
A majorobstacletowidespreaduseofpositron
emission tomography (PET) for diagnostic imaging is
that most positron emitters must be cyclotron-produced
at the site where they are to be used. Gallium-68(68Ga)
is one of the few positron emitters available from a par
ent-thughter (68Ge â€”@6@da) generator system (1 ,2), and
possesses a half-life sufficiently long (68 mm) (3) that
the chemical synthesis of a diverse array of radiophar
maceuticals should be possible. Thus the preparation of
suitable 68Ga radiopharmaceuticals could facilitate the
use of PET even in locations lacking an in-house cyclo
tron.

The use of PET for evaluationof regionalcerebraland
myocardial blood flow is well documented (4-1 1), and
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in the current work we are developing 68Ga radiophar
maceuticals as alternatives to cyclotron-produced agents
for use in these measurements. The most obvious re
quirement a gallium complex must meet if it is to be a
useful radiopharmaceutical is the ability to resist hy
drolysis of the Ga(III) salt in aqueous solution at phys
iological pH. Other properties that a gallium complex
should possess, if it is to be a useful blood-flow tracer
capable of crossing the blood-brain barrier, include
(1 1â€”13):lipophilieity, electrical neutrality, and relatively
low molecular weight. The final requirement that must
be met by a gallium radiopharmaceutical to be used in
vivo is kinetic inertness towards exchange with the
plasma protein transferrin, which binds the Ga(III) ion
with very high affinity (log K1 = 20.3) (14). In practice,
this last requirement necessitates the coordination of the
Ga(III) ion by a polydentate chelating ligand.

Metal complexes with Schiff's-base ligands have been
described extensively in the chemicalliterature (15). The
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counted in a well counter. Partition coefficients, P, are
reported as counts per gram of octanol divided by counts
per gram of water. In all cases, back extraction of the
octanol phase with Tyrodes buffer gave a P value within
10%of the originally measured P. indicating the absence
of iÃ³n@cimpurities. The distribution of radioactivity on@
paper strips 2.5 cm wide following chromatography or
electrophoresis was determined using a radiochroma

togram scanner interfaced to a strip-chart recorder.
The commercial [I-125]iodoantipyrene was purified

by extraction immediately before use. Thus, [â€˜251]io
doantipyrene was extracted into 2 ml chloroform from
2 ml water, and the chloroform layer separated and

evaporated to dryness under a stream of nitrogen. The
iodoantipyrene was redissolved in 0.2 ml ethanol for use
as described below.

Synthesis of H[(5-MeOsal)3TAME]
To 1 g CH3C(CH2NH2)3 in hot ethanol was added

0.43 g 2-hydroxy-5-methoxybenzaldehyde@ dissolved
in hot 95% ethanol. The mixture was heated in a boil
ing-water bath for 10 mm then allowed to cool slowly.
The yellow product deposited on cooling was recrystal
lized from hot ethanol. Melting point 123â€”124Â°C.â€H̃
NMR at 60 MHz in 2H-chloroform: Ã´(ppm)1.08 (s 3H)
C-CH3; 3.53 (s 6H) N-CH2; 3.70 (s 9H) OCH3; 6.70
(multiplet 3H), 6.88 (multiplet 6H) â€”C6H3;8.17 (s 3H)
N=CH; 12.80 (s 3H) 0-H â€¢â€¢â€¢N. IR (KBr disk)
v(C=N) 1633 cm' . The electron-impact mass spec
trum shows the parent ion (C29H33N306) at
rn/c = 519.

Synthesis of Ga[(5-MeOsal)3TAMEI
To 0.150 g H3[(5MeOsal)3TAMEJ in 75 ml hot

ethanol was added 0.105 g Ga(acac)3 in 10 ml ethanol.
The mixture was heated to 65Â°C for 1 hr and then al
lowed to cool slowly, depositing the yellow crystalline
product. The crystalline solid could not be redissolved
in any of the common solvents: ethanol, acetone, di

rnethylsulfoxide, dirnethylformamide, benzene, hexane,
tetrahydrofuran, pyridine, acetonitrile, chlorocarbons.
Yield: 0.163 g, 97%. Melting point >320Â°C.Analysis
(Galbraith Laboratories): found: C, 59.43; H, 5.33; N,
7.03; Ga, 11.80%; calculated for C29H30N306Ga: C,
59.41; H, 5.16; N, 7.17; Ga, 11.89%. Infrared spectrum
(KBr pellet): v(C=N) 1632 (s); 1650 (sh); 1610 (m)
cm1 . The parent ion peak, C29H30N3O669Ga,is ob
served at rn/c 585 in the electron-impact mass spec
trurn, along with M + 1, M + 2, and M + 3 peaks of
expected relative intensities.

