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For hepatobiliary scintigraphy, Tc-99m HIDA ra
diopharmaceuticals have proven unique in the rapid
diagnosis of acute cholecystitis and acute obstruction of
the common bile duct. There is a lack in accuracy,
however, when small changes in the hepatic excretion
rate must be evaluated in sequential studies during
therapy or when dysfunctions of different patients are
compared (1). The inaccuracy results primarily from
scattering of the essentially single photon of Tc-99m.
Positron imaging may overcome this disadvantage be
cause it makes possible an activity determination in the
patient, corrected for photon scattering. An accuracy
better than 10% seems possible in the near future (2).

The synthesis of a new positron-labeled radiophar
maceutical and its pharmacological behavior with regard
to hepatobiliary imaging is described. Gallium-68 (Tip
= 68.3 mm, @+max. 1.9 MeV) has been chosen as the

positron label because it is readily available for routine
use as a generator product from its parent nudide Ge-68
(Ti12 287d), and because it undergoes quantitative
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and rapid complex formation with chelating agents
containing hydroxy-, keto-, and carboxylic acid groups.
The ligand we investigated is an iminodiacetic acid
(IDA)-substituted tetrabromophthalein. This ligand was
chosen since HIDA forms only a weak unstable complex
with Ga-68, whereas the highly stable complex of Ga-68
with commercially available phenolphthalexon had a
high renal excretion and an unsatisfactory hepatobiliary
clearance. BP-IDA, however, combines the metal-che
lating properties of phenolphthalexon with the affinity
of tetrabrominated phenolphthaleins for hepatobiliary
excretion.

METHODS

Chemicalsynthesisof BP-IDA. The chemicalstruc
ture of BP-IDA (4,5,6,7-tetrabromo-o-cresolphth
alein-3'-methyliminodiacetic acid) is shown in Fig. 1. In
a first step 4,5,6,7-tetrabromo-o-cresolphthalein was
prepared from tetrabromophthalic anhydride and a
1.2-fold molar excess of o-cresol. SnCL@was added as a
condensing agent according to a method of Baeyer for
preparation ofo-cresolphthalein (3). Purification from
several by-products, mainly hydroxyanthraquinones and
fluorans (4), was carried out by the method of Pratt et
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al. (5). A white crystalline product resulted. Data from
microanalysis, C = 39.4% and H = 2.28%, correspond
well with the theoretical values C 39.9% and H
2.13%. The substance is nearly insoluble in H20 but is
readily dissolved in a dilute sodium hydroxide solution.
Solution is accompanied by a color change to violet. The
chemical purity of the tetrabromo-o-cresolphthalein was
checked by thin-layer chromatography (TLC) using
silica gel plates*, developed with two different solvent
systems: ethyl acetate/methanol/I 2.5% NH3 (6:3:1),
retention factor (Re) 0.86; and l-propanol/H20/
acetic acid (10:5:1), (Rf) = 0.84. The reaction yield was
poor, never exceeding 5% of the theoretical value.

Subsequently a Mannich condensation of tetra
bromo-o-cresol-phthalein with formaldehyde and imi
nodiacetic acid was carried out, according to the method
of Anderegg et al., for preparation of phenolphthalexon
(6), but with twice the amount of phthalein to favor
monosubstitution. Purification of the phthalein
methyliminodiacetic acid was achieved by acidifying the
reaction mixture with HCI to a pH of 1.8-1.9. This was
followed by column chromatography of the resulting
precipitate with silica gel mesh <loot using ethylace
tate/methanol/25% NH3 (6:3:1) as solvent. The mo
nosubstituted compound migrates somewhat more slowly
on the column than unchanged tetrabromo-o-cresol
phthalein, whereas the disubstituted by-product showed
a much higher retention. TLC of the 4,5,6,7-tetra
bromo-o-cresol-phthalein-3'-methyliminodiacetic acid
(BP-IDA)wascarriedoutasdescribedabovefortetra
bromo-o-cresolphthalein. R@values were 0.05 for the
ammoniacal solvent and 0.49 for the acid.

Microanalysis of the elemental composition of BP
IDA resulted in C 39.1%, H = 2.38%, N = 1.60%, Br
= 40.5%, which agree with theoretical values of C =

40.2%, H = 2.62%, N = 1.72%, Br 39.7%. For the
evaluation of the chemical structure of BP-IDA, C-i 3
NMR spectra were measured at 22.63 MHz with a WH
90 nuclear magnetic resonance spectrometer. Perdeu
terated dimethylsulfoxide (DMSO-d6) was used as a
solvent, tetramethylsilan (TMS) as the internal stan
dard. IR spectroscopy indicated only the presence of
carboxylic acid groups. A typical yield for the prepara

tion of BP-IDA from tetrabromo-o-cresolphthalein was
15% of the theoretical value.

