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Abstract

Cyclooxygenase-2 (COX-2) expression is up-regulated in inflammatory tissues and many
premalignant and malignant tumors. Assessment of COX-2 protein in vivo, therefore, promises
to be a powerful strategy to distinguish pathologic cells from normal cells in a complex disease
setting. Herein, we report the first redox-activatable COX-2 probe, fluorocoxib Q (FQ), for in
vivo molecular imaging of pathogenesis. FQ inhibits COX-2 selectively in purified enzyme and
cell-based assays. FQ exhibits extremely low fluorescence and displays time- and concentration-
dependent fluorescence enhancement upon exposure to a redox environment. FQ enters the cells
freely and binds to COX-2 enzyme. FQ exhibits high circulation half-life and metabolic stability
sufficient for target site accumulation and demonstrates COX-2-targeted uptake and retention in
cancer cells and pathologic tissues. Once taken up, it undergoes redox-mediated transformation
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into a fluorescent compound (FQ-H) that results in high signal-to-noise contrast and differentiates
pathologic tissues from non-pathologic tissues for real time in vivo imaging.
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INTRODUCTION

Cyclooxygenases (COXs) catalyze the bis-dioxygenation of arachidonic acid to the
hydroperoxy endoperoxide, prostaglandin G, (PGG») and the subsequent reduction of the
hydroperoxy group of PGG, to an alcohol, yielding prostaglandin Hy (PGH5).1: 2 PGH,
represents a branch point in the biosynthetic pathway that leads to the formation of
prostaglandins, thromboxane, or prostacyclin. These compounds function in a wide range
of physiological and pathophysiological responses including platelet aggregation, gastric
cytoprotection, inflammation, and hyperalgesia.3 4 Thus, COXs play a key role in the
generation of a broad array of bioactive lipids.

There are two COX genes that code for structurally related proteins that are approximately
60% identical in amino acid sequence.® In general, the COX-1 gene is constitutively
expressed in multiple tissues, although there are a few examples where its expression is
inducible (e.g., during differentiation of cultured cells in vitro).8 The COX-2 gene is highly
regulated, and its expression is triggered by a broad array of cytokines, growth factors, and
tumor promoters, leading to a strong association between this isoform and preneoplastic,
neoplastic, and/or inflammatory tissues.®-11 For example, studies have demonstrated that
COX-2 mRNA and protein are expressed in a wide range of cancerous and precancerous
lesions, including those of the esophagus, breast, bladder, lung, and skin.12-17. In the colon,
COX-2 is detectable in tumor material from cancer patients but not in surrounding normal
tissue.18 19 COX-2 expression appears to be an early event in colon tumorigenesis because
it is detectable in colon polyps.2%: 21 Due to its overexpression in inflamed and neoplastic
tissues and relative scarcity in normal tissues, COX-2 is an attractive molecular target

for diagnostic imaging in a variety of clinical settings. For example, detecting molecular
biomarkers associated with the initiation and progression of neoplastic diseases facilitates
early detection followed by timely surgical/therapeutic intervention.22-24 Similarly, the use
of imaging for the intraoperative analysis of margins during surgical procedures can assist
the detection of cancer at those margins, thereby reducing the incidence of inadequate
surgical removal of some malignant lesions.25-27

We have previously described the synthesis and in vivo validation of COX-2-targeted
radiologic imaging agents for both single photon emission tomography and positron
emission tomography imaging.28-30 We have also reported the development of fluorocoxibs,
a series of COX-2-targeted fluorescent imaging agents based on the conjugation of the COX
inhibitor indomethacin with rhodamine dyes. Fluorocoxibs enable in vivo imaging of COX-2
in multiple animal models of premalignant and malignant tumors and inflammation.31-36

Of these agents, fluorocoxib A (FA) is the most thoroughly investigated imaging agent
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by us,31: 34,3739 and others.40-44 It has been shown to have adequate in vivo stability
and pharmacokinetic properties to remain intact in the circulation and to accumulate in
inflammatory tissues or tumors. Additionally, its fluorescence properties are suitable for
detection with minimal autofluorescence interference.4®

