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Âñòóï
Â îñòàíí³ ðîêè ç'ÿâèëèñÿ ïîâ³äîìëåííÿ ùîäî
êë³í³÷íîãî âçàºìîçâ'ÿçêó ì³æ ïàðîäîíòèòîì,
çàõâîðþâàííÿìè êèøå÷íèêà ³ ïå÷³íêè ëþäñü-
êîãî îðãàí³çìó, òàê çâàíà â³ñü "ðîò-êèøå÷íèê-

Ðåôåðàò
Â îñòàíí³ ðîêè ç'ÿâèëèñÿ ïîâ³äîìëåííÿ ùîäî êë³í³÷-
íîãî âçàºìîçâ'ÿçêó ì³æ ïàðîäîíòèòîì, çàõâîðþâàí-
íÿìè êèøå÷íèêà ³ ïå÷³íêè ëþäñüêîãî îðãàí³çìó, òàê
çâàíà "ðîòîâî-êèøêîâî-ïå÷³íêîâà â³ñü", õî÷à ïðè÷èí-
íî-íàñë³äêîâèé ìåõàí³çì òàêî¿ "àñîö³àö³¿" ïîêè  íå-
çðîçóì³ëèé.
Ìåòà. Äîñë³äèòè ôóíêö³îíàëüíèé ñòàí ïå÷³íêè, òîí-
êîãî êèøå÷íèêà ³ ïàðîäîíòà ùóð³â íà ôîí³ òðèâàëî¿
ìåò³îí³í-³íäóêîâàíî¿ ÃÃö ³ íåäîñòàòíîñò³ â³òàì³íó
D òà ¿¿ êîðåêö³¿ õîë³íîì ³ â³òàì³íîì D.
Ìàòåð³àë ³ ìåòîäè. Äîñë³äæåííÿ òðèâàë³ñòþ 8 òèæ-
í³â áóëî ïðîâåäåíå íà 36 äîðîñëèõ ùóðàõ îáîõ ñòàòåé
â³êîì 5 ì³ñÿö³â. Åêñïåðèìåíòàëüíà ã³ïåð-ãîìîöèñòå-
¿íåì³ÿ áóëà â³äòâîðåíà çã³äíî ç ä³þ÷èìè ðåêîìåíäà-
ö³ÿìè, ¿¿ êîðåêö³¿ ïðîâîäèëèñÿ çà äîïîìîãîþ õîë³íó ³
â³òàì³íó D. Äîñë³äæóâàëèñÿ ³ ïîð³âíþâàëèñÿ á³îõ³-
ì³÷í³ ïîêàçíèêè â êðîâ³ ³ ãîìîãåíàòàõ, âèçíà÷àâñÿ ñòó-
ï³íü àòðîô³¿ àëüâåîë.
Ðåçóëüòàòè. Åêñïåðèìåíòàëüíå äîñë³äæåííÿ ï³ä-
òâåðäèëî ðåçóëüòàòè ïîïåðåäí³õ äîñë³äæåíü, ùî çà
òðèâàëî¿ ìåò³îí³íîâî¿ ÃÃÖ ó ùóð³â âèíèêàº ïîì³ðíå
óðàæåííÿ ïàðîäîíòó, ùî â³ääàëåíî íàãàäóº êë³í³÷íó
êàðòèíó ãåíåðàë³çîâàíîãî ïàðîäîíòèòó ëåãêîãî ñòó-
ïåíÿ âàæêîñò³ ó ëþäåé.
Îáãîâîðåííÿ. Ó åêñïåðèìåíòàëüíèõ òâàðèí  ã³ïåð-
ãîìîöèñòå¿íåì³ÿ âèêëèêàº íèçêó àáåðàö³é â êðîâ³, êè-
øå÷íèêó òà ïå÷³íö³ (âèñîêèé ð³âåíü ãîìîöèñòå¿íó, îê-
ñèäàòèâíèé ñòðåñ, ãàëüìóâàííÿ àíòèîêñèäàíòíîãî
çàõèñòó, çíèæåííÿ ð³âíÿ â³òàì³íó D, çì³íó àêòèâíîñ-
ò³ åíçèì³â ïå÷³íêè, ïîðóøåííÿ îáì³íó êàëüö³þ).
Âèñíîâêè. Çì³íè â ïàðîäîíò³, êèøå÷íèêó ³ ïå÷³íö³ åêñ-
ïåðèìåíòàëüíèõ òâàðèí, ÿê³ âèíèêàþòü íà ôîí³
ã³ïåðãîìîöèñòå¿íåì³¿ ï³äòâåðäæóþòü íàÿâí³ñòü "ðî-
òîâî-êèøêîâî-ïå÷³íêîâî¿" àñîö³àö³¿. Çáàãà÷åííÿ ä³ºòè
õîë³íîì òà â³òàì³íîì D â³ä÷óòíî çíèæóº âêàçàí³ ïî-
ðóøåííÿ, à ñàìå: ïîïåðåäæóº âèíèêíåííÿ ïðîöåñ³â ðå-
çîðáö³¿ â àëüâåîëàõ ùåëåï, ïîêðàùóº ôóíêö³îíàëüíèé
ñòàí òîíêîãî êèøå÷íèêà ³ ïå÷³íêè. Çá³ëüøåííÿ âèâå-
äåííÿ êàëüö³þ ç îðãàí³çìó ùóð³â ³ç ñå÷åþ âêàçóþòü íà
ïîðóøåííÿ ê³ñòêîâîãî ìåòàáîë³çìó, ùî ìîæå áóòè
íàñë³äêîì äåô³öèòó êàëüö³þ â òâàðèí ç ÃÃö. Îòæå,
âçàºìîçâ'ÿçîê ì³æ ðîòîâîþ ïîðîæíèíîþ, òîíêèì êè-
øå÷íèêîì ³ ïå÷³íêîþ ³ñíóº, ÿê ³ ï³äòâåðäèëî íàøå äî-
ñë³äæåííÿ, ïðîòå â³äïîâ³ä³ íà òå, ÿêà ïàòîëîã³ÿ â ö³é
òð³àä³ ïåðåäóº ³ âèêëèêàº ëàíöþãîâó ðåàêö³þ, ñêàçàòè
ñêëàäíî. Íàâåäåí³ íàðàòèâè ç ïðîáëåì îñ³ "ðîò-êè-
øå÷íèê-ïå÷³íêà"  äàþòü íàä³þ íà ìîæëèâèé íîâèé
ïðàêòè÷íèé êðîê â ñòîìàòîëîã³¿.

