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Evaluation of Antitumor Effect of Combined Application of
Cryoablation and Microwave Hyperthermia in the Experiment

B pabore 060cHOBaHO KOMOMHHUPOBAaHHOE TPUMEHEHHUE JIOKAIBHOW KPUOIECTPYKIMH 1 nocienyorieii CBU-runeprepmueii capkoMsl
37 y MbllIei ¥ KapuUuHOMBI ['epeHa y Kpblc. YCTaHOBIIEHO, YTO Yepe3 CYTKHU M0CJIe KPUOASCTPYKIIMU OIIyXOJIM B HEHl pa3BUBaeTCs
COCYIUCTBIH cTa3 M pH ciBUraercs B LIENIOYHYIO CTOPOHY, YTO CO3JAeT OJIArONpPUSATHBIC YCIOBHS IS NPOBEACHHS MOCIHIEIYIOIEeH
CBUY-runeprepmun. [Ipn KOMOMHHPOBAaHHOM HCIOJIb30BaHUM KpHonecTpykiuu 1 CBY-runeprepMun KOJIMYECTBO MOJHOCTBIO
M3JICYCHHBIX )KUBOTHBIX Ha 30% BbIIIIE 110 CPABHEHUIO C MOHOTEPAINEH, a NPOIOKUTEIIBHOCTD KU3HYU AKUBOTHBIX YBEIHMYUBACTCS B
1,5-2 pa3a He3aBUCHMO OT THCTOT€HE3a IepBUYHON omyxonu. IlondydeHHble pe3yapTaThl MOT'YT CIYXHUTh SKCIIEPUMEHTAIbHBIM
000CHOBaHHEM U151 KOMOMHUPOBAHHOTO UCIIOJIB30BaHUSI KPHOAECTPYKIMH ¢ nocnenytomeid CBU-runeprepmueii omyxomnesoro oyara
B KJINHUYECKOM MTPAKTHKE.

Knioueswie cnosa: xpuonectpykiust, CBU-runeprepmust, poTHBOOIyX0s1eBast 3pHeKTHBHOCTD, IKCIIEPUMEHTAIBHBIC OIYXOJIH.

VY poboti 00rpyHTOBaHO KOMOIHOBaHE 3aCTOCYBaHHs JIOKAIBHOI KpiopecTpykuii i nopansimoi HBY-rineprepmii capkomu 37 y
muniel i kapuuHomu ['epena y niypis. BeranoBneHo, 1o yepe3 qo0y micist KpiofecTpyKuUii MyX/IMHH B Hili pO3BUBAETHCS CYIUHHUMA
cra3z i pH 3mimyerbes B nyxHHUT OiK, 110 CTBOPIOE CIPHUATINBI YMOBH Ui nposeneHHs nopansinoi HBU-rineprepmii. [lpu
KOMOiIHOBaHOMY BUKOpHUCTaHHI KpiogecTpykiii i HBU-rineprepmii KiibKicTh MOBHICTIO BUITIKyBaHHUX TBapyH Ha 30% BHILa B TOPiBHIHHI
3 MOHOTEpAIi€I0, 3 TPUBAJIICTH )KUTTS TBAPHH 301IbLIYEThCS B 1,5—2 pa3u He3aIeXkKHO BiJ] TICTOreHe3y NepBUHHOT MyXJIuHU. OTpUMaHi
pe3yJbTaTi MOXKYTh OyTH eKCIIEpUMEHTAIbHUM OOTPYHTYBAaHHSIM JUIsl KOMOIHOBAaHOTO BUKOPHUCTAHHS KPIOASCTPYKLIT 3 MOJAJIBIIO0
HBUY-rineprepMieio MyXJIMHU B KIIHIYHIH MPaKTHL.

Knrouogi cnosa: xpionectpykuis, HBU-rineprepmisi, IpOTHITyXJIMHHA €(pEKTHUBHICTD, EKCTIEPUMEHTAIIbHI Ty XJIMHU.

The study deals with assessment of combined application of cryoablation with following local microwave hyperthermia of
sarcoma 37 in mice and Guerin’s carcinoma in rats. It was found that one day post cryoablation of tumor there was a vascular stasis
and pH shifted to the alkaline values, that provided favorable conditions for performing microwave hyperthermia. After using the
combination of cryoablation and microwave hyperthermia the number of totally recovered animals was by 30% higher if compared
with monotherapies, and life span of animals increased by 1.5-2 times, regardless of the primary tumor histogenesis. The results can
serve as an experimental basis for combined application of cryosurgery with following microwave hyperthermia of the tumor in clinical

practice.

Key words: cryoablation, microwave hyperthermia, antitumor efficiency, experimental tumors.

