R S
AT E], B R T cE IS S DR g

P 22 B8 1R P 28 T LR R A 2 2 2 4 i 24
O S0 N & E R oY | N A 2205 ol L 22
L AR N A 2 5 N, FE 4R 5 bl 22 T Dy B R
SR T R A E AR, N AR T
Wt 28 0 B RRRRAE . A RSB SE R B
BT R ZR 2 2] AR I AT BT BRURZ B NF 1 223k
DL AR AL Je AN R AR D BE PR &, Rolstad S %51
WF5E % B =5 NF (9 9R J3E AT BN 0 e i, D ot
B4, Dubois S5 5% R WY 2R AN~ > Y FREE ]
Pl /DI E R b N P R AU, %o ik A 27 e 58] 1A S 1)

766  www.rehabi.com.cn

PER . MM ZE R —Fh LT 2 B I b Al kr b
EH, S5 RS R MY S dE R, S5 i
HI G AL YlRs SRR R4, S B 58 fioh 1) 5341 %
WD R RER MR A SRR 2 R
Je 5 fi v S0 S5 A PR s op o EEAER, SYN (1)
AL AT LIAE B 45 I 2l 2 U8 52 1) FE SR R
7T B S ARHE R BT AT HE , & IR BT I 2] LA 42
15 SYN ZRiA , VT AFCF oY F BH = & P15 vl £ 28 i
Sl R B SYN AR5 , 12 1 0y i 28 0L e 35 AR G
AT IRVER RS .

AR SLIG G A AR S T o TEAE B & Bl Rz o %
WX, CTEAR AL IR TR IRV MR 4L NF
SYN F iAW 0 & TARESR A, B L5774 NF |
SYN 3Rk & T HALTF RS . %45 W3R T
PIILFRT R T E I T, R ERTH THR R 2 > Fiz o)y
YL, 3% I FRAHAE i [l Bz Jo B 6 25 X NF L SYN (1)
FEEAWN B RPER, X —25R 5 KRN
PPy A —3 . NF K SYN i i 3 i 254k
UE B ke I 5 S A7 AR A AR 1 2, T AR B
BRI ZE e 2R, 3 2 fh vy o] 84, 1 HL 32 & BRI
S W L3 A 2B e d o 72 (S U SR S 7 8 | N
FEAh b A R B B B AR ) S 9 ) b
72Nk, WAk T sz bl 2 s s 2 R F A ]
LS R At 28 A dke i K SRR 8 Th RR AR A

4 it

SHEREN L2 I U P (l E ¥ =$78 P
g ke 1 RS R AT R 24 MR A2 1A FIAE L, DA X NF
SYN ik AL HEAE L ZEAME S R FRAT1IE R i 2
A TE] S AGHI NF  SYN [ 283k, (HJ& AT UERH 4 J5 “TB
PRI 4 ARSI, A R T2 i 2o ik
KA A ATk i K Bz B 2 B SOA N T RE 1)
WAL, B AT AT AT A 5ok < T o e 1) 32 ' BR
R SEE 4510 T4 I KIARYT st A FBOok
B u A S A A K PR B B 2R T
5 Tk I I Ae v B DI RER AL X AT s Al Tt —
HRAMTE . MGG S Y o TS
bR DL R BRI R 7R T & PR A
22U M AR K D RE T2 LRI 5T ok AT R
S , DT B A s S RIG YT



PHAIE AL 20174 5 32% 5T

S Ak
[1] P LA R4 M AT R /R HE A ,2008.158.
[2] Koton S, Tsabari R, Molshazki N, et al. Burden and out-

[3]

(4]

(5]

(6]

(7]

(8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

come of prevalent ischemic brain disease in a national
acute stroke registry[J]. Stroke, 2013, 44(12):3293—3297.
Hebb DO. The effects of early experience on problem solv-
ing at maturity[J]. Am Psychol, 1947, 2: 306—307.

Sozda CN, Hoffman AN, Olsen AS, et al. Empirical compar-
ison of typical and atypical environmental enrichment para-
digms on functional and histological outcome after experi-
mental traumatic brain injury[J]. J Neurotrauma, 2010, 27(6):
1047—1057.

TR 2 . = PREEX S M A AE R R
M) J].ﬂm%%ﬁlﬂ%r i 445,2009,17(6):458—461.
O7% SO R R X FE A, AR BT — R IR AR 0] R AL SE R 24,
2015 11(12).17

B B 5K Y AR S FR S FRIE AN R34 SHR/SP oK B
PESISR AL NRIRE 1 S ML TR B 5 0 [J]. 5236 3l ) 5 LR R o,
2014,34(2):89—92.