Labelingof BP-IDA with Ga-68.Ionic Ga-68was
obtained from a Ge-68 â€”kGa-68 generator in a 0.5 N
HC1solution containing 3 mCi per ml (7). After addition
of 3 mg BP-IDA, dissolved in 2 ml ofO.0l N NaOH, 1.0
N NaOH was added to a pH of6.0â€”6.5,and the product
was ready for use. Radiochemical purity of the Ga-68
BP-IDA complex was checked by ascending paper
chromatography: Whatman No. 1 with ethylacetate/
methanol/H20 (6:3:3). Lipid solubility of Ga-68 BP
IDA was tested by measuring the partition of Ga-68
activity between equal volumes of n-octanol and a 0.01
M phosphate buffer of pH 7.4, made isotonic with sa
line.

Electrophoresis. Gallium-68 BP-IDA was analyzed
for its net charge by agarose gel electrophoresis in a
buffer of 0.1 M glycine/Tris at pH 7.2. Bromophenol
blue was added as a standard. Electrophoresis was al
lowed to proceed for 1 hr at 7mA and 600V. Subse
quently the agarose strips were cut into eight pieces and
the Ga-68 activity was determined in a Ge/Li well de
tector.

Animal experiments.Male SpragueDawley rats
(weight 250â€”420g) were used for all experiments. An
imals had free access to water and laboratory diet.
Gallium-68 BP-IDA was administered intravenously in
0.5 ml solution (pH 6.5) containing, if not otherwise
stated, 300 @tgBP-IDA and about 100 zCi Ga-68.

To determine the organ distribution of Ga-68, the
animals were anesthetized with ether and killed by heart
puncture. Organs were removed and weighed. The
511-keV annihilation radiation was measured with a
Ge/Li well detector. The radioactivity of the duodenum
was always determined, including its content.

To investigate a possible change in the renal uptake
and clearance pattern during hepatic obstruction, the
distribution of Ga-68 BP-IDA was determined in rats
with ligated common bile duct. Forty-eight hours after
this surgical intervention, the hepatic uptake of the ra
diopharmaceutical was found drastically retarded. One
hour after injection of activity, organ distributions were
determined as described. Bladder urine and excreted
urine were measured together.

The hepatobiliary excretion of Ga-68 was determined
in animals narcotized by i.v. injection of0.35 ml sodium
pentobarbital (60 mg/ml). Subsequently the common
bile duct was cannulated with a small polyethylene tube
(PE 10). Bile was collected in 15-mm intervals for 2 hr
following i.v. injection of Ga-68 BP-IDA.

The competitive action of bilirubin and bromosulfo
phthalein (BSP) with Ga-68 BP-IDA was investigated
using the same animal model. Bile was collected for I 5
mm to obtain a control value for the normal excretion of
bilirubin. Following the control period the animals re
ceived an i.v. injection of either bilirubin (2 mg/ 100 g

Br
FIG.1. ChemicalstructireofBP-IDA.
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TABLE1.C-13NMR SPECTROSCOPYOFBP
IDAINDMSO-d6Carbonno.

â€˜ShIft (ppm)Carbon no.Shift (ppm)
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BP-IDA in a stoichiometric ratio of 1:1), each animal
was killed under ether anesthesia and liver and duo
denum were removed and measured on a Ge/Li detector.
Gluthatione 5-transferase was determined in the 100,000
g supernatant of the liver homogenate with 1-chloro
2,4-dinitrobenzene as the substrate, according to a
method of Habig (10).

Preliminary toxicity studies on BP-IDA were carried
out with three groups of female mice, each group con
sisting of seven animals. Solutions of BP-IDA in physi
ological saline were injected intravenously, corre
sponding to dosages of 200, 250, and 300 mg/kg. None
of the animals died during an observation of more than
4 wk. The highest dose of 300 mg/kg given to mice cor
responds to 9000 times the proposed human dose.

Two healthy volunteers were examined following i.v.
injection of 500 @iCiGa-68 complexed with 2.5 mg
BP-IDA. A multicrystal positron scanner (2) was used
for absorption-corrected scintigraphy, Ga-68 in the liver
was determined quantitatively.

RESULTS

Chemistry.The chemicalstructureof BP-IDA was
fully confirmed by data from C-13 nuclear magnetic
resonance spectra, listed in Table 1. The rapid and
complete complexing of ionic Ga-68 by BP-IDA was
demonstrated by paper chromatography (Fig. 2). Rf
values for Ga-68 BP-IDA, as determined with a radi
ochromatogram scanner, and for BP-IDA (violet spot
after fuming with NH3), were identical. The complex
proved to be stable through a pH range from 4.0 to 8.5.
A further increase in pH slowly broke down the complex
with release ofgallium hydroxide and gallate. The par
tition coefficient of 2.1 (activity in n-octanol divided by
activity in the buffer) for Ga-68 BP-IDA at a pH of 7.4
indicates that lipophilic groups are predominant in the

