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Influence of Cryopreserved Human Placental Tissue
on Reparative Bone Formation in Rats with the Lower Jaw
Open Fracture on Osteoporosis Background

Pedbepar: Y poboTi BuB4Yanu BnnmB iMnnaHTauii KpiokKOHCEPBOBAHOI TKAHVHU NNaLEHTU NMIOANHN Ha penapaTuBHUIA OCTeoreHes3
Yy LLYpPIB i3 BiAKPUTUM NEPENoOMOM HUXHBOI LLienenu Ha Tri octeonopoay. [locnigxeHHs NpoBoAnIM Ha Tpbox rpynax (n = 35 y KOXHiln)
cTaTeBO3pinux LwypiB-camuis niHii Bictap (macoto 180-200 r): wypu 3 MoAenboBaHUM BiAKPUTMM MEePENOMOM HUXHBOI Lenenu Ha
Tri OCTEonoposy, Lypy 3 MOAEMbOBAHOK MaTOMOrieln, SKMM NPOBOAWIM iMMaHTaLil0 KPiIOKOHCEPBOBAHOI TKAHWHU MaueHTun nio-
OVHW Ta Wypy 3 MOAENbOBaHOK MaTomorielo, SKUM KpiM iMnnaHTauii KpiokoHCEPBOBAHOI TKaHVWHU NNaueHT NIOAWHN JOAATKOBO
BBOAWMW LMTpaT Kanbuito. EkcnepyMeHTanbHWIN 0CTEONOPO3 Yy LWypiB BUKNUKaNM BBeAEHHAM npoTtarom 60-tn gi6 2,5%-ro posuun-
HY T POKOPTM30H aueTaTy, Micns BiATBOPIOBaNM TpaBMaTUYHe YLUKOMXKEHHS HWKHbBOI wWwenenu. Ha mopeni nokasaHo, Lo KpiOKOH-
cepBOBaHa TKaHWHa NnaueHTU Mae OCTEONPOTEKTOPHUN edeKT, KU BUSBMNSETLCA B MOCWUIMEHHI NPOLECiB KONareHoyTBOPEHHS
(makcumym Ha 30-Ty goby), MiHepanisauii KiCTKOBOI TKaHUHW, AEeNpYBYOYOMY BMIUBI Ha OCTEOAECTPYKTMBHI Mpouecu Ta katabo-
ni3mi konareHy (Makcumym Ha 14-Ty noby). KombiHoBaHe 3acToCyBaHHS KPiOKOHCEPBOBAHOI TKAHUHW NNALEHTV MOAUHM Ta LMTpaTy
KanbLilo Mae NOTYXHY OCTEONMPOTEKTOPHY Ait0, AKa CMOCTEPIraETbCSA Ha PaHHIX TEPMiHaxX eKCNepuUMEeHTY, HiXX 3a YMOB MOHOTepanii.

Kno4yoBi cnoBa: kpiokoHcepBOBaHa TKaHWHa, MnaueHTa NIoANHN, LUTpaT KarnblLiio, penapaTvBHUA OCTEOTEHe3, NeperioM HMKHbOT
wenenu, Metaboniam KiCTKOBOI TKAHWUHMU, LLypW.

Pedbepar: B pabote nsyyanu BnvsHWe MMnnaHTauuv KPMOKOHCEPBUPOBAHHOW TKaHW NaueHTbl YernoBeka Ha penapaTyBHbIN
OCTEOreHe3 y KpbIC C OTKPbITbIM MEPENOMOM HVDKHEW 4entocTu Ha oHe ocTeonoposa. MccnegoBanns npoBoAWnM B Tpex rpyn-
nax (n = 35 B KaxAon) NonoBo3pernbiX Kpbic-camuoB NuHum Buctap (macconm 180-200 r): KpbiCbl C MOAENUPYEMbIM OTKPbITbIM
nepenomMoM HWXHEN YermocTn Ha poHe ocTeonoposa, KpbiCbl C MOAENUPYEMON NatoniorMen, KoTopbiM NPOBOAMMAN MMMMAaHTa-
LMI0 KPMOKOHCEPBUPOBAHHOMN TKaHM MNaLeHTbl YeNIOBEKa, U KPbICbl C MOAENVPYEMOI NaTonornei, KOTopbiM KpOMe UMNaHTaumm
KPUOKOHCEPBMPOBAHHOW TKaHW MMaueHTbl YeroBeka AOMNOMHUTENbHO BBOAUMM LUTPaT Kanbuus. SKCNepuUMeHTanbHblA 0CTEO0-
nopo3 y KpbIC Bbi3biBanu BBeAeHMEM B TeveHne 60 cyTok 2,5%-ro pactBopa ruapokopTM3OH aueTtarta, nocrne BOCMNPOM3BO-
OUnn TpaBMaTU4YeCcKkoe NoBpexXAeHne HWXKHeN YenocTun. Ha mogenun nokasaHo, YTO KPMOKOHCEPBUPOBaHHAsA TKaHb NiaueHThbl
MMeeT OCTEeONpPOTEKTOPHbIN 3P EKT, KOTOPLIN NPOSABNSAETCA B YCUIIEHUM NPOLIECCOB KonnareHoobpasoBaHUsa (MakCUMyM Ha
30-e cyTku), MMHepanusauMm KOCTHOW TKaHW, AEeNPUBUPYIOLLEM BIIMSHUM HA OCTEOAECTPYKTMBHbIE Npouecchl U kaTabonuame
konnareHa (Makcumym Ha 14-e cyTkn). Kom6uHMpoBaHHOE NMpMMeEHeHNEe KPMOKOHCEPBMPOBAHHOM TKaHW NiaueHThbl YenoBeka u
uMTpaTa Kanbumus nmeeT MOLLHOE OCTEONpPOTEKTOPHOEe AeWcTBMe, KoTopoe HabniogaetTca Ha 6onee paHHMX Cpokax dKCnepu-
MEeHTa, YemM Npu MoHOoTepanuu.

KnioueBble croBa: KpMOKOHCEPBMPOBaHHAsH TKaHb, MaueHTa YernoBeka, LUMTpaT KanbLus, penapaTyBHbIA OCTEOreHe3, Nepernom
HWKHEN YentoCcTn, MeTabonmam KOCTHOW TKaHW, KPbIChI.

Abstract: The influence of calcium citrate and cryopreserved human placental tissue reparative osteogenesis in rats
with an open fracture of the lower jaw on the background of osteoporosis was investigated. The studies were performed
in three groups (n = 35 each) of mature Wistar male rats (180-200 g weight): the rats with a simulated open mandibular
fracture on the osteoporosis background, rats with simulated pathology, which implanted with the cryopreserved human
placental tissue and the rats with a simulated pathology, which in addition to an implantation of the cryopreserved hu-
man placental tissue were also injected with calcium citrate. Experimental osteoporosis in rats was induced by injecting
of 60% solution of hydrocortisone acetate for 60 days, afterwards traumatic damage to the lower jaw was simulated. The
model showed that cryopreserved placental tissue had an osteoprotective effect, which was manifested in enhancing
the collagen formation processes (maximum to day 30), as well as bone mineralization, depriving the effect on osteo-
destructive processes and collagen catabolism (maximum to day 14). The combined use of cryopreserved human placenta
and calcium citrate had a powerful osteoprotective effect, which also developed at the early stages of experiment if
compared with monotherapy.

Key words: cryopreserved tissue, human placenta, calcium citrate, reparative osteogenesis, mandible fracture, bone tissue
metabolism, rats.
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CydacHi KpiOTEXHOJIOTii JO3BOJAIOTH OTPUMY-
BaTH MPOAYKTH 3 TKAHWHU IUIALICHTH JIIOAMHU 1 JOB-
rorpuBajio 30epiraru ix BmactuBocti [14]. Ilicns
JEKOHCEpPBYBaHHSA 30epiraeTbcsi TMOBHOIIHHICTD,
3HUKYETHCS IMYHOTEHHICTh [19] Ta minBUIIYy€eThCS
0l0/10T1YHA aKTHBHICTH KJIITHH, SIKI MICTSITHCS B TKa-
HUHI IUTAIIEHTH. 3aBIIKA BUCOKOMY BMICTY TOPMO-
HiB, IUTOKIHIB, PaKTOPiB pOCTY, CTOBOYpOBHX K-
THH IJIAleHTapHl eKCTPaKTH, CYCNeH3ii KIITHH 1
(parMeHTH TKAaHWHU MalOTh Pi3HOMaHITHUH Qap-
MaKOJIOTiUHUH e(deKT (IMyHOPeTyIIO4Yui, aHTH-
OKCHJIAHTHHM, PEreHEepaTUBHUM, T'€MOCTATUYHUMH,
HEHPONPOTEKTOPHUM, MpOoTH3ananbHui To1o) [19].
Kpim Toro, BBeIleHHS TaKuX CIIONIYK BILIMBA€E HAa Me-
Ta0OMIYHI MPOIECH B OpraHi3Mi Ta Ha KJIITHHH, 5K
3/IaTHI BUKOHYBaTH 3aMicHy (yHKIito [21].

Ha mizcraBl BHINEBUKIAASHOIO MH BBa)Ka€Mo,
0 OMHUM 13 MUIAXIB CTUMYJIAIII permapaTHBHOTO
OCTEOreHe3y INpH IIepesioMax HIDKHBOI LIEJeNu Ha
TIIi OCTEOTIOPO3y € BUKOPUCTAHHS KPIOKOHCEPBOBA-
HOT TKAaHWHU TIJIAICHTH JIFOJINHU.

