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In this article, we describe the radiosynthesis and evaluation
of 18F-labeled cyclooxygenase (COX) inhibitors. 18F-SC63217
is selective to COX-1 and has a COX-1 inhibitory concentra-
tion of 50% (IC50) � 10 nmol/L and a COX-2 IC50 � 100
�mol/L. 18F-SC58125 has IC50 values of �100 �mol/L
(COX-1) and �86 nmol/L (COX-2). Methods: SC63217 and
SC58125 were both labeled with 18F by nucleophilic displace-
ment of a trimethylammonium triflate salt using a dedicated
microwave cavity. Each compound was evaluated in vitro
using a murine macrophage cell line (J774). COX-2 was stim-
ulated in these cells by treatment with lipopolysaccharide
and interferon-�. Both radiotracers were further investigated
in vivo using rat biodistribution techniques. Brain uptake of
the COX-2 inhibitor, 18F-SC58125, was further investigated
by brain PET of a baboon. Results: The in vitro studies
showed that uptake of 18F-SC58125 was increased in stim-
ulated cells and was totally inhibited by the addition of non-
radioactive SC58125. In contrast, no increase in uptake was
seen for 18F-SC63217. In the biodistribution experiments,
18F-SC63217 showed much higher uptake in the small intes-
tine (an organ known to express high levels of COX-1) than
did 18F-SC58125. Higher levels of 18F-SC58125 were ob-
served in the kidney, an organ known to contain high levels of
COX-2 rather than COX-1. 18F-SC58125 was retained in brain
tissue. PET images of the baboon showed no regional distri-
bution of the radiotracer in the brain. Conclusion: We have
developed a radiosynthetic route that can yield 18F-labeled
selective inhibitors of COX-1 or COX-2. Both compounds
have been fully characterized in vitro and in vivo. Our results
indicate that 18F-SC58125 has potential as a marker of COX-2
activity but that, because of high nonspecific binding, 18F-
SC63217 was not a good choice as a marker of COX-1.

Key Words: cyclooxygenase; PET; 18F; enzyme inhibitors;
SC58125; SC63217

J Nucl Med 2002; 43:117–124

Cyclooxygenase (COX) enzymes head a complex bio-
synthetic cascade that results in the conversion of polyun-
saturated fatty acids to prostaglandins and thromboxanes—a
family of autocrine and paracrine mediators that contribute
to many physiologic and pathophysiologic responses (1).

After the discovery of 2 distinct isoforms of the COX
enzyme (2–4), an increased risk of gastrointestinal ulcer-
ation was found to be associated with prostaglandins de-
rived from COX-1. Research into the development of in-
hibitors selective for COX-2 has yielded the 2 approved,
highly selective inhibitors, celecoxib (5) and rofecoxib (6),
shown in Figure 1. Besides being associated with inflam-
mation, COX-2 induction has been implicated in a number
of other processes, including angiogenesis, bone absorption,
colon cancer, and altered renal function (7,8).

The motivation for the current study was to develop a
positron-labeled selective inhibitor of COX-1 and COX-2
so that their in vitro and in vivo behavior could be studied
using PET. Development of selective probes for these 2
enzyme subtypes may help us understand the involvement
of the COX pathway in various inflammatory diseases. The
candidates that were identified for radiolabeling were a
COX-1 selective inhibitor, SC63217, and a COX-2 selective
inhibitor, SC58125 (9).

SC63217 has a COX-1 inhibitory concentration of 50%
(IC50) � 10 nmol/L and a COX-2 IC50 � 100 �mol/L; in
contrast, SC58125 has IC50 values of �100 �mol/L
(COX-1) and�86 nmol/L (COX-2). Both compounds are
structurally similar and differ in the substituents on only 1
aromatic ring (Fig. 2). SC63217 is a derivative of the potent
and selective COX-1 inhibitor, SC560 (10), and the struc-
ture of SC58125 is closely related to that of celecoxib. The
presence of a para-fluoro substituent on both compounds
suggested that we might be able to label both compounds
with 18F at a high specific activity.

In this article, we describe the radiolabeling of both
inhibitors with18F, their initial in vitro evaluation, and their
in vivo biodistribution in rats. In addition, we report pre-
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liminary PET findings for the COX-2 inhibitor in a nonhu-
man primate.

