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Alpha-Synuclein Oligomers Induce Loss of Dopaminergic Neurons via Oxidative Stress in
Parkinson’ s Disease Mouse Model HONG Mei', HUANG Meng-yang, JIANG Hong”, KANG
Hui-cong”, XU Feng”, LIU Xiao-yan, GONG Quan', HU Qr*, ZHANG Cun-tai*, ZHU Sui-qiang”. 1.
Department of Immunology, School of Medicine, Yangtze University, Hubei Jingzhou 434023, China; 2. Cardiac
Function Room, The Central Hospital of Wuhan, Wuhan 430345, China; 3. a. Department of Geriatrics, b.
Department of Neurology, Tongji Hospital, Tongji Medical College, Huazhong University of Science and
Technology, Wuhan 430030, China

Abstract Objective: To explore the mechanisms of the impairment of dopaminergic neurons by
alpha-synuclein (0-Syn) oligomers in the Parkinson’ s disease (PD) mouse model established by gavage with
constant low-dose rotenone. Methods: A total of 48 elderly male C57 mice were randomly divided into the
rotenone group and control group with 24 mice per group. Mice in the rotenone group were administered 0.01
mL/g rotenone by gavage while mice in the control group were administered 0.01 mL/g chloroform. Mice were
sacrificed after 12 weeks of continuous treatment. In mice brains harvested after treatment, western blotting and
immunohistochemical staining were carried out to detect a-Syn expression levels; electron microscopy was used
to observe the ultrastructure of substantia nigra neurons in the midbrain. In mice brains harvested before and
after treatment, immunohistochemical staining of tyrosine hydroxylase (TH) was performed to examine the
density of TH-positive neurons in the substantia nigra, and levels of superoxide dismutase (SOD), glutathione
peroxidase (GSH-PX), and malondialdehyde (MDA) in the brain tissue were determined. Results: After the
12-week treatment, western blotting demonstrated that a-Syn expression in the midbrain of the rotenone group
mice was significantly higher than that of the control group mice (P<0.05). Immunohistochemistry showed that
there was a significant decrease in TH-positive neurons in the midbrain of the rotenone group mice compared
with that of the control group mice (P<0.05). Electron microscopy showed swollen mitochondria and Golgi in
the substantia nigra of the rotenone group mice. Compared to the control group, the rotenone group showed
significantly decreased levels of SOD and GSH-PX (P<0.05) and significantly increased levels of MDA (P<
0.05). Conclusion: o-Syn oligomers can form in the brain after continuous intragastric administration of
low-dose rotenone. a-Syn oligomers in the midbrain might impair dopaminergic neurons via oxidative stress.
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e A DR A 5 15 11 PR R B LB L Lo il
T RS- i ek 451, o B A 2 2 v

14 #595 (Parkinson disease, PD) &% I,

AR AR BN , PR AR ARIE 0.3% /5 A",

EE B

1 RILRAE I
RPEFHAE K
VLR 2% & 2 Bl IR
S FRPERFFT AL
Wb 3N 434023
2. BT L R B
DIREE

I 430345

3. AR KA [
I 2 B B ) 5F
P& Bt a 28 5 R IT
B, bz NE
I 430030
E£TH

P S RaEE S E|
(No. 81102689);
RO 28 54
E3UNE|

WK HEA
2018-12-11
WIEE

k)

hugi@hotmail.com



62 Neural Injury And Functional Reconstruction, February 2019, Vol.14, No.2

Fi P8 BT BC% R S R AR M 2 DR M & T
(dopaminergic neuron, DN)ZE 4 |0 S 5 A7 28 T0 N
Pha- 2 fil 4% #5 F (a-Synuclein, o-Syn ) A 3= 2 543 A9 4%
Gy IMATE Y, a-Syn S —F 20 TS il HiT AR A9 R
PR, TR BOIRAS T R R TP AR S 454 , 5
A= W IR A B D) A - BRI 45 4 , 21 ek 14 Tl AR
S, AR AR R UE By A AERE B B-HT S A5 T USRI
MZRAR, HAETIA N a-Syn 2 R R 74 2 F 2 DN
AR R A R D (H B AR S ML AN T A
AWFFEAN L o R B 22 15 A4 8 PD /N RUSEARL, W20
To-Syn SE A 2 DN ASVEER K A AT e A= 12 HL]

1 M5 7A%®

1.1 ##

L1l SCshy 12 A s g ek C57BL/6 /)N
B, AR 24 28 g, IR 2= 3 5L e b B 4L, 17
AJHIES SCXK(5)2008-0004.

