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Abstract

A variety of phosphodiesterases hydrolyze and terminate the effects of the intracellular second
messenger 3',5-cyclic adenosine monophosphate (CAMP). Phosphodiesterase subtype 4 (PDEA4) is
particularly abundant in the brain and has been imaged with 11C-(R)-rolipram, a selective inhibitor
of PDE4. We sought to measure in vivo both the binding site density (Bmax) and the radioligand
affinity (1/Kp) of 11C-(R)-rolipram in the rat brain. We also studied 2 critical factors in small-animal
PET scans: the influence of anesthesia and the difference in binding under in vivo and in vitro
conditions.

Methods—In vivo, B,y and Kp were measured in PET saturation experiments by the
administration of 11C-(R)-rolipram and various doses of carrier (R)-rolipram in conscious and
isoflurane-anesthetized rats. The metabolite-corrected arterial input function was measured in each
scan. To image conscious rats, the head of the rat was fixed in a holder and the animals were trained
to comply with this apparatus. Bound and free (R)-rolipram levels were calculated under transient
equilibrium conditions (i.e., at the time of peak specific binding).

Results—The By and Kp of conscious rats were significantly greater than those of anesthetized
rats, by 29% and 59%, respectively. In addition, the in vitro Kp was 3-7 times greater than was the
in vivo Kp, although the By, Was similar in both conditions.

Conclusion—The in vivo Bpax and Kp of (R)-rolipram were successfully measured in both
conscious and anesthetized rats. Kp was affected to a greater extent than was Byax by the 2 conditions.
That is, Kp was increased in the conscious rat, compared with in the anesthetized rat, and Kp was
increased in vitro, compared with in vivo. The current study shows that the rat, a readily available
species for research, can be used to measure in vivo both affinity and density of radioligand targets,
which can later be directly assessed with standard in vitro techniques.
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A prevalent second messenger, 3',5'-cyclic adenosine monophosphate (cCAMP) mediates the
signal transduction of several neurotransmitters including dopamine, epinephrine, histamine,
and adenosine. Notably, a large body of literature indicates that the cCAMP pathway plays an
important role in psychiatric illnesses, including mood disorders (1) and drug addiction (2).
Several phosphodiesterases (PDEs) metabolize cAMP and thereby terminate the actions of this
widespread second messenger. Among PDEs, PDE subtype 4 (PDE4) is selective for cAMP
and highly abundant in the brain (3). In addition, PDE4 has been successfully imaged with
PET in the rat (4), pig (5), nonhuman primate (6), and human (7,8) brains by 11C-labeling of
the more active enantiomer of an inhibitor of PDE4, namely, (R)-rolipram.

We previously quantified the in vivo binding of 11C-(R)-rolipram in the rat brain using
compartmental modeling and a metabolite-corrected arterial input function (4). We used high-
specific-activity 11C-(R)-rolipram and measured binding potential, which is a product of
binding site density (Bmax) and radioligand affinity (1/Kp). In the current study, we extended
this work by injecting the radioligand at various specific activities to measure Bp,y and Kp
separately. Although such experiments have been performed in larger animals, to our
knowledge this study is the first to measure in vivo Bpyax and Kp in rats, a readily available
species for research.

In addition to performing a more thorough quantification, we studied 2 important factors in
PET: the influence of anesthesia and the difference in binding between in vivo and in vitro
conditions. Although the influence of anesthesia on 11C-(R)-rolipram binding is unknown,
several studies have shown that anesthesia may influence the binding or uptake of brain
molecular imaging agents (9-11). Momosaki et al. developed a new method to image rats
without anesthesia by training them to remain still in a head holder during the imaging session
(12). In the current study, we used a slightly modified head holder and performed in vivo
saturation experiments to measure both Bihax and Kp in conscious and anesthetized rats.

Results from the current in vivo study were compared with those from our prior in vitro
experiments, which used 3H-rolipram and the brains from rats scanned with high-specific-
activity 11C-(R)-rolipram (13) because rolipram binding is likely to differ between in vivo and
in vitro conditions. Phosphorylation of PDE4 increases both the enzyme activity and the
sensitivity of PDE4 to selective inhibition by rolipram (14,15). Furthermore, postmortem
studies do not necessarily reflect the in vivo status of phosphorylation, because the tissue
preparation of ordinary in vitro studies is thought to induce dephosphorylation of a variety of
phosphoproteins in the brain (16).

