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Âïëèâ çîâí³øíüîêë³òèííîãî ðÍ íà îá�ºìàêòèâîâàíèé
õëîðíèé ñòðóì â åï³òåë³àëüíèõ êë³òèíàõ êàðöèíîìè
ïðîñòàòè

Íà êëåòî÷íîé ëèíèè êàðöèíîìû ïðåäñòàòåëüíîé æåëåçû ÷åëîâåêà � LNCaP ïðè ïîìîùè ìåòî-
äà patch-clamp áûëî èññëåäîâàíî âëèÿíèå âíåêëåòî÷íîãî ðÍ íà õàðàêòåðèñòèêè îáú¸ìàêòèâè-
ðîâàííîãî õëîðíîãî òîêà � ICl,swell. Ïîêàçàíî, ÷òî çàêèñëåíèå âíåêëåòî÷íîãî ãèïîòîíè÷åñêîãî
ðàñòâîðà, èñïîëüçîâàâøåãîñÿ äëÿ ðàçâèòèÿ òîêà, óêîðà÷èâàåò âðåìåííûå ïàðàìåòðû ðàçâè-
òèÿ ICl,swell è ñíèæàåò åãî ìàêñèìàëüíóþ ïëîòíîñòü. Ðåçêèå ñäâèãè ðÍ â êèñëóþ ñòîðîíó
âûçûâàëè áûñòðóþ, òðàíçèåíòíóþ ïîòåíöèàöèþ òîêà, ñìåíÿâøóþñÿ åãî ñòàöèîíàðíûì ïî-
äàâëåíèåì. Ïîòåíöèàëîçàâèñèìàÿ èíàêòèâàöèÿ ICl,swell áûëà íàèáîëåå âûðàæåíà â óçêîì äèà-
ïàçîíå ðÍ 6-7. Íà îñíîâàíèè àíàëèçà ïîëó÷åííûõ ðåçóëüòàòîâ âûäâèíóòî ïðåäïîëîæåíèå, ÷òî
îáú¸ìðåãóëèðóåìûå àíèîííûå êàíàëû, ïåðåíîñÿùèå ICl,swell, èìåþò â ñâîåé ñòðóêòóðå êàê
ìèíèìóì äâå ðÍ- ÷óâñòâèòåëüíûå ìîëåêóëÿðíûå ãðóïïû ñ áëèçêèìè ðÊ  6, òèòðîâàíèå êîòî-
ðûõ ìîäóëèðóåò àìïëèòóäó òîêà, è äâå äîïîëíèòåëüíûå ïðîòîí÷óâñòâèòåëüíûå ãðóïïû, îï-
ðåäåëÿþùèå èíàêòèâàöèþ êàíàëà.

ÂÑÒÓÏ

Â³äîìî, ùî çîâí³øíüîêë³òèííèé pH ðàêîâî¿
òêàíèíè º ñóòòºâî íèæ÷èì ïîð³âíÿíî ç íîð-
ìàëüíîþ òêàíèíîþ [21], â òîé ÷àñ, ÿê ¿¿ âíóò-
ð³øíüîêë³òèííèé pH çäåá³ëüøîãî çì³íþºòü-
ñÿ â íåéòðàëüíî-ëóæíèé á³ê [5]. Öÿ õàðàê-
òåðíà ðèñà ïóõëèí, íàâ³òü, âèêîðèñòîâóºòüñÿ
äëÿ ðîçðîáêè ë³êàðñüêèõ ïðåïàðàò³â ç âèá³ð-
êîâîþ ïðîòèðàêîâîþ ä³ºþ [15]. Çíèæåíèé
çîâí³øíüîêë³òèííèé ðÍ ìîæå òàêîæ ³ñòîòíî
âïëèâàòè íà òðàíñìåìáðàíí³ òðàíñïîðòí³ ïðî-
öåñè ðàêîâèõ êë³òèí, àäæå â³äîìî, ùî ôóíê-
ö³îíóâàííÿ ïðàêòè÷íî âñ³õ ³îííèõ êàíàë³â ³
àêòèâíèõ òðàíñïîðòåð³â º ðÍ-çàëåæíèì [17].

Àêòèâàö³ÿ õëîðíîãî ñòðóìó ó â³äïîâ³äü
íà íàáóõàííÿ êë³òèíè (ICl,swell), âèêëèêàíà,
çîêðåìà, çíèæåííÿì òîí³÷íîñò³ çîâí³øíüîãî
ñåðåäîâèùà, º îäíèì ç îñíîâíèõ ìåõàí³çì³â,
çà äîïîìîãîþ ÿêîãî êë³òèíà íàìàãàºòüñÿ â³äíî-
âèòè ñâ³é îá�ºì [14]. Ïðè íîðìàëüíèõ ïîòåí-
ö³àëàõ ñïîêîþ öåé ñòðóì ïðèçâîäèòü äî âè-
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õîäó ³îí³â Cl- òà äåÿêèõ ³íøèõ àí³îí³â, ïî-
íèæóþ÷è òèì ñàìèì âíóòð³øíüîêë³òèííó îñ-
ìîëÿðí³ñòü òà ïðîòèä³þ÷è âõîäó âîäè, ÿêèé,
ç ³íøîãî áîêó, ïðèçâ³â áè äî çá³ëüøåííÿ
êë³òèííîãî îá�ºìó. Öåé ïðîöåñ íàçèâàºòüñÿ
ðåãóëÿòîðíèì çìåíøåííÿì îá�ºìó (regulatory
volume decrease, RVD). Ïåðòóðáàö³¿ çîâí³ø-
íüîêë³òèííî¿ îñìîëÿðíîñò³ íå ºäèíà ïðè÷èíà
çì³í êë³òèííîãî îá�ºìó. Â³äîìî, ùî òàê³ ïðî-
öåñè, ÿê òðàíñïîðò îðãàí³÷íèõ îñìîë³ò³â,
ä³ÿ ãîðìîí³â, ïðîë³ôåðàö³ÿ, äèôåðåíö³àö³ÿ òà
àïîïòîç [7, 9, 18] òåæ ñóïðîâîäæóþòüñÿ çì³íà-
ìè îá�ºìó, ùî îçíà÷àº àêòèâàö³þ ICl,swell ³,
â³äïîâ³äíî, ñâ³ä÷èòü ïðî ðîëü ICl,swell ó ðåãó-
ëÿö³¿ âñ³õ öèõ ïðîöåñ³â.

