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Abstract

[Aim] To evaluate the learning and memory impairment in rat model of Parkinson disease (PD)
which established by injection of 6-hydroxydopamine (6-OH) at different stages with Morris maze,
passive avoidance test and active avoidance test. [Methods] Rats were grouped into two: PD model
rats and Normal rats. The unilateral stereotaxic intra-striatal single point injection of 6-hydroxy-
dopamine (6-OH) was adopted to establish PD model rats. The rats were induced to rotate by in-
jecting apomorphine (APO) while 2 weeks after operation, in order to screen the successful PD rat
model. The number of rotations for the successful PD model rats is greater than 7 r/min. Measur-
ing the distance and the time that the rats stayed the quadrant of the platform with Morris maze.
Application of rats box for the shuttle box passive avoidance response, acquisition and analysis of
the number of active escapes and takes the initiative to escape the average time(s). [Results] In
Morris maze, PD model rats compared with the normal control rats, quadrant swimming distance
decreased significantly (P < 0.05) and the swimming time in target quadrant was reduced (P <
0.01) significantly; passive avoidance test for multiple testing method, camera lucida observation
time percentage (%) was significantly shortened (P < 0.05). [Conclusion] The learning and memo-
ry ability of PD rats which were constructed by striatal injection of 6-OHDA was significantly re-
duced, and it can be used as a model for the study of Parkinson’s disease dementia.
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[ IR A Morris/ KK E . M. FRAKM 6-2% B (6-OHDA)BUH & AR (PDIE ALK R %12
MIBES1, T AEPDRRAT NSS4, FHE K R A BE & AR 72 4L B (tyrosine hydroxylase, TH)
FKIXEASI K 7 BR T PDA BB BAT RIS FIPEAY . [iR]L% 5 APDEI A IE ¥ X4 . B 5%eblor
14 sE AL BB M SUR A5 6-OHDAYA R % PDR AR, 2 )8 )5 MR 51 BT 3 G HE(APO) 5 S 4%, e ¥ >
7 r/minf K RA R ABRIIPDAERL, F£12 F K BN N BE & R 72 /LB (tyrosine hydroxylase, TH)RE 2
W75 Bk X PD A RAE R BT R A IEH . B2 Morris7K 2K B Wl 22 A B B AT S SR IK R FE K B AR SR
WEIKETIE); SR K OB A AT 2 RIS, RBP4 R B 5 43 Eh (%) B3 LA KBER
FAT ERFEWBN BB R, FREGEAHT E RS (R E kR IR | (7). [45R] PDARAELA
KRMEFXRBAME, Morris/KKELKH, RMIEKBEZERD(p < 0.05), HAnSPRIEEKH
REEWD (p < 0.01); BREFMITEZRIRAEF, BFHMEE ] H 2 H (%) HE45E (p < 0.05); FiR
Fat 2 Bl Bk R B SEEe P, R Bk R (VR ) A R Bh k1 B R (D) 3 B B D (p < 0.05). [45R]
6-OHDAZUIRAAIESHAEE FIPD K B % S EIZ 88 77 99 B R4, WT DAYENHF 78 A\ 810 & 200 M R AR AL

XK ia
KRR, HERW, £LZ, BE

1. 58
715 A% (Parkinson’s disease, PD) & — 2 18 i AL H#H B AT PRI, H AT HIL i 2 126 A1 v i 2 o

% B R AT 2 TCTE RAGUIR R 2 B & f W 08D o W4 AR 070 R0 38 w0 4 A 3 e 0 2 1) R 2B 3] vk
4%~93% [1], #WTH. MHImEAmEE, STIAEMESREIFEFEE N . MO0 M R 1R AL
ATRENIZEN M A O R K R Y, HIGREIONIE . M2l ERE IS5 241[2]. AR
iz H 6-# % 21z (6-hydroxydopamine, 6-OHDA) A4 E A AR PD 81K, LA Morris /KR E . B
Fa FMAE, WS PD KRS CIZEE AR, v PD SEma 2 SCAZ IR AT IR AR & .

