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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 BuB4anu BnnmB iMnnaHTauii KpiokOHCEPBOBAHOI TKAHVHU NNaLEHTU NIANHN Ha penapaTuBHUIA OCTeoreHe3
Yy LYpPIB i3 BiAKPUTUM NEPEenoMOM HUXHBOI LLienenu Ha Tri octeonopoay. [locnigkeHHs NpoBoAnnM Ha Tpbox rpynax (n = 35 y KOXHil)
cTaTeBO3pinux Lwypis-camuis niHii Bictap (macoto 180-200 r): wypu 3 MoAenbOBaHUM BiAKPUTMM MEPENOMOM HUXHBOI Lenenu Ha
Tri OCTEOonoposy, Lypu 3 MOAENbOBAHOK MaTOMOrieln, SKMM NPOBOAWIM iMMaHTaLil0 KPiIOKOHCEPBOBAHOI TKAHWHU MaueHTun nio-
OVHW Ta Wypy 3 MOAENbOBaHOK MaTomorielo, SKUM KpiM iMnnaHTauii KpioOkOHCEPBOBAHOI TKAHWHU NNaueHTV NIOAWHN JOAATKOBO
BBOAWMY LMTpaT KanbLito. EkcnepyMeHTanbHWIN 0CTEONOPO3 Yy LWypiB BUKNUKaNu BBeAEHHAM npoTtarom 60-tn gi6 2,5%-ro posuun-
HY T POKOPTM30H aueTaTy, Micnsa BiATBOPIOBaNM TpaBMaTUYHe YLUKOMXKEHHS HWKHBOI wWwenenu. Ha mopeni nokasaHo, Lo KpioKOH-
cepBOBaHa TKaHWHa NnaueHTU Mae OCTEOMNPOTEKTOPHUN edeKT, KU BUSBMNSETLCA B MOCWUMEHHI NPOLIECiB KONareHoyTBOPEHHS
(makcumym Ha 30-Ty foby), MiHepanisauii KicTKOBOI TKaHUHW, AEeNpYBYOYOMY BMIUBI Ha OCTEOAECTPYKTMBHI Mpouecu Ta katabo-
ni3mi konareHy (Makcumym Ha 14-Ty noby). KombiHoBaHe 3acToCcyBaHHS KPiOKOHCEPBOBAHOI TKAHUHW NNALEHTV MOAUHM Ta LuTpaTy
KanbLilo Mae NOTYXHY OCTEONMPOTEKTOPHY Ait0, AKa CMOCTEPIraeTbCHA Ha PaHHIX TEPMiHaxX eKCNepuMMEHTY, HiXX 3@ YMOB MOHOTepanii.

Knio4yoBi cnoBa: kpiokoHCcepBOBaHa TKaHWHa, MnaueHTa NIoANHN, LUTpaT KarnbLiio, penapaTyBHUA OCTEOTEHe3, NeperioM HMKHbLOT
wenenu, Metaboniam KiCTKOBOI TKAHWHMU, LLypW.

Pedbepar: B pabote nsyyanu BnvsHWe MMNnaHTauuy KPMOKOHCEPBUPOBAHHOW TKaHW NaueHTbl YernoBeka Ha penapaTyBHbIN
OCTEOreHe3 y KpbIC C OTKPbITbIM MEPENOMOM HWDKHEW 4entocTu Ha (oHe ocTeonoposa. MccnegoBanns npoBoaAunM B Tpex rpyn-
nax (n = 35 B Kaxaon) NornoBo3pernbiX Kpbic-camuoB nNuHum Buctap (maccom 180-200 r): KpbICbl C MOAENUPYEMbIM OTKPbITbIM
nepenomMoM HWXHEN YerocTn Ha poHe ocTeonoposa, KpbiCbl C MOAENUPYEMOIN NaTonorMen, KoTopbiM NPOBOAMMAN MMMMAAHTa-
LMI0 KPMOKOHCEPBUPOBAHHOM TKaHM MNaLeHTbl YeNIOBEKa, U KPbICbl C MOAENMPYEMOI NaTonornei, KOTopbiM KpOMe UMNaHTaummn
KPUOKOHCEPBMPOBAHHOW TKaHW MMaueHTbl YeroBeka AOMNOMHUTENbHO BBOAUMM LUTpaT Kanbuus. SKCNepUMeHTanbHbI OCTEO0-
nopo3 y KpbIC Bbi3biBanu BBeAeHMeM B TeveHne 60 cytok 2,5%-ro pactBopa ruapokopTM3OH aueTtarta, nocrne BOCNPOM3BO-
OUnn TpaBMaTU4YeCcKoe NoBpexXAeHne HWXKHeN YenocTu. Ha mogenun nokasaHo, YTO KPMOKOHCEPBUPOBaHHAsA TKaHb NiaueHThbl
MMeeT OCTEONpPOTEKTOPHbIN 3 EKT, KOTOPLIN NPOSABNSAETCA B YCUIIEHUM NPOLIECCOB KonnareHoobpasoBaHusa (MakCUMyM Ha
30-e cyTkun), MMHepanusauMm KOCTHOW TKaHW, AENPUBUPYIOLLEM BIIMSHUM Ha OCTEOAECTPYKTMBHbIE npouecchl U kaTabonuame
konnareHa (Makcumym Ha 14-e cyTku). KombGuHMpoBaHHOE NMpMMeEHEeHNE KPMOKOHCEPBMPOBAHHOW TKaHW NaueHThbl YenoBeka un
uMTpaTa Kanbums nmeeT MOLLHOE OCTEONPOTEKTOPHOE AeWcTBMe, KoTopoe HabnogaetTca Ha 6ornee paHHWX Cpokax aKCnepu-
MEeHTa, YemM Npu MoHOoTepanuu.

