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TPUNTOPENUHA aLleTaT U ro3epesdHa aLetar MeTo40M ﬂMP'CI’IeKTPUCKOHMM
C.B. Moucees’, H. E. Kyspmuna, A. 1. JIyruena

®DenepaabHOE rOCYIAPCTBEHHOE OIOMKETHOE YIPEKIECHIE
«Hay4HBI LIEHTP 3KCIEPTU3BI CPENCTB MEAULIMHCKOTO IPUMEHEHU»
MunucrepcTBa 3apaBooxpanenus Poccuiickoit @epepanmm,
IleTpoBckuii OyabBap, a. 8, ctp. 2, Mocksa, 127051, Poccuiickas @eaepaiiyst

Pe3tome. Pabora siBisieTcsl Mpoao/bKeHUeM UCClIeAoBaHMSI TI0 BHeApeHu1o MeTona I MP-criekTpocKonuu B KOHTPOJIb KauecTBa
apMaleBTUYECKUX CYOCTAaHIIMIT TIPUPOIHBIX TTENITUIHBIX TOPMOHOB M MX CUHTETHUYECKMX aHayioros. Ilejs padoTel: pa3zpaboTka
METOIMK MOATBEPXKACHUS TOIJTMHHOCTH (hapMalleBTUUECKUX CyOCTaHIIMI TPUTITOPEIMHA alleTaT U ro3epeIMHa alleTaT METOIOM
SIMP-cniekTpocKonuu 63 UCIOJIb30BaHKS CTAaHAAPTHBIX 00Pa31IoB TS X JaJIbHEIIIEeTro UCIOIb30BaHus B (DapMaKOIIeiHOM
a"anm3e. MaTepuajbl M METOABL: TIPU pa3paboTKe METOAVWKHU ObUTM MCITOIB30BaHbI METONBI AByMepHOI SIMP-criekrpockornmun
("H-'"H gCOSY, 'H-*C gHSQC, 'H-*C gHMBC). PesyabTaThl: B IIpoliecce UCCIeA0BaHMs TPOBEACHO OTHeCeHUe curHanoB 'H
u BC IMP-crieKTpoB K KOHKPETHOMY CTPYKTYPHOMY (PparMeHTy MOJIEKYJIbI, OIPENEIeH aMUHOKHUCIIOTHBINA COCTaB U YCTAHOB-
JIeHa aMMHOKMCJIOTHAs ITOCJIEI0BAaTEIbHOCTh KaXKI0TO OJIUTOIENTHAA. BbhIBOABI: cOCTaBIeHA TabIM1Ia CTPYKTYPHOTO COOTHECE-
HUs curHasioB criekTpoB AMP, mo3Bossiioniast ucroibzoBatb Meton AMP st moaTBepkaeHUs MOTMHHOCTU (hapMalleBTUYE-
CKHX CyOCTaHIIMI TPUIITOPEIMHA alleTaT U ro3epesinHa aleTaT 6e3 UCITOIb30BaHus (hapMaKOTIEIHBIX CTAHIAPTHBIX 00Pa3IIoB.
IlonoGpaHbl oNTUMAaJIbHBIE TeMIlepaTypHble ycioBus i peructpanuu BC IMP-cnektpoB (27 u 50 °C mist TpunTopeIMHa
aleraTa M To3epeliiHa alleTaTa COOTBETCTBeHHO). [loka3aHa 1iesiecoo6pa3HOCTh MCIIOIb30BaHUS B (hapMaKOIEHHOM aHalIn3e
METOIMKH MOATBEPXKIAEHUS MOTMHHOCTH, OCHOBaHHO# Ha MeToze *C AMP-criekTpockonmu.

KiioueBbie cji0Ba: TpUNTOpPE/IMHA alleTaT; To3eperHa anerar; SIMP-creKTpockonus; MoIMHHOCTD, BHYTPUMOJIEKYJISIPHOE
B3aUMOJEVICTBUE

s murupoBanus: Moucees CB, Kyssmuna HE, Jlytuesa AW. Pa3paboTka MeTOqUK MOATBEPKISHUS MOUIMHHOCTU hapma-
LIEBTUYECKUX CYOCTaHILIMI TPUIITOPEIMHA alieTaT U ro3epesinHa auetat meronoM SIMP-cniektpockonuu. Bedomocmu Hayunoeo
yenmpa sxcnepmusbl cpedcme meouunckozo npumenenus. 2019;9(1):54—63. https://doi.org/10.30895/1991-2919-2019-9-1-54-63
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Development of Identification Test Methods for Triptorelin Acetate and Goserelin Acetate
Substances using NMR spectroscopy
S.V. Moiseev’, N. E. Kuz’mina, A.I. Luttseva