1.1.2 FEEGN S5k gy 3 32 Sigma Al ;
ST A R s A R R AR R I A it
KaYon 4= ¥ BH % A BR A w] s BCA A7 & F Thermo
Fisher Scientific /A 7] ; P/ Bl a-Syn . B-actin JriARL4 1
F12€ [ Santa Cruz/A ] ; DAB Mayor’s S R ZE M [ i
DU A8 A Wy | 5 S /I BRI 24 18 72 A6 8 (tyrosine
hydroxylase, TH) HL & [| 3% [ Chemicon /A /) ; #851k
Wy 7 Ak 1 (superoxide dismutase, SOD) 2 B H ik id 48
1k W) T} (glutathione peroxidase, GSH-PX) . N . [if
(maleic dialdehyde , MDA )7 &4 F /5t dE R A9 T
RO ST T o 0 T T 3 R %) T ) % £ 1 T A VS T
12.5%54405 , BE A1 50 mg/mL £a e ¥ 7, 20 °CafE
TRAE ; E S B PR 0 T SO T U5 2% R H R A A 2%
W PR ST, /N B A e T R 5 R R S mg/kg, AT
PRBU0.01 mL/g. [AIR, 4 50005 2% 5 HY SR 27 4k 2K 4
L3R LB E RS PR A

1.2 7%

121 B BUNR 48 H, BEAL SN Ry Xf B2 i fa
FHEBAZE , R 2H 45 24 H (SLged B rpanA /RSB T, AR
PESET R AT ) o FBRERZHTE T 0.01 mL/g £ i 55
PRI, X B U 7 0.01 mL/g 1 %S X RE VW, TE
BS A/ IRE 2 d, YESEEES 128,

1.2.2 Western blotting ¥ lll a-Syn ik K THEH
12 A5, A HBUNR 6 H BRES S W7k B rb g, $2 R
H R BCATLIE s H B & . Ll SDS-PAGE BEfiE
UK B B H o S5 25 Pl a-Syn 5 B-actin 2571 JK i

() HEAB 227 a-Syn Rk 7K -
123 A gUbse et TRET GES 28)5,
S AUMUINER 4 PRI W7 S B B, 5 B iV A e
VIR, Ul s, & PBS HOm#E B 15 min B HT)R,
3% H.0, & 10 min LLFE 3 P J5 P 3 S AL P 16, 1%
BSA 4] 30 min, 2% B B W, 0 A BT TH — ik
(1:1 000)4°C & , PBS 59t 5 minx3 I, IIA — 41
37 °C %% 30 min, DAB (%, K EE YL 1 ~ 2 min, £
FEWPRE K , — RSB I R R B B, B T isR,
FEAPRAE 5 ik L2 U) 7 WA BT 4y ARk DI Rt
FEARARSE N eI TH FH 20 M 25 45 X, P76 i fi B I~ bl
HLIEH 10 0ET , 2547 B0, 3103 P41
124 HEWE FEE 1285, F4HBUN2 B HE
[ 2 S5 OB T 29 0.5 mm?, 2.5% % B | 1% 83k R 4 AU
5 , 67K , Epon812 3.8, LKB- 4] H- WL L) -, fils
PR B S R A XU e 6, TEM- 1200 EX 325 5 Fa 8 W18
1.2.5  FALRIOKCFR e HEE RS 12 85,
S BUNE 4 PRI WSk IO i, 292, R BCA
P E TR Y &, SOD YN & SR FH 7K 35 7 i mk £
(WST-1)7% , GSH-PX A9l 5 5% FH L 272, MDA il 72 2R
FGRAE HZ R (TBA) i, BRI EH B ot e
TR A G Ui P kAT
13 “itsasm

