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N3meneHusa Mop@doMeTpUUYeCKNX IapaMeTpoB nepudepuuecKkux
9H/IOKPUMHHBIX KeJjIe3 U MoKa3aTeJiel MUKPOCTPYKTYPbI, (pa30BOro
cocTaBa OMOMHUHeEpPaJIa pereHepara 00JIbIIIe0ePIOBbIX KOCTEN
MmocJjie AJAUTEJIbHOTO BO3/IeCTBUA O€eH30aTa HATPUA

B.H. Mopo3sos

®@I'AOY BO «Beazopodckuil 20cydapcmeeHHblll HaUUOHANbHbILL Uccaedo8amenvekull yHusepcumem» Munucmepemsea
HayKu u evicuwe2o obpasosarus Poccuu, beazopod, Poccus

AHHOTAIIUA

BBegenue. BeHsoar HaTpus ABJAETCS KOHCEPBAHTOM, IIMPOKO IIPHUMEHSEMBIM B MUIIEBOH IMPOMBINIUIEHHOCTH
JU1s1 yBeJIMUeHUs CPOKOB XpaHeHUs IPOIyKTOB IuTaHusA. OJIHAKO YCTAHOBJIEHBI €I'0 TeHOTOKCHUYHBIE, TellaTo- ¥ He(POTOK-
CUYHBIE CBOMCTBA, UTO TPEOYET MPOOIKEHUS U3YUEHUSI €70 BIUSIHUS Ha OPTAHU3M.

IT e 1 b . V3yuuTh BIUsAHUE 60-THEBHOTO BO3/IeHCTBYS G€H30aTa HATPHUSA HA CTPYKTYPY C-KJIETOK IITUTOBUTHOM JKeJIe3hl,
IJIABHBIX TAPATUPOIUTOB OKOJIOIINTOBUAHBIX JKeJIe3 F CIIOHTUOIINTOB IIyIKOBOW 30HBI HA/IIIOYEUHIKOB C y4ETOM U3MeHe-
HUI MUKPOCTPYKTYPBI U (pa30BOTO cocTaBa OHMOMUHepasa pereHepaTta 00JIbIe6epIOBbIX KOCTEH MPH MOJIETUPOBAHUH
MeXaHUYECKON TPABMBI.

MaTtepuanans u MeTo[bl . CroasagnaTs 6ebIX I0I0BO3PEJIBIX KPhIC-CAMIIOB OBbLIN pa3/iesieHbl Ha YeThIpe
rpyninsl (1o 30 ocobeli B kaxkzoii). JKuBoTHBIE 1-H M 2-H TPYyNI HOZBEprajuch 60-JHEBHOMY BO3JeHCTBUIO GeH30aTa
HATpHA B 103aX 500 U 1000 MTI/KT, TIOCJIE€ YEer0 MOJIETMPOBAIH TPAaBMY B 60JIbIIIE6EPIIOBIX KOCTAX. B 3-# rpyrimne BMecTo
6GeH30aTa HATPUS KUBOTHBIM BBOJAWIICS (PHUBHOJIOTHYECKUH PACTBOP. B 4-11 TpyIIe KPBICHI MOIydanu GU3N0IOTHIECKOH
pactBop 6e3 MOZeTUPOBaHUS TPABMBI O0JIBIIEOEPIIOBBIX KOCTEN. VI3yueHre n3MeHeHU ! IUTOMOP(POMETPUUECKUX Tapa-
MeTpoB C-KJIETOK IIUTOBHUIHOU >KeJIe3bl OCYIIEeCTB/IAIOCHh METOAOM 3JIEKTPOHHOM MHUKDOCKOIUHU HA 3-H U 24-€ CYTKU
IIocsIe MOJIeTIPOBAHHUS TPaBMBI 00JIbIIe0epIIOBBIX KOCTAX. VI3yueHre MOpdOoMeTpUYEeCKUX TapaMeTPOB IVIaBHBIX [TapaTH-
POIIMTOB U CIIOHTHOIIUTOB IIYYKOBOH 30HBI HAATIOYEUHUKOB IIPOBOIUIOCH METOZIOM CBETOBOM MHUKDPOCKOIIUHU HA 3-H, 10,
15, 24, 45-€ CyTKH, a TOKa3aTesIeld, XapaKTepU3YIOIINX MUKPOCTPYKTYpPY U (a30BbIH cocTaB OMOMHHEpasia pereHepara
KOCTel — METO/IOM PEHTTEHOCTPYKTYPHOTO aHAIM3a B 9TH JK€ CPOKHU.

PesynanspTarTsl . Bi-#rpynne niomans, 3aHIMaeMast 5yXpOMaTHHOM B sifipax C-KJIETOK, 3HAYNMO YMEHBIIATIACh
110 CPAaBHEHHUIO C 3-U TPYIIION Ha 24-€ CyTKU HAOJII0/IeHus Ha 21.13 %, a BO 2-H TPyIINe Ha 3-U U 24-€ CyTKU — Ha 5.83 u
16.29 %. B 1-# u 2-§ rpynnax Ha 3-HU, 24-€ CyTKH COOTHOIIEHUe IIJIOIaled S5yXpoMaTHHA U TeTepOXpoMaTHHA OBLIO
MeHBbIIIe Ha 2.65, 22.25 U 6.69, 17.69 %, AuamMeTp CEKPETOPHBIX IT'PaHyJ — Ha 7.47, 15.43 u 8.92, 16.00 %. KosmuectBo
SA7Ep TJIABHBIX TAPATUPOIIUTOB HA €UHUILY IUIOIAAH YMEHbBIIATIOCh 3HAYUMO TOJIBKO BO 2-H I'PYIIIIE C 3-X I10 15-€ CYTKU
Ha 3.96, 3.34, 3.68 %, a uHZEKC QYHKIIMOHAIBHON aKTUBHOCTH — Ha 3-U CYTKHU Ha 6.34 %. KosimuecTBO s71ep CIIOHTHO-
[OHUTOB HA €JUHUILY IIJIOIAIU B IIyIKOBOH 30HE 3HAUMMO YMEHBIIAIOCh B 00€UX TPYIIIax C 3-X IO 45-€ CyTKHU Ha 2.87,
2.40 ¥ 5.57, 3.91 %. B 1-11 rpynne uHjekce GyHKIMOHATBHON aKTUBHOCTH CIIOHTHOLUTOB ObLI MEHBIIIE JIUIIb € 3-X IO
15-e CyTKH Ha 7.20, 6.78, 4.54 %, a BO BTOPOU TpyIille — BO BCe CPOKHU Ha 10.73 U 7.23 %. B GuomuHepase peresepara
6071b111e6€PITOBBIX KOCTEN Y KPBIC 1-H TPYIINHI BBIABIEHO 3HAUYNMOE YBeJIUUeHNEe pa3Mepa 3JIeMeHTapHBIX sTYeeK B/I0JIb
OCH € Ha 15 U 24-€ CYyTKH Ha 0.23 1 0.17 %. Bo 2-11 rpyIie yBesmueHne pazMmepa dJIeMeHTaPHBIX sTUeeK B/[0JIb OCH @ OBLIIO
3HAYUMBIM C 15-X 0 45-€ CyTKH Ha 0.28, 0.15, 0.13 %, a pa3dMepa 3JIEMEeHTAPHBIX STYeeK BJI0JIb OCH € — C 10-X 110 45-€
CYTKH Ha 0.18, 0.23, 0.21, 0.12 %. B 5TUX Ke rpynnax ycTaHOBJIEHA 3HAUNMAas IOJIOXKUTETbHAS CBS3b MEXK/Yy TAKUMHU
IapaMeTpaMH, KaK KOJIMYECTBO s7iep IJIaBHBIX IapaTUPOLUTOB, CIOHTHOIIUTOB IIyIYKOBOH 30HBI I Pa3MEPOM 3JIeMEH-
TapHBIX AYeeK BI0Jb OCeH a, ¢, IPOLIEHTHBIM CO/lepKaHHeM BUTJIOKHUTA, a CBA3b MEXAY IapaMeTPOM «COOTHOIIIeHUe
IUTOINA/Iel 9yXpOMAaTHHA U TeTEPOXPOMATHHA B si/ipax C-KIeTOK» ObLaa MOJI0KUTEIFHON HA 3-U CYTKU U OTPUIATETh-
HOU HA 24-€ CyTKHU.

3aknwueHHe. MopdhobyHKIIMOHAIBHOE cOCTOsTHIE C-KJIETOK, TJIaBHBIX IAPATUPOLUTOB U COHTHOIIUTOB ITyY-
KOBOH 30HBI JI0303aBUCUMO YTHETAETCS IPEIIECTBYIOIUM 60-THEBHBIM BBeZIeHHEM OeH30aTa HAaTpUsL. ITO COIPOBOXKA-
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eTcs HapylleHneM KOMIIeHCaTOPHO-BOCCTAaHOBUTEJIBHBIX ITPOIecCOB B IepHoJie PernapaTUBHOIO ocTeoreHesa. MeTomom
KODPeJIAIMOHHOTO aHAIN3a YCTAaHOBJIEHbI PA3IMYHbIe [0 CUJIe U HAIIPAaBJIEHHOCTU CBA3Y MEX/y U3MEeHEeHUAMHU MOpdO-
MeTPHUUYEeCKUX IIapaMeTPOB SHAOKPUHHBIX JKeJle3 U MUKPOCTPYKTYPBI pereHepara.

Knaroueewvte caoea: C-kjieTky, IJIaBHble IaPATUPOLUTHI, CIIOHTUOIUTHI IyYKOBOM 30HBI, MOpdOMeTpUUecKHe apamMe-
TPBI, MUKPOCTPYKTYpa U (a30BBIH COCTAB, pereHepaT, 6eH30aT HaTPHsA, KOPPEJIAIMOHHBIN aHATU3.

