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CpaBHUTeNbHasa oueHKa 6MONOrn4eckom akTMBHOCTU chpakuum
Ao 5 k[la u3 kKopaoBoM KPOBU KPYNMHOro poratoro ckorta

nocrie HU3KoTemnepaTypHoro xpaHeHus (npuv —80°C)
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Comparative Evaluation of Biological Activity of Fraction
Below 5 kDa from Cattle Cord Blood After Low-Temperature Storage
(at —80°C) or Lyophilization to Treat Burn Wounds in Rats

Pedhepar: B pabore nccnegosanu 6Guonormyeckyto akTMBHOCTb HU3KOMONeKynsipHou (fo 5 k[a) dpakumm u3 KopaoBOW KpOBU
KPYMHOro poraTtoro ckoTa rnocrie XpaHeHus B nuodunmampoBaHHoM coctosiHum nipy 4°C (®KKIT) n npn —80°C B Bnae pacteopa (PKK)
Ha Mofenn TepMUYECKOro OXora KOXW KpbiC. B kayecTBe mpenaparta cpaBHEHVS UCMOMb30Banu «AKTOBEMMH», 0bnafatoLLmin BbipaXeH-
HOW paHO3aXMBMAOLEN aKTUBHOCTBIO. YCTAHOBIEHO, YTO XpaHeHWe HWU3KOMOIEKYNSIPHOW hpakumMmn B TeyeHue 3-X MecsueB B BblO-
pPaHHbIX YCIOBUSIX HE CHUXAaeT ee B1onornyeckyto akTuBHoCTb. BBeaeHne akcneprmMeHTanbHbiM xuBoTHbIM KK 1 ®KKJ1 nocne mogenu-
POBaHNSA TEPMUYECKOTO OXOra KOXM CrnocobCTBOBaNO YMEHbLLEHMIO MITOLAAM 0XOroBOW paHbl, HOpManuaaummn cogepXaHus NerkoLnToB
1 paroumTapHOM akTUBHOCTM HEeWTPOdUIoB B nepudepnyeckon Kposu. [lonyyeHHble pesynbraTtbl NMO3BONAT paccMartpvBaTtb fMo-
dUnM3aumio HU3KOMONEKYNSPHOW dpaKuuy ¢ nocrneayoLwwmmM XxpaHeHueM npu 4°C kak NpakTUYecky M 3KOHOMUYeckn Gornee onpasaaH-
HbI CNOCO6 XpaHeHUS U TPaHCMOPTMPOBKM BUONOrMYecky akTBHOTO BELLLECTBa.

KnioyeBble crnoBa: HM3KOMoOneKkynsapHas dpakums, Kopaosasi KpoBb, HU3KOTEMMNEPATYpHOE XpaHeHve, nuodunusaums, buonoruye-
cKasi akTUBHOCTb, OXOT.

Pedepart: Y poboti gocniaxysanu 6ionoriyHy akTUBHICTb HU3bKOMOMEKYNSApHOi (40 5 k[a) dpakuii 3 KopAoBOi KPOBI BENUKOI poraToi
Xypaobu nicnsa 36epiraHHsA y niodinisoBaHomMy cTaHi npu Temnepatypi 4°C (PKKJ1) ta npu —80°C y Burnagi posuunHy (PKK) Ha mopeni Tep-
MiYHOrO OMiKy LUKipW LypiB. Y SIKOCTi Mpenapary NOpiBHAHHSA BUKOPUCTOBYBamnu «AKTOBETiH», SIKMIN BONOAIE BUPAXEHOK PAaHO3arol4oto
aKkTuBHiCTIO. BeTaHoBNEHO, WO 36epiraHHst HU3bKOMONEKYNAPHOI dhpakuii mpoTarom 3-x MicAuiB B 06paHyx yMoBax He BNAvBae Ha i
GionoriyHy akTMBHICTb. BBeaeHHs ekcnepumeHTansHum TBaprHam ®KK ta ®KKI1 nicns mogentoBaHHS TEPMIYHOrO OMiKy LUKIPW CNPUSNO
3MEHLLEHHIO MIOLLi OMiKOBOI paHuW, HopMmanisauii BMiCTy NenNKoUUTIB i dharoumMTapHOi akTMBHOCTI HenTpodinis y nepudepuyHin kposi. OT-
puyMaHi pesynstaTv 4O3BONAIOTL PO3rnAAaTh niodinisawito HU3bKOMONEKYNAPHOI chpakLii 3 HacTynHUM 36epiraHHam npu 4°C K NpakTUYHO
Ta eKOHOMIYHO BinbLu BUNpaBAaHui cnocib 36epiraHHs | TpaHCNOPTYBaHHA GiONOrYHO aKTUBHOI PEYOBUHM.

Kno4yoBi cnoBa: Hu3bkoMonekynspHa dpakLis, kopaoBa KpoB, HU3bKoTeMMnepaTypHe 30epiraHHs, niodinisadis, 6ionoriyHa akTme-
HiCTb, OniK.

Abstract: Biological activity of the low molecular weight (down to 5 kDa) fraction from cattle cord blood after storage in lyophilized
state at 4°C and —-80°C in the form of solution in a model of thermal burn of rats’ skin was investigated. Actovegin with a pronoun-
ced wound healing activity was used as a comparator drug. The storage of low molecular weight fraction for 3 months under
the chosen conditions was found not to reduce its biological activity. Introduced and lyophilized cord blood fraction to experimen-
tal animals after simulation of thermal skin burns contributed to a reduced burn wound area, normalization of leukocyte content
and phagocytic activity of neutrophils in peripheral blood. The findings enable considering the lyophilization of the low molecular
weight fraction followed by storage at 4°C as sensibly more expedient option of storing and transporting the biologically active
substance.

Key words: low molecular weight fraction, cord blood, low temperature storage, lyophilization, biological activity, burn.

B nacrosmee BpeMs B KIMHHYECKON MPAKTHUKE
JUIsL JICYEHUS Psiia MAaTOJIOTUM PA3iMYHOIO TeHe3a
IIPUMEHSIOT KaK CUHTETHUYECKHUE IIperaparbl, TaKk U
mpenaparbl IpUpORHOro mpoucxoxkaeHus. Ocoboe
MECTO CpeIU HUX 3aHUMAOT JIEKAPCTBEHHBIE CPENICT-
Ba U3 LEIBHON KOPJOBON KPOBH MJIM €€ OTHENIBHBIX
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Currently, in clinical practice both synthetic
and natural drugs are applied to treat a number
of pathologies of various origins. A special place
among them is occupied by medical products de-
rived from whole cord blood or its individual
components, which comprise a unique balanced
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KOMITOHEHTOB, KOTOpPbIE HMEIOT B CBOEM COCTaBe
YHHUKAJIGHBIA COaJTaHCUPOBAHHBIH KOMIUIEKC OHO-
JIOTUMECKH aKTUBHBIX BEIIECTB, BO3CHCTBYIOIINI
Ha OTJeNbHbIE CUCTEMBl OpraHM3Ma M Ha MeTabo-
J3M B 1ieioM [5, 15]. Panee mamu Oblta mokaszaHa
s exTuBHOCTL mericTBus (pakmuu 10 5 kx/la, mo-
JIY4EHHOW W3 KPOBU MOJIOUHBIX TEJIAT U KOPAOBOM
KpPOBH KPYITHOTO POTaToOro CKOTa, MPH JICUEHUH pas-
JIUYHBIX DKCIEPUMCHTAIBHBIX TIATOJIOTHHA Y KPBIC
(cyOxpoHnyeckas si3Ba JKey/Ka, MEXaHHYeCKOe I0-
BpEeXJIEHHE Xpslla KOJIEHHOTO CyCTaBa), a TaKxkKe
MIpU HMCCIICIOBAaHUM JUHAMHMKH MPOIECCOB COMNps-
JKCHHOTO JIbIXaHUsT MHUTOXOHAPUH IMOCIe TpeaBapu-
TENBHOTO BBEJICHUS KUBOTHBIM (PPAKIIMU KOPAOBOM
kpoBu 10 Sk/la [3, 4].