OnHOM U3 BAKHBIX 33/1a9 COBPEMEHHON METUITIHBI
SBJISETCSA MOBBIICHUE dPPEKTHBHOCTH HIUPOKO
HCIOJIB3YEMBIX U TMOUCK HOBBIX METO/OB JICUCHHUS
3710Kau€CTBEHHBIX 3a00JIEBaHUH, TAK KaK TPaAULUOH-
HBIE (XUPYPTHUYECKUiL, Ty4eBOH, XUMUOTEpaneBTHIeC-
KU ¥ X KOMOMHAIINH ) HE BCETAa JOCTaToYHO Y pek-
TUBHBI. B HacTosi1IIee BpeMst U151 JIeUeHUS paKa KOXKH,
r'yOBbl, HOJIOCTH PTa U A3bIKA UCIOIB3YIOT pa3HbIE Me-
TOJIBI, B 3aBUCHMOCTU OT Pa3MEpPOB U JIOKAIN3AIUH
OITyXOJIH, B YACTHOCTHU OJTM3KO(OKYCHYIO PEHTTCHOTE-
panuo ((HpaKkIHOHHOE 00IyUYCHHUE ), TOKATBHYIO KPHO-
nectpykuunto 1 CBU-runeprepmuto. [lokazana Beico-
Kast 3pPeKTUBHOCTH KPUOTEHHOTO METO/Ia TIPH Jieue-
HUH IIEJIOTO psifia JOOPOKaYeCTBEHHBIX M 3JI0Ka4eCT-
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One of the important problems of modern medicine
is to improve the widely used methods of treating
malignancies as well as the search of new approaches,
as the traditional ones (surgery, irradiation, chemothera-
py and its combinations) are not always enough
effective. Nowadays, the treatment of cancer, particu-
larly cancer of skin, lips, mouth and tongue involves
different methods, depending on the size and location
of the tumor. Among them there are widely used short-
distance radiation therapy (fraction irradiation), local
cryoablation and microwave hyperthermia. Cryogenic
method is shown to be highly effective in the treatment
of a number of benign and malignant tumors of skin
and mucous membranes, brain, parenchymal organs,

'P.L. Shchupik National Medical Academy, Kiev, Ukraine
’R.E. Kavetsky Institute of Experimental Pathology, Oncology
and Radiobiology of the National Academy of Sciences of
Ukraine, Kiev, Ukraine

* To whom correspondence should be addressed: 9,
Dorogozhitskaya str., Kyiv, Ukraine 04112; e-mail:
vusal_sh@mail.ru

problems
of cryobiology

Vol. 22, 2012, Ne4



BEHHBIX OIYXOJIEH KOXH U CIM3UCTBIX 000JIOUEK,
TOJIOBHOTO MO3Ta, MAPEHXUMATO3HBIX OPTAHOB U T. I.
[1, 6, 8]. OgHako mpuUMEHEHUE HU3KOTEMIIEpaTypHOU
JIECTPYKIIUHU OITyXOJe# OONBIIOro pa3Mepa He Beerna
paaukansHo. [IpyuunHON HEeynay, Kak MPaBUIIO, IBISET-
€51 HEAOCTATOYHO MOJHOE pa3pyllIeHHUEe BCEX OMyXoJe-
BBIX KJIETOK, HAXOISIIUXCS B OOJACTH BO3ICHCTBUS
[8, 13]. OTum 00ycnoBieH AalbHEHIINI TOUCK Ty TeH
COBEPIICHCTBOBAHUS KPHOTEHHOT'O METOa JICUCHHUS,
HaIpaBJIEHHBIX Ha YBEIMYCHHUE CTETICHU JECTPYKITUU
3JIOKaYECTBEHHBIX KIJIETOK 3a CUET, B YaCTHOCTH, HC-
MIOJTH30BaHUS 00JIee HU3KUX TEMIIEPATYP, U3MCHEHHS
CKOpPOCTEH OXJIaXKICHHS U OTOTPEBA TKAHU, TPUMEHE-
HUS IOBTOPHBIX ITUKIIOB 3aMOPaXUBAHUSI-OTTANBAHUS
U T. A. [7]. OnHuM U3 myTei nosbimeHus 3G dexTus-
HOCTH JICYCHUS SIBIISETCS KOMOMHHPOBAHHOE UCTIONb-
30BaHue kpuoreHHoro Merona u CBU-runeprepmuu
[10].

l'uneprepmust — mepCHEKTUBHBIA METOJT JICUEHUS
3II0KaYECTBEHHBIX HOBOOOpa3oBaHwuii [4, 15]. MHoro-
YUCJICHHBIC UCCIICIOBAHUS TTOKA3aIH, YTO TEPMOUYB-
CTBHUTEIILHOCTH OITYXOJICBOU TKAHU 3aBUCHT OT BBIpa-
YKEHHOCTH B HEH BACKYJISIPU3AIINH ¥ KPOBOTOKA, YPOBHS
p0,u pH u T 1. [2, 4, 14, 15]. IlosTomMy coueTanue
JIBYX GU3U4eCKHUX (DAKTOPOB IMO3BOJIUIIO 3HAYUTEIHHO
YBEJIMYUTH CTETICHB JIECTPYKIIUU JOOPOKaueCTBEHHBIX
Y 3JI0KaYeCTBEHHBIX HOBOOOPA30BaHUA, CHU3HUTH Yac-
TOTY UX PELUIUBUPOBAHUS U TEM CaMbIM MOBBICUTH
pamuKanbHOCTG JeueHus [2, 7,9, 11].

Lenp mamHOTO HCclienoBaHuS — 000CHOBaHUE
1enecoo0pa3sHOCTH KOMOMHHUPOBAHHOTO HCIONB30-
BaHUs KPHOJAECTPYKIMH ¢ ocnenyromeit CBU-runep-
TepMUEH MPU JCUSHUH >KUBOTHBIX C NIEPEBUBAEMBbI-
MH OTIYXOJISIMU Pa3IMIHOTO TUCTOTEHE3A.

