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Experimental Model of Skin Cryodestruction

Pecpepar: B paboTte npeanaraerca akcnepvMeHTanbHasi Mogenb KpMogecTpyKUUM KOXNM in vivo, npurogHas ans usyyeHust npo-
L|eCCOB, BO3HMKAKLMX NOCIE KPUOXUPYPTMYECKOro NevyeHnss HoBoobpasoBaHui Koxu. Ona cosgaHns mogenu paspabotaH opuru-
HarnbHbIA CNOCO6 HW3KOTEMMNEPATYPHOro BO3AEWCTBUS KPUOMHCTPYMEHTOM — akKyMYMsiTOPOM xofiogda, obecnevyvBalowmMm Temne-
paTypy B MecTe KOHTakTa paboyert NOBEPXHOCTU annnmkaTopa U KOXW HUXE Nopora KpMoycToMuYnBoCTM TkaHel. MpepcraBneHHas
MoAenb XapakTepu3yeTcs pas3BUTUEM MPOLIECCOB AECTPYKLUUW U BOCNANEHUss Ha MECTHOM M CUCTEMHOM ypoBHAX. Mopdonoru-
yeckue NposiBNEHNS Ha MECTHOM YPOBHE COOTBETCTBYIOT MepBow hase paHeBoro npouecca. OTMeYeHbl NPU3HaKM AeCTPyKUMn n
BOCMNaneHnss ¢ HannMyMeM 30Hbl MEPBUYHOrO Hekposa (MpsiMoe TepMUYecKoe MOBpeXAeHWe), AeMapKaLMOHHOTO NelkoLMTapHo-
ro Bana, 30Hbl BTOPUYHOIO HeKpo3a (pe3ynbTaT reMoaMHaMuyeckux HapyleHui). Mpouecchbl penapaunmn nNoBpeXaeHHbIX TKaHewn
NPOSABNANUCL Pa3BUTUEM TPAHYNSALUMOHHON TKaHU. Ha CMCTEMHOM YpOBHE KPUOLECTPYKUMS TKaHeW ConmpoBoOXAanacb pasBuTMEM
OKMCNUTENbHOrO cTpecca (MoBbIWEHNEe CoaepXKaHUs MPOAYKTOB MEPEKUCHOIO OKUCINEHUS NMUNUAOB, YTHETEHNE (PEepMeEHTaATUBHOIO
3BEHa CUCTEMbl aHTUOKCUOAHTHOM 3aLunTbl) U YBENUYEHMEM coepXaHus LepynnonnasMmvHa n C-peakTMBHOro 6enka B CbiIBOPOTKE
KPOBMU.

KnioueBble cnoBa: Mofenb KpMoOeCTPYKUMU KOXM, KPMOMHCTPYMEHT, Temnepartypa, Mopdonornyeckasi xapakrepuctmka TkaHen,
OKUCIUTENbHbBIV CTPECC, LiepynnonnasmMuH, C-peakTuBHbIA Genok.

Pedbepar: Y poboTi NponoHyeTbCA ekcnepMMeHTanbHa MoAenb KpioAeCcTPYKLUIiT WKipy in vivo, ska npuaatHa Ang BUBYEHHS Npo-
LieCiB, WO BUHMKAIOTb MiCNSA KPIOXipypriYHOro fikyBaHHA HOBOYTBOPEHb LWKipW. [N CTBOPEHHA Mogeni po3pobneHo opuriHanbHun
cnoci6 HM3bKoTeMMNepaTypHOro BNAMBY KPIOIHCTPYMEHTOM — akyMyrnsiTOPOM XOroAy, Lo 3abesnedye Temnepartypy B MiCLi KOHTaKTy
poboyoi noBepxHi annikatopa i LWKipK HMXYe nopora KpioCTiINKOCTi TkaHWH. lNpeacraBneHa MoAenb XapakTepu3yeTbCs PO3BUTKOM
npoueciB AeCTPyKLii Ta 3ananeHHs Ha MiCLeBOMY i CUCTEMHOMY piBHAX. MopdonoriyHi nposiBn Ha MicLeBOMYy piBHi BiAnoBigaTb
nepuin dasi paHoBoro npotecy. Biaznavyanucsa o3Haku AecTpyKLuii i 3ananeHHs 3 HasBHICTIO 30HM MEPBMHHOIO HEKPO3y (MpsmMe Tep-
MiYHe YLIKOMKEHHS), AemMapKaLiiHOro NenkounTapHoro Basny, 30HM BTOPUHHOIO HEKpOo3y (pe3ynbTaT reMoAnHaMIYHUX MOPYLUEHb).
[Mpouecn penapauii NOWKOMKEHNX TKAHWH BUPaXanucs po3BUTKOM rpaHynsauiiHoT TKaHnHW. Ha cucteMHoMy piBHi KpiogecTpykuis
TKaHVH CYNpOBOAXyBanacs PO3BUTKOM OKCMAAHTHOMO CTpecy (NiABULLEHHSA BMICTY NPOAYKTIB MEPEKNUCHOrO OKUCINEHHS Ninigis, npur-
HiYEeHHSA (PepMeHTaTMBHOI NTaHKN CUCTEMU aHTUOKCUOAHTHOrO 3axXMCTy) Ta 36inbLUeHHAM BMICTY Lepynonna3miHy Ta C-peakTMBHOro
6inka B cMpoBaTLi KPOBi.

KniouyoBi cnoBa: mogenb KpioAeCTpyKuii LUKIpW, KPiOiIHCTPYMEHT, TemnepaTypa, MopdororiyHa XapakTepucTuka TKaHWH, OKCU-
OaHTHWIA CTpec, uepynonna3smi, C-peakTnBHUIA BiNok.

Abstract: We suggest the in vivo experimental model of skin cryodestruction, suitable for studying the processes, occurring
after skin neoplasm cryosurgery. To develop the model we have used low-temperature exposure using a cryoprobe, providing the
temperature below the tissue cryoresistance threshold in the area of contact between the applicator working surface and skin. The
initiation of destructive and inflammatory processes, both local and systemic, was observed in this model. Local morphological
manifestations corresponded to the first phase of wound—healing process. We noted the destructive and inflammatory signs
accompanied by primary necrosis (due to direct thermal damage), and a leukocyte bank and secondary necrosis (resulting from
hemodynamic disorders). The reparative processes in injured tissues were manifested in developed granulation tissue. At a system
level, the tissue cryodestruction was accompanied by the oxidative stress development (an increased content of lipid peroxidation
products, a suppressed enzymatic component of antioxidant defense system) and an increased content of cerulloplasmin and
C-reactive protein in blood serum.

Key words: skin cryodestruction, model, cryoprobe, temperature, tissue morphology, oxidative stress, ceruloplasmin, C-reactive
protein.

B coBpemMeHHOU MEAMIIMHCKON MPaKTHKE KpPHO-
JIECTPYKIUSA TIATOJIOTHYECKUX OOpa30BaHUN KOXKHU
SBIIICTCS OOMIETIPU3HAHHBIM METOIOM XHUPYpPIrHUe-
ckoro JiedeHus. Pa3paboTka HOBBIX M YCOBEpIICH-
CTBOBaHHWE CYLIECTBYIOIINX CIIOCOOOB KPHOJIECTPYK-
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In current medical practice, the cryodestruction of
skin neoplasms is a well-recognized method in sur-
gical therapy. The designing of novel cryodestructive
techniques and improving the existing ones are im-
possible without using in vivo experimental models.
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LUK HEBO3MOXXHBI 0€3 MPOBEICHUSI SKCIIEPHUMEHTOB
C IPUMCHEHHEM MOJCIEH in vivo.

Jiisi BBINONHEHMS KPUOAECTPYKLHMHM KOXKH He-
00XOIMMO HCIIOJIb30BAaTh MHCTPYMEHT, aJeKBaTHBIN
[IOCTABJICHHON B HccienoBaHuM 3aaade. C mpakTu-
YeCKOW TOYKH 3peHus Hambonee ymoOHBI HHCTpY-
MEHTbI, KOHCTPYKLHsSI KOTOPbIX oOOecreduBaeT yc-
TOWYMBYIO TeMIIepaTypy KpHOAIIUIMKaTopa B TpO-
necce paboThI (32 CUET HENPEPHIBHOTO OXJIAKICHUS
ero paboueil MOBEPXHOCTH), YTO TMO3BOJSET TMOA-
JepKUBaTh CTAOWJIBHBIM pPEXUM KPHOBO3/IEHCT-
Busi. Takue HHCTPYMEHTBI IPEACTABIISIOT COOOH BbI-
COKOTEXHOJIOTUYHBIC YCTPOHCTBA — KPUOXHPYP-
rudeckde cucrembl. Kak mnpaBuiio, OHH HMEIOT
BMOHTHPOBaHHbBIC JAaTYUKH paboueil Temmeparypsl
KpPHOANIIIMKATOpa W 3JICKTPOHArpeBaTenb A 3KC-
TpeHHoro ororpesa [1, 15, 23]. Ognako ucHoib-
30BaHME KPUOXUPYPIMYECKHX CHUCTEM B JKCIEPH-
MEHTaJbHBIX pab0Tax OrPaHUYEHO HX BBICOKOH
CTOMMOCTbBIO, YTO OCOOEHHO aKTyaJlbHO IPU IIPO-
BEJICHUHU HCCIEJOBAaHUN C HEOONbIIUM OrOIKe-
TOM.

KoHCTpyKIMsT MHCTPYMEHTOB, HE 00ecIeunBaro-
IUX MOJJIep)KaHue TeMIlepaTyphl amIuiiKaTtopa B
mpolecce KpHUOBO3JCHCTBHS Ha 33JaHHOM YpOBHE,
OTHOCHUTEJIBHO MPOCTA, & CTOMMOCTh CPaBHUTEIHHO
HEBBICOKA, YTO ONpPENeNsieT UX JOCTYITHOCTh AJIS HC-
cienoBareneil. OMHUM U3 THIIOB TaKUX WHCTPYMEH-
TOB SIBJISIIOTCSI KPUOMHCTPYMEHTBI — aKKyMYJIATO-
pPBl X0JIO[A, XOJIOAOIPOU3BOAUTEIBEHOCTh KOTOPBIX
ompenensercss 00beMOM W (DPU3UKO-XUMHUIECCKUMHU
cBoiicTBaMu ux padouero Tena [1]. IIpu 3ToM oTBOA
TeIUIa OT 30HBI KPHUOBO3JIEHCTBHS MPOUCXOAWUT 3a
CUET TOBBILICHUSI TEMIIEpPaTyphl padouero Ttema —
xnanoHocutend. OxjaxkaeHue pabdodyero Tena mpo-
HCXOJUT HEMOCPEICTBEHHO Tepea MpPUMEHEHUEM
uHCTpyMeHTa. OCHOBHBIM HEHOCTATKOM KPHOHHC-
TPYMEHTOB — aKKyMYJISITOPOB XOJIOAA SIBISCTCS TO,
YTO B Mpouecce paboThl BO3MOXKHO OBICTpOE IMO-
BBILLICHUE TeMIeparypbl paboyeil MOBEPXHOCTH arl-
IUIMKATOpa, YTO CKa3blBACTCS HA TEMIIEPAaTypHOM
pexXuUMe BO3JEHCTBUS.