For the preparationof 68Ga[(5-MeOsal)3TAME], 30
mCi 6@Gain 2.5 ml of iN HC1was evaporatedto dryness
by heating in a test tube under a flow of nitrogen. To the
remaining @Gawas added 0.4 rng H3[(5-MeOsal)3-
TAME] in 0.5 ml ethanol containing 0.002 wt%ace
tylacetone. After thoroughly rinsing to remove as much
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FIGURE1
Selectedsalicylaldimineligands

salicylaldimines have received the greatest attention due,
in part, to their high stability. We have begun an inves
tigation of some polydentate salicylaldimine ligands
(Fig. 1) to determine their suitability for use as chelating
agents for the preparation of gallium and indium ra
diopharmaceuticals. We report here our synthesis and
characterization of the gallium complex of 1,l ,1-
tris(5-methoxysalicylaldiminomethyl)ethane, Ga[(5-

eOsa' andourevaluationofthe suitability
of the 68Ga complex of this ligand for use in myocardial
imaging by positron emission tomography.

MATERIALS AND METhODS

General
Literature methods were used for the synthesis of

Ga(acae)3 (16,17) (acacH@ acetylacetone); l,l,1-tris
(aminomethyl)ethane (18) (TAME); and H3[(sal)3-
TETA] (TETA-triethylenetetramine) (19). Iodine-125
(â€˜251)iodoantipyrene,67GaCl3, and the 68Ge â€”k68Ga
generator were obtained commercially.* Partition
coefficients were measured by vortex mixing of 1 ml
octanol and 1 ml Tyrode's buffer, pH 7.35 (20), con
taming a l-@.ilsample of the radiolabeled compound in
aqueous solution. Following centrifugation at 1800 g for
5 mm, the octanol and aqueous phases were sampled and
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PAPER ELECTROPHORESIS by substitution of H3[(sal)3TETA] for H3[(5-MeO
sal)3TAME] in the procedure described for [67Ga(5-
MeOsal)3TAME].

Synthesis of @Gatransferrin
â€˜Gacitrate The 68Ga generator eluent (30 mCi/2.5 ml lN HC1)

was evaporated to dryness and to the residue was added
0.025 g human transferrin@dissolved in 0.6 ml acetate
buffer (0.5 M, pH 7.35). The tube was agitated and al
lowed to stand for 5 mm at room temperature. The so
lution was purified by chromatography on a Sephadex
G- I0- 120 gel column (0.7 X 7 cm) rapidly eluted with
normal saline. One-milliliter fractions were collected.
The two fractions containing >90% of the eluted activity
were combined and filtered through a Miilex-GV 0.2-zrn
filter1 before use. Yield 10 mCi.

Paper electrophoresis
The behaviors of [67Ga(5-MeOsal)3TAME] , [67Ga

(sal)2TETA], and 67Ga citrate upon paper electropho
resis were determined using pH 7.0 Mcllvanie's phos
phate-citrate buffer (21 ) diluted to 20% ethanol (to en
sure solubility of the lipophilic complexes). The results
shown in Fig. 2 were obtained simultaneously using a
constant current of9 mA for 6 hr (4â€”5V/cm). The paper
strips were dried for 10 mm at 140Â°Cbefore determining
the distribution of activity. To measure the effect of
electro-osmotic transport (22,23), a saturated solution
of caffeine in 80% phosphate-citrate buffer/20% ethanol
was mixed with an equal volume of radiolabeled
Ga[(5-MeOsal)3TAME] complex. Following paper
electrophoresis of the mixture, the caffeine spot was
visualized by illumination under a ultraviolet lamp
(254 nm).