An alternative approach to COX-2-targeted imaging is the use of activatable agents, which
would only be detectable upon sensing certain condition, such as the redox environment of
the target site. Such agents would theoretically increase target site accumulation by COX-2
binding and improve the signal-to-noise due to a substantial reduction in background. A
number of such agents have been reported in the literature for COX-2-targeted fluorescence
imaging, including ANQ-IMC-6 and CoxFlour.46: 47 Although selective uptake of these
agents into intact cells expressing COX-2 has been demonstrated in vitro, in vivo tumor
imaging has not been reported,. Herein, we report the discovery of fluorocoxib Q, the first
redox-activatable COX-2 probe, which overcomes the limitations of previously reported
activatable COX-2 probes allowing in vitro and in vivo detection of COX-2 in intact cells
and live animals.

RESULTS AND DISCUSSION
Design of Redox—Activatable COX-2 Probes.

COX-2 has both an oxygenase activity that makes the PGG, hydroperoxide product and

a peroxidase activity that reduces the hydroperoxide while concomitantly generating an
oxidant. Consequently, studies have shown that COX-2 activity is associated with the
production of reactive oxygen species (ROS) leading to oxidative stress, as indicated by

the generation of DNA damage.*8 Furthermore, oxidative stress enhances the expression

of nuclear factor kappa-B (NF-xB), which, in turn induces increased COX-2 expression in
pathological tissues.% 50 We hypothesize that COX-2 and ROS co-localize in inflammatory
and tumor cells. Thus, redox-activatable COX-2 probes can enhance the detection and
contrast of the margins of pathologic lesions from the surrounding non-pathologic normal
tissues.

Development of the Redox—Activatable Chemical Probe.

Studies have shown that nitroxide radicals are capable of spin trapping and spin labeling

in electron paramagnetic resonance spectroscopy.®153 These antioxidant species enable
the monitoring of cellular redox processes.?*->9 Due to our high level of success with
fluorocoxib A (FA), we chose it as the scaffold for our redox-activatable probe. The
fluorescence of FA’s rhodamine moiety can be quenched by conjugating a nitroxide radical
to it.50 Conjugation of an amino-TEMPO molecule to the carboxylic acid of FA via

an amide linkage resulted in a molecule we call fluorocoxib Q (FQ). We synthesized

the starting FA using our published procedure.3! Then, for conjugation of the nitroxide
functional group, we created a mixed-anhydride at the carboxyl substituent of the rhodamine
moiety that successfully reacted with the amino group of 4-amino-TEMPO to afford FQ
(Fig. 1). The FQ and its reduced hydroxylamine analog fluorocoxib Q-H (FQ-H) were
purified by HPLC (Fig. S1,S2) and characterized by spectroscopic analyses (Fig. S3-S6).
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Redox-Mediated Fluorescence Activation of FQ.

Treatment of FQ with sodium ascorbate (1:1) resulted in a time- and concentration-
dependent increase in the intensity of fluorescence emission (Aem = 607 nm) (Fig. 2a,b).
Iron is closely associated with Fenton’s or Haber—\Weiss’s chemistry, which catalyzes the
production of hydroxy! radicals.61: 62 Studies have shown that in place of Fe2*, Cu2*

can also be used to produce hydroxyl radicals that can induce the transformation of pro-
fluorescent nitroxides into fluorescent hydroxylamines.6% We treated FQ with Fenton’s
reagent (10-fold excess of FeSO,4 and 100-fold excess of H,O5 relative to FQ) that produced
a much stronger fluorescence emission than that of untreated FQ (Fig. 2c). We evaluated the
photophysical properties of FQ and observed a reduced quantum yield (®g < 0.19 at 607
nm) and extinction coefficient (e < 0.4 mM~lecm~ at 586 nm) compared to that of the parent
FA (g = 0.93 at 602 nm, e = 45 mM~1cm™ at 579 nm) or FQ-H (®5 = 0.90 at 607 nm, e =
44 mM~1ecm™1 at 586 nm) (Fig. 2d). FQ’s low fluorescence is accounted for by quenching of
the excited electronic state of its fluorophore, carboxy-X-rhodamine, by the nitroxide radical
within the molecule, and it is likely that the quenching is attributable to a photoinduced
electron transfer from nitroxide radical to the carboxy-X-rhodamine fluorophore in the
excited state.50