Pe3ynbTaTuBHOCTh KPHOAECTPYKLMU I1aTOJIOTH-
YecKuX 00pa3oBaHWN KOXH 00ECIeYMBAIOT CKO-
pOCTb, JUINTEIHHOCTh U KOHEYHAsl TeMIepaTypa OX-
naxaenus [13, 14, 27]. Jlns momydeHus: dKCIepH-
MEHTAJIbHBIX MOJIeNel in Vivo, TPUTOAHBIX JUIS
M3y4EHUsl IMPOLECCOB, KOTOPbIE BO3HHMKAIOT IOCIE
KPHOXUPYPIUYECKOTO JICUSHHs MaTOIOTNYeCKUX 00-
pa3oBaHUU KOXH y JIoJel, HeoOXonuMm crnocod
KPHOAECTPYKIMU, O0CCIIEUNBAIOIINN OCPKAHNE
TEMIIEpaTypbl TKAHEH HIDKE MOPOra MX KPHOYCTOM-
YUBOCTH.

Iems paboTel — pa3paboTka criocoba HU3KOTEM-
[IEpaTypHOI0 BO3AEHCTBUS C IPUMEHECHUEM KPHOUH-
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The instrument suitable for the research task
should be used for skin cryodestruction. From
the practical point of view, the most convenient
instruments are those, the design of which ensures
a stable temperature of cryoapplicator during ope-
ration (due to continuous cooling of its working
surface), which allows maintaining a stable re-
gimen of cryoexposure. These instruments are the
high-technology devices, i. e. the cryosurgical
systems. Usually, they have the built-in sensors of
cryoapplicator operating temperature and an electric
heater for rapid heating [2, 5, 23]. However, the
use of cryosurgical systems in experimental work
is limited by their high cost, that is of especial
importance for low-budget research.

The design of the instruments, which do not
maintain the applicator temperature during cryo-
exposure at the fixed level, is quite simple, and their
cost is comparatively low, that determines their
availability for researchers. The cryoprobes, which
cooling capacity is determined by the volume and
physicochemical properties of their working body,
belong to this type of instruments [2]. Herewith,
the heat is removed from the cryoexposure zone
due to increasing the temperature of cryoprobe
body. The working body is cooled immediately be-
fore the use. The main disadvantage of cryoprobes
is a possible rapid temperature increase of the
applicator working surface during work, affecting
thereby the temperature regimen of the exposure.

The efficiency of skin neoplasms cryodestruc-
tion is provided by the rate, duration and final
temperature of cooling [1, 4, 27]. To obtain the
in vivo experimental models suitable to study the
processes, occurred after cryosurgical therapy of
human skin neoplasms, it is necessary to use such
a cryodestruction, which could maintain the tissues
temperature below their cryoresistance threshold.

This research was aimed to design the method
of low-temperature exposure using the cryoprobe,
which enabled simulating the processes occurred
after skin neoplasm cryosurgery.

Materials and methods

The study was performed in 6-month-old hair-
less male rats in accordance with the Law of Uk-
raine On the Protection of Animals Against Cruelty
(Ne 3447-1V of February 21, 2006), in compliance
with the requirements of the Bioethics Com-
mittee of the Institute for Problems of Cryobio-
logy and Cryomedicine of the NAS of Ukraine,
agreed to the statements of European Conven-
tion for the Protection of Vertebrate Animals
Used for Experimental and Other Scientific Purpo-
ses (Strasburg, 1986).
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CTPYMEHTA — aKKyMYJIATOPa XOJOAa, KOTOPBIH MO3-
BOJISIET BOCIPOM3BECTU MPOLIECCHI, BO3HHUKAIOLIUE
[oCJie  KPUOXMPYPTUYECKOTO JIEYCHUsT HOBOOOpa-
30BAHUM KOXKHU.

MarepuaJjibl 1 METObI

HccnenoBanne BBIMONHAIN Ha 6-MECSYHBIX Oec-
IIEPCTHBIX KpBICAX-CaMI[aX B COOTBETCTBUU C 3aKO-
HOM YkpawHbl «O 3aIuTe >KUBOTHBIX OT JKE€CTOKO-
ro oopamenus» (Ne 3447-1V ot 21.02.2006 1.) npu
coOJItofIcHnH TpeOOBaHUI KOMHTETa IO OHOITHKE
WuctutyTa mpobieM KpHOOMOIOTHH W KPUOMEIH-
uunsl HAH Ykpauns! (1. XapbKoB), COIIacOBaHHBIX
¢ nonoxeHusamu «EBpomneiickoli KOHBEHLHU O 3a-
[IUTE TTO3BOHOYHBIX JKUBOTHBIX, HCIIONB3YEMbIX IS
AKCHEPUMEHTAIBHBIX W JIPYTHX HAy4YHBIX IIeJeii»
(CtpacOypr, 1986). )KuBoTHBIE OBIITH pazziesieHbl Ha
nBe Tpynmel 1o 10 0cobeit B KaXKao: dKCIIepUMEH-
TaJbHAs — KPUOAECTPYKIUS KOXXH Ha JaTepajbHON
MOBEpXHOCTH Oesipa, KOHTPOJbHAS (MHTAKTHAsA) —
JKUBOTHBIE, KOTOPBHIE HE MOJBEPTaINCh HUKAKUM BO3-
JIEUCTBUSIM.

HuskoremmneparypHoe BIHMSHHE Ha KOXY OCY-
LIECTBIISIIM KPUOMHCTPYMEHTOM — aKKyMYJsTOPOM
xonona [7]. MacTpyMeHT mpencraBisul coOoil Me-
HbI muauHAp Maccoil 590 1, KOTOphIM B HUKHEH
YacTH WMeJ KPHOANIUITUKarop auamerpoM 10 M.
Juis ymoOcTBa MaHUMYIMPOBAaHUS K BEPXHEH 4acTu
OWIMHIpPA TPHUKPEIJIeHa PYKOATKAa B BHJIE CKOOBI
Ilepen wucmonp30BaHWEM KPHOWHCTPYMEHT TIOMeE-
IIAJIA B EMKOCTh C JKHJIKAM a30TOM U BBIJCPKUBAIN
B HEM JI0 TPEKpaIIeHNs] aKTUBHOTO KHUIICHUSI.

Bpems xpuoBozaeiicTBus coctasisano 120 c.
B kauectBe TeMIepaTypHOro JaTyuka HCIOJIb30-
BaJ Me€/b-KOHCTAaHTAHOBYIO TEpMONapy, MOAKIIO-
YEHHYI0 K MOAyiio aHanoroBoro BBoma «OBEH
MB-110», ¢ KOTOpOoro AaHHbBIE NEPEAABAIUCH Ha
npeoOpazoBaresis uHTepdericos «OBEH AC4» nu
Janee — Ha TePCOHANBHBIA KoMIbioTep. JlaHHBIE
3alMCHIBAIA M AHAIM3UPOBAIU C TOMOIIBIO TPOT-
pamm «Owen Process Manager 1.2» u «Owen Report
Viewer 1.2». Bce obopymoBanne W mporpaMMHOE
obecrieueHue mpousseneHo kommanuei «OBen» (Poc-
cusi). Temneparypy u3mepsuin B OJHOM TOYKE, JaT-
YUK pa3Melad Ha TIOBEPXHOCTH KOXKH TOJA KpHO-
anIIMKaTopoM, IPUMEPHO B LEHTPE 30HBI KOH-
Takra ero paboyell MOBEPXHOCTH ¢ Koxked. Takum
o0pa3oM (aKTUUECKH OMNpEAeIsUId TeMIeparypy pa-
0o04eli MOBEPXHOCTHU aNITUKaTopa B MPoLecce KpHo-
BO3JIEUCTBUSL.

Mophooruueckyro KapTHHY B 00JacTH KPHOBO3-
JEUCTBUS N OMOXMMUYECKHE TTapaMeTphl B CHIBOPOTKE
KpPOBH, XapaKTEePHU3YIOIIUE AECTPYKTHBHO-BOCIIAJIH-
TeJbHBIE TPOIIECCHI, OIEHUBAIN Ha 7-€ CYyTKH JKCIIe-
pUMeHTa.
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The animals were divided into two groups of
10 animals each: the experimental group comprised
the animals with skin cryodestruction on lateral
surface of femur, the animals which had no treat-
ment were the control (intact) group.

The low-temperature exposure on skin was done
by the cryoprobe [14]. The instrument consisted
of a copper cylinder, weighing 590g with a cryo-
applicator of 10 mm diameter in its lower part.
The bracket-shaped handle was attached to the
upper part of cylinder for easy manipulation. Prior
to use, the cryoprobe was placed into a container
with liquid nitrogen and kept in it until the active
boiling ceased.

The cryoexposure time was 120 s. As a tempera-
ture sensor we used a copper-constantan thermo-
couple, connected to the analogue input module
‘Owen MV-110’, from which the data were trans-
ferred to interface converter ‘Owen AC4’ and further
to PC. The data were recorded and analyzed using
the Owen Process Manager 1.2 and Owen Report
Viewer 1.2 software. All the equipment and software
were produced by Owen Company (Russia). The
temperature was measured at one point, the sensor
was placed on skin surface under cryoapplicator,
approximately in the center of contact area of its
working surface with skin. Thus, we actually de-
termined the temperature of applicator working
surface during cryoexposure.

The morphological changes in the cryoexpo-
sure area and biochemical indices in blood serum,
characterizing the destructive and inflammatory pro-
cesses, were assessed to day 7 of the experiment.

The specimens for histological study was fixed
in 10% neutral formalin, processed in alcohol and
embedded into paraffin, the 5-6-um-thick sections
were stained with hematoxylin and eosin [12].
The content of primary and secondary lipid pe-
roxidation (LPO) products was determined by the
level of diene conjugates (DC) [21] and the pro-
ducts, reactive with thiobarbituric acid, i. e. TBA-
reactive substances [11], respectively. Antioxidant
system was assessed by superoxide dismutase (SOD)
[13] and catalase (CAT) [3] activity. The levels
of C-reactive protein (CRP) and ceruloplasmin in
blood serum were determined using the commercial
test systems ‘Vektor BEST’, (Russia) and ‘Reagent’
(Ukraine), respectively, in accordance with the
manufacturers’ instructions. We used the immuno-
assay analyzer Labline — 90 (Labline Diagnostics,
Austria) and a semi-automatic biochemical analyzer
Rayto — RT 1904C (Rayto, China).

