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Abstract

Objective: This study aims to explore the neuroprotective effect of Eicosapentaenoic acid (EPA) on
an in vitro model of Parkinson’s disease (PD), as well as the potential protective mechanism of EPA
in the lipid metabolism pathways of nerve cells. Methods: A PD in vitro model was established
through Rotenone intervention. Human neuroblastoma cells (SH-SY5Y) were divided into four groups
and cultured for 24 hours: control group (CON group), model group (Rotenone group), treatment
group (Rotenone + EPA group), and EPA group. Biological replicates were performed in each group
six times. After the 24-hour culture was completed, the following treatments were carried out: The
viability of each group of cells was determined by CCK-8 reagent; The ultrastructural changes of the
treated cells were observed by transmission electron microscopy (TEM). The four groups of cells
were collected and subjected to high-resolution non-targeted relative quantitative determination
of lipids to analyze the effect of EPA on lipid metabolism in PD nerve cells. Result: EPA could signif-
icantly increase the cell viability of the model group and restore the mRNA expression levels of
brain-derived neurotrophic factor (BDNF) and glial cell line-derived neurotrophic factor (GDNF).
EPA improves mitochondrial autophagy in nerve cells of the PD model; EPA causes significant changes
in the lipid metabolism profile of PD nerve cells. Conclusion: EPA has a neuroprotective effect on
rotenone-induced PD cell models, enhancing the stability of nerve cell membranes by improving
lipid metabolism disorders.
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1. 5|8

<6 #% % (Parkinson’s disease, PD)& —Fli WARZIRATVESOR , £ NFF R ALK T BT /K K I
BRI 1] TH 4 AR5 ) =5 L9052 5038 & P i 22 JF (substantia nigra pars compacta, SNpc)Z L iZREM & G HTIE
A, FELUREZ (DAY G &Ik, N5 RIS AEDI RN, KRR R IR, 23)iR
2z WIsRE AL HDBREGE2]. HAT, 8797 K& R ReZ sk, ARGt E[3]. PD KWl
Hil o35 2%[4], RRBUARIZRELATREAE PD. B /R 2203 BRIE (AD) S 2 M £ 1R AT M5 1 R e i R rhkd o
HENEH[5], BBk Z a7 O3S PD i A 221k 6] [7].

JE BT AE XA 22 R GE(CNS) P ) & B AE AR N AR 28 =, AR T RRITAH S, AL 40 5 1 3 250 1%
By, MR EENREMS. BT, OFARZIUESERMH PD i AR FAETE & 4 28181 9], KM i/
SRS NE R AE A 2B AT MR R R A T 3 AR AR 10] - (B BUAR I S I £ B2 i BE #0148 0 (Dopaminergic neu-
rons, DNs)J HARHLHIIA R FL . SELOUEHE 7R Omega-3 2 AMEFIAEHTER(PUFAs)XT PD /)N AR 11 iz

- IR IDRE . IS AT SORE B R ERT,  Euln - RRER(ALA) [11]. 8k FUA R L R(E-EPA)
[12]. EPA £ DHA [13]%. /X% EPA %% Omega-3 PUFAs £ PD 25420 5B 47 PRSI0 th R 5 T 5 K34
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PrEALREJI[14] [15], 1H EPA fERBUARE &AL H 6T PD I SZR v A WA -

EPA FJRe£x 5200 PD A& 40 (iR BT EAEE, X PP X DNs [ AEAF IR IR 5, A3 e 98 hE
WEE . BEIhEERIE 55 S NGEERSE. ik, ASHEFCIE S AR &7 PD MRAMERL, I 3% it Bl 2
YA TIEE ), TR EPA 2152 s JIg i BT iS5 e, DT 145 40 B e S A aS AN lR 21k, IFRI A &
SRR RS ) AR T 2 2E AR E AR AT BPA A S 1Y) PD AR A i S 2R AE R AR, IR R IR AR
tiRAE s EPA X PD jp B3 R 1R 2 i AR FH IR (R Se 30 %ids, 09 EPA 48 Omega-3 PUFAs /E 4 TiilJi PD
FHEE JEE B DR S TR R $ i S IR A 4

2. MBEE®
2.1. SCIG4HPE

N SH-SYSY 4l T 0P 28 A48 i BHE A IR A 7 (IMR-32, A#FE B gi i, Wb, 18
HNTEH 10%M04- 1M . FEE R (100 U/ml)FEEE 2 (100 ug/ml)f) DMEM 58 45532 5 fH(Gibco, & L-B%&
B fec A P R R AN R B SR A, B TR R R B SR A R, IR SERRTE 37°C, S%IKIE CO,. R
JE R TR AL 2 K

