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Èíäèâèäóàëüíûé ðîñò è ðàçâèòèå îðãàíèçìà — ïîñòóïàòåëüíûé âåêòîðíûé ïðîöåññ. 
Êàæäûé ïåðèîä îíòîãåíåçà õàðàêòåðèçóåòñÿ îïðåäåëåííûìè ìîðôîëîãè÷åñêèìè è ôóíêöèîíàëü-
íûìè èçìåíåíèÿìè ñèñòåì è îðãàíèçìà â öåëîì. Îðãàíè÷åñêèå è ôóíêöèîíàëüíûå ìîäèôèêàöèè 
äåòåðìèíèðîâàíû ãåíåòè÷åñêè è ðåàëèçóþòñÿ ïðè ó÷àñòèè àäàïòèðóþùåãî âîçäåéñòâèÿ âíåøíåé 
ñðåäû. Îíè ïðîÿâëÿþòñÿ íà ðàçíûõ óðîâíÿõ, íî â îñíîâå ýòîãî ëåæàò ñîáûòèÿ, ïðîèñõîäÿùèå 
âíóòðè êëåòêè. Îáðàçîâàíèå ïëàñòè÷åñêèõ âåùåñòâ è öèðêóëÿöèÿ ìåòàáîëèòîâ ðàçîáùåíû ïðî-
ñòðàíñòâåííî è ïî âðåìåíè, ïîýòîìó ïðåäñòàâëÿåòñÿ, ÷òî íàèáîëåå ýôôåêòèâíî îíè ìîãóò êîîð-
äèíèðîâàòüñÿ è ðåãóëèðîâàòüñÿ ÷åðåç íåêèå îðãàíèçóþùèå ýëåìåíòû, íàïðèìåð êîìïîíåíòû âíóò-
ðåííåé ñòðóêòóðû êëåòêè, îáåñïå÷èâàþùèå åå ìîðôîëîãè÷åñêóþ è, êàê ñëåäñòâèå, ôóíêöèîíàëü-
íóþ öåëîñòíîñòü. Òàêèå ñòðóêòóðû ïðåäñòàâëÿþò ñîáîé è ïðîäóêò ìåòàáîëèçìà, è ýëåìåíò åãî 
ðåãóëÿöèè, òî åñòü âûïîëíÿþò íàáîð ôóíêöèé, íàïðÿìóþ îòðàæàÿ âçàèìíîå ñîñòîÿíèå ïðîèñõî-
äÿùèõ â êëåòêå ïðîöåññîâ. Íà ðîëü òàêèõ ñòðóêòóð ïðåæäå âñåãî ïîäõîäÿò êëåòî÷íûå ìåìáðàíû. 
Èõ îñíîâíîé êîìïîíåíò — ôîñôîëèïèäû, êîòîðûå ôàêòè÷åñêè ïðåäñòàâëÿþò ñîáîé ôóíêöèî-
íàëüíóþ ñèñòåìó, íàèáîëåå ÷óâñòâèòåëüíóþ ê âíåøíèì è âíóòðåííèì ýôôåêòîðíûì âîçäåéñòâèÿì 
è â òî æå âðåìÿ îòíîñèòåëüíî óñòîé÷èâóþ áëàãîäàðÿ ãåíåòè÷åñêîé äåòåðìèíèðîâàííîñòè è àäàï-
òàöèîííîé ëàáèëüíîñòè. Âîïðîñû ó÷àñòèÿ è ðîëè ïîäêëàññîâ ôîñôîëèïèäîâ â ñèñòåìå ôóíêöèé â 
îðãàíèçìå áðîéëåðíîé ïòèöû ìàëî îïèñàíû. Â ñâÿçè ñ ýòèì ìû èçó÷èëè ñîñòàâ è äèíàìèêó ôîñ-
ôîëèïèäíîãî ïðîôèëÿ ó êðîññà ISA-15 Hubbard F15 â ïðåíàòàëüíîì îíòîãåíåçå (â ÿéöå äî çà-
êëàäêè íà èíêóáàöèþ è â ñðåäèííóþ ñòàäèþ èíêóáàöèè íà 10-å ñóò) è â ïîñòíàòàëüíîì îíòîãåíå-
çå (â ñûâîðîòêå êðîâè áðîéëåðíûõ öûïëÿò â âîçðàñòå 1, 7, 23 è 42 ñóò) â óñëîâèÿõ ïòèöåôàáðèêè 
(ÎÎÎ «×åáàðêóëüñêàÿ ïòèöà», ×åëÿáèíñêàÿ îáë.). Äëÿ âûÿâëåíèÿ ôóíêöèîíàëüíûõ ãðóïï ñðåäè 
ïîäêëàññîâ ôîñôîëèïèäîâ â îíòîãåíåçå áðîéëåðîâ ïðèìåíèëè ìíîãîìåðíûé ìàòåìàòè÷åñêèé ìå-
òîä — êëàñòåðíûé àíàëèç. Áûëî ïîêàçàíî, ÷òî â ýìáðèîíàëüíûé ïåðèîä äî çàêëàäêè ÿéöà íà 
èíêóáàöèþ ôîñôîëèïèäû îáúåäèíÿþòñÿ â äâà ðàçäåëüíûõ (ôîñôàòèäèëõîëèíû è öåðåáðîçèäû, 
åâêëèäîâî ðàññòîÿíèå 1,08; ôîñôàòèäèëýòàíîëàìèíû, åâêëèäîâî ðàññòîÿíèå 1,61) è îäèí îáúå-
äèíåííûé êëàñòåð (ôîñôàòèäèëèíîçèòîëû ñî ñôèíãîìèåëèíàìè è ëèçîëåöèòèíû ñ êàðäèîëèïèíà-
ìè, åâêëèäîâî ðàññòîÿíèå 0,23), íà 10-å ñóò èíêóáàöèè — â äâà ñîâìåñòíûõ (ëåöèòèíû ñ êåôà-
ëèíàìè, åâêëèäîâî ðàññòîÿíèå 1,61; ôîñôàòèäèëèíîçèòîëû, ñôèíãîìèåëèíû, ëèçîëåöèòèíû è 
öåðåáðîçèäû, åâêëèäîâî ðàññòîÿíèå 2,06) è îäíó ïåðåõîäíóþ ãðóïïó (êàðäèîëèïèíû). Â ïåðèîä 
ïîñòíàòàëüíîãî îíòîãåíåçà ó öûïëÿò â 1-ñóòî÷íîì âîçðàñòå âûÿâèëè òðè ãðóïïû ôîñôîëèïèäîâ 
(ëåöèòèíû, åâêëèäîâî ðàññòîÿíèå 2,07; ôîñôàòèäèëýòàíîëàìèí ñ êàðäèîëèïèíîì, åâêëèäîâî ðàñ-
ñòîÿíèå 0,26; ëèçîëåöèòèí), â 7-ñóòî÷íîì — äâà îáúåäèíåííûõ (ôîñôàòèäèëõîëèíû, åâêëèäîâî 
ðàññòîÿíèå 2,03; ñëîæíûé, âêëþ÷àþùèé êåôàëèíû ñ ôîñôàòèäèëèíîçèòîëàìè, ñôèíãîìèåëèíàìè 
è ëèçîôîñôàòèäèëõîëèíàìè) è îäèí ïðîìåæóòî÷íûé êëàñòåð (êàðäèîëèïèí), â 23-ñóòî÷íîì — 
òðè êëàñòåðà ôîñôîëèïèäîâ (ëåöèòèíû; ôîñôàòèäèëýòàíîëàìèíû ñ ôîñôàòèäèëèíîçèòîëàìè; 
êàðäèîëèïèí ñîâìåñòíî ñî ñôèíãîìèåëèíîì è ëèçîëåöèòèíîì). Ó 42-ñóòî÷íûõ áðîéëåðíûõ öûï-
ëÿò îáíàðóæèëè ïðèñóòñòâèå äâóõ ôóíêöèîíàëüíûõ ãðóïï ôîñôîëèïèäîâ — ñëîæíîé îáúåäè-
íåííîé (êåôàëèíû â ãðóïïå ñ êàðäèîëèïèíîì, ôîñôàòèäèëèíîçèòîëîì, ñôèíãîìèåëèíîì è 
ëèçîëåöèòèíîì) è ìîíîêîìïîíåíòíîé (ôîñôàòèäèëõîëèíû). Ýòî ïîçâîëèëî îõàðàêòåðèçîâàòü 
ñòðóêòóðíî-ôóíêöèîíàëüíóþ îðãàíèçàöèþ ôîñôîëèïèäîâ, êîòîðàÿ, êàê ìû ïîëàãàåì, îáåñïå÷èâà-
åò ðåãóëÿöèþ ãîìåîñòàçà (íà ìåìáðàííî-êëåòî÷íîì è â èòîãå íà îðãàíèçìåííîì óðîâíå) â ðàííåì 
îíòîãåíåçå öûïëÿò-áðîéëåðîâ.   

