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MNMopiBHANBbHA ouUiHKa paHo3aroBanbHOI Ail
HU3bKOMOEeKynspHoi cpakuii kopaoBoi KpoBi (ao 5 ka)
Ta npenaparty «AKTOBeriH» Npu KpPioyLWKOAKEeHHAX LWKipw
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Comparative Evaluation of Wound Healing Effect
of Cord Blood Low Molecular Weight Fraction (Below 5 kDa)
and Actovegin Drug in Skin Cryolesions

Pedbepar: lNpencraeneHo pesynsratyt NOPIBHANBLHOMO AOCHIMKEHHS BNMBY HU3bKOMOMeEKynspHoi (4o 5 kfa) dpakuii 3 kopaosoi
kpoBi (PKK) Benukoi poratoi xynobu Ta npenaparty MOPIBHSIHHA «AKTOBEriH» Ha npouecy pereHepauii TKaHWH nicns KpioaecTpykuii
LWKipn wypis. MNokasaHo, WO NOKanbHUIN KOHTAKTHUIA KPIOBMMMB NPU3BOAWUTL HE nuwe A0 AECTPYKLUil BCiX LuapiB LKipW, a N BTOPUH-
HOrO iLIEMIYHOrO MOLUKOMKEHHsT Binbll rMMBOKMX i HaBKPYXHIX TKaHUH. Pe3ynbratm BMKOPUCTAHHSA iHeKUiiHoro posdmHy ®KK y
Tepanii  3MOAeNbOBaHOrO KpPIiOYLIKOMKEHHST [OBENVM WOro BUPaXKeHy paHo3aroloBanbHy Ailo, ska MposBnsanacs B MNPUCKOPEHHI
penapauiiHiX npoueciB, MOMNWeEHHI TPOIiK1 NOLUKOMKEHOI AINSHKM 3a paxyHOK rinepsBackynspuaauii Ta 3anobiraHHi CKNepoTUYHUX
npouecie. BeegeHHs wypam ®KK i npenaparty nopiBHAHHS «AKTOBEriH» MPUCKOPIOBANo HOpManisauito KMiHiYHMX MOKa3HWKIB KPOBI
(KiNbKICTb €pUTPOLUTIB, NENKOLMTIB Ta aKTUBHICTb MYXHOI docdartasun) B BinbLu KOPOTLLI TEPMIHM NOPIBHAHO 3 KOHTponem. OTpumanun
edeKT MOXXHa MOPIBHATK 3 Aieto npenapaTty «AKTOBETiH».

KnrouyoBi crnoBa: KpiogecTpykuis, KopaoBa KpoB, «AKTOBETIH», LLypy, paHOBa MOBEPXHS.

Abstract: This paper presents the results of comparative studies of the impact of the low molecular weight (below 5 kDa)
cattle cord blood fraction (CBF) and the comparator drug Actovegin on tissue regeneration after skin cryoablation in rats. Here,
a local contact cryoexposure was shown to result not only in destruction of all skin layers, but secondary ischemic damage to
deeper and adjacent tissues as well. The use of an injection solution of CBF as a therapy for simulated cryolesion proved its pronounced
wound healing effect, manifested in accelerated reparation, improved trophicity in an injured area due to hypervascularization
and prevention of sclerotic processes. The introduction of CBF and Actovegin to rats accelerated the normalization of clinical
blood parameters (RBC and WBC counts, alkaline phosphatase activity) in shorter terms as compared with the control. The obtained
effect may be compared with Actovegin action.

Key words: cryoablation, cord blood, Actovegin, rats, wound surface.

Ha croronmHi kpioTrepariss — OJUH 3 IIMPOKO 3a-
CTOCOBAaHHMX y MEIUIMHI METOAiB. 30Kpema, B Jiep-
MAaTOJIOTIYHIN TPAKTHIII KPiOTEXHOIOTil BUKOPUCTO-
BYIOTb AJISI BUJAJIEHHS IyXJIMH, JIKyBaHHS THIHHUX
3aXBOPIOBaHb M’ SIKMX TKaHWH, aKTHHIYHHUX Kepa-
To3iB 1 remanriom [10, 11, 20]. IIpore B ocranHi
pOKH 3’SIBIISIETBCS BCE OUTBINIE ITOBIIOMIICHH PO
Te, MO KPIOACCTPYKINsl HE Ja€ OYIKyBaHOTO pe-
3yapTaTy ab0 CYNPOBOIKYETHCS MOTIPIICHHSIM CTa-
HY HaBKPYXHIX 370poBHX TKanuH [21, 26, 27].
[lokazano, 1m0 m0pH TPOBEACHHI KpPiOAECTPYKILi
CKJIQJIHO KOHTPOJIOBATH ITHUOWHY 1 IJIOUIY YIIKOA-
JKCHHSI, a TPUBaJl HaOPSKU MPU3BOIATH JO HEKOHT-
POIBOBAHOTO PO3POCTAHHS CHONYYHOI TKAHUHH, T10-
pYLIEHHS METa0ONIYHMX MPOLECIB 1 NMPHUTHIYCHHS
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To date, the cryotherapy is one of the most
common methods in medicine. Cryotechniques
in dermatological practice are specifically used to
remove tumors, to treat purulent soft tissue diseases,
actinic keratoses and hemangiomas [4, 19, 20]. Ho-
wever, several publications have recently appeared,
where cryoablation is reported not to ensure the
expected outcomes or worsen the surrounding heal-
thy tissues [6, 18, 21]. The difficulty to control the
depth and area of the lesion during cryoablation has
been shown, moreover the prolonged edemas may
cause an uncontrolled growth of connective tissue,
metabolic disorders and inhibition of proliferation
in the lesion area [1]. For example, M.O. Okunev
et al. [19] demonstrated the local cryoablation of
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nporidepanii B 30H1 ymkomkenus [1]. Hanpuknan,
M.O. OxyHpoB Ta cmiBabr. [10] moka3anwm, mo micis
MIPOBEJICHHS JIOKAJIbHOI KPioAeCTPYyKIii reManriomu
LIKIpH, SIKa YTBOPIOETHCS 3 TiMEPIUIA30BAHOTO SHIO-
TENII0 KaIJIsApiB, Y MAI€HTIB JUTAYOTO BIKYy B Psii
BHITAJIKIB CITOCTEpiraeThcs akTUBHHWMA ii picT. [lpm
LbOMY OAY>KaHHS BIABaJOCS MOCSITH JIMIIE MiCIs
XipyprigHoro abo KOMOIHOBAHOTO JTIKyBaHHS.

JloBeneHo, mo mMomiOHI YCKIIamHEHHS KpioTepa-
mii ToB’s3aHI Oe3MOcepenHb0 3 TPaBMATHYHICTIO
BIUIMBY: HAaHECEHHS HA IIKIPYy KPIOTEHHOTO areHTy
CYNPOBOJIKYETBCSl IIBUAKHUM 3aMEp3aHHSM 1 T0-
JAIBIIAM TIOBUIBHUM PO3MOPOXKYBAHHSIM TKaHHWHH,
IO MPU3BOIUTH 10 PYHHYBaHHS KIIITHH 1 KIIITHHHUX
opraHeql KpUcTajaMHu JIbOAY B pe3ylbTaTi MpoleciB
KpucTanizauii Ta pexpuctamizamii [6, 13, 18]. Sk
HaAcNMiIOK — y Michi amikamii kpioareHTy BinOy-
BAaIOTbCS TMOBHE PyHHYBaHHS JPiOHMX CYOHH, CIIa3M,
OKJIIO3i 1 MOAAJBIIUKI Mape3 CyAuH 3 PO3BUTKOM
PEOJIOTIYHMX TOpYIIeHb (cTa3, TpoMOOo3 Ta imie-
MiYHe YIIKO/DKEHHS TKaHWH). Yepes TIMoKCito B TKa-
HUHAX TOPYIIYIOTbCA MeTaboniyHi mporecu (CHH-
TE€3 MAKPOEPriuHUX CIIOTYK, HAKOIMYCHHS IPOAYKTIB
MIePEKUCHOTO OKHCHEHHS JIMiAIB), IO TPU3BOIUTH
10 BTOPHMHHHUX IECTPYKTHBHHX 3MiH, (hopMyBaHHS
JIOJIATKOBOTO OCEPE/IKY 3allaJieHHsI, HEKPO3y, Mopy-
MIEHHS TIPOIIECIiB aHTIOTEHE3Yy 1 KOJIareHOyTBOPEH-
H1 8, 14].

