
ISSN 0201-8489    Ô³ç³îë. æóðí., 2006, Ò. 52, ¹ 1 41

ÓÄÊ 577.151.6 + 612.172

Ò.Â. Êóêîáà, À.Â. Êîöþðóáà, Î.Î. Ìîéáåíêî

Âïëèâ åêñïðåñ³¿ òà àêòèâíîñò³ ãåìîêñèãåíàçè-1
íà ôóíêö³¿ ñåðöÿ ïðè ³øåì³¿ � ðåïåðôóç³¿

Â ýêñïåðèìåíòàõ íà èçîëèðîâàííûõ ñåðäöàõ êðûñ, ïåðôóçèðóåìûõ ïî ìåòîäó Ëàíãåíäîðôà,
èçó÷àëè âëèÿíèå ýêñïðåññèè èíäóöèáåëüíîé èçîôîðìû ãåì-îêñèãåíàçû (ÃÎ-1) íà ôóíêöèè
ìèîêàðäà ïðè èøåìèè � ðåïåðôóçèè. Áûëî ïîêàçàíî, ÷òî 20-ìèíóòíàÿ ãëîáàëüíàÿ èøåìèÿ è
ïîñëåäóþùàÿ 40-ìèíóòíàÿ ðåïåðôóçèÿ âûçûâàþò îñëàáëåíèå ôóíêöèé ñåðäöà (ñíèæàþò
äàâëåíèå, ðàçâèâàåìîå ëåâûì æåëóäî÷êîì, ïðèâîäÿò ê ïîâûøåíèå êîíå÷íî-äèàñòîëè÷åñêîãî
äàâëåíèÿ, ïåðôóçèîííîãî äàâëåíèÿ â êîðîíàðíûõ ñîñóäàõ è èõ ñîïðîòèâëåíèÿ). Â òêàíè
ìèîêàðäà îòìå÷àåòñÿ óñèëåíèå ýêñïðåññèè ÃÎ-1, êîòîðîå ñîïðîâîæäàåòñÿ íåçíà÷èòåëüíûì
óãíåòåíèåì åå àêòèâíîñòè. Ïðåäâàðèòåëüíàÿ èíäóêöèÿ ÃÎ-1 ïóòåì èíúåêöèè ãåìèíà (25 ìã/êã
âíóòðèáðþøèííî çà 24 ÷ äî ýêñïåðèìåíòà) âûçûâàåò óñèëåíèå ýêñïðåññèè áåëêà-ôåðìåíòà
ÃÎ-1, ïðèâîäèò ê ïîâûøåíèþ àêòèâíîñòè ÃÎ â òêàíè ìèîêàðäà, ðàñøèðåíèþ êîðîíàðíûõ
ñîñóäîâ è óëó÷øàåò ôóíêöèîíàëüíûå ïîêàçàòåëè ðàáîòû ñåðäöà. Ïðåäâàðèòåëüíàÿ áëîêàäà
ÃÎ ïóòåì èíúåêöèè öèíêà ïðîòîïîðôèíèíà � ZnPP IX (20 ìã/êã âíóòðèáðþøèííî çà 24 ÷ äî
ýêñïåðèìåíòà) ïðèâîäèò ê ïîëíîìó òîðìîæåíèþ ýêñïðåññèè ÃÎ-1 â ëåâîì æåëóäî÷êå ñåðäöà.
Èíãèáèðîâàíèå ýêñïðåññèè ÃÎ-1 â ëåâîì æåëóäî÷êå ñåðäöà ñîïðîâîæäàåòñÿ óõóäøåíèåì
ôóíêöèîíàëüíûõ ïîêàçàòåëåé ðàáîòû ìèîêàðäà. Óñòàíîâëåíî ðàçëè÷èå óðîâíåé ýêñïðåññèè
ÃÎ-1 â ïðàâîì è ëåâîì æåëóäî÷êàõ ìèîêàðäà êàê â íîðìå, òàê è ïîñëå èøåìèè � ðåïåðôóçèè.

ÂÑÒÓÏ

Ïîêàçàíî, ùî ïîñèëåííÿ åêñïðåñ³¿ ì³îêàð-
ä³àëüíèõ ñòðåñîâèõ á³ëê³â òà àíòèîêñè-
äàíòíèõ ôåðìåíò³â,  äî ÿêèõ íàëåæàòü
òàêîæ á³ëêè òåïëîâîãî øîêó (çîêðåìà
ãåìîêñèãåíàçà àáî HSP32), çàõèùàº ì³î-
êàðä â³ä ïîñò³øåì³÷íèõ óøêîäæåíü [3, 4, 10,
14]. Îäíàê ìåõàí³çìè, ÿê³ ëåæàòü â îñíîâ³
êàðä³îïðîòåêòîðíèõ åôåêò³â ïîñèëåííÿ
åêñïðåñ³¿ òà àêòèâíîñò³ á³ëê³â òåïëîâîãî
øîêó çà óìîâ ³øåì³¿, îñòàòî÷íî íåç�ÿñî-
âàí³. Â îñòàíí³é ÷àñ ó ë³òåðàòóð³ ç�ÿâèëîñÿ
÷èìàëî  ïîâ ³äîìëåíü  ñòîñîâíî  ó÷àñò ³
ãåìîêñèãåíàçè-1 (ÃÎ-1), ³íäóöèáåëüíî¿
³çîôîðìè êëþ÷îâîãî ôåðìåíòó êàòàáîë³çìó
ãåìó, ó çàõèñò³ êë³òèí â³ä ïîøêîäæåíü.
Ïîêàçàíî âàæëèâó çàõèñíó ðîëü ÃÎ-1 çà
äîïîìîãîþ ñòèìóëþâàííÿ ¿¿ åêñïðåñ³¿ ïðè
ðîçâèòêó ñòðåñîâèõ ñòàí³â, à òàêîæ ïðè
³øåì³÷íîìó ïðåêîíäèö³þâàíí³ ì³îêàðäà

