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N-3-[â€˜8F]FluoropropylputrescineasPotential
PET Imaging Agent for Prostate and Prostate
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A potential PET imagingagent for prostate and prostate derived tumors, N-3-[18F]-
fluoropropylputrescine,has been prepared. The radiochemicalyieldwas 7â€”i0% at end-of
synthesis (EOS)and the specific activitywas >1 .1 Ci/@moI(overallsynthesis time was 1.5 hr).
Invivo biodistnbution in mature male rats showed high prostate uptake. In rats that were
pretreated with a-difiuoromethylornithineand dihydrotestosterone propionate, the prostate to
muscle ratio and prostate to blood ratio increased significantly. This high target uptake and
target to nontarget ratio indicates the potential of this compound as a prostate imagingagent.
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olyamines have long been associated with cell growth
(1) and cell proliferation (2). Higher levels of polya
mines were found in rapid growing cells and tumors.
While some have suggested that polyamines could be
used as a biochemical marker for diagnosis of cancer
and monitoring therapy (3), others have pointed out
that the differential polyamine concentration lacks the
sensitivity and specificity ofa useful tumor marker (4).

In 1975, Clark and Fair (5) studied the selective
in vivo incorporation and metabolism of 3H-labeled
putrescine in adult male rats, and high prostate uptake
(0.6% ofinjected dose) was found 1hr after i.v. injection
of the labeled putrescine (prostate/muscle ratio was 8â€”
10). The possibility of using radiolabeled putrescine as
a radiopharmaceutical for imaging the prostate was
suggested (5), assuming that a suitable isotope could be
incorporated into the molecule without altering the in
vivo distribution characteristics in the body.

Many positron-labeled putrescine analogs have been
prepared, and their in vivo uptake studied. Three N-
[1 â€˜C]methylated polyamines have been evaluated in an

animal tumor model, and the highest tumor to nontar
get ratio was obtained with a putrescine analog (6).
Previously, animal studies using l-[' â€˜C]putrescinere
vealed that the prostate uptake of labeled putrescine
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was dose-dependent, so the highest uptake was achieved
only when high specific activity l-[' â€˜Cjputrescine was
used (7). More recently, l-[' â€˜C]putrescinehas been used
for imaging human brain tumors (8,9).

It has been shown that the in vivo uptake of [14C]-
putrescine into rat prostate 3 hr after administration of
the compound was high (10). These results suggest that
for positron emission tomography (PET) imaging of the
prostate and prostate-derived tumors with radiolabeled

putrescine, the longer half-life of fiuorine-18 (â€˜8F)(tÂ½=
110 mm) may be preferential to carbon-i 1 (1â€˜C)(tÂ½=
20 mm). It has also been shown that enhanced uptake
of [â€˜4C]putrescine in prostate was observed after pre
treatment with a-difluoromethylornithine (DFMO)
and dihydrotestosterone propionate (DHTP) (10).
DFMO is an ornithine decarboxylase inhibitor that
inhibits polyamine biosynthesis, while DHTP is an
androgen that stimulates prostate cell growth. Studying
the variation in uptake of an analog by this type of
pretreatment can be used to show that a compound
behaves as a true polyamine analog.

We have previously reported the carrier-added syn
thesis of 2-['8flfluoroputrescine (11). Biodistribution
studies showed significant bone uptake indicating
in vivo defluorination, and the prostate uptake was low.
Although in vivo defluorination could be inhibited by
the administration of a diamine oxidase inhibitor, gua
nidine, the prostate uptake did not improve. This find
ing led us to propose that the defluorination was in
duced by pyridoxal phosphate dependent diamine oxi
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dase (11). Therefore, when the fluorine atom was
attached to the carbon atom â€˜yto the amine group of a
putrescine analog, the defluorination might occur to a
lesser extent. We have, therefore, investigated the po
tential of a simple [â€˜8F]-labeledN-fluoroalkylputres
cine, N-3-['8F]-fluoropropylputrescine, which has the
above criteria, as a prostate imaging agent by PET.

