2016 41 H o ] B R A A AR January, 2016
¥208 H1 CHINESE JOURNAL OF COMPARATIVE MEDICINE Vol. 26 No. 1

?\%\%\/‘%

MRFE 2

SeamcaaaendS

5575 %6 A Jie 22 B A S s AR R R BRI T
RAEIR A 2218 S KT (Y52 1

iy

x| E ORI, EAT AR
(P EEZG B T BRI 57T TR 563 o e BE P BREE 563 o, LT 100700)

(WE] BH WETZE S5 (shou wu fang, SWF) X /¢ JiE £ UL 15 & 5 314 (levodopa-induced dyskinesias,
LID ) BRI FRAT Ry 8 b B G P 28 SR S 4 4088 SR 1 5 i, R 1T 1 2 7 T R shiiE VR HILE . Aik SR 6-
£ 2 M1 (6-hydroxydopamine ,6-OHDA ) i PN 744 5 A0 13 5 38 5 O 0 95 4 2% 95 ( parkinson”’ s disease, PD) K FAR T |
A EYIE B % T AEEZL T (levodopa, L-DOPA) &% L-DOPA + A [R5 & SWF, 434 L-DOPA £H .L-DOPA + SWF Ik
I LID + SWF @Al mdl, B MFARA, A shEsigizy 22 d, AR KRRETREEAA 55
(abnormal involuntary movement, AIM) #F43, 55 22 FR FHRGENTH AR X E BE AR RECIR AR 41 4M B EA T BURE , R
PR RORAR- DA MR A 43 E R ( glutamate, Glu) \y-Z T B2 (GABA) K Fah 581k, R KRES4R L-
DOPA J& , BHR VIR AIM, L4545 TR, ST ARAAE L, L-DOPA 20 AIM 143 TR (P < 0.01) ;5 L-DOPA 4
FALE, L-DOPA + SWF 7l i 24 AIM PP R FFEIR (P < 0.05) , 2 22 K, ST AR L, 25 25 25 41 K RBCIR A
HMHIAMNE Glu ,GABA K F-THi, Hoh L-DOPA 41 Glu GABA /K PRI L2245 (P < 0.05) ;15 L-DOPA £ 4H
I, L-DOPA + SWF 784 Glu K B FEE (P < 0.05) . 24255 60 min, L-DOPA + & 275 %584 Glu . GABA
KB EALT L-DOPA 41(P < 0.05, P < 0.01), 451 SWF BB L-DOPA SIAZ AR , 838 LID KR
AT ARk, A AL 5 s LID KU P58 19 S B2 2834 T K P A 2K
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Effect of shou wu fang on amino acids neurotransmitters in
levodopa-induced dyskinesia model rats

LIU Yang, JIAO Yue, SUN Dan-dan, WANG Dan-qiao, ZHAO Xiao-liang, LI Tao, ZHANG Mei-yu
(Beijing Key Laboratory of TCM Basic Research on Prevention and Treatment of Major Disease,
Experimental Research Center, China Academy of Chinese Medical Sciences, Beijing 100700, China)

[ Abstract] Objective  To investigate the effect of SWF on the behaviors and striatal levels of amino acids
neurotransmitters of LID model rats,and to explore the effect of SWF on the mechanism of dyskinesias. Methods  SD rats
were injected with 6-hydroxydopamine (6-OHDA) to produce hemi-lateral nitro-striatum lesion. 6-OHDA lesioned rats
were daily given L-DOPA ;| or L-DOPA plus SWF at different doses. Sham group was also established. All rats were treated

for 22 days, once per day. During the treatment, abnormal involuntary movements ( AIMs) were evaluated. On 22nd day,
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in vivo microdialysis was used to collect striatal extracellular fluid as the rats were in sober and free-moving condition. All
dialysates were analyzed by high performance liquid-fluorescence (HPLC-FLD) detection. Results After treatment of L-
DOPA, 6-OHDA lesioned rats developed AIM. AIM scores of L-DOPA-treated rats were higher than the sham-operated rats
(P<0.01). L-DOPA plus high dose of SWF-treated rats had lower AIM scores than L-DOPA-treated rats (P <0.05). On
22nd day, in L-DOPA-treated rats, striatal levels of glutamate and GABA increased (P <0.05) than sham group. 60 min
after last treatment, levels of glutamate and GABA in L-DOPA-plus SWF-treated rats were significantly lower than the
sham-operated and L-DOPA plus SWF-treated rats ( P <0.05, P <0.01). Conclusions
suggested that as SWF was combined, side effects of L-DOPA mitigated as AIMs scale rating were reduced in LID rats.