K SPSS 17.0 {4 4b PR . £ 6 IE A /A LA
K5 22 FFPE TR EORE DL (s ) F7i, 41 1R] FL AR F
STREAR YRR ; P<0.05 W2 R A G245 X,

2 R
2.1 P2 Fa-Syn &k K- i

Western blotting #0285 5 7w, EE 12 5 , fa ik
il 2 H ik B2 5 Ab o-Syn BAAAR Fllo-Syn B AR ) ik i 44
AT IEZH B 3 2 (P<<0.05 & P<<0.01), WLIE 1.,
2.2 % E i TH FabE m iedi b i

T VS AT, A7 R ZE RN R /) R i B SR b TH PH
PR B BCS 91h (25.15+1.63) N FI1(24.70+1.69) 4, 2%
SRGT2EE L (P=0.397) . #H 1285, fpEiid] f
o R 21 /) B, ik S Ak TH BEFA: 48 i 55043 1) oM (20.90+
1.62) Fl1(22.9+2.17) , Fa e i 2 422 %5 HE 21 B I8 ik />, 2%
SA SR L(P=0.002), TLE 2,
23 whELER

T 12 JR e, 6T R 2 R B T A A 40 A 8 oK DL B
i K , T e e P 2 /) B S L Y kAR | R AR A
AL LR AN F ik, DLIET 3



AR S IEETER - 20194F2 ] - 144 - H2

Rot Veh
{ 18 o Veh 2
16] == Rot
14
- Aggregates 12
“ 10
8 ®
6
- 4
.' Monomer 2
0
Monomer Aggregates
- B-Actin

WS 125, EERZE /) B A v 2R BT o-Syn SR J SRR
Ry Rt I AL B £ . Rot: £ i 241 ; Veh: Xt B4 ;
Aggregates : 5- %A ; Monomer: 144 ; "P< 0.05,2P<0.01
Bl 1 ik B ST a-Syn BAL{A A 35 S K Western blotting #6:i2

Rot
30
: v
820
g
E 15
Z 10
5
0
Rot Veh
W EE 12 G, e ZH P i B2 5 TH BRPE 40 i Ficgsext g
00 . Rot: fagEHEA4L ; Veh: XTHRAL; " P<0.05

Bl 2w SR T TH PR AR A He g (Gage 414k, x40)

R M 2T N ZR R (AL

) R (A2) HEFR I
SR, ok FE A Y ZOREA (B 1) AT ZR AR (B2) oA WL S i ik
3 S 12 8 2 20N A A 22 EE SO B (< 5000)

a0 ¥

63

2.4 FARHAKTF

B R, 2 413U B T SOD . MDA . GSH-PX /K *F-
ERIGF L (P>0.05), #1255, ki
XU 22 J5 SOD . GSH-PX 7K Ik F %} & 4 (P<0.05) ,
MDA 7K -5 F 3 R 4H (P<0.05) , I3 1.

F1 24H/NEUT I SOD MDA . GSH-PX &1k /K- 45 (aks)

g5 FUgg : SgD/(U/mgpfot)

TiE S i b=
payiises:) 4 128.14£10.60  108.12+5.39
6 A 2 4 124.64+13.01  68.15+9.37
PIE 0.736 0.004
g MDA/(nmol/mgprot) GSH-PX/(mg/mL)

T i HHE T i HHE
X HEZH 2.68+0.59  2.92+0.42 23.85+4.18 19.70+2.23
fpERZE 2.59+0.62  5.89+0.47 24.98+3.29 14.22+2.40
P{H 0.875 0.001 0.731 0.044
3 iTig