In Vitro Purified COX Isozyme Inhibition Assays.

We evaluated the ability of FQ and FQ-H to selectively inhibit COX-2, as opposed

to COX-1, using purified isozymes with 14C-arachidonic acid as a substrate.3! Both
compounds showed selective and potent inhibition of COX-2 (ICsq values of 0.33 uM and
0.24 uM for FQ and FQ-H, respectively, as compared to >4 uM for COX-1) (Fig. 3a,b). Note
that the failure of FQ and FQ-H to completely inhibit COX-2 at high concentrations is an
indication that the compounds most likely act by binding in the allosteric subunit rather than
the catalytic subunit of the dimeric enzyme.53

Cell-based COX-2 Inhibition Assay.

We evaluated the COX-2 inhibitory activity of both FQ and FQ-H in intact cells using the
1483 head and neck squamous cell carcinoma (HNSCC) cell line. This cell line expresses
elevated levels of COX-2 (Fig. 3c,d).3! Both FQ and FQ-H showed potent cellular COX-2
inhibition with 1Csq values of 0.28 uM and 0.26 UM, respectively.

Cell Imaging Assay.

We evaluated FQ’s ability to image 1483 HNSCC cells containing high COX-2 expression.
After treating cells with FQ followed by washout, we performed fluorescence microscopy
of the treated cells at 0.5 and 3 h post-addition of compound. The optical imaging showed
low fluorescence intensity at the earlier (0.5 h) time point, however strong fluorescence was
detected at the later (3 h) time point due to the accumulation and fluorescence activation

of FQ in 1483 HNSCC cells (Fig. 3e-g). In addition, we performed an experiment to

test whether fluorocoxib Q-H’s fluorescence labeling of 1483 HNSCC cells is COX-2
dependent. Cells were pretreated with vehicle or celecoxib to block the COX-2 active site
prior to the treatment with fluorocoxib Q-H. After repetitive washing, cells were imaged.
The 1483 HNSCC cells treated with fluorocoxib Q-H alone exhibited strong perinuclear
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fluorescence (Fig. S7a) that was blocked by preincubation with the COX-2 inhibitor
celecoxib (Fig. S7b), suggesting that the fluorescence labeling is COX-2 dependent.

In Vivo Pharmacokinetic Assay.

We evaluated the pharmacokinetic properties of FQ in CD-1 mice. Mice were dosed and
plasma collected and processed as described in the Materials and Methods section (Fig. 4a,
b). The results indicated that the FQ molecule can remain in the circulation for adequate
periods of time to enable it to reach the target site in vivo.

Redox-Mediated Detection of COX-2 in Inflammation.

We evaluated the ability of FQ for the detection of COX-2 in the presence of endogenously
generated ROS using a murine model of carrageenan-induced acute inflammation. Acute
inflammation in the right hind footpad of C57BL/6 mice was induced by a single
subcutaneous injection of 1% A-carrageenan dissolved in sterile saline.3* First, we used
luminol for chemiluminescence imaging of ROS in this model. Studies have shown

