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An improved chemical strategy for processing of the generator produced 68Ga was developed based on

processing of the original 68Ge/68Ga generator eluate on a micro-column. Direct pre-concentration and

purification of the eluted 68Ga is performed on a cation-exchange resin in hydrochloric acid/acetone

media. A supplementary step based on a second micro-column filled with a second resin allows direct

re-adsorption of 68Ga eluted from the cation exchanger. 68Ga is finally striped from the second resin

with a small volume of pure water. For this purpose a strong anion exchanger and a novel extraction

chromatographic resin based on tetraalkyldiglycolamides are characterized. The strategy allows online

pre-concentration and purification of 68Ga from the original generator eluate. The supplementary

column allows transferring 68Ga with high radionuclide and chemical quality in the aqueous solution

with small volume and low acidity useful for direct radiolabeling reactions.

& 2011 Elsevier Ltd. All rights reserved.
1. Introduction

The 68Ge/68Ga radionuclide generator provides an excellent
source of positron emitting 68Ga for the application of 68Ga-
labeled compounds using PET. However, currently available
‘‘ionic’’ 68Ge/68Ga radionuclide generators are not necessarily
optimized for the routine synthesis of 68Ga-labeled radiopharma-
ceuticals in a clinical environment. The eluates have rather large
volumes (up to 5–10 ml for a complete generator elution), a high
acidity (0.1–1.0 N, depending on the generator type), an initial
breakthrough of 68Ge in the range 10�3–10�2%, increasing with
time or usage frequency, and metallic impurities such as stable
ZnII (generated by the on-generator decay of 68Ga), TiIV, SnIV or
other metals as a consequence of use of the metal oxide based
generator matrixes.

Recently, we have introduced a generator associated post-
processing approach to adsorb 68Ga online from generator eluates
on a micro cation-exchange column, to purify it using a
HCl/acetone mixture of 0.15 M HCl/80% acetone. Subsequently
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the radionuclide is desorbed from the resin quantitatively with
0.4 ml of a 0.05 M HCl/98% acetone solution. The process takes
3 min only and allows obtaining 96% of 68Ga with the highest
radionuclide and chemical purity in the form useful for the
radiolabeling reaction (Zhernosekov et al., 2007). Thus the tech-
nique is successfully applied for the preparation of 68Ga-labeled
peptides for clinical studies (Asti et al., 2008). Contents of the
acetone in the reaction mixture are low and non-toxic. They
might be, however, avoided for direct in vivo applications
or for the radiolabeling reactions performed under high
temperature.

Alternatively, 68Ga can be pre-concentrated on an anion
exchanger because of high distribution coefficients of Ga(III)
(Hofmann et al., 2001; Meyer et al., 2004; Schumacher and
Maier-Borst, 1981). This technique does not allow, however, direct
pre-concentration from the original generator eluate and adjust-
ment of the hydrochloric acid concentration must be done. Finally
68Ga is eluted with small volumes of pure water.

The aim of the present study is to develop an improved
column-based chemical strategy combining aspects of both
methods. Direct pre-concentration of 68Ga from the original
eluate and its purification is supposed to be performed on the
cation exchanger (Zhernosekov et al., 2007). The 68Ga can be
eluted with hydrochloric acid solutions at high concentration
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42–3 M. For an effective transfer of the purified 68Ga into the
aqueous phase of low acidity and small volume a secondary micro-
column is introduced into the process, which allows direct re-
adsorption of gallium eluted form the cation exchanger and can be
finally striped with a small volume of pure water. For this propose
anion exchanger and a novel extraction chromatographic resin
based on tetraalkyldiglycolamides (DGA) is characterized in details.
2. Materials and methods

2.1. Chemicals and reagents

Only analytic reagent grade chemicals and Milli-Q water
(18.2 MO cm; Millipore) were used. The ion exchange resins AG
50W-X4 (�400 mesh, H+-form) and AG 1-X8 (200–400 mesh,
Cl�-form) were purchased at Bio-Rad Laboratories (Richmond,
CA, USA). The extraction chromatographic resins based on
N,N,N0,N0-tetra-n-octyldiglycolamide (TODGA) and N,N,N0,N0-tet-
rakis-2-ethylhexyldiglycolamide (TEHDGA) 50–100 mm particle
size were provided by Eichrom Technologies. 1,4,7,10-tetraazacy-
clododecane-1,4,7,10-tetraacetic acid (DOTA) conjugated with
D-Phe1-Tyr3-octreotide (DOTATOC), GMP-grade, was obtained
from piChem R&D (Graz, Austria).

