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m BBEAEHUE. OcHoBaHHag Ha MpuWHLMNAX ynpaBneHus puckamu obuas ctpaTeruns
KOHTPOJIS COAEPXaHUA 3NEMEHTHbIX NPpUMecei B N1eKapCTBEHHbIX CpeAcTBax, oTpa-

XEeHHas B MOHOrpaduAX HaLMOHaNbHbIX MU MUPOBbIX GapMakonewn, He pacnpocTpa-
HAeTca Ha paauodapMaueBTUYecKue NekapcTBeHHble npenapaTbl (P®JIM). Mepe-
YeHb HOPMMPYEMbIX 3/IEMEHTOB M UX Npeaensl coaepxaHus B POJIN onpenenseT
1 060CHOBbIBAET NPOU3BOAUTEND.
LEJIb. Pa3spaboTka cTpaTernu KOHTPONS COAEPXAHUS 3SNEMEHTHbIX MpUMecent
B P®OJIM Ha ocHOBe CpaBHUTENbHOrO aHanu3a TpeboBaHMI HALMOHANbHBIX U MUPO-
BbIX hapMakonei K HOPMUPOBAHUIO COAEPXKAHNUSA SNEMEHTHBIX MPUMeECcei B AAHHOM
BMAE NIeKapCTBEHHbIX CPEACTB.
OBCYXXAEHME. lpenenbl copepxaHWs 3NeMEHTHbIX MpUMecei B KOHKPETHbIX
P®JIMN npuBepeHbl B YaCTHbIX MOHOrpaduax papmakonei (24 moHorpadum B EBpo-
nernckon papmakonee, no 7 B Mnauickon papmakonee un flocyaapcteeHHon papma-
konee Poccuiickoit ®epepaumu, no 6 B ®apmakonesx CLUA, KHP, dnoHuu, 4 B Map-
Makonee Pecnybnuku Kopes). MoHorpadumu Ha ogHu u Te xe PDOJIMN pasnuyatoTtcs
nepeyHeM HOPMUPYEMbIX 31IEMEHTOB MU NpefenaMmu UX coaepxaHus, oblme Kpu-
Tepuu ux Bbibopa OTCYTCTBYIOT. B 60nbLWIKMHCTBE Cly4aeB HOPMUPYIOT COAEPKAHME
MCXOAHbIX HEPAAMOAKTUBHbLIX 31EMEHTOB; 3IEMEHTOB, COEAUHEHUS KOTOPbIX BBO-
[AT B KayecTBe CTabMan3aTtopoB AN9 3af4ePXKKU paanonnsa unm copbeHTos (okcu-
Abl Ti, Zr, Sn n Al); aneMeHTOB, CHUXAOLWMX 3PDEKTUBHOCTb PalMOaKTUBHOIO Me-
yeHus npenaparta (Cu, Fe, Pb, Zn B pacteope *’Lu; Cu, Cd, Fe B pactsope *InCl; Cd,
Cu, Fe, Pb, Zn B pacteope *°Y u 1.4.). [lpeaenbl COAEPXKaAHUS S3NEMEHTHbIX NpUMecei
B POJIM paccunTbiBalOT MCXOASA M3 UX LOMYCTUMOrO BO3AENACTBUA Ha DU3UKO-XMU-
Muyeckue, Buonornyeckne u pagmoxmmuyeckune csoictea POJINM ¢ yyeToM A03bl
BBeAeHus npenapata. ConepxaHue 31eMEHTOB C HEYCTAaHOB/IEHHbIMU 3HAYEHUS-
MW MpefenbHO AONYCTUMOrO CYTOYHOro BO34ENCTBMSA MNOANEXUT HOPMUPOBAHUIO
B TOM CNyyae, eCiu OHM OKa3blBAKOT BAMSHME HA MPOLLECC paauoMeyveHuns npena-
paTa unu LeneBoro AnarHocTupyeMoro opraHa. B otHoweHun npekypcopos POJIM
TaKXe OTCYTCTBYET eAUHbI NOAXO0A K HOPMUPOBAHUIO COAEPXKAHUSA SNEMEHTHbIX
npumecem.
BbIBOMbI. Mpoussoautensm POJIN npeanoxeHa cTpaTerns KOHTPONS COAEPXKaHUA
371EMEHTHbIX NPUMeCeln B rOTOBOM MPOAYKLMMU, OCHOBAHHAA Ha OL,EHKEe PUCKOB UX
HeraTMBHOIO B/IMSHMS Ha KayeCTBEHHble XapaKTepucTuku npenapata. OHa copep-
XWUT 0600LeHHble KpUTEpUM BbibOpa NepeyHs HOPMUPYeMbIX 3/1IEMEHTOB WU rnpe-
nenoB ux coaepxaHusa B POJIM, 4To cywecTBEHHO ynpoLiaeT NpoL.ecc noAroToBku
HOPMaTMBHOM AOKYMEHTALMK NO 3TOMY MOKa3aTesnto.

KnioueBble cnoBa: pagrodhapMaLeBTUYECKMIA IEKAPCTBEHHbIN NpenapaT; paaModapmnpenapar; pagMoHyKaua;
thapmakoreiiHbie TpeboBaHUs; paAUOMEYEHNE; XUMUYECKUE NPELLIECTBEHHUKM; S/IEMEHTHbIE MPUMECH
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INTRODUCTION. Current risk-based general strategies for the control of elemental
impurities in medicinal products, as documented in the elemental impurity mono-
graphs of national and world pharmacopoeias, do not apply to radiopharmaceuticals.
Manufacturers of radiopharmaceuticals have to determine and substantiate the lists
of specified elemental impurities and their limits.

AIM. This study aimed to develop a control strategy for elemental impurities
in radiopharmaceuticals by analysing the requirements of national and world
pharmacopoeias to the levels of specified elemental impurities in radiopharma-
ceuticals.

DISCUSSION. Limits for the amounts of elemental impurities in specific radiophar-
maceuticals are provided in individual monographs of pharmacopoeias (24 mono-
graphs in the European Pharmacopoeia, 7 monographs in the Indian Pharma-
copoeia, 7 monographs in the State Pharmacopoeia of the Russian Federation,
6 monographs in the United States Pharmacopeia, 6 monographs in the Japanese
Pharmacopoeia, 6 monographs in the Pharmacopoeia of the People’s Republic of
China, and 4 monographs in the Korean Pharmacopoeia). Individual monographs
for the same radiopharmaceuticals differ in the lists of elemental impurities and
the corresponding limits. Moreover, these monographs lack common criteria for
selecting elemental impurities and establishing limits for them. In most cases,
limits are set for the parent non-radioactive elements, the elements that are ad-
ded as components of radiolytic stabilisers or sorbents (Ti, Zr, Sn, and Al oxides),
and the elements that decrease radiolabelling efficiency (Cu, Fe, Pb, and Zn in
77LLu solutions; Cu, Cd, and Fe in *!InCl solutions; Cd, Cu, Fe, Pb, and Zn in °°Y
solutions; etc.). Elemental impurity limits for radiopharmaceuticals are calculated
on the basis of the acceptable impact on the physicochemical, biological, and
radiochemical properties of the product used and the dose administered. The ele-
ments that lack specified permitted daily exposure (PDE) limits are subject to spe-
cification if these elements affect the target organ or the process of medicinal
product radiolabelling. There is also no unified approach to limiting the amounts
of elemental impurities in radiopharmaceutical precursors.

CONCLUSIONS. This article provides radiopharmaceutical manufacturers with
a control strategy for elemental impurities in finished medicinal products, based
on assessing the risk of elemental impurities having a negative impact on the qual-
ity attributes of medicinal products. This strategy includes generalised criteria for
selecting the list of specified impurities and their limits for radiopharmaceuticals,
which significantly streamlines the preparation of regulatory documentation con-
cerning this quality attribute.

Keywords: pharmacopoeial requirements; radiopharmaceuticals; PET; precursors; chemical precursors; elemental
impurities; metal impurities; elemental impurity level
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BBEJEHUE

OnHWMM 13 NpPUOPUTETHBIX HamnpaBieHWUI pa3BUTUS
POCCUIACKOTO 34paBOOXPAHEHMs SIBNSETCS CO3aaHNe
M BHeApeHWe B MeAMUMHCKYK MpaKTUKy pajuo-
(apMaLeBTUYECKNX NeKapCTBEHHbIX MpenapaToB
(P@M), NnpefHa3HaYeHHbIX AN AMATHOCTWMKK U Ne-
YeHus WMPOKOro crnekTpa 3aboneBaHuit (B nepByto
oyepenb oHkonoruyeckux):. Mo onpepenexunto aen-
cTBylowwero 3akoHoaatenbctea CLLUA v EBponerickoro
COl3a%, @ TaKXe HAUMOHaNbHbIX U MUPOBBIX (ap-
makoner PO/ nonagatlT B 06yl KaTeropuio
NEeKapCTBEHHbIX CPeACTB, XOTa MO psay MO3WLMA
OHM CYLECTBEHHO OTIMYaKTCa OT dapMaleBTUye-
ckux npenapaTtoB [1]. Bo3MOXHOCTb MpuMeHeHus
TOrO MM MHOTO PaAMOHYKANAA B MeMLMHE onpeje-
NSETCS He TONbKO ero saAepHo-MU3NYECKMMM Xapak-
TepUCTMKaMK (Nepuop, nonypacnasa, TMM U 3Heprus
M3MyYeHUS), HO U XMMUYECKMMU CBOMCTBAMU. B Ha-
CToslllee BpeMsl OCTPO CTOMT BOMPOC CTaHAapTU3a-
UMM paguodapmaLeBTUYeCKMX NpenapaToB, KNaccu-
durKaLMM CbIpbs ANS X NPOM3BOACTBA U BK/OYEHMUS
(bapmaueBTUYeCKMX CYyO6CTaHUMM pagmodapMales-
TMYECKMX npenapaTtoB B [0CyaapCTBEHHbIM peecTp
NeKapCTBEHHbIX CpeacTs [2].

