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Ñòàð³ííÿ ñóïðîâîäæóºòüñÿ ïðîãðåñóþ÷èìè
çì³íàìè åôåêòèâíîñò³ ô³ç³îëîã³÷íèõ ôóíêö³é òà
ï³äâèùåííÿì ÷óòëèâîñò³ äî ä³¿ íåñïðèÿòëèâèõ
÷èííèê³â [1, 2]. Îäí³ºþ ç íàéá³ëüø äðàìàòè÷íèõ
ëàíîê ó ëàíöþç³ ìîðôîôóíêö³îíàëüíèõ çì³í,
ÿêèìè ñóïðîâîäæóºòüñÿ ñòàð³ííÿ îðãàí³çìó, º
ñòàð³ííÿ ìîçêó, ÿêå ÷àñòî âèïåðåäæàº ñîìàòè÷í³
ïðîÿâè öüîãî ïðîöåñó [3, 4]. Ïåðøèìè îçíàêàìè
ñòàð³ííÿ ìîçêó, ÿê³ ìîæóòü âèíèêàòè âæå ï³ñëÿ 30
ðîê³â, º çíèæåííÿ ê³ëüêîñò³ íåðâîâèõ êë³òèí, ìîç-
êîâîãî êðîâîòîêó, ìàñè ìîçêó, çðîñòàííÿ âåëè-
÷èíè â³ëüíîãî ïðîñòîðó ì³æ ê³ñòêàìè ÷åðåïà ³
ìîçêîì [5]. Îäíàê öå ùå íå º âèçíà÷àëüíèì ó
äèñôóíêö³¿ ÖÍÑ. Á³ëüø çàãðîçëèâèì º ïîðóøåííÿ
ôóíêö³îíàëüíèõ çâ'ÿçê³â ì³æ íåéðîíàìè ÷åðåç
çì³íè âì³ñòó íåéðîòðàíñì³òòåð³â òà ÷óòëèâîñò³ äî
íèõ ðåöåïòîð³â, ùî ðîç'ºäíóº ðåãóëÿòîðí³ ñèñòåìè
íåéðîí³â, ïîðóøóº ³íòåãðàòèâí³ ôóíêö³¿ ìîçêó,
çíèæóº ïàì'ÿòü, òîëåðàíòí³ñòü äî ðàí³øå çâè÷íèõ
íàâàíòàæåíü, øâèäê³ñòü ðåàêö³é [6-8]. Ö³ ðîçëàäè
ðîçïî÷èíàþòüñÿ ç³ çì³í ñèãíàëüíèõ êàñêàä³â ÿäåð
íåéðîí³â ³ç ïîäàëüøèìè ñòðóêòóðíî-ôóíêö³î-
íàëüíèìè ïîðóøåííÿìè â ñèíàïòè÷íèõ ìåìá-
ðàíàõ, ¿õ äåãðàäàö³ºþ ³ êîãí³òèâíèìè çì³íàìè, ùî
ïðèçâîäèòü äî ðîçâèòêó ñåí³ëüíî¿ äåìåíö³¿,
ïðîâ³äíîþ ïðè÷èíîþ ÿêî¿ º õâîðîáà Àëüöãåéìåðà.
Äðóãîþ çà ÷àñòîòîþ ïðè÷èíîþ âèíèêíåííÿ äå-
ìåíö³¿ ñòàþòü ïîâòîðí³ ³íôàðêòè ìîçêó [3, 9, 10] .

Âàæëèâà ðîëü ó â³êîâèõ ïîðóøåííÿõ ïàì'ÿò³ òà
³íòåãðàòèâíî¿ ä³ÿëüíîñò³ ÖÍÑ íàëåæèòü ãë³àëüíèì
êë³òèíàì, çàâäÿêè ¿õ çäàòíîñò³ êîíòðîëþâàòè
âì³ñò ìåä³àòîð³â ³ íåéðîìîäóëÿòîð³â ³, òèì ñàìèì,
âïëèâàòè íà ñèíàïòè÷íó ïåðåäà÷ó [11,12].
Ïîðóøåííÿ íîðìàëüíèõ âçàºìîâ³äíîñèí íåéðîí³â
³ ãë³¿ ñóïðîâîäæóþòüñÿ çíèæåííÿì ïàì'ÿò³, çäàò-
íîñò³ äî íàâàíòàæåíü, êîíöåíòðàö³¿ óâàãè òà øâèä-
êîñò³ îáðîáêè ³íôîðìàö³¿ [13]. Ó ñâîþ ÷åðãó,
ôóíêö³îíàëüíèé ñòàí ãë³àëüíèõ êë³òèí çíà÷íîþ
ì³ðîþ âèçíà÷àºòüñÿ êàëüö³ºâèì ãîìåîñòàçîì íåé-
ðîí³â, â³ä ÿêîãî çàëåæèòü ðåàêö³ÿ íà íåéðîò-
ðàíñì³òòåðè [14].

Ìèíóëî áëèçüêî äâîõ äåñÿòèë³òü ³ç òîãî ÷àñó,
êîëè âïåðøå áóëà çàïðîïîíîâàíà "êàëüö³ºâà ã³-
ïîòåçà ñòàð³ííÿ". Âîíà âèíèêëà ó çâ'ÿçêó ç òèì,
ùî êë³òèíí³ ìåõàí³çìè, ÿê³ áåðóòü ó÷àñòü ó êàëü-
ö³ºâîìó ãîìåîñòàç³, â³ä³ãðàþòü òàêîæ âàæëèâó
ðîëü ó ïðîöåñàõ ñòàð³ííÿ ³ íåéðîäåãåíåðàö³¿. Â
îñíîâó êàëüö³ºâî¿ ã³ïîòåçè ñòàð³ííÿ ïîêëàäåíî äâà
îñíîâíèõ ìîìåíòè. Ïåðøèé - öå òå, ùî ð³çíèöÿ
ì³æ ñòàð³ííÿì ³ íåéðîäåãåíåðàòèâíèìè çàõâîðþ-
âàííÿìè º ñóòî ê³ëüê³ñíî; äðóãèé - òå, ùî âíóò-
ð³øíüîêë³òèíí³ Ñà2+-îïîñåðåäêîâàí³ ñèãíàëè º
îäíèìè ç íàéá³ëüø âàæëèâèõ ó øèðîêîìó ä³àïà-
çîí³ êë³òèííèõ ïðîöåñ³â òðàíñäóêö³¿ [15]. Ïðèê-
ëàäîì ñòàëà êîíöåïö³ÿ ó÷àñò³ Ñà2+ â ìåõàí³çìàõ
çàãèáåë³ íåéðîí³â ó ïðîöåñ³ åêñàéòîòîêñè÷íîñò³
[16, 17]. Áåçïåðå÷íî, ùî âíóòð³øíüîêë³òèíí³ Ñà2+-
îïîñåðåäêîâàí³ ñèãíàëè òà ìåõàí³çìè, ùî ¿õ ðåãó-
ëþþòü, â³ä³ãðàþòü öåíòðàëüíó ðîëü ó ô³ç³îëîã³¿
íåéðîí³â, çä³éñíåíí³ çâ'ÿçê³â ³ç íèçêîþ ³íøèõ
ïðîöåñ³â. Â³äêðèòòÿ öèõ ìåõàí³çì³â òðèâàëèé ÷àñ
áóëî îñíîâíèì àðãóìåíòîì ïðèá³÷íèê³â äàíî¿ òåî-
ð³¿ ñòàð³ííÿ.

Äîñë³äæåííÿ íà òâàðèíàõ ïîêàçàëè, ùî â³êîâ³
çì³íè ôóíêö³îíàëüíèõ ³ á³îõ³ì³÷íèõ õàðàêòåðèñòèê
ê³ðêîâèõ ïðîöåñ³â, ÿê³ ìîæóòü ëåæàòè â îñíîâ³ ïî-
ì³ðíèõ êîãí³òèâíèõ ïîðóøåíü, ïîâ'ÿçàí³ íå ç ìàñî-
âîþ çàãèáåëëþ íåéðîí³â, à ç³ çíà÷íîþ ê³ëüê³ñíîþ
ðåñòðóêòóðèçàö³ºþ ñèíàïñ³â [3, 4, 18], ïîðóøåííÿì
ðåãóëÿö³¿ ôóíêö³îíóâàííÿ êàíàë³â Ñà2+ ÷åðåç òàê³
àêòèâàòîðè, ÿê öèêë³÷í³ íóêëåîòèäè àáî àðàõ³-
äîíàòè. Â³êîâ³ çì³íè êàëüö³ºâèõ êàíàë³â º íåîäíî-
ð³äíèìè ³ çàëåæàòü â³ä ¿õ òèïó. Âïëèâ ñòàð³ííÿ íà
ïîòåíö³àëçàëåæí³ Ñà2+-êàíàëè äåòàëüíî âèâ÷åíî â
ã³ïîêàìï³, çîêðåìà ï³ðàì³äíèõ íåéðîíàõ ïîëÿ ÑÀ1,
³ ê³ðêîâèõ íåéðîíàõ áàçàëüíîãî â³ää³ëó ïåðåäíüîãî
ìîçêó. Âñòàíîâëåíî, ùî ç â³êîì òóò çðîñòàº
òðèâàë³ñòü ñë³äîâî¿ ã³ïåðïîëÿðèçàö³¿ Ñà2+-
çàëåæíèõ êàíàë³â, çá³ëüøóºòüñÿ ÷èñëî ¿õ L-òèïó
[19, 20].

