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PO3POBKA METOJIUKH BU3HAUYEHHS HT-2 TOKCUHY
B 3EPHI METO/IOM BUCOKOE®EKTHUBHOI PIIMHHOT
XPOMATOTPA®II 3 ®JTIOOPOMETPUYHNM
JETEKTYBAHHSIM (BEPX/®JI]T)

0. 1. ®eosikosa, 1. A. Koyrombac

Jlep>kaBHUI HAYKOBO-IOCTIAHUI KOHTPOJIBHUHN 1THCTUTYT BETIPENapaTiB
Ta KOPMOBUX JJOOaBOK

HT-2 moxcun — npedcmagnuk epynu mpuxomeyeHogux MiKomokcunie muny A, si maromo
2EHOMOKCUYHUL MA YUMOKCUYHUL BNAUB NPU HAOXOONCEHHI iX 3 KOpMOM 00 opeanizmy meapun. Lleii
6NIUE 00YMOGIeHUIl NopyuleHHsamu npoyecie cunmesy o6inxie, /[HK i PHK. 3minu macicmpanvHux
CUHMEMUYHUX NPOYeCi8 6 Op2aHizMi CHPUNUHAIOMb THOVKYII0 anonmo3y Jaimgamuynoi ma
Kpo8omeopHoi mxaHuH, axkmugyiouyu npomeinkinasu (MAP xinasu). Bueuenns 00303a1excH020
6NIUBY MPUXOMEYEHOBUX MIKOMOKCUHIE HA OioXiMiuni npoyecu 6 opeanizmi nompebye po3pobKu
YYMAUBUX MEemOoOi8 iX BU3HAUEHHSA 6 KOopMax ma MKAHUHAx meapud. Y cmammi onucauni emanu
POo3pobKu memoouxu eusnauvenns HT-2 mokcumy i3 3acmocy8aHnAM Memoody GUCOKOeheKmusHOi
piounnoi  xpomamoepagii 3 paroopomempuynum Odemexmyeanuam noxionux HT-2 moxcuny
00ePIHCAHUX ULTAXOM peakryii 1o2o 3 I-anmpoinnimpuiom ma 4-0umemuiaminonipuOuHoOM Ha emani
nioeomoexu 3paskis. Mesca uymaugsocmi po3podienoco memooy 3 He/e.

Kirouosi crosa: TPUXOTEIEHOBI MIKOTOKCHUHU, HT-2 TOKCHH, 3EPHO, BEPX,
JEPUBATU3ALIA

TpuxoTerneHoBl TOKCHHA — BTOPUHHI METa0OITH, IO MPOAYKYIOTHCS MIKPOCKOTIIYHHUMH
rpubamu  poxny Fusarium (Myrothecium, Trichothecium, Trichoderma, Cephalosporium,
Cylindrocarpon Ta Stachybotry) 3a neBuux ymoB [1]. Lli ped4oBHUHU BOJIOIIIOTh KaHIIEPOTEHHUMH,
IMyHOCYNpecOpHUMH [2], TenaTOTOKCUYHUMH, HE(PPOTOKCHYHHUMHU Ta HEWPOTOKCUYHHMU
BJIacTUBOCTAMHU [3] 1, MOTpaIuIloud B OpraHi3M, MOXYTb MPHUBOJIUTH A0 MOPYIIEHHS
010XIMIYHHX TpoIeciB. TPUXOTELIEHOBI MIKOTOKMCHH — CTa0UIbHI CHOJYKH, CTIMKI 10 BIUTUBY
6araThoX XiMiuHMX i (i3uuHEX (akToOpiB. IX CTpyKTypa He pyiHyeThcs mpH 30epiransi i
nepepoO1li CUPOBHHHU Ta MPHU BUCOKHX TeMIieparypax [4].