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. In 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.
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ïå÷³íêà", õî÷à ïðè÷èííî-íàñë³äêîâèé ìåõàí³çì
òàêî¿ "àñîö³àö³¿" ïîêè ùî íåçðîçóì³ëèé [1].

ßê â³äîìî, îäí³ºþ ³ç íåäîñòàòíüî âèâ-
÷åíèõ ïðè÷èí âèíèêíåííÿ áàãàòüîõ îðãàííèõ
ïàòîëîã³é, â òîìó ÷èñë³ êèøå÷íèêà òà ïå÷³íêè,
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º ã³ïåðãîìîöèñòå¿íåì³ÿ (ÃÃö) ³ äåô³öèò â³òà-
ì³íó D, ÿê ó ïðîâîêóþ÷îìó ïàòîëîã³÷íîìó
òàíäåì³, òàê ³ ïîîäèíö³ [2]. Â ïîïåðåäí³õ íà-
øèõ åêñïåðèìåíòàëüíèõ äîñë³äæåííÿõ íà ëà-
áîðàòîðíèõ ùóðàõ [3, 4, 5], íàìè âèñâ³òëåíî
àñîö³àòèâíèé çâ'ÿçîê äåÿêèõ ñòîìàòîëîã³÷íèõ
ïàòîëîã³é ³ ï³äâèùåíèìè ð³âíÿìè ãîìîöèñòå-
¿íó (Ãö) òà âì³ñòîì â³òàì³íó D â îðãàí³çì³ ëþ-
äèíè. Íàñ çàö³êàâèëî, ÷è ³ñíóº êîìïëåêñíèé
çâ'ÿçîê ì³æ ÃÃö, âì³ñòîì â³òàì³íó D, çäîðî-
â'ÿì ðîòîâî¿ ïîðîæíèíè, ïàòîëîã³ºþ òîíêîãî
êèøå÷íèêà ³ ïå÷³íêè ó ëàáîðàòîðíèõ ùóð³â,
íàÿâí³ñòü ÿêîãî â³äêðèâàº ïåðñïåêòèâè äëÿ
ïîäàëüøèõ äîñë³äæåíü.

Ìåòà äîñë³äæåííÿ - äîñë³äèòè ôóíê-
ö³îíàëüíèé ñòàí ïå÷³íêè, òîíêîãî êèøå÷íèêà
³ ïàðîäîíòà ùóð³â íà ôîí³ òðèâàëî¿ ìåò³îí³í-
³íäóêîâàíî¿ ÃÃö ³ íåäîñòàòíîñò³ â³òàì³íó D
òà ¿¿ êîðåêö³¿ õîë³íîì ³ â³òàì³íîì D.

Ìàòåð³àë ³ ìåòîäè
Åêñïåðèìåíòè ïðîâîäèëè â³äïîâ³äíî äî Çà-
êîíó Óêðà¿íè ¹ 3447-IV â³ä 21.02.2006 "Ïðî
çàõèñò òâàðèí â³ä æîðñòîêîãî ïîâîäæåííÿ" òà
ä³þ÷èõ âèìîã ïðî ãóìàííå ñòàâëåííÿ äî åêñ-
ïåðèìåíòàëüíèõ òâàðèí [6], óõâàëåíèõ "ªâ-
ðîïåéñüêîþ êîíâåíö³ºþ ïðî çàõèñò õðåáåòíèõ
òâàðèí, ùî âèêîðèñòîâóþòüñÿ ç åêñïåðèìåí-
òàëüíîþ òà ³íøîþ íàóêîâîþ ìåòîþ" (Ñòðàñ-
áóðã, 1987) [7], ÄÔÖ ÌÎÇ Óêðà¿íè, ç äîòðè-
ìàííÿì ïðàâèë, çàïðîâàäæåíèõ êîì³òåòîì ç
á³îåòèêè Â³ííèöüêîãî íàö³îíàëüíîãî ìåäè÷-
íîãî óí³âåðñèòåòó ³ì. Ì. ². Ïèðîãîâà.

