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Çàñòîñóâàííÿ ãåí³ï³íó � ³íã³á³òîðà ðîç�ºäíóâàëüíèõ
á³ëê³â �ïðèãí³÷óº çàõèñíèé åôåêò  ³øåì³÷íîãî
ïðåêîíäèö³þâàííÿ

Ôóíêö³îíàëüíå çíà÷åííÿ ðîç�ºäíóâàëüíèõ á³ëê³â UCP2 ³ UCP3 ó êë³òèí³ ³ îðãàí³çì³ çàëèøàºòüñÿ
íåâèâ÷åí³ ³ íèí³. Ç�ÿâèëèñÿ ïîâ³äîìëåííÿ ïðî ¿õ ó÷àñòü ó êë³òèííèõ ìåõàí³çìàõ çàõèñòó, ùî
ëåæàòü â îñíîâ³ ôåíîìåíà ³øåì³÷íîãî ïðåêîíäèö³þâàííÿ. Ìåòîþ íàøî¿ ðîáîòè áóëî ç�ÿñóâàííÿ
ðîë³ ðîç�ºäíóâàëüíèõ á³ëê³â UCP2 ³ UCP3 ó ôîðìóâàíí³ êàðä³îïðîòåêòîðíîãî åôåêòó ³øåì³÷íîãî
ïðåêîíäèö³þâàííÿ. Â åêñïåðèìåíòàõ íà ³çîëüîâàíèõ ñåðöÿõ ùóð³â áóëî ïîêàçàíî çá³ëüøåííÿ
ð³âíÿ åêñïðåñ³¿ ãåí³â UCP2 ³ UCP3 ó òêàíèíàõ ñåðöÿ ÿê ï³ä âïëèâîì ³øåì³÷íîãî ïðåêîíäèö³þâàííÿ
ó âèãëÿä³ òðüîõ 5-õâèëèííèõ åï³çîä³â çóïèíêè ïåðôóç³¿, òàê ³ òðèâàëî¿ ³øåì³¿-ðåïåðôóç³¿
ì³îêàðäà. Áëîêàäà  àêòèâíîñò³ UCP2 ãåí³ï³íîì (�Wako Inc.�, ÑØÀ, 10-5 ìîëü/ë, ïåðôóç³ÿ
³çîëüîâàíîãî ñåðöÿ ïðîòÿãîì 15 õâ) ïðèãí³÷óâàëà çàõèñíèé åôåêò àäàïòàö³¿ äî ³øåì³¿. Çðîáëåíî
âèñíîâîê, ùî ðîç�ºäíóâàëüí³ á³ëêè áåðóòü àêòèâíó ó÷àñòü ó ôîðìóâàíí³ êàðä³îïðîòåêòîðíîãî
åôåêòó ³øåì³÷íîãî ïðåêîíäèö³þâàííÿ.
Êëþ÷îâ³ ñëîâà: ³çîëüîâàíå ñåðöå, ðîç�ºäíóâàëüí³ á³ëêè UCP2 ³ UCP3, ãåí³ï³í, ³øåì³÷íå
ïðåêîíäèö³þâàííÿ.
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ÂÑÒÓÏ

Ãðóïà òðàíñïîðòíèõ ïðîòå¿í³â, ÿê³ âáóäîâàí³
ó âíóòð³øíþ ìåìáðàíó ì³òîõîíäð³é ³ çäàòí³
âïëèâàòè íà ìåìáðàííèé ïîòåíö³àë, â³äîì³
ï³ä íàçâîþ ðîç�ºäíóâàëüíèõ á³ëê³â îêèñíîãî
ôîñôîðèëþâàííÿ (UCP, â³ä àíãë. uncoupling
proteins). Ôóíêö³îíàëüíå çíà÷åííÿ öèõ á³ëê³â
ó êë³òèí³ ³ îðãàí³çì³ â ö³ëîìó øèðîêî äèñ-
êóòóºòüñÿ ³ çàëèøàºòüñÿ íå çðîçóì³ëèì ³ íè-
í³. Ôàêòè âêàçóþòü íà ó÷àñòü á³ëê³â UCP ó
êë³òèííèõ ìåõàí³çìàõ çàõèñòó â³ä âïëèâó
àêòèâíèõ ôîðì êèñíþ (ÀÔÊ), çîêðåìà ïðè
³øåì³¿�ðåïåðôóç³¿ [2]. Çäàòí³ñòü UCP àêòè-
âóâàòèñÿ ï³ä ä³ºþ ÀÔÊ â³äïîâ³äàº á³ëüø
ðàö³îíàëüíîìó âèòðà÷àííþ åíåðã³¿ â êë³òèí³.

²øåì³÷íå ïðåêîíäèö³þâàííÿ (²Ï) çàëè-
øàºòüñÿ íàéïîòóæí³øèì ìåòîäîì êàðä³î-
ïðîòåêö³¿ â³ä ðåïåðôóç³éíèõ ïîðóøåíü.
Òîëåðàíòí³ñòü äî ³øåì³¿, ùî âèêëèêàºòüñÿ
²Ï, õàðàêòåðèçóºòüñÿ â ïåðøó ÷åðãó ãàëü-
ìóâàííÿì óòâîðåííÿ âåëèêî¿ ê³ëüêîñò³ ÀÔÊ

[1, 4]. Àêòèâàö³ÿ àäåí³ííóêëåîòèäòðàíñëî-
êàçè (ÀÍÒ), çá³ëüøåííÿ òðàíñïîðòó â³ëüíèõ
æèðíèõ êèñëîò ³ «ì�ÿêå ðîç�ºäíàííÿ» âñòà-
íîâëåí³ ñåðåä ì³òîõîíäð³àëüíèõ ìåõàí³çì³â
²Ï [10]. Êàðä³îïðîòåêòîðíèé åôåêò àäàïòà-
ö³¿ äî ³øåì³¿ áàãàòî â ÷îìó çóìîâëþºòüñÿ
ñòàíîì á³îåíåðãåòèêè ñåðöÿ. Ìè ïðèïóñêàº-
ìî, ùî àêòèâàö³ÿ ïðîòîíîïðîâ³äíî¿ àêòèâ-
íîñò³ UCP, ÿêà ìîæå çàïîá³ãàòè íàäì³ðí³é
ïðîäóêö³¿ ÀÔÊ äèõàëüíèì ëàíöþãîì, º
îäíèì ³ç çàõèñíèõ øëÿõ³â ²Ï [8, 11].

