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Propofol Regulates MPP+-induced Mitochondrial Oxidative
Stress and Apoptosis in SH-SY5Y Cells

TAN Ying V', QIN Haiyan ", SUN Xiang ", SU Yanyi ", WANG Yingbao
(1) Dept. of Anesthesiology, The lst Affiliated Hospital of Kunming Medical University, Kunming
Yunnan 650032; 2) Dept. of Urology, Yan’an Hospital of Kunming City ,
Kunming Yunnan 650051, China)

[ Abstract | Objective To investigate the effects of different concentrations of PPF on oxidative stress and
apoptosis of PD model cells induced by MPP+. Methods The human neuroblastoma cell SH-SY5Y was induced by
1 mM MPP+ to establish PD cell model. In PPF treatment group, SH-SYS5Y cells were stimulated with 10, 20, 40
and 80 pM PPF for 4 h before MPP+ induction. Cell counting kit-8( CCK-8) was performed to evaluate cell
proliferation activity. H2DCF-DA fluorescent probe was used to detect ROS in cells. The levels of MDA and NADPH
oxidase were analyzed by the kit. Western blot examined the protein expression of cytochrome ¢ in mitochondria and
cytoplasm, as well as the relative expression of Bel-2, Bax and cleaved caspase—3 in SH-SY5Y cells. Apoptosis
rate was analyzed by flow cytometry. Results MPP+ significantly inhibited the proliferation of SH-SY5Y cells( P <
0.001), promoted the level of ROS(P< 0.001), MDA(P<0.001), NADPH oxidase(P< 0.01), cytochrome c¢ in
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cytoplasm(P < 0.01) and induced apoptosis( P < 0.001) and the relative expression of pro—apoptosis protein Bax and

cleaved caspase-3(P < 0.01), reduced cytochrome c protein in mitochondria( P < 0.01) and the relative expression

of anti—apoptosis protein( P < 0.01). PPF pretreatment alleviated the proliferation inhibition, oxidative stress and
apoptosis promotion of SH-SY5Y cells induced by MPP+( P < 0.001), and the effects of 40 pM and 80 pM on cells
were more significant. Conclusion PPF pretreatment can alleviate the oxidative stress of SH-SYS5Y cells induced

by MMP+ and reduce apoptosis rate.

[ Key words] Parkinson's disease; Oxidative stress; MPP+; Propofol

A4 #% (Parkinson's disease, PD)& o —Z&fili%
HHREN SRR RECEEZ DR 2T Rk
(A 2B AT, AT 5 30E s MRS SR
B AR R AE 218 SRl , RIS aRgE |
IEVERRER AN LA R B, JR IS SRR G4SN Rt |
AR ARIE L WRnE R B IR LA e AR R A5
WATRGF ST 7R, 60 % Lh 1 ARERY PD & %
Hem, 80 % LL B AR KAk 3%, HBMER
PD &k Z T Ao ve™ s BEE AN DB ey e ,
A BRYE A PD Y & R WA B W T . SR,
H Al %A 18 & PD 1A BT

AL LS T S R A 2 2 Fh il 22 3R A7
PR B IR o — PR Ry S A I U 2 S o 3
4 (reactive oxygen species, ROS). ¥4 % &5 58 &
bl ARG . ROS B AL R R b =4,
ROS $ 2 A R 23 (i 40 i A 480 P J - 1 5 1) 46 A
ARZS, LSRN Y A BBOK -, ERLAR H Y
ROrT5 B AM7, BRI T R R —2
S BN L B AR ) B A2 A0 IO A AR TR A
RAGRAMILT . ImIRIT5ERY, PD B AL
VR N A = R~ B A 1 U E =R AV VA ) T 2
I PD AT B G IR AR

P (propofol,  PPF) J& i IR ] (1) 42 £
KBRS, BAHUAAARTE . DF9E KL, PPF R
VAT s PD R BRI R R SR AR I B, B A
0 B R R AP PR T . AR BF ST 1 MPP+155
PD AR, PR [R] B 59 PPF B4k X PD
) A4 i S A B A

