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Pedepar

B ocmanni poku 3'sieunucs nogioomnents upo0o KiiHiu-
HO20 83AEMO38'S3KY MIdC NAPOOOHMUMOM, 3AXE0PI0GAH-
HAMU KUMEYHUKA | NEeYIHKU TI00CLKO2O OP2AHI3MY, MAK
36ana "pomogo-KuuKoeo-neuinkosa 6icv", xoua npuyUn-
Ho-Hacniokosutl mexanizm marxoi "acoyiayii" noku me-
3PO3YMINUIL.

Mera. [locrnioumu GyHKYiOHATLHUT CMAH NeYIHKU, MOH-

K020 KUWEeUHUKA | napoOoHma wiypie Ha Qoui mpusaniol

MemioHin-iHOykoeanol I'Ty i nedocmamuocmi gimaminy
D ma ii kopekyii xoninom i eimaminom D.

Marepiau i MeTonu. /Jocriodcenns mpusanicmio 8 mudic-
Hi8 Oy110 nposederne Ha 36 dopocaux uyypax 0box cmameti
8iKOM 5 micayis. Excnepumenmanbia 2inep-2omoyucme-
iHemist 6yna 6I0mMBOPeHa 32i0H0 3 OIUUMU PEKOMEeHOd-
yisimu, it Kopekyii npoeoounUCst 34 OONOMO20I0 XONIHY I
simaminy D. Jocnioocysanucs i nopisniosanucs 0ioxi-
MIYHI NOKA3HUKU 6 KPOBL | 20MO2EHAMAax, 6U3HAYAECA CIMY-
ninb ampo@ii anrbeeor.

PesyabTaTtn. Excnepumenmanvre 00CHIONCEHHS NIO-
meepouno pe3yibmamu nonepeorix O0CIi0NCeHb, W0 3a
mpusanoi memioninosoi I'T'l] y wypie eunukae nomipne
VPAdICeHHs1 NapOOOHMY, WO GI00ALEHO HA2AOYE KIIHIUHY
Kapmumy 2eHepanizo8ano2o napoooHmumy 1e2ko2o cmy-
nems gaxscKocmi y nooetl.

OOroBopeHHs. V excnepumenmanbHux meapur 2inep-
2omoyucmeinemis GUKJIUKAE HUZKY abepayiil  KPOGi, Ku-
WeyHUuKy ma nevinyi (6UCOKuUll pigenb 20MOYUCEIHY, OK-
cudamusHuil cmpec, 2aibMy8aHHs. AHMUOKCUOAHIMHO20
3aXUCTY, BHUNCEHHS PI8HA 8iIMaMiHy D, 3MIHY akmusHoc-
mi eH3UMi6 NewiHKU, NOPYUWEHHSI OOMIHY Kalbyiio).
BucHoOBKU. 3minu 6 napodormi, KuuleuHuKy i newinyi exc-
nepuUMenmanbHux meapuH, sSKi 6UHUKAIOMb HA (OHI
einepeomoyucmeinemii niomeepox’Ccyloms Hasi6Hicmy "po-
MOBO-KUUKOB0-newinkosoi” acoyiayii. 30azauenms diemu
Xoninom ma simaminom D 6i0uymHoO 3HUICYE 6KA3AHT NO-
PYUWeHHs, a came: NONepeoHCye GUHUKHEHHS POy ecig pe-
30poYyii 6 anveeonax uenen, NOKPawye QyHKyionarbHuil
Cman moHKO20 Kuuleunuka i nevinku. 30invulenus guege-
O€HHSI Kanbyilo 3 OPeaHizMy wypie i3 ceuero 6Kasyoms Ha
NOPYULEHHS! KICMKOB020 Memabonizmy, wo modxice 6ymu
Hacaiokom deiyumy kanvyiro ¢ meapun 3 I'1y. Omorce,
83AEMO38 SI30K MIdHC POMOBOIO NOPOIHCHUHOIO, MOHKUM KU-
WEeHYHUKOM [ NeYIHKOI ICHYE, 5K [ ni0meepouio Haute 00-
CRIOJICeHHs,, npome 8ION0GI0L Ha me, KA NaAMoL02is 8 Yill
mpiaodi nepedye i BUKIUKAE IAHYIO208Y PEaKyiio, CKa3amu
cknaono. Haseoeni napamueu 3 npoonem oci "pom-xu-
weyHuKk-neyinka" oaoms HAOiO HA MONCIUBUL HOBULL
NPaKmudHull KpoK 8 CImomamonocii.

Beryn

B ocTanHi pok# 3'IBUIINCS TIOBITOMJICHHSI 111010
KJIIHIYHOTO B3a€MO3B'SI3KY MiXK MapOIOHTHTOM,
3aXBOPIOBAHHSAMH KHIIIEYHHKA 1 TIEYIHKU JFOACH-
KOTO OpraHi3My, TaK 3BaHa BICh "POT-KHUIIICYHUK-

Abstract

In recent years, there have been reports of a clinical
relationship between periodontitis, intestinal and liver
diseases of the human body, the so-called "oral-intestinal-
hepatic axis", although the causal mechanism of such an
"association" is still unclear.

Aim. The study aims to investigate the functional state of
the liver, small intestine, and periodontium of rats against
the background of long-term methionine-induced
hyperhomocysteinemia and vitamin D deficiency and its
correction with choline and vitamin D.

Materials and Methods. The study, lasting 8 weeks, was
conducted on 36 adult rats of both sexes, aged 5 months.
Experimental hyperhomocysteinemia was reproduced
according to current recommendations, and its correction
was carried out with the help of choline and vitamin D.
Biochemical parameters in blood and homogenates were
studied and compared, and the degree of alveolar atrophy
was determined.

Results. The experimental study confirmed the data of
previous studies that with long-term methionine
hyperhomocysteinemia in rats, moderate periodontal
damage occurs, which remotely resembles the clinical
picture of generalized periodontitis of a mild degree of
severity in humans.

Discussion. /n experimental animals, hyperhomo-
cysteinemia causes a number of aberrations in the blood,
intestines, and liver (high level of homocysteine, oxidative
stress, inhibition of antioxidant protection, decreased vitamin
D levels, changes in the activity of liver enzymes,
disturbances in calcium metabolism).

