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Abstract

Emerging evidence suggests that Parkinson’s disease (PD) may not solely represent a proteinopa-
thy but also involve lipid metabolic dysregulation. Polyunsaturated fatty acids (PUFAs), as essential
membrane components, exert dual effects in PD pathogenesis. On one hand, their high susceptibility
to peroxidation promotes lipid-derived reactive aldehydes such as 4-hydroxynonenal (4-HNE),
which covalently modify a-synuclein (a-syn) and enhance toxic oligomerization, thereby contrib-
uting to mitochondrial dysfunction and oxidative stress amplification. On the other hand, omega-3
fatty acids, including DHA and EPA, may activate NRF2 signaling, upregulate neurotrophic factors,
and attenuate neuroinflammation. The context-dependent interplay between oxidative environ-
ment, fatty acid composition, and a-syn aggregation suggests a bidirectional regulatory mechanism.
This review proposes a lipid peroxidation-a-syn-mitochondrial dysfunction amplification axis and
discusses its therapeutic implications in PD.

Keywords

Parkinson’s Disease, Polyunsaturated Fatty Acids, Omega-3 Fatty Acids, Omega-6 Fatty Acids

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 58IF
14> A7 (Parkinson’s disease, PD) & — i WA IR AT PO, B0 ALK TPl R Ik i BRI, 1%
{14953 BT AAE 32 A B o #0330 22 L RE AR 48 e i AT MR R DA K - SR iliA% 25 1 (a-synuclein, o-syn) i S 4

TE RS 5y /MA[1] [2]0 FE 50 20NN, PD & —Ft U “EE A7 (proteinopathy), HAZ.CLHLHIFESE o-syn
WS, BRI EAFATRRIF[3]. SR80, Fal SR 150 0 DL 56 A Al RE e o ik Jie 1) 2 2%
PEUL R AR R 32 . FRBE DR 350 s IRV R 2 T [ 1]

R, MR AN G A )2t SO R s IR AU 72 PD AL (i EEAE (4]0 i
P s, Hrh Z A AN s i (polyunsaturated fatty acids, PUFAS) /& #1487, 2 54
R BN S ] WM A5 5 55 S [5] . MORBZUEIRR I, ARWTER AR 4]. BB S ALIE5R6] [7]
AR GRS a-syn AHEAE I [8]-[10], HIn[ e 5MAFMHBORNIERE. A ¥Eiet, PD AMUE—FE
[ 55 B0 » S T B — R IR U (lipidopathy) [11], AR AR 2% fir ol REAA 8 PD o B AR e ) SBEBR Y

EAERIAE, PUFAs JEHE o-3 JRITER/E 5000 78 i i e s LB o Ry PE I [12] [13], 1HAE 5
— SRR AR a-syn RAE[8]-[10], RPN RN E RN . Kk, PUFAs 7E PD 1 f/E R JEE s,
1M A] g L EA AT RFE . WIRRARIERTE PD wh i B SEAE A K 3L o 0L, ST N B Ay i 3t Je 2 ol
SENGHET TSRS B A E .

KGRI L. JEWTR S a-syn AHEAEFINL] . g BT A ORI i B 48 (R A7 3500 55
FTHHHT RS L5R
kSRR SFE R %

AHF T I R 2 PubMed £d 2, 2 OS] €135 “Parkinson’s disease” “polyunsaturated fatty acids”

DOI: 10.12677/acm.2026.1641387 1525 Il R 125 23k i


https://doi.org/10.12677/acm.2026.1641387
http://creativecommons.org/licenses/by/4.0/

ZITEs

“lipid peroxidation” %%, ki 15 4FEAH M ¢ SCHREEAT BEFE /3 4T o
2. BERRERZE R RO m R A B Th

oG 4L 4R i Jof B 240 15 T R 11 50% LA, b PUFAS & 0 48 5l I 1 3 2 20 R4 [5] .« MR A 25— AN
P R L (AL BN F], PUFAS E20 N 0-3 fIl -6 W28, 1% TR (eicosapentaenoic acid, EPA)#I
—+ /S MR (docosahexaenoic acid, DHA) 3L 1) -3 HEITER, 1€4E VU A2 (arachidonic acid, AA) N+
B w-6 NEITRZ[5] -

