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Abstract
A series of 2-aminofluorenes N-alkylated with nitroxides or their precursors were synthesized.
The new compounds were tested on hydroxyl radical and peroxyl radical scavenging ability and
inflammatory assay on the endothelial brain cells. In agreement with ROS scavenging ability the
same compound 7-bromo-N –[(1-Oxyl-2,2,6,6-tetramethyl-1,2,3,6-
tetrahydropyridine-4yl)methyl]-9H-fluoren-2-amine (3b) and its hydroxylamine salt (3b/OH/HCl)
showed the anti-inflammatory property on the endothelial brain cells.
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1. Introduction
Research on senile dementia and Alzhemer’s disease (AD) covers an extremely broad range
of scientific activities.[1] Formation of β-amyloid (Aβ) plaques in brain is the major
contributing factor in the pathogenesis of AD. A β(25–35) is a highly toxic segment of
amyloid Aβ-peptides which forms fibrillary aggregates. The etiology of AD is still not well
understood; therefore neither prevention strategies nor long-term effective treatment
modalities are available for this disease. Detection of Aβ plaques in the brain will be
potentially useful in early diagnosis and monitoring progression of the disease. Identified
imaging candidates include Congo red [2], benzothiazoles [3], dimethylaminofluorene [4]
and stilbenes[5] just to mention a few examples. The high affinity of these compounds for
assemblies of Aβ also provide clues for compounds that may serve as biophysical probes
that can report the molecular events associated with AD. One class of biophysical probes is
the sterically-hindered nitroxides, whose motion, chemical environment and spatial
separation can be detected by electron paramagnetic resonance (EPR) spectroscopy. For
example, EPR of nitroxides has evaluated the structure and dynamics of the Aβ peptide [6,
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7] and its interaction with membranes [8], as well as changes in membrane fluidity in
individuals at risk for AD [9].

Attaching a nitroxide to structures that have high affinity for Aβ not only has potential for
biophysical characterization of AD etiliogy, but also provides dual-action potential based on
its unique ability to scavenge reactive oxygen species. As established in laboratory and
clinical studies, reactive oxygen and nitrogen species represent major intermediary species
in AD progression pathways that ultimately lead to neurodegeneration [10, 11]. In fact,
accumulating evidence points to oxidative stress as the ultimate downstream component of
Aβ-induced toxicity, involving a feedback loop that ultimately leads to neuronal self-
digestion via mitochondrial dysfunction, increased Ca2+ levels, protein breakdown, free
radical formation and lipid peroxidation [1, 2]. Cyclic nitroxides can be regarded as
synthetic, multifunctional antioxidant molecules, owing their unique features to either their
reduced forms, hydroxylamines or their oxidized forms oxoammonium cations [12]. It has
been shown a decade ago [13] that nitroxides form superoxide dismutase mimetic
oxoammonium cations, followed by reduction of the latter species with superoxide (eq. 1
and 2, Figure 1). Hydroxylamines can act as proton and electron donor molecules reducing
any radical species (eq. 3.). Nitroxides are also capable of inhibiting .OH formation by
oxidizing Fe2+ to Fe3+ and hence preventing its participation in Fenton-reactions (eq. 4)
[14]. The fully reduced form of the nitroxide – a sterically hindered amine – is easily
oxidized to nitroxide by various ROS (eq. 5) [15]. This nitroxide is in an equilibrium with
the hydroxylamine depending upon oxidative or reductive nature of its environment (eq. 6)
[16].

While Aβ is known to modulate cascades leading to increased oxidative stress and apotosis,
a direct participation of the peptide in generating ROS has also been identified. Dikalov et
al. demonstrated that amyloid β peptides can enhance the metal catalyzed oxidation of
hydroxilamines to nitroxides [17], and Butterfield et al. concluded that Aβ(25–35) peptide
displays H2O2 like activity toward nitroxide spin probes [18]. Thus nitroxides targeted to the
proximity of Aβ at cells may be especially useful.

