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РЕФЕРАТ

Есеп 56 бет, 10 сурет, 4 кесте, 10 әдебиет көздерінен, 6 қосымша. 
РАДИОФАРМДЫҚ ДӘРІ-ДӘРМЕК, ЯДРОЛЫҚ МЕДИЦИНА РАДИОХИМИЯЛЫҚ ТАЗАЛЫҚ, 177Lu-DOTAELA, СҮТ БЕЗІНІҢ ҮШ РЕТ НЕГАТИВТІ ҚАТЕРЛІ ІСІГІ, ТЕРАПИЯ, ҚАҒАЗ ХРОМАТОГРАФИЯСЫ, ЛЮТЕЦИЙ-177
Зерттеу нысаны таңбаланған элаголикс-177Lu (ары қарай 177Lu-DOTAELA) кешені болып табылады. 
Жоба мақсаты - СБҮРНҚІ диагностикалау мен емдеуге арналған дәрі-дәрмекті әзірлеу.
Синтез реакциясының технологиялық шығымына температураның, уақыттың және құрамының әсер етуін анықтау бойынша тәжірибелер, және де синтезделген топтамаларды тазалаудың қолайлы әдісін қарастыру герметикалық «ыстық» камерадағыдай жүргізілетін болады. Синтез кезеңіндегі технологиялық шығымды анықтау үшін гамма-спектрометрия (гамма-спектрометр EGPC 30-185-R), радиохимиялық тазалығын анықтауға арналған жұқақабатты хроматография, еріткіштердің құрамының және олардың өнімдегі қалдық мөлшерінің әсерін анықтауға газдық хроматография (газды хроматограф Agilent 7890A GC), сонымен қатар химиялық тазалығын анықтауға арналған жоғары тиімділікке ие сұйықтықтық хроматография (Agilent 1260) әдістері қолданылады. Қызбатуындатпаушылық LAL- тесті көмегімен, ал зарарсыздандырылғандығы - 25°С пен 37°С  кезінде 14 күн ішінде үлгілерді артынша инкубациялаудан тұратын, қоректік ортаға тура себу әдісімен анықталады. Эксперессия ісік ұлпаларын тікелей таңбалау әдісімен анықталатын болады. 
2018-2020 жыл аралығында келесі негізгі нәтижелер алынды. 
Модификацияланған DOTAELA хелантының циклдік құрылымына радиобелсенді l77Lu изотобын толтыру шарттары анықталды. 177Lu-DOTAELA шығымын бағалаудың қағаз хроматографиясының жүйесі таңдалды. 177Lu-DOTAELA радиотаңбалаудың қолайлы параметрлері анықталды. l77Lu-DOTAELA кешенін тазалау әрекеттері жасалынды. l77Lu-DOTAELA пайдаланудың жарамдылық мерзімі анықталды.  Қоспа құрамдастарын дайындау, емдік дәрі-дәрмекке арналған құтыларға реагенттерді бөліп салу кезеңдерінен тұратын, DOTAELA негізінде дәрі-дәрмек жасаудың технологиялық сызбасы әзірленді Оның негізгі құрамдастарының құрамында сапалық және сандық анықтау әдістемесі жүргізілді. Емдік дәрі-дәрмек өндірісінде жаңа радиофарм дәрі-дәрмегінің сынама партиясын жасауға арналған сипаттама жобасы ұсынылды. Үш сынама партиясы өндірілді және радиофармацевтикалық дәрі-дәрмегінің сапасына бақылау жүргізілді. MDA-MB-231 жасушаларын байлау мен интернализациялау динамикасы зерттелді.
Сүт безінің үш рет негативті қатерлі ісігін (СБҮРҚІ) диагностикалау мен терапиясына арналған радиофарм дәрі-дәрмегін әзірлеу бойынша алынған нәтижелер ғылыми-практикалық маңызға ие, себебі оның негізіндегі материалдар ұқсас дәрі-дәрмектерді әзірлеу үшін материалдар ретінде пайдаланылады. Жұмыс нәтижелері мен қорытындылары РФД жолдауымен ілесіп жүретін фармакопеялық мақалалары мен өзге де нормативтік құжаттарды әзірлеу мен сараптамасын жасау кезінде  қолданылуы мүмкін. Алынған материалдар оларды ядролық медицинада қолдануда өте жоғары перспективаға ие.
Қолдану аумағы: ядролық медицина, радиохимия. 
Алынған нәтижелер халықаралық конференцияларда баяндалып, индекстелетін журналдарда жарияланған, сонымен қатар пайдалы модельге патент алынды. 
Міндеттің аяқталу дәрежесі - қорытындылау.



ABSTRACT

The report consists of 56 p., 10 fig., 4 tab., 10 ref., 6 app.
RADIOPHARMACEUTICAL, RADIOCHEMICAL PURITY, NUCLEAR MEDICINE, 177Lu-DOTAELA, TRIPLE NEGATIVE BREAST CANCER, THERAPY, PAPER CHROMATOGRAPHY, LUTESIUM-177
The object of the study is the labeled complex elagolix-177Lu (here in after 177Lu-DOTAELA).
The goal of the project is to develop a drug for the diagnosis and treatment of TNBC and to introduce it into clinical practice.
[bookmark: _Toc52805377][bookmark: _Toc52805801]The experiments to determine the effect of temperature, time and composition on the technological output of the synthesis reaction, as well as testing of the optimal method for purifying of the synthesized batches, were performed in a sealed "hot" cell. To determine the technological output at the synthesis stage, the gamma spectrometry methods (gamma spectrometer EGPC 30-185-R), thin-layer chromatography was used to determine the radiochemical purity, the effect of the solvents composition and their residual quantity in the product, the method of gas chromatography (Agilent 7890A gas chromatograph GC), as well as high-performance liquid chromatography was used for determination of chemical purity (Agilent 1260). Apyrogenity was determined with the help of the LAL-test, and the sterility was determined by direct seeding on nutrient media, followed by incubation of the samples for 14 days at 25 °C and 37 °C. Internalization and binding were determined by direct labeling of MDA-MB-231 cells.
For the period 2018-2020, the following main results were obtained:
The conditions for the impregnation of the l77Lu radioactive isotope into the cyclic structure of the modified chelant DOTAELA were determined. A system of paper chromatography for evaluating the yield of 177Lu-DOTAELA was selected. The optimal parameters of 177Lu-DOTAELA radio labeling have been determined. An attempt was made to purify the l77Lu-DOTAELA complex. The shelf life of 177Lu-DOTAELA has been determined. A technological scheme for the preparation of a drug based on DOTAELA has been developed, including the stages of preparing the components of the mixture, filling the reagents into vials for medicines. The development of methods of qualitative and quantitative determination in the composition of its main components has been carried out. A draft specification is proposed for the development of pilot batches of a new radiopharmaceutical for the production of a drug. Three pilot batches were produced and the quality control of the radiopharmaceutical was carried out. The dynamics of binding and internalization of MDA-MB-231 cells was studied.
The results obtained on the development of a radiopharmaceutical for the diagnosis and treatment of triple-negative breast cancer (TNBC) are of scientific and practical importance, since materials based on them can be used as materials for the development of such drugs. The results and conclusions of the work can be used in the development and examination of pharmacopoeial monographs and other regulatory documents accompanying the circulation of the RP. The obtained materials have high prospects for their use in nuclear medicine.
Applications: nuclear medicine, radiochemistry.
The results were reported at international conferences, published in indexed journals, and a patent for a utility model was obtained.
The task completion is final.
The volume of financing in 2020 amounted to 8,000,000 tenge.
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LIST OF ABBREVIATIONS AND SYMBOLS

In this research report, the following abbreviations and symbols are used
177Lu - DOTAELA –  177Lu - 1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic acid - 4 - [[(1R) -2- [5- (2-fluoro-3-methoxyphenyl) - 3 - [[2-fluoro-6- (trifluoromethyl) phenyl] methyl] -4-methyl-2,6-dioxoprimidin-1-yl] -1-phenylethyl] amino] butanoic acid.
C18 – silica based cartridges with strong hydrophobicity
DMEM – a synthetic cell culture medium developed by Harry Eagle
GMP – Good Manufacturing Practice
in vitro – a technology for performing experiments, when experiments are carried out "in a test tube" - outside a living organism
In vivo – refers to experiments using a whole living organism
MDA-MB-453 – a highly aggressive, invasive and poorly differentiated triple negative breast cancer cell line
Rf – retention factor
AW – auxiliary work
HPLC – high performance liquid chromatography
GBq – gigabeckrel
GnRH – gonadotropin-releasing hormone
GP RK - State Pharmacopoeia of the Republic of Kazakhstan
QC - quality control
CCSES - Committee for Control in the Sphere of Education and Science
M - molar concentration, mol/L
IU - international unit
STC RIP INP RK - Scientific and Technical Center for Radiochemistry and Isotope Production of Institute of Nuclear Physics of the Republic of Kazakhstan
RSCI - Russian Science Citation Index
RK - Republic of Kazakhstan
RP - radiopharmaceutical
RCB - radiochemical building
RCP - radiochemical purity
TNBC - triple negative breast cancer
TP - technical process
UKTIA - type of transport packaging
PLS - packaging, labeling, shipping
ELAGOLIX (ELA) - antagonist of gonadotropin-releasing hormone, 4 - [[(1R) -2- [5- (2-fluoro-3-methoxyphenyl) -3 - [[2-fluoro-6- (trifluoromethyl) phenyl] methyl] -4-methyl-2,6-dioxopyrimidin -1-yl] -1-phenylethyl] amino] butanoic acid
 

INTRODUCTION

Treatment of breast cancer can be performed using one or a combination of the following methods: hormonal therapy, surgery, chemotherapy and radiation therapy. Their side effects limit the effectiveness of chemo-radio-therapy, but they can be avoided, and much more effective therapy is possible if the preparations used have tumor selectivity [1-4]. The required selectivity can be achieved through the development of targeted therapy using radiopharmaceuticals. 
Three times negative breast cancer (TNBC) is characterized by a more aggressive course among all types of breast cancer, the maximum risk of recurrence within the first three years after surgical treatment, as well as metastasis and reduced life expectancy, lack of expression of estrogen, progesterone and HER-2 receptors. Until recently, it was believed that TNBC cells lack or have very few receptors on their surface. It was found that gonadotropin-releasing hormone is expressed in more than 50% of cases by receptors of TNBC cells. Therefore, the use of analogues of gonadotropin-releasing hormone (GnRH) will make it possible to transport the radionuclide to neoplastic cells and to carry out targeted radionuclide therapy [5-7]. 
The mechanism of action of GnRH agonists includes two phases: a short-term phase of stimulation and a phase of pituitary desensitization, when gonadotrophs remain resistant to stimulation and the level of gonadotropins in the blood decreases. The mechanism of action of GnRH antagonists is opposite to that of agonists. After the administration of GnRH antagonists, they competitively block GnRH receptors in the pituitary gland. Unlike GnRH agonists, antagonists act immediately and bind strongly to the GnRH receptor without causing its activation [8-10]. Exposure to TNBC cells, also, to-radiation, will allow achieving a double therapeutic effect.
The development of radiopharmaceuticals is a long and complex process that must meet the requirements of good manufacturing practices (GMP), pharmacopoeia and radiation safety.
The development of a new radiopharmaceutical includes the following stages: a selection of an active substance, selection of a radioisotope, mobile phase systems for chromatographic studies, determination of optimal labeling parameters, purification, preparation of an isotonic form of the drug suitable for in vivo and in vitro studies.
The goal of this project was to develop a drug for the diagnosis and treatment of TNBC and to introduce it into clinical practice. To do this, it was supposed to solve the following tasks:
· To investigate the influence of technological parameters of the synthesis of 177Lu-DOTAELA on the technological yield and product quality.
· To develop methods for cleaning and conditioning 177Lu-DOTAELA.
· To develop a quality control methodology for 177Lu-DOTAELA.
· To obtain and carry out quality control of experimental batches of 177Lu-DOTAELA.
· To study the expression of cells of triple-negative breast cancer to 177Lu-DOTAELA.
The results of the first year are presented in the 2018 report (Inventory No. 0218RK00516). The purpose of the first year of the project was to study the influence of the technological parameters of the synthesis of the Elagolix-177Lu complex on the technological yield and product quality. Experiments on the selection of the composition of mobile phases for radiochromatographic studies of DOTAELA labeled with lutetium-177 and synthesis products were carried out. The main peak of 177Lu-DOTAELA, detected by the scintillation detector (NaI), after using an aqueous solution of sodium citrate as a mobile phase, is located on the start line (Rf = 0.0-0.1), and the peak corresponding to free Lu-177 moves along with the chromatogram together with a solvent front (Rf = 1.0). Hence, it follows that 177Lu-DOTAELA does not interfere with the determination of unreacted Lu-177. It was found that the citrate buffer solution possesses the best parameters for studying the behavior of 177Lu-DOTAELA and obtaining chromatograms of the products of its interaction with 177Lu. The results obtained by HPLC are in agreement with those obtained by paper chromatography. However, the capture of 177Lu3+ ions in the reverse phase of the HPLC column does not provide the necessary reliability in the analysis of radiochemical yield; therefore, in this case, it is preferable to use the method of paper chromatography, which gives an idea of the content of radiochemical forms of 177Lu. The conditions for the impregnation of the l77Lu radioactive isotope into the cyclic structure of the modified DOTAELA chelating were determined. Optimal parameters of radio labeling: 177Lu-DOTAELA synthesis pH 4.5, temperature 90-100 °С, complexation time 40 minutes. As a result of the research, a technological scheme for obtaining the 177Lu-DOTAELA complex was developed. According to this scheme, the radiochemical yield is ≥ 95%. In 2019, work was carried out on the second and third stages (interim report for 2019, inventory number 0219RK00073). The studied purification process consisted of three parts: adsorption, washing and elution. According to the data obtained, in experiments on a cartridge with C18 and filled with various cation exchangers, the 177Lu3+ cation is retained, as well as the 177Lu-DOTAELA complex is retained. In the case of the C18 cartridge, the results obtained are consistent with the theory, however, in the case of cation exchangers, not retention occurs, but the destruction of the complex and the use of cation exchangers is reduced to the search for weaker cation exchangers. Distilled water and an acetate buffer solution with pH 5.0 were used to rinse the C18 cartridge. In both cases, as a result of washing, free 177Lu3+ is removed from the cartridge, but the complex remains. Sequential elution of the complex from the C18 cartridge after washing with ethanol and acetonitrile did not give satisfactory results. The volume of eluents ranged from 5 ml to 100 ml, with a complex yield of 10-15%. Based on these results, it can be concluded that the standard implementation of C18 purification, which is usually effective for eliminating non-incorporated 177Lu3+ ions, requires the use of substances that reduce the effect of radiolysis, for example, ascorbic acid, to maintain the RCP 177Lu-DOTAELA, as well as the search for other eluents. For example, using trifluoroacetic acid to increase the polarity of the solvent. The stability of the 177Lu-DOTAELA complex without purification for 48 hours and without the use of substances that reduce the effect of radiolysis after the radiolabeling process loses stability 24 after the formation of the complex. The development of methods of qualitative and quantitative determination in the composition of its main components has been carried out. 
In 2020, work was carried out on the fourth and fifth, final, stages. The object of research is the labeled complex 177Lu-DOTAELA. In accordance with the schedule (Appendix A), the following tasks were set and solved: 
· Receipt of pilot batches of the 177Lu-DOTAELA radiopharmaceutical and quality control;
· Study of cell expression of triple-negative breast cancer;
· Summarizing project results.

