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Ìåõàíèçìû âëèÿíèÿ ãèïåðíàòðèåâîé ñðåäû
íà ñîêðàòèòåëüíóþ àêòèâíîñòü
èçîëèðîâàííîãî ñåðäöà êðûñ

Óâåëè÷åíèå âíåêëåòî÷íîé êîíöåíòðàöèè íàòðèÿ (îò 140 äî 200 ììîëü/ë)
âûçûâàåò íà÷àëüíîå óìåíüøåíèå ðàçâèâàåìîãî äàâëåíèÿ ëåâîãî æåëóäî÷êà,
ñìåíÿþùååñÿ óâåëè÷åíèåì àìïëèòóäû ñîêðàùåíèé íà 40�50 % ïî ñðàâíå-
íèþ ñ èñõîäíûì ñîñòîÿíèåì. Õëîðèä ëèòèÿ (60 ììîëü/ë) íå âûçûâàë àíàëî-
ãè÷íûõ èçìåíåíèé. Íà÷àëüíîå óìåíüøåíèå ñîêðàòèòåëüíîé ôóíêöèè ìèî-
êàðäà ïîä äåéñòâèåì ãèïåðíàòðèåâîé ñðåäû íå áûëî ÷óâñòâèòåëüíî ê
âåðàïàìèëó, ýòìîçèíó, ëèäîêàèíó, êîôåèíó èëè áëîêàòîðó Na�H-îáìåíà
ÍÌÀ. Âåðàïàìèë (0,1 ìêìîëü/ë) èëè ÍÌÀ (1 ìêìîëü/ë) íå âëèÿëè íà
âûçûâàåìîå ãèïåðíàòðèåâîé ñðåäîé óâåëè÷åíèå ðàçâèâàåìîãî äàâëåíèÿ.
Ïîëîæèòåëüíîå èíîòðîïíîå äåéñòâèå ãèïåðíàòðèåâîé ñðåäû ïðîÿâëÿëîñü
ïîñëå îñòàíîâêè ñåðäöà âåðàïàìèëîì (2 ìêìîëü/ë). Êîôåèí (10 ììîëü/ë),
èëè áëîêàòîðû íàòðèåâûõ êàíàëîâ: 6-²À (2,4 ìêìîëü/ë), áåíçàìèë
(0,04 ìêìîëü/ë), ôåíàìèë (0,02 ìêìîëü/ë) îñëàáëÿëè ïîëîæèòåëüíîå èíîò-
ðîïíîå äåéñòâèå ãèïåðíàòðèåâîé ñðåäû.

Ââåäåíèå

Â ñîêðàòèòåëüíîé äåÿòåëüíîñòè ñåðäå÷íîé ìûøöû îñîáîå ìåñòî ïðèíàäëå-
æèò èîíàì íàòðèÿ, êîòîðûå íå òîëüêî ó÷àñòâóþò â ïðîöåññàõ ýëåêòðè÷åñêî-
ãî âîçáóæäåíèÿ ìèîêàðäà, íî è ðåãóëèðóþò ñèëó ñîêðàùåíèé è ïîòîêè Ñà2+

â êëåòêè [1, 4, 6, 9, 10]. Èçâåñòíà òàêæå ñïîñîáíîñòü âûñîêîé âíåêëåòî÷íîé
êîíöåíòðàöèè èîíîâ íàòðèÿ ïðåïÿòñòâîâàòü ðåïåðôóçèîííûì ïîâðåæäåíèÿì
ñåðäöà, ñòèìóëèðîâàòü áûñòðîå âîññòàíîâëåíèå ýëåêòðè÷åñêîé àêòèâíîñòè
êàðäèîìèîöèòîâ, àêòèâèðîâàòü èîííûå íàñîñû ïîñëå èøåìèè [1�3]. Îäíà-
êî ìåõàíèçì äåéñòâèÿ ïîâûøåííîé êîíöåíòðàöèè èîíîâ íàòðèÿ íà èíòàêò-
íûå ñåðäå÷íûå êëåòêè îñòàåòñÿ åùå âî ìíîãîì íåÿñíûì [11, 12]. Ó÷èòûâàÿ,
÷òî ñóùåñòâåííîå èçìåíåíèå êîíöåíòðàöèè Na+ íàáëþäàåòñÿ ïðè ïàòîëîãè-
÷åñêèõ ñîñòîÿíèÿõ è èñïîëüçîâàíèè íåêîòîðûõ ëåêàðñòâåííûõ ïðåïàðàòîâ,
öåëüþ íàøåãî èññëåäîâàíèÿ áûëî èçó÷åíèå ìåõàíèçìà âëèÿíèÿ ãèïåðíàòðè-
åâîé ñðåäû íà ñîêðàòèòåëüíóþ àêòèâíîñòü èçîëèðîâàííîãî ñåðäöà êðûñ.