PO copepkaT MUKPOKONMYECTBA [LEWCTBYHOLLETO
BeleCTBa, (hapMakonormyeckass akTMBHOCTb KOTOPO-
ro 3aK/1l04aeTcs B TPAHCMOPTUMPOBKE PaAMOHYKIMAA
K LilesIeBOMY OpraHy WM TKaHuW, KOTOPbIM 3a CYET U3/Y-
yeHus nnobo YrHeTaeT naTtosiorM4eckne TKkaHu, npune-
KallMe K 30He NMOBbILWEHHOr0 HAKOMEHUS NpenapaTta
(8 cnyuae TepaneBtudeckux P®OJIM), nnbo ucnosb-
3yeTCs ANS perucTpaumu M3nyyvyeHus 3a npenenamu
Tena cneumanv3npoBaHHbIMK leTeKTOpamu (B Cliyyae
amardoctuieckux POJIM). POJIT 06bI4HO MCMONb3YHOT
B TEYEHME HECKOJIbKMX YACOB MOCae UX MPUroToBJe-

HUS (HepeaKo OLHOKPATHO B TEYEHWE BCEM XKM3HU Na-
LIMEeHTa), M CPOKM MUX XPaHEHWS, KaK NPaBuO, OYEHb
KOpoTKMe (0T MeHee 1 4 [0 HECKOMbKUX CYTOK)®. B cBSI-
31 C 3TUM He BCe COBpeMeHHble TpeboBaHus, npeab-
SBNSIEMblE K MPOM3BOACTBY, AOK/IMHUYECKUM U KNK-
HUYECKUM UCCNeN0BaHUAM NeKapCTBEHHbIX CPEACTB,
peanbHO BbiNoAHUMbI ansg POJIM [3], ux Heobxoau-
MO afanTupoBaTb C YYeTOM CrneuudUYHOCTU Npoms-
BOACTBA M npuMeHeHns PO/ [4].

OpHMM M3 BaxHbIX NokasaTenei kadvectsa PO/
M WX MPEeKypcopoB (XMMUYECKUX NpenecTBeH-
HWKOB), MpPUBEAEHHbIX B Beaywux dapmakonesx,
ABNAETCS COLEPXaHWE B HUX XUMMYECKUX Npu-
Meceit*: 0CTaTKOB MpPEKYpPCOPOB, pPacTBOPUTENEN,
Cblpb§l, WMCMOMb3YEMOr0 HA Pa3fMYHbIX 3Tanax
NpOM3BOACTBEHHOrO rpouecca (HanpuMmep, CTa-
6unnM3aTtopoB ANg 3a4epXKKM paganonnsa uam cop-
6eHToB — okcupos Ti, Zr, Sn n Al) [5], a Takxe
HepagMoaKTUBHbBIX COEOWMHEHUKI, KOTopble Mo-
ryt obpasoBbiBaTbCS BO BPEMSA pafMOMeyeHus
Kak nobouyHble npoaykTbl cuHTe3a. Cpeaun npu-
Mecei 6onblioe 3HAYeHWe UMEeKT 3NEeMEHTHble
NpUMecK®, Tak Kak OHWM MOTyT MPUBECTU K Hexe-
natenbHbIM  AU3UKO-XUMUYECKUM  (XUMUYECKUM)
peakumsaMm [5, 6] MM NOBAMATb Ha KayecTBO pa-
anomederus [7-9]. Takxxe BaXHO NpeaoTBpPaTUTh
3arpsisHeHWe NpoAyKTa MeTas/IM4ecKMMU npume-
CSIMU, KOTOpble MOTYT KOHKYPUPOBAaTb C PaUOHY-
KAWMAOM 32 OrpaHUMYeHHOe KONIMYeCTBO XenaTupy-
IOLLMX YHACTKOB Ha KOHBbIOraTHom monekyne [6, 10].
OcHOBaHHas Ha MpUHUMNAx yrnpaBieHUs pUckamu
obLas cTpaterMs KOHTpONS CofepXXaHus 3NeMeHT-
HbiXx npumecen B JIC, KOTOpas OTpaXkeHa B HaUM-
OHaslbHbIX M MWMPOBbIX Gapmakonesax, He pacnpo-
cTpaHsieTca Ha POJN, xota MexAyHapOoaHbli

! Ykas Mpe3uaerTa Poccuiickoit Mepepaunm ot 18.06.2024 N2 529 «06 yTBEpXKAEHUU NPUOPUTETHBIX HANPABNEHUI HAYYHO-TEX-
HONOrMYECKOro Pa3BUTUS U NEPEYHS BaXKHEMNLWMX HAYKOEMKUX TEXHONOTUI».
2 Directive 2001/83/EC of the European Parliament and of the Council.

PET drugs — Current good manufacturing practice (CGMP). Guidance. FDA; 2009.
> Microdose radiopharmaceutical diagnostic drugs: Nonclinical study recommendations. Guidance for industry. FDA; 2018.

+ General monograph 07/2022:2902 Chemical precursors for radiopharmaceutical preparations. European Pharmacopoeia. 11th ed.
Strasbourg: EDQM; 2024.
General monograph 04/2023:0125 Radiopharmaceutical preparations. European Pharmacopoeia. 11th ed. Strasbourg: EDQM; 2024.
General monograph 823 Positron emission tomography drugs for compounding, investigational, and research uses. USP43-NF38.
Rockville; 2024.
> |AEA-TECDOC-1856. Quality control in the production of radiopharmaceuticals. Vienna: International Atomic Energy Agency; 2018.
6 O®MC.1.1.0040 dnemeHTHblE NpuMecu. locypapcTBeHHas dapmakones Poccuiickoin @epepauun. XV usa. M.; 2023.
General monograph 232 Elemental impurities — limits. USP43-NF38. Rockville; 2024.
0dC 2.3.10.0 MNpumecwn anemeHToB. Mapmakones EBpa3unitckoro akoHoMuyeckoro cotosa. T. |, u. 2. M.; 2023.
General monograph 01/2018:52000 Elemental impurities. European Pharmacopoeia. 11th ed. Strasbourg: EDQM; 2024.
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cogeT no rapMmoHusauun (International Council
for Harmonisation of Technical Requirements for
Pharmaceuticals for Human Use, ICH)” pekomeHay-
€T OPMEHTUPOBATLCS HA 3TU LOKYMEHTbI B OTHOLLE-
HWUM npepwecTBeHHMKoB POJII.

Lenb paboTbl — pa3paboTka cTpaTernm KOHTPO-
N9 CopepXXaHUs 3neMeHTHbIX npumeceir B PO/
Ha OCHOBE CPaBHMUTENbHOrO aHanu3a TpeboBaHUM
HaLMOHANbHbIX M MWPOBLIX (apmakonen K Hop-
MWPOBAHUIO COAEPXKAHMS 3NEMEHTHbIX MpUMecen
B laHHOM BUe NEeKapCTBEHHbIX CPEeACTB.

B kauvectBe 00bEKTOB MCCNeLOBaHMS WCMOJb-
30Bann Martepuanol [ocypapcTBeHHOM dapma-
konen Poccuitckoin @Pepepauun (TO PD) pas-
NMYHbIX u3daHuK, EBponeiickoi dapmakonen
11 wm3p. (Ph. Eur), ®apmakoneu CLIA 43 wu3p.
(USP), dnoHckon dapmakonen XVIII u3sg. (JP),
(Mapmakoneun Kutarckon HapopHoit Pecnybnunku
2020 r. (ChP), Unpuickon cdapmakonen 2022 .
(IP), ®apmakoneun Pecnybnuku Kopes 12 uzpa. (KP),
(Mapmakonen EBpa3uickoro 3KOHOMMYECKOro CO-
to3a (PEA3C), a TakXe HOPMATMBHOM AOKYMEH-
TaUMKU Pas3NUYHbIX CTpaH, nocBalweHHon POJIMN
“ npuMecsiM anemeHToB. [lononHWTENBHO NpoBe-
LEeHO MHPOPMALMOHHO-aHANUTUYECKOe MUCCNeno-
BaHWE HAY4YHOM nuTepaTypbl, MHPOPMALMUOHHO-
nouckosbix (PubMed, Google Scholar, Springer
Nature) n 6ubnuorpaduyeckmx (eLIBRARY.RU) 6a3
LaHHbIX. B 0630p BKAOYMAM Nyb6AMKaLMK, [OCTYM-
Hble Ha 04.03.2025. KntoueBble cnoBa AN nouc-
Ka nybaukaumi n uHdopmaumm: GapmakonenHole
TpeboBaHus, pagmodapmaLeBTMyeckme npenapa-
Tbl, M3T, npekypcopbl, XMMUYECKME NpeaLeCTBEH-
HWKW, 3N1EeMEHTHbIe MpMMeCH, MpUMeCcu MeTannos,
copepxXaHue 3/1eMeHTHbIX npumecein, pharmaco-
poeial requirements, radiopharmaceuticals, PET,
precursors, chemical precursors, elemental
impurities, metal impurities, elemental impurity
level.

OCHOBHASA YACTb

EBpomneiickas (papmakomnes

OcHoBOW ang HanucaHusa mMoHorpadwmii Ha PO
B Ph. Eur. mocnyxun cOOTBETCTBYHLLMIA [OKY-
MeHT EBponelickoro areHTCTBa NO JieKapCTBEH-
HbiM cpeactBaM (European Medicines Agency,
EMA)® u pekomeHpaumn EBponeickoro Aupek-
TopaTa MO KayecTBY JieKapCTBEHHbIX CpenacTB
n 3apaBooxpaHeHuto (European Directorate for the

Quality of Medicines, EDQM)®. CneayeT 0TMeTUTD,
yTO LaHHas dapmakones COAEpXKMUT Haubonbliee
Konnyectso MoHorpadui Ha PO (okono 85)
cpenm opyrux aHanusmpyembix dapmakonei. B 24
M3 HUX HOPMUPYETCS COLEpXKaHWe 3SNEeMEHTHbIX
npumecei (mabs. 1). B cootBeTCcTBMM C PapMako-
neiMHbiMM TpeboBaHuamMu K PDJINY® oTBeTcTBEH-
HOCTb 3@ KOHTPO/Jb HaA YPOBHEM COAEPXKAHUS
B HUX 3/IEMEHTHbIX MpUMecei HecyT NpOU3BOAM-
TENU, UCMONb3ys MPU 3TOM MPUHLMMbLI yhpasre-
HUS pUCKaMW, ONUCaHHbIMM B pykoBoactee ICH
n Ph. Eurl. MNpn Heobx04MMOCTN NPOU3BOAMTENb
onpepenser u 0bOOCHOBbIBAaET NpenefbHO A0My-
CTUMble KOHLEHTPaLuu NpuMech.

