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Âûñøåå ãîñóäàðñòâåííîå ó÷åáíîå çàâåäåíèå Óêðàèíû

«Óêðàèíñêàÿ ìåäèöèíñêàÿ ñòîìàòîëîãè÷åñêàÿ àêàäåìèÿ» (ã. Ïîëòàâà)

Äàííàÿ ðàáîòà ÿâëÿåòñÿ ôðàãìåíòîì ÍÈÐ 
«Ñòîìàòîëîãè÷åñêàÿ çàáîëåâàåìîñòü ó äåòåé 
ñ ó÷åòîì ýêîëîãî-ñîöèàëüíûõ ôàêòîðîâ ðèñêà 
è îáîñíîâàíèå äèôôåðåíöèðîâàííûõ ìåòîäîâ 
ëå÷åíèÿ è ïðîôèëàêòèêè» ¹ ãîñóäàðñòâåííîé 
ðåãèñòðàöèè 0110U002147. 

Äåíòèí – ìèíåðàëèçîâàííàÿ, áåñêëåòî÷íàÿ, áåñ-
ñîñóäèñòàÿ, èçâåñòêîâàÿ òêàíü çóáà, êîòîðàÿ çàíè-
ìàåò ïðîìåæóòî÷íîå ïîëîæåíèå ìåæäó êîñòíîé òêà-
íüþ, öåìåíòîì è ýìàëüþ [1,5,15,16]. Äåíòèí òâåðæå 
êîñòè è öåìåíòà, íî â 4-5 ðàç ìÿã÷å ýìàëè. Çðåëûé 
äåíòèí ñîäåðæèò 69 % íåîðãàíè÷åñêèõ âåùåñòâ, 
18 % îðãàíè÷åñêèõ âåùåñòâ è 13 % âîäû [5,10]. 

Îðãàíè÷åñêèé ìàòðèêñ äåíòèíà, ñîãëàñíî 
äàííûì ëèòåðàòóðû, ïðåäñòàâëÿåò ñîáîé ðàçíî-
ãî òèïà êîëëàãåíû [2,3,6,15]. Îäîíòîáëàñòû ñèí-
òåçèðóþò ðàçëè÷íûå îðãàíè÷åñêèå âåùåñòâà, 
êî òîðûå ìîãóò áûòü ïðåäñòàâëåíû òðîïîêîëëàãå-
íîì. Òðîïîêîëëàãåí çàòåì ýêñòðàöåëëþëÿðíî èç 
ïðèìèòèâíûõ ÷àñòèö ïóòåì ñàìîñáîðêè ïðåâðàùà-
åòñÿ â îïðåäåëåííûé òèï êîëëàãåíà I, II èëè VII òèïà 
[14, 22, 23]. 

Â äàëüíåéøåì, íà îðãàíè÷åñêèé ìàòðèêñ ïðî-
èñõîäèò îòëîæåíèå ìèíåðàëüíîãî êîìïîíåíòà, 
êîòîðûé îáåñïå÷èâàåò òâåðäîñòü äåíòèíà è îòãðà-
íè÷èâàåò ïóëüïîâóþ êàìåðó îò ìèêðîáíîãî ôàêòîðà 
è ìåõàíè÷åñêîãî âîçäåéñòâèÿ [8,9,18]. 

Öåëüþ íàøåé ðàáîòû áûëî èçó÷èòü ñòðóê-
òóðíî-áèîõèìè÷åñêóþ îðãàíèçàöèþ äåíòèíà 
ïî ëèòå ðàòóðíûì èñòî÷íèêàì è ñîáñòâåííûì 
èñ ñëå äîâàíèÿì. 

Äåíòèí, â îòëè÷èå îò ýìàëè, ñîäåðæèò ìíîãî 
ñèàëîïðîòåèíîâ (íåêîëëàãåíîâûå áåëêè). Ïî ñòå-
ïåíè ìèíåðàëèçàöèè äåíòèí àíàëîãè÷åí êîìïàêò-
íîìó âåùåñòâó êîñòíîé òêàíè. Ìèíåðàëüíûé êîì-
ïîíåíò – ãèäðîêñèëàïïàòèò. Â êîòîðîì ÷àùå, ÷åì 
â êîñòè, îáíàðóæèâàåòñÿ ìàãíèé. Â äåíòèíå òàêæå 
ñîäåðæàòñÿ ôòîðèñòûå ñîëè. Â ñîñòàâ îðãàíè÷å-
ñêîãî âåùåñòâà äåíòèíà âõîäèò êîëëàãåí, áîãàòûé 
ôîñôàòîì, õîíäðîèòèíñóëüôàòû, ãèàëóðîíîâàÿ 
êèñëîòà [20,21,25,26,27]. Ïðè ðàçâèòèè êàðèåñà â 
ïîâðåæäåííîì äåíòèíå óìåíüøàåòñÿ êîëè÷åñòâî 
îêñèïðîëèíà è îêñèëèçèíà è ðàñòåò êîëè÷åñòâî ãëè-
êîçàìèíãëèêàíîâ. Â äåíòèí òàêæå âõîäÿò êëåòî÷íûå 
ýëåìåíòû – îäîíòîáëàñòû [4,19,24]. 

