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N3meHeHNAa mopdomMmeTpnUecKuUxX napamMmeTpoB nepmepmnyeckKmnx
9HOOKPUHHBIX XXefie3 U nokasartesnien MUKPOCTPYKTYPbI, a3zoBoro
cocTaBa 6uoMmMHepana pereHeparta 60/ibLUebepPUOBbIX KOCTEN
nocsie 4JINTeNbHOro BO34elcTBUSA 6eH30aTa HaTpus

B.H. Mopo3oB

®rAOYBO «benropoackuii rocyapcTBeHHbI HaUMOHaNbHbIA NccnefoBaTeNbCKNIl YHUBEPCUTET » MUHUC T epcTBa
HayKu u BbicLlero obpasosaHusa Poccun, Benropog, Poceuns

AHHOTALNA

BBepgeHwue . beH3oaT HaTpuA ABMSETCS KOHCEPBAHTOM, LUMPOKO MPUMEHSIEMbIM B MULLIEBOM NPOMbILLIEHHOCTY
[N yBENUYEHNS CPOKOB XPaHEHUS NPOAYKTOB NUTaHUA. Of|HaKO YCTaHOB/EHbI ero reHOTOKCUYHbIE, renaTo- 1 Hed)poTOoK-
CWYHbIe CBOWCTBA, YTO TpebyeT NPOAOC/IHKEHNS N3YUEHWS €ro BANSHUA Ha OPraHn3M.

Lenb . N3yunTb BAMSAHWE 60-4HEBHOr0O BO3AENCTBMA 6eH30aTa HATPUSA Ha CTPYKTYPY C-KNeTOK LUTOBUAHOMN XKesesbl,
rNaBHbIX NapPaTMPOLIMTOB OKOTOLLMTOBUAHBIX Xene3 1 CNOHIMOLMTOB NMYy4YKOBOWM 30HbI HAAMOYEYHMKOB C y4eTOM U3MeHe-
HUI MMKPOCTPYKTYPbI W (ha30BOr0 CocTaBa 6MOMUHepana pereHepara 60/bLLe6epLOBbIX KOCTEN NPpU MOAEIMPOBaHUN
MeXaHWYeCKOoW TpaBMbl.

MaTepuanse u MeTopabl . CroasaguaTs 6e/bix NOM0BO3PE/bIX KPbIC-CaMLOB 6b1IN pa3fesieHbl Ha YeTbipe
rpynnbl (no 30 ocobeli B Kaxaoi). XXUBoTHble 1-i1 1 2-i1 rpynn nogeeprannce 60-4HEBHOMY BO3AeNCTBUIO GeH30aTa
HaTpus B go3ax 500 1 1000 mr/Kr, nocse 4ero MoAeIMpoBasIv TpaBMy B 60/1bLLIEGEPLLOBLIX KOCTSX. B 3-i1 rpyrnne BMecTo
6eH30aTa HaTpu1s XXMBOTHbIM BBOAWUCA (PU3N0N0rnyeckuii pacteop. B 4-ii rpynne KpbiCbl NO/yYasiv hr3MoN0rnyeckom
pacTBop 6e3 MoAenMpoBaHNs TpaBMbl 60/bLLEOEPLOBLIX KOCTEN. VI3yueHne nameHeHU LMTOMOPOMETPUYECKIMX Napa-
MeTpOoB C-K/IETOK LLMTOBUAHOW >Kenesbl OCYLLEeCTBANOCh METOAOM 3/1IEKTPOHHOM MUKPOCKOMUW Ha 3-1 U 24-e CyTKN
nocne MoeNMpoBaHUA TpaBMbl 60/1bLLEGEPLIOBBLIX KOCTSX. M3yyeHne MOphoMETPUYECKMX NapaMeTPOB rNaBHbIX napaTu-
POLMTOB M CMOHTMOLMTOB My4YKOBOM 30HbI HaAMOYEYHUKOB MPOBOANIOCH METOLOM CBETOBOW MMKPOCKONUK Ha 3-u, 10,
15, 24, 45-e cyTKu, a rnokasarersieil, XxapaKTepm3yroLLMX MUKPOCTPYKTYPY M (ha30BbI cocTaB BMOMUHEpPaa pereHepara
KOCTel - MeTOLO0M PEHTreHOCTPYKTYPHOIO aHam3a B 3TN Xe CPOKM.

Pe3synbTaTthbl . Bl-iirpynne naowanp, 3aHNMMaeMas 3yxpoMaTuHoOM B Aapax C-KneTok, 3Ha4Mmo yMeHbLUanach
Mo cpaBHeHWIO C 3-/ rpynnoii Ha 24-e CyTKN HabnogeHus Ha 21.13 %, a Bo 2-1i rpynne Ha 3-u 1 24-e cyTKn - Ha 5.83 1
16.29 %. B 1-ii n 2-ii rpynnax Ha 3-n, 24-e CyTKM COOTHOLUEHME MoWafeil ayxpomaTmHa 1 retepoxpomMarmHa 6b110
MeHbLUe Ha 2.65, 22.25 n 6.69, 17.69 %, guameTp CEKPETOPHbIX rpaHyn - Ha 7.47, 15.43 n 8.92, 16.00 %. Konnyectso
A4ep rnaBHbIX NapaTUPOLMTOB Ha eANHMLLY NOLAAN YMEHbLUAIOCh 3HAYMMO TO/bKO BO 2- rpynne ¢ 3-x no 15-e cyTkn
Ha 3.96, 3.34, 3.68 %, a MHAEKC (PYHKLMOHA/IbHOM aKTUBHOCTU - Ha 3-U CyTKM Ha 6.34 %. KonuuecTBo sigep CNOHIno-
LUWTOB Ha eauHULY MNowaan B MyYKOBOM 30HE 3HAYMMO YMeHbLUANock B 06emnx rpynnax ¢ 3-x no 45-e cyTku Ha 2.87,
2.40 n 5.57, 3.91 %. B 1-in rpynne nHAekc GyHKUNOHAIbHOM aKTUBHOCTU CMIOHTMOLMTOB OblsT MeHbLLIE NLLbL C 3-X M0
15-e cyTkun Ha 7.20, 6.78, 4.54 %, a BO BTOPOWA rpynre - BO BCe CPOKU Ha 10.73 n 7.23 %. B 6buomunHepase pereHepata
60/1bLUe6ePLOBbLIX KOCTeN y KpbIC 1-i rpynnbl BbIAB/IEHO 3HAYMMOE YBEMYEHME pa3mepa 3/1IeMeHTapHbIX SUeeK BAO b
ocu ¢ Ha 15 n 24-e cyTkn Ha 0.23 1 0.17 %. Bo 2-1i rpynne yBenMyeHne pa3Mepa 3/IEMeHTapHbIX S4eeK BAO/b OCU a 6bl10
3Ha4YMMbIM ¢ 15-x no 45-e cyTkn Ha 0.28, 0.15, 0.13 %, a pa3mepa 3/1eMeHTapHbIX AYeeK BAONb ocn ¢ - € 10-x no 45-e
CcyTkM Ha 0.18, 0.23, 0.21, 0.12 %. B atux e rpynnax yctaHOB/IeHa 3Hadnmas NonoXnTenbHasa CBA3b MexXay TakKumMu
napameTpamu, Kak KO/IMYecTBO Aep rNaBHbIX NapaTtupoLmnToB, CIOHIMOLMTOB MYyYKOBOM 30HbI 1 Pa3mepoMm 3/1IeMeH-
TapHbIX AYeeK BAO/b OCEN a, ¢, MPOLEHTHbIM COAep>KaHNneM BUT/IOKNTA, a CBA3b MeXAy napameTpoM «COOTHOLUEeHMe
naowagein syxpoMmaTnHa 1 retepoxpoMatHa B aapax C-KeToK» 6blia MoMOXUTENbHOM Ha 3-U CyTKU 1 oTpuLaTesb-
HOW Ha 24-e CyTKWU.

3aknwoyeHune . MopdodyHKLMOHa/IbLHOE COCTOAHME C-KNETOK, IMaBHbIX NapaTMpoLMTOB U CNOHTMOLUTOB NyYy-
KOBO/ 30HbI ,0303aBM1CKMMO YrHETaeTCA NpeaLlecTByoWmnm 60-4HeBHbIM BBeJeHMeM 6eH30aTa HaTpms. 3TO COMPOBOXKAaA-
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€TCSl HapyLUEHNEM KOMIEHCATOPHO-BOCCTAHOBUTE/bHBIX MPOLLECCOB B MEPUOAE PenapaTtuBHOIO ocTeoreHe3a. MeTogom
KOPPEeNsLMOHHOIo aHa/IM3a yCTaHOBJ/IeHbI Pas/iMyHbIe MO CUJIe U HarpaB/IeHHOCTU CBSA3U MEX/Y M3MeHeHMsIMU Mopdo-
METPUYECKUX NMapamMeTPOB 3HAOKPVHHbIX XKeNe3 1 MUKPOCTPYKTYPbI peEreHepara.

Kntouesble cnosa: C-KNeTKU, MaBHbIe NapaTUPOLMThI, CIOHIMOLMTbI MYUYKOBOM 30HbI, MOP(OMETPUYECKUE Napame-
TPbl, MUKPOCTPYKTYpa 1 ha3oBbIli COCTaB, pereHepaTt, 6eH30aT HaTPUsi, KOPPESILNOHHBIN aHan3.

O6pasey untmposaHwusa: Mopo3os B.H. VI3meHeHVs MOphoMeTPUYECKMX NapaMeTPOB Nepudepnyeckmx aH-
[OKPUHHBIX >Kere3 1 nokasaresieii MMKPOCTPYKTYpPbI, (ha30BOro coctaBa 6romMmmHepana pereHepata 60/bLue6epLoBbIX
KOCTel nocne AnTeNbHOro Bo3aeiicTems 6eHsoata Hatpus // Journal of Siberian Medical Sciences. 2024;8(3):19-36.
DOI: 10.31549/2542-1174-2024-8-3-19-36

Changes in the morphometric parameters ofthe peripheral
endocrine glands and microstructure indicators, phase
composition ofthe biomineral of the regenerating tibias
after long-term exposure to sodium benzoate

V.N. Morozov

Belgorod National Research University, Belgorod, Russia

ABSTRACT

Introduction. Sodiumbenzoate is a preservative widely used in the food industry to increase the shelf life of
food products. However, its genotoxic, hepatotoxic and nephrotoxic properties have been established, which requires fur-
ther study of its effects on the body.

Aim. Tostudythe effect ofa 60-day exposure to sodium benzoate on the structure of the thyroid C-cells, the main para-
thyroid cells and the spongiocytes of the adrenal zona fasciculata, taking into account changes in the microstructure and
phase composition of the biomineral of the regenerating tibias amid modeling a mechanical injury.

Materials and methods. Onehundred and twenty albino mature male rats were divided into four
groups (30 animals in each group). Animals of groups 1 and 2 were exposed to sodium benzoate for 60 days at doses of 500
and 1000 mg/kg, after which a defect in the tibias was simulated. In group 3, instead of sodium benzoate, the animals were
injected with saline solution. In group 4, rats received saline without simulating the tibial injury. The study of changes in
the cytomorphometric parameters of the thyroid C-cells was carried out using electron microscopy on the 3rd and 24th
days after defect modeling. The study of the morphometric parameters of the main parathyroid cells and spongiocytes of
the adrenal zona fasciculata was carried out by light microscopy on days 3, 10, 15, 24, 45, and the indicators characterizing
the microstructure and phase composition of the biomineral of the regenerating bones were studied by X-ray diffraction
analysis at the same time points.

Results. Ingroupl, the area occupied by euchromatin in the nuclei of C-cells significantly decreased compared to
group 3 on the 24th day by 21.13%, and in group 2 on the 3rd and 24thday- by 5.83 and 16.29%. In groups 1 and 2, on the
3rd and 24th day, the ratio of euchromatin and heterochromatin areas was less by 2.65, 22.25 and 6.69, 17.69%, the diam-
eter of secretory granules - by 7.47, 15.43 and 8.92, 16.00%. The number of nuclei of the main parathyroid cells per area
unit decreased significantly only in group 2 from the 3rd to 24th day by 3.96, 3.34, 3.68%, and the functional activity index
decreased on the 3rd day by 6.34%. The number of spongiocyte nuclei per area unit in the zona fasciculata decreased sig-
nificantly in both groups from the 3rd to 45th day - by 2.87, 2.40 and 5.57, 3.91%. In the 1st group, the index of functional
activity of spongiocytes was lower only from the 3rd to 15th day by 7.20, 6.78, 4.54%, and in the second group - in all time
points by 10.73 and 7.23%. In the biomineral of the regenerating tibias in rats of group 1, a significant increase in the size
of unit cells along the c axis was revealed on the 15th and 24th days by 0.23 and 0.17%. In group 2, the increase in the size
of unit cells along the a axis was significant from the 15th to 45th day by 0.28, 0.15, 0.13%, and the increase in the size of
the unit cells along the ¢ axis was significant from the 10th to 45th day by 0.18, 0.23, 0.21, 0.12%. In same groups, a Sig-
nificant positive correlation was found between such parameters as the number of nuclei of the main parathyroid cells,
spongiocytes of the zona fasciculata and the size of unit cells along the a, ¢ axes, the percentage ofwhitlockite, and the cor-
relation between the parameter “ratio of the areas of euchromatin and heterochromatin in the C-cell nuclei” was positive
on the 3rd day and negative on the 24th day.

