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PROGNOSIS OF REPARATIVE OSTEOGENESIS IN RATS WITH O PEN MANDIBULAR
FRACTURE ON THE BACKGROUND OF OSTEOPOROSIS
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In this work, mathematical prediction of the cour$eeparative osteogenesis in rats with an ogastiure of the mandible on
the background of osteoporosis has been carriedt gsishown that important biochemical markerspgimgnosis of osteo-reparation
processes under conditions of simulated pathologthe content of VEGF, TGEL, carbonyl groups of proteins, nitrites and resah
serum. Among these biochemical indicators, thetgseaalue for controlling the processes of reparabsteoregeneration is the
determination of the content of TG#-and VEGF in serum, but less important is theysaidhe level of carbonyl groups of proteins
and nitrites and nitrates in serum.

Key words: metabolic markers, reparative osteogenesis, fe@ofithe mandible, mathematical prediction.

Reparative osteogenesis is a complex multi-stamjedical process, which is hormally accompanied
by a complete restoration of the structure of dadaapne tissue. Despite the fact that during tlosgss,
exist all the biological preconditions for normaldting of the fracture, the percentage of delaysih and
various complications after traumatic bone damagiate remains rather high - 10-15% [6]. Therenzaay
factors that can modify the course of reparativeaagenesis, among which an important place beltngs
osteoporosis [10]. Therefore, a very importantessiimodern medicine is the definition of ostecarefive
potential in patients with osteoporosis before grenfng surgical interventions, which would allov, i
necessary, to apply methods of stimulation of estearation in the early postoperative period teats
optimal conditions for the course of reparativeeogéenesis. In this regard, the prognosis of theseoof
osteo-reparation processes in fractures of the itviandspecially against the background of ostexgisyris a
very topical issue in dentistry to develop an difedreatment strategy for patients.

The purpose of the study is to develop an effective matherahtiwodel for predicting the course of
reparative osteogenesis in rats with an open fiaciithe mandible on the background of osteopgrosi

Material and methods. Experimental osteoporosis in rats was induceddoyirdstration of 2.5%
hydrocortisone acetate solution over a period afl&@ in a dose of 5 mg/kg body weight [1]. Subeatiy,
the drug was discontinued and made traumatic datoabe lower jaw: the rat was fixed on the machine
the back; under light hexanal (0.1 ml of 10% solutper 100 g of body weight) anesthesia in thet righ
submandibular zone was performed damage of skallgiaio the lower edge of the mandible in the rakdi
direction of 10-12 mm in length; the muscles dissgand skeletoned the lower jaw; separating ebipiate
was cut through the separating disk, and therl aduk fracture was applied along the line conngdtie site
of the fusion of the body and the branches ofakeip the retro-molar region with a position loch@&9 cm
in the medial angle of the mandible. The surgiaaling was connected to the oral cavity, the mustidshe
skin were sutured with a catgut. All stages of expental research have been performed in accordaitice
the International Humane Animal Health Practicese@ive in accordance with the rules of the "Eueampe
Convention for the Protection of Vertebrate Animdised for Experimental and Other Scientific Purpbse
(Strasbourg, 1986) and approved by the CommitteBiagthics of the National Pirogov Memorial Medical
University, Vinnytsya (MinutesNe 14 of 25.11.2010). Animals were divided into twmwps: 1 group
(control) - pseudo-operated rats (PO); group alftrirats with a simulated open fracture of thendilale on
the background of osteoporosis (FM + OP). The reBeaas carried out at 7, 14, 21, 30 and 45 dags af
fracture simulation. Biochemical and immunoassayliss were carried out in blood serum, which was
isolated according to the standard method [9]. SEtem was obtained by centrifugation of blood & G®or
30 min. at 18-2Z. Blood serum aliquots were taken in Erpendorfrotidules and stored at -20°C until
analysis. The content of TBA-reactive products (FBR, secondary lipid peroxidation products) in seru
were determined by reaction with 2-thiobarbiturida(TBA) [12], the level of carbonyl groups of pems
(CGP) - by the formation of phenylhydrazones havingharacteristic spectrum absorption, with the
interaction of carboxyl groups of aliphatic amireida with 2,4-dinitrophenylhydrazine [13]. The cemit of
nitrates and nitrites in serum was determined bgtien with the Gris reagent after precipitatiorpafteins
with acetonitrile. Nitrates were pre-reduced toiteitnvith a mixture of zinc powder and ammonia sotu[5].
The level of medium weight molecules was determiaier protein precipitation with trichloroaceticié
(TCA) [3]. The activity of superoxide dismutase btood serum (SOD, KF 1.15.1.1) was determined by
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inhibition of oxidation of quercetin [7], activitpf NADPH-oxidase (CF 1.6.3.1) - at the decrease in
absorption of NADPH at 340 nm [2]. The content miftein in serum was determined by the microbiocreti
method [4]. The serum content of the human vaseudothelial growth factor (VEGF) was determined by
the immune enzyme method using the standard s&fEGF ELISA" (Invitrogen, Canada), the level of
tumor necrosis factor alpha (TWPusing the commercial kit "TNF ELISA" ("Diaclone", France),
interleukin-8 (IL-8) - using standard sets of thempany" Diaclone"(France), and the content of the
transforming growth factor beta I[[A-B1) - using the standard set of* TGE-ELISA kit "firm "DRG"
(France) according to the manufacturer's instrasti@he content of free and peptide-linked oxypeolin
serum was determined by reaction with para-dimathiylobenzaldehyde [11]. The content of total cedciu
in serum was determined by a standardized specti@pletric method by reaction with o-krezolftalein
complexon on the set of "Calcium" (Filisit-Diagrn&at Ukraine). The content of phosphates in seriam w
determined by a standardized spectrophotometribadety reaction with ammonium molybdate in an acid
medium, using the “Phosphorus VIS” kit (Filisit-Dizostika, Ukraine). Determination of the activifyacid
(KF 3.1.3.2) and alkaline phosphatase (KF 3.1i8.8grum was performed by spectrophotometric meliyod
reaction with p-nitrophenyl phosphate at pH 4.8 3D, respectively [8]. Statistical processinghef results
of the study was carried out in MSdek XP and SPSS-10.0.5 for Window (license numb&d.39890). In
determining links between the indicators used @rom analysis of Pierson and Spearman. The diffa
was considered to be significant at p <0,05. Onfalispersion and multiple linear regression e were
used to predict the course of reparative osteogenes

