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Ìåòàáîë³çì àêòèâíèõ ôîðì àçîòó òà êèñíþ
â ì³òîõîíäð³ÿõ ì³îêàðäà ùóð³â
çà óìîâ ââåäåííÿ äîíîðà îêñèäó àçîòó

Ïðîàíàë³çîâàíî îñîáëèâîñò³ ìåòàáîë³çìó àêòèâíèõ ôîðì àçîòó òà êèñíþ (ÀÔÀ é ÀÔÊ
â³äïîâ³äíî) â ì³òîõîíäð³ÿõ ì³îêàðäà ùóð³â çà óìîâ ââåäåííÿ ð³çíèõ äîç í³òðîãë³öåðèíó (ÍÃ).
Ïîêàçàíî, ùî ââåäåííÿ ÍÃ äîçîçàëåæíî çá³ëüøóº êàëüö³ºâó ºìí³ñòü ì³òîõîíäð³é, âíàñë³äîê
³íã³áóâàííÿ ì³òîõîíäð³àëüíî¿ ïîðè (ÌÏ) ³n vivo, ÿêå êîðåëþº ç àêòèâàö³ºþ ì³òîõîíäð³àëüíî¿
êàëüö³éçàëåæíî¿ ³çîôîðìè NO-ñèíòàçè. Ç³ çá³ëüøåííÿì äîçè ÍÃ àêòèâí³ñòü NO-ñèíòàçè
ï³äâèùóºòüñÿ â³äïîâ³äíî äî çá³ëüøåííÿ êàëüö³ºâî¿ ºìíîñò³ ì³òîõîíäð³é. Ñïîñòåð³ãàºòüñÿ
òàêîæ äîçîçàëåæíà àêòèâàö³ÿ í³òðàòðåäóêòàçè, ïðîòå ê³ëüê³ñòü óòâîðþâàíîãî í³òðèò-
àí³îíà (NO

2
-) çìåíøóºòüñÿ, ùî â³äïîâ³äàº çì³í³ ñï³ââ³äíîøåíÿ NO

2
-/NO

3
- â á³ê NO

3
-, ê³íöåâîãî

ïðîäóêòó ïåðåòâîðåíü NO. Ñï³ââ³äíîøåííÿ ì³æ í³òðîçèëþâàííÿì ì³òîõîíäð³àëüíèõ á³ëê³â ç
óòâîðåííÿì í³òðîçîò³îë³â ³ âèõîäîì NO

3
- òàêîæ çì³íþºòüñÿ íà êîðèñòü îñòàííüîãî, ùî

ñâ³ä÷èòü ïðî ïîñèëåííÿ îêèñíèõ ïðîöåñ³â ó ì³òîõîíäð³ÿõ ì³îêàðäà ï³ñëÿ ââåäåííÿ ÍÃ. Ïîêàçàíî
äîçîçàëåæíå çá³ëüøåííÿ ïðîäóêò³â ïåðåêèñíîãî îêèñíåííÿ ë³ï³ä³â, ìàðêåðà îêñèäàòèâíèõ
óøêîäæåíü ì³òîõîíäð³àëüíèõ ìåìáðàí. Âñòàíîâëåíî, ùî ï³ä´ðóíòÿì îêñèäàòèâíîãî ñòðåñó º
çðîñòàííÿ ïðîäóêö³¿ ÀÔÊ (ã³äðîêñèë-ðàäèêàëà òà ì³òîõîíäð³àëüíîãî ïóëó Í

2
Î

2
), à òàêîæ

çá³ëüøåííÿ âì³ñòó â³ëüíîãî çàë³çà, äæåðåëîì ÿêîãî ìîæå áóòè îêèñíà äåãðàäàö³ÿ
ì³òîõîíäð³àëüíèõ çàë³çîâì³ñíèõ á³ëê³â. Âçàºìîä³ÿ çàë³çà ç ã³äðîïåðîêñèäîì çà ðåàêö³ºþ Ôåíòîíà
ç óòâîðåííÿì ã³äðîêñèë-ðàäèêàëà òà â³ëüíîðàäèêàëüíèé ðîçïàä ïåðîêñèí³òðèòó, äæåðåëîì
ÿêîãî º NO

