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Occurrence of lipid peroxidation and its
elimination in biological systems

Junji Terao

Summary In biological systems, lipid peroxidation occurs through the mechanism of both an
enzymatic lipoxygenase reaction and a non-enzymatic free-radical chain reaction. Singlet molecular
oxygen also participates in a non-enzymatic reaction which yields lipid hydroperoxides (LOOHs) from
cholesterol and esterified lipids such as phospholipids and cholesteryl esters. Reactive carbonyls
generated by a one-electron reduction of LOOH are believed to be the main substances responsible for
the pathophysiological effects of lipid peroxidation. A biological system also possesses LOOH-detox-
ification enzymes by which glutathione peroxidase (GPx), glutathione S-transferase (GST) and
peroxiredoxin (PrX) contribute mainly to the reduction of phospholipid hydroperoxide (PL-OOH).
Thus, the LOOH level in tissues and fluids is undoubtedly a suitable oxidative stress biomarker
reflecting the balance between their occurrence and elimination. Previous studies suggest that
LOOHs and their related products do not exceed at least 1 2 M in human plasma under physiological
conditions. However, such low-level LOOHSs may affect gene expression in a cellular system by acting
as modulators of signal transduction pathways as well as by modifying the physical property of
biomembranes. The effectiveness of LOOHs seems to be diverse depending on their original lipid
species. It is therefore urgent to develop a new technique to analyze LOOHs simultaneously and

exhaustively in the biological system, i.e., peroxylipidomics.

Key words: Lipid peroxidation, Lipid hydroperoxide, 4-HNE, Glutathione peroxidase (GPx),
Peroxiredoxin (PrX), Phospholipase A,, Oxysterol
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#1 GPxD 5 & RS R
(Reference 8)
GPx isoforms Common name Protein Size Cellular location Tissue or Organ Substrates
GPx1 Cytosolic or 23-25 kDa subunit Cytosol Erythrocytes H20:2
classical GPx Homotetramer Liver, kidney, lung Fatty acid hydroperoxides
(cGPx)
GPx2 Gastrointestinal 22 kDa subunit Cytosol Liver, large intestine ~ H202
GPx (GIGPx) Homotetramer Fatty acid hydroperoxides
GPx3 Plasma GPx 23-25 kDa subunit Extracellular Kidney H202
(pGPx) Homotetramer HepG2, Caco-2 cells  Fatty acid hydroperoxides
GPx4 Phospholipid 19 kDa Cytosol Testis H202
hydroperoxide Monomer Mitochondria Fatty acid hydroperoxides
GPx (PHGPx) Nuclei Phospholipid hydroperoxides
Cholesterol hydroperoxides
Cholesterol ester hydroperoxides
GPx5 Epididymal 24-25 kDa Secreted Caput epididymidis Very low activity toward
non-selenium Protein hydroperoxides
GPx (eGPx) Membrane-
associated
N Ho_ o "o
~ o]
N~ L0
{ iy oPx
g0 PLA2  o-
o o:P_o [ ‘ |
oy § \
o /
LysoPC FA-OOH FA-OH
PC-OOH
) A

PHGPx

X 6

L5PLOOHDBEIZIE A A K N—FA,
(phospholipase Ax;, PLA:,) & B5-9 %, GPxIdif
P MR L ) Y AT A v EGBILEEZE T
HY. V¥ F 4 (glutathione; GSH) % BT
flt 54k L L CTLOOH% ®ILT %o L7zA5> T,
GPxDEWIE I NS FF v Ly s 5 —X &
NADPHIZ & % Bt RIGSHO FA: 12D < GSHD
MAGIHEIF T 50 BIE T TICGPxIZIZ5 DD ¥
ATVEMENT WS (R1)Y TRTOGPxIE
HPETEX°HPODE7: & O B PUFAHISELOOH %
FRICT X 5%%, PLOOHR7-OOHCh% H5ETC T

PC-OH

PLOOH D 72 Jt{H 215 i

& 5 O 1XGPx-4 (phospholipid hydroperoxide
glutathione peroxidase; PHGPx) DA TH 5, L
7oh¥ o T, HRECHA L 7-PLOOHD BRTTIH %
I121Z, PHGPx® % W IIGST# 4 L 7z F D
% £ PLALIC £ A HPETE, HPODE i B 735537
STHRILIE®D2ONEz NS (M6),
PHGPxIZI bV FYT7THELLZANTIF Y E
Y HIRPLOOHZ BRLIHE T A2 Li2& D I b
YR THSEDOF N7 a— ACOHEREE I L,
TR M= ZADOHHIE T EATRSNT VB,
BV TIE, PLATETE & GPxIG I % 235 o PrX
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#*2 HPLCIZ & % & M LEEPC-O0OH MIEED LHKT — ¥ (Reference. 14)
column type n Age PCOOH (pmol/ml) Reference
Aminopropyl 47 49+ 4 160+65 Kinoshita et al. Clin Chem 46, 822, 2000
18 23—41 73132 Nakagawa et al. J. Agr. Food Chem 47, 3947, 1999
43 20—79 55430 Adachi et al. Lipids 39, 897, 2004
6 36t 6 36+ 4 Yasuda et al. J. Chromatogr B693, 211, 1997
ND Yamamoto et al. Anal. Biochem. 160, 7, 1987
ODS 43 20—79 1610 Adachi et al. Lipids 39, 897, 2004
silica gel 14 27+ 7 227+119 Miyazawa et al. J. Biochem. 103, 744, 1988
43 227468 Sanaka et al. Clin. Nephrol. 44, S33, 1995
11 42+22 88+ 14 Hirayama et al. Nephron 86, 436, 2000
ND Yamamoto et al. Method Mol Biol. 108, 63, 1998

