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INPUMEHEHHUE METOIOB SIMP

B HCCAEJOBAHUSIX
I'AHAABHBIX OIIYXOAEH
Y AABOPATOPHEIX JXHUBOTHEIX

M.B. I'ynsiee, H.B. AHucumoes,
I'M, FOcy6anueea, H.A. BpyceHuoe,
A.A. Camounenxo, FO.A. ITupozoe

[ﬁb Coobmaercsa o npuMeHeHHH MeTo08 AMP-criekTpockoru 11 MP-roMmorpadm (B
MAaTHHUTHOM TI0AE 7 TA) JAS HICCASZIOBaHMA TAMAABHBIX OIYyX0AeH B paMKaX HX MO-
JIEAVIPOBaHHA Ha Aa0OPATOPHBIX XXHUBOTHERIX — MBINIAX U Kphicax. [JJaHbl ITpHMEPLI
aHaAHU3a CIIEKTPAALHOH HWH(OPMALlMM, PeAAKCALIMOHHBIX H3MepeHuii, MP-
BH3yaAN3allNH, IIPHUMEHEHUS KOHTPACTHRIX H DHOAOTHYECKH aKTHBHBIX BEIECTB.

Knroueenvle cnoea: MAZHUMHO-PE30OHAMCHAS momozpadusi, CneKmpocKonus

AMP, anuoma, nabopamopHvie KU@OMHble, KOHMPACMHbIE dzeHmbl, GUO0JO0-
FUUECKL aKmUusHble 8eulecmad.

l:]"> It is reported on the application of magnetic resonance methods - NMR
spectroscopy and MR imaging (in magnetic field 7 Tesla) for the study of glial
tumors in their simulation in laboratory animals — mouses and rats. There
are given an examples of spectral analysis, relaxation measurements, MR
visualisation, the use of contrast agents and bicactive substances.

Keywords: magnetic resonance imaging, NMR spectroscopy, glioma, laborato-
ry animals, contrast agents, bioactive substances.

[Ad u3y4eHHsa TAMaABHBIX OIyXOAell YeAOBeKa MPUMEHSETCS UX MO-
AEAVPOBaHUE Ha MaAbIX AabOpaTOpPHBIX KHBOTHBIX. MoaeAnpoBaHue
OCYIIIECTBAGETCH IIYTEM MHBAa3UU B MO3I-MBIIIH MAU KPBICEI IIITAMMOB
TAMOMBI, HAIIPUMeED, TAUOMBI C6, Kak aHaAora rAMoDAACTOMEI YEAOBE-
Ka [1]. Ha xXMBOTHBEIX OTCAEXKMBaeTCd JUHAMMKA POCTA OIIYXOAH, CO-
BEPIIECHCTBYIOTCS METOABI €€ AHAarHOCTHKHU U BH3yaAM3alluu. B pam-
KaxX MOJEAHPOBaHUs altpobHUpPYIOTCS HOBBIE KOHTPACTHEIE M OHOAOTH-
JECKH aKTUBHbBIE BELIECTBA, ACKAPCTBEHHBIE TIPENapaThl.

Ha wMaruutHoO-pe3oHaHcHoM ToMmorpacde BioSpec 70/30
(«bpyxep») (7 TA) DpOBOOHMAKUCH MCCAEIOBAHHS 10 H3YYEHHIO T'AHO-
Mbl C6 u ravomel 101.8 meromamu aAokaarHOM SAMP-cniekTpo-
ckonniy B MP-toMorpaduu. IlpoBoauaacek ampobaliuss XKeAe30C0o-
AepXKaIlINX HEraTHBHBIX KOHTPACTHBIX AareHTOB, HCCAE0BAaAOCH
BO3/IEHMCTBUE OHOAOTHYECKH AKTHUBHBIX BEUIECTB — AMHHOAEBYAH-
HOBOH KHCAOTHI H TAIOKO3bl. HeKOoTOphIE TeXHHYECKHE ACIIEKThI
9THX paboT U NpeaBapuTEAbHBIE PE3VALTATHI H3A0XKEHEI HMIKE.