3
-, º â³ðîã³äíîþ ïðè÷èíîþ áàãàòîðàçîâîãî ïîñèëåííÿ ïðîäóêö³¿ ÀÔÊ, ï³äâèùåííÿ

ïåðåêèñíîãî îêèñíåííÿ ë³ï³ä³â òà îêèñíåííÿ ïóë³â NO. Áëîêóâàííÿ ÌÏ îêñèäîì àçîòó, â òîìó
÷èñë³ é ñèíòåçîâàíèì â ì³òîõîíäð³ÿõ in vivo, àêòèâóº îáèäâ³ ëàíêè öèêëó NO � NO-ñèíòàçíî¿
âíàñë³äîê êàëüö³éçàëåæíî¿ àêòèâàö³¿ ì³òîõîíäð³àëüíî¿ NO-ñèíòàçè òà í³òðàòðåäóêòàçíî¿ �
âíàñë³äîê çá³ëüøåííÿ ïóë³â NO

3
-. Çðîñòàííÿ ïðîäóêö³¿ ÀÔÊ, ÿêå áàãàòîðàçîâî ïîñèëþºòüñÿ

÷åðåç âèâ³ëüíåííÿ çàë³çà, ïðèçâîäèòü äî îêñèäàòèâíîãî ñòðåñó ì³òîõîíäð³é òà çñóâó
ìåòàáîë³çìó ÀÔÀ â á³ê óòâîðåííÿ NO

3
- � ê³íöåâîãî ïðîäóêòó ïåðåòâîðåíü îêñèäó àçîòó, ïîïðè

àêòèâàö³þ í³òðàòðåäóêòàçíî¿ ëàíêè öèêëó NO. Ïîêàçàíî, ùî â³äêðèâàííÿ ÌÏ çà óìîâ in vitro
òàêîæ çìåíøóº ïðîäóêö³þ ÀÔÊ, òîä³ ÿê ¿¿ áëîêóâàííÿ öèêëîñïîðèíîì À â³äíîâëþº óòâîðåííÿ
ÀÔÊ äî êîíòðîëüíèõ çíà÷åíü. Îäåðæàí³ ðåçóëüòàòè ñâ³ä÷àòü, ùî ÌÏ, â³äêðèâàííÿ ÿêî¿
ïîïåðåäæàº ã³ïåðïðîäóêö³þ ÀÔÊ çà óìîâ in vitro òà in vivo, º âàæëèâîþ ëàíêîþ ðåãóëÿö³¿
ìåòàáîë³çìó ÀÔÊ ³ ÀÔÀ â ì³òîõîíäð³ÿõ.
Êëþ÷îâ³ ñëîâà: àêòèâí³ ôîðìè àçîòó òà êèñíþ, í³òðîãë³öåðèí, êàëüö³é, ì³òîõîíäð³àëüíà ïîðà,
ì³òîõîíäð³¿ ì³îêàðäà.

ÂÑÒÓÏ

Äîâåäåíî, ùî îêñèä àçîòó (NO) º îäíèì ³ç
óí³âåðñàëüíèõ ðåãóëÿòîð³â ô³ç³îëîã³÷íèõ
ôóíêö³é îðãàí³çìó ç íàäçâè÷àéíî øèðîêèì
ñïåêòðîì ô³ç³îëîã³÷íî¿ ä³¿. Çì³íè åêñïðåñ³¿

ð³çíèõ ³çîôîðì NO-ñèíòàçè (NOS), íåñòà÷à
àáî ã³ïåðïðîäóêö³ÿ NO, ÿê³ â³äì³÷àþòüñÿ çà
ïàòîëîã³÷íèõ ñòàí³â, ïðèçâîäÿòü äî çíà÷íî-
ãî äèñáàëàíñó âì³ñòó àêòèâíèõ ôîðì àçîòó
òà êèñíþ (ÀÔÀ ³ ÀÔÊ) â îðãàí³çì³ ³, â³ä-
ïîâ³äíî, � äî ïîðóøåííÿ NO-çàëåæíèõ
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ìåõàí³çì³â ðåãóëÿö³¿ êðîâîîá³ãó òà ðîáîòè
ñåðöÿ [24].