Äîñë³äæåííÿ òðèâàë³ñòþ 8 òèæí³â áó-
ëî ïðîâåäåíå íà 36 äîðîñëèõ ùóðàõ îáîõ ñòà-
òåé â³êîì 5 ì³ñÿö³â ³ìáðåäíîãî ðîçâåäåííÿ ìà-
ñîþ 160-220 ã. Äîêëàäíî ìåòîäèêà â³äòâîðåí-
íÿ åêñïåðèìåíòàëüíî¿ ÃÃö òà ¿¿ êîðåêö³¿ áóëà
îïèñàíà ðàí³øå [5]. Òâàðèíè áóëè ðîçä³ëåí³
íà 3 ãðóïè: 1-à ãðóïà-³íòàêòíèé êîíòðîëü, 2-
à - òâàðèíè ç ìåò³îí³íîâîþ ÃÃö òà 3-ÿ ãðóïà -
òâàðèíè, â ÿêèõ ÃÃö êîðåãóâàëàñÿ õîë³íîì ³
â³òàì³íîì D. Â³äòâîðåííÿ åêñïåðèìåíòàëüíî¿
ìîäåë³ â³äáóâàëîñÿ â³äïîâ³äíî äî ä³þ÷èõ ðå-
êîìåíäàö³é ³ òðèâàëî 4 òèæí³. ×îòèðè íàñòóï-
íèõ òèæí³ âñ³ ùóð³ çíàõîäèëèñÿ íà ñòàíäàðò-
íîìó ðàö³îí³ â³âàð³þ, âïðîäîâæ ÿêèõ ïðîâî-

äèëîñÿ ò³ëüêè ñïîñòåðåæåííÿ çà òâàðèíàìè
äëÿ ïðîãðåñóâàííÿ á³ëüø âèðàæåíî¿ ïàòîëî-
ã³¿. Â ê³íö³ äîñë³äó ï³ñëÿ çàáîðó ñå÷³, â ÿê³é
âèçíà÷àëè âì³ñò çàãàëüíîãî êàëüö³þ, ëàáîðà-
òîðíèõ òâàðèí óñ³õ ãðóï âèâîäèëè ç åêñïåðè-
ìåíòó ï³ä ò³îïåíòàëîâèì íàðêîçîì ³ çàáèðàëè
êðîâ ç ñåðöÿ äëÿ á³îõ³ì³÷íèõ äîñë³äæåíü. Ç
ôðàãìåíò³â òîíêîãî êèøå÷íèêà òà ÿñåí âèãî-
òîâëÿëè ãîìîãåíàòè, íà ñêåëåòîâàíèõ àëüâåî-
ëÿðíèõ ïàðîñòêàõ â ä³ëÿíö³ ìîëÿð³â íèæí³õ
ùåëåï ïðàâî¿ ñòîðîíè ïðîâîäèëè ìîðôîìåò-
ðè÷í³ äîñë³äæåííÿ.

Ó ïëàçì³ êðîâ³ åêñïåðèìåíòàëüíèõ
òâàðèí ð³âåíü ãîìîöèñòå¿íó äîñë³äæóâàëè çà
äîïîìîãîþ ìåòîäó êîíêóðåíòíîãî ³ìóíîàíà-
ë³çó ç åëåêòðîõåì³ëþì³í³ñöåíòíîþ äåòåêö³ºþ
"ECLIA" íà àíàë³çàòîð³ Cobas 6000 ç òåñò-ñèñ-
òåìîþ " Roche Diagnostics" (Øâåéöàð³ÿ). Ä³à-
ïàçîí âèì³ðþâàíü ñòàíîâèâ 3,0-50,0 ìêìîëü/ë.
Â³òàì³í D (25-ã³äðîêñèâ³òàì³í D (25-OH D)) âè-
çíà÷àëè ìåòîäîì ³ìóíîôåðìåíòíîãî àíàë³çó
íà òâåðäîìó ñîðáåíò³ "ELISA", àíàë³çàòîð ³
òåñò-ñèñòåìà "EUROIMMUN" (Í³ìå÷÷èíà),
ä³àïàçîí âèì³ðþâàíü ñòàíîâèâ 0-4800 ÌÎ/ë.
Á³îõ³ì³÷í³ ìàðêåðè, ÿê³ õàðàêòåðèçóþòü ñòàí
ïå÷³íêè âèçíà÷àëè çàãàëüíîâ³äîìèìè ìåòîäà-
ìè: çàãàëüíèé á³ëîê, ìàëîíîâèé ä³àëüäåã³ä-
ïî ðåàêö³¿ ç ò³îáàðá³òóðîâîþ êèñëîòîþ, êà-
òåïñèí Ä - ïî ðåàêö³¿ ç ãåìîãëîá³íîì, àëàí³í-
àì³íîòðàíñôåðàçó (ÀëÀÒ) ³ àñïàðòàòàì³íî-
òðàíñôåðàçó (ÀñÀÒ) [8, 9, 10].

Âèä³ëåí³ ôðàãìåíòè òîíêîãî êèøå÷íè-
êà ³ ÿñåí ïðîìèâàëè òà ãîìîãåí³çóâàëè ç âè-
êîðèñòàííÿì 50 ìÌ òðèñ HCl áóôåðà (pH 7,4),
ùî ì³ñòèòü 1,15% KCl. Ãîìîãåíàò öåíòðèôó-
ãóâàëè ïðè 4°C ïðîòÿãîì 10 õâèëèí, à éîãî
ñóïåðíàòàíò çáåð³ãàëè ïðè -8°C ³ âèêîðèñòî-
âóâàëè äëÿ îö³íêè á³îõ³ì³÷íèõ ïàðàìåòð³â: àê-
òèâíîñò³ åëàñòàçè [11], êèñëî¿ ôîñôàòàçè
(³ìóíîôåðìåíòíèì ìåòîäîì "ELISA" íà íà-
ï³âàâòîìàòè÷íîìó ì³êðîïëàíøåòíîìó ôîòî-
ìåòð³ SUNRISE (Tecan,Àâñòð³ÿ), ç âèêîðèñ-
òàííÿì òåñò-ñèñòåìè IDS-Deutschland GmbH
(Í³ìå÷÷èíà)), êàòåïñèíó D [9], âì³ñòó ìàëî-
íîâîãî ä³àëüäåã³äó [8], òà ñòàíó àíòèîêñè-
äàíòíî¿ ñèñòåìè (àêòèâí³ñòü ÑÎÄ) - çà ðåàê-
ö³ºþ ç êâåðöåòèíîì [12]. Ìîðôîìåòðè÷í³ äî-
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ñë³äæåííÿ ïðîâîäèëè íà íèæí³õ ùåëåïàõ ï³ñ-
ëÿ ìåõàí³÷íîãî âèäàëåííÿ ì'ÿêèõ òêàíèí (ç
ïîïåðåäíüîþ îäíîäåííîþ âèòðèìêîþ â 5%
ðîç÷èí³ NaOH) çà ìåòîäèêîþ, îïèñàíîþ â ïî-
ïåðåäí³õ äîñë³äæåííÿõ [4]. Ñòàòèñòè÷íó îá-
ðîáêó ðåçóëüòàò³â ïðîâîäèëè äëÿ ñåðåäí³õ âå-
ëè÷èí çà t-êðèòåð³ºì Ñòüþäåíòà [13]. Ðåçóëü-
òàòè ïðåäñòàâëåí³ ó âèãëÿä³ M±m.