Statistical data were processed using the Excel
2003 software package (Microsoft, USA), SPSS
v.10.0 (SPSS Inc., USA) using the non-parametric
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Marepuain 11 THCTOJIOTHYECKOTO HUCCIIE0OBAHUS
¢ukcupoBamu B 10%-m HeWTpadbHOM (opMasnHe,
MOABEPTaIN CIUPTOBOW NMPOBOAKE M MapaduHOBOM
3aJIUBKE, CPe3bl TOJIIMHOW 5—6 MKM OKpalluBa-
JI1 TeMaTOKCWIMHOM W 303uHOM [8]. KommyectBo
[IEPBUYHBIX M BTOPUYHBIX IPOLYKTOB IIE€PEKUC-
Horo okucienus nununos (I1OJI) ompemensum 1Mo
ypoBHIO aueHoBbIX koHBoraroB (JK) [11] u mpo-
IYKTOB, PEarupyromux C THOOapOUTYpOBOW KHC-
noroii, — ThK-akTuBHBIX MpoAyKTOB [4] cOOTBETCT-
BeHHO. COCTOsIHME aHTHOKCHJIAHTHON CHUCTEMBI Olle-
HUBaJM 10 AaKTUBHOCTH CYNEPOKCHUIAAMCMYTa3bl
(COM) [9] n karanazsl (KAT) [2]. YpoBenb C-peak-
tuBHOro Oenka (CPB) B CHIBOpOTKE KpOBH OIpe-
JESUIN ¢ TIOMOIIBI0 KOMMEPYECKOW TECT-CUCTEMBI
¢upmer «Bekrop BECT» (Poccust), uepynormnasz-
muHA GupMBl «PearenTy (YkpawHa) B COOTBETCTBUH
C MHCTpYyKLMEN npousBoaurend. Mcnoap3oBaiu Um-
MyHOpepMeHTHEIN aHam3arop «Labline—90» («Lab-
line Diagnostics», ABCTpus) U MOTyaBTOMaTHYECKUN
omoxumuaeckuii ananmmzarop «Rayto—RT 1904 c»
(«Rayto», Kuraif).

Craructudeckyto o0paboTKy JaHHBIX BBITOIHSIH
¢ momorpto nakera nporpamm «Excel 2003» («Mic-
rosofty, CIIA), «SPSS v.10.0» («SPSS Inc.», CIIIA),
WCIIONB3ysl HemapaMeTpudeckuil kpurepuii Man-
Ha-YuTHU. Pasnuuns Mexay BBIOOPKaMH CUMTAJIH
3HauuMbIMH 1ipu p < 0,05.

Pe3yabTarbl U 00CyKIeHUE

Hapamempowr  HusKomemnepamypHo2o 8030€lcmels.
TunuuHasg KpuBas, IIOJyYEHHas IPU HU3MEPEHUU
TeMIepaTypbl, MpencTaBieHa Ha puc. 1. B mepseie
CEKYH/IbI KPUOBO3/ICHCTBHSI OTMEYANIOCh PE3KOE CHU-
JKeHue Temmeparypsl o (—75,5 = 7,9)°C, 3arem noc-
TEMEeHHOE MOBbIIeHUE, Yepe3 120 ¢
oHa Obua (59,1 £ 6,5)°C. Ilpu BbI-
MOJIHEHHN KPUOXHPYPrUUECKUX OIe-
panuii HEOOXOAMMO TOAAEpKAHHE
TEMIIepaTypbl, AOCTATOYHOM AJIS pa3-
pYLIEHHUsST KJIETOK TIaTOJOTHYECKHUX
oOpazoBanuii. Ha MomeHT mipekpariie-
HUS KPHOBO3/ICHCTBUS TEMIIEpaTy-
pa moBeIcHIack B 1,3 paza (Ha 16,4°C)
110 CpaBHCHUIO C MHHHMaHBHOﬁ, HO
He npeBbimana mopora —50°C, gocTu-
JKEHUE KOTOPOTO CUHMTAeTCs HeoOXo-
IAMBIM Uit THOEeIu OOJIBIINHCTBA
KJIETOK, BKJIO4as omyxojesble [13,
14,17, 18].

[loBrlieHME TeMmeparypsl CBS-
3aHO C MOCTETICHHBIM HarpeBOM ar-
ITMKaToOpa KPUOWHCTPYMEHTA BCIIE/I-
CTBHE €ro KOHTaKTa C OKpyXaro-
MM BO3JyXOM M Koxke. KoHTakt

29.773

2.112

-25.55

Temnepartypa, °C
Temperature, °C

-63.212

-80.873
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Mann-Whitney test. Differences between the samp-
les were considered significant at p < 0.05.

Results and discussion

Parameters of low-temperature exposure. The
Fig. 1 demonstrates the typical curve, obtained by
measuring the temperature. Within the first seconds
of cryoexposure a sharp temperature decrease down
to (=75.5 £ 7.9)°C was observed, then it increased
gradually, and after 120 s it made (-59.1 = 6.5)°C.
When performing cryosurgeries it is necessary
to maintain the temperature, which is sufficient
for cell destruction in neoplasms. When the cryo-
exposure was ceased, the temperature increased
1.3 times (by 16.4°C) as compared to the mini-
mum one, but did not exceed the threshold of
—50°C, which is considered to be indispensable for
death of most cells, including tumor ones [1, 4, 7, 8].

The temperature increase was associated with
a gradual heating of the cryoprobe applicator due
to its contact with surrounding air and skin. The
contact with skin, apparently, provided the highest
heat transfer, that was stipulated by a constant heat
flux to a cooled zone. In terms of whole body, the
working surface of the cryoprobe was a point source
of cold. The thermal resistance of tissues, stipulated
by activation of metabolic processes, rapidly com-
pensated the temperature decrease perifocally from
the exposure area. The stability of blood flow
under low temperature impact indicated the stability
of metabolic processes, that should be taken into
account when evaluating the thermal relationship
between the cryoprobe and tissue [20]. The nature
of temperature dependence testified to the fact
that a high cooling rate within the first seconds of

o~ M
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Puc. 1. TunuyHasa TemnepatypHas Kpvsas.
Fig. 1. Typical temperature curve.



C KOKEH, MO-BHIUMOMY, O0OecrieuuBaeT HauOOJb-
MK TEIUI0OOMEH, YTO OOYCJIOBJIICHO MOCTOSHHBIM
IIPUTOKOM TeIUIa K oXJaxjaaemoil 3oue. s opra-
HU3Ma paboyasi MOBEPXHOCTb KPHOMHCTPYMEHTa
SIBIISIETCS. TOYEYHbIM HCTOYHHMKOM Xxoioxa. Temo-
BOE COIIPOTHBIICHHE TKaHeH, OOyCIIOBJICHHOE ak-
THBallMe METa0OIMYECKUX IMPOIECCOB, OBICTPO
KOMIICHCUPYET CHIDKEHHE TeMIeparypsl mepugo-
KaJIbHO OT obOmactu Bo3zeicTBuA. CTaOMIBHOCTH
KpPOBOTOKAa IIpU JEHCTBUM HU3KOM TeMIleparypbl
yKa3bIBaeT Ha YCTOMYMBOCTh META0OINYECKUX TPO-
LIECCOB, YTO HEOOXOAMMO MPUHMMATh BO BHUMAaHHUE
IIPU OLIEHKE TEIUIOBBIX B3aMMOOTHOILEHHN KPHO-
MHCTpyMeHTa U TKaHM [12]. Xapakrep Temmneparyp-
HOW KPHMBOM CBHIETEIBCTBYET O TOM, YTO BBICOKAs
CKOPOCTb OXJIKJCHHS B IIEPBBIC CEKyHIbI BO3-
neicTBus obecriednBaeT OJOKaTy MHUKPOIMPKYIIS-
TOPHOTO pyCia, BCIEACTBHE 4YEro IPHUTOK Tera
K 00JIaCTH KPHOBO3JECHCTBUS PE3KO YMEHBIIAETCSI.
BcenenctBue ObICTPOTO 3aMep3aHUs ONPEAEIEHHOTO
o0ObeMa TKaHeW (HOPMHUPYETCsT CBOCOOPA3HBIN «aK-
KYMYJISITOP XOJIOJ@», KOTOPbIW, MO-BUJIUMOMY, BHO-
CHT BKJIJl B CTAOMJIBHOCTh TEMIIEPATypHOTO PEKUMa
KPHOBO3/IEHCTBUSI.

[lonmy4eHnHble pe3yabTaTbl AOKa3bIBAIOT, YTO XO-
JIOAOTIPOX3BOIUTEIBHOCTD UCIIOIB3yEMOTo B padoTe
WHCTPYMEHTA JOCTaTOYHA ISl MOAJICPKaHUs TeMIIe-
parypsl HMXKE MOpPOra KpHOYCTOMUMBOCTH KOXH Ha
MPOTSHKEHUU BCEro BpeMeHW Bo3neiictBus. Ilpemna-
raeMblii Ccroco0 HHU3KOTEMIEPATYPHOTO BO3IEHCTBUS
[PEeyCMaTpUBacT CKOPOCTh OXJIAXICHUS, BPEMs JKC-
HO3ULIMM M TEMIIEpaTypHbIH IUaIa3oH, IPU KOTOPBIX
BO3MO)KHA KPHOJCCTPYKIMST OOJIBIIMHCTBA HOBOOO-
pa30BaHMA KOXKH.

Mopdgonozuueckas xapaxmepucmuxa mraneu.
Mopdonoruueckoe uccieaoBaHUE MOKA3alI0 TUITHY-
HOE€ TOCJIOHHOE CTPOCHHE KOKU KPBIC KOHTPOJIBHOM
rpymnmnsl (puc. 2). DnuaepMuc UMesl PaBHOMEPHYIO
TONIIMHY W OBLI TPEICTaBlieH 0a3ajbHBIM CIOEM
MEJIKUX DBIUTEITHOLUTOB, KOTOPhIE B HEKOTOPBIX
y4acTKax 4YepenuueoOpasHo HaKIaIbIBaJUCh, IBY-
MsI-TpeMsl psiIaMU IIUIIOBAThIX AMUTEIUOLUTOB, 3€p-
HUCTBIMU KJIETKaMH U PACIIOI0KEHHBIMU HaJl HUMU
POTroBbIMH SITUTCIIMOLIUTAMMU.

Mexy snuaepMHCOM W TOJIEKAUEH JepMOin
pacnonaranach 0asaipHas MemOpana. Jlepma cocTo-
s1a U3 COCOYKOBOTO M CETYATOIO CIIOEB, KOTOPHIE HE
UMenu Mexay coboil yerkod rpaHuibl. Cocouko-
BBIH CJIOH JepMbl BBIIVIAAEI CIVIaKEHHBIM, COCOUYKH B
HeM pacnosarajguck peako. Oba ciost nepMbl ObLIH
IIPEACTABICHBl MECTAMH PBIXJION, a MECTaMH IUIOT-
HOM HEO(hOPMIIEHHOW COEAMHUTENBHOMN TKaHbio0. Bo-
JIOKHA COEIMHUTEIbHOW TKaHW HMEIM pPa3HOe Ha-
[IpaBJICHUE: NapaJlIebHO IIOBEPXHOCTU KOXU MU
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Puc. 2. TunnyHoe nocrnonHoe CTpoeHne KoXu (anuaepmMmmc
1 fepma), KoHTponbHas rpynna. OkpalumBaHue reMmaTokcu-
FINHOM ¥ 303VHOM.

