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Abstract

The recovery of high-specific-activity nuclear medicine isotopes in dilute acid or

simple process change that can lead to effective recovery of many radionuclides
extraction chromatography resins containing N,N,N’,N’-tetraoctyl-diglycolamide
Isotopes were loaded onto the resin in 10 mL of HCl adjusted to a concentration

reported labeling solution for
several developing nuclear
medicine drugs. Herein, the
elution and recovery of **Sc,
GSGa, 9SZr (89Zr)’ 90Y, 223Ra, 225AC,

2’Th in acetate buffer from

and
strong cation exchange (SCX),
DGA, DGA+DAAP, and DOODA

resins are presented.
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*>3Ra is part of the **’Th
decay series, providing 4 alpha emissions for targeted alpha therapy (TAT). °*’Ra

Radium is the largest +2 cation on the periodic table.

is currently used as “*’RaCl, in treatments, known as Xofigo®, but investigations

into Ra chelators for new drug-labeling inspires investigation into the elution of

223 . .
Ra in buffer solutions.

Selective extraction of Ra is difficult due to its low z/r. °*Ra is not extracted by

DGA or DOODA, but is extracted by SCX in dilute HCI, with easy and complete

labeling reactions. Upstream separation and processing chemistry may not provide the isotopes in a compatible
solution. The addition of a single cartridge of resin to achieve this isotope concentration and matrix conversion is a

This work evaluated the elution of several high-specific-activity radiotracers on strong cation exchange resin (SCX) and

diglycolamide (TEHDGA), N,N,N’,N’-tetraoctyl-3,6-dioxaoctane (DOODA), or DGA + diamyl amylphosphonate (DAAP).

efficiency. The tracer was then stripped off the column using 5 mL of 1 M NH,OAc pH = 6, which is a commonly
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Actinium is the largest +3 cation on the periodic table. ““"Ac provides 4 alpha

emissions, and is an industry standard for targeted alpha therapy.

> Ac experiences significant breakthrough on the DGA resins, and a 2ML bed

volume is required for sufficient loading. Recovery on DGA is hampered by

ion exchange interactions. Adding DAAP improves recovery, but the decrease in
DGA content leads to breakthrough during loading. Loading on DOODA and SCX
is much more complete for QML cartridges, and the **’Ac is readily stripped from

® Existing separations are already done on DGA or
SCX for many isotopes (Ga, Ac, Y...)

Recovery of nuclear medicine isotopes in dilute
acetate buffer is ideal for future labeling

Charge and ionic radii have significant influence
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Y was insufficiently loaded on DOODA (14.5% breakthrough), however minimal
breakthrough was seen for SCX and DGA. Recovery of the isotope from SCX and
DOODA was easily achieved in small volume buffer, but only a fraction of the *°Y
was stripped from DGA. Stable Y is easily recovered from DGA, leading to the
conclusion that trace extractant impurities are tying up the high specific activity
tracer, impacting elution. By adding DAAP to complex DGA impurities, recovery
of *°Y in a small volume of 1 M NH,OAc pH = 6 was achieved.
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gamma treatments.

The small +3 Sc ion has a high affinity for extraction on SCX, DGA, and DOODA
resins. Conversely, it is more challenging to recover than the other rare earth
elements due to electrostatics and hydrolysis. Sc recovery from SCX was
ineffective even with added NaCl. Recovery of Sc on DGA was slow and gradual,
but improved significantly upon the addition of DAAP to mask DGA extractant
impurities. DOODA resin successfully demonstrated complete loading and

recovery in 1 M NH,OAc pH = 6. either resin in 1 M NH;OAc pH = 6.
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The high ionic potential of *®Ga allows for complete and efficient loading on SCX,
DOODA, and DGA resin. Elution of Ga from SCX is ineffective in NH,OAc
solutions, even with NaCl present to increase ionic strength. The large DOODA
extractant forms a relatively weak complex with the small Ga ion, allowing for
complete elution in less than 2 mL. °®Ga was successfully stripped off of DGA
resins regardless of extractant impurities. The **Ga elution profile was improved
with the addition of DAAP to DGA, however this is likely due more so to the 50%
decrease in DGA extractant.

gecovery of high-specific-activity Sc in a small volume of 1 M NH,OAc pH = 6.
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Thorium is a +4 cation, and common parent isotope in nuclear medicine. **’Th is
being investigated as a direct TAT isotope which decays to “*’Ra, adding a fifth
alpha emission and more chelator options for drug labeling.

The high z of **’Th allows for complete loading on DGA, DOODA, and SCX,
however, this makes stripping the ion from SCX nearly impossible. Complete
stripping from DOODA was achieved, but stripping from DGA resulted in a slow
bleed-off of the isotope. Adding DAAP to mask DGA impurities from resulted in
m

uch cleaner recovery in 1 M NH;0Ac pH = 6.

Conclusions

. SCX elution controlled by ionic potential, ionic strength,
and hydrolysis reactions

. DGA elution dictated by DGA-complex strength and
cation-exchange impurities

. Adding DAAP to DGA will mask ion exchange sites

allowing for the elution of smaller metal ions

. DOODA is a large, relatively weak extractant allowing for
easy stripping of metal ions
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The high z/r of Zr allows for complete extraction of the ion on SCX, DGA, and
DOODA. However, recovery of the small, highly charged metal ion is quite
difficult. Zr could not be removed from SCX even with the addition of NaCl to
increase solution ionic strength. Stripping of Zr from the DGA resins was
ineffective due to interactions with extractant impurities. Adding DAAP to the
DGA allowed for partial recovery of the Zr though it still remained strongly
complexed with the DGA’s. Zr was successfully recovered from a 2ML cartridge

N

of DOODA resin using 1 M NH;OAc pH=6.
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