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THE ROLE OF IMMUNE-INFLAMMATORY PROCESSES AND OXIDATIVE STRESS IN
THE MECHANISMS OF REPARATIVE OSTEOGENESIS IN RATS WITH AN OPEN
FRACTURE OF THE MANDIBLE ON THE BACKGROUND OF OSTEOPOROSIS
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In the experimental study, the parameters of immune-inflammatory processes and oxidative stress in different terms of
reparative osteogenesis in rats with an open fracture of the mandible on the background of osteoporosis were studied. It was
proved that under these conditions the course of reparative osteogenesis was characterized by a number of metabolic changes: at
14 days after injury, the highest activity of immune-inflammatory reactions and oxidative stress was characteristic, and at 30
days - the maximum intensity of processes of angiogenesis and osteogenesis. Most of the biochemical parameters of blood serum
of rats normalized at 45 days after fracture of the mandible.
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Reparative osteogenesis is a genetically programmed process, the course of which depends on the
action of numerical exo- and endogenous factors [7, 9]. Among them, the group of factors that
determines the osteoinductive potential of the organism and the activity of bone resorption / biosynthesis
processes at the time of the injury, namely age, gender, the presence of metabolic disorders (diabetes
mellitus, atherosclerosis), immunological status, etc., are important. [9, 10]. One of the important factors
that modifies the course of reparative osteogenesis is osteoporosis [7]. However, molecular mechanisms
integrated in the processes of osteoporosis under these conditions remain largely unknown. All this
delayed the development of highly sensitive methods for controlling the course of reparative osteogenesis
in fractures that occur in the background of osteoporosis.

Research purpose - to evaluate the role of immune-inflammatory reactions and oxidative stress
in the regulation of reparative osteogenesis in rats with an open fracture of the mandible on the
background of osteoporosis.

Material and methods. Experimental osteoporosis in rats was induced by administration of
2.5% hydrocortisone acetate solution over a period of 60 days in a dose of 5 mg/kg body weight [1].
Subsequently, the drug was discontinued and traumatic damage to the lower jaw was restored: the rat was
fixed on the back of the machine; under light hexanal (0.1 ml of 10% solution per 100 g of body weight)
anesthesia in the right submandibular zone was performed damage on the skin parallel to the lower edge
of the mandible in the medial direction of 10-12 mm in length; the muscles dissected and skeletoned the
lower jaw; separating the external cortical plate with a separating disk, and then a full bone fracture with
a bit on the line was applied, connecting the site of the fusion of the body and the branches of the jaw in
the retro-molar region with a location 0.9 cm from the medial angle of the mandible. The surgical wound
was connected with the oral cavity, the muscles and the skin were sutured with a catgut. All stages of
experimental research have been performed in accordance with the International Humane Animal Health
Practices Directive in accordance with the rules of the "European Convention for the Protection of
Vertebrate Animals Used for Experimental and Other Scientific Purposes” (Strasbourg, 1986) and
approved by the Committee on Bioethics of the Vinnitsa National Medical University named after
Pirogov (Minutes No. 14 of 25.11.2010).

Animals were divided into two groups: 1 group (control) - pseudo-operated rats (PO); group 2
(experiment) - rats with a simulated open fracture of the mandible on the background of osteoporosis
(MF + OP). The research was carried out at 7, 14, 21, 30 and 45 days after fracture simulation.
Biochemical and immune-enzyme studies were carried out in blood serum, which was isolated according
to the standard method [8]. The serum was obtained by centrifugation of blood at 600 g for 30 min. at 18-
220C. Blood serum aliquots were taken in Erpendorf microtubules and stored at -20°C until analysis. The
content of TBC-reactive products (TBC-RP, secondary lipid peroxidation products) in serum was
determined by reaction with 2-thiobarbituric acid (TBA) [12], the level of carbonyl groups of proteins
(CGP) - by the formation of phenylhydrazones having a characteristic spectrum absorption, with the
interaction of carboxyl groups of aliphatic amino acids with 2,4-dinitrophenylhydrazine [13]. The activity
of superoxide dismutase in blood serum (SOD, KF 1.15.1.1) was determined by inhibition of oxidation of
quercetin [6], activity of NADPH-oxidase (KF 1.6.3.1) - by the decrease in absorption of NADPH at 340
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nm [3]. The content of protein in serum was determined by the microbiouretic method [5]. The serum
content of the human vascular endothelial growth factor (VEGF) was determined by the immune enzyme
method using the standard set of "VEGF ELISA" (Invitrogen, Canada), the level of tumor necrosis factor
alpha (TNFa) using the commercial kit "TNFa ELISA" ("Diaclone", France), and the content of the
transforming growth factor beta (TGF-B1) - using the standard set of" “TGF-B1 ELISA kit” from DRG
(France) in accordance with the instructions of the manufacturers.