KnioyeBble croBa: KpMOKOHCEPBMPOBaHHAsH TKaHb, MaueHTa YernoBeka, LUMTpaT KanbLus, penapaTyBHbIA OCTEOreHe3, Nepenom
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 TUIALICHTH JIIOAWHU 1 JOB-
rotpuBano 30epiratu ix smactmBocti [14]. [licas
JIEKOHCEPBYBaHHSA 30epiraeTbcsi TMOBHOIIHHICTD,
3HUKYETHCS IMYHOTEHHICTh [19] Ta minBUIIYy€EThCS
0l010T1YHA aKTHUBHICTH KJIITHH, SIKI MICTITHCS B TKa-
HUHI NJaeHTH. 3aBIsSKH BUCOKOMY BMICTY FOpPMO-
HiB, IUTOKIHIB, ()aKTOPiB POCTY, CTOBOYPOBUX KITi-
THH TUTAIEHTApHI €KCTPAKTH, CYCIEeH31l KIITHH i
(hparMeHTH TKaHWHHW MAarOTh Pi3HOMaHITHHH (ap-
MaKOJIOTiYHHN e(eKkT (IMyHOpPeTyNIoIvHii, aHTH-
OKCUJIAaHTHUH, pereHepaTuBHUM, T€MOCTAaTUYHUMH,
HEWpOTIPOTEKTOPHMIA, MpoTU3ananbHuil Tomo) [19].
Kpim Toro, BBeIleHHS TaKuX CIIONYK BILIMBAE HAa Me-
Ta0OJIuHI MPOIECH B OpraHi3Mi Ta Ha KJIITHHH, 5K
3[aTHI BUKOHYBATH 3aMicHY QyHKIi0 [21].

Ha migcraBi BHIIEBUKIAACHOTO MM BBa)KaeMo,
IO OJHMM 13 LUIAXIB CTUMYJISLIl pernapaTuBHOTO
OCTEOreHEe3y NpH IMepesioMax HIKHBOI LIeJiend Ha
TIIi OCTEONOPO3Y € BUKOPUCTAHHS KPIOKOHCEPBOBA-
HO{ TKaHWHU TIJIALlEHTH JIOAUHHU.

Binzomo, mo HaiyacTime yIIKOIKEHHS JULBO-
BOTO CKeJIeTa — L€ MEePeIOMU HUKHBOT LIENeNH, SIKi
3a JJaHUMU PIi3HUX aBTOpiB ckianaroTh 70-85% Bifg
yCiX TIEpPENIOMIB KIiCTOK IIEJCITHO-TUIICBOI TIITHKH
[15]. JlixyBaHHS Takux TMamnieHTIB HaOyBae HE JIHIIE
MEIUIHOTO, a i corianbHOro 3HaYeHHS [16], OCKiIh-
KM TIepEeBaXKHY X OUIBIIICTH CKIIaJaroTh 0coOu Ipa-
ne3naTHoro Biky. OCHOBHMMH 3a/ladyaMHU JIIKyBaHHS
i€l Kareropii XBOPUX € BiIHOBJICHHS aHATOMIYHOI
LTICHOCTI HIYKHBOT IIEJIeTH, sIKa 3a0e31euye MOBHY,
KyBaJbHY, KOBTaJIbHY (YHKII, 2 TAaKOXK 3aKpilJieH-
Hs1 3y0iB Ha aJbBEOJSIPHOMY BiJPOCTKY HHIKHBOI
wenenu [20].

Crnin 3a3HauuTH, IO Cy4yacHi Xipypriuxi me-
TOOW JIIKyBaHHSI MEPEJIOMiB HMKHBOI IIEJENU He
JO3BOJIAIOTH MPOBECTH AJCKBATHY Ta SIKICHY pe-
MMO3UIIi10, 3a(iKCyBaTH BiJJIAMKH KICTOK Ta BHUK-
JIOYUTH  TICAATPAaBMATHYHI Ta IicIsSoTepaliiai
yCKIamHeHHS [4], OCKITbKU BOHH 3aCTOCOBYIOTHCS
Ut (hikcarii eperoMiB KiCTKH 0e3 MPOsIBIB 0CTEO-
mopo3y. 3a JTaHUMH CTaTHUCTHUKH Yy MaIli€HTIB cepe-
HBOTO Ta JIITHBOTO BiKy 000X cTareil i3 mepeaoMamu
HWKHBOI IIENeNH, SKi BUHUKIM BHACIIJIOK TOPY-
LIEHHS perapanii Ta HH3BKOTO pPIBHS KaJbIlilo,
OyJ10 BCTAHOBJICHO BUCOKI MOKa3HWKH I1HBaJiJI-
HocTi [15].

Jlnst  301IbIICHHS IMUJIBHOCTI Ta BiJIHOBJICHHS
CTPYKTYPH KICTKOBOI TKaHWHH B yYMOBaxX OCTEOIO-
po3y (IOCTKIIMaKTEpHUYHOI0, CTAPEY0ro, TIIFOKOKOP-
THUKOIZHOTO, BTOPHUHHOTIO, aJiIMEHTApHOI'0), OCHOB-
HUMU MPUYUHAMH PO3BUTKY SIKOTO € aKTHBALlis pe-
30pOIIii KiICTKOBOI TKaHMHHU Ta OCITAOIEHHS MpOIECIB
KiCTKOyTBOPEHHS, HEOOXiHA CTUMYIISIIiSI TPOIIECiB
octeopererepartii [23] hbapmmpemnapaTamu, siKi BIUTH-
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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 3a0e3neuye ii 3polIeHHs Ta 31aTHICTb
MIPOTUCTOSITH MEXaHIYHUM BIUTHBaM [22].

Jist BU3HAYECHHS ONTUMAJIbHOI IBUAKOCTI MIPOJTi-
(hepatuBHUX TIpoIreciB, MU(EPEHIIIIOBAHHS OCTEO-
TCHHUX KIITHHHHAX CJIEMEHTIB B OCTEOOJacTH 1 ¢i-
OpHMHOYTBOPEHHSI Y pOOOTI TIPOBOIMIN KOMOIHOBaHE
JIIKYBaHHS KPiOKOHCEPBOBAHOIO TKAHWHOIO TUTAIICH-
TH JIFOMUHU 1 IATPATOM KanbIlieM (mipemapar «Kaib-
uito utpar» BAT «®apmaky», Yipaina) [20]. Baxu-
BUM € TOH (axT, 1110 penaparuBHUNA ePeKT BKa3aHUX
npernapariB TOCIiPKYBaBCsS Y XBOPUX 13 Pi3HOIO Xi-
PYPTiYHOIO Ta TEPANeBTUYHOIO MATOJIOTIEI0, ajie TIPH
nepenoMax HWKHBOI IeNeny iX Jisi MpakTUYHO He
BUBUYaiacs. ToMy BBa)Xa€MO JIOLIJIBHUM BH3HAUNTH
JTIKyBaJbHUH €(peKT KOMOIHOBAaHOTO 3aCTOCYBAaHHS
KpIOKOHCEPBOBaHMX (parMEHTIB TKAaHUHU ILIalleH-
TH Ta MUTPATy KaJbIlito, IKUH Ha BIAMIHY BiJl IHIIHX
Ipernaparis He BIUIMBA€ HA LUTYHKOBY CEKpELiI0 Ta
HE BUKJIMKA€ KAMEHEYTBOPEHHS [2].

