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Ñ³ðêîâîäåíü ïðèãí³÷óº
êàëüö³é³íäóêîâàíå â³äêðèâàííÿ ì³òîõîíäð³àëüíî¿
ïîðè ó ñåðö³ äîðîñëèõ ³ ñòàðèõ ùóð³â

Ó äîñë³äàõ in vivo òà in vitro íà ì³òîõîíäð³ÿõ, ³çîëüîâàíèõ ³ç òêàíèíè ñåðöÿ äîðîñëèõ ³ ñòàðèõ
ùóð³â, äîñë³äæóâàëè âïëèâ äîíîðà ñ³ðêîâîäíþ � NaHS, à òàêîæ ñóáñòðàòó éîãî á³îñèíòåçó �
L-öèñòå¿íó, íà ÷óòëèâ³ñòü ì³òîõîíäð³àëüíî¿ ïîðè (ÌÏ) äî ä³¿ ¿¿ ïðèðîäíîãî ³íäóêòîðà Ñà2+.
Âñòàíîâëåíà êîíöåíòðàö³éíà çàëåæí³ñòü âïëèâó NaHS (10-12�10-4 ìîëü/ë) íà íàáóõàííÿ
ì³òîõîíäð³é ñåðöÿ ùóð³â. Ïîêàçàíî, ùî ó áåçêàëüö³ºâîìó ñåðåäîâèù³ çà óìîâ ä³¿ äîíîðà
ñ³ðêîâîäíþ â ìåæàõ êîíöåíòðàö³é 10-12�10-8 ìîëü/ë â³äáóâàëîñÿ ïîì³ðíå íàáóõàííÿ ì³òîõîíäð³é
ñåðöÿ ùóð³â. NaHS ó êîíöåíòðàö³¿ 10-10 ìîëü/ë ñïðè÷èíÿâ íàáóõàííÿ ì³òîõîíäð³é, çì³íà
ìàêñèìàëüíî¿ âåëè÷èíè (∆) ÿêîãî ñòàíîâèëà 11 òà 15 % ó äîðîñëèõ òà ñòàðèõ ùóð³â â³äïîâ³äíî.
²íã³á³òîð ì³òîõîíäð³àëüíèõ ÀÒÔ-çàëåæíèõ êàë³ºâèõ êàíàë³â (Ê

ATÔ
- êàíàë³â) 5-ã³äðîêñèäåêàíîàò

(10-4 ìîëü/ë) çìåíøóâàâ íàáóõàííÿ ì³òîõîíäð³é çà íàÿâíîñò³ NaHS (10-10 ìîëü/ë), ùî ìîæå
ñâ³ä÷èòè ïðî âíåñîê öèõ êàíàë³â ó êàëüö³éíåçàëåæíó ïðîâ³äí³ñòü ìåìáðàí îðãàíåë ó ñåðö³.
Äîíîð ñ³ðêîâîäíþ ó ô³ç³îëîã³÷íèõ êîíöåíòðàö³ÿõ 10-6, 10-5 ³ 5.10-5 ìîëü/ë ïðèãí³÷óâàâ
êàëüö³é³íäóêîâàíå â³äêðèâàííÿ ÌÏ, ùî ñâ³ä÷èòü ïðî éîãî ïðîòåêòîðíèé ùîäî ïîðîóòâîðåííÿ
âïëèâ, ÿêèé ñòàíîâèâ 31, 76 ³ 77 % â³äïîâ³äíî ó ñåðö³ äîðîñëèõ ùóð³â. À ó ñòàðèõ òâàðèí òàêèé
åôåêò ñïîñòåð³ãàëè ò³ëüêè ïðè êîíöåíòðàö³¿ NaHS 10-5 ìîëü/ë. Òàêèì ÷èíîì, äîíîð ñ³ðêîâîäíþ
â ìåæàõ äîñë³äæóâàíèõ êîíöåíòðàö³é ìîëü/ë ñïðè÷èíÿâ íåîäíîçíà÷íó ä³þ ùîäî â³äêðèâàííÿ
ÌÏ: íèçüê³ êîíöåíòðàö³¿ (10-12�10-8 ìîëü/ë) çá³ëüøóâàëè íàáóõàííÿ îðãàíåë, à ô³ç³îëîã³÷í³ (10-6 �
5.10-5 ìîëü/ë) � çä³éñíþâàëè ïðîòåêòîðíèé åôåêò ùîäî êàëüö³é³íäóêîâàíîãî íàáóõàííÿ ì³òî-
õîíäð³é ñåðöÿ ùóð³â. Ïðå³íêóáàö³ÿ ³çîëüîâàíèõ ì³òîõîíäð³é ç 5-ã³äðîêñèäåêàíîàòîì (10-4 ìîëü/ë)
çìåíøóâàëà ïðîòåêòîðíèé åôåêò NaHS (10-5 ìîëü/ë) â³äíîñíî êàëüö³é³íäóêîâàíîãî â³äêðèâàííÿ
ÌÏ, ùî ñâ³ä÷èòü ïðî ìîæëèâå çàëó÷åííÿ ì³òîõîíäð³àëüíèõ Ê

ATÔ
-êàíàë³â ó çàëåæíå â³ä

ñ³ðêîâîäíþ ³íã³áóâàííÿ ïîðîóòâîðåííÿ ó ñåðö³. Â åêñïåðèìåíòàõ in vivo ïðè îäíîðàçîâîìó
âíóòð³øíüîî÷åðåâèííîìó ââåäåíí³ ÿê NaHS (10-4 ìîëü/êã), òàê ³ L-öèñòå¿íó (10-3 ìîëü/êã)
ïîêàçàíî çìåíøåííÿ ÷óòëèâîñò³ ÌÏ äî ³íäóêòîðà Ñà2+ ó ñåðö³ äîðîñëèõ ³ ñòàðèõ ùóð³â. L-öèñ-
òå¿í ó ïîð³âíÿíí³ ç NaHS âèÿâèâñÿ á³ëüø åôåêòèâíèì ùîäî ïîïåðåäæåííÿ êàëüö³é³íäóêîâàíîãî
â³äêðèâàííÿ ÌÏ: ñïîñòåð³ãàëè çá³ëüøåííÿ íà ïîðÿäîê êîíöåíòðàö³¿ Ñà2+, ÿêà ñïðè÷èíÿëà
íàáóõàííÿ ì³òîõîíäð³é ó ñåðö³ òâàðèí. Ó äîñë³äàõ in vivo ïðè âèêîðèñòàíí³ ñïåöèô³÷íîãî
áëîêàòîðà ôåðìåíòà öèñòàò³îí³í-γ-ë³àçè � ïðîïàðã³ëãë³öèíó (10-4 ìîëü/êã), ÿêèé áåðå ó÷àñòü
ó á³îñèíòåç³ ñ³ðêîâîäíþ, ñïîñòåð³ãàëè çíà÷íå ï³äâèùåííÿ ÷óòëèâîñò³ ÌÏ äî ³íäóêòîðà Ñà2+

âíàñë³äîê çìåíøåííÿ íà äâà ïîðÿäêè ïîðîãîâî¿ éîãî êîíöåíòðàö³¿, ÿêà ñïðè÷èíÿº íàáóõàííÿ
îðãàíåë. Îòæå, ïîêàçàíà ïðè÷åòí³ñòü åíäîãåííîãî ñ³ðêîâîäíþ äî ðåãóëÿö³¿ ïîðîóòâîðåííÿ ó
ñåðö³. Òàêèì ÷èíîì, ðåçóëüòàòè äîñë³äæåíü ñâ³ä÷àòü ïðî ó÷àñòü ñ³ðêîâîäíþ ó ìîäóëÿö³¿ çì³í
ïðîíèêíîñò³ ì³òîõîíäð³àëüíèõ ìåìáðàí, ùî ìîæå áóòè âàæëèâèì ðåãóëÿòîðíèì ôàêòîðîì ó
ðîçâèòêó ñåðöåâî-ñóäèííèõ çàõâîðþâàíü.
Êëþ÷îâ³ ñëîâà: ñ³ðêîâîäåíü, L-öèñòå¿í, ì³òîõîíäð³àëüíà ïîðà, ñåðöå, ñòàð³ííÿ, ùóðè.
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ÂÑÒÓÏ

Ñ³ðêîâîäåíü (H
2
S) º á³îëîã³÷íî àêòèâíèì

ãàçîâèì ìåä³àòîðîì, ÿêèé, ïîðÿä ç îêñèäîì

àçîòó (NO) òà ìîíîîêñèäîì âóãëåöþ (CO),
çä³éñíþº ðåãóëþâàííÿ íèçêè âàæëèâèõ
ô³ç³îëîã³÷íèõ ôóíêö³é â îðãàí³çì³, ó òîìó
÷èñë³ ìîäóëÿòîðíèé êîíòðîëü íàä ôóíêö³ÿ-
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ìè êë³òèíè òà ¿õ îðãàíåëàìè, òàêèìè, ÿê
ì³òîõîíäð³¿ [16, 18].

Ïîä³áíî äî NO ³ CO, Í
2
S º ë³ïîô³ëüíîþ

ìîëåêóëîþ, ùî â³ëüíî ïðîíèêàº ÷åðåç ïëàç-
ìàòè÷íó ìåìáðàíó êë³òèíè. Ó êîíöåíòðàö³¿
20�80 ìêìîëü/ë éîãî âèÿâëÿþòü ó ñèðîâàòö³
êðîâ³ ³ ó á³ëüøîñò³ òêàíèíàõ îðãàí³çìó. Ô³-
ç³îëîã³÷íèé ð³âåíü ñ³ðêîâîäíþ ó ãîëîâíîìó
ìîçêó âòðè÷³ á³ëüøèé (äî 100 ìêìîëü/ë),
í³æ ó ïëàçì³ êðîâ³ ³ ôàêòè÷íî äîð³âíþº
òîêñè÷íèì êîíöåíòðàö³ÿì, õàðàêòåðíèì äëÿ
ïëàçìè [16, 21]. Íåãàòèâí³ òîêñè÷í³ åôåêòè
Í

2
S ïîâ�ÿçàí³ ç ³íã³áóâàííÿì öèòîõðîì-ñ-

îêñèäàçè åëåêòðîííî-òðàíñïîðòíîãî ëàíöþ-
ãà ì³òîõîíäð³é [19].

