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PE3IOME

AkTyanbHicTb. OfHielo 3 BaxnuBilwWMX npobriem OHkomnorii € nepebGopeHHs Tepanes-
TUYHOI PE3NCTEHTHOCTI MYyXMWH, fika BWHUKAaE 30Kpema BHACMIOOK NiABULIEHHSI PiBHS
depMeHTy uuknookeureHasu 2 (LIOI-2). Bigomo, Lo 3pocTtaHHs pisHs LIOIM-2 Ta npogykTy
i gisnebHOCTI, npocTarnaHavHy-E2 npyu OHKOMNOFMYHWX 3aXBOPIOBAHHAX, CMPUSE TakuMm
npouecam B OpraHiaMi, SIK picT MyxfWH, CTUMYMAUIA B HWUX nponidepadii, iHAYyKUisA
pakoBux CTOBOYPOBMX KNiTWH, ranibMyBaHHsi anonTo3y, akTuBalisi aHrioreHesy, iHBasis,
MeTacTasyBaHHsi Ta PO3BUTOK XiMio- Ta pafiope3ncTeHTHOCTi. 3acTocyBaHHS iHriGiTopis
LIOr-2, skumn € HectpoigHi npotusananeHi npenapatn (HCM3IM), 3HayHO obmexye
Ui npouecu Ta MOMIMWYE MOKa3HWKW BWXUBAHOCTI Ta CMEPTHOCTI Y XBOPUX Ha pak,
a y cnoryyeHHi 3 ximionpenaparamu BigMiHIOE BUKINMKAHY HUMW PE3UCTEHTHICTb.

MeTta po60TU — BMBYEHHSI CTPYKTYPHO-CPYHKLIOHANbHOIO CTaHy KIiTUH KapLMHOMM
lepeHa nicna  kombiHOBaHOro  3acTOCyBaHHS  HECTEPOIAHOrO  MPOTM3anarnbHOro
MeroKCMKaMy i NToKanbHOro iKC-onpoMiHEHHS NyXNuHW y cymapHux gosax 1,0 Ta 10 Ip.
MaTtepianu Ta metoaun. Ha 33 wypax-cammusx 3 nepeLlenneHoro kapumHomoro epeHa
3a [JOMOMOrol0 CTaHAapTHUX METOAIB eneKTPOHHOI MiKpocKonii AocnigpkeHa ynetpa-
cTpykTypa nyxnuHHux knitnH (MK) vepes 24 roguHu nicnsi CyMiCHOrO 3acTOCYBaHHs
Menokcukamy y gosi 0,2 mr Ha 1 kr macu Tina 3a go6y Ao nepLloro Ta 3a 2 roavHu go
Opyroro ceaHcy ¢pakuiiHOro noKanbHOro iKC-ONMpPOMIHEHHSI NYXJIMHW Y CyMapHUX [03ax
1,0 Ta 10 I'p (@Bivi wopeHHo no 0,5 Mp Tta 5 p BignoBigHo). MigpaxoByBanu MITOTUYHIN
iHgekc (kinbkicTb mMiTo3iB Ha 100 MK), iHaekc anonTo3y (KiNbKiCTb KNiTUH y CTaHi anonTuyHoi
3arnbeni Ha 100 MK) Ta yactoty MK 3 gpi6HUMK agpamu (%).

Pe3synbraTtv Ta ix 06roBopeHHs. BcTaHOBMEHO, WO ONPOMIHEHHS MyxnuHu lepeHa
y cymapHin posi 10 [p Buknukae nopyleHHs ynerpacTpyktypu [1K, nos’asaHi 3
ypaxeHHsIM sigepHoro anapaty knitTuH. CnocTepiraetbest nnenomopdiam saep, nosisa
nBosigepHnx MK Ta mikposaep, AOCTOBipHE MafiHHA MUTOTUYHOI aKTUMBHOCTI, Oeske
niABULLEHHS iHAeKcy anontody. BiasHayaeTbcA TakoX CTUMYNSAUIS YHKUiIOHaNbHOT
fisnbHocTi mMakpodparis. lNpy onpomiHeHHi y cymapHii gosi 1,0 p nopibHi edekTn
BMpaxeHi MeHwe, abo 30BCiM BiACYTHI, Sk, Hanpvknag, npouecu darouutosy. MokasHuk
yactotn MK 3 mManumm sgpamMym OOHaKOBO BipOrigHO MiABUWEHMI npu obox [osax
OMNPOMIHEHHS. YBEAEHHS MEernoKCUKamy Cnpusie OOCTOBIPHOMY 3HWDKEHHIO MITOTUYHOI
aKTMBHOCTI Ta 3pOCTaHHIO 4acTOTU Manux KMiTWH, Todi SIK ynbTpacTpyKTypHa KapTuHa
NyxnvHW Maibxe He 3miHeTbes. [Mpu cymicHin aii pagiauii B 060x go3ax Ta Mernokcukamy
nopyLueHHs ToHkoi 6yposu MK igeHTUYHI TMM, WO BUSBMSAOTLCS MPU OAHOMY TiflbKM
onpomiHeHHi. MNopsig 3 TUM, MITOTUYHWIA IHAEKC Y rpyni 3 kKOMBiHOBaHOO Aieto npenapaTy
Ta pagiauii y fosi 10 I'p BipOrigHO HWKYMI, HXX NPpYU OOHOMY OMPOMIHEHHI. Kpim Toro, npu
060ox go3ax AOCTOBIpPHO 3pocTae vacTtota Manux copm MK y NopiBHSAHHI 3 NokasHWKaMu
SK Y rpyni iHTAKTHOro KOHTPOMIO, TaK i y BiANOBIAHUX rpynax OnpoMiHeHHs. Tinbku y
noeaHaHHi 3 pagiauiclo Menokcukam 3Ha4yHO CTUMYIIOE anonTo3, Todi 5K B iHLWKX cepisix
MOro iHOEKC 3annLIaeTbCs Ha PiBHI KOHTPONbHUX 3HaYeHb. Byna niagTeepaXKeHa 3anexHicTb,
sKa MOCTIMHO BUABNANAcA B YCIX eKCMepuMEHTarnbHUX rpynax, MK 3HWKEHHAM pPiBHS
MITOTUYHOTO iHAEKCY Yy KapumHoMi epeHa i 3apoctaHHsAM yacTku MK 3 manumu sgpamu.
Mix UMMM NokasHMKaMmn BUSIBNIEHO 3BOPOTHUI KopensauiiHuia 38’a3ok (r = 0,80, P = 0,05).
BucHoBku. [Npu cymicHin Ail Menokcukamy Ta OMPOMIHEHHSI 3HA4YHO MiABULLYETLCH
edeKTUBHICTb 000X TepaneBTUYHMX haKTOpiB BHACNiAOK BNAcTUBOCTI MeErNOKCUKamy
[OCTOBIPHO ranbMyBaTu nponihepaTnBHy aKTUBHICTL Ta CNpUATW nocTpagiauinHomy
PO3BUTKY anonTo3y Yy MYXMAWHHIA TKaHWHI. HasBHICTb KOpensuinHOI 3anexHoCTi Mk
MITOTUYHUM HOEKCOM Ta 4acToTol KNiTMH 3 ApibHuMK sigpamn y nyxnuHi [epeHa,
CBIQYUTb NPO B3aEMO3B’'sI30K NMPOLIECIB KMITUHHOTO POCTY i AiNEHHS.
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ABSTRACT

Background. One of the most important problems of oncology is the overcoming of
therapeutic resistance of tumors, which occurs in particular due to increased levels of the
enzyme cyclooxygenase 2 (COX-2). It is known that the growth of COX-2 and the product
of its activity, prostaglandin-E2 in cancer, promotes such processes in the body as tumor
growth, stimulation of proliferation, induction of cancer stem cells, inhibition of apoptosis,
activation of angiogenesis, invasion, metastasis and development of chemoresistance.
The use of COX-2 inhibitors, which are nonsteroidal anti-inflammatory drugs (NSAIDs),
significantly limits these processes and improves survival and mortality in cancer patients,
and in combination with chemotherapeutics eliminates the resistance they cause.
Purpose — study of the structural and functional state of Guerin’s carcinoma cells after
the combined use of nonsteroidal anti-inflammatory drug meloxicam and local X-irradiation
in total doses of 1.0 and 10 Gy.

Materials and methods. On 33 rats with inoculated Guerin’s carcinoma, the ultrastructure
of tumor cells (TC) was studied using standard methods of electron microscopy
24 hours after the combined use of the meloxicam drug at a dose of 0.2 mg per 1 kg
of body weight one day before the first and 2 hours before the second session fractional
local X-irradiation in total doses of 1 and 10 Gy (twice daily at 0.5 and 5.0 Gy, respectively.
The mitotic index (the number of cells in the state of mitosis per 100 TC,%), the
apoptosis index (the number of cells in the state of apoptotic death per 100 TC,%) and
the frequency of TC with small nuclei (%).

