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The substantiation of the quality control method
for determining the radionuclide purity and the total
radioactivity of radiopharmaceuticals

The quality control in the manufacture of radiopharmaceuticals has a prominent role in providing the supply of
high-quality drugs for the diagnosis and treatment of patients with cancer. It has been determined that the permission
to use radiopharmaceuticals directly depends on the results of the analytical control.

Aim. To reduce the time for the quality control of radiopharmaceuticals, resulting in both the radiochemical yield of
the product and its specific activity. This is an important parameter in conducting diagnostic or therapeutic procedures.

Materials and methods. To optimize the process of the quality control for radiopharmaceuticals we propose to
replace the following laboratory equipment: a Moleculer Mol gamma spectrometer, which monitors the radionuclide
purity of radiopharmaceuticals (gamma-ray energy measurement) and a BIODEX ATOMLAB 500 preloaded device
(measurement of the total radioactivity of a drug) to a radionuclide calibrator for nuclear medicine developed by do-
mestic scientists of the Institute of Scintillation Materials and made at the “Kvant” X-ray equipment plant in Kharkiv.

Results and discussion. It has been proven that the use of calibrator radiopharmaceuticals for nuclear medicine
should be applied as the quality control. It has been substantiated that the calibrator of doses for nuclear medicine
performs two functions simultaneously.

Conclusions. The method of optimization of the quality control of radiopharmaceuticals using the device — a ra-
dionuclide calibrator for nuclear medicine allows us to simultaneously obtain the results of the analysis by such indica-
tors as “radionuclide purity” and “radioactivity”.
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' BificbkoBa MeauyHa akagemis Ykpainu, YkpaiHa

2 [HCTUTYT sigepHUX gocnimxeHb HauioHanbHoi akageMii Hayk YkpaiHu, YkpaiHa

OGr'pyHTYBaHHSA MeTOAY KOHTPOS0 AKOCTI ANs BUSHAYEHHA pafioHYyKNigHOT YNCTOTH
Ta 3aranbHOI pagioakTUBHOCTI pagiocdapmaueBTUYHUX NpenapaTiB

KoHTponb sikocTi y BUpobHULTBI pagiohapmaueBTUYHMX NpenaparTiB Bifirpae BaXnmBy porb Y 3abe3neyeHHi nocta-
YaHHS BUCOKOSIKICHWX npenapartiB Ans AiarHOCTUKK Ta NiKyBaHHSA XBOPUX Ha pak. [lo3Bin Ha BUKOpPUCTaHHA padiodap-
MaLleBTUYHMX npenapartiB 6e3nocepeHbO 3anexuTb Bif pesynsraTiB aHaniTMYHOro KOHTPOTIH.

MeTa po60TU — CKOPOUEHHST Yacy 4118 KOHTPOM AKOCTI pagiodapMaueBTUYHUX NMPenaparTie, Lo A03BONMUTL 30iNb-
LWNTK 9K pagioxXiMiYHWUI BUXIL MPOAYKTY, TaK i KOro cneuudiyHy akTUBHICTb, WO € BaXIMBMM MapaMeTpoM npu npo-
Be[EHHi AiarHoCTnYHMX abo TepaneBTUYHMX NpoLeayp.

Marepianu Ta meToau. [na ontumisadii npoLecy KOHTPOM SKOCTI pagioapmaLeBTUYHNX npenapartisB NponoHy-
€TbCs 3aMiHUTK NabopaTopHe obnagHaHHA: ramMma-cnektpomeTp Moleculer Mol, sikui 3acTOCOBYETLCS ANst BU3HAYEH-
HS1 pafioHyKNigHOI YMCTOTU pagiodapmnpenaparTiB (BUmiptoBaHHSA ramma-eHeprii) i BIODEX ATOMLAB 500 (Bumipto-
BaHHS 3aranbHOi pafioakTUBHOCTI Npenapary), Ha pagioHyKigHuA kanibpatop ong SAepHOi MeanumH, po3pobneHnii
BITYN3HAHUMY BYEHVMM IHCTUTYTY CLUMHTUMAALIMHUX MaTepianis Ta BUrOTOBMNEHWI Ha 3aBOfi PEeHTreHiBcbkoro obnaga-
HaHHA «KBaHT» M. XapkiB.