MATERIALS AND METHODS

Animals

Twenty-four male Sprague—Dawley rats (mean £ SD, 346 + 42 g) were obtained from Taconic
Farms Inc. The animals were housed in groups of 3 at 22°C-24°C and on a 12-h-light/12-h-
dark schedule. Food and water were freely available.

Preparation of Conscious Rats for PET

Rats were conscious when prepared for PET, as previously described (12). Minor modifications
were needed in the current study because the gantry of the PET scanner was smaller than that
of the scanner used in previous studies. Under isoflurane anesthesia (1.5%—-2%), the rat skull
was exposed, 2 stainless steel screws were inserted into the skull as anchors to hold an acrylic
plate, and the plate was permanently attached to the skull using cyanoacrylic cement (Shofu
Inc.). Starting the day after surgery, rats were trained to comply with a whole-body holder for
PET scans (Fig. 1). The training was conducted as follows. First, rats were placed into the
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whole-body holder and the heads were not fixed to the holder, then rats were placed into the
whole-body holder and the heads were fixed, and finally, rats were placed into the whole-body
holder and the heads were fixed to hold the brain in a horizontal position. The training was
performed for 2 h continuously each day for at least 10 d before the PET experiment. Our
previous study had found that after similar training, the rats showed no increase in serum
corticosterone levels (12).

11C-(R)-rolipram was synthesized by 11C-methylation of (R)-desmethyl-rolipram, as
previously described (4). 11C-(R)-rolipram and varying amounts (0-1 mg/kg) of
nonradioactive (R)-rolipram (Tocris Bioscience) were dissolved in saline (1.3 + 0.2 mL) and
intravenously infused to rats. The in vivo B3 and Kp of rolipram binding to PDE4 were
measured in conscious (11 PET scans) and anesthetized (13 PET scans) rats. In each group, 3
full-blocked scans were obtained with saturating doses (0.9-1.0 mg/kg) of nonradiolabeled
(R)-rolipram. In 2 conscious and 5 anesthetized rats, baseline scans were obtained without
adding carrier (R)-rolipram. The baseline scans from a previous study of anesthetized rats
(13) were used as controls. The remaining scans were of rats that received a coinjection of
nonradiolabeled (R)-rolipram at doses of 1.0-20 ng/kg, which caused intermediate levels of
binding blockade. The injected activity and specific activity of the radioligand (77.7 £8.2 MBq
and 114 + 46 GBg/umol, respectively, for conscious rats and 85.0 + 15.4 MBq and 104 + 72
GBg/umol, respectively, for anesthetized rats) were similar for rats in both groups. Carrier
(R)-rolipram was not included in this calculation of specific activity.

The PET methods for anesthetized rats (1.5%—-2% isoflurane inhalation) were identical to those
in our previous paper that used only high-specific-activity 11C-(R)-rolipram (4). The PET
methods for conscious rats were also identical, except that a body holder was used (Fig. 1).
Animals were imaged for 60 min using the Advanced Technology Laboratory Animal Scanner
(17) and a dynamic sequence of images: 6 x20, 5 x60, 4 x120, 3 x300, and 3 X600 s. In
anesthetized rats, body temperature was monitored with a rectal temperature probe and
maintained between 36.5°C and 37.5°C using a heating pad. In all experiments, to

measure 11C-(R)-rolipram levels by radio—high-performance liquid chromatography (4,18) a
polyethylene catheter (PE-10; Aster Industries) was inserted into the femoral artery for blood
sampling. Blood samples were collected in heparin-coated tubes (Thomas Scientific) 8 times
between 0 and 10 min and at 20 and 40 min after the injection of 11C-(R)-rolipram. The
sampling volume was 150 pL for the first 8 samples and 500 pL for the latter 2 samples (total
volume, 2.2 mL).

PET Image and Kinetic Analysis

Sequential PET images were reconstructed with a 3-dimensional ordered-subset expectation
maximization algorithm, achieving 1.7-mm full width at half maximum resolution (17) without
the application of attenuation and scatter correction. After the reconstruction, all image frames
were transformed into a standard space as defined by Schweinhardt et al. (19) using a custom
template of rolipram created for our previous study (4) and Statistical Parametric Mapping 2
(Wellcome Department of Cognitive Neurology, London, England), as reported previously.
On the T2-weighted MR image in the standard space provided by Schweinhardt et al. (19),
volumes of interest were drawn on the following 7 regions: caudate putamen, thalamus,
hypothalamus, hippocampus, frontal cortex, parietal cortex, and temporal cortex (Fig. 2).
Although PDEA4 is relatively ubiquitous in the rat brain, there are regional differences in the
density detected both in vitro (20) and in vivo (4).

