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ÌÎÐÔÎËÎÃ²ß

Ðåçóëüòàòû, ïðåäñòàâëåííûå â ñòàòüå, ïîëó÷å-
íû â õîäå âûïîëíåíèÿ ÍÈÐ «Âèâ÷åííÿ â³ääàëåíèõ 
íàñë³äê³â ðåãóëÿðíîãî ñïîæèâàííÿ õàð÷îâèõ 
ïðîäóêò³â, ùî ì³ñòÿòü ãåíåòè÷íî ìîäèô³êîâàí³ 
îðãàí³çìè, â óìîâàõ ïîøêîäæåííÿ åï³òåë³àëüíîãî 
áàð’ºðó øëóíêîâî-êèøêîâîãî òðàêòó», ¹ ãîñóäàð-
ñòâåííîé ðåãèñòðàöèè 0110U000653. 

Âñòóïëåíèå. Â íàñòîÿùåå âðåìÿ ó÷àñòèëèñü 
ñëó÷àè âîçíèêíîâåíèÿ õðîíè÷åñêèõ âîñïàëèòåëü-
íûõ çàáîëåâàíèé êèøå÷íèêà, ê êîòîðûì îòíîñÿòñÿ 
áîëåçíü Êðîíà è ÿçâåííûé êîëèò. ßçâåííûé êîëèò 
ïðåäñòàâëÿåò ñîáîé õðîíè÷åñêîå âîñïàëèòåëüíîå 
çàáîëåâàíèå êèøå÷íèêà, êîòîðîå êëèíè÷åñêè õà-
ðàêòåðèçóåòñÿ ðåöèäèâèðóþùèì òå÷åíèåì ñ ïå-
ðèîäàìè êðîâàâîé äèàðåè è ïàòîìîðôîëîãè÷åñêè 
– äèôôóçíûì âîñïàëèòåëüíûì ïðîöåññîì â ñòåíêå 
òîëñòîé êèøêè [2]. Áîëåçíü Êðîíà – õðîíè÷åñêîå 
íåñïåöèôè÷åñêîå ãðàíóëåìàòîçíîå âîñïàëåíèå 
æåëóäî÷íî-êèøå÷íîãî òðàêòà, êîòîðîå ìîæåò ïî-
ðàæàòü âñå åãî îòäåëû, íà÷èíàÿ îò ïîëîñòè ðòà è 
çàêàí÷èâàÿ ïðÿìîé êèøêîé, ñ ïðåèìóùåñòâåííûì 
ïîðàæåíèåì òåðìèíàëüíîãî îòðåçêà ïîäâçäîøíîé 
êèøêè, õàðàêòåðèçóþùèìñÿ âîâëå÷åíèåì â ïàòî-
ëîãè÷åñêèé ïðîöåññ âñåõ ñëîåâ êèøå÷íîé ñòåíêè 
ñ îáðàçîâàíèåì ìíîãî÷èñëåííûõ ÿçâ. Ýòèîëîãèÿ 
äàííûõ çàáîëåâàíèé îñòàåòñÿ íåâûÿñíåííîé, îäíà-
êî ïðåäïîëàãàåòñÿ èõ ìóëüòèôàêòîðèàëüíûé ãåíåç, 
âêëþ÷àþùèé êîìïëåêñíîå âçàèìîäåéñòâèå ãåíåòè-
÷åñêèõ, èììóííûõ ôàêòîðîâ è âëèÿíèÿ îêðóæàþùåé 
ñðåäû. Îäíèì èç ïîòåíöèàëüíûõ ýòèîëîãè÷åñêèõ 
ôàêòîðîâ õðîíè÷åñêèõ âîñïàëèòåëüíûõ çàáîëåâà-
íèé êèøå÷íèêà ìîæåò ñëóæèòü óïîòðåáëåíèå ïèùå-
âîé äîáàâêè Å407, èçâåñòíîé êàê êàððàãèíàí, êî-
òîðàÿ èñïîëüçóåòñÿ â ïèùåâîé ïðîìûøëåííîñòè â 
êà÷åñòâå çàãóñòèòåëÿ [10]. Ïðè ýòîì èçâåñòíî, ÷òî ñ 
ïîìîùüþ ïîäêîæíîãî ââåäåíèÿ êàððàãèíàíà ìîäå-
ëèðóþò î÷àãîâîå âîñïàëåíèå, à èíòðàïåðèòîíåàëü-
íîå ââåäåíèå ïðèâîäèò ê ðàçâèòèþ ïåðèòîíèòà [3, 
7]. Â ýêñïåðèìåíòàëüíîé ìåäèöèíå äàííàÿ ïèùåâàÿ 
äîáàâêà èñïîëüçóåòñÿ òàêæå äëÿ ìîäåëèðîâàíèÿ 
âîñïàëèòåëüíûõ ïðîöåññîâ â æåëóäî÷íî-êèøå÷íîì 
òðàêòå [4, 9]. Îäíàêî ìåõàíèçìû ðàçâèòèÿ âîñïàëå-
íèÿ â ñòåíêå êèøêè ïðè óïîòðåáëåíèè êàððàãèíàíà 
per os èçó÷åíû íåäîñòàòî÷íî, â ÷àñòíîñòè íå èññëå-
äîâàíû îñîáåííîñòè ìîðôîëîãè÷åñêîãî ñîñòîÿíèÿ 
òîíêîãî êèøå÷íèêà. 