Íàéá³ëüø äåòàëüíî äîñë³äæåíèì º ìå-
õàí³çì âàçîäèëàòàòîðíî¿ ä³¿ NO, ùî çä³éñ-
íþºòüñÿ ÿê öÃÌÔ-çàëåæíèì øëÿõîì [24],
òàê ³ áåçïîñåðåäíüî çà äîïîìîãîþ ìîäó-
ëÿö³¿ îêèñíî-â³äíîâíîãî ñòàíó êë³òèííèõ ò³î-
ë³â [5], ó òîìó ÷èñë³ é òèõ, ùî âõîäÿòü äî
ñêëàäó àêòèâíèõ öåíòð³â àáî ðåãóëÿòîðíèõ
ñàéò³â ³îííèõ êàíàë³â ³ ôåðìåíò³â, ùî â³ä³ã-
ðàþòü âàæëèâó ðîëü ó ðåãóëÿö³¿ òîíóñó ñó-
äèí. Â³äîìî, ùî öÃÌÔ-çàëåæíèé ìåõàí³çì
âàçîäèëàòàòîðíîãî åôåêòó NO ´ðóíòóºòüñÿ
íà çíèæåíí³ âì³ñòó öèòîçîëüíîãî Ñà2+ çà
äîïîìîãîþ â³äïîâ³äíî¿ ä³¿ íà êàëüö³éòðàíñ-
ïîðòí³ ñèñòåìè êë³òèíè: êàëüö³ºâ³ êàíàëè
ïëàçìàòè÷íî¿  ìåìáðàíè,  Ñà 2+-ÀÒÔàçó
ñàðêîïëàçìàòè÷íîãî ðåòèêóëóìà [7], ³ íàâ³òü,
ÿê íåùîäàâíî ïîêàçàíî íàìè, Na+,  K+-
ÀÒÔàçó àîðòè [2], àêòèâàö³ÿ ÿêî¿, ÿê â³äîìî,
ïðèçâîäèòü äî ã³ïåðïîëÿðèçàö³¿ êë³òèí, áëî-
êóº âõ³ä Ñà2+ ÷åðåç ïîòåíö³àëçàëåæí³ êàëü-
ö³ºâ³ êàíàëè òà ï³äòðèìóº ðîáîòó Na+�Ca2+-
îáì³ííèêà ó ïðÿìîìó íàïðÿì³ � âèäàëåííÿ
Ñà2+ â îáì³í íà âõ³ä ³îí³â Na+ [13]. Â³äíîñíî
ìåíø äîñë³äæåíîþ çàëèøàºòüñÿ ì³òîõîíä-
ð³àëüíà êàëüö³éòðàíñïîðòíà ñèñòåìà ÿê ì³-
øåíü ä³¿ NO, ÿêà âèêîíóº âàæëèâ³ ô³ç³îëî-
ã³÷í³ ôóíêö³¿, îäíà ç ÿêèõ � ðåãóëÿö³ÿ êàëü-
ö³ºâîãî ãîìåîñòàçó êë³òèíè òà ì³òîõîíäð³é
çîêðåìà. Òàê, â³äîìî, ùî âì³ñò öèòîçîëü-
íîãî Ñà2+ çíà÷íîþ ì³ðîþ çàëåæèòü â³ä êàëü-
ö³ºâî¿ ºìíîñò³ ì³òîõîíäð³é òà ¿õ çäàòíîñò³
äî íàêîïè÷åííÿ Ñà2+. Ì³òîõîíäð³àëüíà ñèñ-
òåìà òðàíñìåìáðàííîãî îáì³íó Ñà2+ âêëþ-
÷àº Ñà2+-óí³ïîðòåð, ì³òîõîíäð³àëüí³ Ñà2+�
Í+- òà Na+�Ca2+-îáì³ííèêè, ð³àíîäèíîâ³
ðåöåïòîðè, à òàêîæ ì³òîõîíäð³àëüíó ïîðó
(ÌÏ), â³äêðèâàííÿ ÿêî¿ çà óìîâ íàäëèøêî-
âîãî âõîäó Ñà2+ ï³äâèùóº öèòîçîëüíèé âì³ñò
Ñà2+, ïîñèëþº ì³òîõîíäð³àëüíó äåïîëÿðè-
çàö³þ, ðîç�ºäíóº äèõàëüíèé ëàíöþã, çìåí-
øóº ïðîäóêö³þ àäåíîçèíòðèôîñôàòó (ÀÒÔ),
ïðèçâîäèòü  äî  íàáó õàííÿ  ìàòðèêñó  é
âèâ³ëüíåííÿ öèòîõðîìó ñ, íàñë³äêîì ÷îãî º
³íäóêö³ÿ êë³òèííîãî àïîïòîçó é ÷èñëåííèõ
ïàòîëîã³÷íèõ ñòàí³â îðãàí³çìó [7, 16, 30].