1 MR5FE

1.1 FEKA

0 56 4 55 SR 5L A R S RHE AR YR A R
A H) . 1 mM MPP+ FI 32 [ Sigma—Aldrich, PPF
4 F S [E Merck, CCK-8 i#7|& . H2DCF-DA 99k
W B 2 B MedChemExpress, MDA fl NADPH
A AL DU 3R 0 1 R . A B A 1 4

B A & A g s Ay, SRR AR EUA
Mawadt s /RN, Rt BEaR .
GAPDH. Bel-2. Bax #iff . IIFEHife —Hiily At
WIHBE A, Pt COX4 fl Cleaved caspase—3 TN LN
W H Abcam, Annexin V-FITC/PI | &M H &4
2L 78
1.2 YRR a3

A 2 B A0 7R A0 i SH-SYSY I 1 7 &0 R}
6. dNME: 3% FUNMSE &R R (1% ELTFHR
FWR . 1 mM N R R BN LA & 10% BR 4 LY ), K
A 5% CO, M35 SRR TR, 1 2 d e —YOp it
RS
1.3 #iEsabiE

IR R AF ) SH-SYSY 4, & Wfb)s Ffh
TR, H ImM MPP+IN B SR, 3%
RS KR SRNUR A A R4, Hi R 24 h U
75 PD UL

MPP+ + 10 uM PPF 41, MPP+ + 20 uM PPF 41 ,
MPP+ + 40 pM PPF 4, MPP+ + 80 pM PPF 4] SH-
SYSY 4l 7E 4 MPP+ALBERT, 43R5 32 T 10,
20, 40, 80 uM PPF fXEFRIELN 4 ho 7 EHIR,
PRI RS 224 1 mM MPP+IEEFR3Lrp 135 24 h,
NC LA H MEE S, APEAT MPP+F1 PPF Ab3H
1.4 CCK-8 il 4 pe 1 5E

AR 5E A A A R 2 96 fLik, B T4
M3 A o G SR, MBSl A S 10 uL 1Y
CCK-8 ¥ 100 uL, 37 CWEHE 2 h, EEFRIUIE
WG Y B (450 nm ).,
1.5 ROS k¥

H2DCF-DA %64 H TR I SH-SYSY 24
Jfirf ROS By7KF . 25 MPP+&Y, PPF AbFH 5 B9 41 Y,
A PBSEEPE 2k, M A & 20 uM H2DCF-DA Ay
PBS 541 /ig 37 C LM F 30 min, VEKIE, A
i 2 At SRS I 2 SR
1.6 MDA 1 NADPH S ¢ B & 46

MDA Fl NADPH % £k i Az I 38551 & FH 1 Az )
SH-SYS5Y 4fifig* MDA 1 NADPH %A ALK,



533 WO,

S PUIAM AT MPP+5 1Y SH-SYSY 4 2k i EU Ak I R I 1= 37

MDA : AR SV, BlE MDA B9 =%
RAIFH 50% vKEERRTE 2 : 1 Fike. 4P a2
2 BT =BT Y 8 W 2 S 1 £ B3 o 71 N 1 =0T
B PO S B R AR AR — L 1.5 mL sl
. 15mL =, RAIE 95 °C K 40 min, &E)
J& 4000 t/min, Z5.0> 10 min, B EEMNERSGEE,

NADPH %Ak o5& pyialn— =M T
A, B0 EH T . A 10000 v/min, £
> 10 min, T JZPUEE P AL AL =, F
FHE A AL T 90 s (F A 3s IR 10 s), B 40 pL
FEAS o 23 51380 Y (700 wL) . F (100 pL) . 7S
(160 pL), TB2). 430G 600 nm &b 20 s
(AL 80 s(A2) MO RE(E . AA=A1-A2,

1.7 Western blot # il 40 f &8 &= c ML & Bcl-2.

Bax #1 Cleaved caspase-3 EA&RIE

W SEXT IR ZH . MPP+LA K MPP+F1 PPF &b 5
(1) SH-SY5Y ZH A, 43 ) ) FH 40 il 53 2 1 A2k
AR RG] S B L A2k AR R B R
SR FH 2R TR A T 0058 ¢ H DK V2 B 1 R b 4 -
DB EPVDF b, BBIRENEAYS 5% B
NEAWAEZ IR B 2 h, PEVE S S5 —H0 (b
o % e Bk 1: 1000, Pt GAPDHHIK 1 :
10000, Pt COX4 1 pg/mL, FPi Bel-21 : 1000,
RPT Bax 1 : 1000, 1 : % Cleaved caspase-3 1 :
500)7E 4 C FAPE LR, Wik, Baul 50
FP R TPUEIRT 2 h HERALE A ORI AL B