MATERIALS AND METHODS

Unless otherwise stated, all chemicals were obtained from Al-
drich Chemical Co. (Milwaukee, WI). Proton magnetic resonance
spectra were obtained on a Gemini 300 spectrometer (Varian, Inc.,
Palo Alto, CA) at 300 MHz. Chemical shifts are reported in parts
per million downfield from tetramethylsilane. The Mass Consor-
tium (San Diego, CA) conducted mass spectral analyses. Materials
were heated using a custom-designed (11) microwave cavity,
model 420 BX (Resonance Instruments, Skokie, IL). High-perfor-
mance liquid chromatography (HPLC) was performed on 2 sys-
tems. The first was a semipreparative GP50 gradient pump (Di-
onex Corp., Sunnyvale, CA) equipped with an ultraviolet detector
operating at 254 nm (Lambda-Max, model 480; Waters, Milford,
MA), a well scintillation NaI(Tl) scintillation detector and associ-
ated electronics, and a fraction collector (Microfractionator; Gil-
son, Inc., Middletown, WI). Samples were eluted through a nor-
mal-phase HPLC column (Partisil 10, 50 � 0.94 cm; Whatman,
Ann Arbor, MI) with a mixture of 80% hexane and 20% (1:19)
isopropanol:dichloromethane at a flow rate of 3 mL/min. The
second HPLC system was an analytic gradient pump (GP50;
Dionex Corp., Sunnyvale, CA) equipped with an ultraviolet de-
tector operating at 254 nm (Lambda-Max, model 480) and a well
scintillation NaI(Tl) scintillation detector and associated electron-
ics. Samples were eluted through a reversed-phase HPLC column
(Rocket [Alltima C-18, 3 �m], 53 � 7 mm; Alltech Associates,
Inc., Deerfield, IL) with a mixture of 70% acetonitrile and 30%
KH2PO4 (0.01 mol/L) at a flow rate of 2 mL/min.

Preparation of Radiopharmaceutical Precursors
4,4,4-Trifluoro-1-(p-N,N-Dimethylaminophenyl)-1,3-Butandione

(Compound 1). A solution of sodium ethoxide in ethanol was
prepared by dissolving 62.1 mg (2.7 mmol) fresh sodium metal
into ethanol (2 mL). To this was added a solution of p-N,N-
dimethylacetophenone (220 mg, 1.35 mmol) in ethanol (2 mL).
After the mixture had been stirred at room temperature for 30 min,
ethyltrifluoroacetate (488 �L, 4.1 mmol) was added dropwise.
After 1 h, thin-layer chromatography revealed that the reaction was
complete. The mixture was diluted into ethyl acetate (50 mL) and
filtered through a plug of silica gel. The resultant solution was
concentrated in vacuo to furnish 284 mg (81%) of the desired
compound, and no further purification was necessary. 1H nuclear
magnetic resonance (NMR) (CDCl3) �-enol form (76%), 7.87 (d,
J � 9 Hz, 2H), 6.70 (d, J � 9 Hz, 2H), 6.45 (s, 1H), 3.12 (s, 6H);

keto form (24%), 7.87 (d, J � 9 Hz, 2H), 6.61 (d, J � 9 Hz, 2H),
3.12 (s, 6H), 2.95 (s, 2H).

1-[4-(Methylsulfonyl)Phenyl]-5-[4,4-(Dimethylaminophenyl)]-3-
(Trifluoromethyl)-1H-Pyrazole (Compound 2a). 4-Methylsulfonyl-
phenylhydrazine (416 mg, 1.87 mmol) was dissolved in ethanol
(60 mL) and treated with concentrated hydrochloric acid (1 equiv-
alent, 187 �L). To this solution was added the butadione (440 mg,
1.7 mmol) in ethanol (5 mL). The final solution was heated under
reflux for 4 h, after which it was allowed to cool before concen-
trating. The crude product was purified by silica gel flash column
chromatography (50:50 EtOAc:hexane) to yield 416 mg of the
desired product as a yellow solid in 55% yield: 1H NMR (CDCl3)
�, 7.94 (d, J � 8.1 Hz, 2H), 7.58 (d, J � 8.1 Hz, 2H), 7.06 (d, J �
9.0 Hz, 2H), 6.67 (s, 1H), 6.64 (d, J � 9.0 Hz, 2H), 3.06 (s, 3H),
3.00 (s, 6H).

