https://doi.org/10.15407/cryo24.01.067

YIK 616.711/.714-001-085.361:611.013-06:616-008.9]-092.9
P.M. bopuc', A.l. ToxeHko', A.M. lNonbues?*

BnnuB BBeAeHHs1 KpioKOHCepBOBaHUX heTanbHUX HEPBOBUX KMIiTUH
Ha NPOOKCUAAHTHO-aHTUOKCMAAHTHY piBHOBary B LWypiB i3
eKcrnepuMMeHTanbLHOI KpaHioCKeneTHOoK TpaBMOIO

UDC 616.711/.714-001-085.361:611.013-06:616-008.9]-092.9
R.M. Borys', A.l. Gozhenko', A.M. Goltsev?*

Effect of Treatment with Cryopreserved Fetal Neuronal Cells
on Prooxidant-Antioxidant Balance in Rats
with Experimental Cranio-Skeletal Injury

Pecbepar: Y BignoBsiab Ha KpaHiockeneTHy TpaBMy, ycknafHeHY KpPOBOTEYel, B FOMOreHati neviHku iCTOTHO 36inbliyeTbest
BMICT NEPBVHHMX i BTOPUHHUX MPOAYKTIB NepekncHoro okucneHHs ninigis (MOJT), akun gocArae makcumarnbsHOro piBHSA Ha 14-y noby
€eKCMepUMEHTY i BiporigHO nepeBuLLy€e KOHTPOMb ynpoAoBx 25 fi6 cnoctepexeHHs. HakonuveHHs npoayktie MOJ1 BinbyBaeTbcs
yepes 3—-14 Ai6 ekcnepuMeHTy Ha POHi iICTOTHOTO 3HWXEHHSA akTUBHOCTI cynepokcuaancmyTtasm (CO[), BiaCYTHOCTI 3MiH aKTUBHOCTI
KaTanasu Ta KoMneHcaTopHOro 36inbleHHs BMICTY uepynonnasmiHy Ha 3-t0 goby. 3 14-i no 25-y gob6y nicns 3acTtocyBaHHS
KPiOKOHCEPBOBaHUX heTanbHMUX HEPBOBUX KMITUH CMNOCTEPiralTbCA MEHLUi BiAXUNEHHs ninonepokcuaadii 3@ BMICTOM NEPBUHHUX
npoayktis MNOJ1 (pieHosi koH'toraTh) Ta 3 3-i no 7-y noby — BTopuHHux (TBK-aktuBHMx) npoaykTis MOJ1. Ha 3—14-y noby ekcnepumeHTy
BMICT KaTanasu 3HWXYETbCHA Ta BiAHOBMIOETLCS A0 KOHTPONbHOrO Ha 25-y foby, 3 14-i 0obu BigMiYaeTbCS MPOTEKTOPHWIA BNAVB
KpiOKOHCEpBOBaHUX eTanbHUX HEPBOBMUX KNiTUH BigHOCHO akTmBHocTi CO[. Kopuryioumin edekT Ha BMICT uLepynonnasMiHy B
cupoBaTLi KpPOBi MPakTUYHO BIACYTHIN.

Knio4yoBi cnoBa: kpaHiockeneTtHa TpaBMa, KpoBOTeYa, NepekMCHe OKMUCIeHHs MinigiB, cynepokcugaucmyTasa, kaTanasa,
LuepynonnasmiH, nedviHka, KpiokoHcepBOBaHi dyeTarnbHi HEPBOBI KNITUHM.

PedrepaTt: B oTBeT Ha KpaHWOCKENeTHYl0 TpaBMy, OCMIOXHEHHYH KpOBOTEYEHMEM, B rOMOreHaTe MneyeHu CyLecTBEHHO
yBENUUMBaEeTCs cofepXXaHue NepBUYHbIX M BTOPUYHbIX NPOAYKTOB NepekncHoro okucrieHus nunugos (MOJT), koTtopoe gocturaet
MaKCUMarnbHOroO YpPOBHSA Ha 14-e CyTKM 3KCMepUMeHTa M JOCTOBEPHO MpeBbillaeT KOHTPOINb B TeyeHne 25 cyTok HabnwogeHus.
HakonneHune npoayktoB [MOJ1 npoucxoaut yepes 3—14 CyTOK 9KCNepuUMEHTa Mpu 3HAYUTENbHOM CHUXEHUM akTUBHOCTM cynep-
okcngaucmyTasel (CO[M), oTCyTCTBUM M3MEHEHUIN aKTUBHOCTU KaTanasbl U KOMMEeHCaAaTOPHOM yBEMNWYEeHUU cogepXkaHus Lepyno-
nnasmuHa Ha 3-e cyTku. C 14-x no 25-e cyTkum nocne MCNoNb30BaHWUS KPUOKOHCEPBUPOBAHHbLIX deTanbHbIX HEPBHbIX KIEeTOK
HabnoaalTCs MeHbLUME OTKIIOHEHUS NUMONepOoKCUAaLMM OTHOCMTENBHO CoAepXaHus nepBuyHbix npoayktos MOJ1 (aneHoBble
KOHBlOraThl) U ¢ 3-X Mo 7-e cyTkun — BTOpuYHbIX (TBK-aktuBHbIX) npoaykToB MOJ1. Ha 3—14-e cyTku akcnepumeHTa codepxaHue Ka-
Tanasbl CHWXaeTcs, Ha 25-e CyTKv noBblwaeTcs, ¢ 14-x CyTOK OTMeYaeTCs NMPOTEKTOPHOE BIUSIHNE KPUOKOHCEPBUPOBAHHbIX de-
TanbHbIX HEPBHbIX KNETOK OTHocUTenbHO aktnsHocTn CO[. Koppurupyiowmn acdhekT Ha coaepxaHue uepynonnasmmHa B CbiIBOPOT-
Ke KpPOBMW MpakTU4eckn OTCYTCTBYeT.

