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Ìîäóëÿö³ÿ òåñòîñòåðîíîì áëîêàäè êàë³ºâèõ
êàíàë³â HERG íåéðîëåïòèêàìè

Ìû èññëåäîâàëè ñïîñîáíîñòü òåñòîñòåðîíà ìîäóëèðîâàòü áëîê HERG-êà-
ëèåâîãî òîêà IKr íåéðîëåïòèêàìè ãàëîïåðèäîëîì, ïèìîçèäîì è ôëóñïèðèëå-
íîì (àíòèïñèõîòè÷åñêèå ïðåïàðàòû). Êàíàëû HERG (Human-Ether-a-go-
go-Gene) áûëè ýêñïðåññèðîâàíû â îîöèòàõ Xenopus. Ïðîâîäèìûé äàííûìè
êàíàëàìè êàëèåâûé òîê IKr ÿâëÿåòñÿ áûñòðîé êîìïîíåíòîé êàëèåâîãî òîêà
çàäåðæàííîãî âûïðÿìëåíèÿ êàðäèîìèîöèòîâ, êîòîðûé èãðàåò âàæíóþ ðîëü
â ïðîöåññå ðåïîëÿðèçàöèè â òå÷åíèå ïëàòî ïîòåíöèàëà äåéñòâèÿ è ðåãóëÿ-
öèè ñåðäå÷íîãî ðèòìà. Ïðåäâàðèòåëüíàÿ îáðàáîòêà òåñòîñòåðîíîì HERG-ýêñ-
ïðåññèðóþùèõ îîöèòîâ ïðèâîäèëà ê óìåíüøåíèþ çíà÷åíèÿ ìàêñèìàëüíîãî
áëîêà IKr è óâåëè÷åíèþ êîíöåíòðàöèè áëîêàòîðà (íåéðîëåïòèêà), íåîáõî-
äèìîé äëÿ ðàçâèòèÿ ïîëîâèííîãî áëîêà, òåñòîñòåðîí òàêæå óìåíüøàë ïî-
òåíöèàëîçàâèñèìîñòü áëîêà. Íàøè ðåçóëüòàòû ïîêàçûâàþò, ÷òî àíäðîãå-
íû (òåñòîñòåðîí) ìîãóò ñëóæèòü ïðîòåêòîðàìè ïðîòèâ àíòèàðèòìè÷åñêîãî
äåéñòâèÿ íåêîòîðûõ êàðäèîòîêñè÷åñêèõ ïðåïàðàòîâ.

Âñòóï

Ãîëîâíîþ ïðè÷èíîþ ñìåðòåëüíî íåáåçïå÷íèõ âåíòðèêóëÿðíèõ àðèòì³é, òà-
êèõ ÿê torsades de pointes (TdP), º long-QT-ñèíäðîì, ÿêèé âèíèêàº âíàñ-
ë³äîê ïîðóøåííÿ ñåðöåâî¿ ðåïîëÿðèçàö³¿ [6, 7, 8, 17, 25, 37, 39,41]. Ïîðóøåí-
íÿ ñåðöåâî¿ ðåïîëÿðèçàö³¿ ìîæå áóòè ðåçóëüòàòîì ïîá³÷íî¿ ä³¿ ð³çíîìàí³òíèõ
ë³êàðñüêèõ ïðåïàðàò³â (àíòèàðèòì³êè, àíòèäåïðåñàíòè, àíòèã³ñòàì³íè, àí-
òèá³îòèêè, àíòèìàëÿð³éí³ òà àíòèïñèõîòè÷í³ ïðåïàðàòè), ÿê³ âíàñë³äîê ö³º¿
ïîá³÷íî¿ ä³¿ áëîêóþòü êàë³ºâ³ êàíàëè, ïîäîâæóþòü QT ³íòåðâàë ³, òàêèì
÷èíîì, ñïðè÷èíÿþòü TdP [5, 12, 15, 16, 18, 23, 29, 31, 34, 35, 39, 40].