Öåëüþ èññëåäîâàíèÿ ÿâèëîñü èçó÷åíèå ìîð-
ôîëîãè÷åñêîãî ñîñòîÿíèÿ òîíêîãî êèøå÷íèêà è îñî-
áåííîñòåé ïðîöåññîâ âîñïàëåíèÿ è ðåãåíåðàöèè 
ýïèòåëèîöèòîâ òîíêîãî êèøå÷íèêà ïðè äëèòåëüíîì 
ñèñòåìàòè÷åñêîì óïîòðåáëåíèè ïèùåâîé äîáàâêè 
êàððàãèíàí. 

Îáúåêò è ìåòîäû èññëåäîâàíèÿ. Ýêñïåðèìåíò 
ïðîâîäèëè íà ïîëîâîçðåëûõ êðûñàõ-ñàìêàõ ëèíèè 
Âèñòàð, ñîäåðæàâøèõñÿ â ñòàíäàðòíûõ óñëîâèÿõ âè-
âàðèÿ. Æèâîòíûå áûëè ðàçäåëåíû íà 2 ãðóïïû. Ïåð-
âàÿ ãðóïïà âêëþ÷àëà â ñåáÿ êðûñ, êîòîðûå óïîòðå-
áëÿëè êàððàãèíàí â òå÷åíèå 4 íåäåëü. Âòîðàÿ ãðóïïà 
ÿâëÿëàñü êîíòðîëüíîé è ñîñòîÿëà èç èíòàêòíûõ æè-
âîòíûõ. Ìîäåëèðîâàíèå çàáîëåâàíèÿ îñóùåñòâëÿ-
ëîñü ïóòåì ñâîáîäíîãî äîñòóïà ýêñïåðèìåíòàëüíûõ 
æèâîòíûõ ê 1 % ðàñòâîðó êàððàãèíàíà â ïèòüåâîé 
âîäå [4]. Ñîäåðæàíèå æèâîòíûõ è ìàíèïóëÿöèè íàä 
íèìè ïðîâîäèëè â ñîîòâåòñòâèè ñ ïîëîæåíèÿìè 
Åâðîïåéñêîé êîíâåíöèè «Î çàùèòå ïîçâîíî÷íûõ 
æèâîòíûõ, êîòîðûå èñïîëüçóþòñÿ äëÿ ýêñïåðèìåí-
òàëüíûõ è äðóãèõ íàó÷íûõ öåëåé» (Ñòðàñáóðã, 1986). 

