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Âïëèâ àöåòèëõîë³íó òà àäåíîçèíòðèôîñôàòó íà
ìåìáðàííèé ïîòåíö³àë ³íòàêòíîãî åíäîòåë³þ àîðòè
ùóð³â çà óìîâ ñòàð³ííÿ

Èññëåäîâàíî èçìåíåíèå ýëåêòðè÷åñêèõ ðåàêöèé èíòàêòíîãî ýíäîòåëèÿ èçîëèðîâàííîé àîðòû
êðûñ â óñëîâèÿõ ñòàðåíèÿ. Ïîêàçàíî, ÷òî çíà÷åíèå ìåìáðàííîãî ïîòåíöèàëà ïîêîÿ ýíäîòåëèÿ
ó ñòàðûõ êðûñ (24 - 26 ìåñ) ñóùåñòâåííî âûøå, ÷åì ó æèâîòíûõ (6 ìåñ) êîíòðîëüíîé ãðóïïû.
Â îòâåòàõ íà àöåòèëõîëèí è àäåíîçèíòðèôîñôàò ó ñòàðûõ êðûñ íå íàáëþäàëîñü õàðàêòåðíîãî
äëÿ êîíòðîëüíîé ãðóïïû æèâîòíûõ  òèïè÷íîãî òå÷åíèÿ ðåàêöèé. Ïîòåðÿ òèïè÷íîñòè îòâåòîâ
íà àöåòèëõîëèí è ÀÒÔ ïðè ñòàðåíèè óêàçûâàþò íà íàðóøåíèå ñâÿçåé ìåæäó ýíäîòåëèàëüíûìè
êëåòêàìè, ÷òî ïðèâîäèò ê ôóíêöèîíàëüíîé êëàñòåðèçàöèè ïîñëåäíèõ. Ïîëó÷åííûå ðåçóëüòàòû
óêàçûâàþò íà âîçìîæíûé ìåõàíèçì ñíèæåíèÿ ïðîäóêöèè è âûñâîáîæäåíèÿ ìîùíîãî âàçî-
äèëàòàòîðà � îêñèäà àçîòà âñëåäñòâèå èçìåíåíèÿ ýëåêòðè÷åñêèõ ñâîéñòâ ýíäîòåëèÿ ïðè
ñòàðåíèè.

ÂÑÒÓÏ

Ñòàð³ííÿ âèêëèêàº íåçâîðîòí³ çì³íè â ñåðöåâî-
ñóäèíí³é ñèñòåì³, ³, â ïåðøó ÷åðãó, âîíè
ñòîñóþòüñÿ åíäîòåë³éçàëåæíî¿ ðåãóëÿö³¿ ñóäèí-
íîãî òîíóñó [3, 16]. Â³äîìî, ùî åíäîòåë³é-
çàëåæíå ðîçñëàáëåííÿ ïðè ä³¿ àöåòèëõîë³íó,
ÿêå ðåàë³çóºòüñÿ ÷åðåç ñèíòåç ³ âèâ³ëüíåííÿ
âàçîàêòèâíèõ ôàêòîð³â åíäîòåë³àëüíîãî ïî-
õîäæåííÿ, à ñàìå îêñèäó àçîòó (NO) òà åíäî-
òåë³àëüíîãî ôàêòîðà ã³ïåðïîëÿðèçàö³¿ (ÅÔÃ),
â ïðîöåñ³ ñòàð³ííÿ ñòàº ñóòòºâî ìåíøèì [2, 6,
11, 12, 19, 20]. Ïðèãí³÷åííÿ ç â³êîì åíäîòåë³é-
çàëåæíîãî ðîçñëàáëåííÿ ïðè ä³¿ àöåòèëõîë³íó
õàðàêòåðíå äëÿ ºìí³ñíèõ [10, 12, 13] ³ äëÿ
ðåçèñòèâíèõ [16] ñóäèí. Àíàëîã³÷íèé åôåêò
ïðèãí³÷åííÿ åíäîòåë³éçàëåæíîãî ðîçñëàáëåííÿ
çà óìîâ ñòàð³ííÿ õàðàêòåðíèé ³ ïðè ä³¿ òàêèõ
àãîí³ñò³â, ÿê àäåíîçèíòðèôîñôàò (ÀÒÔ) [11]
³ ã³ñòàì³í [17] .

