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Ñ. Ì. Ìàð÷åíêî

Åëåêòðîô³ç³îëîã³÷í³ âëàñòèâîñò³ ³íòàêòíèõ
åíäîòåë³àëüíèõ êë³òèí ïîðîæíèñòî¿
âåíè ùóðà

Â èçîëèðîâàííîé íèæíåé ïîëîé âåíå êðûñû ìåòîäîì patch-clamp ðåãèñòðèðîâàëñÿ ìåìáðàííûé
ïîòåíöèàë ýíäîòåëèàëüíûõ êëåòîê. Ïîòåíöèàë ïîêîÿ ýíäîòåëèàëüíûõ êëåòîê ñîñòàâëÿë
69 ìÂ ± 2 ìÂ è áûë ïðèìåðíî íà 20 ìÂ áîëåå íåãàòèâåí, ÷åì â ýíäîòåëèàëüíûõ êëåòêàõ
àðòåðèé. Â 40% èçó÷åííûõ ïðåïàðàòîâ íàáëþäàëèñü ñïîíòàííûå îñöèëëÿöèè ìåìáðàííîãî
ïîòåíöèàëà ýíäîòåëèàëüíûõ êëåòîê. Ïîêàçàíî, ÷òî îñöèëëÿöèè ïðåäñòàâëÿþò ñîáîé ãåíåðè-
ðóåìûå â ãëàäêîé ìûøöå ñîñóäà êàëüöèåâûå ïîòåíöèàëû äåéñòâèÿ, ýëåêòðîòîíè÷åñêè ïåðåäà-
þùèåñÿ â ýíäîòåëèàëüíûå êëåòêè.

  Ñ. Ì. Ìàð÷åíêî

ÂÑÒÓÏ

Ìåìáðàííèé ïîòåíö³àë åíäîòåë³àëüíèõ êë³òèí
â³ä³ãðàº ïîäâ³éíó ô³ç³îëîã³÷íó ðîëü. Ïî-ïåð-
øå, â³í ìîäóëþº íàäõîäæåííÿ Ca2+ â åíäîòå-
ë³àëüí³ êë³òèíè, ðåãóëþþ÷è òàêèì ÷èíîì êàëü-
ö³éçàëåæí³ âíóòð³øíüîêë³òèíí³ ïðîöåñè ³,
çîêðåìà, ñèíòåç NO [3, 9]. Ïî-äðóãå, çàâäÿêè
ì³îåíäîòåë³àëüíèì ù³ëèííèì êîíòàêòàì, â³í
âïëèâàº íà ìåìáðàííèé ïîòåíö³àë ãëàäåíüêî-
ì�ÿçîâèõ êë³òèí, áåðó÷è ó÷àñòü â NO-íåçà-
ëåæí³é ðåãóëÿö³¿ ñóäèííîãî òîíóñó [6, 11].

Äàí³ ïðî åëåêòðîô³ç³îëîã³÷í³ âëàñòèâîñò³
åíäîòåë³àëüíèõ êë³òèí âåí, îòðèìàí³ íà êë³-
òèííèõ êóëüòóðàõ, äîñèòü ñóïåðå÷ëèâ³. Ó
ðîáîòàõ, ïðîâåäåíèõ íà ³íòàêòíîìó åíäîòåë³¿
àðòåð³é, áóëî ïåðåêîíëèâî ïîêàçàíî, ùî âëà-
ñòèâîñò³ åíäîòåë³àëüíèõ êë³òèí in situ ìîæóòü
ñóòòºâî â³äð³çíÿòèñÿ â³ä âëàñòèâîñòåé öèõ
êë³òèí ó êóëüòóð³ [1, 2, 4�11]. Ïðè÷èíîþ
öüîãî, íàé³ìîâ³ðí³øå, º òå, ùî â êóëüòóð³
â³äñóòí³ ÷èñëåíí³ äèôåðåíö³þâàëüí³ ôàêòî-
ðè, ÿê³ âèçíà÷àþòü ôåíîòèï åíäîòåë³àëüíèõ
êë³òèí. Âëàñòèâîñò³ åíäîòåë³àëüíèõ êë³òèí âåí
in situ äî öüîãî ÷àñó ïðàêòè÷íî íå âèâ÷àëè-
ñÿ. Ìåòà íàøî¿ ðîáîòè - äîñë³äèòè åëåêòðî-
ô³ç³îëîã³÷í³ âëàñòèâîñò³ ³íòàêòíèõ åíäîòå-

ë³àëüíèõ êë³òèí íèæíüî¿ ïîðîæíèñòî¿ âåíè
ùóðà.

