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Îêñèä àçîòà (NO) â òêàíÿõ ÷åëîâåêà è æèâîòíûõ ñëóæèò óíèâåðñàëüíûì ìåäèàòîðîì, 
îïîñðåäóþùèì òîíóñ ãëàäêîé ìóñêóëàòóðû ñîñóäîâ è æåëóäî÷íî-êèøå÷íîãî òðàêòà, äåÿòåëüíîñòü 
öåíòðàëüíîé è âåãåòàòèâíîé íåðâíîé ñèñòåìû, äèôôåðåíöèàöèþ òêàíåé è àïîïòîç, èììóííûé 
îòâåò, ðåãóëÿöèþ ýêñïðåññèè ðÿäà ãåíîâ. Ýòî êîðîòêîæèâóùåå ñîåäèíåíèå, áûñòðî îêèñëÿþùååñÿ 
äî íèòðàòà è íèòðèòà. Èçâåñòíî, ÷òî ýìáðèîãåíåç ñîïðÿæåí ñ ñèíòåçîì îêñèäà àçîòà è íàêîïëå-
íèåì åãî ìåòàáîëèòîâ â ýìáðèîíå. Â íàñòîÿùåé ðàáîòå ìû èçó÷àëè äèíàìèêó ñîäåðæàíèÿ ìåòà-
áîëèòîâ NO â ðàçíûõ îòäåëàõ êóðèíîãî ýìáðèîíà è â çàðîäûøå â öåëîì â ïðîöåññå ýìáðèîãåíåçà. 
Â ýêñïåðèìåíòàõ èñïîëüçîâàëè îïëîäîòâîðåííûå ÿéöà êóð ïîðîä àíäàëóçñêàÿ ãîëóáàÿ, þðëîâñêàÿ 
ãîëîñèñòàÿ, ãîëóáàÿ ìÿñîÿè÷íàÿ, êîõèíõèíû áåëûå, áðàìà òåìíàÿ, áðàìà ïàëåâàÿ, Ï-11, êîðíèø, 
ïëèìóòðîê, ìàëàéñêàÿ áîéöîâàÿ, êóëàíãè; ëèíèé Õ1, Õ2, Õ12, Õ34 êðîññà Õàéñåêñ áåëûé, Á5, 
Á6, Á56 ïîðîäû êîðíèø, Á7, Á9, Á79 ïîðîäû ïëèìóòðîê; êðîññîâ ÑÏ 789, Õàéñåêñ áåëûé, Ñìå-
íà 8, Êîáá 500. Ñîäåðæàíèå ìåòàáîëèòîâ NO â îáðàçöàõ îïðåäåëÿëè, èñïîëüçóÿ ðàçðàáîòàííûé 
ôåðìåíòíûé ñåíñîð, îñíîâàííûé íà ñâîéñòâå íèòðèòà, íèòðîçîòèîëîâ (RSNO), äèíèòðîçèëüíûõ 
êîìïëåêñîâ æåëåçà (ÄÍÊÆ) è íèòðîïðîèçâîäíûõ âûñîêîìîëåêóëÿðíûõ ñîåäèíåíèé (RNO2) èí-
ãèáèðîâàòü ôåðìåíò êàòàëàçó â ïðèñóòñòâèè ãàëîèä-èîíîâ è íà óòðàòå èìè ýòîãî ñâîéñòâà ïîä 
äåéñòâèåì îïðåäåëåííûõ ôàêòîðîâ, ðàçëè÷íûõ äëÿ êàæäîé ãðóïïû ñîåäèíåíèé. Âûÿâëåíà òåñíàÿ 
êîððåëÿöèÿ ìåæäó ìÿñíîé ïðîäóêòèâíîñòüþ âçðîñëûõ ïòèö è èíòåíñèâíîñòüþ íàêîïëåíèÿ ìåòà-
áîëèòîâ NO â ðàçíûõ îòäåëàõ ýìáðèîíà. Ðàçëè÷èå ìåæäó ýìáðèîíàìè ìÿñíûõ è ÿè÷íûõ ôîðì ïî 
ýòîìó ïîêàçàòåëþ ìîãóò äîñòèãàòü äâóõ ïîðÿäêîâ. Ýìáðèîíû êóð ìÿñîÿè÷íîãî íàïðàâëåíèÿ è ìèíè-
êóð çàíèìàþò ïðîìåæóòî÷íîå ïîëîæåíèå. Óñòàíîâëåíî, ÷òî íèòðàò, êîíå÷íûé ïðîäóêò ìåòàáî-
ëèçìà, íàêàïëèâàåòñÿ ïðåèìóùåñòâåííî â ìûøöàõ ýìáðèîíà. Âðåìÿ íàèáîëåå èíòåíñèâíîãî ìåòà-
áîëèçìà (ïåðâûå 3 ñóò ðàçâèòèÿ) äàåò îñíîâàíèå ïðåäïîëîæèòü, ÷òî ãëàâíûì ïîòðåáèòåëåì NO 
ñëóæèò íå ñàìà ìûøå÷íàÿ òêàíü, à íåêèé ôàêòîð, âëèÿþùèé íà åå ãèñòîãåíåç. NO ëèáî àêòèâè-
ðóåò ýòîò ôàêòîð, ëèáî âëèÿåò íà åãî ñèíòåç.  