Äåíòèí ïîñòðîåí èç ìèíåðàëèçîâàííîé ìåæêëå-
òî÷íîé ñóáñòàíöèè, ïðîíèçàííîé ìíîãî÷èñëåííû-
ìè äåíòèííûìè êàíàëüöàìè. Ðàçëè÷àþò ïåðâè÷íûé 
äåíòèí, êîòîðûé îáðàçóåòñÿ ïåðåä ôîðìèðîâàíèåì 
è ïðîðåçûâàíèåì çóáîâ, âòîðè÷íûé äåíòèí – ðå-
ãóëÿðíûé èëè ôèçèîëîãè÷åñêèé, îáðàçóþùèéñÿ â 
ñôîðìèðîâàííîì çóáå ïîñëå ïðîðåçûâàíèÿ è ÿâ-
ëÿåòñÿ ïðîäîëæåíèåì ïåðâè÷íîãî; òðåòè÷íûé äåí-
òèí – ðåïàðàòèâíûé, çàìåñòèòåëüíûé, êîòîðûé îá-
ðàçóåòñÿ â îòâåò íà äåéñòâèå ïàòîãåííûõ àãåíòîâ. 

Ïåðâè÷íûé èëè ïëàùåâîé äåíòèí ôîðìèðóåòñÿ 
íèçêîäèôôåðåíöèðîâàííûìè, ìíîãîîòðîñò÷àòûìè 
îäîíòîöèòàìè âäîëü ýìàëåâî-äåíòèííîé ãðàíèöû 
ýìàëåâîãî îðãàíà â õîäå ýìáðèîãåíåçà. Èìåííî â 
ýòîé çîíå îáðàçóþòñÿ êîëëàãåíîâûå âîëîêíà 1 òèïà 
(âîëîêíà Êîðôà), à òàêæå ÿêîðíûå âîëîêíà (êîëëà-
ãåí VII òèïà), ñêðåïëÿþùèå ýìàëü ñ äåíòèíîì. 

Ðåãóëÿðíûé äåíòèí ôîðìèðóåòñÿ ïîñëå ïðîðå-
çûâàíèÿ çóáîâ è õàðàêòåðèçóåòñÿ íàëè÷èåì äåíòèí-
íûõ òðóáî÷åê, â êîòîðûõ ñîäåðæàòñÿ äèõîòîìè÷åñêè 
ðàçâåòâëåííûå îòðîñòêè îäîíòîáëàñòîâ. Îíè âûÿâ-
ëÿþòñÿ, ñîãëàñíî Ëèëè Ð. òèîíèíîì [7]. Â äåíòèííûõ 
êàíàëüöàõ öèðêóëèðóåò äåíòèííàÿ æèäêîñòü, êîòî-
ðàÿ ñîäåðæèò îðãàíè÷åñêèå è íåîðãàíè÷åñêèå ñî-
åäèíåíèÿ, ïðèíèìàþùèå ó÷àñòèå â âîññòàíîâëåíèè 
äåíòèíà. Æèäêîñòü ïðåäñòàâëÿåò ñîáîé òðàíññóäàò 
èç êàïèëëÿðîâ ïóëüïû, êîòîðûé ôèëüòðóåòñÿ ÷åðåç 
ýíäîòåëèàëüíûå ùåëè è êîðîòêèå îòðîñòêè îäîí-
òîáëàñòîâ. Äàííàÿ æèäêîñòü ïî áåëêîâîìó ñîñòàâó 
ïîäîáíà ïëàçìå êðîâè è ïðîíèêàåò â ïðîñòðàíñòâî, 
îãðàíè÷åííîå ìåìáðàíîé Íåéìàíà [10,11]. 

Äàííàÿ ìåìáðàíà, ñîãëàñíî íàøèì äàííûì, 
èìååò âûñîêîå ñîäåðæàíèå ïðîòåèäîâ, õîðîøî 
îêðàøèâàåòñÿ ãèñòîõèìè÷åñêè íèëüñêèì ãîëóáûì 
[12]. Â îáðàçóþùåìñÿ ïðîñòðàíñòâå ìåæäó îò-
ðîñòêîì è ìåìáðàíîé Íåéìàíà èç äåíòèííîé æèä-
êîñòè ïóòåì ýêçîöèòîçà âûäåëÿþòñÿ ïèíîöèòàðíûå 
ïóçûðüêè, êîòîðûå ïîñòóïàþò â ïåðèòóáóëÿðíûé 
äåíòèí. 

