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Summary 

During the first period of  this CRP we could test an efficient and reliable generator system 
based on ion-chromatography to obtain 90Y from its parent radionuclide 90Sr. This production 
scheme for 90Y was outlined in the previous CRP related with the development of generator 
technologies. Quality parameters such as trace metals that can potentially interfere in the 
labeling of biomoléculas, 90Y recovery, 90Sr/90Y ratio and radiation dose to bed matrix were 
evaluated. The results showed that high recovery and radionuclidic purity could be obtained 
for 90Y during its repeated separation from the 90Sr cow. No replacement or treatment of the 
cow were necessary and low waste generation and 90Sr losses less that 0.1% after each run 
were also observed during the present study. A Fab’ fragment was enzimatically produced 
and purified from the monoclonal antibody h-R3 (Nimotuzumab®). The fragment and the 
parent antibody were successfully conjugated with DOTA and labeled with 90Y. The 
radioinmunoconjugate thus obtained also exhibited a good 24 h in-vitro stability in an excess 
of DTPA. A 90Y radiocoloid was prepared in a cromic phosphate particle for 
radiosynoviorthesis with promising results in animal models. Two alumina based 188W/188Re 
generators were prepared and their eluates were used in the labeling of hR3-DOTA 
conjugates. Quality control and in vivo evaluation in comparison with 99mTc-hR3 showed 
very good results and similar pattern of distribution and pharmacokinetic and will be used in 
clinical trials for cancer patients. 

Introduction 

Yttrium-90 and Rhenium-188 are radioisotopes widely used for therapy. Both radioisotopes 
can be conveniently available from radionuclide generators. Rhenium-188 can be obtained in 
a ready to use form for instance from an alumina based generator while Yttrium-90 
production demands more complicated processing in order to make it suitable for in vivo use. 
At the same time radiopharmaceuticals based on these two radionuclides are having 
increasing demand as their efficacy has been proved in applications like cancer treatment, 
pain palliation and radiation synovectomy. 

The development of a sustained national program for these applications requires a reliable 
production of large amounts of the needed radionuclides and the availability of new molecules 
to design and produce radiopharmaceuticals with increasing efficacy at the lowest possible 
cost. 

As continuation of the work already performed in the previous IAEA CRP (“Development of 
Generator Technologies for Therapeutic Radionuclides”) and in correspondence to the 
research plan outlined in the first coordination meeting of the current CRP held in Poland 
(July of 2008), our group committed itself to do tasks outlined in Table 1. 
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Table 1. Working plan as starting point for the first period of the CRP 

 Work related to Task 
1. 90Sr/90Y Generator 1- Evaluation of a 90Sr/90Y Ion-Exchange 

Chromatography Generator at activities higher than 
3.7 GBq 

2- Evaluation of 90Y Quality Control Techniques :  
- For 90Sr content :Extraction Paper 

Chromatography 
- For Chemical purity (Metallic and organic) 

2.  90Y-Radiopharmaceuticals 1. Labeling of Mab with 90Y via: 
- 90Y- Biotin- pretargeting 
-  DOTA-derivatives 

2.  Preparation and evaluation of 90Y- particulates 
/colloids for radiation synovectomy 

3.  188Re-
Radiopharmaceuticals 

 188Re –pretargeting;via : biotin, haptens 
188Re – tricarbonyl labeling strategy 
 

90Sr/90Y Generator 

Many Ion-exchange chromatographic 90Sr/90Y generators using an organic resin and a 
chelator/complexor have been described in the literature. Although these systems are simple 
their main disadvantage relies on the limited radiation stability of the organic exchangers, 
which limits the activity than can be produced. 

In this work, the potentiality of the system composed of the organic cation exchanger Dowex 
50Wx8 and the chelating agent EDTA for the production of relatively large quantities of 90Y 
was tested.  In order to overcome the limitation imposed by the radiation stability of the 
support, the same principle used by Horwitz and Dietz1 for the separation of 90Sr and 90Y on 
Sr- and Y-selective resins was employed. 

                                                 

References: 

1 HORWITZ, E.P., DIETZ, M.L., Process for the separation and purification of yttrium-90 for 
medical applications, United States Patent No. 5368736, Nov. 29 (1994). 
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Fig. 1. Yttrium-90 production scheme. 

