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Äåÿê³ ìåõàí³çìè ðîçâèòêó åíäîòåë³àëüíî¿ äèñôóíêö³¿
ïðè ñòàð³íí³

Èçó÷åíà ñïîñîáíîñòü ýíäîòåëèÿ ê âûðàáîòêå âàçîàêòèâíûõ âåùåñòâ ó çäîðîâûõ ëþäåé ðàçíîãî
âîçðàñòà, à òàêæå â óñëîâèÿõ ýêñïåðèìåíòà �àêòèâíîñòü êîíñòèòóòèâíîé è èíäóöèáåëüíîé
NO-ñèíòàçû. Ó çäîðîâûõ ëþäåé 60�79 ëåò èññëåäîâàíà ñîñóäîäâèãàòåëüíàÿ ôóíêöèÿ ýíäîòåëèÿ,
ñîäåðæàíèè ýíäîòåëèíà-1, NO

2
, ïðîñòàöèêëèíà, òðîìáîêñàíà, ÷èñëî àäãåçèâíûõ ìîëåêóë è

óðîâåíü èíãèáèòîðà òêàíåâîãî àêòèâàòîðà ïëàçìèíîãåíà, Òàêæå èçó÷àëè àêòèâíîñòü ýíäî-
òåëèàëüíîé è èíäóöèáåëüíîé NO-ñèíòàç â òêàíè ìèîêàðäà è àîðòû çäîðîâûõ êðûñ ðàçíîãî
âîçðàñòà. Ïîêàçàíî, ÷òî ïðè ñòàðåíèè óìåíüøàåòñÿ âûðàáîòêà ýíäîòåëèåì ôàêòîðîâ ðåëàê-
ñàöèè � îêñèäà àçîòà è ïðîñòàöèêëèíà. Âàæíûì ìåõàíèçìîì íàðóøåíèÿ NO-ñèíòåçèðóþùåé
ôóíêöèè ýíäîòåëèÿ ÿâëÿåòñÿ ñíèæåíèå àêòèâíîñòè ýíäîòåëèàëüíîé NOS. Ïðè ýòîì ñèíòåç
ýíäîòåëèàëüíûõ âàçîêîíòðèêòîðîâ ñ âîçðàñòîì óâåëè÷èâàåòñÿ, ÷òî íà ôîíå ñíèæåíèÿ âûðà-
áîòêè âàçîäèëàòàòîðíûõ ñóáñòàíöèé ïðèâîäèò ê íàðóøåíèþ çàùèòíûõ ñâîéñòâ ýíäîòåëèÿ.
Î âîçðàñòíîì íàðóøåíèè ïðîòèâîâîñïàëèòåëüíîé è àíòèòðîìáîòè÷åñêîé àêòèâíîñòè ýíäî-
òåëèÿ ñâèäåòåëüñòâóåò ïîâûøåíèå òèòðà àäãåçèâíûõ ìîëåêóë è èíãèáèòîðà òêàíåâîãî
àêòèâàòîðà ïëàçìèíîãåíà.

ÂÑÒÓÏ

Çã³äíî ç êëàñè÷íèì âèçíà÷åííÿì åíäîòåë³é �
øàð º ñïëîùåíèõ êë³òèí, ùî âèíèêàþòü ³ç
ìåçåíõ³ìè òà ïîêðèâàþòü çñåðåäèíè ñóäèíè
[2]. Íèí³ ç�ÿñîâàíî, ùî åíäîòåë³é ìàº ñóäè-
íîðóõîâ³, àíòèêîàãóëÿíòí³, òðîìáîë³òè÷í³,
ïðîòèçàïàëüí³, àíòèîêñèäàíòí³ òà àíòè-
ïðîë³ôåðàòèâí³ âëàñòèâîñò³ [2, 4, 8]. Ïîðó-
øåííÿ çàõèñíèõ âëàñòèâîñòåé åíäîòåë³þ
çíà÷íî ï³äâèùóº ðèçèê ðîçâèòêó ñóäèííî¿
ïàòîëîã³¿ òà â³ä³ãðàº íàäçâè÷àéíî âåëèêó
ðîëü ó ðîçâèòêó àòåðîñêëåðîòè÷íèõ çì³í
ñóäèííî¿ ñò³íêè, ðåìîäåëþâàíí³ ñóäèí,
àíã³îãåíåç³ [10, 13, 16].

Âèõîäÿ÷è ç ð³çíîìàí³òíîñò³ òà çíà÷ó-
ùîñò³ åíäîòåë³àëüíèõ ôóíêö³é, ¿õ ïîðóøåííÿ
âïëèâàº íå ò³ëüêè íà ñòàí ñóäèííî¿ ñò³íêè,
àëå é íà æèòòºä³ÿëüí³ñòü îðãàí³çìó â ö³ëîìó.
Â ñâîþ ÷åðãó, ôóíêö³îíàëüíèé ñòàí åíäî-
òåë³þ çíà÷íîþ ì³ðîþ âèçíà÷àºòüñÿ çì³íàìè,
ùî â³äáóâàþòüñÿ â îðãàí³çì³ ïðè ñòàð³íí³.

