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A germanium-gallium generator producing EDTA-free Ga-68 would per
mit the syntheth of a broad range of Ga-68 radiopharmaceuticals and thus

facilitate the widespread application of positron tomography. We have

investigated a solvent-extraction generator system producing the weak com
plex of Ga-68 with 8-hydroxyquinoline (Ga-68 oxine), free of EDTA. The
conditions for optimum Ga-68 yield and minimum Ge-68 breakthrough
involve extraction with chloroform from pH 5 buffer containing Ge@+ @ijt.
rier, followed by evaporation to dryness. This produces Ga-68 yields of
70â€”80%, with Ge-68 breakthrough of <0.003%. The Ga-68 oxine is readily
converted to other radiopharmaceuticals such as Ga-68 EDTA, Ga-68
EDTMP, or Ga-68 colloid, and is conveniently delivered dry. The extraction
system is simple and amenable to automation, and the low loss rate and
280-day half-life of Ge-68 provide a generator with a long useful lifetime.
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Gallium-68 is of great interest for positron tomog
raphy because it emits positrons in high yield and
is readily chelated. Furthermore, it is available as a
generator product of 280-day Ge-68 and has a con
venient 68-mm half-life. The current Ga-68 EDTA
generators (1 ), however, suffer from several dis
advantages. Elution at neutral pH over the long use
ful life of the generator causes difficulty in main
taming generator sterility. Secondly, Ga-68 can be

produced by present generators only as Ga-EDTA.
Preparation of radiopharmaceuticals other than Ga
EDTA requires decomposition of the complex and
removal of virtually all the EDTA in order for
weaker complexing agents to bind successfully with
the gallium. The decomposition of Ga-EDTA re
quires subsequent solvent extraction (2 ) , ion cx
change (3), or pyrolysis (2) , all of which are tedious
and time-consuming when speed is essential. Fur
thermore, it is doubtful whether these methods can
produce radiopharmaceuticals uncontaminated by

Ga-EDTA, since even quantities of EDTA as small
as 10 18moles in competition with chelates having
a stability constant of log K â€”10 can lead to Ga-68
preparations that are 10% Ga-68 EDTA (4,5),
due to the very high stability constant of Ga-EDTA
(logK= 34).

Since this high stability constant is the reason why

EDTA elutes Ga-68 from the current column gen
erator, a very different approach seemed necessary to
design a generator producing Ga-68 suitable for a
wide variety of radiopharmaceuticals.

We have investigated an alternative Ge-68/Ga-68
generator system based on the solvent extraction of
the weak chelate of gallium formed with 8-hydroxy
quinoline, Ga-68 oxine. The first technique (6) used
to separate Ga-68 from Ge-68 was in fact solvent
extraction of a gallium chelate of acetylacetone into
hexane, but the back extraction still employed a
dilute solution of EDTA. We have also used the
product of this new generator system to produce
several Ga-68 radiopharmaceuticals.

MATERIALS AND METHODS

Extractions were performed with standard, 60-
ml, Teflon-stopcock separatory funnels, either hand
shaken or held stationary and stirred with a motor
driven glass paddle-rod to mix the phases. Unless
otherwise noted, oxine dissolved in ethanol to a
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concentration of 1 mg/ml was added directly to the
Ga-68 aqueous solution phase before mixing of the
phases and extraction. HPLC grade chloroform was
used; all other chemicals were standard analytic
reagent grade, used without further purification.

Whatman No. 1PS phase-separatory paper was

used to investigate carry-over of the aqueous phase
with the organic by filtering the organic phase
through the paper and examining it visually for aque
ous drops, as well as by counting it the next day to
assay for Ge-68. Whatman No. 1 chromatography
paper was used for all paper chromatograms, which
were made by spotting strips of paper with 1 @l
of solution and developing them by the ascending
solvent method, using chloroform, in ordinary beak

cr5. After development and drying, the chromato
grams were cut up with scissors and counted in glass
tubes in a well scintillation counter.

Samples containing less than a few microcuries
were also counted in a scintillation counter, whereas
millicurie quantities were assayed in a radionuclide
dose calibrator.

RESULTS

Initial experiments using 5-MCi aliquots of 68GeC14
demonstrated that Ga-68 oxine does extract into
chloroform from acetate buffer solutions of Ge-68.

The pH dependence is shown in Fig. 1. Extraction
does not occur below pH 3.5, and the optimum is
about pH 5. Extraction was not attempted above
pH 7.0 because of the possible formation of col
loidal radiohydroxides. In these experiments the or
ganic phase was passed through Whatman No. 1PS
phase-separatory paper after the initial extraction

and after a backwash with a second aliquot of aque
ous buffer in a separatory funnel to reduce the
amount of Ge-68 carried through to the final prod
uct. The volume of each phase was 5 ml.

