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Ñ.Ì. Ìàð÷åíêî

Âïëèâ åòàíîëó íà åíäîòåë³é ëåãåíåâî¿ àðòåð³¿ ùóðà
Èçó÷åíî âëèÿíèå ýòàíîëà íà ìåìáðàííûé ïîòåíöèàë è âíóòðèêëåòî÷íóþ êîíöåíòðàöèþ Ca2+

([Ca2+]i) â èíòàêòíîì ýíäîòåëèè èçîëèðîâàííîé ëåãî÷íîé àðòåðèè êðûñû. Ïîêàçàíî, ÷òî ýòà-
íîë âûçûâàåò ãèïåðïîëÿðèçàöèþ è äâóõôàçíîå ïîâûøåíèå [Ca2+]i â ýíäîòåëèè. Ïîâûøåíèå
[Ca2+]i ïðîèñõîäèëî çà ñ÷åò âûäåëåíèÿ Ca2+ èç âíóòðèêëåòî÷íûõ äåïî è åãî âõîäà  èç âíåêëå-
òî÷íîé ñðåäû. Îïèñàííûé ýôôåêò ìîæåò îáúÿñíèòü âàçîäèëàòàòîðíîå äåéñòâèå ýòàíîëà íà
ëåãî÷íûå àðòåðèè.

ÂÑÒÓÏ

Ä³ÿ åòàíîëó íà îðãàí³çì íå îïîñåðåäêîâóºòü-
ñÿ ñïåöèô³÷íèìè ðåöåïòîðàìè, òîìó íàäçâè-
÷àéíî ð³çíîìàí³òíà. Çîêðåìà, ïîâ³äîìëÿëîñü,
ùî åòàíîë ìîæå âèêëèêàòè ³ âàçîêîíñòðèê-
ö³þ,  ³ âàçîäèëàòàö³þ â ð³çíèõ ä³ëÿíêàõ ñó-
äèííîãî ðóñëà [2-4,7,12]. Ö³ ðåàêö³¿ ìîæóòü
áóòè  åíäîòåë³éçàëåæíèìè òà åíäîòåë³éíåçà-
ëåæíèìè. Ïðè öüîìó åòàíîë, ÿê ïðàâèëî, ä³º
ÿê íà åíäîòåë³é, òàê ³ íà ãëàäåíüêîì�ÿçîâ³
êë³òèíè ñóäèíè. Êàðòèíà ùå á³ëüøå óñêëàä-
íþºòüñÿ  òèì, ùî åòàíîë ìîæå âïëèâàòè íà
íåðâîâ³ çàê³í÷åííÿ â ñò³íö³ ñóäèíè ³ ãóìî-
ðàëüíó ðåãóëÿö³þ ñóäèííîãî òîíóñó [1,6].
Ñóìàðíà ðåàêö³ÿ ñóäèí íà åòàíîë âèçíà÷àºòü-
ñÿ ä³ºþ âñ³õ öèõ ôàêòîð³â.

Ùîá ðîç³áðàòèñü ó ìåõàí³çìàõ ä³¿ àëêî-
ãîëþ, ñë³ä âèâ÷èòè éîãî åôåêòè íà á³ëüø ïðî-
ñòèõ ñèñòåìàõ, í³æ îðãàí³çì ÷è îðãàí. Ó ö³é
ðîáîò³ äîñë³äæåíî âïëèâ åòàíîëó íà åëåêò-
ðè÷íó òà êàëüö³ºâó ñèãíàë³çàö³þ â åíäîòåë³¿
ëåãåíåâî¿ àðòåð³¿ ùóðà. Ðàí³øå ïîâ³äîìëÿëî-
ñÿ, ùî åòàíîë âèêëèêàº åíäîòåë³éçàëåæíå
ðîçñëàáëåííÿ ëåãåíåâî¿ àðòåð³¿ [4,7]. Âíóòð³-
øíüîêë³òèíí³ ìåõàí³çìè ö³º¿ ðåàêö³¿ íåâ³äîì³.