G, BERRRAL B3 . GAPDH VE k40 it Jii Bz 4=
Y RIS N 2, COX4 RN & RiARE G
MNZ . Image ] AT HROEA .
1.8 A= 4 Al R 46 i 4 REUR T

FIFH Annexin V-FITC/PTiR 7| &K I JH -5
WA B S RS AL an i, =i Annexin V-
FITC 44 10 min, ¥EESEH PLEAFI G 10 min.
it A A A3 B R T 4 A L 4B
1.9 SitFaE

FIr G B RoR A R £ R iERE” o PhaL
FEA ke fr 2 225, RERERF 202
M 225, Tukey's FiGk i H T 2410 1yt —2
PR LLE . P<0.05 I ERAESITHHE L
B B A2 R A GraphPad Prism 8.0 58 i

2 H#R

2.1 MPP+iES 3t SH-SY5Y 40 Bl 2k i 4 & 44 N2

HH1ER

i 3k MPP+ il SH-SY5Y 41 il #4 2 PD 41 ity
IR, SEERRGIN & B, AHEL NC 41, MPP+ifs Sl
T L TG IR, DL 1A, ZRASITER
X (P<0.001), H2DCF-DA Z¢SEHEREF 6 25 5 i
7N, MPP+/EFIEEHN SH-SYSY 4iffi+ ROS /K (P<
0.001, [l 1B A& 1C), 3550 & ke 45 58 WAl 1D
A 1E, MPP+i%54H % MDA(P<0.001, & 1D)

A B NC MPP+
135 3237
157 4 NC M2-1 M2-2 M2-1 M2-2
2 73.67% 26.06% 14.64% 85.32%
A -+ MPP+ 2404
S 104
2 ] ' £ 160 {
E S
£ 0.5 “
3 801
G T T 1
0 24 48 72 0
Time (t/h) 010'2_9 164 165 l;ﬁ)ﬁ 1069 102 10 10° 106 1059
FITC-H FITC-H

C D E
&
2 100+ CI w2 4n
— 2 o=
o o ]
2 =4 S 8 3
7 en E )
5 £ &
& = =T,
£ é 2E?2
Q = o
§ < = E 14
@ [a) =0
: 2 33
2 “ 0
= NC MPP+ NC MPP+ NC MPP+

B 1 MPP+i%Sxt SH-SY5Y gLtk SR #m1ER
Fig.1 Effect of MPP+ induction on mitochondrial oxidative stress in SH-SYSY cells
A: MPP+i/5 S XF SH-SYSY AHMISEFE G S 09VEH s B: ZOLHREHGIN ROS K5 C: ROSKF-GEit; D il @Al MDA

K5 E:

R @KL NADPH (LR K-F5 5 NC 4 AL,

“P<0.01, "P<0.001,



38

B BE B K222 4

%45 &

1 NADPH & Ak i 36 1 (P < 0.01, K 1E) & F
NC 21 o X200 o A br A v 4 i £ 28 ¢ Rl & B
(Kl 2A), 5 NCAAHEL, MPP+if5S4] SH-SY5Y
21 Ji 2 R A4 b 20 i f8 3 e IR FE AR (P < 0.001,
K 2B), diffdfihaiififa xR ¢ RixFHE (P<0.01,
K1 2B) WAL A AR 25 R R W], MPP+HIK

20 SH-SYSY 4 1=K & T NC 41 (P < 0.001,
Kl 2CHFI D)o JHT-AHICHE FIRIARY], Bel-2 78
MPP+4b 3 21 R A REL (P < 0.01, K 2EFIF),
MPP+4b # 20 H Bax #1 Cleaved caspase—3 3¢ ik /5
FXTRRA (P <0.01), LA, MPP+i% 394l
SH-SYS5Y ZHE3E5E, 755 41 M S8 AL B B T

