
vation (16â€”17). Because the metabolic fate of MIBG
differs from that of catecholamines (18), one cannot
easily draw valid inferences about sympathetic function
from MIBG scanning.

Positron emission tomographic (PET) scanning after
systemic administration of fluorine-l8-6-fluorodopa
mine ([â€˜8F]-6F-DA)is a means for visualizing tissues
with sympathetic innervation, especially in the heart.
6F-DA acts as a false neurotransmitter (19-21). After
i.v. injection of [â€˜8F]-6F-DA, striking images of the
sympathetic innervation of the heart, spleen, and sali
vary glands are obtained, as the tracer is taken up and
concentrated in vesicles in sympathetic nerve endings
(21 and Fig. 1). Analyses of myocardial radioactivity
time curves may also provide information about sym
pathetic function (21).

There has been no published description ofthe radia
tion doses that would be expected after administration
of['8F]-6F-DA into humans. This is the purpose of this
communication.

The disposition of injected [â€˜8F]-F-DAdiffers mark
edly from that of [â€˜8F]-fluorodopa(22,23), and so esti
mates for radiation doses after administration of [â€˜8F]-
F-DA would be expected to differ from previously
published estimates for [â€˜8F]-6-fluorodopa(24).

MATERIALS AND METhODS

Studies of Rats
Thirty male Sprague-Dawley rats weighing 351 Â±(s.c.m.)

2.8 g underwent insertion of heparinized polyethylene cathe
ters (internal diameter 0.58 mm, external diameter 0.97 mm)
into a carotid artery and femoral vein during pentobarbital
anesthesia(50 mg/kg intrapentoneally).

Standards for 6F-DA, 6F-NE, 6F-dihydroxyphenylacetic
acid, 6F-homovanillic acid, and 6F-normetanephrine were
synthesized according to previously established methods (25,
26).

Tritium labeling of6F-DA, with tritium on the carbon ring
([3H]-6F-DA, 3.2 Ci/mmol) was conducted by New England

Positronemissiontomographic(PET)scanningafter sys
temic i.v. injectionof fluorine-i8-6-fluorodopamine([18FJ
6F-DA)is a methodfor visualizingandmeasuringregional
sympathetic nervous system innervation and function.
Based on results of preclinical studies of rats and dogs
andon previousliteratureaboutthefateof injectedtracer
labeledcatecholamines,dosimetncestimatesfor clinical
studiesarepresentedhere.Afterinjectionof 1 mCiof [18F1
-F-DA,the radiationdosewouldbe highestto the wall of
the urinarybladder(1.40 rem/mCi),due to accumulation
of radioactivemetabolitesof [â€˜8F]-F-DAin urine.Radioac
tivity also would accumulate in bile. Organs receiving the
next highest dose would be the kidneys (0.9 rem/mCi) and
small intestine (0.2 rem/mCi). The parenchymal radiation
dose would be lowest in the braIn, Since there is an
effective blood-brain barrierfor circulating catecholamines.
Radiationdosesto allorgansafteradministrationof 1 mCi
of [18FJ-F-DAto humanswould be less than 3 rem and,
therefore,withincurrentFDAguidelines.

J Nucl Med 1991; 32:102â€”110

he sympathetic nervous system is vital for main
taming homeostasis during stress (1,2). Alterations in
sympathoneural activity may be pathologic in several
neurocardiologic conditions (3â€”11), and many drugs
act at sympathetic neuroeffector junctions.

Plasma levels of norepinephrine (NE), the sympa
thetic neurotransmitter, have been used to assess sym
pathoneural activity (12â€”15);however, the relationship
between plasma NE levels and sympathetic activity is
complex.

Radioiodinated metaiodobenzylguanidine (MIBG)
has been used to visualize cardiac sympathetic inner
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PET cross-sectionalscans (10-
mm duration each) of the head,
chest, upper abdomen, and
lowerabdomen@â€”1hr after i.v.
injection of 1.73 mCi of [18FJ-6-
fluorodopamineinto a pentobar
bital-anesthetized dog. The
heart, renal kidneys, liver,
spleen, and salivary glands are
visualized clearly, whereas there
is little radiation in the brain,
lungs,and chest wall.
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Nuclear (Boston, MA, Lot No. 2557-062). The radionuclide
was 60% radiochemically pure by liquid chromatography with
liquid scintillation counting and was purified by alumina
extraction (to 84% radiochemical purity) before use in the
present study.

