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Haxonuienue u Tokcudeckue 3PpPexrnl
Oopcoaep:xamMx npenaparoB B moxesasix SW-620

Pabora BbinonHeHa npu nopaepxke rpanra PODU Ne 18-29-01007 ¢ ucrnonb3oBaHUEM 000pYJ0BaHUS
LKIT «IleHTp reHeTHyeckux pecypcoB abopaTopHbix xuBoTHbIX» OULL U1ul" CO PAH,
noxaepxanHoro Muuo6puayku Poccun (YaukanpHbiii uaentudukarop npoekra RFMEFI62117X0015)

Jna nocnedyrowezo npumenenus 00p-HeUmpoHO3aX6amHoU mepanuu nposedeHad
npeosapumenvHas — OYeHKd — MOKCUYHOCMU U HAKOWAEHUs  GopCcooepircauux
npenapamos Ha MOOelU  KOIOPEKMANbHOU A0eHOKApYuHoMbl uyenoseka SW-
620 in vitro u in vivo. O6Hapysxceno, umo unKybayua xiemox SW-620 c
bopghenunananunom u 6opkanmamom 6 meuerue 24 u 48 u ¢ konyenmpayusx '’B 10—
320 mxe/mn ne oxazvleaem yumomoxcuueckoeo spgexma. Buympusennoe gsedenue
boppenunananuna 6 xonyenmpayuu 350 me/xe u 6opxanmama 6 KOHYeHMpayuu
100 me/ke ummynooepuyumnvim moiwiam SCID maxoce oxkazanocs 6e30nacHviM, U 8
meueHue nepuooa HabarooeHus (2 mec) remanvHocmu He Hada0oarocy. Ilo oanHvim
namomopQonocutecko2o  UCCIe008aHUs  MAKPOCKONUYECKUX U CIPYKIMYPHbIX
usmenenutl 6 opeawax wue obuapysceno. bBuopacnpedenenue B oyeneno na
ummynooepuyumuoix  mviwax SCID ¢ eemepomonuyeckumu  NOOKOMCHHIMU
kcenoepagpmamu SW-620. Ilocne 6sedenus enympusenno npenapamos BPA u BSH &
6e30nacHbIX 003UPOBKAX MAKCUMANbHAS KoHyenmpayus '°B é onyxonu sagukcuposana
na epemennotl mouke 2 4 0nss BPA u 1 u ons BSH u cocmasuna 8,7 u 5,7mre/2
coomeememeenno. [na docmudicenus nyuuie2o nakonienus '’B ¢ onyxonu mpeGyemcs
nposedenue OONOTHUMENbHLIX UCCIE008aHULl Ollsl ONpedesienuss ONMUMANbHBIX KaK
KOHYeHmpayuu, max u cnocobos 66edenust 60pcoOepIHcAuUx npenapamos.

KuroueBble cjioBa: Oop-HEHTpoHO3axBaTHas Tepamus; Kietku SW-620;
6opdennnananuy; GopkanTar

Coxpamenusi: BH3T — Oop-HeliTpoHo3axBaTHass Tepanus; BPA —
6opdennnanannn; BSH — 6opkamnrar.
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BBenenune

Ilo nanHeIM BeemupHOI opraHu3aiuy 31paBOOXPAaHEHUS], KOJIOPEKTANbHBII
pax BXOOWT B TPOMKY JIHIEPOB IO NMPHYMHAM CMEPTH CPEeaH MPOYNX OHKOJOTHU-
yeckux 3aboneBanuil [1]. JlaHHBIN BUJ OHKOIATOJIOTUHM CTOUT Ha BTOPOM MECTE
o pacupoctparnerHrocty B CIIIA, mo naHHBIM AMEPHUKAaHCKOTO OHKOJIOTHYECKOTO
cooO1mecTsa [2], 1 320071€Ba€MOCTh B APYTUX SKOHOMUYECKH PA3BUTHIX CTPaHAX
mpomoiwKaeT pacté. KoopeKTanbHBIM pak COMPOBOXKAACTCS CHMITOMAMH Ha
MO3HUX CTAAUAX, MO3TOMY YaCTO BpayaM MPUXOJUTCS OOPOTHCS C paclpocTpa-
HEHHBIM OITyXOJIeBBIM TiporieccoM. bop-uaeittponoszaxsarHas Tepanus (BH3T) —
3T0 opMa OUHAPHOIL JTyueBoil Tepanuy, OCHOBaHHAs Ha BBICOKON CIIOCOOHOCTH
HEPaJANOaKTUBHOTO simpa ''B momiomars TeIIoBOH HEHTPOH, B Pe3yJbTaTe Yero
00pa3yroTcst (-4acTHIla U sapo JTuTHA-7. JlaHHbie mpoaykThl peakuun “B(n,a)’Li
HUMEIOT BBICOKHI TEMIT TOPMOXKCHHS M Mallylo JUIHHY Ipo0era, TaKuM 00pa3oM,
BBIJICJICHHAS! SHEPTUs OTpaHUUYUBAETCs pazmepoM oaHoil kinetku [3]. BH3T panee
aKTHBHO TIPHMEHSIACH JUIS JICUCHHUS AlUeHTOB CO 3JI0KAaYeCTBCHHBIMHU TIIHOMa-
MU [4], menaHomoli [5], pakoM ronoBbl u 1ieu [6]. Onucan Takxke psaj OHKOJIO-
THYECKHUX 3a00JICBaHUM, KOTOPBIC TBITAINCH JIeUnTh Ipu romomyd BH3T: mera-
CTa3bl B TI€UEHb, PEIUIUBUPYIOIIUE OIIyXOJIU MOJIOYHBIX JK€Je3, MEHUHI'MOMa U
menaHoMa BynbBHI [7—10]. Jlns ompenenenust Bo3mokHOCTH npoBeaenns bH3T
Ha YCKOPHUTENbHOM MCTOUHHKE HEHTPOHOB B KaueCTBE OMNLUU JCUCHUS MallUeH-
TOB C JMarHO30M KOJIOPEKTAIBHEIH paK HeOOXOANMO MIPOBECTH IpeIBapUTEIHHEIC
UCCIIEIOBaHUS Ha KJIETKaX U JJabOpaTOpHBIX *KHUBOTHBIX. Ha mepBom a3rame He-
00XOIMMO MIPOBECTH OIIEHKY 0€30ITaCHOCTH IPHUMEHIEMBIX IIPETIapaToB in Vitro u
in vivo, a TaKxe U3y4uTh Onopacmpeenenue 'B B opranusme s onpeseaeHus
BpPEMEHH MAaKCUMAaJbHOW KOHIIEHTPAIMHU €r0 B OIMYXOJIM U MHHHUMAJIBHOTO B Op-
raHax ¥ kposu. Tako#l moaxon mo3BoiseT Mogo0paTh ONTUMANIBHBIC JTO3bI OOp-
COZIEpIKAIINX MPENapaToB U BpeMs Uil 00IydeHns1, KOTa HanOOobIIee JIy9IeBoe
BO3/leiicTBHE IPUXOANTCS HA OIIYXOJIEBbIC KJIETKH, HAKOMHUBILINE MAKCUMyM Oopa.