Ìîëåêóëÿðíà ïðèðîäà ñïåö³àë³çîâàíèõ
îá�ºìðåãóëüîâàíèõ àí³îííèõ êàíàë³â (volume-
regulated anion channel(s), VRAC(s)), ÿê³
ïåðåíîñÿòü ICl,swell, äîñ³ íåâ³äîìà, àëå º ñâ³ä÷åí-
íÿ òîãî, ùî âîíè ÿêèìîñü ÷èíîì ïîâ�ÿçàí³ ç
á³ëêàìè, ÿê³ ïîñèëåíî åêñïðåñóþòüñÿ ïðè çëî-
ÿê³ñíîìó ïåðåðîäæåí³ êë³òèí, çîêðåìà ç àê-
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òèâíèì, óí³âåðñàëüíèì òðàíñïîðòåðîì Ï-ãë³-
êîïðîòå³íîì (P-glycoprotein, ñêîðî÷åíî P-gp)
[8,22]. P-gp º ïðîäóêòîì MDR1 (multidrug
resistance 1) ãåíó, çäàòíèì âèâîäèòè ïðîòè-
ïóõëèíí³ ïðåïàðàòè ç êë³òèí, çóìîâëþþ÷è
òèì ñàìèì ¿õ ðåçèñòèâí³ñòü äî õåìîòåðàï³¿ [4].
ª äàí³, ùî åêñïðåñ³ÿ P-gp ó êë³òèíàõ ìîæå
ïîñèëþâàòèñÿ ÿê çà óìîâ îñìîòè÷íîãî ñòðåñó,
òàê ³ çà óìîâ ïîíèæåíîãî çîâí³øíüîêë³òèííî-
ãî ðÍ, ùî º õàðàêòåðíèì äëÿ ïóõëèí [24].

Íåùîäàâíî ìè âïåðøå îïèñàëè ICl,swell ó
ë³í³¿ åï³òåë³àëüíèõ êë³òèí êàðöèíîìè ïðîñòàòè
ëþäèíè, LNCaP (Lymph Node Carcinoma of
the Prostate) [3, 19]. Çâàæàþ÷è íà òå, ùî
ïîíèæåíèé ðÍ, ùî º îçíàêîþ ðàêîâî¿ òêàíè-
íè, ìîæå ÿê ïðÿìî òàê ³ îïîñåðåäêîâàíî âïëè-
âàòè íà àêòèâí³ñòü îá�ºìçàëåæíèõ àí³îííèõ
êàíàë³â, â ö³é ðîáîò³  ìè äîñë³äèëè âïëèâ
çîâí³øíüîêë³òèííîãî ðÍ íà õàðàêòåðèñòèêè
ICl,swell  ó êë³òèíàõ  LNCaP. Íàø³ äàí³ ñâ³ä÷àòü
ïðî òå, ùî VRACs â çëîÿê³ñíî ïåðåðîäæåíèõ
êë³òèíàõ ïðîñòàòè ëþäèíè ìàþòü ó ñâî¿é
ñòðóêòóð³ äåê³ëüêà ìîëåêóëÿðíèõ ãðóï,
òèòðóâàííÿ ÿêèõ ìîäåëþº ðîáîòó öèõ êàíà-
ë³â.

ÌÅÒÎÄÈÊÀ

Êë³òèíè ë³í³¿ LNCaP (American Tepe Culture
Collection) êóëüòèâóâàëè â ñåðåäîâèù³ RPMI
1640 (�Sigma�, ÑØÀ) ç äîäàâàííÿì 5 ììîëü/ë
L-ãëóòàì³íó (�Sigma�, ÑØÀ), 10 %-¿ åìáð³î-
íàëüíî¿ áè÷à÷î¿ ñèðîâàòêè (�Gibco BRL,�,
ÑØÀ), 50000 îä/ë ïåí³öèë³íó òà 50 ìã/ìë
ñòðåïòîì³öèíó (�Sigma�, ÑØÀ). Êë³òèíè âè-
ðîùóâàëè â ôëàêîíàõ, îá�ºìîì 50 ìë ïðè
37 îÑ â ³íêóáàòîð³ ç³ çâîëîæåíîþ àòìîñôå-
ðîþ 95 % ïîâ³òðÿ òà 5 % ÑÎ2. Äëÿ åëåêòðîô-
³ç³îëîã³÷íèõ åêñïåðèìåíò³â êë³òèíè âèñàäæó-
âàëè â ÷àøêè Ïåòð³, ïîêðèò³ ïîë³îðí³òèíîì
(�Sigma�, ÑØÀ) ³ âèêîðèñòîâóâàëè ïðîòÿ-
ãîì 4-6 ä³á.

Ìåìáðàíí³ ñòðóìè â LNCaP êë³òèíàõ
ðåºñòðóâàëè ç âèêîðèñòàííÿì ìåòîäèêè patch-
clamp ó êîíô³ãóðàö³¿ �ö³ëà êë³òèíà�. Äëÿ
òîãî, ùîá â³äîêðåìèòè äîñë³äæóâàíèé, îá�ºì-
àêòèâîâàíèé õëîðíèé ñòðóì â³ä åíäîãåííîãî

êàë³ºâîãî ñòðóìó, âëàñòèâîãî êë³òèíàì
LNCaP [20], ìè âèêîðèñòîâóâàëè ÒÅÀ ÿê
îñíîâíèé êàò³îí äëÿ çîâí³øíüîêë³òèííèõ ðîç-
÷èí³â. Îñìîòè÷í³ñòü ³çî- òà ã³ïîòîí³÷íèõ ðîç-
÷èí³â ñòàíîâèëà 310 ³ 190 ìîñìîëü/ë â³äïî-
â³äíî. Ñêëàä çîâí³øíüîêë³òèííèõ ðîç÷èí³â
áóâ òàêèì:

NaCl 145 70 - -
KCl 5 5 - -
CaCl2 2 2 2 2
MgCl2 2 2 2 2
Ãëþêîçà 5 5 10 10
HEPES 10 10 10 10
TEA-Cl - - 145 80

Hypo
TEA

Ñêëàä
ðîç÷èíó Norm Hypo

Norm
Iso

TEA

Ðåºñòðóâàëüíó ï³ïåòêó çàïîâíþâàëè âíóòð³ø-
íüîêë³òèííèì ðîç÷èíîì íàñòóïíîãî ñêëàäó
(ììîëü/ë): ÊÎÍ � 100, KCl � 40, MgCl2 �
1, HEPES � 10, EGTA � 10, MgÀÒÔ � 5,
ðÍ 7,2 (äîâîäèëè ãëóòàì³íîâîþ êèñëîòîþ).
Îï³ð ðåºñòðóâàëüíèõ ï³ïåòîê êîëèâàâñÿ â
ìåæàõ 3-5 ÌÎì. Çì³íè çîâí³øí³õ ðîç÷èí³â
ïðîâîäèëè çà äîïîìîãîþ áàãàòîñòâîëüíî¿ ì³ê-
ðîï³ïåòêè ç³ ñï³ëüíèì âèòîêîì, ÿêèé ðîçòà-
øîâóâàëè â áåçïîñåðåäí³é áëèçüêîñò³ äî äîñ-
ë³äæóâàíî¿ êë³òèíè. Ïîâíà çì³íà çîâí³øíüîãî
ðîç÷èíó â³äáóâàëàñÿ çà ÷àñ íå á³ëüøèé çà 1 ñ.