2. 5 HE
2.1. SEEOEhY)

R REMEYE Wistar K, 1AHE 200~220 g, EH#HM K OB i fit, SRl =1 nl ikl
SCXK(77)2012-0004, fii FH¥FAMEN SYXK(#7)2012-0029. =iRFHFFE 25°C AL, HEMKIKE, 12 h
BH/12 h B N TR . SRIGRE ML 7 409 I8 5 B AN ) B Al 2, B2 15 HOR R
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2.2. WIS

2.2.1. KGR

AR I 3L A E X (68025 B, PR YIS VR B AR A BHE A IR A F]) 0 LA T A A AR
(KDS-310-PLUS, £ KDS A7), K/NRiEH Morris /K% & (RD1101-MWM-G, il HE BRHGE
FRAT]), KEEEEAE(163030 &Y, iR 5 BARMA RA R KR 7R 46163028 UK ZFMRM, Ll
S BRI A R /A ), PCR 1% (Thermal Cycler 2720 %!, ABI A7), BEHREE RG(INFINITY A, VL),
Step OneTM Real-Time PCR System (ABI /A7)

2.2.2. TERFIRH

B #h i iE(Apomorphine, APO) (32 [ Sigma A7), & RNA #EURFI & (TIANGEN A #]), & 4. LK
CEE(E 743 k), PrimeScriptTMRT reagent Kit. SYBR Premix Ex TagTMII (TaKaRa ), J\IBHE PCR
B (GE-BIO A 7)), RNaseZAPTM (Sigma), 1.5 ml Rnase microtube. 0.6 ml Rnase microtube (AXYGEN),
Rnase-ddH20 (TIANGEN), 6 x loading buffer (TIGEN), Eifg##(Oxoid), TH X GAPDH 5|#)(=44).

23. A&

2.3.1. EREhYTFE
1E PD FEALH) 2551, 2 5 LL Morris 7K 2k B A1 $~15 HE(Apomorphine, APO) (0.5 mg/kg) I8 i3 84155 5 K
RAIEFEAT R, PRI IZ B AS B e 5 AT N KRR [3].

2.3.2. PD BBV KR ARSI &

FE IR S 2% I R L 224 2 mL/kg FREE R R o Sk B, KR RIE & T Wir e A b, M e,
e J AE LR YN BBk, 7800 B FRAE, BREIATXI A, 20 George Paxinos 3= 4 17 € K U 7 445 i )
e iE S A, RIS 1 A0 X y A1 z Sk AR5 3 9—2.5. —1.8 F1I-8 (mm), A7 2 ) x. y A1 z GhAkAs o
SN-2.5. —1.8 Fl—4 (mm). TR S A FH L EHFL, 10 pl S dbREET I 8 wl 6-OHDA, i ik
s BB A 4 W, BEREEPE 1 pL/min, 705 19EBSERE, (54 5 min, ZRBHRTHEAN 2,
ake: FiRIRME, (28 5 min FERE, A4010, Wi, 45, ARWEEEEFEE, B EERE
WA R B LR [4]. RIGEERER. K. RJGHE 14 RIEHES APO (4 mg/kg), 754 K R4 i
MITEREAT R, FYIFEE > 7 rimin (KB Ssh PD B8, 4% 15 Hksh PD BAIE % H -

2.3.3. PD XEREB AT

KH APO i T A7 A PD B K B P % & R F2 AL I (tyrosine hydroxylase, TH)Z 2k &AM 1) 77
okt PD KRBT VR -

APO i SligsAT . RIGH 14 RIERIEST APO (0.5 mg/kg), 7 & KB AL I e it 47y, ~F3)
e > 7 r/min BRI PD AL, %

PD MR KRR N TH RIE BT . 7EAT N 2E SO0 2345 R, % 15 X PD BRI R R 15 HIER K
BRSO, S HAS LG Py TH RIA R, FH BAXT 2 8 il 46 1) PD A ZY K BREBEAT HiiE . J@id NCBI ds
B, KR TH RN 2 GAPDH HIZER LT 5, N Primer 5 5190 A5 51 9035 1),
S E AW A F A

FRG SR BOR B AL 215 RNA, K RNA ZE47 5 5% i cDNA, #4749 21 1) cDNA T B 7E-20°C
f*1%, HT2J5 PCR SZIR A1t ¢ & PCR L5 .