A - B
e e £ 5 s
Cytochrome ¢ “ 14 kDa E § é
COX4 s w17 kDa | £ 582
p Chs)
o 8
g z !
Cytochrome ¢ 4l - 14kDa | & % < .
2 2 . -
GAPDH “ 37 kDa > Mitochondria ~ Cytoplasm
¢ NC NC D
1053 Sﬁ‘lﬁ 22172’: 10> 5.5;1 (1)(;5% 40
O¥\°/
T 104y T 10¢ 2 30
o~ = 5
9 5 2 20
m 104 m 10° 3
=] i =] ; § 10
]c‘;z: Q24 QZTXK A Q2-4 < 0
_ 23 1 94.3. 3.44% _ 03 70.52% 17.10%
10 - : NC MPP+
1033 10° 10° 107 10% 1033 10° 10° 107 10%!
FITC-H FITC-H
E NC  MPP+ F
3, = NC
Bcl-2 - s 28 kDa - ﬁ = MPP+
£ 29
Bax s s 2| kDa 2
= 9y
Cleaved- s
[~
caspase-3 - . 28 kDa S
Bcl-2 Bax Cleaved-
GAPDH ’ 37 kDa
- caspase-3

B2 MPP+#53t SH-SY5Y dish ik C FMAE T #Mm
Fig.2 Effect of MPP+ induction on cytochrome c and cell apoptosis in SH-SYSY cells
A: Western blot I TAZIANM (K o RIEHRIE; B: AR c EARBGEIT; C: HEFHTEN; D 4R
it5 E: Western blot Sl JAT-MHSCE A RIE; Fo WTHCERARIXGT; 5 NC4MLL, “P<0.01, "P<0.001,

2.2 PPF 3t MPP+i%5 5/ SH-SY5Y 4 f & #if {4
S EFUETRER
AWFFERI, PPF A0 M v i) S Ak

K, AR A e B R R L (R

XF MPP-+ 5l 8 5 | J6 i) 20 e 44k 107 5% 10 VB FH v AN 3

A F A A He 55 59 PPF 43 1) 9l i SH-SYS5Y 2

WL, BRI At g 2 A A R S VR o X 4

Mo 58 1% ik & B, 5 MPP+414H L, PPF 4b

PR 40 A B E TG J1 (P < 0.001), H.Bfi% PPF

WL, A0 GRS i m, Ferp 40 pM

F180 pM PPF Ab 3 40 A 5 58 1% 1 1A B i 25 5%

DL 3AL iU 40 AR K H2DCF-DA #4156 %

oE B, S5 UL 3B, & 3C, PPFAREEZH H ROS

W BEREAR, 20 pM. 40 pM F1 80 uM 2H 5 K45 PPF

Ah PR A L 22 5 A St F 3 X (P <0.001), Xf

MDA F1 NAGPH A AL B /KPR %2 B, Bl & K
gAMLY PPF MR EE RS, 4 h MDA(P < 0.001),
JLE 3D F1 NADPH &4k (P < 0.001, & 3E)HK
SEEHREAR, 40 WM F1 80 pM PPF AbFEZH H MDA Al
NADPH ALk B 22 R o4t it27 5 L (P> 0.05),

Wa 5, @1 Western blot £l SH-SYS5Y 4 jit
LR P AR o IR IREL, LA 4A,
A EL#E T MPP+4H, PPF il 3842 ik 28 4 4 v 241 i
B2 c IMEHERIL(P<0.001), WE 4B, FEIL4
Mt ¢ TR Y /KF-(P<0.001), DLIE 4B,
X 40 B R TR A W & PR, PPF T Ab 3 AT R 2
MPP+iF SR IAT=, H 40 WM £1 80 pM PPF 4l
B MM T TS MPP+4 A HE 22 S A Gi it
B X (P<0.001), WL 4C 11K 4D, Western blot
R WK, Bel-2 AHX]FIKBE PPF (144 B F o i