ÌÅÒÎÄÈÊÀ

Åêñïåðèìåíòè ïðîâåäåíî íà íèæí³é ïîðîæ-
íèñò³é âåí³ ùóð³â â³êîì â³ä 3 òèæ äî 2 ì³ñ.
Ìåìáðàííèé ïîòåíö³àë åíäîòåë³þ âåíè ðåº-
ñòðóâàëè, ç äåÿêèìè ìîäèô³êàö³ÿìè, ìåòî-
äîì, ðîçðîáëåíèì ðàí³øå äëÿ ðåºñòðàö³¿ ìåì-
áðàííîãî ïîòåíö³àëó àîðòè ùóðà [3]. ²çî-
ëüîâàí³ âåíè î÷èùàëè â³ä ïðèëåãëî¿ òêàíèíè
³ íàð³çàëè íà ñåãìåíòè çàâäîâæêè 3-4 ìì, ÿê³
çáåð³ãàëè â ìîäèô³êîâàíîìó ðîç÷èí³ Êðåáñà
íàñòóïíîãî ñêëàäó  (â ììîëü/ë): NaCl �
118,3, NaHCO3 � 25, KCl � 4,7, NaH2PO4 �
1,2, MgSO4 � 1,2, CaCl2 � 2,5, ãëþêîçà �
11,1, ôåíîëîâèé ÷åðâîíèé � 0,02. Äëÿ òîãî,
ùîá çàïîá³ãòè áàêòåð³àëüíîìó ïîøêîäæåííþ
ñóäèí, â ðîç÷èí äîäàâàëè ãåíòàì³öèí ó êîí-
öåíòðàö³¿ 50 ìêã/ìë. Ðîç÷èí áåçïåðåðâíî
àåðóâàëè ñóì³øøþ 95% Î2 ³ 5% ÑÎ2. Ïåðåä
åêñïåðèìåíòîì ñåãìåíòè âåíè ðîçð³çàëè
âçäîâæ ³ ïðèêîëþâàëè ëþì³íàëüíîþ ïîâåð-
õíåþ ââåðõ äî äíà åêñïåðèìåíòàëüíî¿ êàìå-
ðè ì³ñòê³ñòþ 100�150 ìêë ³ ïåðôóçóâàëè ðîç-
÷èíîì Êðåáñà ç³ øâèäê³ñòþ 0,1 � 0,2 ìë/õâ.
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í³ôåäèï³í

Ìåìáðàííèé ïîòåíö³àë åíäîòåë³þ ðåº-
ñòðóâàëè ìåòîäîì patch-clamp ó êîíô³ãóðàö³¿
�ö³ëà êë³òèíà�. Ðåºñòðóâàëüí³ ï³ïåòêè çà-
ïîâíþâàëè ðîç÷èíîì íàñòóïíîãî ñêëàäó (â
ììîëü/ë): KCl � 140, HEPES-NaOH � 10;
pH 7,3. Ïåðåä çàïîâíåííÿì ï³ïåòêè äî ðîç-
÷èíó äîäàâàëè í³ñòàòèí ó êîíöåíòðàö³¿ 200�
300 ìêã/ìë. Åëåêòðè÷íèé êîíòàêò ç åíäî-
òåë³ºì, ÿê ïðàâèëî, ñòâîðþâàâñÿ ÷åðåç äå-
ê³ëüêà õâèëèí ï³ñëÿ ôîðìóâàííÿ ã³ãàîìíîãî
êîíòàêòó ç ìåìáðàíîþ êë³òèíè. Ôàðìàêî-
ëîã³÷í³ àãåíòè àïë³êóâàëè ïåðôóç³ºþ ðîáî÷î¿
êàìåðè. Åêñïåðèìåíòè ïðîâîäèëè ïðè 20 �
22îÑ.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ̄ Õ ÎÁÃÎÂÎÐÅÍÍß

