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/A w]; Rotenone A Sigma/s ] 7 i, £k & 47400 nmol/L; 1.7 DCFH-DAIR$T AN FROSHI & £
VPA JySigmaZy 7 2= i, R BE 1, 10 pmol/L. To ML B4 M 4%1:1 000%4 B DCFH-DA (K Ji&
1.2 {AREtkRYIE S R SR FY 310 pmol/L), IIA6FLARH . 37 °CiiF & 20 min, %%

SH-SYSY(NMHEZ BEAH Mg 4 ) g M el e BERE - B AR SURL I 2 o B
e bR AR ERT B SRR ERE U L H 1.8 VPAS RN EEIER
P2 A 10%M64 103 (1) F12:MEM(1:1)(Gibco A IR Apprilley kPOl 45 B AR b A4 . &2 AT 26
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MTT(1 mg/mL), 37 °CHi¥ 554 h, /i1 A 100 uL DMSO, 37 °C JCa*+1 pmol/L CsAZ, X HEZH I A AH [ AR R 1) 2k

B 1 h, BERRAXT570 nmAb G . RARLE 3T °CHFE 3 min, £ I7 min YOG E 1)7E
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Cell viability(Ds7)

Control Rotenone 1 10

Rotenone(400 nmol/L)
VPA(pumol/L)

Ax TRIRER AT A TR 5 5 1 41 T 25 042 (200%), a: XF R ; b: 400 nmol/L 4 JBER; ¢: 1 pmol/LA R ER4H; d: 10 umol/LiA R4, B: MTT{Z:
R 4 i Ak (ks =5, *P<0.05, 550 JRZH LA P<0.05, 55400 nmol/L A R 28 LA o
A: VPA against the morphological changes induced by Rotenone in SH-SY5Y cells (200%). a: control; b: 400 nmol/L Rotenone; c: 1 umol/L VPA; d: 10 umol/L
VPA; B: cell viability was determined by MTT assay (x+s, n=5, *P<0.05 vs control group; “P<0.05 vs 400 nmol/L Rotenone group).
E1 VPAXfRotenoneil S a4 pE 1A 5200
Fig.1 Effect of VPA on the cell viability induced by Rotenone
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tenone i1 A Al W AR AL D8, AR AR T, S0k AR 1 S 25 A1 (P<0.05), i 41AHLE , 1 pmol/L

TR HA A > . S AAHEL, VPATIALEEZ]  VPATHRALFEL] A 240 i 1 k25 48 75 (P<0.05) (I 1B).

MMTESHPTIRE, 40 EEIGIN(E1A). MTTA 2.2 VPAXfRotenoneiF 5 Y L i {4 fR F8.43L Y 2211

2k LR, 556t 4LAT L, 400 nmol/L Rotenone4h 21 P BIBE N WEIC-1 4L t0 48 R E 2w, 5
Green Merged Green Merged

(A) (B)
Red Red
© D)

A: X} E 45 B: 400 nmol/L Rotenone4f]; C: 400 nmol/L Rotenone+1 pmol/L VPA4L; D: 400 nmol/L Rotenone+10 pmol/L VPA4] .
A: control group; B: 400 nmol/L Rotenone group; C: 400 nmol/L Rotenone+1 pmol/L VPA group; D: 400 nmol/L Rotenone+10 pmol/L VPA group.

E2 VPAXfRotenonei 5 AL fl KR B 4L AY 2 M (200%)
Fig.2 Effect of VPA on the dissipation of mitochondrial membrane potential induced by Rotenone(200x)

X} HE 41 AH LE, Rotenoneid (5 4141 Y6 id 55 4)6iaH, 2.4 VPAXTHiRotenonei -5 A2 BT IR I EFE
FTRL R A7 BRI, 40t BB . T 5 B Clack el HL B 72 R0 40 M IV D il 1 45 SR W,
UATLL, VPATALFRAL D, R, GOCEW 50 JRALA Lk, 400 nmol/L Rotenoned 4 41 41 2 71l
59, R LR A AT BB, REAE10 pmol/L T g 2 25 PR AIR(P<0.05), ifif 15 453495 41 AH LE, 10 pmol/L
VPALDER AL, 415 0 147 VPATIALEZ H 40 U Dy g B {2 1455 P<0.05)(€14) .
2.3 VPAXTZHAE 2RI RE B A 2200

