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Pedrepat: [ocnigxyBann aHTUINMOKCAHTHY akTUBHICTb HU3bKOMONEKYNspHOi (4o 5 k[da) dpakuii, oTpumaHoi meTogom ynbTpa-
dinbTpauii 3 kpioremonizaTy nynoBUHHO-MALEHTapHOI KPOBI KOpiB i nepudepuyHoi KpoBi 3-MiCAYHMX TENSAT Ta KopiB Bikom 4—5 po-
KiB. [NokasaHo, Wwo iH'exuii ppakuii KOPAOBOiI KPOBI KOPIB | KPOBI MONOYHUX TEMSAT, HA BiAMIHY Bid HM3bKOMOMNEKYNspHOI cpakuii KpoBi
KOPpiB, 3HauvyLLe 36inbLyBany Yac BUXUBaAHHS MULLEN y 3aMKHYTOMY 06'eMi Ta ynoBinbHIOBanM HakonUMYeHHs MarioHOBOrO Aianeaeriay
i rigponepekuciB ninigiB y TKaHUHI MO3Ky MpW eKcnepuMeHTanbHil rinokcii 3amkHyToro o6'eMy. bBinbll BupaxeHUM edekT 3acTo-
CyBaHHs OaHux npenapartiB 6yB nicns nonepeaHbOro N'ATUAEHHOrO Kypcy iX iH'ekui. Takum YMHOM, BMCOKA Ha paHHixX eTanax
OHTOreHe3y aHTUrNOKCaHTHa aKTUBHICTb HU3bKOMOMEKYNspHOi dpakuii kposi 4o 5 k[a y TBapuH 3 BIKOM 3HWXYyeETbCA. OTpuMaHi
pesynbTaTu cBig4YaTb Npo Te, WO KPiOreHHi TexHomnorii 403BOMsTb BUKOPUCTOBYBATU KOPAOBY KPOB BENMKOi poratoi xyaobu sik
CUPOBUWHHE [Xeperno Anst BUpoObHWLUTBa dhapMaLeBTUYHUX NpenapaTiB aHTUrinokcaHTHoi Ail.

Knro4yoBi cnoBa: kpioremonisat, nynoBUHHO-NMAAaLEHTapHa KpPoB, AKTOBEriH, aHTUMMOKCAHTHA aKTUBHICTb, OHTOreHes, CTiMKIiCTb
[0 TinoKcii.

Pedepat: ViccnegoBann aHTUMMNOKCAHTHYO aKTMBHOCTb HU3KOMOMeKynspHon (o 5 kfda) dpakuyumn, nonyyeHHOW MEeTOAOM
ynbTpadunsTpauun U3 Kpuoremonusara nynoBUHHO-NNaLEHTapHOW KPOBM KOPOB, Nepudepuveckon KpoBu 3-MeCAYHbIX TENAT U
KopoB B Bo3pacTe 4-5 nert. [loka3aHo, 4YTO MHbEKUMM hpakuumnm KOPAOBON KPOBM KOPOB M KPOBWM MOJSIOYHbIX TENAT, B OTnu4uMe OT
HM3KOMOINEKYNAPHON hpakLmmn KPOBM KOPOB, 3HAYMMO yBENUUMBAIU BPEMS BbIKMBAHMSA MblLLEN B 3aMKHYTOM OObEME 1 3ameansanu
HaKonneHne ManoHOBOro Auanbaernga v ruaponepekucen NMNUAOoB B TKAHWM MO3ra Npu 3KCMepUMEHTarbHOW TMNOKCUM 3aMKHYTOro
obbema. bonee BblpaXeHHbIM aPdEKT NPYMEHEHUs AaHHbIX NpenapaToB Obin nocne npeablAyLlero NATUAHEBHOrO Kypca ux
UHBbeKuMin. Takum obpa3om, BbiCOKas Ha PaHHUX aTanax OHTOreHe3a aHTUrMMOKCaHTHAsi aKTUBHOCTb HU3KOMOMEKYNSAPHON pakuum
KpoBM A0 5 k[la ¢ BO3pacTOM XMUBOTHbIX CHuXaeTcs. MNony4yeHHble peaynbTaTbl CBUAETENBCTBYIOT O TOM, YTO KPUOrE€HHblE TEXHO-
10TV NO3BONSOT UCMOSb30BaTh KOPAOBYIO KPOBb KPYMHOrO POraToro CkoTa B KavyecTBe CbipbeBOr0 UCTOMHMKA ANSi NPOM3BOACTBA
hapmaueBTUYECKMX MpenapaTtoB aHTUTMNOKCAHTHOrO AEeNCTBHUS.

KniouyeBble cnoBa: Kpuoremonuaart, NyrnoBUHHO-MNaLeHTapHas KpoBb, AKTOBErMH, aHTUIMMOKCAHTHAsA aKTUBHOCTb, OHTOreHes,
YCTOMWYMBOCTb K TMMOKCUMW.

Abstract: Antihypoxant activity of low-molecular weight (below 5 kDa) fraction, obtained by ultrafiltration from cryohemolysate
of umbilical/placental bovine and peripheral blood of 3-month-old calves and 4-5-year-old cows was studied. It was shown that
injections of the fraction derived from bovine cord blood and the one of 3-month-old calves unlike low molecular fraction of bovine
blood significantly increased the survival time of mice in confined space and inhibited the accumulation of malon dialdehyde and lipid
hydroperoxides in brain tissue at experimental confined space hypoxia. The effect after a preliminary 5-days course of injections of
these drugs was the most pronounced. Thus, low molecular weight fraction below 5 kDa of blood at the early stages of ontogenesis
had lower antihypoxant activity in animals with age. The obtained results testify to the fact that cryogenic techologies enable to use
bovine cord blood as a raw material source for the production of pharmaceuticals with an antihypoxant action.

Key words: cryohemolysate, cord blood, Actovegin, antihypoxant activity, ontogenesis, hypoxia, resistance.

I'imoxcist — TUTIOBUI TTATOJIOTIYHHM MPOTIEC, STKUN
BH3HAYAE TSHKKICTD Iepediry Ta HaciAKIB iIeMi9HOTO
ypasKeHHS ceplLisl 1 TOJIOBHOTO MO3KY, IIOKOBHX 1 KoJarl-
TOIHUX CTaHiB, 3aXBOPIOBaHb iH(EKIiHHOT Ta HeIH]EK-
LiHHOT MPUPOAH, & TAKOXK CTPECOBUX cuTyawiit [12].
Po3pi3HAIOTH MIOKCHYHI CTaHH €HIOTEHHOTO Ta €K30-
TeHHOTo TUMIB. [ 1MOKCis epIIoro THITY 3a €TiONOTIEr0

Bigain xonogoBoi aganTtauii, IHCTUTYT npo6nem kpiobionorii i kpio-
MeauumHn, m. Xapkis

*ABTOp, AIKOMY HEOBXiAHO HaACUIATU KOPeCNOHAEeHLto:
Byn. MNMepesacnaBcbka, 23, M. XapkiB, YkpaiHa 61016;
Ten.: (+38 057) 373-74-35, dakc: (+38 057) 373-59-52,
enekTpoHHa nowTa: ivanhou11@gmail.com

