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CUHTES3Y NOJIIAMIHIB IN VIVO

Iloniaminu (I1A) € 6u3HAYANLHUMU YUHHUKAMU 015 YUCACHHUX AGHOK CUZHANbHOT
mparncoykuii, 6idnoeioarvHux 3a npoaighepayiro, oughepernyiayito ma npozpamo-
6aHy cmepmb KaimuH. Memaboniam apeininy i I1A 6 Kaimurax 63aemonoe’a3anuil,
OCKINbKU CUHME3 OCMAHHIX 3a1exCcumbs 6i0 pecypcy OPHIMUHY, AK Xap4068020 no-
XOOXNCeHHS, MAK | CUHMEe308aH020 3 apeininy 3a yyacmio apeinazu. 3a eiocym-
Hocmi onmumansHux Konyenmpauiii 114 npoaigpepayis ma picm kaimun He 6i0-
6yearomuca. Apeinin € cybecmpamom i 043 CuHmaz oxcudy azomy, AKi maKoxc
3aAy4eHi y KoHmpoas Kaimunrol nposigpepayii. Ile ceiouums, wjo memabonivni
winsxu I1A i apeininy moxcymo Gymu nepcneKmueHoI0 MilleHRIO 013 NPOMUnyx-
AUHHO20 enauey. Mema: docridumu enaue ineibimopie apeinasu ma gepmen-
mie cunme3sy I1A na picm nepeujenteHux nyxXauH y excnepumMeHmaibHux mea-
PUH Ma GUBHUMU MOJCAUB] MEXAHIZIMU NPOMUNYXAURHOI 0if ineibimopie. 06’ckm
i memoodu: xapyuroma aezeni Jlvroic ma acyumua gopma xapyurnomu Epaixa;
BUKOPUCMAHO MemOOU eKcnepumMeHmansroi OHK0A0ziT, éecmepH-6a0mune, 6io-
Ximiyni i cmamucmuyni Memoou. Pezyavmamu: noxazano, wo 6KA0YeHHA 8 cxe-
MU AIKYBaHHA cninbHO 3 ineiGimopamu cunmesy I1A (a-dugpmopmemunoprimun
i memunzniokcanv(bic)eyanineiopason) ineibimopa apeinasu (Hopapeininy) cnpu-
SN0 24AMYBAHHIO po36umKy Kapyunomu Epaixa ma inzibyeannio pocmy i mema-
Ccma3syeants Kapyurnomu rezeni Jlvtoic 6 excnepumenmanshux meapur. IlpueHi-
YeHHSA POCY NYXAUH CYNPOBOONCYBANOCA SHUNCEHHAM emicmy TIA, aminamu ax-
mueHocmi apeinasu ma nideUWEHHAM eKCnpecii IHOYyyubeabHoi CURMA3U OKCUOY
asomy (iNOS) i piens oxcudie azomy (NO) y nyxaurnux kaimunax. Bucnoeox:
nideuwieHHs NPOMUNYXAUHHO20 eghexnty npu KOMOIHOBAHOMY 3ACMOCYBAHHI iH-
2ibimopie apeinazu i pepmenmie cunmesy 114 mosce 6ymu 3ymoeaere 30invuieH-
Ham excnpecii INOS ma 3pocmarnnam piers NO y nyXauHHUX KAIMUHAX.

nizyetscst pepmernToM S-AMJIK. JlekapbokcunboBa-

PesynabraTH, onMcaHi B YHCICHHUX ITyGiiKairi-
SIX, Ta OTPUMAHI HAMH JaHi CBim4aTh, 110 MOJIiaMiHH
(I1A) — criepMiauH i ciepMiH — HEoOXiaHi Wit poc-
Ty i npomicdepatii xituH [1—3]. g MyXTMHHMX KJTi-
THH XapaKTePHUM € MigBHINCHHS piBHA [1A, ronoBHUM
YHHOM BHACJIiIOK aKTHBallii (PepMEHTIB iX CHHTE3y —
opHiTuHIeKapookcunasu (OJK) ta S-ageHozmwr-L-
meTioHiHnekapookcwiasu (S-AMJIK). I1A y Bucokux
KOHIICHTpALIISIX ITiIBUIYIOTh 30ATHICTh ITyXJIMHHHX KJTi-
THH 0 POCTY, iHBa3il i MeTacTa3yBaHHS Ta 3HIDKYIOTb
TPOTHITYXJIMHHY iMyHHY BimmoBins | 1—4]. 3rigHo 3 cy-
YACHWUMU YSABICHHSIMM, IUIs1 cuHTe3y [1A y kmituHax,
OKpiM OpHITHHY, 110 HAIXOIMTh B OPTaHi3M i3 XapJo-
BHMH IIPOMYKTAMH, TAKOX MOXe OyTH BHKOpPHUCTaAHHM
L-aprinin. ITpu aii Ha L-apriHiH aprinas# yTBOPIOIOTbCS
L-opHiTiH i cedoBHHA, a 3 L-opHiTHHY 3a yuacTio OJIK
CHHTE3YETLCS IyTPECIIHH, K B TOAATILIIOMY BHKO-
PHCTOBYETLCA IJIsI 0i0CUHTE3Y CIIEPMIiIUHY i CIIEpMiHYy.
J1s1 cHHTE3y OCTaHHIX HEOOXiTHi TAKOX METIOHIH i afe-
Ho3uHTpHdochaT. MeTiOHIH, EpIL HiX 6YTH BUKOPHC-
TaHWUM JUIS1 CHHTE3Y CIICpPMIAMHY i ClIepMiHy, B3aeMOJIie
3 ameHO3UHTPHdOCHATOM, YTBOPIOIOYH S-ameHOo3HI-L-
MeTioHiH (S-AM), nekapbokcwnoBaHHa S-AM kara-
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HU S-AM 3abe3neyye aMiHOIIPOIIUIOBHMH I'PYIIAMH
GioCHHTE3 CIIEpMIIMHY i CIIEpMiHY, IO 3IiiICHIOETh-
Cs1 TBOMA CHHTAa3aMM: CIIEpMiIMHCHUHTA30IO0 i CIIEpMiH-
cuHTa3o10. CriepMiAMHCHHTA3a KaTali3ye YTBOPEHHS
CIIEpMiANHY IIUISAXOM IIPHEIHAHHS A0 IIyTPECIIUHY OJI-
Hi€l aMiHOMponiIoBoi rpynu. CriepMiHCHHTAa3a J0Aa€
iHIITy TaKy caMy IpyITy IO CIICpMiIMHY, BHACTiTOK Y0TO
YTBOPIOETBLCS criepMiH [3].