Results. It was found that irradiation of Guerin’s tumor in a total dose of 10 Gy causes
disturbances in the ultrastructure associated with damage to the nuclear apparatus of
the TC. Pleiomorphism of the nuclei, the appearance of binucleated cells and micronuclei,
a significant decrease in mitotic activity and a slight increase in the apoptosis index
are observed. Stimulation of the functional activity of macrophages is also noted. Under
irradiation in a total dose of 1 Gy, such effects are less pronounced or completely absent,
such as, for example, the processes of phagocytosis. The frequency index of TC with
small nuclei is equally reliably increased at both radiation doses. The administration of
the drug meloxicam leads to a significant decrease in mitotic activity and an increase in
the frequency of small cells, while the ultrastructural picture of the tumor remains almost
unchanged. With the combined action of the drug and radiation in both doses, violations
of the fine structure of the OC are identical to those found during irradiation. At the same
time, the mitotic index in the group with the combined effect of the drug and radiation at
a dose of 10 Gy is significantly lower than with only irradiation.In addition, at both doses,
the frequency of small forms of PC significantly increases in comparison with the indicators
of both the intact control group and the corresponding irradiation groups. Only in
combination with radiation does meloxicam reliably stimulate apoptosis, while in other
groups its index remains at the level of control values. The relationship was confirmed,
which was constantly revealed in all experimental groups, between a decrease in the level
of the mitotic index and an increase in the frequency of TC with small nuclei in Guerin’s
carcinoma. An inverse correlation was found between these indicators (r = 0.80, P = 0.05).
Conclusions. The combined action of the drug and irradiation significantly increases the
effectiveness of both therapeutic factors due to the property of meloxicam to reliably inhibit
proliferative activity and promote post-radiation development of apoptosis in tumor tissue.
The presence of a correlation between the mitotic index and the frequency of cells with small
nuclei in Guerin’s tumor may indicate the relationship between cell growth and division.
Under the combined action of both investigated factors, changes in the tumor ultrastructure
are mainly caused by irradiation. The administration of meloxicam increases the efficiency
of the combined use of both therapeutic agents due to its ability to reliably inhibit
proliferative activity and promote post-radiation development of apoptosis in tumor tissue.
The presence of a correlation dependence between the mitotic index and the frequency
of cells with small nuclei in Guerin’s tumor may indicate the relationship between the
processes of cell growth and division.
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pob6otn [epxaBHOi yCTaHOBW  «IHCTUTYT  MEAUYHOI
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CENEeKTMBHUX iHriBITOPIB LMKIOOKCUreHasn-2 B MOEAHAHHI
3 iOHi3ylOYMM BUMPOMIHEHHSAM Yy OrOKyBaHHI aHrioreHesy
NyXnNuH Ans po3pobKM HOBWMX TEXHOMOrin KOMGIHOBaHOI
NPOMEHEBOI | aHTUaHTIOreHHOI Tepanii OHKO3axBOPIOBaHbY,
HoMep aepxaBHoi peectpauii: 0117U001045, wndp temu:
HAMH.01.17, yHOaameHTanbHa, TEPMiH BWKOHAHHS:
01.2017-12.2019 pp., KepiBHVKN — 3aBigyBay BigAiNeHHs
OUCTaHUIHOI, MNOeAHaHOI MNPOMEHEBOI Ta KOMMIIEKCHOI
Tepanii, OOKTOP MEeAWYHUX HayK, CTapluni HayKOBWN
cniBpobiTHuk B.IM. CtapeHbkui; 3aBsigyBadka nabopatopii
pagiauinHoi eHOOKpPUHONOrii, AOKTOp ©OionoriyHMX Hayk,
cTapmin HaykoBui cniBpobiTHuk H.A. MiTpsaesa.

BCTYN

Mpobrnemun Tepanii OHKONOriYHMX 3axBOpPIOBaHbL Y Tene-
PiLLHIV Yac € HaMBaXNMBILUMMW ANSA NOACTBA, OCKINbKN 3a
CMEPTHICTIO pak CTOITb Ha OAHOMY 3 MEepLUNX MiClb nicns
CepLEeBO-CyANHHNX XBOPOD i ypaxye LLopiYHO Marmke 18 MrH
ocib, 3 Akux Bmupae Ginblie nonosuHn [1]. Hessaxaroum
Ha 3HaYHi Cy4acHi [OCATHEHHS Y NiKyBaHHi OHKOMOriYHMX
3aXBOPIOBaHb, Y MPOTUPAaKOBIl Tepanii iCHY0Tb 06MeXeHHs,
noB’a3aHi SIKk 3 NEepPBUHHON, TaK i OTPMMAHOK BHACNILOK
Aii ximionpenaparis Ta pagiauii, pe3MCTEHTHICTIO 3NOSKICHWX
nyxnvH [2, 3]. Tomy npobnema nepebopeHHs HEYYTNNBOCTI
paky 00 niKyBaHHA CTae Ayxe akTyanbHol. Bigomo, wo
OHKOreHes CynpoBOAXYETbCA 30iNbLUEHHAM Y NYXMWHI hep-
MeHTY uuknookcureHasm (LOIM), 3okpema opHiei 3 ii i3o-
dopm, LIOM-2, koHueHTpauia AKOT y 300pOBUX TKaHMHaX
MiHiManbHa [4]. 3pocTaHHs piBHa LIOM-2 ta npogykty ii
AifgnbHOCTI, NpocTarnanavnHy-E2, cnpusie Takum npouecam
B OpraHi3mi, Ak picT nyxnuH, CTUMYnALIA B HUX nponidepallii,
iHOYKUis pakoBuX CTOBOYPOBUX KMiTUH, ranbMyBaHHS anor-
TO3y, aKTUBALlisi aHrioreHesy, iHBasid, MeTacTa3yBaHHS Ta
pO3BUTOK XiMiope3ancTeHTHocTi [5—9]. 3acTocyBaHHS iHribi-
TopiB LJOlN-2 3HayHo obmexye ui npouecu Ta noninwye
MOKa3HMKN BUXMBAHOCTI Ta CMEPTHOCTI Y XBOPUX Ha pak,
a y cnoryyeHHi 3 ximionpenaparamu BiAMIHIOE BUKNUKaHY
HUMK pesucTeHTHiCTb [10-13]. OcHoBHMMMU iHriGiTOpamm
LIOrr-2 € npotusananeHi npenapartun, CTepoifHOro Ta He-
CTEpOIAHOrO MOXOMXKEHHS, a Ceper LUMPOKOro iX crnekTpa
HanbinbL BaXNMBMMU € CENEKTUBHI npenapaTu, Ais SKuX
cnpamoBaHa came Ha LOIM-2: menokcukam, Himencunig,
uenekokcnb, uenebpekc, Towo [4, 12].

HapinHoto Ga3oio Ons BCTAHOBMEHHSA MeEXaHiamiB Al
NpOTMPaKoBOI Tepanii € ekcnepuMeHTanbHi AOCNIMKEHHS
Ha nyxnuHax, nepelyenneHmx TBapmHam. Tak, Ha KapLuHO-
mi lepeHa NpoBOANNOCS BUBYEHHS BMNMMBY XiMiO- Ta NpomMe-
HEBOro NikKyBaHHS, Y TOMY YMCNi Ha CTPYKTYpPHO-(PyHKLiO-
HanbHWI cTaH ii KNiTuH [14, 15]. Lis mogens Takox € npu-
JartHoto ana gocnimpkeHHs aii iHribitopis LOM-2. Tak, BoHa
Oyna 3acTocoBaHa QAnsl BMBYEHHS Aii HecTepoigHoro
npoTm3ananbHOro Mernokcukamy, po3pobneHoro Ansa Tea-
PVIH, OCHOBHOIO [i04O0I0 PEYOBUHOIO SIKOTO € MEMNOKCUKaM.