JBL s X ILLL, 0 W), 5 2 A LB A B i o 20 Ik ) e . 2
JI 453 47 5 TR fg i L[, v R T R 2 5 R AR 4% RE,2002,24(6):
345—348.

Longa EZ, Weinstein PR, Carlson S, et al. Reversible mid-

IBBIRERI

dle cerebral artery occlusion without craniectomy in rats[J].
Stroke, 1989, 20(1):84—91.

Ohlsson AL, Johansson BB. Environment influences func-
tional outcome of cerebral infarction
1995, 26(4):644—649.

Bing GU, Jin JB, Hua-Nan LI, et al. Motor function evalu-

in rats[J]. Stroke,

ation of animal models for spinal cord injury[J]. Chinese
Pharmacological Bulletin, 2011, 27(7):893—897.
George Paxinos 3 4. K Rl 37 142 17 K115 [M

55 3 R ALHT R TR R, 2005.5—8.
SRARIE, G B PE, BUY A P B SR A BRI O i 26 rh VR A2 01 J
SR FE 3] 47 522 5,2014,29(16):1445—1446.
Dahlqvist P, Ronnbédck A, Risedal A, et al. Effects of post-

ischemic environment on transcription factor and serotonin

IR IR (RES

receptor expression after permanent focal cortical ischemia
in rats[J]. Neuroscience, 2003, 119(3):643—652.

Kuptsova K, Kvist E, Nitzsche F, et al. Combined en-
riched environment + atipamezole treatment transiently im-
proves sensory functions in stroke rats independent from
neurogenesis and angiogenesis[J].

2015, 56(1):41—47.

Rom J Morphol Embryol,

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

(27]

Greifzu F, Pielecka-Fortuna J, Kalogeraki E, et al. Environ-
mental enrichment extends ocular dominance plasticity into
adulthood and protects from stroke-induced impairments of
plasticity[J]. Proc Natl Acad Sci USA, 2014, 111(3):1150—
1155.

Safinya CR, Deek J, Beck R, et al. Liquid crystal assem-
blies in biologically inspired systems[J]. Liq Cryst, 2013, 40
(12):1748—1758.

Lee S, Shea TB. The high molecular weight neurofilament
subunit plays an essential role in axonal outgrowth and sta-
bilization[J]. Biol Open, 2014, 3(10):974—981.

Laser-Azogui A, Kornreich M, Malka-Gibor E, et al. Neu-
rofilament assembly and function during neuronal develop-
ment[J]. Curr Opin Cell Biol, 2015, (32):92—101.

ZEI, TR, i AR UL 5. AN R PRI 5 R b i S8 R B
FEBE AL JE] [l 2 22 B 11 G o F A i 1 2 11 335 19 52 T ],
IEIRZEAE, 2011, 26(24): 2141—2144.

Rolstad S, Berg AI, Eckerstrtom C, et al. Differential im-
pact of neurofilament light subunit on cognition and func-
tional outcome in memory clinic patients with and without
vascular burden[J]. J Alzheimers Dis, 2015, 45(3):873—3881.
Dubois M, Strazielle C, Julien JP, et al. Mice with the de-
leted neurofilament of low molecular weight (Nefl) gene:
2. Effects on motor functions and spatial orientation[J]. J
Neurosci Res, 2005, 80(6):751—758.
Zhang W, Wang GM, Wang PJ, et al. Effects of neural
stem cells on synaptic proteins and memory in a mouse
model of Alzheimer's disease[J]. J Neurosci Res, 2014, 92
(2):185—194.

Lohmann SM, Ueda T, Greengard P. Ontogeny of synaptic

phosphoproteins in brain[J]. Proc Natl Acad Sci USA,
1978, 75(8):4037—4041.
Machado AG, Cooperrider J, Furmaga HT, et al. Chronic

30-Hz deep cerebellar stimulation coupled with training en-
hances post-ischemia motor recovery and peri-infarct synap-
tophysin expression in rodents[J]. Neurosurgery, 2013, 73(2):
344—353.

Sampedro-Piquero P, Arias JL, Begega A. Behavioral test-
ing-related changes in the expression of Synapsin I and glu-
cocorticoid receptors in standard and enriched aged Wistar
rats[J]. Exp Gerontol, 2014, (58):292—302.

VLI B0 77 1), 45 7 0 BRI 200 ik e L - 1 B
ARG 1 2 IS i 2R FB RS2 [T]. ARy 5 S R A
7,2008,30(11):750—755.

767

www.rehabi.com.cn