Matepmnanbl 1 metoAbI

OKCTIepUMEHTAIBHBIE NCCIIEIOBAHMS TPOBEICHBI
Ha 50 OGecrmoponHbIx OenbIx Kpbicax mMaccoit 100-—
150 r u 50 GecroponHbIx MbIax Maccoit 25-30 T,
MOJYYEeHHBIX U3 BuBapus KueBckoro HamoHaabHOTO
yauBepcuteta uM. T.I.11leBuenko. YcnoBus cogepxa-
HUS J)KUBOTHBIX M paboTa ¢ HUMU COOTBETCTBOBAJIH
MEXAYHapOIHBIM IpaBUIaM IPOBEIEHUs padoT C
JKCTIIEPUMEHTAIbHBIMU )KUBOTHBIMU. B KauecTBe Mo-
JIEJIA OITyXOJIEBOTO POCTa MCIIOJIb30BaIN KapLIUHOMY
I'epena u conuanyro Gpopmy capxomsr 37. KosruecTro
YKU3HECTIOCOOHBIX OITyXOJIEBBIX KJIETOK ITPH BBEACHUN
cocraysuio 10° B3Bech OMyXOJIEBBIX KIETOK B U30-
toHn4YeckoM pactBope NaCl BBommmu B 06beme 0,1 mit
Jutst Mbrmei 1 0,3 M1 Ut KpBIC 1O/ KOXKY Hapy KHON
[TOBEPXHOCTH HIDKHEH Tpetn roienu. Yepes 12—-14 cy-
TOK HOCJIE BBEJCHUS OMYXOJIEBBIX KJIETOK KUBOTHBIX
pas3zensuin Ha 4 TpyNIbl Tak, YTOOBI CpeiHUil 00beM
ommyxoJei B rpynmnax ObUT OAWHAKOBBIM: 1 — Kpuo-
nectpykuus (K/) omyxonm; 2 — KpuoaeCcTpyKIus ¢
nocnenyromiei (uepes 24 1) runeprepmueii (I'T) (K]
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etc.[1, 6, 8]. However, application of low-temperature
destruction of large sized tumors is not always efficient.
The cause of failures, as a rule, is a non-complete de-
struction of all tumor cells in the exposure area [8,
13]. This fact stimulated a further search for ways to
improve the cryogenic treatment in terms of streng-
thening the degree of destruction of malignant cells,
that could be reached, in particular, by application of
lower temperatures, changing the rates of cooling and
rewarming of the tissue, using the repeated freeze-
thawing, efc. [7]. One of the ways to improve the effi-
ciency of the cryogenic method is a combined appli-
cation together with microwave hyperthermia [10].

Hyperthermia is a promising way of treating malig-
nancies [4, 15]. Numerous studies have shown that
the temperature sensitivity of malignant tissue depends
on the degree of its’ vascularization and blood flow,
the level of p0, and pH, etc. [2, 4, 14, 15]. Thus, the
combination of two physical exposures allowed to
significantly increase the degree of destruction of
benign and malignant tumors, reduce the frequency of
relapses and, thus, to increase efficacy of treatment
[2,7,9,11].

The aim of this research was to study the feasibility
of the combined use of cryoablation followed by micro-
wave hyperthermia in the animals with transplanted
tumors of different histogenesis.