Conclusion. Themorphofunctional state of C-cells, main parathyroid cells and spongiocytes of the zona fascicu-
lata is dose-dependently inhibited by the previous 60-day administration of sodium benzoate. This is accompanied by
alteration of compensatory and restorative processes during reparative osteogenesis. Using the correlation analysis, rela-
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tionships of varying strength and direction were found between changes in the morphometric parameters of the endocrine

glands and the microstructure of the regenerating bones.

Keywords: C-cells, main parathyroid cells, spongiocytes of the zona fasciculata, morphometric parameters, microstruc-
ture and phase composition, regenerate, sodium benzoate, correlation analysis.

Citation example: MorozovV.N. Changes in the morphometric parameters of the peripheral endocrine glands
and microstructure indicators, phase composition of the biomineral of the regenerating tibias after long-term exposure
to sodium benzoate. Journal ofSiberian Medical Sciences. 2024;8(3):19-36. DOI: 10.31549/2542-1174-2024-8-3-19-36

BBEAEHWE

TpaBMaTU3M SABASAETCA aKTyallbHOW MefuKo-
coumanbHol Npo6nemoit, 3aTparvBarLLLer KaXKA0ro
yesioBeka B Mpouecce >XusHegesatenbHocTn [1].
TpaBMaTU4eCKOEe MOBPEXAEHME TBEPAbIX U MATKUX
TKaHel opraHmsmMa COMpPOBOXAAETCA CUCTEMHON
peakuuein opraHM3ama, B KOTOPO MepBOOYEPESHYIO
poNb urpawT >Xene3bl BHYTPEHHEN cekpeuuun, B
YyacTHOCTU WMTOBNAHASA, OKONOWMNTOBUAHbBIE
Xenesbl M HafNOYeYHUKU. TOPMOHbI, CUHTE3npye-
Mble N CEKPeTMpYeMble JaHHbIMW OpraHammu, CO3-
[alT, B 3aBUCUMOCTU OT CTEMEHU TSAXKECTU TpaBMbl,
Heo6Xo04NUMbIA TOPMOHaNbHbIA MOH ANA Nnogaepxa-
HUA 6anaHca aHabosiMyecKUX W KaTabonMyeckux
npoweccoB 1 o6ecneyeHns BOCCTAHOB/IEHUS LLENOCT-
HOCTU o6nacTn nospexaeHusa [2].

B HacTosiluiee BpeMs MHAYCTPUS NPOU3BOACTBA
NPOAYKTOB MNUTaHWA He MOXeT o06xoauTbca 6e3
MCNONb30BaHUS MULLEBbLIX A06aBOK, B 4acTHOCTMU
NULLLEBbLIX KOHCEpPBAHTOB. ATO CBSAI3aHO C TEM, 4TO
6e3 nx gob6aBneHNsa B cOCTaB NPOAYKTOB NocnegHue
noasepratwTcsa 6bICTPON Nopye faxke nocsie npegBa-
pUTENbHOW TepMMUYecKon o06paboTKM U  UMMEKT
KOpPOTKUIA cpok rogHoctu [3]. Wcnonb3oBaHue B
NPOMbILIIEHHbIX LesAX MULLEBOTO KOHCEPBaHTa -
6eH30aTa HaTpuUsa - MNO3BONSET YCTPaHUTb AaHHYHO
npo6sieMy, MOCKOJ/IbKY OH o06nagaeT cBoicTBaMu
yrHeTaTb aKTUBHOCTb 6aKTepuii u rpnokos [4]. Mpu
3TOM He cfefyeT WrHopupoBaTb Cco06UWEHUMA O
No60OYHbIX AENCTBMAX GeH30aTa HaTpus Ha opra-
HWU3M - ero crnoco6HOCTU B KNLLEYHMKE Npeobpaso-
BblBaTbCA B GEH30/1 B COYeTaHMU C aCKOpPOUMHOBOW
KUCMOTOW, OKa3blBaTb FeHO-, HE()PO- U renaTokcu-
yeckune apgekTbl [5, 6], 4HTO cTaBUT BONpPOC 06 aKTy-
aflbHOCTW fasnibHerWero n3yyeHns ero BAMAHUSA Ha
opraHu3sm.

B uMmelowencs Hay4dyHoOW nuTepaTtype Mopdo-
hyHKUMOHaNbHble U3MEHEHUSA WWUTOBULHOW, OKO-
NOWNTOBUAHBIX >Xenes3 un HagnodyedyHukosB [7], a
TakXXe MUKPOCTPYKTYpbl U (ha30BOro cocrtaBa 6mo-
MUHepasia pereHepaTta KocTeil [8] B pa3Hblie nepu-
oAbl Mocne TpaBMbl JOBOJSIbHO MOJ/IHO OCBELLEHbI.

Journal homepage: http://jsms.ngmu.ru

INTRODUCTION

Traumatism is an urgent medical and social prob-
lem that affects every person throughout life [1].
Traumatic damage to hard and soft tissues of the
body is accompanied by a systemic reaction of the
body, in which the primary role is played by the
endocrine glands, in particular, thyroid, parathyroid
glands and adrenal glands. Hormones synthesized
and secreted by these organs create, depending on
the severity of injury, the necessary endocrine profile
to maintain the balance of anabolic and catabolic
processes and ensure restoration of the integrity of
the damaged area [2].

Currently, food industry cannot exist without the
use of food additives, in particular food preserva-
tives. This is due to the fact that without their addi-
tion to products, the latter are subject to rapid degra-
dation even after preliminary heating, and have a
short shelf life [3]. The use of a food preservative,
sodium benzoate for industrial purposes eliminates
this problem since it has the properties of inhibiting
bacterial and fungal growth [4]. At the same time,
one should notignore reports ofside effects ofsodium
benzoate on the body - its ability in the intestine to
be converted into benzene in combination with
ascorbic acid, to have geno-, nephro- and hepatoxic
effects [5, 6], which raises the question of the rele-
vance of further study of it influence on the body.

In the available literature, morphofunctional
changes in the thyroid, parathyroid glands and adre-
nal glands [7], as well as the microstructure and
phase composition of the biomineral of regenerating
bones [8] in different periods after injury are quite
fully covered. However, data on the reactivity of
these organs under long-term previous intake of food
additives, in particular sodium benzoate, into the
body is not provided.

AIM OF THE RESEARCH

To study the effect of a 60-day exposure to sodium
benzoate on the structure of the thyroid C-cells, the
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OfHakKo MHGpOPMaLUA 0 PeakKTUBHOCTU AaHHbIX
OpraHoB B YC/IOBUAX AJ/IMTENILHOIO Mpe/LlecTByiO-
LLEero NnocTynJieHnsa B OPraHnM3M Nl esbiX 406aBOK,
B UacTHOCTM GeH30aTa HaTPUSA, He NpeacTaB/eHa.

LLIE/Tb MCCNEAOBAHWA

N3yuntb BAnsSiHMe 60-gHEBHOro BO3f4elicTBMA
6eH30aTa HaTpUA Ha CTPYKTYpYy C-K/IeTOK WNTOBUA-
HOW >Kenesbl, F/1aBHbIX NapaTpPoOLUTOB OKOOLWUTO-
BUAHbIX >X€ene3 U CrNOHIMOLMUTOB HaAMNOYe4YHUKOB C
y4eTOM M3MEHEHUN MUKPOCTPYKTYpbl M (ha3oBOro
cocTtaBa 6MOMMHepana pereHepaTta 6onbliebepyo-
BbIX KOCTeli Mpy MexaHN4ecKoii TpaBMe.

MATEPUVAJIblI N METOAbI

M3 120 6enbix MNOJS0BO3PeNbIX KpbiC-CAMLOB
(macca 200-210 r) cchopmumpoBanu 4veTbipe 3Kcne-
puMeHTanbHble rpynnbl (Mo 30 ocobeli B KaXkaoi).
XXMBOTHBLIM MEPBLIX ABYX FPYNM BHYTPUXKENY[04YHO
B TeueHme 60 cyT BBOAUAU 1 MmN pacTBOopa beH30aTa
HaTtpua B go3ax 500 n 1000 mr/kr, a nocne 3aBep-
LWEeHNA aHHOI0 BO34eNCTBMA MOAENMPOBAIN MexXa-
HUYeCKy TpaBMy 6onbliebepuoBbiX KOCTen (CTO-
MaToNormyeckum 60pom AmameTpom 2 MM co3fa-
Ba/ICS CKBO3HOW UWPKYNAPHbIA feeKT B MecTe
nepexofa MNPOKCUManbHOro anudgwusa 6onblebep-
LoBOI KOCTU B ee gnacum3s) [9]. B TpeTben rpynne
XXUBOTHbIM BBOAUNN 0.9% M30TOHMYECKUI pacTBop
HaTpuA xopuaa BMecTo 6eH30aTa HaTpUA U Takxe
MOAEeNNpPoBan MexaHUYecKyl TpaBmy 60nbLlebep-
LOBbIX KOCTel. YeTBepTas rpynna 6einia copmmpo-
BaHa N3 >XWBOTHbIX, KOTOpPbIEe B Te4eHMe 60 cyT nony-
Yyanu ToNbKO hn3nonornyeckunii pacteop 6e3 moge-
NIMpoBaHUA TpaBMbl KOCTeWl. IMOCKONbKY BWAOBas
YYBCTBUTENIbHOCTb KPbICbl U YenoBeKa K 3KCnepwu-
MeHTa/lbHbIM BO3eliCTBUSIM pa3Has, TO f03a BBOAU-
MOro 6eH30aTa HaTPUA KOPPEKTMPOBanach C UCNOMb-
30BaHuemM opmynbl Pbi6onosnesbix [10]. B xope
JKCMepuMeHTa C MCNoJIb30BaHUeM nabopaTopHbIX
KpbIC PYKOBOACTBOBa/INUCbL MONOXeHUAMN [Aunpek-
Tnebl 2010/63/EU EBponeickoro napaameHta wu
CoBeTta EBponeiickoro cotosa [11]. MpoTokon nccne-
[OBaHNA yTBepXX[eH Ha 3acefilaHWn KOMMUCCUU MO
6103TUKe JIyraHCKOro rocyapCTBEHHOro MegnLUnH-
CKOro yHmsepcuteta nm. Ceatutensa Jiyku» (Ne 2,
25.03.2022 r.) Ans nccnefoBaHUA U3MEHEHU OKO-
NOLWNTOBUAHBIX Xesfe3 1 HaNnoYeYHNKOB Ha CBETO-
onTuyeckom yposHe Ha 3-u, 10, 15, 24 n 45-e cyTKun
nocse MoAenMpoBaHUA TpaBMbl 60/blle6epLOBbIX
KOCTEM KpbICbl MOABepraincb 3BTaHasnnM nyTem
BAbIXaHWA NeTasbHOW 403bl HapKo3a AW3TUI0BOIO
admpa ¢ nocnegywouwen pekanutauuen. 3abop
LWNTOBUAHBIX >Xene3 ANA 31eKTPOHHO-MUKPOCKO-
NMUYecKOro mnccnefoBaHUA OCYLLECTBAANN Ha 3-N U

22

main parathyroid cells and the adrenal spongiocytes,
taking into account changes in the microstructure
and phase composition of the biomineral of the
regenerating tibias amid a mechanical injury.