Conclusions. Changes in the periodontium, intestines, and
liver of experimental animals that occur against the
background of hyperhomocysteinemia confirm the presence
of an "oral-intestinal-hepatic" association. Enriching the
diet with choline and vitamin D significantly reduces the
indicated disorders, namely: prevents the occurrence of
resorption processes in the alveoli of the jaws, and improves
the functional state of the small intestine and liver. Increased
excretion of calcium from the body of rats with urine indicates
a violation of bone metabolism, which may be a consequence
of calcium deficiency in animals with hyperhomo-
cysteinemia. So, there is a relationship between the oral
cavity, the small intestine, and the liver, which was confirmed
by our research, but it is difficult to answer what pathology
in this triad precedes and causes a chain reaction. The given
narratives about the problems of the "mouth-intestine-liver"
axis provide hope for a possible new practical step in
dentistry.

nevinka'", Xoua MpUIMHHO-HACTIIKOBUI MEXaHI13M
Takoi "acoriamii" oK1 o He3po3yminmii [1].
SIK BITOMO, OQHICIO 13 HEOCTATHBO BHB-
YEHUX MPUYMH BUHUKHEHHS 0ararb0X OpraHHuX
MIaTOJIOT1H, B TOMY YMCJTi KHILIEYHUKA Ta MTEYiHKH,
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€ rinepromorcreinemis (I'T1) i gedinut BiTa-
MiHy D, SK y MpOBOKYIOUOMY MaTOJOTIHYHOMY
TaHjeMi, Tak 1 moonuHili [2]. B momepenHix Ha-
[IMX EKCTICPUMEHTAITLHUX JTOCIIPKEHHSIX Ha J1a-
OoparopHux mrypax [3, 4, 5], HAaMU BUCBITICHO
aCOIIaTHBHUMN 3B'SI30K JESIKUX CTOMATOJIOTITHAX
MaTOJIOT1H 1 MiIBUILIEHUMH PiBHSIMU TOMOITHCTE-
iny (I'm) Ta BMicToM Bitaminy D B oprani3mi Jro-
nuHU. Hac 3arikaBuino, 4u iCHy€ KOMIUIEKCHUN
3B's130Kk Mik [T, BMicToM Bitaminy D, 3m0po-
B'SIM POTOBOT IIOPOKHUHU, ITATOJIOTIEF0 TOHKOTO
KHIIIEYHUKA 1 TIEUIHKH Y JIA0OPATOPHHX IITypiB,
HAsBHICTH SIKOTO BIJIKPUBA€E TEPCIIEKTUBH IS
MOJATBIINX JTOCITIIKCHb.

Merta noCHiPKeHHS - JOCTIUTH (QyHK-
IOHAIBHUI CTaH MEYIHKH, TOHKOI'O KAIIIEYHUKA
1 mapojoHTa 1ypiB Ha (HOHI TPUBAJIOT METIOHIH-
inaykoBanoi I'T1 i HemocraTtHOCTI Bitaminy D
Ta 11 KOpeKIii X0IiHOM i BiTamiHOM D.

Marepiau i MmeToau
ExcriepuMeHTH MpOBOIWIN BIAMOBIAHO 10 3a-
kony Ykpainu Ne 3447-1V Bin 21.02.2006 "IIpo
3aXHCT TBAPUH BiJ1 JKOPCTOKOTO MIOBOKEHHS " Ta
JI0YMX BUMOT IIPO T'YMaHHE CTaBJICHHS JI0 €KC-
NEPUMEHTAJIbHUX TBapuH [6], yxBaneHux "€B-
PONEHCHKOIO KOHBEHIIIEIO PO 3aXHCT XPEOSTHUX
TBapHH, 110 BUKOPUCTOBYIOTHCS 3 €KCIIEPUMEH-
TaJBHOIO Ta 1HINOI HayKOBOIO MeTor" (CTpac-
oypr, 1987) [7], A®LL MO3 VYkpaiuu, 3 10TpH-
MaHHSM TPaBUII, 3aIPOBAHKEHUX KOMITETOM 3
010eTHKU BiHHUIIEKOrO HAITIOHAJIBHOTO MEIAY-
Horo yHiBepcutety iM. M. 1. [Tuporosaa.
JlocniKkeHHS TPUBAITICTIO 8 THIXKHIB Oy-
JI0 poBezieHe Ha 36 JopociuX mrypax 000x cra-
TEH BIKOM 5 MicAIIiB IMOpEIHOTO PO3BEACHHS Ma-
coto 160-220 r. JloknaiHO METO/IMKa BIATBOPEH-
Hs1 ekcriepuMeHTanbHO1 [T Ta 11 Kopekiii Oyna
onucana panimie [5]. TBapunu Oynu posmineHi
Ha 3 rpynu: 1-a rpyna-iHTaKTHUN KOHTPOJIb, 2-
a - TBapuHHU 3 MeTioHiHOBOIO [ T'11 Ta 3-5 rpyma -
TBapuHH, B skuX [T KoperyBasacsi XOIiHOM i
BiTaminoM D. BinTBopeHHs eKCriepUMEHTaIbHOT
MoO7IeTTi BiI0yBaJIOCs BiIIIOBITHO JI0 AIFOYHX pe-
KOMeH/1a11i# 1 TpuBaio 4 TrxHI. YoTHpH HACTYTI-
HUX TYDKHI BC1 Iy Pl 3HAXOIMITUCS HA CTaHIAPT-
HOMY paIlioHi BiBapito, BIIPOIOBXK SIKUX MTPOBO-

JUIIOCS TIJIBKU CTIOCTEPEKEHHS 32 TBapUHAMH
JUTSL IPOTPEeCYBaHH OB BUPAXKEHOT 1aTOIIO0-
rii. B xiHIi gocmiay micis 3abopy cedi, B SKii
BHU3HAYAJIA BMICT 3aTaJILHOTO KaJIbIlito, 1abopa-
TOPHHX TBAPUH yCiX IPYTl BUBOJMIH 3 EKCTIEPH-
MEHTY TIiJ] TIONICHTAJIOBUM HAPKO30M 1 3a0upau
KPOB 3 ceplist sl 010XIMIYHUX JOCITIKEeHb. 3
(parMeHTiB TOHKOTO KUIIEYHUKA Ta SICEH BUTO-
TOBJISLIM TOMOTEHATH, Ha CKEJIETOBAHUX AJIbBEO-
JSIPHUX TAPOCTKAX B JAUISHIN MOJISIPIB HIDKHIX
IIeJIeTI TPaBOi CTOPOHH MPOBOAMIA MOPPOMET-
PHYHI 1O CITIHKEHHS.