Ïîñëå çàâåðøåíèÿ ýêñïåðèìåíòà æèâîòíûõ âû-
âîäèëè èç ýêñïåðèìåíòà ñ èñïîëüçîâàíèåì òèî-
ïåíòàëîâîãî íàðêîçà, èçâëåêàëè òîíêèé êèøå÷íèê. 
Ó÷àñòêè òîíêîãî êèøå÷íèêà (5ñì âûøå ïåðåõîäà 
â òîëñòûé êèøå÷íèê) çàáèðàëè äëÿ ìîðôîëîãè÷å-
ñêîãî èññëåäîâàíèÿ, ïîñëå ôèêñàöèè â 10 %-íîì 
íåéòðàëüíîì ôîðìàëèíå è ñïèðòîâîé ïðîâîäêè 
îíè ïîäâåðãàëèñü ïàðàôèíîâîé çàëèâêå. Ñðåçû 
òîëùèíîé 5-6 ìêì îêðàøèâàëèñü ãåìàòîêñèëèíîì-
ýîçèíîì, ãàëëîöèàíèí-õðîìîâûìè êâàñöàìè ïî 
Ýéíàðñîíó, ïèêðîôóêñèíîì ïî âàí Ãèçîíó, ñòàâèëè 
ØÈÊ-ðåàêöèþ. Êðîìå òîãî, äëÿ îöåíêè ïðîëèôå-
ðàòèâíîé àêòèâíîñòè êëåòîê ñëèçèñòîé îáîëî÷êè 
èñïîëüçîâàíà èììóíîãèñòîõèìè÷åñêàÿ ðåàêöèÿ ñ 
ìûøèíûìè ìîíîêëîíàëüíûìè àíòèòåëàìè ê ÿäåð-
íîìó áåëêó Ki-67 ôèðìû «Dako» (Äàíèÿ); âèçóàëèçà-
öèÿ êîìïëåêñà àíòèãåí-àíòèòåëî ïðîâåäåíà ïóòåì 
îáðàáîòêè ìèêðîïðåïàðàòîâ ðàñòâîðîì êðîëè÷üèõ 
ÔÈÒÖ-ìå÷åíûõ àíòèòåë ôèðìû «Dako» (Äàíèÿ) ê 
IgG ìûøè. Äëÿ îöåíêè ñòåïåíè àêòèâàöèè âîñïà-
ëèòåëüíîãî ïðîöåññà ïîñòàâëåíà èììóíîãèñòîõè-
ìè÷åñêàÿ ðåàêöèÿ íà èíòåðëåéêèí-1α (ÈË-1α). Èñ-
ïîëüçîâàëèñü ìûøèíûå àíòèòåëà ê ÈË-1α ôèðìû 
«Âåêòîð ÁÅÑÒ» (Íîâîñèáèðñê, Ðîññèéñêàÿ Ôåäåðà-
öèÿ) ñ âèçóàëèçàöèåé êîìïëåêñà àíòèãåí-àíòèòåëî 
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ñ èñïîëüçîâàíèåì òåòðàìåòèëáåíçèäèíà. Êîëè÷å-
ñòâåííàÿ îöåíêà ïðåäñòàâëåííîñòè àíòèãåíà Ki-67 
ïðîèçâåäåíà ïóòåì îïðåäåëåíèÿ óðîâíÿ ýêñïðåñ-
ñèè â óñëîâíûõ åäèíèöàõ ñâå÷åíèÿ, à ÈË-1α – ïóòåì 
îïðåäåëåíèÿ îïòè÷åñêîé ïëîòíîñòè öèòîïëàçìû 
ÈË-1α-ïðîäóöèðóþùèõ êëåòîê íà êîìïüþòåðíûõ 
èçîáðàæåíèÿõ ìèêðîïðåïàðàòîâ. 

Ìèêðîñêîïèðîâàíèå è ôîòîãðàôèðîâàíèå ïðå-
ïàðàòîâ ïðîâîäèëè íà ìèêðîñêîïàõ Axiostar-plus 
(Zeiss) – ñâåòîâîå ìèêðîñêîïèðîâàíèå, Axioscope 
40 (Zeiss) – ëþìèíåñöåíòíîå ìèêðîñêîïèðîâàíèå. 
Ñòàòèñòè÷åñêóþ îáðàáîòêó äàííûõ ïðîâîäèëè ñ ïî-
ìîùüþ ïàêåòîâ ïðîãðàììû GraphPad Prism 5. Äëÿ 
âûÿâëåíèÿ ðàçëè÷èé ìåæäó íåçàâèñèìûìè ãðóï-
ïàìè íîðìàëüíî ðàñïðåäåëåííûõ âåëè÷èí èñïîëü-
çîâàëè t-êðèòåðèé Ñòüþäåíòà-Ôèøåðà; ðàçëè÷èÿ 
ìåæäó ãðóïïàìè ñ÷èòàëè ñòàòèñòè÷åñêè äîñòîâåð-
íûìè ïðè ð<0,05. 

Ðåçóëüòàòû èññëåäîâàíèé è èõ îáñóæäåíèå. 
Ó æèâîòíûõ êîíòðîëüíîé ãðóïïû ñëèçèñòàÿ îáîëî÷-
êà ïðèáëèçèòåëüíî íà 2/3 òîëùèíû ïðåäñòàâëåíà 
âîðñèíêàìè è íà 1/3 – æåëåçàìè. Ïðîñâåò òîíêîãî 
êèøå÷íèêà óçêèé. Âîðñèíêè òîíêèå, ýïèòåëèé âîð-
ñèíîê õîðîøî ñîõðàíåí, íî êîå-ãäå âñòðå÷àþòñÿ 
ó÷àñòêè äåñêâàìàöèè ýïèòåëèÿ íà âåðõóøêàõ âîð-
ñèí, èëè îòñóòñòâóþò åäèíè÷íûå ýïèòåëèîöèòû íà 
áîêîâûõ ó÷àñòêàõ âîðñèíîê. Ýïèòåëèîöèòû èìåþò 
ïðèçìàòè÷åñêóþ ôîðìó. Â ïîêðîâíûõ ýïèòåëèîöè-
òàõ óðîâåíü îêðàñêè öèòîïëàçìû íà íóêëåèíîâûå 
êèñëîòû äîâîëüíî èíòåíñèâíûé, ÿäðà ýóõðîìíûå. 

