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Abstract
Aim—Overstimulation of the CRF type 1 receptor (CRF1) is implicated in anxiety and depressive
disorders. The aim of this study was to investigate the in vivo binding characteristics of [11C]R121920
and [11C]DMP696 in the non‐human primate for application in positron emission tomography (PET)
studies of CRF1.

Methods—PET imaging with the two novel CRF1 radioligands was performed in baboon. In vitro
binding studies for CRF1 were performed in postmortem brain tissue of baboon and human to assess
sufficiency of receptor density for PET.

Results—Both [11C]R121920 and [11C]DMP696 distributed rapidly and uniformly throughout
brain. Washout was comparable across brain regions, without differences in volume of distribution
between regions reported to have high and low in vitro CRF1 binding. Membrane‐enriched tissue
homogenate assay using [125I]Tyr0‐sauvagine and specific CRF1 antagonists CP154,526 and SN003
in human occipital cortex yielded maximal binding (Bmax) of 63.3 and 147.3 fmol/mg protein,
respectively, and in human cerebellar cortex yielded Bmax of 103.6 and 64.6 fmol/mg protein,
respectively. Dissociation constants (KD) were subnanomolar. In baboon, specific binding was not
detectable in the same regions; therefore Bmax and KD were not measurable. Autoradiographic results
were consistent except there was also detectable CRF1‐specific binding in baboon cerebellum.

Conclusion—Neither [11C]R121920 nor [11C]DMP696 demonstrated quantifiable regional
binding in vivo in baboon. In vitro results suggest CRF1 density in baboon may be insufficient for
PET. Studies in man may generate more promising results due to the higher CRF1 density compared
with baboon in cerebral cortex and cerebellum.
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1. Introduction
Corticotropin‐releasing factor (CRF) is a 41‐amino acid peptide, first isolated from
hypothalamus, that was shown to activate the hypothalamic‐pituitary‐adrenal (HPA) axis by
stimulating release of adrenocorticotropic hormone (ACTH) by the pituitary [1]. CRF is present
in widespread brain regions and is a central mediator of the behavioral, autonomic, endocrine,
and immune responses to stress [2]. The physiological effects of CRF are mediated by at least
two G‐protein coupled receptors, CRF1 and CRF2 [3]. CRF also binds to CRF‐binding protein
(CRF‐BP), a membrane‐associated protein that regulates local availability of CRF at its
receptors [4].

Rodent studies indicate that the CRF1 and CRF2 receptors are pharmacologically distinct and
have different anatomical distributions [5]. In the rodent, CRF1 mediates effects on the HPA
axis and anxiety‐related behaviors [6] and CRF2 affects feeding behaviors [7]. There are
important species differences in the distributions of mRNA and protein of these two receptors
between non‐human primate and rodent [8,9]. In pituitary, CRF1 protein level depends on
post‐transcriptional regulatory mechanisms [10] suggesting dissociation of protein density
from mRNA level for this receptor.

CRF hypersecretion is implicated in the pathogenesis of mood and anxiety disorders. Higher
CRF in cerebrospinal fluid (CSF) has been reported in major depression [11–13], as well as
PTSD [14], Tourette’s syndrome [15], anorexia nervosa [16], and suicide [17–20]. Postmortem
studies of suicides report higher pontine [21] and frontal cortical [22] CRF peptide, and lower
frontal cortical CRF binding sites [23] and CRF1 mRNA [22]. CRF1 antagonists are in
development as potential therapeutic agents in mood and anxiety disorders [24,25]. The CRF1
antagonist R121919 reduces anxiety‐related behaviors in rodent [6,26], and anxiolytic and
antidepressant effects are suggested in man [27].