OoO0pasen nuUTUPOBaHUA: Mopo3os B.H. lI3MeHeHHsI MOPHOMETPHUIECKHIX TIAPAMETPOB IepUQEPHUUECKUX DH-
JIOKPUHHBIX JKeJIe3 U MOKa3aTesell MUKPOCTPYKTYPHI, (ha30BOro cocTaBa OMOMUHEPAIA pereHepara 60sIbIe0epIioBhIX
KOCTeH IMocJIe JITTUTEIbHOTO BO3/IelcTBIA Oen3oara Hatpus // Journal of Siberian Medical Sciences. 2024;8(3):19-36.
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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

V.N. Morozov

Belgorod National Research University, Belgorod, Russia

ABSTRACT

Introduction. Sodium benzoate 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.

A i m . To study the effect of a 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. Ingroup 1,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 24th day— 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 ¢ 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 of whitlockite, 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.
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BBEJAEHHNE

TpaBMaTu3M SBJISIETCS aKTyaJIbHOM MEIUKO-
COIUAIPHOH TTPOBJIEMOM, 3aTParuBaoINel KaKaoro
YeJIOBEKA B IIPOIECCE JKUBHEEATETbHOCTH [1].
TpaBMaTUYeCKOe TIOBPEKIEHNE TBEPABIX U MATKUX
TKaHeH OpraHu3Ma COIPOBOXKAAETCS CHCTEMHOM
peaxiueli opraHu3Ma, B KOTOPOH IEPBOOUEPETHYIO
pOJIb HWTPAOT 2Keje3bl BHYTPEHHEH CeKpeluu, B
YaCTHOCTH  IIUTOBU/IHAS,  OKOJIOIIMTOBHUHBIE
JKeJie3bl U HA/IIOYeUHUKU. 'OpMOHBI, CUHTE3Upye-
Mble U CEKpeTHpyeMble AAHHBIMU OPraHaMU, CO3-
JIal0T, B 3aBUCUMOCTH OT CTEIIEHH TSKECTU TPABMBI,
HEOOXOTUMBIA TOPMOHAJIBHBIN (DOH IS TTO//IepIKa-
HUA OajaHca aHAOOJIMYECKUX U KaTaOOJIMYECKHUX
MIPOIIECCOB U 00ECTIeUEHNST BOCCTAHOBJIEHUS IIEJI0CT-
HOCTH 00J1aCTH TTOBPEKAEHUA [2].

B Hacrosimee BpeMs WHJIYCTPHS MPOU3BOCTBA
MPOAYKTOB THUTAHUS HE MOXET OOXOAUThCs 0e3
WCIIOJIb30BAHUS IUINEBBIX J00aBOK, B YaCTHOCTH
MUINEBBIX KOHCEPBAHTOB. DTO CBS3aHO C TEM, UTO
6e3 ux 106aBJIEHNs B COCTaB MPOIYKTOB MOCIETHIE
MO/IBEpPTralOTCs OBICTPOU MOPYE TaKe TOCJIE TIPeJIBa-
PUTEILHOH TEepMUYECKOW O0OpabOTKH U HMEIOT
KOPOTKHU cpok rogHocTu [3]. Mcmonb3oBaHue B
MPOMBINIJIEHHBIX TEJISIX MUIEBOr0 KOHCEpBAaHTA —
GeH3o0aTa HATPUSA — IIO3BOJIET YCTPAHUTD JAHHYIO
mpobsieMy, TMOCKOJIBKY OH 00J1aJlaeT CBOMCTBaMH
YTHETaTh aKTUBHOCTb OaKTepuil 1 rpubkoB [4]. [Ipu
9TOM He CJIeAyeT HTHOPHUPOBATh COOOIIEHUS O
MOOOYHBIX JIEHCTBUsAX OeH30aTa HATPHUs Ha opra-
HHU3M — €T0 CIIOCOOHOCTH B KUIIIEYHHUKe ITpeobpaszo-
BBIBAaTbCA B OEH30J1 B COUETAHHU C aCKOPOMHOBOU
KHCJIOTOU, OKa3bIiBaTh T€HO-, HE(PO- U TelmaToOKCU-
yeckue 3(pdexTrl [5, 6], YTO CTAaBUT BOIIPOC 00 aKTy-
QJIBHOCTH JIaJIbHENIIEr0 U3YUEeHHs ero BIUSAHUSI Ha
OpTraHU3M.

B wumeromelics Hay4yHOU JuTepaType Mopdo-
(byHKITMOHAIBPHbIE W3MEHEHHUs IIUTOBUIHOU, OKO-
JIOIUTOBUAHBIX Kejie3 U HAANOYEeYHHKOB [7], a
TaK:Ke MUKDPOCTPYKTYpPbI U ()a30BOTO cocTaBa OHO-
MHHepasia pereHeparta kKocred [8] B pasHble mepu-
O/Ibl TOCJIE TPAaBMbI JIOBOJIBHO TIOJTHO OCBEIIEHBI.

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 not ignore reports of side effects of sodium
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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Opnako wmHpOpPMaNUsg O PEeaKTUBHOCTH JAHHBIX
OPTaHOB B YCJIOBHUAX JUUIUTEJIHHOTO IIPEJIIIECTBYIO-
IIETO TOCTYIUIEHUSI B OPTaHU3M ITHIIEBBIX T00aBOK,
B YaCTHOCTH OeH30aTa HATPUs, He IIPeCTaBIeHa.

IIEJIb UCCJIE/IOBAHUSA

V3yuuTh BAUAHHE 60-THEBHOTO BO3/eUCTBUSA
OGeH30aTa HATPHUA HA CTPYKTYPY C-KJIETOK IUTOBU/-
HOM 2KeJIe3Bbl, TJIABHBIX IaPATUPOLUTOB OKOJIOIIUTO-
BUJIHBIX JKeJIe3 U CIIOHTHOIIUTOB HA/IMOYEYHUKOB C
Y4IeTOM H3MEHEHUH MUKPOCTPYKTYPHl U (a30BOTO
coctaBa OMOMHUHepasia pereHepaTta 0o0JbIIeGEPIO-
BBIX KOCTell IIPH MeXaHUuecKo! TpaBMe.

MATEPUAJIBI 1 METO/IbI

V3 120 06eJbIX IIOJIOBO3PEJIBIX KPBIC-CAMIIOB
(macca 200—-210 1) chOPMUPOBATIN YeThIPe SKCIIe-
pUMeHTabHbIe TPYHIEI (110 30 0cobell B KaXAOMH).
JKMBOTHBIM IIEPBBIX ABYX IPYIII BHYTPIDKETYIOTHO
B TeueHUe 60 CyT BBOAWIN 1 MJI pacTBopa beH30aTa
HATpus B 7103aX 500 U 1000 MT/KT, a IOCJIe 3aBep-
IIEHUS JAHHOTO BO3/IEHCTBUS MOZETUPOBAIH MeXa-
HUYECKYIO TpaBMy 00JIbIeOepIioBBIX KocTel (CcTo-
MAaTOJIOTHYECKUM OOpOM JHaMEeTpPOM 2 MM CO37a-
BJICS CKBO3HOH ITUPKYJISIDHBIA JedeKT B MecTe
Iepexo/ia IPOKCUMAaJIbHOTO snudusa 6osblinebep-
IIOBOH KocTH B ee nuadus) [9]. B TpeTwelt rpymme
JKHBOTHBIM BBOJWIH 0.9% U30TOHUYECKUN PACTBOP
HaTpHsA XJIOPHJIA BMeCcTO OeH30aTa HATpUs U TaKiKe
MOJIEJTUPOBAIH MEXaHUUECKYIO TpaBMy 60JbIebep-
[OBBIX KocTel. UeTBepTas rpynna 6pu1a cpopMupo-
BaHAa U3 ’KUBOTHBIX, KOTOPBIE B TeUeHHe 60 CYT MOJIy-
YaJIi TOJIBKO (PU3HOJIOTUYECKUH pacTBop 6e3 Mojie-
JIMPOBAaHUA TPaBMbI KocTed. ITOCKOJIBKY BHAOBas
YYBCTBUTEJIBHOCTh KDBICHI U YeJIOBeKa K HKCIIEepH-
MEHTIBHBIM BO3/IEHCTBUAM pa3Hasi, TO 1032 BBOIU-
Moro 6eH30aTa HaTpUs KOPPEKTUPOBAIACH C HCIIOJIb-
3oBanueM ¢opmysibl PribosioBieBbix [10]. B xone
DKCIIEpUMEHTa C HCIOJIb30BAaHHEM JIabOPaTOPHBIX
KPBIC PYKOBOZCTBOBINCH IOJIOXKEHUAMU Jlnpek-
TUBBl 2010/63/EU EBpomnelickoro mapjiamMeHTa u
Cogeta EBporneiickoro cotw3sa [11]. IIpoTokoJt ucce-
JIOBAHUS yTBEPXKJEH Ha 3acelaHUU KOMUCCHU II0
6uoaTHKe JIyTaHCKOTO TOCYZIapCTBEHHOTO MEIUIH-
ckoro yHuBepcurera uMm. Carutens Jlyku» (NO 2
25.03.2022 1.) [IJ151 BcclefOBaHUS N3MEHEHHU OKO-
JIOITUTOBUIHBIX KeJle3 U HA/ATIOYeUHUKOB Ha CBETO-
ONTHYECKOM YPOBHE Ha 3-U, 10, 15, 24 U 45-€ CyTKH
IIOCJIe MOZETUPOBAHUS TPABMBI OOJIBIIEOEPIIOBBIX
KOCTeH KpBICH IOJBEPraINCh SBTAHAZUU IIyTEM
BJIbIXaHHU JIETAJIBHON 03Bl HAPKO03a JUITUJIOBOTO
adupa ¢ mocneAywoled Aexkanuranuer. 3abop
ITUTOBUAHBIX JKeJle3 /ISl 3JIEKTPOHHO-MHUKDPOCKO-
MMUYECKOTO WCCJIEIOBAHUS OCYIECTB/LIA HAa 3-U U

