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Molecular mechanism of metal-independent decomposition of
lipid hydroperoxide by the carcinogenic halogenated quinones
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Abstract: Halogenated quinones are a class of carcinogenic intermediates and newly identified
chlorination disinfection byproducts in drinking water. 13-Hydroperoxy-9, 11-octadecadienoic acid
(13-HPODE) is the most extensively studied endogenous lipid hydroperoxide. Although it is well
known that the decomposition of 13-HPODE can be catalyzed by transition metal ions, it is not clear
whether halogenated quinones could enhance its decomposition independent of metal ions, and if so,
what are the unique characteristics and similarities? We found that halogenated quinones such as
2,5-dichloro-1,4-benzoquinone (DCBQ) could markedly enhance the decomposition of 13-HPODE
and formation of the reactive lipid alkyl radicals such as pentyl and 7-carboxyheptyl radicals, and the
genotoxic 4-hydroxy-2-nonenal ( HNE ), through the complementary application of ESR spin-
trapping, HPLC-MS and GC-MS methods. Interestingly, two chloroquinone-lipid alkoxyl conjugates
were also detected and identified from the reaction between DCBQ and 13-HPODE. We propose that
the enhanced decomposition of the endogenous lipid hydroperoxide 13-HPODE by halogenated
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quinones and formation of reactive lipid alkyl radicals and genotoxic HNE is through a novel metal-
independent nucelophilic substitution coupled with homolytic decomposition mechanism, which may
partly explain their potential genotoxicity and carcinogenicity.

Keywords : halogenated quinones, 13-hydroperoxy-9, 11-octadecadienoic acid, esr spin-trapping,
lipid alkyl radicals, 4-hydroxy-2-nonenal.
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Fig.1 Proposed molecular mechanism for DCBQ-mediated -BuOOH decomposition
and formation of alkoxyl and carbon-centered quinone ketoxy radicals
(Modified according to ref. 19)
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Fig.2 HPLC/MS analysis and identification of major quinone conjugates
(Modified according to ref. 24)

XERAYEEH R T DCBQ 5 13-HPODE Z [Aln] GE & A: T — 26 BUR K% : DCBQ 5 13-HPODE
e R A SR R R A R - i S A R AL PR ( CBQ-00-L) |, HiB G & AR 2L 774 13-L0- FILIA K
HUO YRR A H2E CBQ—O0- .CBQ—O0- & A SRR 58 i Uik Sy b0 iR A H A& - CBQ==0. -CBQ==0
Al 5 13-LO- &4 H IS, i B B AR AR Y s —Fp 2 N =4 CBQ(OH) -13-OL.



10 4 X PR - B QIR A 5 10 05 o S A AR 23 i 1) 237 BL 1641

5 mARER{Z# 13-HPODE #1582 $E A5 h B

KA B e 480 F PR 2 13-LO - 2 — ARSI A A 5E, BRE A RE Sk O BR A B 5DY U &
Yy, WREIE L [ R3O I FE S C—C BT A B — FR B A TR T T 3 2ok v SOV A 0335 5 1 P
AL KR 13-HPODE 5 Fe( 1) i i thELAY 70+ 543918 m/z 227 .m/z 329 .m/z 293 Fll m/z 311 |
4 AN B UG A T ST AR I S R LR TS DA K 2 BT AT B AT A AE R A B 11-F RS- 11
BRI+ —dim (LB 1) ,12, 13- A FE-9-58 FHIE-10- /i (k&9 1) ,13-5%-9, 11-1/\
WARIR (LA L) AT 12, 13- 3458 361158389+ )\ B G R (LA IV ) .24 Fe( 1) # DCBQ fUERT, BR
TALEY T —IV KR —AS8r 8 T m/z 295, 58 N 13-F323E-9 11-+ /\BRIGIR (tb &4 V).