Binomo, mo B kiitTMHax L-apriHiH 3a yJacTio CHH-
Ta3 a30Ty MeTabomi3yeThes B L-1IUTPYIliH i OKCUIM a30TY
(NO). Y baratbox poboTax oKazaHa BaXXIMBa poib NO
JUTS pO3BUTKY 3ITOSTIKICHOTO ITPOLIECY, X04a MOro 3HAYCH-
H B 6ioJ10rii IMyx/miH NoBHICTIO He 3°sacoBane. [ToBinoM-
Jsutocs, o NO y HU3bKMX KOHIICHTPALIIAX CTHMYJIIOE
picr i mposidepalliio MyXMMHHUX KIITHH Ta ITiIBHIIYE
iX MEeTacTaTUUHY aKTHBHIiCTb, TOZi SIK Y BHCOKMX, Ha-
BIIAKW, MOXE IIPUTHIYyBaTH PiCT ITyXJIMH Ta iHIyKyBa-
TH aronto3 [5—7]. 1le CBim4uTh, 10 IIMTOCTATHIHA Hisl
NO zanexuTh Bif Horo KOHIIeHTpallil. € JaHi mpo Te,
mo NO Oepe yuacTh y IesAKMX €TallaX KAHIICPOTCHE-
3y, perymonodn MexaHiamMu penapartii JIHK ta mpoiiec
arnornrro3y. NO 3aydeHi TaKOX Y pO3BUTOK 3allajIcHHS
Ta iIMyHHHX peaktiii. ITokasaHo, mo myxJimHu Moaudi-
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KYIOTh iIMyHHY Bi/ITIOBi/Ib Ta BACKYJISIPU3ALIiIO 33 yYACTIO
NO [8—11]. BusasneHo, 1110 NO npHrHivye nuissxoM Hi-
Tpo3wmoBaHHs akTHBHicTE OIK, KirogaoBoro epMeH-
Ty cuHTe3y I1A, Ta HETATUBHO PETYITIOE TOTTHHAHHS
xiituHaMH TTA, 30kpeMa nmyrpeciimHy [9].

BuineHaseaeHe CBiIUMTE, 1110 3aJyY€Hi Y KOHTPOJIb

KIIiTHHHOI podidepariii ITA i apriHiH Ta iX IyJd B KIi-
TUHI 3aJI€XATh BiJT AKITbKOX META00TiYHMX IIIJISIXIiB, 30-
kpema apridasu, OJIK, cunra3s NO ta apriniHaekapOox-
CIUIa3H. 3a y4acTIO OCTaHHBO]I 3 apriHiHy CHHTE3YETHCS
arMaTHH, SIKWii, Ha BinMiHy Bin ITA, riposiBiisie aHTHIIPO-
nmipeparuBHi BiactuBocTi [10]. ducbanaHc B IuIsIxax 1me-
petBopeHHs apriHiHy B [TA, NO i arMaTHH MOXe CyTT€E-
BO BIUIMBATH Ha mpoJidepaitito i picT KITiTUH.
OyTH BUKOpHCTaHi areHTH, fIKi BIUIMBAIOTH Ha MeTa0o-
ai3M I'1A Ta aprininy. Ha cboromHi CHHTE30BaHO Ta 10~
BeA€HO MPOTUITYXJIMHHI BIACTHBOCTi Pi3HOMAHITHMX
aHanoriB I1A, a Takox iHri6iTOpiB (hepMEHTIB X CHH-
Te3y i KarabonizMy. BumpoOyBaHHS OesIKHX i3 LIMX pe-
90BHMH B OHKONOTiYHMX KJIiHiKax CIIA Ta iHmmx xpa-
iH mokasanmm oO6HamiiuBi pedyapTaty [12—14]. Pasom
3 THIM ITUTaHHS 100 IIMPOKOI0 3aCTOCYBaHHSA iHTi0i-
TOpiB/MonynaTopiB MeTabomizmMy I1A y xBopHx OHKOJIO-
riuHOrO Mpodinio e maneke Bifg BUPILIEHHS i IMOTpe-
Oy€e IOaIBIIIOro ACTAJIbHOIO BHBYCHHSL.

byno moxazaHo, 110 BBeJeHHsA iHribiTopa
N-rinpokcu-Hop-l-apriHiHy TBapiHaM i3 Tiepemernie-
HUMH ITyXJIMHAMH CITPHSIE€ 3HIDKCHHIO aKTUBHOCTI ap-
TiHa3M Ta MPMTHIYEHHIO pocTy myxiuH [15]. 3 inmoro
60Ky, € OOCITIMKEHH A, B SKHX IIPOAEMOHCTPOBAHO iH-
TiOyBaHHS pOCTY IMYXJIMH 3a YMOB BBEIECHHSA apriHa3d
Ta iHINMX (PepMEHTIB, 10 OepyTh Y4ACTh Y Aerpaaaitii
apriminy [16—21].

Heo6ximHo 3a3HaYMTH, IO HOIIYK MOAYJISITOPiB/
iHTibiTOpiB apriHasu Ta PepMeHTIB 00MiHY TTA cepen
MPHPOTHMX Ta CHHTETHYHHX PSYOBHH Ha CHOTO/IHI BB~
KAETHCA OTHUM i3 MEPCIIEKTHBHHUX 1IUISIXiB CTBOPCHHS
HOBHX ITPOTUITYXJIMHHUX 3ac00iB. baraTtoobilisiiounm,
Ha HaIlly TyMKY, € i ITIOITYK HOBHUX CXeM ITIPOTHITYXJTHH-
HOTI'O BIUIMBY Ha OCHOBi KOMOiHOBAHOTO 3aCTOCYBaH-
H# iHridiTopiB MeTabomignux nursixiB ITA i apridiny.
AJe mocimkeHb y TAKOMY aCIIEKTi ITPOBOIITOCS MAJIO.