Panime Hamu Oyio mokasaHo, 1o Juist 3arno0iraH-
Hsl TOAIOHUX 3MIH MOXJIMBE 3aCTOCYBaHHS HU3BKO-
MoJieKysipHoi (pakuii koproBoi kpoBi [4]. laxwii
mpenapar € BHCOKOOUHMILEHHM KpiOTeMOIi3aToM
KOpPIOBOT KpOBI 3 KOMIIOHEHTaMH, MOJEKYJsIpHa
Maca sSKuX He mnepeBuinye 5 k/la [3]. Mexanizm
aii ¢pakuii € KOMIUIEKCHUM 1 0a3yeTbes, B MEPILY
4yepry, Ha cTUMYroBaHHI cuHTe3y AT®, 30inbmieH-
Hi 3arajbHOrO aJCHIIATHOTO IyJly, €HEepreTHYHOIo
3apsAy KIITHH Ta BMICTY BHYTPINTHBOKIITHHHOI
IJIIOKO3M 3@ PAaxyHOK BIUIMBY Ha TPaHCIOPTEPH
DTIOKO3W Ta 11 YTHII3AIMil0 MUIIXOM TTOKPAICHHS
KHCHEeBOro MeTabomizmy [2, 16, 17, 23]. YV npose-
IEHUX HAMHU JOCHIIKEHHSAX IN VIVO Ha MOIENsux
BHpa3KH NIIyHKA, TEPMIYHOTO OIIKYy 1 MeXaHIYHOi
TPaBMHU POTIBKH OYJO JOBEJICHO 3aTHICTh HU3BKO-
MOJIEKYJISIpHOT (pakiiii KOpIoBOi KPOBi 10 BUpaxKe-
HOI paHO3arolBaNbHOI Aii, 3a100iraHHs Tinepruiasii
CHIOJNyYHOI TKaHWUHU U QopmyBaHHS (HiOPO3HUX
pyouiB [5, 24]. Bka3zaHi edekTu BiIKpUBAIOTH IEp-
CIEKTUBY B JIIKyBaHHI YCKJIaTHEHUX paH, SIKi BH-
HUKJIMA TICHs JIOKaJbHOI KpioTeparii 3aXBOpPIOBaHb
pi3Hoi eTiosorii.

Mera pob0oTH — NOCHIIUTH BIUIMB HU3BKOMOJIC-
KyJsipHOT (hpaKiiii KOpIoBOi KPOBI BEIHMKOI poTraToi
XyJ00M Ha TPOIECH 3arO€HHS IIKIpW Micis Kpiofe-
CTPYKII1 Y eKCIepUMEHTAEHUX IYPiB.
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skin hemangiomas, formed from hyperplastic capil-
lary endothelium, to occasionally induce their active
growth in pediatric patients. Herewith the recovery was
achieved after surgical or combined treatment only.

Similar complications of cryotherapy have been
proven as directly related to the exposure injury,
i. e. the application of cryogenic agent onto the skin
is accompanied by rapid freezing, followed by slow
tissue warming, leading to the destruction of cells
and their organelles by ice crystals as a result of
crystallization and recrystallization [2, 14, 22]. Con-
sequently, at the site of cryoagent application the small
vessels are completely destroyed, and the spasm, oc-
clusion and further vascular paresis with developing
rheological disorders (stasis, thrombosis and ischemic
tissue damage) occur. Hypoxia in tissues disrupts the
metabolic processes (synthesis of macroergic com-
pounds, accumulation of lipid peroxidation products),
resulting in secondary destructive changes, formation
of additional inflammatory focus, necrosis, disruption
of angiogenesis and collagen formation [15, 25].

Previously, we have shown the use of the cord blood
low molecular fraction as able to prevent these chan-
ges [12]. The drug is the highly purified cord blood
cryohemolysate with the components of molecular
weight below 5 kDa[11]. The action mechanism of the
fraction is complex and primarily based on stimulating
ATP synthesis, increasing the total adenylate pool,
cell energy charge and intracellular glucose content
via affecting the glucose transporters and its utiliza-
tion through oxygen metabolism improvement [9,
11, 23, 24]. Our in vivo studies on the models of
gastric ulcer, thermal burns and mechanical injury
to the cornea proved the ability of low molecular
fraction from cord blood to a pronounced wound
healing effect, prevention of connective tissue
hyperplasia and the formation of fibrous scars [5,
8]. The mentioned effects are promising in treatment
of complicated wounds, occurred after local cryo-
therapy of diseases of various etiology.

The aim of this study was to investigate the im-
pact of low molecular fraction derived from cattle
cord blood on skin healing processes after cryoabla-
tion in experimental rats.

Materials and methods

Low molecular weight fraction was procured
from cattle cord blood (CBF). To separate the cells
and their fragments, the mechanically defibrinated
whole blood was subjected to cryohemolysis and
centrifuged for 15 min at 10,000g. The obtained
supernatant was purified in two stages: first through a
filter Sartopure GP2 (Sartorius, Germany), retaining
molecules with a molecular weight above 100 kDa,
and then by tangential membrane ultrafiltration [11]
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Marepiajau Ta MeTOIH

Huspkomonekynsipay ¢pakuito (PKK) orpumy-
BaJIM 3 KOPAOBOI KPOBI BEIMKOI poraroi Xynoou. J{ns
BIJUTUTEHHST KIITHH Ta iX ¢parMeHTiB nediOpuHOBa-
HY MEXaHIYHHM CIIOCOOOM IIIbHY KpOB ITiaBallnd
Kpioremodi3y i nentpudyrysamm 15 x8 mpu 10 000 g.
OTpuMaHuil CynepHaTaHT OYMIIYBaJd B JIBa €TallU:
criouatky uepe3s diasTp «Sartopure GP2» («Sartoriusy,
Himeuunna), Skl 3aTpUMy€e MOJICKYIH 3 MOJICKY-
nsproto mMacoro monan 100 x/a, micns goro 3acrto-
COBYBJIM TaHTEHIIAJIbHY MEMOpaHHY YIbTpadiabT-
patito [3] 3 MemOpanHuM MoyineM «Vivatlow-200»
(«Sartoriusy, HiMeuynHa) 3 HOMIHAJIBHOIO Macolo,
sika BijicikaeThes, — 5 k/la. DinbTpar giodinizyBanu
B cyOmimauiiniii ycranosui JI3-45 («Frigera», Ye-
xocnoBayurHa, 1986) 3 Tuckom 10 5 X 102 MM PT. CT.
rpotsirom 28—30 roxuH i 36epiramu mpu —80°C. [1pe-
naparom mopiBHsHHS OyB «AkToBerin»® (40 mr/mi;
«Nicomed», ABcTpis), SIKHH € IEMPOTEiHI30BAaHIM
reMOJIEpUBATOM 3 KPOBI MOJIOYHUX TesiAT. Ilepen Bu-
KOPUCTaHHSIM (PAKIIO PO3YUHIN Y (Hi3i0n0oriuHO-
My pO3uMHI B HEOOXiTHIN KOHIIEHTpamii Ta BBOJMIN
eKCIepuMEeHTAIbHUM IIypaM Macoro 230-250 r y
n031 17 Mmr/kr, po3paxoBaHiii BiJIIIOBIJIHO 70 Tepa-
MEBTUYHOT JI03W Tpenapary «AKTOBETiH» Ui JIO-
JIVHU.

ExcriepuMeHTH mpoBOAMSIM BiANOBiAHO 10 3a-
kony «IIpo 3axuct TBapuMH BiJl KOPCTOKOT'O IOBOJI-
xeHHsD (Ne3447-1V Bin 21.02.2006) i3 noTprMaHHSIM
BHUMOT" KOMITeTy 3 0ioeTHKH [HCTUTYTY, y3romKeHnx
13 TONOXEHHSIMH «EBpONEMCchKOi KOHBEHLII 3 3a-
XHCTY XpeOETHHX TBAapHH, SIKI BUKOPHCTOBYIOTHCS
B GKCIIEPUMEHTAJIbHUX Ta IHIIUX HAyKOBHX LIJISIX»
(Crpacoypr, 1986).