The proposed production scheme is depicted in Fig. 1. The 90Sr cow was prepared from an 
11.8 GBq (320 mCi) 90Sr solution in 1 M HNO3. After gently evaporating the acid solution 
the residue was dissolved in 20 mL 6 mM EDTA solution and the pH was adjusted to 4.5. The 
resultant solution was stored in a 50 mL glass vial. This cow was transferred to the separation 
system for processing on different 90Y-ingrowth times. The separation system consisted of 
three columns (30 cm high x 0.4 cm wide) connected in series. Solutions passed through the 
columns at 1 mL/min flow rate. Columns were previously washed with 3 FCV of 6 mM 
EDTA solution pH 4.5. Just before starting the separation, sufficient amount of 0.1 M EDTA 
solution was added to the 90Sr cow to make it about 6 mM, in respect to this fresh added 
solution. Then the pH was adjusted to 4.5-6.0 with diluted NaOH and/or HCl. Followed the 
90Sr/90Y-EDTA solution each column was washed with one FCV 6 mM EDTA solution pH 
4.5. After discarding an effluent volume equal to the sum of FCV of all columns at the exit of 
the third column, the solution containing the 90Y-EDTA complex is collected and treated to 
remove EDTA and its radiolysis products with a 2 mL mixture (1:1) of concentrated HNO3 
and HClO4. The residue containing all the 90Y is dissolved in 5 mL of 0.1 M HCl. 90Sr is 
eluted from the first column with 20 mL of 6 mM EDTA solution pH 11-11.5 back to the cow 
vial at a flow rate of 0.2 mL/min. The pH of this solution is adjusted to 4-5 by the addition of 
350-450 µL of 0.5 M HCl and then it is stored without further treatment until the next 
separation. 

To further improve the quality of 90Y, it is submitted to a purification process. This procedure 
was designed to remove as much as possible impurities such as ZrO2+, Fe3+, Cu2+, Zn2+ that 
could be present along with 90Y in the production process. The details of this purification 
process have been recently reported [2]. Briefly, the 90Y solution is passed through a 0.4 cm 
wide x 9 cm high column containing AG50Wx12 resin in H+ form followed by 15 mL of 0.5 
M H2SO4 to remove ZrO2+. Next, 40 mL of 2 M HNO3 are used to remove 90Sr followed by 
25 mL of 2 M HCl to eliminate Fe3+, Cu2+, Zn2+ and other impurities. Lastly 12 mL of 4 M 
HCl solution are passed through the column to recover the purified 90Y. The acid is removed 
by heating and the 90Y is dissolved in a small volume of 0.01 M HCl solution. The 2 M HNO3 
                                                 

2 Xiques C. A., Isaac-Olive. K., Casanova G. E., Beckford D., Leyva M. R., Montero A. A., 
Olivé A. E. An adapted purification procedure to improve the quality of 90Y for clinical use. 
Radiochim. Acta; 97 (2009) 739. 
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fraction collected from the column is employed to assess the radionuclidic purity of 90Y by 
liquid scintillation counting. 

The results of the separation after four different ingrowths times are summarized in table 1. In 
all cases very high (>95%) 90Y recovery was achieved. The radionuclidic purity determination 
of the 90Y solution indicated that 90Sr D.F. between 106 and 107 were regularly attained. The 
time required for the separation (25- 55 min) fluctuated depending on the 90Sr bulk solution 
volume, which was arbitrarily varied between 20 and 40 mL to test the consistency of the 
procedure. The 90Sr losses were ≤ 0.1% being the major contribution the 90Sr activity held in 
the first column after its elution with the basic pH EDTA solution. Additionally, it can be seen 
than the combination of the separation and purification procedures provided and overall 90Sr 
D.F. of 108-109. Similar results were obtained for other runs performed on a weekly base. 

Table 2. Results of the separation of 90Y from an 11.8 GBq 90Sr solution under dynamic 
conditions. 

Batch 
number 

90Y 
Ingrowth 

time 
(days) 

90Y recovery 
(%) 

90Sr/90Y 
after 

separation 

90Sr 
D.F. 

90Sr Loss * 
(%) 

90Sr/90Y� 
after 

purification 

1 3.8 96.2 5.4x10-7 3.2x106 0.07 2.4x10-9 

2 7.2 98.4 1.4 x10-7 8.6x106 0.1 1.1x10-9 

3 13.1 96.7 2.2x10-7 4.8 x106 0.05 2.1x10-9 

4 19.4 97.1 4.1x10-7 2.5 x106 0.09 3.9x10-9 

*  includes the 90Sr activity held in the separation columns and the one determined in the purification 
procedure 

� Values measured after decay of samples 
Counting errors are less than 2%. 