Meta pob0OTN — BMBYEHHS CTPYKTYPHO-(PYHKLiOHAMb-
HOro CTaHy KniTWH KapunmHoMm 'epeHa nicnst kombiHoBaHOro
3aCTOCYBaHHS MENOKCMKaMY i TOKanbHOrO iKC-ONPOMIHEHHS
NyxnuvHn y cymapHmx gosax 1,0 ta 10 p.
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INTRODUCTION

The challenges related to cancer treatment are
currently the most important for humanity, since cancer is
one of the leading causes of death after cardiovascular
disease affecting almost 18 million people annually, of
whom more than half die [1]. Despite significant achieve-
ments in cancer treatment, there are limitations in anti-
cancer therapy associated with both primary and acquired
resistance to malignancies due to chemotherapy and
radiation [2, 3]. Therefore, the issue of overcoming the
insensitivity of cancer to treatment becomes very relevant.
Oncogenesis is known to be accompanied by increased
cyclooxygenase (COX) enzyme in the cell, in particular
one of its isoforms, COX-2, the concentration of which in
healthy tissues is minimal [4]. The increase of COX-2 level
and the product of its activity, prostaglandin-2, encourages
such processes in the body as tumor growth, stimulation
of its proliferation, induction of cancer stem cells, inhibition
of apoptosis, activation of angiogenesis, invasion, meta-
stasis and development of chemoresistance [5-9]. The use
of COX-2 inhibitors significantly limits these processes
and improves survival and mortality in cancer patients,
and in combination with chemotherapy eliminates the
resistance they cause [10-13]. The main inhibitors of
COX-2 are anti-inflammatory drugs of steroid and non-
steroidal origin, and, among the wide range of those, the
most important are selective drugs, the action of which
is aimed at COX-2: meloxicam, nimesulide, celecoxib,
celebrex, etc. [4, 12].

Experimental studies on tumors inoculated in
animals are a reliable basis for establishing the mecha-
nisms of action of anticancer therapy. Thus, Heren carcinoma
was studied for the effect of chemo- and radiation treat-
ment, including the structural and functional state of its
cells [14, 15]. This model may also be suitable for studying
the effects of COX-2 inhibitors. In particular, it was applied
when studying the action of the non-steroidal antiinflam-
matory drug (NSAID) developed for animals, meloxicam,
the main active ingredient of which is meloxicam.

Purpose — studying the structural and functional state of
Heren carcinoma cells after administering the nonsteroidal
anti-inflammatory meloxicam in combination with and local
X-ray irradiation of the tumor in total doses of 1.0 and 10 Gy.
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MATEPIAJIN TA METOOU OOCNIAXEHHA

EkcnepumeHT npoBegeHo Ha 33  Lypax-camuusix
macoto Tina 160-180 r Ha 10—-12 goby nicns nepeLyenneHHs
kapunHomu [epeHa, Konu po3Mmipy NyXNUMHHOTO By3na
pocsranu y piametpi 1,5-2,0 cm. Ha peHTreHiBcbkoMy
anaparti PYM-17 npoBoannu nokanbHe pakuinHe onpomi-
HEHHs1 3a CTaHOApPTHUMX TEXHIYHMX YMOB: Hanpyra —
190 kB, cuna ctpymy — 10 MA, dinstpn: 0,5 mm Cu + 1
MM Al y cymapHux gosax 1,0 ta 10 p (aBivi WwoaeHHO
no 0,5 p ta 5 lp BignoBsigHo). Menokcukam yBoaunm
BHYTPILLHEOYEPEBMHHO 3a 00y [0 MepLuoro ceaHcy
ONPOMIHEHHS Ta 3a 2 roAMHW neped OpPYrMM CEeaHCOoM
y Ao3i 0,2 Mr Ha 1kr macu Tina.

TBapuH po3nodinsnu MeToaoM BunagkoBoro gobopy
Ha Taki rpynu:

1 rpyna — iHTaKTHUIM KOHTPOrb (4 LWT.);

2 rpyna — yBefleHHs MenoKCMenoKcnkamymeeTy (7 LIT);

3 rpyna — onpoMiHeHHs1 y cymapHin osi 1,0 I'p (5 wr.);

4 rpyna — onpoMiHeHHs y cymapHin gosi 10 'p (6 wr.);

5 rpyna — cymicHe 3acTOCyBaHHsi MeNOKCMKaMy
Ta onpoMiHeHHS y cymapHin aosi 1,0 I'p (5 wr.);

6 rpyna — CyMiCHe 3acTOCYBaHHsi MENOKCMKaMy
Ta onpoMiHeHHs y cymapHin o3si 10 I'p (6 wT).

LLlypis gekanityBanu yepes 24 roguHu Nicns oCTaHHbOI
dpakuii ONPOMIHEHHs1 3rigHO 3 BUMOramu HamnexHoi
nabopatopHoi npaktnkn  «GLP» (Good Laboratory
Practice), KoHBeHuii Pagn €ponu «IMpo oxopoHy xpebeT-
HUX TBapWH, WO BMKOPUCTOBYKTLCS B €KCNepUMeEHTax
Ta B iHWWX HaykoBux uinax» Big 18.03.1986 p., Oupek-
TMBM  €Bponeicbkoro napnameHty Ta Pagn €C
2010/63/€C Big 22.09.2010 p. npo 3axucT TBapWH,
SIKi  BUKOPWCTOBYIOTbCA [ANs HAyKOBMX Linew, Hakasy
MinicTepcTBa OxopoHu 300poB’s YkpaiHu Big 14 rpygHs
2009 p. Ne 944 «[po 3atBepmxeHHs [Mopsigky npose-
OEHHS1 OOKMIHIMHOrO BUMBYEHHSI nikapcbkmx 3acobiB Ta
eKcnepTnan martepianie gOKMNIHIYHOrO BMBYEHHS nikap-
Ccbkux 3acobiB», 3akoHy VYkpaiHu Big 21.02.2006 p.
Ne 3447-IV «[lpo 3axuct TBapuH Big >XOPCTOKOro
NoBOMXKEHHA» Ta iH.). JocnimkeHHs cxBaneHe Kowicieto
3 OioeTukm [epxkaBHOi ycTaHOBU «IHCTUTYT MeguyHoi
pagionorii Ta oHkonorii im. C.IN. Mpurop’eBa HauioHanbHoOi
akagemii MegnuHnx Hayk YkpaiHm».

JocnigpXeHHs1  yneTpacTpyKTypu kapumHomu [epeHa
npoBOAMMM 3a [AOMOMOrOK CTaHAapTHUX METOAiB enekT-
poHHOT Mikpockonii [16]. Kycouku nyxnuH BUTpUMyBanmu
crnoyaTky Yy rniotapanbaerigHoMy dpikcatopi 3a KapHoB-
CbkMM, NoOTiM y TeTpaokcuai ocmito 3a [lanage. [Micna
perigparauii B eTaHoni 3pocTatodol KOHUEeHTpaLii maTepian
3anMBanM y CyMill ernokCUOHWX CMOI €ernoH-apanauT Ta
nonimepidyBanu npotsarom 36 roguH npu 56°C. 3 opep-
»XaHux GrokiB BUroTOBMOBANM HaniBTOHKI 3pi3u Ha ynbTpa-
mikpoToMi YMTTI1-4 Cymcekoro BO «EnekTtpoH» Ta 3abaps-
noBanu MeTUNEHOBUM CUHIM Ha 1% TeTpaboparti HaTpito.
YNbTpaToHKi 3pi3an BUroTOBMAKOBANM Ha TOMY X MiKPOTOMI,
KOHTpacTyBann y 2% po34nHi ypaHinauetaty i uutpari
CBMHUI0 3a PelHOnbAcOM Ta aHanisyBanu B €neKTPOH-
HoMy Mikpockoni EM-125 Toro x BO. 36inblieHHs Ha
yCiX NpeacTaBneHnx enekTpoHHOMIKPOCKOMNIYHUX PUCYHKaX
cknapae 8000.

Ha HaniBToOHKMX 3pi3ax nigpaxoByBanu MITOTUYHIN
iHoekc (kinekicTb miTo3iB Ha 100 nyxnuHHWUX KNiTUH (MK)),
a Ha ynbTpaTOHKMX 3pi3ax — iHAeKkc anonTo3y (KinbKiCTb
KNiTWMH y cTaHi anonTu4yHoi 3arn6eni Ha 100 IMK) Ta yacTicTb
NYXAUHHUX KNITUH 3 gpibHMMn sapamu (%) B KOXHIN
OOCTiaXeHI NyXuHi.

MATERIALS AND METHODS

The experiments involved 33 female rats weighing
160-180g on day 10-12 after Heren carcinoma revacci-
nating, when the size of the tumor node reached a dia-
meter of 1.5-2.0 cm. The X-ray equipment PYM-17 was
used to perform local fractional irradiation under standard
technical conditions: voltage — 190 kV, current — 10 mA,
filters: 0.5 mm Cu + 1 mm Al in total doses of 1 and 10 Gy
(twice daily 0.5 Gy and 5 Gy, respectively). Meloxicam was
administered intraperitoneally one day before the first
irradiation session and 2 hours before the second session
at a dose of 0.2 mg per 1 kg of body weight.

Animals were randomly assigned to the following groups:

Group 1 — intact control (4);

Group 2 — administration of meloxicam (7)

Group 3 —irradiation in a total dose of 1 Gy (5);

Group 4 — irradiation in a total dose of 10 Gy (6);

Group 5 — combined use of meloxicam and irradiation
in a total dose of 1 Gy (5);

Group 6 — combined use of meloxicam and irradiation
in a total dose of 10 Gy (6).