[15]. Äîâåäåíî, ùî ì³êðîñîìàëüíèé ôåð-
ìåíò ÃÎ-1 ìîæå â³ä³ãðàâàòè âàæëèâó ðîëü
ó ìåõàí³çìàõ çàõèñòó êë³òèí, çîêðåìà â³ä
îêèñíîãî ñòðåñó [1, 8]. Á³ëüø³ñòü äîñë³ä-
íèê³â ïðè öüîìó ïåðåäóñ³ì ï³äêðåñëþº
öèòîïðîòåêòèâí³ åôåêòè, ÿê³ ñóïðîâîä-
æóþòü ïîñèëåííÿ ³íäóêö³¿ ÃÎ-1 [2, 5]. Ó
äîñë³äàõ ³n vitro ç âèêîðèñòàííÿì ìîäåëåé
îêèñíîãî ñòðåñó,  ùî ñóïðîâîäæóþòüñÿ
ñò³éêîþ åêñïðåñ³ºþ ÃÎ-1 â åï³òåë³àëüíèõ
êë³òèíàõ ëåãåíü, áóëî ïðîäåìîíñòðîâàíî
ï³äâèùåííÿ ðåçèñòåíòíîñò³  êë³òèí äî
ã³ïåðîêñè÷íèõ ïîøêîäæåíü [8]. Ïîä³áíèé
çàõèñíèé åôåêò òàêîæ áóâ ïîêàçàíèé ïðè
çàñòîñóâàíí³ ãåì³íó íà êóëüòóð³ åï³òåë³-
àëüíèõ êë³òèí òðàõå¿ ëþäèíè [13]. Òàêîæ
âèÿâëåíî, ùî ïîì³ðíà ³íäóêö³ÿ ÃÎ-1 º
êîðèñíîþ äëÿ âèæèâàííÿ êë³òèí, à íàäì³ðíà
åêñïðåñ³ÿ (á³ëüøå í³æ ó 10�15 ðàç³â) ìîæå
ïîñèëþâàòè ïîøêîäæåííÿ [12]. M³êðîñî-
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ìàëüíèé ôåðìåíò ÃÎ çä³éñíþº äåãðàäàö³þ
ìîëåêóëè ãåìó ç íàñòóïíèì óòâîðåííÿì
á³ë³ðóá³íó, ÿêèé º ïîòóæíèì àíòèîêñè-
äàíòîì,  ìîíîîêñèäó âóãëåöþ,  ùî ìàº
âàçîäèëàòàòîðí³  âëàñòèâîñò ³  òà  áåðå
ó÷àñòü ó ðåãóëÿö³¿ ñóäèííîãî òîíóñó, é ³îí³â
â³ëüíîãî çàë³çà. Àêòèâí³ñòü òà åêñïðåñ³ÿ ÃÎ
ïîñèëþþòüñÿ ïðè íàÿâíîñò³ ó îðãàí³çì³
íàäëèøêó ãåìó, ÿêîìó ïðèòàìàíí³ ïðîîêñè-
äàíòí³ âëàñòèâîñò³, òà ïðè ïàòîëîã³÷íèõ
ñòàíàõ ³ òîìó äåÿê³ äîñë³äíèêè ðîçãëÿäàþòü
ñèñòåìó äåãðàäàö³¿ ãåìó, à ñàìå ôåðìåíò
ÃÎ-1, ÿê çàõèñíèé àíòèîêñèäàíòíèé ìåõàí³çì.

Ìåòîþ íàøî¿ ðîáîòè áóëî âèâ÷åííÿ
âïëèâó çì³í åêñïðåñ³¿ á³ëêà ÃÎ-1 òà àêòèâ-
íîñò³ öüîãî ôåðìåíòó íà ôóíêö³îíóâàííÿ
ì³îêàðäà çà óìîâ ³øåì³¿ � ðåïåðôóç³¿.

ÌÅÒÎÄÈÊÀ

Äëÿ åêñïåðèìåíò³â âèêîðèñòîâóâàëè ùóð³â
ñàìö³â ìàñîþ 250�300 ã, ÿêèõ áóëî ðîçïîä³-
ëåíî íà 6 ãðóï (ïî 10 òâàðèí ó êîæí³é).
Òâàðèí àíåñòåçóâàëè óðåòàíîì (1,9 ã/êã),
øâèäêî âèëó÷àëè ñåðöÿ òà ïîì³ùàëè ¿õ ó
îõîëîäæåíèé (0  0Ñ)  ðîç÷èí  Êðåáñà  �
Õåíçåëåéòà (ììîëü/ë): NaCl � 118,2, NaH-
CO

3
 � 25, KCl � 4,8, MgSO

4
 � 1,2, KH

2
PO

4
 �

1,2,  CaCl
2
 � 2,4,  ãëþêîçà � 12.  Ðîç÷èí

íàñè÷óâàëè êàðáîãåíîì (95 % Î
2
 òà 5 %

ÑÎ
2
) òà òåðìîñòàòóâàëè äî 37°Ñ, ðÍ 7,4.

²çîëüîâàí³ ñåðöÿ ïåðôóçóâàëè ç ïîñò³éíîþ
øâèäê³ñòþ ðåòðîãðàäíî çà  êëàñè÷íèì
ìåòîäîì Ëàíãåíäîðôà ç 20-õâèëèííîþ
òîòàëüíîþ ³øåì³ºþ òà íàñòóïíîþ 40-õâè-
ëèííîþ ðåïåðôóç³ºþ. Äî êîíòðîëüíî¿ ãðóïè
(² ãðóïà) âõîäèëè ³íòàêòí³ òâàðèíè; ²² ãðóïó
ñêëàäàëè òâàðèíè, ñåðöÿ ÿêèõ ï³ääàâàëè
âïëèâó ³øåì³¿ �  ðåïåðôóç³¿. Ó òâàðèí ²²² òà
IV ãðóï âèêëèêàëè ïîïåðåäíþ ³íäóêö³þ
ôåðìåíòó ÃÎ-1 çà äîïîìîãîþ ââåäåííÿ
ñïåöèô³÷íîãî ³íäóêòîðà ãåì³íó (�Sigma�,
ÑØÀ) ó äîç³ 25 ìã/êã [7]. Áëîêàäó àêòèâ-
íîñò³ òà åêñïðåñ³¿ ÃÎ-1 âèêëèêàëè ³í�ºêö³ºþ
öèíêó ïðîòîïîðô³ðèíó ²Õ (ZnPP IX, �Sigma�,
ÑØÀ) ó äîç³ 20 ìã/êã (V òà VI ãðóïè) [2].

