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Abstract
Simple methods to quantify radiochemical impurities existing in glass microspheres were tested. A system of 

two solvent mobile phases (acetone and 0.9% NaCl) were used with Whatman no. 3 paper strips as the stationary 
phase. Paper chromatography was used to identify radiochemical impurities in the radioactive microspheres. These 
impurities were found to be <0.01% for Azer spheres in saline and acetone solution. The results confirmed that glass 
microspheres prepared using the new procedures are convenient for radiotherapy purposes.
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Introduction
Chromatography is the collective term for a set of laboratory 

techniques for the separation of mixtures into their components. All 
forms of chromatography work on the same principle. They all have a 
stationary phase (a solid or a liquid supported on a solid) and a mobile 
phase (a liquid or a gas). The mixture is dissolved in a fluid called the 
mobile phase, which carries it through a structure holding another 
material called the stationary phase. The mobile phase flows through 
the stationary phase and carries the components of the mixture with 
it. The various constituents of the mixture travel at different speeds, 
causing them to separate. The separation is based on differential 
partitioning between the mobile and stationary phases. There are 
different types of chromatography, including column chromatography 
and paper chromatography [1-10].

Paper chromatography is a solid-liquid form of chromatography 
where the stationary phase is a specially manufactured porous paper 
and the mobile phase can be a single solvent or a combination of 
solvents. Paper chromatography is a method used to separate mixtures 
into their different parts [1-10]. Paper chromatography has been most 
commonly used to separate pigments, dyes and inks.

Chemists frequently use paper chromatography to follow the 
progress of a reaction by monitoring the disappearance of a reactant or 
the appearance of a product. Autoradiography can be used to investigate 
the distribution of radioactive materials [11]. 

Radiochemical purity is an important quality parameter for 
radiopharmaceuticals [12]. The radiochemical purity (RCP) of 
compounded radiopharmaceuticals should be monitored before 
administration to patients [13]. A number of analytical methods can be 
used to detect and determine the radiochemical impurities in a given 
radiopharmaceutical. Particularly important are precipitation, paper, 
thin-layer, and gel chromatography, paper and gel electrophoresis, ion 
exchange, solvent extraction, high performance liquid chromatography 
and distillation [8].

Thin-layer and paper chromatography is mostly used in a hospital 
environment. In paper and thin-layer chromatography, a volume 
equal to that described in the monograph is deposited on the starting-
line. After development, the support is dried and the positions of the 
radioactive areas are detected by autoradiography or by measurement 
of the radioactivity over the length of the chromatogram using suitable 
collimated counters or by cutting strips and counting each portion. 

The positions of the spots or areas permit chemical identification by 
comparison with the solutions of the same chemical substance (non-
radioactive) using a suitable detection method.

In the present study, paper chromatography was used to separate 
Y3+ ions into different structures. Depending on their molecular 
structures and interactions with the paper and mobile phase, they 
adhered to the paper more or less than the other compounds to allow 
quick and efficient separation. Autoradiography was used to investigate 
the distribution of radioactive Y3+ ions. This study developed a type 
of paper chromatography to determine the radiochemical purity of 
radioactive microspheres. 

Materials and Method
Microsphere preparation

The present study developed a type of paper chromatography 
for determination and comparison of the radiochemical purity of 
radioactive yttrium-90 microspheres produced by sol gel method and 
different composition 1) TEOS: H2O: HCl (Azer spheres) [14,15], 2) 
TEOS: CH3COOH:H2O (Azar spheres) [16], 3) TEOS: H2O: H3PO4, (Az 
spheres) [17]. 

Neutron activation
For this procedure, 200 mg of each microsphere powder was poured 

into a quartz ampoule (6 cm in height, 0.7 cm in diameter) and the 
ampoule was sealed using an oxygen flame. The sample was irradiated 
inside a sealed aluminum container (7 cm in height, 3 in cm diameter) 
for 10 h in the research reactor. The medium neutron flux was about 3.0 
× 1013 n/(s.cm2).

After cooling for 3 d, the sealed aluminum container was cut and the 
quartz ampoule was crushed. These microspheres were subsequently 
added to a 10 ml vial with 5 ml of saline to form an elution. These 
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radioactive microspheres were then analyzed to determine their 
radiochemical purity. 

