KOHTPOJIb KAYUECTBA JIEKAPCTBEHHbBIX CPEZICTB
QUALITY CONTROL OF MEDICINES

YK 615.07:615.33
https://doi.org/10.30895/1991-2919-2024-14-6-645-654

OpuruHanbHas ctatbs | Original article
p | Orig (@) BY 4.0

'.) Check for updates

E.N. Kosanesa =0 &, | COBpeMeHHbIe MOAX0Abl K KOHTPOJIIO
K.C.Apxunosa =, | HepOACTBEHHbIX TEXHOJIOTMYECKUX IpUMeceit
U.M. AnpamoBa
B aHTMOVMOTMKAX

DedepanvHoe 20cydapcmeeHHoe 6100xemHoe yupexoeHue

«HayuHulli yeHmp skcnepmu3st cpedcme mMeouyuHcKo20 NpUMeHeHUs»
Murucmepcmea 30pasooxpaneHus Poccutickoti @edepayuu,
Temposckuii 6-p, 0. 8, cmp. 2, Mockea, 127051, Poccuiickas @edepayus

04 Kosaneea Enena Jleonapdoeua; Kovaleva@expmed.ru

m BBEAEHUE. OTaenbHbIM KNaccoM OpraHuM4eckux npumeceit B GapmaueBTUYECKUX

cybCcTaHLUMAX aHTUOMOTMKOB SBNAOTCS TEXHONOrMYECKME NMPUMECH, HE OTHOCALLM-
ecql K poACTBEHHbIM COEAUHEHUAM WU OPraHUMYeCKUM PacTBOPUTENSM, B YaCTHO-
ctv N,N-aAuMeTUnaHunuH, 2-3TUNrekCaHoBas KMCIoTa U ee nNpounsBoAaHble. [laHHble
BELLEeCTBA MCMOMb3YIOTCA B NpoLecce Npou3BoAcTBa GapMaLeBTUYeCcKUX cybcTaH-
LM aHTMOMOTMKOB B Ka4eCTBE PEareHToB, U KOHTPOJIb MX OCTAaTOYHOrO COLEePXKAHMUS
npefycMOTPEH OTeYeCTBEHHOW M 3apybexHbIMK hapMakonesmu.
LEJIb. O6ocHoBaTb TpebOBaHMS K KOHTPOMK TEXHONOTUYECKUX HEPOACTBEHHbIX
npumecei B GapMaLeBTUYECKUX CYBCTaHUMAX aHTMOUOTUKOB.
MATEPUAIJIbl U METO/ADbI. MNpoBeneH aHanu3 dbapMakonenHbix cTaTei U MOHOrpa-
¢duin TocynapcTBeHHoi dpapmakoneun Poccuiickoit @epepauun (Fd PO) n 3apybex-
HbIX apmakonei (EBponeiickoit dapmakonewn (Ph. Eur.), ®apmakonen CLUA (USP),
MexpayHapoaHoi dapmakonewn) Ha dapmaueBTUYeckne cybCcTaHUMKM aHTMOKMOTH-
KOB, @ TaKXXe aHaNn3 MaTepManoB perucTpaLmMoHHbIX LOCbe Ha papMaLeBTUYecKue
cyb6CTaHUMM aHTMOMOTUKOB POCCMIACKOTO M 3apybexxHOro NpoM3BOACTB, BKIOYEH-
HbIX B [OCynapCTBEHHbIM peecTp NekapCcTBEHHbIX cpeacTB. B pabote mcnonb3o-
Ba/IM METOLbl CPAaBHUTENLHOTO MHDOPMALMOHHO-aHAIMTUYECKOrO UCC/IeA0BaAHUS
M KOHTeHT-aHanu3a.
PE3YJIbTATbI. B Ph. Eur. KOHTpONib COAEP>XXaHMS 2-3TUNTeKCaHOBOM KMCNOTbI Npeay-
CMOTpeH B dapMaLeBTMYECKMX CYOCTaHLMAX aHTUOMOTUKOB (MONMYCUHTETUYECKUX
M nonyyYeHHbIx cnocobom depmeHTaumm). B USP aToT nokasatenb He BK/IKOYEH B YacT-
Hble MoHorpaduu. OnpepeneHue octaToyHbix kKonuyecTB N,N-guMeTunaHununHa
BBEJEHO KaK B YaCTHble MOHOrpadum Ha NoNycMHTETUYECKME aHTMbKnoTukum Ph. Eur.,
Tak 1 USP, uto, BeposiTHO, 06YCNIOBNEHO €ro BbICOKOM TOKCUYHOCTbI. TpeboBaHus
F® P® rapmoHusnposaHbl ¢ Ph. Eur. Mpu aHannse maTepunanos perncTpaLmoHHbIX
nocbe ObiNo MOKasaHo, YTO MPOU3BOAMTENM 3aMEHST 2-3TUNITeKCaHOBY KMUCIO-
Ty 1 N,N-OMMETUNaHUINH Ha MeHee TOKCUYHblEe peareHTbl, COAepPXaHUe KOTOPbIX
npu HeobXoAMMOCTU KOHTPOAMPYIOT B COOTBETCTBMM C 06WMMU TpebOoBaHUAMM
K OCTaTOYHbIM OpPraHW4YeCcKMM pacTBOPUTENSM.
BbIBOObl. CoBpeMeHHble TEXHONOrMYyeckne MpoLeccbl MO3BONSIOT NMPOU3BOAMTb
dapmMaueBTMYeCcKMe CyOCTaHUMM aHTMOMOTMKOB 63 MCNoNb30BaHWUA 2-3TUArekK-
caHoBoi kucnoTbl M N,N-guMeTunanunuHa. KoHuenums ux KOHTPONS [OMKHA
6bITb OCHOBAHA Ha OLLEHKEe PUCKOB, M COOTBETCTBYIOLWME YKA3aHWUS CneayeT BKIO-
4YnTb B PapmakoneiHble CTaTbk, NepeBens MokasaTenn U3 crtatyca o6g3aTenbHbIxX
B CTaTyC KOHTPONIMPYEMBbIX TOJIbKO MPU UCMONb30BAHUK 2-3TUNTEKCAHOBOM KMCNOTbI
1 N,N-gumeTnaHnnnHa B npoLiecce NpoM3BoLCTBA.
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INTRODUCTION. Antibiotic active substances have a distinct class of organic im-
purities other than related substances or organic solvents, namely, process-related

impurities, such as N,N-dimethylaniline and 2-ethylhexanoic acid and its derivatives.
These compounds are used as reagents in the production process, and national and

international pharmacopoeias require that their residual levels should be controlled.
AIM. This study aimed to justify the requirements for the control of process-related

impurities in antibiotic active substances.