2.2. FERFSEHE

] (99.65%, MCE); EPA (95%, Z'Eik7]); DMEM (Gibco); fAZF-IiE(LONSERA); % & /4E
BEMPIEERR): 0.25%ECE = K); CCK-8 lFI(E = R); & RNA $HEHURA S AL 5 s 22 A
AR R F]); Prime Script TM RT Master Mix (H /% TaKaRa); TB Green Premix Ex Taq TMII (H /& TaKaRa);
JH I 55 7= #6 (i /K HCP-80); CFX Connect TM Real-Time PCR 1% (3£ [E Bio-Rad); T100TMThermoCycle PCR
{X (3% Bio-Rad); Mbri(3EE Thermo); &4 M+ R4EL(H 4% JEOL JEM-1400PLUSJ).

2.3. 53k

2.3.1. kiR

2 SH-SYSY ZMMpfh 24h J5, FETaRFRE, HEMABRIE( g% T 25.354 mL DMSO 4 100 mM)
ZIRIE N 10nM. 50nM. 100nM. 150nM. 200nM. 250nM. 300nM F 5845535353 570 24 h LLE
AR ) B AR

2.3.2. EPA 43

2 SH-SYSY ZMfuefh 24 h 5, FECRRFREE, FORE LRI BRI J A [F 24 FEIY) EPA 58
SRFFETTRANM 24 h, LB CCK-8 R E EPA X 40 Mi% JI IR HE /1. EPA &IRIZ 51N
10 uM\ 25 pM\ 50 pM 75 pM. 100 pM. 150 pM. 200 pM.

2.3.3. CCK-8 ME

YA /73t CCK-8 AT 52 o K 4T Rl T 96 FLIR, £ R EL EPA AFE )5, SEFLINA 10 uL
CCK-8 k7, T 37°CE#LHIFE 2ho Bl EEHR OCGI B TE 450 nm AL . 4HHIS J1 LA T35
SR E 2 teRor, A RMINE 71(%) = [(As — Ab)/(Ac — Ab)] x 100%. FTA SZigish r fE =
Y/
2.3.4. ERRAEE PCR (RT-qPCREHEEFEF

ji#iit RT-qPCR K0 SH-SYSY Zffarh 28 75K T BDNF. GDNF ] mRNA Kik/K . Fridi i i
SIVFFIZE 1):
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Table 1. Primer sequences for target genes

F 1. BEE|YFT

Gene Forward primers (5' to 3') Reverse primer (5' to 3")
GAPDH TGCACCACCAACTGCTTAGC GGCATGGACTGTGGTCATGAG
BDNF CTACGAGACCAAGTGCAATCC AATCGCCAGCCAATTCTCTTT
GDNF GGCAGTGCTTCCTAGAAGAGA AAGACACAACCCCGGTTTTTG
2.3.5. ESRR

YR Z I th RN A1 EPA A FRE e N (8] /5, BL 0.25%BEREH (L I = 4 MU 0kE, - F PBS Welk =X, Bl
JRZE 2.5% % REMEE, Bl SR CREK, PR R . AT D] A LT 70 nm B A
LRSS ERIR B TS, T T R TSR RE R

2.3.6. EOPRIEEERBBENEEST

Ferid EPA JEHJS¥) SH-SYSY 4HJIIAR AL LRI 208 9 )0k HEE Ak 2 (R R A 2 P Rl v A Wi S 4, Bkl
BEAT 6 AR, T TIA 1 PBS SRRV =R, B K A0 RO AR 12 A E g B F AR R A TR
O3 BEAT AR LR A QU AL 2 AR 0

2.3.7. GitESE
SEHGHHE DI + ARHEIR 2 (Mean = SEM)E R . Gt M AE B4 A GraphPad Prism 10.1.2 i)
Ao PR BR R T Z DT (ANOVA K &40 (8 i E 25, 24 P <0.05 BHA NS B EA S L.

