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In the course of participating in the IAEA-CRP during the last two years, Vietnam has 
achieved the goal of setting up a 90Sr/90Y generator system based on Supported Liquid 
Membrane (SLM) technique and also radiolabeling of the eluted 90Y with antibody, peptides 
and albumin. A two stage SLM based 90Sr-90Y generator was set up in-house to generate 
carrier-free 90Y at different activity levels viz. 5, 20, 50 mCi. The generator system was 
operated in sequential mode in which 2-ethylhexyl 2-ethylhexyl phosphonic acid (PC88A) 
based SLM was used in the first stage for the transport 90Y in 4.0 M nitric acid from source 
phase where 90Sr-90Y equilibrium mixture is placed in nitric acid medium at pH to 1-2. In the 
second stage, octyl (phenyl)-N,N-diisobutylcarbamoylmethyl phosphine oxide (CMPO) based 
SLM was used for the transport of 90Y selectively to 1.0 M acetic acid which is the best 
medium for radiolebeling. The eluted 90Y from the generator was tested for the presence of 
any traces of 90Sr using the Extraction Paper Chromatography (EPC) and was found suitable 
for radiolabeling. The generator system could be upgraded to 100 mCi level successfully due 
to an expert mission from India through IAEA. The 90Y product obtained from the generator 
system was used for radiolabeling of antibody and peptides viz. Rituximab, DOTATATE and 
albumin particles under different experimental conditions. A new chromatography system 
could be developed for analyzing 90Y labeled albumin using the TAE buffer as mobile phase 
in PC and ITLC. 

DESCRIPTION OF RESEARCH CARRIED OUT 

With the aim of setting up a Supported Liquid Membrane (SLM) based 90Sr/90Y generator 
system, 100 mCi/1 mL of 90Sr(NO3)2 in 1.5 M HNO3 was received from IAEA in November, 
2008 and 2-ethylhexyl 2-ethylhexyl phosphonic acid (PC88A) was bought from Daihachi 
Chemicals Industry Co. Ltd, Japan. Octyl (phenyl)-N,N-diisobutyl carbamoyl methyl 
phosphine oxide (CMPO) was bought from Strem Chemicals, Newburyport USA (CAS 
No.[83242-95-9], Lot No. A4546029). In addition, one Poly methyl methacrylate (PMMA) 
box and five double glass-cells were fabricated. 

Studies were carried out further to develop the 90Sr/90Y generator system based on supported 
liquid membrane technique. Initially, two stage system was developed at different activity 
levels viz. 5, 20 and 50 mCi levels and operated in sequential mode. In the first stage, PC88A 
based SLM was used which transported 90Y from nitric acid medium containing pH ~1 (first 
chamber) to 4M HNO3 (second chamber). In second stage, the 90Y product from first stage 
was transferred to the first compartment of the second stage using CMPO based SLM where 
1M acetic acid was used as receiving phase for 90Y.  The quality controls of the product using 
extraction paper chromatography and separation yields were evaluated. The 90Y product 
obtained from the generator system was used for radiolabeling of antibody and peptides viz.  
Rituximab, DOTATATE and albumin particles. The experimental results from these studies 
carried out during last 18 months are presented in this report. 

167 

Working Document



 

1. Two stage 90Sr/90Y Generator System in Sequential Mode: 

a. 90Sr-90Y generator system at 5, 20, 50 mCi levels 

Four glass cells were connected together with magnetic stirrers as shown in Fig.1. The solvent 
impregnated PTFE membranes were incorporated in between the chambers. In the first stage, 
undiluted PC88A and in second stage 0.8M CMPO in n-dodecane were used as carrier.  For 
solvent impregnation, PTFE supports were kept immersed in the solvent overnight. Before 
use they were washed with deionized water and tightly assembled into the generator set up. 
The PC88A based SLM was inserted and tightly fixed in between the first and second 
chamber (First Stage). In the same way, the CMPO impregnated PTFE was inserted and 
tightly fixed between the third and the fourth chamber (Second Stage). The generator was 
housed in a PMMA box inside a fume hood in order to protect and avoid any radioactive 
contamination. The first chamber was filled in with 5 mL of 0.1 M HNO3 containing 90Sr-90Y 
activity mixture. The second chamber was filled  with 5 mL 4.0 M HNO3; the third chamber 
was filled in with 5 mL of 4.0 M HNO3 and the fourth chamber was filled with 5 mL of 1.0 M  
acetic acid. In order to introduce the solution into the chamber or collect the liquid product 
from the chamber, the Teflon tubes of small dia of ~2 mm were connected between the 
chambers as shown in the Fig. 2. The solutions in chambers were stirred by using PTFE 
coated magnetic stirring bars. The generator set up was placed on the magnetic stirring 
system. 