W R RAFENT) cDNA FI T 96 & PCR &8, I HELHI P62 & PCR IR, PCR RS KHL
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Table 1. Primer sequence and amplification length of TH gene
= 1. TH EFESIFF Ry 15KE

H 3R Genebank 5 LB 5195751 S
TH-F 5’-GACGGCGACAGAGTCTCAT-3’
TH NM__ 012740 141 bp
TH-R 5’-GAACAGCATTCCCATCCCT-3’
GAPDH-F 5’-GTGCTGAGTATGTCGTGGAG-3’
GAPDH BC059110 291 bp
GAPDH-R 5-CAGTCTTCTGAGTGGCAGTGAT-3'

P RAELE ABI A F] ) Step OneTM Real-Time PCR #4; Fi#t{T, UL GAPDH AN S X} B A £ dhik 47 b B,
> cDNA FEf R E 3 NEF K. JFHFE KR4 TH mRNA R &,

2.3.4. PD HRB KR EF SR IZaE HHOMIE

AW FE AL BT Morris 7K IR B e S5 N 27 B AR A 20 (B S 56 I & PD B K BRI 218 1268 T,
I 5 15 6 K RIEAT LK.

1) Morris /KRB SERG: 43 BB IR EIZR . SR I ZRxS SEER S AT 25 HHR R 5L 56 . 4% Morris 7K
HERAKM SN 4 DRI, FHaEFRL( AR ARBUERIET .. BE. AR =MAIF). JIZH
SEHGE, DY JE O A FEE Morris ZKRRE, A6 DY SR FR AR 1L /MY — B UK Z3E B R RIFIK I & R,
FEFEE T H AR X ST A 2 em, RIFSERd BB a TR 2N . K
B 22°C, &ERKRIEK. &RME—EEEAT IR, RN REITIRE I .

LSRR B KRB N K, NGB FENLECAR ., 76, FE. Jbl RGN E —. 7
JURINZRH, ansax e fa i 60 s, W51 KREIFG, HRIESIMEFE LW 15 s, EHsmE
T B BRREBERINGR 5 X, WIZR ARG 20 min, HEZE)I1Zk 5 d.

I TRENGR: e — UGG E RGNS R, KB FaMmEk, 1 60 s FIREIZ%, HiFidst
F 1 min WAKHIEKES A . KB R JE SR T & SRR XK o e WPE H AR RIR (R T8CE 7 &
(1 S BR) A (R B [ (s) FI7E H AR SR (JE SR T80E T 6 R BR) P25 (% A% (em),  PAURGAE 9 2 [ AZ PR Al
fabr.

2) JBERE s B S EG s S AR RERT 7 ORI KT 180 s K R FF AN FH[5] o BER (s = JEC 04 At im 30 v
0.4 A X, ok R BB RS ACOS RAR FIIZ5 3 min, KRAZHE SRR, BRI G KR
BN DN %, KR N = 02 2 i, R E 30E5% 5 min Py K BRE N TE BIAR R B[] (5 5
SO IR A T 4 b, TS B A O EE N 1) 1 23 B [6]-[8]. & 1 K B4R 9:00 FFAAYIZRSEE:, 24 H R4 15:00.
UCH B4 9:00 A5 3 K 247 9:00(IZRSE56: 48 h J&) 23 Sl 3 K.