Ãåì³í ³ ZnPP IX äëÿ ³í�ºêö³é ðîç÷èíþâàëè
ó 0,1 ìîëü/ë NaOH, ðîçâîäèëè ô³ç³îëîã³÷íèì
ðîç÷èíîì ³ âñòàíîâëþâàëè ðÍ 7,4. Ïðåïà-
ðàòè ââîäèëè âíóòð³øíüîî÷åðåâèííî çà
1 äîáó äî åêñïåðèìåíòó. Ñåðöÿ òâàðèí IV ³
VI ãðóï òàêîæ ï³ääàâàëè âïëèâó ³øåì³¿ �
ðåïåðôóç³ ¿ .  Ï³ä  ÷àñ  åêñïåðèìåíò³â  íà
³çîëüîâàíèõ ñåðöÿõ ðåºñòðóâàëè ïîêàçíèêè
ôóíêö³îíàëüíî¿ àêòèâíîñò³ ì³îêàðäà òà
êîðîíàðíèõ ñóäèí, à ñàìå: ê³íöåâî-ä³àñòî-
ë³÷íèé òèñê (ÊÄÒ), òèñê, ùî ðîçâèâàº ë³âèé
øëóíî÷îê (ÒÐËØ), ÿêèé ðîçðàõîâóâàëè ÿê
ð³çíèöþ ì³æ ñèñòîë³÷íèì òèñêîì ó ë³âîìó
øëóíî÷êó òà ÊÄÒ, ïåðôóç³éíèé òèñê ó
êîðîíàðíèõ ñóäèíàõ. Ó ì³êðîñîìàëüí³é
ôðàêö³¿ ãîìîãåíàò³â ì³îêàðäà âèçíà÷àëè
àêòèâí³ñòü ÃÎ [9]. Äëÿ äîñë³äæåííÿ ð³âí³â
åêñïðåñ³¿ á³ëêà ôåðìåíòó ÃÎ-1 (32 êÄa)
âèêîðèñòîâóâàëè ìåòîä Western blott-àíàë³çó
òà ñïåöèô³÷í³ àíòèò³ëà äî ÃÎ-1 (Antibody
Detection kit; Anti-Heme Oxygenase-1 from
rabbit, �Sigma�). Àë³êâîòó á³îëîã³÷íîãî
ìàòåð³àëó ç òêàíèí ë³âîãî òà ïðàâîãî øëó-
íî÷ê³â ñåðöÿ (20 ìêã á³ëêà) ï³ääàâàëè
åëåêòðîôîðåçó ó 12%-ìó ïîë³àêðèëàì³äíîìó
ãåë³, çã³äíî ç³ ñòàíäàðòíèì ìåòîäîì. Á³ëîê
ïåðåíîñèëè íà PVDF-ìåìáðàíó (�Bio-Rad�,
ÑØÀ) ç âèêîðèñòàííÿì àïàðàòà Bio-Rad Mini-
transblot (�Bio-Rad�, ÑØÀ), øâèäêî ïðîìè-
âàëè ó áóôåðíîìó ðîç÷èí³, ïîò³ì ³íêóáóâàëè ó
áëîêóþ÷îìó áóôåð³ ç æåëàòèíîþ ïðè 25°C.
Ï³ñëÿ áëîêóâàííÿ ìåìáðàíè â³äìèâàëè òà
³íêóáóâàëè ó ðîç÷èí³ ç³ ñïåöèô³÷íèìè ïåðâèí-
íèìè àíòèò³ëàìè. Ï³ñëÿ ïîâòîðíîãî ïðîìè-
âàííÿ ìåìáðàíè ³íêóáóâàëè ïðè 37°C çà
íàÿâíîñò³ ñïåöèô³÷íèõ âòîðèííèõ àíòèò³ë,
ì³÷åíèõ ïåðîêñèäàçîþ õð³íó. Îòðèìàí³
ñìóæêè â³çóàë³çóâàëè çà äîïîìîãîþ ñïåöè-
ô³÷íî¿ êîëüîðîâî¿ ðåàêö³¿ çà äîïîìîãîþ
ìåòîäó êîìï�þòåðíî¿ äåíñèòîìåòð³¿ (Molec-
ular Analyst image-analysis software, �Bio-Rad�,
ÑØÀ). Ñòàòèñòè÷íó îáðîáêó îòðèìàíèõ
ðåçóëüòàò³â ïðîâîäèëè ç âèêîðèñòàííÿì
êðèòåð³þ t Ñòüþäåíòà òà êîìï�þòåðíî¿
ïðîãðàìè ñòàòèñòè÷íî¿ îáðîáêè äàíèõ �Ori-
gin 7.0� (�Microcal Software, Inc.�, ÑØÀ).