Ìåòîþ íàøî¿ ðîáîòè áóëî ç�ÿñóâàííÿ
ó÷àñò³ UCP ó ðåàë³çàö³¿ ìåõàí³çì³â êàðä³î-
ïðîòåêòîðíîãî âïëèâó ²Ï.

ÌÅÒÎÄÈÊÀ

Åêñïåðèìåíòè âèêîíóâàëè íà äîðîñëèõ
ñàìöÿõ ùóð³â ë³í³¿ Â³ñòàð â³êîì 6 ì³ñ, ìàñîþ
300�350 ã ç äîòðèìàííÿì âèìîã ªâðîïåéñü-
êî¿ êîíâåíö³¿ ùîäî ðîáîòè ç åêñïåðèìåí-
òàëüíèìè òâàðèíàìè (Ñòðàñáóðã, 1986).
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Ïåðôóç³þ êîðîíàðíèõ ñóäèí çä³éñíþâàëè
ðåòðîãðàäíî (çà ìåòîäîì Ëàíãåíäîðôà â
óìîâàõ ïîñò³éíîãî òèñêó 75�80 ìì ðò.ñò.)
ïðè 370Ñ ³ àåðàö³¿ êàðáîãåíîì (95 % Î
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âèì³ðþâàëè çà äîïîìîãîþ ëàòåêñíîãî áà-
ëîí÷èêà òåíçîäàò÷èêàìè 746 (Ìèíãîãðàô-
82, �Elema�, Øâåö³ÿ) ³  ðåºñòðóâàëè íà
êîìï�þòåð³ çà äîïîìîãîþ ïðîãðàìíîãî çà-
áåçïå÷åííÿ Global Lab. 2.0. Ðîçðàõîâóâàëè
÷àñòîòó ñåðöåâèõ ñêîðî÷åíü (×ÑÑ), ³íòåí-
ñèâí³ñòü ñêîðîòëèâî¿ ôóíêö³¿ ñåðöÿ (ÒËØ .
×ÑÑ). Êîðîíàðíèé ïîò³ê îö³íþâàëè çà
îá`ºìîì ïåðôóç³éíîãî ðîç÷èíó, ÿê³é â³äò³êàâ
â³ä ñåðöÿ ïðîòÿãîì 1 õâ.

Äëÿ ðîçðàõóíêó ñïîæèâàííÿ êèñíþ ì³î-
êàðäîì çà äîïîìîãîþ ãàçîàíàë³çàòîðà BMS
3 Mk-2 Radiometer  (�Elema�,  Øâåö³ÿ)
ðåºñòðóâàëè íàïðóæåííÿ êèñíþ ó ïðîáàõ
ïåðôóç³éíîãî ðîç÷èíó, ùî ïðèò³êàâ ³ â³äò³êàâ
â³ä ñåðöÿ. Êèñíåâó âàðò³ñòü ðîáîòè ñåðöÿ
âèðàæàëè ÿê ñï³ââ³äíîøåííÿ ñïîæèâàííÿ
êèñíþ äî ³íòåíñèâíîñò³ ñêîðîòëèâî¿ ôóíêö³¿
ñåðöÿ.

Àäàïòàö³þ äî ³øåì³¿ çä³éñíþâàëè çà
äîïîìîãîþ 3 ñåàíñ³â òîòàëüíî¿ 5-õâèëèííî¿
³øåì³¿, ðîçä³ëåíèõ 5-õâèëèííèìè ïåð³îäàìè
ðåïåðôóç³¿. ²øåì³þ ì³îêàðäà ìîäåëþâàëè
ïðèïèíåííÿì ïåðôóç³¿  ñåðöÿ íà 20 õâ.
Ðåïåðôóç³þ ñïîñòåð³ãàëè ïðîòÿãîì 40 õâ.

Âèâ³ëüíåííÿ ì³òîõîíäð³àëüíîãî ôàêòîðà,
ùî º ìàðêåðîì â³äêðèâàííÿ ÌÏ â åêñïåðè-
ìåíòàõ in situ [6, 19], âèçíà÷àëè çà çðîñòàí-
íÿì îïòè÷íî¿ ãóñòèíè ðîç÷èí³â, ùî â³äò³êàëè
â³ä ñåðöÿ äî ³øåì³¿ òà íà 1-é õâèëèí³ ðåïåð-
ôóç³¿. Îïòè÷íó ãóñòèíó ïðîá âèì³ðþâàëè â
óëüòðàô³îëåòîâîìó ñïåêòð³ â ä³àïàçîí³ äîâ-
æèíè õâèë³ 230�260 íì ñïåêòðîôîòîìåòðîì
ÑÔ-46.

Ãåí³ï³í (�Wako Inc.�, ÑØÀ) ââîäèëè ó
ïåðôóç³éíèé ðîç÷èí ó êîíöåíòðàö³¿ 10-5 ìîëü/ë
ïðîòÿãîì 15 õâ ïåðåä ïî÷àòêîì ²Ï.

