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Abstract. DTPA, DMSA and EDTA were labelled with 166Ho of low specific activity, 250-275mCi/mg of Ho,
produced from holmium oxide by the 165Ho(n, g) l66Ho reaction at a neutron flux of about 1014n.cm~2.s"'. Three
pHranges were selected in the study, viz. 2-3, 3-3.5 and 5-6. The labelling reactions were studied as chloride
and nitrate solutions in aqueous and saline media at 30 min and 20-24 h of reaction. DTPA was labelled over 99,
DMSA at about 90 and EDTA at 100.0% with 166Ho. The complexes were found stable at all times of
investigation. A beta chromatogram scanner was used to study by TLC the labelling reactions of DTPA and
DMSA with the nuclide and by PC those of EDTA. A biodistribution study in three rats injected intravenous with
a saline solution of 166HoCl3[DTPA] at pH5.1 showed an initial uptake in blood, kidney and lung after 30
minutes. After four hours the complex was found to have cleared from blood and lung, and localized 100% in
kidney. It was stable in vivo in the kidney after 24 hours. The g spectrum analysis did not show the formation of
any impurity except the four characteristic g energies of l65Ho.

1. INTRODUCTION

166Ho is used in nuclear medicine for the therapy of arthritis by radiation synovectomy, for bone
marrow ablation, and in the study of immunospecific radiopharmaceuticals. Its g energy of 80.5 keV
(6.71%) and 1379.40keV (0.39%) is suitable for imaging by a gamma camera. 166Ho has a half-life of
26.4 h and decays to a stable daughter, 166Er. The high b" energy of 1854.5keV (50%), 1773.93keV
(48.7%), 394.57keV (0.95%) and 192.26keV (0.30%) holds potential for its application as a
therapeutic reagent.

Dadachova et al. (1997, 1994) investigated the production and in vivo localization in tissue of
166Ho through the b" decay of the 166Dy/l66Ho generator. Smith et al. (1995, 1994) found that the
[166Dy]Dy/166Ho-DTPA complex formed by the b" decay of 166Dy did not show any in vitro or in vivo
translocation of the daughter nucleus following localization of the parent at the target site.

Park et al. (1996) prepared macro-aggregates of 165Dy and 166Ho by the neutron irradiation of
-MA. Injection of the macro-aggregate

(>99.5%) at 24 h and 10 days, respectively.

164Dy-MA. Injection of the macro-aggregates in the knee joint of rabbits showed high in vivo retention

166Ho-EDTMP (ethylene-diamine-tetramethylene phosphonic acid) has proven to be a useful
palliative in the therapeutic treatment of bone cancer of human beings (Achando et al. 1995).
Biodistribution in rats and mice showed a high skeletal uptake, a fast blood clearance and a low soft-
tissue uptake.

Turner et al. (1994) used the 81keV-gamma emission of 166Ho to determine by SPECT imaging
the beta dose absorbed by normal liver of pigs administered with 166Ho micro-spheres in intra-hepatic
artery. The study demonstrated the feasibility by SPECT dosimetry of controlling the radiation dose
absorbed by critical normal organs from a tracer dose of 166Ho micro-spheres.

Dadachova et al. (1994) utilized the reversed-phase LC and HPLC ion exchange
chromatography for the separation of carrier-free 166Ho from neutron-irradiated 164Dy2O3 target that
produced '64Dy[n, g] 165Dy[n, g] l66Dy by the double neutron capture reaction. The radiochemical
yield of carrier-free 166Ho was 95% with a dysprosium breakthrough of <0.1%.
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Nijsen et al. (1994) produced polylactic acid micro-spheres (PLA-MS) containing neutron-
irradiated 166Ho for the therapy of hepatic malignancy. Irradiation of samples in a high-flux reactor
did not show any measurable release of 166Ho from the micro-spheres after 144 h.

Shortkroff et al. (1994) administered non-radioactive holmium-hydroxyapatite (Ho-HA)
particles and non-labelled HA to the stifles of normal rabbits (n = 18) to determine any adverse effect
of the particle on the joint and cartilage. Gross inspection of the synovia! pouch in the joints of all
samples, dissected 4,6,9 and 13 weeks post-injection, indicated a very slight inflammatory response to
the agent. Subsequent analyses confirmed this observation with the additional finding that most of the
particles in all samples were absent from the joint after six weeks.