This system gave total extraction yields of Ga-68
oxine approaching 100% at pH 5. About 20% of
the Ga-68 oxine remained distributed between the
two-phase separatory filter papers and the backwash,
and was therefore lost. Also, the amount of Ge-68
lost from the stock solution was approximately

0.04% , a figure unacceptably high. Addition of 10
to 100 mg of NaF, in an attempt to complex and
therefore â€œhold-backâ€•Ge4 + was abandoned because
it increased the Ge-68 breakthrough to as high as
1 % , possibly due to extraction of hexafluoroger

manic acid. Addition of 4 mg carrier Ge4@, making
the stock Ge-68 solution 0.01 M in Ge4@, reduced

Ge-68 breakthrough to @0.003% , even when the
phase-separatory papers and backwash were dis
pensed with.

Extraction with CC!4 as a trial of nonpolar solvent
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FIG. 1. Dependenceof Ga-68 oxine extractionefficiencyon
pH of aqueousphase.

reduced the Ga-68 yield to .-.s45% . Extraction with
methyl-ethyl ketone resulted in high Ge-68 break
through, probably due to the significant solubility
of this solvent in water near neutrality. Extraction
with CH2C12 gave the same results as with CC13H,
although others (7) have reported CH2C12 to be
superior for extracting In-i 11 oxine.

To prepareageneratorcontaining3 mCi of Ge-68
it was necessary to neutralize the 0.5 M HC1 in
which the 68GeCl4 was supplied*. This resulted in
solutions of 0.56 M ionic strength, a considerably
higher figure than the 0.06 M ionic strength of the
5-pcitrialgenerators.Thisincreasedionicstrength
decreased the Ga-68 oxine yield from over 90% to
about 75%.

Elution of the 3-mCi generator involved addition
of 50 @gmof oxine dissolved in 50 @lof ethanol to
5 ml of pH 5 stock Ge-68 solution. The solution was

stirred 1 mm, after which 5 ml of CC13H were added
and mixed again, by motorized stirring, for 2 mm.
The phases were allowed to separate for 1 mm and
then the chloroform was drawn off manually, care
being taken to leave a small volume of chloroform
behind to avoid withdrawing any aqueous phase
from the flask. The Ga-68 oxine-chloroform solu
tion was then evaporated to dryness using a hot
water bath and air stream. The Ga-68 oxine residue
was dissolved in 50 ,@1of ethanol followed by several
ml of aqueous solution.

Addition of the oxine solution to the chloroform
first, before phase mixing, increased the stirring time
required for maximum extraction yield of Ga-68
oxine, as shown in Fig. 2. With this procedure the
activity of Ga-68 oxine produced by the generator
can be controlled conveniently by varying the stir
ring time.

The actual performance of a 3-mCi generator is
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shown in Fig. 3. The generator was eluted at inter
vals over a two month period (adding oxine solution

directly to the Ge-68 solution) and the yields ob
tamed were plotted against time. The fact that this
plot matches the 280-day half-life of Ge-68, within
the normal variation of the generator yield, confirms

the generator system's longevity.
Radiopharmaceutical preparation. The Ga-68 ox

inc residue, dissolved with a small amount of ethanol
and diluted with saline, will directly label separated
blood components such as erythrocytes, leukocytes,
and platelets (8) . The labeling of concentrated red
cells, for example, is essentially complete in 10 mm,

as shown in Fig. 4. The labeling yields were obtained
using red cells at the same concentration as in whole

blood; if the red cells are diluted by a factor of more
than five, the yield drops drastically. Similar tech
niques have been used in our laboratory to label

platelets with Ga-68 for imaging thrombi; the label

ing yields were more uniform than in work previously
described (9).

The stability constants of Ga-oxine are less than
the stability constants of Ga with chelates of interest

for in vivo use (4,5) . This suggested that the addi
tion of stronger chelating agents should lead to the
rapid displacement of oxine to form other gallium
chelates. We have shown this to be the case chroma
tographically for the formation of Ga-68 EDTA

from Ga-68 oxine. When a sample of Ga-68 oxine

was eluted with chloroform, the Ga-68 oxine moved

with the organic solvent front. When 1.5 ml of the

same Ga-68 oxine-saline solution was mixed with a
saline solution of disodium EDTA ( 15 mg in 1.5

ml) , and incubated 5 mm before spotting on chro
matography paper and elution with chloroform, vir

tually all the Ga-68 remained at the origin, as cx

pected for Ga-EDTA.

.
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FIG. 3. Actualperformanceof a scaled-upGa-68oxinesolvent
extractiongenerator.

Similarly, addition of Ga-68 oxine solution to
DTPA-labeled albumin has been demonstrated chro
matograpbically in our laboratory (10) to lead to
Ga-68-labeled protein. Thus, the use of an inter
mediary chelating agent bound to a protein makes it
possible to label that protein with Ga-68 from this
generator system.

We have also made Ga-68 ethylenediamine tetra
methylene phosphonic acid (Ga-68 EDTMP) by
addition of Ga-68 oxine saline solution to a saline
solution of EDTMP, followed by incubation for sev
eral minutes and neutralization to pH 7. Using this
preparation we have obtained excellent bone uptake
in rats and rabbits, but chromatographic evidence
suggests possible impurities in the EDTMP. We have

produced a Ga-68 colloid by the addition of 50 @gm
FeC13 in 50 @lof 1 M HC1 solution to 50 @lof etha
nol containing the Ga-68 oxine residue, followed by
1.5 ml pH 7.5 phosphate buffer.