B GonpmuncTBe padoT no BH3T npencrariieHsl cepTUQUIMPOBaHHBIE 60PCO-
Jeprkamue npenaparsl L-p-Oopdenunananus (BPA) u 6opkantar Harpus (BSH).
Komanmoit mon pykoBomctBoM A. Soloway B CIIIA [11] mepBbIM CHHTE3UpOBaH
BSH, kotopsiii umeet B cBoeM coctaBe 12 atomoB '’B. OcoOGeHHOCTBIO ero Ha-
KOIUTCHUS SIBIISIETCS TO, UTO COACPKaHHSA OOpa B OMYXOJIH W B KPOBH IIPHOIH-
3UTENIBHO CONOCTABUMBI, OJJHAKO COOTHOLICHUE KOHIIEHTPAIH B OIyXOJIEBOU U
OKpY)KaloIIeH 370pOBOM TKAaHSAX COCTABISET 3/1 M SBISETCS MOIXOAAIINM IUIS
nposegeHuss BH3T. MexaHusM HakoIIeHUs! 60pa B OITyXOJH — MACCUBHAS TU}-
(y3us gepe3 OImyXoJIb-acCOIMUPOBaHHbIe Kamwuripsl. Mcenenosarenn n3 CILIA
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BBomuin BSH BHYTpHMBEHHO W BHYTPHKAapPOTHAHO KPBICAM C BHYTPHMO3TOBOU
omyxoJbto F98. IIpu mpuMeHeHnn npemnapaTa B KOHIEHTpAuud 65 MI/KI MacChl
TeJa JIETAbHBIX CIy4YaeB W MPU3HAKOB TOKCHYHOCTH He ormcano [12]. B ucce-
noBaHusx Morris et al. oTMeueHo, 4yTo pu BHyTpuBeHHOM BBeaeHnu BSH B no3e
100 MI/KT eTaNBbHBIX CIyYaeB Takke He HaOltomanoch, oqHako no3a 200 Mr/kr
OKa3bIBaJach JeTajdbHOM 11t Kphic [13].

BPA, xoTopslii Ha4amu TPUMEHSITH ISl JICUCHHsSI MMAIIMEHTOB C MEIaHOMOU
B 1987 r. [14], conepxur Tonbko 1 arom '°B B cBoeii crpykrype. Umest ero uc-
MIOJIH30BaHMS OCHOBAaHA Ha OBBIIICHHOM 3aXBaTe MPEANICCTBEHHUKOB MEJTaHNHA
MenaHoMo# [15]. OgHako OTMEUYEHO TaK)Ke ero HAKOIUIEHUE B OCCITUTMEHTHBIX
OITyXOJISIX, YTO TI03BOJIHIIO HCTIOJIB30BATH €T0 JUIS TEPAITHH APYTHX 370Ka4eCTBEH-
HBIX HOBOOOpa3oBaHmii [16]. Yuensie u3 CILIA u3o00penu Monenb A IporHosa
(apmakokuHeTHKH BPA, BBOIMMOTO ManMeHTaM BHYTPUBEHHO. B cBoeii padoTe
OHH TIpeJIaratoT UCIOJIb30BaTh npemnapar B 1o3upoBke 350 mr/kr [17]. GuHckue
y4eHble Tox pykoBoactBoMm L. Kankaanranta ucmnonb3oBanu BPA B moze 290-
450 MI/KT B KIIMHUYECKUX HCCIIEJOBAHUIX, OTHAKO [IPH BHYTPHUBEHHOM BBEICHUH
MaKCUMaIIbHOW JI03UPOBKH OTMEUEHBI TOOOYHBIE 3 dekThI [18].