Ten microcuries of [3HJ-6F-DA was injected intravenously
as a bolus. At 5, 10, 20, 60, and 120 mm after the injection,
arterial blood samples (3 ml) were obtained from groups of 6
animals each. The rats were then killed by pentobarbital
overdose and tissues of the left ventricular apex, liver, spleen,
kidney, and a salivary gland were excised. Arterial blood
samples (1.5â€”3ml) were obtained immediately before the
animals were killed. The radioactivity in aliquots of 50 zl
blood and 10 MIplasma was counted. The remaining plasma
was separated into 200â€”500-s.daliquots and frozen at â€”70Â°C
until assayed. Tissue samples (0.2â€”1.5 g) were frozen imme
diately in dry ice (â€”20Â°C),weighted, homogenized in 5â€”15
volumes ofO.4 N perchloric acid, and the supernatants stored
at â€”70Â°Cuntil assayed. Endogenous and fluorinated catechols
in plasma (100â€”500Mi)and tissue supernatants (100â€”500 @l)
were extracted by adsorption on alumina, eluted with acidified
chromatographic mobile phase, and separated and quantified
using reversed phase, ion-pairing liquid chromatography with
electrochemical detection (27,28).

Studies of Dogs
An adult foxhound weighing -@-25kg and three beagles

weighing 12 kg underwent a total of seven PET scans. Each
animal was anesthetized with pentobarbital, intubated, artifi
cially respired, and underwent aseptic percutaneous insertion
of femoral arterial and saphenous or forelimb venous cathe
ters. Each dog, intubated but breathing spontaneously, was
placed supine in the â€œNeuro-PETâ€•head scanner or in the
â€œPosiCamâ€•body scanner (Positron Corp., Houston, TX). The
arterial catheter was attached to a pressure transducer for
continuous polygraphic recording ofblood pressure and pulse
rate. General anesthesia was maintained by occasional injec
tions of pentobarbital. Each dog was monitored for -@-2hr,

during which [â€˜8F]-F-DAwas synthesized. A baseline arterial
blood sample (6 ml) was drawn and then the [â€˜8fl-labeled
compound injected intravenously over@ 1 mm. PET scans
and blood samples were obtained up to 3 hr after the injection,
and the durations of the scans and sampling were increased
progressively from 5 mm to up to 1 hr. In the foxhound and
one beagle, the position ofthe dog in the scanner was changed
frequently to visualize radioactivity at different levels. In the
two other beagles, consecutive scans of the thorax and upper
abdomen were obtained.

Fluorine-l8-labeled F-DA was synthesized from [â€˜8fl-la
beled fluorodopa (fluorodihydroxyphenylalanine) by enzy
matic decarboxylation of fluorodopa using a L-amino-acid
decarboxylase prepared from hog kidneys (21). The injectate
contained â€˜â€”1mg of physiologically active dopamine and 1
mCi of â€˜8F.The amount of radioactivity injected in each
scanning session (range 0.7â€”2.0mCi), depended on the yield
of [â€˜8F]-6F-DA.The radiochemical and mass purity of each
aliquot was assayed and found to be at least 98% [â€˜8F]-F-DA.

Data Reduction and Analysis
Results are presented as means Â±s.c.m. A p value <0.05

defined statistical significance.
In the study of rats, computer-assisted statistical analyses

(Statview 5 12+, Brainpower Inc., Calabasas, CA) included
one-way analyses of variance (ANOVAs) to examine the sig
nificance of differences across time periods. In the event of
non-homogeneity of variances, ANOVAs were conducted on
log-transformed data.