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

Abstract. The work is a continuation of the research on the use of NMR spectroscopy in the quality control of natural peptide
hormone-based active substances and their synthetic analogues. The aim of the paper was to develop identification test methods
for triptorelin acetate and goserelin acetate substances using NMR spectroscopy that does not require reference standards —
with the aim of using the newly developed test methods in pharmacopoeial analysis. Materials and methods: the procedure was
developed using two-dimensional NMR spectroscopy ('"H-'H gCOSY, 'H-"*C gHSQC, 'H-"*C gHMBC). Results: the study
made it possible to assign 'H and *C NMR signals to a specific molecular fragment, and to determine the amino acid composition
of each oligopeptide. Conclusions: the authors drew up a table showing structural assignment of NMR signals, which makes it
possible to use the NMR method for identification testing of triptorelin acetate and goserelin acetate substances without the use
of pharmacopoeial reference standards. The study helped to determine the optimal temperature conditions for recording *C
NMR spectra (27 °C and 50 °C for triptorelin acetate and goserelin acetate, respectively). It was demonstrated that C NMR
spectroscopy could be used for identification testing in pharmacopoeial analysis.
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Development of Identification Test Methods for Triptorelin Acetate and Goserelin Acetate Substances using NMR spectroscopy

Hacrosmas pabota sBasieTcsl MpoOAOXKEHUEM CHU-
CTeMaTUIECKOTO MCCIICAOBAHUS 10 BHEAPEHUIO METO-
na AMP-cniekTpockonuu B KOHTPOJb KadyecTBa ap-
MalleBTUUECKUX CYOCTaHIINI TTPUPOIHBIX TTeNTUIHBIX
TOPMOHOB U UX CUHTeTUYeCcKux aHayoros [1, 2]. I1pu
aHaJM3e OTeYECTBEHHBIX MENTUIOB 3TOT METOI B Ha-
cTosIIIee BpeMs MCIIOJIb3YIOT TOJBKO JISI UIEHTU(DU-
KalMU CTaHAAPTHBIX 00pa3uoB (Hampumep, Aajaapru-
Ha, UMyHodaHa, NenTuaa aeiabTa-cHa). IIpu omeHke
KauecTBa (papMareBTUYECKUX CYOCTAHIIMIA KaK OTe-
YeCTBEHHOTO, TaK U 3apy0eXHOTO IMPON3BOACTBA IIPH-
MEHSIIOT IIPENMYIIECTBEHHO METOIbI BBICOKO3(deK-
TUBHOH XMIKOCTHOI XpoMaTorpaduu [3]. OCHOBHBIM
OrpaHMYCHUEM XpOMaTOTpacMIECKUX METOMOB SIB-
JIsieTCsl HEeOOXOOMMOCTh HMCIOIb30BAaHUS COOTBETCT-
ByloImx (apMaKOIIEHHBIX CTaHOAPTHBIX 00pa3IoB,
KOTOpHIC B Hallleil cTpaHe, K COXaJICHUIO, He TTPOU3-
Boasatcsa. Meton AMP-cnekTpockonuu He TpeOyeTr
HCITOJIb30BaHMSI CTaHAAPTHBIX OOPa31IoB, IO3TOMY €ro
NpUMeHeHUe B (hapMaKoIleiHOM aHaau3e TaK aKTy-
aJIbHO.

TUNMWYHBEIMU TIPEACTABUTEISIMHA JIEKAapCTBEHHBIX
CyOCTaHIIUI TTENITUIHON TMPUPOAHI IBISTIOTCS CHHTE-
TUYeCKUEe aHaJIOTU TOHAZOJIMOeprHA — TPUIITOPEIIH -
Ha anertat (TA) u rozepenuna amerat (I'A) (puc. 1).
OHM aKTUBHO TIPUMEHSIOTCS TIPW JICYCHUM 3JI0Ka-
YEeCTBEHHBIX HOBOOOpa30BaHMU B 00JaCTU pemnpo-
IYKTUBHON CHUCTEMBbI U TMHEKOJOTMYECKUX 3a00Je-
BAHMU, CBSI3aHHBIX C HapyLIEHUEM OSHIOKPUHHOM
peryasiinuu [4—9].

Lenb paboThl — pa3paboTaTh METOIMKHU TOATBEP-
XKIEHUST TIOMIMHHOCTU (apMalleBTUYECKUX CYOCTaH-
LM TpuUMNTOpeIuMHa aleraTa M ro3epeiMHa aleraTa
metonoMm SAMP-cnekTpockonuu 06e3 MCIOJIb30BaHUS
CTaHIAPTHBIX 00PA3IIOB IS WX JATbHEHUIIETO UCIIONb-
30BaHUs B (hapMakoIeitHOM aHau3e.