Bigomo, 110 HalvacTime YIIKOJKEHHS JHUIbO-
BOTO CKeJleTa — Iie MEepeioOMU HIKHBOT IIeNeTH, SKi
3a JaHMMH PI3HHUX aBTOpiB ckiagaroTh 70-85% Bin
yCiX MEepeNIOMIB KICTOK IIEJICITHO-THIICBOT JIIISTHKH
[15]. JlikyBaHHSI TakMX MALi€HTIB HaOyBae HE JMIIE
MEIUJIHOIO, a i COIiabHOTO 3HaYeHHS [16], OCKiThb-
KH TIepeBaXXHY 1X OUTBIIICTH CKJIaIal0Th 0coOU mpa-
ne3naroro Biky. OCHOBHHUMHM 3a/iaduaMy JIiKyBaHHS
i€ Kareropii XBOPHUX € BiIHOBJICHHS aHATOMITHOL
IUTICHOCTI HIDKHBOI ITIEIIeTIH, SKa 3a0e31euye MOBHY,
JKyBaJIbHY, KOBTAJIbHY (DYHKIII{, a TaKOX 3aKpirieH-
Hsl 3y0iB Ha aJIbBEOJSIPHOMY BiJJPOCTKY HUIKHBOI
menenu [20].

Crnig 3a3HayuTH, IO Cy4yacHi Xipypriuxi me-
TOOW JIIKyBaHHSI MEPEIOMiB HMIKHBOI IIENenu He
JO3BOJIAIOTH MPOBECTH aJCKBAaTHY Ta SIKICHY pe-
MO3UIIi10, 3a(iKCyBaTH BiJJIAMKU KICTOK Ta BHUK-
JIOYNATH TMICIASATPAaBMAaTU4YHI Ta TicIsonepamniiai
yCKIaaHeHHs [4], OCKIIBKA BOHH 3aCTOCOBYIOTHCS
Ut (hikcaril epesToMiB KiCTKH 0e3 MPOsIBIB 0CTEO-
Opo3y. 3a TaHUMH CTAaTUCTHKH y MAII€HTIB cepe-
HBOTO Ta JITHBOTO BiKy 000X cTareil i3 meperoMamu
HIDKHBOI MIENIeNH, SKi BUHUKJIN BHACIIIOK IMOPY-
HIEHHS pemapanii Ta HH3BKOTO pPIBHS KaJbIilo,
OyJ710 BCTAHOBJICHO BUCOKI MOKa3HHKH I1HBaJiJI-
HocTi [15].

Jlnst  301IbIICHHS IMUJIBHOCTI Ta BiJIHOBICHHS
CTPYKTYPH KICTKOBOI TKaHWHH B yYMOBax OCTEOIO-
po3y (HOCTKIIMaKTEpHUYHOI0, CTapeyoro, TIIIOKOKOP-
THUKOIZIHOTO, BTOPHUHHOIO, aJiIMEHTApHOI0), OCHOB-
HUMU IPUYHHAMH PO3BUTKY SIKOTO € aKTHBALis pe-
30pOIIii KiCTKOBOI TKAaHWMHM Ta OCIAOJICHHS ITPOIICCIB
KICTKOYTBOpPEHHS, HEOOXiTHa CTUMYJIALS TIPOIIECIB
octeopereneparii [23] ¢apmmpenaparamu, sKi BITTH-
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Novel cryotechniques enbale the obtaining of
the products derived from the placenta tissue and
keeping for a long time their viability [17]. After
warming of cryopreserved products the integrity
is preserved as well as immunogenicity is redu-
ced [12], and biological activity of the cells,
composing the placenta tissue is increased. Due
to a high level of hormones, cytokines, growth
factors, stem cells, placental extracts, the cell sus-
pensions and tissue fragments have a diverse phar-
macological effect (immune regulating, antioxidant,
regenerative, hemostatic, neuroprotective, anti-in-
flammatory, etc.) [12]. In addition, the administration
of these compounds influences the metabolic pro-
cesses in the body and the cells, capable of perfor-
ming the substitution function [19].

Based on the foregoing, we consider that one of
the ways to stimulate the reparative osteogenesis in
the mandible fractures on the osteoporosis back-
ground is the use of cryopreserved placental tissue.

The most common injury to a facial skeleton is
known to be mandible fractures (MF), which accor-
ding to the data of various authors make up 70—
85% of all the fractures of maxillofacial bones [1].
Treatment of such patients acquires not only medical
but also social importance [3], as the overwhel-
ming majority of them are the individuals of an
active working age. The main tasks of the treatment
of this category of patients is the restoration of
anatomical integrity of mandible, which provides
speech, chewing, swallowing functions, as well as
fixing the teeth on the alveolar branch of the man-
dible [15].

It should be noted that current surgical approaches
to treat the fractures of mandible do not allow the
adequate and qualitative reposition, fixation of bone
fragments and elimination of post-traumatic and
post-surgery complications [8], since they are used
for the fixation of bone fractures without osteo-
porosis manifestations. According to the statistics,
morbidity and disability data for both sexes, sti-
pulated by the disordered reparation and low cal-
cium levels, in the patients of middle and older age
the mandible fractures are predominant [1].

In order to increase the density and restore
the structure of bone tissue under osteoporosis
conditions (post-menopausal, aging, glucocorticoid,
secondary, alimentary), the main causes of those are
an activation of resorption of bone tissue and the
weakening of bone formation, stimulation of osteo-
regeneration is needed [23] by the pharmaceuticals,
affecting the mechanisms of remodeling of bone
tissue, on the mass and quality of cortical bone tissue,
which ensures its adhesion and ability to withstand
the mechanical influences [22].
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BAlOTh Ha MEXaHI3MH PEMOJEIIOBAHHS KiCTKOBOI TKa-
HUHM, Ha Macy 1 SKICTb KOPTHKaJbHOI KiCTKOBOI
TKaHWHH, 10 3a0e3redye i 3pOIIeHHS Ta 3/1aTHICTh
MIPOTUCTOSITH MEXaHIYHUM BIUTHBaM [22].

Jiis BU3HaYeHHS ONTHUMABHOI MIBUAKOCTI TIPOITi-
(hepaTHBHUX TIPOIECiB, AU(PEPCHINIOBAHHSI OCTEO-
TeHHUX KIITHHHHAX €JIEMEHTIB B OCTEOONacTH 1 ¢i-
OpMHOYTBOPEHHS Y POOOTI MPOBOAMIN KOMOiHOBaHE
JKYBaHHsI KPIOKOHCEPBOBAHOIO TKAHWHOIO TLIAIICH-
TH JIFOJMHU 1 TUTPaTOM KalibllieM (npenapar «Kaib-
uito nutpar» BAT «®apmak», Yipaina) [20]. Baxu-
BUM € TOH (hakT, 10 penapaTuBHUN ePeKT BKa3aHUX
mpernapariB JTOCIiIXKYBaBCsl Yy XBOPHUX 13 Pi3HOIO Xi-
PYPTri4HOIO Ta TEPANEBTUYHOIO MATOJIOTIEI0, ajie TIPU
repenoMax HWKHBOI IEJIeNd iX Jis MPaKTUYHO He
BHBYanacs. ToMy BBa)KaeMO JOLITHHUM BH3HAYUTH
JKyBaJIbHUN €(QeKT KOMOIHOBAaHOTO 3aCTOCYBAaHHS
KpiOKOHCEPBOBAaHUX ()parMeHTIB TKAHWHH TLIAIICH-
TH Ta MUTPATY KNI, SKUH Ha BIIMIHY BiI 1HIIHX
npernapariB He BIUIMBA€ Ha MUTYHKOBY CEKpEIlilo Ta
HE BUKJIMKA€ KAMCHEYTBOPCHHS [2].

MeTta AOCHIKCHHS — OIIHUTH BIUIMB KPIOKOH-
CepBOBAaHOI TKAHMHHU IUIALICHTH JIIOIUHM 1 LUTpary
KaJbllil0o Ha MeTa0oJi3M KiCTKOBOI TKaHMHHU B Pi3Hi
TEpPMiHH penapaTuBHOIO OCTEOreHe3y y INypiB i3
BIIKPUTHM NEPEIOMOM HIDKHBOI IIEJIend Ha T
OCTEOIOPO3Y.

Marepiaau Ta MeToaun

ExcriepuMeHTH TPOBOIMIN BIAMOBITHO 10 3a-
koHy Ykpainm «IIpo 3axumcT TBapuH Bimg JKOpC-
TOKOTO MoBOKeHH» (Ne 3447-1V Bix 21.02.2006)
i3 TIOTPUMaHHSIM BHMOI' KOMiTeTy 3 OioeTuku BiH-
HUILKOTO HAI[IOHAJILHOTO MEIMYHOTO YHIBEPCUTETY
iM. ML.I. ITuporosa (mpotokon Ne 14 Bixg 25.11.2010),
Y3TOJDKCHUX 13 TOJOKEHHSIMU «EBpornelichbkoi Kon-
BEHIII 3 3aXMCTy XpeOEeTHHX TBapHH, SKi BHKO-
PUCTOBYIOTBECS B €KCIIEPUMEHTAIBHUX Ta IHIIUX
HaykoBuX Iinsix» (CtpacOypr, 1986). Ilnamenrty
OTPUMYBAIH 32 MHUCHMOBOIO 1H(OPMOBAHOIO 3TO0-
JIOTO TIOPOIIIIII.