Ïåðèòóáóëÿðíûé äåíòèí îêðóæàåò â âèäå öèëèí-
äðà öåíòðàëüíûå è áîêîâûå îòðîñòêè îäîíòîáëà-
ñòîâ è ãèñòîõèìè÷åñêè èíòåíñèâíî îêðàøèâàåòñÿ 
ØÈÊ-ðåàêöèåé. Ýòî ñâèäåòåëüñòâóåò î òîì, ÷òî 
íàõîäÿùååñÿ â íåì âåùåñòâî, î÷åâèäíî, ñîäåð-
æèò òðîïîêîëëàãåí, áîãàòûé ñèàëîâûìè êèñëîòàìè 
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(íåéòðàëüíûå ìóêîïðîòåèäû). Çà ïåðèòóáóëÿðíûì 
äåíòèíîì íåïîñðåäñòâåííî ìåæäó îòäåëüíûìè òðó-
áî÷êàìè ëîêàëèçóåòñÿ èíòðàòóáóëÿðíûé äåíòèí. Îí 
ñîäåðæèò òàíãåíöèàëüíûå êîëëàãåíîâûå âîëîêíà 
Ýáíåðà, êîòîðûå îòíîñÿòñÿ ê êîëëàãåíó II òèïà. Åñëè 
òðîïîêîëëàãåí ýëåêòðîííîìèêðîñêîïè÷åñêè ñîäåð-
æèò âîëîêíèñòûå ñòðóêòóðû äèàìåòðîì 3-5 íì, òî 
âîëîêíà Ýáíåðà èìåþò äèàìåòð îò 20 äî 100 íì. Ïî 
íàøåìó ìíåíèþ, ðàçëè÷íûå ñòðóêòóðû âîëîêíèñòûõ 
îáðàçîâàíèé äåíòèíà îáóñëàâëèâàþò îñîáåííîñòè 
åãî áèîìèíåðàëèçàöèè. Ñòðóêòóðíûå ãëèêîïðîòåè-
äû, ñîñòîÿùèå èç ñèàëîâûõ êèñëîò, ïðèíèìàþò àê-
òèâíîå ó÷àñòèå â àäñîðáöèè êàëüöèÿ. Ýòî õîðîøî 
ïðîèñõîäèò êàê â ðåãóëÿðíîì äåíòèíå, òàê è â ïðå-
äåíòèíå, ïðèëåæàùåì íåïîñðåäñòâåííî ê ïóëüïî-
âîé êàìåðå. Êàëüöèé àäñîðáèðóþò ôîñôîôîðèíû 
êàê â òðîïîêîëëàãåí (õîòÿ â ìåíüøåé ñòåïåíè), òàê 
è â êîëëàãåí I è II òèïà, ãäå èìåþòñÿ ïîïåðå÷íîïî-
ëîñàòûå ñòðóêòóðû òîëùèíîé â ñðåäíåì 100-200 íì 
[8,9]. Òàêèì îáðàçîì, àíàëèç äàííûõ ëèòåðàòóðû è 
ïîëó÷åííûå íàìè ðåçóëüòàòû èññëåäîâàíèé ïîêà-
çûâàþò, ÷òî íåñìîòðÿ íà ñèëüíóþ áèîìèíåðàëèçà-
öèþ, äåíòèí ÿâëÿåòñÿ æèâîé ñàìîîáíîâëÿþùåéñÿ 
òêàíüþ íå òîëüêî â ýìáðèîíàëüíûé ïåðèîä, íî è íà 
ïðîòÿæåíèè æèçíè [13,17]. Îá ýòîì ñâèäåòåëüñòâó-
åò ïîñòîÿííîå îáíîâëåíèå êîëëàãåíîâûõ âîëîêîí 
ïëàùåâîãî äåíòèíà, ïðåäñòàâëåííûõ êîëëàãåíî-
âûìè âîëîêíàìè I òèïà, ðåãóëÿðíîãî äåíòèíà, ñî-
ñòîÿùåãî èç êîëëàãåíîâûõ âîëîêîí II òèïà, à òàêæå 
ïðåäåíòèíà, ñîäåðæàùåãî, ïðåèìóùåñòâåííî, òðî-
ïîêîëëàãåíîâûå ôèáðèëëû. 

Èñõîäÿ èç âûøåñêàçàííîãî, áîëüøîé èíòåðåñ 
ïðåäñòàâëÿåò èçó÷åíèå áèîõèìè÷åñêîãî ñîñòàâà îò-
äåëüíûõ êîëëàãåíîâûõ âîëîêîí. 

Ñèíòåç àìèíîêèñëîò êîëëàãåíà ïðîèñõîäèò íà 
ðèáîñîìàõ øåðîõîâàòîãî ýíäîïëàçìàòè÷åñêîãî ðå-
òèêóëóìà. Îí êîäèðóåòñÿ îïðåäåëåííûìè ãåíàìè, 
ëîêàëèçóþùèìèñÿ â ÿäðå îäîíòîáëàñòà. Ïåðåíîñ 
èíôîðìàöèè ñ ãåíîâ ÿäðà íà ðèáîñîìû îñóùåñò-
âëÿåòñÿ ì-ÐÍÊ. Áëàãîäàðÿ òàêîé ÷åòêî äåòåðìèíè-
ðîâàííîé ñèñòåìå ðàçëè÷àþò 19 òèïîâ êîëëàãåíà, 
îòëè÷àþùèõñÿ ìîëåêóëÿðíîé îðãàíèçàöèåé, òêàíå-
âîé è îðãàííîé ïðèíàäëåæíîñòüþ. 

Ñîãëàñíî äàííûì ëèòåðàòóðû, îðãàíè÷åñêèé ìà-
òðèêñ äåíòèíà â îñíîâíîì ïðåäñòàâëåí êîëëàãåíîì 
I, II è VII òèïîâ, êîòîðûå ïàðàëëåëüíî ñ ãëèêîïðîòåè-
äàìè è êèñëûìè ãëèêîçàìèíîãëèêàíû ñèíòåçèðóþò-
ñÿ â îäîíòîáëàñòàõ, ëîêàëèçóþùèõñÿ â ïóëüïå çóáà. 

