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Melatonin inhibits MPP*-induced apoptosis and mitochondrial damage in MN9D cells

through upregulating ubiquinol-cytochrome c reductase core protein 1
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Abstract: Objective To investigate the effects of melatonin in an in vitro model of Parkinson’s disease induced by 1-
methyl-4-phenylpyridinium ion (MPP") and the molecular mechanisms. Methods MN9D cells were divided into control

group, MPP" group, melatonin group, and treatment group. The effects of melatonin and MPP" on cell viability were
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determined using cell counting kit-8. Mitochondrial function was evaluated using the mitochondrial membrane potential
assay kit JC-1. Cell apoptosis was determined with Hoechst/propidium iodide double staining. Immunofluorescence assay
and Western blotting were used to measure the expression of apoptotic proteins [cleaved caspase-3 and cytochrome C
(CytC) ] and ubiquinol-cytochrome ¢ reductase core protein 1 (UQCRC1). RNA interference technology was used to silence
UQCRC1 expression in MN9D cells to measure the expression of the apoptotic proteins by Western blotting. Results
Melatonin significantly inhibited MPP® - induced decreases in cell viability and mitochondrial membrane potential,
significantly reduced the number of MPP'-induced apoptotic cells, significantly down-regulated the expression of CytC and
cleaved-caspase 3, and significantly up-regulated the expression of UQCRC1 (all P<0.05). After silencing UQCRC1, the
expression of UQCRCI in the melatonin group and the treatment group was significantly decreased; the protective effect of

melatonin against MPP"-induced apoptosis was significantly decreased; and the expression of CytC and cleaved-caspase 3

http://www.jinn.org.cn

was significantly increased (all P<0.05). Conclusions

Melatonin has a protective effect against MPP*-induced damage to

dopaminergic neurons, possibly by upregulating UQCRC1 to inhibit neuronal apoptosis.

[Journal of International Neurology and Neurosurgery, 2023, 50(3): 26-31]
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MNOD 41 i [ 8 e = AR D R A BRA F s MT 1
[ Selleckchem; 1 4 DMEM 15 3% 3 A1 i 25 1L 3% W9 A
Gibeo; 41 L2075 & 8 (cell counting kit-8, CCK-8) I H
KA B CytC . T UQCRCL, $T Cleaved - Caspase3
(C-Caspase3) . $iL GAPDH YR B T7 25495 DyLight 488
LA TTHUI F Abeam ; JC-1 2 A7 PR I Ha A7 A6 10 3K 551
S F LAY 5 A0 A% YR Hoechst 33258/P1, Hoechst
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800 wmol/L [ 15 5% J& &b P 36 h; 36 97 4H 41 i & T
200 wmol/L () MPP AL B 12 hJ& , AL MT , MT 28946 £ 43 51]
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1.6 Hoechst 33342/PI &
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Caspase3 (1:1 000) ; UQCRC1(1:1000); GAPDH(1:
1.000) ] A =505 5028 [ 405 1gG(1:5 000) 5 1L
FEPRIgG(1:3000) ] >R Bio-Rad & iR R Ge X K
PEAHHEAT E

a
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S, PBS YA AN M , 5 FH 26 ki 1A 2¢ Y6 #R £ MitoTracker
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Triton X-100 3B 10 min, AIA & 1% I L35 #9 PBS IS %
U 2 b, fd BT UQCRCT A& (1:100)4°CIEF 337K -
W H ,PBS PE# 37K, DyLight 488 £ (446 4t (1:1 000)
WG ZEIRIFE 2 h, PBS PR 3 UK, Hoechst 33258 &2 L%,
B TOOL R T M IHE A
1.9 HETERUQCRCI A ZHAmiE R

A% UQCRCI 1% 25 K J Bt , 3 i www. genscript.com
BETHHE S Pk 3 550 A B, 43 34 siUQCRC 1-001 : 1F [ i
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5 5' - GGUCGCAGUCUCCUGACUUTT - 3', J [i] 4% . 5 -
AAGUCAGGAGACUGCGACCTT-3';siUQCRC1-003: 1F [i]
# : 5'-GGAUCCGCAGUGGCAUGUUTT-3', J% |a] £ . 5' -
AACAUGCCACUGCGGAUCCTT-3", & & B4 X 18 F- B
siNCAE Ry We 42 MR SE AR B X SE 50 i 52 e, LA b 7 BE el
IR 2N F A A