2.2. 68Ge/68Ga radionuclide generator

A generator based on a modified TiO2 phase adsorbing 68GeIV

was obtained from Cyclotron Co. Ltd., Obninsk, Russian Federa-
tion. In the present study, a 250 MBq, 2 years old device was used.
The 68Ge content in the eluate was 1072 kBq.

2.3. Determination of GaIII and GeIV distribution on DGA

5 ml of 0.1 M HCl generator eluate were mixed with 12 M HCl
solution to obtain 68GaIII, 68GeIV solutions with hydrochloric acid
concentrations in the range 0.1–8 M. The uptake of GaIII and GeIV

ions by the DGA resins was measured by combining 2.5 ml of the
solution with about 50 mg of the resin in a glass vial. The samples
were shaken well for 1 h. After equilibration with the resin, the
aqueous phase was filtered through 20 mm PTFE syringe filter. All
experiments were performed at room temperature between
20 and 23 1C. Weight distribution ratios Dw were calculated using
the following equation:

Dw ¼ ðA0�AsÞV=Asm ð1Þ

where A0 and As are the aqueous phase activity before and after
equilibration, V is the volume of the aqueous phase in milliliters
and w is the weight of the resin in grams. Dw values were then
converted to k0 (the resin capacity factor) as described elsewhere
(Horwitz et al., 2005a)

k0 ¼ 0:57Dw ð2Þ

2.4. Micro-columns

For the preparation of micro-columns, as described previously
(Zhernosekov et al., 2007), 50 mg of wet cation exchangers AG
50W-X8 (�400 mesh in H+-form), 50 mg of wet anion exchanger
AG 1-X8 (200–400 mesh, Cl�-form) and 100 mg DGA resin
(Eichrom Technologies, 50–100 mm particle size) were used.

2.5. Pre-concentration and purification of 68Ga on cation exchanger

The first step of concentration and purification of the initial
68Ge/68Ga generator eluate was performed on a micro cation-
exchange column. The generator was eluted with 7 ml of 0.1 M HCl
online through the chromatographic column. Next, the column was
eluted with a 1 ml solution of 80% acetone/0.15 M HCl (N1) to
remove the main parts of the chemical and radiochemical impu-
rities of the generator eluate (Zhernosekov et al., 2007).

To desorb the purified 68Ga from the cation exchanger, the
column was striped with hydrochloric acid solutions. HCl con-
centrations of 1–8 M and of 0.5, 1.0 and 2.0 ml volumes have been
tested.

2.6. Processing of 68Ga on anion exchanger and DGA resin

Adsorption of 68Ga on the anion exchanger and DGA resin was
investigated by dynamic loading of the activity on the columns
with hydrochloric acid solutions of 1–8 M concentrations and of
0.5, 1.0 and 2.0 ml volume.

2.7. Combining cation exchange with anion exchange

A closed system was assembled by connecting the micro-
column and the generator using standart capillary and 3-way
valves (Fig. 3a). The system could be operated using single-use
syringes. The generator was eluted directly through the cation-
exchange column (direction 1 on Fig. 3a). 3 ml of the 5 or 4 M HCl
solution was used to strip the cation-exchange column online
trough the anion-exchange or DGA column (direction 3
on Fig. 3a). Finally, 68Ga was desorbed from anion exchanger or
DGA resin with pure water (direction 4 on Fig. 3a).

2.8. Measurement of radioactivities

Measurement of 68Ga was accomplished in a dose calibrator
M2316 (Messelektronik, Dresden GmbH). The absolute activity of
68Ge was analyzed by g-spectrometry using an HPGe-detector at
least 2 days after the corresponding radionuclide generator
elution.

2.9. Radiolabeling of DOTATOC

For labeling reactions, 2 mL tubes (Eppendorf) were used.
Heating was performed in ThermoMixer MHR13 from HLC
BioTech. For labeling of octreotide derivatives, DOTA-D-Phe1-
Tyr3-conjugated octreotide (DOTATOC) was used.

2.10. Analyses of contents of acetone

The acetone content in the processed fractions was analyzed
by gas chromatography (HP 6890 series GC system).
3. Results and discussion

3.1. Direct pre-concentration of 68Ga

Direct pre-concentration of the generator produced 68Ga can
be effectively performed on a miniaturized cation-exchange
column. Application of HCl/acetone media allows purification of
the activity from traces of 68Ge, Zn(II), Ti(IV) and even Fe(III)
(Zhernosekov et al., 2007). In contrast to our previous work,
elution of 68Ga from cation exchanger is performed in concen-
trated HCl solutions. As these are not applicable, however, for
direct radiolabelling reaction, a transfer of 68Ga into an aqueous
phase of low acidity and small volume is introduced based on a
second micro-column. For this propose strong anion exchanger
and extraction chromatographic resin DGA were characterized.



