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OPAKIIMOHUPOBAHHOE JIEUCTBUE MOHU3UPYIOIIINX
N3JIYYEHUU 1 OKCUJIOB A30TA HA POCT
OITYXOJIEN Y KPBIC

Lenb. NccnepoBatb BAMAHME BENCTBUA MOHU3UPYIOLWLNX U3NYYEHWUIA U OKCUAOB a30Ta Ha POCT U Pa3BUTME NEPEBUTON
KapuMHOMbI [epeHa y 3KCNepUMeHTaIbHbIX KpbIC.
Marepuansi u metopbl. icciepoBanus npoBefeHbl Ha GeNbIX HENMHERHbIX Kpbicax-camuax Becom 125-160 r. Xu-
BOTHbIX MOABEPrasyv BO3AENCTBUIO OKCMA0B a30Ta U/UAKU MOHU3UPYIOLLMX U3JTYYEHWUIA, MOCE YETO UM epeBUBANU Kap-
umHomy lepeHa. ViccnenoBanu JMHAMUKY pOCTa ONYXONei U M3MEeHEHUs CBOOOAHOPAAMKaNbHbIX NPOLECCOB B CUCTE-
Me KpOBM Mo 61M0hU3NYECcKUM U BUOXMMUYECKUM NOKa3aTensaM.
Pe3synbratbl. [0Ka3aHo, YTO BAUAHME UCCNefyeMblX (DAKTOPOB BHELIHEN Cpefibl NPUBOAUT K HAPYLWEHWUIO OKUCAUTEN b-
HbIX MPOLLECCOB B OPraH13Me XWUBOTHbIX, YTO CNOCOOCTBYET POCTY W Pa3BUTUIO ONYXONEN.
BoiBoabl. [pegBaputensHoe BO3AENCTBME MaNbIX LO3 UOHU3UPYIOWMUX U3TYYEHUI U/ UK IK30TeHHbIX OKCUAOB a30Ta
3HAYMTENbHO YCKOPAET POCT KapLMHOMbI [epeHa. 3TOT NpoLecc CONPOBOXAAETCA HAPYLWEHWNEM OKUCAUTENBHOIO MeTa-
60113Ma M pa3BUTMEM OKCMAATUBHOTO CTpecca.
KnioueBble CnoBa: MOHM3MpYIOLLME U3NIyYeHUs, OKCUAbI a30Ta, KapuuHoMa fepeHa, cBo6oAHOpaAUKaNbHble MpoLec-
Cbl, CCTEMA KPOBM.
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Fractionate effect of ionizing radiation and nitric oxide on tumor growth
in rats

Objective. To investigate the effect of ionizing radiation and nitrogen oxides on the growth and development of

Guerin's carcinoma transplanted in rats.

Materials and methods. Studies have been conducted on white nonlinear male rats weighing 125-160 g. Animals

were exposed of nitrogen oxides and/or ionizing radiation, and then were transplanted Guerin's carcinoma. The

dynamics of tumor growth and changes of free radical processes in the blood system by biophysical and biochemical

methods were investigated.

Results. It is shown that the effect of the studied environmental factors leads to disruption of oxidative processes in

the animal's organism, which contributes to the growth and development of tumors.

Conclusion. Pre-exposure to low doses of ionizing radiation and/or exogenous nitrogen oxides significantly accele-

rates the growth of Guerin's carcinoma. This process is accompanied by a disturbance of oxidative metabolism and the

development of oxidative stress.
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HeiicTBre noBpexmarommnx GakTopoB U pa3BUTHE Psi-
Jla TTaTOJIOTUI pealln3yIoTCsl ITyTeM M3MEHEHUsI MHTCH-
CHBHOCTH CBOOOIHOPAIMKAILHOTO IIEPEKNCHOTO OKMC-
JIEHUs B TKaHgX opraHusMma [1—6]. HapyieHnue 6anaHca
MEXIy MpoleccaMyd 0o0pa3oBaHUsI PEeaKTUBHBLIX (DOpM
kucinopona (P®K) u pyHKummonupoBaHNEeM aHTHOKCH-
JAHTHOM CHCTEMbI SIBJISIETCSI OCHOBHBIM MEXaHM3MOM
pa3BUTHUSI OKCUIATUBHOIO CTpecca B KJIeTKaxX, YTO pery-
JINPYET OMYXOJIEBBIM POCT 3a CUEST Pa3BUTUSI TeHETUYEC-
KOIf HeCTaOMJIbHOCTHM, aKTUBALIMA OHKOTCHOB U BIIMSI-
HU Ha aHTuoreHes [7—10]. Beicokuit ypoBeHb 00pa30-
Bauust POK 1 nmepcUCTEHTHBIN OKCUIATUBHBINA CTpecc
XapaKTepHBI JIJIs1 OITYXOJIEBBIX KIIETOK.

