
ISSN 0201-8489    Ô³ç³îë. æóðí., 2009, Ò. 55, ¹ 326

©  Þ.Â. Ãîøîâñüêà, Î.Î. Ë³ñîâèé, Ò.Â. Øèìàíñüêà, Â.Ô. Ñàãà÷

ÓÄÊ 612.67 + 612.17 +576.311.347

Þ.Â. Ãîøîâñüêà, Î.Î. Ë³ñîâèé, Ò.Â. Øèìàíñüêà, Â.Ô. Ñàãà÷

Çì³íè åêñïðåñ³¿ ãåí³â UCP2 òà UCP3,
ôóíêö³îíàëüíîãî ñòàíó ³ êèñíåâî¿ âàðòîñò³ ðîáîòè
ì³îêàðäà â óìîâàõ ñòàð³ííÿ òà ³øåì³¿�ðåïåðôóç³¿

Â åêñïåðèìåíòàõ íà ïåðôóçîâàíèõ çà Ëàíãåíäîðôîì ñåðöÿõ äîðîñëèõ (6 ì³ñ) ³ ñòàðèõ (24 ì³ñ) ùóð³â,
âèâ÷àëè çì³íè ôóíêö³îíàëüíîãî ñòàíó ñåðöÿ ³ êèñíåâó âàðò³ñòü éîãî ðîáîòè ï³ä ä³ºþ ³øåì³¿�ðåïåðôóç³¿
(20õâ/40õâ). Ñòóï³íü ïîðóøåííÿ ïðîíèêíîñò³ ì³òîõîíäð³àëüíèõ ìåìáðàí �óòâîðåííÿ
ì³òîõîíäð³àëüíèõ ïîð � îö³íþâàëè çà âèâ³ëüíåííÿì â êîðîíàðíå ðóñëî ì³òîõîíäð³àëüíîãî
ôàêòîðà (λ=250 íì). Ó òèõ ñàìèõ óìîâàõ çà äîïîìîãîþ ìåòîäà ïîë³ìåðàçíî¿ ëàíöþãîâî¿
ðåàêö³¿ âèçíà÷àëè ð³âåíü åêñïðåñ³¿ ãåí³â UCP2 ³ UCP3. Ìåìáðàííèé ïîòåíö³àë ³ øâèäê³ñòü
äèõàííÿ ì³òîõîíäð³é âèì³ðþâàëè â ñóñïåíç³¿ ì³òîõîíäð³é ñåðöÿ äîðîñëèõ ³ ñòàðèõ ùóð³â.
Ïîêàçàíî, ùî ïîã³ðøåííÿ ôóíêö³îíàëüíîãî ñòàíó ñåðöÿ ñòàðèõ ùóð³â ñóïðîâîäæóâàëîñÿ
çá³ëüøåííÿì êèñíåâî¿ âàðòîñò³ éîãî ðîáîòè ³ çíèæåííÿì ìåìáðàííîãî ïîòåíö³àëó
ì³òîõîíäð³é, âèä³ëåíèõ ç ñåðöÿ. Ðåïåðôóç³éí³ ïîðóøåííÿ êàðä³îäèíàì³êè, ñêîðîòëèâî¿
àêòèâíîñò³ ì³îêàðäà ³ éîãî êèñíåâîãî îáì³íó â ðàíí³é ïåð³îä ðåïåðôóç³¿ ó ñòàðèõ ùóð³â áóëè
ìåíø³ ïîð³âíÿíî ç ñåðöÿìè äîðîñëèõ. Ó ñåðö³ ñòàðèõ ùóð³â ñï³ââ³äíîøåííÿ ìÐÍÊ UCP2 äî
ìÐÍÊ êîíòðîëüíîãî ãåíà GADPH (ãë³öåðàëüäåã³ä-3-ôîñôàòäåã³äðîãåíàçè) áóëî çá³ëüøåíå, à
ñï³ââ³äíîøåííÿ ìÐÍÊ UCP3/GADPH ìàëî âèðàæåíó òåíäåíö³þ äî çðîñòàííÿ. ²øåì³ÿ�ðåïåðôóç³ÿ
ñòèìóëþâàëà åêñïðåñ³þ ãåí³â UCP2 ³ UCP3 â ñåðö³ äîðîñëèõ, àëå íå ñòàðèõ òâàðèí. Òàêèì
÷èíîì, â çì³íè ôóíêö³îíàëüíîãî ñòàíó ñåðöÿ ³ éîãî ðåàêö³þ íà ðåïåðôóç³þ ïðè ñòàð³íí³ ðîáèòü
âíåñîê äèñôóíêö³ÿ ì³òîõîíäð³é, çóìîâëåíà ï³äâèùåííÿì åêñïðåñ³¿ ãåí³â UCP2 ³ UCP3.
Êëþ÷îâ³ ñëîâà: á³ëêè-ðîç�ºäíóâà÷³ UCP2 ³ UCP3, ³çîëüîâàíå ñåðöå, ñòàð³ííÿ, ³øåì³ÿ�ðåïåðôóç³ÿ,
ì³òîõîíäð³àëüíà ïîðà, ìåìáðàííèé ïîòåíö³àë ì³òîõîíäð³é.

ÂÑÒÓÏ

Á³ëêè-ðîç�ºäíóâà÷³ îêèñíîãî ôîñôîðèëþ-
âàííÿ (â³ä àíãë. uncoupling proteins, UCP) �
öå ãðóïà òðàíñïîðòíèõ ïðîòå¿í³â, ÿê³ âáó-
äîâàí³ ó âíóòð³øíþ ìåìáðàíó ì³òîõîíäð³é.
Âîíè îïîñåðåäêîâóþòü ÿâèùå ïðîòîííîãî
øóíòóâàííÿ [29] òà çäàòí³ âïëèâàòè íà
ìåìáðàííèé ïîòåíö³àë ì³òîõîíäð³é. Ïðè
öüîìó çíèæóºòüñÿ ñèíòåç àäåíîçèíòðèôîñ-
ôàòó (ÀÒÔ), à åíåðã³ÿ ïðîòîííîãî ãðàä³ºíòà
ðîçñ³þºòüñÿ ó âèãëÿä³ òåïëà. Ñàìå òàê
ïðàöþº UCP1, àáî á³ëîê òåðìîãåí³í, ÿêèé
åêñïðåñóºòüñÿ â òêàíèíàõ áóðîãî æèðó òà
â³äïîâ³äàº çà ïðîöåñè àäàïòèâíîãî òåðìîãå-
íåçó [11]. Àëå ô³ç³îëîã³÷íà ðîëü éîãî ãîìî-
ëîã³â UCP2 òà UCP3, ÿê³ åêñïðåñóþòüñÿ â

òêàíèíàõ ñåðöÿ, çàëèøàºòüñÿ íåç�ÿñîâàíîþ,
â òîìó ÷èñë³ ïðè îêèñíîìó ñòðåñ³, ³øåì³¿�
ðåïåðôóç³¿ òîùî. Â êë³òèí³ îêèñíèé ñòðåñ
ñïîñòåð³ãàºòüñÿ ïðè ñòàð³íí³, êîëè ïîøêîä-
æóþòüñÿ êîìïëåêñè äèõàëüíîãî ëàíöþãà
[12], òà ëåãêî â³äòâîðþºòüñÿ ïðè ³øåì³¿�
ðåïåðôóç³¿ [7], ÿêà, êð³ì òîãî, ìîäóëþº
ôóíêö³¿ ì³òîõîíäð³é. Íà ðàíí³õ åòàïàõ
ðåïåðôóç³¿ íà âíóòð³øí³é ìåìáðàí³ ì³òî-
õîíäð³é â³äêðèâàþòüñÿ íåñåëåêòèâí³ ìåãà-
êàíàëè, àáî ì³òîõîíäð³àëüí³ ïîðè (ÌÏ) [4,
16]. Óòâîðåííÿ îñòàíí³õ ïðèçâîäèòü äî
íàáóõàííÿ ì³òîõîíäð³é ³ çá³ëüøåííÿ ïðîòîí-
íî¿ ïðîâ³äíîñò³ âíóòð³øíüî¿ ìåìáðàíè,
âíàñë³äîê ÷îãî â³äáóâàºòüñÿ äèñèïàö³ÿ
ìåìáðàííîãî ïîòåíö³àëó òà ðîç�ºäíàííÿ
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îêèñíîãî ôîñôîðèëþâàííÿ. Ïðîòå ðîëü
UCP ïðè öüîìó íåâ³äîìà. Âèíèêàº ïèòàí-
íÿ, ÿê³ ìåõàí³çìè ïåðåâàæàþòü ó ïðîöåñ³
øóíòóâàííÿ  ïðîòîí³â  ³  íååôåêòèâíî¿
ðîáîòè äèõàëüíîãî ëàíöþãà ó ñòàðèõ òâà-
ðèí � â³äêðèâàííÿ ì³òîõîíäð³àëüíèõ ïîð ÷è
ï³äâèùåíà àêòèâí³ñòü UCP. Îòæå, UCP ³
ì³òîõîíäð³àëüí³ ïîðè âïëèâàþòü íà ìåìá-
ðàííèé ïîòåíö³àë òà ïðîöåñè âèêîðèñòàííÿ
êèñíþ ì³òîõîíäð³ÿìè òà â³äïîâ³äíî íà
ôóíêö³þ ñåðöÿ.