Hapiiiwna 15.11.2016
MpunHata po apyky 05.12.2016

Hypoxia is a typical pathological process that deter-
mines the severity and consequences of ischemic heart
and brain diseases, shock and collaptoid states, in-
fectious and noncontagious diseases, and stress as
well [5]. There are endogenous and exogenous types
of hypoxic states. Hypoxia of the first type could be
etiologically divided into respiratory (reduced oxygen
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MOAUISETHCS HA IMXANbHY (3MEHIICHHSI HaJIXOJKECHHS
KHCHIO JI0 OpTaHi3My TpH IaToJIOTii OpraHiB AUXaHH),
LUPKYJSTOPHY (PO371aa UUPKYJIALIT KPOBi MO CyANH-
Hill cucTemi), reMiuHy (OpYyIIEHHsI KHCHEBO-TPAHC-
nopTHOI (PyHKITT KPOBi BHACITIIOK JIESKUX TATOJIOTTYHUX
IIPOIIECiB) i TKAHMHHY (HEOCTATHS €KCTPAKIIisS TKAaHH-
HaMH 3 KPOBi, 110 IPUIUINBAE, KUCHIO 1 HE3ATHICTb
KIIITHH JI0 HOTo yTHJIi3arlii). EK30reHHa TimoKcist Moxe
PO3BHUBATHCS B PE3yIbTATi 3MECHIIIEHHS apIiaJIbHOTO
TUCKY KHCHIO Y BIIUXYBaHOMY ITOBITpi P HOpMaJlb-
HOMY 3arajlbHOMY OapOMETpUYHOMY THUCKY (HOpMO-
OapuyHa TIMOKCis) Ta 3HIKEHOMY 3arajbHOMY 0apo-
MEeTpPUYHOMY TUCKY (Timobapuyna rimokcis). Hopmo-
OapuyHa TIMMOKCIA MOXX€ BUHHUKHYTH B 3aMKHYTOMY
IPOCTOPI (BiJICIKH ITiIBOHOTO YOBHA, CXOBHIIA, OyH-
KEpH, aHTapH ), a TAKOXK IIPH HECITPABHOCTI TUXaIbHOL
arnapartypH, TinodapuyHa — i yac AUXaHHs ra30BUMH
CyMillIaMH 3 HEIOCTAaTHIM NapLialbHUM THCKOM KHC-
HIO (HampuKJiaz, ripcbka i BUCOTHA XBOpoOn). [ imokcist
€K30T€HHOTO THITY PO3BHBAETHCS BHACIIIOK KOMIICH-
CaTOPHOI TIITePBEHTUIISIII JICTE€HIB, SIKA TPU3BOIUTH JTO
MOPYIIEHHS KUCIIOTHO-OCHOBHOT PIBHOBArd Ta PO3BHT-
Ky ra30BOT0 ajikasio3y. EK30reHHa TnoKcis, SIK 1 TmoKcii
THIIIOTO T€HE3Y, IO 1HIIIFOI0TH PO3BUTOK aIlH 103y, aKTH-
Ballif0 TPOIIECIB JIMONEPOKCH AL, JecTa0lTi3ario
BCiX 010JIOTIYHUX MEMOpaH, B TOMY YHCII i MITOXOH/-
pilanbHUX, MPU3BOAUTE 10 (opMyBaHHS TKAaHHHHOI
rinokcii. I'inokcisi, HOYMHAIOYUCH SIK HUPKYJISTOPHA,
JxajbHa a00 reMivHa, JOCHTD IIBU/IKO Ha0yBae 3Mi-
maHoro xapakrepy [12].

V 3B’43Ky 3 BUIIEBUKIIAJCHUM Ha JaHUHU 4ac Bax-
JMBOIO € PO3pOOKa HOBUX 3acO0iB IJIsl MEAMKaMEH-
TO3HOI KOpeKii MeTabomiuHuX i QyHKIiIOHATBHUX
MOpYyIIeHb, 00yMOBJICHUX T1MOKCI€I0, sIKa CYTPOBOKY€E
Oy/ib-SIKMI MaTOJOTIYHUI Ipolec a0 BUHUKAE ITiJ]
Yac CTPECOBUX BIUIMBIB HABKOJIMIIIHBOTO CEPEIOBUIIIA.
dapmakoJIOTH aKTUBHO BEIYTh TONIYK HOBUX CITICIH-
(hiYHMX aHTHUTIMTOKCAHTHUX 3aC001B, IO BITTUBAIOTH HA
rocTadaHHst KUCHIO /IO TKAHWH, & TAKOXK Ha HOTo yTHIIi-
3aMi0 KJITUHAMA 1 KUCHEBO3AJIEKHUI MeTa00III3M.
OnHuM 13 epeKTHBHUX MIIXOMIB y Teparii pi3HHUX 3aXBO-
PIOBaHb BBaXKA€THCS BUKOPUCTAHHS IJICHOTPOIHUX
Ipernaparis, sIKi CIPaBISIIOTh MOAYJIIOIOYHI BIJIUB Ha
Pi3HI [TOIIKO/PKYFOYi MATOIOTIYHI MEXaHi13MH (T1IIOKCIFO,
OKHCITIOBaJILHUIM CTpec, 3araneHHs Ta id.) [13]. Ocob-
JIMBa yBara MpUIUISIETHCS MONTYKY 010JI0TIYHO aKTHB-
HUX PEYOBUH NPUPOTHOTO OXOKeHHs. Tak, iHTepec
0araTboX MOCIITHUKIB JABHO IIPUBEPTAE BUCOKA 010710~
rivyHa aKTUBHICTh HU3bKOMOJICKYJISIPHUX PEUOBHUH, SIKi
MICTSATBLCS B KPOBI MOJIOIMX TBapuH. Ha choroHi mu-
POKHM MOIUTOM Ha (hapMarieBTHYHOMY PHHKY KOPHC-
TYIOTBCS IIPeTiapaT, CTBOPEHI Ha OCHOB1 0€301IKOBHX
reMOliaTi3ariB, Ki OTPUMYIOTh METOZOM YIBTPa(iIbT-
partii 3 KpOoBi MOJIOYHUX TEJST BIKOM JI0 3-X MiCSIIiB.
Jo6pe BigoMuM mpernaparoM aHTUTIMIOKCAHTHOT il €
«AxroBerim» («Nycomed», ABCTpist), 10 CKIa Ty SIKOTO
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delivery to a body at respiratory pathology), circulatory
(disorders of blood circulation through the vascular
system), hemic (disordered oxygen-transport function
of blood resulted from some pathological processes)
and tissue one (insufficient extraction by tissues from
mantled blood of oxygen and inability of cells to its
disposal). Exogenous hypoxia can appear as a result
of the reduced partial pressure of oxygen in inhaled
air at normal total barometric pressure (normobaric
hypoxia) and decreased total barometric pressure
(hypobaric hypoxia). Normobaric hypoxia can occur
in a confined space (compartments of submarine,
depositories, bunkers, hangars), as well due to the
failure of respiratory apparatus, hypobaric hypoxia may
also take place in case if breathing gas mixtures have
insufficient oxygen partial pressure (e.g., mountainous
and high-altitude sickness). Exogenous hypoxia is
developing because of compensatory hyperventilation
of lungs, resulting in disruption of acid-base equilibrium
and progression of gas alkalosis. Like hypoxias of other
origin, initiating acidosis development, activation of lipid
peroxidation or destabilization of all the biological
membranes including mitochondrial ones, the exoge-
nous hypoxia leads to the formation of tissue hypoxia.
The hypoxia could start as a circulatory, respiratory or
hemic one, but quickly acquires a mixed nature [5].
In accordance with the above statements, nowadays
it is important to develop new drugs for pharmacothe-
rapeutical correction of metabolic and functional disor-
ders caused by hypoxia which accompanies any disease
or occurs during environmental stresses. Pharma-
cologists are actively developing new specific antihy-
poxants affecting the supply of oxygen to tissues as
well as its utilization by cells and oxygen-dependent
metabolism. Pleiotropic products with modulating effect
on various strong pathological mechanisms (hypoxia,
oxidative stress, inflammation, etc.) are thought to be
effective in the treatment of various diseases [18].
Specific attention is paid to studying the bioactive sub-
stances of natural origin. In particular, a high biological
activity of low molecular substances contained in blood
of juvenile animals is of interest of many researchers.
The today’s pharmaceutical market shows a great de-
mand in the preparations, based on protein-free hemo-
dialysate obtained by ultrafiltration from the blood of
3-month-old calves. Actovegin (Nycomed, Austria) is
a well known drug with antihypoxant activity, which
contains the substances with a molecular weight below
5 kDa (carbohydrates, amino acids, low molecular
weight peptides, derivatives of nucleic acids etc.). The-
rapeutic effects of the product are based on its ability
to stimulate the consumption of oxygen and glucose
by cells that is important in terms of correcting many
pathologies accompanied by tissue hypoxia [1, 4, 5,
14, 18]. Umbilical and placental (cord) blood contains
much more biologically active factors compared to
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BXOJISITh PEYOBUHHU 3 MOJIEKYJISIPHOIO Macoto J10 5 k/la
(ByrmeBony, aMiHOKMCIIOTH, HU3bKOMOJIEKYIIAPHI TeTI-
TH]I, JIEPUBATH HYKJICTHOBUX KUCIIOT Ta iH.). Teparnes-
TUYHI eeKTH mpenapaTry BU3HAYaIOTHCS MOTo 37ar-
HICTIO CTUMYJIIOBATH CIIOKMBAHHS KJIITHHAMH KUCHIO
Ta IJIIOKO3H, 110 Ma€ BEJUKE 3HAYCHHS ISl KOpeKii
0araTbOX MaTOJIOTTYHUX CTAHIB, SIKi CYTIPOBOLKYIOTHCS
rimokciero TkauuH [ 1, 12, 13, 16, 20]. Kpim Toro Bimomo,
10 MYTTOBHHHO-TUIAIICHTapHA (KOPAO0Ba) KPOB 3HAYHO
Oararia Ha 610JIOTIYHO aKTHBHI YMHHUKHU TIOPIBHSHO 3
nieprepUIHOI0 KPOB 10 Topociaux opranizmis [11, 17,
18]. 3aBagxu MM OCOOIMBOCTSM LIJIICHA KOPIOBA
KpOB 1 oieprKaHi 3 Hel IpernapaT Ha OCHOBI OKPEMHX
KIIITHHHUX 1 HEKJIITHHHIX KOMITOHEHTIB BCE OLIBIIIE 3aC-
TOCOBYIOTHCSI B KJIIHIUHIN MPaKTUIL SIK TPaHCIUIAH-
TaliiHUi Martepiain Ta 6ioreHHi crumynsatopu [19, 21].
Uucrnenni myOnikamii 3a pe3ynbTaTaMy 3aCTOCYBaHHS
IpernapariB UibHOI KOpAOBOI KPoBi Ta I OKpeMux
KOMIIOHEHTIB B €KCIIEPUMEHTAX 1 KJIIHIUHIN npakTULi
CBiT4aTh MO X MO3UTUBHUHN BIUIMB SK Ha KIIITHHHI
KyJIBTypH, TaK 1 Ha pi3Hi TKAHUHU, OPTaHHU, CHCTEMH Ta
oprasism y 1minomy. BiactuBocti mpemnaparis mymo-
BUHHOT KPOBI SIK 010T€HHUX CTUMYJISITOPIB 00YMOBJIEHI
ni€ero 30aIaHCOBAHOTO KOMILIEKCY O10JI0T19HO aKTHB-
HUX PEYOBHH Y ii ckiasii. Bonu 6epyTh y4acTsb B iHIyK-
1ii, peripecii, 3B0pOTHOMY 1HTi0yBaHHI Pi3HMX (PEPMEHTIB
B OpraHax i TKaHHMHax peuumieHTa. lle Hagae MoXx-
JIMBICTB BIUTUBATH Ha METa0O0JIi3M OpraHi3My He TUIbKH
U MaToJIorii, ajie i y Hopmi [2, 11, 14]. V npomy ac-
MIEKT1 IEPCIEKTUBHUMH € POOOTH, CIPIMOBaH1 Ha PO3-
POOKy HOBUX (papMalleBTUUHUX NpenapariB Ha OCHOB1
HHU3bKOMOJICKYJISIPHUX PEYOBHH KOPJOBOT KPOBI, OCKLJIb-
KM LI€ MOKE€ 3HaUYHO PO3LIMPUTH CUPOBHHHY 0a3y 3aB-
JSKA MOXKITMBOCTI BUKOPUCTAHHS KOPJIOBOi KPOBI HE
TUTBKH JIFOJIMHH, aJIe i TBAPHH.