 

Êëþ÷åâûå ñëîâà: îêñèä àçîòà, ýìáðèîãåíåç, ìÿñíàÿ ïðîäóêòèâíîñòü.  
 

Îêñèä àçîòà (NO) ñèíòåçèðóåòñÿ â òêàíÿõ ÷åëîâåêà è æèâîòíûõ èç 
àìèíîêèñëîòû L-àðãèíèíà. Îí ñëóæèò óíèâåðñàëüíûì ìåäèàòîðîì, îïî-
ñðåäóþùèì òîíóñ ãëàäêîé ìóñêóëàòóðû ñîñóäîâ è æåëóäî÷íî-êèøå÷íîãî 
òðàêòà (1, 2), äåÿòåëüíîñòü öåíòðàëüíîé è âåãåòàòèâíîé íåðâíîé ñèñòåìû 
(2, 3), äèôôåðåíöèàöèþ òêàíåé è àïîïòîç (4, 5), èììóííûé îòâåò (2, 6), 
ðåãóëÿöèþ ýêñïðåññèè ðÿäà ãåíîâ (7). Â òêàíÿõ îêñèä àçîòà — êîðîòêîæè-
âóùåå ñîåäèíåíèå, áûñòðî îêèñëÿþùååñÿ äî íèòðàòà è íèòðèòà, êîòîðûå 
ñ÷èòàþòñÿ êîíå÷íûìè ïðîäóêòàìè åãî ìåòàáîëèçìà (2). Â áèîëîãè÷åñêèõ 
îáúåêòàõ òàêæå îáðàçóþòñÿ S-íèòðîçîòèîëû (RSNO) è äèíèòðîçèëüíûå 
êîìïëåêñû æåëåçà (ÄÍÊÆ) (8, 9). Îíè ñëóæàò äîíîðàìè îêñèäà àçîòà, 
îïîñðåäóþùèìè åãî ôèçèîëîãè÷åñêèé ýôôåêò. Òàêîâûìè ñ÷èòàþòñÿ è íå-
êîòîðûå îðãàíè÷åñêèå íèòðîñîåäèíåíèÿ (RNO2), ñïîñîáíûå ïðîäóöèðî-
âàòü ÄÍÊÆ â ïðèñóòñòâèè êàòèîíîâ çàêèñíîãî æåëåçà è òèîëîâ (10). Áëà-
ãîäàðÿ ñîåäèíåíèÿì-äîíîðàì ôèçèîëîãè÷åñêèå ýôôåêòû îêñèäà àçîòà âî 
ìíîãî ðàç ïðîäîëæèòåëüíåå, ÷åì âðåìÿ æèçíè åãî ìîëåêóëû (8, 9).  

Ðàçâèòèå ýìáðèîíà ñîïðîâîæäàåòñÿ èíòåíñèâíîé ïðîäóêöèåé îê-
ñèäà àçîòà (11, 12). Îäíàêî íåèçâåñòíî, âûïîëíÿåò ëè ïîñëåäíèé êàêóþ-
ëèáî ñïåöèôè÷åñêóþ ðîëü â ýìáðèîãåíåçå. Ýìáðèîíû ïòèö î÷åíü óäîáíû 
äëÿ èññëåäîâàíèÿ ýòîãî âîïðîñà, ïîñêîëüêó ïðåäñòàâëÿþò îòíîñèòåëüíî 
çàìêíóòóþ ñèñòåìó, ðàçâèâàþùóþñÿ îòäåëüíî îò ìàòåðèíñêîãî îðãàíèçìà, 
è èìåþò äîñòàòî÷íî êðóïíûå ðàçìåðû. 

Ðàíåå ìû îáíàðóæèëè, ÷òî ðàçâèòèå ýìáðèîíîâ ïòèö ñîïðîâîæäà-
åòñÿ èíòåíñèâíûì íàêîïëåíèåì ìåòàáîëèòîâ îêñèäà àçîòà (13). Àìíèîòè-
÷åñêàÿ æèäêîñòü ñîäåðæèò ôèçèîëîãè÷åñêèå äîíîðû NO â êîíöåíòðàöèÿõ 
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äî 4-6 ììîëü/ë. Èõ êîëè÷åñòâî îòíîñèòåëüíî ñòàáèëüíî ñ ìîìåíòà îêîí÷à-
òåëüíîãî ôîðìèðîâàíèÿ çàðîäûøà äî çàêëþ÷èòåëüíîé ñòàäèè ïðåäïëîäíî-
ãî ïåðèîäà (13, 14). Íåîðãàíè÷åñêèå íèòðàò è íèòðèò â àìíèîíå ïðåäñòàâ-
ëåíû â ñëåäîâûõ êîëè÷åñòâàõ, íèòðàò àêêóìóëèðóåòñÿ â àëëàíòîèñå. Ñóùå-
ñòâóåò æåñòêàÿ îòðèöàòåëüíàÿ êîððåëÿöèÿ ìåæäó ñîäåðæàíèåì äîíîðîâ 
NO â àìíèîíå è êîëè÷åñòâîì íèòðàòà â àëëàíòîèñå (r = −0,88) (13, 14). 

