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COBEpI.IJEHCTBOBaHME MEeTOAMK OonpenesieHus I'IpMMECEﬁ B aHTMMMKpﬂﬁHbIX JIEKapCTBEHHbIX
CpeACTBax XpOMaTOFpa[I)M'-IECKMMM MeT04aMH Ha NpUMepe aHalU3a LIMI'I[]O[I)J'IOKC&I.IMHH

C. . Kyaemosa“, B. C. Yaauos, E. I1. Cumonosa, 1. A. Jleancosa, /1. B. Mumkux

DenepanbHOE TOCYIAPCTBEHHOE OIOIKETHOE YUpeXIeHUe
«HayuHbIi1 IEHTpP 3KCIEPTU3bI CPEACTB MENUIIMHCKOTO PUMEHEHUST»
MuHuctepcTBa 3apaBooxpaHeHust Poccuiickoit @eneparuu,
IMetpoBckmii 6-p, 1. 8, cTp. 2, Mocksa, 127051, Poccuiickast @eneparus

HeobxonumocTh cokpallleHUs BpeMEHU aHajli3a IMpY MOHUTOPUHTE COAepKaHMS MPUMeCeil B IEKapCTBEHHBIX CPENCTBAX SIB-
JIeTCsT aKTyalbHOU TIpoGsieMoii. Ilesb padoThl: BHIOOP YCIOBUMI XpoMaToTrpadMpoBaHMs, TTO3BOJISIONINX 3HAYUTEIBHO YCKO-
PUTb U YIIPOCTUTH OIpenecHre IpUMeceil B IEKapCTBEHHBIX CPEACTBAX Ha MpUMepe aHaiMu3a unpodokcannHa. MeToapl:
JUTSI TOCTUXKEHHSI TTOCTABJICHHOM 1LIeJIM ObLIM MCIOIb30BaHbl XxpoMaTorpaduueckue kojoHku Chromolith® Performance RP-
18e 100 x 4,6 mm 1 Acquity UPLC BEH C18 1,7 mxm 100 x 2,1 mm. McciaenoBaHust IpoBOAMINCH Ha XpoMaTtorpade «Agilent
1290 Infinity» ¢ TMOAHO-MAaTPUYHBIM JETEKTOPOM. Pe3yabTaTsl: pa3paboTaHbl peKMMbI IPAAMEHTHOTO TI0MPOBAHUS PUMeceit
nunpodJoKcallMHa co BpeMeHeM xpoMarorpadupoBaHus 15 MUHYT ISl BapyaHTa ObICTPOi BEICOKOA(h(MEKTUBHOMN XUAKOCT-
Hoi1 xpoMarorpaduu 1 12 MUHYT JUISI BapMaHTa yJIbTPaBbICOKOGh(MEKTUBHON XUAKOCTHOM xpoMmaTtorpaduu. UneHtuduka-
1Ms1 TIpUMeceil TpoBeieHa ¢ MCIOIb30BaHUEM OTHOCUTENIBHBIX BPEMEH yIep>KMBaHUSI UX TMTUKOB U TIPU CPAaBHEHUU C STAJIOH-
HOI1 XpomaTorpaMmoii. BeiBoabl: TTOKa3aHa BO3MOXHOCTb 3aMEHBI METOa TOHKOCIOMHOI XpoMaTorpaduu IIsi onpeneacHus
(TOPXMHOJIOHOBOM KUCIOTHI (MpUuMecu A numnpodaoKcaliiia) METOA0M BbICOKO3(hGEKTUBHOM XKUAKOCTHOI XpoMaTorpaduu.
[pemtoxeHHbBIE YCIOBUS aHAIM3a TTO3BOJIAIOT MISHTU(UIIMPOBATh MPUMECH LUTPOdIOKCALIMHA, HOPMUPYEMbIC BEIYIIUMK
¢apMakornesiMu 1 HOpMaTMBHBIMU JOKyMeHTaMu. Ha ocHOBe moslydeHHBIX TaHHBIX BO3MOXKHA JaJibHelIIas pa3paboTKa aKc-
TIPECCHBIX METOIMK OTIPeNeIeHNS IpUMeceil UIpodIioKcalHa B JIEKAPCTBEHHBIX CPEICTBAX.

KimoueBsie cioBa: ObicTpasi BHICOKO(h(MEKTUBHAS XUIKOCTHAsA XpoMaTorpadusi; yabTpaBblICOKO3(h(GEKTUBHAS XUIKOCTHAS
XpoMartorpadust; MpuMecHu HUIpodIoKcalliHa; PTOPXMHOJOHOBAs KUCIOTA; WACHTU(hUKAIUS TTPUMecei

Jas murupoBanus: Kynemosa CH, Ynanos BC, Cumonosa EIl, llenucosa A, Muiukun JIB. CoBeplieHCTBOBaHME METO-
QUK OTIpeNesIeHs] IpuMeceld B aHTUMUKPOOHBIX JIEKAPCTBEHHBIX CPEICTBaX XpoMmaTorpadudecKuMu Meronamu. Bedomocmu
Hayunoeo Ilenmpa sxcnepmusst cpedcme meduyunckoeo npumerenus. 2018;8(4):262—270. https://doi.org/10.30895/1991-2919-
2018-8-4-262-270