KnioyeBble cnoBa: KpaHuockeneTHasi TpaBMa, KpoBOTEYEHME, NEPEKUCHOE OKWUCNEeHMe NUNUAOB, CynepokcuaancmyTasa, Ka-
Tanasa, LepynonnasmuH, nevyeHb, KPUOKOHCEPBMPOBaHHbIE deTarbHble HEPBHbIE KNETKU.

Abstract: In the response to cranio-skeletal injury, complicated by bleeding, the content of primary and secondary products of
lipid peroxidation (LPO) in liver homogenate significantly increased, and achieved a maximum level to the 14" day of the experiment
and was significantly higher than the control level during 25 days of observation. Within the 3“-14" days the accumulation of LPO
products occured on the background of significant decrease of superoxide dismutase (SOD) activity, without any changes in
catalase activity and compensatory increase of ceruloplasmin content to the 3™ day of the experiment. From 14t to 25" day following
treatment with cryopreserved fetal neuronal cells we observed less pronounced deviations of lipid peroxidation in terms of content
of primary LPO products (diene conjugates), and content of secondary LPO products (TBA-active) from the 3™ to 7" day. Catalase
content was reduced through the 37-14%" days of the experiment, increased by the 25" day; from the 14" day we observed a
protective effect of cryopreserved fetal neuronal cells in terms of SOD activity. There was virtually no correcting effect found in blood
serum ceruloplasmin content.

Key words: cranio-skeletal injury, hemorrhage, lipid peroxidation, superoxide dismutase, catalase, ceruloplasmin, liver,
cryopreserved fetal neuronal cells.
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TpaBmaTH3M € OCHOBHOIO TPUYUHOIO 1HBAJIITHOCTI
y oci0 BikoM 15-24 pokiB Ta cmepTi — y Bimi A0 35
pokiB [14]. 3HauHi BUTpaTH Ha JiKyBaHHS MOCTPaX-
JIATTUX, BIICYTHICTh €(DEKTHBHUX METO/IIB KOPEKITii CHC-
TEMHHX BiIXWJICHb, Ki BUHUKAIOTH TiJ 9aC TPaBMHU
Ta MPU3BOJIATH IO PO3BUTKY MOJTIOPTaHHOT HEJTOCTAT-
HOCTi, OOYMOBIIOIOTh HEOOXiHICTh MOTIHOICHOTO
BHBYCHHS MaTOT€HEe3y TPaBMaTU4HOI XBOPOOH.

Cepen OCHOBHHX IMAaTOTCHETUYHUX MEXaHI3MiB
TSDKKOI TPABMH, 0COONHBO Ha ()OH1 KPOBOTEH], BAXKITUBY
PpoJIb Bifirpae iHTeHCH(IKALS TEPEKUCHOTO OKUCIICHHS
nimigiB (I1OJI). Ha panwiii ctaaii xBopoOu akTHBaIis
TIPOIIECIB JTITOMIEPOKCHIAIIIT MA€E aAalTTHBHUHN XapaKTep:
MTOMipHO 301TBIITY€THCS MPOHUKHICTD KIITHHHIX MEM-
OpaH Ta MOJETIYETHCA TpaHCMEMOpaHHUI 000ir
pedoBuH [9]. [Ipu He3Ha4HIH TpaBMi CUCTEMa aHTH-
OKCHJIAHTHOTO 3aXHCTY KOMIICHCY€E HAJJTUIIOK YTBO-
PEHHS aKTUBHUX ()OPM KHCHIO Ta BUTBHUX PAAUKAIIB 1
HiITpUMY€E MPOOKCHIAaHTHO-aHTHOKCHIAHTHHUI OaJIaHC.
OpHak mpH BaKKilk TpaBMi, BHACHiIOK PO3BUTKY
CHCTEMHOI BIJMOBIAI Ha 3amajiEHHs, ITOCUIIOEThC
IHTEHCUBHICTB BUTbHOPAMKATLHOTO OKHCIICHHS, TIOPY-
LIY€TbCS aHTUOKCUAAHTHHUN 3aXHCT, IO 32 4YaCcOM
BiANoBiae rocTpii ¢asi 3anansHoro npouecy [1]. Cuc-
TEMHUH XapaKTep IUX MPOIIeCiB 00yMOBITIOE HEOOXi/I-
HICTB MOITYKY HOBUX IiIXO/IB 0 JIKYBaHHS TPaBM.

OcTtaHHIM 4acoM 3Ha4YHa yBara MpUIUIIETHCA 3a-
CTOCYBaHHIO (peTabHUX HEPBOBUX KIIITHH, SIKi BiTHO-
CSITh JT0 «TTOJTi(YHKITIOHATEHUX)» MOIYJIATOPIB HAJICHC-
temHoi aii [2, 3]. JloBemeHo, mo TepaneBTUIHUI
MOTEeHIia] eTaNbHUX KIITHH 3yMOBJICHHUH IIUPOKUM
CIEKTPOM NMPOAYKOBAaHUX HUMH O10JI0T1YHO aKTUBHUX
PCUYOBHH, SIKi MAIOTh aHTiIOTCHHUH, aHTHATIONITOTHIHUH,
AHTUOKCUIAHTHUH 1 MiToreHuuit edexru [8]. Lle po-
OWUTH iX MEPCTIIEKTUBHUM 3aCO00M AJISl 3HM)KECHHS 1H-
TEHCHBHOCTI CHCTEMHOI peaklii opraHisMy Ha 3arma-
JICHHS1, Y TOMY YHCIIi TIOPYIIIEHb BUTbHOPAHKAIHLHOTO
OKHCIICHHS Ta aHTHOKCHJIAHTHOTO 3aXUCTY B yMOBaX
TSKKOI TPAaBMH.

