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The aim of the research was to investigate theeffesubgingival injection of the solutions of cialm and hyaluronic
acid on the condition of the bone tissue of theealar process of the lower jaws of rats with experital periodontitis. The
conducted experimental trials confirmed the intieedion of the resorption processes in the jawebtissue of rats, which were
fed peroxidized oil for a long time. Thus, the adimary intake of lipid peroxides led to an increasatrophy of the alveolar
process of the lower jaw of rats and the loss tifiga in the bones of the jaws. Hydroxyapatite atiigns had a slight effect on
the studied parameters, since the atrophy of treokdr bone could not be slowed down, and the lgisital indicators, despite
some improvements, did not reach normal valGagcium in combination with unstabilized hyaluroaitid turned out to be much
more effective. The authors insisted that furthgregimental trials are required in orderdetermine the frequency of subgingival
calcium injections of calcium hydroxyapatite witbmstabilized hyaluronic acid.

Key words: experimental periodontitis, bone tissue, bloodJimgmic acid, calcium hydroxyapatite, subgingivalatum
injections.

This work is a fragments of the research projead ‘Study disorders of mineralization and collagermfation in oral
cavity in dental pathology and to improve the hods of these disorders early diagnosis and coioatt state registration
No. 0116U004077.

The bone tissue is a special type of connectigsaidisnd the main component of human bones [9,
10]. The body is constantly undergoing renewal @sses and the bone tissue is not an exceptioragaise
injuries or age-related changes can disrupt thexeepses and lead to the changes in the bone, tigkioh
can adversely affect the quality of life. For exdapesorption of the bone tissue of the facialletiom
with age progression leads to changes in the iddalibone structures and to a shift in the attactirok
muscles and ligaments and, as a result, to theedgied changes in the face [14].

The possibility of strengthening the structure led bone tissue would solve many questions in
various fields of medicine (traumatology, dentistgesthetic medicine, and others). Is there any
opportunity to strengthen the bone structure froendutside? Let us try to figure it out.
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The inorganic composition of bone tissue includgdrtixyapatite and calcium phosphate crystals,
and the composition of the organic matrix of thedtssue includes collagen and glycosaminoglydans.
is believed that glycosaminoglycans are directlgtesl to the ossification [7].

The purposeof the work waso study the effect of subgingival injection of $autions of calcium
and hyaluronic acid on the state of the bone tigdube alveolar process of the lower jaws of raith
experimental periodontitis.

Materials and methods.The study was conducted on 63 Wistar rats of the beeeding, females
aged 6-7 months with an average weight of 285+3¢hg.animals were randomized into 4 groups:

1. Intact rats

2. Rats with periodontitis

3. Rats with periodontitis who received calcium toxyapatite injections

4. Rats with periodontitis who received “calciundhyxyapatite + non-stabilized hyaluronic acid”
injections

Experimental periodontitis was reproduced by adgiegpxidized sunflower oil to the rats’ meal
at the rate of 1 ml per animal per day [12].

The following medications were used in the experitme

« Calcium hydroxyapatite - Crystalys (“Luminera’napany, Israel)

« Calcium hydroxyapatite and non-stabilized hyathicaacid - Crystalys + Luminera Hyyhl 2%
((“Luminera” company, Israel).

The medications were administered once a day asa df 0.1 ml on the 2day of modeling of
the pathology of periodontitis in the gums of tbevér molars of rats.

The rats were removed from the trials with the ofsthiopental anesthesia by heart bleeding in
three stages: 2 weeks, 4 weeks and 6 weeks adtereédications’ injections. The lower jaw was alkech
and thoroughly cleaned of soft tissues. The metbfodiometrics was used to calculate the degree of
atrophy of the alveolar process by determininglthear dimensions of the exposure of the roots of
molars [6].

The determination of the calcium content in the [aame hydrolyzate (50 mg/25 ml 0.2 n HCI)
was carried out via the use of arsenase reageotdiag to [12]. In bone homogenates (75 mg / mirD.1
citrate buffer pH 6.1), elastase activity was daiaed via hydrolysis of N-t-BOC-L-alanin-p-nitroping
ester [11].