Radiochemical purity

Paper chromatography was used to determine the radiochemical 
impurities in the radioactive microspheres. The radiochemical purity 
of a radiopharmaceutical is defined as the fraction of total activity in 
the desired chemical form in the sample [18-20]. These impurities 
arise from incomplete labeling, breakdown of the labeled products 
over time caused by instability, and introduction of extraneous labeled 
ingredients during synthesis. Impurities can cause altered in vivo bio 
distribution after administration which can result in an unnecessary 
radiation dose to the patient. For these reasons, the US Pharmacopeia 
and US Food and Drug Administration have set limits on impurities 
in different radiopharmaceuticals that must not be exceeded in clinical 
operations.

Radiochemical impurities were checked using the two-solvent 

system: (a) saline solution (NaCl 0.9%) as the mobile phase on 
Whatman no. 3 paper; (b) acetone solution on Whatman no. 3 paper. 
The Whatman no. 3 chromatography paper sheets were cut into 1 cm 
× 8 cm strips and placed into empty 10 ml glass pharmaceutical vials. 
Approximately 1 ml of the appropriate solvent was placed into the vial 
and two droplets of radioactive solution were dropped onto it, forming 
a spot about 1 cm in diameter. After drying the droplets, the strips were 
placed in the appropriate solvent and the solvent was allowed to migrate 
until it reached the top of the strip.

This procedure generally requires 30 min. After the strip had dried, 
it was cut into eight 1 cm pieces and the radioactivity of each segment 
was measured in an alpha and beta counter (LB123 UMO Berthold) 
for 1 min. The data was expressed in counts per minute (cpm). The 
chromatography spectra are shown in Figures 1 and 2 and indicate 
low levels of impurities for these microspheres. The impurities were 
calculated by expressing the percentage of activity corresponding to the 
total activity on the plate (Tables 1 and 2). 

Figure 1: Chromatography analysis of different microspheres in saline solution.
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calculated by expressing the percentage of activity corresponding to the 
total activity on the plate. 

The chromatography spectrums of Azer sphere 1, Azar sphere 
1 and Az sphere 1 and those for free Al Azer sphere 2, Azar sphere 
2 and Az sphere 2 are shown in Figures 1 and 2. The radiochemical 
purity was found to be more than 99% for the Azer spheres in saline 
and acetone solution. And it was less than 95% for the Azar spheres in 

For protection from ingestion, inhalation and irradiation of the 
radioactive product, these processes were performed in a box made of 
Plexiglas.

Results and Discussion
The chromatography spectra shown in Figures 1 and 2 indicate 

low levels of impurities for these microspheres. The impurities were 

Figure 2: Chromatography analysis of different microspheres in acetone solution.

Net activity of 1/3 strip in origin (Count/min) All activity of strip (Count/min) Radiochemical Purity
Azer-spher 1 115005 115008.7 0.9999
Azer-sphere 2 236030 236035 0.9999
Azar-sphere 1 4712 5121 0.9201
Azar-sphere 2 1919 2040 0.9407
Az-sphere 1 370015 370022.4 0.9999
Az-sphere 2 1290000 1339992 0.9627

Table 1: Radiochemical purity of different microspheres in saline solution.
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Net activity of 1/3 strip in origin (Count/min) All activity of strip (Count/min) Radiochemical Purity
Azer-sphere 1 70000700 70000707.7 0.9999
Azer-sphere 2 222400 222446.6 0.9998
Azar-sphere 1 55605 56316 0.9874
Azar-sphere 2 1853 1898 0.9763
Az-sphere 1 445019 445092 0.9998
Az-sphere 2 14000035 14213742 0.9849

Table 2: Radiochemical purity of different microspheres in acetone solution.

saline solution. The radiochemical purity of Az sphere 1 was more than 
99% in the saline and acetone solutions.

Conclusion
The results indicate that the low level of chemical impurities in the 

Azer and Az spheres make them suitable for medical applications. Paper 
chromatography with acetone and 0.9% NaCl was shown to be a simple 
and quick method for routine quality control of radiopharmaceuticals. 
It confirmed that glass microspheres prepared by the new procedure 
are a radiopharmaceutical of high efficiency and radiochemical purity 
with a satisfactory number of particles of the required size. These 
qualities promise good results for applications in radiotherapy where 
the radiochemical purity for radiopharmaceutical products must be 
higher than 95% [9].

References

1. Kumar S, Jyotirmayee K, M. Sarangi (2013) Thin Layer Chromatography: A
Tool of Biotechnology for Isolation of Bioactive Compounds from Medicinal
Plants. Int J Pharm Sci Rev Res 18: 126-132.