Obpauwaetr Ha cebs BHMMaHWe GAKT HOPMMPO-
BaHWS COLEPXaHUS 3NEMEHTOB, AN KOTOPbIX
He YCTAaHOBNEHO TMpeaenbHO A[onycTumoe Cy-
TouyHoe Bo3nencTeue (Permitted Daily Exposure,
PDE): AL, Fe, Zn, Lu, Sr. 2T1 3neMeHTbl He BXOAAT
B MepeyveHb 31EMEHTHbIX NpUMecei, MoANexXalLmnx
KOHTPOMO B paMKax AencTBua oblei MoHorpa-
¢uu “Elemental impurities” («kIneMeHTHble NpuMe-
cu»)t2. OHa CofepXKMUT CTpATErUi0 KOHTPONA coaep-
XaHUS 3MIEMEHTHbIX MpUMecein B NeKapCTBEHHbIX
CpencTBax, OCHOBAHHYK Ha MPUHLMNAX OLEHKM
PUCKOB MX TOKCMKOMOTMYECKOro AenCTBUS Ha op-
raHu3Mm yenoseka. [1ns 3neMeHTOB C YCTAaHOBEH-
HbiMK 3HavyeHuamu PDE BenuumHbl npepenos mx
CoAepXXaHus, NpuBeLeHHbIe B COOTBETCTBYHLLMUX
MOHorpadusax Ha P®OJIM, cywecTBeHHO oOTAMYa-
l0TCS OT npefenbHO AOMYCTUMbIX KOHLEHTpa-
UMM C yYeTOM MapeHTepasibHOro NyTu BBEAEHMS
(Permitted Daily Concentration, PDC), npeacTas-
NeHHbIX B 0obulei MoHorpacdumn “Elemental impu-
rities” n oTpaxalLmnx TOKCMYHOE OeNCTBUE 3fe-
MEeHTa Ha opraHu3m uvenoseka. CnepoBaTenbHo,
Npu OLLeHKE pWCKA HeratTMBHOrO BO34ENCTBUA
aneMeHTHoW npumecn ana POJIM mncnonb3yoTcs
MHble MoAXo4bl, YeM Ans dapMaueBTUYeCKUX ne-
KapCTBEHHbIX CPeAcTB. T MOAXOAbl OCHOBAHbI
Ha OUEHKE KOHKYPEHTHOro BJIUAHUA 3N1E€MEHTHOM
NpUMeCH Ha peakuuio pagMOaKTUBHOIO MeYeHus
XUMUYECKOro npeplecTBeHHMKA MAM obpa3osa-
HMe MoBOYHBIX KOMMJIEKCOB METaNNoB, KOTOpble
MOryT NOB/IMATb HA 3aXBaT U pacnpefeneHune me-
YEHHOro COeAMHEHMS B OpraHax M TKaHAX nauwu-
€HTa. TOT BbIBOJ, CLENIAaHHbI HA OCHOBE aHaNM3a
dapmakonenHbix TpeboBaHMIA, NOATBEPXKAAET-
cs AaHHbiMu nuTepaTypbl [10]. Mo 3Toi npuynHe

7 ICH Guideline for elemental impurities Q3D (R2). Amsterdam: EMA; 2022.

8 Radiopharmaceuticals. Scientific guideline. EMA; 2023.

9 Guide for the elaboration of monographs on radiopharmaceutical preparations. EDQM; 2018.
0 General monograph 07/2025:0125 Radiopharmaceutical preparations. European Pharmacopoeia. 11th ed. Strasbourg: EDQM; 2024.

1 |CH Guideline for elemental impurities Q3D (R2). EMA; 2022.

General monograph 01/2018:52000 Elemental impurities. European Pharmacopoeia. 11th ed. Strasbourg: EDQM; 2024.
12 General monograph 01/2018:52000 Elemental impurities. European Pharmacopoeia. 11th ed. Strasbourg: EDQM; 2024.
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Ta6nuua 1. lepeyeHb paduogpapmayesmuyeckux npenapamos, 8KaYeHHbIX 8 Esponelickyto ¢papmakoneto

Table 1. Radiopharmaceuticals listed in the European Pharmacopoeia

HanmeHoBaHue npenapara
Product name

HaTpus neptexHerart (**™Tc), pacTBOp ANS MHbEKLUIA
(Npon3BeneHHbI Ha yckopuTene)

Sodium pertechnetate (**"Tc) injection
(accelerator-produced)

HaTpus neptexHerart (**™Tc), pacTBOp AN MHbEKLUIA
(nonyyeHHbIV U3 NPOAYKTOB AeNeHus ypaHa)
Sodium pertechnetate (**"Tc) injection (fission)

HaTpus neptexHerart (**™Tc), pacTBOp ANS MHbEKLUIA
(NonyYeHHbIV He U3 MPOAYKTOB AeNeHUs ypaHa)
Sodium pertechnetate (**"Tc) injection (non-fission)

AMMOoHMI (1*N), pacTBOp ANS UHbEKLMIA
Ammonia (**N) injection

TexHeuui (**"Tc) c yenoBeYeCKUM anbbyMUHOM,
ONA UHbEKLMN
Technetium (**"Tc) human albumin injection

TexHeuui (**"Tc) Makpocan6, ANns MHbEKLMUIA
Technetium (**"Tc) macrosalb injection

TexHeuui (**"Tc) MuKpocdepbl, ANS MHBEKLUIA
Technetium (**"Tc) microspheres injection

TexHeuui (**"Tc) ¢ KONNOUAHBIM ONI0BOM, A5 UHBEKLMIA
Technetium (**"Tc) colloidal tin injection

TexHeuui (°*Tc) STUDEHMH, ANS UHBEKLMIA
Technetium (**"Tc) etifenin injection

TexHeuui (*"Tc) MefpoOHAT, AN UHbEKLUI
Technetium (**"Tc) medronate injection

TexHeuui (*°mTc) neHTeTaT, NS UHBEKLMM
Technetium (**"Tc) pentetate injection

TexHeuun (*°mTc) cykumMmep, Ans UHbEKLMIA
Technetium (**"Tc) succimer injection

TexHeumit (*>"Tc) ¢ nupodocdhaTom 010Ba, AN UHBEKLMIA
Technetium (**"Tc) tin pyrophosphate injection

Wuaui (*1in) neHTeTarT, ANs UHbEKLMIA
Indium (**!In) pentetate injection

Tannus (°*Tl) xnopua, LN UHbEKLMI
Thallous (?°*Tl) chloride injection

Xpoma (°*Cr) apeTear, 49 UHbEKLUIA
Chromium (°**Cr) edetate injection

lannus (’Ga) uMTpaT, A9 UHBEKLUIA
Gallium (¥’Ga) citrate injection

WHamsa (*n) xnopua, pacteop
Indium (**In) chloride solution

CrpoHums (®°Sr) xnopua, pacTBop AN UHLEKLMHA
Strontium (¢°Sr) chloride injection

MioTeunit (7Lu), pacTBop A% paanoaKTUBHbIX METOK
Lutetium (*’Lu) solution for radiolabelling

dnemMeHT
Element

Al

Al

Al

Al

Sn*

Sn

Sn

Sn

Sn

Sn

Sn

Sn

Sn

Cd

Tl

Cr

Zn

Cd
Cu
Ee

Al
Ee
Pb
Sr

Lu
Cu
Fe
Pb
Zn

YposeHb coaepxaHus
Limit

<5 m.4. (ppm)

<5 m.a. (ppm)

<5 m.a. (ppm)

<2 M.4. (ppm)

<1 mr/mn (mg/mL)

<3 mr/mn (mg/mL)

<3 mr/mn (mg/mL)

<1 mr/mn (mg/mL)

£0,2 mr/mn (mg/mL)

<3 MI/MakCMMasbHYyt0
NpUMeHsieMyto [03y
B MUIIUANUTPAX
(mg/maximum dose in
millilitres)

<1 mr/mn (mg/mL)

<1 mr/mn (mg/mL)

<3 mr/mn (mg/mL)

<5 Mkr/mn (ug/mL)

<10 m.a. (ppm)

<1 mr/mn (mg/mL)

<5 ™m.a. (ppm)

£0.40 mkr/mn (ug/mL)
£0.15 mMkr/mMn (ug/mL)
£0.60 mkr/mn (ug/mL)

<2 MKr/Mn (ug/mL)
<5 Mkr/mMn (ug/mL)
<5 Mkr/mMn (ug/mL)
oT 6 fo 12 mr/mn (ug /mL)

€20 m.p. (ppm)

£1,0 mkr/l'bk (ug/GBq)
£0,5 mkr/TBkI (Lg/GBq)
£0,5 mkr/TBk (ug/GBgq)
<1,0 mkr/l'bk (ug/GBq)

Mertop, aHanusa
Test method

TecT-nonocka Ha antoMUHKI
Aluminium test strip

Bu3syanbHbli
Visual

BusyanbHbii
Visual

BusyanbHbii
Visual

OnTuyeckas CnekTpockonus
UV-Vis spectroscopy

OnTuyeckas CnekTpockonus
UV-Vis spectroscopy

OnTuyeckas CnekTpockonus
UV-Vis spectroscopy

OnTuyeckas cnekTpockonus
UV-Vis spectroscopy

OnTuyeckas cNekTpockonus
UV-Vis spectroscopy

TecT-nonocka Ha 010BO
Tin test strips

OnTuyeckas cnekTpockonus
UV-Vis spectroscopy

OnTuyeckas cnekTpockonus
UV-Vis spectroscopy

OnTuyeckas cnekTpockonus
UV-Vis spectroscopy

NAAC
Flame AAS

Bu3yanbHblii
Visual

OnTuyeckas cnekTpockonus
UV-Vis spectroscopy

OnTuyeckas cnekTpockonus
UV-Vis spectroscopy

3TAAC
GFAAS

A3C
AES

ASC-MCn
ICP-AES
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Mpoponxexue Tabauubl 1

Table 1 (continued)

HaumeHoBaHue npenaparta dnemeHT YpoBeHb coaepxaHus MeTtop aHanusa
Product name Element Limit Test method

Tannus (¥Ga) xnopua, pacTBop A pasnoakTUBHbIX ITAAC

MeTOK (MpOM3BEAEHHbIN Ha ycKopuTene) Fe <10,0 mkr/Tbk (ug/GBq) GFAAS

Gallium (%*Ga) chloride (accelerator-produced) solution for Zn <10,0 mkr/Tbk (ug/GBq) MNAAC

radiolabelling flame AAS

lannus (°8Ga) xnopua, pacTBop AN pafUOaKTUBHbIX STAAC

METOK (MpOM3BeAeHHbIV Ha reHepaTope) Fe £10,0 mkr/Tbk (Lg/GBg) GFAAS

Gallium (%4Ga) chloride (generator-produced) solution for Zn £10,0 mkr/Tbk (Lg/GBg) MAAC

radiolabelling flame AAS

UTTpus (°°Y) xnopua, pacTBop AN paanoakTUBHbBIX Cd <0.6 mkr/Tbk (ug/GBgq)

MeTOoK Cu <0.6 mkr/Tbk (ug/GBg) B .