ÌÅÒÎÄÈÊÀ

Â åêñïåðèìåíòàõ áóëè âèêîðèñòàí³ ñàìö³ ùó-
ð³â ìàñîþ 200-250 ã. Ëåãåíåâó àðòåð³þ íà-

ð³çàëè íà ñåãìåíòè äîâæèíîþ áëèçüêî 2 ìì,
ÿê³ çáåð³ãàëè ó íàñè÷åíîìó êàðáîãåíîì ìîäè-
ô³êîâàíîìó ðîç÷èí³ Êðåáñà íàñòóïíîãî ñêëà-
äó (â ììîëü/ë): NaCl � 118,3, NaHCO3 �
25, KCl � 4,7, NaH2PO4 � 1,2, CaCl2 � 2,5,
MgCl2 � 1,2, ãëþêîçà � 11,1.Äî ðîç÷èíó äî-
äàâàëè ãåíòàì³öèí � 50 ìêã/ìë. Ïåðåä åêñ-
ïåðèìåíòîì ñåãìåíò àðòåð³¿ ðîçð³çàëè âçäîâæ
³ ô³êñóâàëè â êàìåð³ îá�ºìîì áëèçüêî
100 ìêë. Êàìåðó ïåðôóçóâàëè ðîç÷èíîì Êðåá-
ñà ç³ øâèäê³ñòþ 0,12 ìë/õâ.

Âíóòð³øíüîêë³òèííó êîíöåíòðàö³þ ³îí³â
êàëüö³þ ([Ñà2+]³) âèì³ðþâàëè ôëþîðîìåò-
ðè÷íî, âûêîðèñòîâóþ÷è êàëüö³é÷óòëèâèé áàð-
âíèê ôóðà-2 [5,11]. Ñåãìåíòè ëåãåíåâî¿ àð-
òåð³¿ ³íêóáóâàëè ïðîòÿãîì 1 ãîä ó ðîç÷èí³
ôóðà-2 ÀÌ (10 ìêìîëü/ìë), ï³ñëÿ ÷îãî ìîí-
òóâàëè â ðîáî÷³é êàìåð³, ÿê îïèñàíî âèùå.
Ñâ³òëî â³ä êñåíîíîâî¿ ëàìïè ç äîâæèíîþ
õâèëü 340 ³ 380 íì ïðîåêòóâàëè íà åíäîòåë³é
÷åðåç âîäî³ìåðñ³éíèé îá�ºêòèâ ì³êðîñêîïà
(�Í³êîí�,ßïîí³ÿ). Ôëþîðåñöåíö³þ ïðåïàðà-
òó çáèðàëè ÷åðåç òîé æå îá�ºêòèâ, à ¿¿ ³íòåí-
ñèâí³ñòü íà äîâæèí³ õâèë³ 500 íì âèì³ðþâà-
ëè ôîòîïîìíîæóâà÷åì. [Ñà2+]³ îá÷èñëþâàëè,
âèêîðèñòîâóþ÷è â³äíîøåííÿ ³íòåíñèâíîñòåé
ôëþîðåñöåíö³¿ ïðè îñâ³òëåíí³ ïðåïàðàòó ñâ³ò-
ëîì ç äîâæèíîþ õâèëü 340 ³ 380 íì (F340/
F380). Êîíñòàíòà äèñîö³àö³¿ êîìïëåêñó Ñà2+ -
ôóðà-2 ïðèéìàëàñÿ ð³âíîþ 224 íì [5]. Êàë³-
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áðîâêó ñèãíàëó äîñÿãàëè àïë³êàö³ºþ ³îíîì³-
öèíó (10 ìêìîëü/ë)  ïðè íàÿâíîñò³
2,5 ììîëü/ë  Ñà2+ , à ïîò³ì ó áåçêàëüö³ºâî-
ìó ðîç÷èí³. Àâòîôëþîðåñöåíö³þ ïðåïàðàòó
âèçíà÷àëè ÷åðåç àïë³êàö³þ äèã³òîí³íó
(50 ìêìîëü/ë) ó ê³íö³ åêñïåðèìåíòó.

Ìåìáðàííèé ïîòåíö³àë åíäîòåë³þ âèì³-
ðþâàëè çà äîïîìîãîþ ìåòîäó ïåðôîðîâàíîãî
�patch-clamp� ó ðåæèì³ ô³êñàö³¿ ñòðóìó, çà
ìåòîäèêîþ, îïèñàíîþ ðàí³øå [8,9]. Ï³ïåòêó
çàïîâíþâàëè ðîç÷èíîì, ùî ì³ñòèâ (â ììîëü/ë):
KCl � 140, NaCl � 10, HEPES-KOH - 10
(pH 7,3). Åêñïåðèìåíòè áóëî âèêîíàíî ïðè
ê³ìíàòí³é òåìïåðàòóð³ 20 � 22 îÑ.