Åêñïðåñ³þ ãåí³â UCP2 ³ UCP3 âèçíà-
÷àëè â çðàçêàõ òêàíèí ñåðöÿ â òàêèõ ñåð³ÿõ:
1 � êîíòðîëü (n=5); 2 � ³øåì³ÿ�ðåïåðôóç³ÿ
(n=6); 3 � ²Ï ³ ³øåì³ÿ�ðåïåðôóç³ÿ (n=8); 4
� ²Ï (n=6). Êîíòðîëüí³ ñåðöÿ ïåðôóçóâàëè
ïðîòÿãîì ãîäèíè áåç æîäíèõ âïëèâ³â.
Âåðõ³âêó ñåðöÿ ùóð³â â³äð³çàëè ³ îäðàçó
âèêîðèñòîâóâàëè äëÿ âèä³ëåííÿ ÐÍÊ çà
äîïîìîãîþ ðåàãåíòó 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 ðàíäîìíèé ãåêñàìåðíèé
ïðàéìåð. Îòðèìàíó îäíîëàíöþãîâó ÄÍÊ
çàñòîñîâóâàëè äëÿ ïîë³ìåðàçíî¿ ëàíöþãîâî¿
ðåàêö³¿ (ÏËÐ) äëÿ àìïë³ô³êàö³¿ ôðàãìåíò³â
ãåí³â UCP2 ³ UCP3 [23], à òàêîæ ôðàãìåíò
ãåíà GADPH (ãë³öåðàëüäåã³ä-3-ôîñôàò-
äåã³äðîãåíàçè) ÿê âíóòð³øí³é êîíòðîëü.
Ïîñë³äîâí³ñòü íóêëåîòèä³â ó ïðàéìåðàõ:
ïðÿìèé � 5′-TCATCAAAGATACTCTCCTG
AAAGC-3 ′ ,  çâîðîòíèé � 5 ′-TGACGGT
GGTGCAGAAGC-3′ äëÿ ãåíà UCP2; ïðÿ-
ìèé � 5′-GTGACCTATGACATCATCAAG
GA-3′, çâîðîòíèé � 5′-GCTCCAAAGGCA
GAGACAAAG-3′ äëÿ ãåíà UCP3; ïðÿìèé
� 5 ′-GGGTGTGAACCACGAGAAAATAT
GA-3′, çâîðîòíèé � AGCACCAGTGGATG
CAGGGGATGAT-3 ′  äëÿ  ãåíà  GADPH.
Ñóì³ø äëÿ àìïë³ô³êàö³¿  ì³ñòèëà 5 ìêë
5-êðàòíîãî ÏËÐ-áóôåðà, 1,5 ììîëü/ë ñóëü-
ôàòó ìàãí³þ, 200 ìêìîëü/ë ñóì³ø³ ÷îòè-
ðüîõ íóêëåîòèäòðèôîñôàò³â, ïî 30 ïìîëü/ë
êîæíîãî ç ïðàéìåð³â (�Metabion�, Í³ìå÷-
÷èíà), 0,5 ÎÄ Taq-ïîë³ìåðàçè (�Àìïëè-
Ñåíñ�, Ðîñ³ÿ) ³ ÄÍÊ-ìàòðèöþ, îòðèìàíó â
ðåçóëüòàò³ çâîðîòíî¿ òðàíñêðèïö³¿. Îá�ºì
ïðîáè äîâîäèëè äî 25 ìêë äåéîí³çîâàíîþ
âîäîþ. ÏËÐ ïðîâîäèëè â òåðìîöèêëåð³
GeneAmp System 2700� (�Applied Biosys-
tems�, ÑØÀ). Àìïë³ô³êàö³ÿ ôðàãìåíò³â
âêàçàíèõ ãåí³â ñêëàäàëàñÿ ç 35 öèêë³â:
äåíàòóðàö³ÿ � 94°Ñ (50 ñ), ã³áðèäèçàö³ÿ
ïðàéìåð³â � 58°Ñ (1 õâ) ³ åëîíãàö³ÿ � 72°Ñ
(1 õâ). Â³çóàë³çàö³þ ³ îö³íêó ÿñêðàâîñò³
àìïë³ô³êàò³â ï³ñëÿ ãîðèçîíòàëüíîãî åëåêò-
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ðîôîðåçó (150 Â ïðîòÿãîì 30 õâ) â 1,5%-
ìó àãàðîçíîìó ãåë³ ç áðîì³äîì åòèä³þ, ïðî-
âîäèëè çà äîïîìîãîþ òðàíñ³ëþì³íàòîðà ³
ïðîãðàìíîãî çàáåçïå÷åííÿ ViTran (�Áèî-
êîì�, Ðîñ³ÿ). Ðîçðàõîâóâàëè â³äíîøåííÿ
ÿñêðàâîñò³  àìïë³ô³êàò³â ãåí³â UCP äî
GADPH.

Ñòàòèñòè÷íó îáðîáêó ðåçóëüòàò³â çä³éñ-
íþâàëè çà äîïîìîãîþ Microsoft Excel ç
âèêîðèñòàííÿì ìåòîäó ð³çíèöü. Óñ³ ðåçóëü-
òàòè âèðàæàëè ó âèãëÿä³ ñåðåäíüîãî ±
ñòàíäàðòíå â³äõèëåííÿ. Äîñòîâ³ðí³ñòü çì³í
ïîêàçíèê³â ðîçðàõîâóâàëè çà äîïîìîãîþ
êðèòåð ³þ t  Ñòüþäåíòà ,  äî ñòîâ ³ðíèìè
ââàæàëè çì³íè ïðè Ð<0,05.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ¯Õ ÎÁÃÎÂÎÐÅÍÍß

Âñòàíîâëåíî, ùî ²Ï åôåêòèâíî çàïîá³ãàëî
ðîçâèòêó âàæêèõ ðåïåðôóç³éíèõ ïîðóøåíü
ôóíêö³¿ ³çîëüîâàíîãî ñåðöÿ ³ âèíèêíåííþ
ô³áðèëÿö³é, ï³äâèùóâàëî åôåêòèâí³ñòü
ðîáîòè äèõàëüíîãî ëàíöþãà ì³òîõîíäð³é
êàðä³îì³îöèò³â  ³  âèêîðèñòàííÿ êèñíþ
ì³îêàðäîì [4]. Ñåðåä ìîæëèâèõ çàõèñíèõ
ìåõàí³çì³â ,  ùî âêëþ÷àþòüñÿ  ïðè  ²Ï,
ðîçãëÿäàþòü ñòèìóëÿö³þ åêñïðåñ³¿ íèçêè
ïðîòåêòîðíèõ ãåí³â, äî ÷èñëà ÿêèõ çîêðåìà
ìîæíà  çàðàõó âàòè  ³íäóöèáåëüíó  NO-
ñèíòàçó [7]. Áåðó÷è äî óâàãè ó÷àñòü UCP