ÐÅÇÓËÜÒÀÒÈ

Âïëèâ ðÍ íà ÷àñîâ³ ïàðàìåòðè ðîçâèòêó
ICl,swell. Ó â³äïîâ³äü íà ïðèêëàäàííÿ ã³ïîòî-
í³÷íîãî ðîç÷èíó ç³ ñòàíäàðòíèì (êîíòðîëüíèì)
çíà÷åííÿì ðÍ 7,2 ICl,swell ó  êë³òèíàõ LNCaP
ïî÷èíàâ ðîçâèâàòèñÿ ï³ñëÿ çàòðèìêè (ëàòåí-
òíèé ïåð³îä) â 68 ñ±12 ñ ³ íàáóâàâ ìàêñè-
ìàëüíî¿ ãóñòèíè  63 ïÀ/ïÔ±7 ïÀ/ïêÔ ïðè
+120 ìÂ ïðîòÿãîì íàñòóïíèõ 298 ñ±55 ñ (ðèñ.
1,à, á). Ïîâåðíåííÿ êë³òèíè â ³çîòîí³÷íèé
ðîç÷èí ïðèçâîäèëî äî äîñèòü øâèäêîãî ³ ôàê-
òè÷íî ïîâíîãî çíèêíåíåííÿ ICl,swell ïðîòÿãîì
103 ñ±28 ñ. Ïðè ïåðåâîä³ êë³òèíè ç ³çîòîí³÷-
íîãî ðîç÷èíó, â ÿêîìó ICl,swell ïîâí³ñòþ â³ä-
ñóòí³é, â ã³ïîòîí³÷íèé ç³ çì³íåíèìè çíà÷åí-
íÿìè ðÍ àêòèâàö³ÿ ñòðóìó â³äáóâàëàñÿ ç ÷à-

Âïëèâ çîâí³øíüîêë³òèííîãî ðÍ
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ñîâèìè ïîêàçíèêàìè, ñóòòºâî â³äì³ííèìè â³ä
êîíòðîëüíèõ. Òàê, ïðè çíèæåíí³ ðÍ äî 5
ëàòåíòíèé ïåð³îä â³ðîã³äíî ñêîðî÷óâàâñÿ ïðè-
áëèçíî âäâ³÷³ (äî 30 ñ±4 ñ), à ÷àñ ðîçâèòêó �
ïðèáëèçíî â 5 ðàç³â (äî 62 ñ±8 ñ) ïîð³âíÿíî
ç êîíòðîëåì (äèâ.ðèñ. 1,à, á). Îäíî÷àñíî
ìàêñèìàëüíà ãóñòèíà ICl,swell çìåíøóâàëàñÿ
ìàéæå íà 40% (äî 38 ïÀ/ïÔ±4,5 ïÀ/ïêÔ).
Çàëóæíåííÿ ã³ïîí³÷íîãî ðîç÷èíó äî ðÍ 9
ïðèçâîäèëî äî ïðîòèëåæíèõ çì³í � ÷àñ ðîç-
âèòêó ñòðóìó òà éîãî ìàêñèìàëüíà ãóñòèíà
çá³ëüøóâàëèñÿ ïðèáëèçíî íà 50% (äî 490 ñ±40 ñ
òà 97 ïÀ/ïÔ±19,3 ïÀ/ïÔ â³äïîâ³äíî), òîä³
ÿê ëàòåíòíèé ïåð³îä çàëèøàâñÿ ïðàêòè÷íî
íåçì³ííèì ïîð³âíÿíî ç êîíòðîëåì (äèâ.
ðèñ. 1,à, á).

Âïëèâ ðÍ íà àìïë³òóäó ICl,swell. Âèêî-
ðèñòàííÿ ã³ïîòîí³÷íîãî ðîç÷èíó ç³ çì³íåíèì
ðÍ ç ñàìîãî ïî÷àòêó äëÿ ðîçâèòêó ICl,swell íå
äàº ìîæëèâ³ñòü ñóäèòè íàñê³ëüêè øâèäêî
â³äáóâàþòüñÿ ðÍ-³íäóêîâàí³ çì³íè. Òîìó â
íàñòóïí³é ñåð³¿ åêñïåðèìåíò³â ìè ïîïåðåäíüî
ðîçâèâàëè ICl,swell ïðè êîíòðîëüíîìó çíà÷åíí³
ðÍ, à âæå ïîò³ì ïðèêëàäàëè ðîç÷èíè ç òåñòî-
âèìè çíà÷åííÿìè ðÍ (ðèñ. 2).

ICl,swell ðåºñòðóâàëè ó â³äïîâ³äü íà ³ì-
ïóëüñè ïîòåíö³àëó, ùî ñêëàäàëèñÿ ç ôàçè

äåïîëÿðèçàö³¿ äî +100 ìÂ òà ôàçè ã³ïåðîëÿ-
ðèçàö³¿ äî �150 ìÂ, ç�ºäíàíèõ ì³æ ñîáîþ
ë³í³éíèì â³äð³çêîì. ßê âèäíî ç ÷àñîâî¿ çà-
ëåæíîñò³ çì³í ñòðóìó çàêèñëåííÿ òà çàëóæåí-
íÿ çîâí³øíüîãî ã³ïîòîí³÷íîãî ðîç÷èíó ïðè-
çâîäèëî äî äâîôàçíèõ çì³í ICl,swell (äèâ.
ðèñ. 2,à). Ïðè çàêèñëåíí³ ñòðóì ñïî÷àòêó êî-
ðîòêî÷àñíî (òðàíçèºíòíî) ïîòåíö³þâàâñÿ, à
ïîò³ì ïîñòóïîâî çìåíøóâàâñÿ äî íîâîãî ñòàö-
³îíàðíîãî çíà÷åííÿ, íèæ÷îãî çà òå, ÿêå â³í
ìàâ äî ïåðåõîäó â á³ëüø êèñëå ñåðåäîâèùå.
Ïåðåõ³ä äî ëóæíèõ çíà÷åíü ðÍ ñóïðîâîäæó-
âàâñÿ ïðîòèëåæíèìè â³äõèëåííÿìè ñòðóìó �
êîðîòêî÷àñíå ïðèãí³÷åííÿ çì³íþâàëîñÿ äîâ-
ãîòðèâàëîþ ïîòåíö³àö³ºþ. ²ç çîâí³øíüîãî âèã-
ëÿäó ñòðóì³â íà ï³êàõ òðàíçèºíòíèõ çì³í
ICl,swell  òà ïðè äîñÿãíåíí³ íèì ñòàö³îíàðíîãî
ñòàíó (äèâ.ðèñ.2,á, â)  ïîïåðåäíüî ìîæíà
çðîáèòè âèñíîâîê, ùî ðÍ ³ñòîòíî âïëèâàº íà
ê³íåòèêó ³íàêòèâàö³¿ ICl,swell ïðè ïîòåíö³àë³
+100 ìÂ. Âîäíî÷àñ ñòàë³ñòü ïîòåíö³àëó ðå-
âåðñ³¿ âñ³õ ÂÀÕ, âèâåäåíèõ ç ä³ëÿíîê ñòðóì³â
íà ë³í³éíîçì³ííèé ïîòåíö³àë (ðèñ. 3à, á) ñâ³ä-
÷èòü ïðî òå, ùî, ïî õîäó òðàíçèºíòíèõ ³ ñòà-
ö³îíàðíèõ çì³í ICl,swell ðÍ íå ïðèçâîäèòü äî
àêòèâàö³¿ äîäàòêîâèõ ñòðóì³â òà/àáî äî çì³í
ñåëåêòèâíîñò³ ñàìèõ îá�ºìçàëåæíèõ àí³îííèõ

