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3.1 SUMMARY

L-3-[ I]Iodo-alpha-methyl-tyrosine (IMT) is an artificial amino acid suitable for123

SPECT imaging of various tumours. Manual radiosynthesis of this tracer is
reliable, but time consuming and requires careful handling of radioactivity. We
developed an automated IMT synthesis module, that automatically prepares
a ready-to-inject end product that meets (radio)pharmaceutical requirements
and is identical to the manually synthesised equivalent. Advantages include
better standardisation, decreased operator time and reduced radiation
exposure. Application can possibly be extended to other tracers, including
high-dose preparations.
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3.2 INTRODUCTION

Interest in metabolic imaging of cancer using PET and SPECT is currently
increasing. L-3-[ I]Iodo-alpha-methyl-tyrosine is an artificial amino acid123

suitable for SPECT imaging. It is avidly taken up both in brain tumours (1, 2)
and in various tumours outside the brain (3,4). Uptake represents the
transmembrane transport of amino acids which is generally increased in
malignancy (2,5,6). IMT tumour accumulation is related to the tumour
proliferation rate and histopathological grade, as demonstrated in soft-tissue
sarcoma (7) and in brain tumours (8). IMT is not metabolised except minor
deiodination (2,3). To comply with increasing clinical interest,  there is a need
for a simple and reliable synthesis.

Different methods to synthesise IMT have been described (10-12). In our
laboratory we use a method slightly modified from Krummeich et al (12). This
labelling method is based on Iodo-gen iodination of the precursor alpha- 

methyl-tyrosine in a borate buffer (pH 8) with solid phase purification using a
Sep-Pak cartridge (Figure 1). The method does not require HPLC, except for
quality control and has proven reliable, fast and easy. Overall radiochemical
yield is typically 55% and radiochemical purity >98% in all cases. The method
requires over one hr of work and, depending on the numberofpatients, involves
handling of large quantities of radioactive iodide. 

To reduce synthesis time and to minimise radiation exposure we have
developed an automated module for the synthesis of IMT. Although common
in the production of radiopharmaceuticals for PET, this type of automated
preparation is still infrequently used in a conventional nuclear medicine
radiopharmacy. After preparation with disposable sterile materials, the module
is able to prepare automatically a ready-to-inject end product under aseptic
conditions in a standardised way. Although the system was developed for IMT,
it can easily be modified to produce other tracers as well, including high-dose
radiopharmaceuticals for therapeutic purposes. In this paper we describe the
design and validation of this synthesis module. Therefore, we compared
characteristics of the end product as produced by the automated module with
those produced by the manual procedure. Comparison experiments were
performed with I sodium-iodide instead of I sodium-iodide, because of the131 123

more appropriate half-life time and the lower costs.

3.3 METHODS

3.3.1 Materials.
Two buffers were used, designated as buffer A, consisting of 0.11 M H BO ,3 3
0.056 M NaOH and 0.044 M HCl (pH 8), and buffer B consisting of 0.22 M
H BO , 0.056 M NaOH and 0.088 M HCl (pH 1.7). The precursor L-alpha-3 3
methyltyrosine, obtained from Aldrich (Netherlands), was dissolved in buffer



AN AUTOMATED MODULE FOR IMT SYNTHESIS

61

Figure 1. Reaction scheme for synthesis of IMT.

B (4.4 mg/mL). Sodium metabisulfite (Na S O ), obtained from Brocades2 2 5
(Netherlands), was dissolved in buffer A (2 mg/mL, 10.4 umol/mL). Iodo-gen 

(Pierce, Netherlands) was dissolved in chloroform (0.75 mg/mL). Chloroform,
ethanol and acetic acid were obtained from Merck (Darmstadt, Germany). Na-

I and Na- I were obtained from Amersham Cygne (Eindhoven, the123 131

Netherlands). Na- I had a specific activity of > 185 TBq/mmol (5x10  Ci/mol) 123 6

iodide. The specific activity of Na- I  was < 3.7 TBq/mmol (10  Ci/mol). Millex131  5

GV sterile filters (0.22 um) were obtained from Millipore (Molsheim, France)
and Sep-Pak C-18 cartridges were obtained from Waters (Milford, MA, USA).
All reactions were carried out in borosilicate vials. 

3.3.2 Manual synthesis of IMT.
Synthesis of IMT was carried out slightly modified from Krummeich et al. (12).
A Sep-Pak C-18 cartridge was conditioned with 15 mL of absolute ethanol
followed by 15 mL of saline containing 5% ethanol. A 200 uL solution of Iodo-
gen in chloroform was placed in a 3 mL reaction vessel and the organic
solvent was evaporated under a flow of nitrogen. Next buffer A (in a volume
of 500 uL minus the volume of the radioiodide and precursor solution) was
added to 90 uL of the precursor L-alpha-methyltyrosine dissolved in borate
buffer B. This solution was transferred by syringe to the Na- I (T½=8.0 days)131