AKTyalbHBIMH OCTAIOTCSI BOINPOC UINTEIBHOCTH
XpaHEHUsI U TOWUCK ONTUMAJIbHON JIEKapCTBEHHOU
(hopMBI ¢ coxpaHeHHEM OHOJIOTHUYECKOH aKTHBHOCTH
MpernapaToB M3 KOPJAOBOM KpoBU. [ mpomormku-
TEBHOTO XPaHEHHs KOMIIOHEHTOB KPOBH C COXpa-
HEHUEM CTPYKTYPhl U (PYHKIIMOHAJLHBIX CBOMCTB
[IPUMEHSAIOT CHelHaJbHble MPOTOKOJIBI 3aMOpPaKH-
BaHUS C MOCJIEIYIONUM XpaHEeHHEM TpU YIbTpaHHU3-
Kux Temmeparypax [5, 13]. OnHako B KIMHUYECKOM
[IPAKTHKE B CHJIY CHCIH(DHUKU JKUJIKOA30THOU TEX-
HOJIOTHH, a TaKXe HEOOXOOMMOCTH HPUOOpPETeHUs
JIOPOTOCTOAIIET0 000PY/IOBaHMS U TIOATOTOBKH BBI-
COKOKBaTH(DHIIMPOBAHHOTO TIEpCOHANA JTAHHBIA Me-
ToJ TpeOyeT 3HAYNTEIHHBIX (DMHAHCOBBIX 3aTpat. bo-
Jiee SKOHOMHUYHBIM SBIISICTCS] MCIIOE30BAaHHUE AJICKT-
popeppmKEepPaTOPHEIX TEXHOJIOTHH C pealnu3amueii
HHU3KOTEMIIEPATyPHOTO KOHCEPBHUPOBAaHUA (MpH
—80°C) Ouomornueckn aKTUBHBIX cyOcTtaHiuit [12].
Kpome Toro, cymecTByeT Takoi crmoco0 KOHCEPBH-
poBaHMsI OMOMarepualna, Kak KpuocyOInMalnnoHHOe
BBICYIIIMBAHHUE, KOTOPOE TpPEAIoJiaracT yaajicHHe
OCHOBHOM MaccChl BOJbI IyTEM CYOTUMAIIMU JIbaa
13 3aMOPOKEHHOTO Marepuaja ¢ COXpaHCHHEM €ro
MEPBUYHOM CTPYKTYphl M OHOJIIOTHYECKOH aKTHB-
HocTH [1, 9]. Jlns mpemynpexaeHus: COpOIMA BIIaru
W3 OKpYXKalomiel cpenbl JTHOPMIN3UPOBAHHBIE TIpe-
maparsl MPUEMIIEMO XPAaHUTh TIPHA TEMIEpaType OT
0 mo 4°C [1].

Ha ocHOoBaHMM BBINIEU3TIOKEHHOTO IEJIBIO Ha-
CTOsIIIeH paboThl OBLIO CPABHUTEIHHOE H3yUYEHHE Ha
MOJICTI TEPMHUYECKOTO OJKOTa KOXKH KpBIC OMOJIOTH-
YECKOM aKTUBHOCTU HU3KOMOJEKYsIpHOU (10 5 k/1a)
(pakuuu KOpAOBOW KPOBU KPYIHOTO POraToro CKo-
Ta MOCJe XpaHEeHUs B TeueHue 3-x MecsueB mnpu 4°C
B JHOMWIN3UPOBAHHOM cOCTOSIHUM U npu —80°C
B BH/IE PacTBOpA.

MarepuaJjibl 1 METOIbI
@pakiuio ¢ KOMIIOHEHTaMu M. M. 710 5 k/la u3
LIETIbHOM KOPAOBOM KPOBU KPYITHOTO POraroro CKoTa

combination of biologically active substances, af-
fecting individual body systems and metabolism
as a whole [4, 11]. Earlier we have shown the
effectiveness of below 5 kDa fraction obtained
from the blood of vealers and cattle cord blood
in treatment of various experimental pathologies
in rats (subchronic gastric ulcer, mechanical da-
mage to the cartilage of the knee joint), as well
as in studying the dynamics of the processes of
conjugated breathing mitochondria after prelimi-
nary administration of cord blood fractions below
5 kDa to animals [7, 10].

The issue of storage duration and search for
an optimal medical form while preserving the
biological activity of cord blood products has
remained relevant. For a long-term storage of blood
components while maintaining the structure and
functional properties, the specific freezing proto-
cols are used followed by storage at ultralow
temperatures [6, 11]. However, in clinical prac-
tice, because of specificity of liquid nitrogen
exploitation, as well as the need to purchase an
expensive equipment and train highly qualified
personnel, this method requires sound financial
costs. More cost-efficient is the use of electro-
refrigeratory techniques with the implementation
of low-temperature preservation (at —80°C) of
biologically active substances [20]. In addition,
there is such a method of preserving biospecimen
as freeze-drying, which involves the removal
of the bulk of water by sublimation of ice from
frozen material with keeping its primary struc-
ture and biological activity [2, 17]. To prevent sorp-
tion of moisture from an environment, it is tole-
rable to store lyophilized specimens at tempe-
ratures from 0 to 4°C [2].

Based on the foregoing, the goal of this work
was a comparative study of biological activity of
a low molecular weight (below 5 kDa) fraction
of cattle cord blood in a thermal burn model of rat
skin after storage for 3 months at 4°C in a lyophi-
lized state and at —80°C in the form of a solution.

Materials and methods

A fraction with the components below 5 kDa
derived from cattle whole cord blood (CWCB) was
isolated by ultrafiltration [3] using a membrane
module of the company (Sartorius, Germany). Cattle
cord blood without an anticoagulant was previously
subjected to cryodestruction by slow freezing in
a plastic container down to —196°C and slow tha-
wing. After ultrafiltration, the fraction was frozen
in sterile vials down to —40°C and stored at —30°C
for at least 12 h for 'quenching hardening' before
loading into a sublimation unit. The samples were