3) FEMAAM N BBV SEIE A A IE IR AL IR FE A B o

SCR ORI B S BT SIS, AR A IR S AR R 2% R TR TRD AR TR] B R D) A R (o
TR RS 75 S RN A e T it e R ) R AR A PR SR (e o ) ) TR RSP . AR IS

FEACAZSRAFIY B o e s RN — %, Hali i unkE, &R 5 min ARG, AR SEi
BT RGUR IR TG BB I PIRR T, S m IR (AR 75 2 ORI N e T i e i, Frs— et ie s,
U SRS AN R E R, WSS — A f . 302 2 L ke AR o 25— e iR fE
A TR AR, bR . B R RRUESLIZR 30~50 Ik, BEEIKREL. 24 h 5, WK
TR S R EINGSG, REFFRE, KRR ED 224 X DOk B o, R AR T 2514 S it 5%
PR 3= 3 [ 3 Js2

IR, THEHE R HRRFRIEE, 05K R 330 8] 8 M (active avoidance re-
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sponse, AAR, BIUKRAESRAFRIBG, ARFKAFRIBBIR AT 4 00 2 W) B T Bl b1 2 [ (D).«
PAAAR E NI 1AL ) £ EEPFA R AR [9] -

24. GHFEH*

KAGE A B, THREFR(X+s)& o, #AT thak, i PD BRADKR 5 IEH KA Morris
KR E T IR 6 RBR A BERE (om) MIAR T I T 65 R PR FR IR [ () 38 I A v 15 v (X 390 K% 2 AR R e s [l
8 S N7 P PR 2 2l 83 K (V) A S BT B I (] (D) (K22 5% 0 # PD B AR K BRI 27 TR 1222 4K

3. &R
3.1. Morris 7K B3 KR 28 MidIZ s HELER

7E Morris 7KK E A, PD AL R IR AR BE e vk, FLBZEBENLYS 5100 70 A TIUAS R IR (1A 1(a)), Hi%
PD M BRI G it RSB V- & B E s 1F 5 R K RA B 2 B2k 40T Morris 7KK E A 9 (1 1(0)),
TE AR R IRATIR N B 2o i 2, UGN TP G AHAR A RBR, RADEE RS, I HA 5 EL
WESF G E . KRB EHUER 2SR T HEREREINES .

KE Morris KR FIRE N GRSLILE R IE 2. BRI, PD HBERIK A/ BI7E B Ax SR I E A
11.9+291s, WEEDTIEH A KR 155 £3.41s (p<0.01, 4 1(a)); PD R4 H IR ZRIRFTZ
I B EEFE N 290.7 £ 88.77 cm/min, 7R Eb IE X REZH ) 370.8 + 82.37 cm/min {2 8/ (P < 0.05, & 1(b)).
PEIR A AR BN W0 3R B 56 1) B8 R0 578 O — R AT 25 I Re 11308 R, RIS () 2 2] B 23 R) AR e 12
AEAE— € FhiF o

3.2. R R AN KR E IR eSS R

R BRBEIS S5 N S5 R LA 30 MARATAN, PD AR ALK B WA LG N 8] 1 7 L (%) 2 25 /0T I X e
HRM(P < 0.05, #%3), HAEIRIEMKPIREMEZR. 1EH LRI e m & ek,
RHIEWHHRBRS D AERE A ke, BRORR AT HER T2, $&75 PD R
R AL RE I IAFAE — B PR o

3.3. FHRAWEIEE R ML AR F JIBIZEENMEER

KSR AR AR B0 [ S S SIS R WA 4. dIZRAT L, 2 JAAN & JI AR AR K B 2 MR 4 Bl m et s 1 i
Krrh, TR RA ()R 2 D T IR IR, 32l i () (F0) Ak 2 2 kD (p < 0.01); H.
5 J ¥) PD BB ZH K B ) = 5l ik kK 5 32 st (A EE 2 F A PD ARSI AR BR W b o SEBG R, IR
BRSO 25 OSSN SRR, U A S I SR A R . e eI, W AR K AR AR o SR g

LATH
3.4. KM TH mRNA LR

KEMIZHE TH mRNA Kl g5 0% 5. R mT A, 1E5 K RA NS 726 H TH mRNA FHXTRIEE T
% Z5(0.989 vs 1.041, p>0.05), #E/nIEH KERA . AMAL 12 EIEh S T ThRES EH

