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1. INTRODUCTION 

During the past decade, our group has focused attention on the development of therapeutic 
radiopharmaceuticals incorporating radioisotopes such as 90Y, 188Re etc. As the primary 
source of the radioisotopes 90Y and 188Re are the 90Sr/90Y generators and 188W/188Re 
generators respectively, the local availability of these generator systems is very important for 
the successful development of radiopharmaceuticals incorporating these radioisotopes. In this 
context, 90Sr/90Y generators based on Supported Liquid Membrane (SLM) [1-3] and 
electrochemical techniques [4] could be designed and deployed in our laboratories for the 
elution of 90Y to be used for preparation of 90Y labeled products. This work formed a part of 
the IAEA co-ordinated CRP on “Development of Generator Technologies for Therapeutic 
Radionuclides: 90Y and 188Re”. 

In this report, work on the development of 90Y radiopharmaceuticals for treatment of liver 
cancer and non-Hodgkin’s lymphoma (NHL) is reported. In addition, comparison of the 
Extraction Paper Chromatography technique (EPC) developed for determination of 90Sr 
contamination in 90Y samples with the US Pharmacopeia recommended method as well as the 
validation of the EPC technique is presented. 

2. DEVELOPMENTS IN THE TWO-STAGE SLM BASED 90SR/90Y 
GENERATORS 

The SLM based two stage generator could be scaled up to 3.7 GBq (100 mCi) level 
successfully. Towards such scaling up, 90Sr was isolated from the high level waste (HLW) 
arising from spent nuclear fuel to an extent of 18.5 GBq (500 mCi). In the SLM based 
generator system, the efficient separation of 90Y from the parent 90Sr using KSM-17 is highly 
sensitive to the pH conditions in the feed compartment. Any slight deviation of pH from the 
ideal conditions may result in poor yield as well as inferior quality of the 90Y. Hence, in order 
to reduce the pH sensitivity of the generator system for efficient separation of 90Y from 90Sr, 
an acidic organophosphorous extractant di (2-ethylhexyl) phosphoric acid (D2EHPA) was 
studied as a potential alternative to KSM-17 in the first stage of the two-stage generator 
system. Promising results could be obtained in the initial studies with D2EHPA and detailed 
studies are being carried out to determine the suitability of D2EHPA as the solvent for SLM 
based separation of 90Y. 

2.1 Validation of the ‘Extraction Paper Chromatography’ (EPC) method for 
determination of 90Sr contamination in 90Y eluted from 90Sr/90Y generator systems 

2.1.1 Determination of 90Sr contamination in 90Y eluted from 90Sr/90Y Generator Systems by 
EPC 

In the recent past, a novel quality control procedure for detection of 90Sr in 90Y eluted from 
90Sr/90Y generator systems was developed by our group based on the specific extraction of 
90Y by the chelating agent 2-ethyl hexyl, 2-ethyl hexyl phosphonic acid (KSM-17). The 
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developed method called Extraction Paper Chromatography (EPC) method [5] makes use of a 
Whatman 3 mm chromatography paper (12×1 cm) impregnated with 10 μL of KSM-17 at a 
distance of 2 cm from one end, considered as the origin (Rf=0). The spot is dried and 5 μL of 
90Y eluate (37 MBq/mL) from the generator is spotted over the dried spot of KSM-17. The 
paper is developed in saline. The radioactivity at different regions of the paper is measured 
using a liquid scintillation counter (LSC) by placing each segment in 10 mL of scintillation 
cocktail in a scintillation vial. In this system, 90Y chelated to KSM-17 remains at the origin 
while any trace of 90Sr migrates towards the solvent front. 

In order to prove the validity of the EPC technique for 90Sr estimation in 90YCl3 solutions, it is 
essential to compare it with an already established and routinely used QC technique for 
determination of 90Sr in 90YCl3 solutions used for radiolabeling. The USP monograph for 
Yttrium-90 Ibritumomab tiuxetan injection describes a chromatography technique using 
Whatman cellulose phosphate paper for estimating the 90Sr content in 90YCl3 samples (herein 
called the reference method) [6]. The EPC technique was compared with the reference 
method to prove its equivalence to it in terms of the behavior of 90Sr and 90Y in the system.  