Lenp nanHOM paboOTHI — ompeesieHue 0e30MacHbIX KOHIEHTpAM mpernapa-
toB BPA 1 BSH mist kirerounoi muann SW-620 u onerka 6uopacipenesienus °B
MOCJIe BBEJICHHS 3TUX IpenapaToB UMMyHonehuuTHbIM Mbltiam SCID ¢ retepo-
tormyeckumu SW-620 kceHorpadTamu.

Marepuajbl 1 METOAUKH HCCJIET0BAHUS

IIpenapatebl. B uccnenoBannu ucnoib3oBanbl BPA u BSH, oGoramenHbie
uzotornoM B (> 99,5%, Katchem Ltd., Yexust). Pactop BPA roToBuin Ha 1eno-
HU30BaHHOM Bojie ¢ TobaBriieHneM GppykTo3bl (Sigma-Aldrich, CIIIA) B MonsipHOM
u36biTke [19]. Konuenrpaius '°B B roroBoM pacTBope coctanisuia 3 350 MKr/miL.
BSH pactBopsimu B pactBope Hatpust ximopuna 0,9% (Renewal, Poccus), ¢ xon-
uentpanueii '°B 13 630 mxr/mit. [TomydeHHbIe paCcTBOPBI XPAHHIIN B XOIOIHIbHH-
ke mipu Temmeparype +4 °C.

HccnenoBanue uutorokcuunoctu BPA u BSH in vitro. Jlunus xierok ko-
JIOPEKTATBHOM aJIeHOKapIIMHOMEI uesioBeka (SW-620) nonydena B LIKIT «Llertp
TeHETUYECKHX pecypcoB laboparopHbixX xkuBoTHBIX» MLIUT CO PAH (MuCcTHTYT
nutoorud 1 reaetukd CO PAH, . HoBocuGupcek). Jlns onpenenenus 6e3ormac-
Hol koHIeHTpaluu npenaparos BPA u BSH npumener MTT-tect. Knetku BbI-
ceBaiu B 96-1yHOUHBIH tutaHmeT 1o 2% 10* knetok/myHky. Uepes cyTkd B pa3HbIe
JIYHKH 100aBJIeHbI penaparsl 60pa 0 KOHEUHBIX KOHIeHTpanuii ''B B pactBope:
10, 20, 40, 80, 160, 320, 640, 1 280 MKI/MJI TI0 5 TTOBTOPOB JIJIS KAXKI0H SKCIICpH-
MEHTAJIbHOM TOYKH, KIIETKH HHKYOUPOBAaJIH B IBYX BPEMEHHBIX HHTEpBaslax — 24
u 48 4. KoHTpOib — KIIETKH, KOTOPBIE MHKYOHpOBaaK 0e3 mpemnaparoB. 3aTeM B
KaXAyI0 JIYHKY 100aBmsuid 1o 20 Mk pactBopa [3- (4,5-AMMeTHUITHA305-2-11)
-5- (3-xapbokcumeTokcudenmn) -2- (4-cynmshodennn) -2H] Terpasonus ¢ mera-
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synbdarom (ernazuna (Cell Titer 96® AQueous One Solution, Promega, CIIIA).
[Inanmetsr unky6buposamu B CO,-uHKyOarope B TEUYEHHE 2 4, ONTHYECKYHO
IJIOTHOCTh PAcCTBOPOB OINpENeNSIM Ha TulaHmeTHoM puaepe «BioRad iMark
Microplate reader» (CLLIA) npu nnuHe BonaHbl 490 HM. JlaHHBIE IpECTaBICHBI
KaK IPOLEHT BEDKHBAEMOCTH OTHOCHUTEIHHO KOHTPOJIA.

ToKkcHYHOCTH MPH BHYTPUBEHHOM BBeJIeHHH NpeNapaToB fopa MbIIIamM
SCID B cTaHAApPTHBIX KOHIEHTPAUMAX. DKCIIEPUMEHTHl BBIIIOIHEHBI C CO-
OJroieHNeM MPUHIUIIOB T'YMaHHOTO OTHOLIEHHS K )XMBOTHBIM B COOTBETCTBUH C
mupektuBoi EBporietickoro coobmectsa (86/609/EEC) u cOOTBETCTBYIOT TPHH-
munam PykoBozCTBa 110 yXOIy M UCIIONB30BaHHMIO JIAOOPATOPHBIX KUBOTHBIX, U3~
nmanaoro «US NIH» (Ne 85-23, mepecmorpeno B 1985 1n).

Jus onpenenenus TokcuuHocTy npenaparoB BPA u BSH B crangapTHbIX (110
JaHHBIM JIUTEPATypHl) HO3UPOBKAX IPOBOIIUIN MX BHYTPHBEHHOE BBEICHHE (B
peTpoopOUTaNBHBINH CHHYC) JKMBOTHBIM, 10 3 0cOOM Ha Kaxk/1bli npenapar. JKu-
BOTHBIM W3 KOHTPOJBHOW TPYNITHI BHYTPUBEHHO BBOIMIHN Harpus xiopua 0,9%
(Renewal, Poccust). Tpu paza B HefeNI0 PErHCTPUPOBATU CIEAYIOIINE Mapame-
TPBI: COCTOSIHHE KOXXKHBIX TIOKPOBOB, MECTAa MHBEKIIUH, IBUTATCIHHYIO aKTHB-
HOCTb U HoBesieHHe. Yepes 2 Mec nociie Havaaa SKCIepuMeHTa MbIIIel oaBepra-
JI¥ TTAaHOBOH 9BTaHA3WH B COOTBETCTBHH C TPEOOBaHISIMU TYMaHHOTO OTHOIIICHUS
K )KUBOTHBIM C HIOCJIETYIOIINM 3a00pOM OpraHOB: ITOYKH, IEYEHb, JIETKHE, MO3T U
cepJrie, KOTOpble (PUKCHPOBAJIH B pacTBOpEe (hOopMalbaeTH A,