MRS 8 JH PD KA G (155 M) TH mRNA AF X 2 i 5 2 38 A0 T 7 M0 i (1E 5 ) R BN A J5 K B
AIE B (2 %) (0.399 vs 1.020, p <0.05). ¥t 6-OHDA VESHI TH mRNA £k B b . TH 2%
A BRI IRER, WA RGN 2 B cME A&, HEh= BiE/b nrae = Ia R0 A i 3
BRI o Bk, 387, SE88 R A APO 175 S e A7 v 2 ARIE HE (1) PD AL K SR 225 PCR 43 #7 H TH mRNA

FIEE ML, UERER K II[10].
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Figure 1. The swimming track picture of the rat in the Morris water maze

[E 1. KER7E Morris 7K 3% = Ak SN &

Table 2. Time and distance in the target quadrant of the Morris water maze in rats (X £s)
Fz 2. KFRTE Morris 7K E BARZR RAIATEI SEEFE(X +5)

ik N H 5 G BR T 8 18] (s/miin) 75 H b5 %R AT 205 #% 7% (cm/min)
TEH T R 15 155+3.41 370.8 £82.37
PD A2 15 11.9+2.91" 290.7 +88.77"
F: THIEHHAKREREEP<0.05), "HIEHHAKREREEZ(<001)
Table 3. The time of avoid dark reaction in rats in bright box (%) (X +s)
= 3. KRS R S ERFE - PR ZERTIE] (%) (X 5 )
Vol N FLR E2R E RPN 3 RFHME
TR X R 2 13 99.55 + 0.353 99.59 + 0.395 99.42 +£1.186 99.51 +0.748
PD #EAI4] 13 97.95 + 2.032 99.09 + 2.854 96.35+5.283 97.40 +3.735"
FE: T HIXT R IE AL LT S 2 R
Table 4. Times and average time of rats’ active escape in the shuttle box (X +s)
F 4. KREZFHREPENMRERH S FHRE(X +s)
o T Bk ik S E (X /5min) 2E Bk 5 B 1) (F)
Z n
2 [ 5 & 2 4 5 &
TR X R 13 8.3+298 8.3+298 16+0.44 161044
PD A2 13 49+1.22" 34+257" 0.9+0.28" 0.2+0.14™
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Table 5. Expression of mMRNA TH in rat brain
F 5 KRMEL TH mRNA HIRIEE

TH mRNA BT R 5 &

ZH 5 N
i Fifiw
NioN 15 1.04+0.113 0.93 +0.119
PD KRR (A i H15%) 15 1.02 +0.058 0.40 +0.044"
"5 FE X IR 1 LE B 2B AT LA S 2 5

4. g

A S Ks 6-OHDA XU sUE ST T 0K SR 0N B R 800, EmIBS 2 8, HZMM APO H S LKiE S
Fon @il , BAARIL F] 80%. LB Z HI T 58 PD BFE MigahfEes, Mo ToHst PD B3
INFIRERS[11]

SEI R, AR R BTEUR N TESS 6-OHDA SRA 1 g a2 AL B P E 4 i, LA BIFESRSCIRIE DA, X
LR Z V)AL 2R 8L PD B 1 2 MR RS I DU RERERG[12] [13]. T REMITEHL/Z, DA REHIHE
SURAR - B JRIR B8 22 AN /KF B 23E 5h[14], i Bl al B SCRR . & AER . g mF ik
JRITIRE . TAMA DA BEFRSXHCAZ DI RE RS2 KNS5 E55 2 PD B3 IIm R BR R AT e A7 — 7€ K &R
[15].

PD N—FhRIBAH I PR s, Fo T Fei-TE 4= 5 b B o il S oot 15 2581, At B o o o R A
B R BRI RE Tk o B SE 58 3 WX R ek 4] DA REISORT B D1 324k, #E i S BCLAE Sz
[16].

Morris 7K 2 & S5 B T2 R AT i Fumi N —[17] 0 ERG SEBer DR HL 7V B L 4R hRfE
TGz H S T 2 )RS AZ Re 1D, SR e iR S e AR, B R R — IR s
JEAE AT IE SRR, I CAH B T3 AT el o SRR A AT S R S 3 W i) 3= By [l 3k e S 4
ATNHRHE, & B ATV W 15 288010 S1ie M2 B o AT sl & T B .