MAIN PART

[bookmark: _Toc52805807]1 Development of the composition of the reagents for obtaining isotonic solution 177Lu-DOTAELA
[bookmark: _Toc52805808]The introduction of injection solutions, the osmotic pressure of which differs from the osmotic pressure of the blood plasma, causes sharp pain, the sensation of which is stronger, the greater the osmotic difference. The ability to eliminate the sensation of sharp pain when using injection solutions by introducing excipients for isotonizing the solution.
The osmotic pressure of a multicomponent solution according to Dalton's law consists of the partial osmotic pressures of the individual components (formula 1):

Р = P1 + Р2 + Р3… etc.                                      (1)
Each of the components accounts for the isotonization of the corresponding volume of solution in milliliters (formulas 2, 3).

Vtotal = v1 + v2 + v3, there v3=Vtotal-(v1+v2)                         (2)

To 200 μL of DOTAELA solution, then 125 μL of an acetate buffer solution with pH 4.5 was added, after which lutetium-177 chloride dissolved in 0.01 M hydrochloric acid was added. The total volume is adjusted with water for injection to 2 mL.
DOTAELA + 177Lu3+ → 177Lu-DOTAELA + 3H+
The product contains:
- complex177Lu-DOTAELA – 232.8 μg
- sodium acetate – 0.0079 g
The concentration of the 177Lu-DOTAELA complex and hydrochloric acid are such that they practically do not affect the osmotic pressure. Perform calculations for sodium acetate.

V(CH3COONa) = (1000*0.0079*1.86)/(0.29*71)=0.71 mL
V(NaCl)=Vtotal-V(CH3COONa)=2-0.71=1.29 mL
The mass of sodium chloride for isotonizing the solution is calculated:
m(NaCl)=(0.29*58.5*1.29)/(1000*1.86)=0.012 g

2 Methods of preparing the dosage form of the radiopharmaceutical 177Lu-DOTAELA
[bookmark: _Toc52805809]Based on the preliminary development of the optimal composition (table 12) of the 177Lu-DOTAELA preparation and optimal radiolabeling conditions, the following block scheme was used to develop prototype radiopharmaceuticals in order to conduct quality control and study functional suitability:
- Preparation of solutions for the preparation of a mixture of reagents included in the composition and excipients.
- Target irradiation
- Preparation of bulk solution
- Radiolabelling
- Filtration and sterilization
- Quality control
In accordance with the developed technological scheme, 200 μL of a solution of DOTAELA in ethanol were taken into a 10 ml vial with pre-weighed sodium chloride weighing 0.012 g, then 125 μL of an acetate buffer solution with a pH of 4.5 was added, then lutetium-177 chloride was added with an activity of ≈ 7.4 GBq dissolved in 0.01 M hydrochloric acid was adjusted to 2 mL with distilled water. The final mixture was placed in a glycerin bath at 90-95 °C for 40 minutes. At the end of time, the vial was removed and cooled. At the end of the process, samples of preparations with a volume of 5 μL were taken from vials for chromatography and radiometric measurements.
Table 12 - Composition of the radiopharmaceutical «177Lu-DOTAELA» in a bottle
	Materials
	The bottle of the finished product contains

	Lutetium - 177
	6.5 – 8.1 GBq

	DOTAELA
	200 μg

	Hydrochloric acid
	0.001М

	Sodium Chloride
	12 mg

	Sodium Acetate
	7.9 mg

	Water for injections
	till 1.8 mL



The resulting preparation has a radiochemical purity of > 95%, which allow sit to be used for biomedical tests.

	3 Block scheme
As a result of studies to determine the optimal synthesis parameters of the 177Lu-DOTAELA complex, a block scheme has been developed (figure 1).
[image: ]
Figure 1 - The block scheme of obtaining 177Lu-DOTAELA
Based on the developed technological scheme, a control synthesis of DOTAELA radio-labeling was carried out. 100 μL of DOTAELA solution with a solution concentration of 1 mg/mL was taken into a 10 mL vial, then 125 μL of acetate buffer solution with pH 4.5 was added, then 50 μL of lutetium-177 chloride was added and the volume was adjusted to 2 mL with distilled water. The final mixture was placed in a glycerin bath at 90-95 °C for 40 minutes.

[image: ]
Figure 2 – Radiochromatogram of 177Lu-DOTAELA. I - 177Lu-DOTAELA, II - 177Lu3+.
When performing synthesis after determining the optimal synthesis parameters, the RCP was 96% (figure 2).

[bookmark: _Toc52805810]4 Draft specification on the radiopharmaceutical «177Lu-DOTAELA»
Based on the studies carried out in the work on the development of the composition of the radiopharmaceutical «177Lu-DOTAELA», as well as the above methods for analyzing its quality, a draft specification was developed for the production of experimental batches of radiopharmaceuticals shown in the table 2.
Table 2 – Draft specification for the radiopharmaceutical «177Lu-DOTAELA», solution for intravenous administration

	Test
	Method
	Requirements

	1
	2
	3

	Identification
177Lu-DOTAELA
	HPLC
(SP RK I, т.1, 2.2.29)
	The relative retention time of 177Lu-DOTAELA should differ by no more than 3% from the retention time of the non-radioactive complex Lu-DOTAELA.

	Identification 177Lu
	Gamma-spectrometry
	The 177Lu gamma spectrum of the test solution should have characteristic lines with energies of 0.113 and 0.208 MeV.

	pH
	Potentiometry
(SP RK I, т. 1, 2.2.3)
	from 4.5 to 8.5

	Transparency
	SP RK I, т. 1, 2.2.1
	Transparent compared to water P

	Chromaticity
	SP RK I, т. 1, 2.2.2
	The color of the drug should not be more intense than the color of the solution of comparison Y7

	Mechanical inclusions
	SP RK I, т. 1, 2.9.20
	Mechanical inclusions must be absent

	Sodium chloride
	Direct titration
	from 8 to 10 mg

	Radionuclide impurities
	Gamma-spectrometry
	The content of gamma-emitting radionuclide impurities should not exceed a total of 0.1% of total radioactivity.

	Radiochemical purity
	Chromatography on paper (SP RK I, V. 1, 2.9.26)
	Not less than 95%

	Residual Solvents
	Gas chromatography (SP RK I, т. 1, 2.2.28)
	The ethanol content should be no more than 50 mg/V

	Sterility
	Direct culture inoculation (SP RK I, V. 2, 2.6.1)
	Sterile

	Bacterial end otoxins
	Turbidimetric kinetic method (SP RK I, V. 1, 2.6.14)
	Should not exceed 175/V ME/mL

	Inactive impurities
	Inductively coupled plasma atomic emission spectrometry SP RK I, V.1, 2.2.22
	Inactive impurities should not be detected in quantities that exceed their detection limits

	Packaging
	
	For packaging use the transport packaging set UKTIA-10 GOST 16327-88. The packing kit is sealed with lead seal.


Table 2 continued
	1
	2
	3

	Marking
	
	Labeling is carried out in accordance with the «Rules for the Labeling of Medicines, Order of the Minister of Health and Social Development of the Republic of Kazakhstan» dated 04.16.2015, No. 22

	Transportation
	
	Transportation is carried out in accordance with the «Rules for the transport of radioactive materials and radioactive waste», order of the Minister of Energy of the Republic of Kazakhstan dated 02.22.2016, No. 75

	Shelf life
	
	No more than 24 hours from the time of preparation

	Precautions
	
	Must comply with the «Sanitary and epidemiological requirements for radiation safety»





[bookmark: _Toc52805811]	5 Production of pilot batches
Based on the block scheme for the synthesis of the radiopharmaceutical “177Lu-DOTAELA”, three series of the drug was produced under the conditions of compliance with the requirements of good manufacturing practice. 
The production was carried out in several stages based on the developed documented procedure “Organization of production of radiopharmaceuticals in the RIPC INP ME RK”: irradiation of the prepared target, preparation of equipment and raw materials, implementation of the production process in a hot chamber, product quality control.
Before the start of production of each batch of the preparation, hot chambers, a loading gateway, a dose calibrator and a Thimotheo-LT filling device were prepared. All preparatory procedures were performed before the irradiated target was delivered to the hot chamber.
Preparation for the operation of the hot chambers and the loading gateway included checking the vacuum in the chambers and the gateway, connecting to power, connecting dosimetric equipment.
The preparation of the Capintec CRC-25R dosing calibrator consisted in calibrating the instrument with a standard Cs-137 source and measuring the background.
The preparation of the Thimotheo-LT filling device consisted of calibrating the scales built into the device using a standard with a known mass.
Figure 3 shows the preparation process for the synthesis of the radiopharmaceutical «177Lu-DOTAELA».
[image: C:\Users\974684\Documents\Андрей\PhD\10-06-2020_08-20-55\20200610_110507.jpg][image: C:\Users\974684\Documents\Андрей\Отчеты\Лютеций\20190923_145134.jpg]
Figure 3 - Preparations for the synthesis

The parameters of irradiation and synthesis of the experimental series «177Lu-DOTAELA» are presented in table 3.


Table 3 - Parameters of irradiation and synthesis of experimental series «177Lu-DOTAELA»

	Irradiation time, min
	The activity of 177Lu after dissolution, GBq
	Time
synthesis
	Activity 177Lu-DOTAELA at the end of the synthesis, GBq

	252
	88.4
	40 min
	7.6

	408
	152.30
	40 min
	7.4

	240
	53.4
	40 min
	7.5








After completion of the synthesis, the obtained preparation was dosed into vials using a filling device, one of which was used for quality control. Vials with the packaged preparation were sealed with rubber stoppers and crimped with aluminum caps, after which the activity of 177Lu in each bottle was measured. In series, the vials were placed in protective containers and unloaded from the hot chamber. When unloading, a label was glued onto the container. Figure 4 shows an example label.
[image: C:\Users\974684\Pictures\2020-06-11 0101\0101 001.jpg]
Figure 4 – An example of a label on a bottle with the drug «177Lu-DOTAELA»
and shipping container

[image: C:\Users\974684\Documents\Андрей\PhD\10-06-2020_08-20-55\20200610_110830.jpg][image: C:\Users\974684\Documents\Андрей\PhD\10-06-2020_08-20-55\20200610_110805.jpg]Figure 5 shows the process of unloading the container with the drug from the hot chamber, and figure 6 shows the process of transferring the drug to the laboratory for quality control.

Figure 5 – Unloading the drug container from the hot chamber
[image: C:\Users\974684\Documents\Андрей\Отчеты\Лютеций\20190923_153234.jpg]
Figure 6 – Transfer of the container with the drug for quality control through a ventilated gateway
Quality control of the experimental series included the determination of volumetric activity, radionuclide and radiochemical purity, residual solvent content, and pH.
[image: ]Figures 7 and 8 show graphical images of the results of tests to determine the content of residual solvents by gas chromatography and radiochemical purity by paper chromatography.