“Konrakrnoe muo: Kynemosa Cemiana MBanosHa; Kuleshova@expmed.ru

Improvement of Tests for the Control of Impurities in Antimicrobial Medicinal Products
by Chromatographic Methods: Ciprofloxacin Case Study

S. I. Kuleshova®, V. S. Udalov, E. P. Simonova, 1. A. Denisova, D. V. Mishkin

Scientific Centre for Expert Evaluation of Medicinal Products,
8/2 Petrovsky Blvd, Moscow 127051, Russian Federation

The need to reduce analysis time when controlling impurities in medicinal products remains an urgent challenge. The aim of
the study was to use the example of ciprofloxacin in order to select chromatographic conditions that will significantly acceler-
ate and simplify determination of impurities in medicinal products. Methods: the study was performed using the Chromolith®
Performance RP-18e 100 x 4.6 mm and Acquity UPLC BEH C18 1.7 um, 100 x 2.1 mm columns and the Agilent 1290 Infinity
chromatography system with a diode array detector. Results: the authors of the study worked out gradient elution modes for deter-
mination of ciprofloxacin impurities that involved 15 min run time for fast high-performance liquid chromatography and 12 min
run time for ultra-performance liquid chromatography. The identification of impurities was performed based on relative retention
times of impurity peaks and their comparison with the reference standard chromatogram. Conclusions: the study demonstrated
the possibility of replacing the thin-layer chromatography method used for determination of fluoroquinolonic acid (ciprofloxacin
impurity A) with high-performance liquid chromatography. The proposed test conditions allow for identification of ciprofloxacin
impurities specified in well-established pharmacopoeias and manufacturers’ product specification files. The obtained data may be
used for further development of rapid methods of ciprofloxacin impurities determination in medicinal products.

Key words: fast high-performance liquid chromatography; ultra-performance liquid chromatography; ciprofloxacin impurities;
fluoroquinolonic acid; impurity identification

For citation: Kuleshova SI, Udalov VS, Simonova EP, Denisova 1A, Mishkin DV. Improvement of tests for the control of impuri-
ties in antimicrobial medicinal products by chromatographic methods: ciprofloxacin case study. Vedomosti Nauchnogo tsentra
ekspertizy sredstv meditsinskogo primeneniya = The Bulletin of the Scientific Centre for Expert Evaluation of Medicinal Products.
2018;8(4):262—270. https://doi.org/10.30895/1991-2919-2018-8-4-262-270
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CoBepLUeHCTBOBaHWE METOAMK ONpeAeneHuns NpuMecei B aHTUMUKPOOHBIX NEKapCTBEHHbIX CPeACTBaX XPOMATOrpadUYeCcKMMM MeTOdaMM. ..
Improvement of Tests for the Control of Impurities in Antimicrobial Medicinal Products by Chromatographic Methods: Ciprofloxacin Case Study

MOHUTOPUHT COAepKaHUS OPTaHMYECKUX ITpUMe-
cell B JIEKAPCTBEHHBIX CPENICTBAX SIBJISIETCSI HEOOXOIM-
MBIM KaK Ha 3Talle IIPOM3BOICTBA, TaK M IPH OIICHKE
KayecTBa roToBOro mpoaykra'??. B Hacrosiee Bpems
OCHOBHOM METOH IJis ONpenejeHus TeXHOJOTUUECKMUX
npuMecel W MPOMYKTOB Nerpagaliuy IeWCTBYIOIIETO
BellleCTBA — 3TO METOJA BBICOKOI(hGhEKTUBHON KW~
KOCTHOM xpomarorpacdun (BOXKX)*>¢, TaHHBIA METOL
00JIamaeT BHICOKOM CEJIEKTUBHOCTHIO W JAcT BO3MOXK-
HOCTh M3MEHEHMS YCJIOBUU pa3aeeHUs] ITOCPEICTBOM
BbIOOpa COYETaHUIA ONpeaesIeHHbIX CBOMCTB CTallMO-
HapHOI U noaBuxkHO# ¢a3 [1]. [Tpu 3TOM ycaoBus uc-
MBITAHUS JOJIKHBI OBITH TTOAOOpPAaHBI TAaKUM 00pa3oM,
YTOOBI 00ECIIEeYUTh pa3ie/ieHre BCEX BO3MOXKHBIX TOMO-
JIOTOB JICHCTBYIOIIETO BeIleCTBa WJIM €To IIpuMeceit [2].
B nocnennue roapl mojiyuusiia pa3BuTue ObICTpast U yilb-
TpaBbICOKO3((MEKTUBHAS XKUIKOCTHAsA XpoMaTorpapus
(YBD2XKX), koTopast mo3BoJsIET HE TOJIBKO COKpalllaTh
BpeMsI TIpOBEIACHMST MCIBLITAHUS B HECKOJIBKO pa3, HO
W YBEJIMYMBAET CEJICKTUBHOCTh M UYBCTBUTEIHHOCTB,
YTO pacCIIMpsieT BO3MOXKXHOCTH WCITOIb30BaHUSI XPO-
MaTorpaduIecKnXx MEeTOAMK B KOHTPOJIE KadyecTBa Jie-
KapCTBEeHHBIX cpencTB [3, 4]. B nureparype onumcaHbl
MpUMEpPHl UCIOJb30BaHUs Kak ObIcTpoit BOXKX, Tak
n YBOXKX nnsg aHanusza aHTUOMOTUKOB (DTOPXMHOIO-
HOBOTO psiaa [35, 6]. OnpeneieHue npuMeceil LUIpod-
JIOKCAllMHa, KOTOPBIII NMPU3HAH OOTHUM W3 HamboJjece
3(DDEKTUBHBIX (PTOPXUHOJOHOB BTOPOTO ITOKOJIECHMUS,
MpeacTaBseTcs akTyalbHOU 3amadeit. [Ipemapatsl
numpodIokcalMHa MUPOKO HUCIOIb3YIOTCS B KIMHM-
YeCKOW IpaKTUKe M TIpeACTaBIeHBl Ha (apMareBTH-
yecKoM peIHKe Poccuiickoit Deaepaiuy B pa3IMIHBIX
JIEKapCTBEHHBIX (opMax (TBepOble JIeKapCTBEHHEIC
¢dopMBI WIS TIpeMa BHYTPb, INIA3HBIC KaIlJId, PACTBOPHI
IU11 UHODY3Uit).