Meta AOCHi/KEHHS — OIIHUTH BIUIMB KPiOKOH-
CEpBOBAHOI TKAHMHU IUIALICHTH JIIOOUHM 1 LUTpary
KaJIBIIIF0 HAa MeTaboIi3M KICTKOBOI TKaHWHH B Pi3HI
TEPMIHU PEMapaTHBHOTO OCTEOTEHE3y y IIypiB i3
BIIKDHTHM TEPEIOMOM HIDKHBOI IIeNiend Ha T
OCTEOIOPO3Y.

Marepianu Ta MmeToaun

EkcrniepuMeHTH TIPOBOIWIN BIAMOBIIHO 70 3a-
koHy VYkpainu «[Ipo 3axuct TBapuH Bin KoOpc-
ToKOT0 ToBOKEHHsD» (Ne 3447-1V Bix 21.02.2006)
13 JOTpUMaHHSAM BUMOT KomiTeTy 3 OioeTtuku Bin-
HUIIBKOTO HAI[lOHAJILHOTO MEIUYHOTO YHIBEPCHUTETY
iMm. ML.I. ITuporosa (mporokon Ne 14 Big 25.11.2010),
Y3TODKCHHX 13 MOJOKEHHsIMU «EBpomnelicbkoi Kon-
BEHI[i 3 3aXHWCTy XpeOETHUX TBApPUH, SKi BHUKO-
PUCTOBYIOTBCSI B CKCIEPUMEHTAIbHUX Ta 1HIIMX
HaykoBHX TUIAX» (CtpacOypr, 1986). Ilmamenty
OTPUMYBAIH 3a MHUCHMOBOIO iH(GOPMOBAHOIO 3T0-
JIOTO TIOPOIIIIII.

Hocminn mpoBommiu Ha 3—4-MICIYHUX CTaTe-
BO3PIIMX IIypax-camIpsix JiHil Bicrap (n = 105, maca
180-200 r), SIKUX PO3MOALIIIN 38 TAKAMH TPyTIaMH
(n = 35): 1 (KOHTPOJIb) — MOJICIILOBAHUHN BIJIKPUTHH
MepesioM HWXKHBOI IIeJend Ha T OCTEONopo3y
(ITHILL + OII); 2 — momenboBaHA MATOJIOTIS 3 M-
IUTAaHTAILI€I0 KPIOKOHCEPBOBAHOI TKAHWHH TLIAllCH-
™ monuan (ITHIL + OIT + KII); 3 — MoxensoBaHa
[aToJIOTisl 3 IMIUIAHTALIIEI0 KPIOKOHCEPBOBAHOI TKa-
HUHM IUIALEHTH JIIOAMHU Ta JOJATKOBUM YBEACH-
HaM 1Tpary kaneiito (ITHILL + OIT + KIT + Ca).
HocmimxenHs BukoHyBanu Ha 7, 14, 21, 30 Ta
45-ty mobm micas iMIIIaHTamii KpiOKOHCEPBOBaHMX
(hparmenTiB ranenTy. Ha Ko)kHOMY Te€pMiHi TOCHTiI-
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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).

ExcniepuMeHTanbHuil 0CTEONOPO3 y MIypiB BHUK-
JIUKAIA BBEJCHHAM mpoTsrom 60 mio 2,5%-ro pos-
YUHY TiIPOKOPTHU30H arerary 4depe3 mo0y y JMo3i
50 mr/kr macu Tima [11]. Ilicas mporo mpemapar
BIIMIHSUIT 1 BiATBOPIOBAJIM TpaBMAaTHYHE YIITKOA-
JKEHHSI HIDKHBOI mienenu [1]: mypa ¢ikcyBamm Ha
CTaHKy Ha CITHHI; ITiJT TIOMEHTAJIOBUM HAapKO30M [5]
(0,1 mm 10 %-ro po3umny mpenapary «TiomeHTam»
(Kopmoparist «Aprepiym», Ykpaina)), aa 100 T macu
TiNa) y TpaBiil MmifmeNnenHii 30Hi TPOBOAWINA PO3-
pi3 mKipu AoBkuHOW 10—12 MM mapajenbHO HIX-
HBOMY Kpalo HIKHBOI ILIENIeNH Y MeAialbHOMY Ha-
NOpSIMKYy; M’SI3M PO3CIKaQlIM Ta CKEJIETYBaJd HIK-
HIO IIeJely; CenapyBajbHUM JHUCKOM PO3CIKaIH
30BHIIIHIO KOPTHUKAJIBbHY IUIACTHHY 1 JOJIOTOM MO-
JICITIOBAIM TTOBHUI TIEPEJIOM KICTKH 1O JiHIT 3’€1-
HaHHS Tina Ta TUIKH IIEJIeNd B PETPOMOJISIPHIN
ninsHOi. OnepauiiiHy paHy 3’€AHYBaJH 3 POTOBOIO
MOPOKHUHOIO, M’SI3M Ta MIKIPY YIIUBAIU KETTYTOM.
Uepes no0y TBapuHAM XipypriyHHM IUIIXOM M-
IUIAHTYBaJld KPiOKOHCEPBOBaHI (hparMeHTH TIuIa-
IICHTH JTIOAWHM: Ha CIuHI (B 30HI JIOTATKH) T[T
iHGiIpTpamiiftHolo anecresicro 0,5%-ro po3uuHy HO-
BOKAaiHy POOWIIM MiIMIKIpHY KHIIEHBKY, B SIKy BHO-
CHJIM CTEpWIbHUI (parMeHT KpiOKOHCEpBOBAHOI
miamneHTd Macoro 20 Mr Ha OfHy TBapuHy. Po3pi3
3aIIUBAIIN T4 OOPOOIISITA AHTUCETITUKAMU.

