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ÂËÈßÍÈÅ ÝÑÑÅÍÖÈÀËÅ Í ÍÀ ÂÛÆÈÂÀÅÌÎÑÒÜ ÊÐÛÑ

ÏÐÈ ÂÎÇÄÅÉÑÒÂÈÈ ÏÐÎÄÎËÜÍÛÕ ÏÅÐÅÃÐÓÇÎÊ “ÃÎËÎÂÀ-ÒÀÇ” (+Gz)

È ÎÑÒÐÎÉ ÃÈÏÎÊÑÈ×ÅÑÊÎÉ ÃÈÏÎÊÑÈÈ

Þ. Í. ×åðíîâ1 , Ì. Â. Âàñèí2, È. Á. Óøàêîâ3,4

Îïûòû ïðîâåäåíû íà 86 áåñïîðîäíûõ áåëûõ êðûñàõ. Æèâîòíûõ ïîäâåðãàëè âîçäåé-

ñòâèþ ïðîäîëüíûõ “ãîëîâà-òàç” ïåðåãðóçîê (+Gz) âåëè÷èíîé 2 åä â òå÷åíèå 2 ìèí èëè

îñòðîé ãèïîêñè÷åñêîé ãèïîêñèè ïðè “ïîäúåìå íà âûñîòó” 10,5 êì ïðè ñêîðîñòè ïîäúå-

ìà 20 ì/ñ è íàõîæäåíèè íà “ïëîùàäêå” 10,5 êì â òå÷åíèå 30 ìèí. Ïðåïàðàò Ýññåíöèà-

ëå Í â âèäå ðàñòâîðà, ñîäåðæàùåãî ôîñôàòèäèëõîëèí, íèêîòèíàìèä, öèàíêîáàëàìèí,

ïèðèäîêñèí è íàòðèé-d-ïàíòîòåíàò, ââîäèëè êðûñàì âíóòðèáðþøèííî â äîçå 4 ìë/êã

(200 ìã/êã ïî ñîäåðæàíèþ â ïðåïàðàòå ôîñôîëèïèäîâ è 20 ìã/êã íèêîòèíàìèäà) çà

15 – 20 ìèí äî âîçäåéñòâèÿ ýêñòðåìàëüíûõ ôàêòîðîâ. Ïðèìåíåíèå ýññåíöèàëå Í ñî-

ïðîâîæäàëîñü ñíèæåíèåì ÷èñëà ïîãèáøèõ ïîä âîçäåéñòâèåì ïðîäîëüíûõ ïåðåãðóçîê

“ãîëîâà-òàç” (+Gz) è îñòðîé ãèïîêñè÷åñêîé ãèïîêñèè êðûñ íà 31 è 60 %, ñîîòâåòñòâåí-

íî (p < 0,05).

Êëþ÷åâûå ñëîâà: ïðîäîëüíûå ïåðåãðóçêè “ãîëîâà-òàç”; îñòðàÿ ãèïîêñè÷åñêàÿ ãèïîê-

ñèÿ; ýññåíöèàëå Í; êðûñû.