Ìåòîäèêà

Ýêñïåðèìåíòû ïðîâîäèëè íà èçîëèðîâàííûõ ñåðäöàõ áåëûõ áåñïîðîäíûõ
êðûñ, ïåðôóçèðîâàííûõ ïî ìåòîäó Ëàíãåíäîðôà îêñèãåíèðîâàííûì ðàñò-
âîðîì ñëåäóþùåãî ñîñòàâà (â ììîëü/ë): NaCl � 140; NaHCO3 � 2;
NaH2PO4 � 0,5; KCl � 3; òðèñ-ÎÍ � 5 (ðÍ 7,4); ãëþêîçû � 11; ÑàÑl2 �2.
Êðûñ äåêàïèòèðîâàëè ïîä ýôèðíûì íàðêîçîì. Ïîñëå âñêðûòèÿ ãðóäíîé
êëåòêè ñåðäöå ïîìåùàëè â îõëàæäåííûé ðàñòâîð. Â àîðòó ââîäèëè êàíþëþ
è ñî ñêîðîñòüþ 10 ìë/ìèí ïîäàâàëè èñõîäíûé ðàñòâîð (37 oC) â òå÷åíèå
20 ìèí äëÿ ñòàáèëèçàöèè ñîêðàòèòåëüíîé ôóíêöèè. Çàòåì ñåðäöå ïåðôóçè-
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ðîâàëè ãèïåðíàòðèåâîé ñðåäîé (200 ììîëü/ë Na+). Èñïîëüçîâàííûå áëîêà-
òîðû èëè ìîäèôèêàòîðû èîíîòðàíñïîðòíûõ ñèñòåì ââîäèëè çà 5 ìèí äî
ïåðôóçèè è â òå÷åíèå âñåãî åå ïåðèîäà. Èñïîëüçîâàëè âûñîêîñïåöèôè÷íûå
áëîêàòîðû Na�H-îáìåíà � 3-àìèíî-6-õëîðî-N-äèàìèíîìåòèëåí-5-(1-ãîìî-
ïèïåðèäèë)-ïèðàçèíîêàðáîêñàìèä (ÍÌÀ), íàòðèåâûõ êàíàëîâ (ôåíàìèë
èëè 3,5-äèàìèíî-6-õëîðî-N-[àìèíî-(àíèëèíî)ìåòèëåí]ïèðàçèíîêàðáîêñàìèä;
áåíçàìèë èëè 3,5-äèàìèíî-6-õëîðî-N-[àìèíî-(áåíçèëàìèíî)ìåòèëåí]ïèðà-
çèíîêàðáîêñàìèä ãèäðîõëîðèä; 6-²À èëè 3,5-äèàìèíî-6-èîäî�N- (äèàìèíî-
ìåòèëåí)ïèðàçèíîêàðáîêñàìèä (òàáëèöà).