that luminol reacts with ROS within biological systems to produce an excited state of
3-aminophthalate, which then releases a photon as it returns to the ground state.54: 65 We
dosed mice with luminol 6 h following carrageenan injection. Chemiluminescence imaging
was performed for data acquisition periods of 1 min beginning at 5 min post-luminol
injection. A focal and significantly distinct chemiluminescence emission was detected in
the inflamed footpads (mean + sd = 1251.5 + 94.9, p < 0.0004, n = 8). This luminescence
was 12-fold higher than that from control footpads, confirming high endogenous ROS
production in carrageenan-induced inflammation. To further confirm the specificity of
luminol, the ROS scavenging agent TEMPOL was injected prior to the administration of
luminol. The pre-administration of TEMPOL resulted in a significant reduction of the
chemiluminescence signal from the carrageenan-treated footpads, suggesting that the signal
was indeed generated by endogenous ROS (Fig. 4c). Elevated COX-2 expression is a
hallmark of carrageenan-induced inflammation in the footpad model, and COX-2—derived
prostaglandins play a major role in inducing the footpad edema.29: 30: 66 \We evaluated the
utility of FQ in the visualization of ROS and COX-2 co-localization in this acute paw
inflammation model. After dosing by intraperitoneal injection, FQ appeared to be taken
up, converted into fluorescent FQ-H by ROS, and retained at the site of inflammation by
binding to COX-2, thereby enabling visualization of inflamed lesions. The optical imaging
afforded an average 9-fold increase in fluorescence in the inflamed (mean + sd = 7.84x108
+1.25x108, p < 0.001, n = 8) over the non-inflamed footpads (Fig. 4d). The targeting

was significantly blocked by pre-injection of either the ROS scavenger TEMPOL or the
COX-2-selective inhibitor celecoxib, supporting our proposed mode of action.

These studies suggest that FQ targets both COX-2 and ROS in pathologic tissues. To
evaluate whether FQ possesses any advantage over our previous compounds, those that
target COX-2 alone, we compared the ability of FQ versus CF3-FA33 in molecular imaging
of carrageenan-induced footpad inflammation of wild-type C57BL/6 mice. After imaging,
mice injected with CF3-FA showed a fluorescence signal in their inflamed footpad with
some unavoidable background signals in the non-inflamed footpad as well. In contrast,
mice injected with FQ showed fluorescence signal only at their inflamed footpad with an
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extremely low background signal in the non-inflamed footpad. The negligible background
signal of FQ in non-inflamed footpad is attributable to the lack of ROS/COX-2 in non-
inflamed normal footpad tissues. As a result, FQ enables in vivo molecular imaging with
reduced background noise (Fig. S8a-c). It is possible that in the inflammatory lesions, the
nitroxide radical of FQ is converted into a transient nitrosonium ion intermediate by an
electron transfer to ROS, such as a peroxyl radical.8” Then in presence of a hydride donor,
such as NADPH, the nitrosonium ion intermediate is converted into the stable hydroxyamine
product FQ-H.8

In conclusion, we report the discovery of FQ, the first redox-activatable COX-2 probe for in
vivo imaging of pathogenesis. FQ is a conjugate of the nonsteroidal anti-inflammatory drug
indomethacin and a carboxy-X-rhodamine fluorophore bearing the quenching nitroxide,
4-amino-TEMPO. In its inactivated state, FQ exhibits extremely low fluorescence. FQ
becomes fluorescent upon exposure to reactive oxygen species in a redox environment, then
binds in the COX-2 active site. FQ detects the presence of COX-2 in cultured cancer cells
and in a mouse model of carrageenan-induced inflammation in vivo. The combination of
molecular targeting with intracellular activation circumvents the presence of extracellular,
nonspecific signals of targeted probe accumulation. This strategy will greatly improve
sensitivity and specificity of detection and potentially provides enhanced and high contrast
delineation of pathological versus normal tissues for the visualization of a broad range of
neoplastic and inflammatory conditions in the clinical setting.

METHODS

Chemistry.

We utilized standard methods for chemical synthesis of fluorocoxib A.3! The carboxylic
acid located on the backbone of the carboxy-x-rhodamine group of fluorocoxib A was
tethered to a nitroxide radical through an amide bond to give fluorocoxib Q, which was
treated with ascorbic acid or Fenton’s reagent to produce fluorocoxib Q-H.

