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SELECTION OF MOBILE PHASE SYSTEMS
FOR CHROMATOGRAPHIC RESEARCH OF " Lu - DOTAELA

Abstract. This paper considered the experimental data on selection of the optimal
conditions for separation of free *'’Lu**cation and labeled *""Lu-DOTAELA complex by
paper chromatography in determining the radiochemical purity of the synthesized pre-
paration. The following issues were also reviewed: the effect of structure and the ratio of
mobile phase components, and the type of chromatographic paper on separation qua-
lity. The most qualitative separation was observed in application of a mobile phase, repre-
senting a buffer solution of sodium citrate with pH 5.0 and sodium chloride with the use
of the chromatographic paper.

Keywords: paper chromatography, mobile phase, radiopharmaceutical, lutetium-
177, DOTAELA.

Introduction. Receptors for triple negative breast cancer express the gona-
dotropin-releasing hormones (GnRH) in more than 50%cases. 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 [1].

Selection of "' Lu as a radioactive component of the preparation is deter-
mined by optimal depth of penetration in human tissue during radionuclide the-
rapy of small tumors, and also by low radiation load for the healthy organs.

In nuclear medicine, radiopharmaceuticals are used for diagnosis and
treatment of oncologic, infectious and other pathologies [2]. Radiopharmaceutical
preparations contain the substances labeled with radioactive nuclides. During
examination of the particular organ, an appropriate radionuclide labeled carrier
substance is used in the body. The resulting complex after administration to the
patient accumulates in the particular organ. If the unknown amount of the labeled
impurity substance in the radiopharmaceutical finds its way to another organ, the
capability of correct evaluation of the patient’s examination results can be signi-
ficantly reduced, especially taking into account a wide range of individual meta-
bolic processes

The decisive factor in obtaining good results is that the radiopharmaceutical
has the acceptable radiochemical purity [3]. Determination of radiochemical
purity is the only guarantee that a drug, administered to a patient, will provide
reliable diagnostics or therapy.
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Thin layer chromatography (TLC) and chromatography on paper (CP) are
widely recognized as reliable quality control methods in determining of radioche-
mical purity. These methods enable only one or two of impurity components to be
recorded. The quantitative results are very sensitive to the details of testing pro-
cedure. TLC and CP methods often require about one hour of analysis time [3].
The United States Pharmacopeia (USP) [4] indicates that minimum 90% of total
radioactivity corresponds to radiopharmaceuticals, but the monographs do not
indicate the method for radioactivity counting.

The aim of the work is the development of the procedure for determining the
radiochemical purity of the synthesized substance of antagonistic action of the
triple negative breast cancer DOTA-Elagolix (DOTAELA) labeled with lute-
tium-177.

The advantages of Y’Lu as the therapeutic isotope are determined by its
nuclear characteristics: maximum B-energy (maxf = 496 keV, y = 113 keV
(6.4%) and 208 keV (11%)); a half-life of 6.71 days; the optimal depth of
penetration into human tissue for radiation therapy of small tumors, a small radi-
ation load on healthy organs [5, 6].

The experiments included the study of the following factors: chromatography
paper, mobile phase and its composition.

EXPERIMENT

The chromatographic system was developed for the DOTAELA substance.
Radio-labeling was performed with lutetium-177isotope, obtained by irradiating
of 200 pg of lutetium chloride, with a thermal neutron flux of 2x10" n/cm,xs for
291 hours. After irradiation, the target was exposed for 6 hours and then trans-
ported to the Radiochemical Unit of the Scientific Technical Center of Radio-
chemistry and Isotopes Production (STC RIP) into the hot chamber for ampoule
opening, followed by target dissolution in 2 ml of 0.01 M hydrochloric acid
solution.

For DOTAELA radio-labeling, 71 ul of DOTAELA solution was taken into a
10 ml vial, so that the final concentration was 30 ug/ml, then 125 ul of acetate
buffer with pH 4.5 was added, then 8 uL of lutetium-177 chloride was added and
the volume was adjusted to 2 ml. The final mixture was placed in a glycerin bath
at 80-90 °C for 30 minutes. When time was over, the vial was removed and
cooled. Then the sample was taken for chromatography.