The findings in this study

SWF protected 6-OHDA lesioned rats from LID by regulating abnormal striatal concentrations of glutamate and GABA.
[Key words]  Parkinson’ s disease ( PD); Levodopa-induced dyskinesia ( LID); Shou wu fang ( SWF);

Microdialysis ; Glutamate ; GABA

MH 4> #F94 ( parkinson” s disease , PD ) J2&:IIff R 5 UL
fkh 2B AT, 28 THREAN, A2 E
(levodopa,L-DOPA) H 20 120 60 AEAC A H LI, —
HIRIRYT PD BA RN . SR, B 1 1 % e
KA 2 245 25 5 | RSRE R Uk 3l Az sl 9t & 4,
m Ak e 2 B & 5 8 iE ( levodopa-induced
dyskinesis, LID ) %' | B A5 7E 2000, 259 ) I
N7 FLBR AR B T Y A B I R R PD
BAEABORMEZIRR Y ORI PD 1ETT RN
PRI, A1 75955 A SR B8 Sk DU A9 AR HE O PR
PR TR T LID &ML v/ 533k 40 LID 77
A A AR IR YT A R L,

P21 575 (shou wu fang, SWF) J& Il PR A 2L 1)
w27 1T PDIAYTY . 5 L-DOPA BCAL AT
DA 2> L-DOPA JH &, $2 WA 7 4L B RORD
TR AR ST 45 R 1T SWF BN 6-F2 3k £ 1
Jfiz (6-OHDA ) HE i J5 K BREBCIR AR 40 i 4 i DA 34 i
(MR I AMEE L-DOPA 51#2HY DA 33022,
XAE—E R FHR T SWF S0xF LID I s 35 B
AT HER-, #F—LH5E R SWF fBF k3% LID
KEAT AR, o LID K UK P B 28 I A i
BEfS 7 AR LID K RSO AR P A 4t i
TE—EFE B4R T SWF T LID & %5 i/ AL
il SR, R A VR AL v 75 20— R

AR SLH o R L-DOPA 5 % 6-OHDA 41 % 3
PD B K B A S s, TR I B AR SWF, K BREL
PRAK A0 J 48 W 4 R R ( glutamate ) Fl y-2 & T iR
(GABA) /KA AL HEAT S AW EE, N SWE 8 15 il
DA S TR s A 28 8 T K T 1 B — 2B
D5 F 1 LID W /E I BLE AT 4R 2R, R e K Hh 76 24
A FRYT 00 4 AR L B I6 T 24 5| /S A R RN B8 it
B,

1 #RFnE*

1.1 %
111 SE8shy)

I GMEYE SD KB 24 H,7 JE#E K& 200 ~
250 g, Wb 5 4 F 48 S0 50 s W HOR AR W
[ SCXK(51)2010 —0001], S8 sh¥yia 3% T b E
ZERL 2% B B Al B S B 58 T SE 56 B 4 ol [ SYXK
(5£)2010 - 0021 ], iR FEFEHI7E 24°C, A IR EK
K, BEH 12 h G,

1.1.2 5250

6-7% % [ 1% ( 6-hydroxydopamine, 6 OHDA) | $iT
YR IMFR ( antiscorbic acid) , 4F 2 R ( glutamate , Glu) |
v-Z TR (GABA) 24 Sigma A B 77 i ; BT MG g
Hh S 2 R B TR SE 21 (0. 25 o/ A,
£} F % L-DOPA 200 mg + “F 22 JJ)f 50 mg) Ny b g%
AR F= 0 (L5 SH1556) ; & 5 &AL 8N v 51
A6 mOSES 24l ey A BR 23 B i, B 5 77 7K BV PR
PRI A AT
1. 1.3 fUERiks&