MATERIALS AND METHODS. The study analysed general chapters and individual
monographs on antibiotic active substances of the State Pharmacopoeia of the Rus-
sian Federation and international pharmacopoeias, including the European Phar-
macopoeia (Ph. Eur.), the United States Pharmacopeia (USP), and The International
Pharmacopoeia (Ph. Int.). The study also analysed registration dossiers for local and

imported antibiotic active substances listed in the Russian State Register of Medi-
cines. The study used comparative and content analysis methods.

RESULTS. The Ph. Eur. requires that 2-ethylhexanoic acid should be controlled in

antibiotic active substances, such as semisynthetic and fermentation-derived an-
tibiotics. In contrast, the USP does not include this quality attribute in individual
monographs. The Ph. Eur. and USP individual monographs on semisynthetic antibi-
otics require manufacturers to control residual levels of N,N-dimethylaniline. This is

probably due to the high toxicity of N,N-dimethylaniline. The relevant requirements

of the State Pharmacopoeia of the Russian Federation are harmonised with those of
the Ph. Eur. According to the analysis of registration dossiers, manufacturers replace

2-ethylhexanoic acid and N,N-dimethylaniline with less toxic reagents and, if nec-
essary, control the residual levels of these alternative reagents in accordance with

the general requirements for residual organic solvents.

CONCLUSIONS. Current technological processes can produce antibiotic active sub-
stances without the use of 2-ethylhexanoic acid and N,N-dimethylaniline. There-
fore, the concept of process-related impurity control in active substances should

be based on risk assessment. Furthermore, the relevant general chapters should

require testing for 2-ethylhexanoic acid and N,N-dimethylaniline only if these com-
pounds are used in the production process.

Keywords:active substances;antibiotics; organicimpurities; N,N-dimethylaniline; quality control; 2-ethylhexanoic
acid; pharmacopoeia; process-related impurities; impurities
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COBpeMeHHbIe MOAXOAbI K KOHTPOJIIO HEPOACTBEHHBIX TEXHOJIOTMUECKUX npmmeceﬁ[ B aHTUOMOTUKAX

BBEJEHUE

O6wue TpeboBaHMS K KOHTPOJSIO OPraHUYeckmx
npuMecer B NeKapCTBEHHbIX CpeacTBax npuBeje-
Hbl B [ocypapcTBeHHON dapmakonee Poccuiickon
®epepaunn (MO PO) B 0bwmx dapmakonemnHbix
cTaTbax (OMC)!, B Papmakonee EBpasunitckoro ako-
HoMuuyeckoro coto3a (PEASC)?,, B MoHorpadusax
Eeponeickoi dapmakoneu (Ph. Eur.) u ®apmakoneun
CWA (USP)%, pykoBoacTBax MexayHapoLHOro
coBeTa MO rapMOHM3aUMKM TexHU4eckux Tpebo-
BaHWI K NIeKapCTBEHHbIM CpeAcTBaM NS Menu-
UMHCKOro npuMeHeHus (International Council
for Harmonisation of Technical Requirements for
Pharmaceuticals for Human Use, ICH)*, PelweHuu
Konnermn EBpasnickoi 3KOHOMMYECKOW KOMUC-
cum ot 04.10.2022 N2 138 «06 yTBEpXAEHUM
TpeboBaHW K NPOBEAEHUIO MCCNELOBAHUI (MCMbl-
TaHWI) NeKapCTBEHHbIX CPEACTB B YaCTU OLLEHKM
M KOHTPOANS COAEPXKAHUS NPUMECE.

OTpenbHbIM  KNacCOM  OpraHMYecKux npumecen
B (hapMaLeBTUYECKMX CYyOCTaHUMSAX aHTUOMOTUKOB
ABNSATCA TEXHONOrMYECKMEe NpUMeCH, He OTHOCS-
WMecs K poACTBEHHbIM COEAMHEHUSM UK K Opra-
HuyeckmM pacTeoputenam. OCHOBHbIMKW MpeacTa-
BUTENSIMU [aHHOrO Knacca npuMecein aBnsTCS
N,N-aMMeTUnaHuAnH, 2-3TUAreKcaHoBasi KUCoTa
M ee npousBoAaHble. [laHHble BeleCcTBa MCMNONb3Y-
l0TCS B MpoLecce Npou3BOACTBA, M MX KOHTPOJb
He paccMaTpuBaEeTCs BbllleyKa3aHHbIMU [OKYMEH-
Tamu. Hopmbl M TpeboBaHMS K OCTAaTOYHOMY Coaep-
XaHuto N,N-guMeTunaHunmHa, 2-3TUIreKCaHoBOWM
KMCNOTbl BK/KOYEHbl B YaCTHble dapMaKomneiHbie
ctaTbu @ PO u moHorpadmu Ph. Eur. Ha dapma-
LeBTMYeckmMe cybcTaHumm aHTMOBMOTMKOB. B USP
HOpMaTMBHble TpebOoBaHUS NpUBEAEHbl TOJIbKO
ons N,N-oumeTunaHunmnHa B obuwein MoHorpaduu
«Dimethylaniline»®. MeToankn onpeneneHus ocTa-
TOYHOrO COLEpPXaHUSI 2-3TUNAreKCaHOBOM KUCNOTbI
1 N,N-gumMeTunaHuAnHa onmcaHol B 06wmx dapma-
KOMEMHbIX CTaTbsIX 1 MOHOTpaduaxe.

l/I3yqume NPpUHUMMNOB U NOAXOA0B K OUEHKEe npu-
Mecen wmeert Hay4YHO-NpaKTM4yeckoe 3Ha4vyeHue

B LENsX rapMOHM3aLMM HaLMOHaNbHbIX TpeboBa-
HWI K CTaHAapTaM KayecTBa dapMaLeBTUYECKMX
CybCTaHUMIA C MeXAYHapOAHbIMM TpeboBaHMAMM
n obecnevyeHuns kayecTBa GpapmaLeBTUYECKMX CYD-
CTaHUMMA, UCMONb3YEMbIX B COCTaBE NIEKAPCTBEH-
HbIX MPEnapaToB aHTUOMOTUKOB.

LUenb pabotbl — ob6ocHoBaHWe TpeboBaHwui
K KOHTPOJIO TEXHOMOrMYECKMX HEepOACTBEHHbIX
npumecen B GapMaueBTUYECKMX CYBCTaHUMAX aH-
TMOMOTUKOB.

3apaum uccnenoBaHus:

1. CpaBHuTenbHbI aHanu3 TpeboBaHuin O PO
W Beaylwmx 3apybexHbix (papMakonen K KOHTpO-
JII0 TEXHONIOTMYECKUX HEPOACTBEHHbIX MpuUMecen
B hapMaLeBTUUYECKUX CYOCTAHLMAX aHTUOMOTUKOB.
2. OueHKa HeobXoAMMOCTM KOHTPONS TEXHONOrU-
YeCKMX HepoOACTBEHHbIX npumecert B dapmaLes-
TUYECKMX CYBCTaHLMAX aHTUOMOTUKOB POCCUIMCKMX
1 3apybexHbIX NPOM3BOAMUTENEN.