 

Êëþ÷åâûå ñëîâà: ôîñôîëèïèäû, îíòîãåíåç, ìåòàáîëèçì, ãîìåîñòàç, ôóíêöèîíàëüíàÿ 
ñèñòåìà, áðîéëåðíûå öûïëÿòà. 

 

Îíòîãåíåç ðàññìàòðèâàåòñÿ êàê ñîâîêóïíîñòü âçàèìîñâÿçàííûõ ïðî-
öåññîâ ðîñòà è ðàçâèòèÿ (1, 2). Îðãàíèçì ïðåäñòàâëÿåò ñîáîé ðåàãèðóþùóþ 
íà âíåøíèå âîçäåéñòâèÿ îòêðûòóþ ñèñòåìó (1, 2), â êîòîðîé â îáìåíå âå-
ùåñòâ, íåîáõîäèìûõ äëÿ ïîääåðæàíèÿ æèçíåñïîñîáíîñòè, ðîñòà è ðàçâè-
òèÿ, ó÷àñòâóþò êàê ïîñòóïàþùèå èçâíå è àññèìèëèðóåìûå ïèòàòåëüíûå, 
ïëàñòè÷åñêèå è ýíåðãåòè÷åñêèå ñóáñòðàòû, òàê è ðåóòèëèçèðóåìûå ñîåäèíå-
íèÿ, îáðàçîâàâøèåñÿ ïðè ðàñïàäå ðàíåå ñèíòåçèðîâàííûõ ñòðóêòóð. Äèíà-
ìè÷åñêîå ðàâíîâåñèå âíóòðåííåé ñðåäû îðãàíèçìà îáåñïå÷èâàåòñÿ ãîìåî-
ñòàçîì (1, 3, 4). Íàïðÿæåíèå ôóíêöèé, ïîääåðæèâàþùèõ ãîìåîñòàç, îãðà-
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íè÷èâàåò ìåòàáîëè÷åñêèå ðåñóðñû, êîòîðûå îðãàíèçì ìîæåò íàïðàâëÿòü íà 
ðàçâèòèå (1-3). Èíûìè ñëîâàìè, îíòîãåíåç è ìåòàáîëèçì òåñíî ñâÿçàíû ñ 
ãîìåîñòàçîì, ÷òî ïðåäïîëàãàåò íàëè÷èå ó íèõ îáùåé ñèñòåìû ðåãóëÿöèè.  

