
Animal Experimentation. 
Metabolism and Clearance of PBR28 

We have investigated the in vitro and in vivo the stability of [11C]PBR028. In 
vitro, [11C]PBR028 was stable in both rat and rhesus monkey whole blood confirmed by 
radio-HPLC analysis. In vivo, we studied the rat brain radiochemical composition using 
radio-HPLC at two different mass dose concentrations of the [11C]PBR028 . After 
administering 1.4 mCi (mass dose of 0.86 µg/kg) and 2.3 mCi (mass dose of 4.83 µg/kg) 
to two healthy rats, they were killed 30 min later. Whole blood was collected from both 
animals and the brains were then resected for analysis. Plasma samples were isolated 
from whole blood, excised brains were homogenized and all were deproteinated and 
analyzed by radio-HPLC for their composition. The plasmas radiochromatographic 
profile was that of two radioactive peaks; one associated with a polar radiometabolite and 
another associated with the parent [11C]PBR028 ligand. 

The rat brain, at a high specific activity of [11C]PBR028 (mass dose of 0.86 
µg/kg), showed radiochemical composition that was 94.4% of [11C]PBR028. Increasing 
the mass dose associated with [11C]PBR028; up to 4.8 µg/kg, rat brain radioactivity 
remained at 89.8% composition of the parent compound.  In monkeys, after bolus 
injection of [11C]PBR028, the radioligand was quickly metabolized and represented 
86.2±6.8%, 20.2±4.0% and 8.8%±4.7% of total plasma activity at 5, 30 and 60 min, 
respectively. Plasma activity of [11C]PBR28 peaked approximately 1 min and decreased 
rapidly to 65.2±5.3%, 18.1%±4.4%, 6.9±1.5% and 3.1±0.9% at 2, 10, 30 and 60 min, 
respectively (Fig.2). 
 

 
  
Fig. 2 Time-dependent change of radioactivity and non-metabolite ratio of [11C]PBR28 in 
plasma 
 
PET Imaging of Nonhuman Primates 

Two rhesus monkeys (Macacca mulatta, body weight) were used (Table 1). 
Anestehsia was initiated with i.m. injection of ketamine (10 mg/kg) and then maintained 
under anesthesia with 1.6% isoflurane and 98.4% O2. The electrocardiograph (ECG), 
body temperature, heart and respiration rates were measured throughout the experiment. 
Body temperature was maintained at 37.0-37.5°C. 
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 All of PET scans were performed on a GE Advance scanner (General Electric 
Medical Systems, Waukesha, WI), with reconstructed resolution of 6 mm full-width half-
maximum in all directions in 3D mode by applying scatter correction.  The high 
resolution research tomograph (HRRT, Siemens/CPS, Knoxville, TN, USA) scanner 
(Schmand et al 1998; Wienhard 2002). All scans of HRRT were acquired in 64-bit list 
mode format.  Data were reconstructed into a 256x256x207 image matrix with pre-
determined frame schedule using a list mode OSEM algorithm (Carson et al 2003), 
resulting in an image resolution of 2.5 mm FWHM.  No scatter correction was applied. 
After a transmission scan, the radiopharmaceutical (dose: 4.17±1.36 mCi, specific 
activity: 1530±580 mCi/µmol) was intravenously injected. Coronal slices covering the 
whole brain were obtained. PET scans were acquired for 120-180 min (33-45 frames with 
longer scan duration at later time points). To measure plasma concentration of 
[11C]PBR28 and the metabolites, a second line, intra-arterial, in the contralateral limb 
was used to obtain 14 blood samples. Eight samples (0.5mL each) were drawn at 15 s 
intervals until 2 min, followed with 1-mL samples at 3, 5, 10, 30, 60, 90, 120min in 
heparin-treated syringes. Each blood sample was separated into plasma and blood cell 
fraction by centrifugation. 
 The tomographic images were analyzed with PMOD 2.65 (pixelwise modeling 
computer software; PMOD Group, Zurich, Switzerland) (Burger et al 1998). All frames 
of the original reconstructed PET data were summed, and this summed image was 
coregistered to a T1- weighted magnetic resonance (MR) image acquired separately on a 
GE 1.5 T Signa MR scanner (SPGR, TR/TE/flip angle = 13.1 ms/5.8 ms/45°, 0.4 x 0.4 x 
1.5 mm and coronal acquisition on a 256 x 256 x 60 matrix) (GE Medical 
Systems,Waukesha, WI) using SPM2 (Wellcome Department of Cognitive Neurology, 
London, U.K.), and regions of interest were defined on the frontal, temporal , parietal and 
occipital cortices, cerebellum, putamen, thalamus, 3rd ventricle and 4th ventricle of the 
MRI. To normalize brain uptake relative to the injection dose and the body weight, 
standardized uptake values (SUVs) were determined as (% Injected activity/ g brain) × g 
body weight. 
 