In the PET study of dogs, the PET images were recon
structed with correction for attenuation and for the physical
decay of the tracer (the physical half-life of â€˜8Fis 1.83 hr),
stored on magnetic tape, restored for analysis using a Digital
Equipment Corporation VAX computer (Malvern, MA) and
analyzed using the Medical Imaging Retrieval, Analysis and
Graphics (MIRAGE) software system, developed by the flu
clear medicine department.

Time-activity curves related the log ofthe tissue radioactiv
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ity concentration to time after injection of the tracer. To
compare results among animals, tissue radioactivity concen
trations were adjusted for the amount injected and the weight
ofthe animal, and so the unit of tissue radioactivity was nCi
kg/cc-mCi. For plasma or blood, time-activity curves were
derived from direct assays of the radioactivity concentrations
in aliquots of centrifuged or uncentnfuged arterial blood.
Time-activity curves for organ radioactivity were based on
circular regions of interest occupying about half the width of
the imaged organ.

Bi-exponential equations of best fit were calculated using
the interactive â€œBLDâ€•curve analysis program of the nuclear
medicine department. Graphic analyses were performed on a
Macintosh II computer using CricketGraph (Cricket Software,
Malvern, PA) and on a VAX computer (Digital Equipment
Corp.).

Dosimetric estimates were based on the present studies of
rats and dogs and previously published data about the fate of
systemically injected tritium-3- or carbon-l4- (â€˜4C)-Iabeled
dopamine, other radiolabeled non-fluorinated catecholamines
(e.g.,29-32), unlabeled2- or 6F-DA, or [3H]-2-F-DA (20).
The dose calculations were made using the
MIRDOSE (Oak Ridge Associated Universities version of
January, 1988) computer program.

RESULTS

StudiesofRats
Five minutes after administration of[3HJ-6F-DA, the

amount ofcirculating [3H]-6F-DA was decreased to less
than 3% of total plasma 3H, and 3H concentrations in
the ventricular myocardium, spleen, salivary gland, kid
ney, and liver averaged 8, 3, 2, 14, and 4 times that of
blood (Fig. 2).

Tissue:blood ratios of3H increased progressively over
time. By 120 mm after injection of the tracer, tis
sue:blood ratios of 3H in myocardium, spleen, salivary
gland, kidney, and liver were increased by factors of 60,
20, 12, 19, and 7. Between 5 and 120 mm after the
injection of[3H]-6F-DA, tissue:plasma ratios of 3H also
increased in the heart, spleen, and salivary glands (Fig.
2).

In organs with dense sympathetic innervation (heart,
spleen, and salivary glands), decreases in tissue 3H were
relatively slow between 5 and 120 mm after the injec
tion and followed a monoexponential pattern of decline
(Fig. 2). The half-time values were 183 mm in the heart,
168 mm in the spleen, and 109 mm in the salivary
gland. In contrast, in organs involved with excretion
(liver, kidney, blood, and plasma), the decreases in
tissue 3H were relatively fast, and the half-time values
based on a monoexponential decline were small (Table
1). The rates of decline of 3H concentrations were

similar in the kidney and blood between 60 and 120
mmafterinjectionof[3H]-6F-DA.

In the heart, the majority of the tissue 3H contents
were in 3H-catecholsâ€”especially [3HJ-6F-DA and [3H]
-6F-NE; in the kidney and liver, the contributions of
[3HJ-6F-DAand [3H]-6F-NE to the total concentrations
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FIGURE 2
Tissue tntium concentrations (upper panel) and tissue:plasma
ratios of tntium (lowerpanel)after injectionof [3HJ-6F-DAinto
rats. Eachpoint representsdata from six differentanimals.

of3H remained below 30%. In marked contrast, plasma
concentrations of [3H]-6F-NE were barely detectable at
all time points after injection of [3H}-6F-DA.

Concentrations of endogenous catechols in plasma
were unchanged after the injection of [3H]-6F-DA, ex
cept that after 120 mm, plasma NE, epinephrine, and
dopa levels increased as the pentobarbital anesthesia
wore off.