npo6nemu Kpiobionorii i kpiomeauUMHN

problems of cryobiology and cryomedicine
Tom/volume 30, Ne/issue 1, 2020



(KPC) Beigensiiu MetofoM ynasTpaduiasTpanuu [2]
C HCIOJB30BaHUEM MEMOPAHHOTO MOIYJNsl (DUPMBI
(«Sartoriusy, I'epmanust). Kopnosyto xposs KPC 6e3
AHTUKOATYJISIHTA MPEBAPUTEIBHO MOABEPrajid KpH-
OICCTPYKLUH IIyTeM MEIJICHHOIO 3aMOPaKHBaHMS
B INIACTHKOBOM KoHTeWHepe mo —196°C u memieH-
HOro oTTauBaHMs. Ppakiuio mocie yIbTpaguibr-
panyy 3aMOpaKUBAJIM B CTEPHIIBHBIX (pIIakOHAX 0
—40°C u xpanmmm npu —30°C He meHee 12 9 ms
«3aKajKu» Tepes 3arpy3Koil B CyONMMalMOHHYIO
ycTaHoBKy. JInodunuzamnuo 00pa3IoB MPOBOIUIN
Ha npubope «FreeZone» («Labconco», CLLIA) ¢ 06-
el mpoAOHKUTENBHOCTRIO BRICyIMBaHUS 28—-30 u
U Temreparype (pakuuu Ipu KOHEYHOH ¢asze cy-
ku He Oosee 40°C. YacTb mnoduau3npoBaHHOH Qpak-
UM PACTBOPSUIM B (DU3MOJIOIMYECKOM PACTBOPE 10
koHIeHTpammu 40 MI/MJI W 3aTeM XpaHWId IpH
—80°C (manee DKK). dpaknuio B JIHOGUIUIUPO-
BaHHOM cocTosTHUH XpaHuiau mpu 4°C (manee DKKII),
nepes; BBEIEHHEM JKCIEePUMEHTAILHBIM JKHBOTHBIM
ee Pa3BOAMIN B (PU3HOIIOTUIECKOM PacTBOpE.
Buonornyeckyro akTHBHOCTh (paKIuii mocie 3-x
MeCALIEB XpaHeHHs M3ydald Ha MOJEIH TepMUYec-
kxoro oxora III cremenn y kpeic [8]. B akcnepu-
MEHTaxX HCIOJIb30BaIM OCNbIX OECIOPOJHBIX KPBIC
TPEXMECSYHOTO Bo3pacTa 1 Maccoi tena 140-150 r.
Oxor Il crenenu (Mo KIMHUYECKOH Kiaccuuka-
LUM O’KOTOB) BOCIIPOM3BOIWIN IIyTEM IPUKJIabIBa-
HUS K BBIOPUTOHN KOXKE CIIMHBI )KMBOTHOIO B 00J1aCTH
TA30BOTO OTJ€JIa MEIHOTO ANIJIMKATOPA IJIOMIAbIO
6,25 cm?, pasorperoro a0 temneparypst 200°C, B Te-
yerne 10 c. Crenens oykora Mpy NCTIOIH30BAHNH JJaH-
HOW METOAMKH TIOITBEPXKJIEHA THUCTOJOTHYECKUMHU
METOJIaMU UCCIIeIOBAaHUS, ONMCAHHBIMU paHee [8].
OKCHEepUMEHTANIBHBIX JKUBOTHBIX TIOCIE MOJIe-
JIUPOBaHUSI TEPMUUECKOTO OKOTa PacHpeiessii Ha
rpynmnsl (B KakIod n = 7), KOTOPBIM B TEUYEHHUE
14 cyToK exeqHEBHO, HAYMHAS CO CICAYIOIIETo JHS
[OCJie HAHECCHUSI OXKOTra, BHYTPHUMBILICYHO BBO-
;1 (KOHTPOIlb) — (U3UOJIOTHYECKHA PacTBOP
B 3KBHMBAJCHTHOM 0OObeMe; 2 — HHU3KOMOJEKYJp-
Hy10 (hpakmmio kopmoBoit kposu KPC mocne xpane-
HUAS B JHODUIU3UPOBAHHOM cocTossHuH Tipu 4°C;
3 — HU3KOMOJIEKYISIPHYTO (PPaKINi0 KOPAOBOH KPOBH
KPC nocne xpanenus npu —80°C; 4 — dapmaxosno-
THYECKUH mpernapar cpaBHeHUs « AkToBeruH» («Ni-
comed», ABctpusi). Jlo3UpOBKY IpenapaToB paccyuu-
TBIBAJIM B COOTBETCTBHH C TEPAIEBTHUECKOHN 0301
«AKTOBETMHa», ONMCAHHOW B HMHCTPYKIHMU K Tpe-
napary: 1,2 Mr cyxoro Beca BeniectBa Ha 100 r mac-
CBbl KMBOTHOTO. Takke B HKCIIEPUMEHTE y4acTBO-
BaJlM MHTAKTHBIC XXMBOTHBIC, KOTOPBIC HE IOJBEP-
TaJIMCh HUKAKUM BO3JEHCTBHAM (Tpymma 5).
Ilnomans pan ouenuBanu Ha 3, 7, 14 u 21-e cyt-
KM 3KcriepuMenTa. s aToro pansl hoTorpadupona-
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lyophilized with a FreezeZone Triad freeze dryer
(Labconco, USA) with a total drying time of 28—
30 h and a fraction temperature at the final drying
phase of not higher than 40°C. A part of the lyophi-
lized cord blood fraction (hereinafter CBF) was
dissolved in physiological saline to a concentra-
tion of 40 mg / ml and then stored at —80°C. The lyo-
philized fraction (hereinafter CBFL) was stored
at 4°C, before administration to experimental ani-
mals, it was bred in physiological saline.

The biological activity of the fractions after
3 months of storage was studied in a model of
3¢-degree burns in rats [15]. Three-months aged
white outbred rats of 140-150g body weight were
used in the experiments. A 3"-degree burn (according
to clinical classification of burns) was reproduced
by applying of a copper applicator with an area
of 6.25 cm?, heated up to 200°C within 10 s to a
shaved skin of the animal’s back in pelvic region.
The degree of burn when using this technique is
confirmed by histology analysis described previous-
ly [15].

Experimental animals after a thermal burn si-
mulation were divided into groups (n = 7 in each),
which for 14 days daily, starting from the day after
the burn application, were intramuscularly injected
with: 1 (control) — physiological saline in an equiva-
lent volume; 2 — low molecular weight fraction
of cattle cord blood after storage in a lyophilized
state at 4°C; 3 — low molecular weight fraction
of cattle cord blood after storage at —80°C; 4 —
pharmacological comparator Actovegin (Nicomed,
Austria). The dosage of drugs was calculated in
accordance with the therapeutic dose of Actovegin,
specified in the instructions for this drug: 1.2 mg
of dry matter per 100 g of animal weight. Also,
the experiment involved intact animals, not exposed
to any effects (group 5).

The area of the wounds was evaluated on days
3, 7, 14 and 21 of the experiment. With this aim
the wounds were photographed with a digital
camera and processed using the PaintShop Pro 2.0
software (Corel Corporation, Canada), which enab-
les calculating an irregular surface area.

The number of leukocytes in peripheral blood
of rats was counted in the Goryaev’s chamber
according to the unified method [13] within the
established experiment time frames. The phago-
cytic activity of rat peripheral blood leukocytes
was studied according to the method of O.E. Ro-
zanova et al. [18]. An inactivated daily culture of
Staphylococcus aureus strain N 209 in physiolo-
gical saline at a concentration of 2 billion cells/
ml was used as an object of phagocytosis. For
the phagocytosis a 96-well plate was used (for
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a1 unpoBoi kKamepoll U 00padaThiBaIM C UCIOJb-
30BaHMEeM mporpamMMHoro makera «PaintShop Pro
2.0» («Corel Corporationy», Kanasna), mo3Bomstormiero
paccuuTarh IUIOMIAAh MOBEPXHOCTH HEMPaBHIBLHOU
(hopmBbrI.

