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Collagenogenesis in Wounds After
Skin Cryodestruction and Introduction of Cryopreserved
Cord Blood Serum and Placenta Extract

Pecpepart: PaboTa nocssillieHa U3y4YeHUI0 BMUSIHUS KPUOKOHCEPBUPOBaAHHON CbiBOPOTKM kopaoBol kpoBu (KCKK) n skctpakta
nnaueHTbl (3l1) Ha konnareHoreHe3 B pereHeparax XOfoAOBbIX paH KoXu. B monspusoBaHHOM cBeTe oueHeHa pedpakums
KOMnnareHoBbIX BOMIOKOH € konnareHamu | u Il TunoB B paHax, NonyyYeHHbIX NyTeM KPUOAECTPYKUMM KOXM, nocrne nedeHus KCKK nnun
Orl. YcTaHOBMNEHO, YTO fle4YeHne XXUBOTHbIX C XONOA4OBbIMM paHamu nyTeM BHyTpumbiweyHoro BBegeHus KCKK nnn 3MN ctumynu-
poBano obpasoBaHue U pemofenupoBaHMe BOMOKHMCTOTO KOMMOHEHTa BHEKNEeTOYHOro MaTpukca. daHHbii addekT nposinancs
B aKTMBM3aLuMn obpasoBaHus konnareHa lll Tuna ¢ noatanHbIM ero 3ameLleHnem Ha konnareH | Tuna. Mpu atom BnusiHne KCKK 6bino
BblpaxeHo B Bonbluen ctenenu, yem Al. Beegenne KCKK npuBoauno Ha 7- n 14-e cyTku K yBENUYEHWUIO OTHOCUTENbLHOW MNIoLaan
konnarexa lll Tuna B 4,4 n 2,3 pa3a COOTBETCTBEHHO, Ha 21-e CyTkN — K ee yMeHblueHuto B 2,1 pa3a. Hanuune konnareHa | Tuna otme-
YeHO Ha 7-e CyTKu, Ha 14- n 21-e cyTkM cogepxaHve 3penoro konnareHa | Tuna npesbiwarno nokasatenu B KI xuBoTHbix B 15,1 1 2,3 pa-
3a COOTBETCTBEHHO. Ha 21-e cyTku HabntogeHns oTHocuTenbHasi Nnowanbs Heapenoro konnareHa | Tvna yBenuumnsanach B 4,2 pasa.

KnioyeBble crnoBa: KpMoAeCTPYKLUSI KOXMW, paHbl, KOnnareH, SKCTpakT nnaueHTbl, KPMOKOHCEPBMPOBAHHAsA CbiIBOPOTKA Kop-
[OBOWN KPOBMW.

Pedpepat: Y poboTi BUB4EHO BMnMB KpiokoHCepBOBaHOi cupoBaTku kopaosoi kposi (KCKK) ta ekctpakty nnauentu (EM) Ha
KonareHoreHes y pereHepaTi XOroA40BMX paH LKipW. Y nonspnsoBaHOMY CBITNi OUiHEHa pedpakLis konareHOBKX BOMOKOH i3 konareHaMmu
I'i lll TMniB y paHax, OTpMMaHMX LUMSIXOM KpiogecTpykuii wkipu, nicns nikyBaHHs KCKK a6o ElN. BctaHoBReHO, WO NiKyBaHHA TBApUH i3
XOMNOAO0BMMW paHaMu LUNSXOM BHYTpilWHboM'a3oBoro BBeaeHHs KCKK abo EIl cTumynioBano yTBOPEHHS Ta peMoaeroBaHHs
BOJTOKHUCTOrO KOMMOHEHTa NO3aKMiTUHHOrO MaTpukcy. [aHui edbekT BUSBNABCS B akTuBi3aLil yTBopeHHs konareHy Il Tuny 3 noetanHum
1oro 3amilleHHsM Ha konareH | Tuny. Mpu ubomy Bnnve KCKK 6yB Ginbl BupaxeHum, Hix EMN. BeeperHs KCKK npveogwno Ha 7- i 14-y
0o6u o 36inblueHHs BiaHocHOI niolwi konareHy Il Tuny B 4,4 i 2,3 pasu BignosigHo, Ha 21-y goby — Ao ii 3aMeHLweHHs B 2,1 pa3u. Hass-
HicTb konareHy | Tuny 3adikcoBaHo Ha 7-y foby, Ha 14- i 21-y nobu BMIcT 3pinoro konareHy | Tuny nepesuiyBaB nokasHuku B K TBa-
puH B 15,1 2,3 pasu BignosigHo. Ha 21-y noby cnoctepexeHHs BiiHOCHa nroLla Hespinoro konareHy | Tuny 36inbwysanacs B 4,2 pasu.

KnrouoBi cnoBa: KpiogecTpyKuis LKipW, paHu, KonareH, eKCTpakT nnaueHTu, KpiOKoHCepBOBaHa cupoBaTka KOPAOBOI KPOBI.

Abstract: The paper is devoted to the study of the effect of cryopreserved cord blood serum (CCBS) and placenta extract (PE)
on collagenogenesis in regenerated tissue of skin cold wounds. Polarized light microscopy was used to study the refraction of
collagen fibers with types 1 and 3 collagen in the cryogenic thermal wounds of skin after the treatment with either CCBS or PE. It was
established that treatment of the animals with cold wounds by intramuscular injection of either CCBS or PE stimulated the formation
and remodeling of the fibrous component of extracellular matrix. This effect was manifested in activation of the formation of type 3
collagen with its gradual replacement for type 1 collagen. At the same time, the influence of CCBS was expressed to a greater extent
than that of PE. Introduction of CCBS led to an increase in the relative area of type 3 collagen to days 7 and 14 in 4.4 and 2.3 times,
respectively, to day 21 it was a 2.1-fold decrease. The presence of type 1 collagens was observed to day 7, to days 14 and 21 the
content of mature type 1 collagen exceeded the indices in the control group animals in 15.1 and 2.3 times, respectively. On the 21t day
of observation, the relative area of immature type 1 collagen was 4.2-fold increased.

Key words: skin cryodestruction, wounds, collagen, placenta extract, cryopreserved cord blood serum.
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Kpuonectrpykius — oiuH U3 3 hEKTUBHBIX CITIOCO-
0O0B XHUPYPTUYECKOTO JCUSHUS H00POKaueCTBEHHBIX
Y 3JI0KaYECTBEHHBIX HOBOOOpa3oBaHUU koxu [21].
[IpuBnexaTeabHOCTh KPUOXUPYPTUUECKOTO METOAA
00yCIIOBIIEHA PSAZOM €TO IPEUMYIIIECTB 10 CPABHEHUIO
C TPATUITMOHHBIME MeTOoAaMu JiedeHus1. OCHOBHBIMHU
MIPEUMYIIIECTBAMU KPUOACCTPYKIIUH SBIISFOTCS TOTCH-
HUaJbHAsT BO3MOXKHOCTE Pa3pyIICHUS MPAKTHICCKU
JIFOOOTO MATOJIOTHYECKOTO O4ara, py 3TOM 00beM TKaHeH,
MTOJIBEPTAIOIINXCS Pa3PYIICHUIO, MOKHO PEryIHpOBaTh
IyTeM MoA00pa MHCTPYMEHTA, TEMIIEPaTyPHOTO JHa-
Ma30Ha ¥ KPATHOCTH LUKJIOB 3aMOPaKUBAHUSI-OTTAU-
BAaHUS; XOPOLIUNH KOCMETUUYECKUN pe3yabTaT — JJIs
3a)KUBJICHUE PaH MOCJIe KPUOACCTPYKIIMH HEeXapak-
TepHO 00pa3oBaHue rpyObIX pyOIIOB; Masast OOJIC3HEH-
HOCTb — HU3KOTEMIIEpaTypHOE BO3ACHCTBUE NPUBOIUT
K OBICTpOMY yMEHBIIEHUIO/0I0Ka e YyBCTBHUTEIIb-
HOCTH HEPBHBIX OKOHYAHUH, YTO TIO3BOJISIET BBITIOIHATH
KPHOJIECTPYKIINIO HEOOIBIINX HOBOOOpa3oBaHmii 0e3
AHECTE3WH.

