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Background
[PubMed]

Opioids such as morphine are commonly used analgesics in clinical practice. Three opioid receptors (mu, µ; 
delta, δ; and kappa, κ) that mediate opioid effects have been identified by molecular cloning: δ (enkephalin-
preferring), κ (dynorphin-preferring), and µ (morphine and ß-endorphin-preferring) (1). Each type of opioid 
receptor consists of subtypes of receptors as suggested by pharmacological studies (2, 3). Their specificity and 
ubiquitous location are present in both the central and peripheral nervous system. The opioid receptors (G-
protein coupled, resulting in decrease in adenylyl cyclase activity) play an important role in the regulation of 
analgesia, shock, appetite, thermoregulation, cardiovascular, mental and endocrine function (2-5). Although µ 
opioid receptors are the major receptor to mediate the analgesic effects of opioids, δ and κ receptors are also 
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important in antinociception. Opioids have been found to protect cells from ischemia injury in the heart and 
brain via the δ receptors. On the other hand, κ antagonist prevents neurodegeneration.

The µ opioid receptors are localized predominately in the hypothalamus and thalamus, and the δ opioid 
receptors are localized predominately in the striatum, limbic system, and cerebral cortex (6, 7). The κ opioid 
receptors (κ1 and κ2 ) are the most abundant brain opioid receptors and are widely distributed in deeper layers 
of the neocortex (temporal, parietal, and frontal cortices), striatum, amygdala, and thalamus, with lower levels in 
the hippocampus, occipital cortex, and cerebellum (8-10). The µ opioid receptors have been implicated in several 
clinical brain disorders, including drug and alcohol abuses, epilepsy, and pain pathways (11-14).

Diprenorphine is a highly potent and nonselective opioid receptor antagonist with subnanomolar affinity (7). 
Diprenorphine was labeled as [6-O-methyl-11C]diprenorphine ([11C]DPN) (15, 16). [11C]DPN has been 
employed as a positron emission tomography (PET) agent for the non-invasive studies of opioid receptors in the 
brain of patients with pain, Huntington's disease, Parkinson’s disease, and epilepsy. Carfentanil (CFN) is a highly 
potent and selective µ opioid receptor agonist with subnanomolar affinity (Ki, 0.024 nM) (17). [11C]CFN is 
being developed as a PET agent for the non-invasive study of µ opioid receptors in the brain.

Related Resource Links:
• Chapters in MICAD (opioid receptors)
• Gene information in NCBI (µ opioid receptor, δ opioid receptor)
• Articles in Online Mendelian Inheritance in Man (OMIM) (µ opioid receptor, δ opioid receptor)
• Clinical trials (opioid receptors)
• Drug information in FDA (opioid receptors)

Synthesis
[PubMed]

Dannals et al. (18) reported synthesis of [11C]CFN by [11C]-O-methylation of the carboxylate precursor as 
sodium salt with [11C]methyl iodide. An average radiochemical yield was ~30% based on [11C]CO2 after HPLC 
purification with a total synthesis time of 30 min. An average specific activity was 42.6 GBq/μmol (1.15 Ci/μmol 
at end of synthesis) with a radiochemical purity of >97%.

Jewett et al. (19) reported a modified procedure for synthesis of [11C]CFN using an extraction disk instead of 
high-performance liquid chromatography (HPLC). The carboxylate precursor as the tetrabutylammonium salt 
was reacted at room temperature for 5 min with [11C]methyl triflate. [11C]CFN was trapped on a high 
performance extraction disk, and starting materials were selectively washed off. [11C]CFN was eluted with a 
small volume of ethanol. Radioactive contaminants were further removed by a small column of fibrous anion 
exchanger. The total synthesis time was ~10 min after purification. [11C]CFN was obtained in an averaged 15.6% 
radiochemical yield based on [11C]CO2 with a specific activity of 129.5 GBq/μmol (3.5 Ci/μmol) at end of 
synthesis. The radiochemical purity was >97%.