or Na- I (T½=13.2 hr) solution. After thorough shaking of the mixture, the123

solution containing radioiodide and the precursor was transferred directly into
the septum screw capped Iodo-gen coated vial by the same syringe. The reac-
tion is allowed to proceed for 10 min at room temperature with occasional
shaking. After this time the reaction mixture was removed from the Iodo-gen
vial by means of a syringe and transferred to an Eppendorf cup, after which
250 uL of Na S O  in buffer A was added. The reaction mixture was loaded2 2 5 
onto the conditioned Sep-Pak cartridge which was then eluted with saline
solution containing 5% ethanol. The first 3 mL of eluent were discarded. In the
next 10 mL no carrier added (n.c.a.) [ I]-IMT was eluted into a sterile vial123/131

through a sterile 0.22 um filter.  
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Routine application of this method for manual [ I]-IMT synthesis in our123

department (n>60) generally resulted in overall radiochemical yields around
55% ± 5%, radiochemical purity > 98% and a specific activity in the same
range as the used radioiodide [typically > 185 TBq/mmol]. Radioiodinated by-
products, probably resulting from oxidative byprocesses remain on the
cartridge. The oxidant Iodo-gen does not take part in the purification step, 

because it remains coated on the wall of the reaction vial. The overall manual
synthesis time, including purification of [ I]-IMT, is about one hr. After123/131

filtration through a sterile 0.22 um filter the final product is a colourless,
isotonic, apyrogenic and sterile solution. [ I]-IMT synthesis was performed 10131

times: 5 times by the manual procedure and 5 times by the automated
procedure. 

3.3.3 The synthesis module.
The module is a device with dimensions of 72 x 34 x 53 cm. It is located in a
lead shielded furn-cell, and can be controlled by a small control-box outside
this cell. The backside of the module houses the hardware: a microcontroller
(Philips, PCB 80C552-16 WP, Farnell Netherlands BV, Maarssen, the
Netherlands), a flow controller (0-500 mL N -gas, Bronkhorst, Arnhem, the2
Netherlands) and electromotors (9904-120-52605 (12 V DC geared) Airpax,
Farnell Netherlands BV, Maarssen, the Netherlands). On the frontside of the
module sterile disposable materials can be attached, such as infusion valves,
tubes, syringes containing the chemicals and the C-18 Sep-Pak cartridge. The
Iodo-gen coated reaction vial, the vial containing Na- I, a waste vial and a 123

sterile vial to hold the end product are placed in a plateau with fixed positions
in front of the module. The module is run through a microprocessor driven
program that opens and closes valves and depresses syringes in the right time
and order. Liquid is transported through the tubes by nitrogen gas pressure.
A schematic representation of the module is depicted in Figure 2.

3.3.4 Automated synthesis of IMT.

Preparation of the module.
First a 200 uL solution of Iodo-gen in chloroform is dried under nitrogen gas in 

a 3 mL reaction vial. The vial is then closed and connected to the module
(Figure 2). A C18 Sep-Pak cartridge is placed in the module after conditioning
with 15 mL of absolute ethanol followed by 15 mL of ethanol 5% in saline.
Disposable valves and tubes are placed in the module and connected to the
Sep-Pak cartridge. Four syringes are filled under laminar air flow with
thefollowing chemicals: Syringe 1 (1mL): 90 µL precursor-solution in buffer B
with buffer A added to 500 µL. Syringe 2 (1mL): 250 µL sodium metabisulfite
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Figure 2. Schematic representation of the module.

solution. Syringe 3 and 4 (both 20 mL) contain 4 mL and 10 mL of ethanol 5%
in saline respectively. The 4 syringes are then connected to the module. Two
sterile vials of 11 mL and 25 mL, intended to contain the liquid waste and the
end-product respectively, are placed in the module. As a final step, the
radioactive sodium-iodide is added to sodium-iodide vial. The module is now
ready for the automated synthesis.

Running the module. 
After pressing the start button, a program of 45 steps runs the module. The
entire contents of syringe 1 is added to the sodium-iodide vial. All of the
resulting solution is transported into the Iodo-gen coated reaction vial by
nitrogen flow. The reaction solution is slowly stirred by a small proportional
flow for 10 min. When the reaction time is completed, the reaction is
terminated by adding the sodium metabisulfite solution from syringe 2. The
total reaction mixture is then transported through the Sep-Pak cartridge. L-3-
[ I]Iodo-alpha-methyl-tyrosine retains on the column and the passing131/123

solution is collected in the waste vial. The column is subsequently flushed with
4 mL of ethanol 5% in saline to remove free iodide. The final product is then
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eluted with 10 mL of ethanol 5% in saline and collected in a 25 mL sterile vial
after filtration over a 0,2 µm filter. 

The overall synthesis time, including time of preparation, is about 45 min.