Ãëóòàìàò-êåðîâàí³ êàíàëè íàäõîäæåííÿ Ñà2+

àêòèâóþòüñÿ ÷åðåç NMDA ³ ÀÌÐÀ òèïè ðåöåï-
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òîð³â [21, 22]. ²ñíóº çíà÷íà ê³ëüê³ñòü äîêàç³â ïðè-
÷åòíîñò³ NMDA-ðåöåïòîð³â äî äâîõ ôóíêö³é, ÿê³
ñòðàæäàþòü ï³ä ÷àñ ïðîöåñó ñòàð³ííÿ. Ïåðøà -
öå ñèíàïòè÷íà ïëàñòè÷í³ñòü ³ ïàì'ÿòü, îñîáëèâî â
ã³ïîêàìï³, äðóãà - åêñàéòîòîêñè÷í³ñòü ó ÖÍÑ.
Âñòàíîâëåíî, ùî ñòàð³ííÿ çíèæóº åôåêòèâí³ñòü
NMDA-îïîñåðåäêîâàíî¿ ñèãíàë³çàö³¿ [23] ÷åðåç
çìåíøåííÿ ÷èñëà ñàéò³â NMDA-ðåöåïòîð³â áåç
çì³íè ñïîð³äíåíîñò³ ðåöåïòîðà äî ãëóòàìàòó. ²ç
â³êîì â³äáóâàºòüñÿ çíèæåííÿ åêñïðåñ³¿ ñóáîäèíèö³
ìÐÍÊ NR2B á³ëêà, ó òîé ÷àñ ÿê åêñïðåñ³ÿ ñóá-
îäèíèö³ NR2A íå çì³íþºòüñÿ [24]. ²ñíóþòü òà-
êîæ åëåêòðîô³ç³îëîã³÷í³ ï³äòâåðäæåííÿ â³êîâîãî
çíèæåííÿ ðåàãóâàííÿ NMDA â ìîçêó ñòàðèõ ùó-
ð³â òà ê³øîê [21]. ª é ³íøà òî÷êà çîðó, ÿêà
ñòâåðäæóº, ùî â³êîâå çíèæåííÿ çàãàëüíî¿ NMDA-
îïîñåðåäêîâàíî¿ ðåàêö³¿ â ïîë³ ÑÀ1 ã³ïîêàìïà ùó-
ð³â ïîâ'ÿçàíå ç³ çìåíøåííÿì ïîòóæíîñò³ âõ³äíèõ
ñèãíàë³â äî öèõ ðåöåïòîð³â, à íå ç ¿õ âëàñòè-
âîñòÿìè [22].

Ãëóòàìàòí³ ðåöåïòîðè ÀÌÐÀ-òèïó ìîæóòü
áóòè ãîìî- àáî ãåòåðîìåðíèìè. Â îñòàííüîìó
âèïàäêó âîíè ñêëàäàþòüñÿ ç ñóáîäèíèöü GluR1-
GluR4. Á³ëüø³ñòü ãëóòàìàòíèõ ðåöåïòîð³â ÀÌÐÀ-
òèïó â öåíòðàëüí³é íåðâîâ³é ñèñòåì³ ìàþòü õî-
ðîøó ïðîíèêí³ñòü äëÿ îäíîâàëåíòíèõ ³îí³â - Na òà
K, îäíàê ÀÌÐÀ-ðåöåïòîðè, ÿê³ ñêëàäàþòüñÿ ç
êîìá³íàö³¿ GluR1, GluR2, òà/àáî GluR4, ïðîíèêí³
äëÿ Ñà2+ ³ Zn2+ òà º ïîòåíö³àëçàëåæíèìè [25].
Îñîáëèâî âàæëèâó ðîëü ó ïðîíèêíîñò³ äëÿ Ñà2+
â³ä³ãðàº GluR2-ñóáîäèíèöÿ. Íåçâàæàþ÷è íà íèçü-
êó ïðîíèêí³ñòü äëÿ Ñà2+, îïîñåðåäêîâàíó ÀÌÐÀ-
òèïîì ðåöåïòîð³â, ó á³ëüøîñò³ â³ää³ë³â ÖÍÑ, ó
ã³ïîêàìï³ ³ êîð³ ãîëîâíîãî ìîçêó [26] âèÿâëåíà
çíà÷íà ê³ëüê³ñòü íåéðîí³â ç âèñîêîþ ïðîíèêí³ñòþ
äëÿ Ñà2+. Â³êîâ³ çì³íè ôóíêö³îíóâàííÿ öüîãî òèïó
ðåöåïòîð³â ìåíø ñóòòºâ³, îäíàê º ê³ëüêà ä³ëÿíîê
ìîçêó, äëÿ ÿêèõ ³ñíóº ò³ñíà êîðåëÿö³ÿ ì³æ çì³íàìè
ç â³êîì êîãí³òèâíèõ òåñò³â ³ ù³ëüí³ñòþ ÀÌÐÀ-ðå-
öåïòîð³â [22]. ²ñíóþòü åêñïåðèìåíòàëüí³ ï³äòâåð-
äæåííÿ, ùî ñòàð³ííÿ ìîçêó ñóïðîâîäæóºòüñÿ ïî-
ì³òíèì çíèæåííÿì åêñïðåñ³¿ ñàìå GluR2-ñóáîäè-
íèö³ ÀÌÐÀ-ðåöåïòîð³â, à òàêîæ ñóáîäèíèö³
NMDA-R1 [25].

Âàæëèâèìè àñïåêòàìè êàëüö³ºâîãî ãîìåîñ-
òàçó êë³òèíè, ùî çàçíàþòü â³êîâèõ çì³í, º ìåõàí³ç-
ìè åêñòðóç³¿ êàëüö³þ â ïîçàêë³òèííèé ïðîñò³ð. Â
îñíîâíîìó, öåé ïðîöåñ çàáåçïå÷óº Ñà2+-ÀÒÔàçà
ê àêòèâí³ñòü, òàê é åêñïðåñ³ÿ â ïðåïàðàòàõ ñèíàï-
òîñîì ³ñòîòíî çíèæóþòüñÿ ïðè ñòàð³íí³ â ùóð³â
ë³í³é ç³ çâè÷àéíîþ òà ïîäîâæåíîþ òðèâàë³ñòþ æè-
òòÿ (Ô³øåð-344 òà Fisher344/BNF1) [24]. Ôóíêö³î-
íàëüí³ çíèæåííÿ ¿¿ àêòèâíîñò³ ïîÿñíþþòü ãàëüì³â-
íîþ ä³ºþ â³ëüíèõ ðàäèêàë³â íà Ñà2+-ÀÒÔàçó [27]
àáî íà êàëüìîäóë³í, ÿêèé àêòèâóº, ó Ca2+-çâ'ÿçàí³é

ôîðì³, äàíèé ôåðìåíò [26]. Â àäðåíåðã³÷íèõ íåé-
ðîíàõ ó ïðîöåñ³ ñòàð³ííÿ ïîðóøóºòüñÿ òàêîæ
ä³ÿëüí³ñòü åíäîïëàçìàòè÷íî¿ Ñà2+-ÀÒÔàçè ÿêà
îïîñåðåäêîâóº ïîâòîðíå ïîãëèíàííÿ ³îíó â åíäîï-
ëàçìàòè÷íèé ðåòèêóëóì [28].

Âàæëèâó ðîëü ó êë³òèííîìó ãîìåîñòàç³ Ñà2+
â³ä³ãðàþòü çâ'ÿçóþ÷³ á³ëêè. ¯õ ðîç÷èíí³ñòü ñòâî-
ðþº äëÿ íèõ âèñîêèé ñòóï³íü ìîá³ëüíîñò³ é äîç-
âîëÿº âçàºìîä³ÿòè ç Ñà2+ â ð³çíèõ ì³ñöÿõ, ³, îòæå,
ôîðìóâàòè êàëüö³ºâ³ ñèãíàëè. Êàëüö³éçâ'ÿçóþ÷³
á³ëêè ðîçä³ëåí³ íà ôóíêö³îíàëüí³ ãðóïè. Ïåðøà,
ïðåäñòàâëåíà ãîëîâíèì ÷èíîì êàëüìîäóë³íîì,
ä³º ÿê - ÷óòëèâèé ìåõàí³çì, ùî ïåðåâîäèòü ãðà-
äóàëüí³ êîëèâàííÿ  ï³ñëÿ ñòèìóëÿö³¿ êë³òèí â ãðà-
äóàëüí³ ðåàêö³¿, ³í³ö³éîâàí³ çâ'ÿçóâàííÿì öèõ á³ëê³â
³ç ð³çíèìè êàëüö³é÷óòëèâèìè ôåðìåíòàìè-ì³øå-
íÿìè [29]. Îäèí ³ç öèõ á³ëê³â, êàëüñåí³ë³í, ìîæå
ìàòè ò³ñíå â³äíîøåííÿ äî íåéðîäåãåíåðàòèâíèõ
ïðîöåñ³â, òîìó ùî ïîðÿä ç ³íøèìè åôåêòàìè, â³í
ìîæå âïëèâàòè íà ïðîöåñèíã ïðåñèí³ë³í³â ³ ðåãóëþ-
âàòè ïðîöåñèíã á³ëêà-ïîïåðåäíèêà àì³ëî¿äó, áåðó-
÷è ó÷àñòü ó ïàòîô³ç³îëîã³¿ õâîðîáè Àëüöãåéìåðà
[30, 31].