MATEPWAIbI U METO/bI

B kauecTBe 0O0BEKTOB HCCIEOOBAHMS MCIIOJIb30BA-
JI1 00pa3lbl JEKAPCTBEHHBIX CYOCTaHIIMIA TpUMTOpE-
JvHa anerata, npenocrtaBieHHble 3A0 «D-CuHres»,
M ro3epeiarHa aierata npousBoacTBa OO0 «Hartu-
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Fig. 1. Structural fragments numbering in goserelin acetate and triptorelin acetate molecules
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Ba». 10 Mr aHanm3upyemoro obpasiia (ToyHasi HaBecka
HeoOs13aTesIbHa) pacTBopsiv B 0,5 MJ1 AeliTepupoBaH-
Hoit Bomel (D,0) mpomssonctea Cambridge Isotope
Laboratories, Inc. Ing KaauOpOBKY IIKaJdbl XUMUYE-
ckux casuros (8) B pactBop mobasnsiau 10 Mk aHa-
JIUTUYECKOTO CcTaHmapta 1,4-nquokcaHa MpPOU3BOI-
ctBa Fluka (mosiyueHHble pacTBopbl MMmewoT pH 6).
Peructpanuto criekrpos 'H, *C, rpaguentHbix 'H-'H
COSY (Correlation Spectroscopy) (gCOSY), 'H-C
HSQC (Heteronuclear Single Quantum Correlation)
(gHSQC), 'H-*C HMBC (Heteronuclear Multiple-
Bond Correlation Spectroscopy) (gHMBC) npoBoaunu
Ha AMP-cniekrpomerpe Agilent DD2 NMR System 600
(CHIA) ¢ 5-MM MyJbTUSIAEPHBIM 1aTYMKOM, OCHAILIEH-
HBIM rpanveHTHON Katyuikoii. [lapamerpsr 1D skcne-
pumMeHTOB: Temmneparypa — 27 u 50 °C (3C mis rose-
penuHa arerara), mmpuHa cnekrpa — 12 ("H) u 200
(C) ppm, yroja moBopoTa HaMarHMYeHHOCTU — 45°,
Bpemst penakcauvu — 5 ('"H) u 1 (*C) ¢, konuyecTBO
HaKOIUIEHU! cuTHajia cBoOOomHOM nHaykiuuu — 8 ('H)
u He MeHee 2000 (1*C), 4yuciio ToueK aHaJIoro-uudpo-
Boro mnpeoGpasoBaHuss — 64 K, sKcrmoHeHIMalibHOE
ymHoxenue — 0,3 ("H) u 3,0 ('*C) I'u, aBTOMaTu4eckas
KOppeKI1Ms 6a30BOI JIMHUM CIIEKTpa, pyaHast HaCTPOii-
Ka (a3bl, KaTmbpoBKa 1Kaibl O moa quokcat (3,75 ('H)
u 67,15 (3C) ppm) [10]. 2D crieKTpbl ObLIU MOTYyYESHBI
C UCIIOJIb30BAaHWEM CTaHAAPTHBIX UMITYJIbCHBIX MOCTIe-
JIOBATEJILHOCTE B paMKax MpOrpaMMHOTO obecrieue-
Hug VnmrJ (Bepcus 4.2).

PE3Y/IbTATbI U O6CYH/EHUE

MeTtonrvka MIEHTU(MUKAIMA OJUTOTENITUAOB Me-
tonoM SMP-cnekrpockonuu 063 MCIHOJb30BaHUS
(bapmakomeitHbIX CTaHAAPTHBIX 0OOpa3lOB OCHOBaHa
Ha CaMOCTOSITeJIbHOM CTPYKTYPHOM WHTEpIpeTaln
CIIEKTPaJIbHBIX TaHHBIX, OCYIIECTBIJIIEMOIl IO Orpe-
neneHHoMy anroputmy [1]. CooTHeceHue CHUTHAJOB
criektpoB 'H u 3C ¢ KOHKpETHBIMU YIJIEBOAOPOIHBI-
MU (dparMeHTaMu (METWIbHBIMU, METHJICHOBBIMMU,
METUHOBBIMU TPYIIaMU) IMPOBOAWIM Ha OCHOBE JaH-
Heix 'H-3C gHSQC. Ananusupys cnektpel 'H-'H
gCOSY, onpeaenstiu coceaHre BOAOPOICOAEpKAIIE
(bparMeHTHI, CBsI3aHHBIE KOBaJIEHTHOM CBS3bI0, U CO-
CTaBJISIM U3 HUX TOCJIENOBAaTSIbHOCTH B LIMKIIEC WJIU
anudaTUyecKoil lienouke. YriaeBoaopoaHbie hparMeH-
Thl U aMMIHbIC TPYNIbI OOBEAMHSIM B KOHKPETHYIO
aAMUHOKUCIIOTY, ucnoib3ys naHHbie 'H-C gHMBC.
Ilo Hanmuyuio Kpocc-MUKOB Mexay curHaiamu a-CH
nu C=0 rpynn cocemHuX aMMHOKHUCJIOT B CHEKTpax
'H-13C gHMBC ycraHaBiuBaam aMMHOKHUCIOTHYIO IT0-
CJIEI0BATEIbHOCTb.