Ôîñôîëèïèäû — îäíè èç êëþ÷åâûõ ñòðóêòóð è ìåòàáîëèòîâ, îáåñ-
ïå÷èâàþùèõ ôóíêöèîíèðîâàíèå îðãàíèçìà íà ïðîòÿæåíèè âñåé æèçíè (3-
12). Ïîäêëàññû ôîñôîëèïèäîâ — ãëèöåðîôîñôîëèïèäû (13) è ñôèíãî-
ôîñôîëèïèäû (14) ñëóæàò ýëåìåíòàìè, íàïðÿìóþ îáúåäèíÿþùèìè ìåòà-
áîëèçì ëèïèäîâ, áåëêîâ è óãëåâîäîâ (2, 3, 15-17), îïðåäåëÿþò âñå ðåöåï-
òîðíûå ðåàêöèè (1, 6, 11, 18, 19) è ó÷àñòâóþò â ïðîöåññàõ àäàïòàöèè ê èç-
ìåíÿþùèìñÿ óñëîâèÿì ñðåäû íà ìåìáðàííîì óðîâíå âî âñåõ ñèñòåìàõ îð-
ãàíèçìà (5, 10, 11, 13, 14), â ÷àñòíîñòè çà ñ÷åò ñîõðàíåíèÿ ïðîñòðàíñòâåí-
íîé àñèììåòðèè áèñëîÿ ïëàçìàëåììû (20, 21), èçìåíåíèÿ ñîñòàâà ôîñôî-
ëèïèäîâ â ìåìáðàíàõ ìèîöèòîâ ñêåëåòíîé ìóñêóëàòóðû, êîòîðûå, íàïðè-
ìåð, ïðèâîäÿò ê ïîâûøåíèþ òîíóñà â îòâåò íà äåéñòâèÿ âîçðàñòàþùèõ 
ôèçè÷åñêèõ íàãðóçîê (22). Èíûìè ñëîâàìè, ôîñôîëèïèäû ìîæíî ðàññìàò-
ðèâàòü êàê ñâÿçóþùåå çâåíî â ñèñòåìå êîìïîíåíòîâ, îáåñïå÷èâàþùèõ ãî-
ìåîñòàç (4, 23, 24).  

Öåëüþ ðàáîòû áûëî èçó÷åíèå îðãàíèçàöèè ôóíêöèîíàëüíûõ ãðóïï 
ôîñôîëèïèäîâ, ó÷àñòâóþùèõ â ïðîöåññàõ îíòîãåíåçà ó áðîéëåðíûõ öûïëÿò.  

Ìåòîäèêà. Ýêñïåðèìåíòû ïðîâîäèëè â 2010 ãîäó íà ×åáàðêóëüñêîé 
ïòèöåôàáðèêå (ÎÎÎ «×åáàðêóëüñêàÿ ïòèöà», ×åëÿáèíñêàÿ îáë.). Îáúåêòîì 
èññëåäîâàíèÿ ñëóæèëè ÿéöà è öûïëÿòà-áðîéëåðû êðîññà ISA-15 Hubbard 
F15. Öûïëÿò ñîäåðæàëè â êëåòêàõ â öåõå âûðàùèâàíèÿ. Êîðìëåíèå è ñî-
äåðæàíèå îñóùåñòâëÿëè â ñîîòâåòñòâèè ñ òðåáîâàíèÿìè òåõíîëîãèè è íîð-
ìàìè, ðåêîìåíäîâàííûìè ÂÍÈÒÈÏ (25) è I.S.A. (Institut de Selection 
Animale, Ôðàíöèÿ) (26). Äëÿ ýêñïåðèìåíòà áûëè ñôîðìèðîâàíû ÷åòûðå 
ñáàëàíñèðîâàííûå ãðóïïû ïòèöû (ïî n = 10) ðàçíîãî âîçðàñòà — 1, 7, 23 è 
42 ñóò. Êðîâü ïîëó÷àëè ïðè äåêàïèòàöèè ïòèöû â âîçðàñòå 1 è 7 ñóò è 
ïðèæèçíåííî èç ÿðåìíîé âåíû ó 23- è 42-ñóòî÷íûõ öûïëÿò.  

Ôîñôîëèïèäíûé ñîñòàâ æåëòêà ÿèö èçó÷àëè äî çàêëàäêè íà èíêó-
áàöèþ è íà 10-å ñóò èíêóáàöèè. Ïîäãîòîâêà ïðîá âêëþ÷àëà ãîìîãåíèçà-
öèþ öåëüíîãî ñîäåðæèìîãî æåëòêà è òêàíåé ýìáðèîíà. Â ãîìîãåíàòå 
æåëòêà ÿéöà è ýìáðèîíàëüíûõ òêàíåé, à òàêæå â ñûâîðîòêå êðîâè îöåíè-
âàëè ñîäåðæàíèå ôðàêöèé ôîñôîëèïèäîâ ìåòîäîì òîíêîñëîéíîé õðîìàòî-
ãðàôèè íà ïëàñòèíàõ Silufol («Kavalier», ×åõèÿ) (27).  

Äëÿ îïðåäåëåíèÿ ôóíêöèîíàëüíûõ ãðóïï ôîñôîëèïèäîâ, à òàêæå 
èññëåäîâàíèÿ îðãàíèçàöèè ôóíêöèîíàëüíîé ñòðóêòóðû èõ êëàñòåðîâ â 
ïðîöåññå èíäèâèäóàëüíîãî ðîñòà è ðàçâèòèÿ áðîéëåðíûõ öûïëÿò ïðèìåíÿ-
ëè ìíîãîìåðíûé ìåòîä ìàòåìàòè÷åñêîãî àíàëèçà (multivariate exploratory 
techniques). Áûëè âûïîëíåíû êëàñòåðíûå àíàëèçû (cluster analysis) (28, 29) 
ñ èñïîëüçîâàíèåì ïðîôåññèîíàëüíîãî ïàêåòà ïðîãðàìì Statistica v. 8.0 
(2007 ãîä) (28). Ïîäêëàññû ôîñôîëèïèäîâ ïî ôóíêöèîíàëüíûì ãðóïïàì 
âûÿâëÿëè èåðàðõè÷åñêèì àãëîìåðàòèâíûì ìåòîäîì ìèíèìàëüíîé äèñïåð-
ñèè — äðåâîâèäíîé êëàñòåðèçàöèåé (joining tree-clustering) (28, 29). Âû÷èñ-
ëÿëè åâêëèäîâî ðàññòîÿíèå (euclidean distances) ìåæäó ïîäêëàññàìè (28, 
29). Êëàñòåðèçàöèþ âûïîëíÿëè ïî ïðàâèëó âçâåøåííîãî ïîïàðíîãî ñðåä-
íåãî (weighted pair-group average) (28, 29). Èäåíòèôèêàöèþ ôóíêöèîíàëü-
íûõ ãðóïï ôîñôîëèïèäîâ â îíòîãåíåçå îñóùåñòâëÿëè ìåòîäîì äâóõâõîäî-
âîé êëàñòåðèçàöèè (two-way joining) ïî âûÿâëåííûì ïîäêëàññàì ñ ó÷åòîì 
ïåðåìåííûõ (ïåðèîäû èíäèâèäóàëüíîãî ðîñòà è ðàçâèòèÿ ïòèöû) (28, 29).  