Çà óìîâ ô³ç³îëîã³÷íî¿ íîðìè êàëüö³é-
òðàíñïîðòíà ñèñòåìà ì³òîõîíäð³é âèêîíóº
íèçêó ðåãóëÿòîðíèõ ôóíêö³é ùîäî åíåðãå-
òè÷íîãî ñòàíó ì³òîõîíäð³é, ñåðåä ÿêèõ
àêòèâàö³ÿ ì³òîõîíäð³àëüíèõ äåã³äðîãåíàç,
ñïîæèâàííÿ êèñíþ [18], ñèñòåìè îêèñíîãî
ôîñôîðèëþâàííÿ òà ñèíòåçó ÀÒÔ [16].
Êàëüö³éçàëåæíîþ º òàêîæ ì³òîõîíäð³àëüíà
³çîôîðìà NOS (ì³òîNOS) ³, òàêèì ÷èíîì,
ì³òîõîíäð³àëüíèé ãîìåîñòàç Ñà2+ º ìîäóëÿ-
òîðîì àêòèâíîñò³ ì³òîNOS òà ì³òîõîíä-
ð³àëüíîãî ñèíòåçó NO [8, 14]. Â³äîìî, ùî
NO � ïðîäóêò îêèñíîãî ïåðåòâîðåííÿ L-àð-
ã³í³íó êîíñòèòóòèâíèìè òà íåêîíñòèòóòèâ-
íîþ ³çîôîðìàìè NOS, íàäàë³ çàçíàº îêèñíî-
â³äíîâíèõ ïåðåòâîðåíü ôåðìåíòàòèâíèì ³
íåôåðìåíòàòèâíèì øëÿõîì, ç íàñòóïíèì
â³äíîâëåííÿì NO [8]. Îñíîâíèìè ëàíêàìè
öèêëó ïåðåòâîðåíü NO º í³òðîçèëþâàííÿ
á³ëê³â ç óòâîðåííÿì S-í³òðîçîò³îë³â, îêèñ-
íåííÿ NO äî NO

2
- òà NO

3
-, ðîçêëàä í³òðîçî-

ò³îë³â, ùî êàòàë³çóºòüñÿ âàæêèìè ìåòàëàìè
(Fe, Cu òîùî), à òàêîæ â³äíîâëåííÿ NO

2
-òà

NO
3

- í³òðàò- òà í³òðèòðåäóêòàçàìè â³äïî-
â³äíî [5, 8]. Ââàæàþòü, ùî í³òðîçîò³îëè º
îäí³ºþ ç ôîðì äåïîíóâàííÿ NO òà âàæëè-
âèì éîãî äæåðåëîì çà ô³ç³îëîã³÷íèõ óìîâ
[5]. Îòæå, êë³òèííèé âì³ñò NO òà éîãî ô³-
ç³îëîã³÷íà ä³ÿ º ðåçóëüòóþ÷îþ ùîíàéìåíøå
òðüîõ îñíîâíèõ ñêëàäîâèõ: âëàñíå NO-ñèí-
òàçíî¿ àêòèâíîñò³, í³òðàò- òà í³òðèòðåäóê-
òàçíî¿ àêòèâíîñò³ à òàêîæ íàÿâíîñò³ äîñ-
òàòíüîãî ïóëó äåïîíîâàíîãî NO. Îñòàíí³ì
÷àñîì ïîøèðþºòüñÿ êîíöåïö³ÿ, çã³äíî ç
ÿêîþ âàæëèâèì ÷èííèêîì ô³ç³îëîã³÷íî¿ ä³¿
îêñèäó àçîòó º êîìïàðòìåíòàë³çàö³ÿ éîãî
êë³òèííèõ ïóë³â ,  âíàñë³äîê ÷îãî âîíà
âèçíà÷àºòüñÿ ëîêàë³çàö³ºþ ÿê ñàéò³â áåçïî-
ñåðåäíüîãî óòâîðåííÿ, òàê ³ ñàéò³â-ì³øåíåé
NO. Ó òàêîìó ðàêóðñ³ çíà÷íó óâàãó ïðèâåð-
òàþòü ì³òîõîíäð³¿ ÿê ëàíêà ñèñòåìè ïåðåò-
âîðåíü NO òà éîãî ïîõ³äíèõ, ÀÔÀ [8]. Â³-
äîìî, ùî NO ì³òîõîíäð³àëüíîãî ïîõîäæåí-
íÿ ìîæå â³ä³ãðàâàòè íåîäíîçíà÷íó ðîëü ó
ðåãóëÿö³¿ ì³òîõîíäð³àëüíèõ ôóíêö³é: ïðèãí³-
÷óâàòè â³äêðèâàííÿ ÌÏ [1], ïðîòå ñòèìó-
ëþâàòè ïðîäóêö³þ ÀÔÊ âíàñë³äîê ³íã³áó-

Ìåòàáîë³çì àêòèâíèõ ôîðì àçîòó òà êèñíþ
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âàííÿ öèòîõðîìîêñèäàçè òà áëîêóâàííÿ
òðàíñïîðòó åëåêòðîí³â [12], ùî çá³ëüøóº
âèõ³ä ÀÔÊ ÿê ïîá³÷íèõ ³ ïðîì³æíèõ ïðîäóê-
ò³â ðåäîêñ-ðåàêö³é äèõàëüíîãî ëàíöþãà [25].