²íø³ ôóíêö³îíàëüí³ êàòåãîð³¿, ïðåäñòàâëåí³ òà-
êèìè á³ëêàìè, ÿê ïàðâàëüáóì³í, êàëüá³íäèí ³
êàëüðåòèí³í, º áóôåðàìè. Ö³ á³ëêè äîñèòü ïî-
øèðåí³ â ÖÍÑ, á³ëüøå â ãàëüì³âíèõ ÃÀÌÊ-åðã³÷-
íèõ ³íòåðíåéðîíàõ, êîæåí òèï ÿêèõ õàðàêòå-
ðèçóºòüñÿ ïåðåâàæàííÿì ïåâíî¿ ôîðìè êàëüö³éç-
â'ÿçóþ÷îãî á³ëêà, ³ ïîâ'ÿçàí³ ç êîíêðåòíîþ ñóêóï-
í³ñòþ íåéðîòðàíñì³òåð³â, ìàðêåð³â êë³òèííî¿ ïî-
âåðõí³ ³ ðåöåïòîð³â [32]. Âîíè ìîæóòü ñóòòºâî
âïëèâàòè íà àêòèâí³ñòü íåéðîí³â, ïî÷èíàþ÷è â³ä
ôîðìóâàííÿ ñèãíàëó Ñà2+ â ïðåñèíàïòè÷íèõ ëî-
êóñàõ àáî íà ïîñòñèíàïòè÷íîìó ð³âí³, òèì ñàìèì
³í³ö³þþ÷è ïåðåäà÷ó ³íôîðìàö³¿ â íåéðîííèõ
ìåðåæàõ ³ ìîäóëþþ÷è âðàçëèâ³ñòü íåéðîí³â [29].
Ïîêàçàí³ íåéðîïðîòåêòîðí³ åôåêòè êàëüö³éçâ'ÿ-
çóþ÷èõ á³ëê³â. Íàïðèêëàä, ó ïåðâèíí³é êóëüòóð³
ã³ïîêàìïà, ó íåéðîíàõ, çäàòíèõ åêñïðåñóâàòè
êàëüá³íäèí, á³ëüø åôåêòèâíî â³äíîâëþºòüñÿ ð³-
âåíü Ñà2+ ï³ñëÿ ñòèìóëÿö³¿ [33], òîä³ ÿê äëÿ íåé-
ðîí³â êîðè öþ çàõèñíó ðîëü â³ä³ãðàº êàëüðåòèí³í
[34]. Êàëüá³íäèí ìîæå çàõèñòèòè íåéðîíè â³ä
îêèñíîãî ñòðåñó é àïîïòîçó, ïàðâàëüáóì³í ï³ä-
âèùóº âèæèâàííÿ íåéðîí³â ï³ñëÿ òðàâìè. ²ìóíî-
öèòîõ³ì³÷í³ âèçíà÷åííÿ êàëüá³íäèíó ³ ïàðâàëü-
áóì³íó ïîêàçàëè, ùî ïðè ñòàð³íí³ â ã³ïîêàìï³ êðî-
ë³â çìåíøóºòüñÿ ÷èñëî êàëüá³íäèíïîçèòèâíèõ
íåéðîí³â òà çì³íþºòüñÿ ñóáêë³òèííèé ðîçïîä³ë
ïàðâàëüáóì³íó [32]. Ó êîð³ âåëèêîãî ìîçêó ëþäèíè
òàêîæ âèÿâëåíî ñóòòºâå çìåíøåííÿ ç â³êîì
êàëüá³íäèí- òà êàëüðåòèí³íïîçèòèâíèõ íåéðîí³â
[33]. Ó òîé æå ÷àñ, ³ñíóþòü äîñë³äæåííÿ, ÿê³
ñâ³ä÷àòü, ùî ê³ëüê³ñòü êàëüá³íäèíïîçèòèâíèõ íåé-

Íàóêîâ³ îãëÿäè
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ðîí³â ó êîð³ ñêðîíåâî¿ ÷àñòêè ç â³êîì çá³ëü-
øóºòüñÿ [35].

²íôîðìàö³ÿ ïðî â³êîâ³ çì³íè ôóíêö³¿ òà ä³ÿëü-
í³ñòü äåïî Ñà2+â åíäîïëàçìàòè÷íîìó ðåòèêóëóì³
äîñèòü îáìåæåíà, îäíàê º ïóáë³êàö³¿, äå âêà-
çóºòüñÿ íà çìåíøåííÿ ïðè ñòàð³íí³ ìîçêó çàïàñ³â
êàëüö³þ â åíäîïëàçìàòè÷íîìó ðåòèêóëóì³ íåéðî-
í³â ìîçî÷êà, áàçàëüíèõ íåéðîí³â ïåðåäíüîãî
ìîçêó, àëå íå â êóëüòóð³ íåéðîí³â ã³ïîêàìïà [26]. ª
ê³ëüêà ìåõàí³çì³â, ÿê³ ìîæóòü ïîÿñíèòè çìåíøå-
ííÿ ðîçì³ðó êîôå¿í-÷óòëèâèõ äåïî Ñà2+, ó òîìó
÷èñë³ çíèæåííÿ åôåêòèâíîñò³ ìåõàí³çì³â çâîðîò-
íîãî çàõîïëåííÿ ³îíó çà äîïîìîãîþ íàñîñ³â Ñà2+-
ÀÒÔàçè àáî çá³ëüøåííÿ âèòîêó Ñà2+. Âñòàíîâ-
ëåíî, ùî ïðè ñòàð³íí³ áàçàëüíèõ íåéðîí³â ïåðåä-
íüîãî ìîçêó øâèäê³ñòü ñïîíòàííîãî âèñíàæåííÿ
(íàïðèêëàä, âèòîêó) íå çì³íþºòüñÿ, àëå çíèæóºòü-
ñÿ åôåêòèâí³ñòü çàâàíòàæåííÿ åíäîïëàçìàòè÷-
íîãî ðåòèêóëóìó [36]. Ó êóëüòóð³ íåéðîí³â ã³ïî-
êàìïà, íàâïàêè, ãëóòàìàò-îïîñåðåäêîâàíà ñòèìó-
ëÿö³ÿ â³äïîâ³ä³ Ñà2+ ñâ³ä÷èòü ïðî ï³äâèùåííÿ éîãî
âèòîêó [19]. Öåé ôàêò ùîäî ðåãóëÿö³¿ çàïàñ³â Ñà2+

â åíäîïëàçìàòè÷íîìó ðåòèêóëóì³ º äóæå âàæ-
ëèâèì äëÿ îö³íêè ôóíêö³îíàëüíèõ â³äì³ííîñòåé
ì³æ íîðìàëüíèì ô³ç³îëîã³÷íèì ñòàð³ííÿì ³ íåé-
ðîäåãåíåðàòèâíèìè ïðîöåñàìè, çîêðåìà,
õâîðîáîþ Àëüöãåéìåðà, äëÿ ÿêî¿ õàðàêòåðí³ çíà÷-
í³ çì³íè Ñà2+ â åíäîïëàçìàòè÷íîìó ðåòèêóëóì³
[17]. Îáèäâ³ ïàòîãåíåòè÷í³ îçíàêè õâîðîáè
Àëüöãåéìåðà (òîáòî, ôðàãìåíòè á³ëêà β-àì³ëî¿äà,
ïðåñåí³ë³í³â) ïîâ'ÿçàí³ ç³ çì³íàìè â ãîìåîñòàç³
Ñà2+ [17, 30, 37], ùî äåìîíñòðóº â³äì³ííîñò³ ì³æ
íîðìàëüíèì ñòàð³ííÿì ³ õâîðîáîþ Àëüöãåéìåðà.
Ó ïåðøîìó âèïàäêó ãîìåîñòàç ³îí³â êàëüö³þ åí-
äîïëàçìàòè÷íîãî ðåòèêóëóìó ìàº òåíäåíö³þ äî
çìåíøåííÿ ¿õ çàïàñ³â ó äåïî, à â ìîäåë³ õâîðîáè
Àëüöãåéìåðà åíäîïëàçìàòè÷íèé ðåòèêóëóì ïåðå-
ïîâíåíèé ³ óòâîðåííÿ îñíîâíèõ õàðàêòåðíèõ äëÿ
äàíî¿ õâîðîáè á³ëê³â ñóïðîâîäæóþòüñÿ ïîðóøåí-
íÿì ãîìåîñòàçó Ñà2+.

Ó ÷èñë³ âàæëèâèõ ìåõàí³çì³â, ÿê³ ëåæàòü â
îñíîâ³ íîðìàëüíîãî ñòàð³ííÿ ìîçêó òà ïîâ'ÿçàíèõ
ç³ ñòàð³ííÿì íåéðîäåãåíåðàòèâíèõ ïðîöåñ³â, º
çì³íè â ì³òîõîíäð³ÿõ [38, 39]. Ì³òîõîíäð³àëüíà
äèñôóíêö³ÿ ïðè ñòàð³íí³ ìîçêó äàëà ïî÷àòîê "ì³-
òîõîíäð³àëüí³é" òåîð³¿ ñòàð³ííÿ. Ïîêàçàíà ðîëü
ì³òîõîíäð³é â ÿêîñò³ ðåãóëÿòîð³â ðåæèì³â çàãèáåë³
êë³òèí øëÿõîì íåêðîçó àáî àïîïòîçó [40], àëå ïðè
íîðìàëüíîìó ñòàð³íí³ íåéðîí³â êë³òèííà ñìåðòü ³
ðîëü àïîïòîçó â ìîçêó â³äíîñíî íåâåëèêà, íà â³ä-
ì³íó â³ä òàêî¿ ïðè íåéðîäåãåíåðàòèâíèõ çàõâîðþ-
âàííÿõ [4, 20, 41]. Íàáàãàòî âàæëèâ³øèì äëÿ ïðî-
öåñó êë³òèííîãî ñòàð³ííÿ º ðîëü ì³òîõîíäð³é â
ÿêîñò³ îñíîâíîãî ì³ñöÿ ïðîäóêö³¿ åíåðã³¿ â íåéðî-
íàõ ³ äæåðåëà ÀÔÊ òà àçîòó, çâ'ÿçàíîãî ç ìåòàáî-

ë³çìîì êë³òèíè [39]. Êð³ì òîãî, ì³òîõîíäð³¿, çàâ-
äÿêè çäàòíîñò³ äåïîíóâàòè àáî âèä³ëÿòè Ñà2+,
ìîæóòü ìàòè çíà÷íèé âïëèâ íà ñèãíàëè, îïîñå-
ðåäêîâàí³ öèìè ³îíàìè [42].