MATERIALS AND METhODS

All reagents and solvents (Aldrich Chemical Company,
Milwaukee, WI) were reagent grade and used without further
purification unless otherwise specified. Anhydrous tetrahydro
furan (THF) was freshly distilled from lithium aluminum
hydride under nitrogen. 3-Bromo-l-fluoropropanewas oh
tamed commercially (Columbia Organic Chemical Co., Inc.,
Camden,SC).The followingchemicalsusedin the cellculture
studies were obtained commercially: DHTP (Steraloids Inc.,
Wilton, NH), [â€˜4C]putrescine(116 mCi/mmol, Amersham,
Arlington Heights, IL), ScintiVerse scintillation cocktail
(Fisher Scientific Co., Fairlawn, NJ), and all other chemicals
and supplies(SigmaChemicalCorp., St. Louis,MO).DFMO
wasobtainedfromMerrellDowPharmaceuticalsInc.(Cincin
nati, Ohio), through the courtesy ofDr. Pete McCann and Dr.
W.J. Hudak.

Proton and â€˜@F(external CF3CO2H)NMR spectra were
recorded in methanol-d4 (Varian EM-360L or XL-500 spec
trometer). Melting points were obtained on an open-capillary
melting point apparatus. Elemental analyses were performed
by Oalbraith Laboratories, Inc., Knoxville, TN.

GC analysis was carried out using a 2 m x 0.125 in. column
(10% OV-l0l , Chromosorb W-HP, 80/100, Ailtech; Varian
Model 3700 Gas Chromatograph)eluted with Helium at a
flow rate of 15 ml/min. The column temperature was 50Â°C
for 2 mm followed by a 10Â°C/mmincreaseto 180Â°C.A flame
ionizationdetectorwasused at 200Â°C.The injector tempera
ture was 220Â°C.

HPLCanalysesof the derivativesof putrescineas well as
the purification of [â€˜8F]-labeledputrescine derivative were
carried out using a column (0.7 x 30 cm) containing Aminex
A-25 quaternary amine resin (chloride form, 17.5 @imparticle
size,convertedto the hydroxideform with0.1 N NaOH; Bio
Rad) eluted with 0.01 N NaOH at a flowrate of 3 ml/min.
The radiopurityof['8F]-labeledputrescinewasanalyzedusing
an Aminex column (HPX-72-0, 300 x 7.8 mm, Bio-Rad)
eluted with 0.01 N NaOH at a flowrate of 0.8 mi/mm. The
liquidchromatographwasfittedwith a uv detector(Lambda
Max model480, Waters)and a NaI(Tl) radioactivity detector.

N-3-Fluoropropylputrescinedihydrochloride (1). Putrescine
(0.447g, 5.08 mmol) and 3-bromo-l-fluoropropane(0.3 ml,
0.41 g, 2.91 mmol) wereweighed into a 10 ml reacti-vial.The
mixture was vigorously shaked, and acetonitrile (8 ml) was
introduced. A white precipitate was seen immediately after
the addition of acetonitrile(MeCN).The mixture was soni
cated for 5 hr (Bransonic 12 ultrasonic cleaner filled with
distilled water; the water temperature increased from 20Â°Cto
45Â°Cafter 5 hr). The solution was filtered through a glass
pasteur pipet packedwith 0.5 cm ofglass wool.The vial was
rinsed with 10 ml ofMeCN which again was ifitered through