Concentrations of total (R)-rolipram (i.e., 11C-(R)-rolipram plus nonradioactive (R)-rolipram)
in the brain and arterial plasma were calculated from the final specific activity of 11C-(R)-
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rolipram summed with 11C and nonradioactive (R)-rolipram and were expressed as percentage
standardized uptake value (%SUV), which normalizes for injected activity and body weight.

BSUV= activity in brain region or plasma

x bod ight(g) x 100.
injected activity ody weight(g) Eq. 1

After a bolus injection of 11C-labeled and nonlabeled (R)-rolipram, specific binding levels of
(R)-rolipram changed over time. The concentrations of specifically bound and free (R)-
rolipram in the brain were measured at the time of transient equilibrium, that is, when
specifically bound (R)-rolipram reached maximal concentration to draw a saturation curve.
The original method by Farde et al. (21) determined the peak concentration of specifically
bound ligand by subtracting a time—activity curve in a binding site—free region from that in
regions with the binding site. Because 11C-(R)-rolipram does not have a binding-free region
in the brain, the peak concentration of specifically bound rolipram was determined kinetically,
by a method similar to that of Slifstein et al. (22). Time—activity curves of specifically bound
and nondisplaceable compartments were computed using a 2-tissue-compartment model and
fixing nondisplaceable distribution volume (K1/k) equal to the total distribution volume in the
fully blocked scans (Fig. 3). Concentrations of bound and free radioligand were determined
when the specifically bound compartment reached its peak value. The concentration of free
radioligand in brain was calculated from the concentration of radioactivity in the

nondisplaceable compartment at transient equilibrium (CED) and the plasma-free fraction (fP).
Under equilibrium conditions and for radioligands that cross the blood—brain barrier by passive
diffusion only, the concentration of free ligand (i.e., not bound to proteins) is the same in arterial
plasma and in the nondisplaceable compartment. Therefore, the concentration of free (R)-
rolipram in the nondisplaceable compartment (Cgnp) Was calculated as follows:

f,-CE

ND

Cenp= >
Vo Eq. 2

where Vp is the nondisplaceable distribution volume (23), and fp was 30.5% * 3.1%, as
determined by an ultrafiltration method in 5 control animals from our previous study (13).

Because true equilibrium conditions could be achieved with a bolus plus constant infusion of
radioligand, we performed a simulation study using data obtained from our previous study
(4). The simulation indicated that approximately 120 min were required to achieve true
equilibrium. However, the concentration of 11C-(R)-rolipram in plasma at this time would
likely be too low to measure accurately. Therefore, we used the transient equilibrium method
in the present study.

Kinetic analyses were performed using PMOD 2.90 (pixelwise modeling software; PMOD
Technologies Ltd.). In vivo By3x and Kp in each brain region were measured by nonlinear
least-squares fitting of 1- and 2-binding-site models applied to the saturation data (Fig. 4). In
this fitting, data were weighted to minimize the sum of squares of errors relative to the observed
values. The nonlinear fitting was performed with GraphPad Prism 5 (Graph-Pad Software,
Inc.).

In Vitro Rolipram Binding Assay

In vivo B and Kp were compared with previously reported in vitro results obtained from 5
rats used in baseline scans under isoflurane anesthesia (13). In brief, in vitro By, and Kp were
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measured in the frontal cortex, hippocampus, and diencephalon (thalamus and hypothalamus)
from the binding of racemic 3H-rolipram (GE Healthcare) to homogenates of membrane and
cytosolic fractions using previously reported methods (24). Bhax and Kp in whole tissue were
calculated as weighted averages of the results in membrane and cytosolic fractions. The
weighting was done on the basis of the total protein content in each fraction (13). (R)-rolipram
has 20 times greater affinity than does (S)-rolipram (25). The R-enantiomer was used for PET,
but the racemic mixture was used for homogenate binding. Therefore, the in vitro Kp values
of the R-enantiomer were estimated by dividing the Kp values (nM) of the racemic mixture by
a factor of 2. In vitro By« Values were initially obtained in a unit of femtomoles per milligram
of protein. For comparison with PET results, the unit of in vitro By, Was converted into
nanomolar using the protein concentration of the homogenate solution (milligrams of protein
per milliliter), total volume of the homogenate solution (milliliters), and weight of the tissue
(grams). The in vitro values of Bpax and Kp in the diencephalon were compared with the
weighted average of in vivo values from the thalamus and hypothalamus.