Ãîëîâíà ïðè÷èíà çäàòíîñò³ ì³òîõîíäð³é äî
ïîãëèíàííÿ Ñà2+ - âèñîêèé ð³âåíü ì³òîõîíäð³àëü-
íîãî ìåìáðàííîãî ïîòåíö³àëó (-180 ìÂ), ïîðîä-
æåíèé ä³ÿëüí³ñòþ åëåêòðîííèõ òðàíñïîðòåð³â ó
äèõàëüíîìó ëàíöþç³ [37]. Òðàíñïîðò Ñà2+ çä³éñ-
íþºòüñÿ óí³ïîðòåðîì - á³ëêîâèì êàíàëîì [43], ùî
ìàº âèñîêó ñïîð³äíåí³ñòü äî ³îí³â êàëüö³þ ³ º íåï-
ðîíèêíèì äëÿ K+ ³ Mg 2+. Îäí³ºþ ç äóæå âàæëè-
âèõ îñîáëèâîñòåé ì³òîõîíäð³àëüíîãî ïîãëèíàííÿ
Ñà2+ º âåëè÷åçíèé ïîòåíö³àë öüîãî äåïî, çàâäÿêè
ñï³ëüíîìó íàêîïè÷åííþ ôîñôàòó ç Ñà2+ ó ôîðì³
îñìîòè÷íî íåàêòèâíîãî ñîëüîâîãî êîìïëåêñó. Ó
ì³òîõîíäð³ÿõ, ³íêóáîâàíèõ ó ô³ç³îëîã³÷íîìó ðîç-
÷èí³, êîíöåíòðàö³ÿ Ñà2+ ìîæå äîñÿãàòè áëèçüêî
100 Ìì (òîáòî, â 50 ðàç³â á³ëüøå, í³æ éîãî ïîçàê-
ë³òèííà êîíöåíòðàö³ÿ), ïðè çáåðåæåíí³ íîðìàëü-
íèõ ìåòàáîë³÷íèõ ïîêàçíèê³â [44]. ²íø³ äîñ-
ë³äæåííÿ ïîêàçàëè ùî íàêîïè÷åííÿ Ñà2+ â ì³òî-
õîíäð³ÿõ â³äáóâàºòüñÿ íà òë³ ñòàá³ëüíèõ ð³âí³â
â³ëüíîãî êàëüö³þ â ì³òîõîíäð³àëüíîìó ìàòðèêñ³
[45]. Öå çàáåçïå÷åííÿ æîðñòêîãî êîíòðîëþ ì³òî-
õîíäð³àëüíîãî êàëüö³þ ìàº äâà àñïåêòè: ïîì³ðíå
éîãî çá³ëüøåííÿ àêòèâóº âàæëèâ³ ì³òîõîíäð³àëüí³
ôåðìåíòè (ï³ðóâàò-, ³çîöèòðàò- ³ 2-îêñîãëóòàðàò-
äåã³äðîãåíàçè), ÿê³ áåðóòü ó÷àñòü ó öèêë³ Êðåáñó.
Ïîäàëüøå çðîñòàííÿ ðåäóêö³¿ NADH/NAD ñèñ-
òåìè áóäå ïîñèëþâàòè òðàíñïîðò åëåêòðîí³â ³
çá³ëüøåííÿ çàïàñ³â ÀÒÔ - "ìåòàáîë³÷íå ñïðÿ-
æåííÿ" [46]. Ç ³íøîãî áîêó, çíà÷íèé ïðèð³ñò Ñà2+ ó
ì³òîõîíäð³ÿõ àêòèâóº, ïîðÿä ç ³íøèìè ôàêòîðàìè,
ì³òîõîíäð³àëüí³ ïîðè, ùî ïðèçâîäèòü äî
êàòàñòðîô³÷íèõ íàñë³äê³â äëÿ ì³òîõîíäð³é, ðàíí³ì
³íäèêàòîðîì ÿêèõ º ì³òîõîíäð³àëüíèé íàáðÿê [47].
Îòæå, ìîäóëþâàòè íåéðîíí³ ôóíêö³¿ ìîæå íå ò³ëü-
êè ïîãëèíàííÿ Ñà2+, àëå é éîãî ì³òîõîíäð³àëüíå
çâ³ëüíåííÿ [48].

Íà ñüîãîäí³øí³é äåíü ïðàêòè÷íî íåìàº ³íôîð-
ìàö³¿ ïðî âïëèâ ñòàð³ííÿ íà á³îõ³ì³÷í³ âëàñòèâîñò³
ì³òîõîíäð³àëüíèõ òðàíñïîðòåð³â Ñà2+, ÿê³ çàáåç-
ïå÷óþòü ïîãëèíàííÿ àáî çâ³ëüíåííÿ, ³ öå ìîæå
ñòàòè ïåðñïåêòèâíèì íàïðÿìêîì ìàéáóòí³õ äîñ-
ë³äæåíü ÿê íîðìàëüíîãî ñòàð³ííÿ, òàê ³ ð³çíèõ
íåéðîäåãåíåðàòèâíèõ ñòàí³â. Îäíàê, äîáðå â³äîì³
³íø³ çì³íè ì³òîõîíäð³àëüíîãî ñòàòóñó, ÿê³ ç â³êîì
âïëèâàþòü íà ì³òîõîíäð³àëüíèé ãîìåîñòàç Ñà2+.
Âèçíàíèì ôàêòîì º õðîí³÷í³ çì³íè ì³òîõîíä-
ð³àëüíîãî ìåìáðàííîãî ïîòåíö³àëó, ÿêèé ïðîãðåñóº
ç â³êîì ³ ïîëÿãàº â ïîñò³éí³é äåïîëÿðèçàö³¿ [37, 49,
50]. Àíàë³ç ìåòàáîë³÷íîãî êîíòðîëþ ïîêàçàâ, ùî
â³äïîâ³äíî öüîìó, â ñòàðîìó ìîçêó ìàº ì³ñöå ï³ä-
âèùåíèé ì³òîõîíäð³àëüíèé âèò³ê ïðîòîí³â [49]. Ö³
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çì³íè ì³òîõîíäð³àëüíîãî ïîòåíö³àëó ïðèçâîäÿòü äî
çíèæåííÿ ïîòåíö³àëçàëåæíîãî ì³òîõîíäð³àëüíîãî
ïîãëèíàííÿ Ñà2+ [51].

Ñåðåä íàéá³ëüø ïîøèðåíèõ òåîð³é ñòàð³ííÿ
âàæëèâå ì³ñöå íàëåæèòü "â³ëüíîðàäèêàëüí³é
òåîð³¿", ÿêà ò³ñíî ïîâ'ÿçàíà ç ì³òîõîíäð³àëüíîþ [3,
4, 18, 53]. Ïîñò³éíî çðîñòàº ê³ëüê³ñòü ðîá³ò, ÿê³
äåìîíñòðóþòü, ùî íàêîïè÷åííÿ ïîøêîäæåíèõ
â³ëüíèìè ðàäèêàëàìè ÄÍÊ, ë³ï³ä³â ³ á³ëê³â àñî-
ö³þºòüñÿ ç â³êîâèìè ïîðóøåííÿìè ôóíêö³îíàëü-
íîãî ñòàíó ìîçêó [54, 55]. Ó ïðîöåñ³ ñòàð³ííÿ ìîç-
êó, ÿê ³ ïðè íåéðîäåãåíåðàòèâíèõ çàõâîðþâàííÿõ,
çìåíøóºòüñÿ ïîòóæí³ñòü àíòèîêñèäàíòíîãî çà-
õèñòó, ùî çá³ëüøóº óðàçëèâ³ñòü ìîçêó äî îêèñíîãî
ñòðåñó òà ïîñèëþº øê³äëèâ³ éîãî íàñë³äêè [4, 18,
56].

Ââàæàºòüñÿ, ùî ïðè ñòàð³íí³ çðîñòàº ê³ëüê³ñòü
â³ëüíèõ ðàäèêàë³â ì³òîõîíäð³àëüíîãî ïîõîäæåííÿ,
ùî ñòàº îñíîâíîþ ïðè÷èíîþ ïîøêîäæåííÿ ì³òî-
õîíäð³àëüíî¿ ÄÍÊ (ìòÄÍÊ). Ïðî öå ñâ³ä÷àòü ðå-
çóëüòàòè äîñë³äæåíü âì³ñòó á³îìàðêåð³â îêèñíîãî
ïîøêîäæåííÿ ÄÍÊ, çîêðåìà, 8-ã³äðîêñè-2'-äå-
çîêñèãóàíîçèíà (8-OHdG) - éîãî ð³âåíü ó ìòÄÍÊ
ñòàðîãî ìîçêó ï³äâèùåíèé [57]. Âèñîêèé ð³âåíü 8-
OHdG âèÿâëåíî â ÿäåðí³é ÄÍÊ (ÿÄÍÊ) ³ â
ìòÄÍÊ ï³ñëÿ ñìåðò³ ìîçêó ñòàðèõ ñóá'ºêò³â [58].
Çà äåÿêèìè äàíèìè, â³êîâå çá³ëüøåííÿ îêèñíîãî
ïîøêîäæåííÿ ìòÄÍÊ ó ìîçêó ãðèçóí³â á³ëüø ñó-
òòºâå, í³æ îêèñíå óøêîäæåííÿ ÿäåðíî¿ ÄÍÊ [59].
Ó ãîëîâíîìó ìîçêó ëþäèíè ³ â ïå÷³íö³ ùóð³â
îêèñíå ïîøêîäæåííÿ ì³òîõîíäð³àëüíî¿ ÄÍÊ
á³ëüø, í³æ ó 10 ðàç³â ïåðåâèùóº ñòóï³íü ïîø-
êîäæåííÿ ÿäåðíî¿ ÄÍÊ â³äïîâ³äíèõ îðãàí³â [23,
58]. Ââàæàþòü, ùî îñîáëèâî âèñîêà ñïðèéíÿò-
ëèâ³ñòü äî îêèñíèõ ïîøêîäæåíü ñàìå ìòÄÍÊ
ïîÿñíþºòüñÿ â³äñóòí³ñòþ ðåïàðàòèâíèõ ìåõàí³ç-
ì³â ìòÄÍÊ, çàõèñòó â³ä ã³ñòîí³â á³ëê³â, à òàêîæ
áëèçüê³ñòþ ðîçòàøóâàííÿ ìòÄÍÊ äî âíóòð³øíüî¿
ìåìáðàíè ì³òîõîíäð³é, òîáòî, äî ì³ñöÿ óòâîðåííÿ
ÀÔÊ. Ïðèá³÷íèêè ì³òîõîíäð³àëüíî¿ â³ëüíîðàäè-
êàëüíî¿ òåîð³¿ ñòàð³ííÿ âáà÷àþòü ï³äòâåðäæåííÿ
ñâî¿õ ïîãëÿä³â ó çâîðîòí³é êîðåëÿö³¿ ì³æ ð³âíÿìè
îêèñíîãî ïîøêîäæåííÿ ìòÄÍÊ â ñåðö³ ³ ìîçêó òà
ìàêñèìàëüíîþ òðèâàë³ñòþ æèòòÿ [60]. Òàêèé
çâ'ÿçîê â³äñóòí³é äëÿ ÿäåðíî¿ ÄÍÊ. Ïîøêîä-
æåííÿ ìòÄÍÊ ÷àñòî ñóïðîâîäæóºòüñÿ ïî÷àñò³-
øàííÿì ìóòàö³é ³ äåëåö³é ÄÍÊ [61]. Ïîêàçàíî,
ùî ìóòàö³¿ ì³òîõîíäð³àëüíî¿ ÄÍÊ îêèñíîãî ïî-
õîäæåííÿ ç â³êîì íàêîïè÷óþòüñÿ â ïîñòì³òîòè÷-
íèõ òêàíèíàõ, çîêðåìà, â ìîçêó. Íà êîðèñòü ö³º¿
òåîð³¿ ñâ³ä÷èòü ³ òå, ùî âèñîêèé ð³âåíü ìóòàö³é
ìòÄÍÊ ìàº ì³ñöå ïðè íèçö³ íåéðîäåãåíåðàòèâíèõ
çàõâîðþâàíü, ïîâ'ÿçàíèõ ³ç â³êîì: ïðè õâîðîá³
Àëüöãåéìåðà, õâîðîá³ Ïàðê³íñîíà [30, 62, 63].