Hocminn mpoBommiu Ha 3—4-MICIYHUX CTaTe-
BO3pUIKX Irypax-camipix ginii Bicrap (n = 105, maca
180-200 r), sKMX PO3MOAUININ 32 TAKUMHU TPYyIIaMHu
(n = 35): 1 (KOHTPOJIb) — MOJICILOBAHUIN BIAKPUTUH
MepesioM HWXKHBOI IeJend Ha T OCTEONopo3y
(ITHILL + OII); 2 — momenboBaHA MATOJIOTIS 3 M-
IUTAHTALIE€0 KPIOKOHCEPBOBAHOI TKAHWHU ILIAICH-
™ monuan (ITHIL + OIT + KII); 3 — MonensoBaHa
MATOJIOTisA 3 IMIIAHTAIIE€I0 KPIOKOHCEPBOBAHOI TKa-
HUHU TUTALICHTH JIIOAWHA Ta JIOJATKOBUM YBEICH-
HaM 1Tpary kaneitito (ITHILL + OIT + KIT + Ca).
Hocnimkenns BukoHyBanu Ha 7, 14, 21, 30 Ta
45-ty moOm micis iMIUTaHTaIii KpiOKOHCEPBOBAHHUX
(hparmenTiB mianeHTH. Ha koxxHOMY TepMiHi JOCITi-
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In order to determine the optimal rate of proli-
ferative processes, the differentiation of osteogenic
cell elements into osteoblasts and fibrin forma-
tion, the combined treatment with cryopreserved
human placenta tissue and calcium citrate (drug
‘Calcium citrate’ JSC ‘Farmak’, Ukraine) was
performed [15]. It is important that the reparative
effect of these drugs has been studied in the pa-
tients with different surgical and therapeutic
pathologies, but in the mandible fractures, their
effect was virtually not studied. Therefore, we
consider it expedient to determine a therapeutic
effect of combined use of cryopreserved placental
tissue fragments and calcium citrate, which, unlike
other drugs, does not affect gastric secretion and
does not cause stone formation [4].

The purpose of the study was to evaluate the
effect of cryopreserved tissue of human placenta
and calcium citrate on bone tissue metabolism
at different terms of reparative osteogenesis in
rats with an open fracture of the mandible on the
osteoporosis background.

Materials and methods

Experiments were carried out in accordance with
the Law of Ukraine ‘On the Protection of Animals
against Cruelty’ (Ne 3447-1V of February 21, 2006)
in compliance with the requirements of the Bioethics
Committee of the National Pirogov Memorial Me-
dical University, Vinnytsya (protocol Ne 14 dated
of November 25%, 2010), agreed with the provisions
of the ‘European Convention for the Protection
of Vertebrate Animals Used for Experimental and
Other Scientific Purposes’ (Strasbourg, 1986). The
placenta was obained with a written informed con-
sent of the woman.

Experiments were performed in sexually mature
male Wistar rats of 3—4 months age (n = 105, weight
180-200 g), which were divided into the following
groups (n = 35): 1 (control) — a simulated open
fracture of the mandible on an osteoporosis back-
ground (MF + OP); 2 — simulated pathology, with
implantation of cryopreserved human placenta
tissue (MF + OP + PT); 3 — simulated patho-
logy with implantation of cryopreserved tissue of
human placenta and an additional introduction of
calcium citrate (MF+ OP + PT + Ca). The studies
were performed at 7, 14, 21, 30 and 45 days
after the implantation of cryopreserved placental
fragments. At each study term, from each group,
the same number of animals was removed (n = 7).

Experimental osteoporosis in rats was induced
by administration of 60% of a 2.5% solution of
hydrocortisone acetate daily in a dose of 50 mg/kg
body weight [20]. Subsequently, the drug was with-
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JKEHHS 13 KOXKHOI TPYIH BHUBOIHMIM OTHAKOBY Kilb-
KicTh TBapuH (n = 7).

ExcniepuMenTanbHuii 0CTEONOpO3 y MIypiB BHUK-
JIUKAIA BBeJeHHAM mpoTsrom 60 mio 2,5%-ro pos-
YUHY TIAPOKOPTHU30H arerary depe3 no0y y Jmo3i
50 wmr/kr macm Tima [11]. Ilicas mporo mpermapar
BIAIMIHSUTH 1 BiITBOPIOBAIHM TpPaBMATHYHE YIIKOI-
JKEHHSI HIDKHBOI mmienernu [1]: mrypa ¢ikcyBamm Ha
CTaHKy Ha CITHHI; ITiJT TIONEHTAJIOBHM HApKO30M [5]
(0,1 M 10 %-ro po3uuny npemnapary «TiomeHTam
(Kopnopauiist «Aprepiym», Ykpaina)), Ha 100 T macu
TiNa) y mpaBiil miAmenenHiid 30HI TPOBOAWINA PO3-
pi3 mkipu goBxkuHOWO 10—12 MM mapajenbHO HIXK-
HBOMY Kpalo HIKHBOI LIEJIeNH Y MeAiaJbHOMY Ha-
OpSIMKYy; M’SI3M PO3CIKaIM Ta CKEJIETYBaJld HIK-
HIO IIEJelly; CemapyBaJbHUM JHUCKOM PO3CIKaIH
30BHIIIHIO KOPTHUKAJIbHY IUIACTHHY 1 JOJIOTOM MO-
JIETIOBATN TTOBHUU TIepejioM KICTKH IO JiHil 3’€I-
HaHHS Tila Ta TIAKW MIEJENH B PETPOMOISIPHIH
ninsgaI. OnepamiiftHy paHy 3’€IHYBalId 3 POTOBOIO
MTOPOKHUHOIO, M 5131 Ta LIKIPY YIIWBAIH KETTYTOM.
Uepe3 nmoOy TBapHHAM XIipypriYHHM IIIISIXOM 1M-
IUTAHTYBaJIM KPIOKOHCEPBOBaHI ()parMeHTH Iija-
LEHTH JIIOAWHHU: HAa CHOUHI (B 30HI JIONMATKH) TMiA
iHQinpTpaniiinoo anecresieto 0,5%-ro po3uuHy HO-
BOKaiHy pOOMJIM MiANIKIpHY KHUILEHBKY, B SIKYy BHO-
CHUJIM CTEpWIbHUH (parMeHT KpiOKOHCEpBOBAHOI
miarneHTd Macoro 20 Mr Ha OfHY TBapuHYy. Pospi3
3alIMBajIM Ta 00POOISITM AaHTHCENITUKAMU.

TkaHuHy IUTALEHTH KPIOKOHCEPBYBAJIM 3a METO-
nukoro, po3podnenoto B IIIKiK HAH VYkpaian [3].
[Ticns 3aMoposKyBaHHS KOHTEHHEPH 31 3pa3KkaMu 10C-
TaBISUIM B HU3BKOTEMIIEpaTypHuil OaHK, B SKOMY
BOHM 30epiramucs B piakomy azori npu —196°C.
3pa3ku TepeBIpsUIM HAa HASIBHICTh 1H(PEKIIHHUX
arceHTIB 1 OI[IHIOBAJIM KHUTTE3ATHICTh KPIOKOHCEP-
BOoBaHUX (parmeHTiB muanentd. [lepex imruia-
Tamielo (parMeHTiB TUIAGHTH BH3HAYalId TepMe-
TUYHICTh 1 IUTICHICTh YINAKOBKH, BiAMOBIIHICTH Ta-
cropru3amii Ta TepMmiHam 30epiraHHs. PparMeHTH
IUTALEHTH TIepe] IMIUIAHTALI€l0 PO3MOPOXKYBAJIH
Ha BomsHINA Oani mpu temmeparypi 38°C 3 morpu-
MaHHSIM BCiX YMOB aCENTHKH 1 aHTHUCENTHKH. Yac-
THHI TBapHUH TMOPAJ 3 IMIUIAHTAIlIEI0 KPIOKOHCEPBO-
BaHUX (PParMEHTIB ILIAIICHTH pa3 Ha J00y BBOIWIN
LIUTpaT KaJNbLI0 Y TepaneBTH4YHiNi 1031 26 mr [12].

Ha perynsito penapaTHBHOTO OCTEOTreHe3y y LIy-
piB i3 TmeperoMaMH KiCTOK BIUIMBAIOTh 3amalieHHS,
nucOanaHc pocTOBHX (DakTOpiB, OKCH- Ta HITpO3a-
TUBHHMI CTpecC, MOPYLIEHHs OOMiHY KaJbL{il0 TOIIO
[10]. Tomy Hamu Oynu oOpani 3aco0u, sKi 3IaTHI
KopuryBaru OiOXiMiuHI Ta IMYHOJOTIYHI TIOpY-
LICHHS — KpPIOKOHCEPBOBaHY TKaHMHY IUIALIEHTH
JIOOVMHMA Ta LUTpaT Kaiblito. Buxopucranus mnpe-
TapariB KajbIlif0 € MaTOTEHETHIHO OOTPYHTOBAHUM,
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drawn and a traumatic damage to the mandible was
simulated [2]: the rat was fixed on a back; under
the thiopental anesthesia [9] (0.1 ml of a 10% solu-
tion of ‘Thyopentalum’ (Arterium, Ukraine) per
100 g of body weight) into the right submandi-
bular zone, a cut of skin of 10-12 mm length in
parallel to the lower edge of the mandible in ame-
dial direction was performed; the muscles were cut
and the lower jaw was skeletoned; separating the ex-
ternal cortical plate with a separating disk and si-
mulating a complete fracture of the bone along the
joint of the jaw body and branches in retro-molar
area. The surgical wound was joined with an oral
cavity, the muscles and skin were catgut sutured.
In a day the animals were surgically implanted
with cryopreserved fragments of human placenta:
on the back (in the area of shoulder blade), under
infiltration anesthesia, a 0.5% solution of novocaine
there was made a subcutaneous pocket, wherein
a sterile fragment of the cryopreserved placenta
(20 mg per animal) was injected. The cut was
sutured and treated with antiseptics.