Studies of Dogs
Concentrations of â€˜8Fin blood and plasma decreased

rapidly after injection of['8F]-F-DA (Fig. 3). The mean
biologic half-time of blood [â€˜8F]between 1 and 4 mm
after injection was 1.5 mm. Thereafter, the rate of
disappearance oftotal plasma â€˜8Fbecame much slower;
between 10 and 60 mm after the injection, the mean
half-time averaged 32 mm.

Plasma total concentrations of 6F-DA fell rapidly
after injection of [â€˜8F]-F-DA,with a half-time of 1.5
mm,i.e.,at the samerateas â€˜8F.Therefore,withina
few minutes ofthe injection, most ofthe â€˜8Fin plasma
was not itself due to the tracer.

In five studies, the plasma:blood radioactivity ratio
invariably increased progressively during the scanning
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TABLEIKinetic
Parametersfor TissueConcentrationsof 3HAfterIntravenous

Injectionof [3H]-6-FluorodopamineintoAnesthetized
Rats (n =6)y-lnterceptk

t-V2 y-lntercept(nCi-cc/Organ
Slope (1/mm) (mm) (kdpm/g) kg/mCi)

Slope= slopeof lineof best fit relatingthe log of the tissue
concentrationof 3H(kdpm/g) to time (mm);t-V2= mono-exponen
tialhalf-life.

session, from a minimum value of less than 0.8 to a
maximum value of about 1.4.

After injection of [â€˜8F1-6F-DA,there was intense
positron emission from the renal pelvis, heart, liver,

â€” LVwaN
â€”0-â€” U S@Gland
-a- S@
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FIGURE 3
Tissue radioactivityconcentrationsafter injection of [18F]-6-
fluorodopamine into an anesthetized dog. Upper panel shows
datafor organswith knowndensesympatheticinnervation
(heart, salivary glands, spleen)and lower panel data for organs
involved with excretion (plasma, liver, gall bladder, renal pal
vis).

kidneys, spleen, and salivary glands, with little positron
emission from the brain, lungs, and skeletal muscle
(Fig. 1).

After initial distribution, the tissue radioactivity gen
erally declined biexponentially in the heart, liver,
spleen, salivary glands, renal pelvis, and plasma (Figs.
3 and 4), whereas radioactivity accumulated progres
sively in the gall bladder in all the PET studies (Fig. 3).
Virtually immediate appearance of radioactivity in the
renal pelvis demonstrated that a portion ofthe injected
tracer was rapidly filtered and excreted. Thereafter,
renal pelvic radioactivity decreased rapidly, with a bio
logic half-time similar to that of â€˜8Fin plasma in 2 of 3
dogs.

During the 3 hr after injection of [â€˜8fl-6F-DA,myo
cardial radioactivity decreased with mean biologic half
time values of22 Â±4 and 135 Â±24 mm (n = 7). The
rate of disappearance of radioactivity from the left
ventricular wall was slower than that from plasma, so
that the ratio of ventricular-to-plasma radioactivity in
creased progressively to an average maximum value of
9. The myocardial load of radioactivity, obtained by
adding the y-intercept values for the rapid and slow
components, averaged 5521 nCi-kg/cc-mCi.

The basis for estimates of radioactivity load and
effective half-times for several organs are explained in

the Discussion. The estimated radiation doses calcu
lated using the MIRDOSE program are summarized in
Table 3.

DISCUSSION

PlasmaRadioactivityAfterInjectionof [leF]@6F@DA
or [3H]-6F-DA

After injection of [3H]-6F-DA into rats and [â€˜8F-]6F-
DA into dogs, plasma levels of the tracers declined
rapidly (half-time < 1.5 mm during the early phase),
consistent with previous findings (33,34). Catechol
amines are removed from plasma mainly by extraneu
ronal uptake (uptake-2, (35), Fig. 5), with subsequent
intracellular metabolism to oxygen-methylated deriva
tives (29â€”32).A proportion of circulating dopamine is
taken up by sympathetic nerve terminals (uptake-i).
Axopiasmic dopamine can be translocated into storage
vesicles and converted to NE (20). Vesicular storage of
[18fl-6F-DA and [18fl-6F-NE is thought to be the basis
for visualization oforgans with sympathetic innervation
by PET (21).