MPT-BH3yaAH3aIIHA T'AHOMBI

I'amomb1 C6 1 101.8 xXoponio BU3yaAn3HupoBaAuCh Ha T2-B3BeIleHHEBIX
usobpaxkenuax (T2BU) Gaaromaps pasHHIle BO BpeMeHax IIOIIe-
peYHON peAakcanuu T2 110 CpaBHEHMIO C OEABIM BEIIIECTBOM MO3ra.
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Pazangymg B M[IPOTOHHOH IIAOTHOCTH
E (PD) n1 BpeMeHM MMPOOOALHON peAakca-
¢ nmuu (T1) ZAS TAMOMBI M HOPMAABHBIX

TKaAHEHW MEHEE BBLIPAXKEHB]. ITO OTUET-
AMBO BHHO Ha IapaMeTpPHYECKHX KapTax, I0-
CTPOEHHBIX IT0 M300pakeHHIM, ITOAYUEHHBIX Me-
TOIOM CIIMHOBOI'O 3Xa IIPH BapbUPOBaHHHU Ila-
pamerpoB TR u TE B mnpeaeaax 0,95...5,0 c u
13...170 Mc, cooTBETCTBEHHO (pUC. 1).

IIpy RBBeIeHHM B OpraHH3M IXMBOTHOIC
Gd-arenTa - BellecTBa, COACPKAUIETO Ilapa-
MarHeTHK (MarneBucT ¢upMel «lllepuHm), Xo-
polliass BU3YaAH3allMd TAHMOMBI ITOAYHAETCA U HA
T1BH. Oddexkr Bo3ZHUKAET U3-3a TOrO, YTO B 30-
HE OIYXOAH Y KAETOK MO3ra 0CAabDA€H reMaTO3H-
1ecpasmieckuil Happep. ITO CIIOCODCTBYET IIPO-
HUKHOBEHUID B YKa3aHHYIO 30HY IlapaMarHeTH-
Ka, M3-33a 4YE€ro y TKaHEW 3[EeCh COKpalllaeTcs
BpeMs T1.

B mocaemnee BpeMs IIPOBOASITCS MHTEHCHB-
HbI€ MCCA€JOBaHUSA KOHTPACTHBIX BELIECTB, CO-
Aepxkarmx xeae3o (Fe) man mapraner (Mn), Ko-
TOPbIE IIPOSIBASIOT CeDsI KaK HeraTHBHbIE KOH-
TPaACTHbBIE AreHThl, CHUXAIOIEe CUTHaA OT HOD-
MAABHLIX TKaHE! 3a CYET COKpalleHuda 2%, yro
IIO3BOASIET AYYIIIE BBIABUTH 30HY OIIYXOAH H CO-
cyapl, ee nurawume |2]. Ilpu HakomaeHuu Fe-
coAepIKalllero rnmpernapara 1o nepudepuu oryxo-
AYl CO3AI0TCH YCAOBUS OASl UX YIOEpXKaHUS B
ATOM 30HE C IIOMOIIBI0 TI'PAAUEHTHBIX MarHMUT-

HBIX IIOAEH M A€YEHHA OIIYXOAHM METOAOM XU-
MHOTEPAINU, B TOM YHCAE C HCIIOAB30BaHHEM
TUIIEPTEPMHH, KOTOPYIO MOXKHO 00ecredyuTs 3a
cuyeT paauodactotrHoro (PY) Harpena [3].

B Hamux uccaemoBaHUAX B KadecTBe Fe-
COZIEPKAIIEr0 IIpernapara IIPUMEHSACH JEeKCT-
pag-MmarHerut (M} - cmecr HaHOYacCTHUIl pa3-
MepoMm 120...240 HM, Kaxzasd B3 KOTOPBIX CO-
OEPKUT aAp0 — Kpucrasa FezO4, ORPYXREHHBIN
MCAEKYASMH [AEKCTpaHa — IICAHCaXapHIaMu C
MOAEKYAIpHOH Maccont ~70 gla. [Ipenapat u3-
roroBaeH B Aabopatopum POHIIL um. H.H. Bao-
xuHa. OcobeHHOoCTRIO /IM gBAgeTCH 3HAYUTEAD-
HOE€ BpeMd BHEAPEHHUH B OpraHusM — doaee 24 y
U MEOAEHHOE BBIBEAECHHUE M3 OpPraHu3Ma 3a cyeT
MeTaboAu3Ma — OT HECKOABKHX CYTOK Ji0 He-
CKOABKHMX MECHLEB JAS pPasHbIX opraHoB. PaHee
artpobamua [AM mpoBoaguAachk aBToOpaMu IIpH
HCCACIOBAHHUH ITOAKOIKHBLIX OIIYXO0AEH — Kaplu-
HOMBI, MEAAHOMBI. (OTMEUY8AOCH HAKOIIAEHHE
IIperaparta 1o neputhepru onyxoAei, 4To jgaBa-
AO OCHOBaHUL NPUMEHUTE IIperapatr ¥ IIpH HC-
CACOBAHHU OITYXOAEH TOAOBHOTO MO3ra.