Ïðîäóêö³ÿ îêñèäó àçîòó ïðè ä³¿ àöåòèë-
õîë³íó, ÀÒÔ, ã³ñòàì³íó, áðàäèê³í³íó çä³é-
ñíþºòüñÿ çà ó÷àñòþ êàëüö³éçàëåæíîãî ôåð-
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ìåíòó � åíäîòåë³àëüíî¿ NO-ñèíòàçè (eNOS).
Îñòàííÿ àêòèâóºòüñÿ ó ðàç³ ï³äâèùåííÿ âíóò-
ð³øíüîêë³òèííî¿ êîíöåíòðàö³¿ ³îí³â êàëüö³þ
[1, 23] âíàñë³äîê øâèäêîãî ¿õ âèâ³ëüíåííÿ ³ç
âíóòð³øíüîêë³òèííèõ äåïî, àêòèâàö³¿ êàëüö³é-
çàëåæíèõ êàë³ºâèõ êàíàë³â, ã³ïåðïîëÿðèçàö³¿
åíäîòåë³àëüíî¿ ìåìáðàíè ³ ïðèçâîäèòü äî çá³ëü-
øåííÿ âõ³äíîãî ïîòîêó Ñà2+ â åíäîòåë³îöèòè
[18]. Íèí³ ÷³òêî íå ç�ÿñîâàíî ìåõàí³çìè äåï-
ðåñ³¿ åíäîòåë³éçàëåæíîãî ðîçñëàáëåííÿ çà óìîâ
ñòàð³ííÿ. Îäíàê á³ëüø³ñòü àâòîð³â ñõèëÿþòüñÿ
äî äóìêè, ùî öåé ôåíîìåí ìîæå áóòè ðåçóëü-
òàòîì çìåíøåííÿ âèâ³ëüíåííÿ NO [5, 9] ³/
àáî çìåíøåííÿì àêòèâíîñò³ eNOS [7, 8]. Íå
âèêëþ÷åíî, ùî çìåíøåííÿ ïðîäóêö³¿ òà âè-
â³ëüíåííÿ NO º ðåçóëüòàòîì çì³í åëåêòðî-
ô³ç³îëîã³÷íèõ âëàñòèâîñòåé åíäîòåë³àëüíî¿ ìåì-
áðàíè.

Ìåòîþ íàøî¿ ðîáîòè áóëî äîñë³äèòè ìîæ-
ëèâ³  çì³íè äåÿêèõ åëåêòðè÷íèõ âëàñòèâîñòåé
åíäîòåë³þ ³çîëüîâàíî¿ àîðòè ùóð³â çà óìîâ
ñòàð³ííÿ.
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ÌÅÒÎÄÈÊÀ

Â åêñïåðèìåíòàõ áóëè âèêîðèñòàí³ ñàìö³ ùó-
ð³â ë³í³¿ Â³ñòàð-Ê³îòî â³êîì 6 ì³ñ (êîíòðîëü)
òà 24 � 26 ì³ñ (ñòàð³ òâàðèíè). Äîñë³äè ïðî-
âîäèëè íà ³íòàêòíîìó åíäîòåë³¿ ³çîëüîâàíîãî
â³ää³ëó ãðóäíî¿ àîðòè.