Êîíñòàíòû èíãèáèðîâàíèÿ (ìêìîëü/ë) äëÿ íàòðèåâûõ êàíàëîâ, Na�H-
è Na�Ca-îáìåíà íåêîòîðûìè áëîêàòîðàìè � ïðîèçâîäíûìè àìèëîðèäà

Áëîêàòîð Íàòðèåâûå êàíàëû Na�H-îáìåí Na�Ñà-îáìåí

6-²À 2,4 18,2 1100

Áåíçàìèë 0,038 >500 200

Ôåíàìèë 0,02 >400 200

ÍÌÀ >300 0,16 100

Ïåðåä ýêñïåðèìåíòîì ïðåïàðàòû ïðåäâàðèòåëüíî ðàñòâîðÿëè â äèìå-
òèëñóëüôîêñèäå (êîíå÷íàÿ êîíöåíòðàöèÿ ñîñòàâëÿëà ìåíåå 0,01 %) è äîáàâ-
ëÿëè ê ïåðôóçèîííûì ñðåäàì. Â ïàðàëëåëüíûõ ñåðèÿõ ýêñïåðèìåíòîâ äè-
ìåòèëñóëüôîêñèä òàêæå äîáàâëÿëè ê ðàñòâîðàì, íî áåç ïðåïàðàòîâ.
Ñîêðàòèòåëüíóþ àêòèâíîñòü ìèîêàðäà èçó÷àëè â èçîâîëþìè÷åñêîì ðåæèìå
ñ ïîìîùüþ ëàòåêñíîãî áàëëîí÷èêà, ââåäåííîãî â ïîëîñòü ëåâîãî æåëóäî÷êà.
Â ðàáîòå áûë èñïîëüçîâàí ýëåêòðîìàíîìåòð ôèðìû «Bentley lab. Europe» è
àíàëîãî-öèôðîâîé ïðåîáðàçîâàòåëü äëÿ ²ÂÌ ÐÑ. Ïîëó÷åííûå ðåçóëüòàòû
îáðàáîòûâàëè ñ ïîìîùüþ ïðîãðàììû «AWPE» è ìàòåìàòè÷åñêè ìåòîäîì
âàðèàöèîííîé ñòàòèñòèêè ñ èñïîëüçîâàíèåì êðèòåðèÿ t Ñòüþäåíòà, àíàëèçà
âàðèàöèè ANOVA è íåïàðàìåòðè÷åñêèõ êðèòåðèåâ ñòàòèñòèêè.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Ïîëó÷åííûå ðåçóëüòàòû ñâèäåòåëüñòâóþò, ÷òî óâåëè÷åíèå âíåêëåòî÷íîé êîí-
öåíòðàöèè èîíîâ íàòðèÿ äî 200 ììîëü/ë âíà÷àëå âûçûâàåò îñëàáëåíèå ñèëû
ñîêðàùåíèé íà 80 % ïî ñðàâíåíèþ ñ èñõîäíûì ñîñòîÿíèåì. Ïðîäîëæåíèå
ïåðôóçèè ãèïåðíàòðèåâîé ñðåäîé íå òîëüêî âîññòàíàâëèâàåò èñõîäíîå ðàç-
âèâàåìîå äàâëåíèå, íî è óâåëè÷èâàåò åãî íà 40�60 %. Ïîëîæèòåëüíûé èíîò-
ðîïíûé ýôôåêò ãèïåðíàòðèåâîé ñðåäû íå ñîïðîâîæäàëñÿ óâåëè÷åíèåì äèàñ-
òîëè÷åñêîãî äàâëåíèÿ (ðèñ. 1).

Ïîñëå îñòàíîâêè ñåðäöà (2 ìêìîëü/ë âåðàïàìèëà), ãèïåðíàòðèåâàÿ
ñðåäà âîññòàíàâëèâàëà ñèëó ñîêðàùåíèÿ ê 4-é ìèíóòå ïåðôóçèè (ðèñ. 2).
Ñèñòîëè÷åñêîå äàâëåíèå â ýòèõ ýêñïåðèìåíòàõ áûëî âûøå èñõîäíûõ çíà÷å-
íèé íà 30�40 % íåñìîòðÿ íà íàëè÷èå âåðàïàìèëà.