MATERIALS AND METHODS

Four experimental groups (30 animals in each
group) were formed from 120 albino mature male
rats (weight 200-210 g). Animals of the first two
groups were administered intragastrically for
60 days with 1 ml of sodium benzoate solution at
doses of 500 and 1000 mg/kg, and after completion
of this exposure, a mechanical injury to the tibias
was simulated (a dental 2 mm bur was used to make
a perforated circular defect at the junction at the
point of transition of the proximal epiphysis of the
tibias and its diaphysis) [9]. In the third group, ani-
mals were injected with 0.9% saline instead of
sodium benzoate, and a mechanical injury to the tib-
ias was also simulated. The fourth group was formed
from animals that received only saline for 60 days
without simulating bone defect. Since the species
sensitivity of rats and humans to experimental influ-
ences is different, the dose of sodium benzoate was
adjusted using the Rybolovlev formula [10]. During
the experiment using laboratory rats, we were guided
by the provisions of Directive 2010/63/EU of the
European Parliament and the Council [11]. The study
protocol was approved by the Bioethics Commission
of St. Luka Lugansk State Medical University (No. 2,
25.03.2022). To study changes in the parathyroid
and adrenal glands at the light-optical level on days
3, 10, 15, 24 and 45 after modeling the injury to the
tibias, rats were euthanized by inhaling a lethal dose
of diethyl ether followed by decapitation. The thyroid
glands were collected for electron microscopy on the
3rd and 24th days after the animals were removed
from the experiment by decapitation. Histological
processing of samples of glands, their embedding in
homogenized Histomix paraffin, sectioning, and
staining were carried out in accordance with stan-
dard protocols for light and electron microscopy
[12]. For morphometry of histological sections, we
used a hardware complex consisting of a personal
computer with Nis-Elements BR 4.60.00 software, a
Nikon Eclipse Ni microscope and a Nikon DS-Fi3
digital camera (Nikon Corporation, Japan). In the
central and peripheral parts of parathyroid glands,
the number of nuclei of the main cells of parathyroid
glands per area unit was counted, and the maximal
\(Dmax) and minimal diameters \(Dmm) of their nuclei
measured, followed by calculation of the average
value (MDnuet) using the formula [13]

MD,, =VD,_

nucl

D ..
ax mm
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24-e CyTKM Noc/ie BbiBeAEHNSA XXUBOTHbIX U3 3KCMe-
prMeHTa MeToAOM Aekanutaumwu. [ucTonornye-
CKYl0 MpPOBOAKY KYCOUYKOB >Xefie3, WX 3aJMBKYy B
roMoreHM3npoBaHHy napauHoByto cpeay Histo-
Mix, N3roToB/IEHWE CPe30B, NX OKPacKy NpoBoANAN
B COOTBETCTBMW CO CTaHAapTHbIMW MPOTOKO/AAMU
ANA CBETOBOW WM 3M1EKTPOHHOW MuKpockonumn [12].
Ona  mopdomMeTpum  TUCTONOTNYECKUX  CPe30B
MCNosb30Bann annapaTHblIi KOMMNIEKC, COCTOALWMN
M3 MepcoHanbHOro KOMMbKOTEpPa C MPOrpamMHbIM
o6ecneyeHuem Nis-Elements BR 4.60.00, mukpo-
ckona Nikon Eclipse Ni n undposoii kamepbl Nikon
DS-Fi3 (Nikon Corporation, Japan). B okonowmnTto-
BUAHLIX >Kene3ax B LeHTPanbHbiX U nepudepunye-
CKNX oOTgenax MOACHUTbIBAIN KOJIMYECTBO sAnep
rnaBHbIX NapaTMpoOLMTOB Ha efMHULUY NAoWaan wu
n3Mepsaan Hambonbwnii (Dmax) N HAMMEHbBLUWI Ana-
MeTpbl (Dmin) UX Agep € NocredyloLwWwum Bblunce-
Huem cpefHero 3HadeHns (MDsn) no popmyne [13]

D .
ax min

MD_ =VD

an m

MHpaeke yHKUMOHanbHOW akTuBHOCcTU (INFA)
rnaBHbIX NapaTMpoLMTOB paccunTbiBasca no gop-

myne [13]
InFA = (N, <MD )/ 20,

rae N - KONMMYecTBO A4ep rnaBHbIX nNapaTtupoum-
TOB Ha eMHNLY Naowaan.

B HagnoyeyHuKax MOACYUTBLIBA/IN KOSINYECTBO
Afep CIOHTMOLUTOB Ha eAMHULY NAoWanmn B My4YKo-
BOW 30HE N U3MEPSAN HANGObLLINA N HAMMEHbLUWNIA
AviameTpbl UX Afep Ha TUCTONOMMYECKUX cpe3ax.
OnpepeneHve cpefHero gnameTrpa agep 3TUX Kne-
TOK U UX PYHKLNOHaNbHOW aKTUBHOCTU MPOBOANAN
Mo BbllWeyKa3aHHbIM popMynam.

B komnbloTepHoir nporpamme Imaged (NIH,
USA) Ha 3arpy>eHHbIX 3/leKTpoHorpammax C-kne-
TOK LWMTOBUAHOW >XXenesbl He MeHee 4YeM B [ecATun
K/eTKax NpoBoAnAnN n3MepeHune naowanm, 3aHnMma-
eMOI 3yXPOMaTUHOM N reTepoXpoMaTUHOM, C Noc/ie-
OYIOLWNM BbIYMC/TIEHWEM NX COOTHOLLEHUA B Afpe, a
TakK)xe cpegHel nnaowagnm MUTOXOHAPWUIA U gname-
Tpa CEKPETOPHbIX rPaHyn.

Ona n3yyeHMs MUKPOCTPYKTYpbl 6uommnHepana
pereHepaTa 60/ble6EPLOBLIX KOCTEN U ero ¢aso-
BOro cocTtaBa MUCMo/sb30Baan MeTo[ PEHTreHOCTPYK-
TYpHOro aHanusa [14]. PaccunTtbiBanu pasmep ane-
MeHTapHbIX A4YeeK BAO/b OCeli a U ¢ - CTPYKTYPHO-
PYHKUMOHANbHBLIX EAUHUL, MUHepana, npeacTasns-
IOLWMX COBON HaMMEHbLUYIO YNaKOBKY aTomMoB, hop-
MUPYIOLLYIO BeLLecTBO KOHKPETHOro MuHepasna.
TakxXe onpefensann NpPoueHTHoe cofepXXaHue BUT-
NoKMTa M KanbumTta B 6MOMMUHepane pereHepara
60/bLLIEBEPLOBbIX KOCTEN.
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The index of functional activity (InFA) of the
main cells of the parathyroid glands was calculated
using the formula [13]

InFA = (N ucI-MDnucI) / 20,

where N_ - number of nuclei of the main cells of
the parathyroid glands per unit area.

In the adrenal glands, the number of spongiocyte
nuclei per area unit in the zona fasciculata was
counted, and the maximal and minimal diameters of
their nuclei were measured on histological sections.
The average diameter of the nuclei of these cells and
their functional activity were determined using the
abovementioned formulas.

Using ImageJ software (NIH, USA), the areas of
euchromatin and heterochromatin were measured
on downloaded electron diffraction patterns of the
thyroid C-cells in at least ten cells, followed by calcu-
lation of their ratio in the nucleus, as well as the aver-
age area of mitochondria and the diameter of secre-
tory granules.

To study the microstructure of the biomineral of
regenerating tibias and its phase composition, X-ray
diffraction analysis was used [14]. The size of unit
cells along the a and ¢ axes was calculated - the
structural and functional units of the mineral, which
represent the smallest atomic packing that forms the
substance of a particular mineral. The percentage of
whitlockite and calcite in the biomineral of the rege-
nerating tibias was also determined.

Next, the numerical data were downloaded into
Microsoft Office Excel 2017 (Microsoft, USA), where
variation series were built and the data were checked
for the normality of distribution using the Shapiro-
Wilk test. In case of normal data distribution, the
parametric Student’s t-test for differences in means
was used. In other cases, the non-parametric Mann-
Whitney test was used in Statistica 10.0 (StatSoft
Inc., USA) for comparative analysis of data from dif-
ferent groups. Differences were deemed statistically
significant if the probability of error was less than
5%. To identify the relationship between the cyto-
morphometric parameters of endocrine gland cells
and the indicators obtained during X-ray analysis of
the regenerating tibias, a correlation analysis was
used. The latter was carried out between the param-
eters of the peripheral endocrine glands (the number
of nuclei of the main parathyroid cells per area unit,
the number of nuclei of spongiocytes of the adrenal
zona fasciculata per area unit, the ratio ofthe areas of
euchromatin and heterochromatin of the C-cell
nuclei), and the parameters of the microstructure
and phase composition of the biomineral of the
regenerating tibias (size of unit cells along a and c
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[anee yncnosble faHHbIe 3aMepPOB MEPEHOCUIN B
nporpammy Microsoft Office Excel 2017 (Microsoft,
USA), rie BbiCTpauMBa/n BapuaLWOHHble pALbl U
OCYLL,eCTBNANN NPOBEPKY flaHHbIX HA HOPMa/IbHOCTb
pacrnpegeneHusa npu nomown Kputepua LWanunpo -
Yunka. B cnyyae HopMasibHOro pacnpefieneHns gaH-
HbIX WMCMNOMb30BaNN MNapaMeTpuyecknin Kputepuii
CTblofieHTa [NA CpaBHeHUSA CpefHUX BeJINYUH.
B ocTanbHbIX criydasax B nporpamme Statistica 10.0
(StatSoft Inc., USA) gna cpaBHUTeNbHOro aHanmsa
JaHHbIX pasNNyHbIX TPYNn NpUMeEHANN Henapame-
TPUYeCKUn KpuTepmnin MaHHa - YUTHU. Pasznuuuns
cyMTanmM CTaTUCTUYECKU 3HAYMMbIMU NPU BEPOAT-
HOCTU OWNB6KN MeHee 5 %. [ANA BbIABNEHUA CBA3U
MeXay UUTOMOPPOMETPUYECKUMU MapamMeTpamMu
K/1eTOK M3yyaeMblX 3HAOKPUHHbLIX XXefne3 1 nokasa-
TeNnamun, NOJIy4eHHbIMU Moc/e NPoBefeHUA PeHT-
reHCTPYKTYPHOro aHanu3a pereHepara 6onbLebep-
LOBbIX KOCTeld, MCNoab30BaIn KOpPPensAunoHHbIN
aHanuns. MNMocnegHnin 6611 NPOBeAEH MeX Ay Nnapame-
TpaMu nepuepmnyeckux 3SHAOKPUHHBIX Xesne3
(KoNMyecTBO AP rNaBHbLIX NapaTUpPoOLNTOB Ha efn-
HULY naowaan, Ko/MMyecTBO SAAep CrOHTMouuToB
NMYyYKOBOW 30Hbl HAAMOYEYHWKOB Ha efuHULY No-
wann, COOTHOLWeHWe nowaner 3yxpomMaTtuHa wu
retepoxpomatuHa agep C-knetok) v napamerpamu
MWKPOCTPYKTYpbl M (ha30BOro cocrtaBa 6MomMuHe-
pana pereHepaTta 60nbLIebepLOBbIX KOCTEN (pa3mep
3N1eMeHTapHbIX AYeeK BAONb OCEN a U ¢, NPOLEHT-
HOe cofepXXaHue KanbLuMTa N BUTNOKNTA). Koaddn-
LMEeHT paHrosoii koppenauum CnupmeHa 6bin
MCNONb30BaH A/19 OLEHKM CTEMEHWU CBA3UN MeXnay
BbllWeyKa3aHHbIMW napameTpamu. Cnaboili Koppe-
NALNOHHYIO CBA3b CHUTANN MPU 3HAYEHUN KOIPDU-
ymeHTa Koppenaumm p < 0.19, ymepeHHon - 0.30-
0.49, cpegHenn - 0.50-0.69, cunbHon >0.70. Cre-
NeHb CBA3WN MeXJy napameTrpamMu cyuTanu [OCTO-
BEpPHOIi B cnyyasXx, Korga hakTuyeckoe 3HaudeHue
Koa(hpuumeHTa Koppensuum CnupmeHa 6bi10
6onbLie KputTnyeckoro (p = 0.829 npm a = 0.05 gnsa
6 XXVBOTHbLIX B rpynre).

PE3YJ/IbTATbI

B TpeTbei rpynne, B KOTOpPOW MogennpoBaHue
MexaHW4ecKol TpaBMbl 60/bLLIEBEPLOBbLIX KOCTe
ocyuiecTsnganock nocne 60-gHEeBHOro BBeAeHUA
m3nonornyeckoro pacrtsopa, W3MeHeHWe TnJo-
wann, 3aHMMaemMol 3yxpoMaTUHOM B fAjpax
C-KNeTokK, N0 CpaBHEHWUIO C 3HAYEHMNSAMW YeTBEPTON
rpynnel, UMeno NULlib XapakTep TEHAEHUMU K yBe-
nnyeHuto Ha 3-1 CyTKN (Ha 5.41 %), 1 3Ha4YeHue faH-
HOro napameTpa 6b1/10 3HAYMMO BbllLle Ha 24-e CYyTKN
HabnoaeHns Ha 20.84 % (p < 0.05). CooTHOLWeEHMEe
naowiagen ayxpomaTmHa n retepoxpomatmHa craTu-
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axes, percentage of calcite and whitlockite). Spear-
man’s rank correlation coefficient (p) was used to
assess the strength of association between the above-
mentioned parameters. A correlation was considered
low when the correlation coefficient was p < 0.19,
mild - 0.30-0.49, moderate - 0.50-0.69, strong
> 0.70. The degree of correlation between parame-
ters was considered reliable if the actual value of the
Spearman’s correlation coefficient was greater than
the critical value (p = 0.829 ata = 0.05 for 6 animals
in the group).

RESULTS

In the third group with the tibial mechanical
injury simulated after a 60-day administration of
saline, the change in the area of euchromatin in the
of C-cell nuclei, compared with the values of the
fourth group, only tended to increase on the 3rd day
(by 5.41%), and the value of this parameter was sig-
nificantly higher on the 24th day of the experiment -
by 20.84% (p < 0.05). The ratio of the areas of
euchromatin and heterochromatin significantly
increased by 9.12 (p < 0.05), 30.34% (p <0.05), and
the change in the area of heterochromatin, on the
contrary, had only atendency to decrease on the 3rd
and 24th days (on 3.38 and 7.33%). The diameter of
secretory granules and the average area of C-cell
mitochondria increased significantly on the 24th day
by 22.09 and 11.89% (p < 0.05), and on the 3rd day
their changes tended to increase (by 4.03 and 2.42%)
(Table 1). These ultrastructural changes indicate a
gradual increase in the functional activity of these
cells towards the late stages of reparative osteo-
genesis.

