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JUATHOCTNYECKHUE CPEJICTBA

AOKIMHUYECKOE UCCIEAOBAHUE Mn(ll)-AN3TUNEHTPUAMUHINEHTAALIETATA
(MAHTAMEHTETATA) B KAYECTBE NMAPAMAIHUTHOINO KOHTPACTHOIO BELWECTBA

AnA MATHWTHO-PE3OHAHCHOW TOMOIPA®UN

B. 0. YcoB', M. J1. Bensinunu?, I. B. Kapnosa3, O. 0. Bopoauu4, B. [1. ®unumoHoB2

[IpoBeneno noknuHuueckoe uccienoBanue 0,5 M pactBopa kommiekca Mn(Il)-nustu-
JICHTpUaMHUHIIEHTaalleTaTa (MaHraleHTeTaT, IIEHTaMaHI') B Ka4ecTBE BO3MOXKHOTO I1apamar-
HUTHOTO KOHTPACTHOTO Iperapara JJyisi MarHUTHO-pe3oHaHcHor Tomorpaduu (MPT). Tok-
CHUKOJIOTHUYECKUE UCCIIE/IOBAaHUs MaHTalleHTeTaTa IPOBOIMIM Ha MBIIIAX, KPbICAX U KPOJIH-
kax. Jlus mpsMOro CpaBHEHUS KOHTpacTUpyromero s¢dQekra MaHrarneHrerara Ipu
T1-3Bemenubix MPT-uccnenoBanusx (paHTOMOB C Pa3IMUHBIM COJEpIKaHHEM IapamarHe-
TUKOB B KQUECTBE IperapaTa CpaBHEHUS UCIIOJIb30BAJIM Tai0NeHTeTaT (MarueBucT). MHrakr-
HBIX KPOJHKOB (7 = 12) UCTIONB30BaNH TSI OIIEHKH BU3YalTU3UPYIOMINX BO3MOKHOCTEH MaH-
ranenTerara in vivo. LDsy TpH HCCIEZOBaHWM Yy KpBIC OKa3ajach 3HAYUTENIBHO Oolee
10 mi1/Kr Maccpl, 4To GIU3KO K MoKasarensim rajgonenrerara. CTEneHb YCHICHHS! HHTCHCHB-
Hoctu T1-B3BemmeHHbIX n300pakenuii MPT npu ncnonb3oBaHMM MaHrameHTeTara B (aH-
TOMHBIX HMCCJICZIOBAHUAX HE OTIMYalach JIOCTOBEPHO OT IOKa3aTesiel ra/lorneHTeTara Mpu
TOM )K€ KOHLIEHTPALIUH.

KuaroueBble ciioBa: IapaMariHuTHOC KOHTPaCTUPOBAHUEC, MAarHUTHO-PE30HAHCHAsI TOMOI'pa-
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(1)I/I$I, MaHralcHTETar, ICHTaMaHI

BBEOEHUE

[TpumeHenne mapaMarHUTHBIX KOHTPACTHBIX Mperapa-
TOB COCTABIISIET OJHO U3 BaKHEHILIMX HANpaBJICHUH MOBbI-
LICHUs1 TUArHOCTU4ecKoi 3(h(HhEeKTUBHOCTH MarHUTHO-pe-
3oHaHcHOU Tomorpaduu (MPT). Haubonee nonynspHbIMU
¢ Hadasa 90-X rofioB SBIIAIOTCS MMapaMarHETUKU Ha OCHOBE
koMIuiekcoB Gd ¢ IPOU3BOAHBIMU JUATHICHTPUAMHUHIICH-
taanerara (ITIIA) 1 cX0oQHBIX TIO XENATUPYIOLIUM CBOM-
cTBaM coeAuHeHu [7]. OnHako MPUHIUIHAIBHBIM HEIO0-
CTaTKOM TaJI0JMHUS KaK MapaMarHeTHKa, UCIOIb3yeMOro
in vivo, ABISIETCA TO, YTO B HECBS3aHHOM BHJE, KaK MOH
Gd** on npencTaBIsAeT CUIIBHBIA TOKCHH, SBISETCS O€3y-
CJIOBHBIM KCEHOOMOTHKOM. biu3kuii k Hemy 1o mapamar-
HUTHBIM cBoiicTBam Mapranen(Il), HaoOoport, sBusercs
OJTHUM U3 BOKHEHIINX MUKPOAJIEMEHTOB B OpraHusMe [8],
B UHCTOM BHJIC MEHEE TOKCHYEH, YeM TaJoNuHui [7]. D10
MO3BOJIMJIO MCIIONB30BaTh Mn JJIsl UCCIIEAOBaHUS IIUPO-
KOTO Kpyra OMOJIOTMYECKUX MPOLIECCOB U MOPOIMIIO MO~

—_

JlaGoparopusi peHTT€HOBCKHX M TOMOTIpa(pUYeCKIX METOIOB HC-
cnenoBanus (pykoBoaurens — B. 0. Yeos) I'Y HUU xapaunoso-
run THL[ CO PAMH, Tomck 12, 634012, yn Kuesckas, 111A.
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Kadenpa oprannueckoil Xumun XUMHKO-TEXHOJIOTHYECKOTO (ha-
KyJbTeTa TOMCKOIO IIOJIMTEXHHYECKOTO YHUBEpCHTETa, TOMCK,
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pas3zen MarHUTHO-PE30HAHCHOW JIHAarHOCTHKH, MOTyYUB-
el B aHIIOA3BIYHOM JuTeparype HazBaHue — MEMRI
(Manganese — enhanced MRI) [11]. Tem He MeHee MOTIbI-
TOK CO3/IaTh MapaMarHUTHBIA KOHTPACTHBIA Mpernapar Ha
OCHOBE Takoro komriuiekca, kak Mn(Il)-/ITTIA, na npakTu-
K€ He MPeANpPUHUMAIOCh. MBI pa3paboTaiy TEeXHOIOTUIO
MIPOM3BOJCTBA M TIPOBEIH JOKIMHUYECKUE HCIBITAHUS
OTEUECTBEHHOTO NapaMarHUTHOTO KOHTPACTHOTO BEILLECT-
Ba i1 MPT — 0,5 M pactBopa Mn(II)-ATITA (manra-
MIEHTEeTaT, IEeHTaMaHr).