I PN BB AT 22 48 R B i CMA A 5177 i, A0 455
CMA/12 B4F GBFTR K 4 mm) MIREFEE  CMA/
120 VWSS P2 E  CMA/102 T2 . CMA/ W70 ik
AR E B WSCAR 5 o Tl E AR O TR R

i S /N IS T P N O VAR 2 NI DA 4
STRONGS003 , 3 ) {4 i 4E 57 1 -69001 | /i %/90 —
102 1 A BN ER A A

1.2 FHix
1.2.1 @54

B SCHGE 7, SD K BUIN  A I SR R
#(substantia nigra compacta, SNe ) . H Jixi B8 /0] 4 55 35
(ventral tegmental area, VTA){¥5f 6-OHDA #37. PD
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T AR ARAAEANFI S 3T 0.05% antiscorbic acid
AR K Ho R R SRR AR, TS5 3 A,
REUBE T TS BT MGHE(0. 5 mg/kg) , 17 Hh IURRE el
ST 105k 1 h K B (el ez A el 2, KT 100
Fel/h BIALR PD ARGV G s sh P BE AL 4
4y L-DOPA #H . L-DOPA + SWF ik 7] & 2 . L-DOPA +
SWF i, iR,
1.2.2 L-DOPA ik LID K424

L-DOPA 2 K Bl 45 #% 7 2 £ 5 (30 mg/kg/d, H
2F L-DOPA 24 mg + K22k 6 mg, LI N AHIF, #E B
252)j (intragastric administration ,i. g. ) ,L-DOPA + SWF
RFEHATE T L (30 mg/kg/d) BAKFIHE L
FIK B (A2 255 18 g/kg/d,i. g. ), L-DOPA + SWF
R T E LT (30 me/kg/d) K E il EE 13
DK F (254536 g/kg/d i, g. ) IR AU T4
EFRAK (1. g. ) o 25251 R/d,JELE4E2 22 d,
1.2.3 S % A H F i 8 (abnormal involuntary
movement, AIM) P43

ZHSCERTIE N T TR 1.7 14 21 Ku
H AR BT AIM PF53, B 30 min ¥F435 1 K, WA

Fr b BB T WA E T 0k

Start of perfusion  Collection of dialysate Medication

| |

FHEE 120 min(FE3F5r 4 W) o AIM BLHEZI R S 1A
X EReAT A, Herp Z0 AR s VR A AE E I AIM
AIM AT THIER AIM - AR AR IR AT 00 DA ™ E A
JERI G A HASFL (0 ~4 53) , Hrb 0 43 T30 43
/R ;2 73 220 3 00 AP I 2
15 1E 54 73 FREAAAE R AR RR A 2 45 1k (Bg |
g AW Em oy R 64 41) o
12,4 REIERRAS T SORAIGE O

LR 21 R RIRAT AWM R, K ECR I E
JEVE ST 109% 7K 5 (0. 35 mL/100 g) HEAT R,
S AV 188 7 A G 7 AR s A T IR B A
SR (A: +0.2 mm,R; +3.0 mm, V: -3.5
mm) HABREE , H , KERAEWEE H TG sk
STEABGEN R, HE I AL 2.5
pL/min B9 HEERE , P 60 min J&5 , AR UK EE BT
W, F 30 min WAE 145, U 28 90 min B S0 H
ZNE 1 K HREEHE L E 240 min, HUAT 3 AR
€ AR, 15 B EAE A B Al K F (0 min) |, %
PriBsc s Ir S LA 1

Bz S o

End of perfusion

v

| 1 [ | ]

=150 -120 =90 -60 -30 0 30
L J
||
8RR

Average level as baseline

60 90 120 150 180 210 240 4} (min)