Â êàðäèîì³îöèòàõ ³äåíòèô³êîâàíî á³ëüøå í³æ 12 ð³çíîìàí³òíèõ êàë³º-
âèõ ñòðóì³â, àëå ò³ëüêè äâà òèïè ïîòåíö³àëêåðîâàíèõ êàë³ºâèõ êàíàë³â
â³ä³ãðàþòü çíà÷íó ðîëü ó ðåïîëÿðèçàö³¿ ïîòåíö³àëó ä³¿: òðàíç³ºíòíèé âèõ³ä-
íèé ñòðóì (²to -- øâèäêî àêòèâóºòüñÿ, â³äïîâ³äàº çà ðàííþ ðåïîëÿðèçàö³þ ³
�çóáåöü� ï³ñëÿ ï³êó ïîòåíö³àëó ä³¿) ³ ñòðóì çàòðèìàíîãî âèïðÿìëåííÿ (²Ê � ìàê-
ñèìàëüíî àêòèâóºòüñÿ óïðîäîâæ ïëàòî ïîòåíö³àëó ä³¿, ñêëàäàºòüñÿ ç øâèä-
êî¿ - ²Êr ³ ïîâ³ëüíî¿ - ²Ês êîìïîíåíò) [8]. Êàë³ºâèé êàíàë, êîäîâàíèé ãåíîì
HERG (Human-Ether-a-go-go-Gene) [35, 36, 38], ãåíåðóº øâèäêèé êîìïî-
íåíò IKr êàë³ºâîãî ñòðóìó çàòðèìàíîãî âèïðÿìëåííÿ, ÿêèé ìàº âàæëèâå çíà-
÷åííÿ â ïðîöåñ³ ðåïîëÿðèçàö³¿ ïîòåíö³àëó ä³¿ êàðä³îì³îöèò³â [7, 8, 21].
Îñîáëèâ³ñòþ êàë³ºâèõ êàíàë³â HERG º ¿õ äóæå âèñîêà ÷óòëèâ³ñòü, ïîð³âíÿ-
íî ç ³íøèìè òèïàìè ñåðöåâèõ êàë³ºâèõ êàíàë³â, äî ïðåïàðàò³â ð³çíèõ òèï³â.
Ó çâ�ÿçêó ç öèì, ñàìå êàíàëè HERG º ì³øåííþ ä³¿ áàãàòüîõ êàðä³îòîêñè÷-
íèõ ïðåïàðàò³â, ÿê³ ïðèçâîäÿòü äî ïîäîâæåííÿ QT-³íòåðâàëó êàðä³îãðàìè
òà âèíèêíåííÿ àðèòì³é [5, 18, 20, 27, 29, 31, 34, 35, 39].
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Íåùîäàâíî áóëî äîâåäåíî, ùî TdP, ³íäóêîâàíà áàãàòüìà àíòèàðèòì³÷-
íèìè òà ³íøèìè ë³êàðñüêèìè ïðåïàðàòàìè, âèíèêàº íàáàãàòî ÷àñò³øå ó æ³íîê,
í³æ ó ÷îëîâ³ê³â [22, 25, 28, 41]. Ó çâ�ÿçêó ç öèì áóëî âèñóíóòî ã³ïîòåçó ïðî
çäàòí³ñòü ñòàòåâèõ ãîðìîí³â âïëèâàòè íà âëàñòèâîñò³ êàë³ºâèõ êàíàë³â [25,
28, 41]. Ïðè÷èíè öüîãî ôåíîìåíà íå ç�ÿñîâàíî, àëå öå ìîæå áóòè ïîâ�ÿçàíî
ç òèì, ùî æ³íêè ìàþòü äîâøèé QT-³íòåðâàë åëåêòðîêàðä³îãðàìè ïîð³âíÿíî
ç ÷îëîâ³êàìè [28, 41]. Òàê, QT-³íòåðâàë ÷îëîâ³ê³â ïî÷èíàº ñêîðî÷óâàòèñü â
ïåð³îä ñòàòåâî¿ çð³ëîñò³, à ïîò³ì ïîñòóïîâî ïîäîâæóºòüñÿ, ³ ïðèáëèçíî â
â³ö³ 50 ðîê³â äîñÿãàº ð³âíÿ QT-³íòåðâàëó æ³íîê [28]. Ïåð³îä ñêîðî÷åííÿ
QT-³íòåðâàëó ïðèïàäàº ñàìå íà òîé ÷àñ, êîëè ð³âåíü àíäðîãåí³â íàéâèùèé ó
÷îëîâ³ê³â, à ð³âåíü åñòðîãåí³â íàéâèùèé ó æ³íîê [28]. Ö³ ôàêòè ïåðåäáà÷à-
þòü ðîëü ñòàòåâèõ ãîðìîí³â â ðåãóëÿö³¿ ð³âíÿ åêñïðåñ³¿ òà âëàñòèâîñòåé
ñåðöåâèõ êàë³ºâèõ êàíàë³â, ìîäóëÿö³¿ ÷óòëèâîñò³ êàíàë³â äî ïðîàðèòì³÷íèõ
ïðåïàðàò³â ³, îñîáëèâî, êàíàë³â, êîäîâàíèõ ãåíîì HERG [9].