The placenta tissue was cryopreserved according
to the methods, developed at the Institute for Prob-
lems of Cryobiology and Cryomedicine [5]. After
freezing, the containers with the samples were deli-
vered to a low-temperature bank, where they were
stored in a liquid nitrogen at —196°C. The specimens
were tested for the presence of infectious agents and
there was evaluated the viability of cryopreserved
fragments of the placenta. Prior to implantation of
the placental fragments, the insulation and integrity
of the package, compliance with the certification
and storage terms were examined. The placenta
fragment before the implantation was thawed on
a water bath at 38°C, keeping all the septic and
antiseptic conditions. Some animals, along with the
implantation of cryopreserved placenta fragments
once a day were injected with calcium citrate in a
therapeutic dose of 26 mg [21].

The regulation of reparative osteogenesis in rats
with bone fractures is affected by inflammation,
imbalance of growth factors, oxidative and nitro-
satitative stress, calcium metabolism disturbances,
etc. [18]. Therefore, we have chosen the means
that can correct biochemical and immunological
disorders, i. e. the cryopreserved tissue of human
placenta and calcium citrate. The use of calcium
preparations is pathogenetically grounded, since
the disordered metabolism was found at various
stages of reparative osteogenesis in the rats with
bone fractures on the osteoporosis background.

Biochemical studies were performed in blood
serum, which was isolated according to the standard
method [14]. The serum was obtained by 30-min
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OCKIJIbKM TOpYILIEHHS HOoro oOMiHy Oyno BHsBIe-
HO Ha PI3HUX eTamax penapaTuBHOTO OCTEOreHE3Y
y LIypiB i3 MEpesoMaMH KiCTOK Ha TJi OCTEOIOPO3Y.

bioximiuHi IOCHIKEHHSI TPOBOAWIN HA CHPO-
BaTIi KPOBi, AKY BHIUTSLTN 332 CTAaHAAPTHOIO METOIH-
koto [9]. CupoBarKy oTpuMyBaiu HUIIXOM 30-XBH-
JUHHOTO TIeHTpudyryBanHs kpoBi mpu 600g Ta
18-22°C. AnikBOTHM CHpOBATKH KpOBi BigOmpamu B
Mikporpo0bipku «Eppendorfy («Eppendort», Ascrpist)
1 1o mpoBefeHHs aHamizy 30epiramu npu —20°C.
BMicT BiIbHOTO Ta MENTHA03B’I3aHOTO OKCHITPOIIIHY
B CHpOBaTIi KPOBI BU3HAYaIM 3a PEakLi€lo 3 ma-
paauMeTrwiaMinoOeH3anbaeriiom [13], akTHBHICTH
kucioi (K® 3.1.3.2) Ta myxnoi (K 3.1.3.1) doc-
¢araz — crnekTpoOTOMETPUYHUM METOAOM 3a pe-
akuiero 3 mapanitpodenindocharom npu pH 4,8
i 10,5 BimnmosimHo [6]. Immexc miHepamizamii B cH-
poBaTIi KPOBi PO3PAaXOBYBAJIN SK BiTHOIICHHS aK-
TUBHOCTI JIy’)kHOI Ta Kkucioi ¢ocdaras. Onrmy-
HY IIUIBHICTh BHUMIPIOBAIM Ha CIEKTPOPOTOMETPI
«CD-26» («JIOMOy, Pocis). Jlns 6GioxiMIYHUX J0C-
J/KEHb BUKOPHUCTOBYBAJIM TapaJuMeTHIIaMiHOOCH-
3aipaerij, napanirpodeningocdar («Sigmax, CLLA).

Craructuany oOpoOKy pe3ynbTaTiB A0CHTiKEHHS
npoBoawin B mporpamax «MS Excel XP» ta «SPSS-
10.0.5 for Windows» (SPSS, CIHIA). MixrpymoBy
PI3HULIIO OLIHIOBANIM 3a HemapameTpuuHuM U-kpu-
TepieM ManHa- YiTHi.

Pe3syabTaTtu Ta 00roBOpeHHs

BcraHoBneHo, 110 3aCTOCYBaHHS KPIOKOHCEPBO-
BaHOI TKAHWHH TUTAICHTH Ta IIUTPATY KAIBIIIO MPO-
TUJIi€ HaJMIpHOMY KaraOolli3My KoJareHy y IIypiB
3a YMOB MEpeoMy HIKHBOT MIEJeNd Ha T 0CTeo-
nopo3y. BinbHa ¢pakuis OKCHIIpONiHY, sKa YTBO-
PIOETBCSL BHACIHIZIOK pO3Magy KoJlareHy, MOBTOPHO
HE 3allydaeTbcs A0 MeTaOOJIuHMX TMpOIEciB, Ha
BiIIMIHY BiJl IHIIUX aMiHOKUCIIOT. 3a BiJXHJICH-
HSM KOHIIEHTpaIlil BUTbHOI (pakimii OKCHIIPOIIHY
BiJl HOPMAJILHUX BEIWYMH MO)KHA BH3HAUUTH Kara-
00ITi3M KoJareHy, CTYIiHb Pe30pOIlil KiCTKOBOI TKa-
HHUHHU, OCKIJIBKH KOJareH € OCHOBHUM OIJIKOM, SIKHI
npuiiMae y4acts y ii popmyBanHi [8].

Ha 7-my mo0y micns iMIianTamii KpioKOHCEp-
BOBaHOI IUIAIIGHTH PiBEHb BIJIBHOTO OKCHIIPONIHY Y
TBapuH Tpyn 2 Ta 3 OyB 3Hauymie MeHue (Ha 15,6
Ta 28,5% BiANOBIIHO) MOPIBHSHO 3 KOHTPOJIEM, MPH
yomy B Tpyni 3 3Hauyme Mmenue (Ha 15,2%), Hik
y Tpymi 2. bimpmn TpuBama nis mpemnapariB maia
OLIBII BHpa)kKeHY Jil0 Ha KaTaOoIi3M KoJlareHy: Ha
14-1y Ta 21-my nobwu y mypiB rpynu 2 BiH OyB MeH-
muM Ha 41,8 Ta 23,6% BiamoBigHO, a B rpyni 3 — Ha
51,8 Ta 29,5% BiAMOBIAHO MOPIBHIHO 3 KOHTPOJIEM.
OTxe, TIBUIIEHHS PIBHS BUIBHOTO OKCHIIPOJIHY Y
IIypiB KOHTPOJIBHOI IPYIH TOPIBHSIHO 3 TPyTaMu 2 Ta
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blood centrifugation at 600g at 18-22°C. Blood
serum aliquots were taken into Erpendorf (Ep-
pendorf, Austria) microtubules and stored at
—20°C prior to the analysis. The content of free
and peptidoblast oxyproline in serum was deter-
mined by reaction with paradimethylaminoben-
zaldehyde [16], activity of acidic (EC 3.1.3.2) and
alkaline phosphatases (EC 3.1.3.1) was done with
spectrophotometric method by the reaction with
paranytrophenyl phosphate at pH 4, 8 and 10.5,
respectively [10]. The index of mineralization in
serum was calculated as the ratio of activity of
alkaline and acidic phosphatases. The optical den-
sity was measured with a spectrophotometer SF-26
(LOMO, Russia). For biochemical studies, parady-
methylaminobenzaldehyde, paranytrophenyl phos-
phate (Sigma, USA) were used.

The research findings were statistical processed
by means of MS Excel XP and SPSS-10.0.5 for
Windows (SPSS, USA, license number 305147890).
The intergroup difference was estimated by non-
parametric U-criterion Mann-Whitney.

Results and discussion

It has been established that the use of cryopre-
served placenta tissue and calcium citrate counteracts
the excessive catabolism of collagen in rats with
the fracture of the mandible on the osteoporosis
background. The free fraction of oxyproline, which
is formed by collagen collapse, is not re-involved
in metabolic processes, unlike other amino acids.
Deviation of the concentration of the free fraction
of oxyproline from normal values can determine
the collagen catabolism, degree of resorption of
bone tissue, since collagen is the main protein that
participates in its formation [13].