Îñíîâíó ðîëü â åíäîãåííîìó óòâîðåíí³
H

2
S â³ä³ãðàþòü ï³ðèäîêñàëü-5-ôîñôàò-çà-

ëåæí³ ôåðìåíòè � öèñòàò³îí³í-β-ñèíòàçà òà
öèñòàò³îí³í-γ-ë³àçà ó ãîëîâíîìó ìîçêó, ñåð-
öåâî-ñóäèíí³é ñèñòåì³, ïå÷³íö³, íèðêàõ òà
³íøèõ îðãàíàõ [20]. Äîñë³äæåííÿ, ïðîâåäåí³
in vivo òà in vitro íà ùóðàõ ³ç äîäàâàííÿì
DL-ïðîïàðã³ëãë³öèíó (ñïåöèô³÷íèé ³íã³á³òîð
öèñòàò³îí³í-γ-ë³àçè) òà L-öèñòå¿íó (ñóáñò-
ðàò öèñòàò³îí³í-γ-ë³àçè) ïîêàçàëè, ùî ñàìå
ôåðìåíò öèñòàò³îí³í-γ-ë³àçà â³ä³ãðàº êëþ-
÷îâó ðîëü â óòâîðåíí³ H

2
S ó ñåðöåâî-ñóäèí-

í³é ñèñòåì³ [26].
Êð³ì òîãî, ñ³ðêîâîäåíü º âàæëèâîþ ñèã-

íàëüíîþ ìîëåêóëîþ, ÿêà áåðå ó÷àñòü ó áà-
ãàòüîõ ìåòàáîë³÷íèõ øëÿõàõ êë³òèíè.
Â³äîì³ âíóòð³øíüîêë³òèíí³ ñèãíàëüí³ ìåõà-
í³çìè, â ÿêèõ çàä³ÿíèé H

2
S, âêëþ÷àþòü

àêòèâàö³þ ÀÒÔ-çàëåæíèõ êàë³ºâèõ êàíàë³â
(Ê

ATÔ
-êàíàë³â) ó ñóäèíàõ, ì³îêàðä³, β-êë³-

òèíàõ ï³äøëóíêîâî¿ çàëîçè, íåéðîíàõ, ï³ä-
òðèìêó SH-ãðóï á³ëê³â ó â³äíîâëåíîìó ñòàí³,
ñòèìóëþâàííÿ àäåí³ëàòöèêëàçè, òðàíñïîðòó
öèñòå¿íó ó êë³òèíè ³ ñèíòåçó â³äíîâëåíîãî
ãëóòàò³îíó (GSH), ðåàêö³¿ ç àêòèâíèìè
ôîðìàìè êèñíþ ³ àçîòó (.Î

2
-, Í

2
Î

2
, ONOO-,

NO), ðåãóëÿö³þ ³íäóöèáåëüíî¿ NO-ñèíòàçè,
ï³äâèùåííÿ âíóòð³øíüîêë³òèííîãî Ñà2+

òîùî [16].
²ñíóº ã³ïîòåçà ïðî ôóíêö³îíóâàííÿ

ñ³ðêîâîäíþ ÿê ïðåêîíäèö³éíîãî ìåä³àòîðà.

Îñê³ëüêè ï³çíÿ ôàçà ïðåêîíäèö³þâàííÿ
³í³ö³þºòüñÿ åêñïðåñ³ºþ ð³çíèõ á³ëê³â, òî
îäí³ºþ ç ìîæëèâèõ ôóíêö³é H

2
S º ðåãóëþ-

âàííÿ òðàíñêðèïö³¿ ¿õ ãåí³â [22]. Êð³ì òîãî,
ñ³ðêîâîäåíü çä³éñíþº ïîñòòðàíñëÿö³éí³
ìîäèô³êàö³¿ á³ëê³â, ðåãóëþº åêñïðåñ³þ ãåí³â,
ÿê³ êîäóþòü ñèãíàëüí³ á³ëêè òà òðàíñêðèï-
ö³éí³ ôàêòîðè, ³íã³áóº òà àêòèâóº ³îíí³ êàíà-
ëè, à òàêîæ áåðå ó÷àñòü ó ìåòàáîë³÷íèõ
ðåàêö³ÿõ, âïëèâàþ÷è íà ôóíêö³îíàëüíèé
ñòàí ì³òîõîíäð³é.

Ñåðåä á³îëîã³÷íèõ åôåêò³â H
2
S îñîáëèâó

óâàãó ïðèâåðòàþòü òàê³: ó÷àñòü H
2
S ó ðåãó-

ëÿö³¿ ñóäèííîãî òîíóñó [1], ñêîðîòëèâîñò³
ì³îêàðäà, ïåðåäà÷³ íåðâîâèõ ³ìïóëüñ³â, à
òàêîæ ó ñåêðåö³¿ ³íñóë³íó. Õî÷à ñïåöèô³÷-
íîãî ò³îëîâîãî ðåöåïòîðà ùå íå ³äåíòèô³-
êîâàíî, îäíàê â³äîìî, ùî äëÿ çä³éñíåííÿ
á³îëîã³÷íèõ åôåêò³â ó ñåðöåâî-ñóäèíí³é
ñèñòåì³ H

2
S âçàºìîä³º ç ³íøèìè á³îëîã³÷-

íèìè ìåä³àòîðàìè òà ñèãíàëüíèìè ³íäóêòî-
ðàìè [21]. Â³äîìî, ùî ïðè ð³çíèõ ïàòîëîã³÷-
íèõ ñòàíàõ, çîêðåìà, àðòåð³àëüí³é ³ ëåãåíå-
â³é ã³ïåðòåíç³¿, õâîðîá³ Àëüöãåéìåðà, ä³à-
áåò³,  ïîøêîäæåííÿõ ñëèçîâî¿ îáîëîíêè
øëóíêà ³ öèðîç³ ïå÷³íêè ñïîñòåð³ãàºòüñÿ
äåô³öèò H

2
S [16].

Ð³çí³ ãðóïè â÷åíèõ äîâåëè, ùî ÿê åêçî-
ãåííèé, òàê ³ åíäîãåííèé ñ³ðêîâîäåíü â³-
ä³ãðàº âàæëèâó ðîëü ó ïðîòåêö³¿ êë³òèí â³ä
³øåì³÷íî�ðåïåðôóç³éíèõ ïîøêîäæåíü ó
ð³çíèõ åêñïåðèìåíòàëüíèõ ìîäåëÿõ [8, 22,
27]. Òàê, éîãî âèêîðèñòàííÿ áóëî åôåêòèâ-
íèì ó çàõèñò³ ïå÷³íêè â³ä ³øåì³÷íî-ðåïåðôó-
ç³éíèõ ïîøêîäæåíü, ïðè öüîìó ³íã³áóâàâñÿ
ðîçâèòîê àïîïòîçó ³ ï³äâèùóâàëàñü åêñïðå-
ñ³ÿ á³ëê³â òåïëîâîãî øîêó 90 (HSP-90) òà
Bcl-2 [12]. Ïîä³áí³ äîñë³äæåííÿ âèÿâèëè
êàðä³îïðîòåêòîðíó ä³þ äîíîðà ñ³ðêîâîäíþ
NaHS â óìîâàõ îêñèäàòèâíîãî ñòðåñó â
åêñïåðèìåíòàëüíèõ ìîäåëÿõ ç âèêîðèñòàí-
íÿì êë³òèííî¿ ë³í³¿ êàðä³îì³îöèò³â. Ïîêàçàíî,
ùî H

2
S ñïðè÷èíÿâ ³íäóêö³þ åêñïðåñ³¿ Bcl-2

òà àêòèâóâàâ Akt-ñèãíàëüíèé øëÿõ, ÿê³ çà-
ä³ÿí³ ó êàðä³îïðîòåêòîðíèõ ìåõàí³çìàõ [7].
Êð³ì òîãî, âèÿâëåíî, ùî êàðä³îïðîòåêòîðíèé

Ñ³ðêîâîäåíü ïðèãí³÷óº êàëüö³é³íäóêîâàíå â³äêðèâàííÿ ì³òîõîíäð³àëüíî¿ ïîðè
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âïëèâ ñ³ðêîâîäíþ ïîâ�ÿçàíèé ç ôóíêö³îíó-
âàííÿì Ê

ATÔ
-êàíàë³â [9]. Îäíàê ìåõàí³çì

éîãî ä³¿ ³ ô³ç³îëîã³÷íà ðîëü ó ñåðöåâî-ñóäèí-
í³é ñèñòåì³ âèâ÷åí³ íåäîñòàòíüî.

ßê â³äîìî, îäí³ºþ ç îñíîâíèõ ïðè÷èí
ñåðöåâî-ñóäèííèõ çàõâîðþâàíü ïðè ð³çíèõ
ïàòîëîã³÷íèõ ñòàíàõ ³ ñòàð³íí³ º ì³òîõîíä-
ð³àëüíà äèñôóíêö³ÿ. Ôîðìóâàííÿ íåñåëåê-
òèâíî¿ êàëüö³éçàëåæíî¿ öèêëîñïîðèí÷óòëè-
âî¿ ì³òîõîíäð³àëüíî¿ ïîðè (ÌÏ) ì³æ çîâí³ø-
íüîþ ³ âíóòð³øíüîþ ìåìáðàíàìè ëåæèòü â
îñíîâ³ ³íäóêö³¿ êë³òèííî¿ ñìåðò³ � àïîïòîçó
[10, 11]. Ïðîòå ðîëü H

2
S ó ðåãóëÿö³¿ ïîðîóò-

âîðåííÿ â ì³òîõîíäð³ÿõ ñåðöÿ îñòàòî÷íî ùå
íå ç�ÿñîâàíà.

Íèí³ àêòóàëüíîþ ïðîáëåìîþ º ïîøóê
ìåä³àòîð³â ³ ç�ÿñóâàííÿ ¿õ ó÷àñò³ ó ñèãíàëü-
íèõ ìåõàí³çìàõ, ïîâ�ÿçàíèõ, çîêðåìà, ç
ðåãóëÿö³ºþ êàëüö³é³íäóêîâàíîãî â³äêðè-
âàííÿ ÌÏ, îñê³ëüêè ï³äâèùåíà ¿¿ ÷óòëèâ³ñòü
äî ³íäóêòîð³â º ïðè÷èíîþ ðîçâèòêó áàãàòüîõ
ïàòîëîã³÷íèõ ñòàí³â îðãàí³çìó, à òàêîæ ïðè
ñòàð³íí³. Òîìó ìåòîþ íàøî¿ ðîáîòè áóëî
äîñë³äèòè âïëèâ äîíîðà ñ³ðêîâîäíþ �
NaHS, à òàêîæ ñóáñòðàòó éîãî á³îñèíòåçó �
L-öèñòå¿íó ó äîñë³äàõ in vitro òà in vivo íà
÷óòëèâ³ñòü ÌÏ äî ä³¿ ïðèðîäíîãî ³íäóêòîðà
Ñà2+ ó ñåðö³ äîðîñëèõ ³ ñòàðèõ ùóð³â òà
ç�ÿñóâàòè ìîæëèâ³ ìåõàí³çìè ¿õ âïëèâó.