Äîáàâëåíèå 1 ìêìîëü/ë ãåêñàìåòèëåíàìèëîðèäà, âûñîêîñïåöèôè÷íîãî
áëîêàòîðà Na�N-îáìåíà, íå âëèÿëî íà âûçûâàåìûå ãèïåðíàòðèåâîé ñðåäîé
èçìåíåíèÿ ñîêðàòèòåëüíîé àêòèâíîñòè ìèîêàðäà (ñì. ðèñ. 1). Ñëåäîâàòåëüíî,
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Ðèñ. 1. Âëèÿíèå âåðàïàìèëà, êîôåèíà è ÍÌÀ íà ðàçâèâàåìîå äàâëåíèå ëåâîãî æåëóäî÷-
êà ïîñëå óâåëè÷åíèÿ âíåêëåòî÷íîé êîíöåíòðàöèè íàòðèÿ: 1 � êîíòðîëü; 2 � âåðàïàìèë
(2 ìêìîëü/ë); 3 � ÍÌÀ (1 ìêìîëü/ë); 4 � êîôåèí (10 ììîëü/ë). Ïî îñè àáñöèññ
� âðåìÿ ïåðôóçèè ãèïåðíàòðèåâîé ñðåäîé. Ïî îñè îðäèíàò � ðàçâèâàåìîå äàâëåíèå â
ïðîöåíòàõ ê èñõîäíîìó.

Ðèñ. 2. Âëèÿíèå âåðàïàìèëà, ýòìîçèíà, ëèäîêàèíà íà ðàçâèâàåìîå äàâëåíèå ëåâîãî æå-
ëóäî÷êà ïîñëå óâåëè÷åíèÿ âíåêëåòî÷íîé êîíöåíòðàöèè íàòðèÿ: 1 � êîíòðîëü; 2 � áåí-
çàìèë; 3 � 6-²ÀÀ; 4 � ôåíàìèë. Ïî îñè àáñöèññ � âðåìÿ ïåðôóçèè ãèïåðíàòðèåâîé
ñðåäîé. Ïî îñè îðäèíàò � ðàçâèâàåìîå äàâëåíèå â ïðîöåíòàõ ê èñõîäíîìó.
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ïîëîæèòåëüíîå èíîòðîïíîå äåéñòâèå ãèïåðíàòðèåâîé ñðåäû íå áûëî îáóñ-
ëîâëåíî ïðîöåññîì Na�Í-îáìåíà è ñîïðÿæåííîãî ñ íèì Na�Ca-îáìåíà.

Êîôåèí (5 ììîëü/ë) ê 5-é ìèíóòå ïåðôóçèè óìåíüøàë ðàçâèâàåìîå
äàâëåíèå â ëåâîì æåëóäî÷êå ïî ñðàâíåíèþ ñ êîíòðîëåì. Óâåëè÷åíèå êîí-
öåíòðàöèè íàòðèÿ äî 200 ììîëü/ë òàêæå âûçûâàëî âíà÷àëå îñëàáëåíèå
ñèëû ñåðäå÷íûõ ñîêðàùåíèé, êàê è áåç êîôåèíà. Îäíàêî, ïîñëåäóþùåãî
óñèëåíèÿ ñîêðàùåíèé íå íàáëþäàëîñü (ñì. ðèñ. 1). Òàêèì îáðàçîì, êîôåèí
ïîäàâëÿë ïîëîæèòåëüíîå èíîòðîïíîå äåéñòâèå ãèïåðíàòðèåâîé ñðåäû.

Àíàëîãè÷íûå ðåçóëüòàòû áûëè ïîëó÷åíû ïðè èñïîëüçîâàíèè áëîêàòî-
ðîâ íàòðèåâûõ êàíàëîâ: 6-²À (2,4 ìêìîëü/ë), áåíçàìèëà (0,04 ìêìîëü/ë)
èëè ôåíàìèëà (0,02 ìêìîëü/ë). Äàííûå âåùåñòâà ïðè äîáàâëåíèè â ïåð-
ôóçèîííûé ðàñòâîð âûçûâàëè îòðèöàòåëüíûé èíîòðîïíûé ýôôåêò, íà ôîíå
êîòîðîãî ãèïåðíàòðèåâàÿ ñðåäà óòðà÷èâàëà ñâîéñòâî óâåëè÷èâàòü ñèëó ñåð-
äå÷íûõ ñîêðàùåíèé (ñì. ðèñ. 2).