The data obtained were analyzed and calculate@n&way Analysis criteria (standard ANOVA
method) [3]. P<0.05 was used as the statistic@dlyificant difference criteria.

Results of the study and their discussiorkirst of all, it should be noted that the duratadrihe
full cycle of “resorption-formation” of bone tissuacluding jaws, takes about 150 days, i.e. 2-@ag/per
year, while in rats the duration of this cycle Gsdhays (9 cycles per year), i.e. three times a&ngd. As a
result, 2 months of modeling of periodontal patigglin rats is equivalent to the semiannual duratibn
the same process in humans.

Table 1 shows the data for determining the degfedrophy of the alveolar process of rats. The
assessment of the dystrophic process in the alvbolze of experimental animals showed a significant
increase in the degree of atrophy in the group péttoxide periodontitis by 38.5% after 7 weeks (5D
and by 47.2% after 10 weeks (p<0.001). The obtanesdlts allow us to make conclusions about the
activation of resorption processes in the boneigiss the lower jaws of rats under the influencdipé
peroxides obtained from food, which is aggravatesr dme (table 1).

Table 1
Effect of calcium and hyaluronic acid on the degreef atrophy of the alveolar process
of the lower jaw of rats with peroxide periodontitis (%)
N G 4 weeks after injections 6 weeks after injections
roups (7 weeks of periodontitis) (9 weeks of periodontitis)
1 Intact 26.5%+2.2
2 Periodontitis 36.7+1.9 39.0+2.0
p<0.05 p<0.001
3 Periodontitis + 33.2+2.2 36.3£2.0
hydroxyapatite p<0.05 p<0.01
p1>0.05 p1>0.05
4 Periodontitis + calcium 4 30.2+1.8 32.61£1.4
HA non-stabilized p>0.05 p<0.05
p1<0.05 p1<0.05

Notes: p- represents the significant differences on thestigated indexes in comparison with the intact grqu — represents the
significant differences on the investigated indexesomparison with the group of rats with periotittem (ANOVA statistical criteria).
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Hydroxyapatite injections had no significant effeatthe degree of atrophy of the jaws of rats of
the 3¢ group. This indicator remained high and correspdni the level in animals of the second group
with peroxide periodontitis ¢g0.05 after 4 weeks and>.05 — 7 weeks after injections).

Intensification of resorption processes in the nialedbone tissue of rats with periodontitis
prevented one-time subgingival administration d€icen in combination with non-stabilized hyaluronic
acid to rats of the 4th group. This fact contrilalite the inhibition of resorption of the alveolaopess
4 weeks after the injection: the rate of atrophyresponded to that of healthy animals-@.05 and
p1<0.05).

Taking the above data into consideration, the sardthe 8 week of periodontitis modeling or 6
weeks after the injection of calcium and non-stabd hyaluronic acid showed the inability of this
composition to completely prevent the active resompof the jaw bone tissue induced by the alimgnta
intake of lipid peroxide. It is worth noting thditetindex of the degree of atrophy of the alveotacess in
rats of the 4th group at the final stage of thalgtwas significantly lower than that of the ratsthwi
periodontitis by 19.6% (p<0.05).

At the same time it exceeded the values in intaichals by 18.7% (10.05), which allowed us to
speak about the frequency of such injections omeeyet weeks in rats to get the best result. Needsss,
the indicator of the degree of atrophy of the alaeprocess in rats of th& 4roup at the final stage of the
study was significantly lower than that of the natth periodontitis by 19.6% (p<0.05), while at theeme
time exceeding the values in intact animals by %8(j%<0.05). The abovementioned data allowed us to
speak about the frequency of such injections te oatce in every 4 weeks in order to get the bestitre
(fig. 1).