Âïëèâ åêñïðåñ³¿ òà àêòèâíîñò³ ãåìîêñèãåíàçè-1
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Äîñë³äæåííÿ ïîêàçàëè,  ùî ó êîíòðîë³
åêñïðåñ³ÿ á³ëêà-ôåðìåíòà ÃÎ-1 ó ë³âîìó
øëóíî÷êó íåçíà÷íà, à ó ïðàâîìó ñïîñòåð³-
ãàþòüñÿ ëèøå éîãî ñë³äîâ³ ê³ëüêîñò³. ²øå-
ì³ÿ  �  ðåïåðôóç³ÿ  âèêëèêàº ïîñèëåííÿ
åêñïðåñ³¿ ÃÎ-1 ó ë³âîìó òà ïðàâîìó øëóíî÷-
êàõ ñåðöÿ ùóð³â â³äïîâ³äíî äî êîíòðîëþ ó
2 òà 1,5 ðàçà. Âèêîðèñòàííÿ ñïåöèô³÷íîãî
³íäóêòîðà ÃÎ-1 � ãåì³íó ÷åðåç 24 ãîä ï³ñëÿ
çàñòî ñóâàííÿ ïðèçâîäèòü äî çíà÷íîãî,
ìàéæå ÷îòèðèðàçîâîãî, ïîñèëåííÿ åêñïðåñ³¿
ÃÎ-1 ó ë³âîìó øëóíî÷êó òà çá³ëüøóº ð³âåíü
åêñïðåñ³¿ ÃÎ-1 ó ïðàâîìó øëóíî÷êó ñåðöÿ
ïðèáëèçíî ó 2�3 ðàçè. Âïëèâ ³øåì³¿  �
ðåïåðôóç³¿ íà òë³ ïîïåðåäíüîãî çàñòîñó-
âàííÿ ³íäóêòîðà ÃÎ-1 ïðèçâîäèòü äî ùå
á³ëüø âèðàæåíî¿ åêñïðåñ³¿ ôåðìåíòó ÃÎ-1
ó òêàíèíàõ ÿê ë³âîãî (ïðèáëèçíî ó 5�6
ðàç³â), òàê ³ ïðàâîãî øëóíî÷êà ñåðöÿ ùóðà
(ó 3�4 ðàçè; ðèñ. 1). Ñë³ä çàçíà÷èòè, ùî
åêñïðåñ³ÿ ÃÎ-1 ó ë³âîìó øëóíî÷êó ñåðöÿ
âèðàæåíà   çíà÷íî  á ³ëüøîþ ì³ðîþ òà
ïåðåâèùóº òàêó â ïðàâîìó øëóíî÷êó ñåðöÿ
ìàéæå âäâ³÷ ³ .  Îêð³ì òîãî ,  ïîñèëåííÿ
åêñïðåñ³¿ ÃÎ-1 â³äì³÷àºòüñÿ ÿê ó ðàíí³é
(÷åðåç 60 õâ ó ²² ãðóï³), òàê ³ ó á³ëüø ï³çí³é
òåðì³í (÷åðåç 24 ãîä ïðè ïîïåðåäí³é ³í�ºêö³¿

ãåì³íó ó ²²² òà IV ãðóïàõ òâàðèí). Ó íàøèõ
äîñë³äàõ ï³äâèùåííÿ ð³âíÿ åêñïðåñ³¿ ÃÎ-1
ï³ñëÿ çàñòîñóâàííÿ ãåì³íó (²²² òà ²V ãðóïè)
ñóïðîâîäæóâàëîñÿ çíà÷íèì ïîñèëåííÿì
àêòèâíîñò³ ôåðìåíòó ÃÎ ó òêàíèí³ ì³îêàð-
äà (ðèñ. 2). Âîäíî÷àñ ïîïåðåäíº çàñòîñó-
âàííÿ ñåëåêòèâíîãî áëîêàòîðà ÃÎ-1 ZnPP
IX ïðèçâîäèòü äî ïîñëàáëåííÿ åêñïðåñ³¿
ÃÎ-1 ó ïðàâîìó øëóíî÷êó ñåðöÿ òà ïðàê-
òè÷íî ïîâí³ñòþ ³íã³áóº ¿¿ ó ë³âîìó øëóíî÷êó
ó VI ãðóï³ òâàðèí ïîð³âíÿíî ç ²² òà IV. Ñë³ä
òàêîæ çàóâàæèòè, ùî âïëèâ áëîêàòîðà íà
åêñïðåñ³þ ÃÎ-1 ó ïðàâîìó øëóíî÷êó ñåðöÿ
º ìåíøèì, ³ íàâ³òü çà óìîâ éîãî ïîïåðåä-
íüîãî ââåäåííÿ ó òêàíèíàõ ì³îêàðäà ùóð³â
V ³ VI ãðóï ðåºñòðóºòüñÿ ïðèáëèçíî äâîðà-
çîâå ïîð³âíÿíî ç êîíòðîëåì ïîñèëåííÿ
åêñïðåñ³¿ ÃÎ-1 (äèâ. ðèñ. 1).

Ðåçóëüòàòè íàøèõ ïîïåðåäí³õ äîñë³ä-
æåíü ïîêàçàëè, ùî ³íäóêö³ÿ ÃÎ-1 in vivo
ìîæå çìåíøóâàòè ïîøêîäæåííÿ ì³îêàðäà
ïðè íàñòóïí³é ³øåì³¿ � ðåïåðôóç³¿. Áóëî
âñòàíîâëåíî, ùî ïîñèëåííÿ àêòèâíîñò³
³íäóöèáåëüíî¿ ³çîôîðìè ÃÎ-1 ïðè ââåäåíí³
òâàðèíàì çà äîáó äî ³øåì³¿ ãåì³íó (25 ìã/êã)
ïîë³ïøóâàëî ôóíêö³îíóâàííÿ ì³îêàðäà,
îáìåæóâàëî ðîçâèòîê îêèñíîãî ñòðåñó
âíàñë³äîê çá³ëüøåííÿ ïðîäóêö³¿ êàðä³àëü-
íîãî á³ë³ðóá³íó òà ïðèãí³÷åííÿ óòâîðåííÿ