body weight, p.A. crystalline 98%) or BSP (2 mg/ 100
g body weight). This priming dose was immediately
followed by either an i.v. infusion of bilirubin in an iso
tonic Na2CO3/NaC1 solution (pH 8.5, 2 mg/mI) or an
infusion of BSP (6 mg/ml, pH 8.0, isotonic in saline). In
one experiment animals were infused with bilirubin for
75 mm at a rate of 0.12 @tmole/minper 100 g body
weight. In a second experiment animals received bili
rubin at a rate of 0.09 zmole/min per 100 g body weight
for 195 mm. The BSP infusion continued for 195 mm at
a rate of 0.155 @zmole/minper 100 g body weight. In all
experiments Ga-68 BP-IDA was injected 15 mm after
the priming dose and start of infusion. Bile was collected
in 15-mmintervals.Bilirubinin serumandbilewasde
termined photometrically as an azo dye in alkaline so
lution according to a method ofiendrassik (8). BSP in
serum and bile was determined photometrically in al
kaline solution (9).

Extraction of Ga-68 from liver homogenates was
carried out to evaluate a change in the chemical binding
of Ga-68 during passage through the liver. Two groups
of four animals each were injected with 0.5 ml solution
of Ga-68 BP-IDA containing 400 jzg BP-IDA and 500

@CiGa-68, and killed at 5 mm and 60 mm after injec
tion. Livers were removed and homogenized (1 g liver
+ 4 volof 3%sodiumtrichloracetate,pH 6.2). Subse
quently 1 ml of homogenate was extracted with 5 ml of
a 1:2 mixture of ethanol/isoamyl alcohol. After cen
trifugation at 3000 rpm for I 5 mm, activities in super
natant and precipitate were measured. For determina
tion of blank values, an inactive liver homogenate was
incubated with either Ga-68 BP-IDA or ionic Ga-68 and
extracted as described above.

Investigations on the metabolism of stable Ga BP
IDA as well as BP-IDA were carried out by means of
paper chromatography: Whatman No. 1 with ethyla
cetate/methanol/water (6:3:3). Rats of 250 g body
weight were injected with I .7 mg Ga BP-IDA (metal
to-ligand ratio 1:1) or 1.55 mg BP-IDA in isotonic saline,
and bile was collected for 30 mm. Undiluted bile was
incubated for 17 hr at 37Â°Cand subsequently analyzed,
spots being visualized by NH3 vapor. Similar runs were
made with bile diluted 1:1 either with (a) 0.05M phos
phate buffer (pH 7.2), or with (b) 0. 1M acetate buffer
pH 5.1; and bile buffered at pH 7.2 or pH 5.1and mixed
with f3-glucuronidase (200 @ilbile, 200 @tlbuffer, 4.6 mg
[0.04 U] 13-glucuronidase from bovine liver in 100 @l
H20).

To evaluate the influence of an enhanced ligandin
(gluthathione 5-transferase) content of the liver on the
Ga-68 BP-IDA uptake, four rats with an initial body
weight of 165 g received a 0.1% solution of phenobarbital
as drinking water for a 10-day period. Animals receiving
normal drinking water served as controls. Six mm after
i.v. injection of 10 mg Ga BP-IDA labeled with 100 j@iCi
Ga-68 (1.5 ml solution, pH 8.0, containing Ga3@and

C1 9355t C7' 16.6q
C2 166.6s C7 16.5q
C3 139.Os C8' 56.5t
C8 154.2s Cg',C10' 56.3t
C4, 157.7s C11',C12' 172.2s
C4 157.2s

. For numbering of carbon atoms see Fig. 1.

t Indicates multiplicity determined by means of off-reso

nancedecoupledspectra.s, d, t, andq singlet,duplet,
triplet,andquartet.Theremaining14aromatIccarbonatoms
showed shifts from 133.9 to 115.2ppm. Assignmentcould
not be clearly given.
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CLEARANCE OF GA-68 IN WHOLE BLOOD
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FIG. 2. Paper chromatogram of @Ga(OH)@(lower) and 2. Ga-68
BP-IDA(upper).Ten @Iof a 0.25 NNaCI solutIon(pH6) containIng
1.3 @LgBP-IDAwere spotted. Support: WhatmanNo. 1 chromato

. graphic paper. Solvent ethyIacetate/methanol/H@O (6:3:3). a

zone pf BP-IDA.

complex. The electrophoretic migration of the complex
towards the anode shows that Ga-68 BP-IDA is nega
tively charged (Fig. 3).

Organdistribution.Theorgandistributionof Ga-68
BP-IDAinratsshowedthatthemaximumliveruptake
reached 50-60% of injected dose during the first 10 mm
(Table 2). Cumulative excretion into the duodenum, 60
mm after administration, was 75% of injected dose. The
highest hepatic elimination rate into the duodenum was
observed between 6 and 10 mm, while total urinary cx
cretion (urine + kidneys) remained below 0.75% of in
jected dose. Blood activity declined with an initial t1,'2
of 2 mm (Fig. 4).