Ðèñ.1. Âïëèâ çîâí³øíüîêë³òèííîãî ðÍ íà îá�ºìçàëåæí³ñòü ³ àìïë³òóäó ICl,swell ó êë³òèíàõ LNCaP: à- ãóñòèíà
ICl,swell ïðè +120 ìÂ (1- ðÍ 6; 2- ðÍ 7,2; 3- ðÍ 8); â-  ëàòåíòíèé ïåð³îä (²), ÷àñ ðîçâèòêó (²²) ñòðóìó â
êîíòðîë³ (2) òà ïðè çì³í³ çîâí³øíüîêë³òèííîãî ðÍ (1- ðÍ 6, 2- ðÍ 7,2, 3-ðÍ 8).
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êàíàë³â. ðÍ-âèêëèêàí³ ñòàö³îíàðí³ çì³íè ICl,swell
íå º ïîòåíö³àëçàëåæíèìè, òîä³ ÿê ð³âåíü òðàí-
çèºíòíî¿ ïîòåíö³àö³¿ ñòðóìó ó â³äïîâ³äü íà
çàêèñëåííÿ ñåðåäîâèùà áóâ ïîì³òíî âèùèì
ïðè ïîçèòèâíèõ ïîòåíö³àëàõ (äèâ.ðèñ. 3,à,á
âñòàâêà).

Äëÿ ê³ëüê³ñíî¿ îö³íêè ÿê òðàíçèºíòíèõ,
òàê ³ ñòàö³îíàðíèõ åôåêò³â ðÍ íà ICl,swell ìè
ïðîíîðìóâàëè àìïë³òóäè â³äïîâ³äíèõ ñòðóì³â,
ùî âèíèêàëè âíàñë³äîê ïåðåõîäó â³ä êîíò-
ðîëüíîãî (ðÍ 7,2) äî òåñòîâîãî çíà÷åííÿ ðÍ
â³äíîñíî àìïë³òóäè ñòðóìó ïðè êîíòðîëüíî-
ìó ðÍ, ÿêå â³í ìàâ áåçïîñåðåäíüî ïåðåä ïå-
ðåõîäîì, òà ïðåäñòàâèëè â³äíîñí³ çì³íè ICl,swell
çàëåæíî â³ä ðÍ. Íà ðèñ. 3,â íàâåäåíî îäåð-
æàí³ òàêèì ÷èíîì óñåðåäíåí³ ðÍ-çàëåæíîñò³
òðàíçèºíòíèõ ³ ñòàö³îíàðíèõ çì³í àìïë³òóäè

ICl,swell ïðè +100 ìÂ. Åêñïåðèìåíòàëüí³ òî÷êè
áóëè àïðîêñèìîâàí³ êðèâèìè òèòðóâàííÿ:
A = (Amin-Amax)/(1+(pH/pK)n) + Amax,
äå À � â³äíîøåííÿ àìïë³òóäè ICl,swell ïðè òå-
ñòîâîìó çíà÷åíí³ ðÍ äî éîãî àìïë³òóäè ïðè
ðÍ 7,2, Amax òà Amin - ìàêñèìàëüí³ òà ì³-
í³ìàëüí³ â³äíîñí³ çì³íè, pK - óÿâíà êîíñòàí-
òà òèòðóâàííÿ, à n - êîåô³ö³ºíò Õ³ëëà. Âíàñ-
ë³äîê àïðîêñèìàö³¿ ìè îäåðæàëè òàê³ ïî-
êàçíèêè äëÿ òðàíçèºíòíèõ çì³í ICl,swell:
Amax=1,46, Amin=0,91, pK=6, n=-8, à äëÿ ñòà-
ö³îíàðíèõ - Amax=1,52, Amin=0, pK=5,9, n=3,7.

Âïëèâ ðÍ íà ³íàêòèâàö³þ ICl,swell. ßê óæå
çàçíà÷àëîñÿ, ïðèêëàäàííÿ ã³ïîòîí³÷íîãî ðîç-
÷èíó ç òåñòîâèìè çíà÷åííÿìè ðÍ ïîðÿä ç³
âïëèâîì íà àìïë³òóäó ICl,swell ñóïðîâîäæóâà-
ëîñÿ òàêîæ çì³íàìè ê³íåòèêè éîãî ³íàêòèâàö³¿

Âïëèâ çîâí³øíüîêë³òèííîãî ðÍ

Ðèñ.2. Êîìïëåêñíà ä³ÿ çîâí³øíüîêë³òèííîãî ðÍ íà õàðàêòåðèñòèêè ICl,swell: à- çì³íè ðîçì³ðó ICl,swell ïðè
ï³äòðèìóþ÷îìó ïîòåíö³àë³ �50ìÂ, âèêëèêàí³ ïîñë³äîâíèì ïåðåâåäåííÿì êë³òèíè ³ç ã³ïîòîí³÷íîãî ðîç÷èíó ç
íîðìàëüíèì ðÍ 7,2 ó ã³ïîòîí³÷íèé ðîç÷èí ç êèñëèì ³ ëóæíèì ðÍ ï³ñëÿ ïîâíîãî ðîçâèòêó åôåêòó ã³ïîòîí³÷-
íîñò³; á- çàïèñè ñòðóì³â, îäåðæàí³ ïðè ïåðåêëþ÷åíÿõ ì³æ ã³ïîòîí³÷íèìè ðîç÷èíàìè ç³ çì³ííèìè çíà÷åííÿìè
ðÍ ï³ñëÿ ðîçâèòêó åôåêòó ã³ïîòîí³÷íîñò³ íà ìàêñèìóì³ òðàíçèºíòíèõ çì³í (1- ðÍ 7,2; 2- ðÍ 6; 3- ðÍ 8; 4 -
ñòðóì â ³çîòîí³÷íîìó ðîç÷èí³) ó â³äïîâ³äü íà âêàçàíó çâåðõó ñõåìó ñòèìóëÿö³¿ êë³òèíè; â- çàïèñè ñòðóì³â,
îäåðæàí³ çà òèõ ñàìèõ óìîâ íà ìàêñèìóì³ ñòàö³îíàðíàðíèõ çì³í.
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ïðè ïîçèòèâíèõ çíà÷åííÿõ ìåìáðàííèõ ïî-
òåíö³àë³â (ðèñ.4,à). Ó íàø³é ïîïåðåäí³é ðî-
áîò³ ìè ïîêàçàëè, ùî çàãàëüíèé ICl,swell ó
â³äïîâ³äü íà ñòóï³í÷àñòó äåïîëÿðèçàö³þ ìîæå
áóòè àäåêâàòíî àíàë³òè÷íî îïèñàíèé ÿê ñóìà
äâîõ ñêëàäîâèõ - åêñïîíåíö³éíî ñïàäàþ÷î¿,
ÿêà õàðàêòåðèçóºòüñÿ àìïë³òóäîþ Aexp  òà
ñòàëîþ ÷àñó τin, à òàêîæ ñòàëî¿ âåëè÷èíè Asus
òà çàïðîïîíóâàëè ñïîñ³á îäåðæàííÿ êðèâî¿
ñòàö³îíàðíî¿ ³íàêòèâàö³¿ öüîãî ñòðóìó [1].
Ïðîàíàë³çóâàâøè ðÍ-çàëåæí³ñòü õàðàêòåðè-
ñòèê ³íàêòèâàö³¿ ICl,swell ç âèêîðèñòàííÿì àíà-
ëîã³÷íèõ ï³äõîä³â, ìîæíà ïîáà÷èòè, ùî çì³íè
õàðàêòåðèñòèê ÷àñîçàëåæíî¿ ³íàêòèâàö³¿ ç ðÍ
íå º ìîíîòîííèìè. Òàê, ñòàëà ÷àñó ³íàêòè-
âàö³¿ âèÿâèëàñÿ ì³í³ìàëüíîþ ïðè ðÍ 6