ÌÅÒÎÄÈÊÀ

Äîñë³äè ïðîâåäåíî íà äîðîñëèõ (6 ì³ñ,
220�250 ã) ³ ñòàðèõ (24 ì³ñ, 300�350 ã)
ùóðàõ ë³í³¿ Â³ñòàð. Òâàðèí óòðèìóâàëè íà
ñòàíäàðòíîìó ðàö³îí³ â³âàð³þ. Ó êîæí³é
ñåð³¿ äîñë³ä³â âèêîðèñòàíî íå ìåíøå í³æ 10�
12 òâàðèí.

Ñåðöÿ, âèäàëåí³ ç äåêàï³òîâàíèõ ùóð³â,
ïðîìèâàëè îõîëîäæåíèì 0,9%-ì ðîç÷èíîì
KCl (4°C). Ì³òîõîíäð³¿ âèä³ëÿëè ìåòîäîì
äèôåðåíö³éíîãî öåíòðèôóãóâàííÿ [4] ³ â
ñóñïåíç³¿ îðãàíåë âèçíà÷àëè âì³ñò á³ëêà çà
ìåòîäîì Ëîóð³.

Â³äêðèâàííÿ ÌÏ äîñë³äæóâàëè çà äîïî-
ìîãîþ ñïåêòðîôîòîìåòðè÷íî¿ ðåºñòðàö³¿

íàáóõàííÿ ì³òîõîíäð³é, ³çîëüîâàíèõ ³ç ñåðöÿ
ùóð³â. Äëÿ öüîãî ì³òîõîíäð³¿ ïîì³ùàëè â
³íêóáàö³éíå  ñåðåäîâèùå ³ çîòîí³÷íîãî
ñêëàäó (ììîëü/ë): KCl � 120, òð³ñ-HCl � 25,
KH

2
PO

4
 � 3; ðÍ 7,4 (ê³íöåâèé îá�ºì � 3 ìë)

³ ðåºñòðóâàëè çíèæåííÿ îïòè÷íî¿ ãóñòèíè
ñóñïåíç³¿ ì³òîõîíäð³é ïðè λ=520 íì çà 3 õâ
äî  ³  âïðîäîâæ 15  õâ  ¿õ  íàáó õàííÿ  çà
íàÿâíîñò³  ³íäóêòîðà Ñà 2+.  Çì³íó ð³âíÿ
íàáóõàííÿ îðãàíåë âèçíà÷àëè ÿê ð³çíèöþ ó
â³äñîòêàõ (∆,%) ì³æ ïîêàçíèêîì íàáóõàííÿ
ì³òîõîíäð³é íà 15 õâ â³äíîñíî âèõ³äíîãî
çíà÷åííÿ. Êîíöåíòðàö³ÿ á³ëêà ñòàíîâèëà 0,4
ìã /ìë .  ßê  êîíòðîëü  âèêîðèñòîâó âà ëè
ñóñïåíç³þ ì³òîõîíäð³é â ³íêóáàö³éíîìó
ñåðåäîâèù³ çà â³äñóòíîñò³  ³íäóêòîðà ç
ïîäàëüøîþ ðåºñòðàö³ºþ îïòè÷íî¿ ãóñòèíè
ïðîòÿãîì 15 õâ.  Îäíîðàçîâå ââåäåííÿ
ùóðàì òàêèõ ðå÷îâèí ÿê, äîíîð ñ³ðêîâîäíþ
NaHS, ³íã³á³òîð éîãî åíäîãåííîãî ñèíòåçó
ïðîïàðã³ëãë³öèí òà àì³íîêèñëîòè L-öèñòå¿íó
çä³éñíþâàëè âíóòð³øíüîî÷åðåâèííî çà 30
õâ äî äåêàï³òàö³¿ òâàðèí.

Îòðèìàí³ ðåçóëüòàòè îáðîáëåí³ ìåòî-
äàìè âàð³àö³éíî¿ ñòàòèñòèêè ç âèêîðèñòàí-
íÿì ïðîãðàìè Origin 7.0 («Microcall Inc.»,
ÑØÀ).

ÐÅÇÓËÜÒÀÒÈ ÒÀ ¯Õ ÎÁÃÎÂÎÐÅÍÍß

Ó äîñë³äàõ in vitro íà ³çîëüîâàíèõ ì³òîõîíä-
ð³ÿõ äëÿ âèçíà÷åííÿ â³äêðèâàííÿ ÌÏ ó ñåðö³
ùóð³â âèêîðèñòîâóâàëè ïðèðîäíèé ³íäóêòîð
Ñà2+ ó êîíöåíòðàö³¿ 10-4 ìîëü/ë. Õàðàêòåðí³
êðèâ³ ñïîíòàííîãî íàáóõàííÿ ì³òîõîíäð³é
(êîíòðîëü ó áåçêàëüö³ºâîìó ñåðåäîâèù³) òà
êàëüö³é³íäóêîâàíîãî íàáóõàííÿ îðãàíåë, ùî
â³äáóâàëîñÿ âíàñë³äîê â³äêðèâàííÿ ÌÏ, ó
ñåðö³ äîðîñëèõ ³ ñòàðèõ ùóð³â ïîêàçàí³ íà
ðèñ. 1. Ó áåçêàëüö³ºâîìó ñåðåäîâèù³ çì³íà
ð³âí³â (∆) íàáóõàííÿ ì³òîõîíäð³é ñòàíîâèëà
7 òà 12 % ó äîðîñëèõ òà ñòàðèõ ùóð³â â³ä-
ïîâ³äíî. Â óìîâàõ íàâàíòàæåííÿ ì³òîõîíä-
ð³é êàëüö³ºì â³äáóâàëîñü ñóòòºâå íàáóõàííÿ
ì³òîõîíäð³é ñåðöÿ ñòàðèõ ùóð³â (∆ = 25 %),
ùî â³äð³çíÿëîñÿ â³ä òàêîãî ó äîðîñëèõ
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òâàðèí (∆ = 20 %). Öåé ôàêò ñâ³ä÷èâ ïðî
ï³äâèùåíó ÷óòëèâ³ñòü êàëüö³é³íäóêîâàíîãî
â³äêðèâàííÿ ÌÏ ó ñåðö³ ñòàðèõ ùóð³â. Ñë³ä
â³äì³òèòè, ùî â³äêðèâàííÿ ÌÏ ó ñåðö³ äî-
ðîñëèõ ùóð³â ïîâí³ñòþ ïðèãí³÷óâàëîñÿ êëà-
ñè÷íèì ³íã³á³òîðîì öèêëîñïîðèíîì À ó êîí-
öåíòðàö³¿ 10-5 ìîëü/ë, à ó ñòàðèõ òâàðèí �
ëèøå ÷àñòêîâî (äèâ. ðèñ.1). Ö³ ðåçóëüòàòè
ï³äòâåðäæóþòü òîé ôàêò, ùî â ì³òîõîíäð³ÿõ
ñåðöÿ ñòàðèõ ùóð³â ïîðÿä ç óòâîðåííÿì
êëàñè÷íî¿ ÌÏ, ÷àñòêîâî óòâîðþºòüñÿ íåñ-
ïåöèô³÷íà íå÷óòëèâà äî öèêëîñïîðèíó À
ïîðà [5]. Âðàõîâóþ÷è äàí³ ïîïåðåäí³õ íà-
øèõ äîñë³äæåíü, ìîæíà çðîáèòè âèñíîâîê,
ùî îïèñàí³ îñîáëèâîñò³ â³äêðèâàííÿ ÌÏ,
ùî ñïîñòåð³ãàþòüñÿ ïðè ñòàð³íí³, ïîâ�ÿçàí³
ç³ çðîñòàííÿì âì³ñòó àêòèâíèõ ôîðì êèñíþ,
çíèæåííÿì âì³ñòó NO, ùî ïðîäóêóºòüñÿ êîí-
ñòèòóòèâíîþ ³çîôîðìîþ NO-ñèíòàçè, ïîðó-
øåííÿì êàëüö³ºâîãî ãîìåîñòàçó òîùî [3�5].

Íà íàñòóïíîìó åòàï³ ðîáîòè äîñë³äæó-
âàëè ä³þ äîíîðà ñ³ðêîâîäíþ � NaHS ó
ìåæàõ êîíöåíòðàö³é 10-12 - 10-4 ìîëü/ë ùîäî
íàáóõàííÿ ³çîëüîâàíèõ ì³òîõîíäð³é ñåðöÿ
äîðîñëèõ ³ ñòàðèõ ùóð³â çà â³äñóòíîñò³
âïëèâó ïðèðîäíîãî ³íäóêòîðà â³äêðèâàííÿ
ÌÏ � Ñà2+ (ðèñ. 2, à). Ïîêàçàíî, ùî çà óìîâ
ä³¿ ñ³ðêîâîäíþ â ìåæàõ êîíöåíòðàö³é 10-12 �
10-8 ìîëü/ë â³äáóâàëîñÿ ïîì³ðíå íåçàëåæíå

â³ä ä³¿ êàëüö³þ íàáóõàííÿ ì³òîõîíäð³é ñåðöÿ
â îáîõ ãðóïàõ òâàðèí. Ïðè ä³¿  NaHS ó
êîíöåíòðàö³¿  10-10 ìîëü/ë ñïîñòåð³ãàëè
íàáóõàííÿ ì³òîõîíäð³é, ìàêñèìàëüíà çì³íà
ð³âíÿ ÿêîãî ñòàíîâèëà 11 òà 15 % ó äîðîñ-
ëèõ ³ ñòàðèõ ùóð³â â³äïîâ³äíî. Îòæå, NaHS
ó äîñë³äæóâàíîìó ä³àïàçîí³ êîíöåíòðàö³é çà
â³äñóòíîñò³ Ñà2+ ñïðè÷èíÿâ îäíàêîâèé õà-
ðàêòåð íàáóõàííÿ ì³òîõîíäð³é ñåðöÿ, îäíàê
éîãî ð³âåíü áóâ âèùèì ó ñòàðèõ òâàðèí.

