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Âïëèâ N-ñòåàðî¿ë- òà N-îëåî¿ëåòàíîëàì³íó
íà ïîòåíö³àëçàëåæí³ íàòð³ºâ³ êàíàëè êàðä³îì³îöèò³â

Äî ãðóïè N-àöèëåòàíîëàì³í³â (NAE) íàëåæàòü ë³ï³äè, ÿê³ çäàòí³ ìîäóëþâàòè ðîáîòó ³îííèõ
êàíàë³â ïëàçìàòè÷íî¿ ìåìáðàíè êë³òèí áåç ó÷àñò³ êàíàá³íî¿äíèõ ðåöåïòîð³â. Ïðîòå âïëèâ
ð³çíèõ ïðåäñòàâíèê³â NAE íà ïîòåíö³àëçàëåæí³ íàòð³ºâ³ êàíàëè (ÏÇÍÊ) ó ñåðöåâ³é òêàíèí³
ïðÿìî íå ïîêàçàíèé. Ó ö³é ðîáîò³ ìè äîñë³äèëè ìîäóëÿö³þ íàñè÷åíèì N-ñòåàðî¿ëåòàíîëàì³íîì
(NSE) òà îäíîíåíàñè÷åíèì N-îëåî¿ëåòàíîëàì³íîì (OEA) á³îô³çè÷íèõ âëàñòèâîñòåé ÏÇÍÊ
ïëàçìàòè÷íî¿ ìåìáðàíè íåîíàòàëüíèõ êàðä³îì³îöèò³â. NSE â ä³àïàçîí³ êîíöåíòðàö³é 1�200
ìêìîëü/ë ñóòòºâî íå âïëèâàâ íà àìïë³òóäó âõ³äíîãî íàòð³ºâîãî ñòðóìó (²

Na
), àëå çì³ùóâàâ

êðèâ³ éîãî ñòàö³îíàðíî¿ àêòèâàö³¿ òà ³íàêòèâàö³¿ íà 2,4 òà 10,6 ìÂ â³äïîâ³äíî (ïðè 100
ìêìîëü/ë) ó á³ê ã³ïåðïîëÿðèçàö³¿. Ê³íåòèêà àêòèâàö³¿ ñòðóìó ï³ä ä³ºþ NSE íå çì³íþâàëàñü, à
³íàêòèâàö³ÿ â ä³àïàçîí³ ïîòåíö³àë³â -60 � -30 ìÂ ïðèñêîðþâàëàñÿ ïðèáëèçíî â 1,2 ðàçà. Íà
â³äì³íó â³ä NSE, OEA äîçîçàëåæíî áëîêóâàâ ²

Na
 ç Ê

D
 = 11,4 ìêìîëü/ë ±1,6 ìêìîëü/ë ³ âåëè÷èíîþ

ìàêñèìàëüíîãî áëîêó 30 % ± 3 %, à òàêîæ âèêëèêàâ á³ëüøèé ïîð³âíÿíî ç NSE ã³ïåðïî-
ëÿðèçàö³éíèé çñóâ êðèâèõ ñòàö³îíàðíî¿ àêòèâàö³¿ òà ³íàêòèâàö³¿ ñòðóìó (-6,4 òà -14,0 ìÂ
â³äïîâ³äíî ïðè 100 ìêìîëü/ë OEA). OEA ïðàêòè÷íî íå çì³íþâàâ ê³íåòèêó àêòèâàö³¿ ²

Na
, àëå

ñèëüí³øå, í³æ NSE, ïðèñêîðþâàâ ê³íåòèêó éîãî ³íàêòèâàö³¿. Îòæå, îáèäâà ïðåäñòàâíèêà
NAE âïëèâàþòü íà ïîòåíö³àëçàëåæí³ñòü àêòèâàö³¿, ³íàêòèâàö³¿ òà ê³íåòèêó ²

Na
. Âîäíî÷àñ ö³

ä³¿ º á³ëüø âèðàæåíèìè äëÿ îäíîíåíàñè÷åíîãî OEA, ÿêèé íà äîäàòîê ùå ³ ÷àñòêîâî ïðèãí³÷óâàâ
ñòðóì. Îïèñàí³ âïëèâè NSE ³ OEA íà íàòð³ºâ³ êàíàëè ìîæóòü ÷àñòêîâî çóìîâëþâàòè çíèæåííÿ
çáóäëèâîñò³ êàðä³îì³îöèò³â ï³ä ä³ºþ öèõ ë³ï³ä³â ó íîðì³ òà ïàòîëîã³¿.
Êëþ÷îâ³ ñëîâà: íåîíàòàëüí³ êàðä³îì³îöèòè, N-àöèëåòàíîëàì³íè, ïîòåíö³àëçàëåæí³ íàòð³ºâ³
êàíàëè, ³íàêòèâàö³ÿ.
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ÂÑÒÓÏ

N-ñòåàðî¿ë- (NSE) òà N-îëåî¿ëåòàíîëàì³í
(OEA) íàëåæàòü äî âåëèêî¿ ãðóïè ì³íîðíèõ
ñèãíàëüíèõ ë³ï³ä³â, ÿêà âêëþ÷àº åíäîêà-
íàá³íî¿äè, N-àöèëüîâàí³ ìîëåêóëè åòàíîëà-
ì³íó, åéêîçàíî¿äè òà æèðí³ êèñëîòè [1, 19].
Ö³ á³îàêòèâí³ ë³ï³äè âïëèâàþòü íà ïåðåá³ã
áàãàòüîõ ô³ç³îëîã³÷íèõ ³ ïàòîô³ç³îëîã³÷íèõ
ïðîöåñ³â, âêëþ÷àþ÷è íåéðîíàëüíó çáóäëè-
â³ñòü [8], ñîí [6], åï³ëåïñ³þ, íåéðîïðîòåêö³þ
[6, 21], çàïàëåííÿ òà á³ëü [3, 17], ñåðöåâî-
ñóäèííó ìîäóëÿö³þ [12, 14], çàïë³äíåííÿ ³
ïðîõîäæåííÿ êë³òèííîãî öèêëó [1, 7, 20]. Ó
ñåðöåâî-ñóäèíí³é ñèñòåì³ àêòèâíèì àì³äîì
æèðíî¿ êèñëîòè º îëåàì³ä, ÿêèé âèñòóïàº
åôåêòèâíèì âàçîäèëàòàòîðîì òà âïëèâàº

íà ñòðóêòóðíèé ðîçâèòîê ñåðöåâîãî ì�ÿçà
çà äîïîìîãîþ ³íã³áóâàííÿ çâ�ÿçê³â ì³æ
êàðä³îì³îöèòàìè ÷åðåç ù³ëüí³ êîíòàêòè
[12]. Äîñèòü äîáðå âèâ÷åíà ä³ÿ åíäî- òà
åêçîêàíàá³íî¿ä³â  ó  íåðâîâ³é,  ñåðöåâî-
ñóäèíí³é òà ³ìóíí³é ñèñòåìàõ, ÿêà îïîñåðåä-
êîâóºòüñÿ íèçêîþ òàêèõ ñïåöèô³÷íèõ äî íèõ
ðåöåïòîð³â, ÿê êàíàá³íî¿äí³ CB

1
 ³  CB

2
,

âàí³ëî¿äíèé TRPV1, ÿäåðí³ PPAR òà G-
á³ëîê-ñïðÿæåí³ GPR18, GPR55 ³ GPR119 [1].
Íàéá³ëüø äîñë³äæåíèé ïðåäñòàâíèê N-
àöèëåòàíîëàì³í ³â  (NAE)  �  àíàíäàì³ä
âèÿâëÿº àêòèâí³ñòü ç ïðåäñòàâíèêàìè òðüîõ
ãðóï ðåöåïòîð³â (CB

1,2
, PPAR, TRPV1), â

òîé ÷àñ ÿê OEA òà ³íø³ ïðåäñòàâíèêè NAE
ìîæóòü ïî-ð³çíîìó âïëèâàòè ÷åðåç äåÿê³ ç
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íèõ. Îñòàíí³ äîñë³äæåííÿ ñâ³ä÷àòü, ùî êà-
íàá³íî¿äè ìîæóòü ä³ÿòè íà íèçêó ³îíîòðàí-
ñïîðòíèõ ñòðóêòóð ïëàçìàòè÷íî¿ ìåìáðàíè
êë³òèí ³ áåç çàëó÷åííÿ âêàçàíèõ ðåöåïòîð³â
³ ñèãíàëüíèõ øëÿõ³â, ÿê³ ç íèìè ïîâ�ÿçàí³.
Òàê, áóâ îïèñàíèé ïðÿìèé âïëèâ åíäîêàíà-
á³íî¿ä³â íà ôóíêö³îíàëüí³ âëàñòèâîñò³ ³îíî-
òðîïíèõ ñåðîòîí³íîâèõ 5-HT

3
-ðåöåïòîð³â,

ãëóòàìàòíèõ NMDA, ÃÀÌÊ
À
, ãë³öèíîâèõ òà

α7-í³êîòèíîâèõ ðåöåïòîð³â [16]. Ïîä³áí³
åôåêòè áóëè âèÿâëåí³ òàêîæ íà ð³çí³ òèïè
êàëüö³ºâèõ, êàë³ºâèõ, õëîðíèõ ³ ë³ãàíä-
êåðîâàíèõ ³îííèõ êàíàë³â, ó òîìó ÷èñë³ íà
âàí³ëî¿äíèé ðåöåïòîð TRPV1 [1, 16].