Figure 7 – Determination of residual solvent content by gas chromatography in the radiopharmaceutical «177Lu-DOTAELA»
[image: C:\Users\974684\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\Новый рисунок (13).bmp] Figure 8 – Determination of radiochemical purity of the radiopharmaceutical «177Lu-DOTAELA» by thin layer chromatography
The results of the quality control of the RP «177Lu-DOTAELA» are presented in table 4.
Table 4 – Results of tests of pilot batches of RP «177Lu-DOTAELA»
	No.
series
	рН
	Volumetric
activity,
GBq/mL
	RNP, %
	RCP,%
	The content of residual solvents, mg/mL
(Ethanol)
	Microbiological purity

	
	
	
	
	177Lu-DOTAELA
	177Lu3+

	
	

	Requirement
	4.5-8.5
	3.4-3.8
	99.8±0.005%
	≥95.0%
	≤ 5%
	6.25
	Sterile

	010220
	7.3
	3.8
	99.9
	96.3
	3.6
	1.7
	Sterile

	020220
	7.6
	3.7
	99.9
	95.5
	4.2
	0.9
	Sterile

	030320
	7.4
	3.8
	99.9
	96.7
	2.8
	1.4
	Sterile



[bookmark: _Toc52805812]6. Testing on cell culture MDA-MB-231
Antagonists and agonists of gonadotropin-releasing hormone, aimed at binding to certain types of tumors, serve as selective carriers of radionuclides into tumor cells. Radionuclide therapy requires a very stable attachment of the radionuclide to the carrier since unbound radionuclides can infect normal tissues, resulting in increased doses to both normal organs and the whole body.
MDA-MB-231 cells were distributed in centrifuge tubes (in triplicate, for specific and non-specific binding). Non-specific internalization was assessed by the addition of unlabeled DOTAELA (9 μg). After 1 hour of incubation at 37 °C, 25 μl of 177Lu-DOTAELA was added and incubated for 0.25, 0.5, 1 and 2 hours. The cells were washed 2 times with DMEM to remove free radioligand and incubated for 10 min in 1 ml of 0.2M sodium buffer acetate buffer pH 4.5. After removing the acidic buffer, the cells were washed twice with an additional 1 ml of buffer, and the supernatants were pooled to measure the amount of 177Lu-DOTAELA associated with the plasma membrane. The cells were then solubilized in 1 ml of 1 N HCl. NaOH and transferred to tubes for the quantitative determination of internalized radioactivity. Results were expressed as a percentage of binding and internalization.

Figure 9 - Dynamics of 177Lu-DOTAELA binding by tumor cells (p <0.05)

Figure 10 - Dynamics of internalization of 177Lu-DOTAELA by tumor cells (p <0.05)

Studies of the receptor specificity of the tested radiopharmaceutical showed a satisfactory level of accumulation and internalization of 177Lu-DOTAELA by tumor cells (Figures 9 and 10). The proportion of internalization of the labeled compound is practically independent of the concentration of the compound in the incubation medium. The drug strongly enough binds to tumor cells. This gives reason to believe that when it is introduced into the body of an animal and a person, the drug will be bound in the tumor focus for a sufficient amount for imaging and therapy.

CONCLUSION

During the reporting period, the following works were performed under the Project:
1) The conditions for the impregnation of the l77Lu radioactive isotope into the cyclic structure of the modified chelating DOTAELA were determined in accordance with the calculated and optimal radionuclide concentration in accordance with the algorithms for the diagnosis and treatment of malignant neoplasms and the recommendations of the Ministry of Health of the Republic of Kazakhstan.
2) A system of paper chromatography for evaluating the yield of 177Lu-DOTAELA was selected. It was found that citrate buffer solution has the best parameters for studying the stability of the behavior of l77Lu-DOTAELA and obtaining chromatograms of the products of its interaction with 177Lu.
3) The optimal parameters of radio labeling have been determined: the pH of the 177Lu-DOTAELA synthesis is 4.5, the temperature is 90-100 ° C, the complexation time is 40 minutes. As a result of the research, a technological scheme for the synthesis of the 177Lu-DOTAELA complex was developed, according to which the radiochemical yield is> 95%.
4) Study of the purification process of the l77Lu-DOTAELA complex with Cl8 and filled with various cation exchangers showed that the 177Lu3+ cation is retained, as well as the l77Lu-DOTAELA complex is retained. It was concluded that the standard implementation of C18 purification, which is usually effective for eliminating unincorporated 177Lu3+ ions, requires the use of substances that reduce the effect of radiolysis, for example, ascorbic acid, to maintain radiochemical purity, 177Lu-DOTAELA.
5) It was found that the stability of the 177Lu-DOTAELA complex decreases within 24 hours from the time of its formation.
6) A technological scheme for the preparation of a drug based on DOTAELA has been developed, including the stages of preparation of mixture components, filling of reagents into vials for medicines.
7) The development of methods of qualitative and quantitative determination in the composition of its main components has been carried out. A draft specification is proposed for the development of pilot batches of a new radiopharmaceutical for the production of a drug.
8) Three pilot batches were produced and quality control of the radiopharmaceutical was carried out. The drug meets the requirements and is suitable for biological research in vivo and in vitro.
9) The dynamics of binding and internalization of MDA-MB-231 cells was studied.
The possibility of practical application of a radiopharmaceutical based on lutetium-177-labeled DOTAELA has been shown, which will allow the treatment of TNBC and tumor visualization using a gamma camera, which can significantly reduce the cost of the diagnostic procedure. The use of such a radiopharmaceutical will provide an opportunity to conduct therapy without invasive methods, increase life expectancy and improve the quality of life.
The results and conclusions of the work can be used in the development and examination of pharmacopoeial monographs and other regulatory documents accompanying the circulation of RP.
Thus, in this work, a detailed discussion of the specific properties of radiopharmaceutical drugs based on 177Lu-DOTAELA was carried out, which determine special approaches to their production (or manufacture) and quality control. The results and conclusions of the work can be used in the development and examination of pharmacopoeial monographs and other regulatory documents accompanying the RP application for the diagnosis and prevention of treatment of thrice-negative hormone-sensitive breast cancer.
The tasks for 2018, 2019 and 2020 stipulated by the calendar plan (see Appendix A) have been completed in full. The calendar plan was adjusted in accordance with additional agreement No. 4 to the contract No. 157 dated March 15, 2018 (Appendix B).
The results obtained were reflected in 9 publications, of which 2 are included in the Web of Science and Scopus databases (Appendix C, D), 2 articles were published in journals recommended by CCSES, 1 article is indexed by the RSCI database, 3 reports were presented at international conferences. In February 2020, an application for a utility model patent was filed, in August a patent was obtained (Appendix E).
Project participant Gurin A.N. on the basis of the data obtained, he prepared a thesis for the PhD degree in the specialty "6D060600-Chemistry" (Appendix F).
The planned works were completed in accordance with the schedule and in full.
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2018
1 Gurin A.N., Soloninkina S.G. 3rd International Scientific Conference of Students and Young Scientists «Farabi Alemi», Almaty, Kazakhstan, April 9-12, 2018. «On the issue of the influence of pH synthesis on the radiochemical purity of the labeled compound DOTAELA -177Lu», 6 section, p. 245 (Russian).
2 Gurin A.N., Soloninkina S.G., Riss P., Uralbekov B.M., Matveyeva I.V., Chakrova E.T. Selection of mobile phase systems for chromatographic research of 177Lu-DOTAELA. // Chemical journal of Kazakhstan. – 2018. – Vol. 2. – P. 151-157 (English). 
2019
3 Gurin A.N., Riss P., Chakrova Ye.T., Matveyeva I. V. Quality control test for 177Lu-DOTAELA. International Journal of Biology and Chemistry, – 2019, – Vol. 12, № 2, – P. 112-115 (IF = 0, English).
4 Gurin A.N., Chakrova E.T., Riss P. Purification of DOTAELA labeled with 177Lu // Proceedings of the III international scientific-practical conference «Actual problems of the development, production and use of radiopharmaceuticals - RADIOFARMA-2019» / Ed. G.E. Kodina and A.Ya. Maruk - M .: FSBI SSC FMBC them. A.I. Burnazyan FMBA of Russia, 2019 .- P. 61 (English).
5 Gurin A.N., Chakrova E.T., Riss P. Study of the stability of the 177Lu-DOTAELA // Abstracts of the 1st international conference «Nuclear and Radiation Technologies in Medicine, Agriculture Industry» - Almaty. - 2019. P. 219 (English).
2020
6 Gurin A.N., Riss P., Chakrova Ye.T., Matveyeva I. V. et al. Study of the purification of 177Lu-DOTAELA complex // Pharmaceutical Chemistry Journal. – 2020. – Vol. 54. № 1, – P. 64-68 (Q4, IF-0.51; Percentile 18, English).
7 Gurin A.N., Riss P., Chakrova Ye.T., Matveyeva I. V. Development of a 177Lu radionuclide-labeled bioconjugate, a gonadotropin releasing hormone antagonist // Medical physics. – 2020. – Vol. 85. №. 2, – P. 17-23 (RSCI IF – 0.23, Russian). 
8 Gurin A.N., Riss P., Chakrova Ye.T., Matveyeva I. V. Optimization of Reaction Parameters for the Synthesis of 177Lu DOTAELA // Revista de Chimie. – 2020. – Vol. 71. №. 8, – P. 55-62 (Scopus Percentile 51, English).
9 Gurin A.N., Chakrova Ye.T., Matveyeva I. V. Patent №5186 for utility model «Method for radiochemical labeling of an organic compound with the lutetium-177 isotope», application No2020/0213.2 dated 27.02.2020 of RSE «National institute of intellectual property» (Republic of Kazakhstan).
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STUDY OF THE PURIFICATION
OF "7LU-DOTAELA COMPLEX

A.N. Gurin,3* Patrick Riss,! E. T. Chakrova,!?
1. V. Matveyeva,! and E. A. Kadyrbaev!

Original article submitted February 6, 2020.

Radiolabeled analog of the gonadotropin releasing hormone having a close molecular weight, namely '7Lu
-1,4,7,10- tetra-azacyclododecane -1.4,7,10- tetraacetic acid - 4-[[(1R)-2-[5-(2-fluoro-3-methoxyphenyl)-3-
[12-fluoro-6-(trifluoromethyl)phenyl Jmethyl]-4-methyl-2,6 ~ dioksopirimidin-1-yl]-1-phenylethylJamino]bu-
tanoic acid ("’Lu-DOTAELA) plays an important role in radionuclide receptor therapy for triple negative
breast cancer. The preparation with a label was purified using C18 Sep-Pak cartridge and various types of cat-
fon exchangers. The reaction mixture was passed through the column after radiolabeling. The pure product of
'7Lu-DOTAELA was eluted with ethanol and acetonitrile. The flushing was performed with distilled water
and acetate buffer solution pH 5.0. The elution was performed using sterile vials. Ethanol was removed by
heating at 80°C. The final product was diluted with physiological solution. According to the data obtained in
experiments, 7’Lu3+ cations and the 'Lu-DOTAELA complex are retained on the cartridge with C18 and
filled with various cation exchangers. Standard implementation of purification with C18, which is usually ef-
fective for eliminating non-included '’Lu** fons, requires the use of a substances reducing the radiolysis ef-
fect (e.g., ascorbic acid) for maintaining radiochemical purity (RCP) of '’Lu-DOTAELA as well as the search
for other eluents (e.g., trifluoroacetic acid) increasing the polarity of solvent.

Keywords: preparation of //’ Lu; DOTAELA; labeling; radiochemical purity; RCP; solid-phase extraction.

1. INTRODUCTION

There are two ways to introduce the radioactive label
into a carrier molecule: direct and indirect. In direct adminis-
tration, the radionuclide is attached to the molecule via
nucleophilic substitution and isotopic exchange. The most
well-known examples of substitution and isotope exchange
are  2-deoxy-2-["*F]-fluoro-D-glucose  (['*F]-FDG) and
Bl-metaiodobenzene guanidine ([®'1-MIBG) [1, 2]. Metal
radionuclides can also be introduced directly. For example,
peptides can be labeled with **™Tc via their thiol functional
groups [3]. Bifunctional chelating agents (BFCA) are usually
employed in the indirect method of introducing metal radio-
nuclides. Derivatives of BFCA, such as diethylenetriamine-
pentaacetic acid (DTPA), were used for labeling various mol-
ecules with radionuclides such as '""Lu [4] and Y [5]. A
common drawback of direct and indirect labeling methods is
that none of these can guarantee high radiochemical purity of

! RSE Institute of Nuclear Physics, Ministry of Energy of the Republic of
Kazakhstan, Ibragimov str. 1, Almaty, 050032 Kazakhstan.

University of Oslo, Oslo, Norway.