Ìåòîþ ö³º¿ ðîáîòè áóëî äîñë³äèòè çì³íè
åêñïðåñ³¿ ãåí³â UCP2 òà UCP3, ôóíêö³îíàëü-
íîãî ñòàíó òà êèñíåâî¿ âàðòîñò³ ðîáîòè ì³î-
êàðäà â óìîâàõ ñòàð³ííÿ òà ³øåì³¿�ðåïåðôóç³¿.

ÌÅÒÎÄÈÊÀ

Åêñïåðèìåíòè ïðîâîäèëè íà ñàìöÿõ ùóð³â
ë³í³¿ Â³ñòàð â³êîì 6 (n=7) òà 24 ì³ñ (n=7).
Ñåðöÿ âèëó÷àëè çà äîïîìîãîþ ðîçòèíó
ãðóäíî¿  êë³òêè òà  øâèäêî ïîì³ùàëè â
îõîëîäæåíèé (4°Ñ) ðîç÷èí Êðåáñà�Õåíçå-
ëÿéòà. Ïåðôóç³þ êîðîíàðíèõ ñóäèí çä³é-
ñíþâàëè ðåòðîãðàäíî â óìîâàõ ïîñò³éíîãî
òèñêó (75�80 ìì ðò.ñò.) ïðè 370Ñ ðîç÷èíîì
òàêîãî ñêëàäó (ììîëü/ë): NaCl � 118, KCl �
4,7, MgSO

4
 � 1,2, NaHCO

3 
� 24, KH

2
PO

4
 �

1,2, ãëþêîçà � 10, CaCl
2
 � 2,5. Ïåðôóç³éíèé

ðîç÷èí áåçïåðåðâíî àåðóâàëè êàðáîãåíîì
(95 % Î

2
 ³ 5 % ÑÎ

2
). Òèñê ó ïîðîæíèí³

ë³âîãî øëóíî÷êà (Ðëø) òà éîãî ïåðøó ïî-
õ³äíó dÐ/dt

max 
³ dÐ/dt

min
, ê³íöåâèé ä³àñòî-

ë³÷íèé òèñê (ÊÄÒ) âèì³ðþâàëè çà äîïîìî-
ãîþ ëàòåêñíîãî áàëîí÷èêà, ââåäåíîãî â ïî-
ðîæíèíó ë³âîãî øëóíî÷êà òà ç�ºäíàíîãî ç
òåíçîäàò÷èêîì 746 (�Ì³íãîãðàô-82�, �Ele-
ma�, Øâåö³ÿ). Êîðîíàðíèé ïîò³ê âèì³ðþ-
âàëè ÿê îá�ºì ïåðôóç³éíîãî ðîç÷èíó, ùî
ïðîõîäèâ ÷åðåç ñåðöå çà õâèëèíó.

Äëÿ ðîçðàõóíêó ñïîæèâàííÿ êèñíþ
ì³îêàðäîì ðåºñòðóâàëè íàïðóæåííÿ êèñíþ
ó ïðîáàõ ðîç÷èíó, ùî ïðèò³êàâ ³ â³äò³êàâ
â³ä ñåðöÿ, çà äîïîìîãîþ ãàçîàíàë³çàòîðà
BMS 3 Mk-2 (�Radiometer�, Äàí³ÿ). Êèñíåâó
âàðò³ñòü ðîáîòè ñåðöÿ âèðàæàëè ÿê ñï³â-

â³äíîøåííÿ ñïîæèâàííÿ êèñíþ äî ³íòåí-
ñèâíîñò³ ñêîðî÷óâàëüíî¿ ôóíêö³¿ ñåðöÿ �
²ÑÔ (äîáóòîê òèñêó, ÿêèé ðîçâèâàâ ë³âèé
øëóíî÷îê, íà ÷àñòîòó ñåðöåâèõ ñêîðî÷åíü).

Ìîäåëþâàííÿ ³øåì³¿�ðåïåðôóç³¿ çä³éñ-
íþâàëè çà äîïîìîãîþ ïîâíîãî ïðèïèíåííÿ
ïåðôóç³¿ êîðîíàðíèõ ñóäèí ïðîòÿãîì 20 õâ.
Ï³ä ÷àñ ³øåì³¿ òåìïåðàòóðó ñåðäåöü ï³äòðè-
ìóâàëè,  çàíóðþþ÷è ¿õ  ó  ïåðôóç³éíèé
ðîç÷èí (37°Ñ). Çì³íè äîñë³äæóâàíèõ ïî-
êàçíèê³â ðåºñòðóâàëè ïðîòÿãîì 40 õâ ï³ñëÿ
â³äíîâëåííÿ ïåðôóç³¿.

Ðåºñòðàö³þ ì³òîõîíäð³àëüíîãî ôàêòîðà
ïðîâîäèëè â ïðîáàõ â³äò³êàþ÷îãî â³ä ñåðöÿ
ðîç÷èíó, ÿê îïèñàíî íàìè ðàí³øå [4]. Ïðîáè
çáèðàëè äî ³øåì³¿ òà â ïåðøó õâèëèíó
ðåïåðôóç³¿. Îïòè÷íó ãóñòèíó ïðîá âèì³ðþ-
âàëè â óëüòðàô³îëåòîâîìó ñïåêòð³ â ä³àïà-
çîí³ äîâæèíè õâèëü 230�260 íì çà äîïî-
ìîãîþ ñïåêòðîôîòîìåòðà ÑÔ-46. Äëÿ ê³ëü-
ê³ñíî¿ õàðàêòåðèñòèêè ì³òîõîíäð³àëüíîãî
ôàêòîðà ðîçðàõîâóâàëè çíà÷åííÿ îïòè÷íîãî
ïîãëèíàííÿ ïåðôóç³éíîãî ðîç÷èíó (λ=245�
250 íì) ÿê ð³çíèöþ ì³æ íàéâèùèì ïîêàç-
íèêîì åêñòèíö³¿ ðîç÷èíó, âçÿòèì äî òà ï³ñëÿ
³øåì³¿.

Ì³òîõîíäð³¿ ç òêàíèí ñåðöÿ âèä³ëÿëè çà
äîïîìîãîþ äèôåðåíö³àëüíîãî  óëüòðà-
öåíòðèôóãóâàííÿ [1]. Ñåðöÿ ðåòåëüíî ïðî-
ìèâàëè îõîëîäæåíèì ðîç÷èíîì 0,9 % ÊÑl
(2�4°Ñ), ïîäð³áíþâàëè òà ãîìîãåí³çóâàëè ó
10-êðàòíîìó îá�ºì³ ñåðåäîâèùà (ììîëü/ë):
ñàõàðîçà � 250, òð³ñ-HÑl � 25, EÄTA � 1;
ðÍ 7,2�7,4. Ãîìîãåíàò öåíòðèôóãóâàëè ïðè
700 g 8 õâ (4°Ñ). Ñóïåðíàòàíò öåíòðèôó-
ãóâàëè ïîâòîðíî ïðè 11000 g 16 õâ (4°Ñ).
Îòðèìàíèé îñàä (ì³òîõîíäð³àëüíà ôðàêö³ÿ)
ñóñïåíäóâàëè â áóôåð³ (ììîëü/ë): ñàõàðîçà �
250, òð³ñ-HÑl � 25; ðÍ 7,2�7,4, ³ îäðàçó
âèêîðèñòîâóâàëè â äîñë³äàõ. Êîíöåíòðàö³þ
á³ëêà â ñóñïåíç³¿ ì³òîõîíäð³é âèçíà÷àëè çà
ìåòîäîì Ëîóð³ [20].