B1 SRR

Fig.1 Dialysate collection protocol

1.2.5  SUIRIKRENTE T Glu GABA & &l &

A5 LE MR C ] K5 5 mg OPA YT 120 L s
JIA 10 pL B-FiFEZEEFT 1 mL 0. 2 mol - L~ HiiR 2%
MW (pH 9.2) IRAT, LT IEAL  W3hAH . A W ZE
I TP DU 0K IRG (V: V:V =400:95:5) 5B N
SR HEE(V: V) =120 380 (22 #hifi M 20 mmol -
L' CRRENAW , pH 7.2) o T :0. 8 mL/min; PMT.
12540 :40 €, BEEEVEN .0 ~ 10 min iy 0% ~
63% ,B ;10 ~12 min 5 63% B ;12 ~ 17 min N
100% B ¥ ;17 ~ 18 min & 100% ~0% B #;18 ~21
min 0% B ¥, OPA HER H Zhfii A, & I K :340
nm, ZHFPE K 455 nm,

1.3 HESHESIT
HARPA v s o, K H SPSS for Windows 17. 0

AT BN R T 2290007 o
2 R

2.1 SWF %t LID XR1THFHIZNE

AN B RS 2 )5 B BUAR TS sl Stk
Bifi 275 25 ] ) 38500, 45 2 R B 349 30 i 3% B 8 A oy ™
1 S S IR, BN T R AR R AR A
AT AR AR S AT RE Bl A | S0 ) £ 0 5
BRSP4 (DL 2) . 42 &5 21 K,
SFARAMEL, & 4A 2541 AIM BE5 20 8 T,
HA L-DOPA 41 AIM W 227 WE (P < 0.01) ;5
L-DOPA ZHAHLL, L-DOPA + SWF =754 AIM 143
BAR, ZSAFHITFEE L (P < 0.05), Fud W
#1,
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e AR TR K ST RERT , 2280 AR T TRESHAE ; B . 1) 40 % A= e %
C. EEHIHMGEFE SR, P R 5 5 D il 5k g s, 4K (e % |
2 LID KFATN2AAEIR

Note: A:Muscular dystonia with repetitive movements of the left forelimb ;B ; Contraversive rotation, contralateral to the

dopamine-denervated striatum ; C ; Repetitive chew-like movements associated with protrusion of the tongue;

D: Axial dystonia manifested as contraversive rotation, contralateral to the dopamine-denervated striatum.

Fig.2 Behaviors of LID model rats

F1 HELIX LID BRI AIM 050 (x+s, n=6)

Tab.1 Effect of L-DOPA and SR on AIMs scores in LID model rats (x +s, n=6)

SRR A EEB IS AIM score

axiil p
Group E RPN E NN %14 K ¥21 K
1days 7 days 14 days 21 days
FAR Sham 0.0+0.0 0.0£0.0" 0.0+0.0" 0.0+0.0"
ez M L-DOPA 243 27 £17* 30 +15% 36 + 16"
LEREZ M + 1 %07 (KFIE) L-DOPA + SWF (L) 242 12 £9 17 19 20 +20
LWELE + 577 (EFIH) L-DOPA + SWF (H) 12 812 5£5°% 9+9*

T 5RFPARHLE,* P<0.05, ** P<0.01;5 L-DOPA 41 b4, * P <0.05, * P<0.01,
Note: v.s. Sham,* P <0.05, “* P<0.01; v.s. LID, * P<0.05, ** P<0.01.

2.2 SWF Xt LID K REUREHEIME Glu =
G550 (x +5, n=6)

0 min, SEFARAMLL, 25 250 K RLCRIA N
Glu & &3, H b L-DOPA 4 B ZEF+ 55 (P <
0.05) ;5 L-DOPA 4141t ,L-DOPA + SWF 41 K fl4r
RIEN Glu KRR, HE R LRIFFE L, R
2524)5 60 min, L-DOPA 4 Glu /K. & & TIRFAR
ZH(P<0.01);5 L-DOPA 4 AH I, L-DOPA + & 1
T Glu /K- HREMK (P <0.05), 60 min

J& #5410 Glu /KB R DLi 3% 25 57 (HB KT 0 ~
240 min P, L-DOPA % Glu /KA 4w T Hifth %%
4,5 WLIE 4