the same pipet. To the MeCN solution was added aqueous
HO (4 N, 10 ml). Aftervigorousstirringthe solutionwas
concentrated in vacuo to leave a brown solid. The solid was
dissolvedin 5 ml ofdeionizedwaterand loadedonto a column
packed with AG-SOW x 4 cation exchange resin (hydrogen
form, dry mesh 200-400, Bio-Rad,3 x 22 cm). The column
was eluted with 500 ml of deionized water and then 1.5 1of
1.5 N HO. The first 650 ml of the eluant was collectedin a
beaker, and the rest of the eluant was collected as 8-mi
fractions. Fractions 97 to 140 contained the desired amine,
which were combined and concentrated in vacuo to leave the
amine dihydrochloride as a white solid. When analyzed by
high performance liquid chromatography (HPLC), the prod
uct had a retentiontime ofl.5 mm. The solidwasredissolved
in methanol and triturated with ether. The solid was then
collected by filtration and weighed 0.32 g (47%, based on 3-
bromo-l-fluoropropane):m.p. 216â€”218Â°C,â€˜HNMR(CD3OD)
6 4.57 (di, JHCF 47.18 Hz, JHH 5.62 Hz, 2H) 3.176 (t, J =
7.54 Hz, 2H), 3.079 (1, J = 7.48 Hz, 2H), 2.986 (t, J = 7.26
Hz, 2H), 2.0â€”2.2(m, 2H), 1.8 (m, 4H); â€˜@FNMR(CD3OD)$
â€” 142.07 1 (It, JHCF 47.2 Hz, JHCCF 26.8 Hz). Anal. calc'd

for C7H,9C12FN2:C, 38.02; H, 8.66; F, 8.59. Found: C, 38.03;
H, 8.52;F, 8.08.

N-3-Hydroxypropylpuzrescine (2). The desired compound
was similarly prepared according to the above procedure from
putrescine (0.22 g, 2.54 mmol) and 3-bromo-l-propanol(O. 11
ml, 1.22 mmol). The crude mixture was purified on AG-SOW
x 4 cationexchangeresincolumn(1 x 15 cm).Thecolumn
was eluted with deionized water (80 ml) and then 2 N HU.
The first 80 ml was collectedin a beaker and the rest of the
eluant was collected as 8-mi fractions. Fractions 7 to 10
contained only putrescine. Fractions 11 to 13 contained the
desired 3-hydroxypropylputrescineand a small amount of
putrescine, which was concentrated in vacuo to give a white
solid weighed 45 mg. The purity of the desired product was
estimatedto be 85%pure by â€˜HNMR.HPLC analysisof the
product showedtwo overlappingpeaks:one sharp peak with
a retention time of 2 mm (putrescine)and a broad peak with
a retention time of 2.5 mm (compound 2). â€˜HNMR(D2O,
EM-360L) o 3.6 (1, J = 6 HZ), 3. 1 (hr m), 1.7 (hr m).

N-3-['8FJFluoropropylpuzrescine([â€˜8F1-18).Aqueous [â€˜8F]
fluoridewasproducedbyproton bombardmentofan enriched
â€˜8O-watertarget as describedpreviously(12). An aliquot of
the irradiatedwater containing SOmCi of aqueous [â€˜8F]fluo
ridewasaddedto a vacutainercontainingS @ilof 1Maqueous
tetrabutylammonium hydroxide (TBAOH). Water was azeo
tropically removed with MeCN under a stream of nitrogen.
The activitywasthen resolubilizedinto anhydrousTHF (300
gil)(13). To the vacutainerwasadded 2 @dofthe triflateof 3-
bromopropanol(14). The vacutainerwascappedand allowed
to stayat room temperaturefor 2 mm. The THF solutionwas
passed through a short silica gel (SO mg) column which was
washed with 200 @tlof MeCN. The organic eluants were
combinedin a 1ml reacti-vialand to it wasadded SO @lof an
MeCN solution of putrescine(42 mg/l ml) and SO @dof an
aqueous solution ofK2CO3 (100 mg/mi). The vial was sealed
and heated at 110Â°Cfor 20 mm. After cooling the solution
was acidifiedwith 100 @lof 2 N HQ, and concentrated in
vacuo to dryness.More than 50%ofthe radioactivitywas lost
during the concentration process.The residue was taken up
into 200 @lof 0.01 N NaOH and injected onto an Aminex

1206 Hwang,Lang,Mathiasatal The Journal of Nudear Medicine



column. The column was eluted with 0.01 N NaOH at a flow
rate of 3 ml/min. The radioactive peak corresponding to that
of the labeled product (with a retention time of 7.5 mm) was
collected in six fractions (total volume â€˜@@18ml). The total
amount of radioactivity was 3.6 mCi. The solution was neu
tralized with 1 N HQ and used for animal studies.