No replacement or treatment of the cow was necessary and low waste generation was also 
observed. Although further studies on this system could be needed, the parameters of the 
separation (time, pH range, flow rate, etc.) and the fact that a low EDTA concentration (0.006 
M) was enough to satisfactorily separate both radionuclides point up the potentiality of the 
procedure for the processing of higher (Ci-quantities) activities. 

The chemical purity of 90Y was assessed by subjecting aliquots of 90Y final product after 
decay to different analytical techniques for the determination of metals like Fe (UV-visible 
spectrophotometry, Fenantroline), Pb, Zn, Cd (polarography) and Cu (atomic absorption 
spectrometry). The results displayed in table 2 indicate the high purity attained for 90Y. 

Table 3. Average content found for some metals in purified, decayed 90Y samples for four 
replicates 

Metal Content (µg/mL) 
Cu 2.4 ± 0.5 
Zn 2.1 ± 0.8 
Cd < 0.02 
Pb 0.8 ± 0.2 
Fe < 6.25 
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90Y-Radiopharmaceuticals 

The monoclonal antibody h-R3 (Nimotuzumab®) developed at the Center of Molecular 
Immunology (CIM) of Cuba is a humanized Mab that inhibits the high-affinity binding of 
epithelial growth factor (EGF) receptor. The suitability of using this molecule to treat tumors 
of epithelial origin over-expressing EGF-R has been already proven through different clinical 
trials. Some of these trials have been conducted with the DOTA conjugate of this Mab labeled 
with 188Re. Labeling and stabilities studies of these conjugates with 90Y have also been 
performed with excellent results [3]. In the present work the potential of Fab’ fragments of 
Nimotuzumab® (produced enzymatically) to be used for therapy and/or imaging is explored. 

Preparation of Monoclonal Antibody Fab’ fragments 

Nimotuzumab® is commercialized in 10 mL glass vials containing 50 mg of the purified 
monoclonal antibody, diluted in Phosphate-buffered saline solution (pH=7.0 ± 0.5). 

Previously, a desalting step on C26/60 Sephadex G-25M column (Pharmacia, Sweden) 
coupled to an ÄKTA prime Chromatography System (Amersham Pharmacia Biotech, UK) 
was preformed for Nimotuzumab® in 0.1 M acetate buffer at pH 4.5. The enzymatic digestion 
was carried out with molar rate 1:50 pepsin/Mab (w/w). The solution was incubated for 12 h 
at 37 °C (Memmert, Germany) and then neutralized by addition of 2M Tris base. The 
cleavage mixture was purified by PD-10 Column packed with rProtein A Sepharose Fast 
Flow (GE Healthcare, USA), pre-equilibrated with 1.5 M Glycine-NaCl buffer pH 8,9 at 
linear flow rate of 60 cm/h, coupled to ÄKTA prime Chromatography System (Amersham 
Pharmacia Biotech, UK). The affinity matrix was regenerated with 0.1 M Citric buffer pH 3.0. 
The protein A pass was applied to PD-10 Column packed with DEAE Sepharose Fast Flow 
(GE Healthcare, USA), pre-equilibrated with 0.1 M Tris-HCl buffer pH 8.0 at linear flow rate 
of 60 cm/h, coupled to the ÄKTA prime Chromatography System. The anion-exchange 
matrix was regenerated with 3 M NaCl solution. The bivalent fragment obtained F(ab’)2 was 
reduced to Fab’ treatment with 2-mercaptoethanol, molar rate 1:4000 and then purified by 
Sephadex G-25M gel filtration. 

All steps concerning pepsin cleavage and purification protocol were analytically studied by 
HPLC and non-reducing sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE). The HPLC study was performed on a size-exclusion TSK G3000 pre-packed column 
coupled to an HPLC Equipment (Shimadzu, Japan). The chromatograms were obtained and 
processed by UV-RAD software package. The non-reducing SDS-PAGE study was 
performed by Laemmli procedure on a Mini-PROTEAN® III Cell (Bio-Rad, France) with 
7.5% of polyacrylamide. Proteins were stained by Coomassie Colloidal for 120 minutes and 
the developing procedure was performed with water: acetic acid: methanol (50:10:40) mixture 
for 24 hours. The molecular weight standard for Lane 0 was High Range Precision Plus™ 
Protein Unstained (Bio-Rad, France). The purity of the fragment was determinate by Gel 
Densitometry and molecular weight calculation of unknown pass sample was performed by 
Minitab 15 software package (EMEA Minitab Ltd., UK). 