*3 v MIBERIIIFES B T ¥ VERIEHR I

B RO FE Y BE DO HEZEME (Reference 15)

Lipid peroxidation Products nM 2+ M/M parent lipid

Fo-isoprostanes 1 10
Total HETE * 100 450
9- and 13-(E,E)-HODE** 130 100
7 3-OHCh 10-20 2-4
7-ketocholesterol 20-30 6

* hydroxyeicosatetraenoic acid (GPx reduction products of HPETE)
*# hydroxyoctadecadienoic acid (GPx reduction products of HPODE)

T& 51-Cys Prx (PrX6) #PLOOHZ% #&ICT
Z kG E N0 PrXeIdhoPX 7 7 3 —
ERZY, FALNF L UEBTHGAL L
Vo PrX6!3PHGPx & FARAEARNNZ 1Y | AAAE
THHPEAEERTH Y . & ATHHAR IR
IZALND, —F, FEEOLIIBEMEIZL 541K
PLOOH Dl #13PLA, & GPxD W [AIVEH Tirb i
% Z & wmRIE L, PHGPxRPrX6 % BE 65
L7 7 ATIEROSHEA G O 5D Z &R,
PLA ZBRIEH S -MfaTidI b2 MY T
M OEETHROSHED T K b — 2 A0 &
N7 EBRE R 05, WL b ICEERRO
LOOH HZEIZHREL T A b L Bbh by, &
T 77 1 — AEEIIRTECE O ZSAERST 12138
{LLDL (oxidized low-density lipoprotein) 2 J;
HEEG-9 525, MAFLDLIZ AR EFE$ 5 PLOOH
DEFIIFADL EICHET 537+ F VY F—
—1 (paraoxonase-1 ; PON-1) & %\ ZPAF7 &
FIVNA K1 F—+¥ (PAF-acetylhydrolase) 75E
4z E3NTn529, MEEE L b ICHILLDL
MICHEETAaATTVTe RENKRSHT A2

EDITRENTWE, T&bbH, PLOOHSHAL
ZLDLH O I T T VT REMKSHLT)
) UNRE ST VT FICZSR L, MR{LLDL
MOEHESELDDOTHL, VYY) VIRERE
BT VT FZDODDRBREILIEERTTH
%75, HDLIZAS A L 7= Wi I SLDLO R4 1%
DOIFNE L BbN D, 727251, FEEIZZ
5 OB L 2SHDLOHTEIIRIE LR 12 & D%
G950 TIE v,

V. N FT—h—ELTDERILEE

HEARPMICERE T ALOOHIZER LA P L AD &
WIRERE B 2 Db, BRALA P L ANA F
— 71— & L COIMAFLOOHRE 25Kk 4 7o Tk %
HAWTHASNTE 2, L LAEKREZ 20
FESHLRE LA ICERIEME D201
KB HENHEI NS /20, EMEREZES
ZLERETH S, £ THFD S DLOOHS
BED 72 IZGLCRHPLC % A L 72 FiEA B S
ENTWh, £2IZHPLCE FIV 72k b %k
A7y FIva) e raxRiLvtEFTR
(phosphatidylcholine hydroperoxide; PCOOH) &
WEOMEF 2R L7, MEFIZL o TIESLD
E3H 5%, IMIFEPC-OOHEIX1F1310-100 nMD
#HPANTH B 2B, WEICHE L TimiEoH
HARVEF 12 BT Bartifact D AER A T 18 &
LUEND D, NikilZHE T TIIE S Nz
HIALEE T 5% COMEDPS . R e
NS ERET 5 T ¥ VBRI OG HS B AL
JREDOEEZRIDEBVICHEDL o129,
DFER, MAEBBRILIREREE LTHRLD
Iy MZBADZ LR VEFHmOTTWA, &
MWl L2 VA NBILIEATRRZ DIz v
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Ché A7 4> TITY UiZEdL, 7 MBI
%oxysterol D EFEIL T 7 MMEE B L T Tt
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0. ERROBRIEA N LA RS ICEREICES T
LIEDTRBEND, L7zdio T, EHL A
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