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Âñòóïëåíèå. Íåñáàëàíñèðîâàííîå ïèòàíèå ñî 
ñíèæåííûì ñîäåðæàíèåì â ñóòî÷íîì ðàöèîíå íóòðè-
åíòîâ îêàçûâàåò íåáëàãîïðèÿòíîå âëèÿíèå íà ýêçî- è 
ýíäîêðèííûé àïïàðàò ÏÇ ÷åëîâåêà è æèâîòíûõ [2]. 
Ïîýòîìó ïðåäñòàâëÿåòñÿ âàæíûì âûÿñíèòü ó÷àñòèå 
èììóííûõ ìåõàíèçìîâ â ïîâðåæäåíèè ÏÆ, â îñíîâå 
êîòîðûõ ëåæèò àêòèâàöèÿ ýêñïðåññèè è ïîâûøåíèå 
ñîäåðæàíèÿ â êðîâè ðàçëè÷íûõ áèîëîãè÷åñêè àêòèâ-
íûõ âåùåñòâ, ïðåæäå âñåãî öèòîêèíîâ [1], à òàê æå 
ðàññìîòðåòü áàëàíñ ìàêðî- è ìèêðîýëåìåíòîâ, ïî-
òîìó, ÷òî åãî íàðóøåíèå ìîæåò âíîñèòü íåãàòèâíûé 
âêëàä â ïîääåðæàíèå ôóíêöèîíàëüíûõ è ìîðôîëîãè-
÷åñêèõ èçìåíåíèé â ÏÆ [5].

Öåëüþ èññëåäîâàíèÿ ÿâèëîñü óòî÷íåíèå ïàòî-
ãåíåçà ïîâðåæäåíèÿ ÏÆ áåðåìåííûõ êðûñ ïðè äåé-
ñòâèè ãèïîêàëîðèéíîé äèåòû, ïóò¸ì èçó÷åíèÿ ìîðôî-
ôóíêöèîíàëüíîãî ñîñòîÿíèÿ ÏÆ, óðîâíÿ öèòîêèíîâ, 
ìàêðî- è ìèêðîýëåìåíòîâ. 

Îáúåêò è ìåòîäû èññëåäîâàíèÿ. Èçó÷åíû ìîð-
ôîôóíêöèîíàëüíûå èçìåíåíèÿ ÏÆ áåðåìåííûõ êðûñ 
1-é ãð., ïîëó÷èâøèõ ãèïîêàëîðèéíóþ äèåòó (57,4 êêàë 
â ñóòêè) è æèâîòíûõ 2-é ãð., íàõîäèâøèõñÿ íà ñáàëàí-
ñèðîâàííîì ïèòàíèè (104,5 êêàë â ñóòêè) ñ èñïîëüçî-
âàíèåì ãèñòîëîãè÷åñêîãî è öèòîìîðôîìåòðè÷åñêîãî 
ìåòîäîâ [3]. Äëÿ îöåíêè öèòîêèíîâ â ñûâîðîòêå êðîâè 
èììóíîôåðìåíòíûì ìåòîäîì îïðåäåëÿëèñü ÈË-4 
(Âåêòîð ÁÅÑÒ, Íîâîñèáèðñê) è ÈË-12 (Ani Biotech Oy, 
Finland). Â ãîìîãåíàòå òêàíè ÏÆ ñïåêòðîôîòîìåòðè-
÷åñêèì ìåòîäîì îïðåäåëÿëèñü öèíê (Spectromed, 
Ìîëäîâà), ìàãíèé è êàëüöèé («Ôèëèñò-Äèàãíîñòèêà», 
Äíåïðîïåòðîâñê).