A positron emission tomography (PET) radioligand for CRF1 would permit in vivo
quantification of regional brain binding in psychiatric disorders and suicidal behaviors as well
as receptor occupancy relationships for therapeutic drug studies. There have been only a few
reports on the development of CRF1 radioligands for PET or single photon emission
tomography (SPECT) imaging. Using the high affinity, selective, nonpeptide CRF1 antagonist
antalarmin (N‐butyl‐N‐ethyl[2,5,6‐trimethyl‐7‐(2,4,6‐trimethylphenyl)pyrrolo‐[2,3‐d]
pyrimidin‐4‐yl]‐amine; Ki=2.5 nM) as a template, several fluoro‐substituted analogues were
synthesized [28]. One with subnanomolar affinity for CRF1 (Ki=0.91 nM) proved to have poor
penetration of the blood‐brain barrier (BBB), prompting the design of more hydrophilic
analogues with calculated log P values (ClogP) less than that of antalarmin (ClogP=7.0) [29].
An iodinated analogue for SPECT imaging was successfully converted to a targeted I‐125 pure
product, but, unfortunately, it also had reduced affinity (Ki=14 nM) for CRF1 [30]. Fluorinated
and iodinated derivatives based on the high affinity CRF1 antagonist CP‐154,526 (Ki=0.48
nM) have also been synthesized. Two with subnanomolar binding affinities (Ki=0.52 nM, 0.94
nM) were radiolabeled with F‐18 and I‐123, respectively [31]. Yet, in rodent both showed low
accumulation in brain and very poor uptake and retention in regions of high CRF1 density.
More recently, a high affinity (Ki=1.9 nM), lower lipophilicity (ClogP=3.05) brominated
derivative of CP‐154,526 was synthesized and labeled with Br‐76 [32]. Biodistribution studies
in rat indicated [76Br]MJL‐1‐109‐2 crosses the BBB, and autoradiography demonstrated a
pattern of CRF1 specific binding comparable with the known distribution of CRF1. Yet, to
date, testing in PET has not been reported.

We have previously reported on a potential CRF1 radioligand [11C]SN003 [33]. We now report
on two new small molecule CRF1 antagonist ligands that are candidates for PET imaging,
R121920 and DMP969, that we have labeled with carbon‐11 and tested for in vivo binding in
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baboon. Since one of the essential criteria for the success of a PET radioligand is sufficient
density of the target protein [34], we also performed membrane‐enriched tissue homogenate
and autoradiographic binding studies of CRF1 in baboon and human brain to determine if CRF1
protein density is sufficient for PET.

2. Materials and methods
2.1. Synthesis of [11C]R121920 and [11C]DMP696

The methodologies for the preparation of precursors and the radiosyntheses for [11C]R121919
and [11C]DMP696 have been described previously [35,36]. Table 1 shows the molecular
weights (MW), melting points (MP), partition coefficients (logPo/w), and Ki for the these
ligands along with synthesis time, radiochemical yield, purity, and specific activity (SA). Our
previously reported CRF1 radioligand, [11C]SN003 [33], is included in the table for
comparison purposes. Figure 1 shows the chemical structures of all three radioligands for
CRF1.

2.2. PET imaging in baboon
Experiments were carried out in accordance with a protocol approved by the Columbia
University Medical Center and New York State Psychiatric Institute Animal Care Committees
and government regulations. Two male baboons (Papio anubis), studied in a fasted state, were
utilized. Six PET scans for [11C]DMP696 (mean injected dose, 3.48 mCi; mean SA, 2.86 Ci/
micromole) and four scans for [11C]R121920 (mean injected dose, 1.75 mCi; mean SA, 3.77
Ci/micromole) were performed using an ECAT EXACT HR+ scanner (Siemens/CTI,
Knoxville, TN). The baboons were immobilized with ketamine (10 mg/kg, intramuscular) and
anesthetized with isoflurane 1.5–2% (via endotracheal tube) general anesthesia. Physiological
conditions (heart rate, blood pressure, respiration, blood gases/pH, O2 saturation) were
monitored and maintained during each scan by mechanical ventilation, endotracheal
anesthesia, and intravenous (i.v.) fluids (0.9% NaCl). Core temperature was maintained at 37
°C by use of a heated water blanket. A 10‐min transmission scan was obtained using a 68Ge
rotating rod source. Radiotracer was injected by i.v. bolus, and emission data were collected
for 120 min in 3‐D mode with the following frame times: 2 × 0.5 min, 3 × 1 min, 5 × 2 min, 4
× 4 min, and 9 × 10 min. Plasma activity from arterial samples collected at regular intervals
was measured in a well counter (Wallac 1480 Wizard 3M Automatic Gamma Counter,
PerkinElmer, Boston, MA). The percentage of radioactivity in plasma due to unmetabolized
parent radioligand was determined for six plasma samples obtained at different times as
previously described [37].