KonnuecTBo JIEWKOITUTOB B  TMepudepruIcCKOn
KPOBH KpPBIC B YCTAHOBJICHHBIE CPOKH OJKCIIEPH-
MEHTa TIOACYUTHIBAIN B Kamepe lopseBa coriacHO
yHHQHUIHPOBaHHOMY MeTony [7]. ParouurtapHyio
AKTUBHOCTH JICUKOIIMTOB MEPUPEPUICCKON KPOBHU
kpbic uccrnegopanu mo merony O.E. PoszanoBoii u
coapT. [10]. B xauecTBe OoOBeKkTa (arommuro3a Hc-
MOJIb30BAIM MHAKTUBUPOBAHHYIO CYTOYHYIO KYJIb-
TYpy Staphylococcus aureus mramm Ne 209 B ¢u-
3WOJIOTHYECKOM PACTBOPE B KOHIIEHTPAIIMU 2 MIIPI
KIeToK/MII. J71sl MOCTaHOBKHM peaknuu (harorurosa
WCTIONB30BANIN  90-ITyHOUHBIA TUIAHIIET (IS WM-
MYHOJIOTHYECKOTO TECTHPOBAHHS), B HEOOXOIUMOE
KOJIMYECTBO JIYHOK BHOCWiH 1o 100 MK Temapu-
HU3UPOBAHHOW KPOBU M 0 50 MKJI MUKPOOHOH cyc-
nen3uu. [locne wWHKyOamMu B BO3AYIIHOM Tep-
Moctare npu Temmeparype 37°C B Teuenue 45 u
120 muH nemanu Maskd, (UKCUPOBAIM PACTBO-
pOM 303WHA M METWJIEHOBOro cuHero (mo Maii-
['proHBasby) M OKpalIMBajiX pPacTBOPOM asypa H
s03uHa (Mo PomaHoBckomy). OKpallleHHblE Ma3Ku
AHAIM3UPOBAIM C TIOMOIIBIO CBETOBOTO MHKPOC-
kora («PZO-Warszavay, [lonpmra) nox nmMmepcueit
(ok. 8, 06. 100). Onpenensiim KOTUIECTBO (aroIu-
THPYIOMHUX HEUTPOPMIOB — (paromuTapHbIi WHIACKC
(®U, %), cpenHee KOIWYECTBO MHKPOOHBIX Tel
Ha OIMH HeUTpodun — ¢aronurapHoe uucio (OY,
abc¢. en.) mocine 45 u 120 MUH UHKYOAllMU U UHJIEKC
3aBepmenHoctu (aronuroza (U3D, ortH. en.) — or-
HolleHue (harouuTapHOro 4mcna mnocie 45-MuHyT-
HOW MHKyOamuu K (arouuTapHOMY UHCIY MOCIe
120-MuHyTHOW HMHKyOalMu, XapakTepusylolee Ie-
PEBapHUBAIOLIYIO aKTUBHOCTH HEUTPOQHIIOB.

OKCIIepUMEeHThl OBUIM TPOBEACHBI B COOTBET-
CTBUU C 3aKOHOM YKpauHbl «O 3aIIUTE XKUBOTHBIX
oT Jxectokoro obOpamenus (Ne3447-1V or 21.02.
2006) mpu cobOmomennn TpeOoBanmii KomureTa
mo 6mostnke MHCTHTYTa, COTIACOBAaHHBIX C IOJIO-
JkeHUsIMU «EBpoIeickoil KOHBEHIIMK O 3alIUTe 103-
BOHOYHBIX JKMBOTHBIX, HCIOJIB3yEMBIX JUIS OKC-
MEPUMEHTANBHBIX H JPYTHMX Hay4HBIX —IIeJIei»
(CrpacOypr, 1986).

Craructrdeckyto o0paOOTKy TONyYEeHHBIX pe-
3yJABTaTOB MPOBOIWJIN C HCIOJIb30BAaHUEM IPO-
rpammbl  «Statgraphics plus for Windows 2.1»
(«Manugistics Inc.», CIIA) mo HenmapameTrpu-
YEeCKOMY KpuUTepuro MaHHa-YUTHH. DKCIEpUMEH-
TaJbHBIE JaHHBIE TPUBEICHBI KaK cpenHee apud-
METHYECKOe + CpeqHee KBaJApPaTHYecKoe OTKIIOHE-
HUE.

immunological testing), 100 pl heparinized blood
and 50 pl microbial suspension were added to
the required number of wells. After incubation in
an air thermostat at a temperature of 37°C for 45
and 120 minutes, the smears were made, fixed
with a solution of eosin and methylene blue (accor-
ding to May-Grunwald) and stained with azur and
eosin solution (according to Romanowsky). Stained
smears were analyzed using a light microscope
(PZO-Warszawa, Poland) with an immersion (eye
piece 8, x 100). There were determined a number
of phagocytic neutrophils, i. e. phagocytic index
(PL,%), an average number of microbial bodies
per neutrophil, i. e. phagocytic number (PN, abs.
units) after 45 and 120 min of incubation and
the index of phagocytosis completion (IPC, rel.
units) the ratio of the phagocytic number after a
45-minute incubation to the phagocytic number
after a 120-minute incubation, which characterizes
the digesting activity of neutrophils.

The experiments were carried out in accor-
dance with the Law of Ukraine 'On the Protection
of Animals Against Cruelty (N 3447-1V dated of
February 21%, 2006), subject to the requirements
of the Institute’s Bioethics Committee, consistent
with the provisions of the European Conven-
tion for the Protection of Vertebrate Animals Used
for Experimental and other scientific purposes'
(Strasbourg, 1986).

The results were statistically processed using
the Statgraphics plus for Windows 2.1 (Manugistics
Inc., USA) software according to the nonparametric
Mann-Whitney criterion. The experimental data
are presented as arithmetic mean + standard devia-
tion.

Results and discussion

The results of studying the healing dynamics
for burn wounds in experimental animals with an
introduced low molecular weight fraction of cord
blood after storage are shown in Fig. 1. The data
obtained indicate that in the groups of animals after
the introduction of a lyophilized low molecular
weight fraction, the fraction stored at —80°C, and
Actovegin comparator, the wound healing rate
was higher than in the control group. Thus on
day 14 of the experiment the rats of groups
2-4 demonstrated a statistically significant decrease
in the wound surface area if compared with the
control by an average of 43.7-62.5%. However,
no strong differences of this index between groups 2
and 3, injected with a lyophilized fraction or
a low molecular weight fraction after storage at
—80°C, were found during all observation pe-
riods (Fig. 1).
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PesyabTathl u 00cyKaeHHE

Pesynbrarel uccnenoBanus IuHa-
MHUKH 32KUBJICHHSI OXKOTOBBIX paH
y 9KCHEPUMEHTAJIBHBIX KHBOTHBIX
IIPU BBEACHUHM HHU3KOMOJIEKYJISIPHON
(pakuuu KOPIOBOM KPOBH TIOCIC
XpaHeHus npuBeaeHbl Ha puc. 1. [To-
JIydeHHbIE JaHHbIE CBHIETEIHCTBYIOT
0 TOM, 4YTO B TpyIIax >XUBOTHBIX
Mocie BBEACHUS IHOQUIN3UPOBAH-
HOW HHU3KOMOIICKYISIpHOH (ppakimy,
¢dpakunu, xpanusmeiics npu —80°C,
W Tpenapara CpaBHEHHs «AKTOBe-
TMH» CKOPOCTh 3a)KUBJICHHMS PaHbI
Oblla BBILIE, YE€M B KOHTPOJBHOM
rpynne. Tak, k 14-M cyTkaMm 3kcre-
pUMEHTa y KpbIC rpynm 2—4 ormeue-
HO CTAaTHCTHUYECKU 3HAYNMOE YMEHb-
LIEHUE IUIOLAJM PAHEBOH IOBEPX-
HOCTH TIO CPaBHEHHIO C KOHTpPOJIEM
B cpenreM Ha 43,7-62,5%. OmHako
3HAYUMBIX OTIMYHI JTaHHOTO TOKa-
3arens MeXIy rpynmnamu 2 u 3, Ko-

O =~ N W » 01 O N 0 ©

3 7 14 21

Cpok 3KCnepuMeHTa, CyTKM
Time of experiment, day

Puc. 1. VIameHeHue nnowiazam OXOroBbIX paH y 3KCNepUMEHTarbHbIX K-
BOTHbIX MOCIe BBEAEHWUS HU3KOMOMEKYNsipHOM (8o 5 k) dopakumm kop-
[OBOW KPOBW KPYMHOTO poraTtoro CKoTa, MOABEPrHyTOW PasHbIM pexvmam
XpaHeHus, 1 npenapata cpaBHeHUs «AKTOBeruH» B rpynnax 1 (m); 2 (0);
3 (m); 4 (m). * — OTAMYUNS CTATUCTMYECKM 3HAYUMbI MO CPABHEHUIO C KOHT-
pornbHoW rpynnou, p < 0,05.

Fig. 1. Change in burn wound area in experimental animals after introduction
of low molecular (below 5kDa) cattle cord blood fraction subjected to different
storage regimens, as well as Actovegin comparator drug in groups 1 (m),
2 (o), 3 (m), 4 (m). * — differences are significant if compared with the control
group, p < 0.05.