Lleab paboThl — BBIOOP YCI0BUIA XpoMaTorpadpupo-
BaHMS, TTO3BOJISIOMNX 3HAYNUTEILHO YCKOPUTE M YIIPO-
CTUTBH OTIpeieJIieHNe TIPUMeCeil B JIEKAPCTBEHHBIX CPel-
CTBax Ha MpUMepe aHaan3a TUIpodIoKcaIllnHa.

MATEPWAIbI U METO/bI

B kayecTBe 00bEKTOB MCCAEA0BAHUS ObLIY BbIOpaHbI
cIeayIolIne CTaHAapTHBIC 00pa31Ibl MUIIPOdIIOKcaInHA
(1-uuknonponui-6-drop-4-okco-7-(numnepasuH-1-
wi)-1,4-TUruAPOXMHONMH-3-KapOOHOBOI KUCIIOTHI) U
€ro NpuMecei:

- nunpodaoKcallHa TUAPOXJIOPUA IS WIECHTH-
¢ukanum iukoB (Ciprofloxacin hydrochloride for peak
identification) EP CRS;

- (propxuHOJIOHOBAs  KHUCJIOTa
(Ciprofloxacin impurity A) EP CRS;

- STWJIEHOAMAMMHOBBIN aHaJIOT UMNpodIIoKcalMHa
(mpumecs C) USP RS.

B monorpaduu EBporneiickoii (papmakornen Ha cy0-
CTaHIINIO MUITPOdIOKCaIIMHA VTSI OIIpeneacHus PTop-
XMHOJIOHOBOM KUCJOTBI (7-XJI0P-1-LMKIOIPOIII-6-

(mpumecr  A)

ICH, Q3B(R) Impurities in Drug Products (Nov. 2003).
ICH, Q3A(R) Impurities in New Drug Substances (Feb. 2003).

Europen Pharmacopaeia. 9.0th ed.
United States Pharmacopaeia. USP 41-NF36.

L N

¢dT1op-4-0Kco-1,4-TUTUAPOXUHOJMH-3-KapOOHOBOM
KMCJIOTBI) MPEAyCMOTPEH  METOA  TOHKOCIOWHOI
xpoMartorpaduu, JOpyrue IPUMECU OIPEAEIAIOTCS
metonom BOXKX. TlocnenoBaTelbHOCTh 2IIOUPO-
BaHWS WACHTU(PUIIMPOBAHHBIX TIIpUMeEceil ycTaHaB-
JIUBAETCsS IO XpoMaTorpaMme CTaHIApTHOIro oOpas-
a uunpodaoKcauuHa LIS UACHTUGDUKAIUU TTHUKOB
CRS, 4TO MO3BOJIIET OLEHUTh HE TOJIBKO OCHOBHOM
MPOAYKT Herpagaluu LIUMpodIoKcalluHa — €ro 3TH-
JIeHAMaMUHOBBIM aHayior, npumech C (7-[(2-amu-
HO3THJI)aMUHO] -1 -LuKI0onponuiI-6-prop-4-okco-
1,4-1UTUIPOXUHOINH-3-KapOOHOBas  KUCJIOTa), —
HOo u mpumecu B (1-muknomnponui-6-brop-4-oKco-
7-(nmunepa3uH-1-un)-1,4-AUTUAPOXUHOTUH-3-
KapOoHoBast kuciota), D (7-x10p-1-uukiionpomnui-
6-dTop-4-0kco-6-(nunepasun-1-uin)-1,4-nurnapo-
XWHONMH-3-KapboHoBas kuciaorta) u E (1-umukmonpo-
nui-6-prop-7-(nmunepas3ut-1-un)xunoanH-4(1H)-
onuH). XUMHMYECKHNE Ha3BaHMS IIpUMeceit 1 MX OyKBEH-
HBIe 0003HaYeHUS NaHbI o EBpomnelickoii hapMakoriee.
B monorpadpun ®@apmakonen CILA mis Bcex nmpume-
ceil, BKITtoyast GTOPXMHOJIOHOBYIO KUCIIOTY, IIPEIYyCMO-
TpeH Metog BOXKX.