ÐÅÇÓËÜÒÀÒÈ

Ñòèìóëîì äëÿ ïðîâåäåííÿ ö³º¿ ðîáîòè, áóëî
òå, ùî ïðè âèêîðèñòàíí³ åòàíîëó ÿê ðîç÷èí-
íèêà ñïîñòåð³ãàëàñÿ ã³ïåðïîëÿðèçàö³ÿ ìåìá-
ðàíè åíäîòåë³þ, íåçàëåæíî â³ä õ³ì³÷íî¿ ïðè-
ðîäè ðîç÷èíåíî¿ ðå÷îâèíè. Êîíòðîëüí³ åêñ-
ïåðèìåíòè ïîêàçàëè, ùî åòàíîë ñàì çäàòíèé
âèêëèêàòè çíà÷íó ã³ïåðïîëÿðèçàö³þ åíäîòå-
ë³þ (ðèñ. 1). Öåé åôåêò áóâ äîçîçàëåæíèì ³
ï³äâèùóâàâñÿ ïðè çá³ëüøåíí³ êîíöåíòðàö³¿
åòàíîëó â ä³àïàçîí³ â³ä 0,02 äî 1 %. Ïðè êîí-
öåíòðàö³¿ åòàíîëó 0,5 % ìåìáðàííèé ïîòåíö³-
àë çìåíøóâàâñÿ â³ä êîíòðîëüíîãî çíà÷åííÿ -
53±4 äî -71 ìÂ ±7 ìÂ (n=6). Ïîëîâèííèé
åôåêò äîñÿãàâ ïðè êîíöåíòðàö³¿ åòàíîëó 0,23 % ±
0,07 % (n=5).

Ã³ïåðïîëÿðèçàö³ÿ åíäîòåë³þ, ùî âèêëè-
êàëàñü àöåòèëõîë³íîì, ÀÒÔ ³ äåÿêèìè ³íøè-
ìè åíäîòåë³éçàëåæíèìè âàçîäèëàòàòîðàìè
ïîâ�ÿçàíà ç àêòèâàö³ºþ êàëüö³éàêòèâîâàíèõ
êàë³ºâèõ êàíàë³â, âèêëèêàíî¿ çá³ëüøåííÿì
[Ñà2+]³ [8-10]. Ö³ëêîì ìîæëèâî, ùî åòàíîë
ä³º àíàëîã³÷íî, òîìó áóëî âèâ÷åíî éîãî âïëèâ
íà [Ñà2+]³.

Êîíöåíòðàö³ÿ Ñà2+ â åíäîòåë³¿ ëåãåíåâî¿
àðòåð³¿ ó ñïîêî¿ ñòàíîâèëà 0,086 ìêìîëü/ë ±
0,013 ìêìîëü/ë (n=9). Åòàíîë âèêëèêàâ
çíà÷íå çá³ëüøåííÿ [Ñà2+]³ (ðèñ. 2, à). Öÿ
ðåàêö³ÿ áóëà äâîôàçíîþ ³ ñêëàäàëàñÿ ç ïî-
÷àòêîâîãî ï³êó, ÿêèé çì³íþâàâñÿ ñïàäîì äî
á³ëüø-ìåíø ïîñò³éíîãî ð³âíÿ, ùî ïåðåâèùó-
âàâ [Ñà2+]³ â ñïîêî¿. Ñåðåäíÿ ìàêñèìàëüíà
àìïë³òóäà ðåàêö³¿ íà àïë³êàö³þ 0,5 % åòàíî-
ëó ñòàíîâèëà 0,71 ìêìîëü/ë ± 0,13 ìêìîëü/ë
(n=6). Êîíöåíòðàö³ÿ Ñà2+ ÷åðåç 10 õâ ï³ñ-
ëÿ ä³¿ åòàíîëó áóëà 0,23 ìêìîëü/ë ±
0,06 ìêìîëü/ë (n=4).

