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Quenching of Peroxynitrite by Lycopene in Vitro
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We investigated in vitro the reactivity of lycopene toward
peroxynitrite and identified the reaction products after scaveng-
ing peroxynitrite. On the basis of these studies, we propose a
mechanism for peroxynitrite scavenging action of lycopene.

Lycopene is a naturally occurring carotenoid, which owes its
ruby-red color to the presence of an extensively conjugated pol-
yene structure. Such a structure renders lycopene highly suscep-
tible to oxidation. Literature indicates that lycopene is an effec-
tive scavenger for reactive oxygen species and protects against
oxygen-mediated cytotoxicity and genotoxicity b?r scavenging
singlet oxygen and other reactive oxygen species. 2

Peroxynitrite is a strong oxidant produced in vivo as a prod-
uct of reaction of superoxide anion and nitric oxide. Peroxyni-
trite and its decomposition products are reported to induce both
DNA strand scission and protein modification by nitration, hy-
droxylation, and membrane lipid peroxidation in low density lip-
oprotein (LDL).3’4 Recently, it was reported that carotenoids
readily reacted with peroxynitrite. The reactivity of B-carotene
toward NO, NO,, peroxynitrite, and 3-morpholinosydononimine
(SIN-1) that generates peroxynitrite was examined and was
shown to possess strong scavenging activity for all the three
above-mentioned species.” However, the peroxynitrite scaveng-
ing mechanism of carotenoids is unknown in vivo or in vitro. We
investigated in vitro the reactivity of lycopene with peroxynitrite
and isolated the reaction products after scavenging peroxyni-
trite.®

To a solution of lycopene (500 mg, 0.93 mmol) and TFA
(20 uL) in 200 mL of THF was added 4 mL of 50 mM peroxyni-
trite solution. The reaction mixture was stirred for 1 min at room
temperature in darkness. The reaction mixture was then succes-
sively washed saturated aqueous NaHCO; and distilled water,
dried over anhydrous Na, SOy, filtered and concentrated. The re-
sulting solution was applied to HPLC on C-30 to analyze the
products.

Some peaks of Rt 17-32min appeared after addition of
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methanol that recovered to all-frans-lycopene (30 mg,
Figure 1). It is important to assign these peaks to understand re-
action mechanism of lycopene with peroxynitrite. Several oxida-
tive products of Rt 17-32 min exhibited about 20-40 nm hypso-
chromic shift in their UV—vis spectrum when compared to all-
trans-lycopene, indicating the presence of decreased conjuga-
tion. Compound I (3 mg, peak 7) in the HPLC chromatogram
was identified as (2R*, 55*, 6R*)-1-methoxy-2,6-cyclolyco-
pene-5-ol by comparing its spectroscopic data with those from
tomato puree.7 The molecular weight of m @3 mg, peak 8) and
I’ (2mg, peak 9) was established to be 598 by EI-MS. 3C
NMR of compound II showed 21 signals, which indicated cleav-
age of lycopene into two equal halves. "H NMR of compound IT
indicated the presence of methoxy groups at § 3.23. Coupling
constant values (15.4Hz) Jye)-ne7) indicated that the double
bond at C5-C6 changed to C6-C7. The HSQC, DEPT, and
HMBC spectra of compound II showed that methoxy group ad-
dition occurred at 5,5 position of lycopene, to yield 5,5'-dime-
thoxy-lycopene. 'H NMR of compound III indicated two me-
thoxy groups at § 3.10 and 3.11. The 'H NMR and '3C NMR
chemical shifts of compound III are similar to those of 2,6-cy-
clolycopene—l,S—diollo’11 and compound I” The HSQC and
DEPT spectra of compound III showed two quaternary oxycar-
bons at § 76.76 (C-1) and § 86.88 (C-5), two methine carbons at
851.42 (C-2) and § 57.14 (C-6), and two methylene carbons at §
24.29 (C-3) and § 33.91 (C-4), two methoxy carbons at § 48.99
(5-OMe) and 6 49.55 (1-OMe). The correlations observed in the
"H-'H COSY spectrum indicated a partial structure —C(4)H,—
C(3)H,—C(2)H-C(6)H-C(7)H=C(8)H-. HMBC spectra showed
that the terminal group of this compound has a dimethoxy iri-
dane skeleton. Thus compound III was found to be a (2R*,
58*%, 6R*)-1,5-dimethoxy-2,6-cyclolycopene.

The peaks of Rt 8—12 min were assigned by comparison of
retention time and UV-vis spectra with those of the reference
cleavage products prepared by ozonolysis of lycopene.12 We
identified acycloretinal (peak 1), apo-14’-lycopenal (peak 2),
apo-12'-lycopenal (peak 3), apo-10'-lycopenal (peak 4), apo-
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Figure 1. HPLC Analysis of Peroxynitrite Reaction Products of Lycopene. Column: Develosil C30-UG-5 ¢4.6 x 250 mm, Mobile phase: acetonitrile-methanol-n-
hexane-dichloromethane-DIPEA = 85: 10: 2.5: 2.5: 0.1, Detection: 350 nm—550 nm, Flow rate: 1.0 mL/1 min., Column temp.: 40 °C.
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Figure 2. Proposed Mechanisms for Reaction of Lycopene with Peroxynitrite.

8'-lycopenal (peak 5), and apo-6'-lycopenal (peak 6). These
peaks of Rt 43-50 min exhibited 8 nm hypsochromic shift and
had absorption at about 360 nm in their UV-vis spectrum. This
absorption was called cis—peak.13 The compounds of peak 10
and 11 were identified as 13- and 9-cis-lycopene by comparing
UV and '3C NMR data with those from the literature.'*

On the basis of above reaction products, we suggest the re-
action mechanism of lycopene with peroxynitrite (Figure 2).
Route A, all-frans-lycopene accepts energy from peroxynitrite
and goes to an excited state (biradical), and while returning to
the ground state produces cis-isomers. Recently, density func-
tional theory (DFT) approach of the singlet oxygen—carotenoid
interaction has been suggested. This study had shown that the
So — T, vertical excitation energy was 26.1 kcal mol~! comput-
ed for the longer 11 conjugated polyene.15 It was suggested that
the terminal oxygen group of peroxynitrite attacked nitrogen to
form nitric acid, this arrangement of peroxynitrite anion to ni-
trate is extremely favorable, releasing 36 kcal mol~! of energy
at pH 7.0.° We attempted to elucidate the structure of intermedi-
ate of compounds I, II, and III, and apo-lycopenals from lyco-
pene. A comparison with mCPBA oxidation products indicated
that the reaction of peroxynitrite with lycopene was different
from the reported oxidation mechanism. Production of lyco-
pene-1,2-epoxide and lycopene-5,6-epoxide, the reported reac-
tion intermediates of mCPBA and H,O, oxidation,'! were not
confirmed. On the other hand, compounds L, II, and ITI were ob-
served in the reaction of lycopene with singlet oxygene” in
CHCl; under coexistence of methanol and the chromatogram
of other peaks showed also the same retention time and UV spec-
tra. We suggest that the reaction intermediate was dioxetane that
produced compound I, II, and IIT and apo-lycopenals. Route B,
all-trans-lycopene directly react with peroxynitrite to produce
dioxetan that cleaves to apo-lycopenals or undergoes methanol-
ysis to yield methoxy-lycopene. Reaction of lycopene with per-
oxynitrite in vivo activity is now in progress.

The authors thank Dr. Shoske Yamamura (professor emeri-
tus of Keio University) for several discussions and comments.
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