(τin=58,47ìñ± 2,4ìñ) ³ ï³äâèùóâàëàñÿ ïðè
çì³í³ ðÍ ÿê ó ëóæíèé (äî τin=102,3±5 ïðè
ðÍ 7,2 òà 142,3±1,7 ìñ ïðè ðÍ 8), òàê ³ â
êèñëèé (äî τin=193,3 ìñ ± 11,6 ìñ ïðè ðÍ 5)
á³ê â³ä öüîãî çíà÷åííÿ. Â òîé æå ÷àñ â³äíî-
øåííÿ àìïë³òóäè åêñïîíåíö³éíî¿ ñêëàäîâî¿ äî
àìïë³òóäè ñòàëî¿ º íàéá³ëüøèì ïðè êîíò-
ðîëüíîìó çíà÷åíí³ ðÍ 7,2, ÿêå çìåíøóºòüñÿ
ïî îáèäâà áîêè â³ä íüîãî (äèâ.ðèñ. 4,á). Àï-
ðîêñèìàö³ÿ êðèâèõ ñòàö³îíàðíî¿ ³íàêòèâàö³¿
ICl,swell ð³âíÿííÿì Áîëüöìàíà, ÿêå îïèñóº ðîç-
ïîä³ë çàðÿäæåíèõ âîðîòíèõ ÷àñòèíîê ì³æ
äâîìà åíåðãåòè÷íèìè ð³âíÿìè â åëåêòðè÷íî-
ìó ïîë³, âêàçóº íà òå, ùî ïîòåíö³àë ïîëîâèí-
íî¿ ³íàêòèâàö³¿ (V1/2) ç³ çá³ëüøåííÿì ðÍ çñó-
âàºòüñÿ â ïîçèòèâíó ä³ëÿíêó, ñêëàäàþ÷è +54,
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Ðèñ.3. Ïîòåíö³àëçàëåæí³ñòü òðàíçèºíòíèõ ³ ñòàö³îíàðíèõ çì³í ICl,swell ó êë³òèíàõ LNCaP: à - âîëüò-àìïåðí³
õàðàêòåðèñòèêè òðàíçèºíòíèõ ñòðóì³â, âèêëèêàíèõ ã³ïîòîí³÷í³ñòþ, çà ð³çíèõ çíà÷åíü ðÍ ã³ïîòîí³÷íîãî ðîç-
÷èíó), îäåðæàí³ çà çàïèñàìè 1,2 òà 3 íà ðèñ.2,á; ó âñòàâö³ ïðîäåìîíñòðîâàíî ïîòåíö³àëçàëåæí³ñòü åôåêòó
ðÍ, îòðèìàíó çà äîïîìîãîþ ïîáóäîâè çàëåæíîñò³ â³äñîòêà ³íã³áóâàííÿ (ïîòåíö³þâàííÿ) ñòðóìó â³ä ìåìáðà-
íîãî ïîòåíö³àëó); á � âîëüò-àìïåðí³ õàðàêòåðèñòèêè ñòàö³îíàðíèõ ñòðóì³â, îäåðæàí³ çà çàïèñàìè 1, 2 òà 3
íà ðèñ.2,â; â- êðèâ³ òèòðóâàííÿ äîâãîòðèâàëèõ (1) ³ êîðîòêî÷àñíèõ (2) çì³í àìïë³òóäè õëîðíîãî ñòðóìó.
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+45,8, +83,2 òà +117,7 ìÂ äëÿ çíà÷åíü ðÍ
ð³âíèõ 5, 6, 7,2 òà 8 (äèâ.ðèñ. 4,â). Ïðè öüî-
ìó ôàêòîð êðóòèçíè (k), ÿêèé çàëåæèòü â³ä
åôåêòèâíîãî çàðÿäó âîðîòíèõ ÷àñòèíîê, äëÿ
òèõ æå çíà÷åíü ðÍ ñòàíîâèâ -26, -27, -31,2 òà
�44,6 ìÂ, à ì³í³ìàëüíèé ð³âåíü ³íàêòèâàö³¿
(²8) � 0,63, 0,18, 0,24 òà 0,33 â³äïîâ³äíî.

ÎÁÃÎÂÎÐÅÍÍß

Â³äîìî, ùî çîâí³øíüîêë³òèííèé ðÍ ñóòòºâî
âïëèâàº íà ôóíêö³þ ìåìáðàííèõ ³îííèõ êà-
íàë³â ³ â³äïîâ³äíèõ ¿ì ñòðóì³â. Çàãàëîì öåé
âïëèâ çâîäèòüñÿ äî äâîõ îñíîâíèõ åôåêò³â �
çñóâó ïîòåíö³àëçàëåæíèõ õàðàêòåðèñòèê ñòðó-