Çà äàíèìè ìîðôîëîã³÷íèõ äîñë³äæåíü
[15] ó çäîðîâèõ ëþäåé, ÿêèì á³ëüøå í³æ 60
ðîê³â, ñïîñòåð³ãàºòüñÿ ãåòåðîõðîìí³ñòü
ÿäåð åíäîòåë³îöèò³â, çá³äíåííÿ ðèáîñîìà-
ìè, ùî âêàçóº íà ïîðóøåííÿ á³ëîêñèíòå-
çóþ÷î¿ ôóíêö³¿ êë³òèí. Â³äáóâàþòüñÿ çì³íè
ó ñòðóêòóð³ ì³òîõîíäð³é ó âèãëÿä³ íàáóõàííÿ,
ðóéíóâàííÿ êðèñò, ùî ìîæå ñâ³ä÷èòè ïðî
çì³íè åíåðãåòè÷íîãî îáì³íó êë³òèí. Çá³ëü-
øóºòüñÿ ê³ëüê³ñòü ïåðâèííèõ ³ âòîðèííèõ
ë³çîñîì. Ö³ ìîðôîëîã³÷í³ çì³íè º îçíàêàìè
ôóíêö³îíàëüíî¿ íåñïðîìîæíîñò³ åíäîòåë³î-
öèò³â, ùî ï³äòâåðäæóþòü äàí³ åêñïåðè-
ìåíòàëüíèõ [5, 7, 13] ³ êë³í³÷íèõ äîñë³äæåíü
[1, 7, 9], ÿê³ ñâ³ä÷àòü ïðî çàëåæíå â³ä â³êó
ïîðóøåííÿ ñóäèíîðóõîâî¿, àíòèòðîìáîòè÷-
íî¿, àíòèîêñèäàíòíî¿, ïðîòèçàïàëüíî¿ àêòèâ-
íîñò³ åíäîòåë³þ. Âñå öå ñïðèÿº ðîçâèòêó
ñóäèííî¿ ïàòîëîã³¿ â îñ³á ïîõèëîãî â³êó [2, 8].

Á³ëüø³ñòü ôóíêö³é çä³éñíþºòüñÿ åíäîòå-
ë³ºì çà äîïîìîãîþ ñèíòåçó åíäîòåë³àëüíèõ
âàçîàêòèâíèõ ðå÷îâèí � åíäîòåë³àëüíîãî
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ðåëàêñóþ÷îãî ôàêòîðà, ïðîñòàãëàíäèí³â,
òðîìáîêñàí³â, åíäîòåë³í³â òà ö³ëî¿ íèçêè ³í-
øèõ ñóáñòàíö³é. Ñàìå ïîðóøåííÿ àäåêâàò-
íîãî âèðîáëåííÿ åíäîòåë³ºì âàçîàêòèâíèõ
ðå÷îâèí ìîæå áóòè îäíèì ³ç ìåõàí³çì³â
ðîçâèòêó åíäîòåë³àëüíî¿ äèñôóíêö³¿ ïðè
ñòàð³íí³.

Ìåòà íàøîãî äîñë³äæåííÿ � âèâ÷èòè
ñèíòåçóþ÷ó àêòèâí³ñòü åíäîòåë³þ ó çäîðî-
âèõ ëþäåé ð³çíîãî â³êó òà îáãîâîðèòè
ìîæëèâ³ ìåõàí³çìè ïîðóøåííÿ éîãî NO-
ñèíòåçóþ÷î¿ ôóíêö³¿ ïðè ñòàð³íí³.

ÌÅÒÎÄÈÊÀ

Áóëî îáñòåæåíî äâ³ ãðóïè (ïî 30 îñ³á) çäî-
ðîâèõ îñ³á ð³çíîãî â³êó: ² ãðóïà � 60�79
ðîê³â, ²² ãðóïà � 20�29 ðîê³â. Çäîðîâèìè
áóëè âèçíàí³ îñîáè, ó ÿêèõ çà äàíèìè
êë³í³÷íèõ ³ ëàáîðàòîðíèõ äîñë³äæåíü íå áóëî
âèÿâëåíî îçíàê ãîñòðèõ ÷è õðîí³÷íèõ çàõ-
âîðþâàíü.