In the present study DTP A, DMSA and EDTA were labelled in the acid range with 166Ho of low
specific activity, 250-275mCi/mg of Ho, produced from holmium oxide by the 165Ho(n, g) 166Ho
reaction. The organic precursors were labelled with i66HoCl3 at pH2-3, 5-6 and with I66Ho(NO3) 3 at
3-3.5.

2. MATERIALS AND METHODS

Materials

Holmium oxide, Ho2O3 > 99.9% (Fluka)
DTPA (Dotite)
DMSA (Sigma)
EDTA, disodium salt dihydrate (Dotite)
HC1 (20%), GR
NaOH, GR
NaNO3, GR
Chelex A 100 resin, Na+ form, 100-200 mesh, GR (Bio Rad)
Pyridine (Merck)
Ethanol, GR (Merck)
0.9% NaCl (normal saline)
Cellulose plate (Merck)
Whatman no. 1 paper
Membrane filter, 0.22 mm
Chromatograph scanner, AMBIS 100, Perkin Elmer
Freeze drier

Ultra pure water was used in the preparation of solutions and in the rinsing of glassware

The target was irradiated in the hydraulic rabbit (position 2) of the JRR-3 reactor at Tokai-
Mura.

Method

A. Preparation of complex

1 mg of holmium oxide was sealed in quartz by flame, welded into aluminium container and
irradiated for 30 min at 8.87-9.14 x 1013 n.cm"2.s"'. After irradiation the target was cooled for 25-48 h
and transferred to a hot cell where it was de-canned and taken out of the quartz for processing.

The irradiated holmium oxide was dissolved with 2 mL of HC1 (20%) in a beaker and
evaporated to dryness on a hot plate. The dried mass was cooled to room temperature and re-dissolved
by the addition of 10 mL of water/saline. The 166HoCl3 solution thus prepared was now removed to a
fume cupboard shielded temporarily with lead bricks. It was the mother stock for all labelling
experiments.
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I. Chloride complex: A lambda-pipette was used to transfer to the beaker aliquots of the stock
followed by the addition of a little water/saline. DTPA and DMSA were added as solid, 20 times
molar excess of 166HoCl3, and EDTA as an aqueous solution, 12 times excess. The solutions
containing DTPA and DMSA were made up to a volume of 10 mL, warmed a little on a hot plate till
dissolution of the precursor.

II. Nitrate complex: An aliquot of the stock solution was treated with a slight excess of sodium
nitrate solution to convert 166HoCl3 to

 166Ho(NO3) 3. The nitrate complex was then processed with the
precursors as stated earlier using water/saline to make up the volume. III. Blank: An aliquot from the
mother stock was made up to volume with water/saline to prepare blank of 166HoCl3. Likewise, to
another aliquot of 166HoCl3 a slight excess of sodium nitrate solution was added and made up to
volume with water or saline to prepare blank of 166Ho(NO3) 3. No precursor was added to any blank.

The pHof the clear, colourless labelled solutions and that of the blanks was now adjusted with
HC1 and NaOH and measured on a pHmeter. The complexes prepared at pH2-3 and 5-6 were those of
chloride, and at 3-3.5 those of nitrate. The blanks were prepared at pH3-3.5 and 5-6, none at 2-3. A
residence time of 30 min was allowed to the complexes and blanks after pHadjustment.

In the first experiment with DTPA half of the labelled complexes was eluted through Chelex A
100 cationic resin, Na+ form, 100-200 mesh, in order to separate the labelled and unlabelled 166Ho.
The columns (2.5 cm x 1 cm) were equilibrated with ultra pure water before elution. In the succeeding
experiments blanks were used instead of column elution to compare percent labelling of the
complexes with that of the blanks.

B. Radiochemical purity

After elapse of the residence time, the chloride and nitrate complexes of DTPA and DMSA,
10 mL, along with their blanks, were spotted on cellulose plates (2.5 cm x 20 cm) for thin-layer
chromatography, and those of EDTA, after 40-50 min, on Whatman no.l for ascending paper
chromatography. The spots were developed in a solvent of pyridine-ethanol-water (1:2:4) for about
two and half h, dried in the air and analyzed by a chromatogram scanner, AMBIS 100, to determine
percent labelling and thus radiochemical purity of the complexes. Scanning was followed up 20-24 h
later to find stability of the solutions. The complexes were not studied any further. The typical
radiochromatogram is shown in Fig. 1. (166Ho DTPA in chloride medium) and in table 1.