Materials and methods

Experimental studies were carried out in 50
breedless white rats of 100—150 g and 50 bredless mice
of 25-30 g provided by the Shevchenko Kiev State
University. The animals’ keeping and all the procedures
were performed according with international regula-
tions. For modeling the tumor development we used
Guerin’s carcinoma and solid form of sarcoma 37. The
number of viable tumor cells for each inroduction was
10°. Suspension of tumor cells in iso-tonic NaCl solution
was injected in a volume of 0.1 ml into mice and 0.3
ml into rats under the skin of outer surface of the lower
third of leg. In 12—14 days after tumor cell introduction
the animals were divided into 4 groups, keeping the
average tumor dimensions in the groups to be similar:
Group 1 — tumor cryoablation (CA), Group 2 — cryo-
ablation followed (after 24 hours) by hyperthermia
(CA + HT); Group 3 — hyperthermia (HT); Group 4 —
the control of tumor development. Cryoablation was
performed using the applicator Krioton-3 (Ukraine)
with the temperature on the applicator surface of
—160°C. Temperature control in the freeze-thawing
cycles was performed using copper-constantan ther-
mocouples, two of which were introduced in the injec-
tion needles (thermal sensors) and the third was enca-
sed in a cryogenic unit. Thermocouple on the probe
allowed to control the cooling rate and the final tempe-
rature of the operating surface of the cryogenic system.
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+1I'T); 3 —runeprepmus (I'T), 4 — KOHTpOIB OITyXO0IIE-
BOro pocTta. KproaecTpyKITfio BBITOIHSIIN allTUINKATO-
pom «KpuotoH-3» (YkpanHa) c TeMeparypoii Ha ero
noBepxHocTH —160°C. TemnepaTypHbIil KOHTPOJIb B
LUKJIE 3aMOPaXMBaHHUA-OTTauBaHUs OCYILECTBIISUIN C
[TOMOIIIbIO ME/Ib-KOHCTaHTAHOBBIX TEPMOIIAp, ABE U3
HUX OBIIM BBEACHBI B MHbEKLIMOHHBIC UITIBI (TEPMO-
JaTYMKH), a TPEThsI — BMOHTUPOBAaHA B KOPITYC KPHO-
TEHHOr0 ycTpoiicTa. TepMonapa Ha 30H,1€ TO3BOJISLIA
KOHTPOJUPOBATh CKOPOCTDH OXJIAXKICHUS 1 KOHEYHYIO
TemmepaTypy pabodeii 4acT KpHOT€HHOTO aniapara.
TepMoraTuMKy BBOAWIIM HA TPAHUIY HOPMAJIBHOU U
OITYXOJIEBOW TKaHU TaK, YTOOBI OHW HaXOAMIINCH B
KpaifHUX MOJIOKEHUAX 10 OOJIBIIEMY THaMETpPY OITy-
xonu. [Tokazanus TepMonap perucTpupoBaIi MOTEH-
nuomerpoM KCII-4 u kommyTtaropom ®-240, mo3so-
JSIOUIMM CHUMATh MIOKa3aHMsI BCEX TPEX TepMoIap ¢
yactotod 0,5 I'u. [ns ctangapTu3anuu mnpoiecca
3aMOpPaKUBAaHUSA-OTTaUBAHMS OXJIAXKICHUE OITyXO0JIel
MpeKpalialyd Npu JOCTHKEHUH Ha TepMOJAT-4HhKax
temrepatryp —10...—15°C. HUcmons30BaHue TaKux
Temmneparyp o0yCIOBIEHO TeM, YTO MpH Oojiee HU3-
kux Temnepatypax (—20...—30°C) Bo MHOTHX CITyJasix
(ocobenno y Mplmeit) Habmogancs HEKPO3 BCEH
KOHEYHOCTH C MOCIEAYIOMUM (depe3 3—5 CyTOK) OT-
TopkeHrneM. [IpogomKUTeTbHOCTh HU3KOTEMITEpa-
TYpPHOTO BO3JIEMCTBHS 3aBUCENA OT Pa3MEPOB OITYXO-
neit. IlpogomxurensHocts KJ[ cocrasmsina ot 30 ¢
10 3,5 muH. TkaHp 3aMOpa)XMBajld OJHOKPATHO C
MOCJIEAYIOLINM €CTECTBEHHBIM €€ OTTanBaHueM . s
I'T mpumensuin CBY-reneparop «Pomamxa» (Poc-
cust). MOIHOCTh N3TYYEeHUS Ha aHTEHHE COCTaBIIsLIA
10 Bt npu uacrote msnyuenus 460 MI'n. Harpes
KOHEYHOCTH C OITyXOJIBIO OCYIIECTBIISIIH 10 TeMIIepa-
TypsI 42...43°C, KOHTPONHPYS €€ TEMH Ke TEPMO/IaT-
YUKaMH, YTO U TPH KPHOAECTPYKIHH. Temreparypy B
OITYXOJIM PETUCTPHUPOBAIIN HA TOM K€ 000pyIOBaHNUH,
gto 1 npu KJ[. Dxcmo3umus HarpeBa 3aBucesna OT
pasMepa OImyXoJId U cOCTaBysuIa st Kphic 3050 MuH,
a Juig mblareid — 15-30 MuH.

Jna onpenenenus pH B omyxonu nocie KJI nc-
nonb3oanu pH-merp «k EUTECH pH 510» (Cunra-
myp). st aToro uepes 1, 24 u 48 u nocne K1 onyxomb
HCCEKaJIM ¥ TOMOreHu3upoBany. KoHtponem ciyxuia
OIlyXOJIeBasl TKaHb, HE MMOABEPrHYTasi BO3ICHCTBUIO
HU3KHUX TeMmeparyp. Ouenky pH npoBoauiu B roMmo-
TeHare OIyXOJIEBOM TKaHW cpasy IOocie €€ U3Melb-
yenusi. Hapsiay ¢ 9TiM, BBINONHSIHN noJsiporpadudec-
KM€ MCCIIEI0BAHMS HANpsuKeHus kucinopona (pO,) B
OITYXOJIEBBIX TKAHSX in Vivo, 9TO TIO3BOJISIET OLIEHNUTh
BIUSHUE HU3KUX TEMIIEpaTyp Ha OOMEHHBIE TpoIlec-
Cbl B 001acTu Bo3aercTBUs. Yposens pO, onpenens-
JIM B OIyXOJIEBBIX TKaHAX (capkoma 37) 1o u mocie
BO3CHUCTBUS HU3KUX TeMnepaTyp. B pabote ucmnosns-
3oBanu nossiporpag LP-60 (Benrpus). [lokazarenn
KHCJIOPOJTHOTO peXuUMa TKaHEH ONpEeAeNsn C Io-
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Thermal sensors were introduced to the boundary of
the normal and tumor tissues placing them in the
extreme positions on the larger diameter of the tumor.
Thermocouples readings were performed using
potentiometer KSP-4 and F-240 switch, able to read
all three thermocouples with a frequency of 0.5 Hz.
To standardize the process of freeze-thawing the
cooling of tumors was ceased after reaching the sensor
temperature of —10...—15°C. Using of namely these
temperatures was due to the fact that at lower
temperatures of —20...-30°C, es-pecially in mice, we
observed in many cases a necrosis of the entire limb
with subsequent (in 3—5 days) rejec-tion. Duration of
the low temperature exposure was determined basing
on dimensions of particular tumor. Duration of
cryoablation was 30 sec to 3.5 min. Freez-ing was
performed once, followed by spontaneous thawing of
the tissue. Hyperthermia was performed using a
microwave generator Romashka (Russia). The
irradiation power at the antenna was 10 W at a irradia-
tion frequency of 460 MHz. The heating of the limb
with tumor was performed up to the temperature of
42...43°C, with the control of the same sensors as
during cryoablation. Recording of the temperature in
the tumor was performed using the same devices as
at cryoablation. Heat exposure duration depended on
the size of tumors and for rats it was 30—50 min, and
for mice it made 15-30 minutes.