As far as we know no study on Aβ aggregate specific ligands, such as fluorenes, with
antioxidant tag (nitroxide or its precursor) has been reported yet. These compounds may be
useful in diagnostics and on the other hand the therapeutic significance of new compounds
as antioxidant (ROS scavenging) molecules are to prevent or slow the neurodegenerative
processes. Reported herein are preliminary results of the structure-activity relationship, e.g
ROS scavenging ability and anti-inflammatory properties of fluorenes modified on amino
function with various nitroxides (five- or six-membered with or without substituents) or
their reduced forms. Current treatments of AD include administration of nonsteroidal anti-
inflammatory drugs, which inhibit the synthesis of prostaglandins reduce the rate of
deterioration of cognitive functions in patients with advanced AD. Cholinergic drugs are
also used in the treatment of AD [19]. For example, Aβ increases NMDA receptor
activation, and one of the newer drugs for the treatment of AD (Memantine) targets NMDA
receptors in order to block glutamate excitotoxicity. Among other pathways, over-
stimulation of NMDA receptors activates phospholipase A, leading to elevated arachidonic
acid levels, which in turn generates oxygen free radicals and further activation of
phosholipases [3]. In summary, because Alzheimer’s disease is a multi-factorial disease
where oxidative stress represents a general pathogenic basis for the ultimate neuronal death,
developing bi-functional compounds that both target the instigator of Alzheimer’s as well
the downstream consequences, represents a novel approach for treating this complex
disease. Thus developing compounds that mitigate more than one process within the disease
pathway are of particular interest.
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2. Chemistry
The key reaction in synthesis of paramagnetic 2-amino-7-bromofluorenes is alkylation of
compound 1 with equivalent amount allylic bromides (2a-d)[20–23] in the presence of
K2CO3 in DMSO at 60 °C offered the monoalkylated products 3a-d in 38–45% yield
(Scheme 1). Hydroxylamine salt of compound 3b/OH/2HCl was achieved by treatment of
radical 3b with ethanol saturated previously with HCl gas. Compound 3a was methylated on
aromatic nitrogen atom by treatment with paraformaldehyde and cyanoborohydride as a
reducing agent in acetic acid to give compound 4 in 64% yield [4]. The sterically hindered
amine derivative 5 was achieved by reduction of radical 4 with iron powder in acetic acid
[24] (Scheme 1).

3. Results and discussion
Superoxide and hydroxyl radicals are the predominant reactive oxygen species that cause
damage in cells. To evaluate the ability of our modified fluorenes to decrease the levels of
produced hydroxyl radical, we used a hydroxyl radical antioxidant capacity (HORAC)
assay, that uses a a reporter whose fluorescence is inversely proportional to the level of
surving radical. We therefore measured the ability of each compound (at 0.2, 1 and 10 µM)
to maintain indicator signal in the presence of hydroxyl radical. As shown in Figure 2, all of
the fluorene compounds have a capability to scavenge hydroxyl radicals and all three
concentrations were effective, although in general the efficiency of scavenging rises with the
raising concentration of fluorene compounds. The most effective compounds are 3b, 3b/
OH/HCl and 5 (Figure 2). These findings are not unexpected, as the hydroxylamine salt
compound 3b has a lower redox potential and is more readily oxidized to nitroxide (see eq. 3
in Fig. 1.), compared to the corresponding five-membered, sterically hindered compounds.
One of the five-membered compounds, the amine 5 readily oxidizes to stable nitroxide (eq.
5 of Fig. 1), which again is in good agreement with our previous results and assumptions
[25]. In general, the hybrid of the fluorene with the nitroxide/nitroxide precursor provides
superior hydroxyl scavenging activity compared to the base fluorene alone (KO-162;
Scheme 2 and Fig. 2), where we have previously measured antioxidant activity [26]. The
same is found when comparing the hybrids to a nitroxide alone (TEMPOL; Scheme 2 and
Fig. 2), with the exception of the bromo-substituted 3c. We also determined the efficiency of
the compounds to scavenge superoxide radicals using the oxygen radical absorbance
capacity (ORAC) assay using an indicator whose fluorescence is quenched by the radical.
As shown in Figure 3, each of the of the fluorene compounds had some capability to
scavenge peroxyl radicals at the 10 µM concentration. Among the compounds tested,
sterically hindered amines, such as compound 3d and compound 5 were the most efficient
ones. Compounds 3b/OH/HCl and 3c also exhibited limited activity (Figure 3). Neither
TEMPOL alone nor the base fluorene KO-162 exhibit significant scavenging of peroxyl
radicals.