1-(4-Methoxyphenyl)-5-[4,4-(Dimethylaminophenyl)]-3-(Triflu-
oromethyl)-1H-Pyrazole (Compound 2b). This compound was pre-
pared by the same method as for compound 2a, except that
4-methoxyphenylhydrazine (1.1 equivalent) was used instead of
4-methylsulfonylphenylhydrazine. The product was isolated by
flash column chromatography with an overall yield of 45%. 1H
NMR (CDCl3) �, 7.26 (d, J � 8.1 Hz, 2H), 7.05 (d, J � 8.1 Hz,
2H), 6.86 (d, J � 8.5 Hz, 2H), 6.62 (d, J � 8.5 Hz, 2H), 6.59 (s,
1H), 3.82 (s, 3H), 2.96 (s, 6H).

1-[4-(Methylsulfonyl)Phenyl]-5-[4,4,4-(Trimethylaminophenyl)]-
3-(Trifluoromethyl)-1H-Pyrazole (Trifluoroacetate Salt) (Com-
pound 3a). To a dry, 10-mL, 2-necked flask under nitrogen was
added a solution of the dimethyl pyrazole (compound 2a) (0.12
mmol) in anhydrous dichloromethane (7 mL). The mixture was
treated with 1.1 equivalent of methyl triflate (15 �L, 0.13 mmol)
and was stirred overnight at room temperature. The mixture was
then diluted with ether (10 mL), which precipitated the product as
a white powder. This was collected by filtration and used without
further purification. 1H NMR (CD3OD) �, 7.94 (m, 4H), 7.53 (m,
4H), 6.98 (s, 1H), 3.63 (s, 9H), 3.05 (s, 3H). MS [M�] 424
(observed); 424.46 (expected).

1-(4-Methoxyphenyl)-5-[4,4,4-(Trimethylaminophenyl)]-3-(Tri-
fluoromethyl)-1H-Pyrazole (Trifluoroacetate Salt) (Compound
3b). This triflate salt was prepared by the same method as for
compound 3a, except that the pyrazole (compound 2b) was used.
1H NMR (CD3OD) �, 7.77 (d, J � 9.0 Hz, 2H), 7 43 (d, J � 9.0
Hz, 2H), 7.20 (d, J � 9.3 Hz, 2H), 6.91 (d, J � 9.3 Hz, 2H), 6.80
(s, 1H), 3.81 (s, 3H), 3.70, (s, 9H). MS [M�] 376 (observed);
376.16 (expected).

Preparation of Radiolabeled Materials
Production of 18F-Fluoride. 18F-Fluoride was produced through

proton irradiation (18O(p,n)18F reaction) of enriched (95%) 18O-

FIGURE 1. Structures of celecoxib (A) and rofecoxib (B).

FIGURE 2. Structures of SC63217 (A) and SC58125 (B).
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water using a JSW BC16/8 cyclotron (The Japan Steel Works,
Ltd., Tokyo, Japan) or a CS15 cyclotron (The Cyclotron Corp.,
Berkeley, CA). Radioactivity emerging from the target was resin
treated to reclaim the 18O-water using the method of Schlyer et al.
(12). 18F-Fluoride was eluted from the resin in a solution of 0.02N
potassium carbonate and used in subsequent reactions.

1-[4-(Methylsulfonyl)Phenyl]-5-(4-18F-Fluorophenyl)-3-(Triflu-
oromethyl)-1H-Pyrazole (18F-SC58125) (Compound 4a). To a
5-mL Vacutainer (Becton, Dickinson and Co., Franklin Lakes,
NJ) was added 4 –5 mg Kryptofix 2.2.2 (Sigma–Aldrich, St.
Louis, MO) and 7.4 –9.25 GBq (200 –250 mCi) 18F-fluoride
(approximately 200 –300 �L potassium carbonate solution).
Water was azeotropically evaporated from this mixture using
HPLC-grade acetonitrile (3 � 0.5 mL) in an oil bath at 110°C
under a stream of nitrogen.