Ãðóäíèé â³ää³ë àîðòè íàð³çàëè íà ñåã-
ìåíòè äîâæèíîþ 3-4 ìì ³ çáåð³ãàëè ó ìîäèô³-
êîâàíîìó ðîç÷èí³ Êðåáñà íàñòóïíîãî ñêëàäó
(ììîëü/ë): NaCl � 118,3, NaHCO3 � 25,
KCl � 4,7, Na2HPO4 � 1,2, CaCl2 � 2,5,
MgSO4 . 7H2O � 1,2, ãëþêîçà � 11,1. Äî
ðîç÷èíó äîäàâàëè ãåíòàì³öèí � 50 ìêã/ìë.
Ìîäèô³êîâàíèé ðîç÷èí Êðåáñà àåðóâàëè ñó-
ì³øøþ ïîâ³òðÿ (95 %) òà ÑÎ2 (5 %). Ïåðåä
äîñë³äîì ñåãìåíò àîðòè ðîçð³çàëè âçäîâæ
³ çàêð³ïëþâàëè â êàìåð³ îá�ºìîì áëèçüêî
100 ìêë. Êàìåðó ïåðôóçóâàëè ðîç÷èíîì Êðåá-
ñà ç³ øâèäê³ñòþ 0,6 ìë/õâ.

Ìåìáðàííèé ïîòåíö³àë åíäîòåë³þ âèì³-
ðþâàëè ç âèêîðèñòàííÿì ìåòîäó ïåðôîðîâà-
íîãî patch-clamp ó ðåæèì³ ô³êñàö³¿ ñòðóìó
çà ìåòîäèêîþ, ÿêó áóëî îïèñàíî ðàí³øå [14,
15]. Ï³ïåòêè çàïîâíþâàëè ðîç÷èíîì, ùî ì³ñ-
òèâ (ììîëü/ìë): KCl � 149, NaCl �10, HE-
PES-KOH � 10 (ðÍ-7,3). Äîñë³äæåííÿ ïðî-
âîäèëè ïðè 20 � 24 Ñ°. Ó äîñë³äàõ áóëè
âèêîðèñòàí³ àöåòèëõîë³í òà ÀÒÔ ô³ðìè �Sig-
ma� (ÑØÀ).

Ñòàòèñòè÷íó îáðîáêó åêñïåðèìåíòàëüíèõ
ðåçóëüòàò³â ïðîâîäèëè çà äîïîìîãîþ ïðîãðà-
ìè �ORIGIN 6.0�.

ÐÅÇÓËÜÒÀÒÈ

Ïåðøî÷åðãîâî áóëî äîñë³äæåíî õàðàêòåðí³
çíà÷åííÿ ìåìáðàííîãî ïîòåíö³àëó íåñòèìóëü-
îâàíîãî ³íòàêòíîãî åíäîòåë³þ. Âèÿâèëîñÿ, ùî
äëÿ êîíòðîëüíî¿ ãðóïè òâàðèí çíà÷åííÿ ìåìá-
ðàííîãî ïîòåíö³àëó ñïîêîþ ñòàíîâèëî -39,5 �
-48,1 ìÂ, à ñåðåäíº çíà÷åííÿ -43,6 ìÂ ±
3,0 ìÂ (n=13). Äëÿ ñòàðèõ òâàðèí ö³ ïîêàçíè-
êè ñòàíîâèëè -46 � -15 ìÂ ³ -28 ìÂ ± 9 ìÂ
(n=23) â³äïîâ³äíî. Òîáòî, ñåðåäíº çíà÷åííÿ
ìåìáðàííîãî ïîòåíö³àëó ñïîêîþ ³íòàêòíîãî åí-
äîòåë³þ ñòàðèõ ùóð³â áóëî äîñòîâ³ðíî âèùèì,

í³æ ó ìîëîäèõ. Ñë³ä â³äì³òèòè, ùî íàâ³òü
ïðè ð³çíèõ ðåºñòðàö³ÿõ â³ä îäí³º¿ ñóäèííî¿
ñìóæêè ó ñòàðèõ òâàðèí çíà÷åííÿ ìåìáðàí-
íîãî ïîòåíö³àëó â³äð³çíÿëîñÿ äî 10 ìÂ, òîä³
ÿê ó ìîëîäèõ òâàðèí öåé ïîêàçíèê í³êîëè íå
ïåðåâèùóâàâ 4 ìÂ.