X-ray crystallography
A single-crystal x-ray structural determination was

undertaken for Ga[(5-MeOsal)3TAME]. Crystal data
for C29H30N306Ga at â€”160Â°C:a 15.574(3), b
15.574(3),c = 17.584(4)A; â€˜y= 120.00Â°;V 3693.53
A@;Z = 6 in rhombohedralspacegroupR3c;(R(F) =
1.78%, R@(F) = 2.01% for 473 observed[F0 >
2.33a(Fo)] and absorption-corrected reflections using
anisotropic thermal parameters for all nonhydrogen
atoms. All hydrogens bound to carbon were refined
isotropically. (Complete structural details are available
in Molecular Structure Center Report No. 84901, which
can be requested from the Chernistry Library, Indiana
University, Bloomington, IN 47405, USA.)

Animal studies
The biodistribution of n[1-' â€˜C]butanolwas available

from previous work (unpublished data, Welch MJ). The
biodistributions of68Ga[(5-MeOsai)3TAME] and 68Ga

transferrin were determined after injection into the
fernoral vein of Sprague-Dawley rats, which were killed

â€¢7Ga((5-MeOaaI),TAME]

S TGa((sai),TETA]

0
0
0

0

S@ +$@ ; ;@
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FIGURE2
Migrationof radioactivityonpaperstripsfollowingelectro
phoresls of@ compounds shown

68Ga activity as possible, the ethanolic solution was
transferred to a new test tube and heated in a 70Â°Cwater
bath for 5-10 mm. The ethanol solution was then diluted
with 2.5 ml saline and filtered through a 0.2-j@irn
polytetrafluoroethylene filter. Yield 15â€”20mCi. The
gallium-67(67Ga) complex was prepared in a similar
manner, starting from Ga-67 in 0.1 N HC1.

Synthesis of[Ga(sal)@TETAJI
To 0.65 g H3[(sal)-3TETA] in 150 ml hot ethanol was

added 0.5 g Ga(acac)3 in 50 mlhot ethanol and 0.4 g K!
in 2 ml water. The mixture was heated at 70Â°Cfor 2 hr
and the ethanol evaporated under reduced pressure. The
resulting yellow oil was washed with 10 ml benzene and
then dissolved in 25 ml hot ethanol. The hot solution was
filtered and allowed to cool slowly,depositing pale yellow
crystals, melting point >320Â°C. The fast atom born
bardrnent (FAB) mass spectrum of the product (in
glycerol matrix) shows the parent ion peak at rn/c = 421
for C20H24N40269Ga. Infrared spectrum (KBr) pellet):
v(C=N) 1625 crn@. [67Ga(sal)2TETA]@ was prepared
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by decapitation at appropriate time intervals after in
jection. Total blood volume was taken to be 7% of the
body weight.

The relative biodistributions of 68Ga[(5-Me0sal)3-
TAME] and [â€˜25!]iodoantipyrene(P = 21 Â±2) were
determined following co-injection of the two tracers. An
ethanolic solution of [â€˜25I]iodoantipyrenewas added to
68Ga[(5-MeOsal)3TAME] in ethanol, and the mixture
diluted to 15% ethanol with saline. Following filtration
through a 0.2 @irnpolytetrafluoroethylene filter, the
mixture was injected into the rats by fernoral vein. The
rats were killed at 1 mm after injection and the organs
removed as rapidly as possible to minimize the effects
of tracer redistribution.

Arterial blood clearance curves for 68Ga[(5-MeO
sal)3TAME] and [â€˜25ljiodoantipyrenewere determined
in two rats following bolus (0.15 ml) co-injection of the
two tracers. The tracer mixture was injected into the
right femoral vein, with blood samples collected in pre
weighed capillary tubes from a catheter inserted into the
left femoral artery. Arterial blood samples were collected
at 5-sec intervals beginning immediately upon injection.
The capillary tubes were then reweighed and counted to
determine 68Ga and 125! levels in the blood.

Open-chest dog studies
To determine the extraction (E) and clearance (k) of

68Ga[(5-MeOsal)3TAME] by the heart, three open
chest anesthetized dogs were studied. The animals
(27â€”45kg) were premedicated with morphine sulphate,
anesthetized with thiopental (12.5 mg/kg) and a-chlo
ralose (60 mg/kg), and ventilated with oxygen-enriched
room air.