After the final drying sequence, dimethyl sulfoxide (DMSO)
(150 �L) was added to the residue, and the radioactivity was
transferred to a 2-mL Reactivial (Alltech Associates) containing 2
mg of the triflate salt. The Vacutainer was rinsed twice with
DMSO (150 �L), and the washings were added to the Reactivial.
The tube was capped firmly, and the contents were briefly mixed
before being subjected to microwave irradiation (30 s on medium
power) using a custom-designed (11) microwave cavity (Reso-
nance Instruments, Skokie, IL). The contents of the tube were
shaken, and the tube was irradiated for a further 15 s and then
cooled in a room temperature water bath.

After cooling, the mixture was diluted with water (5 mL) and
loaded to a preactivated C18 SepPak. The cartridge was rinsed with
an additional 5 mL water before the radiolabeled products were
eluted with ether:pentane (1:3; 2 � 5 mL). The organic layers were
passed through a column of magnesium sulfate (approximately
3 g) and collected in a 25-mL round-bottomed flask; after concen-
tration in vacuo, the residue was redissolved in 3 mL hexane:
dichloromethane (80:20) and injected onto the semipreparative
HPLC system. 18F-SC58125 (retention time, 29 min) was collected
and concentrated before being diluted in dimethylsulfoxide for
further studies. The total preparation time was approximately 90
min, with a final non–decay-corrected yield of 10%–20%. A
sample of the final product was analyzed by reversed-phase HPLC
and determined to be �99% 18F-SC58125, with typical specific
activities ranging from 37 to 111 GBq/mmol (1,000–3,000 Ci/
mmol).

1-[4-(Methoxyphenyl)]-5-(4-18F-Fluorophenyl)-3-(Trifluoro-
methyl)-1H-Pyrazole (18F-SC63217) (Compound 4b). This radio-
tracer was prepared in an identical fashion to 18F-SC58125 and
was purified using the same normal-phase HPLC system. 18F-
SC63217 had a retention time of 20 min. Radiochemical purity
was �99%, and specific activities ranged from 37 to 111 GBq/
mmol (1,000–3,000 Ci/mmol).

In Vitro and In Vivo Radiopharmaceutical Evaluation
In Vitro Evaluation of 18F-SC58125 and 18F-SC63217 in J774

Macrophages. J774 cells were plated in 6-well plates and grown to
confluence in Dulbecco’s modified Eagle’s medium (DMEM) sup-
plemented with 10% fetal calf serum and 2 mmol/L glutamine.
Cells were divided into 4 groups: control, control plus block,
pretreated, and pretreated plus block. Two of the groups were
pretreated for 18 h with DMEM containing Escherichia coli lipo-
polysaccharide (LPS) (10 �g/mL) and �-interferon (50 U/mL); the
control groups received DMEM only. Cells were rinsed twice with
a modified N-(2-hydroxyethyl)piperazine-N	-(2-ethanesulfonic

acid) (HEPES)-buffered Krebs solution (131 mmol/L NaCl, 5.5
mmol/L KCl, 1 mmol/L MgCl2, 2.5 mmol/L CaCl2, 25 mmol/L
NaHCO3, 1 mmol/L NaH2PO4, 5.5 mmol/L D-glucose, 20 mmol/L
HEPES, pH 7.4) (13) and maintained at 37°C. Tracer uptake was
initiated by adding approximately 148 kBq (4 �Ci) 18F-SC58125
or 18F-SC63217 in DMSO (5 �L) to each well. For the blocking
studies, the tracer was supplemented with a 5 �mol/L solution of
corresponding nonradioactive standard. Incubation was terminated
at various times by removing the loading buffer from the plates.
The monolayers were washed with 2 mL ice-cold phosphate-
buffered saline solution 3 times to clear the extracellular spaces
and extracted in 2 mL of a solution comprising 1% (w/v) sodium
dodecyl sulfate and 10 mmol/L sodium borate. Cell extracts (1
mL) and loading buffer samples (0.1 mL) were counted in an
automated well scintillation �-counter (Gamma 8000; Beckman
Coulter, Inc., Fullerton, CA). Cell samples were also measured for
protein content using a standard copper reduction/bicinchoninic
acid assay, with bovine serum albumin as the protein standard.
Uptake data for all experiments were calculated as the percentage
of tracer internalized into the cell and normalized for the amount
of protein present.