Ôóíêö³îíàëüíèé ñòàí åíäîòåë³þ âèçíà-
÷àëè çà äîïîìîãîþ ðîçðîáëåíî¿ íàìè ìå-
òîäèêè (Ïàòåíò UA 2001074888). Îö³íþ-
âàëè ïðèð³ñò îá�ºìíî¿ øâèäêîñò³ êðîâîòîêó
øê³ðè íà  ïåðåäïë³÷÷³ ïðè ðîçâèòêó åíäîòåë³é-
çàëåæíî¿ ñóäèííî¿ ðåàêö³¿ � ðåàêòèâíî¿
ã³ïåðåì³¿. Îñòàííþ ñòâîðþâàëè ñòèñíåííÿì
ñóäèí ïëå÷à ïðîòÿãîì 3 õâ; òèñê ó ìàíæåò³
áóâ íà 50 ìì ðò.ñò. âèùèì çà ñèñòîë³÷íèé
àðòåð³àëüíèé òèñê. Äîñë³äæåííÿ êðîâîòîêó
âèêîíóâàëè ìåòîäîì ëàçåðíî¿ äîïïëåð³â-
ñüêî¿ ôëîóìåòð³¿ íà äâîêàíàëüíîìó ëàçåð-
íîìó ôëîóìåòð³ Ò206 �Transonik� (ÑØÀ).

Âì³ñò ñòàá³ëüíîãî ìåòàáîë³òó îêñèäó
àçîòó (NO

2
-) âèçíà÷àëè çà äîïîìîãîþ

ðåàêòèâà Ãð³ñà [6], à åíäîòåë³íó � ³ìóíî-
ôåðìåíòíèì ìåòîäîì çà äîïîìîãîþ íàáîðó
ðåàêòèâ³â Endotelin-1 Ðeninsula Laboratories
INC (ÑØÀ). Êîíöåíòðàö³þ ïðîñòàöèêë³íó
òà òðîìáîêñàíó âèçíà÷àëè ³ìóíîôåð-
ìåíòíèì ìåòîäîì çà äîïîìîãîþ íàáîð³â
ðåàêòèâ³â Tromboxane B

2
 ³ 6-keto-Prostag-

landin F RD Systems (ÑØÀ). ×èñëî ñóäèí-
íèõ àäãåçèâíèõ ìîëåêóë äîñë³äæóâàëè

³ìóíîôåðìåíòíèì ìåòîäîì çà äîïîìîãîþ
íàáîðó ðåàêòèâ³â sP-selectin («Bender
MedSys», Àâñòð³ÿ). Âì³ñò ³íã³á³òîðà òêàíèí-
íîãî àêòèâàòîðà ïëàçì³íîãåíó âèçíà÷àëè
³ìóíîôåðìåíòíèì ìåòîäîì çà äîïîìîãîþ
íàáîðó ðåàêòèâ³â PAI-1 (�Biopol�, Øâåö³ÿ).

Ç ìåòîþ âèâ÷åííÿ çàëåæíèõ â³ä â³êó
ìåõàí³çì³â çíèæåííÿ ñèíòåçó NO, â äîñë³ä-
æåííÿ áóëî âêëþ÷åíî åêñïåðèìåíòàëüíó
÷àñòèíó. Â ãîìîãåíàòàõ ñåðöÿ, àîðòè, à
òàêîæ ó ïëàçì³ êðîâ³ òà åðèòðîöèòàõ
äîðîñëèõ (â³êîì 6�8 ì³ñ) ³ ñòàðèõ (24�26
ì³ñ) ùóð³â âèçíà÷àëè âì³ñò ñòàá³ëüíèõ
ìåòàáîë³ò³â NO: í³òðèò-(NO

2
-) ³ í³òðàò-

àí³îí³â (NO
3

-) òà àêòèâí³ñòü êàëüö³éíåçà-
ëåæíî¿ ³íäóöèáåëüíî¿ (iNOS) ³ êàëüö³éçà-
ëåæíî¿ êîíñòèòóòèâíî¿ (cNOS) NO-ñèíòàç.
Âì³ñò í³òðèò-àí³îíà (NO

2
-) âèçíà÷àëè â

áåçá³ëêîâèõ íàäîñàäîâèõ àë³êâîòàõ ï³ñëÿ
âèçíà÷åííÿ àêòèâíîñò³ NO-ñèíòàçè àáî â
áåçá³ëêîâèõ ðîç÷èíàõ ãîìîãåíàò³â òêàíèí
êë³òèí ó êîëîðèìåòðè÷í³é ðåàêö³¿ çà äîïî-
ìîãîþ ðåàêòèâó Ãð³ñà [6].  Âì³ñò NO