Al-Farabi Kazakh National University, Almaty, 050040 Kazakhstan.
c-mail: gurin.andrey@inp.kz

the final product [6]. The presence of radiochemical impuri-
ties increases the background radiation, decreases specificity,
and contributes to increase in the radiation load [7]. In the
case of diagnostic radiopharmaceuticals, radiochemical im-
purities can affect interpretation of the scans and reduce the
imaging accuracy [8]. The impurities in therapeutic radio-
pharmaceuticals can also lead to side effects [9].

For the effective purification of radiopharmaceuticals, it
is necessary to select a suitable purification method. The
choice of method is based on consideration of the following
criteria: molecular weight, lipophilicity, drug stability in the
mobile phase, molecular charge [10 — 13], and half-life of the
radionuclide [14]. The most commonly used methods for pu-
rification of radiopharmaceuticals are based on chromatogra-
phy, including the normal and reverse solid-phase extraction
(SPE), high performance liquid chromatography (HPLC),
size exclusion chromatography (SEC), ion exchange chro-
matography (IEC), and liquid-liquid extraction (LLE).

In the present work, SPE was chosen as a method for pu-
rification of the resulting complex after radioligand synthe-
sis. Solid phase extraction is an efficient separation method
that can isolate the main dissolved or suspended compounds
from other components of the mixture based on their

0091-150X/20/5401-0064 © 2020 Springer Science +Business Media, LLC
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physicochemical properties. This method was used for the
synthesis, purification, and concentration of radiopharma-
ceuticals [15]. Like other liquid chromatography techniques,
SPE employs the mobile and stationary phases. Based on the
selected characteristics, a compound can be retarded in the
stationary phase or pass through it.

The purification by SPE from a cartridge takes place
when the cartridge retains major part of the target product
while the impurities freely leave the column or vice versa.
Parameters such as the cartridge type, cartridge conditioning,
sample concentration, eluent flow rate, and lipophilicity af-
fect the efficiency of purification [16]. Various purification
procedures lead to different results. For example, **Ga-
NOTA-ubiquicidin ~ fragments  (**Ga-NOTA-UBI29-41,
%Ga-NOTA-UBI30-41, and **Ga-DOTA-TATE) were puri-
fied using Strata-X, C18-E light, and Sep-Pak C18, which re-
sulted in slightly changing the RCP values [17].

For the DOTA-like chelator-modified peptide labeled
with %Ga®", the main radiochemical impurity is free 8 Ga’,
which can be removed using Sep-Pak cartridges [14]. This
method was used to separate free ® Ga’" and **Ga-
DOTATOC, *®Ga-DOTA-Tyr3-octreotide and **Ga-DOTA-
biotin [18, 19]. A similar purification procedure was used for
%8Ga, ""In, '""Lu, and *°Y-labeled somatostatin analogs [20].
The aim of the present work was to purify and increase the
RCP of prepared '"Lu-DOTAELA complexes, which were
intended to study the expression of receptors for triple nega-
tive breast cancer (TNBC). This paper presents the results of
using the SPE method for the removal of non-reacted '""Lu.

2. CHEMICAL EXPERIMENTAL PART

2.1. Materials and Methods

Reagents used in the work were as follows: '""Lu was
obtained from lutetium chloride (Reactor, Almaty, Kazak-
hstan), lutetium oxide (82% enriched in 7oLy, spectroscopic
grade, >99.99% pure), sodium citrate, sodium acetate,
acetonitrile, and ethanol were from Sigma-Aldrich (Ger-
many). All chemicals and solvents used were of AR grade
and supplied by reputed chemicals manufactures. Initial
DOTAELA was provided by the University of Oslo (Oslo,
Norway).

Stock solutions were prepared by dissolving a precise
portion of the reagent in distilled water. The solutions of
lower concentrations were prepared by diluting the stock so-
lutions.

Radiochemical purity of the labeled complex was de-
termined on the radiochromatogram-scanner VCN-101
(VEENSTRA, Germany). Whatman FN 1 was used in paper
chromatography.

Cartridges for purification were preliminary condi-
tioned and prepared by filling a small
(2 mm x 10 mm) with sorbents such as Dowex 50W-X-12
(Fluka; Sigma-Aldrich), Purolite WCA 100 (Purolite, USA),
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KU-2 (Aquachem). The cartridges were of Sep Pac C18
(Cartridges, Waters) and SCX (Alltech) manufacturers.

2.2, Production of ""LuCl;

Radiolabeling was performed with the lutetium-177 iso-
tope prepared by irradiating 200 pg of lutetium in the form
of chloride with a thermal neutron flux of 2 x 10" n/em? - s
for 254 h. After irradiation, the target was held for 6 h and
then transported to a hot chamber for opening the ampules,
followed by dissolution of the target in 2 mL of 0.01 M hy-
drochloric acid solution.

2.3. Production of "Lu-DOTAELA

For the radiolabeling of DOTAELA (Fig. 1), 100 pL of
the DOTAELA solution of 1 mg/mL concentration was taken
in 10 mL vial, to which were sequentially added 125 pL of
acetate buffer solution pH 4.5 and 50 uL of lute-
tium-177 chloride solution, and the mixture volume was ad-
justed to 2 mL with distilled water. The final mixture was
placed in a glycerin bath at 90 — 95°C and kept for 40 min.
When the time expired, the vial was removed and cooled,
and then the solution was passed through the cartridge with a
sorbent (Table 1). The samples for TLC were taken at the
stages before and after passing the solution through the car-
tridge. The FN1 type chromatographic paper was used as a
stationary phase. On the start line, 5 pL of the test solution
was applied at 2 cm distance from the start of the chromato-
graphic stripe; after which the spots were dried. Then the
stripes were placed in the sealed chamber, and one end was
immersed in the mobile phase [21]. The mobile phase was
0.1 M buffer solution of sodium citrate, pH 5.0.

2.4. Purification

The drug preparation with a radioactive label was puri-
fied using the C18 Sep-Pak cartridge and various types of
cation exchangers (Table 1). The reaction mixture was
passed through the column after radiolabeling. The pure
product, ""Lu-DOTAELA was eluted with ethanol and
acetonitrile. Flushing was performed with distilled water and
the acetate buffer solution pH 5.0. The elution was per-
formed using sterile vials. Ethanol was removed by heating
at 80°C. The final product was diluted with physiological so-
lution.

Stability of the 3.7 GBq '"Lu-DOTAELA complex over
time was tested after 24 and 48 h by the method of paper
chromatography.

3. BIOLOGICAL EXPERIMENTAL PART
The triple negative phenotype includes a subtype of the

breast tumor that is clinically negative for expression of es-
trogen and progesterone receptors (ER and PR) and negative
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Fig. 1. Scheme of |7/ Lu-DOTAELA synthesis.

for the human epidermal factor receptor protein (HER2),
with unique prognostic and therapeutic parameters. Unlike
other subtypes, target agents specifically targeting a triple
negative breast tumor are not yet available, which increases
the need and interest in promoting new therapeutic strategies
beyond chemotherapy for this subgroup of high-risk patients
[22-24].

Receptors for triple negative breast cancer express the
gonadotropin-releasing hormones (GnRH) in more than 50%
cases [25]. Among several analogs (agonists and antagonists)
of GnRH that have been studied for treatment of this type of
cancer, the non-peptide antagonist elagolix (ELA) is most in-
teresting. Elagolix is the first of a new class of GnRH inhibi-
tors that have been designated as the second generation due

TABLE 1. Plan of Experiments on Purification Study

A. N. Gurin et al.

L
: /}NH/_ [ j

to their non-peptide nature and oral bioavailability. Due to
the relatively short half-life of elagolix, the effects of GnRH
are not completely blocked during one day. In this regard, the
DOTAELA molecule was synthesized consisting of elagolix
bound to the chelating DOTA molecule through an ethylene-
diamine bridge. The substance has no analogs in the treat-
ment of triple negative breast cancer and is the first in this
field.

4. RESULTS AND DISCUSSION

The percentage RCP is defined as the ratio B of the activ-
ity of radionuclide present in the given radiopharmaceutical
form to total radioactivity:

Experiment 1 2 3 4 5
Sorbent - Sep Pac C18 SCX Dowex S0W-X-12 Purolite WCA 100 KU-2
Sorbent pre-treatment -
Flushing -
Elution -
Final volume, mL 1 1 1 1 1 1
Total activity, GBq 3.7 37 37 37 37 3.7

3.7 GBg/mL
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Fig. 2. Chromatograms of |/ Lu-DOTAELA as detected after (A) 1 h and (B) 48 h.
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Experiments 1 — 6 were performed to determine the RCP
of '"Lu-DOTAELA with/without purification (Table 1),
consisting of three stages: conditioning, flushing and elution.
Ethanol/water and acetonitrile/water (50:50, v/v), were used
as the eluents.

RCP of ""Lu-DOTAELA was measured by a radiochro-
matogram scanner for 48 hours after synthesis. Figure 2A
shows the typical radiochromatogram of '"’Lu-DOTAELA,
which was prepared as described in the experimental part,
measured for a sample taken 1 h after synthesis. Figure 2B
shows the radiochromatogram of '"’Lu-DOTAELA in the ab-
sence of components that reduce the effect of radiolysis,
measured after 48 hours.

Figure 2 shows the main peak of 1""Lu-DOTAELA as
measured by the scintillation detector (Nal), which is located
on the start line, and the peak corresponding to free '"Lu**
moving along the chromatogram jointly with the solvent
front.

Figure 3 shows the stability of the '""Lu-DOTAELA
complex without purification for 48 h and with no use of the
substances that reduce the radiolysis effect after the radio-la-
beling process. As can be seen from Fig. 3, the complex loses
stability within 24 h after the preparation.

To study the purification effect, we performed radioli-
gand synthesis, followed by purification with the cartridges
filled with C18 and various cation exchangers (Table 1). In
the synthesis with radio-tracer, the initial RCP is 91.7+
1.3%. After purification with C18 and cation exchangers,
this treatment resulted in complete separation of the labeled
'"Lu-DOTAELA complex from free !"’Lu*".

The purification process included three stages: adsorp-
tion, flushing and elution. According to the data, obtained in
experiments 2 — 6 (Table 1), '"’Lu*" cation and the complex
77 Lu-DOTAELA are retained on the cartridge with C18 and
filled with various cation exchangers. In the case of C18 car-
tridge, the obtained results are consistent with theory. How-
ever, in the case of cation exchangers, there is destruction

rather than retention of the complex, and the use of cation
exchangers results in the search for weaker cation
exchangers. Considering the above results, the stage of flush-
ing in case of cation exchangers of this type was not accom-
plished.

Distilled water and acetate buffer solution pH 5.0 were
used for flushing of the C18 cartridge. In both cases, free
7Ly was removed from the cartridge as a result of flush-
ing, while the complex was retained. Sequential elution of
the complex from the C18 cartridge with ethanol and aceto-
nitrile did not give satisfactory results. The volume of eluents
was varied from 5 to 100 mL at about 15% yield of the com-
plex.

Based on these results, we can make the conclusion that
the standard implementation of purification on C18, which is
usually effective for eliminating non-included '’ Lu ** ons,
requires the use of substances reducing the radiolysis effect,
for example, ascorbic acid for maintaining RCP of 77
Lu-DOTAELA, as well as the search for other eluents, e.g.,
with the use of trifluoroacetic acid, in order to increase the
polarity of the solvent.
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PABPABOTKA MEYEHHOI'O PATMOHYKJINAOM “""Lu
BUAOKOHBIOT'ATA, AHTATOHHCTA
TOHAAOTPOIINH-PUIIN3UHI-TOPMOHA

A.H. I'ypur, E.T. Yaxposa', U.B. Mamseesa'?, I1. Pucc’

! HayuHo-mexHuueckuil yeHmp paduoxumuu U U30monHo20 npoussodcmsa,
Pecnybaukarckoe 2ocyoapcmseHHoe npednpusimue HHemumym sidepHotl ousuiu,
Anmamest, Kazaxcmar
? Kazaxckuil HauUoHabHbL yHusepcumem um. Ans-@apabu, pakynsmem xumuu
u xumuueckotl mexHono2uu, Anvamst, Kazaxcman
? YHusepcumem Ocno, Xumuueckuti paicynsmem, Ocno, Hopseaust

PaspaGoTka pajuodapMaleBTHYeCKUX IPEapaToB ABIACTCA JIMTEIBHEIM M CITOMKHBIM IPOLIECCOM,
KOTODBII JI0JIKEH OTBEYATh TPEGOBAHIAM HaJUTeKAIel TPOM3BOJCTBEHHON IPAKTHKHM, (JapPMAKOIIEH 1
Pa/IMAIIOHHOI 6e30IIaCHOCTH. B HacTosAIIIell paGoTe Ipe/ICTaBIEHb PE3YILTATE II03TAIHOM paspa-
GOTKM MEYEHHOT0 JIOTEIHeM- 177 HeMeNTHIHOTO AaHTArOHMUCTA TOHAIOTPONMH-DIIN3HHT-TOPMOHA
(THPT) anaromukc (ELA). JoTelii-177 GbUT HOTy4eH MO peakluH (n, y) u3 MumeHu LuCl, Ha peakTope
BBP-K. MeueHne IMPoBOAMIOCE IT0JyaBTOMATHYECKIM CII0COG0M.

