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KA RT-PCR WL R 5t BDNF mRNA, G 41 814k 22 5 35 W2 B it BDNF g R MM Rk, 4 & EE+NS 45
SE+ NS4 4, 22 it BDNF mRNA ik 3l (P<C0. 01) ; 2 5 X BDNF-ir BH % 40 g %% & 57 1IE 6 %5 B (COD) fA 4 3% Jin (P <<
0.01) ,SE+MPTP 45 SE+NS 4 b4, 2 F BDNF mRNA 35 F FE(P<C0. 001) ; 2 5 X BDNF-ir ¥ 40 it £ & COD &
TRE(P<<0.01), EE+MPTP 45 SE+MPTP 4 H %, B i BDNF mRNA #ik i*ﬂu<P<o 01) ; B X BDNF-ir P 20 g %%
J COD EH# M (P<C0.01), ## EE f& i SAMPS /N i X BDNF mRNA K BDNF-ir #y FH ¥ 235, B & MPTP %}
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Intervention effects of enriched environment on brain damage of MPTP-induced senescence-accelerated prone

mice
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[Abstract] Objective To observe the effects of enriched environmen(EE) on brain-derived neurotrophic factor (BDNF)
in substantia nigra (SN) of senescence-accelerated prone mice, so as to explore the possible mechanism of EE in alleviating
MPTP-induced damage and in protecting dopaminergic neurons in the SN. Methods Totally 80 3-month old female SAMP8
mice were averagely assigned to EE and standard environment (SE) groups at random. After three months, the mice in each
group were further divided into 2 subgroups at random: MPTP group and NS group (n=20). The MPTP groups received
subcutaneous injection of MPTP, and the NS mice were treated with an equal volume of NS, At the seventh day, the mice were
sacrificed for RT-PCR and immunohistochemistry staining. RT-PCR was used to examine BDNF mRNA expression and
immunohistochemistry staining was used to examine BDNF-ir expression. Results Compared with SE+NS mice, EE+ NS mice
had significantly increased BDNF mRNA expression(P<C0. 01), and the number of BDNF-ir cell and COD values in SN were
also significantly increased (P<C0. 01). Compared with SE-+ NS mice, SE+ MPTP mice showed significantly decreased BDNF
mRNA expression (P<C0.001), and the number of BDNF-ir cells and the COD values in SN of mice were significantly decreased
(P<<0.01). Compared with SE+MPTP mice, EE+ MPTP mice showed increased BDNF mRNA expression (P<C0.01), and
the number of BDNF-ir cells and the COD values in SN were significantly increased (P<C0. 01). Conclusion EE can increase
BDNF mRNA expression and BDNF-ir cell number in SN of SAMP8 mice, alleviating MPTP-induced SN damage.

[Key words| enriched environment; 1-methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine; senescence accelerated mouse;
neurotrophic factor
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W14 %M ( Pakinson disease, PD) J&—Fli g
HE VR 22 R G IR AT PR , H A HL I ANTE , i
PRITB AR ST 32 8] — i BRI 2 8 52 1
(brain-derived neurotrophic factor, BDNF) J& 4 ity
A T2 3 A0 M A T R T A R R AN B RS S 2 B
M ICIR AR IR, BOR B ZE Y W78 BDNF 6t
ZJEPD REHEZ —, K2 E AR 2o
M T2 T BDNF BRI AIE IRAE R, fiJm AR 72
PEET:, AR b, RS2 U JH AR Al 48 oo s kA
eI RAE IR B Z 11, 5275 2B 5 2 L R G A A —
FE AT EE P, b U R T 428 37 T (neurotrophic
factors, NTFs) ik Al fE 2 il 12 2 [0 B g #h 28 o0 1R
IR . X T NTFs BB 5E 7] Be 23 %) B iR
PD $2HEA BHOR N, 14k, & PR (enriched en-
vironment. EE)XJ S50 s W47 iy K ik D) 6 04 A 5% 8
etz B HEA, CIRIE EE REMRP 2 Bl &0
FEAE MPTP #4505, R4 EE J& 15 i b 8 B B
HRAL BDNF 1 46 3K 1 & 4% £ 47 4F Hl 2 A #F 58
MPTP I il R # & 4k /)y B (senescence accelerated
mouse prone8, SAMPS) il £ PD %, #i EE %I
PR AL BDNF 3519848

1 #HEITTE

1.1 shshaarna® A3 B SAMPS
/NEL 80 HLEEIA A (23,23 £0.15) g, s
SCRZE R R R IO WG 3% b o ik U5 285 Bl 1)
RIS, AREEK, ER 23~25C. 4+ 12 h &
B 12 h R R, e AR Tk R B ML RO Rk
SAMPS /N4> K EE 241 F A5 fE 58 (standard envi-
ronment, SE)4H , 4% 10 B,/ 51 EE 1 SE 4
HFFEFE3IANA.