Õî÷à ì³òîõîíäð³¿ º âàæëèâèì åëåìåíòîì
ñèñòåìè ïåðåòâîðåíü NO (îêð³ì âëàñíî¿
NO-ñèíòàçíî¿ àêòèâíîñò³ â ì³òîõîíäð³ÿõ
íàÿâíà òàêîæ í³òðàòðåäóêòàçíà ëàíêà öèêëó
NO), ¿¿ äîñë³äæåííÿ ò³ëüêè ðîçïî÷èíàºòüñÿ
[7]. ª ï³äñòàâè ïðèïóñêàòè, ùî ô³ç³îëîã³÷íà
ä³ÿ  äîíîð³â NO íà ð³âí³ ì³òîõîíäð³é, ÿêà º
ñêëàäîâîþ öèòîïðîòåêòîðíèõ åôåêò³â
îêñèäó àçîòó, ìîæå áóòè îïîñåðåäêîâàíà íå
ò³ëüêè âëàñíå ì³òîõîíäð³àëüíèì ìåòàáî-
ë³çìîì ïîõ³äíèõ àçîòó òà êèñíþ, àëå é
âçàºìîä³ºþ ïóë³â ÀÔÀ é ÀÔÊ. Öå ïèòàííÿ
íåäîñòàòíüî âèñâ³òëåíî ó ñó÷àñí³é ë³òåðà-
òóð³. Ìàéæå ïîâç óâàãó äîñë³äíèê³â ïðîé-
øëà òàêîæ çàëåæí³ñòü ì³òîõîíäð³àëüíî¿
ïðîäóêö³¿ ÀÔÀ é ÀÔÊ, ÿêà âèçíà÷àºòüñÿ
êàëüö³éçàëåæíèìè ôåðìåíòàìè, ì³òîNOS ³
äåã³äðîãåíàçàìè, à òàêîæ êîìïëåêñàìè
äèõàëüíîãî ëàíöþãà â³ä ì³òîõîíäð³àëüíîãî
ãîìåîñòàçó Ñà2+.

Îòæå, âèâ÷åííÿ âïëèâó NO íà êàëüö³é-
òðàíñïîðòíó ñèñòåìó ì³òîõîíäð³é ÿê ðå-
ãóëÿòîðíèé ÷èííèê ì³òîõîíäð³àëüíîãî
ìåòàáîë³çìó ÀÔÀ ó ñèñòåì³ ïåðåòâîðåíü
NO º íåîáõ³äíèì äëÿ ãëèáøîãî ðîçóì³ííÿ
ï³ä´ðóíòÿ êàðä³îïðîòåêòîðíèõ ìåõàí³çì³â ä³¿
ôàðìàêîëîã³÷íèõ äîíîð³â NO.

Ìåòîþ ö³º¿ ðîáîòè áóëî äîñë³äèòè âïëèâ
åêçîãåííîãî NO íà àêóìóëÿö³þ Ñà2+ â
ì³òîõîíäð³ÿõ çà äîïîìîãîþ ââåäåííÿ ð³çíèõ
äîç ôàðìàêîëîã³÷íîãî äîíîðà NO í³òðîãë³-
öåðèíó, à òàêîæ ç�ÿñóâàòè îñîáëèâîñò³
ìåòàáîë³çìó ÀÔÀ é ÀÔÊ ó ì³òîõîíäð³ÿõ
ì³îêàðäà ùóð³â, ïîâ�ÿçàí³ ç NO-çàëåæíîþ
ðåãóëÿö³ºþ êàëüö³ºâîãî ãîìåîñòàçó ì³òî-
õîíäð³é.

ÌÅÒÎÄÈÊÀ

Äîñë³äè ïðîâåäåíî íà á³ëèõ ùóðàõ ë³í³¿
Â³ñòàð ìàñîþ 200�250 ã. Äîñë³äíèì ùóðàì
ââîäèëè í³òðîãë³öåðèí (ÍÃ) âíóòð³øíüîî÷å-

ðåâèííî ó äîçàõ 0,25, 0,5, 1,0 i 1,5 ìã/êã, à
êîíòðîëüíèì � ô³ç³îëîã³÷íèé ðîç÷èí. Cåðöÿ,
âèäàëåí³ ÷åðåç 5 àáî 30 õâ ï³ñëÿ ââåäåííÿ
ÍÃ ðåòåëüíî ïðîìèâàëè îõîëîäæåíèì 0,9%-
ì ðîç÷èíîì ÊCl (2 °Ñ ), ïîäð³áíþâàëè ³
ãîìîãåí³çóâàëè ó  10-êðàòíîìó îá�ºì³
ñåðåäîâèùà: 250 ììîëü/ë ñàõàðîçè, 20
ìîëü/ë òð³ñ-HCl-áóôåðà, 1 ììîëü/ë ÅÄÒÀ;
ðÍ 7,4.