ARSEG 25 R IR PD B EAE Morris 7K B SR AE 5 I MZ B8 177 A B B R BRI R I, 7E Morris
AKREE SIS, KR AT WA G A E — BORFFANAR, R BR RR SRR 7 (e M5 2 = (WU A A IE T TE
=, HARS BRI )N ETG118]. K REEA KK S AL E R BELI, Bk F 45
LB 5 RBFENKERE I WA ENRETCR, & FIREE A B SRL R S BRI Z%i0 5, B
W T B 112 0 — M3 (8] 2 %1044 [19]

PR ZRE LI, 7 S H L4 ) P G 2 — e 7 (8] TARICIZRe I k. &ad b R
IIZR, A s2garh PD IR R B AR IE 7 K SRAE H AR R IR (R 56T E - 6 1 G PR) I AL K I 8] () A AE H AR R
FROESeTBCE - & 1 R BR) B 2 i B A2 (em) B B 28D, AR S22 5, AR ASE AR O BRORT 2% [B] 251 2 K 3R
BEe I SR AR L 2z, R HMSOIRA NS 6-OHDA il iy PD B8 5 1E % KR EL, 2SHHdIZEE
JIHH S, PD LA B I 2 R TAE G IZREAT, X 5K PD &3 B ) TAR Q2 B i — 5.

ZS e, PD ALK R TR X 2K BRE B AR SR BT8R I 8] () B R i 35 22 5%, T PD 2R K B
HIEFEMBARRAEHRRRrEd BECmRAGREER, FELHTRRMMEZER, 8K
ek A — 80, — R OE AR R B, BRORAE HAR G BRI I ) LR, ELER A th mT DA BL LA
PR, BEFELLI A RSB MENG, JRRE IR AR ERZESR .

M2 IR R I K BRIk, RIL PD MR SIUNEERL G, T H AP IEH IR KR
A2 BT Morris /KRB H e, 15K R Morris K& B i P S AE/EIC12; 78 H bR R BRI Eh 1%



&%, RRAEZERAFENTASEILN: IFEAFIEEREFEMME, A6 F6, RN
ZOaKIIT 6.

K B RIS S B SIS B 4 (WL 42 3) MR AT, PD 581 K R BHAE WL ZZIN (8] B 43 LE (%) ¥ 35 /D T~ 1E % 0 R
HAKRKR, HIE 3 RREMAFHLEZEEER. EWEHARRKAFE P IEREE K, RFIEFHARLR
SEREFE A A IEAZ; Rz, BBUR R AR P2 A WS A TP A7 AE s 122, PD B KRR B 32
e JIAFAE— EFERG[20]

2 JERN 5 SRS ZH K SR 2 AR A B 20 [ml ok s B s b, 32 B kiR A (k) B R R R, SRR A B
KT 45 B 1) (R0 B Sk 2 b, LA AR 2 402 (P < 0.01, W& 4), HZSZEGHEN PD A R AE -]
CAZRE T 7 A B N o ARSZES TR S AR B ALK SRR A 1 5 1R 12 Re A P, (BAThRe R — &
REZR IR ) 56 2 AR, BB G AR I R I N B, R BHIC G 1 2 0012 R I E MR & 2% h A B R
T, BMEZ, RLIEERITR, WSR2 RPN R A7 1 RE I [21] -

5. &g

ARSI AN SCIR A ST 6-OHDA il i PD K BB [22], AU M [ APO 75 S ig % 1) ia 2 ks
1M HLAE Morris KIEE L BERS SN S0 o ARAR A 20 [l 8 S s 6 Hh A7 B2 A RIE AZ BTG, SRR B
A LU SEER AT T PD B E VRS IZ RS IR, JFONImIR PD BVA YT S BRI AR 4 .

e HE

LI RKFAEAF O I 2T £1(201511117062Y), [ 5K B SRR 43 4:(31172284), VLI Mt 52
Bl TR % BT H (PAPD).
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