3. 58
3.1. EPA % PD & 4HR5E 11 B9S2 0

FATHEARS FH R AR AP 55 5 IR EE 37 7 SH-SYSY 400 PD #5468, it CCK-8 y:A&l EPA
76 PD A o0 P 22 40 B TE J AR FF RE T - 5 B2, 100 nML [ f R 72 B T SH-SYSY 40/ 24 /i S
{20 I /7 B PRAK A 90% LA R (87.15% + 1.36%, P < 0.0001) (W& 1(A)): EPA HfhibFR SH-SYSY 4HAE
24 /MR, #E 10 pM (111.7% = 3.63%, P < 0.05)A1 25 uM (111.8% =+ 7.73%, P < 0.05)3# /5 A 145 1 41 i
WAL 1(B); A EPA 5 100 nM £ i i [ B AbERA0 A 24 /N5 30 EPA B350 T fo e B ¥ 41
MI#EE, HAE 25 pM (98.37% + 1.61%) R &, PR F] CON 2H(100.6% + 1.83%)iTBA/K-F(W &l 1(C)).
Rk, JE4HEE 25 uM FIE M) EPA #— SIS iE s/ 1EH . A4, FATEE RT-qPCR
Y 2 IR 20 B Ik o 227 R R T GDNF M iV ik #h 227 95 5 7 BDNF, 45 32 9] EPA fig 5 8 n HiAe 1
FEIR 75 5 1) PD i AR AR AL ) mRNA RiEACF(LE 1(D), B 1(E)).

3.2. EPA &t PD iR B BRI R0 R M

5 ELAE T SN ZH(CON 4H). PD B4 (Rotenone 4H). EPA T-TiiBIZH(RE 4H)F1¥50 EPA {F
F(EPA 2H)[1) SH-SYSY 4R, CON ik Frig A ik H Zebi ik a5 (WLl 2(A)); EPA ZH4L
BRSNS GBS PR HETE I . R T AT, RAS RIF(LE 2(B)); Rotenone 41741 1 [ Hy
A AR BV, 2Rk OS2, I IS RS B Sz I ZeRifk, & Sk BT o e B
I TEARA RN By L i f by, FLOS SRR, HEFURRER, &I S5 M7 R (LI 2(C)), el o
SRR, HBLEERENHEOLE 2(E); RE HALRARG AN IEH, RAIGRA F W R &
&, ARASRAFE BB AR FE AR K i (L] 2(D)).
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Figure 1. Results of cell viability assay and neurotrophins mRNA levels

1. YARAE NI KA EFREF mRNA KFAEMER

3.3. EPA ¥t PD =BV AR RIS AV M

o HER AR AR R A s R B, 1B U TR AE CON 4. Rotenone 2. RE ZH Al EPA 2
ff) SH-SYSY ZHfu b k6 5] 47 R BIIE2E, 3929 AR R 2> T & 2HEARKI NS BT ZH B v LA 3.

TR T EoR, fE PD AR th 78 EPA J5, Rotenone 201 RE 21 IR REASHIEAEAE B 3 1 e it 2
ZS (LI 4(A)), XK EPA 50 7 BRI 15 3 PD AR IR A ZH . (ENR SRR B, R
BEEMRREDN T BAREERAERTRSF, Hh il =TeREFRZMERIERY T, KN
MR CBEI(PE) B EBEAEmRPC)ZE (L 4(B)).

BEKE SRR T AT R BRBE C JR B, 76 TG 27h, 4iREEKEFLT 54 UL ER, RE
MRl FEE T Rotenone HHHEASITER X, B EPA ¥INT TG 885 41 HIBREE K B (I <]
5(A))s SEVERIEE AR 21 BT B A M TR BE X B R SR, TG 28, JXUEAEIAS] 5 AL
i, RE AR 4> T & T Rotenone 2 HEAG G124 X, Bl EPA 34N 7 TG 2808 54 1 AR
FE(LE 5(B)). H4h, EPA ISFEK: T JHEEEES(ChE). H il —E&(DG). fEIHER(FA). B AREEH #h(PG)- PE.
PC R T IHIBRE K, RIS 32 1 1 6 IR o3 28 R AN AN

BE— 0 #T RE 415 Rotenone 2H R Z 5 ARG 7 THIBUR I, A 50 FpEA 35 2 RAEME R 2 115
J&F TG+ PE. PC 2, JBMERIR T HAEFEARN AR F BN, PSSR0 7 7 Hh 26 800 g 1 1
BTN TR AIGER(DPA). T BNEIR(DHA), B2 N m AAIRE 2+ (ILIE 6).
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Figure 2. Ultrastructure of cells by transmission electron microscopy
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& 6. 7150 MERBERS FRLRE

4. itig

PD IR RT3 5 4%, PD TRERIERHE A OGS AR T B 1Y o- Tl B 1 TE B % 2 /MR
MIXLEE G /MA R BREE AR AL, EAFE R & =TS [16], H PD HAEFARE R A AL 2 W WA .
R, A 3L O FE P (A% O 3R e S B S IR 45 M AN Th BB . ZRbiik T fg
. WA JRENR AR A R T8 5 REN . AT LN, EPA X% S PD M4
YHMR A R R, BRI e e I R 40 U 70 R % . BDNF AT GDNF #4278 72 1 mRNA ik K
SPRIBEAG DA R SRR B N SR IR B AN 2ok B WS R AG AK8E, IR R  A0 A g Jo 2EL A T
S AR B S R