In each animal the heart was exposed by a left lateral
thoracotorny, then elevated in a pericardial cradle. The
left circumflex or left anterior descending coronary ar
tery was isolated within a centimeter of its origin and
cannulated with an I8-gauge cannula (Quick-cath). A
distal major branch of the cannulated vessel was freed
and ligated to produce a zone of ischemia. A cannula was
inserted into the left atrial appendix for microsphere
administration, and a reference cannula was inserted into
the left femoral artery to provide samples for flow de
termination. To compare the extraction and clearance
of68Ga complex with the diffusible tracer H2150, a bolus
of 2 mCi of H215Oin 0.1 ml was injected intracoronarily

by means of a perfusion pump, at a flow rate of 28
mi/mm. In earlier studies the injection technique was
demonstrated to alter distal arterial pressure by less than
5% (10). Positron activity was detected in the ischemic
zone, and in a zone of normal perfusion within the dis
tribution of the cannulated vessel, by means of beta
probes positioned over the rnyocardiurn. The beta probes
permit determination of positron activity within 4 mm
of the epicardial surface, and they minimizecontribu
tions from circulating activity or gamma activity
(10,24). Ten minutes after the injection of H2150 (Tip
=2.04mm),2mCiof68Ga[(5-MeOsal)3TAME]was
injected as a bolus (in a volume of 0.2 ml). After 30 sec
100 @Ciof scandium-46(46Sc) microspheres (I 5 @.im)
were injected via the left atrium, and an arterial refer
ence withdrawal sample obtained. Ten minutes after the
injection of tracer and characterization of the time
activity curves, Lissamine green dye was injected into
the cannula to demarcate the zones of normal perfusion
and of ischemia, KC1 was given to induce ventricular
fibrillation, the heart was sectioned, and 68Ga and 46Sc
activity were measured, with a gamma well counter, in
a total of 30 samples in each study. The counting was
repeated after 24 hr (after 68Gadecay), to yield net 46Sc
counts, and hence 68Ga counts by subtraction. The re
sults are expressed as microsphere flow/mm and 68Ga
content (decay-corrected), both per gram wet weight.

MyocardialimagingwithPET
As a preliminary assessment of the suitability of

68Ga[(5-MeOsal)3 TAME] as a myocardial imaging
agent, three additional anesthetized, closed-chest dogs
were studied using the PElT VI instrument (25). Im
ages were obtained in the high-resolution mode (full
width at half-maximum = 0.7 cm) with correction for
attenuationusinga transmissionscanobtainedwiththe
animal in the same position. Images acquired for 400 or
800 sec after intravenous injection of I 1 to 12 mCi
68Ga[(5-MeOsal)3TAME] were compared with images
acquired for 40 sec after bolus i.v. injection of 40 to 50
mCi 0-I 5 water. Correction for intravascular tracer was
performed as previously described (10), using red blood
cells labeled with carbon['50]monoxide. In each dog the
interval between H2150 and 68Ga imaging was less than
15 mm.

Two of the dogs imaged had a 50 to 70% coronary

FIGURE3
StereoscopicORTEP&awing showing
structure of Ga[(5-Me0sal)3-TAME]
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, ,in

Rats(Decay-Corrected)Item1

mm%
Injected doseper organ60

mm5mm30mmBlood12.4

Â±3.16.7 Â±0.63.3 Â±0.22.0 Â±0.4Liver19.8
Â±2.717.4 Â±2.810.5 Â±1.86.4 Â±0.8Spleen0.65
Â±0.260.31 Â±0.060.13 Â±0.020.09 Â±0.02Kidneys6.0Â±0.73.6Â±0.71.3Â±0.20.81Â±0.11Lung2.9

Â±1.11.3 Â±0.30.41 Â±0.060.29 Â±0.04Heart0.97
Â±0.200.66 Â±0.080.23 Â±0.030.14 Â±0.02Brain0.054
Â±0.0270.021 Â±0.0040.012 Â±0.0040.009 Â±0.002.

Valuesshownrepresentmeanof fourto seyenrats(230â€”4009).

Ga-N bond lengths (1.941 Â±0.005 A and 2.107 Â±0.005
A, respectively)arewithintherangeofvaluespreviously
reported (26â€”28)for six coordinate gallium(III) corn
plexes. Additional structural features are discussed
elsewhere (29).