Synthesis of Fluorocoxib Q:

To a stirred solution of fluorocoxib A (20 mg, 0.02 mml) in tetrahydrofuran (2.5 mL)

was added triethylamine (3 mg, 0.03 mmol) and ethylchloroformate (10 mg, 0.1 mmol).
Following stirring for 1h at =15°C, 4-amino-TEMPO (20 mg, 0.12 mmol) was added at
-15 °C, and the resulting solution was stirred for 16 h at =15 °C to room temperature. The
solvent was evaporated /7 vacuo to dryness, and the crude product was purified by silica
gel column chromatography (chloroform/methanol/ammonium hydroxide, 35:7:1, v/v/v) to
give the pure fluorocoxib Q as a brown solid (14 mg, 62% yield, purity 99% on HPLC).
1H NMR (600 MHz, dimethyl sulfoxide-agg) & 0.93-0.97 (m, 4H), 1.32-1.37 (m, 16H),
1.59-1.65 (m, 4H), 1.85-1.90 (m, 4H), 2.14-2.20 (m, 2H), 2.32 (s, 3H), 2.59-2.60 (m, 3H),
2.90-2.95 (m, 2H), 3.12-3.21 (m, 8H), 3.22-3.28 (m, 6H), 3.59 (s, 2H), 3.83 (s, 3H), 5.77
(s, 2H), 6.77-6.78 (m, 1H), 7.02-7.03 (m, 1H), 7.21 (s, 1H), 7.30-7.35 (m, 1H), 7.73-7.78
(m, 4H), 7.79-7.80 (m, 1H), 8.14-8.18 (m, 2H), 8.25-8.26 (m, 1H), 8.82-8.83 (br s, 1H).
13C NMR (150 MHz, dimethyl sulfoxide-dg) 0.92(2C), 13.37(2C), 13.95(3C), 16.80(3C),
22.81(4C), 26.53(2C), 26.70(2C), 28.83(4C), 29.06(5C), 31.20(3C), 32.79(3C), 38.49
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(3C), 48.59(3C), 49.19(3C), 55.41(2C), 101.80(2C), 114.43(2C), 129.03(4C), 130.26(4C),
131.14(4C), 137.54(2C), 155.52(2C), 167.84. HRMS calcd for CgsH7,CIN;O7°+ (M)
1097.5176; found 1097.5169.

Synthesis of Fluorocoxib Q-H:

To a stirred solution of sodium L-ascorbate (1.98 mg, 0.01 mmol) in 1 mL methanol: water
(1:1) was added fluorocoxib Q (6.58 mg, 0.006 mmol), and the resulting solution was stirred
48 h at 25 °C. Dichloromethane (1 mL) was added to the reaction mixture and the product
was extracted three times. The combined organic layer was washed with water and brine,
then the solvent was evaporated /17 vacuo after treatment with anhydrous sodium sulfate.
The crude product was purified by silica gel column chromatography (chloroform/methanol/
ammonium hydroxide, 35:7:1, v/v/v) to afford pure fluorocoxib Q-H as a dark violet solid
(3.6 mg, 50% yield, purity 99% on HPLC). 1H NMR (600 MHz, dimethyl sulfoxide-a)

5 0.84-0.89 (m, 4H), 1.16 (s, 12H), 1.42-1.44 (m, 4H), 1.65-1.70 (m, 4H), 1.82 (s, 2H),
1.85-1.87 (m, 2H), 2.15-2.17 (m, 2H), 2.20 (s, 3H), 2.30-2.37 (m, 4H), 2.72-2.77 (m,