The levels of free radicals in solution can also be detected by EPR spectroscopy of spin
trapping reagents. We used the 5-tert-butoxycarbonyl 5-methyl-1-pyrroline N-oxide
(BMPO) spin trap due to its ability to form a more stable and distinctive adduct with
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superoxide [27]. The EPR spectra of BMPO adduct with hydroxyl radicals (generated via
iron(II)-sulfate/H2O2,) is shown in Figure 4 (grey). The spectrum of the fluorene compound
3b/OH/2HCl alone is shown in dotted line. Upon generation of hydroxyl radicals,
compound decreases by 61% the amount of BMPO-hydroxyl adduct (black line) compared
to the sample without a fluorene compound addition (Figure 4). An efficient scavenging of
the superoxide anion radical was observed by EPR (Figure 5). The superoxide anion
(generated horseradish peroxidase/H2O2)–BMPO adduct (shown in grey) totally disappears
by adding compound 3b/OH/2HCl, while its triplet signal is increased shown in black. The
spectrum of the fluorene compound 3b/OH/2HCl alone is shown in dotted line (Figure 5).
In agreement with results from ORAC assay we observe very strong peroxyl scavenging
activity by compounds 3b, 3B/OH/2HCl, 3d and 5 using EPR. Here again, fluorene
compounds 3b/OH/2HCl and 5 most significantly reduce the EPR signal of hydroxyl
radicals (Table 1).

Inflammation has also been implicated in the etiology of AD [28]. We therefore also
evaluated the new compounds for their ability to down-regulate markers of inflammation in
a brain endothelial cell line. Figure 6 shows the anti-inflammatory activity of the compounds
according to the expression of 3 marker genes as measured by RT-PCR. In the assay, genes
encoding transcription factors, activating transcription factor 3 (ATF3) and inflammatory
response genes interleukin 8 (IL-8) and prostaglandin-endoperoxide synthase 2 (PTGS2;
also known as cyclooxygenase 2 (COX-2) were activated by TGRL lipolysis products in
HBMVEC by 22.8, 1.8 and 3.1-fold, respectively. Compound 4 significantly suppresses
lipolysis product-induced expression of ATF3 and COX-2 by 18.3 and 2.7 fold,
respectively. Only a small, but insignificant supression of IL-8 expression is observed by
compound 4. ATF3 and especially IL-8 expression are also suppressed by compounds 3b/
OH/2HCl and 3b. Compounds 3a, 3c, 3d and 5 further increased ATF3, IL-8 and COX-2
gene expressions.

4. Conclusion
A new series of 7-bromo-2-aminofluorene compounds were synthesized modified by
nitroxides and their precursors. Among the new compounds compound 3b and its
hydroxylamine salt 3b/OH/HCl has both ROS scavenge property (based on HORAC,
ORAC and spin trapping assays) and anti-inflammatory property on the endothelial brain
cells. The fluorene nitroxide precursor hybrid compounds exhibited better radical
scavenging activity than TEMPOL or KO-162 (7-bromo-2-dimethylaminofluorene)
compounds themselves. Four compounds increased ATF3, IL-8 and COX-2 gene
expressions, but three compounds (3b, 3b/OH/HCl, 4) have beneficial effects on
inflammatory processes. The additions of the oanti-oxidant and anti-inflammatory activitites
to fluorenes that target the toxic assembly of Aβ [X] and and its downstream activity
provides a novel approach for treating AD. Further investigations with these compounds is
under way.

X. Hong, H.S., et al., Candidate anti-Abeta fluorene compounds selected from
analogs of amyloid imaging agents. Neurobiol Aging, 2008.

5. Experimental protocols
5. 1. Chemistry

Melting points were determined with a Boetius micro melting point apparatus and are
uncorrected. Elemental analyses (C, H, N, S) were performed on Fisons EA 1110 CHNS
elemental analyzer. Mass spectra were recorded on a Thermoquest Automass Multi and VG
TRIO-2 instruments and in the EI mode. 1H NMR spectra were recorded with Varian
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UNITYINOVA 400 WB spectrometer. Chemical shifts are referenced to Me4Si.
Measurements were run at 298K probe temperature in CDCl3 solution. ESR spectra were
taken on Miniscope MS 200 in 10−4 M CHCl3 solution and monoradicals gave triplett line.

Flash column chromatography was performed on Merck Kieselgel 60 (0.040-0.063 mm).
Qualitative TLC was carried out on commercially available plates (20 × 20 × 0.02 cm)
coated with Merck Kieselgel GF254. TEMPOL and all other chemicals were purchased from
Aldrich, compound 2a [20], 2b [21], 2c [22], 2d [23] and KO-162 [4] was prepared as
described earlier.

