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Abstract 

The aim of this project is to develop a  technique for preparation of 90Sr-90Y generator, we 
have developed a separation technique for isolation of 90Y from 90Sr based on using Sr – Spec 
resin packed in three columns for  separation and purification of 90Sr-90Y .The  resulting Y90 
is used for therapeutic applications. 

The first part of this project describe a prototype design for the 90Sr- 90Y generator in order  to 
get a very accurate method to obtain  the minimum possible 90Sr Breakthrough. 25 mci of 90Sr 
was used in the generator 90Sr-90Y and we obtained the elution yield of 90Y higher than 88%, 
Also the eluate was used for preparation of several 90Y radiopharmaceuticals such as 90Y-
EDTMP and 90Y-DOTA-HR3. And the work is continues to investigate more 
radiopharmaceuticals applications in the second part of this project such as 90Y– FHMA. 

In this part of the co-coordination research programmer, A protocol based on results of this 
studies was developed to prepare and operate a higher activity generator (50-100mci), the 
resulting elution yield was approximately 94% of 90Y . The elute was used in preparation of 
new 90Y radiopharmaceuticals. 

The monoclonal antibodies is still evolving by conjugate Rituximab to  The macrocyclic 
bifunctional chelating agent,(p-SCN-Bn-DOTA)S-2-(4-Isothiocyanatobenzyle)-1,4,7,10-
tetraazacyclododecane-tetraaceticacid to obtain the inmunoconjugate DOTA-Rituximub in 
simple way and then investigating the radio labeling conditions with 90Y. 

Experimental and Methods 

Generator Preparation and characterization: 

The behaviors of 90Sr and 90Y on Sr-Spec resin were investigated in different solutions of 
nitric acids. The results were in good agreement with published results where the highest 
distribution coefficient of 90Sr was found at nitric acid concentration of about 3M and at 
dramatically decreased with dilating nitric acid, while at this concentration the distribution 
coefficient of 90Y was minimal. The 3M nitric acid solution was used to separate 90Y from 
90Sr where Yttrium is eluted while strontium is fixed on the top of the column. 

Due to technical considerations assuring the characteristics of the products such as 
radionuclide purity, the final volume and simplicity of the system, the work was considered 
three column design connected in series (21x0.4 cm). Each column was filled with one gram 
of resin and conditioned under 3 M nitric acid solutions. 

During separation the 90Sr was retained on the top of first column, while the other two 
columns were acted as purifiers of Yttrium, where breakthrough 90Sr was captured. 
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Stability of columns: 

Investigation of generator repeatability was carried out, where the generator system was 
loaded with 50 -100mci of 90Sr and the system was eluted daily with 3M nitric acid (20ml). 
The results showed that the system was stable for one week (4 elution processes), then after 
this time the 90Sr break through was increased by magnitude of 100(90y/90Sr ≥10-5). 

While separation of 90Sr, after elution of 90Y and cleaning of the columns with distilled water 
and reusing it, showed the possibility of using the resin for many times.(about 6) 

 
FIG 1 shows a column arrangement for the isolation of 90Y from 90Sr stock solutions 

Chemical purity of the eluate: 

The90Y elution was analyzed by using ICP-ms for determination of chemical purity. And the 
work is continues to investigate more radio pharmaceuticals. 

Chemical purity of the elute 

Element Concentration PPb 
Al  140 
Ni  1.0 
Zr  370 
Sr  <1 
Y  1x10-2 
RE*  <1x10-2 
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The progress in this stage is the development of preparation and optimization of 90Sr /90Y 
generator using Sr–Spec resin packed in three columns and purification of 90Yproduct. 

- Generator was prepared, investigated and validated for different parameters such 
yield, breakthrough, and it’s usable by any radiopharmaceutical products. 

- The design consist of three columns connected in series ( long 21 cm, 4 mm diameter , 
1 gr Sr-Spec)for each one .The first column is used for 90sr adsorbent while the second 
and third are used as safety columns for further purification 

-  the stock solution in 3 M nitric acid passing through the columns , 90Sr is retained , 
while any yttrium is eluted , then 90Sr is stripped from the column with dilute 0.05 M  
nitric acid,  

For purification we used AG 50 resin  to remove any traces of organic  materials and trace 
element present .the radiochemical .of 90Y product is determined by a combination of the 
decontamination factor from 90Sr a achieved with the series of Sr –spec columns and that 
obtained with the purification column ( AG 50W X12) .A Decontamination  factor is the ratio 
of the concentration of the  90Sr in the feed stock introduced to the column to the 
concentration of the 90Sr in the fraction of interest ) . The measured was obtained around 
3.109. 

The solution which contains 90Y was evaporated then 5 mCi was taken from it for quality 
control using Sr –spec column. The breakthrough of 90Sr was more than 10-7. 