In the same group, it was found that the tibial
injury simulation is accompanied by an increase in
the proliferative potential and functional activity of
the main parathyroid cells, as evidenced by a statisti-
cally significant increase in the number of nuclei of
these cells per area unit from the 3rd to 45th day by
6.63, 6.46, 6.78, 5.89 and 3.55% (p < 0.05). The
change in the average diameter of the nuclei of these
cells only tended to increase at the same time (by
21.5, 1.24, 1.80, 1.23 and 1.67%). The index of func-
tional activity ofthe main parathyroid cells increased
significantly from the 3rd to 24th day by 8.98, 7.84,
8.79, 7.22% (p < 0.05) and did not change signifi-
cantly on the 45th day (by 5.32%) compared with the
data in the control group.

In the adrenal glands, spongiocytes of the zona
fasciculata responded to the tibial injury by enhanc-
ing their morphofunctional state. In the third group,
the number of nuclei of these cells per area unit was
greater than the values in the fourth group from the

Journal homepage: http://jsms.ngmu.ru


http://jsms.ngmu.ru

Morozov V.N. / Journal ofSiberian Medical Sciences Vol. 8, No. 3 (2024)

Ta6nuua 1. MapamMeTpbl yibTPaCTPYKTYpbl C-KETOK LLIMTOBUAHON YKere3bl KPbIC B FpyMnax B 3aBUCMMOCTY OT CPOKOB

HabnogeHns

Table 1. Parameters of the ultrastructure of thyroid C-cells of rats in groups depending on the time point

Howmep rpynnbi / Group number

3-u cyTkn / 3rd day

24-e cyTKn / 24th day

Mnowagb, 3aHNMaemasn ayxpomaTuHoM, MkM2/ Area ofeuchromatin, m2

1 9.01 +0.14 10.35 £0.13*
2 7.48 £0.12* 9.20 £010*
3 9.49 +0.12 10.99 £0.13*
4 9.00 £0.10 9.09 +0.09

Mnowagp, 3aHMMaemas reTepoxpomaTnHom, MkMm2/ Area ofheterochromatin, ~m2
1 4.97 £0.08 5.01.£0.10
2 5.17 £0.08* 5.05+.0.08*
3 5.10 £0.10 497 £0.10
4 5.28 +£0.08 5.35 +£0.07

CooTHOLWeHNe Nnoutajeli ayxpomaTHa U reTepoxpoMaTuHa,ych. e,
Ratio ofareas ofeuchromatin and heterochromatin, arbitrary units
1 1.81 £0.004* 2.07 £0.02*
2 145 +£0.01* 1.82 £0.01*
3 1.86 £0.01* 2.21 £0.02*
4 1.70 £0.01 1.70 £0.01
OnameTp ceKpeTOpPHbIX rpaHyn, HM/ Diameter ofsecretory granules, nm
1 155.54 £1.70* 180.42 £1.71*
2 142.15 £1.31* 166.41 £0.84*
3 168.09 +£2.18 198.10 £2.12*
4 161.58 £1.92 162.25 +£1.69
CpegHsas naowaab MUTOXOHAPUIA, MKM2/ Average area of mitochondria, *m2

1 9.61 +0 .11* 10.94 £0.15*
2 9.05 +0.13 9.97 £0.15*
3 10.28 £0.10 11.30 £0.17*
4 10.03 +£0.14 10.10 £0.16

* [IoCTOBEPHOE OT/IMUVe MOKa3aTeseld TPETLEN MPpyMMbl OT NoKasaTesield YeTBepTol rpynnbl Mpyp <0.05.
Significant difference between the indicators of the third and fourth groups at p <0.05.

« [loctoBEPHOE OT/MYVE MOKAa3aTe el MePBOIA 1 BTOPOIA MpyMn OT rokasaresield TpeTbeid rpyrmbI fpm p <0.05.
Significant difference between the indicators of the first and second groups from the indicators of the third group atp <0.05.

CTUYECKM 3HaYuMMo yBennmumsanocb Ha 9.12
(p < 0.05), 30.34 % (p < 0.05), a uU3mMeHeHUe Nno-
waawn, 3aHMMaemMoli reTepoxpoMaTMHOM, HaNpPoTuUB,
WMeNo NNb XapakTep TEHAEHLUUN K YMEHbLUEHUIO
Ha 3-u n 24-e cytkn (Ha 3.38 u 7.33 %). AuameTp
CEKPEeTOPHbIX FPaHy/ 1 cpefHAa naowaib MUTOXOH-
apuii C-KNeToK 3Ha4YMMO YBeNM4YMBANINCL Ha 24-e
CYTKM Ha 22.09 n 11.89 % (p < 0.05), a Ha 3-n cyTKNn
UX U3MEHEHNS UMENUN XapakTep TEHAEHLUMU K yBe-
nnyeHuto (Ha 4.03 n 2.42 %) (tabn. 1). JaHHbIe ynb-
TPacTPYKTYPHblE N3MEHEHUSA YKa3blBalOT Ha MocTe-
neHHoe yBesinvyeHne PYHKLMOHAbHOM aKTUBHOCTHU
[aHHbIX K/ETOK K MO34HNUM CpOKaM penapaTuBHOro
ocTeoreHesa.

B aToi4 ke rpynne 6b1/10 yCTAHOB/IEHO, YTO MOAe-
NpoBaHMEe TpaBMbl 60/blIE6EPLOBbLIX KOCTEN
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3rd to 45th day by 15.32, 10.60, 8.80, 7.49 and 3.02%
(p < 0.05). The average diameter of the spongiocyte
nuclei in the zona fasciculata increased significantly
from the 3rd to 15th day by 8.26, 6.05, 5.65%
(p < 0.05), and their index of functional activity
increased from the 3rd to 24th day by 24.84%, 17.29,
14.94, 9.58% (p < 0.05). The change in the values of
the first parameter on the 24th and 45th days had
only anincreasing tendency (by 1.94 and 1.02%), and
the second indicator - on the 45th day (by 4.37%). As
can be seen from the dynamics of changes in indica-
tors, the maximal range of their deviations is on the
3rd day, after which it gradually decreases by the
45th day.

X-ray structural analysis of the biomineral of the
regenerating tibias showed that the size of the unit
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COMPOBOXAAETCA YBENIMYEHUEM NPONNdepaTUBHOIO
noteHuymana n PYHKLMNOHaNbHOW aKTUBHOCTW raBs-
HbIX NapaTUpoLNUTOB, O YEM CBUAETE/IbCTBYET CTaTU-
CTMYECKM 3HaYMMoe yBesinvYeHne Konm4yecTtsa agep
OaHHbIX KNeTOK Ha eAMHULUY nsiowaamn ¢ 3-x no 45-e
CYTKM Ha 6.63, 6.46, 6.78, 5.89 1 3.55 % (p < 0.05).
MN3meHeHVe cpefHero gnametpa Aagep AaHHbIX Kie-
TOK MMENO NNLLb XapakKTep TeHAeHUUN K BO3pacTa-
HUIO B 3TW Xe cpoku (Ha 21.5, 1.24, 1.80, 1.23 n
1.67 %). WNHAekc (yHKUWOHaNbHOW aKTUBHOCTU
rnaBHbIX NapaTupoLMTOB 3HAYMMO Bo3pacTan ¢ 3-x
no 24-e cytkn Ha 8.98, 7.84, 8.79, 7.22 % (p < 0.05)
W He [OCTOBEPHO M3MeHANcA Ha 45-e cyTku (Ha
5.32 %) nNo cpaBHEHW C AAHHbIMU KOHTPO/IbHOM
rpynnoi.

B HagnoyeyHnKax Ha TpaBmy B 60/1bLLEBEPLOBBIX
KOCTAX CMOHTMOLUTbLI MYYKOBOIM 30HbI pearnposanu
yCUeHNEM CBOEro MOPKMOYHKLNOHA/IbHOIO COCTO-
AHWA. B TpeTbell rpynne KOAMYECTBO A4EP 3TUX Kiie-
TOK Ha eAMHULY Naowaamn 6b1710 60nbLUe 3HAYEHWI B
yeTBepToi rpynne ¢ 3-x No 45-e cyTkuM Ha 15.32,
10.60, 8.80, 7.49 1 3.02 % (p <0.05). CpegHunii gna-
MeTp Si4ep CMNOHTMOLNTOB NYYKOBOW 30HbI CTATUCTU-
YyecKM 3HauyMmo Bo3pacTtas € 3-X no 15-e cyTKM Ha
8.26, 6.05, 5.65 % (p < 0.05), a X UHAEKC PYHKLMO-
HaNbHOW aKTUBHOCTU - C 3-X N0 24-e CYyTKN Ha 24.84,
17.29, 14.94, 9.58 % (p < 0.05). NN3meHeHne 3Haue-
HWIA NepBOro napameTpa Ha 24 1 45-e CyTKU MMENo
NNWb XapaKTep TeEHAEHLUMN K yBennyeHuwo (Ha 1.94
n 1.02 %), aBTOporo nokasatesiad - Ha 45-e cyTKU (Ha
4.37 %). Kak BUAHO N3 ANHAMUWKN N3MEHEHW I NoKa-
3aTeneli, MakcMmanbHasa amnaMTyga WX OTK/IOHe-
HWIA perucTpupyeTcs Ha 3-M CyTKMK, NOC/e Yero oHa
MOCTEMNEeHHO CHM>XKaeTcs K 45-M CyTKam.

PeHTreHOCTPYKTYpHbI/A aHanu3 6uomuHepana
pereHepata 60nbLe6epLOBbIX KOCTEN NOKa3an, 4Tto
pasmMep 3fieMeHTapHbIX A4eeK BAO0Nb OCU a 3HaAYNUMO
yBenuumneancsa Ha 3-n n 10-e cyTkn HabnwaeHUA Ha
0.15 n 0.13 % (p < 0.05) n ymeHbwanca c 15-x no
45-e cyTKM Ha 0.12, 0.13, 0.10 % (p <0.05). N3meHe-
HWe pa3mMepa 3NeMEHTAPHbIX AYeeK BAONIb OCU C
UMesio NNLWb XapakKTep TEHAEHLUMUU K YBENMYEeHUIo
Ha 3-n n 10-e cyTkn (Ha 0.13 n 0.06 %). 3HaueHMe
JaHHOro napameTpa CTaTUCTUYECKU  3HAYUMO
yMeHbLWanocb Ha 15 n 24-e cytkn Ha 0.24 n 0.17 %
(p <0.05) n He 3Ha4YMMO - Ha 45-e cyTkn Ha 0.06 %.

B TpeTbeii rpynne cogep>kaHwe KanbumuTa 6bI10
6onblle, YeM 3HaYeHVe JaHHOro nokasaTens B 4YeT-
BepToii rpynne, ¢ 3-x No 24-e cyTkn Ha 50.73, 42.71,
15.45, 12.30 % ” mMeHblle Ha 45-e cyTKM Ha 3.41 %
(p < 0.05). N'3meHeHMe cofep>XaHUA BUTNOKUTA B
6MOMUHepane UMeno xapakTep TEHAEHUUN K YMeHb-
WweHuto Ha 3-n 1 45-e cyTkun (Ha 0.96 n 5.84 %) n yBe-
nnyeHuntio ¢ 10-x no 24-e cyTkn (Ha 7.48, 4.26, 9.07 %).
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cells along the a axis significantly increased on the
3rd and 10th days by 0.15 and 0.13% (p < 0.05) and
decreased between days 15th and 45th by 0.12, 0.13,
0.10 % (p < 0.05). The change in the size of unit cells
along the ¢ axis only tended to increase on the 3rd
and 10th days (by 0.13 and 0.06%). The value of this
parameter decreased significantly on the 15th and
24th day by 0.24 and 0.17% (p < 0.05) and not sig-
nificantly on day 45 by 0.06%.

In the third group, the calcite content has
increased in the fourth group between the 3rd and
24th day by 50.73, 42.71, 15.45, 12.30%, and
decreased on the 45th day by 3.41% (p < 0.05). The
change in the whitlockite content in the biomineral
tended to decrease on the 3rd and 45th day (by 0.96
and 5.84%) and increase from the 10th to 24th day
(by 7.48,4.26,9.07%).

A sixty-day administration of sodium benzoate
before the simulation of the tibial injury caused a
decrease in the values of cytomorphometric param-
eters of C-cells, compared with the data of the group
without the food additive administration (third
group). In the first group, the change in the area of
euchromatin only tended to decrease on the 3rd day
(by 5.08%), and on the 24th day this parameter dif-
fered significantly from the values in the control
group - by 21.13% (p < 0.05). The ratio of the areas
of euchromatin and heterochromatin was smaller
on days 3 and 24 - by 2.65 and 22.25% (p < 0.05);
the diameter of secretory granules was lower by
7.47 and 15.43% (p < 0.05); the average area of
mitochondria - by 6.55 and 11.97% (p < 0.05). In
the second group, the areaofeuchromatin decreased
significantly on the 3rd and 24th days - by 5.83 and
16.29% (p < 0.05); the ratio of the areas of euchro-
matin and heterochromatin - by 6.69 and 17.69%
(p <0.05); the diameter of the secretory granules -
by 8.92 and 16.00% (p < 0.05); the average area of
mitochondria - on the 24th day by 11.77%
(p <0.05). The value of the latter on the 3rd day in
the second group had only a tendency to decrease
(by 3.13%).