To day 7 after implantation of cryopreserved
placenta, the level of free hydroxyproline in the
animals of groups 2 and 3 was significantly lower
(15.6 and 28.5%, respectively) if compared to the
control, while in group 3 that was significantly lower
(15.2%) than in group 2. Longer effect of drugs had
a more pronounced influence on collagen catabalism:
to day 14 and 21 in the rats of group 2, it was lower by
41.8 and 23.6%, respectively, while in group 3 it was
by 51.8 and 29.5%, respectively, versus the control.
Consequently, the increase of free oxyproline in rats
in the control group compared with groups 2 and 3
indicates an enhanced catabolic phase of metabo-
lism of the main components of the bone tissue
organic basis. In addition, within these terms, sig-
nificant differences in the level of free oxyproline
are noted: in group 3 to day 14 it was lower by 17.3%,
and to 21 day it made 7.7%, as for the animals of
group 2 (Table 1).
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Tabnuusa 1. BmicT BiNnbHOro oKCMNporiHy y CUpOBAaTL,i KPOBI LLYPIB Y pi3Hi TEpMiHM penapaTMBHOIO OCTeoreHesy nicrs
iMnnaHTauii KpioKOHCepBOBaHMX oparMeHTIB NNaLeHTN NIOAMHN | BBEAEHHSA unTpaTty Kanbuito (M £ o)

Table 1. Content of free oxyproline in blood serum of rats in different terms of reparative osteogenesis after implantation
of cryopreserved human placenta fragments and introduction of calcium citrate (M £ o)

BmicT BinbHOro okcmMnponiHy, MKMOIb/n
Content of free oxyproline, yum/I
CTpoku pocnigxeHHa, noba
Terms of study, days

MHLL +0n MHLL +0n+Kn MHLL + ON+ KM+ Ca

MF + OP MF + OP + PT MF + OP + PT + Ca
7 35,8 + 0,61 30,2 + 0,69* 25,6 + 0,63**
14 48,8 + 0,677 28,4 £ 0,71* 23,5 + 0,64*"
21 32,2 + 0,127 24,6 + 0,64*# 22,7 £ 0,67*#
30 26,8 + 0,50 23,1 + 0,66*" 22,1 + 0,697
45 23,2 + 0,54 22,4 + 0,617 21,1 + 0,56%

MpuMiTkK: Pi3HNLA CTaTUCTMYHO 3HaYyLla BiHOCHO MOKA3HMKIB: * — TBApWH rpynun 1 BiANOBIOHOIO CTPOKY AOCHIIXEHHS;
#— Ha 7-my 0o6y; & — Ha 14-Ty noBy; " — Ha 21-wy aoby; ® — mMixx nokasHukamu rpyn 2 Ta 3 BiAnoBigHOro CTPoKy Aocnia-

XeHHsi (p < 0,05).

Notes: Difference is statistically significant versus the indices of: * — animals of group 1 of the corresponding study period;
#—to day 7; & —to day 14; " —to day 21; ® — between groups 2 and 3 of the corresponding study period (p < 0.05).

3 CBIMYUTH MPO TOCHIICHY KarabomivuHy ¢azy mera-
00I1i3My OCHOBHHMX KOMITOHEHTIB OpraHi9HOI OCHOBH
KICTKOBOI TKaHWHH. KpiM TOTO, B IIi CTPOKH BimMi-
YaroThCS 3HAYYIIl BIAMIHHOCTI PiBHS BUIHHOTO OK-
CUTIpONiHy: y Tpyni 3 Ha 14-Ty moOy BiH MeHIIE Ha
17,3%, a na 21-try no0y — Ha 7,7% BiZHOCHO Tpymu 2
(tabm. 1).

Takum yuHOM, KOMOIHOBaHE 3aCTOCYBaHHS Kpio-
KOHCEPBOBAaHO! TKaHWUHM IUIALCHTU JIIOAWHU 1 IHT-
pary KaJblito, SIKHM MOCHIIIOE OI0CHHTE3 KOJIareHy,
TBapuHaM i3 BIJKPUTUM IIEPEIOMOM HMXKHBOI I1iesie-
M Ha TJIi OCTEONOPO3y MaJlo HAWOUTBIIHHA e(eKT.

[lopsim 31 30iMBIIEHHAM KOHIIGHTpAIl BiTHHOI
(bpaxmii okcunporniny (6ioXiMiYHOTO Mapkepa pe-
30pO1il KICTKOBOI TKAHWHW) 3HUKYETHCS BMICT TIPO-
TeiH-3B’s13aH01 (hpaKiii 1mi€i aMiHOKUCIOTH — MEeNTH-
JI03B’S13aHOTO  OKCHIIPONiHY (O10XiMIYHUI Mapkep
CUHTETHYHOI (pa3u Mmerabomizmy kojareny) [10].
Ha 7-my noOy miciisi KOMOIHOBAaHOTO 3aCTOCYBaHHS
KpIOKOHCEPBOBAaHO! TKAHWHHW IUIALICHTH JIOAMHU Ta
LUTpaTy KalblLilo 3HAYYIIMX 3MiH y Mpoleci KoJsa-
TeHOYTBOPEHHSI BUSBICHO HE Oys0, ogHaK Ha 14-Ty
100y JrIIe micist O€IHAHAHOTO 3aCTOCYBaHHs 0C-
JPKyBaHUX TIpETapariB MMOCHIIOBaBCS OI0CHHTE3
KOJIareHy: piBeHb MENTHUA03B’SI3aHOI0 OKCHUIIPOJIIHY
B CHpOBaTIi KpOBi 3Hauymle mnepeBumuB (Ha 28,1
ta 29,0% BIAMOBITHO) TOKAa3HWKH TBapWH Tpym 1
ta 2. Ha 21-my no0y Big mouatky (apmakoreparrii
BiMIYaBCs HAWOUTBII TMOTYXHHH BIUIMB BKa3aHHUX
mpernapariB Ha CHHTE3 KOJIareHy: BMICT Yy CHpOBar-
Ll TENTUI03B’I3aHOr0 OKCHIIPOJiHY B rpynax 2
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Thus, the combined use of cryopreserved human
placenta tissue and calcium citrate, which enhances
the biosynthesis of collagen, to animals with an
open fracture of the mandible on the osteoporosis
background, has had the strongest effect.

Along with an increased concentration of free
fraction of oxyproline (a biochemical marker of bone
resorption), the content of the protein-bound fraction
of this amino acid, i. e. peptide-bound oxyproline
(a biochemical marker of the synthetic phase of
collagen metabolism) was reduced [18]. To day 7
after the combined application of cryopreserved
tissue of human placenta and calcium citrate, no
significant changes were observed in the process of
collagen formation, however, on the 14% day only
after the combined application of the studied drugs
the biosynthesis of collagen was intensified: the
level of peptidoblast oxyproline in serum signifi-
cantly exceeded (by 28.1 and 29.0% respectively),
the indices for the animals of groups 1 and 2. To day
21 from the pharmacotherapy beginning there was
the most potent effect of these drugs on the colla-
gen synthesis: the serum content of peptide-bound
oxyproline in groups 2 and 3 significantly exceeded
(by 21.4 and 35.2%, respectively) the control values.
Under these conditions, in this group, the level of
this metabolite in serum was significantly higher
(11.4%) than in group 2. At day 30 after the phar-
macotherapy in the animals of groups 2 and 3, the
level of peptide-bound oxyproline in serum was
lower than within the previous observation period

npo6nemu Kpiobionorii i kpiomeanUMHN

problems of cryobiology and cryomedicine
Tom/volume 29, Ne/issue 2, 2019



Ta 3 3Hauymie nepeBumuB (Ha 21,4 Ta 35,2% Bia-
MOBITHO) TOKAa3HUKM KOHTPONIO. 3a LUX YMOB Y
rpy1i 3 piBeHb OO MeTadoJITy B CUPOBATLi KPOBi
OyB 3Hauyme Buiie (Ha 11,4 %), Hix y rpymi 2. Ha
30-ty moOy micnst QapmakoTeparnii y TBapHH TPyl
2 Tta 3 piBEHH ICNTHUIO03B SI3aHOTO OKCHIIPOJIIHY B
CHpPOBATIIl KpOBi OyB MEHIIE, Hi)K Ha IONEPEIHBO-
My TepMiHi crioctepexenns (13,0 ta 19,1% sinmo-
BiJIHO) BIJIHOCHO KOHTpOJIbHOI Tpymu. Opjepixani
JIaH1 CBiT4aTh Mpo CcTadiIi3alio MeTaboIi3My B KIiCT-
KOBili TKaHWHI, IO MPOSBISETHCS 3HMKCHHSM He-
TaTUBHUX HACIIJKIB TIEPEIOMY Ha TJi OCTEOMOPO3Y
(tabm. 2).

BimoMo, 1o BHACHIZOK MOCHJIEHHS aKTUBHOCTI
0CTe00acTiB NP MepesloMax KiCTOK B KPOBI ITiJIBH-
HIy€eThCs piBeHb JTykHOI pocdarazu [7], sika crpuse
BimmermieHH0 (ocdary Big OpraHiuHUX PEYOBUH
1 TpuiiMae BaXKJIMBY y9acTh y MiHepaizamii KicT-
KH, (hOpMyBaHHI alaTHUTIB i OPTAHIYHOTO MAaTPHUKCY.
JocnimkeHHss TUHAMIKA TOKa3HUKIB JIy)XHOI (oc-
(darazn HeoOXifHEe JUIsi TPOTHO3YBAaHHS Iepediry
IePEeIOMiB KiCTOK JIMIILOBOTO ckesieTa [10].