W3BecTHO, 4TO KOJITareHbl UTPAOT KITFOYEBYIO POITh
B 3QKUBJICHUH PaH KOXKH, B YACTHOCTH MTOCPEICTBOM
o0ecredeHns! MX MPOYHOCTHBIX XapaKTEepUCTHK [12],
YTO 0COOCHHO aKTyaJIbHO JIJISl XOJIOIOBBIX paH, MOC-
KOJIbKY MOCJI€ BBITIOJTHEHUS KPUOAECCTPYKIIUU LBl HE
HaknaaeiBaroT. Konnarenoselie BostokHa I m 111 Thmos
SIBIISIFOTCS] OCHOBHBIMU KOMITOHEHTaMHU BHEKJICTOUHOTO
Marpukca Koxxu. ToHkue BosokHa ¢ kosutareHoM [I1
THUTIA PACTIOJIATaloTCs B ICPME U COCTABIISIOT (DUOPII-
JIIPHBIM KOMIIOHEHT IpaHyJIIMUOHHOM TKaHU. Kosnaren
III Tuma akTHBHO cuHTE3UpyeTcs puOpodiacTaMu Ha
paHHUX CTATUSX 3KUBJICHHS paH, KOJIAarcHOBEHIC
BOJIOKHA C KoyutareHoMm | Tuma o0nagaroT BEBICOKUMHU
MIPOYHOCTHBIMU Ka4eCTBaMU M B OCHOBHOM O0ecTie-
YHUBAIOT MEXaHMYECKHEe CBOMCTBa TkaHeu [18, 19].
Buocunres B knetkax ¢udpodractuueckoro audge-
pOHAa Pa3IUYHBIX TUIIOB KOJUIAT€HA U BHEKJICTOUHBIN
(bubOpusIIOreHes B ONTUMAJIbHBIX COOTHOIICHUSX 00eC-
[EYUBAIOT aJCKBATHBIC MPOYHOCTHBIC XaPaAKTEPHUC-
THUKH TKaHEH ¥ IPEIOTBPAIIAIOT 00pa3oBaHue PyOIloB
TIpH 32)KUBICHUH paH [13, 18].

[Ipumenenne GMOIOTHYECKH aKTHBHBIX BEIIECTB
(bPAB) mist meuenus paH, 0COOCHHO KOTZa B CHUITY
Pa3IUYHBIX NMPUYUH MPOBOJAT TOJHKO KOHCEpBa-
TUBHYIO TEPAIHIO, 1aBHO IPUBJIEKaeT BHUMaHUE KITH-
HunucToB [3]. M3BecTHO, YTO IIalleHTa — OCHOBHOM
SHJIOKPUHHBIA OpraH, KOTOPhIM B T€YCHUE OCPEMEH-
HOCTH IIPOAyLUpPYET MHOTOUKCcIeHHbIe BAB, oOecne-
YUBAIOIIME POCT U pa3BUTHE IMOpUOHA. BrICBOOOXK-
JICHUE U3 IALICHTAPHON TKAaHU IUTOKUHOB U APYTUX
PEryIATOPHBIX IPOTEHHOB COMIPOBOXKIACTCS TIOBBIIIIC-
HHUEM UX KOHIICHTPAITUH! B KOPIOBOH (TIarieHTapHOI)
kpoBH. [loBbIIIEHHBIN HHTEpEC K MPUMEHEHUIO B
MEJUIMHCKON MpaKTUKE MIa3Mbl KOPJIOBOM KPOBU
00yCIIOBIIEH CO/Iep )KaHNEM B HEH IIMPOKOTO CIIEKTpa
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Cryodestruction is one of the effective types of sur-
gery performed to benign and malignant neoplasms of
skin [22]. The cryosurgical methods are attractive
due to a number of their advantages if compared with
traditional methods of treatment. Main excellence of
cryodestruction are as follows: the potential possibility
to destroy quite any pathological focus, while the volume
of tissues undergoing the destruction can be controlled
by selection of tools, temperature range and the multi-
plicity of freeze-thaw cycles; good cosmetic result
(there are no gross scars during wound healing after
cryodestruction); low morbidity (low temperature expo-
sure leads to a rapid decrease/blockade of the sensiti-
vity of nerve endings, which allows performing cryo-
destruction of small tumors without anesthesia).

It is known that collagens play a key role in healing
of skin wounds, in particular by maintaining their
strength characteristics [4], that is especially impor-
tant for cold wounds, since there is no need in sutures
when the cryodestruction applied. Collagen fibers of
types 1 and 3 are the main components of extracel-
lular matrix of skin. Thin fibers with type 3 collagen
are located in the dermis and build the fibrillar compo-
nent of the granulation tissue. Collagen of type 3 is
actively synthesized by fibroblasts at the early stages
of wound healing, collagen fibers of type 1 possess
high strength properties and mainly maintain mecha-
nical properties of tissues [19, 20]. Biosynthesis in
fibroblastic cells of various types of collagen and extra-
cellular fibrillogenesis in optimal proportions provide
the adequate strength characteristics of tissues and
prevent scar formation during wound healing [ 14, 19].

The use of biologically active substances (BASs)
for the treatment of wounds, especially when only
traditional therapy is carried out due to certain reasons,
has long attracted the attention of clinicians [10]. It is
known that the placenta is the main endocrine organ,
which during pregnancy produces numerous BASs,
ensuring the embryo growth and development. Re-
lease of cytokines and other regulatory proteins out of
placental tissue is accompanied by an increase in their
concentration in cord (placental) blood. The elevated
interest to the application of cord blood plasma in
medical practice is due to its content of a wide range
of highly activity BASs [5]. There is an evidence of
positive effect of cryopreserved cord blood serum
(CCBS) and placenta extract (PE) on wound healing
[9, 11, 12], however, collagenogenesis in cold wo-
unds during their treatment with preparations of fetopla-
cental origin has been poorly studied.

The research aim was to study the rearrangement
of skin intercellular substance on the basis of the results
of assessment of types 1 and 3 collagen in cold wound
regenerated tissue after administration of either cryo-
preserved cord blood serum or placenta extract.
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BAB, nmeromux BbICOKY10 akTUBHOCTS [ 11]. UmetoTcs
JaHHBIE O TO3UTUBHOM BIUSTHUM KPHOKOHCEPHPOBAH-
Hol ceiBopoTkU KopaoBoi kposu (KCKK) n sketpakra
ianentsl (D11) Ha 3akuBneHMe paH [2, 5, 6], onHaKoO,
KOJIJJar€HOTEHEe3 B XOJIOJOBBIX paHaXx IMpH JICUCHUU
rpernaparamMy (PeTOIUTallEHTAPHOTO MPOUCXOKICHUS
M3y4eH HEeJIO0CTaTOYHO.

