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Abstract— Radiosynthesis and in vivo evaluation of [11C]4-[5-(4-methylphenyl)-3-(trifluoromethyl)-1H-pyrazol-1-

yl]benzenesulfonamide (methoxy analogue of valdecoxib, [11C]MOV), a COX-2 inhibitor, was conducted in rat and 
baboon. Synthesis of the reference standard MOV (3), and its desmethyl precursor 2 for radiolabeling were performed using 

1,2-diphenylethan-1-one as the starting material in five steps with 15% overall yield. Radiosynthesis of [11C]MOV was 

accomplished in 40 ± 10% yield and >99% radiochemical purity by reacting the precursor 2 in dimethyl formamide (DMF) 

with [11C]CH3I followed by removal of the dimethoxytrityl (DMT) protective group using trifluroacetic acid. PET studies in 

anesthetized baboon showed very low uptake and homogeneous distribution of [11C]MOV in brain. The radioligand 

underwent rapid metabolism in baboon plasma. MicroPET studies in male Sprague Dawley rats revealed [11C]MOV binding 

in lower thorax. The tracer binding in rats was partially blocked in heart and duodenum by the administration of 1mg/kg 

oral dose of COX-2 inhibitor valdecoxib.  

 

Cyclooxygenase (COX) is the key enzyme required for 

the conversion of arachidonic acid to prostaglandin.1 COX-

1, one of the three isoforms of COX, is constitutively 
expressed and it is responsible for the production of 

prostanoids associated with the normal homeostatic 

functions, whereas, COX-2 is mainly induced by 

inflammatory stimuli. Several studies suggest that COX-2 is 

involved in the development of certain types of cancer, 

arthritis, stroke, pain, transplant rejection, and 

neurodegenerative disorders such as Alzheimer’s and 

Parkinson’s diseases.2-11 Quantification of the expression of 

COX-1 and COX-2 proteins and mRNA in postmortem 

human subjects is reported using western blot, 

immunocytochemistry and RT-PCR techniques.12-14 The 
above experiments show that COX-2 levels for normal 

tissues are highest in kidney followed in decreasing order by 

brain > spleen = liver = heart = intestine. Upregulation of 

COX-2 plays a significant role in many malignances, 

neurologic and  

________ 

Key words: PET, Inflammation, COX-2, Radiotracer  

*Corresponding author: Fax: 617-774-7521; 

 Email: kumardi@nyspi.columbia.edu 

 

are observed in myocardial infarction and cardiac allograft 

rejection.9, 11 Since, COX-2 is also expressed in heart, the 
psychiatric illnesses.15-18 Similarly, elevation in COX-2 

levels cardiac side effects of COX-2 inhibitors are a major 

concern due the possibility of the inhibition of platelet 

aggregation in the blood. 

COX-2 selective inhibitors (COXIBs) are non-steroidal 

anti-inflammatory drugs (NSAIDs).5-8,19-22 COXIBs are used 

to treat pain and inflammation and they are less likely to 

cause significant gastrointestinal bleeding and other side 

effects seen with the commonly used non-selective NSAIDs. 

Because of cardiac side effects, COXIBs such as rofecoxib 

(Vioxx) and valedecoxib (Bextra) were withdrawn from the 
market and celecoxib (Celebrex) is the only COXIB 

currently approved by the FDA.23-26 Positron Emission 

Tomography (PET) imaging may allow in vivo monitoring 

of COX-2 induction in disorders with COX-2 pathology, 

monitor organ rejection and evaluate target engagement of 

new NSAIDs and COXIB medications. Although significant 

progress has been reported in the development of high 

affinity COXIBs, a target-specific validated PET tracer is 

not available currently for COX-2 imaging in vivo. Progress 

in the development of COX-2 PET tracers in the past two 
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decades is reported in several reviews.27-30 In general, failure 

of the previously developed radioligands can be partially 

attributed to their partially attributed to their poor 

pharmacology (low affinity and COX-2/COX-1 selectivity), 

de[18F]fluorination and inability to detect low basal level of 

COX-2 under normal conditions. Our pilot PET imaging 

experiments with [
18

F]fluorovaldecoxib indicated 

de[18F]fluorination in rodents and nonhuman primates.31 Our 

attempts to evaluate [18F]Fluoroethylvaldecoxib in rodents 

also resulted de[18F]fluorination. Similarly, incorporation of 

[11C]methyl group to the 5-position of valdecoxib methyl 
position was not successful. Hydroxymetyl valdecoxib (1) is 

