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Abstract 

We evaluated the efficacy of 2-[5-(4-[18F]fluoroethoxy-2-oxo-1,3-benzoxazol-3(2H)-yl)- 
N-methyl-N-phenylacetamide] ([18F]FEBMP) for positron emission tomography (PET) imaging of 
translocator protein (18 kDa, TSPO). Dissection was used to determine the distribution of 
[18F]FEBMP in mice, while small-animal PET and metabolite analysis were used for a rat model of 
focal cerebral ischemia. [18F]FEBMP showed high radioactivity uptake in mouse peripheral organs 
enriched with TSPO, and relatively high initial brain uptake (2.67 ± 0.12% ID/g). PET imaging re-
vealed an increased accumulation of radioactivity in the infarcted striatum, with a maximum ratio 
of 3.20 ± 0.12, compared to non-injured striatum. Displacement with specific TSPO ligands 
lowered the accumulation levels in infarcts to those on the contralateral side. This suggests that 
the increased accumulation reflected TPSO-specific binding of [18F]FEBMP in vivo. Using a simplified 
reference tissue model, the binding potential on the infarcted area was 2.72 ± 0.27. Metabolite 
analysis in brain tissues showed that 83.2 ± 7.4% and 76.4 ± 2.1% of radioactivity was from intact 
[18F]FEBMP at 30 and 60 min, respectively, and that this ratio was higher than in plasma (8.6 ± 1.9% 
and 3.9 ± 1.1%, respectively). In vitro autoradiography on postmortem human brains showed that 
TSPO rs6971 polymorphism did not affect binding sites for [18F]FEBMP. These findings suggest that 
[18F]FEBMP is a promising new tool for visualization of neuroinflammation. 

Key words: [18F]FEBMP; translocator protein (18 kDa); neuroinflammation; binding potential; rs6971 poly-
morphism 

Introduction 
Neuroinflammation characterized by the activa-

tion of glial cells is an important pathological process 
that is involved in the progression of many neuro-
degenerative disorders. Since the expression of 

translocator protein (18 kDa, TSPO) is greatly induced 
in activated glial cells, quantitative assessment of 
TSPO with positron emission tomography (PET) is a 
powerful tool to evaluate neuroinflammation [1-3]. 
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[11C]PK11195 was the first TSPO radioligand to be 
developed and evaluated [4]. While full quantification 
of (R)[11C]PK11195 has been performed, the results 
were noisy because of a low signal-to-noise ratio, 
which was likely due to relatively high levels of 
non-specific binding [5-8]. Because PET imaging is a 
powerful technique for translational research, many 
research groups are actively engaged in searching for 
new TSPO ligands with improved properties [9, 10]. A 
few of the ligands discovered thus far, including 
[11C]DAA1106 [11, 12], [18F]FEDAA1106 [13, 14], 
[11C]PBR28 [15], [11C]AC-5216 [16], [18F]DPA714 [17], 
and [18F]PBR111 [18], have been developed for pre-
clinical and clinical study. Although these sec-
ond-generation TSPO radioligands have improved 
signal-to-noise ratios, they show substantial hetero-
geneity in their binding potentials due to intersubject 
variability [8, 19]. A rs6971 polymorphism in the gene 
that encodes TSPO is fully responsible for such dif-
ference in affinity. This polymorphism leads to an 
amino acid substitution, from alanine to threonine 
(Ala147Thr), and therefore leads to three distinct 
binding affinity classes; high-affinity binder (HAB, 
Ala/Ala amino acid in 147 position of TSPO protein, 
major genotype) and low-affinity binder (LAB, 
Thr/Thr, minor genotype) express a single binding 
site for TSPO with either high or low affinity, respec-
tively, whereas the mixed-affinity binder (MAB, 
Ala/Thr amino acid) expresses both binding sites [20, 
21]. 

