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This study evaluates the potential utility of 4-['®F]fiuoro-3-iodo-
benzyiguanidine (['®F)FIBG) as an MIBG analog. Methods: In
vitro assays of tracer binding were carried out using the SK-
N-SH human neuroblastoma cell line in a paired-label format to
compare [*°F]FIBG directly with no-carrier-added ['25[]MIBG. To
ascertain whether ['®F]JFIBG, like MIBG, is taken up by the
uptake-1 mechanism, the effects of desipramine, norepineph-
rine, and carmier MIBG and FIBG on cell binding were deter-
mined. Preincubation with ouabain and incubation at 4°C was
used to evaluate the energy-dependence of ['®F]FIBG uptake by
SK-N-SH cells. The tissue distribution of ['®F]FIBG in mice was
compared with no-carrier-added ['25|]MIBG in a paired-label
study. Resuilts: In paired-label binding studies, the percent bind-
ing of ['®F]FIBG to neuroblastoma cells remained constant over
a three-log activity range and the level was somewhat higher
than that of no-carrier-added [*2%)MIBG. Binding was blocked by
desipramine, norepinephrine, carrier MIBG and FIBG, ouabain
and by incubating at 4°C, suggesting that ['°F]FIBG is taken up
by the uptake-1 mechanism. Radiation dosimetry calculations
suggest that higher doses of ['®F]FIBG, unlike ['24]MIBG, could
be administered to patients. Conclusion: These in vitro and in
vivo evaluations show that ['®F]FIBG is an excellent analog of
MIBG, suggesting that ['®F]FIBG should be further evaluated for
use in PET imaging of neuroendocrine tumors and cardiac ab-
normalities.
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Metaiodobenzylguanidine (MIBG) is a functional an-
alog of the neurotransmitter norepinephrine. It is trans-
ported, stored and released by a mechanism similar to that
of norepinephrine (1,2). Since myocardial norepinephrine
concentration is altered by a number of pathological con-
ditions (3), radioiodinated MIBG has found use in the
scintigraphic evaluation of conditions such as cardiomyop-

RecdvadMayw 1904; revision accepted Sept. 13, 1994.
For commespondence or reprints contact Ganesan Vi , PhD, Box
Depmmdnadobgy Duke University Medical Duttnm.NC

athy (¢4) and myocardial infarction (5). MIBG has also been
used for the localization and therapy of neuroendocrine
tumors such as pheochromocytoma and neuroblastoma
67).

In imaging, both planar scintigraphy and SPECT have
been used in combination with [*'I'Z[]MIBG (8,9). Use
of planar scintigraphy and/or SPECT in combination with
[ZI]MIBG has been reported to improve lesion detection
compared to planar scintigraphy using [**'I]MIBG. For
example, Shuklin et al. (10) were able to detect a lesion in
a patient with strong clinical and laboratory evidence for
pheochromocytoma using ['ZI]MIBG and SPECT but not
with planar imaging and !‘”I]MIBG. The sensitivity of
[*2I]MIBG over that of [**'I]MIBG, especially in the de-
tection of metastasis, has also been documented (11). A
number of groups have been interested in extending this
approach by applying PET, which like SPECT, offers the
advantage of tomographic imaging, but can provide more
rigorous attenuation correction, resulting in superior quan-
titative capabilities.

From a validation standpoint, ['#IJ]MIBG would be ad-
vantageous for PET because the pharmacokinetics and
uptake-1 mechanism of this tracer would be expected to be
identical to those observed with other radioiodinated
MIBG compounds. The ability to perform PET imaging
using [#I]MIBG has been demonstrated (12). Use of '%I-
labeled compounds, however, has been confined to only a
few centers because of the general lack of availability of
this nuclide. In addition, its 4.2 day half-life is not ideally
matched with the biokinetics of MIBG. The relatively long
half-life of I, coupled with the presence of multiple high
energy gamma rays in its decay scheme, could limit the
dose administered for diagnostic applications.