Buopacnpenesenne ''B npu BHyTpUBEeHHOM BBeleHHMM nmpenapatoB BPA
1 BSH mbimam ¢ nogko:xkabiMu kceHorpadpramu SW-620. B pabote ucrons-
30BaHa KyJIbTypa OITyXOJIEBBIX KJIETOK KOJOPEKTAIBHOM aJIeHOKapIIMHOMBI Yelio-
Beka SW-620, momyuennas u3 L[KII «L{eHTp reHetndeckux pecypcor iabopa-
TOpHBIX *kUBOTHEIX» UIINUI" CO PAH. Knetku kynsruBuposanu B cpege DMEM/
F12 (1:1) (buonot, Poccus), conepkareit 10% ¢eranpaoii ceiBopotku (Gybco,
CIIA), 50 mkr/mi rentamunuza cyasgara (Jansxumbapm, Poccus).

HccenoBanue BBHIMOMHEHO Ha MMMYHOACDHUIUTHBIX camiax Meimeidr SCID
(SHO-Prkdc*Hr"") SPF-craryca B Bo3pacTe 6—7 Hex C TeTepOTOMHYECKOM Ommy-
XOJIBIO, TIOMYYEHHOH IMOCe MHBEKIIMU CYCIEeH3MH, comepxariei 1x107 kietok
SW-620 moaxoxHO B 061acTh mpaBoro 6eapa. KuBoTHBIX cofepxkanu B LleH-
Tpe TEHETHYECKUX PECypcoB TabOpaTopHBIX KXMBOTHBIX Ha Oa3e LIKIT «SPF-
BuBapuii» (MLUIT CO PAH) ogHOmoIBIMU ceMeHBIME TPYIIIIaMH 1O 2—5 oco0eit
B MHIUBHUIYalIbHO BeHTHIIMpYyeMbIX KireTkax (IVC) cucremsr Opti Mice (Animal
Care Systems) B KOHTPOJUPYEMBIX YCIOBHSIX: CBETOBOM PEXHME (CBET/TEMHOTA
14/10) ¢ pacceerom B 01:00, mpu Temneparype 22—26 °C, OTHOCUTEIHLHON BIIaX-
Hoctu 30-60%. Kopm Ssniff (I'epmanust) u Boga nocie o6paTHoro ocmoca, 00o-
ramieHHas MUHEPaIbHON cMechio «CeBepsiHKay, KHBOTHBIM IPEIOCTABIUIICH
ad libitum. Beex ®UBOTHBIX Pa3AesIWiIM Ha 5 TPyMI Ha KaxIblid mpenapat oopa
(4 sxcniepuMeHTaNTbHBIC U 1 KOHTPOJIBHAS), TIO 3 caMIla MBIIICH B KaXIOU TpyIIIIe.
ITo moctmxennn kcenorpadpramu 0o6semoB 300-500 mm? minu 8-9 MM B 1uametpe
HaYMHAIY BBEJCHNE MBIIIIAM H3yJaeMbIX mpemnaparos. [Ipemaparst 6opa BBoAMIH
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BHYTPHUBEHHO B peTpoopOuTanbHbIi cuHyc: BPA B koHIeHTparuu 350 MKI/T U
BSH — 100 mxr/kr. Yepes 1, 2, 3 u 4 4 nocie UHBEKINH )KUBOTHBIX TIOABEPTaJIH
9BTAHA3UH B COOTBETCTBHH C TPEOOBAHMSIMH T'YMAaHHOTO OTHOIICHHS K >KHUBOT-
HBIM, IPOBOJIMIIM 3a00p OpraHoB (KpOBb, MO3T, OMYXOJIb, I0YKH, [I€YEHb), KOTO-
pbie 3amopaxuBanu 1 xpanwiu npu —20 °C.

[IpoGomoaroroBky yactu Marepuana (KpoBb, MOYKH) MPOBOAWIM METOJOM
MOKpOTO O30JICHHS C INPUMEHEHHEM KOHIICHTPHPOBAHHOW a30THOW KHCIIOTHI
HNO, («oc.4.» 27-5) n narpesanus g0 90 °C na Dry Block Heater 2 («IKA»,
[epmanmst), s MpoOOIIOATOTOBKH 00pa3IOB ¢ BEICOKHM CONEPKAHUEM YKHPOB
(MO3T, 0MyX0Jb, TIe4YeHb) UCIIOIB30BAIM MUKPOBOJIHOBYIO Ieub MARS-5 (CIIA)
u aBroknasbl HP-500 u cmecs HNO, n 30%-no# H,0, (1:0,2).

Jlnst otieHKH KOHIeHTpanuu ’B B 06pasiiax mpuMeHsIH METO] aTOMHO-3MHUC-
CHUOHHOW CIIEKTPOMETPHUH C WHAYKTHBHO-CBsi3aHHOW mmazmon (ADC UCII) na
cnekTpometpe Bricokoro paspemeHus iCAP-6500 («Thermoy, CIIIA) 8 UHX CO
PAH (MuacturyT Heopranndeckoit xumun uM. A.B. Hukomaesa CO PAH, r. Hoso-
cubupck, Poccus).