Òàê³ ìîëåêóëè ë³ï³äíî¿ ïðèðîäè, ÿê öèñ-
9,10-îêòîäåöåíîàì³ä, àíàíäàì³ä ³ ñèíòå-
òè÷í³ êàíàá³ì³ìåòèêè ÀM404 ³ WIN55,212-
2 çäàòí³  òàêîæ ðåãóëþâàòè àêòèâí³ñòü
ïîòåíö³àëçàëåæíèõ íàòð³ºâèõ êàíàë³â
(ÏÇÍÊ) [15]. Çîêðåìà, çäàòí³ñòü íàñè÷åíèõ
NAE (14:0, 16:0 ³ 18:0) ïðèãí³÷óâàòè øâèäê³
ÏÇÍÊ áóëà ïðîäåìîíñòðîâàíà â äèôåðåí-
ö³éîâàíèõ êë³òèíàõ íåéðîáëàñòîìè C1300N18,
â ÿêèõ ö³ ñïîëóêè çìåíøóâàëè ÿê áàçàëüíèé,
òàê ³ âåðàòðèäèíàêòèâîâàíèé òðàíñïîðò
íàòð³þ, ùî ñâ³ä÷èëî ïðî ìîæëèâ³ñòü ìîäó-
ëÿö³¿ íèìè íåéðîíàëüíî¿ çáóäëèâîñò³ áåç
ó÷àñò³ êàíàá³íî¿äíèõ ðåöåïòîð³â [11]. Âèñ-
íîâîê ïðî íàÿâí³ñòü ïðÿìî¿ ä³¿ àíàíäàì³äó
íà ÏÇÍÊ öåíòðàëüíèõ íåéðîí³â áóëî çðîá-
ëåíî íà îñíîâ³ äàíèõ ïðî çì³íó çâ�ÿçóâàííÿ
áàòðàõîòîêñèíó ç ñèíàïòîñîìàìè ìîçêó ï³ä
âïëèâîì öüîãî ë³ï³äó, à òàêîæ ïðî áëîêó-
âàííÿ íèì âåðàòðèäèíçàëåæíî¿ äåïîëÿ-
ðèçàö³¿ òà òåòðîäîòîêñèí÷óòëèâî¿ ïà÷êîâî¿
àêòèâíîñò³ íåéðîí³â êîðè ãîëîâíîãî ìîçêó
[15]. Â ïðÿìèõ åëåêòðîô³ç³îëîã³÷íèõ äîñë³-
äàõ íà íåéðîíàõ çàäíüîêîð³íöåâèõ ãàíãë³¿â
áóëî âèÿâëåíî, ùî àíàíäàì³ä áëîêóº ÿê
òåòðîäîêñèí÷óòëèâó, òàê ³ òåòðîäîêñèí-
ðåçèñòåíòíó êîìïîíåíòè çàãàëüíîãî íàòð³º-
âîãî ñòðóìó (²

Na
) ³ ïðèøâèäøóº ê³íåòèêó ¿õ

àêòèâàö³¿ òà ³íàêòèâàö³¿ [13].
Ó íàø³é ïîïåðåäí³é ðîáîò³ ìè ïîêàçàëè,

ùî NSE ³, îñîáëèâî, OEA çäàòí³ ìîäóëþ-
âàòè çàãàëüíó çáóäëèâ³ñòü êàðä³îì³îöèò³â,
çì³íþþ÷è ïîêàçíèêè ¿õ ïîòåíö³àëó ä³¿ (ÏÄ)

òà ïîòåíö³àëó ñïîêîþ (ÏÑ) [22]. Îäíèì ç
åôåêò³â öèõ ðå÷îâèí áóëî äåÿêå çìåíøåííÿ
àìïë³òóäè òà øâèäêîñò³ íàðîñòàííÿ ÏÄ, ùî
ñâ³ä÷èëî ïðî ¿õ ìîæëèâèé âïëèâ íà äåïîëÿ-
ðèçóâàëüíèé, ÏÇÍÊ-îïîñåðåäêîâàíèé ²

Na
.

Îñê³ëüêè ïðÿìèõ â³äîìîñòåé ùîäî õàðàê-
òåðó ä³¿ öèõ ïðåäñòàâíèê³â NAE íà ÏÇÍÊ
ó ñåðö³ íå ³ñíóº, â ö³é ðîáîò³ ìè äîñë³äèëè
ìîä óëÿö³þ á ³îô³çè÷íèõ  âëàñòèâî ñòåé
øâèäêîãî ²

Na
 íåîíàòàëüíèõ êàðä³îì³îöèò³â

ùóð³â çà íàÿâíîñò³ NSE é OEA. Íàø³ ðåçóëü-
òàòè ñâ³ä÷àòü, ùî îñòàíí³ âïëèâàþòü íà
ïîòåíö³àëçàëåæí³ñòü àêòèâàö³¿, ³íàêòèâàö³¿ òà
ê³íåòèêó ²

Na
, ùî ìîæå ÷àñòêîâî çóìîâëþâàòè

çíèæåííÿ çáóäëèâîñò³ êàðä³îì³îöèò³â ï³ä ä³ºþ
öèõ ë³ï³ä³â ó íîðì³ òà ïàòîëîã³¿.

ÌÅÒÎÄÈÊÀ

Ïåðâèííà êóëüòóðà íåîíàòàëüíèõ êàðä³î-
ì³îöèò³â. Äëÿ âèä³ëåííÿ òà êóëüòèâóâàííÿ
íåîíàòàëüíèõ ñåðöåâèõ ì³îöèò³â ùóð³â
âèêîðèñòîâóâàëè çàãàëüíîïðèéíÿòó ïðîöå-
äóðó ç íåçíà÷íèìè çì³íàìè [18]. Ñåðöÿ
àñåïòè÷íî âèä³ëÿëè ³ç 2�3-äîáîâèõ ùóð³â
â³äðàçó ï³ñëÿ äåêàï³òàö³¿ òà ïîì³ùàëè â
áåçêàëüö³ºâèé ô³ç³îëîã³÷íèé ðîç÷èí (ÔÐ)
ïðè 0 oÑ òàêîãî ñêëàäó (ììîëü/ë): NaCl �
140, KCl � 4, MgSO

4
 � 1, KH

2
PO

4
 � 1,2,

Na
2
HPO

4
 � 0.5, ï³ðóâàò íàòð³þ � 5, HEPES �

10, ãëþêîçà � 10; pH 7,35. Ï³ñëÿ ïîäð³áíåííÿ
øìàòî÷êè òêàíèíè ðîçì³ðîì áëèçüêî1 ìì
âì³ùóâàëè íà 4�5 õâ ó ÔÐ ïðè 21 oÑ, ÿêèé
ïðîãàçîâóâàëè êàðáîãåíîì (ñóì³ø 95 % O

2

òà 5 % CO
2
). Ôåðìåíòàòèâíå äèñïåðãóâàí-

íÿ òêàíèíè ïðîâîäèëè ó ÔÐ ç äîäàâàííÿì
0,46 ìã/ìë êîëàãåíàçè (Type IA, «Sigma-
Aldrich», ÑØÀ) ïðè 37 oÑ ïðîòÿãîì 30 õâ ç
ëåãêèì ïåðåì³øóâàííÿì ³ ïðîãàçîâóâàííÿì
êàðáîãåíîì. Ï³ñëÿ ôåðìåíòàòèâíî¿ îáðîá-
êè òêàíèíó ï³ïåòóâàëè, öåíòðèôóãóâàëè ïðè
ìàëèõ îáåðòàõ (3000 õâ-1) ³ ï³ñëÿ âèäàëåííÿ
ñóïåðíàòàíòó âíîñèëè ó ÔÐ, ùî ì³ñòèâ Ca2+