Áûëî ñäåëàíî ïðåäïîëîæåíèå, ÷òî NO, ñèíòåçèðóåìûé êëåòêàìè 
ðàçâèâàþùåãîñÿ çàðîäûøà, íàêàïëèâàåòñÿ â àìíèîíå â âèäå ñîåäèíåíèé-
äîíîðîâ è îêèñëÿåòñÿ äî íèòðàòà. Èíòåíñèôèêàöèÿ ìåòàáîëèçìà NO ïðè-
âîäèò ê óìåíüøåíèþ ñîäåðæàíèÿ äîíîðîâ NO â àìíèîíå è óâåëè÷åíèþ 
êîíöåíòðàöèè íèòðàòà â àëëàíòîèñå (14). Ïîêàçàíî, ÷òî ñóùåñòâóåò ïîëî-
æèòåëüíàÿ êîððåëÿöèÿ ìåæäó ìÿñíîé ïðîäóêòèâíîñòüþ âçðîñëûõ îñîáåé 
(ñêîðîñòüþ ïðèðîñòà ìûøå÷íîé ìàññû) è èíòåíñèâíîñòüþ ìåòàáîëèçìà 
NO â ýìáðèîíå, îöåíèâàåìîé ïî ñîîòíîøåíèþ êîëè÷åñòâà íèòðàòà â àë-
ëàíòîèñå è îáùåãî ñîäåðæàíèÿ äîíîðîâ NO â àìíèîíå. Ðàçíèöà ìåæäó 
ìÿñíûìè è ÿè÷íûìè ôîðìàìè ïî ýòîìó ïîêàçàòåëþ äîñòèãàåò äâóõ ïî-
ðÿäêîâ, â òî âðåìÿ êàê âíóòðè ëèíèè è êðîññà ðàçáðîñ ñîñòàâëÿåò íå áî-
ëåå 10 % (13, 14). Ñîäåðæàíèå îêñèäà àçîòà è åãî ïðîèçâîäíûõ â ýìáðèîíå 
ìîæåò ñòàòü ïîêàçàòåëåì ÷èñòîòû ëèíèè, êðîññà, ïîðîäû, êîòîðûé áóäåò 
èñïîëüçîâàòüñÿ ïðè ïîäáîðå ïàð äëÿ ñåëåêöèè (13). 

Öåëü íàñòîÿùåé ðàáîòû — èçó÷åíèå äèíàìèêè ñîäåðæàíèÿ ìåòàáî-
ëèòîâ NO â ðàçëè÷íûõ îòäåëàõ è â öåëîì çàðîäûøå â ñâÿçè ñ ðîëüþ îêñè-
äà àçîòà â ýìáðèîãåíåçå.  

Ìåòîäèêà. Â ýêñïåðèìåíòàõ èñïîëüçîâàëè îïëîäîòâîðåííûå ÿéöà 
êóð ñ ðàçíûì òèïîì ïðîäóêòèâíîñòè: ïîðîäû àíäàëóçñêàÿ ãîëóáàÿ, þðëîâ-
ñêàÿ ãîëîñèñòàÿ, ãîëóáàÿ ìÿñîÿè÷íàÿ, êîõèíõèíû áåëûå, áðàìà òåìíàÿ, 
áðàìà ïàëåâàÿ, Ï-11, êîðíèø, ïëóìóòðîê, ìàëàéñêàÿ áîéöîâàÿ, êóëàíãè; 
ëèíèè Õ1, Õ2, Õ12, Õ34 êðîññà Õàéñåêñ áåëûé, Á5, Á6, Á56 ïîðîäû êîð-
íèø, Á7, Á9, Á79 ïîðîäû ïëèìóòðîê; êðîññû ÑÏ 789, Õàéñåêñ áåëûé, Ñìå-
íà 8, Êîáá 500, ïîëó÷åííûå â ÎÎÎ «Ãåíîôîíä» (Ðîññèÿ). Áûëî èññëåäîâà-
íî îò 20 äî 40 ýìáðèîíîâ êàæäîé ïîðîäû, ëèíèè è êðîññà.  