Ïåðâûé ýòàï ñèíòåçà êîëëàãåíîâûõ ñòðóêòóð 
ïðîèñõîäèò íà îïðåäåëåííûõ ðèáîñîìàõ, ãäå ñèí-
òåçèðóþòñÿ îïðåäåëåííûå àìèíîêèñëîòû, ñî-
ñòîÿùèå èç íåñêîëüêèõ ïîâòîðîâ gly-X-Y. Ãäå â 
Õ-ïîëîæåíèå ÷àùå ðàñïîëîæåí ïðîëèí, à â Y ïîëî-
æåíèè – 4-ãèäðîêñèïðîëèí. 

Ýòè ñâîéñòâà àìèíîêèñëîò îãðàíè÷èâàþò âðà-
ùåíèå ïîëèïåïòèäíîé öåïè. Â ðåçóëüòàòå ýòîãî îá-
ðàçóåòñÿ èçîãíóòàÿ íèòü ïðîêîëëàãåíà, ñîäåðæàùàÿ 
1050 àìèíîêèñëîò N-êîíöåâîé, à òàêæå Ñ-êîíöåâîé 
ñèãíàëüíûé ïåïòèä. èìååò äëèíó îêîëî 280 íì è øè-
ðèíó – 1,4 íì è ïðåäñòàâëåíû α1, α2, α3 ïîëèïåïòèäíûìè 
öåïî÷êàìè ñ ðàçíûì àìèíîêèñëîòíûì ñîñòàâîì. Çà 

ñ÷åò ìíîãî÷èñëåííûõ âîäîðîäíûõ ñâÿçåé ìîëåêóëà 
ïðîêîëëàãåíà ìîæåò âðàùàòüñÿ âïðàâî ïî îñè Õ-Ó 
(α-êîíôîðìàöèÿ áåëêîâ) ïî ïðîëèíó. 

Òðîïîêîëëàãåí ñòðóêòóðíàÿ åäèíèöà êîëëàãåíà. 
Òðè ïîëèïåïòèäíûå öåïè (îêîëî 1000 àìèíîêèñëîò 
êàæäàÿ), ñêðó÷èâàÿñü, îáðàçóþò ìîëåêóëó òðîïî-
êîëëàãåíà ðàçìåðàìè 380 õ 1,5 íì. Êàæäàÿ ñïèðàëü 
ñîñòîèò èç ìíîãîêðàòíî ïîâòîðÿþùèõñÿ òðèàä àìè-
íîêèñëîò, èç êîòîðûõ òðåòüÿ âñåãäà ãëèöèí, âòîðàÿ – 
ïðîëèí èëè ëèçèí, à ïåðâàÿ ëþáàÿ (êðîìå óêàçàííûõ 
òðåõ). Ñïèðàëüíàÿ îðãàíèçàöèÿ ïðèäàåò âîëîêíàì 
ñòðóêòóðíóþ óñòîé÷èâîñòü è ïîâûøåííóþ ñîïðîòè-
âëÿåìîñòü ðàñòÿæåíèþ. 

Îáðàçîâàíèå êîëëàãåíîâîãî âîëîêíà ïðîèñõîäèò 
âî âíåêëåòî÷íîì ïðîñòðàíñòâå â ðåçóëüòàòå ñïîí-
òàííîãî, ñïåöèôè÷åñêîãî ñîåäèíåíèÿ ìåæäó ñîáîé 
òðîïîêîëëàãåíîâûõ ôèáðèëë. Ñòðóêòóðà êîëëàãå-
íîâîãî âîëîêíà áûëà èçó÷åíà ìåòîäàìè ðåíòãåíî-
ñòðóêòóðíîãî àíàëèçà è ýëåêòðîííîé ìèêðîñêîïèè. 
Êîëëàãåíîâîå âîëîêíî èìååò ïîïåðå÷íóþ èñ÷åð-
÷åííîñòü ñ èíòåðâàëîì 680 À. Â òî æå âðåìÿ äëèíà 
ìîëåêóëû òðîïîêîëëàãåíà ñîñòàâëÿåò 3000 À. Òàêèì 
îáðàçîì, ïåðèîä ñòðóêòóðû âîëîêíà â íåñêîëüêî ðàç 
ìåíüøå, ÷åì äëèíà ñîñòàâëÿþùèõ âîëîêíî ìîëåêóë; 
ýòî ïîêàçûâàåò, ÷òî ðÿäû ìîëåêóë òðîïîêîëëàãåíà 
íå ìîãóò ëåæàòü òî÷íî äðóã íàä äðóãîì. È â ñàìîì 
äåëå, îäèí ðÿä òðîïîêîëëàãåíîâ ñìåùåí ïî îòíî-
øåíèþ ê ñîñåäíåìó ðÿäó ïðèìåðíî íà 1/4 äëèíû 
ìîëåêóëû. Îòñþäà ñëåäóåò, ÷òî îñíîâó ñòðóêòóðíîé 
îðãàíèçàöèè êîëëàãåíîâîãî âîëîêíà ñîñòàâëÿþò 
ñäâèíóòûå íà ÷åòâåðòü ñòóïåí÷àòî ðàñïîëîæåííûå 
ïàðàëëåëüíûå ðÿäû òðîïîêîëëàãåíîâûõ ìîëåêóë. 
Òàêàÿ «àðàíæèðîâêà» íàïîìèíàåò ìóçûêàëüíóþ 
ôóãó. 