Ìåìáðàííèé ïîòåíö³àë ì³òîõîíäð³é
âèì³ðþâàëè ìåòîäîì Áðàíäà [9, 22]. Ì³òî-
õîíäð³ ¿  ³íêóáó âàëè â  ñ åðåäîâèù³ ,  ùî
ì³ñòèëî (ììîëü/ë): ÊÑl � 120, òð³ñ-HÑl � 25,
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KH
2
PO

4
 � 3, 5 % çíåæèðåíîãî ÁÑÀ, ðÍ 7,2�

7,4. Ó ãåðìåòè÷íó òåðìîñòàòîâàíó êàìåðó
(37 oÑ) ,  îáëàäíàíó  ÌÒÐ +-ñåëåêòèâíèì
åëåêòðîäîì âíîñèëè ì³òîõîíäð³¿ ç ðîçðà-
õóíêó 0,5 ìã/ìë á³ëêà. Ðîáîòó ïåðøîãî
êîìïëåêñó äèõàëüíîãî ëàíöþãà áëîêóâàëè
ðîòåíîíîì (5 . 10-6 ìîëü/ë), à ðîáîòó ÀÒÔ-
ñèíòàçè � îë³ãîì³öèíîì (10-7 ìîëü/ë). Äëÿ
³í³ö³àö³¿ äèõàííÿ âíîñèëè ñóêöèíàò Na (5
ììîëü/ë). Ïîãëèíàííÿ êèñíþ ñóñïåíç³ºþ
ì³òîõîíäð³é ðåºñòðóâàëè çà äîïîìîãîþ
åëåêòðîäà Êëàðêà òà ãàçîàíàë³çàòîðà BMS
3 Mk-2 Radiometer.

Çíà÷åííÿ ìåìáðàííîãî ïîòåíö³àëó ì³-
òîõîíäð³é (∆φ

m
) ðîçðàõîâóâàëè çà ð³âíÿííÿì

Íåðíñòà, ïðèéìàþ÷è âåëè÷èíó âíóòð³ø-
íüîãî îá�ºìó ì³òîõîíäð³é çà 0,65 ìêë/ìã
á³ëêà [8].

Åêñïðåñ³þ ãåí³â UCP2 òà UCP3 âèâ÷àëè
â çðàçêàõ òêàíèí ñåðöÿ. Äî 1-¿ ³ 2-¿ ãðóï
ââ³éøëè ³íòàêòí³ òâàðèíè (n=5) â³êîì 6 ì³ñ
³ 24 ì³ñ â³äïîâ³äíî; 3-òþ ³ 4-òó ãðóïè ñêëàëè
òâàðèíè â ³êîì 6  ³  24  ì³ñ  (n=6) ,  ÿêèì
çä³éñíþâàëè ³øåì³þ�ðåïåðôóç³þ. Ñåðöÿ
òâàðèí 1-¿ ³ 2-¿ ãðóï ïåðôóçóâàëè ïðîòÿãîì
ãîäèíè áåç æîäíèõ âïëèâ³â. Òðèâàë³ñòü
³øåì³¿ ñòàíîâèëè 20 õâ, ðåïåðôóç³¿ � 40 õâ.
Âåðõ³âêó ñåðöÿ ùóð³â â³äð³çàëè òà îäðàçó
âèêîðèñòîâóâàëè äëÿ âèä³ëåíèÿ ÐÍÊ çà
äîïîìîãîþ ðåàêòèâó TRIZOL (�Sigma�,
ÑØÀ). Çâîðîòíó òðàíñêðèïö³þ ïðîâîäèëè
çà äîïîìîãîþ íàáîðó RevertAid� H Minus
First Strand cDNA Synthesis Kit (�Fermen-
tas�, Ëèòâà), âèêîðèñòîâóþ÷è 300�600 íã
òîòàëüíî¿ ÐÍÊ ³ âèïàäêîâèé ãåêñàìåðíèé
ïðàéìåð. Îòðèìàíó îäíîëàíöþãîâó ÄÍÊ
âèêîðèñòîâóâàëè äëÿ ïîë³ìåðàçíî¿ ëàíöþ-
ãîâî¿ ðåàêö³¿ (ÏËÐ) äëÿ àìïë³ô³êàö³¿ ôðàã-
ìåíò³â ãåí³â UCP2 òà UCP3 [31], à òàêîæ
ôðàãìåíòà ãåíà GADPH (ãë³öåðàëüäåã³ä-3-
ôîñôàòäåã³äðîãåíàçà), ÿêèé ïðèéìàëè çà
âíóòð³øí³é êîíòðîëü. Ïîñë³äîâí³ñòü íóêëåî-
òèä³â ó ïðàéìåðàõ: ïðÿìèé � 5 �-TCATC
AAAGATACTCTCCTGAAAGC-3�, çâîðîò-
íèé � 5�-TGACGGTGGTGCAGAAGC-3 � äëÿ
ãåíà UCP2; ïðÿìèé � 5 �-GTGACCTATGA

CATCATCAAGGA-3 �, çâîðîòíèé � 5�-GCT
CCAAAGGCAGAGACAAAG-3 � äëÿ ãåíà
UCP3; ïðÿìèé � 5�-GGGTGTGAACCACGA
GAAAATATGA-3�, çâîðîòíèé � AGCACCAG
TGGATGCAGGGGATGAT-3� äëÿ ãåíà GAD
PH. Ñóì³ø äëÿ àìïë³ô³êàö³¿ ì³ñòèëà 5 ìêë
5-êðàòíîãî  ÏËÐ-áóôåðà ,  1 ,5  ììîëü /ë
ñóëüôàòó ìàãí³þ, 200 ìêìîëü/ë ñóì³ø³
÷îòèðüîõ íóêëåîòèäòðèôîñôàò³â, ïî 30
ïìîëü/ë êîæíîãî ç ïðàéìåð³â (�Metabion�,
Í³ìå÷÷èíà), 0,5 ÎÄ Taq-ïîë³ìåðàçè (�Àìï-
ëèÑåíñ�, Ðîñ³ÿ) ³ ÄÍÊ-ìàòðèöþ, îòðèìàíó
â ðåçóëüòàò³ çâîðîòíî¿ òðàíñêðèïö³¿. Îá�ºì
ïðîáè äîâîäèëè äî 25 ìêë äå³îí³çîâàíîþ
âîäîþ. ÏËÐ ïðîâîäèëè â òåðìîöèêëåð³
�GeneAmp System 2700� (�Applied Biosys-
tems�, ÑØÀ). Àìïë³ô³êàö³ÿ ôðàãìåíò³â
óêàçàíèõ ãåí³â ñêëàäàëàñÿ ç 35 öèêë³â:
äåíàòóðàö³ÿ � 94°Ñ (50 ñ), ã³áðèäèçàö³ÿ
ïðàéìåð³â � 58°Ñ (1 õâ) ³ åëîíãàö³ÿ � 72°Ñ
(1 õâ). Â³çóàë³çàö³þ òà îö³íêó ÿñêðàâîñò³
àìïë³ô³êàò³â ï³ñëÿ ãîðèçîíòàëüíîãî åëåêò-
ðîôîðåçó (150 Â ïðîòÿãîì 30 õâ) â 1,5%-
ìó àãàðîçíîìó ãåë³ ç áðîì³äîì åòèä³þ,
ïðîâîäèëè çà äîïîìîãîþ òðàíñ³ëþì³íàòîðà
òà ïðîãðàìíîãî çàáåçïå÷åííÿ ViTran (�Áèî-
êîì�, Ðîñ³ÿ). Ðîçðàõîâóâàëè â³äíîøåííÿ
ìÐÍÊ ãåí³â UCP äî ìÐÍÊ ãåíà GADPH.