TkaHuHY TUTALGHTH KPIOKOHCEPBYBAJIHM 32 METO-
nukoro, pospobnenoro B IIIKiK HAH Vipainu [3].
[Ticns 3amMopoXKyBaHHS KOHTEHHEPH 31 3pa3KaMu J0C-
TaBISUIM B HU3BKOTEMIEpaTypHUil OaHK, B SKOMY
BOHM 30epiramucst B piakoMy aszoti mpu —196°C.
3pa3kd MepeBipsaM Ha HasABHICTH 1HEKIIHHNX
areHTIB 1 OI[IHIOBAIM YKHUTTE3ATHICTh KPIOKOHCEP-
BoBaHMX (parMeHTiB TuraneHTH. llepen imran-
Tariero (parMeHTiB TUIANEHTH BHW3HAYAd TepMe-
TUYHICTH 1 MUTICHICTh YHMaKOBKH, BiATOBIIHICTH Ta-
criopTu3amii Ta TepMiHaMm 30epiranasa. dparMeHTH
IJIAIIEHTH TIepell IMIUIAHTAIli€0 PO3MOPOKYBAIH
Ha BonsHINA Gani mpu Temmepatypi 38°C 3 morpwu-
MaHHSIM BCiX YMOB acCeNTHKH 1 aHTHCENTHKH. Yac-
TUHI TBapHH TOPSJ 3 IMIUIAHTAIIEI0 KPIOKOHCEPBO-
BaHUX (pparMeHTIB IUIALIEHTH pa3 Ha 100y BBOIMIN
LUTpaT KaNbLil0 Y TepaneBTH4YHiNi 1031 26 mr [12].

Ha perynsmito penapaTHBHOTO OCTEOTreHe3y y LIy-
piB i3 TeperoMaMM KiCTOK BIUIMBAIOTH 3alalieHHS,
nucOanaHc pocTOBHX (DaKTOpiB, OKCH- Ta HITpO3a-
TUBHHMI CTpecC, MOpPYIIEHHs OOMiHY KaJbL{iI0 TOIIO
[10]. Tomy Hamu Oynu oOpaHi 3aco0u, siKi 37aTHI
KopuryBaru OiOXiMiUHI Ta IMYHOJOTIYHI TIOpY-
LIEHHS — KpPIOKOHCEPBOBaHY TKAaHMHY IUIALICHTH
JIOOVMHMA Ta LUTpaT Kajblito. Bukopucranus mnpe-
MapariB KaJbIlil0 € MTATOTEHETUYHO OOIPYHTOBAHHM,

128

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

npo6nemu Kpiobionorii i kpiomeauUMHN

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



OCKIJIbKM TOpYILIEHHS HOoro oOMiHy Oyno BHsBIe-
HO Ha PI3HUX eTamax penapaTuBHOTO OCTEOTEeHE3Y
y LIypiB i3 MEpesIoMaMH KiCTOK Ha TJi OCTEONOPO3Y.

BbioxiMiuHi OCHIKEHHSI TPOBOAWIN HA CHPO-
BaTIi KPOBi, AKY BHIUTSITN 332 CTAHAAPTHOIO METOIH-
koto [9]. CupoBarky oTpuMyBanu HUISIXOM 30-XBU-
JUHHOTO TeHTpudyryBanHs kKposi mpu 600g Ta
18-22°C. ANIKBOTH CHpPOBaTKH KpPOBI BiIOHpad B
mikponpoOipkn «Eppendorts («Eppendort», Ascrpist)
1 g0 mpoBenmeHHs aHami3y 30epiramu mpu —20°C.
BwmicTt BiTbHOTO Ta MENTH/I03B’ I3aHOTO OKCHITPOIIHY
B CHpOBATIll KPOBi BH3HAYaAJM 3a PEAKIN€I0 3 Ta-
paauMeTunaMinoOeH3asbaeriiom [13], akTHBHICTBH
kucioi (Kd 3.1.3.2) Ta nyxuoi (Kd 3.1.3.1) doc-
¢daraz — crnekTpopOTOMETPUYHUM METOAOM 3a pe-
akuiero 3 mapanitpodenindocdarom mpu pH 4,8
i 10,5 BimnosigHo [6]. Inmexkc MiHepamizamii B cu-
poBariii KpOBI PO3PaxOBYBaJH SIK BiJHOIICHHS ak-
TUBHOCTI JIy)KHOI Ta kucioi ¢ocdara3. Onrtuu-
Hy WIUIBHICTh BUMIPIOBAJIM Ha creKTpodoTomMerpi
«CD-26» («JIOMO», Pocis). s 6GioXiMidHUX TOC-
JiPKeHb BUKOPUCTOBYBAIH IapaJiiMETHIIaMiHOOCH-
3ambierin, napasiTpodenindocdar («Sigmay, CILIA).

CratucTuaHy 00poOKy pe3yibTaTiB 0 CHiHKSHHS
npoBoawuH B mporpamax «MS Excel XP» ta «SPSS-
10.0.5 for Windows» (SPSS, CHIA). MixrpymoBy
PI3HHUITIO OIHIOBAJIM 3a HemapameTpudHuM U-KpH-
TepieM ManHa-YiTHI.