the major metabolite of valdecoxib in vivo and is also a 

COX-2 inhibitor.32-34 Several ether analogues of the 

valdecoxib derivative 1 are COX-2 inhibitors indicating 

derivatization of the methoxy group may not significantly 

alter the affinity and in vivo biological property of 

compound 1 (Table 1).31-34 Although some of these 

analogues (eg. methylbenzoate) have potential [C-11] 

labeling sites, their radiolabeled versions may lead to polar 

radioactive metabolites in vivo. Therefore, we sought to 

synthesize a methoxy-valdecoxib (MOV) derivative, the 
closest analogue of valdecoxib with a suitable site for the 

introduction of 11CH3 group. A large number of Carbon-11 

(t1/2 = 20.38 min.; positron emission; 99.8%; Emax; 0.96 

MeV) labeled radiotracers is widely used for PET imaging 

owing to their feasibility of radiosynthesis, high specific 

activity, and possibility to perform test-retest and test-block 

PET scans within few hours of the same day.  We anticipate 

that [11C]MOV also produce nonradioactive 1 as the major 

metabolite by O-11C-demethylation, which do not compete 

with the parent radiotracer making facile tracer 

quantification. Herein, we describe the radiosynthesis and in 

vivo evaluation of [11C]MOV in baboon and rodents.  
 

 
Scheme 1. Synthesis and radiosynthesis of [11C]MOV.   

 

The key intermediate, hydroxymethyl valdecoxib (1), 

for MOV (3) synthesis is prepared using a previously 

described procedure.33 The sulfonamide group of compound 
1 was protected with dimethoxytrityl (DMT) by reacting it 

with DMT-chloride in presence of triethylamine in 70% 

yield.31 The reference standard was 3 was then prepared by 

reaction of the DMT-protected compound 2 with methyl 

iodide, followed by removal of DMT group with 20% 

trifluoroacetic acid (TFA) in dichloromethane. An optimal 

yield (85%) of MOV (3) was obtained by performing the 

reaction with potassium t-butoxide (KOtBu) in DMF.35 

Bases such as sodium hydride and sodium hydroxide 

resulted in dimethylation as the major reaction via 

methylation of the NH group of the sulfonamide compound 

2.  Radiosynthesis of [11C]MOV was achieved by reacting 

the precursor molecule 2 with [11C]CH3I in DMF using 

KOtBu, followed by deprotection with 20% TFA in 

dichloromethane. [
11

C]MOV was obtained in 40+10% yield 

at the end of synthesis (EOS), with 100% chemical purity 

and a molar activity of 2+0.5 Ci/μmol (n=15). The total 

synthesis time was 40 minutes at EOS.36 

Subsequently, in vivo evaluation of [11C]MOV was 
performed in anesthetized baboons (n=2) using PET 

imaging. PET images showed that [11C]MOV penetrated the 

blood brain barrier (BBB), however, a very low level of 

radioactivity was retained in the brain (Figure 1).37 Time-

activity curves (TACs) based on standard uptake values 

(SUV) of [11C]MOV also indicate a very low binding with 

homogeneous distribution across the brain regions (Figure 

2). [11C]MOV underwent rapid metabolism in baboon 

plasma with 89+0.8%, 64.8+1.1%, 45.7+0.3%, 27+5%, 

13+6.6% and 14+0.6% retention of parent radiotracer at 2, 4, 

12, 30, 60 and 90 minutes respectively (Figure 3). The 
radioactive metabolites of [11C]MOV were found to be 

polar, suggesting an inability to penetrate the BBB. Figure 1 

shows that the signals due to the binding of [11C]MOV in 

brain is lesser than that of the background activity. The 

preliminary PET imaging results are therefore not 

encouraging for further evaluating [11C]MOV in brain.  

 

 

 

 

 

 
 

Figure 1. Sum of 0-120 minute PET images of [11C]MOV in 

a representative anesthetized baboon (left: sagittal, middle: 

coronal, right: transaxial). 

 

 
Figure 2. TACs of [11C]MOV in baboon brain (CER: 

cerebellum; HIP: hippocampus; PFC: prefrontal cortex; 

PUT: putamen; THA: thalamus).  

 

We then examined the in vivo distribution of 

[11C]MOV in periphery organs in male Sprague Dawley rats 

with microPET (Figure 4). The radioligand showed binding 

0 

0.04 

0.08 

0.12 

0.16 

0 20 40 60 80 100 

S
U

V
 (

g
/m

L
) 

Time (min.) 

THA 

PUT 

CER 

PFC 

HIP 

0

.

1

9 

1

.