Pe3ynbraTy Ta ix 06roBopeHHs. [1oBefeHO, L0 BUKOPUCTAHHS pPagioakTUBHUX MEOUYHUX NpenapaTiB kanidpa-
TOopa ANns SAepHOl MegnumHu Mae 6yTy 3anyyeHe sik nepesipka sikocTi. OBrpyHTOBaHoO, Lo KanibpaTtop 403 Ans saep-
HOT MeAMLMHN BUKOHYE OBi OYHKLIT OAHOYaCHO.

BucHoBku. OnTumisaLis 34iiCHEHHSA KOHTPOIIO SKOCTI pagiodapmaueBTUYHMX npenaparis 3a 4ONOMOro npu-
napy — pagioHyknigHoro kanibparopa ong saepHoOi MeANLMHN Aae 3MOry OQHOYaCHO OTPUMYBaTK pe3ynbTaTy aHanisy
3a NOKa3HMKaMu: «pafioHyKnigHa YMCToTa » i «3aranbHa pagioakTUBHICTbY.

Knrodoei cnoea: koHmpornb sikocmi; padioghapmauesmuyri npenapamu; padioHyknidHul kanibpamop 0ns
s20epHoi MeOuyUHU,; padioHyKkniOHa Yyucmoma; 3az2asnbHa padioakmusgHicmb
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"BoeHHas meamumHcKaa akagemusi YKpaviHbel, YkpavHa

2 IHCTUTYT siAepHbIX UccnenoBaHuii HaunoHanbHom akageMmm Hayk YkpanuHbl, YkpavHa
O6ocHOoBaHue MeToAa KOHTpPOJIA KavyecTBa And onpeaeneHnsa paAVIOHyKnVIp,HOVI
YUCTOTbI N 06u.|e17| pPaAnoOaKTUBHOCTHU panMO(bapmaueBTuquKux npenaparoB

KoHTponb kavecTBa B Npou3BOACTBE pagnodapMaLeBTUHECKMX NMpenapaToB UrpaeT BaXHyHo porb B obecneye-
HUM MOCTABOK BbICOKOKAY€CTBEHHbIX NPEenapaToB Ansi AUarHOCTUKM U NIEYEHUS OHKOMNOrMyeckmx 3abonesanuin. Onpe-
OeneHo, YTo pa3peLLeHne Ha UCnonb3oBaHre pagnodapmaleBTUYECKNX NpenapaToB HAMPSAMYHO 3aBUCUT OT pesyrb-
TaTOB aHaNUTUYECKOrO KOHTPONS.

Llenb paboTbl — COKpalleHne BPEMEHWN AN NPOBeAEHUs KOHTPOMs kavyecTBa pagnodapmaLeBTUYECKUX npe-
napartoB, B CMeCTBUE YEro, YBENNUYUTCA Kak pagvoOXUMMYECKNIA BbIXOA, NPOAYKTaA, Tak U ero cneundunyeckas akTue-
HOCTb, YTO SABMSIETCSA BaXXHbIM NapameTpoM Npu NPOBEAEHUN ANArHOCTUYECKUX UMW TepaneBTUYECKNX NpoLeayp.