Pe3ysabTaTn T2 00roBOpeHHs

BcranoBneHo, 1m0 3acTOCYBaHHS KpPiOKOHCEPBO-
BaHOI TKAHWHH TUIALEHTH Ta [UTPATy KaJbLiI0 Mpo-
TUJi€ HAaIMIpHOMY KaTaboJli3My KOJareHy y LIypiB
3a YMOB MEpPeIOMYy HIMKHBOT MIEJENH Ha T 0CTeo-
noposy. BinbHa ¢pakuis OKCHIIpOIiHY, SKa YTBO-
PIOETBCSL BHACIHIZOK PO3Magy KoJlareHy, MOBTOPHO
HE 3aJIy4aeThCs 10 METAOONIYHUX TPOIECiB, Ha
BiIMIHY BiJ IHIIUX aMiHOKMCIIOT. 3a BiIXHJICH-
HSAM KOHIICHTpAIii BUTBHOI (pPaKIlii OKCHIIPOIIHY
BiJl HOPMAJIBHUX BEIMYMH MO)KHA BU3HAUUTH Kara-
00Ji3M KojareHy, CTYIiHb pe30pOIlii KiCTKOBOi TKa-
HHHH, OCKUIBKH KOJIareH € OCHOBHHUM OIJTKOM, SIKHH
npuiiMae y4acts y ii opmyBanHi [8].

Ha 7-my moOy micns iMruiaHTanii KpiokoHcep-
BOBaHOI IUIAIIGHTH PiBEHb BIJIBHOTO OKCHIIPONIHY Y
TBapuH Tpyn 2 Ta 3 OyB 3Hauyme MeHue (Ha 15,6
Ta 28,5% BiANOBIHO) MOPIBHSHO 3 KOHTPOJIEM, MPH
yoMy B rpymi 3 3Hauymie menmie (Ha 15,2%), Hik
y Tpyni 2. bimpimn TpuBama nis mpenapariB majia
OlTbII BUpaKEHy [il0 Ha Karaboii3M KoJlareHy: Ha
14-1y Ta 21-my nodu 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, MiABUIICHHS PIBHA BUTHPHOTO OKCHIIPOJIHY Y
IIypiB KOHTPOJIBHOI TPYIH 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 BinbHOro okCMNporiHy y CMpoBaTL,i KPOBI LLYPIB Y pi3Hi TEpMiHM penapaTMBHOIO OCTeOreHe3y nicrs
iMnnaHTauii KpioKOHCepBOBaHMX oparMeHTIB NNaLeHT NMIOAMHN | BBEAEHHSA uuTpaTty 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 okcuMnponiHy, MKMOIb/n
Content of free oxyproline, yum/I
CTpoku pocnigxeHHa, noba
Terms of study, days

MHLL +0n MHLL +0n+Kn MHLL + 0N+ 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 + 0,12% 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 3HavyLla BiHOCHO MOKA3HMKIB: * — TBApWH rpynun 1 BiANOBIOHOIO CTPOKY AOCHIIAXEHHS;
#— Ha 7-my 0o6y; & — Ha 14-Ty noBy; " — Ha 21-wy aoby; ® — mMixx nokasHukamu rpyn 2 Ta 3 BiAnoBigHOro CTPoKy Aocnia-

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).

3 CBIMYUTH MPO TOCHIICHY KarabomivuHy ¢azy mera-
00I1i3My OCHOBHHMX KOMITOHEHTIB OpraHi9HOI OCHOBH
KICTKOBOI TKaHWHH. KpiM TOTO, B IIi CTPOKH BimMi-
YJaIOThCS 3HAUYII BiAMIHHOCTI PiBHS BUIBHOTO OK-
cunporiny: y rpymi 3 Ha 14-ty noOy BiH MeHIIEe Ha
17,3%, a va 21-my no6y —ua 7,7% BIZHOCHO TPpyIIH 2
(tabm. 1).

Takum yuHOM, KOMOIHOBaHE 3aCTOCYBaHHS Kpio-
KOHCEPBOBAaHO! TKaHWHM IUTALICHTH JIFOAWHU 1 IIHT-
pary Kajbllito, KMl TOCUIIOE OIOCHHTE3 KOJIAreHY,
TBapyHaM 13 BIJKPUTUM TIEPEIOMOM HMXKHBOT I1IeJie-
ITM Ha TJI1 OCTEONOPO3y MaJo HAWOITBIINK eeKT.

[Mopsim 31 30iMBIICHHSAM KOHIICHTpAIll BILIBHOI
¢pakuii okcunponiny (OioxiMiyHOro Mapkepa pe-
30pOI1ii KiCTKOBOT TKAHWHU) 3HWKYETHCS BMICT TIPO-
TeiH-3B’s13aH01 (hpaKiii mi€i aMiHOKUCIOTH — MENTH-
JIO3B’SI3aHOTO  OKCHIIPOJiHY (Oi0XIMIYHHHA Mapkep
CUHTETHYHOI (a3u Mmerabomizmy komareHy) [10].
Ha 7-my noOy micist KoMOiHOBaHOTO 3aCTOCYBaHHS
KPIOKOHCEPBOBAHOI TKAHWHU IUIALIEHTH JIOAWHU Ta
LIUTPATy KaJbIliI0 3HAYYIIMX 3MiH y Tporieci Koja-
TeHOYTBOPEHHS BUSBIEHO He Oyio, ogHak Ha 14-Ty
N00y JIMIIe Micisl TIOEIHAHAHOTO 3aCTOCYBaHHS J0C-
JMDKYBAaHUX TIperapariB TOCHIIIOBAaBCS OlO0CHHTE3
KOJIareHy: piBeHb MENTHUA03B’SI3aHOT0 OKCHIIPOIIHY
B CHpOBaTLi KpoBi 3Hauylne nepeBumuB (Ha 28,1
ta 29,0% BIANOBIIHO) MOKAa3HUKH TBapHH Tpyn |
ta 2. Ha 21-my noOy Bin moyarky gapmakoreparmii
BigMiuaBCsl HaWHOINMBII TOTY)KHUHM BIJIMB BKa3aHUX
mpernapariB Ha CHHTE3 KOJareHy: BMICT y cCHpOBar-
i TMEeNTHI03B SA3aHOTO OKCHUNPOJNiHY B Tpymax 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 kpiomeauUMHN

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



Ta 3 3Hauymie nepeBumuB (Ha 21,4 Ta 35,2% Bia-
MOBITHO) TOKAa3HWKM KOHTPONIO. 3a LUX YMOB Y
rpy1i 3 piBeHb IIbOTO METa0OJITy B CHPOBATLi KPOBI
OyB 3Hauymie Bumie (Ha 11,4 %), vix y rpymi 2. Ha
30-ty moOy micnst QapmakoTepamnii y TBapHH TPy
2 Ta 3 piBeHb NENTHO03B’SI3aHOTO OKCUMPOIIHY B
CUpOBaTIli KpoBi OyB MeHIIe, HiXK Ha TOMEPETHBO-
My TepMiHi crioctepexenss (13,0 ta 19,1% sinmo-
BiHO) BIAHOCHO KOHTPOJBHOI Tpymu. OmepskaHi
JlaHl CBI9IaTh PO cTabimi3aIlito MeTadoi3My B KiCT-
KOBifl TKaHWHI, IO TMPOSBISIETHCA 3HWKEHHSM He-
raTUBHUX HACIIJKIB TIEPEIOMY Ha TJI OCTEOMOPO3Y
(tabm. 2).