In the first group, the change in the area of het-
erochromatin only tended to decrease on the 3rd day
(by 2.55%) and increase on the 24th day (by 0.91%).
In the second group, this parameter increased sig-
nificantly in both time points by 1.37 and 1.64%
(p <0.05). From the above it follows that in the first
and second groups, the thyroid C-cells are in a
depressed morphofunctional state at the time of
mechanical bone injury simulation, and during
reparative osteogenesis, the range of reactive changes
in their cymorphometric parameters is less than in
animals of the third group.
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LecTugecaTucyTouyHoe  BBeAeHWe  GeH3oaTta
HaTpMA OO0 MOMeHTa MOAeNnMpoBaHUA TpaBMbl B
60/1bLIE6EPLOBbLIX KOCTAX BbI3blBANI0O YMeHbLUEHUE
3HaYeHN UNTOMOPKHOMETPUYECKUX MNapaMeTpoB
C-KNeToK, Mo CpaBHEHUIO C JaHHbIMU rpynnbl 6e3
BBeAEHUS nNuUieBOl p[ob6aBku (TpeTbs rpynna).
B nepBoii rpynne mM3mMeHeHWe nowagun, 3aHnuMae-
MOW 3yXPOMaTUHOM, MMeNO NMNLLb XapaKTep TeHAEeH-
LUKM K YMeHbLWEeHNO Ha 3-n cyTKKN (Ha 5.08 %), a Ha
24-e CYTKW faHHbI napameTp 3HA4YMMO OT/AMYasncs
OT 3HAYeHW KOHTPOSIbLHOW rpynnbl Ha 21.13 %
(p < 0.05). CooTHOLWEHWE NoWageli ayxpomaTmHa
N reTepoxpomatmHa OblI0 MeHbLle Ha 3-U N 24-e
CYTKM Ha 2.65 n 22.25 % (p < 0.05), auameTp cekpe-
TOPHbIX FpaHyn - Ha 7.47 n 15.43 % (p < 0.05), cpea-
HAS naowagb MUTOXOHAPWUA - Ha 6.55 n 11.97 %
(p < 0.05). Bo BTOpOW rpynne naouwiagb, 3aHUMae-
Masi  3yXpomMaTUHOM, CTaTUCTUYECKM 3HA4YUMO
yMeHbLanacb Ha 3-n n 24-e cyTkn Ha 5.83 1 16.29 %
(p <0.05), cooTHOWEeHWe NOLWaAen ayxpoMmaTuHa 1
retepoxpomaTtmHa - Ha 6.69 u 17.69 % (p < 0.05),
AvamMeTp CeKpPeTOpHbIX rpaHyn - Ha 8.92 n 16.00 %
(p < 0.05), cpegHsAa nnouwiagb MUTOXOHAPWUIA - Ha
24-e cyTku Ha 11.77 % (p < 0.05). 3HayeHune nocnej-
Hero napameTpa Ha 3-M CYTKM BO BTOpOW rpymnne
WMeNo N1Llb XapakTep TEHAEHLUUN K YMEHbLUEHUIO
(Ha 3.13 %).

B nepBoli rpynne nameHeHune naowagn, 3aHMma-
eMOM reTepoxpoMaTMHOM, MMESO JINWb XapakTep
TEHAEHUWU KYMEHbLUEHUIO Ha 3-U CyTKU (Ha 2.55 %)
M yBe/IMYEHUIO Ha 24-e cyTKM (Ha 0.91 %). Bo BTOpOIA
rpynne AaHHbIA napamMeTp 3Ha4YMMO yBeNM4yumBasics
B 06a cpoka HabnwgeHusa Ha 1.37 n 1.64 % (p < 0.05).
M3 BblleyKa3aHHOrO C/eAyeT, UTO B MepBOA U BTO-
poli rpynnax C-KNeTKn WNTOBUAHOM Xese3bl Haxo-
AATCA K MOMEHTY MOAEeNMpOBaHUSA MexaHW4ecKoii
TpaBMbl KOCTEA B YrHeTEHHOM MOPJOPYHKLNO-
Ha/IbHOM COCTOSIHUW, U B Nepuofe penapaTtuBHOro
OoCTeOreHesa amMnnAuMTyAa PeakKTUBHbIX WU3MeHEeHWUN
UX LUUMOPHPOMETPUYECKUX MapamMeTpoOB MeHbLUe,
YeM Y XXMBOTHbIX TPeTbEN rpynnbl.

Mopo6bHana fo3o03aBucCUMan TeHAeHLNA 3adNKCU-
poBaHa B OKOMIOWNTOBUAHBIX XXene3ax KpbiC NepBOWA
W BTOpOW rpynn. B nepBoi rpynne n3amMeHeHue KOn-
YyecTBa Afep rnaBHbIX NapaTUpoLMTOB Ha efUHULY
naowaan, nx cpefHero gMameTpa n nHaekca MyHk-
LMOHANbHOW aKTUBHOCTW MMEeNo NWWb XapakTep
TEHAEHUUU K YMEHbLUEHUIO € 3-X Mo 45-e cyTKKN (Ha
1.9, 153, 1.72, 0.61, 0.06 %, Ha 1.24, 0.85, 2.17, 0.25,
0.59 % u Ha 3.19, 2.36, 3.83, 0.83, 0.65 %). Bo BTO-
poli rpynne KOAMYecTBO A4ep rnaBHbIX NapaTupo-
LNTOB 6bII0 3HAYMMO MEHbLUEe 3HAYeHU TpeTbei
rpynnel ¢ 3-x no 15-e cytkn Ha 3.96, 3.34, 3.68 %
(p < 0.05), a nHAekc (PYHKLUMOHANbHOW aKTUBHO-
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A similar dose-dependent trend was revealed in
the parathyroid glands of rats of the first and second
groups. In the first group, the change in the number
of nuclei of the main parathyroid cells per area unit,
their average diameter and the index of functional
activity had only a tendency to decrease from the 3rd
to the 45th day (by 1.9, 1.53, 1.72, 0.61, 0.06%, by
1.24, 0.85, 2.17, 0.25, 0.59% and by 3.19, 2.36, 3.83,
0.83, 0.65%). In the second group, the number of
nuclei of the main parathyroid cells was significantly
lower than in the third group from the 3rd to 15th
day by 3.96, 3.34, 3.68% (p < 0.05), and the index of
functional activity - on the 3rd day - by 6.34%
(p < 0.05). In the same group, the change in the
number of nuclei of the main parathyroid cells per
area unit on the 24th and 45th day had only a ten-
dency to decrease (by 2.58 and 0.19%), the average
diameter of the nuclei of these cells - from the 3rd to
45th day (on 2.48, 1.10, 2.82, 0.62, 1.55%) and their
functional activity index - from the 10th to 45th day
(at 4.41, 6.36, 3.17, 1.72%) (Table 2).

In the adrenal glands, the injury in the tibias
after a previous 60-day administration of sodium
benzoate was accompanied by a decrease in the val-
ues of morphometric parameters of the spongio-
cytes of the zona fasciculata compared to the third
group. In the first and second groups, the number of
the spongiocyte nuclei per area unit in this zone was
significantly lower from the 3rd to 45th day by 2.87,
3.33,2.17,3.21, 2.40% (p < 0.05) and 5.57, 4.19,
3.50, 4.00, 3.91% (p < 0.05). In the first group, the
change in the average diameter of the spongiocyte
nuclei had only a tendency to decrease between the
15th to 45th day (by 2.43, 0.53, 1.70%), and their
index of functional activity - on the 24th and 45th
day (by 3.73, 4.06%). In this group, the values of the
first parameter were significantly lower than those
in the third group on days 3 and 10 by 4.47 and
3.57% (p < 0.05), and the values of the second
parameter - between the 3rd and 15thday by 7.20,
6.7, 4.54% (p <0.05). Inthe second group, the aver-
age diameter of the spongiocyte nuclei and the
index of their functional activity decreased signifi-
cantly during all time points, respectively, by 5.47,
5.09, 4.63, 3.52%, 3.45% (p <0.05) and 10.73, 9.07,
7.96, 7.38, 7.23% (p < 0.05) (Table 3). These
changes indicate a decrease in the reactivity of the
spongiocytes of the zona fasciculata in response to
bone injury due to previous long-term exposure to a
chemical factor - sodium benzoate. Considering the
range of changes in morphometric parameters in
the first and second groups, we can conclude that
they are associated with the dose of sodium benzo-
ate administered.
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Tabnuua 2. MNapameTpbl r1aBHbIX NAPaTUPOLMTOB KPbIC B FPyMnax B 3aBYCUMOCTY OT CPOKOB Hab/togeHNs
Table 2. Parameters ofthe main parathyroid cells of rats in groups depending on the time point

Howmep rpynnbl 3-e cyTKMn 10-e cyTKM 15-e cyTKU 24-e CYyTKU 45-e cyTKU
Group number 3rd day 10th day 15th day 24th day 45th day
KonnyecTBO Afep rnaBHbIX NapaTUPOLMOB HA eANHULY NaOWaan, WT.
Number ofnuclei ofthe main parathyroid cells per area unit, pcs.
1 31.94 +0.33 31.98 +0.39 32.11 £0.35 32.22 +0.30 31.79 £0.35
2 31.30 £0.35 31.40 +0.28 31.47 £0.33 31.58 +0.40 31.74 £0.34
3 32.59 £0.35* 32.48 £0.36* 32.67 £0.31* 32.42 £0.26* 31.81 £0.38*
4 30.56 +0.42 30.51 +0.35 30.60 +0.45 30.61 +0.32 30.72 £0.32
CpegHuii gnameTp Afep rnaBHbIX NapaTUPoOLNT OB, MKM
Average diameter ofnuclei ofthe main parathyroid cells, ~m
1 5.32 £0.07 5.26 +0.06 5.27 £0.07 5.33 £0.11 5.35 +£0.07
2 5.25 £0.05* 5.25 £0.06* 5.23 £0.09* 5.31 £0.07 5.30 +£0.10
3 5.38 £0.05 5.31 +0.06 5.39 +£0.07 5.34 +£0.08 5.38 +£0.07
4 5.27 +£0.06 5.24 +0.04 5.29 +£0.08 5.28 +0.06 5.29 +£0.07
MHAeKe PYHKUNOHANbHOW aKTUBHOCT M FNaBHbIX NapaTUpPoOLUTOB,yCA. ef.
Index offunctional activity of main parathyroid cells, arbitrary units
1 8.49 +0.19 8.42 +£0.20 8.47 +0.20 8.59 +0.25 8.51 +0.21
2 822 +£0.18* 8.25 +0.17 8.24 +£0.23 8.39 +£0.21 8.42 +£0.24
3 8.77 £0.18* 8.63 £0.20* 8.80 £0.19* 8.66 +0.20* 8.57 £0.21
4 8.06 +0.14 8.00 £0.11 8.09 +0.15 8.08 +0.15 8.14 +0.17

* [I0CTOBEPHOE OT/INUVe MOKa3aTesield TPETLEI MPpyMMbl OT NoKasaresield HeTBepToM rpynnbl npy p <0.05.
Significant difference between the indicators of the third and fourth group atp <0.05.
« [locToBEpHOE OT/MUVE MOKa3aTe eli MepPBOIA 11 BTOPOIA Mpymn OT rokasaresield TpeTbeid rpyrmb fpm p <0.05.
Significant difference between the indicators of the first and second groups from the indicators of the third group at p <0.05.

CTW - Ha 3-1 cyTKU Ha 6.34 % (p < 0.05). B aTolh e
rpynre usameHeHue KonNn4yectsa aaep rnaBHbIX napa-
TUPOUUTOB Ha egMHNLY NNowaan Ha 24 N 45-e CyTKU
MMesio NN b XapakTep TEHAEHLUWU K YMEHbLUEHUIO
(Ha 2.58 n 0.19 %), cpegHero AnameTpa A4ep fAaH-
HbIX KNeToK - ¢ 3-x no 45-e cyTku (Ha 2.48, 1.10,
2.82, 0.62, 1.55 %) U nx nHaekca PyHKLMOHaNbHOW
aKTMBHOCTM - c 10-x no 45-e cyTkn (Ha 4.41, 6.36,
3.17, 1.72 %) (Tabn. 2).

B HagnoyeyHukax TpaBma B 60/bLlebepLOBbIX
KOCTAX nocne npeawecTeytow,ero 60-g4HeBHOro BBe-
JeHna 6eH3oaTa HaTpuA COMPOBOXAANOCb YMEHb-
WeHMeM 3HadyeHUn MoOpOMeTPUYECKUX napame-
TPOB CMOHTMOLMNTOB MYYKOBOW 30HbI MO CPABHEHMIO
C TpeTben rpynnoii. B nepsBoili u BTOpO rpynnax
KO/INYECTBO Aflep CNOHTMOLUTOB Ha eAuHuLY no-
waamn B 3TOM 30He 6bIJI0 3HAYMMO MeHbLUe ¢ 3-X Mo
45-e cyTku Ha 2.87, 3.33, 2.17, 3.21, 2.40 % (p <0.05)
n5.57,4.19, 3.50, 4.00, 3.91 % (p < 0.05). B nepsoii
rpynre n3aMeHeHme cpefHero gnameTpa aaep CnoH-
rMounToB MMENO /NWb XapakTep TeHAeHUUU K
yMeHbLeHUto ¢ 15-x no 45-e cytku (Ha 2.43, 0.53,
1.70 %), a ux nHaekca PyHKLUNOHa/IbHON aKTUBHO-
CTK - Ha 24 n 45-e cyTkmn (Ha 3.73, 4.06 %). B aToin
rpynne 3HayeHWs nepeoro napamerpa 6biNn 3Ha-
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A study of the microstructure of the biomineral
of the regenerating tibias and its phase composi-
tion in animals of the first group showed that the
change in the size of unit cells along the a axis only
tended to increase from the 3rd to 45th day (by
0.01, 0.05, 0.24, 0.10, 0.07 %), and the size of unit
cells along the ¢ axis - on the 3rd, 10th, 45th day
(by 0.07, 0.12, 0.06%). In this group, the value of
the second parameter significantly increased on
days 15 and 24 by 0.23 and 0.17% (p < 0.05). In the
first group, the proportion of calcite in the biomin-
eral of the regenerating tibias was significantly
less than in the third group on the 3rd day by
12.16% (p < 0.05) and more from the 15th to 45th
day by 17.88, 13.00, 6.77% (p < 0.05). On the 10th
day, the change in this parameter only tended to
increase (by 1.49%). The proportion of whitlockite
significantly increased on the 3rd day by 14.03%
(p < 0.05), then decreased insignificantly on the
10th and 15th days by 3.03 and 0.08% (p > 0.05),
and again, significantly increased on the 24th and
45th days by 4.44 and 6.01% (p < 0.05).