Kiouesble cioBa: paduoghapmnpenapam, nomeyuii-177, meueHue, paduoHyKAUOHAS Mepanus,

MpustedbL-He2AMUBHBILL PaK MOTOUHOLL Jcee3b

BBegeHHe

Jleyenne paka MOJIOYHOM KEIE3BI MOKET
GBITH BBITIOJIHEHO C HCIIOAB30BAHUEM OHOTO M
KOMGUMHAIIMH CTEYIONIMX METOLOB: TOPMOHAE-
Had TepanusA, XUPyPrudeckoe BMEIaTeabCTBO,
XMMMOTEpanuA u dydeBas Tepanus. [loGounsre
2 dekThI orpaHIYNBaOT 3¢ HEKTUBHOCTE XMMHUO-
Tepanuu / PaJMOHYKIMIHOW Tepamluu, HO UX
MOYKHO M3GeKATh €C/IN HCIIOIb3yeMble IPEITapaThl
o61afaoT celeKTUBHOCTRIO [1-4]. TpeGyemasn ce-
JIEKTUBHOCTB aJ[PECHON TEPAITMU MOKET GbITh 0~
CTUTHYTA IyTeM paspabGoTKH paguodapManeBTH-
YECKHX IPEIapaToB.

Tpu:K/BI HETaTUBHBIM PaK MOJIOYHOR Kelle-
3p1 (THPMJK) xapakrepusyeTca Gojiee arpecCuB-
HBIM Te4eHueM cpeu Bcex Tunos PMIK, makcu-

MaJIbHBIM PHCKOM PEIUINBa B Te€YEHME IEPBBIX
Tpex JIeT MOC/Ie XUPYPTHIECKOro JICUeHNs, a TaK-
7K€ METACTa3SUPOBAHMEM M CHIKEHMEM IIPOJIOTI-
JKUTEIBHOCTH KU3HM, OTCYTCTBUEM SKCIIPECCHU
PELIENTOPOB 5CTPOreHOB, IIPOTeCTEPOHA U SIIHAEP-
ManbHOro dakTopa pocra tuma 2 (HER-2) [5, 6].
Jlo HeJTaBHEro BPEMEHM CYHTAIOCh, YTO KIETKH
THPMJK He UMEIOT MJI IMEIOT OYEeHb MaJIO PeIfer-
TOPOB Ha CBoeii ToBepxHocTH. OfHAKO GbLIO OGHA-
PY’KEHO, YTO TOHAJOTPOIMH-PUIU3HHI-TOPMOH
(T1PT) Gomee yem B 50 % cirydaeB sKCIpeccupy-
erca perjentopamu kaerok THPMIK [7]. B cBoro
ouepe/ib, HCIONb30BaHMe aHatoros [HPT mosso-
JIUT OCYIIECTBIATE TPAHCIIOPTHPOBKY PAJUOHYK-
ua o KIeTOK HOBOOGPa3oBaHUA U IIPOBOAUTH
aJIpeCHyI0 Pa[HOHY KIM/IHYO TEPATIMIO.

“MEAQNUNHCKAS] dN3NKA”
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SIAEPHASI MEANUNHA

MexaHnuam feticTBus aroHucToB [HPT Briro-
4aeT JBe Gasbl: KPATKOBPEMEHHYIO (asy CTHMYy-
nanym U ¢asy AeceHcuTH3anUu runodusa, Korma
roHaZoTPOEI OCTAIOTCA PE3UCTEHTHBIMY K CTH-
MYJIALUKM U yPOBEHb FOHAJOTPOIMHOB B KPOBH
cHRaeTcA. MeXaHUsM JeMCTBUA aHTarOHUCTOB
THPT mpOTHBOIIONOMKEH [AEHUCTBHIO aroHUCTOB.
Tocne BBefeHuA aHTaroHUCTOB-THPT OHU KOHKY-
PeHTHO G1okMpyIoT penenTopsl [HPT B runoduse.
B omimane ot aronuctoB [HPI, aHTaroHUCTHI feii-
CTBYIOT HEME/JICHHO U [IPOYHO CBALIBAIOTCH C pe-
nenrropom IHPT, He BIsBEIBaA ero akTUBanuu [8].
BoapeiictBue Ha kinetkn THPMIK pononHutensHo
B-M3IIyYeHIEM II03BOIMT JOCTHYE JBOMHOTO Tepa-
TIeBTHYecKoro agderTa.

Paspa6oTka HoBoro pajuocdapMIIpenapaTa
BKJIIOYAET CJIE/YIONINE STAIbI: BEIGOP aKTHBHOTO
BelllecTBa, BbIGOP Pa/IMOM30TOIA, CUCTEM TIOJ-
BIUKHBIX (a3 U1 XpoMaTorpadpuecKix HCCIeso-
BaHUM, OIIpe/ie/IeHHE ONITUMA/IBLHBIX [IAPAMETPOB
MeYeHUA, OYUCTKA, IIPUTOTOBIEHNE U30TOHUIE-
cKoli popMBI IIpenapaTa IIPUTOJHO /1A UCCIIe0-
BaHUiA in vivo u in vitro.

Ma’repna.rl H METOoAbI

Pagmonyrmng 'Lu mosydanu M3 oKcHAa
moTerusa (82,0 %, "°Lu). AKTHBHaA CyGeTaHIUA
6bu1a cuHTe3upoBaHa B yHuBepcuTeTe Ocio (Hop-
Berus). Bee ncroneayemMble XUMITIeCKHe PeareHThI
M pacTBOPUTEIIM COOTBETCTBOBAIH K1accy XY (xu-
Mudeckd dncThle). YnueroTa paguoHykmza | Lu
6bUTa ompe/e/ieHa ¢ MOMOIIBIO raMMa-CIIEKTPO-
METPHH C TepMaHUEBEIM JeTEKTOPOM BBICOKOI M-
crots1 (Ortec). Uetounuk 'Eu (OCTH) uernomsao-
BaJICA 1A KATMGPOBKHU AETEKTOPA 10 SHEPTHM 1
abdexTruBHOCTH. TaKsKe GBIIN UCIIOIb30BAHBL: pa-
JAuoxXpoMaTorpaMM-ckaHep Veenstra VCS-103
(Hunepranzel); xpomarorpadudeckan Gymara TH-
na FN1 (Filtrak, lepmanus); noHM3aIllIOHHaA Ka-
mepa Nal (T) 1 usmepeHns o611l pauoaKTHUB-
noctu (Capintec, Inc., USA). [na anamusa meTo-
nom BOMKX wucnmompsoBamm cucTtemy GUPMBI
Shimadzu (Shimadzu, Anonus), ocHaIEHHYTO KO-
soHKoM Shim-pack VP-ODS c oGpatneHHo dasoit
C18 (5 mrM, 4,6x250). BOM¥X mpoBogum ¢ mc-
TI0/Tb30BaHUEM HacoCHOM cucteMer Shimadzu LC-
10ADvp B coueranuu c Y®- (Shimadzu SPD-
10Avp) u paguomeTprraeckuM (Bioscan Inc., CIIIA)
JIeTEKTOpaMMU.

1000,

Puc. 1. Cxema cunme3a DOTAELA

AxmusHoe seuiecmso

Cpeau ananoros IHPT oco6oe BHUMaHMe 3a-
HUMAaIOT HETIENTH/IHBIE aHTaroHUCThL. OcoGbIit
HMHTepec O6GBACHAETCA TEM, UTO JJaHHbIE COE/TUHE-
HUA UMEIOT MEHBINYIO MOJICKYIAPHYIO MaCCy 0
CPaBHEHUIO C AaTOHUCTAMH U IIENTHIHBIME aHTa-
roructamu [HPT, uTo B CcBOO OYepe/p BAMAET HA
TPaHCIIOPTHPOBKY BEIIECTBA K KIETKAM M K-
PpeHc BelecTsa B opranusme. Ha aTom ocHoBamHMm
6bUT BEIGPAH aHTOrOHUCT-AHAIOT TOHAJOTPOIINH-
PUIMBHHT-TOPMOHA, 3JIaTOMIHKC.

Paspa6oTka paguodapMaIieBTIEeCKUX IIpe-
TapaToB, MOJIyIEeHHBIX C UCIIOb30BAHUEM PaJIio-
METaJUIOB /1A Pa/IAOAKTUBHON METKH, ABIAETCA
JUINTETBHBIM U CIOKHBIM IporieccoM. CyInecTsy-
€T MHOTO TpeGOBaHUH, PebABIAEMBIX K PaJIHo-
(apmarieBTUYECKIM IperapaTaM A Tepaui 1
muarHocTukn. PaguodapmanesTrdeckue mpemna-
PaThl JOIKHBI MMETh BBICOKYIO Da/IOXHMITIE-
CKYIO YHCTOTY UM 0G€CIIeYHBATh BHICOKYIO TEPAIIeB-
THYECKYIO 103y, ¥ CHHTE3 IIPEIOYTUTEIBHO 0/
#KeH GBITh MPOCTHIM U He JOIKEH 3aHMMATh MHOTO
BpeMeHH. VcXo/is U3 Mpe/CTaBIeHHOrO aHaI3a
1A paspaboTku paguodapMIpenapaTa GbLIIA BbI-
GpaHBI CIIE/YIOIIIe KOMITOHEHTRL: 5JIarOJIMKC, Xe-
natupyronuii areHT JIOTA 1 sTWIeHUAMUH B Ka-
decTBe JuHKepa. Monekyna (gqanee DOTAELA)
6Bl1a cHHTe3npoBaHa (puc. 1) B yHUBepcuTeTe
Ocio, Hopserus.

BeIcOoKas KHHETHYIeCKad MHEPTHOCTD KOM-
IJIeKca, T.e. MeJJIEHHaA CKOPOCTb MCCOIIUAITHI
JIOTA, oGecrieunBaeT cTaGUILHOCTD CBA3H C pa-
JINOHYKJTHJIOM, OJTHAKO M3-3a MEJUIEHHOH CKOpPO-
CTH acCOLUALH 1A BBEJCHNUA METKU TPeGyroTca
MOBBIIIEHHAA TEMIIEPATY Pa.

Brifop pafiMoHYKINA ONpPEeLeIAETCA TaKU-
MU paKTOpaMu, KaK THII pachaja, ITepuo oy~
pacrajia, SHEpPrHA U3/IyIeHuU (T.€. BEMIMIHHA ITPo-
6Gera 4acTHUIl B TKaHWU), y/eJbHad aKTUBHOCTb,
MPUPOJHAA PACIIPOCTPAHEHHOCTH MATEPHHCKOTO
HYKIW/I, PaJIMOXUMHIYECKasa YUCTOTA. YIUTHIBA-
€TCA M CKIOHHOCTh BHIGPAHHOIO M30TOIIA OTAE-
JIATHCA N VIVO OT MOIEKY/IBI-HOCUTEA. MaTepus-
CKUIl M30TOI, U3 KOTOPOTO TOJyYaroT Pa/IOHYK-

2020,Ne 2
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JIAZ, AONKEH GbITh CTAGUIBHBIM, a JJOYepHUN —
CpaBHUTEIBHO KOPOTKOKUBYIIIM [9, 10].

JroTenmii-177 ¢ mepuogoM moiypacmaja
(T,,,) 6.89 cyT ofHOBpPeMEHHO U3IydIaeT B-TacTu-
1Bl co cpefHeif sHeprueit 149 u 475 kB, u y-
KBaHTHI ¢ oHeprueii 113 u 208 ksB. YuuTesan,
4ro "’Lu 0[HOBPEMEHHO HCITyCKAET P-IacCTUIIbI
(ry6uHa TPOHUKHOBEHUA B TKAaHU OKOJIO 2 MM),
MPUTOHbIE [UIA MEJUIUHCKOTO JICYCHHUA, U Y-
KBAHTBI, IPUTOJHEIE [JJIA MOIyIeHIA N306pae-
HIIA, OH OIIPE/E/IACTCA KaK MealbHBIA paHOHyK-
JIMJI, C TIOMOIIEIO KOTOPOrO OJHOBPEMEHHO MOTYT
GBITH OCYIIECTBICHBI KaK JIedeHHe, TaK U IoJIyde-
Hue nsobpasenus [11, 12].