Ñòàòèñòè÷íó îáðîáêó ðåçóëüòàò³â ïðîâî-
äèëè çà äîïîìîãîþ Microsoft Excel ç âè-
êîðèñòàííÿì ìåòîäó ð³çíèöü.  Âñ³  äàí³
âèðàæàëèñÿ ó âèãëÿä³ ñåðåäíüîãî ± ñòàí-
äàðòíå â³äõèëåííÿ. Äîñòîâ³ðí³ñòü çì³í ïî-
êàçíèê³â ðîçðàõîâóâàëè çà  äîïîìîãîþ
êðèòåð³þ t Ñòüþäåíòà.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ̄ Õ ÎÁÃÎÂÎÐÅÍÍß

Ôóíêö³îíàëüíèé ñòàí ³ êèñíåâà âàðò³ñòü
ðîáîòè ñåðöÿ ó äîðîñëèõ ³ ñòàðèõ ùóð³â.
Ðåçóëüòàòè åêñïåðèìåíò³â ñâ³ä÷àòü, ùî ç
â³êîì ôóíêö³îíàëüíèé ñòàí ñåðöÿ ùóð³â
çì³íþºòüñÿ (ðèñ. 1): ð³âåíü òèñêó, ÿêèé
ðîçâèâàâ ë³âèé øëóíî÷îê, ó ñòàðèõ ùóð³â
áóâ äîñòîâ³ðíî âèùèé ³ ñòàíîâèâ 154 ± 5
ïîð³âíÿíî ç³ 129 ìì ðò. ñò. ± 8 ìì ðò. ñò. ó

Çì³íè åêñïðåñ³¿ ãåí³â UCP2 òà UCP3
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äîðîñëèõ òâàðèí (Ð<0,02). Öå ñóïðîâîä-
æóâàëîñÿ âïîâ³ëüíåííÿì ïðîöåñ³â ðîçñëàá-
ëåííÿ ì³îêàðäà (dP/dt

min
 ñòàíîâèëà 1979 ±

31 ïîð³âíÿíî ç 2527 ìì ðò.ñò./ñ ± 170 ìì
ðò.ñò./ñ ó äîðîñëèõ ùóð³â; Ð<0,01), çìåí-
øåííÿì ÷àñòîòè ñåðöåâèõ ñêîðî÷åíü (ç 220 ±
18 ó äîðîñëèõ äî 190 õâ-1 ± 24 õâ-1 ó ñòàðèõ
òâàðèí). Âîäíî÷àñ ³íòåíñèâí³ñòü ñêîðîò-
ëèâî¿ ôóíêö³¿ ì³îêàðäà (äîáóòîê òèñêó, ùî
ðîçâèâàâ  ë ³âèé  øëóíî÷îê  òà  ÷àñòîòè
ñåðöåâèõ ñêîðî÷åíü), ùî â³äîáðàæàº ðîáîòó
ñåðöÿ â  óìîâàõ íàøîãî åêñïåðèìåíòó,
ïðàêòè÷íî íå â³äð³çíÿëàñÿ, à ñïîæèâàííÿ
êèñíþ ì³îêàðäîì ñòàðèõ òâàðèí ïðè öüîìó
ï³äâèùóâàëîñÿ ìàéæå íà 30 % (Ð<0,03). Öå
âêàçóº íà çá³ëüøåíó ïîòðåáó òêàíèí ñåðöÿ
ñòàðèõ òâàðèí ó êèñí³ àáî íååôåêòèâíå
éîãî âèêîðèñòàííÿ. Òàêèì ÷èíîì, êèñíåâà
âàðò³ñòü ðîáîòè ñåðöÿ 24-ì³ñÿ÷íèõ ùóð³â

áóëà äîñòîâ³ðíî á³ëüøîþ (äèâ. ðèñ. 1, ã),
í³æ ó 6-ì³ñÿ÷íèõ (Ð<0,05). Îòæå, çá³ëü-
øåííÿ êèñíåâî¿ âàðòîñò³ ðîáîòè ñåðöÿ
ñòàðèõ ùóð³â ìîãëî ñâ³ä÷èòè ïðî ïîðó-
øåííÿ ðîáîòè äèõàëüíîãî ëàíöþãà ì³òî-
õîíäð³é òà ðîç�ºäíàííÿ îêèñíîãî ôîñôî-
ðèëþâàííÿ.

Çì³íè ð³âíÿ ìåìáðàííîãî ïîòåíö³àëó ó
ñóñïåíç³¿ ì³òîõîíäð³é ñåðöÿ äîðîñëèõ òà
ñòàðèõ ùóð³â. Äëÿ ïåðåâ³ðêè öüîãî ïðèïó-
ùåííÿ, ðåºñòðóâàëè çíà÷åííÿ ìåìáðàííîãî
ïîòåíö³àëó òà îäíî÷àñíî øâèäê³ñòü äèõàí-
íÿ ó ñóñïåíç³¿ ì³òîõîíäð³é ñåðöÿ äîðîñëèõ ³
ñòàðèõ ùóð³â.  Âèÿâëåíî,  ùî â óìîâàõ
ìàêñèìàëüíî¿ øâèäêîñò³ ïîãëèíàííÿ êèñíþ
ìåìáðàííèé ïîòåíö³àë ì³òîõîíäð³é ñåðöÿ
ñòàðèõ ùóð³â ñòàíîâèâ -146,5 ìÂ ± 3,2 ìÂ ³
áóâ äîñòîâ³ðíî íèæ÷èé, í³æ ó ñóñïåíç³¿
ì³òîõîíäð³é, ³çîëüîâàíèõ ç ñåðäåöü äîðîñëèõ

Þ.Â. Ãîøîâñüêà, Î.Î. Ë³ñîâèé, Ò.Â. Øèìàíñüêà, Â.Ô. Ñàãà÷

Ðèñ. 1. Â³êîâ³ çì³íè ôóíêö³îíàëüíîãî ñòàíó ñåðöÿ ó äîðîñëèõ (1) ³ ñòàðèõ ùóð³â (2): à � òèñê ó ë³âîìó øëóíî÷êó;
á � øâèäê³ñòü ñêîðî÷åííÿ (dP/dt

max
) ³ ðîçñëàáëåííÿ ì³îêàðäà (dP/dt

min
); â � ñïîæèâàííÿ êèñíþ ì³îêàðäîì; ã � êèñíåâà

âàðò³ñòü ðîáîòè ñåðöÿ. * Ð < 0,05; ** Ð < 0,01
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òâàðèí (∆φ
m
 = -156,5 ìÂ ± 3,5 ìÂ; Ð<0,05).

Öå óçãîäæóºòüñÿ ç äàíèìè ë³òåðàòóðè [26,
27, 28].

Òàêèì ÷èíîì, çíèæåííÿ ìåìáðàííîãî
ïîòåíö³àëó ì³òîõîíäð³é ñåðäåöü 24-ì³ñÿ÷-
íèõ ùóð³â ìîæå ñâ³ä÷èòè ïðî íàÿâí³ñòü øóí-
òó ïðîòîí³â òà åíäîãåííå ðîç�ºäíàííÿ îêèñ-
íîãî ôîñôîðèëþâàííÿ, ³ òèì ñàìèì ïîÿñíè-
òè çá³ëüøåíå ñïîæèâàííÿ êèñíþ ³çîëüî-
âàíèì ñåðöåì ñòàðèõ òâàðèí, ùî ñïîñòå-
ð³ãàëîñÿ ó íàøèõ åêñïåðèìåíòàõ (äèâ. ðèñ.1, â).

Â³äîìî, ùî ïðè ðåïåðôóç³¿ ³øåì³çî-
âàíîãî ñåðöÿ ñïîñòåð³ãàºòüñÿ óòâîðåííÿ
ì³òîõîíäð³àëüíèõ ïîð,  îñê³ëüêè â öèõ
óìîâàõ º ïîºäíàííÿ âèð³øàëüíèõ ÷èííèê³â
¿õ àêòèâàö³¿ � íàäì³ðíî¿ ïðîäóêö³¿ â³ëüíèõ
ðàäèêàë³â, âèñîêîãî âì³ñòó Ñà2+ òà íèçüêîãî
ÀÒÔ [14]. Ñàìå ìîäåëü ³øåì³¿�ðåïåðôóç³¿

ìè âèêîðèñòîâóâàëè äëÿ äîñë³äæåííÿ ïðè-
÷èí çá³ëüøåííÿ êèñíåâî¿ âàðòîñò³ ðîáîòè
ñåðöÿ ñòàðèõ òâàðèí.

Ôóíêö³îíàëüíèé ñòàí, êèñíåâà âàðò³ñòü
ðîáîòè ì³îêàðäà òà âèâ³ëüíåííÿ ì³òîõîíä-
ð³àëüíîãî ôàêòîðà ó äîðîñëèõ ³ ñòàðèõ
ùóð³â ïðè ³øåì³¿�ðåïåðôóç³¿. Ïîêàçàíî, ùî
òîòàëüíà ³øåì³ÿ ³çîëüîâàíîãî ñåðöÿ òà
íàñòóïíà éîãî ðåïåðôóç³ÿ ÿê ó äîðîñëèõ, òàê
³ ñòàðèõ òâàðèí ïðèçâîäèëè äî ðîçâèòêó
çíà÷íèõ çì³í ïîêàçíèê³â êàðä³îäèíàì³êè òà
ñêîðîòëèâî¿ àêòèâíîñò³ ì³îêàðäà (ðèñ.2).
Ïðè ç³ñòàâëåíí³ ñòóïåíÿ ðåïåðôóç³éíèõ
ïîðóøåíü ôóíêö³¿ ñåðöÿ äâîõ ãðóï òâàðèí
âèÿâèëîñÿ, ùî äî 10-¿ õâèëèíè ðåïåðôóç³¿
â³äíîâëåííÿ äîñë³äæóâàíèõ ïîêàçíèê³â ó
ñòàðèõ ùóð³â áóëî á³ëüø ñóòòºâèì, í³æ ó
äîðîñëèõ (äèâ. ðèñ. 2, á), à íà 40-é õâèëèí³