Òàêèì îáðàçîì, áëîêèðîâàíèå íàòðèåâûõ êàíàëîâ ïðåïÿòñòâóåò óñèëå-
íèþ ñîêðàùåíèé ìèîêàðäà, âûçûâàåìûõ ãèïåðíàòðèåâîé ñðåäîé.

Äëÿ èçó÷åíèÿ ðîëè íàòðèåâîãî íàñîñà â îñóùåñòâëåíèè ïîëîæèòåëüíîãî
èíîòðîïíîãî äåéñòâèÿ ãèïåðíàòðèåâîé ñðåäû, íàìè áûëè ïðîâåäåíû ýêñïåðè-
ìåíòû â óñëîâèÿõ, ñïîñîáñòâóþùèõ ñíèæåíèþ àêòèâíîñòè Na+,K+-ÀÒÔàçû.
Äëÿ ýòîãî êîíöåíòðàöèþ Ê+ â ðàñòâîðå ñíèæàëè äî 1�2 ììîëü/ë. Ñëåäó-
åò îòìåòèòü, ÷òî ïîëîæèòåëüíîå èíîòðîïíîå äåéñòâèå èîíîâ íàòðèÿ âûñîêîé
êîíöåíòðàöèè óâåëè÷èâàåòñÿ ïàðàëëåëüíî ñî ñíèæåíèåì ñîäåðæàíèÿ Ê+ (ðèñ.
3). Âûñîêèå êîíöåíòðàöèè Ê+ (6 ììîëü/ë), íàïðîòèâ, ïðåïÿòñòâîâàëè óâå-
ëè÷åíèþ äàâëåíèÿ, ðàçâèâàåìîãî ëåâûì æåëóäî÷êîì.

Ïðîâåäåííûå ýêñïåðèìåíòû ïîêàçàëè S-îáðàçíóþ çàâèñèìîñòü ïîëîæè-
òåëüíîãî èíîòðîïíîãî äåéñòâèÿ ãèïåðíàòðèåâîé ñðåäû îò âíåêëåòî÷íîé êîí-
öåíòðàöèè Ê+ (ñì. ðèñ. 3, á). Óâåëè÷åíèå âíåêëåòî÷íîãî ñîäåðæàíèÿ Na+

ñóùåñòâåííî óñèëèâàëî ñåðäå÷íûå ñîêðàùåíèÿ ïðè íèçêèõ êîíöåíòðàöèÿõ
Ê+ â ðàñòâîðå.