Äëÿ êîíòðîëþ âõ³äíîãî îïîðó åíäîòåë³þ ïðî-
òÿãîì óñüîãî ïåð³îäó ðåºñòðàö³¿ íà ïðåïàðàò
ïîäàâàëèñÿ íåâåëèê³ ³ìïóëüñè ñòðóìó, ÿê³
ï³äáèðàëèñÿ çà âåëè÷èíîþ òàê, ùîá âèêëè-
êàòè çì³íè ìåìáðàííîãî ïîòåíö³àëó 2 � 4 ìÂ.
Ï³ñëÿ óòâîðåííÿ ã³ãàîìíîãî êîíòàêòó òà âñòà-
íîâëåííÿ åëåêòðè÷íîãî êîíòàêòó ç öèòîïëàç-
ìîþ âõ³äíèé îï³ð ïîñòóïîâî çìåíøóâàâñÿ
ïðîòÿãîì 5 � 10 õâ, ï³ñëÿ ÷îãî çàëèøàâñÿ
ñòàá³ëüíèì ï³ä ÷àñ óñüîãî ïîäàëüøîãî åêñïå-
ðèìåíòó (äî 1 ãîä). Âõ³äíèé îï³ð åíäîòåë³-
àëüíèõ êë³òèí âàð³þâàâ ó ìåæàõ â³ä 8 äî 28
ÌÎì. Ðåºñòðàö³ÿ çàâæäè çä³éñíþâàëàñÿ â³ä
êë³òèí, ðîçòàøîâàíèõ íà ïîâåðõí³ ñóäèíè.
Ïîâåðõíÿ ñóäèíè â åêñïåðèìåíòàõ patch-
clamp ëåãêî äåòåêòóâàëàñÿ çà çá³ëüøåííÿìè
îïîðó ï³ïåòêè ïðè äîòèêó îñòàííüî¿ äî ñóäè-
íè. Íèçüêèé âõ³äíèé îï³ð ïðè íàÿâíîñò³ íèçü-
êîãî íåãàòèâíîãî ìåìáðàííîãî ïîòåíö³àëó âêà-
çóº íà ðåºñòðàö³þ â³ä êë³òèí, ñïîëó÷åíèõ
åôåêòèâíèìè åëåêòðè÷íèìè çâ�ÿçêàìè. Áåðó-
÷è äî óâàãè ïîâåðõíåâå ðîçòàøóâàííÿ, öèìè
êë³òèíàìè ìîãëè áóòè ò³ëüêè åíäîòåë³àëüí³
êë³òèíè.

Ó 6 ïðåïàðàòàõ íåñòèìóëüîâàí³ åíäîòå-
ë³àëüí³ êë³òèíè ìàëè ñòàá³ëüíèé ìåìáðàííèé
ïîòåíö³àë, ÿêèé çì³íþâàâñÿ ó ð³çíèõ êë³òèí
â³ä �65 äî �73 ìÂ, ñåðåäíº çíà÷åííÿ �69 ìÂ ±
2 ìÂ (n=35). Öÿ âåëè÷èíà ïðèáëèçíî íà
20 ìÂ íèæ÷à, í³æ âèì³ðÿíèé çà òèõ æå óìîâ

ìåìáðàííèé ïîòåíö³àë åíäîòåë³àëüíèõ êë³òèí
àîðòè ùóðà òà ³íøèõ àðòåð³é [1, 2, 4�11].

Ó 4 äîñë³äæåíèõ òâàðèí ñïîñòåð³ãàëèñÿ
ñïîíòàíí³ îñöèëÿö³¿ ìåìáðàííîãî ïîòåíö³àëó
åíäîòåë³àëüíèõ êë³òèí íèæíüî¿ ïîðîæíèñòî¿
âåíè àìïë³òóäîþ 30 � 45 ìÂ (ðèñóíîê). Ê³íå-
òèêà öèõ îñöèëÿö³é áóëà àíàëîã³÷íà òàê³é
îñöèëÿö³é ìåìáðàííîãî ïîòåíö³àëó åíäîòåë³þ,
ÿê³ âèêëèêàëèñü ÀÖÕ ³ ÀÒÔ  [4, 5, 9], àëå
ð³çêî â³äð³çíÿëàñÿ â³ä îñöèëÿö³é, ùî âèêëè-
êàëèñÿ âàçîêîíñòðèêòîðàìè [6]. Ùîá çðîçó-
ì³òè ïðèðîäó ñïîíòàííèõ îñöèëÿö³é ìåìáðàí-
íîãî ïîòåíö³àëó, ìè äîñë³äèëè äåÿê³ ¿õ âëàñ-
òèâîñò³. Ìîäóëÿòîð ð³àíîäèíîâèõ ðåöåïòîð³â
ð³àíîäèí (10 ìêìîëü/ë; n=4); íå âïëèâàâ
íà ñïîíòàíí³ îñöèëÿö³¿ ìåìáðàííîãî ïîòåíö³-
àëó åíäîòåë³þ. Öå ãîâîðèòü ïðîòè ó÷àñò³ ð³à-
íîäèí÷óòëèâèõ êàëüö³ºâèõ äåïî â ãåíåðàö³¿
îñöèëÿö³é. Âèäàëåííÿ ïîçàêë³òèííîãî Ca2+ ³
íåñåëåêòèâíèé áëîêàòîð êàëüö³ºâèõ êàíàë³â
Ni2+ (2 ììîëü/ë) øâèäêî ³ çâîðîòíî áëîêó-
âàëè ö³ îñöèëÿö³¿. Òàêèì ÷èíîì, ÿê ³ îñöè-
ëÿö³¿ ìåìáðàííîãî ïîòåíö³àëó, âèêëèêàí³ âà-
çîäèëàòàòîðàìè, ñïîíòàíí³ îñöèëÿö³¿ ìåìá-
ðàííîãî ïîòåíö³àëó ïîðîæíèñòî¿ âåíè ïîâí³ñòþ
çàëåæàëè â³ä âõîäó Ca2+ ³ç ïîçàêë³òèííîãî
ñåðåäîâèùà. Îäíàê íà â³äì³íó â³ä âèêëèêà-
íèõ ÀÖÕ îñöèëÿö³é, ñïîíòàíí³ îñöèëÿö³¿ áëî-
êóâàëèñÿ òàêîæ í³ôåäèï³íîì  (1 ìêìîëü/ë;
n=3) ³ âåðàïàì³ëîì (100 ìêìîëü/ë; n=2),
ùî âêàçóº íà ó÷àñòü ïîòåíö³àëêåðîâàíèõ êàëü-
ö³ºâèõ êàíàë³â L-òèïó â ãåíåðàö³¿ îñöèëÿö³é.
NO-ïðîäóêóþ÷èé àãåíò í³òðîïðóñèä íàòð³þ
(1 ìêìîëü/ë; n=3) òàêîæ áëîêóâàâ ö³ îñöè-
ëÿö³¿.