METOAbl NCCINIEAOBAHUA

Tlonyuenue npenapama. Mn-JITITA Obinm monmydeH Ha
kagenpe oprannueckoit xumuu XTD TITY mo opuruHaib-
HOW TEXHOJIOTMH C MCIIOJIb30BAHUEM OKCHJIA WM KapOoHa-
ta Mmapranua (II) u NaH,ATIIA, ¢ nomyuyenuem 0,5 M
pactBopa Mn-JITITA npu OTCyTCTBHMH CBOOOAHOTO Map-
raHia, TOKCHYeCKUX MpuMeced u HeOGONbLIOM H30bITOY-
HOM KosimuectBe cBobonHoro JTIIA (o 2 %), npu pH ro-
TOBOTO PACTBOPa MHBEKIIMOHHOHN (opmbl 6,7 — 7,6. TTony-
YEHHbIE PAcTBOPbI ABTOKJIABUPOBAJIM IPU TeMIeparype
140 °C, 3arem ¢uiprpoBa Yepe3 MEeMOpPaHHBIE MHKPO-
¢umerper Millipore — CIHA (pasmep mop MeHee
0,22 mxmMm, auametp cedenus: ¢puwibTpa 30 mm). Ounsrpa-
IUS Yyepe3 MUKPOPHILTP ¢ mopamu MeHee 0,22 MKM OKa-
3ajach JAOCTaTOYHOM IJIs MOJY4YEeHHs CTEPUIIBHOTO pac-
TBOpA Il BHYyTPUBEHHOT'O BBEJICHHS: HU B OJHOM Cllyyae
HE BBISBJICHO [TPU3HAKOB MUKPOOHOIIOTHYECKUX 3arpsi3He-
HUH. 3areM mpenapar moMeliaiy B CTaHAAPTHbIE “TIEHH-
MWITHHOBBIE” (yIakoHbl 10 10 MJI MO Pe3UHOBOW MPOO-
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Tabnuma 1. Du3NKO-XMMHYECKHe W NAPAMATHHTHbIE CBOICTBA
Mn-ATIIA u npenapara cpaBHeHus rajioNeHTeTaTa

B. 1O. YcoB u ap.

Ta6nuua 2. IlapameTpbl 0CTPOii TOKCHYHOCTH MAHIANEHTETATA MPU
OTHOKPATHOM BBeJleHHH MbIIIaM U Kpbicam (M + m)

IToxazarenn MamnramneHrerart TI'agonenTerar
Konuentparus, 0,5 0,5
MM /Mt
OCMOIISITBHOCTD, 1947 £ 12 1955 £ 15
mMOcmons / (Kkr
H,0), npu 37 °C
Bszkocts, Mlla - c, 2,77+ 0,07 2,90 + 0,05
npu 37 °C
PenakcuBrOCTE R}, 4,21 £0,03 3,93+ 0,02

MMomb ¢l

B,=02T

pu

KOU C 3aKaThIBAHUEM U MIOBTOPHBIM aBTOKJIABUPOBAHHEM B
TedeHuel 4, W MCIoib30BaIM Kak Uil (PU3UKO-XUMHYE-
CKHX WCCIIEIOBAHUHN, TaK M JJIs SKCIICPUMEHTOB Ha J1a0o-
PaTOPHBIX JKUBOTHBIX C IENBIO OIICHKH OCTPOI TOKCHYHO-
CTH TIperapara 1 BU3yaM3alMOHHbBIX UCCIIeIOBaHUI.

Oyenxa  @usuxo-xumuyeckux ceoticme Mn-J[TIIA.
[TnotrOCTH (ipH 20 °C), BsizkocTh (mipu 20 °C u 37 °C) u
ocMorsipHOCTh (mipu 20 °C) dapmarieBTHUECKOH (OopMBbI
MaHraneHTeTara OlEeHUBAIH C MOMOIIBIO OOIIECHPUHATHIX
nabopaTopHBIX METOM0B HccienoBanus [4]. s cpaBHe-
HUSl T€ XK€ MapaMeTpbl OJHOBPEMEHHO OINPEHCIIsIN IS
MHBEKIMOHHBIX (opM rajponeHrerara (Maruesuct, “Ile-
punr AI™”’, T'epmanust). XMMUYECKYIO YUCTOTY Ipernapara
OIICHUBAJIM IO JaHHBIM BBICOKOA(PPEKTHUBHON >KUIKOCT-
HOW xpomarorpaduu (xpomarorpagpsl MMWIIMXpoM u
I{Bet-4, HII® “Lier”, Poccus) B mpobax mpemapara He-
MOCPECTBEHHO TOCIIE €T0 MOJIYUYEHHs U cycTs 3 U 6 Mec,
a Takxke 1 rom.

Danmomnvle uccredosanus. Il ONEHKH BO3MOXKHO-
ctu ucnosnpzoBanust Mn-/ITIIA B kauecTBe KOHTPACTHOTO
BEIIECTBA IMPOBEICHBI JKCIIEPUMEHTAIBHBIE HCCIIEI0Ba-
HUSl Ha (aHTOMax, 3alOJHEHHBIX (DU3PACTBOPOM, C Pa3-
JIMYHBIM COZAEP>KaHUEM B HEM pacTBopeHHoro Mn-/ITIIA.
[Tpu 51oM koHueHTpams Mn-/ITITA B ¢puspacteope ¢ma-
KOHOB (panToMa coctasnsima or 0,5 MM/n no 64 mM/n,
T.€. B TIpejieliaX, IOCTUTAeMbIX B TKaHHU OIYXOJeH W JIpy-
I'MX TATOJOTHYECKUX 00pa30BaHMiA MPHU BBEICHUU OOBIY-
HBIX JI03 KOHTPacTHOro BemectBa — 0,2 MJI/KT Macchl
tena (0,1 MM/kr). B kadecTBe mpenapara CpaBHEHHUS HC-
MoJb30BaiM ragonenrerar (marxeBuct, “Llepunr AI™,
I'epmanus). @aHTOMHBIE MCCIIENOBAaHUS MPOBOMMWIN IPU
BpEeMEHU NOBTOpPeHUs T1-B3BELIEHHOTO HCCIIEAOBAHUS
TR =400 mc.