In Vivo Evaluation of 18F-SC58125 and 18F-SC63217. All ani-
mal experiments were conducted under the guidelines established
for the care and use of research animals at Washington University.

Biodistribution studies were performed on mature female
Sprague–Dawley rats (150–200 g). 18F-SC58125 or 18F-SC63217 in
dimethylsulfoxide (100 �L) was administered to the rats under
methoxyflurane anesthesia by tail vein injection. For both radio-
tracers, blocking studies were conducted in which either SC58125
or SC63217 (10 mg/kg) was coinjected. The animals were allowed
free access to food and water. At specific times after administra-
tion, the rats were anesthetized again and killed by decapitation.
The organs and tissues of interest were removed by dissection and
weighed. The radioactivity in each sample was quantified using a
Gamma 8000 counter. The percentage injected dose per gram of
tissue or organ was calculated by comparison with a weighed and
counted sample of the injectate.

PET was performed on a mature female baboon (Papio
anubis, 17.1 kg, 12 y old) with a 953B PET scanner (CTI,
Knoxville, TN/Siemens Medical Systems, Inc., Hoffman Es-
tates, IL) operating in 2-dimensional mode. The reconstructed
resolution was approximately 6 mm in the transverse plane and
approximately 4.5 mm in the axial direction; axial sampling was
approximately 3–4 mm (14). The baboon was anesthetized
(ketamine, 15–20 mg/kg; xylazine, 0.25 mg/kg; atropine sul-
fate, 0.2 mg) before the study began. The plane of anesthesia
was maintained throughout the study by additional administra-
tion of ketamine (10 mg/kg) as necessary. The animal was
placed supine in a U-shaped acrylic holder and was given a
continuous intravenous saline drip (400 –500 mL total). The
head of the baboon was fixed in place by a brace. The head was
then positioned with the aid of a vertical line that projected
from a laser mounted on the scanner and corresponded to the
lowest PET slice when the scanning table was fully advanced
into the scanner. A transmission scan of the head was obtained
using a 68Ge/68Ga rotating rod source. Regional cerebral blood
volume was measured using an inhaled bolus of 15O-carbon
monoxide. Regional cerebral blood flow was measured after a
bolus injection of 15O-water. The tracer, 18F-SC58125 (148
MBq [4 mCi]), was injected intravenously, and images were
acquired for 2 h after injection.
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RESULTS

Chemistry
Both SC63217 and SC58125 were radiolabeled with 18F

by direct nucleophilic displacement of the corresponding
trimethylammonium triflate using 18F-fluoride. Our initial
report (15) on these ligands used a fluoro-for-nitro exchange
reaction for radiolabeling. For unexplained reasons, this
reaction proved unreliable, and as a result, we switched our
radiosynthetic strategy to fluoride displacement of a tri-
methylammonium triflate salt (16).

The construction method for the 1,5-diarylpyrazoles was
based on that previously reported (5) for compounds of this
type (Fig. 3). The intermediate 1,3-dicarbonyl compound
(compound 1) was prepared by Claisen condensation of
p-dimethylaminoacetophenone with ethyltrifluoroacetate,
and the 1,5-diarylpyrazoles (compounds 2a and 2b) were
formed by condensation with the appropriate phenylhyd-
razine salt. Treatment of these products with methyl triflate
produced the desired trimethylammonium triflate salts
(compounds 3a and 3b) for radiolabeling with 18F. The salts
were radiolabeled in a single step using a dedicated micro-
wave cavity (11).

Radiochemical yields for the final step ranged from
10% to 20%. Losses of radioactivity were attributed to
formation of a radiolabeled side product, 18F-methyl flu-
oride, formed from nucleophilic attack of the fluoride
onto a methyl group of the trimethylammonium triflate
(17,18). The ring systems of both the precursor com-

pounds are not significantly activated to nucleophilic
displacement by 18F-fluoride.