 

 
Figure 1. Chemical structure of novel TSPO ligands 

 
 
Therefore, new TSPO ligand candidates with 

different structural skeletons that are not sensitive to 
this polymorphism are desirable. Recently, we de-
veloped 2-[5-(4-[11C]methoxyphenyl)-2-oxo-1,3- 
benzoxazol-3(2H)-yl]-N-methyl-N-phenylacetamide 
([11C]MBMP, Fig. 1) as a  potent and selective PET 
ligand for TSPO [22]. An in vivo PET study demon-
strated high specific binding and a higher binding 
potential of [11C]MBMP than (R)[11C]PK11195 toward 

TSPO in the ischemic rat brain. Because 18F has a 
longer half-life than 11C, we altered the methoxy 
group using a fluoroethoxy group to derive 
2-[5-(4-fluoroethoxy-2-oxo-1,3-benzoxazol-3(2H)-yl)-
N-methyl-N-phenylacetamide (FEBMP, Fig. 1). Im-
portantly, this replacement did not change the bind-
ing affinity (Ki) of the molecule for TSPO in a decisive 
way (MBMP vs FEBMP: 3.9 ± 0.6 nM vs. 6.6 ± 0.7 nM) 
[23].  

 In this study, we evaluated the efficacy of 
2-[5-(4-[18F]fluoroethoxy-2-oxo -1,3-benzoxazol-3(2H)- 
yl)-N-methyl-N-phenylacetamide ([18F]FEBMP, Fig. 1) 
for PET imaging of TSPO in ischemic rat brains. We 
also determined the influence of the TSPO rs6971 
polymorphism on the binding affinity of [18F]FEBMP 
using in vitro autoradiographic analyses in postmor-
tem human brains.  

Materials and methods 
Chemicals and instrumentation 

 All chemicals were purchased from commercial 
sources. High performance liquid chromatography 
(HPLC) separation and analysis were performed us-
ing a JASCO HPLC system (JASCO, Tokyo, Japan). 
Unlabelled MBMP and FEBMP were synthesized in 
house, and 18F and 11C were produced using a CYPRIS 
HM-18 cyclotron (Sumitomo Heavy Industry, Tokyo, 
Japan). Effluent radioactivity was monitored using a 
NaI (Tl) scintillation detector system. If not otherwise 
stated, radioactivity was measured with an IGC-3R 
Curiemeter (Aloka, Tokyo, Japan). 

Production of [18F]FEBMP 
 [18F]FEBMP was synthesized by reacting a 

desmethyl precursor with [18F]fluoroethyl bromide in 
the presence of NaOH at 120°C for 10 min. HPLC 
separation for the reaction mixture gave [18F]FEBMP 
in 22 ± 4% (n = 15) radiochemical yields, based on 
[18F]F– corrected for physical decay at the synthesis 
times of 64 ± 5 min from the end of bombardment. The 
radiochemical purity and specific activity of 
[18F]FEBMP was ≥ 98% and 90−350 GBq/µmol at the 
end of synthesis. These analytical results were in 
compliance with the quality control/assurance speci-
fications of radiopharmaceuticals that are produced in 
our facility. 

Production of 11C-labelled ligands 
 (R)[11C]PK11195, [11C]PBR28, [11C]DAA1106 and 

[11C]AC-5216 were prepared by reacting their corre-
sponding desmethyl precursors with [11C]methyl io-
dide according to methods reported previously [4, 11, 
16, 24]. The radiochemical purity and specific activity 
of these radioligands were ≥ 98% and in the range of 
40−90 GBq/µmol, respectively, at the end of synthe-
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sis. 

Animals 
 All animals were maintained and handled in 

accordance with the recommendations of the National 
Institute of Health and institutional guidelines of the 
National Institute of Radiological Sciences (NIRS). 
Experiments conducted in the NIRS were approved 
by the Animal Ethics Committee. Male ddY mice (8 
weeks old, 34−36 g) and Sprague-Dawley (SD) rats 
(male, 8–9 weeks old, 240−330 g) were purchased 
from Japan SLC (Shizuoka, Japan). The animals were 
housed under a 12/12-h dark/light cycle under op-
timal conditions. 

Biodistribution study 
 The ddY mice were injected with [18F]FEBMP 

(1.85 MBq, 10 pmol) through the tail vein, and were 
sacrificed at six time intervals (1, 5, 15, 30, 60, and 90 
min). Blood samples were collected from each group 
(n = 4) and the brain, heart, kidneys, liver, lungs, 
spleen, small intestine, testis, muscles, and bones 
(thighbone) were quickly removed and weighed. The 
level of radioactivity in each tissue was measured by a 
1480 Wizard 3” autogamma counter (Perkin Elmer, 
Waltham, MA, USA) and expressed as percentage of 
the injected dose per gram of wet tissue (% ID/g). The 
correction for decay was taken into account during 
the radioactivity measurements. 