%3 B, . TIIAMNEAY MPP+iA S SH-SYSY i 2Rk A S fh o i A 7 39
A B C
-~ MPP+ $ekok
-m- MPP++10 uM PPF **LI** S 100 — 180 MPP+
1.0 =+ MPP++20 uM PPF EEES M2-1 M2-2
_ -e- MPP-++40 uM PPF ‘i 80 1 15.80% 84.17%
5 0.81 -+ MPP+80 uM PP Z 0
e 2 _ 1201
<. 067 b 40 : ,I
= 301
£ 0.4 g 20 O
z g o 40
= 02_ =] 1
8 'E &QX QQQ QQQ QQQ QQQ
0 T T 1 Q§ \}@ § \§\ 0+ r T v
0 24 48 72 S N 10 104 10°  10° 10
X X -
Time (t/h) @QQ $§ QQ $§ FITC-H
MPP++10 uM PPF MPP++20 uM PPF MPP++40 uM PPF MPP++80 uM PPF
150 M2-1 M2-2 269 M2-1 M2-2 190 M2-1 M2-2 230 M2-1 M2-2
17.45% 82.49%) 37.51% 62.49% 160 62.85% 37.15% 200 4 68.71% 31.28%
120
- = = 120 L~ 1501
S 30 £ 150 t E E ;
3 3 S g0 S 100
100
40
50 40 50 1
0+ 0 04 . 04 et
10 10°  10° 10 10  10*° 10* 10° 10° 10%° 10 10° 10° 10 10 10* 10° 106 10
FITC-H FITC-H FITC H FITC-H
D = sokk E>\
.§ 8 = ok ok E E 15 .
8 Ed =) 8 3k 3k sk
6 g ]
g 5810
S 4 =3
= = £ 3
£, ¢ 05
< £ &
a sqg
>0 . 23 0 :
x S < < < ] N 8 S &
g & & & L & & &L
NN » XX%Q AN XX@ XX@
R ] ] N g R ] ]
& & 8 SR RS

B3 PPF i MPP+ES# SH-SY5Y 4 A 2k i ik E AL KL
Fig. 3 PPF regulated MPP+-induced mitochondrial oxidative stress in SH-SYS5Y cells
A: RIFEIHEE PPF Xt SH-SYSY U35 7E S/ s B: ROS TGRS C: JOGHEMIA R PPF Xt ROS K

TR D:
MPP+# [bE, "P<0.05,
J+ % (P <0001, E 4EF1 F), Bax il Cleaved
caspase—3 F ik K PPF 1V B F+ =5 BE AR, FL7E 40
pM A1 80 pM PPF 41 H Bel-2, Bax fll Cleaved
caspase—-3 X FRIK SN B L E R A G4
L(P<0.001), 3R], PPFi# i # | SH-
SYSY 4l S bt S AL N R T, BEAIX MPP+i5
ML

"P<0.01, ™P<0.001,

3 g

PD JE—FRHEATIE | AR IR 2B AT R

Mo TR UG mIIER, PD & A
RS WALt — 2D, R AT R T R A R

GERSIMAR KA A0 DI, T AR B R AL
X 4% PD WA BRI T B R H 2

A BE PPF Xt 400 v MDA ¥ B R 520 ; E.

AN[R)He BE PPF X 40 il vh NADPH 8 AL B vk B R s s 5
3.1 5 PD #HAEEIA)E K7
EH W R, MPP+i% 5 0] # i SH-
SYSY ZHMa i385 , i i 20 M A0 S0 NSO 5 =
AT, AN, EATE L 6- R HE L Uk (6-hy-
droxydopamine, 6-OHDA), 1-H 42831, 2,
3, 6- VU M IE ( 1-methyl-4—phenyl-1, 2, 3, 6-
tetrahydropyridine, MPTP). F RiAl | R 4 b
FERET PD AUHIBIAL . Alarcon—Gil %51 F
35 uM 6-OHDA AbFHf SH-SYS5Y 4l f7 1% 0
FEAG, JAT-SRIEIN. Yao 2517 i i 2500 uM MPTP
V5 PC12 Ayt PD BERY, 535 B 4 A7 %
FREA. AT LRIARBRHAIREAR . ROS 7K
SN 300 pM/mL (1 F FAG 5T SH-SYSY 4]
AT A0 g . R RN AR A T AT ROS AR,
Han 55 ) R JH #0175 5 SH-SYSY 200, K8