The activity of 90Sr /90Y which was used for generator around 50mCi and the yield was 
approximately 45mci of 90Y it means more 92% from stock solution. 
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Quality control 

Several chromatographic solutions had been used and the best method  was to separate the 
relative amounts of 90Sr and 90Y in the final product by paper chrmatography where both of 
90Sr and 90Y used are in the form of acetates. Paper chromatography separation was carried 
out using saline as the mobile phase, on paper W1 spotted with small amount of DEHPA. 
After dryness, the paper was cut in 1 cm and counted by LSC.  
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Study on preparation of 90Y-EDTMP: 

Malignant cancer is one of the most important resulting in human death, Bone metastases in 
nearly 25% of all cancer patients; So It is useful to develop radiopharmaceuticals for the 
treatment of bone cancer. 

90Y- EDTMP is systemic agent, the injection dose of patients is higher than other diagnostic, 
it is very important to determination the chemical purity radioactive radio chemical purity of 
90Y-EDTMP, 
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Experimental methods and result: 

Preparation of 90Y-EDTMP: 

90Y labeled EDTMP was prepared by dissolving 150 mg of EDTMP in 25% solution of 
NH4OH   and dilution to 10 ml by water, pH was then adjusted to about 8-8.5 

The PH =8-8.5, 1ml of the final solution was labeled with 5 mCi of 90Y, and pH was adjusted 
to 6.5 by using 0.1 M of ammonium chloride. The formulation was left for 15 min 

Purity determination: 

Take the labeled solution and measured it on LS(6500) Beckman  

St= 100 μl of 90Y- EDTMP + 10 ml (0.1M)HCl 

Take 100 μl from solution 15 ml of  0.1M HCl add 100 μl from solution to column exchange 
and wash with 0.9 % NaCl  

Take 100 μl from the solution from the column exchange then add 15ml (0.1M) HCl , prepare 
vile put 15ml (0.1M) inside it as St 

Free 90Y stay in the column exchange  

 

Quality control: 

The labeled EDTMP was separated on Whatman paper 3mm with Solution of NH4OH : 
MeOH: H2O , 0.2:2:4  for 0.5 hr 

It was found that RCP ≥98% 

Electrophoresis separation on Whatman paper 3mm (21*2Cm)In solution phosphate buffer 
(0.025M) Na2HpO4 at 210V for 1 hr 
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The result displayed that the 90Y immigrated to the cathode and the (90Y product) immigrated 
to the anode as the line analysis Shown.RCP was found to be about 98% 

We repeated the experiment many time and we found the same results. 

DOTA-HR3 coupling and labeling with 90Y: 

Materials and method: 

The result of the immunoconjucate DOTA-HR3 was successfully labeled with y90. The 
macrocyclic bifunctional chelating agent,(p-SCN-Bn-DOTA)S-2-(4-Isothiocyanatobenzyle)-
1,4,7,10-tetraazacyclododecane-tetraaceticacid 

DOTA-HR3 was prepared by the addition of 800µl of HR3 pharmaceutical solution (5mg/ml 
in phosphate buffer, PH=8) to a glass tube percolated with DOTA-SCN (5-5.6mg) in 
phosphate buffer (0.1M) (PH=8) at room temperature with continuous mild stirring then  keep 
in the fridge. 

The DOTA-HR3 coupling during sephadex G50 column activation with (0.1M NH4OAC) 
were collected. radio labeling was performed at 42◦ c, the Y-90 (Yttrium III – chloride) 
solution to be used should have an activity concentration of 2.5mci /ml and where the 
commercial acquired should be evaporated at 60◦C ( the became Volume 2.5mci/0.5ml) 

Labeling 

500 µl of This solution 90YCl ( 2.5mci/0.5ml) is incubated in ( 150 µl) Ammonium acetate 
(0.25M) and 150 µl Ammonium acetate(2M) (Buffer PH=7.5 µl The solution mixed for 10 
min then 200 µl DOTA-HR3 was added and stirred  for 15 min bringing the total volume up 
1ml. 
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Quality control: 

Quality control of radio pharmaceutical is carried out by high performance liquid 
chromatography column: (2.1*200mm) Hypersil AA-ODS – 5micron, Flow: 0.4m/min , 
λ=254nm Mobile phase : 95%NaCl,5%ACN)-20min .. 

The analysis (HPLC) showed an overall radiochemical purity of RCP≥ 95-98% , The final 
results are attachment  by report. 

We repeated the experiment many time and we found the same results 
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FHMA labeling with 90Y: 
Experimental methods and result: 
Preparation of 90Y-FHMA: 

Colloid of ferric hydroxide macroaggregates FHMA was also prepared ,where most particle 
size ranged between 2-10µm in diameter and radiochemical purity was more than ≥99%  

The starting (uncoated) super paramagnetic iron nano particles were obtained by mixing 
aqueous FeCl3 with aqueous NH4OH under sonication at laboratory temperature, for 2min. 
Then a solution of FeCl2 was added and the mixture was poured into an aqueous of  NH4OH, 
the resulting magnetite precipitate was left aging for15min  and repeatedly washed (7-10 
times ) with deionizer water. Sodium citrate solution was added under sonication and 
magnetite was oxidized by slow addition of 5% aqueous solution of sodium hypochlorite , the 
above procedure of repeated washing afforded the starting primary colloid. 