Äëÿ âñòàíîâëåííÿ ïðèðîäè H
2
S-³íäóêî-

âàíîãî íàáóõàííÿ ì³òîõîäð³é âèêîðèñòàëè
³íã³á³òîð ÌÏ - öèêëîñïîðèí À ³ ñïåöèô³÷íèé
³íã³á³òîð ì³òîõîíäð³àëüíèõ Ê

ATÔ
-êàíàë³â - 5-

ã³äðîêñèäåêàíîàò. Íà ðèñ. 2, á ïðåäñòàâ-
ëåí³ ðåçóëüòàòè äîñë³ä³â, â ÿêèõ âèâ÷àëè
âíåñîê ì³òîõîíäð³àëüíèõ Ê

ÀÒÔ
-êàíàë³â ó

êàëüö³éíåçàëåæíó ïðîâ³äí³ñòü ì³òîõîíä-
ð³àëüíèõ ìåìáðàí ó ñåðö³ äîðîñëèõ ³ ñòàðèõ
ùóð³â â óìîâàõ ä³¿ äîíîðà ñ³ðêîâîäíþ NaHS
ó êîíöåíòðàö³¿ 10-10 ìîëü/ë, êîòðà âèêëèêàëà
ìàêñèìàëüíèé å ôåêò  ùîäî íàáóõàííÿ
îðãàíåë. Âèêîðèñòàííÿ 5-ã³äðîêñèäåêà-
íîàòó (10-4 ìîëü/ë) ÷àñòêîâî çìåíøóâàëî
íàáóõàííÿ ì³òîõîíäð³é, à ñóì³ñíà éîãî ä³ÿ
ç öèêëîñïîðèíîì À ïðèçâîäèëà äî íàáó-
õàííÿ íà ð³âí³ êîíòðîëþ ó ñåðö³ äîðîñëèõ
ùóð³â. Ó ñòàðèõ ùóð³â 5-ã³äðîêñèäåêàíîàò
ñïðè÷èíþâàâ çìåíøåííÿ íàáóõàííÿ ì³òî-

Ðèñ. 1. Íàáóõàííÿ ì³òîõîíäð³é ñåðöÿ äîðîñëèõ (à) òà ñòàðèõ (á) ùóð³â çà óìîâ ä³¿ ³íäóêòîðà ì³òîõîíäð³àëüíî¿ ïîðè
Ñà2+: 1 � êîíòðîëü; 2 � ä³ÿ Ñà2+ (10-4 ìîëü/ë); 3 � ïðå³íêóáàö³ÿ ç öèêëîñïîðèíîì À (10-5 ìîëü/ë), ä³ÿ Ñà2+
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õîíäð³é äî êîíòðîëüíîãî çíà÷åííÿ, à ñóì³ñíà
ä³ÿ îáîõ ³íã³á³òîð³â � äî çíà÷åíü, ÿê³ íàâ³òü
íèæ÷³ â³ä êîíòðîëüíèõ. Òàêèì ÷èíîì, ïðè
ä³¿ NaHS ó íàäíèçüê³é êîíöåíòðàö³¿ (10-10

ìîëü/ë) íàáóõàííÿ ì³òîõîíäð³é ñïðè÷èíåíå
ïåâíîþ ì³ðîþ àêòèâàö³ºþ ì³òîõîíäð³àëüíèõ
Ê

ÀÒÔ
-êàíàë³â ÿê ó äîðîñëèõ, òàê ³ ñòàðèõ

ùóð³â. Â³äòàê, íå ìîæíà âèêëþ÷àòè éìî-
â³ðíó àêòèâàö³þ öèõ êàíàë³â â óìîâàõ ä³¿
äîíîðà ñ³ðêîâîäíþ ó ô³ç³îëîã³÷íèõ ³ âèùèõ
çà íèõ êîíöåíòðàö³ÿõ.

Ââàæàþòü, ùî â³äêðèâàííÿ Ê
ÀÒÔ

-êàíàë³â
ó ãëàäåíüêèõ ì�ÿçàõ â³ä³ãðàº êëþ÷îâó ðîëü
ó çä³éñíåíí³ åôåêò³â H

2
S, îñê³ëüêè îñòàíí³é

ï³äâèùóº ïîò³ê Ê+ ÷åðåç ö³ êàíàëè ³ âèêëèêàº
ã³ïåðïîëÿðèçàö³þ ìåìáðàí â ³çîëüîâàíèõ
ãëàäåíüêèõ ì�ÿçîâèõ êë³òèíàõ. Ãë³áåíêëà-
ì³ä, áëîêàòîð öèõ êàíàë³â, ïîñëàáëþâàâ
ã³ïîòåíçèâíèé åôåêò H

2
S in vivo ³ âàçîäè-

ëàòàòîðíèé in vitro [24].
Ö³êàâî, ùî ³íã³á³òîðè öèñòàò³îí³í-γ-ë³àçè

çíèæóâàëè ÀÒÔ-çàëåæíèé êàë³ºâèé ïîò³ê,
ùî ñâ³ä÷èòü ïðî ïîñò³éíó àêòèâàö³þ êàíàë³â
åíäîãåííèì H

2
S çà ô³ç³îëîã³÷íèõ óìîâ [18].

Â³äîìî,  ùî êë³òèíè ì³îêàðäà ì³ñòÿòü

âåëèêó ê³ëüê³ñòü Ê
ÀÒÔ

�êàíàë³â, ³ ÷èñëåííèìè
äîñë³äæåííÿìè ïîêàçàíî ïðîòåêòîðíó ä³þ
¿õ àêòèâàòîð³â ó ì³îêàðä³, çîêðåìà ïðè
³øåì³¿�ðåïåðôóç³¿  [2].  Äàí³ ë³òåðàòóðè
ñâ³ä÷àòü, ùî H

2
S áåðå ó÷àñòü ó ³øåì³÷íîìó

ïðåêîíäèö³îíóâàíí³ [22]. Îäíàê ìåõàí³çìè
ïðîÿâó éîãî êàðä³îïðîòåêòîðíèõ âëàñòè-
âîñòåé H

2
S äîñ³ âèâ÷åí³ íåäîñòàòíüî.

Ó íàñòóïí³é ñåð³¿ åêñïåðèìåíò³â äîñë³ä-
æóâàëè ä³þ äîíîðà ñ³ðêîâîäíþ NaHS ó
øèðîêîìó ä³àïàçîí³ êîíöåíòðàö³é 10-12�10-4

ìîëü/ë íà êàëüö³é³íäóêîâàíå íàáóõàííÿ
ì³òîõîíäð³é ñåðöÿ äîðîñëèõ ³ ñòàðèõ ùóð³â
(ðèñ. 3).

Íàìè áóëî ïîêàçàíî, ùî â óìîâàõ ïðå³í-
êóáàö³¿ ì³òîõîíäð³é ç äîíîðîì ñ³ðêîâîäíþ
ó íèçüêèõ êîíöåíòðàö³ÿõ (10-12�10-8 ìîëü/ë)
çàõèñíîãî åôåêòó ùîäî êàëüö³é³íäóêîâà-
íîãî íàáóõàííÿ îðãàíåë íå ñïîñòåð³ãàëè. À
â óìîâàõ ïðå³íêóáàö³¿ ³çîëüîâàíèõ ì³òîõîíä-
ð³é ç NaHS ïðè ô³ç³îëîã³÷íèõ êîíöåíòðàö³ÿõ
10-6, 10-5 ³ 5.10-5 ìîëü/ë ñïîñòåð³ãàëè äîçîçà-
ëåæíå çìåíøåííÿ ð³âíÿ íàáóõàííÿ îðãàíåë
ñåðöÿ ó äîðîñëèõ ùóð³â (31,  76 ³  77%
â³äïîâ³äíî), ùî ñâ³ä÷èòü ïðî éîãî çàõèñíèé

Ðèñ. 2. Êîíöåíòðàö³éíà çàëåæí³ñòü âïëèâó äîíîðà ñ³ðêîâîäíþ � NaHS (à) òà ä³ÿ ³íã³á³òîðà ì³òîõîíäð³àëüíèõ Ê
ATÔ

-
êàíàë³â 5-ã³äðîêñèäåêàíîàòó òà ³íã³á³òîðà ì³òîõîíäð³àëüíî¿ ïîðè � öèêëîñïîðèíó À (á) íà íàáóõàííÿ ì³òîõîíäð³é
ñåðöÿ äîðîñëèõ ³ ñòàðèõ ùóð³â ó áåçêàëüö³ºâîìó ñåðåäîâèù³: 1 � êîíòðîëü; 2 � ä³ÿ NaHS (10-10 ìîëü/ë);
3 � ïðå³íêóáàö³ÿ ç 5-ã³äðîêñèäåêàíîàòîì (10-4 ìîëü/ë), ä³ÿ NaHS; 4 � ïðå³íêóáàö³ÿ ç 5-ã³äðîêñèäåêàíîàòîì ³
öèêëîñïîðèíîì À (10-5 ìîëü/ë), ä³ÿ NaHS. Òóò ³ íàäàë³  ∆ � ð³çíèöÿ ì³æ ïîêàçíèêîì íàáóõàííÿ ì³òîõîíäð³é íà 15-é
õâèëèí³ â³äíîñíî âèõ³äíîãî çíà÷åííÿ. *Ð<0,05 â³äíîñíî êîíòðîëþ äîðîñëèõ ³ ñòàðèõ ùóð³â; #P
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åôåêò ùîäî â³äêðèâàííÿ ÌÏ (äèâ. ðèñ. 3,
à). Íà ðèñ. 3, á ïðåäñòàâëåíî ðåçóëüòàòè
äîñë³äæåíü ä³¿  NaHS (10-6-10 -5 ìîëü/ë)
â³äíîñíî êàëüö³é³íäóêîâàíîãî íàáóõàííÿ
ì³òîõîíäð³é ó ñåðö³ ñòàðèõ ùóð³â. NaHS â
êîíöåíòðàö³¿ 10-5 ìîëü/ë ïîâí³ñòþ ïîïåðåä-
æàâ íàáóõàííÿ ì³òîõîíäð³é, ùî ìîæëèâî
òàêîæ ñâ³ä÷èòü ïðî â³äíîâëåííÿ òà ñòàá³ë³-
çàö³þ ì³òîõîíäð³àëüíèõ ìåìáðàí ó ñåðö³
ñòàðèõ òâàðèí, à ó êîíöåíòðàö³¿ 10-6 ìîëü/ë
áóâ íååôåêòèâíèì.