HccaegoBasack Kpbica ¢ 7-AHEBHOH TIAMO-
Mot C6. IlpumeHeHune Gd-areHTa HO3BOAHAO
YTOYHUTL AOKAAU3AUMI0 T'AHOMBI, OCOOEHHO HA
T1BH u BrIGBUTE 30HY, N0 NepHEPHH KOTOPOit
OTMEUYaAOCE CAADO BhIpaxKeHHOEe CHIKeHUe MP-
CHTHaAa Ha BCEX peXUMaX CKaHMpOBaHHS [0
BBEJCHNS KOHTpAacTa (puc. 2).

Puc. 2. 3o0Ha pacnaga rauombl — A 1 ee nepudepun — G Ha T1BY npu BBegeHUH KOHTPACTHLIX BEIIECTB:
a ¥ 6 — 1o U nnocae BBegeHud /[IM; 6 u 2 — 10 u 11ocae BBeeHHud Gd-aresHra



Beegenue Gd-areHTra cpasy OPHBOAHAO K
ITOBBIIIEHUIO CUTHaAA IT0 IIepudgepuu 30HbI. [Ipu
ITOM IIPOAOANKUTEABHOCTE 3h(eKTa HE IIPEBHI-
maetr 1 4, mockoAbKy (Gd-areHT IIOCA€ 3TOr0 BbI-
BOAUTCA H3 OpraHusMa. DBHyTpHOPIOLIHHHOE
BBeaceHUEe M (75 MA] IIO3BOAMAO YK€ YETKO (M
HaJOATO) BBRIIBHUTEL 3TY 30HY II0 CYILECTBEHHOMY
CHMXXeHNI MP-curHasa Ha BceX peXuMax CKa-
HUpoBaHusga. OTMETHM, 4YTO 3TOT 3PdEeKT npo-
SSIBHACH AMIIBb HA CACAYVIOIHMH HOEHDL IIOCAE BBEE-
HUudA [AM B opranuizmM XKHUBOTHOIO, YTO COOTBETCT-
BYEeT U3BECTHBIM JAaHHBIM O BPEMEHH €0 BBee-
HUA B OpraHUu3M M MeTaboAHn3alHH.

[IpobaeMHas 30HA HMCCAEOOBAAACH METOAOM
AokasapHOM AMP-criekrpockoruu. OTMedaacd
POCT IHKa AaKTaTa H AWIIHUIAOB CO BPEMEHEM.
[Tpu BBepenun [IM 3aperucTpUpoBaHO VILHpE-
HHUE CIIEKTPAAbHBIX AUHUMN g0 24...28 'l yepes
1-2 aHga nocae BBeAeHHd M c mocaeayronmm
BOCCTAHOBAEHUEM IINPUHBI AUHUM 10 12...13 '

[IPUMEPHO 4Yepeld 5—6 AaHeM. IT0o COraacyercsd C
JAaHHBIMH O AMHaAMHKe LUpkyadauuu [IM B op-
raHHu3Me XKHUBOTHOI'O, a IIOTOMY JaBaAO BECKHUE
OCHOBaHUY CYUTATD, YTO CHUXKXEHHE CHTHaAa II0
nepucheprnn nmpodbAeMHOM 30HbLI CBHA3aHO C Ha-
KOIIAGHHEM 4YaCTHIL XKEAE3a.

Ha 5T0 Xe ykaspiBaAW OJaHHBIE MarHHUTO-
METPUYECKHUX H3MEPEHUN C HCIOAB30BAaHUEM
VHOYKIIMOHHOIO MarHeToMeTpa, [IPOHU3BEIEHHO-
ro corpyanukamMu UOP PAH. HMamepeHUd BbI-
ABHUAH HAAWYHE B 'OAOBE KPBICEI 19+4 MKr [IM.
B To Xe BpeMsa MarHUTOMETPHYECKHE H3MEpe-
HUA OAd BCEH TOAOBBI, IIPOBEJECHHBIE AL HOP-
MaABHOHM KPBICBI U KPBICBI C TAMOMOH, HE BBI-
ABUAU CYIIECTBEHHOHR pa3HUIb! B KOAHUYECTBE
obHapyxkeHHbIX yacTHl [IM (~20 MKT ripu BBe-
IE€HHOW BHYyTpHOprOIIMHHO g03e 0,2 Mma). 3To0
YKa3bIBa€T Ha 0CO0VI0 HU30MpPaTEABHOCTH HX AO-
KaAu3allul B 30HE [MOpasKeHHs.