Ischemic model  
 Mild focal ischemia was produced by intralu-

minal occlusion of the middle cerebral artery for 30 
min using an intraluminal thread model, as men-
tioned in our previous works [25]. In general, SD rats 
were anesthetized with 4% (v/v) isoflurane and 
maintained under anaesthesia with 1.8% isoflurane. A 
4.0-monofilament nylon suture coated with silicon 
was inserted into the internal carotid artery up to the 
level of the middle cerebral artery branches (ap-
proximately 16−18 mm from the internal carotid ar-
tery), and the neck incision was closed with a silk su-
ture. Thirty min after regaining consciousness from 
anaesthesia, rats were again anesthetized and the 
filament was carefully removed for reperfusion. Body 
temperature was monitored and maintained at opti-
mal levels throughout the surgery. The rats were then 
used for PET imaging or metabolite analysis at 7 days 
post ischemic surgery.  

PET study and imaging analysis 
 The PET study was performed using a 

small-animal PET scanner (Siemens Medical Solutions 
USA, Knoxville, TN, USA), which provides 159 
transaxial slices 0.796 mm (center-to-center) apart, a 
10 cm transaxial field of view (FOV), and a 12.7 cm 

axial FOV for imaging. Rats were anesthetized with 
1.5% (v/v) isoflurane during the scan, and their body 
temperatures were maintained with a 40°C water 
circulation system (T/Pump TP401, Gaymar Indus-
tries, NY, USA). [18F]FEBMP (16−18 MBq, 0.07−0.15 
nmol) was intravenously injected via tail vein, and a 
90-min list-mode emission scan was carried out im-
mediately. The time frame reconstruction was as fol-
lows: 1 min × 4 frames, 2 min × 8 frames, and 5 min × 
14 frames. For the displacement experiments, unla-
belled MBMP (1 mg/kg) or PK11195 (3 mg/kg), 
solved in 300 μL of saline containing 15% ethanol and 
10% Tween 80, was injected 20 min after PET scans 
with [18F]FEBMP were started. Three independent 
experiments were performed for each group.  

 Data modelling for PET scans was performed 
using three-dimensional sinograms, which were 
changed into two-dimensional sinograms by Fourier 
rebinning. Dynamic image reconstruction was done 
by filtered back-projection using Hanning’s filter with 
a Nyquist cut-off frequency of 0.5 cycles/pixel. PET 
images were analyzed using ASIPro VM™ (Analysis 
Tools and System Setup/Diagnostics Tool, Siemens 
Medical Solutions) with reference to a high-resolution 
magnetic resonance imaging (MRI) template, which 
was generated as described in our previous publica-
tion [26]. The regions of interest (ROIs) were manually 
placed on ipsilateral and contralateral sides of the 
striatum with reference to the MRI template.  

 The nondisplacable binding potential (BPND) on 
the ipsilateral side of the striatum was calculated with 
a simplified reference tissue model (SRTM) [27] using 
the contralateral side as the reference region. The 
model analysis was performed by PMOD version 3.4 
image analysis software (PMOD Technologies, Zur-
ich, Switzerland).  

Statistical analyses 
 Statistical analyses were performed using Mi-

crosoft Office Excel 2007 and SPSS software. All data 
are expressed as the mean ± SEM. PET data were an-
alyzed by one-way repeated-measures analysis of 
variance (ANOVA). In the analyses, p values of < 0.05 
were considered statistically significant. 

Radiolabelled metabolite analysis in ischemic 
rats  

 The metabolite analysis was done in separate 
animals. [18F]FEBMP (10 MBq, 0.07 nmol) solutions 
were injected intravenously into the ischemic rat 
model through the tail vein, and these animals were 
sacrificed by cervical dislocation at two time points, 
30 and 60 min (n = 3 for each point). Whole brains and 
0.8−1.0 mL of blood samples were collected and ana-
lyzed as per our previous work [22]. The conditions 



 Theranostics 2015, Vol. 5, Issue 9 

 
http://www.thno.org 

964 

for HPLC analyses were as follows: Capcell Pak 
UG80C18 column, 4.6 mm internal diameter × 250 mm 
length; MeCN/H2O/Et3N, 7/3/0.01 (v/v/v); and 
flow rate, 1.0 mL/min. In parallel, radioactivity frac-
tions in the HPLC waste solution were also measured 
by using an autogamma counter. 