With regard to other PET labels, the Orsay group syn-
thesized meta-["*Br]bromobenzylguanidine (["*BrJ]MBBG)
and reported that this tracer behaves in similar fashion to
MIBG (I3,14). Widespread application of this tracer may
be hindered by the limited availability of Br and the high
energy of its positron emissions. Because '°F is the long-
est-lived positron-emitting nuclide routinely available at
most PET centers, we have been interested in the devel-
opment of an MIBG analog labeled with '3F. As an initial
approach, para- and meta-['®F]fluorobenzylguanidine were
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investigated (15). Binding to neuroblastoma cells in vitro
and localization in the heart and adrenals in vivo could be
demonstrated, albeit, at significantly lower levels than ob-
served with MIBG.

Hypothesizing that fluoro for iodo substitution had altered
the behavior of fluorobenzylguanidine as a consequence of
decreased lipophilicity, we developed a no-carrier-added
synthesis of 4-['®Ffluoro-3-iodobenzylguanidine, [**F]FIBG
(16). Preliminary results suggested that this compound might
be a useful analog of MIBG for use in PET. In the current
study, we present further evaluations of the clinical potential
of [*®F]FIBG. The results of in vitro binding experiments,
paired-label biodistribution measurements and dosimetry
calculations suggest that ['®F]FIBG exhibits a similar uptake
mechanism and tissue distribution pattern as MIBG and has
acceptable dosimetry for administration to patients.

MATERIALS AND METHODS

Desipramine (DMI) and norepinephrine (arterenol) were ob-
tained from Sigma. Sodium [**IJiodide in 0.1 N NaOH was sup-
plied by DuPont-New England Nuclear (N. Billerica, MA).

No-carrier-added lodine-125-MIBG

This agent was prepared using an identical procedure reported
for the preparation of the **'I and '?I analogs (17, 18). Briefly, a
solution of N-chlorosuccinimide in trifluoroacetic acid (0.3 M; 10
ul) was added to 1-2 mCi of ['*I}iodide (2-3 ul) in a Reacti® vial
followed by a solution of N-chlorosuccinimide in trifluoroacetic
acid (0.3 M; 10 ul) followed by a solution of the silicon precursor,
3-trimethylsilylbenzylguanidine in trifluoroacetic acid (0.1-0.15
M; 5 pl). The mixture was vortexed and left at room temperature
for 5 min. lodine-125-MIBG was isolated/purified by reverse-
phase HPLC using a Waters s Bondapak C18 (10 pum, 3.9 x 300
mm) column eluted with water:tetrahydrofuran:triethylamine:
phosphoric acid (96.5:2.0:1.0:0.5 v/v/v/v) at 3 ml/min. The radio-
chemical yield was more than 90%. Use of a C18 solid-phase
cartridge facilitated desalting and reconstitution of the activity
from the HPLC fractions into the appropriate buffers for in vitro
and in vivo experiments. The specific activity was at least 1200 Ci
per mmole.

No-carrier-added Fluorine-18-FIBG

This compound was synthesized as previously reported (16).
Briefly, 4-cyano-2-iodo-(N,N,N-trimethyl)anilinium trifluorometh-
anesulfonate was radiofluorinated using ['®F]KF and Kryptofix®
in DMSO. The resultant 4-[**F}fluoro-3-iodobenzonitrile was re-
duced using NaBH,/1,. The 4-[**F]fluoro-3-iodobenzylamine thus
produced was converted to ['8F]FIBG, first by treating it with
N,N'~(di-tert-butyloxycarbonyl)thiourea in the presence of mer-
curic chloride and triethylamine in DMF, and then deprotecting
the intermediate with trifluoroacetic acid. The final product (in 5%
overall decay corrected yield) was purified by reverse-phase
HPLC using a Waters u Bondapak C18 (10 um, 3.9 x 300 mm)
column eluted with 0.2 M ammonium phosphate:tetrahydrofuran
(80:20 v/v) at 0.8 mi/min. Desalting and reconstitution was per-
formed as with ['>I]MIBG. The specific activity was more than
1500 Ci/mmole.

Cell Lines
The human neuroblastoma cell lines SK-N-SH and SK-N-MC
(19) were purchased from American Type Culture Collection
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(Rockville, MD). The SK-N-SH line was used as the target (20)
and SK-N-MC line as a negative control. Previous experiments
have demonstrated the lack of binding of MIBG to the SK-N-MC
lines (17). The incubation medium (JRH Biosciences, Lenexa,
KS) was made by mixing 440 ml of RPMI 1640, 50 ml of Serum
Plus, 5 ml of penicillin-G/streptomycin (5000 U of penicillin and
5000 pg of streptomycin in 1 ml) and 5 ml of glutamine (200 mM
in saline). The cells were grown at 37°C in a humidified incubator
with 5% CO,.