3
-

âèçíà÷àëè â ãîìîãåíàòàõ òêàíèí ñïåêòðîôî-
òîìåòðè÷íèì ìåòîäîì. Àêòèâí³ñòü NO-
ñèíòàç âèâ÷àëè çà äîïîìîãîþ ðåºñòðàö³¿
øâèäêîñò³ óòâîðåííÿ ïðîäóêò³â ïåðåòâîðåí-
íÿ L-àðã³í³íó ìåòîäîì ñïåêòðîôîòîìåòð³¿
[3, 18, 19]. Ñòàòèñòè÷íó îáðîáêó ðåçóëü-
òàò³â çä³éñíþâàëè çà äîïîìîãîþ êîìï�þ-
òåðíèõ ïðîãðàì EXEL òà Statistica 6.0.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ̄ Õ ÎÁÃÎÂÎÐÅÍÍß

Ðåçóëüòàòè äîñë³äæåííÿ ïîêàçàëè, ùî â
îñ³á ñòàðøèõ çà 60 ðîê³â ïîð³âíÿíî ç
ìîëîäøîþ ãðóïîþ çíèæóºòüñÿ ïðèð³ñò
îá�ºìíî¿ øâèäêîñò³ êðîâîòîêó øê³ðè ó
â³äïîâ³äü íà ñòâîðåííÿ ðåàêòèâíî¿ ã³ïåðåì³¿,
ïîäîâæóºòüñÿ ëàòåíòíèé ïåð³îä ðåàêö³¿ òà
çìåíøóºòüñÿ ¿¿ òðèâàë³ñòü (òàáë. 1).

Íàâåäåí³ ðåçóëüòàòè ñâ³ä÷àòü ïðî ïîðó-
øåííÿ ñóäèíîðóõîâ³ ôóíêö³¿ åíäîòåë³þ â îñ³á
ñòàðøèõ çà 60 ðîê³â, ùî ìîæå áóòè ïîâ�ÿ-
çàíå ³ç çàëåæíèì â³ä â³êó ïîã³ðøåííÿì éîãî
ñèíòåçóþ÷î¿ ôóíêö³¿. Ï³äòâåðäæåííÿ öüîìó
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ïðèïóùåííþ ìè çíàõîäèìî, àíàë³çóþ÷è
âì³ñò åíäîòåë³àëüíèõ âàçîàêòèâíèõ ðå÷îâèí
ó ïëàçì³ êðîâ³ çäîðîâèõ ëþäåé ð³çíîãî â³êó.
Ç â³êîì ó êðîâ³ ñïîñòåð³ãàºòüñÿ â³ðîã³äíå çíè-
æåííÿ âì³ñòó åíäîòåë³àëüíîãî ðåëàêñóþ÷î-
ãî ôàêòîðà òà ïðîñòàöèêë³íó, à âì³ñò åíäîòå-
ë³íó-1 òà òðîìáîêñàíó � çá³ëüøóºòüñÿ (òàáë. 2).

Óêàçàí³ çì³íè ñï³ââ³äíîøåííÿ åíäîòå-
ë³àëüíèõ âàçîàêòèâíèõ ðå÷îâèí çóìîâëþ-
þòü ïîðóøåííÿ íå ò³ëüêè âàçîäèëàòàòîðíî¿,
àëå é ö³ëî¿ íèçêè ³íøèõ âëàñòèâîñòåé
åíäîòåë³þ. Â ïåðøó ÷åðãó, öå ñòîñóºòüñÿ
îêñèäó àçîòó, ÿêèé âèêîíóº áàãàòî ³íøèõ
âàæëèâèõ ôóíêö³é: ìîäóëþº âèâ³ëüíåííÿ
âàçîàêòèâíèõ ìåä³àòîð³â, ³íã³áóº àäãåç³þ
ëåéêîöèò³â (ïðèãí³÷óº åêñïðåñ³þ VCAM,
ICAM, Å-ñåëåêòèíó, çíèæóº ñòàá³ëüí³ñòü
ìÐÍÊ-ìîíîöèòàðíîãî õåìîòàêñè÷íîãî
ôàêòîðà) [4, 9, 14]. Â³í òàêîæ áåðå ó÷àñòü
ó ðåãóëÿö³¿ ðåìîäåëþâàííÿ ñóäèííî¿ ñò³íêè,
ïðèãí³÷óº åêñïðåñ³þ ïðîçàïàëüíèõ ãåí³â,
àäãåç³þ òà àãðåãàö³þ òðîìáîöèò³â, ³íã³áóº
ì³ãðàö³þ òà ïðîë³ôåðàö³þ êë³òèí ãëàäåíüêèõ
ì�ÿç³â [14, 17]. Ó ñåðöåâîìó ì�ÿç³ îêñèä

àçîòó áåðå ó÷àñòü ó ðåãóëÿö³¿ ñêîðîòëèâî¿
àêòèâíîñò³ ì³îêàðäà [2].