To determine pH in the tumor after the cryoablation
we used EUTECH pH 510 pH meter (Singapore). To
do this, the tumors were excised and homogenized in
1, 24 and 48 hours after cryoablation. The tumor tissue
not subjected to low temperature exposure served as
control. pH was evaluated in the tumor tissue homoge-
nates immediately after grinding. Along with this, the
polarographic studies of oxygen tension (pO,) in tumor
tissues were conducted in vivo, which allowed us to
estimate the contribution of low temperature exposure
to the metabolic changes in the affected area. The
levels of pO, were determined in tumor (sarcoma 37)
tissues before and after low temperature exposure. In
the experiments we used LP-60 polarograph (Hunga-
ry). Measurement of the oxygen exchange indices in
tissues was performed with a special platinum electro-
de. As an auxiliary one we used a saturated calomel
electrode. The potential difference between the elect-
rodes was 0.65 V. The electrodes were calibrated in
0.9% NaCl solution at room temperature according
Berezovskiy [5]. Using special functional techniques
we investigated the parameters of oxygen exchange
indices in tissues: the rates of oxygen saturation and
oxygen consumption by the tissue in vivo. All the pro-
cedures were carried out under sodium etaminal anes-
thesia (40 mg per kg intraperitoneally). The animals
were fixed to specially made frame, the hair was re-
moved with a depilatory. Antitumor efficacies of CA,
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MOILBIO CIIENNANIBHOTO IIATHHOBOTO 31eKTpoaa. Kak
BCHOMOTATENbHBII HCTIOJIB30BAJIN HACBIIICHHBIN KaJlo-
MEJbHBIN AIEKTPO. Pa3HOCTH MOTEHIINAIOB Ha AJIEK-
Tpoaax coctasisiia 0,65 B. Kanubposka snextponos
npom3Boamiack B 0,9%-m pactBope NaCl mpu komHar-
HOW TeMIeparype Mo METOAWKE, MPeIT0KeHHOU
B.A. bepezockum [5]. C moMomp0 CrieHAIBHBIX
(hyHKIIMOHAIBHBIX IPHUEMOB HUCCIIETOBAITN TIOKA3aTeNN
KHCJIOPOIHOTO PEXHMMa TKAaHEH: CKOPOCTH HACBHIIIICHHUS
KHCJIIOPOJOM M CKOPOCTHh MOTPEOICHHS KUCIOPOoaa
TKaHbIO in vivo. Bce MaHUIISIMY C >KUBOTHBIMH OCY-
LIECTBISIIN O] dTaMHUHAJI-HATPUEBBIM HApPKO30M
(40 mr/kr BHYTpHOprOmMHHO). Jns mpoBeaeHus
SKCIICPUMEHTOB MX (PUKCHPOBAIN Ha CIIEHUaIbHO U3r0-
TOBJIEHHOM CTaHKE, BOJOCSHOW TMOKPOB YAAJIAIHU C
nomorpto aenuinstopa. [IporuBoomyxonesyto 3¢ dex-
tuBHOCTh KJI, K1 + I'T u I'T olieHuBanu no yacrore
[IOJTHOTO W3JICYSHHsI )KHUBOTHBIX (€CIH B TE€YeHHE 6
MECAIIEB OIMYXOJIEBBIA MPOIECC HE MPOSBISICS),
4acToTe PELUANBUPOBAHMA U CPOKAX €r0 BOSHUKHOBE-
HUSI, IPOJIOJKUTENLHOCTH )KU3HU KUBOTHBIX C PEIIU-
JTBAMH.

Pesynbrarsl SKCIEpUMEHTANBHBIX MCCICIOBaHUI
00pabarpIBajIy C UCIOIH30BAHNEM TAKETOB KOMIIBIO-
TepHbIX nporpamm Origin 7.5 u Statistica 6.0 [14].

Pe3yAbTaThl U MX 00CYyXAeHue

B pesynwrare npoBeeHHBIX UCCIEA0BaHNHN ycTa-
HOBJIEHO, YTO ypOBeHb pO, B OMyXOJIEBO# TKAHHU MOCIIE
K/l pe3ko cHukaercst 4O HYJIEBbIX 3HAYEHUH C IO-
cnenyromuM (depe3 0,5—1 1) He3HAYUTENBHBIM BO3-
pacTaHueM U B JaJIbHEMIIEM CTOMKUM MaJIEeHUEM J10
HyneBbix 3HadeHui (puc. 1). Ilo pesympraram mpo-
BeAeHHA ITPO0 ¢ PyHKIMOHAIBHBIMH Harpy3Kamu (IIbl-
XaTeNbHBIH TECT C KUCIOPOAOM U JKI'yTOBas mpoda)
YCTaHOBJIGHO CHUXEHHE MOTPEOICHHs] KHCIOpoaa
OMYXOJIEBOM TKAaHBIO M KANWJUIIPHOIO KPOBOTOKA B
obnactu BoznericTBus nocne K/, [Tonsiporpadudec-
KHUe ucciaeaoBaHus yepes3 24 u 48 4 mocie KpuoBO3-
JNeWCTBUA MOATBEPANUIIN, YTO HCCIeayeMas TKaHb
HAXOJUTCS B YCIOBUSAX IITyOOKOM THIIOKCHH, 00yCIIOB-
JICHHOM COCYAMCTBHIM CTa30M.