Statistical processing of the results of the study was carried out in “MS Excel XP” and SPSS-
10.0.5 for Window (license number 305147890). The Student's t-criterion was used to estimate the
intergroup difference. The difference was considered to be significant at p <0,05.

Results and its discusssion. In rats with an open fracture of the mandible on the background of
osteoporosis, the development of immune-inflammatory reactions is evidenced, with evidence of changes
in the level of proinflammatory cytokine of TNF-a in different periods of reparative osteogenesis (Table
1). On the 7th and 14th day of the experiment, the content of TNF-a in serum increases significantly,
respectively, by 58.5 and 76.5%, relative to the parameters of pseudo-operated animals. The maximum
level of this cytokine is registered at 21 days after the injury (by 86.1% higher than the control rate). In
this period of reparative osteogenesis, the content of TNF-a significantly exceeds by 23.5 and 12.0% the
corresponding rates that were recorded at 7 and 14 days after the fracture. In the subsequent terms of the
study there was a rapid drop in its blood level. On the 45th day of the experiment, the TNF-a returned to
the level of control group of animals. Along with the activation of immune-inflammatory reactions under
experimental pathology angiogenesis induction is recorded, evidenced by an increase in the content of
VEGEF in the blood (Table 1). The analysis of the serum VEGF index showed that during the first two
weeks after the fracture, its level was not statistically significantly different from the control values and
only 21 days after injury of the mandible the content of this cytokine was significantly higher than the
rate of pseudo-operated animals by 12.8%. The most pronounced induction of angiogenesis is noted for
30 days of the experiment: serum VEGF levels increased by 24.7%, relative to control. On the 30 days,
the level of this cytokine probably did not differ from the indicator of the control group of animals.

Under experimental pathology we have shown that on the 21st day after injury, expressive
induction of osteoblasts is noted, as evidenced by the corresponding change in the growth factor of TGF-
B1 (Table 1).

Table 1
Changes in blood serum concentrations of TNF-a, VEGF and TGF-f1 in rats with open fractures
of the lower jaw against the background of osteoporosis in different terms of reparative
osteogenesis (M £+ m)

Terms of study | 1 group (n=7): PO | 2 group (n=7): MF + OP

TNF-0, pg/ml

7 day 21,240,52 33,6+1,04*

14 day 21,0£0,63 37.151,68*

21 day 22,3057 41,551,68%

30 day 22,1+0,59 29,8+1,09*#&°

45 day 22.520,65 24.1=1 254&°
VEGF, pg/ml

7 day 67.5:2.18 69.8+2.44

14 day 64,4+2.29 70,6+3,18

21 day 65,8+1,96 74,342 91%

30 day 66,242.16 82,52, 72HH&°

45 day 65,742.22 232+127°
TGF-B1, pg/ml

7 day 13042,64 134+4,37

14 day 128+2,54 1352522

21 day 126+2,50 18542,99%4&

30 day 12722.61 210303 #&°

45 day 13142,56 136+2,33°

Notes: 1. * - probable differences (p <0,05) between the indicators of 1 and 2 groups of animals of the corresponding study period; 2.
# - probable differences (p <0,05) with respect to indicators for the 7th day of the study; 3. & - probable differences (p <0,05) with respect to
indicators for the 14th day of the study; 4. - probable differences (p <0,05) with respect to indicators on 21 days.

It turned out that at 7 and 14 days of the experiment, the content of this cytokine probably did not
differ from the control group. Instead, at 21 days after the fracture, TGF-B1 levels significantly exceeded
the control value by 46.5%. Subsequently, its level first increased (as of 30 days, the TGF-f1 content
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exceeded the control level by 65.3%), and then on 45 days after the fracture, it returned to the level of
pseudo-operated animals.