The rats were decapitated 24 hours after the last
fraction of irradiation in compliance with the requirements
of the independent laboratory practice GLP (Good Labora-
tory Practice), the European Convention for the Protection
of Vertebrate Animals Used for Experimental and Other
Scientific Purposes dated March 18 1986, Directive
2010/63/EU of the European Parliament and of the Council
of 22 September 2010 on the protection of animals
used for scientific purposes, Order of the Ministry of
Health of Ukraine of 14 December 2009 No 944 «About
approval of the Procedure for carrying out preclinical
studying of medicines and examinations of materials
of preclinical studying of medicines», Law of Ukraine
of February 21, 2006 No 3447-IV «About protection of
animals against ill treatmenty», etc.). The study was appro-
ved by the Commission on Bioethics of State Organization
«Grigoriev Institute for Medical Radiology and Oncology of
the National Academy of Medical Sciences of Ukraine».

The Heren carcinoma ultrastructure was studied by
means of standard electron microscopy [16]. The tumor
pieces were kept first in a glutaraldehyde fixative accor-
ding to Karnovsky, then in osmium tetraoxide according
to Palade. After dehydration in ethanol of increasing
concentration, the material was poured into a mixture
of epoxy resins epon-araldite and polymerized for 36 hours
at 56°C. Semi-thin sections were made from the obtained
blocks by means of the ultramicrotome YMTI-4 produ-
ced by Sumy PA (Production Association) Electron
and stained with methylene blue in 1% solution of sodium
tetraborate. Ultrathin sections were made on the same
microtome, contrasted in 2% solution of uranyl acetate
and lead citrate according to the Reynolds method and
analyzed in an electron microscope EM-125 of the
same PA. The magnification in all presented electron
microscopic figures is 8000.

The mitotic index (number of mitoses per 100 tumor
cells (TC)) was calculated on semi-thin sections, while
the index of apoptosis (number of cells in a state of
apoptotic death per 100 TC) and the frequency of tumor
cells with small nuclei (%) in each studied tumor were
calculated on ultrathin sections.

The obtained data were calculated using the methods
of descriptive statistics, non-parametric criteria and
correlation analysis using the software package for
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OpepxaHi aaHi obyncnoBany 3a AONOMOrOK METoZiB
OMUCOBOI CTATUCTUKN, HEMApaMETPUYHUX KpUTEPIIB 1 Kope-
NAUINHOTO aHanisy 3 BMKOPUCTaHHSAM MakeTa nporpam
ansa MK «Biostat» Ta i3 3acTtocyBaHHAM HenapameTpuy-

HOrO KpUTEpPito MakcumanbHO NpPaBAONOAIGHOT OUiHKK
poctosipHocTi (Pwun) [17].
PE3YNbTATU TA iX OBrOBOPEHHA
BctaHoBneHo, WO iHTakTHa KapumHoma [epeHa

CKNafaeTbCsl NEPEBaXHO 3 [A0CUTb BENUKUX MYyXIIMHHUX
knitnH (MK), 3 KpynHUMKU CBITNUMK sigpamMu, SIKi MakoTb
rmagKkvin KOHTYp Ta MICTSTb KpynHi JiTki agepusa (puc. 1).
[OpibHoancnepcHUn XpoMaTyWH Y LiMX sapax piBHOMIPHO po3-
TALLOBYETLCA Y HYKINEONa3mi Ta TOHKUM LUapoM B3[OBX
snepHoi MembpaHu. OCHOBHMMM KOMMOHEHTaMu LUTO-
nnasmm € BinbHi puboCoOMM Ta NOMICOMMU, a TaKOX OKPYri
npocpini rpaHynsipHoi eHgonnasmatuyHoi citkn (rEMC),
Y SKUX BUSIBNSIETLCS TeMHa Ginkosa pevoBuHa. MiToxoHzpin
HebaraTto, BOHM TEMHi, NOAOBXEHi Ta HEBEMNMKI 3@ PO3MipPOM.
TpannsTbCca OKpeMi Nizocomu Ta NinigHi KpananHu.

PC Biostat and using the non-parametric criterion of
the most plausible reliability assessment (Pmp) [17].

RESULTS AND DISCUSSION

Heren intact carcinoma has been found to consist
mainly of relatively large tumor cells (TCs), which have
light nuclei with a smooth border and large clear nucleoli
(Fig. 1). The fine chromatin in these nuclei is evenly
distributed in the nucleoplasm and in a thin layer along
the nuclear membrane. The main components of the
cytoplasm are free ribosomes and polysomes, as well as
rounded profiles of the rough endoplasmic reticulum
(rEPR), in which a dark protein substance is detected.
Mitochondria are few, they are dark, elongated and small
in size. Individual lysosomes and lipid droplets occur.

Puc. 1. MyxnunHHa kniTUHa iHTakTHOT kKapumMHoMuK epeHa 3i CBITNMM S4pOM, YiTKUMK SaepusaMu,
6e3nivyto okpyrnmx Npodpinis rpaHynNsApHOI eHAoNIasMaTUYHOI CiTKU y LMTONNasMi.
A - appo, A — apepue, rEMNC — rpaHynsapHa eHgonna3martuyHa citka, JIK — ninigHa kpannuHa, MKM — 36inbLueHHs
Fig. 1. Tumor cell of intact Guerin’s carcinoma with a light nucleus, distinct nucleoli,
many rounded profiles of the rough endoplasmic reticulum in the cytoplasm.
A —the nucleus, Ag — the nucleolus, rEMC — rough endoplasmic reticulum, JIK — lipid droplet, mkm — increase

BusasnsaoTtbcsa Takox MK y cTaHi gineHHs, MiTOTU4HIN
iHOEKC IHTaKTHOI NyxnuHu gopisHioe 1,71 (puc. 2, Tabn. 1).
MopibHa ynbTpacTpykTypa XapaktepHa AN KNiTWH, ro-
NOBHUMU DYHKLiAMK KX € nponidpepatnsBHa Ta Ginkoso-
CMHTETMYHA aKTUBHICTb, CMpsMOBaHa Ha BUPOOGNEHHS
peyvoBWH Ansa BnacHoi notpebu. MNeBHy YacTuHy nonynauii
MK cknagatoTe KNiTMHKM 3 ManuMM S4poM, YrbTPacTpyk-
Typa SKuX, 3a BUHATKOM PO3Mipy s4pa, Marno Bifpi3HAETbCA
Big 6inbwocTi MK (puc. 2, Tabn. 2).

Cepea nopibHux knitmH Hebarato TeMHMX yHKUiOo-
HanbHO HeakTuBHUX [K, AKMM NpuTamaHHi S4po 3 KOHAEH-
COBaHMM XpOMaTWHOM, TeMHa LuTONnasma, ge posTallo-
BYIOTbCH BaKyOni3oBaHi opraHenu, OokpeMi ninigHi kpan-
nvHK Ta apibHi Besnkynu (puc. 3). MpucyTHICTb Taknx dopm
YaCTO PEECTPYETLCH Y PI3HUX TKaHWHAX Ta MyXfuHax i
BBAXaETbCA O3HAKOK OAHicl 3 hopm KNiTUHHOI 3armnbeni
(TemHoKniTMHHA 3armbenb) [18]. TpannAwTbCA TaKoX
oguHunyHi MK y ctaHi anonTody 3 XapakTepHUM ONA HUX
A0POM, Y SKOMY XPOMaTWH PO3MILLYETECA TEMHOK Macoko
B34OBX Hykneonnasmu, a SaepHWn MaTpuKkC NpPOCBITMIO-
€TbCA (pUC. 4), @ TaKoX OKPEMi HEKPOTUYHI KNITUHMW.

TCs in a state of division are found, the mitotic
index of an intact tumor is equal to 1.71 (Fig. 2, Table 1).
Such ultrastructure is typical for cells, the main functions
of which are proliferative and protein-synthetic activity
aimed at producing substances for their own needs.
A certain part of the TC population consists of small cells,
the ultrastructure of which, except for the size of the
nucleus, differs little from most TCs (Fig. 2, Table 2).