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
(D,,,.) and minimal diameters (D_. ) of their nuclei
measured, followed by calculation of the average
value (MD_ ) using the formula [13]

MD__.=vVD_ -D

nucl max min”®
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24-e CYyTKH TIOCJI€ BBIBEJEHUS JKUBOTHBIX U3 DKCIIE-
pUMeHTa MeTOAOM JeKalUTaluu. [HCToIoThYe-
CKyI0 TIPOBOZIKY KYCOUKOB JKeJjie3, UX B3aJIUBKy B
rOMOTEeHH3UPOBaHHYI0 mapaduHoByio cpeny Histo-
mix, U3TOTOBJIEHNE CPE3OB, UX OKPACKY IIPOBOIVIIN
B COOTBETCTBUU CO CTAaHJAPTHBIMU IPOTOKOJIAMH
JUIS CBETOBOU U 3JIEKTPOHHOM MHKpOCKomHu [12].
It MopdOMeTpUH T'MCTOJIOTHYECKHUX CPE30B
KCITOJIb30BAJIM ATMAPATHBIA KOMILIEKC, COCTOSIIIAI
U3 TEePCOHAJIPHOTO KOMIIBIOTEPA C IPOTrPaMMHBIM
obecnieuenuem Nis-Elements BR 4.60.00, MUKpO-
ckoma Nikon Eclipse Ni u nudposoii kameps! Nikon
DS-Fig (Nikon Corporation, Japan). B okosoruTo-
BUIHBIX JKeJie3aX B I[EHTPaJIbHBIX U mepudepuye-
CKHX OT/eJaX IOJCUUTHIBAIN KOJUYECTBO SIEP
IJIABHBIX MMAPaTUPOIUTOB HA €IWHHUITY IUIOIIAAU U
usMepsAnr Haubonbmui (D . ) 1 HAaMMEeHbIIUH Tua-
merpel (D . ) uX sAxep ¢ mocjeyoluM BeIYHCIIe-
HueM cpeznHero 3Havenus (MD ) o popmysre [13]

MD, =VD,_-D

X min®
Nunexe ¢yHKmumoHambHOU akTuBHOCTUA (InFA)
IVIABHBIX MMApPaTUPOIIUTOB PACCUUTHIBAICA MO Gop-
myie [13]

InFA = (N, - MD,_)/ 20,

rae N, — KOJINYeCTBO sifiep IVIABHBIX IapaTHPOLH-
TOB Ha €IUHUILY ILIOIIA/IH.

B HapmoueyHMKaX MOJCYUTHIBAIN KOJIUIECTBO
A7iep CIOHTHUOIUTOB HA eAMHUILY IIJIOIA/IU B IIyUKO-
BOH 30HE U U3MePsITU HauOOJIbIITNN U HAUMEHbBIIIHI
IUaMeTPhl WX sIep Ha THUCTOJIOTUYECKHX Cpe3ax.
OmnperniesieHne cpefiHEro JUaMeTpa fZiep STUX Kile-
TOK U UX GYHKIIMOHAIBHON aKTUBHOCTH ITPOBOIH
II0 BBINIIEYKA3aHHBIM (DOPMYJIaM.

B xommbioTepHON mporpamme ImageJ (NIH,
USA) Ha 3arpyKeHHbBIX dJIeKTpoHOTpaMmMax C-kiie-
TOK IIUTOBUIHOH KeJe3bl He MEeHee YeM B JeCSATU
KJIETKax IIPOBOJIMIIN U3MepeHue IO, 3aHUMa-
€MOI ByXPOMAaTHHOM U FreTEPOXPOMATHHOM, C ITOCTIe-
IYIOIUM BBIUFICJIEHHEM UX COOTHOIIEHUSA B s/IpE, a
TaKKe CpeHel IIolasu MUTOXOHAPUU U JAuaMe-
Tpa CEKPETOPHBIX TPAHYI.

151 m3ydeHuss MUKPOCTPYKTYPhl OHOMUHepaia
pereHepaTa 60JbIIEOEPIIOBBIX KOCTEH U ero (daszo-
BOTO COCTaBa HCIOJIB30BaJIM METOJ] PEHTTEHOCTPYK-
TypHOTO aHanu3a [14]. PaccunutpiBasiu pasmep aiie-
MEHTapHBIX sTUeeK B/I0JIb Ocell @ U ¢ — CTPYKTYPHO-
(DYHKITMOHATBHBIX €AUHUI] MUHEPAJIa, TPEICTaBIIsI-
0IUX c000¥ HAaWMEHBIIYIO YIIAaKOBKY aTOMOB, (op-
MUDYIOIIYI0 BEIIECTBO KOHKPETHOTO MUHepaa.
Taxske ompenesisii MPOILIEHTHOE COZIep:KaHUe BUT-
JIOKUTa W KaJpIHUTa B OHMOMHHEpase pereHepara
60J1bI1e6EPIIOBBIX KOCTEH.

The index of functional activity (InFA) of the
main cells of the parathyroid glands was calculated
using the formula [13]

InFA=(N_ -MD, ) /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 of the 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 ¢
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Jlajiee 4ncIOBBIe JaHHbBIE 3aMEPOB I1IEPEHOCUIIH B
nporpammy Microsoft Office Excel 2017 (Microsoft,
USA), rzie BbICTpaWiBajiyd BapHAIlMOHHBIE DPAIBI U
OCYIIECTBJISLJIN TPOBEPKY IAHHBIX HA HOPMaJIBHOCTh
pacmpenesenus npu nomoinu kpurepus Hlanupo —
Yunka. B cirydae HopMaJibHOTO pacpeiesieHus JaH-
HBIX HCIIOJIb30BIM IIapaMeTpUuYecKui KpUTepUil
CTpiOfleHTa JJI1 CPaBHEHUS CPEJHUX BEJTHYHUH.
B ocranpHBIX ciydasx B mporpamMe Statistica 10.0
(StatSoft Inc., USA) a/11 CpaBHUTEJILHOTO aHAIN3a
JIAHHBIX Pa3JIMYHBIX TPy NPUMEHSUIN HemapaMme-
Tpruueckuil kputepuii ManHa — YutHu. Paznuuus
CUNTATH CTATUCTUYECKH 3HAYNMBIMU IIPU BEPOSIT-
HOCTU OIIMOKU MeHee 5 %. /171 BBIABJIEHUS CBA3HU
MeXIy HTUTOMOPGOMETPUYECKUMH IapaMeTpaMu
KJIETOK M3yYaeMbIX H/IOKPUHHBIX JKeJjle3 U MoKa3a-
TeJIAMU, MOJYYEHHBIMU IIOCJIe IPOBEJEHUS PEeHT-
TeHCTPYKTYPHOTO aHaju3a pereHepara 60bInebep-
LIOBBIX KOCTEHN, WCIOJIH30BAIN KOPPEIAINUOHHBIN
ananus. [TocyienHUN OBLT MPOBEJIEH MEXK/TY TTapaMe-
TpamMu TniepudepUUECKUX DHIOKPUHHBIX JKeJie3
(KoTMYeCTBO s/Iep IJIaBHBIX TAPATUPOLINTOB HA e/TH-
HUITy IUIOIIAAM, KOJIMYECTBO s/Iep CIOHTHOIIUTOB
MyYKOBOI 30HBI HA/IIMIOYEUHUKOB HA EIUHUILY ILIO-
[/, COOTHOIIEeHHe IUIOLIaJled 3yXpoMaThuHa U
rerepoxpomartusa sgep C-KJIeTOK) U IapaMeTpaMu
MHKPOCTPYKTYpbI U (a30BOTO cOCTaBa OHOMIHe-
pasia pereHepara 60JIbIIIEOEPIIOBBIX KOCTEH (pazmep
BJIEMEHTAPHBIX fYeeK B/IOJIb OCEH @ U €, IIPOIEHT-
HOe coJieprKaHue KaIbITuTa U BUTJIOKHUTA). Koaddu-
[IMeHT PaHTroBON Koppessanuu CronupmeHa ObLT
HCIIOJIb30BAH JJI1 OIIEHKH CTENEHU CBA3U MEXIY
BBIIIIEYKa3aHHbIMU TapaMerpamu. Ciaboil koppe-
JIALIMOHHYIO CBA3D CYNUTAJIN IIPU 3HAUeHUU K03 Pu-
[MEeHTa KOPPeJIANUH p < 0.19, YMEPEHHOH — 0.30—
0.49, cpeaHel — 0.50—0.69, cuiIbHOU >0.70. Cre-
IIeHb CBSA3HM MEXJy IapaMeTpaMH CUUTAIU JTOCTO-
BEpHOU B CjIydasx, Korja (akTUIecKOoe 3HAUeHHe
koadoumnuenta xoppesnsauu CrnupMmeHa ObLUIO
0oJibIlle KpUTHUECKOTO (p = 0.829 mIpu a = 0.05 151
6 >KUBOTHBIX B TPyTIIE).