MATEPHAJIBI U METO/ bI

lNpoBeneH CpaBHUTENbHbIM aHanu3 dapMakonem-
HbIX CTaTeM M MOHOrpadui focynapcTBeHHOM dap-
mMakoneun Poccuitckon ®epepaumm XIV n XV u3g,,
3apybexHbix dapmakonen (EBponerickon dap-
makonen 11 w3p., ®apmakonen CLIA 44 wu3g,
MexnayHaponHoi dapmakonen 11 mza. (Ph. Int)),
a TaKxe MaTepuanioB perucTpaLMoHHbIX A0CbE
Ha papmaueBTMYeCcKMe cybCTaHLMKM aHTUOUOTUKOB
POCCUIMCKOro U 3apybexHOro NpoM3BOACTB, BKIO-
yeHHble B [OCYLApCTBEHHbIA peecTp NeKapCTBEH-
HbIX cpeacTs’. B paboTe McCnonb30BanM MeToAbl
CPaBHUTENBbHOIO WMH(OPMALMOHHO-aHANUTUYECKO-
ro UCCIeA0BaHUS U KOHTEHT-aHanM3a.

K TexHonornyeckMm HepoACTBEHHbIM MPUMECsSM
QHTUMOMOTMKOB OTHOCATCS  C/eAyllue Ccoeau-
HeHua: N,N-ouMeTunaHunuH, 2-3TUArekcaHosas
KMC/I0Ta U ee NpOU3BOLHbIE, UCMOJIb3YEMbIE B MPO-
Lecce npon3BoacTBa papMaLeBTMYECKNX CyBCTaH-
uMin B KavectBe peareHToB. C uenbto 060CHOBa-
HWUS NOAXOAOB K KOHTPOJ/IO YKa3aHHbIX npumecei
6binM BbiOpaHbl papmaueBTMYeCKME CybCcTaHLmMM

1 0MC.1.1.0006 dapmauesTnyeckme cybctaHummn. OPC.1.1.0023 PoacTBeHHble NpuMecH B hapMaLLeBTUYECKUX CyBCTaHLMAX U Ne-
KapCTBEHHbIX NpenapaTax. locyaapcTBeHHas dapmakones Poccuiickont ®epepaummn. XV usg. T. 1. M.; 2023.
2 2.3.18.0. Cyb6cTaHumm ons dpapmaueBTuyeckoro npumeHeHns. Mapmakones EBpasuiickoro skoHoMmuyeckoro cotsa. T. 1, 4. 2. M.;

2023.

> General monograph 01/2021:2034 Substances for pharmaceutical use. European Pharmacopoeia. 10th ed. Strasburg: EDQM; 2021.
<476> Control of organic impurities in drug substances and drug products. United States Pharmacopeia. 44th ed.

4 CPMP/ICH/2737/99. ICH Topic O3A (R2) Note for guidance on impurities testing: impurities in new drug substances. EMA; 2006.
CPMP/ICH/2738/99. ICH Topic 03B (R2) Note for guidance on impurities in new drug products. EMA; 2006.

5 <223> N,N-Dimethylaniline. United States Pharmacopeia. 44th ed.

6 0MC.1.2.2.2.0033 2-3TunrekcaHoBas kucnota. locyaapcTeeHHas dapmakones Poccuiickoint @epnepaumun. XV usa. T. 1. M,; 2023.
General monograph 2.4.28 2-Ethylgexanoic acid. European Pharmacopeia. 11th ed. Strasburg: EDQM; 2022.
N,N-gumeTtunanmnuH. flocynapcreseHHas dapmakones Poccuiickont @epepaumnn. XV usa. T. 1. M,; 2023.

General monograph 2.4.26 N,N-Dimethylaniline. European Pharmacopeia. 11th ed. Strasburg: EDQM; 2022.
<223> N,N-Dimethylaniline. United States Pharmacopeia. 44th ed.

7 https://grls.minzdrav.gov.ru
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AHTMOMOTMKOB Tpex rpynn (MoayyYeHHble GepMeH-
TATUBHBIM CMOCOBGOM, NONYCUMHTETUYECKKe, nen-
TUAHbIE aHTUOUOTHUKM).

PE3VYJIBTATBI U OBCY>XXIOEHUNE

Konmponb codepxcanus 2-3munz2eKcaHosoli Kuciomel.
CnekTp NMPUMEHEHUS 2-3TUNTEKCAHOBOM KMCNOTbI
B hapMaLeBTMYECKOM MPOM3BOACTBE AOCTATOYHO
WKMPOK: MCronb3yeTcs Ans obpa3oBaHus amMua-
HbIX CBSI3eM, CHATUS aNNWUIbHOM 3aLLUTHOM rpynnbl,
[Ng  CTepeocenekTMBHOIO BOCCTAHOBUTENIbHOIO
aMuHMpoBaHus M T.4. [1, 2]. BaxHbIM CBOMCTBOM
[AHHOrO peareHTa SBASETCS pacTBOPUMOCTb B He-
NONSAPHbLIX OpraHMYeCKnX pacTBOPUTENSIX, YTO MO3-
BONSIET UCMONb30BaTb €ro AN9 MOAyyYeHus conen
OpraHM4Yyeckmnx CoeamMHEHUI, B TOM Yncne aHTMbuno-
TMKOB. Kak npaBuno, 2-3TUArekcaHoBas KMCNOTa,
npuMeHseTcs B NpoLecce NpouM3BOACTBA aHTUOMO-
TMKOB B BMAE 2-3TMNrEeKCAHOATOB HATpUsi UK Ka-
M8 B KayecTBe AOHOPA MOHOB HATPUS MM Kanus
COOTBETCTBEHHO [3].

Huxe npuBeneHa cxema nonyvyeHus LedoTakcMMa
Hatpus (). Mpu obpaboTke LedOTaKCMMOBOW KMUC-
notol (1) B MmeTunusobytunketoHe (MIBK) B npucyt-
cTBun 3tmunauetaTta (EtOAc) pactBopom 2-3Tunrek-
caHoara HaTpusa (Na-2-EH) obpasyeTcs uedoTtakcum
HaTpus (2). 2-3TUNrekcaHoBas KUc/oTa sBnseTcs
B LaHHOM C/ly4ae NnobGOYHbIM MPOAYKTOM CMHTE3a
(NpoM3BOACTBEHHOM MNpPMMECHI), YTO 0bycnaBau-
BaeT Heob6XOAMMOCTb KOHTPO/IS €e OCTaTO4HOro
cofepxaHusa B bapMaLeBTUUYeCcKMX cybcTaHumsax [4].