[To manHBIM (HhaHTOMHBIX YKCIIEPUMEHTOB PACCUUTHIBA-
JIM TIOKa3arenu penakcuBHOCTH Juist Mn-JITTIA u nns ra-
JIOTIEHTeTaTa, NpPU HANpsHKEHHOCTH MAarHUTHOIO TIOJIA
0,2 T — ms MP-tomorpaga “Marnerom Omen” (“Cu-
MeHC Menukan”). B 4acTHOCTH, pelakCUBHOCTh OIpe/e-
JISUIM 110 TaHHBIM HCCIIEAOBaHUs (PaHTOMOB, COJIEPIKAILUX
[IPEJCTAaBJICHHbIE BbIIIE KOHLIEHTPALUH IIpenaparoB B Ou-
JUCTUJUIMPOBAHHOM JIEMOHU3UPOBAHHOM BOJE, ISl KOTO-
poii T1 npakThuecku He 3aBUCUT OT HAPSHKEHHOCTU Mar-
HUTHOTO ToJIs [12] M cocTaBIsIeT ¢ MPAKTUUECKH MPUEM-

B(]:;;;ZESM LDjg, mi/kr LDsg, Mi/kr LDy, Mi/kr
Mpliu (camIlbl ¥ CAMKH)
Buyrpusenno 4,8+£27 8,9+ 1,6 16,6 £ 9,5
B xemynox 30,1 £4,6 41,1+£3,4 56,1 £8,5
[MoakoxHO 11,5+5,4 24,0 £ 8,3 50,0 £ 23,5
Kpbicel (camubl 1 caMKH)
Buyrpusenno 5345 14,1 +4,5 37,2 +34,7
B xemymox >25
[ToaxoxxHO > 25

nemoi  TouHOCThrO Tl o =3000 mc.Torna penakcus-
HOCTh R, (MMOJIL’% ¢~ ) paccunThiBANIM U3
cootHomenwust: (1/T1) = (1/T1H20) +R, - C, rne C — xom-
[EHTpAIHS Ipernapara B (paHTOME.

Hccnedosanue mokcuunocmu npenapama y 1abopa-
MOPHBIX HCUBOMHBIX. DKCIIEPUMEHTHI 110 OLIEHKE OCTPOH
TOKCHUYHOCTH B COOTBETCTBUM C HOpMaTuBaMu Poccuu 1o
M3yYCHHIO HOBBIX (hapMaKOJIOTHYECKUX BellecTs [9] Obun
MOCTABJICHbI HA MOJIOBO3PEIBIX OEIbIX HEMHOPEIHBIX MbI-
max (MOpoBHY CaMIOB M CaMOK, MCXOJIHas Macca Tena
20-30r) u kpeicax (mo 20 caMIlOB M CaMOK, UCXOAHAs
Mmacca tena 130 — 250 1) pa3BojkH J1abopaTOpHH SKCIICPH-
MeHTansHoro Omomonenuposanus HUU dapmaxomorun
THIL] CO PAMH. Ux copepxayim B COOTBETCTBUH C Ipa-
BUJIAMU, IPUHATHIMU EBponeiickoil KOHBEHIMEN 110 3aly-
TE€ MO3BOHOUYHBIX KHUBOTHBIX (CTpacOypr, 1986) ¢ cobro-
JICHHEeM BCEeX HEOOXOIMMBIX TpeOOBaHHA COAEpKaHUS H
kopmiienus [5]. KoHtponem ciyxuim kuBOTHBIE (IO 5
CaMIIOB ¥ CaMOK), TIOJIyYHBIIHE B 9KBUBAJIECHTHOM 00beMe
(usnonoruueckuit pactsop. Mn-J[TITA BBOAMIN MbIIIIAM
U KpbICaM OJHOKPAaTHO BHYTPHBEHHO, B JKEIYIOK W TOA-
KOXKHO. J{MUTeThHOCTh HAOMIOMEHUS 33 YKUBOTHBIMH CO-
craBisuia 70 14 nHel. B Xone akcriepuMeHTa CieIuin 3a
[IOBEJICHUEM, BHELIHUM BHUJOM, JABUIaTelIbHOM aKTUBHO-
CTBIO, peaKIeil JKUBOTHBIX Ha BHEIIHUE PA3IPaXKUTEIH,
o0mie maccoid. M3mepsiin Temneparypy Telia, ucciieioBa-
JIM TIOKa3aresid (POPMEHHBIX AJIEMEHTOB NepupepruIecKoi
KPOBH, KOCTHOTO M03ra, pyHkmuto neuern, [THC u OKT, a
TakKe MOP(HOJIOTHI0 OCHOBHBIX BHYTPEHHUX OPTaHOB
[2, 3]. Temmeparypy Tena U3MEpsUId PEKTAIBLHO C ITOMO-
b0 MEAMLIMHCKOTO AMeKTpoTepmMomerpa TIIOM-1.