Preparation of the Fab’ fragment-DOTA conjugate 
                                                 

3 Beckford D., Xiques C. A., Leyva M. R., Pérez M. M., Casanova G. E., Zamora, B. M. New 
radioimmunoconjugate 90Y-DOTA/DTPA-HR3, Synthesis and radiolabeling. Nucleus; 41: 3-
8, 2007. 
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The Fab’ fragment was modified with 1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic 
acid mono N-hydroxysuccinimide commercial ester (DOTA-NHS-ester) applying a procedure 
previously established for the conjugation of h-R3 molecule []. 

The conjugation reaction was performed at a DOTA/Fab´ molar ratio of 160:1. The reaction 
mixture was incubated overnight by gently stirring at 16°C. The immunoconjugate was 
separated from free DOTA by gel filtration chromatography on disposable PD-10 (Amersham 
Pharmacia Biotech, Uppsala, Sweden) desalting columns. As a mobile phase, NH4OAc (0.1 
M) pH – 7.0 was used and fractions of 0.5 mL were collected. The Concentration of the 
inmunoconjugate was determined exactly by UV-VIS at 280 nm (Ultrospec 3300 pro, 
Amersham Pharmacia Biotech). 

Fab’ -DOTA conjugate labeling with 90Y 

A 74MBq (2 mCi)  90Y aliquot (8.6 µL) in 0.05 M HCl was added to a plastic vial containing 
50 µL of ammonium acetate buffer (2 M, pH 7) followed by 100 µL (0.07 mg) of the Fab´-
DOTA-h-R3 conjugate. Additionally 50 µL of ammonium acetate buffer (0.5 M, pH 7) was 
added. The reaction mixture was left at 42 ºC for 1 h and then 10 µL of 10 mM DTPA 
solution pH 6 was added to complex the non reacting 90Y and left for another 15 min at room 
temperature. Labeling yield was determined by ITLC-SG with a mixture of ammonium 
acetate (10 %) and methanol 1:1. 

Fig. 2 shows the results of the pepsin digestion and purification of mAb Nimotuzumab® as 
examined by SDS–PAGE in the non-reducing conditions. Starting with lane 1 where the mAb 
Nimotuzumab appears, the subsequent lanes correspond to (2) digest mixture, (3) rProtein A 
column pass, (4) DEAE Sepharose ion-exchange column pass and (5) final, purified Fab´ 
fragment. It can be seen that the F(ab’)2 with molecular weight of 110.49 kDa (Table 3) is 
formed right after the digestion and disappears completely after the final reduction with 2-
mercaptoethanol, appearing a single band of 54.67 kDa near the 45 kDa mass standard 
corresponding to the Fab´ fragment. In Figure 2 can be also seen a band of calculated 
molecular weight of 72.44 kDa. This species has not been identified and was separated from 
the F(ab’)2 fragment right before the reduction with 2-mercaptoethanol by means of a size 
exclusion column C16/40 Sepharose CL-4B (Pharmacia, Sweden). 
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Fig. 2. SDS-PAGE under non-reducing conditions of Nimotuzumab digested by pepsin under 

pepsin:mAb ratio 1:50 (w:w) at 37°C in 0.1mol/L acetate buffer pH 4.5. 

Table 4. Molecular weight calculated by the fitted line in figure 1 of species separated by the 
SDS-PAGE electrophoresis 

ID Assignation Rf (cm) *Molecular Weight 
(kDa) 

1 mAb 
Nimotuzumab 0.8 153.44 

2 F(ab’)2 1.5 110.49 
3 unknown 2.4 72.44 
4 Fab’ 3.0 54.67 

* Calculated using the fitted line in figure 1 

 

Fig. 3. Size Exclusion HPLC with TSK G3000 pre-packed column of samples obtained in different 
stages of the production and purification of the Fab´fragment: a) Nimotuzumab (h-R3) in 0.5 M 
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Phosphate solution, (b) digest mixture in 0.1 M acetate buffer pH 4.5, (c)  rProtein A column pass in 
1.5 M glicine buffer containing 1.5 M NaCl  pH 8.9, (d) DEAE Sepharose ion-exchange column pass 

in TRIS buffer 25 mM pH 8.1, (d) final, purified Fab´ fragment in 0.5 M Phosphate solution 

The HPLC follow-up of the different stages of the production and purification of the Fab´ 
fragment are shown in Fig. 3. It can be seen that the major peaks in every step of the 
purification ( b-d) correspond to the F(ab´)2 fragment which is an indication of the high yield 
it is formed in the digestion. Finally an almost unique peak is observed corresponding to the 
Fab´ fragment as corroborated by the SDS-PAGE electrophoresis. Purity of this product was 
found to be higher than 95% calculated from the peak area in the chromatogram. 