Buwi6op cucmem nodsudicHovix has
ona xpomamozpadhuueckux uccnedosanuii

Xpomarorpadudeckasa cucreMa paspaba-
TeIBaTach JuiA cy6eranipy DOTAELA, meueHHOM
Hu30TOIOM JIHoTenuA-177. Jorenuii- 177 monyya-
7 myteM o6myderna 400 MKr oGoraleHHOro o
moTenuio-176 Xmopuaa IOTOKOM TEIIOBBIX
HeiTpoHOoB 210" H/cM’-c B Teuerne 291 . [Tocie
06Ty IeHNA MUIIIEHD BBIIEP/KUBAITH 6 1, TIoCTe e~
IO B ropsdeii KaMepe IIPH IIOMOIIM YCTAHOBKH JIA
BCKPBITHUA aMIyl IPOBOAMIM pPaCTBOPEHHE
vumenu B 2 wt 0,01 M pacTBopa cosAHO# KUCTo-
TBL

Jna paguomeuennsa DOTAELA Bo diakon
nHa 10 M or6upam 71 mrm pactsopa DOTAELA,
Tak 9TOGBI KOHEYHAsA KOHIEHTpaIuA O6blra
30 MEr/mu1, 3areM gobasnanu 125 MK aneTatHO-
ro Gydepnoro pacrsopa ¢ pH 4.5, mocie gero
npuGaBiAn 8 MK XJIopujaa IoTenuA-177 u
AoBoauaM o6beM 1o 2 M. ITosyueHHYIO cMech 0~
MeIllaay B TIMIepHHOBYIo Ganro mpu 80-90°C Ha
30 mun. ITo okoHuaHMM BpeMeHH (IIaKOH H3BJIe-
KAl M OCTYKalIl.

B xauecTBe HEMOABIKHON (asbl UCIIOMb30-
Bam xpomaTtorpadudeckyro Gymary tuna FN1
Barman Nt 3 o61eii I/IMHOM IIPU UCITOTb30BAHUN
Bocxogamero Meroza 15 cm. Ha mummio crapra
HAHOCHIM 5 MK HCIBITYEMOrO pacTBOpa Ha
paccroanmu 1,5 cM oT Havanta xpomarorpadurde-
CKOM TOJIOCKH; TIOC/IE HAHECEHUA MATHO BBICYIIIN-
Bauy. B kadyecTBe MOABMKHEBIX (has3 MCIIOIB30BAH:
10 % pacTBop alerara aMMOHHMA B MeTaHOJE
(30:70 06./06.); pacTBop x10puaa Harpusa 0.9 %:;
0.1 M GydepHeIii pacTBOop HHUTpaTa HaTpPHA,
pH 5.0.

JU71s1 oIy 9e HIA XPOMATOT PAMM ITOIOCKH IT0-
MeIIaIi MIO0YEPEHO B CHCTEMEL C PA3JIHIHBIMI
noapuxHEIMU (asamu. [Tocre xpomarorpadgupo-

BaHUA B OPTaHMYECKOM Cpe/ie aHATM3 XPOMAaTo-
rpaMM IIOKa3as, YTO He IMpopearnposasmmii Lu-
177 ocTaeTcs Ha TMHUM CTapTa U HE ITepeMeIaeT-
cA BMecTe ¢ ppOHTOM pacTBOPUTEA, a cyGeTaH-
mus '""Lu-DOTAELA, HaoGopor, lepeMeraeTcs ¢
(pOHTOM PacTBOPUTEIA, U He MMEET YeTKOIO Xa-
pakrepa muka. [losToMy JaHHaA crcTeMa He MOJ-
XOmuUT 1A pasfenenus. [loce mpuMeHeHNA B Ka-
YecTBe IIOABIKHBIX (a3 BOJHBIX PACTBOPOB IIHT-
paTa HaTpUA UM XJIOPHUJA HATPUA IHK, COOTBET-
creyrommit '"Lu-DOTAELA, pacnonarascs Ha -
HUM CTapTa, a UK, COOTBETCTBYIOIIMIA CBOGOHO-
my Lu-177, mepemerancsa 1o XxpomarorpamMme
BMecTe ¢ ppoHTOM pacTBopHTeA. OTCIofa CIeny-
€T BasKHBIH BBIBog, uTo '""Lu-DOTAELA He mpe-
MATCTBYET ONpPE/EIeHHIO He IIPOPearupoBaBIIero
Lu-177. Jlns KOHTPO/IA MECTOIIOIOKEHUA HA XPO-
MarorpaMme He Ipopearuposasirero Lu-177 ma-
PaLTeIbHO XpoMaTorpahrpoBaIi HCXOAHBINA pac-
TBOp moTeruaA-177.

Takum o6pasoM, GbUTO yCTAHOBJIEHO, YTO
HAWIYYIIHIMY TapaMeTPaMU [JIA M3y IeHHHA II0Be-
nperns "Lu-DOTAELA u momydeHus Xpomaro-
rpaMM IIPOAYKTOB ee B3aumMofeHcTsuA c¢ '"'Lu
o61afaeT IUTPATHBIH GyhepHbIii pacTBop (pHc. 2)
[13].

Pesy/sTaTsl, MOy Y€HHbIE METOLOM BEICOKO-
3 deKTUBHON KUAKOCTHOM XpomaTorpacdun
(BAXKX), cormacyroTea ¢ pesy/IsTaTaMu, TOTydeH-
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Puc. 2. Xpomamozpamma '""Lu-DOTAELA. Iuiu (I):
""Lu-DOTAELA, (Il): 'Lu, (II): ppazmeHmst paduouia
Lu-DOTAELA[13]
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Ta6nuuya 1
OnpepeseHne ONTHMAILHBIX 1APAMETPOB MeYeHUA
N pH Bpens, MiH Temmepartypa, °C Bomxon, %
1 2,0 30 60 21.3£0.5
2 4.5 30 60 50.1+0.3
3 6,0 30 60 46,3+0,7
4 4.5 5 60 24,7+0,7
5 4.5 30 60 50.1£0.9
6 4.5 60 60 49,4+0,8
7 4.5 40 25 5.1+£0.9
8 4.5 40 40 20,3+0,3
9 4.5 40 60 51,2+0.9
10 4.5 40 80 76.8+1,1
11 15 10 90 95.9% 1.3
12 4.5 40 100 96,9+1,1
HBIMU MeTOZIoM GymMazkHOI XxpomaTtorpadum. Ox-
HAKo 3axBaT MOHOB '"'Lu B o6paTHoii pase KOIOH- o S
KM He ofecreynBaeT HEOGXOMMMOI Ha/IeKHOCTH couns
aHaIM3a PaOXUMITIECKOrO BEIXO/A; II0STOMY B é
JIQHHOM CJIy9ae IPeAIOYTUTe/ILHBIM ABIAETCH HC- 00 il
TI0/Ib30BaHue MeTo/ia 6y MasKkHOIM XpoMaTorpaduu,
KOTOPBIH /Ia€T IPE/ICTABIEHNE O COIEP/KAHIH Pa- bt |
JwoxuMudeckrx ¢opm Lu. 0] ! a
" \a\ . i
w0l €| g
SKCIepUMeHTaNIbHAA YacTh ‘ } i\ ‘
Onpedenenue ONMUMANLHLIX NAPAMEMPOS fos
MEREHISE o o T
VcereloBaHUA TIO OTIPEIEIEHUIO OTITHMATb- o i o] oo
Repon AR Sws  sme ma %ew
HBIX [IAPaMeTPOB MPOLecca MOMyIeHHA KOMILIEK- B T ms 08 s em  am
Srems R —

ca '"Lu-DOTAELA, mpoBoIich B HANIPABIEHUI
M3yYeHNA BINAHUA TAKHUX IapaMEeTPOB, KaK Bpe-
MA KoMILIeKcooGpasoBanus, pH u Temmeparypa.
O6muii 06beM COCTABIAL 2 MJI, KOIUIECTBO
DOTAELA 65111 ToCTOAHHBIM (Tabi1. 1).

Tlocne aHaTHM3a MOy YEHHbIX JAHHBIX GbLTa
paspa6oTaHa TEXHOIOTHYECKaA CXeMa U GBLT IIpo-
M3Be/IeH KOHTPOJIBHBIA CHHTE3 PaJMoMedYeHMA
DOTAELA. Bo ¢makon nHa 10 M oT6upamn
100 Mk pactBopa DOTAELA ¢ koHIeHTpanueit
pactBopa 1 mMr/mi, 3arem go6aBnam 125 Min
areratoro GydepHoro pactsopa ¢ pH 4,5, mocite
4ero npubasiaamu 50 MKI XJI0pu/a JoTenus- 177
U JIOBOJUIN 0GBEM 0 2 MJI JUCTU/LIAPOBaHHOMK
Boztoii. KoHewHyo cMech ycTaHaBIMBaIu B
mnepuHoByo 6axio mpu 90-95°C Ha 40 MuH.
CoracHo 3Toii cxeMe, paJMOXUMHYECKUI BBIXO
coctasua 295 % (puc. 3).

Puc. 3. Xpomamozpamma, NonyueHHAs Ha 0CHoBe On-
MUMALHBIX NAPAMEPOs

HccnedosaHue npouecca ouucmeku
Komnnekca

OpHoll M3 BaKHEHIINX IPoGaeM CHHTe3a
paguodapMIpenapaToB ABIACTCA OYHCTKA OT
TIpuMecei, CHU/KAIOIUX PaJMOXUMHYIECKYIO Y1~
crory (PXY). IlpuMecAME ABIAOTCA OCTATKU UC-
XOJ/IHBIX PEareHTOB, MPOAYKTHI IIOGOYHBIX peaK-
nuii. BeIGupaeMblie METOIBI OUHMCTKHM MEUYEHBIX CO-
€/IMHEHU I 3aBUCAT OT XMMUIECKHX CBOUCTB CO-
€IUHEHNI, PaJHOAKTHBHBIX MOGOYHEIX TPOAYK-
TOB M XUMUYeCKUX npumMeceii. Hamrane paguoxu-
MIYECKHX ITPUMeceii B pagurodapManeBTHIeCKOM
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npernapare 06yCIOBIMBAET U3/UIIHION Iy IEBYIO
HArpysKy Ha IMAIUEHTA I HEKEeIaTeTbHO BHICOKU
TKaHEBOH (OH paJMOaKTUBHOCTH, KOTOPBIH
YMEHBIIAET KOHTPACT U306 paskeHIA WIH Tepa-
TeBTUYECKyIo 2hdeKTUBHOCTD. [loaToMy, ecmu
mporiecc pagroMedeHHA IIPUBOJAUT K HeyOBIe-
TBOPUTENTBLHON PaMOXUMUYECKON YUCTOTE, TO
CTa/[iA OYUCTKH ABJIAETCA HEU3GEKHOM.

B Hacroameii paGoTe B KauyecTBe MeTOAA
OYMCTKH IIOIYYEHHOr0 KOMILIEKCA MOCIE Paro-
cuHTe3a GbLTa BeIGpaHa TBepjodasHaa SKCTpaK-
nua. OYuCTKa ¢ MTOMOIIBI0 TBepAodasHoi dKC-
TPaKIMHU ¢ KapTPU/KA IPOMCXOAUT, KOIfa KapT-
PWLK yAEp:KUBaeT GOBINYIO YacTh IPOAYKTA, a
MpUMecH CBOGOHO MOKMAAIOT KOMOHKY HUIM Ha-
06GOpOoT.

TIporecc OYMCTKH COCTOAN M3 TPEX CTAIHIM:
aIcop6ITiH, TIPOMBIBKU | amonposanus. Corrac-
HO IIOJTyYeHHBIM JAHHBIM B 9KCIIEPHMEHTAaX, HA
kapTpuxax ¢ C18 1 ¢ HaloIHEHNEM Pa3IIMIHBI-
mu  karmonutamu (SCX, Dowex 50W-X-12,
Purolite WCA 100, KY-2) npoucxoqut 3asiepxusa-
HHe kaTuoHa '"Lu’, a Takske yJepiaHHe KOM-
mwiekca '"Lu-DOTAELA. B ciyuae ¢ kapTpuxeM
C18 nosyueHHBIE pe3y/IBLTaThI COMNIACYIOTCH C TE€O0-
pueit, OfHAKO B C/Iydae C KaTHOHUTAMM ITPOMCXO0-
JIIT HE yAep:KaHUe, a paspylleHIe KOMIUIEKCa, B
CBASM C YeM MPHMEHEHNE KATHOHITOB CBOJUTCH K
TIoUCKy Goslee cIaGhIX COeAMHEHM. [ IPOMBIB-
ku KapTpumxka ¢ C18 ncronp3oBaim JUCTU/LTHPO-
BaHHYIO BOJy U alleTaTHBINA GydepHbIil pacTBoOp ¢
PH-5.0. B 06oux ciyuasx B pesy/IsTaTe IPOMBIBKH
cBoGoaubli ''Lu’ ypandeTcsa ¢ KapTpumka, a
KOMILIeKC ocTaBascA. [locreqoBarensHoe aimon-
poBaHUe KoMILIeKca ¢ KapTpusxa C18 mocite mpo-
MBIBKH 5TAHOJIOM M Alle TOHUTPUIIOM He JIaJI0 /0B~
JIETBOPUTEIBHBIX Pe3ynsTaToB. OGBEM 2/II0CHTOB
cocraBnsan or 5 ma mo 100 mia, ¢ BBIXOJOM
komiutexca or 10-15 %. Bonee moapo6HO peayib-
TaThI IPoLiecca OYMCTKH OTpaskeHbI B paGoTe [14].