CocTOsIHME KOCTHOMO3IOBOIO KPOBETBOPEHUS Y KpBIC
OLICHUBAJIM MYTEM MOJICUeTa OOILIEr0 KOJIMYECTBa MHUEIIO-
kapuouutoB (OKK) Ha Gempernyro koctsb (10°/6Genpo) u
MUENIOrpaMM Ha Ma3Kax, IPUTOTOBJICHHBIX U3 TOMOTreHaTa
(parmMeHTa MUETIOUTHON TKaHH, B3STOW U3 CEIMEHTA TPYy-
JIUHBI, U ayTOJIOTUYHOM chIBOPOTKH (1:1), KOMOMHHMPOBaH-
HO OKpaIlIeHHBIX (hPUKcaTopoM-Kkpacutenem Maii-I pronsa-
apaa u azyp [I-s03unom o Hoxty. [TporienTHOE coneprxa-
HHE OTACIBHBIX KICTOYHBIX (OPM TIPH  IIOICYETE
MHEIOrPaMM MIEPEBOIAIH B a0COIMOTHBIE 1udpsl — - 10°
KJIETOK Ha Oesmpo [1].
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Tabnuua 3. M3meHenus noka3ateieii nHTencuBHOCTH T1-B3BemenHoro uzoopaxkenusi MPT BcieacTBie HAKONIEHHSI MAHTATIEHTETATA B TKa-

HAX 310POBBLIX KPOJIUKOB

NurencuBuocts T1-B38. MPT,
OpraH, TKaHb

WUnrencusnocts T1-B38. MPT, Msexe yomnenus

1o Mn-/ITITA nocie Mn-JITITA
KOpKOBOE BeIECTBO MOYKH 803,6 + 31,1 964,8 + 93,47, p < 0,01 1,21 0,05
Mo3roBoe BEIECTBO MOYKH 599,6 £ 15,19 878,4 £ 59,13 p < 0,01 1,47 £ 0,09
MBbIiiipl CriuHbI 480,2 £ 53,94 419 + 83,43 p> 0,05 0,89 £ 0,15
[NonxoxHas KieTJaTKa 1250,4 +£ 360,14 1217,6 + 384,93 p > 0,05 0,97 £ 0,09
[Napenxuma neyeHu 467,8 £ 52,19 659,2 + 179,17, p < 0,02 1,39+ 0,12

Ipumeyanue. J[0CTOBEPHOCTD pa3yInyusi BEIHYHH HHTEHCUBHOCTH nociie BBeneHnst Mn-/ITITA o cpaBHEHHIO ¢ HCXOHOI paccunTaHa o Kputeprio CThio-

JICHTA JUISl ITAPHBIX BBIOOPOK.

Tamomopgonozuueckoe uccnredosanue ocmpou
moxcuuHocmu Ha kpvicax. Jns nzydenus naromopdoio-
TUM OCTPOM TOKCMYHOCTH [leHTamaHr BBOAMJIN KpbIcam
ncxogHo Maccoit 150 —220 r BHYTPUBEHHO OJTHOKPATHO
B J103€ 5 Mi1/KT. KOHTPOJILHBIE )KUBOTHBIE MOIYYAIIH BHYT-
PUBEHHO MHBEKIIHIO (PU3HOJIOTHUYECKOTO PacTBOpa B J103€
5 mu/kr. B xaxnoii rpymme 6110 mo 10 kpsic (5 caMok u 5
caMIioB). Makpo- M MHUKPOCKOITMYECKOE HCCIIeIOBAaHUE
nipoBoaniH uepe3 10 gHel mociie BBEACHHS.

[Tocne 320051 )KUBOTHBIX ITyTEM JCKAIUTAIIUN U B3SITUS
KPOBU TIPOBOJIMIIM BCKPBITHE KPBIC, MAKPOCKOIHYECKOE
WCCIIC/IOBAaHNE BHYTPCHHHX OPraHOB M OMNPEICIICHUE WX
Maccel. JlJis MUKPOCKOITMYECKOTO WCCIICAOBAHUS OBLIH
B3ATHI: TOJOBHOM MO3I, CepJle, JEerkoe, Me4eHb, MovKa,
MOYEBOH ITy3bIPb, XKEIyNOK, TOHKAasi W TOJCTasl KHUIIKa,
TTOJIKEITyIOYHAsT U IIUTOBHJIHAS JKEJIE3bl, CEIe3eHKA, TH-
MYC, HaJMOYEYHHK, SIMUHUK WK ceMeHHUK. Kycouku op-
raHoOB (PUKCHPOBAJIM B (hOpMaJIMHE M 3aJMBAJIM B Mapa-

¢un.  JlemapapuHnpoBaHHBIC
reMaTOKCUJIMHOM U 503UHOM [6].

Cpe3bl  OKpAllMBaH

Oyenxa KuHemuxu 6 Op2anusme u KOHMpACmMuposaH-
nvle MPT-uccneoosanus y scugomuuix. JJTMHaMUKa OpraH-
HOTO HaKOIUIeHWsT W BU3yanbHOH MPT kaprtuHbl ObUIH
n3ydeHsl y 12 KponukoB 6e3 MPU3HAKOB KaKoH Ju00 maro-
JIOTHH, HAXOIUBIINXCS HAa CTAaHAAPTU3UPOBAHHOM PEXKUME
coliepKaHusl, KOPMJIGHMS M TIUThS, C Maccod Tena
4,5 -6 xr. Kponuka nomemiaid B pajdov4acTOTHYIO Ka-
Tymiky MPT 115 cycTaBoB 4esioBeka, B IOJIOKEHHUH JIEKA
Ha >KMBOTE.

OueHKy BO3MO)KHOCTH HCIIOIb30BAHHS MaHraleHTeTa-
Ta JUIs BU3yaJU3alluy MaTOJIOTHUECKUX MPOIECCOB MPOBO-
IWId B Xome obOciemoBaHms 5 cobak (Macca Tena
12 -38 k) ¢ 370Ka4eCTBEHHBIMH HOBOOOPA30BAHMSIMHU
IPYIHOH MOJIOCTH U OMOPHO-JBUTATENBHOIO anmapara. Y
co0ak McCiIeoBaHNe TPOBOIMIIN C UCIIONB30BAaHUEM pa-
JIMOYaCTOTHOM KaTyIIKH JJIsl UCCIEIOBAHUS BCETO TeJla U
MapEeHXUMaTO3HBIX OPTaHOB.

Tab6nuua 4. V3meHenuss uareHcuBHocTH T1-B3Bemennoro cnun-3x0 MPT u300pakeHusi HOPMAJIBHBIX M NATOJIOTHYECKUX OPTAaHOB U 00pPa30-
BAHUI1 JKUBOTHBIX C 3JI0KaYeCTBEHHbIMH OMyXoJisivu nocJe Beenennss Mn-/ITIIA (M + m, n = 5).