CrporoniHi BUCHUMH, 30KpeMa Kpiobiojgoramu, Be-
JETHCSI AKTUBHUU TMOITYK HOBUX METO/IIB TIEPEPOOKHU
010JIOT1YHOI CHPOBUHM, SIKi JO3BOJNIMIH O CTBOPUTH
eeKTHBHI TEXHOJIOTi1 BUPOOHHMIITBA O10JIOTTYHO AKTHB-
HUX PEUOBHH 3 MaKCHUMAJIbHUM 30€peXEeHHM iX Ha-
THBHOI MOJICKYJIIPHOI CTPYKTYPH 1 BUCOKOT aKTHBHOCTI.
TakuM BUMOTaM IIUTKOM Bi/IITOBIIat0Th KPiOTE€HHI TEX-
HOJIOT{, IKi JO3BOJISIIOTH IEPEPOOIISTH CUPOBUHY IIPH
HeraTuBHUX Temmeparypax. Lle cupuse iHriOyBaH-
HIO PEaKIiil OKUCIICHHS, BUKJIIOUEHHIO IPOLIECiB Jie-
HaTypalii Ta aucolianii BaXJIMBUX MOJICKYISIPHHUX
KOMILJIEKCIB 1 Ma€ HaJI3BHYaliHe 3HAUYCHHS 17151 BIPOBa-
JDKCHHSI TpernapariB Ha QapMaleBTHYHOMY PUHKY.
VY nonepenHix podoTax HaMU IOCIILKyBaUCs 010710~
riYHa aKTUBHICTH 1 TepareBTUYHA Jisi HU3bKOMOJIe-
KynsapHoi ¢pakmii (1o 5 x/la), oTpumaHoi MeTo0M
yabpTpadinsTpalii 3 KpioreMoizary KOpIoBOi KpOBi
BEJIHKOI poraroi xyoou [4—6]. Bizomo, o dhpakiiis kop-
J0BOi KpoBi 10 5 k/la ckianaeTbcs He TUIBKU 3 HU3BKO-
MOJICKYJIIPHUX PEUYOBHHHU, NPUCYTHIX BIINOYATKY B
1a3Mi, a ¥ THX, 0 OTPAIUISIOTh 10 KPioTeMoTi3aTy

npo6nemMbl KpMOOGMONOrMM M KPUOMeEeAULMHbDI
problems of cryobiology and cryomedicine

Tom/volume 27, Ne/issue 1, 2017

peripheral blood of adults [6, 8, 20]. Due to these
features the whole cord blood and derivative prepa-
rations with certain cellular and non-cellular com-
ponents are increasingly used in clinical practice as
the transplant material and biogenic stimulants [ 13, 21].
Numerous publications on the results of application of
the medical products of the whole cord blood and its
certain components in experiments and clinical practice
indicate their positive effect on the cell cultures, diffe-
rent tissues, organs, systems and whole organism as
well. Properties of cord blood preparations as biogenic
stimulants are based on the activity of a balanced com-
plex of biologically active substances as its compo-
nents. They participate in an induction, repression,
reversible inhibition of various enzymes in recipient's
organs and tissues. This provides an opportunity to
affect metabolism of body not only in the norm but
under pathologies as well [2, 17, 20]. In this aspect the
studies targeted to develop new pharmaceuticals based
on low molecular weight substances of cord blood are
of great importance because of expansion of potential
raw material sources considering the using animal cord
blood in addition to human blood.