6 mNER{EE 13-HPODE Mo EZEREFTERSHEMN 4-EE 2-T 1K

H2h Fe( 1) © &8 UESEAE 13-HPODE 43 9 R th AR i 4-52 08 2- T4 (HNE ) A (B 3) L, 3K
fITHEN DCBQ 24 #E HNE B AR 5. o8 T Ik 523X — # W, 38 2 737 A A0 1% T FH A0 60 335 o 33 6 FH X
HNE #E47 1 R 00. HNE (97 R AT 2 A TURUR BR (PFB) -5, 3% — 450438 3 2377 42 m/z 181 [ 7 &
T, 11 HNE (%52 00095 177 A A — W ek e A A AL IR A5 2 AL 54, o OR35S 16 FH 46 3 HNE
PEAE T RRAE RO BB - 5T &30, DCBQ 8 55 1T LAMEHE 13-HPODE 1143 fff 08 =2 A 5t HNE. 784 1 HAth
I AGHE, 40 2,6-—54-1,4 A (2,6-DCBQ) FIPUSE AN (TCBQ) , A M LR35 o S M3 i — Fh B AT A 33
PEIBRZEACEE DCBQ I BE WL RSB 0 45 5.

HOO)W HOO . HOO HOO {
— H -H \ O2

_ > \ / \EEN N\
R, \ R, R, \ R, R, \ R,

13-HPODE
Hock Cleavage
Hock 4334
OH o - o 0 Fe(Tl) OOH 0
)\/\I l D )\/\” )\/\‘ l
R, CH R, CH ®DCBQ R, CH
HNE HPNE
OOH Hock H
— / Cleavage ’(,) ’?
PO N
R R RO CH RO CH

1 2 Hock 4354
9-HPODE

O,

L I S )OV\O SR C i
Il AN - I
R]/\HT{\CH R, CH " % DCBQ Rl)\/\w

HPNE

B3 DCBQ 5 13-HPODE [ w2k i HNE (0] GEHLIE (MR I8 SClk[ 24 11880
Fig.3 Possible reaction pathways for the formation of HNE from linoleic acid hydroperoxides( Modified according to ref. 24)
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(Modified according to ref. 24)

8 DCBQ 5 +-BuOOH IR M52 &K ) FFE

MRS, DCBQ 5 -BuOOH 4 5 )i #1 DCBQ 5 13-HPODE (1) S 8 250, # 4 5ek 1 SE A% Bt DL K 2
ZL03 R B FE BT T M R K XA T ) p 2 T AR DA K™= 5 R R ). R R 13-HPODE J& — MK BE Y
i S B B R AT INE 2%, LE T AR 28 A o 2 8] =Y s .

Fe( 11 )5 13-HPODE # ) Ji; il DCBQ 5 13-HPODE E’inﬂwi%ﬂ’]ﬂﬁlf%fi WL Fe( I1) 2
S5 RN S22 Fenton S 8GR JF IS 5, 117 DCBQ 25 14 SN 2 2835 1 S A% B K 34 24 4 fift . ELOR
EATR SO AL R fH =220 H i EAR DL = 5 AL, e 2 U\EEW%% H 3 13-LO - AR
& FPATAE ).

9 BEMNEYEEX
TATRIHAULE DCBQ, HoAth i1y Z S ACER L AE S 13-HPODE LUK 4 J& 25 7 19 7 =X & 2B I i
A B TR RS B e 1 b A B BE N EEPE ) HNE. 3% — & 30 H AT — S A 4 £E W2 3 S A, ] LA
TR MR RR 32 A8 A AR AR 35 T 8 (PCP) FLHAt 7 32 ) 22 i 1055 A A 0dn 2,4, 6-F11
2,4,5- =B, S FE B BRI DU A VAR EUE Y b PCP 3 EIAMRE (U.S. EPA) FIh 1
SeFEG YR 2B AR B Y. X Al A W 28 a VAR A s A 2 R AR 2 04 5 v b i AR AR s A B
AR ERZEAL A4 AERGE I sT v, ZEARER AL A9 (40 2,6-DCBQ) B % 5 R I /K &AL T 5/l
PR FEARIR T AR A HESE ) T AR I E T A
o, B- AL FNEERAL S WA H 5 1k IR A5 18 3 Michael B8R 0 52 (5, DNA FIws e 28L& &

A= G5B R B AR T A 5 AR T S SR A BN 8 B 11 MR EE R S, A 9 MR HNE
PR S AR s TEAS 21 T ol )2 ST HNE A K2 T A X Se B & rh st R Y, 263 JLAR:
BRI FE IR BT A A 7 e B AR A E L B .



10 34 X PR - B QIR A 5 10 05 o S A AR 23 i 1) 237 BL 1643

%1 DCBQ 5 :-BuOOH [ R 55 £ 50 5 g 1) 5[]

Table 1 The comparison of major differences and similarities for the three reaction systems
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