Pa3om 3 Haii0iIbII BUBYCHUM MIKOTOKCHHOM TPYNH TPUXOTEIEHIB — T-2 TOKCHHOM
BUSBIISAIIOTE Takok HT-2 TOkcuH, sKMi HaildacTilne 3HAXOIITh y 3€pHOBHX (IIICHHULIS,
KyKypy/3a, OBEC, TYMiHb) 1 6000BuX (cos1, 6001, KBacos) KyiabTypax. OCHOBHUM MPOAYIIEHTOM
HT-2 Tokcuny € Fusarium sporotrichioides — canpodiTHi MIKpOMIIETH, SKi KUTTE€3AATHI 32
HIMPOKOTO Jiarma3ony temrepatyp Bix -2 °C mo 35 °C Ta Bucokiii Bojorocti (6umeme 0,88) [5].
HT-2 TOKCHH BUKIIMKAaE B OpraHi3Mi TBapMH HEHPOTOKCHUYHI 1 TEPATOreHHI 3MiHH Ta MPHUTHIUYy€E
iMyHHY cucteMy [6]. TokcMuHUN BITUB CYNPOBOKYETHCS 3HIDKCHHSIM alleTUTY 1 3MEHIIICHHSIM
KHUBOi MacH, OJIIOBOTOIO, BUCHIIAMU Ha HIKIpi 1 B TpaBHOMY TpakTi [7]. CTymiHb BHpa)KeHHS
MaTaJIOTIYHUX 3MIH 3HAXOJUTHCS Y KOpEJALiiiHil 3anexHocTi Bij koHueHTpauii HT- 2 Tokcuny
B KOpMI.

Meroau, siKi IIAPOKO 3aCTOCOBYIOTHCS B MPAKTHII JaOOPATOPii JJIsi BU3HAYCHHST BMICTY
T-2 TOKCHHY B KOpPMax Ta XapuOBHMX IMPOAYKTaxX, MajoO MPOAYKTHBHI Ta HEJOCTATHHO UyTJIUBI
st BusHaueHHs HT-2. HasBHICTP TOKCMHY HE MOXHAa OIIHUTH TIJIBKH 32 MPUCYTHICTIO YH
BIZICYTHICTIO B 3pa3Ky KIITHH TpuOiB ab0 IX CHOp, OCKUIbKM IUTICEHEBI I'PHOU YTBOPIOIOTH
TOKCUHM JIMIIE 3a IeBHUX yMOB, TOMY KOPMH 1 XapuoBa CHpOBHMHA HE 3aBXIu OyBaloTh
3a0pyaneHi HT-2 TOKCMHOM IpH HasiBHOCTI MIKPOMIIIETIB 1 HABMAKA — MOXYTh MaTH BUCOKHMA
HOTO BMICT 3a BiJICYyTHOCTI Tpu6OiB. MeTa po6oTH — po3poOka e(heKTUBHOTO, Yy TIUBOTO METO/LY,
NPUIATHOTO JJIsl KIIbKICHOTO BU3HAYEHHS TPUXOTEIICHOBUX MIKOTOKCHHIB Y KOPMaXx 1 XapuoBUX
MPOAYKTaX.



Marepiajamu i MeToaun

Peaxmueu. Y po60Ti BukopuctoByBanu ceptudikopanuii cranaapt HT-2 Tokcuny dipmu
R-biopharm xonmnentpamiero 100 Mxr/mi. Po0Godi cTaHmapTHI pO3YMHU TOTYyBAIM IIIJISIXOM
po3BeaenHsa B aneronitpum (99,9 %, HPLC, Lab Scan) no konuentpaniit 5, 1 1 0,25 Mkr/mi.
Jns nepuBatuzanii HT-2 TOKCHHY B CTaHAAPTHHUX Ta IOCTIIHUX 3pa3KaxX BUKOPHUCTOBYBANHA 1-
anroinHiTpun (Wako Chemicals) ta 4-qumermnaminonipuaut (Sigma-Aldrich), po3unnn siKux
roryBaiu y Tosyoii (99,8 %, HPLC, Lab Scan) y kontienTpartisx 0,325 i 0,3 Mr/mi1 BinmoBiIHO.