Binding of Fluorine-18-FIBG to SK-N-SH Human
Neurobiastoma Cells

The cells were seeded into 24-well plates (4 x 10° cells in 500 ul
medium/well) and incubated for 24 hr in a 37°C/5% CO,-
humidified atmosphere. For mechanistic studies, the cells were
preincubated with various interventional agents for 30 min at 37°C
before adding the tracer. Cells were then incubated with
[*®F]FIBG for 2 hr at 37°C. To determine the effect of temperature
on uptake, additional experiments were carried out using incuba-
tions at 4°C for 2 hr. Some experiments were performed in a
paired-label format by coincubating no-carrier-added ['*I]MIBG
with ['®F]JFIBG to determine whether the concentration of
halobenzylguanidines (or impurities) in the two preparations, if
present, were sufficient to inhibit cell binding. In some cases, the
uptake of individual tracers was also determined in parallel. For
dose-dependence studies, 7.5 nCi~750 nCi of each tracer were
used. For mechanistic studies, about 250 nCi of each tracer were
used. To determine nonspecific binding, we measured either the
binding to SK-N-SH cells in the presence of 50 uM DMI or the
binding to the negative control SK-N-MC line. In all experiments,
the medium was removed at the end of the 2-hr incubation and the
cells were washed twice with phosphate-buffered saline. The cells
were solubilized by incubation with 500 ul of 0.5 N NaOH for 30
min at room temperature and then removed with cotton swabs.
The cell bound activity was counted along with input standards
using an automated gamma counter. The results were expressed
as the percent of input activity bound to the cells. Each measure-
ment was performed in triplicate or quadruplicate.

Tissue Distribution in Mice

Two studies were conducted using BALB/c mice. In the first,
the tissue distribution was performed in a paired-label format by
coinjecting mice (25 g-28 g) with 2 or 3 uCi each of [**F]FIBG and
no-carrier-added ['ZIJMIBG. The tissue distribution was deter-
mined at 1 and 2 hr postinjection. The tissue uptake of each tracer
was also determined individually (single-label) at 2 hr to determine
the validity of using paired-label format (i.e., whether the com-
bined mass of the two tracers was sufficient to alter biodistribu-
tion). In the second study, the effect of desipramine on the tissue
uptake, especially in heart and adrenals, was determined. A group
of five mice (26-28 g) was injected intraperitonially with 0.25 mg
(~10 mg/kg) of desipramine in 100 ul of phosphate-buffered saline
30 min before tracer administration. The control group received
just the saline vehicle. Subsequently, both groups were adminis-
tered 4 uCi of [*®*F]FIBG. Tissue uptake was determined 1 hr
postinjection. In both studies, the mice were killed by halothane
overdose, dissected and the tissues of interest were isolated. The
tissues were washed with saline, blot-dried, weighed and counted
in a gamma counter for °F and/or *’I activity. The results were
expressed as %ID/g, the percentage of injected dose per gram of
tissue.



Radiation Dosimetry

The radiation absorbed dose received by normal tissues was
calculated for 1 mCi dose each of ['®F]FIBG, no-carrier-added
[**I]MIBG and [***I]MIBG prepared by the exchange method.
For ['8F]FIBG, the tissue uptake levels in mice determined at 1,
2 and 4 hr and expressed on a per organ basis (%ID/organ) were
used instead of the current results because of the inclusion of the
4-hr time point in that study (16). The results at 1 and 2 hr were
essentially identical to those observed in the current study. These
data were then used to determine the biological half-life in each
tissue, which was assumed to be either monoexponential (liver,
spleen, lung, stomach, blood) or infinite (heart, kidney, muscle,
adrenals). For ['*I]MIBG, the %ID/organ values (1-48 hr) ob-
tained from an earlier study for ["ZI]MIBG (no-carrier-added as
well as exchange preparation) were used (18). For the adrenals,
where the uptake was fairly constant, an infinite t, ,;, was as-
sumed; for all other tissues it was assumed to be monoexponen-
tial. Blood-pool activity was used to calculate whole body levels.
The residence times (hr) obtained from these data were used to
estimate radiation absorbed dose using the MIRDOSE 2 computer
program and the standard human adult model.