â êîíöåíòðàö³¿ 0,2 ììîëü/ë. Ïðîöåñ â³ä-
ìèâêè ôåðìåíòó ïîâòîðþâàëè òðè÷³, ï³ñëÿ
÷îãî êîíöåíòðàö³þ êàëüö³þ ó ÔÐ ï³äâè-
ùóâàëè äî 1,5 ììîëü/ë. Öå äàâàëî çìîãó
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ï³äãîòóâàòè êàëüö³éòîëåðàíòí³ êë³òèíè äî
ïåðåíåñåííÿ â ðîç÷èí ç ô³ç³îëîã³÷íîþ
êîíöåíòðàö³ºþ êàëüö³þ. Ï³ñëÿ öåíòðè-
ôóãóâàííÿ ïðîòÿãîì 1 õâ ïðè íèçüêèõ
îáåðòàõ (3000 õâ-1), ñóïåðíàòàíò âèäàëÿëè,
êë³òèíè ïåðåíîñèëè â êóëüòóðàëüíå ñåðåäî-
âèùå DMEM ç äîäàâàííÿ 10%-¿ òåëÿ÷î¿
ñèðîâàòêè ³ ùå ðàç ï³ïåòóâàëè. Ç ñóñïåíç³¿,
ÿêó îòðèìàëè, êë³òèíè íàíîñèëè ³ç ù³ëüí³ñòþ
áëèçüêî 100000 ñì-2 íà ñêåëüöÿ, ïîêðèò³
æåëàòèíîì («Sigma-Aldr ich» ,  ÑØÀ) ³
ïîì³ùåí³ â ÷àøêè Ïåòð³ ³ç êóëüòóðàëüíèì
ñåðåäîâèùåì. Êë³òèíè ³íêóáóâàëè â àòìîñ-
ôåð³ ãàç³â 5% CO

2
 ³ 95 % O

2
 ïðè 37 oÑ ïðî-

òÿãîì 1�3 ä³á. Êîæí³ 24 ãîä êóëüòóðàëüíå
ñåðåäîâèùå çàì³íþâàëè íà ñâ³æå. Æèòòº-
çäàòí³ êë³òèíè, ùî ïðèêð³ïèëèñÿ äî ñêëà,
ñïîíòàííî ñêîðî÷óâàëèñÿ ÷åðåç 12 ãîä
ï³ñëÿ êóëüòèâóâàííÿ. Õàðàêòåð ³ ÷àñòîòà
ñêîðî÷åíü êîæíîãî êàðä³îì³îöèòà áóëè
ð³çíèìè ³  íå  çàëåæàëè â³ä  àêòèâíîñò³
ñóñ³äí³õ êë³òèí. Äëÿ åëåêòðîô³ç³îëîã³÷íèõ
äîñë³ä³â âèêîðèñòîâóâàëè êë³òèíè, ÿê³ ïåðåä
öèì ñïîíòàííî ñêîðî÷óâàëèñÿ.

Åëåêòðîô³ç³îëîã³÷í³ åêñïåðèìåíòè òà
ðîç÷èíè. Äîñë³äè ïðîâîäèëè çà äîïîìîãîþ
ìåòîäó �patch-clamp� ó êîíô³ãóðàö³¿ �ö³ëà
êë³òèíà� ïðè 36 oÑ ç âèêîðèñòÿííÿì ï³äñè-
ëþâà÷à PC-ONE («Dagan Corp.», ÑØÀ),
àíàëîãîâî-öèôðîâîãî ïåðåòâîðþâà÷à Digi-
data 1200A («Axon Instr.», ÑØÀ) ïåðñî-
íàëüíîãî êîìï�þòåðà òà ïðîãðàìíîãî çà-
áåçïå÷åííÿ pCLAMP-8 («Axon Inst r.» ,
ÑØÀ). Äëÿ øâèäêî¿ çì³íè çîâí³øíüîêë³òèí-
íèõ ðîç÷èí³â (çà ÷àñ áëèçüêî 1 ñ) ³ ïðèêëà-
äàííÿ ðå÷îâèí â óìîâàõ ñòàëî¿ òåìïåðàòó-
ðè âèêîðèñòîâóâàëè áàãàòîêàíàëüíó òåðìî-
ñòàá³ë³çîâàíó ì³êðîïåðôóç³éíó ñèñòåìó
âëàñíî¿ ðîçðîáêè. Ðåºñòðóâàëüí³ ñêëÿí³
ì³êðîï³ïåòêè âèãîòîâëÿëè çà äîïîìîãîþ
âèòÿæêè P-97 («Sutter Instr. Co.», ÑØÀ) ç
áîðîñèë³êàòíèõ êàï³ëÿð³â ³ç çîâí³øí³ì
ä³àìåòðîì 1,5 ìì («World Precision Instru-
ments», ÑØÀ). Ï³ñëÿ çàïîâíåííÿ âíóòð³ø-
í³ì ðîç÷èíîì ï³ïåòêè ìàëè îï³ð 1�3 ÌÎì.
Äëÿ îáðîáêè òà àíàë³çó çàïèñ³â ³ â³çóàë³çàö³¿
ðåçóëüòàò³â âèêîðèñòîâóâàëè ïðîãðàìíå

çàáåçïå÷åííÿ Matlab («Mathworks Corp.»,
ÑØÀ) ³ Origin («OriginLab Corp.», ÑØÀ).

Äëÿ ïîñò³éíî¿ ïåðôóç³¿ êë³òèí ïðîòÿãîì
åëåêòðîô³ç³îëîã³÷íîãî äîñë³äó âèêîðèñòî-
âóâàëè çîâí³øíüîêë³òèííèé ðîç÷èíè Ò³ðîäå
(ÐÒ) òàêîãî ñêëàäó (ììîëü/ë): NaCl � 144,
KCl � 5,4, CaCl

2
 � 1,8, MgCl

2
 � 1,2, NaH

2
PO

4
 �

0,5, HEPES � 10, ãëþêîçà � 10; pH 7,4. Äëÿ
çàïèñó íàòð³ºâèõ òðàíñìåìáðàííèõ ñòðóì³â
êë³òèíó ïåðôóçóâàëè ðîç÷èíîì ç³ çíèæåíîþ
êîíöåíòðàö³ºþ íàòð³þ, ÿêèé ì³ñòèâ ³îíè
öåç³þ äëÿ óñóíåííÿ êàë³ºâî¿ ïðîâ³äíîñò³ òà
í³êåëþ äëÿ áëîêóâàííÿ êàëüö³ºâèõ ñòðóì³â,
òàêîãî ñêëàäó (ììîëü/ë): NaCl � 35, TEA-
Cl � 100, CsCl � 5, CaCl

2
 � 0,5, MgCl

2
 � 1,

NiCl
2
 � 1, HEPES � 10, ãëþêîçà � 10; pH

7,4. Ðåºñòðóâàëüíó ï³ïåòêó çàïîâíþâàëè
âíóòð³øíüîêë³òèííèì ðîç÷èíîì òàêîãî
ñêëàäó (ììîëü/ë): CsCl � 40, CsOH � 85,
TEA-Cl � 5, àñïàðàã³íîâà êèñëîòà � 70,
MgCl

2
 � 1, EGTA � 10, HEPES � 10, MgATÔ �

4; ðÍ 7,3 (äîâîäèëè çà äîïîìîãîþ àñïàðà-
ã³íîâî¿ êèñëîòè). Âñ³ ðåàêòèâè, ÿê³ âèêîðèñ-
òîâóâàëè äëÿ ïðèãîòóâàííÿ ðîç÷èí³â, áóëè
â³ä ô³ðìè �Sigma-Aldrich� (ÑØÀ). NSÅ òà
ÎÅÀ áóëè ñèíòåçîâàí³ â ²íñòèòóò³ á³îõ³ì³¿
³ì. Î.Â. Ïàëàä³íà ÍÀÍ Óêðà¿íè (â³ää³ë
á³îõ³ì³¿ ë³ï³ä³â). Â³äïîâ³äí³ñòü ðå÷îâèí òà
ÿê³ñòü ñèíòåçó ïåðåâ³ðÿëè çà ¿õ òî÷êîþ
ïëàâëåííÿ, ìåòîäîì òîíêîøàðîâî¿ õðîìà-
òîãðàô³¿ çà äîâæèíîþ Rf ³ ìåòîäîì ãàçîð³-
äèííî¿ õðîìàòîãðàô³¿ â ïîð³âíÿíí³ ç êîìåð-
ö³éíèì àíàëîãîì [2]. NSE òà OEA ïîïå-
ðåäíüî ðîç÷èíÿëè ó åòàíîë³ â êîíöåíòðàö³¿
50 àáî 200 ìîëü/ë ³ äîäàâàëè äî ÐÒ äëÿ
îòðèìàííÿ íåîáõ³äíî¿ êîíöåíòðàö³¿ ðå÷îâèíè
òà îáðîáëÿëè óëüòðàçâóêîì ïðîòÿãîì 5 õâ.
Êîíöåíòðàö³ÿ åòàíîëó ó ðîç÷èíàõ ç NÀÅ íå
ïåðåâèùóâàëà 0,05 %.