Ñîäåðæàíèå æèâîòíûõ è ýêñïåðèìåíòû ïðîâîäè-
ëèñü ñîãëàñíî ïîëîæåíèé «Åâðîïåéñêîé êîíâåíöèè 
î çàùèòå ïîçâîíî÷íûõ æèâîòíûõ, êîòîðûå èñïîëü-
çóþòñÿ äëÿ ýêñïåðèìåíòîâ è äðóãèõ íàó÷íûõ öåëåé» 
(Ñòðàññáóðã, 1985), «Çàãàëüíèõ åòè÷íèõ ïðèíöèï³â 
åêñïåðèìåíò³â íà òâàðèíàõ», óòâåðæäåííûõ Ïÿòûì íà-
öèîíàëüíûì êîíãðåññîì ïî áèîýòèêå (Êèåâ, 2013). 

Ðåçóëüòàòû èññëåäîâàíèé è èõ îáñóæäåíèå. 
Ïî äàííûì ìîðôîëîãè÷åñêîãî èññëåäîâàíèÿ ó 100% 

êðûñ îñíîâíîé ãðóïïû (1-é) ïî ñðàâíåíèþ ñ æèâîòíû-
ìè ãðóïïû ñðàâíåíèÿ íàáëþäàåòñÿ óìåíüøåíèå îáú¸-
ìà ïàðåíõèìû íà 8,7% (p<0,001), óâåëè÷åíèå îáú¸ìà 
ñòðîìàëüíîé ÷àñòè ÏÆ íà 23,3% (p<0,001), ñíèæåíèå 
ñðåäíåé ïëîùàäè àöèíóñîâ íà 20,1% (p<0,001), îáíà-
ðóæåí ìåæ- è âíóòðèäîëüêîâûé ôèáðîç (ó 80%±12,6, 
ð<0,001 æèâîòíûõ), ëèïîìàòîç è îò¸ê ñòðîìû (ó 
80%±12,6, ð<0,001), âîñïàëèòåëüíàÿ èíôèëüòðàöèÿ (ó 
40%±15,5), äèñòðîôè÷åñêèå èçìåíåíèÿ ÿäåð ýêçîêðè-
íîöèòîâ (ó 100%). Óñòàíîâëåíî óìåíüøåíèå ïëîùàäè 
ÎË íà 25,3% (ð<0,001), óìåíüøåíèè β- è α-êëåòîê â ÎË 
íà 27,3% è 28% ñîîòâåòñòâåííî (ð<0,001), óìåíüøå-
íèå ðàçìåðîâ è äåãåíåðàòèâíûå èçìåíåíèÿ ÿäåð α- è 
β-êëåòîê, äèñòðîôèÿ èõ öèòîïëàçìû (ó 100%). 

Ñ ó÷¸òîì òîãî, ÷òî îáíàðóæåííûå ó êðûñ ìîðôîëî-
ãè÷åñêèå èçìåíåíèÿ ÏÆ èìåþò âûðàæåííûé õàðàêòåð, 
ïðåäñòàâëÿåòñÿ âàæíûì âûÿñíåíèå ó÷àñòèÿ èììóííûõ 
ìåõàíèçìîâ â ïîâðåæäåíèè ÏÆ è ñîñòîÿíèÿ áàëàíñà 
ìàêðî- è ìèêðîýëåìåíòîâ, ïîñêîëüêó åãî íàðóøåíèÿ 
ìîãóò âíîñèòü íåãàòèâíûé âêëàä â ïîääåðæàíèå ôóíê-
öèîíàëüíûõ è ìîðôîëîãè÷åñêèõ èçìåíåíèé ÏÆ. Ñ 
ýòîé öåëüþ áûë èññëåäîâàí óðîâåíü â ñûâîðîòêå èí-
òåðëåéêèíîâ 12 è 4 (ÈË-12, ÈË-4), à òàê æå ñîäåðæà-
íèå â ãîìîãåíàòå òêàíè ÏÆ êàëüöèÿ, ìàãíèÿ è öèíêà. 
Èç ìíîæåñòâà ïðî- è ïðîòèâîâîñïàëèòåëüíûõ öèòî-
êèíîâ ìû âûáðàëè ÈË-12 è ÈË-4 òàê êàê îíè îïðåäå-
ëÿþò íàïðàâëåíèå äèôôåðåíöèðîâêè Ò-ëèìôîöèòîâ 
èç CD4+-Ò-êëåòîê ñ îáðàçîâàíèåì Ò-õåëïåðîâ 1-ãî 
(Th1) è 2-ãî (Th2) òèïîâ [1], ò.å. ÿâëÿþòñÿ ìàðêåðíûìè 
öèòîêèíàìè Th1- è Th2-ëèìôîöèòîâ. Èõ óðîâåíü ïî-
çâîëÿåò ñóäèòü î ïóòè ðåàëèçàöèè èììóííîãî îòâåòà 
íà ïîâðåæäåíèå òêàíåé, ïîñêîëüêó èçâåñòíî, ÷òî Th1-
êëåòêè îïîñðåäóþò ðåàêöèè êëåòî÷íîãî èììóíèòåòà, 
îñíîâàííûå íà âçàèìîäåéñòâèè àíòèãåí-T-ëèìôîöèò, 
à Th2 êëåòêè – ðåàêöèè ãóìîðàëüíîãî èììóííîãî îò-
âåòà, ñâÿçàííîãî ñî ñòèìóëÿöèåé B-ëèìôîöèòîâ è âû-
ðàáîòêîé àíòèòåë [1]. 

