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Dinponin — cenekmuHull OI0KAMOp MemabomponHux UOHHUX peyenmopie Hepeoeoi
cucmemu bOe3xpebemuux meapun. A S-memonpen amanoe 18eHiIbHO20 2OPMOHY, AKUL 6ede 00
SYNUHKU PO3BUMKY ma penpodykyii xomax. L[i Oitoui peuosunu 3acmocosyromvcs y IHCEeKmo-
AKAPUYUOHUX KPANIAX O 3HUWEHHS MA NONepeOdCeHHs. POIMHONCEHHs goulell, Oix ma Kiiuig y
0OMAWHIX YI0OIeHYI8.

Mema pobomu noaseana 6 po3pobyi memoouku ioeHmughikayii ma 0OHOUACHO20 KINIbKICHO20
BUBHAYAHHSA DINpoHILy ma S-memonpeny 6 Kpanisax OJis 308HIUHbO20 3ACMOCy8aHHs. Memoouky
po3pobunu ma eanidysanu 3a NOKAHUKAMU 6UOIPKOGOCMI, JIHIUHOCMI ma napamempamu
npuoamnocmi - xpomamoepaghiunoi  cucmemu. B axocmi  3paska-o6’ckmy 0nsi  po3pooOKu
BUKOPUCMOBYBANIU [THCEKMO-aKAPUYUOHI Kpanii 07 308HiWHb020 3acmocysants. Cmanoapmuuil
3pazox ma euUNPoOOHY Npody POZUUHANU Y ayemoHimpui, 00 Konyenmpayii ginponiny 100 mxe/mn ma
S-memonpeny 90 me/mn. 3pazxku po3zoinanu na xpomamoepaghi Dionex Ultimate 3000, ocnawernomy
xpomamoepagiunoro xononxoro Acclaim CI18 150%4,6, 5 um. Pyxomoro ¢azoro oOyra cymiu
ayemonimpuny ma 600u 6 00’emuomy cnisgionowenni 90:10. Dinponin ma S-memonpen
OdemeKkmy8anu 3a 008HCUHU X8UL no2auHanHs — 270 Hm.

3a euweskazanux ymos 80anocs noswicmio posoinumu Ginponin ma S-memonper (uac
VMPUMYBAHHA 8UX00Y Xpomamoepaghiunux nixkie — 2,3 x6 ma 7,6 x68) ma iHwi KOMNOHEHMU
docniodacysanoco npenapamy. llpu ypomy, napamempu npudamrocmi xpomamozspagiunoi cucmemu
He euxoounu 3a medxci, 3aznaveni 8 pekomenoayiax USA Food and Drug Asossiation. /[ns nikie
Ginponiny ma S-memonpeny egpexmugnicms xpomamoepagiunoi cucmemu cmanosuna 8300-13000
meop. mapinok. Bionocnuti cmanoapmuuu 6ioxun (RSD) ons niow nixie 0irouux peyosun cmaHosue
+ 0,50 %, a xoeghiyieum po3oinenusn nikie (Rs) ¢pinponiny, S-memonpeny ma inwiux Komnonenmie
npenapamy cmarnosus 27,6. Koegiyienm cumempii nixy ginponiny cmanosue — 1,4, a S-memonpeny
— 1,2. Kanibpyeanvhi kpusi oynu ninitinumu y pekomernoogarnomy @Y 2.0 oianazoni (80—120 % 6io
HOMiHanbHOT KOHyeHmpayii 6i0noeionoi Oitouoi peuoeunu). Koegiyienm ninitinocmi (R?) ona
@inponiny cmanosus — 0,9990, a ona S-memonpeny — 0,9989.

Kmrouogi ciioBa: BUCOKOE®EKTHBHA PIIMHHA XPOMATOI'PA®IA, OITTPOHLI,
BAJIIJALIA, S-METOITPEH, KPATUII ITPOTU BJIIX TA KJIIHIIB.
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QUANTITATIVE DETERMINATION OF FIPRONIL AND S-METHOPRENE IN DROPS
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R. D. Ostapiv, V. I. Tkachenko, S. L. Humeniuk, L. K. Samarska
State Scientific-Research Control Institute of Veterinary Medicinal Products and Feed Additives,

11, Donetska str., Lviv, 79019, Ukraine
romostapiv@scivp.lviv.ua

Fipronil is a selective blocker of metabotropic ion receptors of the nervous system of
invertebrate animals. And S-methoprene is an analogue of the juvenile hormone, which leads to the
arrest of the development and reproduction of insects. These active substances are used in insect-
acaricidal drops to destroy and prevent the reproduction of lice, fleas and ticks in pets.

