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Fluorine-18-FPH for PET Imaging of Nicotinic
Acetylcholine Receptors
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Visualization of central nicotinic acetylcholine receptors (nAChRs)
with modern PET or SPECT imaging techniques has been ham
pered by the lack of a radioligand with suitable in vivo binding
characteristics (i.e., high target-to-nontarget ratios and kinetics
appropriate for the half-life of the tracer and imaging modality used).
This paper describes in vivo binding, kinetics and pharmacology of
a highly potent 18F-labeled analog of epibatidine, (Â±)-exo-2-(2-
[18F]fluoro-5-pyridyl)-7-azabicyclo[2.2.1]heptane ([18F]FPH), in the

mouse brain with the view towards application of this tracer for PET
imaging of nAChR in human brain. Methods: Fluorine-18-FPH was
administered intravenously to mice, and time-activity curves were
determined for several regions in the brain and other organs.
Saturation and pharmacology of [18F]FPH binding was demon

strated in vivo by preinjecting unlabeled FPH or other drugs with
known pharmacological action before [18F]FPH was injected. The
effect of the drugs on [18F]FPH accumulation was evaluated.
Results: [18F]FPHwas rapidly incorporated into the mouse brain;

peak activity (2.4% of the injected dose) was measured at 5 min after
intravenous administration, followed by washout to 1.1% injected
dose (ID) at 60 min. Highest concentrations of 18F occurred at 15

min in areas known to contain high densities of nAChR {e.g.,
thalamus [9.7% of injected dose per gram tissue (ID/g)] and superior
colliculus (8.3% ID/g)}. Accumulation of the 18Ftracer in hippocam

pus, striatum, hypothalamus and cortical areas was intermediate
(5.0, 5.6, 4.2 and 5.6% ID/g, respectively) and low in the cerebellum
(2.8% ID/g). The distribution of [18F]FPHin the mouse brain matched
that of other in vivo nAChR probes such as 3H-labeled epibatidine or
norchloroepibatidine, fH^-J-nicotine and pHjcytisine and that of

nAChR densities determined in postmortem autoradiographic stud
ies in rodents. Preinjection of blocking doses of unlabeled epibati
dine, (-)-nicotine, lobeline and cytisine significantly inhibited
[18F]FPH binding in thalamus and superior colliculus, but not in

cerebellum, whereas drugs that interact with binding sites other than
acetylcholine recognition sites of nAChR (e.g., mecamylamine, sco
polamine, N-methylspiperone and ketanserin) had no effect on
[18F]FPH accumulation in any of the brain regions examined.
Conclusion: Fluorine-18-FPH labels nAChR in vivo in the mouse
brain. Because of its high uptake into the brain and high ratios of
specific-to-nonspecific binding, this radioligand appears to be ide
ally suited for PET imaging of nAChR in the mammalian brain.

Key Words: nicotinicacetylcholinereceptor; brain imaging; PET
J NucÃMed 1997; 38:1260-1265

V^erebral nicotinic acetylcholine receptors (nAChRs), impor
tant sites of excitatory neurotransmission in brain, have been
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studied extensively. Molecular biological techniques have been
applied in determining the amino acid sequences of the subunits
that compose the receptor (1-3), autoradiographic techniques
have been used to delineate the anatomical distribution of
nAChRs in brain (4-7} and metabolic mapping studies have
demonstrated that the specific binding sites labeled in brain
with specific radioligands are coupled to functional activity (8).
Human investigations have provided evidence for a critical role
of nAChRs in cognition and in the pathogenesis of Alzheimer's
(9) and Parkinson's diseases (10). Furthermore, nAChRs are the

sites of action of nicotine, the ingredient that promotes tobacco
addiction, a disorder to which over 400,000 deaths a year are
attributed in the U.S. (//).