PCHEAR AT M Mito-Tracker J4 (1 45 R 7R, 5
X HE 41 #H L, Rotenonedid 415 41 41 A Hh £ ki A4 5l = A7
W A, B B R, 11, 10 pmol/L VPA
oA B 2 s A £ e 2 I (P<0.05)(#13)
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1.0

0.8+

T T
Control Rotenone 1 10

Rotenone(400 nmol/L)
VPA(umol/L)

*P<0.05, 504 A P<0.05, 55400 nmol/L Rotenone#H EE 45 .
*P<0.05 vs control group; "P<0.05 vs 400 nmol/L Rotenone group.
&4 VPAXfRotenoneif 5 8740 B AT I I 5 B 211

Control Rotenone 1 10 Fig.4 Effect of VPA on the cell respiratory function in-

0.6 4

Oxygen consumption(nmol O2/(min-10*cells))

0.4+

0.2+

Red fluorescence/(10* cells)

0.0

Rotenone(400 nmol/L) duced by Rotenone
VPA(umol/L)

5% Y #55 . = =
"P<0.05, AT IALILER, 2.5 VPAX{RotenoneiZ SFHIROSE EHIFZ
*P<0.05 vs control group.

3 VPARISH-SYSYZRMh 4Kk B M R FIDCFH-DA#REH B 6, SO CHEbR (OB IS
Fig3 Effect of VPA on the mass of mitochondria in SH-SY5Y cells BRSE . Rosup A BHPEXTIE . ESH AT LA H 5% R



prn i ey
4 E id
8 -
é =
o} B
o —
3 -
g =
Q
s} ==
= s
F —
] L]
Control Rosup  Rotenone 1 10
Rotenone(400 nmol/L)
VPA(pumol/L)

#P<0.05, 5% AT LE L “P<0.05, 155400 nmol/L RotenoneZH LA .
*P<0.05 vs control group; “P<0.05 vs 400 nmol/L Rotenone group.
E5 VPAX{Rotenonei5 S HIROSE £ RIS/
Fig.5 Effect of VPA on the ROS generation in SH-SYSY

cells induced by Rotenone
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El6 VPAXCa™iFSHY LA BhAK B 5200
Fig.6 The effect of different concentrations of VPA against
mitochondrial swelling induced by Ca**

Ca®'J5, PR RIEAES40 nmAb G g B3 F%, #*
WICa™ 5 |1 T e RiAR ] I . CsATE— e RERE B4l
150 pmol/L Ca®"i#5 kiR pPAK, i1, 10 umol/L
VPAAGEXT HTCa> 15 5 (1 LR A4 I IK o

3 itie

YE R “RE = L) R 2 bR 40 i 2B AF FTAE
T R EETEEAEH . EPDW AR R IX, gefiik
A5 T B 30%~40%21 27, HoAth 6 fii X 200 %
HURHE . H AT, Sob AR O 4B A 7EPD
RIS R B AT B EERP . DA, ARSI 2G0T
SRR T REMII TN T, WO L sh & R— P 259

Il AR Y VPATE ST RUFH A #1545 (bipolar disor-
der, BD)C\ i =+ 28 8. A5 &I, 400 nmol/L
Rotenone 1] DL 5| 2 40 fitd T 45 A 2038, R AIG 40 I s
PE, IS 40 M 453405 4 5 T VPATIAL #E3 hn] LU}
$1400 nmol/L Rotenoneifs 3 [¥1 41 il JE 25 S D e i o
T SCHREE W VPA T DL I MAPK -ERK I % 1 15 4k
BRI D RE S A &8 F2 R 1 1R A, B9 o
GABATE M S 4l A7 22 73 2468 ), ik B &Ry 1
FPY o ARSI 45 55 DA HRIE — 5.

AT RBH, VPA ] IE I 845 2 45 40 i i T i
B A% 4 SRR B & R A A
FHUA - 2R A 5 v ) B DA Ok A2 ) ik R ) 5
— BB K ST & 400 nmol/L Rotenone g 1% i I
SRR AT, I 5 LAY ST S —EUREY, 1 VPA
e % X HiRotenone 5 5 1 £ b 44 i v A7 B A%, AT
PRAER PR, CRYP M. T 2ok A4 2 JA% 41 il
Hh iR R I AT A AT Al B A, e I
Wi 4 36 P 08 Dy R, el G 000 40 ¥l PR P R D i B
400 nmol/L Rotenone 1] DL 5| ;& 41 it FEIE Th BE I 2 f%
fik. TIVPATIAL B Ji5, fE 12 % HiRotenonelds T 1) 4
J PR ThEE ) R P . BachmannZ5:B34 & 31, K1 4F
FHVPAR] 8 1ok 5% i Bel-238 4% 3% 5it 40 fo W e Dl e, o4
AT R