Severe hepatic malfunction followed ligation of the
common bile duct. The 1-hr urinary excretion of the
positron-emitting radiotracer, however, was nearly un

start bromo phenol blue

FiG. 3. Agarose gel electrophoresis of Ga-68 BP-IDAand Ionic
Ga-68. Fifty gil of 0.25 NNaCI containing 50 @Clof Ionic Ga-68,or
50 @LCiof Ga-68 complexed by 6.5 @igBP-IDA,were spotted to
gether with 50-@iIsolution of 1.5% agarose.

60.@ time(min.)
FiG. 4. Bloodclearanceof Ga-68activity Inrats following Injection
ofGa-68BP-IDA.Eachdatapointrepresentsmeanvalue+ s.d.for
seven animals. Blood was assumedto be 6% of body weight.

affected, rising from an average value of 0. 15% in ani
mals without obstruction (Table 2) to a maximum of
0.9% during hepatic failure (Table 3).

Biliary excretion. Hepatobiliary excretion of Ga-68
BP-IDAinanesthetizedanimalsisshowninFig.5,curve
1. When results were compared with those obtained in
unanesthetized animals (Table 2), it was evident that the
elimination rate of the radiopharmaceutical is reduced
during the first 30 mm. The total biliary excretion at 2
hr also exceeded 70% of the injected dose. Average bile
flow was 82 Â±25 mg/iS mmnper 100 g body weight. The
same amount of Ga-68 activity was found in the duo
denum and in isolated bile, suggesting that there is no
reabsorption of bile-excreted activity from the duo
denum. This is confirmed by the results of an oral ad
ministration of Ga-68 BP-IDA in rats (n = 3), which
showed less than 0.02% of administered activity in the
whole blood at 1 hr after administration.

BilirUbin and BSP competition. Following infusion of
unconjugated bilirubin at a rate of 0.12 @mole/minper
100 g body weight, serum levels of bilirubin rose from
0.5 mg/dl (before infusion) to 14 mg/dl (after priming
dose and 15 mmninfusion) up to 21.5 mg/dl(after 75 mmn
infusion). Bilirubin excretion in bile, per mmnand per 100
g body weight, increased from 0.8 Â±0.3 nmole before
infusion to an average of 75 Â±7 nmole during the entire
infusion period. The latter value corresponds to 80% of
the bilirubin transport maximum of the rat liver (11).
Average bile flow per 15-mm interval was 95 Â±20
mg/100 g throughout the experiment. The 1-hr cumu
lative excretion ofGa-68 BP-IDA in bile during biirubin
infusion was about 20% less than in uninfused animals
(Fig. 5). The organ distribution 1 hr after injection of
Ga-68 BP-IDA indicates that its urinary excretion was
not affected by bilirubin infusion (Table 4). Bile excre
tion ofGa-68 BP-IDA in the second experiment, where
animals were infused with 0.09 j@molebilirubin/min per
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TABLE2. ORGANDISTRIBUTiONOFGa-68 IN RATSAFTERI.V. INJECTiONOF Ga-68BP-IDAOrganPercent

ofInjecteddoset2.5
mm6.0 mmio mm15 mm30 mm60 mm

Organ % mi.doset
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Blood 48.4 Â±11.1 16.7 Â±3 12.3 Â±2.4 9.7 Â±1.2 6.0 Â±0.7 5.3 Â±0.9
Liver 51.4Â±9.6 60.3Â±3.6 53.9Â±5.6 44.0Â±3.6 17.4Â±1.8 11.2Â±1.7
Kidneys 1.5 Â±0.5 0.7 Â±0.1 0.6 Â±0.1 0.6 Â±0.2 0.4 Â±0.05 0.4 Â±0.01
Spleen 0.3 Â±0.05 0.2 Â±0.03 0.15 Â±0.02 0.1 Â±0.02 0.1 Â±0.01 0.1 Â±0.02
Muscle 8.0 Â±1.6 8.0 Â±3.2 4.8 Â±1.6 4.8 Â±1.6 4.8 Â±1.6 4.8 Â±1.6
Bone 7.7 Â±1.6 3.6 Â±0.8 3.2 Â±0.8 3.2 Â±0.8 2.0 Â±0.2 2.8 Â±0.4
Duodenum 3.6 Â±0.9 13.4 Â±2.3 31.0 Â±6.0 43.2 Â±5.1 68.5 Â±3.8 74.9 Â±2.7
Urine â€” â€” â€” 0.15Â±0.11 0.16Â±0.11 0.14Â±0.07

. Average weIghts (n 42): whole animal Â±s.d. 403 Â± 18 g; lIver 13.1 Â± 2.0 g; kidneys 2.4 Â± 0.2 g; spleen 0.8 Â± 0.08 g. Blood,

bone, and muscle were assumedto be 6%, 10%, and 40% respectIvely of body weIght
t Data are mean Â±s.d. for 7 anImals.