Cell Uptake Studies
The murine macrophage (J774) cell line was used to

probe the uptake of both radiotracers in vitro. Pretreating the
cells with a mixture of LPS and �-interferon (IFN�) for 18 h
is known to stimulate COX-2 expression (19,20). Both
radiotracers were tested in stimulated and nonstimulated
J774 cells. The specificity of the radiotracer for either
COX-1 or COX-2 was tested by a second set of experiments
using the corresponding tracer containing 5 �mol/L
SC58125 or SC63217.

Uptake was measured in triplicate for 2 h. The data are
represented as the percentage of radiotracer taken into the
cell and normalized to the amount of protein present. The
results for 18F-SC58125 are summarized in Fig. 4, and the
results for 18F-SC63217 are summarized in Fig. 5.

18F-SC58125 Uptake Data
Control Cells. Analysis of the cell uptake data for 18F-

SC58125 revealed moderate accumulation of radioactivity
in the cells during the experiment (2 h). When the cells were
coincubated with 5 �mol/L SC58125, the uptake was re-
duced, suggesting a baseline expression of COX-2 in these
nonstimulated macrophages.

LPS/IFN�-Stimulated Cells. In contrast to the control
experiment, a much greater uptake of 18F-SC58125 was
observed in the stimulated cells over 2 h. This uptake could

FIGURE 3. Synthesis and radiosynthesis of 18F-SC58125 (compound 4a) and 18F-SC63217 (compound 4b).
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be totally inhibited by coincubation with 5 �mol/L
SC58125. The blocking effect reduced uptake to levels
similar to those of the control cells blocked with SC58125.
We have independently confirmed increased expression of
COX-2 in this model using Western blot techniques similar
to those described for inducible nitric oxide synthase (21).
These observations suggest that the increased uptake of
18F-SC58125 is caused by increased COX-2 expression in
the macrophages.

18F-SC63217 Uptake Data
Control Cells. The experiments described above were

repeated for the COX-1 selective inhibitor. Uptake of the
radiotracer over 2 h was observed and could be marginally
inhibited by incubation with 5 �mol/L SC63217. These
observations suggest that some specific binding to COX-1
was present but that this tracer had a significant level of
nonspecific binding.

LPS/IFN�-Stimulated Cells. In contrast to our observa-
tions with 18F-SC58125 in stimulated cells, no increased
uptake of 18F-SC63217 was observed when these cells were
stimulated with LPS and IFN�. We still observed the high
levels of nonspecific binding that were seen for the control
experiment with 18F-SC63217. Because no significant in-
crease in uptake was seen for 18F-SC63217, we believe that
these observations show that SC63217 has no significant
affinity to COX-2.

In summary, our in vitro data show that 18F-SC58125 can
detect COX-2 levels in stimulated macrophages. This ra-
diotracer, in contrast to the COX-1 selective radiotracer,
appears to have less nonspecific binding, as shown by the
lower accumulation of tracer when coincubated with non-
radioactive SC58125.

Biodistribution Studies
The in vivo biodistribution of both radiotracers in

healthy, mature female Sprague–Dawley rats was inves-

tigated. Four time points, ranging from 30 min to 3 h after
injection, were examined. The data for the COX-1 inhib-
itor, 18F-SC63217, are shown in Table 1, and those for the
COX-2 inhibitor, 18F-SC58125, are shown in Table 2.

Both compounds quickly cleared from the blood pool
and showed little uptake by bone, indicating stability to
in vivo defluorination. Much higher levels of retention in
the small intestine were observed for 18F-SC63217 than
for 18F-SC58125. We attribute this finding to the high
levels of COX-1 that are known to be present in the
tissues of the small intestine. The kidney showed higher
levels of accumulation for SC58125. COX-2 is known to
be strongly expressed in the normal kidney (22), espe-
cially in the macula densa, and our data suggest that this
accumulation indicates the higher levels of COX-2
present in this tissue. Attempts to block uptake in these
tissues by coinjection with nonradioactive SC58125 or
SC63217 proved unsuccessful. 18F-SC63217 did not sig-
nificantly penetrate the blood–brain barrier; in contrast,
the brain retained radioactivity from 18F-SC58125 until
3 h after injection.