IIEJIb PABOTbI

HccnenoBaHue BIMSHUS OTAEJBHOIO U COBMECTHOIO
JNEeUCTBUS MOHU3UPYIOIMX u3nydeHuit (M) u okcuaon
azota (OA) Ha poCT U pa3BUTHE NTEPEBUTON KapLIMHOMBI
Iepena (KI') y akcnnepMeHTaIbHBIX KPBIC.

MATEPUAJIBI 1 METO/1bI

DKCIeprMeHTaIbHbIC MCCIeI0BaHMSI IIPOBEACHEI Ha Oe-
JIBIX HEJIMHEMHBIX KpbIcax-camuax Becom 125—160 r. Ku-
BOTHBIX CO/IeP>KaJIM B BUBAPUU B YCIIOBUSIX CTAHIAPTHOTO
palMoHa U J10cTyma K Boxe. Ilpoueaypsl ¢ aKCIepuMeH-
TaJbHBIMU >XUBOTHBIMU OCYILUECTBJISUIM corjacHo “ITo-
JIOXKEHUIO 00 MCMOJIb30BAaHUM XXUBOTHBIX B OMOMEIMIIN-
Hekux uccaenoBanusax” [11]. B cooTBeTcTBUM ¢ yCIOBUS -
MU 3KCIIEpMMEHTa, KPBICHI OBUIM pa3iesicHbl Ha 4 TPyII-
bl 1 — MHTaKTHBIE JKUBOTHBIC, KOTOPEIM Yepe3 30 cyToK
nocne roaydeHus oni1a nepesuta KI' (kontpons — KI);
2 — KPBICHI, KOTOPBIX ITOABEPrajivi MHTaISIIMOHHOMY BO3-
neiictBuio OA B TeueHue 30 cyTok ¢ nepeBuBkoii KI' moc-
Jile okoHYaHus nocnenHei nHrangumuu (OA + KT); 3 —
>KMBOTHBIE, KOTOPBIX IOABEpraan (ppakiiiOHMPOBAHHO-
My BoszaeiicTBuio MU B Teuenue 30 cyToK C NepeBUBKOI
KT nmocne nocnennero oomyuenust (MU + KI'); 4 — kpbI-
CBI, HaXONAIIMECs B YCIOBUSIX KOMOMHMPOBAHHOIO
nevicteust OA n U ¢ nmepesuBkoit KI' mocie okoHIaHMs
nocineaHeit nnransuun OA (OA + MU + KI).

KuBoTHBIX 00yyanu Ha anmapate PYM-17: kaxbie
Tpoe cyTtok 1o 0,1 Ip - 10 ceaHcoB, cyMMapHasl MOIJIO-
meHHas go3a cocranisna 1,0 Ip. MaranaumonHyio 3at-
paBky Kpbic OA TpoBOAWMIM B TEpPMETUUYHOM Kamepe
oobeMom 100 1, B KOTOPYIO MoJaBajiu OUMILIEHHBIN ra-
3000pa3Hbiit NO npu MTHTEHCUBHOM IepeMelIMBaHNU C
BO3IYyXOM BHYTPU KaMephI.

OlleHKY pocTa Omyxojedl MpOBOIMJIM IO pa3Mepam
OITyX0JIEBOIO y311a (00beM B cM? ¢ 5 110 18-¢ cyTKu mociie
nepesuBku KI'). CBobogHOpaguKalbHble MPOLECChl B
CHCTEeME KPOBU OIPEAC/ISUIM 110 YPOBHIO T€HEpalnu Cy-
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Action of damaging factors and the development
of a number of pathologies implemented by vary-
ing the intensity of free radical peroxidation in the
tissues of the body [1—6]. Imbalance between the
processes of formation of reactive oxygen species
(ROS) and the functioning of the antioxidant sys-
tem is the primary mechanism for the develop-
ment of oxidative stress in cells, which regulates
tumor growth through the development of genetic
instability, activation of oncogenes and the effect
on angiogenesis [7—10]. High level of formation
ROS and persistent oxidative stress are charac-
teristic of tumor cells.