Mnowanb paHeBoOW NOBEPXHOCTH, CM?
Wound area, cm?

TOPBIM BBOAWIN JTHODUITH3UPOBAH-
HYI0 (pakuuio UM HU3KOMOJIEKY-
JApHYIO (pakiyio Tmocne XpaHeHHs
npu —80°C, B TedeHHE BCEX CPOKOB HAOIOACHUS
He BbIsIBIEHO (puc. 1).

OsxoroBasi TpaBMa 4acTo CONPOBOXKIAETCS pas-
BUTHEM CHCTEMHOTO BOCHAJIUTENBHOTO OTBETA, UTO
MOXET MPOSBISITHCS B PA3BUTUU JIEUKOIIUTO3a U
HapylieHuu QyHKOUK (aroluTapHOW CHUCTEMBI Op-
raHusMa [6, 14]. B Hamux uccleqoBaHUSIX YCTa-
HOBJICHO 3HAYMMOE IOBBIIICHUE COIEPKAHUS JICH-
KOLIUTOB MOCJIE€ MOJACIMPOBAHUS TEPMUYECKOTO OXKO-
ra, COXpaHsBIIEECS HA 3TOM K€ YPOBHE B TCUCHUE
7-MU CYTOK y JKMBOTHBIX BceX Tpym (puc. 2). Bee-
neane OKKJI, ®KK u «AKTOBErHMHa» CTaTHCTHYE-
CKH 3HAYMMO CHHIKAJIO JaHHBIM MoKasareiab K 14-m
CYTKaM 3KCIIEPUMEHTA 110 CPAaBHEHHIO C KOHTPOJIEM.
KonuuectBo JelikonuToB B mepudepruueckoir Kpo-
BU KpPBIC, KOTOPBIM BBOJMWJIM HCCIEAyeMble (pak-
UMA W Tpernapar CpaBHEHUS, JOCTUTajo IoKa3a-
TeNsT HOPMBI (TpPyIIla WHTAKTHBIX JKUBOTHBIX) Ha
21-e cyTkH mocie oxkora. AHanu3 coaepKaHus Jieh-
KOLIMTOB HAa BCEX CPOKAaX 3KCIEPUMEHTA HE BbIS-
BWJI 3HAQUMMBIX OTIIMYMN B IpynIax >XUBOTHBIX, KO-
TOPBIM BBOAWMIIM HCCIIEAyeMble (DpaKIuu, IO CpaB-
HEHUIO C «AKTOBETHHOM». B KOHTpPOJIBHOW Tpyrime
3TOT MOKa3aTeidb OCTABAJICS BbIIIE HOPMBI B TEUCHHE
BCEX CPOKOB HAOIIOCHUSI.

Cpenu  daxkTopoB Hecneuu(puIecKol 3aiuThl,
o0ecreunBaroIuX aAanTaluilo OpraHu3Ma K TOCT-
arpecCUBHBIM COCTOSIHUSIM, Ba)KHasi POJIb OTBOIUT-
csi QaronurTosy. YCTAaHOBJIEHO, YTO MOA BIHMSHUEM
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Burn injury is often accompanied with the
appearance of a systemic inflammatory response,
which can manifest itself in the development
of leukocytosis and impaired functions of the
body phagocytic system [1, 21]. In our studies, a
significant increase in leukocyte count a thermal
burn after modeling was found, which remained
at the same level for 7 days in the animals of all
groups (Fig. 2). The introduction of CBFL, CBF
and Actovegin statistically and significantly redu-
ced this index by day 14 of the experiment if com-
pared with the control. The number of leukocytes
in peripheral blood of rats, injected with the
investigated fractions and the comparator drug,
reached the norm (group of intact animals) on day
21 after the burn. Analysis of the content of leu-
kocytes at all periods of the experiment did not
reveal significant differences in the groups of ani-
mals injected with the studied fractions, if compa-
red with Actovegin. In the control group, this index
remained above the norm during all the periods
of observation.

Among the factors of nonspecific protection,
ensuring a body adaptation to post-aggressive
conditions, the phagocytosis plays an important
role. It was established that under the influence of
burn injury, a marked disorder of the function of
macrophages and polymorphonuclear leukocytes
occurred with a predominant change in intracellu-
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03KOTOBOM TpaBMbl HPOUCXO- 25

JIUT BBIPAKEHHOE HapyIICHHE
¢yHKMu MakpodaroB u 1o-
IUMOPQOsAIEPHBIX JTEHKOIH-
TOB C NPEUMYIIECTBEHHBIM
M3MEHEHHEeM IIpoliecca BHYT-
PUKIIETOYHOTO JHU3Mca OaKTe-
DU, 9TO IPUBOJTUT K PA3BUTHIO
napexun [6, 20]. JlaHHBIIT
(daxT omnpenenser MpakTHYeC-
KyI0 3HaUUMOCTb TECT-CHCTe-
MBI, UCTIOJIb3yeMOW B HACTOS-
1ieit padore. 0 A

KonunyecTBo NenkouuToB, ThiC./MKM
Leukocyte quantity, ths/ul

Ananu3 QaronuTapHOi ax- 3

THUBHOCTH HEUTPOQUIIOB Te-
pudepuveckoii KpoBH KpHIC
MOKa3aj, 4YTO ITOCIIEe MOJIEIH-
pOBaHHSA TEPMHYECKOTO OXKO-
ra CHWKalach MONIOTHTENbHAS
(®Y) u nepeBapuBaromias (M3D)
aKTUBHOCTH KJICTOK (Tabmu-
na). Tak, Ha 3-u cyTku HaOIIO-
nenuss ®Y45 B KOHTPOJBHOM
rpymne (nocie 45 MHH MHKY-
0anuu KpoBU CO CTA(HIOKOK-
KOM) CHIKanoch Ha 38,4% 1o
CPaBHEHUIO CO 3HAYCHHEM HH-
TaKTHBIX JKUBOTHBIX. Mccie-
IyeMBIH TIOKa3aTellb B KOHTPOJE HOPMAaIU30BAJICS
K 21-M cyTKaMm 3KcrepuMeHTa. B rpymmax >kKuBOT-
HBIX, KOTOPBIM BBOAMJHU (pakiyu TOCTe XpaHe-
HUS B JMOMWIN3UPOBAHHOM COCTOSIHUM WIH TIPH
—80°C u mpenapaT cpaBHEHHs, HaOIO/IaIach MHAs
nuHamuka OU45 HertpodminoB. Y Kpbic, TONTydYaB-
IUX UHBEKUUU «AKTOBETHMHA», YK€ Ha 3-U CyT-
ku 3HaueHne dU45 neliTpoduioB ObUIO Ha ypOBHE
HOpMBI (26,2 = 1,1) m (27,6 £ 1,3) abc. ex. coot-
BETCTBEHHO W HE M3MEHSJIOCHh B TEUYCHHE DKCIICPH-
MeHTa. B rpynne 2 Ha 7-e CyTKHM 3TOT IOKa3areib
3HaunMo mnosbrmaics (30,8%) mo cpaBHeHHIO C
KOHTPOJIEM W HOpMaim3oBaJIcs Ha 14-¢ cyTku HaO-
moaeHus. B To ke Bpems 3nauenne ®UY45 Ha 7-¢ cyT-
KM Y KMBOTHBIX T'PYMIBI 3 3HaYUMO HE OTIMYAIOCh
OT KOHTPOJIBHOTO, HO K 14-M CyTKaMm JTOCTHUTrajo
HOPMBI.