Âïëèâ çîâí³øíüîêë³òèííîãî ðÍ
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Ðèñ.4. ðÍ-çàëåæí³ñòü ïîòåíö³àëçàëåæíî¿ ³íàêòèâàö³¿ õëîðíîãî ñòðóìó, âèêëèêàíîãî ã³ïîòîí³÷í³ñòþ: à - ïðî-
íîðìîâàí³ ñòðóìè ïðè ïîòåíö³àë³ +120ìÂ ó êîíòðîë³ (3) òà ïðè çì³í³ çîâí³øíüîêë³òèíîãî ðÍ (1- ðÍ 5;
2- ðÍ 6; 4- ðÍ 8); á - ñòàëà ÷àñó ³íàêòèâàö³¿ òà â³äíîøåííÿ ì³æ àìïë³òóäîþ åêñïîíåíòè òà ñòàëåì êîìïîíåí-
òîì êîíòðîëüíîãî (3) òà ìîä³ô³êîâàíîãî ðÍ ICl,swell ïðè ïîòåíö³àë³ +120ìÂ (1- ðÍ 5; 2- ðÍ 6; 4- ðÍ 8);
â- çíà÷åííÿ ñòàö³îíàðíî¿ ³íàêòèâàö³¿ â êîíòðîë³ (1) ³ ïðè ðÍ5(2), ðÍ6(3), ðÍ8(4); ñóö³ëüí³ ë³í³¿ íàéêðà-
ùèì ÷èíîì àïðîêñèìóþòü åêñïåðèìåíòàëüí³ òî÷êè çà ð³âíÿííÿì Áîëüöìàíà.
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ìó òà çì³íè éîãî àìïë³òóäè [6]. Íàéá³ëüø
ïîâíî â öüîìó ïëàí³ âèâ÷åí³ êàò³îíí³ êàíà-
ëè, ïðè÷îìó äëÿ íèõ õàðàêòåðíà íàïðàâ-
ëåí³ñòü çãàäàíèõ åôåêò³â òàêà, ùî ïðè çàêèñ-
ëåíí³ çîâí³øíüîãî ñåðåäîâèùà â³äáóâàºòüñÿ
äåïîëÿðèçàö³éíèé çñóâ ïîòåíö³àëçàëåæíîñò³
òà çíèæåííÿ àïë³òóäè òðàíñïîðòîâàíèõ ñòðó-
ì³â. Ïåðøèé åôåêò ïîÿñíþºòüñÿ çìåíøåííÿì
â³ä�ºìíîãî ïîâåðõíåâîãî ïîòåíö³àëó ìåìáðà-
íè âíàñë³äîê çâ�ÿçóâàííÿ ³îí³â Í+ ç ô³êñîâà-
íèìè ïîâåðõíåâèìè çàðÿäàìè, à äðóãèé ïðî-
òîíóâàííÿì àí³îííèõ ãðóï ïîðè ñàìîãî
êàíàëó, ùî ïðèçâîäèòü äî áëîêóâàííÿ òðàíñ-
ïîðòó ³îí³â [6]. ðÍ ìîæå òàêîæ çì³íþâàòè
ê³íåòèêó ³îííèõ ñòðóì³â, âïëèâàþ÷è íà âî-
ðîòí³ ïðîöåñè. Ïîÿñíåííÿ ðÍ-âèêëèêàíèõ
çì³íè íàé÷àñò³øå âèìàãàº çàëó÷åííÿ äî ðîçã-
ëÿäó äåê³ëüêîõ òèï³â ïîâåðõíåâèõ ³ âíóòð³ø-
íüîêàíàëüíèõ àí³îííèõ ãðóï ç ð³çíèìè óÿâ-
íèìè ðÊ, ÿê³ º ñïåöèô³÷íèìè äëÿ êîæíîãî
òèïó êàíàëó.

Ùî ñòîñóºòüñÿ îá�ºìçàëåæíèõ àí³îííèõ
êàíàë³â, òî íàéá³ëüø ïîâíà ³íôîðìàö³ÿ ïðî
âïëèâ íà íèõ çîâí³øíüîêë³òèííîãî ðÍ, â îñ-
íîâíîìó, îäåðæàíà íà åíäîòåë³àëüíèõ êë³òè-
íàõ [11,16]. Çîêðåìà áóëî ïîêàçàíî, ùî çíè-
æåííÿ ðÍ ñïðè÷èíþâàëî çìåíøåííÿ àìïë³-
òóäè òà ïðèñêîðåííÿ ³íàêòèâàö³¿ ICl,swell, òîä³
ÿê éîãî ï³äâèùåííÿ, íàâïàêè, ïîòåíö³þâàëî
àìïë³òóäó òà óïîâ³ëüíþâàëî ³íàêòèâàö³þ [13].
ðÍ-çàëåæí³ñòü àìïë³òóäè ICl,swell î÷åâèäíî
ïîâ�ÿçàíà ç ïðîòîíóâàííÿì çîâí³øíüîêë³òèí-
íî¿ àí³îííî¿ ãðóïè, ÿêà çàä³ÿíà â ðåãóëÿö³¿
ïðîâ³äíîñò³ ïîîäèíîêîãî êàíàëó, ç óÿâíèì ðÊ
4,6 [16]. Ëîêàë³çàö³ÿ ö³º¿ ãðóïè ³ç çîâí³øíü-
îãî áîêó êàíàëó ï³äòâåðäæóâàëàñÿ â³äñóòí³-
ñòþ çàëåæíîñò³ â³ä ïîòåíö³àëó âïëèâó ðÍ íà
àìïë³òóäó ñòðóìó ÷åðåç ïîîäèíîêèé êàíàë [16].

Ó íàøèõ åêñïåðèìåíòàõ âïåðøå ïîêàçà-
íî êîìïëåêñí³ñòü ä³¿ çîâí³øíüîêë³òèííîãî ðÍ
íà ICl,swell â åï³òåë³àëüíèõ êë³òèíàõ êàðöèíî-
ìè ïðîñòàòè. Âèÿâèëîñÿ, ùî ðÍ âïëèâàº íå
ò³ëüêè íà àìïë³òóäí³ òà ê³íåòè÷í³ õàðàêòåðè-
ñòèêè ñòðóìó, àëå ³ íà éîãî ÷óòëèâ³ñòü äî
çì³í êë³òèííîãî îá�ºìó, âèêëèêàíèõ ã³ïîòîí-
³÷íèìè óìîâàìè. Çîêðåìà, íàø³ ðåçóëüòàòè
ñâ³ä÷àòü, ùî ñåíñîð îá�ºìó êàíàëó, î÷åâèä-

íî, ìàº â ñâîºìó ñêëàä³ ìîëåêóëÿðíó ãðóïó,
ïîâåðíóòó â çîâí³øí³é ïðîñò³ð, ïðîòîíóâàí-
íÿ ÿêî¿ ïðèñêîðþº ðåàêö³þ êàíàëó íà íàáó-
õàííÿ êë³òèíè.

Åôåêòè ðÍ íà àìïë³òóäí³ òà ê³íåòè÷í³
õàðàêòåðèñòèêè ICl,swell âèÿâèëèñÿ ñêëàäíè-
ìè. Ç íàøèõ ðåçóëüòàò³â ìîæíà çðîáèòè âèñ-
íîâîê, ùî àìïë³òóäà ICl,swell êîíòðîëþºòüñÿ,
ïðèíàéìí³, äâîìà ðÍ-çàëåæíèìè ãðóïàìè.
Øâèäê³ çì³íè àìïë³òóäè ñòðóìó ìîæíà ïî-
â�ÿçàòè ç ïðîòîíóâàííÿì ãðóïè, ÿêà, ñóäÿ÷è
ç òîãî, ùî ö³ çì³íè çàëåæàòü â³ä ìåìáðàííîãî
ïîòåíö³àëó, íàé³ìîâ³ðí³øå çíàõîäèòüñÿ âñå-
ðåäèí³ ïîðè êàíàëó. Ïðîòîíóâàííÿ ö³º¿ ãðó-
ïè ç ðÊ 6 â³äïîâ³äàº çà øâèäêå êîðîòêî÷àñíå
³ ïîð³âíÿíî íåçíà÷íå (ìàêñèìóì íà 60%) ïî-
ñèëåííÿ ñòðóìó ïðè çíèæåíí³ ðÍ, ÿêå ïî-
â³ëüíî çì³íþºòüñÿ äîâãîòðèâàëèì ïðèãí³÷åí-
íÿì. Îñòàííº â³äáóâàºòüñÿ âíàñë³äîê ïðî-
òîíóâàííÿ ³íøî¿, âæå ïîâåðõíåâî¿ ãðóïè ç
áëèçüêèì ðÊ 5,9, ÿêå ïðèçâîäèòü äî ìàéæå
ïîâíîãî, ïîòåíö³àëíåçàëåæíîãî áëîêóâàííÿ
ñòðóìó ïðè ðÍ, íèæ÷èõ çà 4. ßê³ ç öèõ çì³í
ïîâ�ÿçàí³ ç âïëèâîì ðÍ íà ïðîâ³äí³ñòü êàíà-
ëó, à ÿê³ ç âïëèâîì íà éìîâ³ðí³ñòü éîãî çíà-
õîäæåííÿ ó â³äêðèòîìó ñòàí³ ïîêè ùî ñóäè-
òè âàæêî. Çà àíàëîã³ºþ ç åíäîòåë³àëüíèìè
êë³òèíàìè, â ÿêèõ áóëî ïîêàçàíî, ùî ïðî-
â³äí³ñòü VRAC ïîòåíö³àëíåçàëåæíèì ÷èíîì
êîíðîëþºòüñÿ çîâí³øíüîþ àí³îííóþ ãðóïîþ
ç ðÊ 4,6 [16], ìîæíà ïðèïóñòèòè, ùî â êë³òè-
íàõ LNCaP ñàìå ïîâ³ëüíèé åôåêò ðÍ íà çíà-
÷åííÿ ICl,swell çóìîâëåíèé âïëèâîì íà ïðîâ³ä-
í³ñòü êàíàëó, à øâèäêèé � íà éìîâ³ðí³ñòü
çíàõîäæåííÿ éîãî ó â³äêðèòîìó ñòàí³.

