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Abstract

153Samarium (153Sm) and 166Holmium (166Ho) were produced at the Nuclear

Center of La Reina Research Reactor, Chilean Nuclear Energy Commission.

153Sm-EDTMP (Ethylenediaminetetramethyiene Phosphonate) used for clinical

trial of therapy for painful skeletal metastases and labeled particles such as

166Ho-FHMA (ferric hydroxide macroagregattes) and 153Srn-HAP (hydroxiapatite

particles) used for radiation synevectomy, were labeled.

Radionuclide purity of both radionuclides was analyzed by gamma

spectrometry using a multichannel gamma spectrometer.

Radiochemical labeled reaction parameters of 153Srn-EDTMP such as:

Sm/EDTMP molar ratio, 153Sm specific activity, Labeled pH and temperature,

were determined in order to get high radiolabeling yields. Radiochemical

Quality Controls of 153Sm-EDTMP using different chromatographic systems

were carried out in order to determine labeling yields. Biodistribution studies

were achieved in mice by dissection of animals and by autorradiography of

histological slices in rats, after 2h post injection.

153Srn-HAP and 166Ho-FHMA labeled particles were prepared using the

methods described in [2-3 -4 and 5]. Radiochemical purity, in case of
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radiolabeled particles was carried out by centrifugation, measuring activity in

the supernatant and in particles pellet. Physical parameters, such as particle

size and range of the radiopharmaceuticals based on particles labeling were

evaluated in order to determine the ideal conditions to obtain particles size

range between 10 - 40//. In vitro labeling stability for over seven days and wash

out activity by incubation in human synovial fluid after 6 and 24h post labeling,

was also studied.

153Srn-EDTMP was easily labeled with a Radiochemical purity over

99.5% and stable for over 7 days. Biodistribution studies in mice give more

than 50% of ID uptake in bone and less than 0,1% in liver this was correlated

by autorradiographic image.

153Sm-HAP and 166Ho-FHMA were also labeling obtaining radiochemical

purity over 95%. Comparative in vitro studies of wash out activity for both

radiopharmaceuticals, by incubation in synovial fluid, was less than 1% after 6

and 24h. Sterilization by autoclave does not change the particle size.

Over than 200 patients studies has been done using 153Srn-EDTMP in

our country. Patient studies using 153Srn-HAP and 166Ho-FHMA are in progress

(phase 1).

INTRODUCTION

The availability of a 5MW Nuclear Research Reactor in our country

allowed us to develop the production of radionuclides by direct neutron

activation, such as: 1 3 1 I , 153Sm, 166Ho, 165Dy which can be used for labeling of

radiotherapeutic agents (Table I).
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Table I

EMITTERS RADIONUCLIDES USED FOR THERAPY

Radionuclide

67 Cu
105 Rh

131 i

153 S m
165 D y

166 Ho
186 Re
188 Re
177 Lu
32 p

Half Life

2.44 d
1.44 d
8.00 d
1.93 d
2.30 d
1.10d
3.78 d
17 h
6.70 d
14.3 d

p Energy
Max. (Mev)

0.57
0.57
0.61
0.80
1.34
1.60
1.07
2.11
0.50
1.71

y Energy
(KeV%)

184 (48%)
319(5%)
364(81%)
103(29%)
95 (4%)

81 (6.33%)
137(9%)
155(15%)
113(6.4%)

Nuclide
Target

68 Zn
104 Ru
131 Te

152 S m
164 Dy
165 Ho
185 Re
187 Re
177 Lu
31 p

Cross
Section

0.0012
0.5
0.3

220
1697

58
106

73.2
2100

0.18

Therapeutic Radiopharmaceuticals give the possibility of localized

irradiation permitting a systemic, non invasive and relative lack of toxicity

treatment in comparison with external radiotherapy and chemotherapy. These

characteristics make them an attractive product for therapy of malignant

disease, as well as in some benign disorders. 153Sm and 166Ho have relatively

short half-life(46.3h and 26.4h respectively) and both radionuclides emit beta

particles permitting therapy effect and also its gamma rays emission of suitable

energy for scintigraphy could be utilized to estimate the radiation absorbed

dose.

MATERIALS AND METHODS

RADIQNUCLIDE PRODUCTION

153Samarium (153Sm) and 166Holmium (166Ho) were produced by 20h irradiation of

enriched 152Srn203 (95.2% ORNL) and 165 Ho2O3 of high purity at 2 - 3 x 1013
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n/cm2/seg, using quartz ampoules, at the Nuclear Center of La Reina Research

Reactor, Chilean Nuclear Energy Commission, and later dissolution in HCI at

pH 4.0 for 153Sm and HNO3 4% for 166Ho. Both radionuclides were evaporated

to dryness in a quartz ampoule before irradiation. The specific activity of Sm

obtained was between 64 - 156 mCi/mg (48h EOB). Radionuclide purity was

analyzed with a multichannel gamma ray spectrometer using a Ge(Li) well

detector.