IIpu onpenenenun yposHs pH romorenara onyxo-
JIEBOH TKaHM OTMEYeHO, uTo uepe3 1 u mocne K/ moc-
TOBEpPHBIE OTIIMYHS M0 CPABHEHHIO C KOHTPOJIEM OT-
cyrcrBoBanm (puc. 2). Uepes 24 4 3TOT mokaszareinb
HECKOJIBKO BO3pPOC, a uepe3 48 4 T0CTOBEPHO YBEIU-
yuics ot 6,5 £ 0,07 B kouTpone 10 7,0 = 0,04 B onbiTe
(p <0,05). OTH pe3yabTaThl CBUACTEIBCTBYIOT O TOM,
yt0 K/I conpoBoxaeTcs BEIpa)kKeHHBIM CTa30M COCY-
JIOB, UTO TIPH-BOJIUT K YBEITHMUYEHHIO HEKPOOMOTHYECKUX
W3MEHEHUHN B TKaHAX W WX 3allleJladyuBaHui0. Takum
00pa3oM, B OITyXOJIEBOH TKaHU, TIOABEPTHYTOH KPHO-
JECTPYKITUH, Yepe3 CyTKH BOSHUKAIOT OJIarOMPHSITHHIC
YCIIOBUS 17151 OCYIIECTBICHHUS TUIIEPTEPMUH.
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CA + HT and HT were assessed by frequency of
total recovery of animals (if within 6 months post
treatment no malignant process was manifested), the
frequency of recurrence and the terms of its appea-
rance, life span of animals with recurrence.

Results of experimental studies were processed us-
ing softwares Origin 7.5 and the Statistica 6.0 [14].

Results and discussion

The investigations revealed that the level of pO,
in the tumor tissue after its cryoablation dropped
sharply down to zero values, followed by (in 0.5-1
hour) light increase, and thereafter persistent drop
down to zero (Fig. 1). Conducting tests with functional
loadings (breath test with oxygen and tourniquet test)
showed a decrease in oxygen consumption of tumor
tissue and in capillary blood flow in the afftected area
after cryoablation. Polarographic studies in 24 and 48
hours after cryoexposure confirmed that the tissue was
in a deep hypoxic state due to vascular stasis.

In one hour after cryoablation no significant changes
comparing to control were found in pH of tumor tissue
homogenates (Fig. 2). The pH level in 24 hours after
tumor cryoablation was slightly increased, and after
48 hours we observed a significant increase of pH in
tumor tissue homogenates from 6.5 + 0.07 to 7.0 +
0.04 (p <0.05). These results indicate that cryoablation
is accompanied by a pronounced stasis of blood ves-
sels, which leads to increased necrobiotic changes in
tissues and their alkalization. Thus in the tumor tissue
subjected to cryoablation the favorable conditions for
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Fig. 1. Changes in pO, level in sarcoma 37 tissue after
cryoablation.
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B pesynbrare npoBeIeHHBIX UCCIEOBAaHUMN yCTa-
HOBJIEHO, YTO IIpuMeHeHue Toinbko ['T He oka3biBasIo
CYILIECTBEHHOTO BIMSIHUSI HA OITyXOJIEBBIN MPOLECC Y
KUBOTHBIX C KapuuHoMmol I'epena u capkxomoit 37
(tabn. 1). Ucnonws3oBanue I'T uepes 24 4 mocne K/
OITYXOJIX COMPOBOXKAATIOCH JTOCTOBEPHBIM YMEHbIIIE-
HUEM 4YacTOThl PEUUANBUPOBAHMS y KMBOTHBIX IO
cpaBHEHHIO ¢ npuMeHeHueM Tonbko KJI Ha 20%
(p <0,05). Cpoky BOSHIKHOBEHHS PELUIUBOB MOCIIE
K + I'T 651111 mocToBepHO OOJBINE, €M Y KUBOT-
HBIX, TOABepTHYTHIX Tonbko K/ (p < 0,05), xak npu
kapruHoMme [epeHa, Tak u npu capxome 37. Ucxons
13 MOJTy9E€HHBIX PE3YJIbTaTOB, MOYKHO MPEATIOIOKHTD,
YTO CTENEeHb JECTPYKINY OITyX0JIEBOI TKaHU IPH IIPO-
Benennun KJI B pexume MoHoTepanuu, u npu KJI +
I'T He 3aBHCHT OT TMCTOIOTUYECKOTO THUIA OIYXOJH,
a onpenenseTcss KOMOMHaNKeH Bo3necTBYOINX (hak-
TOPOB.