Ðèñ. 2. Âïëèâ ³øåì³¿�ðåïåðôóç³¿ íà çì³íè òèñêó òà ñêîðîòëèâî¿ àêòèâíîñò³ ñåðöÿ ó äîðîñëèõ (à) òà ñòàðèõ (á) ùóð³â:
I � òèñê, ùî ðîçâèâàâ ë³âèé øëóíî÷îê; II � øâèäê³ñòü ñêîðî÷åííÿ òà ðîçñëàáëåííÿ ì³îêàðäà (dP/dt)

Çì³íè åêñïðåñ³¿ ãåí³â UCP2 òà UCP3
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ñïîñòåðåæåííÿ âîíè áóëè âæå ïðàêòè÷íî
îäíàêîâ³. Âàæëèâî â³äçíà÷èòè, ùî äèíàì³êà
êèñíåâèõ ïîêàçíèê³â ðîáîòè ñåðöÿ êîðåëþ-
âàëà ç³ çì³íàìè éîãî ôóíêö³îíàëüíîãî ñòàíó:
ÿê íà 10-é, òàê ³ íà 40-é õâèëèí³ ï³ñëÿ
â ³äíîâëåííÿ  ïîòîêó  êèñíåâà  âàðò ³ñòü
ðîáîòè ñåðöÿ ó ñòàðèõ òâàðèí çá³ëüøó-
âàëàñÿ ìåíøå ïîð³âíÿíî ç äîðîñëèìè (116 ±
11 ùîäî 153 % ± 13 % ó äîðîñëèõ ùóð³â)
ïðè á³ëüø âèñîêîìó ¿¿ âèõ³äíîìó çíà÷åíí³ ó
24-ì³ñÿ÷íèõ ùóð³â. Îäíàê íà 40-é õâèëèí³
ðåïåðôóç³ ¿  íîì³íàëüí³  çíà÷åííÿ öüîãî
ïîêàçíèêà â³ðîã³äíî íå â³äð³çíÿëèñÿ ó äâîõ
ãðóï òâàðèí.

Òàêèì ÷èíîì, ó 24-ì³ñÿ÷íèõ ùóð³â
ðåïåðôóç³éí³ ïîðóøåííÿ êàðä³îäèíàì³êè òà
ñêîðîòëèâî¿ àêòèâíîñò³ ì³îêàðäà ó ðàíí³é
ïåð³îä  áóëè  ìåíøèìè ïîð³âíÿíî  ç  6 -
ì³ñÿ÷íèìè, îòæå, âîíè ëåãøå ïåðåíîñèëè
³øåì³÷íå íàâàíòàæåííÿ. Éìîâ³ðíî, ó ñòàðèõ
ùóð³â  ïîã ³ðøåíèé âèõ³äíèé ôóíêö³î-
íàëüíèé ñòàí ñåðöÿ ó ö³ëîìó º ïîøòîâõîì
äëÿ çàïóñêó  òàêèõ øëÿõ³â  îáì³íó,  ÿê³
ñïðèÿþòü ìîá³ë³çàö³¿ çàõèñíèõ ìåõàí³çì³â ³
äàþòü çìîãó ì³îêàðäó ñêîð³øå òà ç íàéìåí-
øèìè âòðàòàìè ïîäîëàòè ³øåì³þ�ðåïåð-
ôóç³þ. Îäí³ºþ ç òàêèõ ìîæëèâîñòåé ìîæå
áóòè  ï ³äâèùåíà  �ôîíîâà�  àêòèâí³ñòü
³íäóöèáåëüíî¿ NO-ñèíòàçè (³NOS) [3].
Â³äîìî [30], ùî ó òðàíñãåííèõ ìèøåé ç
ï³äâèùåíîþ åêñïðåñ³ºþ ³NOS ³çîëüîâàí³
ñåðöÿ ñêîð³øå â³äíîâëþâàëè ñêîðî÷óâàëüíó
àêòèâí³ñòü ï³ñëÿ ³øåì³¿, ïðè öüîìó çìåíøó-
âàâñÿ ³ ðîçì³ð ³íôàðêòà. Êàðä³îïðîòåêòîðíó
ä³þ ïîâ�ÿçóþòü ç³  çíèæåííÿì ³íäóêö³¿
â³ëüíèõ ðàäèêàë³â òà óòâîðåííÿ ì³òîõîíä-
ð³àëüíèõ ïîð.

ßê ïîêàçàíî íàìè ðàí³øå [4,  23]  â
åêñïåðèìåíòàõ íà ³çîëüîâàíîìó ñåðö³,
ñòóï³íü ïîðóøåííÿ ïðîíèêíîñò³ ì³òîõîíä-
ð³àëüíèõ ìåìáðàí ìîæíà îö³íþâàòè çà
âèâ³ëüíåííÿì ó êîðîíàðíå ðóñëî ì³òîõîíä-
ð³àëüíîãî ôàêòîðà (λ=250 íì). Ðåçóëüòàòè
ñïåêòðîôîòîìåòðè÷íèõ âèì³ðþâàíü ïîêàçà-
ëè, ùî íà ïåðø³é õâèëèí³ ðåïåðôóç³¿ ó
ñòàðèõ òâàðèí ïîð³âíÿíî ç äîðîñëèìè á³ëüø

ñóòòºâî ï³äâèùóºòüñÿ îïòè÷íà ãóñòèíà â³ä-
ò³êàþ÷îãî â³ä ñåðöÿ ðîç÷èíó (ðèñ. 3). Ð³ç-
íèöÿ îïòè÷íîãî ïîãëèíàííÿ ðîç÷èí³â ïðè
λ= 250 íì ó ãðóï³ äîðîñëèõ òâàðèí ñòàíî-
âèëà 0,638 óì.îä. ± 0,039 óì.îä., ùî äîñòî-
â³ðíî íèæ÷å çà çíà÷åííÿ ó ãðóï³ ñòàðèõ
ùóð³â (0,969 óì.îä. ± 0,032 óì.îä.; Ð<0,001).
Îñòàííº ñâ³ä÷èëî ïðî àêòèâíå óòâîðåííÿ
ì³òîõîíäð³àëüíèõ ïîð ïðè ðåïåðôóç³¿ òà
ï³äòâåðäæóº äàí³ [2] ïðî ï³äâèùåíó ÷óòëè-
â³ñòü äî ³íäóêòîð³â ¿õ â³äêðèâàííÿ ó ñòàðèõ
òâàðèí.

Òàêèì ÷èíîì, ìè ââàæàºìî, ùî çìåí-
øåííÿ ðåïåðôóç³éíèõ ïîðóøåíü ôóíêö³¿
ñåðöÿ ó ñòàðèõ ùóð³â ïîð³âíÿíî ç äîðîñ-
ëèìè íå ïîâ�ÿçàíî ç³ çíèæåííÿì óòâîðåííÿ
ì³òîõîíäð³àëüíèõ ïîð, à çóìîâëåíî ³íøèìè
ìåõàí³çìàìè.

Çì³íè åêñïðåñ³¿ ìÐÍÊ ãåí³â UCP2 òà
UCP3 ïðè ³øåì³¿�ðåïåðôóç³¿  ñåðöÿ ó
äîðîñëèõ ³ ñòàðèõ ùóð³â.  Çà äîïîìîãîþ

Ðèñ. 3. Çì³íè îïòè÷íî¿ ù³ëüíîñò³ ðîç÷èíó, ùî â³äò³êàâ
â³ä ³çîëüîâàíîãî ñåðöÿ ùóð³â ïåðåä ³øåì³ºþ (1, 2) òà çà
ïåðøó õâèëèíó ðåïåðôóç³¿ (3, 4):  ñóö³ëüíà ë³í³ÿ �
äîðîñë³, ïóíêòèð � ñòàð³ òâàðèíè

Þ.Â. Ãîøîâñüêà, Î.Î. Ë³ñîâèé, Ò.Â. Øèìàíñüêà, Â.Ô. Ñàãà÷
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ÏËÐ áóëî âñòàíîâëåíî, ùî ó ñåðö³ 24-
ì³ñÿ÷íèõ ùóð³â ïîð³âíÿíî ç 6-ì³ñÿ÷íèìè
äîñòîâ³ðíî çá³ëüøóâàëîñÿ ñï³ââ³äíîøåííÿ
ìÐÍÊ UCP2 äî GADPH íà 39 %, à ñï³ââ³ä-
íîøåííÿ ìÐÍÊ UCP3 äî GADPH ìàëî
âèðàæåíó òåíäåíö³þ äî çðîñòàííÿ (ðèñ. 4).