VY mia3mi KpoBi €KCIEPUMEHTAIbHUX
TBapHH PiBEHb TOMOIMCTEIHY JIOCIII/HKYBAIIN 32
JIOTIOMOTO0 METOTy KOHKYPEHTHOTO iIMyHOaHa-
T3y 3 €IeKTPOXEMUTIOMIHICIIEHTHOIO IETEKITI€10
"ECLIA" na anamizaropi Cobas 6000 3 TecT-cuc-
temoro " Roche Diagnostics" (ILIseitmapis). dia-
Ma30H BUMIPIOBaHb CTaHOBUB 3,0-50,0 MKMOJIB/II.
Biramin D (25-rigpokcusitamin D (25-OH D)) Bu-
3HAYaJId METOJIOM IMYHO(EPMEHTHOTO aHAJIi3y
Ha TBeproMy copbOenti "ELISA", anamizatop i
tect-cuctemMa "EUROIMMUN" (HimeuunHna),
nianma3oH BUMiproBaHb cTaHoBUB 0-4800 MO/m.
bioximiuHi MapkepH, SKi XapakTepu3yloTh CTaH
MIeYiHKY BU3HAYAJIH 3aralbHOBIJOMIMH METO/Ia-
MH: 3arajdbHUI OIIOK, MAJIOHOBUM Hiajabaerij-
o peaxiii 3 Ti00apOITypOBOIO KUCIOTOIO, Ka-
ternicuH /| - mo peaxiiii 3 reMorsio0iHOM, aaHiH-
amiHoTpancdepasy (AnAT) i acnapraTamiHo-
tpancdepazy (AcAT) [8, 9, 10].

Bupineni ¢parMeHTH TOHKOTO KUIIIEYHH-
Ka 1 SICeH MPOMHUBAJIM Ta TOMOTCHI3yBaJIN 3 BU-
kopucranasam 50 MM tpuc HCl 6ydepa (pH 7.,4),
o mictutb 1,15% KCI. T'omoreHnat neHTpudy-
ryeanu npu 4°C npotsarom 10 xBuiuH, a oro
cyrnepHarant 30epiranu mnpu -8°C 1 BUKOPHCTO-
BYBAJIH JUTSI OIIHKA O10XIMIYHUX MTApaMeTPiB; aK-
TuBHOCTI enacta3u [11], kucnoi ¢ocdarazu
(imyHoepmenTHuM mMetoqoM "ELISA" na nHa-
MiBaBTOMAaTHYHOMY MIKpOIUIAaHIIETHOMY (hOTO-
meTpi SUNRISE (Tecan,ABctpisi), 3 BUKOpHC-
TaHHsM TecT-cuctemu IDS-Deutschland GmbH
(Himewyunna)), xaternicuny D [9], BmMicTy Maio-
HOBOTO Adianpieriay [8], Ta cTaHy aHTHOKCH-
nmanTHOI cuctemu (aktuBHICTH COJl) - 32 peak-
1i€ro 3 kBepretuHoM [ 12]. MopdomerpuuHi 10-
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CJIiJ[KEHHSI TTPOBOJTVIIN HA HIDKHIX IIIEJIeTax mic-
7S MEXaHIYHOTO BHUJAJICHHS M'SKUX TKaHUH (3
MIOTIEPETHBOI0 OJTHOJCHHOIO BUTPUMKOIO B 5%
po3unHi NaOH) 3a MeTOMKOFO, OTTCAHOIO B ITO-
nepeaHix pocuimkeHnsx [4]. Craructuaay 00-
POOKY pe3ysbTaTiB IPOBOIIIH IS CEPETHIX Be-
nu4uH 3a t-kpurepiem CreronenTa [ 13]. Pe3yib-
TaTH MPEACTaBJIeHI y BUDVISIII M+m.

PesyabTaTH it 00roBOpeHHs
Sk 1 B onepeHix ekcnepumMenTax [3, 5] Hai-
BUIINH piBeHb [ 11 peecTpyBanu y 2-i rpymi TBa-
puH (MetioninoBa I'T), 1m0 3 BUCOKUM CTyTIe-
HeM BiporigHocTi (p<0,001) Bigpi3HSIOCS Bif
NIOKa3HUKIB y KOHTPOJIBHIHN TPy, B sIKiil BiH OyB
HIK4Yui B 1,8 pasu, M0 CBITYUTH PO METOJI0-
JIOTiYHE BIATBOPEHHS HAMU MOJIENi METIOHIHOBOT
rinepromonucteinemii (Tao6m. 1). [Tpo edexTus-
HICTB 3aCTOCOBAHOTO HAMH MeToy Kopekiii [Ty
XOJIIHOM Ta BiTaMiHOM D CBiT4UTH 1 BipOTiIHA
PI3HHIIS TTOKA3HUKIB JAHOTO MapKepa Mixk 2-10
Ta 3-10 rpynamu (p<0,05), sikuii 3MEHILIUBCS B
~1,4 pazu.

VY KiHLli T0CTiAy piBHI 3arajqpHOTO OiNKa

B KPOBI TBapuH yCixX IpyIl OyB MPAKTUIHO OJ[HA-
KOBHM 1 CTAaTUCTHYHOI Pi3HHUII MIXK IPyTIaMy HE
cnocrepiranu (Taom. 2).