Panee Ha npumepe Oycepenuna auetata (BA) mbl
MoKasajiu, 4to ucnonb3osanue D,0 B KadecTBe pac-
TBOPUTEJISI 0OECIIeUrBaAET JYUIIYIO CEIEKTUBHOCTh Me-
TOIMKU TTOATBEPKACHUS TMOMJIMHHOCTU OJUTOIENTH-
na metogoM SAIMP Ha siapax 'H u *C [2]. Kpome Toro,
ObLIO OOHApPYXXEHO, YTO MPU UCMOJb30BAaHUM B Kaye-

CTBE PACTBOPUTEINS NEUTEPUPOBAHHOTO AUMETUIICYIb-
dbokcuna HabmomaeTcs MOOOYHBINA 3(PdeKT mpoTo-
TPOIMHON TayTOMEPUU 3aMEIIEHHOTO WMUAA30JbHOTO
(parmeHTa rucTUuaMHA, BXOOSIIETO B COCTaB MOJIEKYJI
BA, TA u T'A. N3-3a npoToHHOTO OOMeHa B 4-3ame-
LLIEHHOM MUMMAA30JIe, KOTOPBIN 3aMeJIIeTCs MO AW~
CTBUEM IUMETWICYJIb(MOKCUAA, MPOUCXOAUT YCUIEHUE
HEAKBUBAJIEHTHOCTU 3JIEKTPOHHOTO OKPYKEHUS yTje-
POMHBIX sIep B MO3ULMAX 4 U 5 UMUIA30JIbHOTO ITUKJIA
", KaK CJIeJCTBUE, YIIIMPEHNE COOTBETCTBYIOIIUX CUT-
HaJIOB 10 KPUTUYECKOTO COOTHOIIEHUS CUTHAJ/IIYyM
(ux Bugumoe otcytrctBue) [1]. Heobxomumo orme-
™Th, yto 'H AMP-cnektp B D,0 He comepXuT cur-
HaJIbl TUAPOKCUIIBHBIX U aMUAHBIX MIPOTOHOB, YTO CY-
IIECTBEHHO YIPOIIAET ero uHTepnperauuio. [loatomy
MpU NOJYYEHUM CIEKTPATbHBIX JaHHbIX 1 TA u T'A
B KauyecTBEe pacTBOpuUTeJis Oblla BIOpaHa NeUTepupo-
BaHHas1 Bona. Pe3ynbTar cooTHeceHUst curHanos 'H u
BC AMP-criekTpoB (puc. 2, 3) KOHKPETHOMY CTPYK-
TypHOMY (dparmeHTy Mojekya TA u I'A npeacraBieH
B Tabauie 1 (Hymepalusi aTOMOB B TaOJIMlIe COOTBET-
CTBYET HyMepaluu aToMOB Ha pucyHke 1). Cnemyet
MOMYEPKHYTh, 4TO Xxummuueckue casuru 'H u 3C cur-
HaJI0OB UMMIa30JbHOTO IIMKJIa OCTaTKa TUCTUMHA CO-
OTBETCTBYIOT pH aHanu3upyeMoro pactTBopa, paBHOMY
6. ITpu uHom pH pacTBOpa ero HOBOASAT A0 TPeOGyeMOro
3HAYECHUS NeUTePUPOBAHHOM YKCYCHOW KMCJIOTOU WU
O0ydepHbIM pacTBOpoM (pocdaTa HaTpus B neTepupo-
BaHHOU BOJE.

W3 pucyHka 2 ¥ JaHHbIX TabaULbI 1 XOpOo1I0 BUIHO,
yTto B 'H criekrpax, Kak v B ciaydae ¢ BA [1, 2], HaGmoma-
€TCS YACTUYHOE WJIU TOJIHOE MePEKPhIBAHUE Psia CUT-
HaJIOB HEKOTOPHIX aMUHOKHUCJIOT, BXOISIIINX B COCTaB
mosekya I'A u TA. Hanporus, B ciektpax *C (puc. 3)
CUTHAJTBI TIPAKTUYECKU HE TIEPEKPBIBAIOTCS U XapaKTe-
pusyloTcs 0oJbliieit pa3pelieHHOCTbIO U MUH(OPMAaTHB-
HOCTbIO, O3TOMY UX 11€JIECO00Pa3HO UCTOIb30BATh IS
UaeHTU(hUKAUY aMUHOKHCIIOTHOTO COCTaBa M OIpe-
JeJIeHUsI aMUHOKUCIIOTHOU TOCIEeN0BaTEIbHOCTU MPU
TOATBEPXKIEHUY TTOMJTMHHOCTU OJIUTOTIENTUIOB B XOJIE
(hapmakorneitHOTO aHaIU3A.