PE3YJ/IBTATDBI

B Tpetneil rpyniie, B KOTOPOH MOAEIUPOBAaHUE
MEXaHHUYECKOH TPaBMbI OOJIBIITEOEPIOBBIX KOCTEH
OCYIIECTBJIAJIOCh TIocsie 60-HEBHOTO BBeZIEHUS
(usmosornUecKkoro pacrtBopa, H3MeHEHHE ILIO-
maay, B3aHNMaeMOH JYXpOMATHHOM B  sApax
C-KJIETOK, TI0 CPABHEHUIO C 3HAUEeHUSIMU YeTBepTOH
TPYIIIBI, UMEJIO JIUIIh XapaKTep TEeHAEHIUU K yBe-
JIMYEHHUIO HA 3-U CyTKH (HA 5.41 %), U 3HAUEHHUE JaH-
HOTO ITapaMeTpa ObLJI0 3HAYHNMO BBIIIE HA 24-€ CYTKU
HabsroeHus Ha 20.84 % (p < 0.05). CooTHOIIIEHHE
IJIOIIA/Iel 5yXPOMAaTHHA U TeTEPOXPOMATHHA CTaTH-

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 at a = 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 a tendency 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 of the 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
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Ta6smmua 1. [lapameTpsl yAbTPaCTPYKTYphl C-KJIETOK IIUTOBU/IHOM 2KeJie3bl KPbIC B TPYIIax B 3aBUCUMOCTH OT CPOKOB

HabJII0eHUSA

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

Homep rpynnsl / Group number 3-u cyTku / 3rd day 24-e cyTku / 24th day
Irowads, 3aHumaemast ayxpomamuHom, mkm? / Area of euchromatin, um?

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

[11owadv, 3aHumaemast cemepoxpomamurom, Mmkm? / Area of heterochromatin, um?
1 497 +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

CoomHoweHue naowadell 3yXpoMamuHa u 2emepoxpomMamuHa, ycA. ea.
Ratio of areas of euchromatin and heterochromatin, arbitrary units
1 1.81 £ 0.004°® 2.07 £0.02¢
2 1.45+0.01° 1.82+0.01°
3 1.86 £ 0.01* 2.21+0.02*
4 1.70 £ 0.01 1.70 £ 0.01
JAuamemp cexpemopHbix eparnya, HM / Diameter of secretory 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
Cpedusis naowads mumoxoHdpuli, Mkm? / Average area of mitochondria, um?

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

* [locToBEpHOE OTJIMYMeE N0Ka3aTesel TpeThbel Ipynibl OT oKa3aTesel 4eTBepTou rpynmsl npu p < 0.05.
Significant difference between the indicators of the third and fourth groups at p < 0.05.

® JlocToBepHOE OTVINYKE NT0Ka3aTeJiei IepBoii U BTOPOU I'PYIII OT OKa3aTesel TpeTbel rpymnisl npu 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.

CTHYECKH B3HAYMMO yBEJIMYUBAJIOCH Ha 9.12
(p < 0.05), 30.34 % (p < 0.05), a U3BMEHEHHE ILIO0-
a1, 3aHUMAaeMOI reTepOXPOMaTUHOM, HAITPOTHB,
HMMeJIO JIMIIh XapaKTep TEHAEHIIUU K YMEHbBIIIEHUIO
Ha 3-U U 24-e cyTku (Ha 3.38 u 7.33 %). luametp
CEKPETOPHBIX TPAHYJI U CPEIHAS ILJIOIIA/[b MUTOXOH-
npuii C-KJIETOK 3HAYMMO YBEJIUUYUBAIUCH HA 24-€
CYTKH Ha 22.09 1 11.89 % (p < 0.05), a Ha 3-U CYTKH
WX U3MEHEHUs] UMEJIN XapaKTep TEHAEHIIUHN K yBe-
audeHuio (Ha 4.03 1 2.42 %) (tab:. 1). laHHbBIE YIb-
TPaCTPYKTYPHBIE M3MEHEHUs YKAa3bhIBAIOT HA MOCTe-
[IeHHOE yBesinueHre GyHKIIMOHATbHOU aKTHBHOCTH
JTAHHBIX KJIETOK K IMO3THUM CPOKaM perapaTHBHOTO
ocreoreHesa.

B aT011 2Ke€ TpyIIIe OBLIO YCTAHOBJIEHO, YTO MO/JIe-
JIMPOBAaHUE TpPaBMbI OOJBIIEOEPIIOBBIX  KOCTEU

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 an increasing 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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COIIPOBOK/IAETCA YBETUUEHEM PO epaTHBHOTO
MoTeHIHaa U QYHKIMOHATBHONR aKTUBHOCTH TJIaB-
HBIX [TAPATHUPOIUTOB, O YUeM CBU/IETEJILCTBYET CTATH-
CTHYECKU 3HAYMMOE YBEJIUYEHUE KOJIUUECTBA fAIEP
JaHHBIX KJIETOK Ha eIUHUILY IIOMIAIH C 3-X 110 45-€
CYTKH Ha 6.63, 6.46, 6.78, 5.89 u 3.55 % (p < 0.05).
V3MeHeHHE CpeHEro [uaMeTpa s7ep JaHHbIX Kie-
TOK MMEJIO JIUIIh XapaKTep TeHIEHIINU K BO3pacTa-
HHUIO B 9TH e cpoku (Ha 21.5, 1.24, 1.80, 1.23 u
1.67 %). VHpmekc (QYyHKIUOHAIHLHOH aKTUBHOCTU
IJIaBHBIX MAPaTUPOIUTOB 3HAUUMO BO3PACTai ¢ 3-X
o 24-e cyTku Ha 8.98, 7.84, 8.79, 7.22 % ( p < 0.05)
U He JOCTOBEDHO U3MEHsUICA Ha 45-€ CyTKu (Ha
5.32 %) 10 CpaBHEHHUIO C JAHHBIMU KOHTPOJIBHOM
TPYIIIBL.

B HajImoyeyHUKax HA TPABMY B 60JIbIIIE0EPITOBBIX
KOCTSIX CIIOHTHOITUTHI IIyYKOBOM 30HBI pearupoBan
ycuieHHeM cBoero Mopdo@yHKIIMOHAIBHOTO COCTO-
siHusL. B TpeThell IpyIine KOJUYECTBO si/iep TUX KIle-
TOK Ha eIUHUILY IJI0IaAu ObLI0 O0JIbIlIe 3HAUEHUH B
YeTBEPTOU TPyIIe € 3-X IO 45-€ CyTKU Ha 15.32,
10.60, 8.80,7.49 1 3.02 % (p < 0.05). CpegHuii qua-
METP SI/IEP CIIOHTHOIIUTOB ITyYKOBOH 30HbI CTATHCTH-
YeCcKHd 3HAYMMO BO3PACTaI C 3-X IO 15-€ CyTKU Ha
8.26, 6.05, 5.65 % (p < 0.05), a UX UHAEKC QYHKITHNO-
HaJIbHOW aKTUBHOCTH — C 3-X I10 24-€ CYyTKU Ha 24.84,
17.29, 14.94, 9.58 % (p < 0.05). I3MeHeHUe 3HaUe-
HUH [IEPBOTO MapaMeTpa Ha 24 U 45-€ CyTKU UMeJIO
JIUIIE XapaKTep TeHAEHIIUH K YBeJIMUYeHu o (Ha 1.94
u 1.02 %), a BTOPOTO ITOKa3aTessi — Ha 45-€ CyTKHU (Ha
4.37 %). Kak BUHO U3 JUHAMUKN U3MEeHEeHUH IT0Ka-
3arejiedl, MaKCHUMaJibHas aMIUIMTyAa WX OTKJIOHE-
HUI PETUCTPUPYETCs Ha 3-U CYTKH, IIOCJIE Yero OHa
MTOCTEIIEHHO CHIZKAETCS K 45-M CyTKaM.

PeHTreHOCTPYKTYPHBIH aHaMu3 OWoMHHepaia
pereHepara 60J1bIIe6EPITOBBIX KOCTEH IMOKA3aJI, UTO
pasMep sJIeMEeHTaPHbBIX AYEeK BJI0JIb OCU a 3HAUNMO
VBEJTUUMBAJICS HA 3-U U 10-€ CYyTKH HaOJII0/IeHUs Ha
0.15 1 0.13 % (p < 0.05) ¥ yMeHbIIAJICA C 15-X II0
45-€ CyTKH Ha 0.12, 0.13, 0.10 % ( p < 0.05). VI3ameHe-
HHE pa3Mepa 3JIEMEHTAPHBIX SYEEeK BJIOJb OCH C
WMEJIO JIUIIh XapaKTep TEHJEHIIUU K YBEJTHUEHUIO
Ha 3-U ¥ 10-e cyTKkH (Ha 0.13 U 0.06 %). 3HaueHHe
JaHHOTO IIapaMeTpa CTAaTUCTHYECKH 3HAYHUMO
YMEHBIIIAJIOCh Ha 15 U 24-€ CYTKHU Ha 0.24 U 0.17 %
(p < 0.05) 1 He 3HAUUMO — Ha 45-€ CyTKH Ha 0.06 %.

B Tpetweli TpyIine copieprkaHue KaJabIUuTa ObLIO
0oJIbIlle, YeM 3HAYEHHE JJAHHOTO IIOKA3aTessd B YeT-
BEPTOH IpyMIIE, C 3-X IO 24-€ CYTKU Ha 50.73, 42.71,
15.45, 12.30 % U MeHblIIe Ha 45-€ CyTKU Ha 3.41 %
(p < 0.05). VsmeHeHHe copiep:KaHUsA BUTJIOKUTA B
OroMUHEepaJsie NMeJIO XapaKTep TEHAEHIINH K YMEHb-
[IEHWIO HA 3-U U 45-€ CyTKU (Ha 0.96 u 5.84 %) u yBe-
JIMYEHUIO C 10-X 10 24-€ CYTKU (Ha 7.48, 4.26, 9.07 %).