ÂÂÅÄÅÍÈÅ

Ðàíåå áûë óñòàíîâëåí íåéðîïðîòåêòîðíûé ýôôåêò

ïðåïàðàòà Ýññåíöèàëå Í íà ìîäåëè ãåìîððàãè÷åñêîãî

èíñóëüòà â îïûòàõ íà êðûñàõ ëèíèè Êðóøèíñêîãî-Ìî-

ëîòêèíà [1, 3]. Ýññåíöèàëå Í (Rhone-Poulene Rorer),

Ôðàíöèÿ ïðåäñòàâëÿåò ñîáîé êîìïëåêñíûé ïðåïàðàò, â

ñîñòàâ êîòîðîãî âõîäÿò ôîñôîëèïèäû (ôîñôàòèäèëõî-

ëèí èç ñîåâûõ áîáîâ), âèòàìèíû íèêîòèíàìèä, ïèðè-

äîêñèí, öèàíêîáàëàìèí è íàòðèé-d-ïàíòîòåíàò. Ïî-âè-

äèìîìó, îáíàðóæåííûå íåéðîïðîòåêòîðíûå ñâîéñòâà

ýññåíöèàëå Í âî ìíîãîì îáóñëîâëåíû âõîäÿùèì â åãî

ñîñòàâ íèêîòèíàìèäîì. Îá ýòîì ñâèäåòåëüñòâóþò ðå-

çóëüòàòû èçó÷åíèÿ íåéðîïðîòåêòîðíûõ ñâîéñòâ íèêî-

òèíàìèäà íà ìîäåëè òðàâìàòè÷åñêîãî ïîâðåæäåíèÿ ãî-

ëîâíîãî ìîçãà (ÃÌ) [4, 6, 7, 14]. Òåì íå ìåíåå, êàæäûé

èç âèòàìèíîâ, âõîäÿùèé â ñîñòàâ ýññåíöèàëå Í, ãèïî-

òåòè÷åñêè ìîæåò ïîëîæèòåëüíî âëèÿòü íà ðåàëèçàöèþ

ôàðìàêîëîãè÷åñêîãî ýôôåêòà íèêîòèíàìèäà è íà òå÷å-

íèå ïàòîëîãè÷åñêîãî ïðîöåññà ïðè ðàçâèòèè îñòðîé

ãèïîêñèè ÃÌ. Èçâåñòíî çíà÷åíèå ïèðèäîêñèíà è öèàí-

êîáàëàìèíà äëÿ íîðìàëüíîé äåÿòåëüíîñòè ÖÍÑ

[6, 10], êðîìå òîãî, ïàíòîòåíîâàÿ êèñëîòà ÿâëÿåòñÿ ñóá-

ñòðàòîì äëÿ ñèíòåçà ÊîÀ, êëþ÷åâîãî êîôåðìåíòà, ó÷à-

ñòâóþùåãî â îêèñëåíèè ïèðóâàòà â öèêëå Êðåáñà.

Óâåëè÷èâàÿ óðîâåíü âîññòàíîâëåííîãî ãëóòàòèîíà â

êëåòêå, îíà îêàçûâàåò àíòèîêñèäàíòíîå è ïðîòèâîâîñ-

ïàëèòåëüíîå äåéñòâèå [10]. Äëÿ âñåõ îòìå÷åííûõ êîì-

ïîíåíòîâ ïðåïàðàòà âàæíà ðîëü ôîñôàòèäèëõîëèíà äëÿ

ïðîõîæäåíèÿ ÷åðåç ãåìàòîýíöåôàëè÷åñêèé áàðüåð [11].

Öåëüþ íàñòîÿùåãî èññëåäîâàíèÿ ÿâèëîñü èçó÷åíèå

âëèÿíèÿ ýññåíöèàëå Í íà âûæèâàåìîñòü êðûñ íà ìîäå-

ëè îñòðîé ãèïîêñèè ÃÌ ïðè âîçäåéñòâèè ñìåðòåëüíûõ

ïåðåãðóçîê “ãîëîâà-òàç” è îñòðîé ãèïîêñè÷åñêîé ãè-

ïîêñèè ïðè áûñòðîì ñíèæåíèè áàðîìåòðè÷åñêîãî äàâ-

ëåíèÿ â àòìîñôåðå, êàê êðèòè÷åñêîãî ôàêòîðà òðàâìà-

òè÷åñêîãî ïîâðåæäåíèÿ ãîëîâíîãî ìîçãà.