5.1.1. Synthesis of compounds 3a, 3b, 3c, 3d; General procedure—A mixture of
7-bromo-2-aminofluorene 1 (520 mg, 2.0 mmol), K2CO3 (276 mg, 2.0 mmol) and allylic
bromide 2a or 2b or 2c or 2d (2.0 mmol) in DMSO (10 mL) was stirred and heated at 60 °C
till the consumption of starting materials (~6h). After cooling the mixture was poured onto
water (50 mL), extracted with EtOAc (3 × 20 mL). The combined organic layer was washed
with water (10 mL), the organic phase was dried (MgSO4), filtered and evaporated. The
residue was purified by flash column chromatography (hexane/EtOAc or CHCl3/MeOH) to
give the N-alkylated fluorenes in 38–45% yield.

5.1.1.1. 7-bromo-N –[(1-Oxyl-2,2,5,5-tetramethyl-2,5-dihydro-1H-pyrrol-3-
yl)methyl]-9H-fluoren-2-amine Radical (3a): 130 mg, 40%, yellow solid, mp 177–180 °C,
Rf: 0.32 (hexane-EtOAc, 2:1). MS (EI) m/z (%): 411/413 (M+, 17/17), 381/383 (15/15),
259/261 (100/100), 180 (82). Anal. Calcd. for C22H24BrN2O C64.08, H5.87, N6.79; found:
64.00, H5.75, N 6.80.

5.1.1.2. 7-bromo-N –[(1-Oxyl-2,2,6,6-tetramethyl-1,2,3,6-hexahydropyridine-4-
yl)methyl]-9H-fluoren-2-amine Radical (3b): 383 mg, 45%, deep yellow solid, mp 177–
179 °C, Rf: 0.53 (hexane-EtOAc, 2:1). MS (EI) m/z (%): 425/427 (M+, 5/5), 395/397 (2/2),
272/274 (46/45), 259/261 (50/50), 154 (100). Anal. Calcd. for C23H26BrN2O C64.79,
H6.15, N6.57; found: 64.68, H6.02, N 6.39.

5.1.1.3. 7-bromo-N –[(1-Oxyl-4-bromo-2,2,5,5-tetramethyl-2,5-dihydro-1H-pyrrol-3-
yl)methyl]-9H-fluoren-2-amine Radical (3c): 412 mg, 42%, yellow solid, mp 153–156 °C,
Rf: 0.55 (hexane-EtOAc, 2:1). MS (EI) m/z (%): 489/491/493 (M+, 5/11/5), 459/461/463
(4/10/4), 272/274(100/100), 259/261 (48/48), 152 (49). Anal. Calcd. for C22H23Br2N2O
C53.79, H4.72, N5.70; found: C53.66, H4.75, N5.54.

5.1.1.4. 7-bromo-N –[(1,2,2,5,5-pentamethyl-2,5-dihydro-1H-pyrrol-3-yl)methyl]-9H-
fluoren-2-amine (3d): 312 mg, 38%, beige solid, mp 153–155 °C, Rf: 0.35 (CHCl3-MeOH,
1:1). MS (EI) m/z (%): 410/412 (M+, 8/8), 395/397 (12/12), 272/274 (100/100), 124
(94). 1H NMR (CD3OD): δ: 1.22 (s, 6H), 1.35 (s, 6H), 2.45 (s, 3H), 3.76 (s, 2H), 3.85 (s,
2H) 5.59 (s, 1H), 6.66 d (J= 7.6 Hz), 6.81 (s, 1H), 7.39–7.55 (m, 4H). Anal. Calcd. for
C23H27BrN2 C67.15, H6.62, N6.81; found: C67.08, H6.58, N6.72.