Merta pobOTH — TOCTIAUTH TUHAMIKY TIOKa3HHKIB
ITOJI Ta dhepMeHTATUBHOT JTAaHKA aHTHOKCHIAHTHOTO
3aXMCTy B MePioJI paHHIX 1 T3HIX MPOABIB TPABMATUIHOI
XBOPOOHM B YMOBax €KCIIEPHMEHTAIbHOI KpaHioCKe-
JIETHOT TPaBMH, YCKIJIQAHEHOI KPOBOTEUEIO, Ta IicCIs
BBEJIEHHS KPIOKOHCEPBOBAHMUX (PeTAIbHUX HEPBOBHX
KJTITHH.

Marepianu Ta MeToaH

ExcriepumvenTn ipoBowm Ha 104 HemiHiiHIX 01X
nrypax-caMmigx Macoro 180-200 1, skux yTpuMyBaIu
y BiBapilo Ha CTaHIapTHOMY pauioHi. TBapuH po3ni-
JIUIIK HA TPU TPYIH: KOHTPOJIbHY Ta ABi gocmigHi. o
KOHTPOJBHOI TPYIH YBIWIIUIO 8 IHTAaKTHHUX HIypiB. Y
TBapHH 000X AOCTIAHUX TPy (110 48 Iy piB Y KOXKHiH)

68

Traumatism is a major cause of disability in people
aged 15-24 and death in those younger than 35 [12].
Significant expenditures for treating the injured, the
lack of effective methods for correcting systemic
abnormalities that occur following trauma and lead to
the development of multiple organ failures, stipulate
the necessity of enhanced study of traumatic disease
pathogenesis.

Intensification of lipid peroxidation (LPO) plays an
important role among the main pathogenic mechanisms
of severe trauma, especially accompanied with
bleeding. At early stage of the disease the activation
of lipid peroxidation is of adaptive nature: the perme-
ability of cell membranes increases moderately and
transmembrane circulation of substances is thereby
facilitated [9]. In case of trivial trauma the antioxidant
defence system compensates the excessive formation
of reactive oxygen species and free radicals and sup-
ports the prooxidant-antioxidant balance. And vice
versa, severe trauma causes a systemic response to
inflammation, corresponding increase in the intensity
of free radical oxidation, and failed antioxidant defence,
that coinsides to an acute phase of inflammation [2].
The systemic nature of these processes needs a new
approaches to treat injuries.

To date much attention has been paid to the use of
fetal neuronal cells which are referred to “polyfunc-
tional” modulators of supra-systemic effect 3, 4]. It
has been established that therapeutic potential of fetal
cells is caused by a wide range of produced biologically
active substances possessing angiogenic, antiapoptotic,
antioxidant and mitogenic effects [8]. This makes them
a prospective medicine product to reduce the intensity
of systemic response to inflammation, including viola-
tions of free radical oxidation and antioxidant defence
during severe injury.

The research aim was to study the dynamics of
LPO indices and enzyme link of antioxidant defence
during early and late manifestations of traumatic
disease under experimental cranio-skeletal injury
complicated by bleeding, and after treatment with
cryopreserved fetal neuronal cells.

Materials and methods

The experiments were performed in 104 outbreed
white male rats of 180—200g weight, which were kept
in vivarium on a standard diet. The animals were divided
into three groups: control and two experimental ones.
The control group consisted of 8 intact rats. The ani-
mals of both experimental groups (48 rats in each
group) were narcotized with sodium thiopental
(40 mg/kg body mass) and a closed craniocerebral
injury was modelled by blow on the skull [14]. Impact
energy was 0.375 J, and corresponded to the injury of
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ITi]] TIOTICHTAJI0-HATPieBUM Hapko3oM (40 Mr/kr macu
TiJIa) MOJIETIOBAJH 3aKPUTY YEPEITHO-MO3KOBY TPaBMY
LUISIXOM HaHECEHHS J030BaHOTO yapy 1o uepeny [4].
Enepris ynapy cranoswia 0,375 JIx, 1110 BinoBiaao
TpaBMi CepeHbOTO CTyNMeHs TSHKKocTi. KpiM 1poro,
HAHOCHJIM OJTHOKPATHUI yIap Mo KOKHOMY CTETHY JUTS
OJIEpKaHHS 3aKPUTOTO MEPEIOMY CTETHOBUX KiCTOK.
JonaTKoBO y HIypiB ZOCIIAHUX TPYI BUKITUKAIN 30B-
HIITHIO KPOBOTEUY 31 CTErHOBOI BEHH, 1110 CTAHOBHJIA
y cepenabomy 20—22% Biz 00’ €My IUPKYIIOIOUOT KPO-
Bi. JI71s1 BIXTBOpPEHHS TeMaToOMH y IOPOKHHUHY KHUBOTA
BBOAMJIM | MJI KPOBI.

Uepes 12 roguH micns TpaBMyBaHHS TBapHWHAaM
TIEPIIIOi AOCTITHOT TPYITH BHY TPIIIHEOYEPEBHO BBOAWIN
CYCIIEH3110 KPIOKOHCEpBOBAaHHX (peTaTbHUX HEPBOBUX
kit (KOHK) mypa B 1031 5%10° knitun Ha 100 ©
macH tina [2]. CycrneHsito (eTamTbHIX HEPBOBUX KITITHH
oJiepkyBaid B [HCTHTYTI TpobIeM Kpiobiomorii i kpio-
meanman HAH Yipaiau (M. XapkiB) IUisxoM Mexa-
HiYHOT fuconianii (parMeHTiB MO3KY eMOPiOHIB IIypiB
(11 ni6 recrarii). KpiokoHcepByBaHHS IPOBOIMIIN 32
MeTozIoM, ontricanuM panimie [13]. Hpyriii gociignini
Ipymi TBapHH BHYTPIIIHEOUEPEBHO BBOJMIN €KBiBa-
JeHTHUI 00’ €M (i31010T1HHOTO pO3UnHY. 3 eKcIepu-
MEHTY Iy piB BUBOIMIN yepes 3, 7, 14 ta 25 ni6 micns
TPaBMHU NLISXOM JEKamiTarlii micjsl mornepeaHboro
TiOTIEHTAJIO-HATPiEBOTO HapKo3y (60 MI/Kr Macu Tina
TBapuHH) [5].