Results and its discussionWe first conducted a correlation analysis betwadlagen metabolism
markers and biochemical parameters in rats witlo@en fracture of the mandible on the background of
osteoporosis (Table 1). It was found that the cinté free and peptide-linked oxyproline in bloagtsnm
most strongly correlated with the level of TGE- Under these conditions, the growth of T@EFds
accompanied by a decrease in collagen degradatorgses and an increase in collagen formatios.thas
the correlation force appeared between the madfarsllagen metabolism and the level of proinflartona
cytokine of the TNFe. It turns out that the activation of immune-inflayatory reactions is accompanied by
an increase in collagen degradation and a decreasbkiosynthetic processes. The least strong
interrelationships were between the level of oxigpeoand the serum content of carbonyl groups ofeons
and metabolites of nitrogen monoxide. Thus, theasobment of oxidative modification of proteins and
nitrosatitative stress activates catabolism andaesl the synthesis of collagen. Subsequently, \ateiaed
the correlation between markers of bone remodééintvity in the serum of acid and alkaline phospbe)
and the activity of immune-inflammatory reactiogisglotoxemia, nitrosatitative and oxidative strésble 2).
Bone remodeling indicators revealed the strongasades with the level of growth factors VEGF ar@rF
B1. Growth in the blood of the contents of theseofacis associated with induction of osteogenasis &
decrease in the activity of destructive processethé bone tissue. Less than the strength of tikade
occurred between the activity of phosphatase annrskevels of proinflammatory cytokines, TNFand IL-
8. Under these conditions, the strengthening ofumerinflammatory reactions is accompanied by attina
of osteolytic processes. The smallest modulus letioas arose between markers of bone remodelidg an
activity of superoxide anion (NADPH-oxidase), oXida degradation of proteins (CGP) and nitrosatezks
(nitrites and nitrates). Correlation analysis makesssible to characterize only the force anddtiion of the
relationship between the two variables, but dodsrexeal a causal relationship. In order to idgntiife
independent biochemical parameters that allow ugrédlict the course of reparative osteogenesis in
conditions of fracture of the mandible on the baokgd of osteoporosis, we applied the method ofipheil
linear regression analysis. As possible regressesselected biochemical indicators that showedhiel
links with markers of collagen exchange and bomeodeling. To these regressors, we took the cowofent
serum contents of the TNE(X1), IL-8 (X2), VEGF (X3), TGH1 (X4), CGP (X5), nitrites and nitrates (X6)
and NADFN- oxidase (X7). As a criterion, the deperidvariable Y, we introduced a conditional indicat
that characterizes the degree of mineralizatiorbafe tissue, which we call the predicted index of
mineralization (PIM). Since biological models hdngh intercollearnarity of regressors, we usedtieel of
their turn-by-turn (Forward) in the regression diqum that is, at each step, the most informatiameters
that had a high modulus partial correlation comdfit were included at each step and increased the
determination coefficient of the linear regressigiuation. During the step-by-step inclusion of sbkected
regressors in the linear regression equation, rivadlels were created (Table 3). The statisticalysizabf
these regressive osteogenesis regression modaledlitisat mathematical mods$4 is most suited to this
type of forecasting, since it better describeswigance of the criterion variable Y {Ror Model Ne4 is
significantly higher than that of other models) drad a lower standard error assessments. Therigfdhe
future we used exactly this model of predictionosteoporosis treatment. According to the mathealatic
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model Ne4 it was established that the most significant iaxépendent biochemical parameters that play a
significant role in predicting the course of repiaeaosteogenesis are the following; Xcontent in the blood
serum VEGF; X - blood level of TGH1; Xs - level in blood CGP; X- blood level of nitrites and nitrates
(Table 4).