40 W B R R 222 i 045 5
A B
s sk sk
< 2.0
O EC e g g
(5]
Cytochrome ¢ s s e Sn 48 |/ Do é W MPP+ Eﬂ 2 1.5
3] MPP++10 uM PPF .5
COX4 b .- 17kDa[S = O =
= B MPP++20 uM PPF % 8
™ P >
Cytochrome ¢ MNBMNBINE = &= 14 |Da % LI MPP++40 uM PPF E < 05
a [5}
GAPDH g S 888 S s 37 kDa |2 B MPP++80 yMPPF & 0 - -
c > Mitochondria Cytoplasm
MPP+ MPP++10 uM PPF MPP++20 uM PPF MPP++40 uM PPF MPP-++80 uM PPF
10 0 Q2-1 Q22 10 Q2-1 Q22 10% Q2-1 Q2-2 10° 2
1.66% 12.05% 0.51% 6.82% 4.34% 4.67%
o . . .
=
%10
£
10
@37 T Q4 023 Q-4
Y 53 175.22% 17.46% _pges J80.79% L O81%
-10%* 10° 10° 107 107 -10%* 10° 100107 107 -10%* 10° 100 107 107 =10 10° 10° 107 107 -10%3 10° 100 107 107
FITC-H FITC-H FITC-H FITC-H FITC-H
D o E Fg
—_ S 3 sokok
S o T
e EHEEOCO S e
E Bcl-2 28 kD.
@ -l . - .- - 8 3%2_ ok ok
€10 Bax S $H0 S s s 2| kDa S ok ook
§ Cleaved- 28 kDa = 14
< caspase-3 - e o= a%
]< B & & &  GAPDH e gm s s s 37 kDa = 0-
& @‘g @‘8 $\<§ $\‘§ = Bcl-2 Bax Cleaved-
S S 4 caspase-3
PO )
&R &
& &S

B 4 PPF i MPP+i%SH SH-SY5Y iR rh 4 &3 c FAAET
Fig. 4 PPF regulated MPP+-induced cytochrome c and cell apoptosis in SH-SYS5Y cells
A: Western blot Kl Zehs {4 S A1 BTH A A2 ¢ RN RIS B: MR c HAFRBZIT; C: HMIEMTREN; D: 4
HEIT-HRGEt; E: Western blot Kl T AHOCEARIR; F: WTAHSCEARAST; 5 MPP+ILEL, “P<0.01, ™P<0.001.

1 ~ 200 M e i T FEAR A LTS ) IR i e 1~
32 SHE#5SPD

AL N P PD Y & AR R R T T R T SR
Ho HAT, © 28 KT Bl 40 m g mT
ZEfi PD, 3d 3Kk miR-375 Rl i 46l SP1, ik
e PD KR P28 R RE AL R B, A R R
AR 22 B e B PR M 2 T T AR
1) ¥ ] L2 fife £ 0k TR 375 5 11 PD R BN JB I 6 38K
JE 35 1 g Y U2 e 254K T VT AT A
PD #5707y R S8 AL N 3L 2H e R S E K, ik
5 PDEAR D2 VE SR 48 >k Uk 2 PD K BLUAT
AR U, BEAK MDA /K030 (38 2 ] 75
WAL, RS RS AEARIRE L TR ROS,
M > PD SRR R 3 . EE R R I,
PPF Tl &b 3 R Ji % MPP+i5F % HY-SYSY 4i g%
BE A A, AR 40 M H ROS. MDA DL K&
NADPH 7K, /b4 v
33 PPF 5®ifis

PPF J2& # ULy #f DR B #R 259, B A
THERT . EFFRERS A . BREEIKE T . AR R
N KA RAIG . JC B RN B AR E AR, 2l

PR LT Al i Dk o . RS9 R B8, PPF A
AHUAACRRE 7T I R A AR A I JORT R R i P
FEER UYL OB PD KRS S A i
ik ORAPVE A o AE.O LBk I P VB 3, PPF
AR NS LR RS S AR . SAE N
AL LA IR T, PPF 3l iz sk /2 46 40 it [H
F) 436 L Tk HPL 6 6 06 1 LA B S A g 3K
PP K BRI 25 P B R A T8 R 175 = 1IN N D e s g
I EUEZDIve i L (TR < €28 87 A DD N SE R LAY SN
S, PPF n] 38 i N IR T AR, b i i
FACVA B RAE K, XTI 5 ) P 20 8 1 % 45
Y ERT, 25 kKB 40 pM 1 80 pM PPF Fiikb
PHIS, MPP+i%5 1Y SH-SYSY 40 i 33 5 1% 14 4H Lt
FXF BRI, SRR BT FR TR B R,
W] PPF FJ BRI Ao 10 i 42040 S0 PD S A 4 i
HAMGPEN . R, Wang 2509 W8, PPF
A 2% fft MPP+ifs UM dibE . B E %P L8,
PPF I 38 i 0% Nrf2 #1i] RAGE/NF-« B {55453
B, W0 PD R BN BT DX Y R 2 R R T, Bk
HERFONFERS . X T 22 BRI PD B,
HA WA YT A LVE R PPF X5 2 4 B R