Ñèñòåìà ñèíòåçó òà âèâ³ëüíåííÿ NO
åíäîòåë³ºì øâèäêî ðåàãóº íà ïîäðàçíèêè ³
ïåðøîþ ðåàêö³ºþ íà íåàäåêâàòíå ï³äâè-
ùåííÿ ñóäèííîãî òîíóñó ñòàº çá³ëüøåííÿ
éîãî ñèíòåçó. Ó êðîâ³ îñ³á â³êîì â³ä 60 äî
79 ðîê³â çìåíøóºòüñÿ âì³ñò ìåòàáîë³òó NO
í³òðèò-àí³îíó (òàáë. 2). Öå ìîæå ãîâîðèòè
ïðî ïîã³ðøåííÿ ðåçåðâíèõ ìîæëèâîñòåé
åíäîòåë³îöèò³â ÿê âíàñë³äîê ¿õ ïîøêîä-
æåííÿ, òàê ³ ìîæëèâîãî âèñíàæåííÿ ï³ñëÿ
òðèâàëîãî âïëèâó ñïîëóê, ÿê³ ñòèìóëþþòü
ñèíòåç NO � êàòåõîëàì³í³â, àöåòèëõîë³íó,
áðàäèê³í³íó, âàçîïðåñèíó òà ³íøèõ á³îëîã³÷íî
àêòèâíèõ ðå÷îâèí.

Ñóòòºâîþ ïðè÷èíîþ çíèæåííÿ ñèíòåçó
îêñèäó àçîòó ìîæå áóòè çíèæåííÿ àêòèâ-
íîñò³ åíäîòåë³àëüíî¿ NO-ñèíòàçè.

Öå ï³äòâåðäæóþòü ðåçóëüòàòè åêñïåðè-
ìåíòàëüíèõ äîñë³äæåíü �âèçíà÷åííÿ àêòèâ-
íîñò³ êîíñòèòóòèâíî¿ òà ³íäóöèáåëüíî¿ NO-
ñèíòàç ó òêàíèíàõ ñåðöÿ ³ ñóäèí ó ùóð³â
ð³çíîãî â³êó (òàáë. 3).

Î.Â. Êîðêóøêî, Â.Ô. Ñàãà÷, Â.Þ. Ë³øíåâñüêà

Òàáëèöÿ 1. Çì³íè îá�ºìíî¿ øâèäêîñò³ êðîâîòîêó ó ïðàêòè÷íî çäîðîâèõ ëþäåé ð³çíîãî â³êó ïðè ïðîâåäåíí³
ïðîáè ç ðåàêòèâíîþ ã³ïåðåì³ºþ

     Ïîêàçíèê                                    Ãðóïè îáñòåæåíèõ

 20�29 ðîê³â 60�79 ðîê³â

Îá�ºìíà øâèäê³ñòü, ìë/õâ .  100 ã òêàíèíè
     âèõ³äíà 2,4±0,12 1,6±0,13*
     íà ï³êó ã³ïåðåì³¿ 6,5±0,23 5,21±0,13*

×àñ äîñÿãíåííÿ ìàêñèìóìó ðåàêö³¿, ñ 5,51±0,22 6,50±0,34*

×àñ â³äíîâëåííÿ ïîêàçíèê³â, ñ 109,5±4,4 98,5±2,1

* Ð<0,05.

Òàáëèöÿ 2. Â³êîâ³ ðîçá³æíîñò³ ð³âíÿ îêðåìèõ âàçîàêòèâíèõ ñóáñòàíö³é, ùî ñèíòåçóþòüñÿ åíäîòåë³ºì

     Ïîêàçíèê                                 Ãðóïè îáñòåæåíèõ

20�29 ðîê³â 60�79 ðîê³â

Åíäîòåë³í-1, ïìîëü/ë 5,6±0,4 10,2±1,1*

NO
2
-, íìîëü/ë 16,5±1,3 8,4±0,8*

6-êåòîïðîñòàãëàíäèí F
1α, 

ììîëü/ë 218,2±7,1 118,2±7,2**

Òðîìáîêñàí Â
2, 

ììîëü/ë 146,6±6,3 168,6±5,5*

Â³äíîøåííÿ 6-êåòîïðîñòàãëàíäèíó F
1α äî

òðîìáîêñàíó Â
2,
, óì.îä. 1,49±0,04 0,70±0,02**

* Ð<0,005; ** P<0,01.
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ßê âèäíî ç ðåçóëüòàò³â, ïðåäñòàâëåíèõ
ó òàáë. 3, ó òêàíèíàõ ñåðöÿ, àîðòè òà â
ïëàçì³ ñòàðèõ òâàðèí âì³ñò ìåòàáîë³òó
îêñèäó àçîòó � í³òðèò-àí³îíà ñóòòºâî
íèæ÷èé ïîð³âíÿíî ç³ çíà÷åííÿìè ó äîðîñëèõ
ùóð³â. Öå ìîæå áóòè ðåçóëüòàòîì ïðèã-
í³÷åííÿ àêòèâíîñò³ êîíñòèòóòèâíî¿ êàëüö³é-
çàëåæíî¿ NO-ñèíòàçè, àêòèâí³ñòü ÿêî¿
íàéá³ëüø ³ñòîòíî áóëà çíèæåíîþ â àîðò³.