The 68Ga and 67Ga complexes of (5-MeOsal)3-
TAME were prepared in 50-70% yields. The complexes
were found to be lipophilic with octanol/water partition
coefficients P = 27 Â±2. The radiolabeled complex mi
grates as a single radioactive peak with Rf = 0.87 upon
chromatography on Whatman 1 paper eluted (30) with
H2O/EtOH/NH4OH (700:200:0.35 ml). Paper elec
trophoresis shows the 67Ga complex to be uncharged
(vide infra).

The tris(salicylaldimine) of triethylenetetramine, H3-
(sal)3TETA, has been reported (19) to react with metal
ions in aqueous solution, with hydrolysis of the bridging
imino group to afford complexes of the [(sal)2TETA]
ligand. In addition, Bailar has shown (31 ) that GaCl3
and InC13react with triethylenetetramine (TETA) and
two equivalents of salicylaldehyde to give [M(sal)2TE
TA]@ salts [M Ga(III), In(III)], which were charac
terized by infrared spectroscopy and elemental analysis.
To confirm that the bis(salicylaldimine) complex of Ga
can be prepared directly from the tris(salicylaldimine)
precursor, we prepared the iodide salt by reaction of
Ga(acac)3 with H3[(sal)3TETA]. The infrared spectrum
of the product so obtained matches that reported in the
literature. The identity of the cationic product was
confirmed by the fast-atom-bombardment mass spec
trum, which shows the parent ion peak due to [Ga(sal)@.
TETA].@The 67Gacomplexof this ligandwas pre
pared for use as a cationic standard in the electrophoresis
experiments.

Todeterminethechargeon theradiolabeledGa[(5-
MeOsal)3TAME] complexes in aqueous solution at
neutral pH, the behavior of the 67Gacomplex upon paper
electrophoresis was investigated. Figure 2 shows that
67Gacitrate (top panel) is an anioniccomplex.The
bottom panel of Fig. 2 shows that the 67Ga complex
formed with the salicylaldimine of triethylenetetramine

FIGURE4
Stereoscopic space-filling ORTEPdrawing of Ga[(5-MeO
sal)@,TAME]viewed along threefold axis

artery stenosis that produced flow heterogeneities during
pharmacologically-induced vasodilation with dipy
ridamole (1 mg/kg i.v.). The third dog was studied after
24 hr of reperfusion following lysis of an occlusive
thrombus in the left anterior descending coronary
artery.

RESULTS AND DISCUSSION

Synthesis and characterization of gallium complexes
Ga[(5-MeOsal)3TAME] was prepared by reaction

ofGa(acac)3 with H3[(5-MeOsal)3TAME] in hot eth
anol. The insoluble product was characterized and
identified by infrared and mass spectroscopy and dc
mental analysis. Insolubility precludes chromatographic
characterization ofthis complex at the macroscopic level.
The reaction as described produced crystals suitable for
an x-ray structural analysis,which wasundertaken.The
structural study confirmed the hexadentate nature of the
ligand and demonstrated the absence of other coordi
nated ligands. As illustrated in Fig. 3, the (5-MeO

.sal)3TAME ligand affords a neutral Ga(III) complex
by bonding through the three imino-nitrogen lone pairs
and the three deprotonated phenolic oxygen atoms, thus
giving a nearly octahedral coordination geometry. The
compound contains a crystallographic threefold axis
passing through the Ga and two ethyl carbon atoms (C2,
C3).Figure4showsaspace-fillingORTEPdrawingof
the molecule viewed along the C3 axis. The Ga-0 and

TABLEI
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Item1 mm%
Injecteddoseperorgan60

mm5mm 30mmBlOOd77

(72â€”81)67 (62â€”71) 33 (31â€”35)29(27â€”30)Liver7.1
(6.7â€”7.9)6.9 (6.4â€”7.9) 4.6(4.1â€”5.4)5.5(4.6â€”6.0)Spleen0.28
(0.23â€”0.32)0.40 (0.36â€”0.43) 0.31(0.23â€”0.37)0.32 (0.21â€”0.40)Kidneys1.6(1.5â€”1.7)1.7

(1.5â€”1.9) 0.92(0.82â€”1.05)0.81(0.76â€”0.88)Lung2.7
(2.0â€”3.9)2.5 (1.7â€”3.5) 1.8(1.0â€”3.0)1.5(1.0â€”2.3)Heart0.80
(0.71â€”0.88)0.89 (0.77â€”0.98) 0.60(0.59â€”0.60)0.54(0.48â€”0.60)Brain0.24
(0.20â€”0.27)0.21 (0.19â€”0.23) 0.11(0.10â€”0.12)0.09(0.08â€”0.10)â€”i

Valuesshownrepresentmeanof threerats(270â€”350g)andrangeof values.