In the second group, the change in the size of
unit cells along the a axis was significant from the
15th to the 45th day by 0.28, 0.15, 0.13% (p < 0.05)
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Ta6bnuua 3. MNapameTpbl CIOHIMOLMTOB My4YKOBOW 30HbI HALNOYEUYHMKOB KPbIC B 32BMCYMOCTW OT CPOKOB HabMioAeHNs
Table 3. Parameters of the spongiocytes of the adrenal zona fasciculata of rats depending on the time point

Howmep rpynnbl 3-u cyTKN 10-e cyTKM 15-e cyTKU 24-e CYyTKU 45-e cyTKU
Group Number 3rd day 10th day 15th day 24th day 45th day
KonnyecTBO A4ep CNOHIMOUMT OB Ha eAMHULY naowagn, WwT.
Number ofspongiocyte nuclei per unit area, pcs.
1 14.11 £0.08* 13.54 £0.08* 13.47 £0.08* 13.35 £0.08* 13.22 £0.09*
2 13.72 £0.09* 13.42 £0.08* 13.29 £0.07* 13.24 £0.08* 13.02 £0.06*
3 14.53 £0.09* 14.00 £0.09* 13.77 £0.08* 13.79 £0.08* 13.55 £0.09*
4 12.60 £0.09 12.66 £0.07 12.65 +0.09 12.83 £0.09 13.11 +0.08
CpefHUit gnameTp ifep CNOHIMOUUT OB, MKM
Average diameter ofspongiocyte nuclei, ~m
1 6.34 £0.06* 6.31 £0.06* 6.29 +0.05 6.26 +0.05 6.18 +£0.05
2 6.28 £0.05* 6.21 £0.05* 6.15 £0.06* 6.08 £0.05* 6.06 £0.05*
3 6.64 £0.05* 6.54 £0.05* 6.45 £0.05* 6.30 £0.05 6.28 +£0.05
4 6.13 +0.05 6.17 £0.06 6.11 +£0.05 6.18 +0.06 6.22 +£0.05
MHAeKC PYHKUNOHANbHOW aKTUBHOCTMW CMOHTMOLUT OB, YC/. ef.
Index offunctional activity ofspongiocytes, arbitrary units
1 4.48 £0.07* 4.27 £0.06* 4.24 £0.06* 4.18 +0.06 4.08 +0.06
2 4.31 £0.06* 4.17 £0.06* 4.09 £0.06* 4.02 £0.06* 3.95 £0.05*
3 4.82 £0.06* 458 £0.07* 4.44 £0.06* 4.32 £0.06* 4.26 £0.06
4 3.86 +0.06 3.91 +£0.06 3.86 £0.06 397 +£0.06 4.08 £0.06

* [I0CTOBEPHOE OT/INUVe MOKa3aTeseld TPETLEN MPpyMMbl OT NoKasaTesield HeTBepTol rpynnbl Mpy p <0.05.
Significant difference between the indicators of the third and fourth groups at p <0.05.

* [I0CTOBEPHOE OT/IMHME MoKa3aTe/Iel NepBoii 1 BTOPOIA My OT rokasaresiell TpeTbel rpyrnbl npy p <0.05.
Significant difference between the indicators of the first and second groups from the indicators of the third group atp <0.05.

YMMO MeHblUle TaKOBbIX B TPeTbEN rpynmne Ha 3-u 1
10-e cyTkn Ha 4.47 n 3.57 % (p < 0.05), a BTOpPOrO
nokasartens - ¢ 3-x no 15-e cytkn Ha 7.20, 6.7, 4.54 %
(p < 0.05). Bo BTOpOW rpynne cpegHui gunameTtp
sA4ep CNOHTMOLMTOB N UHAEKC X DYHKLMOHANbHOM
aKTUBHOCTU 3HAYMMO YMeHbLIa/UCb BO BCE CPOKMU
HabnwaeHNsa coOTBETCTBEHHO Ha 5.47, 5.09, 4.63,
3.52, 3.45 % (p < 0.05) un 10.73, 9.07, 7.96, 7.38,
7.23 % (p < 0.05) (tabn. 3). AaHHble U3MEHEHUS
YKa3blBalOT HA YMEHbLUEHNE PEaKTUBHOCTU CMOHIN-
OLMTOB MYYKOBOW 30HbI B OTBET Ha TPaBMYy KOCTEW
n3-3a MNpejlecTBYOWEro A/NTEIbHOrO BO3A4eN-
CTBMSA Ha HUX XMMMUYecKOro caktopa - 6eH3oaTa
HaTpus. YunTbiBas aMnanTyay n3ameHeHnin mopdo-
MeTpUYeCcKNX NnapameTpoB B MepBOli U BTOPOW rpyn-
nax, MOXXHO 3aK/I0UYNTb, UTO OHU CBA3aHbI C 40301
BBOAMMOro 6eH30aTa HaTpus.

MNccneposaHne MWKPOCTPYKTYpbl 6GMOMUHepana
pereHepaTa 60nblebepLOBbIX KOCTeld 1 ero aso-
BOr0 COCTaBa Y )XMBOTHbIX MepBOW rpynmnbl Nokasano,
4YTO U3MEeHeHVe pa3mepa 3/1IEMeHTapPHbIX SYeeK BAO0/Ib
0CM a UMEeNo NNLLb XapaKTep TEHAEHUNN K YBeNn4e-
Huto ¢ 3-x no 45-e cytkm (Ha 0.01, 0.05, 0.24, 0.10,
0.07 %), a pasmepa afleMeHTapHbIX s4YeeK BAO0/b OCU
¢ - Ha 3-u, 10, 45-e cyTku (Ha 0.07, 0.12, 0.06 %). B
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and only tended to increase on the 3rd and 10th
days (by 0.04 and 0.09%). The change in the size of
unit cells along the ¢ axis was significant from the
10th to 45th day by 0.18, 0.23, 0.21, 0.12% (p < 0.05)
and only tended to increase on the 3rd day (by
0.11%). The proportion of calcite in the biomineral
ofthe regenerating tibias of rats of the second group
was significantly less on the 3rd day - by 13.22%,
and higher on the rest days by 3.44, 19.38, 15.28,
10.86% (p < 0.05). In this group, the proportion of
whitlockite increased significantly on days 3, 15, 24,
45 by 16.24, 2.13, 6.38, 9.26% (p < 0.05), and its
change only tended to decrease on the 10th day (by
1.55%). Based on the results obtained, we can con-
clude that a 60-day exposure to sodium benzoate
before simulating the tibial injury influences on the
structural organization of the crystal lattice of the
biomineral in the bone injury area and changes the
balance of phases’ ratio, which, during reparative
osteogenesis, leads to a slowdown in their recovery
to control values, which occurs in the group with
the previous saline administration on the 24th and
45th days of the experiment.

To find the relationship between changes in the
morphometric parameters of C-cells, main para-
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3TOW rpynne 3HayeHue BTOPOro napaMmeTpa 3Ha4MMo
yBe/inunBasiocb Ha 15 1 24-e cyTkm Ha 0.23 n 0.17 %
(p < 0.05). B nepBoii rpynne gons Kanbyuta B 610-
MuUHepasne pereHepata 60/bLebepLOBbIX KOCTEM 3Ha-
4YMMO Oblsla MEHbLUE, YeM 3HaYeHWe aHanornMyHoro
napamMeTpa B TpeTbel rpynne, Ha 3-n cyTku Ha 12.16
% (p <0.05) n 6onbie ¢ 15-x no 45-e cyTkn Ha 17.88,
13.00, 6.77 % (p < 0.05). Ha 10-e cyTKN U3MeHeHUe
[AaHHOro napameTpa MMeso /INLWb XapakTep TeHAEeH-
unun K ygenmyeHumio (Ha 1.49 %). Oona BUTNOKUTA
3HaYMMo yBenmumeanacb Ha 3-u CyTkuM Ha 14.03 %
(p < 0.05), 3aTeM He 3Ha4YMMO yMeHbLanacb Ha 10 n
15-e cyTkn Ha 3.03 1 0.08 % (p > 0.05) n cHoBa 3Ha-
4MMO yBennmumeanacb Ha 24 n 45-e cyTkn Ha 4.44 n
6.01 % (p < 0.05).

Bo BTOpOW rpynne naMeHeHne pasamepa 3/1eMeH-
TapHbIX SYeeK BAONb OCU a 6b1/10 3HAYUMbIM € 15-X
no 45-e cytkm Ha 0.28, 0.15, 0.13 % (p < 0.05) un
MMEeo INWb XapaKTep TeHAEHLUUUN K YBENNYEHUNIO
Ha 3-u 1 10-e cyTkn (Ha 0.04 n 0.09 %). N3meHe-
HWe pasmepa 3/IEMEHTAPHbIX AYeeK BAO/b OCU C
6b110 3HaYUMbIM ¢ 10-x no 45-e cyTkm Ha 0.18,
0.23, 0.21, 0.12 % (p <0.05) U MMeno NnLWb Xapak-
Tep TeHAEeHUMU K YBe/IMYEeHUI0 Ha 3-n cyTKn (Ha
0.11 %). Aonga KanbumTa B GMOMMUHepane pereHe-
pata 60nblebepuoBbIX KOCTeli KpbiC BTOPOW
rpynnbl 3Ha4Mmo Oblnia MeHbLUEe Ha 3-U CYTKWU Ha
13.22 % wn 6onblwe B oCTas/ibHble CPOKWU Ha 3.44,
19.38, 15.28, 10.86 % (p < 0.05). B atoi rpynne
0018 BUTNOKMUTA 3HAYNMMO yBeniMymBanacb Ha 3-u,
15, 24, 45-e cyTkm Ha 16.24, 2.13, 6.38, 9.26 %
(p < 0.05) 1 ee U3MeHeHNEe NMENO NTNLWLb XapakTep
TEHOEHUNN K yMeHblWweHW Ha 10-e cyTkum (Ha
155 %). Wcxofgsas w3 MOJIyYeHHbIX pe3y/ibTaToB
MOXHO 3aK1l4YnTb, YTO 60-4HEBHOE BO3AENCTBUE
6eH30aTa HaTpuMa OO0 MOMEHTa MOJAe/NMpOBaHUA
nepenoma 60nblWwebepLOBbIX KOCTEN OKa3blBaeT
B/INSIHWE Ha CTPYKTYPHYIO OpraHmsauunio Kpucrtan-
NNyecKoi pewweTkn 6uommnHepana obnactm Tpas-
MUPOBAHNA KOCTU N U3MEHSAET COOTHOLWEHNN (a3,
4YTO B Nepuoje penapaTMBHOro OCTeoreHesa NPmBO-
OVUT K 3aMef/leHNI0 MX BOCCTAHOB/IEHUSA [0 KOH-
TPOJIbHbIX 3HAYEHWNIA, YTO U NPOUCXOANT B rpynne ¢
npeALwecTeylOW M BBeJeHUEM PU3NONOTNYECKOTO
pacTBopa K 24 n 45-m cyTKkam HabnoaeHus.

Ona ycTtaHoBAeHMA akTa HanuMuma cBA3sel
MeXay M3MEeHEHUSAMU MOpgoMeTpUYecKUx napa-
MeTpoB C-KNeTOoK, raBHbIX NapaTupounToB, CNOH-
r’MOUNTOB MYYKOBOW 30HbI M NapamMeTpoB MWUKPO-
CTPYKTYpbl ¥ a3oBoro coctaBa 6uomMuHepana
pereHepaTta 60nblIebepUOBbIX KOCTel B rpynnax, B
KOTOPbIX >XWBOTHble nofseprasancb 60-4HEBHOMY
BO3/eiCcTBUIO GeH30aTa HaTpma B fo3ax 500 n 1000
MIF/KIF N MexaHW4eckoW TpaBmaTu3auum KOCTeW,
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thyroid cells, spongiocytes of the zona fasciculata
and the parameters of the microstructure and
phase composition of the biomineral of the regen-
erating tibias in groups of animals with a 60-day
exposure to sodium benzoate at doses of 500 and
1000 mg/kg and mechanical trauma to bones, a
correlation analysis was carried out. Among the
morphometric parameters of the endocrine
glands - items of correlation pairs, the choice was
made on the parameters characterizing the proli-
ferative potential of the parathyroid glands and
zona fasciculata of the adrenal cortex - the num-
ber of nuclei of the main parathyroid cells and
spongiocytes per area unit, and in the thyroid
gland - on the ratio of the areas of euchromatin
and heterochromatin in the nuclei of C-cells (an
indicator reflecting an increase in the transcrip-
tional activity of a nucleus). In contrast to the
choice of cytomorphometric parameters for the
endocrine glands, all parameters characterizing
both the microstructure and phase composition of
the biomineral - the size of unit cells along the a
and c axes, the percentage of calcite and whitlock-
ite - became the items of the correlation pairs.

