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HEHTm LR IAF3 2 HFK T35 TAA 24(P<<0.05 3% P<0.01) ;4&5-F & CS &7 & 20/ A, F 5 2% F SOD .GSH-Px # 7%
W R EA G KT ECS &M FA AP LR T MDA 6948 2 & KA (P<0.05 % P<0.01), & ke T&S>TF
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Neuroprotective Effects of Low-molecular-weight Chondroitin Sulfate on Dopaminergic Neurons in
MPTP-induced Parkinson’s Disease Model Mice

GAO Qin', DING Hongguang®, SUN Fusheng’, YANG Zhihong', WANG Jing', DING Huiting', GAO Hua', JU
Chuanxia' (1. School of Pharmacy, Qingdao University, Shandong Qingdao 266012, China; 2. Dept. of General
Surgery, Qingdao Municipal Hospital, Shandong Qingdao 266011, China; 3. Dept. of Pharmacy, Qingdao
Municipal Hospital, Shandong Qingdao 266011, China)

ABSTRACT OBIJECTIVE: To observe neuroprotective effects of low-molecular-weight chondroitin sulfate (CS) on dopaminergic
neurons in Parkinson’s disease (PD) mice model induced by 1-methyl-4-phenyl-1,2, 3, 6-tetrahydropyridine (MPTP). METHODS :
C57BL/6 mice were randomly divided into control group, MPTP injury group, low-molecular-weight CS low-dose and high-dose
groups (100, 400 mg/kg). Control group and MPTP injury group were given constant volume of normal saline intragstrically,
administration groups were given relevant medicine intragastrically, once a day, for consecutive 17 d. Since 11th day after
medication, except for control group, other groups were given MPTP solution (20 mg/kg) intraperitoneally to induce PD model,
once a day, consecutive 5 d. After last medication, behavioral changes of mice (10 mice in each group) were evaluated by rotary
rod fatigue tester. The damage of dopamine neurons (the percentage of TH positive cell and the percentage of fluorescence

intensity) in substantia nigra of mice (3 mice in each group) was detected by immunohistochemistry and immunofluorescence. The

; content of dopamine in striatum was determined by HPLC (6
A FE T+ [H15 1SRRI 4 VBN H (No.81441094) s LG P um W y (

A IRFL AL A YR DI H (No.ZR2013HQO10) 5 I 48 B2l AR RS &
S5 H (No.2013WS0256)

mice in each group). The changes of oxidant stress indexes
(SOD, GSH-Px, MDA) in substantia nigra of mice were

* WBFSE A . BRI 1 s WA 25 P2 Eemail: determined by chemical colorimetry (6 mice in each group).
18790670712@163.com RESULTS: Compared with control group, retention time of
HAMEVES B 2FE . WSy ) B R 2 s mice on rotating rods was shortened significantly in MPTP
E-mail : jucx@qdu.edu.cn injury group; TH positive cells of substantia nigra were
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decreased significantly, fluorescence intensity was obviously weakened; the percentage of positive cells and fluorescence intensity,
the content of dopamine in striatum, the activities of SOD and GSH-Px in substantia nigra were decreased significantly, while the
content of MDA was increased significantly (P<<0.01). Compared with MPTP injury group, retention time of mice on the rotating
rods was prolonged significantly in low-molecular-weight CS groups, the number of TH positive cells was increased significantly in
substantia nigra and fluorescence intensity was increased significantly; the percentage of positive cells, the percentage of
fluorescence intensity and the content of dopamine in striatum were increased significantly, while above indexes of high-dose group
were significantly longer or higher than those of low-dose group (P<<0.05 or P<<0.01). The activities of SOD and GSH-Px in
substantia nigra were increased significantly in low-molecular-weight CS groups, while the content of MDA in substantia nigra was
decreased significantly in low-molecular-weight CS high-dose group (P<<0.05 or P<<0.01). CONCLUSIONS: Prophylactic
administration of low-molecular-weight CS can relieve the damage of dopaminergic neurons in substantia nigra of PD model mice
induced by MPTP in a dose-dependent manner, and increase the secretion of dopamine in striatum. The effect may be related to the
inhibition of lipid peroxidation and the enhancement of antioxidant capacity of tissues.