Po6oTy BUKOHYBaM Ha CaMITAX OITUX HEMHIHHIX
urypiB. KpioTpaBmu MozeIroBaIn Ha JIaTepaIbHIH Mo-
BEpXHi CTeTHA. 3 METOIO CTaHIAPTHU3AIIi] TUTOIITI KPio-
BIUIMBY 3aCTOCOBYBAJIHM KPIOIHCTPYMEHT 3 OXOJIOI-
JKYBaHUM arutikatopom niamerpom 8 mm (—196°C).
TpuBanicTs Aii Ha MOBEPXHIO MIKIpH TBAPUHU CKJIa-
nana 60 c. Bubip wacy excrnoswmilii oOyMOBICHUMN
HEOOXIJTHICTIO JIOMOT'THCS JIECTPYKIlii TKaHUH, JO-
CTaTHBOI AJISl pyHHYBaHHs OiTBLIOCTI MATOJIOTIYHUX
yTBOpEHb LIKipu [22, 28].

Teapunu Oynu pozaineni Ha 4 rpynu (y KOXHIH
n=16). ['pyny 1 cxmamu inTakTHi mypu («Hopmay).
TBapuHaM 1HIIUX TPyN MICIS MOJEIIOBAHHS Kpio-
YIIKO/DKEHHS TipoTsaroM 14 ni6 (pa3 Ha 100y) BHYT-
pitmHEBOM ’130B0 BBOIWIA: Tpymi 2 («KoHTpomb») —
¢izionoriuauii po3umH, Tpym 3 — «AKTOBETiHY,
rpymi 4 — ®KK.

st omiaku paHo3aroroBaidbHOTo edexty DKK
MiCIsT KPIOYIIKO/KEHb JOCIHIKYBAIA TIIONTY paH,
TICTOJIOTIYHI 3pi3H 1 KIIHIYHI TOKa3HUKH KPOBI IITypiB
y nuHaMmill Ha 3, 7 1 14-Ty 100U eKCIICpUMEHTY.

with a membrane module Vivaflow-200 (Sartorius,
Germany) with a nominal cut-off mass of 5 kDa. The
filtrate was lyophilized in a sublimation unit LZ-45
(Frigera, Czech Republic, 1986) with a pressure of up
to 5 x 102 mm Hg for 28-30 hrs and stored at —80°C.
As acomparator drug we used Actovegin® (40 mg/ml;
Nicomed, Austria), which is a deproteinized hemo-
derivative obtained from calf blood. Before use, the
fraction was dissolved in saline at the required
concentration and administered to experimental rats
weighing 230-250 g ata dose of 17 mg/kg, calculated
according to the therapeutic dose of Actovegin for
humans.

The experiments were performed in accordance
with the Law ‘On the Protection of Animals Against
Cruelty’ (Ne 3447-1V of February 21, 2006) in comp-
liance with the requirements of the Bioethics Com-
mittee of the Institute for Problems of Cryobiology
and Cryomedicine of the NAS of Ukraine, consis-
tent with the statements of European Convention
for the Protection of Vertebrate Animals Used for
Experimental and Other Scientific Purposes (Stras-
bourg, 1986).

The research was performed in white outbred
male rats. Cryolesions were simulated on the la-
teral surface of femur. In order to standardize the
cryoexposure area we used the cryogenic tool with a
cooling applicator of 8 mm diameter (—196°C). The
duration of exposure onto the animal skin surface
was 60 seconds. The choice of exposure time was due
to the need to achieve the tissue ablation sufficient
to destroy most pathological skin formations [7, 28].

Animals were divided into 4 groups (n = 16, each
group). The group 1 consisted of intact rats (the norm).
Animals of other groups after cryolesion simulation
were intramuscularly injected (once a day) within 14
days with the following substances: saline for group 2
(control), Actovegin drug (group 3) and CBF (group 4).

To assess the wound healing effect of CFB after
cryolesions, the wound area, histological sections
and clinical parameters of rat blood were examined in
dynamics to days 3, 7 and 14 of experiment.

The wounds were imaged at the specified time
periods in order to assess the changes in surface
area. The images were then processed with Zeiss
LSM Image Examiner Version 4.2.0.121 (Carl Zeiss,
Germany) software, that enabled calculating the
surface area of irregular shape (mm?).

For histological analysis, the tissues were fixed
in a 10% formalin solution, then treated with alcohol
and embedded in paraffin. The sections of 5-6 um
thick were prepared and stained with hematoxylin
and eosin [13].

The erythrocyte and leukocyte numbers were
estimated in complete blood count by the common
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VY 3a3HaveHi TEPMiHU I OLHKU 3MIHM ILIOMI
MOBEPXOHb paHu (oTorpadysaiu, OTPUMaHi 3HIMKH
00pobsiy 3a gomomoror mporpamu «Zeiss LSM
Image Examiner Version 4.2.0.121» («Carl Zeissy,
HimeuunHa), 1o I03BOJSUIO PO3paxyBarH ILIOLLY
MOBEPXHI HEMPABHIbHOI GOpME (MM?).

st TiCTONOTIYHOTO aHajli3y TKaHWHHU (QikcyBa-
mu B 10%-My po3uuHi popmariy, miaggaBaiu Crivp-
TOBIM TPOBOALI Ta 3ajMBII MapadiHOM, TOTYyBaN
3pi3u TOBUIMHOIO 5—6 MKM 1 3a0apBiioBaJid rema-
TOKCHIJIIHOM Ta €03HHOM [7].

VY pamkax KIiHIYHOTO aHaji3y KpOBi HIypiB MiJ-
paxoByBaliM KiNBKICTh EPUTPOLMUTIB 1 JICHKOLUTIB
3araJibHONPUAHIATAME METOJaMK 1 BU3HAYalM aK-
TUBHICTB JTykHO1 Pocdarasu (JID) y cupoBaTii Kposi
[12].

CrarucTUYHMAN aHaji3 EeKCIIePUMEHTAJIbHUX [a-
HUX NPOBOAWIM 32 JOIOMOIOI0 KOMII FOTEPHOL
nporpamu  «Statgraphics plus for Windows 2.1»
(«Manugistics Inc.», CIIIA) 3a HemapameTpu4IHUM
kputepieM ManHa-YitHi ipu p < 0,05.

Pe3ynbTaTu Ta 00roBOpeHHs

Ha mepmiomy erami poOOTH OIIHIOBAIH 3MIiHY
IUIONII paH y TBApWH KOHTPOJBHOI Ta OCIITHHUX
rpyn. Yepe3 mo0y micnst KpiOBIUIMBY —CepeHs
IUIOIIA PaH y HIypiB BCIX TPyl Oyia cXoxa i CTaHO-
Buna 77-84 mm? (puc. 1), Ha 3-Ti0 100y maHuii mo-
ka3Huk y rpynax BBenmeHHs @OKK 1 mnpemapary
MOPIBHAHHSL «AKTOBETiH» 3HAUYyIe BiJPi3HABCS
(p < 0,05) Bim KOHTPOTBLHUX Ta cTaHOBHB (36,8 +
3,4)1 (38,3 = 3,1) MM? BiIIOBIHO, @ B KOHTPOJIBHIM
rpymi — (54,8 + 3,3) mm?. Ha 7-my o0y 1uiora pax
B 000X JOCHIHUX Tpynax TakoX Oyia 3Hadylle
MeHIIIe, Hi)K Y KOHTpoJbHiH (p < 0,05). 3 puc. 1 Bun-
HO, 1110 TEHJICHIIISI JO 3MEHILCHHS JaHOTO TTOKa3HHUKa
30epiranacs 10 14-1 qobwu.

[Tix wyac ricTonoriyHoOro aHaizy y A0CHiIKyBaHi i
30H1 OyJI0 BUSIBJICHO MOIOHY TEHIACHLIIO. Y TBapHH
KOHTPOJIBHOI TPynu Ha 3-TIO 100y EKCIIEpUMEHTY
IiCJIst KPIOBIUIMBY CIIOCTEPIralucsi HEKPOTHYHI 3MiHH
IIKIpH: IECTPYKIlis BCIX MIapiB eMiepMicy i BOJIOK-
HHUCTUX CTPYKTYpP AEPMH, HEKPO3 KIITHH BOJIOCSHUX
(homikyniB, MHOKHHHI JUISHKH 3 O3HAKAMH TeMOC-
Tazy (puc. 2, A). Y Ot muOOKUX mapax IKipu
BiI3HAUCHO TUCTPO(]iUHI 3MIHM M’S30BHX BOJIOKOH,
SKi CYTIPOBOIKYBAJIACS OOIIMPHOIO JICHKOIIUTAPHOIO
iH(ITBTpaIi€o.