4H), 3.03-3.08 (m, 4H), 3.40 (s, 2H), 2.55-2.60 (m, 4H), 3.65 (s, 3H), 3.82-3.83 (m, 2H),
3.94-3.95 (m, 2H), 5.75 (s, 2H), 6.61 (dd, /=9.3, 2.4 Hz, 1H), 6.85 (d, /= 9.4 Hz, 1H),
6.96 (brs, 1H), 7.04 (d, J= 2.4 Hz, 1H), 7.15 (d, J= 9.2 Hz, 1H), 7.55 (d, J= 8.6 Hz, 2H),
7.60 (d, J= 8.6 Hz, 2H), 7.95-7.98 (m, 2H), 8.12 (s, 1H), 8.62-8.64 (m, 1H). 13C NMR (150
MHz, dimethyl sulfoxide-ag). 11.95(2C), 13.86, 14.43, 18.94, 21.23(2C), 21.39(2C), 21.66,
22.04, 22.56(2C), 24.91(2C), 27.17, 29.17(2C), 29.49(3C), 31.68, 31.76, 32.89, 33.95(2C),
46.12, 49.23, 49.66(2C), 55.87, 58.39, 63.09(2C), 65.95(2C), 69.75(2C), 102.28(2C),
105.59, 107.39, 111.75(2C), 114.91, 115.01(2C), 117.50, 124.39, 129.49, 130.73, 131.37,
131.61, 134.74, 135.56, 138.00, 143.87, 148.49, 156.00, 168.32, 169.74, 172.57(2C),
173.45(2C). HRMS calcd for CgsH73CIN7O7 (M*) 1098.5255; found 1098.5262.

Redox-Mediated Fluorescence Activation Assays.

We treated pro-fluorescent fluorocoxib Q with sodium L-ascorbate or Fenton’s reagent

for fluorescence activation. The activated fluorescence was measured fluorometrically. (a)
Treatment with Sodium L-Ascorbate: To a stirred solution of sodium L-ascorbate (0.0198
mg, 0.0001 mmol) in methanol:water (v/v 1:1, 2.5 mL) was added fluorocoxib Q (0.1097
mg, 0.0001 mmol) at 25 °C. The fluorescence emission of the solution was measured on

a Spex 1681 Fluorolog fluorescence spectrophotometer starting at 6 min post-fluorocoxib

Q addition, followed by measuring every 6 min up to 72 min. (b) Sodium L-Ascorbate
Concentration Dependence: Using the procedure described above, fluorocoxib Q was

treated with a 10-fold, 100-fold, or 1000-fold excess of sodium L-ascorbate at 25 °C.

The fluorescence emission of the reaction mixtures was measured fluorometrically at 1 h
post-treatment. (c) Treatment with Fenton Reagent: To a stirred solution of fluorocoxib Q
(1.1 mg, 0.001 mmol) in Dulbecco’s phosphate buffered saline pH 4 (0.5 mL) was added a
solution of ferrous sulfate heptahydrate (2.78 mg, 0.01 mmol) in water (0.5 mL) followed by
hydrogen peroxide (30% w/w, 1.2 mL (H,0, = 0.36 mg, 0.01 mmol). After 30 min of gentle
stirring at 25°C, the fluorescence emission of the reaction was measured using a Spex 1681
Fluorolog fluorescence spectrophotometer. Using identical conditions, the emission intensity
of a control solution was measured in which fluorocoxib Q was kept untreated.
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Photophysical Properties.

The photophysical properties of fluorocoxib Q and fluorocoxib Q-H were measured
fluorometrically on a photon counting Fluorometer using Felix software. Fluorocoxib A
was used as a standard for comparison to calculate optical properties of each sample. All
measurements were performed in a 10 X 4 mm cuvette at 25 °C. Samples were diluted to 1
UM before each measurement. Fluorescence excitation and emission spectra of fluorocoxib
Q, fluorocoxib Q-H and fluorocoxib A were recorded in triplicates. The quantum yield (¢)
of each sample was calculated by comparing one’s fluorescence with the fluorescence of
properties fluorocoxib A. The extinction coefficient (¢) of each sample was calculated from
one’s absorbance spectra taken in a 10 mm pathlength cuvette at a series of 10, 8, 6, 4, and 2
UM dilutions on a UV-VIS spectrophotometer.