In rats with an open fracture of the mandible, activation of free radical oxidation of lipids and
proteins is recorded (Table 2). The TBC-RP and CGP blood levels have undergone changes already in
the first week after the fracture: their level is likely to exceed the corresponding control by 54-60%. On
the 14 day, the level of TBC-RP and CGP in serum was significantly higher by 84-100% relative to the
group of pseudo-operated animals, and it was not statistically significantly different from that of the 7th
day of the experiment. The maximum TBC-RP and CGP levels reached 21 days of the experiment: its
value was 92-104% higher than in the control. In this term, the research of the content of oxide-modified
proteins and secondary lipoperoxidation products were at the highest but statistically significantly not
higher than the corresponding figure recorded at the 14th day of the experiment. In the subsequent terms
of reparative osteogenesis, the content of TBC-RP and oxide-modified proteins significantly decreased
by 22-37% (as of 30 days) and 22-28% (as of 45 days), compared to the 21st day of the experiment. In
animals with a fracture of the mandible on the background of osteoporosis, an imbalance in the system of
anti-oxidant enzymes is observed (Table 3).

Table 2
Changes in blood serum contents of products of peroxidation of lipids and proteins in open mouth
fractures of the lower jaw against the background of osteoporosis in different periods of reparative
osteogenesis (M £+ m)

Terms of study | 1 group (n=7): PO | 2 group (n=7): MF + PO
TBC-RP, umol/l
7 day 3,25+0,14 5,20+0,28*
14 day 3,18+0,17 5,85+0,36*
21 day 3,20+0,19 6,14+0,41*#
30 day 3,22+0,26 4,80+0,44*&°
45 day 3,19+0,30 3,45+0,42&°
CGP, units of optical density / mg of protein
7 day 45.0+1,06 69,6+1,73%
14 day 44.7%1,15 89,4+1 81*#
21 day 4545123 92,842,204
30 day 45,0+1,17 62,4+1,56*%&°
45 day 45,8+1 44 48,941 57#&°

Notes: 1. * - probable differences (p <0,05) between the indicators of 1 and 2 groups of animals of the corresponding study period; 2.
# - probable differences (p <0,05) with respect to indicators for the 7th day of the study; 3. & - probable differences (p <0,05) with respect to
indicators for the 14th day of the study; 4. - probable differences (p <0,05) with respect to indicators for 21 days.

Table 3

Changes in the activity of pro- and antioxidant enzymes in serum of rats with open fractures of
the mandible on the background of osteoporosis in different periods of reparative osteogenesis (M

+ m)
Terms of study | 1 group (n=7): PO | 2 group (n=7): MF + PO
NADPH-oxidase, nmol/min ml
7 day 2,40+0,06 3,25+0,07*
14 day 2,37+0,08 3,60+0,06*#
21 day 2,41+0,04 3,75+0,07%#
30 day 2,39+0,05 3,30+£0,05*&°
45 day 2,42+0,07 2,55+0,07#&°
SOD, conventional units / mg protein
7 day 452+1,06 69,6+1,73*
14 day 447+1,15 89 4+1,81%#
21 day 45,4+1,.23 92,842 20%#
30 day 45,0£1,17 62,4+1,56*&°
45 day 45,8+1,44 48,9+1,57#&°

Notes: 1. * - probable differences (p <0,05) between the indicators of 1 and 2 groups of animals of the corresponding study period; 2.

# - probable differences (p <0,05) with respect to indicators for the 7th day of the study; 3. & - probable differences (p <0,05) with respect to
indicators for the 14th day of the study; 4. - probable differences (p <0,05) with respect to indicators for 21 days.