Lens paOoTHI — U3y4YeHHE TIEPECTPONKHI MEKKIETOU-
HOTO BEIIECTBA KOJKM Ha OCHOBE PE3YJIETATOB OIEHKN
kosmareHoB | u I TuoB B pereHeparax Xoia040BbIX
paH 1nocie BBEAEHUsI KpHOKOHCEPBUPOBAHHOM CHIBO-
POTKH KOPIOBOM KPOBHU MJTH SKCTPAKTA TUIALIEHTHI.

MatepuaJjbl 1 MeTOABI

DKCHEePUMEHTHI BRIMONHIIN Ha 90 KpbIcax-camiax
«Cdunke» maccoit 200-230 T B cOOTBETCTBHH € TpeOOBa-
HusiMu komureta 1o 6nostuke MIIKuK HAH Ykpaunsr,
CONIaCOBaHHBIMHU C TUpeKTHBOM EBpomneiickoro napa-
menTa u Coseta EBpomneiickoro coro3a ot 22.09.2010.

B pabote ucnonp3oBanu akTHBHO OXJIaXKIaeMbIi
(’KHIKMM a30TOM) MEIHBIHN aNIINKATOp AUaMeTPOM
8,0 MM, (—195°C, sxcriozutws — 60 ¢). X0IoI0BbIC PaHBI
MO/IEITMPOBAJIN T0]] TOBEPXHOCTHBIM HAPKO30M Ha JIa-
TepaJIbHOM MOBEpXHOCTH Oenpa. 3abop marepuana Aist
HCCIIEI0BaHMs BBIMONHSUM Ha 7, 14, 21-e cyTku (TpH
cpoka HaOmrofeHus ). JKHBOTHBIE OBUTH pa3/ielicHbl Ha
Tpu rpynisl (o 10 ocoOeti B Kax a0k ).

DKcnepuMeHTalIbHOM rpynne kpeic (31) BBOIU-
mu KCKK, mpenocTaBneHHyI0 HU3KOTEMIIEPATyPHBIM
6anxom UITKuK HAH VYkpannst (XappkoB); rpyrie
cpasaenus (I'C) — DIl («tOpus-dapm», YkpanHna);
koHTponbHOM rpynre (KI') — pusnonornyeckuii pact-
Bop («buodapmay, Ykpanna). MHbeKIIMN HauWHATN
¢ 3-X CYTOK MOCJIe KPHOECTPYKIMHU uepe3 ieHb 1o 0,1
MJI/KT MacChl TeJla BHYTPUMBIIICYHO HA MPOTSHKEHUH
9 nueit.

[Ipenapars! 715t THCTOIOTMUECKOTO NCCIIEA0BAHUS
TOTOBIJIH 110 O0IIEeprHATOMY MeTomy [8]. KomtareHs
HUACHTUGHUIMPOBAIN B OJSIPU30BAHHOM CBETE (MUK-
pockot «Polmi-Ay» («Carl Zeiss», [ epmanus) Ha Tipe-
rapaTax, OKpall€HHBIX IIHKPOCHPHUYCOM KPaCHBIM
(Picro-Sirius Red Stain Kit, «Abcamy, CILIA)) [8]. B 3aBu-
CHUMOCTH OT 3peJiocTu KojutareH | tuna naer ceue-
HHE OT OPAHXKEBOT0 JI0 KpacHOro, Kojuiared I Tuna —
3e1eHoro. OTHOCUTENbHBIE IUIOMAAN KOJUIAI€HOB B
pereHepaTe paHbl ONPEAENSUIM C MOMOIIBIO CETKH
Aptanaunosa B mpouentax Ha 100 Touek, B 10 monsax
3peHus Kaxgoro npenapata (X200). Kaxnas Touka —
9TO MepeceueHue TUHuM ceTku [1].

st cratucTrdeckoii 00pabOTKU MOJTYYEHHBIX pe-
3yJIBTaTOB IPUMEHSLIH MaKkeTsl mporpamm «Excel 20035
(«Microsofty, CIIA), «SPSS v.10.0» («SPSS Inc.»,
CIIIA) n HEeTTapaMeTpuIecKuii KpuTepuit ManHa- YuT-
HU. /laHHbIe BBIpaskaiu B Buae M + 5, OTIMYMS MEX LY
BBIOOpKAMH CUUTAIN 3HAUUMBIMU TIpH p < 0,05.
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Materials and methods

The experiments were performed in Sphinx male
rats (n = 90) of 200-230 g in accordance with the
requirements of the Committee in Bioethics of the
IPC&C of the National Academy of Sciences of Uk-
raine, and the directive of the European Parliament
and the Council of the European Union dated of
22.09.2010.

A copper applicator of 8.0 mm diameter actively
cooled with liquid nitrogen (—195°C, 60 s exposure)
was used. Cold wounds were made under surface
anesthesia on lateral surface of the thigh. The research
material was sampled to days 7, 14 and 21 of observa-
tion (three observation terms). Animals were divided
into 3 groups by 10 individuals per each. The experi-
mental group of rats was injected with the CCBS, pro-
vided by the Low-Temperature Bank of the IPC&C
of'the National Academy of Sciences of Ukraine (Kharkiv);
comparison group consisted of the animals treated with
PE (Yuria-Pharm, Ukraine); the control group made
those treated with physiological solution (Biofarma,
Ukraine). Injections were made starting from day 3
after cryodestruction in a day by 0.1 ml/kg of body weight
intramuscularly for 9 days.

Samples for histological examination were prepared
in a standard way [ 13]. Collagens were identified in pola-
rized light (microscope Polmi-A (Carl Zeiss, Germany)
in preparations stained with Picrosirius red (Picro-Sirius
Red Stain Kit, Abcam, USA)) [13]. The collagen type
1 depending on maturation demonstrated the lumi-
nescence in polarized light from orange to red, for the
collagen type 3 it was green. Relative areas of collagen
in the wound regenerated tissue were calculated in
percents per 100 points using the Avtandilov’s morpho-
metrical point grid, in 10 vision fields of each sample
(%200). Each point is an intersection of the grid lines [1].

For statistical processing of the obtained results we
used Excel 2003 (Microsoft, USA), SPSS v.10.0 (SPSS
Inc., USA), and the nonparametric Mann-Whitney test.
The data were expressed as M =+ s, the differences
between the samples were considered significant at
p <0.05.

Results and discussion

The study in polarized light to day 7 of the expe-
riment showed the presence in granulation tissue
formed in the wounds of the control group animals
(introduction of physiological solution), small sites
with type 3 collagen, the relative area of which was
(6.86 £ 1.11)% (Fig. 1). Investigating the wounds of
the animals from the group of comparison (treatment
with PE) revealed type 1 and 3 collagens, herewith
the relative area of type 3 collagen sites was bigger.
The area of the sites of immature and mature type 1
collagen made (10.16 = 1.32) and (23.96 + 1.87)%,
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Puc. 1. OTHocuTenbHas nnouaae konnareHos | u Il TUNoB B pereHepaTtax paH koxu: O — He3penblii konnareH | Tuna;
O — 3penbii konnareH | Tuna; M — konnarex Il Tna; 1 — kOHTponbHas rpynna, 2 — rpynna cpaBHeHusl, 3 — akcnepu-
MeHTarnbHas rpynna. Pasnnuus ctaTUCTUYECKM 3HaYMMbl NO CPABHEHMIO C AaHHbIMK: # — 1, " — 2, & — cooTBETCTBYIOLWEN
rpynnel Ha Npeaeblayllem cpoke HabntogeHus, p < 0,05.