Aim of the work was to develop a method for the identification and simultaneous
quantification of fipronil and S-methoprene in drops for external use. The method was developed and
validated by indicators of selectivity, linearity and suitability parameters of the chromatographic
system. Insecto-acaricidal drops for external use were used as a sample-object for development. The
standard sample and the test sample were dissolved in acetonitrile to fipronil concentration — 100
ug/ml and S-methoprene — 90 pg/ml. The samples were separated on a Dionex Ultimate 3000
chromatograph equipped with an Acclaim C18 chromatographic column 150%4.6, 5 um. The mobile
phase was a mixture of acetonitrile and water in a volume ratio of 90:10. Fipronil and S-methoprene
were detected at an absorption wavelength of 270 nm.

Under the above-mentioned conditions, it was possible to completely separate fipronil and S-
methoprene (retention time of the chromatographic peaks - 2.3 min and 7.6 min) and other
components of the studied drug. At the same time, the suitability parameters of the chromatographic
system did not exceed the limits specified in the recommendations of the USA Food and Drug
Association for HPLC methods. For fipronil and S-methoprene peaks the efficiency of the
chromatographic system was 8300—13000 theor. plates The relative standard deviation (RSD) for the
peak areas of the active substances was + 0.50%, and the peak separation ratio (RS) of fipronil and
S-methoprene and other drug components was 27.6. The symmetry coefficient of the fipronil peak
was 1.4, and that of S-methoprene was 1.2. The calibration curves were linear in the recommended
DFU 2.0 range (80-120% of the nominal concentration of the corresponding active substance). The
coefficient of linearity (R?) for fipronil was 0.9990, and for S-methoprene it was 0.9989.

Keywords: HIGH PERFORMANCE LIQUID CHROMATOGRAPHY, FIPRONIL,
VALIDATION, S-METHOPRENE, FLEA AND TICK DROPS.

@inpoHin — IHCEKTHIMJ 3 Kiacy (QeHUInipa3oiiB, M0 1Hridye mnepenady HEpBOBHUX
nojapasuukie [AMK-3anexunux peuenropis (Simon-Delso et al, 2014). ToOro BimOyBaeThcs
HE3BOPOTHE 3B’SI3yBaHHS (INPOHUTY 3 pelenTopaMu y-aMiHOMAclsiHOi KHUCJIOTH, IO BeJe 0
napajnidy 1 cMepTi 071X Ta KiimiB. PeyoBrHa Mae HaiBUILIMHM eQeKT npu 6e3nocepelHbOMY KOHTAKTI
3 MIKITHUKaMU Ta 4epe3 CHOXHMBaHHS HUMH oTpyeHoi ki (Gunasekara et al, 2007). AdinHicTb
¢inponiny 1o I"AMK-3anexHux penentopiB y Komax € HabaraTto BHIIOK, HDK JO MOAIOHHUX
pelenTopiB y TBapuH, TOMY 3a BIAMOBIJHOIO J103yBaHHS Ta BUKOPUCTAHHS (IMPOHII HEe Hece
HeOe3nmeKH JUTs JIFOAMHHY i iHmX TBapuH (Bhatt et al, 2023). ®inponin 3acTocoByeThCs Y penaparax
111 00poThOM 3 6J10XaMu Ta KiiaMu. B octanHiil yac HaOyu momynsipHOCTI KoMOiHaIi1 (GinpoHity
3 S-meronpenom (Kotsiumbas et al., 2015).