Yttrium (°°Y) chloride solution for radiolabelling Fe <6,0 mkr/Tbk (ug/GBgq) }/IC%I—-lAE/ISCo?I”C/IP;-\/ag Al
Pb <3.0 mkr/l'bk (ug/GBq)
Zn <3.0 mMkr/l'bk (ug/GBq)

Tabnuua coctaBneHa aBTopamu / The table is prepared by the authors

Mpumeuarue. [TAAC — amomHo-abcopbyuoHHas cnekmpomempus ¢ amomuzayueli 8 nnameru, ITAAC — amomHo-abcopbuyUOHHAS Cnek-
mpomempus ¢ amomusayueli 8 epagpumosoli nequ, ASC — amomHo-3MUccUoOHHas cnekmpomempus, ASCGUCIT — amoMHO-3MUCCUOHHAS
chekmpomempus ¢ UHOYKMUBHO-c8s13aHHoU naasmod, MCIM-MC — macc-cnekmpomempus ¢ UHOYKMUBHO-C8S3AHHOU Nia3modl.

* — XJ10pu0 071084 UCNO/L3YIM 8 Ka4ecmee 8CNOM0O2ame lbHo20 8eLecmaa npu 80ccmaHosneHuu *mTc.

Note. Flame AAS, flame atomic absorption spectrometry; GFAAS, graphite furnace atomic absorption spectrometry; AES, atomic emission
spectrometry; ICP-AES, atomic emission spectrometry with inductively coupled plasma; ICP-MS, mass spectrometry with inductively

coupled plasma.
* Stannous chloride is used as an additive in the *"Tc reduction.

HOPMUPYIOT COAEPXKAHUE Xene3a M LMHKA B ran-
s xnopuge %Ga ong pagMoMeyeHus, Meau, xe-
nesa, CBMHLA, LMHKA B pacTBoOpe xjopupa fio-
Teuus Y7Lu ons pagMoMeyeHus; Meau, Kagmus,
enesa B pacTBope xnopuaa uHams in; kagmus,
MeaM, Xefnesa, CBMHLA, UMHKA B pacTBOpe conel
utTpusa °Y ans papmomevenus [11-13]. Kak cneg-
CTBME, EAUHULbI U3MEPEHMS COAEPXKAHUS NMPpUMeE-
cen, BAUAOWMX Ha pagMoMeyeHue, 4acTo NpUBO-
OAT OTHOCUTENbHO PafMOAKTUMBHOCTM npenapara
(MKr/TBk). Ecnn egmMHuLbl M3MepeHnsa NpuBeeHbl
B ppm, TO HOPMbl COAEPXaHUS TaKUX 3NeMeH-
ToB B POJIM, Kak npaBuio, CyWeCTBEHHO MArye
cootBetcTBytowmx PDC. Hanpumep, Hopma co-
nepxaHuns kagmma coctasnsget oT 0,4 no 5 ppm
(PDC npv napeHTepanbHOM NyTU BBEAEHUS PAaBHO
0,2 ppm).

B psne moHorpaduin Ha PO/ HopMmupyeTcs copep-
YXaHWe HepaMOaKTUBHOMO M30TOMa LLeIEBOr0 pajmo-
HyKAuAa (Hanpumep, Tannuii B pacTBOpe ANS UHb-
ekunin xnopuaa tanama Tl noTeuuit B pacTBo-
pe xnopuaa nwoTteums Y’Lu gns pagmoMeyeHus,
XpOM B pacTBope 3getata xpoma *!Cr ons MHbek-
umii u 1.0.). Npepen copepxanua tanamsa (10 ppm)
n xpoma (1000 ppm) B PDOJIM Takxke CyLeCcTBEHHO
marye, yem PDC 3tmux anemenToB (0,8 n 110 ppm
ana TLu Cr cooTBETCTBEHHO). 3TO 00YCNOBNEHO TEM,
4TO MpU YCTAHOBNEHUWU Npefena COAEepPXKaHUs dne-
MeHTa B P®JIM yunTbiBaeTCS HE €ro TOKCMYHOCTb,
a KOHKYpEHTHOe B3auMOJeWCTBME HepaAMOaKTUB-
HOr0 M PagMOaKTUBHOrO 3/IEMEHTa C XMMUYECKUM

npeaLecTBeHHMKOM C 06pa3oBaHMEM COeAUHEHUN,
KOTOpble MOryT OKa3aTb BJMSHME Ha 3PdekTus-
HOCTb NEKapCTBEHHOrO Npenapara.

Bo MHorux npenapatax TexHeuus *°"Tc HOpMMU-
pylT copepxaHue onoBa. JTO 00yCNnoOBNEHO TeM,
yto B EBpone npm ux npou3BOACTBE 4acToO WMC-
NONb3YyT COAUHEHNS 3TOr0 3/1EMEHTA B KauyecTBe
BOCCTaHaB/IMBAIOLLErO areHTa, ¥ 0J10BO B Pa3/IUYHbIX
KONMYeCcTBaxX BXOAMT B COCTAaB KOMMO3ULMK ANS NO-
JIYYEHUS HYXXHOTO KOMMIEeKCa BOCCTAaHOBIEHHOIO
9mTc. Mpu U3OLITOYHOM COAEPXKAHUM COEAMHEHMI
0/10Ba Ha NoOCNenywWmx CTaguax TexHonoruye-
CKOro rpouecca OHW TMApONM3yTCs M 0bpasyoT
HepacTBOpMMble KONNOWUAbl. ITU KONNOUAbI CBAA3bI-
BAOTCSI C BOCCTAHOBNAEHHBLIM *°™TC, YTO CHUXAET 30-
dekTUBHOCTb paguomMeuenus [14, 15]. Tak kak Hop-
MMpOBaHue copepxaHua onosa B POJIN He cBs3aHO
C TOKCMYHOCTbK 3TOrO 3/1EMEHTA, Npeaenbl ero co-
fepxaHusa B npenapatax **"Tc (200-3000 ppm) 3Ha-
ynTenbHo npesbiwatoT ero PDC npu napeHTepans-
HoM nyTv BBedeHus (60 ppm).

HopmupoBaHue copepxaHus antoMUHUS B npena-
paTax *°mTc, 8°Sr, 18F u 13N Takxe CBA3aHO C 0cobeH-
HOCTSMM TeXHONOornMyeckoro npouecca. Hanuuue
3Toro snemeHta B POJIM Mcnonb3ywT Kak MHAU-
KaTop LeNOoCTHOCTU KonoHok [12]. Kpome Toro,
OCTATOYHbIM ANOMUHUI 0O6pa3yeT HepaCcTBOPUMbIE
KONMnouabl C KOMMIEKCOM «PafMOHYKAWU[ m-
rang **"TcMDP» [14, 15], koTopble Hakana1BaTCA
B JIErOYHbIX Kanunnapax (Mpu KOHUeHTpauumn 6onee
1 ppm), neyeHn n ceneseHke (NP KOHLEHTpaLUK
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6onee 10 ppm). Kak cnepncTtBue, paguMoOHYKIMA,
He nonafaeT B LEeNeBOM AMArHOCTUPYEMbIM Op-
raH [15]. NMpenen coaepxxaHus antomuuuns B PO/,
KaK MpaBwWio, YCTaHaBAMBAIOT C YY4ETOM A03bl BBE-
[leHus npenapaTta npu pa3oBOM €ro MCMnosb3oBa-
HWM B XO[e IMArHOCTUYECKOro uccnenosanms [16].

MeToabl 31eMEHTHOr0 aHanusa, npeacTaBaeHHble
B MoHorpadusax Ha POJIN B Ph. Eur.,, gnoctatoyHo
pa3sHoobpasHbl (mabsa. 1). Echn B npenaparte Hop-
MWUPYIOT COAEpXaHWe TONbKO OfHOr0 3/IEMEHT],
TO AN19 ero onpefeneHuns, kak NpaBmao, UCNoNb3y-
0T MeTOoL KOJIOpUMETPUM WUAM ONTUYECKOM Crek-
TPOMETPUM, OAHAKO KONOPUMETPUYECKME TeCTbl
MOryT OblTb NONE3Hbl AN 06HApYXXeHUs L0BOJb-
HO BbICOKMX (bOnee HeCKONbKMX ppm) KOHLEHTpa-
UMM 3arpasHAIOWMX MeTannoB, HO HeLOCTaTO4YHO
CeNneKkTUBHbl AN WCMOMb30BaHUSA B [AManasoHe
KOHLEHTpauui Hwxke 1 ppm, TUNUYHBIX 4NN 3ne-
MEHTHbIX nNpuMecen B 06pasuax paanmoakTUBHbBIX
metannos [17]. Mpu onpeneneHun copepxaHus
HeCKONIbKMX 371eMEHTOB B npenapaTte, 0CO6eHHO
B HU3KMX KOHLLEHTpauuax, npeanoyTeHne otaaet-
CS CENeKTUBHbIM CMeKTpasibHbIM METOAAM aHau-
33 (@TOMHOM abcopbuMKU, AaTOMHOM IMUCCUM, CNEK-
TpanbHbIM MeToAaM C WMHAYKTMBHO CBS3aHHOM
nnasmoMn) [18, 19].