Ïðå³íêóáàö³ÿ ñóñïåíç³¿  ì³òîõîíäð³é
ñåðöÿ ç³ ñïåöèô³÷íèì ³íã³á³òîðîì ì³òîõîíä-
ð³àëüíèõ Ê

ÀÒÔ
-êàíàë³â 5-ã³äðîêñèäåêàíîà-

òîì (10-4 ìîëü/ë) ñïðè÷èíÿëà ïîñëàáëåííÿ
ïðîòåêòîðíîãî åôåêòó äîíîðà ñ³ðêîâîäíþ
NaHS (10-5 ìîëü/ë) ùîäî êàëüö³é³íäóêîâà-
íîãî â³äêðèâàííÿ ÌÏ: ÷àñòêîâî çá³ëüøó-
âàâñÿ ð³âåíü íàáóõàííÿ ì³òîõîíäð³é ñåðöÿ
äîðîñëèõ ³ ñòàðèõ ùóð³â. Öå ãîâîðèòü ïðî
éìîâ³ðíå çàëó÷åííÿ ì³òîõîíäð³àëüíèõ Ê

ATÔ
-

êàíàë³â ó H
2
S-çàëåæíå ³íã³áóâàííÿ ïîðîóò-

âîðåííÿ ó öèõ ùóð³â.
Ñë³ä â³äì³òèòè, ùî ïðè ä³¿ äîíîðà ñ³ðêî-

âîäíþ ó êîíöåíòðàö³¿ 10-6 òà 10-5 ìîëü/ë,
÷óòëèâ³ñòü ÌÏ äî Ñà2+ ó ñåðö³ ñòàðèõ ùóð³â
íèæ÷à ó ïîð³âíÿíí³ ç äîðîñëèìè òâàðèíàìè
(ðèñ. 4). Ó âèñîêèõ êîíöåíòðàö³ÿõ äîíîð (10-4

ìîëü/ë) âèêëèêàâ çíà÷íå ³íã³áóâàííÿ êàëü-

ö³é³íäóêîâàíî¿ ÌÏ ÿê ó äîðîñëèõ, òàê ³
ñòàðèõ òâàðèí. Îòæå, â ö³ëîìó çà ä³¿ ô³ç³î-
ëîã³÷íèõ êîíöåíòðàö³é äîíîðà ñ³ðêîâîäíþ
(10-6�10-5 ìîëü/ë) áóëî âèÿâëåíî ï³äâèùåíó
÷óòëèâ³ñòü ÌÏ äî ³íäóêòîðà ¿¿ â³äêðèâàííÿ
Ñà2+ ó ñåðö³ äîðîñëèõ ùóð³â ïîð³âíÿíî ç³
ñòàðèìè. Ó êîíöåíòðàö³¿, âèù³é çà ô³ç³î-
ëîã³÷íó, NaHS (10-4 ìîëü/ë) òàêîæ ïîïå-
ðåäæàâ êàëüö³é³íäóêîâàíå â³äêðèâàííÿ ÌÏ:
íàáóõàííÿ ì³òîõîíäð³é ñåðöÿ äîðîñëèõ
ùóð³â áóëî íèæ÷èì çà êîíòðîëüíèé ð³âåíü,
à ñòàðèõ ùóð³â � ñóòòºâî çìåíøåíå ùîäî
êîíòðîëþ (ó â³äñóòíîñò³ ³íäóêòîðà ÌÏ �
Ñà2+). Êð³ì òîãî, íà ³çîëüîâàíèõ ì³òîõîíä-
ð³ÿõ ñåðöÿ ñòàðèõ ùóð³â ñïîñòåð³ãàëè
ï³äâèùåíó ïðîíèêí³ñòü ìåìáðàí îðãàíåë,
ÿêà çíà÷íî çìåíøóâàëàñü çà íàÿâíîñò³
äîíîðà ñ³ðêîâîäíþ â êîíöåíòðàö³¿ 10-4 ìîëü/ë.
Çíèæåííÿ ð³âíÿ íàáóõàííÿ ì³òîõîíäð³é,
îïòè÷íà ãóñòèíà ÿêèõ áóëà á³ëüøîþ ó
ïîð³âíÿíí³ ç íàòèâíèìè îðãàíåëàìè ñåðöÿ
äîðîñëèõ ³ ñòàðèõ ùóð³â ïðè ä³¿ NaHS ó
êîíöåíòðàö³¿ 10-4 ìîëü/ë, ìîæíà ïîÿñíèòè
îñîáëèâîñòÿìè êîíôîðìàö³éíèõ çì³í ìåìá-
ðàí îðãàíåë, à òàêîæ óïîâ³ëüíåííÿì ¿õ
ìåòàáîë³÷íî¿ àêòèâíîñò³, ùî çóìîâëþþòü
ïðîíèêí³ñòü ìåìáðàí ³ ïîâ�ÿçàíå ç öèì
â³äêðèâàííÿ ÌÏ [16].

Ð³çí³ êîíöåíòðàö³¿ ñ³ðêîâîäíþ íåîä-

Ðèñ. 3. Ä³ÿ äîíîðà ñ³ðêîâîäíþ íà êàëüö³é³íäóêîâàíå íàáóõàííÿ ì³òîõîíäð³é ñåðöÿ äîðîñëèõ (à) òà ñòàðèõ (á) ùóð³â:
1 � êîíòðîëü; 2 � ä³ÿ Ñà2+ (10-4 ìîëü/ë); 3, 4, 5 � ïðå³íêóáàö³ÿ ç NaHS (10-6, 10-5, 5 . 10- 5 ìîëü/ë â³äïîâ³äíî) ³ ä³ÿ Ñà2+
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íàêîâî âïëèâàþòü íà ôóíêö³¿ êë³òèíè òà
îðãàí³çìó â ö³ëîìó. Çàâäÿêè ñâî¿é õ³ì³÷í³é
ñòðóêòóð³ òà á³îõ³ì³÷íèì âëàñòèâîñòÿì H

2
S

ìîæå ëåãêî ïðîíèêàòè äî êë³òèíè êð³çü
ïëàçìàòè÷íó ìåìáðàíó áåç âèêîðèñòàííÿ
ñïåöèô³÷íèõ òðàíñïîðòíèõ ìîëåêóë ³ âèêëè-
êàòè ïåâí³ á³îëîã³÷í³ åôåêòè ïðè ô³ç³îëî-
ã³÷íèõ êîíöåíòðàö³ÿõ, ³ òîêñè÷íèé åôåêò �
ïðè âèñîêèõ äîçàõ. Ïîêàçàíî [9], ùî ä³ÿ H

2
S

ó ì³êðîìîëÿðíèõ êîíöåíòðàö³ÿõ ñóïðîâîä-
æóºòüñÿ öèòîïðîòåêòîðíèì åôåêòîì (àíòè-
íåêðîòè÷íèì ³ àíòèàïîïòîòè÷íèì), ùî
ïîâ�ÿçóþòü ³ç éîãî çäàòí³ñòþ íåéòðàë³çó-
âàòè âåëèêó ê³ëüê³ñòü àêòèâíèõ ôîðì êèñíþ
òà ³íøèõ (îêñèäîðàäèêàëè, ïåðîêñèí³òðèò,
ã³ïîõëîðèäíà êèñëîòà, ãîìîöèñòå¿í). H

2
S

ïîçèòèâíî âïëèâàº íà àíòèîêñèäàíòíó ñèñ-
òåìó òà ðàçîì N-àöåòèëöèñòå¿íîì, ãëóòà-
ò³îíîì ³ ñóïåðîêñèääèñìóòàçîþ ñïðèÿº ïî-
ñèëåííþ àäàïòèâíèõ åôåêò³â [13].

H
2
S ÿê ò³îëâì³ñíà ìîëåêóëà ç ñèëüíèìè

â³äíîâíèìè âëàñòèâîñòÿìè çä³éñíþº òàêîæ
êîíòðîëü çà îêèñíî-â³äíîâíèì ïîòåíö³àëîì
êë³òèíè ðàçîì ³ç ³íøèìè ò³îëàìè � öèñòå¿íîì
³ ãëóòàò³îíîì [25]. ²íøèì ìåõàí³çìîì, çà
äîïîìîãîþ ÿêîãî ñ³ðêîâîäåíü çä³éñíþº ñâ³é

öèòîïðîòåêòîðíèé âïëèâ, º ï³äâèùåííÿ
âíóòð³øíüîêë³òèííî¿ êîíöåíòðàö³¿ ãëóòà-
ò³îíó ÷åðåç àêòèâàö³þ åêñïðåñ³¿ γ-ãëóòàì³ë-
öèñòå¿íñèíòàçè.

Ç ³íøîãî áîêó, H
2
S ìîæå ³íã³áóâàòè êë³-

òèííå äèõàííÿ, ïîñëàáëþþ÷è àêòèâí³ñòü
öèòîõðîìîêñèäàçè, ùî º ìåõàí³çìîì ðåãó-
ëÿö³¿ ñïîæèâàííÿ êèñíþ êë³òèíîþ. Öåé
ìåõàí³çì çàëó÷åíèé ó çä³éñíåííÿ ôàðìàêî-
ëîã³÷íèõ ³ òîêñè÷íèõ åôåêò³â ä³¿ H

2
S, à

òàêîæ º îñíîâîþ òèì÷àñîâî¿ çàòðèìêè æèò-
òºâèõ ôóíêö³é [14]. Òàê, ð³âåíü ì³òîõîíä-
ð³àëüíèõ óøêîäæåíü çì³íþâàâñÿ â³äïîâ³äíî
äî óìîâ åêñïåðèìåíòó ³ çàëåæàâ â³ä âèäó
òêàíèíè: ó ö³ëèõ êë³òèíàõ ì³òîõîíäð³àëüíå
äèõàííÿ çíèæóâàëîñÿ äî 50% ïðè ä³¿ H

2
S ó

êîíöåíòðàö³ ¿  30  ìêìîëü/ë ,  òîä³  ÿê  10
ìêìîëü/ë äîñòàòíüî äëÿ çìåíøåííÿ âäâ³÷³
äèõàííÿ ó ³çîëüîâàíèõ ì³òîõîíäð³ÿõ. Ã³äðî-
ñóëüô³ä íàòð³þ ó êîíöåíòðàö³ÿõ íèæ÷èõ çà
20 ìêìîëü/ë ñòèìóëþâàâ ñïîæèâàííÿ êèñ-
íþ ì³òîõîíäð³ÿìè ³ çá³ëüøóâàâ ìåìáðàííèé
ïîòåíö³àë, à ó âèñîê³é êîíöåíòðàö³¿ ³íã³áóâàâ
öèòîõðîì-ñ-îêñèäàçó ³ ïîã³ðøóâàâ ñïîæè-
âàííÿ êèñíþ [19].