Ðåçóëüòàòû. Â îðãàíèçìå ó áðîéëåðíûõ öûïëÿò àíàáîëèçì è êàòà-
áîëèçì, òî åñòü ïðîöåññû ðîñòà, ðàçâèòèÿ, ðàñïàäà è îáíîâëåíèÿ ñòðóêòóð, 
âûñîêîèíòåíñèâíû (30). Ýòî, â ñâîþ î÷åðåäü, ìîæåò ñêàçàòüñÿ íà ñàìîì 
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÷óâñòâèòåëüíîì óðîâíå îðãàíèçàöèè — ìåìáðàííîì, ãäå òàê íàçûâàåìûå 
êëàñòåðû ôîñôîëèïèäîâ ñïîñîáíû îòðàæàòü âåêòîð îáìåíà âåùåñòâ è ïðè-
ñïîñîáèòåëüíûå ðåàêöèè. Ôàêòè÷åñêè âûñòóïàÿ â ðîëè ðåãóëÿòîðíûõ îá-
ðàçîâàíèé (13, 14), îíè ó÷àñòâóþò â èçìåíåíèè ìîäàëüíîñòè ôóíêöèé ñî-
ïðÿæåííûõ ñ íèìè ñòðóêòóð è ìåòàáîëèòîâ, òàêèõ êàê ìåìáðàííûå áåëêè, 
ëèïî- è ãëèêîïðîòåèäû, ëèïîïðîòåèíû (11, 17, 21). Ôîñôîëèïèäû, ïîâû-
øàÿ ýôôåêòèâíîñòü èõ âçàèìîäåéñòâèÿ, óâåëè÷èâàþò ôóíêöèîíàëüíûå 
ïîðîãè è â èòîãå ñïîñîáíû ðàñøèðÿòü ãðàíèöû îòíîñèòåëüíîãî äèíàìè÷å-
ñêîãî ïîñòîÿíñòâà âíóòðåííåé ñðåäû îðãàíèçìà (17, 31). 

Â ñâÿçè ñ ýòèì â êà÷åñòâå ïðèíöèïîâ ñòðóêòóðíîé è ôóíêöèîíàëü-
íîé îðãàíèçàöèè ñèñòåìû ôîñôîëèïèäîâ â îíòîãåíåçå áðîéëåðîâ ìîæíî 
âûäåëèòü êîìïëåìåíòàðíîñòü, ñèíåðãåòè÷íîñòü è ðåãóëÿöèþ ïî ïðèíöèïó 
îáðàòíîé ñâÿçè. Áëàãîäàðÿ êîìïëåìåíòàðíîñòè ôîñôîëèïèäû äîïîëíÿþò 
äåéñòâèå äðóã äðóãà, ÷òî äàåò âîçìîæíîñòü âûñòðàèâàòü öåëîñòíóþ ñèñòå-
ìó. Ñèíåðãåòè÷íîñòü ïîçâîëÿåò âçàèìíî óñèëèâàòü èëè îñëàáëÿòü ýôôåêòû 
ôîñôàòèäîâ. Ðåàëèçàöèÿ ïðèíöèïà îáðàòíîé ñâÿçè áàçèðóåòñÿ íà ñïîñîá-
íîñòè ôîñôîëèïèäîâ êðîâè ðåãóëèðîâàòü êîëè÷åñòâî è àêòèâíîñòü ìåòàáî-
ëèòîâ è ñîñòîÿíèå ìåìáðàííûõ ñòðóêòóð, ÷òî, â ñâîþ î÷åðåäü, îïðåäåëÿåò 
êîíöåíòðàöèþ ôîñôàòèäîâ â êðîâè.  

Â ðàííèå ïåðèîäû ïðåíàòàëüíîãî îíòîãåíåçà íà ñòàäèè çèãîòû—
ÿéöà ôîñôîëèïèäû ãðóïïèðóþòñÿ â òðè êëàñòåðà: ïåðâûé — ôîñôàòèäèë-
õîëèíû è öåðåáðîçèäû, âòîðîé — ôîñôàòèäèëýòàíîëàìèíû, òðåòèé ñäâî-
åííûé êëàñòåð — ôîñôàòèäèëèíîçèòîëû ñî ñôèíãîìèåëèíàìè è ëèçîëå-
öèòèíû ñ êàðäèîëèïèíàìè (ðèñ. 1, 2, òàáë. 1). 