R 4 15 BH 5 14 7 35 % 4k MNOD 41 il , F Western
blotting J7 12 Wi 1 115 % b &4 2 J & (9 7 B H DA #R
UQCRCI F:H KT B UQCRC1 J5 MT X MPP' 75 S f 41
LR TSR
1L.10 SHit=ZEHE

Geit o MR FH SPSS 22.0 B fF o IEZ /AR BT
B LL BB bR 25 (oes ) 7, A1) FLASCR FH SR IR 2207 22
ST, T LR Dunnett-t #0368 . P<0.05 522 S H 58
-8
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2.2 MT R MPP'% S MNID 40 i 2k Rk ThBE BB 1S

4 21 MINOD 4 jfd v &/ 21 5 Sl i B Lo {8 1 19 LA
Z R EE X (P<0.05) . 55X HELLA b, MPP 4
& JC-1 %%Afziiﬂﬁélﬁmj‘ﬁﬁﬁ'ﬁTM AR B A 2
9 R, SRR A AR s 5 MPPP 2 AR L TR T A
H 2L B 0O EIG 5, SR 9IS , 208 MT BeSl i MPP' i
PRI L N R, B2 K1,

Hoechst33258 JC- lmonmnPr JC-Ipolymer

Merged

MPP*4H X} HE4H

MT 41

AL

B2 JC-13&tenml & a itz f7 %L

#1 4£AMNID AL/ AL BELBEEEMILE (xxs)

28 3) n LR/4T 3R GR EAR
X PR 4L 5 1. 010. 06
MPP* 41 5 2.21+0. 07
MT 8 5 0. 87+0. 06"
BIT 5 1. 21+0. 05"
FA& 165. 30
PA& <0.01

Eia A5 B ER, P<0.05; b A5 MPPH4 L4k, P<0.05.

2.3 MTN#E MPP 5 S A RE T

Hoechst 33342/PT QL (A, 45 S i 7R | 4 2 41 (8 58 0 1) °F
B i A, 2 A G248 L (P<0.05) . MPP 4
LT TN T340 B v T4 R4 (P<0.05) o TRITALLT
9 1Y 7 06 % AR T MPPT 4 (P<0.05) o WL K]
3.%82,

Xof B4 MPP*4 MT 4] JRIT A

Hoechst33258
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Merged

B3 Hoechst33342/P1 4 &,

+ 20 .

®2 4AMNIDAMLEHNBELEEENLE (xs)
28 5) n RRIBELF

X 8 4R 5 1.060. 11
MPP* 41 5 2.36+0. 14"
MT 8 5 1. 18+0. 06"
EIT 5 1.37+0. 17"
FA& 267.09

P& <0.01

E:a 5 A RAE,P<0.05; b A5 MPP 4L IAR, P<0.05,

g5 5 W oR L 4 41 MNOD 4i Jild (C -
Caspase3,CytC) Fib L, 2 5 A G122 5 L (P<0.05) .
55 % HE L0 A e, MPP* 4 MNOD 411 it (C-Caspase3 . CytC) 3
SN (P<0.05) ; 5 MPP 41 LA, A3 97 41 MNOD 4 it (C-
Caspase3 .CytC)FRiKk T [ (P<0.05). ULKE4. %3,

Western blotting

CytC [ ~- —-‘....._, ‘ 13 kDa

C-Casepase3 " —— 1 17 kDa
—
GAPDH ‘ — e ——— ‘ 37 kDa

XFHEZH MPP*2H MT4H iA97 40
E 4 CytC.C-Caspase3 & @ it B

#3 44 MN9D 4l CytC.C-Caspase3 B EHFRIEMLLE (xs)

20 5] n CytC C-Caspase3
x PR 4L 5 0. 88+0. 04 1. 02+0. 08
MPP* 8 5 2.09=0. 21° 1. 33+0. 09
MT 48 5 0. 89+0. 09" 0. 62+0. 16"
DR 5 0. 96+0. 05" 0. 75+0. 08"
FAL 94. 46 134. 47
PAE <0. 01 <0.01