Ñîäåðæàíèå ìåòàáîëèòîâ NO â îáðàçöàõ îïðåäåëÿëè íå ïîçäíåå, 
÷åì ÷åðåç 30 ìèí ïîñëå îòáîðà. Èñïîëüçîâàëè ðàçðàáîòàííûé íàìè ôåð-
ìåíòíûé ñåíñîð, îñíîâàííûé íà ñâîéñòâå íèòðèòà, íèòðîçîòèîëîâ (RSNO), 
ÄÍÊÆ è íèòðîïðîèçâîäíûõ âûñîêîìîëåêóëÿðíûõ ñîåäèíåíèé (RNO2) èí-
ãèáèðîâàòü êàòàëàçó â ïðèñóòñòâèè ãàëîèä-èîíîâ è íà óòðàòå èìè ýòîãî 
ñâîéñòâà ïîä äåéñòâèåì ôàêòîðîâ, ðàçëè÷íûõ äëÿ êàæäîé ãðóïïû ñîåäèíå-
íèé (15, 16). Ñîäåðæàíèå íèòðàòà îöåíèâàëè ïîñëå âîññòàíîâëåíèÿ òðåõ-
õëîðèñòûì âàíàäèåì äî íèòðèòà ñ ïîñëåäóþùèì êîëè÷åñòâåííûì îïðåäå-
ëåíèåì (17). Ìåòîä ïîçâîëÿåò îöåíèòü ñïåêòð ïðîäóêòîâ îêèñëåíèÿ NO áåç 
ïðåäâàðèòåëüíîé ïîäãîòîâêè è ìîäèôèêàöèè îáðàçöà ñ ÷óâñòâèòåëüíîñòüþ 
äî 50 íM (16, 17). Òàêæå èñïîëüçîâàëè êëàññè÷åñêèé ìåòîä Ãðèññà (12). 

Ñîäåðæèìîå àìíèîíà è àëëàíòîèñà îòáèðàëè íà 14-å ñóò ðàçâèòèÿ 
îäíîðàçîâûìè øïðèöàìè ïîñëå âñêðûòèÿ ÿéöà. Äëÿ ïîëó÷åíèÿ ãîìîãåíàòîâ 
ìåõàíè÷åñêè èçìåëü÷åííûå íàâåñêè ãîëîâû, òóëîâèùà (íà 6-å è 13-å ñóò), 
êîíå÷íîñòåé (13-å ñóò), ãðóäíûõ è áåäðåííûõ ìûøö (18-å ñóò) ýìáðèîíîâ 
çàëèâàëè 158 ìÌ ðàñòâîðîì õëîðèäà íàòðèÿ, ñîäåðæàùèì ôîñôàò êàëèÿ 
(10 ìÌ, ðÍ 7,4; â ðàñ÷åòå íà 1 ã òêàíè íà 20 ìë ðàñòâîðà), è îáðàáàòûâàëè 
â ñòåêëÿííîì ãîìîãåíèçàòîðå (8 ìèí, 40 ôðèêöèé/ìèí, 6 °Ñ). Ïðè ïîëó÷å-
íèè ãîìîãåíàòîâ öåëîãî ýìáðèîíà àíàëîãè÷íîé ïðîöåäóðå ïîäâåðãàëè ñî-
äåðæèìîå ÿéöà, ëèøåííîãî ñêîðëóïû. 

Èñïîëüçîâàëè èíêóáàòîðû ÈÏÕ-10 (Ðîññèÿ, ÇÀÎ «Ïÿòèãîðñêñåëü-
ìàø»), ðàññ÷èòàííûå íà 100 êóðèíûõ ÿèö (òåìïåðàòóðà â èíêóáàöèîííûé 
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ïåðèîä — 37,6 °Ñ, â âûâîäíîé ïåðèîä — 37,2 °Ñ).   
Äëÿ ñòàòèñòè÷åñêîé îáðàáîòêè ïðèìåíÿëè ïàêåò ïðîãðàìì BioStat. 
Ðåçóëüòàòû. Â àëëàíòîèñå ó ÿè÷íûõ êóð êîíöåíòðàöèÿ íèòðàòà ñî-

ñòàâëÿëà äî 27 ìêìîëü/ë, â òî âðåìÿ êàê àìíèîí áûë áîãàò äîíîðàìè NO 
(îêîëî 5 ììîëü/ë). Ó Õ1 (îòöîâñêàÿ ëèíèÿ ÿè÷íîãî êðîññà Õàéñåêñ áåëûé), 
õàðàêòåðèçóþùåéñÿ îòíîñèòåëüíî áîëåå âûñîêîé æèâîé ìàññîé è êðåïî-
ñòüþ ñêåëåòà, îòìå÷àëè çíà÷èòåëüíî áîëåå èíòåíñèâíûé ýìáðèîíàëüíûé 
ìåòàáîëèçì NO, ÷åì ó êîíå÷íîãî ãèáðèäà (òàáë. 1). 