Among such cells there are a small number of dark
functionally inactive TCs, which are characterized by
a nucleus with condensed chromatin, dark cytoplasm
with vacuolated organelles, individual lipid droplets and
small vesicles (Fig. 3). The presence of such cells is
often recorded in various tissues and tumors and is
considered a sign of one of the forms of cell death
(dark cell death) [18]. There are also single TCs in a state
of apoptosis with their characteristic nucleus, in which
chromatin is placed in a dark mass along the nucleoplasm,
and the nuclear matrix (Fig. 4) is enlightened, as well as
individual necrotic cells.
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Ta6nuus 1. lHaekc MiTo3y y nyxnuHi MepeHa nicns cymicHOro 3acTocyBaHHs!
MerioKcMKamy Ta OnpoMiHeHHst y cymapHux gosax 1,0 ta 10 Ip, %
Table 1. Mitosis index in Guerin’s tumor after combined use of the drug meloxicam and irradiation in total doses of 1,0 and 10 Gy, %

Ipynu gocnimxkeHHs /| Groups under study

Cepii pocnigkeHHsA OnpomiHeHHs (O) YBeAeHHA MernoKcukamy Ta onpomiHeHHs, (MO)
Series under study Irradiation (I) Meloxicam administration and irradiation, (MI)
n X*Sx n X+Sx
IHTaKTHUI KOHTPOIb 4 171 +0.31 _ _
Intact control o
YBefeHHa menokcucamy " _ _
Meloxicam administration ! 0.85+0,18
OnpowmiHeHHs y aosi 10 Mp * —-—
Irradiation at a dose of 10 Gy 6 080024 6 0.50£0,08
OnpomiHeHHs y gosi 1,0 p . "
Irradiation at a dose of 1,0 Gy 5 0.76 £0,14 5 0.72£0,26

Mpumitkn:

* — AOCTOBIPHO Y MOPIBHSAHHI 3 iHTaKTHUM KOHTponeM, (p< 0,05)
** — AOCTOBIPHO y NMopiBHSAHHI 3 rpynoto O (Pwn), (p< 0,05)
Notes:

* — significant in comparison with intact control, (p< 0,05)

** — significant in comparison with group | (Pmp), (p< 0,05)

Puc. 2. MyxnuHHa KniTUHa iHTaKTHOI kapumnHomMu epeHa 3 Manum sapoM Ta MKy cTaHi MiTOTUYHOrO QineHHs.
M — miToxoHapii, PM — dirypa mitosy
Fig. 2. Tumor cell of intact Guerin’s carcinoma with a small nucleus and tumor cell in a state of mitotic division.
M — mitochondria, ®M — the figure of mitosis

Tabnuus 2. YactoTa KniTUH 3 ManumMu sgpamu y nyxnuHi lepexa
nicnsa CymiCHOro 3acToCyBaHHS MENOKCKUKaMy Ta OnpoMiHeHHS y cymapHux gosax 1,0 Ta 10 I'p, %
Table 2. The frequency of cells with small nuclei in Guerin’s tumor
after cobined use of meloxicam and irradiation in total doses of 1,0 and 10 Gy, %

Fpynu gocnigxeHHs /| Groups under study

Cepii pocnipxeHHs OnpomiHeHHs (O) YBeAeHHA Mernokcukamy Ta onpomiHeHHs (MO)
Series under study Irradiation (1) Meloxicam administration and irradiation, (MI)
n X£Sx n X£Sx
IHTaKTHMIA KOHTPONb 4 208+ 202 _ _
Intact control T
YBeaeHHs1 Mefiokcukamy " _ _
Mmeloxicam administration 4 324£2,19
OnpomiHeHHs y osi 10 I'p * —
Irradiation at a dose of 10 Gy 6 29,9£1,94 6 32.5£1.87
OnpomiHeHHs y gosi 1,0 p *
Irradiation at a dose of 1,0 Gy 5 26,7+2.1 5 36,7+ 4,69

Mpumitku:

* — [OCTOBIPHO Y MOPIBHSAHHI 3 iHTAKTHWUM KOHTponeM, (p< 0,05)
** — JOCTOBIPHO y NopiBHAHHI 3 rpynoto O (Pwn), (p< 0,05)
Notes:

* — significant in comparison with intact control, (p< 0,05)

** — significant in comparison with group | (Pmp), (p< 0,05)
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Puc. 3. TemHa nyxnuHHa KniTMHa iHTAKTHOI KapuuHomu lepeHa
3 MrerioMopdHUM SAPOM, BaKyOri30BaHOK LUTOMMIa3MoL0.
Bak — Bakyoni, Ep — eputpoumnt
Fig. 3. Dark tumor cell of intact Guerin carcinoma
with pleiomorphic nucleus, vacuolated cytoplasm.

Bak — vacuoles, Ep — erythrocyte

Y NyXAWHHIA TKaGHWHW TakoX MNPUCYTHI MarnoaKTUBHI
Makpodarm, siki MiCTATb HEBENMWKE CBITNE A4P0, iHOA NPUMX-
nuBoI hopmu, 3 LEKOHOEHCOBAHNM XPOMaTMHOM Ta 3BUYal-
Hi opraHenu y uuTOonnasmi: MITOXOHAPII, KOPOTKi npodini
rErncC, BinbHi pnbocoMn Ta nomicomu i, WO XapaKkTepHo
ONS UUX KIMiTUH, NEPBUHHI Ta BTOPWMHHI Nisocomu (puc. 5).

Puc. 4. MyxnuHHa kniTMHa iHTaKTHOI KapuuHoMu epeHa
y CTaHi anonTu4Hoi 3arndeni.
Al — agpo 3 o3Hakamu anonTosy, J1 — nisocomun
Fig. 4. Tumor cell of intact Guerin carcinoma
in a state of apoptotic death.
AN —nucleus with signs of apoptosis, J1 — lisosomes

Tumor tissue also contains inactive macrophages
having a small light nucleus often capricious in shape with
decondensed chromatin and common organelles in the
cytoplasm: mitochondria, short profiles of rEPR, free
ribosomes and polysomes, and, what is typical for these
cells, primary and secondary lysosomes (Fig. 5).

Puc. 5. ManoaktnBHuin makpoddar 3i CBIiTIMM SA4pOM Ta NEPBUHHMMM MiZ0COMamu
y umTonna3mi 6ins NyXnMHHOT KNiITUHW iHTaKTHOT kapumHomu FepeHa. M® — makpodar, MK — nyxnuHHa knituHa
Fig. 5. Inactive macrophage with light nucleus and primary lysosomes in the cytoplasm near tumor cell of intact Guerin’s carcinom

Mpwv BBeOEHHI MENOKCMBETY YNbTPacTPyKTypa BinbLUOCTi
MK 3anuwaetbcs Mmawke HE3MiHHOW, CMocTepiraeTbcs
nviwe aesike CnoTBOPEHHST (HOpMM SAep, KOHTYP SKUX CTae
3BMBUCTMM (puc. 6). Hanbinblw xapakTepHum Ans uiei
cepil cTae AOCTOBIpHE NagiHHA MITOTUYHOT akTuBHOCTI MK
Ta 3HauvyLle 3pocTaHHs dpakuii MK 3 manumu sgpamu Ta
(tabn. 1, 2, puc. 7). Ue HawToBXye Ha AyMKY MPO NEeBHWN
3B’A30K Mi>K PO3MipOM KNIiTUH Ta iX BNACTMBICTIO A0 AiNEHHS.

Micna onpoMiHeHHs1 y cymapHin gosi 10 Mp y 6aratbox
MK BiasHayaloTbCA NOMITHI NOPYLUEHHST (hopMU SAep, KOH-
TYp SKUX CTa€ 3BMBWMCTUM, YacTo 3 iHBariHaLiamu, 3'asns-
IoTbCA NnenomMopdHi sapa, ABosiAepHi Ta baratosgepHi
knitTuHn, MK 3 mikposgpamu, WO € XapakTepHUMU O3Ha-
kamu gii pagiauii (puc. 8, 9, 10, 11). Mpn LuLOMY AOCTOBIPHO
3HWKYETBCH PiBEHb MITOTUYHOI akTUBHOCTI (Tabn. 1).

When administering Meloxivet, the most TCs ultra-
structure  remains almost unchanged, there is only
some distortion of the nuclei shape, the border of
which becomes curly (Fig. 6). The most characteristic
of this series is a significant decrease in mitotic activity
of TC and a significant increase in the fraction of TC with
small nuclei (Table 1, 2, Fig. 7). This suggests a definite
relationship between cell size and their ability to divide.