Ñðåäè ïîêðîâíîãî ýïèòåëèÿ ìíîãî áîêàëîâèä-
íûõ êëåòîê. Ñåêðåò áîëüøèíñòâà áîêàëîâèäíûõ êëå-
òîê ïóçûðüêîâèäíûé è ñëàáî ØÈÊ-ïîëîæèòåëüíûé, 
îäíàêî ìíîãèå áîêàëîâèäíûå êëåòêè ïðè îêðàñêå ãå-
ìàòîêñèëèíîì-ýîçèíîì è ïîñòàíîâêå ØÈÊ-ðåàêöèè 
âûãëÿäÿò ïóñòûìè. Ýïèòåëèàëüíûé ñëîé èìååò õî-
ðîøî âûðàæåííóþ ØÈÊ-ïîëîæèòåëüíóþ òîíêóþ, 
êîìïàêòíóþ áàçàëüíóþ ìåìáðàíó. Â ñîáñòâåííîé 
ïëàñòèíêå ñëèçèñòîé îáîëî÷êè íà óðîâíå âîðñèí 
õîðîøî ïðîñìàòðèâàþòñÿ êàïèëëÿðû ñ òîíêîé ñòåí-
êîé. Â ñòðîìå âîðñèíîê èìåþòñÿ åäèíè÷íûå, òîíêèå 
êîëëàãåíîâûå âîëîêíà, íåáîëüøîå êîëè÷åñòâî ìà-
êðîôàãîâ è ëèìôîöèòîâ. Â òîíêîêèøå÷íûõ æåëåçàõ 
ýïèòåëèé ñîõðàíåí õîðîøî. Ýïèòåëèàëüíûå êëåòêè 
âûñîêèå. ßäðà ýïèòåëèÿ â æåëåçàõ îâàëüíûå, ñâåò-
ëûå, ñ õîðîøî ïðîñìàòðèâàþùèìèñÿ ÿäðûøêàìè. 
Ìåæäó æåëåçàìè â ñëèçèñòîé – òîíêèå ïðîñëîéêè 
ñîáñòâåííîé ïëàñòèíêè ñ íåáîëüøèì êîëè÷åñòâîì 
ìàêðîôàãîâ è ëèìôîöèòîâ. 

Ìèêðîñêîïè÷åñêîå èññëåäîâàíèå ãèñòîëîãè÷å-
ñêèõ îñîáåííîñòåé òîíêîãî êèøå÷íèêà æèâîòíûõ 
îñíîâíîé ãðóïïû ïîçâîëèëî âûÿâèòü, ÷òî ïðèåì 
êàððàãèíàíà â òå÷åíèå 4 íåäåëü ïðèâîäèò ê ïîâðåæ-
äåíèþ ýïèòåëèÿ ñëèçèñòîé îáîëî÷êè è ðàçâèòèþ 
õðîíè÷åñêîãî âîñïàëåíèÿ (ðèñ. 1). 

Ïðîñâåò òîíêîãî êèøå÷íèêà ðàñøèðåí, â íåêî-
òîðûõ ñëó÷àÿõ – ðåçêî ðàñøèðåí. Ðàñøèðåíèå ïðî-
ñâåòà ñâÿçàíî ñ èñòîí÷åíèåì ñëèçèñòîé. Â ïðîñâå-
òå òîíêîãî êèøå÷íèêà ïðîñìàòðèâàþòñÿ ÷àñòè÷íî 
ëèçèðîâàííûå îáðûâêè ýïèòåëèàëüíîãî ïëàñòà, ò. 
å. ó æèâîòíûõ ïðîèñõîäèò äåñêâàìàöèÿ ýïèòåëèÿ 

