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Zirconium-89 (89Zr) is a PET radionuclide with a half-life of 78.4 hours
that is suitable for imaging tumours over an extended period with
monoclonal antibodies (mAbs). 89Zr can be produced from Yttrium-89
(89Y) solid targets using a medical cyclotron with 89Y(p,n)89Zr
reaction, however, separation, purification and radiolabelling
processes

INTRODUCTION
processes must be developed before 89Zr can be realised for mAb
imaging [1]. This research investigated the production of 89Zr
radioisotope using a solid 89Y-foil target (Fig. 1), purifying it through
hydroxamate resin column (Fig. 2) and label the 89Zr radionuclide with
monoclonal antibody.

processes
METHODS

Production and Purification of 89Zr: 89Y-foil starting material (0.1
mm, 100% natural abundance) was irradiated in a 12 MeV medical
cyclotron at 10 µA current for 2.5 hours. The 89Zr produced was
dissolved in HCl and purified as [89Zr]Zr-phosphate or [89Zr]Zr-oxalate
using a solid-phase hydroxamate resin column.
Radiolabelling of 89Zr: Herceptin® (trastuzumab), a monoclonal
antibody for the treatment of metastatic breast cancer, was
conjugated with a novel bifunctional chelate p isothiocyanatobenzyl

QC analysis: Radionuclidic and radiochemical purity was analysed using
MCA gamma counter (Fig. 3), TLC (Fig. 4) and HPLC (Fig. 5).
PET Imaging of 89Zr-Herceptin: Balb/c nude mice with HER2 positive
LS174T colorectal tumour cells on the right flank were injected via the tail
vein with 89Zr-Df-trastuzumab (phosphoric acid as extraction agent), or with
89Zr-Df-trastuzumab (oxalic acid as extraction agent) in saline. Images was
taken at 24 hours post-injection using a small animal PET scanner. Image

RESULTS

conjugated with a novel bifunctional chelate p-isothiocyanatobenzyl-
desferrioxamine B (Df-Bz-NCS) and labelled with 89Zr using previous
procedures with a slight modification [2].

data was acquired over 10 minutes; decay & randoms corrected, and
images reconstructed using a 3-D RAMLA algorithm.

Figure 1: 89Y‐foil 
starting material 

Figure 2:  Hydroxamate
resin column

Figure 4: TLC  analyses Figure 5: HPLC  analyses
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Figure 3: Radionuclidic
analysis Bombardment of 89Y-foil target in the cyclotron produced

89Zr radioactivity approximately 400 MBq and 89Zr
recovered from hydroxamate column was 70.1% using
phosphoric acid and 90.2% using oxalic acid.

DISCUSSION

89Zr was successfully produced in a medical
cyclotron and the potential use of
phosphoric acid as alternative extraction
agent for the separation and purification of
89Zr as compared to oxalic acid is
determined, however there are some
difficulties in regards to radiolabelling as well
as its in vivo behaviour. Presently, oxalic

CONCLUSIONS

Figure 6: Small animal PET images using 
89Zr ‐Df‐Trastuzumab with phosphoric acid 
as an extraction agent

Figure 7: Small animal PET images using 
89Zr ‐Df‐Trastuzumab with oxalic acid as 
an extraction agent
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The bombardment of 89Y-foil target in the cyclotron delivered a high amount of 89Zr radioactivity
approximately 400 MBq. Radionuclidic purity analysis in Fig. 3 shows the expected peaks for
89Zr, 511 keV and 909 keV demonstrated that 89Zr was successfully produced.
Although the percentage of 89Zr radioactivity extracted from the hydroxamate column using
oxalic acid was 90.2%, phosphoric acid was still able to extract a relatively high yield at 70.1%. It
can also be seen from TLC analyses (Fig. 4) that both extraction agents were able to produce a
high percentage label yield of 89Zr Df-Trastuzumab with very little free 89Zr.
HPLC results in Fig. 5 from labelling of 89Zr-phosphate (smaller figure) and 89Zr-oxalate to the
Df-Trastuzumab indicated that although both have labelled successively, the more pronounced

as its in vivo behaviour. Presently, oxalic
acid is still the most successful agent for the
separation and purification of 89Zr used in
labelling 89Zr-Df-Trastuzumab.
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project.Df Trastuzumab indicated that although both have labelled successively, the more pronounced

peak in 89Zr-oxalate suggests that the 89Zr-oxalate has labelled more proficiently.
Even though the use of phosphoric acid was able to achieve a successful label of 89Zr with Df-

Trastuzumab, the in vivo results depicted in Fig. 6 show no uptake in the tumour that is located
on the right flank of the mouse at 24 hours. The activity appears to have accumulated in the
liver, suggesting that the label has denatured in vivo. In comparison to the in vivo results that
used oxalic acid as an extractor, the images at 24 hours show good tumour uptake in the left
flank, as well as cardiac uptake, a consequence of HER2 receptor expression on the heart.