ÌÅÒÎÄÛ ÈÑÑËÅÄÎÂÀÍÈß

Îïûòû ïðîâåäåíû íà áåñïîðîäíûõ áåëûõ êðû-

ñàõ-ñàìêàõ ìàññîé 220 – 250 ã (Öåíòðàëüíûé ïèòîì-

íèê ëàáîðàòîðíûõ æèâîòíûõ ÐÀÍ, Ìîñêîâñêàÿ îá-

ëàñòü). Æèâîòíûõ ñîäåðæàëè â âèâàðèè â êëåòêàõ ïî 5

îñîáåé, îíè ïîëó÷àëè áðèêåòèðîâàííûé êîðì è âîäó

èç ïîèëêè. Ïðåäâàðèòåëüíî çàôèêñèðîâàííûå çà êî-

íå÷íîñòè êðûñû ïîäâåðãàëèñü âîçäåéñòâèþ ïðîäîëü-

íûõ ïåðåãðóçîê “ãîëîâà-òàç” (+G
z
) âåëè÷èíîé 2 åä (îò-

íîñèòåëüíàÿ åäèíèöà, ïîêàçûâàþùàÿ âî ñêîëüêî ðàç

óâåëè÷èâàåòñÿ ìàññà òåëà, ïî ñðàâíåíèþ ñ îáû÷íûìè

óñëîâèÿìè ïîä âëèÿíèåì ïåðåãðóçîê) â òå÷åíèå 2 ìèí

íà öåíòðèôóãå ñ ïëå÷îì 4,25 ì. Â áàðîêàìåðå êðûñ

“ïîäíèìàëè” íà “âûñîòó” 10,5 êì ñî ñêîðîñòüþ 20 ì/ñ,

íà “ïëîùàäêå” êîòîðîé îíè íàõîäèëèñü ïîä íàáëþäå-

íèåì 30 ìèí.

Ýññåíöèàëå Í â âèäå ðàñòâîðà ââîäèëè âíóòðèáðþ-

øèííî â äîçå 4 ìë/êã (200 ìã/êã ïî ñîäåðæàíèþ ôîñ-

ôîëèïèäîâ è 20 ìã/êã ïî íèêîòèíàìèäó) çà 15 – 20 ìèí
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äî íà÷àëà âîçäåéñòâèÿ ïåðåãðóçêè èëè ïîäúåìà æèâîò-

íûõ íà “âûñîòó”. Äàííîå âðåìÿ âûáðàíî, èñõîäÿ èç

ñðîêà äîñòèæåíèÿ åãî ìàêñèìàëüíîé êîíöåíòðàöèè â

êëåòêàõ êðîâè (10 ìèí) [2] è ïðîõîæäåíèÿ ïðåïàðàòà

÷åðåç ÃÝÁ. Êðûñàì êîíòðîëüíîé ãðóïïû ââîäèëè ôè-

çèîëîãè÷åñêèé ðàñòâîð â îáúåìå 1 ìë. Ýôôåêòèâíîñòü

ýññåíöèàëå Í îöåíèâàëè ïî âûæèâàåìîñòè êðûñ âî

âðåìÿ âîçäåéñòâèÿ ïðîäîëüíîé ïåðåãðóçêè +G
z

è îñò-

ðîé ãèïîêñè÷åñêîé ãèïîêñèè.

Ñîáëþäåíû ìåæäóíàðîäíûå ïðèíöèïû Õåëüñèí-

ñêîé äåêëàðàöèè î ãóìàííîì îòíîøåíèè ê æèâîòíûì.

Äîñòîâåðíûå ðàçëè÷èÿ ìåæäó ýêñïåðèìåíòàëüíûìè

äàííûìè îöåíèâàëè ïî òî÷íîìó êðèòåðèþ Ôèøåðà.

ÐÅÇÓËÜÒÀÒÛ È ÈÕ ÎÁÑÓÆÄÅÍÈÅ

Âîçäåéñòâèå ïðîäîëüíûõ ïåðåãðóçîê “ãîëîâà-òàç”

äî 2 åä/ñ â òå÷åíèå 2 ìèí âûçûâàëî ãèáåëü 58,3 %

êðûñ. Ïðåäâàðèòåëüíîå ïðèìåíåíèå ýññåíöèàëå Í çà

15 – 20 ìèí äî íà÷àëà ýêñòðåìàëüíîãî âîçäåéñòâèÿ

ñíèæàëî ñìåðòíîñòü æèâîòíûõ íà 31 % (p < 0,05) (òàá-

ëèöà).