Ëþáîïûòíàÿ ñòðóêòóðíàÿ îñîáåííîñòü âîëîêíà 
ñîñòîèò â òîì, ÷òî ðàñïîëîæåííûå â ðÿä ìîëåêóëû 
òðîïîêîëëàãåíà íå ñâÿçàíû «êîíåö â êîíåö». Ìåæäó 
êîíöîì îäíîé ìîëåêóëû è íà÷àëîì ñëåäóþùåé èìå-
åòñÿ ïðîìåæóòîê îêîëî 400 À. Ýòîò ïðîìåæóòîê 
èãðàåò îñîáóþ ðîëü ïðè ôîðìèðîâàíèè êîñòè. Êîñòü 
ñîñòîèò èç îðãàíè÷åñêîé ôàçû, ïî÷òè öåëèêîì 
ïðåäñòàâëåííîé êîëëàãåíîì, è íåîðãàíè÷åñêîé, à 
èìåííî ôîñôàòà êàëüöèÿ. Ïîñëåäíèé, ïî ñâîåìó 
ñòðîåíèþ, áëèçîê ê ãèäðîêñèàïïàòèòó ñ ñîñòàâîì 
Ñà

10
 (Ð04)

6
 (ÎÍ)

2
. Êîëëàãåí íåîáõîäèì äëÿ îáðàçî-

âàíèÿ êîñòè, êàê ìåñòî îòëîæåíèÿ êðèñòàëëîâ ôîñ-
ôàòà êàëüöèÿ. Îêàçàëîñü, ÷òî ïåðâûå êðèñòàëëû 
îòêëàäûâàþòñÿ ñ èíòåðâàëîì ïîðÿäêà 680 À, ÷òî ñî-
âïàäàåò ñ ïåðèîäîì êîëëàãåíîâîãî âîëîêíà. Âïîëíå 
âåðîÿòíî, ÷òî ïðîìåæóòêè âäîëü ðÿäà ìîëåêóë òðî-
ïîêîëëàãåíà âûïîëíÿþò ðîëü öåíòðîâ îòëîæåíèÿ 
ìèíåðàëüíûõ ñîñòàâíûõ ÷àñòåé êîñòè. 

Ìîëåêóëû ïðîêîëëàãåíà, â îòëè÷èå îò òðîïî-
êîëëàãåíà, íå ñïîñîáíû ê ñïîíòàííîìó îáðàçîâà-
íèþ âîëîêíà; äëÿ ýòîãî íåîáõîäèìî ïðåäâàðèòåëü-
íîå îòùåïëåíèå N- è Ñ- êîíöåâûõ ïåïòèäîâ. Òàêèì 
îáðàçîì, ôîðìèðîâàíèå êîëëàãåíîâûõ âîëîêîí 
àíàëîãè÷íî ôîðìèðîâàíèþ íèòåé ôèáðèíà. Ïðî-
êîëëàãåí àíàëîãè÷åí ôèáðèíîãåíó, òðîïîêîëëàãåí 
– ìîíîìåðàì ôèáðèíà, à ïðîêîëëàãåí-ïåïòèäàçû – 
òðîìáèíó. Â îáåèõ ñèñòåìàõ óñëîâèåì îáðàçîâàíèÿ 
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âîëîêíà ÿâëÿåòñÿ ñïåöèôè÷åñêîå ïðîòåîëèòè÷åñ-
êîå ðàñùåïëåíèå. 

Ôèáðîáëàñòû ñåêðåòèðóþò ïðîêîëëàãåí, íî íå 
òðîïîêîëëàãåí. Ìåõàíèçìû áèîñèíòåçà è ñåêðå-
öèè àíàëîãè÷íû òåì, êîòîðûå äåéñòâóþò â ñëó÷àå 
ïðîôåðìåíòîâ ïîäæåëóäî÷íîé æåëåçû è äðóãèõ 
ñåêðåòîðíûõ áåëêîâ. Êîëëàãå íîâîå âîëîêíî ôîð-
ìèðóåòñÿ âî âíåêëåòî÷íîé æèäêîñòè âáëèçè ïî-
âåðõíîñòè ôèáðîáëàñòà, íî íå âíóòðè íåãî, ïî-
ñêîëüêó ïðîêîëëàãåí-ïåïòèäàçû íàõîäÿòñÿ âíå 
êëåòêè. Êîíöåâûå ïåïòèäû â öåïÿõ-ïðåäøåñòâåí-
íèêàõ ïðåïÿòñòâóþò íåñâîåâðåìåííîìó ôîðìè-
ðîâàíèþ âîëîêíà. Âîçìîæíî òàêæå, ÷òî îíè ó÷à-
ñòâóþò â ïåðåíîñå ïðîêîëëàãåíà ÷åðåç ìåìáðàíó 
ôèáðîáëàñòà. Íà áîëåå ðàííåì âíóòðèêëåòî÷íîì 
ýòàïå ýòè äîïîëíèòåëüíûå ïåïòèäû ñïîñîáñòâóþò 
âçàèìíîé îðèåíòàöèè è ñîåäèíåíèþ òðåõ öåïåé 
äëÿ ïîñëåäóþùåãî îáðàçîâàíèÿ òðîéíîé ñïèðàëè. 
Îñîáîå çíà÷åíèå ïðè ýòîì èìåþò ìåæöåïî÷å÷íûå 
äèñóëüôèäíûå ñâÿçè. 