Despite the critical function of nAChRs in normal physiology
and in disorders of brain function, a suitable probe for assaying
this receptor noninvasively in the human brain is not available.
(-)-S-[ CH3]Nicotine has been used to image nAChRs in
monkey (12,13) and human (14) brain using PET. Studies of
patients with Alzheimer's disease showed less uptake of both
(+)-(R)- and (-)-S-["CH3]nicotine in the brain as compared
with uptake in age-matched controls, consistent with the pro
found loss of nAChRs in postmortem material from patients
who died with the disease (15,16). Nonetheless, rapid egress of
radiolabeled nicotine from the brain and high levels of nonspe
cific binding (7,14) limit the utility of isotopically labeled
nicotine as a tracer for PET. Another nicotinic agonist, [3H]cy-

tisine, has been evaluated for the purpose of in vivo labeling of
nAChRs in mouse brain (77). Although this ligand has a slower
clearance from brain than does [3H]nicotine, and considerably

less nonspecific binding, relatively poor penetration of the
blood-brain barrier suggested that labeling cytisine for PET
studies would not be worthwhile.

Impetus for further work on development of radioligand
probes for in vivo labeling of nAChRs has been provided by
the discovery of epibatidine, an alkaloid extracted from the
skin of the Ecuadorian poisonous frog Epipedobatus tricolor
(18) and its characterization as (+ )-exo-2-(2-chloro-5-pyri-
dyl)-7-azabicyclo[2.2.1]heptane (19,20). Studies in mice
demonstrated that peripherally administered epibatidine was an
extremely potent antinociceptive agent, suggesting a central
action (21), and its structural similarity to nicotine suggested
that the alkaloid might have activity at nAChRs (22). Indeed,
the latter hypothesis was confirmed in receptor binding assays
indicating that epibatidine inhibited the binding of [3H]nicotine
and [3H]cytisine but not that of radioligands selective for a
variety of other neurotransmitter receptors (21,23-25). Both
enantiomeric forms of epibatidine, the natural (+ )- and the
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synthetic ( - )-isomer, displayed similar binding activity in vivo

(21). In vitro functional assays demonstrated that epibatidine
was a potent agonist at neural and neuromuscular nAChRs (25)
and more potent than nicotine in enhancing 86Rb flux in IMR 32
cells and in increasing [3H]dopamine release from rat striatal

slices (26). Additional behavioral studies indicated that the
antinociceptive action of epibatidine was blocked by the cen
trally acting nAChR antagonist mecamylamine and that the
drug was more potent than nicotine in reducing locomotor
activity and body temperature in mice (26,27). In rats trained
with nicotine, epibatidine engendered nicotine-like responding
that was blocked by mecamylamine but not by hexamethonium,
a peripheral antagonist (27). When a radiolabeled form of
epibatidine became available, in vitro binding assays with
[ H]epibatidine demonstrated that the ligand bound to two
populations of sites in rat and human brain, with extremely high
affinities (Kd values = 12 pA/, 200 pM in rat brain; <1 pM in

human brain) (28). Subsequent in vivo studies of biodistribution
and pharmacological specificity of [3H]epibatidine in the mouse

identified this tracer as the most promising in vivo radioligand
for nAChRs ever studied and suggested that analogs of epiba
tidine, labeled appropriately for PET or SPECT imaging, might
be useful probes for human investigation (29). Similar studies
as with [3H]epibatidine were performed with the ( + ) and ( â€”)
isomers of [3H]norchloroepibatidine and demonstrated selective

binding to nAChR in the rodent brain, high ratios of specific to
nonspecific binding and appropriate in vivo kinetics, all neces
sary attributes for a successful receptor ligand for imaging
purposes (30). The promising findings on the in vivo binding of
[3H]epibatidine and norchloro analogs prompted this investiga

tion.
The purpose of this study was to assess the utility of (Â±)-

exo-2-(2-['8F]fluoro-5-pyridyl)-7-azabicyclo[2.2.1]heptane
([I8F]FPH) (31), a labeled analog of epibatidine, for devel

opment as a radiotracer to study nAChRs in brain-using PET.
The radioligand was tested in in vivo assays of biodistribu-
tion and pharmacological specificity in the mouse brain.