Ïðè íàõîæäåíèè íà “ïëîùàäêå 10,5 êì” â òå÷åíèå

30 ìèí áîëüøàÿ ÷àñòü êðûñ (75 %) ïîãèáàëà íà ôîíå

òÿæåëîé îäûøêè è ñóäîðîã. Ïðåäâàðèòåëüíîå ïðèìåíå-

íèå ýññåíöèàëå Í çà 15 – 20 ìèí äî ïîäúåìà íà âûñîòó

ñíèæàëî èõ ñìåðòíîñòü íà 60 % (p < 0,05) (òàáëèöà).

Ïðè÷èíîé ãèáåëè æèâîòíûõ â îáîèõ ñëó÷àÿõ ýêñ-

òðåìàëüíîãî âîçäåéñòâèÿ ÿâëÿåòñÿ ðàçâèòèå îñòðîé ãè-

ïîêñèè, ïðåæäå âñåãî, òêàíè ÃÌ âñëåäñòâèå åå âûñîêî-

ãî ýíåðãîïîòðåáëåíèÿ è íàèáîëüøåé èíòåíñèâíîñòè

ïîòðåáëåíèÿ êèñëîðîäà, ïî ñðàâíåíèþ ñ äðóãèìè òêà-

íÿìè. Íà ìîäåëè ïåðåãðóçîê “ãîëîâà–òàç” ñîçäàâàëàñü

ëîêàëüíàÿ îñòðàÿ ãèïîêñèÿ ÃÌ. Ñíèæåíèå ñìåðòíîñòè

æèâîòíûõ â äàííûõ óñëîâèÿõ ïîä âîçäåéñòâèåì ýññåí-

öèàëå Í ïðîèñõîäèò, ïðåæäå âñåãî, çà ñ÷åò âõîäÿùåãî â

åãî ñîñòàâ íèêîòèíàìèäà è ñâÿçàíî ñ íåéðîïðîòåêòîð-

íûìè ñâîéñòâàìè ïðåïàðàòà.

Ìåõàíèçì íåéðîïðîòåêòîðíîãî äåéñòâèÿ íèêîòèíà-

ìèäà â íàñòîÿùåå âðåìÿ íåäîñòàòî÷íî ÿñåí. Åñòü ïðåä-

ïîëîæåíèÿ î òîì, ÷òî îí ìîæåò áûòü îáóñëîâëåí ñóá-

ñòðàòíîé ïîääåðæêîé êëåòî÷íîãî äûõàíèÿ ÷åðåç óâå-

ëè÷åíèå ñèíòåçà ÍÀÄ+
ïðè îêèñëèòåëüíîì ïîâðåæäå-

íèè òêàíåé. Áëîêèðóÿ ôåðìåíò PARP, ó÷àñòâóþùèé â

ðåïàðàöèè ÄÍÊ, íèêîòèíàìèä ïðåïÿòñòâóåò ñíèæå-

íèþ ñîäåðæàíèÿ ÍÀÄ
+

â íåéðîöèòàõ [4, 10].