Fig. 1. k0 for Ga(III) and Ge(IV) on DGA resin (50–100 mm) versus HCl concentra-

tion, 1 h equilibration time, room temperature.

Fig. 2. (a) Yields of 68Ga, eluted from the cation-exchange resin with 0.5, 1.0 and

2.0 ml of various concentrations of HCl. (b) Yields of 68Ga, adsorbed at the AG 1-X8

resin (50 mg) with 0.5, 1.0 and 2.0 ml of various concentrations of HCl used to

desorb 68Ga from the AG 50W-X8. (c) Yields of 68Ga, adsorbed at the TODGA resin

(100 mg) with 0.5, 1.0 and 2.0 ml of various concentrations of HCl used to desorb
68Ga from the AG 50W-X8.
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3.2. 68Ga(III) behavior on DGA resin

Commercially available DGA resins have recently been pro-
posed as very promising for processing of radionuclides such as
90Y(III) or 177Lu(III) for medical use (Horwitz et al., 2005a, 2005b).
Fig. 1 shows the dependency of Ga(III) and Ge(IV) uptake on
hydrochloric acid concentration on DGA. The DGA resins show
negligible gallium adsorption at low acid concentration up to 1 M.
The retention on the resin, however, increases rapidly with
increasing hydrochloric acid concentration. Thus, in contrast to
strong anion exchanger such as AG 1-X8 (Nelson, 1963), the DGA
resins show increased adsorption to trivalent gallium at lower HCl
concentration, but TODGA resin has a little bit higher coefficients
than TEHDGA. Ge(IV) has only negligible retention on the TODGA
resin in a wide range of the HCl concentration. For further
investigation TODGA resin was chosen.

3.3. Pre-concentration and purification of 68Ga on cation exchanger

68Ga is quantitatively adsorbed from the original generator
eluate on the cation-exchange column and effectively purified
using 80% acetone/0.15 M HCl solution (Zhernosekov et al., 2007).
Optimum desorption of 68Ga from the cation-exchange column
was achieved with 2 ml of 2–4 M HCl solutions (Fig. 2a), which
corresponds to known characteristics of distribution coefficients
of GaIII on strong cation exchangers (Nelson et al., 1963).

3.4. Characterization of anion exchanger and TODGA resin columns

Adsorption efficiency of 68Ga on the anion-exchange and TODGA
column from HCl solutions at different acid concentrations is given
in Fig. 2b and c. An effective retention of 68Ga on the TODGA resin
could be achieved at 43–4 M HCl, whereas not less than 5–6 M
HCl concentration was needed for nearly complete adsorption of
68Ga on AG 1-X8. Elution of the activity could be quantitatively
performed in pure water for both resins. However, 300 ml of H2O
was used to strip 68Ga from the anion-exchange column and up to
1000 ml was needed for its elution from the TODGA column.

3.5. Improved column-based 68Ga processing using column

combinations

Quantitative desorption of 68Ga from cation-exchange column
is achieved at 2–4 M HCl, which corresponds to known
distribution characteristics of GaIII on strong cation exchangers
(Nelson et al., 1963). However, 2–4 M HCl solutions of GaIII are
not adequate to adsorb GaIII on the strong anion exchangers such
as AG 1-X8. Thus HCl concentrations of 6–8 M are needed. The
extraction chromatographic resin TODGA shows, in contrast, a
higher adsorption profile to trivalent gallium at lower acid
concentration. Thus, an effective 68Ga adsorption can be per-
formed at 4 M HCl concentration. In this context, 5 and 4 M HCl



Fig. 3. Sketch of 68Ge/68Ga generator elution with cation and anion-exchange columns in tandem (a) and indication of detailed flows (b). (a) I–50 mg AG 50W-X8,

II—50 mg AG 1-X8 or 100 mg TODGA.

Table 1
Distribution of 68Ga and 68Ge for every eluted fraction. I–AG 50W-X8, II–AG 1-X8

or TODGA.