Íàòîì³ñòü, âèñîê³ êîíöåíòðàö³¿ ñ³ðêîâîä-

Í.À. Ñòðóòèíñüêà, Î.Ì. Ñåìåíèõ³íà, Ñ.Â. ×îðíà, Ã. Ë. Âàâ³ëîâà, Â.Ô. Ñàãà÷

Ðèñ. 4. Ïîð³âíÿííÿ ä³¿ äîíîðà ñ³ðêîâîäíþ íà êàëüö³é³íäóêîâàíå íàáóõàííÿ ì³òîõîíäð³é ñåðöÿ äîðîñëèõ ³ ñòàðèõ
ùóð³â: 1 � êîíòðîëü; 2 � ä³ÿ Ñà2+ (10-4 ìîëü/ë); 3, 4, 5 � ïðå³íêóáàö³ÿ ç NaHS (10-6, 10-5, 10- 4 ìîëü/ë â³äïîâ³äíî), ä³ÿ
Ñà2+ (10-4 ìîëü/ë). *Ð<0,05, #Ð<0,05 â³äíîñíî íàáóõàííÿ ì³òîõîíäð³é â óìîâàõ ä³¿ Ñà2+ (10-4 ìîëü/ë)
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íþ º òîêñè÷íèìè äëÿ êë³òèíè ÷åðåç óòâî-
ðåííÿ âåëèêî¿ ê³ëüêîñò³ â³ëüíèõ ðàäèêàë³â
òà îêèñíèê³â, ìîá³ë³çàö³¿ êàëüö³þ, çìåí-
øåííÿ âì³ñòó ãëóòàò³îíó â êë³òèí³, âèâ³ëü-
íåííÿ âíóòð³øíüîêë³òèííîãî çàë³çà, à òàêîæ
³íäóêö³þ ì³òîõîíäð³àëüíèõ ñèãíàëüíèõ
øëÿõ³â àïîïòîçó [18].

Ñåðöå º âàæëèâèì äæåðåëîì óòâîðåííÿ
åíäîãåííîãî H

2
S [8]. Çà äàíèìè ë³òåðàòóðè,

éîãî êîíöåíòðàö³ÿ ó ñåðöåâî-ñóäèíí³é ñèñ-
òåì³ ùóð³â ñòàíîâèòü (45,6±14,2) ìêìîëü/ë,
à óòâîðåííÿ ó òêàíèíàõ ì³îêàðäà ùóð³â
ïðèð³âíþºòüñÿ äî (18,64±4,49) íìîëü.õâ.-1.ã-1

á³ëêà [26]. Îòðèìàí³ íàìè ðåçóëüòàòè âêà-
çóþòü íà òå, ùî ³íã³áóâàííÿ ÌÏ ñ³ðêîâîä-
íåì â³äáóâàëîñÿ çà ô³ç³îëîã³÷íèõ éîãî
êîíöåíòðàö³é, òîáòî ïðè 1�50 ìêìîëü/ë.

Òàêèì ÷èíîì, âñòàíîâëåíî, ùî äîíîð
ñ³ðêîâîäíþ NaHS ó ìåæàõ äîñë³äæóâàíèõ
êîíöåíòðàö³é 10-12�10-4 ìîëü/ë ñïðè÷èíÿâ
íåîäíîçíà÷íó ä³þ ùîäî íàáóõàííÿ ì³òî-
õîíäð³é: íèçüê³ éîãî êîíöåíòðàö³¿ (10-12�10-8

ìîëü/ë) ï³äâèùóâàëè íàáóõàííÿ îðãàíåë, à
á³ëüø âèñîê³ êîíöåíòðàö³¿ (10-6�5.10-5 ìîëü/ë)
çä³éñíþâàëè ïðîòåêòîðíèé åôåêò â³äíîñíî
êàëüö³é³íäóêîâàíîãî íàáóõàííÿ ì³òîõîíäð³é
ñåðöÿ äîðîñëèõ ³ ñòàðèõ ùóð³â. ßê ï³äòâåðä-
æóþòü ðåçóëüòàòè åêñïåðèìåíò³â, öå â³ä-

áóâàºòüñÿ ÷àñòêîâî âíàñë³äîê àêòèâàö³¿ ì³-
òîõîíäð³àëüíèõ Ê

ATÔ
-êàíàë³â ³ ìîæëèâî âíàñ-

ë³äîê ïðÿìîãî âïëèâó äîíîðà ñ³ðêîâîäíþ
NaHS ÿê SH-ðåàãåíòà íà ì³òîõîíäð³àëüí³
ìåìáðàíè òà ñòðóêòóðí³ êîìïîíåíòè ÌÏ.

Â åêñïåðèìåíòàõ in vivo ïðè äîñë³äæåíí³
îäíîðàçîâîãî ââåäåííÿ ùóðàì NaHS (10-4

ìîëü/êã) ³ àì³íîêèñëîòè L-öèñòå¿íó (10-3

ìîëü/êã) ÿê ñóáñòðàòó äëÿ ñèíòåçó ñ³ðêî-
âîäíþ, áóëî âñòàíîâëåíî çìåíøåííÿ ÷óòëè-
âîñò³ ÌÏ äî ³íäóêòîðà Ñà2+ ó ñåðö³ äîðîñ-
ëèõ ³ ñòàðèõ òâàðèí (ðèñ. 5). Ä³ÿ L-öèñòå¿íó
ó ïîð³âíÿíí³  ç  NaHS âèÿâèëàñÿ á³ëüø
åôåêòèâíîþ ùîäî ïîïåðåäæåííÿ êàëüö³é-
³íäóêîâàíîãî â³äêðèâàííÿ ÌÏ: ñïîñòåð³ãàëè
çá³ëüøåííÿ íà ïîðÿäîê êîíöåíòðàö³¿ Ñà2+,
ÿêà ñïðè÷èíÿëà íàáóõàííÿ ì³òîõîíäð³é ó
ñåðö³ äîðîñëèõ ³ ñòàðèõ ùóð³â. Öåé ôàêò
ïîÿñíþºòüñÿ ìîæëèâèì çàëó÷åííÿì L-öèñ-
òå¿íó äî åíäîãåííèõ øëÿõ³â ñèíòåçó ñ³ðêî-
âîäíþ, à òàêîæ éîãî àíòèîêñèäàíòíèìè
âëàñòèâîñòÿìè. Ñë³ä â³äì³òèòè, ùî ä³ÿ
äîíîðà ñ³ðêîâîäíþ in vivo, íà â³äì³íó â³ä
L-öèñòå¿íó, áóëà øâèäêîþ òà òðàíçèòîðíîþ,
îñê³ëüêè ÷åðåç 60 õâ ï³ñëÿ ââåäåííÿ éîãî
ùóðàì íå ñïîñòåð³ãàëè çì³íè ð³âíÿ íàáó-
õàííÿ ì³òîõîíäð³é àáî öåé åôåêò  áó â
íåçíà÷íèé.

Ðèñ. 5. Çì³íè ÷óòëèâîñò³ ì³òîõîíäð³àëüíî¿ ïîðè äî ³íäóêòîðà ¿¿ â³äêðèâàííÿ � Ñà2+ ó ñåðö³ äîðîñëèõ (à) òà ñòàðèõ (á)
ùóð³â çà óìîâ âïëèâó in vivo NaHS ³ L-öèñòå¿íó: 1 � êîíòðîëü; 2 � ä³ÿ NaHS (10-4 ìîëü/êã); 3 � ä³ÿ L-öèñòå¿íó (10-3

ìîëü/êã). *Ð<0,05 â³äíîñíî êîíòðîëþ
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Äëÿ ç�ÿñóâàííÿ ðîë³ åíäîãåííîãî ñ³ðêî-
âîäíþ ó ðåãóëÿö³¿ â³äêðèâàííÿ ÌÏ ó ñåðö³
äîðîñëèõ ³ ñòàðèõ ùóð³â áóëà ïðîâåäåíà
ñåð³ÿ  åêñïåðèìåíò³â  ç  âèêîðèñòàííÿì
ñïåöèô³÷íîãî áëîêàòîðà ôåðìåíòó öèñòà-
ò³îí³í-γ-ë³àçè � ïðîïàðã³ëãë³öèíó ó êîíöåíò-
ðàö³¿ 10-4 ìîëü/êã (ðèñ.6). Ó äîðîñëèõ ùóð³â
ñïîñòåð³ãàëè òåíäåíö³þ äî çá³ëüøåííÿ
÷óòëèâîñò³ êàëüö³é³íäóêîâàíî¿ ÌÏ, òîä³ ÿê
ó ñòàðèõ - çíà÷íå ¿¿ ï³äâèùåííÿ âíàñë³äîê
çìåíøåííÿ íà  äâà  ïîðÿäêè ïîðîãîâî¿
êîíöåíòðàö³¿ Ñà2+, ÿêà ñïðè÷èíÿº íàáóõàííÿ
îðãàíåë. Ó ô³ç³îëîã³÷íèõ óìîâàõ îðãàí³çìó
åíäîãåííèé ñ³ðêîâîäåíü ³ìîâ³ðíî ÷èíèòü
ñòàá³ë³çóâàëüíó ä³þ íà ìåìáðàíè ì³òîõîíä-
ð³é. Ìè ïðèïóñòèëè, ùî ïðè ââåäåíí³ ³í-
ã³á³òîðà ñèíòåçó ñ³ðêîâîäíþ ïðîïàðã³ëãë³-
öèíó åíäîãåííèé âì³ñò ãàçîâîãî òðàíñ-
ì³òåðà ìîæå ñóòòºâî çìåíøóâàòèñÿ, ùî
ïðèçâîäèòü äî ï³äâèùåííÿ ÷óòëèâîñò³ ÌÏ
äî ³íäóêòîðà ¿ ¿  â ³äêðèâàííÿ � Ñà2+.  Ó
çâ�ÿçêó ç öèì çíèæåíèé âì³ñò H

2
S ïðè ñòà-

ð³íí³ ìîæå áóòè íàñë³äêîì àáî çìåíøåííÿ
åêñïðåñ³ ¿  H

2
S-ñèíòåçó þ÷îãî ôåðìåíòó

öèñòàò³îí³í-γ-ë³àçè, àáî éîãî êàòàë³òè÷íî¿
àêòèâíîñò³. Òàêèì ÷èíîì, çíèæåííÿ âì³ñòó
åíäîãåííîãî ñ³ðêîâîäíþ ñïðè÷èíÿº ï³äâè-
ùåííÿ ïîðîãó ÷óòëèâîñò³ ÌÏ äî êàëüö³þ.