S-MeTonpeH — nmpoTunapasuTapHUil Ipenapar, skuid Bojojie oBinuaauM edekrom (Tianyun
et al, 2023). 3a XiMIYHOIO CTPYKTYPOI S-METONPEH € aHAJOrOM T'OPMOHY POCTY y KOMaxX TOMY
BUKOPHCTOBYETBCS JJIsl MOTIEPEKEHHS JI03piBaHHA JIMUMHOK Omix Ta ix po3muoxenHs (Daglish,

157


mailto:romostapiv@scivp.lviv.ua

2008). S-MeTonpeH MIMPOKO BUKOPHCTOBYETHCS JJIsi OOPOTHOU 3 PO3SMHOXCHHSM JIOMAIIHIX MYX,
0J1iX, KOMapiB Ta KJIINIB y PO3YMHAX Ta MOPOIIKAX, a y KOMOIHAIlT 3 (GITPOHUIOM — y Kparuisix JJIst
30BHIIIHLOTO 3acTocyBanHs (Kotsiumbas et al., 2015).

®DinpoHiI Ta S-METONPEH MalOTh CHHEPTIYHY IPOTUIIAPA3UTAPHY [Ii10, SIKA 3HUIIYE OUTBIIICTh
Mapa3uTiB JOMAIIHIX TBAPUH, OCKLIBKH (DiPOHLI 3HUIILYE TOPOCIUX OCOOUH, a S-METONpeH — He3piii
auunHKY Ta i komax (Dryden et al, 2013). Pazom 3 tum, S-metonpeH Ta ¢GinpoHiI BOJIOIIIOTH
pi3HOI0 XpoMaTorpadivyHOI0 PYXJIUBICTIO, IPOTE OJJHAKOBUM CIIEKTPOM MOTIIMHAHHS 265-275 HM, 1110
YHEMOXJIUBIIIOE 1X aHalli3 MPSIMHUM CHEKTPOPOTOMETPUYHUM MeToJIoM. ToMy, HalKkpaluii MeTo.
JUTS KUTBKICHOTO BU3HAUEHHS IAHUX PEYOBUH — BHCOKOS(EKTUBHA piAnHHA Xpomartorpadis. Metoro
po6oTu Oyi10 po3poOUTH Ta BaJliTyBaTH METOIUKY OJTHOYACHOTO KUJIbKICHOTO BU3HAYEHHS (QITPOHLITY
ta S-metornpeny MmerogoM BEPX 3 ynbTpadioneToBUM JeTEKTYBaHHSIM.

Marepiaau i Metogu. Y poOOTI BUKOPHUCTOBYBAJIM CTaHAAPTHI 3pa3ku (IiNMpoHUTY Ta S-
MeTtonpeHy BUpoOHunTBa Sigma-Aldrich. Buxinni po3umnu ¢inpoHiny Ta S-mMeTonpeHy 3
KoHIeHTpauiero 1 ta 0,9 Mr/mi, BIAMOBITHO, TOTYBAIH 3 YPaXyBaHHIM YHCTOTH CTaHIaPTHHUX 3pa3KiB
3TiAHO 13 cepTrdikaTaMu SKOCTI, IUITXOM PO3YMHEHHS Y alleTOHITPIIIL. BUXiTHI pO3UYMHH pO3BOIMIN
THUM CaMHM PO3YMHHHUKOM JI0 KOHIIEHTpAIlii poOOYMX pO3YMHIB CTaHAApTHUX 3pa3kiB (100 MKr/mi
s pinmporiny ta 90 MKr/mMa ans S-metomnpeny). JlocmikKyBaHI 3pa3kd Kpameib 3 BMICTOM
GbIinpoHiny Ta S-METONPEHY PO3UMHSIIM A0 MPUOIU3HO Takoil K KOHIEHTpallii, K 1 cTaHAapTHI
3pa3KH.

Amnani3 BHKOHaHO Ha piamHHOMY xpomarorpadi Dionex Ultimate 3000, ocHameHOMY
HacocoM LPG-3400SD, aBrocemruiepom ACC-3000 ta miogHomarpuuHum aerekropom DAD-3000.
3pa3ku po3aAlIsuid Ha xpomarorpadivniit komonri Acclaim C 18 150 x 4,6 mm. Pyxomoro ¢a3zoro
CIIy’)KHJIa CyMIII alleTOHITPUITY Ta BOJU y 00’ eMHOMY criBBigHOMmEHHI 9:1. O6’ €M 1HXEKIIi1 CK1a/1aB
0,005 mu1, mBHAKICTH MOTOKY pyxoMoi ¢a3u — 1,0 mi/xB, Temneparypa kosnonku ctanoruina 30 °C.