CrnenmyeT oTMeTUTh, 4TO B *C criekTpe rosepeanHa
anerara, noiaydyeHHoMm nipu 27 °C, HaGaogaeTcsl 3Ha-
YUTEIBHOE YIMPEHUE CUTHATA KAPOOHWIBHOM IPYIITIBI
2-(aMmuHOKapOoHWI)rMapa3uaa B mojoxeHun C(63)
C WHTEHCHBHOCTBIO, CPaBHUMOW C YpOBHEM IIyMa
(puc. 4a). JlaHHOe siBieHWE, BEpPOSITHEE BCETO, CBsI3a-
HO C HAJIMYMEM BHYTPUMOJEKYISIPHOTO B3aUMOAEUCT-
BUSI KapOOHWIBHOTO aTOMa yIJiepofa ¢ OKPYKaIUMU
€ro a30TcolepKallMMU 3aMECTUTEISIMU, KOTOPOE U 3a-
MeIUISIET CKOPOCTh TIPOTOTPOTTHOM TayTOMEPUU U, KaK
CJIeICTBYE, IPUBOIUT K YIIUPEHUIO COOTBETCTBYIOIIIETO
curHaia. C nosbllieHueM TeMmneparypsl 10 50 °C BHY-
TPUMOJIEKYJISIPHOE B3aUMOJEHCTBUE OCIabeBaeT U yBe-
JIMYUBAETCS CKOPOCTh MPOTOHHOTO OOMEHa, YTO MpH-
BOIUT K TIOSIBJIEHUIO YETKOTO CUTHAJIa KapOOHUIILHOTO
aroma yriepoaa (puc. 4b). Iloatomy Haubojee onTU-
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Puc. 2. Cnexmpot 'H AMP pacmeopoé cozepeauna auemama (a) u mpunmopeaura ayemama (b)

Fig. 2. Spectra 'H NMR of goserelin acetate (a) and triptorelin acetate (b) solutions

MaJbHOW TeMIlepaTypoii mpy WACHTU(DUKALUUU TPUII-
TopenuHa anerara MmeronoM *C IMP-cniekrpockonmmu
sprsiercs 50 °C.

PacxoxneHue 3HaueHMit O CUTHAJIOB METUJIBHOM
TpYIIbl aleTaT-aHMoHa B crekTpax AMP Tpuntope-
JIMHA alleTata u rosepenuHa anerarta Ha 0,5 (‘"H) u ~1,0
(3C) ppm mnoarBepxkIaeT BBIIBUHYTOE HAaMU YTBEp-
XKIEHWEe O HEKOPPEKTHOCTU MCIIOJb30BaHUS alleTaT-
aHMOHA B KauyeCTBE ATajOHA IJII KAJIUOPOBKM ILKAJIbI
XMMUYECKUX cABUTOB [1], Kak 3TO peKomMeHayeT EBpo-
neiickas hapmaxories'.

SAKNIOYEHUE

PazpaboTtaHbl MeTOAUMKM WAeHTU(UKALUU (hapMa-
LIEBTUYECKUX CYOCTAHLIMI TPUIITOPEIMHA alleTaT U To-
3epesinHa aleTaT 6e3 UCITOIb30BaHMS (DapMaKOTIEHHBIX
CTaHIAPTHBIX 00pa3loB MeTogoM AMP-crekTpocko-
nuu Ha aapax 'H m “C B pactsope D,0. Onpenenen
AMMHOKHUCIIOTHBIM COCTAaB M YCTaHOBJIEHA aMWHOKMWC-
JIOTHAsl IIOCJIEIOBATEIbHOCTh 3TUX OJIMIOIEINTHIOB.
CocraBneHa Tabjiia CTPYKTYPHOTO COOTHECEHUSI CUT-

HajoB crnekTpoB SMP KOHKpeTHOMY CTPYKTYpHOMY
¢dparMeHTy MOJIEKYJI, KOTOpasl II03BOJISIET TIOATBEpP-
KIaTh MOMJIMHHOCTh TPUIITOPEIMHA aleTaTa U ro3e-
penvHa arerata 0e3 MCIOoIb30BaHUs (DapMaKOMeHBIX
CTaHJAPTHBLIX O00pa3loB. YCTAHOBJIEHO, 4YTO Hambo-
Jiee pa3pelleHHbI CIEKTp, IAe CUTHAIBl CTPYKTYp-
HBIX (DparMEHTOB aMWHOKWCJIOT OJIMTONENTHAA IIpa-
KTUYECKM HE IMEepPeKphIBAIOTCS, IOJIy4aeTCcsl Ha SApax
BC mig TpunropenuHa auerata npu 27 °C, a qist rose-
penuHa auerara nipu 50 °C. IpenyioxeHo peKOMeHI0-
BaTh pa3paboTaHHbIE METOAMKMA HAa OCHOBE MeToma C
AMP-criekTpocKonuu sl UCIOJb30BaHUs B (hapMa-
KOITeITHOM aHaJIn3e.
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! General monograph 2.2.64 Peptide identification by nuclear magnetic resonace. In: European Pharmacopoeia, 9th ed. V. 1. Strasbourg: European