Çá³ëüøåííÿ [Ñà2+]³ ìîæå â³äáóâàòèñü ó
ðåçóëüòàò³ íàäõîäæåííÿ Ñà2+ ç ïîçàêë³òèí-
íîãî ñåðåäîâèùà, àáî éîãî âèä³ëåííÿ ³ç âíóò-
ð³øíüîêë³òèííèõ äåïî. Ó ðîç÷èí³ Êðåáñà,
ÿêèé íå ì³ñòèâ ÑàCl2, àëå ì³ñòèâ 1 ììîëü/ë
EGTA äëÿ çâ�ÿçóâàííÿ çàëèøêîâîãî Ñà2+,
åòàíîë âèêëèêàâ êîðîòêî÷àñíå çá³ëüøåííÿ
[Ñà2+]³ â åíäîòåë³¿, ï³ñëÿ ÷îãî éîãî âì³ñò çìåí-
øóâàâñÿ äî çíà÷åíü, ð³âíèõ àáî ìåíøèõ â³ä
êîíòðîëüíîãî ð³âíÿ (äèâ.ðèñ. 2, á). Ìàêñè-
ìàëüíà êîíöåíòðàö³ÿ Ñà2+ â öèõ åêñïåðèìåí-
òàõ ñòàíîâèëà 0,58 ìêìîëü/ë ± 0,12 ìêìîëü/ë
(n=4). Òàêèì ÷èíîì, åòàíîë çá³ëüøóâàâ
[Ñà2+]i â åíäîòåë³¿, âèêëèêàþ÷è ÿê éîãî âèâ³ëü-
íåííÿ ³ç âíóòð³øíüîêë³òèííèõ äåïî, òàê ³ âõ³ä
³ç ïîçàêë³òèííîãî ñåðåäîâèùà.

ÎÁÃÎÂÎÐÅÍÍß

Ñë³ä â³äçíà÷èòè, ùî åòàíîë âèêëèêàº ï³äâè-
ùåííÿ âíóòð³øíüîêë³òèííî¿ êîíöåíòðàö³¿
Ñà2+ â åíäîòåë³¿ ëåãåíåâî¿ àðòåð³¿. Öÿ ä³ÿ åòà-
íîëó çóìîâëåíà ÿê âèä³ëåííÿì Ñà2+ ³ç âíóòð-
³øíüîêë³òèííèõ äåïî, òàê ³ éîãî âõîäîì ³ç
ïîçàêë³òèííîãî ðîç÷èíó. Çà àíàëîã³ºþ ç àöå-
òèëõîë³íîì ³ ÀÒÔ [8-10], ìîæíà ïðèïóñòè-

Ðèñ. 1. Âïëèâ åòàíîëó íà ìåìáðàííèé ïîòåíö³àë
åíäîòåë³þ ëåãåíåâî¿ àðòåð³¿ ùóðà. Åòàíîë â êîíöåí-
òðàö³¿ 0,5 % àïë³êîâàíèé íà ñóäèíó â ìîìåíò, âêàçà-
íèé ðèñêîþ ï³ä ðèñóíêîì.
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òè, ùî âèêëèêàíà åòàíîëîì ã³ïåðïîëÿðèçàö³ÿ
ïîâ�ÿçàíà ç àêòèâàö³ºþ êàëüö³éàêòèâîâàíèõ
êàë³ºâèõ êàíàë³â. Åíäîòåë³àëüí³ êë³òèíè íåç-
áóäëèâ³. ²ñíóþòü ïåðåêîíëèâ³ äàí³, ùî åíäî-
òåë³àëüí³ êë³òèíè õî÷à á âåëèêèõ ñóäèí ïîç-
áàâëåí³ ïîòåíö³àëàêòèâîâàíèõ êàëüö³ºâèõ êà-
íàë³â. Âõ³ä Ñà2+ â åíäîòåë³àëüí³ êë³òèíè
çä³éñíþºòüñÿ ÷åðåç ïîòåíö³àë íåçàëåæí³ êà-
íàëè, ÿê³ àêòèâóþòüñÿ ñïóñòîøåííÿì êàëüö³-
ºâèõ äåïî [8,9,11]. Òîìó ã³ïåðïîëÿðèçàö³ÿ
ï³äñèëþº êàëüö³ºâèé ñèãíàë âíàñë³äîê çá³ëü-
øåííÿ  åëåêòðîõ³ì³÷íîãî ïîòåíö³àëó Ñà2+ ³,
òàêèì ÷èíîì, çä³éñíþº ïîçèòèâíèé çâîðîò-
íèé çâ¢ÿçîê.