VY 30Hi 1eheKTy KOHTPOIBHHUX TICTOJIOTTYHHX Tpe-
napariB Ha 7-My a00y Bi3yalsizyBaBcsi HEpiBHOMIp-
HO TOTOBIICHHHU emiiepMic i3 03HaKaMu HaOpSKY, B
SIKOMY BH3HAYaJMCsi TOMOTCHHO 3a0apBiicHi Oa3alib-
Hi KmiTHHE 0e3 sgep. Y TIMOOKUX Imapax JIepMH
CroCTepirajancs KpPOBOBWJIMBM 1 MacHBHA 3amajib-
Ha peakuis (puc. 2, B). Illapu nepmu He po3pizHs-
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Puc. 1. OuHamika 3MiHM nnoLli paH y LWypiB nicnsa kpio-
annikauii wkipn Ta BBegeHHs OKK i npenapaTy nopiBHAHHSA
«AkTOBeriH»: O — rpyna «KoHTponb», B — rpyna TBapuH,
AKMM BBOAWMM «AKTOBETiH», M — rpyna TBapuH, siKUM BBO-
annn OKK. * — BiAMIHHOCTI 3HauvyLLi NOPIBHAHO 3 KOHTPO-
newm, p < 0,05.

Fig. 1. Dynamics of changes in wound area in rats after
skin cryoexposure and administering CBF and comparator
drug Actovegin: O — control group, m — group of animals
administered with Actovegin, m — group of animals admi-
nistered with CBF. * — differences are significant as
compared with the control, p < 0.05.

methods and the activity of alkaline phosphatase
(AP) in blood serum was determined [27].

The experimental data were statistically processed
using the Statgraphics plus for Windows 2.1 (Manu-
gistics Inc., USA) according to the Mann-Whitney
U test at p < 0.05.

Results and discussion

The first step of this study was to assess the
changes in wound area in animals of control and
experimental groups. One day after cryoexposure,
the average wound area in rats of all groups was similar
and made 77-84 mm? (Fig. 1). To day 3 this index in
the groups, administered with CBF and comparator drug
Actovegin was significantly different (p < 0.05) from
the control ones and made (36.8 + 3.4) and (38.3
+ 3.1) mm?, respectively, and it was (54.8 £ 3.3) mm?
in the control group. To day 7, the wound area in both
experimental groups was also significantly smaller
vs. the control (p < 0.05). As Fig. 1 demonstrates, the
tendency to this index decrease was kept until day 14.

Histological analysis in the studied area revealed
a similar tendency. In animals of the control group to
day 3 of experiment the necrotic skin changes such
as: destruction of all epidermal layers and fibrous
dermal structures, necrosis of hair follicle cells,
multiple sites with hemostasis signs were observed
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Puc. 2. Tictonoriyni 3pasku

noTR o

LWKIPU LLYPIB KOHTPOIbHOI FpI'IVI (A — 3 pobu, B —

7 0i6, C — 14 pi6) i rpynn BBEOEHHS

®KK (D — 3 pobu, E — 7 pi6, F — 14 ni6) nicna kpiosnnuey. 3abapBrneHHs remaTtokcuniHoM i eoamHom, x400.

Fig. 2. Histological skin samples from rats of control group (A — 3 days, B — 7 days, C — 14 days) and CBF group
(D — 3 days, E — 7 days, F — 14 days) after cryoexposure. Hematoxylin & eosin stain, x400.

JMCS, BiJ3HAYAIHMCS TMOPYIICHHS BIOPSAKOBAHOCTI
KOJIATCHOBHX BOJIOKOH 1 CKJICPO3yBaHHS BOJIOCS-
HUX (QOJIKYMNIB i3 MIKHOTHYHUMH SApaMH B KIITH-
Hax.

Ha 14-ty nmoOy B TicTONOTiYHMX mpemnaparax
TBapuH KOHTPOJBHOI T'PYNU TOBHOTO BiJHOBIICHHS
enigepmicy He crniocrepiranocs (puc. 2, C). YV 30H1
HEKPOTHYHO 3MIHEHOI IUISHKM IIKIpH BHSBJICHO
nporidepalito emiteniro, MmijJ SKAM TO BCid HOB-
KMHI TPUCYTHI JEeWKOUUTapHI iHQLIBTpaTH BHUCO-
KOI IMIIBHOCTI. Y JIepMi BiJICTEXKYBaJKCS BUpPAKCHA
rpyba CTpyKTypa KOJarecHOBHUX BOJOKOH Ta 301Jib-
LIeHA KUIBKICTh KIITHHHUX eneMeHTiB (puc. 2, C),
MepeBaKaIl CKICPOTHYHI CYIMHM 1 CYJHUHU 3 TPOM-
0amu. Y mMOOKHUX mapax JIepMHU MK Iy4KaMH AUCT-
podiuHO 3MIHEHHX M’ SI30BHX BOJIOKOH BIIACHOTO
M’s3y IIKIpH BUSIBICHO PO3POCTAHHS TPAHYISIIHHOT
TKaHWHHU. Y Tiif 30HI BiJI3HAYEHO HE3HAYHY IPOJi-
(hepartito GiOpoOIACTIB 1 TOMIPHY KITBKICTh JICHKO-
[WTiB. BCTaHOBIEHI 3MIHM CBIMYWIM TIPO CiabKi
perapatiBHi MPOIECH Ha JIAHOMY YacOBOMY IPO-
MIXKKY.

VY TBapuH 3 Ipyn BBEJCHHS Mpenapary «AKTo-
Berin» 1 ®KK nuHamika penapaTHBHUX IpOIECiB
ICTOTHO Bijpi3HsuIacs Bij KoHTpot0. Ha 3-Ti0 n00y
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after cryoexposure (Fig. 2A). In deeper skin layers,
dystrophic changes in muscle fibers, accompanied by
extensive leukocyte infiltration, were found.

To day 7, in the control histological specimens,
an unevenly thickened epidermis with the signs
of edema was visualized in the defect areca, where
homogeneously stained basal cells without nuclei
were revealed. In deep dermal layers, the hemorrhages
and a massive inflammation were observed (Fig. 2B).
The dermal layers were not distinguished, disordered
arrangements of collagen fibers and hardening of
hair follicle with pyknotic nuclei in cells, were noted.

To day 14 in histological preparations from
animals of the control group, no complete epidermal
regeneration was found (Fig. 2C). The proliferation
of epithelium, under which the leukocyte infiltrates
of high density were present along the entire length,
was revealed in the skin area with necrotic changes.
A pronounced rough structure of collagen fibers and
an increased number of cell elements were observed
in the dermis (Fig. 2C). The sclerotic vessels and
those with thrombi were predominant. In deep dermal
layers between the bundles of dystrophically altered
muscle fibers of the intrinsic skin muscle, the growth
of granulation tissue was detected. In this area,
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micysl KPiOBIUIMBY B 3pa3Kax TaKOX CIIOCTEpiraiu-
Csl O3HAKM JACCTPYKLil: MiCLSMH IHTEHCHBHA Jieii-
KoLMTapHa iHQIbTpalis, pyHHYBaHHS BOJIOCSHUX
(homikyniB, TpoMOO3 CyIWH 1 po3IIapyBaHHS KoJja-
TEHOBHMX BOJIOKOH. IIpyM mbOMy OCHOBHOIO 3MiHOIO
Tmicist BBEJEHHS Tpernapary «AkroBerin» abo OKK
BXE€ Ha BKa3aHOMY TEPMiHI CIOCTEpeKeHHS OyJo
(hopMyBaHHS TpaHYISIIIHHOI TKAaHUHU B TIIMOOKUX
mapax IIKipH, SKe CYMPOBOKYBAIIOCS 301TBIICH-
HSIM KUTBKOCTI MEPUBACKYIISIPHO PO3TAIIOBAHUX MaK-
podaranpaux 1 HiOpPOOTACTHUX KIITHHHUX €JIEMEH-
TiB. Binbly 4acTUHY rpaHyIsIiiiHOT TKAHUHU CKJIa-
JlaJIi YHMCJICHH] Kamsipy 1 po3TamioBaHi MK HUMH
¢didbpobnactu 1 Makpodaru (puc. 2, D).