OBJECTIVE

To investigate the influence of individual and joint
effects of ionizing radiation (IR) and nitrogen oxides
(NO) on the growth and development of transplant-
ed Guerin’s carcinoma (GC) in experimental rats.

MATERIALS AND METHODS

Studies have been conducted on white nonlinear
male rats weighing 125—160 g. Animals were kept
in a vivarium under standard diet and access to
water. Procedures with experimental animals
were carried out according to the “Regulations
on the use of animals in biomedical research”
[11]. In accordance with the conditions of the
experiment, rats were divided into 4 groups: 1 —
intact animals, which 30 days after the receipt has
been transplanted the GC (control — GC); 2 —
rats that were exposed to inhalation of NO for 30
days from transplantation of the GC after the last
inhalation (NO + GC); 3 — animals that were
exposed to fractionated IR within 30 days from
transplantation of the GC after the last irradia-
tion (IR + GC); 4 — rats that were under the
combined action of NO and IR with transplanta-
tion of the GC after the last inhalation of NO
(NO + IR + GC).

The animals were irradiated using RUM-17:
every three days to 0.1 Gy - 10 sessions, the total
absorbed dose was 1.0 Gy. The inhalation treat-
ment of rats with NO was carried out in the 100 L
air-locked (pressure-proof) chamber equipped
with a device for input of purified gaseous NO
intensively mixed inside with air.

Assessment of tumor growth was performed on
tumor nodule size (volume in cm?, from 5 to 18"
days after transplantation GC). Free radical
processes in the blood system were determined by
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MEPOKCUAHOIO aHMOH-paarkaia [12] B CyCreH3uM Kie-
TOK KocTHoro mosra (KKM), nusMeHeHusIM KaTajla3HOM
akKTUBHOCTH [13] ¥ ypOBHSI TTPOOKCUIAHTHO-aHTUOKCH-
JAHTHOTO COOTHOIIEHMSI C UCITOIb30BaHNEM XEMMTIOMU -
HecueHTHoro (XJI) merona [14]. CtaTucTuyeckyo oopa-
OOTKY pe3y/bTaTOB MPOBOAWIM MO CTaHAAPTHBIM METO-
JIKaM ¢ UCTIonb3oBaHueM t-Kputepus CroiogeHTa [15].

PE3VYIJIBTATBI 1 OBCYXK/IEHUE

OO0utyueHUe KUBOTHBIX, IO CPABHEHUIO ¢ KOHTPOJIbHOM
TPYMITON, TIPUBOIWIO K 3HAYMTEIbHON MHTEHCU(PUKA-
LM pocTa OIyxojieil — B 2,2 pa3a Ha 18-e cyTku (puc.
1). Bmusinue OA 6b110 MeHee addekTuBHbIM. Ha 12-¢
cytku pocta KI' (mepBbiif cpok oTOOpa 00pa3LoB IJs
aHAJIM30B) OTMEYaIM YBEJIWYEeHHE 00beMa OIyXOJel B
rpynmnax 2 u 3 B 1,4—1,8 paza, COOTBETCTBEHHO.

ITpu komOuHUpoBaHHOM aelicTBur OA u MU He Hab-
JIIONAIM CYMMAILIMKA OTIAEIBHOTO BIMSIHUSI 3TUX (DaKTO-
poB Ha ckopocTb pocta KI. Pazamepsnl onyxoJeit, Ha0060-
pOT, ObUIM MEHBIIIE, YeM P oTAeabHOM aelictBun MM
win OA, a OTIMYMe OT KOHTPOJBHOM TPYIIbl HAXOAM -
JIOCh Ha YpOBHE TeHaeHUuu. McciienoBanue oryxoJei ¢
WCIOIb30BAHNEM MOJENIN CTyIeH4YaToro pocra ((pyHK-
U TUIEPOOINUYECKOTO TaHTeHCca) MOoKa3ajao, YTO ISt
rpynnsl MU + KT oxxumaeTcst ux 6ojee ObICTPBIN U MPO-
JIOHTMPOBAHHBIN Mepuoj pocta (cM. puc. 1).