Scientists, in particular, cryobiologists are now
actively developing new methods for processing bio-
logical materials that would create effective produc-
tion technologies of biologically active substances with
maximum preservation of their native molecular struc-
ture and high activity. Cryogenic technologies that allow
to process the raw materials at low temperatures fully
meet these requirements. This promotes an inhibition
of oxidation reactions, eliminating denaturation and
dissociation of important molecular complexes and is
of an exceptional importance for introducing the drugs
to a pharmaceutical market. In previous studies we
investigated the biological activity and therapeutic
effect of low molecular fraction (below 5 kDa) obtained
by ultrafiltration from cryohemolysate of bovine cord
blood[7,9, 10]. Ithas been known that cord blood fraction
below 5 kDa consists not only of low molecular sub-
stances being in plasma, but also those that get into
cryohemolysate from cytosol and cell organelles as a
result of their destruction under low temperature effect.
Therefore, in order to enhance the content of biologi-
cally active substances in the final preparation we used
the regimen of rapid freezing — slow thawing. The ex-
perimental results in animals have shown that the
mentioned fraction had hypoglycemic and reparative
action. These effects were established as being not
characteristic for similar fraction from the blood of 4—
S-year-old cows. It was also shown that the fraction
below 5 kDa from bovine cord blood contributed in
better supply of glucose and oxygen to the cells, as
well as their more efficient utilization [10, 19]. In this
connection the questions arise: whether fraction below
5 kDa from bovine cord blood has antihypoxant action
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3 IIUTO30JTI0 Ta KJIIITHHHUX OpraHes BHACII/IOK iX py#-
HYBaHHS ITiJT BIUTABOM HHU3BKO1 TeMIiepaTypu. Tomy 3
METOIO 30UIBLICHHS! BMICTY B KiHIIEBOMY Npemnapari
010JI0T1YHO aKTUBHUX CYOCTaHLii HaMH OyJI0 BUKOPHC-
TaHO PEKUM «IIOBUIBHOTO 3aMOPOXKYBaHHS — [TOB1JIb-
HOTO BiIirpiBy». Pe3ynbrary eKcriepuMeHTiB Ha TBapu-
Hax JIOBEJH, 10 (PaKIist Mae LyKPO3HUKYBaJIbHY Ta
penapaTtuBHY 1it0. BcTaHOBIEHO, 0 3a3Ha4YeHi eek-
TH HE IPUTAMaHHI aHaJIOT1uHIH (pakilii 3 KpoBi KOPiB
BikoM 4—5 pokiB. Takoxk OyIio mokazaHo, 1o Gpakiis
1m0 5 k/la 3 KopAOBOi KPOBi KOPIiB CIIPHUSIE KPaAIIOMY
3a0€e3IMEeUYCHHI0 KIIITHH TIIFOKO3010 Ta KUCHEM 1, SIK
HACTI0K, OUTBII ePEeKTUBHOMY iX 3aCBO€EHHIO [0, 15].
YV 3B’513Ky 3 IIUM MTOCTAIOTh TUTAHHS: Y1 BOJIOI€E (hpak-
wist 10 5 x/la 3 KopA0BOi KPOBi BETMKOI poraToi Xyaoou
AHTUTIIMIOKCAHTHOIO JIIEF0 Ta YK 30epiraeThes 0iooriv-
Ha aKTHBHICTh HU3bKOMOJEKYIAPHOI (ppakuii Kposi
MIPOTSTOM KUTTS TBapuH? J1J1s1 BiIMOBI/Ii Ha I1i TUTaH-
HS MU IPOBEJU MOPIBHSJIbHE JOCHIIKCHHS aHTH-
rinokcanTHoi aii ¢pakiii 1o 5 k/la 3 KpoBi BenuKOi
poraroi Xxynoou, OTpUMaHO1 Ha TPHOX PI3HUX CTaIIsAX
OHTOTEHE3Y: 3 MMyMTOBUHHU ITi/T 9aC HAPOHKCHHS, y BilIli
1m0 3-x micamiB Ta 4-5 pokiB. [laHi eKcriepuMeHTH
MPOBOAMIIM B paMKaX HayKOBO-IOCIHiIHOI poOoTH
2.2.6.93 «JlocaimkeHHs 3aIeKHOCTI CKIaay i 010710~
riuHOT aKTHBHOCTI (paKIiiii KOpZ0Boi KPOBi BiJl yMOB
XOJIOZIOBOTO BILTHBY ».

Marepianu Ta MeToaH

Y po0oTi gociimKyBaii TPH BUIU HU3bKOMOJIEKY -
nsipHoi ¢pakuii (1o 5 x/a): 3 kopaosoi kposi (PKK),
kpoBi 3-micstunux et (PT) 1 kpoBi KOpiB BikoM 4—
5 pokiB (©K). IIpenaparom nopiBHsHHS OyB «AKTO-
BETIH», SKUH 32 MTOXOKEHHIM 1 CTOCOOOM OTpUMaHHS
€ aHAJIOTOM BHIIIEBKa3aHOT (hpaKIIii 3 KPOBI MOJOYHHX
TEJIST.

@DpaxIiiro 3 KOpAOBOi KPOBI BEIMKOI poraroi xyzoowu,
KpPOBI1 MOJIOUHUX TEJISAT Ta KPOBI IOPOCIHX KOPIB, KA
MICTUTh KOMIIOHEHTH 3 MOJIEKYJSPHOIO Maco He
Buiie 5 k/la, BUIIsIIM MeTOAOM yabTpadiasTpariii 3
BUKOPHCTaHHIM MeMOpaHHOTO Monyis «Vivaflow
200» («Sartorius», Himeuunna). [lepen ynsrpadiast-
pauieto (Ha etami 300py) KpoB AehiOpuHyBaH, a IOTiM
JUIsl TOCSITHEHHST HAaWO11bIl TOBHOTO PYHHYBaHHS
KIITUHHHUX €JIEMEHTIB MOBUIBHO 3aMOPOXKYBAJIH 10
—80°C 1 po3MOpOKyBaTi TIPU KIMHATHIN TeMIIepaTypi.

VY J0CHDKEHHSX, METOIO SKHX € MOIIYK HOBHX
AHTHUTIIIOKCAHTHUX 3aC00iB, 3a3BHYall BUKOPHCTO-
BYIOTb JIOCHTh ITPOCTi MOJICITI €K30T€HHOI T1IOKCIi: HOp-
MOOapPUYHOT («TIMOKCIsS 3aMKHYTOT'O IIPOCTOPY») a0
rimo6apuyHoi (MOJICIIOBAHHS «T1PCHKOT XBOPOOH» 32
JIOTIOMOT 00 OapoKaMepu ). AHTUTITIOKCAHTHY aKTHB-
HICTh OTPUMaHUX PpaKIliii i K AKTOBETiHY» MOPIBHIO-
BaJIM 3a 1X BIUIMBOM Ha CTIMKICTh MUIIEH 1O HOPMO-
0apUYHOI TIMOKCIi 32 IOTIOMOTO MOJEII TIllOKCii B
3aMKHYTOMY 00’€Mi y BiacHiii monudikarii. Excre-
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and does biological activity of low molecular fraction
of'blood during the life of animals remain? To answer
these questions, we compared the antihypoxant action
of the fraction below 5 kDa from bovine blood ob-
tained at three different stages of ontogenesis: from
umbilical cord blood at birth, at the age of 3 months
and 4-5 years. These experiments were carriedout
within the framework of the research project ‘Inves-
tigation of dependence of composition and biological
activity of cord blood fractions on conditions of cold
effect’.

Materials and methods

In the research we have used three sources of low
molecular weight fractions (below 5 kDa): cord blood
(CBF), blood of 3-month-old calves (CF) and bovine
blood of 4-5-year-old cows (BF). Actovegin was a
reference drug, and its way of production is similar to
above mentioned calf blood fraction.

Fraction from bovine cord blood, blood from 3-
month-old calves and 4—5-year-old cows, containing
components with a molecular weight below 5 kDa were
isolated by ultrafiltration using Vivaflow 200 memb-
rane module (Sartorius, Germany). Prior to ultra-filtra-
tion (at collection stage) blood was defibrinated, there-
after to achieve the most complete destruction of cell
elements it was slowly frozen down to —80°C and
thawed at room temperature.