Ïîÿñíåííÿ ðÍ-çàëåæíîñò³ âèÿâëåíèõ íà-
ìè çì³í ³íàêòèâàö³éíèõ õàðàêòåðèñòèê ICl,swell
òåæ âèìàãàº çàëó÷åííÿ äî ðîçãëÿäó ÿê ì³í³-
ìóì äâîõ ðÍ-÷óòëèâèõ ãðóï. Öÿ ðÍ-çàëåæ-
íñòü º òàêîþ, ùî ³íàêòèâàö³ÿ ñòðóìó ïðîÿâ-
ëÿºòüñÿ íàéá³ëüøå â ä³àïàçîí³ ðÍ 6-7, â òîé
÷àñ ÿê ïî îáèäâà áîêè â³ä öèõ çíà÷åíü ñïîñ-
òåð³ãàºòüñÿ ÿê ï³äâèùåííÿ ñòàëî¿ ÷àñó
³íàêòèâàö³¿, òàê ³ çìåíøåííÿ âêëàäó ³íàêòè-
âàö³éíîãî êîìïîíåíòó â çàãàëüíèé ñòðóì.
Òàêà ïîâåä³íêà ìîæëèâà, ÿêùî ïðèïóñòèòè,
ùî ïðîöåñ ³íàêòèâàö³¿ çíàõîäèòüñÿ ï³ä êîíò-
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ðîëåì äâîõ ìîëåêóëÿðíèõ ãðóï, ÿê³ âçàºìî-
ä³þòü ì³æ ñîáîþ (íàïðèêëàä �âîðîòà� ³ ðå-
öåïòîðíà ä³ëÿíêà). Ïðè÷îìó, ÿê ïîâíå ïðî-
òîíóâàííÿ öèõ ãðóï ïðè íèçüêèõ ðÍ, òàê ³
ïîâíà äåïðîòîíóâàííÿ ïðè âèñîêèõ ðÍ çàâ-
äÿêè çá³ëüøåííþ îäíî³ìåííîãî çàðÿäó íå
ñïðèÿþòü ¿õ âçàºìîä³¿, ïðèçâîäÿ÷è äî ñïîâ-
³ëüíåííÿ ³íàêòèâàö³¿.

Ïðî ïîñèëåííÿ ³íàêòèâàö³¿ ICl,swell ó âóçü-
êîìó ä³àïàçîí³ ðÍ 6-7 ñâ³ä÷àòü òàêîæ êðèâ³
ñòàö³îíàðíî¿ ³íàêòèâàö³¿. Äî ðå÷³, ïîêàçàíèé
íàìè çñóâ ïîòåíö³àëó ïîëîâèííî¿ ³íàêòèâàö³¿
ICl,swell â ä³ëÿíêó á³ëüø íåãàòèâíèõ çíà÷åíü
ç³ çìåíøåííÿì ðÍ º íåòèïîâèì äëÿ á³ëüøîñò³
êàíàë³â, äëÿ ÿêèõ ïîä³áíèé çñóâ â³äáóâàºòü-
ñÿ â ïîçèòèâíó ä³ëÿíêó âíàñë³äîê íåéòðàë³-
çàö³¿ ³îíàìè Í+ ô³êñîâàíèõ íåãàòèâíèõ ïî-
âåðõíåâèõ çàðÿä³â ìåìáðàíè. Öåé ôàêò ìîæå
ñâ³ä÷èòè ïðî òå, ùî ãóñòèíà òàêèõ çàðÿä³â â
îêîëèö³ îá�ºìàêòèâîâàíèõ àí³îííèõ êàíàë³â
º íå³ñòîòíîþ, à âêàçàíèé çñóâ â³äáóâàºòüñÿ
÷åðåç âïëèâ ³îí³â Í+ íà ñàì âîðîòíèé ìå-
õàí³çì êàíàëó.

Ãîâîðèòè ïðî òå, ÿê³ ³ç âèÿâëåíèõ íàìè
åôåêò³â ðÍ ìîæóòü áóòè ïîâ�ÿçàí³ íå ç áåç-
ïîñåðåäíüîþ ä³ºþ ³îí³â Í+ íà îá�ºìðåãóëüî-
âàí³ àí³îíí³ êàíàëè, à îïîñåðåäêîâàí³ ÷åðåç
á³ëêè, êîòð³ ìîäóëþþòü ðîáîòó öèõ êàíàë³â,
çîêðåìà P-gp, º ïåðåä÷àñíèì. Çâàæàþ÷è íà
òå, ùî êë³òèíè LNCaP äóæå ñëàáî åêñïðåñó-
þòü P-gp [23], á³ëüø éìîâ³ðíèõ ìîæíà  ââà-
æàòè, ùî âêàçàí³ åôåêòè º êàíàëîñïåöèô³÷-
íèìè.

Öÿ ðîáîòà ÷àñòêîâî ï³äòðèìàíà  ãðàíòîì INTAS-
99-01248.

Y. M. V³tko, N. C. Pogorela, N. Prevars'ka,
R. Skryma, Ja. M. Shuba

THE INFLUENCE OF EXTRACELLULAR
PH ON VOLUME-ACTIVATED CHLORIDE
CURRENT IN THE PROSTATE CANCER
EPITHELIAL CELLS

The influence of extracellular pH on characteristics
of volume-activated chloride current, ICl,swell, in the
human prostate cancer epithelial cell line, LNCaP,
was studied using the patch-clamp technique. Aci-

dification of the extracellular hypotonic solution used
to develop the current shortened the temporal para-
meters of ICl,swell development and reduced its maximal
density. Sudden shifts of the pH towards acidification
caused fast, transient potentiation of the current fol-
lowed by its sustained inhibition. Voltage-dependent
inactivation of ICl,swell was the most pronounced in
the narrow range of pH=6-7. Based on the analysis of
our data we hypothesize that volume-regulated anion
channels underlying ICl,swell possess in their structure
at least two pH-sensitive molecular groups with simi-
lar pK=6, titration of which modulates the current
amplitude and two additional proton-sensitive groups
that determine channel�s inactivation.