Ocoboe BHEMaHUE IMPOOAEMHOH 30HE OBIAO
VAEAEHO B CBS3H C TE€M, YTO OHA NE€PBOHAYAABHO
UHTEPIIPETUPOBAAAChE KaK abdciiecc, Karicyaa
KOTOPOM CTaAa 30HOM KOHLIEHTPALIMH IKEAE30-
cogepxaiuyux yacTuil. OJHAKO THCTOIIATOAOTH-
YyecKulli aHaAu3, IPOBEAEHHLIA Ha Ouoaoruye-
CKOM hakyarTere MI'Y, moareBepayua THIIOTE3Y O
TOM, 4TO pobaeMHad 30HA AEHUCTBUTEABHO HAB-
ASIETCS IIPOAYKTOM pacliajia OIMyXOAH.

CAeqyeT IIpuU3HATL, YTO IIPOHHMKHOBEHUE
M B rauomy C6 He 3addHKCHPOBAHO, YTO, BO3-
MOIKHO, CBSI3aHO CO CAHIIIKOM DOABIIHM pa3bpo-
COM B pa3Meépax HaHO4YaCTHLl, IPEACTaBACHHBIX
B OAHHOM KOHKpPETHOM Ipenapare. OOHAKO

TexXHOAOI'HH JXHBBIX cHCcTeM, 2013 r., 7. 10, Ne 1

naHHgble O IUHAMUKE HakornaeHus M
B 30HE paclajia OIYXOAM MOXKHO HC-
TTOAB30BaTh [OASI OLIEHKH 3(PPEKTHUB-
HOCTH IpumMeHeHus [IM B KadecTBeE
KOHTPACTHOI'O IIperapara.

AHaAn3 MmeTabOAHTORB
10 ZaHHLIM AOKAABHOH in vivo
AAMP-CIeKTpPOCKOIIHH
Ecau  MP-n3obpaxkeHus  PeTrHCTPHPOBAAHCH
CTAaHAAPTHBIMH METOJAaMH, TO ChEMKa CIIEKTPOB
HMEAa CHELUMPUKY A IPOTOHOB H OTAHMYHBIX
OT HUX aaep. OTMETHUM HX.

Bo3byxkneuue curgasoB SMP 1npoToHOB
(300 MI'l) npoH3BOAUAOCE OT pe3oHaATOpa AHua-
MeTpoM 20 cMm, a perucrpaiusa CUTHaAOB — C IIO-
MOIILI0 IIOBEPXHOCTHOH KaTYIIKH, aJallTHpPO-
BaHHOM A9 CBEMKH T'OAOBBI KpPBICHL. (3JTa XK€
KOH(UTYpAIIHS HCIIOAB30BAaAaCh H JIAG TIOAYYE-
HHUS H300paxkeHuit.) Aokaausanua 'H-cmekTpoB
obecrieynBasach nyreM 3QPPEKTHUBHONO YMEHB-
IIIeHHsI of6beMa 3a cYeT MPHUMEHEHUA B HMITYABC-
HoM rocaegoBaTeapbHocTH PRESS (Point Resolved
Spectroscopy) rpaaueHTHBIX TToaeH. [Ipu ceeMKe
IH-crieXTpoB IIPHUMEHHIAOCE YaCTOTHO-CEAEKTHB-
HOE TIOOABACHHE MOILHOI'O TUKAa BOBI.