The studies targeted to develop new antihypoxant
drugs often apply quite simple models of exogenous
hypoxia such as normobaric (confined space hypoxia)
or hypobaric one (simulation of altitude sickness using
altitude chamber). Antihypoxant activity of obtained
fractions and Actovegin was compared to their effect
on mice resistance to normobaric hypoxia using the
model of confined space hypoxia in own modification.
The experiments were performed in white outbred male
mice of 29.5-30.5 g, which were kept on a standard
diet. We have selected the animals with median va-
lues of resistance to hypoxia, determined by the method
of B. Berezovsky [3]. The animals were divided into
five groups according to administered agents: the 1% —
CBEF, the 2™ — CF, the 3" — BF, the 4" — comparative
drug, the 5" — the control. Actovegin was a referen-
ce drug; the animals treated with physiological saline
were the control. Investigated fractions were injec-
ted intraperitoneally 0.5 hours prior to the experi-
ment at a dose of 4 mg (dry weight) per 1 kg of body
weight. Five day course of injections of fractions was
performed before carrying out a series of experi-
ments. The mice were placed into a flask of 250 ml,
which was tightly closed with a sealed glass stopper.
To reduce hypercapnia action in the chambers CO,
was absorbed by bags filled with a mixture of Ca(OH),
and NaOH in the ratio of 2:1 (50 g). The air temperature
in the chambers was 20...20.5°C. Survival time of
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PUMEHTH TIPOBOIMIIN Ha OITMX HENHIMHUX MHIIaX-
camigx Macoro 29,5-30,5 r, Aki yTpuMyBanucs Ha
cTaHAapTHii aieti. Ans poboTu BigOupaniu TBapuH i3
cepeHIMU MOKa3HUKAaMH PE3UCTEHTHOCTI 10 TIMOKCii,
SIKy BU3Ha4YaJu 3a Metoankoro B. 5. bepezoscbkoro [3].
TBapuH po3IUTHIIN Ha 5 TPYTI BiITOBIAHO JIO TOTO, IKUH
npenapart Beogunu: 1 — OKK, 2 — OT, 3 — OK, 4 —
mpernapar NopiBHAHHA Ta 5 — KOHTpoJb. [Ipenaparom
MOPIBHSHHS OyB «AKTOBETiH», KOHTPOJIEM — TBAPUHH,
SKHM 3aMiCTh IpernapaTiB BBOIMIN (Di3i00TivHUII
po3uuH. JlociimkyBaHni (pakiii BBOJUIN BHYTPIII-
HbOYEepeBHO 32 0,5 TOMWHU 0 €KCTIEPUMEHTY B 031
4 mr (y mepepaxyHKy Ha CyXy pedoBHHY) Ha | KT Macu
tina. I[lepen mpoBeaeHHAM O/HIET cepii eKcTIepuMeH-
TiB TECTYBaHHIO [IEPEyBaB I’ ITUICHHUI KypC iH €K-
it ppakmiii. Mumet noMimanu B koidy 00’ eMom
250 M, Ky IIIJIBHO 3aKpUBAJIN CKISTHOIO MTPOOKOIO,
3MaIIEHOI0 TepMeTHKOM. [l 3MeHIeHHs 1ii rinep-
KaIHii B KaMepH MOMIIIaIH MillIeYKH, HATOBHEH] JIJIst
normuanssa CO, cymimmno Ca(OH), 1 NaOH y Baro-
Bomy criBBigHOmIeHHi 2:1 (50 r). Temnepatypa rmoBiT-
ps B kKamepax cknanaia 20,0...20,5°C. Yac BmwknBaH-
HS TIAAOCTITHAX MHIIEH PeecTpyBaj 3a APYTUM
aroHaIIbHUM BJIMXOM, ITICJISI YOT'O BiIHOBJTFOBAIIN HAJI-
XOJDKEHHSI aTMOC(EPHOTO TMOBITPs 10 KaMepH. AH-
THUTIMMOKCAHTHI BJIACTUBOCTI MOCHIIHKYBaHUX (Ppax-
i/ OIIHIOBAJIMA 332 PIBHEM MAaJIOHOBOTO JliajbJCTimay
(MIA) Ta rigponepeKHciB JiMiaiB y rOMOreHaTi MO3-
Ky muiieit [8]. [ns oTpuMaHHsS TOMOTreHaTy MO3KY
o 10 TBapyH 13 KOXKHOI rpynH AeKaniTyBaau Ha 20-i
XBHJIMHI nepeOyBaHHs B YMOBax TiIOKCii, 10 BiAmO-
BiJaJI0 MiHIMaJIbHOMY Yacy BH)KUBAHHS TBAPUH KOHT-
POJIBHOI IPyIIH, @ YaCTHHY TBAPUH BUBOJIMIIH 13 EKCIIe-
pUMEHTY 4epe3 3 TOJIWHU TMICIs iX MepeHEeCeHHs 10
3BHYAHUX aTMOC(epHUX YMOB (i3 METOIO0 BUBHAYCH-
HS BIUTHBY Ha JTaH1 TOKa3HUKH PEOKCUTEHAITii). MO30K
MoApiOHIOBANM 32 JOTIOMOTOI0 MEXaHIYHOTO TOMO-
reHi3aTopa JecaTbMa MPOXOKEHHSIMHU TOBKavya MpH
400 06/xB. BmicT epUTpOIUTIB Ta JICHKOIHUTIB y KPOBI
MAJI0CITIAHAX TBAPHH BU3HAYAIH 32 JOTIOMOT OO MiK-
pockomna y kamepi ['opsieBa. Konnenrpaniro remorsio-
OiHy BUMIpIOBAJIH 32 TOTIOMOTOI0 FeMOTIIO0IH-TTia i1~
Horo merony [10].

Bci maninynsmii 3 TBapuHAMU TPOBOAMIIA BiJl-
MOBIIHO 10 «3arajJbHUX MPUHLUIIIB €KCIIEPUMEHTIB
Ha TBapuHax», yxBajieHux VI HarioHaibHHM KOHT-
pecom 3 6ioetuku (Kuis, 2016) i y3romxeHux i3 mo-
JIOKEHHSAMHU «EBpPOMENChKOI KOHBEHIIIT PO 3aXHCT
XpeOeTHUX TBAPHH, SIKi BUKOPHCTOBYOTHCS JIJIsI €KCIIe-
PUMEHTAJIBbHUX Ta IHIINX HayKOBHX 1iteih (CtpacOypr,
1986).

CratucTuuHy OOpOOKY €KCIEpHUMEHTAIbHUX Ja-
HUX 3A1HCHIOBAIN 3a JOIOMOIOI0 KOMII IOTEPHO]
nporpamu «Statgraphics 2.1 plus for Windows»
(StatPoint Inc., CILIA) 3a Trecramu t-kpurepito CTbro-
nedra 1 Manna-YiTHi.
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experimental mice was recorded in the second agonal
breath, and then flow of air to the chamber was
resumed. Antihypoxant properties of the studied
fractions were assessed with level of malondialdehyde
(MDA) and lipid hydroperoxides in homogenate
of mice brain [12]. To derive brain homogenate 10
animals from each group were decapitated on the 20™
min of hypoxia exposure, corresponded to the mini-
mum survival time of animals in the control group, and
some animals were sacrificed 3 hours after their trans-
fer to normal atmospheric conditions (to determine the
effect on the indices of reoxygenation). Brain was ho-
mogenized by ten strokes of the pestle at 400 rot/min.
The content of erythrocytes and leukocytes in the blood
of experimental animals was revealed using a micro-
scope in Goryaev’s chamber. Hemoglobin concentra-
tion was measured using the hemoglobincyanide me-
thod [16].

The experiments in animals were carried out in
accordance with the General Principles of Experiments
in Animals, approved by the 6™ National Congress
in Bioethics (Kyiv, 2016) and consistent with the
statements of the European Convention for the Pro-
tection of Vertebrate Animals used for Experimental
and other Scientific Purposes (Strasbourg, 1986).

The experimental data were statistically processed
using Statgraphics 2.1 plus for Windows software
(StatPoint Inc., USA), Student’s t-test and Mann-
Whitney test.

Results and discussion

The results of hypoxia test in confined space demon-
strated that BF administration to animals did not affect
the survival time of mice, but the injections of CBF,
CF and Actovegin were efficient (Table 1). The effect
of'a previous 5-day course of these preparations injec-
tion to animals was more pronounced.

It should be noted that even a single injection of
CBF caused a significant increase in survival time of
mice under hypoxic conditions, while after the intro-
duction of CF and Actovegin only its statistically
insignificant rise was observed (Table 1). The increase
of the index under hypoxic conditions after a five-day
course of CBF, CF and Actovegin injections is con-
sistent with the data on MDA and lipid hydropero-
xide content in brain tissue on the 20" min of the
test (Table 2). After introduction of CBF, CF and
Actovegin these indices were statistically and signi-
ficantly lower than in the control group, although hig-
her than the normal values. The MDA and hydro-
peroxide content in brain tissue of mice received BF
did not differ from the control (Table 2).