KEYWORDS Low-molecular-weight chondroitin sulfate; Substantia nigra; Striatum; Dopaminergic neurons; 1-methyl-4-phenyl-

1,2,3,6-tetrahydropyridine; Tyrosine hydroxylase; Oxidant stress; Parkinson’s disease; Mice

M1 4x 75955 (Parkinson”’ s disease, PD) 42— it Fv A% fit
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Pl BN R (A AR YA BEAR | 122 &
IPRORAERE , AR 73~ CS BAT A= Wy P E v A
SREGPEE . BRI, AWFFE LA 1-F JE-4-58 081, 2,3, 6-11
ZUMERE (MPTP) 5 5 1Y PD AR/ INE A X R, 9128 EAfr il
B PR PR 38 CS X/ LR P4 22 T RE Ao 2T A
PR, LU Z4 CS Biiih PD 925 PSP S 2%

1 #7
1.1 {88

Ti B3] B 9¢ 6 854455 ( H 48 Nikon 23 7] ) ; Fluoview
FV500 A0 AE 4948 125058 ( H A Olympus 24+ ) 5
600-717-2465 #Y 1= RO AH (4.38% (HPLC ) {¥ ( 3& [ Waters
23] ) s RM2255 8 7 gl A7 1580 R AL (P[5 Leica 24 1) ) 5
KQ-100DE ! £ 47 7 I 175 e A (B 1L i e 75 AN A B
N s ZWY-240 BUFETRRE DR (E 3 R I A A il i A
RN WD) 5 5424 FUAIR IR 250 AL (72 [ Eppendorf 24 7 )
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G (ABC) il & ( g Hr &AL WRHE AR A A s Al-
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2GS 2019 4F5 30 44 8



FEFT) 5 I . DAB YL (At st A2 &M AR R
ARAF]D s ARG Y Tl (AL R RRHE A PRA A 5
BERREL 22 R (PBS, pH 7.2) B £ B 111 BLEE 2% wh i3 T
(PBST,pH 7.5) ¥t AL 50 % [ il s FeAxialim 34 Jy 40 #r
ali, KR ZEIBK
1.3 zh¥
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mg/kg, Flit % B S ARPRRHABIREER") o X2
FIMPTP #1477 40 /N RIS 15 S5 AR B3 K , 25 4G 2541/
FRCAIHE T A 0 2459 (LA A BRER K s, B R 1IR3 4k
17d. BZAZJE5 11 RIFE , R4 BRZAN , HAR &4/
B4 T4 24 i WV 56 MPTP 594 (20 mg/kg, LA AR FRER
KRR BER 1R, 1425 d, LA il PDASERY
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FU2.1"WUR ik GERE S 252 A 10 H . R
R 2 I, R PR o 3 5 SO A% 2 /N BRATT Ry 2 1y el
AL o B AR 2 57 () % 38 40 r/min, B 2/
B2 5 Uk, A B B 1 min, T2 5%/ BRTEFG 1
2P 57 45 B3 B ], BB 5 YR 45 SR - BB E Ry
I R IE IR Z /T, BT A /N BB 34738 7 1 0
5K
2.3 GEALALFZIRNEA/NRDREERS S ER
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FEe2. 1R ko dl AR S A2, HA3 R, R
K2R, DL 10% KA S0 (2.5 mL/kg) JEATRRIE, T 22
Oy MU R TR /K 15 mL 14 °C 1Y 4% 23 I
W15 mL i, WSk B . INAHZL BT 4 Chy49% 2R H
TS Y Y 1 o, B S IR A% 2 10 9% FEB A TR
30% FEMRA WD, HE MU, WAL L AnEE)s, F
Hh i P T v A 7 bR R YT R (JRIE LR 20 pm) , YT A
TR T 3% 3 A0 S B 10 min LA P4 S0P 46
PR 1 , B FH PBS T8 5 minx3 K, & T HHA
(% 0.29% Triton X-100 %A1 10% 1113103 , LA PBS 4
BRI E L h S, A THHUA(1:4 000), F4 CHFE
1% s - PBS W e, INA A Zhnic 4t (1:1 000) ,
T2 N E 30 min, ] ABCilH G4 Ht B B kA 742
, LI DAB 8 ARG E Yy 4 LW K, LA
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PR (1:2000) )5, T4 CHEF LA FHPBSIEPE 5 minx3
K, A Alexa Fluor 488 #Ric —Hr(1:2 000) , & FIEHIR
PR EF =R TIEE 2 h; HHPBSTIEUES minx3 K., LA
70% THhE s, SO R B B s WA I e 5
PN (Y5 LT @Ry BNk TH BHYE40 , HoHksm
FE R, R 2 ERE R LT AR ) TR POt
JEH 43 o (RIS R0 41 -5 % BRSO B B 14 4 EE ) o
2.5 HPLCEHRMEZH/NMNERMIREFEZEREE