Statistical Analysis

RESULTS

Data are expressed as mean + SD. Parametric and nonparametric variables were determined
by the Shapiro—Wilk normality test. The statistical significance of differences was determined
using unpaired Student t test (parametric) or the Mann-Whitney test (nonparametric).
Goodness of fit between 1- and 2-binding-site models was assessed with the extra sum-of-
squares F test. P values of less than 0.05 were considered to be statistically significant.

Compartmental modeling of brain and plasma data confirmed that a high percentage of the
baseline binding of 11C-(R)-rolipram was specific; that is, binding could be blocked by
nonradioactive (R)-rolipram (Fig. 2). For example, combining results from conscious and
anesthetized rats, the total distribution volume of all 7 baseline scans was 18.1 + 4.8
mL-cm~3, whereas the total distribution volume in all 6 fully blocked scans was 1.7 + 0.4
mL-cm~3. Thus, these mean values show that approximately 90% of baseline uptake was
specific. Furthermore, the distribution volume in fully blocked scans (which is the
nondisplaceable distribution volume Vp) was similar under the 2 scanning conditions:
conscious (2.15, 1.38, and 1.80 mL-cm~3) and anesthetized (1.40, 1.23, and 2.07 mL.cm™3).

To determine whether anesthesia affected Kp or Bimax, We obtained data with increasing
binding site saturation by nonradioactive (R)-rolipram. The concentrations of free and
specifically bound radioligand were obtained at transient equilibrium from a 2-tissue-
compartment fit and the fixing of K1/ky to the total distribution volume of fully blocked scans
(Fig. 3). The calculated concentrations of free and specifically bound ligand showed wide
ranges (free, 0.07-5.68 nM; bound, 3.63-88.3 nM), which allowed measurement of Byax and
Kp (Fig. 4). The concentration of free radioligand calculated with Equation 2 was 0.08-0.17
nM in the baseline scans and 0.29-3.00 nM in the partially blocked scans.

The nonlinear least-squares fitting of these in vivo values of bound and free ligand allowed us
to calculate Byyax and Kp and to estimate whether binding existed in both high-and low-affinity
states. The fits of 1- and 2-binding-site models were not statistically different in any region
under either conscious or anesthetized conditions (Fig. 4). Furthermore, the 2-binding-site
model poorly identified all variables, as indicated by a covariance greater than 0.9999 for at
least 2 of 4 variables (Bnax and Kp of high- and low-affinity binding sites) in 5 among a total
of 14 fits. In addition, the 1-binding-site model showed a good fit with R2 = 0.85 + 0.04.
Therefore, Bmax and Kp were measured by the 1-binding-site model. This model identified
Bmax and Kp with an [SE]/[best-fit value] of 22% * 6% and 36% * 10%, respectively.
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Both conscious and isoflurane-anesthetized animals showed regional differences in Byhax and
Kp. In conscious rats, Bmax and Kp ranged from 64.7 to 93.3 nM and from 1.10 to 1.57 nM,
respectively (Table 1). Bmax and Kp showed a similar magnitude of regional variability in
anesthetized rats. However, in every region, conscious animals had a larger Bpax (29% on
average) and Kp (59% on average) than did anesthetized animals. Furthermore, both Byax
(P =0.019) and Kp (P = 0.004) values of conscious rats were significantly greater than those
of anesthetized rats.

These in vivo Binax and Kp values were compared with previously reported in vitro values that
were obtained in samples from animals used in baseline scans under isoflurane anesthesia.
Because of the variability in Kp among publications (5,13,24,25), it is important to compare
in vitro and in vivo results in the same animals. The Kp values from in vitro binding assays
were 3—7 times greater than those obtained from in vivo PET measurements in both conscious
and anesthetized animals. In contrast, in vitro By, values did not markedly differ from in vivo
measures in either conscious or isoflurane-anesthetized animals (Table 2).