Cratuctraeckass 00padOTKa HKCIEPHIMEHTAIBHBIX IaHHBIX BBIONHEHA C IO-
MoIIbI0 TiporpamMmHoro odecrieueHuns Microsoft Excel u makera STATISTICA 8
C HCIIOJIb30BAHHWEM HENapaMeTpudyecKoro kputepuss ManHa—YutHu npu 95%
(p < 0,05). 3HaueHuss 0ObEMOB OITyXOJH MpHUBENCHBI Kak cpeaHee (M) u cran-
naptHoe otkioHenue (SD).

Pe3ynbTarsl HcciieqoBaHNus U 00CyKIeHe

HccaenoBanue nurorokcuynoctu BPA u BSH in vitro. Ins nposenenus
BH3T neobxoammo BbIOpaTh mpenapar U OLEHUTh ero 0e30macHoCTh. s 3Toro
aBTOPBI HCHONB30BAIM MTT-TECT, KOTOpBI MMO3BOJSAET BBISIBUTh PAHHUE LIUTO-
ToKcudeckue 3(h(eKThl mpenapaTos, CoAepKamx 0op.

Pannne murotokcuueckue apdextel npenapara BSH ormedeHs! pu KOHIICH-
tpauuu '°B 640 mxr/mi mocie uakybanuu 24 (p = 0,009) u 48 gacos (p = 0,009),
KOTIJIa BEDKHBAEMOCTh KJIETOK cHU3mMIach A0 87 u 80,5% coorBeTcTBeHHO. MakcH-
MasbHO 6e3omacHoi koHUeHTpauueit BSH s in vitro uccnenoBanuii MOXHO CUu-
tath 103y 320 Mxr/mi '°B, Tak Kak BBDKHBAEMOCTh KJIETOK B OIMBITHBIX TPYIIIAX
MIPU 3TOM CTAaTUCTUYECKH 3HAYMMO HE OTIMYANIach OT KOHTPOJIBHOW U COCTaBHIIA
96 1 95,5% myst 24 u 48 1 HHKYOAINH ¢ IIperapaToM COOTBETCTBEHHO. J{iis mpera-
para BPA niepBble cTaTHCTUYECKH 3HAUUMBbIE OTJIMYMUS TI0 BEBDKUBAEMOCTH KIIETOK
B ONBITHBIX M KOHTPOJIBHBIX TPYIIAax MOSBUIMCH TPH KOHIEeHTpaiwu '°B B pac-
TBOpe 320 MKI/MI Kak nocie 24, Tak u 48 4 uHKyOanuu ¢ npenaparom. I1pu stom
MIPOIICHT BBDKUBIIHMX KJIETOK — 65 (p = 0,016) u 51 (p = 0,009) cooTBETCTBEHHO.
BesonacHas koHueHTpanus Ha ypoBHE 320 MKI/MII, KOTJ]a BBKHBA€MOCTh CTaTH-
CTHYECKH 3HaUMMO HE CHIDKAJIach M yMEHBIIANach He Oonee ueM Ha 9% (puc. 1).

Panee HaMu nipoBeieHBI UCCIENOBAHUS IUTOTOKCHYHOCTH 3TUX OOpCoAepKa-
LIMX I[IpernapaTroB Ha IpYyTUX KJIETOYHBIX JUHUSIX. B pesynbrare mokasaHo, 4To
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it muard U87 mro01acTOMBI 4eI0BEKAa MAKCUMAIILHON 0€30IMacHON KOHIIEH-
tparweii ''B npu uaky6armu ¢ BPA B Teuenue 24 4 sBisetcs 103a 160 MKr/mi, a
npu ucnonb3oBanuu BSH — 80 mMkr/mi [20].
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[Fig. 1. Determination of dose-dependent cytotoxic effects of BPA and BSH drugs using
MTT test 24 and 48 hours after the start of incubation (M£SD) (*p < 0,05; **p < 0,01)]

[Mo-Bumumomy, muaus US7 Gojiee dyBCTBHTENBHA K IpernaparaM Oopa, dem
SW-620. Kpome Toro, n3y4eHsl TaKkKe MO3AHNE HUTOTOKCHUecKue apdextsr BPA
v BSH Ha nuHUIO MTHOOIACTOMBI ITPH TIOMOIIH KJIOHOTEHHOTO TecTa. B pesynb-
TaTe YCTAHOBJICHO, YTO MAKCHMAlbHO Oe3omacHa KoHieHTpauus '°B 40 mMkr/mn
[20]. Hpyras rpynma y9eHbIX, HCTONb3ys KJIOHOTCHHBIN aHajIN3 BBISIBHIIA, YTO
unkyb6anus kietok U251, T98G u V-79 ¢ BPA B konrentpanuu ''B 100 Mxr/mi B
TeueHHe 2 9 He MIPUBOIMIA K CHIDKEHHUIO Tpoudepariu KieTok [21].

B uccnenosanuu, nposeaeHHoM U. De Simone et al. Ha IUHUSIX YenoBede-
ckoit actpormroMbl D384, Heitpobmactomel SH-SYSY u nepBuyHbIX (hudpoodia-
crax F26, Taxoke usydanu murorokcuuHocTh BPA npu nomomu MTT-tecra, u
00OHapy)XeHO, 4TO MHKYOanus KJIeTOK B TeueHue 24 u 48 4 B koHuenrpamun ''B
40-100 MKI/MJI 3HAYUTENIFHO CHUXKAJIA JKU3HECTIOCOOHOCTD OITyXOJIEBBIX JIMHUH,
B TO BpeMs KaK KU3HECIIOCOOHOCTh PrOPOOIACTOB CHHYKAIACH TOJBKO TPHU KOH-
nentpanuu °B 100 mxr/mi [22].