PD 1 28 Jlug Bk A2 A vp i DN S PEBR 2R, B RiTIA
Ho-Syn 5 i B B SRR BA 4R, & 53 DN
ASPEEIC 1) 2 B R AH B A YL AN TS 2

REAE Bl = BEAE ) PD BB A H T 5E a-Syn 3£ 2R
IRIFEHEAE RS . IR R 4T 6-F 858 2 1R 1
[ PD K BB AL A A7 22 A8 (HANRETE AR IR 1K
o-Syn ZE R . B2 T BN P T S £ R R AT O
o-Syn FE R (10 R A% B n] B4R 7 R Gt Lok
(LSRN 2w N S e s i N
PAIX 3 o-Syn B2 AR 5 o e i i 40 il s AR o a4
SR PTG B e B R 2L 18 A/ INBRU T s 25 L 12
P PD LAY, e B ZETTERS | a-Syn ZE R AR S5 B
AR FR T A 2 AR R 2R T R BT, AN R
ki R XL 90 P £ e TR R S Gl T I R A
S PR T AR DRI A RN R g R
TI5, PRI BROR B g TR 4 22 1 A, D/ B it
R F HH B SR AR AR Y A ) e B AR
AT BE 2 BE R 22 N TP Y o-Syn SE R AR A e A
IRAR T P 228 A% T B O 1 2 v i i 3 i A £
FHETR BT 240071 DN PRI, U AL 2 9% o-Syn 55 SR {4
S AL 1 BRAR SRR A

AV C57 24T/ INER R th e e 15 ) i
R A B 12 A S e 2 A G 55 R s ik
DN W 9 /b AT A 2 R A i 2 L GIESE 1% PD
N BRI i85 i ZN™ . Western blotting 25 5 {5 7~ HH i



64 Neural Injury And Functional Reconstruction, February 2019, Vol.14, No.2

o-Syn FE SRR b E VRN, 7 5L R AR SR o-Syn 58 R AR
fRrh By R AR IE Z B SOD
GSH-PX ¥ Ji I & F#MIG, MDA g &35 2 7= 4H L
TEPESE W BTG 0, AT 2 [ i R BRGE ) W
R 3 S L B A IR BT AR A | R R AR S
IRASKLIU K, DA b 285 AR a-Syn SE R AR AT g ot
AN TR R B DN 945405 . Parihar 8" K B
FREZETO N SE 00 B R B SRR & 7E &% A7 o-Syn £ 3R
PRAYES W 30 min, PR FH A0 A8 & Bla-Syn 7
RARTTHE LRI, IS B0 PN T35 PR 5 o 5 N
B TS 2 R K- T o T Devi 551K FH AR 15T
E 4 A 2 B PD S8 5 R B SRR B 28 ST N GRiAR Y
AR i a-Syn UAR, HARZRARE Al 1T WIETEPE
FREMG. I, o-Syn SERARTT G L I L A5 G
ity T 336 B b AR D R R A 3 PR AR o A 4
hn, AR HOR TR F B DN

T & B a-Syn T SR 1A AT 38 2ok HAth 48 728 X6 o 28
Jore AR RYEER . G, a-Syn Z R AR T i TLR4 52
AT A A 2800 S T %) e SO A e, 3% Ak %) e Jo 4t 1 97
Jifi N NADPH 4& ALl F1ifs A — AL A A B R0, B
L A — AL A A, HE T N E DN 4517
HWK, a-Syn REEY)A A 454 Tau i H , e Tau AR
S I o S e G O = R NS S B E T
PR, PR, o-Syn SRR AT FE 40 MRS TP Rl 5
INFL L B A R IR ) S0 3 i R A e A E ™ &,
o-Syn SRR AT 45140177 25 - 26 1 B AR R G /A -1
AR AR B R = B PR R R i — 2P
o-Syn 57 RAE e Jm PR & oTie T,

25 LTk, AR A0 g P 4 2 B AT/ RT
SEECP A B a-Syn 35 £ J DN /b K o-Syn 5
R ] g o AN R 7R X DN 77 A A B
{ETELH AL Y= LA T5 i — PR A

Sk

[1] Pringsheim T, Jette N, Frolkis A, et al. The prevalence of Parkinson’s
disease: a systematic review and meta-analysis[J]. Mov Disord, 2014, 29:
1583-1590.

[2] Wood-Kaczmar A, Gandhi S, Wood NW. Understanding the molecular
causes of Parkinson's disease[J]. Trends Mol Med, 2006, 12: 521-528.