After irradiation in a total dose of 10 Gy, many TCs
show the shape defects of the nuclei, the contour of
which becomes curly, often with invaginations, appearing
pleomorphic nuclei, binuclear cells, TCs with micronuclei,
which are typical signs of radiation (Fig. 8, 9, 10, 11).
This is accompanied by a significant decrease in mitotic
activity (Table 1).
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Puc. 6. MyxnuHHa knitTuHa kapuuHomu MepeHa
3 9APOM HenpaBunbHOI OPMM MiCNs 3aCTOCYBaHHA npenaparty
Fig. 6. Tumor cell of Guerin carcinoma
with the nucleus of irregular shape after application of the drug

YR

Puc. 7. I'pyna Manux nyxnMHHWUX KNiITUH KapuuHoMu MepeHa
nicns 3acTocyBaHHsi npenapary
Fig. 7. Group of small tumor cells of Guerin’s carcinoma
after application of the drug

Puc. 8. MyxnuHHa knituHa kapuuHomu epeHa
3 BEMUKUM S4POM HEMPaBUIbHOI (hopMU Ta 2 Manux NyxnuH
nicns ikc-onpoMiHeHHs y cymapHin gosi 10 I'p
Fig. 8. Tumor cell of Guerin’s carcinoma
with large nucleus of irregular shape and 2 small tumor cells
after x-irradiation in a total dose of 10 Gy

Puc. 9. MyxnuHHa kniTuHa kapuuHomu epeHa nicnsi
ikCc-onpoMiHeHHs1 y cymapHin fosi 10 p 3 nneomopHUM S4poM,
YiITKUMUK SiAEPUSIMU Ta 3BUYANHUMUW OpraHeniamm y LuTonnasmi
Fig. 9. Tumor cell of Guerin’s carcinoma after x-irradiation
in a total dose of 10 Gy with pleiomorphic nucleus,
distinct nucleoli and normal organelles in the cytoplasm

Puc. 10. [IBosgepHa nyxnuHHa KnituHa,
aapa Kol MICTATb rpyaKyBaTUin XpOMaTuH,
nicns iKkc-onpoMiHeHHs y cymapHin gosi 10 I'p
Fig. 10. Dinuclear tumor cell, the nuclei of which contain lumpy
chromatin after x-irradiation in a total dose of 10 Gy

Yacriwe BuasnswTees MKy ctaHi anontuyHoi 3arnbeni,
X04a piBeHb anonTo3y 3Ha4YyHO He BiAXWNSETBCS Bi KOHT-
ponto (tabn. 3). Lle Bignosigae nonepegHim cnoctepe-
KEHHAM, $Ki cBig4aTb, WO MocTpajiauinHnin  anonTo3
y nyxnuHax [epeHa carae Makcumymy uyepes 6 roguH,

Puc. 11. Mikposigpa y nyxnuHHUX KNiTUHaxX KapumHomu lepeHa
nicns ikc-onpoMmiHeHHs y cymapHin gosi 10 Ip. MA — mikposapo
Fig. 11. Micronucleus in one of the tumor cells
of Guerin’s carcinoma after x-irradiation in a total dose of 10 Gy.
M#A — micronucleus

TCs in a state of apoptotic death are more often found,
though the level of apoptosis does not deviate considerably
from control (Table 3). This corresponds to previous
observations, which show that post-radiation apoptosis in
Heren tumors reaches a maximum after 6 hours, while
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Todi K Ha nepwy o6y nicrns onpoMiHEHHS WOro piBeHb
3HUXKYETBCA [0 Maibke HopmarnbHuUX 3HadyeHb [15]. 36inb-
LUYETHCA TAKOX KiNbKICTb TEMHUX PYHKLiOHANbHO HEaKT1B-
Hux [MK, sk yacTo po3TawoByOTLCA rpynaMu. AKTUBHILLK-
MU CTaloTb Makpodaru, y LuTonnasmi SKnx Hakonm4yTbCs
BTOPWHHI fisocomu Ta Benuki harocomu (puc. 12).

on the 1st day after irradiation, its level decreases to
almost normal values [15]. The number of dark functio-
nally inactive TCs, which are often arranged in groups, is
also increasing. Macrophages, in the cytoplasm of which
secondary lysosomes and large phagosomes accumulate,
become more active (Fig. 12).

Ta6nuus 3. IHaekc anonTo3y y NyxnuHi fepeHa nicns cyMiCHOro 3acTocyBaHHs

MENOKCMKaMmy Ta OnpoMiHeHHs y cymapHux gosax 1,0 tTa 10 I'p, %

Table 3. Apoptosis index in Guerin’s tumor after co-administration of meloxicam and irradiation in total doses of 1,0 and 10 Gy, %

Ipynu pocnigxeHHs / Groups under study
Cepii pocnigxeHHs OnpomiHeHHs (O) YBeAeHHA Mernokcukamy Ta onpomiHeHHs (MO)
Series under study Irradiation (l) Meloxicam administration and irradiation, (MI)
n X+Sx n X*Sx

IHTaKTHWIA KOHTPONb 4 013+0.13 _ _
Intact control T
YBeAEHHSA Menokcmkamy
Meloxicam administration 7 0,18 +0,09 B B
OnpomiHeHHs y Aosi 10 'p "
Irradiation at a dose of 10 Gy 6 012£0,08 6 039+0,21
OnpomiHeHHs1 y aosi 1,0 Mp *
Irradiation at a dose of 1,0 Gy 5 0,07£0,08 5 032+0,14

Mpumitkn:

* — [OCTOBIPHO y NopiBHSAHHI 3 rpynoto O (Pwn), (p< 0,05)
Notes:

* — significant in comparison with group | (Pmp), (p< 0,05)

Puc. 12. AkTvBHUI Makpodpar y kapumHomi FepeHa nicns ikc-onpomiHeHHs y cymapHin gosi 10 I'p
3 HEBEMWKUM CBITNIUM S4POM NPUMXMBOI hopmu, Ta barocomamm y pisHMX CTafisx PO3CMOKTYBaHHSA y umutonnaami. C — darocoma
Fig. 12. Active macrophage in Guerin’s carcinoma after x-irradiation in a total dose of 10 Gy
with a small light nucleus of irregular shape, and phagosomes in different stages of resorption in the cytoplasm. ®C —phagosome

OnpomiHeHHs1 y cymapHin pos3i 10 'p npu3BoguTb
TakoX A0 3HA4YHOro 3pocTaHHA KinbkocTi MK 3 mManvmu
snpaMuy, ynbTpacTpykTypa SKUMX He Mae BiaXureHb Big
rpynu iHTAKTHOTO KOHTPOIIO Ta rpynu 3 yBEAEHHSIM TiNbKu
npenaparty (1abn. 1). YactuHa K 36epirae ynstpacTpyk-
TYpY, NPUTaMaHHy iHTaKTHIN NyXNuHi.

OnpomiHeHHs1 y cymapHin aosi 1,0 Mp BUKNMKae MeHLW
BMPaXeHi MOPYLUEHHS YNbLTPACTPYKTYpU Y MNyXIuHI, HiX
ue Big3HavaeTbcs npu Benukin [osi. Jluwe pgeski K
HecyTb O3HaKu pafiauiHol Aii, Npo Lo CBiAYMTb MpUCYT-
HICTb OKpPeMMuX OBOSIAEPHMX KNIiTUH, HE3HA4HOI KifbKOCTi
nnenomopdHux agep Ta mikposaep. Mpu wint fosi He BioOdy-
BaETbCS aHi anonTuUYHOI 3armbeni, aHi akTueaLii makpodaris,
SKi MICTATb Nnue okpeMi nepBuHHI nizocomn (puc. 13).
OpHak npu 060x 0o3ax MOKa3HMKU MITOTUYHOI aKTUBHOCTI
i 4YacTtoTM KNITMH 3 ManUMKW sApamMu 3anuwalTbCs Ha

Irradiation at a total dose of 10 Gy also leads to
a significant increase in the number of TCs with small
nuclei, the ultrastructure of which has no deviations
from the group of intact control and the group with the
introduction of only the drug (Table 1). The part of the TC
preserves the ultrastructure typical for an intact tumor.

Irradiation at a total dose of 1 Gy leads to less
pronounced damage of the ultrastructure in the tumor
than is observed at high doses. Only some TCs show signs
of radiation exposure, as evidenced by the presence of
individual dinuclear cells, a small number of pleomorphic
nuclei and micronuclei. At this dose, neither macrophages,
which contain only individual primary lysosomes, nor apop-
totic death are activated. (Fig. 13). However, at both
doses, the indicators of mitotic activity and frequency
of cells with small nuclei remain at the same level, low —
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O[lHAKOBOMY piBHi, HU3bKOMY — AFfS MITOTUYHOrO iHAEKCY,
i 36inblweHoMy — anga Yactotu apibHux MK.

for the mitotic index and increased — for the frequency
of small TCs.