VY mypiB omintoBaym ctad [10JI 3a BMicTOM y TO-
morenarti nedinku TBK-akTHBHUX MpoayKTiB Ta [Ii€HO-
BuX KoH 'toraris [11, 15]. AKTUBHICTH hepMEeHTaTHBHOL
JIAaHKM aHTHOKCHJIAHTHOTO 3aXHCTY BU3HAYAIH 34 aK-
THUBHICTIO B TOMOT€HAT] MeYiHKH CyTePOKCHATUCMY-
tazu (CO/) [12], karanasm [7] Ta 32 BMICTOM Y CHPO-
BaTLli KPOBi LIepyJIOMIa3Miny [6].

Jns npoBeieHHS CTaTUCTUYHOTO aHaJIi3y 3aCTOCO-
ByBanu nporpamy «Statistica 10.0» [10]. Ilpu mopis-
HSHHI JBOX BHOIpOK BUKOPHCTOBYBaH t-Trect CThio-
JeHTta Ta TecT MaHHa-YiTHi.

[Tig wac pobotu 3 nabopaTOpHUMU TBApUHAMU J0-
TPUMYBAJIUCS MTPaBUIT «CBPOTIEHCHKOT KOHBEHIIIT ITPO
3aXUCT XpeOCTHUX TBAPHH, SIKIi BUKOPUCTOBYIOTHCS JIJIS
EKCIIEpUMEHTAIbHUX Ta 1HIIMX HAYKOBHUX MLIiNEi»
(Ctpacoypr, 1986) i meTognunnx pekomenaartiii JJDI]
MO3 Ykpaiau rpo «JIokITiHIgHI T0CIiHKSHHS JTiKap-
cekux 3aco6iB» (Kuis, 2001).

Pe3yabTaTn Ta 00roBOpeHHH

AHaJi3 OTpUMaHHUX PE3yNbTaTiB MOKa3aB, IO Y
BIIMTOBiAb Ha KPaHIOCKENETHY TPaBMY, YCKIAAHEHY
KpPOBOTEUEI0, Y TOCTiIHUX HIypiB BigMiuanacs BUpa-
xeHa inTeHcuikanis npouecis [1OJI. Bmict TBK-axk-
TUBHUX IIPOIYKTIB y TOMOT€HAT] IIEYiHKN TBAPHH, IKUM
He npoBoawM KniTHHHY Teparito KOHK, y Bci repmian
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moderate severity. In addition, a single blow was
inflicted on each thigh to obtain a closed fracture of
thigh. Additionally, in the studied groups of rats there
was caused external bleeding from the femoral vein,
which was on average 20—-22% of the circulating blood
volume. To model a hematoma there was injected 1 ml
of blood into abdominal cavity.

The suspension of cryopreserved fetal neuronal
cells (cFNCs) of rat was injected intraperitoneally to
the animals of the first experimental group 12 hours
later the injury (5%10° cells per 100 g body mass [4]).
A suspension of fetal neuronal cells was obtained at
the Institute for Problems of Cryobiology and Cryo-
medicine of the National Academy of Sciences of
Ukraine (Kharkiv) by mechanical dissociation of brain
fragments of rats embryos (11 days of gestation).
Cryopreservation was performed according to the
method described previously [5]. The second experi-
mental group of animals were intraperitoneally injected
with an equivalent volume of physiological solution.
The rats were sacrificed to the 3, 7%, 14" and 25"
days after injury by decapitation after a previous thio-
pental sodium anaesthesia (60 mg/kg body mass) [15].

Lipid peroxidation was evaluated in rats by mea-
suring the content of TBA-active products and diene
conjugates in liver homogenate [11, 13]. Activity of
enzymatic link of antioxidant defence was determined
by the activity of superoxide dismutase (SOD) [1], and
catalase [7] in liver homogenate, as well as by content
of ceruloplasmin in blood serum [6].

Statistical analysis was done using Statistica 10.0
software. To compare the samples we applied Stu-
dent’s t-test and Mann-Whitney’s test.

All the manipulations with laboratory animals were
carried-out in accordance with the European Con-
vention for the Protection of Vertebrate Animals Used
for Experimental and Other Scientific Purposes (Stras-
bourg, 1986) and Guidelines of State Pharma-cological
Center of the Ministry of Health of Ukraine on
Preclinical Studies of Medicine Products (Kyiv, 2001).

Results and discussion

The analysis of the obtained results showed that
bleeding-complicated cranio-skeletal injury resulted in
a significant intensification of lipid peroxidation proces-
ses in the experimental rats. The content of TBA-active
products in liver homogenate of animals not treated
with cFNCs in all the terms of post-traumatic period
was significantly higher than in the control and achieved
a maximum to the 14™ day of observation. After
treatment with cFNCs the studied parameter was also
significantly higher than the control level in all periods
of observation with a maximum to the 14" day of
observation (Table 1). Analysis of indices dynamics
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[TOCTTPaBMaTHYHOTO Nepioxy OyB 3HAYHO BUILUM, HIXK
y KOHTPOJIi, Ta AOCITaB MakCUMyMy Ha 14-y noOy
cnocrepexxenns. [licns 3acrocysanns KOHK mocimi-
JDKYBaHUM TOKa3HMK TaKOX ICTOTHO NMEPEBHILYBAB
KOHTPOJILHUH PiBEHb Y BC1 TEPMIiHH CIIOCTEPEKEHHS 3
MakcuMyMoM Ha 14-y no6y (tabm. 1). Aramni3 qnuHaMmi-
KH ITOKa3HUKIB B 000X JTOCIITHUX TPpyHax MOKa3as, 0
no 14-i nobu BimOyBanocs CTaTUCTHUYHO 3HAYYIIE
30inpiienns BMicty ThK-aktuBHuX npoxyxris I10J1,
a 110 25-1 mobu — 3HadyIIe HOTO 3HIKCHHS TTOPIBHIHO
3 MomnepeaHiM TepMiHOM aocmikerHs (14-a no6a).
BcranosneHo, 1o Ha 3- 1 7-y 100y moCTTpaBMaTU4HO-
0 TIepioay MiCIIs KITITHHHOI Tepartii BMICT y TOMOTeHari
neuinku ThK-aktusaux npoxyxriB [1OJI BusiBuBCA
BIpOTiIHO MEHILIUM MOPIBHIHO 3 TPYIIOI0 TBAPUH, SIKUM
K®HK nue BBonmin. Pa3zom 3 TuMm Ha 14- i 25-y 100y
eKCIePUMEHTY AOCII[)KyBaHUH ITOKa3HUK MIX IpyTia-
MH iCTOTHO HE BiIPI3HABCA.