’ [Wintact @P OP + CaHA EIP + CaHA + HA non-stabilized | . The modeling (.)f periodontitis
with the help of an alimentary excess
* of peroxides leads not only to
atrophy of the alveolar bone, but also
to a sharp decrease in the level of
calcium in the bone tissue of the
lower jaws of rats. Consequently,
this indicator is decreased by 21.6%
after 5 weeks (p<0.02), by 31.2%
after 7 weeks (p<0.01) and by 48.4%
_ — after 9 weeks of pathology
Fig. 1. The value of rats alveolar processes ayroph modeling (p<0.0011 table 2). These
results confirm the intensification of the resooptiprocesses in the bone tissue of the jaws qfwdiich
had been fed peroxidized oil for a long time.
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Table 2
Calcium content in the bone tissue of the lower jagvof rats with peroxide periodontitis after adminigration
of calcium and unstabilized hyaluronic acid (mol/kg

N Grouns 2 weeks after injections 4 weeks after injections 6 weeks after injections
P (5 weeks of periodontitis) (7 weeks of periodontitis) | (9 weeks of periodontitis
Intact 2.547+0.100
Periodontitis 1.996+0.130 1.750+0.143 1.314+0.151
p<0.05 P<0.01 p<0.001
3 Periodontitis + 2.260+0.191 2.175+0.085 1.907+0.184
hydroxyapatite p>0.05 p<0.05 p<0.05
p2>0.05 p1<0.05 p1<0.05
Periodontitis + calcium | 2.357+0.223 2.228+0.052 2.174+0.269
+ HA non-stabilized p>0.05 p<0.05 p>0.05
p2> 0.05 p1<0.05 p1<0.05

Notes: p- represents the significant differences on thestigated indexes in comparison with the intact grqu — represents the
significant differences on the investigated indexesomparison with the group of rats with periotiti® (ANOVA statistical criteria).

Injection of hydroxyapatite to rats of group 3 sevhat inhibited the loss of calcium by the alveolar
bone. 2 weeks after the injections with this meiitices, the calcium level corresponded to normales)
but also did not differ significantly from that tife rats with periodontitis (p>0.05 ang>p.05, table 2).

4 and 6 weeks after the administration of hydroxyi, the calcium content in the alveolar bone
significantly exceeded that of the rats with peoiotitis (p<0.05) but did not reach the values of intact
animals (p<0.05, table 2).

193



| SSN 2079-8334. Csim meouyunu ma odionozii. 2020. No 1 (71)

Effective prevention of calcium loss by the jaw bdissue was registered after subgingival calcium
injections in combination with unstabilized hyalnioacid in rats of group 4. 2 weeks after thedtigm,
this indicator had an intermediate value betweenlelrel in healthy rats and animals with periodasti

(p>0.05 and p>0.05).
mol/kg

It also worth mentioning th:
after 4 and 6 weeks after administration
of the compositions of calcium with
non-stabilized hyaluronic acid, the
calcium content in the jaw bone tissue
of rats significantly exceeded that of
the rats with periodontitis {g0.05)
with no difference from normal values
(p>0.1; fig. 2).

Biochemical study of enzymes in
the jaws of experimental animals
revealed metabolic disorders in the
bone tissue of rats with periodonti

Elastase is the most active enzyme involved irddégradation of bone collagen. In addition, it is
known that elastase activates procollagenase niihinto the active form of the enzyme - collagse,
which greatly increases the intensity of destructbbone collagen [1, 2, 4, 5]. The results ofshely of
the activity of elastase in the bone tissue ofjénes of rats with peroxide periodontitis are shawihe

table 3.
Table 3

Effect of calcium-containing medications and non-sibilized hyaluronic acid on the activity of elastas
in the bone tissue of the lower jaw of rats with p@xide periodontitis (mkkat/kg)

|Wintact @P OP +CaHA EP +CaHA + HA non-stabilized |

3

6 weeks after injection

2 weeks after injection 4 weeks after injection

Fig. 2. The calcium content in the bone tissuéheflower jaws of rats.

N Groups 2 weeks after i_njectic_>r_15 4 weeks after i_njectio_n_s 6 weeks after i_njectio_n_s
5 weeks of periodontitis) (7 weeks of periodontitis) (9 weeks of periodontitis)
1 Intact 15.26+1.09
2 Periodontitis 24.98+1.36 28.83+1.89 26.96+2.96
p<0.01 p<0.001 p<0.001
3 Periodontitis + 18.91+2.82 27.20+£2.89 20.03+1.82
hydroxyapatite p>0.05 p<0.01 p<0.05
p1> 0.05 p1>0.05 p1>0.05
4 Periodontitis + calcium + | 16.98+2.12 23.28+£1.31 18.55+1.67
HA non-stabilized p>0.05 p>0.05 p>0.05
p1<0.05 p1<0.05 p1<0.01

Notes: p- represents the significant differences on thestigated indexes in comparison with the intact grqu — represents the
significant differences on the investigated indexesomparison with the group of rats with periotitiem (ANOVA statistical criteria).