DISCUSSION

The current study demonstrates the feasibility of separately measuring the Byax and 1/Kp

of 11C-(R)-rolipram binding to PDE4 in vivo. The study also investigates 2 critical factors in
the measurement of animal PET scans: the effects of anesthesia and the differences between
in vivo and in vitro conditions. We previously reported the in vivo quantitation of rolipram
binding potential, which is the product of By, and 1/Kp. In the current study, we extend our
previous work by coinjecting variable doses of nonradioactive (R)-rolipram, which allowed us
to separately calculate B,y and Kp in both conscious and anesthetized rats. A comparison of
the results for conscious and anesthetized rats showed highly significant differences in Kp. We
also compared in vivo Byax and Kp with previously reported in vitro values from the same
animals and found large differences in Kp but similar Bpax Values (Table 2). In combination,
our results suggest that Kp is more sensitive than By to the status of the tissue.

To our knowledge, this study is the first to demonstrate that By, and Kp can be measured
using PET in rats. In vivo Byhax and Kp have been measured separately for other radioligands
with PET using only larger animals, such as the pig (26), nonhuman primates (22), and humans
(21). Rats are useful in experimental models because they can be sacrificed at modest expense,
and their brain tissue can be used to compare in vivo and in vitro results. For example, we
found that the By« Of rolipram was similar in rats under in vivo and in vitro conditions (Table
2), suggesting that most PDE4 binding sites are available in vivo to bind radioligand.

Recently developed methods of imaging conscious non-human primates have been used to
study behavior and the effects of anesthesia (11). Momosaki et al. (12) extended such methods
to rats by training them; however, even after training, rats may make small head movements
that are barely visible. In future studies, quantitative evaluation of head movements and
mathematic correction of the data for such movements might improve the accuracy of the data.
Scans with isoflurane anesthesia were obtained without a holder so the nose cone for inhalation
could be stably attached. Because attenuation correction was not performed in the current study,
as in most other small-animal PET studies, the data for the conscious animals may be slightly
more attenuated by the holder than data for the anesthetized animals. Assuming there are no
holes in the holder, and based on the density (1.19 g/cm3) and thickness (~0.5 cm) of the
material of the holder (polymethyl methacrylate), attenuation caused by the holder would be
approximately 10%. Attenuation would decrease concentrations of both specifically bound and
free ligand and would make both By, and Kp smaller. However, in our study, conscious rats
showed greater Byax and Kp. Therefore, the holder was unlikely to have had any meaningful
impact on our results.
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Although Bpax had similar values under in vivo and in vitro conditions, the affinity of 11C-
(R)-rolipram was greater (i.e., the Kp was smaller) under in vivo than under in vitro conditions.
The higher in vivo affinity could have been caused by several factors, including anesthesia,
local environment, protein—protein interactions (3), temperature differences (in vivo, 37°C; in
vitro, 30°C), and the phosphorylation state of PDE4. Protein kinase A phosphorylates PDE4,
which then has 3- to 8-fold higher enzyme activity and sensitivity to inhibition by rolipram
(14,15) than the nonphosphorylated form. In addition, although the effects of anesthetics on
phosphorylation status of PDE4 are unknown, anesthetics change the phosphorylation status
of several other proteins in signal transduction systems (27,28). Thus, 11C-(R)-rolipram might
be capable of monitoring the phosphorylation state of PDE4 under varying in vivo conditions
(e.g., at baseline and after pharmacologic modulation of protein kinase A). If phosphorylated
and nonphosphorylated forms of PDE4 have markedly different affinities, the presence of 2
binding sites would be expected. Although the fitting for the saturation curve (Fig. 4) showed
the presence of only 1 site, our studies had only 8-10 points, which is probably inadequate
with the noise of the in vivo data to distinguish 1 from 2 binding sites. High-and low-affinity
rolipram binding sites have been proposed using recombinant PDE4 (29), but most in vitro
(24,30) and in vivo (5) studies show the presence of a single binding site for rolipram. Thus,
if phosphorylation can be measured in vivo with 11C-(R)-rolipram, it would most likely be seen
as an overall change in affinity of a single site, as we found for the effect of isoflurane.

One limitation of this study is that we measured binding at transient equilibrium (i.e., time of
peak specific binding), which is likely not equivalent to conditions at true equilibrium. For
example, we assumed that at transient equilibrium the concentrations of free radioligand were
equal in the specific binding compartment and in the simulated nondisplaceable compartment.
A more accurate method to achieve true equilibrium would be to use a bolus plus constant
infusion of radioligand at varying specific activities. Unfortunately, our simulations suggested
that the concentrations of radioligand in plasma at late time points would be too low to measure
accurately. The magnitude of error caused by the transient equilibrium method is difficult to
estimate. Thus, the differences we found between in vitro and in vivo binding parameters
should be interpreted cautiously. However, the differences we found in affinity between
conscious and anesthetized states were likely not affected by this approach, because any errors
would pre-sumably apply fairly equally to the measurement of Kp in conscious and
anesthetized conditions.