Ìåòîäèêà

Äëÿ âèâ÷åííÿ ðîë³ ñòàòåâèõ ãîðìîí³â ó ìîäóëÿö³¿ áëîêóâàííÿ êàë³ºâèõ êà-
íàë³â êàðä³îòîêñè÷íèìè ïðåïàðàòàìè ìè âèêîðèñòîâóâàëè îîöèòè Xenopus
ÿê ñèñòåìó, ÿêà çäàòíà âçàºìîä³ÿòè ç ãîðìîíàìè òà ðåàãóâàòè íà ¿õ ä³þ [13,
19, 24, 33]. Â îîöèòàõ ìè åêñïðåñóâàëè êàíàëè HERG ³ âèâ÷àëè åôåêò
ìîäóëÿö³¿ òåñòîñòåðîíîì áëîêó êàë³ºâîãî ñòðóìó IKr íåéðîëåïòèêàìè ãàëî-
ïåðèäîëîì, ï³ìîçèäîì ³ ôëóñï³ðèëåíîì. Ö³ ïðåïàðàòè º àíòàãîí³ñòàìè
D2-4-äîïàì³íîâèõ ðåöåïòîð³â ³ øèðîêî âèêîðèñòîâóþòüñÿ äëÿ ë³êóâàííÿ ïñè-
õ³÷íèõ çàõâîðþâàíü, ³ â äåÿêèõ âèïàäêàõ ìîæóòü ïðèçâîäèòè äî âèíèêíåí-
íÿ âåíòðèêóëÿðíèõ àðèòì³é [1, 12, 15, 16, 20, 32]. Ó íàø³é ïîïåðåäí³é
ïðàö³ âïåðøå ïîêàçàíî, ùî ï³ìîçèä ³ ôëóñï³ðèëåí º âèñîêîàô³ííèìè áëî-
êàòîðàìè êàë³ºâèõ êàíàë³â HERG [2], çäàòí³ñòü ãàëîïåðèäîëó åôåêòèâíî
áëîêóâàòè HERG áóëî ïîêàçàíî ðàí³øå Suessbrich H et. al. [34].

Ìåòîäèêà îòðèìàííÿ HERG-êîìïëåìåíòàðíî¿ ÐÍÊ âèä³ëåííÿ îîöèò³â,
³íæåêö³ÿ ðîç÷èíó ÐÍÊ â îîöèòè, ìåòîäèêà åëåêòðîô³ç³îëîã³÷íèõ åêñïåðè-
ìåíò³â, ïðèãîòóâàííÿ ðîç÷èí³â òåñòîñòåðîíó ³ íåéðîëåïòèê³â íå â³äð³çíÿëè-
ñÿ â³ä îïèñàíèõ ðàí³øå [2, 3].

Ðåçóëüòàòè

Ðàí³øå äîâåëè, ùî òåñòîñòåðîí ìîæå çìåíøóâàòè ñòðóì IKr [3]. Â äàí³é
ðîáîò³ ìè äîñë³äæóâàëè çäàòí³ñòü òåñòîñòåðîíó ìîäèô³êóâàòè ÷óòëèâ³ñòü
êàë³ºâèõ êàíàë³â HERG äî íåéðîëåïòèê³â. Ãàëîïåðèäîë, ï³ìîçèä ³ ôëóñï³-
ðèëåí ïðèêëàäàëè äî îîöèò³â, ïðå³íêóáîâàíèõ â 1 ìêìîëü/ë òåñòîñòåðîíó.
Ïî÷èíàþ÷è ç ö³º¿ êîíöåíòðàö³¿ ãîðìîíó òåñòîñòåðîí åôåêòèâíî âçàºìîä³º ç
îîöèòàìè ³ çìåíøóº ñòðóì ÷åðåç êàíàëè HERG ïðèáëèçíî íà 30 %, äëÿ
äîñÿãíåííÿ åôåêòó ìåíø³ êîíöåíòðàö³¿ òåñòîñòåðîíó ïîòðåáóâàëè çíà÷íî
á³ëüøå ÷àñó ³íêóáóâàííÿ îîöèò³â â ãîðìîí³. Â íàøèõ ïîïåðåäí³õ ðîáîòàõ
ïîêàçàíî, ÿê âèãëÿäàþòü ñòðóìè, ³ ÿê òåñòîñòåðîí ¿õ çìåíøóº [2, 3]. ×àñ
³íêóáóâàííÿ â òåñòîñòåðîí³ êîëèâàâñÿ â³ä 3-õ äî 8-ìè ãîäèí, ï³ñëÿ ÷îãî
îîöèòè âèêîðèñòîâóâàëè â åëåêòðîô³ç³îëîã³÷íîìó åêñïåðèìåíò³.