Ò.Â. Êóêîáà, À.Â. Êîöþðóáà, Î.Î. Ìîéáåíêî

Ðèñ. 1. Åêñïðåñ³ÿ ãåìîêñèãåíàçè-1 (ÃÎ-1; óì.îä.) ó ë³âîìó (à, á) ³ ïðàâîìó (â, ã) øëóíî÷êàõ ñåðöÿ ùóð³â: 1 �
êîíòðîëü (³íòàêòí³ òâàðèíè), 2 � ³øåì³ÿ � ðåïåðôóç³ÿ, 3 � ïîïåðåäíÿ ³íäóêö³ÿ ÃÎ-1, 4 � ïîïåðåäíÿ ³íäóêö³ÿ ÃÎ-1
òà âïëèâ ³øåì³¿ � ðåïåðôóç³¿, 5 � ïîïåðåäíÿ áëîêàäà ÃÎ-1, 6 � ïîïåðåäíÿ áëîêàäà ÃÎ-1 ³ âïëèâ ³øåì³¿ � ðåïåðôóç³¿.
* â³ðîã³äíî ïîð³âíÿíî ç êîíòðîëåì
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àêòèâíèõ ôîðì êèñíþ, à òàêîæ çìåíøóâàëî
ñòóï³íü ïîøêîäæåííÿ êàðä³îì³îöèò³â, ïðî
ùî ñâ³ä÷èëî çíèæåííÿ àêòèâíîñò³ êðåàòèí-
ê³íàçè ó ðîç÷èí³, ùî â³äò³êàâ â³ä ñåðöÿ ó
ðåïåðôóç³éíèé ïåð³îä [1]. Çàñòîñóâàííÿ
ãåì³íó òàêîæ ïðèçâîäèëî äî ïîäîâæåííÿ
òåðì³íó çóïèíêè ñåðöÿ ï³ä ÷àñ ³øåì³¿ (16,83 ±
1,26 ïîð³âíÿíî ç 4,49 õâ ± 1,32 õâ ó êîíòðîë³;
Ð<0,05) ,  îêð³ì òîãî,  ó  50  % âèïàäê³â
³çîëüîâàí³  ñåðöÿ òâàðèí ç  ïîïåðåäíüî
³íäóêîâàíîþ ÃÎ-1 âçàãàë³ íå çóïèíÿëèñÿ
ïðîòÿãîì 20 õâ ³øåì³¿. Òàêîæ ñë³ä â³äì³òèòè
á³ëüø âèñîêèé ÒÐËØ ³ çíà÷íå çìåíøåííÿ
òåðì³íó â³äíîâëåííÿ ïîâíîö³ííèõ ñåðöåâèõ
ñêîðî÷åíü ó ðåïåðôóç³éíèé ïåð³îä ó òâàðèí
IV ãðóïè (1,07 ± 0,39 ïîð³âíÿíî ç 3,43 õâ ±
1,98 õâ ó êîíòðîë³; ðèñ. 3,à). Ïîïåðåäíÿ
³íäóêö³ÿ òà ïîñèëåííÿ àêòèâíîñò³ ÃÎ-1
çàïîá³ãàëè ï³äâèùåííþ ïåðôóç³éíîãî òèñêó
ó êîðîíàðíèõ ñóäèíàõ ñåðöÿ (ðèñ. 3,á) ³ ÊÄÒ
(ðèñ. 3,â), à òàêîæ ïîïåðåäæóâàëè ðîçâèòîê
ô³áðèëÿö³¿ øëóíî÷ê³â, ÿêà ñïîñòåð³ãàëàñÿ
íàìè ïðè áëîêàä³ ÃÎ-1. Ìè ââàæàºìî, ùî
ïîïåðåäæåííÿ âàçîêîíñòðèêö³¿ ,  ÿêà, ÿê
ïðàâèëî ñïîñòåð³ãàºòüñÿ ïðè â³äíîâëåíí³
ïåðôóç³¿ ï³ñëÿ ³øåì³¿, º íàñë³äêîì ï³äâè-

ùåííÿ ïðîäóêö³¿ åíäîãåííîãî ìîíîîêñèäó
âóãëåöþ, ÿêèé óòâîðþºòüñÿ ÷åðåç ïîñèëåííÿ
àêòèâíîñò³ ÃÎ îäíî÷àñíî ç á³ë³ðóá³íîì òà
ä³º ÿê âàçîäèëàòàòîð. Ïîä³áí³ ðåçóëüòàòè
áóëè îòðèìàí³ Clark òà ñï³âàâò. [5], Yoshida
òà ñï³âàâò. [15], ÿê³ òàêîæ ïîêàçàëè, ùî
ïîñèëåííÿ àêòèâíîñò³ ÃÎ-1 ïðè ââåäåíí³
ãåì³íó ïðèçâîäèòü äî ïîë³ïøåííÿ ñåðöåâèõ
ôóíêö³é ³ äî çìåíøåííÿ ðîçì³ðó ³íôàðêòó
ï³ñëÿ ³øåì³¿  � ðåïåðôóç³¿  ³çîëüîâàíèõ
ñåðäåöü ùóð³â.