Ó ñåðöÿõ äîðîñëèõ òâàðèí íà 40-é
õâèëèí³ â³äíîâëåííÿ ïåðôóç³¿ êîðîíàðíèõ
ñóäèí ï³ñëÿ ä³¿  20 õâ òîòàëüíî¿ ³øåì³¿
ñï³ââ³äíîøåííÿ ìÐÍÊ ãåí³â UCP2/GADPH
òà UCP3/GADPH äîñòîâ³ðíî çá³ëüøóâàëîñÿ
ïîð³âíÿíî ç âèõ³äíèì ð³âíåì ¿õ åêñïðåñ³¿ íà
27 òà 32 % â³äïîâ³äíî (ðèñ. 5). Çà àíàëî-
ã³÷íèõ óìîâ ó ñòàðèõ òâàðèí çì³í åêñïðåñ³¿
íå  â ³äì³÷àëîñÿ,  òîáòî âèñîêèé ð³âåíü
åêñïðåñ³¿ ãåí³â UCP, ÿêèé ñïîñòåð³ãàâñÿ â
âèõ³äíîìó ñòàí³, çáåð³ãàâñÿ ³ ï³ñëÿ ³øåì³¿
ïðîòÿãîì 40 õâèëèí ðåïåðôóç³¿ (òàáë. 1).

Âèâ÷åí³ íàìè ïîêàçíèêè êàðä³îäèíàì³êè
âêàçóþòü íà ðîçëàä ñêîðîòëèâî¿ ôóíêö³¿
ñåðöÿ ç â³êîì ³ çá³ëüøåííÿ êèñíåâî¿ âàðòîñò³
éîãî ðîáîòè, ùî º íàñë³äêîì ïîðóøåííÿ

ðîáîòè åëåêòðîíòðàíñïîðòíîãî ëàíöþãà.
Îñòàííº ï³äòâåðäæóºòüñÿ ðåçóëüòàòàìè ïðî
çíèæåííÿ ìåìáðàííîãî ïîòåíö³àëó ì³òî-
õîíäð³é ñåðöÿ ó ñòàðèõ òâàðèí ³ ñâ³ä÷èòü
ïðî âèò³ê ïðîòîí³â ³ ðîç�ºäíàííÿ îêèñíîãî
ôîñôîðèëþâàííÿ.

Ó íàøîìó äîñë³äæåíí³ ìè ñïðîáóâàëè
ïðîòåñòóâàòè äâ³ á³ëêîâ³ ñèñòåìè, ÿê³ ðîç-
ñ³þþòü ïðîòîííèé ãðàä³ºíò � ì³òîõîíä-
ð³àëüí³ ïîðè òà UCP. Â³äîìî ³ ïðî ³íø³
øëÿõè äèñèïàö³¿ ïðîòîííîãî ãðàä³ºíòà:
òðàíñìåìáðàííå ïåðåíåñåííÿ ïðîòîí³â
íååñòåðèô³êîâàíèìè æèðíèìè êèñëîòàìè,
ÿê³ ïðè öüîìó âèñòóïàþòü ðîç�ºäíóâà÷àìè,
òà  ïðîòîíïðîâ³äíà àêòèâí³ñòü àäåí³í-
íóêëåîòèäòðàíñëîêàçè âíàñë³äîê àëîñòå-
ðè÷íî¿ ñòèìóëÿö³¿ çà äîïîìîãîþ àäåí³í-
íóêëåîòèäìîíîôîñôàòó [22]. Àëå âñ³ ÷î-
òèðè çàïðîïîíîâàí³ øëÿõè ïåðåêðèâàþòüñÿ
ì³æ ñîáîþ, îñê³ëüêè àäåí³ííóêëåîòèäòðàíñ-
ëîêàçà º ñêëàäîâîþ ì³òîõîíäð³àëüíî¿ ïîðè,
à æèðí³ êèñëîòè � àêòèâàòîðàìè UCÐ [15].

Ðèñ. 4. Âïëèâ â³êó íà ð³âåíü ìÐÍÊ ãåí³â UCP2 ³ UCP3 ó òêàíèíàõ ñåðöÿ 6-ì³ñÿ÷íèõ (1) ³ 24-ì³ñÿ÷íèõ (2) ùóð³â: ² �
UCP2/GADPH, ²² � UCP2/GADPH. Ï³ä êîæíèì ñòîâï÷èêîì ïîêàçàí³ â³äïîâ³äí³ ñìóãè åëåêòðîôîðåãðàì

Çì³íè åêñïðåñ³¿ ãåí³â UCP2 òà UCP3
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Ï³äâèùåíà åêñïðåñ³ÿ ãåí³â UCP2 ³ UCÐ3
ó ñòàðèõ ùóð³â, ÿêó ìè çàðåºñòðóâàëè ó
íàøèõ äîñë³äæåííÿõ, äàº çìîãó ââàæàòè,
ùî ïðè ñòàð³íí³ îðãàí³çìó ó åíäîãåííèé ìå-
õàí³çì çá³ëüøåííÿ ïðîòîííî¿ ïðîíèêíîñò³
ì³òîõîíäð³àëüíèõ ìåìáðàí çàëó÷åí³ UCP.
Íà êîðèñòü öüîãî ñâ³ä÷èòü çàãàëüíîâ³äîìèé
ôàêò ïðî ï³äâèùåííÿ ç â³êîì êîíöåíòðàö³¿
æèðíèõ êèñëîò ó ïëàçì³ [5] òà íàÿâí³ñòü
äàíèõ ïðî êîðåëÿö³þ ì³æ ð³âíåì UCP2 ³
UCÐ3 ó ñåðö³ òà âì³ñòîì æèðíèõ êèñëîò ó

ïëàçì³ [21]. Àêòèâàö³ÿ ç â³êîì UCÐ ïîÿñ-
íþº çá³ëüøåíå ñïîæèâàííÿ êèñíþ ì³î-
êàðäîì ñòàðèõ òâàðèí òà çíèæåíèé çà
íàøèìè ðåçóëüòàòàìè ìåìáðàííèé ïîòåí-
ö³àë ì³òîõîíäð³é ñåðöÿ, à òàêîæ ìîçêó [27],
ïå÷³íêè [26] ³ íèðîê [28]. Ó ñòàðèõ òâàðèí
çà âèõ³äíèõ óìîâ ìè íå çàðåºñòðóâàëè ó
â³äò³êàþ÷îìó â³ä ñåðöÿ ðîç÷èí³ ì³òîõîíä-
ð³àëüíîãî ôàêòîðà, ÿêèé â³ä³ãðàâàâ äëÿ íàñ
ðîëü ìàðêåðà â³äêðèâàííÿ ì³òîõîíäð³àëü-
íèõ ïîð â åêñïåðèìåíòàõ in situ, àëå äàí³

Ðèñ. 5. Åêñïðåñ³ÿ ãåí³â UCP2 (I) òà UCP3 (II) ó 6-ì³ñÿ÷íèõ ùóð³â äî (1) ³ ï³ñëÿ ³øåì³¿�ðåïåðôóç³¿ (2)

Â³äíîøåííÿ ìÐÍÊ ãåí³â UCP2/GADPH òà UCP3/GADPH (óì. îä.) ó äîðîñëèõ ³ ñòàðèõ ùóð³â ó êîíòðîë³
òà ïðè ³øåì³¿�ðåïåðôóç³¿ ñåðöÿ (Ì±m)

Ãðóïà òâàðèí UCP2/GADPH UCP3/GADPH

²íòàêòí³ ùóðè
   6 ì³ñ 0,620 ± 0,034 0,740 ± 0,1
   24 ì³ñ 0,862 ± 0,07* 0,957 ± 0,006
Ùóðè, ÿêèì çä³éñíþâàëè ³øåì³þ�ðåïåðôóç³þ
   6 ì³ñ 0,790 ± 0,06* 0,983 ± 0,01*
   24 ì³ñ 0,813 ± 0,071 0,995 ± 0,008

*  Ð<0,05 â³äíîñíî ³íòàêòíèõ ùóð³â â³êîì 6 ì³ñ.