C. Biodistribution

All glassware including serum bottles, beakers, pipettes, volumetric flasks, stirring rods, etc.
were cleansed in an ultrasonic cleaner, washed under a tap and rinsed with ultra pure water. After
cleansing, the glassware was wrapped in aluminium foil, dried in an oven at 220° C for four hours and
stored at -20° C in a deep freeze. Rubber stoppers were sterilized by gamma radiation at a dose of
3.5krad x 1 h.

Assuming a 1:1 HoCl3: DTPA complex 8 mL of a saline solution of HoCl3 [DTPA] of molar
strength 0.006226m mole/mL was prepared in a non-irradiated state. The pHof the solution was
adjusted at 5.1, and after 30 min of reaction it was dispensed in sterilized serum bottles by filtering
through 0.22-mm filters.

An hour after its pHadjustment 200 mL of the apyrogenic solution/kg body weight was injected
into the tail vein of three SD rats, six weeks old, from Charles River, supplied by the Daiichi
Chemical Company. The rats were sampled 30 min, 4 h and 24 h, respectively, post injection. The
target organs were freeze-dried in a lyophilizer at the end of sampling. Weighed amounts of the target
organs were irradiated for 10 min at a flux of 5.8 x 1013 n.cm'2.s"'. Fig. 2 shows the bio-distribution
results.
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TABLE I

Name of complex/
plate number

166Ho[DTPA](a)

166HoCl3blank/(l)
166HoCl3[DTPA]/(2)
156HoCl3[DTPA]/(3)

166Ho[DTPA]

166HoCl3 blank
166Ho(NO3)3 blank
166Ho(NO3)3[DTPA]

pH

5.75
5.7
2.3

5.75
3.5
3.1

166Ho[DMSA] and 166Ho[DTPA]

165HoCl3[DMSA]
166HoCl3[DMSA]
I66Ho(NO3)3[DMSA]
166Ho(NO3)3 blank

5.7
2.1
3.1
3.0

166Ho[DMSA] and 166Ho[DTPA]

166HoCl3[DTPA]*
166HoCl3 blank*
166HoCl3 blank

166Ho[EDTA]

166HoCl3[EDTA]
166HoCl3[EDTA]
166HoCl3 blank
16(iHo(NO3)3rEDTAl

I66Ho[EDTA]
166Ho(NO3)3 blank
166HoCl3[EDTA]*
I66HoCl3 blank*

5.3
5.5
5.5

5.5
2.9
5.5
3.5

3.5
5.3
5.3

% of total labelled
30 min

RAH-5

98.5
98.8
99.4

RAH-6

97.8
99.3
99.3

RAH-14

15.1,84.5
9.9, 43.6, 46.6

9.5,90.1
47.5, 26.6, 25.9

RAH-15

82.6, 17.1
60.5,39.5
54.2,45.4

RAH-32

99.9
99.7
97.0
99.2

RAH-33

97.8
100.0
96.6

Rf

30 min

RAH-5

0.02
0.87
0.90

RAH-6

0.02
0.01
0.90

RAH-14

0.01,0.91
0.00,0.81,0.91

N/A, 0.91
0.06,0.81,0.93

RAH-15

0.73, 0.90
0.16,0.70
0.18,0.86

RAH-32

0.78
0.79
0.00
0.77

RAH-33

0.00
0.77
0.02

CPM,%
30 min

RAH-5

33.78
32.58
33.64

RAH-6

32.87
30.70
36.43

RAH-14

29.98
27.35
24.43
18.24

RAH-15

31.20
36.73
32.07

RAH-32

34.99
21.92
20.98
22.11

RAH-33

35.90
40.35
23.75

Note: (a) Plate, shown in Fig. 1, has been marked (1), (2), (3) from left to right.
* Saline medium

D. Radionuclidic purity

166TTo determine its radionuclidic quality a 5-mL aliquot of an aqueous solution of HoCl3 was
analyzed by an HPGe detector. Spectral analysis of the sample showed four characteristic gamma
energies of 166Ho. The results did not show any other nuclide impurity.