Martepuanbl n meToabl. [Ins onTuMmn3aumm npouecca KOHTPOSs KadecTBa paanodapmaLeBTUYECKMX npenapa-
TOB Mpeanaraetcsi 3ameHnTb nabopaTopHoe obopygoBaHue: ramma-cnektpomeTp Moleculer Mol, npymeHsiembi ons
onpegerneHvsa paavoHyKIMaHON YUCTOTLI paguodapmMnpenapartoB (uamepeHune ramma-aHeprun) n BIODEX ATOMLAB
500 (n3mepeHue obLLen pagmMoakTUBHOCTU NpenapaTa), Ha paauoHYKNUAHbIN KanmbpaTop AN SAepHON MeaUUMHDI,
pa3paboTaHHbI OTEYECTBEHHBIMU YYEHBIMU MHCTUTYTA CUMHTUNMSALUMOHHBIX MaTepUanoB U N3rOTOBMEHHbIA Ha 3aBO-

[le peHTreHoBcKkoro obopyaoBaHusa «KBaHT», . XapbKoB.

Pe3yana'rb| n nx OGCy)KAeHI/Ie. ,EloxaaaHo, YTO ncnonb3oBaHe pagnoakTUBHbIX MEOULUMHCKNX NpenapaTtoB Ka-
nunbpartopa AN SAepHON MeguLMHbI AOMKHO ObITh UCMONBb30BaHO Kak NpoBepka kavectBa. OBOCHOBaHO, YTO Kanbpa-
TOp 403 ANs SA4epHON MeanLUMHbI BbIMONHAET ABe (PYHKUUN OQHOBPEMEHHO.

BbiBoAbl. ONTUMU3aLMS KOHTPOMNS Ka4yecTBa pagnmodapMaLeBTUYECKUX NpenapaToB C UCMoSb3oBaHWEM npuGopa
pagvoHyKnmMaHoro kanubpartopa Ans SAepHOM MeaULMHbI NO3BOSSIET OAHOBPEMEHHO Nony4vaTb pe3ynbraTbl aHanusa
no nokasaTensaMm: «paguoHyKNnaHasa YucToTay 1 «obLias pagnuoakTUBHOCTbY.

Knroyesnble cnoea: KOHMposib kKayecmea, paduoghapmauesmuyeckue npenapamsl; PaOUOHYKIUOHbI
Kkanubpamop 0nis 10epHol MeduyUHbI; paOUoHYKIUOHass Yucmoma, obwast paduoakmugHOCMb

Introduction. The quality control in the manufac-
ture of radiopharmaceuticals plays an important role in
providing the supply of high-quality drugs for the diag-
nosis and treatment of patients with cancer. The permis-
sion to use radiopharmaceuticals directly depends on the re
sults of the analytical control [1].

The aim of the work is to reduce the time for the
quality control of radiopharmaceuticals, resulting in both
the radiochemical yield of the product and its specific
activity. This is an important parameter in conducting
diagnostic or therapeutic procedures.

Materials and methods. To optimize the process
of the quality control for radiopharmaceuticals we pro-
pose to replace the following laboratory equipment: a
Moleculer Mol gamma spectrometer, which monitors
the radionuclide purity of radiopharmaceuticals (gamma-
ray energy measurement) and a BIODEX ATOMLAB
500 preloaded device (measurement of the total radio-
activity of a drug) to a radionuclide calibrator for nuclear
medicine developed by domestic scientists of the Insti-
tute of Scintillation Materials and made at the “Kvant”
X-ray equipment plant in Kharkiv [2].

Results and discussion. Taking into account that
the majority of radiopharmaceuticals have a short shelf
life it is necessary to solve a difficult task — to optimize
the quality control process.

Reducing the time for the quality control will in-
crease both the radiochemical yield of the product and
its specific activity, which is an important parameter for
conducting diagnostic or therapeutic procedures with
the use of radiopharmaceuticals.