Table 1
Relationship between markers of collagen exchangadindicators of immune-inflammatory processes,
oxidative and nitrosatitative stress in rats with @ open fracture of the mandible on the background
osteoporosis (n=35)

Indexes Free oxiprolimymol/l Peptide-linked oxyprolingymol/l

TNF-0, pg / ml 0,38* -0,40*
IL-8, pg/ ml 0,20 -0,25
VEGF, pg / ml -0,15 0,21

TGF $1, pg/ ml -0,45* 0,52*
TBA-RP,umol /| 0,10 -0,14
CGP, unit of protein / mg protein 0,39* -0,35*
NADPH-oxidase, nmol / min - ml 0,20 -0,24
SOD, conditional units / mg of protein -0,15 0,10

MSM, units of protein. 0,13 -0,21
Nitrites and nitrategymol / | 0,35* -0,38*

Notes: * — reliability of the correlation coefficieat r>0,33§<0,05).
Table 2
Relationship between biochemical markers of bone meralization and immune-inflammatory
processes, oxidative and nitrosatitistic stress irats with an open fracture of the mandible on the
background of osteoporosign=35)

Indexes Alkaline phosphatase, U/ | Acid phospleatdd |
TNF 0, pg/ ml -0,45* 0,48*
IL-8, pg/ ml -0,42* 0,40*
VEGF, pg/ ml 0,54* -0,62*
TGF $1, pg/ ml 0,52* -0,59*
TBA-RP,umol /| -0,14 0,22
CGP, unit of protein / mg protein -0,34* 0,35*
NADPH-oxidase, nmol / min - ml -0,33* 0,36*
SOD, conditional units / mg of protein 0,13 -0,12
MSM, units of protein. -0,11 0,14
Nitrites and nitratessmol / | -0,34* 0,37*

Notes: * — reliability of the correlation coefficieat r>0,33§<0,05).
Table 3
Statistical characteristic of models of predictiorof bone tissue mineralization index in rats with opn
fracture of the mandible on the background of ostgaorosis.

Model R R? Adjusted R Standard error of estimation
Ne 1 0,766 0,587 0,584 0,059
No 2 0,83F 0,690 0,688 0,058
Ne 3 0,899 0,808 0,803 0,073
No 4 0,929 0,863 0,856 0,030

a. Predictors: (constani,

b. Predictors: (constan®j, ta X

c. Predictors: (constanB,, Xsta Xs

d. Predictors: (constanB,, Xs, Xs ta Xs

Table 4
Characteristics of regressors needed to predict bemmineralization index in rats with an open fractue
of the mandible on the background of osteoporosis

Indexes B B Standard errdB t p |
X4 (TGF $1) 0,456 0,065 0,007 12,25 0,000
X5 (VEGF) 0,327 0,058 0,006 11,54 0,000
X5(CGP) -0,210 -0,041 0,005 -12,35 0,000
Xs(Nitrites and nitrates) -0,156 -0,035 0,004 -10,85 0,000

The statistical characteristic of these prediciergiven in Table 4. It is established that the-non
standardized regression coefficients of the madélafe significant and reliable (t> 2, p <0.05),iletihe
coefficients of the correlation are at an acceptddbel, indicating an acceptable level of intareerity
variables with each other. Comparison of regressi@fficientsp allows asserting a different contribution of
selected predictors in predicting the course ddinatfve osteogenesis. It turned out that undeetbesditions,
the most important role in osteoporosis is playgdhe level of TGH1 in blood, the VEGF content is
slightly less important, and the least significemtribution belongs to the level of CGP, nitriéesl nitrates.
The obtained data indicate that a comprehensiay sifithe content of these biochemical markershan t
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blood is necessary for monitoring the course clrap/e osteogenesis in the fracture of the mamdiblthe
background of osteoporosis.

)77

1. In animals with an open fracture of the mandimethe background of osteoporosis, the metabadism
collagen (the content of free and peptide-linkegposline in serum) most closely correlated with lineel of
TGF1. The increase in this serum cytokine level isoagmanied by a decrease in collagen degradation
processes (r = -0.45; p <0.05) and a growth ohgelh formation (r = 0.52; p <0.05).