B cooTtBetcTBMM C KpuTepusMu Knaccudukaumm
no TRGS 905 (Technische Regeln fur Gefahrstoffe,
TEXHWYeCcKMe npaBuaa MCNOAb30BaHMS OMACHbIX
BewecTB)® 2-3TWArekcaHoBas KWUC/I0Ta OTHECeHa
K kateropun RD3 BewwecTB, TOKCUYHbIX AN pe-
NpoOAYKTUBHOM GYHKUMK. KOHTpONb copepx)aHus
2-3TUNreKCaHoBOM KMCNOTbl B dhapMaLeBTUYECKMX
cybCcTaHUMaX NenTUAHbIX aHTMOMOTUKOB, @ UMEHHO
6neoMuumHa cynbdaTta, KanpeoMuumHa cynbdara,
rpaMuLMAMHA, NoNMMUKCUMHA B cynbdata, 6aumt-
pauuHa, He npenycmoTpeH D PO u 3apy6exkHbIMu

K KOHTPOJII0 2-3TUNTEeKCaHOBOM KUCNOTbI B YaCTHbIX
(papmakonenHbiX CTaTbdX M MOHOrpadumsax Ha dap-
MaueBTUYeckne cybcTaHumMmM aHTUOUMOTMKOB, Nony-
YyeHHble depMeHTaTUBHbIM CMOCOOOM U MOMYCUH-
TeTuyeckue, npueeneHbl B mabauye 1.

HopMbl no onycTMMoMy 0CTaTOYHOMY KOJIMYECTBY
BapbupytoT ot 0,3 no 0,8%. TpeboBaHMS K KOHTPO-
N0 2-3TUNTEKCAHOBOWM KMCNOTbl B CYBCTAHLMAX aH-
TMHMOTMKOB D PO rapmMoHM3MpoBaHbl C TpeboBa-
Huamu Ph. Eur., TeM He MeHee, B oTanuyne oT Ph. Eur.,
KoTopass nNpuBOAMT TpeboBaHME TONbKO K HaTpu-
eBoi conu BeHsunneHnumnnuHa’®, Td® PO npeny-
CMATpUBAET KOHTPO/b 2-3TUATEKCAHOBOWM KMUCNOTbI
M B CyBCTaHUMU BEH3UANEHULMANUHA Kanus™o,

USP He BK/OYAEeT KOHTPO/Sb OCTAaTOYHOrO cComep-
XaHWs  2-3TUNATeKCaHOBOM KMCNOTbl B CYOCTaH-
uMax aHTMbuoTmkoB. OpHAKoO cnepyeT OTMETUTb,
yto B MoHorpadusax USP u Ph. Int. Ha cybcTaHumio
Kanus KnaBynaHat!l, CTPYKTYpPHO pPOACTBEHHbIN
NEHULMNIIMHAM, HO OTHOCSALLMIACS K Tpynne WHru-
6utopoB H6eTa-nakTamas, BBELLEH 3TOT NoKa3aTesb
C OMUCaHWEM METOAMKU OnpeaeneHus.

Ona uedTpmnakcoHa HaTpua?, MoONyCUMHTETUYECKO-
ro aHTMbuMoTuka, B Ph. Int. npuBeneHo ykasaHue,
4TO MpoLecc NMPOM3BOACTBA CYBCTAHLMM LOMKEH
ObITb BaIMAMPOBAH U COdEPXaHUE 2-3TUNTeKCaHOo-
BOM KUCNOTbI HE A,0MKHO npeBbiwath 0,8% (8 D PO
n Ph. Eur. npeaycMoTpeH 0653aTenbHbI KOHTPO/b
ee 0CTAaTOYHOro COAEPXKAHUS).

Konmpone codepycanusa N,N-oumemunarununa. N,N-
OUMETUNAHUNNH SBNSETCS OAHWM U3 OCHOBHbIX
COeAMHEHMI, UCMONb3yeMbIX B KayecTBe areH-
Ta, MOI/OWALWEro X/0pOBOLOPOLHYK KUCNOTY
npu NpoM3BOACTBE psada aHTMObMoTukoB [5]. Tak,
Hanpumep, N,N-guMMeTUNaHWAMH  MCMONb3yeTCs
npu npousBoAcTBe uedTasMauMa Ha cTagmu o6-
paboTku uedanopuanmHa TPUMETUAXIOPCUNAHOM,
a 3aTeM neHTaxnopuaom dochopa U 1,3-6yTaH-
AMONOM  (MONyYeHWEe MPOMEXYTOYHOro MNpoayk-
1a) (ll) [6]. B kayecTBe Apyroro npumepa MOXHO
npueectTn wucnonbzoanne N,N-gumeTMnaHunMHa

dapmakoneamu (USP, Ph. Eur., Ph. Int.). Tpe6oBaHus npu npou3BoacTBe NONYCUHTETUYECKOTO
S 0
HN— j\)L HN—4 ]\)L
Na2EH NN
"MIBK EtOAC N OAc 0
COOH Me COOHa
2

¢ Toxical evaluation No. 275, 2-Ethylhexanoic acid 06/00, BG Chemie. https://www.bgrci.de/fileadmin/BGRCI/Downloads/DL_
Praevention/Fachwissen/Gefahrstoffe/TOXIKOLOGISCHE BEWERTUNGEN/Bewertungen/ToxBew275-E.pdf

® Monograph Benxylpenicillin sodium. European Pharmacopeia. 11th ed. Strasburg: EDQM; 2022.

10 PC.2.1.0064.18 beHsunnennunnamu kanus. focyaapcrteeHHas dapmakones Poccuiickoin @epepaumn. XIV usg. T. 3. M.; 2018.

1t Monograph Clavulanate Potassium. United States Pharmacopeia. 44th ed.
Monograph Clavulanate Potassium. International Pharmacopeia. 11th ed.