[3] Lees AJ, Hardy J, Revesz T. Parkinson's disease[J]. Lancet, 2009,373:
2055-2066.

[4] Weinreb PH, Zhen W, Poon AW, et al. NACP, a protein implicated in
Alzheimer's disease and learning, is natively unfolded[J]. Biochemistry,
1996, 35: 13709-13715.

[5] Conway KA, Lee SJ, Rochet JC, et al. Acceleration of oligomerization,
not fibrillization, is a shared property of both alpha-synuclein mutations
linked to early-onset Parkinson's disease: implications for pathogenesis
and therapy[J]. Proc Natl Acad Sci U S A, 2000, 97: 571-576.

[6] Truong L, Allbutt H, Kassiou M, et al. Developing a preclinical model
of Parkinson's disease: a study of behaviour in rats with graded 6-OHDA
lesions[J]. Behav Brain Res, 2006, 169: 1-9.

[7] Xiong N, Huang J, Zhang Z, et al. Stereotaxical infusion of rotenone: a
reliable rodent model for Parkinson's disease[J]. PLoS One, 2009, 4: ¢7878.
[8] Pan-Montojo F, Anichtchik O, Dening Y, et al. Progression of
Parkinson's disease pathology is reproduced by intragastric administration
of rotenone in mice[J]. PLoS One, 2010, 5: e8762.

[9] Pan-Montojo F, Schwarz M, Winkler C, et al. Environmental toxins
trigger PD-like progression via increased alpha-synuclein release from
enteric neurons in mice[J]. Sci Rep, 2012, 2: 898.

[10] Brundin P, Melki R, Kopito R. Prion-like transmission of protein
aggregates in neurodegenerative diseases[J]. Nat Rev Mol Cell Biol, 2010,
11: 301-307.

(11 B8, EAFF, VLAL, 45, (ORI B 2 mi 4 A/ RSB A 1P
R[], Arp SR, 2014, 21: 157-161.

[12] Winner B, Jappelli R, Maji SK, et al. In vivo demonstration that
alpha-synuclein oligomers are toxic[J]. Proc Natl Acad Sci U S A, 2011,
108: 4194-4199.

[13] Cremades N, Cohen SI, Deas E, et al. Direct observation of the
interconversion of normal and toxic forms of alpha-synuclein[J]. Cell,
2012, 149: 1048-10459.

[14] Parihar MSI1, Parihar A, Fujita M, et al. Alpha-synuclein
overexpression and aggregation exacerbates impairment of mitochondrial
functions by augmenting oxidative stress in human neuroblastoma cells[J].
Int J Biochem Cell Biol, 2009, 41: 2015-2024.

[15] Devi L, Raghavendran V, Prabhu BM, et al. Mitochondrial import and
accumulation of alpha-synuclein impair complex I in human dopaminergic
neuronal cultures and Parkinson disease brain[J]. J Biol Chem, 2008, 283:
9089-9100.

[16] Fellner L, Irschick R, Schanda K, et al. Toll-like receptor 4 is required
for alpha-synuclein dependent activation of microglia and astroglia[J].
Glia, 2013, 61: 349-360.

[17] Béraud D, Hathaway HA, Trecki J, et al. Microglial activation and
antioxidant responses induced by the Parkinson's disease protein
alpha-synuclein[J]. J Neuroimmune Pharmacol, 2013, 8: 94-117.

[18] Oikawa T, Nonaka T, Terada M, et al. alpha-Synuclein Fibrils Exhibit
Gain of Toxic Function, Promoting Tau Aggregation and Inhibiting
Microtubule Assembly[J]. J Biol Chem, 2016, 291: 15046-15056.

[19] Butterfield SM, Lashuel HA. Amyloidogenic protein-membrane
interactions: mechanistic insight from model systems[J]. Angew Chem Int
Ed Engl, 2010, 49: 5628-5654.

[20] Xilouri M, Brekk OR, Stefanis L. alpha-Synuclein and protein
degradation systems: a reciprocal relationship[J]. Mol Neurobiol, 2013,
47:537-551.

(AR it - )