Fig. 2. Typical layered skin structure (epidermis and
dermis), the control group. H&E staining

exposure provided the blockage of microvasculature,
resulting in a sharp decrease of heat inflow to cryo-
exposure area.

Since the freezing of tissue volume occurred
in this case rapidly, this volume became a kind of
cold ‘accumulator’. This cold accumulating ability
contributed to the stability of temperature regimen of
cryoexposure.

Our findings proved the cooling capacity of
the probe we used here to be sufficient for maintaining
the temperature below the skin cryoresistance thre-
shold during the entire time of exposure. The propo-
sed way for low-temperature exposure foresees the
cooling rate, the exposure time and temperature
range to be sufficient for cryodestruction of most
skin neoplasms.

Tissue morphology. The morphological assess-
ment showed a typical layered skin structure of
the control group’s rats (Fig. 2). The epidermis
had a uniform thickness and consisted of a basal
layer of small epithelial cells, which were over-
lapped in a tile-like manner in several areas, i. e.
there were observed two or three rows of spinous
and granular cells and horny, which were above
them.

Basal membrane was between epidermis and
underlying dermis. The dermis consisted of pa-
pillary and reticular layers, which had no distinct
boundary in-between. The papillary dermis looked
flattened with rarely located papillac in it. Both
dermal layers consisted of areolar tissue (either
loose or dense in various areas). The connective
tissue fibers were differently oriented: parallel to
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[oJI YIJIOM K Hel. B nepme Mexny coennHUTENbHO-
TKaHHBIMU BOJIOKHAMH PacIiOJIaralliCh COCYAbl MH-
KpPOLIMPKYJISITOPHOTO ~ pyclia, HEPBHBIE BOJOKHA,
KOXKHBIE JKEJIe3bl M KOPHH BOJOC. M3 KIETOYHBIX
AJIEMEHTOM JIEPMBl B OCHOBHOM OIIPEEISITUCH He-
MHOTOUHCIICHHBIE KIICTKH (PHOPOOIACTHISCKOTO psiaa
1 Makpodarm.

Jepma 6e3 4eTKOW TpaHUIILI TIEpeXoaniia B TOJ-
KOXKHYIO JKHPOBYIO KJIETYAaTKy (THIIONEPMY), TPEa-
CTaBJIEHHYIO KUPOBBIMU KJIETKaMU — a/IUIIOIIMTAMH,
KOTOpBIE UMENH OKPYIIYIO MO0 OBalbHYIO (GopMy
u (GopMHpOBaNU JOJNBKA Pa3HOTO paszmepa. Mex-
Iy QJWIOIMTAMUA BO BCEX HAINPABJICHUSX BBISBIISI-
JIUCh TOHKHE BOJOKHA PBIXJION COEIMHUTEIBHON
TKaHU, KOTOpas MpOoJoKalach U3 JepMbl. B cTpo-
M€ KHPOBOH TKaHHW ONPEICISIINCH COCYIbl MHKPO-
IUPKYJIATOPHOTO pycClia W HEPBHBIE BOJOKHA 0e€3
MIPU3HAKOB TIATOJIOTHH.

['my0Oxe rumozepmMbl OTMEYAINCH BOJIOKHA TTOTIE-
pEYHOMOIOCATOM MBIIIEYHON TKaHU, IIUTOILIa3Ma KO-
TOPBIX PAaBHOMEPHO OKpAIIMBaJach 303MHOM. Mex-
JTy MBIIIEYHBIMU BOJIOKHAMH PACIIONArajiuCh TOHKHE
BOJIOKHA COEIUHHUTEIbHONW TKaHH, COCYIbl MHKPO-
LUPKYJIATOPHOTO pyciia U HEPBHBIE BOJIOKHA.

B koxe Bcex KMBOTHBIX, BBIBEJJEHHBIX U3 3KC-
NepUMEHTa Ha 7-€ CyTKH TOcCIe€ KPHOAECTPYKLHU
(3KcTIeprMeHTaIbHAST TPYyIIa), OIPENeNsics pac-
MIPOCTPAHEHHBI KaK MO0 TIIyOWHEe, TaK ¥ IO IUIO-
maau paHeBod gedekr. B obmactn kpaeB medexra
MMEJI0 MECTO YTOJIIIEHNE MHOTOCIIOIHOTO TIII0CKOTO
OpOTOBEBAIOIIETO J3IUTENHSA, KOTOPOE MOKHO pac-
CMaTpuBaTh KakK TMPOSABICHHE pPENapaTUBHBIX IPO-
LIECCOB, peaJM3yeMbIX dYepe3 KpPaeBylo AIHTEIH-
3a1Mi0, 00ECIEeYMBAIONIYI0 YMEHBIIEHHE IUIONaan
pausl (puc. 3).

Best moBepxHOCTh paHeBoro aedekra MOKpBITa
MAacCCHUBHBIMU OECCTPYKTYPHBIMH MaccaMH, Tpe-
CTaBJIICHHBIMA HEKPOTHYECKH W3MEHEHHBIMH (hpar-
MEHTaMH SIUIEPMHUCA, JIEPMbI M THIIOIEPMBI — 30HA
MIEPBUYHOTO HEKPO3a, BOSHUKHOBEHNE KOTOPOH CBsI-
3aHO C TIEPBUYHBIM HHU3KOTEMIIEPaTypHBIM TIOBpE-
JKJICHNEM TKaHEH, HaXOMUBIINXCS HEMOCPEICTBEHHO
O]l KPHOAITUIMKATOPOM. B HeKkpoTHuecknx wmac-
cax OMNpenessuIoch OOJBIIOe KOJINYECTBO MOTHOIIIX
neiikoruToB (puc. 4). ['HOWHO-HEKpOTHYECKHEe Mac-
Chl OKpYKEHBI JIeMapKallMOHHBIM JIEMKOIIMTAPHBIM
BaJIOM, UMEIOIIUM MECTAMHU YETKHE, a MECTaMH pa3-
MBITBIE TPAHUIIBL.

3a jaeMapKalMOHHBIM BaJlOM pacIioyiaraliics Cion
HEKPOTUYECKH M3MEHEHHBIX TKaHEW — 30Ha BTOPUY-
HOTO Hekpo3a (puc. 5). 30Ha BTOPUYHOTO HEKpPO3a
OKpy’X€Ha TOHKHM CJIOEM MOJOION TpaHylsIHOH-
HOM TKaHW C HAIUYHEM KJIETOYHOTO, COCYIHCTO-
IO W BOJIOKHHUCTOTO KOMITOHEHTOB, CpPEeIH KOTOPBIX
npeobianan KJIeTOUYHBIA. B rpanynasmuoHHON TKaHU
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Puc. 3. YTonuweHue anungepmuca B obnactu KpaeB paHe-
BOro gedekta (obBefeHo), aKkcrnepuvMeHTanbHas rpynna.
OkpaluvBaHve reMaToKCUIIMHOM U 303VHOM.

Fig. 3. Thickening of epidermis in the edge area of wound
defect (circled), experimental group. H&E staining.

skin surface and at an angle to it. The microcircu-
latory vessels, nerve fibers, skin glands and hair
roots were located in dermis between connective
tissue fibers. Rare cells of fibroblast lineage and
macrophages were the majority of cell elements of
the dermis.

The dermis with no distinct boundary was tran-
sited to a subcutaneous tissue (hypodermis), con-
sisted of fat cells, i. e. adipocytes, which had either
a rounded or oval shape, and formed the lobules
of various sizes. Thin fibers of loose connective
tissue, which continued from the dermis, were found
between adipocytes in all the directions. Micro-
circulatory vessels and nerve fibers with no patho-
logical signs were found in adipose tissue stroma.

The fibers of striated muscle tissue, the cytoplasm
of which was uniformly stained with eosin, were
noted next to hypodermis. Thin fibers of connective
tissue, microcirculatory vessels and nerve fibers
were located between the muscle fibers.

Skin of all the animals, sacrificed to day 7 after
cryodestruction (experimental group), had the wound
defect, which was deep and wide. The edge area
of the defect had a thickening of multilayer flat
keratinizing epithelium, which might be consi-
dered as the manifestation of reparative processes,
which was implemented through the edge epi-
thelialization and provided the wound area reduc-
tion (Fig. 3).

The entire surface of the wound defect was
covered with large non-structured mass, comprised
necrotically modified fragments of epidermis, der-
mis and hypodermis, i. e. primary necrosis area,
the occurrence of which was associated with the




Puc. 4. bonbluoe KOnMM4YecTBO NOrMbLINX NENKOLUTOB cpe-
ON HEKPOTUYECKUX MacC, ISKCMepuMeHTanbHas rpynna.
OkpalumBaHne reMaToKCUITMHOM U 303MHOM.

Fig. 4. Large number of dead leukocytes among necrotic
masses, an experimental group. H&E staining.

KJICTOYHBI KOMIIOHEHT TMPEJCTABICH 3HAYUTEIb-
HBIM KOJIMYECTBOM JICHKOLIUTOB, YMEPEHHBIM KOJIU-
4eCTBOM Makpo(aros M KJeTok (pudpodIacTHIECKo-
ro psifa, COCYIUCTBbI KOMIIOHEHT — MEIKUMH TOH-
KOCTEHHBIMH COCY/IaMH KaIWJIISIPHOTO THIIA, CTCHKU
KOTOPBIX MECTaMH YTOJIIEHbl M OTCYHBI; BOJIOKHH-
CTBIil KOMITOHCHT — HEMHOTOYHCIICHHBIMH TOHKUMH
BOJIOKHAMH COCJTMHUTEILHON TKaHH.

ITosiBiieHMEe rpaHyISIIIMOHHON TKAHU U YTOJIIIEHUE
SMUTENNANBHOTO TIIAcTa B 00JIACTH KpaeB paHbl CBU-
JIETEIbCTBOBAIM O Pa3BUTHH pelapaTHBHBIX Mpolec-
COB B 30HE KPHOBO3/ICHCTBHSI.