The radionuclide calibrator proposed for nuclear me-
dicine has smaller dimensions and weight compared to its

analogs, and determines the total radioactivity of radio-
nuclide and the radionuclide purity simultaneously [3, 4].
The radionuclide calibrator has the software that
allows obtaining spectra, visualization of the radionuc
lide activity in the sample, as well as information con-
cerning the presence of impurities. In addition, there is
a function of printing information on paper carriers.
This equipment was used in the studies conducted
in the conditions of real measurements of radioactivity
and the radionuclide purity of perutecnetate eluate 99 m
(**Tc) obtained from a centralized extraction generator
on the experimental nuclear reactor of the Institute of
Nuclear Research of the NAS of Ukraine (Fig. 1, 2).
The gamma spectra of radiopharmaceuticals were
measured on the basis of Fludeoxyglucose 18F, solu-
tion for injections (FDG) and determination of the drug
activity [5, 6].
The research was carried out in three batches of FDG
of various activities: 20181228/184, 20181228/185 and
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Fig. 1. The gamma spectrum of the sample *Mo + *°Tc
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Fig. 2. The gamma spectrum of the sample *Tc

20181229/186. The half-life was 2 h; the probability of
decay via the channel was 96 %. To determine the radio-
activity of radiopharmaceuticals, the geometry of the data
was used, the recording efficiency, and the photopic area
(511 keV) were used. From these data, the calculation
of radioactivity was performed according to the formula:

S0

A:s-Q-w~k-c-t ’

where: A — is the activity (Bq); SO — is the square un-
der the peak; € — is the efficiency of recording gamma
quanta with an energy of 511 keV; Q —is the solid angle
(determined by the geometry of measurement); w — is
the quantum yield (takes into account that 2 decomposi-
tion gamma rays appear per 1 decay act); k — is the coef-
ficient that takes into account the probability of decay
via the required channel (EC — 0.96); ¢ — is the coef-
ficient that takes into account the attenuation due to pro-
tection; t — is the measurement time (for all batches —
300 sec.).

The gamma-spectra and the results of the activity
determination are shown in Fig. 3.
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Fig. 3. The gamma spectra of three batches of FDG

Using the radionuclide calibrator for nuclear medicine
the results of the FDG quality control have been obtained:
the gamma radiation spectrum corresponds to 511 keV in
all batches studied. The total radioactivity of the sample
batches: for 20181228/184 is 106 MBq, for 20181228/185
is 135 MBq and for 20181229/186 is 190 MBq.

Conclusions and prospects of further research

1. A calibrator of doses for nuclear medicine per-
forms two functions simultaneously: it measures the to-
tal radioactivity and determines the radionuclide purity
of a solution; it reduces the time for the quality control
of radiopharmaceuticals.

2. This device is of domestic production; it is cheaper
and easier to use than foreign analogs.

3. The optimization of the method of conducting
the quality control of radiopharmaceuticals has been imp-
lemented at the All-Ukrainian Center for Radiation Sur-
gery in the Clinical Hospital “Feofaniya” of the State
Department of Affairs in accordance with the GMP re-
quirements.
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terests to declare.

REFERENCES

1. Jlikapcebki 3acobu. Hanesxna BupoOHMua mpaktuka : HactaHoBa CT-H MO3Y 42-3.5:2016. [ynnHmii Bix 2016-07-29]. Bun. odim. —

KuiB : MinicTepcTBO 0X0poHH 3710poB’st Ykpainu, 2016. — 120 c.

Panionykmiganit kanioparop ms saeproi mexunuad : [at. 60782 Vipaina: MIIK (2011.01), G 01 T 1/00; 3assm.: 25.06.2011.

3. Crnoci6 npoMHCIIOBOr0 BUPOOHHUIITBA eKCTpaKiiiHOro TexHewito 99M : Ilar. 86967 2 Vkpaina; 3assin.: 10.01.2014.

4. epxaBHa (hapMakores YKpaiHu. re Buaa”Hs. PagiodhapmaneBTHyHI JIKapchKi 3aco0u : Haka3 MiHicTepcTBa OXOPOHU 310pOB’ s
p p p py p p p p p

Vipainu Ne 476 Bin 14.03.2018 p. — C. 1047-1053.

