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SUMMARY

Samarium-152 can be activated in a neutron flux for the
labelling of pharmaceutical dosage forms for evaluation by gamma
scintigraphy. The samarium is incorporated as samarium oxide
powder which is available with }°2sm in 1its natural isotopic
abundance or isotopically enriched. The yield of 153gm  was
reduced considerably following the neutron activation of the non-
isotopically enriched oxide. This can be attributed to the high
neutron capture by 149gn present in the non-isotopically enriched
oxide. In order to keep the mass of the added oxide powder to the
minimum and also to reduce the neutron irradiation time, it |is
recommended that samarium oxide enriched with 132sm should be

used routinely when radiolabelling pharmaceutical dosage forms.
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INTRODUCTION

Gamma scintigraphy has become the technique of choice for
imaging in vivo +the distribution of oral and inhaled pharma-
ceutical products administered to human subjects(1-4). There is a
limited range of radionuclides available for such studies,
principally 991c¢™, 1231 and 1l1n. These short-lived radio-
nuclides are used extensively 1in nuclear medicine. A major
disadvantage of using these tracers for the radiolabelling of
pharmaceutical dosage forms 1is that it may necessitate the
handling of relatively high quantities of radioactivity during
lengthy or complex formulation procedures. However, this problem
can be overcome by the incorporation of a non-radioactive tracer
into the formulations, with subsequent radioclabelling by neutron
activation of the intact dosage forms(5-7).

Samarium=-152, as the oxide, has been used in this way +to
radiolabel +tablets{(5-7) and multiparticulate formulations(8).
Typically, each oral dcsage form contains approximately 2 mg
samarium oxide powder and is irradiated to yield approximately 1
MBq 1535m at the time of dosing, which is usually 24 hours after
irradiation. Samarium oxide 1s water insoluble and 1is not
absorbed from the gastrointestinal tract.

Neutron activation involves the bombardment of target
material with neutrons to produce radionuclides. Suitable target
nuclides should possess relatively large neutron capture cross-
sections. They should also be availiable in isotopically enriched
forms so as to minimise irradiation times and to reduce the
aguantity of material that need to be incorporated into the
formulations. In addition, the product radionuciide should
possess a suitable physical half-life, emit gamma radiation
having energy suitable for scintigraphic imaging, and result in a
low radiation absorbed dose to the subject. Samarium-152

(Table 1) fulfills these criteria, since it has a relatively high
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neutron capture cross section and is available as an isotopically
enriched oxide powder. The radioisotope 153sm has a physical
half-life of 45.8 hours and emits gamma rays of 103 keV. The
radiation dose to a subject from an oral dcse of 1 MBq 153sp -

samarium oxide is approximately 0.7 mSv. Samarium—-153 decays to

the stable nuclide, :5ZEy.

Table 1 Naturally Abundant and Enriched Samarium Oxides

Nuclide Abundance (%) Neutron Product Half-life
Natural Enriched Capture Nuclide
x-Section

(10"24 cm2)

Sm-144 3.1 0.7 Sm-145 340 days
Sm-147 15.1 0.1 57 Sm-14¢8 8 x 1077 y
Sm-148 11.3 0.2 4.7 Sm-149 stable
Sm-149 13.9 0.1 40, 140 Sm—-150 stabla
Sm-150 7.4 0.2 104 Sm-151 87 y
Sm-152 26.6 98.7 204 Sm-153 46.8 h
Sm-154 22.6 0.7 5 Sm-155 22.4 min

Sources: Lederer(9)

Mughabghab(10)

Samarium-152 is present naturally in the oxide with an
isotopic abundance of only 26.6%. Although the neutron capture
cross-section of 192sm is 206 barns, naturally abundant samarium
contains 13.3% 1495 which has a much greater cross—section of
40140 barns and may affect the generation of 152gm  (Table 1).
Neutron self-shielding 1is a phenomenon that occurs when an

isotope in a sample competes for neutrons with the target nucledl
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of interest. As a result the target nuclei will be exposed to a
reduced neutron flux. This phenomenon considerably reduces the
yield of the desired radionuclides.

Samarium oxide, enriched to more than 98% with respect
to 1SZSm isotope is available but expensive, +typically costing
150 +times more than the non-enriched material. In the present
study, experiments were designed to investigate the feasibility
of radiolabelling pharmaceutical dosage forms wusing naturailly
ebundant samarium and to investigate the infiuence of other

isotopes of samarium on the neutron activation of 132Sm.

MATERIALS AND METHODS
Samarium in its natural isotopic abundance was obtained a3
the oxide powder with a volume mean diameter of 7.57 um (chemical

purity 99.99%, REActon, Cheshire) and as nitrate (Koch-Lite,

Buckingham). Enriched samarium oxide powder, of volume mean
diameter 4.80 um, containing 98.7% as 132gn isotope wa s
provided by FPharmaceutical Profiles, Nottingham. Spray-dried

lactose powder was manufactured by Lactochem (Saltney, U.K.).