Item2 mm%
Injecteddoseperorgan60

mm5mm30mmBlood11.9

Â±4.36.3 Â±0.44.9 Â±2.53.1 Â±1.2Liver15.9
Â±9.420.4 Â±9.57.6 Â±3.57.6 Â±2.9Spleen0.39
Â±0.260.45 Â±0.080.25 Â±0.040.30 Â±0.17Kidneys2.7
Â±1.11.8 Â±0.091.3 Â±0.340.71 Â±0.27Lung2.0
Â±0.982.3 Â±0.61.0 Â±0.20.6 Â±0.17Heart0.96
Â±0.50.62 Â±0.070.26 Â±0.080.17 Â±0.06BraIn1.8
Â±1.70.5 Â±0.060.36 Â±0.130.22 Â±0.09â€˜

Valuesshownrepresentmeanof fourto sevenrats(170â€”230g).

TABLE2
Biodistributionof 68(@TransferrinFollowingIntravenousInjectionInRats(Decay-Corrected)'

is cationic, consistent with the results obtained at mac
roscopic concentrations. The middle panel of Fig. 2
shows that 67Ga[(5-MeO-sal)3TAME] migrates very
slightly towards the cathode. This slight migration from
the origin can be attributed to electro-osmotic transport
(22,23,32,33) and is not inconsistent with the presence
of a neutral 67Ga complex identical to that crystallo
graphically characterized. This interpretation is sup
ported by our observation that caffeine, which has been
used at neutral pH to assess the rate of electro-osmosis
through paper (22,23), migrates at the same rate as the
radiolabeled Ga[(5-MeOsal)3TAME]. (We have also
considered the possibility that this cathodic migration
could indicate that the crystallographically characterized
complex is sufficiently basic so that in aqueous solution
at physiological pH it exists to some extent in protonated
form. However, we have observed that the octanol/water
partition coefficient is invariant between pH 6.5 and 9.5,
strongly suggesting that such a process does not occur
to a significant extent).

Biological studies
The biodistribution of 68Ga[(5-MeOsal)3TAMEJ

over 1hr following intravenous injection in rats is shown
in Table 1. The compound is rapidly cleared from the
blood. Comparison with the biodistribution of 68Ga
transferrin (Table 2) or a 67Ga chelate (citrate) (34),

which undergoes rapid exchange with transferrin, clearly
shows that 68Ga[(5-MeOsal)3TAME] does not simply
undergo exchange to form the protein complex. Over this
time period, the heart and lung uptake and washout of
68Ga[(5-MeOsal)3TAME] very closely resemble those
ofcarbon-l 1- (â€˜â€˜C)labeled n-butanol (Table 3), which
has been shown to be suitable for use in assessment of
brain and myocardial blood flow by PET (8,9,35).
However, despite its lipophilicity, the 68Gacomplex does
not cross the blood-brain barrier, possibly because its
molecule is too large (12,13).

The biodistributions of 68Ga[(5-MeOsal)3TAME]
and [â€˜251]iodoantipyrene,a freely diffusible blood flow
tracer (36â€”41),were directly compared in rats following
bolus coinjection of the two tracers. Arterial blood
clearance curves for the two were determined over a
80- 100 sec period following bolus co-injection (Fig. 5).
The compounds exhibit comparable clearances from the
blood stream over this time period, dropping rapidly
during the first 10 sec and then leveling offat about 10%
of the maximum level measured 0â€”5sec after
injection.