 

Ðèñ. 1. Êëàñòåðèçàöèÿ ôîñôîëèïèäîâ íà ðàçíûõ ýòàïàõ îíòîãåíåçà ó áðîéëåðíûõ öûïëÿò êðîññà 
ISA-15 Hubbard F15: À — ïðåíàòàëüíûé ïåðèîä, Á — ïîñòíàòàëüíûé ïåðèîä; ÔÕ — ôîñôà-
òèäèëõîëèíû, Öåð — öåðåáðîçèäû, ÔÝ — ôîñôàòèäèëýòàíîëàìèíû, ÔÈ — ôîñôàòèäèëèíî-
çèòîëû, ÑôÌ — ñôèíãîìèåëèíû, ËË — ëèçîëåöèòèíû, ÊË — êàðäèîëèïèíû (ÎÎÎ «×åáàð-
êóëüñêàÿ ïòèöà», ×åëÿáèíñêàÿ îáë., 2010 ãîä). Ïðèìåíåí ìåòîä ìèíèìàëüíîé äèñïåðñèè; 
äëÿ êëàñòåðèçàöèè èñïîëüçîâàëè ìåòîä âçâåøåííîãî ïîïàðíîãî ñðåäíåãî ñ îïðåäåëåíèåì 
åâêëèäîâà ðàññòîÿíèÿ.  

 

Ôîðìèðîâàíèå ýòèõ ãðóïï ôîñôàòèäîâ ìû îáúÿñíÿåì ñëåäóþùèì. 
Ëåöèòèíû è öåðåáðîçèäû îáåñïå÷èâàþò ôóíêöèîíàëüíî-ñòðóêòóðíîå è 
ìåòàáîëèòíîå ðàçâèòèå è ðîñò ýìáðèîíà, ôàêòè÷åñêè áóäó÷è ïåðâè÷íûìè 
âèòàëüíûìè ôîñôîëèïèäàìè (3-9, 11, 12). Ôîñôàòèäèëõîëèíû — îñíîâà 
âñåõ ìåìáðàííûõ ñòðóêòóð (3, 32, 33) è ëèïîïðîòåèíîâ âûñîêîé ïëîòíî-
ñòè, êîòîðûå ñëóæàò ïëàñòè÷åñêèìè è ýíåðãåòè÷åñêèìè ñóáñòðàòàìè â ýì-
áðèîãåíåçå (3-5). Öåðåáðîçèäû ñîñòàâëÿþò îñíîâó ñòðóêòóð íåðâíîé òêàíè 
è áóäóùåé íåðâíîé ñèñòåìû (3-5). Êàê è ëåöèòèíû, îíè èìåþò âûñîêîå 
ñðîäñòâî ê õîëåñòåðèíó, æèðíûì êèñëîòàì (3, 32, 34), îïðåäåëÿÿ àäàïòà-
öèþ è ñòàáèëèçàöèþ êëåòî÷íûõ ìåìáðàí ê èçìåíåíèÿì îêðóæàþùåé ñðå-
äû. Íàêîíåö, öåðåáðîçèäû âûñòóïàþò àêòèâàòîðàìè è ðåãóëÿòîðàìè âñåõ 
ïðîöåññîâ ýìáðèîãåíåçà íà ìîëåêóëÿðíîì óðîâíå, â òîì ÷èñëå ïîñðåäñò-
âîì âçàèìîäåéñòâèÿ ñ ðåãóëÿòîðíûìè áåëêàìè (9, 23, 24, 35-40).  
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Ðèñ. 2. Öâåòíîå îòîáðàæåíèå êëàñòåðèçàöèè ôîñôîëèïèäîâ íà ðàçíûõ ýòàïàõ îíòîãåíåçà ó 
áðîéëåðíûõ öûïëÿò êðîññà ISA-15 Hubbard F15: À — ïðåíàòàëüíûé ïåðèîä, Á — ïîñòíàòàëü-
íûé ïåðèîä; à — äî èíêóáàöèè, á — ñåðåäèíà èíêóáàöèè (10-å ñóò); ÔÕ — ôîñôàòèäèëõî-
ëèíû, Öåð — öåðåáðîçèäû, ÔÝ — ôîñôàòèäèëýòàíîëàìèíû, ÔÈ — ôîñôàòèäèëèíîçèòîëû, 
ÑôÌ — ñôèíãîìèåëèíû, ËË — ëèçîëåöèòèíû, ÊË — êàðäèîëèïèíû (ÎÎÎ «×åáàðêóëüñêàÿ 
ïòèöà», ×åëÿáèíñêàÿ îáë., 2010 ãîä). Èñïîëüçîâàí ìåòîä äâóõâõîäîâîé êëàñòåðèçàöèè. Ñïåê-
òðàëüíûå ãðàäàöèè îáîçíà÷àþò êàæäûé îòäåëüíûé ïîäêëàññ ôîñôîëèïèäîâ â ñòðóêòóðå âû-
äåëåííûõ êëàñòåðîâ. 

 

1. Åâêëèäîâî ðàññòîÿíèå íà äåíäðîãðàììå, îòðàæàþùåé êëàñòåðèçàöèþ ôîñ-
ôîëèïèäîâ ó áðîéëåðíûõ öûïëÿò êðîññà ISA-15 Hubbard F15 â ïåðèîä ïðå-
íàòàëüíîãî îíòîãåíåçà (ÎÎÎ «×åáàðêóëüñêàÿ ïòèöà», ×åëÿáèíñêàÿ îáë., 
2010 ãîä) 
Ïîêàçàòåëü ÔÕ ÔÝ ÔÈ ËË ÊË Öåð ÑôÌ

Ôîñôàòèäèëõîëèíû (ÔÕ) 0,00 1,61 2,78 3,06 2,90 1,08 2,71 
Ôîñôàòèäèëýòàíîëàìèíû (ÔÝ) 1,61 0,00 1,22 1,49 1,32 1,22 1,16 
Ôîñôàòèäèëèíîçèòîëû (ÔÈ) 2,78 1,22 0,00 0,30 0,23 2,06 0,06 
Ëèçîëåöèòèíû (ËË) 3,06 1,49 0,30 0,00 0,19 2,36 0,36 
Êàðäèîëèïèíû (ÊË) 2,90 1,32 0,23 0,19 0,00 2,24 0,26 
Öåðåáðîçèäû (Öåð) 1,08 1,22 2,06 2,36 2,24 0,00 2,00 
Ñôèíãîìèåëèíû (ÑôÌ) 2,71 1,16 0,06 0,36 0,26 2,00 0,00 

 

Â ñâîþ î÷åðåäü, àêòèâíîñòü öåðåáðîçèäîâ (ïî îáðàòíîé ñâÿçè) ðå-
ãóëèðóåòñÿ ëåöèòèíàìè ÷åðåç äèãëèöåðèäû êàê ïðîìåæóòî÷íûå çâåíüÿ 
öèêëà (3). Ñîâìåñòíî ñ ôîñôàòèäèëõîëèíàìè öåðåáðîçèäû âûïîëíÿþò ðîëü 
àòåðîïðîòåêòîðîâ è ïðîòèâîîïóõîëåâûõ àãåíòîâ (9, 41, 42).  