MATERIALS AND METHODS

Uganda
No-carrier-added [I8F]FPH (Fig. 1) and authentic (Â±)-exo-2-(2-

fluoro-5-pyridyl)-7-azabicyclo[2.2.1]heptane (FPH) were prepared
as previously described (31). Briefly, a solution of (Â±)-exo-2-(2-
bromo-5-pyridyl)-7-azabicyclo[2.2.1]heptane in dimethyl sulfox-
ide was heated with K18F/K.ryptofix 222* complex for 15 min at
200Â°C.The labeled product was purified by preparative high

performance liquid chromatography. Chemical and radiochemical
purities determined by high performance liquid chromatography
(HPLC) exceeded 95%. Sterility and apyrogenicity testing were
performed using standard procedures. The average specific activity
of the final product calculated at the end of synthesis was greater
than 2000 mCi//j.mol. The specific activity was determined as
previously described (31). Authentic, unlabeled FPH, used as a
standard in HPLC, was prepared by Kryptofix 222*-assisted

nucleophilic fluorination of (Â±)-exo-2-(2-bromo-5-pyridyl)-7-
methoxy carbonyl-7-azabicyclo[2.2.1]heptane followed by acid
deprotection.

Drugs
(Â±)-Epibatidine dihydrochloride, (+ )-epibatidine L-tartrate,

( â€”J-nicotine bitartrate and mecamylamine hydrochloride were

purchased from Research Biochemical International, Natick, MA.
Cytisine and apomorphine hydrochloride were obtained from
Sigma Chemical Co., St. Louis, MO. The drugs were dissolved
shortly before each experiment. (Â±)- and ( + )-epibatidine salts

were stored in acetonitrile and ethanol, respectively. Shortly before
use in animals, the solvent was evaporated under nitrogen, and the
residue dissolved in saline.

Animal Studies
All experimental protocols were approved by the Animal Care

and Use Committee of the Johns Hopkins Medical Institutions.
Male CD1 mice weighing 23-33 g were used in all experiments.
For kinetic studies, each mouse received 200 /Â¿Ciof [18F]FPH

(specific activity = 2000-4000 mCi/jumol), dissolved in 0.2 ml
saline by injection into a tail vein. At different times after tracer
administration the animals were killed by cervical dislocation, and
the brains were quickly removed and dissected on ice as previously
described (32), weighed and assayed for regional radioactivity as
outlined below.

In vivo receptor blocking studies were performed by adminis
tering subcutaneous injections of selected drugs of known pharma
cological action to mice, followed by intravenous (i.v.) injection of
the [18F]FPH tracer (20-200 fxCi). Both the drug and the tracer

were dissolved in 0.9% NaCl and administered in a volume of 0.2
ml. Thirty minutes after administration of the tracer, brain tissues
were harvested, weighed, placed in plastic tubes and then radioac
tivity assayed in an automatic gamma counter. The counting error
was kept below 3%. Aliquots of the injectate were prepared as
standards and counted along with the tissue samples. The percent
injected dose per gram of tissue (%ID/g) and the percent injected
dose per organ (%ID/organ) were calculated.

For assay of the whole body distribution and the estimation of
radiation doses to individual organs, mice (n = 3 for each time
point) received 20 )nCi [I8F]FPH i.v. and were killed at different

times after injection. A 0.1-ml blood sample was obtained, and
organs (brain, lungs, heart, liver, spleen, kidneys, testes, stomach,
upper and lower gastrointestinal), as well as samples of muscle and
bone, were removed, weighed, and assayed for radioactivity. In the
bladder, complete collection of urine was assured by ligation of the
external urethral meatus (under short ether anesthesia) before the
tracer was injected.