Iliocomosxa 3paskie cmandapmuux poszuunie HT-2 moxcuny. Jas AOCTIIKEHHS
BiZIOMpaK BiMOBIHY aTIKBOTY CTAaHAAPTHOTO PO3YMHY 1 BHCymIyBayd ii. Jo Cyxoro 3aiumiky
JoJlaBalld  IepUBaTU3yloul peareHTM — 1-aHTOimHITpWI Ta 4-AMMETHIAMIHOIIPUIUH.
JlepuBatn3oBaHy cywmimn iHkyOyBamu 15 xB 3a Temmeparypu 50 °C, a mOTIM OXOJIOKYBaJIH
BIPOAOBXK 15 XB Ha nboAsHIA OaHi. OXONOMKEHUH AepUBATU3AT BUCYIIyBAJIW Ha POTOPHOMY
BunaproBadi npu temnepatypi 30 °C, a cyxuii 3aIUIIOK NEPEPOIUNHSITN Y MOOUTBHIH (a3i.

ITiocomoska 3paskie sepna. J1o 5 T noapibHeHoro 3pa3ka 3epHa poxaBanu 10 mi 80 %
po3unHy MeTtuioBoro crnuprty. Cywmim eHepriiiHo cTpymryBanu Bopomosx 10 xB. Onepxkani
eKCTPaKTU ILEHTpU(]yryBaln OpoTsroM 5 XB 3a BeauuuHH (akropa posauteHHs 3000 g ta
temneparypu 4 °C. AJIKBOTY CyNepHATaHTy PO3BOIMIN BOJOIO y criBBimHOMmEHHI 1:5. 10 M
PO3BEJICHOTO PO34YMHY (EKBIBaJICHTHO 1T 3pa3ka) OJep:KaHOro EKCTPAKTy OYMILYBald Bij
HA/UTMIIKIB MaTpPUIl MeToIoM iMyHO-aiHHOI Xpomarorpadii i3 3acTOCyBaHHSIM KOJIOHOK, SIKi
mictunu aHtutia no T-2, HT-2 TokcuHiB Ha moBepxHi cramioHapHoi ¢aszu (R-biopharm,
Himeyunna). OuniieHi eKCTpakTH BUIIAPOBYBAJIM B MOTOL a30Ty Ta JOJABalM pEareHTd AJis
YTBOpEHH: Quiyopecuitoroyoro kommiekcy 3 HT-2 Tokcunom.

Iapamempu xpomamozpagiunoi cucmemu. PoOOTy BHKOHAaHO Ha CHUCTEMI I
BUCOKOE(EKTHBHOI piAMHHOI xpomarorpadii BupoOHuurBa Varian (CIHIA). Komonka
Microsorb 100 C18 (5SmrM*250mm*4,6mm), Varian (CIIIA). binapHa rpajieHTHa cucTeMa
eIOCHTIB CKJaaanacs i3 pyxomoi ¢a3u A: Boau Ta pyxomoi (asu B: aneronitpuny. Emoentu
Oynmu ¢inbTpoBaHi i agerasopani. [lapamerpu mporpamMu 3MiHHM TpanieHTy (a3 HaBeleHO B
Tadymmi 1.

Tabauys 1
3miHa rpajieHTy pyxomoi ¢azu
A (Boma), % B (aueronitpuin), %
0 xB 30 70
8 xB 0 100
14 xB 0 100
18 xB 20 80
20 xB 0 100
25 xB 30 70

IBuaKicTh MOTOKY emroeHTy cTaHoBmia | mi/xB. O0’em mpobdu it iH €Kil CKiIanaB
0,05 mn. Temmneparypa xomonku 40 °C. J[loxkuHa XBwIi 30yKeHHS (DITyOpecleHTHOTO
nerekropa 380 HM, goBxkuHa xBuIi eMicii 470 uM. TpuBanicts aHanizy — 60 XB, BKIIOUAIOUYH
yac HeOOX1THMM Jyutst ctabimizamii koaoHkn — 40 xB. [Ipu po3poO1i yMOB pO3/IijI€HHST 4YaCTKOBO
BPaxOBYBAJINCh YMOBH OMHcaHi B JiTepaTypi [8—11], siki MOxHA Oys0 BIATBOPUTH 3a HASBHOTO
XpoMaTorpadiqvHOro Ta JOMOMIKHOTO 00JIaTHAHHS.