100 g, is shown in Fig. 5, curve 3. The activity excretion
was delayed only slightly during the first hour after in
jection. The 2-hr cumulative excretion, however, was
identical with that of uninfused animals. Bile flow during
this experiment was 70 Â±17 mg/ 15 mm per 100 g, with
a bilirubin excretion rate of 56 Â±I3 nmole per mm and
100 g. Serum levels of bilirubin reached 23.5 mg/dl
(after priming dose and 195 mm infusion).

BSP infusion of I55 nmole/min per 100g body weight
led to a severe reduction of Ga-68 BP-IDA excretion into
the bile (Fig. 5, curve 4), indicating that infusions of
similar molar amounts of BSP and bilirubin result in
different competitive actions on Ga-68 BP-IDA excre

tion. Serum levels of BSP at the end ofthe infusion were
not uniform, ranging from 10.2 to 21.0 mg/dl. Bile flow
during the whole experiment was 115 Â±19 mg/ 15 mm
per 100 g, with a BSP excretion rate of 129 Â±19 nmole
per mm and 100 g.

Metabolism.The extractionrateofGa-68 fromliver
homogenates from animals injected with Ga-68 BP-IDA
decreased with time (Table 5). Blank values indicate that
the extraction of Ga-68 BP-IDA added to a liver ho
mogenate is not complete, while ionic Ga-68 is nearly

S
.@ 80

@ 20
C

10

1530 60 90 t20 180

time(mm.)

FIG.5. CompetItionof blllrubln andsulfobromophthalemn(BSP)on
Ga-68BP-IDAexcretion.l@tarepresentmeanÂ±s.d.for six anImals:
1, UnlnfusedanImals; 2, animals Infusedwith blllrubln at a rate of
0.12 @imoIe/mInper 100 g bodyweIght;3, anImalsinfusedwith
bilirubin at a rate of 0.09 @imole/mlnper 100g bodyweight; 4, an
imalsInfusedwithBSPat rateof 0.155 @unoIe/mlnper 100g body
weight.

COMPETITIVE ACTION OF BILIRUBIN AND

BSP ON GA-68 BP IDA EXCRETION IN BILE

TABLE3. ORGANDISTRIBUTIONOF Ga-68 IN
RATS WiTh LIGATEDCOMMONBILE DUCTt,
AT I HR AFTERINJECTIONOF Ga-68 BP-IDA

Blood 44.6Â±5.0
Liver 10.0 Â±1.0
Kidney 1.9Â±0.1
Spleen 0.5 Â±0.05
Muscle 19.4 Â±1.0
Bone 15.8 Â±1.8
Duodenum 3.6 Â±0.3@
Urine 0.6Â±0.3

. Averageweights(n 7):wholeanimalÂ±s.d.255Â±12
g; liver10.2Â±0.6 g;kkkieys1.8Â±0.1 9;spleen0.7 Â±0.07;
duodenum(with contents)8.7 Â±0.9 g. Blood,bone,and
musclewere assumedto be 7% , 10% , and40% of body
weight.

t Serumbilirubinwas2.4Â±0.7mg/dl(Inunllgatedanimals
0.5 mg/dI).

t Meanfrom7 anImalsÂ±s.d.
Â§MainlyGa-68 activityfromblood.
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Blood
LIver
Kidneys
Sâ€”n
Muscle
Bone
BIle
Urine

8.4Â±2.1
22.2Â±3.4
0.5Â±0.1

0.15Â±0.03
6.6Â±1.4
3.9Â±0.4

54.5Â±4.0
0.11Â±0.06

. Blllrublnwasdeliveredatarateof0.12@imole/minper
100 g body weight

t Average weights (n 6): whole animal Â±s.d. 358 Â±16

g; liver15.9Â±0.9 9;kIdneys2.5 Â±0.2 g;spleen1.0Â±0.15
g; total tlne 1.6 Â±0.6 g. Blood,bone,and musclewere
assumedto be 6% , 10%, and 40% of body weight

t MA*@Ifor6anImalsÂ±s.d. -

FIG. 6. Paperchromato@'amsof 1.Ga-68BP-IDA;a 10-SI0.25 N
NaClsolution (pH6.5) contaIning1.3 @igBP-IDAwas spotted.2.10
MIbIleexcretedwIthin15mmafterl.v.injectIonof 66 @zgGa-68
BP-IDAwasspottedImmediatelyafterexcretion.3. Procedureas
In 2, wIthoneexception:animalwasgiven330 @igGa-68BP-IDA.
Support and solvent as In Fig. 2. a = zone of BP-IDA.b = zone of
metabolfte.

in Fig. 7. Chromatograms of bile show the predominant
spot of unaltered Ga BP-IDA, and a metabolite of higher
hydrophilicity (lower Rf). This metabolite remained
stable in normal and pH 7.2-buffered bile (Fig. 7, spots
1, 2). Acidifying of bile to pH 5.1 (Fig. 7, spot 3), or
adding /3-glucuronidase to bile buffered at pH 7.2 (Fig.
7, spot 4) or pH 5.1 (Fig. 7, spot 5), revealed appreciable
amounts of an additional derivative with an intermediate
RÃ§.Thisderivativemaybetheresultof a partialrelease
ofglucuronic acid from the primary metabolite. Identical
results were obtained when this study was repeated with
BP-IDA.