The labeling efficiency of the Fab´-DOTA conjugate with 90Y was 83.5%. This corresponded 
to a specific activity of 28.6 mCi/mg. An in vitro stability study performed with the 90Y-Fab´-
DOTA conjugate (after purification) in an excess of 50 mM DTPA revealed a radiochemical 
purity above 95 % in the first 24 h. 

These results indicate the feasibility of producing the Fab´ fragment of the h-R3 mAb 
(Nimotuzumab) by enzymatic digestion with pepsin and that this fragment can be 
conveniently conjugated and labeled with 90Y exhibiting a good stability in vitro. Further 
studies are required in order to determine (i) the overall yield of the process and the purity of 
the fragment, (ii) immunoreactivity of this molecule in every stage -after production, 
conjugation and labeling-  (iii) the number of DOTA groups attached to the molecule after 
conjugation and its effect on immunoreactivity and (iv) identification of possible application. 

Biodistribution and pharmacokinetic of 90Y labeled molecules 

Both radiopharmaceutical preparations, 90Y-DOTA-hR3 and 90Y-DOTA-Fab´, were 
administered to healthy mice. Biodistribution at 4, 24 and 48h by organ dissection was 
performed and pharmacokinetic evaluation by blood sample extraction at different time point. 

Biodistribution results shows a typical organ distribution of this kind of molecules in which 
we can distinguish a bit higher bone accumulation at 4h after administration of 90Y-DOTA-
Fab´ possibly because a lower in vivo stability. Pharmacokinetic was evaluated by 
compartmental analysis following an IV bolus two compartment model with first order 
elimination (KINETICA, Thermo Electron Co.). As expected, both radiopharmaceutical 
candidates showed quite different behavior because the much lower molecular size of 
antibody fragments respects the parent molecule. The difference is mainly related to blood 
clearance and distribution volume, higher in the case of 90Y-DOTA-Fab´ in comparison with 
90Y-DOTA-hR3. A low distribution volume of whole antibody at steady state means a central 
(blood) compartment distribution, as a contrast its fragment showed an extra vascular 
distribution revealed by its higher distribution volume. 

Results related radiolabeling and biological evaluation will be published soon. 

Cromic (III) phosphate as a matrix of coloidal radiopharmaceuticals 

CrPO4 obtained by coprecipitation following the general Anghileri procedure as modified by 
Taylor et al 2003. 

 

Characterization by means of: 
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- Sedimentation in different solutions measuring optical density by nephelometry. 

- Particle size determination by microscopy and filtration. 

- Biodistribution in mice and articular leakage in rabbit knee joint. 

 

A: Isotonic phosphate buffer 
B: Gelatine 2%; pH = 6,0-6,5 
C: Gelatine 2 % in phosphate buffer; pH 7,0-7,5 
D: Gelatine 2 % in acetate buffer; pH 4-4,5 
E: PVP-10 2 % 
F: PVP-10 5 % 
G: PVP-10 10 % 

 
90Y labeling: 

Yield of 90Y incorporation (%)   
During 
precipitation  

After 
precipitation  

1  99.2  99.6  
2  99.4  99.3  
3  99.1  99.4  
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Particle size evaluation: 

 

Imaging in rabbits: 

 

Leakage from knee joint: 

 
188Re-Radiopharmaceuticals 

Two alumina based 100 mCi 188W/188Re generators were prepared according to protocol 
described in the previous CRP final report4. The activity was supplied by the IAEA. Part of 

                                                 

4 Xiques A, Torres M, Beckford D, Leyva R, Casanova E, Moreno Y.  Development of a 
reproducible methodology for the production of 90Y from a 90Sr/90Y chromatographic 
generator. Technical Reports Series No. 470, THERAPEUTIC RADIONUCLIDE 
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the 188Re from both generators was used to support a current clinical trial with 188Re-hR3 for 
the treatment of ovarian cancer. 