êðóïíûìè êîìïëåêñàìè. Íàáëþäàåòñÿ óìåíüøå-
íèå êîëè÷åñòâà âîðñèíîê ñëèçèñòîé îáîëî÷êè, 
íåêîòîðûå èç íèõ øèðîêèå, íåêîòîðûå – óçêèå, 
âñòðå÷àþòñÿ âîðñèíêè íåïðàâèëüíîé ôîðìû (ãðè-
áîâèäíûå). Èìåþòñÿ ó÷àñòêè ñëèçèñòîé îáîëî÷êè, 
ãäå âîðñèíêè âîîáùå îòñóòñòâóþò. Ìíîãèå âîð-
ñèíêè, îñîáåííî âåðõóøå÷íûå îáëàñòè, ëèøåíû 
ýïèòåëèÿ. Íà áîêîâûõ ñòîðîíàõ âîðñèíîê ìåñòàìè 
íàáëþäàåòñÿ ìíîãîðÿäíûé ýïèòåëèé, ÷òî ñâèäå-
òåëüñòâóåò î åãî èíòåíñèâíîé ïðîëèôåðàöèè. Ñîá-
ñòâåííàÿ ïëàñòèíêà ñëèçèñòîé â âîðñèíêå øèðîêàÿ, 
îòå÷íàÿ, ãóñòî èíôèëüòðèðîâàíà êðóãëîÿäåðíûìè 
ëåéêîöèòàìè (ìàêðîôàãàìè è ëèìôîöèòàìè). Áà-
çàëüíàÿ ìåìáðàíà ýïèòåëèÿ âî ìíîãèõ ó÷àñòêàõ â 
âîðñèíàõ îòñóòñòâóåò, ìåñòàìè èíòåðñòèöèàëüíûé 
ôóêñèíîôèëüíûé êîëëàãåí çàìåíèë áàçàëüíóþ 
ìåìáðàíó. Êîëè÷åñòâî áîêàëîâèäíûõ êëåòîê ñðåäè 
êèøå÷íîãî ýïèòåëèÿ óâåëè÷åíî, îíè ìåñòàìè èí-
òåíñèâíî ØÈÊ-ïîëîæèòåëüíû, ìåñòàìè ïóñòûå. 
ØÈÊ-ïîëîæèòåëüíûé ìóöèí â áîêàëîâèäíûõ êëåò-
êàõ ïåíèñòûé, æèäêèé. Òîíêîêèøå÷íûå æåëåçû â 
ñëèçèñòîé îáîëî÷êå òîíêîé êèøêè æèâîòíûõ îñíîâ-
íîé ãðóïïû íåãëóáîêèå. Íà óðîâíå æåëåç â ñòðîìå 
íàáëþäàåòñÿ óâåëè÷åííîå êîëè÷åñòâî êëåòî÷íûõ 
ýëåìåíòîâ. Íà äíå òîíêîêèøå÷íûõ æåëåç, â ïðîëè-
ôåðàòèâíîé çîíå, ïðîñìàòðèâàþòñÿ ÷àñòûå ìèòî-
çû. Êîëè÷åñòâî àïóäîöèòîâ ñ îáúåìíîé ïðîçðà÷íîé 
öèòîïëàçìîé – áîëüøå, ÷åì â êîíòðîëüíîé ãðóïïå. 
Êðîìå òîãî, â ñðåäíåé òðåòè æåëåç ïðè îêðàñêå ãàë-
ëîöèàíèíîì ïî Ýéíàðñîíó îáíàðóæèâàþòñÿ ìíîæå-
ñòâåííûå àïîïòîòè÷åñêèå òåëüöà. Â ðàñøèðåííîé 
ñîáñòâåííîé ïëàñòèíêå ñëèçèñòîé íà óðîâíå æåëåç 
óâåëè÷åíî êîëè÷åñòâî êîëëàãåíîâûõ âîëîêîí, êîòî-
ðûå çàëåãàþò òàêæå è âäîëü áàçàëüíîé ìåìáðàíû 
ýïèòåëèÿ. 

Â íåñêîëüêèõ ïðåïàðàòàõ îáíàðóæåí ëèìôî-
öèòàðíûé ôîëëèêóë. Åñëè â êîíòðîëüíîé ãðóïïå 
îí íåáîëüøîãî ðàçìåðà, ñ ãóñòûì ðàñïîëîæåíèåì 
ëèìôîöèòîâ, òî â îñíîâíîé ãðóïïå – êðóïíûé, íî 

Ðèñ. 1. Ñëèçèñòàÿ îáîëî÷êà òîíêîãî êèøå÷íèêà æèâî-
òíîãî îñíîâíîé ãðóïïû. Äåôîðìàöèÿ âîðñèí è ãóñòàÿ 
ëåéêîöèòàðíàÿ èíôèëüòðàöèÿ ñîáñòâåííîé ïëàñòèí-

êè. Îêðàñêà ãåìàòîêñèëèíîì-ýîçèíîì. Óâ. 100. 
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ñ ðåäêî ðàñïîëîæåííûìè ëèìôîöèòàìè. Îáíàðó-
æåííûå ìèêðîñêîïè÷åñêèå îñîáåííîñòè ñëèçèñòîé 
îáîëî÷êè òîíêîé êèøêè êðûñ, â òå÷åíèå 28 äíåé ïî-
ëó÷àâøèõ êàððàãèíàí per os, ïîçâîëÿþò äèàãíîñòè-
ðîâàòü õðîíè÷åñêèé ìåæóòî÷íûé ýíòåðèò. 