Ðåçóëüòàòû èññëåäîâàíèÿ ñîäåðæàíèÿ öèòîêèíîâ 
è ìèêðîýëåìåíòîâ ïðåäñòàâëåíû â òàáëèöå. Âûÿâ-
ëåíî, ÷òî ó 100% êðûñ 1-é ãð. èìååòñÿ ñóùåñòâåííîå 
ïîâûøåíèå ñîäåðæàíèÿ ÈË-12 (â 1,8 ðàçà) è ñíèæå-
íèå ÈË-4 (â 2,4 ðàç) ïî ñðàâíåíèþ ñ ãðóïïîé êîíòðîëÿ. 
Ñîîòíîøåíèå ÈË-12/ÈË-4 ó êðûñ 1-é ãð. ñîñòàâëÿåò 
22,5 (â ãðóïïå ñðàâíåíèÿ 5,0). Èññëåäîâàíèå óðîâíÿ 
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ìàêðî- è ìèêðîýëåìåíòîâ â ãîìîãåíàòå òêàíè ÏÆ ïî-
êàçàëî, ÷òî ó 100% êðûñ èìååòñÿ ïîâûøåíèå óðîâ-
íÿ êàëüöèÿ íà 20,9%. Óðîâåíü ìàãíèÿ ñíèæåí ó 50% 
êðûñ (ó 20% íîðìàëüíûé åãî óðîâåíü, ó 30% - ïîâû-
øåííûé), ïðè ýòîì ñðåäíåå çíà÷åíèå ïîêàçàòåëÿ 
ïðàêòè÷åñêè íå îòëè÷àåòñÿ îò òàêîâîãî ó æèâîòíûõ 
ãðóïïû ñðàâíåíèÿ. Óðîâåíü öèíêà ñíèæåí (â ñðåäíåì 
íà 44,7%) ó 100% æèâîòíûõ (òàáë.). Òàêèì îáðàçîì, 
ïîëó÷åííûå â öåëîì ðåçóëüòàòû èññëåäîâàíèÿ, ìàíè-
ôåñòèðóþò íàëè÷èå ó êðûñ-ìàòåðåé îñíîâíîé ãðóïïû 
ñèñòåìíîãî ãóìîðàëüíîãî îòâåòà â âèäå äèñáàëàíñà 
ïðî- è ïðîòèâîâîñïàëèòåëüíûõ öèòîêèíîâ ñ ïðåîá-
ëàäàíèåì ìàðêåðíîãî öèòîêèíà Th1-ëèìôîöèòîâ 
(ÈË-12), ÷òî ñâèäåòåëüñòâóåò î ïðåèìóùåñòâåííîì 
âîâëå÷åíèå â ïàòîãåíåç ïîâðåæäåíèÿ ÏÆ êëåòî÷íîãî 
çâåíà èììóíèòåòà. Ýòî, áåçóñëîâíî, íåãàòèâíî ñêàçû-
âàåòñÿ íà âíóòðèêëåòî÷íîì ìåòàáîëèçìå ïàíêðåàöè-
òîâ, èõ ýêçî- è ýíäîêðèííîé ñåêðåòîðíîé àêòèâíîñòè, 
÷òî ìîæåò åùå áîëüøå óñóãóáèòü ïîâðåæäåíèå ÏÆ ó 
ýêñïåðèìåíòàëüíûõ æèâîòíûõ ñ ìîðôîëîãè÷åñêèìè 
ïðèçíàêàìè âîñïàëåíèÿ, òàê è ó êðûñ áåç ïðèçíàêîâ 
âîñïàëåíèÿ, (ïîñêîëüêó èììóíîëîãè÷åñêèå ðåàêöèè, 
äëèòåëüíî ñîõðàíÿþòñÿ, à èìåííî ñïåöèôè÷åñêàÿ 
àëëåðãè÷åñêàÿ ðåàêöèè çàìåäëåííîãî òèïà) ñî âðå-
ìåíåì ìîãóò ñïîñîáñòâîâàòü ðàçâèòèþ õðîíè÷åñêî-
ãî ïàíêðåàòèòà è ïàíêðåàòè÷åñêîé íåäîñòàòî÷íîñòè. 
Òàêæå ó âñåõ æèâîòíûõ 1-é ãðóïïû, ïî ñðàâíåíèþ ñ 
êðûñàìè ãðóïïû êîíòðîëÿ, èìååò ìåñòî äèñáàëàíñ 