5 weeks after consumption of peroxidized oil bysratlastase activity in the jaw bone tissue
increased by 63.7% (p<0.01). Over the subsequeitdseof observation, the activity of this destiuet
bone tissue enzyme increased to a greater exteni38.9% (p<0.001) after 7 weeks and by 76.7%
(p<0.001)- after 9 weeks of pathology modeling (table 3).

The injection of hydroxyapatite prevented an insee the activity of elastase in the jaw bone
tissue of rats with periodontitis only 2 weeks attee injection itself: this indicator correspondedthe
level in healthy animals (p>0.05), but did not eifignificantly from the values in rats with petomtitis
(p2>0,05). On subsequent periods of the study, thgigcof elastase in the jaw bone tissue of rats th
were injected with hydroxyapatite was high and esponded to the level in animals with periodontitis
(p2>0.05), which indicates the low ability of hydroyatite to inhibit the destruction of bone tissue
(table 3).

Calcium injections with non-stabilized hyaluronicidahad a prominent inhibitory effect on the
destruction of bone collagen in the jaws of ratthwpieriodontitis. The elastase activity in ratstod 4th
group did not exceed the values in healthy aninfpi.05) and was lower than that of rats with
periodontitis (<0.05). This fact indicates a more pronouncedtgtifithe calcium composition with non-
stabilized hyaluronic acid to inhibit the elastastvity, and hence the destruction of bone coltdigduced
by lipid peroxidation (table 3, fig. 3).

Therefore one can conclude that this research reoedi the intensification of the resorption
processes in the jaw bone tissue of rats, whicle feet peroxidized oil for a long time. Thus, thiengntary
intake of lipid peroxides led to an increase imply of the alveolar process of the lower jaw @$ end
the loss of calcium in the bones of the jaws.
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Our results are comparable with similar data oleim studies [2] in which the degree of
periodontal bone tissue atrophy (the lower jaw alae process) was investigated during the acute
inflammatory process in animals modeling. The irdége indicators of periodontal atrophy in theaesr
(calculated by the acid/base phosphatases ratidti@st and calcium concentration in the bone &sand
the number of decay-induced lesions increasedfigigntly (approximately per 2.5-2.7 times) andreve

mkkat/kg equal to 27.9+1.0% and 5.9+0.5 (for
35 |Ilntact @P OP + CaHA EP + CaHA + HA non-stabilized | decay rate). Therefore, one could say
that, firstly, the model we used is
adequate to analogous clinical
condition. Secondly, we obtained the
comparable data in experimental
conditions of the bone tissue
destruction. Finally, the subsequent
results showed rat’s lower jaw bone
tissue functional activity
normalization under the influence of
calcium-containing drugs.

It is also of interest that equivalent data were¢amted in conditions of prednisone-induced
periodontitis in rats. These data revealed thexnafebone tissue mineralization in the experimental
conditions was reduced on 39% and equal to 51.0#1The degree of bone tissue mineralization in such
experimental conditions was equal to 4.62+0.37théy was approximately 9% less pertaining with the
same control index [10, 13]. Our results nevertelshowed an expressed calcium-containing drugs
osteotropic efficacy if compared with the data&se of bioflavanoid quertulin administration.

Our data revealed slight effect of hydroxyapatitiedtions on the investigated parameters since
the atrophy of the alveolar bone could not be stbdewn, and the biochemical indicators, despiteesom
improvements, did not reach normal values.

The administration of calcium in combination withstabilized hyaluronic acid had much better
effects. Despite the fact that the degree of ayrapithe alveolar process decreased only at thialistage
after injection, the calcium content was broughalimost normal values. Apparently, the calcium leve
was restored due to the inhibition of the actiwfydestructive enzymes of the jaw bone elastasenihe
influence of calcium in combination with unstabdéldzhyaluronic acid.