B Ph. Eur. npuBeneHbl otaenbHble TpeboBaHUS
K 9/1EMEHTHbIM NMPUMECSIM B XMMMUUYECKUX NpeaLle-
cTBeHHMKax POJIM. Ecan n3BecTHO MM npeano-
naraeTcs, 4To Npouecchl NPOM3BOACTBA Npeaule-
CTBEHHWKOB MPMBOAST K MOSIBNEHMUIO B TOTOBOM
npenapaTe 31€MEHTHbIX NPUMeECeN U3-3a UCMOJIb-
30BaHMA OonpeneNeHHOro MeTanIMyeckoro Karta-
nmM3atopa WMAM MeTaNNICOAEpPXKallero peareHTa,
TO OHM NMOANEXAT OLEHKE C TOUYKM 3pEHUS BIUSHUS
Ha KayecCTBO roTOBOW MpoAyKuuu. MNonHbIn nepe-
YeHb 3/IEMEHTOB, Ybe COAEPXKAHME B XUMUUYECKMUX
npeplwectseHHUKax PO nognexut oueHke (Pt,
Pd, Ir, Rh, Ru, Os, Mo, Ni, Cr, V, Pb, Hg, Cd u TLl),
BKJ/IHOYAET B Ce651 UCKNUYUTENIBHO MeTanbl (B OT-
NiMyne OT 3NEMEHTHbIX NPUMeECeN, HOPMUPYEMbIX
B (papMaLeBTMYECKMX NEeKApCTBEHHbIX Cpep-
cTBax). MakcuMManbHOe coAepxaHue Kaxaown
M3 MeTanau4yeckux npumecen ycTaHaBIMBaeTCH
Ha ypoBHe 0,01%, ecnu B 4acTHOW MOHOrpapuu

He yKka3aHbl 6onee cTporue npepensl. B obuwen
MoHorpadpumu “Extemporaneous preparation of
radiopharmaceuticals”* npuBeaeHbl pekoOMeH-
[Lauun Mo KOHTPOJ KayecTBa MCXOAHbIX MaTe-
puanoB Ans TAakoro BMAA NMpenapaToB. YKa3aHo,
4YTO KayecTBO 3TMX MaTepuanos (B TOM uucne
MO XMMMUYECKOW YMCTOTE) AO0/KHO COOTBETCTBO-
BaTb 00wMM TpeboBaHMsM K dapmaueBTuye-
CKMM cybcTaHumam®®. K TakuM TpeboBaHUAM,
B YaCTHOCTWU, OTHOCUTCS KOHTPOb COAEPXKAHUS
3/IEMEHTHbIX NpUMecen, KOTOpbIM oCcyLecTeaseT-
C9 B COOTBETCTBMM C pekoMeHpaauumsmm |CHS,
OnpepeneHune 31eMEHTHbIX NPpUMECe B XMMUYe-
CKUX npepwecTBeHHmMkax POJIMN pekomeHayeTcs
NMPOBOAMTbL CMEKTPasbHbIMU METOAAMU C UHAYK-
TUBHO-CBSI3aHHOM MIa3MOM.

®apmaxkomnes CIIA
OcHoBoOM Ang HanucaHug MoHorpaduit Ha PO
B USP nocnyxunu [oKyMeHTbl YnpaBnieHus

MO KOHTPONIKO 33 KayeCTBOM MPOAYKTOB MMTa-
HUS M NnekapcTBeHHbIX cpeactB (Food and Drug
Administration, FDA)Y. B USP copepxutcs 6onee
35 MoHorpagwmii Ha POJIM, npu 3TOM B Hei OTCyT-
CTBYKOT OTAeNbHble TpebOBaHWMS K 31E€MEHTHbIM
NpUMeCsIM XMMUYeCKUX npesectseHHMKkoB POJIT.
B panHOM ¢dapmakonee, B oTauume ot Ph. Eur,
YEeTKO OTMeYeHbl WUCTOYHWKM 3SMEMEHTHbIX Npu-
Mecel, nognexawmux koHtposnto B POJIM. Obuwas
MoHorpatdus “Radioactivity — Theory and prac-
tice” pekomeHayeT onpenenaTtb OTAENbHblE XU-
MUYECKME NPUMECH, KOTOpble MOryT MOCTYNUTb
M3 Cbipbsl, CUHTETUYECKMX NODOOYHBIX NPOAYKTOB,
pacTBOpuTenei, BCNOMOraTe/ibHbIX BeLlecTs, 060-
pYLOBaHUS, NpenapaTMBHbIX WM OYMCTHbIX KO-
JIOHOK W KOHTEWHEepOoB, a TaKXe U3 reHepaTopHOM
KonoHku!®, 06was MoHorpadpus, NOCBAWEHHAS
P®MIMN pna Tomorpadum (M3T-npenapatbl), Takxe
peKkoMeHyeT onpefenaTb COAepXaHue 0CTaTou-
HbIX COELMHEHW, UCMONb30BAHHbBIX B NMpOLLeccax
CMHTE3a uauM oumnctkm®®. B PykoBOACTBE MO Haa-
nexaulern nNpou3BOACTBEHHOM npakTuke no [13T-
npenapatam OTMeYeHa BO3MOXHOCTb MPUCYTCTBUS
B HUX cneunduyecknx npumecen, Tak Kak MeToabl
Npou3BOACTBA 3TOM Kateropuu PO moryT pas-
NIMYaTHLCS B 3aBUCMMOCTM OT MecTa NpousBoacTeaZ.

3 General monograph 07/2022:2902 Chemical precursors for radiopharmaceutical preparations. European Pharmacopoeia. 11th ed.

Strasbourg: EDQM; 2024.

* General monograph 04/2022:51900 Extemporaneous preparation of radiopharmaceuticals. European Pharmacopoeia. 11th ed.

Strasbourg: EDQM; 2024.

5 General monograph 07/2025:2034 Substances for pharmaceutical use. European Pharmacopoeia. 11th ed. Strasbourg: EDQM; 2024.

¥ |CH Guideline for elemental impurities Q3D (R2). EMA; 2022.

7 PET drugs — Current good manufacturing practice (CGMP). Guidance. FDA; 2009.
Comparability protocols for human drugs and biologics: chemistry, manufacturing, and controls information.

8 General monograph 1821 Radioactivity — Theory and practice. USP43-NF38. Rockville; 2024.
¥ General monograph 823 Positron emission tomography drugs for compounding, investigational, and research uses. USP43-NF38.

Rockville; 2024.

20 PET drugs — Current good manufacturing practice (CGMP). Guidance. FDA; 2009.
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ConepxaHue 3TUX MpuMecer MOAJEXMT OLEeHKe
B 3aBMCMMOCTM OT METOAa NPOM3BOACTBA KOHKpET-
HOro npenapata. PUCKM nosiBNeHUS XMMUYECKUX
npuMecei U UX BUsSIHUE HA NpoLLecc NMpon3BOACTBA
peKkoMeHAyeTCs OLEHUBATb Ha CTaauM pa3paboTku
3Tux npenapatos?. B USP npucyTcTByeT 6 4aCTHbIX
MOHOrpadui, B KOTOPbIX yKa3aHbl onpepensembie
3/1IeEMEHTHbIE NPUMECHK U NpeLenbl UX CoAepXKaHus
(mabn. 2. [epeyeHs paduogpapmavesmuyeckux aekap-
CMeeHHbIX npenapamos 8 MoHozpapusx @apmakoneu
CLUA. OnybnukoBaHa Ha caiTe xypHana?).

HopmupyeMmble 3nemMeHTbl U (MK) HOPMbI UX CO-
LepXaHua ons ogHux u Tex xe POJIM moryT pas-
nnyatbcs B USP u Ph. Eur. Hanpumep, B pacTtBope
xnopupa ctpoHums ¥Sr ang MHbeKuMit no Tpe-
6oBaHuam Ph. Eur. 11 HopmupyeTcs conepxa-
Hue 4 anemeHToB (Al, Fe, Pb, Sr), a no Tpebo-
BaHuam USP — Tonbko antoMuHus. B pactBope
xnopupa Tannua 2°TL nng MHbeKUUi, HaobopoT,
no TtpebosauusmM Ph. Eur. 11 KoHTponupytoT
TONbKO COAEpXKaHWMe HepaAMOoaKTUBHOIO U30TO-
na Tannus (He 6onee 10 ppm), a no TpeboBaHu-
am USP 43 — tannusa (He 6onee 2 ppm), xenesa
n meou (He 6onee 5 ppm). BoamoxHo, ogHu 1 Te
xe P®JIM B8 CLLA u EBpone nonyyatT ¢ MCNONb-
30BaHWEM pa3UYHbIX TEXHONOTUYECKUX CXEM,
4YTO MOBAMSANO Ha OMpefenseMble 3MEeMEHTHbIE
npuMecu M HOPMbl KX copepxaHua. Kpome
TOro, pasHuuLa B onpepensieMbix napameTpax
MoxeT OblTb 06ycnoBNeHa Pa3fMYHOM YacTo-
TOM nepecMoTpa papMakonenHbix TpeboBaHuM,
oTpa)kalwwen M3IMEeHEeHUS TeXHONOrM4YeCcKoro
npoLecca B pasHbix cTpaHax. pyron npumep —
pasfnuyve B npepenax CoOAEpXaHUs aNtoMUHUS
B pacTBopax amMuaka N u neptexHeTaTta **"Tc
HaTpua (10 ppm B8 USP 43 u 5 ppm B Ph. Eur)).
OuesupgHo, uto B USP n Ph. Eur. ncnonbsosanu
pa3NnyHble KpUTEPUM NPU ONpeaeneHun npeae-
na copepxaHuga antomuHua: B Ph. Eur. 3a ocHoBy
B3ATa KOHLEHTpaLusa aNloMUHKSA, NPU KOTOPOM
KOMMNAEeKCbl 3TOr0 3MeMeHTa C pafaUOHYKIU-
[LOM HaKanJuBalTCA B JIErOYHbIX Kanunnapax,
a B USP — kak B neroyHbix Kanunnapax, tak
M B neyveHu, u cenesexke [20].