Determination of Metabolites
For analysis of metabolites, a urine sample (0.8 ml, 23 /xCi) was

collected over 60 min after injection and was adjusted to pH 8.5
with a concentrated solution of NaHCO3 and extracted with
mÃ©thylÃ¨nechloride. The organic layer was evaporated under
vacuum, and the residue (16 Â¿Â¿Ci)was redissolved in HPLC mobile
phase (H2O/CH3CN/trifluoroacetic acid, 12.5:87.5:0.15) and in
jected onto a HPLC column (Alltech Econosil CIS, 4.6 X 250 mm;
flow rate: 3 ml/min). Under these conditions, the [1SF]FPH and a

labeled metabolite were eluted with retention times of 4.9 min and
2.9 min, respectively. HPLC analysis was performed with a HPLC
pump (Waters 590EF), an in-line fixed wavelength (254 nm)
detector and a single 2-inch Nal crystal radioactivity detector. The
HPLC chromatograms were recorded by a Rainin Dynamax dual
channel control/interface module connected to a Macintosh com
puter with appropriate software (Dynamax, version 1.3).

Statistical Analysis
Data were analyzed by ANOVA with Dunnett's posthoc test for

comparing treatment means to control values. Differences were
considered significant at p < 0.05.

RESULTS
Fluorine-18-FPH was rapidly incorporated into the mouse

brain, with 2.36 Â±0.13% (mean of 3; Â±s.e.m.) of the injected
dose present in the whole brain at 5 min after injection and
washout to 1.10% of the dose at 60 min. Time-activity curves of
[18F]FPH in cerebellum, hippocampus, superior colliculus and

thalamus are shown in Figure 2. The highest accumulation of
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FIGURE 1. Structure of (Â±)-exo-
(2-[18F]fluoro - 5 - pyridyl)- 7 - azabicy-
clo[2.2.1 Â¡heptane([18F]FPH).

[1BF]-FPH

IXF occurred in thalamus and superior colliculus, intermediate

radioactivity was found in the hippocampus and lowest radio
activity in the cerebellum. The initial clearance rate (i.e., that
between 5 and 60 min postinjection) of [I8F]FPH from the

cerebellum was higher than from any other region studied,
presumably because the cerebellum is an area with relatively
few nAChRs (7,17,33). By contrast, in regions with high
densities of nAChRs (e.g., the thalamus and superior collicu
lus), tissue-to-cerebellar ratios increased steadily over the ob

servation period, reaching values of 15.0 and 11.4, respectively,
3 hr after injection (Fig. 3).

The pharmacology of [1SF]FPH in vivo binding to nAChRs

was studied under several conditions. Subcutaneous preinjec-

tion of different doses of unlabeled epibatidine 30 min before
injection of the tracer resulted in a dose-dependent inhibition of
[IXF]FPH binding in all regions of the mouse brain examined,

except in the cerebellum (Fig. 4).
Similarly, preinjection of increasing doses of the nAChR

agonist ( â€”)-nicotine resulted in dose-dependent blocking of
[18F]FPH binding. Figure 5 shows the significant, dose-depen
dent decreases in [IXF]FPH accumulation observed in the

nAChR-rich thalamus and superior colliculus after preadminis-
tration of (-)-nicotine. Less inhibition of [1XF]FPH accumula

tion was seen in the hippocampus, and no observable effect
occurred in the cerebellum. Using the values of percent of
injected dose (Fig. 5) and considering cerebellar concentrations
of the tracer as estimates for nonspecific binding (34), ED5U
values for the inhibition of [1XF]FPH binding in the thalamus

and superior colliculus were calculated to be 2.2 and 2.1 /Arnol
of ( - )-nicotine/kg body weight, respectively.