ÐÅÇÓËÜÒÀÒÈ

Çà íàøèõ åêñïåðèìåíòàëüíèõ óìîâ (35
ììîëü/ë Na+ çîâí³ ç Cs+ ÿê îñíîâíèì âíóòð³ø-
íüîêë³òèííèì êàò³îíîì) ïðè äåïîëÿðèçàö³¿
êàðä³îì³îöèòà ïðÿìîêóòíèìè ³ìïóëüñàìè
ïîòåíö³àëó íàðîñòàþ÷î¿ àìïë³òóäè (V

m
,
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³íêðåìåíò 10 ìÂ) â³ä ð³âíÿ ï³äòðèìó-
âàëüíîãî ïîòåíö³àëó (V

h
) -90 ìÂ âõ³äíèé

Na+-ñòðóì (²
Na

) àêòèâóâàñÿ ïðè -70 ìÂ,
ñÿãàâ ìàêñèìàëüíîãî çíà÷åííÿ ïðè -20 ìÂ,
ï³ñëÿ ÷îãî ïîñòóïîâî çìåíøóâàâñÿ, çì³íþ-
þ÷è ñâ³é íàïðÿì ÷åðåç íå³äåàëüíó ñåëåê-
òèâí³ñòü ÏÇÍÊ, ùî äàº çìîãó ¿ì òðàíïîð-
òóâàòè ó âèõ³äíîìó íàïðÿìêó Cs+ ïðè
âèäèìîìó ïîòåíö³àë³ ðåâåðñ³¿ (V

r
) ïðèáëèçíî

+60 ìÂ.
Ïðèêëàäàííÿ NSE ìàéæå íå çì³íþâàëî

àìïë³òóäó ²
Na

: íàâ³òü ïðè êîíöåíòðàö³ÿõ
ðå÷îâèíè 200 ìêìîëü/ë àìïë³òóäà ñòðóìó
ïðè V

m
 = -20 ìÂ çìåíøóâàëàñÿ ò³ëüêè íà 5 %

(ðèñ. 1,ã). Âîäíî÷àñ OEA âèêëèêàâ äîñèòü
øâèäêå (ìåíøå í³æ çà 1 õâ) äîçîçàëåæíå
ïðèãí³÷åííÿ ìàêñèìàëüíî¿ àìïë³òóäè ²

Na

(ðèñ .  2 , ã ) .  Ó  ðå çóëüòàò ³  àïðîêñèìàö³ ¿
äîçîçàëåæíîñò³ áëîêóâàëüíî¿ ä³¿ OEA ïðè
ïîòåíö³àë³ V

m
 = -20 ìÂ ôóíêö³ºþ Õ³ëëà áóëè

îòðèìàí³ çíà÷åííÿ ìàêñèìàëüíîãî ïðèãí³-
÷åííÿ ïðè íàñè÷óþ÷³é êîíöåíòðàö³¿ ðå÷îâèíè
À, êîíñòàíòè äèñîö³àö³¿ Ê

D
 òà êîåô³ö³ºíòà

êîîïåðàòèâíîñò³ ð 30 %, 10,5 ìêìîëü/ë ±1,1
ìêìîëü/ë òà 1,9 â³äïîâ³äíî.

Ïîð³âíÿííÿ ïðîíîðìîâàíèõ òà óñåðåä-
íåíèõ  âîëüò-àìïåðíèõ õàðàêòåðèñòèê
(ÂÀÕ) ²

Na
 â êîíòðîë³ ³ çà íàÿâíîñò³ ñóáìàê-

ñèìàëüíèõ êîíöåíòðàö³é (100 ìêìîëü/ë)
NSE (äèâ. ðèñ. 1,á) òà ÎÅÀ (äèâ. ðèñ. 2,á)
íå âèÿâèëî ïîì³òíèõ çì³í ó V

r
 ñòðóìó, ùî

ñâ³ä÷èòü ïðî â³äñóòí³ñòü âïëèâó öèõ ðå÷î-
âèí íà ñåëåêòèâí³ñòü ÏÇÍÊ. Àïðîêñèìàö³ÿ
âèñõ³äíèõ ã³ëîê îòðèìàíèõ ÂÀÕ ôóíêö³ºþ
Ãîëäìàíà�Õîäæê³íà�Êàöà ,  ùî îïèñó º
�ìèòòºâó ÂÀÕ� ÷åðåç â³äêðèò³ êàíàëè çà
óìîâ àñèìåòðè÷íîãî ðîçïîä³ëó ïðîíè-
êàþ÷èõ ³îí³â (òîáòî ïðè çàäàíèõ V

r
), ³íòåð-

ïîëÿö³ÿ �ìèòòºâèõ ÂÀÕ� â çîíó â³ä�ºìíèõ
ïîòåíö³àë³â òà ä³ëåííÿ çàãàëüíèõ ÂÀÕ íà
çíà÷åííÿ �ìèòòºâèõ ÂÀÕ� ïðè êîæíîìó
çíà÷åíí³ ïîòåíö³àëó äàº çìîãó îòðèìàòè
çàëåæíîñò³ ñòàö³îíàðíî¿ àêòèâàö³¿ ²

Na
 â³ä

ïîòåíö³àëó (äèâ. ðèñ. 1,â ³ 2,â). ¯õ àïðîêñè-
ìàö³¿ ôóíêö³ÿìè Áîëüöìàíà äàëè ìîæëè-
â³ñòü âèçíà÷èòè ÷è âïëèâàþòü NSE òà ÎÅÀ

íà êëþ÷îâ³ ïîêàçíèêè ñòàö³îíàðíî¿ àêòèâàö³¿
� ïîòåíö³àë ïîëîâèííî¿ àêòèâàö³¿ � V

1/2
 òà

ôàêòîð êðóòèçíè � k. Âèÿâèëîñÿ, ùî çà
êîíòðîëüíèõ óìîâ ö³ ïîêàçíèêè ñòàíîâèëè:
V

1/2
 = -34,2 ìÂ ³ k = 8,2 ìÂ. Ïðèêëàäàííÿ

100 ìêìîëü/ë NSE ïðèçâîäèëî äî ¿õ íåçíà÷-
íèõ,  ñòàòèñòè÷íî íåäîñòîâ³ðíèõ çì³í:
ã³ïåðïîëÿðèçàö³éíîãî çñóâó V

1/2
 íà 2,4 ìÂ

(òîáòî äî V
1/2

 = -36,5 ìÂ) ³ çá³ëüøåííþ k
äî 8,5 ìÂ. ÎÅÀ â êîíöåíòðàö³¿ 100 ìêìîëü/ë
âèêëèêàâ ñóòòºâ³ø³ çì³íè: ã³ïåðïîëÿðè-
çàö³éíèé çñóâ V

1/2
 íà 3,0 ìÂ (òîáòî äî V

1/2
 =

-37,1 ìÂ) òà ï³äâèùåííÿ k äî 8,4 ìÂ, ÿê³,
îäíàê, òåæ íå ñÿãàëè ïîðîãó ñòàòèñòè÷íî¿
äîñòîâ³ðíîñò³.

Äëÿ ç�ÿñóâàííÿ òîãî, ÷è âïëèâàþòü NSE
òà ÎÀÅ íà âëàñòèâîñò³ ³íàêòèâàö³¿ ÏÇÍÊ,
ìè ïîð³âíÿëè õàðàêòåðèñòèêè ¿õ ñòàö³î-
íàðíî¿ ³íàêòèâàö³¿ â êîíòðîë³ ³ çà íàÿâíîñò³
100 ìêìîëü/ë êîæíî¿ ç ðå÷îâèí. Ö³ õàðàêòå-
ðèñòèêè âèì³ðþâàëè çà äîïîìîãîþ ñòàí-
äàðòíîãî ïðîòîêîëó ñòèìóëÿö³¿, ùî ñêëà-
äàâñÿ ç êîíäèö³îíóþ÷îãî ³ìïóëüñó çì³ííî¿
âåëè÷èíè â ä³àïàçîí³ -100�70 ìÂ ³ òðèâà-
ë³ñòþ 400 ìñ, çà ÿêèì ñë³äóâàâ òåñòîâèé
³ìïóëüñ äî V

m
 = -20 ìÂ. Äëÿ ïîáóäîâè

ñ àìèõ  õàðàêòåðèñòèê  àìïë³òóäè  ²
Na

 ó
â³äïîâ³äü íà òåñòóþ÷èé ³ìïóëüñ íîðìó-
âàëèñÿ äî àìïë³òóäè ñòðóìó ïðè êîíäèö³î-
íóþ÷îìó ³ìïóëüñ³ -100 ìÂ ³ â³äêëàäàëèñÿ
çàëåæíî â³ä çíà÷åííÿ êîíäèö³îíóþ÷îãî
ïîòåíö³àëó. Îòðèìàí³ òàêèì ÷èíîì ïîòåí-
ö³àëçàëåæíîñò³ ñòàö³îíàðíî¿ ³íàêòèâàö³¿
çîáðàæåí³ íà ðèñ. 1,â ³ 2,â. ¯õ àïðîêñèìàö³¿
ôóíêö³ÿìè Áîëüöìàíà äàëè çìîãó âñòàíî-
âèòè, ùî çà êîíòðîëüíèõ óìîâ ñòàö³îíàðíà
³íàêòèâàö³ÿ ÏÇÍÊ õàðàêòåðèçóºòüñÿ ïîêàç-
íèêàìè V

1/2
 = -78,6 ìÂ ³ k = 7,5 ìÂ, ÿê³ çà

íàÿâíîñò³ 100 ìêìîëü/ë NSE çì³íþþòüñÿ
äî  V

1/2
 =  -89 ,3  ìÂ ³  k  =  7 ,4  ìÂ,  à  çà

íàÿâíîñò³ 100 ìêìîëü/ë ÎÅÀ � äî V
1/2

 =
-92,5 ìÂ ³ k = 8,4 ìÂ. Òàêèì ÷èíîì, îáèäâà
ïðåäñòàâíèêè NÀÅ âèêëèêàþòü çñóâ ñòà-
ö³îíàðíî¿ ³íàêòèâàö³¿ ÏÇÍÊ ó á³ê ã³ïåðïî-
ëÿðèçàö³¿, îäíàê ç ÎÅÀ öåé çñóâ (14,0 ìÂ)
áóâ á³ëüøèì, í³æ ç NSE 1(10,6 ìÂ).