 
Estimation of distribution volume with arterial input function:  
 

One-tissue (1C) and unconstrained two-tissue compartment (2C) models were 
applied. Rate constants (K1, k2, k2', k3, and k4) were defined as described previously 
(Laruelle et al 1994). 
 
In the 1C, 
 
VT=K1 / k2'f1 
 
where VT is the distribution volume for the single tissue compartment. 
 
In the 2C, VT is described separately by the distribution volumes in nondisplaceable (VN) 
and specific binding compartments (VS). 



 
VN = K1/k2'f1 
 
VS = K1k3/k2k4f1 = Bmax'/Kd  
 
VT = K1(1+ k3/k4) k2f1 
 
where Bmax' is unoccupied binding site density. Under tracer conditions, Bmax' = Bmax. 
In these two models, although the definition of K1 is the same, that of k2 and k2'is 
different. That is, k2 is transfer rate to the vascular compartment from the nondisplaceable 
compartment in the 2C, and k2'refers to the transfer from the total tissue compartment 
(Laruelle et al 1994). 
 
Vi' is defined as 
 
Vi' = f1Vi 
 
These definitions indicate that Vi values are expressed relative to the free fraction of 
radioligand in plasma and that VT' values are expressed relative to the total (free plus 
protein-bound) concentration of radioligand in plasma. Non-linear least-squares analysis 
was performed on the VOI-generated time-activity data using PMOD 2.65. Parameters 
were estimated using the Marquardt algorithm (Bevington and Robinson 2003) with 
constraints restricting parameters to positive values. 
 
 
Statistical analysis 
 

Goodness-of-fit by nonlinear least squares analysis was evaluated using the model 
selection criterion (MSC), which is a modification of the Akaike information criterion 
(AIC) (Akaike 1974). MSC gives greater values for better fitting. Goodness-of-fit by 1C 
and 2C was compared with F statistics (Hawkins et al 1986).  The standard errors (SEs) 
of non-linear least squares estimation for rate constants were given by the diagonal of the 
covariance matrix (Carson 1986) and expressed as a percentage of the rate constants 
(coefficient of variation, %COV). In addition, %COV of VT' was calculated from the 
covariance matrix using the generalized form of error propagation equation (Bevington 
and Robinson 2003), where correlations among parameters were taken into account. A 
value of P<0.05 was considered significant. 
 