OnpepeneHve anemMeHTHbIX npumecer B POJIM
peKOMeHAyeTC NpOBOAMTb METOAAMWM  OMTU-
YeCckoW  CMeKTpOMeTpuM, aTOMHOM  abcopb-
umm u nonsporpacduu. CnekTpanbHble METOAb

C MHAOYKTMBHO-CBSI3aHHOM nna3sMon B (apMmako-
nerHbIX TpPe6OBaHUAX HE YNOMSHYThI.

dapmaxormnes AnoHUN

B JP HeT oTaenbHOM 06Lwelt MoHorpadpum Ha PO/,
Bce TpeboBaHusa k kauyecTBy POJIM, nx xpaHeHuto
M MeToLaM KOHTPONfA, a TaKXe peakTuBaM, UC-
Nofb3yeMbiM MpW KOHTPOJe KayecTBa 3TUX npe-
napaToB, MpuBeAeHbl B COOTBETCTBYHOLWEM HOp-
MaTMBHOM JOKYMeHTe S$NOHCKOM accoumauuu
pafnodapmaLeBTUKM UM MUHUCTEPCTBA 34paBo-
OXpaHeHus, TpyAa M coumnanbHoro obecneyeHmns?,
JTOT LLOKYMEHT TakXe BK/OYaeT B cebs yacTHble
MoHorpaduu no POJIM (9 Bowepwmx u 36 He BO-
wenwunx B JP). Bo BCex 4acTHbIX MOHOrpadusax
Ha P®OJIM ykasaHbl CCbUIKM Ha «MUHUManbHble
TpeboBaHuss kK P®JIM». B 6 4acTHbix MOHOrpa-
duax JP npuBeneHsl TpebOBaHMA K COAEPXKAHUIO
3N1eMeHTHbIX NpuMecel (mabs. 3. llepeyeHs paduo-
papmayesmuyeckux eKapCmeeHHbIX Npenapamos
8 ®apmakonee fnoHuu. OnybnvkoBaHa Ha canTe
XypHana).

MoHorpadua Ha pacTBop xaopupa Tanaus 01Tl
019 UHbEeKUMNA uMeeT aHanoru B Ph. Eur. n USP, ogHa-
Ko B JP nepeyeHb HOPMUPYEMBIX 31EMEHTOB BKJIHO-
yaeT B cebs1 CyMMapHbIii MoKasaTeNb Tsxeble Me-
Tannbl» (He 6onee 20 ppm), KOTOpbIA OTCYTCTBYET
B Ph. Eur. n USP. 370T xe nokasaTtenb ecTb B MO-
Horpacdumm Ha pacTBop UMTpaTta ¢’Ga Ans UHbEKL MU
(mOMoNHMUTENbHO K Mpefenam COAEepXaHUs LMHKA
5 ppm u xene3a 20 ppm), B TO BpeMs Kak B aHa-
nornyHon MmoHorpaduu Ph. Eur. npuBeneH npenen
copepaHmna Tonbko umHka (5 ppm). CopepxaHue
ANIOMUHUS KOHTPONMPYETCS B pacTBopax neprex-
HeTaTa *°™Tc HaTpusa u dTopaesokcuriokose *8F
LNS MHBbEKUMIA C pasfiM4yHbIMKM Npeaenamu comep-
xaHus (10 u 2 ppm cooTBeTCTBEHHO). Hanbonee
BEPOSTHbIMU MPUYMHAMM [LAHHOTO PACXOXKAEHUS
ABNAOTCA Pa3NMYHblEe TEXHOOTUMN NONYUYEHNUS ITUX
npenapaTtoB M pa3fM4yHasg CTeneHb BIUSHUA MpU-
Mecel antoMUHUA Ha NpoLecc NPOM3BOACTBA U 3d-
(hEeKTUMBHOCTb NpenapaTos.

Onpepenexnve aneMeHTHbIX npumecer B PO/
B Mapmakonee SINOHMM peKOMEHAYETCS NPOBOAUTD
MEeTOAAMM KaNoOpUMETPUM U OMTUYECKOW CneKTpo-
mMeTpun. OTaenbHble TpebOoBaHUS K IEMEHTHbIM
NpUMecsM XMMUYEeCKUX npealuecTBeHHMKos PO
B JP oTcyTCTBYIOT.

2 Comparability protocols for human drugs and biologics: chemistry, manufacturing, and controls information. https:/www.fda.

gov/media/97148/download
22 https://doi.org/10.30895/1991-2919-2025-751-annex

2 Minimum requirements for radiopharmaceuticals. Japan Radiopharmaceuticals Association, Minister of Health, Labour and

Welfare Ministerial Notification No. 83 (March 30, 2013).
2 https://doi.org/10.30895/1991-2919-2025-751-annex
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®dapmaxkomnest Kurarickoit HapomHoii
Pecniy6imku

Hencteytowasa sepcuss ChP nomumo obuwei Mo-
Horpadumu, noceaweHHon kavectsy POJIN B ue-
nom?®, cogepxuT oblme MoHorpadumM Ha npenapa-
Tbl AN MO3UTPOHHOM 3MWUCCUMOHHOW TOMOrpaduu
(oToenbHO 4ong  npenapaTtoB, MNpPOM3BEeAEHHbIX
Ha LMKNOTpOHax* u B reHepaTopax?), oAHAKO
B 3TMX MOHOrpadumax HeT yKasaHui Ha Heobxoau-
MOCTb KOHTPONS XMMWMYECKOM 4YMCTOTbl mpenapa-
ToB. B ChP Takxxe eCcTb YacTHble MOHOrpaduu Ha 24
Tuna P®OJIMN, MeyeHHbix 11 pagnoHyknngamm: °mTc,
18F 131) 153Gy 89Sy 125| 32p 67Gg 201T| SICr y 133Xe.
B wectn u3 HMX npuBeneHbl MpefenbHbie 3Haye-
HWS COLEPXaHWUS dNEeMEHTHbIX nNpuMecen (mabn. 4.
lepeyeHs paduogapmavesmuyeckux npenapamos
8 Mapmakonee Kumalickoli HapodHol Pecnybauku.
Ony6nmKoBaHa Ha caiTe xypHana®).

bonbwnHCTBO M3 MOHOrpadui, yKasaHHbIX B mad-
6nuuye 4, copepxaT npenenbl CconepXaHus ocCTa-
TOYHOrO HepagMoakTMBHOro 3nemeHTta. CneayeT
oTMeTuTb, 4To B ChP, B oTnnumne ot apyrux dapma-
Konew, NnpuBeeHbl HOPMbI COAEPXKAHUS aNOMUHUS
B pacTBOpe HaTpusi nepTexHeTaTa *°"Tc ANS UHb-
€KUM B 3aBUCMMOCTHM OT crnocoba Npomn3BOACTBaA:
He 6onee 10 ppm ons npenaparta, NOJy4eHHOro
M3 NPOAYKTOB AeNeHus ypaHa, u He 6onee 20 ppm
[ANng npenapaTta, MOJMYYEHHOro Mpu HEUTPOHHOM
obnyyeHnn monubaeHa. Kpome TOro, B AaHHOM
P®JIT KOHTPOAMPYIOT COLEPXKAHME LMPKOHUA (He
6onee 10 ppm).

Takum 06pa3oM, NOATBEPXKAAETCS CAENaHHbIM
npu aHanuile npenbiayliMx (GapMakonen BbIBOA:
HeT 06wWmMx KpuTepueB Ansg BbibOpa HOpMUpye-
MbIX 3/1IEMEHTOB W YCTAHOB/IEHUS NpefenoB UX CO-
LlepXKaHusl, X0TS B «TEXHUYECKUX PEKOMEHIALMUSX
no @apMaLeBTUYECKUM WCCIef0BaHNIM pagmo-
AKTUBHbIX XMMUYECKUX MpenapaToB»?’, BbIMyLLEH-
HbiX LLeHTpPOM OLEeHKM NeKapCTBEHHbIX CPeacTB
HaumMoHanbHOro  ympaBneHuss MO KOHTPOJKO
33 NIeKapCTBEHHbIMU CPeLCTBaMU, pEKOMEHAYeTCs
npu paspabotke POJIMT oueHWBATb 31€MEHTHble
npuMecu u paspabatbiBaTb HOPMbI MO UX COAEPXKA-
HWI0, OCHOBbIBAsICb HA AOKyMeHTauuu ICH3C,

OnpepeneHne sneMeHTHbIX npumecer B PO
no Tpeb6osaHnam dapmakonen ChP pekomeHpy-
eTCcs NpOBOAMTb METOLOM OMTMUYECKOW CMeKTpo-
MeTpuMm.

B ChP npucytcTBytloT u4acTHble MoHorpadum
Ha XMMMYeckue npepliecTBeHHUKM PO,
CopepxaHue npumecen B HUX KOHTpoOAMpyeTcs
cornacHo TpeboBaHuaM, npuBeAeHHbIM B 00-
wen MoHorpaduM Ha MHBEKLMOHHbIE Mpenapa-
TbI*!, B KOTOPOW yKa3aHa HeEO6X0AMMOCTb OLLEHKM
YPOBHSA COAEPXaHUS CBMHLLA, KaAMUS, MbIlWbSKa,
pTYTU 1 Meau. MNpepensl cogepxaHus B pacyeTte
Ha MaKCMManbHY CYTOYHYIO 403y npenapaTa co-
ctanawT 12, 3, 6, 2, 150 mkr gna Pb, Cd, As, Hg,
Cu cooTBETCTBEHHO.

dapmaxones Uuaun

B IP cywecTtByeT oTAaenbHbIM pasaen, nocBsWeH-
Hbii POJIM. B HeM npuBeaeHbl 061was MoHorpadus,
copepawas TpeboBaHMS K Ka4eCTBY 3TOM rpynnbl
npenapaTtos, U 37 4aCTHbIX MOHOrpadui. B obwen
MOHOrpadumu NOAYEPKHYTO, YTO XMMWUYECKas Uu-
CTOTa AEWCTBYIOWEro BeLWeCcTBa KOHTPOAMpPYyeTCs
NyTEM YCTaHOBNEHUS MpPefeNioB COAEPXKAHUS XU-
Muyeckmnx npumecen. OTAeNbHO YKa3aHo, YTO XU-
Muyeckue npepwectseHHUkn PO gonxHbl 6bITh
NpOTECTUPOBAHbI HAa OTCYTCTBUE XMMUYECKUX
npumeceit*?. ECM BO3MOXHbl 3/1EMEHTHbIE MNpU-
MecMu, HeraTMBHO BAMsiOWME Ha KadvecTBo POJIM,
TO MepeyeHb HOPMWUPYEMbIX 3IEMEHTOB U Mpepe-
Nibl UX COAEPXAHMA YKA3bIBAKOTCH B YACTHOW MO-
Horpaduu Ha npenapaT (maba. 5. [lepeyeHs paduo-
apmauesmuyeckux eKapcmeeHHsIX npenapamos
8 ®Gapmakonee MHAuu. OnybnukoBaHa Ha canTe
XypHana®).