OTxe, uepe3 14 ni6 Bmict TEK-akTuBHHX TpoO-
ayktiB I[1OJI y TBapuH 000X gocmigHuX Tpyn OyB Haid-
O6inpmuM. 3acTOCYBaHHS
K®HK mano mporexkropHuit
BIJIMB HA 3pOCTaHHS iHTEH-
CHBHOCTI YTBOPEHHS BTOPHH-
Hux npoxykris I10JI Ha 3-
i 7-y no0y mocTTpaBMaThy-

in both experimental groups showed that there was a
statistically significant increase in the content of TBA-
active products of LPO to the 14" day, and then a sig-
nificant reduction to the 25" day if compared to the
previous observation term (the 14" day). It was estab-
lished that to the 3and 7" day of post-traumatic period
and conducted cell therapy the content of LPO TBA-
active products in liver homo-genate was signifi-cantly
lower if compared with the group of animals not treated
with cFNCs. However, to the 14" and 25" day of the
experiment there were no significant differences be-
tween the experimental groups in terms of this index.

Thus, after 14 days the content of TBA-active
products of LPO in animals of both experimental groups
was the highest. Application of cFNCs had protective
effect on the intensity of formation of LPO secondary
products to the 3 and 7" day of post-traumatic period.

The content of diene conjugates in liver homogenate
of animals of both experimental groups during the post-
traumatic period was significantly higher than in the

Ta6bnuusa 1. NokasHMKN NEePEKNCHOro OKUCNEHHs ninigie
y BiANOBiAb Ha KpaHIOCKENETHY TpaBMy, YCKIagHEHY KPOBOTEYELD,
Ta nicnsa nikyBaHHA TBapyMH KOHK (M + m)

Table 1. Lipid peroxidation indices in response to cranioskeletal injury
complicated by bleeding and following treatment of animals with cFNCs (Mtm)

HOTO TIEPiofy.

BwmicT nieHOBMX KOH fOTa-
TiB y TOMOT'€HATIi MEYiHKN TBa-
pUH 000X NOCHiIIHHUX TPyl

pynu TBapuH
Groups of animals

CTpoK criocTepeeHHaA, i
Observation term, days

3 7 14 25

MPOTSATOM YChOTO TOCTTPAB-
MAaTHYHOTO Tiepiogxy OyB ic-

TBK-aktuBHi npoayktu MOJ1, MkMonb/n
TBA-active LPO products, pmol/l

TOTHO BHIIHM, HIXK Y KOHT- KOHTpOIb

. . (3poposi TBapuHM) 0’6?'(if35018
POJIbHHUX, aJIC HA (bOHl KINTUH- control (healthy animals) -
HOI Teparii BiH BiporiJHO 3HHU- .
MUWUMOBINbHUN
KyBaBcs Ha 14- Ta 25-y no0y nepesir 2,008+0,083" | 2,193+0,100" | 2,808+0,117 | 2,410 +0,069"
: KpaHio- spontaneous (n=6) (n=6) (n=5) (n=5)
HOplFHSIHO 3 TBAPUHAMU, IKUX Spanio- oures
He nikyBanu KOHK. Makcu- Tpasma
“ . . craniosceletal BBEAEHHA
MaJlbHUU BMICT N1€HOBUX injury K®HK 0,857 £0,050* | 1,426+0,074% | 2,986+0,140% | 2,336+0,089°
KOHIOraTiB y TBapuH 000X introduction (n=7 (n=8) (n=7 (n=7)
. o s
rpyn cnocTepiraiu Ha 7-y
121 1 [HieHoBi KoH'toraTu, ym.oa./r
H06y HpH aHaﬂl:‘)’l AUHAMIKHA Diene conjugates, arb. units/g
BIAXUJICHDb JOCHIIKYBaHOTO
IIOKa3HUKA BUSBIIEHO, 10 Y HonTpony 0,398+0,01
i i 5 (3pnoposi TBapuHM) n=8)
TOMOI'€HaT1 NCYIHKM TBApUH control (healthy animals)
000X JOCHITHUX TPy A0 7-1 MAMOBIAHMIA
100U €KCIIEPUMEHTY BiH CYT- Spo”ﬁgenﬁégus 1,313+0,071% | 1,642+0,078 | 1,592+0,103 | 1,324+0,047*
TEBO 30iMbITyBaBCS. Y TBa- Kpakiockener- course
Ha TpasmMa
pPUH, AKUM HC IPOBOAUIIHN craniosceletal sBegeHHA
tepanito KOHK, na 14-y 106y thald K®HK | 1,20040,053" | 1,618+0,065" | 1,327+0,064* | 1,111+0,081*
. . introduction (n=7) (n=8) (n=7) (n=7)
criocTepirajgacs TEHICHIIA 10 of CFNCs

3MEHILIEHHS BMICTY TIEHOBUX

KOH IOTaTiB, IpH IOMY Ha

25-y no0y BiH BIPOTiJIHO 3HU- < 0.001.
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MpumiTka: 3HayyLLi BiAMIHHOCTI MO BiAHOLLEHHIO 10 KOHTPObHOI rpynun: *—p <0,01;#—p < 0,001.
Note: the differences are statistically significant if compared with the control: * — p < 0.01; #—
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JKYBaBCsI TOPIBHAHO 3 7-10 100010. Y Tpymi TBapHH,
SIKAM TIPOBOJTVITH KIIITHHHY TEPaITito, TaHWH ITOKa3HHUK
OyB BIpOTiIHO HIXKYUM Ha 14- Ta 25-y 100y nopiBHAHO
3 7-10 moboro nociimkenHs (tabdma. 1).