Y cupoBarii KpoBi mrypiB 2-1 rpyn "me-
tioHiHoBa I'T" Big3HayaeThCs 30UIBIICHHS HA
30% Bmicty MJIA (p<0,05) mopiBHsiHO 3 1-10
TPYTIO0 3J0POBOTO KOHTPOITIO 1 Ha 27% mopiB-
HSIHO 3 3-10 IPYTIOIO LITypPiB, B AKMX IPOBOIMIIACS
KOpEKIIis Tinmepromonucteinemii. Jlectpyxkiis i
pYHHYBaHHS KITITHHHUX MEMOpaH yYHACiIOK Ha-
IpOMaKEHHSI TIPOAYKTIB BUTEHOPAINKAIBHOTO
OKFHICJTICHHS B KPOBI ITiTTOCITITHAX TBAPUH CYTIPO-
BOJIKY€ETHCS TABUIIICHHSM aKTUBHOCTI JIi30C0-
mMasibHOTO (hepmenTy katernicuny D-B 1,718 1,6
pasu (p<0,001) BiAMOBITHO 10 KOHTPOIHHOI T
3-i excriepuMenTanbHUX rpy. (Tabm. 2).

[TigBUTIIEHHST aKTUBHOCTI B TUTa3Mi KPOBI
TaKUX CH3WMIB sIK allaHiHaMmiHOTpaHCc(pepasa
(AnAT) i acnapraraminorpancdepasza (AcAT)
€ HaJ[IITHUM 1HIUKaTOPOM YIITKOJKEHHS IEYiHKA
1 CBITYMTB PO JIeSIKE TIOPYIIEHHS LIJTICHOCTI r'e-
MaTOIUTIB, 0O BiJJOMO, 1110 ITiABUILEHHS aKTHB-
HOCTI 1TuX (hepMeHTiB, a ocobmuBo ANAT, Bij-
OyBa€eThCSI 3HAYHO paHile, HXK 1HIT O4eBUIHI

Tabnuys 1

Pieni comoyucmeiny (I'y), simaminy D 6 cuposamyi kposi wypis (M+m) na ¢oni memioninogoi cinepeomoyucmeinemii
i Hedocmammnocmi gimaminy D ma ii kopexyii

DL T Biramin D

Py P (MkMoab/a) | (HMOJB /1)

Ill-zlfgmponb 6,2340,65 | 31,98+138

2. MerioninoBa mozenb [T, 11,35+£0,75 | 23,55+1,30
n=12 p1<0,001 p1<0,05

3.MerioninoBa mojenb [Ty 7,97+0,83 31,75+£2,39
Ta 1l KOpeKist XOJIIHOM Ta BiTaMiHOM D, p1>0,05 p1>0,05
n=12 P2<0,05 P»<0,05

Hpumimra. Y yiti ma nacmynnux mabnauysx nosuauena sipoziona (p<0,05) ma eucoko sipoziona (p<0,001) piznuys
Midic 2pynamu, p, , -yudpami nosnadeni pynu nopieHaHHs.

Tabnuys 2

Bioximiuni nokasnuxu cupogamku Kpogi wypie, wjo xapakmepusyroms cmat neyinku (M+m) na goni memioninosoi
einepeomoyucmeinemii i Heoocmamuocmi gimaminy D ma ii kopexyii

N 3aranbHuii Ol10K MIA Karencun D
Py P (r/m) (MKMOJIB/J1) (o)
ﬁj’i{;"om’“a pyna. 72,644,54 10,340,45 | 0,040,004
Mertioninosa moaens [T, 13,340,76 0,075+0,006
+

=12 68,8+5,94 p1<0,05 p<0,001
MertioninoBa mojenb [Ty 10,6 £0,69 | 0,04740,005
Ta 11l KOpEeKIlisl X HOM Ta BitaMiHoM D, 70,9+5,65 p»<0,05 px<0,001
=12 p>0,05 p>0,05

Hpumimra: * - kamencun D supadicanu 6 oounuysx onmuunoi wirbnocmi va 1 me oinka 3a 10 xe
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KOHTPOJIb

METIOHIHOBA TTL,

METIOHIHOBA
ITU+KOPEKLIA

Puc.1

Pieni AnAT i AcAT 6 cuposamyi kpo6i wypie (HMOIb/MA/X8) HA POHI MeMIOHIHOBOT cinepeomoyucmeinemii i
Hedocmamuocmi simaminy D ma it kopexyii

O3HaKH HeraTuBHUX edekTiB. [Ipu ekcniepumen-
TaJbHIA METIOHIHOBIM rineproMonucTeiHeMii, B
TBapuH 2-1 Tpynu piBHi AnAT BiporigHo BuIi
(p<0,05) nix y mypis 1-i Ta 3-x rpym, a came B
1,28 1 1,23 pasu, Bignosiano (Puc. 1). CrocoBHO
akTUBHOCTI ACAT peecTpyeThCsl PAKTUYHO aHa-
JIOTiYHA TEHACHIIis.

Cepen MapkepiB 3amalieHHsSI CIM30BO1
000JIOHKH TOHKOT KHIITKHU LTYPiB MU aKIIEHTYBa-
JU CBOIO yBary Ha MaJOHOBOMY JiajbJerisi
(MZA), enacrasi i kucniit pocdaraszi. AKTUB-
HICTh €JacTa3W y CIU30Biil 00OJOHII TOHKOT
KUIIKA OIypiB yCiX Tpyn BipOTigHO HE
smiatoBanacs (p>0,05) (Tabm. 3).

AxTuBHICTB Kucnoi pocdarazu (KD) sk
Mapkepa MPOHUKHOCTI MEMOpaH 3 BUCOKOIO Bi-
porinnictio (p<0,001) Oyna BuIa y TBApuH Ipy-
roi Tpynu 3 HEKOPETOBAHOIO EKCTIEPHUMEHTAIIb-

HOIO TineproMonucreinemMiero. [TopiBHSHO 3 rpy-
MO0 3JTOPOBOTO KOHTPOJIIO, AaKTUBHICTH IIHOTO
depmenty Bupocia Ha 64%, a pu 3piBHSAHHI 3
TBapUHAMH 3 TPYIH, B SKAX MPOBOAMIIACS KO-
pekiist [ Ty xomiHoM Ta BitTamiHOM D, aKTUBHICTB
K® 6yna Bumoro Ha 52%. BiporigHoi pizHutli B
MOKa3HHUKAX BUIIE3TaaHOTO MapKepy Y TBapHH
1-i Ta 3-1 rpyn Ha crioctepiraiocs.