ìàêðî- è ìèêðîýëåìåíòîâ â òêàíè ÏÆ, êîòîðûé ìîæåò 
óñèëèâàòü íàðóøåíèÿ ìåòàáîëèçìà ïàíêðåàöèòîâ, 
âîçíèêøèå âñëåäñòâèå ãîðìîíàëüíî-ñóáñòðàòíûõ íà-
ðóøåíèé ïðè ãèïîêàëîðèéíîé äèåòå.

Âûâîäû.
1. Ó âñåõ áåðåìåííûõ êðûñ, ïîëó÷àâøèõ ãèïî-

êàëîðèéíóþ äèåòó, íàáëþäàþòñÿ ìîðôîôóíêöèî-
íàëüíûå èçìåíåíèÿ ÏÆ, ïðîÿâëÿþùèåñÿ ñî÷åòàíè-
åì äèñòðîôè÷åñêèõ è ñêëåðîòè÷åñêèõ èçìåíåíèé â 
ñïåöèàëèçèðîâàííûõ êëåòêàõ ÏÆ. 

2. Ó âñåõ æèâîòíûõ îñíîâíîé ãðóïïû âûðàæåí 
ñèñòåìíûé ãóìîðàëüíûé îòâåò â âèäå äèñáàëàíñà 
ïðî- è ïðîòèâîâîñïàëèòåëüíûõ öèòîêèíîâ ñ ïðåîá-
ëàäàíèåì ìàðêåðíîãî öèòîêèíà Th1-ëèìôîöèòîâ 
(ÈË-12). Ýòî ñâèäåòåëüñòâóåò î ïðåèìóùåñòâåííîì 
âîâëå÷åíèå â ïàòîãåíåç ïîâðåæäåíèÿ ÏÆ êëåòî÷íî-
ãî çâåíà èììóíèòåòà.