Era 5 A RALE, P<0.05; b A 5 MPP 4L AR, P<0.05,

2.4 MT_EiHMPP"%ESH MNID 4 UQCRC1 TP
TIPED NN, 4 WG AT EIRE L, R A ST
2 L (P<0.05) . 55X HE4H % , MPP 4% % UQCRC1
Fk RSO IOEIRE I B . 5 MPPYLILES, IRYT
gl g ta TR I TR . UKL S (3R 4,
B, 44 UQCRCI A FIL L
B, ESAGEE X (P<0.05) . 5XFIE4H s, MPP 4
UQCRCI1 & 1R i5 W 1 T F (P<0.05) ; 5 MPP 41 LE %,
MT /Y7 J5 UQCRC1 ik E(P<0.05), WL 6.4,

Western blottlng 75
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UQCRC] | W s s s | 53 kDa

GAPDH | .- S S e | 37kDa
XHHEZ] MPP2H MT 4 59720
Bl 6 UQCRCl&k#yEGHitH

#4 4BUQCRCIEEXNBEMEARIEKFELLE (xxs5)

287 n KHIREEE H o kL
<+ R 28 5 1. 02+0. 12 1. 07+0. 06
MPP*48 5 0. 56+0. 17* 0. 49+0.01°
MT 48 5 0. 92+0. 07" 0.98+0. 11"
BT 5 0. 79+0. 14" 0.77+0. 03"
FAA 286. 10 363. 20
P& <0.01 <0.01

E:a k5 B4, P<0.05; b A5 MPP 2a k4%, P<0.05,

2.5 ELUQCRCI1 J5 MT X MPP*i% S i) MNYD 4 fifl
BT RIPE RS

K siRNA LB T UQCRCT LR 1y %3k . MNOD 41
Jf1%% 4t siUQCRC1 48 h J& , UQCRC1 2 AR IA W] i il .
WLE T FES.

L'QCRC]|~- — — —-‘ 52 kDa

GAPDHl"-—-—I 37 kDa

XFHAZH siNCZH 001 002 003
siUQCRC1
B7 43 siRNAJS UQCRC1 & & ¥pit

%5 siRNATLEEMNID ffich UQCRC1 EHFRILLLE  (xxs)

20 3 n BGkik
po:cei 3 1. 05+0. 02
siNC 28 3 1. 06+0. 03
siUQCRC1-001 3 0.47+0. 02*
siUQCRC1-002 3 0. 37+0. 05"
siUQCRC1-003 3 0.39+0. 04"
F1a 589. 80
P1E <0.01

a5 AR, P<0.05,

P8 BB W Br 1 UQCRC1 J5 Western blotting 45
T RoR, SR A L, MPP 4 MT 4 F1iG9 74 UQCRCI
FIBBREAR(P<0.05) ;1674 5 MPP 41 L #4522 =+ o 4e it
RN (P>0.05) . S XFHEALA LG, MPPT 4 MT 4 FIR YT
4 CytC ,C-Caspase3 % [1 22 53914 /111 (P<0.05) ; 5 MPP*2H
A EE L MT 4 CytC., C - Caspase3 25 [ 3% i& 15 2R 8 Ik
(P<0.05) ; 1697 2H CytC . C-Caspase3 75 [1 761k 5 MPP4H [,
WERIG I E X (P>0.05), K8 %6,

CytC | wws @ ewan @ | |3 kDa
C-Caspase3 m.- =i ﬁ 17 kDa

XHIRZE MPP'21 MT4 339741
siUQCRC1
B8 EUQCRC1/EMNIDZaLYF CytC.C-Caspase3 FHE it

%6 ME UQCRC1 /5441 MNID A ffith UQCRC1.CytC.C-Caspase3 EEHFKIEKFELLE  (xxs)

28 5 n UQCRC1 CytC C-Caspase3
*t B8 40 5 1.01=0. 12 0. 98+0. 05 0. 91=+0. 06
MPP* 48 5 0. 51+0. 26" 2.79+0. 12 2.39+0. 11°
MT #1+siUQCRC1 5 0. 75+0. 03" 1. 59+0. 03" 1.31+0. 15
7% 95 ¢1+ siUQCRCI1 5 0. 41+0. 08" 2.51+0. 24" 2.21+0. 24"
FAL 223.30 493.20 299. 50
PAE <0.01 <0.01 <0.01

Era A5 A B LE, P<0.05; b A5 MPP 4 k4, P<0.05.