Calcium-containing drugs injection with aim of pmtontal bone tissue mineralization increase can
also have a clinical perspective in the conditiofgnetabolic syndrome since it has been shown the
significant bone tissue reduce due to an approxiyatvofold increase of the connective tissue dgnsi
[8]. In this case one could conclude that our expental trials have a clinical prospect for patgewith
expressed osteodestruction phenomena in conditibd@betes mellitus, obesity and in other symptom
complexes combined into the metabolic syndrome eptic

30

25
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15 1

10 +

2 weeks after injection 4 weeks after injection 6 weeks after injection

Fig. 3. The expression of elastase in the bonedis$ the lower jaws of rats.

1. Long-term alimentary intake of peroxidized @itllto the activation of resorption processes in
the jaws: an increase in atrophy of the alveolacess, loss of calcium and an increase in theigcty
destructive bone tissue enzymes elastase.

2. Injection of calcium hydroxyapatite to rats witkriodontitis did not significantly affect the
pathological processes in the jaw bone tissue.

3. According to the results of our research, theglsi injection of calcium with unstabilized
hyaluronic acid was a much more effective methothbibiting the atrophy of the alveolar process and
normalizing the intensity of the processes of nafieation and destruction of the jaw bone of raihw
periodontitis.

4. We consider it necessary to conduct additiomaliss to determine the frequency of subgingival
calcium injections of calcium hydroxyapatite witbmstabilized hyaluronic acid.
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JOCIIKEHHS OCTEOIVIACTUYHOI
AKTUBHOCTI JIKAPCBKHUX 3ACOBIB,
SIKI MICTSTB KAJBIIN 1 TIAJTYPOHOBY

HCCIEAOBAHUE OCTEOIIVTIACTHYECKOH
AKTUBHOCTH JIEKAPCTBEHHBIX CPEJICTB,
COJEPXKAIIIAX KAJBIWI U THAJTYPOHOBYIO

KHCJIOTY, Y IYPIB 3 HEPIOJOHTUTOM
Jlapkina C.O., Makapenko O.A., BactbsinoB P.C.,
€pmypaxi ILIIL

Mertoro nmociikeHHs Oyno HOCHIIKEHHS BIUIUBY
CcyOriHTiBaJbHOTO  BBEICHHS  PO3YHMHIB  KalbLilo 1
rialypoHOBOI KHCIOTH HA CTaH KICTKOBOI TKAaHHHH
QIBBEOJISIPHOTO BIAPOCTKA HIDKHBOI IIEJNEeNH IIypiB IpH
€KCIIEPUMEHTAIbHOMY NIePIOIOHTHTI. Iposenewi
CKCTICPHUMEHTABHI JIOCHIKEHHS i ATBEP TN
iHTeHcudikario npoueciB pe3opOuii B KiCTKOBiIH TKaHHHI
IIeJISTH IYpiB, SKUM [aBald B DKy HEPEKHCHY OJIil0
NPOTATOM TPHBAIOr0 yacy. TakuM YHHOM, Xap4oBe
CTHOKMBAaHHSA MIEPEKUCIB JilliAiB MPH3BOAMIO A0 301TBIICHHS
aTpodii aTbBEONIIPHOTO BIAPOCTKA HIDKHBOI MIEJIEIH IIypiB
1 BTpaTHM KalblliF0 B  KICTKax Imenen. [H'ekmii
riIpoKCHanaTuTy  Hajajd  HEBEIMKUH  BIUIMB  Ha
JIOCJTI/KYBaHI apaMeTpH, OCKITIBKH aTpOodiro anbBeOIIpHOT
KICTKM He MOXHa OyJIo YHOBUIBHHUTH, a OioXiMiuHi
MOKa3HUKH, HE3BaKalOUM Ha JEsKi IMOJIIIICHHS, IO He
JOCSTIIM HOPMAaJIbHUX 3Ha4yeHb. Kanbliii B moeaHaHHI 3
HECTa0UTi30BaHOI0 TialypOHOBOIO KHCJIOTOK BHSBUBCS
Habarato OiMbII €(QEeKTUBHHM. ABTOPH HANONATAIOTH Ha
HEO0OXiJHOCTI MOJAJIBIINX €KCIIePUMEHTAIbHUX
JOCIIUKEHb [UISl BH3HAUCHHS YacTOTH CyOTIHTIBalbHHX
IH'eKIi} TipOKCHANATHTy Kalblilo 3 HecTabili30BaHOO
riaJypOHOBOIO KHCIIOTOIO.