3.3.5 Analysis and quality control of the end product.
Chemical and radiochemical purity of the final product, both from the manual
and the automated IMT synthesis, were monitored by HPLC using a
Pharmacia LKB HPLC pump on a reversed phase column (Pharmacia, RP-18
multisorb 100 x 4,6 mm) employing  H 0/ethanol/acetic acid 92,5/5/2,5 v/v/v2
as the mobile phase at a flow of 0.5 mL/min. The eluent was monitored for UV
absorbance (280 nm) using a Pharmacia LKB UV/VIS filter photometer (model
Uvicord VW2251) and for radioactivity using a NaI(Tl) well type scintillation
detector. The retention times of the precursor L-alpha-methyl-tyrosine, free
[ I]Iodide and the end-product L-3-[ I] Iodo-alpha-methyl-tyrosine were131/123 131/123

2.75, 3.1 and 10.1 min respectively. 
Radiochemical purity was further explored by comparing the retention

time of L-3-[ I] Iodo-alpha-methyl-tyrosine with the retention time obtained131/123

from the non radioactive reference compound L-3-Iodo-alpha-methyl-tyrosine
('stable' IMT). This reference compound had previously been synthesised and
characterised by H-NMR, FTIR and elemental analysis. 1

The main source of chemical impurity was L-alpha-methyl-tyrosine. The
concentration of this unlabelled precursor was analysed after construction of
a calibration line using the starting compound.

Finally the pH of the final product was measured and the end-product was
tested for sterility and apyrogenity using standard methods. 

3.4 RESULTS AND DISCUSSION

The end product of both methods of synthesis were clear, colourless, sterile
and apyrogenic solutions with a pH of  7-8, in agreement with
radiopharmaceutical requirements. All synthesis products contained < 15
µg/mL precursor (L-alpha-methyl-tyrosine) and < 5% free radioiodide. 

In Table 1 the results of both synthesis methods for [ I]-IMT are shown.131

For both the manual and the automated method, mean radiochemical purity
of the final product [ I]-IMT was over 95% ( 95.4 ± 2.8 (SD) % for the131

automated synthesis and 97.0 ± 0.8 for the manual synthesis). The
concentration of unlabelled precursor (L-alpha-methyl-tyrosine) was < 11 µg
/ mL in all cases (8.0 ± 0.5 for the automated synthesis and 10.7 ± 1.6 for the
manual synthesis). Comparing the results of the manual and automated
synthesis of [ I]-IMT, the radiochemical yield did not differ significantly131

(Wilcoxon test). The variation in yield was slightly higher using the module.
Total recovery of radioactivity using the module was somewhat lower 
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Table 1: Results of automated and manual [ I]IMT synthesis.131

% yield (sd) % rec (sd) %r.c.p methyl-tyrosine ( µg / ml)

module (n=5) 30.9 ± 9.0 77.0 ± 8.0 >95% < 10
manual (n=5) 27.7 ± 2.7 91.6 ± 2.7 >95% < 10

-------------------
Yield = I-IMT as % of total added radioactivity. 131

Rec = recovery = % ( I-IMT + waste + remaining on column) / total added radioactivity.131

Remaining activity present in tubing and valves.  
r.c.p. = radiochemical purity

compared to the manual procedure (Wilcoxon test, p<0.02). This can be
attributed to remaining radioactivity in tubings and valves. Considering this loss
of activity, the similar yield in the end product for the module implies that the
reaction itself must be more efficient in the automated synthesis. HPLC
analysis of the end-product [ I]-IMT gave results fully identical to those131

obtained from the reference product (stable IMT). 
In daily practice, preparation of the module can be performed within 20

min, assuming that buffers A and B are already prepared. Running of the
module can be performed without an operator and after less than 30 min the
final product is ready. Manual synthesis is more time consuming (operator time
on average 60 min) and requires careful handling of materials. Quality control
using the HPLC method (as described above), which takes an additional 15
min, is still always performed. However, since over 98% (59/60) syntheses are
successful, this could be debated.

A limitation of this study is the use of I instead of I, chosen because131 123

of high cost of I and to allow for more convenient planning and analysis, due123

to the longer half life of I. This use of Na- I probably explains the lower131 131

yield of both the automated and the manual synthesis in this study, as
compared to the general yield of 50-60% reached during routine [ I]-IMT123

syntheses for patient studies. The difference is probably related to the lower
specific activity of Na- I  as compared to Na- I. 131 123

The module synthesis proved very easy to use with minimal operator
dependency. It is clear from Figure 2 that it can be used for synthesis of other
radiopharmaceuticals as well. Naturally, expanding the module's applications
is limited by the number of required syringes and columns and will require
different programming of the microprocessor. Since the automated synthesis
can be performed with very limited operator dependency, it would be very well
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suited for high-dose labelling of therapeutic radiopharmaceuticals. However,
for each new radiopharmaceutical, renewed optimisation of the system is
necessary, which does not seem worthwhile for infrequently required tracers.

3.5 CONCLUSION

In conclusion, the automated synthesis module proved suitable for the
synthesis of [ I]-IMT and [ I]-IMT. Although some radioactivity retains in131 123

tubings and valves, the final yield of the manual and automated syntheses did
not differ. The end product is entirely comparable with the manually
synthesised product and meets the pharmaceutical requirements including
(radio)chemical purity, sterility and apyrogenity. Advantages of this module,
among the first for conventional nuclear medicine departments, include better
standardisation of synthesis and labelling procedures, decreased operator time
and most likely reduced radiation exposure. Furthermore, the module can be
adapted for the synthesis of other radiopharmaceuticals, including high-dose
tracer preparations for therapeutical purposes.
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