In’exuii mpenapary « AkToBeriny yepe3 7 mio mic-
7Sl KPIOBIUIMBY CHPHUSUIM 3MEHUICHHIO BHPaKCHOCTI
JECTPYKIIii TKAHWH: OCTa0JICHHS 3araibHOi 1H(IBT-
pauii, aktuBauis (iOpoOnactiB, (opmyBaHHS Tpa-
HYJIALIAHOT TKAHWHU 3 HOBOYTBOPEHHUMHM Kamijisipa-
mu. Kpim Toro, B TpaHyIALIHHIA TKaHWHI BH3-
Hayajsocss OifbII  BIOPSAKOBAaHE PO3TAILIyBaHHS
KOJIAr€HOBMX BOJIOKOH, IO CBIAYWJIO MPO aKTUBHI
CUHTETWYHI W BIJIHOBHI MpoIleCH B CIIONYYHIN TKa-
HUHI.

VY rpyni tBapun micas BBeneHHs OKK mHa 7-my
mo0y Tricis KpiomecTpPyKIlii TakoX BiJ3HAUEHA Ti-
MepBACKyJIIpU3allis, sIKa € MapKepoM BiTHOBHHX
MPOIECiB — MNPUCKOPEHHSI PO3BUTKY TpaHyJIsIIii-
Hoi TkaHuHH (puc. 2, E). Jlepma mana BOJOKHHUCTY
CTPYKTYPY 3 XapaKTEpPHHUM BIIOPSIKOBAaHUM pPO3Ta-
[ITyBaHHSM IYYKiB KOJIAreHOBUX BOJIOKOH (pHc. 2, E).
Kpim ToTO, crnocrepiranacs 30i7blIeHa KUIBKICTH
MakpodariB, pO3TaLIOBAaHUX SIK [EPUBACKYISPHO,
TaKk 1 MDK Iy4KaMd M S30BHX BOJIOKOH BIIACHOTO
M’s13y mKipu. B migmkipHii kimiTKoBUHI (opmyBa-
Jacs TpaHyJIAIiiHa TKaHWHA 3 JAU]y3iHHOI0 JeiKo-
IUTApHOIO iH(DITBTpAIli€r0, 10 € O3HAKOK BiHOB-
HUX TIPOIIECIB y BIACHOMY M’sI31 MIKipH JaHOI TPYITH
TBapuH.

[Ipu mnopmanpmoMy BBEICHHI TBapHHAM IIpera-
paTy «AKTOBETiH» O3HAKW NECTPYKIlii TKaHUH OyIu
MEHIII BUPaXCHUMH: 3MCHIIIyBallacsl 3arajbHa KIli-
TUHHA 1HOUIBTpaIis, QopMyBaiacs TpaHYIALidHA
TKaHWHA 3 HOBOYTBOPCHUMH (PYHKIIIOHYIOUUMH Ka-
ninsipamu. Tak, Ha 14-Ty no0y B MIKipi IIypiB
JIaHOi TPy BijOyBajocs BiJHOBJICHHS BCIX IIapiB
emizepmicy. B meit TepmiH croctepexeHHs n100pe
PO3pi3HSUINCS WapH AepMu. Bin3naueHo noToBIIeHHS
I yHopsAKyBaHHS KOJAQreHOBUX BOJIOKOH, @ TaKOX
BiJTHOBJICHHSI BOJIOCSHUX (DOJIIKYJIB, SIKI € O3HAKAMH
MIPUCKOPEHHSI perapaTHBHUX MPOLECIB.

In’exmii ®KK mnpotsrom 14-tm mi6 crpwusimu
301IBIIEHHIO KIJTBKOCTI Ta JiaMeTpa CYIUH, a TaKOK
iX HOpPMaJbHOMY KpOBOHamoBHEHHIO. Kpim TorO,
peecTpyBanocst BiTHOBIEHHS BCIX IIapiB eminep-
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a slight proliferation of fibroblasts and a moderate
number of leukocytes were noted. The revealed chan-
ges testified to a weak reparation at this time period.

In animals of the groups, received Actovegin
and CBF, the dynamics of reparative processes was
significantly different from the control. To day 3
after cryoexposure, the samples displayed the signs
of destruction, i. e. intensive leukocyte infiltration
in some areas, hair follicle destruction, vascular
thrombosis and stratification of collagen fibers.
Herewith, the main change after Actovegin or CBF
administration even within the mentioned observation
period was the formation of granulation tissue in
the deep skin layers, accompanied by an increased
number of perivascularly located macrophage and
fibroblast cell elements. Granulation tissue was
mostly composed of numerous capillaries and located
between them fibroblasts and macrophages (Fig. 2D).

Injections of Actovegin drug 7 days later cryoex-
posure promoted to reduce the severity of tissue
destruction, specifically the weakening of inflam-
matory infiltration, activation of fibroblasts, formation
of granulation tissue with newly formed capillaries.
In addition, a granulation tissue showed an ordered
arrangement of collagen fibers, indicating the active
synthetic and restorative processes in connective tissue.

To day 7 after cryoablation, the group of animals,
received CBF exhibited also the hypervascularity,
that was a regeneration marker, namely the acce-
leration of granulation tissue development (Fig. 2F).
The dermis had a fibrous structure with a specific
ordered arrangement of collagen fiber bundles
(Fig. 2F). In addition, an increased number of macro-
phages, located both perivascularly and between
bundles of muscle fibers of intrinsic skin muscle, was
observed. Granulation tissue with diffuse leukocyte
infiltration was formed in subcutaneous tissue, which
was a sign of regenerative processes in intrinsic
skin muscle of this group of animals.

With further Actovegin administration to animals,
the signs of tissue destruction were less pronounced,
namely the inflammatory cell infiltration decreased,
granulation tissue with newly formed functioning
capillaries was formed. For example, the whole
epidermal layers of the skin of this group rats were
regenerated to day 14. Within this observation period,
the dermal layers were well distinguished. The
thickening and arrangement of collagen fibers, as
well as the hair follicles regeneration, suggesting the
acceleration of reparative process, were noted.

The CBF injections within 14 days promoted to
increase the number and diameter of blood vessels,
as well as their normal blood supply. In addition,
the regeneration of all epidermal layers, the structure
of hair follicles and sebaceous glands were observed.
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MICY, CTPYKTYpU BOJOCSHHX (OJIKYIIB 1 CalbHUX
3a;mo3. Y jgepmi BU3Hadajacs 30UIbIICHA Kilb-
KicTe KIiTHH (PiOpobdnacTHOTO psidy, SIKi po3TaLIo-
BYBaJMCSl TapajieIbHO HOBOYTBOPEHHM BIOPSIKO-
BaHUM ITy4KaM KOJAareHOBHMX BOJOKOH (puc. 2, F).
BceranoBiieHi 3MiHM CBIAUWIM TIPO  TOJITIIICHHS
TpO(iKM TOMIKO/KEHOI TKAHWHWA 1 CTHMYJISIIIO
BiIHOBHHX TIPOIIECIB.

TakuM YMHOM, BU3HAYEHHS IIBHIKOCTI Ta SIKOCTI
3aTOEHHSI PaH TICIHS KPIOYIIKOIKECHb JTO3BOJIHIIO
BHUSBHUTH BHUpPaXeHY paHo3aroroBaibHy Jit0 DOKK,
CXOXKY 3 Ji€ro mperapary «AkroBeriny. Ilmomri
paH y rpymax TBapuH, SKi OTPUMYBJIM iH €Kil
OKK abo mnpenapary TOpIBHSHHS «AKTOBETiH»,
Oynu 3Hauyme (p < 0,05) MeHIle KOHTPOJIbHHX
3HAYCHb HA BCiX TEPMiHaX CIIOCTEPEKEHHs. 3a pe-
3yJAbTaTaMd TiCTOJOTIYHOTO aHalizy MIKIpH wIy-
piB, SIKUM Tics KpioAeCTPYyKIil BBOAMIM Mpernapar
«AxktoBerin» abo ®KK, BcraHoBieHO BHpaxKeHi
Ta CXOXI 3a IHTEHCHBHICTIO BIJHOBHI mporecu. B
30HI TIONIKO/DKEHHS IIKIpH aKTHUBHO (hopMyBasiacs
rpaHyJIsIiifHa TKaHWHA 1 TiNepBacKyIsIpu3allis, 1o,
B CBOIO YepTY, CTUMYJIIOBAJIO MPOLIECH Mpoidepartii
B JepMi 1 TIPUCKOPIOBAJIO BiIHOBJICHHS ITOIIKOI-
JKEHOI IKipW B OLIBII KOPOTKI TEPMIHH TOPiB-
HSTHO 3 KOHTPOJIEM.