Þ.Â. Ãîøîâñüêà, Î.Î. Ë³ñîâèé, Ò.Â. Øèìàíñüêà, Â.Ô. Ñàãà÷
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ïðî ï³äâèùåííÿ ó öèòîçîë³ êàðä³îì³îöèò³â
öèòîõðîìó Ñ òà çíèæåííÿ Bcl-2 � àíòèàïîï-
òîòè÷íîãî á³ëêà [24] ó 16- òà 24-ì³ñÿ÷íèõ
ùóð³â ñâ³ä÷àòü ïðî ìîæëèâ³ñòü òðàíçèòîð-
íîãî â³äêðèâàííÿ ì³òîõîíäð³àëüíèõ ïîð ó
ñòàðèõ òâàðèí. ª ñâ³ä÷åííÿ çá³ëüøåííÿ
÷óòëèâîñò³ ³çîëüîâàíèõ ì³òîõîíäð³é ñòàðèõ
òâàðèí äî ³îí³â êàëüö³þ [2],  òîáòî äëÿ
ïîðîçàëåæíîãî íàáóõàííÿ ì³òîõîíäð³é ñåðöÿ
ñòàðèõ òâàðèí íåîáõ³äíà ìåíøà ê³ëüê³ñòü
êàëüö³þ, í³æ äëÿ ì³òîõîíäð³é äîðîñëèõ
ùóð³â.  Òàêèì ÷èíîì, ç  â³êîì ³ìîâ³ðíî
çàä³ÿí³ îáèäâà ìåõàí³çìè âèòîêó ïðîòîí³â
ì³òîõîíäð³àëüíèõ ìåìáðàí êàðä³îì³îöèò³â �
àêòèâ³çàö³ÿ UCÐ òà óòâîðåííÿ ì³òîõîíä-
ð³àëüíèõ ïîð.

Çà ðåçóëüòàòàìè íàøèõ äîñë³äæåíü ó
24-ì³ñÿ÷íèõ ùóð³â ð³âåíü åêñïðåñ³¿ ãåí³â
UCP ï³ä âïëèâîì ³øåì³¿�ðåïåðôóç³¿ íå
çì³íþâàâñÿ  ïîð ³âíÿíî  ç  6 -ì³ñÿ÷íèìè
ùóðàìè, à çàëèøàâñÿ òàêèì æå âèñîêèì,
ÿê ³ äî ³øåì³¿, à ð³âåíü ì³òîõîíäð³àëüíîãî
ôàêòîðà ç ïî÷àòêîì ðåïåðôóç³¿¿ ñóòòºâî
çðîñòàâ. Îòæå, ìè ââàæàºìî, ùî ðåïåðôó-
ç³éí³ ïîðóøåííÿ ôóíêö³¿  ñåðöÿ ñòàðèõ
òâàðèí, ÿê ³  äîðîñëèõ, ó ïåðøó ÷åðãó,
ïîâ�ÿçàí³ ç³ çì³íîþ ïðîíèêíîñò³ ì³òîõîíä-
ð³àëüíî¿ ìåìáðàíè êàðä³îì³îöèò³â âíàñë³-
äîê óòâîðåííÿ ì³òîõîíäð³àëüíèõ ïîð [13, 16,
18, 19]. Ïðè öüîìó ìåìáðàííèé ïîòåíö³àë
ì³òîõîíäð³é ³øåì³çîâàíèõ êàðä³îì³îöèò³â
ñòð³ìêî çíèæóºòüñÿ [25]. Íàìè âïåðøå
ïîêàçàíî, ùî ïîðóøåííÿ ôóíêö³îíàëüíî¿
àêòèâíîñò³ ì³îêàðäà 24-ì³ñÿ÷íèõ òâàðèí
ïðè àêòèâàö³¿ ì³òîõîíäð³àëüíèõ ïîð ³øå-
ì³ºþ�ðåïåðôóç ³ºþ ñóïðîâîäæóâàëîñÿ
âèâ³ëüíåííÿì çíà÷íî á³ëüøî¿ ê³ëüêîñò³
ðå÷îâèí òà ì³òîõîíäð³àëüíîãî ôàêòîðà, í³æ
ó 6-ì³ñÿ÷íèõ òâàðèí. ßêùî ïðîöåñ óòâîðåí-
íÿ ì³òîõîíäð³àëüíèõ ïîð ó ñòàðèõ òâàðèí
ïðè ðåïåðôóç³¿ ñåðöÿ ïîëåãøóºòüñÿ âíàñë³-
äîê çíèæåííÿ ïîðîãà ÷óòëèâîñò³ ì³òîõîíä-
ð³é äî Ñà2+, òî éìîâ³ðíî ³ íàâàíòàæåííÿ
êë³òèí ³îíàìè êàëüö³þ áóäå ìåíøå. Ìîæíà
ïðèïóñòèòè, ùî ñàìå òîìó ðåïåðôóç³éí³
çì³íè ôóíêö³îíàëüíîãî ñòàíó ñåðöÿ ñòàðèõ
ùóð³â ó íàøèõ åêñïåðèìåíòàõ áóëè íå

òàêèìè çíà÷íèìè, ÿê ó äîðîñëèõ. Ó îñòàíí³õ
³øåì³ÿ�ðåïåðôóç³ÿ ìàëà ñòèìóëþâàëüíèé
åôåêò ³ íà åêñïðåñ³þ ãåí³â UCP2 òà UCP3,
ùî õàðàêòåðèçóºòüñÿ çá³ëüøåíîþ ê³ëüê³ñòþ
òðàíñêðèïò³â öèõ ãåí³â ó òêàíèíàõ ñåðöÿ.
Íàø³ ðåçóëüòàòè óçãîäæóþòüñÿ ç äàíèìè
Murrày ³ ñï³âàâò. [21] � ó äîðîñëèõ ùóð³â
ñïîñòåð³ãàºòüñÿ çá³ëüøåííÿ åêñïðåñ³¿ á³ëêà
UCP3 ó  â ³äïîâ³äü íà  òðèâàëó êîðîíà-
ðîîêëþç³þ. Îòæå, ó äîðîñëèõ òâàðèí ïðè
ðåïåðôóç³¿ çàïóñêàþòüñÿ îáèäâà ìåõàí³çìè,
ùî çíèæóþòü  ìåìáðàííèé ïîòåíö³àë
ì³òîõîíäð³é � àêòèâàö³ÿ UCÐ ³ óòâîðåííÿ
ì³òîõîíäð³àëüíèõ ïîð. Ìè ïðèïóñêàºìî, ùî
çàïóñê êë³òèíîþ åêñïðåñ³¿ ãåí³â UCP â
óìîâàõ ³øåì³¿  ìàâ çàõèñíèé õàðàêòåð,
îñê³ëüêè âæå â³äîìî, ùî àêòèâàö³ÿ UCP
ïðèçâîäèòü äî çìåíøåííÿ ïðîäóêö³¿ â³ëü-
íèõ ðàäèêàë³â [10]. Ñàìå òîìó, ³ìîâ³ðíî,
ÿâíî ï³äâèùåíèé ð³âåíü åêñïðåñ³¿ UCP ó
ñòàðèõ ùóð³â ïðèçâîäèâ äî ìîá³ë³çàö³¿ òàêèõ
êë³òèííèõ ìåõàí³çì³â ,  ùî ïðîòèä³ÿëè
îêèñíîìó ñòðåñó òà ìàëè ïðîòåêòèâíèé
åôåêò íà ôóíêö³îíàëüíèé ñòàí ñåðöÿ ïðè
³øåì³¿�ðåïåðôóç³¿. Àíàë³ç îòðèìàíèõ ðå-
çóëüòàò³â äàº çìîãó íàì çðîáèòè ïðèïó-
ùåííÿ, ùî àêòèâàö³ÿ UCÐ ìàº äëÿ êë³òèíè
íàñàìïåðåä çàõèñíèé õàðàêòåð çà òèïîì
�çàïîá³æíîãî êëàïàíà� ïåðåä çàãðîçëèâèìè
ïîðóøåííÿìè îáì³íó, ùî âèíèêàþòü âíàñë³-
äîê ðîçâèòêó ãëèáîêîãî îêèñíîãî ñòðåñó.

ÂÈÑÍÎÂÊÈ

1. Ïðèãí³÷åííÿ ôóíêö³îíàëüíîãî ñòàíó
ñåðöÿ ñòàðèõ ùóð³â ñóïðîâîäæóâàëîñÿ
çá³ëüøåííÿì êèñíåâî¿ âàðòîñò³ éîãî ðîáîòè
òà çíèæåííÿì ìåìáðàííîãî ïîòåíö³àëó
ì³òîõîíäð³é êàðä³îì³îöèò³â.

2 .  Ðåïåðôóç³éí³  ïîðóøåííÿ êàðä³î-
äèíàì³êè òà ñêîðîòëèâî¿ àêòèâíîñò³ ì³îêàðäà
ó ðàíí³é ïåð³îä ðåïåðôóç³¿ ó ñòàðèõ ùóð³â
áóëè ìåíøèìè ïîð³âíÿíî ç äîðîñëèìè.