Îñíîâíûå ôîñôîëèïèäû íåðâíîé òêàíè — ôîñôàòèäèëèíîçèòîëû 
è ñôèíãîìèåëèíû (3, 5, 20) ñëóæàò â ðàçâèâàþùåìñÿ ýìáðèîíå îäíèìè èç 
ïðåäøåñòâåííèêîâ ïðè ôîðìèðîâàíèè ñèñòåì ãóìîðàëüíîé è íåéðîãóìî-
ðàëüíîé ðåãóëÿöèè (3, 19, 43-45). Òàê, ôîñôàòèäèëèíîçèòîëû — âåäóùèå 
äîíîðû äèãëèöåðèäîâ, æèðíûõ êèñëîò äëÿ ñèíòåçà ýéêîçàíîèäîâ, â òîì 
÷èñëå ïðîñòàãëàíäèíîâ (3, 43). Ñôèíãîìèåëèíû îáðàçóþò âñå ìåìáðàííî-
âîëîêîííûå íåéòðàëüíûå ñòðóêòóðû (3, 41, 42).  

Â ýìáðèîãåíåçå ïòèöû ëèçîëåöèòèí è êàðäèîëèïèí îáåñïå÷èâàþò 
ìåòàáîëèòíóþ öèðêóëÿöèþ ñîïðÿæåííûõ ôîñôîëèïèäîâ — ëåöèòèíà, ôîñ-
ôàòèäèëýòàíîëàìèíà, à òàêæå ýòåðèôèêàöèþ õîëåñòåðèíà è æèðíûõ êè-
ñëîò. Ôîñôàòèäèëýòàíîëàìèí ïðåäñòàâëÿåòñÿ îäíîâðåìåííî è ñàìîñòîÿ-
òåëüíûì êîìïîíåíòîì ìåìáðàííûõ ñòðóêòóð, è çâåíîì, íåîáõîäèìûì äëÿ 
ñâÿçè ñ äðóãèìè ôîñôîëèïèäàìè íà ðàííèõ ýòàïàõ ïðåíàòàëüíîãî îíòîãå-
íåçà ó áðîéëåðíûõ öûïëÿò. 

Íà 10-å ñóò ýìáðèîãåíåçà (ñðåäèííûé ïåðèîä èíêóáàöèè) ïðîèñõî-
äèëà êîíñîëèäàöèÿ ãðóïï ôîñôîëèïèäîâ â áîëåå êðóïíûå êëàñòåðû (ñì. 
ðèñ. 1, 2, òàáë. 1), ÷òî ìû îáúÿñíÿåì îáùèì óñëîæíåíèåì ñèñòåì ðàçâè-
âàþùåãîñÿ è ðàñòóùåãî ýìáðèîíà. Âîçìîæíî, ýòî òàêæå îáóñëîâëåíî çíà-
÷èòåëüíûì ïîòðåáëåíèåì ïëàñòè÷åñêèõ è ýíåðãåòè÷åñêèõ ñóáñòðàòîâ, äàëü-
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íåéøåé ôóíêöèîíàëüíîé èíäóêöèåé ãðóïï ôîñôîëèïèäîâ íà óêàçàííîé 
ñòàäèè ïðåíàòàëüíîãî îíòîãåíåçà. Ëåöèòèíû ãðóïïèðîâàëèñü ñ êåôàëèíà-
ìè â ïåðâûé êëàñòåð, âî âòîðîé îáùèé êëàñòåð îáúåäèíÿëèñü ôîñôàòèäè-
ëèíîçèòîëû, ñôèíãîìèåëèíû, ëèçîëåöèòèíû è öåðåáðîçèäû. Ýòè ïðîöåñ-
ñû ó öûïëÿò, âèäèìî, áûëè ñâÿçàíû ñ àêòèâíûì ãèñòîãåíåçîì è íà÷àëîì 
îðãàíîãåíåçà ïðè ìèíèìèçàöèè çàòðàò èñïîëüçóåìûõ ðåñóðñîâ.  

Ôîñôàòèäèëõîëèí è ôîñôàòèäèëýòàíîëàìèí â ìåòàáîëèçìå âçàè-
ìîñâÿçàíû äðóã ñ äðóãîì, à òàêæå ñ öèðêóëÿöèåé è ôóíêöèîíèðîâàíèåì 
âñåõ ôîðì õîëåñòåðèíà, æèðíûõ êèñëîò è èõ ïðîèçâîäíûõ — ðÿäà áèîëî-
ãè÷åñêè àêòèâíûõ âåùåñòâ (2, 3). Êàðäèîëèïèí çàíèìàåò ïåðåõîäíîå ïî-
ëîæåíèå ìåæäó ïåðâûì è âòîðûì êëàñòåðîì. 

Â 1-å ñóò ïîñòíàòàëüíîãî îíòîãåíåçà öûïëÿò ôîñôîëèïèäû êðîâè 
ðàñïðåäåëÿëèñü â òðè êëàñòåðà (ðèñ. 1, 2, òàáë. 2). Ôîñôàòèäèëõîëèíû êàê  
ôîñôîëèïèäû, íàèáîëåå çàäåéñòâîâàííûå â ïðîöåññàõ æèçíåäåÿòåëüíîñòè, 
ôîðìèðîâàëè ñàìîñòîÿòåëüíóþ ãðóïïó.  