WE R, 1€ PD BEH n-3. n-6 ZAMARIIRR & 22 BE 0T W ABER, i DHA. ALA,
S AN R 1) & AE PD R AN B T [17]. MIERATMWE 7, ok B R 175 54 PD 4H s
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Faly

M2 EPA 15, HARRAM KA RER, JUHZLRE DHA. DPA. EPA % Omega-3 PUFAs
1) TG+ PE. PC KJEM 7 & =M ER N, X3/ EPA 75 PD M4 (AR AR R A F 0,
Bl TG K8 THIEZA . SR TG #iEREEK R, B IF &K DHA. EPA, W{EIR
FALERR AL FATA PR R 7, BAE TG A&7 EPA 180T 25 BB i i 537, 438 4 it s ) o s
MR . AHF LR, PD s A K Hh & B P i o A % 22 Ak ] UZE B #8175 5 1) PD 20 s
R RE i E S, A3 PE X MR AR R 1k, #HABERZ (Cen) A FHRE I 2 18], MHRATHIRT 1
RILPE KT T S8, H2 44 DHA. EPA. Cer /&3 KIME R AR A BT, HoK T2 2h:
PRI A RO B TSRS S, BRRE IS /NI AT R T IR AR, ARSI 2 R F
DR O3 [19]. BATHSLIREE R IR, Cer KAEF 2 T AL EPA OB A0 A R
BUN TR REass . BEWTREY, PD E W fis A i ek fs B AES(LPC) /K T 8 & 1 £[20], i LPC &S
o-Syn %5, INE PD W\ HIDIREREAST, IR B RIS R AR ARG RRRAL, I N E 81 o- R A% HE B
R[21], A2 /N B o 200 M e YR A, O A I T AT R R I 2 L RE AR i, 5 BT Th R A [22]
FEAREFH, AL EPA ffi PD 4ifaf 7 i () LPC 2518 i 2> 1 & e & /b (P < 0.05), [R5 b
FELBE HH LR 1) WA B R D . TERREE I 7T, FRATTRIL EPA #2517 PD #HZ4H M A o3 Hh e 1 5
ik 54 A KULE CIRFHM TG KA 7o &, MREEKEILE] 38 (19 PE. PC 28, BREEKEEIAS] 32 &
PL LRI PG DG 28, REEKEIASE] 20 & LA LK) ChE KR T & &, HH TG. PE. PC ZAME4NH
(1) B L LH oy, FCRRBE K FE VR SR B B, B R KA R T 3G s IR SRS s FERRBE AN 7T, EPA
P2 7 PD P40 B AE B R XU B A B 5 AN K UL B TG. PE. PC. ChE. DG. FA KiEA» T & &,
M TG. PE. PC &85 20 T ANV (K3 v A3 T3 hn4m B s i e sl o v 400 A e A7 o 1 S B (i
TG. ChE){J4uM1%S, 7EBESHTf%sE T, EPA /> 7 PD MU b i &/, e — e iz
T ERLARIK M, XK B EPA Rl RE(ZIE T A BRI RE DT IR A HE R, SR R I B ZoRL AR B A 1T JC A A
TR R IE R R S Re B G, Wit — PR W] EPA {8 PD M40 iR B R AR A

AW F, FA5RIE EPA 765 BT E N PD #h g AL /e, i i o R AR g R 4L
SRR T SH-SYSY 202 b R SRAC G AR, MR & & IREEKRE . B v AN B S5 4 8 ) 25
BT TR BRI FARAAE— 2 R R, oot F R IR B E 2, i TG, PE. PC
24 i MR 5% A Sk 3 DR AR B R IAIF 70 FE R IR N, AR OR 7 B 45 A4 5 g A Qs i v i o & s i AR
1) B R IE TS DLIR NS W R THLEE . 2Lk, SH-SYSY 4l 2 kI8 T At R 4nf, 7E4CiPIR
AR N7 TH 5 AR S TAF R 2 S, B4 TE /M E 2 AR B R BR A B H B a A, Ak
AP L B AR TR B AR At 22 O R TR R AT IR AT 7T

SVRTH &, FATTRIHE FidE7R PD s BRI A% b o AR ¥ 28 6L AT e i T EPA 4§ Omega-3 PUFAs T
WG, RS T A DRe, IR E R MM AR ER, JUHRZRRA
JIE T S A M 2R E SOBOR A F I DIRE IR . S TIRARCHAE PD H B2, RORAE UL ST Lt it —20
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