Ðåçóëüòàòè é îáãîâîðåííÿ
ßê ³ â ïîïåðåäí³õ åêñïåðèìåíòàõ [3, 5] íàé-
âèùèé ð³âåíü Ãö ðåºñòðóâàëè ó 2-é ãðóï³ òâà-
ðèí (ìåò³îí³íîâà ÃÃö), ùî ç âèñîêèì ñòóïå-
íåì â³ðîã³äíîñò³ (ð<0,001) â³äð³çíÿëîñÿ â³ä
ïîêàçíèê³â ó êîíòðîëüí³é ãðóï³, â ÿê³é â³í áóâ
íèæ÷èé â 1,8 ðàçè, ùî ñâ³ä÷èòü ïðî ìåòîäî-
ëîã³÷íå â³äòâîðåííÿ íàìè ìîäåë³ ìåò³îí³íîâî¿
ã³ïåðãîìîöèñòå¿íåì³¿ (Òàáë. 1). Ïðî åôåêòèâ-
í³ñòü çàñòîñîâàíîãî íàìè ìåòîäó êîðåêö³¿ ÃÃö
õîë³íîì òà â³òàì³íîì D ñâ³ä÷èòü ³ â³ðîã³äíà
ð³çíèöÿ ïîêàçíèê³â äàíîãî ìàðêåðà ì³æ 2-þ
òà 3-þ ãðóïàìè (ð<0,05), ÿêèé çìåíøèâñÿ â
~1,4 ðàçè.

Ó ê³íö³ äîñë³äó ð³âí³ çàãàëüíîãî á³ëêà

â êðîâ³ òâàðèí óñ³õ ãðóï áóâ ïðàêòè÷íî îäíà-
êîâèì ³ ñòàòèñòè÷íî¿ ð³çíèö³ ì³æ ãðóïàìè íå
ñïîñòåð³ãàëè (Òàáë. 2).

Ó ñèðîâàòö³ êðîâ³ ùóð³â 2-¿ ãðóïè "ìå-
ò³îí³íîâà ÃÃö" â³äçíà÷àºòüñÿ çá³ëüøåííÿ íà
30% âì³ñòó ÌÄÀ (ð<0,05) ïîð³âíÿíî ç 1-þ
ãðóïîþ çäîðîâîãî êîíòðîëþ ³ íà 27% ïîð³â-
íÿíî ç 3-þ ãðóïîþ ùóð³â, â ÿêèõ ïðîâîäèëàñÿ
êîðåêö³ÿ ã³ïåðãîìîöèñòå¿íåì³¿. Äåñòðóêö³ÿ é
ðóéíóâàííÿ êë³òèííèõ ìåìáðàí óíàñë³äîê íà-
ãðîìàäæåííÿ ïðîäóêò³â â³ëüíîðàäèêàëüíîãî
îêèñëåííÿ â êðîâ³ ï³ääîñë³äíèõ òâàðèí ñóïðî-
âîäæóºòüñÿ ï³äâèùåííÿì àêòèâíîñò³ ë³çîñî-
ìàëüíîãî ôåðìåíòó êàòåïñèíó D - â 1,7 ³ â 1,6
ðàçè (ð<0,001) â³äïîâ³äíî äî êîíòðîëüíî¿ òà
3-¿ åêñïåðèìåíòàëüíèõ ãðóï. (Òàáë. 2).

Ï³äâèùåííÿ àêòèâíîñò³ â ïëàçì³ êðîâ³
òàêèõ åíçèì³â ÿê àëàí³íàì³íîòðàíñôåðàçà
(ÀëÀÒ) ³ àñïàðòàòàì³íîòðàíñôåðàçà (ÀñÀÒ)
º íàä³éíèì ³íäèêàòîðîì óøêîäæåííÿ ïå÷³íêè
³ ñâ³ä÷èòü ïðî äåÿêå ïîðóøåííÿ ö³ë³ñíîñò³ ãå-
ïàòîöèò³â, áî â³äîìî, ùî ï³äâèùåííÿ àêòèâ-
íîñò³ öèõ ôåðìåíò³â, à îñîáëèâî ÀëÀÒ, â³ä-
áóâàºòüñÿ çíà÷íî ðàí³øå, í³æ ³íø³ î÷åâèäí³

Ãðóïè òâàðèí Зàãàëüíèé á³ëîê 
(ã/ë) 

ÌÄÀ 
(ìêìîëü/ë) 

Êàòåïñèí D 
(îä) 