Ïîä³áíèé åôåêò ñïîñòåð³ãëè ó ðàç³ ï³äâè-
ùåííÿ ÷óòëèâîñò³ ÌÏ äî ä³¿ ³íäóêòîðà Ñà2+

çà óìîâ âïëèâó ³íã³á³òîðà êîíñòèòóòèâíî¿
NO-ñèíòàçè L-NAME [6]. Äàí³ ë³òåðàòóðè
âêàçó þòü íà  ìîæëèâó âçàºìîä³þ îáîõ
ãàçîâèõ òðàíñì³òåð³â � NO òà H

2
S,  ùî

ìîæå ìàòè âàæëèâå ô³ç³îëîã³÷íå çíà÷åííÿ.
Òàê, áóëî ïîêàçàíî, ùî H

2
S çäàòíèé ÿê

ïîñèëþâàòè, òàê ³ ïîñëàáëþâàòè äèëàòà-
òîðíó ä³þ NO ó àîðò³ ùóð³â, òîä³ ÿê ñàìå
NO ³íäóêóº âèâ³ëüíåííÿ H

2
S ó ñóäèíàõ

ùóð³â, à òàêîæ ï³äâèùóº åêñïðåñ³þ öèñòà-
ò³îí³í-γ-ë³àçè ó êóëüòóð³ ãëàäåíüêîì�ÿçîâèõ
êë³òèí ñóäèí [17].

Ââàæàþòü, ùî NO òà ïåðîêñèí³òðèò
ìîæóòü âçàºìîä³ÿòè ç  H

2
S,  ôîðìóþ÷è

í³òðîçîò³îëè, ÿê³ ðåãóëþþòü ô³ç³îëîã³÷íó
ä³þ NO òà H

2
S. Âàæëèâî çàçíà÷èòè, ùî

îñòàíí³é çäàòíèé ³íã³áóâàòè ïðîäóêóâàííÿ
NO òà åêñïðåñ³þ ãåíà ³íäóöèáåëüíî¿ NO-
ñèíòàçè ó ìàêðîôàãàõ [26]. Ìåõàí³çì ö³º¿
ä³¿ ùå íå âñòàíîâëåíî, îäíàê â³äîìî, ùî â³í
âêëþ÷àº  åêñïðå ñ ³þ ãåìîêñèãåíàçè  ò à
óòâîðåííÿ ÑÎ. Áóëî òàêîæ ïîêàçàíî, ùî
äîíîð H

2
S, NaHS, äîçîçàëåæíî çíèæóº

àêòèâí³ñòü ³íäóöèáåëüíî¿ NO-ñèíòàçè ÷åðåç
³íã³áóâàííÿ ïðîöåñó ïåðåòâîðåííÿ àðã³í³íó
íà öèòðóë³í [15].

Ðèñ. 6. Çì³íè ÷óòëèâîñò³ ì³òîõîíäð³àëüíî¿ ïîðè äî ³íäóêòîðà ¿¿ â³äêðèâàííÿ � Ñà2+ ó ñåðö³ äîðîñëèõ ùóð³â (à) òà
ñòàðèõ (á) ùóð³â çà óìîâ âïëèâó in vivo ïðîïàðã³ëãë³öèíó: 1 � êîíòðîëü; 2 � ä³ÿ ïðîïàðã³ëãë³öèíó (10-4 ìîëü/êã).
*Ð<0,05 â³äíîñíî êîíòðîëþ
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Îñê³ëüêè ìîëåêóëà  H
2
S ìàº  ñèëüí³

â³äíîâí³ âëàñòèâîñò³, ìè ðîáèìî ïðèïó-
ùåííÿ, ùî ïðîòåêòîðí³ åôåêòè ö³º¿ ìîëåêóëè
ó ô³ç³îëîã³÷íèõ êîíöåíòðàö³ÿõ ìîæóòü áóòè
ïîâ�ÿçàí³ ç çàõèñòîì ò³îëîâèõ ãðóï á³ëê³â,
çîêðåìà îäíîãî ç êîìïîíåíò³â ÌÏ � àäåí³í-
íóêëåîòèäòðàíñëîêàçè, â³ä îêèñíåííÿ (ïðÿ-
ìèé âïëèâ). Îêð³ì òîãî, çàõèñí³ åôåêòè, ÿê³
ñïîñòåð³ãàþòüñÿ ïðè ä³¿ ñ³ðêîâîäíþ íà
ì³òîõîíäð³¿, ìîæóòü áóòè ÷àñòêîâî âèêëè-
êàí³ àêòèâàö³ºþ ì³òîõîíäð³àëüíèõ Ê

ÀÒÔ
-

êàíàë³â (îïîñåðåäêîâàíèé âïëèâ).
Òàêèì ÷èíîì, îòðèìàí³ íàìè ðåçóëüòàòè

ñâ³ä÷èòü ïðî ó÷àñòü ÿê åêçîãåííîãî, òàê ³
åíäîãåííîãî ñ³ðêîâîäíþ ó ìîäóëÿö³¿ çì³í
ïðîíèêíîñò³ ì³òîõîíäð³àëüíèõ ìåìáðàí,
çîêðåìà, ÷åðåç ³íã³áóâàííÿ êàëüö³é³íäóêî-
âàíîãî â³äêðèâàííÿ ÌÏ ó ñåðö³ äîðîñëèõ ³
ñòàðèõ ùóð³â, òîìó H

2
S ìîæå áóòè âàæëè-

âèì ðåãóëÿòîðíèì ôàêòîðîì ó ñåðöåâî-
ñóäèíí³é ñèñòåì³ çà ô³ç³îëîã³÷íèõ òà ïàòî-
ëîã³÷íèõ óìîâ.

ÂÈÑÍÎÂÊÈ

1. Âñòàíîâëåíî äîçîçàëåæíèé âïëèâ äîíîðà
ñ³ðêîâîäíþ NaHS (10-12�10-4 ìîëü/ë) ó áåç-
êàëüö³ºâîìó ñåðåäîâèù³ ùîäî íàáóõàííÿ
ì³òîõîíäð³é ñåðöÿ äîðîñëèõ ³ ñòàðèõ ùóð³â.

2. Äîâåäåíî, ùî NaHS ó ô³ç³îëîã³÷íèõ
êîíöåíòðàö³ÿõ (10-6�5.10-5 ìîëü/ë) ïðèãí³÷óº
êàëüö³é³íäóêîâàíå â³äêðèâàííÿ ÌÏ, ùî
ñâ³ä÷èòü ïðî éîãî ïðîòåêòîðíèé âïëèâ íà
ïîðîóòâîðåííÿ ó ñåðö³ äîðîñëèõ ³ ñòàðèõ
ùóð³â.

3. Ïðå³íêóáàö³ÿ ³çîëüîâàíèõ ì³òîõîíäð³é
ç ³íã³á³òîðîì ì³òîõîíäð³àëüíèõ Ê

ATÔ
-êàíàë³â

5-ã³äðîêñèäåêàíîàòîì (10-4 ìîëü/ë) ñïðè-
÷èíÿº ïîñëàáëåííÿ ïðîòåêòîðíîãî åôåêòó
NaHS (10-5 ìîëü/ë) êàëüö³é³íäóêîâàíîãî
â³äêðèâàííÿ ÌÏ: ÷àñòêîâî çá³ëüøóºòüñÿ
ð³âåíü íàáóõàííÿ ì³òîõîíäð³é ñåðöÿ äîðîñ-
ëèõ ³ ñòàðèõ ùóð³â.

4. Â åêñïåðèìåíòàõ in vivo ïðè îäíîðà-
çîâîìó âíóòð³øíüîî÷åðåâèííîìó ââåäåíí³
ùóðàì ÿê NaHS (10-4 ìîëü/êã), òàê ³ L-öèñ-
òå¿íó (10-3 ìîëü/êã) ïîêàçàíî çìåíøåííÿ

÷óòëèâîñò³ ÌÏ äî ³íäóêòîðà ¿¿ â³äêðèâàííÿ
Ñà2+ ó ñåðö³ äîðîñëèõ ³ ñòàðèõ òâàðèí.

5. Çà óìîâ ³íã³áóâàííÿ in vivo á³îñèíòåçó
ñ³ðêîâîäíþ ïðè îäíîðàçîâîìó âíóòð³øíüî-
î÷åðåâèííîìó ââåäåíí³ ùóðàì ïðîïàðã³ë-
ãë³öèíó (10-4 ìîëü/êã) ñë³ä â³äì³òèòè íåç-
íà÷íå ï³äâèùåííÿ ÷óòëèâîñò³ êàëüö³é³íäó-
êîâàíîãî â³äêðèâàííÿ ÌÏ ó ñåðö³ äîðîñëèõ
òà ñóòòºâå � âíàñë³äîê çìåíøåííÿ íà äâà
ïîðÿäêè ïîðîãîâî¿ êîíöåíòðàö³¿ Ñà2+, ÿêà
ñïðè÷èíÿº íàáóõàííÿ îðãàíåë ó ñòàðèõ
òâàðèí.

Í.À. Ñòðóòèíñêàÿ, Å.Í. Ñåìåíèõèíà,
Ñ.Â. ×åðíàÿ, Ã. Ë. Âàâèëîâà, Â. Ô. Ñàãà÷

ÑÅÐÎÂÎÄÎÐÎÄ  ÓÃÍÅÒÀÅÒ
ÊÀËÜÖÈÉÈÍÄÓÖÈÐÎÂÀÍÍÎÅ
ÎÒÊÐÛÂÀÍÈÅ ÌÈÒÎÕÎÍÄÐÈÀËÜÍÎÉ
ÏÎÐÛ Â ÑÅÐÄÖÅ ÂÇÐÎÑËÛÕ È ÑÒÀÐÛÕ
ÊÐÛÑ

Â îïûòàõ in vivo è in vitro íà ìèòîõîíäðèÿõ, èçîëèðîâàííûõ
èç òêàíè ñåðäöà âçðîñëûõ è ñòàðûõ êðûñ, èññëåäîâàëè
âëèÿíèå äîíîðà ñåðîâîäîðîäà � NàHS, à òàêæå ñóáñòðàòà
åãî áèîñèíòåçà � L-öèñòåèíà, íà ÷óâñòâèòåëüíîñòü
ìèòîõîíäðèàëüíîé ïîðû (ÌÏ) ê åå åñòåñòâåííîìó
èíäóêòîðó Ñà2+. Óñòàíîâëåíà êîíöåíòðàöèîííàÿ çàâè-
ñèìîñòü âëèÿíèÿ NàHS (10-12�10-4 ìîëü/ë) íà íàáóõàíèå
ìèòîõîíäðèé ñåðäöà êðûñ. Ïîêàçàíî, ÷òî â áåcêàëüöèåâîé
ñðåäå ïðè äåéñòâèè äîíîðà ñåðîâîäîðîäà (10-12�10-8 ìîëü/ë)
ïðîèñõîäèëî óìåðåííîå íàáóõàíèå ìèòîõîíäðèé ñåðäöà
êðûñ. NàHS â êîíöåíòðàöèè 10-10 ìîëü/ë âûçûâàë íàáóõàíèå
ìèòîõîíäðèé, èçìåíåíèå ìàêñèìàëüíîé âåëè÷èíû (∆)
êîòîðîãî ñîñòàâëÿëî 11 è 15 % ó âçðîñëûõ è ñòàðûõ êðûñ
ñîîòâåòñòâåííî. Ñïåöèôè÷åñêèé èíãèáèòîð ìèòîõîíä-
ðèàëüíûõ Ê