The relative biodistributions of 68Ga[(5-MeO
sal)3TAME] and [â€˜251]iodoantipyreneI mm following
bolus coinjection of the tracers is given in Table 4, ex
pressed as organ-to-blood ratios. The liver, spleen, lung,
and heart each show comparable uptakes of the two

TABLE3
Biodistribution of 11C-Labeledn-ButanolFollowing IntravenousInjection in Rats (Decay-Corrected)'
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TABLE4Biodistribution
of 6@Ga[5-MeOsal3TAME]and[1251]lodoantipyrene,

Expressedas Organ-to-BloodRatios at1mm
After Bolus Venous Coinjection of the TwoTracers'Ratio

of (activityper @amof organ)
(activitypergramofblood)Organ

Â°8Ga125lLiver

2.8Â±0.2 2.7Â±0.2Spleen
0.97Â±0.14 0.92Â±0.09Kidney

4.5 Â±0.7 1.5 Â±0.2Lung
1.4Â±0.2 1.3Â±0.1Heart
1.6Â±0.11.4Â±0.1Brain

0.036Â±0.005 1.1Â±0.1.

Meanoffiverats(250â€”330g).

7. N â€˜I

BLOOD POOL CLEARANCE
C â€¢â€˜Ga((5â€”MeOsaI)rAME)

Â® â€œI-lodoantipyrene

FIGURE5
Bloodclearancecurvesfor 68Ga[(5-MeOsal)@TAME](â€¢)and
[125I]iodoantipyrene (0) following bolus coinjection in
two rats

tracers. There is significantly higher uptake of 68Ga
relative to 1251in the kidneys, possibly indicating that the
gallium preparation contains a few percent of ionic im
purities. The two tracers also differ in that 68Ga complex
does not cross the blood-brain barrier whereas iodoan
tipyrene is taken up in the brain. Again, this difference
can probably be attributed to the significantly lower
molecular weight of iodoantipyrene, since the octanol/
water partition coefficients of the two compounds are
similar and lie well within the range ofvalues exhibited
by lipophilic â€˜â€˜Ccompounds that cross the blood-brain
barrier (11,13,42,43).

Open-chest dog studies
The purpose of the open-chest dog studies was to de

termine the relationship between tissue flow measured
by microspheres and the single-pass extraction and
subsequent clearance of 68Ga[(5-MeOsal)3TAME]. The
study design also permitted comparison of the extraction
and clearance of the 68Ga complex with the extraction

and clearance of H215O under the same experimental
constraints. Earlier studies demonstrated that H2150 is
highly extracted by the myocardium over a wide range
of flow, and clearance conforms to a monoexponential
function(JO).

The results of the open-chest dog experiments are
given in Table 5. Mean transmural flow in the zone of
ischemia was calculated in each animal. For the three
dogs studied, values ranged from 0.34 ml/g-min to 0.57
ml/g-min in ischemic zones, and from 0.74 to 2.01
ml/g-min in normal zones. The extraction of H2150
averaged 99.3% in normal zones and 103.6%in ischemic
zones. The clearance (k,sec@) of water was reduced in
isehemic zones and was monoexponential, with the mean
correlation coefficient of the slope, 0.914 Â±0.058 (Fig.
6). However, in contrast to H2150, which was highly
extracted, the 68Gacomplex was extracted only partially,
with a higher residual fraction in ischemic zones (47.5%)
and a lower residual fraction in normal zones
(30.1%).

68Ga[(5-MeOsal)3TAME] is only partially extracted
in both normal and ischemic conditions, and the cx
traction fraction is not independent of flow. The rate of
clearance of 68Ga complex did not conform to the
characteristics of a diffusible tracer. The rate constants
(k) for periods from 15 sec to 10 mm are given in Table
5. Continued clearance of 68Ga tracer is demonstrated,

but the rate of clearance diminishes with time.
Tissue analysis demonstrated a relationship between

flow as measured by microspheres and residual 68Ga
content at 10 mm (correlation coefficients average 0.86
Â±0.05 for the three studies). Continued clearance of
68Ga complex was evident, however, and the rate of
clearance was not significantly associated with flow but
declined with time (see k values for 15â€”30see, 30 secâ€”3
mm, 3 minâ€”lOmm, Table 5). Although net residual 68Ga
content at 10 mm shows a relationship to flow, this may
not hold at later time intervals on account of continued
clearance from normal and from ischemic zones.