By 60 mm after injection of [â€˜4C]dopamine,[3H1
dopamine, or [3H]-6F-DA into rats, most of the radio
activity in plasma is due to oxygen-methylated metab
olites of NE (33 and unpublished observations). After
injection of [â€˜8F]-6F-DA,the initial decline in plasma
radioactivity probably represents rapid entry of the
tracer into the extracellular fluid space and then into
sympathetic nerve endings and nonneuronal cells. The
slower, later decline in plasma radioactivity probably

Heart0.00160.0041842903955Spleen0.00180.0041681001364Salivary

gland0.00280.00610970955Kidney0.00800.018387309955Liver0.00720.017421401909Blood0.00900.02133â€”â€”Plasma0.00800.01
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represents clearance due to excretion of metabolites of
[â€˜8fl-F-DAand of [â€˜8fl-NE(21).

Radiation Dosimetric Estimates for Specific Organs
After injection of [â€˜8fl-6F-DA,the initial radioactiv

ity load depends on organ blood flow and mass and on
the avidity of uptake-i and uptake-2. In tissues where
the amine is stored as [â€˜8F]-6F-DAor [â€˜8F]-6-NE,the
rate of release of these compounds would eventually
determine the biologic half-time, whereas in tissues
responsible for excretion, such as the liver and urinary
tract, the radiation dose would depend on the rate of
excretion ofthe metabolites. For each organ, dosimetric

calculations require estimates of the effective half-time
of â€˜8F(Table 2).

Bladder
Accumulation of radioactivity in the bladder would

be an important aspect of radiation dosimetry (Tables
3 and 4). Based on results using other tracer-labeled
catecholamines (16,30â€”32), by 2 hr after the end of an
infusion of [â€˜8F]-6F-DA,over 60% ofthe administered
radioactivity would be in bladder urine. Virtually all
the urinary radioactivity would be in the form of phys
iologically inactive oxygen-methylated metabolites of
dopamine or of NE (33). In clinical protocols, the

Diagrammatic representation of the
fate of injected [18FJ-fluorodopamine
(â€˜8F-DA)in a sympatheticnerveending
anda nonneuronalcell. Fluorine-i8-DA
activelyremovedinto the axoplasmby
Uptake-i can be metabolizedby mito
chondnalmonoamineoxidase to form
[18F]-dihydroxyphenylacetic acid (18F-
DOPAC)or taken up into vesiclescon
tamingdopamine-fl-hydroxylase(DBH)
and converted to [18F]-norepinephnne
(18F-NE).Fluorine-i8-DA removed into
nonneuronalcells by Uptake-2can be
converted to O-[18F]-methoxytyramine
(0-Me 18F-DA). Fluonne-18-DOPAC
formed extraneuronally or taken up
after releasefrom sympatheticneurons
is converted to [18FJ-homovanillicacid
(18F-HVA)by catechol-0-methyltrans
ferase(COMT).Uptakeof [18FJ-fluoro
dopamineinto sympatheticnerveend
ings,withconversionto andstorageof
[18F]-fluoronorepinephrinein vesicles,
results in concentrationof radioactivity
in sympathetically innervated tissues.

SYMPATHETIC
NERVEENDING NON-NEURALCELL

DLOODSTREAM
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TABLE2Estimated
Organ Radioactivity Loads and Effective Half

Lives After Injection of [â€˜8F]-6-FluorodopamineintoAnesthetized
DogsEstimated

Estimatedradioactive
loadeffectiveOrgan

(%dose) half-life(hr)Heart

4.00.8Liver
12.51.0Lungs
0.0N/ASpleen
0.40.9Gutwall

181.0Adrenals
0.21.8Brain
0.0N/AKidneys

290.6Skeletal
muscleandskin 221.0Uterus

0.31.0Testes
0.0N/ARenal

filtrationof dopamine 2.01.8Plasma
1.00.7Other

110.7Total

100 â€”