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 area of euchromatin 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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[llecTuyiecATUCYTOUHOE  BBeZleHHE  OeH3o0aTa
HATPHUs JI0 MOMEHTa MOJI€IUPOBAHUS TPAaBMBI B
00JIBIIIEOEPIIOBBIX KOCTSAX BBI3BIBAJIO YMEHBIIIEHHE
3HAYEHUH IHUTOMOP(POMETPUUECKHUX I1apaMETPOB
C-KJIETOK, 110 CPABHEHWIO C JAHHBIMHU TPYIIIbI 6e3
BBEJIEHUST IHINEBONH /100aBKU (TpPEeTbs TpyIIa).
B mepBoii rpymie u3MeHeHUe IO, 3aHIMae-
MO 3yXpOMAaTUHOM, HMEJIO JIUIIh XapaKTep TeHAeH-
MU K YMEHbBIIIEHUIO Ha 3-U CyTKH (Ha 5.08 %), a Ha
24-e CYTKH JJaHHBIN IMapaMeTp 3HAYUMO OTJIMYAJICS
OT 3HAUEHWH KOHTPOJBHOU TPyHIbl Ha 21.13 %
(p < 0.05). CooTHOIIIEHUE TIOIIAIEd SyXpOMaTHHA
U TeTepoXpoMaTHHA ObLI0 MEHbIIE HA 3-U U 24-€
CYTKHU Ha 2.65 1 22.25 % (p < 0.05), AHaMeTP CeKpe-
TOPHBIX TPaHYJI — Ha 7.47 U 15.43 % (p < 0.05), cpeJi-
Hss IUIOIIAJh MUTOXOHJPUUA — HA 6.55 U 11.97 %
(p < 0.05). Bo BTOpOIi rpyIIe MJIOMIA/b, 3aHIMAe-
Masg BYXpPOMAaTHHOM, CTATHUCTHYECKH 3HAYHMO
yMeHbIIIaJIach Ha 3-U U 24-€ CyTKU Ha 5.83 1 16.29 %
(p < 0.05), COOTHOIIIEHHUE TLIOIIAEH SyXPOMaTHHA U
reTepoxpoMaTuHa — Ha 6.69 u 17.69 % (p < 0.05),
JIuaMeTp CeKPeTOPHBIX I'PaHys] — Ha 8.92 u 16.00 %
(p < 0.05), cpenHAs MJIONIAAb MUTOXOHJPUN — Ha
24-e cyTKH Ha 11.77 % (p < 0.05). 3HaUeHUe MOCTIe]I-
HEro mapameTpa Ha 3-H CYTKH BO BTOPOU TpYIIIE
UMEJIO JIUIITh XapaKTep TEHAEHIUU K YMEHBIIIEHUIO
(ua 3.13 %).

B mrepBoii rpymiie u3MeHeHUeE IO 1, 3aHUMa-
eMOM TeTepOXpOMAaTHHOM, UMEJIO JIUIIL XapaKTep
TEeH/IEHIIUH K YMEHbBIIIEHUIO Ha 3-U CyTKHU (Ha 2.55 %)
U YBEJIMYEHUIO Ha 24-€ cyTKH (Ha 0.91 %). Bo BTOpO#
TPyIIie JAHHBIN MapaMeTp 3HAYMMO YBEJIUUNBAJICS
B 00a cpoka HaOJIIoieHus Ha 1.37 1 1.64 % (p < 0.05).
W3 BBIIIIEyKAa3aHHOTO CJIEAYET, YTO B IIEPBOU U BTO-
poii rpymmax C-KJIeTKU IIUTOBUIHOM yKeJIe3bl Hax0-
JIATCS K MOMEHTY MOZIETUPOBAHUS MeXaHUYECKOH
TpaBMbl KOCTEH B yrHeTeHHOM MOpPGOdYHKITHO-
HaJIBHOM COCTOSIHUH, U B IIEPUOJI€ PemapaTHBHOTO
ocTeoreHe3a aMIUIMTYAA PEaKTUBHBIX H3MEHEHUH
UX ITUMOP(POMETPUUECKUX I1apaMeTPOB MEHbIIIE,
YeM y JKUBOTHBIX TPEThEH IPYIIIIbL.

[Momo6uas mo303aBUCHMAas TEHAESHITUA 3aDUKCH-
pOBaHa B OKOJIOIITUTOBU/THBIX JKeJIe3aX KPbIC IIEPBOU
¥ BTOPOI rpyIIi. B mepBoii rpy1iie uaMeHeHne KO-
YyecTBa SIZIEP TJIABHBIX MMAPATUPOIUTOB HA €IUHUILY
IUIOIIA/TA, UX CPETHETO JUaMeTpa U UHjeKca QyHK-
[MOHAJIPHOW AKTUBHOCTA HWMEJIO JIHIIb XapaKTep
TEHJIEHIIMHU K YMEHBIIIEHHIO C 3-X TI0 45-€ CYTKH (Ha
1.9, 1.53, 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-
pOIi TpyIIIe KOJUYECTBO f/Iep TJIaBHBIX IapaTHPO-
OHUTOB OBLJIO 3HAYMMO MEHbIIIE 3HAYEHUH TpPETher
TPYHIIBI ¢ 3-X IO 15-€ CYyTKU Ha 3.96, 3.34, 3.68 %
(p < 0.05), a uHAEKC GYHKIUMOHAIBHONH AaKTHBHO-

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 15" day by 7.20,
6.7, 4.54% (p < 0.05). In the 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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Ta6una 2. [lapameTpsl I1IaBHBIX TAPATHPOLUTOB KPbIC B IPYMIAX B 3aBUCUMOCTH OT CPOKOB HAGJIIO/IeHUS
Table 2. Parameters of the main parathyroid cells of rats in groups depending on the time point

Homep rpynnsl 3-e cyTKH 10-e cyTku 15-e cyTKH 24-e cyTKH 45-e cyTkH
Group number 3rd day 10th day 15th day 24th day 45th day
Kosauuecmeo sidep enagHbix napamupoyuos Ha eOuHUyy naowadu, wm.
Number of nuclei of the 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* 3242 +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
CpedHull duamemp sdep 2/1a8HbIX NAPAMUPOYUMOS, MKM
Average diameter of nuclei of the main parathyroid cells, um
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
4 527 £0.06 5.24 £ 0.04 5.29£0.08 5.28 £0.06 5.29 £0.07
HHdekc pyHKYUOHANBHOU akmu8HOCMU 21A8HbIX NAPAMUPOYUMO8, YCA. ed.
Index of functional 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 8.22+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

* JlocToBepHOe OTJIMYMe N0Ka3aTeJlel TpeTbel IpyMnbl OT NoKa3aTesell yeTBepToU rpynnsl npu p < 0.05.
Significant difference between the indicators of the third and fourth group at p < 0.05.
® JlocToBepHOE OTVINYKE [T0Ka3aTeJiel IepBoii U BTOPOU IPYIIII OT OKa3aTesiel TpeTbel rpymisl npu 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.

CTU — Ha 3-U CyTKH Ha 6.34 % (p < 0.05). B aTOM %€
rpyIIIie U3MEHEHNE KOJIMYECTBA sA/Iep IIaBHBIX [Tapa-
TUPOILUTOB HA €IUHUILY IJIOIIAIN HA 24 U 45-€ CYTKH
HUMEJIO JIUIITh XapaKTep TeHJIEHIUH K YMEHbBIIIEHUIO
(Ha 2.58 u 0.19 %), cpegHero AUameTpa AAep JaH-
HBIX KJIETOK — € 3-X MO 45-e cyTKu (Ha 2.48, 1.10,
2.82, 0.62, 1.55 %) U UX UHJIeKca (PYHKIIMOHATIbHOU
aKTUBHOCTH — C 10-X TI0 45-e cyTKU (Ha 4.41, 6.36,
3.17, 1.72 %) (TabJ1. 2).

B maagmoueyHukax TpaBMa B 00JbIIe0epIIOBHIX
KOCTSIX TI0CJIE TIPE/IIIECTBYIONIETO 60-THEBHOTO BBE-
JleHust OeHzoaTa HATPUA COMPOBOXKIAAIOCH YMEHB-
[IeHueM 3Ha4YeHUH MOp(GOMETPHYECKUX IapamMe-
TPOB CIIOHTHOIIUTOB IyYKOBOH 30HBI 110 CPABHEHUIO
¢ TpeThel rpymnmnoi. B mepBoil u BTOpOH rpymmax
KOJIMYECTBO SI/IEP CIOHTHOIIUTOB HA €IMHUILY ILJIO-
A7 B 9TOHU 30HE OBLJIO 3HAYMMO MEHBIIIE C 3-X 10
45-e cyTKu Ha 2.87, 3.33, 2.17, 3.21, 2.40 % (p < 0.05)
U 5.57, 4.19, 3.50, 4.00, 3.91 % (p < 0.05). B nepBo#
rpyIIie U3MEHEHUE CPETHETO AUaMeTpa siep CIOH-
THOIIUTOB HMEJIO JIMIIb XapaKTep TEHJEHIUH K
VMEHBIIIEHUIO C 15-X 10 45-e cyTKH (Ha 2.43, 0.53,
1.70 %), a uX UHJIeKca (PYHKIIMOHAIBHOU aKTUBHO-
CTH — Ha 24 U 45-e cyTkH (Ha 3.73, 4.06 %). B sToit
IpyIIle 3HAUEHUs MEePBOTO IapameTrpa ObUIHM 3Ha-

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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Ta6una 3. [lapaMmeTpbl CHOHTHOMTOB MYYKOBOM 30HBI HAZJMIOYE€YHHUKOB KPbIC B 3aBUCHMOCTH OT CPOKOB Ha6JIIOIeHUS
Table 3. Parameters of the spongiocytes of the adrenal zona fasciculata of rats depending on the time point

Homep rpynnsl 3-U CyTKH 10-e cyTku 15-e cyTKH 24-e cyTKH 45-e cyTkH
Group Number 3rd day 10th day 15th day 24th day 45th day
Kosnuvecmeo sidep cnoHzuoyumos Ha eduHuyy naowadu, wm.
Number of spongiocyte 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
CpedHull duamemp si0ep CnOH2UOYUMO8, MKM
Average diameter of spongiocyte nuclei, um
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
HHOdekc pyHKYUOHANbHOU akmU8HOCMU CNOH2UOYUMO8, YCA. 0.
Index of functional activity of spongiocytes, arbitrary units
1 448 +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* 4.58+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

* [locToBepHOe OTJIMYMe N0Ka3aTesell TpeTbel IpynIbl OT oKa3aTesel yeTBepToU rpynmsl npu p < 0.05.
Significant difference between the indicators of the third and fourth groups at p < 0.05.