Phenobarbital treatment enhances liver weight and
ligandin (gluthathione S-transferase) content of the liver
(Table 6). Uptake after a single i.v. injection of 10 mg
of Ga BP-IDA was also increased. The amount of the
increase corresponds well with data for increased BSP
uptake in the livers of phenobarbital-treated rats, as
reported by Reyes et al. (12). Since it is known that li
gandin binds BSP (13), it is believed that Ga-68 BP-IDA
is also stored and transported by liver ligandin. No sig
nificant change in the bile excretion rate was oh
served.

The hepatic uptake of Ga-68 BP-IDA in two healthy
volunteers shows that the maximum activity accumu
lation was 60% of injected dose (Fig. 8). This was corn
parable to results found in rats. Uptake and excretion in
man, however, are much slower than in rats. Figure 9

completely absorbed by the precipitate during centri
fugation.

The chromatographic behavior of Ga-68 activity,
immediately after its excretion in bile, is shown in Fig.
6. Themajorpartofthe activitymmg@tedlikeunchanged
Ga-68 BP-IDA, but the tailing off of activity indicated
a beginning release ofGa-68 from the complex. Cleavage
of the complex was much more evident in bile analyzed
2 hr after excretion. Hydrolysis seems to be responsible
for the breakdown of the complex, because the pH of bile
increased from 7.9 during excretion up to 9.1 after
standing for several hours at 37Â°.The metabolite of
BP-IDA,visualizedonthechromatogrambymeansof
NH3 vapor, contained no Ga-68 activity.

The influence of different pH and of /3-glucuronidase
on the bile-excreted metabolite of Ga BP-IDA is shown

TABLE 5. EXTRACTIONOF Ga-68 FROMTHE
LIVER HOMOGENATEOF RATS INJECTED

WITh Ga-68 BP-IDA

5 61.8(60.0â€”64.0)
60 9.4(9.0â€”10.1)

74.4(71.3â€”75.4)
25.6(24.1â€”28.2)

. Average weIght of animal Â± s.d. 230 Â± 8 g; liver 10.5

Â±0.5g(n 8)
t M@@iof 4 anImals (range In parentheses).

Blankvalues:Ga-68BR-IDAandIonIcGa-68,incubated
for 15 mm with an InactIve lIver homogenate,were extract
able to 75% and 3% respectively.
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TABLE 4. ORGANDISTRIBUTiONOF Ga-68 IN
BIURUBIN-INFUSEDRATSt AT I HR AFTER

iNJECTIONOF Oa-68BP-IDA



TABLE6. UPTAKEOF Ga-68 BP-IDABY LIVERSOFPHENOBARB1TAL-TREATEDRATStGluthathlone

S-transferase Ga-68actlvfty,% lnj.dosetLiver
weight (g) (nmole/mg proteIn per mm)lIverduodenumControl

9.6(8.9â€”10.2) 1296(1053â€”1432)31.3(28.8â€”32.8)5.1(4.6â€”5.6)Phenobarbltal
13.9(12.8â€”15.6) 2718(2551â€”3052)40.4(36.2â€”42.3)3.8(3.1â€”4.4)0

Mean uptake of phenobarbltal during a 10-day treatment: 172 mg per animal (n4).t

Average weight of animal Â±s.d. at end of phenobarbftal treatment: 250 Â±8.5 g (n8).t

Animalswere killed6 mmafterinjectIon.All
data represent mean of 4 anImals (range In parentheses).

BASICSCIENCES
RADIOCHEMISTRYAND RADIOPHARMACEUTICALS

were spotted.

shows scintigrams of the liver, gallbladder, and upper gut
of a test person after administration of 500 zCi Ga-68
BP-IDA.