Íàñòóïíèì êðîêîì äîñë³äæåíü áóëî âèâ-
÷åííÿ åëåêòðè÷íèõ ðåàêö³é ³íòàêòíîãî åíäî-
òåë³þ íà òàê³ âàçîäèëàòàòîðè, ÿê àöåòèëõîë³í
(1 ìêìîëü/ë) ³ ÀÒÔ (100 ìêìîëü/ë). Åêñ-
ïåðèìåíòàëüí³ ðåçóëüòàòè ïîêàçàëè, ùî ó
êîíòðîëüí³é ãðóï³ òâàðèí àöåòèëõîë³í âèê-
ëèêàâ ó âñ³õ, áåç âèíÿòêó, ðåºñòðàö³ÿõ äâî-
ôàçíó â³äïîâ³äü (ðèñ. 1, à - â), ïî÷àòêîâîþ
ôàçîþ ÿêî¿ áóëà øâèäêà ã³ïåðïîëÿðèçàö³ÿ íà
22,0 ìÂ ± 3,2 ìÂ (n=5), ÿêà çì³íþâàëàñÿ íà
ïëàòî ã³ïåðïîëÿðèçàö³¿. Ó ñòàðèõ òâàðèí àöå-
òèëõîë³í òàêîæ âèêëèêàâ äâîôàçíó â³äïîâ³äü
(ðèñ.2, à - â). Ïåðøîþ ôàçîþ ðåàêö³¿ òàêîæ
áóëà øâèäêà ã³ïåðïîëÿðèçàö³ÿ íà 27 ìÂ ±
9 ìÂ (n=12), ïðîòå íàñòóïí³ ôàçè â³äïîâ³ä³
ìîãëè äåìîíñòðóâàòè ðîçâèòîê ïëàòî ã³ïåð-
ïîëÿðèçàö³¿ (n=6) ³ äåïîëÿðèçàö³þ åíäîòåë³-
àëüíî¿ ìåìáðàíè (n=6). Àëå îñîáëèâî ñë³ä
â³äì³òèòè, ùî òàê³ â³äì³ííîñò³ ó ðåàêö³ÿõ
ñïîñòåð³ãàëèñÿ íàâ³òü ïðè  ð³çíèõ ðåºñòðàö³-
ÿõ â³ä îäí³º¿ ñóäèííî¿ ñìóæêè. Ó êîíòðîëüí³é
ãðóï³ ðåàêö³ÿ íà ÀÒÔ òàêîæ ìàëà ïîä³áíî
äî àöåòèëõîë³íó ïî÷àòêîâîþ ôàçîþ øâèäêó
ã³ïåðïîëÿðèçàö³þ íà 9,9 ìÂ ± 1,9 ìÂ (n=5),
ï³ñëÿ ÿêî¿ ðîçâèâàëàñÿ äåïîëÿðèçàö³ÿ (äèâ.
ðèñ. 1, ã-å). Õî÷à â ñòàðèõ òâàðèí ÀÒÔ òà-
êîæ âèêëèêàâ ïî÷àòêîâó ã³ïåðïîëÿðèçàö³þ íà
22,6 ìÂ ± 5,6 ìÂ (n=12) ³ íàñòóïíîþ ôàçîþ
òàêîæ áóëà äåïîëÿðèçàö³ÿ (äèâ. ðèñ. 2, ã-å),
àëå ïåðåá³ã îñòàííüî¿ ñèëüíî â³äð³çíÿâñÿ ÿê
çà ê³íåòèêîþ, òàê ³ çà àìïë³òóäîþ íàâ³òü ïðè
ð³çíèõ ðåºñòðàö³ÿõ â³ä îäí³º¿ ñóäèííî¿ ñìóæ-
êè.