Ilag perucTpalMu CrieKTpoB oT daep 3P m
13C B Ka4ecTBE€ MNPHUEMOIIEPENAIOIIEro AATIHKa
HCIIOAB30BaHa IIOBEPXHOCTHad KaTyllKa Jua-
MeTpoM 2 cM. Ee nosuuHoHHpOBaHHE OTHOCHU-
TEABHO «30HbI HHTEpEca» OIPEAEAIAO AOKAAH3a-
LU0 CIIEKTPOB. CIEeKTPHl PErHCTPHPOBAAUCEH C
[TIOMOILBI0 OOBIYHOM OJHOHMITYALCHOH ITOCAE€HO-
BaTeABHOCTH. OOBEKT HCCAEAOBAHUSA BMECTE C
KaTYLIKON I[IOMELIaAMCh BHYTPH p€30HaTopa,
KOTOPEIA HCIIOAL30BAACH JnOasl Tepenadyn PY-
MOIIIHOCTH Ha IIPOTOHBI, €CAHW pPETHCTpaIlNd
saaep 3P u 13C mpou3BoauAach C pa3BA3KOH OT
rnipoToHoB (decoupling].

Anaan3 H-SIMP-cunexTpoB. B crnekrpe
IMPOTOHOB Hanboaee OTYETAHMBO PETHCTPHUpPOBA-
Auchr MertaboauTnl: N-anerwaacmnaprar (NAA),
xoauH (Cho), kpeatuH (Cr), aakrat {Lac), cHTHaA
or AunugoB (Lip). ComnocraBA€HHE CIIEKTPOB
HOPMAABHOIO y4acTKa Mo3ra H 30HBI IlopazKe-
HUA IIpu ranoMe C6 rnoka3niBaAH CYILECTBEHHOE
MOBLIILIEHHE ITHMKOB AaKTaTa U AUNUAOB. OTMeE-
YaeTcsd POCT ITHUX ITMKOB CO BpeMeHEM (pHC. 3).
3aMeTHO CcHIKeHHe nuKa N-aleTvaacrnaprara
M KpeaTHHa, a Takxe cooTHomeHU# NAA/Cr
(o 0.9), NAA/Cho (mo 0.38); Cr/Cho (mo 0.29).

IloAyyeHHBIE JAaHHBIE XOPOIIO KOPPEAHDY-
I0T C JAHHBIMH, ITIOAYYEHHBIMU IIPU HCCAEOBA-
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HUHW TAHOOAaCTOMEI YeAoBeKa [4]. Ito
YyKa3bIiBAE€T HAa aAcKBaTHOCTH MOAE-
AUPOBaHUY JAHHOH OIIYXO0AU C ITOMO-
1[I0 rAuoMbl C6O, HMIIAQHTHUPYEMOU
MAaAbIM 3XHWBOTHBIM.

[loMUMO MHTEHCHBHOCTEH ITHKOB HM3MeEpPH-
AacCh HMIMPHHA AHMHHHA CIIEKTPA JIAS OLHEHKH BPE-
MEHHU TIOTIEPEYHOM peaakcariyu 2% B 30HE II0-
pPaskKeHUd I[IPU HUCCAEIOBAHUM T'OAOBHOIO MO3ra

T ST T S TR, T &4 T SR AT ST b o ol B

MT YT TS ST T T T

U3MEpPEHHSI OKAa3aAUuCh IIOAE3HBI IIPH IIPOBELE-
HHM SKCIIEPHMEHTOB C BBEAEHUEM B OPraHu3M
JKUBOTHOI0 KOHTPACTHOTO areHTa — HEeKCTpaH-
MATHETHTAa — II0 VIOUPEHUIO AWHHN CIEKTpa
BEISBHAOCE HAKOIIAEHHE JKEAE30COACPKAIIUX
JacTUIl B 30HE PACIIafa OIYXOAH, IPEICTaB-
AeHHOM Ha MPT-uzobpakeHny H30MHTEHCHB-
HbIMH dparMeHTaMI.

Anaaus 31P-SIMP-cnexkTpoB. B cCriekTpe
cdocdopa 3P (121 MI'nm) HaAeKHO PETUCTPUPO-
BaAUCh MeTaboAuTEI: ocomonoachup (PME),
Heoprauudeckudl docdar (Pi), dochommuacdup
(PDE), dochorpearurn (PCr), azeHO3UH TpU-
cbocdhart (ATP -a,B,y).

CpaBHUBas CrekTpsl 3P 1Ad HOpMaABLHOTO
MO3ra H MO03Ta, IopaXXeHHoro rauomon Co6,

a) 6}
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MOXHO OTMETHUTL rnogaBacHMe mura PME wu
BO3pacTtanue ruka Pi (puc. 4).