Nonhuman Primate PET
We were intrigued by the retention of 18F-SC58125 in the

rat brain and decided to probe this finding using PET of a
baboon. Sample images are shown in Figure 6. The first set
represents a summed image from immediately to 30 min
after injection. Delineation of the brain during this time is
caused by radioactivity that has not yet cleared the blood
pool. In contrast, the second set of images cover data
acquired 1–2 h after injection and delineates radioactivity
that has penetrated the blood–brain barrier. No localization
of radioactivity was observed within the brain, but we were
interested by the appearance of the regions immediately
beneath the base of the brain. We believe that this appear-

FIGURE 5. In vitro study on accumulation of 18F-SC63217 in
J774 macrophage cells. Results are shown as mean 
 SD
(n � 3).

FIGURE 4. In vitro study on accumulation of 18F-SC58125 in
J774 macrophage cells. Results are shown as mean 
 SD
(n � 3).
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ance was caused by nonspecific uptake of the radiotracer
and was associated with structures in the region of the
clivus. Interestingly, a similar pattern of distribution was
observed by Enas et al. (23) for a high-affinity �2-adrenergic
antagonist, 18F-RS-15383-FP.

DISCUSSION

The radiosynthesis of the 2 compounds proceeded in
reasonable yield, considering that neither is particularly
activated to nucleophilic displacement by fluoride ion. Use
of the microwave cavity facilitated this incorporation; con-
ventional heating of the sample in DMSO at 130°C for
prolonged periods (30–40 min) yielded only low incorpo-
rations (1%–2%). We have attempted to monitor the tem-
perature achieved inside the cavity under these conditions,
and our estimates put the temperature of the DMSO in
excess of 150°C; we postulate that a superheating effect of
the solvent may be contributing to the increased yields of
incorporation. No 18F-fluoro–for–19F-fluoro exchange prod-
ucts were observed in the reaction mixture.

The in vitro binding studies of the 2 radiopharmaceuticals in
J774 macrophages allowed us to determine if uptake of our
COX-2 selective inhibitor, SC58125, was increased as a result
of COX-2 stimulation. Incubation of macrophages with LPS is

known to activate several inflammatory cascade mechanisms,
the initial steps in this process being binding of LPS to LPS
binding protein, with subsequent binding of this complex to the
CD14 receptor on the cell surface (24). In our experiments
with 18F-SC58125, we saw increased uptake of the tracer,
compared with the uptake in control cells. This uptake could be
completely blocked by coincubation with 5 �mol/L SC58125,
suggesting that the increased uptake reflected increased levels
of COX-2 expression in the macrophages. Interestingly, the
uptake of 18F-SC58125 in the control cells could be partially
blocked by coincubation with 5 �mol/L SC58125, suggesting
that a low baseline level of COX-2 is expressed in the non-
stimulated macrophages.

The COX-1 selective inhibitor, 18F-SC63217, when com-
pared with 18F-SC58125, showed a much higher level of
nonselective binding in J774 cells. However, uptake was not
significantly enhanced after stimulation with LPS and
IF�—a finding consistent with the lack of significant affin-
ity of SC63217 for the COX-2 enzyme.

The rat biodistribution experiments yielded some inter-
esting results. In the small intestine, uptake of the COX-1
inhibitor was significantly higher than that of the COX-2
inhibitor. We attribute this difference to the higher levels of
COX-1 found in that organ. Unfortunately, we were unable

TABLE 1
Biodistribution of 18F-SC63217 in Mature Female Sprague–Dawley Rats

Tissue/organ

Mean percentage injected dose per gram 
 SD

30 min (n � 3) 1 h (n � 3) 2 h (n � 4) 3 h (n � 3)