2. Ivanova NV, Trofimova NN, Es'kova LA, Babkin VA (2012) The Study of the 
Reaction of Pectin-Ag(0) Nanocomposites Formation. Int J Carbohydrate
Chem 1-9.

3. Eldahshan OA (2010) Isolation and Structure Elucidation of Phenolic
Compounds of Carob Leaves Grown in Egypt. Curr Res J Biol Sci 3: 52-55

4. Emam SS, El-Moaty Abd, Mohamed HI, Abd El S, (2010) Primary metabolites
and flavonoid constituents of Isatis microcarpa J. Gay ex Boiss J Nat Prod 3: 
12-26.

5. Himesh S, Ak S, Sarvesh S (2012) Quantification of Ascorbic Acid in Leaves of 
Annona squamosa. Int J Pharmacy and Pharmaceut Sci  4: 144-147.

6. Kaur P, Sharma P, Ahmed F, Tembhurkar V (2011) Optimization of Subtilin
Production by Bacillus Subitilis. Indo Global J Pharmaceut Sci 1: 362-368.

7. Djoki D, Jankovi D, Maksin T (2002) Radiochemical Purity and Particles
Number Determinations of Modified 99mtc-Macroaggregated Albumin. J Serb
Chem Soc 67: 573-579.

8. Saha GB (2010) Fundamentals of Nuclear Pharmacy 6th (Edn) Springer
Science+Business Media, LLC, 233 Spring Street, New York, USA. 

9. Zolle I (2007) Technetium-99m Pharmaceuticals Preparation and Quality
Control in Nuclear Medicine. Department of Medicinal/Pharmaceutical
Chemistry University of Vienna AlthanstraBe, Vienna, Austria.

10. Loveless VS (2009) Quality Control of Compounded Radiopharmaceuticals.
University of New Mexico Health Sciences Center Pharmacy Continuing
Education 1-34.

11. Laboratory course manual (2012) Autoradiography. Radioactive Isotopes and
Ionizing Radiation Departmant of Biology, University of Copenhagen.

12. Decristoforo C, Siller R, Chen F, Riccabona G (2000) Radiochemical purity
of routinely prepared 99Tcm radiopharmaceuticals: a retrospective study. Nucl
Med Commun 21: 349-54.

13. American Pharmaceutical Association. Nuclear Pharmacy Guidelines for the
Compounding of Radiopharmaceuticals. Nuclear Pharmacy Compounding
Practice Guidelines 5.2: 1-29 

14. Ghahramani MR, Garibov AA, Agayev TN (2014) Production and Quality
Control of Radioactive Yttrium Microspheres for Medical Application. Appl
Radiat Isot 85: 87-91.

15. Ghahramani MR, Garibov AA, Agayev TN, Mohammadi MA (2014) A Novel
Way to Produce Yttrium Glass Microspheres for Medical Applications. Glass 
Phys and Chem 40: 283-287.

16. Ghahramani MR, Garibov AA, Agayev TN (2014) Production of yttrium
aluminum silicate microspheres by gelation of an aqueous solution containing
yttrium and aluminum ions in silicone oil. Int J Radiat Res 12: 189-197.

17. Ghahramani MR, Garibov AA, Agayev TN (2014) Preliminary results on a new
method for producing yttrium phosphorous microspheres. Appl Radiat Isot 92: 
46-51

18. Robbins PJ (1984) Chromatography of Technetium-99m Radiopharmaceuticals 
– A Practical Guide. Soc Nucl Med, New York, USA. 

19. Furumoto S, Shinbo R, Iwata R, Ishikawa Y, Yanai K, et al (2013) In Vitro and In 
Vivo Characterization of 2-Deoxy-2-18F Fluoro-D-Mannose as a Tumor-Imaging 
Agent for PET. J Nucl Med 54: 1-8