AnaroruaHbIM 3chheRT H3BECTEH H3 JaH-
HBIX 10 UCCAEJOBaHHIO MO3ra YeAOBEKa IIPH CO-
[IOCTABACHUU CIIEKTPOB, IOAYYEHHBIX OT HOP-
MaABHOTO MO3Ta U MO3ra, TopaxkeHHOTo aHa-
[IAACTUYECKOM acTpouuTOMOH [D].

MOXXHO OTMETUTE, YTO, HECMOTPH HAa CpaB-
HUTEABHO TI'pPy0yio AOKaAM3aIlUi0 CIEKTPA,

SIP.MP.cImer rOCrornmg ORAALIRALTO
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TOYHO MHMOPMATHBHOMN A8 OIIEHKHU COCTOSHUM
TOAOBHOT'O MO3ra, IIOCKOABKY OTpa’kaeT OCHOB-
HbIE 3aKOHOMEPHOCTH, XapaKTepHbIE [IAS €ro
riopaxkeHus rauomMon Co.

Anaani 13C-sIMP-cnexTpoB. M3-3a HH3KOH
YYBCTBUTEABHOCTH, 00YCAOBACHHOH HHU3KHM €CTe-
CTBEHHBIM COAEp3KaHUueM wusorona 13C, anaAus
MeTabOAHTOB IIpeficTaBAadgeTcd MaaoadderTUB-
HEIM. boablliee pasBUTHE TTOAYYHMAM HCCAEI0BA-
HUd C BBelleHUeM B 3KHUBOTHOE OUOAOTHYECKH aK-
THBHBIX BEIIECTB, B MOACKYAAX KOTOPBIX IIPOM3-
BeICcHO 3aMelleHue usorora 2C Ha 13C. ABTOpPHI
[IPUMEHSIAML  JIASL 3TOoro oboramneHable 110 13C
O-aMHUHOAEBYAUHOBYIO KMCAOTY U D-TAIOKO3Y.

Ha puc. 5,a upenacraBaern 13C-crmekTp o
TOAOBBI MbIIIH ITIOCA€ BHYTPHUBEHHOIO BBEICHUS

2 ] 4 3 2 1
Chemical shift (ppm)

)

Puc. 3. Cuekrpsl 1H oT ABYX y4aCTKOB MO3ra KpPBICEL pa3sMepoMm 2,5x2,5x2,5 MM: a — HOpMa; 6 B 8 — TABOMA
IIOCAE €€ MHBA3UM COOTBETCTBEHHO Uepe3 uHTEpBaAbl 7 U 14 guei

0 0 -10
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Puc. 4. Crextpsl 31P cliycTd pasHoOe BpeMd I1ocAe MHBa3uu ravomsel: O (a), 7 (6), 14 (g) nued
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O-aMHHOAEBYAMHOBOW KHCAOTEI, ODOorarneHHOH!
110 ABYM IMO3ULIHUSM. DbiAra BBIIBAEHA KOPPEAL-
LMY MEXAY MHTEHCHBHOCTLIO CHUTHAAOB H CTE-
[IEHBIO IIOPAKEHUH OpraHoB. llpakTHKa ITOKa-
3aAa, YTO B Ka4YECTBE 3TAaAOHA IAS KaANOPOBKU
MHTEHCUBHOCTU AWHUH cHekTpa yAoOHO ucC-
[IOAB30BaTh «XUpoBod nuk (CHj)n. IToT MOLI-
HbI CHUIHAA TIPHUCYTCTBYET B CIEKTPE TKaHU
BHE 3aBICHMOCTH OT TOI'0, BBOJAHAACh AHM TAIO-
K032 HAM npyroe Benrecreo. Ilpmw 2ToM erc Ba-
pHabeALHOCTh HE MOXKET OBITh CKOABKO-HHOVIL
3HAYUTEABHOH, IIOCKOABKY CTPYKTYpa XKHUPOBOH
TKaHH CAAD0 3aBUCHT OT COCTOSIHHS OpraHHU3MA.