ÎÁÃÎÂÎÐÅÍÍß

Îòðèìàí³ ðåçóëüòàòè äåìîíñòðóþòü, ùî ìåì-
áðàííèé ïîòåíö³àë íåñòèìóëüîâàíîãî ³íòàêò-
íîãî åíäîòåë³þ ³çîëüîâàíîãî â³ää³ëó ãðóäíî¿
àîðòè ñòàðèõ ùóð³â º äîñòîâ³ðíî âèùèì. Éîãî
çíà÷åííÿ çì³íþþòüñÿ  â çíà÷íî øèðøîìó

Âïëèâ àöåòèëõîë³íó òà àäåíîçèíòðèôîñôàòó íà ìåìáðàííèé ïîòåíö³àë
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ÀÖÕ

ÀÖÕ
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ÀÒÔ

ÀÒÔ

ÀÒÔ

10 ìÂ10 ìÂ

1 õâ 1 õâ

-39,5 ìÂ

-44,7 ìÂ

-44,3 ìÂ

-48,1 ìÂ

-44,1 ìÂ

-46,2 ìÂ

à

á

â

ã

ä

å

ïîòåíö³àëó ãëàäåíüêîì�ÿçîâèõ êë³òèí ïðèçâå-
äóòü äî ï³äâèùåííÿ áàçàëüíîãî òîíóñó ñó-
äèí.

Îäíàê äóæå ö³êàâèì âèÿâèâñÿ òîé ôàêò,
ùî åëåêòðè÷í³ ðåàêö³¿ ³íòàêòíîãî åíäîòåë³þ
íà àöåòèëõîë³í òà ÀÒÔ ó ñòàðèõ ùóð³â íå
ìàëè òèïîâîãî ïåðåá³ãó íàâ³òü ïðè ð³çíèõ ðåº-
ñòðàö³ÿõ â³ä îäí³º¿ ñóäèííî¿ ñìóæêè, ³ âîä-
íî÷àñ äëÿ êîíòðîëüíèõ òâàðèí âñ³ ðåàêö³¿
áóëè îäíîòèïíèìè. Âçàãàë³, äëÿ ìîëîäèõ ³
äîðîñëèõ òâàðèí õàðàêòåðíà âèñîêà ñòàá³ëü-
í³ñòü ³ òèïîâ³ñòü åëåêòðè÷íèõ ðåàêö³é íà àöå-
òèëõîë³í òà ÀÒÔ [4, 14, 15]. Îòæå, ìîæíà
ñòâåðäæóâàòè, ùî åíäîòåë³é ñòàðèõ òâàðèí
ä³éñíî çì³íþº ñâî¿ ôóíêö³îíàëüí³ âëàñòèâîñò³.
Ä³éñíî, äëÿ ìîëîäèõ òâàðèí õàðàêòåðíà ïðî-
ñòîðîâî - ÷àñîâà ñèíõðîí³çàö³ÿ êàëüö³ºâîãî é

ä³àïàçîí³ ïîð³âíÿíî ç ðåçóëüòàòàìè êîíòðîëü-
íèõ òâàðèí. Ìåìáðàííèé ïîòåíö³àë ñïîêîþ
íå ìàº øèðîêîãî ä³àïàçîíó çíà÷åíü íå ëèøå
ó ìîëîäèõ ùóð³â [14], à é ó êðîë³â [4]. Âè-
õîäÿ÷è ³ç òîãî, ùî ïðîäóêö³ÿ îêcèäó àçî-
òó çàëåæèòü â³ä âíóòð³øíüîêë³òèííî¿ êîíöåí-
òðàö³¿  Ñà2+ òà ³ç çàëåæíîñò³ îñòàííüî¿ â³ä
çíà÷åííÿ ìåìáðàííîãî ïîòåíö³àëó åíäîòåë³þ,
ìîæíà ñêàçàòè, ùî áàçàëüíà ïðîäóêö³ÿ òà
âèâ³ëüíåííÿ NO áóäóòü ìåíøèìè ó ñòàðèõ
òâàðèí, í³æ ó ìîëîäèõ. Îêð³ì òîãî, ìåáðàí-
íèé ïîòåíö³àë åíäîòåë³þ ìîæå âïëèâàòè ÷å-
ðåç åëåêòðè÷íèé çâ�ÿçîê ì³æ åíäîòåë³ºì ³ ãëà-
äåíüêèìè ì�ÿçàìè íà çíà÷åííÿ ìåìáðàííîãî
ïîòåíö³àëó îñòàííüîãî, ï³äâèùóþ÷è éîãî çà
óìîâ ñòàð³ííÿ. Çìåíøåííÿ ïðîäóêö³¿ îêñèäó
àçîòó òà ï³äâèùåííÿ çíà÷åííÿ ìåìáðàííîãî