Statistical Analyses

A paired t-test with one-sided alternative was used to test the
significance of differences for data obtained in the paired-label
format. For data comparisons between single- and paired-label
experiments, an independent t-test was used. Differences with p
values of less than 0.05 were considered significant.

RESULTS

In Vitro Binding Studies

The dose dependence of the binding of ['*F]FIBG and
[**I]MIBG to SK-N-SH neuroblastoma cells was deter-
mined in a paired-label format. As shown in Figure 1, the
percent binding of ['*F]FIBG remained constant (77%-
83%) through the 2-3 log-dose range and was higher than
that of ['*I]MIBG (67%-71%). The differences were sta-
tistically significant (p < 0.05) at all doses. The percent
binding of each tracer in the paired-label format at 75 nCi
and 750 nCi doses was slightly more than the correspond-
ing values from parallel experiments using only one tracer
at a time. For ["®F]FIBG, the values were 78% + 2%
(paired) and 76% + 3% (single) at 75 nCi and 83% + 2%
(paired) and 76% = 3% (single) at 750 nCi. In the case of
['ZIMIBG, these values were 67% + 1% (paired) and 61%
+ 4% (single) at 75 nCi and 71% * 1% (paired) and 60% +
2% (single) at 750 nCi. Except for ['®F]FIBG at 75 nCi, the
differences were statistically significant (p < 0.05). Non-
specific binding, determined by blocking specific uptake
using desipramine, was less than 1% in all cases. At 250
nCi and 500 nCi doses, the percent binding of ['®F]FIBG to
the SK-N-MC cell line was 2%-3%, in comparison to
1%-2% for ['*I]MIBG.

To determine whether [**F]FIBG, like MIBG, is taken
up via the uptake-1 mechanism by SK-N-SH cells, binding
was performed with cells pretreated with uptake-1 inhibi-
tors as well as with carrier MIBG and FIBG. The results
are shown in Figure 2. FIBG, MIBG, desipramine and
norepinephrine, all at a concentration of 50 uM, reduced
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FIGURE 1. Paired-label binding of ['®FJFIBG and no-carrier-
added ['*I]MIBG to SK-N-SH human neuroblastoma cells as a
function of the dose.

the uptake to 6%, 6%, 1%, and 10% of control values,
respectively. Further, the uptake was energy-dependent,
as confirmed by the fact that uptake was reduced to 32% by
1 mM ouabain and to 4% of the control value by conduct-
ing the incubation at 4°C (Fig. 3).

Biodistribution in Mice

Tissue distribution of ["*F]FIBG in mice was determined
in paired-label format by coinjecting no-carrier-added
['ZI]MIBG in order to obtain a direct comparison of the
uptake of the two tracers. At one hour postinjection, up-
take of the two tracers was similar in most tissues (Table
1). By 2 hr, however, the liver, spleen, lung, heart and
adrenals had significantly (p < 0.05) higher uptake of
['®FJFIBG. Except for a few tissues, the uptake of both
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FIGURE 2. Effect of various blocking agents on the binding of
["®FIFIBG to SK-N-SH cells.
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FIGURE 3. Energy-dependence of ['FIFIBG binding to SK-
N-SH celis.

tracers was somewhat lower in the paired-label experiment
at 2 hr postinjection; however, these differences were sig-
nificant in only a few cases. The specificity of ['*F]JFIBG
uptake in mouse tissues was determined by the ability of
desipramine to block uptake. As shown in Figure 4, pre-
treatment of mice with desipramine reduced adrenal and
myocardial uptake to 60% and 57% of the control values,
respectively, 1 hr after injecting the tracer. The lung uptake
also decreased while that of the liver and spleen increased.
These differences in uptake were statistically significant
(p < 0.05).
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FIGURE 4. Effect of desipramine (DMI) on mouse tissue uptake
of ['®F]FIBG.

Radiation Dosimetry

The absorbed dose received by normal tissues was cal-
culated per mCi of administered ['*F]FIBG, no-carrier-
added ['#IJMIBG and ['*I]MIBG prepared by the ex-
change method (Table 2). The adrenals (3.1-3.5 rads) was
the critical organ for ['#[JMIBG, while the heart (0.2 rad)
received the highest dose from ['*FJFIBG. The whole body
received about 0.1-0.2 rad from ['*IJMIBG and 0.04 rad
from ['*F]JFIBG.