In vitro autoradiography of the human brain  
 Postmortem human brains for in vitro autora-

diographic analysis and related genotypical infor-
mation were obtained from the Center for Neuro-
degenerative Disease Research at the University of 
Pennsylvania Perelman School of Medicine. Two 
HABs (Ala/Ala in 147 position of TSPO protein) and 
two LABs (Thr/Thr) from healthy controls were used 
in the present study, and two of these human brains, 
LAB-1 and HAB-1, were used for a correlation analy-
sis. 

 The brains were cut into 20-μm-thick sections 
and stored at -80°C until they were used. The brain 
sections were preincubated with Tris-HCl buffer for 
30 min, followed by incubation with either of the fol-
lowing radiolabelled ligands: [18F]FEBMP (0.5 nM), 
(R)[11C]PK11195 (0.5 nM), [11C]PBR28 (0.5 nM), 
[11C]AC-5216 (0.5 nM), or [11C]DAA1106 (0.5 nM). 
Because higher incubation concentration than Kd or Ki 
for target might affect quantitative linearity and too 
low concentration would cause noise in image, the 
present concentration was designed at 0.5 nM and 
was consider as the achievable concentration (usually 
less than 2 nM) of these ligands in the living brain. 
These radioligands were added in 50 mM Tris-HCl 
buffer containing 5% ethanol, and incubation of the 
brain sections occurred at room temperature for 1 h. 
To determine specific binding of these radioligands 
for TSPO, unlabeled PK11195 (10 μM) was added to 
incubation solution in advance. Sections were then 
rinsed twice for 2 min in ice-cold wash buffer (50 mM 
Tris-HCl buffer containing 5% ethanol) and dipped 

into distilled water for 10 sec. The brain sections were 
dried with cold air and attached to an imaging plate 
(BAS-MS2025; GE Healthcare, Piscateway, NJ, USA) 
for optimized contact periods. Radioactivity was de-
tected by scanning the imaging plate using a 
BAS-5000 system (FIUJIFILM, Tokyo, Japan). ROIs 
were carefully placed over the gray matter of the 
temporal cortex with the reference of naked-eye ob-
servation, and radioactivity was expressed as pho-
to-stimulated luminescence (PSL) per unit area 
(PSL/mm2). In the present study, there were five 
normal post-mortem human brains available for con-
trols. Two of them, LAB-1 and HAB-1, were used for a 
correlation analysis. 

Results 
Biodistribution study 

 Intravenous injection of [18F]FEBMP into normal 
mice resulted in high radioactivity accumulation in 
the lungs, heart, and kidneys with values from ap-
proximately 130 to 13% ID/g. Medium concentrations 
of radioactivity accumulated in the small intestine, 
muscle, liver, spleen, and testis with values from ap-
proximately 0.6 to 4% ID/g. The radioactivity con-
centration in plasma continuously decreased within 
15 min of ligand injection and increased thereafter, 
possibly due to increased release of radioactive me-
tabolite from liver or enterohepatic circulation. A rel-
atively high initial uptake (approximately 2.7% ID/g) 
was observed in the mouse brain, the target tissue in 
this study, and the radioactivity level appeared to 
decrease to approximately 45% of the initial peak 
value within 90 min. During the initial phase after 
ligand injection, relatively high radioactivity (ap-
proximately 3.8% ID/g) was observed to accumulate 
in the thighbones, and these values appeared to 
slightly increase at a later phase of observation (Table 
1). 

Table 1. Biodistribution (% ID/g) of [18F]FEBMP in mice  

 
Data are presented as Mean ± SEM. 
Four animals were used for each time point. 
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Small-animal PET studies  
 PET images with [18F]FEBMP and time-activity 

curves (TACs) showed higher accumulation of radi-
oactivity in the ipsilateral striatum of the rat model of 
transient focal ischemia compared to radioactivity 
that accumulated in the corresponding contralateral 
area. The maximum ipsilateral-to-contralateral ratio 
was 3.20 ± 0.12 at 60 min post-injection (Fig. 2). 

Treatment with unlabelled MBMP or PK11195 led to 
an overt decrease in radioactivity on the ipsilateral 
side of the brain. Moreover, after 30 min of treatment, 
levels appeared to be similar to those contralateral to 
the infarct (Fig. 3). Using SRTM, with the contralateral 
side of the brain as reference tissue, the BPND value for 
[18F]FEBMP on the ipsilateral side of the brain was 
2.72 ± 0.27.  