Puc. 13. ManokTtuBHUI Makpodar y kapunHomi lepeHa nicns ikc-onpomiHeHHs y cymapHin gosi 1,0 I'p,
3 MePBUHHUMM Mi30COMaMK y LUTONMa3Mi cepes, MyXMHHMX KNiTUH
Fig. 13. Inactive macrophage in Guerin’s carcinoma after x-irradiation in a total dose of 1,0 Gy,
with primary lysosomes in the cytoplasm among tumor cells

Mpu cymicHOMy 3acTocyBaHHi npenapaTty Ta OnpoMi-
HeHHs y cymapHin posi 10 Mp nopyweHHa y agpax K
nopibHi Ao TUX, Lo cnocTepiraTbes Npu 4ii Tinbku pagia-
uii: HasBHICTb ABosiaepHuUx knituH, MK 3 mikposgpamm Ta
nneomopdHMU sgpamu, 36iNbLUEHHS KiNbKOCTi KMITUH Y
CTaHi anonTU4YHOI Ta TEMHOKMITUHHOI 3armbeni. Ane npu
LbOMY 3HVXEHHSI MITOTUYHOI aKTUBHOCTI Yy NYXIWHHIN TKa-
HWHI cArae HaHWX4YMX 3HadYeHb cepepn YCix AOCHigKEeHUX
rpyn, YoMy, O4eBUAHO, CNPUSE pajialinHe yparkeHHs saep-
HOro anapary, nocuneHe Aieto0 MernoKkCcuBeTy.

KombiHoBaHa pfis obox dhakTopiB Npu3BOAWUTb TaKoX
[0 BIipOrigHOro 3pocTaHHs iHAeKCcy anonTosy B Ui cepil
y MOPIBHSAHHI 3 Ai€l0 TiNbKM OMNPOMIHEHHS, LIO BKa3ye
Ha y4yacTb MernoKcukamy y CTUMYnsuiii Luboro npouecy.
BupasHiwoto cTae y uin cepii i dparouutapHa akTUBHICTb,
Npo WO CBiOYMTb He TiMbKM HasiBHICTb Makpodaris 3
BENIMKOK KiNMbKICTIO BTOPMHHUX Ii30COM Ta arocom y
Pi3HMX CTadisXx PO3CMOKTYBaHHs, ane n sasue emirpauii
MOHOUMTIB 3 CYAWH, OYEBWAOHO, ANS MOMOBHEHHS Myny
makpodparis (puc. 14). Kinekicte MK 3 gpibHumn sppamu
y Ui cepil 3HAUMMO BWLLE He TifNbKM Y MOPIBHAHHI 3
iHTaKTHUM KOHTpoOnem, ane N 3 rpynol ONPOMIHEHHS.
| 3HOB MpOCNIAKOBYETLCA 3aKOHOMIPHICTL MK PO3MipOM
MK Ta ctyneHem nponicdepaTMBHOT akTUBHOCTI.

When combining the drug and irradiation in a total dose of
10 Gy, the disorders in TC nuclei are similar to those ones ob-
served under radiation only: the presence of dinuclear cells,
TC with micronuclei and pleomorphic nuclei, an increase
in the number of cells in apoptotic and dark cell death.
However, the decrease in mitotic activity in tumor tissue
reaches the lowest values among all the studied groups,
which, apparently, contributes to the radiation damage to
the nuclear apparatus, enhanced by the action of Meloxivet.

The combined action of both factors also leads to
a reliable increase in the index of apoptosis in this series
in comparison with the action of radiation alone, which
indicates the participation of meloxicam in the stimulation
of this process. Phagocytic activity also becomes more
pronounced in this series, as evidenced not only by the
presence of macrophages with a large number of secondary
lysosomes and phagosomes at different stages of resorp-
tion, but also by the phenomenon of monocyte emigration
from blood vessels, apparently to replenish the macro-
phage pool (Fig. 14). The number of TCs with small nuclei
in this series is significantly higher not only in comparison
with intact control, but also with the irradiation group.
And again there is a regularity between the size of the
TC and the degree of proliferative activity.

Pwuc. 14. MoHouuT y kapumnHoMmi [epeHa nicns ikc-onpoMiHeHHs y cymapHin osi 10 p,
KN Mirpye 3 KaninsapHoi CyaAWHW A0 NYXIMHHOT TKaHWHW. ML| — moHouuT, Kan — kaninap
Fig. 14. Monocyte in Guerin’s carcinoma after x-irradiation in a total dose of 10 Gy,
which migrates from the capillary vessel to the tumor tissue. ML} — monocyte, Kan — capillary

OpuriHanbHi gocnigpKeHHs

72

Original research



YkpaiHCbKuiA pagionoriyHni Ta oHkonorivHum xypHan. 2021, T. 29. Ne 3. C. 63-75
Ukrainian journal of radiology and oncology. 2021;29(3):63-75

ISSN 2708-7166 (Print)
ISSN 2708-7174 (Online)

YNbTPacTPyKTYpPHI NOPYLUEHHS Y NyXNMHaxX TBapuH Npu
Al menokcmkamy Ta pagiauii y cymapHin gosi 1 I'p ineHTu4Hi
TUM, SIKi BUKINIMKaE OgHE ONpPOMIHEeHHSs Y Takiv Aosi. Lie okpe-
Mi nocTpagiauiviHi ypaxeHHs sgep (1K, Ta BigcyTHicTb
akTmBauii Makpodarie. [lpoTe yneTpacTpykTypa Manux
KNITUHHMX ¢hopM nepeTepnnoe Ginbl BMpasHi  3MiHW.
Y yacTuHi 3 HUX sigpa HabyBaloTb CMOTBOPEHOI chopmu,
unTonna3mMa HamnoBHIOETLCS  HEBENMUKUMWU  NPO30pUMM
Bakyonamu (puc. 15), y [eskux BUSABNATbLCA BEMNUKI
darocomu y CTaHi pO3CMOKTYBaHHSA CBOro BMICTY (puc. 16).
Bnnue Menokcukamy y nyxnuvHax LUiei rpynuM nposiBns-
€TbCS Y OOCTOBIPHMX 3MiHaX Takmx MOKa3HMWKIB, AK arnon-
TUYHWUI iHgekc Ta vacToTa K 3 gpibHumn agpamu. Tak, y
uin cepii, 9k i npu kombGiHaLii NpenapaTty 3 ONPOMIHEHHSAM
y posi 10 p, iHaekc All 3pocTae A0 3Ha4YeHb, HaWBULLMX
cepepf ycCiX OOCHIMKEHUX rpymn, WO MoXe OyTu Hacnigkom
MEXaHi3My MOHOBIIEHHS MPOLIECY anonTo3y, LUASAXOM Mpu-
rHIYEHHSA LIMKINOOKCUreHasn-2, 3a JOMOMOrol MENOKCHKaMmy.
YactoTta ApiGHMX KNiTUH Npu CyMICHiA Aii onpoMiHEeHHs
B 060X fo3ax i npenapaTy OOCTOBIPHO BULLE Y MOPIBHSAHHI
3 OOHWUM TiNbKN OMPOMIHEHHSIM.

Ultrastructural disturbances in animal tumors under
the action of meloxicam and radiation in a total dose of 1 Gy
are identical to those caused by a single irradiation at
such a dose. These are isolated post-radiation lesions
of TC nuclei, and lack of macrophage activation, although
the ultrastructure of small cell forms undergoes more
pronounced changes. In some of them the nuclei acquire
a distorted shape, the cytoplasm is filled with small transpa-
rent vacuoles (Fig. 15), in some — large phagosomes are
found in the state of resorption of their contents (Fig. 16).
The effect of meloxicam in tumors of this group is manifes-
ted in significant changes in such indicators as the apop-
totic index and the frequency of TCs with small nuclei.
Thus, in this series, as in the combination of the drug with
irradiation at a dose of 10 Gy, the AP index increases
to the highest values among all studied groups, which
may be due to the mechanism of resumption of apoptosis
by inhibition of cyclooxygenase-2 by meloxicam. The frequen-
cy of small cells with the combined action of irradiation
in both doses and the drug is significantly higher compared
to one irradiation.

Puc. 15. [dpibHi nyxnuHHI KNiTUHW 3 agpamMu CroTBOPeHoi hopmu
Ta BaKyoni3oBaHO0 LIMTONNas3Moto y kapumHomi epeHa nicns
BBEAEHHS npenapaTy Ta onpoMiHeHHs y cymapHin gosi 1,0 I'p
Fig. 15. Small tumor cells with distorted nuclei and vacuolated

cytoplasm in Guerin’s carcinoma after drug administration
and irradiation. in a total dose of 1,0 Gy

Takum 4YnHOM, NpPOBEeAEHi AOCMiIOKEHHA nokasanu, Lo
pakuiviHe iKC-oNnpoMiHEHHS NyxnuHK epeHa y cymapHin
posi 10 p Buknukae nopyweHHs ynstpacTpykTypu [MK,
nepeBaHO MOB'A3aHi 3 ypaXeHHAM sOepHoro anapary
kniTuH. Cnocrepiraetbcs nnenomopdisam sigep, nosisa oBo-
apepHnx MK Ta mikposgep, AOCTOBipHE nafiHHA nponi-
cepaTMBHOI aKTUBHOCTI, [eske MiABULLEHHSA iHAeKcy
anonTtody. BigsHavaeTbCa TakoX CTUMYRAUiS  yHKUiO-
HanbHOI AisnbHOCTI Makpodparis. [pu aii  pagiauii y
cymapHii fosi 1,0 'p nopibHi edekTn BUpaxeHi MeHLue,
abo 30BCiM BiACYTHI, SIK, HaNpuknag, npouecy daroynTosy.
MokasHuk 4actotm (K 3 mManummn ggpamum  0gHaKoBO
BiporiaHO NigBULLEHWIA Npu 060X A03aX ONPOMIHEHHS.