3. RESULTS AND DISCUSSION

The table and the figures presented herewith show a few TLC and PC chromatograms/plates
out of a large number of experiments. The percent labelled at 20-24 h of reaction was about the same
as at 30 min, which were over 99% for DTPA, about 90% for DMSA and 100.0% for EDTA.
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Scar Name

Report Date

Report Time : 04:05 PM

Display Mode : LOG

Nln Value : 0

Max Value : 679

Version : 4.30

Voltage : 164*

: C:\AMB\MAIHPI\HAtNPROJ\RAH-5.RAH User

: 15 DEC 97 Scan Date : 10 DEC 97 Description

Scan Time : 0(5 :S8 PM Background

Scan Duration : 5 min. Results Range

ThreBhold : 0 Total Counts

Saturation. : 477 High Count

> Accepted : 1J CPM/mm2

CPM factor

user name

SAMPLE BASELEVRL riACKtiROUHD OF 0.015 CPM/mm2

positive only

102758 Ron Plate •. 2 (0.8 x }.?.)

679 Movements : IS x 9

0.455 Serial Nnmhor : 000

1.00

Hrtll-5 Percent of total
TM| I

•ll.Mill.ntllnlllllllltf

FIG. 1. 166Ho[DTPA] in the chloride medium at 30 m of reaction. The plates (I or r) are atpH5.75
(mHoCl3 blank), 5.7 (mHoCl3[DTPA]) and2.3 (l66HoCl3[DTPAJ), respectively.
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FIG. 2. Biodistribution in rats of'66HoCl3[DTPA] atpHS.l

In addition to percent labelling the AMBIS 100 scanner yielded as output a two-dimensional
quantification of statistical data such as R f, CPM, etc. of the plates. The table shows these values.
CPM has been expressed as a percentage after processing of data.

It is seen from the figures that DTPA and EDTA were labelled with 165Ho at a high efficiency.
Stability of the complexes after a residence time of 20-24 h was good. The table shows the R f to be
high, as also the inter se distribution of CPM is good.

In the first experiment with DTPA the stock and the solution obtained by elution through
Chelex A 100 resin showed near identical labelling indicating that DTPA had formed complex with
almost the entire I66Ho available, and, therefore, there was no unbound 166Ho. In the latter experiments
blanks rather than eluted solutions were used for inter-comparison of the labelling efficiency.
Dadachova et al. (1997) experimented with Chelex 100 resin, NH4

+ form, for separating Ca and Fe
impurities from a-HIBA they used for elution of 166Ho. Applebaum et al. (1988) separated labelled
and unlabelled 153Sm with Sephadex C25 resin.

DMSA formed more than one complex with 166Ho none of which was characterized. The
labelling efficiency of DMSA varied widely going to a maximum of 90% with 166Ho(NO3) 3[DTPA] at
pH3.1 after 30 min of residence time. At this stage of investigation no explanation is offered for the
irreproducible behaviour although some of the complexes had high R f (partly shown in the table).

The blanks, which are potential radiopharmaceuticals, showed indifferent behaviour. The TLC
and PC analyses revealed that the blanks in the DMSA experiments had greater movement up the
solvent front than the blanks of DTPA or EDTA. The percent labelled was higher at 20-24 h of
reaction than at 30 min.

Fig. 2 shows that after an initial localization in blood, kidney and lung, the uptake after 60 min
of residence time of 166HoCl3[DTPA] at pH5.1 was 100% in kidney at 4 h and 24 h of sampling
thereby showing good in vivo retention of the complex. The solution was too dilute to be detected in
other organs. Faeces and urine of the rats were not collected which imposed restriction on detecting
how soon the complex was cleared from the body.

The gamma spectrum shows the nuclide to be of high purity.
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4. CONCLUSION

All the complexes need to be characterized. Investigation has to be made on localization of the
l66HoCl3[DTPA] complex in organs other than those shown in the study. Both in vitro and in vivo
stability of the complexes beyond 24 h is to be studied. The EDTA complex of 166Ho holds promise
for further investigation. It is obvious that radiochemical and radionuclidic purity of the complexes,
particularly those of DTPA and EDTA is high. A relatively simple process technology together with
high labelling efficiency seems to make further study of the complexes attractive.
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