Êîíòðîëüíà ãðóïà , 
n=12 72,6±4,54 10,3±0,45 0,044±0,004 

Ìåò³îí³íîâà ìîäåëü ÃÃö,  
n=12 68,8±5,94 

13,3±0,76 
ð1<0,05 

0,075±0,006 

ð1<0,001 
Ìåò³îí³íîâà ìîäåëü ÃÃö 
òà ³ ¿¿ êîðåêö³ÿ õîë³íîì òà â³òàì³íîì D, 
n=12 

70,9±5,65 
10,6 ± 0,69 

ð2<0,05 
ð1>0,05 

0,047±0,005 
ð2<0,001 
ð1>0,05 

Òàáëèöÿ 2
Á³îõ³ì³÷í³ ïîêàçíèêè ñèðîâàòêè êðîâ³ ùóð³â, ùî õàðàêòåðèçóþòü ñòàí ïå÷³íêè (M±m) íà ôîí³ ìåò³îí³íîâî¿

ã³ïåðãîìîöèñòå¿íåì³¿ ³ íåäîñòàòíîñò³ â³òàì³íó D òà ¿¿ êîðåêö³¿

Ïðèì³òêà: * - êàòåïñèí D âèðàæàëè â îäèíèöÿõ îïòè÷íî¿ ù³ëüíîñò³ íà 1 ìã á³ëêà çà 10 õâ

Ãðóïè òâàðèí Ãц 
(ìêìîëü/ë) 

Â³òàì³í D 
(íìîëü/ë) 

1. Êîíòðîëü 
n=12 6,23±0,65 31,98±1,38 

2. Ìåò³îí³íîâà ìîäåëü ÃÃö, 
n=12 

11,35±0,75 
ð1<0,001 

23,55±1,30 
ð1<0,05 

3.Ìåò³îí³íîâà ìîäåëü ÃÃö 
òà ¿¿ êîðåêö³ÿ õîë³íîì òà â³òàì³íîì D, 
n=12 

7,97±0,83 
ð1>0,05 
ð2<0,05 

31,75±2,39 
ð1>0,05 
ð2<0,05 

Òàáëèöÿ 1
Ð³âí³ ãîìîöèñòå¿íó (Ãö), â³òàì³íó D â ñèðîâàòö³ êðîâ³ ùóð³â (M±m) íà ôîí³ ìåò³îí³íîâî¿ ã³ïåðãîìîöèñòå¿íåì³¿

³ íåäîñòàòíîñò³ â³òàì³íó D òà ¿¿ êîðåêö³¿

Ïðèì³òêà. Ó ö³é òà íàñòóïíèõ òàáëèöÿõ ïîçíà÷åíà â³ðîã³äíà (ð<0,05) òà âèñîêî â³ðîã³äíà (ð<0,001) ð³çíèöÿ
ì³æ ãðóïàìè, ð1,2 -öèôðàìè ïîçíà÷åí³ ãðóïè ïîð³âíÿííÿ
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îçíàêè íåãàòèâíèõ åôåêò³â. Ïðè åêñïåðèìåí-
òàëüí³é ìåò³îí³íîâ³é ã³ïåðãîìîöèñòå¿íåì³¿, â
òâàðèí 2-¿ ãðóïè ð³âí³ ÀëÀÒ â³ðîã³äíî âèù³
(ð<0,05) í³æ ó ùóð³â 1-¿ òà 3-õ ãðóï, à ñàìå â
1,28 ³ 1,23 ðàçè, â³äïîâ³äíî (Ðèñ. 1). Ñòîñîâíî
àêòèâíîñò³ ÀñÀÒ ðåºñòðóºòüñÿ ïðàêòè÷íî àíà-
ëîã³÷íà òåíäåíö³ÿ.

Ñåðåä ìàðêåð³â çàïàëåííÿ ñëèçîâî¿
îáîëîíêè òîíêî¿ êèøêè ùóð³â ìè àêöåíòóâà-
ëè ñâîþ óâàãó íà ìàëîíîâîìó ä³àëüäåã³ä³
(ÌÄÀ), åëàñòàç³ ³ êèñë³é ôîñôàòàç³. Àêòèâ-
í³ñòü åëàñòàçè ó ñëèçîâ³é îáîëîíö³ òîíêî¿
êèøêè ùóð³â óñ³õ ãðóï â³ðîã³äíî íå
çì³íþâàëàñÿ (ð>0,05) (Òàáë. 3).

Àêòèâí³ñòü êèñëî¿ ôîñôàòàçè (ÊÔ) ÿê
ìàðêåðà ïðîíèêíîñò³ ìåìáðàí ç âèñîêîþ â³-
ðîã³äí³ñòþ (ð<0,001) áóëà âèùà ó òâàðèí äðó-
ãî¿ ãðóïè ç íåêîðåãîâàíîþ åêñïåðèìåíòàëü-

íîþ ã³ïåðãîìîöèñòå¿íåì³ºþ. Ïîð³âíÿíî ç ãðó-
ïîþ çäîðîâîãî êîíòðîëþ, àêòèâí³ñòü öüîãî
ôåðìåíòó âèðîñëà íà 64%, à ïðè çð³âíÿíí³ ç
òâàðèíàìè 3 ãðóïè, â ÿêèõ ïðîâîäèëàñÿ êî-
ðåêö³ÿ ÃÃö õîë³íîì òà â³òàì³íîì D, àêòèâí³ñòü
ÊÔ áóëà âèùîþ íà 52%. Â³ðîã³äíî¿ ð³çíèö³ â
ïîêàçíèêàõ âèùåçãàäàíîãî ìàðêåðó ó òâàðèí
1-¿ òà 3-¿ ãðóï íà ñïîñòåð³ãàëîñÿ.