Íà â³äì³íó â³ä öüîãî, ïîïåðåäíº çàñòî-
ñóâàííÿ ZnPP IX íå ëèøå ïðèçâîäèëî äî
ïîâíîãî ïðèãí³÷åííÿ åêñïðåñ³¿ ÃÎ-1 ó ë³-
âîìó òà ñóòòºâîãî ¿¿ îáìåæåííÿ ó ïðàâîìó
øëóíî÷êó ñåðöÿ (äèâ. ðèñ. 1), à é çíà÷íîþ
ì³ðîþ çíèæóâàëî àêòèâí³ñòü ÃÎ-1 (äèâ.
ðèñ.  2) .  Òàêå ³íã³áóâàííÿ åêñïðåñ³ ¿  ò à
àêòèâíîñò³  ÃÎ-1 ³ñòîòíî ïîã³ðøóâàëî
ïåðåá³ã ³øåì³¿ � ðåïåðôóç³¿ ³çîëüîâàíèõ
ñåðäåöü. Ç ë³òåðàòóðíèõ äæåðåë â³äîìî, ùî
ZnPP IX ó äîç³ 20 ìêìîëü/êã ïîâí³ñòþ
áëîêóº åêñïðåñ³þ ÃÎ-1 ó òêàíèí³ ïå÷³íêè
[2]. Ó íàøèõ äîñë³äàõ çàñòîñóâàííÿ ö³º¿
äîçè áëîêàòîðà ïðèçâîäèëî äî çíèæåííÿ
àêòèâíîñò³ ÃÎ ó òêàíèí³ ì³îêàðäà íà 77,55 %
ïîð³âíÿíî ç êîíòðîëåì (äèâ. ðèñ. 2) ³ çíà÷íî
ïîã³ðøóâàëî ôóíêö³îíàëüí³ ïîêàçíèêè ñåðöÿ
òà ñóäèí (äèâ. ðèñ. 3,á,â), à ó 85 % åêñïåðè-
ìåíò³â ïåð³îä ðåïåðôóç³¿ ñóïðîâîäæóâàâñÿ
ðîçâèòêîì íåçâîðîòíî¿ ô³áðèëÿö³¿ øëóíî÷-
ê³â (ðèñ. 4). Ñë³ä çàçíà÷èòè, ùî âèõ³äí³
ïîêàçíèêè ïåðôóç³éíîãî òèñêó ó êîðîíàðíèõ
ñóäèíàõ ñåðäåöü òâàðèí VI ãðóïè áóëè
âèùèìè íå ò³ëüêè â³ä êîíòðîëüíèõ, à é â³ä
ïîêàçíèê³â òâàðèí IV ãðóïè (äèâ. ðèñ. 3,à).
Âðàõîâóþ÷è òå, ùî åêñïåðèìåíòè ïðîâîäè-
ëèñÿ ïðè ïîñò³éí³é øâèäêîñò³ ïåðôóç³¿, òèñê
ó êîðîíàðíèõ ñóäèíàõ ï³äòðèìóâàëè íà ð³âí³
70 ìì ðò.ñò. (êîíòðîëü). Áàçàëüíå ï³äâè-
ùåííÿ ïåðôóç³éíîãî òèñêó ó êîðîíàðíèõ
ñóäèíàõ ñåðäåöü òâàðèí VI ãðóïè, â³ðîã³äíî,
áóëî íàñë³äêîì çìåíøåííÿ óòâîðåííÿ
ìîíîîêñèäó âóãëåöþ ÷åðåç ïðèãí³÷åííÿ
àêòèâíîñò³ ÃÎ-1 ï³ä âïëèâîì ZnPP IX. Íàñ-
òóïíà ³øåì³ÿ � ðåïåðôóç³ÿ ïðèçâîäèëà äî

Âïëèâ åêñïðåñ³¿ òà àêòèâíîñò³ ãåìîêñèãåíàçè-1

Ðèñ. 2. Àêòèâí³ñòü ãåìîêñèãåíàçè (ÃÎ) ó òêàíèí³
ì³îêàðäà ùóð³â: 1 � êîíòðîëü (³íòàêòí³ òâàðèíè), 2 �
³øåì³ÿ � ðåïåðôóç³ÿ, 3 � ïîïåðåäíÿ ³íäóêö³ÿ ÃÎ-1, 4 �
ïîïåðåäíÿ ³íäóêö³ÿ ÃÎ-1 òà âïëèâ ³øåì³¿ � ðåïåðôóç³¿,
5 � ïîïåðåäíÿ áëîêàäà ÃÎ-1, 6 � ïîïåðåäíÿ áëîêàäà
ÃÎ-1 ³ âïëèâ ³øåì³¿ � ðåïåðôóç³¿.
* â³ðîã³äíî ïîð³âíÿíî ç êîíòðîëåì; ** â³ðîã³äíî
ïîð³âíÿíî ç ³øåì³ºþ
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ïîã³ðøåííÿ ðîáîòè ñåðöÿ (çíà÷íå çíèæåííÿ
ÒÐËØ ³ çá³ëüøåííÿ ÊÄÒ, äèâ. ðèñ. 3,á,â) ³
ïîñèëåííÿ îêèñíîãî ñòðåñó âíàñë³äîê
çá³ëüøåííÿ óòâîðåííÿ ó òêàíèí³ ì³îêàðäà
íàéá³ëüø ðåàêòèâíîãî ã³äðîêñèëüíîãî ðàäè-
êàëà ó 1,7 ðàçà ïîð³âíÿíî ç êîíòðîëåì òà
ìàéæå ó 55 ðàç³â ïîð³âíÿíî ç éîãî ð³âíåì ó
ì³îêàðä³ òâàðèí, ÿê³ ïîïåðåäíüî îòðèìóâàëè
ãåì³í (IV ãðóïà) [1]. Îòðèìàí³ íàìè ðåçóëü-
òàòè óçãîäæóþòüñÿ ç äàíèìè Csonka òà

ñï³âàâò. [6], ÿê³ íà ìîäåë³ ³øåì³¿ � ðåïåð-
ôóç³¿ ³çîëüîâàíèõ ñåðäåöü òâàðèí ç ä³àáå-
òîì ïîêàçàëè, ùî ï³ñëÿ ðåïåðôóç³¿ åêñïðåñ³ÿ
ÃÎ-1 â³äì³÷àºòüñÿ ëèøå ó ñåðöÿõ áåç ô³á-
ðèëÿö³¿ øëóíî÷ê³â, à ïðè íàÿâíîñò³ ô³áðèëÿ-
ö³¿ åêñïðåñ³ÿ ÃÎ-1 º ñóòòºâî çíèæåíîþ.
Çàñòîñóâàííÿ ZnPP IX ó äîç³ 5 ìêìîëü/ë ó
âñ³õ âèïàäêàõ ïðèçâîäèòü äî ðîçâèòêó
ô³áðèëÿö³¿ [6]. Àâòîðè ä³éøëè âèñíîâêó, ùî
ïðè÷èíàìè ðîçâèòêó ô³áðèëÿö³¿ øëóíî÷ê³â,