Other nicotinic receptor ligands, such as cytisine and lobe-
line, inhibited [1KF]FPH binding as well (Fig. 6). By contrast,

mecamylamine, a noncompetitive nAChRs antagonist, scopol
amine, a muscarinic cholinergic antagonist and noncholinergic
drugs, such as apomorphine (dopamine receptor agonist) and
N-methylspiperone (a D2-dopamine receptor antagonist) or
ketanserin (a 5-HT2/5-HT,c serotonin receptor antagonist) were

without effect.
As a step preliminary to using [IXF]FPH in human studies and

evaluating radiation dose estimates, the whole-body biodistri
bution of [IXF]FPH was determined at different times after
administration. [1XF]FPH was injected i.v. into mice, and the

time-dependent distribution in selected organs was assayed
(Fig. 7). [IXF]FPH was rapidly eliminated from the body via

urinary excretion with up to 60% of the injected dose appearing
in the bladder at 4 hr. Relatively high initial (15 min after
injection) accumulation of [IXF]FPH occurred in the muscle

from which the tracer was subsequently cleared very rapidly.
Uptake of IKFin the total bone was low (< 1.2% of the injected

dose). Radiation absorbed dose estimates revealed the bladder
as the critical organ. Detailed information on radiation doses to
individual organs calculated by the absorbed dose method (35)
are available from the authors on request.

DISCUSSION
The most important findings from this study are summarized

as follows:
1. The distribution of the new 18F-labeled epibatidine analog

[18F]FPH is comparable to that of [3H]epibatidine (29)
and of 3H-labeled isomers of norchloroepibatidine (30).

2. It parallels that of other in vivo labels of nAChR (e.g.,
[3H]cytisine and [3H]-(-)nicotine (17,33).

3. The pharmacology of [1XF]FPH in vivo confirms selective

binding to nAChR and no binding to other receptors, such
as serotonergic, D2-like dopaminergic and muscarinic
acetylcholine receptors.

4. Whole-body distribution studies show elimination of the
tracer primarily though urinary excretion, and radiation
dose estimates determine the bladder to be the critical
organ (1.12 rads/mCi injected dose over the first 4 hr after
injection).

Fluorine-18-FPH showed rapid uptake into the whole mouse
brain Fluorine-18- with peak uptake (2.4% of the injected dose)
occurring at 5 min after i.v. administration. Thereafter, the 18F

radioactivity declined gradually over the next 55 min. This
pattern of kinetics in the whole brain by [I8F]FPH contrasted
with that of [3H]epibatidine and [3H]norchloroepibatidine, trac

ers which enter the brain more slowly and show peak uptake as
late as 30 min after injection (29,30).

The regional distribution of [IXF]FPH in the mouse brain was
similar to that of [3H]epibatidine (29) and [3H]-labeled isomers

of norchloroepibatidine (30) and paralleled the distribution of
nicotinic acetylcholine receptors in the brain as determined in
vivo using other radioligands for nAChR ( 7,/ 7,33). Of all brain
regions examined, maximal concentrations of [I8F]FPH were

observed in the thalamus (9.7% ID/g tissue) and superior
colliculus (8.2% ID/g) 15 min after i.v. administration (as
shown in Fig. 1). These peak radioactivity concentrations were
considerably lower than those previously observed with
[3H]epibatidine (27.6 and 23.5% ID/g in thalamus and superior

colliculus, respectively, at 60 min after injection) (29). How
ever, when specific binding, expressed as the ratio thalamus/
cerebellum, was considered, [ F]FPH was comparable to
[3H]epibatidine, reaching a ratio of 15 at 3 hr versus 13 for the

tritiated analog at 4 hr.
Given the relatively high ratios between [IXF]FPH binding in

nAChR-rich (thalamus) and nAChR-poor (cerebellum) regions
of the mouse brain, excellent visualization of the distribution of
central nAChR, as well as good resolution in PET images are to
be expected using this tracer.