DISCUSSION

This new Ga-68/Ge-68 generator system has 5ev
eral advantages over the Ga-68 EDTA generator.
Elution with chloroform simplifies generator steril
ity, and dry delivery of the Ga-68 oxine product pro
vides great flexibility in radiopharmaceutical prepa
ration, especially with respect to concentration.
Finally, delivery of EDTA-free Ga-68 greatly sim
plifies the preparation of a wide variety of radio
pharmaceuticals. The presence of 50 @gof oxine in

all preparations should pose no problems, since the
oxine will be displaced, essentially quantitatively, in

all cases and since oxine at this level has been shown
to be safe for in vivo use (11â€”14).

For purposes of comparison, the original paper
(1 ) describing the Ga-68 EDTA column generator
indicates a yield of 70% , with a Ge-68 breakthrough
of 0.0003 % . In our experience with a 25-mCi Ga-68
EDTA commercial generator, the yield drops to
about 45 % as the generator ages, whereas the new
Ga-68 oxine generator has a consistent yield of
about 75% . The Ge-68 breakthrough for either gen
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FIG. 2. Dependenceof Ga-68 extractionefficiencyon mixing
time when oxine is initially present in the chloroform phase only.
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ily interpreted chemically. The diminution of yield
with higher ionic strength is probably due to a stabi@ e@ lizationofGaS+intheaqueousphasebyotherionic
species, thus shifting the partition coefficient. The
increased mixing time required to obtain maximum
yield when oxine is added to the chloroform phase
first is probably due to the much greater solubility
of oxine in chloroform than in aqueous solution.
When the oxine is added to the aqueous phase first,
it rapidly forms Ga-68 oxine, which is then subject
to extraction. When the oxine is originally present
in the chloroform phase only, it must enter the aque
ous phase, complex the Ga-68, and be re-extracted
into the chloroform. This process is undoubtedly
slower and more dependent upon surface contact
between the phases, and hence requires a longer
mixing time to obtain maximum yields. The lowering
of yield observed when CC14was used as the extract
ant may reflect the preference of Ga-oxine for a
solvent that is not completely nonpolar.

In about a year of manual operation of the gen
erator, no accidents have occurred. Automation of
solvent-extraction generators has been successfully
applied to other systems (15). We anticipate auto
mation of this Ga-68/Ge-68 generator system using
optical detection of the phase interface to control
solenoid valves to effect the phase separation, as
well as mechanical stirring for phase mixing. In such
a system, of course, great care must be taken to
ensure that entrapment of the aqueous phase does
not occur in the phase separation.

The similarity in extraction conditions for Ga
TIME, IN DAYS oxine and In-oxine (16) is not surprising, since the

elements are chemical homologs. Thus it might also
be expected that procedures for producing indium
tagged radiopharmaceuticals would be applicable to
Ga. This is indeed the case for Ga-68 EDTA, Ga-68
EDTMP (17,18), Ga-68 colloid (19,20), and Ga
68-tagged platelets.

I I I I I I I I I

20 40 60 80 100 120

INCUBATIONTIME,MIN.

erator in our experience is approximately 0.003%.
Since Ge carrier is present in the Ga-68 oxine gen
erator, about 0. 12 @gof stable Ge is present in the
eluant, whereas the amount of radiogermanium in
the eluant of a Ga-68 EDTA generator is less than
I
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FIG. 4. Demonstrationthat red-celllabelingis essentiallycorn
plete in 10 mm usingGa-68 oxine.

Physical iou of 656. du. to 2 â€¢Iutions/day

FIG. 5. Demonstrationthat Ge-68 breakthroughlossesof
0.01O/â€¢per elution (an upper limit) are insignificant compared with
Ge-68 decay loss, assumingtwo elutions per day.
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Generator longevity should pose no problem, as

shown in Fig. 5. The upper curve shows the rate of
loss of Ge-68 due to breakthrough, assuming two elu
tions per day and 0.01 % loss per elution (an upper
limit) . The middle curve represents loss of Ge-68

due to decay only, while the bottom curve represents
total Ge-68 loss. Thus, the breakthrough losses are
considerably less significant than the decay loss. As
described above, our experience over time with a
3 mCi generator has confirmed this prediction.

The factors affecting the generator yield are read
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FIRST CALL FOR PAPERS: SCIENTIFIC PROGRAM

Due to the overwhelming successof the Orlando Winter Meeting, the Technologist Section will present a
Scientific Program during its Sixth Annual Meeting.

The Scientific Program Committee welcomes the submission of abstracts from technologists for the meeting.
Abstracts must be submitted on the official abstract form. The format of the abstracts must follow the
requirements set down on the abstract form. The abstract forms are available from: Liz Joyce, Nuclear
Medicine Dept., Albert Einstein Medical Center, York and Tabor Roads, Philadelphia, PA 19141.

In addition, the Program Committee encourages submission of abstracts from students presently enrolled in
schools of nuclear medicine technology.

Accepted abstracts will be published in the March 1979 issue of the Journal of Nuclear Medicine
Technology. An award will be given for the best paper.
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