In the first and second experimental groups, a
significant positive correlation was found between
the number of nuclei of the main parathyroid cells
and the size of the unit cells along the a axis of the
biomineral of the regenerating tibias on the 3rd,
10th, 15th, 24th, 45th days (Spearman’s correlation
coefficient pamounted to 0.943, 0.886, 0.543, 0.557,
0.643 and 0.943, 0.886, 0.814, 0.486, 0.900, respec-
tively); the size of unit cells along the c¢ axis
(p = 0.843, 0.943, 0.829, 0.886, 0.543 and 0.600,
0.771, 0.714, 0.486, 0.886, respectively) (Fig. 1); the
percentage of calcite (p = 0.943, 0.929, 0.814, 0.557,
0.714 and 0.986, 0.543, 0.886, 0543, 0.586, respec-
tively) and the percentage of whitlockite (p = 0.886,
0.557, 0.600, 0.829, 0.800 and 0.471, 0.943, 0.771,
0.886 , 0.257, respectively).

A relationship similar in direction was revealed in
the first and second groups between such a morpho-
metric parameter of the adrenal glands as the num-
ber of spongiocyte nuclei per area unit in the zona
fasciculata, and the microstructure parameters of the
biomineral of the regenerating tibias. Thus, on days
3, 10, 15, 24, 45, a positive correlation was revealed
between the first abovementioned parameter and the
size of unit cells along the a axis (p = 0.829, 0.943,
0.771, 0.643, 0.757 and 0.886, 0.829, 0.471, 0.600,
0.843, respectively) (Fig. 2); the size of unit cells
along the ¢ axis (p = 0.929, 0.943, 0.886, 0.829,
0.714 and 0.543, 0.600, 0.314, 0.771, 0.943, respec-
tively); the percentage of calcite (p = 0.943, 0.986,
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6blN MpoBeAeH KOpPpPensuMOoHHbIA aHanu3. Cpeau
MOP(OMETPUYECKUX MapamMeTpoB 3IHAOKPUHHbIX
Xesies - y4aCTHUKOB KOppessasuuoHHbIX Nap Bbl6op
OCTaHOBWJ/ICA Ha NapaMeTpax, XapakKTepusyruinx
nponungepaTnBHbIA NOTEHUMAN OKOMOWMUTOBUA-
HbIX >K€ne3 U Ny4YKOBOW 30HbI KOPKOBOTO BELLECTBA
HaANoOYe4YHNKOB - KOJIMYECTBO AfAep rNaBHbIX
napaTMpoumnToB U CNOHTNOLMUTOB Ha eAVHULY NJI0-
wagn, a B WMNTOBUAHOWN >Kene3e - COOTHOLUEHWe
naouiagein ayxpomatuHa W reTepoxpomatvHa B
appax C-kneTok (NokasaTenb, oTpaXkalww Wil yBe-
NNYeHne TPAHCKPUMUMOHHOW aKTUBHOCTU sigpa). B
oTAnumMme OT Bblbopa ULUTOMOPKHOMETPUYECKUX
napaMeTpoB [ANS >Xesie3 BHYTPEHHEN Ccekpeuuu,
yyacTHUKaMM KOpPPensyuoHHbIX nap cTanu Bce
n3yyaemble napamMeTpbl, XapakTepusywlwime Kak
MMWKPOCTPYKTYpPY, Tak 1 (ha3oBbIii cocTaB 6UOMUHE-
pana pereHepara - pa3mMep 3/leMeHTapHbIX A4eek
BAONb OCUM a W c, MPOLUEHTHOE cofepXXaHue Kasb-
uuTa M BUT/IOKUTA.

B nepBoii 1 BTOPO 3KCNEPUMEHTANbHbIX TPYyM-
nax YycTaHOBJ/ieHa [OCTOBepHas MOJIOXUTeNbHas
CBAA3b MEXy KO/IMYecTBOM fiiep rnaBHbIX napatu-
pounUTOB N pasMepoM 3/IeMeHTapHbIX sYeeK BAOSb
ocn a 6UoMMHepana pereHepata 60nbLIe6epLOBbIX
KocTeli Ha 3-u, 10, 15, 24, 45-e cyTKM HabnwaeHUs
(3HaveHue KoappurumeHTa Koppenauum CnupmeHa
(p) coctaBnno 0.943, 0.886, 0.543, 0.557, 0.643 un
0.943, 0.886, 0.814, 0.486, 0.900 cOOTBETCTBEHHO);
pasMepoM 3/lIeMeHTapHbIX f4YeeK BAONb OCU C
(p = 0.843, 0.943, 0.829, 0.886, 0.543 n 0.600,
0.771, 0.714, 0.486, 0.886 cooTBeTCTBEHHO) (puc. 1);
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0.557, 0.643, 0.771 and 0.900, 0.629, 0.971, 0.600,
0.643) and the percentage of whitlockite (p = 0.829,
0.671, 0.657, 0.943, 0. 629 and 0.757, 0.886, 0.486,
0.971, 0.714, respectively).

In the first and second experimental groups, a
positive correlation was found on the 3rd day of the
experiment between the cytomorphometric parame-
ter of C-cell nuclei - the ratio of the areas of euchro-
matin and heterochromatin and the size of unit cells
along the a axis (p = 0.771 and 0.486), the size of
unit cells along the c axis (p = 0.700 and 0.314), per-
centage of whitlockite (p = 0.771 and 0.243). By the
24th day, the direction of the relatioship between the
abovementioned parameters changed from positive
to negative and the values of the Spearman’s correla-
tion coefficientwere -0.957 and -0.886; -0.886 and
-0.829; -0.943 and -0.914, respectively. In both
groups, the relationship between such indicators as
the ratio ofthe areas of euchromatin and heterochro-
matin in the nuclei of C-cells and the percentage of
calcite was negative both on the 3rd (p =-0.771 and
-0.557) and on the 24th day (p = -0.900 and
-0.943).

DISCUSSION

According to the literature, the systemic sodium
benzoate ingestion causes an imbalance in the func-
tioning of the oxidant-antioxidant system of cells.
Thisis due to the ability of sodium benzoate to induce
oxidative stress [15], lipid peroxidation of cell mem-
branes, and also to reduce the activity of antioxidant
enzymes (in particular glutathione peroxidase) [16].

31.50 32.00 32.50 33.00

KonunyecTBo sfep rnaBHbIX NapaTMpoLMTOB Ha e4UHULY MOLaaN, LLT.
Number of nuclei of the main parathyroid cells per area unit, pcs.

Puc. 1. Anarpamma paccemBaHusl (BTopas rpynna, 15-e cyTkmn HabnwogeHns)
Fig. 1. The scatter diagram (second group, 15th day of the experiment)
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KonnyecTso sep COHIMOLMTOB MYyYKOBOW 30HbI HaAMOYeYHNKOB
Ha eaUHMLLY NJIOLLAAM, LUT.
Number of spongiocyte nuclei of the adrenal zona fasciculata per area unit, pcs.

Puc. 2. Anarpamma paccenBaHns (Nepsas rpynna, 3-m cyTkn HabnoaeHus)
Fig. 2. The scatter diagram (first group, 3rd day of the experiment)

NPOUEHTHbIM cofepXaHueMm Kanbuuta (p = 0.943,
0.929, 0.814, 0.557, 0.714 n 0.986, 0.543, 0.886,
0543, 0.586) 1 NpOLEHTHbLIM COAepP>XaHNEM BUTO-
kuTa (p = 0.886, 0.557, 0.600, 0.829, 0.800 n 0.471,
0.943,0.771,0.886,0.257).

AHanornyHasa no Hanpas/EHHOCTU CBA3b yCTa-
HOBJ/IEHa B MepBOl 1 BTOPOW rpynnax Mexay Takum
MOP(OMETPUYECKMM MapaMeTpPoOM HagMoOYeYHUNKOB,
KaK KOJ/INYeCcTBO Afep CMOHTMOUMTOB Ha eauHuLy
naowagamn B Ny4KoBOW 30He, U napamMeTpamm MUKpPO-
CTPYKTYpbl 6MOMUHepana pereHeparta 6onblebep-
LOBbIX KOCTeli. Tak, Ha 3-u, 10, 15, 24, 45-e cyTKu
BbISIB/IEHA MOJIOXKWUTENIbHAA CBA3b MeXAy MNepBbiM
BbllLeyKa3aHHbIM MapaMeTpoM W pa3MepomM 3Jie-
MeHTapHbIX A4eek BAOMb ocu a (p = 0.829, 0.943,
0.771, 0.643, 0.757 n 0.886, 0.829, 0.471, 0.600,
0.843 cooTBETCTBEHHO) (pUC. 2); pa3MepoM 3/1eMeH-
TapHbIX A4eeK BAONb ocu ¢ (p = 0.929, 0.943, 0.886,
0.829, 0.714 n 0.543, 0.600, 0.314, 0.771, 0.943);
NPOUEHTHbIM cofepXaHueMm Kanbuuta (p = 0.943,
0.986, 0.557, 0.643, 0.771 n 0.900, 0.629, 0.971,
0.600, 0.643) 1 NPOLEHTHbLIM COAEPXXaHNEM BUTO-
kuTa (p = 0.829, 0.671, 0.657, 0.943, 0.629 1 0.757,
0.886, 0.486, 0.971, 0.714).

B nepBoi 1 BTOPOI 3aKCNepuMMeHTaNbHbIX FPyn-
nax MosioXuTe/NlbHass CBA3b YCTaHOBJEHa Ha 3-u
CYTKM HabnwgeHusa mexagy umtomopdomeTpuye-
CKMM napameTpom sagep C-KNeToK - COOTHOLEHNEM
naowagen ayxpomatmHa 1 rerepoxpoMmaTtmHa n pas-
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The ability of this food additive has also been estab-
lished to induce cell apoptosis, inflammation pro-
cesses (activation of the TNF-a, IFN-y, IL-1P, IL-6
production) [17], damage of DNA of cell nuclei [18]
and disrupt the process of mitosis [19]. This can
explain the fact that in the first and second experi-
mental groups, the thyroid C-cells, the main para-
thyroid cells and the spongiocytes of the adrenal
zona fasciculata are in a depressed morphofunc-
tional state at the time ofthe mechanical tibial injury
simulation, and are not able to provide appropriate
hormonal regulation of compensatory-adaptive pro-
cesses, as occurs in the group without exposure to
sodium benzoate. This is evidenced by a decrease in
the area of active euchromatin in the nuclei of C-cells,
the diameter of secretory granules and the average
area of mitochondria, a decrease in the number of
nuclei of the main parathyroid cells and spongio-
cytes of the zona fasciculata per area unit, their aver-
age nuclear diameter and the index of functional
activity. In our previous work [20], we described
morphological changes in the epithelium of the fol-
licles and functional indicators of the thyroid gland,
indicating a decrease in the functional state of thyro-
cytes. As is known, thyrocytes and C-cells of this
organ are functionally interrelated due to their para-
crine influence on each other, and changes in the
morphofunctional state of the former lead to unidi-
rectional changes in the latter [21]. A functional
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MepPOM 3/IeMeHTapHbIX A4eeK BAONb ocn a (p = 0.771
n 0.486), pa3amepoM 3/IeMEHTAPHbIX AYeeK BAOSb
ocn ¢ (p = 0.700 n 0.314), NpOLEHTHbLIM coAepiKa-
Huem BuTnoknta (p = 0.771 n 0.243). K 24-m cyTKam
HanpaB/IEHHOCTb CBA3M MeXAy yKa3aHHbIMW Bbllle
napameTpamMum W3MeHSNacb C MOJIOXKWUTENbHOW Ha
oTpuuaTesibHY0, N 3HAYeHNSA KoaduLmeHTa Kop-
penauMn CrnupmeHa CcoCTaBU/IM COOTBETCTBEHHO
-0.957 n -0.886; -0.886 mn -0.829; -0.943 n
-0.914. B o06eux rpynnax CBfA3b MeXAy Takumu
nokasatesiIMW, Kak COOTHOLIEHWe Nnfolajen ayx-
pomaTvHa 1 reTepoxpomatuHa B aapax C-KneTok u
NPOLEHTHOEe cofepXKaHue Kanbuuta, bblna oTpuua-
TeNnbHOW Kak Ha 3-un (p =-0.771 n -0.557), Tak n Ha
24-e cyTkM HabnogeHnsa (p =-0.900 n -0.943).