Ðèñ. 1. Â³äïîâ³äü ìåìáðàííîãî ïîòåíö³àëó ³íòàêòíîãî åíäîòåë³þ ³çîëüîâàíîãî â³ää³ëó ãðóäíî¿ àîðòè ùóð³â
êîíòðîëüíî¿ ãðóïè  (6 ì³ñ) íà 1 ìêìîëü/ë àöåòèëõîë³íó (à-â) òà 100 ìêìîëü/ë àäåíîçèíòðèôîñôàòó
(ã-å). Ðåàêö³¿ îòðèìàí³ ïðè ðåºñòðàö³ÿõ â³ä îäí³º¿ ñóäèííî¿ ñìóæêè ³ äåìîíñòðóþòü îäíîòèïí³ñòü â³äïî-
â³äåé.
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åëåêòðè÷íîãî ñèãíàëó [22]. Öÿ îñîáëèâ³ñòü
ñóäèííîãî åíäîòåë³þ çóìîâëåíà, â ïåðøó ÷åð-
ãó, åíäîòåë³é-åíäîòåë³àëüíèìè åëåêòðè÷íèìè
êîíòàêòàìè. Òàêèì ÷èíîì, åíäîòåë³é ÿâëÿº
ñîáîþ ñóö³ëüíèé ìîíîøàð, ÿêèé ôóíêö³îíóº
ÿê ºäèíèé îðãàí ³ òèïîâî â³äïîâ³äàº íà ð³çíî-
ìàí³òí³ ñòèìóëè. Âèõîäÿ÷è ³ç îòðèìàíèõ ðå-
çóëüòàò³â, ìîæíà âèñóíóòè ã³ïîòåçó ïðî òå,
ùî â ïðîöåñ³ ñòàð³ííÿ åíäîòåë³é-åíäîòåë³àëüí³
êîíòàêòè óøêîäæóþòüñÿ, àáî æ ÷àñòèíà åí-
äîòåë³þ ïåðåñòàº íîðìàëüíî ôóíêö³îíóâàòè.
Òîáòî, ôóíêö³îíàëüíî ôîðìóþòüñÿ êëàñòåðè

åíäîòåë³àëüíèõ êë³òèí, êîæåí ç ÿêèõ ³ äå-
ìîíñòðóâàâ ó íàøèõ åêñïåðèìåíòàõ ñïåöè-
ô³÷í³ ðåàêö³¿ íà àöåòèëõîë³í òà ÀÒÔ.

Âðàõîâóþ÷è ³ âèñîêå çíà÷åííÿ ìåìáðàí-
íîãî ïîòåíö³àëó ñïîêîþ ³íòàêòíîãî åíäîòåë³þ
àîðòè ùóð³â, ³ éîãî ìîæëèâó êëàñòåðèçàö³þ
çà óìîâ ñòàð³ííÿ, ìîæíà ñêàçàòè, ùî öå º
îäèí ³ç ìîæëèâèõ ìåõàí³çì³â äåïðåñ³¿ åíäî-
òåë³éçàëåæíîãî ðîçñëàáëåííÿ ïðè ä³¿ àöåòèë-
õîë³íó ÷è ÀÒÔ ó ñòàðèõ ùóð³â, ÿêèé íà-
ïðàâëåíèé íà çìåíøåííÿ ïðîäóêö³¿ [7, 8] ³
âèâ³ëüíåííÿ [5, 9, 21] îêñèäó àçîòó.