ó ôîðìóâàíí³ çàõèñíèõ ìåõàí³çì³â êë³òèíè
äëÿ ïðîòèñòîÿííÿ îêèñíîìó ñòðåñó, ìè
âèçíà÷àëè çà äîïîìîãîþ ÏËÐ çì³íè åêñï-
ðåñ³¿ ãåí³â UCP2 ³ UCP3 ó ñåðöÿõ ùóð³â
ï³ñëÿ âïëèâó êîðîòêî÷àñíèõ ³øåì³÷íèõ
åï³çîä³â àáî òðèâàëî¿ ³øåì³¿�ðåïåðôóç³¿ áåç
³ íà ôîí³ ²Ï (ðèñ.1, 2). Âñòàíîâëåíî, ùî ïðè
àäàïòàö³¿ ñåðöÿ äî ³øåì³¿ ñïîñòåð³ãàëàñÿ
ñò³éêà òåíäåíö³ÿ äî ï³äâèùåííÿ åêñïðåñ³¿
ãåí³â UCP, à òîòàëüíà 20-õâèëèííà ³øåì³ÿ
ì³îêàðäà ïðèçâîäèëà äî äîñòîâ³ðíîãî
çá³ëüøåííÿ ñï³ââ³äíîøåííÿ UCP2/GADPH
³ UCP3/GADPH â³äíîñíî âèõ³äíîãî ð³âíÿ ¿õ
åêñïðåñ³¿ .  Äî 40-¿  õâèëèíè ðåïåðôóç³¿
êîðîíàðíèõ ñóäèí åêñïðåñ³ÿ ìÐÍÊ äîñë³ä-
æóâàíèõ ãåí³â ìàëà òåíäåíö³þ äî ïîäàëü-
øîãî çðîñòàííÿ ³ ñòàíîâèëà 127 ± 7,5 ³ 133 %
± 1,0% â³äïîâ³äíî ïîð³âíÿíî ç ¿õ áàçîâèì
ð³âíåì. Òàêèì ÷èíîì, ðåçóëüòàòè íàøèõ
åêñïåðèìåíò³â ñâ³ä÷èëè ïðî ñòèìóëþ-
âàëüíèé åôåêò ³øåì³¿�ðåïåðôóç³¿ íà åêñïðå-
ñ³þ ãåí³â UCP2 ³  UCP3,  ùî ï³äòâåðä-
æóâàëîñÿ äàíèìè Murrày ³ ñï³âàâò. [18], ÿê³
ñïîñòåð³ãàëè ï³äâèùåííÿ åêñïðåñ³¿ á³ëêà
UCP3 ó ùóð³â ó â³äïîâ³äü íà òðèâàëó
êîðîíàðîîêëþç³þ. Ìè ââàæàºìî, ùî çàïóñê
êë³òèíîþ åêñïðåñ³¿ ãåí³â UCP ìàâ çàõèñíèé
õàðàêòåð, îñê³ëüêè ïîêàçàíî, ùî àêòèâàö³ÿ
UCP ñóïðîâîäæóºòüñÿ çìåíøåííÿì ïðîäóê-
ö³¿ â³ëüíèõ ðàäèêàë³â [9]. Âñòàíîâëåíèé

Çàñòîñóâàííÿ ãåí³ï³íó � ³íã³á³òîðà ðîç�ºäíóâàëüíèõ á³ëê³â

Ðèñ. 1. Â³äíîñí³ ð³âí³ åêñïðåñ³¿ ìÐÍÊ UCP2/GADPH (a) i UCP3/GADPH (á) ó ñåðö³ ùóð³â ó êîíòðîë³ (1), ï³ñëÿ
³øåì³¿�ðåïåðôóç³¿ áåç (2) ³ íà ôîí³ ³øåì³÷íîãî ïðåêîíäèö³þâàííÿ (3). *Ð<0,05 â³äíîñíî êîíòðîëþ
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íàìè ôàêò ï³äâèùåííÿ åêñïðåñ³¿ ãåí³â UCP2
³ UCP3 âíàñë³äîê êîðîòêî÷àñíèõ ³øåì³÷íèõ
ñòèìóë³â ì³îêàðäà ö³ëêîì óçãîäæóºòüñÿ ç
ïîâ³äîìëåííÿì ïðî çðîñòàííÿ â íåéðîíàõ
ã³ïîêàìïà âì³ñòó á³ëêà UCP2 ï³ñëÿ ²Ï, ÿêå
ñóïðîâîäæóâàëîñÿ  âåëèêèì â³äñîòêîì
âèæèâàííÿ êë³òèí çà ä³¿ íàñòóïíî¿ ³øåì³¿
[16]. Òàêèì ÷èíîì, ï³äâèùåííÿ åêñïðåñ³¿
ãåí³â UCP2 ³ UCP3 ï³ä âïëèâîì ÿê êîðîòêî-
÷àñíèõ ñòèìóë³â, òàê ³ òðèâàëî¿ ³øåì³¿ äàº
íàì çìîãó ââàæàòè,  ùî UCP çàä³ÿí³  ó
çàõèñíîìó ìåõàí³çì³ êë³òèíè ïðè ¿¿ ïðîòè-
ñòîÿíí³ ³øåì³¿�ðåïåðôóç³¿.