Bigomo, mo BHACTIIOK KpioAECTPYKIii MIKipH
CTBOPIOIOTBCS yYMOBH Il AyTOIHTOKCHKAIlli Ta
MiABHICHOTO aHTHI'CHHOTO HaBaHTAKEHHS 3a paxy-
HOK TMpOTEOJi3y TKaHWHHUX OiNKiB 1 (epmeHra-
TUBHOTO ayToji3y TkaHMH [9]. 30kpemMa BCTaHOB-
JICHO, IO KPIOTpaBMH BHUKJIMKAIOTh BHpPaKEHE TO-
pymieHHs  GYHKOiH — anpBeonsApHHX — Makpodaris
1 momimMopdHOAaepHUX JeHKOUUTIB. Bke 3 mepimx
XBWJIMH KpPIOTIOMIKO/PKCHHSI BiOyBa€ThCS TEMOII3
eputpouutiB. [.B. Mixin Ta cmiBaBT. [9] 3a3Ha-
YaroTh, 10 CTYIIHb NECTPYKIi IMX KIIITHH 3aJIeXK-
HO BiJ TUIOmIi 1 TIMOWHU YpaKeHHS MOXE CATaTh
Bix (8-10)...(30-60)% Big Bchoro 00’eMy epHUTpO-
nuTiB. KpioynrkompkeHHsS 1HIMIIOIOTH 30UTBIIICHHS
BMICTy IHTIOITOpIB epuTpoIioe3y B KpoBi. [lpn mpo-
My BTPaua€ThCsi HOpMallbHA EPUTPOIOSTHYHA aK-
THUBHICTH, BHACIIIOK YOTO B OPTaHi3Mi PO3BUBAETHCS
TITOKCIs, sIKa BBAYKAETHCS OJHUM 3 OCHOBHUX YHH-
HUKIB TaroreHe3y 0OMOpoXeHb. ToMy MOHITOPHHT
TaKUX KIIHIYHUX TMOKAa3HUKIB, K BMICT JICHKOIIMTIB
1 epUTPOLMTIB, € JOCUTH 1HPOPMATUBHUM 1 HEOO-
X1IHUIM METOIOM KOHTPOJIIO 3arajbHOrO CTaHy Op-
raHi3My IicCJIsl KpIOTPaBMH.

VY 3B’M3Ky 3 UMM y KOXKHOMY IPOMIKKY Yacy
MU JIOCIIDKYBaJId BMICT JICHKOLIUTIB 1 €PUTPOIIUTIB
y mnepudepudHiii KpoBi mIypiB. KilbkicTh neiiko-
LUTIB y iHTaKTHHUX IIypiB ctaHoBmia (10,0 £ 1,1) Trc.
ki/Mki. Ha 3-Tio 00y micis JOKambHOTO Kpio-
VIIKO/DKEHHS TOBEPXHI IMIKipH IX KUTBKICTH PI3KO
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An increased number of fibroblast cells, located
parallel to the newly formed ordered bundles of col-
lagen fibers, were revealed (Fig. 2E). The established
changes displayed an improved trophicity in the dama-
ged tissue and stimulation of regenerative processes.

Thus, determining the rate and quality of wound
healing after cryolesions enabled revealing a pronoun-
ced wound healing effect of CBF, similar to Actove-
gin one. The wound areas in groups of animals
received CBF or comparator drug Actovegin were
significantly (p < 0.05) smaller than the control values
for the whole observation period. Histological skin
analysis from the rats, received Actovegin or CBF
after cryoablation revealed the prominent and similar
by intensity regenerative processes. Granulation tis-
sue and hypervascularization were actively formed
in the area of skin injury, that in turn, stimulated
the proliferation in the dermis and accelerated the
regeneration of damaged skin in a shorter time pe-
riod as compared with the control.

It is known that the skin cryoablation creates
the conditions for autointoxication and increased
antigenic load due to the proteolysis of tissue proteins
and enzymatic autolysis of tissues [16]. In particular, it
was found that cryoinjuries caused severe dysfunction
of alveolar macrophages and polymorphonuclear
leukocytes. Erythrocyte hemolysis occurs even from
the first minutes of cryoinjury. I.B. Mikhin et al. [16]
mentioned that the destruction rate of these cells,
depending on the lesion area and the depth could
range from (8-10)...(30-60)% of the total volume of
red blood cells. Cryolesions initiate an increase in the
content of erythropoiesis inhibitors in blood. In this
case, the loss of normal erythropoietic activity results
in hypoxia development in the body, being assumed
as one of the main factors in frostbite pathogenesis.
Therefore, monitoring of such clinical indices as the
leukocyte and erythrocyte counts is quite informative
and necessary to control general condition of the
body after cryoinjury.

Consequently, we examined the leukocyte and
erythrocyte counts in peripheral blood of rats at each
time interval. The leukocyte count in the intact rats
was (10.1 = 1.1) thousand cells / pl. To day 3 after
local cryoinjury of skin surface, the leukocyte level
increased sharply up to (30.2 £ 3.6) thousand cells /
pl, that was 3 times higher than norm (p <0.05). After
administering Actovegin and CBF, the leukocyte
count within this time period was significantly lower
(p < 0.05) than the control, but significantly higher
than norm (p < 0.05) (Fig. 3).

To day 7 after Actovegin administration, the
leukocyte count in blood decreased down to the values
in intact animals and remained within the normal
limits until the experiment end. The CBF introduction
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KinbkicTb nenkouuTiB, TUC. KI1./MKI
Leukocyte count, thousand cells/pl

3 7 14

CTpoku ekcnepumeHTy, foba
Experimental terms, day
Puc. 3. KinbkicTb nevikouuTie y nepndepunyHin Kposi Lypis
nicnga kpiogecTpykuii wkipn i BBegeHHs ®KK i npenapaty
«AkTOBEriH»: B — rpyna «Hopma», O — rpyna «KoHTponby,
N — rpyna TBapWiH, SKUM BBOAMIN «AKTOBETiHY», B — rpyna
TBapvH, siknm BBoaunu OKK. BigmiHHOCTI 3HauyLi NnopiBHA-
HO 3 Hopmoto (*), KOHTPONEM Y BIAMOBIOHIN YaCOBIN TOYL
(%) Ta rpynoto BBefeHHss KK (¥), p < 0,05.

Fig. 3. Leukocyte count in peripheral rat blood after skin
cryoablation and CBF and Actovegin administration: m —
the norm group, O — the control group, ® — group of animals
received Actovegin, m — group of animals received CBF.
Differences are significant as compared with the norm (*);
with the control at the appropriate time point (x); with CBF
group (%), p < 0.05.

3oimpmryBasiacs g0 (30,2 £ 3,6) THC KI/MKI, IO
B 3 pa3u mepeBuIyBaIo Noka3Huk HopmHu (p < 0,05).
[Ticas BBenmenust mpemapary «Axrtoserin» 1 ®KK
KUTBKICTb JICHKOIMTIB Ha IIbOMY YaCOBOMY ITPOMIKKY
Oyna 3nauyme Hmwkue (p < 0,05), HDK y KOHTpoO,
aze 3Hauyie Buie Hopmu (p < 0,05) (puc. 3).

Ha 7-my noOy micist BBeZIeHHS penapary « AKTo-
BETiH» KUTbKICTh JIEHKOLIUTIB Y KPOB1 3HHIKYBAIacs 10
3HAuUeHb IHTAaKTHUX TBapWH 1 3ajuIIaiacs B Me-
Kax HOPMHU J0 3aKiHYCHHS TEPMiHYy EKCIIEPHMEHTY.
Beenenns ®KK crpusiio Hopmairizamii gaHOTO TM0-
Ka3HuKa Ha 14-Ty moOy micis kpiomectpykmii. Ta-
kM yrHOM, iH ekmii @KK i «AkroBeriHy» 3Ha4HO
3HIDKYBAIIM IHTEHCHBHICTh 3allajJbHUX IPOIECIB Y
opranismi, ane migs PKK Oyna MeHIIT BUpa)keHOO.