CONCLUSION

This study demonstrated the feasibility of using in vivo PET to separately measure Bpyax and
1/Kp in conscious and anesthetized rats. Imaging conscious animals is important to the study
of brain function without the interference of anesthetics. Because postmortem studies can be
performed easily in rats, PET followed by tissue harvesting can help determine which in vitro
parameters most accurately reflect in vivo conditions. The 1/Kp of (R)-rolipram showed much
greater differences than did By, between conscious and anesthetized rats and between in vivo
and in vitro conditions. Thus, affinity is sensitive to the status of tissue and may be an in vivo
biomarker of enzyme activity, which, for example, can be modulated by phosphorylation.
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FIGURE 1.

Head and body holder used to image conscious rats. Before PET scans, acrylic plate (A) was
attached to skull using cyanoacrylic cement (B). Plate was used to fix head to holder (A and
B). Rats were trained to comply with holder during PET scans (C).
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FIGURE 2.

T2-weighted MR (upper) and PET images obtained at 20-40 min (lower). MR images are
displayed from rostral (left) to caudal (right) direction. 11C-(R)-rolipram PET scans were
obtained at baseline (lower left), with 3.0 ug/kg dose of nonradiolabeled (R)-rolipram (lower
middle), or saturating (1.0 mg/kg, lower right) dose of nonradiolabeled (R)-rolipram. PET
images are in same location as middle of 3 MR images. Intensity of PET images is area under
curve of radioactivity without including nonlabeled (R)-rolipram between 20 and 40 min. Value
of 100% standardized uptake value (%SUV) is equal to concentration of radioligand that would
be achieved if it were uniformly distributed in body.
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FIGURE 3.

Concentration of radioactivity in hippocampus of conscious rat and 2-compartment fitting.
Total concentration of radioactivity in hippocampus (x) and serial concentrations of 11C-(R)-
rolipram in arterial plasma (not shown) were fit with 2-tissue-compartment model (—). The 2
tissue compartments were composed of specifically bound (...) and nondisplaceable uptake
(eee). Concentrations of bound (R)-rolipram were measured when specific binding reached
to peak (superior cross hair). At same time point, free concentrations were calculated, in part,

on the basis of uptake in nondisplaceable compartment (inferior cross hair, ijD). In this study,
peak specific uptake occurred at approximately 10 min, at which time specific binding was
approximately 262% SUV, and nondisplaceable uptake was approximately 27% SUV.
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FIGURE 4.

Saturation analysis of (R)-rolipram binding measured with PET in hippocampus of conscious
(A) and anesthetized (B) rats, where goodness of fit was at medium level among all regions.
These graphs plot specific binding as a function of free radioligand concentration. The 1- (—)
and 2- (mmm) binding-site models did not differ based on goodness of fit in either conscious
(P =0.495) or anesthetized (P = 0.399) rats. Thus, data did not justify use of 2-site binding
model. For conventional display, Scatchard plots were created using Biax and Kp obtained
from non-linear fitting of 1-site model in hippocampus of conscious (C) and anesthetized (D)
rats.
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TABLE 1
In Vivo Bpay and Kp of 11C-(R)-Rolipram Measured in Brain Regions of Conscious and Anesthetized Rats
Brnax (M) Kp (M)

Reaqion Conscious Anesthetized Conscious Anesthetized
Caudate putamen 93.3 68.6 1.46 0.81
Thalamus 70.0 57.4 1.17 0.91
Hypothalamus 61.2 33.9 1.53 0.59
Hippocampus 79.7 54.3 1.57 0.73
Frontal cortex 68.3 64.8 1.10 0.97
Parietal cortex 72.6 64.6 1.36 1.09
[Temporal cortex 64.7 52.8 1.25 0.84

Each set of Bmax and Kp values was calculated by nonlinear least-squares fitting of 1-binding-site model applied to saturation data. Significant differences

were found between conscious and anesthetized rats in both mean Bmax (P = 0.019) and Kp (P = 0.004) values by Student t test in all regions.
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