Purified Isozyme Inhibition Assay.

Purified COX-1 and COX-2 inhibitory activities of fluorocoxib Q and fluorocoxib Q-H were
determined using a thin-layer chromatography (TLC) assay, in which hematin-reconstituted
purified COX-1 (44 nmol/L) or COX-2 (66 nmol/L) in 100 mM Tris—HCI containing

500 uM phenol at pH 8.0 were preincubated with varying concentrations of fluorocoxib

Q or fluorocoxib Q-H dissolved in dimethylsulfoxide at 25 °C for 17 min and 37 °C

for 3 min followed by the addition of the radio-labeled substrate [1-14CJarachidonic acid

(50 umol/L). Then the reaction mixtures were vortexed for 30 seconds at 37 °C.The
reactions were terminated by the addition of ether:methanol:citric acid (30:4:1, pH 4).

The aqueous and organic phases were separated by centrifugation. The organic phase

was spotted on a TLC plate and developed using a mixed solvent system composed

of ethyl acetate:dichloromethane:glacial acetic acid (75:25:1) at 4 °C to separate the
radiolabeled prostaglandin products. The radiolabeled products were quantified on a Bioscan
Radioactivity Scanner.

Cell Imaging Assay.

1483 HNSCC cells in Hank’s balanced salt solution (HBSS)/Tyrode’s were grown to a
confluency of 50% and incubated with 200 nM of FQ. Following incubation for 0.25 h at

37 °C, cells were washed three times with HBSS/Tyrode’s and imaged on a Zeiss Axiovert
25 Fluorescence Microscope with a propidium iodide filter at 0.5 h and 3 h post-addition of
FQ. The experiment was performed in triplicates. At each of these time points, FQ-treated
1483 HNSCC cells were imaged on an exposure of 0.5 sec with a gain of 2 and fluorescence
intensities were quantified on a BioTek Synergy Mx Plate Reader at an absorbance of 586
nm and emission of 607 nm.

In vivo Pharmacokinetic Assay.

We performed animal experiments using protocols that are approved by the Vanderbilt
Institutional Animal Care and Use Committee (IACUC). In an animal experiment, CD-1
mice were dosed with FQ (10 mg/kg, i.p.) and blood samples were collected via cardiac
puncture at 0, 0,5, 1, 3, 6 and 24 post-injection (n=3 for each timepoint). The collected
blood was centrifuged to obtain plasma and the plasma was stored at —80C until further
processing. FQ was purified from the plasma by the acetonitrile-freeze method. Briefly, the
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plasma was diluted with Tris (pH 7.0) buffer and an excess of acetonitrile was added. This
was mixed well, centrifuged and stored at —20 °C overnight to promote a phase separation.
The following day, separate phases were observed and the upper, organic layer contained
which contained FQ was removed to a clean vessel. This was then dried under nitrogen gas,
reconstituted and analyzed by LC-MS to determine the FQ levels.

Animal Model for Evaluation of FQ.

The carrageenan-induced mouse footpad inflammation model was employed to evaluate
the potential of fluorocoxib Q in imaging inflammatory conditions. The 1% A-carrageenan
solution was prepared by mixing 10 mg A-carrageenan with 1 mL of a 0.9% injectable
solution sodium chloride in a sterile plastic vial. After gentle swirling (5-6 times) the vial
was left undisturbed for 16 h at room temperature. The resultant carrageenan solution (50
uL) was injected in the rear right footpad of male and female C57BL/6 mice. Control mice
were not injected with carrageenan.

Imaging Reactive Oxygen Species (ROS).