TargetorganTotal
dose

(rad/mCi)% Primarycontributor% SecondarycontributorUrinary

bladderwall1 .40Urinary bladdercontents(99)Small intestine(0)Kidneys0.60Kidneys
(97)Small intestine(1)Small

intestine0.23Small intestine (85)Urinary bladder contents(7)Adrenals0.21Adrenals
(84)Kidneys(1)Gallbladder

wall0.1 7Bile (75)Small intestine(6)Uterus0.16Urinary
bladder contents (61)Uterus(2)Liver0.08Liver

(78)Kidneys(9)Ovaries0.07Urinary
bladder contents (53)Small intestine(2)LLI0.07Urinary
bladdercontents(62)Small intestine(2)ULI0.07Small

intestine (52)Urinary bladdercontents(1)Heart
wall0.06Heart wall(81)Muscle(5)Spleen0.05Spleen

(42)Kidneys(3)Testes0.04Urinary
bladder contents (75)Total body(1)Pancreas0.04Kidneys
(35)Total body(1)Total

body0.03Urinary bladder contents (33)Muscle(1)Marrow0.03Total
body(26)lkinary bladdercontents(2)Stomach0.03Total
body(24)Kidneys(2)Muscle0.03Urinary

bladdercontents(43)Muscle(2)Bone
surface0.02Total body(34)Urinary bladder contents(2)Lungs0.02Total

body(39)Muscle(2)Skin0.01Total
body(35)Urinary bladdercontents(2)Thymus0.01Total
body (44)Muscle(2)Breasts0.01Total
body (56)Muscle(1)Thyroid0.01Total
body(56)Muscle(3)Brain0.01Total
body(90)Muscle(9)ULI

= upperlargeintestine;LLI= lowr largeintestine.Numbersin parenthesesindicatepercentage.

Kidneys
The kidneys received -@@25%of the cardiac output

(36), and the fractional renal extraction of circulating

catecholamines is -@65%(37,38). If [â€˜8F]-6F-DAwere
administered as an immediate bolus, and if the lungs
removed none (see below), then -@-55%ofthe adminis
tered [â€˜8fl-6F-DAwould be removed in the body as a
whole (37), so that after several recirculations, the
kidney would remove about 29% of the administered
dose. The residence time of [â€˜8F]-6F-DAin the kidney
is so short, the biologic half-time of the radioactivity
would largely determine the radioactivity in pelvic
urine. Due to the continuous excretion of radioactive
metabolites, the pelvic urine radioactivity concentra
tion would decline slowly in a manner roughly parallel
to the decline in plasma radioactivity. If the kidney
served as a conduit between the plasma and bladder
urine, then the ratio of renal pelvic to plasma radioac
tivity would approach a constant value within -@-60mm
(see Appendix).

Based on analysis of the renal pelvic time-activity
curves in two dogs in the present study, -@-3%of the
tracer was excreted almost instantaneously, consistent
with the findings of Hempel et al. (39).

Gut
After injection of [â€˜8fl-6F-DAinto dogs, only low

concentrations of radioactivity were found in regions

subject would probably urinate about 3.5 hr after injec
tion of [â€˜8F]-6F-DA.About 60% of the injected radio
activity would appear in urine by 3.5 hr after injection
(29,30), with the effective half-time equal the physical
half-time of â€˜8F.

TABLE 3
Estimated Radiation Dose by Organ (Using the Results from Table 2)
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tÂ½bdCompartment%Dose(hr)Heart4.01.42Liver12.52.20Spleen0.41.77Gut

(small intestine)18.02.20Kidneys29.00.89Muscle22.02.20Uterus0.32.20Other10.70.89

TABLE 4
Information for Dynamic Bladder Model

Liver
Hepatic delivery of [â€˜8F]-6F-DAwas estimated (45)

to be @l2.5%ofthe injected dose and the effective half
time @l.0hr. After injection of [3H]-6F-DA into rats,
the initial hepatic load of radioactivity was â€˜-.-l900nCi
cc/kg-mCi and the effective half-time -@@-40mm. Both
values therefore were somewhat less than in the dogs.
After systemic injection of radiolabeled epinephrine
into cats, hepatic radioactivity accounts for up to 22%
ofthe infused dose (32).