In VitroCompetitiveInhibitionof['4CjPutrescineUptake
Cell culture. The human prostatic carcinoma cell lines PC

3 and LNCaPwereobtainedfromthe AmericanTypeCulture
Collection (Rockville, MD)(15â€”17). The cell lines were main
tamed in RPMI (Rosewell Park Memorial Institute) 1640
medium supplementedwith L-glutamine(4 mM), penicillin
(100 IU/ml), streptomycin (100 mg/mi), and 10% (V/V) of
heat-inactivated FCS (fetal calfserum). Aminoguanidine (100
@tM)was added to block the activity of any diamine oxidase
enzyme that might be present.

[â€˜4qputrescineuptake. PC-3 cells were plated in a concen
tration of S x lO@cellsper wellof a 24-wellplate in 1 ml of
RPMI-1640 medium supplemented with the additives as de
scribed. Twenty-four hours after plating, the medium was
replacedwith fresh plating medium and 1 mM DFMO was
added to half of the wells. Twenty-four hours later [â€˜4C]
putrescine(116 mCi/mM) at a final concentration of 3 @M
was added to all the wells. Upon addition of the [â€˜4Cjputres
cine both groups of wells (with and without DFMO) were
each divided into three subgroups:(I) [â€˜4C]putrescinealone,
(II) [â€˜4C]putrescinewith an excess (200 @M)of unlabeled
putrescine, and (III) [â€˜4Cjputrescinewith an excess (200 @M)
of unlabeled N-3-fluoropropylputrescine. All the cells were
then incubated for 1 hr at 37Â°Cin an incubator at 7.5% CO2
and saturation humidity. One milliliter of stop solution (ice
cold Hanks' balanced salt solution containing 1 mg of bovine
serum albumin and 1 mM unlabeledputrescine)was added
to each well to terminate the [â€˜4C]putrescineuptake. The
supernatantwasthen aspiratedand the cellswererinsedtwice
with stop solution. Following the last rinse, the radioactivity
was extracted with 1 ml ofO.l N NaOH. A 0.5-mi aliquot was
added to 2 ml of 2% glacial acetic acid and 10 ml of scintil
lation cocktail; the radioactive disintegrations were deter
mined in a liquid scintillation counter.

For the LNCaP cells the technique was modified slightly.
First, the cells were plated at a concentration of2.4 x iO@cells
per well.Secondly,sincethesecellsdid not adherewellto the
bottom of the wells before each change of medium, the plates
were centrifuged in a refrigerated (4Â°C)centrifuge for 10 mm
(Sorvall Centrifuge Model RT 600). The rest ofthe assay was
performedas outlined above.

Each experiment was conducted in triplicate and was re
peated twice.

Animal Biodistribution Studies
Biodistnbution studies were performed in adult male

Sprague-Dawleyrats (240 Â±20 g). Each rat was anesthetized
with diethyl ether in an open system, injected in a surgically
exposed femoral vein, the wound clipped to close, and allowed
to recover. The animals were allowed free accessto food and
water at all times while awake. At the specified times after
administration of the radiolabeled compound (20â€”30MCi),
the rat was reanesthetized with ether and killed by decapita
tion. The following was removed, weighed, and counted:

blood, ventral prostate, dorsolateral prostate, liver, spleen,
kidney, bladder, abdominal muscle, and tibia.

Some groups of rats were pretreated with DFMO and
DHTP. The treatment involveddaily subcutaneousinjection
of DHTP (2 mg/O.2 ml sesame oil) for 3 days prior to the
experiment;additionally,DFMO (0.33 gIl.! ml saline) was
injected intraperitoneally every 4 hr for 24 hr preceeding the
experiment.The biodistributionstudieswerethen carriedout
as previously described.