Âïëèâ N-ñòåàðî¿ë- òà N-îëåî¿ëåòàíîëàì³íó
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Ðèñ. 1. Âïëèâ N-ñòåàðèëåòàíîëàì³íó (NSE) íà ñòðóìè ÷åðåç íàòð³ºâ³ êàíàëè êàðä³îì³îöèò³â: à � ÷àñîçàëåæí³ñòü çì³í
àìïë³òóäè íàòð³ºâîãî ñòðóìó (²

Na
), àêòèâîâàíîãî äåïîëÿðèçàö³éíèì ³ìïóëüñîì ïîòåíö³àëó (V

t
) äî -20 ìÂ, ó â³äïîâ³äü

íà ïðèêëàäàííÿ 100 ìêìîëü/ë NSE, á � âîëüò-àìïåðí³ õàðàêòåðèñòèêè êîíòðîëüíîãî (²
Na

) (1; n=10) òà ²
Na

 çà íàÿâíîñò³
100 ìêìîëü/ë NSE (2; n=6); àìïë³òóäè ñòðóì³â ³íäèâ³äóàëüíèõ êàðä³îì³îöèò³â ïðè êîæíîìó V

t
 áóëè íîðìîâàí³ íà

ìàêñèìàëüíå çíà÷åííÿ ïðè V
t
=-20 ìÂ òà óñåðåäíåí³; ñóö³ëüí³ ë³í³¿ º àïðîêñèìàö³ÿìè â³äïîâ³äíèõ åêñïåðèìåíòàëüíèõ

çàëåæíîñòåé äîáóòêîì ôóíêö³é Áîëüöìàíà òà Ãîäìàíà�Õîäæê³íà�Êàöà; çâåðõó ïîêàçàí³ òèïîâ³ çàïèñè ñòðóì³â ³
ïðîòîêîë ñòèìóëÿö³¿ äî (çë³âà) òà ï³ñëÿ ïðèêëàäàííÿ 100 ìêìîëü/ë NSE, â � êðèâ³ ñòàö³îíàðíî¿ àêòèâàö³¿ òà ³íàêòèâàö³¿
íàòð³ºâèõ ñòðóì³â çà êîíòðîëüíèõ óìîâ (1; n=10) òà çà íàÿâíîñò³ 100 ìêìîëü/ë NSE (2; n=6); ñóö³ëüí³ ë³í³¿ º
àïðîêñèìàö³ÿìè â³äïîâ³äíèõ åêñïåðèìåíòàëüíèõ çàëåæíîñòåé ôóíêö³ºþ Áîëüöìàíà, ã � äîçîçàëåæí³ñòü áëîêóâàëüíî¿
ä³¿ NSE íà ²

Na
 ïðè ïîòåíö³àë³ -20 ìÂ (n=6), ñóö³ëüíà ë³í³ÿ º àïðîêñèìàö³ºþ çàëåæíîñò³ ôóíêö³ºþ Õ³ëà, ïîçíà÷åííÿ

ñèìâîë³â ò³ ñàì³, ùî ³ íà á, ä � çì³íà ÷àñó ³íàêòèâàö³¿ ²
Na

 ï³ä ä³ºþ NSE (n=6), ïîçíà÷åííÿ ñèìâîë³â ò³ ñàì³, ùî ³ íà
á.*Ð<0,05
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Ðèñ. 2. Âïëèâ N-îëå¿ëåòàíîëàì³íó (OEA) íà ñòðóì ÷åðåç íàòð³ºâ³ êàíàëè êàðä³îì³îöèò³â: à � çì³íà àìïë³òóäè
íàòð³ºâîãî ñòðóìó (²

Na
) â â³äïîâ³äü íà òåñòîâèé ³ìïóëüñ ïîòåíö³àëó -20 ìÂ âíàñë³äîê ïðèêëàäàííÿ 100 ìêìîëü/ë

OEA, á � âîëüò-àìïåðí³ çàëåæíîñò³ çà êîíòðîëüíèõ óìîâ (1; n=10) òà çà íàÿâíîñò³ 100 ìêìîëü/ë OEA (2; n=6);
àìïë³òóäè ñòðóì³â áóëè íîðìîâàí³ íà ìàêñèìàëüíå çíà÷åííÿ â êîæíîìó âèïàäêó; ñóö³ëüí³ ë³í³¿ º àïðîêñèìàö³ÿìè
â³äïîâ³äíèõ åêñïåðèìåíòàëüíèõ òî÷îê äîáóòêîì ôóíêö³é Áîëüöìàíà òà Ãîäìàíà�Õîäæê³íà�Êàöà; çâåðõó ïîêàçàí³
òèïîâ³ çàïèñè ñòðóì³â òà ïðîòîêîë ñòèìóëÿö³¿ äî (çë³âà) òà ï³ñëÿ ïðèêëàäàííÿ 100 ìêìîëü/ë OEA, â � êðèâ³
ñòàö³îíàðíî¿ àêòèâàö³¿ òà ³íàêòèâàö³¿ íàòð³ºâèõ ñòðóì³â çà êîíòðîëüíèõ óìîâ (1; n=10) òà çà íàÿâíîñò³ 100 ìêìîëü/ë
OEA (2; n=6); ñóö³ëüí³ ë³í³¿ º àïðîêñèìàö³ÿìè â³äïîâ³äíèõ åêñïåðèìåíòàëüíèõ òî÷îê ôóíêö³ºþ Áîëüöìàíà,
ã � äîçîçàëåæí³ñòü áëîêóþ÷î¿ ä³¿ OEA íà ²

Na
 ïðè ïîòåíö³àë³ -20 ìÂ, ñóö³ëüíà ë³í³ÿ º àïðîêñèìàö³ºþ åêñïåðèìåíòàëüíèõ

òî÷îê ôóíêö³ºþ Õ³ëà (n=6), ïîçíà÷åííÿ ñèìâîë³â ò³ ñàì³, ùî ³ íà á, ä � çì³íà ÷àñó ³íàêòèâàö³¿ íàòð³ºâîãî ñòðóìó ï³ä
ä³ºþ OEA (n=6), ïîçíà÷åííÿ ñèìâîë³â ò³ ñàì³, ùî ³ íà á. *Ð < 0,05
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Ïîð³âíÿííÿ íîðìîâàíèõ çàïèñ³â êîíò-
ðîëüíèõ ²

Na
 ç ²

Na
 çà íàÿâíîñò³ 100 ìêìîëü/ë

NSE àáî ÎÀÅ ïðè V
m
 = -20 ìÂ (äèâ. ðèñ.

1,ä ³ 2,ä) âèÿâèëî òàêîæ ïîì³òíå ïðèñêî-
ðåííÿ ê³íåòèêè ³íàêòèâàö³¿ ñòðóì³â ï³ä ä³ºþ
NÀÅ áåç ñóòòºâîãî âïëèâó íà ê³íåòèêó
àêòèâàö³¿. Àïðîêñèìàö³ÿ ôàçè ñïàäó ñòðóì³â
åêñïîíåíö³éíîþ ôóíêö³ºþ äàëà çìîãó
âñòàíîâèòè, ùî ïðè V

m
 = -20 ìÂ ïîñò³éíà

÷àñó ³íàêòèâàö³¿ τ
³
 çìåíøóºòüñÿ ç êîíò-

ðîëüíîãî çíà÷åííÿ 0,52 ± 0,05 äî 0,46 ìñ ±
0,05 ìñ çà íàÿâíîñò³ NSE ³ äî 0,44 ± 0,06 çà
íàÿâíîñò³ ÎÅÀ. Äîñòîâ³ðíå ïðèñêîðåííÿ
³íàêòèâàö³¿ ²

Na
 ñïîñòåð³ãàëîñÿ ³ ïðè ³íøèõ

ïîòåíö³àëàõ â ä³àïàçîí³ -60� +40 ìÂ.