OpraH / cTpyKTypa

NC T1-38. MPT ucxomgnas, WC T1-38. MPT mocie BBeje-
ammaparH. eJ.

CreneHb yCHIIEHHUS,

uust Mn-JITIIA, anmapata. ex.  UCwmn-jrrria / UCucxomman

[Teuenn 625 + 34

CeneseHka 617 £ 25

[Touxu, KOPTUKAIBHBIH CIIOM 525 +21

ITouku, MO3roBoOM CiIOM 342 + 26

[TonkoxkHast Kieryarka 944 + 41

MBpbIIibI 675 + 35

Jlerkue 140 £ 15

Muoxkapa 420 £ 12

OmyXoJb, IepBHYHBIHN y3el, adc. BeIMIHHA HH- 585 £ 32
TEHCHUBHOCTH

OnyxoJb, IEPBUYHBIN Y3€II, 1,12 £ 0,07
NConyxom / MCoupymaonrwans

I'emaToreHHsie MeTacTasbl B KOCTH, a0C. BEIMUMHA 527 + 37
HMHTEHCUBHOCTH

I'emaroreHHblie MeTacTasbl B KOCTH, 0,95 +£0,03

nc

MeTacras / I/ICOpr)KaK)LL(.TKaHb

627 +29 1,01 £ 0,04
651+ 19 1,07 +0,02
1012 + 24 1,98 +0,07
p<0,001
1069 + 31 3,17+0,12
p<0,001
972 +25 1,03 +0,05
645 +27 0,97 + 0,07
157 + 12 1,07 £ 0,07
465 + 17 1,15+ 0,07
p<0,05
801 + 29 1,38 £ 0,05
2 <0,001
1,43 +0,09 1,27 £ 0,03
2 <0,001
885 + 35 1,69 £ 0,09
P <0,001
1,47 +0,09 1,53 0,07
p<0,001

Hpumeqaﬂue. MC — MHTEHCUBHOCTDH CHT'HAJIA. HOCTOBGPHOCTL pasnuyus ¢ HCXOHHOﬁ BEJIIMYUHOU IO KPpUTEPUIO CT’I)IO[ICHTa JUIST TapHBIX BI:I60p0K.




44

I/ICKOHTpaCT/ HC(bmpacmop
S

Gd-JITIIA
-

0 T T T T T T T T LI T T T
01 2 3 4 5 6 7 8 9 10111213 14 1516
CopepkaHue KOHTPACTHOTO Ipernapara B cpee, MM/

Pe3ynbTaThl KOTMYECTBEHHON OLCHKH M3MEHEHHH MHTEHCHBHOCTH
T1-B3BeIICHHOTO H300pa’KeHNUS JKUAKOCTHOTO (haHTOMA.

®antoM ¢ pactBopamu ManraneHrerata (Mn-JTITA) u ramonenrterara
(Gd-ZITTIA) B kounentpauusax 0 — 16 mM/m. ITpu MPT B T1-B3BerucHHOM
pexunme Bpems nosropeHus 400 mc, Bpems 2xo 20 mc.

[lepen nmpoBeaeHrHEM UCCIEOBAHUS KUBOTHBIM BHYT-
puBenHo Beoxwiu 0,25 % pacTtBop aAporepuaona, 0
5 mi/u. PacTBOp MaHrameHTETaTa BBOAWIM B YIIHYIO
KpaeByro BeHy B mo3e 2 mu/10 kr maccel Tena. B nentpe
o0yacTé UCCIEIOBaHUS HAXOAMIAch OpPIOIIHAS MONOCTh U
3a0PIOLIMHHOE MTPOCTPAHCTBO, C 3aXBAaTOM B I10JIE 3PEHUS
rpynHoil  kietrku.  Mcnonb3oBanu T -B3BElLIEHHBIN
CIIUH-3X0 PEXUM C TapamMeTpaMu: BpeMs MOBTOPEHHUS —
TR =400, 600, 800 mc; Bpems 3xo — TE = 15/1 wmc, Ton-
muHa cpesa — SL=6. 3amuce Belu B MaTpuLy
256 x 256, ¢ 0OmacTblO TONIS 3PEHHS TOTIEPSUYHHKOM
300 mm. HccnenoBaHue BBINOJHSUIA JIO W CIYCTA
10— 15 MuH mocne BBeneHus mapamaraeruka. KoHtpa-
crupyronmit 3pdext Mn-JATITA oneHMBaIN 110 BETUYNHE
WHJ/ICKCOB YCHJICHHS U300paskeHHsI, KOTOPbIE pACCUMThIBA-
MM KaK OTHOIICHWS HWHTCHCUBHOCTH T 1-B3BEIIEHHOTO
N300paKeHHS MOCIEe KOHTPACTUPOBAHUS K UCXOIHOMY, JI0
koHTpactupoBanus: WY = (Mumencusnocmo  T1-636.
MPT o s )/ (Anmencusnocmo T1-636. MPT, Hexoman)-
[Tpu 0OpaboTke pe3ylbTaTOB HCCIICNOBAHHUN C TOMOIIBIO
CPEICTB BBIZICTICHUS 30H HWHTEpeca Ha H300paKeHUsIX
T,-B3Bemiennbix MPT, npu TR =400 — 420 mc, BeIACTSIIH
00JIaCTH TTOJKOKHOM KIICTYATKH, MBI, KOPKOBBIX H MO3-
TOBBIX OT/ICJIOB ITOYEK, NEYCHOYHON MAPCHXUMEI, a y CO-
0aK — MaTOJOTMYECKUX OITyXOJEBBIX HOBOOOpPa3OBaHUMN
— MEPBUYHBIX OIYXOJEH M METacTa3oB, €CIIU TaKOBHIC
BBIABIIUIACE. JIJIsl Kakmoi 00acTé pacCUnTHIBAIIM TIPE-
CTaBJICHHBIN MHJICKC yYCHUJICHHUS.