RESULTS AND DISCUSSION

The desired N-3-fluoropropylputrescine 1 could be
prepared by alkylating putrescine with 3-bromo-l-fluo
ropropane. In general, reactions were carried out using
1.5-2 equivalents of putrescine and one equivalent of
3-bromo-l-fluoropropane. Various combinations of
solvents (toluene, o-dichlorobenzene, MeCN, THF,
water) and bases (K2C03, NaHCO3, TBAOH) were
studied to improve the chemical yields of the desired
compound 1. When reactions were carried out at 90Â°C
for 3 hr in either toluene or o-dichlorobenzene and
using TBAOH as base, 1 was obtained in low yield
(10%), along with two side products. When reactions
were performed in aqueous acetonitrile and using
NaHCO3 as base, 1 was obtained in a yield of 5% with
no by-products. While attempting to weigh 3-bromo-l-
fluoropropane on a balance into a reacti-vial containing
neat putrescine, an exothermal reaction ensued, and
the addition ofMeCN caused the immediate formation
of white precipitates. HPLC analysis of the precipitates
and the acetonitrile solution revealed that the precipi
tates were mainly the starting putrescine and the MeCN
solution was a mixture of the desired compound, 1
(major), and the starting material, putrescine (minor).
With a slight modification of the above procedure, as
described in detail in the experimental section, 1 could
be obtained in a yield of 47% (based on 3-bromo-l-
fluoropropane).

Because 3-bromo-l-['8F]fluoropropane (t18I1@2)was
obtained as a solution in anhydrous THF in a yield of
60% at EOS (based on [â€˜8F}fluoride)according to the
published procedure (14), a different method was used
for the preparation of 11891 The reaction conditions,
originally developed for the preparation of N-['8F]fluo
roalkylspiperone, did not yield good radiochemical
yield of t189@1.When MeCN and aqueous potassium
carbonate was used as solvent and base, f'8F}.1 was
obtained in a radiochemical yield of 7-10% (EOS) in
an overall synthesis time of 1.5 hr.

Since t'8F1-2 was prepared from the trifalte of 3-
bromo-1-propanol and tetrabutylammonium [â€˜8flflu
oride, the concern ofwhether the unreacted triflate and
other compounds originated from the decomposition
of the base-sensitive triflate will also react with putres
cine and cause problems in the purification step, and
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TABLE1The
Abilityof Putrascine Analogs to Inhibitthe Uptake of

[14C]Putrascinein Cultured Human Prostate CancerCalls[â€˜4C]PutrescineTumor

uptake (%ofControl)cell
line lnhibftors â€”DFMO+DFMOÂ°None

100100PC3
Putrescine 1141

125N-Propylputrescine
2711None

100100LNCaP
Putrescine 28111

3715â€˜Cells

werepretreatedwfthDFMO.

hence decrease the specific activity of the labeled prod
uct, has been raised.

To clarify this concern we have carefully reinvesti
gated the preparation of t1811@2.In the preparation of
118@9..2,the reaction mixture was passed through a short

silicagel column to remove unreacted [â€˜8F]fluorideafter
a reaction time of 5 minutes at ambient temperature.
The silica gel column effectively retained unreacted
[â€˜8F]fluoride,but it did not hold back unreacted triflate
and 3-bromo-l-propanol, which was generated from
the triflate by TBAOH. The ratio of 3-bromo- 1-pro
panol to triflate was determined by OC to be greater
than 2.5. Since both triflate and 3-bromo-l-propanol
were found in the solution of f18I9@2,the by-products
from the reaction of the solution and putrescine would
be 3-bromopropyl- and 3-hydroxypropyl-putrescine.
Because the alkylation reaction was performed in an
aqueous solution at elevated temperature, the small
amount of triflate was immediately converted to 3-
bromo-l-propanol. Therefore, when the reaction was
carried out in the presence of excess of putrescine, the
main by-product of the reaction would be 3-hydroxy
propylputrescine.