2.1.2 Comparison of EPC method with reference method  

For carrying out the QC procedure as per the reference method, a strontium/yttrium carrier 
solution containing 0.34 mg of yttrium chloride (YCl3.6H2O) and 0.30 mg of strontium 
chloride (SrCl2.6H2O) per mL of 0.1N hydrochloric acid was prepared. About 50 μL of this 
solution was applied at the origin of a 20×2 cm cellulose phosphate chromatographic strip and 
allowed to dry. 5 μL of the 90Y chloride solution was applied at the origin and the 
chromatogram was developed using 3N hydrochloric acid as the developing solvent, until the 
solvent migrates to the 15 cm mark. It was then allowed to dry. The strip was then cut at the 8 
cm mark and the solvent front is placed in a liquid scintillation solvent and counted for 
presence of 90Sr. The migration behavior of 90Y acetate (obtained from the two stage SLM 
based 90Sr/90Y generator) and 85+89Sr(NO3)2 in EPC was compared to that in the reference 
method. 

Figure 1a shows the migration pattern of 85+89Sr(NO3)2 in the EPC method. It can be seen that 
Sr+2 ions are completely migrating towards the solvent front with an Rf = 0.9-1.0. Figure 1b 
shows the migration pattern of 85+89Sr(NO3)2 in the reference method. Here too, Sr+2 ions 
migrate to the solvent front (Rf=0.9-1.0). 85+89Sr tracer was used for these experiments instead 
of 90Sr since varying amounts of 90Y will be present in 90Sr depending on factors such as the 
time elapsed after the previous elution, incomplete separation of 90Y and decay of 90Sr. Figure 
2a depicts the chromatography pattern of 90Y+3 ions in the EPC method. Due to the affinity for 
KSM-17, 90Y+3 ions are retained at the point of application (Rf =0.0). Similar pattern is 
observed in the reference method also wherein the 90Y+3 ions are retained at Rf =0.0 (Figure 
2b). Figures 1 and 2 show that Sr+2 ions and Y+3 ions follow a similar migration pattern in the 
EPC method and the reference method. This experiment confirms the suitability of the EPC 
method for estimation of 90Sr contamination in 90Y samples used for preparation of 
radiopharmaceuticals for therapy. 
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Fig. 1a. Migration pattern  of 85+89Sr in EPC 

 
Fig. 1b. Migration pattern  of 85+89Sr in ref. 

method 

 
Fig 2a. Migration pattern of 90Y in EPC method 

 
Fig 2b. Migration pattern of 90Y in ref. method 

2.1.3 Recovery of doped 85+89Sr+2 as determined by EPC  

In order to confirm the efficiency of separation of 90Sr from 90Y using the EPC method, a 
doping experiment was carried out by doping known counts of 85+89Sr(NO3)2 solution in 90Y 
solution and carrying out the EPC. In this experiment, 5 μL of 85+89Sr(NO3)2 solution was 
mixed with 5 μL of 90Y acetate solution and EPC was carried out.  EPC was carried out 
separately with only 5 μL of 85+89Sr(NO3)2 solution for comparison. The solvent front 
corresponding to 85+89Sr counts was counted in a NaI(Tl) counter and the counts 
corresponding to 85+89Sr (in the solvent front) were compared to counts of 85+89Sr(NO3)2 in 
order to determine the efficiency of separation by the EPC system. Figure 3a shows the EPC 
pattern of 90Y+85+89Sr while figure 3b is the EPC pattern of only 85+89Sr. It was observed that 
almost all the 85+89Sr activity could be recovered in the solvent front of the extraction 
chromatography paper. 
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Fig. 3a. EPC pattern of 90Y+85+89Sr 

 
Fig. 3b. EPC pattern of only 85+89Sr 

2.1.4 Analysis of long decayed 90Y samples by EPC technique 

90YCl3 or 90Y acetate obtained from 90Sr/90Y generator systems were assigned batch numbers 
and the samples were allowed to decay for more than 2 months from the date of elution from 
the generator. After two months, EPC was carried out for all the samples. At the end of 60 
days, 90Y would have decayed by ~22.5 half lives, by which time it is expected that 
99.99999% of the 90Y decays and if any 90Sr was present, it would still be present. At this 
juncture, the 90Sr present would be in secular equilibrium with its in-grown 90Y and the 
90Sr/90Y ratio would be equal to 1. The counts at the origin (Rf =0) correspond to 90Y 
generated by any 90Sr contamination which would give an equal count at the solvent front 
(Rf=0.9-1.0). The 90Sr/90Y ratio in this case is expected to be close to 1, if good separation is 
achieved by the EPC method. This procedure was carried out for several long decayed 90Y 
samples in order to confirm the validity of the EPC procedure. 