Taxum unHOM, 3acTtocyBaHHs Tepanii KOHK 3a-
Oeareuye MeHIIe HAKOTTMUESHHS TIEPBUHHIX TPOIYKTIiB
1O uepe3 14125 1i6 3 MOMEHTY HAaHECEHHS KpaHio-
CKEJIETHOI TPaBMH, YCKIIAJHEHOI KPOBOTEUEIO.

Uepes 3, 7, 14125 nil micist HAHECEHHS KpaHIOCKe-
JIETHOT TPaBMHU, YCKJIaJIHEHOI KPOBOTEUEHO, TOKA3HUKHU
(epMeHTaTUBHOI JTaHKM aHTUOKCHJAHTHOTO 3aXHCTY
3MiHIOBAJIHCS HACTYITHUM YHHOM.

VY rpymi tBapus 6e3 BBeaeHHs KOHK akTuBHICTH
CO/] romoreHary me4iHK{ MPOTSATOM YCHOTO JOCIi-
JOKEHHs1 OyJia MEHIIIO0, HiXK Y KOHTPOJIBHHX (Ta0I. 2).
Ha 3-, 7- i 14-y o0y excriepuMeHTy JaHWH NOKa3HUK
BIpOTiTHO HE BiApi3HABCA, a Ha 25-y 100y 3pOCTaB y
MOPiBHSHHI 3 MOMEpeaHIMHA TepMiHAMHU CIIOCTepe-
xeHHs. Ha 3- 1 7-y noOy micns 3actocyBanns KOHK
aktuBHicTh COJ] Oyira MEHIIIO0 MOPIBHSIHO 3 KOHTPO-
neM, Ha 14- 1 25-y 100y mmiIBHUIITyBajacs, JOCITaI0un
PIBHS KOHTPOITIO, 1 OyJ1a BipOTiIHO BUIIOIO ITIOPIBHSIHO 3
3-1 7-10 nobamu. BcTaHOBIEHO, 110 ITIC/IA BBEAEHHS
K®HK na 14- 1 25-y 100y ekciepiMeHTY aKTUBHICTb
CO/] romoreHary ne4diHk# 3017bITyBajIacs BiTHOCHO
niepioi rpynu TBapuH. OTXKe, Teparrist KpiOKOHCEPBO-
BaHMMH (peTaTbHIMHU HEPBOBUMH KIIITHHAMU CIIpHsIIa
BimHOBICHHIO akTHBHOCTI CO/I.

AXKTHUBHICTH KaTaja3W TOMOTEHATY MEYiHKHU
(Tabm. 2) y tBapuH, axum He BBoanaun KOHK, nHa 3-
Ta 14-y noOy crioctepeskeHHs BIpOTiAHO He BiApi3Hs-
Jlacst BiJ IbOTO MOKAa3HHWKA Y KOHTPOJIILHUX TBapHH, a
Ha 25-y 100y Oyna Hk4or0. [Ipu 3actocyBanHi Tepa-
nii KOHK akTuBHICTB KaTrana3u y roMOTe€Hari ediHKu
TBapuH Ha 3- 1 7-y 100y NOCTTpaBMaTUYHOTO MEPiony
MaJa TeHJEHIIII0 JI0 3HWKEHHsI, a Ha 14-y o0y BoHa
Oyra BipoTiTHO HIKYOIO IIOPIBHSHO 3 KOHTpoJeM. Ye-
pe3 25 nib maHwii MOKa3HUK ICTOTHO HE BiNIPi3HSIBCS
BiJl KOHTPOJIBbHOTO. [ Ipy MOpiBHAHHI aKTUBHOCTI Karta-
J1a34 y TOMOT€HATI MeYiHKU TBapUH AOCIIAHUX TPy
BiIMiUeHO, 10 Ha 7-y moOy micis BBexenass KOHK
BOHa OyJ1a HUKYeE 32 TOKa3HUKH TBAPUH 3 MEMOBLITHHUM
nepebirom, a Ha 25-y 100y — BUILE.

Yepes 3 n1obu miciisi HAHECEHHSI TPAaBMH BMICT Lie-
PYJIOIUIa3MiHy Y CHPOBATIIi KPOB1 TBAPHH 03 BBESIACHHS
K®HK BiporiHo 3pocTaB HOPiBHSHO 3 KOHTPOJIBHAMHA
(tabmn. 2). Ha 7-, 14- 1 25-y 100y eKcriepuMEHTY BiH
3HIMKYBABCS 1 ICTOTHO HE BiZJpi3HABCS BiJl KOHTPOJIO.
Uepes 3 nobu miciast HAaHECEHHS TpaBMH Ha (poHi 3acTo-
CYBaHHS KIITHHHOI Tepamii BMICT LepyJIOMIa3MiHy
BipOrifHO 301JbIIyBaBCs MOPIBHSHO 3 KOHTPOJIBHOIO
rpymnoro, a Ha 7- i 14-y noOy moBepTaBcs JO KOHT-
POJIBHOTO PiBHS, MPOTE Yepe3 25 mid BigMidaBCs MOB-
TOPHUH ITiTHOM JTOCIIKYBAaHOTO TIOKa3HUKA.
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control, but in case of conducted cell therapy it was
significantly decreased by the 14™ and 25" day if
compared with the animals, not treated with cFNCs.
The maximum content of diene conjugates in animals
of both groups was observed by the 7" day. Analysis
of dynamics of studied index changes revealed a
significant increase to the 7" day of the experiment in
liver homogenate of animals of both experimental
groups. To the 14" day the reduction of content of
diene conjugates was observed in the animals, not
treated with cFNCs, moreover to the 25" day it was
significantly lower if compared with the 7" day. In the
group of animals which underwent cell therapy, this
index was significantly lower to the 14" and 25" days
if compared with the 7™ day of the study (Table 1).