Ìåõàíèçì ðàçâèòèÿ ñîêðàùåíèé ìèîêàðäà ìëåêîïèòàþùèõ î÷åíü ñëî-
æåí è äî êîíöà íå èçó÷åí [4, 10]. Óñòàíîâëåíî, ÷òî â óâåëè÷åíèè âíóòðè-
êëåòî÷íîé êîíöåíòðàöèè Ñà2+, íåîáõîäèìîé äëÿ ñîêðàùåíèÿ, ó÷àñòâóþò êàê
âíåêëåòî÷íûé, òàê è âíóòðèêëåòî÷íûé ïóëû Ñà2+ [4, 7]. C÷èòàþò, ÷òî âî
âðåìÿ äåïîëÿðèçàöèè ìåìáðàíû èìåííî êàëüöèé, ñâÿçàííûé íà ñàðêîëåì-
ìå, îáåñïå÷èâàåò ìàêñèìàëüíóþ ñèëó ñîêðàùåíèÿ. Âûòåñíåíèå Ñà2+ èç åãî
ñâÿçåé íà ñàðêîëåììå äðóãèìè èîíàìè, áëèçêèìè ïî ðàçìåðó ê Ñà2+, îêàçû-
âàåò íåãàòèâíûé èíîòðîïíûé ýôôåêò. Ïîñêîëüêó èîííûé ðàäèóñ Na+ (0,095
ìêì) î÷åíü áëèçîê ê ðàäèóñó Ñà2+ (0,099 ìêì), ìîæíî ïðåäïîëîæèòü, ÷òî
íà÷àëüíîå ñíèæåíèå àìïëèòóäû ñîêðàùåíèé ïîä äåéñòâèåì ãèïåðíàòðèåâîé
ñðåäû ñâÿçàíî ñ âûòåñíåíèåì Ñà2+ èç ìåñò åãî ñâÿçûâàíèÿ íà ñàðêîëåììå.
Äàííîå ïðåäïîëîæåíèå ïîäòâåðæäàåòñÿ íàáëþäåíèÿìè, â êîòîðûõ óñòàíîâ-
ëåíî îòñóòñòâèå âëèÿíèÿ íà ñîêðàòèìîñòü èîíîâ ëèòèÿ. Åãî èîííûé ðàäèóñ
íàìíîãî ìåíüøå (0,06 ìêì) ðàäèóñà Ñà2+ [5]. Êðîìå òîãî, ýòîò ôàêò òàêæå
äàåò îñíîâàíèå ñ÷èòàòü, ÷òî îñìîòè÷åñêèé êîìïîíåíò ãèïåðíàòðèåâîé ñðåäû
íå èìååò ñóùåñòâåííîãî çíà÷åíèÿ â åå äåéñòâèè íà ìèîêàðä (â ïðîâåäåííûõ
íàìè ýêñïåðèìåíòàõ êîíöåíòðàöèÿ õëîðèäà ëèòèÿ ñîñòàâëÿëà 60 ììîëü/
ë). Íàøå ïðåäïîëîæåíèå ïîäòâåðæäàåò òàêæå íåýôôåêòèâíîñòü ïðèìåíå-
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íèÿ ðàçëè÷íûõ áëîêàòîðîâ èëè ìîäèôèêàòîðîâ èîíîîáìåííûõ ñèñòåì (ÍÌÀ,
êîôåèíà, 6-²À, áåíçàìèëà èëè ôåíàìèëà) èçìåíÿòü ñîêðàòèìîñòü ìèîêàðäà
â ïåðâûå ìèíóòû óâåëè÷åíèÿ âíåêëåòî÷íîé êîíöåíòðàöèè íàòðèÿ. Óâåëè÷å-
íèå âíåêëåòî÷íîé êîíöåíòðàöèè èîíîâ íàòðèÿ óñèëèâàåò êîíêóðåíöèþ ìåæ-
äó âíåêëåòî÷íûì Na+ è Ñà2+ íà âíåøíåé ñòîðîíå Na�Ñà-îáìåííèêà [9],
óâåëè÷èâàåò ãðàäèåíò Na+. Âñëåäñòâèå ýòîãî ñîäåðæàíèå êàëüöèÿ, ïîñòóïà-
þùåãî âíóòðü êëåòîê ÷åðåç ñèñòåìó Na�Ñà-îáìåíà, ìîæåò ñóùåñòâåííî
óìåíüøàòüñÿ. Äðóãèå èîíû (â ÷àñòíîñòè èîíû ëèòèÿ) íå ìîãóò çàìåíÿòü Na+

íà âíåøíåé ñòîðîíå Na�Ñà-îáìåííèêà.
×åðåç íåñêîëüêî ìèíóò ïîñëå óâåëè÷åíèÿ âíåêëåòî÷íîé êîíöåíòðàöèè

íàòðèÿ, ïîñòåïåííî âîçðàñòàåò åãî âíóòðèêëåòî÷íîå ñîäåðæàíèå. Ýòî âûçû-
âàåò ðåâåðñèþ Na�Ñà-îáìåíà, ïîòîê Ñà2+ âíóòðü êëåòîê óâåëè÷èâàåòñÿ, ÷òî
ñîïðîâîæäàåòñÿ óñèëåíèåì ñîêðàùåíèé ñåðäöà. Êîñâåííûì äîêàçàòåëüñòâîì