Êàðäèîëèïèí îáúåäèíÿëñÿ ñ ôîñôàòèäèëýòàíîëàìèíîì, ÷òî ìû îáú-
ÿñíÿåì ïðåæäå âñåãî âûñîêîé èíòåíñèâíîñòüþ æèðîâîãî îáìåíà è åãî 
ýíåðãîåìêîñòüþ. Ñòàáèëüíîé áûëà ãðóïïèðîâêà ôîñôàòèäèëèíîçèòîëà, 
ñôèíãîìèåëèíà è ëèçîôîñôàòèäèëõîëèíà. Ëèçîëåöèòèí â áîëüøåé ìåðå 
çàíèìàë ïðîìåæóòî÷íîå ïîëîæåíèå ìåæäó ãðóïïàìè êåôàëèíà—êàðäèî-
ëèïèíà è ñôèíãîìèåëèíà—ôîñôàòèäèëèíîçèòîëà (ñì. ðèñ. 1, 2, òàáë. 2).  

2. Åâêëèäîâî ðàññòîÿíèå íà äåíäðîãðàììå, îòðàæàþùåé êëàñòåðèçàöèþ ôîñ-
ôîëèïèäîâ ó áðîéëåðíûõ öûïëÿò êðîññà ISA-15 Hubbard F15 â ïåðèîä ïî-
ñòíàòàëüíîãî îíòîãåíåçà (ÎÎÎ «×åáàðêóëüñêàÿ ïòèöà», ×åëÿáèíñêàÿ îáë.,
2010 ãîä) 

Ïîêàçàòåëü ÔÕ ÔÝ ÔÈ ËË ÊË ÑôÌ 
Ôîñôàòèäèëõîëèíû (ÔÕ) 0,00 2,07 2,56 2,50 2,03 2,60 
Ôîñôàòèäèëýòàíîëàìèíû (ÔÝ) 2,07 0,00 0,54 0,50 0,26 0,62 
Ôîñôàòèäèëèíîçèòîëû (ÔÈ) 2,56 0,54 0,00 0,28 0,59 0,22 
Ëèçîëåöèòèíû (ËË) 2,50 0,50 0,28 0,00 0,55 0,23 
Êàðäèîëèïèíû (ÊË) 2,03 0,26 0,59 0,55 0,00 0,69 
Ñôèíãîìèåëèíû (ÑôÌ) 2,60 0,62 0,22 0,23 0,69 0,00 

 

Ó ïòèöû â 7-ñóòî÷íîì âîçðàñòå ôîñôàòèäèëýòàíîëàìèíû ôàêòè÷å-
ñêè ãðóïïèðîâàëèñü âìåñòå ñ ôîñôàòèäèëèíîçèòîëàìè, ñôèíãîìèåëèíàìè 
è ëèçîëåöèòèíàìè. Êàðäèîëèïèí çàíèìàë îòäåëüíîå ïðîìåæóòî÷íîå ïî-
ëîæåíèå ìåæäó óñòîé÷èâûì ñàìîñòîÿòåëüíûì êëàñòåðîì ëåöèòèíîâ è 
ãðóïïîé êåôàëèíîâ, ôîñôàòèäèëèíîçèòîëîâ, ñôèíãîìèåëèíîâ è ëèçîôîñ-
ôàòèäèëõîëèíîâ (ñì. ðèñ. 1, 2, òàáë. 2).  

Òåì íå ìåíåå, íàáëþäàëàñü òåíäåíöèÿ ê îáúåäèíåíèþ êåôàëèíîâ ñ 
ôîñôàòèäèëèíîçèòîëàìè â ãðóïïó, êîòîðàÿ ó 23-ñóòî÷íûõ öûïëÿò ôîðìè-
ðîâàëà îòäåëüíûé ôóíêöèîíàëüíûé êëàñòåð ôîñôàòèäèëýòàíîëàìèíîâ è 
ôîñôàòèäèëèíîçèòîëîâ. Ýòî îáúÿñíÿåòñÿ àêòèâíûì âíóòðèêëåòî÷íûì ìå-
òàáîëèçìîì ëèïîïðîòåèíîâ, êîòîðûé ïðè ó÷àñòèè ôîñôàòèäèëèíîçèòîëîâ 
îáåñïå÷èâàåòñÿ ñèãíàëüíîé ðåãóëÿöèåé ñ ïîìîùüþ ñïåöèôè÷íûõ áåëêîâ è 
äèãëèöåðèäîâ. Êàðäèîëèïèí ïðèñîåäèíÿëñÿ ê ãðóïïå ñôèíãîìèåëèíà è 
ëèçîëåöèòèíà (ñì. ðèñ. 1, 2, òàáë. 2).  

Ó 42-ñóòî÷íûõ áðîéëåðîâ îòìå÷àëàñü íàèáîëüøàÿ êîíñîëèäàöèÿ 
ôóíêöèîíàëüíûõ ãðóïï ôîñôîëèïèäîâ çà âåñü èññëåäóåìûé ïîñòíàòàëü-
íûé ïåðèîä. Â ïåðâóþ ãðóïïó êëàñòåðèçîâàëñÿ ôîñôàòèäèëõîëèí, âî âòî-
ðîóþ — êàðäèîëèïèí, ôîñôàòèäèëèíîçèòîë, ñôèíãîìèåëèí è ëèçîëåöè-
òèí. Ôîñôàòèäèëýòàíîëàìèí ñáëèæàëñÿ ñî âòîðîé ãðóïïîé (ñì. ðèñ. 1, 2, 
òàáë. 2). Òàêóþ êëàñòåðèçàöèþ ìîæíî îáúÿñíèòü ïðîäîëæåíèåì àêòèâíîãî 
ðàçâèòèÿ îòäåëüíûõ ãðóïï ñêåëåòíûõ ìûøö è ñåðäå÷íî-ñîñóäèñòîé ñèñòå-
ìû, à òàêæå ñòàáèëèçàöèåé îáìåííûõ ïðîöåññîâ, íàïðàâëåííîé íà îáåñ-
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ïå÷åíèå íîðìàëüíîãî ôóíêöèîíèðîâàíèÿ ïå÷åíè è äðóãèõ æåëåç âíóòðåí-
íåé ñåêðåöèè â óñëîâèÿõ óñèëåííîãî ñèíòåçà ïðîòåèíîâ, íåîáõîäèìûõ ïðè 
ãèïåðòðîôèðîâàííîì ôîðìèðîâàíèè ñêåëåòíîé ìóñêóëàòóðû. 