B okpyxkatomunx paHeBoi 1eeKT TKaHsIX JepMbl,
THIIOJEPMBI C TOUICKAIIel MOMEepeyHOI0I0CaTo
MBILIEYHON TKaHBIO OIpEAesslach MECTaMH BbIpa-
xKeHHast (Onmmke K paHeBoMy JedeKTy), MecTaMH
yMepeHHas (Jaiblie OT paHeBoOro nedekra) KIeTod-
Hass WHQWIBTpanus (puc. 6), XapakTepU3yIOIAscs
HaJMYUEeM JICHKOIMTOB, JTUM(OIUTOB, Makpodaros
u kieTok pubpobdaactuyeckoro auddepona. Taxke
B OKPYIKAIOIUX PaHeBOMU Je(eKT MITKUX TKaHSIX OT-
ME€YHaJIUCh Z[I/ICTpO(l)I/I‘IeCKI/Ie U3MCHCHUA B HEPBHbLIX
BOJIOKHAX, TEMOAMHAMHYECKUE HAPYIICHHUs (IPUTPO-
cTa3, JelKocTa3, MUKpOTpOoMO03, oTeK). B nepme u
THIIOJIEPME B HEKOTOPBIX MOJSIX 3PEHHUS BBISBJICHBI
COCY/IbI, JINIICHHBIE YHI0TEINANTBHON BBICTHIIKH, Me-
cTaMu ¢ GUOPUHOMAHBIM HEKPO30M CTEHKH. YKa3aH-
HbIE ATOMOP(OIIOTHIECKHUE U3MEHEHHS CBUAETEIIb-
CTBYIOT O BEIyIICH POJIU MIIIEMUYECKOro (akropa B
BO3HHKHOBCHHUHW 30HBI BTOPHYHOTO HEKPO3a TKaHEH
1ocJie KpUOBO3AEHUCTBHUSL.

B wmBImeuHo# TKaHW, MOMJICKaIIell K 30HE Je-
(dexTa, BOJIOKHA pACTONIarajuCh PBHIXIO C HAJIMYH-
€M AJIbTCPATUBHBLIX I/I3MeHeHPII>’I, MMpEeACTaBJICHHBIX
auctpodueid u Hekpo3oM. Ha pasHbIX ydacTkax B
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Puc. 5. [lemapkaLMOHHbIV NeiKouMTapHbIA Ban (BepXHASA
YacTb PUCYHKA) C Mpunexawum CroeM HEeKpOTUYECKN U3-
MEHEHHbIX TKaHeW (HWXKHSAS YacTb PUCYHKa), SKCNepUMeH-
TanbHas rpynna. OkpaluvBaHue reMaToKCUIIMHOM U 303U-
HOM.

Fig. 5. Leukocyte bank (top of the Figure) with an adjacent
layer of necrotically changed tissues (bottom of the Figure),
experimental group. H&E staining.

primary low-temperature injury of tissues, located
next to cryoapplicator. In necrotic masses, a large
number of dead leukocytes was observed (Fig. 4).
The purulent-necrotic masses were surrounded by a
leukocyte bank, which had either distinct or blurred
boundaries.

A layer of necrotically modified tissues, i. e.
secondary necrosis area, was located beyond the
leukocyte bank (Fig. 5). The secondary necrosis
area was surrounded by a thin layer of young
granulation tissue with present of cell, vascular and

Puc. 6. KnetouHas nHpunsTpauusa n reMogmHammuyeckmne
HapyLUeHns (CTPernkun) B MOrpaHnYHbIX C 4eEKTOM TKaHSAX,
aKcneprMeHTanbHas rpynna. OkpalumBaHne remaToKcunm-
HOM 11 303MHOM.

Fig. 6. Cell infiltration and hemodynamic disorders (arrows)
in tissues adjacent to the defect, experimental group.
H&E staining.
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MBIIIEYHBIX BOJOKHAX OMPENCISUINCH PACIIUPEHUS
U B3IYyTHUS, KOHTPAKTUIbHbIC U3MEHEHUS. YacTh Mbl-
LICYHBIX BOJIOKOH yTpaTHJia MOMEPEUHYIO0 UCUEPUCH-
HOCTb. HeKoTOpbIe MBIIIEUHBIE KIETKH HE COAEpPKa-
T aep.

Taxum 06pa3zom, MOPHOTOTHIECKUE H3MCHEHHUS B
0071aCTH KPHOBO3ICHCTBHUS COOTBETCTBOBAIH ITEPBOM
(haze paneBoro mporiecca. brimn 0OHAPYKECHBI 30HBI
MIEPBUYHOTO (BBI3BAHHOTO MPSIMBIM TTOBPEKIAIOIITIM
BO3JICHCTBHEM HH3KHUX TEMIIEpaTyp) U BTOPUUYHOTO
(pa3BuBIIErOCS B PE3yabTaTe COCYIUCTHIX HapyIe-
HUM) Hekpo3a TkaHel. [Iporeccsl penapanum xapak-
TEPU30BAJIMCH YTOJIIEHUEM B OOJIACTH KpPacB paHbl
MHOTOCJIOMHOTO IUIOCKOTO OPOTOBEBAIOIICTO dIU-
TEJUs], MOSBICHUEM Ha TpaHUIe C 30HOH HEKPOTHU-
YECKUX U3MEHEHUH MOJIOJ0U rpaHyNsIIUOHHON TKa-
Hu. [lonyyeHHbIe HAMU PE3yabTaThl COOTBETCTBYIOT
ONMCAHUIO W3BECTHBIX MEXAHU3MOB IOBPEKIAIOLIE-
TO BIMSHUS HU3KHUX TEMIIEpaTyp Ha OMOJIOTHYECKHe
Tkaam [12, 14, 18, 19, 27] u oTBEYarOT ONMMCAHHBIM
HaMu paHee MOPQOJOTHUYESCKUM O0COOCHHOCTSIM
paH, BBI3BAHHBIX KPHUOJCCTPYKIIMECH C MOMOIIBIO
WHCTPYMEHTA C aKTUBHOOXJIAXKIAEMBIM aIILIUKATO-
powm [5].

buoxumuueckue napamempul coi6opomKu Kposi.
Jiisi OLIEHKH CHCTEMHOTO OTBETa Ha KPHUOAECTPYK-
LU0 KoxH u3mepsuid yposenb [1OJ], uepynomnazmu-
Ha u CPB B CHIBOPOTKE KPOBU SKCHEPUMEHTAIBHBIX
KHUBOTHBIX.

M3BectHo, uto I1OJI — cBOOOTHOpATUKATHHBIHA
MIPOIIECC, KOTOPBIA MOCTOSHHO MPOUCXOAWUT B Opra-
HU3ME M KOHTPOJUPYETCS CUCTEMON aHTHOKCHIAHT-
HOHM 3amuThl. YCWJIEHHE CBOOOIHOPAIUKAIBLHOTO
npouecca Ha (OHE pPa3BUTHS MATOJOTHH IPHBO-
OUT K HapyLIEHHIO CYLIECTBYIOUIETO B (hU3MOJIO-
TMYECKUX YCJIOBHUSAX MPOOKCHIAHTHO-aHTHOKCH-
JAHTHOTO PABHOBECHUS M Pa3BUTHIO OKHCIUTEIBHOTO
ctpecca [20, 26].

Kak BHIHO W3 JaHHBIX, MPEICTABICHHBIX B Ta0-
JMLe, KPUOAECTPYKUMS TKaHEH COIPOBOXKIAIACH
CTaTUCTUYECKH 3HAUUMBIM YBEIMUYCHHUEM COAEpKa-
musa JAK n TBhK-aktuBHbBIX mpomykToB (B 1,7 pasa)
B CBIBOPOTKE KPOBH JKMBOTHBIX, YMEHBIIICHHEM aK-
tuBHoctu COJl (B 2,3 paza) u KAT (B 2,1 paza).
WHpIMM cliOBaMH, OTMEUEHO TIOBBIIIEHHE YPOBHS
KaK MEepBUYHBIX, TAaK U BTOPUYHBIX MpoaykToB [10JI
Ha (QOHE CHWKEHHS aKTHBHOCTH OCHOBHBIX 3BEHBCB
(epMEHTAaTHBHOW CHUCTEMbl AHTHOKCHJIAHTHOW 3a-
muThl. OnKcaHHbIe U3MEHEHUS B CBIBOPOTKE KPOBU
MOXHO paccMarpuBaTh Kak CIEACTBUE JIaBUHOOO-
Pa3HOro yCWJICHHs IPOAYKLUH CBOOOIHBIX pajHKa-
JIOB B OTBET HA BJIUSHUE KOMILJIEKCA OBPEKAAIOLINX
(bakTOpOB, BHI3BAHHBIX KPHOBO3/EHCTBUEM, KOMIICH-
CHUpOBaTh KOTOPOE «MECTHas» CHCTeMa AaHTHOKCH-
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fibrous components, among which the cells pre-
vailed. In granulation tissue, the cells were repre-
sented by a significant number of leukocytes, the
macrophages and fibroblast cells were rare; a vas-
cular component consisted of small thin-walled
capillary-type vessels, the walls of which were so-
mewhere thickened or swollen; rare thin fibers of
connective tissue represented a fibrous component.

The appearance of granulation tissue and thic-
kened epithelial layer in the wound edge area
testified to the development of reparative processes
in cryoexposure zone.

Wound defect was surrounded by dermal tissues,
and hypodermis with underlying striated muscle
tissue, which contained the pronounced (closer to
the wound defect), or moderate (far from the wound
defect) cell infiltration (Fig. 6), characterized by
the presence of leukocytes, lymphocytes, macro-
phages and cells of fibroblast lineage. Dystrophic
changes in nerve fibers, hemodynamic disorders
(erythrostasis, leukostasis, microthrombosis, edema)
were also observed in soft tissues surrounding the
wound defect. The vessels, deprived of endothelial
lining, somewhere with fibrinoid necrosis of the
wall, were found in dermis and hypodermis. These
pathomorphological changes testified to a leading
role of ischemic factor in appearance of secondary
tissue necrosis after cryoexposure.

In the muscle tissue, next to the defect area, the
fibers were arranged loosely, and some changes
were present, e. g. dystrophy and necrosis. In several
sites in muscle fibers we detected the extensions
and bulges, as well as contractile changes. Some
muscle fibers lost their cross striation and certain
muscle cells had no nuclei.

Thus, the morphological changes in cryoex-
posure area corresponded to the first phase of wound-
healing process. The primary tissue necrosis (cau-
sed by direct damaging effect of low temperatures)
and the secondary one (resulting from vascular
disorders) were found. The reparative processes
were characterized by thickening of stratified squ-
amous keratinized epithelium in the wound edge
area, the appearance of young granulation tissue
at the boundary of necrotic changes area. Our find-
ings corresponded to the known described mecha-
nisms of damaging impact of low temperatures
on biological tissues [4, 8, 9, 20, 27] and complied
with the morphological features of wounds we
reported earlier, caused by cryodestruction using
the instrument equipped with an actively cooled
applicator [15].

Biochemical parameters in blood serum. To as-
sess the systemic response to skin cryodestruction,
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MokasaTenn NPOOKCMAAHTHO-aHTMOKCUAAHTHOIO B6anaHca B CbIBOPOTKE KPOBM XMBOTHbIX
Indices of prooxidant-antioxidant balance in blood serum of animals

pynna AK, Mkmonb/mn TBK-akTuBHbIE NPOAYKTbI, HMOMb/MI COJA, ycn.en./mn KAT, ycn.ea./mn
Group DC, umol/ml TBA-reactive substances, nmol/ml SOD, arb. units/ml CAT, arb. units/ml
KorTponbHan 27,31 = 3,38 5,12 + 0,60 4,95 + 0,53 3,61 + 0,46
Control
JKcnepumeHTanbHas % " « "
Experimental 47,05 + 5,00 8,86 + 1,20 2,14 + 0,28 1,71 £ 0,21

*

MpumevaHwue:

— OTNIMYMSA CTaTUCTUYECKM 3HAYMMbI MO CPABHEHWUIO C KOHTponeMm, p < 0,05.