Äëÿ ç�ÿñóâàííÿ ô³ç³îëîã³÷íî¿ ðîë³ UCP
ó ï³äâèùåíí³ ñò³éêîñò³ ì³îêàðäà ùóð³â äî
³øåì³¿�ðåïåðôóç³¿ ³ ó÷àñò³ ¿õ â ìåõàí³çì³ ²Ï,
ìè çä³éñíþâàëè áëîêàäó àêòèâíîñò³ UCP2
çà äîïîìîãîþ ãåí³ï³íó. Ãåí³ï³í � êîìïîíåíò
ãåí³ïîçèäó � ñïîëóêè, âèä³ëåíî¿ ç åêñòðàêòó
ïëîä³â Gardenia jasminoides Ellis, ÿêèé ç
äàâí³õ ï³ð àêòèâíî âèêîðèñòîâóâàâñÿ ó
íàðîäí³é ìåäèöèí³ ÿê ïðîòèçàïàëüíèé,
àíòèã³ïåðòåíçèâíèé çàñ³á [21]. ²ñíóþòü
ñâ³ä÷åííÿ, ùî ãåí³ï³í ïðîÿâëÿº àíòèîêñè-
äàíòí³ âëàñòèâîñò³ [14], éîãî ç óñï³õîì
âèêîðèñòîâóþòü ïðè ä³àáåò³ [22],  ÿêèé
õàðàêòåðèçóºòüñÿ ðîçâèòêîì ãëèáîêîãî
îêèñíîãî ñòðåñó. Ç ³íøîãî áîêó, â åêñïåðè-
ìåíòàõ íà ì³òîõîíäð³ÿõ íîêàóòíèõ çà ãåíîì
UCP2 òâàðèí äîâåäåíî, ùî ãåí³ï³í ³íã³áóº
UCP2-çàëåæíèé ïðîòîííèé ïîò³ê, àëå íå º
ïðè öüîìó ñêàâåíäæåðîì ñóïåðîêñèäíîãî

ðàäèêàëà [24]. Ñàìå òàê³ âëàñòèâîñò³ ãåí³-
ï³íó ðîáëÿòü éîãî âàæëèâèì ³íñòðóìåíòîì
âèâ÷åííÿ ôóíêö³¿ UCP.

Ââåäåííÿ â ïåðôóç³éíèé ðîç÷èí ãåí³ï³íó
ñêàñîâóâàëî çàõèñíèé âïëèâ ²Ï íà ðîçâèòîê
ðåïåðôóç³éíèõ ïîðóøåíü ôóíêö³¿ ñåðöÿ (ðèñ.
3). Íà â³äì³íó â³ä ñåð³¿ ç ²Ï ñïîñòåð³ãàëè
³ñòîòíå ïðèãí³÷åííÿ ôóíêö³îíàëüíîãî ñòàíó
ñåðöÿ íà 10-é õâèëèí³ ðåïåðôóç³¿: ÒËØ
ñòàíîâèâ ëèøå 37,0% ± 17,1% ùîäî 82,5%
± 8,8% ó ñåð³¿ ç ²Ï (Ð<0,05) ³ 32,5% ± 7,9%
ó êîíòðîëüí³é ñåð³¿, ñêîðî÷óâàëüíà àêòèâ-
í³ñòü ì³îêàðäà áóëà 37 %, à â ñåð³¿ áåç ãåí³-
ï³íó ¿¿ â³äíîâëåííÿ ñÿãàëî á³ëüøå í³æ 80 %.
Îòæå, õàðàêòåð ðåàêö³¿ ñåðäåöü íà â³äíîâ-
ëåííÿ ïîòîêó ïåðôóç³¿ â ñåð³¿ ç ²Ï íà ôîí³
ââåäåííÿ ãåí³ï³íó áóâ ñõîæèé ç òàêèì ó
êîíòðîëüí³é ñåð³¿. Îñê³ëüêè áëîêàäà àêòèâ-
íîñò³ UCP ãåí³ï³íîì ³ñòîòíî çìåíøóâàëà
çàõèñíèé âïëèâ ²Ï ìè ä³éøëè  âèñíîâêó, ùî
ö³ á³ëêè áåðóòü àêòèâíó ó÷àñòü ó ðåàë³çàö³¿
òàêîãî ìåõàí³çìó.

Äëÿ ï³äòâåðäæåííÿ öüîãî âèñíîâêó ìè
ïåðåâ³ðÿëè âïëèâ ãåí³ï³íó íà ðåàêö³þ ñåðöÿ
ïðè ³øåì³¿�ðåïåðôóç³¿. ßêùî îñòàíí³é ìàº
ïîòóæí³ àíòèîêñèäàíòí³ âëàñòèâîñò³ [14],
â³í ïîâèíåí ³íã³áóâàòè óòâîðåííÿ ì³òîõîíä-
ð³àëüíèõ ïîð ïðè ³øåì³¿�ðåïåðôóç³¿ ³, â³ä-
ïîâ³äíî, ïîêðàùóâàòè â³äíîâëåííÿ ôóíêö³î-
íàëüíîãî ñòàíó ñåðöÿ. Òîáòî ôåíîìåí ²Ï
ìîæíà ³ì³òóâàòè çà äîïîìîãîþ âèá³ðêîâîãî
ôàðìàêîëîã³÷íîãî âïëèâó íà ñåðöå.

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

Ðèñ. 2. Ðåçóëüòàòè åëåêòðîôîðåçó (à) àìïë³ô³êîâàíèõ ôðàãìåíò³â ãåí³â GADPH (1) ³ UCP3 (2). Ã³ñòîãðàìà
óñåðåäíåíèõ ðåçóëüòàò³â (á) â³äíîñíèõ ð³âí³â åêñïðåñ³¿ ìÐÍÊ UCP3/GADPH ó êîíòðîë³ (1) ³ ï³ñëÿ ³øåì³÷íîãî
ïðåêîíäèö³þâàííÿ (2)
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Ç³ñòàâëåííÿ ñòóïåíÿ ðåïåðôóç³éíèõ
ïîðóøåíü ôóíêö³¿ ñåðöÿ òâàðèí áåç ³ íà ôîí³
çàñòîñóâàííÿ ãåí³ï³íó ñâ³ä÷èëî ïðî â³äñóò-
í³ñòü ³ñòîòíèõ â³äì³ííîñòåé ó ðåàêö³¿ ñåðöÿ.
Âèêëþ÷åííÿì áóâ ÊÄÒ, ÿêèé íà 10-é õâèëèí³
ðåïåðôóç³¿ ñòàíîâèâ 31,0 ìì ðò.ñò. ± 4,0 ìì
ðò.ñò., à â êîíòðîëüí³é ñåð³¿ � 6,0 ìì ðò.ñò.
± 4,4 ìì ðò.ñò. (Ð<0,001), äî ê³íöÿ ñïîñòå-
ðåæåííÿ äîñòîâ³ðíî¿ ð³çíèö³ ó éîãî çíà÷åíí³
íå ñïîñòåð³ãàëîñü. ²í�ºêö³ÿ ãåí³ï³íó ïåâíèì
÷èíîì òàêîæ ïîêðàùóâàëà êèñíåâèé îáì³í
ñåðöÿ: êèñíåâà âàðò³ñòü éîãî ðîáîòè íà 40-
é õâèëèí³ ðåïåðôóç³¿ çá³ëüøóâàëàñÿ ëèøå
äî 125% ± 11% ùîäî 153% ± 13% ó êîíò-
ðîëüíèõ òâàðèí. Îäíàê öüîãî áóëî íåäîñ-
òàòíüî äëÿ ³ñòîòíîãî â³äíîâëåííÿ ôóíê-