Heart
The initial radioactivity load to the heart averaged

about 5000 nCi-kg/cc-mCi, or -@4%of the injected
radioactivity (45). Similarly, Kirshner (32) reported
that at 2 mm after i.v. injection of radiolabeled epi
nephrine into cats, a mean of 4. 1% of the injected
radioactivity was in cardiac tissue. In the present study
of rats receiving [3H]-6F-DA, the initial radioactivity
load to the heart averaged 3955 nCi-cc/kg-mCi, a value
â€˜@-20%less than that in dogs receiving [â€˜8F]-6F-DA.

After [â€˜8F]-6F-DAinjection in dogs, the mean bio
logic half-time ofcardiac radioactivity was â€˜@1.5 hr, and
so the effective half-time in the heart was @0.8hr. In
rats receiving [3H]-6F-DA, the biologic half-time was
longerâ€”-@.-3hr. Values for the S-factor used in the
dosimetric estimates for the heart were obtained from
the tables ofCoffey and Watson (47).

Spleen
In rats receiving [3H]-6F-DA, the splenic load of

radioactivity averaged 1364 nCi-cc/kg-mCi, less than
that in dogs receiving [â€˜8F]-6F-DA(2082 nCi-cc/kg
mCi in 2 dogs). Kirshner (32) reported that at 2 mm
after systemic injection ofradiolabeled epinephrine into
cats, spleen radioactivity accounted for a mean of about
1.3% of the total dose.

Skeletal Muscle and Skin
Blood flow to skeletal muscle, skin, connective tissue,

and fat averages about 25% of the cardiac output (36,
46). Assuming that 50% of the delivered catechol
amines are removed in the limbs (38), about 12.5% of
the administered dose would be removed in the first
pass, with a total removal of about 22%.

Lungs
During infusions of [3H]NE to a steady-state in hu

mans, we have not observed any difference in pulmo
nary artery and peripheral arterial levels of [3H]NE
(unpublished observations), indicating little if any ex
traction of circulating catecholamines in the lungs. In
dogs receiving [â€˜8F]-6F-DAintravenously, radioactivity
was not detected by PET scans in regions corresponding
to the lungs. Therefore, the radioactive dose to the lungs
due to uptake ofthe tracer would be very small.

Total Body
In the present study of dogs, uptake of [â€˜8F]-6F-DA

by the above organs did not account for about 11% of

corresponding to small intestine, undoubtedly because
of the large volume.

Adrenals
Normal adrenomedullary tissue takes up only a small

proportion of catecholamines from the bloodstream
because of the small percent of the cardiac output
distributed to the adrenals and possibly because of
relatively little uptake-l activity (40,41). PET scanning

after injection of [â€˜8F]-6F-DAinto dogs failed to detect
adrenal radioactivity. If the adrenal radioactivity load
ing concentration were the same as for the liver (42),
then for an adrenal weight of 8 g (43), the load would
be -@0.2% of the injected amount. Since [â€˜8F]-6F-DA
could be converted to [â€˜8F]-6-fluoroNE and stored as
such for prolonged periods, a conservative estimate for
the effective half-time ofadrenal radioactivity would be
the physical half-time of â€˜8F.

Gallbladder
The gallbladder may be viewed as a thin-walled sac

containing the products of hepatic excretion. After in
jection ofa mean of 1 8 mCi of['8FJ-6F-DA into intact
dogs, gallbladder radioactivity invariably increased,
probably due to a faster rate of release of radioactive
[â€˜8F]-6F-DAmetabolites by the liver into the gallblad
der than release of the bile into the small intestine;
resorption of bile fluid would augment the increases in
radioactivity concentration.