1. Ñîäåðæàíèå ìåòàáîëèòîâ îêñèäà àçîòà (ìêìîëü/ë) â àìíèîíå è àëëàíòîèñå ó 
ýìáðèîíîâ êóð ðàçëè÷íûõ ïîðîä, ëèíèé è êðîññîâ íà 14-å ñóò èíêóáàöèè (M±m)

Àëëàíòîèñ 
Ïîðîäà, ëèíèÿ, êðîññ 

Àìíèîí,  
äîíîðû NO äîíîðû NO NO3

− 
Íàïðàâëåíèå  
ïðîäóêòèâíîñòè 

ÑÏ 789, àíäàëóçñêàÿ ãîëóáàÿ, þðëîâñêàÿ 
ãîëîñèñòàÿ, Õàéñåêñ áåëûé è åãî ëèíèè Õ2, 
Õ3, Õ12, Õ34  5500,0±350,0 25,0±10,0 27,0±10,0 ßè÷íîå 
Õ1 (îòöîâñêàÿ ëèíèÿ êðîññà Õàéñåêñ áåëûé)  3150,0±95,0 24,0±5,0 90,0±4,0 ßè÷íîå 
Ãîëóáàÿ ìÿñîÿè÷íàÿ     1950,0±277,0 18,0±5,0 125,0±25,0 Ìÿñîÿè÷íîå      
Êîõèíõèíû áåëûå   2500,0±200,0 50,0±15,0 150,0±20,0 Ìÿñîÿè÷íîå      
Áðàìà òåìíàÿ   1500,0±200,0 25,0±10,0 180,0±30,0 Ìÿñîÿè÷íîå      
Áðàìà ïàëåâàÿ   875,0±30,0 20,0±5,0 195,0±5,0 Ìÿñîÿè÷íîå      
Ï-11 (ìèíè-ÿè÷íàÿ)  1500,0±250,0 15,0±5,0 180,0±40,0 ßè÷íîå 
Ïëèìóòðîê ñ ãåíîì êàðëèêîâîñòè  850,0±200,0 25,0±10,0 150,0±50,0 Ìÿñîÿè÷íîå      
Ìèíè-ìÿñíàÿ ¹ 5    30,0±10,0 15,0±5,0 470,0±60,0 Ìÿñíîå 
Êîáá 500, Ñìåíà 8  10,0±5,0 10,0±5,0 510,0±90,0 Ìÿñíîå 
Êîðíèø, ëèíèè Á5, Á6, Á56 (îòöîâñêèå ëèíèè 
êðîññà Ñìåíà 8) 30,0±10,0 8,5±1,5 470,0±30,0 Ìÿñíîå 
Ïëèìóòðîê, ëèíèè Á7, Á9, Á79 (ìàòåðèíñêèå 
ëèíèè êðîññà Ñìåíà 8) 

5100,0±270,0 25,0±6,0 16,0±4,0 Ìÿñíîå, ñåëåêöèÿ íà 
ÿè÷íóþ ïðîäóêòèâíîñòü

Ìàëàéñêàÿ áîéöîâàÿ, êóëàíãè 16,0±8,0 8,0±4,0 410,0±20,0 Áîéöîâûå  
 

Ó ìÿñíûõ êðîññîâ Êîáá 500 è Ñìåíà 8 çàôèêñèðîâàëè âûñîêóþ èí-
òåíñèâíîñòü ìåòàáîëèçìà îêñèäà àçîòà: äî 500 ìêìîëü/ë íèòðàòà â àëëàíòîèñå 
è íå áîëåå 10 ìêìîëü/ë äîíîðîâ NO â àìíèîíå. Îäíàêî èõ ðîäèòåëüñêèå 
ôîðìû, îòíîñÿùèåñÿ ê ïîðîäàì êîðíèø è ïëèìóòðîê, êàðäèíàëüíî îòëè÷à-
ëèñü äðóã îò äðóãà ïî ýòîìó ïîêàçàòåëþ. Âñå ëèíèè êîðíèøåé õàðàêòåðè-
çîâàëèñü âûñîêîé èíòåíñèâíîñòüþ ìåòàáîëèçìà NO, â òî âðåìÿ êàê ïëè-
ìóòðîêîâ — íèçêîé. Èçâåñòíî, ÷òî êîðíèø — ìÿñíàÿ ïîðîäà. Ïëèìóòðîêè 
òîæå ñ÷èòàþòñÿ ìÿñíûìè êóðàìè, íî ó íèõ ÿéöåíîñêîñòü íà 30-40 % âûøå, 
÷åì ó êîðíèøåé. Ïî íàøèì äàííûì, âñå ëèíèè êîðíèøåé â âîçðàñòå 4 íåä 
ïðåâîñõîäèëè ëèíèè ïëèìóòðîêîâ ïî âûõîäó ïîòðîøåíîé òóøêè è îòíîñè-
òåëüíîé ìàññå ìûøö íà 3-5 % (13). Áîéöîâûå ïîðîäû, ïîëó÷åííûå â ðåçóëü-
òàòå ñåëåêöèè íà æèâóþ ìàññó è áîéöîâñêèå êà÷åñòâà, òàêæå õàðàêòåðèçîâà-
ëèñü âûñîêîé èíòåíñèâíîñòüþ ìåòàáîëèçìà NO (ñì. òàáë. 1).  