Pesynbraty excriepuMEHTy MOKa3ajd, IO Micist
KpIOYIIKO/DKEHHS IIKIPU KIJBKICTh €PUTPOIHTIB Y
KpPOBi €KCHEPUMEHTAILHUX TBAPHUH 3MEHIIYEThCS
(puc. 4). KipKicTh €pUTPOLIUTIB Y KPOBI IIIypiB KOHT-
posbHOI TpynH Oyina HUX4OK0 Bi HopMH (p < 0,05),
MPOTATOM EKCIIEPUMEHTY ICTOTHO HE 3MiHIOBAJIaCs
(» <0,05) 1 3anumanacs Ha piBHi 7,0—7,6 MIIH KJI/MKJT
3a HopMH (9,0 + 0,5) MITH KII/MKIL.

[Ticns BBeneHHs TBapuHAM Npenapary HOpiBHSH-
HSl «AKTOBeriH» (Tpyna 3) Big3Ha4eHO 301NbIICHHS
KUTBKOCTI €pUTPOLMTIB Y KpoBi. 30Kpema, Ha 3-TrO
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normalized this index to day 14 after cryoablation.
For examples, the CBF and Actovegin injections
significantly reduced the intensity of inflammation in
a body, but the CBF effect was less prominent.

Our findings showed the erythrocyte count in
the blood of experimental animals to decrease after
skin cryolesion (Fig. 4). The erythrocyte count in rat
blood of control group was below the normal values
(p < 0.05). It was not significantly changed during
experiment (p < 0.05) and remained at the level of
7.0-7.6 million cells/ul with the norm of (9.0 £ 0.5)
million cells/pl.

After administering the comparator drug Actovegin
to animals (group 3), an increase in erythrocyte count
in blood was observed. In particular, to day 3 after local
cryoablation, this index increased up to (12.1 £ 0.5)
million cells / ml in this group, that significantly (p <
0.05) exceeded the values for intact and control animals.
To day 14 of experiment, this group of animals
displayed its decrease down to the normal values.

The CBF introduction also stimulated the hema-
topoiesis, while the erythrocyte count in blood was
different (Fig. 4). In particular, despite a significant
(p < 0.05) increase in erythrocyte count to day 3

A
N b

* #,%x

N
o O

KinbKicTb €puTpoLmnTIB, MIH. KIT./MKI
Erythrocyte count, thousand cells/pl

o N B~ O

3 7 14
CTpoku ekcnepumeHTy, foba
Experimental terms, day

Puc. 4. KinbkicTe epuTpounTiB y nepudepuYHin  KpoBi
LypiB nicns kpioaecTpykuii Wkipn Ta BBeaeHHA OKK i npe-
naparty «AkToBeriH»: B — rpyna «Hopma», O — rpyna «Kon-
Tpornb», M — rpyna TBapWH, SKUM BBOOUNW «AKTOBETiH»,

— rpyna TBapuH, skum Beogunu ®KK. BigmiHHOCTI 3Ha-
Yyl NMOPIBHSIHO 3 HOPMO (*), KOHTPOMNEM Y BiOMNOBIOHIN
Yacosil Toyui (%) Ta rpynoto BBegeHHs PKK (%), p < 0,05.
Fig. 4. Erythrocyte count in peripheral blood of rats after
skin cryoablation and CBF and Actovegin administration:
m — the norm group, O — the control group, ® — group of
animals received Actovegin, m — group of animals received
CBF. Differences are significant as compared with the
norm (*) with the control at the appropriate time point (x);
and CBF group (*), p < 0.05.
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00y micisi JIOKaJbHOT KpioAecTpyKuii JaHud To-
Ka3HUK y 1iH rpymi 30insmmuBes 1o (12,0 + 0,5) min
KJ1/Mi1, o 3Hauye (p < 0,05) nepeBuIyBajo 3HaYEH-
Hs IHTaKTHUX 1 KOHTpONbHUX TBapuH. Ha 14-Tr0 100y
eKCIEPUMEHTY y LIypiB IOCHiKYyBaHOI TIpynH 3a-
PEECTPOBAHO HOTO 3HIKEHHS IO HOPMAJIbHHUX 3HAYCHb.

Beenmennss ®KK Takox crnpusiio CTHUMYISAIi
MIPOIIECiB KPOBOTBOPEHHS, ajie TPH bOMY KITBKICTh
EePUTPOIUTIB y KpoBi Biapizasutacs (puc. 4). 30k-
pema, He3Baxaroun Ha 3Hauymie (p < 0,05) 30i1b-
IIEHHS KIJTBKOCTI €pUTPOIHMTIB Ha 3-Ti0 100y Tic-
TSl KPIOJECTPYKIil, MOCTIKYBaHHH TIOKa3HUK Yy
mypiB i3 rpynu BBereHHss DKK HopwmamizyBascs
Bke Ha 7-my noOy. Otxe, ®KK Ta npemapar «Ak-
TOBETiH» B KOPOTKI TEPMiHHU MIicCIsl KPiOAeCTPYyKIii
MaJld BUPAKEHUH BIUIMB Ha MPOLIECH KPOBOTBOPEH-
HSl 1 HiBedrOBaiM Tinmokcito. [Ipn npoMy BBeneHHS
«AKTOBETiHY» Yy AOCHIJHUX TBapuH CTHMYJIIOBAJIO
epurpornoe3 epekxrusHinre, Hixk OKK.

[Hma xaptuHa cnocrepiraigacs mpu JOCIiIKEH-
Hi akTuBHOCTI JID, sika MiCTUTBCS HE JHIIE B KPOBI,
a i B HelTpodinpHUX rpanynonuTax. JlyxkHa docda-
Ta3a € BOXIWBHM ITapaMeTPOM, IO BiToOpakae po-
3BUTOK 3amajbHoro mporecy [15, 19, 25]. Bona 6epe
y4gacTh y nedochoprrroBaHHI TIIOKO3H, YTBOPCH-
Hi 3HaYHO{ KUTBKOCTI HeopraHigHoro docdary, mymn
SIKOTO BILTUBAE HAa 010CHEPTETHKY KIIITHHU 1 OpTaHi3-
My B 1itomy [19]. Jlyxkna docdarasa medocdo-
PWITIOETBCS 1 THM CaMHUM 1HAKTHBYE PELETITOP, KU
OMOCEPEIIKYE 0 TIOKOKOPTHKOINIB Ha (HiOpo0-
nactu. Jlanuii eeKT BILUIMBAE HAa TEMIl BiJHOBHUX
MPOIIECIB Yy 3amajbHOMYy OCEpeAKy NpH 3aro€HHi
pan [15]. Ha 3-Tio 100y excriepuMeHTy miciisi Kpio-
JEeCTPYKLii y TBapHH BCIX TPyl BCTAHOBJICHO IiJl-
BuieHHs akTuBHOCTI JID (p < 0,05) (puc. 5).

[Ticnst BBeneHHsST «AKTOBETiHY» akTHBHICTH JID
MOPIBHIHO 3 KOHTPOJIEM 3HIKYBajacs BKE Ha 3-TiO
o0y, 0 BKa3ye Ha MEHIIY IHTEHCHBHICTh 3aIlajb-
Hux mporeciB. Beenenns @KK BiporigHo 3HIKYyBa-
JI0 piBeHb aKTUBHOCTI JID Ha OUTBIT Mi3HIX TepMiHAX
(7-Ma moba), HiX «AxkToBeriHy». [Ipm 1mBOMY Ha
14-Ty 100y 1eil MOKa3HUK y TBapWH y TPyIMax BBe-
neaast @KK 1 mpemapary «AKTOBeriH», Ha Bif-
MiHY BiJI KOHTPOJIO, TOBHICTIO HOpMAali3yBaBCs

(puc. 5).

BucHoBku

1. Bcranorneno, mo BeeaenHs ®OKK i mpema-
pary «AKTOBEriH» Iicis KpiogecTpyKuii MIKipu
3 3- goOu 1 mpOTAroM BCHOTO TEpiomy eKcIepu-
MEHTY 3Hauylle 3MEHIIyBaJlo IUIOILy paH. 3Hady-
moi pi3HMI MK TEpareBTUYHOI aKTHUBHICTIO
OKK i npemnapary «AKTOBETiH» HE CIIOCTEPITraaocs.