5. Cewmetnis, 1. I1. [locBin BipoBa/pKeHHS Ta ISP MiICyMKH 3aCTOCYBaHHSI O3UTPOHHO-eMiciiHOT TomMorpadii y Beeykpaincskomy 1eHTpi
pamioxipyprii / L. I1. Cemenis, 5. B. Kmetiok, O. I. Mockanens // [IpomeneBa miarnoctuka. [Ipomenesa teparmis. — 2013. — Ne 2-3. —

C. 88-92.

6. Kauantok, B. B. Po3po0neHHs TeXHOIOTIT Ta METO/IiB KOHTPOIIO SIKOCTI pagiodpapmalieBTHaHOro mpenapary dropaezokcuritokosa 18F,
po3uus s in’ekuiit / B. B. Kauantok, B. B. Tpoxumuyk, C. 1O. Capuues // @apmai. xypH. —2017. — Ne 1. — C. 51-58.

REFERENCES
1. Nastanova ST-N MOZU 42-3.5:2016. (2016). Likarski zasoby. Nalezhna vyrobnycha praktyka. Vydannia ofitsiine. Kyiv: Ministerstvo okhoro-
ny zdorovia Ukrainy,120.Radionuklidnyi kalibrator dlya yadernoyi medytsyny: pat. 60782 Ukrayina: MPK (2011.01), GO1T 1/00; 25.06.2011.
2. Pat. 60782 Ukraina: MPK (2011.01), GOIT 1/00. (2011). Radionuklidnyi kalibrator dlia yadernoi medytsyny.
3. Pat. 86967 2 Ukraina. (2014). Sposib promyslovoho vyrobnytstva ekstraktsiinoho tekhnetsiiu 99M.
4. Derzhavna farmakopeia Ukrainy. (2—edition). (2018). Radiofarmatsevtychni likarski zasoby, 1047-1053. Nakaz Ministerstva okhorony

zdorov’ia Ukrainy Ne476 vid 14.03.2018 r.

5. Semeniv, L. P., Kmetiuk, Ya. V., Moskalets, O. 1. (2013). Promeneva diahnostyka. Promeneva terapiia, 2—3, 88-92.
Kachaniuk, V. V., Trokhymchuk, V. V., Sarychev, S. Yu. (2017). Farmatsevtychnyi zhurnal, 1, 51-58.



8 ISSN 2415-8844 (Online) BICHUMK ®APMALIIT 1 (99) 2020

Information about authors:

Kachaniuk V. V., senior teacher of the Department of Military Pharmacy, Ukrainian Military Medical Academy. E-mail: Kachanjuk@ukr.net
Shevel V. M., deputy chief engineer of the Department of Research Nuclear Reactor, Institute of Nuclear Research of the National Academy
of Sciences of Ukraine. E-mail: Shevel@nas.gov.ua

BinomocTi nmpo aBTopiB:

Kauantok B. B., crapmmii Buknagau kadenpu BilickkoBoi dapmarii, YkpaiHcbka BilicbkoBo-MequuHa akagemis. E-mail: Kachanjuk@ukr.net
Ilesens B. M., 3aCTynHUK rOJIOBHOTO iHXKEHEpa BIAUTY HOCIIAHUIBKOTO SACPHOTO peakropa, IHCTuTyT siaepaux pociikeHb HAH Ykpainn.
E-mail: Shevel@nas.gov.ua

Cgeenusi 00 aBTopax:

Kauanrok B. B., crapmmii npernonasaresns kadenpsl BOCHHOM dapMaruy, YKpanHCKasi BOCHHO-MCIUIIMHCKAS aKaIeMUsL.

E-mail: Kachanjuk@ukr.net

[lesens B. H., 3aMecTuTeNb NIABHOTO HHXEHEPA OT/ENA HCCIEA0BATENBCKOTO SICPHOTO peaktopa, HCTHTYT sACPHBIX HCCIeI0BaHMH
HAH VYkpannsl. E-mail: Shevel@nas.gov.ua

Haoitiuwna oo peoaxyii 26.05.2019 p.