YBefeHHA MenoKcukamy NpuMBOAUTbL OO0 OOCTOBIPHOMO
3HWXKEHHS  nponidpepaTMBHOI  aKTUBHOCTI, WO MOXe
BinOyBaTncs BHACNIOOK apecTy KIITUHHOMO LMKNY, $K
ue cnoctepiraetbes gnsa iHwux HM3M [19], a Takox Ao
3pOCTaHHA 4acToTU Manux KnituH. MNpu uboMy ynbTpa-
CTPYKTYpHa KapTuHa NyXfUHW Maike He 3MIHIOETbCS.

Mpu cymicHin aii pagiauii B 060x go3ax Ta Menokcu-
KaMmy nopylieHHs ToHkoi 6ygoBu K igeHTUYHI TuMm, Wwo
BUSBMSIOTLCA MPU OQHOMY TifNbKW OMpoMiHeHHi. lMopsag 3
TMM Jo[aTKoBe 3acTOCYBaHHs MpenapaTy nepen onpomi-
HeHHsiM y cymapHii posi 10 p npuBoguTb A0 GinbL

Puc. 16. Benuka darocoma y ctaHi po3CMOKTYBaHHS CBOro BMICTY
y Maniv NyxnnHHIA KNiTMHW kKapumHoMuy [epeHa
nicnsa BBeAEHHS npenaparty Ta onpoMiHeHHs y aosi 1,0 I'p
Fig. 16. Large phagosome in the state of resorption of its contents
in a small tumor cell of Guerin’s carcinoma
after drug administration and irradiation in a total dose of 1,0 Gy

Thus, studies have shown that fractional X-irradiation
of Heren tumor at a total dose of 10 Gy causes distur-
bances in the ultrastructure of the TC, mainly associated
with damage to the nuclear apparatus of cells. There is
pleomorphism of nuclei, the appearance of dinuclear TCs
and micronuclei, a significant decrease in proliferative
activity, some increase in the apoptosis index. Stimulation
of functional activity of macrophages is also observed.
When exposed to radiation in a total dose of 1 Gy, such
effects are less pronounced or absent, e.g. phagocytosis.
The frequency index of TCs with small nuclei is equally
likely to increase at both doses.

Administering meloxicam leads to a significant decre-
ase in proliferative activity, which may occur due to cell
cycle arrest, as observed for other NSAIDs [19], as well as
to an increase in the frequency of small cells. At the same
time, the ultrastructural picture of a tumor almost does
not change.

With the combined action of radiation in both doses
and meloxicam, the disorders of the fine TC structure are
identical to those ones detected by a single irradiation.
The additional use of the drug before irradiation in a total
dose of 10 Gy leads to a more pronounced decrease
in the mitotic index than under the action of a single
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BMPA3HOro 3HWXEHHS MITOTUYHOrO iHAEKCY, HiX npwu Aail
opgHoro onpomiHeHHst (p < 0,05). Kpim Toro, npun 06ox gosax
[OCTOBIpHO 3pocTae YacTtota Manux dopm MK, Ha BigMiHY
BiJ MOKa3HWKIB He TifbKW Yy rpyni iHTaKTHOrO KOHTPOSIO,
ane n y cepii oNpoMiHeHHs Yy BiANOBIAHIN A03i. Tinbkn y
KoMOGiHaUii 3 oNpOMiHEHHSIM MENOKCUKaM 3Ha4YHO CTUMYIIHOE
anonTos, TOAi AK B iHLWMX cepiax Noro iHAEKC 3anuwiaeTbca
Ha PiBHi KOHTPOMNbHMX 3HAYEHb.

Byna nigTBepaXeHa 3anexHicTb, fka MOCTIMHO BUSIB-
nsnacs B YCiX eKCnepuMeHTanbHUX rpynax, MiX 3HVKEHHAM
piBHS MITOTUYHOrO iHOEKCY Y KapuuHoMi [epeHa i 3pocTaH-
HAM yacTku K 3 manumu aapamu. BctaHoBReHa HasBHICTb
3BOPOTHOIO KOPEMAUINHHOMO 3B’A3KY MK LMW MOKasHU-
kamu npu r = 0,80, Ta P = 0,05.

BUCHOBKHU

1. NokanbHe dpakuifnHe iKC-ONPOMIHEHHSA KapLUMHOMU
lepeHa yepe3 1 poby BuKnMKae BupasHi noctpagiauiviHi
NOPYLUEHHS YNBTPacTPYKTYPW MYXITMHHUX KMNiTWH, NOB’A3aHi
3 YPaKEHHAM KNiTUHHOTO S4pa, MEHLL BUPaXKeHi Npu 3acTo-
CyBaHHi pagiauii y cymapHin gosi 1,0 I'p, Hix npu gosi 10 p.

2. Menokcukam, He BNNvMBaK4mM Ha TOHKY OyaoBY KNiTWH
kapunHomun [epeHa, NMOMITHO ranbMye mnponidepaTuBHY
aKTUBHICTb Y MYXMUWHi Ha TNi 3pOCTaHHs Y Hin vactoTn MK
3 ManuMu sapamu.

3. Mpwu cymicHin gii 060x gocnigKyBaHUX YNHHMKIB 3Mi-
HU YNbTPACTPYKTYpU B MNyXIIMHIi OOYMOBMOIOTBLCA nepe-
Ba>KHO OMPOMIHEHHSIM.

4. YBeOeHHs Mernokcukamy nigBullye edeKTUBHICTb
CYMICHOrO 3acTocyBaHHS 000X TepaneBTUYHWMX (DaKTopiB
BHACnigoK WMOro BRAacTMBOCTI AOCTOBIPHO ranbMyBaTu
nponidepatMBHy aKTUBHICTb Ta CMApUATM MOcTpagiauin-
HOMY PO3BWUTKY anonTo3y y MyXMWHHIN TKaHWUHI.

5. HasaBHicTb kOpensAuiiHOi 3aneXHOCTi MK MITOTUY-
HMM iHOEKCOM Ta 4acTOTOK KMiTMH 3 ApibHUMK sapamu
y nyxnuHi FepeHa MoXe CBiQYMTM MPO B3AEMO3B’A30K
NpoLEeCiB KNITUHHOIO POCTY i AiNEeHHS.
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irradiation (P< 0.05). Besides, at both doses, the frequency
of small forms of TC increases significantly, in contrast
to the indicators not only in the group of intact control,
but also in the series of irradiation at the appropriate dose.
Only in combination with irradiation, meloxicam signifi-
cantly stimulates apoptosis, while in other series its index
remains at the level of control values.

The relationship between the decrease in the level
of the mitotic index in Heren carcinoma and the increase
in the proportion of TCs with small nuclei was confirmed
in all experimental groups. The presence of an inverse
correlation between these indicators was established
atr=0.80, and P =0.05.

CONCLUSIONS

1. Local fractional X-irradiation of Heren carcinoma
after 1 day causes pronounced post-radiation disorders of
the ultrastructure of tumor cells associated with cell nucleus
damage, less pronounced when using radiation at a total
dose of 1,0 Gy than at a dose of 10 Gy.

2. Meloxicam, without affecting the fine structure of
Heren carcinoma cells, markedly inhibits the proliferative
activity in the tumor against the background of increasing
frequency of TCs with small nuclei.

3. In case of combined action of both investigated
factors, changes of ultrastructure in a tumor are caused
mainly by irradiation.

4. Administering meloxicam increases the effective-
ness of the combined use of both therapeutic factors due to
its ability to significantly inhibit proliferative activity
and promote post-radiation development of apoptosis
in tumor tissue.

5. The presence of a correlation between the mitotic
index and the frequency of cells with small nuclei in
Heren tumor may indicate the relationship between cell
growth and division.
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Prospects for further research

Further research is planned to be focused on studying the antitumor
effect of COX-2 inhibitors not only in the experiment, but also in
patients with cancer of different localization, since the electron
microscopic method makes it possible to visualize and assess the
structural and functional state of all tumor components, including the
environment. Comparison of diagnostic and prognostic markers
with the ultrastructure of these tissues may enhance the under-
standing of the mechanisms of action of COX-2 inhibitor therapy.
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