Â öåëîì íàáëþäàëàñü òåíäåíöèÿ ê íåêîòîðîé ðåòðîãðàäíîé îáðàò-
íîé ñèììåòðèè: êëàñòåðíàÿ ñèñòåìà ôîñôîëèïèäîâ, õàðàêòåðíàÿ äëÿ ïî-
ñëåäîâàòåëíûõ ïåðèîäîâ ðîñòà è ðàçâèòèÿ áðîéëåðíûõ öûïëÿò â ïîñòíà-
òàëüíîì îíòîãåíåçå, ìîæåò ïîâòîðÿòü òàêîâóþ â ïðåäøåñòâóþùèå ïåðèîäû 
ïðåíàòàëüíîãî îíòîãåíåçà â îáðàòíîì ïîðÿäêå.  

Òàêèì îáðàçîì, â ïðå- è ïîñòíàòàëüíîì îíòîãåíåçå ó áðîéëåðíîé 
ïòèöû ïðîÿâëÿåòñÿ ñòðóêòóðíî-ôóíêöèîíàëüíàÿ îðãàíèçàöèÿ ôîñôîëèïè-
äîâ. Ïîäêëàññû ôîñôîëèïèäîâ îáðàçóþò ôóíêöèîíàëüíóþ ñèñòåìó, êîòî-
ðàÿ, âåðîÿòíî, íàñëåäñòâåííî îáóñëîâëåíà, ôîðìèðóåòñÿ ïîä âëèÿíèåì 
ýíäîãåííûõ è ýêçîãåííûõ ôàêòîðîâ è íàïðàâëåíà íà ðåàëèçàöèþ àäàïòà-
öèîííûõ ìåõàíèçìîâ ñ öåëüþ ïîääåðæàíèÿ ãîìåîñòàçà è ñîõðàíåíèÿ âè-
òàëüíûõ ôóíêöèé îðãàíèçìà.   
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A b s t r a c t  
 

Individual growth and development is a gradual vector process. Each period of ontogenesis 
is characterized by certain morphological and functional changes in organs, systems and the organ-
ism as a whole. Organic and functional transformations are genetically based and realized in the 
course of adaptation to the external environment factors. The transformations occur at different lev-
els of which the intracellular level is the basic one. As far as biosynthetic processes and circulation of 
metabolites are separated, an occurrence of some elements for their regulation seems to be possible. 
For instance, structural cell components probably can be most effective regulators due to ability to 
contribute to morphological and functional integrity in cell. These structural elements are both the 
product and a regulator of metabolism directly reflecting state of all intracellular events. Membrane-
cell response is a key element of molecular regulation. Phospholipids, the main components of cell 
membrane, are extremely sensitive to external and internal factors, being at the same time relatively 
stable due to genotype effect and adaptation ability. Participation and the role of subclasses of phos-
pholipids in the functions of broiler chicks are little known. In this regard we have carried out the 
study of phospholipids profile of ISA-15 Hubbard F15 chicks during ontogenesis, particularly in eggs 
before and on day 10 of incubation, and in blood serum of chicks at postnatal period on days 1, 7, 
23 and 42. The experimental chicks were kept at a poultry farm in Chelyabinsk Province. To estab-
lish the functional groups of subclasses of phospholipids in the ontogeny of broilers we used the mul-
tivariate cluster analysis. It was shown that in egg before incubation the phospholipids were grouped 
into two separate clusters (phosphatidylcholines and cerebrosides, Euclidean distance 1.08; and 
phosphatidylethanolamines, Euclidean distance 1.61) and one joint cluster (phosphatidylinositols 
with sphingomyelin and lysolecithin with cardiolipin, the Euclidean distance of 0.23). On the day 
10 of incubation there were two joint clusters (lecithins with cephalins, the Euclidean distance of 
1.61; phosphatidylinositols, sphingomyelins, cerebrosides and lysolecithin, Euclidean distance of 
2.06) and also a transitional group (cardiolipins). During postnatal ontogenesis in 1-day old chickens 
three groups of phospholipids were found (lecithins, the Euclidean distance of 2.07; phosphati-
dylethanolamine with the cardiolipin, the Euclidean distance of 0.26; lysolecithin), while in 7-day 
old chicks there were two combined clusters (phosphatidylcholines, the Euclidean distance of 2.03; a 
complex of cephalins with phosphatidylinositol, the sphingomyelin and lysophosphatidylcholine) 
together with an intermediate cluster (cardiolipin). In 23-day old broilers three clusters of phosphol-
ipids were found (lecithins; phosphatidylethanolamines with the phosphatidylinositol; cardiolipin 
together with the lysolecithin and sphingomyelin). In 42 day aged broiler chickens the presence of 
two functional groups of phospholipids were revealed, namely a combined one (cephalins with the 
cardiolipin, phosphatidylinositol, sphingomyelin and lysolecithin) and monocomponent one (phos-
phatidylcholine). Thus it allows characterizing phospholipids as agents possessing structural and func-
tional organization, which presumably can mediate regulation of homeostasis in early ontogeny of 
broiler chickens at cellular level, and as a result, at the body level.  

 

Keywords: phospholipids, ontogeny, metabolism, homeostasis, functional system, 
broiler chickens. 