Pe3ynbTaTn it 00roBopeHHs

Onuparounch Ha AaHl, OJEpKaHl 3 JITEpaTypH, a TAKOXK EKCHEPUMEHTAIbHUM IUISIXOM
Oyno mimiOpaHo mMapamMeTpu 3MIHM TPAIIEHTy €IIOCHTIB Ta YMOBH TPOBEIACHHS peakiii
nepuBaTH3amii. 3a pi3HUMHU  JriTepaTypHUMH Jpkepenamu  [9, 10] mis  mepuBaTtu3anii
TPUXOTELICHOBUX MIKOTOKCHHIB BUKOPHUCTOBYIOTh: 1-Hadroinxmopua, 2-Hadroinxiopua, mipeH-
1-xaboHinmiaHia, 4-TMMETHI-aMiHOMIPUANH, |- Ta 4-aHTPOIMTHITPUI Y Pi3HUX KOHILEHTpAISIX Ta



chiBBigHOmEHHI. BuOpani Ta onTUMi3oBaHi yMOBM TIPOBEACHHS peakiii yTBOPECHHS
¢ayopecuitorounx noxigaux HT-2 TokcuHy, mependadaroTh AOAABaHHS IO CYXOro 3aIUILIKY
eKCTpakTy 3pazka 50 Mkn 4-guMermnamidomipuauay Ta 50 Mkn 1-antpoinHiTprmy. Cywmim
iHKyOyBanu mnpotsaroM 15 xB 3a temneparypu 50 °C 1 0Xono[KyBalM Ha JbOISHIM OaHi
BrposoBk 15 xB. Ilicis 3aBepmieHHS peakiii peakiiifHy CyMilll BUMAPOBYBAINA JIO CYXOTO
3aJIMILIKY Ha POTOPHOMY BUIIApIOBaYi.

VYTBopenHss kommuiekcy HT-2 TokcuHy 3 JepuUBaTHU3yIOUMM pEareHTOM JepuBatr
B1J10yBajI0Ch 3a CXEMOIO MPECTABICHOIO HA PUCYHKY 1.
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Puc.1. Cxema yrBOpeHHs (uryopecuitorounx noxigaux HT-2 TokcuHy 3 aeprBaTH3yIOUUM peareHToM

3pa30Kk BHUCYIIGHHH Yy POTOPHOMY BHIIQpIOBadi pPO3YMHSUIA B | M PO3YMHY
aneronitpmwi:Boga 80:20 (v/v). IlopiBHSHHS XpoMmMaTorpam NpEACTAaBICHUX Ha PUCYHKY 2.,
NOKa3ye€ HasABHICTh iKYy 3 dYacoM yTpuMmaHHsi 14,5 XB y 3pa3Ky eKCHepHMEHTaJIbHO
KoHTaMiHOBaHOMY HT-2 TOKCHMHOM, Ta BiICyTHICTh MKy aHaJIITy B KOHTPOJBHHX 3pa3Kax 3epHa
BuUTbHMX Bix HT-2 Tokcuny (0).
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Puc. 2. Xpomarorpamu 3pa3kiB 3epHa, Goprudikosanoro HT-2 TOKCHHOM B KOHIICHTpAIIii
200 =r/r 3pa3ka (a) Ta BUTEHOTO BiJl TOKCHHY (0)

3 MeTOl0 mepeBipKkU cTaOUIbHOCTI yTBOpeHoro komiiekcy HT-2 TokcuHy nociiKeHHs
MPOBOAMIIUCEH O€3MOCepeIHbO MIcHs MIArOTOBKU 3pa3ka, a Takox udepe3 2, 4, 8 1 24 roauHu.
[IpuroroBani 3pa3ku 30epiraiucs y TepMETHYHO 3aKpUTUX Blajlax, B XOJIOAWJIBHUKY 3a
temneparypu 4 °C. IlopiBHSHHS onep)kKaHMX pe3yJibTariB (Tabia. 2) Jae MiJCTaBy BBaXKaTH
YTBOPEHI KOMILJIEKCH CTa0UIbHMMM MPOTSITOM BKAa3aHOTO Iepiogy. BiIMIHHICTH opepKaHHX
pe3yabTatiB He nepebinbirye 1,82 %.