2.3. PET image processing
Magnetic resonance image (MRI) scans were acquired for each baboon, and regions of interest
were drawn on the MRI. PET data was reconstructed with attenuation correction using the
transmission data, and scatter correction was performed. PET images were realigned to the
MRI using Automated Image Registration (AIR) algorithm [38,39]. Regions of interest were
transferred to the PET images, and time‐activity curves were generated using the measured
activity of each ROI. Right and left regions were averaged.

The distribution volume (VT) of a radiotracer in a tissue is the volume of the tissue in which
the tracer would have to distribute to reach a concentration equal to that in plasma. Regional
VT was calculated for each ROI using the likelihood estimation in graphical analysis (LEGA)
approach [40], which estimates the parameters using standard likelihood theory. Brain activity
was corrected for the contribution from the cerebrovasculature by assuming a 5% blood volume
in the ROIs [41]. VT (ml of plasma/g of tissue) is defined as the ratio of the tracer concentration
in the region of interest to the metabolite‐corrected plasma concentration of the tracer at
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“equilibrium”, noting that true equilibrium is not achieved in dynamic modeling of receptor
density using PET with short‐lived positron emitters [41,42]. VT represents the sum of the free
and nonspecifically bound distribution volume (V2) and the specifically bound distribution
volume (V3). A four parameter logistic function was used to fit the metabolite data to a curve.
The time to 50% of the parent remaining in arterial blood was extrapolated from the metabolite
curves for each of the radioligands.

2.4. Brain tissue sources for in vitro binding studies in human and baboon
Postmortem human brain tissue in this study came from control subjects determined to be
without psychiatric disease or neurological disease and in whom toxicological analysis of brain
tissue and body fluids was negative for the presence of psychotropic medications or drugs of
abuse. The postmortem delay of each of the chosen cases was less than 16 hours. Postmortem
human and baboon brains were collected at autopsy, sectioned in coronal blocks, frozen in
Freon, and stored at −80°C until dissection for membrane‐enriched tissue homogenate binding
or frozen sectioning at 20 µm for autoradiography. Dissected tissue from both human and
baboon brains was adjacent to slices used for autoradiography. Endogenous ligand was
removed by the repeated washing steps for the membrane‐enriched tissue homogenate binding
assay and by the preincubation step for the autoradiography.

2.5. Membrane‐enriched brain tissue homogenate binding assay
[125I]Tyr0‐sauvagine (PerkinElmer, Wellesley, MA; SA, 2200 Ci/mmol) binding to human
and baboon occipital cortex and cerebellar tissue homogenates was assayed essentially as
described by Rominger et al [43]. Briefly, tissue samples from occipital cortex and cerebellum
were homogenized in 10X of buffer A (pH 7.2; 50 mM HEPES, 10 mM MgCl2, 2 mM EGTA
and 1 µg/ml each of the peptidase inhibitors aprotinin, leupeptin and pepstatin) at 4°C using a
POLYTRON homogenizer (Brinkmann, Westbury, NY; setting 4) for 10 s. The tissue
homogenate was centrifuged at 20,000 × g for 15 min. The resulting pellet was washed by
repeating the homogenization and centrifugation steps two additional times. The final
membrane‐enriched pellet was resuspended in buffer A, and the suspension was diluted using
binding assay buffer B (50 mM HEPES, pH 7.7; 10 mM MgCl2; 2 mM EGTA; 0.1% BSA) to
final concentration of 0.2 mg protein/ml, as assayed by the BCA Protein Assay (Pierce,
Rockford, IL).