5

8 
S

U

V 

[g

/

m

L

] 

0 

1.6 

SUV 

(g/mL) 



  

 

in heart, liver, blood vessels, kidney and duodenum (Figures 

4 and 5) of rats. TACs of thoracic regions showed peak 

uptake less than a minute and retention of radioactivity in 

heart and blood vessels. 

 
Figure  3. Unmetabolized [

11
C]MOV in baboon plasma (n=2). 

 

Figure 4. MicroPET images of [11C]MOV in rats (left: 

thorax; middle: lower thorax; right: thorax, blocking with 1 

mg/kg valdecoxib).  
 

 
 

 
Figure 5. TACs of [11C]MOV in rats (A: Upper thorax; B: 

Lower thorax, B: blocking with 1 mg/kg valdecoxib) (IVC: 

inferior vena cava; RCA: Right coronary artery; LCA: left 

coronary artery). 

 

The radioligand binding in heart was 1.4 times higher than 

that found in aorta, 1.3 times at inferior vena cava (IVC) and 

twice as high as the left and right carotid arteries at 16 

minutes (Figure 5A). This indicates that part of the binding 
of the radiotracer in heart is not due to blood flow effect. 

PET images of the lower thorax in rats showed high binding 

of the tracer in duodenum (Figure 5B), however, the binding 

did not reach equilibrium even at 80 minutes. In order to 

determine COX-2 specific binding of [11C]MOV, PET 

imaging studies were also performed in rats pretreated with 

the COX-2 inhibitor valdecoxib (1 mg/kg, oral). We noticed 

a partial blocking of the binding in heart (22% at 16 minute) 

and duodenum (30% at 80 minute) respectively (Figures 5A 

and 5B). However, we did not find any significant blocking 

in blood vessels and liver. The unexpected higher binding of 

[11C]MOV in duodenum is intriguing. One possibility is the 
leakage of radioactivity from liver or radioactive metabolite 

deposition in duodenum. Although the binding is partially 

blocked with valdecoxib, further ex vivo analysis is required 

to verify the [11C]MOV binding in duodenum. 

In summary, we synthesized COX-2 radioligand 

[11C]MOV by a simple radiomethylation with excellent 

purity and molar activity. As evident from SUV uptake, 

radiotracer did not show significant accumulation in baboon 

brain. The radiotracer show uptake in heart and duodenum 

and was partially blocked with COX-2 inhibitor valdecoxib. 

Further in vivo studies in animal models of inflammation 
may establish the utility of [11C]MOV as a PET imaging 

agent for peripheral COX-2 imaging. The above results also 

indicate that structure activity relationship (SAR) studies of 

valdecoxib with PET approach may lead to a successful PET 

tracer for in vivo imaging of COX-2. 
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40. Micro PET studies of [11C]MOV in rats: Adult Sprague Dawley 
rats (male, n=3) weighing 300-400g (Hilltop Lab Animals, NY) 
were anesthetized with isoflurane (1-5% in O2) and positioned 

the head and upper thorax at the center of the field of view of a 
microPET R4 camera (Concorde Siemens Microsystems, Inc., 
Model R4). A polyethylene catheter (PE90, 1.27mm o.d., 
Intramedic) filled with heparinized saline was inserted into the 
left femoral vein for radioligand injection and a terminal KCl 
(4M) injection at the conclusion of the experiment. The femoral 
arteries were cannulated (PE50, 0.965mm o.d., Intramedic) for 
measurement of arterial pressure, blood gases, and hematocrit.  

A tracheotomy was performed (PE360, Intramedic) for artificial 
ventilation. Transmission scans were acquired with a rotating 
germanium-68 point source and used attenuation correction.  

[11C]MOV (200+50 μCi) was injected into the left femoral 

vein and initiated camera acquisition.  List-mode data were 
collected for 100 minutes and reconstructed using attenuation 
correction and Fourier rebinning. The dynamic images were 
reconstructed using a filtered back-projection algorithm and 
interpolated to give nCi/cc (microPET Manager, Concorde 
Microsystems Inc.). ROIs were drawn on the PET images and 
TACs generated for each of the ROIs.  

  



  

 
 

 

 

 
 
 
 
 
 
Highlights  

 

 Induced COX-2 expression is one of the pathophysiology of inflammation. 

 Upregulation of COX-2 expression is a biomarker for diseases. 

 [
11

C]MOV, a COX-2 PET tracer did not exhibit binding in baboon brain in vivo. 

 Radiotracer exhibit partial specific binding in heart and duodenum in rats.  
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