Thus, the use of cFNCs therapy resulted in less
accumulation of LPO primary products to the 14" and
25" days following cranio-skeletal injury complicated
by bleeding.

After 3,7, 14 and 25 days post cranio-skeletal injury
complicated by bleeding, the indices of enzymatic link
of antioxidant protection were changed as follows.

In the group of animals not treated with cFNCs the
SOD activity in liver homogenate was lower than in
the control groups during the whole observation period
(Table 2). By the 3, 7" and 14" days of experiment
this index did not differ significantly from the previous
observation periods, and to the 25" day increased
significantly. By the 3™ and 7" days after cFNCs
application the SOD activity was lower if compared
with the control, by the 14" and 25" days it increased,
achieving the control level and was significantly higher
if compared with the indices assessed by the 3™ and
7™ days. It has been found that introduction of cFNCs
resulted in an increase of SOD activity in liver homo-
genate if compared to the first group of animals to the
14" and 25™ days of the experiment. Thus, treatment
with cryopreserved fetal neuronal cells contributed to
SOD activity recovery.

Catalase activity in liver homogenate (Table 2) in
the animals not treated with cFNCs did not differ
significantly from the index in the control animals to
the 314" observation days, and to the 25" day it
was lower. Application of cFNCs resulted in insig-
nificant decrease of catalase activity in liver homoge-
nate of the animals to the 3™ and 7" days of post-
traumatic period, and to the 14™ day it was significantly
lower than the control. After 25 days this index did not
significantly differ from the control. Comparing the
catalase activity in the liver homogenate of animals of
the experimental groups showed that to the 7% day
after administration of cFNCs it was lower than the
index in animal with spontaneous course, and to the
25" day it was higher.
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Ta6bnuusa 2. NokasHUKN (hePMEHTATMBHOI NaHKN aHTUOKCUOAHTHOIO 3axXuUCTy Y BiANOBiAb
Ha KpaHiocKeneTHy TpaBMy, yCKnaaHeHy KpoBoTeueto, Ta nicns nikysaHHA TBapuH KOHK (M £ m)

Table 2. Antioxidant defence enzymatic link indices in response to cranioskeletal injury
complicated by bleeding and following treatment of animals with cFNCs (Mtm)

pynu TBapUH

CTpok crnocTtepeKeHHaA, aib
Observation term, days

Groups of animals
3 7 14 25
COoJl, mkat/kr
SOD, mkat/kg
KOHTPO/b(3A0POBi TBApUHW) 0,253+0,011
control (healthy animals) (n=8)

MUMOBINbHUIA Nepebir 0,179 +£0,008° 0,183 +0,006° 0,170+0,008° 0,215+0,011"
. spontaneous course (n=6) (n=6) (n=5) (n=5)
KpaHiockeneTHa TpaBma
i letal inj
craniosceletal injury seenenta KOHK 0,172+0,006° 0,187 +0,007° 0,236+0,011 0,263+0,011
introduction of CFNCs (n=7) (n=8) (n=7) (n=7)
Kartana3sa, mkaTt/kr
Catalase, mkat/kg
KOHTPO/b(300pOBi TBAPUHMU) 6,28+0,24
control (healthy animals) (n=28)
MUMOBINbHUI Nepebir 6,10+0,13 6,48+0,28 6,18+0,30 4,94+0,212
. spontaneous course (n=6) (n=6) (n=5) (n=5)
KpaHiockeneTHa TpaBma
i letal inj
crantosceletal injury seeneHnA KOHK 5,75+0,16° 5,74+0,14% 5,42+0,30" 5,84+0,21
introduction of CFNCs (n=7) (n=8) (n=7) (n=7)
Llepynonnasmix, mr/n
Ceruloplasmine, mg/I
KOHTPOb(3A0POBi TBApUHM) 9,36+0,24
control (healthy animals) (n=8)
MUMOBINbHUI nepebir 11,15+0,27° 10,00+0,63 9,91+0,21 9,85+0,10
. spontaneous course (n=6) (n=6) (n=5) (n=5)
KpaHiocKeneTHa TpaBma
i letal inj
eraniosceietatiniury sseneHHA KOHK 10,66+0,40" 9,86+0,33 9,97+0,12 10,30+0,32'
introduction of CFNCs (n=7) (n=8) (n=7) (n=7)

MpumiTka: 3HayyLLi BiAMIHHOCTI MO BiAHOLLEHHIO A0 KOHTponbHOI rpynu: ' — p < 0,05;2-p<0,01;°*-p<0,001;“-—p<0,1.

Note: the differences are statistically significant if compared with the control: ' — p < 0.05; 2 - p<0.01; ® - p <0.001; 4 - p<0.1.