Fig. 1. Relative area of type 1 and 3 collagens in regenerated tissue of skin wound : O — immature type 1 collagen; O0 —
mature type 1 collagen; B — type 3 collagen; 1 — control group, 2 — comparison group, 3 — experimental group.

Differences are statistically significant if compared with the data

observation term, p < 0.05.

Pe3yabTarsl m o0cyxnenune

HccnenoBanue B NOISIPU30BAaHHOM CBETE Ha 7-€ CYT-
KM 9KCIIEpUMEHTA TI0Ka3aJI0 HaJIMYMe B TPaHYIIALNOH-
HOH TKaHH, GOPMHUPYIOMIEHCS B paHaX >KHBOTHBIX KI'
(BBeneHue (PU3MOIOTHUECKOTO PACTBOPA), HEOOIBIITHX
Y4aCTKOB ¢ KojutareHoM III Tuna, oTHOCUTEIbHAS 10~
maas KOTOpeIX coctarisuia (6,86 = 1,11)% (puc. 1).
[Ipu u3yuenun pan y xuBoTHBIX ['C (1euenue OII)
Obutn BeIsIBIeHBI Koyutarens! | u 111 tunos, npu sTom
OTHOCHTEIbHAs IJI0LIalb y4acTKoB KosutareHa Il tu-
na Obuta Oonpire. [lnomanp yuacTKOB HE3pPENIOTro H
3penoro koitareHa | tumna cocrasmsina (10,16 + 1,32)
u (23,96 = 1,87)% coOTBETCTBEHHO. AHAJIOTMYHbIC
M3MEHEeHHs HaOmofanu y KuBOTHRIX Ol (Jedenue
KCKK). OtHOoCcuTensHas rmiomaas kowtareHa 11 tuma
B 30HE pereHepara paH y KHBOTHBIX 3TOH TPYyTMIIBI
cootrBercTBoBana (30,21 £+ 2,01)%, He3penoro kosia-
rera I tuma — (15,11 = 1,57)%, 3penoro xosurareHa I
tuna — (21,45 + 1,80)%.

Ha 14-e cyTku skcniepiMeHTa B pereHeparax paH
KHUBOTHBIX BCEX TPy OblJIa OTMEUEHA TOJI0KUTEIb-
Hasl TUHaMMKa Ipolecca KojulareHorenesa. B panax
#UBOTHBIX KT, Mo cpaBHEHUIO ¢ IPEBITy M CPOKOM
HaOJIOICHUS], BBISIBIICHBI YBEJIMUCHNE, OTHOCHTEIILHOM
romaay kosurarena IIl Tuma (cBeueHHE 3€IEHOTO
1BeTa), (OPMHUPOBAHHME BOJIOKOH HE3PENOTO (CBEYe-
HHE JKEIITOTO I[BETA) U 3pPEJIOT0o (CBEUCHHE KPACHOTO
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respectively. Similar changes were observed in the
animals of experimental group (treat-ment with CCBS).
The relative area of type 3 collagen in the wound rege-
neration zone in the animals of this group was (30.21
+2.01)% of immature type 1 collagen made (15.11 +
1.57)%, and (21.45 £ 1.80)% for mature type 1 collagen.

A positive dynamics of the collagenogenesis was
found in the regenerated tissue of wounds of the animals
for all the groups to day 14 of the experiment. The wounds
of the control group animals were characterized with
following changes comparing with the previous obser-
vation period: an increase in the relative area of type 3
collagen (green luminescence) and the formation of
fibers of immature (yellow luminescence) and mature
(red luminescence) of type 1 collagen, relative areas
of those were (13.82 = 1.51), (7.69 = 1.17) and (2.44 +
0.68)%, respectively (Fig. 2A).

In wounds of the control group rats, the following
distribution of the relative amount of collagens was
established: type 3 collagen had (26.88 £+ 1.94)%; im-
mature type 1 collagen made (8.60 + 1.23)%; mature
type 1 collagen was (32.26 = 2.05)% (Fig. 2B). In the
zone of regenerated tissue of wounds in experimental
group animals, the sites of type 3 collagen, immature
and mature type 1 collagen were also found, the relative
area of those made (31.76 = 2.04), (7.84 £ 1.18) and
(36.86 = 2.11)%, respectively (Fig. 2C).
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1BeTa) KoJuiareHa | Tuma, OTHOCHUTENBHBIE TUIOIIA !
KoTopbix coctaBmstin (13,82 £1,51), (7,69 £ 1,17) u
(2,44 £ 0,68)% cooTBeTcTBeHHO (pHC. 2, A).

B panax y xpsic I'C ycTaHOBIIEHO cienyrolee
pacnpezenieHne OTHOCUTEIbHOTO KOJIMYECTBA KOJTa-
reroB: kojutared 111 Tama — (26,88 = 1,94)%; He3pernsrit
xoymared | tama — (8,60 £ 1,23)%; 3pemnsIii koyiareH
I timma — (32,26 = 2,05)% (puc. 2, B). B 30H¢e perene-
pata paH y )UBOTHbIX DI Takxe ObLIU BBISBJICHBI
yuyactku kojutarena III Tuma, He3pesnoro u 3pesnoro
KOJUTareHoB | TUIa, OTHOCUTEIBHAS TUTOIIA (b KOTOPBIX
coctaBisuta (31,76 = 2,04), (7,84 + 1,18) u (36,86 &
+ 2,11)% cootBercTBeHHO (puc. 2, C).

Ha 21-e cyTku HaOmrofeHus pa3nnius B KauyecT-
BEHHOM COCTaBE KOJIJIAar€HOB U TUIOIIAIU, 3aHUMae-
MO¥ B pereHepaTax KO>KHOU paHbI Y )KUBOTHBIX pas-
JIMYHBIX TPYIII, ObLTH BBIPAXKEHBI B 0OJIbIIICH CTEIICHU.
B panax y xuBoTHbIX KI' oTHOCHTENIbHAS TIOIIA/Ib
koyarena I1I Tuma cocrasisina (56,07 +2,18)%, Hes-
peroro u 3pesoro kosutareHos [ tnma—(22,5+1,83) u
(18,93 £1,72)% cootBercTBenHHO (puc. 2, D). B perene-
paTtax paH >XKHBOTHBIX ['C OTHOCHTENIbHAS TUIOIIAIb

To day 21 of observation the differences in the qua-
litative composition of collagens and the area occupied
in the regenerated tissues of skin wound of the animals
of different groups were more pronounced. In wounds
of the animals of the control group the relative area of
type 3 collagen was (56.07 + 2.18)%, that of imma-
ture and mature type 1 collagen made (22.5 + 1.83)
and (18.93 + 1.72)%, respectively (Fig. 2D). In the re-
generated tissues of the wounds of the animals from
the comparison group, the relative area of type 3 colla-
gen regions corresponded to (34.75 £ 2.09)%, the one
of immature type 1 did (6.78 = 1.10)%, the mature
type 1 was (41.53 + 2.16)% (Fig. 3A). In the rege-
nerated tissues of cold wounds in the experimental
group rats the area of the sites with type 3 collagen
was (26.34 = 1.93)%, immature and mature type 1 col-
lagen made (5.36+0.98) and (43.90 +2.17)%, respec-
tively (Fig. 3B).