CnepyeT OTMETUTb, YTO MepevyeHb HOPMUPYEMbIX
31EMEHTOB M CaMW HOpPMbl B psifie MoHorpadwui
COBMAAalT C aHanornyHoiMm B Ph. Eur. (MoHorpa-
dbun Ha pacTBOpbl xnopuga rannus %8Ga gns pa-
LMOMeYeHus, umMTpaTa ranaums Ga ona UHbEKLUUNA,
xnopuga ctpoHums #Sr ona uHbekumit). B To xe
BpeMs B MOHOrpaduu Ha pacTBOp HaTpusa neprex-
HeTaTa *°"Tc Ang MHbEKUMI, B oTanume ot Ph. Eur.,
nepevyeHb HOPMUPYEMbIX IMEMEHTHbIX MpUMecen

%5 General monograph 1401 Test of radiopharmaceutical preparations. Pharmacopoeia of the People’s Republic of China.

Part 1V.687. 2020.

% General monograph 9501 Guideline for the quality control of positron emission tomographic radiopharmaceutical preparation.
Pharmacopoeia of the People’s Republic of China. Part IV.687. 2020.
27 General monograph 9502 Guideline for the quality control of technecium °*Tc radiopharmaceutical preparation. Pharmacopoeia

of the People’s Republic of China. Part IV.687. 2020.
28 https://doi.org/10.30895/1991-2919-2025-751-annex

2 Technical guidelines for pharmaceutical studies of radiochemical generic drugs. 2024 (In Chinese).

39 |CH Guideline for elemental impurities Q3D (R2). EMA; 2022.

31 General monograph 0102 Injections. Pharmacopoeia of the People’s Republic of China. Part 111.687. 2020.
32 Radiopharmaceutical preparations. General requirements. Indian Pharmacopoeia. IX ed. Vol. I1I. 2022.

33 https://doi.org/10.30895/1991-2919-2025-751-annex
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Shchukin V.M., Kuz’mina N.E., Ruziev R.D., Pripadchev D.A., Kuznetsov M.A.
Pharmacopoeial requirements for elemental impurities in radiopharmaceuticals (review)

M npenenbl UX COLepXaHWs 3aBMCAT OT cnocoba
npoussoacTBa. Hanpumep, B npenapare, nonyyeH-
HOM M3 NPOAYKTOB AeNieHUs ypaHa, KOHTPOAUPYIOT
TONIbKO CcofepxaHue antoMuHus (He 6onee 10 ppm),
a B Mpenapare, NOJNiyYeHHOM MyTeM 0bayYeHus uc-
XOJ4HOro MonnbaeHa HeMTpoOHaMu, — CoLepXKaHue
antoMnHng (He 6onee 10 ppm), monnbaeHa (He 60-
nee 10 ppm), a Takxe LUMpPKOHUS (He 6onee 10 ppm).

Onpepenexnve 3neMeHTHbIX npumecen B PO
no tpebosaHuam [P pekoMeHayeTCs NPOBOAWTH
MeToAaMM ONTUYECKOM CMeKTPOMETPUM, KONOPpW-
MEeTPUM U aTOMHO-3MUCCUOHHOM CMEKTPOCKOMUMU.

®apmakones Peciy6auku Kopest

O6waa ™MoHorpadus no onpeneneHuo npume-
cent Taxenbix MetannoB KP He pacnpocTpaHseTtcs
Ha PDOJIM**, ogHako B TpeboBaHMAX K KayecTBy fe-
KapCTBEHHbIX NMpenapaToB yka3aHa Heo6XxoaMMOCTb
KOHTPONMPOBATb NPUMECH, B TOM UYMCSIE NIEMEHT-
Hble, BO BCex npenapartax, Bkawo4as POJIM, pas-
[engas npu 3TOM COBCTBEHHO MpuMMecu U pajmo-
HYK/NOHbIE MPUMECH, KOTOpble KOHTPOJIMPYHOTCA
oTaenbHo. KP comepXuT oTAenbHbIM pasgen — pa-
nnodapMaleBTUYeCKMe npenapatbl, B KOTOPOM
CBefeHbl YacTHble MoHorpaduu Ha POJIM (22 npe-
napaTa) M XUMWUYECKMEe NpeAecTBEHHUKN ITUX
npenapatos. MoHorpaduu, B KOTOPbIX NPUCYTCTBY-
0T NepevyeHb HOPMUPYEMbIX TEMEHTOB U Npeaessbl
UX copepkaHus, npuseneHbl B mabauuye 6 «[lepedeHs
paduogpapmauesmuyeckux eKapcmeeHHbIX npenapa-
mos 8 @apmakonee Kopeu» (onybavkoBaHa Ha cainTe
)KypHana®). OHM NONHOCTbIO COBMAZalOT C aHano-
TMYHbIMKM MOHOrpaduamu JP B 4aCTU nepeyHs Hop-
MWUPYEMbIX 3/1IEMEHTOB, NPeAEeNoB UX CoLepXaHus
M METOJO0B 3/IEMEHTHOrO aHanm3a.

dapmaxomnes: EBpasuiickoro
3KOHOMMYECKOTO COI03a

®EA3C copepxut otnenbHbln pasgen 2.3.20
«PaguodapmMaueBTMyeckmMe nekapcTBeHHble mnpe-
napatbl» ¢ TpeMs obwmmu MoHorpadusmu (0PC),

noceaueHHbIMM PO/ 1 ux npeawecTBeHHUKaM?®,
Xumnueckyto umnctoty POJIN OEASC pekomeHayeT
KOHTPONIMPOBaTb MyTEM YCTAaHOBNEHUS [OMNYyCTU-
MbIX MpenenoB COAEpPXaHUS XUMUUYECKUX Mpume-
CeW, YKa3aHHbIX B YaCTHbIX dapMakonenHbIX CTa-
TbsIX, B HOPMATMBHbIX OOKYMEHTAaX MO KayecTsy
unn  cneumdukaumax®’.  JneMeHTHble NPUMECH,
noanexatine HOpMMPOBAHUIO B PA3SIMYHOr0O poaa
P®M, B agaHHo ODC He KOHKPETU3UPOBaAHbI.

O®C no usrotosneHuto POJIM B MEAULUHCKUX Op-
raHM3auMax peKkoMeHAyeT OLEeHMBaTb Ha CTaguu
pafMOMEYEHUS PUCKM, CBA3AHHbIE C XMMUYECKUM
M dU3MYEeCKMM COCTAaBOM Habopa MCXOAHbIX Ma-
TEpUANoB, B TOM YMC/E 3arps3HeHne MeTannamuse.,
McxonoHbie MaTepwmasnbl, MCMOMb3yeMble AN U3rO-
ToBneHns POJIM, pomkHbl COOTBETCTBOBATL Tpe-
6oBaHuamM OMC «CybcTaHuun anga dapmaues-
TUYECKOTO MPUMEHEeHUa»* . B Hell, B 4acTHOCTH,
NpuBOAMTCA TpeboBaHME K OLIEHKE CoAepyKaHus
npumecei 24 anemMeHTOB U MpuUBEAEHbI Npenensb
MX coLepxKaHua®,

YacTHble MoOHOrpaduu Ha KOHKpeTHble POJIM
B MEAD3C He npeacTtaBneHbl. Ong XMMUYECKMX
NnpealecTBEHHUMKOB  YKa3aHa  HeobxoAuMOCTb
KoHTponsa 14 anemenTtoB (Pt, Pd, Ir, Rh, Ru, Os, Mo,
Ni, Cr, V, Pb, Hg, Cd u Tl), aHanornyHo tpeboBaHusM
Ph. Eur. k npepwecTteeHHukam POJI. CopepxaHue
KaXXA0ro M3 HUX B NpefLecTBeHHUKAX He LOMKHO
npesbiwatb 0,01% npun oTcyTCTBMM BONee XeCcTKMxX
npenesnoB, YCTAaHOB/IEHHbIX B YaCTHOM dapMako-
neiHon ctaTbe*’. [1ng ycTaHOBNEHMS HEOOXOAUMO-
CTU KOHTpONs npuMecei u paspaboTkM MeToaMK
UX onpefeneHus peKoMeHAyeTCs NpUMeHsATb Noa-
Xofbl, yka3aHHble B ODOC «OnpenenexHue npumecei
3NIEMEHTOBY» 2,

TocymapcrBeHHas ¢papmaxkornest Poccuiickoit
depepanyn

Bnepeble TpeboBaHMa K copepXXaHMKO npuMmecen
XuMmnyecknx snemeHtos B PO/ chopmynuposa-
Hbl B focynapcTBeHHol papmakonee CCCP X uzan.*

3% General monograph Assessment and control of metal (elemental) impurities in drug products. Korean Pharmacopoeia. 12th ed.

Korea Ministry of Food and Drug Safety; 2019.
%5 https://doi.org/10.30895/1991-2919-2025-751-annex

% B ®EASC BMecTo TepMMHa «XMMUYECKMIt NpeawecTBeHHUK» PO ncnonbyeTcs TEPMUH «Npekypcop.

7. 00C 2.3.20.2 PapunodapmaLeBTU4eckue nekapcTBeHHble npenapatbl. @apmakones EBpa3uiickoro skoHoMMyeckoro cotosa. T. |,
u. 3. M,; 2023.

38 0dC 2.3.20.3 M3roToBneHNe paanodapMaLEeBTUUECKMX TeKapCTBEHHbIX NMPenapaToB B MeAULMHCKMX opraHu3aumnax. Papmako-
nes EBpasuiickoro skoHoMuuyeckoro coto3a. T. I, u. 3. M.; 2023.

% 00C 2.3.18.0 CybcTaHuuu ansg papmaueBTuyeckoro npumeHeHus. @apmakones EBpasuiickoro skoHoMuyeckoro cotosa. T. |, u. 2.
M.; 2023.

40 0dC 2.3.10.0 Npumecn anemeHToB. Papmakones EBpasmniickoro skoHoMmuyeckoro cotosa. T. |, u. 2. M.; 2023.

4 0dC 2.3.20.1 XuMuueckue npekypcopbl AN paanodapMaLeBTUYECKMX eKapCTBEHHbIX npenapaTos. Mapmakones EBpasuiicko-
ro aKoHoMMu4yeckoro cot3sa. T. |, u. 2. M.; 2023.

42 00C 2.1.4.23 OnpepeneHue npumeceit anemMeHToB. Mapmakones EBpasniickoro skoHomuuyeckoro cotsa. T. |, 4. 2. M.; 2023.