Blood 0.04 
 0.02 0.03 
 0.00 0.01 
 0.01 0.02 
 0.01
Lung 0.27 
 0.13 0.18 
 0.00 0.13 
 0.02 0.13 
 0.01
Liver 0.35 
 0.19 0.24 
 0.02 0.14 
 0.03 0.23 
 0.06
Kidney 0.30 
 0.06 0.17 
 0.01 0.12 
 0.06 0.12 
 0.03
Muscle 0.14 
 0.07 0.12 
 0.02 0.09 
 0.02 0.10 
 0.03
Heart 0.21 
 0.07 0.12 
 0.01 0.06 
 0.03 0.05 
 0.01
Brain 0.16 
 0.06 0.08 
 0.01 0.02 
 0.00 0.02 
 0.00
Bone 0.22 
 0.16 0.23 
 0.03 0.17 
 0.06 0.22 
 0.03
Stomach 0.06 
 0.03 0.09 
 0.01 0.03 
 0.01 0.03 
 0.01
Small intestine 4.93 
 2.20 3.67 
 0.84 1.28 
 0.53 2.25 
 0.23

TABLE 2
Biodistribution of 18F-SC58125 in Mature Female Sprague–Dawley Rats

Tissue/organ

Percentage injected dose per gram 
 SD

30 min (n � 4) 1 h (n � 3) 2 h (n � 4) 3 h (n � 4)

Blood 0.11 
 0.00 0.09 
 0.01 0.07 
 0.01 0.08 
 0.01
Lung 0.52 
 0.09 0.41 
 0.01 0.34 
 0.07 0.38 
 0.07
Liver 1.82 
 0.32 1.47 
 0.06 1.22 
 0.11 1.38 
 0.18
Spleen 0.26 
 0.04 0.21 
 0.02 0.19 
 0.03 0.20 
 0.03
Kidney 0.60 
 0.09 0.46 
 0.03 0.41 
 0.05 0.45 
 0.08
Muscle 0.39 
 0.07 0.32 
 0.06 0.34 
 0.04 0.38 
 0.06
Heart 0.53 
 0.09 0.40 
 0.03 0.35 
 0.05 0.37 
 0.04
Brain 0.35 
 0.07 0.25 
 0.00 0.25 
 0.02 0.25 
 0.04
Bone 0.22 
 0.05 0.17 
 0.02 0.15 
 0.03 0.14 
 0.03
Stomach 0.21 
 0.04 0.17 
 0.05 0.11 
 0.02 0.13 
 0.02
Small intestine 0.74 
 0.10 0.58 
 0.07 0.38 
 0.14 0.53 
 0.03
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to obtain any statistically significant blocking data to clearly
show that we were truly targeting the enzymes in question.
We made similar observations when evaluating a nitric
oxide synthase inhibitor, 18F-5-2-fluoroethylisothiourea
(21); at the time, we attributed this problem to a pressor
effect exerted by the blocking dose of the ethylisothiourea.
In the current example, we believe that the phenomenon is
related to pharmacologic effects associated with the block-
ing dose, but the exact mechanism remains to be deter-
mined. Other investigators have observed similar problems
for different receptor-based radiopharmaceuticals. For ex-
ample, Skaddan et al. (25,26) observed that acetylcholines-
terase inhibition actually increased the in vivo binding of
N-(2-18F-fluoroethyl)-4-piperidyl benzilate to muscarinic
acetylcholine receptors.

The relatively high retention of the COX-2 selective
inhibitor, 18F-SC58125, in the rat brain prompted us to study
a baboon with PET. Other investigators (27,28) have shown
that COX-2 immunoreactive staining of brain slices closely
corresponds to COX-2 messenger RNA immunostaining
and is enriched in forebrain neurons, particularly in the
neocortex, hippocampus, amygdala, and limbic cortices.
PET of the baboon brain did not yield any structural infor-
mation on distribution of the radiotracer that would be
consistent with the known immunohistochemistry of
COX-2.

CONCLUSION

In this article, we have reported the radiosynthesis and an
initial comparison of 2 18F-radiolabeled COX inhibitors:

18F-SC63217 (COX-1 selective) and 18F-SC58125 (COX-2
selective). Both compounds have been fully characterized in
vitro and in vivo. Our in vitro results indicate that 18F-
SC58125 has potential as a marker of COX-2 activity but
that, because of high nonspecific binding, 18F-SC63217 was
not a good choice as a marker of COX-1. An in vivo
evaluation of both ligands showed that each tracer has a
biodistribution compatible with the known distribution of
the enzymes.
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