ML RARZ BN ) FE AR IS, ok D) fig
TRER B, 2% H 38 2 n] Re At T AME X Rl R fa
1M 7= 25 1Y i HL R, 400 nmol/L Rotenone ¥ 17
5 S b R 1R B S FRARR, S i 3 a3, mp
AE 2 40 LSS E R 45 . T VPATIALEES hs, &
X HEATAHEL, [RIFERG N T Ghi g H, X 1 W VPATH
b PE S REMS 1Y N SR AR 3 H « {H &, Rotenonekt
PRAH SR A B F A7 1%, FEAUERAR, Ui B Zbi A D) RRA%
N, 1M VPATIAL B 41 X $1 T Rotenone s T [ £ i 44
Dhfe kb, LR47 T 40

AL, T EobE AR B A 4H i N 7 AEROS ) 3% T,
MATROSH ik (P U, Ry b, AR S5 A I T



BB ARAE: AR A AR R 55 I SH-S Y S Y 4R i 45 5 (K 2 b AR BL 1 353

ROSHI% &, & I400 nmol/L Rotenone 1] LL{# 4H fifg
ROSH & 1 5. MizutaniZECOR TS & B, PDAS 7Y
HHRotenonel i X} £k fr A4 Hi 4% 128 5% N ADH Jlit &
4 U (RY complex T) (1404 BHL K 7~ MNADH 21 4 i
QIFTHL A&, 4k =28 KR I AN 5 1 T VPA
(A R4 A VT g 5 7 bR 4l R WROSH 2K, &
B % X} ftRotenone 75 T 1) 41 My PYROSZK V- 1 48 w1
I, VPAXT HitRotenone s F (1) 1 £ B P 1) J5 A ]
e he b A D e AP AT G

Ca® 5 3 2 R A4 I I (1) 5256 32 B, VPAFF AN fig
iy L B AR L bR HAEE R . X B0, VPAT] gl i
FCAB AL T B 22 e Wi AR ¥ Th i, ATy a 3] o 22 O
PIVER o WA IR I VPA AT I8 ik o3 40 i v 41
I OB, BESR A M E ), KORIE KA i 7
At S PO Ar PR R RS . AR TR
IR, VPA ]S ik AR 7 BRI T 52 A4 i S A0 il 1 —
TG - W0 52 Ay IS - La(PGC-1a) A3 (1) 4
J A% 55 2 0 A4 [ cross-tal kB il 57 Wi £ k7 44 1) D) e,
M CRAF 40 7 VPARE i) LMK 41 g 8 TPy
A B R P2 T H 1

KL R T VPARI AR 1E ], R
LR VE F L o] B LA A AR e ki R D fig
A%, HAEVPAIE A gl ok H B FH T 2obr 4k 21
FeuE R AR T B VR, VEANMLEIA fr it — 20 1t
Fo

S #k (References)

1 Shastry BS. Parkinson disease: Etiology, pathogenesis and future
of gene therapy. Neurosci Res 2001; 41(1): 5-12.

2 Yuan H, Zheng JC, Liu P, Zhang SF, Xu JY, Bai LM. Patho-
genesis of Parkinson’s disease: Oxidative stress, environmental
impact factors and inflammatory processes. Neurosci Bull 2007;
23(2): 125-30.

3 Ramsey CP, Giasson BI. Role of mitochondrial dysfunction in
Parkinson’s disease-Implications for treatment. Drugs Aging
2007; 24(2): 95-105.

4 Tansey MG, McCoy MK, Frank-Cannon TC. Neuroinflamma-
tory mechanisms in Parkinson’s disease: Potential environmental
triggers, pathways, and targets for early therapeutic intervention.
Exp Neurol 2007; 208(1): 1-25.

5 Dranka BP, Benavides GA, Diers AR, Giordano S, Zelickson BR,
Reily C, et al. Assessing bioenergetic function in response to oxi-
dativestress by metabolic profiling. Free Radica Biol Med 2011;
51(9): 1621-35.

6 Bowling AC, Beal MF. Bioenergetic and oxidative stress in neu-
rodegenerative diseases. Life Sci 1995; 56(14): 1151-71.

7 Betarbet R, Sherer TB, MacKenzie G, Garcia-Osuna M, Panov

11

12

13

15

16

18

19

20

21

22

23

AV, Greenamyre JT. Chronic systemic pesticide exposure repro-
duces features of Parkinson’s disease. Nat Neurosci 2000; 3(12):
1301-6.