3. Ó âñåõ êðûñ ýêñïåðèìåíòàëüíîé ãðóïïû (1-é) 
èìååò ìåñòî äèñáàëàíñ ìàêðî- è ìèêðîýëåìåíòîâ â 
òêàíè ÏÆ (ãèïåð- èëè ãèïîêàëüöèåìèÿ, ãèïîìàãíèå-
ìèÿ, ñíèæåíèå ñîäåðæàíèÿ öèíêà), êîòîðûé ìîæåò 
óñóãóáëÿòü íàðóøåíèÿ ìåòàáîëèçìà ïàíêðåàöèòîâ, 
âîçíèêøèå âñëåäñòâèå ãîðìîíàëüíî-ñóáñòðàòíûõ 
íàðóøåíèé ïðè ãèïîêàëîðèéíîé äèåòå.

4. Ðåçóëüòàòû ïðîâåäåííîãî èññëåäîâàíèÿ ñâè-
äåòåëüñòâóþò î òîì, ÷òî ãèïîêàëîðèéíàÿ äèåòà áå-
ðåìåííûõ êðûñ ÿâëÿåòñÿ ñóùåñòâåííûì ôàêòîðîì 
ðèñêà ðàçâèòèÿ îðãàíè÷åñêîé ïàòîëîãèè ÏÆ ñ ñå-
êðåòîðíîé íåäîñòàòî÷íîñòüþ ó íèõ ñàìèõ.

Ïåðñïåêòèâû äàëüíåéøèõ èññëåäîâàíèé. Ðå-
çóëüòàòû èññëåäîâàíèÿ ñâèäåòåëüñòâóþò î ïåðñïåê-
òèâíîñòè äàëüíåéøèõ íàó÷íûõ ðàçðàáîòîê â äàííîì 
íàïðàâëåíèè, ïîñêîëüêó íà ñåãîäíÿ åù¸ îñòàþòñÿ 
íåèçó÷åííûìè âîïðîñû, êàñàþùèåñÿ âîçìîæíîñòè 
ïðèìåíåíèÿ ïðåïàðàòîâ ìàãíèÿ è öèíêà â êîìïëåê-
ñå òåðàïåâòè÷åñêèõ ìåðîïðèÿòèé, íàïðàâëåííûõ íà 
óëó÷øåíèå ôóíêöèîíàëüíîãî ñîñòîÿíèÿ ÏÆ â ñëó÷àå 
íåñáàëàíñèðîâàííîãî ïèòàíèÿ æèâîòíûõ. Âûÿñíåíèå 
ýòèõ âîïðîñîâ íà óðîâíå ýêñïåðèìåíòà èìååò áîëü-
øîå çíà÷åíèå äëÿ óãëóáëåíèÿ çíàíèé îòíîñèòåëüíî 
ïàòîãåíåçà ïîâðåæäåíèÿ ÏÆ ïðè íàðóøåíèè ïèòàíèÿ 
ó âçðîñëûõ ëþäåé è äåòåé, à çíà÷èò è ñîâåðøåíñòâî-
âàíèÿ ìåòîäîâ ïðîôèëàêòèêè è ëå÷åíèÿ ó íèõ çàáîëå-
âàíèé ÏÆ.

Òàáëèöà 1

Ñîäåðæàíèå öèòîêèíîâ â ñûâîðîòêè êðîâè 
è ìàêðî- è ìèêðîýëåìåíòîâ â ãîìîãåíàòå 

òêàíè ïîäæåëóäî÷íîé æåëåçû (Ì±m) ó 
êðûñ

Ïîêàçàòåëè
Êðûñû 1-é 

ãð.
Êðûñû 2-é 

ãð.
Ð

ÈË-12 (êã/ìë) 17,8±0,8 9,5±0,4 < 0,001

ÈË-4 (êã/ìë) 0,8±0,1 1,9±0,1 < 0,001

Êàëüöèé (ìã/100ã) 9,5±0,2 7,9±0,4 < 0,01

Ìàãíèé (ìã/100ã) 2,25±0,07 2,4±0,1

Öèíê (ìã/100ã) 5,0±0,1 9,0±0,2 < 0,001

Ïðèìå÷àíèå: p –  ñðàâíåíèå ñ ãðóïïîé êîíòðîëÿ.
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Cytokines, Major Mineral Elements and Trace Elements under Violation of Morphofunctional State of the 