ö³îíàëüíîãî ñòàíó ñåðöÿ â ö³ëîìó ó ïåð³îä
ðåïåðôóç³¿.

Ïðè îäíàêîâ³é àìïë³òóä³ ï³äéîìó êðèâî¿
íà  λ=250 íì,  ÿêà  â ³äîáðàæàº  ñòóï³íü
âèâ³ëüíåííÿ ì³òîõîíäð³àëüíîãî ôàêòîðà ³
ïðîíèêí³ñòü ì³òîõîíäð³àëüíèõ ìåìáðàí,
îïòè÷íà ãóñòèíà ðîç÷èíó, ùî â³äò³êàâ â³ä
³çîëüîâàíîãî ñåðöÿ ùóð³â ó ïåðøó õâèëèíó
ðåïåðôóç³¿  â åêñïåðèìåíòàõ ç çàñòîñó-
âàííÿì ãåí³ï³íó äîñòîâ³ðíî ïåðåâèùóâàëà
òàêó ó êîíòðîëüí³é ñåð³¿ (ðèñ. 4). Îñòàííº
ñâ³ä÷èëî, ùî ãåí³ï³í íå ïðîÿâëÿâ âëàñòè-
âîñòåé ³íã³á³òîðà ì³òîõîíäð³àëüíèõ ïîð,
õàðàêòåðíèõ äëÿ â³äîìèõ àíòèîêñèäàíò³â
òðîëîêñó ³ ìåëàòîí³íó [5]. Îñê³ëüêè ââåäåí-
íÿ ãåí³ï³íó ³ñòîòíî íå ïîêðàùóâàëî ñòóï³íü

Çàñòîñóâàííÿ ãåí³ï³íó � ³íã³á³òîðà ðîç�ºäíóâàëüíèõ á³ëê³â

Ðèñ. 3. Â³äíîâëåííÿ ïîêàçíèê³â ôóíêö³îíàëüíîãî ñòàíó ñåðöÿ ï³ä÷àñ ðåïåðôóç³¿ ó êîíòðîëüíèõ óìîâàõ (1), ï³ñëÿ
³øåì³÷íîãî ïðåêîíäèö³þâàííÿ áåç (2) ³ íà ôîí³ ââåäåííÿ ãåí³ï³íó (3): à � òèñê ó ë³âîìó øëóíî÷êó; á�êèñíåâà
âàðò³ñòü ðîáîòè ñåðöÿ; â� ê³íöåâî-ä³àñòîë³÷íèé òèñê; ã � ³íòåíñèâí³ñòü ñêîðîòëèâî¿ ôóíêö³¿ ì³îêàðäà
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â³äíîâëåííÿ ôóíêö³¿ ñåðöÿ äîðîñëèõ ùóð³â
ï³ñëÿ òðèâàëî¿ ³øåì³¿, àëå ³ íå ïðèãí³÷óâàëî
¿¿ ÿê ó ñòàðèõ òâàðèí ç ï³äâèùåíèì áàçîâèì
ð³âíåì åêñïðåñ³¿ ãåí³â UCP2 ³ UCP3 [2, 3],
ìè ââàæàºìî, ùî â³í ïðîÿâëÿâ àíòèîêñè-
äàíòíó ñèëó, àëå íåäîñòàòíþ äëÿ ³ñòîòíîãî
çìåíøåííÿ ðåïåðôóç³éíèõ ïîðóøåíü ôóíêö³¿
ñåðöÿ.

Îòæå, ïðèãí³÷åííÿ åôåêòó ²Ï ãåí³ï³íîì
³ìîâ³ðíî áóëî çóìîâëåíî íå éîãî àíòèîêñè-
äàíòíèìè âëàñòèâîñòÿìè, à áëîêàäîþ àê-
òèâíîñò³ UCP.

Òàêèì ÷èíîì,  UCP áåðóòü àêòèâíó
ó÷àñòü ó ôîðìóâàíí³ êàðä³îïðîòåêòîðíîãî
åôåêòó ²Ï, îñê³ëüêè áëîêàäà ¿õ àêòèâíîñò³
ãåí³ï³íîì ïðèãí³÷óâàëà çàõèñíèé åôåêò
àäàïòàö³¿ äî ³øåì³¿, à êîðîòêî÷àñíå àáî
äîâãîòðèâàëå ïðèïèíåííÿ ïåðôóç³¿ ñòèìó-
ëþâàëî çá³ëüøåííÿ åêñïðåñ³¿ ãåí³â UCP2 ³
UCP3 ó ñåðö³.