The authentic 3-hydroxypropylputrescine was pre
pared in a yield of 14% (based on 3-bromo-l-propanol)
by a procedure similar to that for the preparation of 1.
N-3-hydroxypropylputrescine was well separated from
the desired compound, 1, on the Aminex A-25 resin
column eluted with 0.01 N aqueous NaOH at 3 ml/
mm. The retention time of 1, N-3-hydroxypropylpu
trescine, and putrescine was 7.5, 2.5, and 2 mm, re
spectively.

The purification of I18I9@1needed special attention.
Since I1a9@1was purified on a Bio-Rad A-25 quaternary
amine resin column, a small amount oforganic solvent
(MeCN) interfered with the separation. A major portion
ofthe product was found to coelute at the solvent front
when the solvents of the reaction mixture were not
completely removed. Therefore, the reaction mixture
was thoroughly dried in vacuo, and the residue was
redissolved in the HPLC solvent (0.01 N NaOH) and
injected onto the Aminex A-25 column. The column
did effectively separate the unlabeled by-products, but
the desired product was eluted as a broad peak (6 mm
from the beginning to the end ofthe peak). Since [18fl
fluoride was eluted at the solvent front, it is possible
that fluoride will tail into the fractions containing the
desired product. To ensure the purity of the labeled
product for animal studies, the product eluted from
HPLC was collected in six fractions, and the last three
fractions were used for animal studies. The radiopurity
of f'8FJ-1 was analyzed on an Aminex column (HPX
72-0) eluted with 0.01 N NaOH at a flow rate of 0.8
ml/min. @â€˜8fl1was found to be stable at pH 6 for more
than 3 hr.

The specific activity of [18FJ-1was determined to be

greater than 1.1 Ci/@imolby HPLC using an analytic
Chromega â€˜YRP-lcolumn (0.46 x 10cm, ES Industries)
and eluted with 5% CH3CN/0.05 N NaOH with a flow
ofO.8 mi/mm.

N-3-Fluoropropylputrescine dihydrochloride effec
tively blocked the uptake of [â€˜4C]putrescinein vitro in
cultured human prostate cancer cells, PC-3, and LNCaP
(Table 1). Table 1 shows relative inhibition relative to
control. The absolute uptake was 8.8 times greater for
PC-3 compared to LNCaP, and DFMO increased up
take by a factor of 5.9 in PC-3 cells and 2.4 in LNCaP
cells. The difference in absolute [â€˜4C]putrescineuptake
between these two lines has been observed repeatedly.
This is most likely due to a difference in growth rate
and consequent polyamine requirements as well as to
the different number of cells plated. Other in vitro
studies have shown that PC-3 cells take up 1 from the
culture medium; and that pretreatment with DFMO
enhanced the intracellular concentration of the sub
stance (Kadmon D, unpublished data). It can therefore
be inferredthat 1 is capable of utilizing the polyamine
transport system for its uptake into human prostatic
cancer cell lines.

The in vivo biodistribution of I'@FI-1showed rela
tively high prostate uptakes at 1 hr postinjection, and
the prostate uptakes remained high even at 3 hr post
injection (Table 2). The prostate to abdominal muscle

ratio increased from 1.76 to 4.70 for dorsal prostate
and from 4.01 to 5.7 for ventral prostate.