 

  
Figure 2. In vivo imaging with [18F]FEBMP in ischemic rat brains. A: Representative coronal PET image (summation of 0-90 min) was overlaid on the MRI template of 
a rat brain. The arrow indicates the ischemic areas. B: Time-activity curve for the ipsilateral and contralateral striatum. Data (mean ± SEM, n = 3) were from three 
ischemic rat brains. SUV, standardized uptake value. 

  
Figure 3. Displacement with unlabelled TSPO ligands for [18F]FEBMP uptake. A-C: Representative coronal PET summation images (A; 0-20 min, B; 30-90 min) of 
[18F]FEBMP and the time-activity curve (C; mean ± SEM, n = 3) in an ischemic rat model that received additional treatment with unlabelled MBMP at 20 min after 
[18F]FEBMP bolus injection. D-F: Representative coronal PET summation images (D; 0-20 min, E; 30-90 min) of [18F]FEBMP and the time-activity curve (F; mean ± 
SEM, n = 3) in a rat model of ischemia. The rat received additional treatment with unlabelled PK11195 at 20 min after [18F]FEBMP bolus injection. Ipsilateral and 
contralateral indicate ipsilateral and contralateral sides of the ischemic brain in the striatum. 
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Analysis of radiolabelled metabolites  
 In order to evaluate the metabolic stability of 

[18F]FEBMP, we analyzed radioactive metabolites in 
plasma and brain samples collected at 30 and 60 min 
post-injection (Table 2). In plasma and brain tissue, in 
addition to the peak of intact [18F]FEBMP (retention 
time (tR) = 4.1 min), only one radioactive peak (tR = 
2.1 min) was detectable on the radio-HPLC,. The per-
centage of intact [18F]FEBMP in the plasma decreased 
to 8.6 ± 1.9% and 3.9 ± 1.1% at 30 min and 60 min after 
injection, respectively. Meanwhile, intact [18F]FEBMP 
in the brain remained at 83.1 ± 7.3% and 76.4 ± 2.1% at 
30 and 60 min post-injection, respectively. The radio-
activity recovery rate from the HPLC analysis for all 
samples was >95%.  

 
 
 

Table 2. Metabolite analysis of [18F]FEBMP in ischemic rats  

Time (min) % in plasma % in brain 
Metabolite Parent Metabolite Parent 

30 91.4 ± 1.9 8.6 ± 1.9 16.8 ± 7.4 83.2 ± 7.4 
60 96.1 ± 1.1 3.9 ± 1.1 23.6 ± 2.1 76.4 ± 2.1 
Data are presented as Mean ± SEM. 
Three animals were used for each time point. 

 

In vitro autoradiography  
 Autoradiographic analyses with 

(R)[11C]PK11195, [11C]PBR28, [11C]AC-5216, and 
[11C]DAA1106 showed that there were overtly dif-
ferent binding sites for these radioligands between 
two postmortem human brains, LAB-1 and HAB-1 
(Fig. 4). In vitro binding of (R)[11C]PK11195 was a little 
higher in LAB-1 than in HAB-1. On the other hand, 
compared to (R)[11C]PK11195, in vitro binding of 
[11C]PBR28 was greatly lower in LAB-1. The binding 
in LAB-1 was also lower than in HAB-1 (Fig. 4A).  

 