 
Fig. 1. 90Sr/90Y Generator using Supported Liquid Membrane technology 

The transport of beta activity was carried out as a function of time. The experiments were 
carried out at two different activity levels viz. 20 and 50 mCi levels. The activity data were 
used to evaluate the separation yields. Three set of experiments were carried out under 
identical experimental conditions. The system was operated continuously for about 5 h in the 
first stage. Over time, the beta activity due to 90Y was transported from the first to the second 
chamber across the PC88A based liquid membrane. In the next step, 90Y transported in 4 M 
HNO3 was removed and filled in the third chamber which contained CMPO based SLM and 1 
M acid acetic as receiving phase. The second stage was also operated continuously for about 6 
h. Finally, the entire product containing 90Y in acetic acid was taken out for quality control. 
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Fig. 2. Inside view of the Generator 

b. 90Sr-90Y generator system at 100 mCi level 

Various lots of 90Sr (viz. 5 mCi × 2, 20 mCi and 50 mCi adjusted to pH 1-2) which were 
utilized earlier for the separation of carrier-free 90Y were collected as follows: First two lots of 
5 mCi each and one lot of 20 mCi were mixed in glass beaker and evaporated under IR lamp 
for volume reduction to ~1-2 mL. This solution (expected 90Sr ~30 mCi) and 20 mCi of 90Sr 
left over from the original supplied stock were transferred to a glass vial using the solution lot 
of 50 mCi. This mixed solution was adjusted to pH 1-2 and analysed for 90Sr by 
radiochemical method. The solution was found to contain 98.76 mCi of 90Sr and used as feed 
for compartment-1. 

2. Quality control of 90Y extracted from 90Sr/90Y generator 

To evaluate the radionuclidic purity of 90Y acetate, the Extraction Paper Chromatography 
(EPC) method was adopted by using PC88A as chelating agent.  

Application of the EPC method: 

Whatman No.1/ITLC paper: 1.0 cm x 12 cm or 1.5 cm x 12 cm 
Developer: Saline solution (0.9% NaCl in water) 
Chelating agent: PC88A at the point of spot.  

In these quality control testing, about 10 μL of PC88A was spotted between the second and 
the third segments of the Whatman No.1/ITLC paper (in a spot, d =1 cm). After its drying, 5 
μL of 90Y sample was pipetted over the PC88A spot. The paper was developed in saline 
solution. The paper strips of 1 cm length were cut and subjected to activity counting using 
GM counter initially. The 90Sr radioactivity migrated at the solvent front was taken and placed 
in 10 mL liquid scintillation vials and counted. The measured counts were directly compared 
to the total introduced activity to obtain the radionuclidic impurity in 90Y.

To evaluate the radiochemical purity of 90Y acetate, NaCl 0.9% (Rf = 0.9-1.0) was used. 
Dosimetric evaluation was carried out in PC and ITLC methods using Tris-acetic-EDTA (Rf = 
0.9-1.0), amoni acetate 10% - methanol 30:70 (Rf = 0.0), Tris-NaCl-EDTA (Rf = 0.9-1.0) and 
0.1 M sodium acetate (Rf = 0.9-1.0). 
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3. Labelling of Rituximab with Y-90 

Rituximab was bound to the DTPA chelating agent using Hnatowich methods. Cyclic 
anhydride DTPA (cDTPAa, 0.1 mg/mL) was dissolved in chloroform and was degassed under 
a stream of nitrogen for 30 minutes. Rituximab solution in 0.05 M bicarbonate buffer was 
immediately added and mixed for one minute at room temperature. The antibody Rituximab 
at different concentration (5 mg/mL and 10 mg/mL) was coupled with the cDTPAa, at molar 
ratios (cDTPAa : Rituximab) of 1:1, 3:1, 5:1, 10:1 and 20:1. The conjugation of DTPA-
Rituximab mixture was labelled with Y-90, then purified using Sephadex G25 in order to 
determine coupling efficiency. 