Oyenka MPT-eusyanuzayuu 20108H020 M032d C NOMO-
Wbl0 Manzanenmemama y 300po6slx 000pogonbyes. Y-
TBIBas, YTO BEPOSTHON OOJACTHIO KIMHHUYECKOTO MPHME-
HEHHSI MaHTallCHTeTaTa B KauyecTBE KOHTpacTa-llapamar-
Hetuka i MPT  Oymyr B mepBylo  ouepenb
HEBPOJIOTUYECKUE UCCICIOBAHUS, aBTOPHI BBITOIHIIN BH-
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syanuzanuonubsle uccienoBanus LIHC na cebe (Bcero 8
uccnenoBanuii, aropsl, kpome . B. K.). JIo3a BBognMoro
npenapara cocraBuia 2 mi 0,5 M pactBopa Ha 10 kr mac-
cel Tena. MPT B T1-B3BelIEHHOM peXUME MTPOBOMIIU 10
BBEJICHUS] MaHTAlleHTETaTa, CIycTs | — 2 4 rocie, a Takxe
ciycrsa 1, 3 u 7 cyT. KonmndecTBeHHO OIIEHWBAl WHEKC
yCcuJIeHUs M300paKeHHs Tak ke, KaK M Uil DKCIIEpUMEH-
TaJIbHBIX UCCIICOBAHUH.

CTaTUCTHUCCKUH aHaNN3 Pe3yJAbTaTOB BEITONHSUIH C
pacueroM kputepust CThIOASHTA IJIsl TApHBIX U HETIApHbIX
BBIOOPOK.

PE3YINbTATbI U UX OBCYXOEHUE

IIpu xpomarorpadudeckoM HCIEIOBAaHUHU COCTaBa MC-
nonb3yeMoit Hamu  (apmaretaueckoi  ¢opmer 0,5 M
Mn-JITITA oka3anoch, 4T0 Kpome COOCTBCHHO ITHKa
Mn-/ITITA Ha XpomarorpaMMme MpEACTAaBICHO TAKkKE He-
3HAYMTEIbHOE KojumuecTBO cBoOoanoro JITIIA, ot 0,5 mo
2%, cuMTas OTHOCHUTEIBHO KOJIMYECTBA KOMILIEKCa
Mn-/ITITA. ITpuMecell TSKENbIX METAJUIOB, APYTUX TOK-
CHUYECKHUX WMJIM OaJJIACTHBIX COEIMHEHHH OOHApPYXKEHO He
obuto. Ilpum XpomarorpaduyeckoMm aHaiu3e Tpernapara
cnycts 3, 6 u 12 Mec He ObLIIO OTMEYEHO NMPU3HAKOB MOSIB-
nerus ceobogHoro Mn(Il) wmu MHBIX M3MEHEHHI COCTaBa
Iperapara, 4To IMO3BOJISIET TOBOPHUTH O €T0 CTA0MIBHOCTH
B TEYEHHE 3TOTO BPEMEHH [IPY KOMHATHOW TeMIIepaType.

IIpu cpaBHeHNM aHTOMHBIX H300paxenuit Mn-{TITA
U TaJIONIEHTeTaTa 0Ka3ajloch, YTO BU3YaIbHO MEXKAY HUMHU
OTIMYMS TPAKTHYECKU He ObU1o. JIMIIb IpU JOCTAaTOYHO
BBICOKHX KOHIEHTpaUMsaX npenapara — 4 MM/ u Gonee
— (makonsl ¢ Mn-JITIIA BbIDIAACTH BH3yaJIbHO 4YyTh
spue, yeM MaraeBucT. OJjHaKo B Auana3oHe Oosuee GHU3HO-
JIOTMYECKHMX KOHIeHTpanui — ot 0,5 1o 2 MM/n — pas-
Tuuuil He oTMedanu. [Ipu KOJMYEeCTBEHHOM aHaln3e WH-
TeHCHBHOCTH T 1-B3BEIIEHHOTO M300paKEHHS TIOKA3aTEIIH
CTENEHU €ro YCHUJIEHHS Pa3IMYHBIMU KOHLEHTpaLUSIMU
napaMarHeTHKOB Uil TaJIONeHTeTaTa W MaHrareHTeTara
JOCTOBEPHO HE OTIMYAINCH, XOTA Al TaJONCHTEeTaTa
Obutn Ha 3—15 % Bbllle (PUCYHOK), 3a HCKIHOUEHHEM
2 MM/, xoraa 3uadenue s Mn-JITIIA MUHUMAIBHO
MPEBOCXOAMIIO TaKOBOE JUIS TaJIOTIEHTETaTa, U OCOOCHHO
JUIsl KOHLIEHTpaiid oT 4 MM/n, Korja TpeBOCXOACTBO
Mn-JITITA 6buto goctoBepHbIM. Takum oOpazom, ¢an-
TOMHBIE UCCIIEIOBaHUS BU3yaJIM3al{UOHHBIX CBOMCTB 3THX
JBYX IpenaparoB B T1-B3BELIEHHOM CIIMH-3XO PEXKUME
MOKa3anyd WX ONM30CTh MpPU HEKOTOPOM MPEHMYIIECTBE
MAaHTalleHTeTaTa MpU HEe()U3UOIOTUUECKH BBICOKHX KOH-
LEHTpaIHIX.

[Ipu pacuere mokazareseil MPOAOIBHON PelakCHBHO-
ctu R1 g Mn-ITITA u ragoneHTerara B yCIIOBUSIX HU3-
kononsHOoro MP-tomorpada (0,2 T) okaszanock, 4To st
9TUX IPenaparoB PEIaKCUBHOCTb MPAKTUYECKH HE OTIIM-
yaJjlach, HO BCe k€ Oblja Ui MaHTraleHTeTaTa HEeCKOJIbKO
BBIIIIE, YeM Jis rajoneHTerara (tadmn. 1). PasHuna B aTom
nokaszarene Mexy komruiekcamu Mn-/ITTIA u ragonen-
TETaTOM IPUMEPHO COOTBETCTBOBAJIA KAPTUHE, HAOIIOIae-
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MO IPU KOJIMYECTBEHHOW OLEHKE M3MEHEHUH MHTEHCHB-
HOCTU (haHTOMOB ¢ (pU3pacTOBOPOM B AHMANa30HE KOHLEH-
Tpauuii npenaparo 0,5 -2 MM/n. Takum o6pasom,
(haHTOMHBIE SKCIIEPUMEHTHI YKa3bIBAIOT HA XOPOIIHUE Ia-
pamMarHUTHbIC CBOMCTBAa MaHTalleHTeTaTa B KaueCTBe KOH-
TpacTHoro Bemiectsa st MPT.