Tabnuys 2



CrabiabHicTs koMmiIekcy HT-2 Tokenn — nepusar

Bucora niky, MkB [Tnoma niky, MKBxxB
[Ticns mpoOOMmiATOTOBKH 71451,8 121287
UYepes 4 ron 72013,0 12366,5
UYepes 8 ron 72039,9 12250,8
Yepes 24 rox 74474,1 125452
110 000 - - N
Different Y units T2_HT2_25+25ppb_povtor_1.DATA [ProStar CIM Signal]
100 000!
90000 T2_HT2_6_25+25ppb_1.DATA [ProStar CIM Signal]
80 000
70 000!
60 000
50 000!
40 000:
30 000!
20 000! =
10 000! EI
4 N T R =¥ =
0
-10 000 RT [min]

9,5 10 10,5 11 11,5 12 12,5 13 135 14 14,5 15 15,5 16
Puc. 3. Xpomarorpamu crangaptHuX 3pa3kiB HT-2 TokcuHy, KonieHTpamniero 25 Hr/mi gepes 4, 8
Ta 24 TOIWHU MiCIIs TPUTOTYBAaHHS 3pa3KiB

JUts TiepeBipKH TMPHUAATHOCTI PO3pOOJIeHOT METOMWKH Ta BCTAHOBJICHHS JIHIHHOCTI
3aJIeXKHOCTI TUTOIII MKy BiJl KOHIIEHTpaIlii OyJI0 MPUTOTOBJICHO CEPiro 3pa3KiB, siki micTunu HT-2
TOKCHUH Yy KOHIIEHTpaIlisx 3, 6, 12.5, 25, 50, 100, 200 ar/mi1.

3HaueHHS IUIOIII MMiKiB aHAJITY B MPUTOTOBJICHUX MOJCIBHAX PO3UMHAX MPEICTABICHO Y
tabmumi 3.

Tabnuys 3
Ilnomwmi mikiB pi3Hux koHuentpauiiit HT-2 Toxcuny
3 Hr/MI 6 HI/MII 12,5 ur/mn 25 Hr/mi 50 ur/mMn | 100 Hr/mn 200 Hr/Mi
Cepis 1 1298,7 2893,5 5516,1 119490 19589,0 45000,4 83136,2
Cepis 2 1362,2 2776,9 54394 12325.8 19599,1 45170,0 83391,7
Cepis 3 1405,0 28257 54428 12387.,8 19709,8 45375,6 83109,5
Cepenne 1355,3 2832,033 5466,1 12220,87 19632,63 45182 83212,47

Amnai3 oiep)kaHUX JaHUX MOKa3y€e BiJICYTHICTb JIHIMHOT 3aJI€KHOCTI Y BCbOMY Jliana3oHi
BUOpaHUX KOHIIEHTpAIlii, 110 00yMOBIIIOE HEOOXITHICTh MOOYAOBH JCKIIBKOX KalliOpyBaJIbHUX
KPHBHX, SIKIIO Tepe10adaeTbes MPOBEACHHS aHallizy 3pa3KiB 3 BUCOKUM BMicToM HT-2 Tokcuny.
JliniliHa 3a7€XHICTh IUIONI MIKIB Yy Jlana30Hl HU3bKUX KOHIEHTparii (3—25 Hr/r), HalOiIbII
CBiAYaTh MpPO MPHUIATHICTE PO3POOJICHOI METONMKH JJsl HAAIMHOTO BHU3HAYCHHS HHM3BKUX
koHueHtparii HT-2 Tokcuny B 3epHi.