OCHOBHMMM 3aBIAHHSIMH ITi€l poOOTH Oy10 Moci-
JIWTH BIUIUB iHri6iTOpiB dhepMmenTiB cuuTe3y I1A Ta ap-
TiHA3M IpH OKPEMOMY i MOEAHAHOMY iX 3aCTOCYBaH-
Hi Ha PO3BHTOK Y €KCIIEPUMEHTAIIBHUX TBapHH Kap-
muHoMHu Epnixa (KE) Ta KapuuHoMH JereHi JIsloic
(KJLT), BUBYMTH BIUIMB iHTiGiTOpiB HA AKTHUBHICTB ap-
TiHA3M, EKCIIPECilo iHmylMOeIbHOI CHHTA3H OKHIY a30-
Ty (INOS), pieHi NO y ITyX)TMHHHX KJIiTHHAX Ta OI[iHH-
TH MOXJTUBHI 3B’30K MiX ITMMH ITOKA3HWKAMM 1 poc-
TOM ITyXJIMH.

OB'EKT | METOAMW AOCIIKEHHS

JocaimxeHHs pOBeNeHO Ha MHUILIAX-CaMKax JIiHii
C,,Bl/6 i Heninilinux Mumax Macoro 20—25 r po3BeicH-
H# BiBapilo IHCTUTYTY eKCIIepMMEHTAIBHOI ITaTOJIOr 1,
oHKoJ1orii i pagiobiosorii (IETIOP) im. P.€. Kaselpko-

ro HauionanwsHoi akanemii Hayk (HAH) Vkpainu. Yci
JOCIIiTH 3 TBApMHAMH IIPOBOAMIIN, KEPYIOUMCh MixHa-
POAHHUMM MPABIUIAMH POOOTH 3 EKCIIEPUMEHTAILHHMH
TBaprHaMH [22]. V JocimKeHHIX BUKOPHCTAHO MOZENTi
nepelemnnroBaHuUX myxyIiH — KJIJT Ta actuTHOI dopmu
KE. ITyxnuuHi nrramMmu 6y OTpIMaHi 3 6aHKy KTiTHH-
HUX JIiHi# Ta myxmHaHux wrtaMiB IETIOP iM. P.€. Ka-
Benibkoro HAH Vkpainu. KE nepelerviioBany Hemli-
HilfHMM MHIIaM y 9epeBHY MOPOXHHUHY IT0 5 * 103 Kiti-
THH y 0,2 M1 Di3i0IoTiTHOrO pO3UUHY XTOPHAY HATPiIO
(NaCl). KJIJI meperienmoBaii MHAILIAM-CaMKaM JHHil
C,,B1/6 BHyTpinmbom’ 13080 110 5 * 10° kititun y 0,2 M
dizionorianoro pozuuny NaCl.

K iHribiTtopu MeTaboai3My apriHiny i ITA BH-
KopucTaHo HopapriHiH (Nw-hydroxy-nor-
arginine, ¢ipmu «Cayman Chemical», CIIIA),
a-audropmeriopHiTaH (a-APMO, dipmu «Sigma»,
CIIA) Ta MeTurmtiokcanb(bic)ryaninrizpason (MI'BI,
dipmu «Sigma», CILIA). a-APMO, MI'BI ta Hopapri-
HiH BBOIMJIM TBAPMHAM Y YepeBHY HOPOXHMHY B 0,2 M
dizionoriunoro poszuuny NaCl: a-APMO — y gosi
800 mr/xr/noby; MI'BI' — mo 10 Mr/kr/noby; Hopap-
TiHiH — Mo 60 Mr/KT Macu TBapHH Ha 100y. TBaprHaM
i3 KJIJI nmpenaparu BBomwtH 5 pasiB (Ha 7; 8; 11; 12-1y
Ta 13-Ty 000y micas mepelleryIeHHs MYXTHH); MUIIIAM
i3 KE — 7 pasiB, MOYMHAIOYH 3 HACTYIIHOI OOHM ITicis
TIEPEIICIVICHHA MyXJIMH. MHIlaM i3 nepemeruicHuMH
MyXJTHHAMM KOHTPOJIBHUX IPYH BBOAMIH 110 0,2 M di-
3ionmorigHoro pozauHy NaCl.

Tsapwn i3 KE 3a6uBau min ecipHUM HApKO30M de-
pe3 o0y miciys 3akiHueHHs Tepari. ITyxnuHHi kriTi-
HY BUMHBAJIM 3 YePEeBHOI MOPOXHUHH (diziomoriyHum
po3arHoM NaCl Ta migpaxoByBaIM iX KiIbKiCTb y Ka-
Mepi I'opsieBa. TBapuH i3 KJLT 3abuBam mig edpiprum
HapKO30M Ha 15-Ty Ta 27-My 100y MyXJIMHHOIO POCTY.
[IyxnuHy BUOAISUIM, 3BAXYBAJIH Ta BUKOPYCTOBYBAIH
TS TIOJANIBITHX AOCIIDKEHb.

BusnauenHs nmpomykitii NO myXSITMAHHMMH KJTiTHHA-
MM TIPOBOJTMJTH 33 METOOM [23]. AKTHBHICTE apriHa3n
BH3HAYAH 32 MOIU(DiKOBaHUM METOIOM [24].