OnpenesieHne TOKCHYHOCTH MpenapaToB 0opa Npu BHYTPHUBEHHOM BBe-
Aennu Mmbimam SCID B cTaHIapTHBIX KOHIEeHTpanusaX. OleHKa TOKCHYHOCTH
MIpenaparoB in vivo BBISBIIIA BO3MOKHOCTH BHYTPHBEHHOTO BBeieHNsI BPA B 1o0-
3upoBke 350 mr/kr maccsl Tena, BSH — 100 mr/kr maccs! Tena. Uepes 2 Mec nocne
BBEJICHUS IIPENapaToB JICTATFHOCTH He HAOONAI0Ch, aKTUBHOCTD KUBOTHBIX U3
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OIIBITHBIX TPYIII COOTBETCTBOBAJIA AKTUBHOCTH B KOHTPOJIbHOH Tpymre. [lo nan-
HBIM TUCTOJIOTUYECKOTO UCCIEN0BaHUA, MOP(OIOTHIECKIX U3MEHEHHH AUCTPO-
(ugeckoro mopsaKa depe3 2 Mec IOCIe BBEIACHUS INPETapaToB HE 0OHApYKEHO

(puc. 2).

Puc. 2. Tkanesble cpe3bl Mpiiei SCID: / — nouka. [TonHokpoBue cocy0B; 2 — II€YEHb.
TenaroruTs!l 6€3 CyIIECTBEHHBIX TaTOJIOTHYECKUX M3MeHeHHH. LIeHTpanbHbIe BEHbI
paclMpeHsl, IOJHOKPOBHBI; 3 — jierkue. [101HOKpoBHEe COCYI0B HHTEPCTHLIUSA
U MEXaJIbBEOJIIPHBIX NIEPEropoiok; 4 — Mo3r. MUHMMAaJIbHBII NEpULIEIUTIONPHBIH
otek; 5 — cepaue. B kamepax kpoBs. Arop poto O.U. ConoBbeBa
[Fig. 2. Tissue sections of SCID mice: 1 - Kidney. Congestion of blood vessels; 2 - Liver.
Hepatocytes without significant pathological changes. Central veins dilated and plethoric;

3 - Lungs. Congestion of the vessels of the interstitium and interalveolar septa; 4 - Brain. Minimal
pericellular edema; 5 - Heart. Some blood in the cardiac chambers. Photo by Olga I. Solovieva]

TecTupoBaHue OuopacnpenejeHust '°B npu BHYTPHBEHHOM BBeIeHUU
npenapatoB BPA n BSH mbimmam ¢ noako:xxHbIMH KceHorpapramu SW-620.
B npenpinymux ucciae oBaHUSAX YCTaHOBJIEHO, YTO JJIs YCIIELIHOTO IPOBEIEHUS
BH3T Heo6x0AuMO MONYyYHTH KOHIIEHTpalHio ''B B 0Myx0J1eBOi TKAHU PABHYIO
20-35 MKr/T, a cooTHOIeHHE '°B 0IyX0J16/0KpyIKaroIas 310p0Bast TKAHb JOKHO
coctaButh 3/1 [23].

Omnpenenuiy AMHAMHUKY HakolUieHHs '°B B OIyXoyid, KPOBH M OpraHax Io-
clie BBE/ICHUS MPENaparoB B CTAHIAPTHBIX KOHIIEHTpaLUsaX. B Hamem skcnepu-
mente, ucrnonb3yst meton ADC HCII, MbI onpeaensiii TUHAMUKY HaKOTLICHUS
UB B omyxoiu, KPOBH U OpraHax IOC/ic BHYTPUBEHHOTO BBEICHHS MPENapaTton
B CTaHAApPTHBIX KOHIeHTpanusx. B pesymprare mis BPA makcumansHOE Hako-
wienne '°B omyXxosieBoi TKaHbIO 3apETHCTPUPOBAHO JJIsl BPEMEHHBIX TOYeK | u
2 9 1 coctaBuio 8,0 U 8,7 MKI/T COOTBETCTBEHHO. [Ipy 3TOM COOTHOIIIEHHE KOH-
nenTpanuii B B 06pasnax omyXoJid U KpOBH ompezeneHo kak 0,6 st Touku | u
u 1,7 ams rouku 2 4. Taxke oOHapysKeHO, 4TO GosbIie Beero '°B HakammBaeTcs
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B MMOYKaX Ha BCEM MPOTSHKEHUM dKcrnepuMeHTa (puc. 3). Bpemennas touka 2 4
MOXKET CUMTAThCS OTEHIMAIBHO Hanboee moaxosiien ans nposeaenns bH3T,
OHAKO KOHIIEHTpanus 0opa B OITyX0JICBOH TKaHH HEJOCTAaTOYHA.
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[Fig. 3. Biodistribution of '°B in organs of interest of SCID mice
after intravenous injection of BPA for time points of 1, 2, 3 and 4 hours]

[Tocne BBenenus BSH 3HaunTensHOro N1Ka HaKOMJIEHUS OIyXOJIblO HE OTMe-
4yeHo. MakcuManbHast KoHLeHTpatus ''B B omyxonu cocraBuna 5,7 MKr/T. Bob-
nre Bcero ''B HaKaIuTMBaIH [T€YeHb, IIOYKH B KPOBL (puC. 4).
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[Fig. 4. Biodistribution of '°B in organs of interest of SCID mice
after intravenous injection of BSH for time points of 1, 2, 3 and 4 hours]
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[Mo-BunnmoMmy, nampHENIINEe HCCIISTOBAHIS IO YBEIWICHHUIO JO3KI IIpenapara
U BBIOOPY MHOTO MYTH BBEACHHS MOTYT MMO3BOJIUTH YBEIHMYUTh HakoruieHue ''B
OITyXOJIBIO M YMEHBIIUTE €70 KOHIICHTPALHUIO B OKPYKAIOMINX TKAHSIX.