ÎÁÃÎÂÎÐÅÍÍß

ßê ïîêàçóþòü íàø³ ðåçóëüòàòè, NSE òà
ÎÀÅ çäàòí³ çìåíøóâàòè ²

Na
 êàðä³îì³îöèò³â,

ùî çíà÷íîþ ì³ðîþ ïîÿñíþº îïèñàíèé íàìè
ðàí³øå åôåêò çíèæåííÿ öèìè ðå÷îâèíàìè
àìïë³òóäè òà øâèäêîñò³ íàðîñòàííÿ ñåð-
öåâîãî  ÏÄ [22] .  Â  îñíîâ ³  çìåíøåííÿ
ëåæàòü òðè ä³¿  NSE òà ÎÀÅ íà ñåðöåâ³
ÏÇÍÊ: 1) ¿õ áåçïîñåðåäíº íåïîâíå áëîêó-
âàííÿ,  2)  ã³ïåðïîëÿðèçàö³éíèé çñóâ ¿õ
ñòàö³îíàðíî¿ ³íàêòèâàö³¿, ðåçóëüòàòîì ÷îãî
º ÷àñòêîâà ³íàêòèâàö³ÿ êàíàë³â ïðè ïîòåí-
ö³àë³  ñïîêîþ òà 3)  äåÿêå ïðèñêîðåííÿ
ê³íåòèêè ³íàêòèâàö³¿. Âñ³ òðè ä³¿, îñîáëèâî
âåëè÷èíà áåçïîñåðåäíüîãî áëîêó, º ïîì³òíî
á³ëüø âèðàæåíèìè äëÿ îäíîíåíàñè÷åíîãî
OEA ïîð³âíÿíî ç íàñè÷åíèì NSE. Çá³ëü-
øåííÿ ôóíêö³îíàëüíîãî âïëèâó NÀÅ íà
êàíàëè-ì³øåí³ ç³ çá³ëüøåííÿì ñòóïåíÿ ¿õ
íåíàñè÷åíîñò³ áóëî ïîêàçàíî ðàí³øå [16].

ÏÇÍÊ ïëàçìàòè÷íî¿ ìåìáðàíè íåïåéñ-
ìåéêåðíèõ êàðä³îì³îöèò³â ìàéæå âèêëþ÷íî
ïðåäñòàâëåí³ ¿õ òåòðîäîêñèíðåçèñòåíòíîþ
Na

v
1,5-³çîôîðìîþ (ãåí SCN5A). Òîìó çì³íó

á³îô³çè÷íèõ âëàñòèâîñòåé íàòð³ºâèõ ñòðó-
ì³â ,  îïèñàíèõ ó  íàø³é ðîáîò³ ,  ìîæíà
â³äíåñòè äî âïëèâó NSE ñàìå íà Na

v
1,5-

êàíàëè.
NSE ³  OEA äåùî ã³ïåðïîëÿðèçóþòü

ïîòåíö³àëçàëåæí³ñòü ñòàö³îíàðíî¿ àêòèâàö³¿
íàòð³ºâèõ êàíàë³â. Öåé åôåêò íå îïîñå-
ðåäêîâàíèé çì³íîþ ïîâåðõíåâîãî çàðÿäó,
îñê³ëüêè åêñïåðèìåíòàëüí³ óìîâè ïåðåä-
áà÷àþòü âáóäîâóâàííÿ ë³ï³äó â çîâí³øíþ
÷àñòèíó ë³ï³äíîãî á³øàðó. Ïîÿâà äîäàò-
êîâîãî íåçíà÷íîãî ïîçèòèâíîãî ïðèìåìá-
ðàííîãî çàðÿäó îçíà÷àëà áè çì³ùåííÿ
ïîòåíö³àëçàëåæíîñò³ â á³ê äîäàòí³õ ïîòåí-
ö³àë³â. Õî÷ ³ìîâ³ðíèì º ³ ìåõàí³çì íàêîïè-
÷åííÿ NAE ç âíóòð³øíüîãî áîêó ìåìáðàíè
âíàñë³äîê íåñïåöèô³÷íîãî ÷è ç ó÷àñòþ
ñïåöèô³÷íèõ ôë³ïàç ïåðåõîäó ³ç çîâí³øíüîãî
áîêó [23]. Ïîä³áíå çì³ùåííÿ àêòèâàö³éíî¿
êðèâî¿ ñïîñòåð³ãàëîñÿ ïðè ä³¿ ñèíòåòè÷íîãî
àíàëîãà àíàíäàì³äó WIN55,212-2 íà íàòð³ºâ³
êàíàëè íåéðîí³â òðèãåì³íàëüíèõ ãàíãë³¿â
[10], àëå íå â ðàç³ áëîêóâàííÿ àíàíäàì³äîì
òåòðîäîêñèíðåçèñòåíòíèõ íàòð³ºâèõ êàíàë³â
(íàé³ìîâ³ðí³øå Na

v 
1,8) íåéðîí³â çàäíüî-

êîð³íöåâèõ ãàíãë³¿â ùóð³â [13]. Íàø³ äîñë³äè
íå âèÿâèëè äîñòîâ³ðíî¿ çì³íè â ÷àñ³ àêòè-
âàö³¿  ñòðóìó ï³ä âïëèâîì NSE ³  OEA,
ìîæëèâî, ÷åðåç íåäîñòàòíþ øâèäê³ñòü
îöèôðîâóâàííÿ ñèãíàëó. Â çãàäàí³é ðîáîò³
ç áëîêóâàííÿ àíàíäàì³äîì ÏÇÍÊ íåéðîí³â
çàäíüîêîð³íöåâèõ ãàíãë³¿â ùóð³â [13], ïðîòå,
áóëî âèÿâëåíî çìåíøåííÿ ÷àñó ¿õ àêòèâàö³¿
çà ïîä³áíèõ åêñïåðèìåíòàëüíèõ óìîâ.

Îáèäâà ïðåäñòàâíèêà NAE ìîäóëþâàëè
³íàêòèâàö³éí³ âëàñòèâîñò³ íàòð³ºâèõ êàíàë³â,
çì³ùóþ÷è êðèâó ñòàö³îíàðíî¿ ³íàêòèâàö³¿ â
á³ê íåãàòèâíèõ ïîòåíö³àë³â ³ ïðèñêîðþþ÷è
÷àñ ñïàäó ñòðóìó. Ïîä³áí³ åôåêòè ñïîñòå-
ð³ãàëèñÿ â  ðîáîòàõ ç  áåçïîñåðåäíüîãî
áëîêóâàííÿ àíàíäàì³äîì íàòð³ºâèõ ³ íèçü-
êîïîðîãîâèõ êàëüö³ºâèõ êàíàë³â [5, 13].
Âòðàòà  åôåêòó  âíàñë ³äîê  áëîêóâàííÿ
òðàíñïîðòóþ÷èõ ñèñòåì äëÿ àíàíäàì³äó
çìóñèëà çðîáèòè âèñíîâîê, ùî â³í áåçïî-
ñåðåäíüî ìîäóëþº êàëüö³ºâ³ êàíàëè  ïåðå-
âàæíî ç âíóòð³øíüîãî áîêó ïëàçìàòè÷íî¿
ìåìáðàíè [4].  ²ñíóâàííÿ ÿê ïîð³âíÿíî
ñïåöèô³÷íèõ äëÿ îêðåìèõ ïðåäñòàâíèê³â
NÀE (àíàíäàì³äó ³ N-ïàëüì³òî¿ëåòàíîëà-
ì³íó), òàê ³ íåñïåöèô³÷íèõ òðàíñïîðòåð³â

Î.². Âîéòè÷óê, Â.Ñ. Àñìîëêîâà, Í.Ì. Ãóëà, Ì. Îç, ß.Ì. Øóáà
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óêàçóº íà ìîæëèâ³ñòü ïîä³áíî¿ ïîâåä³íêè ³
äëÿ ³íøèõ ïðåäñòàâíèê³â NAE, çîêðåìà NSE
³ OEA, õî÷à âñòàíîâëåííÿ öüîãî ôàêòó
âèìàãàº ïðÿìèõ åêñïåðèìåíò³â.

²íã³áóâàííÿ íàòð³ºâîãî ñòðóìó, ÿê ïðàâè-
ëî, â³äáóâàëîñÿ ìåíøå í³æ ÷åðåç 4 ñ ï³ñëÿ
ïðèêëàäàííÿ îáîõ NAE òà ðîçâèâàëîñÿ
ïîñòóïîâî, à ¿õ ñòàö³îíàðíèé åôåêò ñïîñòå-
ð³ãàâñÿ ïðèáëèçíî ÷åðåç 1 õâ. Íàø³ åêñïå-
ðèìåíòè ïîêè íå äàþòü çìîãè âñòàíîâèòè
ìîæëèâèé ìåõàí³çì áëîêóâàííÿ � áåçïî-
ñåðåäíº çâ�ÿçóâàííÿ ç á³ëêîâèì êîìïëåêñîì
íàòð³ºâîãî êàíàëó, ÷åðåç G-á³ëîêñïðÿæåí³
ìåìáðàíí³ ðåöåïòîðè, àáî âíàñë³äîê âáóäî-
âóâàííÿ NÀE â ìåìáðàíó òà ïîâÿçàíó ç öèì
çì³íó ¿¿ â�ÿçêîñò³, ïîâåðõíåâîãî íàòÿãó òà
ëîêàëüíî¿ ì³êðîêðèâèçíè. Çì³ùåííÿ ïîòåí-
ö³àëçàëåæíîñòåé àêòèâàö³¿ òà ³íàêòèâàö³¿ â
á³ê â³ä�ºìíèõ ïîòåíö³àë³â ìîæå ïîÿñíþ-
âàòèñÿ âïëèâîì äîñë³äæóâàíèõ ë³ï³ä³â íà
ðóõ ñåíñîð³â ïîòåíö³àëó ÏÇÍÊ, ÿêå òàêîæ
ìîæå çóìîâëþâàòèñÿ êîæíèì ç öèõ ìåõà-
í³çì³â.

