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Abstract: The biochemical integrity of the brain is necessary to maintain normal function. Oxidative damage
is one of the mortal important reasons leading to the destruction of this integrity. The nervous system is enriched in
phospholipid and polyunsaturated fatty acids (PUFAs). Due to the nature of high oxygen-consumption and rich
lipids, brain is particularly vulnerable to oxidative damages. Phospholipid peroxidation is one of the results of
imbalance in oxidation-antioxidant system. Once the antioxidant system is insufficient to resist oxidative damage,
membrane phospholipids will be prone to free radical attack. Phospholipid peroxidation leads to a variety of toxic
oxidation products, including membrane damage, mitochondrial dysfunction, rapid accumulation of amyloid, etc.
Multiple proteins and nucleic acids can be covalently modified by peroxidation products, resulting in the loss of the
protein functions, which eventually triggers programmed cell death and general neuroinflammation in brain, and
ends up with an increased susceptibility to neurodegenerative diseases. Based on the knowledge of mechanisms of
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phospholipid peroxidation, this review focuses on the characteristics of phospholipid peroxidation as a key factor
in the development of neurodegenerative diseases, in order to provide theoretical basis for targeted intervention of
phospholipid peroxidation as a potential strategy to prevent neurodegenerative diseases.
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stress
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Figure 1 Different signaling pathways of phospholipid peroxidation. Mono-oxygenated species of CL-LA (CL-LA-OHs), which are
formed in mitochondria via the Cyt c/CL-driven reaction, are identified as apoptotic signals. Oxidatively modified PS on the surface of
apoptotic cells plays an essential "eat-me" role for macrophage phagocytosis. The oxidized phospholipid POVPC and PGPC are potent
inducers of apoptosis, regulated by the activation of acSMse and caspase-3 through MAPK and JNK pathway. PUFAs containing AA and
AdA are acylated into phospholipids through remodeling mechanism mediated by e.g. ACSL4 and LPCAT3. Hydroperoxy-arachidonoyl/
adrenoyl PE species (PE-PUFA-OOHSs), known as iconic ferroptosis signals, are mainly formed in endoplasmic reticulum pushed by
15-LOX, which are capable of oxygenating AA/AdA to 12-HpETE and 15-HpETE in variable amounts. CL-LA: Cardiolipin-linoleic acid;
POVPC: 1-Palmitoyl-2-(5-oxovaleroyl)-sn-glycero-3-phosphocholine; PGPC: 1-Palmitoyl-2-glutaroyl-sn-glycero-3-phosphocholine; acSMse:
Acid sphingomyelinase; MAPK: Mitogen-activated protein kinase; JNK: c-Jun NH,-terminal protein kinase; PUFAs: Polyunsaturated fatty
acids; AA: Arachidonic acid; AdA: Adrenic acid; LyPE: Lysophatidylethanolamine; ACSL4: Acyl-CoA synthetase long-chain family member

4; LPCAT3: Lysophosphatidylcholine acyltransferase 3; 15-LOX: 15-Lipoxygenase
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Figure 2 The three steps of phospholipid oxidation. In the initiation step, the key event is the formation of free radical by Fenton chemistry.

In the propagation step, free radicals attack PUFAs as substrates and produce new radicals. The propagation step will continue until the

termination step. In the termination step, radicals are bound by antioxidants or reacting with non-radical products
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Figure 3 Phospholipid peroxidation increases the susceptibilities of neurodegenerative diseases. ROS attacks normal phospholipid bilayer

of neurons in the O, and 15-LOX-driven reaction. Oxidative damage of phospholipids gives rise to the formation of LPO products, such as

MDA and 4-HNE, which can be reduced by GPX4. In Alzheimer's disease, LPO products lead to the deposition of s-amyloid protein and the

formation of tangles by tau protein in hippocampal neurons. In Parkinson's disease, LPO induces the misfolding and aggregation of a-synuclein

and aggravates the disease progress. In amyotrophic lateral sclerosis (ALS), LPO increases the vulnerabilities of SOD1 misfolding and loss

of motor neuron, supporting the view that oxidative stress is the main mechanism of ALS. In multiple sclerosis, phospholipid peroxidation is

closely related to demyelination and neuronal damage. ROS: Reactive oxygen species; LPO: Lipid peroxidation; MDA: Malondialdehyde; 4-

HNE: 4-Hydroxynonenal; GPX4: Glutathione peroxidase 4; SOD1: Superoxide dismutase 1
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A PUST T GPX4-GSH-E It = R A 115 5 R 48, vl Aedl
H BT AT,

TERIC T R R I 1T, B 2 R 15 3 B 40 42 J0 58
T HEWNARB AR EFESRERN, 254K
A AR 5 A H B R R B BE ), 2B
JOEH KR 38 1 5 A A T R A BRAE T, R TR AR
BRI OB ALEIEY . Kagan 5258 b 42010 i i 20 2= 55 4y
T 738 R I SR AU T ) B R A 0 R N MY,
TE 5T AR 2 B 2 A, AA FIT ADA KR 5 14 T 40 1) 16 i
W S AL B PE-AA-OOH A1 PE-AJA-OOH, H.iX i F 4
B RE 2 R AR T M E ARG S .