Âîäíî÷àñ àêòèâí³ñòü ³íäóöèáåëüíî¿ NO-
ñèíòàçè, ÿêà àêòèâóºòüñÿ ïðè ä³¿ ïàòîãåííèõ
ôàêòîð³â, áóëà â àîðò³ ñòàðèõ òâàðèí çíà÷íî
âèùîþ. Îñòàííº äîçâîëÿº ãîâîðèòè ïðî
ìîæëèâ³ñòü çíà÷íîãî ï³äâèùåííÿ ð³âíÿ
ñèíòåçó NO âíàñë³äîê àêòèâàö³¿ ³íäóöè-
áåëüíî¿ NOS. ßê â³äîìî, âåëèê³ êîíöåíòðàö³¿
NO  ìîæóòü ïðèçâîäèòè äî àêòèâàö³¿
â³ëüíîðàäèêàëüíîãî îêèñíåííÿ òà çàïàëüíèõ
ðåàêö³é, ïðèãí³÷åííÿ äèõàëüíèõ ôåðìåíò³â
ì³òîõîíäð³é ³ ðîçìíîæåííÿ êë³òèí. Ðåàãóþ÷è
ç ñóïåðîêñèäíèì ðàäèêàëîì NO óòâîðþº
ïåðîêñèí³òðèò, ÿêèé âíàñë³äîê âèñîêî¿
òîêñè÷íîñò³ ìîæå âèêëèêàòè ïîøêîäæåííÿ
ÄÍÊ ³ ìóòàö³¿ â êë³òèíàõ [11]. Ïðè âèñîêèõ
êîíöåíòðàö³ÿõ ïåðîêñèí³òðèò º äóæå òîêñè÷-
íèì, ³íäóêóº àïîïòîç, ïîðóøóº ôóíêö³îíó-
âàííÿ ñèñòåìè ïðîñòàöèêë³íñèíòåòàçè,
âèêëèêàº ôðàãìåíòàö³þ á³ëê³â, ³íäóêóº
îêèñíåííÿ ë³ïîïðîòå¿ä³â íèçüêî¿ ù³ëüíîñò³.

Ñë³ä â³äçíà÷èòè, ùî ñóäèíîðóõîâ³ âëàñ-
òèâîñò³ åíäîòåë³þ çàëåæàòü íå ò³ëüêè â³ä

âì³ñòó îêñèäó àçîòó, àëå é â³ä ³íøèõ
ôàêòîð³â, çîêðåìà êîíöåíòðàö³¿ ïðîñòàöèê-
ë³íó. Ïðîñòàöèêë³í � ïðîäóêò ìåòàáîë³çìó
àðàõ³äîíîâî¿ êèñëîòè, ìàº âàçîäèëàòóþ÷ó,
àíòèàãðåãàíòíó òà öèòîïðîòåêòîðíó àêòèâ-
í³ñòü. Â³í çäàòíèé çìåíøóâàòè ðîçì³ð
ïîøêîäæåííÿ ïðè åêñïåðèìåíòàëüíîìó
³íôàðêò³ ì³îêàðäà òà ïðîÿâè ðåïåðôóç³éíèõ
àðèòì³é [2, 13]. Ïðîñòàöèêë³í íå â³ä³ãðàº
çíà÷íî¿ ðîë³ â ï³äòðèìö³ ð³âíÿ àðòåð³àëüíîãî
òèñêó ³ íàáàãàòî ìåíøå çà îêñèä àçîòó
âïëèâàº íà òîíóñ ñóäèí, îäíàê ó êîðîíàðíèõ
ñóäèíàõ â³í ìîæå ïîñèëþâàòè åôåêò îêñèäó
àçîòó ³ ñòèìóëþâàòè éîãî âèâ³ëüíåííÿ ³ç
åíäîòåë³îöèò³â. Éîìó ïðèòàìàííà òàêîæ
àíòèàãðåãàíòíà ä³ÿ [10]. Îòðèìàí³ íàìè
ðåçóëüòàòè ïðî â³êîâå çíèæåííÿ âì³ñòó
ïðîñòàöèêë³íó (äèâ.òàáë. 2) íàâîäÿòü íà
äóìêó ïðî ïîðóøåííÿ çàõèñíî¿ ôóíêö³¿
åíäîòåë³þ ïðè ñòàð³íí³.