[125I]Tyr0‐sauvagine binding assays were carried out in duplicate in 5 ml plastic tubes. Total
assay volume was 200 µl. Nonspecific binding was defined in the presence of CP154,526 (2
µM) or SN003 (5 µM) or ovine CRF (oCRF; 2 µM). The reaction mixture consisted of 100 µl
homogenate, 50 µl [125I]Tyr0‐sauvagine, and 50 µl of buffer or CP154,526 or SN003 or oCRF.
After 2 h incubation at room temperature, incubation was terminated by the addition of 5 ml
ice‐cold buffer B to each tube, and the contents were filtered using a Brandell cell harvester
(M‐24RI; Gaithersburg, MD) under reduced pressure through Whatman GF/B glass fiber filters
(Florham Park, NJ) pre‐treated with 1.0% ethylene imine polymer solution (Fluka, Buchs,
Switzerland) and presoaked with ice‐cold 50 mM HEPES washing solution. Filters were air‐
dried and transferred into 5 ml Falcon plastic tube (Becton Dickinson, Bedford, MA) for
activity measurement in a Cobra II gamma counter (PerkinElmer Life Sciences, Downers
Grove, IL).

Saturation studies were performed over a concentration range of 0.02 to 0.25 nM of [125I]
Tyr0‐sauvagine. Specific binding was calculated by subtracting the nonspecific binding from
total binding, and linear conversion of the specific association data was performed. Data were
fitted to a one‐site binding model using EDBA software (EBDA/LIGAND written by G.A.
McPherson; Biosoft‐Elsevier, Cambridge, UK) for determination of the maximal number of
binding sites (Bmax) and the apparent dissociation constant (KD).
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2.6. Autoradiographical analysis
Methods for in vitro CRF1 binding autoradiography in post‐mortem human brain samples were
adapted from three reports [9,44,45]. Human and baboon brain sections cut at 20‐µm thick
were pre‐incubated for 30 min at 23° C in 50 mM HEPES buffer (pH 7.2) containing 10 mM
MgCl2, 2 mM EGTA, 100 mM KIU/ml aprotinin, 0.1 mM bacitracin, 0.1 mM ovalbumin.
Sections were incubated in the same solution but also containing 0.150 nM [125I]Tyr0‐
sauvagine for 2 h at 23° C. Parallel incubation of adjacent sections with CP154,526 (1 µM) or
SN003 (1 µM) in the incubation solution was carried out to allow determination of nonspecific
binding. Following incubation, sections were washed twice at 4° C for 5 min per wash in
phosphate buffered saline with 0.01% Triton X‐100 followed by a dip in ice cold distilled
H2O. Sections were dried under a stream of cold air and then placed in a desiccator until
completely dry. Sections were exposed to Kodak Biomax MR film for 2–3 days and then
developed using Kodak D‐19 developer and digitally scanned.

3. Results
3.1. Metabolism of [11C]R121920 and [11C]DMP696 in baboon

Both [11C]R121920 and [11C]DMP696 were rapidly metabolized, with mean times to 50% of
parent ligand remaining in plasma of 12.9 min for [11C]R121920 and 9.2 min for [11C]
DMP696. Figure 2A & Figure 2B show the remaining percentage of unmetabolized parent
compound for the two radioligands as a function of time.

3.2. PET imaging in baboon
Both [11C]R121920 and [11C]DMP696 demonstrated a pattern of distribution consistent with
BBB penetration and early accumulation of the parent compound in the brain. Representative
time‐activity curves for [11C]R121920 and [11C]DMP696 are presented in Figure 3A & Figure
3B. No brain region had detectable specific binding, with nearly identical time‐activity curves
for regions known to have higher (cerebellum, occipital cortex) and lower (putamen) CRF1
receptor density reported for primates in the literature [9,46,47]. Likewise, no brain region
demonstrated evidence for detectable specific binding of any radiolabeled metabolite of these
radiotracers. Figure 4B–Figure 4D show voxel VT brain maps for [11C]R121920, [11C]
DMP696, and our previously reported CRF1 radioligand, [11C]SN003. Table 2 shows mean
VT values for these CRF1 radioligands for ROIs with known lower (putamen) and higher
(cerebellum, occipital cortex) CRF1 binding. Although no pattern of specific binding is evident
for any of the three radioligands, the VT across brain regions is largest for [11C]DMP696 and
smallest for [11C]R121920.