OTxe, pepMeHTaTHBHA TaHKA AaHTHOKCHIAHTHOTO
3aXUCTY OPTraHi3My TBapHH 3 KPaHIOCKEIETHOIO TPaB-
MO0, YCKJIaTHEHOI KpPOBOTEUEIO, 3a3HaBaia 3MiH y
Bci nocimxyBaHi TepMinu. [Ipotarom 14 i excriepu-
MeHTy piBerb CO/] romoreHary neuiHky OyB 3HIKe-
HUM, 30imbIIMBCs yepe3 25 1i0, mpoTe He JOCITHYB
PiBHS KOHTPOII0. AKTHBHICTH KaTrajla3u TOMOTEHATy
TIEYiHKY 3a3HaBasia 3MiH Ha 25-y 100y CIToCTepeXeHHs
1 Oynma HIK4YOIO Bix KOHTpomo. Bmict y cupoBarui
KPOBI IIepyJIoTuIa3MiHy 301NbIIyBaBcs yepes 3 100u
Ta HaJajl MOBEPTABCS IO TOYATKOBOTO piBHSL. [licst
BBeneHHss KOHK crioctepiranocs MeHIe HOpyIIeHHs
axktuBHOCTI CO/I, sike mounHanocs 3 14-i 1oou micis
TpaBMH. AKTHBHICTb KaTaJa3H ITicIs KIIITHHHOI Tepartii
OyJ1a HIDKYOIO TIPOTSITOM Tiepiony 3 3- no 14-1 nobwu, a
Ha 25-y o0y — BHILOIO Y MOPIBHSAHHI 3 TBApHHAMH,
SIKMX He JIiKyBanu. /lnHaMika 1epysomiasMiHy B CHpPO-
BatIi KpoBi TBapuH micis BBeneHHs KOHK icrotHo
HE 3MiHIOBajacs.
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The content of ceruloplasmin in blood serum of
animals of the group not treated with cFNCs signi-
ficantly increased 3 days later the injury if compared
with the control (Table 2). To the 7%, 14" and 25®
days of the experiment it was reduced and did not
differ from the control. In the group treated with
cFNCs the content of ceruloplasmin was significantly
increased to the 3™ day post treatment if compared
with the control group, to the 7" and 14" days it returned
to the control level, and increased again after 25 days.

Thus, the enzymatic link of antioxidant protection
of animal organism with cranio-skeletal injury
complicated by bleeding, was changed in all the studied
periods. Within 14 days of the experiment the level of
SOD in liver homogenate was decreased, then increa-
sed after 25 days, but did not achieved the control level.
Catalase activity of liver homogenate was changed to
the 25" observation day and was lower than the control.
Content of ceruloplasmin in blood serum increased
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BucHoBkH

1. V BinmoBinp Ha KpaHIOCKEJIETHY TpPaBMY, ycC-
KJIaTHEHY KPOBOTEUEI0, B TOMOT'€HAT] IIEYiHKY TBApHH
Ha 14-y 100y eKcrepuMEeHTy MaKCUMalbHO 301iJb-
IIMBCS BMICT MEPBUHHUX 1 BTOpUHHKX MpoxyKTiB [10JI
1 BIpOTiTHO NIEPEBUIIYBaB KOHTPOJIbHI 3HAYEHHSI BIIPO-
JIOBX 25 ni0.

2. Haxonmuenus npoxnyktiB [1OJI y romorenari
MEYiHKM TPYNH TBapWH 3 MUMOBUIHHHM TepediroM
BinOyBanocst Ha OHI iICTOTHOTO 3HW)KEHHS aKTUBHOCTI
CO/l, BimcyTHOCTI BiIXWJIEHb aKTHBHOCTI Karaja3u
yepe3 3—14 n1i0 excriepuMeHTY Ta 301IbIIEHHS BMICTY
nepyoriasMiny Ha 3-10 100y.

3. 3acTocyBaHHA KPiOKOHCEPBOBAHUX (peTATBHUX
HEPBOBUX KJIITHH 3yMOBWJIO MEHINI (B MOPiBHAHHI 3
HEJIIKOBAaHUMH TBapWHAMM) BiIXHUJICHHS MOKa3HUKIB
JIIOTEPOKCUIAIT TOMOTCHATY TEYiHKHU: TIEHOBUX
koH orariB (3 14- mo 25-i nodbu) ta ThbK-akTuBHIX
nponykris I1OJI (3 3- mo 7-1 nobu). Y mux exkcnepu-
MEHTAJbHUX YMOBax BiJIMiUY€HI 3HMKEHHS BMICTY
karanasu dyepe3 3—14 n1i0 Ta foro BiTHOBJICHHS Yepes
25 ni0, mpotekTopHuil BIuMB Ha akTuBHICTH CO/Jl 3
14-1 1oOu Ta BiACYTHICTH KOPUTYIOUOi Aii HA BMICT
LepyNoMIa3MiHy B CHPOBATILI KPOBI.
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after 3 days and then returned to the initial level. After
introduction of cFNCs there was observed a less
changed SOD activity, only from the 14" day post
injury. Catalase activity after conducted cell therapy
was lower through the 3—14" days, and to the 25%
day it was higher if compared with non-treated animals.
Dynamics of ceruloplasmin in serum of animals after
administration of cFNCs did not significantly change.

Conclusions

1. In response to cranio-skeletal injury complicated
by bleeding the content of primary and secondary
products of LPO in liver homogenate of animals
maximally increased to the 14" day of the experiment
and was significantly higher than the control values
within 25 days.

2. The accumulation of lipid peroxidation products
was observed in the liver homogenate of group of
animals with spontaneous course, which was accom-
panied with a significant reduction in the activity of
SOD, not changed catalase activity through 3—14 days
of the experiment and increase of ceruloplasmin
content to the 3 day.

3. The application of cryopreserved fetal neuronal
cells resulted to the less changes (if compared with
non-treated animals) of lipid peroxidation indices of
liver homogenate: diene conjugates (from the 14™ to
25" days) and LPO TBA-active products (from the
3 to 7 days). In these experimental conditions there
was revealed a decrease of catalase content 3—14 days
later and its recovery after 25 days, protective effect
on SOD activity from the 14" day and no corrective
effect on the content of ceruloplasmin in blood serum.
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