²íã³áóâàííÿ îñöèëÿö³é ìåìáðàííîãî ïîòåíö³àëó åí-
äîòåë³þ íèæíüî¿ ïîðîæíèñòî¿ âåíè ùóðà í³ôåäèï³-
íîì (10 ìêìîëü/ë).
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Åíäîòåë³àëüí³ êë³òèíè âñ³õ äîñë³äæåíèõ
ìàêðîñóäèí ïîçáàâëåí³ ïîòåíö³àëêåðîâàíèõ
êàëüö³ºâèõ êàíàë³â, ó òîé æå ÷àñ ö³ êàíàëè
øèðîêî ðîçïîâñþäæåí³ â ãëàäåíüêîì�ÿçîâèõ
êë³òèíàõ. Öå äîçâîëÿº ïðèïóñòèòè, ùî îñöè-
ëÿö³¿ â íèæí³é ïîðîæíèñò³é âåí³ ãåíåðóþòüñÿ
â ãëàäåíüêîì�ÿçîâèõ êë³òèíàõ ñóäèíè ³ åëåê-
òðîòîí³÷íî ïåðåäàþòüñÿ â åíäîòåë³àëüí³ êë³òè-
íè ÷åðåç ì³îåíäîòåë³àëüí³ êîíòàêòè. Ïîä³áíå
ÿâèùå áóëî íàìè âïåðøå âèÿâëåíî â àîðò³
ùóðà, äå îñöèëÿö³¿ ìåìáðàííîãî ïîòåíö³àëó
â åíäîòåë³àëüíèõ êë³òèíàõ âèêëèêàþòüñÿ âà-
çîêîíñòðèêòîðàìè, ùî ä³þòü íà ãëàäåíüê³
ì�ÿçè [6]. Äëÿ ïåðåâ³ðêè öüîãî ïðèïóùåííÿ
åíäîòåë³é áóâ ìåõàí³÷íî ³çîëüîâàíèé â³ä ãëà-
äåíüêîì�ÿçîâèõ êë³òèí âåíè. Â öüîìó ïðåïà-
ðàò³ ìåìáðàííèé ïîòåíö³àë åíäîòåë³àëüíèõ
êë³òèí áóâ ïîñò³éíèì (�66 � �71 ìÂ), íåçâà-
æàþ÷è íà íàÿâí³ñòü âèñîêîàìïë³òóäíèõ îñ-
öèëÿö³é â ³íòàêòí³é ñóäèí³ (n=3).