²íø³ íàø³ äîñë³äè äîâåëè, ùî íåéðîëåïòèêè ãàëîïåðèäîë, ï³ìîçèä ³
ôëóñï³ðèëåí º âèñîêîàô³ííèìè áëîêàòîðàìè êàíàë³â HERG [2]. Ôîðìà

Ìîäóëÿö³ÿ òåñòîñòåðîíîì áëîêàäè êàë³ºâèõ êàíàë³â
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Ðèñ. 1. Åôåêò òåñòîñòåðîíó íà ïîòåíö³àë-
çàëåæí³ñòü áëîêó êàë³ºâîãî ñòðóìó çàòðè-
ìàíîãî âèïðÿìëåííÿ ²Êr ÷åðåç êàíàëè
HERG, åêñïðåñîâàí³ â îîöèòàõ Xenopus.
Ñòðóì îòðèìàíî ó â³äïîâ³äü íà àêòèâàö³é-
íèé ïðîòîêîë: a - ïîòåíö³àëçàëåæí³ñòü
áëîêó ïðè ä³¿ ãàëîïåðèäîëó (êðóæå÷êè) (n
= 6), ï³ìîçèäó (òðèêóòíèêè) (n = 9) ³ ôëóñ-
ï³ðèëåíó (êâàäðàòèêè) (n = 11) â êîíöåí-
òðàö³¿ 10 ìêìîëü/ë íà êîíòðîëüí³ îîöèòè
ç åêñïðåñîâàíèìè êàíàëàìè HERG; á - òå
æ ñàìå, ùî ³ íà a, àëå äëÿ HERG-åêñïðå-
ñóþ÷èõ îîöèò³â, îáðîáëåíèõ 1 ìêìîëü/ë
òåñòîñòåðîíó â³ä 3 äî 8 ãîä. Çà â³ññþ îðäè-
íàò � áëîê ñòðóìó ó â³äñîòêàõ, çà â³ññþ
àáñöèñ � çíà÷åííÿ äåïîëÿðèçàö³éíîãî
³ìïóëüñó â ì³ë³âîëüòàõ. Íà âñòàâö³ íà ðèñ.
1,à ïîêàçàíî àêòèâàö³éíèé ïðîòîêîë ³
â³äïîâ³äíó éîìó àêòèâàö³éíó êðèâó (âîëüò-
àìïåðíà õàðàêòåðèñòèêà ìàêñèìàëüíèõ
�õâîñòîâèõ ñòðóì³â�). Áëîê ðîçðàõîâóâà-
ëè çà ôîðìóëîþ À (%) = 100[(²0 - ²) / ²0],
äå ²0  - ñòðóì â êîíòðîë³, à ² - ñòðóì çà
íàÿâíîñò³ áëîêàòîðà.

êðèâî¿ ïîòåíö³àëçàëåæíîñò³ áëîêó íåéðîëåïòèêàìè íàãàäóº ôîðìó àêòèâà-
ö³éíî¿ êðèâî¿. Áëîê íàðîñòàº ñèíõðîííî ç ðîçâèòêîì àêòèâàö³¿ ³ äîñÿãàº
íàñè÷åííÿ, êîëè àêòèâàö³éíà êðèâà âèõîäèòü íà ñòàö³îíàðíèé ð³âåíü, ùî
ñâ³ä÷èòü ïðî ó÷àñòü â³äêðèòîãî ñòàíó êàíàëó â áëîêóâàíí³ (ðèñ. 1,à). Çà
ñèëîþ áëîêó íåéðîëåïòèêè ìîæíà ðîçòàøóâàòè â òàê³é ïîñë³äîâíîñò³: ãàëî-
ïåðèäîë ≥ ï³ìîçèä > ôëóñï³ðèëåí.

Ðèñ. 1 äåìîíñòðóº åôåêò òåñòîñòåðîíó íà áëîêàäó íåéðîëåïòèêàìè ñòðó-
ìó, ÿêèé ðîçâèâàºòüñÿ ó â³äïîâ³äü íà àêòèâàö³éíèé ïðîòîêîë. Çîáðàæåííÿ
ïðîòîêîëó íàâåäåíî íà âñòàâö³ (äèâ.ðèñ. 1,à). Ðèñ. 1,à ÿâëÿº ñîáîþ ïîòåí-
ö³àëîçàëåæí³ñòü áëîêó HERG-³íäóêîâàíîãî ñòðóìó íåéðîëåïòèêàìè â êîí-
òðîëüíèõ îîöèòàõ, ðèñ. 1,á � ïîòåíö³àëçàëåæí³ñòü áëîêó íåéðîëåïòèêàìè
HERG-³íäóêîâàíîãî ñòðóìó â îîöèòàõ, ïðå³íêóáîâàíèõ â 1 ìêìîëü/ë òåñ-
òîñòåðîíó. Âñ³ íåéðîëåïòèêè ïðèêëàäàëèñÿ â êîíöåíòðàö³¿ 10 ìêìîëü/ë.
Îáðîáêà îîöèò³â òåñòîñòåðîíîì çìåíøóâàëà ìàêñèìàëüíèé ð³âåíü áëîêó
âñ³ìà òðüîìà ïðåïàðàòàìè ïðè ïîòåíö³àëàõ, âèùèõ çà -20 ìÂ, ³ çíà÷íî ïî-
ñëàáëþâàëà ïîòåíö³àëçàëåæí³ñòü áëîêó, òàê ùî ïðè ïîòåíö³àëàõ, íèæ÷èõ
çà -30 ìÂ, áëîê â îáðîáëåíèõ òåñòîñòåðîíîì îîöèòàõ ñòàâàâ çíà÷íî ñèëüí³-
øèì ïîð³âíÿíî ç êîíòðîëåì. Â êîíòðîë³ ãàëîïåðèäîë, ï³ìîçèä ³ ôëóñï³ðè-
ëåí áëîêóâàëè êàíàëè HERG ç ïîêàçíèêàìè ²Ñ50 (êîíöåíòðàö³ÿ áëîêàòîðà,