5.1.2. 7-bromo-N-methyl-N –[(2,2,5,5-tetramethyl-2,5-dihydro-1H-pyrrol-3-
yl)methyl]-9H-fluoren-2-amine Radical (4)—To a solution of compound 3a (412 mg,
1.0 mmol) and paraformaldehyde (600 mg) in AcOH (5mL) NaBH3CN (550 mg, 8.7 mmol)
was added in 3 portions for 10 minutes under well ventillated hood. The mixture was stirred
at rt. for 18h, then poured onto mixture of 40 g ice and 10% aq. NaOH (40 mL). After
melting the ice the mixture was extracted with CH2Cl2 (2 × 20 mL), then the organic phase
was dried (MgSO4), PbO2 (100 mg, 0.4 mmol) was added and O2 was bubbled through the
solution for 15 min. The solution was filtered, evaporated and the residue was purified by
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flash column chromatography (hexane/EtOAc) to give the title compound as a yellow solid
273 mg (64%), mp 174–175 °C, Rf: 0.52 (hexane-EtOAc, 2:1). MS (EI) m/z (%): 425/427
(M+, 20/20), 395/397 (7/7), 286/2288 (100/100), 43 (75). Anal. Calcd. for C23H26BrN2O
C64.79, H6.15, N6.57; found: 64.74, H6.10, N 6.41.

5.1.3. 7-bromo-N-methyl-N –[(2,2,5,5-tetramethyl-2,5-dihydro-1H-pyrrol-3-
yl)methyl]-9H-fluoren-2-amine (5)—To a solution of compound 4 (426 mg, 1.0 mmol)
in glacial acetic acid (10 mL) Fe powder (560 mg, 10.0 mmol) was added and the mixture
was warmed up to 70 °C until the reaction started and the mixture was stirred at rt. for 60
min. After diluting with water (30 mL) the solution was decanted from iron residue and in a
250 mL baker the solution was made alkaline (pH=9) by solid K2CO3 (intense foaming!).
The mixture was extracted with CHCl3/MeOH (9:1 mixture) (2 × 20 mL), the organic phase
was dried (MgSO4), filtered and evaporated. The residue was purified by flash column
chromatography (CHCl3:MeOH) to yield the title compound 193 mg (47%) as a beige solid,
mp 160–162 °C, Rf: 0.39 (CHCl3:MeOH, 2:1). MS (EI) m/z (%): 410/412 (M+, 18/18),
395/397 (5/5), 286/288 (100/100), 122 (43). 1H NMR (CD3OD): δ: 1.22 (s, 6H), 1.38 (s,
6H), 3.03 (s, 3H), 3.78 (s, 2H), 3.99 (s, 2H) 5.27 (s, 1H), 6.71 dd (J= 8.6 Hz, J=2.2 Hz, 1 H),
6.89 (s, 1H), 7.36–7.55 (m, 4H). Anal. Calcd. for C23H27BrN2 C67.15, H6.62, N6.81;
found: 67.05, H6.50, N 6.69.

5.1.4. 7-Bromo-N –[(1-hydroxy-2,2,6,6-tetramethyl-1,2,3,6-
hexahydropyridine-4-yl)methyl]-9H-fluoren-2-amine Radical Hydrochloride
Salt (3b/OH/2HCl)—Compound 3b (426 mg, 1. 0 mmol) was dissolved in 10 mL EtOH
saturated previously with HCl gas and stirred at room temperature for 15 min, then solvent
was evaported off and the residue was crystallysed from acetone/Et2O solution to give a pale
yellow solid 352 mg (71 %), mp 202–205 °C. 1H NMR (CD3OD): δ: 1.37 (bs, 3H), 1.41 (bs,
3H), 1.48 (bs, 6H), 3.85 (s, 2H), 3.92 (s, 2H), 4.00 (s, 2H), 5.78 (s, 1H), 7.40 dd (J= 8.0 Hz,
J=2.0 Hz, 1 H), 7.58 (s, 1H), 7.77–7.98 (m, 4H). Anal. Calcd. for C23H28BrCl2N2O C 55.33,
H 5.65, N 5.61; found: 55.20, H 5.80, N 5.40.

5.2. Biology assays
5.2.1. Antioxidant assays—For a determination of antioxidant activity of fluorene
compounds Hydroxyl Radical Antioxidant Capacity (HORAC) assay (Cell Biolabs, INC.,
USA) was used. The samples were measured by Fluorescence microplate reader (Molecular
Devices, SpectraMax M2) with a 485 nm excitation filter and 530 nm emission filter. The
samples were prepared according a recommended protocol by the manufacture. For a
determination of antioxidant activity of fluorene compounds toward peroxyl radicals we use
The Oxygen Radical Antioxidant Capacity (ORAC) assay (Cell Biolabs, INC., USA). The
samples were measured by Fluorescence microplate reader with a 480 nm excitation filter
and 520 nm emission filter. The samples were prepared according a recommended protocol
by the manufacture.