Pancreas of Rats Having Received a Hypîcaloric Diet
Nikolayeva O., Kovaltsova M., Sulhdost I., Ognieva L., Lytvynenko E.
Abstract. Introduction. The actual problem of medicine is the influence of exogenous pathogenic factors with are 

caused by the pathology of the pancreas. Modern conditions of human life, diets, religious beliefs and those of pregnant 
women in particular, result in a problem of digestion is manifested by the pathology of the pancreas. 

The purpose of the study was specification of pathogenetic actions in the violated pancreas followed by the affecta-
tion of adverse exogenous factors in  via analysis of characteristics of major mineral elements and trace elements under 
violation of morphofunctional state of the pancreas of pregnant rats resulting from a hypîcaloric diet.

Materials and Methods. We studied morphological changes of pancreas of pregnant rats using histological, 
cytochemical, cytomorphometric and biochemical methods. A core group of adult rats received hypocaloric diet (57.4 
calories per day). Comparison group consisted of animals with a balanced diet (104.5 calories per day). For the rats, the 
experiment was stopped immediately after the birth of offspring in compliance with the ethical principles. To assess the 
cytokine in the serum were determined by ELISA of IL-4 (Vector Best, Novosibirsk) and IL-12 (Ani Biotech Oy, Finland). 
In pancreatic tissue homogenates were determined by spectrophotometry of zinc (Spectromed, Moldova), magnesium 
and calcium («Filist-Diagnosis», Dnepropetrovsk).

Results. The pancreas of pregnant rats treated with hypocaloric diet revealed morphological changes. At the 100% 
of the rats of the main group (1st) compared to the control group animals, a decrease in the volume of parenchyma 8.7% 
(p<0,001), an increase in the volume of the prostate stromal part for 23.3% (p<0,001), a decrease of average Square 
acini to 20.1% (p <0,001), and is found between intralobular fibrosis (80%±12.6, p<0,001 animals), and swelling of 
stromal lipomatosis (80%±12.6, p<0.001), inflammatory infiltration (40%±15.5), degenerative changes in exocrine 
cells nuclei (at 100%). The decrease in the area of   OL 25.3% (p<0.001) reduction β- and α-cells in the AL by 27.3% and 
28%, respectively (p<0.001) reduction in the size of the nuclei and degenerative changes α- and β- cells, degeneration 
of their cytoplasm (in 100%). The rats in all groups are diagnosed as having identical tendencies of cytokines change; 
significant buildup of pro-inflammatory interleukin-12 and reduction of anti-inflammatory interleukin-4 which indicates 
predominant involvement in pathogenesis of violation of pancreas cell component of immune system. The pancreas of 
rats treated with hypocaloric diet revealed major mineral elements and trace elements imbalance in the pancreas tissue 
(hyper- or hypocalcemia, hypomagnesemia, reduction of zinc content).  

Conclusions. All pregnant rats treated with hypocaloric diet observed morphological changes of the pancreas, 
manifested by a combination of dystrophic and sclerotic changes in the specialized cells of the pancreas. In all animals 
of the main group expressed systemic humoral response in the form of imbalance of pro- and anti-inflammatory 
cytokines with predominance marker cytokine Th1-lymphocytes (IL-12). This indicates the preferential involvement 
in the pathogenesis of pancreatic damage cellular immunity. The results suggest that chronic stress of pregnant rats 
is a significant risk factor for future chronic pathology of the pancreas (including diabetes mellitus) not only in rats 
themselves, but also in their offspring.

Keywords: hypocaloric diet, morphology and function of the pancreas, pregnant rats and their offspring, cytokines, 
major mineral elements and trace elements.
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