Bile flow averages about 500 ml/day in a 70-kg
human (44). Since in dogs 1% ofthe total radioactivity
in systemically injected radiolabeled dopamine is re

covered in feces (29), whereas about 9% of the admin
istered [â€˜8fl-6F-DA is taken up by the liver, biliary
excretion would represent only a small proportion of
the excretion of the hepatic metabolites, with the ma
jority being excreted via the kidneys. Since the gallblad
der might not empty during the testing session, a con
servative estimate of the effective half-time of â€˜8Fin
bile would be the physical half-time.

Reproductive Organs
Although it is possible that circulating catechol

amines are removed by reproductive organs (testes,
uterus, and ovaries), most ofthe radiation dose to these
organs would be from radioactivity in bladder urine.
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If the plasma radioactivityconcentration declines bi-exponen
tially, then

P = A emâ€•+ B em2'.

From the above model, dR/dt = k1P â€”k2R, dR/dt + k2R =
k1P.

the injected radioactivity. The y-intercept value for the
relationship between the log ofthe plasma radioactivity
concentration and time, beginning 20 mm after injec
tion in order to include mainly the elimination phase,
was 52 nCi-kg/cc-mCi, or 86 nCi/cc. The plasma load
of radioactivity would be only about 1% ofthe injected
radioactivity. The remaining 10% therefore would be
due to uptake by organs other than those listed or due
to any binding of radioactivity to blood components.
In dogs, the estimated effective half-time of plasma
radioactivity after i.v. injection of [â€˜8F]-6F-DA was 0.7

hr; in rats, the elimination half-time of plasma radio
activity after intravenous injection of [3H]-6F-DA was
,â€˜@0.5hr.

Brain
Little if any radiation is expected to accumulate in

the central nervous system after systemic injection of
[8F]-6F-DA (21,22,32).

CONCLUSIONS

The present results lead to the prediction that after
injection of 1 mCi of [â€˜8F]-6F-DA into humans, the

radiation dose would be highest to the wall of the
urinary bladder (1 .40 rem/mCi), due to accumulation
of radioactive metabolites of [â€˜8F]-F-DAin urine, and
lowest to the brain, since there is an effective blood
brain barrier for circulating catecholamines. Organs

receiving the next highest doses would be the kidneys
(0.9 rem/mCi) and small intestine (0.2 rem/mCi). Ra
diation doses to all organs would be less than 3 rem
and therefore within current FDA guidelines.

Among the various organs studied, the relative loads
of radiation and relative values for effective half-time
were similar in rats and dogs; however, the results for
rats differed from those in dogs, in that absolute radia
tion loads to all organs except the kidney were smaller
in rats, and the rates of decline of renal and circulating
radioactivity were faster in rats. These differences would
be expected from the higher cardiac index of rats than
dogs or humans. The species differences observed in
the present study suggest that dosimetric estimates for
PET studies involving administration of [â€˜8fl-6F-DA
in humans may require modification when actual din

ical results are obtained.

APPENDIX

The Ratio of Renal Pelvic-to-Plasma Radioactivity
Approaches a Constant Value After Injection of
[8F]fluorodopamine

Multiplying both sides by ek2t:

Since d(AB)/dt = A (dB/dt) + B (dA/dt),

d(R e'@2')/dt = k @2'p= k@2' (A emâ€• + B ern2')
= k A e@2m)t + k B @(k2â€”m2)i

Integrating, Rek21 [(k1A/1k2â€”m1J)J@(k2_mI)1@.[(k1B/lk2@
m2l@@2_m2@ + c,

where c = -[(kA/ 1k2â€”m11)+(kB! 1k2m21)] and
R = (k1/lk2â€”m1@)A em' + (k1/1k2â€”m21)B em@'+ ce@'@'.
Since P = A em' + B ems, then if k2 > m1 >> m2, R/P
approaches k1/k2.
Alternatively, dR/dt = k,P â€”k2R, P = (I/k1) (dP/dt) dB/dt
= k2R, R = (1/k2) (dB/dt).

IfV0 is the volume ofthe bladder and V@the apparent volume
of distribution of the radioactivity in the plasma, and if
radioactivity enters B as rapidly as it leaves P. VB(dB/dt) =
VP (dP/dt).

Therefore,
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