Radiolabeling approach used for 188Re labeled molecules 

Radiolabeling was carried out by means of Schwarz method5. 2-mercaptoehanol (2-ME) was 
added to monoclonal antibody at 1:2000 molar ratio, reduction took place at room 
temperature for 30 minutes before purification of reduced antibody by gel filtration on PD-10 
Sephadex G25 column. Fractions of 0.5 mL were dispensed on glass vials and kept frozen at -
20oC. 

As reducing system a solution containing sodium glucoheptonate (162.3 mg/mL, Sigma, 
EEUU), ascorbic acid (13.3 mg/mL, Merck, UK) and stannous fluoride (1.8 mg/mL, Sigma, 
EEUU) was prepared in NaCl 0.9%. In order to achieve the higher radiochemical purity, to 
0.5 mL of reduced antibody 50 to 600 µL of reducing system was added and allowed to stand 
at room temperature. Radiochemical purity was checked by paper chromatography at different 
time points. The best result (more than 98%) was obtained adding 600 µL of reducing system 
to the monoclonal antibody solution. 

Cysteine challenge 

To evaluate 188Re-hR3 stability a cysteine challenge at 1:300 molar excess was carried out. 
Analytical procedure was paper chromatography Whatman 3MM and saline solution as 
mobile phase. Results obtained show a good stability with similar pattern in comparison with 
99mTc labeling according with previous work of our group and in agreement6 or better7 than 
other´s authors publications. 

Biodistribution and pharmacokinetic of 188Re labeled molecules 

Biodistribution and pharmacokinetic performed in male Wistar rats (CENPALAB, Havana) 
show a very similar pattern of the molecule radio labeled with 188Re and 99mTc. In Table 5 
compared biodistribution is shown. In Fig. 4 and Table 6 we can observe that 
pharmacokinetic behavior is very similar, no statistical difference was found, in spite of the 
minor difference graphically visible. 

                                                                                                                                                         

GENERATORS: 90Sr/90Y AND 188W/188Re GENERATORS, International Atomic Energy 
Agency, Vienna, 2009. 

5 Schwarz A, Steinstraber A. A novel approach to Tc-99m-labeled monoclonal antibodies. J 
Nucl Med 1987; 28: 721. 

6 Griffiths GL, Goldenberg DM, Knapp FF Jr, Callahan AP, Chang CH, Hansen HJ. Direct 
radiolabeling of monoclonal antibodies with generator-produced rhenium-188 for 
radioimmunotherapy: Labeling and animal biodistribution studies. Cancer Res 1991; 51: 
4594-602. 

7 Hnatowich DJ, Madirossian G, Rusckowski M, Forgarasi M, Virzi F, Winnard F Jr. Directly 
and indirectly technetium-99m-lebeled antibodies – A comparison of in vitro and animal in 
vivo properties. J Nucl Med 1993; 34: 109-19. 
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Table 5. Biodistribution of 188Re-hR3 and 99mTc-hR3 

 

 

Fig. 4. Pharmacokinetic behavior of radiolabeled hR3. A: 99mTc-hR3, B: 188Re-hR3 

Table 6. Calculate pharmacokinetic parameters of radiolabeled antibody. 

 

Conclusions 

1. Both generators, 188W/188Re and 90Sr/90Y, were prepared with excelent performance and 
reliability. 
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2. 90Y radiolabeled molecules, a monoclonal antibody and its fragment Fab´, were 
obtained with high radiochemical purity and evaluated “in vitro” and “in vivo”. 

3. 188Re radiolabeled monoclonal antibody was obtained with high radiochemical purity 
and evaluated “in vitro” and “in vivo”. 

Remark: 188Re-Nimotuzumab was applied in brain tumor patients following a phase I clinical 
trial. Other two stidies will began, a phase II in brain tumor patients and a phase I in ovarian 
cancer patients. 

Working plan for the next period 

1. Installation of the 90Sr/ 90Y electrochemical generator. 

2. Testing of the generator with 37 GBq (1 Ci) 90Sr. 

3. Quality control of the produced 90Y. 

4. Evaluation of the Extraction Paper Chromatography Quality Control Technique. 

5. To continue selection and labeling of different biomolecules of interest with 90Y and 
188Re. 

6. Biological evaluation of labeled molecules by in vivo and in vitro models. 
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