B pabore [24] aBTOopbI M3y4anu HakomuieHne '°B Ha Mojen HoK0)KHOTO KCEHO-
rpadra U87 y memeir SCID nocie BHyTpuBeHHOTO BBeneHunss BPA n BSH u takoke
BBISIBUIN OOJIBIIYIO CEJIEKTUBHOCTh B HAKOIUIEHHH OOpa OIMyXONbIO MOCHE BBEJIE-
uust 6opdenmnanannna. Tak, mis BPA conepskanne '°B cocraBumo 12 u 11 mMxr/r
OITyXOJH JUISt BpEMEHHBIX ToUeK 1 U 2 4 COOTBETCTBEHHO. MaKCUMaIbHOE OTHOIIIE-
HHe KoHIleHTpanui '°B B 06pasiax omyxoiu u Kposu 1,6 st Touku 2 4. it BSH
MaKCHMaJlbHOE OTHOIICHHE KOoHIIeHTpalwmii '°B B omyxomu u kpoBu coctasiio 1,1
Ha BPEMEHHOW TOYKe 3 4, OMHAKO aOCONIOTHOE CoAepKaHhe 00pa B OIyXOIH IIPH
3TOM cocTaBuiio 3 MKI/T. BosmoxkHo, BPA sBisieTcst 6osiee nepcreKTUBHBIM Tpe-
maparom 115t BH3T mpu ero BHyTpuBeHHOM BBeieHnH, yeM BSH.

I'pynna ydensix u3 SInoHuu uccienoBalia HAKOIIEHHE O00pa MOCie BBEJCHUS
BSH B m03e 100 MI/Kr B XBOCTOBYIO BEHY KpbicaM ¢ kceHorpadtoM 9L riimomel.
Bytuonun cynsdoxcumun (Buthionine sulfoximine) ucnons3oBainu B 3KCHEpH-
MEHTAJIBHOW TPYIIe KaK BEMIECTBO, IOTEHIMATIRHO YIyUIIAroiee HaKOIUICHIE
6opa B omyxonu. BeisiBieHo, 4To KOHIEHTpalws ''B B omyxomnu it BpeMEHHOIM
TOYKH 3 9 COCTaBWJIa 5 MKI/T OITyXOJICBOH TKaHH, B TO BpeMs Kak B rpymnmne BSH
+ OyTHOHMH CyIb(OKCHMUH HaKOIJIEHHEe O60pa B OIMyXONH YBETHUMIOCH U CO-
craBmiio 26 Mxr/r. [Iposenernnoe G. Morris et al. ucciienoBaHre Ha KPbICHHOM
Mozen TiiMoMbl C6 BBIIBIIIO 3HA4YMTEIBHO Oonee BBICOKOe HakoruieHue ''B B
oITyXoJi Tociie BBeneHuss BPA ¢ mpeaBapuTenbsHBIM BHYTPHOPIONIHHHBIM BBE-
JieHueM Ipemnapata JleBojgona o CpaBHEHUIO ¢ IPYIION KUBOTHBIX, KOTOPBIM
JaHHBIN nperapat He BBogwics [13]. Takum oOpa3oM, MO-BUIMMOMY, JabHEH-
M€ UCCJIEA0BAHUS [0 YBEIUYEHUIO JJO3bI Ipernapara U BHIOOpY HHOTO IIyTH BBE-
JICHUSI MOTYT MO3BOJIUTh YBEIIUYUTh HakoruieHHe ''B OMyXoNbio M yMEHBIIHUTh
€ro KOHIIEHTPAIMIO B OKPYKAIOIIUX TKaHAX. Vcronbp30BaHue OMOIHUTEIBHBIX
MpenaparoB, yIy4IIalonIuX IPOHUKHOBEHHE O0pa B OITyXO0JIb, MOYKET TaKKe OBITH
3¢ (PEKTUBHBIM U TOJDKHO IPUHUMATECSI BO BHUMaHUe [25].

3akjr0uenune

Omnpenenenue Oe30MacHBIX KOHIIEHTpAIMi OopkanTara u 60pdeHuIarIaHuHa
Ha Kietkn SW-620 mokaszaiio, 4To HHKyOaIusl KIECTOK B TeueHue 24 u 48 4 ¢ naH-
HBIMH TpenaparaMi B KoHueHTpanusx '°B 10-320 MKr/Mi He OKa3bIBaeT 3HAYH-
TEJNBHOTO IUTOTOKCHYECKOTO 3¢ dexTa. BHyTprBEeHHOE BBE/ICHHE BBIIICYTIOMSIHYTHIX
npenaparoB uMmyHoneduiutaeiM MbimaM SCID B go3ax 350 mr BPA/kr u 100 mMr
BSH/kr Maccsl Tenma )KHBOTHOTO SBIISIETCSI O€30MacHBIM, OJHAKO HE IMPHBOINT K
JOCTAaTOYHOMY HakoIUleHHI0 '’B B omyxomeBoi TKaHH. ABTOPBI MPEIIIOIATraloT,
YTO U3MEHEHHE ITyTH BBEJCHHS U TIOBBIIICHHE JO3UPOBOK M HCIIOIH30BAHUE KOM-
OuHaNMil IpenapaToB MOXKET MOBBICUTH 3(h(EKTUBHOCTL HAKOILUIEHUS O0pa.
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Accumulation and toxic effects of boron-containing drugs in SW-620 models