Çíà÷íèõ çì³í ïðè ñòàð³íí³ ìîçêó çàçíàº ñêëàä

æèðíèõ êèñëîò ó êë³òèíàõ ìîçêó: çá³ëüøåííÿ ð³âíÿ
ìîíîíàñè÷åíèõ æèðíèõ êèñëîò ³ çíèæåííÿ ïîë³-
íåíàñè÷åíèõ, òàêèõ ÿê àðàõ³äîíîâà, ÿêà º äóæå
÷óòëèâîþ äî àòàêè â³ëüíèõ ðàäèêàë³â. ßê îäèí ³ç
íàñë³äê³â îêèñíþâàëüíîãî âèñíàæåííÿ âì³ñòó
àðàõ³äîíîâî¿ êèñëîòè ðîçãëÿäàþòü ïîðóøåííÿ
êîãí³òèâíèõ ôóíêö³é, âèÿâëåíå â ñòàðèõ ùóð³â íà
ï³äñòàâ³ êîðåëÿö³¿ ì³æ ¿¿ êîíöåíòðàö³ºþ òà äîâ-
ãîòðèâàëîþ ïîòåíö³àö³ºþ [64, 65].

²ñíóº ðÿä åêñïåðèìåíòàëüíèõ ï³äòâåðäæåíü
ï³äâèùåíîãî âì³ñòó ìàëîíîâîãî àëüäåã³äó â ñòà-
ðîìó ìîçêó ñîáàê ³ ãðèçóí³â [3, 4, 66, 67]. Îñîá-
ëèâî âèñîêèé âì³ñò öüîãî âèñîêîðåàêòèâíîãî àëü-
äåã³äó çíàéäåíî â ã³ïîêàìï³, ìîçî÷êó òà íîâ³é
êîð³. Éîãî çðîñòàííÿ ³íäóêóº ïîøêîäæåííÿ ÄÍÊ
øëÿõîì âçàºìîä³¿ ç ïàðíèìè àì³íîêèñëîòàìè á³ë-
ê³â, ùî ðóéíóº ÄÍÊ.

Ïåðåêèñíå îêèñíåííÿ ë³íîëåâî¿ êèñëîòè çä³éñ-
íþºòüñÿ 4-ã³äðîêñè-2-íîíåíàëåì, ÿêèé áóäó÷è
ñòàá³ëüíîþ ñïîëóêîþ ìîæå ì³ãðóâàòè ³ ðåàë³çó-
âàòè ïîøêîäæóâàëüíèé âïëèâ íà â³äñòàí³ â³ä
ì³ñöÿ óòâîðåííÿ. Öÿ ñïîëóêà º íåáåçïå÷íîþ äëÿ
á³ëêîâèõ ìîëåêóë çàâäÿêè çäàòíîñò³ óòâîðþâàòè
êîâàëåíòí³ çâ'ÿçêè ç ã³ñòèäèíîì, ë³çèíîì ³ çàëèø-
êàìè öèñòå¿íó â á³ëêàõ, ùî ïðèçâîäèòü äî ¿õ
îêèñíþâàëüíî¿ ìîäèô³êàö³¿ [68]. Á³ëêè, ìîäè-
ô³êîâàí³ ã³äðîêñèíîíåíàëåì, çíàéäåíî â ñåí³ëüíèõ
áëÿøêàõ ñòàðèõ ñîáàê [55]. Ï³äâèùåí³ ð³âí³ öüîãî
ïðîäóêòó îêèñíåííÿ ë³íîëåâî¿ êèñëîòè âèÿâëåí³ ó
õâîðèõ íà õâîðîáó Àëüöãåéìåðà òà Ïàðê³íñîíà
[69, 70]. Îòæå, ïîñèëåííÿ ÏÎË ó äàíîìó âèïàäêó
ñòàº ïðè÷èíîþ îêñèäàòèâíîãî ïîøêîäæåííÿ
á³ëê³â [71, 72]. Á³ëüø³ñòü äîñë³äíèê³â ñòàíó îêèñ-
íþâàëüíî¿ ìîäèô³êàö³¿ á³ëê³â ïðè ñòàð³íí³ ìîçêó
âèÿâèëè ¿õ íàêîïè÷åííÿ â ð³çíèõ éîãî ñòðóêòóðàõ.
²ç â³êîì çðîñòàº îêèñíþâàëüíà ìîäèô³êàö³ÿ ì³òî-
õîíäð³àëüíèõ á³ëê³â, ïðî ùî ñâ³ä÷èòü çðîñòàííÿ
âì³ñòó êàðáîí³ëüíèõ ãðóï á³ëê³â ó ì³òîõîíäð³ÿõ
êîðè ãîëîâíîãî ìîçêó ñòàðî¿ ëþäèíè [73]. Ïîðÿä ç
³íòåíñèô³êàö³ºþ ÏÎË, îêèñíþâàëüíó ìîäèô³êàö³þ
á³ëê³â ââàæàþòü îäí³ºþ ç ïðè÷èí ïîñòóïîâîãî
çíèæåííÿ ð³âíÿ ô³ç³îëîã³÷íîãî ôóíêö³îíóâàííÿ
ñòàð³þ÷îãî ìîçêó. Íàêîïè÷åííÿ ïðîäóêò³â îêèñ-
íþâàëüíî¿ ìîäèô³êàö³¿ á³ëê³â âèÿâëåíî â ã³ïîêàìï³
ñòàðèõ ùóð³â ç ïîã³ðøåííÿì ïàì'ÿò³, ó êîð³
ëîáîâî¿ òà ïîòèëè÷íî¿ ÷àñòîê ñòàðî¿ ëþäèíè ³
ùóð³â [71, 72, 74]. Íåäàâí³ì íàäáàííÿì ïðî-
òåîì³êè ñòàëî âèÿâëåííÿ ñïåöèô³÷íèõ á³ëê³â, ÿê³
çàçíàþòü îêèñíî¿ ìîäèô³êàö³¿ ó õâîðèõ íà õâîðîáó
Àëüöãåéìåðà [75].

Âèõîäÿ÷è ç òåîð³¿ àêòèâàö³¿ îêñèäàòèâíîãî
ñòðåñó â ñòàð³þ÷îìó ìîçêó, ëîã³÷íî áóëî á î÷³êó-
âàòè, ùî òðèâàë³ñòü æèòòÿ ìîæå áóòè ï³äâèùåíà
çà ðàõóíîê çá³ëüøåííÿ àíòèîêñèäàíòíîãî çàõèñòó.
Îäíàê ñïðîáè ï³òè ïî òàêîìó øëÿõó äàëè ñóïå-

Íàóêîâ³ îãëÿäè
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ðå÷ëèâ³ ðåçóëüòàòè. Ïî-ïåðøå, ³ñíóþòü äîñë³ä-
æåííÿ, ÿê³ ñâ³ä÷àòü, ùî ð³âåíü åíäîãåííèõ àíòèîê-
ñèäàíòíèõ ôåðìåíò³â ó ìîçêó òà ³íøèõ òêàíèíàõ
íå çàâæäè çìåíøóºòüñÿ â ïðîöåñ³ ñòàð³ííÿ [76,
77]. Ïðè åêñïåðèìåíòàëüíîìó çá³ëüøåíí³ ð³âíÿ
àíòèîêñèäàíò³â òàêîæ îòðèìàí³ íåîäíîçíà÷í³ ðå-
çóëüòàòè.

Ïðè äîñë³äæåíí³ ïðè÷èí ïîñèëåííÿ â³ëüíîðà-
äèêàëüíèõ ïðîöåñ³â ó ñòàðîìó ìîçêó áóëî âèÿâëå-
íî, ùî ³í³ö³þâàòè ðàíí³ ïðîÿâè îêñèäàíòíîãî
ñòðåñó ìîæå àêòèâàö³ÿ ì³êðîãë³¿. Àêòèâîâàíà
ì³êðîãë³ÿ ñòàº äæåðåëîì òàêèõ â³ëüíèõ ðàäèêàë³â
ó ìîçêó ÿê ñóïåðîêñèäàí³îí òà îêñèä àçîòó [78].
Ö³ ðàäèêàëè òà ïðîäóêòè ¿õ ðåàêö³¿ - ïåðîêñèä
âîäíþ ³ ïåðîêñèí³òðèò, º äóæå òîêñè÷íèìè é ìî-
æóòü ïðèçâåñòè äî îêèñíèõ ïîøêîäæåíü ³ çàãè-
áåë³ íåéðîí³â [79].