Âîçìîæíû êîñâåííûå ïóòè ðåàëèçàöèè äåéñòâèÿ

íèêîòèíàìèäà, ñíèæàþùèå ïðîÿâëåíèÿ âòîðè÷íîãî

êàñêàäà ýôôåêòîâ òêàíåâîãî ïîâðåæäåíèÿ (âîñïàëå-

íèå, ãåíåðàöèÿ ñâîáîäíûõ ðàäèêàëîâ, ãèáåëü íåéðîíîâ

îò ïåðåâîçáóæäåíèÿ) [6 – 8]. Ïîñëåäíèé ýôôåêò ìîæåò

îñóùåñòâëÿòüñÿ çà ñ÷åò àêòèâàöèè ñèðòóèíà (ÍÀÄ-çà-

âèñèìîé ïðîòåèí äåàöåòèëàçû), ïîäàâëÿþùåãî ìåòà-

áîëè÷åñêèé ñòðåññ ïðè ãåíåðàöèè ýíåðãèè â ìèòîõîíä-

ðèÿõ íåéðîíîâ [4, 5]. Ó÷àñòâóÿ â ñèíòåçå íèêîòèí ìî-

íîíóêëåîòèäà íèêîòèíàìèä ñïîñîáñòâóåò àêòèâàöèè

Nrf2/HO-1, êîòîðûé òîðìîçèò îêèñëèòåëüíûé ñòðåññ è

ïðîöåññû âîñïàëàëåíèÿ, ÷òî ñíèæàåò àïîïòîç íåéðî-

íîâ â ïîâðåæäåííîé òêàíè ÃÌ [15].

Îïðåäåëåííûé âêëàä â íåéðîïðîòåêöèþ, ñâÿçàííóþ

ñ âëèÿíèåì íèêîòèíàìèäà, ìîæåò âíåñòè òîðìîæåíèå

àêòèâàöèè ãëóòàìàòíûõ ðåöåïòîðîâ íåéðîöèòîâ ÷åðåç

ÃÀÌÊ/áåíçîäèàçåïèíîâûå ðåöåïòîðû ïóòåì ñòàáèëè-

çàöèè ìåìáðàííîãî ïîòåíöèàëà êëåòîê [13]. Î÷åâèäíî,

÷òî òàêèì ïóòåì íèêîòèíàìèä ñíèæàåò ãèáåëü íåéðî-

íîâ îò ýêñàéòîòîêñè÷íîñòè, ñîïðîâîæäàåìîé ÷ðåçìåð-

íîé àêòèâàöèåé òêàíåâîãî äûõàíèÿ ñ ðàçâèòèåì îñò-

ðîé êëåòî÷íîé ãèïîêñèè.

Íåéðîïðîòåêòîðíûé ýôôåêò íèêîòèíàìèäà äîñòèãà-

åòñÿ â ýêñïåðèìåíòàëüíûõ ìîäåëÿõ â îïûòàõ íà êðû-

ñàõ ïðè åãî ïðèìåíåíèè â îòíîñèòåëüíî áîëüøèõ äî-

çàõ (50 – 500 ìã/êã), ÷òî ðàññìàòðèâàþò êàê áîëüøîé

åãî íåäîñòàòîê [5]. Âûñîêàÿ ýôôåêòèâíîñòü ýññåíöèà-

ëå Í, ñîäåðæàùåãî íèêîòèíàìèä â òàêèõ êîëè÷åñòâàõ,

êîòîðûå îáåñïå÷èâàþò åãî ïðèìåíåíèå â äîçå 20 ìã/êã,

âîçìîæíî îáóñëîâëåíà êàê ïîëîæèòåëüíûì âëèÿíèÿì

êîìïëåêñà âèòàìèíîâ â ñîñòàâå ýññåíöèàëå Í íà êëå-

òî÷íîå äûõàíèå, òàê è âîçìîæíûì èõ ïîòåíöèðîâàíè-

åì íåéðîïðîòåêòîðíîãî è àíòèãèïîêñè÷åñêîãî ýôôåê-

òà íèêîòèíàìèäà.

Íèêîòèíàìèä ïðèìåíÿåòñÿ â êëèíè÷åñêîé ïðàêòèêå

â áîëüøèõ äîçàõ (0,5 – 5 ã) äëÿ ëå÷åíèÿ ðÿäà çàáîëåâà-

íèé ÖÍÑ, â òîì ÷èñëå, äåãåíåðàòèâíîé ïðèðîäû, ÷òî

îñëîæíÿåòñÿ ðîñòîì ðèñêà åãî ïîáî÷íûõ ýôôåêòîâ [9].