Hmurensubiit kypc OA, U1 u OA + U tipuBoana K
MHTMOMPOBaHMIO HApaOOTKHU CYIIEPOKCUIHOTO aHUOH--
panukana B KKM (puc. 2) Ha 88, 74 1 63 % (p < 0,05),
coOTBeTCTBeHHO. Haubosee raybokue HapylueHUs
npoucxoaniu Beaenctsue naransganu OA. IlepeBuBKa
KI' 1 ¢opmupoBaHue OIMyXonaud TakxkKe COMPOBOXKIA-

the level of the generation of superoxide anion rad-
ical [12] in the suspension of bone marrow cells
(BMC), by the change of catalase activity [13] and
the level of prooxidant-antioxidant ratio using
chemiluminescence (ChL) method [14]. Statis-
tical analysis was performed according to standard
procedures using the Student t-test [15].

RESUITS AND DISCUSSION

Irradiation of animals resulted in a significant
intensification of tumor growth — 2.2 times to 18"
day, compared with the control group (Fig. 1).
Effect of NO was less effective. On the 12" day of
growth GC (first term sampling for analysis) noted
an increase in tumor volume in groups 2 and 3 by
1.4—1.8 times, respectively.

The combined action of NO and IR have not
seen a single summation of the impact of these
factors on the growth rate of the GC. Tumor
sizes were smaller than in the single action IR or
NO, and the difference from the control group
was on the level trend. Investigation of tumors
using a model step-growth (hyperbolic tangent
function) showed that for the group IR + GC
expected to more rapid and prolonged growth
period (see Fig. 1).

Long course of NO, IR and NO + IR resulted in
inhibition of accumulation of the superoxide
anion radical in BMC at 88, 74 and 63 % (p <
0.05), respectively (Fig. 2). The most profound
violation occurred as a result of inhalation of NO.
Transplantation of the GC and tumor formation is

cm3 / cm3
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T T T
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CyTtku / days

——Kr/GC - - - OA+KI /NO+GC

®  Kontpons / control € UWN+KT /IR+GC A

— = WW+KI/IR+GC
OA+KTI / NO+GC u

— = OA+WWN +KI' / NO+IR+GC
OA+UN +KI' / NO+IR+GC

PucyHok 1. Poct Kl nocne Bo3geincTeua Ha Kpbic OA u UN. Pe3ynbratbl U3MepeHUii pasmMepoB onyxonen.

Figure 1. Growth of GC rats after exposure to NO and IR. The results of measurements of tumor size.

391 &



EKCINMEPUMEHTAJIbHI

AOCNIAXKEHHA

ISSN 2304-8336. Ipobnemu pagiauiitHol Mequumky 1a pagiobionorii = Problems of radiation medicine and radiobiology. 2014. Bun. 19.

ve./RVU

1 cytkn/day 1

12 cytku / day 12

18 cyTku / day 18
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PUCYHOK 2. UHTEHCMBHOCTb reHepauumn cynepoKCUAHOro aHuoH-pagukana B KKM MHTaKTHbIX KpbIC U KpbIC,
kotopbim nepeButa KI, nocne Bospeicteua OA, UA n OA + UU

Figure 2. The intensity of the generation of superoxide anion radical in the BMC of the rats

JINCh YMEHBIIIEHNEM YPOBHS CYIIEPOKCUIHOTO aHUOH-
panukana moytu B 2 pasa (12-e u 18-e cytku, p <
0,05).

IMpenBaputenbHblii Kypc OA u niepeBuBka KI' ctumy-
supoBainu Ha 20 % (p < 0,1) HapaOOTKy CynepOKCUAHO-
ro aHMoH-panukana (12-e CyTku), o CpaBHEHUIO C pOC-
toMm KI, mepeBuTOoif MHTaKTHBIM XKMBOTHBIM. Ha 18-¢
CYTKM YPOBEHb HapaOOTKM CYyNePOKCUIHOTO aHUOH-pa-
nukaina B rpynmax OA + KI'u OA + M + KT nipostBisia
pa3HOHAMPABJIEHHYIO TEHACHIIMIO: B TIEPBOM Clydae,
MHTEHCUBHOCTh HAapaOOTKM IOCTUIajla MMHMMAJIbHBIX
3HaYEHUI, KOTOPbIE COU3MEPUMBI C BEIMUMHAMU UHI U -
OMpoBaHMS TeHepalMu CYMepOKCUIHOIO aHUOH-paIu-
Kaua nocie Kypca OA; Bo BTOPOM cjiyyae, OTMeYalu MH-
TeHCHU(UKALINIO 00pa30BaHUs CYIEPOKCUIHOTO aHNOH-
pamukana Ha 42 % (p < 0,05), mo cpaBHeHUIO ¢ 12-MU
cytkamu. B 1o ke Bpems, poct KI' Ha ¢oHe kKypca U
Ha 18-¢ cyTKM HE BIMSUI HA UHTEHCUBHOCTD TeHepallun
CYyNEPOKCUIHOTO aHMWOH-paauKaia, MO CPaBHEHUIO C
12-MU cyTKaMu.