Ò.Â. Êóêîáà, À.Â. Êîöþðóáà, Î.Î. Ìîéáåíêî
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Ðèñ. 3. Âïëèâ ³íäóêö³¿ òà áëîêàäè ãåìîêñèãåíàçè (ÃÎ) íà ïåðôóç³éíèé òèñê ó êîðîíàðíèõ ñóäèíàõ (à), òèñê, ùî
ðîçâèâàº ë³âèé øëóíî÷îê (á) ³ ê³íöåâî-ä³àñòîë³÷íèé òèñê (â) ïðè ³øåì³¿ � ðåïåðôóç³¿ ³çîëüîâàíîãî ñåðöÿ ùóð³â:
1 � êîíòðîëü; 2 � ïîïåðåäíÿ ³äóêö³ÿ ÃÎ-1 ãåì³íîì ; 3 � ïîïåðåäíÿ áëîêàäà ÃÎ-1 öèíêîì ïðîòîðô³ðèíîì
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³íäóêîâàíèõ ³øåì³ºþ � ðåïåðôóç³ºþ, º
ïîñëàáëåííÿ ðåãóëÿö³¿ òà åêñïðåñ³¿ ìÐÍÊ
ÃO-1 ³ ïðèãí³÷åííÿ ¿¿ àêòèâíîñò³. Pataki òà
ñï³âàâò. [11], âèêîðèñòîâóþ÷è ìåòîä North-
ern blott-àíàë³çó, ïîêàçàëè, ùî ï³ñëÿ ³øåì³¿ �
ðåïåðôóç³¿ ó ñåðöÿõ áåç ô³áðèëÿö³¿ øëóíî÷-
ê³â ñïîñòåð³ãàþòüñÿ ìàéæå ÷îòèðèêðàòíå
ïîñèëåííÿ åêñïðåñ³¿ ìÐÍÊ ÃÎ-1 ïîð³âíÿíî
ç êîíòðîëåì, à çà íàÿâíîñò³ ô³áðèëÿö³¿
øëóíî÷ê³â ó ðåïåðôóç³éíèé ïåð³îä ïîñèëåí-
íÿ åêñïðåñ³¿ ìÐÍÊ ÃÎ-1 íå â³äáóâàëîñÿ.
Àâòîðè âèñëîâèëè ã³ïîòåçó ïðî ³ñíóâàííÿ
âçàºìîçâ�ÿçêó ðîçâèòêó ô³áðèëÿö³¿ øëóíî÷-
ê³â, ð³âíÿ åêñïðåñ³¿ é àêòèâíîñò³ ÃÎ-1 ³
ïðèïóñòèëè, ùî âòðó÷àííÿ, ÿêå çäàòíå
ïîñèëþâàòè åêñïðåñ³þ ìÐÍÊ ÃÎ-1 òà ï³ä-
âèùóâàòè  àêòèâí³ñòü  ôåðìåíòó,  ìîæå
çàïîá³ãàòè ðîçâèòêó ô³áðèëÿö³¿ øëóíî÷ê³â
ñåðöÿ ó ïîñò³øåì³÷íèé ïåð³îä [11].

Íàìè òàêîæ áóëî ïîêàçàíî, ùî ð³âåíü
åêñïðåñ³¿ ÃÎ-1 ó ïðàâîìó òà ë³âîìó øëó-
íî÷êàõ ñåðöÿ ð³çíèé, ùî, éìîâ³ðíî, º íàñ-
ë³äêîì ¿õ  ñòðó êòóðíî-ôóíêö³îíàëüíèõ
îñîáëèâîñòåé. Â³äì³íí³ñòü ð³âí³â åêñïðåñ³¿
ôåðìåíòó ÃÎ-1 ó ð³çíèõ â³ää³ëàõ ñåðöÿ ó

äîñòóïí³é  íàì ë ³òåðàòóð ³  äîòåïåð  íå
îïèñàíà. ²ñíóþòü äàí³, ÿê³ ïîêàçóþòü, ùî
ïðè õðîí³÷í³é ã³ïîêñ³¿ ó òðàíñãåííèõ ìèøåé,
ïîçáàâëåíèõ ãåíà ÃÎ-1,  ðîçâèâàþòüñÿ
³íôàðêòè âèêëþ÷íî ó ïðàâîìó øëóíî÷êó
ñåðöÿ, à êàðä³îì³îöèòè òàêèõ òâàðèí á³ëüø
÷óòëèâ³ äî ä³¿ îêèñíîãî ñòðåñó [14]. Êð³ì
òîãî, çà äàíèìè öèõ ñàìèõ àâòîð³â, ñïåöè-
ô³÷íå ïîñèëåííÿ åêñïðåñ³¿ ÃÎ-1 ó ì³îêàðä³
òàêèõ ìèøåé ïðèçâîäèòü äî ïîë³ïøåííÿ
â³äíîâëåííÿ ñåðöåâèõ ôóíêö³é ó ðåïåðôó-
ç³éíèé ïåð³îä äîçîçàëåæíî â³ä ð³âíÿ åêñïðå-
ñ³¿ ÃÎ-1 [14]. Ñë³ä íàãîëîñèòè, ùî ó äàí³é
ðîáîò³ àâòîðè íå äîñë³äæóâàëè îñîáëèâîñò³
åêñïðåñ³¿ ÃÎ-1 ó ð³çíèõ â³ää³ëàõ ñåðöÿ,
îäíàê ïîêàçàëè, ùî çàãàëîì ïîñèëåííÿ
åêñïðåñ³¿ ÃÎ-1 ïðèçâîäèòü äî ñóòòºâîãî
çíèæåííÿ ðîçì³ðó ³íôàðêòó â³äíîñíî çîíè
ðèçèêó ë³âîãî øëóíî÷êà ñåðöÿ (åêñïåðè-
ìåíòè in vivo). Àâòîðè âñòàíîâèëè òàêîæ,
ùî ÃÎ-1 íå ò³ëüêè çàõèùàº êàðä³îì³îöèòè
â³ä ïîñò³øåì³÷íèõ ïîøêîäæåíü ïðè â³äñóò-
íîñò³ ïðîçàïàëüíèõ êë³òèí (äîñë³äæåííÿ íà
³çîëüîâàíîìó ñåðöÿ), à é â³ä ðåïåðôóç³éíèõ
ïîøêîäæåíü ³ çàïàëåííÿ ó äîñë³äàõ in vivo