PicT koHIIEHTpaIlii MaJOHOBOTO JIiajb/e-
iy B KUIIKOBUX TOMOT€HATaX IIyPiB 3 METIO-
HiHOBOIO I'T'11 (2-ra rpymna) cBiT4UTh PO IHTEH-
cu(ikaIio Mmpormecy MepeKuCHOTO OKUCHEHHS
JIIIAIB B CIM30BiM 00O0JIOHIII TOHKOT KHIIIKH.
Bwmict MJIA 1OCTOBIpHO ITiIBUIITYBaBCSI 3a Ti-
nepromorcteinemii (rpymna 2), 0cooi1mBo B 11o-
PIBHSIHHI 3 KOHTPOJIBHOIO TPYIOIO TBapUH
(p<0,001). 36araueHHs TI€TH XOJIIHOM Ta BiTa-
MminoMm D (rpyma 3) cyTTeBO HOpMaITi3yBaio e

Tabnuys 3

Toka3nuku 3ananenns 8 20M02eHAMAx CIU3080i 0OONIOHKU MOHKO20 KUMEYHUKA WYpPi8 Ha (oHi MemioHiH080T
einepeomoyucmeinemii i nedocmamnocmi gimaminy D ma ii kopexyii

MJIA Kucna gochparaza | Enacraza
I'pynu Tsapun (HMOJIb/MT 0iJIKa) (HKAT/KT) (On/kr)
Ejigpoma Tpyma 1,9540,17 2,55+0,19 14,85+0,88
2. MeTioninosa mozeib 1T, 3,3540,21 4,19+0,28 17,62+1,16
n=12 pi<0,001 p1<0,001 p1>0,05
MeTioniHoBa Mmogenb [T 2,1540,13 2,76x0,11 15,3540,52
Ta i1 KOPEKIIisl XOJIIHOM Ta BiTaMiHOM D, p<0,05 p2<0,05 p2>0,05
n=12 p>0,05 p;>0,05 p;>005
Hpumimra:1 00=0,0167mr-xam/ke
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B KOHTPO/Ib

W METIOHIHOBA [T,

METIOHIHOBA [TLL +KOPEKLIS
Puc.2?

Cman aHmuoKcuoanmHo20o 3axucnmy moHKo2o
KUUEUHUKA WypPIi8 HA POHI MemIOHIHOGOT
einepeomoyucmeinemii i Hedocmamuocmi imaminy D
ma ii kopexyii (%)

Ipumimra: * - akmuenicmo CO/] eupasicanu sax %
2a1bMYBANHS YMBOPEHHS CYNEPOKCUOHO20 PAOUKATLY HA

1 me 6inka

nokaszHuk (p<0,05).

Sx Bigomo, I'T1 Ta nedinur Bitaminy D
B OpPTaHi3Mi BIUTUBAIOTh HA BUHUKHEHHS OKCHU-
JATUBHOTO cTpecy. JlaHi bOTo JOCITIIKSHHS M0-
kazanu BiporigHe nocuieHHs (p<0,05) axTus-
HOCTI CYNEepPOKCHTUCMYTa3H B 3-i TPy TBa-
PHH, JIe TIPOBOMIIACS KOPEKIis TieproMomuc-
TeTHEeMIi, TOPIBHSHO 3 2-10 TPYIIOL0, /I KOPEKIIist
I'Ty He mpoBoawIacs. Pi3HUIS MiX MOKa3HHUKA-

MH B IIUX €KCIEPUMEHTAIBHHUX IPyMax CKiaia
42% (Puc. 2).

Ha 111 MmonensoBanoi metioHiHOBOI [T
y TKaHWHAaX SICEH IIypiB 2 TPyNH CIOCTEpiranu
BHCOKO JTOCTOBIPHE IiIBHIIIEHHS BMicTy MJIA -
B 2,3 paszu (p<0,001) mopiBHAHO 3i 370POBUM
KoHTpoJeM (1-ma rpyna) Ta B 1,9 pasu (p<0,05)
NopiBHAHO i3 3-10 rpynoto tBapuH (Tabm. 4).
3umxkenns aktuBaocti COJl - y 2,3 pasu
(p<0,001) Ta 3picT aKTHUBHOCTI KaremcuHy D
(p<0,001) Takox miaTBepIKYIOTh HASIBHICTD BH-
paXeHOI 3amaibHOI peakxilii y mapogoHTi. 30a-
rayeHHs JIIETH XOJIIHOM Ta BiTaMmiHnoMm D (rpyma
3) HOpMaUTi3yBaJio BHIIIEBKA3aHI MTOKA3HHUKH.

[Toxa3HuK pe30opOIIii KICTKH aIbBEOIIsIp-
HOTO MapoCTKy B IIypiB Ha T TiMEproMOIHC-
TeiHeMii (rpyma 2), IKuil po3paxoByBaJ 3a CTY-
MIEHEM OTOJICHHSI KOPEHIB MOJISPIB, CKiaB 36,77
1,08 %, 10 BiporigHO BHUIIIE MOKa3HUKA aTpodii
KICTKM B IHTaKTHUX IypiB (rpyma 1) - 27,59
0,58% (p<0,05) Ta mrypiB 3 rpymnu 3 KOperona-

Hoto [ Tt (p<0,05) (Puc.3).
Tabnuys 4

BioximiuHi nOKasHUKU 6 20MO2eHAMAax sicer wypie Ha oui memioninoeoi I'ly i nedocmamuocmi eimaminy D
ma ii kopexyii (M+m)

KOHTPOb

MeTioHiHoBa TTL,

M, (60) Kartencun D
Tpym TBapuu (HMOJ]L/I\J’:I[? Giska) (%I)[ (0n.)
i”l{;p"m”*a Ty, 2,9740,42 43,341,59 | 0,097+0,006
2. Merioninosa moens [T, 6,7340,29 17,0+1,62 | 0,21240,008
n=12 p1<0,001 p1<0,001 | p;<0,001
Merioninoea monerns I'T1g 3,5740,37 39,4+1,76 | 0,12520,004
Ta il KOPEKIlis XOJIIHOM Ta BiTaMiHOM D, p:1>0,05 p1>0,05 pr>0,05
n=12 p,<0,05 p,<0,05 p,<0,05
ATpodin anbBeoAApHOro NapocTry wypis %

40
35
30
25 4
20 -
15 A
10

5 |

0 -

mMeTioHiHoea TTL,
+KopeKuis

Puc 3
Ampoghis napooonmanvhux anveeon (%) na Qoui 3min 6 newinyi i MOHKOMY KUMMEYHUKY Ni0 NIUGOM MEMIOHIHOGO!
einepeomoyucmeinemii i Heoocmamuocmi gimaminy D ma it kopexyii
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KOHTPO/b meTioHiHoBa ITL, meTioHiHoBa ITL+KopeKuin
Puc 4.