2.3 SWF 3t LID X REUK KRS i GABA &
=R (x £s, n=6)

SBFARAHM L, 45254 K RECIRIKR P GABA
TGN, L-DOPA H B EF & (P <0.05); 5 L-
DOPA ZAH, L-DOPA + SWF 45| f 20 K 80tk i
P GABA /K FFEAE (A2 F G4 E L, KRG
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4.0 1

3.54

3.0

2.5 1

AR RE
Concentration of Glu (ng/mL)
]
=

1.5 4
1.0 -
0.5
0.0 1
0 30 60 90 120 150 180 210 240
IR i) (4381
Time (min)
—o— {HF A Sham

—0— A £ E L-DOPA
—— EMEZ B+ S0 (&) L-DOPA+SWEF(L)
—o— ERZE+H S (Ff#E) L-DOPA+SWF(H)

W ST ARALRK,* P<0.05, * P<0.01;5 L-DOPA 4 %, * P <0.05, *P<0.01,
B4 S RahER R RECRIE Glu K52 (v +s, n=6)
Note: v.s. Sham,* P<0.05, “* P<0.01; v.s. LID, * P<0.05, ** P<0.01.

Fig.4 Effects of SWF on striatal Glu levels in LID rats (pg/mL) (x s, n=6)

3.0 1

VR T MK RE

Concentration of GABA (ug/mL)

0 30 60 90 120 150 180 210 240
i ] (43 81)
Time (min)
—c— & F-A Sham

—o— AiE% E L-DOPA
—e— e B S ({RFIE) L-DOPA+SWF(L)
—— I HEE B (FFE) L-DOPA+SWE(H)

0 SIRFARA L, P<0.05, ®P<0.01, 5 L-DOPA 4t * P <0.05, ™ P<0.01,
B5 &9 RERIR RECIRIA GABA ACFIFEN (3 +s, n=6)
Note: v.s. Sham, * P<0.05, *P <0.01, v.s. LID, *P<0.05, ™ P<0.01.
Fig.5 Effects of SWF on striatal GABA levels in LID rats (pg/mlL) (x £s, n=6)

25 60 min, ST ARHAAMIL, L-DOPA 20 GABA /K B TAZA (HEF LG4, B WE 5,
FREHTHRTFARA(P <0.01); 5 L-DOPA ZHAH
I, L-DOPA + 7 5 J5 4 7l it 20 GABA 7K F- ¥ A%
(P<0.01), 60 min J&,L-DOPA 241 GABA /K154 e 2 B3 & 7 31 E ( levodopa-induced

3 itig
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dyskinesis, LID ) &4 #1544, BCIR A& Z EL % (DA)
FEM B A LID KA i BB R2E R R 4k
IM— L6 PD A S i 4R B LID™ P 5%
FHH LID 19 % A & A 5 K B Hofth — 26 5 LA
£, Ak, L MR RE M 4 i 7E LID KA Py
YR 2Z2 B HOR R 22 (1) G 7 , N FEIR IS M ik
AEBRZEEE . Horp, Glu A1 GABA 1E Ak Py 5 22 (14 2%
ArVERIDEI P s O 35 PD LD A AEA
BRVIER, A2EE M LD KA R T80k
WL R D, ZRA D, ZR3H T 10 15 1% 38
TN E)422308 B T35 2 2 A7 | e 240 5 35 KL RS Y - o - B o
BTG S SR, TR Y I A 5 R R B R R
TG 2 SCIRIR X Glu 3800, 17 GABA Bl iy 33
JITRIRE T LA S ke 42308 6 A 3k BE TG 7 LID & A v
AR R, DA EWFSEEE 4R Glu .GABA
5 LID o372, {5 B A o8 iR i AN BESE 248 7R Glu,
GABA SR EMEM B S EH LID K4 kKEM
B