2 Monograph Ceftriaxone Sodium. International Pharmacopeia. 11th ed.
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Ta6nuya 1. KoHmpone codepxaHus npumecu 2-3museekcaHosoli KUcomsl 8 papmayesmuyeckux cybcmaHyusx aHmubuomukos (%)

Table 1. Control of the 2-ethylhexanoic acid impurity in antibiotic active substances (%)

HaumeHoBaHue MoHorpadum
Monograph

HaumeHoBaHKne dapmakonen
Pharmacopoeia

ro Po Ph. Eur.

usp

AHTUGMOTUKM, NONTYyHEHHBIE METOAOM (hepMeHTaLUMn

BeH3unneHnumnamnH kanus
Benzylpenicillin potassium

beH3unneHnunnanH Hatpus
Benzylpenicillin sodium

AMOKCULUANUH HaTpus
Amoxicillin sodium

AMOKCULMANUH TPpUrMApaT
Amoxicillin trihydrate

AMOUUMANNH
Ampicillin
AMMULMNAKMH HATPUA
Ampicillin sodium

BakamMnuumnnuH rugpoxnopua,
Bacampicillin hydrochloride

LOMKNOKCAUMNIMH HAaTpUs
Dicloxacillin sodium

Knokcauunnuu HaTpus
Cloxacillin sodium

OKCauuInMH HaTpus MOHorMapaTt
Oxacillin sodium monohydrate

MunepauuninH Hatpus
Piperacillin sodium

I'Imnepau,mnnMH MOHOruapart
Piperacillin monohydrate

TuKapuMNNUH HaTpus
Ticarcillin sodium

(DﬂyK}'IOKcaLI,M}'I}'IVIH HaTpua MOHOrMApar
Flucloxacillin sodium monohydrate

DnyKnoKcauMANIMH MarHus okTaruapat
Flucloxacillin magnesium octahydrate

LledaszonuH HaTpus
Cefazolin sodium

LledbanekcuH moHornapar
Cefalexin monohydrate

LledbanotuH HaTpus
Cefalothin sodium

Lledbamanpona HadaT
Cefamandole nafate

LledannpuH HaTpus
Cefapirin sodium

LledoTakcum HaTpus
Cefotaxime sodium

Antibiotics produced by fermentation

<0,5 =

<0,5 <0,5

MonycuHTeTMUECKME AaHTUBUOTUKM
Semisynthetic antibiotics

MeHnuMunAnHLbI
Penicillins

<0,8 <0,8

<0,8 <0,8
He onucaH -
Not described

He onucaH <0,8
Not described

He onucaH <0,8
Not described

<0,8 <0,8
He onucaH -
Not described

He onucaH -
Not described

He onucaH <0,5
Not described

He onucaH <0,8
Not described

He onucaH <0,8
Not described

LledbanocnopuHbi
Cephalosporins

He onucaH -
Not described

He onucax <0,5
Not described

He onucaH <0,3
Not described

He onucaH <0,5
Not described

<0,5 <0,5

He onucax
Not described

He onucaH
Not described

He onucaH
Not described

He onucaH
Not described

He onucaH
Not described

He onucax
Not described

He onucaH
Not described

Ph. Int.

He onucan
Not described

He onucaH
Not described

He onucax
Not described

He onucan
Not described

He onuca
Not described

He onucaH
Not described

He onucax
Not described

He onucaH
Not described

He onucax
Not described

He onucan
Not described

He onuca
Not described

He onucax
Not described

He onuca
Not described

He onucaH
Not described

He onucax
Not described
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Mpoponxexue Tabauubl 1

Table 1 (continued)

HanumeHoBaHue MoHorpadum

Monograph
o Pd
LledTprakcoH HaTpus <0,8
Ceftriaxone sodium
Lledpypokcum HaTpus <0,5

Cefuroxime sodium
Tabnuua coctaBneHa aBTopamu / The table is prepared by the authors

HaumeHoBaHKne dapmakoneu

Pharmacopoeia
Ph. Eur. usp Ph. Int.
<0,8 - <0,8
<0,5 - He onucan
Not described

Mpumeyanue. «He onucaH» — papmavesmuyeckas cy6cmaHyus He 8KIOYeHA 8 HapMakoner; «—» — KOHMpPOab He NPedycMOMPpEH.
[® PO — [ocydapcmserHas ¢apmakones Pocculickoli ®edepayuu, Ph. Eur. — Esponelickas ¢apmakonesi, USP — ®apmakones CLUA,

Ph. Int. — MexdyHapodHas gapmakones.

Note. ‘Not described’ stands for the active substances not included in the pharmacopoeia, and ‘-’ specifies the compounds not required

to be controlled.

[® P, State Pharmacopoeia of the Russian Federation; Ph. Eur., European Pharmacopoeia; USP, United States Pharmacopeia; Ph. Int., The

International Pharmacopoeia.

NEeHULMAAMHA — aMAULMUANUHA. AMAOMUMAAKMH no-
Ny4yalT U3 6-aMUMHONEHULMIIAHOBOM  KMC/IOThI,
npu 3TOM B KayecTBe OpPraHM4eckoro OCHOBaHWS,
nornowawouiero  obpasyllyoca  XJIOpOBOAO-
POAHYIO KMCAOTY, MOXeT wucnonb3oBatbcs N,N-
OMMEeTUNaHUAKH. Bbligenaowancs xJ10poBoLopOL-
Has K1CnoTa 3amMeansaeT NpoLLecc CMHTe3a, No3ToMy
HeobX0AMMO BbIBElEHME €€ W3 30Hbl peakuuu [7].

N,N-guMeTMnaHuMnAMH UMMeeT BbICOKYI TemmnepaTy-
Py KMMeHWs, BCIEACTBME YETrO €ro C/J0KHO YAanMTb
n3 cybctaHumm [8]. N,N-gumetmnanunuu asnsetcs
TOKCMYHBIM BELLeCTBOM (BTOPOM KJlacC OMacHOCTH),
BbI3blBaET MeTremMornobuHobpasoBaHue, obnagaet
pEenpoTOKCMYECKMM M MyTareHHbIM AeNCTBMEM, OKa3bl-
BAET BO3[ENCTBME Ha LIEHTPAsIbHYIO HEPBHYH CUCTEMY,
[bIXaTesIbHY0 M CEpAEYHO-COCYAUCTYH CUCTEMY, Haf-
NOYEeYHMKM, CeNe3eHKy, neyeHb U MopdosIorMyeckui
cocTaB nepudepuyeckoi Kposwu'®. Bbicokas TOKCMY-
HocTb N,N-omMmeTunaHwnuHa obycnaBnvBaeT Heob-
XOOMMOCTb KOHTPOJ/Sl €ro OCTaTOYHOrO COAEpPXKaHMS
B (hapMaLleBTUYECKMX CYBCTaHLMSIX.

KoHTponb copepxanuna  N,N-oumeTunaHunmHa
He npenycmoTtpeH @ P®, Ph. Eur, USP, Ph. Int.
B (dapMaueBTUYECKMX CYOCTaHUMAX MEeNnTULHbIX
aHTMBMOTMKOB (6n1eoMuLMHA CynbdaT, Kanpeomu-
UMHa cynbdaT, rpaMULMANH, NONMMUKCUHA B cynb-
daTt, 6auMTpaumH), 1 aHTMOMOTUKOB, MONYHEHHbIX

Q/CH —Cnn
/: ﬁ)\m -0-COCH,

COOH

O 'NHjjg +

hepMeHTaTUBHBIM CMOCOOOM (DEH3UNMEHULUNIUH
Kanua u 6eH3MNNeHULMNANH HaTpus). TpeboBaHuUS
K koHTposto N,N-gumeTnnaHunmMHa B MoHorpadumsax
n papMakonenHbIX CTaTbax Ha hapMaLeBTUYeCcKne
CybCTaHUMM  NONYCUMHTETUYECKUX aHTMOMOTMKOB
npuBeneHsl B mabauye 2.