Ha puc. S5 npuseneHs! cnexkTpel AMP 13C
(75 MTI'11), rmoAy4eHHEbIE C IIPUMEHEHHEM IT0BEPX-
HOCTHOMN KaTVIIIKH, pPas3MeIleHHONH BOAM3H IOAO-

§-ALA \ D-GLUCOSE
(CHE)n
0=C-OH @|+
+ H-C= C-H lu
CH>-O

:| ; CHO¢ +

I I
f ffl .=1
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100 80 GG 40 20 100 80
Chemical shrft (ppm)

Chemical shift (ppm)
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BbI MBIIIIH, II0OCA€ BBedeHud S0 wMr
T'AIOKO3bI IIOAHOCTBIO 0DOTailleHHOH I10
13C, Cnextp (6) moAydeH OT MBIIIH,
KOTOpPOM 7 OHEM paHee Oblaa mepeca-
kena ramoma C6, crnexrp (6) — 0T HOpMaABHOU
MBIIITH. B caydae (6) mpH CKaHUpPOBaAHUU IIPU-
MEHSIAACh TeTeposaepHas pai3Bd3Ka OT IIPOTO-
HoB — 13C{IH}, KoTOpasa CrIocoOCTBYET IOBBIIIE-
HHUIO CHUTHaA/IIyM 3a CYeT TpaHCPopMaluH
MVALRTHIIAETOB B CHHrAeTsl. Hecmorpa Ha 3To,
CUTHAaA OT TAIOKO3bI O0Ka3aACs HUXKE II0 CpaBHe-
HUIO C <KHUPOBBIM» ITMKOM, YEM B cAy4Yae (8}, KO-
rfaa IIOBBIIIEHHE CHUTHaAa K LIYMY JOCTHUTAAOCEH
AV 3a cuetr 3chdpexra OBepxayzepa — PH-Ha-
ChIILIEHHE TIPOTOHHBIX IIEPEXOO0B IEPEN CUUTHI-
BaHHEM CUIrHaaoB 13C.

60 40 20 1C0 80 60 40 20
Chemical shift (ppm)
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Puc. 5. Crektpsl 13C OT TOAOBEI MBIILIU: IIOCAE UH'BERLIUU O0-ALA (a); mocae MHBEKIIUY TAIOKO3BI [IPH Iopaxke-

HuM Mo3ra ranomol C6 (6) u Hopme (g)

lipearionaraAoCk IIPOCACOHUTE  3BOAIOLIUIO
CUTHAAOB TAIOKO3bI C LIEABIO COIIOCTAaBAE€HHUS Me-
TaboAMYEeCKON [IUHaAMHKH A9 HOPMAaABHOMH
MBIIIIM M MBIIIU C ranomoin [6]. Kpome Toro,
[IPEATIOAATAAOCE HaWTH KOPPEAdLHI0 MEXIY
IOTpedACHUEM TAIOKO3bI M PA3MEPAMHM OITYXOAM.
OKCIIEPUMEHTEI IIOKa3aAM, YTO BapHabeABHOCTD
curHara YAMP 13C oT BBeZeHHOI0O BeIIECTBA
CAHUIIIKOM B€AUKAa [AS TOro, YTOObI [I€AATh BBI-
BOJT O B3aUMOCBS3M BBOJAHMMOIO0 KOAMYECTBA
BCILECTBA U PasMEpPOM 30HBI IIOPaXXKE€HUd. ITO
MOZKET OBITh CBH3aHO C HWHAUBHAYAABHBIMU
OCODEHHOCTIMH BOCIIPUSITHS OpPTraHM3MOM BBO-
JuMoro Bemiecrsa. M3-3a orcyrcrBus obopyao-
BaHUA [OAd Ta30BON AaHECTE3UHU IIPHMEHSIAOCH
BBEJEHHE IT0KOXKHOTO ITperiapara XAOPaAbIU/l-
para, MHOEHCTBHE KOTOPOrQ HE IIPEBBINIAAO
30...40 MuH. 3a 3TOT IIepHO HE YAAAOCH IIpO-
CACOUTH [OUHAMUKY MeETaboAMYECKHUX IIPOIlec-
COB, BpeMEeHHOHN Macurrab koTopbix Ooaee 1 d.

YaaAoch 3aperucTprupoBaTh cAab0 BEIparKEHHBIE
CHUTHaABI TAIOTaMaTa U AaKTaTa.