2.1.5 Analysis of serially diluted 90Y samples 

In order to determine the sensitivity of the EPC method at different count rates, 90Y samples 
were diluted to different levels and EPC was carried out. Figure 4a shows the EPC pattern of 
a 90Y sample (X) and Figure 4b shows the EPC pattern of the same sample diluted 10 folds 
(X/10). The results from the EPC method gave the dilution ratio as 10.01, indicating its 
reliable separation efficiency. 

 
Fig.4a. EPC of 90Y (X) 

 
Fig.4b. EPC of 90Y (X/10) 
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2.1.6 Analysis of 90Y acetate or chloride solutions obtained from Two Stage Supported 
Liquid Membrane (SLM) based generator and electrochemical generator 

Although during the development of EPC method, actual 90Y eluates from 90Sr/90Y generators 
were analyzed, as a part of validation, this exercise was carried out again. The developed EPC 
method was used to determine the 90Sr content in 90Y eluates obtained from SLM based two-
stage 90Sr/90Y generator and an electrochemical 90Sr/90Y generator. For this purpose, 90Y was 
eluted from the SLM based and electrochemical generator systems developed in-house and 
quality control was carried out using the EPC technique using 5 μL of 37 MBq/mL sample.  
The 90Sr content in various batches of 90Y eluted from SLM based generators ranged from 12-
54 kBq/37 GBq of 90Y while the 90Sr levels in the 90Y eluted from electrochemical generator 
ranged from 8-14 kBq/37 GBq of 90Sr, much below the allowed limits. 

3. DEVELOPMENT OF 131I AND 90Y LABELED RITUXIMAB (ANTI CD20) 
ANTIBODIES  FOR TREATING NON HODGKINS LYMPHOMA 

Immunotherapy with monoclonal antibodies (MAb) is an attractive alternative to 
chemotherapy or radiotherapy in the treatment of B cell lymphoma. This study was carried 
out with the aim of developing an indigenous radioimmunotherapeutic agent for Non 
Hodgkin's B cell Lymphoma (NHL). Rituximab is a highly specific human chimeric 
monoclonal antibody used in the therapy of NHL [7]. Rituximab targets a protein called 
CD20 which is expressed on the surface of the B cells. Rituximab being a human chimeric 
antibody does not elicit HAMA response thereby allowing its repeat administration for 
treatment. 

3.1 131I labeled Rituximab (anti CD20 antibody) 

In this study, 100 µg of Rituximab procured from a commercial source was radioiodinated 
with 37 MBq of 131I using Chloramine T as the oxidizing agent. The radioiodinated antibody 
was purified by column chromatography on a PD-10 column. In vitro cell binding studies 
were carried out in Raji and Daudi cell lines which express the CD20 antigen on their surface. 
Inhibition studies were carried out with cold antibody concentrations ranging from 5 µg to 
100 µg. Biodistribution and clearance patterns in normal Swiss mice were studied at 3h and 
24h post injection with ~370 kBq of radioiodinated antibody. 

The radioiodination yields of the anti CD20 antibody was ~ 85-91% (as determined using 
paper electrophoresis) while the radiochemical purity after purification using PD-10 columns 
(Fig. 5) was >98%. The 131I antibody retained its capacity to bind to the cells for a minimum 
of 10 days. Approximately 15-20% binding was obtained with 105 cells which reduced to ~3 
% with 50 µg of cold antibody as shown in figure-6.  Biodistribution studies showed 
significant activity in blood. The clearance was mainly through the gastrointestinal and 
hepatobiliary system indicating that probably the antibody was degraded in the liver. It is 
planned to carry out further biodistribution studies in animal models of lymphoma. 
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Fig.5. Purification of 131I-Rituximab on PD10 

column 

 
Fig.6. In vitro cell binding studies 

3.2 90Y labeled Rituximab 

Development of 90Y-radiolabeled monoclonal antibodies (mAbs) usually involves the 
conjugation of a bifunctional chelating agent (BFCA) to the mAb, followed by labeling of the 
immunoconjugate with 90Y. In the study para isothiacyanato benzyl DOTA (p-NCS-Bz-
DOTA) was used as the BFCA to prepare the antiCD20-DOTA conjugate which was then 
radiolabeled with 90Y. 