B uwacTHbix M o6wern QapmMakonenHbix CTaTbAX
[® PO un MoHorpadmax Bepywmx 3apybexHbix
dhapmakonen Ha dapMaueBTMYECKME CYOCTaAHLUM
aHTM6MnoTmnkoB N,N-oumMeTMnaHWIMH HOpMUpyeTCS
Ha ypoBHe £0,002%.

B I® P® u USP pnsa dapmaueBTUUYecKon cybCTaH-
LMK amnuuunamHal* (moHorpadmsa 2021 r.) ykasaHo,
yto onpegenenne N,N-gumeTunaHunmMHa Heob-
XOAMMO TONIbKO €C/M ero Hanuyue obycnoBneHo
TEXHO/IOTMYECKMM NPOLLeCCOM, TOTAA Kak Ans aM-
nUUMANMHA HaTpusal® (MoHorpadus nepecmoTpe-
Ha B 2020 r.) n apyrux dapmaueBTUUeCKUX Cyb6-
CTQHUMM QHTMOMOTUKOB [AHHOE MpMMevaHue
oTcyTcTByeT. Ph. Eur. nogXoAMT K 3TOMY BOMpOCY
MHaue: AN aMnNUUMAAIMHA HaTpuat® (MoHorpadus
2024 r) npuBOAMT peKoMeHAauMio MpoBeaeHus
NpOM3BOAMTENEM OLEHKM PUCKA 3arpsa3HeHUs
N,N-oMMeTunaHMnMHoM B XO4e NPOU3BOLACTBEH-
Horo npouecca (B MOHOrpaduu Ha aMNUUUAAUHY
(nepecmoTpeHa B 2017 r) Takoe ykasaHue OTCyT-
cTeyeT). TakuM o6pasoMm, Ph. Eur. Takxxe nepexogut
CH,N(CH,), / (CH,),SiCL

PCL, .
CH CH(OH)CH CH,OH HN

: (11
W;L CH —N<:>ZCL

\ COOH

H—N

3 PepnepanbHblit PErMCTP MOTEHUMANBHO OMACHBIX XMMUYECKUX M Buonoruyeckmx BewecTB. @unanan PMOXEB ®BYH «DHLUI

nm. @.0. SpncmaHa» PocnotpebHaasopa. https:

rpohv.ru/online/detail.html?id=44 &ysclid=m0lg7g4wib351901776

* ®C.2.1.0372 AMnuumunnuH. focyaapcTeeHHas dapmakones Poccuiickoit @epepauuu. XV usg. T. 1. M.; 2023.

Monograph Ampicillin. United States Pharmacopeia. 44th ed.

15 ®C.2.1.0056 AMnuumnnuH Hatpus. focynapcTeeHHas dpapmakones Poccuiickoit @epepaumn. XV usa. T. 1. M.; 2023,
Monograph Ampicillin sodium. United States Pharmacopeia. 44th ed.

6 Monograph Ampicillin sodium. European Pharmacopeia. 11th ed. Strasburg: EDQM; 2022.
7 Monograph Ampicillin. European Pharmacopeia. 11th ed. Strasburg: EDQM; 2022.
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oT 0643aTeNbHOr0 KOHTPONA NoKasaTensa K rapaH-
TUSAM €r0 MUHUMANbHOIO COAEPXKaHUA UM OTCYT-
CTBMS NpU BanMAaaLmMm npoLecca Npou3BoacTBa.

Takne e TeHAEHUMM OTMEYAKTCH B OTHOLUEHWUMU
CybCTaHUMI nunepaunanmMHa Hatpus'® (MoHorpa-
¢ua 2022 r.), nunepaumnnmMHa MoHorugpaTal® (Mo-
Horpadusa 2021 r.), dnyknokcauunnmHa HaTpus mMo-
HornppaTa® (MoHorpadums 2022 r.).

B Ph. Int. pns dapmaueBTUYECKUX CYOCTaHLMI aMOK-
cMUMNIMHA Tpurnapata!l u uedTprakcoHa HaTpus??
YKa3aHo, 4TO Mnpouecc Mpou3BOACTBA Cyb6CTaHUUM
L[OJKeH ObITb BanuaupoBaH M cogepxaHue N,N-
AMMETUNAHWAMHA He AoMKHO npeBblwaTh 0,002%.

AHanuz mamepuanoe peauCmMpayuoHHeIX 00cCbe.
Hapany ¢ npoBefeHHbIM CpaBHWUTENbHbIM aHaIM-
30M TpeboBaHui papmakonen Obin oCywecTBAeH

aHanu3 MaTepuanoB perucTpaumoHHbIX Aocbe dap-
MaLeBTUYECKMX CYOCTaHUMIA aMOKCULMANMHA Ha-
TPpUS, aMOKCUUUANIMHA TpUrMapaTa, LedTprakcoHa
HaTpus (MONYyCUHTETUYECKME aHTUOUOTUKM) U BeH-
3UNNEeHUUMANNHA HaTpus (monyvyeH depMeHTaTuB-
HbIM CNOCO6OM), BKJIKOUEHHbIX B [0CYAapCTBEHHbIN
peecTp neKkapCTBEHHbIX CPeACTB, MPOM3BOLCTBA
Kutasa, MHouun, Mcnanum, Poccuu.

M3 npencTtaBneHHbIX [aHHbIX (mabs. 3) cnepy-
€T, YTO NMpPUMEHeHMe 2-3TUATeKCAHOBOW KMUCNOTbI
B MNPOM3BOACTBE aHanusumpyembix dapmaues-
TMYeCKMX CcybCcTaHumMi He gaBnsetcs obssatenb-
HbIM, TaK Kak OHa MCNONb3yeTcsa B MPOM3BOACTBE
NMWb OOHOW M3 AeCATM YKa3aHHbIX CybCcTaHuuMi.
[ng noHHoro o6MeHa B KayecTBe anbTepHATUBHbIX
cybCTpaToB-A0HOPOB HATPUS MPUMEHAOTCS HAaTPUS
M300KTOAT, HATpWa TMAPOKCMA, HATpuUa Xnopua,

Tabnuuya 2. KoHmpons npumecu N,N-dumemunaHunuHa 8 papmayesmuyeckux cybcmaHyusx aHmubuomukos

Table 2. Control of the N,N-dimethylaniline impurity in antibiotic active substances