Pabora mpoBoauiiach ¢ MCHOJIb30BaHUEM XpOMa-
torpaca Agilent 1290 Infinity ¢ mmomHO-MaTpUYHBIM
netekTopoM («Agilent Technologies», CIIIA). bpum
W3y4eHBI Ba BapHMaHTa IIPOBEICHUS WUCIBITAaHMS, 00a
B TPAIMEHTHOM pPEXMME 3TIONpoBaHUs. [pamreHTHBIM
pexuM ObUI BBIOpaH II0 aHAJOTMU C MOHorpaduei
®dapmakonen CIIA misg naeHTUDUKAIUM TIPUMeCH A
OIHOBPEMEHHO C JPYTUMU TIPUMECSIMU B TUTIPODIOK-
carmmHe. B mepBoMm BapmaHTte (O6bBIcTpass BOXX, me-
Tox 1) ISt pasmeNeHus IpuMeceil MCITOIb30BaIl XPO-
MaTorpaduueckyio KooKy Chromolith® Performance
RP-18e 100 x 4,6 mM. ITox mapkoii Chromolith® BbI-
MYCKAIOTCSI KOJIOHKM, COAEpKaIlNe BHEICOKOIIOPUCTHIC
MOHOJINTHEIC CTEPXKHM CUJIMKAreIsl ¢ KOMOWHAIMei
Makpornop (2 MKM) 1 Me3omop (13 HM), 4TO TTO3BOJISIET
MpU HU3KOM JaBJIeHWW 00eCcTieunBaTh BBICOKYIO CTeE-
MeHb pasaeneHus [7]. AHaIU3 NpOBOAWIICS MPU TEMIIe-
patype kojoHkH 30 °C, ckopocTu moToka 1,5 Mi/MuH
C IETEKTUPOBAHUEM IPU JIJIMHE BOJIHBI 278 HM, 00beM
BBoAMMOIt MpoObl 10 Mk, CocTaB MOABUXKHOM (ha3bl
(IMd): TId A — 0,025 M pactBop dochopHOii Kuc-
JIOTBI, JOBeAeHHbIN TpuatTuiaamMmuHom no pH 3,0 = 0,1;
[1® B — anieToHUTPUI B peXKUMe TPaTMeHTHOTO 3JTIOU -
poBanwms. [Tporpamma rpagreHTa rprBeaeHa B TabIMIIe
1. BpeMs xpoMmartorpacbupoBaHus 15 MUHYT.

Bo Bropom BapuaHTte (YBOXKX, meTon 2) a1 pa3-
JeJeHUsT MpUMeceil MCMoJb30Baiu KOJOHKY Acquity
UPLC BEH C18 1,7 mxm 100 x 2,1 mm. Temnepatypa
konoHku 40 °C, ckopocTh motoka 0,5 MJji/MUH, TeTeK-
TUPOBaHMeE MPY JUTMHE BOJHBI 278 HM, 00beM BBOIUMOM
npoobl 10 Mxj1. CoctaB MOABUMXHOM (pa3bl, KaK U IS
MeTona 1, cocTost U3 OBYX KOMITIOHeHTOB. 1M Ai —
0,025 M pactBop (pocopHOIl KUCIAOTHI, JOBEASHHbII

FDA, Guidance for Industry — ANDAs: Impurities in Drug Substances (Rockville, MD, Jan. 2005).

TocynapctBeHHas dapmakornes: Poccuiickoit @enepanuu. X111 usn. M.; 2015.
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Ta6muma 1. [Tporpamma rpagueHTa st Mmerona 1

Bpemsa, mun 1O A 110 B
pems, (06/00, %) (06/006, %)

0,0 88 12
4,0 88 12
8,5 50 50
12,0 50 50
12,5 88 12
15,0 88 12

Ta6mma 2. [Tporpamma rpagueHTa Ijist MeToaa 2

Boersi. s P Ai 1P Bi
pems, (06/00, %) (06/006, %)

0,0 100 0
3,0 100 0
5,5 65 35
9 65 35
9,1 100 0
12 100 0

TpuaTUiamuHoMm no pH 3,0 = 0,1 ¢ aueToHUTPUIOM
B cooTtHomeHun 87:13 (manHas I1d pexomeHmoBaHa
EBporneiickoit dapmakomneeid mjis onpeaesieHus Mpu-
Meceii mumnpodnokcannHa). [1® Bi — anetoHuTpun,

C. 1. Kynewosa u gp.
S. I. Kuleshova et al.

n100aBJIeHUEe KOTOPOTO HEOOXOAMMO JIJIST SJTIOMPOBAHMS
¢TopxruHOIOHOBOW KUCHOTH. [Iporpamma rpaaueHTa
npencTaBieHa B Tabymie 2. BpeMs xpomarorpadupo-
BaHUs 12 MUHYT.