IIpu ouenke mapaMeTpoB OCTPOM TOKCHYHOCTH MaHIa-
neHterara (Tadi. 2), 0ka3ajaoch, 4TO JUIs HETO MOKa3arelb
LD, npessbiuraer 10 mit/kr Beca. Bemuuset LDy, LD 1
LDy, no3BossitoT OTHECTH Hpemnapar k rpymnme 4 (mano-
oracHsle BenlecTsa). [lokazarenn coMaTH4eCcKOro cocTosi-
HUS KpbIC TNpU HAOJIOAEHUM 32 HUMH II0OCJIEe BBEICHMS
Mn-/ITTIA, B 4acTHOCTH, PEaKIIUU CO CTOPOHBI ITOKa3aTe-
Jel KpOBM M KOCTHOMO3TOBOTO KpPOBETBOPEHHS, TaKXkKe
CBUJETENBCTBYIOT O (DaKTHUECKOW HETOKCHYHOCTH Mpena-
para Mn-/[TTIA.

Ilamomopghonoeuueckoe uccnedosatue ocmpoti
mokcuuHocmu Ha Kpvicax. Ha BCKpBITUH MaKpOCKOIUYe-
CKH TIATOJIOTMYECKUX U3MCHEHUH BHYTPECHHUX OPTaHOB HE
BBISIBIICHO. Macca OCHOBHBIX BHYTPEHHUX OPIaHOB KpbIC
B KOHTPOJIE M OIBITe HE pazinyanacb. MUKpOCKonuye-
CKOE€ HCCIIe/IOBAaHNE BHYTPEHHUX OPTaHOB BCEX JKCIIEPH-
MEHTAJILHBIX KPBIC MOKA3aJI0, YTO OHU MMEJIH OOBIYHOE
CTPOCHHE U HE OTIINYATINCH OT KOHTPOIbHBIX.

[Mpu onenke naTeHCHBHOCTH T 1-B3BEMICHHOTO M300pa-
JKEHHA Yy 3J0POBBIX XHBOTHBIX JI0 M IIOCJIE BBEICHMSA
Mn-ATIIA (Tabxn. 3) oka3ajioch, 4YTO Npernapar akKyMyJIu-
pyeTcs ¢ BBICOKOM MHTEHCHUBHOCTBIO B IEPBYIO O4Yepe/ib B
TKaHH ITOYCK, a TAKXKe B 00JACTH MMAPEHXUMBI [ICYCHH, HE
MEHSISl MHTEHCHBHOCTHM CUT'Haja B OOJAaCTH MbIILICYHOM
TKaHU M KJIETYaTKW. |paHuLla KOPTUKAIBHOTO M MEAyJ-
JIIPHOTO OTJEJIOB IOYKH, XOPOILO BHJAMUMAs Yy SKCIEpH-
MEHTAJIbHBIX JKUBOTHBIX IPH UCXOAHOM OECKOHTPACTHOM
uccneaoBanuu, npu BeegeHuu Mn-JITIIA npaktudecku
MIOJTHOCTBIO HCue3ajia, MOCKOJIbKY MPUPOCT WHTEHCUBHO-
cti T1-B3BEHIEHHOrO M300pakeHUsI MO3TOBOI0 BELIECTBA
ObUT 3aMeTHO OoJblle, yeM KOpkoBoro. [leueHp Taroke
YBEJIMYMBAJIA UHTEHCUBHOCTb U300PaKEHUSI.

Busyanuzayuonnvie ceoticmea Mn-JTIIA y scugomuuix
c onyxonsamu. IIpu BBeIeHNU MaHTalleHTETaTa KUBOTHBIM
C 3JIOKa4€CTBEHHBIMU HOBOOOPA30BaHUSIMU TPYHOMN KIIET-
KM 1 JIETKUX (N = 5, B TOM 4ucie 3 — ¢ OTAaJICHHBIMH Te-
MaTroreHHbIMH MeTactazamu), Mn-JITIIA Bo Bcex cimyya-
sIX 00ecIeYrBal BBICOKOE Ka4eCTBO BU3YyalIHM3allMU TIep-
BAUYHOTO OdYara W METACTaTHYECKUX T'eMaTOTECHHBIX
MopakeHU. BemuuHbl MHIIEKCOB YCHIICHHS MEPBUYHBIX
OITyXOJIEBBIX HOBOOOPA30BaHMI M METACTaTHUECKUX II0-
pakeHMI KOCTHOTO CKeJleTa MpecTaBiIcHa B Ta0l. 4.

Jo mocneaHero BpeMEHU B IOBCEIHEBHOW IMPAaKTHUKE
MPT ucnonb3yroTcss NpakTHUeCKU HCKIIOUUTENIBHO Ipe-
maparsl Ha ocHoBe KoMriuiekcoB Gd [16]. OcHOBHBIE UX
HEIOCTATKU XOPOLIO M3BECTHBI: BBICOKAas CTOMMOCTb —
10 90 momn. CIIA 3a ogHOKpaTHOE MCCIIEOBAHKE, PUCK
tokcuuHocTH Gd B cBoOGOmHOM BHAE [7]. [ToaTOMY HENb3s
cuntath Gd 0Oe3albTepHATHBHBIM IAPaMarHETUKOM LIS
MPT. Ilpu uccnenoBaHud NMapaMarHUTHBIX CBOMCTB, CY-
LIECTBEHHBIX  JJIS  IOJYYEHHS KOHTPACTHUPOBAHHBIX

MP-tomorpaduueckux uzoOpaxkenuid B T1-B3BelICHHBIX
pexnMax, mokasarenu penakcauuu s Fe, Mn, Dy, Ln
yerynarot Gd Ha 5 — 15 % [12]. [laHHBIE O BO3MOXHOCTH
MPUMEHEHHS Takoro coeawHenus, kak Mn-JTITA, mis
koHTpactupoBanus npu MPT panee He myOnMKOBaIUCE.
OpHako Jpyroe cCoeguHeHne — Mn-IUIUPUAOKCAIIbIH-
(docddar B psjie ciydaeB ucrnonbzyercs st MPT nedenu n
MOJKETYA0UHON xene3bl [ 10], HeCKoIbKO MEHbIIIe — JJIs
nepdy3nonHoit MPT muokapna [14].