Bigomo, 1m0 BHACTIZOK MOCHUICHHS AKTHBHOCTI
0CTE00J1aCTiB NPU MepesioMax KiCTOK B KPOBI ITiJIBH-
LIYEThCS piBeHb yxHOT (hocdarasu [7], sika cnpusie
BigmernieHHo ¢ocdary BiIl OpraHiYHUX PEUOBHH
1 mpuiiMae BayJIMBY y4acTb y MiHepajizamii KicT-
Kd, (DOpMYBaHHI anaTUTIB i OPraHiYHOTO MAaTPHUKCY.
JocmimpkeHHsT TWHAMIKKA TOKAa3HUKIB JIy)XHOI (oc-
(haTazu HeoOXimHE U1 MPOTHO3YBaHHS Mepediry
IIepesoMiB KiCTOK JINIILOBOTO cketeTa [10].

ITicns mpoBeneHoi (apmakoTeparrii crioctepira-
JIOCST TIOCHJICHHST OCTEOTeHE3y y IIYPiB i3 3MOIETHO-
BAaHOIO TIAaTOJIOTI€I0, TP YOMY KOMOIHOBaHE 3ac-
TOCYBaHHSI KPIOKOHCEPBOBAHOI TKAaHWHU TUIAIICHTH
Ta IUTPATy KaJbIiI0 Majgo OUTBIIHN MPOTEKTUBHUH
edext. Ha 7-my moby Oyno BUSBICHO, IIIO OCTEOTE-
He3 y TBapHWH AOCIITHUX TPYyN 3HAYYyIIe HE Biapi3-
HSIBCSI BiJl TAKOTO B KOHTPOJNBHIN rpyi. HaiOinbm

(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 nentngo3s’si3aHOro OKCUMNPOriHy y CMpOBaTLi KPOBI LLYPIB i3 BiAKPUTUM NEPENOMOM HXKHBLOI Lenenu
Ha TNi 0OCTeonopo3y B Pi3Hi TEPMIHN penapaTUBHOIO OCTEOreHe3y Nicrns iMnnaHTaLii KPiOKOHCEPBOBAHNX (bparMeHTiB
nnaueHTn NoAMHK | 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 MOKAa3HWMKIB: * — 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
TKaHWHH TUIAIICHTH Ta HUTPATy Kajlblilo Ha Ipole-
CH ocTeopemnapanii peectpyBaBcsi came Ha 14-Ty
n00y: B CHpOBATIli KPOBi IIypiB Tpyn 2 Ta 3 aKTUB-
HICTh Iy’KHOI (hocdaTaszu 3HaUyIIe NMepeBHIyBaa
(ma 15,3 ta 19,8% BignoBiIHO) TTOKa3HUK TBApUH
koHTpoNbHOI Tpynu. [Ipn npoMy y rpymi 3 BiH OyB
3HAUYIIE BUIIUM, HK Y Ty 2. Y OB Mi3HiH Tep-
MiH nociimkeHHs (21-ma mo6a) aKTHBHICTE JIYXK-
HOi (hocdarasm B rpymax 2 ta 3 Oyna 3HAUYIIEC BU-
moro (ra 11,0 Ta 11,2% BiAMOBIAHO), HIXK Y TBApUH
KOHTPOJBHOI Tpymnu (Tadiu. 3).

[ligBuIieHHsT aKTUBHOCTI Jy»KHOi (Qocdarazu
MOYXHa BBa)KaTH MO3WTHBHOIO MPOTHOCTHYHOIO 03-
HAKOK KJIHIYHOTO Tiepeldiry Ta KOHCOMiAIlil yaam-
KiB KiCTKU. JlaHWI MOKa3HUK WiJABUIYETHCS Bij-
pasy micisi TpaBMH (B pe3yNbTaTi MOMIKOIKEHHS
KICTKM) 1 3aJUIIAETHCS TAaKUM MPOTATOM YCHOTO
nepiogy 3pOILEHHA TepernoMy (3a paxyHOK aKTu-
BizaIlii octeo0macTiB), y mpoieci penaparii BiH Io-
CTYIOBO HAOIMKA€ETHCSI 10 HOPMAJIbHUX 3HAYCHb
[10]. Taxk, Ha 30-Ty 100y y 11ypiB rpym 2 Ta 3 aKTHB-
HICTB IIbOTO (hepMeHTy Oyra 3HadyIie MeHtre (Ha 16,8
ta 19,3% BinnosinHO), HiX Ha 2 1-11y 100y Ta Ha 14,0
Ta 16,4% mopiBHSAHO 3 KoHTposeM. Ha 45-ty moOy
aKTUBHICTH JTyXHOI pocdarazn B JOCTITHUX Tpymax
TBAapHH BiAMOBi/ajla KOHTPOJIBHUM 3HAYEHHSM.