WUcnbiTyeMble pacTBOpBl [Ji1 OOOMX BapUaHTOB
MeToJa TOTOBUJIM C MCITOJIb30BaHUEM B KayecTBE pac-
tBopuTesst [1P Ai. McxomHble pacTBOPBI CTAaHIAPTHBIX
obpasuoB npumecu A u npuMmecu C pa3BOAUIN 10 KOH-
neHTpaunn 1 mr/mn. JJIss IpPUTOTOBICHUS WUCITBITYC-
Moro pactBopa 10 Mr ctaHgapTHOTO 00Opasia LUIpod-
JIOKCAllMHA JISI UACHTU(DUKALIMA ITUKOB PAaCTBOPSUIU
B MEPHOI K0J10€ BMECTUMOCThIO 50 MJT, 100aBsIn 1 Mt
pacTBopa nmpuMecH A, toBoauian oobeM pactBopa ITDAI
JI0 METKHU U TIepeMeuBaIn. i nageHTuUKaun M-
KoB TipuMeceif A 1 C TOTOBWJIM pacTBOPHI IIpUMeceii
B TOM Xe KOHILIEHTPAIUK, YTO U TIPUMECH A B MCITBITY-
emoM pactBope — 0,02 MIr/MJ1 pa3BeeHHMEM MCXOIHBIX
PacTBOPOB CTaHAAPTHBIX 00PA3II0B 3TUX ITPUMECE.

PE3Y/IbTATbI U O6CYH/IEHUE

BoiOpaHHOE COOTHOIIEHWE KOMITOHEHTOB MO~
BWKHOM (ha3bl M MCIIOJb30BaHUE XpomaTorpaduye-
cKoit kosoHkr Mapku Chromolith® («Merck», Tepma-
HUST) TIO3BOJIUJIO COKPATUTh BpeMsl aHaJu3a Ha 5 MUH
10 CPaBHEHMIO CO BPEeMEHEM XpoMaTorpachrpOBaHMUS,
KOTOpOE 3aTpauyrBaeTCsl MPU BHIITOJHEHUM METOIUKU,
npuBenaeHHoi B MoHorpadpun dapmakonen CIIIA Ha
LUIpodIOKCalliH.

XpoMarorpaMMbl HCTIBITYeMOTO pacTBOpa TMpPHUBE-
JeHbl Ha pucyHkax | u 2. B ycnoBusix aHanmsa mo me-

DADT A, Sig=278.4 Ref=off (2018\CIPRO\PPXS-1-000033.D)
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RetTime k' Mnowaab BbicoTa Cumm. lUunpuHa Tapenkum Paspe Cenektus
[MuH] [MEA*s] [MEA] [MuH] WweHne HoOCTb
------- R B E e BT el O Tt EUEE e EESRT) PREEs
1.302 - 4.41594 1.04752 ©.56 ©.0550 3109 - -
1.987 - 19.61435 4.99385 ©.81 ©0.0593 6229 7.04 1.53
2.244 - 71.34546 12.57355 ©.59 ©0.0911 3357 2.01 1.13
2.995 - 1.20553e4 1560.23792 ©0.43 0.1185 3539 4.21 1.33
3.559 - 15.34337 2.19052 ©.80 ©.1133 5455 2.85 1.19
9.089 - 28.24831 5.25643 ©.93 ©0.0667 102986 36.10 2.55

Puc. 1. Xpomamoepamma ucnvimyemoeo pacmeopa, noayuenuas no memody I (6vicmpas B22KX)
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DAD1 A, Sig=278.4 Ref=off (2018\CIPRO\PPXS-1-000012.D)
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------- e B L EESRE) (S P
0.716 - 7.42844 1.79240 0.99 0.0683 614 - -
1.198 - 56.23303 14.60897 0.89 0.0633 1987 4.31 1.67
1.359 - 137.04329 31.61367 0.71 0.0674 2253 1.45 1.13
1.834 - 2.76459e4 3241.32739 0.38 0.1387 967 2.71 1.35
2.436 - 40.48493 7.12929 0.91 0.0892 4146 3.106 1.33
7.188 - 56.26017 20.05651 0.95 0.0479 124796 40.75 2.95
Puc. 2. Xpomamoepamma ucnsimyemoeo pacmeopa, noayuennas no memooy 2 (YBIXX)
Annex 1:
7 m LIQUID CHROMATOGRAPHY REPORT
Ciprofloxacin hydrochloride for peak identification CRS 3
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Puc. 3. Xpomamoepamma cmandapmmoeo obpazya yunpogaokcayura eudpoxiopuoa oaa udenmuguxauuu nuxkog EP CRS S
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tomy 1 M TI0 MeTody 2 Ha XpoMaTrorpamMmax UK TIpH-
mecu A (PTOpXMHONOHOBAs KUCIOTAa) DJIIOUPYETC
Tociie IMKa OuirpodIokcanHa. Bpemst yaepXuBaHUS
npumecu A okojio 9 muH (Metoxn 1) 1 okoj10 7 MUH (Me-
TOH 2) COOTBETCTBEHHO OBIJIO OMNpPEAEIEHO IO COBIIA-
JEHUIO CO BpEeMEHEM YAEep>XMBaHUS OCHOBHOTO IHMKa
pacTBOpa, couepxXallero MpuMech A, 4TO TO3BOJIMIO
TOYHO WACHTU(PUIIMPOBATh MUK (HTOPXUHOJIOHOBOM
kuciothl. Ilonoxenne mmka npumecn C ompenessim
10 XpoMaToTrpaMMe pacTBopa 3Toil mpumecH. [1podmis
XpOMAaTOrpaMMBbl MCIBITYEMOTO pacTBopa A0 4 MUHYT
xpomaTtorpadupoBaHusi (puc. 1) OJM30K IO MOPSIAKY
BBIXOJA ITMKOB K MPOMPUITI0 XpOMATOTPpaMMBI, ITpUJIa-
raeMoil K craHmapTHOMYy 00pasily IuIpodIoKcalHa
rugpoxiopuaa s uaeHtudukanun nukoB EP CRS
(puc. 3). OtHocuTenpbHOE BpeMs yaepxkuBanust (RRT)
npumecu C coctaBuno 0,75, mo EBponeiickoii papma-
Koree — okoJio 0,7.