TABLE 1
Paired-Label Tissue Distribution of No-Carrier-Added ['®F]FIBG and No-Carrier-Added ['2*]MIBG in Normal Mice
1hr 2hr
[**FIFIBG ['*MIBG ["®FIFIBG ['#MIBG
%ID/g* %ID/g* %ID/g* %ID/g*

Tissue Paired Paired Paired Single Paired Single
Liver 104 £ 05 84+04 125+33 14313 74+19 84+1.1
Spleen 35+04 3604 49+ 05 54 +06 41x03 45+04
Lungs 79+36 56+23 11.0+23 104 £ 20 66+12 6817
Heart 172+ 24 180+ 27 208 + 3.1 238+ 1.17 162+ 26 187 £ 1.7
Kidney 26+04 24+ 04 3.7+03 42 +04" 30+02 36+08
Stomach 3.7+06 46 =06 53+14 52+13 57+12 71222
Small intestine 64 +0.7 72+07 71+12 82+08 83+12 83+16
Large intestine 3.7+05 40+04 56 +0.8 64 +06 65+15 70+14
Thyroid 19+03 23+05 26+0.7 38+18 47+12 71+14"
Muscle 1.7+0.1 19+0.2 20+03 24 +03' 20+02 22+04
Bone 16+0.1 12+0.1 22+05 19+03 1.7+04 16+0.2
Blood 09 +0.1 09 0.1 0.8 +0.2 0.7 +02 1.1+03 12+0.1
Brain 02+00 0.1 £0.0 02 +0.1 02+0.1 02+0.1 02+00
Adrenals 179 £ 3.2 182+ 40 203 +25 254 45" 171 £32 220 + 40"

*Percent injected dose per gram of tissue; mean + s.d. (n = 5).

Differences between single- and paired-iabel data are statistically significant (p < 0.05).
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TABLE 2
Absorbed Dose Estimates (ger mCi) in Adults for ['®F)FIBG or
[*4MIBG
Absorbed dose (rads/mCi)
[24)MIBG
Targetorgan  ['®FJFIBG No-carrier-added Exchange
Adrenals 0.09 3.52 3.07
Heart wall 0.16 0.68 0.46
Kidney 0.09 0.56 0.44
Liver 0.14 0.72 0.52
Lungs 0.04 0.21 0.15
Muscle 0.03 0.1 0.10
Spleen 0.05 0.35 0.30
Stomach 0.05 0.42 044
Whole body 0.04 0.15 0.13
DISCUSSION

One of the potential advantages of PET is that one could
use it to get estimates of radiation dosimetry to assist in the
planning of subsequent treatment using a radiotherapeutic
agent. Since MIBG has found widespread applications in
the clinical management of neuroendocrine tumors, a
positron-emitting analog of MIBG might be useful for this
purpose. Indeed, ['#*I)MIBG has been ysed in a pilot study
to estimate dosimetry (12); however, lack of %[ availabil-
ity has impeded progress with this approach.

There are a number of other nuclides available for PET,
and '8F is the longest half-life nuclide routinely available at
most PET centers. In addition, because of its shorter half-
life, the absorbed dose imparted to critical organs from a
18F.Jabeled MIBG analog could be lower than ['*[]MIBG
and it should be possible to perform repetitive scanning.
This could be of particular value for potential applications
in cardiology. In order to obtain a realistic estimate of the
expected dosimetry from the therapeutic agent, the phar-
macokinetics of the PET tracer should mimic those of the
the compound to be used in therapy. Ideally, it should be
possible to individually label the MIBG analog with either
a positron-emitting nuclide or a therapeutic nuclide. Since
fluorine is a bioisostere of aromatic hydrogen, it has been
predicted that 4-['®F]fluoro-3-iodobenzylguanidine would
be an excellent analog of MIBG for use in PET applications
(20). Our initial studies (16) suggested that this indeed may
be the case.