The regional distribution of [1XF]FPH in the mouse brain
correlated well not only with that of [3H]epibatidine (r = 0.90)
but also with that of [3H]cytisine (r = 0.92), another ligand with

high affinity towards nAChR (17). The superposition of
[ F]FPH and [3H]cytisine binding sites point to the possibility

that both tracers label the same subtypes of nAChRs in vivo in
the mouse brain. Indeed, previous studies using in vitro binding
assay techniques as well as functional assays found that in the
rodent brain both ( Â±) epibatidine and ( - )-cytisine are bound to

the same subtypes of nicotinic receptors, i.e., to a4ÃŸ2and, to a
lesser extent, to a3j3x (36).

Pharmacological studies, performed by preinjecting drugs
with known binding sites, confirmed the selective binding of
[IXF]FPH to nicotinic receptors in the mouse brain. Blocking of
[IXF]FPH binding sites with nAChRs agonists, (-)-nicotine,

(Â±)-epibatidine, cytisine and lobeline, revealed competitive,
dose-dependent effects of these drugs. The blocking effect of
these agonists appeared to be more pronounced in high density
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FIGURE 2. Kinetics of [18F]FPH in cerebellum, hippocampus, superior
colliculus and thalamus of the mouse brain. Mice (n = 3 for each time point)
received 200 ^iCi of [18F]FPH intravenously. At different times after injection,

the animals were killed and radioactivity concentrations determined in
different brain regions. Data are means Â±s.e.m.

areas (thalamus, superior colliculus) than in intermediate den
sity regions (striatum, hippocampus and cortical areas) and very
little in the cerebellum (see Figs. 4 and 5). On the other hand,
mecamylamine, a nicotinic acetylcholine receptor channel
blocker and scopolamine, a drug that is active at the muscarinic
acetylcholine receptor, had no influence on [18F]FPH binding to

nAChR.
Whole-body time-uptake curves (Fig. 7) in different areas of

the mouse body demonstrated high (25% ID) initial uptake in
the muscle mass, with 95% clearance within 120 min after
injection. Whether or not this finding represents temporary
binding of [18F]FPH to nAChR at the neuromuscular junction,

e.g., to the al, ÃŸl,Ã´,y subtype of nAChR, remains to be
determined. Accumulation of [ F]FPH in liver and kidneys, on
the other hand, amounted to only 9% and 4% ID, respectively.
Fluorine-18-FPH was rapidly eliminated from the body through
the bladder. To determine the composition of the excreted

Thilamui/Cb

S.Colllcului/Cb

HlppocampuÂ»/Cb

120 ISO

MinuteÂ«

FIGURE 3. Tissue-to-cerebellar ratiosof [18F]FPHconcentrations at different

times after i.v. injection into mice. Data and presentation are the same as in
Figure 2.

radioactivity, mouse urine, obtained 60 min after injection,
underwent preliminary metabolite analysis by reverse phase
HPLC. About 70% of the extracted radioactivity was found to
be unchanged [18F]FPH, whereas 30% of the radioactivity was

attributable to a more hydrophilic compound with shorter
retention time. The nature of this [18F]-labeled metabolite has

not been identified at this time.Uptake of radiolabeled fluoride (18F~) in the total bone after
injection of [18F]FPH was low (1.2% ID at 15 min post-

injection) and decreased to 0.45% ID at 4 hr. This may be due
to the rapid elimination of the radioligand via the urinary tract,as well as little or no metabolism of the tracer to I8F~. Since

2-fluoropyridine derivatives have been shown to undergo hy-
drolytic decomposition (37), some decomposition of [IXF]FPH
with formation of 18F~ in vivo was to be expected; however, no
significant decomposition of [18F]FPH by hydrolysis of the
C-18F bond occurred in vivo during the 4 hr time of observation.