As of 7-14 days of the experiment, the activity of NADPH-oxidase significantly increases by
35.4-51.9%, while the activity of SOD is likely to decrease by 18.7-38.6%, compared with the control
group. Maximum changes in enzymatic activity are noted as of the 21st day of the experiment: the
activity of NADPH-oxidase is 55.6% higher, while SOD is 45.7% less than that of pseudo-operated rats.
At a later date, the activity of investigated enzymes was registered and at 45 days it was not statistically
significantly different from control. We have shown that in rats with an open fracture of the mandible on
the background of osteoporosis in various terms of reparative osteogenesis a number of metabolic and
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immunological changes are noted. Thus, as of 7 days, an increase in the activity of immune-inflammatory
reactions is recorded, as evidenced by the probable increase in the serum content of proinflammatory
cytokine of TNF-a by 58.5%, relative to control. It is known that this cytokine activates chemotaxis of
neutrophils and monocytes / macrophages to the site of damage, increases their adhesion to endothelial
cells, creates conditions for humoral and cellular cooperation of blood cells and bone tissue and the
development of inflammatory response [14]. Along with this, activation of free radical lipid oxidation is
recorded (TBC-RP content in serum increases by 60.0% compared to the control indicator, p <0.05),
oxidative degradation of proteins (serum CGP levels increase by 54.0%, relative to control; p <0,05). The
increase in the activity of lipid and protein peroxidation processes develops against the backdrop of
imbalances in the system of anti-oxidant enzymes. Under these conditions, the growth of superoxide
anion radicals is recorded (the activity of NADPH oxidase increases by 35.4% relative to the control p
<0.05) and the activity of its inactivation with the participation of SOD increases by 18.7%, as compared
with the control group. As the 14th day of the experiment, an increase in the activity of immune-
inflammatory reactions was observed (the level of TNF-o was significantly higher by 76.7%, relative to
the control index, p <0.05). An increase in the activity of free radical oxidation of lipids and proteins is
also recorded (TBC-RP and CGP content exceeds by 12.5 and 28.5% for 7 days, p <0.05). Along with
this, an imbalance in the system of anti-oxidant enzymes increases (NADPH-oxidase activity is
significantly higher by 10.8% and SOD is less by 23.0%, relative to 7 days). At this time of the
experiment, the activity of the processes of angiogenesis and osteoblastic transformation coincides with
that in the control group of animals. As of the 21st day of the experiment, the activity of immune-
inflammatory reactions is high and is comparable to that for 14 days (the level of TNF-a in serum does
not significantly differ from this state by 14 days). The processes of lipoperoxidation and oxidative
destruction of proteins are roughly the same intensity as in the previous period of reparative osteogenesis
(levels of TBC-RP and CGP probably do not differ from the indicator for 14 days). In addition, the
intensity of angiogenesis increases, as evidenced by the likely increase in the serum VEGF content by
12.8% relative to the control index [2]. Cell osteoblastic differon is also activated, as evidenced by a
statistically significant increase in TGF-B1 in serum by 46.5% relative to control. TGFB1 enhances the
proliferation of osteoblasts and the synthesis of collagen, induces the differentiation of mesenchymal
cells in osteoblasts and chondrocytes, is a stimulator for the regeneration of fractures in the skeleton
bones [11]. This cytokine is also involved in the process of angiogenesis, so the growth of its level may
also indicate an increase in vascular growth processes [4]. As of 30 days, the manifestations of immune-
inflammatory reactions and oxidative stress are minimal. Instead, the activity of osteoblasts and the
intensity of the course of angiogenesis is maximal (TGF-B1 and VEGF levels in serum are likely to
exceed 25-65% of the control group, p <0.05). As of day 45, most biochemical and immunological
parameters return to normal. Further research in this direction will reveal deep molecular mechanisms
integrated into reparative osteogenesis in conditions of an open fracture of the mandible on the
background of osteoporosis, which is an important prospect for the development of effective means of
correction of this pathology.

1 As the 14th day of reparative osteogenesis in rats with an open fracture of the mandible on the
background of osteoporosis, the maximum activity of immune-inflammatory reactions were detected (the
level of TNF-a in serum increased by 76.5% relative to pseudo-operated animals, p <0.05), and also
oxidative stress (the content of carbonyl groups of proteins, nitrites and nitrates increased by 100 and
44.7% respectively, p <0.05).