[Ticns nposenenoi dapmakoTeparii croctepira-
JI0Cs TIOCUJICHHSI OCTEOTeHEe3y y HIYpiB 13 3MOAEIHO-
BaHOIO TIaTOJIOTI€I0, NpPU YoMy KOMOiHOBaHe 3ac-
TOCYBaHHSI KPIOKOHCEPBOBAHOI TKAHWHH IUIALICHTH
Ta MUATPATy KaJIbBII0 MaJOo OUIBIINA MPOTEKTUBHUN
edekr. Ha 7-my 100y Oyno BHSBIEHO, IO OCTEOTe-
He3 y TBapWH JOCIITHUX TPYI 3HAYyIe He Biapi3-
HSIBCS BiJl TAKOTO B KOHTPOJBHIN TpyIri. Haitoimem

(13.0% and 19.1%, respectively) versus the control
group. The obtained data testify to the stabilization
of metabolism in bone tissue, which is manifested
with a decrease in negative effects of the fracture on
the osteoporosis background (Table 2).

It is known that due to an increased osteoblast
activity, bone fractures in the blood increase the
level of alkaline phosphatase [11], which contributes
to the depletion of phosphate from organic matter
and takes an important part in bone mineralization,
the formation of apatites and organic matrix.
Investigation of the dynamics of indices of alkaline
phosphatase is necessary for prediction of the course
of the facial skeleton bone fractures [18].

After the pharmacotherapy, there was an increase
in osteogenesis in the rats with a simulated patho-
logy, moreover the combined use of cryopreserved
tissue of placenta and calcium citrate had a much
greater protective effect. At day 7 it was found that
osteogenesis in the animals of experimental groups
did not differ significantly from that in the control
group. The most potent effect of cryopreserved
placental tissue and calcium citrate on osteo-repa-
ration processes was recorded to day 14: in serum
blood of the animals of groups 2 and 3, the acti-
vity of alkaline phosphatase significantly exceeded
(by 15.3 and 19.8%, respectively) th indices for
the animals of the control group. In group 3, it was
significantly higher than in group 2. In a later study
period (21 days), alkaline phosphatase activity in

Tabnuusa 2. BmicT nentno3s’si3aHOro OKCUMNPOriHy y CMPOBaTLi KPOBI LLYPIB i3 BiAKPUTUM NEPenoMOM HXKHBLOI Lenenu
Ha TNi 0OCTeonopo3y B Pi3Hi TEPMIHN penapaTUBHOIO OCTEOreHe3y Nicns iMnnaHTaLii KpiOKOHCEPBOBAHNX (bparmMeHTiB
nnaueHTn NIoAMHN | BBEAEHHS uuTpaTty Kanbuito (M £ 0)

Table 2. Content of peptide-bound oxyproline in blood serum of rats with an open fracture of mandible on osteoporosis
background in different terms of reparative osteogenesis after implantation of cryopreserved human placenta fragments
and introduction of calcium citrate (M £ o)

BmicT nenTnao3s’A3aHOro OKCUNPONiHY, MKMOIb/N
Content of peptide-bound oxyproline, um/I
CTpokmn pocnigxeHHA, noba
Terms of study, days

MHLL +0n MHLL + On+Kn MHLL + OMN+ KM+ Ca

MF + OP MF + OP + PT MF + OP + PT + Ca
14 28,8 + 1,27 28,6 + 1,31 36,9 + 1,35*"
21 33,2 + 1,47% 40,3 = 1,45*#% 44,9 + 1,13*#8
30 39,2 + 1,68% 44,3 + 0,967 46,7 = 1,418
45 28,1 + 1,23 28,5 + 1,31 29,3 + 1,188
45 23,2 + 0,54 22,4 + 0,617 21,1 + 0,56%

MpumiTkK: Pi3HnLA CTaTUCTMYHO 3HavyLla BiAHOCHO MOKa3HWKIB: * — TBApWH rpynun 1 BiANOBIAHOIO CTPOKY AOCHIAXEHHS;
#— Ha 7-my 0o6y; & — Ha 14-Ty 0oby; » — Ha 21-wy foby; * — Mix nokasHukamu rpyn 2 Ta 3 BignoBigHOro CTPOKy Aochid-

XeHHs (p < 0,05).

Notes: Difference is statistically significant versus the indices of: * — animals of group 1 of the corresponding study period;
#—to day 7; * —to day 14; " —to day 21; ¥ — between groups 2 and 3 of the corresponding study period (p < 0.05).
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MOTY)XHUH BINIMB ()parMeHTiB KPiOKOHCEPBOBAHOL
TKaHWHHU TUIAIICHTH Ta HUTPATy KaJblilo Ha Mpole-
cU ocreopemnapanii peectpyBaBcsi came Ha 14-Ty
n00y: B CHpOBATIli KPOBi IIypiB Tpyn 2 Ta 3 aKTUB-
HICTh Ty’KHOI (hocdaTaszu 3HaUyIIe MEepeBHIyBaa
(ma 15,3 ta 19,8% BignmoBiIHO) MOKAa3HUK TBApUH
KOHTpodbHOI rpymu. [Ipu oMy y rpymi 3 BiH OyB
3Ha4yIIe BUIINM, HIK Y TpyTi 2. Y OLIbII mi3Hil Tep-
MiH JnociijpkeHHs (21-ma no0a) akTHBHICTB JTyXK-
HOi ocarasu B rpynax 2 ta 3 Oyia 3HauyIlIe BH-
moto (Ha 11,0 ta 11,2% BiAMOBiAHO), HIK Y TBApUH
KOHTPOJIBHOI rpynu (Tadm. 3).

[ligBumeHHss aKTUBHOCTI JyKHOi Qocdarasu
MOXXHA BBa)KaTH MO3UTHBHOIO MPOTHOCTHYHOIO 03-
HaKOK KJIHIYHOTO Tiepeldiry Ta KOHCOMiaIii yaam-
KiB KiCTKH. JlaHWI TMOKa3HUK WiABHUINYETHCS Bif-
pasy micas TpaBMHU (B pe3ynabTaTi MOIIKOIKEHHS
KICTKM) 1 3aJHIIAEThCA TaKUM IPOTATOM YCHOTO
Tepioy 3pOIICHHS TepeloMy (3a paxyHOK aKTH-
Bi3allii ocTeobmacTiB), y mporieci penaparii BiH mMo-
CTYTIOBO HAOJIMKAETHCS JI0 HOPMAIBHUX 3HAYCHb
[10]. Tak, Ha 30-Ty 000y y urypiB rpym 2 Ta 3 aKTHB-
HIiCTPh 1IbOTO (hepMeHTy Oyna 3HauyIe MeHie (Ha 16,8
ta 19,3% BinnoBiiHO), Hix Ha 2 1-11y 100y Ta Ha 14,0
ta 16,4% mnopiBHsHO 3 KoHTposneM. Ha 45-ty no0y
aKTHBHICTB JIy’KHOI ocdara3u B JOCHIIHUX Ipynax
TBapUH BiANOBiJana KOHTPOJIbHUM 3HAUCHHSIM.

BukopucranHs KpiOKOHCEPBOBaHOI TKAHUHH IUIA-
IIEHTH JIIOMUHU ¥ 0COOMMBO B KOMOIHAIII 3 mHUTpa-

groups 2 and 3 was significantly higher (11.0 and
11.2% respectively), than in the animals of the control
group. (Table 3)

Increased activity of alkaline phosphatase can be
considered as a positive predictor of clinical course
and consolidation of bone debris. This index rises
immediately after the injury (as a result of bone
damage) and remains the same throughout the frac-
ture fusion period (due to the activation of osteo-
blasts); in the process of repair, it gradually decreases
to normal values [18]. Thus, to day 30 in groups 2
and 3, the activity of this enzyme was significantly
lower (by 16.8% and 19.3%, respectively) if com-
pared to day 21 and by 14.0% and 16.4%, respectively
the control. To day 45, the activity of alkaline
phosphatase in experimental groups of animals was
in line with the control value.

The use of cryopreserved human placental tissue,
especially in combination with calcium citrate, has
had a depressive effect on the processes of bone
tissue destruction under experimental pathology
(Table 4). Osteoclasts contain a large amount of
acid phosphatase and, during resorption, secrete
it into extracellular medium. Since the activity of
this enzyme in serum increases as bone resorption
intensifies, and there is a correlation between its
activity and histomorphometric data, this index is
used to determine the severity of destructive bone
processes [7].

Tabnuusa 3. AKTUBHICTb NyXHOi dhocaTasm y cMpoBaTLi KPOBI LLYPIB i3 BiAKPUTUM NEPENIOMOM HWXHBOT LLeneny Ha Thi
OCTEeonopo3y B Pi3Hi TEPMiHM penapaTMBHOIO OCTEOreHe3y Micrns iMnnaHTalil KpioKOHCEPBOBaHMX dparMeHTIB NnaueHTu
NOOUHW | BBEAEHHSA UMTpaTy Kanbuito (M + o)

Table 3. Activity of alkaline phosphatase in blood serum of rats with open fracture of mandible on steoporosis
background in different terms of reparative osteogenesis after implantation of cryopreserved human placenta fragments
and introduction of calcium citrate (M + o)

AKTUBHICTb NyxHoT pocpaTasu, Oa/n
Activity of alkaline phosphatase, Units/I
CTpokmn pocnigxeHHA, noba
Terms of study, days

MHLL +0n MHLL + On+Kn MHLL + OMN+ KM + Ca

MF + OP MF + OP + PT MF + OP + PT + Ca
7 460 + 8,28 454 + 8,44 462 + 7,93
14 464 + 5,85 535 + 7,02*# 556 + 6,80%#*
21 535 + 6,25% 594 + 8,10*# 595 + 6,997
30 574 + 8,54 494 + 8,96*% 480 + 6,65*"
45 465 + 9,02 453 + 8,44% 448 + 8,22%

MpuMiTKK: Pi3HNLA CTaTUCTMYHO 3HavyLla BiAHOCHO NMOKa3HUKIB: * — TBApWH rpynun 1 BiANOBIAHOIO CTPOKY AOCHIAXEHHS;
#— Ha 7-my 0o6y; & — Ha 14-Ty 0oby; » — Ha 21-wy foby; * — Mix nokasHukamu rpyn 2 Ta 3 BianoBigHOro CTPOKY Aochid-
XeHHs (p < 0,05).