1.2 33

1.2.1 F=EHE KXTEXEHN52 cmX 37 em X
22 cm MEBRLZE . NA 2 MR (15 em B (1 P
£(8 em /) .6~7 PP (4 em HE) .6~7 A
AR AR Be R, B3 d U T Rk
B R B e TH R W SR R
1ML 8~12 R/,

1.2.2 AREFRE K XFEXEHN 32 cm X 20 em X
15 em M ¥ERME BN HA 3R, 1 BN 4~6 1
N

1.3 KA 5E 1-H 4R HE-1,2,3,6-TUEA M
B¢ (1-methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine,

MPTP, % [ Sigma A #) . %I BDNF £ b f& i ik
(F[E Chemicon 22 ), BDNF 5|# ( L T4 W)
TRBEARMRS ARAFD,RT KA R H, PCR
S AR AR 57) (32 B Promega A A AW R ZHi.
S5f VA TR L A I L AR o A Ak ) I B I ) B
NS R A | e e A /NI DI E B o7 v B3 By S B 5
FEor M4l . MJ Research PTC-200 PCR #4 4F #F X
(EED.DYY--6B KA P EJE ), JEDASOLIE
FEIREE B UR 3 R S8 Ch EETR .

1.4 #AHE HEAFENBEPERE 3 ADSHREEE
#1 .SE 41 SAMP8 /N BEHL 5>y MPTP 4 #il NS
./ 20 H, MPTP 8 & 5& F 44 MPTP (14
mg/kg) , 5 2 h — WK, 3 4 R ;NS 5T 55
B ALK,

1.5 RT-PCR #&# FE&EBFH 7 KR MPTP,
NS 20 SAMPS8 45 10 H, Pk Wy #00, 1 st B s i 26
2L, B R WA T RAE . TRIzol B 42 HCEL
RNA, W RNA ¥ JE, —80°C R fr# M. & W
cDNA, —38CHR A% ., Bactin EIFTI9.5-TCA
GGA GGA GCA ATG ATC TTG -3", FliF514.5'-
TCC TCC CTG GAG AAG AGC TA -3' .91 Bt
K 302 bp; BDNF L5 4.5-TCG CTT CAT
CTT AGG AGT -3'. N5 9.5 -TCA ACA TAA
ACC ACC AAC -3", ¥ i B K & 445 bp, LKA
HSEAUNT . 94°C WA 2 min FFADEIR, 94°C 25
45 5,55 CiR Kk 45 s,72°C ZEff 1 min, £ 30 NMERY
B J5 72°C ZEM 5 min, BDNF KB =) Fl B-actin fY
PCR =¥ ] 15 g/L Bl i BE e A7 ik .
B UR 3 B R G AT R 40 A, TR 3 09 U (L,
PLAE 5 BDNF mRNA A A% 2355,

1.6 AR FEeEe HBEBEHE 7 K
MPTP.NS 4 SAMPS % 10 H., JFE M, IF I , 7 1,
H BN [E E F 4% Z RHEE, 24 h 5B B e A 4l
LU H M SRR K, RS I, i,
HEY R JRE R 5 pm, BUYIF T IHRAE 2 RBBA
FRr B R b U)o B K, 0. 3% i A Ak
AEWRTIEE 20 min, 0. 1 mol/L ##% 2 2% nh &
(pH 6. O N B E ,98°C 4EHF 20 min, BEHZE
FEi ., 10%ILEME 37°CIRA R & HNIFE 30 min,
PEAR K 2 A5 I A —Bt (bt BDNF £ 5 Bt
y, 4 Cit., WMimAEY R I TAER.37°CIR
IR & NI E 30 min, 5 IR o A0 P AR I 1Y)
FERIH R TAEW.37°CIRA R EMNHE 30 min,