Êîëëàãåí, ïîäîáíî ôèáðèíó, ñòàáèëèçèðîâàí 
êîâàëåíòíûìè ïîïåðå÷íûìè ñâÿçÿìè. Êîëëàãåíîâûì 
âîëîêíàì ñâîéñòâåííî äâà òèïà ïîïåðå÷íûõ ñâÿçåé: 
âíóòðèìîëåêóëÿðíûå (â ïðåäåëàõ îäíîé òðîïîêîë-
ëàãåíîâîé åäèíèöû) è ìåæìîëåêóëÿðíûå (ìåæäó 
îòäåëüíûìè òðîïîêîëëàãåíîâûìè åäèíèöàìè). 
Ðàññìàòðèâàåìûå ñâÿçè âñòðå÷àþòñÿ òîëüêî â äâóõ 
áëèçêèõ áåëêàõ – êîëëàãåíå è ýëàñòèíå. 

Òàêèì îáðàçîì, áèîñèíòåç êîëëàãåíà ïðîèñõî-
äèò ñëåäóþùèì îáðàçîì:

1. Áèîñèíòåç ïðîêîëëàãåíà ïîëèïåïòèäíûõ 
öåïåé íà ðèáîñîìàõ Gló-Ðrî-Ìåt-G1ó-Ðrî-Såã (ãëè-
öèíà è ïðîëèíà 33 % è 21 % îò îáùåãî ñîñòàâà 
ðàçíûõ àìèíîêèñëîò). 

2. Îáðàçîâàíèå ïðîêîëëàãåíà â ýíäîïëàçàòè-
÷åñêîì ðåòèêóëóìå – ïðîöåññ ãèäðîêñèëèðîâà-
íèÿ ñ îáðàçîâàíèåì 3- è 4- ãèäðîêñèïðîëèíà è 
Î-ãëèêîçèðîâàííûõ îñòàòêîâ ãèäðîêñèëèçèíà â 
àïïàðàòå Ãîëüäæè è îáðàçîâàíèåì òðîéíîé ñïè-
ðàëè. Ìåæöåïî÷íîå âçàèìîäåéñòâèå ñïèðàëåé â 
âèäå åäèíîé ìîëåêóëû çà ñ÷åò ìíîãî÷èñëåííûõ 
âîäîðîäíûõ ñâÿçåé ñ ó÷àñòèåì ãèäðîêñèëèðîâàííûõ 

àìèíîêèñëîòíûõ îñòàòêîâ. Îäíîâðåìåííî â àï-
ïàðàòå Ãîëüäæè ôîðìèðóþòñÿ ãëèêîïðîòåèäû è 
ãëèêîçàìèíîãëèêàíû. 

3. Ýêçîöèòîç ñåêðåòîðíûìè ïóçûðüêàìè ïðîêîë-
ëàãåíà â ìåæîòðîñò÷àòûå ïðîñòðàíñòâà îòðîñòêîâ 
îäîíòîáëàñòîâ è ïåðåíîñ åãî ÷åðåç ôîñôîëèïèä-
íóþ ìåìáðàíó Íåéìàíà â ïåðèòóáóëÿðíûé äåíòèí. 

4. Îáðàçîâàíèå òðîïîêîëëàãåíà ïðîèñõîäèò 
îòùåïëåíèåì ñïåöèôè÷åñêèìè ïðîòåèíàçàìè N-Ñ-
ïðîïåïòèäîâ ïðîêîëëàãåíà ïðè åãî âíåêëåòî÷íîé 
ìîäèôèêàöèè. 

5. Âíåêëåòî÷íîå îáðàçîâàíèå ïðîòîôèáðèëëû. 
Àãðåãèðîâàííûå â äëèíó è ïîïåðå÷íèêå ñ ïîìîùüþ 
âîäîðîäíûõ ñâÿçåé ìîëåêóëû òðîïîêîëëàãåíà ñ 
îòùåïëåíèåì êîíöåâûõ ïåïòèäîâ. 

6. Ôèáðèëëÿðíûé óðîâåíü îðãàíèçàöèè êîëëàãå-
íîâîãî âîëîêíà. Ñêðåïëåíèå ìåæäó ñîáîé 5-6 ïðî-
òîôèáðèëë ïðè ó÷àñòèè ãëèêîçàìèíîãëèêàíîâ. 

7. Âîëîêîííûé óðîâåíü îáðàçóåòñÿ ïóòåì àãðåãà-
öèè ôèáðèëë îò åäèíè÷íûõ äî íåñêîëüêèõ äåñÿòêîâ. 