153Srn-EDTMP LABELING

153Srn-EDTMP was labeled at different molar ratio of 153Sm : EDTMP/(1:1; 1:5,

1:15 and 1:30) using different specific activities (5, 25, 50 and 100 mCi/mg) in

order to determine the ideal labeling conditions. All preparation were done

following a general labeling methods:

1. Evaporate the 153SmCI3 under a N2 stream to dryness

2. Add EDTMP (4% solution; pH 7.8). The amount of solution was determined

as described in (*)

3. Add 2.0 ml of buffer phosphate pH 7.6 mixing thoroughly and heat 30 min at

75°C or autoclave 20 min at 121°C

A x R
(*) mg EDTMP = x F

S

where: A = 153Sm activity

R = Molar relation

S = Specific activity

M(EDTMP) 463.13
p _

M(Sm) 150.4
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In vitro labeling stability for over 7 days was studied by Ionic Exchange

Chromatography. Biodistribution studies were carried out in mice (25 - 30g)

and autoradiography of histological slices was studied in Wistar rats (230 -

250g).

HAP SYNTHESIS AND 153Sm-HAP LABELING

Hydroxyapatite was synthesized following the methods described in [1] and the

particles size range was controlled in aqueous solution using a mini spray

drying (BUCHI B-191) in order to obtain particles between 20 - 40//. The

particles size distribution was evaluated in a Master Sizer before and after to

sift them through a sieve. Particles size distribution used in these studies is

shown in Fig. 1.

Labeling of 153Srn-HAP was prepared [2 and 5] in two steps:

1. Preparation of 153Srn-citrate by adding citric acid to the 153SmCI3 solution in

order to give a final concentration of 15 mg/ml of citric acid and leaving 30

min for reaction time at room temperature.

2. Add 250pl of 153Srn-Citrate prepared in 1. to a vial containing 750pl aqueous

suspension of 40 mg HAP particles. The vial was sealed, incubated at room

temperature for 30 min and gently agitated using a rotator.

3. Separate free 153SmCI3 by centrifugation of labeled particles in a 15 ml

conical tube, using 4 ml of saline to rinse, during 8 min at 1000rpm.

4. Finally the particles were resuspended in 5ml of saline and autoclaved 20

min at 121 °C.
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Fig. 1

SIZE AND RANGE DETERMINATION
MASTERSIZER

166Ho-FHMA LABELING

I) 1*1 K Hi 21

The preparation of 166Ho-FHMA was done (3 and 4) in two steps:

1. Prepare a stock target solution mixing 1.1ml 166Ho solution and 3.5ml of

FeSO4 (4mg/ml) solution. This stock solution could be used to prepare 5

doses.

2. In a 12 - 15ml centrifuge tube with 2.2ml of saline add 1.1ml of NaOH 0.1 N,

0.9ml of the stock target solution and 1.1ml of PVP (16 mg/ml) solution. Mix

thoroughly for one min and centrifuge 5min x 1400rpm. Separate the
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supernatant and add 6ml of a PVP (16 mg/ml) solution at pH 9.5, mix

thoroughly and centrifuge 3min x 1000rpm. Discard supernatant and wash

the particles with 6 ml of saline solution. Centrifuge, discard the supernatant

and resuspend the particles in the desired volume of saline . Sterilization

can be achieved by autoclaving 20 min at 121°C.

QUALITY CONTROLS METHODS

RADIOCHEMICAL PURITY DETERMINATION

I. 153Srn-EDTMP: Several methods of chromatography were evaluated to

determine the radiochemical purity:

1. Whatman 3MM / NH3: EtOH : H2O = 0.1 : 2 : 4

Rf
 153SmCI3 = 0.00

Rf
153Sm-EDTMP = 1.00

2. TLC-Celullose / NH3 : EtOH : H2O = 0.1 : 2 : 4

Rf
 153SmCI3 = 0.00

Rf
153Sm-EDTMP=1.00

3. Whatman 3MM/ Py : EtOH : H2O = 1 : 2 : 4

Rf
 153SmCI3 = 0.00

Rf
 153Srn-EDTMP = 1.00

4. TLC Celullose / Py : EtOH : H2O = 1 :2 :4

Rf
 153SmCI3 = 0.00

Rf
153Sm-EDTMP = 1.00

5. Ionic Exchange Column using SP Sephadex C-25 (3 x 1cm) eluted

with 20 ml Saline
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6. Solid phase extraction Set-Pak

Radiochemical purity must be over 99%.