Èììóíîãèñòîõèìè÷åñêîå èññëåäîâàíèå ñ èñ-
ïîëüçîâàíèåì àíòèòåë ê ÈË-1α âûÿâèëî â òêàíè 
òîíêîãî êèøå÷íèêà î÷åíü âûðàçèòåëüíîå óâåëè÷å-
íèå íå òîëüêî êîëè÷åñòâà êëåòîê, ñèíòåçèðóþùèõ 
ÈË-1α, íî è àêòèâíîñòè ýòîãî ïðîöåññà (ðèñ. 2). 
Ñâèäåòåëüñòâîì ïîñëåäíåãî ÿâëÿåòñÿ äîñòîâåð-
íîå óâåëè÷åíèå îïòè÷åñêîé ïëîòíîñòè öèòîïëàçìû 
ÈË-1α-ñèíòåçèðóþùèõ êëåòîê â ñëèçèñòîé òîíêîãî 
êèøå÷íèêà îñíîâíîé ãðóïïû ïî ñðàâíåíèþ ñ êîí-
òðîëüíîé ãðóïïîé (òàáë.). Êðîìå òîãî, îáðàòèëî 
âíèìàíèå óñèëåíèå äèôôóçíîãî îêðàøèâàíèÿ òêàíè 
ñëèçèñòîé ó æèâîòíûõ îñíîâíîé ãðóïïû, ÷òî ìû îáú-
ÿñíèëè âîçìîæíîñòüþ äèôôóçíîãî ðàñïðåäåëåíèÿ 
â òêàíè ñèíòåçèðîâàííûõ ìîëåêóë ÈË-1α. Ïîäîáíûå 
èçìåíåíèÿ óêàçûâàþò íà âûñîêóþ àêòèâíîñòü âîñ-
ïàëèòåëüíîãî ïðîöåññà â ñòåíêå òîíêîãî êèøå÷íèêà 
ó æèâîòíûõ îïûòíîé ãðóïïû. 

Èçâåñòíî, ÷òî àíòèãåíîì, äîñòîâåðíî àññîöè-
èðîâàííûì ñ ôàçàìè êëåòî÷íîãî öèêëà, ÿâëÿåòñÿ 
Ki-67. Ýêñïðåññèÿ ýòîãî áåëêà íàñòóïàåò âî âðåìÿ 
ïðåñèíòåòè÷åñêîé ôàçû, íàðàñòàåò â òå÷åíèå êëå-
òî÷íîãî öèêëà è ðåçêî óìåíüøàåòñÿ â ôàçå ìèòîçà 

[6]. Ýêñïðåññèÿ Ki-67 äàåò âîçìîæíîñòü èäåíòèôè-
öèðîâàòü êëåòêè, íàõîäÿùèåñÿ âî âñåõ ôàçàõ êëå-
òî÷íîãî öèêëà, êðîìå ôàçû ïîêîÿ [5, 8]. 

Êàê óêàçûâàëîñü â ãèñòîëîãè÷åñêîì îïèñà-
íèè, ïðè õðîíè÷åñêîì âîñïàëèòåëüíîì ïðîöåññå â 
ñëèçèñòîé îáîëî÷êå êèøå÷íèêà, èíèöèèðîâàííîì 
âîçäåéñòâèåì êàððàãèíàíà, íàáëþäàåòñÿ ãèáåëü 
ïîâåðõíîñòíîãî ýïèòåëèÿ. Ðàíåå ïðîâåäåííîå èñ-
ñëåäîâàíèå àêòèâíîñòè ïðîöåññà àïîïòîçà â êè-
øå÷íèêå ïóòåì îïðåäåëåíèÿ ìàðêåðîâ àïîïòîçà â 
ãîìîãåíàòå ñòåíêè òîíêîãî êèøå÷íèêà è ñûâîðîòêå 
êðîâè ïîêàçàëî äîñòîâåðíîå óñèëåíèå àêòèâíîñòè 
ïðîöåññà àïîïòîçà ïðè äëèòåëüíîì ïðèåìå êàððà-
ãèíàíà [1]. Ìîæíî ïðåäïîëîæèòü, ÷òî îòâåòîì íà 
ãèáåëü ýïèòåëèÿ ÿâëÿåòñÿ óñèëåíèå åãî ïðîëèôåðà-
öèè â íåêîòîðûõ âðåìåííûõ ïðåäåëàõ, ñ ïîñëåäóþ-
ùåé èñ÷åðïàííîñòüþ ðåñóðñîâ è ðàçâèòèåì ñíà÷àëà 
ýðîçèé, à çàòåì è ÿçâ ñëèçèñòîé îáîëî÷êè. Â äàííîì 
ýêñïåðèìåíòå æèâîòíûå ïîëó÷àëè êàððàãèíàí â òå-
÷åíèå 4 íåäåëü. Ýòîò ñðîê îêàçàëñÿ â ïðåäåëàõ ïðî-
ëèôåðàòèâíûõ ðåñóðñîâ ñëèçèñòîé, ÷òî ìû âèäèì 
ïî óñèëåíèþ ýêñïðåññèè àíòèãåíà Ki-67 â ïðîëè-
ôåðàòèâíîé çîíå æåëåç òîíêîãî êèøå÷íèêà (òàáë., 
ðèñ. 3). 