Âûâîäû. Ñòðóêóòóðíî-áèîõèìè÷åñêè äåíòèí 
ïðåäñòàâëÿåò ñîáîé ñëîæíóþ áèîìèíåðàëèçîâàí-
íóþ òêàíü, â êîòîðîé ñëåäóåò ðàçëè÷àòü ïëàùåâîé 
äåíòèí, ïðåäñòàâëåííûé òåðìèíàëüíûìè îòðîñò-
êàìè îäîíòîáëàñòîâ (êîëàãåí 1 òèïà), à òàêæå ñêðå-
ïëÿþùèìè äåíòèí ñ ýìàëüþ ÿêîðíûìè âîëîêíàìè 
(êîëàãåí VII òèïà). Âòîðàÿ çîíà – ðåãóëÿðíûé äåí-
òèí, ñîñòîÿùèé èç äèõîòîìè÷åñêèõ îòðîñòêîâ îä-
îíòîáëàñòîâ, îãðàíè÷åííûõ ìåìáðàíîé Íåéìàíà, 
ïðåäñòàâëåííîé ôîñôîëèïèäàìè, çà êîòîðîé ðàñ-
ïîëîæåí ïåðèòóáóëÿðíûé äåíòèí (òðîïîêîëëàãåí). 
Çà íèì èäåò èíòåðòóáóëÿðíûé äåíòèí (âîëîêíà 
Ýáíåðà), ñîñòîÿùèé èç êîëëàãåíà II òèïà. Íàêîíåö, 
çîíà ïðåäåíòèíà ïðåäñòàâëåíà ØÈÊ ïîçèòèâíûìè 
ñòðóêòóðàìè, ñîñòîÿùèìè èç òðîïîêîëëàãåíà. 

Ñëåäîâàòåëüíî, îðãàíè÷åñêèé ìàòðèêñ äåíòèíà 
ñèíòåçèðóåòñÿ íå òîëüêî îäîíòîáëàñòàìè, íî è èõ 
îòðîñòêàìè. Ïðè ýòîì, ñèíòåçèðóåìûé îäîíòîáëà-
ñòàìè òðîïîêîëëàãåí ýêñòðàöåëþëÿðíî îñóùåñò-
âëÿåò ñàìîñáîðêó ñ ôîðìèðîâàíèåì êîëëàãåíà I- II 
òèïîâ. 
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ÑÒÐÓÊÒÓÐÍÎ-Á²ÎÕ²Ì²×ÍÀ ÎÐÃÀÍ²ÇÀÖ²ß ÄÅÍÒÈÍÀ
Ãàñþê À. Ï., Íîâîñåëüöåâà Ò. Â., Ðîéêî Í. Â., Ïèñàðåíêî Å. À. 
Ðåçþìå. Ñòðóêòóðíî-á³îõ³ì³÷íî äåíòèí ÿâëÿº ñîáîþ ñêëàäíó á³îì³íåðàë³çîâàíó òêàíèíó, â ÿê³é ñë³ä 

ðîçð³çíÿòè ïëàùîâèé äåíòèí (ïåðøà çîíà), ïðåäñòàâëåíèé òåðì³íàëüíèìè â³äðîñòêàìè îäîíòîáëàñò³â (êî-
ëàãåí 1 òèïó), à òàêîæ ñêð³ïëÿþ÷èìè äåíòèí ç åìàëëþ ÿê³ðíèìè âîëîêíàìè (êîëàãåí VII òèïó). Äðóãà çîíà – 
ðåãóëÿðíèé äåíòèí, ùî ñêëàäàºòüñÿ ç äèõîòîì³÷íèõ â³äðîñòê³â îäîíòîáëàñò³â, îáìåæåíèõ ìåìáðàíîþ Íåé-
ìàíà, ùî ïðåäñòàâëåíà ôîñôîë³ï³äàìè. Çà íåþ ðîçòàøîâàíèé ïåðèòóáóëÿðíèé äåíòèí (òðîïîêîëàãåí), çà 
ÿêèì çíàõîäèòüñÿ ³íòåðòóáóëÿðíèé äåíòèí (âîëîêíà Åáíåðà), ùî ñêëàäàºòüñÿ ç êîëàãåíó II òèïó. Íàðåøò³, 
çîíà ïðåäåíòèíó ïðåäñòàâëåíà   ØÈÊ-ïîçèòèâíèìè ñòðóêòóðàìè, ùî ñêëàäàþòüñÿ ç òðîïîêîëàãåíó. 

Îòæå, îðãàí³÷íèé ìàòðèêñ äåíòèíó ñèíòåçóºòüñÿ íå ò³ëüêè îäîíòîáëàñòàìè, àëå ³ ¿õ â³äðîñòêàìè. Ïðè 
öüîìó òðîïîêîëàãåí, ùî ñèíòåçóºòüñÿ îäîíòîáëàñòàìè åêñòðàöåëþëÿðíî çä³éñíþº ñàìîçáîðêó ç ôîðìó-
âàííÿì êîëàãåíó I- II òèï³â. 

Êëþ÷îâ³ ñëîâà: äåíòèí, á³îõ³ì³ÿ, êîëàãåí, òðîïîêîëàãåí, îäîíòîáëàñò. 
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ÑÒÐÓÊÒÓÐÍÎ-ÁÈÎÕÈÌÈ×ÅÑÊÀß ÎÐÃÀÍÈÇÀÖÈß ÄÅÍÒÈÍÀ
Ãàñþê À. Ï., Íîâîñåëüöåâà Ò. Â., Ðîéêî Í. Â., Ïèñàðåíêî Å. À. 
Ðåçþìå. Ñòðóêòóðíî-áèîõèìè÷åñêè äåíòèí ïðåäñòàâëÿåò ñîáîé ñëîæíóþ áèîìèíåðàëèçîâàííóþ òêàíü 