Ýìáðèîíû êóð ìÿñîÿè÷íîãî íàïðàâëåíèÿ è ìèíè-êóð ïî èíòåí-
ñèâíîñòè ìåòàáîëèçìà NO çàíèìàëè ïðîìåæóòî÷íîå ïîëîæåíèå ìåæäó 
ìÿñíûìè è ÿè÷íûìè. Èçâåñòíî, ÷òî ìèíè-êóðû ïîëó÷åíû â ðåçóëüòàòå 
ñåëåêöèè íà ìÿñíóþ ïðîäóêòèâíîñòü ïðè îòíîñèòåëüíî âûñîêîé ÿéöåíîñ-
êîñòè è ýêîíîìè÷íîñòè ðàñõîäà êîðìà. Ó íèõ, êàê ó îáû÷íûõ ìÿñíûõ, ýì-
áðèîíû èìåëè âûñîêóþ èíòåíñèâíîñòü ìåòàáîëèçìà NO (ñì. òàáë. 1).  

Ðåçóëüòàòû, ïîëó÷åííûå ðàíåå íà ýìáðèîíàõ ïåðåïåëîâ, öåñàðîê è 
ñòðàóñîâ (13, 14), àíàëîãè÷íû: èíòåíñèâíîñòü ýìáðèîíàëüíîãî ìåòàáîëèç-
ìà NO ó ìÿñíûõ ôîðì çíà÷èòåëüíî âûøå, ÷åì ó ÿè÷íûõ.  

Êàê ñëåäóåò èç ïðåäñòàâëåííûõ äàííûõ (òàáë. 2 è 3), â çàðîäûøå 
íèòðàò â îñíîâíîì íàêàïëèâàëñÿ â ìûøå÷íîé òêàíè. Íà 6-å ñóò îí îáíà-
ðóæèâàëñÿ ïðåèìóùåñòâåííî â òóëîâèùå, íà 13-å ñóò êîíöåíòðèðîâàëñÿ â 
êîíå÷íîñòÿõ. Ñîäåðæàíèå íèòðàòà â ìûøöàõ ýìáðèîíà íà 18-å ñóò ïðÿìî 
êîððåëèðîâàëî ñ åãî êîëè÷åñòâîì â àëëàíòîèñå. Ðàçíèöà â ñîäåðæàíèè 
íèòðàòà â ìûøöàõ ìåæäó ÿè÷íûìè è ìÿñíûìè ôîðìàìè êóð ñîõðàíÿëàñü 
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äî 5-7 ñóò ïîñëå âûâîäà. 

2. Äèíàìèêà ñîäåðæàíèÿ íèòðî- è íèòðîçîñîåäèíåíèé (íìîëü/ã òêàíè) â ðàçíûõ ÷àñ-
òÿõ òåëà ó çàðîäûøåé êóð ÿè÷íîãî (ÑÏ 789) è ìÿñíîãî (Êîáá 500) êðîññîâ (M±m)

Òóëîâèùå Ãîëîâà Êîíå÷íîñòè 
Êðîññ 

äîíîðû NO NO3
− äîíîðû NO NO3

− Äîíîðû NO NO3
− 

Ï î ê à ç à ò å ë ü  í à  6-å ñóò 
ÑÏ 789 30,0±15,0 0,2±0,1 10,0±5,0 0,2±0,1 – – 
Êîáá 500 31,0±10,0 370,0±15,0 7,0±3,0 0,3±0,1 – – 

Ï î ê à ç à ò å ë ü  í à  13-å ñóò 
ÑÏ 789 15,3±5,0 1,8±1,5 50,0±15,0 1,8±1,5 3,8±1,5 10,0±2,0 
Êîáá 500 10,3±4,0 25,0±12,0 40,0±15,0 3,8±1,0 43,8±8,0 670,0±15,0 
Ï ð è ì å ÷ à í è å. Ïðî÷åðêè îçíà÷àþò îòñóòñòâèå äàííûõ (íà 6-å ñóò êîíå÷íîñòè åùå íå ñôîðìèðîâàíû).

 

Ãîìîãåíàò îïëîäîòâî-
ðåííîãî êóðèíîãî ÿéöà (áå-
ëîê è æåëòîê) ñîäåðæàë îò 5 
äî 15 ìêìîëü/ë íèòðî- è íèò-
ðîçîñîåäèíåíèé. Ïî ìåðå ðàç-
âèòèÿ ýìáðèîíà îíè íàêàï-
ëèâàëèñü â åãî òêàíÿõ. Â ÿé-
öå, íå ïðåòåðïåâàþùåì ðàç-
âèòèÿ, íèòðî- è íèòðîçîñîå- 

 

äèíåíèÿ íå àêêóìóëèðóþòñÿ (14). 
Äîíîðû NO íàêàïëèâàëèñü 

â ðàçâèâàþùåìñÿ ýìáðèîíå â ïåð-
âûå 3 ñóò. Ïðè ýòîì â òå÷åíèå 4-5 ñóò 
ó íåêîòîðûõ ôîðì ïðîèñõîäèëî èí-
òåíñèâíîå ñíèæåíèå ñîäåðæàíèÿ 
äîíîðîâ NO è óâåëè÷åíèå — íèòðà-
òà (NO3