HanmeHoBaHue dapmakoneu

HaumeHoBaHue MoHorpadumu Pharmacopoeia
Monograph
o PO Ph. Eur. UspP Ph. Int.
MeHnuMnAnHLbI
Penicillins
AMOKCULUNNUH HaTpuUS + + He onucax He onucax
Amoxicillin sodium Not described Not described
AMOKCULMNNWH TpUrnapat + + + +
Amoxicillin trihydrate
AMNUUMNANH + + + -
Ampicillin
AMMULMNANH HaTpUS + + + =
Ampicillin sodium
BakamMnuumnnuH rugpoxnopua, He onucaH + He onucan He onucaH
Bacampicillin hydrochloride Not described Not described Not described
[OuMKNOKCAUMNNMH HAaTpUS He onucax + + He onucax
Dicloxacillin sodium Not described Not described
KnokcaumnnmH HaTpms He onucax + + -
Cloxacillin sodium Not described
OKCauWANMH HAaTpUa MOHOrMApaT + + - He onucaH
Oxacillin sodium monohydrate Not described
MunepauunnnmH HaTpms He onucax + - He onucan
Piperacillin sodium Not described Not described
Munepaunnnmy MmoHornapat He onucaH + - He onucaH
Pipperacillin monohydrate Not described Not described
TUKapUMAIUH HATPUS He onucax i Sz He onucan
Ticarcillin sodium Not described Not described
DnyKNOKCALMANIMH HAaTPUS MOHOrMApaT He onucax + He onucaH He onucan
Flucloxacillin sodium monohydrate Not described Not described Not described
MDnyKNOKCALMUANMH MarHUsa oKTaruapat He onucaH - He onucan He onucaH
Flucloxacillin magnesium octahydrate Not described Not described Not described

8 Monograph Piperacillin sodium. European Pharmacopeia. 11th ed. Strasburg: EDQM; 2022.

% Monograph Piperacillin monohydrate. European Pharmacopeia. 11th ed. Strasburg: EDQOM; 2022.

20 Monograph Fluoxacillin sodium monohydrate. European Pharmacopeia. 11th ed. Strasburg: EDQM; 2022.
L Monograph Amoxycillin trihydrate. International Pharmacopeia. 11th ed.

22 Monograph Ceftriaxone sodium. International Pharmacopeia. 11th ed.

Regulatory Research and Medicine Evaluation. 2024. Vol. 14, No. 6

651



652

Kovaleva E.L., Arhipova K.S., Aldamova I.M.

Current approaches to the control of process-related impurities in antibiotics

MpoponxeHue Tabauubl 2

Table 2 (continued)

HaumeHoBaHKne dapmakoneu

HanumeHoBaHue MoHorpadum Pharmacopoeia
Monograph
o Pd Ph. Eur. UspP Ph. Int.
LledanocnopuHbi
Cephalosporins
LledaszonuH HaTpus + + = He onucan
Cefazolin sodium Not described
LledanekcmH MoHornapat He onucan + + He onucaH
Cefalexin monohydrate Not described Not described
LledanotuH HaTpuma He onucan + - He onucan
Cefalothin sodium Not described Not described
Lledbamanpona HadaT He onucax = He onucaH He onucan
Cefamandole nafate Not described Not described Not described
LledbannpuH HaTpus He onucax € = He onucan
Cefapirin sodium Not described Not described
LledboTakcnm HaTpus + + - He onucan
Cefotaxime sodium Not described
LledbTprakcoH HaTpus + + - +
Ceftriaxone sodium
Lledypokcum HaTpus + + - He onucaH
Cefuroxime sodium Not described

Tabnuua coctaBneHa aBTopamu / The table is prepared by the authors

Mpumeyanue. «He onucaH» — papmayesmuyeckas Cy6CmMaHyus He 8KIKYEHA 8 GapmMaxoner;

«-» — KoHmposb N,N-Oumemunanunuxa He npedycMompen;

«+» — KoHmpons N,N-dumemunaHunuHa npedycmompeH Ha ypogHe < 0,002%.
[® PO — [ocydapcmseHHas ¢apmakones Pocculickoli ®edepayuu, Ph. Eur. — Esponelickas ¢apmakones, USP — ®apmakones CLUA,

Ph. Int. — MexdyHapodHas ¢apmakones.

Note. ‘Not described’ stands for the active substances not included in the pharmacopoeia, ‘-’ marks the cases when the control of N,N-di-
methylaniline is not required, +" shows the cases when N,N-dimethylaniline is required to be controlled at < 0,002%.
[® P, State Pharmacopoeia of the Russian Federation; Ph. Eur., European Pharmacopoeia; USP, United States Pharmacopeia; Ph. Int., The

International Pharmacopoeia.

HaTpua aueTtat. B cBA3M C 3TUM BONBLWIMHCTBO
NpoOV3BOAMTENEN He BKIHOYAKT AAHHbIA NoKasa-
Tenb B crneundukaumio nMbo BKIKYAT TOJNIbKO
ana dopmanbHoro cobnwogeHns TpeboBaHMM, yKa-
3aHHbIX B YaCTHOM )apMaKonenHowm cTaTbe.

B HacTtosiwee Bpems N,N-OMMETUNAHUNMH TaKxe
He MCNOoNb3yeTcst AN MPOM3BOACTBA MpOaHaIu3u-
POBaHHbIX (apMaLLeBTUYECKMX CYOCTaHUMM, a 3a-
MEHSIeTCS MeHee TOKCMYHbIMU peareHTamm — Tpw-
3TMnamMuHoM (B 6 n3 10 ykasaHHbIX CybCTaHUUM),
N,N-oumeTunauetammaom (B 3 u3 10 ykasaHHbIX
cybcTaHumi).

HeobxoanMoCTb onpeneneHns oCTaToOYHOro conep-
XaHus TpuatunammHa u N,N-gumeTmnauetrammuaa
pernamenTupyetca D PO, GEASC*, PeweHnem
Konnerun EBpasuninckon 3KOHOMMUYECKON KOMMUCCUM
oT 04.10.2022 N2 138 «O6 yTBepxaeHun Tpebosa-
HWUI K NPOBEAEHUI0 UCCNef0BAHUI (MCMbITAaHWUIA) Ne-
KapCTBEHHbIX CPEACTB B YaCTU OLLEHKM M KOHTPOAS

COLEPXKAHUA MpUMecei». YuuTbiBas, 4TO TPUITU-
NaMWH, COIMMACHO AAHHbIM PErncTpaLMOHHbIX [0-
Cb€ aHanM3upyembiX CyOCTaHUMIA, MCNONb3yeTcs
Ha HayabHbIX CTAAMUSX MPOM3BOACTBA, Er0 KOHTPOJIb
KaK OpraHM4eckoro pacTBopuTens 3 kKaacca TOKCUY-
HOCTM MOXeT OoTCYTCTBOBAThb. OAHAKO TPUITUNAMMH
ABNAETCS TPETUYHbIM AMUHOM, 4YTO YBEJIMYMBAET
puUck 06pa3oBaHus B CyBCTaHUMAX HUTpPO30OMpuMe-
Cei, U B KayecTBe Mep, HanpaBfeHHbIX HA obecne-
yeHMe 06e30MacHOCTM JIeKapCTBEHHbIX Mpenapa-
TOB, MPOU3BOAMUTENU [O/KHbI MPOBOAWUTL OLLEHKY
puckoB* 06pa3oBaHMsi MPUMECEN HUTPO3aMWUHOB
B GapMaLeBTUYECKUX CYDOCTAHLMUSX.