XFF LID M6 77, B 3 E ARG A K8 DA
HIF  E LB Z AR FE DU A 5] SR E
FIERIEEEAR A (HRCR A S N, EHEE EX
S, T 2 T A 2B AT R R A TR YT R B A
FROE 3, B 57 BRI ic k. S % AR
I8 EEA IR BAL N B I IR 26 56 1 32k R i v 24 4
O HHE S REE KRR R P2k, B2
FRAFF 5T 22 B, 7 v 24 0 1 4 E A K R O il 50 %o b 8
TG B ) B s 2R Y o
JIIRYT M 2R AT M e P I T 2 A Ak I R
b, 555 L-DOPA Be{i i H , 7T LA /> L-DOPA
R EEIRIT AR SA TR SRR ST
SR T B FR 6 3 BRI - XU 5 33 B R R
W5, ) 2 W22 8 13 7 %F L-DOPA £ WA 4 7% %k
(PD) K BRI Y 1 SCAR A4 40 Bt A1 9 25 50 2% 4 5% Wi
gEHLRI B S BRSNS L-DOPA V1 B , 38 fin ifiL i
L-DOPA B W, ik /> SR A L-DOPA 24 49 e 5 %
P MR FIA R L-DOPA /NFI& L2k 2,
I8/ L-DOPA Il 25¥ BE B 0% 81, AT BB AE 2% LID (1) &
AP DL R HOR T S  al fE X LID B A T
YEH .

WG, 5T 6-OHDA 5475 A8 K U M1 5 L-
DOPA J&, ZCIRIR A e A2 16 55 PD g A KRR 1S L-
DOPA I /R (138 shBErs AL >, 45 6-OHDA #4511
KK E 5 L-DOPA , v &2 il th FH R 5% L-DOPA
7 FiB SRR 2 HLH A Sh AR 20 s A
fap o, 2 AR R , P T A 55 HH S G B
55, VT 2500 5 G FVE FE AN 245 0 AL A 5 4

& HATHIGE LID R iRz —, ABF5E
HET ST 6-OHDA S7ARE M85 PD A RUBEAY | A
IR e 7 L-DOPA #EH 3 &, %K% PD KR
FEHE LID, KA SCHRHAE , & F) & L-DOPA 5 & PD
KB LID LRGN, [5)f t REAS 45 b 4 7™
F LD, ABFsEH, PD BRIR BLZA IR L-DOPA J5 1
~3 JEIEH[E] B B LID, B 45 25 i [B] SE K | 3h4) AIM
REARIZH N, 13X 5 SCHR s ™ 25 AR — 30, 7F
TR AR B SER I AAIFR ShA8 M8 T LID K FEX
ARIKP Glu F1 GABA AR Ak , 45 SR 5 1A 4 mir )
W4 B SCikARaE — 20 -, X nlfigs PD/LID
RET, B -BORIRB R IR RGETE sh A
LID BRI AL I T A AR FE 12 7Kk GLT1 /K Tt
Glu 52 & % ik 5 %, Glu 7K 95 B 7 > 7,
GABA 2R IE 14N ~ %) GABA e &0 1 1%
AR R, T Glu &8 &R IR B 67
(GADG67) #4iE 4k, A= i GABA . 53F LID IRZSH) 6-
OHDA $5i75 K BB AU AR b, B8 LID K BUIK 9 S0tk
T B HERI GAD6T TG PERE N, X AT 2 LID KR
SUIRIRN GABA & i W F Iy iR, SldfhE
J7 SRR T 58 THE Y Glu 1 GABA JKF R F%,
S{BFARAK G TG,

28 ATk, i 35 Bifh L-DOPA figfi% U8 4% LID
BRI B AT M 2 8 e R, $ 7 I R N FH B % 07
o BEAS I8 2 X 2 B AT ik ARk 7 A
HAEHALEI AT fE-5 H X BCRIA N Glu . GABA 7K1y
PENTVE A &, AT IE 485 S A itk — 26 SR I v 25+ 1
LID 1 & Fdi 4% LID SERER AL T 5280k 3

S 3k

[ 1] Ahlskog JE, Muenter MD. Frequency of levodopa-related
dyskinesias and motor fluctuations as estimated from the
cumulative literature [ J]. Mov Disord, 2001, 16 (3). 448
—-458.

[ 2] Zesiewicz TA, Sallivan KL, and Hauser RA. Levodopa induced
dyskinesia in Parkinson’s disease; epidemiology, etiology, and
treatment[ J ]. Curr Neurol Neurosci Rep, 2007, 7 (4). 302
-310.