Îäíàê, êë³òèíè ì³êðîãë³¿ çàïóñêàþòü òàêîæ
àíòèîêñèäàíòí³ çàõèñí³ ìåõàí³çìè. Ó íèõ âèÿâ-
ëåíî âèñîêèé âì³ñò ãëóòàò³îíó, ÑÎÄ, êàòàëàçè,
ãëóòàò³îíïåðîêñèäàçè òà ãëóòàò³îí-ðåäóêòàçè, à
òàêîæ NADPH-ðåãåíåðóþ÷èõ ôåðìåíò³â [80].
Òîìó íàñë³äêè àêòèâàö³¿ ì³êðîãë³¿ áóäóòü çàëåæàòè
â³ä ñï³ââ³äíîøåííÿ öèõ ìåõàí³çì³â. Ó ðàç³ òðè-
âàëîãî îêñèäàíòíîãî ñòðåñó çàïàñè àíòèîêñè-
äàíò³â âèñíàæóþòüñÿ ³ âèíèêàº ïîøêîäæåííÿ
êë³òèí.

Àêòèâàö³ÿ ì³êðîãë³¿ ìîæå ñòàòè ïðè÷èíîþ ùå
îäíîãî âàæëèâîãî ìåõàí³çìó ñòàð³ííÿ ìîçêó.
Äåÿê³ äîñë³äíèêè ðîçãëÿäàþòü çàïàëåííÿ ÿê îäíó
ç ïðè÷èí ñòàð³ííÿ ìîçêó ³ â³êîâèõ íåéðîäåãåíå-
ðàòèâíèõ ïðîöåñ³â [81]. Ñèãíàëîì ïî÷àòêó çàïà-
ëåííÿ â ìîçêó º íàêîïè÷åííÿ ðåàêòèâíî¿ ì³êðîãë³¿
â ä³ëÿíêàõ ³ç äåãåíåðàòèâíèìè çì³íàìè [82]. Ó
ðàç³ ïîøêîäæåííÿ òêàíèíè ìîçêó êë³òèíè ì³êðîãë³¿,
ÿê ðåçèäåíòè ³ìóííî¿ ñèñòåìè ìîçêó, âèêëèêàþòü
çàõèñíó ³ìóííó ðåàêö³þ, ÿêà âêëþ÷àº òðàíçèòîðíå
ï³äâèùåííÿ íåéðîòðîô³÷íèõ ôàêòîð³â ³ çàïàëüíèõ
ìîëåêóë [83], åêñïðåñ³þ ðåöåïòîð³â öèòîê³í³â, ðå-
öåïòîð³â õåìîê³í³â, ãîëîâíîãî êîìïëåêñó ã³ñòî-
ñóì³ñíîñò³ II òà ³í. [84, 85]. Ïðè õðîí³÷íîìó çàïà-
ëåíí³ ìàº ì³ñöå òðèâàëà àêòèâàö³ÿ ì³êðîãë³¿, ÿêà
ñòàº òðèãåðîì ïðîäóêö³¿ ñïåêòðó íåéðîòîêñè÷íèõ
³ ïðîçàïàëüíèõ öèòîê³í³â, òàêèõ ÿê ³íòåðëåéê³í-1
(²Ë-1β), ³íòåðëåéê³í-6 (²Ë-6), ôàêòîð íåêðîçó ïóõ-
ëèíè àëüôà (TNFα) òà ³í. [86].

Ö³êàâî, ùî â îñòàíí³ ðîêè îêèñíþâàëüíà òåî-
ð³ÿ ñòàð³ííÿ òàêîæ ïî÷àëà ðîçãëÿäàòè ðîëü çàïà-
ëåííÿ. Ö³ äâà ïðîöåñè âçàºìîïîâ'ÿçàí³ ³ ìàþòü
áàãàòî ïåòåëü çâîðîòíîãî çâ'ÿçêó, òîìó â³äîêðå-
ìèòè ¿õ âàæêî. ª áàãàòî äîñë³äæåíü, ïðèñâÿ÷åíèõ
âèâ÷åííþ ðîë³ ì³òîõîíäð³é ó ïîºäíàíí³ ðîçâèòêó
çàïàëüíèõ çì³í ³ òèõ, ùî ëåæàòü â îñíîâ³ çá³ëü-
øåííÿ îêèñíþâàëüíîãî ñòðåñó ç â³êîì.

Îòæå, îãëÿä ë³òåðàòóðè ç ìåõàí³çì³â ñòàð³ííÿ

ìîçêó ïîêàçàâ, ùî äóæå âàæêî â³äíàéòè òó ãðàíü,
äå íîðìàëüíå ñòàð³ííÿ ÖÍÑ ìîæå ïåðåéòè ó â³-
êîâèé íåéðîäåãåíåðàòèâíèé ïðîöåñ. Ìîæíà ñêà-
çàòè, ùî ñòàð³þ÷èé ìîçîê ìàº ÿê áè ïåâíèé ñòó-
ï³íü ãîòîâíîñò³, ñõèëüíîñò³ äî ³í³ö³àö³¿ ìåõàí³çì³â
ïîøêîäæåííÿ çà íåñïðèÿòëèâèõ óìîâ.

Ë³òåðàòóðà. 1.Age-related neuronal vulnerability to brain
ischemia: A potential target of gene therapy / H.Ooboshi,
S.Ibayashi, H.Yao [et al.] // Age. - 2006. -Vol.24,¹ 1. - Ð. 31-35.
2. Àñàíîâ Ý. Î. Âîçðàñòíûå îñîáåííîñòè îáìåíà êèñëîðîäà
â òêàíÿõ ïðè ãèïîêñè÷åñêîì ñòðåññå / Ý.Î. Àñàíîâ // Ïðîáë.
ñòàðåíèÿ è äîëãîëåòèÿ. - 2007. - Ò. 16,¹2. - Ñ. 130-136. 3.
Ñâîáîäíîðàäèêàëüíîå îêèñëåíèå è ñòàðåííå / Â.Õ.Õà-
âèíñîí, Â.À.Áàðèíîâ, À.Â.Àðóòþíÿí, Â.Â.Ìàëèíèí - ÑÏá.:
Íàóêà, 2003. - 327 ñ. 4. Àíèñèìîâ Â.Í. Ìîëåêóëÿðíûå è
ôèçèîëîãè÷åñêèå ìåõàíèçìû ñòàðåíèÿ: Â 2 ò. - 2-èçä.,
ïåðåðàá. È äîï. - ÑÏá. : Íàóêà, 2008. - Ò.1. - 481 ñ. 5. Brain
Aging: Models, Methods, and Mechanisms Frontiers in
Neuroscience Ed. by David R. Riddle. : CRC Press, 2007.-
220 ð. 6.Ðåéõàðäò Á.À. Äèíàìèêà íàðóøåíèé ðåãóëÿòîðíûõ
ñèñòåì íåéðîíîâ ìîçãà ïðè âîçðàñòíîé àìíåçèè ó êðûñ /
Á.À.Ðåéõàðäò, Î.Ã.Êóëèêîâà, Í.Ñ.Ñàïðîíîâ // Ïñèõî-
ôàðìàêîë. è áèîë. - 2001. - Ò.1,¹1. - Ñ. 38-42. 7. Preser-
vation of hippocampal neuron numbers in aged rhesus mon-
keys / J.I.Keuker, P.G.Luiten, E.Fuchs // Neurobiol. Aging.-
2003.- Vol.24,¹1.- P.157-165. 8. Ñàâ÷åíêî Ì.À. Çàêîíîìåð-
íîñòè èçìåíåíèÿ ôèçè÷åñêèõ êà÷åñòâ è ïñèõîìîòîðíûõ
ôóíêöèé ó æåíùèí ñðåäíåãî è ïîæèëîãî âîçðàñòà /
Ì.À.Ñàâ÷åíêî // Óñïåõè ãåðîíòîë. - 2008. - Ò.21,¹3. -
Ñ.427-430. 9. Rao R. The role of carotid stenosis in vascular
cognitive impairmånt / R.Rao //Eur. Neurol. - 2001. - Vol.46. -
P. 30-34. 10. Carotid artery atherosclerosis, MRI indices of
brain ischemia, aging, and cognitive impairment: the Framing-
ham study / J.R.Romero, A.Beiser, S.Seshadri [et al.] // Stroke.
- 2009. - Vol.40, ¹5. - Ð.1590-1596. 11. Age-dependent
changes in 24-hour rhythms of catecholamine content and
turnover in hypothalamus, corpus striatum and pituitary gland
of rats, ijected with Freunds adjuvant / P.Cano, D.P.Cardinali,
F.Chacon [et al.] // BMC Physiology. - 2001. -Vol.1,¹5. -
Ð.1149-1156. 12. Weinert B. T. Invited review: Theories of
aging / B.T.Weinert, P.S.Timiras // J. Appl. Physiol. - 2003. -
Vol. 95. - P. 1706-1716. 13. Finch C.E. Neurons, glia, and
plasticity in normal brain aging / C.E.Finch // Óñï³õè ãåðîíòîë.-
2002.- Ò.10,¹1.-Ñ.35-39. 14. Hof P.R. The aging brain:
morphomolecular senescence of cortical circuits/P.R.Hof,
J.H.Morrison //Trends Neurosci.- 2004.- Vol. 27, ¹10.- P. 607-
613. 15. LaFerla F.M. Calcium dyshomeostasis and intra-
cellular signaling in Alzheimer disease /F.M.LaFerla //Nat. Rev.
Neurosci.- 2002.- Vol.3,¹11.- P.862-72. 16. Clodfelter G.V.
Sustained Ca2+-induced Ca2+-release underlies the post-
glutamate lethal Ca2+ plateau in older cultured hippocampal
neurons / G.V.Clodfelter // Eur. J. Pharmacol. -.2002. -
Vol.447,¹ 2-3. - Ð. 189-200. 17. Yang Y. Presenilin-1 deficiency
impairs glutamate-evoked intracellular calcium responses in
neurons / Y.Yang, D.G.Cook // Neurosci. - 2004. - Vol.124,¹3.
- Ð. 501-505. 18. Prolla T.A. Molecular mechanisms of brain
aging and neurodegenerative disorders: lessons from dietary
restriction / T.A.Prolla, M.P.Mattson // Trends Neurosci. -
2001. -Vol.24,¹ 11. - Ð.21-31. 19. Catterall W.A. Compendium
of voltage-gated ion channels: calcium channels / W.A.Catterall
// Pharmacol. Rev. - 2003. - Vol. 55,¹. 4. - Ð. 579. 20. Toescu
E.C. Ca2+ and mitochondria as substrates for deficits in
synaptic plasticity in normal brain aging / E.C.Toescu,
A.Verkhratsky // J. Cell. Mol. Med. - 2004. - Vol.8,¹2.- Ð.181-
190. 21. Cady C. Age-related differences in NMDA responses
in cultured rat hippocampal neurons / C.Cady, M.S.Evans,
G.J.Brewer // Brain Res.- 2001.- Vol.921,¹ 19-21. - Ð. 1-11.
22. Carlson N.G. RNA editing (Q/R site) and flop/flip splicing
of AMPA receptor transcripts in young and old brains /
N.G.Carlson // Neurobiol. Aging. - 2000. - Vol.21,¹4. - Ð.599-
606. 23. Perez-Otano I. Assembly with the NR1 subunit is
required for surface expression of NR3A-containing NMDA
receptors / I.Perez-Otano // J. Neurosci. - 2001. -Vol.21,¹4. -
Ð. 1228-1237. 24. Clayton D.A. Deficits in the expression of
the NR2B subunit in the hippocampus of aged Fisher 344 rats
/ D.A.Clayton, M.D.Browning // Neurobiol. Aging. - 2001.-Vol.
22,¹1.- Ð.165-168. 25. Tanaka H. The AMPAR subunit