Skin is known to consist of the cells (mainly fibro-
blasts, endothelial cells and keratinocytes) and intercel-
lular substance complexes, based on collagens. They
provide scaffolds to resident cells and regulate their

Puc. 2. KonnareHsbl | u lll TunoB B pereHepate: A — KOHTponbHas rpynna (14-e cytku); B — rpynna cpaBHeHus (14-e cyTku);
C — akcnepumeHTanbHag rpynna (14-e cytkm); D — koHTponbHas rpynna (21-e cyTtkm). Okpacka NMKPOCUPUYCOM KpacHbIM.

Fig. 2. Type 1 and 2 collagens in regenerate tissue: A — control group (day 14); B — comparison group (day 14); C —
experimental group (day 14); D — control group (day 21). Picrosirius red staining.
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y4actkoB koyiarera Il tuma coorBercrBoBana (34,75 +
+2,09)%, nespenoro I Tuma— (6,78 £ 1,10) %, 3penoro
I'tuma— (41,53 £2,16) % (puc. 3, A). B pereneparax
XOJIOZOBBIX paH y Kpbic DI miiomma s y4acTKOB ¢ KoJlia-
redoMm III tuma cocrasisuia (26,34 = 1,93)%, Hespe-
JI010 1 3penoro KowtarenoB I tuma — (5,36 £ 0,98) u
(43,90 £+ 2,17)% cooTtBercTBeHHO (pHC. 3, B).

N3BecTHO, 4TO KOXKa COCTOMT M3 KJIETOK (TiIaB-
HBIM 00pa3oM (prOpo6IacToB, SHAOTEIHATBHBIX KIle-
TOK U KEPaTHHOLIUTOB) M CII0)KHOOPTAaHU30BAHHOTO
MEKKJIETOYHOTO BEIIECTBA, OCHOBY KOTOPOTO COC-
TaBJISIIOT KoylareHbl. OHU OKa3bIBalOT CTPYKTYPHYIO
MOAJCPIKKY PE3UICHTHBIM KJIETKaM U PEryIHpYIOT UX
¢ynkunu. KomnareHoBble OeTIKM KOHTPOIUPYIOT TAKHE
Ba)KHEHILINE KIETOYHbIE (PYHKINH, KaK CHHTE3 OenKa,
T PepeHINPOBKY U MUTPALIUIO KJIETOK. M3BecTHO,
YTO KEPATWHOIMUTHI Pacro3HalT KojutareH | tuma,
HaJIMYUe KOTOPOTO BaKHO YIS WX MPOJHQeEepanuu u
Murpanud [9].

3a)KUBIIEHUE paHbI KOXKH TIPE/ICTABISIET CO00 CcTa-
JIMHHBIN MTHTEPAKTUBHBIM ITPOLIECC, B KOTOPOM Y4acT-
BYIOT MEXXKJIETOYHOE BEIIECTBO U Pa3IMYHbIC KJIETKH,
CHUHTE3HMPYIOLINE IUTOKUHBI, (HaKTOPHI pOCTa, KOJlIa-
resbl U T. 4. [3, 12, 17, 19].

Knerku pudbpobmacTiueckoro nuddhepoHa urparot
BaXHYIO POJIb B perapaniy Kak 3a c4eT MPOIYKINUN
kosarea I1I Tuna, Tak ¥ KoJIareHassl, KOTOpast Mo-
JKET CII0COOCTBOBATH BHICBOOOKICHHUIO KEPATHHOIH-
TOB M3 MaTPHUIIbI, 00OTAIIEHHON KOJIJIaT€HOM, M TeM
cambIM UX A dextnBHoi Murparmu [ 10]. Dubpobdimac-
TBI POPMUPYIOTCS U3 KIIETOK-TIPEAIIECTBEHHUKOB (He-
nuddepeHITMPOBaHHBIX CTPOMANBHBIX KJIETOK Jep-
MBI) TIOJT BIUSSHHEM ITUTOKHHOB U (DAKTOPOB poOCTa,
9KCIPECCUPYEMBIX TPOMOOIIUTAMH, HEUTPOPHIaAMU U
Makpodaramu [9, 14].

Komnnarenst [ u [1I TUTIOB SIBAISIIOTCS CTPYKTYPHBIMU
U pPEeryJasiTOPHBIMU MOJIEKYJIaMH, KOTOPBbIE UTPAIOT
Ba)KHOE 3HAUYCHHE B KaXK101 (paze paHeBoro npouecca
[14, 18, 19]. Ilpouecc 3ax1BIEHNS PaH C TOUKU 3pEHUS
(hopMUpOBaHWS B TPAHYIISAIIMOHHON TKAHH XOJIOJOBON
pasbl kosiareHoB [ u III TunoB Mbl olleHHMBaIu Ha
CTaUISIX IPOTH(epaIiii 1 peMOAETNPOBaHMs. BarkHast
poab kosutareHa III Tumna B 3a)KUBIEHUH KOXKHOU paHBbI
MOKa3aHa B AKCIIEPUMEHTE Ha MBIIIIAX C HAPYIIIEHHBIM
ouocunTe3oM kojyutarena Il tuma (Col3+/-). beimo
JIOKa3aHo, YTO €r0 HU3KUH YPOBEHB B MEKKIIETOUHOM
BEILECTBE I'PAHYJSIHUOHHOW TKaHH CHOCOOCTBYET
akTuBU3anuu nponudepannu u auddepeHIupOBKU
Muopudpodaactos [18]. [loBblieHHE TIIOTHOCTH MUO-
(¢ubpoOIACTOB B paHEe CONMPOBOKMAACTCS YCUICHUEM
9KCIIPECCUU UX MapKepa — IKOMBIIIEYHOTO ({-aKTH-
Ha. ABTODBI ITOKAa3aJIH, 9To Ha 2 1 -e CyTKH HaOIONeHHS
y Col3-nmehuITHEIX MBIIIEH YBETMINBACTCS TUTOTIAIb
PyOI1I0BOI TKaHHM ITO CPABHEHHIO C )KHBOTHBIMH JUKOTO
tuma (Col3+/+).
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Puc. 3. KonnareHso! | n Il Tnos B pereHepate Ha 21-e cyTku:
A — rpynna cpaBHeHus; B — akcnepumeHTanbHas rpynna.
Okpacka NUKPOCUPUYCOM KpacCHbIM.

Fig. 3. Type 1 and 3 collagens in regenerated tissue to
day 21: A — comparison group, B — experimental group.
Picrosirius red staining.

functions. Collagen proteins control such important
cellular functions as protein synthesis, differentiation
and cell migration. It has been known that keratinocytes
recognize the type 1 collagen type, the presence of which
is important for their proliferation and migration [8].

Healing of the skin wound is a gradual interactive
process, wherein the intercellular substance and various
cells synthesizing cytokines, growth factors, collagens,
etc. actively participate [4, 10, 18, 20].

Fibroblastic cells play an important role in repairing
due to production of both type 3 collagen and col-
lagenase. The latter can promote the release of kera-
tinocytes from the matrix enriched with collagen, and
thereby their effective migration [7]. Fibroblasts are
formed from progenitor cells (undifferentiated stro-
mal cells of dermis) under the influence of cytokines
and growth factors expressed by platelets, neutrophils
and macrophages [8, 15].