Fe 2.1 TU R koAl GERE S 452, a6 Ko R
WA 42,37 T T Jy e BUN o BRGZH 2058 &, F oK
FAESCRIER, BTIRA TR, T —80 CIR-AF, & .
SRR SUE B A 0.4 mol/L i SRV i 300 uL
AL IG , 7S (T 100 W, 45 3% . 40 kHz) 5% 10 s,
TEVKB S F#E 1 h, T4 CF LA 12 000 r/min 5.0 20
min, BEIE I 240 pl, iAKE 5 AR B (35 20 mmol/L
PR AT . 300 mmol/L i g = — 47 .2 mmol/L Z, iy
CTR—AN, LIAK R ) 120 pL, i HEIR A, 12 000 r/min &5
020 min, B EIEWRIEAT HPLC S0 . (Aii 4518 - (it
A Symmetryshield™ RPs (250 mmx4.60 mm, 5 pm) , £
28 B TG 2% (ECD) , A6 3% 4 o4 280 nm, 4%
IR 30 °C, Vi A 1 mL/min, PEFESE N 20 uL, %L
BR[1614 7 I ik 25 5%, 2o B0 R ARG DN Jo i ViR 32 1 4 P ]
} 1.78~156.50 mg/mL (+=0.945 7) , & & T B K 1.78
mg/mL , K5 %5 B HERR B R PR S IAG 2015 AR IR
] 2 L) (DU U A R

2.6 HEFEEEENEAENR P RERDRLNBIE
R7KE

FE2. 1R ko dl A A2 e B, K
WA Z e 452,37 F ik BU . BUIRNZH 208 & , Tk
F B v R BT DL PBS il B 10 % HE A9, T4 CF
P13 000 r/min &.0> 15 min, I8 B3GR, T —80 CIRAE,
B H o KA A LU SN AT WA 66 BE TS
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i 2 ﬁ% 1 SOD . GSH-Px i 1 L} MDA 5 i , /™ % 4
HEAH ) G U I B R
2.7 HitFHE

KT SPSS 17.0 B A X B AT HE T34 . TR BE
BELLX + 5 RoRn , Z 4 1A) AR B IR R O 22 70 i
(One-way ANOVA) , Pi4H [8] FL %k FTLSD . P<<0.05
hEFAGH R
3 #HR
3.1 {R4rF= CSXI PDIREUNRITAZRI RN

50} HRZH He A, MPTP 451 15 21 /) BRAPE 5 A X 57 AR
A B I A 2 A T B L (P<0.01)
5 MPTP i {3 41 FL A, AR 73Tk CS 4% 57 ik 4/ Bl 45 7
PR R 47 48 2 A, g R TGN R A, 25
WG L (P<0.01), 1 EWZE 1,
®1 ROFECSXHPDEE/NRITAFRFMERH

ZBERREHETRGHIZIE (X £s)
Tab 1 Effects of low-molecular-weight CS on beha-
viour and damage of dopaminergic neurons in

substantia nigra of PD model mice(x £ s)

47 R (=10),s THREARERL(0=3), % TOBREER(0=3),%
hapictil 19050+ 8.83 100 100

MPTP 41 139.00+5.59° 516043457 53204339
EAFRECSIERRES  15400£576™ 62.30+3.20° 62.70£434°

WAFRCSHAEA 168002827 735042307 70.70+1.46™

T SXRAL L, © 7 P<<0.01; 15 MPTP i {5 241 LK, "P<<0.05,
“P<0.01; SR> T CS AR 41 AL, *P<<0.05,*P<C0.01
Note: vs. control group, **P<<0.01; vs. MPTP injury group, "‘P<<