3 e

PD S MELUIE Y 5 5 M S A A 2R AT PR L
PR A5 BT 2 L R A T B R R T LA B /MR
LR T PD & IR HLE AU IT $E , LR T e e 1%
TE PD Y LR 2 8 rp s 21 SE SR T, #0010 AR o) BE B i

(250 55 28 R GEBRAR DG IR 6P AU
MT 2 — i 22 8 30 R, RIS R A b 2 pT e
JOZ I IR 22 S E SRR T MT B9 I S P i AR IR T
A5 MRS A AR BT RG S  ARBRSE T, MT
IRl T MPP I S AR I 7 T R, O AT AR AT A 2%



R, A5 AR R T R R — A (R Cb RO B

2023,50(3)

P MPP*375 5119 MNOD 4 it 03 T R b 4361 05

http://www.jinn.org.cn

7 A BSE EL AV o R A BB R A R 2R AR A T S AL B R AL
PR ATP A ZObE (A RS L T R 30T SRR A4S K i
VL oAb, 12038575 | R SRR K A , SRR RS 7 1) T
BRI TG B — A4 ARBFFE R I, MT A LA
Tk X LA (R A AP R AR R T L B Lk A
IF W e 2R AR R A AR T~ IV ALK, A& b 7T B AR 1
CytC #1 ATP A B, 3 3k H 7 19 1% 356 815 ATP 1) 7= A
PR AR L FERPIEE |, CytC B 0 R i R e R
7RI SRR TR 5 5 AR AL BT CytC 2
fik 2 PR T AR IR 22— X R R R A B R T AL R 2R
15 1 RRAR BT, LAY CytC TG Caspase 2056 I b 5 | B 41
ML, PRI, R AT R AN T D g
FEl7 AT 3B, MT Al PG CytC.C-Caspase3 31k,
LR MT X MPP i Bl ) 40 8 7~ HA i fEH

g T HE— 2GRS MT B 2 R4V T, FR ARSI
T UQCRCI ik, UQCRCL &M 4i% & A 1 1 iy —
W S AL AE A5 = AR AW 78 ATP AR i e 3|
CHEVE R, A AL e M4 B QH2 ] 2k CytC #%7#% , OF
Z 5 g B A A A AL B R AL, 98 42 B 1 AN A e S
RS AW RN, AR ISR 3k 2 S 8 ki A
TR AR RN, I RT R R BOF 2 A 2R AT BN, LG
PD'', Lin %24 5848 1) UQCRCI KK A SH-SYSY 4
iLZR , 5481 UQCRCT JE PR 33K 530 SH-SYSY 4 it (1 44
ZoRh A RN ZOR AR W AE T RE RS . UQCRCT %
ARREH (UQCRCI p.Tyr314Ser) @i A F b A1/ BB R 25 3¢
IR A AR B Sl R 2 TR RE Bl 2 oa B ] L
899 T WA B2 A5 AR TG 4 A2 5 R 2 I i 28 0 SR AR R
T A 7% . Hung %7 HF5E & BL, UQCRC T JE R R B 1)
L I S AR R O Y PD IR, f0 45 £ U RE I 20T
Wb Fis B R ) T B iR i UQCRCT 3R 3K J5 W] B0 i
FhepE . W8 & 3 UQCRCT 5 CytC #H % , UQCRC1
SR T AR BT A CytCL 306 T Caspase B N . A
WF9E & B, MPPAL LS UQCRC1 £ #5351 B F &, MT
1BY7 5 UQCRC1 2 ARk B N, Wil #k UQCRC1 J5 MT #1j
TP T- 2R 2k AR ) T R, R BT T VE R %

Zi b, FRATT4E ) MT AT RE S A 3R UQCRC T A2 29 ]
P2 ICIR T VE L, o PD YR TT 2488 A0 43 —F 0 A5
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