Our first step was to evaluate the nature of the in vitro
binding of ['*F]FIBG to the SK-N-SH human neuroblas-
toma cell line. We reported previously that the binding of
no-carrier-added [*'[[MIBG to SK-N-SH cells remained
constant over a 2-3 log activity range, whereas that of
[*'1MIBG synthesized by isotopic exchange decreased
with increasing doses, indicating that this binding was sat-
urable (17). Binding of ['®F]JFIBG also remained constant
over a 100-fold range of doses (16), suggesting the lack of
impurity or carrier in the preparation that could compete
with ['"®F]FIBG for cell uptake.

In comparing two tracers, paired-label studies (21) are of
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value as both tracers are subjected to identical conditions
and each set of experimental conditions can serve as its
own control. If one or both tracers are carrier-added, how-
ever, such an approach is not possible. The in vitro binding
of [®FJFIBG was similar to that of no-carrier-added
[*ZI]MIBG when performed in a paired-label format. Fur-
thermore, the percent of activity bound for each tracer did
not decrease when going from a single-label to a paired-
label experiment. These results suggest that it is possible to
perform paired-label in vitro assays with these tracers. The
actual percentage of activity bound for both tracers was
20%-25% higher than reported earlier (16), suggesting that
the absolute amount bound was dependent on the passage
number of this neuroblastoma cell line. Such experiment-
to-experiment variation in binding has also been reported
by Lashford et al. (22). This underscores the need for
either doing parallel experiments with a control tracer or, if
feasible, using a paired-label format.

In SK-N-SH cells, MIBG is taken up mainly by a neu-
ron-specific, active, uptake-1 process (23,24). The tricyclic
antidepressant drug desipramine (0.6 uM) has been shown
to reduce MIBG uptake to less than 5% of control values
(23). Desipramine (0.5 uM) also reduced the uptake of
meta-[!! At]Jastatobenzylguanidine (MABG) to 11% of con-
trol values (25). With ['8F]FIBG, the uptake was reduced
to less than 1% of the control values when the cells were
treated with 50 uM desipramine. Norepinephrine, for
which MIBG is a functional analog, at 100 uM reduced
MIBG uptake to less than 5% of the control values (23) and
at 10 uM blocked [*'At]MABG to 10% of the control
values (25). At 50 uM, norepinephrine reduced [*F]FIBG
uptake to the same degree. These results suggest that
['®FJFIBG, like MIBG, is taken up by SK-N-SH cells via
an active uptake-1 mechanism. This was further corrobo-
rated by the fact that the uptake was also blocked by
carrier MIBG. The saturability and specificity of the up-
take were confirmed by its blocking with carrier FIBG. The
uptake-1 mechanism is energy-dependent (24). Ouabain,
an ATPase inhibitor, and lower temperature inhibited both
MIBG (24) and [*'!At]MABG (25) uptake by SK-N-SH
cells. FIBG uptake by SK-N-SH cells was also suppressed
by these conditions, thereby validating that [®F]FIBG up-
take, like that of MIBG, is energy-dependent.

In paired-label tissue distribution measurements per-
formed in mice, the normal tissue uptake of ['®F]FIBG was
similar to that of [*I]MIBG in most tissues at 1 hr postin-
jection, and similar to that observed in humans in the
absence of neural crest tumors (26). Significantly higher
uptake of [**F]FIBG was seen, however, at 2 hr in the
heart, adrenals, liver and lung. The difference in liver up-
take between ['ZIJMIBG and ['®F]FIBG could be due to
slight differences in their lipophilicity or due to deiodina-
tion. Lipophilicity measurements (16) showed that FIBG is
slightly more lipophilic than MIBG, although the difference
was not statistically significant. Deiodinases in the liver
could generate free iodide from both tracers. Only iodine
lost from ['”I]MIBG, however, could result in altered ac-
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tivity levels in the liver, since free iodide is retained more
avidly in other tissues such as the gastrointestinal tract and
thyroid.

