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Free radical chain autoxidation of polyunsaturated fatty acyl Scheme 1.

Peroxyl Radical Scavenging by o-TOH and o-TO*

residues disrupts lipid membrane structure and generates a variety'¢s 7 @nd 9)

of secondary cytotoxic products which altogether account for
various pathological effects such as initiation and development of
atherosclerosis? neurodegenerative diseasesd cell apoptosis.

The most active lipid antioxidant present in mammalian tissues
is a-tocopherol ¢-TOH, Scheme 1).The a-TOH consists of a
chromanol head, which is located at the water lipid interface, and
a long saturated phytyl chain tail, which is buried within the
hydrocarbon chains in the lipid bilayer§.The lipid antioxidant
activity of a-TOH arises from its preferential localization within
the lipid, its inherently high chemical reactivity toward radicals,
and the stability of the phenoxyl radical intermediate TO")
generated.’” In solution, o-TOH traps two chain propagating
peroxyl radicals (LOQ), thus effectively terminating two free
radical chain autoxidatiors’-8 A first peroxyl radical is scavenged,
yielding a hydroperoxide and-TO; the latter reacts with a second
peroxyl radical to give various chromanones such as 8a-(alkyl-
dioxy)tocopheroned-TO(OOL), Scheme 1 An induction period
is observed in lipid oxidation studies in the presencexofOH,
the end of which signals the consumptionoef OH and the onset
of the lipid chain autoxidatiof10:11

Lipid peroxidation studies both in solution and within live cell
membranes would dramatically benefit from using a real time off/
on fluorescent indicator of the antioxidant status, that is, a probe
capable of reporting via emission enhancement the depletion of
o-TOH and the onset of the lipid chain autoxidation. Such a probe
would allow a noninvasive spatial and temporal monitoring of the
system oxidative state. We report herein the synthesis and spec
troscopic properties of (to our knowledge) the first off/on hydro-
phobic fluorescent antioxidant indicator.

Our strategy involves preparing a two segment receptporter
type'? free radical scavenger-fluorophore that fulfills the following
solubility, reactivity, and spectroscopic requirements: (i) The
antioxidant indicator partitions in hydrophobic media; (i) the radical

scavenging reactivity of the receptor segment compares to that of

o-TOH; (iii) the reporter segment absorbs and emits in the visible

region of the spectrum; and (iv) the reporter segment undergoes

an emission enhancement upon radicals being scavenged by th
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Scheme 2. Synthesis of B-TOH
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We first studied the spectroscopic properties of B-TOH. There
are no significant changes in the absorption and emission spectra
of B-TOH compared to those of its precursors PM605 and PMOH
(see Scheme 2 for abbreviations). The emission quantum yield of
B-TOH is, however, 30-, 15-, and 10-fold smaller than that of
PM605 in hexanes (Figure 1), acetonitrile, and toluene, respectively.
This dramatic decrease in emission quantum yield arises from an
intramolecular emission quenching which we speculate is due to
photoinduced electron transfer (PET) from the chromanol moiety
to the BODIPY excited singlet state. Consistent with the intra-
‘molecular quenching observed, free Trolox efficiently quenches the
emission of PMOH in solution. From the ratio of PMOH emission
recorded withoutl®) and with () increasing Trolox concentration
versus [Trolox], we obtain a Sterf/olmer quenching constahisy
of 19.3 M1 in acetonitrile. Given the PMOH fluorescence decay
lifetime, 7° = 7.42 ns, in acetonitrile and thésy value (where
Ksv = kqt%), upon applying eq 1, we calculate a bimolecular
quenching constark, of 2.6 x 10° M~1 s7L,

r°

| ®

e = 1+ k;2[Trolox]

receptor segment. In order to preserve the free radical scavenging

reactivity characteristic af-TOH, we chose commercially available
Trolox,®7 a chromanol-based derivative, for the receptor segment.
In order to maintain the solubility within hydrophobic media, we
coupled to Trolox a dipyrrometheneboron difluoride (BODIPY)
fluorescent probe which is known to be retained in phospholipid
bilayers'3 BODIPY dyes fulfill the reporter segment photophysical

We then investigated the emissive properties of B-TOH in the
presence of alkoxyl and peroxyl radicals generated at a constant
rate either upon 350 nm photolysis of dicumyl peroxide in hexanes
under argon or upon thermolysis of 2@zobis(2-methylpropio-
nitrile) (AIBN) in toluene under air, respectively. A ca. 10-fold
increase in the emission ofuM B-TOH in 0.1 M dicumyl peroxide

requirements: they have narrow absorption and emission bands insolutions is observed following irradiation at 350 nm for a 30 s

the visible region of the spectrum, high absorption coefficient and

fluorescence quantum yields, and remarkable photostability.
The coupling of the two segments to obtain the fluorescent

antioxidant indicator B-TOH was done as shown in Scheme 2.
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period (Figure 1). No changes are observed in a nonirradiated
control sample. A ca. 9-fold increase in the emission is observed
upon incubation of 0.8 mM AIBN and 3.4M B-TOH in toluene
under air at 37, 65, or 75C. Control experiments at 7% in the

10.1021/ja066789g CCC: $37.00 © 2007 American Chemical Society
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Figure 1. (A) Emission of optically matched hexane solutions of PM605
and B-TOH. (B) Fluorescence enhancement30 s) and decrease (30
120 s) upon 350 nm irradiation of8Vl B-TOH and 0.1 M dicumyl peroxide
hexanes solution under Ar.
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Figure 2. Emission intensity time profiles for B-TOH solutions incubated

at 75, 37, and 0C with AIBN and at 75°C without AIBN. Also shown

are the B-TOH absorption time profile at 86 with AIBN and the emission

intensity time profile for PM605 at 78C with AIBN. Two runs at 65°C

illustrate the KIE; in these runs, B-TOH toluene solutions were stirred (1

h) in the presence of either 1% v/\wO or 1% v/v HO. The phases were

Prolonged exposure to peroxyl and alkoxyl radicals leads to a
slow decrease in emission (and parallel decrease in absorption)
intensity with time (Figure 2). The intensity decrease is consistent
with the onset of radical-mediated BODIPY degradafibn.

As the antioxidant segment in B-TOH is being consumed, the
emission increases, and when the antioxidant is depleted (highest
emission point), the BODIPY degradation induction period is over
and degradation proceeds at the same rate as that in the absence of
antioxidant (compare B-TOH and PM605 emission time profiles
at 75°C in Figure 2)!* The antioxidant depletion and the onset of
radical-mediated oxidation can thus be monitored following emis-
sion enhancement over time. Applying the induction period
method®!® using the highest emission time point, we have
calculated the generation rate of peroxyl radicals toche3 x
108 s 1for 0.8 mM AIBN at 75°C, which is in close agreement
with the expected value (Supporting Information).

Preliminary results reveal a 4-fold increase in emission upon
incubating B-TOH intercalated within the lipid bilayer of 100 nm
dimyristoyl phosphatidylcholine vesicles in phosphate buffer solu-
tion in the presence of water-soluble 22 obis(2-methylpropion-
amidine)dihydrochloride.

In conclusion, we report a novel hydrophobic fluorescent
antioxidant indicator with optimum off/on ratio properties. Anti-
oxidant depletion and the onset of radical-mediated oxidation can
be monitored following emission enhancement over time.
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