Áàãàòî äîñë³äæåíü ïðèñâÿ÷åíî âèâ÷åí-
íþ âíóòð³øíüîêë³òèííèõ çàõèñíèõ ñèãíàëü-
íèõ øëÿõ³â, ùî âêëþ÷àþòüñÿ ó ìåõàí³çì ²Ï.
Ôàêòîðàìè, ÿê³ âèâ³ëüíþþòüñÿ ï³ä ÷àñ
êîðîòêèõ ïåð³îä³â ³øåì³¿ ³  ä³þòü ÷åðåç
â³äïîâ³äí³ ðåöåïòîðè - àäåíîçèí, áðàäèê³í³í,
íîðàäðåíàë³í ,  åíäîðô³íè àêòèâóºòüñÿ
ïðîòå¿íê³íàçà Ñ [13]. ÀÔÊ, ÿê³ âèä³ëÿþòüñÿ
â «ïðîì³æíèõ» ðåïåðôóç³ÿõ, òàêîæ çàä³ÿí³
â ïðîöåñàõ ¿¿ àêòèâàö³¿. Â³äîìî, ùî àíòè-
îêñèäàíòè çäàòí³ ³íã³áóâàòè ôîðìóâàííÿ

àäàïòàö³éíî¿  òîëåðàíòíîñò ³  ñåðöÿ  äî
³øåì³¿�ðåïåðôóç³¿. Ê³íöåâèì ï³äñóìêîì
ïðîöåñ³â ïåðåäà÷³ ñèãíàëó ïðè ²Ï ââà-
æàºòüñÿ ôîñôîðèëþâàííÿ ³ àêòèâàö³ÿ ÀÒÔ-
çàëåæíèõ êàë³ºâèõ êàíàë³â [12, 15]. Ñåðåä
ì³òîõîíäð³àëüíèõ ìåõàí³çì³â ²Ï â³äîìî ïðî
àêòèâàö³þ ÀÍÒ, çá³ëüøåííÿ òðàíñïîðòó
â³ëüíèõ æèðíèõ êèñëîò ³ «ì�ÿêå ðîç�ºä-
íàííÿ» [10], à òàêîæ � çàïóñê ïðîòîíïðî-
â³äíî¿ àêòèâíîñò³ UCP, ùî â ñâîþ ÷åðãó
ìîæå çàïîá³ãàòè íàäì³ðí³é ïðîäóêö³¿ ÀÔÊ
äèõàëüíèì ëàíöþãîì [8, 11].

Ó÷àñòü UCP2 ³  UCP3 ó ìåõàí³çìàõ
ïðåêîíäèö³þâàííÿ ìîæóòü îïîñåðåäêîâàíî
ï³äòâåðäèòè ðå çóëüòàòè ìîëåêóëÿðíî-
ãåíåòè÷íèõ åêñïåðèìåíò³â. Áóëî âèÿâëåíî
çá³ëüøåííÿ âì³ñòó ìÐÍÊ UCP2 ó ìîçêó
ï³ñëÿ ²Ï [17], à òàêîæ â ñåð³ÿõ ç ³øåì³ºþ-
ðåïåðôóç³ºþ, ²Ï, ²Ï ³ ³øåì³ºþ-ðåïåðôóç³ºþ
ã³ïîêàìïî ïîêàçàíî îäíî÷àñíå çá³ëüøåííÿ
åêñïðåñ³¿ ãåíà ³ á³ëêà UCP2 [16]. Îòðèìàí³
íàìè ðåçóëüòàòè ïðî çá³ëüøåííÿ åêñïðåñ³¿
ãåí³â UCP2 ³ UCP3 ó ñåðö³ ùóð³â ï³ñëÿ
ðåïåðôóç³¿ áåç ³ íà ôîí³ ²Ï ö³ëêîì óçãîä-
æóþòüñÿ ç  íàâåäåíèìè ë³òåðàòóðíèìè
äàíèìè. Òàêèì ÷èíîì, àêòèâàö³ÿ ñèñòåìè
UCP çà óìîâ ²Ï â³äáóâàºòüñÿ íå ëèøå íà
ð³âí³ ôóíêö³îíóâàííÿ á³ëêîâèõ ìîëåêóë, àëå
é åêñïðåñ³¿ ãåí³â UCP2 ³ UCP3.

Äðóãèì äîêàçîì ó÷àñò³ UCP ó êàðä³î-
ïðîòåêòîðíîìó ìåõàí³çì³ ²Ï ìîæóòü áóòè
ðåçóëüòàòè åêñïåðèìåíò³â ç ïîïåðåäí³ì
ââåäåííÿì ãåí³ï³íó, âíàñë³äîê ÷îãî â³äíîâ-
ëåííÿ ôóíêö³¿ ³çîëüîâàíîãî ñåðöÿ çà õàðàê-
òåðîì íàãàäóâàëî òàêå ó ñåð³¿ ç êîíòðîëü-
íîþ ³øåì³ºþ ì³îêàðäà. ²ñíóº äóìêà, ùî
UCP âëàñòèâà òàêîæ ôóíêö³ÿ ðåãóëÿö³¿
êàëüö³ºâîãî ãîìåîñòàçó [3, 20], éìîâ³ðíî
ñàìå òîìó ¿õ ³íã³áóâàííÿ ñóïðîâîäæóºòüñÿ
³ñòîòíèìè ïîðóøåííÿìè ñêîðîòëèâî¿ ôóíêö³¿
ñåðöÿ. Áëîêàäà àêòèâíîñò³ UCP2 ãåí³ï³íîì
ìîæå ïðèçâîäèòè äî ïåðåâàíòàæåííÿ êë³òèí
³îíàìè êàëüö³þ. Ó òàêèõ óìîâàõ ï³äâè-
ùóºòüñÿ ÷óòëèâ³ñòü ì³òîõîíäð³é äî óòâî-
ðåííÿ ÌÏ, â³äïîâ³äíî åôåêò ²Ï í³âåëþ-
ºòüñÿ, ùî ìè ³ ñïîñòåð³ãàëè.

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

Ðèñ. 4. Çì³íè îïòè÷íî¿ ãóñòèíè ðîç÷èíó, ùî â³äò³êàâ â³ä
³çîëüîâàíîãî ñåðöÿ ùóð³â ïåðåä ³øåì³ºþ (1, 2), çà
ïåðøó õâèëèíó ðåïåðôóç³¿ áåç (3) ³ íà ôîí³ ââåäåííÿ
ãåí³ï³íó (4)

0,2

0,3

íì
0
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ÂÈÑÍÎÂÊÈ

1. UCP áåðóòü àêòèâíó ó÷àñòü ó ôîðìó-
âàíí³ êàðä³îïðîòåêòîðíîãî åôåêòó ²Ï,
îñê³ëüêè áëîêàäà ¿õ àêòèâíîñò³ ãåí³ï³íîì
ïðèãí³÷óâàëà çàõèñíèé åôåêò àäàïòàö³¿ äî
³øåì³¿.