Âèêëèêàíå åòàíîëîì ðîçñëàáëåííÿ ëåãå-
íåâî¿ àðòåð³¿ åíäîòåë³éçàëåæíå ³ ÷àñòêîâî áëî-
êóºòüñÿ ³íã³á³òîðîì NO ñèíòàçè L-NAME [4].
Â³äîìî, ùî çá³ëüøåííÿ [Ñà2+]³ â åíäîòåë³-
àëüíèõ êë³òèíàõ àêòèâóº NO-ñèíòàçó. Ï³äâè-
ùåííÿ [Ñà2+]³ ï³ä ä³ºþ åòàíîëó äîçâîëÿº ïî-
ÿñíèòè L-NAME-çàëåæíèé êîìïîíåíò ðåàêö³¿
ëåãåíåâî¿ àðòåð³¿ íà åòàíîë. Ó ö³é ðåàêö³¿ òà-
êîæ º êîìïîíåíò, ùî ³íã³áóºòüñÿ äåïîëÿðè-
çàö³ºþ ìåìáðàíè ðîç÷èíîì KCl. Öåé êîìïî-
íåíò âàçîäèëàòàö³¿ ìîæå áóòè ïîâ�ÿçàíèé
ç íàÿâí³ñòþ åëåêòðè÷íîãî çâ�ÿçêó ì³æ åíäî-
òåë³ºì ³ ãëàäåíüêîì�ÿçîâèìè êë³òèíàìè.
Ã³ïåðïîëÿðèçàö³ÿ åíäîòåë³þ åòàíîëîì ìîæå

ïåðåäàâàòèñÿ ÷åðåç ì³î-åíäîòåë³àëüí³ êîíòàê-
òè ³ ã³ïåðïîëÿðèçóâàòè ãëàäåíüêîì�ÿçîâ³ êë³-
òèíè, âèêëèêàþ÷è ¿õ ðîçñëàáëåííÿ.

Ó äåÿêèõ ïðàöÿõ ïîâ³äîìëÿëîñÿ, ùî åòà-
íîë ïîñëàáëþº åíäîòåë³éçàëåæíå ðîçñëàáëåí-
íÿ ñóäèí [1,6]. ßê áóëî ïîêàçàíî âèùå, â³í
âèêëèêàº âèä³ëåííÿ Ñà2+ ³ç âíóòð³øíüîêë³-
òèííèõ äåïî. Òàêèì ÷èíîì, åòàíîë ìîæå çìåí-
øóâàòè âì³ñò Ñà2+ ó âíóòð³øíüîêë³òèííèõ äåïî
³, â³äïîâ³äíî, âì³ñò Ñà2+, ùî âèä³ëÿºòüñÿ ï³ä
ä³ºþ âàçîäèëàòàòîð³â, ùî â ñâîþ ÷åðãó ïðè-
çâîäèòü äî ïîñëàáëåííÿ âàçîäèëàòàö³¿.

Íàñê³ëüêè îïèñàí³ â ö³é ðîáîò³ åôåêòè
åòàíîëó ïðèòàìàíí³ åíäîòåë³þ ³íøèõ ÷àñòèí
ñóäèííîãî ðóñëà çàëèøàºòüñÿ íåâ³äîìèì. Åòà-
íîë âèêëèêàº ã³ïåðïîëÿðèçàö³þ åíäîòåë³þ
àîðòè ùóðà, ùî âêàçóº íà ìîæëèâ³ñòü òîãî,
ùî òóò òàêîæ ïðèñóòí³é öåé åôåêò. Çã³äíî ç
ð³çíèìè ïóáë³êàö³ÿìè, åòàíîë âèêëèêàº åí-
äîòåë³éíåçàëåæíå ñêîðî÷åííÿ àáî íå âïëèâàº
íà òîíóñ àîðòè ùóðà [3,6]. ßê óæå â³äì³÷à-
ëîñÿ âèùå, åòàíîë â³äð³çíÿºòüñÿ øèðîêèì
ñïåêòðîì íåð³äêî ô³ç³îëîã³÷íî ð³çíîíàïðàâ-
ëåíèõ ä³é. Òîìó íå âèêëþ÷åíî, ùî â öüîìó
âèïàäêó êîíñòðèêòîðíà ä³ÿ åòàíîëó íà ãëà-
äåíüêîì�ÿçîâ³ êë³òèíè àîðòè ïåðåâèùóº àáî
âð³âíîâàæóº åôåêòè, ïîâ�ÿçàí³ ç éîãî ä³ºþ
íà åíäîòåë³é.