Kinvkicms susedenns kanvyito 3 opeanizmy wypie iz ceuero (MMOb/1) Ha QOHI MemioHIH08OI cinepeomoyucmeinemii i
Hedocmamuocmi simaminy D ma ii kopexyii

VY TBapuH 2 TPyIHU CIOCTEPITa€ThCs BU- JKy€e BKa3aHi MOPYIIEHHS, a caMe: TIOTIEPe/KY€E BU-
pakeHe BUBEJCHHS KaJbIlIO 31 CEYCI0, a caMe HUKHEHHSI TIPOIIECIB pe30pOITii B alTbBEONIaX eI,
Ha 60% OinbIIe, HIXK y TBAPUH KOHTPOJIBHOT Ipy- MOKpAIIly€ CTaH TOHKOTO KHIIIEYHHKA 1 TIEHiHKH.
nu Ta Ha 23 % Oinblie, HIK Y TBapuH 3 TPyIU 301IbIIEHHS BUBEICHHS KaJIBLIIIO 3 OPTaHi3My I1y-
(Puc. 4). PiB 13 ceuero BKa3yoTh Ha IOPYIIIEHHS KiCTKOBOTO

MeTa0oITi3My, 1110 MOYKE Oy TH HACITIIKOM JIePIltUTy

BucHosku KaJbILiro B TBapuH 3 [T,

[TpoBeneHe HAMU €KCIIEpUMEHTAIbHE JOCIHi-

JOKEHHS TIATBEPIMIO PE3YNIbTaTH MOMEpeTHIX Ilepcnekmueu nodanpvuux 00cnioxicens.
JIOCITIJKEHB, 110 3a TprBaliol MeTioHiHOBOT [ T'1] B3aeMo03B's130K MiK POTOBOIO MOPOKHUHOIO,
y IIypiB BUHHUKAE TIOMipHE YpasKeHHsI TapOJIOH- TOHKMM KHUIIEYHUKOM W TIEYIHKOIO iCHYE, IO i
Ty, 0 BiJIQJICHO HAra/ly€e KIiHIYHY KapTUHY Te- NiATBEPAMUIIO HAIle JAOCHTIJKEHHS, NMPOTE,
HEPATi30BaHOTO MAPOIOHTHUTY JIETKOTO CTYTICHS BI/IMOBIJII HA Te, sIKA MATOJOTIS y i Tpiafdi
BaKKOCTI y JIFofei. Y eKcrepuMeHTalbHUX TBa- nepeaye 1 BUKIHMKAE JIAHUIOTOBY pEakIlilo,
PHH TilIeproMOIMCTEIHEMISI BUKIIMKA€ HU3KY abe- CKa3aTu CKJIAJHO.

patiiii B KpOBi, KAIIIEUHHUKY Ta TICUIiHIl (BUCOKHIA Hageneni nHapatuBu 3 mpo0Oiem oci "poT-
PiBEHb TOMOIIMCTETHY, OKCHIATUBHHI CTpEC, IHTEH- KUIICUHHUK-TIEYiHKa" Jal0Th HA/IiF0 HA MOXKITUBHIA
cudikaris [1OJI, 3Hmxenns piBHs Bitaminy D, 3Mi- HOBHI TIPAKTUYHUI KPOK B CTOMATOJIOT 1.

HY aKTUBHOCTI €H3UMIB ITEYiHKH TOIT[0). 30araueH- Konghnikm inmepecis: nemae.

HSI JTIETU XOJIIHOM Ta BiTaMiHOM D BiuyTHO 3HH- Inugpopmauia npo ghinancysanns: nemae.

STUDY OF THE EFFECT OF METHIONINE HYPERHOMOCYSTEINEMIA AND ITS
CORRECTION WITH CHOLINE AND VITAMIN D ON THE CONDITION OF THE
PERIODONTIUM, SMALL INTESTINE, AND LIVER OF RATS

Introduction although the causal mechanism of such an
In recent years, there have been reports of a "association" is still unclear [1].

clinical relationship between periodontitis, As it is known, one of the insufficiently
intestinal and liver diseases of the human body, studied causes of the occurrence of many organ
the so-called "oral-intestinal-hepatic axis", pathologies, including intestines and liver, is
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hyperhomocysteinemia (HHcy) and vitamin D
deficiency, both in a provoking pathological
tandem and individually [2]. In our previous
experimental studies on laboratory rats [3,4,5],
we highlighted the association between some
dental pathologies and elevated levels of
homocysteine (Hcy) and vitamin D content in
the human body. We were interested in whether
there is a complex relationship between HHcy,
vitamin D content, oral health, and pathology of
the small intestine and liver in laboratory rats,
the presence of which opens perspectives for
further research. The study aims to investigate
the functional state of the liver, small intestine,
and periodontium of rats against the background
of long-term methionine-induced HHcy and
vitamin D deficiency and its correction with
choline and vitamin D.

Material and Methods

The experiments were conducted in accordance
with Law of Ukraine No. 3447-1V dated
21.02.2006 "On the Protection of Animals from
Cruelty" and the current requirements for the
humane treatment of experimental animals [6]
adopted by the "European Convention on the
Protection of Vertebrate Animals Used for
Experimental and Other for a scientific purpose"
(Strasbourg, 1987) [7], DPC of the Ministry of
Health of Ukraine, in compliance with the rules
introduced by the Bioethics Committee of
Vinnytsia National Medical University named
after M. 1. Pirogov.