KumiouoBi ciioBa: excriepyMeHTaNbHUN MEPiOIOHTHT,
KICTKOBa  TKaHWHA, KpOB,  TiaJlypOHOBa  KHCIOTA,
TiIPOKCHATIATUT KaJIbLIi0, CyOT1HTiBAIBHUE 1H €K1 KaJIBIIiIO.

Cratta Hagivinua 12.04.201%.

KUCJIOTY, ¥ KPBIC C HEPUOJOHTUTOM
Jlapkuna C.A., Makapenko O.A., Bactbsinos P.C.,

Epmypaxu ILIL
Hemnsro paboTsI ObLIO H3yUYeHHE BITHSTHUS
CyOTHHTHBAJIBHOTO  BBEICHHS  PAaCTBOPOB  KalbIUs H|

FPIaIIypOHOBOﬁ KUCJIOTBI HAa COCTOSIHME KOCTHOW TKaHU

AJIbBCOJIDHOTO  OTPOCTKa HIDKHEU  YeJOCTH KpbIC [IpH
OKCIIEPUMEHTAJIbHOM TMEPUOJOHTHUTE. HpOBeZ[eHHLIe
OKCIIEPUMEHTAJIbHBIC HCCJIICA0OBaHU NOATBEPAUIINA

MHTEHCU(UKAIMIO TIPOLECCOB pe30pOIMH B KOCTHOM TKaHU
YETIOCTH KPBIC, KOTOPBIM J[aBAJIU B MUIY NEPEKHCHOE MAaclo B
TEUCHHE [IUTENBHOTO BpeMeHH. TakuM o0pa3oM, IHINEBOE
NoTpeOIeHne MepeKucel TUIHUA0B MPUBOAWIO K YBEIHUCHUIO
aTpouU aJbBEOIPHOTO OTPOCTKA HIDKHEH YENIOCTH KPBIC H
rmorepe  KajblUsd B KOCTAX  4emrocTedl.  MHbekimu
TUIpPOKCHANaTUTa  OKa3anu  HeOoiblloe — BIMSHHE  Ha
HCCIIelyeMble TapaMeTphl, IIOCKOJIbKY aTpO(HUI0 AIbBEOJISIPHOM
KOCTH HeJIb3s1 ObIIO 3aMeUINTh, a OMOXUMHYECKHE MTOKa3aTely,
HECMOTPSI HAa HE3HAUYUTEIbHBIC YIYUIIEHHs, HE JOCTHUIIIH
HOpPMaJbHBIX  3HadeHuidl. Kampumit B coueranum ¢
HECTaOWJIM3UPOBAHHOM T'MaJypOHOBOH KHCIOTOH OKazaics
ropano ©Oomee 3¢QdexkTUBHBIM. ABTOpPHI HACTaMBAIOT Ha
HEOOXOIMMOCTH JalbHEHIINX SKCIIEPUMEHTAIBHBIX HUCIBITAaHUI
JUIL  ONpPENENEHHS] YacTOTHl CYOTMHTMBANBHBIX WHBEKIWI
TUJPOKCHANaTUTa KaJIBIIUS c HecTaOWIN3UPOBAHHON
THATyPOHOBOM KHCIIOTOM.

KnroueBble cjioBa: SKCIEPUMEHTANBHBIA MEPHOJOHTUT,
KOCTHas TKaHb, KPOBb, THAypOHOBAs KHCJIOTa, THIAPOKCHATIATUT
KaJbIHs, CyOTHHIMBAIbHBIC HHBEKIMU KaJIbIHs.

Penensent €pommenko I'.A.
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