® JlocToBepHOE OTVINYKE NT0Ka3aTeJiei IepBOoii U BTOPOU I'PYIII OT OKa3aTesiel TpeTbel rpymibl npu 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.

YHMO MEHbBIIIe TAKOBBIX B TPEThEN TPYIIIE HA 3-U U
10-e CyTKHU Ha 4.47 ¥ 3.57 % (p < 0.05), a BTOPOTO
ImoKasaTeJis — C 3-X 10 15-e CyTKHU Ha 7.20, 6.7, 4.54 %
(p < 0.05). Bo BTOpOU rpymnme CpegHUH IHAMETP
sA/Iep CIIOHTHOIIUTOB M UHJIEKC UX (DYHKIIMOHATIBHOU
AKTUBHOCTH 3HAUHMMO YMEHBIIAJINCh BO BCE CPOKH
HaOJII0/IEHNUsI COOTBETCTBEHHO Ha 5.47, 5.09, 4.63,
3.52, 3.45 % (p < 0.05) u 10.73, 9.07, 7.96, 7.38,
7.23 % (p < 0.05) (Tabs. 3). /laHHBIE U3MEHEHUS
VKa3bIBAIOT HA YMEHbIIIEHUE PEAKTUBHOCTH CIIOHTHU-
OITUTOB ITyYKOBOHM 30HBI B OTBET HA TPABMY KOCTEH
W3-3a TPEAIIECTBYIOIIETO JJIUTEIHHOTO BOB3MEH-
CTBUSI HAa HUX XUMHYECKOTO ¢akTopa — OeH3oaTa
HATpUA. YUUTBIBas aMIUITUTYy U3MeHeHUH Mopdo-
METPUYECKUX MTapaMETPOB B IIEPBOI U BTOPOU IPyII-
max, MOKHO 3aKJIIOUUTh, YTO OHU CBSI3aHBI C JO30H
BBOJIIMOTO OeH30aTa HATPHA.

HcenemoBanre MUKPOCTPYKTYPBI OMOMUHEpasia
pereHepaTa 60JBIIEOEPIIOBBIX KOCTEH M ero ¢aso-
BOT'O COCTaBa Y KMBOTHBIX IIEPBOU IPYIIIIBI TOKA3AJIO,
YTO UBMEHEHUE pa3Mepa dJIeMEHTaPHBIX STUYeeK BI0JIb
OCH @ UMEJIO JIUIIH XapaKTep TEHJAEHIUU K YBeIude-
HUIO C 3-X TI0 45-€ cyTKH (Ha 0.01, 0.05, 0.24, 0.10,
0.07 %), a pazMepa dJIeMEHTapHBIX TYEEK BI0JIb OCU
¢ — Ha 3-H, 10, 45-e cyTkH (Ha 0.07, 0.12, 0.06 %). B

and only tended to increase on the 3rd and 1oth
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
of the 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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9TOM TPYIIIIe 3HAUYEHHEe BTOPOT0 MapaMerpa 3HaYNMO
VBEJIUYHBAJIOCH HA 15 U 24-€ CyTKU Ha 0.23 1 0.17 %
(p < 0.05). B epBoii rpymIe A0 KaIbIUTa B OHO-
MHHepaJie pereHepaTa 60JIbI1Ie6epIIOBhIX KOCTEH 3HA-
yuMO OblyIa MEHbIle, YeM 3HAUEHNE aHATOTUYHOTO
rmapaMeTpa B TPeTheH IpyIIle, Ha 3-U CyTKU Ha 12.16
% (p < 0.05) 1 6OJIBIIIE C 15-X 110 45-€ CyTKH Ha 17.88,
13.00, 6.77 % (p < 0.05). Ha 10-e cyTku M3MeHeHNe
JIAHHOTO IapaMeTpa UMeJIO JIUIIb XapaKTep TeH/eH-
OUH K yBesimdeHUIo (Ha 1.49 %). Jloys BUTJIOKHTA
3HAYNMO YBEJIWUYMBaach Ha 3-U CyTKH Ha 14.03 %
(p < 0.05), 3aTeM He 3HAYMMO YMEHbIIIaIach Ha 10 U
15-e cyTKH Ha 3.03 1 0.08 % ( p > 0.05) U CHOBA 3Ha-
YUMO YBEJIUUUBAJIACH HA 24 U 45-€ CYTKH Ha 4.44 U
6.01 % (p < 0.05).

Bo BTOpOIi rpyIilie HU3MeHeHHe pa3Mepa dJIeMeH-
TapHBIX STYEEK B/I0JIb OCH @ OBLIIO BHAYUMBIM C 15-X
10 45-€ CyTKH Ha 0.28, 0.15, 0.13 % (p < 0.05) u
UMEJIO JIUIIb XapaKTep TEHAEHIINN K YBEJTUYEHUIO
Ha 3-U U 10-€ cyTKHU (Ha 0.04 u 0.09 %). N3meHe-
HHE pa3Mepa BJIEMEHTApHBIX sYeeK BJOJIb OCH C
OBLIO 3HAYMMBIM C 10-X II0 45-€ CYyTKH Ha 0.18,
0.23, 0.21, 0.12 % (p < 0.05) ¥ UMEJIO JIUIITb XapaK-
Tep TEHJEHIIUM K YBEJIUYEHWIO Ha 3-U CyTKH (Ha
0.11 %). Jlosns kanpIiTa B OMOMUHEpAJIE pereHe-
para 6o0sblIe6ePIOBBIX KOCTEH KpbIC BTOPOH
TPYIIbl 3HAUYUMO ObLJIa MEHbIIle Ha 3-U CyTKH Ha
13.22 % u OOJIbIIE B OCTaJbHBIE CPOKH Ha 3.44,
19.38, 15.28, 10.86 % (p < 0.05). B aT0#i TpyImITE
JIOJIsI BUTJIOKMTA 3HAYHMMO yBEJIWYHBaJach Ha 3-H,
15, 24, 45-€ CyTKU Ha 16.24, 2.13, 6.38, 9.26 %
(p < 0.05) U ee U3MEHEHNE UMEJIO JIUIIb XapaKTep
TEHJIEHITUN K yMEHBIIEHWI0 Ha 10-e CcyTKu (Ha
1.55 %). Vcxoas u3 TMOJyYEHHBIX pe3yJIbTaTOB
MO’KHO 3aKJIIOUUTh, UTO 60-THEBHOE BO3JIEHCTBUE
OeH30aTa HATpPUSA /IO MOMEHTa MOJEIUPOBAHUS
nepesoMa 0o0JIbIIEOEPIIOBBIX KOCTEH OKa3bIBAET
BJIMSIHUE Ha CTPYKTYPHYIO OPraHU3aI[iI0 KPHUCTa-
JIMYECKOH pelleTku OuoMuHepasaa 00JacTh Tpas-
MHPOBAHUSA KOCTH U U3MEHSIET COOTHOIIIEHUH (a3,
YTO B IEPUO/IE PEHapaTHBHOTO OCTEOTeHEe3a IPUBO-
JIUT K 3aMeJJIEHUI0 WX BOCCTAHOBJIEHHUS 70 KOH-
TPOJIbHBIX 3HAUEHUH, UTO U TPOUCXOAUT B IPYIIIIE C
MPEAIIECTBYIOIIUM BBeIeHHEM (PU3HOTOTHIECKOTO
pacTBopa K 24 U 45-M CyTKaM HaOJII0/eHUs.