According to the World Health Organization, colorectal cancer is one of the three leading
causes of death among other tumors. Boron neutron capture therapy (BNCT) is a promising
method for the treatment of oncological diseases. It is an experimental method of radiation
therapy which is based on the capture reaction of a thermal neutron by an isotope B and
results in the '’B(n, a)’Li fission reaction. The high linear energy transfer from alpha particle
and "Li nucleus has a short path length, thus the energy released is limited to the size of one cell.
Previously, BNCT was actively used to treat patients with glioblastoma, melanoma, head and
neck cancer, and other malignant neoplasms of various localization. The aim of this work is to
determine the safe concentrations of boronphenylalanine (BPA) and sodium borocaptate (BSH)
drugs for the SW-620 cell line and to assess the B biodistribution after administration of these
compaunds to immunodeficient SCID mice with heterotopic SW-620 xenografts.

To evaluate the possibility of using BNCT as a therapy for patients with colorectal cancer,
we carried out preliminary in vitro and in vivo studies on the model of human colorectal
adenocarcinoma SW-620. Firstly, the cytotoxicity of boron compounds BPA and BSH at ''B
concentrations of 10-1280 pg/ml was investigated using MTT test. All animal experiments were
conducted in accordance with the principles of humane treatment of animals in compliance
with the directive of the European Community (86/609 / EEC) and correspond to the principles
of the Guide for the Care and Use of Laboratory Animals (NIH USA, No 85-23, rev. 1985).
To determine the toxicity of BPA and BSH in standard dosages, drugs were intravenously
injected into the retroorbital sinus: BPA at a concentration of 350 mg/kg and BSH at 100 mg/
kg. The control group of animals were injected intravenously with sodium chloride 0.9%. After
2 months of observation planned euthanasia was done, organs (kidneys, liver, lungs, brain and
heart) were sampled for pathomorphological study. Biodistribution of B in the tumor and
organs of interest was performed on mice with SW-620 heterotopic xenograft. Boron containing
drugs were injected at the dosages described earlier intravenously into the retroorbital sinus.
Euthanasia was performed 1, 2, 3, and 4 hours after injection, tumor tissue, blood, brain, liver
and kidneys were sampled. The boron concentration was analyzed by inductively coupled
plasma atomic emission spectrometry (ICP AES).

As a result of the MTT test, we revealed that incubation of SW-620 cells with BPA and
BSH for 24 and 48 hours at ’B concentrations of 10-320 pg/ml had no cytotoxic effect. When
incubated for 48 hours with BPA at a concentration of 320 pg/ml, survival rate did not differ
significantly from control. The maximum safe concentration for BSH can also be considered
320 pg/ml of '°B, since the cell survival in the experimental groups was 96 and 95.5% for 24
and 48 hours of incubation with the drug, respectively. The first significant cytotoxic effects
were noted during incubation with both boron-containing drugs at a '°’B concentration of 640
pg/ml. For the BPA group, the percentage of survived cells was 65 (incubation for 24 hours)
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and 51 (48 hours), BSH had less cytotoxic effect: cell survival decreased to 87% and 80.5%
at points 24 and 48 hours, respectively (See Fig. 1). Intravenous administration of BPA at a
concentration of 350 mg/kg and BSH at a concentration of 100 mg/kg to SCID mice turned out
to be safe: no pathological reactions were detected within 2 months of observation, all animals
were alive. According to the pathomorphological study, no macroscopic and structural changes
in the organs were found (See Fig. 2). The biodistribution of '’B was assessed in SCID mice with
subcutaneous xenografts SW-620 after intravenous administration of boron drugs at standard
concentrations. As a result of the analysis, we found out that after intravenous administration
of BPA at a safe dosage, the maximum concentration of !B in the tumor was recorded at the
time points of 1 and 2 hours (8.0 and 8.7 pg/g, respectively). In this case, the concentration ratio
of !B in the tumor and blood samples was determined as 0.6 for the 1 hour point and 1.7 for
the 2 hour point. We also demonstrated that the kidneys were the organ with the highest boron
accumulation throughout the experiment (See Fig. 3). Thus, the time point of 2 hours can be
considered potentially the most suitable for BNCT, but the concentration of boron in the tumor
tissue is not sufficient. For BSH the maximum concentration was recorded at the time point of
1 hour (5.7 pg/g). The liver, kidneys and blood contained the highest concentration of ''B (See
Fig. 4).

Thus, apparently, further investigations on increasing the dose of the drugs and choosing
different ways of boron agents administration can increase the accumulation of '°B by the tumor
and reduce its concentration in the surrounding tissues and blood. The use of additional drugs
that improve the penetration of boron into the tumor may also be effective and should be taken
into account.

The paper contains 4 Figures and 25 References.

Key words: boron neutron capture therapy; human colon adenocarcinoma SW-620 cell
line; BSH; BPA
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