Â³äîìî, ùî áëîêóâàííÿ NAE êàëüö³ºâèõ
êàíàë³â T-òèïó çàëåæèòü â³ä íåíàñè÷åíîñò³
òà º íàéá³ëüøèì äëÿ àðàõ³äîíî¿ëåòàíîëà-
ì³íó (20:4) ³ äîêîçàãåêñàíî¿ëåòàíîëàì³íó
(22 :6) .  Êð³ì  òîãî ,  áóëî  ïîêàçàíî ,  ùî
ñòðóêòóðíèé àíàëîã OEA îëåàì³ä áåçïîñå-
ðåäíüî ³íã³áóº ÏÇÍÊ êë³òèí íåéðîáëàñòîìè
N1E115, âèêëèêàþ÷è ïîä³áí³ çì³íè ïîòåí-
ö³àëçàëåæíîñò³ ³íàêòèâàö³¿ òà ñèíàïòîñîìàõ
ìîçêó ìèøåé [12]. Ö³ ôàêòè ñâ³ä÷àòü íà
êîðèñòü áåçïîñåðåäíüîãî çâ�ÿçóâàííÿ ÿê
ìåõàí³çìó ä³¿ ÎÅÀ íà íàòð³ºâ³ êàíàëè.

Âèäàºòüñÿ éìîâ³ðíèì, ùî áëîêóâàííÿ
NSE ³ OEA íàòð³ºâèõ êàíàë³â ó ñåðö³, º ëèøå
îäíèì ç áàãàòüîõ âïëèâ³â, ÿê³ ÷èíÿòü ö³
ë³ï³äè íà ñåðöåâèé ì�ÿç ³ çíèæóþòü çáóä-
ëèâ³ñòü ³ íåãàòèâíèé ³íîòðîïíèé åôåêò [9].
Càìå áëîêóâàííÿ NSE ³ OEA íàòð³ºâèõ
êàíàë³â âèêëèêàº çìåíøåííÿ àìïë³òóäè òà
ïî÷àòêîâî¿  øâèäêî ñò ³  íàðî ñòàííÿ  ÏÄ
ïåðåäñåðäíèõ ,  øëóíî÷êîâèõ  åíäî-  òà
åï³êàðä³àëüíèõ êë³òèí ó êóëüòóð³ íåîíà-
òàëüíèõ êàðä³îì³îöèò³â [22].

Âïëèâ N-ñòåàðî¿ë- òà N-îëåî¿ëåòàíîëàì³íó

Î.È. Âîéòè÷óê, Â.Ñ. Àñìîëêîâà, Í.Ì. Ãóëà,
Ì. Îç, ß.Ì. Øóáà

ÂËÈßÍÈÅ N-ÑÒÅÀÐÎÈË-
È N-ÎËÅÎÈËÝÒÀÍÎËÀÌÈÍÀ
ÍÀ ÏÎÒÅÍÖÈÀËÇÀÂÈÑÈÌÛÅ ÍÀÒÐÈÅÂÛÅ
ÊÀÍÀËÛ ÊÀÐÄÈÎÌÈÎÖÈÒÎÂ

Ê ãðóïïå N-àöèëýòàíîëàìèíîâ (NAE) îòíîñÿòñÿ ëèïèäû,
ñïîñîáíûå âëèÿòü íà ôóíêöèîíèðîâàíèå èîííûõ êàíàëîâ
ïëàçìàòè÷åñêîé ìåìáðàíû êëåòîê áåç ó÷àñòèÿ êàíàáè-
íîèäíûõ ðåöåïòîðîâ. Òåì íå ìåíåå äåéñòâèå ðàçíûõ
ïðåäñòàâèòåëåé NAE íà ïîòåíöèàëçàâèñèìûå íàòðèåâûå
êàíàëû (ÏÇÍÊ) â ñåðäå÷íîé òêàíè ïðÿìî íå ïîêàçàíî. Â
äàííîé ðîáîòå ìè èññëåäîâàëè ìîäóëÿöèþ íàñûùåííûì
N-ñòåàðèëýòàíîëàìèíîì (NSE) è îäíîíåíàñûùåííûì N-
îëåèëýòàíîëàìèíîì (OEA) áèîôèçè÷åñêèõ ñâîéñòâ ÏÇÍÊ
ïëàçìàòè÷åñêîé ìåìáðàíû íåîíàòàëüíûõ êàðäèîìèîöèòîâ.
NSE â äèàïàçîíå êîíöåíòðàöèé 1�200 ìêìîëü/ë ñóùåñò-
âåííî íå âëèÿë íà àìïëèòóäó âõîäÿùåãî íàòðèåâîãî òîêà
(²

Na
), íî ñìåùàë êðèâûå åãî ñòàöèîíàðíîé àêòèâàöèè è

èíàêòèâàöèè íà 2,4 è 10,6 ìÂ ñîîòâåòñòâåííî (ïðè 100
ìêìîëü/ë) â ñòîðîíó ãèïåðïîëÿðèçàöèè. Êèíåòèêà
àêòèâàöèè òîêà ïîä äåéñòâèåì NSE íå èçìåíÿëàñü, à
èíàêòèâàöèÿ â äèàïàçîíå ïîòåíöèàëîâ -60 � -30 ìÂ
óñêîðÿëàñü ïðèáëèçèòåëüíî â 1,2 ðàçà. Â îòëè÷èå îò NSE,
OEA äîçîçàâèñèìî áëîêèðîâàë ²

Na
 ñ Ê

D
 = 11,4±1,6 ìêìîëü/

ë è âåëè÷èíîé ìàêñèìàëüíîãî áëîêà 30 % ± 3 %, à òàêæå
âûçûâàë áüëüøèé ïî ñðàâíåíèþ ñ NSE ãèïåðïîëÿðè-
çàöèîííûé ñäâèã êðèâûõ ñòàöèîíàðíîé àêòèâàöèè è
èíàêòèâàöèè òîêà (-6,4 ìÂ è -14,0 ìÂ ñîîòâåòñòâåííî ïðè
100 ìêìîëü/ë OEA). OEA ïðàêòè÷åñêè íå èçìåíÿë êèíåòèêó
àêòèâàöèè ²

Na
, íî ñèëüíåå, ÷åì NSE, óñêîðÿë êèíåòèêó åãî

èíàêòèâàöèè. Òàêèì îáðàçîì, îáà ïðåäñòàâèòåëÿ NAE
âëèÿþò íà ïîòåíöèàëçàâèñèìîñòü àêòèâàöèè, èíàêòèâàöèè
è êèíåòèêó ²

Na
. Â òî æå âðåìÿ ýòè äåéñòâèÿ áîëåå âûðàæåíû

äëÿ îäíîíåíàñûùåííîãî OEA, êîòîðûé ê òîìó æå åùå è
÷àñòè÷íî ïîäàâëÿë òîê. Îïèñàííûå ýôôåêòû NSE è OEA
íà íàòðèåâûå êàíàëû ìîãóò ÷àñòè÷íî îáóñëàâëèâàòü
ñíèæåíèå âîçáóäèìîñòè êàðäèîìèîöèòîâ ïîä äåéñòâèåì
ýòèõ ëèïèäîâ â íîðìå è ïàòîëîãèè.
Êëþ÷åâûå ñëîâà: íåîíàòàëüíûå êàðäèîìèîöèòû,
N-àöèëýòàíîëàìèíû, ïîòåíöèàëçàâèñèìûå íàòðèåâûå
êàíàëû, èíàêòèâàöèÿ.