Notes: Difference is statistically significant versus the indices of: * — animals of group 1 of the corresponding study period;
#—to day 7; * —to day 14; " —to day 21; ¥ — between groups 2 and 3 of the corresponding study period (p < 0.05).
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TOM KaJIblLil0 BUKIHUKAJIO JEeTpH-
Myl eekT Ha mpouecu Je-
CTPYKUii KiCTKOBOi TKAaHMHHU 32
YMOB EKCIIEPUMEHTAIBHOT Ta-
tororii (tabdmn. 4). OcreokmacTu
BMIMIYIOTh BEJUKY KIiTBKICTh
kucioi ¢ocdarasm i mm gac pe-

Tabnuusa 4. AKTUBHICTb KMCIOi pocchaTasmn y cMpoBaTLi KpoBi LypiB i3
BiAKPUTMM NEPENOMOM HWKHBOI LLENenu Ha Tri OCTEOMNOPO3y B Pi3Hi TEPMIHN
penapaTuBHOro ocTeoreHesy nicns iMnnaHTawii KpiokoHCepBOBaHUX
doparMeHTiB NNaLeHTV NOOUHN | BBEAEHHS UMTpaTy KanbLito (M + o)
Table 4. Activity of acid serum phosphatase in blood serum of rats with open
fracture of mandible on osteoporosis background in different terms of reparative
osteogenesis after implantation of cryopreserved human placenta fragments

and calcium citrate (M + o)

30pOMil CEeKpeTyIoTh ii y mo3a- AKTUBHICTb NyHOi tocchataam, On/n

1 Activity of alkaline phosphatase, Units/I
KIITUHHE CepefoBUINE. AKTHB- Crpoku gocnimkenHs, Ao6a \ phosp

1 _ Terms of study, days

HICTb IaHOTO (bepmenty B cnpo MHLL + 0 MHLL +0M +Kn MHLL +OM + KM +Ca
BaTI1 KPOBI 3pOCTa€, KOJIHU MOCH- MF+ OP MF + OP + PT MF + OP + PT + Ca
JIOETHCS pe30pO1ist KicTku. Tomy

. 7 16,8 = 0,43 15,9 + 0,49 14,9 + 0,65%
IIEM ITOKa3HUK BUKOPHUCTOBYIOTH
A1 BUSHAYCHHS  BUPAKCHOCTL 14 18,9 + 0,67 16,5 + 0,42* 14,6 + 0,47%¢
JIECTPYKTUBHUX 1 pemnapaTUBHHUX
npouecis y kierwi [18]. 21 16,6 + 0,69 | 14,8 + 0,43 14,7 + 0,37

[TigBUILIEHHS AKTUBHOCTI KHUC-
noi pocdarazu mMoxke OyTd 3y- 30 15,0 + 0,227 | 12,2 + 0,23*% 11,8 + 0,367
MOBJIEHO PO3BUTKOM 3aIlajbHOIO
MPOIIECY BHACTIIOK TIEPETIOMY 45 11,9 + 0,647 | 11,1 + 0,497 10,9 % 0,67%
1 TIOCWJICHHSIM aKTHBHOCTI OCTEO-

OnacTiB 3a paxyHOK IOCTTPaB-
matuuHoro crpecy [8]. Tak, Ha
7-my nmo0y micisi TpOBEACHHS
KOMOIHOBaHOiI Teparii akTHBHICTb
kucnoi Qocdarasu, K Mapkepa
KicTKOBOi pe3opOiii, Oyma 3Ha-
gyme ™enme (Ha 11,3%) Bin-
HOCHO KOHTPOJIIO, MPOSIBISIOUH
MIPOTEKTOPHY Aif0. HaiibinmpIma mpoTekTopHa ist BKa-
3aHUX TIpemapariB peamidyBanacs Ha 14-Ty mo0y: B
rpynax 2 Ta 3 akTHBHICTH kucioi docdarazu B cu-
poBarmi KpoBi Oyma 3Hauyme MeHme (Ha 12,7 Ta
22,8% BIANOBINHO) MOPIBHSHO 3 KOHTpoOJjeM. Bax-
JIMBO, IO CamMe B IIed TEpMiH aKTHBHICTh KHCIIOL
¢docdarazu B cupoBarii KpoBi TBapuH rpynu 3 Oyia
3Hauyme menmre (Ha 11,5%), Hix y TBapuH rpynu 2,
HaiimeHma ii aktuBHicTh — Ha 30—45-Ty n00y. Tak,
Ha 30-ty noOy y TBapuH Ipyn 2 Ta 3 aKTHBHICTb
nmaHoro (epmenrty Oyna 3Hadymie MmeHme (Ha 19,7
ta 25,9% BiAMoBigHO) mOpiBHSIHO 3 21-t0 100010,
0 CBIJYATH TPO TO3UTHUBHY TUHAMIKY KiCTKOBOI
pemapariii — TepeBakKaHHS IMPOIecCiB (opMyBaHHS
HaJ pe30opOIi€er0 Mmicas 3acTOCYBaHHS IOCIiIKyBa-
HUX IIperaparis.

3arnporoHoBaHa Tepartisi, 0COOJUBO KOMOIHOBAaHA,
Crpusijia MOCUJICHHIO TMPOIECIiB MiHepasizamii KicT-
KOBOT TKaHUHHM LIypiB (Tabm. 5). PanHiil BImB Bi-
MiyaBcss Ha 7-my 100y i OyB 3Hadylie BHIIUM
(Ha 13,4%) BiTHOCHO KOHTPOIIO. Y TBapHH i3 MOJIe-
JIbOBAHOIO HIKHBOIIEICITHOIO TPaBMOIO 0e3 3acTo-
CyBaHHS KpPIOKOHCEPBOBaHO! TKAaHWHHU IUIALCHTH 1
LUTPATy KAIBIUIO CIIOCTEPITANOCS 3HIKEHHS 1HIEKCY
MiHepasizamii KiCTKOBOi TKaHWHH, IO 3YMOBIIEHO
AKTHBAIIIE€I0 0CTE00IACTIB Ta MOCHUIICHHSIM TIPOIIECIB
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Mpumitkn: PisHMUA CTAaTUCTUYHO 3Hadylla BiLHOCHO MOKa3HUKIB:
rpynu 1 BignoBigHOro CTPOKy AoCnigXeHHs; # — Ha 7-my poby; & — Ha 14-Ty
Jo6y; " —Ha 21-wy foby; * — Mixk nokasHukamu rpyn 2 Ta 3 BignoBigHOro CTPOKY
pocnigkeHHs (p < 0,05).

Notes: Difference is statistically significant versus the indices of: * — animals of
group 1 of the corresponding study period; #— to day 7; & — to day 14; * —to day
21; ¥ — between groups 2 and 3 of the corresponding study period (p < 0.05).

*

— TBapuH

Increased activity of acid phosphatase may result
from the development of inflammation because
of the fracture and increased osteoblast activity as
a result of post-traumatic stress [13]. Thus, to day
7 after the combined therapy, the activity of acid
phosphatase, as a marker of bone resorption, was
significantly lower (by 11.3%) versus the control,
showing a protective effect. The highest protective
effect of these drugs was implemenetd to day 14:
in groups 2 and 3, the activity of acid phospha-
tase in serum was significantly lower (by 12.7 and
22.8%, respectively) if compared to control. It is im-
portant that during this period, the activity of acid
phosphatase in blood serum of the animals of group
3 was significantly less (11.5%) than in the animals
of group 2, its lowest activity was observed to days
30-45. Thus, to day 30 in the animals of groups 2
and 3, the activity of this enzyme was significantly
lower (19.7 and 25.9%, respectively) if compared
to day 21, indicating a positive dynamics of bone
repair, i. e. the predominance of the formation
processes over a resorption after application of the
studied drugs.

The proposed therapy, especially combined,
contributed to an increase in the processes of
mineralization of bone tissue in rats (Table 5).
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pe3opOIIii  KICTKOBOI TKaHWUHH
[17]. MoxnuBo, mo I mopy-
IICHHS BUKJIWKAaHI BHPOOKOIO
Mpo3anajibHUX IUTOKIHIB BHA-
CJIJTIOK TpaBMHU [2].