Takum obpa3zoMm, BIMSHUE YKa3aHHBIX (paKTOpPOB, Ie-
peBUBKa >XKMBOTHbIM Ha MX (oHe KI, a Takxke pocT u
dopmupoBanue KI, mepeBuUTOIl MHTAKTHBIM JXWBOT-
HBIM, XapaKTepU3YIOTCS 3HAYUTEIbHBIM (B CpeIHEM B
2—3 pasza) TOPMOXEHHUEM TeHepaluu CYNepOKCUIHOTO
aHuoH-paaukaia B KKM, 4yTo MoxXeT CBUAETEIbCTBO-
BaThb O CHIDKEHUY MHTEHCUBHOCTU OKUCIUTEIFHOIO Me-
TaboJM3Ma B OTBET Ha JUIMTEeNbHOE BozneiicTBue OA u
M. D10 00yca0oBIeHO KaK CO3JaHUEeM TUITOKCUYECKUX
ycnoBult (anutenbHas uHranssuus OA), Tak M peakiu-
eli-oTBeToM Ha reHepaiio POK o6iayyeHueM.
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also accompanied by a decrease in the level of
superoxide anion radical by almost 2-fold (12 and
18" day, p < 0.05).

Preliminary course of NO and transplantation of
the GC stimulated by 20 % (p < 0,1) accumulation
of the superoxide anion radical (12" day), com-
pared with an increase of the GC, transplanted
intact animals. On the 18" day in groups NO +
GC and NO + IR + GC the level of accumulation
of the superoxide anion radical showed a mixed
trend: in the first case, the intensity of accumula-
tion reached minimum values, that are commen-
surate with the values of the inhibition of the gen-
eration of superoxide anion radical after a course
of NO:; in the second case, noted the intensifica-
tion of superoxide anion radical by 42 % (p <
0,05), compared with the 12th day. At the same
time, the growth of the GC in group 3 on the 18"
day did not affect the rate of generation of super-
oxide radical anion, compared with the 12" day.

Thus, the impact of these factors, transplantation
of animal on the background of the GC, as well as
the growth and formation of the GC, transplanted
intact animals, characterized by a significant (on
average 2—3 times) inhibition of the generation of
superoxide anion radical in the BMC, which may
indicate a decrease in intensity of oxidative metab-
olism in response to prolonged exposure to NO and
IR. This is due to the establishment of hypoxic con-
ditions (continuous inhalation NO) and a reaction-
response to the generation of ROS exposure to IR.
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PucyHok 3. CBeTocymMMa CBeYeHUA reMoNIU3aTOB MHTAKTHbIX KPbIC U KPbIC, KoTopbiM nepeeuta KI, nocne

Bo3pencteua 0A (A) u U (B), (100 % — KoHTpONb)

Figure 3. Lightsum glow haemolysates control rats and rats with transplantation of the GC after exposure

to NO (A) and IR (B), (100 % - control)
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PUCYHOK 4. CBeTocyMMa CBeYeHMWA reMOJIN3aTOB MHTAKTHbIX KPbIC U KpbIC, KoTopbiM nepeButa KI, nocne

Bo3pencteua OA + UN, (100 % — KoHTpoONb)

Figure 4. Lightsum glow haemolysates control rats and rats with transplantation of the GC after exposure

to NO + IR, (100 % - control)

Kypc OA npuBoaWI K JUIMTEIBHOMY CHUXKEHUIO YPOB-
HSI CBOOOTHOpAIWKAJIBHBIX IIPOLIECCOB (II0 ITOKAa3aTe-
JgM uHayuupoBaHHoi XJI reMon3aToB) ¢ BOCCTAHOB-
JieHreM Ha 18-e cyTKu 1mocie peKpalleHus: MHT s
OA (puc. 3 A). OueBUAHO, 3TO OOYCJIOBJIEHO MPUCHO-
co0JIeHHMEM OpraHM3Ma K TMIIOKCMYECKUM YCIOBUSIM
3KCIIepUMEHTA.