Hnsa BusHavyeHHs excrpecii iNOS renb-enekTpo-
dope3 OinkoBuX mpemnapaTiB (KIITHHHHX e€KCTpa-
KTiB IyXJIMH), AeHATYpPOBaHHX 3a JomoMoromo SDS,
TMPOBOAWIIM 32 MOIU(DIKOBaHOIO MeTOTUKOIC JIeMM-
ai [25]. Ona poGotu OyiM BHKOPHCTAHI aKpriaMil
Ta MeTHICH-6ic-akpmiamMin ¢ipMu «Anachem», CIIIA,
KyMmaci onakutauif K-250 («Sigmas, CIIIA), Mapkepu
MoJexyJsipHoi Mac — Molecular Weight Calibration
Kits — LMW (14 400—94 000) («Pharmacia»). s
BH3HaYeHHd piBHA excrpecii iNOS 3acTtocosa-
HO BECTepH-OJIOT aHali3, SKUil IIPOBOIIIM 3a paHi-
IIIe OIMMCAHOI0 METOMHKOIO 3 AeAKMMH Moaudikalli-
amu [26]. Ilicas enektpodopesy 3AiMCHIOBAIN eTeK-
TpOIIEpeHECEHHS OiNKiB i3 MoMiaKpIaMiTHOTO relTio
Ha HiTpouemono3Hy MmemOpaxny Hybond P («<Amersham
Pharmacia Biotech», I1IBenist) y HacTymHii OydepHiit
cuctemi: 48 MM tpuc; 39 MM raiuun; 0,037% SDS;
20% Metanoi. EnekTpornepeHeCeHHS IIPOBOMIIIH ITPO-
TsaromM 30 xB ipu cuti ctpymy 0,8 MA Ha 1 ¢M? HiTpolie-
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Jmono3Hoi MeMOpanu. Iicsa yoro MeMOpaHu nioMilna-
sv Ha 2 rox nipu 22—24 °C y 5% po3uuH 3HEXHPEHO-
ro cyxoro mojoka (y PBS) misa GokyBaHHS BUIBHMX
Miclb 3B’s13yBaHHS. Jai MeMOpaHH 5 pa3iB IIpoMHBa-
Ju (110 5 xB) y 15—20 M PBS 30,05% Tween-20 i momi-
manu Ha 4 rog nipu 37 °C y po3uMH MOHOKJIOHAJIBHHUX
anTutin (AT) mumii mpotu 6inka iNOS («Santa Cruz
Biotech.», CA, CIIIA) (koHuieHTpanis AT 0,2 MKT/Mi).
TMicns nporo MemMOpaHu 5 pa3iB BiIMHBaJIM, SIK OITH-
CaHO BUUIE, i NTOMIllIa/IM Y pO3YMH BTOPUHHHUX iMyHO-
ro6yniHiB G Ko3u npotH AT Muiiri, KoH I0rOBaHHMX
i3 mepokcuaasoro xpiHy («Santa Cruz Biotech.», CA,
CIIA). Peaxuisa TpuBana 1,5 ron. ITicig BinMuBaHHS
MeMOpaHy iHKyOyBau 2 xB y cucteMi aetekuii ECL
(«Santa Cruz Biotech.», CA, CIIIA) (0,125 M1 Kox-
Horo pearenta ECL Ha 1 cM MeMOpaHH), MOTiM TIpH-
KIajaldu g0 Hel PeHTreHiBChbKY IULiBKY («DoTOH»,
YkpaiHa). Excrio3uuia TpuBana 2—3 xB IIpH KiMHaT-
Hill TemnepaTypi. OTpuMaHi JaHi BECTepH-OIOTHHTY
Oy oOpoOIIeHi 3a JOTTOMOroI0 KOMIT' IOTEpHOIL ITpo-
rpamMu TotalLab. CtatucTiuHy o6poOKy pe3yabTaTiB
IPOBOIWIN, BAKOPMCTOBYIOUH f-KpuTepiit CThioaeH-
Ta. JlaHi nipeacTtasneHi 1K M + m. JocToBipHUMM BBa-
Xaju po36ixHocTi ipu p < 0,05 [27].

PE3YJIbTATU TAIX OBFOBOPEHHS

PesynapTaT JOCTiIIXCHHS IOKA3aJIH, IO KOXCH
i3 JOCiKyBaHMX iHTi0ITOPIB IIpU OKPEMOMY 3aCTOCY-
BaHHi npurHiuye po3BuToK KE y mynuieit. TTicys 7-xpar-
HOro BBeIeHHS HopapriHiHy, a-J®MO i MI'BT rajsb-
MYBaHHS POCTY ITyXJIMH cTaHOBWIO 42; 38 i 46% Bimmo-
BigHo (puc. 1). Iloemnane sBeaeHus a-JOMO i MI'BI'
MPU3BOIMIIO 10 3POCTAHHA TAJIbMYBAJIBHOIO edeKTy
110 61%. HaiiGimbIl cHIbHE raIbMyBaHHS pO3BHTKY ac-
uuTHoro paky Epnixa crioctepirany mpu KoMOiHOBaHO-
MY 3aCTOCYBaHHIi iHTibiTOpiB apriHazu, OIK i S-AMIK
(a-APMO + MI'BI" + HopapriniH). [Haekc ranbMyBaH-
HS1 B IIbOMY BHIIAIKY CTAHOBHUB 69% (muB. puc. 1). Otpu-
MaHi JaHi CBim4aTh, IO BKIIOYCHHSA B CXEMY JIiIKYBaHHS
iHribiTopa apriHa3u HopapriHiHy iICWTIOE TPOTUTIYX-
JymHumii epext a-AO®MO i MI'BI" — inribitopis Kio-
4OBHX (pepMEHTIB cuHTe3y I1A.

ITpu BuBYEHHI Aii JocniaXyBaHMX iHTiOiTOpiB
Ha pict Ta MeTactasyBaHHs KJIJI BusBicHo, 1o BBe-
JEHHS IX TBAPMHAM IIPU3BOIJIIO 0 raJIbMyBaHHsI pOC-
Ty IEpBUHHUX IyXJIMH (pHc. 2). Ha 15-Ty Ta 27-My 100y
PO3BUTKY Maca IyXJIMH y TBapUH, AKi OTPUMYBAJIM iH-
ribitopu, Oy;i1a CTATUCTHIHO JOCTOBIPHO MEHIIIOIO TIO-
PiBHSIHO 3 KOHTPOJbHHUMH HEJIIKOBAHUMH TBapWHA-
Mu. Tak, raJJbMyBaHHSI pPOCTYy IyXJIMH IIiCJI1 BBEACH-
Hsl HOpapriHiHy cTaHOBMIIO 24% (Ha 15-Ty no6y) i 35%
(Ha 27-my no6y), a-APMO y oegHaHHI 3 HOpapri-
HiHOM — 21% (Ha 15-Ty 106y) i 24% (Ha 27-My 100y).
IMicisa BBemeHHS TBapMHaM TUIbKH a-JPMO Ha 15-Ty
00y pO3BHUTKY CTATHCTHIHO JOCTOBIpHOTO IIPHUTHIYECH-
H#a pocty KJUJI He BUsIBIICHO, ajie Ha 27-My Ao0y Maca
IyXJIMH y TBapMH L€l rpynu 6yiia Ha 20% MEHILIOIO I10-
PiBHSHO 3 KOHTpoJieM. Pe3yabTaty rajibMyBaHHS poC-
Ty KJUJI 11pu 3acToCcyBaHHi HOpapriHiHy Y3roKyIOThCS
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Puc. 1. Bwius o-JA®MO, MI'BI i HopapriHiHy Ipu oxpe-
MOMY Ta KOMOiHOBaHOMY 3aCTOCYBaHHI Ha KJIITHHHICTb ac-
1MTHOI pinuuu y Muineii i3 KE. *I'aibMyBaHHS poCTy IyXx-
nuH (%)
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Puc. 2. Brutus iHri6itopis o6MiHy TTA Ha Macy KJLJT y Mu-
mieit. *p < 0,05; **p < 0,01 nopiBHIHO 3 KOHTPOJIbHOIO
Tpymolo