2. 'V pesynbrari TICTOIOTIYHOTO aHami3y BCTa-
HoBieHo, mo PKK i mpemapar «AKTOBETiH» MarOTh
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Puc. 5. AktuBHicTb JI® y cupoBaTui KpoBi LLypiB mic-
ns KpiogecTpykuii wkipy Ta BeBegeHHa PKK i mpenapaty
«AkTOBeriH»: B — rpyna «Hopmay», O — rpyna «KoHTponb»,
W — rpyna TBapuWH, SKUM BBOOUINN «AKTOBETiH», B — rpyna
TBapyH, gkum BBogunu PKK. * — BigMiHHOCTI 3HauyLLi
nopiBHAHO 3 HOpMoto (*) Ta koHTponem (*), p < 0,05.

Fig. 5. AP activity in rat blood serum after skin cryoablation
and CBF and Actovegin administration: m — the norm
group, O — the control group, m — group of animals recei-
ved Actovegin, m — group of animals received CBF. Dif-
ferences are significant vs. the norm(*) and with the
control (), p < 0.05.

after cryoablation, the studied index in rats with
CBF was normalized even to day 7. Therefore, CBF
and Actovegin within a short time period after cryoab-
lation had a pronounced impact on hematopoiesis
and eliminated the hypoxia. In this case, Actovegin
in experimental animals stimulated erythropoiesis
more efficiently if compared with CBF.

Another picture was observed when studying
the activity of AP, contained not only in blood
but in neutrophilic granulocytes as well. Alkaline
phosphatase is an important parameter, reflecting
the inflammation development [3, 17, 26]. It is
involved into glucose dephosphorylation, formation
of a significant amount of inorganic phosphate,
the pool of which affects the bioenergy of cell
and body as a whole [3]. Alkaline phosphatase is
dephosphorylated, thus inactivating the receptor that
mediates the glucocorticoid effect on fibroblasts. This
effect influences the rate of regenerative processes in
inflammatory focus during wound healing [26]. To
day 3 of experiment, the animals of all groups showed
an increased AP activity (p < 0.05) after cryoablation
(Fig. 5).

After Actovegin administration the AP activity
decreased even to day 3 compared with the control,
thereby thereby indicating a lower intensity of
inflammatory processes. The CBF introduction was
likely to reduce the level of AP activity at later terms
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CXOXKY 3a TepameBTHYHOI aKTHUBHICTIO paHOo3a-
TOIOBAJIBHY [Ii10, SIKa MPOSBISIETHCS B CTUMYJISLIL
nporeciB npoxidepauii B aepMi, OUIbII paHHEOMY
(dopmyBaHHI rpaHyssiniiHol TKaHMHU (0 7-1 700M
CIIOCTEPEKEHHS ), TOMIMIIeHH] TPO(DIKU MOIIKOIKE-
HOI JUISHKH 3a paxyHOK TilepBacKyJIsIpu3allii, 1o
B CYKYITHOCTI TIPUCKOPIOE BiJHOBJIECHHS HIKipH, 3a-
mobirae CKICPOTHYHHM SBHUIAM Yy TKaHWHAX Ta
dhopmyBanHto Bidpo3HUX PyOITiB.

3. JluHamika KIJTBKOCTI EPUTPOIHMTIB y KPOBI
TBapuH CBimuuTh mpo 3marHicTe KK i1 mpemapary
«AKTOBETiH» CTUMYIIIOBATH EPUTPOTIOE3, IO 0CO-
OJMMBO MOMITHO Ha 3-TI0O Ta 7-My J00M crocrepe-
KEHHS. B MOpiBHAIIBHOMY acmekTi Oinbm edex-
TUBHOIO JII€I0 BOJIOJIE Mpenapar « AKTOBET1H».

4. 3acrocyBanns ®PKK 1 mpenapary «AkrtoBe-
TiH» OJHAKOBOIO MIpOIO CIIPUSIO HOpMalii3alii map-
KepiB 3anasieHHs (KUIbKICTh JIEHKOLUTIB 1 aKTUBHICTb
JI®) y KpoBi eKCIEepUMEHTAIbHUX WIypiB y OibII
KOPOTII TEPMiHH MOPIBHSHO 3 KOHTPOJIEM.

Asmopu eucnosnioroms noosaxy c.u.c. Llensgcvromy
1L.U. 3a mexniuny donomo2y 6 npoeedeHHi eKcnepumMenmie.

NMiTepatypa

1. Amankynosa CX. lNpumeHeHve KpMogecTpykuun Ans nevyeHns
Verruca plantaris. BectHuk ATUYB. 2016; (1): 57-60.

2. T'ynesckun AK, AxatoBa tOC, CeicoeB AA, u ap. CTumynupyto-
Lee OeNCTBUE HU3KOMOMEKYNSPHON dhpakumMm KOPAOBOWN KpO-
BM Ha 3HepretTuyeckmin obmeH B nenkouutax. Jonosigi HAHY.
2014; (7): 152-7.

3. Tynescbkuin OK, Moiceea HM, Abakymosa OC, LlleHsBcb-
kuit I/, Hikonbuerko ARO, TopiHa OJ1, BUHAXigHUKY; IHCTUTYT
npobnem kpiobionorii i kpiomeamumHn HAH Ykpainn, narten-
ToBnacHuk. Cnocié oTpuMaHHs HU3bKOMOMEKYNSPHOI dpakLii
i3 KpoBi Benukoi poratoi xyaobu. MateHT YkpaiHu Ne 69652.
10.05.2012.

4. Tynescbkuit OK, LLleHsiscbkuit IV, AHTUrINOKCAHTHA aKTUBHICTb
HM3bKOMOMEKYNSIPHOI dopakLii 3 KpoBi BenvKoi poraToi xyaobu,
OTPMMaHOI Ha pi3HMX CTagisx oHToreHesy. Npobrnemu kpiobio-
norii i kpiomeguumHn. 2017; 27(1): 41-50.

5. OemuH KOA, T'ynesckuii AK, CeiganveBa 3A, n ap. M3yyenve
BMUSIHWSA HWU3KOMOMeKynspHow dpakummn (go Skfa) kopaosow
KPOBM B COCTaBe refns Ha pereHepawuio poroBuLibl nocne mexa-
Hu4eckoro nospexaeHust. CeiT meagunuuHm Ta Gionorii. 2013; (3):
7-11.

6. Koanes A, NweHko WO, Haymosa OB, u gp. Mopdonoru-
Yyeckas xapaKTepucTuKa paH, Bbl3BaHHbIX KPUOZECTPYKLMEN.
HayuHble Begomoctn bBenlY. MegmuunHa. ®apmauunsa. 2015;
22(32): 107-14.

7. Kopxesckui 13, Mnspoe AB. OCHOBbI FTMCTOMNOMMYECKON Tex-
Hukn. CaHkT-lNetepbypr., CneullnTt, 2015. 807 c.

8. NasapeHxko BA, ApTiowkoa EB, Muwyctun BH, u gp. Kom6u-
HUpOBaHHOe (bapMaKosiorM4yeckoe fevYeHne KOHTaKTHOro OT-

npo6nemu Kpiobionorii i kpiomeaULMHN
problems of cryobiology and cryomedicine

Tom/volume 31, Ne/issue 2, 2021

(day 7) than Actovegin. At the same time, this index
in animals with CBF and Actovegin was comple-
tely normalized to day 14, in contrast to the control

(Fig. 5).

Conclusions

1. The administered CBF and Actovegin after skin
cryoablation were revealed to significantly reduce
the wound area from day 3 and during the entire
experiment. No significant difference between the
therapeutic activity of CBF and Actovegin drug was
observed.

2. Histological analysis showed the CBF and
Actovegin to have the similar by therapeutic activity
wound healing effect, manifested in stimulation of
dermal proliferation, earlier formation of granu-
lation tissue (prior to day 7 of observation), trophicity
improvement in the injured area due to hyperva-
scularization, which mutually accelerated the skin
regeneration, prevented sclerotic phenomena in
tissues and fibrous scar formation.

3. The dynamics of erythrocyte count in blood of
animals testified to the ability of CBF and Actovegin
to stimulate the erythropoiesis, being especially noti-
ceable to days 3 and 7 of observation. In a comparative
aspect, Actovegin occurred to be more efficient.

4. The use of CBF and Actovegin drug equally
ensured the normalization of inflammation markers
(leukocyte count and AP activity) in blood of expe-
rimental rats in a shorter time period vs. the control.

The authors are grateful to 1.Y. Shchenyavsky, senior
research fellow for technical assistance with experiment
performance.
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