4. Labelling of DOTATATE with Y-90 

DOTATATE was supplied by Dr Chinol (IEO, Italy). For labelling with Y-90, DOTATATE 
in the form of lyophilization was dissolved in sterile DDW at a concentration of 1 mg/mL. 
Ytrium-90 obtained from 90Sr/90Y Generator based on SLM in the form of 90Y-acetate was 
used for the experiments. Gentisic acid (0.33g sodium acetate, 0.4g of 2, 5 dihydroxybenzoic 
acid, 250 μL saturation NaOH and 10 mL sterile DDW, pH 5) was prepared. This study aimed 
at optimization of labelling conditions for 90Y-DOTATATE, such as pH, reaction time. The 
optimized protocol for labelling was performed as following: 10 μg (10μL) of  DOTATATE 
was added into 50 μL gentisic acid and 37 MBq of Y-90-acetate at pH 4.5 – 5. The reaction 
mixtures were incubated at 90ºC for 30 min, and then quality control procedures were 
conducted. 

5. Labelling of albumin particles with Y-90 

In order to label albumin with Y-90, the directed methods were applied in this study. Both in 
house prepared albumin and MAASOL of Italy were used. The preparation of wet albumin 
particles with size of 10 - 30 μm was carried out in our laboratory. The solution of 0.16% 
HSA, pH 4.6 was suspended in 5% NaCl, pH 6 at 80ºC with stirring. The microaggregated 
albumin particles size was ranged from 10 μm to 30 μm. The suspended albumin particles 
were centrifuged at 3000 rpm for 5 min. The precipitates were reconstituted with 0.8M 
sodium dihydrophosphate. The 2 mg of albumin particle and 0.5 mg of stanous chloride 
dihydrate in 2 M HCl were mixed; adjusted pH 5 with 2 M NaOH. The size of particles was 
examined with an optical microscope and a hemocytometer. The mixture was washed three 
times with phosphate buffer saline, pH 7.2 by centrifugation and resuspended in 0.5M sodium 
acetate buffer, pH 6. Yttrium-90 in 1.0 M acetic acid was collected from 90Sr/90Y in a 
concentration of 296 MBq/mL. The labelling of the particles with Y-90 was performed at pH 
5.5 in acetate buffer with agitating for 60 min at room temperature. The labelled albumin 
suspensions were centrifuged at 6000 rpm for 15 min. Labelling yields was controlled using 
centrifugation, filtration and compared with paper chromatography, which is developed in the 
Tris Acetic EDTA. In this system, the unbound of Y-90 migrates to an Rf of 0.9-1.0 and the 
radiolabeled albumin particles remains at the point of origin (Rf = 0). The size of 90Y-albumin 
particles was compared with the albumin particles in the original solution to be sure that they 
didn’t change during the labelling treatment. The radiolabelling yields were more than 80% 
after centrifugation. 
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RESULTS OBTAINED 

The major results obtained from our research can be summarized as follows: 

1. The 90Sr/90Y Generator: The stage #1 of the 90Sr/90Y generator is needed to operate for 5 
hours. Then the solution is transferred from the second chamber to the third chamber by using 
syringer 3 or the syringer 2. In the stage #1, the separation yield was determined and found to 
be around 80%. In the stage #2, transport of Y-90 was 95% in about 6 hours. Quality control 
of 90Y was carried out by the EPC technique as well as radioactive decay method followed by 
half life measurement. The radionuclidic purity of 90Y sample was more than 99.9999% with 
90Sr contamination less than 0.001% which is far below the permissible level. Figs. 3, 4 and 5 
shows the activity profile as a function time using the SLM generator develop in-house at 20 
and 50 mCi levels. After second stage operation radiopharmaceutical grade of 90Y-acetate can 
be collected and used for radiolabelling biomolecules (Fig. 6). 

 
Fig. 3. Transport of 90Y from 90Sr-90Y mixture at 20mCi level in stage -1 
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Fig. 4: Transport of 90Y from 90Sr-90Y mixture at 50 mCi level in stage -1 

 
Fig. 5. Transport of 90Y from 4M HNO3 medium to 1M acetic acid in Stage 2 
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Fig. 6. Transport of 90Y from 4M HNO3 medium to 1M acetic acid in Stage 2 

Quality control of the Yttrium-90 was carried out for each lot of the 90Y product. The 
radiochemical purity was always found to be greater than 99.999% with 90Sr contamination 
less than 0.001% which is far below the permisssible level (Fig. 7). 