O.I. Voitychuk, V.S. Asmolkova, N.M. Gula,
M.Oz, Y.M. Shuba

THE EFFECTS OF N-STEAROYL- AND
N-OLEOYLETHANOLAMINE ON CARDIAC
VOLTAGE-DEPENDENT SODIUM CHANNELS

The group of N-acylethanolamines (NAE) includes lipids that
are capable of modulating plasma membrane ion channels with-
out involvement of cannabinoid receptors. However, the ac-
tion of various members of NAE on voltage-gated Na+ channels



ISSN 0201-8489    Ô³ç³îë. æóðí., 2010, Ò. 56, ¹ 5 21

Î.². Âîéòè÷óê, Â.Ñ. Àñìîëêîâà, Í.Ì. Ãóëà, Ì. Îç, ß.Ì. Øóáà

(VGSC) in cardiac tissue is still not fully elucidated. Here
using patch-clamp technique we have studied the modulation
of biophysical properties of VGSC of neonatal cardio-
myocytes by saturated N-stearoylethanolamine (NSE) and
monounsaturated N-oleoylethanolamine (OEA). NSE in 1-200
µM concentration range did not significantly alter the ampli-
tude of inward Na+ current (²

Na
), but  100 µM NSE shifted its

steady-state activation and inactivation curves in hyper-
polarization direction by 2.4 mV and 10.6 mV, respectively.
Activation kinetics of the current was not changed by NSE,
but its inactivation was accelerated by about 1.2-fold in the
-60 � -30 mV range of membrane potentials. Unlike NSE, OEA
dose-dependently inhibited ²

Na
 with Ê

D
 = 11.4±1.6 µM and

maximal block at saturating concentration of 30±3 %. It also
stronger than NSE shifted current�s steady-state activation
and inactivation curves (-6.4 mV and -14.0 mV, respectively,
at 100 µM) in hyperpolarization direction. The effect of OEA
on ²

Na
 activation kinetics was negligible, but it more

pronouncedly than NSE accelerated inactivation of the current.
Thus, both members of NAE influence the voltage-dependence
of activation, inactivation and kinetics of ²

Na
. These effects

were more prominent for monounsaturated OEA, which also
partially blocked ²

Na
. The discovered effects of NSE and OEA

on VGSCs may in part be responsible for the decrease of
cardiomycytes� excitability by these lipids under normal as
well as pathologic conditions.
Keywords: neonatal cardiomyocytes, N-acylethanolamines,
voltage-dependent sodium channels, inactivation.

International center for molecular physiology of the National
academy of sciences of Ukraine, Kyiv;

Palladin Institute of biochemistry of the National academy of
sciences of Ukraine, Kyiv;

Department of Pharmacology, Faculty of Medicine and
Health Sciences, UAE University, Al Ain, UAE

ÑÏÈÑÎÊ Ë²ÒÅÐÀÒÓÐÈ

1. Alexander S.P., Kendall D.A. The complications of
promiscuity: endocannabinoid action and metabolism
// Brit. J. Pharmacol. � 2007. � 152, ¹ 5. � P. 602�623.

2. Bachur N.R., Masek K., Melmon K.L., Udenfriend S.
Fatty Acid Amides of Ethanolamine in Mammalian
Tissues // J. Biol. Chem. � 1965. � 240, ¹ 3. �
P. 1019�1024.

3. Bradshaw H.B., Walker J.M. The expanding field of
cannabimimetic and related lipid mediators // Brit. J.
Pharmacol. � 2005. � 144, ¹ 4. � P. 459�465.

4. Chemin J., Monteil A., Perez-Reyes E., Nargeot J.,
Lory P. Direct inhibition of T-type calcium channels
by the endogenous cannabinoid anandamide // EMBO
J. � 2001. � 20, ¹ 24. � P. 7033�7040.

5. Chemin J., Nargeot J., Lory P. Chemical determinants
involved in anandamide-induced inhibition of T-type
calcium channels // J. Biol. Chem. � 2007. � 282, ¹ 4. �
P. 2314�2323.

6. Chen C., Bazan N.G. Lipid signaling: sleep, synaptic
plasticity, and neuroprotection // Prostaglandins and
Other Lipid Mediat. � 2005. � 77, ¹ 1�4. � P. 65�76.

7. Di Marzo V., Melck D., De Petrocellis L., Bisogno T.
Cannabimimetic fatty acid derivatives in cancer and
inflammation // Ibid. � 2000. � 61, ¹ 1�2. � P. 43�61.

8. Freund T.F., Katona I., Piomelli D. Role of endog-
enous cannabinoids in synaptic signaling // Physiol Rev.
� 2003. � 83, ¹ 3. � P. 1017�1066.

9. Frol�kis V.V.,  Artamonov M.V.,  Zhukov O.D.,
Klimashevs�kii V.M., Marhitych V.M., Hula N.M.
[Influence of saturated long-chain N-acylethanolamines
on lipid composition and heart contractility of iso-
lated rat heart under ischemia-reperfusion] // Ukr
Biokhim Zh. � 2000. � 72, ¹ 1. � P. 56�63.

10. Fu H., Xiao J.M., Cao X.H., Ming Z.Y., Liu L.J. Ef-
fects of WIN55,212-2 on voltage-gated sodium channels
in trigeminal ganglion neurons of rats // Neurol Res. �
2008. � 30, ¹ 1. � P. 85�91.

11. Gulaya N.M., Melnik A.A., Balkov D.I., Volkov G.L.,
Vysotskiy M.V., Vaskovsky V.E. The effect of long-
chain N-acylethanolamines on some membrane-asso-
ciated functions of neuroblastoma C1300 N18 cells //
Biochim. and Biophys. Acta. � 1993. � 1152, ¹ 2. �
P. 280�288.

12. Hiley C.R., Hoi P.M. Oleamide: a fatty acid amide
signaling molecule in the cardiovascular system? //
Cardiovasc Drug Rev. � 2007. � 25, ¹ 1. � P. 46�60.

13. Kim H.I., Kim T.H., Shin Y.K., Lee C.S., Park M.,
Song J.H. Anandamide suppression of Na+ currents in
rat dorsal root ganglion neurons // Brain Res. � 2005. �
1062, ¹ 1�2. � P. 39�47.

14. Leaf A., Xiao Y.F., Kang J.X., Billman G.E. Prevention
of sudden cardiac death by n-3 polyunsaturated fatty
acids // Pharmacol. Therap. � 2003. � 98, ¹ 3. �
P. 355�377.

15. Nicholson R.A., Liao C., Zheng J., David L.S., Coyne
L., Errington A.C., Singh G., Lees G. Sodium channel
inhibition by anandamide and synthetic cannabi-
mimetics in brain // Brain Res. � 2003. � 978, ¹ 1�2. �
P. 194�204.

16. Oz M. Receptor-independent effects of endoca-
nnabinoids on ion channels // Curr Pharm. and Des. �
2006. � 12, ¹ 2. � P. 227�239.

17. Park K.A., Vasko M.R. Lipid mediators of sensitivity
in sensory neurons // Trends Pharmacol Sci. � 2005. �
26, ¹ 11. � P. 571�577.

18. Rogers T.B., Gaa S.T., Allen I.S. Identification and
characterization of functional angiotensin II receptors
on cultured heart myocytes // J. Pharmacol. Exp.
Therap. � 1986. � 236, ¹ 2. � P. 438�444.

19. Schmid H.H., Schmid P.C., Berdyshev E.V. Cell signal-
ing by endocannabinoids and their congeners: ques-
tions of selectivity and other challenges // Chem. Phys.
Lipids. � 2002. � 121, ¹ 1-2. � P. 111�134.

20. Schuel  H.,  Burkman L.J .  A tale of  two cel ls :
endocannabinoid-signaling regulates functions of



ISSN 0201-8489    Ô³ç³îë. æóðí., 2010, Ò. 56, ¹ 522

Âïëèâ N-ñòåàðî¿ë- òà N-îëåî¿ëåòàíîëàì³íó

neurons and sperm // Biol. Reprod. � 2005. � 73, ¹ 6. �
P. 1078�1086.

21. Veldhuis W.B., van der Stelt M., Wadman M.W., van
Zadelhoff G., Maccarrone M., Fezza F., Veldink G.A.,
Vliegenthart J.F., Bar P.R., Nicolay K., Di Marzo V.
Neuroprotection by the endogenous cannabinoid
anandamide and arvanil against in vivo excitotoxicity
in the rat: role of vanilloid receptors and lipoxygenases

// J. Neurosci. � 2003. � 23, ¹ 10. � P. 4127�4133.
22. Voitychuk O.I., Asmolkova V.S., Hula N.M., Sotkis H.V.,

Oz M., Shuba Ia M. Regulation of the excitability of
neonatal cardiomyocytes by N-stearoyl- and N-oleoyl-
ethanolamines // Fiziol. Zh. � 2009. � 55, ¹ 3. � P. 55�66.

23. Wang J., Ueda N. Biology of endocannabinoid synthe-
sis system // Prostaglandins Other Lipid Mediat. �
2009. � 89, ¹ 3�4. � P. 112�119.

Ì³æíàðîä. öåíòð ìîëåêóë. ô³ç³îëîã³¿ ÍÀÍ Óêðà¿íè, Êè¿â;
²í-ò á³îõ³ì³¿ ³ì. Î. Â. Ïàëëàä³íà ÍÀÍ Óêðà¿íè, Êè¿â;
Óí-ò Îá�ºäíàíèõ Àðàáñüêèõ Åì³ðàò³â

Ìàòåð³àë íàä³éøîâ
äî ðåäàêö³¿ 11.01.2010