Collagens of types 1 and 3 are structure forming
and regulatory molecules that play a major role in each
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B ¢aze pemoaennpoBanus coeiMHUTENILHON TKAHU
paH IPOHUCXOIUT MOCTENEHHOE 3aMELIEHHE KoJuIareHa
III Tumma Ha xoyutareH I Tuma 10 TOro MOMEHTAa, KOIjia
HX COOTHOLIEHHE NPHOIM3UTCS K TAKOBOMY B 3I0POBOM
koxe [9, 17, 19]. ImetoTcs ganHble (TIOTyKOJTHMYECTBEH-
HOTO IMMYHOTHCTOXHMUYECKOTO MCCIIeIOBAHNS ), UTO
Ha 6-e CyTKH MocJie HAHECEHHUS KPbICaM MEXaHNYeCKOU
paHBI B TPaHYJIAINOHHON TKaHU MPHUCYTCTBYIOT Cie-
nbl kosaresa III tuma u orcyTcTBYeT KoJutareH I tu-
ma, a Ha 14-e cyTku Ha GoHE HEOOIBIIIOTO KOTUICCTBA
KoJuIareHa | Tuma mosbllIeHa 3KCIIpeccus KoutareHa
III Tuna [16].

MEKKIIETOUHBI MaTPUKC UTPAET BasKHYIO POJIb B
MIPUKPETUIEHUH KJIETOK U MX (PYHKIMOHAILHOHN aKTHB-
HOCTH. YCTaHOBJEHO, uTo KosutareH I Tuna perymnu-
pYET SKCIpecCcuro UHTerpuHa [22], BIUSIOLIETO Ha
CIOCOOHOCTh (PUOPOOITACTOB B3aUMOICHCTBOBATE C
MEXXKJIETOYHBIM BEIIECTBOM B PaHE U CTUMYIHPO-
BaTh AP PEPEHIINAINIO KIETOK-TPEAIIECTBEHHIKOB
B MuopubpobiacTel, Giarogapsi KOTOpsIM oOecIie-
yuBaeTcs KoHTpakranus pansl [ 14, 18]. CymecTtyer
npezrnonoxenue, 9ro red Col3 ygacTByeT B perymsiyuu
AKTUBHOCTH TPaHC(HOPMHPYIOLIETO POCTOBOTO (ak-
topa TGF 3, moBblIiieHIe yPOBHS KOTOPOTO PHBOIUT
K popmMupoBanuio pyouoBoi Tkauu [ 15].

B xone paneBoro npotecca OTHOBPEMEHHO ¢ 00pa-
30BaHUEM M PEMOJECIUPOBAHUEM COEAMHUTEIBHON
TKaHU MPOUCXOAAT KOHTPAKTALUS U SMHUTEIU3ALMS
paHBI, BCJICACTBHUE YETO YMEHBIIIACTCS €€ TUTOIIah [ 12,
20]. Pa3nnuyaroT sSMUTENN3aINIo0 PaHbl «CO JHAY», OCT-
POBKOBYIO M KpaeByIo [3]. DnuTenm3anust paHbl «CO THa»
XapaKkTepHa /s 3QKUBJICHHS MTOBEPXHOCTHOTO JIe-
(hexTa KOXKH, OCTPOBKOBAS — [Tl TAPIMATBLHON paHbl
C YaCTUYHBIM MOBPEXKJICHUEM JCPMBI, KpaeBast — JJIs
MOJTHOCIIOMHBIX 1e()EKTOB KOXKH C TMOEINbI0 ee Ipu-
JaTKOB.

B nanHo# paboTe SKCIIEpUMEHTHI BBITOTHSIIN Ha
KpbIcax 0e3 LIepCTHOTO MOKPOBa, Y KOTOPBIX SMUTENH-
3a1Ms paH MaKCUMaJIbHO MPUOIIMKEHA K STIUTEIU3ALUH
nedeKToB YemoBeUeCKoi KoxH. Panee HamMm OBLIO
[I0Ka3aHO, YTO IPUMEHSEMbIi CIIOCO0 MOAETUPOBAHUS
PaH OPUBOJUT K TSDKEIOMY IOBPEXKIECHHUIO HE TOJIBKO
KOXM U €€ IPUIATKOB, HO U INIyOXKeJeKalluX TKaHel,
YTO MPOSIBIAETCS HEKPO30M 3IHIEpPMUCA, AEPMBI,
TUIIOJIEPMbI, MBIIIEYHON TKAHH, HEPBHBIX BOJIOKOH U
COITPOBO>KAAETCSI BBIPAKEHHBIM BTOPHUYHBIM HILIEMH-
YECKUM MOBPEKICHNEM TKaHEeH, IPUIIeKaIINX K 30He
KpuoHekpo3a [7]. Takum 00pazom, yuuTbIBas Xapax-
TEp CMOJCTUPOBAHHBIX PaH, MOKHO YTBEPXKIATh, UTO
SMUTENU3aLMs paH Oblia KpaeBoil. Hanoszanue smnure-
JHSL ¢ KpaeB paHbl, XapaKTEpHOE Ui KpacBOM SIu-
TEJIN3aLUH, BO3MOXHO TOJIBKO Ha IOBEPXHOCTD K-
BaTHO Pa3BUTOM IpaHYISIIMOHHON TKaHHW, KOTOpas
dhopmupyeTcs Ha CTaTuU MPONTHQPEPATTH COCTIMHH-
TEJIBHOW TKaHU B yCJIOBUSAX aKTUBHO IIPOTEKAIOLIETO
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phase of the wound process [15, 19, 20]. The wound
healing from the point of view of formation of types 1
and 3 collagen in the granulation tissue of a cold
wound was evaluated in our experiment at the stages
of proliferation and remodeling. An important role of
type 3 collagen in the skin wound healing was also
experimentally demonstrated in mice with an impaired
biosynthesis of type 3 collagen (Col3+/-). It was
found that its low content in the intercellular subs-
tance of granulation tissue promoted an activation of
proliferation and differentiation of myofibroblasts [19].
The increase in density of myofibroblasts in wound
was accompanied by a rise in the expression of their
marker, a smooth muscle o-actin. The authors showed
that to day 21 of observation in Col3-deficient mice,
the area of scar tissue enhanced in comparison with
wild-type animals (Col3+/+).

In the phase of remodeling of wound connective
tissue, a gradual replacement of type 3 collagen for type 1
collagen occurs until their ratio approaches that of heal-
thy skin [8, 18, 20]. There are the data (semi-quanti-
tative immune histochemical study in rats) that to day 6
after the mechanical wounding, the traces of type 3
collagen were found in the granulation tissue and there
was no type 1 collagen evident, and to day 14, the
expression of type 3 collagen was increased and only
a small amount of type 1 collagen was observed [17].

Intercellular matrix plays an important role in the
attachment of cells and their functional activity. It has
been established that type 3 collagen regulates the
expression of integrin [6], which influences the abi-
lity of fibroblasts to interact with the intercellular sub-
stance in wound and to stimulate the differentiation
of progenitor cells into myofibroblasts, due to which
the contraction of wound is provided [15, 19]. The Col3
gene is assumed to be involved into regulation of the
activity of the transforming growth factor TGF[, which
leads to the formation of scar tissue [16].

Wound healing is associated with the contraction
and epithelization of wound, simultaneously with the
formation and remodeling of connective tissue, resul-
ting in its area reducing [4, 21]. One distinguishes the
epithelizations of the wound ‘from the bottom’, as well
as islet and marginal type processes [10]. Epitheliza-
tion of wound ‘from the bottom’ is characteristic for
healing of a superficial skin defect, islet one is a feature
of a wound with partial damage to the dermis, marginal
one is characteristic for full-thickness skin defects with
death of its appendages.