Ð³ñò êîíöåíòðàö³¿ ìàëîíîâîãî ä³àëüäå-
ã³äó â êèøêîâèõ ãîìîãåíàòàõ ùóð³â ç ìåò³î-
í³íîâîþ ÃÃö (2-ãà ãðóïà) ñâ³ä÷èòü ïðî ³íòåí-
ñèô³êàö³þ ïðîöåñó ïåðåêèñíîãî îêèñíåííÿ
ë³ï³ä³â â ñëèçîâ³é îáîëîíö³ òîíêî¿ êèøêè.
Âì³ñò ÌÄÀ äîñòîâ³ðíî ï³äâèùóâàâñÿ çà ã³-
ïåðãîìîöèñòå¿íåì³¿ (ãðóïà 2), îñîáëèâî â ïî-
ð³âíÿíí³ ç êîíòðîëüíîþ ãðóïîþ òâàðèí
(ð<0,001). Çáàãà÷åííÿ ä³ºòè õîë³íîì òà â³òà-
ì³íîì D (ãðóïà 3) ñóòòºâî íîðìàë³çóâàëî öåé

Ðèñ.1
Ð³âí³ ÀëÀÒ ³ ÀñÀÒ â ñèðîâàòö³ êðîâ³ ùóð³â (íìîëü/ìë/õâ) íà ôîí³ ìåò³îí³íîâî¿ ã³ïåðãîìîöèñòå¿íåì³¿ ³

íåäîñòàòíîñò³ â³òàì³íó D òà ¿¿ êîðåêö³¿

Групи тварин МДА 
(нмоль/мг білка) 

Кисла фосфатаза 
(нкат/кг) 

Еластаза 
(Од/кг) 

Êîíòðîëüíà ãðóïà  
n=12 1,95±0,17 2,55±0,19 14,85±0,88 

2. Ìåò³îí³íîâà ìîäåëü ÃÃö, 
n=12 

3,35±0,21 
ð1<0,001 

4,19±0,28 
ð1<0,001 

17,62±1,16 
ð1>0,05 

Ìåò³îí³íîâà ìîäåëü ÃÃö 
òà ¿¿ êîðåêö³ÿ õîë³íîì òà â³òàì³íîì D, 
n=12 

2,15±0,13 

ð2<0,05 
ð1>0,05 

2,76±0,11 
ð2<0,05 
ð1>0,05 

15,35±0,52 
ð2>0,05 
ð1>0,05 

Òàáëèöÿ 3
Ïîêàçíèêè çàïàëåííÿ â ãîìîãåíàòàõ ñëèçîâî¿ îáîëîíêè òîíêîãî êèøå÷íèêà ùóð³â íà ôîí³ ìåò³îí³íîâî¿

ã³ïåðãîìîöèñòå¿íåì³¿ ³ íåäîñòàòíîñò³ â³òàì³íó D òà ¿¿ êîðåêö³¿

Ïðèì³òêà:1 Îä=0,0167ìê-êàò/êã
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ïîêàçíèê (ð<0,05).
ßê â³äîìî, ÃÃö òà äåô³öèò â³òàì³íó D

â îðãàí³çì³ âïëèâàþòü íà âèíèêíåííÿ îêñè-
äàòèâíîãî ñòðåñó. Äàí³ öüîãî äîñë³äæåííÿ ïî-
êàçàëè â³ðîã³äíå ïîñèëåííÿ (ð<0,05) àêòèâ-
íîñò³ ñóïåðîêñèääèñìóòàçè â 3-é ãðóï³ òâà-
ðèí, äå ïðîâîäèëàñÿ êîðåêö³ÿ ã³ïåðãîìîöèñ-
òå¿íåì³¿, ïîð³âíÿíî ç 2-þ ãðóïîþ, äå êîðåêö³ÿ
ÃÃö íå ïðîâîäèëàñÿ. Ð³çíèöÿ ì³æ ïîêàçíèêà-

ìè â öèõ åêñïåðèìåíòàëüíèõ ãðóïàõ ñêëàëà
42% (Ðèñ. 2).

Íà òë³ ìîäåëüîâàíî¿ ìåò³îí³íîâî¿ ÃÃö
ó òêàíèíàõ ÿñåí ùóð³â 2 ãðóïè ñïîñòåð³ãàëè
âèñîêî äîñòîâ³ðíå ï³äâèùåííÿ âì³ñòó ÌÄÀ -
â 2,3 ðàçè (ð<0,001) ïîð³âíÿíî ç³ çäîðîâèì
êîíòðîëåì (1-øà ãðóïà) òà â 1,9 ðàçè (ð<0,05)
ïîð³âíÿíî ³ç 3-þ ãðóïîþ òâàðèí (Òàáë. 4).
Çíèæåííÿ àêòèâíîñò³ ÑÎÄ - ó 2,3 ðàçè
(ð<0,001) òà çð³ñò àêòèâíîñò³ êàòåïñèíó D
(ð<0,001) òàêîæ ï³äòâåðäæóþòü íàÿâí³ñòü âè-
ðàæåíî¿ çàïàëüíî¿ ðåàêö³¿ ó ïàðîäîíò³. Çáà-
ãà÷åííÿ ä³ºòè õîë³íîì òà â³òàì³íîì D (ãðóïà
3) íîðìàë³çóâàëî âèùåâêàçàí³ ïîêàçíèêè.

Ïîêàçíèê ðåçîðáö³¿ ê³ñòêè àëüâåîëÿð-
íîãî ïàðîñòêó â ùóð³â íà òë³ ã³ïåðãîìîöèñ-
òå¿íåì³¿ (ãðóïà 2), ÿêèé ðîçðàõîâóâàëè çà ñòó-
ïåíåì îãîëåííÿ êîðåí³â ìîëÿð³â, ñêëàâ 36,77
1,08 %, ùî â³ðîã³äíî âèùå ïîêàçíèêà àòðîô³¿
ê³ñòêè â ³íòàêòíèõ ùóð³â (ãðóïà 1) - 27,59
0,58% (ð<0,05) òà ùóð³â 3 ãðóïè ç êîðåãîâà-
íîþ ÃÃö (ð<0,05) (Ðèñ.3).