DISCUSSION

Substitution of one ortho position in the benzene ring
of phenolic compounds by a methyliminodiacetic acid
groupleadsto moreeffectivemetalcomplexingagents
than compounds bearing the aminodiacetic acid group
alone. This is because the oxygen atom of the hydroxyl
group acts as a third dentate, and facilitates formation
of octahedral (coordination number of 6) metal corn
plexes (14). Thus phthaleins and alizarins bearing a
methyl iminodiacetic acid group ortho to a hydroxyl
group are useful for photometric determination of a wide
variety of metals, especially of rare-earth and group III
elements of the periodic table (6,15). Investigations by
West et al. on the complexing of group III elements with
alizarin complexone (1 ,2-dihydroxyanthraquinone
3-methylimino-N,N-diacetic acid) identified a metal
to-chelate ratio of I :1. Furthermore, the stability of the
Ga(III) complex was greater than that of the corre
sponding EDTA complex (15). The chemical structure,
proposed by the above authors, for M3@and methylim
inodiacetic-acid-substituted phenols is shown in Fig. 10.

The structure seems to be valid for the Ga-68 BP-IDA
complex as well.

The electrophoresis of Ga-68 BP-IDA identified a
negative charge on the complex. While the I :1 chelation
of the tridentate ligand with Ga3@compensates these
negative charges, the remaining negative charge may
arise from the lactone,carbinol,quinone equilibrium of
the phthalein moiety. Cleavage of the lactone by addition
of a hydroxyl group to carbon atom 1 (see Fig. I) begins
at pH 7 and leads to a negatively charged carboxyl
group. In spite of the similar chemical structures of BSP
(Fig. 11) and Ga-68 BP-IDA, the metabolism of the two
compounds differs. BSP is metabolized solely by enzy
matic conjugation with SH-groups containing peptides
(preferentially gluthathione) and simultaneous release
of stoichiornetric amounts of bromide (16â€”19).From the
chromatograms of glucuronidase-treated bile it is cvi
dent, however, that the conjugation of Ga-68 BP-IDA
with glucuronic acid is a part of its metabolism. Similar
results are reported for the metabolism of monosulfo
nated tetrabromophenolphthalein (disulfonated tetra
bromophenolphthalein = BSP) (16). Coupling of glu
curonic acid with the Ga complex may occur at the hy
droxyl group of the phenolic moieties as well as at the
carboxyl groups of the IDA. In both cases the enzymatic
attack should lead to a metabolite that is incapable of
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FIG.7. PaperchromatogramsofbIle-excretedGaBP-IDA.SupportandsolventasInFig.2. 1:NormalbIle,10 zlwerespotted.2:BIle
diluted 1:1 with a phosphatebuffer (pH 7.2), 20 @ilspotted. 3: Bile dIluted 1:1 wIth acetate buffer (pH5:1), 20 @lspotted. 4: Bile diluted
1:1.5 wIth phosphate buffer (pH 7.2) mIxed with $-glucmxonldase(0.04 U); 25 @LIwere spotted. 5: BIle dIluted 1:1.5 wIth acetate buffer
(pH5:1)mixedwith(3-glucuronidase(0.04 U);25 z1spotted.6: StandardsolutionofGaBP-IDAInH20;5 @Icontaining8.5 zgGaBP-IDA
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liver homogenates with ethanol/isoamylalcohol dem
onstrates an increase of nonextractable Ga-68 activity
with advancing time. These results support the hypoth
esis of enzymatic attack of the IDA-substituted phenol
moiety of the Ga-68 complex.

The competitive action of bilirubin with Ga-68 BP
IDA excretionbeganat a serumlevelof 20 mg/dl. Our
experiments did not permit conclusions as to whether the
competition occurred during uptake or during ligandin
binding and transport. This was because the infusion of
increasing amounts of bilirubin led to increased serum
and intrahepatic bilirubin levels. The serum levels were
directly determined. The increased intrahepatic bilirubin
content was assessed indirectly from the constant 60%
excretion rate during infusion of two different bilirubin
concentrations. In comparison, the BSP excretion rate
(80% of BSP infused) was higher than that observed for
bilirubin, and competitive action with Ga-68 BP-IDA
started at lower serum levels (3â€”4mg/dl, unpublished
data). Assuming a similar mechanism for Ga BP-IDA
and BSP binding on ligandin, suggested by their closely
related chemical structure, the different competitive
action of BSP and bilirubin on the excretion of Ga
BP-IDAcanbeexplainedbyadditionalcompetitionof
BSPduringtransport.Whereasbilirubinâ€”likemostof
the other biological substrates, chemical drugs, or ste

ABSORPTION CORRECTED GA-68ACTIVITY
IN THE LIVERSOF 2 HEALTHY VOLUNTEERS

0
0
0

V

C

0

FIG. 8. Hepatlc uptake and excretion of Ga-68 in two healthyvol
unteers. Each was given 500 @.iClGa-68 complexed by 2.5 mg
BP-IDA.Closedsymbols,actlvftyof lIver;opensymbols,activftyIn
liver,minusgallbladderactivity.@ tImeof gallbladdervisualiza
tion.

further complexing with Ga-68. This would result in
release of ionic Ga-68 in the liver. The radiochromato
grams of bile-excreted activity suggest that the observed
metabolite is not labeled with Ga-68. Extraction from

125'82@ 96@
FIG.9. Absorption-correctedscintigramsofheafthyvolunteer(4,20,52,82,96,and125mmafterinjection).Activitycalculationbased
on whole-bodyscans(notshown)differedby5% fromactuallyadministereddose.
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FiG. 10. Ga@1complex with IDA-substitutedphenols.

roidsâ€”isbound to ligandin by one hydrophobic binding
site, the binding of BSP is unusual and involves two
binding sites per molecule, which are neighboring and
which have hydrophobic and anionic binding properties
(13). The competitive action of BSP during transport
appears to prevail over the competitive action that bili
rubin has on Ga BP-IDA glucuronidation. This is be
cause cellular metabolism in the liver has only minor
influence on transport of substrates (20).