3. Ó ñåðö³ ñòàðèõ ùóð³â ñï³ââ³äíîøåííÿ
ìÐÍÊ UCP2/GADPH áóëî ï³äâèùåíèì, à
UCP3/GADPH � ìàëî âèðàæåíó òåíäåíö³þ
äî ï³äâèùåííÿ ïîð³âíÿíî ç äîðîñëèìè.

Çì³íè åêñïðåñ³¿ ãåí³â UCP2 òà UCP3
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4. Ó ñåðöÿõ äîðîñëèõ òâàðèí íà 40-é
õâèëèí³ â³äíîâëåííÿ ïåðôóç³¿ êîðîíàðíèõ
ñóäèí ï³ñëÿ 20-õâèëèííî¿ òîòàëüíî¿ ³øåì³¿
ð³âåíü òðàíñêðèïò³â ãåí³â UCP2 òà UCP3
äîñòîâ³ðíî çá ³ëüøóâàâñÿ  ïîð³âíÿíî ç
âèõ³äíèì ð³âíåì ¿õ åêñïðåñ³¿. Çà àíàëîã³÷íèõ
óìîâ ó ñòàðèõ òâàðèí çì³í åêñïðåñ³¿ íå
â³äì³÷àëîñÿ.

Þ.Â. Ãîøîâñêàÿ, Î.Î. Ëèñîâîé,
Ò.Â. Øèìàíñêàÿ, Â.Ô. Ñàãà÷

ÈÇÌÅÍÅÍÈß ÝÊÑÏÐÅÑÑÈÈ ÃÅÍÎÂ UCP2
ÒÀ UCP3, ÔÓÍÊÖÈÎÍÀËÜÍÎÃÎ ÑÎÑÒÎß-
ÍÈß È ÊÈÑËÎÐÎÄÍÎÉ ÑÒÎÈÌÎÑÒÈ
ÐÀÁÎÒÛ ÌÈÎÊÀÐÄÀ Â ÓÑËÎÂÈßÕ
ÑÒÀÐÅÍÈß È ÈØÅÌÈÈ-ÐÅÏÅÐÔÓÇÈÈ

Â ýêñïåðèìåíòàõ íà èçîëèðîâàííûõ ñåðäöàõ âçðîñëûõ (6
ìåñ) è ñòàðûõ (24 ìåñ) êðûñ, ïåðôóçèðóåìûõ ïî
Ëàíãåíäîðôó, èçó÷àëè èçìåíåíèÿ ôóíêöèîíàëüíîãî
ñîñòîÿíèÿ ñåðäöà è êèñëîðîäíóþ ñòîèìîñòü åãî ðàáîòû
ïîä äåéñòâèåì èøåìèè�ðåïåðôóçèè (20ìèí/40ìèí).
Îöåíèâàëè ñòåïåíü íàðóøåíèÿ ïðîíèöàåìîñòè ìèòîõîíä-
ðèàëüíûõ ìåìáðàí � îáðàçîâàíèå ìèòîõîíäðèàëüíûõ ïîð �
ïî âûñâîáîæäåíèþ â êîðîíàðíîå ðóñëî ìèòîõîíä-
ðèàëüíîãî ôàêòîðà (λ=250 íì). Â òåõ æå óñëîâèÿõ ìåòîäîì
ïîëèìåðàçíîé öåïíîé ðåàêöèè îïðåäåëÿëè óðîâåíü
ýêñïðåññèè ãåíîâ UCP2 è UCP3. Ðåãèñòðèðîâàëè çíà÷åíèå
ìåìáðàííîãî ïîòåíöèàëà è ñêîðîñòü äûõàíèÿ â ñóñïåíçèè
ìèòîõîíäðèé ñåðäöà âçðîñëûõ è ñòàðûõ êðûñ. Ïîêàçàíî,
÷òî óõóäøåíèå ôóíêöèîíàëüíîãî ñîñòîÿíèÿ ñåðäöà ñòàðûõ
êðûñ ñîïðîâîæäàëîñü óâåëè÷åíèåì êèñëîðîäíîé ñòîèìîñ-
òè åãî ðàáîòû è ñíèæåíèåì ìåìáðàííîãî ïîòåíöèàëà
ìèòîõîíäðèé, âûäåëåííûõ èç ñåðäöà. Ðåïåðôóçèîííûå
íàðóøåíèÿ êàðäèîäèíàìèêè, ñîêðàòèòåëüíîé àêòèâíîñòè
ìèîêàðäà è åãî êèñëîðîäíîãî îáìåíà â ðàííèé ïåðèîä
ðåïåðôóçèè ó ñòàðûõ êðûñ áûëè ìåíåå âûðàæåíû ïî
ñðàâíåíèþ ñî âçðîñëûìè. Â ñåðäöå ñòàðûõ êðûñ ñîîòíî-
øåíèå ìÐÍÊ UCP2 ê ìÐÍÊ êîíòðîëüíîãî ãåíà GADPH
(ãëèöåðàëüäåãèä-3-ôîñôàòäåãèäðîãåíàçû) áûë óâåëè-
÷åííûì, à ñîîòíîøåíèå ìÐÍÊ UCP3/GADPH èìåëî
âûðàæåííóþ òåíäåíöèþ ê ïîâûøåíèþ. Èøåìèÿ�
ðåïåðôóçèÿ ñòèìóëèðîâàëà ýêñïðåññèþ ãåíîâ UCP2 è
UCP3 â ñåðäöå âçðîñëûõ, íî íå ñòàðûõ æèâîòíûõ
ñðàâíèòåëüíî ñ èõ èñõîäíûì óðîâíåì. Ñäåëàí âûâîä, ÷òî
ïðè ñòàðåíèè îðãàíèçìà â èçìåíåíèÿ ôóíêöèîíàëüíîãî
ñîñòîÿíèÿ ñåðäöà è åãî ðåàêöèè íà ðåïåðôóçèþ âíîñèò
âêëàä äèñôóíêöèÿ ìèòîõîíäðèé, îáóñëîâëåííàÿ ïîâû-
øåíèåì ýêñïðåññèè áåëêîâ-ðàçîáùèòåëåé îêèñëèòåëüíîãî
ôîñôîðèëèðîâàíèÿ.
Êëþ÷åâûå ñëîâà: áåëêè-ðàçîáùèòåëè UCP2 è UCP3,
èçîëèðîâàííîå ñåðäöå, ñòàðåíèå, èøåìèÿ � ðåïåðôóçèÿ,
ìèòîõîíäðèàëüíàÿ ïîðà, ìåìáðàííûé ïîòåíöèàë ìèòîõîíäðèé.

Goshovska Y.V., Lisovyi Î.Î., Shimanskaya T.V.,
Sagach V. F.

UCP2 AND UCP3 GENES EXPRESSION,
HEART FUNCTION AND OXYGEN COST OF
MYOCARDIAL WORK CHANGES DURING
AGING AND ISCHEMIA-REPERFUSION

To examine the effects of ischemia/reperfusion on UCPs genes
expression, heart function and oxygen cost of myocardial work,
hearts of adult (6 mo) and old (24 mo) rats were perfused by
Langendorf preparation and subjected to 20 min ischemia fol-
lowed by  40 min reperfusion. Mitochondrial permeability tran-
sition due to ischemic stimuli was evaluated by release of mito-
chondrial factor (λ=250 nm) which was previously shown as a
marker of MPTP opening. Expression of UCPs was detected
by reverse transcriptional polymerase chain reaction. Mitochon-
drial membrane potential (∆φ

m
) and oxygen consumption in iso-

lated heart mitochondria of adult and old rats were measured. It
was shown that impaired function of aging rat hearts was ac-
companied with an increased oxygen cost of myocardial work
and lower mitochondrial membrane potential compared with adult
rats. Reperfusion disturbances of cardiodynamic, contractile
activity of myocardium and noneffective oxygen utilization in
early period of reperfusion were less intensive in aged hearts
than in adult ones. Therefore, the levels of mRNA of UCP2 in
aging hearts were higher and mRNA levels of UCP3 were tended
to increase. At the same time ischemia/reperfusion increased
the expression of UCP2 and UCP3 in adult myocardium: mRNA
levels of UCPs were significantly higher that those in control,
whereas there was no such effect in aging hearts. It is concluded
that uncoupling proteins are implicated in the age-depended heart
dysfunction and development of the pathological mechanisms
during ischemia-reperfusion.
Key words: uncoupling proteins UCP2 and UCP3, isolated heart,
aging, ischemia � reperfusion, mitochondrial permeability tran-
sition pore, mitochondrial membrane potential.
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