s HamOosiee TOMHOW XapaKTEPUCTHKHU (PyHK-
LMOHAJILHOTO COCTOSIHUS JIEHKOLIMTOB KPOBHM KpBIC
ONpeNessI  ToKa3areib, OTPaXAIOIIUKA IepeBa-
PUBAIOIYI0 AKTUBHOCTH KieTOK, — WU3®d. lanubiid
WHJEKC XapaKTepH3yeT OTHOIIEHHE CPETHETO YHC-
nma (haronmuTHPOBAHHBIX MHUKPOOHBIX Tenm (DU45)
K CpeIHeMy YHCIy Hepa3pyIIeHHbIX MHKpPOOHBIX
ten (OU120). 3aBepieHHBIM B TOM Ciydae CUHU-
Taercs (aronuTo3 TpM TOKazarene Oonee eu-
aunbl [10]. Huaamuka U3D, cHMWKEHHOTO B pe-
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Puc. 2. CogepxaHve nenkoumToB B nepudepryeckon KpOBW KpbIC NMocrne Mo-
AenvpoBaHusa TepMuyeckoro oxora Il cteneHn n BBegeHWS HWU3KOMOMNeEKYNsp-
HoM (0o 5 k[) dpakuum KOPAOBOW KPOBWM KPYMHOFO poraTtoro ckota, MoaBepr-
HYTON pasHbIM pexumMam XpaHeHus, W npenapata CpaBHEHUS «AKTOBErVMH» B
rpynnax 1 (m), 2 (0), 3 (m), 4 (m), 5 (m). * — OTAMYNS CTATUCTUYECKN 3HAYUMbI MO
CPaBHEHMIO C KOHTPOMbHOW rpynmnoi, # — OTANYMSA CTaTUCTUYECKU 3HaYMMBbI
no cpaBHeHUIO ¢ Hopmoli; p < 0,05.

Fig. 2. Content of leukocytes in peripheral blood of rats after simulation
of 3-degree burn and introduction of low molecular (below 5kDa) cattle
cord blood fraction subjected to different storage regimens, as well as Acto-
vegin comparator drug in groups 1 (m), 2 (0), 3 (m), 4 (m), 5 (m). * — differen-
ces are significant if compared with the control group, # — differences are signi-
ficant if compared with the norm, p < 0.05.

lar lysis of bacteria, that led to the development
of infection [14, 21]. This fact determines a practi-
cal significance of the test system used in this work.

An analysis of phagocytic activity of rat peri-
pheral blood neutrophils showed that after mode-
ling a thermal burn, the absorbing (PN) and diges-
ting (IPC) cell activity decreased (Table). So, on
day 3 of observation in the control group the value
of PN45 (after 45 min of incubation of blood with
staphylococcus) reduced by 38.4% if compared with
the one for intact animals. The studied parameter
in the control returned to the norm on day 21 of
the experiment. In groups of animals, injected with
the fractions after storage in a lyophilized state
or at —80°C and the comparator drug, a different
dynamics of neutrophil PN45 was observed. In
rats treated with Actovegin injections, already
on the 3" day, the PS45 neutrophil value was at
the normal level (26.2 = 1.1) and (27.6 = 1.3) abs.
accordingly, it did not change during the expe-
riment. In group 2, on day 7 this index was signi-
ficantly increased (30.8%) if compared with the
control and it normalized on day 14 of observa-
tion. At the same time, the value of PN45 on day 7
in animals of group 3 did not significantly dif-
fer from the control, but by day 14 it reached the
norm.
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[NokasaTtenu paroumMTapHON aKTUBHOCTM HENTPOUNIOB NepmndeprnyHecKon KpoBKU KpbIC MOCIe MOLAENMPOBAHUS
Tepmuyeckoro oxora |l cteneHn n BBegeHus HM3KomonekynspHow (4o 5 k) pakumm KOpAOBON KPOBK
KPYMHOro poraToro ckoTa, NoABEPrHyTON pa3HbIM pexnMaM XpaHeHu s

Phagocyte activity of neutrophils of rat peripheral blood after simulation of 3-degree burn and introduction
of low molecular (below 5 kDa) cattle cord blood fraction subjected to different storage regimens

[MokasaTenb parounTapHoOi akTUBHOCTU
Phagocyte activity indices
[pynna ®unBoTHbIX | Cpoku HabnoaeHua, cyTku
Group of animals Observation terms, days
OU45, % U120, % g’,:::é":f;ljfé 5;11228':§§A|Sfé N3d (GY45/DY120)
P145, % PI120, % - - IPC (PN45/PN120)
units units

Fpynna 5 ) 65,0 + 1,3 70,3 + 1,0 27,6 + 1,3 25,0 + 1,2 1,170 £ 0,03
Group 5
fpynna 1 73,1 = 1,0 65,0 = 2,0 17,0 £ 1,0 19,1 + 1,3 0,89 + 0,05
Group 1
Ipynna 2 60,1 + 0,7 65,0 + 0,9 18,0 + 1,1 20,1 + 1,0 0,90 + 0,05
Group 2

3
Mpynna 3 55,4 + 1,5 61,2 + 1,0 18,1 + 0,9 18,8 + 0,6 0,96 + 0,06
Group 3
Fpynna 4 56,5 + 1,5 60,2 2,1 | 262 1,1% 247 £1,0 1,06 + 0,05*
Group 4
Fpynna 1 57,2 + 1,5 52,8 + 3,0 18,2 = 1,3 22,0 £ 1,3 0,83 + 0,02
Group 1
Mpynna 2 65,0 + 0,9 68,2 + 0,6 23,8 + 1,56* 24,5 + 0,7 0,97 + 0,02
Group 2

7
Mpynna 3 60,3 + 1,6 63,4 + 1,6 20,0 + 0,7 21,0 + 0,9 0,95 + 0,05
Group 3
lpynna 4 69,0 = 0,8 70,2 + 0,5 27,1 + 1,5% 26,5 + 0,6 1,02 + 0,02*
Group 4
pynna 1 65,3 « 1,5 60,0 + 0,9 19,4 + 1,3 22,0 + 0,9 0,88 = 0,01
Group 1
fpynna 2 70,1 + 0,7 67,2 = 0,6 25,1 + 0,9% 22,8 + 1,1 1,10 + 0,03*
Group 2

14
Fpynna 3 62,9 + 2,0 68,0 = 1,6 26,0 = 0,6* 24,9 + 1,0 1,04 + 0,05*
Group 3
lpynna 4 70,7 = 0,9 73,3 + 2,5 29,0 + 1,8% 24,2 + 0,9 1,20 + 0,04*
Group 4
Ipynna 1 63,2 + 3,0 67,1 + 2,0 25,2 + 0,9 24,7 + 1,1 1,02 + 0,05
Group 1
fpynna 2 68,8 = 0,9 69,0 = 1,2 27,9 + 1,2 24,5 + 0,6 1,14 £ 0,03
Group 2

21
lpynna 3 66,1 + 0,6 70,1 + 2,6 26,0 + 1,3 24,1 + 1,03 1,08 + 0,08
Group 3
Mpynna 4 69,8 + 0,9 75,6 + 2,0 27,5 + 0,7 23,5 + 1,1 1,17 + 0,04
Group 4

MpumeyaHue: *— OTNMYUSI CTATUCTMYECKM 3HAYMMbI MO CPABHEHMIO C KOHTPOSbHOW rpynnon, p < 0,05.
Note: *— differences are statistically significant if compared with the control, p < 0.05.