0.05, "P<<0.01; vs. low-molecular-weight CS low-dose group, *P<<
0.05,*P<<0.01

32 R4 FECSX PDEEUNRPINE R S EEREE
TR R

5 BRZH B4, MPTP 453 49 26 /)y B o i 28 )5 o TH
F 20 B 1 R 1 W I 0 5 , L TH B 4 i /40 L
FREAR, 25 A 51T EE L (P<0.01) ; 5 MPTP Hii {5 41
FOAE AR G3F1t CS 45571 et 2H /0N B A i 28 5 v TH FA M2
M FR I8 447 e i 5, TH BHE 40 AR & 43 L 38 8 5 5
m, Hm Rl 2 & TN R, 25 A% E
X (P<0.058;P<<0.01), W1 .1,

Yot HEZH /0 B HP i 22 5 m TH BH P 40 i 7R 25385 0, HE
B BEA Y, DGR EE = s MPTP 545520 /)N B AP i 22 o vp
TH PH M 4 MRG0 A%, 9 a8 B W S R AR, Lot
T A H B G, 22 AT B 2 XL (P<0.01) 3 4
Fh CS £ 701 41 /)N BRU e fisi J8 5 v TH BEP: 44 i 34 e
W2, OGR4 3
Fhisr, Bl 2 0 2w TR A, 2 R A et
=Y (P<0.058 P<<0.01),1EILE 2 . # 1,
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A X HE (x40) B. X HHZH (x100)

C. MPTP 54540 (x40) D. MPTP $ifji4H (x100)

E. fik3 T CSAIKGR 41 (x40) F. AR 74t CS ARG EE41(x100)

H. ﬁ%‘ﬁ CS 20 (x100)

Bl FHENMRFRERRP S EREEMHZIT TH E L
g BB (REARLFE)

Fig 1 Micrograplays of TH-positive cells of dopami-

G. fR43 T CS AR (x40)

nergic neurons in substantia nigra of mice in
each group (immunohistochemistry method)

A X IEZ B. MPTP i ;41

C. R4 Tt CSARAHE2H D. R4 F 4t CS il ik 4
B2 FHNMRPHERPSERREMEZITT THEMEH
FEEY R RE (SR E e i%, x100)
Fig 2 Micrograplays of TH-positive cells of dopami-
nergic neurons in substantia nigra of mice in
each group (immunofluorescence method, x100)

3.3 RHFECSPD#EEUNRRLUREHEERRE
ERRN

55 BR2H e A, MPTP 454155 41/ BRI S0 A 2 1
Jie 1) R B S R AR, 2 A ST L (P<0.01) 3 5
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MPTP £ 4 FLE ARGy -1 CS 2557 S 20/ BRI SR 14
Hh 2 e Y R 2 P 2 T e, LR 2 TR
L 2R BA AR L (P<0.06 8 P<0.01), £ L
%2,
®2 RAFECSHPDEE/NRMECRIEHEBRES
£ UK B B SOD . GSH-Px i& 171 MDA &
EREM(x+s,n=6)
Tab 2 Effects of low-molecular-weight CS on the do-
pamine contents in striatum, the activities of
SOD and GSH-Px and MDA content in substa-

nia nigra of PD model mice(x +s,n=6)

415 ZEME, ng/s SOD,U/mg GSH-Px,U/mg MDA, nmol/mg
popiEi 11324228 1633741334 2535+ 714 644£238
MPTP it it 276087 827741056 8934297 13.67£3.19
AFRECSIRES 4311098 W0741£1156%  1370£284°  1150£324
MAFECSHARA  664£120%  1503£1597%  15504477%  895+2.03°

T X BRZR e, " " P<<0.01; 55 MPTP i 413 20 LL %, *P<<0.05,
#P<0.01; SIRAN Tt CSARG A HuAE, *P<<0.01

Note: vs. control group, **P<<0.01; vs. MPTP injury group, "‘P<<
0.05,”P<<0.01;vs. low-molecular-weight CS low-dose group, **P<<0.01

34 K4 F= CSXIPD BN i B R op &AL A
TR E RSN

55X B 4] H A, MPTP 458 495 41 /0y R i 2 5
SOD .GSH-Px {f £ i £ F#{% , MDA & i B & THe , 22
S G L(P<<0.01) ;5 MPTP i/ 41 He 85, A%
g3 CS 25 i 41/ B 24 5t H SOD .GSH-Px i 143
B E T AR CS a2/ BUR RS MDA &
W E R, Z 5 A S E L (P<0.05 3 P<
0.01), M2,
4 itig