06 PR I 7 e R T A R ARG, L LG A B A R i IS B P AR S s 45 A4 AR e 12 [5] [14]. DHA /&
FEE BT ME ORI, X YERp IR ) AN 2 1A D pe B BRI [14] . MR TR ANV RO AR S il ey, 58
IRAN VR SER, (R [E S 5 5 AR A R [6] [14]

o-syn E—FEA MR G RN mTEER A, N it XI0RT 5 7 £ e e 10 Tl A Sk g2 % i 7 1 )
2] HEEETEG, a-syn 1 “TCIFEEH7 25N a-MBHELE M o JIR IR B K FF ANV ATRE FBE 52 ] 4
L it 2% R I MR B (14, AT VRHE a-syn (ARG SRR i R B JFE DB o) 3 SR A (1) % A2 [8]-[10] o ERILE, G
FRAE BRI R 5, AT o-syn ZEW)ZEAT NI E R 1.

3. BERFER{RHE a-syn TRIEBERIHLFHI
3.1. BEREREHIE a-syn IR E5EBL

PR AN Je AR R, PUFAs AI R B Lt a-syn TR AT V& M S 08K 8] [9]. S g B A
b, DHA Z&m AR R R 58 50 5 5 o-syn M R 078 [8] [9]. PUFAS Jl i i AR B AR 858, i a-syn B8 55 A
RS FEAR R p-Hr B aht, WM R AR R [2] -

UEAb, R AR DHA B] GBI H0E 1% 2 /R (I RXRIPPARYy) 2 5315, 1888401 a-syn #ik
J SR B FR[15] 0 X U5 B AR D R B m S B A SO I T, R BRI S 5l s S i B A

3.2. BBREELIEM a-syn

PUFAs T & A 2R, b AT AR BI[6] . FEEA ISR T, PUFAS HI AR RY 4-F0 0k
THHRE(4-HNE) TH ZEESE MRS [6] [7]. XEEF=VIRENS S a-syn B IREIE R AL ahi &, (et
HI R B A B 20 55 M 1 3 R AR 8]

Hig S EACAUE M a-syn, 38 7] L0 85 (1 B 2R 40 S AR Th R, InE it ii[6] [14] [16] [17],
PoR FLAE BTt FE v mT e R HE O

3.3. B - BB X F1EHH)

PD A% OB I 2 L REAR 0 o 2 T 8L AR v P AR A 2 EEL R 56 Vi 2 v R4 [ 18] F TR
B, PUFA %AW 52 E R AE SR IR ER - 2 BREm&Y), X8 59 BA B3E ARk
FPE[19].

NeWiig o 5 2 A FIVE R, TR B RO IR RN, BT: PUFA 3 IN—id A3 58 —a-syn
B 2 BRI & - &R —-ROS HE— T mE[20]. ZMLEIATRES S PD R I AL RLEBOR S
FE[6] [7].

2k EPA, PUFAS il R GRS . 345 iR I i S A T TBOR 2 S8 S B, TR R — 1> “ R i 4]
H-a-syn MRS - BRI AR T RERERG ” [ 1E SCBBORE, M (2t T 7 SR B R w40 iR A7 gt Jg [6] [9] [11]
[18]. 9 B R /R 1% IE RGBTSR M o0-3 RRITER MBSt e, HEE S MR R BRI 1.

DOI: 10.12677/acm.2026.1641387 1526 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1641387

W &%

973 EEL TR 2l AN e
©-3 (EPA/DHA)
g it A - NRF2 1

4-HNEf&1i o-s ( wmEtEE 1)

1%
- ( a-synEE REZT & % ( BDNF/GDNF 1)
‘ i
7
ek iakyi] HHR AT SR
’Kﬁi\ '?&
QUSTRYL \/ i

Figure 1. Dual effects of polyunsaturated fatty acids in Parkinson’s disease
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6. BERATERRY “TUVISIRR” R Fi
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WIS PD . ZIE DL PURA AL 5 M e 5 6], @ iR Tl A = a1 a-syn FEI5mIL
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