íåîáõ³äíà äëÿ ðîçâèòêó ïîëîâèííî-
ãî áëîêó) ³ À (ìàêñèìàëòíèé áëîê)
â³äïîâ³äíî 1,36 ìêìîëü/ë ³ 73 %,
1,74 ìêìîëü/ë ³ 76 %, 2,34 ìêìîëü/ë
³ 65 %. ²Ñ50 ³ À áóëî îòðèìàíî ÿê
ïîêàçíèêè àïðîêñèìàö³¿ äîçîçàëåæíèõ
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Ðèñ. 2. Åôåêò òåñòîñòåðîíó íà áëîêàäó íåéðî-
ëåïòèêàìè ñåðöåâîãî êàë³ºâîãî ñòðóìó çàò-
ðèìàíîãî âèïðÿìëåííÿ ²Êr  â HERG-åêñ-
ïðåñóþ÷èõ îîöèòàõ Xenopus. à: - 1 - êðèâà
äîçà-åôåêò ïðè ä³¿  ãàëîïåðèäîëó íà êîíò-
ðîëüí³ îîöèòè; 2 � êðèâà äîçà-åôåêò ïðè
ä³¿ ãàëîïåðèäîëó íà îîöèòè, ïðå³íêóáîâàí³
â³ä 3 äî 8 ãîä â 1 ìêìîëü/ë òåñòîñòåðîíó;
á - òå ñàìå äëÿ ï³ìîçèäó; â - òå  ñàìå äëÿ
ôëóñï³ðèëåíó. Ñòðóì ðîçâèâàºòüñÿ ó
â³äïîâ³äü íà àêòèâàö³éíèé ïðîòîêîë, çîá-
ðàæåíèé íà âñòàâö³ íà ðèñ. 2,à. Áëîê âè-
ì³ðþâàâñÿ ÿê çìåíøåííÿ ñòðóìó, ùî ðîçâè-
âàºòüñÿ ó â³äïîâ³äü íà ìèòòºâó ðåïîëÿðèçàö³þ
äî �55 ìÂ ç äåïîëÿðèçóþ÷îãî ïîòåíö³àëó òà
+20 ìÂ ïðè ïðèêëàäàíí³ áëîêàòîðà â ð³çíèõ
êîíöåíòðàö³ÿõ. Çà â³ññþ îðäèíàò - áëîê �õâî-
ñòîâîãî� ñòðóìó ó â³äñîòêàõ. Çà â³ññþ àáñ-
öèñ -ëîãàðèôì êîíöåíòðàö³¿ íåéðîëåïòèêà.
Ó äóæêàõ ïîäàíî ê³ëüê³ñòü ïðîòåñòîâàíèõ
îîöèò³â äëÿ êîæíî¿ òî÷êè. Êðèâ³ ÿâëÿþòü
ñîáîþ àïðîêñèìàö³þ åêñïåðèìåíòàëüíèõ
äàíèõ ³çîòåðìîþ Ëåíãìþðà: áëîê (%) =
100(²0 - ² / I0) = A-A / (1 + [Ñ] / IC50),
äå ²0  ³ ²  - çíà÷åííÿ ñòðóì³â áåç òà çà íàÿâ-
íîñò³ íåéðîëåïòèêà, IC50 � êîíöåíòðàö³ÿ
íåéðîëåïòèêà, íåîáõ³äíà äëÿ ïîëîâèííîãî
áëîêó, À(%) = 100( I0 - ²ì³í / I0 ) � ìàêñèìàëü-
íèé áëîê (²ì³í � çíà÷åííÿ ñòðóìó ïðè íåñê³í÷åí-
íî âèñîê³é êîíöåíòðàö³¿ áëîêàòîðà, [Ñ] � êîí-
öåíòðàö³ÿ íåéðîëåïòèêà ). Ç³ðî÷êàìè â³äì³÷åíî
ñòàòàñòè÷íî äîñòîâ³ðí³ òî÷êè, ç P<0,05.