At 6 hours post-carrageenan injection, the first test group (8 animals/group) of animals
was dosed with saline, and the 2" test group (8 animals/group) of animals was dosed

with an aqueous saline solution of tempol (5 mg/kg, i.v.). Luminol sodium (5 mg/kg, i.v.)
was injected 15 min after dosing of saline or tempol. In addition, the control group (8
animals/group) of animals was dosed with luminol sodium (5 mg/kg, i.v.). At 15 min of
post-luminol injection, all animals (carrageenan or no carrageenan) were imaged by whole
body chemiluminescence imaging using a Xenogen IVIS 200 instrument. The luminol
signals were quantified by ImageJ software via regions of interest (ROIs) measurements.

Redox-Mediated Detection of COX-2 in Inflammation.

For in vivo imaging and validation of ROS and COX-2 co-localization, we used three test
groups of animals (8 animals/group) with carrageenan-induced footpad inflammation. After
6 h of carrageenan injection, the 15t, 2" and 3" test group of animals were injected with
saline, tempol (5 mg/kg, i.p.), or celecoxib (10 mg/kg, i.p.), respectively. Fluorocoxib Q (5
mg/kg, i.p.) was injected 1 h post-dosing of saline, tempol or celecoxib. The control group
of animals (8 animals) was dosed with fluorocoxib Q (5 mg/kg, i.p.). Fluorescence imaging
was performed on all animals (no carrageenan or carrageenan) at 24 h of post-fluorocoxib
Q injection using a Xenogen VIS 200 instrument. The images were analyzed for the
measurement of fluorescence signals at the regions of interest using ImageJ software.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ABBREVIATIONS.
COX-2 Cyclooxygenase-2
FA fluorocoxib A
FQ fluorocoxib Q
FQ-H fluorocoxib Q-H
5-ROX 5-carboxy-X-rhodamine
ROS reactive oxygen species
LC liquid chromatography
MS mass spectrometry
NF-xB nuclear factor kappa-B
PG-G, prostaglandin G,
PG-H, prostaglandin H,
mRNA messenger RNA
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Fluorocoxib Q-H (FQ-H) Fluorocoxib Q (FQ)
(Highly Fluorescent) (Pro-fluorescent)

Figure 1. Synthesis of FQ.
(i) Ethyl chloroformate, triethylamine, tetrahydrofuran, =15 °C, 1 h; (ii) 4-amino-2,2,6,6-

tetramethyl-1-piperidinylnitroxide free radical, tetrahydrofuran, =15 °C — 25 °C, 16 h; (iii)
ascorbic acid, water, 25 °C, 16 h.
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Figure 2. Properties of FQ.
(a) Time dependent fluorescence increase of FQ on sodium ascorbate treatment (1:1) in

buffer pH 7.4; (b) effect of increased concentration of sodium ascorbate on fluorescence
increase of FQ; (c) fluorescence spectra of FQ before and after treating with Fenton reagent
(Fe2*: H,05,, mol/mol = 1:10); (d) quantum yield and molar extinction coefficient of FQ and
FQ-H.
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Figure 3. Evaluation of FQ.

(a,b) Purified 0COX-1 and mCOX-2 isozyme inhibition by FQ and FQ-H, respectively; (c,d)
cell-based (1483 HNSCC cells) COX-2 inhibition by FQ and FQ-H, respectively; (e-f) 1483
HNSCC cells were treated with FQ followed by fluorescence microscopy at 0.5 hand 3 h
post-incubation; (g) cell fluorescence was measured on a BioTek Synergy MX Plate Reader,
and Welch’s correction was performed for an unpaired parametric ¢test performed to assess
statistical difference, where the error bars represent standard error.
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Figure 4.

In vivo experiments. FQ plasma concentration versus time is shown in (2); the half-life
exceeds 24 h. (b-c) chemiluminescence imaging of carrageenan-induced mouse footpad
inflammation using luminol with saline or TEMPOL pre-treated animals, and fluorescence
imaging of mouse footpad inflammation using FQ with saline, TEMPOL or celecoxib
pre-treated animals. We used an ImageJ software to measure fluorescence at the regions of
interest. We performed a Welch’s correction to assess statistical difference. The error bars

represent standard error and n.s. stand for not significant.
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