The labeling 90Y-FHMA was performed by co-precipitation of yttrium and ferric hydroxides 
under alkaline conditions, as has been done by earlier workers for other metal ions ,in brief , 
to 1 ml 90YCl3 (74-185MBq or 25 mCi) in 10 ml vial, 4.0 ml of sodium citrate 0.1 M was 
added, to the previous formed particulates in the room temperature solution was stirred 
vigorously under sonication then after that it centrifuged , sodium citrate 0.1 M was added 
with 0.5gr of gelatine in 5ml  of saline in boiling water bath and the solution was stirred 
vigorously under  sonication, 1ml of sodium hypochlorite 5% was added. The mixture was 
centrifuged at 3500 rpm for 5 min the supernatant was removed and counted (almost showed 
no activity). The percentage yield was calculated as the percent radioactivity associate with 
the radio labeled particles. 

Particle size determination 

Particle size measurement were carried out in 2 ml of saline solution added to 1 ml of the 
particles placed in a 10 ml vial then shaked   at 37 and  the particles size passed through 
different size of filters (  0.2 -0.8 -2-3-5-10 )µm and each fraction was counted  

Preliminary estimates of the particle size were accomplished with an optical microscope and 
scanning electron microscope and the most size of particles about 90%was between   2-10µm 
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Particle size between 2-10µm in diameter 

Quality control: 
Immigration Solution: saline 
Whatman paper 3mm 
Time of immigration of solution: 1/2hr 
Radiochemical purity Y90-FHMA with out gelatin was: 94.45% 
Radiochemical purity Y90-FHMA with gelatinwas: 99.2%  

1 3 5 7 9

S1

0
10000
20000
30000

40000
50000

60000

CM

CPM

chromatography paper y-colloid Y-FHMA

 
Radiochemical purity 90Y-FHMA with gelatin was:99.2% 
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Radiochemical purity 90Y-FHMA without gelatin was:94.45% 
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Radiochemical purity OF 90Y was: 99.8% with salian solution and 3MM W 

 
This photo shows fraction size 2 µm on optical microscope 
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This photo shows fraction size 5 µm on  optical microscope 

 
This photo shows Y90-FHMA before filtration  on  optical microscope 
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PREPARATION, QUALITY CONTROL STUDIES OF [90Y]-DOTA-RITUXIMAB 
IMMUNOCONJUGATES: 

Abstract: 

Despite the many challenges the use of antibodies in radioimmunotheraby  (mAbs) with 
radioactive metals for cancer diagnosis and therapy has usually been accomplished by the use 
binifi bifunctional chelating agent. S-2-(4-Isothiocyanatobenzyle)-1,4,7,10-
tetraazacyclododecane-tetraaceticacid(DOTA) is one of the most unique compounds for 
labeling peptides and proteins with multivalent metals suh as yttrium and lanthanides. 

Conjugation of rituximab with DOTA-NCS: 

(Rituximab) was successively labeled with [90Y]-yttrium chloride after conjugation with 
macrocyclic bifunctional chelating agent,(p-SCN-Bn-DOTA)S-2-(4-Isothiocyanatobenzyle)-
1,4,7,10-tetraazacyclododecane-tetraaceticacid to obtain the inmunoconjugate DOTA-
Rituximub, Conjugated-Rituximab was obtained by the addition of 100μlof a rituximab 
pharmaceutical solution (5 mg/ml, in phosphate buffer, pH=7.6) to a glass tube pre-coated 
with DOTA-NCS at 25°C continuous mild stirring then  keep in the fridge. 

radiolabeling of rituximab with 90Y: 

The conjugated DOTA-rituximab fractions containing the maximum protein content were 
labeled with 90Y-YCl3 solution. The samples were checked to find the best time scale for 
labeling. After an hour, the immunoconjucate DOTA-rituximub was successfully labeled 
with90Y. Radiolabeling was performed at 41-42°C in 1hr DOTA-conjugate, HPLC showed an 
overall radiochemical purity of 97.5% 
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This diagram shows the radiochemical purity RCP with Methanol:ammonia 3:2 Using paper 
Chromatography  ITLC-SC The QC of DOTA –NSC-Rituximab  -90Y was 98.1% 

 

This diagram shows the radiochemical purity RCP with Methanol:ammonium acetate 1:1 
using ITLC-SC The QC of DOTA –NSC-Rituximab -90Y was 98.1% 
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This is correspond between the two diagram the conjugate DOTA-Rituximab of and the 
conjugate DOTA-Rituximab-90Y 
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