3 maHuMH, orpuMaHuMu P.C. Rodriguez i ciiBapTopa-
MU Ha Uil Moaeni myxinuH [15]. HailOutblumii mpotu-
IYXIHMHHMIT eeKT HamMM 3a(piKCOBAaHO ITPH TTOETHAHOMY
BUKOPHCTaHHi iHTiGiTOpPIB: HOpapriHid + a-JPMO +
MTIETI. IIpurHideHHA POCTY IyXJIMH Y 11bOMY BUITA[ -
Ky CTAaHOBHIIIO: Ha 15-Ty 100y — 45%, Ha 27-My — 50%
(muB. puc. 2).

OKpiM BIUIMBY Ha piCT HEPBMHHOI ITyXJIMHU, MM Ta-
KOX aHAJIi3yBaJIM BIUIMB JOC/IiIKYBAHUX aTCHTIB HA ME-
tacraszyBanHa KJLI. BusBiieHo, 1110 Y TBApMH, SIKHX JIi-
xypamu a-JO®MO, a-IPMO y nmoeaHaHHi 3 Hopap-
riHiHOM Ta IpM 3aCTOCYBaHHi KOMOiHallii iHribiropis
(o-IDPMO + nopaprinid + MI'BI'), 06’em MeTacTasiB
OyB 3HauyHo meHmui (y 16,3; 13,5 Ta 12,8 pa3a sigmo-
BiTHO), HiX Y KOHTpOJIBHUX MUIIeii (puc. 3, a). Cyrrese
3MeHIneHHs (Ha 23%) KinbKocTi MeTacTasi ikcyBanu
JIMIIIE TIpM KOMOiHOBaHOMY BBEICHHI TPHOX iHTiOiTOPIB
(o-IDPMO, MI'BT Ta HOpapriHiHy) (puc. 3, 6). Bogto-
Yyac micis BBeICHHS TBApHUHAaM TU1bKHM HOpapriHiHy Biji-
3HAYATM TEHACHLIIIO 10 30UIbIICHH KUTbKOCTI METacTa-
3iB (16,6 £ 3,2 nmpotu 11,0 = 2,2 y xoutpoJi). Okpim
11OT0, HOPApriHiH IMPAaKTWYHO HE BIUIMBaB Ha 00’eM
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Pnc. 3. Brums HopapriHiny, o-A®MO i MI'BI’ Ha 06°eM (a)
Ta KUTBKICTB () MeTacTasiB y JIereHsaX MUIIeH i3 mepereruie-
Hoto KJLUI. *p < 0.05 nopiBHAHO 3 KOHTPOJILHOIO IPYIIOI0

metacrtasis (139,0 £ 44,0 mm? npotu 160,0 £ 44,0 MmMm?
y KOHTpOJIi) (ITUB. pHC. 3).

OTxe, pe3yIbTaTH JOCIiIKEHb IIOKA3AIH, IO HOP-
apridiH, a-JA®MO i MI'BI" npu oKpeMoMy ix 3acTocy-
BaHHi CITIPHYHUHSIOTH TATbMyBaHHA po3BUTKY KE y TBa-
PMH Ta IPUTHIYEHHS POCTY MEPBHHHOI IMYXJIHMHH Y MH-
me# i3 KJIJI. Haiibineimumit epext B 060X BHmaakax
CIIOCTEPIraJii TIpH 3aCTOCYBAHHI B JIIKyBaJIBHHMX CX€-
Max KoMbiHalIlii iHTibiTopiB: iHribiTopa apriHaszu HOp-
apriHiHy (10 MpUTHIYy€e CUHTE3 i3 apTiHiHy Momnepe/-
nuka ITA opHiTMHY) Yy HoeHaHHi 3 iHribiTopamu ¢ep-
MeHTiB cuHTedy o-APMO i MI'BI'. HajicyrreBimmii
aHTUMETACTATUIHUN edeKT (3MEHIIIEHHS K KiUTBKOC-
Ti, TaK i 06’eMy MeTacTa3iB) y muimeit i3 KJIJI Takox
BHUSIBJICHO IIpH IIOE€THAHOMY 3aCTOCYBAHHI iHTiOIiTOPIB:
HopapriHiH + o-JPMO + MI'BI'. BogHodac aHTHMe-
TACTATHIHOIO e(heKTy ITPH BUKOPHCTAHHI JIMIIIC HOpap-
riHiHy He BimMideHO. HopapriHiH, mpH iforo oKpemMo-
MY BBEICHHI, HABIIAKH, IIPH3BOIMB HABITh IO ACSIKOTO
(CTaTMCTHYHO HETOCTOBIPHOIO) 30LIBIICHHS KUIBKOCTI
METACTa3iB y JIETEHSX MHIIIEH i He BIUTMBAB Ha iX 00’ eM.
3’sicyBaHHS ITPUIHUH Ili€l cHTyallii IoTpeOye momanb-
IIHMX JOCTiIKECHb.