%11 . SR L AE. E BT X MPTP B 2 4k /s BRI 5L 05 1 T 150400

« 1181 -

DAB . 2~5 min, HRKFT/H Wk, &L 1EE A,
A,
T B AE A R AR L B R ) 45 A B A R 6B

T (X 200) Xf 45 41 2 Ji X BDNF 4 5 & Ly
(BDNF-ir) #4740 M+ 4, & 2/ REC 3 5kl R 45
) Rk BOER A R — 2, ATk BE AL — ) BRI 3
AN T A A0 B 00 R 6 JEEE 3 A 1% 40 i SR ISP 3
{E . I R B 5B 22 Ge il e 2 Jo X 328 BH 1 4 i
i) 6% JF (optical density, OD){# , [ i 5 [7] — 5K
YU R b i K R B HE R R OD (84 75 5,
BDNF-ir 4 il i) OD {8 2 HE 14 5 1) OD {6 A4E %t
1E % % & (corrected optical density, COD) {H .,
COD H#FAT L343 B, B HUN BRI 3 9 g Fr L 4 5K
B AL 1E — ) R 5T X 3 AN [ f) R BF L RSP 44

1.7 %iJr%*i‘ﬁtiEi i BRI v+ Rom R
SAS 8. 1 ¥t A7 Ge it 40 M, 2 41 8] 22 5 i ] 5 A
I 20 M Cone-way ANOVA), B 3 F SNK
55, K 35 7K - (o) 2 0. 05,

2 # R

2.1 27 BDNF mRNA & HKE 17U, EE+
NS 45 SE+ NS 4 b3, it BDNF mRNA &k
i (P<<0. 01) ; EE-+MPTP 241 5 EE-+NS 41 lb 4%,
BT BDNF mRNA £ ik T B (P<C0. 001); SE +
MPTP 415 SE+NS 41 [ 32, 22 it BDNF mRNA #
KR (P<<0.001) ; EE4MPTP 415 SE+ MPTP
ZH b4, B2 BDNF mRNA A i (P<<0.01),

pil s SEINS| fe EEANSS [t

SE+MPTP

107 s

0.8

AALAA
0.6
0.4
0.2

B 1 SAMPS /\ER 2 BT BDNF mRNA B R iX
Fig 1 Analysis of BDNF mRNA expression

BDNF mRNA
relative level in SD

in substantia nigra of SAMPS8 mice
M. Marker; 1. EE+NS; 2. EE+MPTP; 3. SE+NS; 4. SE+MPTP.
BDNF: Brain-derived neurotrophic factor; EE: Enriched environment;
SE: Standard environment; NS;Normal saline; MPTP: 1-methyl-4-phen-
yl-1,2,3,6-tetrahydropyridine; * * P<C0.01, *** P<C0. 001 vs SE+NS
group; 444 P<<0.001 vs EE+ NS group; A4 P<0. 01 vs SE-+MPTP
group. n=10, x=*s

2.2 2% BDNF #4245 k& BDNF i
SR B R A L 5B A v e, B AL 2 AT DL, SE+ NS
41 B X BDNF-ir 4 %54 . & A0 ;5 SE+NS 41
Fe#  EE-+NS 41 2 5 X BDNF-ir 40 i 5 i 2 48, %
%, BDNF-ir COD {53 /i (P<<0.01), MPTP
25 NS 4 b B vk o3 A0 R B L AT L8 40 g
BRI HOR AT e C 2k, UL SE+MPTP 41
BWHRWE., EE+MPTP 415 SE+ MPTP 41 [t %,
BDNF-ir COD {84 n(P<<0.01),

AA

COD values of BDNF-ir cells
(=]
vy

50
ey EE+MPTP 0

B 2 SAMPS /I\ER 2 5T BDNF % 9% [ Bz PR 14 40 Bl B9 R 3%
Fig 2 Expression of BDNF-ir cells in substantia nigra of SAMPS8 mice

1. EE+NS; 2. EE+MPTP; 3

riched environment; SE: Standard environment; NS: Normal saline; MPTP: 1-methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine; *

: SE+NS; 4. SE+MPTP. COD: Corrected optical density; BDNF: Brain-derived neurotrophic factor; EE: En-

*P<C0.01 wvs

SE-+ NS group; 44 P<<0. 01 vs EE-+-MPTP group; Y P<<0. 01 vs SE-+MPTP group. n=10, =+
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3 3 it

A 42 AR (PD) & —Fh i 0L F v 248 Nk &8
FRGLARAT MR L L I AR 5 B A g i B R 2 B
JHie BE P 22 TC 18 MEIR AT M AR A 3 I Bh B AL X
PD fWF 75 R B2, C A W75 & /" MPTP-SAMPS
BERLTE 2 B o e bR AT N 2 i R B S
MPTP-C57BL/6]-PD /N LA FRAES Y, MPTP-
SAMPS-PD f5{& B T 52 2 F1 A 42 3 2K 0 7 1H 1Y
YER . ASWF 98 2 SAMPS /) Bl 52 56 30 ) ) 4%
PD F AL, 17 H % B A 85 T BUAE A 3 4~ H 2 6 A
A EEARFF A NENE S ZAE MR B B,