5.2.2 EPR measurements—Electron paramagnetic resonance measurements of BMPO
spin traps were collected at room temperature with a JEOL X-band spectrometer fitted with
a loop-gap resonator. For samples containing hydroxyl radicals, 1 µl of ammonium iron(II)
sulfate, 1 µl of H2O2 (3%), 10 µl of BMPO (100 mM) and 88 µl of PBS pH 7.4. Nine
microliters of the ROS mixture was then immediately combined with 1 µl of the fluorene
compound (in a 2 mM stock), and approximately 5 µl of the samples was loaded into a
sealed quartz capillary tube. For trapping in the presence of superoxide radicals, 2 µl of
Horse Radish Peroxidase (10 mg/ml), 2 µl of H2O2 (3%), 2 µl of Na3N, 2 µl of DTPA (100
mM), 46 ml of BMPO (100 mM) and 46 µl of PBS pH 7.4 were mixed and immediately
combined with the fluorene compound (9 µl of the mixture and 1 µl of 2 mM fluorene). All
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spectra were obtained by averaging two 2 minutes scans with a sweep width of 100 G at a
microwave power of 3 mW and modulation amplitude optimized to the natural line width of
the spin probe. All the spectra were recorded at room temperature.

5. 2. 3. Human TGRL isolation—This study was approved by the Human Subjects
Review Committee at the University of California Davis. Postprandial blood samples were
obtained 3.5 h after consumption of a moderately high fat meal, which corresponds to the
peak elevation in plasma triglyceride concentrations. Triglyceride-rich lipoproteins (TGRL)
were isolated from human plasma at d < 1.0063 g/mL by aspiration with a narrow-bore pipet
followed by 18 h centrifugation at 40,000 rpm in a SW41 Ti swinging bucket rotor
(Beckman Coulter, Sunnyvale, CA) held at 14°C within a Beckman L8-70M (Beckman)
ultracentrifuge. The top fraction (TGRL) was collected and dialyzed in Spectrapor
membrane tubing (mol wt cut off 3,500; Spectrum Medical Industries, Los Angeles, CA) at
4°C overnight against a saline solution containing 0.01%EDTA.

Lipoprotein lipase (LpL) was purchased from Sigma (catalog no. L2254). PCR primers were
from Operon (Huntsville, AL).

5.2.4. Cell Culture and lipid treatments—Human Brain Microvascular Endothelial
Cells (HBMEC) (ACBRI 376) (passage 6, Cell Systems Corp., Kirkland, WA) were
cultured in CSC Complete Serum-Free Medium (SF-4Z0-500) and CSC Complete Medium
which includes 10% serum (4Z0-500); CSC Attachment Factor™ (4Z0-210) under an
atmosphere of 5 % CO2: 95% air and 37°C. Cells were exposed for 3 hr to the following
conditions, media, TGRL (T) (150 mg/dL =1.5 mg/mL), Lipoprotein lipase (L) (2U/mL),
and T (150 mg/dL) + L (2U/mL) pre-incubated for 30 minute at 37°C before application.
Cells treated with T + L are referred as “lipolysis” from here on. To test the suppression of
compounds, cells were pre-treated with the 200 µM of the indicated compound for 30 min.