H34

WA, SF. NIAME Y MPP+i 1Y SH-SYSY 4 2 (A S AL BRI ) T 41

feEy PD B HAA RAFPEHE . SR, PPF Xf PD
A A I VR EL AR IR T AL T A A R i F 5 b gk
—PRE.

g LRk, MPP+JIFCAT AP SH-SYS5Y 4 it
(3 5E . 5 SR N M AT I JR T, PPF Ti4b 3
A B i % i A L ) SR A R RN T, X MPP+- A
PR 20 B BA PR AP PE R

[&% 3Rk ]

[1] Jankovic J. Parkinson's disease: clinical features and dia—
gnosis[J]. J Neurol Neurosurg Psychiatry, 2008, 79(4):
368-376.

[2] Prajjwal P, Flores Sanga H S, Acharya K, et al.
Parkinson's disease updates: Addressing the  patho—
physiology, risk factors, genetics, diagnosis, along with the
medical and surgical treatment[J]. Ann Med Surg (Lond),
2023, 85(10): 4887-4902.

[3] Medeiros M S, Schumacher—Schuh A, Cardoso A M, et al.
Iron and oxidative stress in parkinson's disease: An obser—
vational study of injury biomarkers[J]. PLoS One, 2016,
11(1): e0146129.

[4] Romuk E, Szczurek W, Nowak P, et al. Effects of propofol
on oxidative stress parameters in selected parts of the brain
in a rat model of parkinson disease[J]. Postepy Hig Med
Dosw (Online), 2016, 70(0): 1441-1450.

[5] Kalia L V, Lang A E. Parkinson's disease[J]. Lancet,
2015, 386(9996): 896-912.

[6] Alarcon-Gil J, Sierra—Magro A, Morales—Garcia J A, et al.
Neuroprotective and anti—inflammatory effects of linoleic
acid in models of parkinson's disease: The implication of
lipid droplets and lipophagy[J]. Cells, 2022, 11(15):
2297.

[7] YaoY, Liao C, Qiu H, et al. Effect of eleutheroside e on an
MPTP-induced parkinson's disease cell model and its
mechanism [JJ. Molecules, 2023, 28(9): 3820.

[8] Ju D T, Sivalingam K, Kuo W W, et al. Effect of vasi—
cinone against paraquat—induced MAPK/p53-mediated
apoptosis via the IGF—1R/PI3K/AKT pathway in a parkin—
son's disease—associated SH-SY5Y cell model [J]. Nutri-
ents, 2019, 11(7): 1655.

[9] Han X, Han B, Zhao Y, et al. Rosmarinic acid attenuates
rotenone—induced neurotoxicity in sh—sySy parkinson's
disease cell model through abl inhibition [J]. Nutrients,
2022, 14(17): 3508.

[10] CaiL]J, TuL, LiT, et al. Up-regulation of microRNA-375
ameliorates the damage of dopaminergic neurons, reduces
oxidative stress and inflammation in Parkinson's disease by
inhibiting SP1[J]. Aging (Albany NY), 2020, 12(1): 672~
689.

[11] Motawi T K, Al-Kady R H, Abdelraouf S M, etal. Em-
pagliflozin alleviates endoplasmic reticulum stress and
augments autophagy in rotenone—induced Parkinson's dis—
ease in rats: Targeting the GRP78/PERK/elF2 oo /CHOP
pathway and miR-211-5p[J]. Chem Biol Interact, 2022,
362: 110002.

[12] Ayaz M, Anwar F, Saleem U, et al. Parkinsonism attenu—
ation by antihistamines via downregulating the oxidative
stress, histamine, and inflammation[J]. ACS Omega, 2022,
7(17): 14772-14783.