This research was performed in hairless rats, in
which the epithelialization of wounds is as close as
possible to that of the human skin defects. Previously
we showed that the applied method of making the
wounds led to a severe damage not only to the skin
and its appendages, but also to underlying tissues,
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anruorenesa [20]. OOHapyKeHHOe yIy4dIleHHe opra-
HU3ALUN KOJJIAT€HOBOM CETH B pereHeparax XoJ10/10-
BBIX PaH, KOTOPOE OTPa)kaeT MPOLECC CO3PEBaHMS U
PEMOZIEINPOBAHUS COEIMHUTEIEHON TKaH! COITIacyeT-
Cs1 C IAHHBIMH HAIIINX TTPEABITYIIMX UCCIIeIoBaHNi. bbI-
70 okazano, yto npumenenne D11 u KCKK npuso-
JIUIIO0 K 3HAYMMOMY YMEHBIIIEHHUIO IIJIOMIAAN X0JI0I0-
BBIX PaH, BIJIOTH JI0 MX TIOJIHOTO 3aKPBITHS Ha 21-€ CyTKn
AKCTIIEPUMEHTA Y JKIMBOTHBIX, KoTophM BB KCKK [4].

Ha ocHoBanuu pe3ynbTaToB MCCIETOBaHUS AUHA-
MUKH Ka4€CTBEHHOI'O COCTaBa U OTHOCUTENIBHOM I1JT0-
LIaJI1 YYaCTKOB MCCIIEyEMbIX THUIIOB KOJJIATEHOB B
30HE pereHepara y ;KHMBOTHBIX ¢ MOJAEIUPOBAHHBIMU
XOJIOZOBBIMH paHaMU MOKHO CJIeNIaTh BBIBOJ 00 aKTH-
BH3allMH ITpoliecca KoJulareHoreHesa y suBoTHbIX ['C
u ocoberno OI. Ilpu 3ToM yckopeHHOE 00pa3zoBaHue
KOJUTar€HOB COITPOBOYXK/IAJIOCH pe30pOIHelt KojutareHa
III Tuna u popMupoBaHHEM B pereHepare KoJiareHa
I Tuna pazHoii 3penocru.

Tax, Ha 7-€ CyTKH Y )KUBOTHBIX DI OTHOCUTETBHAS
IJIOIAIb y9acTKoB kojutareHa I11 Tuma Onima B 4,4 pasza
6omnpmre, ueM B KI. [Ipu aTOM 3HAYMMBIX pa3iauyanii
MEX/1y IJIOLIa/IbI0 CBEUEHUs 3peroro KoyareHa [ n
Il tunos B I'C u OI He ycTanoBneHo. CoaeprkaHue B
pereHepare He3peJsoro kojuiareHa I Thmna npu aseueHnn
xononoBeix paH KCKK (3I') mpessimano B 1,5 pasa
takoBoe y kuBOTHbIX ['C. Ha 14-e cyTku HabnroneHust
y KpBIC BCEX IPYII OTHOCUTEIbHAS TUIOIIAb HE3pe-
JIOTO KoJutareHa | Turma craTucTHIecKy 3Ha9UMO He OTIH-
yanack. KonuuecTBo 3pesnoro koyareHa [ tumna u kos-
narena Il Tuma y >kuBoTHBIX DI OB1T0 3HAYMMO OOITBIIIE,
yeMm B ['C. Ilo cpaBHenuto ¢ pesyasraramu KI' neuenne
KCKK compoBok1aioch yBeIHYeHHEM OTHOCHUTETb-
Hoi riomaau kotarena [l u I tunos B 2,3 u 15,1 pa-
3a cOOTBETCTBEHHO. Ha 21-e CyTKH SKCTIepuMeHTa OTHO-
cuTenbpHast oa b Kosuarena Il tuna y kpeic I Obuia
3Haunmo MeHsIe, yeM B KI'u I'C (B 2,1 paza). OtHo-
CHUTEJIbHBIE IUIOIIA N HE3PEJIOTo U 3pEJIoro KojulareHa
I Tuna npesbimanu 3nadenud B KI' u I'C B 4,2 n
2,3 pasa COOTBETCTBEHHO. TakuM oOpa3oM, y )KUBOT-
HeIX Ol mpouecc NOCTENEHHOro 3aMeIIeHus KoJlla-
rena Il Tuna Ha kosutaren I Tuna, xapakTepHbId IS
HOPMAaJIBHOTO 32)KMBJICHUS PAH, IPOXOJUII AKTHBHEE.

PesynbTarsl Hecaen0BaHus COITIACY OTCS C IIPENCTaB-
JICHHBIMHU PaHee JAaHHBIMU O MUKPO- U YIBTPACTPYK-
Type XOJIOJIOBBIX paH Mnocie BBeneHus kpeicam D11 n
ocoberHo KCKK, xoTopble CBUIETEIBCTBYFOT 00 HX I10-
3UTUBHOM BIIMSHUM Ha Ipoliecchl penapanuu [5]. ¥V
9KCHEPHUMEHTAIBHBIX KUBOTHBIX, KOTOPBIM BBOAMIN
OI1 nnu KCKK, Ha 6osnee panHeM cpoke (popMupoBa-
Jach U CO3peBajia MOJIOJasi COEAMHUTENbHASI TKAHb,
YTO IIPOSIBIISIIOCH B YBEJIMUEHUH 00bEMa BOJIOKHUCTBIX
CTPYKTYP, YMEHBIICHUH KOJINYECTBA KJIETOUHBIX dJIe-
MEHTOB M COCYIOB, IIpeoOIaTaHuy 3pelbiXx Guopo-
0JIaCTOB C TUITHYHOM YIBTPACTPYKTYPOH.
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manifested in necrosis of the epidermis, dermis, hypo-
dermis, muscle tissue, nerve fibers and accompanied
by severe secondary ischemic damage to the tissues
adjacent to cryonecrosis zone [2]. Thus, taking into
account the nature of the modeled wounds, we can argue
that the epithelialization of wounds was marginal. The
epithelial creeping from the wound edges, characte-
ristic for marginal epithelialization, is possible only on
the surface of an adequately developed granulation
tissue that is formed at the stage of proliferation of con-
nective tissue under conditions of actively developing
angiogenesis [21]. The found improvement in the orga-
nization of the collagen network in cold wound rege-
nerated tissues, which reflects the process of matura-
tion and remodeling of connective tissue, is consistent
with the data of our previous studies. It was shown
that the use of PE and CCBS resulted in a significant
reduction in the area of cold wounds, up to their complete
closure to day 21 of the experiment in the animals
treated with CCBS [3].

Investigation of the dynamics of qualitative compo-
sition and relative area of the sites with the studied
collagen types in the regenerated tissue zone in the
animals with simulated cold wounds allow us to conclu-
de that the collagenogenesis process in the animals of
the comparison group and, especially, of experimen-
tal group was activated.The accelerated formation of
collagens was accompanied here with resorption of
type 3 collagen and formation of type 1 collagen of dif-
ferent maturity in a regenerated tissue.