2. As the 30th day of reparative osteogenesis in rats with simulated pathology, the highest activity of the
angiogenesis processes was recorded (VEGF content increased by 24.7%; p <0.05) and osteogenesis
(TGF-Bl content increased by 65.3%, respectively); p <0.05).
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POJIb IMYHO3ANAJIBHUX ITPOLECIB TA
OKCHUJATHUBHOI'O CTPECY B MEXAHI3MAX
PEITAPATUBHOI'O OCTEOT'EHE3Y V IIIYPIB 3

BIIKPATHM MEPEJIOMOM HAKHBOI IIEJEITA
HA TJII OCTEOIIOPO3Y
Toabues A. M., Jixinskuii O. O.

B ekcnepuMeHTanbHOMY IIOCTI[DKEHHI BHBYEHI
0CcOOIMBOCTI IMyHO3AMANBHUX MPOIECIiB 1 OKCHAATHBHOTO
CTpecy B Di3HI TEpPMiHH PENapaTUBHOTO OCTEOTEHE3Y Yy
OIypiB 3 BIAKPUTHM IE€PEIOMOM HIKHBOI IIENeNnd Ha TIi
ocrteomnopo3y. byno noBesieHo, 10 B IUX yMOBax mepeodir
perapaTUBHOTO OCTEOTEHE3y XapaKTepU3yBaJIOCs HH3KOIO
METa0ONiYHUX 3MiH: 4epe3 14 mHIB mmicis TpaBMHU Oyia
BUSIBJICHA HalBHUINA aKTHBHICTh IMYHO3aNaJIbHUX PeaKIii i
OKCHIATUBHOTO cTpecy, a depe3 30 IHIB - MakcHMalbHa
IHTCHCHBHICTh TIPOLIECIB aHTIOT€HE3y 1 OCTEOreHE3y.
Binpmiicte 0i0XiMIiYHMX TapaMeTpiB CHPOBATKH KpOBi
IIypiB HOpMami3yBanucs depe3 45 HHIB Michs meperoMy
HUKHBOI ILENEIH.

Knrouosi cjaoBa: iMyHO3anaibHi peaxiii,
OKCHJIaTUBHUI CTpeC, perapaTUBHUI OCTEOTeHe3, epeioM
HUKHBOI ILENEIH.
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POJIb UMM YHOBOCIHAJIMTEJBHBIX TPOUECCOB "
OKCHUAATHUBHOI'O CTPECCA B MEXAHU3MAX
PEITAPATHUBHOI'O OCTEOI'EHE3A Y KPBIC C
OTKPBITBIM NEPEJIOMOM HUKHEM YEJIOCTH HA
®OHE OCTEOIIOPO3A
Toabuer A. M., JTUXUILKAS A. A.

B 9KCTIEPUMEHTATIBHOM HCCIIeI0BAaHNU H3y4YEHBI
0COOEHHOCTH HMMYHOBOCIIAJTUTEIbHBIX MIPOLIECCOB u
OKHCIITENIBHOTO CTpecca B pas3Hbleé CPOKH pErnapaTHBHOTO
OCTEOTeHE3a y KPBIC C OTKPBITHIM IIE€PEIOMOM HIDKHEH YeNIOCTH
Ha QoHe ocreonoposa. Bruto mokazaHO, YTO B ATHUX YCIOBHSIX
Te4eHHEe PenapaTUBHOIO OCTEOTeHEe3a XapaKTepU30BaIoCh PSIOM
MeTabOJIMYeCKHX HW3MEHEeHWH: depe3 14 nHed mocie TpaBMBI
OblTa  BBISIBICHA  HAWBEICIIAsh  aKTHMBHOCTh  MMMYHOBOC-
MAINTETIBHBIX PEaKUUi M OKHCIHTENBFHOTO CTpecca, a yepe3 30
JHEH - MaKCHMaJIbHasi HHTEHCHBHOCTH IIPOIIECCOB aHTHOTEHEe3a U
ocTeoreHe3a. BOmBIIMHCTBO  OHMOXMMHYECKHX IapaMeTpoB
CBIBOPOTKH KPOBH KPBIC HOPMAIIM30BAJIOCh uepe3 45 mHel mocie
nepesioMa HUKHEH 4esrocTy.

KiroueBble cll0Ba: WMMYHOBOCHAINTENBHBIE —PEaKIHH,
OKCHUIATUBHBIM CTpecc, pelnapaTUBHBIH OCTEOreHe3, MepesioM
HIDKHEH YeNtoCTH.
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