N Solution Via Volume (ml) Yield (%)

68Ga 68Ge

AG 50W-X8 (50 mg) onlya

1 0.1 M HCl I 7 0.1670.05 97.0871.99

2 N1 I 1 1.4370.18 2.9270.46

3 N2 I 0.4 97.8272.01 3�10�272�10-3

4 4 M HCl I 1 0.4170.09 5�10�371�10�4

5 Water I 1 0.1870.02 3�10�372�10�4

AG 50W-X8 (50 mg)+AG 1-X8 (50 mg)b

1 0.1 M HCl I 7 0.4170.57 94.3672.44

2 N1 I 1 4.5071.87 3.8771.52

3 5 M HCl I+II 3 5.5476.98 1.2370.98

4 Water II 0.3 86.5574.82 1�10�271�10�2

5 4 M HCl I 1 2.6772.08 0.4270.15

6 Water I 1 0.3370.35 0.1170.05

AG 50W-X8 (50 mg)+TODGA (100 mg)b

1 0.1 M HCl I 7 0.5870.06 91.5371.2

2 N1 I 1 2.2070.09 6.7571.19

3 4 M HCl I+II 3 1.3570.16 1.4770.30

4 Water II 1.0 95.6370.21 1�10�272�10�2

5 Water I 1 0.2470.05 0.2570.06

a Data from work of Zhernosekov et al., 2007, total breakthrough of 68Ge is

170 Bq,
b Experimental data, total breakthrough of 68Ge is 10 Bq.
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solutions were applied for desorption of 68Ga from cation
exchanger and re-adsorption of the activity on anion-exchange
and DGA columns, respectively.

A conceptual flowsheet of the system, including combination
of cation-exchange and anion-exchange or TODGA columns is
presented in Fig. 3b. The columns are connected consecutively via
3-way valves. In the first step (1) 7 ml 0.1 M HCl passes through
the generator and the cation-exchange resin into the waste A.
Step (2) involves eluting the cation exchanger with 1 ml of
hydrochloric acid/acetone solution N1 into waste B. The third
step (3) is the nearly quantitative transfer of 68Ga from the cation-
exchange column onto the anion exchanger or TODGA resin with
3 ml of 5 or 4 M HCl. While 68Ga is quantitatively adsorbed on
both resins, the 3 ml of HCl continues to the waste vial B. From
the supplementary anion-exchange or TODGA columns, 68Ga is
eluted using 0.3 or 1.0 ml of water, respectively, (4) into the
product vial. With 98% effectivity for the cation exchange part, the
92% and 98% yields obtained for desorbing 68Ga from the anion
exchange and chromatographic TODGA columns, respectively, the
overall yield in the final 0.3–1.0 ml water fraction is 8775% (for
AG 1-X8) and 96% (for TODGA resin) related to the initial
generator eluate (Table 1).

For recondition of the columns the cation-exchange resin
should be washed with 1 ml 4 M HCl (5) and 1 ml of water (6),
consecutively, into the waste A. The anion-exchange resin should
be washed with 1 ml of 8 M HCl (7) into the waste B.
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The complete processing takes about 5 min only. Final 68Ge
contents were below 10�2%, indicating additionally purification
of 68Ga generator eluates from the initial breakthrough of 68Ge by
a factor 105. The pH of the final 68Ga fraction was 0.370.1
according to the hydrochloric acid residues on the columns. This
pH can be shifted towards pH 2 using diluted sodium hydroxide
solution instead of pure water.

The final 68Ga fraction was used for preparation of
68Ga-DOTATOC. For this propose 0.5 M NaAc buffer solution was
used to adjust the pH of the reaction mixture to 2.5–3. The
radiolabeling was performed utilizing 14 nmol of the peptide
providing 9872% labeling yield.
4. Conclusions

A combined protocol of processing 68Ge/68Ga generator eluate
has been developed. It utilizes the significant advantages of
cation-exchanger based processing of 68Ga. To avoid any presence
of acetone in radiolabelling mixtures processing, 68Ga was trans-
ferred from the cation exchanger to the supplementary micro-
column filled with strong anion exchanger or a novel extraction
chromatographic TODGA resin. An effective processing of gen-
erator produced 68GaIII could be performed within 5 min only. The
68GaIII preparation could be obtained in a reduced volume with
high chemical and radiochemical purity in a form useful for
radiolabelling reactions. Overall yields of 68Ga for anion exchan-
ger and TODGA resins are 87% and 96%, respectively.
Acknowledgments

This project was supported in part by the EC via the COST
action D38.
References

Asti, M., De Pietri, G., Fraternali, A., Grassi, E., Sghedoni, R., Fioroni, F., Roesch, F.,
Versari, A., Salvo, D., 2008. Nucl. Med. Biol. 35, 721–724.

Hofmann, M., Maecke, H.R., Börner, A.R., Weckesser, E., Schöffski, P., Oei, M.L.,
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