Ha ocHOBaHMM STHX pPe3YIETATOB MOXKHO
c/leTaTh BBIBOJ, YTO CTAHAAPTHAA PEalH3aIla
ounctru C18, KoTopas o6bIvHO ahdeKTHBHA AT
yCTpaHeHHs He BRKIIOYEHHBIX HOHOB ' Lu®, Hy-
JlaeTcA B IPUMEHEHUH BEIIECTB, IOHMKAOIIIX
adderT paguonusa, kK IpUMepy acKOpGHUHOBOM
KHCIIOTHL, 11 nofep:xanusa PXY "Lu-DOTAELA,
a TaksKe B TIOMCKe JPyTUX aaroeHToB. Hampumep,
HCIIOIB30BaHME TPUGTOPYKCYCHOM KUCTOTHI /I
VBEIMYEHNA OIAPHOCTH PACTBOPUTEIA.

ITonyueHue U30MOHUUECKO20 pACMEBOPA

BBesieHne pacTBOPOB /I MHBEKIUM, 0CMO-
THYECKOe [JaBIeHNE KOTOPBIX OTIMIAETCA OT 0C-
MOTHYECKOTO JaBJIEHUA KPOBAHOM ILIa3Mbl, BBI-
3BIBAET Pe3Kylo GoJb, OIIyIEHHE KOTOPOM TeM
CHIIbHEE, YeM GOoIbIlle OCMOTHYECKasA PasHUIA.
Bo3MOKHOCTB yCTpaHEHHA OIIYIIEeHUA PE3KOii 60-
JIM TIPH MCIIONIb30BAHNH HHBEKIHOHHBIX PACTBO-
POB peausyeTcs Iy TeM BBEACHUA BCIIOMOTraTelb-
HBIX BEIIECTB /1A H30TOHUPOBAHUA PACTBOPA.

B nacrosmeit pa6oTe MCXOHBIE KOMIIOHEH-
ThI 6pamu B cooTHomeHnu 1:1 cormacHo ypaBHe-
HUIO XUMHUYeckoii peakiuu. K 200 Mk pacTBopa
DOTAELA jpo6aBnamm 125 MKJI — aleTaTHOTO
6ydeproro pactsopa ¢ pH 4,5, mocite gero mpu-
GaB/IAIN XTOPUJL JTIoTenuA-177, pacTBOPEHHBIH B
0,01 M xsopoBoiopoAiHo kucaoTe. O6Iumii 06b-
€M JJIOBOJUTCS BOJOM I MH'BEKIUM 10 2 ML

DOTAELA + ""Lu®* — ""Lu-DOTAELA + 3H*

KoHeuHBI#i IPOAYKT COEPKUT:

v romrurexc "' Lu-DOTAELA - 232.8 Mxr;
v nHatpus anerar—0,0079 .

OcMOTHYECKOE JaBIeHHE MHOTOKOMITOHEHT-
HOTO pacTBopa 1o 3aKoHy Jlansrona [15, 16] crra-
JIBIBAETCA U3 MTAPIMATBHBIX OCMOTHYECKUX JaBIe-
HUii P, 0T/1e/IbHBIX KOMIIOHEHTOB:

P=P+P+P+... u Ta. 1

Ha /0/m0 Ka/0T0 U3 KOMIIOHEHTOB TIPUXO-
JIITCA N30TOHUPOBAHHE COOTBETCTBYIOIIETO 06be-
Ma VpacTBopa B MILTH/IMTpax:

Vieu=01+0p+ 05, OTRYAA 0;=Vo5,~(0140,).  (2)

V,=(1000m,1,)/0,29 M. ®)

Konnenrpanus xommtekca '"'Lu-DOTAELA
U XJTOPOBOZIOPO/JHOI KHCIOTEI TAKOBBI, YTO MPAK-
TUMECKH He BIUAT Ha BETUIUHY OCMOTHIECKOTO
JlaB/eHnA. BBIIOTHNIM pacyeTsl 1 HATPHA alle-
Tara:
V[CH,COONa)=(1000-0,0079-1,86)/(0,29-71)=
0,71 w1
V[NaCl)=V,;, ~V(CH,COONa)=2-0,71=1,29 .

PaccuuTBIBaEM Maccy HATPUA XITOPUAA T
M30TOHMpPOBAHUA PACTBOPA:
m(NaCl)=(0,29-58.5-1,29)/(1000-1,86)=0,012

3aKoueHue

B pesynsrare paspa6oTku MedeHHOro ''Lu
6uoxonsiorara DOTAELA kak mpejmonaraeMoro
TIEPCIIEKTUBHOTO pajuodapMIpenapara, Geura
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SIAEPHASI MEANUNHA

mojo6paHa IMTpaTHO-GydepHas cucTeMa cC
pH=5.0 a1 onpejeneHnA pagjHOXUMUIECKON YU~
CTOTBI MeToZIoM GyMaskHOM Xpomartorpaduu.
Ornpe/ie/leHbI ONTUMATBHBIE TAPAMETPhI Pajo-
Meuenns: pH cuntesa "’Lu-DOTAELA 4,5, Teme-
patypa 90-100°C, Bpems KoMIUIEKCOOGPa30OBaHUA
40 muH. B pesynsrare ucciefoBanuii paspa6ora-
HA TEXHOIOTMYECKasA CXeMa IOTyYeHUA KOMILIEK-
ca '"Lu-DOTAELA. CoracHo 3Toii cxeMe, pafuo-
XMMHUYeCKHI BBIXOZ cocTaBiAeT 295 %. [TomydeH-
HBII pacTBOP JOBOAUTCHA JI0 MU30TOHUYECKOI dop-
MBI IIperapara 1 MPUroeH JIA U3y YeHHA HHTEP-
HaJIM3aIuu U sKcrpeccuy kaerox THPMIK.

BiarogapHOCThb

ABTOpBEI MCKpeHHe GIaroflapHbl 3a IOJ-
JIEpEKY, OKasaHHylo YHuBepcuretom Oco,
. Ocro, Hopserus.

9ra pabora Gblla Hoagep:xaHa MuHH-
crepcTBoM o6pasoBaHuA 1 Hayku Pecriy6immkn Ka-
saxcran [Ne AP05134384, 2018].
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DEVELOPMENT OF '”Lu-LABELED RADIONUCLIDE BIO-CONJUGATE,
ANGONOTROPIN-RELEASING-HORMONE ANTAGONIST
A.N. Gurin', Ye.T. Chakrovd', .V. Matveeva'?, P. Riss®
! Scientific and Technical Center of Radiochemistry and Isotope Production; Institute of Nuclear Physics,
Almaty, Kazalchstan
? Al-Farabi Kazalch National University, Department of Chemistry and Chemical Technology, Almaty,
Kazalchstan
? University of Oslo, Department of Chemistry, Oslo, Norway

‘The development of radiopharmaceuticals is a long and complex process that must meet the require-
ments of good manufacturing practice, pharmacopeia and radiation safety. This paper presents the re-
sults of the phased development of a Lu-177 labeled nonpeptide antagonist of the gonadotropin releas-
ing hormone (GnRH) elagolix (ELA). Lutetium-177 was obtained by the reaction (n, y) from a LuCl, tar-
get ina WWR - K reactor. Labeling was carried out in a semi-automatic way.

Key words: radiopharmaceutical, lutetium-177, labeling, radionuclide therapy. thriple-negative breast
cancer
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Optimization of Reaction Parameters for the Synthesis
of ""Lu-DOTAELA

ANDREY GURIN'?", YELENA CHAKROVA!, ILONA MATVEYEVA'2 PATRICK RISS*

! Scientific and Technical Center of Radiochemistry and Isotope Production; Republican State Enterprise Institute of
Nuclear Physics, Ibragimov 1 st., Almaty, 050032, Kazakhstan

2 Al-Farabi Kazakh National University, Faculty of Chemistry and Chemical Technology, al-Farbi 71 st., Almaty, 050040,
Kazakhstan

3 University of Oslo, Department of Chemistry, Oslo, 1033, Norway

Abstract: The article provides a comparison of the theoretically calculated and experimentally
determined yield of the reaction "°Lu (n, y)'”Lu. Also, it provides the results of the studies on
lutetium-177 labeling of a non-peptide antagonist of gonadotropin-releasing hormone (GnRH)
elagolix (ELA) associated with a chelating DOTA (DOTAELA). The synthesized DOTAELA complex
was labeled with the "’Lu isotope."”Lu was produced by the reaction (n,y) using the enriched
LuCl; target at the reactor WWR-K. Production of *"’Lu by the (n, y) reaction from the enriched *’°Lu
target achieved by irradiation for 17 days. All stages of the complex preparation were evaluated by
paper chromatography. The optimal technological parameters for the synthesis of the complex 1"’ Lu-
DOTAELA are: pH - 4.5, 90-100 °C and 40 min. The obtained optimal parameters made it possible to
produce a labeled complex of '”’Lu-DOTAELA with a radiochemical yield of > 95%.

Keywords: Lutetium-177; DOTAELA; labeling,; radiochemical purity (RCP); triple-negative breast
cancer

1.Introduction

In women in many countries of the world, including Kazakhstan, breast cancer (BC) is the most
common malignant neoplasm. On average, about 4,000 breast cancer patients are diagnosed annually
in the Republic of Kazakhstan, and more than 1,380 women with breast cancer die [1]. Breast cancers
registered in 2017 amounted to 24.5 per 100,000 of the population.

Triple negative breast cancer (TNBC) comprises about 8-20% of all breast tumors; it is more
common in women up to 50 years of age before menopause, with early menarche, the first pregnancy
at a younger age, a short period of breastfeeding, and a high body mass index. TNBC is characterized
by a lack of expression of estrogen, progesterone and HER-2 receptors, which is characterized by an
aggressive course, metastatic disease and reduction of life expectancy; the maximum risk of recurrence
occurs during the first three years after surgical treatment [2-4].

Triple negative breast cancer expresses the receptors for gonadotropin-releasing hormone (GnRH)
in more than 50% of cases [5]. Among several analogues (agonists and antagonists) of GnRH that
have been studied for treatment of this type of cancer, the non-peptide antagonist elagolix (ELA) is
of greatest interest. Elagolix is the first of a new class of GnRH inhibitors that have been designated as
the second generation due to their non-peptide nature and oral bioavailability. In this regard, a
DOTAELA molecule was synthesized, consisting of an elagolix bound to a chelating DOTA molecule
via an ethylenediamine bridge to allow labeling with isotopes such as lutetium-177 and gallium-68.The
substance has no analogues in the treatment of triple negative breast cancer and is the first in this field
[6-8].

In recent years, !”’Lu has become a promising B-emitter with superficial tissue penetration. The depth
of "Lu penetration into the tissue is equal to 2 mm, which is advantageous, especially for small
metastases [9]. It can be used as an alternative to **'I or as an addition to *°Y.
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L [T12= 6.73 d, Epmax = 0.497 MeV, E, = 113 KeV (6.4%) and 208 KeV (11%) are considered as
alternatives for the development of new agents for peptide receptor radionuclide therapy [10-12]. At
the same time, the low-energy gamma-ray photons of !”’Lu allow its use in the production of SPECT
images [13]. The core of 7°Lu has a large capture cross section of both thermal neutrons (2065 barns)
and epithermal neutrons (1090 barns) [11]. This leads to the rapid achievement of the relatively high
specific activity of ’Lu.

Moderate flux reactors can be used to produce "’Lu. The long-term half-life of ""Lu provides
logistical advantages. The main methods for producing "’Lu of high specific activity are irradiation
with neutrons of the reactor *Lu or 76Yb by the reactions Lu(n, y)!”’Lu and "5Yb(n, y)”’Yb (8-
decay)—""Lu.

Although the latter method allows the production of ”’Lu with no carrier, the radio-chemical
separation of "’Lu from the irradiated Yb target is difficult due to the similarity in chemical properties
of the two side-by-side lanthanides in the series. The isotopic composition of the starting material has a
significant impact on the specific activity of ”’Luproduced by the ‘indirect’ method. Commercially
available *Yb oxide can contain up to 2-3% of the isotope "*Yb [14]. The presence of this isotope in
the starting material leads to the accumulation of *Yb (T1,=4.18 days), which decays into *Lu both
during irradiation and at its end and thus reduces the specific activity of the!”’Lu accumulated during
irradiation [15]. In other words, the presence of a *Yb impurity in the starting material actually
eliminates the main advantage of the ‘indirect’ method of '”’Lu production. The solution to this
problem is to minimize the accumulation of *Lu by reducing the time between the end of irradiation
and the processing of the irradiated material.

Various labelling procedures lead to different results. For example, "’Lu- and ®Y-DOTA-
conjugated biomolecules (DOTATOC and PSMA-617) [16], "Lu-DOTA-Herceptin [17] and !"’Lu -
DOTA-DN(PTX)-BN [18] were produced using various temperature, pH and time parameters, which
resulted in slightly significant the radiochemical purity (RCP) values.

The main purpose of this research was to study the impact of the technological parameters of
1L u-DOTAELA synthesis on the radiochemical yield and quality of the product. The production of
177Lu was carried out by reaction (n, y) using the enriched LuCls target in the reactor WWR-K with a
moderate flux. The expected therapeutic effect consists in a certain degree of inhibition of cancer cell
division and exposure to the cell by p-radiation.