BukopucTaHHs KpIOKOHCEPBOBaHOT TKAHUHH TUIA-
LIEHTH JIFOMUHU W 0COOJIMBO B KOMOIHAIIT 3 HUTpa-

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 NyHOi hochaTasm y cMpoBaTLi KPOBI LLYPIB i3 BiAKPUTUM NEPENIOMOM HWXHBOT LLeneny Ha Thi
OCTEeonopo3y B Pi3Hi TEPMiHM penapaTMBHOIO OCTEOreHe3y Micrns iMnraHTauil KpioKOHCEPBOBaHMX oparMeHTIB NnaueHTu
NOOUHKY | 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 + ON+ 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 3HaYyLla 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 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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TOM KaJIblLil0 BUKIHUKAJIO JEeTpH-
Myrounid epekT Ha mpouecu Je-
CTPYKIii KiCTKOBOI TKaHUHH 3a
YMOB CKCIIEPUMEHTAIBHOT Ta-
tororii (tabda. 4). OcreokimacTu
BMIMYIOTh BEJIUKY KIiTBKIiCTh
kucioi ¢ocdarasm i mm gac pe-

Tabnuusa 4. AKTMBHICTb KMCIOI pocchaTasmn y cMpoBaTLi KpoBi LypiB i3
BiAKPUTMM NEPENOMOM HIKHBOI LLENenu Ha Tri OCTEONOPO3Y B Pi3Hi TEPMIHN
penapaTuBHOro ocTeoreHesy nicns iMnnaHTawii KpiokoHCepBOBaHUX
oparMeHTIB NNaLeHTV MOOUHN | BBEAEHHS LUMTpaTy 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)

30p6].[1.1. CCKPETYIOTh 1i Yy I1o3a- AKTUBHICTb nyHOi hoccbaTtasm, On/n

: Activity of alkaline phosphatase, Units/I
KIITUHHE CepeloBUIlle. AKTUB- Crpokn aocHimkeHHA, 1o6a Y phosp

1 - Terms of study, days

HICTIT JIaHO'l"O hepmenty B cupo MHLL + 0 MHLL + O + K MHLL + OM + KM+ Ca
BaTIll KPOBI 3pOCTa€E, KOJIHU IOCH- MF + OP MF + OP + PT MF + OP + PT + Ca
JIOETHCS pe30pOIis KicTku. Tomy

N 7 16,8 + 0,43 15,9 + 0,49 14,9 + 0,65*
el TIOKa3HUK BHKOPHCTOBYIOTh
AT BUSHAYCHHA  BUPAXKCHOCTI 14 18,9 + 0,57 16,5 + 0,42* 14,6 + 0,47
JNECTPYKTUBHUX 1 pErapaTUBHUX
nporecis y kicrii [18]. 21 16,5 + 0,69¢ 14,8 + 0,43% 14,7 + 0,37*

ITigBuIlleHHS aKTUBHOCTI KHC-
noi docdarazu moxe Oytu 3y- 30 15,0 + 0,227 | 12,2 + 0,23*% 11,8 + 0,36*#
MOBJICHO PO3BUTKOM 3alajIbHOTO
MPOLIECYy BHACIHIJIOK IEPEIIOMY 45 11,9 + 0,54/ 11,1 + 0,497 10,9 + 0,57
1 HOCHJIEHHSAM aKTHMBHOCTI OCTEO-

OnacTiB 3a pPaxyHOK IOCTTpaB-
MatuuHoro crpecy [8]. Tak, Ha
7-my 10Oy Tmicis TpOBEACHHS
KOMOIHOBaHOI Tepartii aKTHBHICTh
kucnoi Qocdarasu, Sk Mapkepa
KICTKOBOiI pe3opOirii, Oyna 3Ha-
gyme Mmenme (Ha 11,3%) Bix-
HOCHO KOHTPOJIIO, TPOSIBIISIOUH
MIPOTEKTOPHY Aif0. HaiibinmpIma mpoTekTopHa ist BKa-
3aHUX TIperapariB peamidyBanacs Ha 14-Ty mo0y: B
rpynax 2 Ta 3 akTHBHICTH kucioi docdarazu B cu-
pomarmi KpoBi Oyma 3Hauyme MeHme (Ha 12,7 Ta
22,8% BIAMOBIAHO) TOPIBHSIHO 3 KOHTpOJeM. Baxk-
JIUBO, IO caMe B IIeW TEpMiH aKTHBHICTH KHCJIOL
(docdarazu B cuposariii KpoBi TBapuH rpynu 3 Oyia
3Hauyme menmre (Ha 11,5%), Hixk y TBapuH rpynu 2,
HalimeHIna ii akTuBHICTh — Ha 30—45-1y 100y. Tak,
Ha 30-ty noOy y TBapuH Tpyn 2 Ta 3 aKTHBHICTb
naHoro ¢epmeHTy Oyna 3Hadyme meHie (Ha 19,7
ta 25,9% BIAMOBITHO) MOpiBHSIHO 3 21-t0 1000%0,
IO CBITYMTH MPO TO3WTHBHY OUHAMIKY KiCTKOBOI
penapariii — mepeBakaHHs TporeciB (HopMyBaHHS
Haj pe30opOIi€er0 Imichs 3aCTOCYBaHHS IOCIiIKyBa-
HUX TIpeTaparis.

3anpornoHOBaHa Teparrisi, 0COOJHBO KOMOIHOBaHA,
CTIpHsUTa TIOCHUJICHHIO TIPOIIECiB MiHepai3allii KicT-
KOBOI TKaHWHU TIypiB (Tadm. 5). Panriil BIUIMB Bim-
MigaBcsi Ha 7-My 7100y 1 OyB 3Hauymie BHUIIUM
(ma 13,4%) BITHOCHO KOHTPOIIO. Y TBapHH i3 MoJe-
JLOBAHOIO HIDKHBOIIEICITHOI TPaBMOI 0e3 3acTo-
CYBaHHSl KPIOKOHCEPBOBAaHOI TKAHMHM IUIAIECHTH 1
LUTPaTy KaJbIiI0 CHOCTEPIrajaocst 3HWKEHHSI 1HACKCY
MiHepasizamii KiCTKOBOi TKaHWHH, IO 3YMOBJIEHO
AKTHUBAIIIEI0 OCTEOOIACTIB Ta MOCUJICHHSM TPOIIECIB
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Mpumitkn: PisHMUA CTAaTUCTUYHO 3Hadvylla 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
pocnimkeHHs (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 I1i mopy-
IICHHS BUKJIHMKAaHI BHPOOKOIO
Mpo3anajibHUX IUTOKIHIB BHA-
CIIIJTIOK TpaBMHU [2].