HnutenbHoe dpakumoHupoBaHHoe naeiictBue MU
TaKKe BBI3BIBAJIO CHIDKEHME (HAa YPOBHE TEHACHIIVMN)
MEPOKCUIHBIX IIPOLIECCOB B CUCTEME KPOBU C X HOpMa-
Jm3auueit Ha 12-e u 18-e cytku (puc. 3 b).

ITpu coBmectHOM Bo3neiictBun OA u MU (puc. 4) oT-
MeYali TaKylo XK€ TeHACHIIMIO K YMEHBIICHUIO CBETO-
CYMMBI CBEeUEHHs Ha l-e CyTKM, KaK W IpU AeHCTBUU

Course of NO led to a prolonged decrease in the
level of free radical processes (in terms of the
induced ChL of the haemolysates) with the resto-
ration of the 18™ day after the cessation of inhala-
tion of NO (Fig. 3 A). Obviously, this is due to the
adaptation of the organism to hypoxic conditions
of the experiment.

Long term effect of fractionated IR also caused a
decrease (at trends) peroxide processes in the
blood with their normalization on the 12" and 18
day (Fig. 3 B).

Under the combined action of NO and IR (Fig.
4) noted the same tendency to decrease of the
lightsum glow on the 1st day as under the influence
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Ipyrux (akTopoB, ¢ MOCIEIYIOIINM BOCCTAHOBJIEHHEM
Ha 12-e u 18-e cyTKu.

Takve M3MEeHEHMSI MHTEHCHBHOCTM CBOOOJHOpAIU-
KaJIbHOTO TePEKMCHOIO0 OKHUCJICHMS SIBJISIOTCS CIIeN-
CTBUEM JBYX MEXaHM3MOB. CHIDKCHUS NaplHaIbHOIO
JIABJICHUST KMCIOPOJa B TKaHSIX OJlaromapsi ero 3aMelie-
auto OA nipu nHTansaumsax u reHepannm POK B miporiec-
ce paauosiu3a Bonbl. B pesysbrare yBeJMuuBaeTcsl Bepo-
SITHOCTh B3ammoneiictBust OA ¢ CyniepOKCUAHBIM aHU-
OH-PaAnKaJIoM ¢ 00pa3oBaHUEM IIEPOKCUHUTPUTA.

Bo Bcex uccienyeMbIX TpymIiax KUBOTHBIX ITPOIYKTHI
pa3BuTus KI' BbI3Baiu CHMIKEHME BbIXOJa KBAHTOB CBe-
ta B XJI-peakiuu kposu (Ha 21-26 %, 12-e cyTku; Ha
6—14 %, 18-e cyTku). DTO MOXKET OBITh CBSI3AHO KakK C
HEIIOCPEACTBEHHBIM BIMSHUEM 3TUX (DAKTOPOB Ha IeHe-
paluio KBaHTOB CBeTa, TaK U Ha TOPMOXKEHUE UMU CBO-
OOIHOPAIVKAJIBHBIX IIPOLIECCOB, UTO SIBJISIETCS SIPKOM
JeMOHCTpalMeil B3aMMOCBSI3M (B3aMMOOTHOILIECHMS)
“onyxonb—opranusm”’. [lpenpinyiye manTeabHbIE BO3-
nericteusg OA n UM, a TakKe UX COBMECTHOE JIefiCTBUE
1o nnepeBuBKy KI' cyliecTBeHHO He BIMSIIIN Ha 3TOT IIPO-
1ecc, 0 4eM CBHUAETEJIbCTBYeT IMHAMMKa XJI-peakunu B
TpyIIIax XXMBOTHBIX, KOTOPbIC HE MOIBEPrajiCh IIpeaBa-
PUTEIBHOMY BO3ICHCTBUIO MCCIeAYyeMbIX (AaKTOPOB
(rpynmna XuBOTHBIX ¢ iepeBuToit KI).

®epMeHTHI AHTUOKCUIAHTHON 3aIlIUTHI SBJISTIOTCS Ha-
n0oJjiee BECOMBIM CPEICTBOM YAEPXKAHMS ITePOKCUIHBIX
MPOLIECCOB B TKAaHSX OpraHu3Ma B mpeneiax (pu3noio-
TMYeCKOi HOpMbI. Cpelr HUX KITIOUEBBIM SIBIISICTCS Ka-
tanaza. JnurenbHoe Bo3aelicTBue OA BBI3BAJIO YBEIM-
YeHMe KaTaJa3Hoil aKTUBHOCTH B KpoBH 10 116 % (puc.

of other factors, followed by reduction to the 12"
and 18" day.