In particular, the relative area of the sites of type 3
collagen in the experimental group animals was 4.4 ti-
mes bigger than that in the control group to day 7. In
this case, no significant differences between the lumi-
nescence area of mature type 1 and 3 collagen were
established in group of comparison and experimental
group. The content of immature type 1 collagen in the
regenerated tissue during treatment of cold wounds
with CCBS (experimental group) was 1.5 fold that of
the animals from the comparison group. To day 14 of
observation, the relative area of immature type 1 colla-
gen was not significantly different in rats of all the
groups. The amount of mature type 1 and 3 collagen
in the experimental group animals was significantly
higher than in the group of comparison. If compa-
red with the results of the control group the treatment
with CCBS was accompanied by a rise in relative area
oftype 3 and 1 collagen by 2.3 and 15.1 times, respec-
tively. To day 21 of the experiment, the relative area
of type 3 collagen in the experimental group rats was
significantly less than in the groups of control group
and comparison (2.1 times). Relative areas of immature
and mature type 1 collagen exceeded the values in the
control and comparison groups in 4.2 and 2.3 times,
respectively. Thus, the experimental group animals
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Mexanusmbl BiausHus O11 u KCKK toyno neus-
BECTHBI, KaK MPABUJIO, UX CBA3BIBAIOT C HAJIMYUEM B
uX cocraBe mupokoro cnekrpa BAB ¢etomnanen-
tapHoro npoucxoxaeHus [ 11]. Ha ocHoBanuu pesyib-
TaTOB paHee MPOBEACHHBIX CCIIEI0OBAHNI HAMH OBIJIO
BBIIBUHYTO MPEATIONO0KEHHUE, YTO CHCTEMHOE BBEJIe-
aue D11 mn KCKK oxa3piBaeT kak mpsiMoe BITHSTHUE
Ha MPOIIECCHI, TPOTEKAIOIINE B paHe, Tak U OTIOCPEIO-
BaHHOE (Yepe3 MOonyJupylollee BO3JAeHCTBHE Ha
HEHWPOIHTOKPUHHYIO U UMMYHHYIO PETYISLHUIO pa-
HEBOTO Tporecca). B pesynberare co3maercs Omaro-
NpUATHBIA (QOH [T aJeKBATHOTO NPOTEKAHUS CaHO-
reHesa [4—6]. Ha Ham B3mIsiA, CTUMYNTUPYIOLIUN
sapdext I u KCKK na penapamnuro Tkaneir o0obsc-
HAETCSI HE CYMMAapHBIM BIUSIHUEM OTAeIbHbIX BAB
B MX COCTaBE, 3 COBOKYITHBIM MHOT'OIIJIAHOBBIM JICHCT-
BHEM KOMIUIEKCa OMOPETYISTOPOB, HAXOJAIINXCS B
(mznonornyeckn cOATaHCUPOBAHHOM COOTHOIIICHUH.
Bonee Bricokas TepamneBTudeckas 3¢p(HeKTUBHOCTD
KCKK 1o cpaBaenuio ¢ DIl, mo-BuamMoMy, cBs3aHa
C Pa3IMYUSMHU B X COCTaBe.

BriBoabI

Takum 00pa3om, iedyeHne )KUBOTHBIX KPHOKOHCEP-
BHPOBAHHON CBIBOPOTKOW KOPZOBON KpPOBH WIH K-
CTPAKTOM IUIALIEHTHI CONTPOBOXKIAT0CH CTUMYJISLIUEH
00pa30BaHuUs K PEMOACTNPOBAHMSI BOJIOKHHCTOTO KOM-
MTOHEHTAa BHEKJIETOYHOIO MAaTPUKCa B XOJIOIOBBIX PaHax
KOKH. [laHHBIN 3P PeKT MpoABIIICS B aKTUBU3AINN
obpazoBanus koutareHa IIl Tuma ¢ molsTamHBIM €ro
3aMelleHneM Ha KoJulareH | Twma, 4To CBUAETEINb-
CTBYET O CHHXPOHHU3AIINH PETapaTuBHBIX ITPOIIECCOB.
IIpu 3TOM BiMsIHYE BBEICHUSI KPHOKOHCEPBUPOBAHHOM
CBIBOPOTKH KOPAOBOM KPOBH Ha MEPECTPONKY KoJliare-
HOBOT'O MaTpUKca ObUIO BBIP’KEHO B OOJIBIIICH CTENeHH,
YeM 3KCTPAaKTa IJIAleHTHI.

[lepcriekTHBHBIM HalpaBIICHUEM JTATBHENIIINX UCCITe-
JIOBaHUM MOXET OBITh U3YUCHUE BIUSHHUS KPHOKOH-
CEPBHUPOBAHHON CHIBOPOTKY KOPAOBOW KPOBH M SKCTPAKTa
IIJIAlleHTHl HA OCHOBHOE BEIIECTBO COCOUHHUTEIBLHON
TKAaHM Ha MOJEJIAX PaH Pa3InNgHOro IeHe3a C LEIbI0
000CHOBaHNUS UX AaTbHEHIIEr0 IPUMEHEHHUS B KJIMHU-
YECKOM IpaKTHKE.

Buipaosicaem brazodaprocms 3agedyiowemy omoeiom
Kpuobuonoeuu cucmem penpooykyuu UIIKuK HAH Ykpaunvl,
0-py meo. Hayk, npog. O.C. [Ipoxoniok 3a KOHCYTbMAMUBHYIO U
0p2anu3ayUOHHO-MeMmoOU4ecKylio noMOUb.
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were characterized with more active process of gradual
replacement of type 3 collagen for type 1 collagen,
characteristic for normal wound healing.

The results of the study are consistent with the
previously reported data on the micro- and ultrastruc-
tures of cold wounds after administration of the PE
and especially of CCBS to the rats, which indicate
their positive effect on reparative processes [11]. Expe-
rimental animals treated with either PE or CCBS had,
young connective tissue formed and matured earlier,
and it was manifested in an increase in the amount of
fibrous structures, a decrease in the number of cellular
elements and vessels, and predominance of mature
fibroblasts with a typical ultrastructure.

The mechanisms of PE and CCBS influence are
not clearly understood, as a rule, they are associated
with the presence in their composition of a broad spect-
rum of BASs of fetoplacental origin [5]. Based on the
results of previous studies we hypothesized that the
systemic administration of either PE or CCBS affec-
ted directly the processes occurring in wound and
indirectly influenced through a neuroendocrine and im-
mune modulation of the wound process. As a result, a
favorable background is created for an adequate sano-
genesis [10, 11, 12]. We believe that the stimulating ef-
fect of PE and CCBS on tissue repair is not due to the
combined effect of individual BASs in their composi-
tion, but is caused by the combined diverse influence
of a complex bioregulators being in a certain physio-
logically balanced ratio. The higher therapeutic efficacy
of CCBS if compared to EP is likely to be due to the
differences in their compositions.

Conclusions

Thus, the treatment of animals with cryopreserved
cord blood serum or placental extract was accom-
panied by stimulation of the formation and remodeling
of'the fibrous component of extracellular matrix in skin
cold wounds. This effect was manifested in the activa-
tion of the type 3 collagen formation with its gradual
replacement for type 1 collagen, that indicated the syn-
chronization of reparative processes. The effect of the
introduced cryopreserved cord blood serum on the rest-
ructuring of the collagen matrix was more pronounced
than that of the placenta extract.

Investigation of the effect of cryopreserved cord
blood serum and placenta extract on connective tissue
basic substance in simulated wounds of various genesis
with a view to justifying their further application in
clinical practice can be promising for further research.

We would acknowledge the Head of the Department
of Cryobiology of the Reproduction Systems of the IPC&C of the
National Academy of Sciences of Ukraine, Prof. Olga S. Pro-
kopyuk, MD for advisory and methodological assistance.
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