TIpomeMoHCcTpOBaHO, IO TATBMYBAHHS POCTY I0-
CITiKyBaHUX ITyXJTMH CYTTPOBOIKY€ETHCS 3HAYHUM 3HU-
JKEHHSIM BMICTY ITYTPECLIMHY i CIIEpMiAMHY Ta 3MCHIIICH-
HSM iHIEKCY MOJISIDHOT'O CIIiBBiTHOIIIEHHS CIICPMimiH/
CIIEPMiH (CII/CITH) Y MyXJTMHHUX KIIITHHAX. 3TiTHO 3 HA-
IIMMU JaHWMH Ta JTaHUMH JIITEpaTYPH iHIEKC CIII/CITH
BimoOpaxae iHTeHCUBHICTh npotidepanii kiuiTuH [2,
3]. Haiibinem cyTT€BE 3HIDKCHHSI BMIiCTY ITyTPECILIM-
Hy B KinitiHax KE BHSBJICHO ITpM OKPEMOMY BBECIACHHI
TBapuHaM a-JIPMO (KibKiCTE ITyTPeCLIIHY 3MEHIITY-
BajIacsi 10 CIOBUX 3HA4YEHB), BBEJICHHSI HOpAPTiHiHy
TIPH3BOIIUIO IO 3HMKEHHA KOHLICHTPALIII ITyTPECLIHHY
B 4,2 pa3a. IIpu KoMOiHOBaHOMY BBEICHHI 3 iHTiOiTO-
piB (a-IA®MO + MIBT + HopapriHiH) BMiCT IyTpec-
ITMHY B MyXIMHHUX KIITHHAX 3MCHIITYBABCS IO CJTIMOBHX
KUTbKOCTeH Ta B 3,3 pasa 3HIDKYBaiacsl KOHIICHTPAITisl
CIIEPMiTMHY, iHIEKC MOJISIPHOTO CITiBBiITHONICHHS CII/
CITH 3HWKyBaBcsa 10 0,7 nmpotH 2,7 y MyXTMHHHX KILiTH-
HaX KOHTPOJIbHHUX HETIKOBAHUX TBAPHH.

IToxi6Hi maHi 6y1H OTpUMaHi HAMH i IIpH TOCIIi-
mxeHHi [TA y ximitunax KJIJI. Tak, koHLEHTpaltist my-
TPECILMHY B IYXJIMHHMX KITiTHHAX (Ha 15-Ty moby mic-
Jisl IEPEIIEIUICHHSI ITyXJTHH Ta ITicjsA 5-pa3’oBOro Io-
€IHAHOTO BBeICHHS 3 iHribiTOpiB) 3HMXyBamacs
y 5,45 pasa, cepMimuHy — Y 3,3 pa3a, a iHaekc crija/
crH 3MeHITyBagBces 3 1,03 oo 0,31 mopiBHSHO 3 TIOKAa3-
HUKAMH Y KOHTpOIi. Pe3ynbTati mpoBeaeHUX J0CTi-
IDKEHD Y3rOIXKYIOThCS 3 OTPUMAHUMU paHilie JaHHMU
TIpo T¢, Mo B yMoBax fii iHribiropis OJK i S-AMJIK
3HIDKYETBCS KOHIIeHTpalisa ITA B myxiuHax, Mo i mpu-
3BOAMTE A0 TaJIbMyBaHHSA ix po3BUTKY. IlikaBumu e it
iHIII MOXJIMBI MeXaHi3MH 3amyueHHs ITA y myxXsimHHuHA
pict. 3okpema, C.S. Hayes i cniBaBropu [28] oTpuMa-
JIM JaHi IIpo Te, IO NMPUTHIIeHHS POCTY MyXJIUH, sIKe
BiMOYBa€ThCST IIPH MOETHAHOMY 3aCTOCYBaHHI iHTiOi-
topa OJIK (a-APMO) 1a inriditopa Tpancnopry 1A
(AMXT1501), IOTEHIIIIOETECA THM, IIO BUCHAXEHHS
ITA npu3BoauTk 10 peBepcii iMyHocypecii. BucHaxeH-
HA TTA 3MiHI0O€ iIMYHOCYTIpECHBHE MiKpOCEpEIOBHINE
TMYXJIMHU Ha MPOTUJICKHE NMUISIXOM 3MiHH «ITOJISIpH3a-
1ii» MienoigHux KitiTHH Big M2-¢eHoTHmy (IipoaHrio-
reHHoro) 1o M1-¢geHorumny (MpoTHITyXJIMHHOTO) [28].
BHCHOBKH IIOI0 B3a€EMO3B’SI3KY MiX IMPOTHITYXJIHH-
HUMH edekTaMu a-JPMO Ta iHAYKIiE€I0 TPOTHITYX-
nuHHOI T-KIiTHHHOT iIMYHHOI Bimmosini 3po6ieHo Ta-
xox C. Ye i cniBaBTopamu [29]. BapTo 3a3HaguTH, 1o
Ha icHyBaHHS 3B’s13Ky MiX ITA Ta ctraHOM iMyHHOI CHC-
TEMH ITPH ITyXJTHHHOMY POCTi BKA3YIOTh TAKOX PE3YJIb-
TATH HAIIKX MONEepeAHiX JocHimxeHb [4, 30].

3 MeT010 BUBYCHHS iHIITMX MOXJIMBHMX MEXAHi3MiB,
3aTyYCHMX Y IPOTUITYXJIMHHY [Iit0 JOCTiKyBaHHX areH-
TiB, y KitiTuHax KE ta KJIJI HaMu BU3HAYE€HO €KCIIpe-
cito 6inka iNOS, piBeHb NO Ta aKTUBHICTE apriHa3M.
Ha puc. 4 mpencraBneHo qaHi JOCTiIKEHHSI aKTUBHOC-
Ti aprinazu B KiriTiHax KJIJI Ha 15-Ty ta 27-My no0y ix
PO3BUTKY IIpHM BKJIIOYEHHI B JiKyBaJIbHi CXEMHU OKPEMO
Ta IIOETHAHO HopapriHiny, a-JIP®PMO ta MI'BI.