Ha xpomMaTorpammax UCITBITYeEMOTO pacTBOpa, MOJy-
YEHHBIX IT0 METOAY 2, TAKKe HaOTI0maeTCs MOPSIIOK BhI-
XOIa ITUKOB, COOTBETCTBYIOIINIA MX ITOC/ICA0BATEILHOCTH
JI0 2,5 MMHYT Ha XpoMaToTrpaMMe CTaHIapTHOTO obpasiia
munpodaoKcaluHa TUAPOXTIOpUAA IJs1 UAeHTU(UKA-
uu nukoB EP CRS, npu 3ToM OTHOCUTENbHOE BpeMsi
yaepxuBanus s npumecu C takxke 01u3ko K RRT,
yKazaHHOMY B MoHorpacduu EBpomneiickoii dapmako-
nen, n paBHo 0,74. IMomygeHubie aHamormdHble RRT
IUTSE STWICHINAMWHOBOIO aHayiora IUmpodIokcaliHa
TO3BOJIJIA MPEATIONIOXUTh, UTO U OCTaJIbHbIC TIPUMECH,
3asIBJIECHHBIE B COCTaBEe CTaHIAPTHOIO oOpasiia HUIpod-
JIOKCallHA TUAPOXJIOPUAA U MACHTU(MUKAIINN ITUKOB,
B yacTHocTu npumecu E, B u D, Takke MOXHO UAEHTU-
(uLmpoBaTh IO OTHOCUTEILHBIM BpeMEHAM YIePKIBa-
Hus. CormacHo EBpormeiickoit papmakorniee, RRT mipu-
mecu E cocrasnsier okono 0,4; mpumecu B — okoio 0,6
u puMecu D — okoito 1,2. Ha xpomaTtorpammax, mosy-
yeHHbIX 1o Metony 1, RRT mpumecu E cocrasuiio 0,4;
npuMecu B — 0,7 u npumecu D — 1,2. I1pu ucnosb3o-
Banuy Metona 2 RRT npumecn E Takxke cocrasuio 0,4;
npumMecu B — 0,7, a mpumecu D — 1,3. [IpoBeneHHbIE
pacyeThl MOATBEPAWIM BO3MOXKHOCTb MACHTUMDUILIMPO-
BaTh MUKW MPUMECE 110 UX OTHOCUTEIbHBIM BpeMEHaM
yaepxuBaHus. Bece mmky maeHTUGUIIMPOBaHHBIX TTPH-
Mecell CHMMETPUYHBI, XOPOIIIO pa3aesieHbl, pa3pelieHre
MEXTy OIM3JIeXKaIINMU ITMKaMK Ha XpoMaTorpamMMe Hc-
MBLITYEMOTO pacTBopa 1o Merony 1 He meHee 2,0, 110 Me-
Tomy 2 — He MeHee 1,5.

SAKNHOYEHUE

B pesynbraTe npoBeneHHBIX UCCIIENOBaHUIA MOO0-
OpaHbl YCIOBUS 7151 YHU(MDUILIMPOBAHHOIO OMNPeIeIeHUS
UIEHTUULIMPOBAHHBIX TpUMecei HumpodaoKcaluuHa,
colepXXaHue KOTOPBIX perlaMEeHTUpPYeTCS BeayLIUMU
(papmakorniesiMu M HOPMaTUBHBIMM JOKYMEHTaMHW Ha
CyOCTAaHIIMM JIEKAPCTBEHHBIC TIIperapaThl MUIIPOd-
JIOKCallMHa, 3aperucTpupoBaHHble B Poccuiickoii

ICH, Q3B(R) Impurities in Drug Products (Nov. 2003).
ICH, Q3A(R) Impurities in New Drug Substances (Feb. 2003).

Europen Pharmacopaeia. 9.0" ed.
United States Pharmacopaeia. USP 41-NF36.
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S. I. Kuleshova et al.

®enepauyu. [Tpumenenue ouicTpoit BOKX n YOBXKX
TMO3BOJISIET 3HAYUTENBHO COKPAaTUTh BpEeMsl aHaIU3a,
WCKITIOYUTh METON TOHKOCJOWHON Xpomarorpaduu,
YMEHBIIUTh PACXO TOpOorocTosiiux peareHToB. [lomy-
YeHHbIE JAaHHbIE MOTYT CIIY>)KUTb OCHOBaHUEM ISl pa3-
paboTKM METOAMK OTPENeIeHUsT IpuMeceil B cyOCTaH-
LIMY ¥ TIperaparax HunpodaoKcalHa.