Meredith GE, Sonsalla PK, Chesselet MF. Animal models of
Parkinson’s disease progression. Acta Neuropathol 2008; 115(4):
385-98.

Hoglinger GU, Feger J, Prigent A, Michel PP, Parain K, Champy
P, et al. Chronic systemic complex I inhibition induces a hypoki-
netic multisystem degeneration in rats. J Neurochem 2003; 84(3):
491-502.

Sherer TB, Kim JH, Betarbet R, Greenamyre JT. Subcutaneous ro-
tenone exposure causes highly selective dopaminergic degeneration
and alpha-synuclein aggregation. Exp Neurol 2003; 179(1): 9-16.
Liu J, Ames BN. Reducing mitochondrial decay with mitochondri-
al nutrients to delay and treat cognitive dysfunction, Alzheimer’s
disease, and Parkinson’s disease. Nutr Neurosci 2005; 8(2): 67-89.
Liu J. The effects and mechanisms of mitochondrial nutrient
alpha-lipoic acid on improving age-associated mitochondrial and
cognitive dysfunction: an overview. Neurochem Res 2008; 33(1):
194-203.

Reddy PH. Mitochondrial medicine for aging and neurodegen-
erative diseases. Neuromolecular Med 2008; 10(4): 291-315.
Kidd SK, Schneider JS. Protection of dopaminergic cells from
MPP*-mediated toxicity by histone deacetylase inhibition. Brain
Res 2010; 1354(1): 172-8.

Jeong MR, Hashimoto R, Senatorov VV, Fujimaki K, Ren M,
Lee MS, et al. Valproic acid, a mood stabilizer and anticonvu
Isant, protects rat cerebral cortical neurons from spon taneous
cell death: A role of histone deacetylase inhibition. FEBS Lett
2003, 542(1/2/3): 74-8.

Kanai H, Sawa A, Chen RW, Leeds P, Chuang DM. Valproic acid
inhibits histoned eacetylase activity and supp resses excitotoxici-
ty-induced GAPDH nuclear accumulation and apoptotic death in
neurons. Pharmacogenomics J 2004; 4(5): 336-44.

Lopez-Lluch G, ITrusta PM, Navas P, de Cabo R. Mitochondrial
biogenesis and healthy aging. Exp Gerontol 2008; 43(9): 813-9.
Monti B, Gatta V, Piretti F, Raffaelli SS, Virgili M, Contestabile
A. Valproic acid is neuroprotective in the rotenone rat model of
Parkinson’s disease: Involvement of alpha-synuclein. Neurotox
Res 2010; 17(2): 130-41.

Qing H, He G, Ly PT, Fox CJ, Staufenbiel M, Cai F, et al. Val-
proic acid inhibits Abeta production, neuritic plaque formation,
and behavioral deficits in Alzheimer’s disease mouse models. J
Exp Med 2008; 205(12): 2781-9.

Aprille JR, Hom JA, Rulfs J. Liver and skeletal muscle mito-
chondrial function following burn injury. J Trauma 1977; 17(4):
279-88.

Bindoff LA, Birch-Machin MA, Cartlidge NE, Parker WD Jr,
Turnbull DM. Respiratory chain abnormalities in skeletal muscle
from patients with Parkinson’s disease. J Neurol Sci 1991; 104(2):
203-8.

Banerjee R, Starkov AA, Beal MF, Thomas B. Mitochondrial
dysfunction in the limelight of Parkinson’s disease pathogenesis.
Biochim Biophys Acta 2009; 1792(7): 651-63.

Janetzky B, Hauck S, Youdim MB, Riederer P, Jellinger K, Pan-
tucek F, ef al. Unaltered aconitase activity, but decreased com-

plex I activity in substantia nigra pars compacta of patients with



\

354 WIFUR L -

Parkinson’s disease. Neurosci Lett 1994; 169(1/2): 126-8. as protectant against oxidative stress and mitochondrial dysfunc-
24 Benecke R, Strumper P, Weiss H. Electron transfer complexes I and tion on rotenone-induced toxicity in mice brain. Environ Toxicol

IV of platelets are abnormal in Parkinson’s disease but normal in Pharmacol 2007; 23(3): 314-8.