[ 3] Tse W. Optimizing pharmacotherapy: strategies to manage the
wearing-off phenomenon [J]. J Am Med Dir Assoc, 2006, 7
(Suppl 2): 12 -17.

[4] van Laar T. Levodopa-induced response fluctuations in patients
with Parkinson”s disease: strategies for management [ J]. CNS
Drugs, 2003, 17 (7). 475 —489.

(5] Zokdy, 25, JAJRm. T B4 A B AL SR 1/ B
Z W o B E R (1], P EIG RSB 22508,
2007, 23 (5): 395 -396.

(6] EJHr5, T8, BEE. B IRHER 6-OHDA Fir Bk Rt
RPN ML MRS F R T R AR [T, P E 2 AR AR,



o P PR 2 2% 2016 4 1 H 25 26 55 1 ] Chin ] Comp Med, January 2016, Vol. 26. No. 1 13

[10]

[11]

[12]

[13]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

2006, 22 (6): 765 —768.

X, B, I, S H D5 X 2R S S A
KT 2 B A s e (1], R AR R 2 2R,
2015, 30 (1): 73 -177.

B3, X, IV, S B BO5M 2 R SRE R R
BT BRI (1], o E AR Z5 P 2R RS, 2015, 35
(02):1-4,09.

B, BRI NN, SF. eSS Wi R S ElEE K REUIR
Rzt RIS R e [J]. hEMARERE,
2006, 5 (9): 875 -879.

Justin D Oh, Christina L. Vaughan, Thomas N Chase. Effect of
dopamine denervation and dopamine agonist administration on
serine phosphorylation of striatal nmda receptor subunits [ J].
Brain Res, 1999, 821 (2) . 433 —442.
Lee CS, Cenci MA, Schulzer M, et al
mesencephalic grafts improve levodopa- induced dyskinesia in a
Brain, 2000, 123 (Pt7):

Embryonic ventral

rat model of Parkinson disease [ J].
1365 -1379.

W, INEN, WA ZE0EL R S Bl hE R BB TRY 114 1
PERIAT H=EPAE (1], PAEY RS S RERE, 2005,
27 (11): 649 —652.

Boyce S, Rupniak NM, Steventon MJ, et al. Nigrostriatal
damage is required for induction of dyskinesias by L-DOPA in
squirrel monkeys [ J]. Clin Neuropharmacol, 1990, 13 (5):
448 -58.

Guigoni C, Dovero S, Aubert I, Li Q, et al. Levodopa-induced
dyskinesia in MPTP-treated macaques is not dependent on the
extent and pattern of nigrostrial lesioning [ J]. Eur J Neurosci,
2005, 22 (1) 283 —287.

Cenci MA, Lee CS, and Bjorklund A. L-DOPA-induced
dyskinesia in the rat is associated with striatal overexpression of
prodynorphin- and glutamic acid decarboxylase mRNA [J]. Eur
J Neurosci, 1998, 10 (8) : 2694 —2706.

Watanabe M, Maemura K, Kanbara K, et al. GABA and GABA
receptors in the central nervous system and other organs [ J]. Int
Rev Cytol, 2002, 213; 1 -47.
Obeso JA, Rodriguez-Oroz MC,

Pathophysiology of levodopa-induced dyskinesias in Parkinson’ s

Rodriguez M, et al

disease: problems with the current model [ J]. Ann Neurol,
2000, 47 (4 Suppl 1) : S22 -32.

Flora Mela, Matteo Marti, Simone Bido, et al. In vivo evidence
for a differential contribution of striatal and nigral DI and D2
receptors to 1-DOPA induced dyskinesia and the accompanying
surge of nigral amino acid levels [ J]. Neurobiol Dis, 2012, 45
(1):573 -582.

M, 2R, IR, AT AR IR A R A /D B
Z O 2T R A E I (0], P E IR RZY B 22K,
2007, 23 (5): 395 -396.

JEIHE, =, B, S5 T S HRE AR BUE D &0
T Bax 3k [1]. RS MZEBINZRE, 2006, 23 (2)
143 - 145.

VT, B, SN, SE. KRR R IS 28 Xof I 1 4R O B
PRI RE R R RIS [J]. 2525 B 51k R, 2009, 25
(1):56-59.