OBCY>XAOEHWME

Mo paHHbIM nUTepaTypbl CUCTEMaTUUeCcKoe
nocTynneHne 6eH3oarta HaTpuUsA B OpraHU3M Bbl3bl-
BaeT HapyweHue 6anaHca QYHKLNOHMPOBAHMNSA
OKCUAAHTHO-aHTMOKCUAAHTHOW CUCTEMbI KEeTOK.
3TO cBAA3aHO CO CrocobHOCTbO 6GeH3o0aTa HaTpus
WHULNUNPOBaTb OKUCNTENbHBbIW cTpecc [15], nepe-
KWCHOE OKWC/IeHMEe INNUAO0B KIeTOYHbIX MembpaH,
a TakXe CHWXXaTb aKTUBHOCTb PepPMEHTOB aHTUOK-
CUAAHTHOM 3awnTbl (B 4YacTHOCTWM rAKTaTUOHMNe-
pokcmnpaasbl) [16]. Takxke ycTaHOB/IEHA CMOCOBHOCTb
JaHHOW NuWeBON A06aBKN MHAYLMPOBATL anonTos
KNeToK, npoueccbl BocnaneHusa (akTmsBauus npo-
aykumn TNF-a, IFN-y, IL-1P, IL-6) [17], noBpex-
fate AHK agep knetok [18] m HapywaTb npouecc
MUTO3a [19]. 3TUM MOXHO 06BbACHUTL TO, UTO B NMep-
BOW W BTOPOW I9KCMEepMMEHTasbHbIX rpynnax
C-K/eTKM WNTOBUAHOW >Xenesbl, rNaBHble napaTu-
POLUNTBI OKOMTOWMNTOBUAHbBIX Xenes u CNOHTMOLNTbI
NYYKOBOI 30Hbl HAAMNOYEYHNKOB K MOMEHTY MoJje-
NIMPOBaHNA MexaHWYecKon TpaBMbl 60nblIebepL,0-
BbIX KOCTEN NoAXxoAAT B yrHETEHHOM MOPdOdYHK-
LMOHaNbHOM COCTOSSHUM N He CrOCOOHbI 06ecneyvnTb
a/leKBATHYIO TOPMOHAIbHYIO PErynsaumnio KoMrneHca-
TOPHO-MPUCMNOCOOBUTENBbHBIX TMPOLECCOB, KaK 3TO
npoucxoanT B rpynne 6e3 npeawecTBYOLEro Bee-
feHna 6eH3oaTa HaTpua. O6 3TOM CBUAETeNbCTBYET
yMeHblLUEHME Naowagn akTUBHOIO 3yxpomMaTuHa B
anpax C-kneTok, guameTpa CeKpeTOPHbIX rpaHyn m
cpegHel naowann MUTOXOHAPWUIA, CHUXEHUE KONN-
yecTBa A4ep rNaBHbIX NapaTMpoUMTOB U CAOHTUO-
LMTOB MYYKOBOW 30HblI Ha e€AMHWULY naowagun, mx
cpegHero gMameTpa fgep U nHaekca PyHKLNOHaNb-
HOW aKTMBHOCTW. B npeablgywein cob6CTBEHHOW
pa6oTte [20] Mbl onucann mopdgosiornyeckue n3me-
HeHUA aNUTeNna POoNANKYNOB N PYHKLUUOHANbHbIX
nokasarvesneii LWWUTOBUAHOW >Kkenesbl, CBUAETENb-
CTBYKOLNE O CHMXKEHUN PYHKLMNOHaNbHOIO cOCTOSA-
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interrelation in the hormonal regulation of calcium
and phosphorus metabolism in bone tissue has been
revealed in the thyroid C-cells and the main parathy-
roid cells [22].

A decrease in the degree of stability of the unit
cells of the crystal lattice of the biomineral of the
regenerating tibias and an increase in the degree of
its amorphism in the first and second experimental
groups, revealed by X-ray diffraction analysis, is
apparently due to the genotoxic effect of the food
preservative on the DNA structure of the nuclei of
osteoblasts and osteocytes and the induction of oxi-
dative stress in them because of increased produc-
tion of reactive oxygen species. Alteration in the
genetic material arrangement in the abovemen-
tioned cells, damage by reactive oxygen species to
phospholipids of the plasmalemma and organelles is
accompanied expectedly by alteration of the pro-
cesses of growth of unit cells, their arrangement into
crystals and mineralization.

The correlation analysis showed that between
changes in the morphometric parameters of C-cells,
main parathyroid cells, spongiocytes of the zona fas-
ciculata and changesin the microstructure and phase
composition of the biomineral of the regenerating
tibias in the first and second groups, there is a rela-
tionship of varying strength and direction. This indi-
cates the continuity of the processes of hormonal
support for the formation of bone regeneration after
long-term exposure to the chemical factor - sodium
benzoate.

CONCLUSION

The study allows us to draw the following conclu-
sions:

1. A sixty-day administration of sodium benzoate
before simulating mechanical injury in the tibias
causes inhibition of the morphofunctional state of
C-cells, main parathyroid cells and spongiocytes of
zona fasciculata, the degree of which depends on the
dose of the additive. As a result, compensatory and
adaptive processes associated with the restoration of
bone integrity amid the altered state of the above-
mentioned cells occur less intensely than in the
group without the administration of sodium ben-
zoate.

2. Under similar experimental conditions, desta-
bilization of the crystal lattice of the forming tibial
regenerate and an increase in the percentage of
amorphous components - calcite and whitlockite are
observed. The same changes take place in the group
with an isolated simulation of the tibial injury, how-
ever, in this case, by the late stages of reparative
osteogenesis - 24th, 45th days they reverse, which is
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HMa TupouuntoB. Kak W3BECTHO, TUPOUUTBI W
C-KNneTKn faHHOro opraHa yHKUWOHa/NIbHO B3au-
MOCBA3aHbl N3-3a NapaKPUHHOIO BANAHUA APYT Ha
apyra, ”n WN3MeHeHWe MOPMOPYHKLNOHANLHOIO
COCTOAHUA MNepBbiX MNPUBOAUT K OLHOHaNpPaB/eH-
HbIM M3MEHeHUAM BTOpbIX [21]. PyHKLUMOHaNbHasA
B3aMMOCBSA3b B FTOPMOHaNbHOW perynaunm metabo-
nv3Ma Kanbuma n gocopa B KOCTHOW TKaHU ycTa-
HoBsieHa y C-KNeTOK WNTOBUAHON >ene3bl 1 r1aBs-
HbIX napaTupoLmnToB OKONOLWMTOBUIHbIX
xenes [22].

BbiiBNEHHOE MeTOLOM PEHTreHOCTPYKTYPHOro
aHann3a ymeHblUeHne cTeneHn cTabmnbHOCTU ane-
MeHTapHbIX A4eeK KpUCcTananyeckol peweTkn 6mno-
MWHepana pereHepaTa 60MblIebepLOBbIX KOCTEN U
NOBbILLIEHME CTeMeHW ero aMmopgHOCTN B NEPBONA U
BTOPOI 3KcNepuMMeHTaNbHbIX rpynnax, Mo-BUAM-
MOMY, 06YC/0B/IEHO FEHOTOKCUMYECKMM [AelicTBUEM
MULLeBOro KoHcepsaHTa Ha cTpykTypy AHK agep
ocTeob6nacTtoB MU OCTEOUUTOB U WHAYLMUPOBAHUEM
pa3BUTNA B HUX OKUC/TNTENILHOTIO CTPecca n3-3a ycu-
NeHnsa npoaykKumm akTUBHbIX (opMm Kucnopogaa.
HapylwieHne opraHusaunm reHeTUYeCKoro martepu-
ana B BbllleyKa3aHHbIX KneTKax, MNoBpexXjeHue
aKTUBHbIMK thopMamMu Kucnopoga gochonmnuios
naasmMosieMMbl U OpraHesns 3aKOHOMepPHO CONPOBO-
XKaeTca HapyLleHneM NPOLLECCOB POCTa 3/1IEMEHTApP-
HbIX flYeeK, UX OpraHmn3aumm B KpUcTanibl N MUHE-
panunsauuu.

MpoBefeHHbI KOPPENALMOHHbIA aHann3 noka-
3a7, 4YTO MexAy WM3MEHeHWaAMU MopdomeTpuye-
CKUX napameTpoB C-KNeTOK, rNaBHbIX MapaTupo-
LWNTOB, CNOHTMOLWUTOB NYYKOBOW 30HbI U M3MEHE-
HUAMW NoKasaTesieli MUKPOCTPYKTYPbl U ha30BOro
coctaBa 6MoMumMHepana pereHepaTta 6onblwebepuyo-
BbIX KOCTEW B MepBOM M BTOPONM rpynnax cylie-
CTBYET pa3HoOii CUbl U HanpaB/IEHHOCTN B3auMocC-
BA3b. ATO yKa3blBaeT HA Hepa3pbIBHOCTb MPOL,ECCOB
ropMmoHasnbHOro obecneyeHna npoueccos PopMu-
poBaHWS pereHepaTta KOCTell B nepnoje nocne gnn-
Te/IbHOr0 BO34ENCTBMA XMMWUYECKOro dakropa -
6eH30aTa HaTpus.

SAKJ/TIOHEHWE

MpoBeaeHHOE UCCNe0BaHMe NO3BONAET cAeNaTh
cnegytouue BbIBOAbI:

1. L ectngecaATucytoyHoe BBefeHUE 6eH30aTa

HaTpusi A0 MOJeNMpPOBaHUS  MexaHM4YecKol
TpaBMbl B 60MblWEGEPLOBLIX KOCTAX BblI3blBAET
yrHeTeHUe MOP(OPYHKLNOHANIBHOTO COCTOSIHUSA
C-KNeToK, rnaBHbIX MapaTUpPOLMUTOB U CMOHIUO-
LLMTOB MNYYKOBOW 30HbI, CTEMeHb KOTOPOTO 3aBUCUT
OT J,03bl BBOAMMOW NuLLeBoli fo6aBku. Kak cnep-
CTBME, KOMMEHCAaTOPHO-NPUCNOCO6GUTE bHbIE MPO-
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not observed in the groups with the administration
of sodium benzoate.

3. Between the cytomorphometric parameters of
C-cells, main parathyroid cells, spongiocytes of
zona fasciculata and the parameters of the micro-
structure and phase composition of the biomineral
of the developing tibial regenerate, a relationship of
varying strength and direction was revealed. The
highest values of the Spearman’s correlation coeffi-
cient were on the 3rd and 10th days of the experi-
ment - during the period of inflammation and cell
differentiation, the formation of tissue-specific
structures of reparative osteogenesis. The degree of
correlation between the parameters of the endo-
crine glands and the biomineral of the regenerated
bones was higher in the group with the administra-
tion of sodium benzoate at a dose of 500 mg/kg
body weight.

Leccobl, CBA3aHHbIE C BOCCTAHOB/IEHNEM L,eN1I0CTHO-
CTU KOCTeli B YCNOBUAX M3MEHEHHOr0 COCTOSAHUSA
BblLleyKa3aHHbIX K/IeTOK, MNpoTeKawT MeHee
WHTEHCMBHO, 4em B rpynne 6e3 BBefeHUA OeH-
30aTa HaTpus.

2. B aHanorumyHbIX YyCcrnoBUAX 3KCNepUMeHTa
HabnpgaeTca gectabununsaynsa KpUCTanIM4vecKom
peweTkn dopmMupyroLLeroca pereHepara 6onbLie-
6epuUoBbIX KOCTeli 1 yBefIMYEHWE B HEM MPOLEHT-
HOro cojepXXaHua amop@HbIX COCTaBAALWNX -
Kanbumta M BUTAOKMTA. Takue >e WU3MeHEeHus
MMEKT MECTO B rpynmne ¢ N30MpoBaHHbLIM MOAENN-
poBaHueM TpaBMbl 60/blIe6EPLOBbLIX  KOCTEW,
0flHaKO B 3TOM C/ly4yae K NO34HUM CpOKam penapa-
TUBHOIO ocTeoreHesa - 24, 45-M cyTKam MpPoOUCXo-
OVT nx obpaTHOe pa3BuTue, 4YTO He HabnwaeTca B
rpynnax c BBefileHMem 6eH30aTa HaTpus.

3. Mexay untomopHoMeTpNYECKMMU Napame-
Tpamun C-KNeToK, rnaBHbIX NapaTUpoLuUTOB, CMOH-
rMoLMNTOB NYYKOBOW 30HbI U NapaMmeTpaMm MUKpPO-
CTPYKTYpbl M (a3oBoro cocraBa OWOMWHepana
dopmupytoweroca pereHepata 60nbwebepLOBbIX
KOCTeli BbifiB/leHa pa3/iMyHas no cunae 1M Hanpas-
NeHHOCTU B3aMMocBA3b. Haubonbwme 3HavyeHUA
Koa(ppuumeHTa Koppenaunuun CnupmeHa 3aperuv-
CTpupoBaHbl Ha 3-un, 10-e cyTKN HabnwgeHnsa - B
nepuos BocnasneHnsa u gndepeHUNpPoOBKN Khe-
TOK, POpPMNPOBaAHNSA TKaHeCNEeLNMUYECKNX CTPYK-
TYyp penapaTtuBHOro ocrteoreHe3a. CTeneHb CBA3N
MeXay napaMmeTpaMm 3HLOKPUHHbIX Xesne3 n 61o-
MUHepana pereHepaTta 6bls1a Bblle B rpynmne ¢ BBe-
feHunem 6eH30aTa HaTpuA B fo3e 500 Mr/Kr macchbl
Tena.
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