Òàêèì ÷èíîì, ó ñòàð³þ÷îìó îðãàí³çì³
åíäîòåë³é âòðà÷àº çäàòí³ñòü äî ñèíòåçó
âàçîäèëàòóþ÷èõ ñóáñòàíö³é ó íåîáõ³äí³é
ê³ëüêîñò³. Ó òîé ÷àñ, ÿê çãàäóâàëîñÿ ðàí³øå,
âì³ñò ñïîëóê ç âàçîêîíñòðèêòîðíèìè âëàñ-
òèâîñòÿìè (åíäîòåë³í, òðîìáîêñàí) íå
ò³ëüêè íå çíèæóºòüñÿ, à íàâïàêè çá³ëüøó-
ºòüñÿ.

Âðàõîâóþ÷è, ùî åíäîòåë³í-1 ³ òðîìáîê-
ñàí À2

 âèêëèêàþòü âàçîêîíñòðèêö³þ, àêòè-
âàö³þ â³ëüíîðàäèêàëüíîãî îêèñíåííÿ,

Äåÿê³ ìåõàí³çìè ðîçâèòêó åíäîòåë³àëüíî¿ äèñôóíêö³¿

Òàáëèöÿ 3. Âì³ñò ñòàá³ëüíîãî ìåòàáîë³òó NO, àêòèâí³ñòü ³íäóöèáåëüíî¿ (iNOS) ³ êîíñòèòóòèâíî³ (ñNOS)
NO-ñèíòàç ó ãîìîãåíàòàõ ñåðöÿ, àîðòè, à òàêîæ ó ïëàçì³ êðîâ³ äîðîñëèõ ³ ñòàðèõ ùóð³â

   Ïîêàçíèê Äîðîñë³ ùóðè (6�8 ì³ñ) Ñòàð³ ùóðè (21�24 ì³ñ)

cNOS
      ó ì³îêàðä³ 56,2±6,2 12,9±2,5**
      â àîðò³ 329,9±34,2 58,7±3,5**
      ó ïëàçì³ 2,15±0,26 2,26±0,38
      â åðèòðîöèòàõ 0,95±0,16 1,1±0,18

iNOS
      ó ì³îêàðä³ 27,2±3,9 19,2±2,7
      â àîðò³ 80,2±3,8 511,5±9,5*

NO
2

      ó ì³îêàðä³ 502,22±35,78 200,19±33,46*
      ó àîðò³ 278,22±35,83 151,34±18,28*

* Ð<0,005; ** P<0,01.
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àäãåç³þ òà àãðåãàö³þ íà ïîâåðõí³ åíäîòåë³þ
òðîìáîöèò³â, ëåéêîöèò³â, ñòèìóëÿö³þ ïðîë³-
ôåðàö³¿ ãëàäåíüêèõ ì�ÿç³â ñóäèííî¿ ñò³íêè
[9, 12], çðóøåííÿ áàëàíñó ì³æ âàçîàê-
òèâíèìè ñïîëóêàìè åíäîòåë³àëüíîãî ïîõîä-
æåííÿ â á³ê åíäîòåë³íó-1 òà òðîìáîêñàíó
ðîáèòü åíäîòåë³é á³ëüø ÷óòëèâèì äî âïëèâó
ïîøêîäæóâàëüíèõ ôàêòîð³â, ùî ñïðèÿº àêòè-
âàö³¿ â ñóäèíí³é ñò³íö³ çàïàëüíèõ ïðîöåñ³â.

Ï³äòâåðäæåííÿì îñòàííüîãî º ï³äâèùå-
íèé ð³âåíü ó êðîâ³ îñ³á ïîõèëîãî â³êó
àäãåçèâíèõ ìîëåêóë Ð-ñåëåêòèíó òà sVCAM
(òàáë. 4).  Ï³äâèùåíèé òèòð óêàçàíèõ
ìîëåêóë äîçâîëÿº ãîâîðèòè ïðî ñõèëüí³ñòü
ëåéêîöèò³â ³ òðîìáîöèò³â äî àäãåç³¿ íà
åíäîòåë³é, âèñîêó éìîâ³ðí³ñòü óòâîðåííÿ
ëåéêîöèòàðíî-òðîìáîöèòàðíèõ àãðåãàò³â,
ùî ìîæå ñóïðîâîäæóâàòèñÿ òàêîæ ³ âíóò-
ð³øíüîñóäèííèì òðîìáîóòâîðåííÿì. Çá³ëü-
øåííÿ âì³ñòó D-ñåëåêòèíó â êðîâ³ îñ³á
ïîõèëîãî â³êó ÿêðàç ³ ìîæå áóòè ï³äòâåðä-
æåííÿì àêòèâíîñò³ ïðîöåñó òðîìáîóòâî-
ðåííÿ [8].