Ðèñ. 3. Âëèÿíèå êîíöåíòðàöèè èîíîâ
êàëèÿ íà ðàçâèâàåìîå äàâëåíèå ëå-
âîãî æåëóäî÷êà ïîñëå óâåëè÷åíèÿ
âíåêëåòî÷íîé êîíöåíòðàöèè íàòðèÿ:
à � äèíàìèêà èçìåíåíèÿ ðàçâèâàå-
ìîãî äàâëåíèÿ â çàâèñèìîñòè îò âðå-
ìåíè ïåðôóçèè; á � çàâèñèìîñòü
ðàçâèâàåìîãî äàâëåíèÿ îò êîíöåíò-
ðàöèè Ê+.

à

á
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ýòîãî ïðåäïîëîæåíèÿ ÿâëÿåòñÿ óñèëåíèå ïîëîæèòåëüíîãî èíîòðîïíîãî äåé-
ñòâèÿ ãèïåðíàòðèåâîé ñðåäû â óñëîâèÿõ, ñïîñîáñòâóþùèõ ñíèæåíèþ àêòèâ-
íîñòè Na+, K+-ÀÒÔàçû (íèçêàÿ êîíöåíòðàöèÿ Ê+). Âåðîÿòíî, âàæíîå ìåñòî
çàíèìàåò è êàëüöèéèíäóöèðóåìîå âûñâîáîæäåíèå èîíîâ Ñà èç ñàðêîïëàçìà-
òè÷åñêîãî ðåòèêóëóìà. Îïóñòîøåíèå âíóòðèêëåòî÷íûõ çàïàñîâ Ñà2+ êîôåè-
íîì îñëàáëÿåò òðèããåðíûå ñâîéñòâà âõîäÿùåãî Ñà [4]. Âîçìîæíî, ïîýòîìó íå
íàáëþäàåòñÿ âòîðîé ôàçû äåéñòâèÿ ïîâûøåííîé êîíöåíòðàöèè íàòðèÿ �
óñèëåíèÿ ñèëû ñîêðàùåíèé.

Ïðåäïîëàãàëîñü, ÷òî ïîëîæèòåëüíîå èíîòðîïíîå âëèÿíèå ãèïåðíàòðèå-
âîé ñðåäû ìîæåò áûòü âûçâàíî àêòèâèðîâàíèåì Na�H-îáìåíà. Îäíàêî ýòî
íå ïîäòâåðäèëîñü, ïîñêîëüêó âûñîêîñïåöèôè÷íûé áëîêàòîð Na�H-îáìåíà
ÍÌÀ íå âëèÿë íà âûçâàííûå âûñîêîé âíåêëåòî÷íîé êîíöåíòðàöèåé íàòðèÿ
èçìåíåíèÿ ñîêðàòèòåëüíîé ôóíêöèè.

Íåäàâíî ïðîâåäåííûå èññëåäîâàíèÿ ñâèäåòåëüñòâóþò î ñóùåñòâîâàíèè
òåñíîé ôóíêöèîíàëüíîé ñâÿçè ìåæäó íàòðèåâûìè êàíàëàìè è ñàðêîïëàçìà-
òè÷åñêèì ðåòèêóëóìîì â ìèîêàðäå ìëåêîïèòàþùèõ. Êàê ïîêàçàëè Leblanc
è Hume [7], ïîòîêà íàòðèÿ, âõîäÿùåãî ÷åðåç íàòðèåâûå êàíàëû, ìîæåò áûòü
äîñòàòî÷íî äëÿ óâåëè÷åíèÿ âíóòðèêëåòî÷íîé êîíöåíòðàöèè Ñà2+, îáåñïå÷è-
âàþùåé ñîêðàùåíèÿ ñåðäöà. Âàæíî îòìåòèòü, ÷òî áëîêàòîðû íàòðèåâûõ êà-
íàëîâ (6-IA, áåíçàìèë èëè ôåíàìèë) íå òîëüêî ïîëíîñòüþ ïîäàâëÿþò âû-
çûâàåìîå ãèïåðíàòðèåâîé ñðåäîé óâåëè÷åíèå ñèëû ñîêðàùåíèé, íî è îáëàäàþò
â ýòèõ óñëîâèÿõ íåãàòèâíûì èíîòðîïíûì ýôôåêòîì.