BucHoBku

Po3pobiiena Mmeroamka gae MOXIMBICTH BU3HauaTh BMicT HT-2 TokcuHy B 3epHi
METOZIOM BHCOKOE(EKTHBHOI piauHHOI xpomarorpadii. YyTiuBicTh MeToAWKH 3  HI/T.
BpaxoByroun MOKIIMBY HasBHICTh B 3€pHI MPEICTABHUKIB PI3HUX KJIaCiB TOKCHUHIB, Y TOMY YHCIII
1 TPUXOTEIEHOBUX JOLIIHLHO PO3pOOUTH KOMIUIEKCHHI MeTox BusHaueHHs T-2 1 HT-2 Tokcuny.

IlepcnekTBM mMOAANBIIUX AOCHiIKeHb. CIiJ] BHBYUTH J10303aJCKHUN BIUIUB
MPEJICTAaBHUKIB PI3HUX KJIACiB TOKCHHIB B 3€pHI Ha O10XIMIYHI MPOIECH B OpraHi3Mi TBApPHH.



O. I. Fedyakova, 1. Y. Kotsiumbas

DEVELOPMENT OF DETECTION HT-2 TOXIN IN CEREALS BY HIGH-PRESSURE
LIQUID CHROMATOGRAPHY METHOD WITH FLUORESCENCE
DETECTING (HPLC/FLD)

Summary

HT-2 toxin is a mycotoxin produced by several species of fungi. It is determined by
genetic factors and the environmental condition of their growth and save. The result about
development condition of detection HT-2 toxin by HPLC are given. Data of sample preparation
and derivatisation are presented in this article. Limit of method detection — 3 ppb.

O. U. ®eosixosa, U. A. Koyrombac

PA3PABOTKA METOJUKH ONPEJAEJEHUS HT-2 TOKCUHA
B 3EPHE METO/IOM BbICOKO?®®EKTUBHOM KUJKOCTHOM
XPOMATOT'PA®UU C ®JTIOOPOMETPUYHUM
JETEKTUPOBAHUEM (BKX / ®JIJI)

AHHOTAUUSA

HT-2 TtokcuH — mnpeacraBUTeNnh TPYNIbl TPUXOTELEHOBUX MHUKOTOKCHHOB THIA A,
MMEIOIIUX TE€HOTOKCHYECKOE W UUTOKCUYHOE BIUSHUE NPU NOCTYIUIEHUM KX C KOPMOM B
OpPTraHHU3M >KMBOTHBIX. DTO BIMSHUE OOYCIOBJICHO HapYILICHUSIMH IPOILIECCOB CHHTE3a OENKOB,
JHK u PHK. Hapyienue MarucTpaibHbIX CUHTETUYECKHUX MPOLIECCOB B OPTaHU3ME BBHI3bIBAIOT
MHAYKIHIO arnonTo3a JUM(aTHYecKol W KpPOBETBOPHOW TKAaHEW, aKTUBUPYSI NMPOTEUHKHHA3BI
(MAP kuna3bl. M3ydeHue [030-3aBUCHMOIO BJIUSHUS TPUXOTEIIEHOBUX MHUKOTOKCHMHOB Ha
OMOXMMHYECKHE TPOLECChl B OpraHu3Me TpeOyeT pa3padOTKH 4yBCTBUTEIbHBIX METOJOB HX
ompesieNieHUs] B KOpMax M TKAHSX >KMBOTHBIX. B CTaTbe OMHCAHBI 3Talbl pa3paboTKU METOIUKU
onpenenenuss HT-2 TokcmHa ¢ TpUMEHEHHWEM MeETOAa BBICOKOI(PPEKTUBHOM KHIKOCTHON
xpomatorpapuu ¢ GIFOOPOMETPUYHUM JCTEKTHpPOBaHHEM mpou3BoAHbIX HT-2 TOKCcHHA
MOJIYYEHHBIX IYTEM PEaKIUU €ro C 1-aHTPOMJIHUTPWIOM U 4-TMMETUIAMUHONUPHUANHOM Ha
3Tare MOAroTOBKM 00pa3noB. [Ipenes 4yBCTBUTEIBLHOCTH pa3pabOTaHHOTO METO/1a 3 HI/T.
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