[13] Salaramoli S, Amiri H, Joshaghani H R, et al. Bio—syn—
thesized selenium nanoparticles ameliorate Brain oxidat—
ive stress in Parkinson disease rat models [J]. Metab Brain
Dis, 2023, 38(6): 2055-2064.

[14] Zamanian M Y, Parra R M R, Soltani A, et al. Targeting
Nrf2 signaling pathway and oxidative stress by resveratrol
for Parkinson's disease: An overview and update on new
developments [J]. Mol Biol Rep, 2023, 50(6): 5455-
5464.

[15] Yu W, Gao D, Jin W, et al. Propofol prevents oxidative
stress by decreasing the ischemic accumulation of succin—
ate in focal cerebral ischemia-reperfusion injury[J].
Neurochem Res, 2018, 43(2): 420-429.

[16] Yang Y, Xia Z, Xu C, et al. Ciprofol attenuates the iso—
proterenol—induced oxidative damage, inflammatory re—
sponse and cardiomyocyte apoptosis[J]. Front Pharmacol,
2022, 13: 1037151.

[17] SunL, Dou X, Yang W. Propofol protects rats against intra—
cerebroventricular streptozotocin—induced cognitive dys—
function and neuronal damage [J]. Folia Morphol (Warsz),
2023, 82(2): 248-255.

[18] Gonullu E, Dagistan G, Erkin Y, et al. Demonstration of
the protective effect of propofol in rat model of cisplatin—
induced neuropathy[J]. Bratisl Lek Listy, 2023, 124(1):
64-69.

[19] Wang S, Song T, Leng C, et al. Propofol protects against
the neurotoxicity of 1-methyl-4—phenylpyridinium[J].
Mol Med Rep, 2016, 13(1): 309-314.

[20] 75, Zedl, (EWESE, 55, 6 TNH2Y/RAGE/NF- k Bf§ %
T PR PR T B T <5 2R R S DA TR i 4 52 (]
PHTREE 2, 2023, 35(12): 1745-1750.


https://doi.org/10.1136/jnnp.2007.131045
https://doi.org/10.1097/MS9.0000000000001142
https://doi.org/10.1097/MS9.0000000000001142
https://doi.org/10.1097/MS9.0000000000001142
https://doi.org/10.1371/journal.pone.0146129
https://doi.org/10.1016/S0140-6736(14)61393-3
https://doi.org/10.3390/cells11152297
https://doi.org/10.3390/molecules28093820
https://doi.org/10.3390/nu11071655
https://doi.org/10.3390/nu11071655
https://doi.org/10.3390/nu14173508
https://doi.org/10.18632/aging.102649
https://doi.org/10.18632/aging.102649
https://doi.org/10.18632/aging.102649
https://doi.org/10.1016/j.cbi.2022.110002
https://doi.org/10.1021/acsomega.2c00145
https://doi.org/10.1007/s11011-023-01222-6
https://doi.org/10.1007/s11011-023-01222-6
https://doi.org/10.1007/s11033-023-08409-1
https://doi.org/10.1007/s11064-017-2437-z
https://doi.org/10.3389/fphar.2022.1037151
https://doi.org/10.5603/FM.a2022.0027
https://doi.org/10.5603/FM.a2022.0027
https://doi.org/10.5603/FM.a2022.0027
https://doi.org/10.3892/mmr.2015.4570
https://doi.org/10.3969/j.issn.1672-3511.2023.12.006

	1 材料与方法
	1.1 主要试剂
	1.2 细胞及细胞培养
	1.3 细胞处理
	1.4 CCK-8检测细胞增殖
	1.5 ROS水平
	1.6 MDA和NADPH氧化酶活性检测
	1.7 Western blot检测细胞色素c以及Bcl-2、Bax和Cleaved caspase-3蛋白表达
	1.8 流式细胞术检测细胞凋亡率
	1.9 统计学处理

	2 结果
	2.1 MPP+诱导对SH-SY5Y细胞线粒体氧化应激的作用
	2.2 PPF对MPP+诱导的SH-SY5Y细胞线粒体氧化应激和凋亡的作用

	3 讨论
	3.1 诱导PD细胞模型的常见试剂
	3.2 氧化应激与PD
	3.3 PPF与氧化损伤

	参考文献