Ïàñèâí³ âëàñòèâîñò³ åíäîòåë³àëüíèõ êë³-
òèí íèæíüî¿ ïîðîæíèñòî¿ âåíè ùóðà, äîñë³ä-
æåí³ â ö³é ðîáîò³, áàãàòî â ÷îìó àíàëîã³÷í³
âëàñòèâîñòÿì ³íòàêòíèõ åíäîòåë³àëüíèõ êë³òèí
àîðòè ùóðà [4�6]. ßê ³ â àîðò³, åíäîòåë³àëüí³
êë³òèíè íèæíüî¿ ïîðîæíèñòî¿ âåíè ìàþòü
íàäçâè÷àéíî íèçüêèé âõ³äíèé îï³ð. Öå âêà-
çóº íà íàÿâí³ñòü íèçüêîîìíèõ åëåêòðè÷íèõ
çâ�ÿçê³â ì³æ âåëèêèìè ãðóïàìè åíäîòåë³àëü-
íèõ êë³òèí. Îñîáëèâ³ñòþ åíäîòåë³àëüíèõ êë³-
òèí íèæíüî¿ ïîðîæíèñòî¿ âåíè áóâ äóæå íèçü-
êèé ìåìáðàííèé ïîòåíö³àë ñïîêîþ åíäî-
òåë³àëüíèõ êë³òèí âåíè. Íàìè áóëî ïîêàçàíî
ðàí³øå, ùî ìåìáðàííèé ïîòåíö³àë åíäîòåë³-
àëüíèõ êë³òèí àðòåð³é ñòàíîâèòü ïðèáëèçíî
�45 � �50 ìÂ ³ ñëàáî â³äð³çíÿºòüñÿ ó ð³çíèõ
àðòåð³ÿõ [1]. Ìåìáðàííèé ïîòåíö³àë âåíîç-
íèõ åíäîòåë³àëüíèõ êë³òèí, âèì³ðÿíèé çà òèõ
ñàìèõ åêñïåðèìåíòàëüíèõ óìîâ, âèÿâèâñÿ ïðè-
áëèçíî íà 20 ìÂ á³ëüø íåãàòèâíèì, í³æ àðòå-
ð³àëüíèõ. ²íøîþ îñîáëèâ³ñòþ âåíîçíèõ åí-
äîòåë³àëüíèõ êë³òèí âèÿâèëàñÿ íàÿâí³ñòü ó 4
³ç 10 òâàðèí ñïîíòàííèõ îñöèëÿö³é ìåìáðàí-
íîãî ïîòåíö³àëó. Çà àìïë³òóäîþ ³ ÷àñîâèì
ïåðåá³ãîì ö³ îñöèëÿö³¿ äóæå íàãàäóþòü âèê-
ëèêàí³ àöåòèëõîë³íîì ÷è ÀÒÔ îñöèëÿö³¿ ìåì-
áðàííîãî ïîòåíö³àëó, îïèñàí³ íàìè â åíäî-

òåë³¿ àîðòè [4, 5, 9]. Àëå íà â³äì³íó â³ä îñ-
òàíí³õ, â ¿õ ãåíåðàö³¿ áåðóòü ó÷àñòü ïîòåíö³-
àëêåðîâàí³ êàëüö³ºâ³ êàíàëè ³, ÿê áóëî ïîêà-
çàíî, º ïðè÷èíè ââàæàòè, ùî ö³ îñöèëÿö³¿
ãåíåðóþòüñÿ â ãëàäåíüêîì�ÿçîâèõ êë³òèíàõ
ñóäèíè ³ åëåêòðîòîí³÷íî ïåðåäàþòüñÿ â åíäî-
òåë³é ÷åðåç ì³îåíäîòåë³àëüí³ ù³ëèíí³ êîíòàê-
òè. Òàêèì ÷èíîì, ÿê ³ â àîðò³ åíäîòåë³é ³
ãëàäåíüêîì�ÿçîâ³ êë³òèíè ñóäèíè íèæíüî¿
ïîðîæíèñòî¿ âåíè ìàþòü åôåêòèâí³ åëåêòðè÷í³
çâ�ÿçêè.

S. M. Marchenko

ELECTROPHYSIOLOGICAL PROPERTIES
OF VENOUS ENDOTHELIAL CELLS

Membrane potential has been recorded from endothelial
cells of the rat inferior vena cava. The resting memb-
rane potential of venous endothelial cells was 69±4
mV, which was about 20 mV more negative than resting
potential of rat arterial endothelial cells measured
under the same experimental conditions. 40% of the
vein studied demonstrated spontaneous oscillations
of endothelial membrane potential. These oscillations
were found to be Ca2+ action potentials generated in
the vein smooth muscle and electrotonically transferred
into the endothelial cells.

A.A. Bogomoletz Institute of Physiology

National Academy of Sciences of Ukraine, Kiev
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