Konn4ecTBO MOTHOCTBIO U3/I€YEHHBIX )KUBOTHBIX
(cpoxu HaOmonenus 6 mecsnes) B rpyme ¢ KJ[ +I'T
OBLIO TOCTOBEPHO OOJIBIIE IO CPABHEHHUIO C TPYTIION
KJI =a 30,0% (p < 0,05) (Tabmn. 2). BaxxHO OTMETHUTS,
4yTO Yy )KMBOTHBIX nocie K/ + I'T npo1osKuTenbHOCTh
KU3HU ObUTa 3HAYUTEIHHO BBIIIEC 110 CPABHEHHIO C
Ipyrumu ucciaenyemsiMu rpynmnamu (p < 0,05). Tax,
MPOJOJKUTENIBHOCTD XKU3HU KUBOTHBIX nocie KJI +

Taoauna 1. Yactora 1 cpoKH BOSHUKHOBEHUS PEILIUINBOB Y )KUBOTHBIX C
kapruHoMoit ['epena u capkoMoii 37 mocie TemMnepaTrypHbIX BO3AEHCTBUI

Table 1. Frequency and terms of appearance of recurrencies in animals with
Guerin’s carcinoma and sarcoma 37 after temperature exposures

5 T T T T T T T T T T
0 5 10 15 20 25 30 35 40 45 50 55

Bpemsi nocne KpnoBO34encTBus, Y
Time period after cryoablation, hrs

Puc. 2. U3menenust pH B roMorenare omnyxoneBoil TKaHU
capkoMmbl 37: 00— nocne kpuoaectpykuyu; Ml — KOHTPOIb.

Fig. 2. Changes in pH in homogenate of sarcoma 37 tissue:
- after cryoablation; Il — control.

performing hyperthermia treatment are observed in a
day after low temperature exposure.

The studies revealed that the
application of solely hyperther-
mia had no significant effect on
the tumor development in animals
with Guerin’s carcinoma and
sarcoma 37 (Table 1). Applica-

Cpoxu tion of hyperthermia in 24 hours
KoamuecTtBO Hacrara BO3HHUKHOBEHUA b :
BI/IA OITyXOAU Tun BOSAeﬁCTBHH JKUBOTHBIX pEU,I/IAI/IB(I:IpOBaHI/ISI, PEIUuANBOB,CYyTKI after 'Cryo.abl'atlon was aSSOCla-
Type of tumor Exposure N;il}ﬁ:f Frequencyof re{ﬁf;;l:ﬂ gifes ted with significant reduction by
recurrencies,% appearance,days 20% in tumor recurrence in ani-
Kompons - i} B mals.compared to solely cryo-
Control ablation (p <0.05). Terms of ap-
- pearing recurrencies after com-
HIepTepMUs 10 _ _ N A
Kaprurona Hyperthermia bination of CA and HT were
Gobent | Kpuonecrpyxu o 0o s 24 significantly greater than in the
carcinoma Cryoablation case of animals with solely CA
b b
KpuoaecTpykijust + (p < 005), both for Guerin’s c'ar—
Cffylngl’;ggf:{r 10 70 = 10° 32,6 = 2,2° cinoma and sarcoma 37. Basing
hyperthermia on the obtained results we can
suggest that the degree of tumor
Koutpoas 10 _ _ . .
Control tissue destruction after CA mo-
- notherapy and after combined
UTepTepMUS 10 _ _
Hyperthermia CA +HT does not depend on the
c 37 i i
Caprona 37 [ oneerpyranin 0 - . histological type of tumor, and
Cryoablation e results from the combination of
Kpuoaecrpykis + affecting factors.
é;‘y%‘;%{ggf:’ﬂr 10 70 = 10 31,0 + 2,6* The number ofcompletely re-
hyperthermia covered animals (observation

IIpumeyanue: * — pa3anuyus JOCTOBEPHBI MO CPAaBHEHHMIO ¢ KpuozecTpykuueit (p < 0,05).
Note: * — statistically significant differences comparing to data of cryoablation (p < 0.05).
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period of 6 months) in the group
with CA + HT was significantly
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Ta6auua 2. IIponomKuTenbHOCTS )KU3HU U YaCTOTa ITOTHOTO W3JIeUeHHS] )KMBOTHBIX C KapIIMHOMOI1 [ epeHa
U capkoMoii 37 mocie TeMneparypHbIX BO3AEHCTBUI

Table 2. Life span and frequency of total recovery in animals
with Guerin’s carcinoma and sarcoma 37 after temperature exposures

KoangecTBO Koamuecrso noasocTsio TTpOAOAKUTEABHOCTD
Bup, omyxoan Tun BO3ACHCTBUS SKABOTHBIX W3A€UEHHBIX JKUBOTHEIX, % P >§H3HI/I pE—
Type of tumor Exposure . Totally recovered . eyT
Number of animals animals, % Life span,days
1/0
KonTpoas 10 0 259 + 96
Control e A

T'uneprepmus

Hyperthermia 10 0 31,3 =17
Kapnunoma I'epena
Guerin's carcinoma K
pgrc;?;&%ﬁm 10 10=9 434 =16
Kpuoaectpykius + runeprepmust " .
Cryoablation + hyperthermia 10 0=8 511 =23
KorTpoas 10 0 27,4 = 2,4
Control I

T'uneprepmus

Hyperthermia 10 0 32,5 %35
Capkoma 37
Sarcoma 37 K

pgroy%effglgtyilgﬁm 10 109 399+ 28
KpuoaecTpyKius + runepTepMust " .
Cryoablation + hyperthermia 10 08 530+ 16

[pumeyanue: * — pa3nuyns TOCTOBEPHBI IO CPABHEHUIO ¢ KpuoaecTpykuuei (p < 0,05).

Note: * — statistically significant differences comparing to data of cryoablation (p < 0.05).