BbaarogaprHocTn. PaboTa BhImoHeHa B paMKax roCyIapcTBeH-
Horo 3amaHuss DOI'BY «HIIDCMIl» MunsapaBa Poccum
Ne 056-00023-18-02 Ha mnpoBeneHME NPUKIATHBIX Hayd-
HBIX HccleaoBaHuil (HoMmep rocygapctBeHHoro yyeta HUP
AAAA-A18-118021590049-0).

Kon¢ymkr naTepecoB. ABTOPHI 3asIBJISIIOT 00 OTCYTCTBUU KOH-
drKkTa MHTEpECOB, TPEOYIOIIETO PACKPHITHS B JAHHOM CTaThbe.

Control of organic impurities in medicinal products
is essential both at the production stage, and during
evaluation of the final product’s quality'?3. At present
the main method used for determination of process-
related impurities and active ingredient degradation
products is high-performance liquid chromatography
(HPLC)*>%, This is a highly selective method which
allows for adjustment of chromatographic separation
conditions by choosing a combination of specific
characteristics of stationary and mobile phases [1]. The
test conditions should be selected to ensure separation
of all possible active ingredient homologues or respective
impurities [2]. In recent years fast HPLC and ultra-
performance liquid chromatography (UPLC) have
grown in popularity, since they help to reduce several
times the duration of analysis and at the same time
have greater selectivity and sensitivity, which taken all
together enhance opportunities to use chromatographic
methods for medicinal products evaluation [3, 4].
Literature sources describe the use of both fast HPLC
and UPLC for the analysis of fluoroquinolone antibiotics
[5, 6]. Determination of ciprofloxacin impurities is an
important priority, since ciprofloxacin is one of the most
efficacious of all second-generation fluoroquinolones.
Ciprofloxacin drugs are widely used in Russian clinical
practice in different dosage forms (solid oral dosage
forms, eye drops, solutions for infusion).

The aim of the study was to use the example of
ciprofloxacin in order to select chromatographic
conditions that will significantly accelerate and simplify
determination of impurities in medicinal products.

MATERIALS AND METHODS

The study covered the following reference standards
of ciprofloxacin (1-cyclopropyl-6-fluoro-4-oxo-7-(1-
piperazin-1-yl)-1,4-dihydroquinoline-3-carboxylic
acid) and its impurities:

- ciprofloxacin hydrochloride for peak identifica-
tion, EP CRS;

- fluoroquinolonic acid (Ciprofloxacin impurity A),
EP CRS;

FDA, Guidance for Industry — ANDAs: Impurities in Drug Substances (Rockville, MD, Jan. 2005).

State Pharmacopoeia of the Russian Federation. XIII ed. Moscow; 2015.
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- ciprofloxacin ethylenediamine analog (impuri-
ty C) USP RS.

The European Pharmacopoeia monograph on cipro-
floxacin active ingredient includes a thin-layer chroma-
tography method for determination of fluoroquinolonic
acid (7-chloro-1-cyclopropyl-6-fluoro-4-oxo-1,4-dihy-
droquinoline-3-carboxylic acid), and the other impu-
rities are determined by HPLC. The elution order of
identified impurities is determined using the chromato-
gram of Ciprofloxacin hydrochloride for peak identifica-
tion CRS. This makes it possible to assess not only the
main ciprofloxacin degradation product — ciprofloxa-
cin ethylenediamine analog, impurity C (7-[(2-amino-
ethyl)amino]-1-cyclopropyl-6-fluoro-4-oxo-1,4-dihy-
droquinoline-3-carboxylic acid), but also impurity B
(1-cyclopropyl-6-fluoro-4-oxo-7-(piperazin-1-yl)-1,4-
dihydroquinoline-3-carboxylic acid), impurity D
(7-chloro-1-cyclopropyl-6-fluoro-4-oxo-6-( piperazin-
1-yl)-1,4-dihydroquinoline-3-carboxylic acid), and
impurity E (1-cyclopropyl-6-fluoro-7-(piperazin-1-yl)
quinolin-4(1H)-one). The chemical names and letter
symbols of impurities are given according to the Euro-
pean Pharmacopoeia. The United States Pharmacopoe-
ia (USP) includes the HPLC method for all impurities,
including fluoroquinolonic acid.

The Agilent 1290 Infinity chromatography system
with a diode array detector was used in the study («Agi-
Ient Technologies», USA). Two variants of the test were
analysed, both of them in gradient elution mode. The
gradient elution was chosen by analogy with the USP
monograph in order to perform determination of impu-
rity A simultaneously with the other ciprofloxacin im-
purities. The first variant (fast HPLC, method 1) used
the Chromolith® Performance RP-18e 100 x 4.6 mm
chromatographic column for separation of impurities.
Chromolith® columns consist of highly porous mono-
lithic rods of silica with a bimodal pore structure of mac-
ro- (2 um) and mesopores (13 nm), which makes it pos-
sible to ensure high separation power at low pressure [7].
The operating conditions used for the test were: column
temperature of 30 °C, flow rate of 1.5 ml/min, detection
at 278 nm, injection volume of 10 pl. The mobile phase
(MP) composition: MP A — 0.025 M phosphoric acid
adjusted with triethylamine toapH of 3.0 £ 0.1; MP B —
acetonitrile in gradient elution mode. The gradient pro-
gramme is given in table 1. The run time was 15 minutes.