Групи тварин МДА 
(нмоль/мг білка) 

СОД 
(% ) 

Катепсин D 
(од.) 

Кîíòðîëüíà ãðóïà, 
n=12 2,97±0,42 43,3±1,59 0,097±0,006 

2. Ìåò³îí³íîâà ìîäåëü ÃÃö, 
n=12 

6,73±0,29 
ð1<0,001 

17,0±1,62 
ð1<0,001 

0,212±0,008 
ð1<0,001 

Ìåò³îí³íîâà ìîäåëü ÃÃö 
òà ¿¿ êîðåêö³ÿ õîë³íîì òà â³òàì³íîì D, 
n=12 

3,57±0,37 
ð1>0,05 
ð2<0,05 

39,4±1,76 
ð1>0,05 
ð2<0,05 

0,125±0,004 
ð1>0,05 
ð2<0,05 

Òàáëèöÿ 4
Á³îõ³ì³÷í³ ïîêàçíèêè â ãîìîãåíàòàõ ÿñåí ùóð³â íà ôîí³ ìåò³îí³íîâî¿ ÃÃö ³ íåäîñòàòíîñò³ â³òàì³íó D

òà ¿¿ êîðåêö³¿ (M±m)

Ðèñ 3
Àòðîô³ÿ ïàðîäîíòàëüíèõ àëüâåîë (%) íà ôîí³ çì³í â ïå÷³íö³ ³ òîíêîìó êèøå÷íèêó ï³ä âïëèâîì ìåò³îí³íîâî¿

ã³ïåðãîìîöèñòå¿íåì³¿ ³ íåäîñòàòíîñò³ â³òàì³íó D òà ¿¿ êîðåêö³¿

Ðèñ.2
Ñòàí àíòèîêñèäàíòíîãî çàõèñòó òîíêîãî

êèøå÷íèêà ùóð³â íà ôîí³ ìåò³îí³íîâî¿
ã³ïåðãîìîöèñòå¿íåì³¿ ³ íåäîñòàòíîñò³ â³òàì³íó D

òà ¿¿ êîðåêö³¿ (%)
Ïðèì³òêà: * - àêòèâí³ñòü ÑÎÄ âèðàæàëè ÿê %

ãàëüìóâàííÿ óòâîðåííÿ ñóïåðîêñèäíîãî ðàäèêàëó íà
1 ìã á³ëêà
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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
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",

Åêñïåðèìåíòàëüí³ äîñë³äæåííÿ                                                                                                         Experimental research

Ó òâàðèí 2 ãðóïè ñïîñòåð³ãàºòüñÿ âè-
ðàæåíå âèâåäåííÿ êàëüö³þ ç³ ñå÷åþ, à ñàìå
íà 60% á³ëüøå, í³æ ó òâàðèí êîíòðîëüíî¿ ãðó-
ïè òà íà 23 % á³ëüøå, í³æ ó òâàðèí 3 ãðóïè
(Ðèñ. 4).

Âèñíîâêè
Ïðîâåäåíå íàìè åêñïåðèìåíòàëüíå äîñë³-
äæåííÿ ï³äòâåðäèëî ðåçóëüòàòè ïîïåðåäí³õ
äîñë³äæåíü, ùî çà òðèâàëî¿ ìåò³îí³íîâî¿ ÃÃÖ
ó ùóð³â âèíèêàº ïîì³ðíå óðàæåííÿ ïàðîäîí-
òó, ùî â³ääàëåíî íàãàäóº êë³í³÷íó êàðòèíó ãå-
íåðàë³çîâàíîãî ïàðîäîíòèòó ëåãêîãî ñòóïåíÿ
âàæêîñò³ ó ëþäåé. Ó åêñïåðèìåíòàëüíèõ òâà-
ðèí ã³ïåðãîìîöèñòå¿íåì³ÿ âèêëèêàº íèçêó àáå-
ðàö³é â êðîâ³, êèøå÷íèêó òà ïå÷³íö³ (âèñîêèé
ð³âåíü ãîìîöèñòå¿íó, îêñèäàòèâíèé ñòðåñ, ³íòåí-
ñèô³êàö³ÿ ÏÎË, çíèæåííÿ ð³âíÿ â³òàì³íó D, çì³-
íó àêòèâíîñò³ åíçèì³â ïå÷³íêè òîùî). Çáàãà÷åí-
íÿ ä³ºòè õîë³íîì òà â³òàì³íîì D â³ä÷óòíî çíè-

æóº âêàçàí³ ïîðóøåííÿ, à ñàìå: ïîïåðåäæóº âè-
íèêíåííÿ ïðîöåñ³â ðåçîðáö³¿ â àëüâåîëàõ ùåëåï,
ïîêðàùóº ñòàí òîíêîãî êèøå÷íèêà ³ ïå÷³íêè.
Çá³ëüøåííÿ âèâåäåííÿ êàëüö³þ ç îðãàí³çìó ùó-
ð³â ³ç ñå÷åþ âêàçóþòü íà ïîðóøåííÿ ê³ñòêîâîãî
ìåòàáîë³çìó, ùî ìîæå áóòè íàñë³äêîì äåô³öèòó
êàëüö³þ â òâàðèí ç ÃÃö.