KT ND & BB IR I A EH X RIE—
R AR K 2 MRS T ol . B %, £
22 B PD A5 B SNCAMT % B Bl /N Bl A i I NI 481
FE) 15- 200 S (Hp) - 46 A DY A 15 25 — 12 IR 19t 2 I i
(15-HpETE-PE) (] 8 A1, 5 4k, R 8k 58 12 1 5 71
sorafenib Al PD % 5 7] 6-OHDA 1t faf 14 2 1 47447 JIig i
T4 AL ) PD 5y I AR | 2 3R B 1% ) R DR 3R AT
FEIE PD FEAT N R AN DA FRZE 0 % 2%, 1 i i
A AL ] 751 trolox S i H X6 DA b3 R 1) 2% i 4 R B,
DAL SHE DA S T i i 28 A% 7T B3 [R] a-Syn IR S0 14 hin DA #if
22 TUXT R AU TR, B IR AL A2 PD R BT AE K
BEMLE . BRULLASY, SIS B IR O nT feth 2 5 PD
R, 5 G B AR OC £ R 4K B IR G iPLAR
(Ca’*-independent phospholipase A, beta, 1 PLA2G6/
PNPLAQ P 4t i) F 2 [F 2% A 25 . 3 11l 55 H ) #1 sn-2
F oxPUFAs i) fg 71, 512 S 40 1% iR 15-HpETE-PE 1A
W & A, i i, PR ZH R ] CRISPR-Cas9 J [ 4 45
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BN T Pplagf™ W™ W i S /N B, R IIX Fh A
AMAREIE B/ B B PD FE 12 2N BE G, 3 RE 175 5 P i
7= 4 15-HpETE-PE 1) 2244, I K B2 L Rt & o bs
1C Y &L 2 1L B (tyrosine hydroxylase, TH) /K 7
BE G, LA RS RILIR, IPLAS AT RS2 — 3T 04k
T EE, IPLAS KA & — P 7E (1 PD &0 Ml
i), IF B AR, 2 [k R 22 0 m] R kA8 T 00 i
SR, Tl M S 0 HE R AE I R R R oh A Ok E
g5 b, B I S A A2 WL AT BLPD A4 () ND AH 5G9 97
Gy I ) B R 22, 41 ) g I o S BT T S A B T
1E 2 ND I35 7E B 16 S0
5 HiERRE

ND {5 3B AR B B R — N E R M S 1 A2,
W Z TG T A% T A JORE I T AR AE T A
T, Bl G B T LC-MS B A0 R 5T 70 B B0 R 1) & R, 1
R S Ak OB R L5 VR 2 ND (1) R 248 R i 72 5 2 AH
K, HW K ) B A B R B A 1 B2 AR IR B A5 S EA
[P 975 ) AR AL A1) o R 472 52 25 1) A B B0 BRSO . R
B DA B 5T O R ND 5 388 4% S B A G, (H AR IR A
2 I i aok SR R HL AR X 22 Fh NID BB i B Jk (1 B
JR R, AT R g 2 B AR, TR RT A 9 NID ) 2 22
iy Ems . H AT ND Y75 B R MR, WA ff ik
R A 1) B 2 ) R, I 5 505 T 8, 25 YR 97 ) T 2K
WLIEWT PR . B DR VR TR 4 SE AR 2 AR A
218 5 IR 4% 1) 55 280 R ok R 4 I 44 2 TE IR AE 1 B0
BUHI VR RS, b, v 257 v B T 25 VP F0 L 25
YER /N, ZENDIRIT it 4R R AR 3 . —2lrhz A
A RIFMPUENAER, W AS  RIKEETE R B 2, ff
PR TC R Z BN ARSI IR T R E TR
JHR B T SR 36 3o 4 ) 15-LOX A3 1 i o it S8 Ak A
M BAAG /N BRI K BRUO6 PD [ & B AR T i R
14 4k 5 ND AH G I B REIE 7L LIS — R M RR, 2
T8 AN 2 DA W ND & B B AR B . T B i A
IR S 2 FEvE, FL7E ND A B4 F AL R0 48k
PR A5 L1 45 7 7S T B R Pk . DR, IR NHZ
8 I o 48 A 385 T ND 55 2 1 2 T WL K A BT
L 387 DL LR TT SEAR R &R o

YB3 STk PRI BT TR 11 2 el FRE B L R SRR P
T3 B AN B SO 56 3% N A AVE i fm AR SR8 AR AR I 55 471 33 58
FREFIRE o3 P25 246 05 R SR R T ER 4t 1 ododk @ i (T 2
FCERAL AR PRI . BT RS X AR SR BT TR -

FIFMSE: BT 1 35 AR R R PR
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