â êîòîðîé ñëåäóåò ðàçëè÷àòü ïëàùåâîé äåíòèí, ïðåäñòàâëåííûé òåðìèíàëüíûìè îòðîñòêàìè îäîíòîáëàñ-
òîâ (êîëëàãåí 1 òèïà), à òàêæå ñêðåïëÿþùèìè äåíòèí ñ ýìàëüþ ÿêîðíûìè âîëîêíàìè (êîëëàãåí VII òèïà). 
Âòîðàÿ çîíà – ðåãóëÿðíûé äåíòèí, ñîñòîÿùèé èç äèõîòîìè÷åñêèõ îòðîñòêîâ îäîíòîáëàñòîâ, îãðàíè÷åííûõ 
ìåìáðàíîé Íåéìàíà, ïðåäñòàâëåííîé ôîñôîëèïèäàìè. Çà êîòîðîé ðàñïîëîæåí ïåðèòóáóëÿðíûé äåíòèí 
(òðîïîêîëëàãåí). Çà íèì èäåò èíòåðòóáóëÿðíûé äåíòèí (âîëîêíà Ýáíåðà), ñîñòîÿùèé èç êîëëàãåíà II òèïà. 
Íàêîíåö, çîíà ïðåäåíòèíà ïðåäñòàâëåíà ØÈÊ ïîçèòèâíûìè ñòðóêòóðàìè, ñîñòîÿùèìè èç òðîïîêîëëàãåíà. 

Ñëåäîâàòåëüíî, îðãàíè÷åñêèé ìàòðèêñ äåíòèíà ñèíòåçèðóåòñÿ íå òîëüêî îäîíòîáëàñòàìè, íî è èõ îò-
ðîñòêàìè. Ïðè ýòîì ñèíòåçèðóåìûé îäîíòîáëàñòàìè òðîïîêîëëàãåí ýêñòðàöåëþëÿðíî îñóùåñòâëÿåò ñàìî-
ñáîðêó ñ ôîðìèðîâàíèåì êîëëàãåíà I- II òèïîâ. 

Êëþ÷åâûå ñëîâà: äåíòèí, áèîõèìèÿ, êîëëàãåí, òðîïîêîëëàãåí, îäîíòîáëàñò. 
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Structural and Biochemical Organization of the Dentine
Gasyuk A. P., Novoseltseva T. V., Royko N. V., Pisarenko E. A. 
Abstract. Dentin is the mineralized, acellular, avascular, lime tooth tissue, which occupies an intermediate 

position between the bone cement and enamel. 
The dentine is constructed of the mineralized intercellular substance, penetrated by numerous dentinal tubules. It 

is necessary to distinguish primary dentine which is formed prior to the formation and eruption of teeth, a secondary 
dentine is the regular or physiological, resulting in the formed after the eruption of the tooth and is a continuation of 
the primary; a tertiary dentine – reparative, substitutive, which is formed in response to pathogenic agents. 

Primary or mantle dentine is formed by low-differentiated, multidendritic odontocytes along the enamel-dentin 
border of the enamel organ during embryogenesis. In this zone type I collagenic fibers (Korf’s fibers), as well as the 
anchor fibers (type VII collagen), binding enamel to a dentine. 

Regular dentin is formed after the eruption of the teeth and is characterized by the presence of dentinal tubules, 
which contain dichotomizing bifurcated processes of odontoblasts. The dentin fluid circulates in the dentinal 
tubules and contains organic and inorganic compounds that participate in the reconstruction of the dentin. Fluid is 
a transudate from the capillaries of the pulp, which is filtered through the endothelial gap and short processes of 
odontoblasts. This fluid, by protein composition is similar to blood plasma and penetrates into the space bounded 
by the Neumann’s membrane. 

This membrane, according to our data, contains a lot of proteids, well stained histochemically with the Nile 
blue. Exocytosis pinocytic vesicles are initiated from dentinal liquid in the formed space between the process and 
Neumann’s membrane enter to the peritubular dentin. 

The peritubular dentin surrounds the central and lateral processess of odontoblast in the form of the cylinder 
and histochemically stained intensely with PAS-reaction, indicating that the substance contains the tropocollagen 
rich in sialic acids (neutral mucoproteins). 

The intratubular dentine is localized behind a peritubular dentine directly between separate tubules. It contains 
tangential collagenic Ebner’s fibers which belong to type II collagen. 

Structural glycoproteins, consisting of sialic acids are actively involved in the adsorption of calcium. This 
occurs both in regular dentin, and in predentin, adjacent directly to the pulp chamber. Calcium is adsorbed by 
phosphophorines both to tropocollagen (although to a lesser degree), and collagen type I and II, where striated 
structures with an average thickness of 100-200 nm are localised. Thus, the analysis of literature data and results 
of our studies show that despite the strong biomineralization, dentin is a living self-renewing tissue, not only in the 
embryonic period, but throughout life. This is evidenced by a constant renewal of mantle dentin collagen fibers, 
represented by type I collagen fibers, regular dentin, consisting of type II collagen fibers, as well as predentin, 
containing predominantly tropocollagen fibrils. 

Consequently, the organic matrix of dentin is synthesized not only by odontoblasts, but their processess too. 
At the same time, tropocollagen synthesized by odontoblasts, the extracellularly self-assembles along with the 
formation of types I- II collagen. 

Keywords: dentin, biochemistry, collagen, tropocollagen, odontoblast. 
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