6

Ðèñ. 2. Ðåàêö³ÿ ìåìáðàííîãî ïîòåíö³àëó ³íòàêòíîãî åíäîòåë³þ ³çîëüîâàíîãî â³ää³ëó ãðóäíî¿ àîðòè ñòàðèõ
ùóð³â (24 � 26 ì³ñ) íà  1 ìêìîëü/ë àöåòèëõîë³íó (à-â) òà 100 ìêìîëü/ë àäåíîçèíòðèôîñôàòó (ã-å). Ðåàêö³¿
îòðèìàí³ ïðè ðåºñòðàö³ÿõ â³ä îäí³º¿ ñóäèííî¿ ñìóæêè ³ äåìîíñòðóþòü ïîðóøåííÿ îäíîòèïíîñò³ â³äïîâ³äåé
ÿê çà àìïë³òóäîþ, òàê ³ çà ê³íåòèêîþ.
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M.N. Tkachenko, V.V. Yarotsky,
S.M. Marchenko, V.F. Sagach

EFFECT OF ACETYLCHOLINE AND
ADENOSINE TRIPHOSPHATE ON
MEMBRANE POTENTIAL OF THE INTACT
ENDOTHELIUM OF RAT AORTA IN
AGING

Changes in the electric reactions of intact endothelium
of isolated rat aorta were studied in conditions of aging.
A value of resting membrane potential of endothelium
of old rats (24-26 mo) was significantly greater, than
in control group of animals (6 mo). In responses to
acetylcholine and ATP the old rats did not show a
typical course of reactions, which was peculiar to
control animals. Inability of old rats to produce a
typical response to acetylcholine and ATP may signify
a disturbance of links between endothelial cells, which
resulted in functional clusterization of the latter. The
data obtained suggest a possible mechanism of  decrease
in production and release of potent  vasodilator � nitric
oxide � due to changes that occur in the electric
properties of  endothelium in aging.

A.A. Bogomoletz Institute of Physiology National
Academy of Science of Ukraine, Kiev

ÑÏÈÑÎÊ Ë²ÒÅÐÀÒÓÐÈ

1. Ðåóòîâ Â.Ï., Ñîðîêèíà Å.Ã., Îõîòèí Â.Å., Êîñèöûí
Í.Ñ. Öèêëè÷åñêèå ïðåâðàùåíèÿ îêñèäà àçîòà â îðãà-
íèçìå ìëåêîïèòàþùèõ. � Ì.: Íàóêà, 1997. � 158 ñ.

2. Òêà÷åíêî Ì.Ì. Îêñèä àçîòó òà ñóäèííà ðåãóëÿ-
ö³ÿ // Æóðí. ÀÌÍ Óêðà¿íè. � 1997. � 3, ¹ 2. �
Ñ. 241-254.

3. Ôðîëüêèñ Â.Â., Áåçðóêîâ Â.Â., Êóëü÷èöêèé Î.Ê.
Ñòàðåíèå è ýêñïåðèìåíòàëüíàÿ ïàòîëîãèÿ ñåðäå÷íî-
ñîñóäèñòîé ñèñòåìû. � Ê.: Íàóê. äóìêà, 1994. � 248 ñ.

4. ßðîöüêèé Â.Â., Ñàãà÷ Â.Ô., Ìàð÷åíêî Ñ.Ì.
Åëåêòðè÷í³ âëàñòèâîñò³ ³íòàêòíîãî åíäîòåë³þ àîð-
òè êðîëÿ // Ô³ç³îë. æóðí. � 2001. � 47, ¹ 1. �
Ñ. 9-16.

5. Alvarez de Sotomayor M., Stoclet J.C., Andrian-
tsitohaina R. Effect of ageing on the endothelium-
dependent vasorelaxation induced by acetylcholine
in rat mesenteric arteries. - In: Endothelium-Deri-
ved Hyperpolarizing Factor / Ed. P.M.Vanhoutte. -
Harwood Academic Publishers, Amsterdam, 1999. -
P. 323-332.

6. Atkinson J., Tatchum-Talom R., Capdeville-Atkin-
son C. Reduction of endothelial function with age
in the mesenteric arterial bed of the normotensive
rat // Br. J. Pharmacol. � 1994. � 111, ¹ 4. �
P. 1184-1188.

7. Cernadas M.R, Sanchez de Miguel L., Garcia-Duran
M. et al. Expression of constitutive and inducible
nitric oxide synthases in the vascular wall of young
and aging rats // Circulat. Res. � 1998. � 83, ¹ 3. �
P. 279-286.