20. International Atomic Energy Agency (2006) Quality assurance for radioactivity
measurement in nuclear medicine - Vienna, Technical reports series, no. 454

http://www.globalresearchonline.net/journalcontents/v18-1/18.pdf
http://www.globalresearchonline.net/journalcontents/v18-1/18.pdf
http://www.globalresearchonline.net/journalcontents/v18-1/18.pdf
http://www.hindawi.com/journals/ijcc/2012/459410/
http://www.hindawi.com/journals/ijcc/2012/459410/
http://www.hindawi.com/journals/ijcc/2012/459410/
http://maxwellsci.com/print/crjbs/v3-52-55.pdf
http://maxwellsci.com/print/crjbs/v3-52-55.pdf
http://www.journalofnaturalproducts.com/Volume3/3_Res_paper-2.pdf
http://www.journalofnaturalproducts.com/Volume3/3_Res_paper-2.pdf
http://www.journalofnaturalproducts.com/Volume3/3_Res_paper-2.pdf
http://www.ijppsjournal.com/Vol4Issue3/3588.pdf
http://www.ijppsjournal.com/Vol4Issue3/3588.pdf
http://iglobaljournal.com/wp-content/uploads/2012/01/9.-Pardeep-Kaur-et-al-2011.pdf
http://iglobaljournal.com/wp-content/uploads/2012/01/9.-Pardeep-Kaur-et-al-2011.pdf
http://www.doiserbia.nb.rs/img/doi/0352-5139/2002/0352-51390209573D.pdf
http://www.doiserbia.nb.rs/img/doi/0352-5139/2002/0352-51390209573D.pdf
http://www.doiserbia.nb.rs/img/doi/0352-5139/2002/0352-51390209573D.pdf
http://ksupc.com/download/xArchive/level9/427/Nuclear Pharmacy/Lab/Fundamentals of Nuclear Pharmacy, Sixth Edition.pdf
http://ksupc.com/download/xArchive/level9/427/Nuclear Pharmacy/Lab/Fundamentals of Nuclear Pharmacy, Sixth Edition.pdf
http://www.springer.com/medicine/radiology/book/978-3-540-33989-2
http://www.springer.com/medicine/radiology/book/978-3-540-33989-2
http://www.springer.com/medicine/radiology/book/978-3-540-33989-2
http://pharmacyce.unm.edu/nuclear_program/freelessonfiles/vol15lesson3.pdf
http://pharmacyce.unm.edu/nuclear_program/freelessonfiles/vol15lesson3.pdf
http://pharmacyce.unm.edu/nuclear_program/freelessonfiles/vol15lesson3.pdf
http://www.ncbi.nlm.nih.gov/pubmed/10845223
http://www.ncbi.nlm.nih.gov/pubmed/10845223
http://www.ncbi.nlm.nih.gov/pubmed/10845223
http://nuclearpharmacy.uams.edu/Compounding.PDF
http://nuclearpharmacy.uams.edu/Compounding.PDF
http://nuclearpharmacy.uams.edu/Compounding.PDF
http://www.ncbi.nlm.nih.gov/pubmed/24389532
http://www.ncbi.nlm.nih.gov/pubmed/24389532
http://www.ncbi.nlm.nih.gov/pubmed/24389532
http://link.springer.com/article/10.1134%2FS1087659614030055
http://link.springer.com/article/10.1134%2FS1087659614030055
http://link.springer.com/article/10.1134%2FS1087659614030055
http://www.ijrr.com/browse.php?a_id=1228&sid=1&slc_lang=en
http://www.ijrr.com/browse.php?a_id=1228&sid=1&slc_lang=en
http://www.ijrr.com/browse.php?a_id=1228&sid=1&slc_lang=en
http://www.ncbi.nlm.nih.gov/pubmed/24998745
http://www.ncbi.nlm.nih.gov/pubmed/24998745
http://www.ncbi.nlm.nih.gov/pubmed/24998745
http://www.amazon.com/Chromatography-technetium-99m-radiopharmaceuticals-practical-guide/dp/0932004180
http://www.amazon.com/Chromatography-technetium-99m-radiopharmaceuticals-practical-guide/dp/0932004180
http://www.ncbi.nlm.nih.gov/pubmed/23843565
http://www.ncbi.nlm.nih.gov/pubmed/23843565
http://www.ncbi.nlm.nih.gov/pubmed/23843565
http://www-pub.iaea.org/MTCD/publications/PDF/trs454_web.pdf
http://www-pub.iaea.org/MTCD/publications/PDF/trs454_web.pdf

	Title
	Corresponding author
	Abstract 
	Keywords
	Introduction 
	Materials and Method 
	Microsphere preparation 
	Neutron activation 
	Radiochemical purity 

	Results and Discussion 
	Conclusion
	Figure 1
	Figure 2
	Table 1
	Table 2
	References