Chromatographic FN1 type paper and Whatman paper No.3 were used as a
stationary phase with the total length of 15 c¢cm for the ascending method and 19
cm forthe descending method. Test solution (5 ul)was applied to the start line at 3
cm and 6 cm distance from the start of the chromatographic strip. After applica-
tion, the spots were dried. The strips were then placed in a sealed chamber, and
one end of it was immersed in a solvent [7]. The following was used as mobile
phases: 10% solution of ammonium acetate in methanol (30:70 v/v); the solution
of sodium chloride 0,9%; 0.1 M sodium citrate buffer solution, pH 5.0.
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The analysis was carried out using a radio-chromatogram scanner Veenstra
VCS-103 base.

RESULTS AND DISCUSSION

In the course of the chromatograms analysis it was decided to use further the
chromatographic paper in the system of solvent descending current due to shorter
time of chromatography it provides.

The experimental studies on determination of the optimum conditions for
lutetium-177 labeled DOTAELAradiochemical purity showed that this substan-
ce is not dissolving in the aqueous solutions. This is confirmed by the chromato-
grams shown in the figures 1 and 2.
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Figure 1 — Chromatograms (A and B) of 7Lu®"
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Figure 2 — Chromatogram of *"’Lu-DOTAELA.
Peaks (1): "Lu-DOTAELA, (11): *"’Lu and (111): fragments of *’Lu-DOTAELA radiolysis

In figures 1 and 2, the main *"’Lu-DOTAELA peak, detected by the scintil-
lation detector (Nal) after using the aqueous solutions of sodium citrate and
sodium chloride as mobile phases, is located on the start line, and the peak,
corresponding to the free Lu-177, moves along the chromatogram along with
the solvent front. Therefore the important conclusion can be made that
7| u-DOTAELA does not prevent determination of unreacted Lu-177 impurity in
the reaction mixture.

To obtain the chromatograms in figure 3, the chromatographic strip was
placed in a system of organic mobile phase of ammonium acetate in methanol.
After chromatography in the organic medium, the analysis of the chromatogram
in figure 2 showed that the unreacted Lu-177 remains on the start line and is not
moving along with the solvent front, while the *’Lu-DOTAELA substance is
moving with the solvent front and is not characterized by clear peak character, so
this system is not suitable for separation.

Conclussion. Thus, it was found that the citrate buffer have the best para-
meters for studying the behavior of *”’Lu-DOTAELA and obtaining the chroma-
tograms of the products of its interaction with *"Lu.
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Figure 3 — Chromatograms: A - *""Lu®* and B-(1): *"Lu* u (11) "Lu-DOTAELA

It should be noted that the method of chromatography of synthesis products
in two mobile phases of sodium chloride and citrate buffer solution provides
an accurate estimate of the content of the radio-labeled target product
“") -DOTAELA”, as well as the radiochemical impurities of unreacted *"Lu.

The work was carried out with the support of G.2018 [No. AP05134384].
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XPOMATOI'PAOUSIIBIK 3EPTTEVJIEPTE APHAJIFAH
¥1JIbl ®A3AJIBIK XXYWEHI TAHZIAY TAHBAJIAY
JIIOTEIIMM-177 YIIIH DOTAELA

Y per Tepic cyrbe3i Karepii iCiTiHIH penenTopiiapbl TOHAIOTPOIHHII IIbIFapa-
T TopMoHaapabl (GNRH) 50% icrepain canbl. PakaHbIH OCBI TYpiH eMIEyTe apHAIFaH
GnRH 6ipHrerire anagorrapsl (aroHUCTHI XKOHE aHTATOHUCTBI) apachlHIa MENTHATI aHTAro-
uucT snmaronuke (ELA) eHKBI3BIFY MIBUTBIKKA He. SIaposbiK Gusika HHCTUTYThI HopBerus-
HbiH OCIIO YHUBEPCHTETIHIH 3epTTeylIiep KOMAaHIAChIMEH XKyMbiC icTeiii - LU aem Gern-
rinearen DOTAELA Herizinzgeri paguodapManeBTiKa KYpbUIIbl. TepanusuiblK H30TOII
petinze LU apTHIKIIBUIBIFG! SIPONBIK CHIIATTAMACKIMEH AHBIKTATIAMb!: KillIKEHTAMH icik-
TepAIH pagualysIbIK Tepanuschl YIIiH aJlaMHBIH YJIITachlHa €HYIIH OHTAaMJIbl TepEeHMIri,
cayopraHiaphlHa apHANFAH IIAFbIH PaJHalMIBIK KykTeme. Ockl Makamaga * Lu®" men
Y7L u-DOTAELA TanbananFran KOMIUIEKCTi KaFa3 XpoMaTorpauscsIMeH 0oiyre apHai-
FaH OHTAMJIBl XargalnapAbl TaHAAy Typajbl SKCHEPUMEHTAIIbl JEpeKTep KeITipiireH.
CoHpaii-ak, KOMITO3UILIUSHBIH 9CEp €Tyl KoHe MOOWIBII (a3aHblH KypaMaac OeIiKTepiHiH
OemiHy camachlHa, XpoMaTorpaIsIIbIK Kara3 TypiHe KaThIHACHl KapacThIpbUIAsl. Hatpuii
LUTPATBIHBIH Oy(epItik epiTiHIICiH YChIHATBIH MOOWIBI (ha3aHbl Naijanany Ke3iHAe eH
JKOFapbl canaisl 6euniny Oaiikanael, pH 5.0 xoHe HaTpHii XJI0pUAI.