In Vitro Studies: Testing in Cells and Tissues
[PubMed]

Titeler et al. (20) reported that [3H]CFN had a Kd of 0.08 ± 0.01 nM and a Bmax of 84 ± 3 fmol/mg tissue in vitro 
binding assays using human thalamic membranes. Cometta-Morini et al. (17) reported that CFN had Ki values 
of 0.024, 3.28, and 43.1 nM for the µ, δ, and κ opioid receptors, respectively.
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Animal Studies

Rodents
[PubMed]

Saji et al. (21) demonstrated a high accumulation of [11C]CFN in the mouse brain with 3.73% injected dose/g 
(ID/g) at 5 min, 2.85%ID/g at 15 min, 2.13%ID/g at 30 min, and 1.28%ID/g at 60 min after injection (n = 4). The 
highest accumulation was in the thalamus, followed by the striatum, cortex, and cerebellum at all time points 
studied. Coinjection of [11C]CFN with naloxone (1 mg/kg) inhibited the accumulation by 73-74% in the 
thalamus and 62-82% in the striatum, whereas only marginal inhibition was observed in the cortex and 
cerebellum. Jewett et al. (22) reported that the hypothalamus exhibited a higher accumulation than the thalamus 
in the rats and mice. Regional binding potentials (BPs) were determined in the rat brain using bolus infusion of 
96-178 MBq (2.6-4.8 mCi) of [11C]CFN with the cerebellum as the reference tissue (n = 4). The BP values were 
4.81 ± 0.59, 3.30 ± 0.78, 3.06 ± 0.20, 2.21 ± 0.31, 1.97 ± 0.19, and 1.49 ± 0.26 for the hypothalamus, striatum, 
thalamus, cortex, hippocampus, and pons/medulla, respectively.

Other Non-Primate Mammals
[PubMed]

No publication is currently available.

Non-Human Primates
[PubMed]

No publication is currently available.

Human Studies
[PubMed]

Frost et al. (23, 24) reported [11C]CFN PET studies in human brain using reference methods or kinetic 
modeling. High concentrations of radioactivity were observed in the basal ganglia and thalamus, intermediate 
concentrations in the frontal and parietal cerebral cortex, and low concentrations in the cerebellum and occipital 
cortex. Naloxone pretreatment (1 mg/kg) inhibited ~90% of [11C]CFN binding in the caudate nucleus (K3/K4, 
from 3.4 to 0.26) and medial thalamus (K3/K4, from 1.8 to 0.16) for the period 30-60 min after tracer injection. 
Endres et al. (25) performed [11C]CFN PET studies with arterial blood sampling in six healthy male control 
subjects. Specific binding estimates obtained from reference-tissue methods were compared to those obtained 
with a more rigorous blood input modeling technique. It was determined that both a graphical method and a 
simplified reference tissue model were more accurate than the tissue-ratio method for quantification of 
[11C]CFN binding. The regional binding potentials obtained with all methods showed excellent correlation (r 
>0.97) with each other.

Mayberg et al. (26) reported that [11C]CFN binding (µ opioid receptors) in eleven patients with idiopathic 
epilepsy was increased in the temporal neocortex and decreased in the amygdala on the side of the epileptic 
focus. [11C]DPN binding (all opioid subtypes) was not significantly different among regions in the focus and 
nonfocus temporal lobes.

Newberg et al. (27) estimated the human dosimetry of [11C]CFN in 5 healthy subjects after injection of 280 
MBq (7.6 mCi) of [11C]CFN. The organ receiving the highest radiation dose was the urinary bladder at 0.0365 
mGy/MBq(0.135 rad/mCi). The effective dose was 4.6 μSv/MBq.
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[11C]CFN has allowed studies of μ opioid receptors in patients with epilepsy, pains, lung carcinoma as well as 
drug, smoking and alcohol addictions [PubMed].
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