À.À.Bogomoletz Institute of Physiology of NASU,

International Center of Molecular Physiology of
NASU, Kiev,

Laboratoire de Physiologie Cellulaire, Université
des Sciences et Technologies de Lille, France

ÑÏÈÑÎÊ Ë²ÒÅÐÀÒÓÐÈ

1. Â³òêî Þ.Ì., Ëàçàðåíêî Ð.Ì., Ïîãîðºëà Í.Õ.
Âïëèâ âíóòð³øíüîêë³òèííîãî òðèïñèíó íà õàðàê-
òåðèñòèêè ïîòåíö³àëçàëåæíî³ ³íàêòèâàö³¿ õëîð-
íîãî ñòðóìó â êë³òèíàõ ðàêó ïðîñòàòè//Ô³ç³îë.
æóðí.- 2002.- 48, ¹ 3. � Ñ. 41-50.

2. Øóáà ß.Ì., Ñêðèìà Ð.Í., Ïðåâàðñüêà Í.Á. Îá�ºì-
÷óòëèâà àí³îííà ïðâ³äí³ñòü ó êë³òèíàõ ë³-
í³¿ êàïöèíîìè ïðîñòàòè ëþäèíè// Ô³ç³îë. æóðí.-
1999.- 45, ¹4.-Ñ.27-34.

3. Arreola J., Melvin J.E., Begenisish T.Volume-
activated chloride channels in rat parotid acinar
cells//J. Physiol.(Lond).-1995.- 484.-P. 677-687.

4. Fardel O, Lecureur V, Guillouzo A. The P-glyco-
protein multidrug transporter //Gen. Pharma-
col.-1996.-27, ¹ 8.-P. 1283-91.

5. Gerweck L.E, Seetharaman K. Cellular pH gradient
in tumor versus normal tissue: potential exploi-
tation for the treatment of cancer //Cancer Res.-
1996.-56(6).-P. 1194-8.

6. Hille B. Ionic channels of Exitable Membranes //
Sunderland: Sinauer Associates, Inc,1992.-P. 365-397.

7. Hoffmann E.K., Simonsen L.O. Membrane mechanisms
in volume and pH regulation in vertebrate cells//
Physiol. Rev.-1989.-69.-P. 315-382.

8. Idriss H.T., Hannun Y.A., Boulpaep E. at al.
Regulation of volume-activated chloride channels
by P-glycoprotein: phosphorylation has the final
say!//J. Physiol.- 2000.-524, ¹ 3. - P. 629-36.

9. Kirk K., Ellory J.C., Young J.D. Transport of organic
substrates via a volume-activated channel//J.
Biol. Chem.-1992.-267.-P. 23475-23478.

Âïëèâ çîâí³øíüîêë³òèííîãî ðÍ



27ISSN 0201-8489    Ô³ç³îë. æóðí., 2002, Ò. 48, ¹ 4

10. Meyer K.,Korbmacher C. Cell swelling activates
ATF-dependent voltage-gated chloride channels in
M-1 mouse cortical collecting duct cells// J. Gen.
Physiol.-108.-P. 177-193.

11. Nilius B., Eggermont J., Voets T. at al. Properties
of volume-regulated anion channels in mammalian
cells// Prog. Biophys. Mol. Biol.-1997.-68.-P. 69-119.

12. Nilius B., Eggermont J., Voets T. at al. Volume-
activated Cl channels//Gen. Pharmacol.-1996.-
27.-P. 1131-1140.

13. Nilius B., Preden J., Droodmans G. Modulation
of volume-regulated anion channels by extra- and
intracellular pH//Eur. J. Physiol.-1998.-436.-
P. 742-748.

14. Okada Y. Volume expansion-sensing outward-
rectifier Cl channel: fresh start to the molecular
identity and volume sensor//Amer. J. Physiol.-
1997.- 273.-P. 755-789.

15. Raghunand N, Gillies R.J. pH and drug resistance
in tumors//Drug Resist.-2000.-3, ¹1.-P. 39-47.

16. Sabirov R.Z., Prenen J., Droogmans G. at al. Extra-
and intracellular proton-binding sites of volume-
regulated anion channels// J. Membrane Biol.-
2000.-177.-P. 13-22.

17. Sarcadi B., Parker J.C. Activation of ion transport
pathways by changes in cell volume //Biochim.
Biophis. Acta.-1991.-1071.-P. 407-427.

18. Schlichter L.C., Sakellaropoulos G., Ballyk B. at
al. Properties of K+ and Cl- channels and their
involvement in proliferation of rat microglial cells/

/Glia.-1996.- 17.-P. 225-236.
19.  Shuba Y.M., Prevarskaya N., Lemonnier L. at al.

Volume-regulated chloride conductance in the
LNCaP human prostate cancer cell line// Amer. J.
Physiol. Cell. Physiol.- 2000.-279, ¹4. - C1144-54.

20. Skryma R.N, Prevarskaya N.V., Dufy-Barble L.
at al. Potassium conductance in the androgen-
sensitive prostate cancer cell line, LNCaP:
involment in cell proliferation// Pros-
tate.-1997.-32.-P. 112-122.

21. Stubbs M., McSheehy P.M, Griffiths J.R. Causes
and consequences of acidic pH in tumors: a mag-
netic resonance  study//Adv. Enzyme Regul.-
1999.-39.-P. 13-30

22. Valverde M.A., Diaz M., Sepulveda F.V. at al.
Volume-regulated chloride channels associated with
the human multidrug-resistance P-glycoprotein//
Nature.-1992.-355, ¹6363.-P. 830-3.

23. van Brussel J.P., van Steenbrugge G.J., Romijn
J.C. at al. Chemosensitivity of prostate cancer
cell lines and expression of multidrug resistance-
related proteins//Eur. J. Cancer.-1999.-35,
¹ 4.-P. 664-71.

24. Wei L.Y., Roepe P.D. Low external pH and osmotic
shock increase the expression of human MDR pro-
tein//Biochemistry.-1994.-33, ¹ 23.-P. 7229-38.

25. Woolf S.N. Screening for prostate cancer with
prostate specific antigen. An examination of the
evidence//New Engl. J. Med.-1995.-333.-
P. 1401-1405.

Þ.Ì. Â³òêî, Í.Õ. Ïîãîðºëà, Í. Ïðåâàðñüêà, Ð. Ñêðèìà, ß.Ì. Øóáà

²í-ò ô³ç³îëîã³¿ ³ì. Î.Î. Áîãîìîëüöÿ ÍÀÍ
Óêðà¿íè;

Ì³æíàð. Öåíòð ìîëåêóë. ô³ç³îëîã³¿ ÍÀÍ
Óêðà¿íè, Êè¿â;

Ëàáîðàòîð³ÿ êë³òèí. ô³ç³îëîã³¿ Óí-òó íàóê
òà òåõíîëîã³é, Ë³ëü, Ôðàíö³ÿ

Ìàòåð³àë íàä³éøîâ äî
ðåäàêö³¿ 24.04.2002