Äëÿ âèä³ëåííÿ ì³òîõîíäð³é ãîìîãåíàò
öåíòðèôóãóâàëè 7 õâ ïðè 700 g (4 °Ñ), ï³ñëÿ
÷îãî ñóïåðíàòàíò öåíòðèôóãóâàëè 15 õâ ïðè
11000  g  (4  °Ñ) .  Îñàä  ñóñïåíäóâàëè ó
íåâåëèêîìó îá�ºì³ ñåðåäîâèùà áåç äîäà-
âàííÿ ÅÄÒÀ ³ çáåð³ãàëè ïðè 4 °Ñ. Âì³ñò
á³ëêà âèçíà÷àëè çà ìåòîäîì Ëîóð³.

Òðàíñïîðò êàëüö³þ ðåºñòðóâàëè ñïåêò-
ðîôîòîìåòðè÷íî ïðè äîâæèí³ õâèë³ 654 íì
çà íàÿâíîñò³ 70 ìêìîëü/ë àðñåíàçî-²²². Äëÿ
ðåºñòðàö³¿  òðàíñïîðòó Ñà2+ ì³òîõîíäð³¿
âíîñèëè ó ñòàíäàðòíå ñåðåäîâèùå ³íêóáàö³¿
(ììîëü/ë): ÊCl � 120, ÊÍ

2
ÐÎ

4
 � 1, Na

2
-ÀÒÔ �

1, MgCl
2
 � 1, ÑàCl

2
 � 0,1, òð³ñ-ÍCl áóôåð �

20; ðÍ 7,4. Êàëüö³ºâó ºìí³ñòü âèçíà÷àëè ÿê
ìàêñèìàëüíó ê³ëüê³ñòü êàëüö³þ, àêóìóëüî-
âàíó ó ì³òîõîíäð³ÿõ ³ âèðàæàëè ó íàíîìîëÿõ
Ñà2+ íà 1 ìã á³ëêà. Ôóíêö³îíàëüíó àêòèâ-
í³ñòü ÌÏ çà ä³ ¿  ÍÃ îö³íþâàëè ó òîìó
ñàìîìó ñåðåäîâèù³ ³íêóáàö³¿ çà öèêëîñïî-
ðèí÷óòëèâèì âèõîäîì Ñà2+ ï³ñëÿ íàêîïè-
÷åííÿ  äîáàâêè  30  íìîëü ·ìã -1 Ñà 2+ òà
áëîêóâàííÿ Ñà2+-óí³ïîðòåðà ðóòåí³ºâèì
÷åðâîíèì ó êîíöåíòðàö³¿ 10-5 ìîëü/ë, ÿê
îïèñàíî íàìè ðàí³øå [1] ³  âèðàæàëè ó
â³äñîòêàõ ³íã³áóâàííÿ â³äíîñíî êîíòðîëþ,
áåç öèêëîñïîðèíó À. Ì³òîõîíäð³¿ âíîñèëè ó
ê³ëüêîñò³ 0,3 ìã/ìë.

Ìåìáðàííèé ïîòåíö³àë ðåºñòðóâàëè ó
ñòàíäàðòíîìó ñåðåäîâèù³ ³íêóáàö³¿ çà çì³-
íîþ â³äíîñíîãî çíà÷åííÿ ñâ³òëîïîãëèíàííÿ
ñóñïåíç³¿ ì³òîõîíäð³é (1 ìã/ìë) ïðè äîâæèí³
õâèëü 510 òà 525 íì çà ìåòîäîì Àêåðìàíà
çà íàÿâíîñò³ 10 ìêìîëü/ë ñàôðàí³íó [9].

Óòâîðåííÿ ÀÔÊ ðåºñòðóâàëè çà çì³íîþ
ôëóîðåñöåíö³¿ äèõëîðîôëóîðåñöå¿íó ïðè
äîâæèí³ õâèëü çáóäæåííÿ òà åì³ñ³¿ 504 òà

Î.Â. Àêîïîâà, Þ.Ï. Êîðêà÷, À.Â. Êîöþðóáà, Ë.². Êîë÷èíñüêà, Â.Ô. Ñàãà÷
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525 íì â³äïîâ³äíî, ï³ñëÿ ïîïåðåäíüîãî
íàâàíòàæåííÿ ñóñïåíç³¿ ì³òîõîíäð³é 200
ìêìîëü/ë çîíäà ïðîòÿãîì 30 õâ ïðè 37 °Ñ
[28]. Ñåðåäîâèùå ³íêóáàö³¿ (ììîëü/ë): ÊCl �
120, ÊÍ

2
ÐÎ

4
 � 1, ñóêöèíàò Na � 5, ÑàCl

2
 �

0,015, òð³ñ-ÍCl áóôåð � 20; ðÍ 7,4; âì³ñò
á³ëêà 1 ìã/ìë.