Note: *— differences are statistically significant if compared with the control, p < 0.05.

JAHTHOM 3amuThl He crocoOHa. [loaTBepkaeHUEM
TAKOH TOUYKU 3pEHHMS SIBISIIOTCS JTAaHHBIE O BBHICOKOM
copepxxanud TBK-akTHBHBIX TIPOAYKTOB B KOXeE
KpBIC MTOCJIe KpHOoAeCTpYKIMH [3].

[loBeimenne axtuBHOCTH mpoueccos I10JI, mo-
BUIMMOMY, TIPOUCXOUT KaK B KJIETKax TKaHEH, rpa-
HUYAIINX C 30HOH HEKpo3a, TaK U B KJIETKaX KPOBH,
peanm3yronmx MakpodaraibHyr0 (YHKIHIO B odare
BOCIIAJICHUS, B HEPBYIO OYepelb, HEUTPOPMIbHBIX
JIEHKOIUTaX, OOJBINOE KOJMYECTBO KOTOPBIX OBIIO
BBISIBIICHO IPH MOP(OJIOTHYECKOM HCCIIeIOBAHUH
30HBI KPUOACCTPYKIIHH.

MexaHu3Mbl BOSHUKHOBEHHUS U JJaJIbHEHUIIIETO pas-
BUTHUS OKUCIIUTEIBHOIO CTpecca /10 KOHIla He U3yde-
Hbl. M3BecTHO, 4TO Hambonee MOABEpKEHBI ACH-
CTBHIO aKTHBHBIX ()OPM KHCIIOPOAA KUPHBIE KUCIIO-
TBI, COAEpKalue JBoWHbIC CBsi3U. [Ipu n30BITOY-
HOM 00pa3oBaHWU CBOOOJHOPAIHUKATHHBIX (HopM
KHUCJIOpoAa caMouHayuupyromuiica npouecc 110JT
COMNPOBOXKIAETCS Pa3pyLICHUEM HEHACHIILEHHbIX JIU-
[IU/I0B, HAPYLIEHUEM CTPYKTYPbl U GYHKLMH OEJIKOB,
HYKIICHHOBBIX KHCJIOT W JIDYTHX MOJEKYJ, 4YTO
MOXET TIPUBECTH K HEOOpaTUMOMY TOBPEKICHHIO
CYOKIICTOUHBIX CTPYKTYp M THOENH KIeToK [25, 26].
Hekpo3 kieTok, B CBOIO Ouepe/ib, BHI3BIBAET Pa3BH-
THE BOCHAJHUTENbHOW PEakUuH B TKaHIX, KOTOpas
cama 1o cede HHAYIHPYeT 00pa3oBaHUE CBOOOTHBIX
panuKaoB.

B MUTOXOHIPHSAX «IIPOU3BOIUTCS» HAUOOJbILICE
KOJIMYECTBO AaKTUBHBIX (pOpM KHCIoposma B KIETKE,
[I03TOMY OAHOM W3 OCHOBHBIX NPUYUH BO3ZHHKHO-
BEHUsI OKUCIIMTEIBHOIO CTPEcca CUMTAETCs MHTOXOH-
npuanbHas auchyakmms [25]. Ha mamr B3mmam, Takoi
MEXaHH3M MOKET PEaM30BaThCs B KIETKAX, TPaHH-
YalMx ¢ 30HOM HEKpOo3a ¥ MOJABEPITINXCS CyOieTatb-
HOMY MOBPEKJEHUIO BCIEACTBUE IUCHUPKYISATOP-
HBIX W3MEHEHHI MHKpPOCOCYAHCTOrO pyciia TKaHEH.
JdpyruMu BaKHBIMH (paKTOpaMH pa3BHTHSI OKWCIIH-
TEJILHOTO CTpecca SIBJSIIOTCS LIMTO30IBHBIE U SICpHBIC
(bepMeHTBI, THIEPaKTUBALMS KOTOPBHIX BO3MOXKHA B
TKaHsIX, OKPY>KarOIUX 30Hy KPHOAECTPYKIHH.
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we measured the level of LPO, ceruloplasmin and
CRP in blood serum of experimental animals.

LPO is known as a free radical process that
constantly occurs in a body under control of anti-
oxidant defense system. The strengthening of free
radical process under pathological conditions en-
tails the disorder in prooxidant-antioxidant balance,
existing under physiological conditions, and oxi-
dative stress development [17, 26].

The Table data demonstrated the tissue cryo-
destruction to be accompanied by a statistically
significant increase in the content of DC and TBA-
reactive substances (1.7 times) in blood serum of
animals, a decrease in SOD (by 2.3 times) and CAT
(2.1 time) activity. In other words, we observed
the augmentation of the level of both primary and
secondary LPO products at the background of
a decreased activity of the main components of
enzyme system of antioxidant protection. The des-
cribed changes in blood serum may be considered
as resulting from the avalanche-like enhancement
of free radical production in response to the im-
pact of a complex of damaging factors, caused by
cryoexposure, which compensation by the ‘local’
antioxidant defense system is impossible. This point
of view is confirmed by the data on a high content
of TBA-reactive substances in rat skin after cryo-
destruction [10].

An increased activity of LPO processes appa-
rently occurs both in cells of the tissues, adjacent
to necrosis zone and in blood cells, implementing
the macrophage function in inflammation area,
primarily neutrophilic leukocytes, a large number
of which was revealed during morphological study
of cryodestruction zone.

The mechanisms of onset and further deve-
lopment of oxidative stress have not been fully
studied yet. The fatty acids, containing double
bonds are known as most affected by reactive
oxygen species. With an excessive formation of the
oxygen free radicals, the self-induced LPO process
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®epment COJ] karanusupyer AUCMYTALHUIO
OJTHOTO M3 OCHOBHBIX NPOOKCHAAHTOB — CYIEPOK-
cuja — B KHUCIOpond U mepokcun Bomopona, KAT —
pasnoxkeHue oOpasyromerocsi B mporecce Ouoso-
IMYECKOTO OKHUCIICHHS MEPOKCH] BOAOPOJA HA BOLY
W MOJIEKYJSIPHBIA Kuciopon. Takum oOpazom, oOa
9H3UMa MIPAIOT BaKHEHIIYIO POJIb B AaHTHOKCHIAHT-
HOM 3amuTe MPaKTUISCKH JIFOOBIX KieTok. CHu-
JKEHHE MX aKTHMBHOCTH B CBIBOPOTKE KPOBH >KHBOT-
HBIX T0CJI€ KPHOAECTPYKIHUU KOXH, MO-BUIUMOMY,
BBI3BAHO JUIMTEIBHBIM MOCTYIIEHUEM B KPOBOTOK
OOJIBIIOTO KOJIMYECTBA aKTHUBHBIX (OPM KHCIOpOAa
U CBUJETENBCTBYEeT 00 HCTOILEHHH Pe3epBOB dep-
MEHTaTHBHOTO 3BEHA CHUCTEMBl AHTHOKCHJIAHTHOMN
3alIMTHl YK€ Ha CHCTEMHOM ypoBHe. Kpome Toro
MOXXHO JonyctutTh, yTo cuHtre3 CO/l nu KAT cHu-
KaeTcsl B pe3yJdbTare BIUSHUS BBICOKOIO YPOBHS
CBOOOZIHBIX PAAMKAJIOB Ha TCHETHYECKUI ammapar
KIETKH. Takoe MpeaooKeHne MHOATBEPKAACTCS
TeM (paKTOM, YTO HM3OBITOK AaKTHBHBIX (POPM KHC-
JIopojia CIOCcOOeH BBI3BIBATH TMPSIMOE paspylIieHHe
HYKJIEWHOBBIX KHCJIOT M OKa3blBaThb MHOTOYPOB-
HEBOE MOJYJIHpYIOlee BIUSHUE Ha XpOMaTHH, B pe-
3ynbTare MOAABISACTCS TPAHCKPUIIIMSA WU pETUIMKALSA
JIHK [20].

YcraHoBiIeHHBIN B HacTosed padore ¢dakT pas-
BUTHSI OKUCIIUTEILHOTO CTpecca B OTBET Ha KPHO-
JECTPYKLHUIO KOKH COIIACYeTCSl € MOIy4EHHBIMH
paHee NAaHHBIMHM O MOBBILICHUU YPOBHS IIPOIYKTOB
ITOJI B cBIBOPOTKE KPOBH YKHMBOTHBIX C XOJIOJTOBBEIMH
panamu [6].

Ompenencuue comepxkanuss CPb B cwiBopoTke
KpPOBH SIBJISIETCS OOIICTIPUHSTHIM J1a00paTOPHBIM Te-
CTOM JJIsl OIIEHKH BBIPa’KEHHOCTH IMPOIECCOB BOCTIA-
JIEHUS U JIeCTPYKLMU Ha CUCTEMHOM ypoBHe. More-
kyna CPb npuHaaneXuT K 3BOJIIOLIMOHHO JIPEBHEMY
CEMEUCTBY OCJIKOB — IIEHTPAKCHHAM, CHHTE3 KOTOPBIX
OCYILECTBISICTCS KJIETKAMU TEYEHH U PEryaupyeT-
Csl Pa3NUYHBIMH BOCHAJIMTEIBHBIMU ILUTOKHMHAMHU.
Conepxanue CPb B chiBOpoTKEe KpoBH OBICTpPO TIO-
BBIILIAETCSI B OTBET HA TPaBMY, BOCIIAJICHHE U HH(EK-
LUIO.

Yposens CPB B CHIBOpOTKE KpPOBH >KHBOTHBIX
WHTaKTHOU Tpymmbl cocranisieT (1,24 £ 0,13) mr/mi,
JKCTIepuMeHTaNbHO# Tpynmsl — (3,51 + 0,45) mr/mi.
Takum 00pa3zoM, BCIEICTBHE MOBPEKACHUS TKaHEH,
BBI3BAHHOTO KpHOBO3AcHcTBUEM, ypoBeHb CPb mo-
BeIcwiIcA B 2,8 pasza. M3BectHo, uro CPb moxer
CBsI3bIBaTh (HOCHOXOINH, B OCHOBHOM MIPUCYTCTBYIO-
mMid B OakTepHaJbHbIX MEMOpaHax, KJICTOYHOM
MeMmOpane u junomnporenHax. Kpome toro, o mo-
KET PacllO3HABATh SJICPHBbIC AHTUICHHBIC SIMTOIIBI
TTOBPESKICHHBIX KIJIETOK. [lomoOHO WMMYHOTII00Y-
muHy G, OH aKTHBUPYET KOMIUIEMEHT, CBS3bIBAETCS
¢ Fc-penenropamu, T. €. neiicTByeT Kak OINCOHWH
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is accompanied by destruction of unsaturated lipids,
disorder in structure and function of proteins,
nucleic acids and other molecules, which may
entail an irreversible injury of subcellular structures
and cell death [25, 26]. The cell necrosis, in turn,
causes the development of an inflammatory reaction
in tissues, which itself induces the free radical
formation.