“ 0®C OnpeneneHue npuMeceii aneMeHTOB B paauodapmaLeBTUYeckux npenapartax. locyaapcreenHas dapmakones CCCP. Xl usg.
Bbin. 1. M.: MeguumnHa, 1987.
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B O®C «OnpepneneHne npumecen 31eMeHTOB B pa-
avodapMaLeBTMUECKMX NpenapaTtax» nepeyucre-
Hbl HOPMWMpYEMbIE€ 3N1EMEeHTbl, AMana3oHbl Kanunb-
POBKM U Npefenbl UX 0OHapYXeHUs (HO He npeaensbl
conepxanua B P®OJIM). B kayecTtse MeTonoB 3ne-
MEHTHOro aHanM3a yKa3aHbl IMMCCUOHHbIE Crek-
TpaNbHble MeToabl (B OTAM4YMe OT (papMaLeBTUYe-
CKMX MpenapaTtoB, LN KOTOPbIX PEKOMEHAO0BaHbI
KonopumeTtpuyeckme unn HedbenomeTpuyeckune
MeToAbl aHanu3a). MpuHuKMnbl BbIGOpa NpUMECHbIX
3N1E€MEHTOB U UX CBSA3b C KOHKPETHbIMK Mpenapara-
Mu B flaHHoi O®C He npuBeaeHbI.

rd® PO XV mn3a. copepxut 5 0OOC n 14 ®C, oTHO-
cAwmxcs K pagmodapmaleBTMYECKMM NpenapaTam.
O®C «PagpnodapmaueBTHyeckme neKapCTBEHHbIE
npenapaTbi»** YaCTUYHO rapMOHM3MPOBAHA C aHa-
norunyHon OMC Mapmakoneun EASC u Takxe npeny-
cMaTpuBaeT  HeobXxoAMMOCTb  KOHTPONAMPOBATb
B Xo4e pa3paboTkuM U BanuMAauMM TeXHONOornye-
ckoro npouecca npoussoacTsa POJINN copepxaHue
CBMHLLA, XeNe3a, MbllbgKa U MeTannoB, NpUCyT-
CTBYIOLWMX B KOHCTPYKLMOHHBIX MaTepuanax Mwu-
weHen u (MAM) PafMOHYKNUAHBIX reHepaTopax,
a TakXe B MCXOAHbIX peareHTax. KoHkpeTusaums
onpenenseMbix MeTannoB AOMKHA ObiTb NpencTaB-
neHa B yactHbix ®C Ha npenapatbl. B 7 peiicTByto-
wux ®C Ha PDOJIN npucyTCTBYIOT HOPMBI MO COAEP-
XaHUIO 3NeMEHTHbIX npumecen (maba. 7. [lepeyeHs
paduogapmavesmuyeckux 1ekapcmeeHHslX npenapa-
mos, ynoMsiHymeix 8 [ocydapcmeeHHol ¢apmakonee
Poccutickoli ®edepayuu. OnybnMkoBaHa Ha canTe
XypHana®).

@®C Ha pacTBOpbl ANSi pafMOaKTUBHBIX METOK XJ10-
puaoe rannusa °8Ga u noTeumsa Y’Lu, pacTeopbl
LN MHBEKUMIA HaTpus nepTexHeTaTa °*"Tc, CTPOH-
umsa *Sr xnopuaa u ammoHms >N MonHOCTbIO COB-
nagatT C aHanoruyHbiMM MoHorpaduamu Ph. Eur.
B YaCTW, KacatoLencs nepeyHs HOpMUPYEMbIX 3e-
MEHTOB, NPeAesioB UX COAEPXKaHUS U METOA0B aHa-
nu3sa. B 1o xe Bpems B T® PO ectb O®C Ha HaTpua
nopmp B (pactBop Ans npuema BHYTPb UM pacTBop
019 MHbEKUWW), KOTOpble OTCYTCTBYKOT B ApPYrux
aHanusupyeMbix dapmakonesx. B paHHbix OC yka-
3aHO 3HaYeHne MaKCMManbHO peKOMEHAYEMOM A03bl
(20 ™MKr), Ha OCHOBaHMM KOTOPOro paccyMTaH npe-
nen copepxaHus rnogupa. Meton BIXX, pekoMeH-
[oBaHHbIV [ PO XV u3g. ans onpeneneHus copep-
KaHWsi MOAMA-aHMOHA, HE YNOMMHAETCS B APYrux
aHanu3upyeMbix GapMakonesax Kak MeToL 31eMeHT-
Horo aHanusa ans POJIM. B uenom, B IO PO XV u3ga.

npeanoyYTeHMe OTAAETCS CENEeKTUBHbIM CNeKTpasb-
HbIM 3/IEMEHTHbIM MeToAaM aHanu3a (aTOMHOM
abcopbummn, aTOMHOM 3MMUCCUM, aTOMHOM IMUCCUM
C UHAYKTUBHO CBSI3aHHOM M1Ia3MOMN).

[Onga  xuMuyeckux npepwecTBeHHWKoB POJIM*
peKoMeHyeTCs onpefenaTb COAepXaHue npume-
cein Kaxagoro u3 cnepywowunx metannos: Pt, Pd, Ir,
Rh, Ru, Os, Mo, Ni, Cr, V, Pb, Hg, Cd u Tl nto6bim
noaxoasawmm metonoM (B cootBeTctBum ¢ ODC
«DNIeMEeHTHble NMpUMeCK»), eCIn NPU NPOU3BOACTBE
NpeAalecTBEHHUMKOB  MCMONb3YyOT  cneunduye-
CKMe KaTanm3aTopbl UAW peareHTbl, copepxalume
mMeTannbl. CopepxaHue 3NEeMEeHTHbIX Mpumecen
He AO0/MKHO npeBbiwaTb cymMMapHo 0,01% no Mac-
ce, ecnun B YacTHoM OC He yKasaHo MHOe, Npu 3TOM
Ph. Eur. u @apmakones EASC pekoMeHAyOT orpa-
HMUYMBATb COLEPXKAHME KAXAOr0 M3 3TUX 3NeMEeH-
TOB Ha ypoBHe He 6onee 0,01%.

BbIBO/1 bI

MNpoBeneHHbI aHanu3 dapmakonerHbix Tpebo-
BaHWMA K COAEPXaHUK 3NEMEHTHbIX MpuMecen
B P®OJIM nossonun chopmynupoBaTb OCHOBHbIE
NONOXEHUS CTPATErMu KOHTPONS COAEPXKAHUS 3ne-
MEHTHbIX NpUMecei B AAHHOM BUAE NEKAPCTBEH-
HbIX CPeLCTB.

1. Crpaterus KOHTPONA COAEPXKAHUA 3NEMEHTHbIX
npumecen B POJIM ponxHa 6a3npoBaTbCs HA OLEH-
K& PUCKOB MX HEFaTUBHOMO BAUSIHUS HA KaYeCTBEH-
Hble XapaKTepuCTUKM npenapata (paguoxumuye-
CKYK YWUCTOTY, CTabuNbHOCTb, GUOLOCTYMHOCTD),
a He Ha OLeHKe PUCKOB MX TOKCMYHOro BO34eM-
CTBMS HA OPraHM3M YesioBeka.

2. MepeyeHb 3/1EeMEHTOB, COAEpXaHue  KOTO-
pbIX MOANEXUT HOpMUpoBaHUio B PDJIM, 3aBUCUT
oT TMna P®JIM u oT ocobeHHOCTeN TexHonoruye-
ckoro npouecca. CopepxaHue 3n1eMeHTa C Hey-
CTaHOBJNIEHHbIMK 3HaYeHusaMu PDE nopnexwut Hop-
MMPOBAHUIO B TOM C/lyyae, €CNM OH OKa3biBaeT
BAMSIHWME HaA MNPOLLECC pajMoMeyeHus MnpenapaTta
M Ha 3hdEKTUBHOCTb NIEKAPCTBEHHOrO npena-
paTa.

3. lMpenensl copepXaHUS INEMEHTHbIX NpuMe-
ceit B POJIM paccumTbiBalOT MCXOAA U3 UX AONY-
CTUMOro BO34ENCTBMA Ha (U3UMKO-XMMMYECKUe,
6uonornyeckne u pagnMoxmMMuyeckme CBOMCTBA
PONM c yyeTomM p[o3bl BBEAEHWS npenapata
npu pa3oBOM ero MCMoib30BaHMM B XOne AMa-
FHOCTUYECKOrO0 MUCCNefOBaHUA UAM C Y4eToM
MaKCUMMaNbHO MPUMEHAEMON TepaneBTUYECKON
[o3bl npenapata. [llpousBogutento TpebyeTcs

4 0MC.1.11.0001 PapnocdapmaLeBTUYECKME NIEKaPCTBEHHbIE NpenapaTsl. focyaapcTBeHHas dapmakones Poccuiickoit Penepaumm.

XV usg. M.; 2023.
4 https://doi.org/10.30895/1991-2919-2025-751-annex

4 0MC.1.11.0005 XnuMuueckue npeAwecTBEHHUKM AN paanodapMaLeBTUIeCKMX TeKapCTBEHHbIX NpenapaTtos. focynapcTBeHHas

dapmakones Poccuiickont ®epepaunn. XV usa. M.; 2023.
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OTpa3nTb AAHHYH MHOOPMAUMIO B perucTpaum-
OHHOM Aocbe Ha POJIM.

4. B OTHOLWEHUN XMMUYECKMX NpeaecTBEHHUKOB
PO/ ponyckaeTcs MCNONb30BaHME PA3AUYHbIX
noaxoA0B K HOPMUPOBAHMIO COAEPXKAHNS INEMEHT-
HbIX MpMMeCen: NoAXod, onucaHHbii B Ph. Eur. 11,
®EA3C u [d PO XV m3a. (oueHka copepxaHus Pt,
Pd, Ir, Rh, Ru, Os, Mo, Ni, Cr, V, Pb, Hg, Cd u T,
He 6onee 0,01% kaxporo snemeHTa), unn B ChP
2020 (HopmupoBaHue Pb, Cd, As, Hg, Cu, npenensl
MX COLEpPXaHUS pacCYMTbIBAOTCS B COOTBETCTBUM
C MaKCMManbHOM BBOAMMOWM [O30M NpenapaTa).

5. Ecnm B npenapate HOPMUPYIOT COoAepXKaHue
TONbKO OAHOrO 3/MeMeHTa, TO AN ero onpepe-
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