Since epibatidine and its analogs are highly toxic, utmost care
has to be taken in the preparation of the tracer for i.v. injection.
In mice, given injections of up to 200 /nCi [18F]FPH (0.1

nmol/mouse or 4 nmol/kg, or 0.8 /ng/kg), no untoward pharma-

a>m
F

e
o
â€¢a

o

e

10-1

B

6-

SALINE

EPB 2.8 nmol/kg

EPB 13.9 nmol/kg

EPB7l.Onmol/kg

CB STR crx THAL SCOL

FIGURE 4. Unlabeled epibatidine de
creases [18F]FPH binding in a dose-de

pendent manner in all central nervous
system regions examined, except in the
cerebellum. (Â±)Epibatidine dihydrochlo-

ride at the 1 and 5 /j.g/kg levels (2.8 and
14 nmol/kg, respectively) and (+)epibati-

dine tartrate at the 20 /xg/kg dose level
(71 nmol/kg) were injected s.c. 30 min
before tracer administration. The animals
were killed 30 min after i.v. injection of
[18F]FPH. CB = cerebellum; HIP = hip

pocampus; STR = striatum; CTX = cor
tex; THAL = thalamus; SCOL = superior
colliculus. Data are means Â±s.e.m. (n =

3)
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FIGURE5@Dose-dependentinhibi@onof r8FIFPHbindingby (â€”)nicothe
bitartrate,injecteds.c. 5 mm beforei.v. tracer administration.The mice (n =
3)werekilled30mmafter[18F]FPHinjection.DataaremeansÂ±s.e.m.

cotogicat effects were noticed after administration of the tracer.
However, higher i.v. doses of unlabeled FPH (>5 pg/kg)
caused cardiorespiratory effects and severe seizures and were
followed by death in the majority ofthe animals consistent with
the reported pharmacological effects of epibatidine (38). Be
sides being a potent agonist of central nAChRs, epibatidine is
also a powerful ganglionic depolarizing agent (38). To prevent
these detrimental effects of the drug, it is therefore mandatory
that [18F]FPH be administered in high specific activity (>2000
mCi/@mot). From preliminary data obtained by imaging
nAChR in baboon brain (39), it is anticipated that a dose of 5
mCi of high specific activity [â€˜8F]FPHwill be sufficient for
PET studies in humans.

CONCLUSION
The newly synthesized radiotracer [18F]FPH labels nicotinic

acetylcholine receptors in the central nervous system of mice,
after i.v. administration. Rapid association of the tracer to
nAChRs in receptor-rich areas and rapid egress from receptor
poor areas ted to high ratios of specific-to-nonspecific binding.
[â€˜8F]FPHand PET should prove useful for the localization and
quantitation of nicotinic AChRS in normal physiological and
pathological states.

FIGURE6. lnhib@onof C@F1FPHbindinginmousethalamusbypreinjection
of cy@alne(5.0mg/kg)andlobeline(20mg/kg),but not by mecamylsmmne
(MECAM;5.0mgflg),scopolamine(SGOPOL10.0mg/kg@,N-methyl-spiper
one (NMSP;1.0 mg4g), ketanserin(KETANS;1 mg/kg)or apomorpl@ne(10
mqjkg). Al drugs were administeredsubcutaneously30 mm before trecer
Injectionexcept lobeline,whichwas given2 mmbefore.Themicewerekilled
either30mm(micethathedreceivedMECAMorSCOPOL)or60mmafteri.v.
mnjectionofr@F]FPH.DataaremeansÂ±s.e.m.(n=3).*p<0.05;p<0.01

MInutes

FIGURE 7. r8n concentrations in urine (bladder), Irver,kidneys, bone and
muscle at differenttimes after i.v. injectionof CÂ°FJFPHinto mice. Data are
means Â±s.e.m.(n = 3).Total musclewas assumedto be 40% of the body
welght,total bonewas calculatedby muffip@ngthe mdiOaCthfityin one
femurby5.

NOTE ADDED IN PROOF
While this article was in review, a study by Ding et at. (40)

was published showing similar data on in vivo binding of
[â€˜8F]FPH(NFEP) to nAChRs.
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