This radioisotope is suitable for radiolabelling biomolecules such as Rituximab, DOTA 
Octreotide, Albumin. 

 
Fig. 7. EPC of 90Y product 

STAGE-1 OPERATION 

In the first stage, 90Sr-90Y mixture at equilibrium adjusted to pH 1-2 as described above was 
used as feed in compartment-1. PTFE support after impregnating with PC88A (60% in n-
dodecane) was used for selective transport of 90Y. Nitric acid (4.0 M) was used as receiver 
phase. It took about 6 h to transport 93.61% 90Y activity in 4.0 M HNO3.  The results from the 
experiments are given in Table 1. 
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Table 1: Transport of beta activity due to 90Y in stage-1 

Experimental conditions: 
Feed (Compartment-1): 90Sr-90Y mixture at equilibrium in nitric acid solution adjusted to pH 
1-2 
Membrane support: PTFE; 
Carrier: 60% PC88A in n-dodecane; 
Receiver (Compartment-2): 4.0 M HNO3; 
Volume of each compartment: 5 mL. 

Time 
(h) 

Beta activity in (mCi) 
Feed                            Receiver 

Compartment-1               Compartment-2 

Percentage of beta activity 
due to 90Y transported  in 

Compartment-2 
0 197.52 - - 
1 162.56 5.28 5.35 
2 - 10.56 10.69 
3 105.85 26.33 26.66 
4 - 46.54 47.12 
5 98.78 66.33 67.16 
6 98.76 92.03 93.19 

Separation yield in STAGE -1= 93.19% 

Transfer of the feed solution in compartment-1 from the glass vial kept inside the lead 
chamber was carried out using a semi automated system consisting of silicon tubing attached 
with syringe at one end and rubber cork at the sampling ports. Similar mechanism was used 
for transferring the 90Y product in 4.0 M HNO3 from first stage (compartment-2) to 
Compartment-3 to be used in the second stage. The system is shown in Fig. 8.  

 
Fig. 8. Operation of Two stage SLM based 90Sr-90Y generator system at 100 mCi level 

STAGE-2 OPERATION: 4.0 M nitric acid containing 90Y was removed from compartment-
2 and introduced in  compartment-3 of the second stage in which 0.8 M CMPO in n-dodecane 
based SLM was used to transport 90Y selectively to  compartment-4 in which 1 M CH3COOH 
was used as receiver phase. The results of 90Y transport in stage-2 are given in Table 2. The 
separation yield in the second stage is found to be 90.45% in 4 h.  
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Table 2: Transport of beta activity due to 90Y in stage-2 

Experimental conditions: 
Feed (Compartment-3): 90Y in 4.0 M nitric acid solution. 
Membrane support: PTFE, Carrier: 0.80 M CMPO in n-dodecane.   
Receiver (Compartment-4): 1.0 M CH3COOH, Volume of each compartment: 5 mL. 

Time 
(h) 

Beta activity due to 90Y in (mCi) 
Feed                                  Receiver 

Compartment-3                     Compartment-4 

Percentage of beta activity 
due to 90Y transported in 

Compartment-4 
0 92.03 - - 
1 61.04 31.29 34.0 
2 48.81 59.06 64.17 
3 22.30 73.52 79.89 
4 9.00 83.28 90.49 

Above results give the overall separation yield of above 84% for 90Y using the generator 
system.  

2. Labelling Rituximab with Y-90 

Coupling efficiency of cDTPA - to - Rituximab molar ratios of 1, 3, 5, 10, 20 at concentration 
of 5 mg/mL and 10 mg/mL Rituximab was around 82.0 - 53.5% and 78.2 - 24.4%, 
respectively (Fig. 9, 10). Coupling efficiency of ~63% at a 3:1 molar ratio results in an 
average of 2 groups per molecular. The conjugation mixture was diluted to about 0.2 mL with 
the bicarbonate buffer and loaded onto a PD-10 column (Sephadex G-25, Pharmacia, Biotech) 
(Fig. 10). After purification, the conjugation DTPA-Rituximab was collected and labeled with 
Y-90 in 0.5M acetate buffer, pH 5, at room temperature (90Y obtained from 90Sr/90Y generator 
developed in-house). The labeling yield was about 99%. The radiochemical purity of 90Y-
DTPA-Rituximab was determined by ITLC and developed in 0.1M acetate at pH 6 as mobile 
phase. Radiochemical purity of 90Y-DTPA-Rituximab was more than 99%. The 
radiopharmaceutical has been tested for sterility, apyrogenicity and biodistribution. 