II. 153Srn-HAP: The labeling yield was determined measuring the activity

remaining in the supernatant and in the precipitate after centrifugation.

Overall yield was always around 95%.

III. 166Ho-FHMA: The labeling yield was determined measuring the activity

of the three discarded supernatant, obtained during the preparation,

and the precipitate. Overall yield was always around 95%.

PARTICLES SIZE DETERMINATION

I. 153Srn-HAP: After sterilization, using autoclave, the particle size was

analyzed by filtration through nylon filters of 20 and 40p..

II. 166Ho-FHMA: The particle size was analyzed by filtration methods using a

battery of different pore size nylon filters (0.45 ,1.2 ,5.0 ,11.0 and

40|i) before and after sterilization by autoclave.

BIODISTRIBUTION STUDIES

153Srn-EDTMP biodistribution studies in mice of 25 - 30 g weight were carried

out by disection of animals 2 h post injection. Autorradiographic studies of

histologicals slices using a Cryomicrothome were also achieved using Wistar

ratsof230-250g.
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IN VITRO STABILITY OF RADIOLABELED PARTICLES

In-vitro stability of 153Srn-FHMA and also for 166Ho-HAP was measured

every day during a week by centrifugation. After separation of supernatant the

particles were resuspended again in saline solution. Comparative In-vitro

studies of both radiopharmaceuticals, based on radiolabeled particles, were

done by incubation at 37aC, of 166Ho-FHMA or153 Sm-HAP with 3ml of human

synovial fluid diluted 1:1 with saline solution, measuring the wash out of activity

after 6 h and 24h.

RESULTS AND CONCLUSIONS

Radiolabeling of 153Sm-EDTMP can be easily labeled at basic pH 7.8,

obtaining radiochemical puriy over 99%. Free Sm(+3), at pH over 7.0 could

produce coloidal hydroxide (Sm(OH)3) given hepatic irradiation. Liver irradiation

uptake should be avoided when using therapeutic doses. Several methods of

chromatography were studied and correlated with SP Sephadex C°25 and with

biodistribution in mice, working at different Sm/EDTMP molar ratio and specific

activities Fig. 1 in order to chose a reproducible quality control system to be

used in a routinely production. Working at high specific activities using paper

3MM paper and/or TLC cellulose are not a reproducible systems Fig. 2 but

could be used when working at low specific activity. The recommended system

must be Ionic Exchange column SP Sephadex C25 Chromatography Fig. 3,

either at high or at low specific activities. Biodistribution studies in mice after

two hours post injection demonstrated rapid bone uptake, urinary clearance

was over 50% and liver uptake was less than 0.1%,Table II. Biodistribution
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Table II

Sm-153 BIOLOGICAL DISTRIBUTION IN
2H POST INJECTION

RATS

ORGANS
Blood
Spleen

Stomach

Gut

Liver

Kidneys

Urine + Blader
Femur

Carcas

*%Act./Organ

0.09 ±0.005
0.28 ±0.15

1.15 ±0.56

1.54 ±0.09

0.05 ±0.005

0.37 ±0.05

54.39 ±6.4

2.27 ±0.11

39.78 ±5.44

*%Act./g

23.83 ± 3.45

Average of five animals

/3C

M olar Ratio
Sm/EDTMP

B;1/5

B1/15

• 1/30

Specific Activity mCi/mg

Fig. 2
RADIOCHEMICAL PURITY

Ionic Exchange Chromatography
(Sephadex C-25)
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153 Sm-EDTMP Specific Activity 5 mCi/mg
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Sephadex C-25 column. 100 uCi/mg
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Fig. 5
153Srn-EDTMP Autoradiography in Rats (250 g)

2h Post Injection
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studies results in mice were correlated Autorradiographic image in rats

histological slices bone image Fig. 4. Radiochemical purity should be over 99%

in order to be used for bone metastasis painful relief treatment in-patients.

Over 200 patient studies have been done using 153Srn-EDTMP in our country

[7].

Labeled particles such as 153Srn-HAP and 166Ho-FHMA were also easily

prepared following the methods described in references [2; 3; 4 and 5].

Particles size obtained were inside desired range:20-40/y for HAP and 10-40;/

for FHMA. Radiochemical Purity determined by centrifugation methods, for

both radiopharmaceuticals was always over 95% and stables for a week. The

wash out of the activity from the particles incubated in human synovial, fluid

diluted 1:1 with saline solution, was less than 1% after 6h and 24h. Sterilization

of the radiopharmaceuticals by autoclave did not produce growing of the

particuless.

Radiosynovectomy treatment in patients using radiolabeled particles are

in progress.
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