Such changes in the intensity of free radical per-
oxidation are the result of two mechanisms:
reducing the partial pressure of oxygen in the tis-
sues due to its replacement of NO when inhaled
and the generation of ROS in the radiolysis of
water. This increases the probability of interaction
of NO with superoxide anion radicals to form per-
oxynitrite.

In all groups of animals products of develop-
ment GC caused reduction in the yield of light
quanta in the ChL reaction of blood (at 21—26 %
on the 12" day; at 6—14 % on thel8™" day). This
may be due either to the direct influence of these
factors on the generation of photons, and the
inhibition of free radical processes, which is a
clear demonstration of the relationship “tumor-
host”. Previous long-term effects of NO and IR,
as well as their joint action to transplantation of
the GC had no significant effect on this process,
as evidenced by the dynamics of the ChL reaction
in the groups of animals that have not been pre-
exposed factors studied (group of animals with the
transplantation GC).

Antioxidant enzymes are the most significant
means of retaining peroxide processes in the tis-
sues of the body within the physiological range.
Among them is a key enzyme catalase. Prolonged
exposure to NO caused an increase in catalase
activity in the blood to 116 % (Fig. 5 A). Further,

%160,0 %160,0
T 140,0 1
120,0 - 120,0 -
100,0 1 100,0 T
80,0 + 80,0 +
60,0 + 60,0 +
40,0 + 40,0 +
20,0 + 20,0 +
0,0 - 0,0
1 cytku / day 1 12 cytku / day 12 18 cytku / day 18 1 cytku / day 1 12 cytku / day 12 18 cyTtku / day 18
I oa/No B «r/Gc [ oA+Kr / NO+GC ‘ ‘ [ w/r [ «r/ac I vv-+KT / IR+GC
A B/B

PucyHoK 5. Katana3Hasa akTUBHOCTb B KPOBM WHTAKTHbIX KPbIC U KpbIC, KOTopbiM nepesuta KI, nocne
Bo3pencteua OA (A) u UU (B), (100 % - KoHTpONb)

Figure 5. Catalase activity in blood control rats with transplantation of the GC after exposure to NO (A)
and IR (B), (100 % - control)
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5 A). B nanbHeilieM 3TOT Toka3ateib Ha 12-e u 18-¢
CYTKM MMEJI, COOTBETCTBEHHO, 3HaYeHue 83 u 86 %. Ho
5TU JTaHHbBIE JOCTOBEPHO HE OTIMYAIMCh OT HOPMEIL. Ta-
KM 00pa3oM, KaTajla3Hasi aKTMBHOCTb B KPOBHU KPBIC
nocie aerictBrst OA ObICTPO HOPMAINU30BaIaCh.

®paxkiroHnpoBaHHOe obydeHue (puc. 5 b) Takke He
BBI3BIBAJIO CYIIECTBEHHBIX NU3MEHEHUM KaTalla3HOW ak-
TUBHOCTU B KPOBM, UTO CBUAETEIBCTBYET O 1IOCTATOYHOMN
MOIIHOCTH (pepMEeHTa HUBEJIMPOBATh U30OBITOK CBOOOI-
HBIX paavKajaoB, HOyIMpoBaHHBIX MU 110ce Kaxkmoro
ceaHca ooiydyeHns1. OMHAKO 3TH ceaHChl (PPaKLIMOHUPO-
BaHHOTO O0JIyYeHUsI MHAYLIMPOBAIM YBeandeHue (PoHaa
KaTajasbl B KPOBM KakK (hOpMHUpPOBaHUE alaliTUBHOM pe-
aKIMU Ha IJIMTEIbHO AeCTBYIONIMI (haKTop, YTO U HAO-
mogany Ha 12-¢ n 18- cytkn. Takoit MexaHW3M J0CTa-
TOYHO MHEPLIMOHEH M, OYEBUIHO, CBI3aH C MOCTYILIe-
HUeM B nepudepruyeckyto KpOBb MOJOABIX SPUTPOLIU-
TOB C OOJIBIIMM COIeP>KaHUEM B HUX KaTasasbl.

CosmectHoe neiictBue OA u U (puc. 6) ctuMyanpo-
BaJIO TeHepalnio KaTajaasbl B KpoBu 10 141 %, uto 1ipe-
BBIILIAET CyMMapHOe 3HaUeHUe €€ aKTMBHOCTU MPU OT-
JIeTbHOM BO3JIECTBUM YKa3aHHBIX (PaKTOPOB.