In many cases the recovered partial pressure of
oxygen in tissues (reoxygenation) has no less damaging
effect than the hypoxia. Therefore, we have studied
the content of MDA and lipid peroxides in brain tissue
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Pe3yabTatu Ta 00roBOpeHHA

Pesynbraru TecTy rinokcii B 3aMKHYTOMY 00’ €Mi
JOBeJH, 1110 BBeAeHHs TBapuHaM DK He BrumBano Ha
yac BIbKMBaHHA Muiiei, a in’exiii ®KK, OT i «Axro-
Beriny» Manu e(peKTUBHY Aito (Tadi. 1). binem Bupa-
XKEHUM OyB e(eKT BiJl HONEPEAHBOTO I’ ITHJCHHOTO
KypcCy 1H’€KLil JaHuX MpernapaTiB TBAPHHAM.

Cri 3a3HaYUTH, 110 HABITH OJHOPA30Ba 1H’ E€KIIist
OKK BukiKkana 3HadyIie 301IbIICHHS Yacy BHIKH-
BaHHS MUIIICH B YMOBAX TiMTOKCI{, TOIi SIK TTiCTISI BBE/ICH-
Hs OT 1 KAKTOBETIHY» CIIOCTEPIranocs JIUIIE CTaTHC-
TUYHO HE3HadyIe 1oro 30umemeHHs (Tadim. 1). Taka
3MiHa IThOTO TTOKa3HUKA B YMOBAX TiIOKCIi TICIIS T’ ATH-
nennoro Kypcey in’exiiif ®KK, @T i «AKTOBeTriHy»
Y3TOJUKY€EThCS 3 TaHUMHU 1100 BMicTy M/IA Ta rinpo-
MEPEKUCIB JMiAIB y TKAaHWHI MO3KY Ha 20-i1 XBUIIMHI
tecty (tadu. 2). [licns in’ekmii @KK, OT i «AkToBe-
riHy» Ll HOKa3HUKX OyJIM 3HAUyIe HUKIYUMH, HIK Y
KOHTPOJIbHIN IPyIi, X04a 1 epeBUIILyBaJI HOpMaJIbHI
3HaueHHs1. Bmict MJIA Ta rizpornepekuciB y TKaHHHI
MO3Ky MutIei, sskuMm BBom DK, He BIIPi3HABCS Bif
KOHTPOJIBHOTO (TadI. 2).

Y Garatbox BUTIQAKAX BiJHOBICHHS MMaPIiaIbHOTO
TUCKY KHCHIO B TKaHWHaxX (PEOKCHTEHaIlis) Mae He
MEHII MONIKO/UKYIOUHNA eeKT, HiXK cama TilOKCisl.
Tomy namu Oymo mocimimxeno BMicT M/IA Ta mepe-
KHCIB JIITIIIB Y TOMOT€HATi TKAHMHU MO3KY TTiUTOCITi/I-
HUX MHILIEH yepe3 3 TOOUHM Micis NMPUIUHEHHS Aii
rinokcii. Y tBapuH micist in’ekmii @KK, OT i «AkTo-
BETiHY» i HOKa3HUKH 3aJIUIIAIMCS BUIIUMH 32 HOPMY,
asie OyJia OMITHA TEH/ICHLLIS 10 X 3HW)KEHHS IIOPIBHSIHO
3 BIJAIIOBIIHUMH 3Ha4eHHAMU Ha 20-1 XBAJIMHI TITOKCIT
B 3aMKHYTOMY 00’ eMi. Bmict MZIA B romorenari Mo3ky
TBapyH KOHTPOJIBHOT TPyIH
Ta Ipymi TBApHH, IKUM BBO-
i @K 3aumaBcst TakKuM
CaMHM BHUCOKHUM, sK 1 Ha 20-#
XBHWJIMHI TECTY, a BMICT TiJI-

homogenate of experimental mice 3 hrs later the hy-
poxia effect termination. In the animals treated with
injection of CBF, CF and Actovegin these indices were
higher than the norm, but the tendency of their decrease
as compared with the corresponding values on the 20™
min of hypoxia in a confined space, was observed.
The MDA content in brain homogenate of animals
from the control group and mice which received CF
remained as high as on the 20™ min of the test, but the
hydroperoxide content was even significantly increa-
sed (Table 2).

We believe these changes may be probably explai-
ned by various responses to hypoxia of blood system
of animals from different research groups. In order to
establish the possible differences in the effect on oxy-
gen-transport function of experimental animal blood
of'the fraction below 5 kDa, obtained from cattle blood
at various stages of ontogeny, we determined some
indices in murine haemogram after a 5-day course of
injections. As demonstrated in the Table 3, none of the
preparations affected the number of erythrocytes,
hemoglobin concentration and hematocrit of murine
blood before hypoxia effect onset. On the 20" min of
hypoxia in animals of the control group and those
received BF, a number of erythrocytes, hemoglobin
and hematocrit were increased. This may be explained
by a compensatory release of blood cells from the ‘de-
pot’ in response to a decrease in oxygen partial pres-
sure. However, in animals after administering CBF,
CF and Actovegin this tendency was not observed. In
3 hrs after the hypoxia effect terminated, the studied
indices in all the groups of animals remained at the
same level. Consequently, higher damaging effect of

Tabnuusa 1. Yac BUXKMBaHHS MULLEN y TeCTi rinokcii B 3aMkHyTOMy 06'emi, xB (M + m)
Table 1. Time of mice survival in confined space hypoxia test, min (M + m)

ponep.eKI/IciB HaBITh 3HAYY- opartin s

1ie 30ibIryBaBcs (Tad. 2). dparuin 2 dparuin 3 KpOBI KOpiB
Ha Halmy AYyMKY, Bipo_ YmoBu KoHTponb ) KpoBi Kop,qoao'!' KpoBi 475;(;';(]3

. €KCMepuMeHTy (0,9 % NacCl) AKTOBeI’I_H MOMOYHNX Kopis Blood

T1AHUM NOSICHCHHSIM TaKUX Experimental Control Actovegin Tenat Bovine cord fractions

3MiH MOXYTb OyTH BiJMiH- conditions 0,9 % NaCl) Galf blood fDlood from 4-5-

HOCTI Y peaKiii Ha TiIoKCiro year-old

CHUCTEMU KPOB1 TBApHUH Pi3- _

HHX JOCIIHUX TPYIIL. 3 Me- omHOpSssoro

TOHO BCl'“aH(.)BJ'IeHH}‘I’ MOX- Bfffjﬁ”(;')" 21,9 £ 0,9 23,4 £ 0,8 23,5 £ 0,8 23,7 +0,8* | 21,1 +0,9

JIMBHUX BIZIMIHHOCTEH IIIOJ0 After a single

BIUIMBY Ha KUCHEBO-TPAHC- injection {n=10}

MOPTHY (YHKIIIFO KPOBi ITiJI- Micna 5-aenroro

JOCIIIHUX TBApHH PpaKiii “fonyz'*;'g,““'“

10 5 Kj'la, AKY OJIEPIKYBaJIH Af;gLfsg-gfy 21,0+ 0,9 | 250 +0,8* | 251 +0,8* | 252 +0,8% | 20,4 +0,8

3 KpOB1 BEJIMKO1 poraro1 xy- injections

00U Ha PI3HUX CTAIisIX OH- (n=10)

TOT'CHE3Y, 6YJ'IO BHU3HAYCHO

MpumiTka: * — BiAMIHHOCTI 3Ha4yLLi NOPIBHAHO 3 KOHTporem, p < 0,05.