OOuncneHHss pPe3yNbTaTiB MPOBOAWIM 32 JIOMIOMOTOI0 TPOTPaMHOTrO  3a0e3redeHHs
Chromeleon 7.2. CtaTUCTMYHUI aHai3 MPOBOAMIU 3a JIOMIOMOTOI0 MPOTPaMHOrO 3abe3meueHHs
Microsoft Excel 2010. Meroauky BamiayBadu 3a NOKa3HUKaMHU BHUOIPKOBOCTI, JIIHIHHOCTI Ta
MPUJATHOCTI XpOMaTOrpadiqHOT CUCTEMH.

Pe3yabTaTH it 06roBopenns. BaninyBanu METOIUKY OJJHOYACHOTO KUIBKICHOTO BU3SHAUYECHHSI
¢binpoHiTy Ta S-METOIPEHy 3a MapaMeTpoM BHOIPKOBICTh, MOPIBHIOIOYN XpOMAaTOrpaMu pobodoro
po3unHy ctanaaptHoro 3pasky (PPC3), pobodoro po3unny BunpoOHoi npodu (PPBII) 1 po3unny
iane6o (PPITn). XXonen nik Ha xpomarorpami PPITn noBHicTIO 200 4aCTKOBO HE MEPEKPUBAETHCS
3a YacOM YTPUMYBaHHS 3 MikaMHu QIIpOHLTY Ta S-MeTomnpeHy Ha xpomarorpamax PPC3 ta PPBII
(puc. 1) (Derzhavna farmakopeia Ukrainy 2.0, 2015).
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Puc. 1. Xpomatorpamu miaie6o (A), po3duHy cTaHmapTHOTrO 3pas3ky ¢inponiny (b), S-metonpeny (B) Ta kpanens ajist
30BHIITHBOTO 3aCTOCYBaHH 3 BMicTOM (himponiny Ta S-meTonpeny (B).

Ockinbku, oOpaHul peXHUM XpoMmaTorpagiqHOro po3JiIeHHs 3a0e3leuyBaB BUKOHAHHS

sumoru JI®Y 2.0 (Derzhavna farmakopeia Ukrainy 2.0, 2015) 1o mapamerpy BHOIpKOBICTb,
MIPOBOJIMIIN JIOCITI/PKEHHS ITapaMeTpiB XpoMaTorpadiyHuX MiKiB GIMpoHiTy Ta S-MeTonpeny (Tabdi.).
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Tabauys

IMapameTrpu npuaaTHocTi XxpomaTorpadgiynoi cucremu

TTapamerpu XapaK.TepHc'mKH xpomarorpaivHuX MiKiB BHMOTH 10 TOKA3HIKA
DinpoHin S-MmeTomnpeH

Yac yTpuMyBaHHS, XB. 2,3 7,6 —
EdextuBHicTs XpoMaTtorpadigaoi 8300 13000 > 2000
cucremu (N)
Koedoimient cumertpii miky (As) 1,4 1,2 Bin 0,8 no 1,5
BinHocHUI cTaHmapTHUHA BigXAT . o
(RSD) 3a mtomero mixa, % 0,50 0,45 He 6ineme 1,43 %
BinHocHUi cTaHmapTHUHA BigXAT 0
(RSD) 3a wacom yrpuMaHHs mika, % 0,01 0,04 <1%
upwrHa miKy, XB. 0,5 0,9 —
Crymizb po3zineHas Rs 29,4 29,4 >15

Yci XapakTepUCTHKU XpomarorpadiyHuxX IIKIB BiAMOBIAaTh pekoMeHpaiism FDA mo
po3pobiti xpomarorpadiunux meroauk (Validation of Chromatographic Methods, 1994). Tomy
MIPOBOIMIIN AOCTIHKSHHS 32 TapaMeTPOM JIIHIHHICTb.