Pharmacological intervention using the uptake-1 inhibi-
tor desipramine reduced myocardial and adrenal uptake of
['®F]FIBG substantially (43% and 40% reduction in heart
and adrenals, respectively). In comparison, these values
for no-carrier-added ['2IJMIBG were 51% and 39% for the
heart and adrenals, respectively (Vaidyanathan and Za-
lutsky, unpublished results). Sisson et al. (27) reported a
50% decrease (2 hr after tracer administration) in myocar-
dial MIBG uptake in rats pretreated with desipramine,
whereas Vallete et al. (13) reported a 42% reduction 4 hr
after tracer administration. With regard to other haloben-
zylguanidine analogs, desipramine pretreatment resulted in
33% and 45% decreases of [*!! At{]MABG uptake in mouse
heart and adrenals 1 hr postinjection, respectively (25).
Likewise, a 64% reduction of meta-["BrJbromobenzyl-
guanidine (["BrJ]MBBG) uptake in the rat heart (2 hr
postinjection of tracer) was reported by Vallete et al. (13).
The difference in the reduction of myocardial uptake be-
tween ['2IJMIBG and ["BrJ]MBBG by desipramine was
attributed to the different lipophilicities of these tracers,
thus suggesting that the dependence of neuronal uptake on
passive diffusion increased with increasing lipophilicity of
the tracer. In comparing the data for [*°Br]MBBG,
['®IMIBG, ['*F]FIBG and [*'' AtfMABG, one can see that
['®F]FIBG and [*!!At]MABG are consistent with this pat-
tern.

The shorter half-life of *F in comparison to 4.2 days for
1241 is an additional factor that must be considered in eval-
uating the potential applicability of ['*F]JFIBG and
[*#I]MIBG. Because the half-life of '*I is closer to that of
1311 it should be easier to examine organ distribution pat-
terns at longer time points, thereby facilitating dosimetry
prediction prior to therapy. This potential limitation of '*F
is ameliorated by the fact that the clearance of MIBG from
the body is rapid. For example, Lashford et al. (28) have
reported rapid blood clearance and organ uptake of [*'I/

I]MIBG and greater than 50% urinary excretion in the
first 8 hr in children with neuroblastoma. Because of the
rapid blood clearance observed with MIBG and its analogs,
it seems likely that the short half-life of '3F will not be
incompatible with imaging neuroendocrine tumors or the
myocardium using ['*F]FIBG. Indeed, Shulkin et al. (29)
were able to detect pheochromocytoma in a patient by
PET using [!'C] hydroxye; ghedrme Also, in the scanning
of the myocardium with ['ZI]MIBG, images were obtained
typically within 2-4 hr of tracer administration (30,31).

An important advantage of ['®F]FIBG is that its radia-
tion dosimetry is more favorable than that of ['*[]MIBG.
The administered doses in a clinical study using
['#1]MIBG were only about 0.6 mCi and 1.1 mCi (12).
Although the rationale for using these dose levels was not
discussed, our dosimetry estimates calculated for
["#I]MIBG suggest that avoiding excessive normal tissue
dose may have been a factor. Because of anticipated dose
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limitations for ['*IJMIBG and imaging problems associ-
ated with the high-energy gamma rays emitted by %I, it
might be difficult to obtain useful image and quantification
data for extended periods after tracer administration.
Although an approximately twentyfold advantage for
['®F]FIBG in critical organ dose would appear to exist, it is
important to note that the rapid urinary elimination of this
compound would likely result in the bladder being the
actual critical organ for this compound. In the current
study, bladder doses were not calculated because of diffi-
culties in obtaining realistic cuamulative activity levels in
the mouse. If one assumes similar urinary excretion of
MIBG and ['*F]FIBG, then human data obtained with
MIBG could be used as an initial estimate of ["*F]FIBG
bladder dosimetry. The results of Lashford et al. (28) sug-
gest that about 20% of the injected dose is excreted in the
urine during the first 30 min with cumulative excretion
increasing slowly thereafter. If instantaneous bladder up-
take of 20% of the injected dose of ['*F]JFIBG were as-
sumed, then a bladder dose of about 1 rad/mCi would be
calculated. This level is comparable to those for other
18F.]1abeled tracers that have been used clinically (32, 33).
Further studies are planned in normal dogs to obtain a
better estimate of the radiation dosimetry of ['*F]FIBG.

CONCLUSION

We have demonstrated that ['*F]FIBG is taken up by
human neuroblastoma cells in vitro by an uptake-1 mech-
anism similar to that of MIBG. Paired-label tissue distribu-
tion experiments in mice indicated nearly identical local-
ization of the two tracers in anticipated normal tissue
targets, the adrenals and the heart, and that this uptake
could be blocked using desipramine. Taken together, these
results suggest that ["*FJFIBG could be a useful MIBG
analog that may have applications with PET in oncology
and cardiology.
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