3.3. Membrane‐enriched brain tissue homogenate binding assay
The Bmax for CRF1 was calculated for two brain regions from human brain and baboon brain.
Displacement of [125I]Tyr0‐sauvagine using specific CRF1 antagonists CP154,526 (2 µM) and
SN003 (5 µM) in human occipital cortex yielded Bmax of 63.3 and 147.3 fmol/mg protein,
respectively, and in cerebellar cortex yielded Bmax of 103.6 and 64.6 fmol/mg protein,
respectively. In contrast, in baboon displacement of [125I]Tyr0‐sauvagine using the same
blocking concentrations of CP154,526 and SN003 and conducting the assays in the same batch,
the Bmax in occipital cortex and cerebellar cortex was undetectable. The calculated KD

S were
subnanomolar for the CRF1 receptor in human brain, with KD

S of 0.014 nM for human occipital
cortex and 0.028 nM for human cerebellum using CP154,526 for displacement. The KD

S were
not measurable in baboon brain. A third blocking agent, oCRF was also used to displace
[125I]Tyr0‐sauvagine binding. This peptide has affinity for CRF1, CRF2 and CRF binding
protein. Using oCRF, Bmax was 301 and 182.9 fmol/mg protein for human occipital cortex and
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human cerebellar cortex, respectively. In baboon, Bmax was 117.5 and 90.9 fmol/mg protein
in occipital and cerebellar cortex, respectively, using oCRF for blocking.

3.4. Autoradiographical analysis
Autoradiography using [125I]Tyr0‐sauvagine and CP154,526 or SN003 was performed to
determine qualitatively if there is visually‐detectable specific binding to the CRF1 receptor in
two regions selected for detectable CRF1 receptor binding in primates as previously reported
[9,47]. Representative sections (see Fig. 5A–Fig. 5I) of occipital cortex from human and
cerebellum from both human and baboon demonstrate [125I]Tyr0‐sauvagine binding and
specific displacement from the CRF1 receptor by the CRF1‐specific antagonists CP154,526
(1 µM) and SN003 (1 µM). These results are consistent with the saturation binding isotherms
in membrane preparations reported above. Additionally, there is visually‐detectable CRF1‐
specific binding in baboon cerebellum (see 5C, 5F, and 5I) by autoradiography, albeit less than
in human cerebellum.

4. Discussion
We report on the development of two novel C‐11 CRF1 radioligands, [11C]R121920 and
[11C]DMP696, for PET imaging. However, similar to our prior report of the CRF1 radioligand
[11C]SN003 [33], in vivo testing of these ligands failed to demonstrate detectable specific
binding in baboon brain using PET. The imaging analyses included several brain regions known
to contain significant levels of the CRF1 receptor in primate such as cerebellum and multiple
cortical regions [9,46,47]. The distribution pattern of radioactivity throughout brain
demonstrated by the time‐activity curves indicated these radioligands penetrate the BBB and
accumulate in brain tissue. But all regions have a similar washout pattern, without evidence of
specific CRF1 binding signal in regions known to have greater expression of CRF1 receptors.
If this failure to identify specific binding is due to particular characteristics of the individual
radioligands, future development of other CRF1 radioligands should proceed. Yet, one of the
essential criteria for the success of a PET radioligand is sufficient density of the target protein
[34]. It is possible that the density of CRF1 in baboon brain is insufficient for imaging by PET,
and this could explain the absence of identifiable specific binding of these radioligands. To
address this possibility, we also conducted an in vitro survey of CRF1 density in selected
regions in baboon and human brain. We utilized both a quantitative membrane‐enriched tissue
homogenate assay and qualitative autoradiography to address this question.