−). Íà ïðèìåðå ýìáðèîíîâ 
äâóõ ôîðì ñ âûñîêîèíòåíñèâíûì 
ìåòàáîëèçìîì NO (Ñìåíà 8 è êîð-
íèø Á56) è äâóõ — ñ íèçêîèíòåí-
ñèâíûì (Õàéñåêñ áåëûé è ïëèìóò-
ðîê Á79), à òàêæå ôîðìû ñ ïðîìå-
æóòî÷íîé èíòåíñèâíîñòüþ ìåòàáî-
ëèçìà (îòöîâñêàÿ ëèíèÿ Õ1 êðîññà 
Õàéñåêñ áåëûé) ïîêàçàíî (ðèñ.), ÷òî 
ñóììàðíîå ñîäåðæàíèå âñåõ íèòðî- 
è íèòðîçîñîåäèíåíèé â ãîìîãåíàòå 
7-ñóòî÷íûõ ýìáðèîíîâ áûëî ïðèìåð-
íî îäèíàêîâûì. Îíî îñòàâàëîñü ñòà-
áèëüíûì äî 11-õ ñóò, ïîñëå ÷åãî 
âíîâü íà÷èíàëî ïîâûøàòüñÿ (ñì. 
ðèñ.), ÷òî, âîçìîæíî, ñâÿçàíî ñ óâå-
ëè÷åíèåì ìàññû ýìáðèîíà è ïðî-
äóêöèåé NO ýíäîòåëèåì ñîñóäîâ. 
Èíòåíñèâíîñòü ïîñëåäíåé îäèíàêî-
âà ó ÿè÷íûõ è ìÿñíûõ ôîðì (14). 

Ìîæíî ïðåäïîëîæèòü (ñì. 
òàáë. 2, 3), ÷òî íà 1-4-å ñóò ïîÿâëÿë-
ñÿ íîâûé ïîòðåáèòåëü NO, äåïîíè-
ðîâàííîãî â ñîåäèíåíèÿõ-äîíîðàõ, — 
ìûøå÷íàÿ òêàíü, ïîñêîëüêó íèòðàò 
íàêàïëèâàëñÿ â íåé. Ïî äàííûì 

3. Ñîäåðæàíèå íèòðàòà (íìîëü/ã) â ìûøöàõ ó 
18-ñóòî÷íûõ çàðîäûøåé ðàçíûõ ïîðîä, ëèíèé
è êðîññîâ êóð (M±m) 

Ëèíèÿ, êðîññ, ïîðîäà Ãðóäíûå Áåäðà è ãîëåíè
Á5, Á6, Á56 1350±72 890±44 
Á7, Á8, Á79 76±14 53±15 
ÑÏ 789 33±12 30±18 
Êîáá 500 950±25 815±25 
Þðëîâñêàÿ ãîëîñèñòàÿ 35±12 25±10 
Ìàëàéñêàÿ áîéöîâàÿ 1200±85 1000±80 

 
Îáùåå ñîäåðæàíèå ìåòàáîëèòîâ NO (À), äîíî-
ðîâ NO (Á) è íèòðàòà (Â) â ýìáðèîíàõ êóð ïî 
ñðîêàì èíêóáàöèè: 1 — êðîññ Ñìåíà 8, 2 — 
ëèíèÿ êîðíèø Á56, 3 — ëèíèÿ ïëèìóòðîê 
Á79, 4 — êðîññ Õàéñåêñ áåëûé, 5 —Õ1 (îòöîâ-
ñêàÿ ëèíèÿ êðîññà Õàéñåêñ áåëûé). 
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äðóãèõ èññëåäîâàòåëåé, â ðàçâèâàþùåéñÿ ìûøöå íàèáîëåå èíòåíñèâíîé 
ïðîäóêöèåé è ìåòàáîëèçìîì NO ñîïðîâîæäàåòñÿ ïðîöåññ îáðàçîâàíèÿ 
ìèîôèáðèëë (18, 19). Íî íà 1-4-å ñóò ó ýìáðèîíà ðàçëè÷èìà òîëüêî ïî÷êà 
êîíå÷íîñòè, â êîòîðîé íåò äèôôåðåíöèðîâàííûõ òêàíåé. Ýòî äàåò îñíî-
âàíèå ïîëàãàòü, ÷òî îñíîâíûì ïîòðåáèòåëåì NO ñòàíîâèòñÿ íå ñàìà ìû-
øå÷íàÿ òêàíü, à êàêîé-òî ôàêòîð, ñïîñîáñòâóþùèé åå ðàçâèòèþ. Â ðàáîòå 
D. Cazzato ñ ñîàâò. (20) ãîâîðèòñÿ î âîçäåéñòâèè NO íà ðåãóëÿòîðíûé 
ôàêòîð ìèîãåííîé äèôôåðåíöèàöèè 2à íà íà÷àëüíîé ñòàäèè ðàçâèòèÿ êó-
ðèíîãî ýìáðèîíà: èíãèáèðîâàíèå ãåíåðàöèè NO ïðèâîäèëî ê ñíèæåíèþ 
ýêñïðåññèè ýòîãî ôàêòîðà, à ïðèìåíåíèå äîíîðîâ NO èìåëî îáðàòíûé 
ýôôåêò. Âîçìîæíî, ïîòðåáëåíèå NO ñâÿçàíî ñ ýòèì ôàêòîðîì, à íàêîïëå-
íèå íèòðàòà â òêàíÿõ ýìáðèîíà, ïðîèñõîäÿùåå ïîçäíåå 3-4-õ ñóò èíêóáà-
öèè, îáóñëîâëåíî òðàíñôîðìàöèåé äîíîðîâ NO, êîòîðûå ñèíòåçèðóþòñÿ 
òêàíÿìè ýìáðèîíà óæå ñî çíà÷èòåëüíî ìåíüøåé èíòåíñèâíîñòüþ. Ïîýòîìó 
ñóììàðíîå ñîäåðæàíèå íèòðî- è íèòðîçîñîåäèíåíèé îòíîñèòåëüíî ñòà-
áèëüíî ñ 4-õ ïî 11-å ñóò (ñì. ðèñ.).  