It is difficult to compare data for Tc-99m HIDA, as
reported in the literature, with current results of Ga-68
BP-IDA.Nonetheless,a differentpharmacokineticbe
havior of the two compounds is evident. The Ga complex
shows a less pronounced peaking ofactivity in bile during
the first 15 mm after injection, but has 60% hepatic ac
cumulation during this time. Tc-99m HIDA excretion
into bile reaches 53% during the first 15 mm (21), but
activity accumulation in the liver of rats never exceeds
12.5% (22). The 1-hr cumulative excretion of both ra
diopharmaceuticals is similar, being 65.7% for Tc-HIDA
(21) and 67.7% for Ga-68 BP-IDA (Fig. 5, curve 1). The
difference in the excretion rate at earlier times may be
due to a slower transport ofGa-68 BP-IDA through the
hepatocytes.

Both radiopharmaceuticals are negatively charged
metal chelates. The molar ratio of Tc to HIDA is 1:2,
with Tc being in the 3+ oxidation state. Complex for
mation with the bidentate HIDA results in one uncom
pensated negative charge on the ligands (23). The neg
ative charge of the Ga complex, however, results from
the cleavage of the lactone ring, and is therefore pH
dependent. Competitive action of either bilirubm or BSP
decreases biliary excretion of both pharmaceuticals.
While competition of these compounds leads to an in
creased renal excretion ofTc-99m HIDA (24), urinary
excretion of Ga-68 BP-IDA is unaffected. This might
be due to the high lipophiic character ofthe Ga complex.
Finally, there is a difference in metabolic fate. Tc-99m
HIDA is thoughtto pass the liverwithoutenzymatic
attack (25â€”27),whereas Ga-68 BP-IDA is partially
conjugated, presumably to decrease its lipophilicity for
biliary excretion.

Two healthy volunteers were examined with Ga-68
BP-IDA.Thedeclineof hepaticactivitywasslowerthan
that measured in rats. This appears to be due to a longer

OH OH
038 SO3

J â€˜@@C=O
Br
Br Br

Br
FIG. 11. chemIcal structure of bromosulfophthalemn.

tracer transit time in man, and probably to a higher re
lease of ionic Ga-68. The different doses of BP-IDA
given to humans (33 big/kg) and to rats (750 pg/kg) do
not appear responsible. Different doses of BP-IDA given
to rats (I 50 ag/kg and 750 pg/kg) failed to influence
Ga-68excretionintobile.Scintigramsof thevolunteers
demonstrate late gallbladder visualization. The gall
bladder activity remained slight, never exceeding 10-
15% of injected dose.

These initial results with Ga-68 BP-IDA show that
quantitative scintigraphic measurements of the hepatic
uptakeandexcretionof the tracerarefeasible.An im
proved visualization of the hepatobiliary tract with
Ga-68 BP-IDA shouldbe possiblewith tomographic
imaging of the liver.

FOOTNOTES

S Kieselgel 60, 0.25 mm, Merck.

t Silica gel, Mallinckrodt, free from heavy metals, Serva, Heidel

berg, FRG.
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The Greater New Yorkand New England Chapters announce the First Northeast Regional meeting ofthe SOCietyof Nuclear
Medicine to be held November 4â€”6,1983,at the Grand Hyatt Hotel in New York City. The Scientific Program Committee
welcomes the submission of abstracts of original contributions in Nuclear Medicine from members and nonmembers of
the Society of Nuclear Medicine. Abstracts for the Scientific Program will be available to all registrants at the meeting.
Please send six copies with supporting data to:

Philip 0. Alderson, M.D.
Program Chairman

Division of Nuclear Medicine
Columbia Presbyterian Medical Center

630 West 168th Street
New York City, New York 10032

For information concerning registration or commercial exhibits please contact:

Mitchell H. Stromer, M.B.A.
Northeast Regional Meeting

360 Cedar Lane
East Meadow,New York 11554

(212)430-4180

The program will be approvedfor credit towardthe AMA PhysiciansRecognition Awardunder Continuing Medical Education
Category 1 throughthe Societyof Nuclear Medicine and for VOICE credit for Technologists.

Deadline for abstract submission is September 1, 1983.
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