Temonorlm JXHBBIX CHCTEM, 20 13 r.; T, 10 No 1

lloAe3HBIN pE3YARTAT COCTOUT B TOM, YTO Ha-
paboTtaH OILIT in vivo perucrpaunid AMP criek-
TpoB 13C, BKAIOYad 3KCIEPHUMEHTEI C BHYTPHBEH-
HBIM BBEOCHHEM OHOAOTHUYECKHX BelllecTB. Peru-
crpauusa curHaroB AMP mposenena ¢ noMoUEBIo
IMOBEPXHOCTHOM  KATVILKM, O0eCrieynBaiolie
[IPOCTPAHCTBEHHYIO AoKaaM3alyio. lIlpu artom
ChEMKA CIIEKTPOB 13C mIpoBeaecHa ¢ Pa3Ba3KON OT
IIPOTOHOB, HO De3 reperpeBa >XKHBOTHOIO.

ABTOpPEI IIAAQHUPYIOT HCIIOAB30BaATh Ta3l
«DypaH» A9 JOATOBPEMEHHON AaHECTE3HH XKU-
BOTHBIX W IIPOCAEAUTH AHHAMHKY MeTaboapde-
CKHUX IIPOILIECCOB TAIOKO3bI 110 YMP-criekrpam
13C, » 2D, gag dero 3afeticTBoBaTh 00OrallicH-
HbIE I10 JaHHBIM H30TOlIaM IIperaparThl.

Aemopbt npusHamenvHvt 1.A. Ezopoeoii (Protein
Labelling Innovation) 3a nosesHble KOHCYAbLMAUUU U
cooelicmeue 8 npuobpemeHuu u3omonHo o0602auieH-
Holx obpasuoe enwkosel. Heobxodumo ommemume
exnad LA H. Cunauesa (6uogarx MI'Y) sa eucmonamo-
noeuveckuil aranus u M1l Hukumuna (MO®D PAH) 3a
MaAZHUMOMEeMPUUEcKUe USMEpPEeHUSL.
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THE USE OF NMR METHODS IN STUDIES OF GLIAL TUMORS
AT LABORATORY ANIMALS

© Authors, 2013

M.V. Gulyaev, N.V. Anisimov, G.M. Yusubalieva, N.A. Brusentsov,
A.A. Samoylenko, Yu.A. Pirogov

Methods of a nuclear magnetic resonance (NMR): high resolution NMR- spectroscopy in vivo and the MR-
imaging in a magnetic field of 7 Tesla were applied to research glial tumors by their modelling on laboratory
animals — mice and rats. Tumoral analogs of human glioblastoma - glioma C6 and a glioma 101.8 implanted
in the brain of small laboratory animals were modelled.

Dynamics of development of tumors was traced by MRI, NMR spectroscopy and histopathology analysis
which were made at Faculty of Biology, Lomonosov Moscow State University. By MRI research were com-
pared T1- and T2-weighed images received before and after introduction of MR contrast substances contain-
ing gadolinium (Magnevist from «Schering») and iron (dextran magnetite produced by Blokhin Russian On-
cology Science Center}. The useful result is marked from combined application of these substances for the
best visualization of a tumor and products of its disintegration.

NMR spectra of protons 'H, phosphorus 3!P and carbon 13C were received. Proton spectra were registered
with water signal suppression and by use of pulse sequence PRESS where gradient fields are used for small
volume localization. As for nucleus other than protons, small surface coils were used for space localization of
received spectra. 1H and 3!P spectra were used for registration of the main metabolites. The intensities of
their peaks were used as indicators of tumor growth. Similar dynamics of these peaks is marked at evolution
of glial tumors for rats and man. As for experiments with introduction of dextran-magnetite as MR contrast
agent, presence of iron in brain was estimated by measuring the width of peaks in 1H spectra. Presence of
iron in head was also fixed by means of inductive magnetometer produced by Prokhorov General Physics In-
stitute (RAS).

The spectroscopy 13C was applied for registration of signals from biologically active (BA) substances — amino-
levulinic acid and D-glucose, entered intravenously in a mouse. Isotope 13C enriched substances were used.
On intensity of spectrum lines and their comparison with the lipid peak it was supposed to detect correlation
between consumption of BA substance and the size of a tumor. On the spectra which were registered at cer-
tain intervals of time it was supposed to track metabolism of BA substances for normal mice and mice with
provocated tumor.

Experiments showed that the spectral data about consumption of BA substances are too variable. Probably it
can be connected with specific features of an individual. Because of relatively short time of anesthesia action
(hypodermic introduction of chloral hydrate) only separate indications of metabolism of glucose were re-
ceived. There were slightly evident peaks of lactate and glutamate. It is supposed to continue the research
but using long-term gas anesthesia.
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