êðèâèõ ³çîòåðìîþ Ëåíãìþðà (ðèñ. 2), ê³ëüê³ñòü ïðîòåñòîâàíèõ êë³òèí ïî-
äàíî â äóæêàõ, ç³ðî÷êàìè â³äì³÷åíî ñòàòèñòè÷íî äîñòîâ³ðí³ òî÷êè ç (Ð<0,05).
Òåñòîñòåðîí íå ò³ëüêè çìåíøóâàâ ð³âåíü ìàêñèìàëüíîãî áëîêó íåéðîëåïòè-
êàìè, àëå òàêîæ çìåíøóâàâ åôåêòèâí³ñòü áëîêó. ²Ñ50 ³ À â³äïîâ³äíî ñêëàäà-
ëè 2,73 ìêìîëü/ë ³ 65 % äëÿ ãàëîïåðèäîëó, 2,08 ìêìîëü/ë ³ 59 % äëÿ
ï³ìîçèäó, 5,04 ìêìîëü/ë ³ 64 % äëÿ ôëóñï³ðèëåíó â îîöèòàõ, ³íêóáîâàíèõ
â òåñòîñòåðîí³ (ðèñ. 2). Òàêèì ÷èíîì, îáðîáêà òåñòîñòåðîíîì çá³ëüøóº ²Ñ50
³ çìåíøóº À äëÿ âñ³õ òðüîõ àãåíò³â, íàéá³ëüøå ìàêñèìàëüíèé áëîê çìåíøó-
âàâñÿ äëÿ ï³ìîçèäó ³ á³ëüø çà âñå ²Ñ50 çá³ëüøóâàâñÿ äëÿ ôëóñï³ðèëåíó.

Îáãîâîðåííÿ

Ãîëîâíèì ðåçóëüòàòîì íàøèõ åêñïåðèìåíò³â º òå, ùî òåñòîñòåðîí íå ëèøå
çìåíøóº àìïë³òóäó ñòðóìó ²Êr ÷åðåç êàíàëè HERG [3], àëå òàêîæ ìîäóëþº
ïîêàçíèêè áëîêàäè öèõ êàíàë³â íåéðîëåïòèêàìè ãàëîïåðèäîëîì, ï³ìîçè-
äîì ³ ôëóñï³ðèëåíîì ³, òàêèì ÷èíîì, ìîæå â³ä³ãðàòè ïðîòåêòîðíó ðîëü ïðî-
òè êàðä³îòîêñè÷íî¿ ä³¿ äåêîòðèõ ïðåïàðàò³â.

Íåéðîëåïòèêè, ÿê³ º àíòàãîí³ñòàìè D2-4-äîïàì³íîâèõ ðåöåïòîð³â, ìà-
þòü ð³çíîìàí³òíó õ³ì³÷íó ñòðóêòóðó . Ï³ìîçèä ³ ôëóñï³ðèëåí º ôåí³ëáóòèë-
ï³ïåðèäèíàìè, à ãàëîïåðèäîë º áóòèðîôåíîíîì [1, 32]. Ö³ ðå÷îâèíè, îêð³ì
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òîãî, ùî âîíè º àíòàãîí³ñòàìè äîïàì³íîâèõ ðåöåïòîð³â, ³íã³áóþòü ïîòåíö³àë-
çàëåæí³ íàòð³ºâ³, êàë³ºâ³ ³ êàëüö³ºâ³ ³îíí³ êàíàëè [10, 26, 30]. Ö³ ðåçóëüòàòè
äîçâîëÿþòü ïðèïóñòèòè òå, ùî ïîòåíö³àëçàëåæí³ ³îíí³ êàíàëè ìàþòü ðåöåïòî-
ðè äëÿ íåéðîëåïòèê³â. Íàéá³ëüø â³ðîã³äíèé ìåõàí³çì ¿õ ä³¿ - öå çâ'ÿçóâàííÿ ç
êàíàëàìè ó â³äêðèòîìó àáî ³íàêòèâîâàíîìó ñòàí³, àëå íå â ñòàí³ ñïîêîþ [34].