Department for the Quality of Medicines & Health Care; 2016. P. 112.
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TaGJmua 1. CHCKTpaJ'[I)HBIC XapaKTCpUCTUKU Iro3€peiMHa aleraTra U TpUITOpEINHA alierata

Table 1. Goserelin acetate and triptorelin acetate spectral characteristics
T'o3epennna anerar TpuntopeiuHa anerat
erelin acetate Triptorelin acetate
XUMUYECKUI COABUT XUMUYECKUI COABUT
Chemical shift Chemical shift

13C
ol " ¢ | " "
N =

D
(NN
5-okco-L-TTponuna o
5-oxo-L-Proline =
1 — 175,09 174,99 — 173,66 g
2 4,19dd (J =7.,9; 4,9) 57,11 57,11 4,15m 57,11 —
3 1,65m; 2,35 m 25,66 25,61 1,62m; 2,31 m 25,63 =
4 2,27m; 2,31 m 29,72 29,67 2,29m; 2,23 m 29,68 §
5 - 182.63 182,43 - 182,58 ps
L-Tuctunua ~
L-Histidine =
6 — 171,72 171,78 — 172,14 E
7 4,66 dd (J =8,2; 6,7) 52,93 53,05 4,61dd (J =8,3;7,0) 53,30 =
3,06dd (J = 15,3; 8,2) 2,97dd J =15,3; 8,3) L
i 315dd (1= 15.3:6,7) AR | A 3.03.dd (1 = 15,3 7.0) 27,58 =
9 — 129,14 129,55 - 130,29 >
10 8,50d (J=1,3) 134,27 134,45 8,15s 134,81 =
11 7,17 br.s 117,69 117,66 7,01s 117,46 =
—
L-Tpuntodan =
L-Tryptophan g
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number

60

12
13

14

15
16
17
18
19
20
21
22

23
24

25

26
27

28

29
30,34
31,33

37
38
39
40
41
42

43
44

Chemical shift

173,81 173,65
4,71dd J = 7,8; 6,8) 55,04 54,98
340148 68 g 2179
— 109,24 109,37
— 127,56 127,64
7,58 br. d (J = 8,0) 118,79 118,82
7,12 br. dd (J = 8,0; 7,0) 119,94 119,88
7,23 br. dd (J = 8,2; 7,0) 122,52 122,48
7,48 br. d (J =8,2) 112,42 112,41
— 136,72 136,80
7,19s 125,01 124,95
L-Cepun
L-Serine
— 171,17 17,24
4,34t (J=5,4) 55,97 55,93
3,72d J=5.,4) 61,77 61,83
L-Tuposun
L-Tyrosine
— 173,31 173,07
4,37dd (J =8.9;6,9) 56,42 56,25
2,97 dd (J = 13,6; 6,9) 36,72 36,82
— 128,11 128,18
7,09d (J=38,6) 131,16 131,08
6,83d (J=38,6) 116,08 116,14
— 155,28 155,38
D-Cepun-O-tert-Bu
D-Serine-O-tert-Bu
— 172,08 171,95
4,30 m 54,29 54,40
3,19 m; 3,48 m 61,54 61,62
— 75,35 75,17
1,10s 26,95 27,04
1,10s 26,95 27,04
1,10s 26,95 27,04
L-Jleituyn
L-Leucine
— 174,62 174,35
4,38 m 52,68 52,76
1,55 m; 1,63 m 40,42 40,55
1,56 m 24,69 24,73
0,85d (J=6,3) 21,27 21,40
0,90d (J =6,3) 22,82 22,82
L-Aprunux
L-Arginine
— 172,07 171,93
4,41dd J =17,6;6,2) 51,70 51,61

C. B. Moucees u gp.
S. V. Moiseev et al.

IIpodoancenue mabauypt 1

Table I continued

T'ozepenuna anerar Tpunropenmna anerar
Goserelin acetate Triptorelin acetate

XUMUYECKUI CIBUT

XUMHUYECKUIA CIBUT
Chemical shift

4,68dd (J = 7,2; 6,6)

3,13dd (J = 14,9; 7,2)
3,16 dd (J = 14,9; 6,6)

7,55d(J=8,1)
7,13dd (J = 8,1; 7,0)
721dd (J =8,1;7,0)

7,46d(J=8,1)

7,145

4,29dd (5,5; 4.7)

3,61dd (J = 11,8;4,7)
3.68dd (J = 11,8: 5,5)

4,43dd (J =7,3;6,9)

2,78 dd (J = 14,0; 7,3)
2,86 dd (J = 14.0: 6,9)

6,88d(J=38.5)
6,72d J =8.5)

D-Tpuntodan
D-Tryptophan

4,57dd J=8,3;7,1)
3,08 m; 3,10 m
7,54d (J=8,1)

7,05dd (J =8,1; 7,0)

7,18dd (J =8,1; 7,0)
7,42d (J=8,1)

7,095

4,15m
1,24 m; 1,32 m

0,73 m
0,61d (J=6,3)
0,67d (J=06,3)