Hamm skcrniepiMeHThI MoKa3aiu, YTO Ha MPaKTHKE 3a-
MeEHa TaJ0JIMHUs Ha JIByXBaJIEHTHbII MapraHel] B COCTaBe
xomriekca ¢ JITIIA He yxyamaet 3HaYUMBIM 00pa3oM BH-
3yaJln3alliOHHbIE CBOMCTBA. TOKCHKOJIIOrMYECKOe Hucclie-
JIOBaHUE Mn-ATIIA 1o TpeOOBaHUSAM
TI'OCT12.1.007 — 76 noka3aio, 4To mpenapar OTHOCUTCS K
MaJIOTOKCUYHBIM IIpenaparam. DTO MO3BOJIMIO HCIIOIb30-
BaTh Ipernapar AJsl BU3yaJln3alliy B OKCIIEPUMEHTE Ha KH-
BOTHBIX. OKa3aJ0Ch, YTO HaWOOJIBIIICE YCHUIICHUE H300pa-
JKCHUSI IIPOUCXOAUT B 0OJACTH MOUYEK, U B 3aMETHOH CTe-
neiu — B mnedeHu. JTIIA U ero KOMIUIEKCHI,
WCTIONIb3yEeMbIC B PaIMOHYKIIMAHOM (¢ TexHeueM-99m) u
MPT-nuarnoctuke (¢ Gd) BBIBOIATCS MPAKTHUYECKU UCK-
JFOYHUTENHFHO IMTyTeM KITyOOUKOBOH (DIIIBTPAIN, MUHAMA-
JHHO aKKYMYJIHPYSCh B BHEKJIETOYHOM MPOCTPAHCTBE Tie-
yeHOYHOU mapenxumbl [15]. Tlaromornyeckne oryxose-
Bble HOBOOOpA30BaHWS TAKKE BU3YAIN3UPOBAIHCH B
HACTOSILIEM [TWJIOTHOM HCCIIEJOBAaHUH BIIOJTHE JOCTOBEPHO.

Oyenxa MPT-eusyanuzayuu 201081020 M032a ¢ NOMO-
Wovlo Maneanewmemama y 300posvix 0ooposovyes. [pu
BBCJICHUW MaHTrarleHTeTaTa JOOpOBOJIbIIAM — YJIEHAM aB-
TOPCKOTO KoJuiekThBa KapTiHa MPT roioBHoro mosra He
npeTeprieBaia 3HAYUMbIX W3MEHCHWH HH BU3yallbHO, HU
MPU KOJIMYECTBEHHOM aHalli3€ WHTEHCHUBHOCTH H300pa-
JKCHHH, 3@ MCKITIOUCHHEM OOJIACTH THIOo(pu3a, IIe yCHiie-
HUe u3o0paxenus cocrapuio MY =1,27 +0,09. Ocoboe
BHUMAaHHKE TIPU 3TOM UCCIIEIOBAaHUH OBbLIO yAeJeHo obac-
TH 0a3aJbHBIX SIJIEP, TJIE B AKCIIEPUMEHTE B OT/ICJILHBIX Ha-
OIOIEHHUSIX 0TMEYAJIOCh HaKOIJIeHHe cBoOoIHOr0 Mn nipu
BBeJleHUH ero komruiekcoB [11]. Hu BusyanbHO, HE TipH
KoJmuecTBeHHOM aHanu3e (MY He oTimudancs J0CTOBEPHO
oT 1) JaHHBIX 32 HAKOIUICHHE MaHTalleHTeTaTa B 00JacTh
0a3aJIbHBIX s/Iep, MOPKEUKA, MOCTA, TajaMmyca IOyudeHO
He OBLJIO.

BbIBO[,

[Io mony4eHHBIM [aHHBIM B OTHOLIEHWH OCTPOH
tokcnynoct Mn(I1)-JITTIA mpencrapisier MaloOTOKCHY-
Hoe coenunenue (rpynma 4 mo FOCT12.1.007 — 76). B ka-
YeCTBE MapaMarHUTHOTO KOHTPACTHOTO BEIECTBa, o0ec-
MeYMBaeT BhIpaKEHHBIN d((EKT yCHIeHHs WHTEHCHUBHO-
ctu T1-B3BeneHHbIX n300pakeHunii MPT B MecTax cBoero
HAKOIUICHUSI.
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The preclinical evaluation of 0.5 M solution of a manganese(II)-DTPA complex (Mangapentetate, Pentamang) has been carried out in order to test the abili-
ty of manganese to be used as substitute for potentially toxic gadolinium in paramagnetic contrast agents in the MRI clinical routines. The toxicologic tests of
the Mn(II) — DTPA were carried out in mice, rats, and rabbits. Liquid phantoms served for direct comparison of the ability of Mn(II) — DTPA to increase the in-
tensity of T1-weighted SE-images to the contrast properties of the Gd(III) — DTPA (Magnevist). Normal healthy rabbits (n = 12) were used for quantification of
the imaging ability of Mn(IT) — DTPA. The value of LD50 in rabbits was above 10 ml/kg, rather close to that one of Gd(III) - DTPA. An increase in intensity of
the T1-weighted images induced by addition of Mn(II) - DTPA in phantom tests did not differ significantly from the values obtained with Gadopentetate.
Mn(II) — DTPA delivered prominent enhancement of normal kidneys in healthy rabbits as well as chest tumors in dogs.