):[ef[Ki MOKAa3HUKHU reMmorpa-
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Note: * — significant differences if compared to the control, p < 0.05.
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Tabnuusa 2. Bmict MIA Ta rigponepekuncis ninigis y TKaHWHI MO3Ky MULLIEN NICnsA N'ATMAEHHOro Kypcy iH'exuin (n = 10)
Table 2. Content of MDA and lipid hydroperoxides in murine brain tissue after a 5-day course of injections (n = 10)

®dpakuia 3 KpoB.i
KoHTponb ®dpakuia 3 KpoBi Ppakuia 3 Kopaosoi KOPpiB BiKOM
Moka3sHuKk Hopma (0,9 % NaCl) AkTOBETIH MOSIOYHUX TENAT KpOBi 4-5 pokis
Parameter Norm Control Actovegin Calf blood Bovine cord blood Blood fractions
(0.9 % NaCl) fractions fractions from 4-5-year-old
cows
Ha 20-i1 xBunuHi rinokcii B 3aMkHyTOMY 06'€Mi
On the 20th min of hypoxia in enclosed volume
MOA, I_-iMOJ'Ib/MF
Ginka 2,83 + 0,15 4,43 + 0,377 3,61 + 0,29 *# 3,54 + 0,26 **# 3,67 + 0.27 *# 4,64 + 0,377
MDA, nmol/mg
protein
Fi,qpon_epelmcu,_
oauHnLL eKCTUHLII 0,12 + 0,01 0,24 + 0,027 0,18 + 0,01*" 0,19 + 0,02 ** 0,17 + 0,02 ** 0,25 + 0,037
Hydroperoxides,
extinction units
Yepes 3 roauHun nicna NnpunuHeHHA Aii rinokcii
3 hours later after hypoxia termination
MAOA, Hmonblmr
. 2,83 + 0,15 4,49 + 0,487 3,33 + 0,25 *# 3,41 + 0,30 *# 3,29 + 0,23 *# 5,04 + 0,457
MDA, nmol/mg
protein
loponepekucwy,
OANHULI eKCTUHUIT P 4 # w# e
Hydroperoxides, 0,12 £ 0,01 0,33 = 0,04 0,16 + 0,01 0,18 + 0,01 0,15 + 0,03 0,34 + 0,03
extinction units

MpumiTka: BiAMIHHOCTI 3HauvyLi NOPIBHSAHO 3 KOHTpornewm (*), Hopmoto (*) Ta mokasHukamu Ha 20-i XBUMUHI TiNOKCii B 3aMKHYyTOMY

ob'emi (**), p < 0,05.

Note: significant differences if compared to the control (*), the norm (¥), the indices to 20" min of hypoxia in confined volume (**),

p < 0,05.

MU MUILIEH Micis M ITHISHHOTO Kypey iH ekuii. Sk
BUHO 3 Ta0I. 3, )KOZEH 13 mpenapaTiB He BIIMBAB Ha
KIIBKICTh €PUTPOLIUTIB, KOHIIEHTPALII0 TEMOIIO0IHY Ta
reMaTOKPUT KPOBi MHIIIEH /10 movaTKy aii rimokcii. Ha
20-# XBUIIMHI TIIOKCi1 y TBApWH KOHTPOJIBHOI IPyTIH Ta
TUM, sKUM BBOIMIH DK, 301IbIINIIACS KITBKICTH EPUT-
POIIMTIB, i ABUIIIUBCS BMICT TeMOTTIO0iHY Ta TeMaTOK-
purt. lle MOXHA MOSICHUTH KOMIIEHCATOPHUM BUXOJIOM
KJIITHH KPOBIi 3 «JICTIO» Yy BIAMOBIAb HA 3HIKCHHS
napLianbHOro TUCKY KUCHIO. OJHAK Y TBapHH IiCHs
BeneHHsT OKK, OT i «AxToBeriny» Takoi TeHICH-
wuii He coctepiranocs. Yepes 3 roguHM s MPUITU-
HEHHs Aii rifnokcii AocHiIKyBaHi OKa3HUKH B YCiX
rpynax TBapuH 3aJIMIIANUCS Ha OJAHAKOBOMY DiBHI.
OTxe, OUTBIIUI MOIIKOKYIOUNH e(EeKT PEOKCHUTe-
HaIlli Ha TKAaHWHY MO3KY MHIIEH KOHTPOJIbHOT IpyIn
Ta micis BBeAeHHs OK nprHaiiMHI 9acTKOBO MOKHA
TTOSICHATH OUTBIIT BUCOKOIO HACHICHICTIO KPOBI KHCHEM
ITiCJIS BiTHOBJIEHHSI HOTO HOPMAJIBHOTO BMICTY Y BIMXY-
BaHiH ra3oBii cymir. OueBHIHO, 3aBISTKN OUTBII ehek-
TUBHOMY BUKOPHCTaHHIO KJIITHHAMH KHCHIO Yy TBa-
puH, skum pobmnn in’exuii @KK, OT i «Axroseri-
HY», CIIOCTEPIra€ThCsi MEHIMK Horo neinut, Tomy
KOMIIEHCATOPHOTO BUXOAY €PUTPOLUTIB 13 «IETO»
y BianoBiae Ha 20-XBHJIMHHY TilOKCiI0 HE BinOyBa-
J10¢41, 1110, MOXKIIMBO, MaJIO IIO3UTUBHUN €(DEKT B yMO-
BaxX PEOKCHICHAL.
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reoxygenation on brain tissue of mice in the control
group and after administering CF may be at least
partly explained by better blood saturation with oxy-
gen after recovery of its normal content in the inhaled
gas mixture. Obviously, due to more efficient use of
oxygen by cells in the animals, injected with CBF,
CF and Actovegin its lower deficit was observed,
therefore no compensatory release of erythrocytes
from the ‘depot’ in response to a 20-min hypoxia oc-
curred, that possibly had a positive effect in terms of
reoxygenation.

Thus, the low molecular weight fraction (below
5 kDa) from cord blood and blood of calves has the
same antihypoxant activity as Actovegin drug unlike
the fraction from bovine blood (4—5-year-old cows).
Thus, at early stages of ontogenesis, in contrast to
adult animals, the blood fractions below 5 kDa had
a high antihypoxant activity.

The hypoxia development is believed to be based
on disorders in the redox reactions, associated with
oxygen deficiency. The development of oxygen defi-
ciency in a body is accompanied by occurrence of a
complicated complex of symptoms, resulting from
hypoxia-induced disorders of the major systems and
organs, as well as the changes stipulated by a prima-
ry pathological process, intoxication with insuffi-
ciently oxidized products efc. As a result of oxygen
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Tabnuua 3. Bnnue n'sTnaeHHoro Kypcey iH'ekuin dpaxuii 4o 5 k[a 3 KpoBi BenuKoi poratoi xyobu Ta rinokcii
B 3aMKHYTOMY 06'eMi Ha Aesiki nokasHuku KpoBi muert (n = 10)

Table 3. Effect of 5-day course of injections of cattle cord blood fraction below 5 kDa and hypoxia in confined space on
some blood indices of mice (n = 10)

KoHTponb ®dpakuia ®dpakuia ®dpakKuifa 3 KPoBi KopiB
Moka3HuKk (0,9 % NaCl) AkTOBETiH 3 KPOBI MOOYHUX 3 KOPAOBOI KPOBI KOpPiB BikoM 4-5 pokiB
Index Control Actovegin TenAar Bovine cord blood Blood fractions from
(0.9 % NaCl) Calf blood fractions fractions 4-5-year-old cows
Mepen noyatkom TecTy
Before the test
EputpouunTn, x 10 "2 r/n
Erythrocytes, x10'? g/l 54 + 0,8 5,6 + 0,6 556 + 0,9 5,7 +0,9 53 +0,7
remornoGix, rin 123,0 = 8,9 126,0 + 9,6 125,0 = 7,5 128,0 = 6,8 122,0 + 10,1
Hemoglobin, g/I
llemarokpur, % 28,4 + 2,5 30,2 £ 35 29,4 £ 1,9 30,3 + 2,8 27,6 £ 2,9
Hematocrit, %
Ha 20-i1 xBunuHi rinokcii B 3aMKHyTOMY 06'€Mmi
To the 20th min of hypoxia in enclosed volume
Eputpountu, x10 2 r/n * *
Erythrocytes, x10'? g/l 7,1 +0,7 5,9 + 0,6 5,7 +0,8 59 + 0,7 6,9 + 0,6
femornoGix, r/n 168,0 + 10,2* 130,8 = 10,1 132,0 = 9,5 129,0 = 5,4 159,0 + 9,8
Hemoglobin, g/I
FemaTokput, % % .
Hematocrit, % 354 + 3,5 314 =53 32,1 + 35 31,6 + 4,6 35,3 + 3,6
Yepes 3 roanHu nicnA NpunuHeHHA Ail rinokcii
3 hours later after hypoxia termination
EputpounTtn, X10 2 r/n
Erythrocytes, x10 2 g/l 7,0 + 0,9* 5,8 + 0,7 5,8 + 0,9 5,8 + 0,8 6,9 + 0,9*
Femorno6in, r/n * *
Hemoglobin, g/l 165,0 £ 8,7 129,0 £ 8,9 133,0 £ 8,5 128,0 £ 9,8 157,0 £ 9,6
TemaTtokpuT, :)% 34,8 + 4,5* 30,8 + 5,6 31,4 + 3,1 30,8 + 2,4 37,0 + 4,3*%
Hematocrit, %