Ina ycraHoBieHusa ¢akrta HaJIUYUA CBA3EH
MEXy U3MEHEHUsIMH MOPQPOMETPUUECKUX Iapa-
MeTpoB C-KJIETOK, IJIaBHBIX TAPATUPOIUTOB, CIIOH-
THOIIUTOB IIYYKOBOU 30HBI U IIapaMETPOB MUKPO-
CTPYKTYpbl U (asoBoro cocraBa OHOMHUHEpasa
pereHepara 60JIbIIEOEPITOBBIX KOCTEH B IPYIINax, B
KOTOPBIX KMBOTHBIE IOJBEPTaNCh 60-IHEBHOMY
BO3/IelicTBUIO GeH30aTa HAaTPU B 103aX 500 U 1000
MI/KT U MeXaHHYeCKOU TpPaBMAaTHU3AIUH KOCTEH,

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 p amounted 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 ¢ 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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OBbLT TIPOBEJIEH KOPPEANNOHHBIN aHanus. Cpenu
MOpGOMETPUUECKUX IMapaMeTPOB SHIOKPUHHBIX
JKeJIe3 — YUaCTHUKOB KOPPEJISIIIMOHHBIX IIap BEIOOD
OCTQHOBUWJICA HA ITapaMeTpax, XapaKTePU3YIOIINX
nposaudepaTUBHBIA MOTEHIIUAT OKOJIOIIUTOBHU/-
HBIX JKeJIe3 U IIyYKOBOI 30HBI KOPKOBOTO BelllecTBa
HA/IIIOYEUYHUKOB — KOJIMYECTBO s/Iep TIJIAaBHBIX
MapaTUPOIIUTOB U CIIOHTHOIIUTOB Ha €UHUILY I1IJIO-
A, a B IIUTOBUHOH >Kejie3e — COOTHOIIEHHEe
IIomazed syXpoMaTUHA U TeTepoXpoMaThHa B
saapax C-kieTok (IIoKasaTesb, OTPaKAIIIUN yBe-
JIMYEHNEe TPAHCKPUIIIIMOHHON aKTUBHOCTH s/1pa). B
OTJIMYHEe OT BHIOOpAa ITUTOMOP(OMETPUUECKUX
rmapaMeTpoB s KeJjie3 BHYTPEHHEU CeKpeIud,
V4aCTHHKAaMU KOPPEJAIUOHHBIX IIap CTaju Bce
nu3ydaeMble I1apaMeTpbl, XapaKTepU3yIoIlue Kak
MUKPOCTPYKTYPY, Tak U (pa30BBIN cOCTaB GHOMUHE-
pajna pereHepara — pasMep 3JIeMEHTAPHBIX S4YeeK
BJIOJIb OCH @ U €, IIPOLIEHTHOE COZEP:KaHUE KasIb-
[IUTa U BUTJIOKUTA.

B nepBoit u BTOpOI SKCIEPUMEHTAIBHBIX I'PYI-
[Iax YCTAaHOBJIEHA /JOCTOBEpPHAS IIOJIOKUTEIbHAS
CBA3b MEXK/Iy KOJUYECTBOM s/Iep IVIaBHBIX MapaTH-
POIIUTOB M pa3MepOM 3JIeMEHTApHBIX fueeK BJI0JIb
ocu a buoMuHepasia pereHepara 00JIbIIEOEPIIOBBIX
KOCTel Ha 3-H, 10, 15, 24, 45-€ CyTKH HaOJII0[eHUs
(3Hauenue xoadbdunuenta koppeaanun CoupmeHna
(p) cocraBmwio 0.943, 0.886, 0.543, 0.557, 0.643 u
0.943, 0.886, 0.814, 0.486, 0.900 COOTBETCTBEHHO);
pasmMepoM B3JIeMEHTapHBIX f4YeeK BJIOJIb OCH ¢
(p = 0.843, 0.943, 0.829, 0.886, 0.543 u 0.600,
0.771, 0.714, 0.486, 0.886 coOTBeTCTBEHHO) (pHC. 1);

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 ¢ 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 coefficient were —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 of the 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.
This is 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].
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Fig. 1. The scatter diagram (second group, 15th day of the experiment)
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Puc. 2. [luarpamma pacceuBanus (IiepBasi rpyIa, 3-1 CyTKU HaGII0EHMsT)
Fig. 2. The scatter diagram (first group, 3rd day of the experiment)

MPOIEHTHBIM COZIEPIKAaHUEM KalbIUTa (p = 0.943,
0.929, 0.814, 0.557, 0.714 u 0.986, 0.543, 0.886,
0543, 0.586) ¥ IPOIEHTHBIM COJIEP3KAaHUEM BUTJIO-
kuta (p = 0.886, 0.557, 0.600, 0.829, 0.800 1 0.471,
0.943, 0.771, 0.886, 0.257).

AHasiornuyHasg 1o HaIIpaBJIECHHOCTH CBA3b YyCTa-
HOBJIEHA B IIEPBOU ¥ BTOPOU IPyHIIax MY TAKUM
MOpCbOMeTpI/I‘{eCI{I/IM mapaMeTpoM HaAIIOYE€YHHUKOB,
KakK KOJIMYECTBO fAZlep CIOHTHOLIUTOB HAa E€NUHUIYY
IUIOIIA/IA B IIyIKOBOU 30HE, ¥ TapaMeTpaMu MUKPO-
CTPYKTYpBI OMOMUHepajia pereHeparta 6osbIebep-
moBbIX Kocrel. Tak, Ha 3-H, 10, 15, 24, 45-€ CYTKH
BBIsIBJIEHA IIOJIO’KUTEIbHASI CBSA3b MEXKJIy IIEPBBHIM
BBIIIEYKA3aHHBIM IIapaME€TpOM U pa3MepoM J3Jie-
MEHTapHBIX sTYeeK BJoJIb ocu a (p = 0.829, 0.943,
0.771, 0.643, 0.757 u 0.886, 0.829, 0.471, 0.600,
0.843 coOTBETCTBEHHO) (pHUC. 2); pazMepoM dIeMeH-
TapHBIX sTYEEK BJIOJIb OcH ¢ (p = 0.929, 0.943, 0.886,
0.829, 0.714 u 0.543, 0.600, 0.314, 0.771, 0.943);
MPOIIEHTHBIM COJlepIKaHUeM KaibIuTa (p = 0.943,
0.986, 0.557, 0.643, 0.771 U 0.900, 0.629, 0.971,
0.600, 0.643) ¥ IPOLIEHTHBIM COJIEPKAHEM BHUTJIO-
kuta (p = 0.829, 0.671, 0.657, 0.943, 0.629 u 0.757,
0.886, 0.486, 0.971, 0.714).

B nepBoil 1 BTOPOH SKCIEPHUMEHTAJIBHBIX TPYTI-
max TIIOJIOKHTEJIbHAA CBA3b YCTAHOBJIEHA Ha 3-u
CYTKH HAOJIIOAEHUA MeXAYy IUTOMOpdOoMeTpuye-
CKUM ITapameTpoM sijiep C-KJIETOK — COOTHOIIIEHUEM
IUIOIIA/Ied 3yXpOMaTHHA U TeTePOXPOMAaTHHA U pa3-

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-1f3, 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 of the 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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MepOM BJIeMEHTAaPHBIX sUeeK B0JIb OcHu a (p = 0.771
U 0.486), pa3sMepoM 3JIEMEHTAapHBIX SYEeK BIOJIb
ocu ¢ (p = 0.700 U 0.314), IPOLIEHTHBIM COJIEPIKA-
HHEM BUTJIOKUTA (p = 0.771 1 0.243). K 24-M cyTkam
HAIIPaBJIEHHOCTH CBSI3H MEXK/Y YKa3aHHBIMH BBIIIIE
rmapaMeTpamMy H3MEHSJIACh C IOJIOKUTEJIHHON Ha
OTpUIIATEJIbHYI0, U 3HAUYeHUsA Kod(hduimenTa Kop-
pessiipin - CmupMeHa COCTaBWJIM COOTBETCTBEHHO
—-0.957 u —0.886; —0.886 u —0.829; —0.943 u
—0.914. B o0eux rpynmax cBsi3b MEXIy TaKUMU
IOKa3aTeJIsIMH, KaK COOTHOIIEHUE IUIOMAJIEN 2yX-
poMaTHHA U reTepoxpoMaruHa B sapax C-KJIeTok U
MIPOIIEHTHOE COJIeprKaHre KaJIbIUTa, OblJIa OTpUIlA-
TeJIbHOU Kak Ha 3-u (p = —0.771 1 —0.557), TaK U Ha
24-e cyTku HabsogeHus (p = —0.900 U —0.943).

OBCYXJIEHUNE

I[To [gaHHBIM JIATEPATYPHI CHCTEMATHYECKOE
MOCTyIIeHe GeH30aTa HAaTPUs B OPTaHU3M BBI3bI-
BaeT HapylleHue OayaHca (PYHKIIMOHUPOBAHUS
OKCHIAaHTHO-aHTHOKCUAAHTHON CHCTEMBI KJIETOK.
9TO CBA3AHO CO CIOCOOHOCTHIO OeH30aTa HATPHUs
WHUIIMHAPOBATh OKUCJIUTENbHBINA cTpecc [15], mepe-
KHCHOE OKHCJIEHUE JIUIINU/I0B KJIETOYHBIX MeMOpaH,
a TakJKe CHIDKATh aKTUBHOCTH (PePMEHTOB aHTHOK-
CHUJAHTHOW 3amuThl (B YACTHOCTU IJIIOTATHOHIIE-
pokcuaasel) [16]. Takke ycTaHOBJIEHA CIIOCOOHOCTD
JIAHHOU IHUINEBOH 00AaBKU UHAYIIUPOBATH AllOITO3
KJIETOK, TPOIlecChl BOCHaJIeHUs (aKTUBAIUsS IPO-
nykiuu TNF-a, IFN-y, IL-1B, IL-6) [17], moBpex-
natb THK saep wietok [18] u HapymiaTh mpoiiecc
MHUTO3a [19]. DTUM MOKHO OOBSICHUTH TO, UTO B TIEP-
BOM W BTOPOU OKCIEPUMEHTAJbHBIX TPYIIIax
C-KJIETKM IIUTOBUJTHOH JKeJie3bl, IVIaBHbIE TapaTH-
POITUTHI OKOJIOIITATOBU/IHBIX JK€JI€3 U CIIOHTHOIATHI
IIyYKOBOI 30HBI HAJIIOUEYHUKOB K MOMEHTY MO/IE-
JIMPOBAaHUsI MEXaHUYECKOHW TPaBMbI 60JIbIIIEOEPITO-
BBIX KOCTE! MOJXOJAT B yTHETEHHOM MOpPGhOdYHK-
IIMOHAJILHOM COCTOSIHHU 1 He CIIOCOOHBI 00€eCIIEUNTh
aJIeKBaTHYIO0 TOPMOHAIBHYIO PETYJIAINI0 KOMIIEHCA-
TOPHO-IIPHUCIIOCOOUTENBPHBIX IPOIIECCOB, KAaK 3TO
[IPOUCXOAUT B Ipymie 6e3 IPealecTBYIOIIEro BBe-
nmeHus: benzoara HaTpusa. O6 5TOM CBUJIETETHCTBYET
YMEHbIIIEHNE TIOMA aKTUBHOTO 3yXpOMAaTHHA B
snpax C-KJIETOK, IHaMeTpa CEKPETOPHBIX IPaHyJ U
CpeJlHel TIOIA MUTOXOHIPUH, CHUKEHUE KOJIU-
YecTBa sijiep IVIABHBIX MApPaTUPOIUTOB U CIIOHTHO-
[UTOB IIyYKOBOH 30HBI HA EAUHHUILY IUIOIIAIU, UX
CpeJIHero AuaMeTpa sifiep U uHaeKca pyHKITHOHATIb-
HOUW AaKTUBHOCTH. B mpenpiayiieir coOCTBEHHOH
pabore [20] MBI ontucanu MopdoIOTHUeCKIe U3Me-
HeHUs SIUTeNUA GOJUTUKYJIOB U PYHKITHMOHATBHBIX
IOKa3aTejiel IIUTOBUAHOM »KeJie3bl, CBHUIETE/Ib-
CTBYIOIIHE O CHIDKEHUH (QYHKIIMOHAIBHOTO COCTOSI-