259

GluR2: still front and center-stage / H.Tanaka // Brain Res. -
2000. - Vol.886, ¹ 1-2. - Ð. 190-207. 26. Anderton B.H. Aging
of the brain // B.H. Anderton // Mech. Aging Dev. - 2002. -
Vol.123,¹7. - Ð.811-817. 27. Chern Y. Regulation of adenylyl
cyclase in the central nervous system / Y.Chern // Cell. Signal. -
2000.- Vol.12,¹4. - Ð. 195-204. 28. Wanaverbecq N. The
plasma membrane calcium-ATPase as a major mechanism for
intracellular calcium regulation in neurons from the rat superior
cervical ganglion / N.Wanaverbecq // J. Physiol.- 2003.- Vol.
550, ¹ 1. - Ð. 83-101. 29. Pottorf W.J. Aging and calcium
buffering in adrenergic neurons / W.J.Pottorf, S.P. Duckles, J.N
Buchholz//Auton. Neurosci.- 2002.- Vol.96,¹1.- P. 2-7. 30.
Thinakaran G. Identification of the role of presenilins beyond
Alzheimer's disease / G.Thinakaran, A.T.Parent // Pharm. Res.
- 2004.- Vol.50,¹4.- Ð. 411-418. 31. Buxbaum J.D. A role for
calsenilin and related proteins in multiple aspects of neuronal
function / J.D. Buxbaum // Biochem. Biophys. Res. Commun. -
2004. - Vol.322,¹4. - P. 1140-1144. 32. Idrizbegovic E. The
total number of neurons and calcium binding protein positive
neurons during aging in the cochlear nucleus of CBA/CaJ mice:
a quantitative study / E. Idrizbegovic // Hear Res. - 2001.-
Vol.158,¹1-2.- P.102-115. 33. Geula C. Loss of calbindin-
D28k from aging human cholinergic basal forebrain: relation to
neuronal loss / C.Geula // J. Compar. Neurol. - 2003. - Vol.455,
¹ 2. - P. 249-259. 34. Bu J. Age-related changes in calbindin-
D28k, calretinin, and parvalbumin-immunoreactive neurons in
the human cerebral cortex / J.Bu // Exp. Neurol. - 2003. -
Vol.182,¹1. - P. 220-231. 35. Greene J.R. Accumulation of
calbindin in cortical pyramidal cells with aging; a putative
protective mechanism which fails in Alzheimer's disease /
Neuropathol. Appl. Neurobiol. - 2001- Vol.27,¹5. - P. 339-
342. 36. Griffith W.H. Modification of ion channels and calcium
homeostasis of basal forebrain neurons during aging / W.H.Gri-
ffith // Behav. Brain Res. - 2000. - Vol.115,¹2. - P. 219-233.
37. Murchison D. Reduced mitochondrial buffering of voltage-
gated calcium influx in aged rat basal forebrain neurons /
D.Murchison, D.C.Zawieja, W.H.Griffith // Cell Calcium. -
2004. - Vol.36,¹ 1.- P. 61-75. 38. Melov S. Modeling mito-
chondrial function in aging neurons / S.Melov // Trends
Neurosci. - 2004. - Vol.27,¹10. - P. 601-606. 39. Drew B.
Aging and subcellular distribution of mitochondria: role of
mitochondrial DNA deletions and energy production / B. Drew,
C. Leeuwenburgh // Acta Physiol. Scand. - 2004.- Vol.182,¹4.
- P. 333-341. 40. Mattson M.P. Mitochondria in cell death:
novel targets for neuroprotection and cardioprotection / M.P.
Mattson, G. Kroemer // Trends Mol. Med.- 2003. - Vol.9,¹5.
- P. 196-205. 41. Kalaria R.N. Linking cerebrovascular defense
mechanisms in brain ageing and Alzheimer's disease / R.N.Ka-
laria // Neurobiol. Aging. - 2009. - Vol.30, ¹9. - P. 1512-1514.
42. Kumar A. Enhanced long-term potentiation during aging is
masked by processes involving intracellular calcium stores /
A.Kumar, T.C.Foster // J. Neurophysiol.- 2004.- Vol.91,¹6.-
Ð. 2437-2444. 43. Kirichok Y. The mitochondrial calcium
uniporter is a highly selective ion channel / Y.Kirichok,
G.Krapivinsky, D.E.Clapham // Nature. - 2004. - Vol.427. - P.
360-364. 44. Parekh A.B. Store-operated Ca2+ entry: dynamic
interplay between endoplasmic reticulum, mitochondria and
plasma membrane / A.B.Parekh // J. Physiol. - 2003. - Vol.547,
¹2. - Ð. 333-348. 45. Putney J.W. Jr. Capacitative calcium
entry in the nervous system / J.W.Jr. Putney // Cell. Calcium. -
2003. - Vol. 34, ¹ 4-5. - P. 339-344. 46. Brocard J.B. Quan-
titative evaluation of mitochondrial calcium content in rat
cortical neurons following a glutamate stimulus / J.B.Brocard,
M.Tassetto, I.J.Reynolds // J. Physiol. - 2001.- Vol.531,¹3. - P.
793-805. 47. Khodorov B. Glutamate-induced deregulation of
calcium homeostasis and mitochondrial dysfunction in mam-
malian central neurons / B.Khodorov // Prog. Biophys. Mol.
Biol. - 2004. - Vol.86,¹2. - P. 279-351.48. Yang F. Ca2+ influx-
independent synaptic potentiation mediated by mitochondrial
Na+-Ca2+ exchanger and protein kinase C / F.Yang // J. Cell.
Biol. - 2003. - Vol.163,¹3. - Ð. 511-523. 49. Trimmer J.S.
Localization of voltage-gated ion channels in mammalian brain /
J.S.Trimmer, K.J.Rhodes // Annu. Rev. Physiol.- 2004.- Vol.66.
- Ð. 477-519. 50. Xiong J. Mitochondrial polarisation status and
[Ca 2+] signaling in rat cerebellar granule neurons aged in vitro
/ J.Xiong // Neurobiol. Aging. - 2004. - Vol.25,¹3. - P. 349-359.
51. Xiong J. Changes in mitochondrial status associated with
altered Ca2+ homeostasis in aged cerebellar granule neurons in
brain slices / J.Xiong, A.Verkhratsky, E.C.Toescu //J. Neu-
rosci.- 2002.- Vol.22,¹24. - Ð. 10761-10771. 52. Toescu E.C.