Haiibinpmr  Bupakena mis
KpIOKOHCEPBOBAHOI TKAaHUHH

Tabnuusa 5. IHOekc MiHepanisauii KicTKOBOT TKaHUHW LLYPIB i3 BIOKPUTAM
nepenoMoM HIKHBOI LLienenu Ha Tri OCTeomnoposy B Pi3Hi TEPMiHW penapaTuB-
HOro ocTeoreHesy nicrns 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)

IUIAICHTU Ta OUTpary KaHBHiIO IHaeKc MiHepanisauii KiCTKOBOI TKaHWHU
peecTpyBanacs came Ha 14-Ty Crporu BocHimKeHHn, R06a Index of mineralization of bone tissue

100y JOCIiKEHHS: Y TBapHH Terms of study, days MHLL + 0N MHLL+OM+KN | MHLL+OM+KM+Ca
rpyn 2Ta3l3 iHlIeKC MiHepaJIiSa- MF + OP MF + OP + PT MF + OP + PT + Ca
uii OyB 3Hauymie Bumie (Ha 31,7

Ta 55’3%)’ Hi y KOHTpOHBHiﬁ 7 27,6 + 0,88 28,8 + 1,038 31,3 £ 1,18*%
ZEZ‘T;HZCTBSEII/LI:HZPY(T{I;:;1]3’;?9?/?)])]3: 14 24,6 + 0,557 32,4 + 0,77** 38,2 + 1,39*#¢
Hl)K y rpym 2 OHeP)KaHl AaH1 21 32,7 £ 1,12% 40,3 + 1,13*# 40,6 + 1,42%%
MATBEP/LKYOTh TCPAIICBTUYHY

e(eKTUBHICTH KOMOIHOBaHOTO 30 38.3 + 0,79/ 40,5 + 0,95 40,9 + 2,197
34CTOCYBAaHHA KpiOKOHcepBOBa—

HHUX (bparMeHTiB IJIAll€HTU Ta 45 39,4 + 1,46 41,3 = 1,607 41,6 + 1,68

utpary Kaneiito. Ha 21-my go-
Oy B rpymax 2 Ta 3 iHjmekc
MiHepasizamii OyB 3Ha4yIIe BU-
11e, HiK TICIsl IMIDTAHTAITi Kpio-
KOHCEPBOBAaHUX (hparMeHTIB TKa-
HUHA TolaneHTn (Ha 23,2 Ta
24,2% BIOMOBIAHO) BITHOCHO
KOHTPOJTIO.

XeHHs (p < 0,05).

OTxe, OTpUMaHI Pe3yJIbTaTh CBiAYaTh PO OCTEO-
MPOTEKTOPHY Mdil0 KPIOKOHCEPBOBAHOI TKaHWUHU
IDTAIIGHTH JIIOAWHMA 332 yYMOB MOJIENIEOBAHOI Maro-
JIOTii, SIKa BUSBISETHCA B TOCWIICHHI IMPOIECIB KO-
JIareHoyTBOpeHHs1 (MakcumMyM Ha 30-Ty mo0y), Mmi-
Hepai3allii KicTKOBOi TKaHWHU (MakCUMyM Ha 14-Ty
nmo0y), a TakoK JCTIPUBYIOUOMY BIUTMBI Ha OCTEO-
JIECTPYKTHBHI Tporiecu (MakcumyM Ha 14-ty mo0y)
Ta KaraboJ1i3M KoareHy (MakcuMyM Ha 14-ty no0y).

BucHoBkn

1. 3acTocyBaHHS KpIOKOHCEPBOBaHOI TKaHWUHHU
IUTALEHTH IIypaM 3a YMOB BiIKPHTOTO TIEPEIOMOMY
HWKHBOI MIEJTeNd Ha Tl OCTEONOpo3y Mae BUCOKY
OCTEOINPOTEKTOPHY JiI0, SIKA BUSBISETHCA y HOP-
Masi3amii MeTa0OoJiYHUX TPOILECiB y KIiCTKOBIH
TkaHuHi. Ha 21-mry no0y excriepruMeHTy BHU3Ha-
YaBcs HAMOIBII BUPa)KEHU CTUMYITIOIOYUH BIIJTUB
KPIOKOHCEPBOBAaHOI TKAHWHM IUIALIEHTH Ha OCTEO-
reHe3 Ta 0iOCHHTE3 KoJareHy (aKTHBHICTbH JY>KHOI
docdarazm Ta BMICT TENTHUI03B’I3aHOTO OKCH-
npoiiny Ha 11,0 Ta 21,4% BiAMOBIIHO MEPEeBUILY-
BaJIM KOHTPOJIbHI TTOKa3HUKH).

2. KoM0OiHoBaHE 3aCTOCYBaHHS KPiOKOHCEPBOBA-
HOl TKaHWHM TUTAIICHTH Ta IUTPATy KaJbII0 BUSB-
JISUTO TIOTY)KHY OCTEOIPOTEKTOPHY Ji€l0 BXKe Ha 7—
14-ty noOy ekcrepruMeHTY, HiXK Miclisi MOHOTEeparii.
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MpumiTkn: Pi3HNLA CTaTUCTUYHO 3HaYyLLa BiHOCHO MOKa3HWKIB: * — TBAPWH rpy-
nu 1 BIgNOBIAHOrO 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 BITUB KOMOIHOBaHOI Teparmii
Ha OCTeoreHe3 Ta 0OiOCHHTE3 KojareHy (aKTHBHICTb
my)HOi ¢ocdarazm Ta BMICT MENTHIO3B’I3aHOTO
oxcunponiny Ha 20,0 ta 28,1% BiamoBiAHO NepeBU-
ITyBaJii KOHTPOJbHI TIOKa3HUKH).

[omampmri qocmipkeHHS B IBOMY HANpPSMKY J10-
3BOJISATH PO3KPHUTH MOJICKYIISIPHI MEXaHI3MH, depe3
SAKi peasi3yeThCsl OCTEONPOTEKTOPHA i KPIOKOH-
CepBOBAaHOI TKAHWHW TUIAIICHTH JIIOMUHHA TIPU BiJ-
KPUTOMY TIepelioMi HIDKHBOI IIeJIeNd Ha T 0CTeo-
OpPO3Y.
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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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