BussicHo, mo Ha 15-Ty 100y pO3BHUTKY aKTHB-
HICTb apTiHa3¥ CYTTEBO 3HIDKYETHCS B ITYXJIMTHHMX KJTi-
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Puc. 4. AxTuBHicTb aprinass (MxMorns/10* KriTvH/rox) y Kimi-
TrHax KJLT Ha 15-Ty (@) T2 27-My (6) 106y PO3IBHUTKY ITYXITHHA
IPH OKPEMOMY Ta KOMDIHOBaHOMY 3acTocyBanHi a-JPMO,
MTIBI ta mopaprinimy. *p < 0,05; **p < 0,01 mopiBuamo
3 KOHTPOJILHOIO IPYTIOI0

TUHAX JIAITE TTicAsA BBeACHHS HOPAPTiHiHY Ta TTPH 3a-
cTOoCyBaHHi iHribiTopis y Kombinauii (mopaprinin +
a-JIOMO + MI'BI'). AKTUBHiCTE apriHasy B IIMX BH-
TIaJKaX CTAHOBU/IA BimmoBimHO 45 Ta 41% Bin moKa3HuM-
KiB y IYXJIMHAX KOHTPOJGHUX TBApHH. Y KIIITAHAX ITyX-
JIMH peIITH JOCTi THAX TPYII TBApWH BiIMideHO HE3HA-
YHi KOJIMBAaHHA aKTHBHOCTI aprinasu. Ha 27-my no6y
C€KCIICPMMEHTY AKTHBHICTE apTiHa3H CTATHCTHYIHO JI0-
CTOBIPHO 3HUXYBANACS B MYyXTWHHUX KIiTHHAaX TBa-
puH ycix gocrigaux rpyn. Haitbinem cyrrepe 3HH-
XKeHHJ aKTHBHOCTI aprinasu (v 2,1 pa3za mopiBHAHO
3 KOHTpoJieM) BAABIeHO B kiniTmHax KJLJI TBapuH,
AXUM HopapriHiu, o-IOMO i MI'BI" BBogMIH MOEX -
HaHo (IHB. pHC. 4).

Hocnimkxerns iNOS mokaszamm, mo Ha 15-1y moby
po3BuTKY ekcnpecia iNOS y kinitmHax KJIIT TBa-
PHH yCiX JIIKOBaHMX TPYI MOMITHO ITiIBHIIIYBAIACH
(puc. 5). ITpu moeqHAHOMY 3aCTOCYBaHHi HOpapriHiHy,
a-A®MO i MI'BT ekcrpecist iNOS 3pocTana B 2,2 pas3a
(muB. puc. 5). Ha 27-My mo6y po3BHTKY 3MiHH eKCITpE-
¢ii INOS y IyXIMHHHX KIITHHAaX MaJId aHAUTOTTIHAMH Xa-
pakTep (maHi HC HABEIEHO).
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Pac. 5. Excrpecis iNOS y xniterax KJIT B ymosax xii Hopap-
rininy, a-IOMO ta MI'BI ipe oKpeMOMY Ta KOMOiHOBAHOMY
ix3acTocysanHi. *p < 0,05 TOpIBEAHO 3 KOHTPOIBHOIO IPYITOK

IMMomo mpoaykTie iNOS — NO, To xapakrep nii mo-
CITiXyBaHWX areHTiB Ha iX piBeHb Ha 15-Ty Ta 27-My
Ioby 6yB monibHMM 0 BIUIMBY Ha ekclipeciio iNOS:
TIILKA TIPM 3aCTOCYBAHHI KOMOiHOBaHOI cXeMH, IMO
BKTIOYANa Hopapridid, a-JAP®MO ta MI'BT’, ciocTepi-
ram 35a4He (B 3,8 Ta 3,0 pasa BifmoBigHO) IMiABHIIEH-
He pisaa NO y IyxamHHMX KIiTHHax (pHc. 6).

Amnanoriuni gocitipkeHHA 6i0XiMITHAX ITOKA3HAKIB
6ymu npoBedeHi TakoX Ha KiniTnHax KE. Pesymerat;
JIOCTIKeHHS ITOKA3aIH, 10 HOPApriHiH Y 3aCTOCOBAa-
HMX JT03aX MPH3BOTUTE IO 3HIKSHHS aKTHBHOCTI apri-
Ha3H B X THHHKX KIiTHHax Ha 14% (p < 0,05) (pHc. 7).

ITpu BrkopucTanHi iHTiGiTOPIB hepMEHTIB CHHTE3Y
ITA (a-TPMQO i MI'BI’) okpemo a6o moeAHAHO BiaMi-
YT He3HAYHI 3MiHH aKTHBHOCTI apriHasy (p > 0,05).
Pa3oM 3 TeM, 1IpH KoMGiHOBaHOMY BBEACHHI TBapHHAM
a-JIOMO, MI'BI { HopapriHiHy aKTMBHICTh apriHasH
sumxyBanacs Ha 31% (p < 0,01) (aue. puc. 7).

Excnpecis iNOS B xmitmaax KE, siK ipy BBeIgHHI
MHIIaM iHTiBITOpIB OKPEMO, TAK i IIPH 3aCTOCYBaHHI iX
KoMOiHalIii, migBAIMyBanaca IOPIBHAHO 3 ITOKA3HH-
KaMH KOHTPOIBHWX HENKOBaHAX TBapHUH. OcobImBO
MOMITHO piBeHb eKkcnpecii INOS 3pocTas IIpH BBEIEH-
Hi TBapMHaM JIMIIe HopapriHiny, a-A®MO noenHa-
Ho 3 MI'BI' Ta y BMIIagKy KOMGiHOBaHOIO 3aCTOCYBaH-
HA BCix TphoX iHribiTopiB (a-APMO + MI'BI" + Hop-
aprinin) (puc. 8).

Beenennsa tBapuHam isniepemmemienon KE o-JOMO,
MI'EI’ Ta HOpapriHiHy IpH3BOIMAO IO 3MiH IPOIyK-
uii NO nyxmaasmmMe KitituHaMu (puc. 9). Haitbinenry
KitekicTe NO TIponyKyBam NyXIMHHI KIIITHHH, BAILY-
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Puc. 6. Piens NO B ximitirax KJII Ha 15-1y (@) Ta 27-My (6)
Jo6y PO3IBHTKY NIPH OKPEMOMY Ta KOMOiHOBAaHOMY 3aCTOCY-
paxHi a-JOMO, MI'BI ta Hopaprininy. *p < 0,05; **p < 0,01
TIOPiBHAHO 3 KOHTPONBHOIO TPYTIOI0
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Puc. 7. Bromus a-JOMO, MT'BI ta HOpapriHdiHy IIpH KOM-
OiHOBAHOMY 3ACTOCYBaHHi Ha aKTHBHICTE ApPTiHA3H B KITi-
tuHax KE; *p<0,05; **p<0,01 mopiBHAHO 3 KOHTPONABHOI®