 
Fig. 9. Coupling efficiency of cDTPAa - to - Rituximab 
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Fig. 10. Separation of 90Y-DTPA-Rituximab using Sephadex G25 

3. Labelling DOTATATE with Y-90 

DOTATATE could be labelled with Y-90 with high radiochemical yields. After incubation 
and cooling at room temperature, the 20 μL of the labeled peptide was mixed with 200 μL of 
0.25 mM DTPA for quality control on a SepPak C18 cartridge and compared with PC using 
10% sodium acetate and methanol (30:70). pH optimization was performed at 10 μg of 
peptide, 37 MBq of Y-90 and the same conditions of temperature (90ºC) and time (30 min). 
Results of optimum pH were ranged 4 to 5 (Fig. 11). Labelling yield was greater than 98% at 
20 – 60 min incubation (Fig. 12). The radiochemical purity of the 90Y- DOTATATE was 
~99% (Fig. 13). 

 
Fig. 11. Optimization of pH of 90Y- peptide 
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Fig. 12. Optimisation of time and temperature of 90Y-peptide 

 
Fig. 13. Radiochemical purity of 90Y-DOTATATE 

4. Labelling microaggregated albumin with Y-90 

The diluted albumin particles in 0.5 M acetate buffer pH 6 could be labelled with 90Y-acetate 
using directed method. The radioactivities of Yttrium-90 were measured with a beta and 
gamma counters. Labelling yields of both of 90Y-Albumin and 90Y-MAASOL were greater 
than 80% (Fig. 14). The incubation time for the labelled reaction was ~60 min. (Fig. 15). We 
found that the suitable solvent for PC and ITLC of labeled microaggregated albumin and 
Yttrium-90 acetate is Tris Acetic EDTA. In this system, the free Y-90 moves to solvent front 
(Fig. 16). Radiochemical purity of the precipitation of 90Y-albumin was carried out by ITLC, 
developed in Tris Acetic EDTA buffer with more than 98% purity. MAASOL, Italy was also 
labeled with Y-90 at the same way and 90Y-MAASOL with high purity of 98% was collected 
(Fig. 17 and 18). 
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Fig. 14. Labelling yield of 90Y-Albumin (prepared in-house) and 90Y-MAASOL, Italy 

 
Fig. 15. The incubation time of 90Y-albumin 

 
Fig. 16. Radiochemical Purity of 90Y 

(ITLC developed in Tris Acetate EDTA solution) 
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Fig.17. Radiochemical purity of 90Y-Albumin (prepared in-house) and 90Y-MAASOL, Italy 

 
Fig. 18. Yields of 90Y-Albumin 

CONCLUSIONS AND SUGGESTIONS 

- Two stage SLM based 90Sr-90Y generator for production of carrier-free 90Y could be 
successfully developed in house. 

- Activities related to scale-up of 90Sr-90Y generator using SLM technology was carried 
out at different levels (5, 20 and 50 mCi and 100 mCi). 
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- The EPC was applied to quickly and accurately determine the amount of 90Sr in 90Y in 
each lot of 90Y separated. 

- Rituximab was labelled with 90Y collected from 90Sr-90Y generator developed in 
house. Rituximab was bound to the DTPA chelating agent using Hnatowich methods. 

- DOTATATE and albumin particles were labelled with 90Y collected from 90Sr-90Y 
generator developed in house. The labelling yields were high and radiochemical purity 
was greater than 98%. In order to determine radiochemical purity of 90Y- albumin, we 
found the new solution for analyses the bound and the free using the TAE system as 
mobile phase in PC and ITLC. 

- In future, studies will mainly focused on the stabilities of the products, invivo and 
invitro stabilities of 90Y-biomoleculas and their bio-distribution. In this regard 
expertise from Italy and Germany is needed. 

- We expect IAEA’s support in supplying the equipment viz. Autoradiographic System, 
Cyclone Packard, PerkinElmer for preclinical evaluation in the year 2010. 
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