There is a paucity of published data characterizing regional receptor density of CRF1 in brain
in man or non‐human primate, perhaps indicative of a relatively low density in most brain
regions. In an early report, Millan et al surveyed CRF binding in cynomolgus monkeys utilizing
0.2 nM [125I]‐ovineCRF (oCRF) in a membrane‐enriched tissue homogenate assay.
Nonspecific binding was determined in the presence of 1 µM of unlabeled oCRF. They reported
concentrations of CRF binding sites from cingulate cortex, amygdala, and hippocampus of 138
±9, 150±7, and 47±11 fmol/mg, respectively [46]. Because oCRF is reported to bind both CRF1
and CRF2, the reported specific binding concentrations by Millan et al may reflect binding to
CRF1 and CRF2. On the other hand, it is reported that oCRF is relatively specific for CRF1
at a concentration of 100 nM [48], so the concentration of radiolabeled oCRF employed may
have allowed determination of specific binding for CRF1. The value of binding in cingulate is
similar to our findings for occipital cortex in baboon and man.

Nemeroff et al [23] reported on the maximal number and affinity of CRF binding sites in
post‐mortem membrane‐enriched tissue homogenates from frontal pole (Brodmann’s areas 10
and 11) of 26 suicides and 29 controls. Using 0.05 nM [125I]‐oCRF and displacement with
unlabeled rat/human CRF at concentrations ranging from 125 pM to 0.5 µM, they reported a
Bmax of 521±43 fmol/mg protein in the suicides which was lower than that of controls at 680
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±51 fmol/mg protein. There was no difference in KD between groups. Our finding of 63.3 fmol/
mg protein for Bmax in human occipital cortex, using CP154,526 for CRF1‐specific
displacement, is one order of magnitude lower than the mean reported for controls by Nemeroff
et al. It is notable that our assays differed considerably, as we utilized [125I]Tyr0‐sauvagine
and varying concentrations of unlabeled sauvagine. It may be the case that the reported specific
binding by Nemeroff et al reflected not only CRF1 binding but also binding to CRF2 and
CRF‐binding protein. Performing our same tissue membrane homogenate assay for baboon
brain under the same conditions and in the same batch as for human brain, specific CRF1
binding was not detectable when using either of the highly specific CRF1 antagonists
CP154,526 and SN003 as the specific displacers (although our autoradiography indicated a
low level of detectable binding in baboon cerebellum). This is consistent with our PET imaging
findings with CRF1 radioligands in baboon in which we failed to identify specific binding.

Similar to our autoradiographic studies, Sanchez et al [9] determined relative CRF1 densities
in the rhesus macaque using [125I]Tyr0‐sauvagine with and without the specific CRF1
antagonist CP154,526. Highest binding was identified in pituitary followed by particular
amygdala nuclei (paralaminar, accessory basal, lateral); the granular layer of cerebellum;
dentate gyrus; layers I–V of entorhinal, insular, and cingulate cortex; and medial PFC. No
detectable CRF1 protein binding was found in regions that included CA1, CA2, and CA3 of
hippocampus, BNST, raphe nuclei, and choroid plexus. Our limited regional sampling with
autoradiographic and membrane‐enriched tissue homogenate assays using CP154,526 was
consistent with the data of Sanchez et al in that cerebellum showed greater CRF1 specific
binding than cortex. It should be noted that although the pituitary has been repeatedly shown
to have the highest CRF1 binding in multiple species, there are a number of factors making
reliable estimates of binding by PET difficult, if not impossible, for pituitary. Such factors
include difficulty in localization and ROI placement, partial volume effects, proximity of [high
flow rate] portal blood supply, and scatter/noise due to bone surrounding the pituitary fossa.

It is important to point out that several factors other than the in vivo Bmax and KD may adversely
affect the ability to detect specific binding of a PET radioligand to CRF1. The activity due to
specific binding must be greater than background activity, including the background activity
due to nonspecific binding. Ideally, no radiolabeled metabolites should enter brain, and non‐
radiolabeled metabolites that enter brain should not bind to the target. We did not see evidence
of radiolabeled metabolites in brain with these radioligands, at least to the degree that the
time‐activity curves did not evidence differential retention of any radiolabeled molecule. As
well, release of endogenous ligand, in this case CRF, may alter binding and dissociation of
nonpeptide antagonists for CRF1 [49]. Therefore, a stress response in the baboons due to
preparation for PET imaging might be of particular relevance for detection of CRF1 given the
receptor’s central role in the stress response system. As well, the effects of ketamine
preanesthetic and the isoflurane anesthesia must be considered, particularly given recent work
suggesting isoflurane anesthesia alters brain to plasma distribution ratios of the 5‐HT1A
antagonist radioligand [18F]FPWAY [50].