3.2.1 Conjugation of antiCD20 with DOTA 

The conjugation of anti CD20 with DOTA was carried out at a molar ratio of 1:100 
(Ab:DOTA). 2 mL of anti CD20 (10 mg/mL) was concentrated to 1 mL using an AMICON 
Ultra centrifugal filtration device (MW cut off 10,000). The pH of the solution was adjusted 
to 9 with bicarbonate buffer. 8.7 mg of p-NCS-Bz-DOTA was added to the pH adjusted Ab 
solution. The reaction mixture was incubated at room temperature for 1-2 h followed by 
overnight incubation at 4°C. The excess DOTA was removed by centrifugation in AMICON 
Ultra centrifugal filter devices at 3500 rpm for 30 min. The process was repeated several 
times until all the free DOTA was removed. The presence of free unreacted DOTA was 
monitored using TLC in CH3OH:NH3 (90:10) in which unconjugated p-NCS-Bz-DOTA 
moves to solvent front. The conjugate was then transferred to a vial using phosphate buffer 
(pH 7.5) and stored at 4°C. 

3.2.2 Radiolabeling of the DOTA-Ab conjugate with 90Y 

1 mg of the DOTA-Ab conjugate was taken along with 250 μL of CH3COONH4 buffer, pH 
5.5. The pH of 90Y acetate was adjusted to ~5 using 2 N NaOH. ~74 MBq (2 mCi) of the pH 
adjusted 90Y acetate was added to the conjugate and the mixture was incubated for 3 h at 
37°C. The complex was characterized using HPLC. HPLC was carried out on TSK GEL 
column using 0.05 M PO4

- buffer, pH 6.8. Purification of 90Y-DOTA-Ab was carried out on a 
PD-10 column. The patterns obtained are shown in figure-7. Figure-8 shows the HPLC 
pattern of pure 90Y-DOTA-anti CD20 Ab. The radiolabeled antibody could be obtained in 
>98% purity after purification and has a retention time of 10.0 min in the HPLC system. It is 
planned to carry out further in vitro and in vivo biological evaluation of the product, after 
further refinement of the DOTA conjugation and radiolabeling procedures. 
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Fig.7. Purification of 90Y-DOTA-AntiCD20 

 
Fig.8. HPLC of pure 90Y-DOTA-AntiCD20 

4. BIOLOGICAL ASSESSMENT OF 90Y-OXINE IN LIPIODOL AS AN AGENT 
FOR LIVER CANCER THERAPY 

4.1 Preparation of 90Y oxine 

500 µL of 0.4 M ammonium acetate was added to 74-185 MBq (2-5 mCi) of 90Y acetate. pH 
of the solution was adjusted to ~6 using 2 N NaOH. To this was added 5 mg of 8-hydroxy 
quinoline (oxine) dissolved in 200 µL of ethanol. The reaction was carried out at 60°C of one 
hour. At the end of the reaction, 90Y-oxine was extracted in dichloromethane. ~70% yield of 
90Y oxine could be obtained under the standardized conditions The dichloromethane was 
removed and the radiolabeled complex was suspended in 1 mL of lipiodol for further 
biological studies. Biological assessment of the 90Y-oxine complex was carried out using both 
in vitro and in vivo methodologies. 

4.2 In Vitro Assessment 

For in vitro assessment, HepG2 human liver carcinoma cell line was employed. This cell line 
was procured from the National Centre for Cell Science (NCCS), Pune, India, an accredited 
cell line repository. The cells were cultured in Minimal Essential Medium (MEM) with 10% 
fetal bovine serum as a growth supplement. They were maintained at 37°C in 5% CO2 
atmosphere. Viability of cells was estimated by hemocytometer count with Trypan Blue 
differential stain. >95% initial viability was the criterion applied when using cells for in vitro 
assays. 