[Ipu 3TOM TOMUHUpPYIOIIEe BIUSHUE OKa3bIBAIO IJIH-
teabHoe Bo3nelictBue OA. B mocienyroniye cpoku Ha0-
moneHus (12-e u 18-e cyTku) U3MeHEeHMsT KaTala3HON
AKTUBHOCTU OBUIM aHAJIOTUYHBIMUA IUHAMUKE AaKTHUB-
HOCTH 3TOT0 (pepMeHTa mocje oomydeHus. Takum odpa-
30M, BausHue (akTtopoB BHelrHel cpeasl (MU n OA)
MPUBOIUT K HAPYLIEHUIO OKMCIMTEIbHBIX MTPOLIECCOB B
OpraHu3Me KMBOTHBIX, YTO CITIOCOOCTBYET POCTY U pa3-
BUTHIO OITyXOJICH.

this figure by 12" and 18" day had, respectively,
the value of 83 and 86 %. But these data were not
significantly different from the norm. Thus, cata-
lase activity in the blood of rats after exposure to
NO quickly returned to normal.

Fractionated irradiation (Fig. 5 B) also did not
cause significant changes in catalase activity in the
blood, indicating that sufficient capacity of the
enzyme to neutralize excess free radicals induced
by IR after each irradiation. However, these ses-
sions of the fractionated irradiation induced the
increase in the catalase activity in the blood as the
formation of an adaptive response to long-acting
factor, which was observed on the 12" and 18"
day. This mechanism is sufficient inertial and,
obviously, related to the receipt of the peripheral
blood of young red blood cells with a large content
of catalase.

The combined effect of NO and IR (Fig. 6) stim-
ulated the generation of catalase in the blood up to
141 %, which exceeds the total value of its activity
in the separate effects of the above factors.

In this case, the predominant factor is long-term
exposure of NO. In the subsequent period of
observation (12" and 18™ day) changes in catalase
activity were similar to the dynamics of the activi-
ty of this enzyme after irradiation. Thus, the influ-
ence of environmental factors (IR and NO) leads
to disruption of oxidative processes in the organ-
ism of animals, which contributes to the growth
and development of tumors.
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12001 [ §1
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PucyHOK 6. KatanasHas aKTMBHOCTb B KPOBM MHTAKTHbIX KPbIC M KpbIC, KoTopbiM nepesuta KI, nocne

Bo3aeicreua OA + UU, (100 % — KoHTpONb).)

Figure 6. Catalase activity in blood control rats with transplantation of the GC after exposure to NO + IR,

(100 % - control)
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BbIBO/IbI

JnurenpHOE BO3IEICTBUE MaJbIX J03 MOHU3UPYIOIINX
M3JIy4eHUI U 9K30T€HHBIX OKCHUIOB a30Ta 3HAYUTEIbHO
YCKOPSIET POCT KapLMHOMEI [epeHa. JleiicTBue (akro-
POB OKpY:Karlleil cpenbl BhI3BIBACT HAPYIIEHUE OKMC-
JINTEJILHOTO MEeTa00IM3Ma, YTO IIPOUCXOIUT IBYMSI ITy-
TSIMM: IPEUMYILIECTBEHHO C TeHepalleil B TKaHSIX peak-
TUBHBIX (popM Kucyioponaa (o0aydyeHue) Uim ¢ odpaso-
BaHUEM MNEepOKCUHUTpUTA (OKcuabl azoTra). PasButue
OKCHJIaTUBHOI'O CTpecCa CBUIETEIBCTBYET O ITOBBIIIIC-
HUM KaHIIEPOT€HHOIO pHCKa B YCIOBHUSIX KOMOMHUPO-
BaHHOIO NIEMCTBUSI OKCHUIIOB a30Ta M MOHU3MPYIOLIMX
U3JIYYCHUN.
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CONCLUSIONS

Prolonged exposure to low doses of ionizing radi-
ation and exogenous nitrogen oxides significantly
accelerates the growth of Guerin’s carcinoma.
The impact of environmental factors leads to vio-
lation of oxidative metabolism that occurs in two
ways: primarily through generation of tissue reac-
tive oxygen species (exposure to ionizing radia-
tion) or the formation of peroxynitrite (nitrogen
oxides). The development of oxidative stress indi-
cating increased carcinogenic risk in terms of the
combined action of nitrogen oxides and ionizing
radiation.
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