Ïðèìåíåíèå ýññåíöèàëå Í ïîçâîëèëî áû ñíèçèòü äîçó

íèêîòèíàìèäà è, òåì ñàìûì, óìåíüøèòü ðèñê îñëîæ-

íåíèé ïðè ñîõðàíåíèè åãî ýôôåêòèâíîñòè. Âñåñòîðîí-

íèå èññëåäîâàíèÿ ïî îöåíêå ìåõàíèçìà íåéðîïðîòåê-

òîðíîãî äåéñòâèÿ íèêîòèíàìèäà ÿâëÿþòñÿ âàæíîé îñ-

íîâîé äëÿ îáîñíîâàíèÿ åãî ïðèìåíåíèÿ â ïðîôèëàêòè-

êå è òåðàïèè ýêñòðåìàëüíûõ ñîñòîÿíèé îñòðîé èøå-

ìèè ìîçãà è åãî òðàâìû [4].

ÂÛÂÎÄ

Ýññåíöèàëå Í â äîçå 4 ìë/êã (20 ìã/êã ïî íèêîòèíà-

ìèäó), âíóòðèáðþøèííî çà 15 – 20 ìèí äî âîçäåéñò-

âèÿ ïðîäîëüíûõ ïåðåãðóçîê “ãîëîâà-òàç” (+G
z
) (2 åä,

2 ìèí) è îñòðîé ãèïîêñè÷åñêîé ãèïîêñèè (“âûñîòà”

Âëèÿíèå ýññåíöèàëå Í íà âûæèâàåìîñòü êðûñ 9

������� %!�������� �$$��(�&�� � )" �"#!&��" ,�'�!�3!65���

�" � ��0#�/ �& ,17�,&��"$�4 #!1$ %!�  �.$�,�� %�!��!'+"# 8�"�

�",&9 �&+: );�<= > � = > ���/ ��� "$�!". ��%"#$�-�$#". ��%"#�

$�� %!� 8%" ?���: #!1$ , 3&!"#&��!� �& 8,1$"�': *@=A #�

Ãðóïïû

Èñõîäíîå

êîëè÷åñòâî

êðûñ

Êîëè÷åñòâî

êðûñ

ïîñëå

íàãðóçêè

Âûæèâàå-

ìîñòü,

%

Gz 24 10 41,7

Ýññåíöèëå + Gz 22 16 72,7*

Îñòðàÿ ãèïîêñè÷åñêàÿ

ãèïîêñèÿ

20 5 25,0

Ýññåíöèàëå + îñòðàÿ ãè-

ïîêñè÷åñêàÿ ãèïîêñèÿ

20 16 85,0*

Ïðèìå÷àíèå: * ïî ñðàâíåíèþ ñ êîíòðîëüíîé ãðóïïîé p < 0,05 (òî÷íûé

êðèòåðèé Ôèøåðà).



10,5 êì çà 10 ìèí) ñíèæàåò ñìåðòíîñòü êðûñ íà 31 è

60 % ñîîòâåòñòâåííî (p < 0,05).
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EFFECT OF ESSENTIALE H ON RAT SURVIVAL UNDER EXPOSURE

TO LONGITUDINAL HEAD-PELVIC OVERLOADS (+GZ) AND ACUTE HYPOXIC HYPOXIA
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Experiments carried out on 86 white outbred rats exposed to longitudinal “head-pelvis” overloads (+Gz) (2 units over 2 min) or acute hypoxic hypoxia at “as-

cent to summit” 10.5 km at a speed of 20 m/s and “landing” 10.5 km over 30 min. Essentiale H in the form of a solution containing phosphotidylcholine, nicoti-

namide, cyanocobalamine, pyridoxine and sodium-d-pantothenate was administered intraperitoneally to rats at a dose of 4 mL/kg (200 mg/kg by phospholipid

and 20 mg/kg nicotinamide) 15 – 20 min before exposure to extreme factors. Essentiale H administration reduced rat death rate due to longitudinal head-pelvic

overloads (+Gz) and acute hypoxic hypoxia by 31 and 60%, respectively ( p < 0.05).

Keywords: longitudinal “head-pelvis” overloads (+Gz); acute hypoxic hypoxia; Essentiale N; rats.
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