3yJIbTaTe HAHECCHMS 0’KOTOBOM TPaBMbl, B KOHTPOJIb-
HOHW TpymIme J>XUBOTHBIX TPSMO KOppelupoBajia ¢
MoKa3aTeyleM TONIOTHTEIHbHOH aKTUBHOCTA HEHT-
podwnos (Tadbmuma). B xoutpone U3 ((1,02 = 0,05)
OTH. e1I.) mocturan 3HadeHuss HopMel ((1,10 = 0,03)
OTH. €7.) K 21-M cyTKam »KcmepuMmeHTa. Y KpbIC,
KOTOPBIM BBOJAWJIHM JTHOPUIM3UPOBAHHYIO HHU3KO-
MOJICKYJISIpHYIO (bpakiiuio u (pakiuio Iocie Xpa-
Henus npu —80°C, maHHBIM MMOKa3zaTeNb UMeN TeH-
JICHLUIO K HOPMAJIM3alUK YK€ Ha 7-€ CYTKH M ObLI
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For the most profound assessment of a func-
tional state of rat blood leukocytes, an index
reflecting the digesting activity of the cells IPC
was determined. It characterizes the ratio of the
mean of phagocytized microbial bodies (PN45)
to that of intact microbial bodies (PN120). In this
case, phagocytosis is considered as complete when
the index is more than unity [18]. The dynamics of
IPC decreased as a result of applying a burn injury
in the control group of animals directly correlated
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3HAYUTENBHO BhINIE KOHTposnbHOro. Ha 14-e cytkm
nociue BBeJAeHUs1 Uccaenyembix ¢paxkuuii 3D nop-
Maimu3oBaiucs. HeoOXoguMo oTMeTUTh TOT (hakT, uTo
3HauuMbIX oTinnuuii U3d mexnay rpynmamu 2 u 3
He BeisiBIieHO. B rpymme 4 U3D ((1,06 + 0,05) otH.
e1.) yXe Ha 3-M CyTKH JOCTHTaJl 3HAuYe€HWH WH-
TaKTHBIX JKUBOTHEIX ((1,10 £ 0,03) oTH. ex.).

daronuTapHBIi MHACKC OTOOpa)kaeT MPOIICHT
AKTHBHBIX HEHUTPO(UIIOB, (arolUTHPYIOMIUX MHK-
poopraam3mel. CymiecTBeHHBIX u3MeHennid @ mo-
CJle MOJIEJIMPOBAHUS TEPMUUYECKOTO OXKOra, a TaKkKe
B TEYEHHE OHKCIEPUMEHTAa BO BCEX TpyHmax Ku-
BOTHBIX HE YCTaHOBJIEHO.

Takum o0pa3om, B MpPOBEJCHHOW Hamu padoTe
mnocjae MOAETUPOBaHUs TepMmuueckoro oxora IIIB
CTENEHU y KPBIC YCTAHOBJICHO 3HAYUMOE CHUKCHHE
(haroMTapHOW AKTUBHOCTH HEHTPODHIOB TMepu-
(hepudeckold KpoBH Ha (OHE BBIPAKCHHOTO JICH-
konuro3a. Buyrpumsiiieunoe BeaeHue PKK wmnum
OKKIJIL, a Takxke npemnapara CpaBHEHUS «AKTOBe-
THH» 3HAYMMO BIIMSJIO HA HCCleayeMble ToKa3a-
tenu. HuskomonekynspHas ¢pakius, TOABEPrHY-
Tas TouiIM3anMu U XpaneHuto npu 4°C, obnana-
JIa CXOJIHBIM JICHCTBUEM C (ppakiiueli, HaxomsIiencs
B BHJIE pacTBOpa M XpaHUBLIECHCS MPU TeMIepaType
—80°C. Ha 14-e cyTkn OTMEYEHO 3HAUNMOE CHHKE-
HUE COJCP)KaHUs JICHKOLUTOB B KPOBH >KUBOTHBIX
SKCIIEPUMEHTAIBHBIX [PYII MO CPABHEHUIO C KOH-
TposibHOW. OJIHAKO 3HAYMMBIX OTIIMYMM MOCIEe BBe-
JIGHUsI dKCIepUMEHTaIbHBIM KUBOTHbIM DKKIJI u
OKK B CKOpPOCTHM 3aXUBJIEHHS PAHEBOM MOBEPX-
HOCTH W COJEPKaHWH JIEWKOIINTOB B KPOBU Ha BCEX
CpOKax AKCTIEpUMEHTa He BhIsABIeHO. [Ipu aTom ycra-
HOBJICHO, YTO BBEJICHWE (paKiuH, MOIBEPrHYTOMH
TMOQUIN3AINH, HOPMalU30Bal0 TMOMIOTHTEIBHYIO
aKTHMBHOCTb HEHTpo(duIoB mepudepuyeckoil KpoBu
B OoJyiee paHHME CPOKHU 10 CPAaBHEHHIO C IOKa3are-
JIEM TpyHOmbl, IOMy4YaBIICH HHBEKUUU HUZKOMO-
NeKysipHO# (hpaxiuu rmocie XxpaneHus mpu —80°C.

Panee nHamMm OBLTO TIOKAa3aHO, YTO HHU3KOMO-
NeKysipHas (paKiust KOPJOBOH KPOBU KPYITHOTO
pOoraToro CKoTa, SIBJSIOLIASACS AHAJOTOM IO MOJIe-
KyJISIpHOH Macce «AKTOBETMHY», 00JajaeT BBIpa-
JKEHHbIM MMMYHOMOJYIUPYIOLUIUM JCHCTBUEM in
vitro [17]. Ha ocHOBaHMM pe3yNbTaTOB HHIHOUTOP-
HOTO aHaJi3a M HCCIIEJOBAaHUS TPAHCIOPTa IIIO-
ko3bl, nonydeHHslx A.K. I'yneBckum u coast. [18],
MBI IpEArNoaraeM, 4TO CTUMYIUPYIOIHUHA 3P QeKT
($pakuuu B ycIOBUSIX in Vitro 0OyCIOBIIEH HEMOC-
PEACTBEHHBIM YYacTHEM €€ KOMIIOHEHTOB B pEak-
LUSAX DHEPreTUYEeCKOTo MeTadolm3Ma KIETOK, YTO
SIBIISIETCSL OTHUM W3 (PAaKTOPOB IMOBBIIICHHS TTOKa3a-
Tesel ux GpyHKIroHaIRHOTO cocTostHMs. Ha ocHOBa-
HUU JAHHBIX JIUTEPATypbl U PE3yIIbTaTOB COOCTBEH-
HBIX uccienoBanuit [3, 4, 11, 18, 21], MmoxxHO TIpen-
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with the absorption activity of neutrophils (Table).
In the control the IPC ((1.02 + 0.05) rel. units) rea-
ched the norm ((1.10 + 0.03) rel. units) by the 21* day
of experiment. In rats, injected with a lyophilized
low molecular weight fraction and the one after
storage at —80°C, this index tended to normalize
already on day 7 and was significantly higher than
the control. On day 14 after the administration
of the studied fractions, the IPC normalized. It
should be noted that no significant differences in
IPC between groups 2 and 3 were revealed. In
group 4 the IPC ((1.06 = 0.05) relative units) even
on day 3 reached the values of intact animals ((1.10 £
+ 0.03) rel. units).

The phagocytic index reflects the percentage
of active neutrophils that phagocytize microorga-
nisms. Significant changes in PI after modeling
a thermal burn, as well as during the experiment,
were not found in all groups of animals.

Thus, in our work, after modeling a 3-degree
thermal burn in rats, a significant decrease in pha-
gocytic activity of peripheral blood neutrophils
was found one background of severe leukocytosis.
Intramuscular administration of CBF or CBFL, as
well as the comparator drug Actovegin strongly
influenced the studied parameters. The low mo-
lecular weight fraction subjected to lyophiliza-
tion and storage at 4°C had a similar effect with
the fraction in the form of a solution and stored
at a temperature of —80°C. On day 14 a signifi-
cant decrease in the leukocyte content in blood
of animals of experimental groups was noted if
compared with the control. However no indicative
differences after the introduction to experimental
animals of CBFL and CBF as for healing rate of
the wound surface and content of leukocytes in
blood at all periods of the experiment were detec-
ted. Moreover, it was noted that the introduction
of the fraction subjected to lyophilization norma-
lized the absorption activity of peripheral blood
neutrophils earlier than in the group, injected
with low molecular weight fraction after storage
at —80°C.