Êîíöåíòðàö³þ ñòàá³ëüíèõ ìåòàáîë³ò³â
NO, NO

2
- òà S-í³òðîçîò³îë³â âèçíà÷àëè

ñïåêòðîôîòîìåòðè÷íèì ìåòîäîì Ãð³íà
[20], âì³ñò NO

3
- � áðóöèíîâèì ìåòîäîì [6].

Àêòèâí³ñòü ì³òîNOS îö³íþâàëè çà çì³-
íîþ âì³ñòó L-öèòðóë³íó, ïðîäóêòó ôåðìåí-
òàòèâíîãî ïåðåòâîðåííÿ L-àðã³í³íó NOS ó
ðîçðàõóíêó íà 1 ìã á³ëêà [15].

Àêòèâí³ñòü ÍÀÄH-çàëåæíî¿ í³òðàòðå-
äóêòàçè [4] âèçíà÷àëè çà çì³íîþ âì³ñòó í³ò-
ðàò-àí³îíà â ³íêóáàö³éí³é ñóì³ø³ òàêîãî
ñêëàäó: 4 ììîëü/ë NaNO

3
, 0,8 ììîëü/ë

ÍÀÄH, â 0,1 ìîëü/ë ôîñôàòíîìó áóôåð³ (ðÍ
7,0), 1�2 ìã á³ëêà. Ï³ñëÿ 60 õâ ³íêóáàö³¿ (37
°Ñ) ðåàêö³þ çóïèíÿëè äîäàâàííÿì 0,3 ìë
2 í HClO

4
. Ó êîíòðîëüíèõ ïðîáàõ HClO

4

âíîñèëè ïåðåä ³íêóáàö³ºþ. Ï³ñëÿ öåíòðè-
ôóãóâàííÿ 10 õâ ïðè 700 g ó ñóïåðíàòàíò³
âèçíà÷àëè âì³ñò í³òðàò-àí³îíà [6]. Àêòèâ-
í³ñòü âèðàæàëè çà ê³ëüê³ñòþ â³äíîâëåíîãî
í³òðàòó çà 1 ãîä íà 1 ìã á³ëêà.

Âì³ñò ïåðîêñèäó âîäíþ (Í
2
Î

2
) ðîçðà-

õîâóâàëè ñïåêòðîôîòîìåòðè÷íî ó KJ/ëàêòî-
ïåðîêñèäàçí³é ñèñòåì³ ó 0,05 ìîëü/ë ôîñ-
ôàòíîìó áóôåð³ (ðÍ 7,33) ïðè äîâæèí³ õâèë³
353 íì, âèêîðèñòîâóþ÷è êîåô³ö³ºíò ìîëÿð-
íîãî ïîãëèíàííÿ 26000 ìîëü-1.ñì-1 [23].

Óòâîðåííÿ ã³äðîêñèëüíîãî ðàäèêàëà
(.ÎÍ) îö³íþâàëè [17] â ³íêóáàö³éí³é ñóì³ø³:
20 ììîëü/ë 2-äåîêñè-D-ðèáîçè, 1 ììîëü/ë
Í

2
Î

2
 ó 20 ììîëü/ë Na-ôîñôàòíîìó áóôåð³

(ðÍ 7,4);  ãåíåðàö³þ .ÎÍ-ðàäèêàëà � çà
óòâîðåííÿì ìàëîíîâîãî ä³àëüäåã³äó, ÿêèé
âèçíà÷àëè çà çì³íîþ ïîãëèíàííÿ ïðè äîâ-
æèí³ õâèë³ 532 íì ³ âèðàæàëè â óìîâíèõ
îäèíèöÿõ ïîãëèíàííÿ çà 1 ãîä íà 1 ìã á³ëêà.

Âì³ñò â³ëüíîãî çàë³çà (Fe2+) âèçíà÷àëè
çà ñòàíäàðòíîþ ìåòîäèêîþ, âèêîðèñòîâóþ-
÷è òåñò-íàáîðè ô³ðìè «Ô³ë³ñèò Ä³àãíîñòè-
êà» (Óêðà¿íà).