Parkinson-plus syndromes. Brain 1993; 116(pt 6): 1451-63. 32 Hollingworth RM, Ahammadsahib KI, Gadelhak G, McLaughlin
25 Varghese M, Pandey M, Samanta A, Gangopadhyay PK, Mohana- JL. New inhibitors of the mitochondrial election transport chain

kumar KP. Reduced NADH coenzyme Q dehydrogenase activity with activity as pesticides. Biochem Soc Trans 1994; 22(1):

in platelets of Parkinson’sdisease, but not Parkinson plus patients, 230-3.

from an Indian population. J Neurol Sci 2009; 279(1/2): 39-42. 33 Bachmann RF, Wang Y, Yuan P, Zhou R, Li X, Alesci S, et al.
26 Schapira AH. Complex I: Inhibitors, inhibition and neurodegen- Common effects of lithium and valproate on mitochondrial func-

eration. Exp Neurol 2010; 224(2): 331-5. tions: Protection against methamphetamine-induced mitochon-
27 Parker WD Jr, Boyson SJ, Parks JK. Abnormalities of the elec- drial damage. Int J Neuropsychopharmacol 2009; 12(6): 805-22.

tron transport chain in idiopathic Parkinson’s disease. Ann Neu- 34 Nugent SM, Mothersill CE, Seymour C, McClean B, Lyng

rol 1989; 26(6): 719-23. FM, Murphy JE. Increased mitochondrial mass in cells with
28 Reddy PH. Mitochondrial medicine for aging and neurodegen- functionally com promised mitochondria after exposure to both

erative diseases. Neuromolecular Med 2008; 10(4): 291-315. direct gamma radiation and by stander factors. Radiat Res 2007;
29 Castro LM, Gallant M, Niles LP. Novel targets for valproic acid: 168(1): 134-42.

Up-regulation of melatonin receptors and neurotrophic factors in 35 Xia S, Laterra J. Hepatocyte growth factor increases mitochon-

C6 glioma cells. J Neurochem 2005; 95(5): 1227-36. drial mass in glioblastoma cells. Biochem Biophys Res Commun
30 Zamzami N, Marchetti P, Castedo M, Decaudin D, Macho A, 2006; 345(4): 1358-64.

Hirsch T, et al. Sequential reduction of mitochondrial transmem- 36 Mizutani H, Tada-Oikawa S, Hiraku Y, Oikawa S, Kojima M,

brane potential and generation of reactive oxygen species in early Kawanishi S. Mechanism of apoptosis induced by a new topoi-

programmed cell death. J Exp Med 1995; 182(2): 367-77. somerase inhibitor through the generation of hydrogen peroxide.
31 Mao YR, Jiang L, Duan YL, An LJ, Jiang B. Efficacy of catalpol J Biol Chem 2002; 277(34): 30684-9.

Neuroprotection of Sodium Valproate against Rotenone induced
Mitochondrial Dysfunction in SH-SY5Y Cells

Qiu Jing', Gao Jing', Xiong Yuyun?®, Xia Juan', Ma Rui’, Qian Jinjun**
('School of Pharmacy, Jiangsu University, Zhenjiang 212013, China; *School of Medical Science and Laboratory Medicine, Jiangsu
University, Zhenjiang 212013, China; *School of Clinical Medicine, Jiangsu University, Zhenjiang 212013, China; *Fourth Affiliated
Hospital, Jiangsu University, Zhenjiang 212013, China)

Abstract To approach the effect and mitochondrial mechanism of sodium valproate (VPA) in SH-SY5Y
cells, after pretreatment with different concentrations of VPA for 3 h, SH-SYS5Y cells were treated with Rotenone for
24 h, which is an inhibitor of mitochondrial complex I, to induce mitochondrial dysfunction. Cell viability was analy-
sed by MTT assay; mitochondrial membrane potential was detected by JC-1 staining and the mass of mitochondria
was detected by Mito-Tracker staining; cell respiratory function was evaluated by Clark oxygen electrode; the quantity
of ROS was evaluated by DCFH-DA staining; mitochondrial swelling induced by Ca*" was also detected. We found
that pretreatment of VPA for 3 h in SH-SY5Y cells could protect cells against the injury induced by 400 nmol/L Rote-
none, increase mitochondrial membrane potential and elevate the mass of mitochondria, enhance the cell respiratory
function and decrease the quantity of ROS. But VPA could not interact with mitochondria directly. Generally speak-
ing, VPA has neuroprotective effect relating to enhance the function and the mass of mitochondria, against ROS
generation, and recovery the function of cells subsequently.

Key words Rotenone; sodium valproate (VPA); mitochondria; Parkinson’s disease (PD)
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