4,39dd (J =17,9;5,9)

174,01
54,95

27,67

109,18
127,53
118,80
119,83
122,53
112,51
136,88
124,97

171,52
56,34

61,51

172,97
55,62

36,54

128,14
131,14
116,01
155,25

173,66
55,30
27,73
108,97
127,25
118,80
119,91
122,53
112,40
136,71
124,83

174,65
52,52
40,10
24,18
21,00
22,69

171,93
51,73
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T'o3epennna anerar
Goserelin acetate

XUMUYECKUI CIBUT

Chemical shift

IIpodoascenue mabauyor 1
Table I continued

TpunTopennna anerar
Triptorelin acetate
XUMUYECKUI CIBUT
Chemical shift

13
number H H ne
_

45 1,62m; 1,72 m 28,11 28,29 1,64 m; 1,74 m 28,14
46 1,51 m 24,53 24,57 1,51 m 24,56
47 3,07m 41,13 41,22 3,05m 41,15
48 — 157,18 157,33 — 157,15
L-TTpomun
L-Proline
49 — 174,96 174,76 — 175,15
50 4,30 m 59,69 59,69 4,27dd (J =8,0;5,9) 61,20
51 1,91 m; 2,24 m 29,72 29,67 1,86 m; 2,16 m 29,74
52 1,92 m; 2,0l m 25,30 25,25 1,87 m; 1,97 m 25,19
53 3,48 m; 3,66 m 48,45 48,42 3,48 m; 3,63 m 48,45
2-(AMMHOKapOOHWI) TUAPA3ULT muiuHamun
R, 2-(Aminocarbonyl) hydrazide Glycinamide
63 _ 1&2)9 161,48 _ 174,65
o4 - - - 18540173 4,59
'YKcycHasl KucioTa
Acetic acid
la 1,98 s 22,56 22,57 1,93 s 23,53
2a — 179,81 179,44 — 181,42

The present work is a continuation of a systematic
study on the introduction of NMR spectroscopy in the
quality control of natural peptide hormone-based ac-
tive substances and their synthetic analogues [1, 2]. In
the case of domestically-produced peptides this meth-
od is currently used only for identification testing of ref-
erence standards (e.g., dalargin, imunofan, delta sleep-
inducing peptide). Quality evaluation of both domestic
and foreign-made active ingredients is mainly performed
with the help of high-performance liquid chromatography
[3]. The main limitation of chromatographic methods is
the need for appropriate pharmacopoeial reference stan-
dards which, unfortunately, are not produced in Russia.
The NMR spectroscopy method does not require the use
of reference standards, which accounts for its relevance for
the pharmacopoeial analysis.

Typical examples of peptide active ingredients are
synthetic analogues of gonadoliberin — triptorelin ace-
tate (TA) and goserelin acetate (GA) (Fig. 1). They are
widely used in the treatment of malignant tumours of the
reproductive system and gynecological diseases associat-
ed with endocrine regulation disorders [4—9].

The aim of the paper was to develop identification
test methods for triptorelin acetate and goserelin ace-
tate substances using NMR spectroscopy that does not
require reference standards — with the aim of using
the newly developed test methods in pharmacopoeial
analysis.

MATERIALS AND METHODS

The test samples were provided by F-Sintez LLC
(triptorelin acetate) and Nativa LLC (goserelin acetate).
The test sample (10 mg, accurate weight is not required)
was dissolved in 0.5 mL deuterated water (D,0) produced
by Cambridge Isotope Laboratories, Inc. To calibrate the
chemical shift scale (§) 10 ul of 1,4-dioxane analytical
standard by Fluka were added to the solution (the result-
ing solutions had pH 6). The registration of the follow-
ing spectra: 'H, *C, 'H-'H COSY (Correlation Spectros-
copy) (gCOSY), 'H-*C HSQC (Heteronuclear Single
Quantum Correlation) (gHSQC), 'H-3C HMBC (He-
teronuclear Multiple-Bond Correlation Spectroscopy)
(gHMBC) — was performed using an Agilent DD2 NMR
System 600 (USA) with a 5 mm multinuclear probe fit-
ted with a gradient coil. 1D experiment parameters:
temperature — 27 and 50 °C (BC for goserelin acetate),
spectral width — 12 ('H) and 200 (*C) ppm, flip angle —
45°, relaxation time — 5 ('"H) and 1 (3C) s, the number
of accumulations of free induction decay — 8 (‘H) and
minimum 2000 (3C), the number of analogue-to-digital
conversion points — 64 K, exponential multiplication —
0.3 (‘H) and 3.0 (3C) Hz, automatic baseline correction,
manual phase correction, calibration of the & scale for di-
oxane (3.75 (‘H) and 67.15 (®C) ppm) [10]. 2D spectra
were obtained using reference pulse sequences with the
help of the Vnmr]J software (version 4.2).
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RESULTS AND DISCUSSION