We have previously shown that the low molecular
weight fraction of cattle cord blood, which is
an analogue in molecular weight to Actovegin,
has a pronounced immune modulating effect in
vitro [8]. Based on the results of an inhibitory ana-
lysis and studies of glucose transport obtained by
A K. Gulevskyy et al. [9], we suggest that the
stimulating effect of the fraction in vitro is ex-
plained by a direct involvement of its components
into energy metabolism of cells, which is one
of the factors that increase their functional state.
Considering the published data and the results of
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MOJIOKUTh, YTO MEXaHU3M JCWCTBHUS HHU3KOMOJIE-
KyJSIpHOH (hpakIMy KOPIOBOH KpOBH O0OYCIIOBIICH
KaK HEMOCPEACTBEHHBIM BIMSAHUEM KOMIIOHEHTOB
(pakuuy Ha KJIETKU, TaK U OIOCPEAOBAHHBIM JCHUCT-
BHEM Ha XapakTep BOCHAJIMTEIBHOW pPEaKUuH B
CHUCTEME OpraHu3Ma B LEJIOM 3a CYET CTa0uiIu3a-
LMY 3HEPreTHYecKOro MOTEHIHaNa IyTeM CTUMY-
TSN TIPOIECCOB TIOTPEOIEHUsT KHCIOPOAa, TPaHC-
MopTa ¥ yTWIN3AIUH TIIFOKO3bI, TIOBBIIICHUST YPOBHSI
AT®D, AJID, pochokpearnHa.

W3BecTHO, 4TO OMONOTHYECKUE CTPYKTYpbI pas-
HOW CTeNmeHW OpraHu3aluM (KJICTKH, OpTraHOWIbI,
KOMIUIEKCHl MaKpOMOJIEKYJ U MaKpOMOJIEKYJbl pa3-
HOW MPHUPOIBI) MOTYT MOBPEXKIAATHCS MO BIUSHUEM
HU3KUX TEMIIEpaTyp M JIMO(UIM3aLuu BCICACTBUE
(msuko-xumMmudeckux  (PaxTopoB (00e3BOKHBAHUE,
n3MeHenue pH cpenel, NOBBIIEHHE KOHLEHTpA-
nun AnmekTposutoB) [13, 19]. Pesymbraramm Tako-
I0 BIMSHHUS SIBJISIOTCS JI€HATypauusi OCJIKOB, IIOB-
pexneHne MeMOpaH KJIETOK W OpPraHOWIOB, Pa3phiB
MEXMOJIEKYJISIpHBIX cBsizell u T. 1. K jgeiicTBuio
yKa3aHHBIX (PAKTOPOB MEHEE UYYBCTBUTEIBbHBI HU3-
KOMOJIEKYJISIpHBIE BellecTBa (NMENTH[bI, ToiHcaxa-
PUIBI, aMUHOKHUCIIOTBI, HYKJICOTH/IBI), TIOOTOMY OHH
MOTYT COXPaHSITbCS OIpeJeSICHHOEe BpeMs B JIModu-
JU3UPOBAHHOM COCTOSIHUM WJIM TPH YMEPEHHO HU3-
kux temmneparypax (—80...—130°C).

[Ipu Temneparype —80°C ¢ OGmomomneKynaMu ere
OCTaeTcsl MPOYHOCBA3aHHAs BOAA, YTO CHOCOOCT-
BYyeT WX HH3KOTEeMIlepaTypHou crabummsanuu [13].
BriOpanssiii crmocod THOGMIH3AIMN C OCTAaTOYHOMN
BIQXHOCThIO 1-2% B BBICYIIEHHOM Ouormpera-
pare Mo3BOJISET MOAAePKUBATh KOH(pOpMaIHio Ono-
MIOJIUMEPOB, KOTOpBIE IOCJIE perujpaTalii He
yTpayrBaloOT CBOMX OMOJOrMYecKux cBoicTs. IIpen-
BapuUTENbHOE 3aMOpakhBaHWe oOpasna (QHKCH-
PYET €ro MOJEKYJSIPHYIO CTPYKTYpY, a JajbHeias
CyIIKa B PEKUME KPHUOCYOIMMAalM{ NPaKTUYECKH
YTHETAeT OKHUCIMTENbHBIC MPOLECCHl, TaK Kak AuQ-
(by3us MONEKYJISIPHOTO KHCIIOpOAa KpailHe 3arpya-
HEHa B 3aMOPOXEHHOM COCTOSIHUH, U oOpaser Io-
CTOSIHHO HaXOIUTCS B BaKyyMe€ U HE KOHTaKTHPYET
¢ xuciopomom [9, 16]. D10 ompenenser NEpCIeK-
TUBY XpaHEHHsI 00pa3lOB B JaHHBIX yCIOBHUSIX.

BriBoaBI

Pesynbrarel NPOBENEHHBIX HCCIEAOBAHUN IIO-
KazajH, YTO XpaHeHHWE HU3KOMOJIEKYJSpHOU Qpak-
UM KOPAOBOH KPOBHM B JHO(PHIN3UPOBAHHOM COC-
TOSHUU WK B BHJE pacTBopa npu —80°C He cHU-
JKAET €€ PaHO3AKUBIIIOIIYI0 aKTUBHOCTb. YKa3aH-
Hble (pakmuu mocne 90-cyTOYHOTO XpaHEHHS CO-
XpaHsIi OMOJIOIMYECKY0 aKTHBHOCTb, CPAaBHHMYIO
C JelcTBHEM Ipenapara «AKTOBETHUH», IO TaKUM
[I0KA3aTeNsiM, KaK COKpPAILICHUE IUIOLIagu OXKOro-
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our own studies [7, 9, 10, 16, 19], it can be assu-
med that the mechanism of action of low mole-
cular weight fraction of cord blood is explained
with both a direct influence of the fraction com-
ponents on cells, and an indirect effect on in-
flammation character in a body in a whole due
to energy potential stabilization by means of sti-
mulation of oxygen consumption, transport and
utilization of glucose, increasing the level of ATP,
ADP, phosphocreatine.

It is known that cells, organoids, complexes of
macromolecules and macromolecules of different
nature can be damaged under the influence of
low temperatures and lyophilization due to phy-
sicochemical factors (dehydration, change in pH,
increase in electrolyte concentration) [6, 12]. The
results of these effects are protein denaturation,
damage to cell membranes and organoids, breaking
of molecule-to-molecule bonds, etc. Low mole-
cular weight substances (peptides, polysaccha-
rides, amino acids, nucleotides) are less sensitive to
these factors; therefore, they can remain for a cer-
tain time in a lyophilized state or at moderately
low temperatures (—80...—130°C).

At a temperature of —80°C, there is still a tight
bond of water with the biomolecules, that contri-
butes to their low temperature stabilization [6].
The selected method of lyophilization with a 1-
2% residual moisture content in a dried biological
sample allows maintaining the conformation of
biopolymers, which after rehydration do not lose
their biological properties. Preliminary freezing of
the sample fixes its molecular structure, and fur-
ther drying in a cryosublimation mode practically
inhibits oxidative processes, since the diffusion of
molecular oxygen is extremely complicated in a
frozen state, and the sample is in vacuum constantly
and does not contact with oxygen [5, 17]. This
determines the prospect of storing the samples
under these conditions.

Conclusions

The findings demonstrated that storage of a low
molecular weight fraction of cord blood either in
a lyophilized state or as a solution at —80°C did
not reduce its wound healing activity. These frac-
tions after 90 days of storage retained biological
activity comparable to the one of Actovegin drug
in such indices as a reduced burn wound area,
level of leukocytes and phagocytic activity of neut-
rophils in peripheral blood after simulation of a
3-degree thermal burn. The results obtained suggest
that storage of a low molecular weight fraction
of cattle cord blood in a lyophilized state at 4°C
is a practically expedient and cost-effective method.
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