Âïëèâ åêñïðåñ³¿ òà àêòèâíîñò³ ãåìîêñèãåíàçè-1

Ðèñ. 4. Âïëèâ áëîêàòîðà ãåìîêñèãåíàçè � ZnPP ²Õ íà ôóíêö³îíóâàííÿ ³çîëüîâàíîãî ñåðöÿ ùóðà: 1 � ïåðôóç³éíèé
òèñê ó êîðîíàðíèõ ñóäèíàõ, 2 � òèñê ó ë³âîìó øëóíî÷êó ñåðöÿ, 3 � dP/dt (ïåðøà ïîõ³äíà)
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[14]. Âðàõîâóþ÷è ïîêàçàíó íàìè ð³çíèöþ
ð³âí³â  åêñïðåñ ³ ¿  ó  ë ³âîìó òà  ïðàâîìó
øëóíî÷êàõ ñåðöÿ òà ë³òåðàòóðí³ äàí³, ìîæíà
ñòâåðäæóâàòè, ùî ïîñèëåííÿ åêñïðåñ³¿ ÃÎ-
1 ó  êàðä³îì³îöèòàõ ïåðåâàæíî ë ³âîãî
øëóíî÷êà ñåðöÿ çàõèùàº ¿õ â³ä ³øåì³÷íèõ ³
ðåïåðôóç³éíèõ ïîøêîäæåíü òà  ñïðèÿº
ïîë³ïøåííþ ñåðöåâèõ ôóíêö³é, çà äîïîìî-
ãîþ îáìåæåííÿ ïðîäóêö³¿ àêòèâíèõ ôîðì
êèñíþ òà ïðèãí³÷åííÿ îêèñíîãî ñòðåñó
ïåðåâàæíî ó  ë ³âîìó øëóíî÷êó ñåðöÿ .
Ïîçèòèâíèé âïëèâ ³íäóêö³¿ ÃÎ-1 íà ôóíêö³î-
íóâàííÿ ³çîëüîâàíîãî ñåðöÿ ùóðà îïîñåðåä-
êîâóºòüñÿ ä³ºþ ïðîäóêò³â ðîçïàäó ãåìó �
ÑÎ ³ á³ë³ðóá³íó, à ôåðìåíò ÃÎ-1, éìîâ³ðíî,
áåðå ó÷àñòü ó ìåõàí³çìàõ ÿê ðàííüîãî, òàê
³ ï³çíüîãî ïðåêîíäèö³þâàííÿ ì³îêàðäà,
îñê³ëüêè ïîñèëåííÿ åêñïðåñ³¿ ÃÎ-1 â³äì³-
÷àºòüñÿ ÿê ó ðàíí³é (60 õâ), òàê ³ ó á³ëüø
ï³çí³é (24 ãîä) òåðì³í.
Àâòîðè âèñëîâëþþòü ùèðó ïîäÿêó Ïîðòíè÷åíêî À.Ã.
òà Âàñèëåíêî Ì.². çà äîïîìîãó ó ïðîâåäåíí³ äîñë³äæåíü
åêñïðåñ³¿ ÃÎ-1 çà ìåòîäîì Western-blott-àíàë³çó.

T.V.  Kukoba, A.V.  Kotsuruba,  A.A. Moybenko

THE  CARDIOPROTECTIVE  EFFECT  OF  HEME
OXYGENASE-1  OVEREXPRESSION

The purpose of this study was to determine the protective
effects of heme oxygenase-1 (HO-1) expression against pos-
tischemic myocardial dysfunction. We also investigated HO-1
expression in cardiac tissue from the left and right ventricles of
myocardium. Rat hearts were isolated and perfused according
to Langendorff technique to evaluate the recovery of myocar-
dial function after 20 min of global ischemia and 40 min of
reperfusion. We found that HO-1 expression was more ex-
pressed in left ventricles of myocardium in basic conditions
and after ischemia/reperfusion as well as after its previous
induction by hemin. Upregulation of the inducible isoform of
HO-1 and increase its activity after treatment of animals with
hemin 24 h before ischemia ameliorated myocardial function
(raised left ventricular developed pressure, decreased end-di-
astolic pressure, attenuated vasoconstriction) and reduced
oxydative stress in cardiac tissue during reperfusion of iso-
lated hearts. Zinc protoporphyrin IX, an inhibitor of heme
oxygenase activity, completely abolished the HO-1 expres-
sion in left ventricles of myocardium and increased postis-
chemic myocardial dysfunction. Likewise, cardiac tissue in-
jury was exacerbated by treatment with zinc protoporphyrin
IX through significant inhibition of HO activity and increasing
of hydroxyl radical production on reperfusion. The treatment

of animals with hemin and following ischemia/reperfusion re-
sulted in 5-6-times increase of HO-1 expression in the left
ventricle of myocardium whereas in right ventricle only in 3-
times. Our data provide strong evidence for a primary role of
HO-1 in cardioprotection against reperfusion injury and show
different HO-1 expression in left and right ventricles of myo-
cardium.

Î.Î. Bogomolets Institute of Physiology, National Academy
of Sciences of Ukraine, Kyiv
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