2. For modeling pathology, markers of bone remadedhow the strongest linkages with the level ofugn
factors TGH31 and VEGF. Increasing the level of these growtkofa in the blood serum is associated with
induction of osteogenesis (r = 0.52; 0.54; p <0&%) decrease in the activity of destructive psee the
bone tissue (r = -0.59; -0.62; p <0.05).

3. The greatest diagnostic value for the controbsteoporosis in animals with an open fracturehef t
mandible on the background of osteoporosis is #terchination of the content of TGH- and VEGF in
serum f§ = 0,456; 0,327), less important is the study efldvel of carbonyl groups of proteins, as well as
nitrites and nitrates in serufh € -0.210; -0.156).
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NPOIrHO3YBAHHA IIEPEBIT'Y PETAPATUBHOI'O
OCTEOI'EHE3Y Yy HIYPIB 3 BIIKPUTUM ITEPEJIOMOM
HWKHBOI IIEJEIA HA TJII OCTEOIIOPO3Y

IMPOIHO3UPOBAHUE TEYHEHUS PETAPATUBHOI'O
OCTEOI'EHE3A Y KPbIC C OTKPBITBIM HEPEJIOMOM
HWKHEW YEJIOCTH HA ®OHE OCTEOITIOPO3A

Tombues A. M., Jlixinbkuii O. O.

B poGori mnpoBeseHO MareMaTU4YHE INPOTHO3YBaHHS
nepediry pernapaTMBHOTO OCTEOreHe3y y LIypiB 3 BiIKPUTHM
MEepeIOMOM HIDKHBOI LIenenyu Ha i ocreonoposy. Ilokazano,
0 BKIMBIMH OlOXIMIYHAMH MapKepaMH IIPOTHO3YBaHHS
TPOIIECIB OCTeOpemnapanii 3a yMOB MOJIETLOBAHOI MATOJOTIl €
Bmict VEGF, TOP-B1, kapOOHUTBHIX TPyH HPOTEiHIB, HITPUTIB
Ta HiTpariB B cupoBarii KpoBi. Cepen mwmx OioXiMi9HHX
MOKAa3HUKIB HAfOLIBIIY HIHHICTh JUISI KOHTPOJIIO 32 TIPOLecaMu
pernapaTuBHOI ocTeopereHepallii Mae Bu3HaueHHs1 BMicty TOP-
B1 ta VEGF B cupoBaTiii KpoBi, @ MEHIIIe 3HAYCHHS HAJIC)KUTh
JIOCITIDKCHHIO PiBHS KapOOHIJIBHUX IPYII MPOTEiHIB Ta HITPHUTIB
1 HITPATIB B CHPOBATIIi KPOBI.

KmiouoBi cioBa: Merabonmiuni MapkepH, perapaTUBHHIT
OCTEOTEHE3, IepelioM HIDKHBOI —IIeNenH, MaTeMaTHIHe
TIPOTHO3YBaHHSI.

Crarrs Hapiiinuia 10.11.2015.

Tombues A. H., JInxunkmii A. A.

B pabote mpoBeneHO MaTeMaTH4ecKoe MPOTHO3UPOBAHHE Te-
YEHHS PEHapaTUBHOTO OCTEOreHe3a Y KPbIC C OTKPBITHIM HEPEIOMOM
HIDKHe# yemocTn Ha (oHe octeonoposa. [TokasaHo, 4TO BaXKHBIMH
OHOXMMHYECKMMI MapKepaMH IPOTHO3HPOBAHIS IIPOLIECCOB OCTE0-
peraparyy B YCIOBISIX MOACIMPYEMOH IaTOIOTUH SIBJISIETCS COZep-
wanne VEGF, TOP-B1, kapOOHMIBHBIX TPYIIT IPOTEHHOB, HUTPH-
TOB U HUTPATOB B CHIBOPOTKE KpOBH. Cpeny 3THX OHOXMMUYECKHX
oKazaresell HanbOoIbLIYI0 LEHHOCTh [UI KOHTPOJIS 33 HPOLIECCaMK
penapaTHBHON OCTEOpereHepaly UMeeT ONpeeNIeHHE COIeP KaHU
TOP-1 u VEGF B ChIBOPOTKE KpOBH, a MeHbIIEC 3HAUYCHHE
NPUHAIOKUT  HMCCIICNOBAHUIO YPOBHA KapOOHWJIBHBIX —TPYIII
MPOTEHHOB ¥ HUTPUTOB M HUTPATOB B CHIBOPOTKE KPOBH.

KuioueBsble cjioBa: MeTaboIMIECKHE MapKePhI, PEapaTUBHBIH
OCTCOT€He3, MepelioM HIDKHEH  YeNIIOCTH, MaTeMaTH4ecKoe
TIPOTHO3MPOBAHHE.

Penenzent Ilemiteko B.1.
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