The second variant (UPLC, method 2) used the
Acquity UPLC BEH CI18 1.7 pm 100 x 2.1 mm co-
lumn for separation of impurities. The operating con-

Table 1. The gradient programme for method 1

ditions used for the test were: column temperature of
40 °C, flow rate of 0.5 ml/min, detection at 278 nm,
injection volume of 10 ul. The mobile phase consisted
of two components (as in method 1): MP Ai — 0.025 M
phosphoric acid adjusted with triethylamine to a pH of
3.0 = 0.1 and acetonitrile at the ratio of 87:13 (this MP
is recommended by the European Pharmacopoeia for
ciprofloxacin impurities detection). MP Bi — acetoni-
trile which is needed for fluoroquinolonic acid elution.
The gradient programme is given in table 2. The run
time was 12 minutes.

The test solutions for both methods were prepared
using MP Ai as a solvent. The standard stock solutions
of impurity A and impurity C were diluted to achieve the
concentration of 1 mg/ml. The test solution was prepared
by transferring 10 mg of Ciprofloxacin hydrochloride for
peak identification CRS to a 50-mL volumetric flask,
adding 1 ml of impurity A solution, diluting the mixture
with MP Ai to volume and mixing. To identify the peaks
due to impurities A and C, the impurity solutions were
prepared with the same concentration as that of impurity
A in the test solution (i.e. 0.02 mg/ml) by diluting the
standard stock solutions of these impurities.

RESULTS AND DISCUSSION

The chosen proportion of mobile phase components
and the use of Chromolith® («<Merck», Germany) column
made it possible to reduce the analysis time by 5 minutes
as compared to the run time needed to perform the test
described in the USP monograph for ciprofloxacin.

The test solution chromatograms are given in figures
1 and 2. When using test conditions described in method
1 and method 2, the chromatograms were obtained
on which impurity A (fluoroquinolonic acid) peak
eluted after the ciprofloxacin peak. The retention times
of impurity A — about 9 min for method 1 and about
7 min for method 2 — were determined by assessing
the coincidence with the retention time of the main
peak in the chromatogram of the solution containing
impurity A, which allowed for accurate identification of
fluoroquinolonic acid peak. The impurity C peak position
was determined by analysing the chromatogram of the
solution containing impurity C. The chromatographic
profile in figure 1 demonstrates similarity during the first
4 min of run time to that of Ciprofloxacin hydrochloride
for peak identification CRS in terms of peak elution
order (fig.3). The relative retention time of impurity C
was (.75, while the European Pharmacopoeia cites the
relative retention time of about 0.7.

Table 1. The gradient programme for method 2

MP A MP B MP Ai MP Bi
/v, %) /v, %) /v, %) /v, %)

0,0 0,0

4,0 88 12 3,0 100 0

8,5 50 50 5,5 65 35

12,0 50 50 9 65 35

12,5 88 12 9,1 100 0

15,0 88 12 12 100 0
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Fig. 1. The test solution chromatogram obtained using method 1 (fast HPLC)
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Fig. 3. The chromatogram of Ciprofloxacin hydrochloride for peak identification, EP CRS

The test solution chromatograms obtained using
method 2 also show peak elution order similar to
that observed in the chromatogram of Ciprofloxacin
hydrochloride for peak identification CRS during the first
2.5 min of run time. The impurity C relative retention
time (RRT) was also close to the RRT indicated in the
European Pharmacopoeia, and was equal to 0.74. The
similar RRTs obtained for ciprofloxacin ethylenediamine
analog suggest that the other impurities present in the
Ciprofloxacin hydrochloride for peak identification
CRS, in particular, impurities E, B, and D, may also be
identified by their relative retention times. According to
the European Pharmacopoeia the RRT of impurity E is
about 0.4, impurity B — about 0.6, and impurity D —
about 1.2. The chromatograms obtained using method 1
showed the RRT of impurity E — 0.4, impurity B —
0.7, and impurity D — 1.2. The results obtained using
method 2 demonstrated the RRT of impurity E — 0.4,
impurity B — 0.7, and impurity D — 1.3. The performed
calculations proved that impurity peaks could be
identified by their relative retention times. All the peaks
of the identified impurities were symmetrical and well-
separated, the resolution between adjacent peaks in the
test solution chromatogram obtained using method 1 was
minimum 2.0, and in the chromatogram obtained using
method 2 — minimum 1.5.

CONCLUSION

The study helped to select standardised conditions
for determination of ciprofloxacin identified impurities
which are controlled by well-established pharmacopoeias
and by product specification files for ciprofloxacin

APIs authorised in the Russian Federation. The use
of fast HPLC and UPLC helps to significantly reduce
the analysis time, avoid the thin-layer chromatography
method, and cut expenses on costly reagents. The
obtained data may be used for development of methods
for determination of impurities in ciprofloxacin API and
ciprofloxacin drugs.
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