The mitochondria ‘produce’ the largest number
of reactive oxygen species in cell, therefore, a mi-
tochondrial dysfunction is considered to be one of
the main causes of oxidative stress occurrence [25].
We believe this mechanism may be implemented
in cells, adjacent to necrotic area and subjected to
sublethal damage due to dyscirculatory changes
in tissue microvasculature. Cytosolic and nuclear
enzymes, which may be hyperactivated in tissues
nearby the cryodestruction zone, are the other
important factors in oxidative stress development.

The SOD enzyme catalyzes the dismutation
of one of the main prooxidants, i. e. superoxide
into oxygen and hydrogen peroxide, the CAT does
the decomposition of hydrogen peroxide, formed
during biological oxidation, into water and mo-
lecular oxygen. Thus, both enzymes play a crucial
role in antioxidant protection of almost any
cells. A decrease in their activity in blood serum
of animals after skin cryodestruction is appa-
rently caused by a long-term entry into blood-
stream of a large number of reactive oxygen species
and testifies to the depletion of stocks of enzymes
of antioxidant defence system even at the system
level. In addition, we may assume that SOD and
CAT synthesis reduction is a result of the impact
of a high level of free radicals on genetic ap-
paratus of cell. This assumption is confirmed by the
fact that an excess of reactive oxygen species may
induce a direct destruction of nucleic acids and
cause a multi-level modulating effect on chromatin,
resulting in suppression of DNA transcription and
replication [17].

The fact we established here about the oxi-
dative stress development in response to skin cryo-
destruction is consistent with the previous findings
on an increased level of LPO products in blood
serum of animals with cold wounds [16].

Determination of CRP content in blood serum
is a common laboratory test to assess the severity
of inflammatory and destructive processes at a
system level. The CRP molecule belongs to the
evolutionarily ancient family of proteins, pentraxins,
which are synthesized by liver cells and regulated
by various inflammatory cytokines. The CRP content
in blood serum increases rapidly in response to
trauma, inflammation and infection.
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JUIsL pa3nuyHbIX matoreHoB. BzaumoneiictBue CPb
¢ Fc-penenrropamu mpuBOAUT K 0O0pa30BaHUIO IMPO-
BOCTIAIMTEIBHBIX [TUTOKWHOB, YCHJIMBAeT (haroluro3
AQHTUTEHOB W MHUKPOOPTaHM3MOB, CTHUMYIUpPYET 00-
pa3oBaHHME aKTHBHBIX (PopM Kuciopoma 3PQerTop-
HBIMH KJIETKAaMH UMMYHHOH cucteMsbl [22]. B otiu-
que oT IgG, KOoTophIi cHermupuIeckn pacro3HaeT
pasnmuyHble aHTUTeHHBIC JmHTOonel, CPb B3ammo-
JCHCTBYET C YY)XKEPOAHBIMH W HM3MCHEHHBIMU COO-
CTBEHHBIMU MoOJieKyaamu [16].

OueBHIHO, YTO YCTAHOBJICHHOE MOBBIILIEHHUE YPOB-
1 CPb mocne KpHOAECTPYKIMH BBI3BAHO KOMII-
JIEKCOM (PAaKTOPOB, UMEIONIUX PA3TUYHYIO CTCIIECHb
BiIusiHUA. Ha Ham B3DIsi, MEPBBIM MO 3HAYUMOCTH
SIBIISIETCS JIETaIbHOE U CYOJNETAIbHOE TTOBPEKICHHE
TKaHEH B 30HE BO3AEUCTBUSI, BCIEICTBUE KOTOPOIO
0O0JBIIIOE KOJMYECTBO KJIETOK TOABEPraroTCs aroll-
To3y W Hekpo3y [16]. Kak Hekpo3, Tak W amomnTo3
WUrPAOT KJIKOYEBYIO POJb B IaTOTEHE3€ HHU3KOTEM-
reparypHoro noBpexaeHus tkaHeit [14]. Ilo-Bumu-
MOMY, B pe3ylbTare KpPHOBO3AEHCTBUS MPOM3O0IILIA
JICHaTypalysi BHEKJICTOYHBIX OCIKOB, M3 MOBPEXK-
JEHHBIX KJIETOK BBIICIWIUCH ITUTO30JIbHBIC U SIACP-
HBIC AHTUTECHHBIC SIUTOIBI, YTO MOCTY>KUIO CUTHA-
goM [uisi moBblmieHus: npoaykuuun CPb B meuenu.
BropbiM cyiiecTBeHHBIM (PaKTOPOM MOXKHO CUUTATh
MOSIBJICHUE B 30HE KPHUOBO3ICHCTBUS 3HAYUTEIb-
HOTO KOJIMYECTBA MUKPOOHBIX aHTHUTE€HOB, TPETHUM —
BO3HMKHOBEHUE M PA3BUTUE IPOLIECCOB BOCHAJIE-
HUSL.

Pons CPb B marorenese BocmaneHHs 10 KOHIA
HE W3y4YeHa, OJHAKO H3BECTHO, YTO OH SBIIETCA
no’u(yHKIIMOHAIBHBIM OEITKOM OCTpOl (assbl, cro-
COOHBIM OKa3bIBaTh KaK MPOTHBO-, TaK U MPOBOC-
nanuTenbHoe BiausHUE. CUHTaeTCs, YTO MOJIEKY-
na CPb cymecTByer, mo MeHblIeld Mepe, B ABYX
KOH(OPMAIMOHHO PA3INYHBIX (OpMax: HATUBHBIN
nenramepuslii CPb u mMoandunupoBaHHbBII/MOHO-
mepubiii CPb. Harunas ¢dopma monekynsr CPb
SIBISIETCSL  LUPKYJAUPYIOLIUM  MPEALIECTBEHHUKOM
mouomepHoro CPb. VYkazannele m3ohopMbl o0Ia-
MAl0T Pa3IUYHBIMA  (DYHKIIMOHATBHBIMH ~ CBOWCT-
Bamu. Monekymna HatnBHoro CPB B 3aBucumocTn
OT CHUTyaluu 00JaJaeT Mpo- M MPOTHBOBOCHANHN-
TEJTBHBIM JCHCTBUEM, Torna Kak MoHoMepHBI CPb
OKa3bIBa€T CHUJIBHOE MPOBOCMAIUTENHHOE BIMSHUE,
peanusyemMoe uepes3 dHAOTeNHaNbHbIe KIETKH, YH]0-
TENUAIbHBIC KIETKU-TIPEIIICCTBEHHUKH, JEUKOIIUTHI
u TpoMOOIuUThl [24]. MOXXHO TPEANOIIOKUTh, YTO
rpyOble HApYIICHUS MHUKPOIUPKYISITOPHOTO pyciia
MOCJIe  KPUOJECTPYKIIUN KOXKH, 3a(pUKCHpPOBaHHBIC
B pe3ylbTare MOP(OIOTHYECKOTO HCCIeIOBAHUA,
OTYACTU BBI3BaHbl MPOBOCHAIMUTEIBHBIM BIHSIHUEM
MoHoMepHOH ¢dopmbl CPB. Monekyma HaTHBHOTO
CPb MoOXeT mucconmmmpoBaTh HAa AKTUBUPOBAHHBIX
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The CRP level in blood serum of animals from
intact and experimental groups made (1.24 + 0.13)
and (3.51 £ 0.45) mg/ml, respectively. Thus, due
to the tissue injury, caused by cryoexposure, the
CRP level increased 2.8 times. It is known that
CRP may bind phosphocholine, mainly present
in cell membrane and lipoproteins. In addition,
it may recognize nuclear antigenic epitopes of
injured cells. Like immunoglobulin G, it activates
the complement, binds to Fc-receptors, i. e. acts
as opsonin for various pathogens. The interaction
of CRP with Fc-receptors leads to formation of
proinflammatory cytokines, increases the phagocy-
tosis of certain antigens and microorganisms,
stimulates the reactive oxygen species formation
by effector cells of immune system [22]. In cont-
rast to IgG, which specifically recognizes different
antigenic epitopes, the CRP interacts with alien
and own altered molecules [6].

Obviously, the established increase in CRP level
after cryodestruction is induced by a complex of
factors with different impact rate. We believe that
the most important are the lethal and sublethal
tissue injuries in the impact zone, as a result of
which a large number of cells undergo the apop-
tosis and necrosis [6]. Both necrosis and apoptosis
play a key role in pathogenesis of low-temperature
tissue injury [4]. Apparently, as a result of cryo-
exposure, the extracellular proteins were denatured,
cytosolic and nuclear antigenic epitopes were re-
leased from injured cells, that served as a signal
for increasing the CRP production in liver. The
emergence of a significant amount of microbial
antigens in the cryoexposure area, and the occurrence
and development of inflammatory processes may
be considered as the second and third significant
factors, respectively.

The CRP role in the inflammation pathogenesis
has not been fully understood yet, but CRP is known
to be a polyfunctional acute-phase protein, capable
to cause both anti- and pro-inflammatory effects.
It is believed that the CRP molecule exists in at
least two different conformation: native pentamer
CRP and modified/monomeric CRP. The native
form of CRP molecule is a circulating precursor
of monomeric CRP. These isoforms have different
functional properties. The native CRP molecule is
capable to have both pro- and anti-inflammatory
effects, while the monomeric CRP causes a strong
pro-inflammatory effect through endothelial cells,
endothelial progenitor cells, leukocytes and pla-
telets [24]. It may be assumed that strong disorders
of microcirculatory bed after skin cryodestruction,
recorded as a result of a morphological study,
are partly induced by pro-inflammatory effect of
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TpoMOOLIMTaxX M IPYTrUX KJIETKaX, BOBJICYCHHBIX B
BOCTIAJIUTENIbHBIA OTBET U CBSI3aHHBIX C yYCHJICHHUEM
MIPOBOCIHANUTENBHOr0 noTeHuana. OTIoKEeHUsT MO-
HomepHoro CPB oOHapykuBaroTcss B ouarax BOC-
naneHus. M3BecTHo, 4T0 Auccounanys HaTUBHOIO
CPb mpomcxomuT B BOCHAJIUTEIEHOM MHKPOOKPY-
JKEHUH, a BHOBb 00pa3oBaHHBIN MoHOMepHEBIH CPb
MOXET CHOCOOCTBOBAaTh JIOKAIM3AIMK BOCIIAJH-
TEJTHHOTO OTBETA [22].