Normal brain aging: models and mechanisms / E.C.Toescu //
Phil. Trans. R. Soc. - 2005. - Vol.360. - Ð. 2347-2354. 53.
Ìèðîíîâà Å.Â. Òèïû ðåöåïòîðîâ ãëóòàìàòà, îïðåäå-
ëÿþùèå êîíöåíòðàöèîííóþ çàâèñèìîñòü åãî íåéðîòîê-
ñè÷åñêîãî äåéñòâèÿ íà íåéðîíû êîðû ãîëîâíîãî ìîçãà êðûñ
/ Å.Â.Ìèðîíîâà, À.À.Ëóêèíà, Í.Á.Áðîâöûíà // Æóðí.
ýâîëþö. áèîõèì.è ôèçèîë. - 2006. - Vol.42,¹6. - Ñ.559-566.
54. Harman D. Free-radical theory of aging: an update:
increasing the functional life span / Ann.N. Y. Acad. Sci. 2006. -
Vol. 1067. - P. 10-21. 55. Rattan S.I.S. Theories of biological
aging: genes, proteins, and free radicals / Free Radical Res. -
2006. -Vol. 40.- P. 1230-1238. 56. Êðàòíîâ À.Å. Âîçðàñòíûå
èçìåíåíèÿ êèñëîðîäçàâèñèìîãî ìåòàáîëèçìà è àíòèîê-
ñèäàíòíîé çàùèòû íåéòðîôèëîâ ó áîëüíûõ ñ èøåìè÷åñêîé
áîëåçíüþ ñåðäöà / À.Å. Êðàòíîâ // Óñïåõè ãåðîíòîë. - 2008.
- Ò.21,¹3. - Ñ. 414-419. 57. Èçó÷åíèå íàêîïëåíèÿ 8-îêñî-2'-
äåçîêñèãóàíîçèíà â ÄÍÊ ïðè "ñòàöèîíàðíîì ñòàðåíèè"
êóëüòèâèðóåìûõ êëåòîê / Ä.Å.Åñèïîâ, Ò.À.Ãîðáà÷åâà,
Ã.À.Õàéðóëëèíà [è äð.] // Óñïåõè ãåðîíòîë. - 2008. - Ò.21,
¹3. - Ñ. 485-487. 58. Brookes P.S. Calcium, ATP, and ROS: a
mitochondrial love-hate triangle / P.S.Brookes // Am.J.Phy-
siol.Cell.Physiol.- 2004.- Vol.287,¹4.- P.817-833. 59.
Crompton M. Mitochondria and aging: a role for the per-
meability transition? / M.Crompton //Aging Cell. - 2004. -
Vol.3,¹1. - P. 3-6. 60. Prematrure ageing in mice expressing
defective mitochondrial DNA polymerase / A.Trifunovic,
A.Wredenberg, M.Falkenberg [et al.] // Nature. - 2004.-
Vol.429.- P. 417-423. 61. Clonal expansion of mitochondrial
genomes: implicatons for in vivo mutaton spectra / K.Khrapko,
E.Nekhaeva, Y.Kraytsberg, W.Kunz // Mutat. Res. 2003. - Vol.
522. - P. 13-19. 62. Przedborski S. Neurodegeneration: what is
it and where are we? / S.Przedborski, M.Vila, V.Jackson-Lewis
//J.Clin.Invest.- 2003.-Vol.111,¹1.- Ð.3-10. 63. Â³êîâ³
îñîáëèâîñò³ ðåàêö³¿ êàðä³îðåñï³ðàòîðíî¿ ñèñòåìè íà ã³-
ïîêñ³þ / Î.Â.Êîðêóøêî, À.Â.Ïèñàðóê, Ëèøíåâñüêà Â.Þ.
[òà ³í.] //Ô³ç³îë. æóðí. - 2005. - Ò.51,¹6. - Ñ.11-17. 64. The
essential mechanisms of aging: irreparable damage accumulation
of biochemical side-reactions / D.Yin, K. Chen //Exp. Gerontol.
- 2005. - Vol. 40. - P.455-465. 65. Farooqui A.A. Brain
phospholipases A2: a perspective on the history / A.A.Fa-
rooqui, L.A.Horrocks // Prostaglandins Leukot. Essent. Fatty
Acids. - 2004. - Vol.71,¹3. - P.161-169. 66. Barja G. Aging in
vertebrates, and the effect of caloric restriction: a mitochond-
drial free radical production - DNA damage mechanism? /
G.Barja // Biol. Rev. - 2004. - Vol.79. - P. 235-251. 67. Barja G.
Free radicals and aging / G.Barja // Trends Neurosci. - 2004. -
Vol. 27. - P. 595-600. 68. Zarkovic K. 4-Hydroxynonenal and
neurodegenerative diseases / K.Zarkovic // Mol. Aspects Med.
- 2003. - Vol.24,¹ 1. - Ð. 293-298. 69. Butterfield D.A.
Proteomics: a new approach to investigate oxidative stress in
Alzheimer's disease brain / D.A.Butterfield // Brain Res. - 2004.
- Vol.1000, ¹ 1. - Ð. 112-119. 70. Mattson M.P. Energetics and
oxidative stress in synaptic plasticity and neurodegenerative
disordes / M.P.Mattson, D.Liu // Neuromolecular. Med.-
2002.- Vol.2,¹2.- P. 215-231. 71. Sohal R. Role of oxidative
stress and protein oxidation in the aging process / R.Sohal //
Free Radic.Biol.Med. - 2002. -Vol.33,¹1. - Ð.37-44. 72. Age-
related oxidative protein damages in central nervous system of
rats: modulatory role of grape seed extract / M.Balu, S.Puru-
shotham, G.Murali [et al.] // Intern. J. Dev. Neurosci. - 2005. -
Vol.23,¹6. - P.501-507. 73. Neuronal cell death due to
glutamate excitotoxicity is mediated by P38 activation in the rat
cerebral cortex / J.Segurra-Torres, V.Chaparro-Huerta, M.Ri-
vera-Servantes // Neurosci.Lett. - 2006. - Vol.403,¹3. - P.233-
238. 74. Marnett L.J. Oxyradicals and DNA damage / L.J.Mar-
nett // Carcinogenesis. - 2000. - ¹ 21. - Ð.361-370. 75. Spiteller
G. Lipid peroxidation in aging and age-dependent diseases /
G.Spiteller // Exp.Gerontol. - 2001. - ¹ 36. - P.1425-1457. 76.
Landis G. N. Superoxide dismutase evolution and life span
regulation / G.N.Landis, J.Tower // Mech. Ageing Dev. - 2005.
- Vol.126.- P. 365-379. 77. Àíòèîêñèäàíòíûå ñèñòåìû â
òêàíÿõ ìûøåé ñ óñêîðåííûì òåìïîì ñòàðåíèÿ (SAM,
Senescence Accelerated Mice) / À.À.Áîëäûðåâ, M.O.Þíåâà,
E.Â.Ñîðîêèíà [è äð.] // Áèîõèìèÿ. - 2001. - Ò.66,¹10. -
Ñ.1157-1163. 78. Mechanisms of ATP-and glutamate-mediated
calcium signaling in white matter astrocytes / N.Hamilton,
S.Vayro, F.Kirchhoff [et al.] // Glia.-2008. - Vol.56, ¹7. - P.734-
749. 79. Quan Y. High glucose stimulates GRO secretion from
rat microglia via ROS, PKC, and NF- B pathways / Y.Quan,
D.Jianhai, W.Xian // J.Neurosci.Res. - 2007. - Vol.85,¹14. -

Íàóêîâ³ îãëÿäè



260

Êë³í³÷íà òà åêñïåðèìåíòàëüíà ïàòîëîã³ÿ Òîì X²V,  ¹2 (52), 2015

P.3150-3159. 80. Dringen R. Oxidative and antioxidative
potential of brain microglial cells / R.Dringen // Antioxid. Redox
Signal. - 2005. - ¹7. - Ð. 1223-1230. 81. Aldred S. The use of
proteomics for the assessment of clinical samples in research /
S.Aldred, M.M.Grant, H.R.Griffiths // Clin. Biochem. - 2004.
- Vol.37.- Ð.943- 948. 82. Troen B.R. The biology of aging /
B.R.Troen // Maunt. Sinai J. Med. - 2003.- Vol.70. - P. 3-22.
83. Õàìà-Ìóðàä À.Õ. Âòîðè÷íîå ïîâðåæäåíèå ïðè ìîç-
ãîâîì èíñóëüòå è âîçìîæíîñòü âîññòàíîâëåíèÿ ôóíêöèé
ìîçãà (ðîëü öèòîêèíîâ, íåéðîòðîôè÷åñêèõ ôàêòîðîâ,
àäãåçèîííûõ ìîëåêóë) / À.Õ. Õàìà-Ìóðàä, Ë.È. Ïàâëèíîâà,
À.À. Ìîêðóøèí // Íåéðîõèìèÿ. - 2007. - Ò.24,¹2. - Ñ. 121-
131. 84. Perry V.H. The influence of systemic inflammation on
inflammation in the brain: implications for chronic neuro-
degenerative disease / V.H.Perry // Brain, Behav. Immun. -
2004. - Vol.18. - P. 407-413. 85. Wen Y.D. Inflammatory
mechanism in ischemic neuronal injury / Y.D. Wen, H.L. Zhang,
Z.H. Qui // Neurosci. Bull. - 2006. - Vol.22,¹3. - P. 171-182.
86. Ëóöèê Á.Ä. Çàïàëüíà ðåàêö³ÿ, ÿê ìåõàí³çì âòîðèííîãî
ïîøêîäæåííÿ ãîëîâíîãî ìîçêó ïðè ìîçêîâèõ ³íñóëüòàõ /
Á.Ä.Ëóöèê, À.Ñ.Êîñòü // Ëàá. ä³àãíîñòèêà. - 2008. - Ò.45,¹3.
- Ñ. 72-74.

ÌÅÕÀÍÈÇÌÛ ÑÒÀÐÅÍÈß ÌÎÇÃÀ ÊÀÊ ÎÑÍÎÂÀ
ÂÎÇÐÀÑÒÍÎÉ ÄÈÑÔÓÍÊÖÈÈ ÖÅÍÒÐÀËÜÍÎÉ

ÍÅÐÂÍÎÉ ÑÈÑÒÅÌÛ

Ñ.Ñ.Òêà÷óê, À.Â.Òêà÷óê, Â.Ô.Ìûñëèöêèé

___________

Ðåçþìå. Ïðîàíàëèçèðîâàíû ñîâðåìåííûå âçãëÿäû íà
ìåõàíèçìû ñòàðåíèÿ ìîçãà è èõ âçàèìîñâÿçü ñ âîçðàñòíîé
äèñôóíêöèåé öåíòðàëüíîé íåðâíîé ñèñòåìû.

Êëþ÷åâûå ñëîâà: ãîëîâíîé ìîçã, ñòàðåíèå, íåéðîäåãå-
íåðàòèâíû ïðîöåññû.

BRAIN AGING MECHANISMS AS BASIS OF THE AGE
DYSFUNCTION OF THE CENTRAL NERVOUS

SYSTEM

S.S. Tkachuk, O.V. Tkachuk, V.F. Myslytskyi

Abstract. Modern views on the mechanisms of brain aging
and their connection with age dysfunction of the central nervous
system has been analyzed.
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