5. Conclusion
In summary, we report on two new C‐11 radioligands for CRF1 and PET, [11C]DMP696 and
[11C]R121920. Like our prior finding with [11C]SN003, we found no evidence of detectable
specific binding for CRF1 in vivo in baboon using PET. Our in vitro survey of human brain
regions assessing the binding density or Bmax of CRF1 indicates the amount of target protein
in brain areas assessable by PET is quite low and near the limit of detectability. Moreover, we
found a major species difference in binding density of the CRF1 receptor in human brain
compared to baboon brain. It is possible that a Bmax of 60–110 fmol/mg protein in human brain
could be detected by a PET tracer, as has been the case for the serotonin transporter [51], but
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the absence of detectable binding in the same brain regions in baboon could explain the
difference in our results between in vivo studies with PET and our vitro findings. We do find
some binding in baboon brain but it is due to either CRF2 or CRF‐binding protein in the regions
examined. Therefore, we believe that baboon is not a good species for the in vivo development
of CRF1 radioligands. Yet it still may be of value to test these C‐11 CRF1 radioligands in man
as areas such as cerebellum may have detectable CRF1 binding by PET.
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Figure 1.
Structures of radioligands. A) [11C]R121920. B) [11C]DMP696. C) [11C]SN003.
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Figure 2.
Unmetabolized parent fractions of the radioligands over time in baboon plasma. A) Fraction
of [11C]R121920. B) Fraction of [11C]DMP696. Filled circles represent mean fractions in six
determinations and error bars represent standard deviations.
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Figure 3.
Time‐activity curves of the radioactivity in selected regions of interest in baboon brain during
PET imaging. A) Time‐activity curve of [11C]R121920. B) Time‐activity curve of [11C]
DMP696.
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Figure 4.
Representative volume of distribution (VT) voxel maps of C‐11 CRF1 radioligands in the same
baboon from 120 min emission scans performed under isoflurane anesthesia. Intensity bar
shows corresponding VT values for each intensity level. A) Cropped saggital, coronal, and
axial magnetic resonance imaging (MRI) images of baboon. B) VT voxel map of [11C]R121920
(injected dose [ID], 4.1 mCi; specific activity [SA], 1.8 Ci/micromole). C) VT voxel map of
[11C]DMP696 (ID, 4.0 mCi; SA, 2.2 Ci/micromole). D) VT voxel map of previously reported
CRF1 radioligand [11C]SN003 (ID, 4.7 mCi; SA, 2.1 Ci/micromole).
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Figure 5.
Representative autoradiography images of [125I]Tyr0‐sauvagine binding to selected regions of
human and baboon brain. A) Total binding in human occipital cortex (OC). B) Total binding
in human cerebellum (CER). C) Total binding in baboon cerebellum. D) Nonspecific (NS)
binding in human OC with CP154,526 as displacer. E) NS binding in human CER with
CP154,526 as displacer. F) NS binding in baboon CER with CP154,526 as displacer. G) NS
binding in human OC with SN003 as displacer. H) NS binding in human CER with SN003 as
displacer. I) NS binding in baboon CER with SN003 as displacer.
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Table 2.
Volume of Distribution (VT) for Selected Regions for the CRF1 Radioligands

 Volume of Distribution (VT; ml/g)
Ligand Putamen Occipital Cortex Cerebellum
[11C]R121920 1.5 ± 0.4 1.5 ± 0.3 1.4 ± 0.4
[11C]DMP696 5.5 ± 0.6 5.5 ± 0.5 5.0 ± 0.6
[11C]SN003 4.2 ± 0.6 4.5 ± 0.6 4.6 ± 0.7
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