I'padix 3anmexxHocTi IUIOMI XpoMmMaTtorpagiyHuxX MIKiB BiJ KOHIGHTpaLii aHamiTy
MPECTaBICHO HA PUCYHKY 2.
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Puc. 2. T'padik 3a51€KHOCTI TUI01] XpoMaTorpadivHuX IMiKiB BiJl KOHLIEHTpALIT aHAJITY Y PO34HHI
(A — dinpownin, b — S-meTonpeH).

KoediuienT R? 115 mtom mikiB ¢inponiny Ta S-MeTonpeHy 6yB y MekaX, peKOMEHIOBAHHX
JADY 2.0 (Derzhavna farmakopeia Ukrainy 2.0. 2015).

BUCHOBKMH

JlocaimxyBaHl XapaKTepUCTUKH METOAY 1eHTH(iKalii Ta KUIbKICHOTO BU3HA4YaHHS BMICTY
¢binpoHiy Ta S-MeTONpeHy Yy Kpaluiix JUis 30BHIIIHBOIO 3aCTOCYBAaHHS HE BHUXOISATH 3a MeEXi
KpuTepiiB, 3a3HaueHux y nupextusi FDA (Validation of Chromatographic Methods, 1994) ta I®Y
2,0, 2015 (Derzhavna farmakopeia Ukrainy 2.0, 2015 a,b), Tomy MeTon mnpumaTHUi yist
MPOJOBXKEHHA  Balijamii 3a [apaMeTpoM TNpPeuu3iHICTh Ta  BHYTPIIIHbOJAOOpaTOpHA
MOBTOPIOBAHICTb.

IlepcnexkTuBn gociaimkenb. [lponoBkeHHs Bamiganii METOAMKM 3a MapaMmeTpamMu
poOacHICTh, MPEU31HHICTh Ta BHYTPIIIHBOJIA00paTOPHA MTOBTOPIOBAHICTD.

160



References

Bhatt, P., Gangola, S., Ramola, S., Bilal, M., Bhatt, K., Huang, Y. (2023). Insights into the
toxicity and biodegradation of fipronil in contaminated environment. Microbiological Research. Vol.
266. DOI:10.1016/j.micres.2022.127247.

Daglish, G.J. (2008). Impact of resistance on the efficacy of binary combinations of spinosad,
chlorpyrifos-methyl and s-methoprene against five stored-grain beetles. Journal of Stored Products
Research. 44 (1). 71-76. DOI:10.1016/j.jspr.2007.06.003.

Derzhavna farmakopeia Ukrainy 2.0. (2015). Derzhavne pidpryiemstvo «Naukovo-ekspertnyi
farmakopeinyi tsentr» Kharkiv: RIREH. 1. 910-916 [In Ukrainian].

Dryden, M\W., Ryan, W.G., Bell, M., Rumschlag, A.J., Young, L.M., Snyder, D.E.
Assessment of owner-administered monthly treatments with oral spinosad or topical spot-on
fipronil/(S)-methoprene in controlling fleas and associated pruritus in dogs. Veterinary Parasitology.
191. 340-346. DOI: 10.1016/j.vetpar.2012.09.003.

Gunasekara, A.S., Truong, T., Goh, K.S., Spurlock, F., Tjeerdema, R.S. (2007) Environmental
fate and toxicology of fipronil. Journal of Pesticide Science. 32. 189-199. DOI: 10.1584/jpestics.R07-
02.

Kotsiumbas, I.Ya., Kosenko, Yu.M., etal. (2015). Dovidnyk kormovykh dobavok i premiksiv.
Lviv: TzOV VF «Afishay; 1408. [In Ukrainian].

Reviewer Guidance, Validation of Chromatographic Methods, USA: FDA. 1994. 33.

Simon-Delso, N., Amaral-Rogers, V., Belzunces, L. P., Bonmatin, J. M., Chagnon, M. (2014).
Systemic insecticides (neonicotinoids and fipronil): trends, uses, mode of action and metabolites.
Environmental Science and Pollution Research, 22. 5-34. DOI: 10.1007/s11356-014-3470-y.

Tianyun, S., Jin-sheng, Y., Ying, Z., Xuhong, Q., Heng, S. (2023). Comparative bioactivity
of S-methoprene and novel S-methobutene against mosquitoes (Diptera: Culicidae) Journal of
Medical Entomology. Doi: 10.1093/jme/tjad110.

161