The study, lasting 8 weeks, was
conducted on 36 adult rats of both sexes, 5
months old, inbred breeding, weighing 160-220
g. The method of reproducing the experimental
HHcy and its correction was described in detail
earlier [5]. Animals were divided into 3 groups:
Ist group - intact control, 2nd - animals with
methionine HHcy, and 3rd group - animals in
which HHcy was corrected with choline and
vitamin D. Reproduction of the experimental
model took place by current recommendations,
and lasted 4 weeks. For the next four weeks, all
rats were on a standard vivarium diet, during
which only the animals were observed for the

progression of more pronounced pathology. At
the end of the experiment, after taking urine, in
which the content of total calcium was
determined, laboratory animals of all groups
were removed from the experiment under
thiopental anesthesia, and blood was taken from
the heart for biochemical studies. Homogenates
were made from fragments of the small intestine
and gums, and morphometric studies were
performed on skeletonized alveolar sprouts in
the area of the molars of the lower jaws of the
right side.

In the blood plasma of experimental
animals, the level of homocysteine was studied
using the competitive immunoassay method with
ECLIA electrochemiluminescence detection on
the Cobas 6000 analyzer with the Roche
Diagnostics (Switzerland) test system. The
measurement range was 3.0-50.0 umol/l. Vitamin
D (25-hydroxyvitamin D (25-OH D)) was
determined by the enzyme-linked immunosorbent
assay method on solid sorbent "ELISA", analyzer
and test system "EUROIMMUN" (Germany),
the measurement range was 0-4800 1U/I.
Biochemical markers that characterize the state of
the liver were determined by well-known methods:
total protein, malondialdehyde - by reaction with
thiobarbituric acid, cathepsin D - by reaction with
hemoglobin, alanine aminotransferase (A1AT) and
aspartate aminotransferase (AST) [8,9,10].

Isolated fragments of the small intestine
and gums were washed and homogenized using
50 mM Tris HCI buffer (pH 7.4) containing
1.15% KCI. The homogenate was centrifuged at
4°C for 10 minutes, and its supernatant was
stored at -8°C and used to evaluate biochemical
parameters: elastase activity [11], acid
phosphatase - for the formation of inorganic
phosphate, the content of malondialdehyde [8],
cathepsin D [9] and the state of the antioxidant
system (SOD activity) - by reaction with
quercetin [12]. Morphometric studies were
performed on the lower jaws after mechanical
removal of soft tissues (with previous one-day
exposure in 5% NaOH solution) according to the
method described in previous studies [4].
Statistical processing of the results was
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performed for average values according to Student's
t-test [13]. Results are presented as M+m.

Results and Discussion

As in previous experiments [3, 5], according to
the data given in the Table. 1, the highest level of
Hc was registered in the 2™ group of animals
(methionine HHcy), which differed with a high
degree of probability (p<0.001) from the indicators
in the control group, in which it was 1.8 times lower,
which indicates methodological reproduction
models of methionine hyperhomocysteinemia. The
effectiveness of our method of HHcy correction
with choline and vitamin D is evidenced by the
probable difference in the indicators of this marker
between the 2™ and 3™ groups (p<0.05), which
decreased by ~1.4 times.

The Table. 2 shows that at the end of the
experiment, the level of total protein in the blood
of animals of all groups was practically the same,
and no statistical difference was observed
between the groups.

In the blood serum of rats of the 2°¢ group
of "methionine HHcy" there was a 30% increase

in the content of MDA (p<0.05) in comparison
with the Ist group of healthy controls and by
27% in comparison with the 3™ group of rats in
which hyperhomocysteinemia was corrected.
The destruction and destruction of cell
membranes due to the accumulation of free
radical oxidation products in the blood of
experimental animals is accompanied by an
increase in the activity of the lysosomal enzyme
cathepsin D - by 1.7 and 1.6 times (p<0.001),
respectively, with the control and 3' experimental
groups (Table 2).

An increase in the activity of such
enzymes as alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) in the blood
plasma is a reliable indicator of liver damage
and indicates some violation of the integrity of
hepatocytes, as it is known that an increase in
the activity of these enzymes, and especially ALT,
occurs much earlier than other obvious signs of
negative effects. As shown in Fig. 1, with
experimental methionine hyperhomocysteinemia,
the levels of ALT in animals of the 2¢ group are
probably higher (p<0.05) than in rats of the 1%

Table 1

Levels of homocysteine (Hz), vitamin D in blood serum of rats (M+m) against the background of methionine
hyperhomocysteinemia and vitamin D deficiency and its correction

. Hcy Vitamin D
Groups of animals (umol/l) @mol/l)
1 the control 62340.65 | 31.98+1.38
2. Methionine model HHcy, 11.35+0,75 | 23.55+1.30
n=12 p1<0.001 p;1<0.05
3. Methionine model HHcy 7.9740.83 | 31.75£2.39
and its correction with choline and vitamin D, p>0.05 p:>0.05
n=12 px<0.05 P2<0.05

Note: in this and the following tables, a probable (p<0.05) and highly probable (p<0.001) difference between groups
is marked, p ,, - numbers indicate comparison groups

Table 2

Biochemical indicators of blood serum of rats characterizing the state of the liver (M=m) against the background of
methionine hyperhomocysteinemia and vitamin D deficiency and its correction

Grouns of animals Total protein MDA Cathepsin D
P @/)) (umol/l) (units)

1. Th trol
ey o 7262454 | 10.320.45 | 0.04420.004
2. Methionine model HHcy, 13.340.76 | 0.075+0.006
n=12 68.845.94 p1<0.05 p1<0.001
3. Methionine model HHcy 10,640.69 | 0,04740.005
and its correction with choline and vitamin D, 70.945.65 p2<0.05 P2<0.001
n=12 p1>0.05 p1>0.05

Note: * - cathepsin D was expressed in units of optical density per 1 mg of protein in 10 min
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Figure 1
Levels of ALT and AST in blood serum of rats (nmol/ml/min) against the background of methionine
hyperhomocysteinemia and vitamin D deficiency and its correction

and 3™ groups, namely in 1.28 and 1, 23 times
respectively. About the activity of AsAT, an
almost similar trend is registered.