Êàðä³îòîêñè÷í³ñòü íåéðîëåïòèê³â, îñîáëèâî ãàëîïåðèäîëó, çâè÷àéíî
ïðîÿâëÿºòüñÿ ÿê ïîäîâæåííÿ QT-³íòåðâàëó ³ ³í³ö³àö³ÿ TdP [12, 15, 16, 20,
34]. Íàéá³ëüø â³ðîã³äíèé ìåõàí³çì àðèòìîãåííî¿ ä³¿ ãàëîïåðèäîëó - öå
âèñîêîàô³ííà áëîêàäà HERG-êàë³ºâèõ êàíàë³â ç ²Ñ50 áëèçüêî 1 ìêìîëü/ë
[34]. Ìåõàí³çì áëîêàäè HERG ãàëîïåðèäîëîì ìîæå âêëþ÷àòè çâ'ÿçóâàííÿ
ç ³íàêòèâîâàíèì ñòàíîì êàíàëó [34].

Íàìè áóëî ïîêàçàíî, ùî âñ³ òðè àãåíòè áëîêóþòü êàíàëè HERG â
îäíîìó ³ òîìó ñàìîìó ä³àïàçîí³ êîíöåíòðàö³é ç ²Ñ50 1,36 , 1,74 , 2,34 ìêìîëü/ë
³ ìàêñèìàëüíèé áëîê äîð³âíþâàâ 73, 76 ³ 65% äëÿ ãàëîïåðèäîëó, ï³ìîçèäó
³ ôëóñï³ðèëåíó â³äïîâ³äíî [2]. Çà ñèëîþ áëîêóþ÷î¿ ä³¿ íåéðîëåïòèêè ìîæ-
íà ðîçòàøóâàòè â òàê³é ïîñë³äîâíîñò³: ãàëîïðåðèäîë ≥ ï³ìîçèä > ôëóñï³ðè-
ëåí. Ï³ìîçèä ³ ôëóñï³ðèëåí ïåðåâàæíî áëîêóþòü êàíàëè ó â³äêðèòîìó ñòàí³,
òîä³ ÿê ãàëîïåðèäîë ìîæå âçàºìîä³ÿòè ÿê ç â³äêðèòèì, òàê ³ ç ³íàêòèâîâà-
íèì ñòàíîì êàíàëó [2]. Ïåðåâàæíà âçàºìîä³ÿ íåéðîëåïòèê³â ç â³äêðèòèì
ñòàíîì êàë³ºâèõ HERG-êàíàë³â ñóì³ñíà ç ìåõàí³çìîì áëîêàäè íåéðîëåïòè-
êàìè ³íøèõ òèï³â ïîòåíö³àëçàëåæíèõ êàíàë³â.

Ïðå³íêóáàö³ÿ îîöèò³â â òåñòîñòåðîí³ çìåíøóâàëà ð³âåíü ìàêñèìàëüíî-
ãî áëîêó HERG-êàíàë³â óñ³ìà òðüîìà íåéðîëåïòèêàìè ïðè âèñîêèõ äåïîëÿ-
ðèçàö³éíèõ ïîòåíö³àëàõ (âèùèõ çà -20 ìÂ) ³ ïîñëàáëþâàëà ïîòåíö³àëçà-
ëåæí³ñòü áëîêó òàê, ùî ïðè ïîòåíö³àëàõ, íèæ÷èõ çà -30 ìÂ (ïîòåíö³àëè
ìàëî¿ àêòèâàö³¿ êàíàë³â HERG), ³íã³áóâàííÿ â îáðîáëåíèõ òåñòîñòåðîíîì
îîöèòàõ ñòàâàëî íàâ³òü á³ëüøå ïîð³âíÿíî ç êîíòðîëåì. Áëîê ïðè ïîòåíö³àë³
�55 ìÂ ìàâ òàê³ ïîêàçíèêè: ²Ñ50 (êîíöåíòðàö³ÿ ïîëîâèííîãî áëîêóâàííÿ)
2,73, 2,08 ³ 5,04 ìêìîëü/ë òà À (ìàêñèìàëüíèé áëîê) 65, 59 ³ 64 % â³äïî-
â³äíî äëÿ ãàëîïåðèäîëó, ï³ìîçèäó ³ ôëóñï³ðèëåíó. Îòæå, ìîæíà ïðèïóñòè-
òè, ùî êð³ì çìåíøåííÿ áëîêó â³äêðèòèõ êàíàë³â, òåñòîñòåðîí ìîæå çì³ùó-
âàòè ä³þ íåéðîëåïòèê³â ç ïåðåâàæíîãî áëîêóâàííÿ â³äêðèòèõ êàíàë³â íà
áëîêóâàííÿ êàíàë³â ÿê ó â³äêðèòîìó ñòàí³, òàê ³ â ñòàí³ ñïîêîþ.