Òàêèì îáðàçîì, ïîòåíöèàëüíàÿ ðîëü êàððàãèíà-
íà â ðàçâèòèè âîñïàëèòåëüíîãî ïðîöåññà â ïèùå-
âàðèòåëüíîì òðàêòå îáóñëîâëèâàåò íåîáõîäèìîñòü 

Ðèñ. 2. Ñëèçèñòàÿ îáîëî÷êà òîíêîãî êèøå÷íèêà 

æèâîòíîãî îñíîâíîé ãðóïïû. Âûñîêàÿ ýêñïðåññèÿ 

ÈË-1α â öèòîïëàçìå êëåòîê è çíà÷èòåëüíàÿ äèôôóç-

íàÿ ýêñïðåññèÿ. Èììóíîãèñòîõèìè÷åñêàÿ ðåàêöèÿ ñ 

àíòèòåëàìè ê ÈË-1α . Óâ. 400. 

Ðèñ. 3. Ñëèçèñòàÿ îáîëî÷êà òîíêîãî êèøå÷íèêà æèâî-
òíîãî îñíîâíîé ãðóïïû. Âûñîêàÿ ýêñïðåññèÿ àíòèãå-

íà Ki-67 â ïîëîñå, ñîñòàâëåííîé ïðîëèôåðèðóþùèìè 
çîíàìè â êèøå÷íûõ æåëåçàõ. Èììóíîãèñòîõèìè÷åñ-
êàÿ ðåàêöèÿ ñ àíòèòåëàìè ê Ki-67. Ëþìèíåñöåíòíàÿ 

ìèêðîñêîïèÿ. Óâ. 100. 

Òàáëèöà

Ïîêàçàòåëè èììóíîãèñòîõèìè÷åñêîãî èññëåäîâàíèÿ 

Ãðóïïû æèâîòíûõ
Èíòåíñèâíîñòü 

ýêñïðåññèè Ki-67 
(óñë. åä. ñâå÷åíèÿ)

Îïòè÷åñêàÿ ïëîòíîñòü öèòîïëàçìû 
ÈË-1α-ñèíòåçèðóþùèõ êëåòîê, 

(óñë. åä. îïò. ïë.)

Êîíòðîëüíàÿ (n=10) 0,59±0,02 0,17±0,01

Êàððàãèíàí 
28 äíåé (n=10)

0,66±0,01
ð<0,01

0,31±0,02
ð<0,0001

ðàññìîòðåíèÿ âîïðîñà îá îãðàíè-
÷åíèè èñïîëüçîâàíèÿ è íîðìèðî-
âàíèè ñîäåðæàíèÿ äàííîé äîáàâ-
êè â ïðîäóêòàõ ïèòàíèÿ. 

Âûâîäû. 
1. Ýêñïåðèìåíòàëüíî óñòàíîâ-

ëåíî, ÷òî ïðèåì ïèùåâîé äîáàâêè 
êàððàãèíàí â òå÷åíèå 28 äíåé ïðè-
âîäèò ê óñêîðåííîé ãèáåëè ýïèòå-
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ëèîöèòîâ ñëèçèñòîé îáîëî÷êè è ðàçâèòèþ âûðàæåí-
íîãî ìåæóòî÷íîãî âîñïàëåíèÿ â òîíêîì êèøå÷íèêå. 
Èììóíîãèñòîõèìè÷åñêè âûÿâëåííàÿ àêòèâàöèÿ ñèí-
òåçà è âûäåëåíèÿ ÈË-1α â ñëèçèñòîé òîíêîãî êèøå÷-
íèêà ïîäòâåðæäàåò èíòåíñèâíîñòü òåêóùåãî âîñïà-
ëèòåëüíîãî ïðîöåññà. 