ÀÒÔ
-êàíàëîâ 5-ãèäðîêñèäåêàíîàò (10-4 ìîëü/ë)

óìåíüøàë íàáóõàíèå ìèòîõîíäðèé â ïðèñóòñòâèè NàHS
(10-10 ìîëü/ë), ÷òî ìîæåò ñâèäåòåëüñòâîâàòü î âêëàäå ýòèõ
êàíàëîâ â êàëüöèéíåçàâèñèìóþ ïðîâîäèìîñòü ìåìáðàí
îðãàíåëë â ñåðäöå. Äîíîð ñåðîâîäîðîäà â ôèçèîëîãè÷åñêèõ
êîíöåíòðàöèÿõ 10-6, 10-5 è 5.10-5 ìîëü/ë èíãèáèðîâàë
êàëüöèéèíäóöèðîâàííîå îòêðûâàíèå ÌÏ, ÷òî ñâèäå-
òåëüñòâóåò î åãî ïðîòåêòîðíîì ïî îòíîøåíèþ ê ïîðî-
îáðàçîâàíèþ ýôôåêòå, êîòîðûé ñîñòàâëÿë 31, 76 è 77 %
ñîîòâåòñòâåííî â ñåðäöå âçðîñëûõ êðûñ. À ó ñòàðûõ
æèâîòíûõ åãî íàáëþäàëè òîëüêî ïðè êîíöåíòðàöèè NàHS
10-5 ìîëü/ë. Òàêèì îáðàçîì, äîíîð ñåðîâîäîðîäà â
äèàïàçîíå èññëåäóåìûõ êîíöåíòðàöèé 10-12�10-4 ìîëü/ë
îêàçûâàë íåîäíîçíà÷íîå âëèÿíèå íà íàáóõàíèå ìèòî-
õîíäðèé: íèçêèå êîíöåíòðàöèè (10-12�10-8 ìîëü/ë) óâåëè-
÷èâàëè åãî, à ôèçèîëîãè÷åñêèå (10-6�5.10-5 ìîëü/ë) � îêà-
çûâàëè ïðîòåêòîðíûé ýôôåêò íà êàëüöèéèíäóöèðîâàííîå
íàáóõàíèå ìèòîõîíäðèé ñåðäöà êðûñ. Ïðåèíêóáàöèÿ

Ñ³ðêîâîäåíü ïðèãí³÷óº êàëüö³é³íäóêîâàíå â³äêðèâàííÿ ì³òîõîíäð³àëüíî¿ ïîðè
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èçîëèðîâàííûõ ìèòîõîíäðèé ñ 5-ãèäðîêñèäåêàíîàòîì (10-4

ìîëü/ë) óìåíüøàëà çàùèòíûé ýôôåêò NàHS (10-5 ìîëü/ë)
íà êàëüöèéèíäóöèðîâàííîå îòêðûâàíèå ÌÏ, ÷òî ñâèäå-
òåëüñòâóåò î âîçìîæíîì ó÷àñòèè ìèòîõîíäðèàëüíûõ Ê

ÀÒÔ
-

êàíàëîâ â çàâèñèìîì îò ñåðîâîäîðîäà èíãèáèðîâàíèè
ïîðîîáðàçîâàíèÿ â ñåðäöå êðûñ. Â ýêñïåðèìåíòàõ in vivo
ïðè îäíîðàçîâîì âíóòðèáðþøèííîì ââåäåíèè êàê NàHS
(10-4 ìîëü/êã), òàê è L-öèñòåèíà (10-3 ìîëü/êã) ïîêàçàíî
óìåíüøåíèå ÷óâñòâèòåëüíîñòè ÌÏ ê èíäóêòîðó Ñà2+ â
ñåðäöå âçðîñëûõ è ñòàðûõ êðûñ. L-öèñòåèí ïî ñðàâíåíèþ ñ
NàHS îêàçàëñÿ áîëåå ýôôåêòèâíûì îòíîñèòåëüíî ïðåäóï-
ðåæäåíèÿ êàëüöèéèíäóöèðîâàííîãî îòêðûâàíèÿ ÌÏ:
íàáëþäàëè óâåëè÷åíèå íà ïîðÿäîê êîíöåíòðàöèè Ñà2+,
êîòîðàÿ âûçûâàëà íàáóõàíèå ìèòîõîíäðèé â ñåðäöå
æèâîòíûõ. Â îïûòàõ in vivo ïðè èñïîëüçîâàíèè ñïåöè-
ôè÷åñêîãî áëîêàòîðà ôåðìåíòà öèñòàòèîíèí-γ-ëèàçû �
ïðîïàðãèëãëèöèíà (10-4 ìîëü/êã), ó÷àñòâóþùåãî â áèî-
ñèíòåçå ñåðîâîäîðîäà, íàáëþäàëè çíà÷èòåëüíîå óâåëè÷åíèå
÷óâñòâèòåëüíîñòè ÌÏ ê èíäóêòîðó Ñà2+ âñëåäñòâèå
óìåíüøåíèÿ íà äâà ïîðÿäêà ïîðîãîâîé åãî êîíöåíòðàöèè,
âûçûâàþùåé íàáóõàíèå îðãàíåëë. Ïîêàçàíà ïðè÷àñòíîñòü
ýíäîãåííîãî ñåðîâîäîðîäà ê ðåãóëÿöèè ïîðîîáðàçîâàíèÿ
â ñåðäöå. Òàêèì îáðàçîì, ðåçóëüòàòû èññëåäîâàíèé
ñâèäåòåëüñòâóþò îá ó÷àñòèè ñåðîâîäîðîäà â ìîäóëÿöèè
èçìåíåíèé ïðîíèöàåìîñòè ìèòîõîíäðèàëüíûõ ìåìáðàí, ÷òî
ìîæåò áûòü âàæíûì ðåãóëÿòîðíûì ôàêòîðîì â ðàçâèòèè
ñåðäå÷íî-ñîñóäèñòûõ çàáîëåâàíèé.
Êëþ÷åâûå ñëîâà: ñåðîâîäîðîä, L-öèñòåèí, ìèòîõîíäðèàëü-
íàÿ ïîðà, ñåðäöå, ñòàðåíèå, êðûñû.

N.A. Strutynska, O.M. Semenykhina,
S.V. Chorna, G.L.Vavilova, V.F. Sagach

HYDROGEN SULFIDE INHIBITS
Cà2+-INDUCED MITOCHONDRIAL
PERMEABILITY TRANSITION PORE
OPENING IN ADULT AND OLD RAT HEART

In experiments in vivo and in vitro on the mitochondria iso-
lated from adult and old rat hearts, we studied the effects of a
donor of hydrogen sulfide (H

2
S), NaHS, and H

2
S biosynthesis

substrate, L-cysteine, on the sensitivity of the mitochondrial
permeability transition pore (mPTP) opening to its natural
inductor, Ca2+. We found that NaHS (10-12 to 10-4 mol/l) influ-
enced mitochondrial swelling  in a concentration-dependent
manner. It was also demonstrated that the addition of NaHS
(10-12 to 10-8 mol/l) to the calcium-free medium resulted in
moderate a swelling of mitochondria from both adult and old
rat hearts. At 10-10 mol/l NaHS, the maximal values of the
mitochondrial swelling observed in both adult and old hearts
were 11 and 15 ,%, respectively. A specific inhibitor of K

ATP
-

channels, 5-hydroxydecanoate (5-HD; 10-4 mol/l) decreased
the mitochondrial swelling in the presence of NaHS (10-10 mol/
l), which can be indicative of the contribution of these channels
to the calcium-independent conductance of the mitochondrial
membranes in the rat hearts. The H

2
S donor NaHS used in

physiological concentrations (10-6, 10-5 and 5 10-5 mol/l) exer-
ted the inhibiting effect on the Ca2+-induced mPTP opening in
adult hearts (corresponding values of such effect were 31, 76,
and 77%, respectively), while in old hearts the protector ef-
fect of NaHS was observed only at its concentration of 10-5

mol/l. Therefore, the donor of H
2
S used in the tested

concentrations (10-12 to 10-4 mol/l) exerted ambiguous effect
on the mitochondrial swelling: low concentrations of NaHS
(10-12 to 10-8 mol/l) increased the mitochondrial swelling, while
its physiological concentrations (10-6 to 5 10-5 mol/l) exerted
the protective effect on Ca2+-induced mitochondrial swelling
in adult and old hearts. Pre-incubation of isolated mitochon-
dria with 5-HD (10-4 mol/l) resulted in a decrease in the protec-
tive effect evoked by NaHS (10-5 mol/l) on  Ca2+-induced mPTP
opening, which is indicative of the possible involvement of
mitochondrial K

ATP
-channels in the H

2
S-dependent inhibition

of mPTP formation in both adult and old rat hearts. In experi-
ments in vivo, single intraperitoneal injections of both NaHS
(10-4 mol/kg) and L-cysteine ((10-3 mol/kg) resulted in a de-
crease in the sensitivity of mPTP to its inductor Ca2+ in adult
and old rat hearts. The action of L-cysteine, as compared with
that of NaHS, was more effective in prevention of Ca2+-in-
duced mitochondrial swelling. We observed a rise in Ca2+

concentration by one order of magnitude, which evoked the
mitochondrial swelling in adult and old hearts. In experiments
in vivo in which we used a specific blocker of cystathionine-g-
lyase, propargylglycine (10-4 mol/kg) that is involved in the
synthesis of H

2
S, we observed an increase in the sensitivity of

mPTP opening in old hearts because of a decrease in the thresh-
old Ca2+ concentration required for mitochondrial swelling by
two orders of magnitude. We demonstrate the involvement of
endogenous H

2
S in the control of mPTP formation in adult and

old hearts. Our studies are indicative of the involvement of
H

2
S in modulation of changes in the permeability of mitochon-

drial membranes, which can be an important regulatory factor
in the development of cardiovascular diseases.
Keywords: hydrogen sulfide, L-cysteine, mitochondrial per-
meability transition pore, heart, aging, rats.
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