T PD 9 B B & 9 LT Aok 4R T
NTFsilt = 55, A R4 Fp NTFs By 8= v] 58 2 25
IR AR RIRET, NTFs 2 #0407 2F 1 K R
EHF., B FIKFUESE NTEs S0 2 40 i % 1E
ARG oA PR R T R R LR 2 JT ) B
PE S R L A2 b2 5 32 0 SO AR TP R AR TR
AR i AR b T5 7. BDNF R A2 #F mk 15 25 5
Y3 W) 2 L1 BE 4 46 0 (1 4716 . BDNF ft = v] B
£ PD k4 B EEAEMS, KRN S5
F W BDNF X £ 1 i g 22 o0 A B 3 19 O
R A& 2 A L vT A 3B 1k RO Bt 6-F 3 2 1
MPTP %5 B 80 £ CLE R 2200 I AR M BT, il i
RIR AL (tyrosine hydroxylase, TH) BH M 41 Jitd #1
P22 5 S E H N, 38 5 22 1 RE Rl 28 oT 1 T RE L 2
15 22 P e KT 038 i 4 AR AR Bl g BRI R
W9 KB PD % B R X BDNF & H & mRNA %
TR B AR T 1 X BT 5 AR E 9 PD R
HEVEBRE 22 A 97 J5 Ik A W BDNF KCFRF H
AR AE 1Y B ETY . RS W & Bl MPTP 3
SAMPS-PD /R i X BDNF mRNA ,BDNF-
ir BH M 4088 M A R B9 COD {E AR F NS 41, R
MPTP-PD BRI/ R B X BDNF £iEREL, ia
XS R A R BDNF 5 PD &4 FUE JBA G,
I, A% 8 P I 22 T X BDNF 23k /9 7 ¥k vl fig &
Biiit PD WA RO Z — . {H BDNF AH X 43 F it
KL ASREIE L i v B R EORL O 25 2 05 U BE R 1E
M.

AR X EE MBSOk Az 21 EY . EE 18
MR IRIR R E . — AW ETR R RN EFHN.NA
V- RS B — S B H XN IR BT A A
AL 2 FACAZ s s sl b . R R SE 5

EM EEE AR, EE i K E R4t ah P 5
Z G Sl S IR Z R s e e T 2 ) 22 18, Bk
BT E ARG IR 2 e AR S, B Al DL o 7R
A s 3, B IR g B S i ik T 6E L R E
ST, EE AR 3G ik R0 3G A 28 43 3 RN 58
fik B B B, AR B 45 5 1 S R AT SR AR i 5
JRARG " AR NTFs Bk, B K Bl R
WFFR AR T AE EE XF I A v B R & B 19AE L &
M EE G680 6 T BE . N5k AE 2 2% 1 AT SR 22 K
Wi gl U RE . EAMIFSEIRIE EE 76 6-F 3
Z IR R PD RS Hp nT 75 S 2 5 40 A ] 98 O
BB AT R EE BRI PR BT BURIK R 5
Wht 6- B RZEMHERERN, RELBEC M
EE BB} 5% SAMPS /NPT MPTP W HE /) . MPTP
HAF AL EE 4/ BL TH mRNA F R 8 /0 F SE
2. EE 4/NE TH %32 0 FHPE 40 R B 0. 422 8
i SE 4/ F R 0. 537 7,

AWEFE R EE 41/ BB I X BDNF mRNA
BDNF & £k & T SE 4, i H EE 41 /) R 7
MPTP 7 4} J5 2 i X BDNF mRNA ,BDNF % [1#%
k¥ E T SE 4 MPTP F 4 e /N, W& tiR 1T
PEAS (4 R] BB 4 7 HLR P 28 on b T I T RDIR A, e
BF 7 45 T R 9 T T il A B 3 e B 2% M 4 0T
RATPEE . EE AT A=A 7 WM BDNF & A
(85 B B8 R ¥4 4 0+ DA T 8 97 B8 460 ki A2 460 1) 22 12 e
B 2800, R A PT AB AE 22 5k BH 1k 22 1 i b 42 T 1Y
AP FET L IR 8 AE 28 PD 9 & A, Mok
A EZF NTFs 2 59 Z U KREM &0, EE &1
s T A NTFs SR £ 4 2 B e gt 28 o)) =5 i
— AT,
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