MPTP J&—F 23 2, nTads o0 1A B s , 7 i P 42
FU AR AL B A IS AR R T T - A PR I
(MPP") , J % 1T k434 b 30 ok o 3 2k 22 B4 JHe 7 A AR
NI} A A RN 2T ) L A e &% 97 A Nl
Y77 A PDAEAR , J& PD BRI 7T (05 S S0, %
F It A GE LA MPTP 2 PD AR/ N FR R X6 42, 78 R A
FEMEERE b, WS T ARG ik CS XA P 2 Bk
REMRZ TR R IE T, LA S AR S FE BRI

PD 11 32 22 IR FRAE AL 45 32 30 7 45 1 i ] g g 32
5, L T2 B O Sy v i R T B A 2 T R R A 20T
HEATPEAR PRI T 22 B e B s/ D) AT i — 20 3
SUIRIRN 2 i & f R, TH R Z EGREMZE 00
AOARIC T , AT 3 2 WO 5 v fiki P BT o THE B A4 440 e ) it
KATAL 2 BB RE AT 22 AR E L ik, AR BIFFE R
FA AP A Bk 22 0 R i 9 10 AN TR) £ % 45 270
B i P 5T rb TH B 20 0 00 R G TR B A T A . HE
o BT A A R ARG R S PR B TE 20 2L 40 o
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(BdTiR) & A O e , T BT LR S A W ] g7
o, B — 2 B2 O R R AR A A BT 5 (A )
BB, ARBFIESS IR B R, MPTP 35145 40 /)N BRUE 1 1
I 57 (S0 14 5 B S [ e R 2 8 3 4 e, o i B
14 TH PHA: 20 A o0t BE 4L S osi /b , H: TH PHPE IR 43
Fb DR 43 H DL il SCIR A v 22 B ) R
FRRAR . XA/ BT B iz sl R, o i 2
JEH i 2 B el 280032 B T B A , HL SR A
Z B 43I 32 ) T W A, 4R PD R i g
. 2% T4 CS TiAbHUS , 4% 7 4/ BU7E R H X
95 57 AN A5 B ) [ 8 2 e K, e i PR S PP ) TH PH
2N fL B 4% 22, L TH BHMEANAR & 43 E 28R B i o He
PR SCHRAR T 22 B e 1 5 1 24 B 2 T, LR A
BERK T TR 4L, XA R T CS f i
MG 3 X MPTP () 28 B2 , 20 PD B/ R
18 Bl DA i RS TP 2 L R R 2R T A A
BN SRR 2 B Y oy, 6 2 B R RE A 20T
PO HAT— 5 AR VE R

AL N R PD A% O 30 B3R 2 — 1, BRI X it 4
R AR 5 0 PDIRYT I — AN 5. A AR
52, PUAARR (A 2578 2555 ) v] 038 PD B Sh ¥ 1 7o
SRR A B AR S MIF ST 45 5 R, CS Al A
I T EURE I 8 I A Rl - B2 ARG IRl F- 2 (Nrf2)
B K BESR PR BETG R S HLROR A 22 R RE A
Zeoe T, I EE R, CS XS £ U p 250 Y
TP VER T BB S FIRHLHIAT . Sk, AR I T
/N B M 2 T v 4R AR R REAH 56 38 B (SOD . GSH-Px
MDA) /K-, Hivh, SOD S LA PN & Bt AL i 2
—, AIE R A b 3, FLIE A 0 A T [ 42 S AL A T R
F I FEAIRE 7 s GSH-Px TEMLIR N | IZ A 7E , ol fi ey
JoE K (GSH) Xif 3k 80 Ak &8 T S Ny, 5 A R S
e PE L AL S A R T, R R R R
XiF 2 B 45 44 e T RE ) TP A4 5 s MDA & fig i 1k
[ 28 =), He o m h) 22/ 0 s 21 4 sl 40 i AL f 4
PR B, AR 45 R W, MPTP $it 4 41 /N B
i 2 J55 v SOD . GSH-Px 114 7% P4 35 450 % B 201 i 25 B A1
MDA [ & O R B 2 TR o SXHE7m /)s e i B ol
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