Ïåðñïåêòèâè ïîäàëüøèõ äîñë³äæåíü.
Âçàºìîçâ'ÿçîê ì³æ ðîòîâîþ ïîðîæíèíîþ,
òîíêèì êèøå÷íèêîì é ïå÷³íêîþ ³ñíóº, ùî ³
ï³äòâåðäèëî íàøå äîñë³äæåííÿ, ïðîòå,
â³äïîâ³ä³ íà òå, ÿêà ïàòîëîã³ÿ ó ö³é òð³àä³
ïåðåäóº ³ âèêëèêàº ëàíöþãîâó ðåàêö³þ,
ñêàçàòè ñêëàäíî.
Íàâåäåí³ íàðàòèâè ç ïðîáëåì îñ³ "ðîò-
êèøå÷íèê-ïå÷³íêà" äàþòü íàä³þ íà ìîæëèâèé
íîâèé ïðàêòè÷íèé êðîê â ñòîìàòîëîã³¿.
Êîíôë³êò ³íòåðåñ³â: íåìàº.
²íôîðìàö³ÿ ïðî ô³íàíñóâàííÿ: íåìàº.

Вміст кальцію в сечі щурів

0

0,5

1

1,5

2

2,5

3

контроль метіонінова ГГЦ метіонінова  ГГЦ+корекція

Ðèñ 4.
Ê³ëüê³ñòü âèâåäåííÿ êàëüö³þ ç îðãàí³çìó ùóð³â ³ç ñå÷åþ (ììîëü/ë) íà ôîí³ ìåò³îí³íîâî¿ ã³ïåðãîìîöèñòå¿íåì³¿ ³

íåäîñòàòíîñò³ â³òàì³íó D òà ¿¿ êîðåêö³¿

although the causal mechanism of such an
"association" is still unclear [1].

As it is known, one of the insufficiently
studied causes of the occurrence of many organ
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-IV 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. I. 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:
1st 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 μmol/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 IU/l.
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 (AlAT) and
aspartate aminotransferase (AST) [8,9,10].

Isolated fragments of the small intestine
and gums were washed and homogenized using
50 mM Tris HCl buffer (pH 7.4) containing
1.15% KCl. 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 2nd 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 2nd and 3rd 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 2nd group

of "methionine HHcy" there was a 30% increase

in the content of MDA (p<0.05) in comparison

with the 1st group of healthy controls and by

27% in comparison with the 3rd 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 3rd 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 2nd group are

probably higher (p<0.05) than in rats of the 1st

Groups of animals 
Total protein 

(g/l) 

MDA 

(µmol/l) 

Cathepsin D 

(units) 

1. The control 

n=12 
72.6±4.54 10.3±0.45 0.044±0.004 

2. Methionine model HHcy, 

n=12 
68.8±5.94 

13.3±0.76 

р1<0.05 

0.075±0.006 

р1<0.001 

3. Methionine model HHcy 
and its correction with choline and vitamin D, 

n=12 
70.9±5.65 

10,6±0.69 

р2<0.05 

р1>0.05 

0,047±0.005 

р2<0.001 

р1>0.05 

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

Note: * - cathepsin D was expressed in units of optical density per 1 mg of protein in 10 min

Groups of animals 
Hcy 

(µmol/l) 

Vitamin D 

(nmol/l) 

1. The control 

n=12 
6.23±0.65 31.98±1.38 

2. Methionine model HHcy, 

n=12 

11.35±0,75 

р1<0.001 

23.55±1.30 

р1<0.05 

3. Methionine model HHcy  

and its correction with choline and vitamin D, 

n=12 

7.97±0.83 

р1>0.05 

р2<0.05 

31.75±2.39 

р1>0.05 

р2<0.05 

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

Note: in this and the following tables, a probable (ð<0.05) and highly probable (ð<0.001) difference between groups

is marked, p
1
,
2
 - numbers indicate comparison groups
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and 3rd 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 (ð<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 1st and 3rd groups.

An increase in the concentration of

malondialdehyde in the intestinal homogenates

of rats with methionine HHcy (2nd 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

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

Groups of animals 
MDA 

(nmol/mg protein) 

Acid phosphatase 

(ncath/kg) 

Elastase 

(Unit/kg) 

1. The control n=12 1.95±0.17 2.55±0.19 14.85±0.88 

2. Methionine model HHcy, 
n=12 

3.35±0.21 

р1<0.001 

4.19±0.28 

р1<0.001 

17.62±1.16 

р1>0.05 

3. Methionine model HHcy 
and its correction with choline and vitamin D, 

n=12 

2.15±0.13 

р2<0.05 

р1>0.05 

2.76±0.11 

р2<0.05 

р1>0.05 

15.35±0.52 

р2>0.05 

р1>0.05 

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

Note: 1 unit=0.0167 μ-cat/kg
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dismutase activity in the 3rd group of animals,

where hyperhomocysteinemia was corrected,

compared to the 2nd 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

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

Groups of animals 
MDA 

(nmol/mg protein) 

SOD 

(% ) 

Cathepsin D 

(units) 

1. The control 
n=12 

2.97±0.42 43.3±1.59 0.097±0.006 

2. Methionine model HHcy, 
n=12 

6.73±0.29 

р1<0.001 

17.0±1.62 

р1<0.001 

0.212±0.008 

р1<0.001 

3. Methionine model HHcy 
and its correction with choline and vitamin D, 

n=12 

3.57±0.37 

р1>0.05 

р
2
<0.05 

39,4±1,76 

р1>0.05 

р
2
<0.05 

0.125±0.004 

р1>0.05 

р
2
<0.05 

Table 4

Biochemical parameters in rat gingival homogenates against the background of methionine GHz and vitamin D

deficiency and its correction (M±m)

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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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 3rd 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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