Tyiiin ce3mep: Karazxpomarorpaduschl, >KbUDKbIMaJBI (a3zacel, paanodapmaries-
THKa, roreunii-177, DOTAELA.
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BbIBOP MOBUJIbHBIX ®A30BbIX CUCTEM
I XPOMATOI'PAOUYECKUX NCCJIEJOBAHNN
JOTAEIJIA JJIS JITOTELINA-177

Peuenrtopsl nns TpOHHOrO OTPULIATENBHOIO paka MOJIOYHOM >KEJe3bl BBhIPAXaroT
TOHaJI0TPONHH-BBICBOOOK Hatotie ropMorbl (GNRH) Goinee, uem B 50% ciyuaes. Cpenu
HECKOJIbKUX aHaNoroB (aroHWCTOB M aHTaroHuctoB) GNRH, koTophie ObUTIM H3yYeHBI s
JICYSHUs] ITOTO THIIAa pPaKa, HAaMOOJBIIMK MHTEPEC MPEJCTaBIISET HEMENTUAHBINA aHTaro-
uuct elagolix (ELA). UHCTUTYT siaepHO# Gu3nku paboTaeT ¢ KOMaHI0W HccienoBaTeneit
n3 Yuausepcurera Ocno, Hopserus, B co3nannu paanodapManeBTHIECKOro mpenapara Ha
ocHose DOTAELA ¢ mapkuposxkoii *’'Lu. Ipenmymectsa LU B KauecTBe TepamneBTH-
YECKOT0 M30TOIa ONPEICIAIOTCS €ro SACPHBIMU XapaKTePHCTHKAMU: MaKCUMAIBHOH OI-
TUMAJIBHOW TJTyOMHOW IPOHHKHOBEHUS B TKaHb YEJIOBEKA IS JyYEBOH Tepariy MaibIX
OIyXoJieH, HeOONBIION pagualMOHHON Harpy3KOi Ha 3T0POBBIC OPTaHbI.

B pabore mpencraBieHbl SKCIEPUMEHTANIBHBIE aHHBIE 0 BBHIOOPY ONTHMAJbHBIX
yCIoBMil [t pasaeneHus cBobogHoro kationa - LU u meuenoro xommmekca !''Lu-
DOTAELA ¢ momoripio Oymaxkno# xpomartorpaduu. Taxke ObLIM PacCMOTPEHBI BO-
TPOCHI BIMSHUS COCTaBa M COOTHOIIEHUS! KOMIIOHEHTOB IOJIBM)KHOHM (ha3bl Ha KayeCcTBO
paszeneHus, THI xpomatorpadudeckoi Oymaru. Haumboree kauecTBEeHHOE paszeseHUE
HaOJII0JaJIOCh TP UCIIOJIb30BaHUM TOABMXHOW (ha3el, mpencTasisounield OydQepHbii
pactBop uutpata Hatpus ¢ pH 5,0 u xJ0puaoM HaTpus.

KaioueBsbie ciioBa: OymaxkHas xpomarorpadus, HoaBmwxkHas ¢asa, pagrodapmares-
tnueckast, morenuii-177, DOTAELA.
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