2. Óñèëåííàÿ ãèáåëü ýïèòåëèîöèòîâ ñëèçèñòîé 
îáîëî÷êè ñîïðîâîæäàåòñÿ àêòèâàöèåé ïðîëèôåðà-
òèâíûõ ïðîöåññîâ, î ÷åì ñâèäåòåëüñòâóåò óñèëåíèå 
ýêñïðåññèè àíòèãåíà Ki-67. Àêòèâíàÿ ïðîëèôåðàöèÿ 
ýïèòåëèîöèòîâ ÿâëÿåòñÿ ðåïàðàòèâíîé ðåàêöèåé 

îðãàíèçìà íà ïðèåì êàððàãèíàíà. Ïðè äàëüíåéøåì 

óïîòðåáëåíèè êàððàãèíàíà ìîæíî îæèäàòü èñ÷åð-

ïàííîñòè ðåïàðàòèâíîãî ïîòåíöèàëà ñ îáðàçîâàíè-

åì ýðîçèé è ÿçâ â êèøå÷íèêå. 

Ïåðñïåêòèâû äàëüíåéøèõ èññëåäîâàíèé. 

Ïîëó÷åííûå íàìè äàííûå îáîñíîâûâàþò ïåðñïåê-

òèâó äàëüíåéøèõ èññëåäîâàíèé, íàïðàâëåííûõ íà 

èçó÷åíèå ôàêòîðîâ, ïîâûøàþùèõ óñòîé÷èâîñòü 

ñëèçèñòîé îáîëî÷êè êèøå÷íèêà ê ïîâðåæäàþùåìó 

äåéñòâèþ ïèùåâîé äîáàâêè êàððàãèíàí. 
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ýïèòåëèîöèòîâ òîíêîãî êèøå÷íèêà. 

Êëþ÷åâûå ñëîâà: êàððàãèíàí, êðûñû, ýíòåðèò, Ki-67, IL-1α. 
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Morphological Condition of the Small Intestine after Prolonged Intake of Food Additive Carrageenan 
Gubinà-Vakulik G. I., Tkachenko A. S., Orlova M. A. 
Abstract. One of the potential etiological factors of chronic inflammatory bowel disease is known to be a food 

additive E407 (carrageenan), used in the food industry as a thickener. 
The aim of the investigation was to study the morphological status of the small intestine and features of inflam-

mation and regeneration of small intestine enterocytes during prolonged systematic intake of the food additive 
carrageenan. 

Adult female Wistar rats were used for experiment. Rats of the basic group (10 animals) received a 1 % solution 
of carrageenan in drinking water during 4 weeks. The control group consisted of 10 intact animals. Pieces of the 
small intestine (5 cm above the transition to the large intestine) were taken for morphological examination. Paraffin 
sections were stained with hematoxylin-eosin, Einarsson’s gallocyanin-chrome alum and van Gieson’s picrofuch-
sin. PAS-reaction was done. 

Immunohistochemical reaction to Ki-67 was used for evaluation of proliferative activity of epithelial cells and 
immunohistochemical reaction to IL-1α was used to evaluate the intensivity of inflammatory process. Quantitative 
assessment of antigen Ki-67 was performed by determining the expression level in conventional units of lumines-
cence, and quantitative assessment of IL-1α was performed by determining the optical density of the cytoplasmic 
IL-1α-producing cells in conventional units of optical density. 

Intake of carrageenan during 4 weeks caused damage to the mucosal epithelium and the development of 
chronic interstitial inflammation. Immunohistochemical study using antibodies to IL-1α revealed significant notice-
able increase not only of IL-1α-synthesizing cells number in the small intestine, but also the level of IL-1α produc-
tion. It was confirmed by significant increase in conventional optical density of the cytoplasm of IL-1α-synthesizing 
cells in the intestinal mucosa of the basic group compared to the control group (control group – 0. 17±0. 01, basic 
group – 0. 31±0. 02 conventional units of optical density, p < 0. 0001). Also increased expression of Ki-67 antigen 
in the proliferative zone of intestinal glands was found (control group – 0. 59±0. 02, basic group – 0. 66 ± 0. 01 con-
ventional units of luminescence, p < 0. 01). 

It was experimentally established found that the intake of food additive carrageenan within 28 days resulted in 
accelerated injuring of epithelial cells and the development of interstitial inflammation in small intestine. Immuno-
histochemically detected activation of IL-1α synthesis and release in the mucosa of the small intestine confirms the 
intensity of the current inflammatory process. Reinforced death of epithelial cells is accompanied by activation of 
proliferative processes, confirmed by the increase in the expression of Ki-67 antigen. Active proliferation of entero-
cytes is a reparative reaction for the carrageenan intake that allows us to make a suggestion that further use of car-
rageenan may lead to the exhaustion of reparative capacity with the formation of erosions and ulcers in the intestine. 

Key words: carrageenan, rats, inflammation, Ki-67, IL-1α. 
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