MpumMiTka: * — BiAMIHHOCTI 3HauvyLLi MOPIBHAHO 3 MOKasHWKamwu nepeq nodyatkom Tecty, p < 0,05.
Note: * — significant differences if compared with the indices before the test, p < 0.05.

TakuM 4MHOM, HU3BKOMOJIEKYJIIpHa (pakitis (110
5 k/la) 3 KOopAOBOi KPOBi Ta KPOBI MOJIOYHHUX TEJIST
BOJIOJII€ OTHAKOBOIO 3 (hapMalleBTHYHUM IpenapaToM
«AKTOBETiH» aHTUTIIIOKCAHTHOIO aKTUBHICTIO Ha BiJl-
MiHy Biz (pakuii 3 KpoBi KOpiB BikoM 4—5 pokiB. OTxe,
Ha paHHIX CTa/IiIX OHTOTeHEe3y, Ha BiIMiHY BiJI JOpOC-
nuX TBapHH, (pakuis kpoBi 10 5 k/la Mae BHCOKY
AQHTHUTINOKCAaHTHY aKTUBHICTb.

BBakaeThcs, 1110 B OCHOBI PO3BUTKY TiNOKCIT Jie-
JKaTh TOPYIICHHS OKHCHO-BITHOBHUX PEAKIIiii, TIOB’ 5I-
3aHi 3 1e(hiUTOM KUCHIO. PO3BUTOK KUCHEBOT HEIOC-
TaTHOCTI B OPraHi3Mi CyNPOBOXKYETHCSI BAHUKHEHHSIM
CKJIaTHOTO CHMIITOMOKOMIUICKCY, SIKUH € HacJiji-
KOM BUKJIMKAaHUX TiMOKCi€l0 MOpYWEeHb (QyHKIiH
KHUTTEBOBAXKIMBHUX CUCTEM 1 OPraHiB, a TAKOX 3MiH,
3YMOBJICHHX NEPBUHHUM IAaTOJOTIYHUM IPOLECOM,
IHTOKCHKAIII€}0 HEJIOOKUCIEHUMH MPOYKTAMH 1 T. II.
VY pe3ynbraTi KHCHEBOTO TOJOAYBaHHS KIITHH Pi3-
HUX TKaHWH 1 OPraHiB y HUX 3HWXKYETbCS 34aTHICTD

starvation of cells of various tissues and organs they
have a reduced ability to store energy in terms of
macroergic phosphoric compounds (ATP, creatine
phosphate) and, consequently, hypoxia results in the
disorder of metabolism and virtually all the energy-
dependent processes [5]. The severity and outcome
of many diseases are determined by features of secon-
dary nonspecific metabolic disorders, degree of desta-
bilization of cell membranes and possibilities of reacti-
vation of structural and enzymatic proteins under
hypoxic conditions. An oxidative stress is considered
as one of the factors in pathological state develop-
ment. [t manifests in dynamic equilibrium shift in the
antioxidant-prooxidant system towards free-radical
oxidation, especially lipid peroxidation, the products of
which have a wide range of damaging action [15].
Our findings showed an antihypoxant activity
of low molecular fraction from cord blood and calf
blood and that it is stipulated by an increased level of
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3amacaTtv €Heprio y BUIVIAAI MakpoeprigHux (oc-
(hoprnx crionyk (ATD, kpearurdocdar) i, Ik HaCTIIOK,
IIPH TiNOKCii MopyLIyeTbcs 0OMiH PEYOBHH Ta Mpakx-
THUYHO BCi eHepro3aiesxHi npouect [ 12]. TsokkicTs Ta
pesyabTar nepediry 6araTbox 3aXBOpPIOBaHb BH3HA-
Ya€eThCsI OCOOTUBOCTSIMA BTOPUHHUX HECTIEUU(PIUHNX
MeTaboJIIuHUX PO3JIa/IiB, CTYIIEHEM AecTadii3awii Kii-
TUHHHUX MeMOpaH, a TaKOX MOKIUBOCTSIMH PEaKTHU-
Ballii CTPYKTYpHUX 1 epMEeHTHHUX OIIKIB B yMOBax
rimokcii. OqHuM i3 pakTopiB PO3BUTKY MATOJOTIYHUX
CTaHIB BBa)XalOTh OKCHJIATUBHUHN cTpec. Bin mposiB-
JISIETHCS B 3CYB1 IMHAMIYHOT PIBHOBArd B CUCTEM1 aHTH-
OKCHIaHTU-TIPOOKCHIAHTH B OiK BITbHOPAIUKAIEHOTO
OKHCJICHHS, 30KpeMa MePEeKNCHOTO OKHUCIICHHS JITIiIB,
MPOLYKTH SKOTO BOJIOAIIOTH ITUPOKUM CIIEKTPOM ITOLLI-
KOJUKYH0YOI il [9].

Pesynbraru npoBeseHUX €KCIIEPUMEHTIB J0BEIH,
110 aHTUTINOKCaHTHA aKTUBHICTh HU3bKOMOJIEKYJIPHOT
(pakuii 3 MynmoBHUHHOI KPOBi Ta KPOB1 MOJIOYHUX TEJIST
00yMOBJICHA i JBUILEHHSM PiBHS KHCHIO Y TKAHMHAX
Ta aKTUBAIIIEI0 TPAHCTIOPTY IITIOKO3H 3 KPOBI JI0 KITITHH,
3aB/ASIKH YOMY 30UTBIIYETHCS YacTKa aepoOHOTO Me-
TaboJi3My BYTIJIEBOJIIB, & OTKE TOKPAIIYETHCS €HEp-
ro3a0e3mnedyeHHs KJIITHH, 10 CIpHusi€e 30epeKeHHIO
KUTTEBOBKIMBUX DyHKIIIH [6, 7, 15].

BucHoBkmu

Taxum unHOM, ppakuis kpioremodmizaty 1o 5 k/la
3 KpOB1 BeJMKOI poraroi XyJoOH Ha paHHIX CTamisix
OHTOT'€HE3y Ma€ BUPAKEHY aHTHTIITOKCAHTHY JIII0, TOMY
MOKe OyTH NIEPCIIEKTUBHUM CUPOBUHHUM JKEPEIOM
JUTsE BUPOOHUNTBA (DapMarieBTUYHUX 3acO0IB aHTH-
TIIIOKCAHTHOI /i, aHAJIOTIYHUX 32 TEPAIIEBTHYHOIO €10
JI0 TIperapaTy « AKTOBETiHY, SIKHI BUPOOIISIOTH 13 KO-
Bl MOJIOYHHX TEJIAT.
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oxygen in tissues and glucose transport activation
from blood to cells. This contributes to augmenting a
share of aerobic metabolism of carbohydrates and
therefore the improvement of energy supply to cells,
contributing to vital function preservation [10, 11, 19].

Conclusions

Thus, the cryohemolysate fraction below 5 kDa
from bovine blood at early stages of ontogenesis has a
pronounced antihypoxant action and therefore may be
a promising raw material source to produce pharma-
ceutical products with antihypoxant action, similar by
therapeutic effect to Actovegin, produced from calf
blood.
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