2.Materials and methods

Lutetium oxide (82.0%, enriched by '*Lu, with a spectroscopic purity of 99.99%) was used.
DOTAELA was obtained from the University of Oslo in Norway, which coordinated the research
project. All chemicals and solvents used were of analytical reagent grade and supplied by reputable
chemical manufacturers. The radionuclide purity of ’Lu was determined by gamma spectrometry
with a high purity germanium detector (Ortec). The reference source!*’Eu (OSGI) was used for
calibration of the detector by energy and efficiency. A radiochromatogram-scanner Veenstra VCS-103
(Netherlands) was used. Chromatographic paper of the FN1 type (FILTRAK, Germany) and a well-
type Nal (T1) ionization chamber for total radioactivity measurement (CAPINTEC, INC., CRC.-2PR,
USA) were used. A Shimadzu HPLC system (Shimadzu, Japan) equipped with a C18 reversed phase
Shim-pack VP-ODS (5 pm, 4.6x250) column was used for HPLC analysis. HPLC was performed
using a Shimadzu LC-10ADvp pump system coupled with UV (Shimadzu SPD-10Avp) and
radiometric (Bioscan Inc., USA) detectors.

2.1'”7 Lu production

The isotope of lutetium-177 was produced by irradiation of 400 pg of lutetium-176 (82.0 %) with
a flux of thermal neutrons 5.7-10'* n/cm?"s for 240, 252 and 408 h. After irradiation, the target was
kept for 24-36 h; then the ampoules were opened in the hot cell, and the targets were dissolved in 2
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mL of 0.01 M hydrochloric acid solution. The next step was quality control as described elsewhere
[19].

Volume 3 of the State Pharmacopoeia of the Republic of Kazakhstan (2014) defines the purity of
radionuclides, which should be more than 98% [20]. Radionuclide purity is checked by diluting the
solution and the selection of aliquots with a micropipette at 2-5 pl. At least three samples should be
measured to obtain the average result. A gamma spectrometer is used for radionuclide purity
determination.

2.2 Lu-DOTAELA preparation
2.2.1 Labeling of'”’Lu with DOTAELA by optimization studies
Studies were performed on the optimal parameters for the process of producing the '7Lu-
DOTAELA (Figure 1) complex, including the influence of incubation time, temperature and pH, to
obtain the maximum '”’Lu-DOTAELA during complexation. Keeping the reaction volume at 2 mL,
the amount of DOTAELA remained constant. The labeled conjugate score and complexation yield
were determined by paper chromatography in 1 M sodium citrate buffer solution with a pH of 5.0. The
yield of "’Lu-DOTAELA was evaluated by paper chromatography [21].

Figure 1. Synthesis scheme of ’Lu-DOTAELA

2.2.2 Quality control

The results obtained using the HPLC method are consistent with the results obtained using the
paper chromatography method. However, while it is possible to capture }”’Lu ions in the reverse phase
of an HPLC column, this does not provide the necessary reliability in the analysis of radiochemical
yield; therefore, in this case, the use of the paper chromatography method, which gives an idea of the
content of the radiochemical forms of '’Lu, is preferable.

Paper chromatography studies were carried out after passing 12 cm of the solvent front. For this
purpose, 5-10 pL of test solution were applied at a 6—cm distance from the bottom of the paper strips,
which were chromatographed in citrate buffer solution with pH=5.0. The strips were dried, and then a
sticky tape was applied on both sides. After that, the distribution of activity on the strip was measured
using a radiochromatogram scanner with an Nal detector. Validation of the location of Lu-177
DOTAELA as well as unbound Lu-177 is described elsewhere in this article [21]. The radiochemical
yield percentage (B) of the complex was calculated by formula 1:

A(Y"Lu — DOTAELA)

B= = x
Asry, + A(*YLu — DOTAELA)

100

(03)

3.Results and discussions
3.1 Preparation of 1"Lu

L1 was obtained by irradiation with thermal neutrons of enriched lutetium (*’*Lu, 82.0%) at the
WWR-K reactor of the Institute of Nuclear Physics, Almaty. The radionuclide purity of ’"Lu was
determined by analyzing the gamma spectrum, which was 99.975%.2'"Lu was estimated from
grounded gamma lines at 113, 208, and 250 keV.

Rev. Chim., 71 (8), 2020, 55-62 57 https://doi.org/10.37358/RC.20.8.8278




image32.jpeg
Revista de Chimie @_@_
hitps://revistadechimie.ro
https.//doi.org/10.37358/Rev. Chim. 1949

The “direct’ method of '”’Lu production is accompanied by a long-lived isomer *"’"Lu (T1>=160
days). To reduce the radiation load on the patient and the waste generated in clinics during ‘lutetium’
therapy, the content of '”"Lu in the final product is limited. The estimates presented in the literature
show that the problem of ”®Lu build-up is successfully solved by the optimization of the irradiation
conditions. Even under irradiation in a high-flux reactor for 10 days, the build-up of }”’*Lu remains at
an acceptable level and does not exceed 0.02% [22]. The resulting gamma spectrum of the irradiated
target did not show any significant peak corresponding to ™Lu (71, 128, 153, 228, 378, 414 and 418
KeV). This can be explained by the fact that the radioactivity of ’"Lu is negligible compared to that
of ’Lu due to its long half-life and relatively low cross-section (2 barn) [11]. The level of 7®Lu
produced was determined by measuring the gamma spectrum of the sample initially having high
activity after 100 days with increased sample volume. The average level of the radionuclide impurity
load in '’Lu due to '"Lu corresponds to 0.025% of the total activity produced.

The LuCl; target was irradiated at various available flow positions for different durations of time
with thermal neutron flux positions of 5.7-10** n/cm?s. According to the irradiation schedule of the
highly enriched target, the minimum irradiation time to reach the maximum yield is between 17 and 21
days.

The maximum specific activity was 760 GBq/mg, which was achieved under irradiation with a
thermal neutron flux of 5.7-10**n/cm?*s for 408h. The data for ’’Lu irradiation were significantly
higher than the theoretically calculated values, taking into account only the capture of thermal
neutrons. The possible reason for obtaining such high values of practical activity in comparison with
the theoretically calculated values can be explained by the contribution of epithermal neutrons, which
are not taken into account in the theoretical calculations [23-25].

3.2'Lu-DOTAELA radiochemical purity evaluation

The main peak of '”’Lu-DOTAELA detected by the scintillation detector (Nal) after application as
the mobile phase of an aqueous solution of sodium citrate is located on the start line (R#0), and the
peak corresponding to the free Lu-177 moves along the chromatogram with the solvent front (Re=1).
The conclusion is that "Lu-DOTAELA does not interfere with the determination of the non-reacted
Lu-177.

3.3 Optimization of the complexation yield of 1”’Lu-DOTAELA
The optimal parameters of the process of producing the complex !"’Lu-DOTAELA were studied,
including the influence of complexation time, temperature and pH, to obtain the maximum yield of
1Lu-DOTAELA. Keeping the reaction volume of 2 mL, the amount of DOTAELA remained constant
to determine the optimal parameters of time, temperature and pH to obtain maximum complexation.
The yield of !”’Lu-DOTAELA depending on pH, time and temperature is shown in Figures 2A, 2B
and 2C respectively.

o t, min

Rev. Chim., 71 (8), 2020, 55-62 58 https://doi.org/10.37358/RC.20.8.8278




image33.jpeg
Revista de Chimie @_@_
hitps://revistadechimie.ro
https.//doi.org/10.37358/Rev. Chim. 1949

FY

0 © 2 2 4 S @ W W W W M

Figure 2. The dependence of the RCP of }"’Lu-DOTAELA:
A-pH, B-time and C-temperature

An important role is played by pH value in increasing the rate of complex formation. Considering
the fact that lanthanide cations form insoluble hydroxides at pH=6 and above, the optimal pH for
radioactive labeling is between 2 and 6, which is achieved by using buffer solutions. Radioactive Lu-
177 in 0.01 M HCI solution (8 puL; 2.6-2.7 GBq) was added to the freshly prepared DOTAELA
solution (71 pL) in ethanol and adjusted to pH values of 2—6 by the acetate buffer solution (125 pL);
then the volume was adjusted to 2 ml with purified water.

According to the data obtained in the study about the influence of the pH of the synthesis on
radiochemical purity, it was found that, with the growth of pH values from 2 to 4.5, the radiochemical
yield value increases, and when pH drops to 6, the radiochemical yield value monotonically decreases.
Radiolabeling was performed for 30 min at 60°C. As a result, the optimal pH of the !"’Lu-DOTAELA
complex synthesis is 4.5 (Figure 2A).

After determining the optimal pH parameter, we studied the reaction time mode (5, 30 and 60 min)
(Figure 2B). The results indicate that the optimal time for complexing is 40 min since further increases
in time do not affect the yield of the complex. Further, at a constant pH value of 4.5 and a time of 40
min, the dependence of radiochemical yield at different modes of complexation temperatures was
studied (25, 40, 60, 80 and 100°C (Figure 2C). As we can see in Figure 2C, with a temperature
increase from 25° to 100°C, the value increases and reaches a maximum at 90-100°C. This
temperature range is optimal.

The technological scheme was developed as a result of the research conducted to determine the
optimum parameters for synthesis of the complex ”’Lu-DOTAELA (Figure 3).

Figure 3. The technological scheme for 1’Lu-DOTAELA production

The control synthesis of DOTAELA radio labeling was performed in accordance with the
developed technological scheme. One hundred L of DOTAELA solution with a concentration of 1
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mg/mL was placed in a 10-mL vial; then 125 pL of acetate buffer solution with a pH of 4.5 was added,
followed by 50 pL of lutetium-177 chloride. The volume was adjusted to 2 mL with distilled water.
The final mixture was placed in a glycerin bath at 90-95°C for 40 min.
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Figure 4. Radiochromatogram of }”’Lu-DOTAELA. I - Y""Lu-DOTAELA, 1I - '7Lu**

When performing the synthesis, after determining the optimal synthesis parameters, the
radiochemical yield was 96% (Figure 4). Additional purification is described elsewhere in this article
[26].

Typically, treatment of breast cancer can be performed using one or a combination of the following
methods: hormonal therapy, surgery, chemotherapy and radiation therapy. Their side effects limit the
effectiveness of chemo/radiotherapy, but they can be avoided, and much more effective therapy is
possible if the preparations used have tumor selectivity, which includes the determination of the
biochemical processes that distinguish the samples of tumor tissue from healthy tissue [27-30].

The required selectivity can be achieved by the development of targeted therapy using
radiopharmaceuticals.

The development of radiopharmaceuticals obtained using radiometals for labeling or incorporating
a radioactive isotope into a carrier molecule is a long and difficult process. There are many
requirements for radiopharmaceuticals to be used for therapy as well as for diagnosis. Radio-
pharmaceuticals must have a high radiochemical purity and a high therapeutic dose, and the synthesis
should preferably be simple and should not take a long time. In addition, highly qualified personnel,
exact observance of the radio-labeling procedure in accordance with good manufacturing processes
(GMP), adherence with pharmacopeia requirements and radiation safety are required.

Until recently, it was believed that TNBC cells have no or very few receptors on their surface. As a
result, TNBC is characterized by a lack of expression for progesterone, estrogen and HER-2. Recent
studies have shown that on the surface of TNBC cells, there are receptors expressing gonadotropin
releasing hormone (GnRH) in more than 50% of cases. On this basis, we were attracted by an analogue
of the gonadotropin-releasing hormone elagolix, which is non-protein in nature and has a small
molecular weight relative to other analogues. Elagolix was bound to the DOTA chelating agent
through the ethylenediamine bridge (DOTAELA), which allows radio-labeling with metal isotopes.

Due to the fact that the concentration of receptors on the tumor cell is limited, DOTAELA
radiolabeling must be performed using high specific activity to deliver a therapeutic dose to the
affected tissues.

Our goal was to determine the optimal technological parameters of the labeling of a synthesized
substance with a high therapeutic dose. The strategy for the formation of the radiopharmaceutical
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substance was to use a sodium acetate buffer solution, which is one of the most studied buffers for
biological research as well as being safe and effective, to maintain a constant pH in the reaction
mixture. This concept was used in studies on the effect of pH, temperature and time on the
radiochemical purity of the resulting ’’Lu-DOTAELA complex. The obtained optimal parameters
made it possible to produce a labeled complex with a radiochemical purity of > 95%.

4.Conclusions

Production of ’’Lu by the (n, y) reaction from an enriched 7°Lu target with specific activity of 740
GBq/mg was achieved by irradiation at the thermal neutron flux of 5.7:10"* n/cm?'s for 17 days. As a
result of the experiments, the optimal pH of the synthesis of "’Lu-DOTAELA is 4.5. The experiment
showed that with a temperature increase from 25° to 100°C, the value of the RCP increases and reaches
a maximum at 100°C; this temperature is optimal. After determining the optimal temperature and pH
parameters, the reaction time mode was studied. The results indicate that the optimal time for
complexing is 40 minutes. The technological scheme was developed as a result of research to
determine the optimal parameters of the '”’Lu-DOTAELA complex synthesis. According to this
scheme, the radiochemical yield is > 95 %.
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