2. Ï³ä âïëèâîì ²Ï ³ òðèâàëî¿ ³øåì³¿�
ðåïåðôóç³¿ ì³îêàðäà çá³ëüøóºòüñÿ åêñïðåñ³ÿ
ãåí³â UCP2 ³ UCP3 ó òêàíèíàõ ñåðöÿ, ùî
âêàçóº íà ¿õ ó÷àñòü ó ôîðìóâàíí³ êàðä³î-
ïðîòåêòîðíîãî åôåêòó.

Àâòîðè âèñëîâëþþòü ïîäÿêó ïðîâ³ä-
íîìó íàóêîâîìó ñï³âðîá³òíèêó â ³ää³ëó
çàãàëüíî¿ ³ ìîëåêóëÿðíî¿ ïàòîô³ç³îëîã³¿
Â.ª Äîñåíêó çà ñïðèÿííÿ ó  ïðîâåäåíí³
ãåíåòè÷íèõ äîñë³äæåíü.

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

ÏÐÈÌÅÍÅÍÈÅ ÃÅÍÈÏÈÍÀ � ÈÍÃÈÁÈÒÎÐÀ
ÐÀÇÎÁÙÀÞÙÈÕ ÁÅËÊÎÂ � ÓÃÍÅÒÀÅÒ
ÇÀÙÈÒÍÛÉ ÝÔÔÅÊÒ ÈØÅÌÈ×ÅÑÊÎÃÎ
ÏÐÅÊÎÍÄÈÖÈÎÍÈÐÎÂÀÍÈß

Ôóíêöèîíàëüíîå çíà÷åíèå ðàçîáùàþùèõ áåëêîâ UCP2 è
UCP3 â êëåòêå è îðãàíèçìå îñòàåòñÿ íå âûÿñíåííûì äî
íàñòîÿùåãî âðåìåíè. Ïîÿâèëèñü ñîîáùåíèÿ îá èõ ó÷àñòèè
â êëåòî÷íûõ ìåõàíèçìàõ çàùèòû, ëåæàùèõ â îñíîâå
ôåíîìåíà èøåìè÷åñêîãî ïðåêîíäèöèîíèðîâàíèÿ. Öåëüþ
äàííîé ðàáîòû áûëî âûÿñíåíèå ðîëè UCP2 è UCP3 â
ôîðìèðîâàíèè êàðäèîïðîòåêòîðíîãî ýôôåêòà èøåìè-
÷åñêîãî ïðåêîíäèöèîíèðîâàíèÿ. Â ýêñïåðèìåíòàõ íà
èçîëèðîâàííûõ ñåðäöàõ êðûñ áûëî ïîêàçàíî óâåëè÷åíèå
óðîâíÿ ýêñïðåññèè ãåíîâ UCP2 è UCP3 â òêàíÿõ ñåðäöà
êàê ïîä âëèÿíèåì èøåìè÷åñêîãî ïðåêîíäèöèîíèðîâàíèÿ â
âèäå òðåõ 5-ìèíóòíûõ ýïèçîäîâ îñòàíîâêè ïåðôóçèè
ñåðäöà, òàê è äëèòåëüíîé èøåìèè-ðåïåðôóçèè ìèîêàðäà.
Áëîêàäà àêòèâíîñòè ðàçîáùàþùèõ áåëêîâ UCP2 ãåíèïèíîì
(«Wako Inc.», ÑØÀ, 10-5 ìîëü / ë, ïåðôóçèÿ èçîëèðîâàííîãî
ñåðäöà â òå÷åíèå 15 ìèíóò) îòìåíÿëà çàùèòíûé ýôôåêò
àäàïòàöèè ê èøåìèè. Ñäåëàí âûâîä, ÷òî ðàçîáùàþùèå áåëêè
ïðèíèìàþò àêòèâíîå ó÷àñòèå â ôîðìèðîâàíèè êàðäèî-
ïðîòåêòîðíîãî ýôôåêòà èøåìè÷åñêîãî ïðåêîíäèöèîíèðî-
âàíèÿ.
Êëþ÷åâûå ñëîâà: èçîëèðîâàííîå ñåðäöå, ðàçîáùàþùèå
áåëêè UCP2 è UCP3, ãåíèïèí, èøåìè÷åñêîå ïðåêîíäè-
öèîíèðîâàíèå.

Yu.Goshovska, T.Shimanskaya, V.Sagach

GENIPIN, AN UNCOUPLING PROTEINS
INHIBITOR, REDUCES THE PROTECTIVE
EFFECT OF ISCHEMIC PRECONDITIONING

The functional significance of uncoupling proteins UCP2 and

Çàñòîñóâàííÿ ãåí³ï³íó � ³íã³á³òîðà ðîç�ºäíóâàëüíèõ á³ëê³â

UCP3 in the cell and the organism remains unknown. There
have been reports about their involvement in cellular protec-
tion mechanisms underlying the phenomenon of ischemic pre-
conditioning. The purpose of this study was to elucidate the
role of uncoupling proteins UCP2 and UCP3 in the formation
of cardioprotective effect of ischemic preconditioning.  In ex-
periments on isolated rat hearts we show here an increase in
the level of UCP2 and UCP3 gene expression in the heart
tissue under the influence of ischemic preconditioning with
three episodes of 5 min stopping the flow perfusion. Similar
effects were induced by a prolonged ischemia-reperfusion of
myocardium. The blockade of the UCP2 activity by genipin
(Wako Inc., USA, 10-5 mol/L, isolated heart perfusion for 15
minutes) abolished the protective effect of adaptation to is-
chemia. It was concluded that uncoupling proteins take part in
the cardioprotective effect of ischemic preconditioning.
Key words: isolated heart, uncoupling proteins UCP2 and
UCP3, genipine, ischemic preconditioning.

O.O.Bogomoletz Institute of Physiology, National Academy
of Sciences of Ukraine, Kyiv
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