4.2.1 MTT Cell Viability Assay 

The effect of exposure to 90Y-oxine on viability of HepG2 cells was studied using MTT assay. 
Here, the ability of viable cells to metabolize thiazolyl blue tetrazolium bromide (MTT) to 
give formazan is used to quantitatively assess cellular viability. Briefly, cells were plated in 
96-well plates at 104 cells/well. Cells were exposed to differing concentrations of 90Y-oxine 
(dissolved in ethanol). Total incubation volume was maintained at 200 μL and final ethanol 
concentration was <0.5%. The cells were exposed to 90Y-oxine for 24 hours. MTT was 
freshly dissolved in phosphate buffered saline (PBS) at 5 mg/mL concentration. After 24 
hours, 20 μL of the MTT solution was added to each well and mixed gently. This was 
incubated for 4 hours, after which the supernatant was aspirated completely and the wells 
rinsed with PBS. Then 200 μL of dimethyl sulfoxide (DMSO) was added to dissolve the 
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formazan metabolite formed inside the viable cells. This reaction was kept in the dark for 30-
45 min and was read on an ELISA reader (560 nm, background corrected at 670 nm). In the 
MTT assay, >50% loss in cell viability was observed on exposure of 104 cells to a minimum 
activity of 4.6 MBq of 90Y-oxine for 24 h. Further in vitro work was performed at this 
concentration. 

4.2.2 LDH release assay 

The integrity of the cell membrane was determined by assay of cytoplasmic lactate 
dehydrogenase (LDH) released into the medium from the HepG2 cells. Here, LDH reduces 
nicotinamide adenine dinucleotide (NAD) to NADH, which in turn causes the stoichiometric 
conversion of a tetrazolium dye leading to formation of a colored product. In the assay 
protocol followed, HepG2 cells were exposed to the labeled preparation (4.6MBq of 90Y-
oxine/104 cells) for ~3 h (controls used cold oxine). The assay for released LDH was 
performed using LDH-based cytotoxicity assay kit. It was observed that the cells exposed to 
90Y-oxine showed significant release of cytoplasmic LDH as compared to the controls, 
indicating loss of cell membrane integrity as a consequence of absorbed dose (Figure-9). 

 
Fig.9. LDH release assay 

4.2.3 PCR-based marker assay 

Polymerase chain reaction (PCR) assay was performed to assess the expression of various 
markers associated with apoptotic cell death, on exposure to radiation. The assay was 
performed on cells exposed for 3 hours to the optimized dose of 90Y-oxine. RNA of the cells 
was isolated using a column purification kit and transcribed to cDNA using reverse 
transcriptase enzyme reaction. cDNA amplification was performed using PCR and expression 
of the marker genes was assessed by electrophoresis of amplified DNA. It was observed that 
the RNA expression of pro-apoptotic marker bax was upregulated on exposure to 90Y-oxine as 
compared to the controls. 

4.2.4 Caspase-3 assay 

This assay was performed to assess the involvement of apoptosis marker protein caspase-3 in 
the cell death process. Using a colorimetric assay kit, activity of caspase-3 was assayed in 
Hep G2 cultures exposed to the radiolabeled complex. However, no appreciable difference 
could be observed between the sample and the unexposed controls. As no protease inhibitor 
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was used in the assay, it is possible that degradation of caspase-3 in the sample may have 
occurred and this needs to be investigated further. 

4.3 In vivo Assessment 

In vivo assessment was performed in liver cancer model in Wistar Rats. Liver cancer model 
was raised in the animals by chemical carcinogenesis using diethyl nitrosamine (DEN).The 
animals were given water ad libitum containing DEN (0.01% w/v). This treatment was carried 
out for 60 days.  After the induction period, the animals were used for in vivo experiments. 
~37 MBq of 90Y-oxine in lipiodol (100 μL volume) was administered into the liver via intra-
hepatic artery. In vivo distribution pattern of the radiolabeled complex at 24h and 96h is given 
in Figure-10. 

 
Fig.10. Biodistribution pattern of 90Y-Oxine in liver cancer model 

The in vivo biodistribution pattern of 90Y oxine shows significant disadvantages to its 
potential application as a liver cancer radiopharmaceutical. At 24h only ~50 % of the injected 
activity is retained in the liver, which reduces to less than 15% at 96 h. It can be seen that a 
significant proportion of the leached activity appears to localize in the skeletal tissue, where it 
can give unnecessary dose burden. 
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