Four sets of samples containing samarium compounds were
irradiated at the Imperial College Reactor, Ascot, wusing a
neminal neutron flux of 1 x 1012 n/cm2/s. The weights of samarium
samples used were expressed in terms of their of 152gm  contents.
All samples were sealea in polyethylene irradiation capsules and
were subsequently irradiated for 2 minutes.

Five samples of isotopically enriched samarium oxide were
irradiated. The '°25m contents ranged from 5.02 to 61.1 mg. The
same experiments were carried out wusing naturally abundant
samarium with 132sm contents ranging from 1.17 to 16.08 mg.

The effect of diluting the oxide powder was investigated by

mixing with lactose powder. Naturally abundant samarium oxide

powder with the 1525m contents ranging up to 16.31 mg was mixed
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with lactose so that the total mass of each mixture was 200 mg.
The mixtures were rotated using a Turbula T2C mixer (Glencreston
Ltd, Stanmore) for about 10 minutes.

Solutions of samarium nitrate were also irradiated to study
systems containing completely dispersed samarium atoms. The
solutions contained up to 16.02 mg 152gn dissolved in 1 ml water.

Following irradiation, each sample was analysed for 133gm
using a high resolution lithium-drifted germanium detector
(Princeton Gamma-Tech LGCl4, USA). The detector has a relative
efficiency of 14.1% and a FWHM at 1.33 MeV 60co of 1.95 keV; and
is connected to a computer Dbased analyser system for data

acquisition and processing with the manufacturer's software. The

activity detected was corrected for radicactive decay.

RESULTS
There was a considerable reduction in the amount of }93gn
generated wusing natural abundance oxide compared to the
activation of the isotopically enriched material (Figure 1).

Using enriched samarium oxide, approximately 1.7 MBq of
1333m was generated following 2 minutes of irradiation of a § mg
gample in a nominal neutron flux of 1 x 1012 n/cm2/s. There is
a linear relationship between activity achieved and the mass of
1525m jrradiated up to about 10 mg 152gn.

Considerably lower vyields, however, were obtained when
naturally abundant samarium oxide samples were irradiated. For a
sample containing 5 mg of 152Sm, the yield produced was half of
that obtained with the enriched oxide under the same irradiation
condition.

Dispersing the naturally abundant samarium oxide with
lactose increased the yleld of 1535m, With 5 mg of 1525m, the

neutron activation achieved was 70% of that of the enriched

material. While complete dispersion of samarium atoms in 1 ml
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Figure 1. Samarium-153 produced following neutron activation of
samarium oxide powder: enriched with the samarium-152 isotope
—a— ; of natural isotopic abundance —s—; of the non-enriched oxide
dispersed in lactose powder—e—; and of non-enriched samarium
dissolved in aqueous solution —o—.

water generated the highest radiocactivity among the naturally
abundant target materials, it was considerably much less than

that obtained using the isotopically enriched oxide powder.

DISCUSSION

There was considerable reduction in the yield of 153

(4]
resulting from the presence of the other isotopes of samarium,
principally samarium-149 which has a large neutron capture cross-
section.

In pharmaceutical dosage forms, the oxide powder is

dispersed amongst the other excipients of the formulation. This
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dispersion reduces +the extent of self-shielding and +this was
simulated in the experiments using lactose as diluent.

It would be expected that on dispersion, the finer the
particle size of the oxide the less the self-shielding effect,
For a completely dispersed formulation, as demonstrated Dby the
result from the sclution studies, there is still a considerable
reduction in their yield, compared to wusing isotopically
enriched 19%sm starting material.

At the higher masses, a reduction of yield also occurred
with +the 1isotopically enriched samarium oxide, presumably a
result of the samarium-149 impurity present.

When preparing pharmaceutical dosage forms, it is desirable
to keep the mass of the added tracer to a minimum. Therefore, an
advantage of using isotopically enriched samarium oxide is that
the mass of tracer required can be minimised. Typically, a Dbatch
for irradiation could contain 10-20 doses, i.e. containing up *to
40 mg samarium oxide. Thus, unacceptable irradiation times may be
required if the non-enriched tracer were used. This may result in
unacceptable damage to the compound or pharmaceutical

formulation.

CONCLUSION
This study has demonstrated that a significant degree of
self-shielding can occur when samarium oxide in its natural
isotopic abundance is irradiated. This results in a reduction in
the yield of 153gm. It is therefore recommended that material
enriched with the 1923m is used for the radiolabelling of pharma-

ceutical dosage forms for in vivo scintigraphic imaging studies.
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