Rat 1

>
I-
C.,

a
0
0
-J

-J

w
I-

Rat 2

N

TIME (sec)
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MlcrosphereResidual

fr@CtiOflt

Item (%) k (@1)t t1,2(min)@determined
flow

(mI/g-min)N@l68Ga15â€”30sec

30.1 Â±8.8 0.0243 Â±0.0004 0.51 Â±0.101.77Â±0.5430
secâ€”3mln 0.00513 Â±0.0010 2.48 Â±0.433minâ€”l0mln

0.001380Â±0.00036 10.23Â±4.8H21@O
99.3 Â±6.4 0.0410 Â±0.0109 0.34 Â±0.12Ischemla68@

15â€”30sec 47.5 Â± 5.1 0.0252 Â± 0.0042 0.45 Â± 0.040.45 Â±0.0630
secâ€”3mm 0.00552Â±0.00079 2.18Â±0.263minâ€”lOmln

0.001251Â±0.00015 10.15 Â±1.84H2@O
103.6 Â±4.2 0.0283 Â±0.0045 0.43 Â±0.0789â€˜

Values represent mean of threedogs.t

ResIdual fraction = fraction of peak counts retained In myocardium (from myocardlaJ time-actMtycurve).z

k rate constantforrateofbiologicalclearanceofradIOaCtivity.Â§
t1,2 = half-time for clearance of activIty (mm).

0 â€˜O-water
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FIGURES
Regionaltime-activitycurves(decay
correctedandnormalizedfor a peakof
10,000 cpa) for normal and ischemic
myocardial regions following intraco
ronary injections of [150]water and

@Ga[(5-MeOsaI)@TAME]Indog

TIME(minutes)

Myocardial imaging with @Ga[(5-MeOsal)3TAMEJ
The biodistributionstudies suggested that 68Ga

[(5-MeOsal)3TAME] might be used to evaluate regional
myocardial blood flow by PET. Figure 7 shows the PET
images obtained in 400 and 800 sec for two adjacent
slicesofthe infarcted heart ofa dog injected with 11mCi

@Ga[(5-MeOsa1)3TAMEJ.For comparison, the images
of the same two slices obtained with oxygen-15('5O)
water, a routinely used myocardial blood-flow tracer
(JO), are also shown. In all the images, blood-pool ac

tivity has been subtracted using carboxyhemoglobin
labeled with carbon['50J monoxide.

Qualitatively the myocardial images for 68Ga[(5-
Meosal)3TAME]andâ€˜@Owaterwerequitesimilarfor
each of the three dogs studied. The suitability of
68Ga[(5-MeOsal)3TAME] for quantitation of myo

@ cardial blood flow can be assessed by comparison of its
relative regional distribution in myocardium with the
relative distribution of [â€˜5Ojwater.Figure 8 shows that
there is a linear correlation (r 0.93 for 13 data points)

. TABLE 5

ExtractionandClearanceH215Oand @GaComplexin Open-ChestDogs'
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FIGURE7
Twoadjacentslicesof PETmyocardialimagesfrom infarcteddog.(A) [15O]waterimages;(B)6@Ga[(5-MeOsal)@,TAME]
images acquired in 400 sac; (C) @Ga[(5-MeOsal)3TAME]images acquired in 800 sec

between the 68Ga distribution (infarcted dog, 400-sec
image) and the regional myocardial blood flow measured
by â€@̃0water. Relative 68Ga activity was consistently
higher than that of H2150, thus tending to overestimate
flow in the region of infarction. The images acquired in
800 sec qualitatively resemble the 400-sec images.
However, the correlation with the relative distribution
of [â€˜50]wateris somewhat lower (r = 0.91 for 13 data

points representing the same myocardial regions as
above), consistent with continued redistribution of the
tracer, as suggested by the results from the open-chest
dogs. The PET myocardial images (not shown) from two
dogs with coronary artery stenosis showed similar cor
relations (r = 0.90 and r 0.87 for 13 and 11 data
points, respectively) between the relative distributions
of 68Ga[(5-MeOsal)3TAME] and [â€˜50]water,although
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FOOTNOTES

4' New England Nuclear Corporation, Billerica, MA.

t Aldrich Chemical Company, Milwaukee, WI.

@ Sigma Chemical Company, St. Louis, MO.
Â§Millipore Corporation, Bedford, MA.
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