OctatouHoe comepxaHne N,N-oumeTunauetammaa
(2 knacc TOKCMYHOCTM), KOTOPbIA TaKXe WCMoNb3y-
€TCS Ha Haya/bHbIX CTAaAMSX MPOM3BOACTBA, MOXeET
He KOHTPONMPOBATbCS, €CNM MnpeacTaBieHbl pe-
3y/bTaTbl, NOYyYEHHbIE HA 6 OMbITHO-NMPOMbILUAEHHbIX
MAU 3 NPOMBIWIEHHbIX Cepusix hapMaLeBTUYECKON

% 0(dC.1.1.0008 OcTaTouHble OpraHuyeckne pactBoputenu. flocynapcTeeHHas papmakones Poccuiickoit @epepaumn. XV usa. T. 1.

M.; 2023.

24 2.3.2.0. OcTaTouHble opraHuyeckue pactsoputenu. ®apmakones EBpasuiickoro SkoHomuyeckoro Cotosa. T. 1, 4. 1. M.; 2023.
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Ta6nuua 3. [JaHHble N0 KOHMPOJID MEXHOM02UYeCKUX HepoOCMBeHHbIX npumeceli 8 Cy6CmaHyusx HeKomopsix AHMUOUOMUKO8

Table 3. Data on the control of process-related impurities in some antibiotic active substances

MpousBoautenb
Manufacturer

Mpoussogutens 1
Manufacturer 1

Mpownssogutens 2
Manufacturer 2

Mpoussoguntens 3
Manufacturer 3

Mpoussogutens 4
Manufacturer 4

Mpownssogutens 5
Manufacturer 5

MpownsBogutens 6
Manufacturer 6

Mpoussogutens 7

Manufacturer 7

Mpownssogutens 8
Manufacturer 8

MpownsBogutens 9
Manufacturer 9

Mpounssoautens 10
Manufacturer 10

Wcnonb3yetcs B npousBoacTBe
Used in manufacturing

2-3TUNreKcaHoBasi KUC/I0Ta

2-ethylhexanoic acid

N,N-aumeTunaHunux
N,N-dimethylaniline

AMOKCULMNNUH HaTpua
Amoxicillin sodium

He ncnonb3yetcs
Not used

He ncnone3yetcs
(3aMeHa Ha TpU3TUIaMUH,
N,N-gumeTunauetrammp)
Not used (replaced with tri-

ethylamine, N,N-dimethylacet-

amide)

AMoKcHMumMnAnHa Tpuruapar
Amoxicillin trihydrate

He ncnonb3yetcs
Not used

He ncnonbsyetcs
Not used

He ncnonbsyetcs
Not used

He ncnone3yetcs
(3aMeHa Ha TpU3TUIAMUH)
Not used (replaced with tri-

ethylamine)

He ncnonbsyetcs
(3aMeHa Ha TpU3TUNAMUH,
N,N-aumMeTunanetamump)
Not used (replaced with tri-

ethylamine, N,N-dimethylacet-

amide)

He ncnonbsyetcs
(3aMeHa Ha TpU3TUNAMUH,
N,N-oumeTunaueramma)
Not used (replaced with tri-

ethylamine, N,N-dimethylacet-

amide)

BeH3unneHMuMnNNUH HaTpus
Benzylpenicillin sodium

He ncnonb3yetcs
Not used

He ucnonb3yetcs
Not used

He ncnonb3yetcs
Not used

He ncnonb3yetcs
Not used

He ucnonb3yetcs
Not used

He ncnonbsyetcs
Not used

LledTpuakcoH HaTpus
Ceftriaxone sodium

He ncnonb3yetcs
Not used

Mcnonb3yetcs
Used

He ncnonb3yetcs
Not used

He ucnonesyetcs
(3aMeHa Ha TpU3TUNIAMUH)
Not used (replaced with tri-

ethylamine)

He ucnonb3syetcs
(3aMeHa Ha TpU3TUNAMUH)
Not used (replaced with tri-

ethylamine)

He ncnonb3yetcs
Not used

Tabnuua coctaBneHa asTopamu / The table is prepared by the authors

MpumeyaHue. «-» — He HOpMUpPYemCcs.
Note. -, not standardised.

BkntoueHo B cneumndukaumio
(npenenbHoe copepaHue)
Specification limit

2-3TUNrekcaHoBas KMcnoTa
(£0,8%)
2-ethylhexanoic acid (0.8%)

N,N-aumMeTunaHmnmH
(£0,002%)
N,N-dimethylaniline
(£0.002%)

2-3TUNrekcaHoBas KMcnoTa
(£0,5%)
2-ethylhexanoic acid (€0.5%)

2-3TUNreKcaHoBas KMcioTa
(£0,5%)
2-ethylhexanoic acid (€0.5%)

2-3TUNreKkcaHoBas KMcnoTa
(£0,8%)
2-ethylhexanoic acid (<0.8%)
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CyBCTaHLMIA UM NPOMEXYTOYHOTO NPOAYKTA, MOKa3bl-
BatOLLMeE, YTO €ro OCTaTOYHOE KOMYECTBO He MpEBbI-
waetT 10% oT npefenbHO AONYCTUMOro COAEPXKAHUS.

3AK/IIOYEHUE

B HacTosiee BpeMs CNoXunacb NpoTMBOpeYMBas
CUTyaums — C OAHOM CTOPOHbI, COBPEMEHHbIE TEX-
HOJIOrMYecKMe NpoLecchbl NO3BOSIOT MPOU3BOAMUTD
dapmMaueBTUYeckme cybcTaHumMn 6e3 Mcnosnb3oBa-
HUS TOKCMYHbIX peareHToB, TakMX Kak 2-3TU/rek-
caHoBas kucnota U N,N-AUMeTUNAHUUH, C ApYyroi
CTOPOHbI, MPOU3BOAUTENN BbIHYXAEHbI CNef0BaTb
tapmMakoneliHbiM TpeboOBaHMSM, B YaCTHOCTU BBO-
[MTb 3aBeA0MO M36bITOYHbIE NOKa3aTeNMN KauyecTBa
B CrneuMdukaumio, cospasas b6annactHyr nabo-
paTOPHYI0 HAarpysky M CHWXas 3KOHOMMYECKYHD
30 (EKTUBHOCTb  OEATENbHOCTU  NPeanpusTus.
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