5.2.5. mRNA expression by quantitative RT-PCR (qRT-PCR)—RT-PCR was
performed to evaluate the TGRL lipolysis induced gene expression. After incubation cells
were washed with cold PBS and total RNA was extracted from Control and treated 6-well
plate using RNeasy Mini Kit (Qiagen, Valencia, CA) including the DNA digestion step as
described by the manufacturer. A 5 μg of total RNA extracted from each sample was
reverse-transcribed to obtain cDNA using Superscript-III reverse transcriptase kit
(Invitrogen, Carlsbad, CA) as described by the manufacturer. The real-time polymerase
chain reaction (RT-PCR) method with SYBR Green as fluorescent reporter was used to
quantify the gene expression. The gene specific primers were designed with Primer Express
1.0 software (Applied Biosystems) using designed from published cDNA sequences as
follows: ATF3 (GenBank acc. no. NM_001674): 5’-TTCTCCCAGCGTTAACACAAAA-3’
(forward) and 5’-AGAGGACCTGCCATCATGCT-3’ (reverse); IL-8 (GenBank acc. no.
NM_000584): 5’- CCTTTCCACCCCAAATTTATCA-3’ (forward) and 5’-
TGGTCCACTCTCAATCACTCTCAG -3’ (reverse); PTGS2 (also known as COX-2)
(GenBank acc. no. NM_000963): 5’- CTGAATGTGCCATAAGACTGACCT-3’ (forward)
and 5’- TCCACAGATCCCTCAAAACATTT-3’ (reverse). The reaction was carried out in
384 well optical plates containing 25 ng RNA in each well. The applied RNA quantity was
normalized by amplifying cDNA samples simultaneously with glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) specific primers: 5’-CACCAACTGCTTAG-3’ (forward) and 5’-
TGGTCATGAGTCCT-3’ (reverse). The transcript levels were measured by real-time RT-
PCR using the ABI PRISM 7700 Sequence detection system (PE Applied Biosystems,
Foster City, CA). The PCR amplification parameters were: initial denaturation step at 95°C
for 10 min followed by 40 cycles, each at 95°C for 15 s (melting) and 60°C for 1 min
(annealing and extension). A comparative CT method [29] was used to calculate relative
changes in gene expression determined from real-time quantitative PCR experiments
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(Applied Biosystems User Bulletin No.2 (P/N4303859). The threshold cycle, Ct, which
correlates inversely with the target mRNA levels, was measured as the cycle number at
which the SYBR Green emission increases above a preset threshold level. The specific
mRNA transcripts were expressed as fold difference in the expression of the specific
mRNAs in RNA samples from the TGRL lipolysis treated cells compared to those from the
TGRL alone treated cells.
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Figure 1.
Possible radical scavenging mechanisms and transformations of nitroxides and pre-
nitroxides.
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Figure 2.
Hydroxyl radical scavenging ability of compounds 3–5 by HORAC assay. As a control
samples were used distilled water.
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Figure 3.
Peroxyl radical scavenging ability of compounds 3–5 by ORAC assay. As a control samples
were used distilled water.
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Figure 4.
EPR scans in the presence of the BMPO spin trap of compound 3b/OH/2HCl (dotted), the
BMPO-•OH adduct (grey), and the BMPO-•OH adduct in the presence of 3b/OH/2HCl
(black). See text for experimental details.
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Figure 5.
EPR scans in the presence of the BMPO spin trap of compound 3b/OH/2HCl (dotted), the
BMPO-OO• adduct (grey), and the BMPO-OO• adduct in the presence of 3b/OH/2HCl
(black). See text for experimental details.
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Figure 6.
TGRL lipolysis products induced gene expression was suppressed by compounds in
HBMVEC. A) mRNA expression of activating transcription factor (ATF3) was significantly
suppressed by compounds 4 and further induced by compounds 3a and 5 compared to TGRL
lipolysis products treated cells. B) mRNA expression of interleukin 8 (IL-8) was
significantly suppressed by compounds 3b compared to TGRL lipolysis products treated
cells. C) mRNA expression of cyclooxygenase 2 (COX-2) was significantly suppressed by
compounds 4 compared to TGRL lipolysis products treated cells. N = 3, * = P ≤ 0.002 and #
= ≤ P 0.05. T = Triglyceride-rich lipoproteins, L = lipoprotein lipase.
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Scheme 1.
(a) 2a-d (1.0 equiv.), K2CO3 (1.0 equiv.), DMSO, 60 °C, 6 h, 38–45%; (b) (H2CO)n excess,
NaBH3CN (6.0 equiv.), AcOH, rt., 18h, then PbO2, O2, 15 min., 64%; (c) Fe (10.0 equiv.),
AcOH, 70 °C, 30 min., 47%; (d) EtOH/HCl, rt., 15 min. 71%.
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Scheme 2.
Chemical structure of TEMPOL and KO-162.
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Table 1

Hydroxyl and peroxyl radical scavenging ability of compounds 3a-d, 4, 5 estimated by integration of EPR
band area

Compound Hydroxyl radical scavenging
ability (%)* by EPR

Peroxyl radical scavenging
ability (%) by EPR

3a
(HO-4160)

28 73

3b
(HO-4191)

26 ND

3b/OH/2HCl
(HO-4191/OH/2HCl)

61 80

3c
(HO-4192)

10 ND

3d
(HO-4198)

29 100

4
(HO-4161)

18 ND

5
(HO-4166)

18 100

*
Based on 3 measuments, accuracy ± 5%. ND: not determined.
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