EE, TRA, #%. ARHNEPEOIR G EZERRTN

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

SAMRIIG RS TRONEE [T]. PETPEESSRE, 2003,
23 (7): 504 -507.

INGETT, TFET, SRR, A5 1 1 0 4 AR A K B
VBRSO A 40 18 0V A T 2 B 245 4R 30 7 27 5% i 1) F 52
[J]. ESERITRIYAR, 2011, 17 (11): 111 -115.
Rodriguez-Oroz MC, Marin C, de Fabregues O. Continuous
dopaminegic stimulation; clinical aspects and experimental bases
[J]. Neurologist, 2011, 17 (6 Suppl) : 30 -37.

YL, BRIk, BRI 6-FE2 LN PN ) i AR R B
BAIOIFE )], P ESREYR, 2005, 13 (1): 20 -22.
Henry B, Crossman AR, Brot chie JM, et al. Characterization of
enhanced behavioral responses to L-DOPA following repeated
administration in the 6-hydroxydopamine- lesioned rat model of
Parkinson’ s disease [J]. Exp Neurol, 1998, 151 (2). 334 — 342.
Lindgren HS, Rylander D, Ohlin KE, et al. The
complication syndrome ” in rats with 6-OHDA lesions treated
chronically with L-DOPA .
administration [J]. Behav Brain Res, 2007, 177 (1) 150 —159.
d, PNERD, BaEi. ZefiE 2 L R S s R RURCAL Y ]
VERHAT 200G [T]. AR R 2 5 R AT 44k, 2005,
27 (11): 649 —652.

R, EFFI, AW, SF. M4 RN 6-OHDA 8RR i A2
iké 2 B2 I 245k JBE 45 SR A A R A1 VR B R S i SR 2 6 T Y
Mk [J]. ThEZ A A, 2010, 26 (10) : 1395 - 1399.
B, BUR, T, 4 Zhe LA ZIE 5 58 R Aok
PHZBIT (1], TPEBREE, 2013, 23 (11): 31 -35.
Mela F, Marti M, Bido S, et al. In vivo evidence for a differential

contribution of striatal and nigral D1 and D2 receptors to L-DOPA

«
motor

relation to dose and route of

induced dyskinesia and the accompanying surge of nigral amino acid
levels [J]. Neurobiol Dis 2012; 45 (1) 573 -582.

Jonkers N, Sarre S, Ebinger G, et al. MK801 suppresses the L-
DOPA- induced increase of glutamate in striatum of hemi-
Parkinson rats [ J]. Brain Res, 2002, 926 (1 -2) . 149 -155.
Robelet S, Melon C, Guillet B, et al. Chronic LDOPA treatment
increases extracellular glutamate levels and GLT1 expression in
the basal ganglia in a rat model of Parkinson’s disease [J]. Eur
J Neurosci, 2004, 20 (5): 1255 - 1266.

Dupre KB, Ostock CY, Eskow Jaunarajs KL, et al.

modulation of striatal glutamate efflux by serotonin 1A receptor

Local

stimulation in dyskinetic, hemiparkinsonian rats [ J]. Exp
Neurol, 2011, 229 (2) . 288 —299.
Calon F, Goulet M, Blanchet PJ, et al. Levodopa or D2 agonist
induced dyskinesia in MPTP monkeys: correlation with changes
in dopamine and GABAA receptors in the striatopallidal complex
[J]. Brain Res, 1995, 680 (1 -2): 43 -52.
Calon F, Morissette M, Rajput AH, et al. Changes of GABA
receptors and dopamine turnover in the postmortem brains of
parkinsonians with levodopa-induced motor complications [ J].
Mov Disord, 2003, 18 (3): 241 —253.
Levy R, Herrero MT, Ruberg M, et al. Effects of nigrostriatal
denervation and L-dope therapy on the GABAergic neurons in the
striatum in MPTP - treated monkeys and Parkinson’s disease: an
in situ hybridization study of GAD67 mRNA []].
Neurosci, 1995, 7 (6): 1199 —1209.

(f&E B#3)2015-10-21

Eur j