 
Figure 4. In vitro autoradiographic analysis of the human brain. (A) Autoradiographic images of (R)[11C]PK11195, [11C]PBR28, [11C]AC-5216, and [11C]DAA1106 in 
brain sections containing the temporal cortex from LAB-1 and HAB-1. The binding ratios of (R)[11C]PK11195, [11C]DAA1106, [11C]AC-5216 and [11C]PBR28 for 
HAB-1 to that of LAB-1 (RB(H/L)) were approximately 0.45, 1.19, 4.60, and 11.1, respectively, showing excellent correlation (R = 0.98, p < 0.01) with the Ki ratios of 
these ligands for LAB to that of HAB (RKi(H/L)). The corresponding values of RKi(H/L) of these lignads were 0.8, 4.7, 12.6 and 55, respectively, published in previous 
studies (Owen et al, 2011a, 2011b). (B) Autoradiographic images of [18F]FEBMP and quantitative analysis. Total binding (TB, PSL/mm2; mean ± SEM) and non-specific 
binding (NSB, PSL/mm2; mean ± SEM) were calculated in the absence and presence of unlabeled PK11195, respectively (3 and 5 brain sections for the NSB and TB 
assay, respectively; *, p < 0.05, **, p < 0.01; student’s t-test for TB vs NSB). The RB(L/H) value of [18F]FEBMP was determined to be 0.90 from the bar graph. *The RKi(L/H) 
value (0.9) of [18F]FEBMP was calculated by extrapolation from the linear curve (A) and RB(L/H) value. 
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This result was completely consistent with 
widely accepted consideration that amino acid sub-
stitution from alanine to threonine leads to 
low-affinity binding for [11C]PBR28 while not affect-
ing the binding affinity of (R)[11C]PK11195 [19]. Au-
toradiography with [11C]AC-5216 and [11C]DAA1106 
also showed decreased binding in LAB-1 compared to 
(R)[11C]PK11195, and this is also consistent with pre-
vious publications [19, 20]. Moreover, there was an 
excellent correlation (R = 0.98, p < 0.01) between the 
ratio of binding of TSPO ligands for HAB-1 to LAB-1 
(RB(L/H)) and the ratio of Ki for LAB to HAB (RKi(L/H)) of 
these ligands published in previous studies [19, 20] 
(Fig. 4A). The presence of unlabelled PK11195 caused 
a moderate but significant decrease in the binding of 
[18F]FEBMP in both human brains, and the RKi(L/H) 
value of [18F]FEBMP was estimated to be 0.9, which 
was calculated by extrapolation from the linear curve 
(Fig. 4A) and its RB(L/H) value of 0.90 determined from 
the bar graph in Fig. 4B, suggesting that binding of 
[18F]FEBMP was little affected by TSPO rs6971 poly-
morphism. This result was also supported by quanti-
tative analysis including two HAB and two LABs. The 
amount of specific binding of [18F]FEBMP in HAB and 
LAB groups was similar, in contrast with approxi-
mately 21-fold difference in specific binding of 
[11C]PBR28 between HAB and LAB groups (Supple-
mentary Material: Figure S1).  

Discussion 
In the current study, we developed a new PET 

radioligand, [18F]FEBMP, that could prove useful for 
the imaging of neuroinflammation. [18F]FEBMP 
showed high binding affinity (Ki = 6.6 nM) for TSPO 
and suitable lipophilicity (LogD = 3.43) for brain 
permeability [23]. Moreover, PET images with 
[18F]FEBMP were able to capture TSPO induction in a 
rat model of focal cerebral ischemia. In vitro autora-
diographic analysis in post-mortem brains from LAB 
and HAB tissues implied little influence of the TSPO 
rs6971 polymorphism on the [18F]FEBMP binding site. 

Biodistribution in mice showed that the radioac-
tivity rapidly accumulated in TSPO-rich tissues, such 
as the lungs, heart, and kidneys. This finding was in 
agreement with previous studies on TSPO localization 
in the peripheral systems of animals and humans [28]. 
Moreover, this was similar to the distribution profiles 
that had independently emerged from the chemical 
class of the radioligands [11C]PK11195, [11C]DAA1106, 
and [18F]FEDAA1106, which peaked early (1 to 
10 min) after injection [13]. As expected from its lip-
ophilicity, [18F]FEBMP showed excellent brain per-
meability with an initial uptake of approximately 
2.7% ID/g in normal mouse brains. Furthermore, ra-
dioactivity uptake in the bones of mice reached up to 

3.8 ± 0.1% ID/g at 90 min. It is not a negligible value, 
PET images of the ischemic rat brain, however, 
showed no obvious accumulation of radioactivity in 
the skull. This seemingly contradictory finding may 
be explainable because the thighbone samples we 
collected contained abundant marrow where there 
was detectable expression of TSPO [29]. Thus, accu-
mulated radioactivity in bone samples may be mainly 
due to [18F]FEBMP binding to marrow, and not free 
[18F]F- trapped in bones.  