I'T yBennumnace 1o CpaBHEHUIO C KOHTPOJIBLHOU rpyn-
1o B 2 pa3a u B 1,5 pa3 o CpaBHEHMIO C )KUBOTHBIMU,
KOTOPBIE MOJTy4aIy TOJIBKO OMH U3 METOJIOB JICUCHHS.
VYBennueHHne MokKasareneil NpoaoIKUTENbHOCTH
JKU3HU JKMBOTHBIX C PEeUUIUBAMH IOCIIe KOMOWHU-
POBAaHHOTO NPUMEHEHMSI HU3KUX Temrneparyp u CBU-
TUIEPTEPMUH, BEPOSITHO, CBSI3aHO C MU3MEHEHHUSIMU
PEaKTUBHOCTH MMMYHHOM CHCTEMBI B OTBET Ha BO3-
HUKHOBEHHUE M Pe30pOIHio KpuoHeKkpo3a. M3BecTHO,
YTO BOZHUKHOBEHHE U MOCTENIEHHAs PE30POLIHs KPHO-
HEKpPO3a OMyXOJIEBOM TKAaHM MOXXET CYIECTBEHHO
BIUSTH Ha MPOTHUBOOIYXOJIEBYIO PE3UCTEHTHOCTH
OpraHn3Ma 3a cueT M3MEHEHHUS ITUTOTOKCHYECKOM
AKTHUBHOCTH KJIETOK HIMMYHHOU cucTtemsl [12, 16].

BbiBOADI

Takum 006pa3zoM, KOMOMHHUPOBAHHOE UCIIOJIE30BA-
Hue K]l nepBUYHOrO OIyX0JI€BOro y3J1a ¢ MOCIeAyI0-
el mokanpHOM CBU-runeprepmueii okassiBajo 3Ha-
YUTENHEHO OOJIBINHHA TPOTHBOOITYXOJIEBBIN 2P deKT 1o
CPaBHEHHIO C MOHOTEpanuel, He3aBUCUMO OT I'MCTO-
reHes3a onyxonu. Takas BBIPa)XKEHHOCTb MPOTHUBO-
oryxoneBoro 3¢ dekra 00ycIoBieHa TeM, YTO IMOCe
KPUOAECTPYKIIUH OIMYXOJIEBOH TKaHU CO3IAIOTCS
ONITHMAaJbHBIC YCIOBHS sl mocienytomeir CBU-
TUNEPTEPMUH (BBIPAKEHHAS! THIIOKCHS OIyXOJIEBOH
TKaHH ¢ HAPYILIEHUEM MUKPOLUPKYISLMN 1 Pa3BUTHEM
CTOHKOTO COCYIMCTOTO CTa3a, a TAK)KE ee 3aIieyaqu-
BaHHE B 00J1aCTH BO3JCHCTBHS HU3KUX TEMIIEPATYD).
Taxkast mocae10BaTeNbHOCTD NCIIOIB30BAHUS HIU3KHUX
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higher by 30.0% if compared to solely CA (p <0.05)
(Table 2). It is important to note that the life span of
the animals after CA + HT was significantly higher if
compared to all other groups (p <0.05). The life span
of animals after CA + HT increased twice if compared
with the control group and 1.5-fold if compared with
the animals with single monoexposures.

The increase in life span of animals with recurren-
cies after the combined application of low temperature
exposure and microwave hyperthermia, was probably
due to the change in the reactivity of immune system
in response to the occurrence and resorption of cryo-
necrosis. It is known that the emergence and gradual
resorption of cryonecrosis of tumor tissue may signi-
ficantly affect the antitumor resistance of the body
due to the change of cytotoxic activity of immune cells
[12,16].

Conclusions

Thus, the combined use of cryoablation of primary
tumor site, and followed by local microwave hyper-
thermia results in significantly higher antitumor effect
if compared with monotherapies, regardless of the
histogenesis of the tumor. This antitumor effect was
due to the fact that cryoablation of tumor tissue resulted
in optimal conditions for the subsequent microwave
hyperthermia (severe tissue hypoxia with disturbed
microcirculation and developed stable vascular stasis,
as well as alkalization of tumor tissue in the site of low
temperature exposure). Such a sequence of low tem-
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temriepatyp u CBU-runeprepmun 3HaYUTETHHO CHU-
YKaeT 4YacTOTy PeIANBUPOBAHUS OITyXOJIH 32 cUeT 00-
Jiee BBIPaXKEHHOHN AECTPYKILUH OITyXOJI€BON TKaHH, 4TO
MOBBIIIAET PAJUKAIBHOCTH JeueHus. [lonydeHnsle
pe3ynbTaThl MOTYT CIYKUTb 3KCHEPUMEHTAIBHBIM
000CHOBaHMEM 7151 KOMOMHUPOBAHHOTO HCIOIB30-
BaHMs KpPHOJAECTPYKIMH ¢ ocnenyromeit CBU-runep-
TEPMHEN OIYXOJIEBOTO OYara B KIMHHUYECKOH Mpak-
THKE.
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perature exposure and microwave hyperthermia signi-
ficantly lowered the rate of recurrencies due to more
efficient malignant tissue destruction that in turn
enhanced the efficacy of treatment. The obtained re-
sults can serve as experimental basis in clinical practice
for the combined application of cryodestruction follo-
wed by microwave hyperthermia of tumor site.
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