Haii6inpm BupakeHa Iis
KpPIOKOHCEPBOBAHOT TKaHWHU

Tabnuusa 5. IHOekc MiHepanisau,ii KicTKOBOT TKaHUHW LLYPIB i3 BIOKPUTAM
nepenoMoM HIKHBOI LLieNenu Ha Tri OCTeornoposy B Pi3Hi TEPMiHW penapaTuB-
HOro ocTeoreHesy nicns iMnnaHTaLii KpiokoHCEpPBOBaHUX dparMeHTiB MnaueHTn
NIOAVHK | BBEAEHHS LUMTpaTy Kanbuito (M £ o)

Table 5. Index of mineralization of bone tissue of open mandible fractures on
osteoporosis background in different terms of reparative osteogenesis after
implantation of cryopreserved human placenta fragments and introduction of

calcium citrate (M £ o)

IUIAlCHTU Ta OUTpary KaJH)HiIO IHaeKc MiHepanisaLii KiCTKOBOI TKaHWHU
peectpyBanacs came Ha 14-Ty Crporu BocHimKeNHn, Ro6a Index of mineralization of bone tissue

100y JOCHiIKEHHS: y TBAapUH Terms of study, days MHLL +0n MHLL+OM+KN | MHLL+OM+K+Ca
rpyn 2 Ta 3 iHAEeKC MiHepai3a- MF + OP MF + OP + PT MF + OP + PT + Ca
uii OyB 3Hauymie Buuie (Ha 31,7

Ta 55,3%), HiK Y KOHTPOJbHIil 7 27,6 + 0,88 28,8 + 1,03 31,3 = 1,18*
rpy,y Tsapi rpym 3 it Gy » o sams | smasam | szt
HUC Y TPy 2. Onepxani nami 21 32,7 + 1,12% 40,3 + 1,13*# 40,6 + 1,42%*
MIATBEPAKYIOTh TEPAIIEBTUUHY

e(heKTHBHICTh KOMOIHOBAaHOTO 30 38.3 + 0,79/ 40,5 + 0,95 40,9 + 2,197
3aCTOCYBaHHS KPiOKOHCEPBOBA-

HHUX (DParMeHTIB IUIALEHTH Ta 45 39,4 + 1,46% 41,3 + 1,60 41,6 + 1,68*
nuTpary Kanbiiro. Ha 21-nry no-

Oy B rpymax 2 Ta 3 iHJIEKC
MiHepanizalii OyB 3HadyIe BHU-
11e, HDK MICHsl IMITIaHTAIlil Kpio-
KOHCEPBOBAHHUX (PparMeHTiB TKa-
HUHH TUlaneHTH (Ha 23,2 Ta
24,2% BIONIOBIAHO) BITHOCHO
KOHTPOJIIO.

XeHHs (p < 0,05).

OTxe, OTpUMaHi pe3yJIbTaTH CBiA9aTh PO OCTEO-
MIPOTEKTOPHY [if0 KpiOKOHCEPBOBAHOI TKAHWHHU
IUTALEHTH JIIOMWHE 32 YMOB MOJICNILOBAHOI T1aTO-
JIOTIi, SIKa BUSBJSETHCS B MOCHIJICHHI IMPOIECIB KO-
nareHoyTBopeHHs (Makcumym Ha 30-Ty 100y), Mi-
Hepaizanii KicTKOBOT TKaHWHH (MakCUMyM Ha 14-ty
n00y), a TakoX JACNpPUBYIOUOMY BIUIMBI Ha OCTEO-
JECTPYKTHBHI Tpouecu (MakcumyM Ha 14-ty no0y)
Ta KaraboJi3M KonareHy (MakcumyM Ha 14-ty no0y).

BucnoBkn

1. 3acTtocyBaHHS KpIOKOHCEpBOBaHOI TKaHWHHU
IUTALEHTHU IIlypaM 3a YMOB BIIKPHTOIO IIEPEIOMOMY
HIDKHBOT TIENIeNd Ha TJII OCTEOTIOPO3y MAa€ BHCOKY
OCTEOIPOTEKTOPHY JIiI0, SIKa BUSBISETHCA y HOP-
Majizamii MeTaboJIiuHUX MpOILECciB y KICTKOBIMH
TkaHuHi. Ha 21-my 100y ekcrnepuMeHTY BH3Ha-
YaBcsl HAlOUIBII BUPAKEHUH CTUMYIIIOIOUNI BIUIMB
KpiOKOHCEPBOBAaHOI TKAHWHM TUIALIGHTH Ha OCTEO-
rere3 Ta 0ioCHHTE3 KoylareHy (aKTUBHICTH JYXHOI
¢docdarazy Ta BMICT NENTHI03B S3aHOTO OKCH-
nponainy Ha 11,0 ta 21,4% BinnmoBigHO MEpeBUILY-
BaJI KOHTPOJIbHI TTOKa3HUKH).

2. KomOiHoBaHe 3acTOCyBaHHS KPiOKOHCEPBOBa-
HOI TKaHMHM IUIALEHTH Ta LUTPATy KaJbllil0 BUSB-
JISUTO TIOTY)KHY OCTEOIPOTEKTOPHY JIi€l0 BXKEe Ha 7—
14-ty o0y ekcrepruMeHTY, HiX Miclisi MOHOTEparii.
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MpumiTkn: Pi3HNLA CTaTUCTUYHO 3HaYyLLa BiHOCHO MOKa3HWKIB: * — TBAPWH rpy-
nu 1 BigNOBIQHOrO CTPOKY AOCNiMKEHHs; # — Ha 7-my goby; & — Ha 14-Ty noOy;
A — Ha 21-wy fo6y; * — mMixk nokasHukamu rpyn 2 Ta 3 BiANOBIgHOMO CTPOKY Aocnia-

Notes: Difference is statistically significant versus the indices of: * — animals of
group 1 of the corresponding study period; #— to day 7; % — to day 14; ”* —to day
21; % — between groups 2 and 3 of the corresponding study period (p < 0.05).

Early impact was noted on the 7% day and was
significantly stronger (by 13.4%) as for the
control. In the animals with simulated lower limb
trauma without using the cryopreserved placental
tissue and calcium citrate, there was a decrease
in the mineralization index of bone tissue due to
osteoblast activation and increased bone tissue
resorption [6]. These disorders are likely to be
caused by the development of proinflammatory
cytokines as a result of an injury [4].

The most pronounced effect of cryopreserved
tissue of the placenta and calcium citrate was
recorded on the 14" day of the study: in animals
of groups 2 and 3, the mineralization index was
significantly higher (by 31.7 and 55.3%) than in
the control group, in animals of group 3 it was
significantly higher (17.9%) than in group 2. The
obtained data confirm the therapeutic efficinecy
of the combined application of cryopreserved
placental fragments and calcium citrate. To day
21 in groups 2 and 3, the mineralization index
was significantly higher than after implantation
of cryopreserved tissue fragments of the placenta
(23.2 and 24.2% respectively) relative to the
control.

Thus, the obtained results testify to the osteo-
protective effect of cryopreserved human placental
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Ha 14-ty nofy exkcnepuMmeHTy 3adiKCOBaHO MakcH-
MaJIbHUM aKTUBYIOUMI BIJTMB KOMOiHOBaHOI Tepamii
Ha OcTeoreHe3 Ta OiOCHHTE3 KojareHy (aKkTHBHICTBH
my)HOi ¢ocdarazm Ta BMICT MENTHIO3B’SI3aHOTO
oxcunpominy Ha 20,0 ta 28,1% BigmoBiAHO NepeBU-
ITyBaJIM KOHTPOJIbHI ITOKa3HUKH).

ITomanmemni MOCTIHKEHHS B IILOMY HAMPSMKY IIO-
3BOJISITH PO3KPUTH MOJIEKYJISIPHI MEXaHi3MH, depes
SIKI pealli3yeTbCsi OCTEONPOTEKTOPHA isl KPIOKOH-
CepBOBAaHOI TKAHMHW IUIAICHTH JIIOIUHHA TIPU Bil-
KPUTOMY TIepesioMi HIKHBOI IIEJIeNy Ha Tl 0CTeo-
OpO3y.
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tissue under the conditions of the simulated patho-
logy, which is manifested in the strengthening of
collagen formation processes (maximum for day 30),
mineralization of bone tissue (maximum for day 14),
as well as the deprivation effect on osteodestructive
processes (maximum to day 14) and catabolism of
collagen (maximum for to day 14).

Conclusions

1. The use of cryopreserved placental tissue in
rats during an open fracture of the mandible on an
osteoporosis background had a high osteoprotective
effect, which was manifested in the normalization of
metabolic processes in bone tissue. To day 21 of the
experiment, the most pronounced stimulating effect
of the cryopreserved placental tissue on osteogenesis
and collagen biosynthesis was determined (alkaline
phosphatase activity and peptide-bound oxyproline
content by 11.0 and 21.4% respectively exceeded the
control values).

2. Combined use of cryopreserved placental
tissue and calcium citrate demonstrated a strong
osteoprotective effect already to days 7-14 of the
experiment if compared with that after monotherapy.
At day 14 of the experiment, the maximum acti-
vating effect of combined therapy on osteogenesis
and collagen biosynthesis was recorded (alkaline
phosphatase activity and peptide-bound oxyproline
content by 20.0 and 28.1%, respectively, exceeded
the control values).

Further research in this direction will reveal
the molecular mechanisms through which the
osteoprotective effect of the cryopreserved human
placenta tissue during an open fracture of the man-
dible on the osteoporosis background is imple-
mented.
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