It has been demonstrated that when rats were pre
treated with ornithine decarboxylase inhibitor (DFMO)
and androgen (DHTP), the prostate uptakes of [â€˜4C]
putrescine increased, and the prostate to muscle ratio
increased by sixfold at 3 hr after administration. In
order to see whether an improvement of the prostate
uptake of 118F1-1by the DFMO and DHTP pretreat
ment, a similar experiment was carried out using the
new agent. The prostate uptakes improved upon pre
treatment. The increase in dorsal prostate uptake was

statistically (t-test) significant at p < 0.05 (Table 3). The
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TABLE2Biodistribution
of [18F]-1@ in Adult Male S.D. Rats(%lD/g)lhr

3hrBlood

0.118Â±0.009 0.074Â±0.021V.
Prostate 0.669Â±0.136 0.551Â±0.267D.
Prostate 0.304 Â±0.084 0.423 Â±0.366Muscle

0.174 Â±0.027 0.097 Â±0.016Bone
0.289 Â±0.022 0.315 Â±0.064D.

Pros/Muscle 1.762Â±0.470 4.700Â±4.703V.
Pros/Muscle 4.008 Â±1.392 5.736 Â±2.352D.
Pros/Blood 2.562 Â±0.557 5.832 Â±4.907V.
Pros/Blood 5.763 Â±1.495 7.922 Â±3.645.

20â€”30 @Ci of [111].1 was injected into each rat.

Control
lhrTreatedlhr3hrBlood

0.111 Â±0.0250.86 Â±0.0090.049 Â±0.007V.
Prostate 0.613 Â±0.1511 .089 Â±0.5981 .297 Â±0.740D.
Prostate 0.347 Â±0.0861 .179 Â±0.257

(p < .OOl)t1
.008 Â±0.234
(p <.OO1)tMuscle

0.205Â±0.0350.233 Â±0.1080.160 Â±0.068Bone
0.992Â±0.0971.352Â±0.1831.524Â±0.163Uver

0.444Â±0.0800.431 Â±0.0940.174 Â±0.030Spleen
0.399 Â±0.0350.622 Â±0.1050.337 Â±0.060Kidney
0.634 Â±0.0700.605 Â±0.1210.266 Â±0.046Bladder
1.670 Â±1.0491.404 Â±0.9191.563 Â±0.699D.

Prostate/Muscle 1.88 Â±0.3805.820 Â±2.420
(p < .OS)t6.780

Â±1.860
(p <.OOS)tV.

Prostate/Muscle 3.100 Â±1.1005.810 Â±4.6209.540 Â±6.490
(p<.l)tD.

Prostate/Blood 3.170 Â±0.76013.77 Â±2.860
(p<.001)t20.47

Â±3.340
(p<.001)tV.

Prostate/Blood 5.660 Â±1.58013.35 Â±8.50025.75 Â±12.61
(p <.O5)t*

20â€”30 @iCi of (1@F]-1 was injected into eachrat.t

Probability determined by nonpaired Student's t-test by comparison of the control withthe treated experiment.

know that [â€˜4C]-and [3H]-labeled putrescine had pros
tate to muscle ratios between 3.3 and 13. On the other
hand, the [â€˜8F]-labeledputrescine derivatives had pros
tate to muscle ratios (1 hr after administration) between
1.7 and 4 which was only one-halfofthe values of those

of [â€˜â€˜C]putrescine.The absolute uptake of the 11819_iis
similar or greater than that of [â€˜4C]-and [3H]-labeled
putrescine while that of 2-['8F]fluoroputrescine (11) is
significantly lower. There was less response to DFMO
and DHTP treatment for the 2-['8F]fluoroputrescine
than 118l9@1.Although the uptakes ofI'8F@-1are less, as
compared to the 20 mm half-life of [â€œC]putrescine,its
2 hr half-life and its high prostate uptake at 3 hr after

administration would provide a good means of in vivo
imaging ofprostate by PET for a longer period of time.
The bladder uptake might cause difficulty for prostate
imaging, and again the extra time available with â€˜8F
will allow voiding prior to imaging. The longer half-life
of â€˜8Falso allows greater flexibility for coordinating
radiopharmaceutical production and imaging.
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absolute prostate uptake was 2.3 (ventral) to 2.4 (dorsal)
times ofthose ofuntreated expenments(Table 3). These
compare to increases of 5.4 (ventral) and 4.4 (dorsal)
for [â€˜4C]putrescinestudies (10). Different batches of
I189@1were used for the biodistribution studies in non
treated (Table 2) and pretreated (Table 3) experiments.
The bone uptakes were different between two experi
ments, so it is possible that the batch ofl'8FJ-1 used for
pretreatment studies contained a slightly higher amount
of free [â€˜8F]fluoridewhich caused the higher bone up
take than reported in Table 2. A 5% fluoride impurity
would account for the difference in the two sets of
experiments.