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 changes in 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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HUS THPOLUUTOB. Kak U3BEeCTHO, THUPOIUTHI U
C-KJIeTKU JIaHHOTO OopraHa (YHKIMOHAJIBHO B3au-
MOCBSI3aHBI U3-32 MAPAKPUHHOTO BJIUSHUA APYT HA
Jipyra, u usMeHeHHe MOPGPOPYHKIIMOHATIHBHOTO
COCTOSIHUSI TIEPBBIX NPUBOJUT K OJHOHAIIPABJIEH-
HBIM U3MEHEHHSAM BTODPBIX [21]. OyHKIIMOHATHHAS
B3aMMOCBS3b B TOPMOHIHHOHN PETYJISAINN MeTabo-
Jm3Ma Kajaplnua U pocdopa B KOCTHOU TKaHU ycTa-
HOBJIeHa Y C-KJIETOK IIUTOBHU/ITHOM KeJIe3bl U TJIaB-
HBIX [apaTUPOIUTOB OKOJIOITATOBUTHBIX
sxeses [22].

BbIsIBJIEHHOE METOZOM PEHTTeHOCTPYKTYPHOTO
aHaIN3a YMEHBIIIEHNEe CTeIeHN CTa0MIBHOCTU BJIe-
MEHTapHBIX AUeeK KPUCTAINUECKOU PelleTKu 61o-
MHUHepayia pereHepara 00JblIe6epIIOBBIX KOCTEH U
MIOBBIIIEHNE CTElleHN ero aMOpdHOCTH B IEPBOH U
BTOPOH 3KCIEPUMEHTAJIbHBIX TPYINAX, TO-BUIU-
MOMY, OOYCJIOBJIEHO T€HOTOKCUYECKUM JIeHCTBHEM
MUINEBOr0 KOoHcepBaHTa Ha crpykrypy AHK sAxep
0cTe00JIaCTOB M OCTEOIUTOB U HWHAYIUPOBAHHEM
Pa3BUTHSA B HUX OKUCTUTETHHOTO CTPECCa U3-3a YCHU-
JIeHUs NPOAYKIIMU AaKTHUBHBIX (OPM KHCIOPOJA.
HapyiieHre opraHusanuu reHeTHYECKOTO MaTepH-
ajla B BBIIIEYKA3aHHBIX KJIETKAX, IOBPEXKIEHIE
aKTUBHBIMHU (opMamMu Kuciaopoja dhochoaunuion
IJIA3MOJIEMMBI ¥ OPTaHesT 3aKOHOMEPHO COIIPOBO-
JK/1aeTCs HapyIIeHHeM IIPOIIECCOB POCTA BJIEMEHTap-
HBIX STUeeK, UX OPTaHu3aIiU B KPUCTAJLIIBI U MIHe-
pam3anumu.

[IpoBeneHHBIN KOPPEIAIMOHHBIN aHAIN3 ITOKA-
3aJI, UTO MEXJy H3MeHeHUAMH MopdoMmeTpuye-
ckux mapameTrpoB C-KJIETOK, TJIaBHBIX MapaTHUPO-
[IUTOB, CIIOHTUOIIUTOB IIYYKOBOU 30HBI U U3MeHe-
HUSMU ITOKa3aTeael MUKPOCTPYKTYPHI U (pa30BOTO
cocraBa OmoMmuHepasa pereHepara 60JbiebepIfo-
BBIX KOCTEH B IMEPBOM W BTOPOU TpyHIIaxX CyIie-
CTBYeT Pa3HOU CHJIBI M HAIIPABJIEHHOCTH B3aUMOC-
Bs13b. ITO YKa3bIBAET Ha HEPA3PHIBHOCTD IIPOIIECCOB
TOPMOHAJIBHOTO O0ecredeHus: IpoIeccoB HopMu-
poBaHUs pereHepaTa KOCTe B IEPHO/Ie TTOCIIE JJIU-
TEJIBHOTO BO3JENCTBUS XHUMUUECKOTOo (akTopa —
OGeH30aTa HATpUS.

3AK/IIOYEHUE

ITpoBeneHHOE HCCIIeZIOBaHNE TI03BOJIAET C/leIaTh
cJ1eIyIolye BBIBOJIBI:

1. IllecTugecAaTHCyTOYHOE BBeneHUE OeH30aTa
HATpUA /10 MOJEJUPOBAHUA MeXaHU4YecKoH
TpaBMbI B 00JbIIe6EPIOBBIX KOCTSX BBI3BIBAET
yrueteHrue MOpPGODYHKIMOHATBHOTO COCTOSHUS
C-KJIETOK, TJIAaBHBIX NapaTUPOIUTOB U CIOHTHO-
[IUTOB IIyYKOBOH 30HBI, CTEIIEHh KOTOPOTO 3aBUCUT
OT 103bI BBOAUMOM MUIIEBOH mobaBku. Kak cies-
CTBUE, KOMIIEHCATOPHO-IIPUCIIOCOOUTEIbHBIE ITPO-

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.

Ilecchl, CBsI3aHHBIE C BOCCTAHOBJIEHUEM I€JIOCTHO-
CTU KOCTEU B YCJIOBUSX U3MEHEHHOTO COCTOSTHUS
BBINIEYKA3aHHBIX KJIETOK, IPOTEKAIOT MeEHee
WHTEHCUBHO, YeM B rpynne 0e3 BBeJleHUs OeH-
30aTa HATPHUSL.

2. B aHaJOTMYHBIX YCJIOBHAX SKCIEPUMEHTA
HaOJIIOMaeTcsl JlecTabIn3aIisa KPUCTAUTUUECKON
peteTkn (GOPMUPYIOIIETrocs pereHepaTa OoJIbIe-
0OepIOBBIX KOCTEH U yBeJIWYEHUE B HEM IIPOIEHT-
HOTO COJZiep)KaHUs aMOP(MHBIX COCTABJIAIONINX —
KaJbI[UTa U BUTJIOKUTA. Takue ke H3MeHEHUs
UMEIOT MECTO B TPYIIIIE C M30JIMPOBAHHBIM MOJEH-
poBaHUEM TpaBMbBI OOJIBIIEOEPIIOBBIX  KOCTEH,
O/THAKO B DTOM CJIydae K MO3JHUM CPOKaM permapa-
THUBHOTO OCTEOTE€HEe3a — 24, 45-M CYTKaM IIPOUCXO-
JIUT UX 00paTHOe pa3BUTHE, YTO He HAOJII0/IaeTcs B
rpymnax ¢ BBeZileHneM GeH30aTa HaTpUsI.

3. Mexzay nuroMophOMeTPpUUECKUMU ITapaMe-
Tpamu C-KJIeTOK, IJIaBHBIX [1apaTUPOLUTOB, CIIOH-
THUOIIUTOB ITyYKOBOU 30HBI ¥ TapaMeTPaMU MUKPO-
CTPYKTYpHl U (Ha30BOTO cocTaBa OHMOMHHepaia
¢opmupytomierocss pereHepara 00sbIe0epIOBBIX
KOCTel BBISIBJIEHA pa3jIMuYHas IO CHJIe U HAaIpaB-
JIEHHOCTU B3auMOCBsA3b. Haubosbpinne 3HaUYeHUS
kosdduiuenta koppensanuu CnupMeHa 3aperu-
CTPUPOBAHBI HA 3-U, 10-€ CYyTKH HAOJIIOJeHUs — B
nepuoji BocnaseHus u auddepeHIUPOBKU KJle-
TOK, GOpPMHUPOBAHUSA TKaHeCIIeTUPUIECKUX CTPYK-
Typ pemapaTuBHOrO ocreoreHe3a. CTemneHb CBA3U
MeXy IapamMeTpaMu SHIOKPUHHBIX XKeJie3 U O1o-
MHHepaJsa pereHeparta Obljia BbIIIE B TPYIIIIEe C BBE-
neHueM OGeH30aTa HATPHUSA B 103€ 500 MT/KT MacChl
TeJia.
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