8. Chou T.C., Yen M.N., Li C.Y., Ding Y.A. Altera-
tions of nitric oxide synthase expression with aging
and hypertension in rats // Hypertension. � 1998. �
31, ¹ 2. � P. 643-648.

9. Dohi Y., LÜsñher T.F. Aging differentially affects
direct and indirect actions of endothelin-1 in perfu-
sed mesenteric arteries of the rat // Br. J. Phar-
macol. � 1990. � 100, ¹ 4. � P. 889-893.

10. Egashira K., Inou T., Hirooka Y. et al. Effects of
age on endothelium-dependent vasodilation of resistance
coronary artery by acetylcholine in humans // Cir-
culat. � 1993. � 88, ¹ 1. � P. 77-81.

11. Hongo K., Nakagomi T., Kassel N.F. et al.  Effects
of aging and hypertension on endothelium-depen-
dent vascular relaxation in rat carotid artery //
Stroke. � 1988. � 19, ¹ 7. � P. 892-897.

12. Koga T., Takata Y., Kobayashi K. et al. Ageing
supresses endothelium-dependent relaxation and
generates contraction mediated by the muscarinic
receptors in vascular smooth muscle of normo-
tensive Wistar-Kyoto and spontaneously hyper-
tensive rats // J. Hypertension. � 1988. � 6,
Suppl. 4. � P. S243-245.

13. KÜng C.N.F., LÜscher T.F. Different mechanisms
of endothelial dysfunction with aging and hyper-
tension in rat aorta // Hypertension. � 1995. �
25, ¹ 2. � P. 194-200.

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

15. 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, ¹ 5. � P. H2388-95.

16. Matz R.L., Schott C., Stoclet J.C., Andrian-
tsitohaina R. Age-related endothelial dysfunction
with respect to nitric oxide, endothelium-derived
hyperpolarizing factor and cyclooxygenase products
// Physiol. Res. � 2000. � 49, ¹ 1. � P. 11-18.

17. Moritoki H., Hosoki E., Ishida Y. Age-related
decrease in endothelium-dependent dilator response
to histamine in rat mesenteric artery // Eur. J.
Pharmacol. � 1986. � 126, ¹ 1-2. � P. 61-67.

18. Nilius B., Viana F., Droogmans G. Ion channels
in vascular endothelium // Annu. Rev. Physiol. �



8 ISSN 0201-8489    Ô³ç³îë. æóðí., 2002, Ò. 48, ¹ 3

1997. � 59, ¹ 2. �  P. 145-170.
19. Shimizu I., Toda N. Alterations with age of the

response to vasodilator agents in isolated mesenteric
arteries of the beagle // Br. J. Pharmacol. � 1986. �
89, ¹ 4. � P. 769-778.

20. Taddei S., Virdis A., Mattei P. et al. Aging and
endothelial function in normotensive subjects and
patients with essential hypertension // Circulat. �
1995. � 91, ¹ 7. � P. 1981-1987.

21. Tschudi M.R., Barton M., Bersinger N.A. et al.

Effect of age on kinetics of nitric oxide release in
rat aorta and pulmonary artery // J. Clin. Invest. �
1996. � 98, ¹ 4. � P. 899-905.

22. Usachev Y.M., Marchenko S.M., Sage S.O. Cyto-
solic calcium concentration in resting and stimu-
lated endothelium of excised intact rat aorta //
J. Physiol. � 1995. � 489, ¹ 2. � P. 309-317.

23. Vane J.R., Botting R.M. Control of the circulation by
vasoactive mediators from endothelial cells // J. Lipid
Mediat. Cell Signal. � 1994. � 9, ¹ 1. � P. 1-8.

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

Ìàòåð³àë íàä³éøîâ
äî ðåäàêö³¿ 15.04.2002

Âïëèâ àöåòèëõîë³íó òà àäåíîçèíòðèôîñôàòó íà ìåìáðàííèé ïîòåíö³àë