By comparing the prostate uptakes of radiolabeled
putrescine and its analogs (Table 4) it is interesting to

TABLE 3
Biodistnbutionof [18F]-1@ in AdultMale s.d. Rats Pretreated with DFMOand DHTP(%lD/g)
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14@t3H-

lhr[1F]-1lhr[18fl@1lhrtreated[â€˜8F]-13hr[â€˜@F]-13hrtreated14@t3hr3
hr

treated0.

Prostate 0.360.34 Â±0.081.18 Â±0.260.42 Â±0.361.01 Â±0.23V.
Prostate 0.910.67 Â±0.141 .09 Â±0.600.55 Â±0.271 .30 Â±0.74D.
Prostate/Muscle 3.31 .76 Â±0.475.82 Â±2.424.69 Â±4.686.78 Â±1.86212V.
Prostate/Muscle 8.34.01 Â±1.395.81 Â±4.625.73 Â±2.359.54 Â±6.49313D.
Prostate/Blood 3.32.56 Â±0.5813.77 Â±2.865.82 Â±4.8820.47 Â±3.3412V.
Prostate/Blood 8.35.78 Â±1.4913.35 Â±8.507.92 Â±3.6525.75 Â±12.6112.

3H- = [3H]Putrescine; see Ref. (5).

t 14C- = [14C]Putrescine; see Ref. (10).

TABLE 4
Prostate Uptakes of Radiolabaled Putrescina and Its Analogs (%ID/g)

10. Kadmon D, Heston WDW, Lazan DW, Fair WR.
Difluoromethylornithine enhancement of putrescine
uptake into the prostate: concise communication. J
NuclMed 1982; 23:998â€”1002.

11. Hwang D-R, Jerabek PA, Kadmon D, Kilbourn MR,
Patrick TB, Welch MJ. 2-['8F]Fluoroputrescine: prep
aration, biodistribution, and mechanism of defluori
nation. ApplRadiat Isot 1986; 607â€”612.

12. Kilbourn MR, Jerabeck PA, Welch MJ. An improved
[â€˜8O]watertarget or [â€˜8F]fluorideproduction. mt J
ApplRadialIsot1985;36:327â€”328.

13. Brodack JW, Kilbourn MR, Welch MJ, Katzenellen
bogen JA. NCA l6a-['8flfluoroestradiol-17fi: the ef
feet of reaction vessel on fluonne-l8 resolubilization,
product yield, and effectivespecific activity. Appl Ra
diatlsot1986;37:217â€”221.

14. Chi D-Y, Kilbourn MJ, Katzenellenbogen JA, Welch
MJ. A rapid and efficient method for the fluoroalky
lation of amines and amides. Development of a
method suitable for incorporation of the short-lived
positron emitting radionucide fluorine-18. J Org
Chem 1987; 52:658â€”664.

15. Heston WDW, Yang CR, Pliner L, Russo P, Covey
DF. Cytotoxicactivityofa polyamineanalogue,mon
oaziridinyl putrescine, against the PC3 human pros
tatic carcinoma cell line. Cancer Res 1987; 47:3627â€”
3631.

16. Kaighn EM. Human prostatic epitheiai cell culture
models. Investigative Urology 1980; 17:382â€”385.

17. Horoszewicz JS, Leong 55, Chu TM, et al. The LNCaP
cell line. A new model for studies on human prostate
carcinoma. In: Murphy OP, ed. Models for prostate
cancer. New York: Alan R. Liss, 1980:115.
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