Ñ.Ì.Ìàð÷åíêî

Ðèñ. 2. Âïëèâ åòàíîëó íà êîíöåíòðàö³þ âíóòð³øíüîêë³òèííîãî Ñà2+ â åíäîòåë³¿ ëåãåíåâî¿ àðòåð³¿ ùóðà: à � ó
ñòàíäàðòíîìó ðîç÷èí³ Êðåáñà (2 ììîëü/ë ÑaÑl2); á - áåçêàëüö³ºâîìó ðîç÷èí³ Êðåáñà, ùî ì³ñòèâ 1 ììîëü/ë
EGTA, ÿêèé äîäàâàëè äëÿ çâ�ÿçóâàííÿ çàëèøêîâîãî Ñà2+. Êîíöåíòðàö³ÿ åòàíîëó � 0,5 %.
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S.M.Marchenko

EFFECTS OF ETHANOL ON
ENDOTHELIUM OF PULMONARY
ARTERY

Effects of ethanol on membrane potential and intracel-
lular calcium concentration in intact endothelium of
isolated pulmonary arteries were investigated. Ethanol
evoked hyperpolarization and biphasic increase in
[Ca2+]i in the endothelium due to both Ca2+ release
from intracellular stores and Ca2+ entry from extra-
cellular solution. These data allow endo- thelium-
dependent dilation of pulmonary artery evoked by
ethanol to be explained.

À.À.Bogomoletz Institute of Physiology
National Academy of Sciences of Ukraine, Kiev

ÑÏÈÑÎÊ Ë²ÒÅÐÀÒÓÐÈ

1. Criscione L., Powell J.R., Burdet R. et al. Alcohol
suppresses endothelium-dependent relaxation in rat
mesenteric vascular beds // Hypertension. � 1989. �
13. - P. 964-7.

2. Farago M., Szabo C., Horvath I. et al. Differential
vascular actions of ethanol in feline middle cerebral
and mesenteric artery // Acta. Physiol. Hung. �
1991. � 78. - P. 119-25.

3. Flesch M., Schwarz A., Bohm M. Effects of red
and white wine on endothelium-dependent vaso-
relaxation of rat aorta and human coronary arte-
ries // Amer. J. Physiol. � 1998. � 275. -
P. H1183-90.

4. Greenberg S.S., Xie J., Wang Y. et al. Ethanol relaxes
pulmonary artery by release of prostaglandin and
nitric oxide // Alcohol. � 1993. � 10. - P. 21-9.

5. Grynkiewicz G., Poenie M., Tsien R.Y. A new
generation of calcium indicators with greatly im-
proved fluorescent properties // J. Biol. Chem. -
1985. � 260. - P. 3440- 3450.

6. Hatake K., Wakabayashi I., Hishida S. Mechanism
of inhibitory action of ethanol on endothelium-
dependent relaxation in rat aorta // Eur.
J. Pharmacol. � 1993. � 20. - P. 441-444.

7. Lawrence R.N., Dunn W.R., Wilson V.G. Endo-
thelium-dependent relaxation in response to ethanol
in the porcine isolated pulmonary artery //
J. Pharm. Pharmacol. � 1998.  � 50. - P. 885-90.

8. Marchenko S.M., Sage S.O. Electrical properties
of resting and acetylcholine-stimulated endothe-
lium in intact rat aorta // J. Physiol. - 1993. -
462. - P. 735-751.

9. Marchenko S.M., Sage S.O. Mechanism of acetyl-
choline action on membrane potential of endo-
thelium of intact rat aorta // Amer. J. Physiol. -
1994. � 266. - P. H2388-H2395.

10. Marchenko S.M., Sage S.O. Calcium-activated
potassium channels in the endothelium of intact
rat aorta // J. Physiol. � 1996. � 492. - P. 53-60.

11. Usachev Y.M., Marchenko S.M., Sage S.O. Cyto-
solic calcium concentration in resting and stimu-
lated endothelium of excised intact rat aorta //
Ibid. - 1995. � 489. - P. 309-317.

12. Zhang A., Altura B.T., Altura B.M. Ethanol-
induced contraction of cerebral arteries in diverse
mammals and its mechanism of action // Eur.
J. Pharmacol. � 1993. � 248. - P. 229-36.

²í-ò ô³ç³îëîã³¿ ³ì.Î.Î.Áîãîìîëüöÿ ÍÀÍ
Óêðà¿íè, Êè¿â

Ìàòåð³àë íàä³éøîâ äî
ðåäàêö³¿ 4.03.2002