Êðîìå òîãî, âõîäÿùèé ÷åðåç ñèñòåìó Na�H-îáìåíà ïîòîê Ñà2+ ñïîñî-
áåí àêòèâèðîâàòü âûñâîáîæäåíèå äîïîëíèòåëüíîãî êîëè÷åñòâà Ñà2+ èç ñàð-
êîïëàçìàòè÷åñêîãî ðåòèêóëóìà ìèîêàðäà ìëåêîïèòàþùèõ, ÷òî ñîïðîâîæäà-
åòñÿ óñèëåíèåì ñîêðàùåíèÿ [7, 9]. Äðóãàÿ ñèñòåìà ïîñòóïëåíèÿ Ñà2+ â êëåòêó
(êàëüöèåâûå êàíàëû) âåðîÿòíî íå ó÷àñòâóåò â ïîëîæèòåëüíîì èíîòðîïíîì
âëèÿíèè âûñîêîé âíåêëåòî÷íîé êîíöåíòðàöèè íàòðèÿ. Íà ýòî óêàçûâàåò îá-
íàðóæåííîå íàìè ñâîéñòâî ãèïåðíàòðèåâîé ñðåäû âîññòàíàâëèâàòü ñîêðàùå-
íèÿ ìèîêàðäà ïîñëå îñòàíîâêè ñåðäöà âåðàïàìèëîì.

V. V. Alabovsky, E. J. Cragoe, A. A. Winokurov

MECHANISMS OF ACTION OF HYPERSODIUM MEDIUM
ON CONTRACTILE ACTIVITY OF ISOLATED RAT HEART

Despite the high efficiency of elevated concentrations of sodium ions during myocardial
ischemia and calcium paradox, the molecular mechanism of action of hypersodium
media on heart contractions remains unknown. The purpose of the investigation was
to study mechanisms by which raised concentrations of sodium ions alter cardiac
contractility. Subsequent to initially developed reduced pressure in the left ventricle,
elevated concentrations of sodium ions (200 mM instead of 140 mM NaCl, 3 mM
KCl) produced an increased force of contractions of about 50%. The first stage of
decrease in developed pressure did not relate to elevated tonicity of extracellular
ionic millieu because lithium chloride (60 mM) did not produce the same effect. This
action of elevated concentrations of sodium ions has been shown to be independent of
blockers of ion-transporting systems (caffeine, verapamile, ethmozine, HMA or
lidocaine). Raising the contractions by elevating the concentration of sodium ions
(second stage) has been shown to be susceptible to sodium channel blockers (6-IA,
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benzamil, of phenamil) and to cafeine. Decreasing of potassium concentration (from
3 mM to 1�2 mM amplified, and increasing of K+ level (from 3 mM to 6 mM)
attenuated the positive inotropic action of the elevated concentration of sodium
ions. The positive inotropic effect due to elevated concentrations of sodium ions
remains even after heart arrest by high concentrations of verapamile (2 mcM). Lithium
chloride (60 mM) failed to elevate left ventricle developed pressure which was raised
by elevated concentrations of sodium ions. These data suggest that the elevated
concentration of sodium ions could effect Na+/Ca2+ exchange and provoke Ca2+ release
from sarcoplasmic reticulum by changing the sodium gradient and resulting in Ca2+

entry via Na+/Ca2+ exchange. These observations are consistent with the hypothesis
of Leblanc N., Hume J.R. (1990) regarding sodium-induced calcium ion release from
sarcoplasmic reticulum.

Department of Biochemistry Voronezh State Medical Academy, Russia
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