Takum oOpa3om, o0nacTe KpUOBO3NEHCTBHUS, B
KOTOpOM JieTallbHOEe U CyOJieTallbHOE TOBPEXKICHHE
TKaHel, CONMpOBOXKJAIOIIeecss HEKPO3OM M aIloINTo-
30M OOJNBLIOrO KOJMYECTBAa KJIETOK M Pa3BHTHEM
CENTUYECKOTO BOCHAJIUTENBHOIO MpPOLEcca, MOXK-
HO paccMaTpuBaTh KaK «LENEBYIO 30HY» Ul LHP-
Kynupytouero B kpoBu HatuBHoro CPb. IloBsiiie-
Hue ypoBHi CPb B CBIBOpOTKE KpOBHU, IO-BHIHU-
MOMy, oOecneynBaeT peajM3alui0 €ro mpo- Hu
IIPOTHBOBOCHAIUTEIBHOIO IOTEHLMANa B 001acTH
kpuonecTpykiuu. [lomydueHHbIE HaMH pe3yiabTaThl
COTJIACYIOTCSl C JAHHBIMH O TOBBIIICHUH YPOBHS
CPb B cbIBOpOTKE KPOBM KHBOTHBIX C XOJIOJIOBBIMHU
panamu [6].

LepymnonnasMuH SBISETCS SHAOTCHHBIM MOJYJIISI-
TOPOM BOCHAJIMTEIHHOTO OTBETA, & MOBBHIILICHHE €ro
YPOBHS B CBIBOPOTKE KPOBU — CUCTEMHBIM MapKepOM
BocmajeHus. M3BecTHO, 4TO ypOBEHb LiEpyioIias-
MHHA B CHIBOPOTKE KPOBHU IIOBBILIAETCS HE TOJIBKO
Ha (oHe BocIajgeHus, HO ¥ TIPH HHQEKITUH, TTOBPEK-
JIEHUW W HeKpo3e TkaHeh [21]. B ceIBOpoTKe KpOBH
KUBOTHBIX MHTAKTHOW IPYIIBI €0 YPOBEHb COOT-
BerctByer (108,41 + 11,30) mr/mi, a mocie KpHo-
BO3JICHCTBUST Ha KoKy — (288,88 + 32,64) mr/mn
(B 2,7 pasa Beime). Mornekyna IepyaoIuia3MuHa
npeAcTaBisieT coboil B-mio0ynuH TUIa3Mbl KPOBH,
(YHKIMSIME KOTOPOTO SBJISIFOTCS. TPAHCIOPT MEIH,
MOOMJIN3AHsI CBIBOPOTOYHOTO JKejie3a AJIsl KpOBET-
Bopenus, uaruouposanue I10JI, yuactue B octpoii
(aze BocmajeHus, peryasiuus ypoBHS OHOT€HHBIX
aMUHOB B CBIBOPOTKE KpoBu [10].

Ha Ham B3misih, NOBBILIEHHE YPOBHS LIEPYJIo-
IUTa3MUHA B CHIBOPOTKE KPOBH IIOCIE KPUOAECTPYK-
LM KO’)KA B OCHOBHOM CBSI3aHO C TEM, YTO OH SB-
JSieTCs aTTPaKTaHTOM OCTpPOoW (ha3bl BOCHAJICHUSI.
Kpome TOro, mockoyibKy KpHOIECTPYKLHS TKaHEH
COTIPOBOJK/JJAJIaCh TOBBIIIEHHEM B CHIBOPOTKE KpPO-
BU COJEpXXaHUSl TEPBUYHBIX M BTOPUYHBIX IPO-
ayktoB IIOJI, MOXHO TpEANOIOKUTH, YTO TOBBI-
LIEHWE YpPOBHS IEPYIOIUIa3MHHA CBSA3aHO C €ro
AQHTUOKCUAAHTHBIMH CBOMCTBAMH M OOYCJIOBJICHO
HEOOXOIMMOCTbIO YMEHBILICHHUS BBIPAKCHHOCTH OK-
CHJIaTUBHOI'O cTpecca.

Takum o00pa3om, yBEIMUYCHHE YPOBHS LEpYIO-
IUTa3MUHA B CHIBOPOTKE KPOBH y 3KCIEPHUMEHTAJIb-
HBIX JKMBOTHBIX CBHJICTEILCTBYET 00 aKTHBHOCTH
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monomeric form of CRP. The native CRP molecule
may dissociate on the activated platelets and other
cells, involved in inflammatory response and
associated with the enhanced pro-inflammatory po-
tential. The monomeric CRP deposits are found in
the inflammatory areas. The dissociation of na-
tive CRP is known to occur in inflammatory micro-
environment, and the newly formed monomeric
CRP may contribute to localization of inflamma-
tory response [22].

Thus, the cryoexposure area may be considered
as a ‘target zone’ for circulating in blood native
CRP, where the lethal and sublethal tissue lesion,
accompanied by necrosis and apoptosis of a large
number of cells and developed septic inflam-
matory process were present. An increased CRP
level in blood serum apparently provides its pro-
and anti-inflammatory potential in cryodestruc-
tion area. Our findings are consistent with the
data on an increased CRP level in blood serum of
animals with cold wounds [16].

Ceruloplasmin is an endogenous modulator
of inflammatory response, and an increase in its
level in blood serum is a systemic marker of
inflammation. It is known that the ceruloplasmin
level in blood serum augments not only at the
background of inflammation, but during infection,
tissue injury and necrosis as well [18]. In blood
serum of intact group animals its level corresponded
to (108.41 + 11.30) mg / ml, and after skin cryoex-
posure it made (288.88 + 32.64) mg / ml (2.7 times
higher). The ceruloplasmin molecule is the blood
plasma p-globulin, the functions of which are
the copper transport, serum iron mobilization for
hematopoiesis, LPO inhibition, participation in acute
phase of inflammation and regulation of biogenic
amine level in blood serum [19].

We believe that an increase in ceruloplasmin level
in blood serum after skin cryodestruction is mainly
associated with its functioning as an attractant of
acute inflammatory phase. In addition, since the
tissue cryodestruction was accompanied by an
increased content of primary and secondary LPO
products in blood serum, the augmentation of
ceruloplasmin level might be assumed as associated
to its antioxidant properties and stipulated by the
need to reduce the oxidative stress severity.

Thus, an increase in ceruloplasmin level in
blood serum of experimental animals testified to the
activity of destructive and inflammatory processes in
cryoexposure area.

Conclusions
The way of low-temperature exposure we pre-
sented here enabled to obtain an experimental model
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MPOLIECCOB ACCTPYKIMU U BOCMAJICHUS B 30HE KPHUO-
BO3IEUCTBUS.

BpiBoABI

IIpencraBieHHpii B paboTe CIocod HU3KOTEM-
MepaTypHOTO BO3JEHCTBHUS TO3BOJIIET TIONYYHTH
SKCHEPUMEHTAIBHYI0 MOJENb KPHOAECTPYKINN KO-
JKH, TPUTONHYIO I HW3YyYCHHS IPOIECCOB, BO3-
HUKAIOMINX TOCTAE KPUOXUPYPTUUECKOTO JICUCHUS
HOBOOOPA30BaHUI KOXKH Y JIIOZICH.

Hcnonb3oBaHHBI B pa0OTe KPUOUHCTPYMEHT —
AKKYMYJISITOp  XOJIOAA TMO3BOJSUT  HOAAEPKUBAThH
TeMneparypy padboueii MOBEpXHOCTH allLTUKaTOpa He
Boie —50°C B TeueHUE BCEro NEPHUOa BO3ACHCTBUSL.

[IpuMeHeHHBIH peXUM KpPUOBO3ACHCTBUS HA KO-
Ky TIPUBOIMJI K Pa3BUTHIO TPOIECCOB JECTPYKINU
Y BOCTIAJICHHS] HA MECTHOM M CHCTEMHOM YPOBHSX.

Ha mectHOM ypoBHE WM3MEHEHUs TPOSBISIINCH B
pa3BUTHH paHEBOTO JedeKTa pPacIpOCTPAaHECHHOTO
KaK 10 TIyOWHE, TaK W IO IUIOMIAAW, ¢ HAINIHUEM
30HBI IEPBUYHOTO HEKPO3a, BEI3BAHHOTO MPSIMBIM T10-
BPEXKJIAIONINM BO3JICHCTBUEM TeMIIepaTypHOro (hak-
TOpa, AEMapKAIIMOHHOTO JICUKOITUTAPHOTO Bajla, 30HbI
BTOPUYHOTO HEKPO3a, PA3BUBIIETOCS B PE3ylIbTaTe
FeMOJUHAMUYECKUX W3MEHEHUI, W TOHKOTO CJOS
IpaHyJISIIIHOHHON TKaHH.

Ha cucremHOM ypOoBHE OOHapy»XEHO pa3BHTHE
OKHCIUTEIILHOTO CTpecca, MPOSBISABIIETOCS ITOBBI-
IICHHEM COJIEpP)KaHUSl TEPBUYHBIX W BTOPHUYHBIX
npoxykToB I1OJI Ha (one yrHeTeHUS PepMeHTaTHB-
HOTO 3BEHA CHUCTEMBI AHTHOKCHIAHTHOW 3aIllUTHI:
camxenne aktuBHoctn COJl m KAT, a Taxxke mo-
BEINIICHUE CcofepKaHus nepywiomiazmMuia u CPb
B CBHIBOPOTKE KPOBH JKUBOTHBIX.

IlepcniexkTBOM HaIbHEHIINX HCCIEAOBAaHUNA MO-
XKeT OBbITh M3YYEeHHE BO3MOXXHOCTH HUCIIOJIB30BaHUS
npeajaraeMoi SKCIEePUMEHTANIbHON MOAEIu s
M3YUYCHHs TPOIECCOB aibTepaliil W perapamnuu
[OCJIe KPUOXUPYPIHUYECKOTO JICUCHUS IaTOIOTHYe-
CKHUX IPOIIECCOB KOXKH.
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of skin cryodestruction suitable for studying the
processes occurred after skin neoplasm cryosurgery
in humans.

The cryoprobe we used here allowed to maintain
the temperature of applicator working surface no
higher than —50°C during the entire exposure time.
The applied regimen of skin cryoexposure entailed
the development of destructive and inflammatory
processes at both local and systemic levels.

At the local level, the changes were manifested
in the wound defect development, which were deep
and wide. The accompanying primary necrosis
was caused by a direct damaging effect of tempe-
rature factor, leukocyte bank, and the secondary
necrosis was resulted from hemodynamic changes,
and a thin layer of granulation tissue.

At the system level, we revealed the oxidative
stress development, manifested in an increased
content of the primary and secondary LPO products
at the background of inhibited enzymatic component
of antioxidant defense system, i. e. a decrease in
SOD and CAT activity, as well as an increase in
ceruloplasmin and CRP content in blood serum
of animals.

The described experimental model will possibly
enable a further study of the alterative and repa-
rative processes after skin neoplasm cryosurgery.
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