Among the markers of inflammation of the
mucous membrane of the small intestine of rats,
we focused our attention on malondialdehyde
(MDA), elastase and acid phosphatase. Table 3
shows that the activity of elastase in the mucous
membrane of the small intestine of rats of all
groups probably did not change (p<0.05).

The activity of acid phosphatase (AC),
as a marker of membrane permeability, with high
probability (p<0.001) was higher in animals of
the second group with uncorrected experimental
hyperhomocysteinemia. In comparison with the
healthy control group, the activity of this enzyme
increased by 64%, and in comparison with the
animals of the 3 groups, in which the correction
of HHcy with choline and vitamin D was carried

out, the activity of CF was higher by 52%. A
probable difference in the indicators of the
above-mentioned marker was not observed in the
animals of the 1** and 3 groups.

An increase in the concentration of
malondialdehyde in the intestinal homogenates
of rats with methionine HHcy (2 group)
indicates the intensification of the process of
lipid peroxidation in the mucous membrane of
the small intestine. The content of MDA
significantly increased in hyperhomocysteinemia
(group 2), especially in comparison with the
control group of animals (p<0.001). Enrichment
of the diet with choline and vitamin D (group 3)
significantly normalized this indicator (p<0.05).

As is well known, HHcy and vitamin D
deficiency in the body affect the occurrence of
oxidative stress. The data of this study showed a
probable increase (p<0.05) of superoxide

Table 3

Indicators of inflammation in homogenates of the mucous membrane of the small intestine of rats against the
background of methionine hyperhomocysteinemia and vitamin D deficiency and its correction

Groups of animals MDA Acid phosphatase | Elastase
(nmol/mg protein) (ncath/kg) (Unit/kg)
1. The control n=12 1.9540.17 2.5540.19 14.8540.88
2. Methionine model HHcy, 3.35+0.21 4.1940.28 17.62+1.16
n=12 p1<0.001 p1<0.001 pr>0.05
3. Methionine model HHcy 2.15+0.13 2.7640.11 15.3540.52
and its correction with choline and vitamin D, p2<0.05 p2<0.05 p>>0.05
n=12 p>0.05 p>0.05 p>0.05

Note: 1 unit=0.0167 p-cat’kg
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Figure 2

The state of antioxidant protection of the small
intestine of rats against the background of methionine
hyperhomocysteinemia and vitamin D deficiency and

its correction (%)
Note: * - SOD activity was expressed as % inhibition of
superoxide radical formation per 1 mg of protein

dismutase activity in the 3™ group of animals,
where hyperhomocysteinemia was corrected,
compared to the 2™ group, where the GHz
correction was not carried out. The difference
between the indicators in these experimental
groups was 42% (Fig. 2).

The Table 4 presents that on the
background of simulated methionine HHcy in

the gingival tissues of rats of group 2, a highly
reliable increase in MDA content is observed -
by 2.3 times (p<<0.001) compared to the healthy
control (group 1) and by 1.9 times (p<0.05) in
comparison with the 3rd group of animals. A
decrease in the activity of SOD - by 2.3 times
(p<0.001) and an increase in the activity of
cathepsin D (p<0.001) also confirm the presence
of a pronounced inflammatory reaction in the
periodontium. Enrichment of the diet with
choline and vitamin D (group 3) normalized the
above indicators.

The rate of bone resorption of the
alveolar sprout in rats on the background of
hyperhomocysteinemia (group 2), which was
calculated by the degree of molar root exposure,
was 36.77 1.08%, which is probably higher than
the rate of bone atrophy in intact rats (group 1) -
27.59 0.58% (p<0.05) and rats of 3 groups with
corrected GHz (p<0.05) (Fig. 3).

As can be seen from Figure 4, the animals

Table 4

Biochemical parameters in rat gingival homogenates against the background of methionine GHz and vitamin D
deficiency and its correction (M=m)

Groups of animals MDA SOD CathepsinD
P (nmol/mg protein) (%) (units)
Ill':ge control 2.9740.42 43.3+1.59 | 0.097+0.006
2. Methionine model HHcy, 6.7310.29 17.0£1.62 | 0.212+0.008
=12 pi<0.001 pi<0.001 | p;<0.001
3. Methionine model HHcy 3.5740.37 39,441,776 | 0.125+0.004
and its correction with choline and vitamin D, p1>0.05 p1>0.05 p1>0.05
=12 p,<0.05 p,<0.05 p,<0.05
Alveolar germ atrophy in rats %
40
35
30
25
20
15 -
10
CONTROL METHIONINE MODEL HHcy METHIONINE MODEL HHey
+ CORRECTION

Figure 3
Atrophy of periodontal alveoli (%) against the background of changes in the liver and small intestine under the
influence of methionine hyperhomocysteinemia and vitamin D deficiency and its correction
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Figure 4
The amount of calcium excretion from the body of rats with urine (mmol/l) against the background of methionine
hyperhomocysteinemia and vitamin D deficiency and its correction

of group 2 have a marked excretion of calcium
with urine, namely 60% more than the animals
of the control group and 23% more than the
animals of the 3 group.

Conclusions

The experimental study confirms the data of our
previous studies that long-term methionine
HHcy in rats is accompanied with moderate
periodontal damage, which remotely resembles
the clinical picture of generalized periodontitis
of a mild degree of severity in humans. In
experimental animals, hyperhomocysteinemia
causes several aberrations in the blood,
intestines, and liver (high level of homocysteine,
oxidative stress, intensification of Lipid
peroxidation (LPO), decreased vitamin D levels,
changes in the activity of liver enzymes, etc.).
Enrichment of the diet with choline and vitamin
D significantly reduces the indicated disorders,
namely: prevents the occurrence of resorption
processes in the alveoli of the jaws, and improves
the condition of the small intestine and liver.
Increased excretion of calcium from the body of
rats with urine indicates a violation of bone
metabolism, which may be a consequence of
calcium deficiency in animals with HHcy.

Prospects for further research.

Thus, there is a relationship between the oral
cavity, the small intestine, and the liver, which
was confirmed by our research. However, it is
difficult to answer which pathology in this triad
precedes and causes a chain reaction.

The given narratives about the problems of the
"mouth-intestine-liver" axis give hope for a
possible new practical step in dentistry.
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