Tpymoxo

YeHi y TBAPHH, AKi OTPUMYBaIH KOMOiHaIT10 iHTibiTopiB
(a-IOMO + MT'BI" + HopapriHiH). [TOKaA3HWKH TBADHH
€1 TpyI| epeBAINYBAM KOHTPOJIEHI OUTeITe HIX Y 5 pa-
3iB. JIBOKpaTHE MiABMINEHHA MpoAyKiti NO BHSBRICHO
B IyXJIMHHMX KIIITHHAX TBAPHWH, IO OTPHMYBIH HOpap-
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Puc. 8. Bomus o-J®MO, MI'BT i Hopaprininy Ta ix xis
IpH KOMOiHOBaHOMY 3aCTOCYBaHHI Ha eKcnpeciro iNOS B xori-
taHax KE. *p < (0,05 mopiBHAHO 3 KOHTPOIBHOIO TPYIIOI
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Puc. 9. Pirens NO B ximitnaax KE npn oxpeMoMy Ta KoM-
6iHoBaroMy 3acTocyBaHHi o-JIPMO, MI'BI’ Ta HOpapriHi-
Hy. *p < 0,05; **p < 0,01 mopiBHAHO 3 KOHTPOJIBHOIO TPYIIOIO

riHiH, a TakoxX a-JPMO mogauano 3 MT'BI. [1pu BBe-
meHHi TBapHHaM e a-JIOMO a6o MI'BI' xumskicTs
NO, mo nponyKyBaBcs NyXIMHHAMM KJIITHHAMH, Oyia
TAKOX BHIIOK0 HOPIBHAHO 3 TIOKASHUKAMY Y KOHTDOJII.
OTpuMaHi JaHi KOPEMOBAIH 3 PE3y/BTATAMHE €KCIIpE-
cii iNOS B xiiteHax KE Bignmosimaux rpym TBapuH [31].

OT1xXe, 3acTocyBaHHs iHriGiTopiB depMeHTIB CHHTE-
3y [TA (a-IOMO i MI'BI') y xkoMGiHarii 3 iHriGiTopoMm
apriHa3y HopapriHiHOM NMPH3BOAWIO HE TiILKH A0 3HU-
xeHHs BMicTy ITA, a it rambMyBaHHS apTiHA3H, 3pOCTaH-
He ekcnpecii iNOS Ta cyTTeBoro 30iIbMIeHES IPONyK-
mii NO y DyXTHHHHAX KITiTHHAX,

OHKONOTHUA e T. 19 e N2 12017



E——— OPUTWHATNBbHbBIE NCCNNEAOBAHNA

BUCHOBKH

1. HaifBriimuid MpoTHITYXIMHHMIH e(DeKT, K y BUTIAT-
Ky nepemeruieHHs KE, Tak i KJIJI, BUsiBJieHO IIpH KOM-
6iHOBAaHOMY 3aCTOCYBaHHIi Y TEpANIeBTHYIHUX CXeMaX iH-
ribitopa apriHasu Ta iHTi6iTopiB cuHTe3y ITA (HOopapri-
HiH + a-JOMO + MI'BI).

2. BuxopHucTaHHS B TiKyBAJTbHUX cXeMax iHribiTopa
OIK (a-ADMO), okpeMO Ui B KOMOiHAITisIX, TPH3BO-
JIIJIO IO Pi3KOro 3MeHINeHHs 06’eMy MeTacTasiB y Jjie-
ressix Muiuei i3 KJUI.

3. TabMyBaHHS POCTY IYXJIWH CYIIPOBOIKYBAJIO-
cs1 3HAYHUM 3MEHINIEHHSM BMICTY IIyTPECIIMHY i criep-
MiIUHY Ta 3HIDKEHHSIM iHIEKCY MOJIIPHOTIO CITiBBiTHO-
IIECHHS CII/CITH B ITyXJIMHHUX KJIiTHHAX.

4. TloemHane 3acTocyBaHHs iHTiGiTOpIiB (HOpapri-
HiH + a-JOMO + MI'BI') npu3Boawio 10 3pocTaH-
H4 ekcrnipecii iNOS Ta pizkoro migBUIIeHHs piBHI NO
Y MYXIMHHUX KJLITHHAX, 110, HIMOBipHO, € OAHI€I0 3 TIpH-
YWH IiJICHJIEHHS HOpPapTiHiHOM MPOTUITYXJIMHHOTO
edexty a-JOMO i MT'BT.
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NORARGININE ENHANCES
THE ANTITUMOR ACTIVITY OF INHIBITORS
OF POLYAMINES SYNTHESIS IN VIVO

S.P. Zaletok, S.V. Gogol, 0.0. Klenov,
G.B. Artamonova, Yu.V. Yanish, V.V. Bentrad,
O.V. Karnaushenko, M.A. Knyrik

Summary. The polyamines are the determining factors for
multiple links of the signal fransduction pathway responsi-
ble for cell proliferation, differentiation and programmed
cell death. The metabolism of arginine and polyamines



in the cells are interconnected, since the latter depends
on the synthesis of ornithine resource as of foodborne and
synthesized from arginine with the participation of argi-
nase. In the absence of optimal concentrations of poly-
amines proliferation and growth of cells does not occur.
Arginine is a substrate for nitric oxide synthase, which is
also involved in the control of cell proliferation. This in-
dicates that the metabolic pathways of arginine and poly-
amines may be a promising target for anticancer therapy.
Objective: to investigate the effect of arginase and poly-
amine synthesis inhibitors on growth of transplanted tu-
mors in experimental animals and explore the possible
mechanisms of antitumor effect of inhibitors. Subjects and
methods: Lewis lung carcinoma and Ehrlich carcinoma;
methods of experimental oncology, biochemistry, Western
blot analysis and statistical methods were used. Results:
it is shown that the inclusion in treatment of arginase in-
hibitor (norarginine) together with polyamine synthesis
inhibitors (a-DFMO and MGBG) leads to increased in-
hibition of growth of Ehrlich carcinoma and growth and
metastasis of Lewis lung carcinoma in experimental ani-
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mals. Inhibition of tumor growth was associated with de-
creased content of polyamines, changes of arginase activ-
ity, increased expression of INOS and NO level in tumor
cells. Conclusions: the increase of anti-tumor effect of the
combined action of inhibitors of polyamines synthesis and
arginase may be due to increase of INOS expression and
the increment of NO level in tumor cells.

Key Words: Ehrlich carcinoma, Lewis lung
carcinoma, antitumor effect, inhibitors of arginase
and polyamine synthesis, inducible nitric oxide
synthase, nitric oxide.
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