Ñèñòåìà åêñïðåñ³¿ îîöèò³â Xenopus äóæå çðó÷íà äëÿ âèâ÷åííÿ ð³çíèõ
òèï³â ³îííèõ êàíàë³â, àëå, ïåâíà ð³÷, çíà÷íî â³äð³çíÿºòüñÿ â³ä ñèñòåìè åêñ-
ïðåñ³¿ êë³òèí ññàâö³â. Òîìó ìè íå ìîæåìî ïðÿìî ñòâåðäæóâàòè, ùî íàø³
ðåçóëüòàòè º àäåêâàòíèìè äëÿ êë³òèí ññàâö³â. Àëå íàø³ äàí³ ïåðåäáà÷àþòü,
ùî òåñòîñòåðîí ìîæå â³ä³ãðàâàòè ïðîòåêòîðíó ðîëü ïðîòè áëîêóþ÷î¿ ä³¿
äåÿêèõ ïðåïàðàò³â íà êàë³ºâ³ ñòðóìè, îñîáëèâî öå ñòîñóºòüñÿ ñåðöåâîãî
HERG-êàë³ºâîãî ñòðóìó çàòðèìàíîãî âèïðÿìëåííÿ. Ç ë³òåðàòóðè â³äîìî,
ùî ñàìå HERG º ì³øåííþ ä³¿ áàãàòüîõ ë³êàðñüêèõ ïðåïàðàò³â ³ º çíà÷íî
÷óòëèâ³øèì äî ¿õ áëîêóþ÷î¿ ä³¿ ïîð³âíÿíî ç ³íøèìè ñåðöåâèìè êàë³ºâèìè
êàíàëàìè [5, 7, 8, 18, 20, 27, 29, 31, 34, 35, 40].

Ö³ ðåçóëüòàòè óçãîäæóþòüñÿ ç òèì, ùî ÷îëîâ³êè ìàþòü çíà÷íî ìåíøèé
ð³âåíü ³íäóêîâàíîãî ë³êàðñüêèìè ïðåïàðàòàìè ïîäîâæåííÿ òðèâàëîñò³ QT-³íòåð-
âàëó ïîð³âíÿíî ç æ³íêàìè. Ã³ïîòåòè÷íî HERG-êàë³ºâ³ êàíàëè ïîâèíí³ ìàòè
ìîëåêóëÿðíèé äåòåðì³íàíò, ÿêèé êîíòðîëþº áëîêàäó êàíàë³â ÿê ì³í³ìóì ê³ëüêî-
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ìà ðå÷îâèíàìè, ÿê³ ìîæóòü ³íäóêóâàòè long QT-ñèíäðîì (íàïðèêëàä, áëîêàòî-
ðè â³äêðèòîãî ñòàíó êàíàë³â), ³ â îîöèòàõ Xenopus öåé äåòåðì³íàíò ìîæå ðåãó-
ëþâàòèñÿ àêòèâàö³ºþ ïîâåðõíåâèõ ìåìáðàííèõ ðåöåïòîð³â òåñòîñòåðîíîì.

V.N.Osipenko, V.E.Degtiar, Y.M.Shuba, V.G. Naidionov

TESTOSTERON MODULATION OF HERG CHANNELS BLOCK BY
NEUROLEPTICS

The repolarisation phase of cardiac action potential is characterized by sexual
dimorphism suggesting the role of sex steroid hormones in the regulation of K+ channels.
Here we report on the effect of testosterone on blockade of HERG-encoded K+ channels
induced by neuroleptics. These compounds are used in clinics to treat psychiatric
disorders, but reportedly have proarrhythmic side effects, on HERG-encoded K+

channels responsible for the rapid component of cardiac delayed rectifier K+ current,
IKr. HERG was expressed in Xenopus oocytes, HERG-expressing oocytes were
preincubated in 1 µM of testosteron from 3 to 8 hours before experiments. The extent
of the blockade by neuroleptics in control oocytes increased with depolarization
correlating with channels activation consistent with open-channel blocking mechanism.
The ²Ñ50 and A (maximal block) values for the haloperidol-, pimozide- and fluspirilen-
induced blockade of fully activated IKr were 1,36 µM and 73 %, 1,74 µM and 76 %,
2,34 µM and 65 % respectively. Testosteron decreased extent of maximal block and
significantly diminished block voltage-dependance of IKr inhibition, it also decreased
the efficiency of block, with ²Ñ50 and A values of 2,73 µM and 65 %, 2,08 µM and 59
%, 5,04 µM and 64 % for haloperidol, pimozide and fluspirilen respectively. Testosteron
treatment increased ²Ñ50  and decreased A for all three agents. The largest decrease in
A was with pimozide and the largest increase in ²Ñ50  was with fluspirilen. Our
results suggest protective role of testosteron (androgens) against proarrhythmic side
effects of some compounds.

A. A. Bogomoletz Institute of Physiology, and International Center of Molecular
Physiology National Academy of Sciences of Ukraine, Kiev, Ukraine
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