Ùå îäíèì ïîêàçíèêîì ï³äâèùåíîãî ðè-
çèêó òðîìáîóòâîðåííÿ ïðè ñòàð³íí³ º ï³ä-
âèùåííÿ â êðîâ³ âì³ñò ³íã³á³òîðà òêàíèííîãî
àêòèâàòîðà ïëàçì³íîãåíó (25,8 íã/ìë ± 1,3 íã/ìë
ó ãðóï³ ìîëîäèõ ëþäåé ³ 42,6 íã/ìë ± 1,2 íã/ìë
ó ëþäåé â³êîì â³ä 60 äî 79 ðîê³â), ÿêèé íå
ò³ëüêè âêàçóº íà íàÿâí³ñòü åíäîòåë³àëüíî¿
äèñôóíêö³¿, àëå º íåçàëåæíèì ìàðêåðîì
ðèçèêó ðîçâèòêó ñóäèííî¿ ïàòîëîã³¿ [12].

Òàêèì ÷èíîì, îòðèìàí³ ðåçóëüòàòè
ñâ³ä÷àòü ïðî òå, ùî ïðè ñòàð³íí³ ïîðóøó-
ºòüñÿ ñèíòåç åíäîòåë³ºì âàçîàêòèâíèõ
ñóáñòàö³é, ùî ñóïðîâîäæóºòüñÿ ñóòòºâèìè
çì³íàìè ¿õ ñï³ââ³äíîøåííÿ òà ñïðèÿº ðîçâèòêó
ñóäèííî¿ ïàòîëîã³¿ â îñ³á ïîõèëîãî â³êó.

ÂÈÑÍÎÂÊÈ

1. Ïðè ñòàð³íí³ çìåíøóºòüñÿ ñèíòåç åíäî-
òåë³ºì ôàêòîð³â âàçîäèëàòàòîðíî¿ ä³¿ îêñè-
äó àçîòó òà ïðîñòàöèêë³íó.

2. Âàæëèâèì ìåõàí³çìîì ïîðóøåííÿ
NO-ñèíòåçóþ÷î¿ ôóíêö³¿ åíäîòåë³þ º çíè-
æåííÿ àêòèâíîñò³ êîíñòèòóòèâíî¿ NO-
ñèíòàçè.

3. Ñèíòåç åíäîòåë³ºì ñïîëóê ç âàçîêîí-
ñòðèêòîðíèìè âëàñòèâîñòÿìè ç â³êîì
çá³ëüøóºòüñÿ, ùî, íà ôîí³ çíèæåííÿ âèâ³ëü-
íåííÿ äèëàòàòîðíèõ ñóáñòàíö³é ïðèçâîäèòü
äî ñõèëüíîñò³ ðîçâèòêó âàçîñïàñòè÷íèõ
ðåàêö³é òà ï³äâèùåííÿ ðèçèêó òðîìáîóòâî-
ðåííÿ.
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1
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2
,

V. Yu. Lishnevskaya
1

SOME MECHANISMS OF ENDOTHELIAL
DYSFUNCTION IN AGING

Taking into consideration age-related changes in endotheli-
um, the ability of endothelium to produce  vasoactive sub-
stances has been studied in healthy subjects of various
age. Under experimental conditions, the activity of consti-
tutive and inducible NO-synthase has been studied as well.
The clinical part of the study involved investigation of 38
healthy subjects aged 60-79. The study has been designed
to investigate vasomotor function of the endothelium, the
levels of endothelin-1, NO

2
, prostacyclin, thromboxan, the

level of adhesive molecules and inhibitor of tissue plasmi-
nogen activator. The levels of endothelial and inducible
NO-synthases in tissues of the myocardium and the aorta
has been investigated in healthy rats of various age. The
data obtained show a decrease in the production of relaxa-
tion factors: NO and prostacyclin with aging. An impor-
tant mechanism of deterioration of NO-synthesizing func-
tion of the endothelium is a decrease in endothelial NOS
activity. The synthesis of endothelial vasoconstricting
agents increased with ageing. This in combination with
decreased production of vasodilating substances results in
deterioration of defence properties of the endothelium. The
increase in titer of adhesive molecules and inhibitors  of
tissue plasminogen activator testifes to age�dependent
deterioration of anti-inflammatory and antithrombotic ac-
tivities of the endothelium.
1
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2
A.A. Bogomoletz Institute of Physiology, National

Academy of Sciences of Ukraine, Kiev

Î.Â. Êîðêóøêî, Â.Ô. Ñàãà÷, Â.Þ. Ë³øíåâñüêà

Òàáëèöÿ 4. Âì³ñò àäãåçèâíèõ ìîëåêóë êðîâ³ îñ³á
ð³çíîãî â³êó

Ïîêàçíèê Ãðóïè îáñòåæåíèõ

20�29 ðîê³â 60�79 ðîê³â

SVCAM, íã/ìë 904,4±6,1 943,7±7,1*

Ð-ñåëåêòèí, íã/ìë 129,3±7,6 180,2±6,2*

* Ð<0,005.
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