 
Table1. List of nonhuman primate [11C]PBR28 PET imaging 
 

Study # 
Blocking 
Agents 

Blocking 
Agent 
Dose 

(mg/kg) Monkey 
Wt. 
(kg) 

Specific 
Activity 

(mCi/µmol) 

Injected 
Dose 
(mCi) 

Mass dose 
(µg) 

PBR_M10 -  P41 16.1 1122 4.23 1.31 



PBR_M11 Cold PBR28 3 P41 16.1 1260 5.47 1.51 
PBR_M18 - - P41 15.3 1285 1.95 0.53 
PBR_M21 - - R16 9.6 2549 5.06 0.69 
PBR_M22 - - P41 14.2 1435 4.15 1.01 

 
 
Brain Uptake of [11C]PBR28 
 

[11C]PBR28 showed high brain uptake of approximately 300-500 SUV% (SUV% 
= % injected activity/cm3 brain × body weight (g)).  The distribution of brain uptake for 
the [11C]PBR28 were consistent with the distribution of PBRs. That is, regions with high 
receptor densities (e.g., 4th Ventricle) had highest levels of activities at late time points of 
the scan (Fig.1). The brain uptake of [11C]PBR28 was blocked with a receptor saturating 
dose of non-radiolabeled PBR28 (3 mg/kg i.v., injection at the same time of [11C] PBR28 
administration; Fig. 3). 
 

Fig. 3 Time activity curves of [11C]PBR28 baseline and blocking studies. 
 
 
Nonlinear least squares compartmental analyses 

Convergence was achieved in all regions (n=6) of all studies (n=3) with both one-
tissue (1C) and two-tissue (2C) compartment models. 2C did not provide significantly 
better fitting than 1C. The difference between 1C and 2C fitting was not significant by F-
test in all regions of all animals.  Average MSC (Model Selection Criteria) values were 
3.88±0.23 and 3.74±0.24 for the 1C and 2C fits, respectively.  VT' estimated by 1C was 
consistent among 3 experiments performed using the same animal with COV values less 
than 10%. 

After 100 min, VT' of [11C]PBR28 by 1C and 2C became independent of scan 
length in cerebellum and 4th Ventricle (Fig. 4). The changes of VT' between 100 and 120 
min by 1C and 2C were less than 1.5%.  Therefore, the binding of [11C]PBR28 was 
accurately measured with 1C using arterial input function. 

In summary, these data show that stable levels of distribution volume are 
achieved in monkey brain with 100 min scanning length. The major goal of the proposed 
study is to determine whether human brain and plasma show similar pharmacokinetics 
and thereby permit accurate quantitation of PBR densities in brain. 
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Fig. 4 The change of VT’ by 1 tissue compartment and 2 tissue compartment model of 
[11C]PBR28  
 
 
Pharmacological Effects in Nonhuman Primates 

A total of 4 PET scans were performed in monkeys:  all involved injection of 
tracer doses of [11C]PBR28. One of the studies was involved with blockade with non-
radiolabeled PBR28 (3 mg/kg i.v.).  In these PET scans, the average injected mass dose 
of [11C]PBR28 was 1.0 µg for an average body weight of 14.0 kg (corresponding to 0.07 
µg/kg).  In all cases (for injection of both radiolabeled and non-radiolabeled PBR28), the 
difference of measurement between pre- and post-injection were: < 15 mmHg for 
systemic blood pressure, < 10/min for pulse, < 5/min for respiratory rate and < 0.3 Cº for 
temperature. 
 
Estimated Receptor Occupancy 
The peak uptake of [11C]PBR28 in monkey cortical regions was ~300% SUV%.  For the 
proposed injection of no more than 5 µg, this corresponds to a concentration of 0.56 nM.  
This is calculated as follows: 
 
Assumptions: body weight = 70 kg = 70 L, SUV = 300%, molecular weight = 348 
 
Concentration in brain = (5 × 10-6 g)/(348 mol/g) × 1/70 L × 300%/100% = 0.62 nM. 
 
The density of PBR in cortical regions is 440-800 fmol/mg protein (Cymerman et al 
1986).  By assuming for brain tissue that 1 g = 1 cm3, the density of PBR is 44-80 nM.  If 
all tracer bind to the receptor (which is not true because of nonspecific uptake), the 
occupancy would range from 0.8 % (=0.62 nM/80 nM) to 1.4% (=0.62 nM/44 nM). 
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