The identification of oligopeptides by NMR spec-
troscopy without using pharmacopoeial reference stan-
dards is based on independent structural interpretation of
the spectral data, carried out according to a certain algo-
rithm [1]. The assignment of signals in 'H and C spectra
to specific hydrocarbon fragments (methyl, methylene,
methyne groups) was performed on the basis of 'H-3C
gHSQC data. The analysis of 'H-"H gCOSY spectra
helped to determine adjacent hydrogen-containing frag-
ments joined by a covalent bond, and use them to build
sequences in a cycle or an aliphatic chain. Hydrocarbon
fragments and amide groups were combined into a specif-
ic amino acid using the data from '"H-3C gHMBC. The
amino acid sequence was established by the presence of
cross-peaks between a-CH signals and C=0 groups of
adjacent amino acids in 'H-3C gHMBC spectra.

We showed carlier, using the example of buserelin ac-
etate (BA), that using D,O as a solvent ensures better se-
lectivity of oligopeptide identification testing by 'H and
BC NMR [2]. In addition, it was determined that when
deuterated dimethyl sulfoxide was used as a solvent, there
was a side effect of prototropic tautomerism of the sub-
stituted imidazole fragment of histidine, which is part of
the BA, TA and GA molecules. Due to proton exchange in
4-substituted imidazole, which is slowed down by dimeth-
yl sulfoxide, there is an increase in the non-equivalence of
the electronic environment of carbon nuclei in positions
4 and 5 of the imidazole cycle and, as a result, the broad-
ening of the corresponding signals to a critical signal-to-
noise ratio (their apparent absence) [1]. It should be not-
ed that the 'H NMR spectrum in D,O does not contain
signals of hydroxyl and amide protons, which greatly fa-
cilitates its interpretation. Therefore, deuterated water was
chosen as a solvent when obtaining spectral data for TA
and GA. The result of assigning 'H and "C signals of the
NMR spectra (Fig. 2, 3) to a specific structural fragment
of the TA and GA molecules is presented in Table 1 (the
numbering of atoms in the table corresponds to the num-
bering of atoms in Fig. 1). It should be emphasized that
chemical shifts of 'H and PC signals of the imidazole cy-
cle of histidine residue correspond to the test solution pH
equal to 6. If pH of the test solution is different, it is adjust-
ed to the required value with deuterated acetic acid or with
a buffer solution of sodium phosphate in deuterated water.

Figure 2 and Table 1 clearly show that 'H spectra,
as in the case of BA [1, 2], demonstrate a partial or com-
plete overlap of a number of signals from some amino ac-
ids which form part of the GA and TA molecules. On the
contrary, signals in the *C spectra (Fig. 3) hardly overlap
and have better resolution and informative value, there-
fore they could be used to identify the amino acid com-
position and determine the amino acid sequence during
pharmacopocial identification testing of oligopeptides.

C. B. Moucees u gp.
S. V. Moiseev et al.

It should be noted that the 3C spectrum of gosere-
lin acetate obtained at 27 °C demonstrates a significant
broadening of the signal of 2- (aminocarbonyl)hydrazide
carbonyl group at position C(63) with an intensity com-
parable to the noise level (Fig. 4a). This phenomenon is
most likely due to the presence of intramolecular inter-
action between the carbonyl carbon atom and the adja-
cent nitrogen-containing substituents, which slows down
the rate of prototropic tautomerism and, as a result, leads
to the broadening of the corresponding signal. When
the temperature is increased to 50 °C the intramolecu-
lar interaction gets weaker and the proton exchange rate
grows, which results in a clear signal of the carbonyl car-
bon atom (Fig. 4b). Therefore, 50 °C is the most optimal
temperature for identification of triptorelin acetate by *C
NMR spectroscopy.

The difference of 0.5 ('"H) and ~ 1.0 (3C) ppm be-
tween O values of the signals from the methyl group of
acetate anion in the NMR spectra of triptorelin acetate
and goserelin acetate supports our assertion that acetate
anion should not be used as a reference standard for cali-
bration of the chemical shift scale [1], as is prescribed by
the European Pharmacopoeia?.

CONCLUSION

The authors developed identification test methods for
triptorelin acetate and goserelin acetate substances us-
ing '"H and "C NMR in D,0 solution without the use of
pharmacopoeial reference standards. They determined the
amino acid composition and the amino acid sequence of
these oligopeptides. The authors drew up a table showing
assignment of NMR spectra signals to a particular struc-
tural fragment of the molecules, which makes it possible
to perform identification testing of triptorelin acetate and
goserelin acetate substances without the use of pharma-
copoeial reference standards. It was demonstrated that
the better resolved spectrum with almost no overlap be-
tween the signals of oligopeptide amino acid structural
fragments is obtained by *C NMR for triptorelin acetate at
27 °C, and for goserelin acetate at 50 °C. The developed *C
NMR spectroscopy test methods may be recommended
for use in pharmacopoeial analysis.
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