Òàêèì îáðàçîì, â ýìáðèîãåíåçå ïòèöû îêñèä àçîòà èãðàåò âàæíóþ 
ðîëü, ñâÿçàííóþ ïðåäïîëîæèòåëüíî ñ ðàçâèòèåì ìûøå÷íîé òêàíè. Ó ìÿñ-
íûõ ôîðì åãî ìåòàáîëèçì â ýìáðèîíàõ ïðîèñõîäèò ìíîãîêðàòíî èíòåí-
ñèâíåå, ÷åì ó ÿè÷íûõ ôîðì, à íèòðàò, êîíå÷íûé ïðîäóêò ìåòàáîëèçìà, 
íàêàïëèâàåòñÿ ïðåèìóùåñòâåííî â ìûøöàõ. Âðåìÿ íàèáîëåå èíòåíñèâíîãî 
ìåòàáîëèçìà (ïåðâûå 3 ñóò ðàçâèòèÿ) äàåò îñíîâàíèå ïðåäïîëîæèòü, ÷òî 
îñíîâíûì ïîòðåáèòåëåì NO ñëóæèò íå ñàìà ìûøå÷íàÿ òêàíü, à ôàêòîð, 
âëèÿþùèé íà åå ãèñòîãåíåç. NO ëèáî àêòèâèðóåò ýòîò ôàêòîð, ëèáî âëèÿåò 
íà åãî ñèíòåç.  
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A b s t r a c t  
 

It is known that nitric oxide (NO) mediates the regulation of smooth muscle tone in the 
blood vessels and the gastrointestinal tract, the central and autonomic nervous systems activity, dif-
ferentiation and apoptosis in tissues, immune response, and gene expression in animals and humans. 
This is a short-lived substance oxidized rapidly to nitrate and nitrite. Embryogenesis is associated 
with the synthesis of nitric oxide (NO) and accumulation of its metabolites in embryo. Nevertheless, 
the mechanism of this relationship is unknown. In this paper we reported the results of comparing 
dynamics of the NO metabolite levels in the parts of and a whole embryo in the layers and broiler 
chicks. Incubated eggs were examined in the breeds (Andalusian Blue, Yurlovskaya Golosistaya, 
Golubaya Myasoyaichnaya, Cochin White, Brahma Dark, Brahma Pale, P-11, Cornish, Plymouth 
Rock, Malay fighting hens, Uzbek fighting hens), some lines (Õ1, Õ2, Õ12, Õ34 of Hysex White 
cross, B5, B6 and B56 of Cornish, B7, B9, and B79 of Plymouth Rock), and four crosses (SP 789, 
Hysex White, Smena 8, Cobb 500). The NO metabolites were detected using developed enzymatic 
sensor. The test is based on catalase inhibition by nitrite, nitrosothiols (RSNO), Fe-dinitrosyl com-
plex and nitro derivatives of high-molecular compounds (RNO2) in the presence of halide ions, re-
pressed by the factors different for each class of compounds. The close correlation was observed be-
tween meat productivity of adult poultry and NO metabolites accumulation in different embryo 
parts. The NO metabolite accumulation differed up to 100 times in meat- and egg-hen embryos, and 
in meat-egg hens and mini-hens the intermediate parameters were indicated. It was shown that ni-
trate as a final metabolic product was accumulated in the muscle of embryo. Due to time when the 
most intensive accumulation occurs in ontogenesis (3 days), some factor rather than the muscle it-
self, but influencing muscle histogenesis could be considered as the main agent involved in NO me-
tabolism. Nitric oxide as a mediator can either activate this agent, or affect its synthesis.  
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