Because of the low TSPO expression in normal 
brains, we used a rat model of focal cerebral ischemia 
in order to overtly induce TSPO expression in the 
ipsilateral striatum without widespread disruption 
and breakdown in function of the blood-brain barrier 
[25]. This allowed us to verify the feasibility of 
[18F]FEBMP for detecting neuroinflammation. Using 
this approach, we observed more binding sites on the 
ischemic side of the brain when compared to the cor-
responding contralateral area [22, 23]. In the present 
study, after the infusion of unlabeled MBMP or 
PK11195, there was an overt increase in the contrala-
teral but slight change in ipsilateral side. Given that 
the increased blood concentration of radioligand, due 
to replacement in peripheral tissues, competitive in-
hibition of metabolism, or excretion, usually causes 
temporary increase in radioactivity level in the brain 
region with poor binding sites for the radioligand. In 
brain region with abundant binding sites, reduced 
specific binding at the same time would mask and 
even cancel this change. This result also indirectly 
suggested that there was less specific binding in con-
tralateral area, compared to ipsilateral side. Thus, we 
were able to generate an apparent BPND of [18F]FEBMP 
with SRTM, using the contralateral area as a reference 
tissue. Although this apparent BPND is an underesti-
mated value since there is specific binding due to ex-
istence of ramified, or slightly activated microglia in 
the reference tissue, such influence might be accepta-
ble. Moreover, utilization of this apparent BPND al-
lowed us to compare the present data with our pre-
viously published data. The apparent BPND of 
[18F]FEBMP was 2.72 ± 0.27 in the present study, 
which was significantly higher than the that of 
[11C]MBMP (2.03 ± 0.24, p < 0.05) and (R)[11C]PK11195 
(1.59 ± 0.33, p < 0.05) [22], strongly suggesting the 
superiority of [18F]FEBMP in detecting TSPO in living 
individuals. A rather high level of non-specific bind-
ing was detected in the postmortem brain, possibly 
due to low level of TSPO expression in healthy control 
brain. Such low-level binding may be beneficial for 
detecting activated microglia in inflamed human 
brain as seen in the present ischemic rat model. 

In the current study, we determined that the 
metabolic stability of [18F]FEBMP was not desirable 
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since its radiolabelled metabolite was observed to 
increase rapidly to more than 90% in plasma within 30 
min. Furthermore, the metabolite was also found in 
brain tissue. The PET images with [18F]FEBMP, how-
ever; still showed clear visualization of neuroin-
flammation in the rat model of focal ischemia. There-
fore, the assessment of TSPO with [18F]FEBMP might 
not be greatly disturbed by the radioactivity (ap-
proximately 20%) due to the metabolite in the brain. It 
is still unclear that the radiolabelled metabolite also 
had affinity for TSPO. Metabolism is often different 
between experimental animals and humans, thus, 
PET imaging in human brains may show greatly dif-
ferent features than the findings reported here. Fur-
ther investigation on human subjects is being con-
templated in a collaborative study with our clinical 
department.  

Amino acid substitution from alanine to threo-
nine in TSPO rs6971 polymorphism leads to a con-
version from HAB to LAB for many sec-
ond-generation TSPO ligands. Here, we established a 
method using a binding value from a single concen-
tration of [11C]FEBMP instead of the Ki value from a 
range of the concentrations being tested. The latter is a 
common method that is used for examining the in-
fluence of the TSPO polymorphism on TPSO ligand 
binding sites [19, 20]. Correlation analysis for various 
TSPO ligand binding to one HAB and one LAB brain 
found an excellent correlation between RB(H/L) and the 
published RKi(L/H) values (Fig. 4A), suggesting the 
validity of our method. Furthermore, the RKi(L/H) val-
ue of [18F]FEBMP was approximately 0.9, while the 
RKi(L/H) values of (R)[11C]PK11195 and [11C]PBR28 
have been published as 0.8 and 55, respectively [19]. 
These data convincingly demonstrate that [18F]FEBMP 
is a promising second-generation TSPO ligand, and 
that the TPSO polymorphism has little influence on its 
binding affinity. Further examination using amplified 
sample size also support this consideration (Supple-
mentary Material: Figure S1). It is still unclear what 
chemical structure is critical for LAB binding. In fact, 
even a slight modification in the side chain might 
greatly affect the binding affinity for LAB. For exam-
ple, although they are phenoxyphenylacetamide de-
rivatives, the RKi(L/H) of [11C]PBR28, [18F]PBR06, and 
[11C]DAA1106 is greatly different at 55, 17, and 4.7, 
respectively [19]. However, given that the prevalence 
of Thr147 (low-binding allele) is 30% in Caucasians 
and 25% in Africans [21], [18F]FEBMP could prove as a 
general utility for the sensitive detection of neuroin-
flammation. Furthermore, [18F]FEBMP could serve as 
a core chemical structure for new PET ligands and 
anxiolytics in the entire population, including in in-
dividuals with TSPO rs6971 polymorphisms.  

Supplementary Material  
Figures S1. http://www.thno.org/v05p0961s1.pdf 
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