Ó ðîáîò³ âèêîðèñòàíî òàê³ ðåàãåíòè: òð³ñ
(îñíîâà), (�Serva�, Í³ìå÷÷èíà), Na

2
ÀÒÔ,

ÍAÄH (�Reanal�, Óãîðùèíà), ñóëüôàí³ëà-
ì³ä, N-íàôòèëåíä³àì³íã³äðîõëîðèä, áðóöèí,
2-äåîêñè-D-ðèáîçà, ëàêòîïåðîêñèäàçà, ñàô-
ðàí³í, äèõëîðîôëóîðåñöå¿íäåã³äðîàöåòàò
(�Sigma�, ÑØÀ), àðñåíàçî-²²², ðóòåí³ºâèé
÷åðâîíèé, öèêëîñïîðèí À, (�Fluka�, Í³ìå÷-
÷èíà) òà ðåàêòèâè â³ò÷èçíÿíîãî âèðîá-
íèöòâà ìàðêè ÷.ä.à. Ðîç÷èíè ãîòóâàëè íà
á³äèñòèëüîâàí³é âîä³. Äîñòîâ³ðí³ñòü îö³íþ-
âàëè çà êðèòåð³ºì t Ñòüþäåíòà. Çíà÷åííÿ
Ð<0,05 ââàæàëè ñòàòèñòè÷íî äîñòîâ³ðíèì.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ¯Õ ÎÁÃÎÂÎÐÅÍÍß

Íà ðèñ. 1 íàâåäåíî ðåçóëüòàòè âèâ÷åííÿ
âïëèâó ÍÃ íà  àêóì óëÿö³þ Ñà 2+,  âì³ñò
í³òðàò-àí³îíà, ê³íöåâîãî ïðîäóêòó ìåòàáî-
ë³çìó NO, à òàêîæ ôóíêö³îíàëüíó àêòèâ-
í³ñòü öèêëîñïîðèí÷óòëèâî¿ ïîðè, ÌÏ ó
ì³òîõîíäð³ÿõ ñåðöÿ ùóð³â. Ïîêàçàíî äîçî-
òà ÷àñîçàëåæíó ìîäóëþâàëüíó ä³þ åêçî-
ãåííîãî NO íà êàëüö³éòðàíñïîðòíó ñèñòåìó
ì³òîõîíäð³é ³ ì³òîõîíäð³àëüíó ñèñòåìó
îêñèäó àçîòó. Òàê, áåçïîñåðåäíüî ï³ñëÿ
ââåäåííÿ ÍÃ (<1 ìã/êã, 5 õâ) íàêîïè÷åííÿ
Ñà2+ ó  ì³òîõîíäð³ÿõ ï³äâèùóºòüñÿ â ³ä
38,2±6,2 äî (110,0±8,0) íìîëü Ñà2+/ìã á³ëêà
(P<0,05).  Â³äáóâàºòüñÿ ñòð³ìêå äîçîçà-
ëåæíå çá³ëüøåííÿ âì³ñòó í³òðàò-àí³îíà äî
(1,4±0,1) ìêìîëü/ìã á³ëêà, ùî ñâ³ä÷èòü ïðî
îäíî÷àñíó ç íàäõîäæåííÿì Ñà2+ àêòèâàö³þ
ìåòàáîë³çìó ÀÔÀ, ïî÷àòêîâîþ ñòàä³ºþ
ÿêî¿ º ã³äðîë³ç ³ â³äíîâëåííÿ í³òðîãðóïè ÍÃ
äî NO ç éîãî íàñòóïíèì îêèñíåííÿì äî
NO

3
- [19, 24] (äèâ. ðèñ. 1,à,á, 1). Ï³ñëÿ

ââåäåííÿ ÍÃ çíà÷íî ïðèãí³÷óºòüñÿ ôóíêö³î-
íàëüíà àêòèâí³ñòü ÌÏ (äèâ. ðèñ. 1,â, 2),
ÿêà êîðåëþº ç ¿¿ áëîêóâàííÿì îêñèäîì àçîòó
in vitro. Ðàí³øå íàìè áóëî ïîêàçàíî [3], ùî
íàêîïè÷åííÿ Ñà2+ ó ì³òîõîíäð³ÿõ, êàëüö³ºâà
ºìí³ñòü ³ ÷àñ çàòðèìêè êàëüö³þ ó ìàòðèêñ³
çà ³íøèõ ð³âíèõ óìîâ âèçíà÷àºòüñÿ áàëàí-
ñîì ì³æ àêóìóëÿö³ºþ ³îí³â Ñà2+ ÷åðåç Ñà2+-
óí³ïîðòåð òà âèâ³ëüíåííÿì ÷åðåç öèêëîñïî-
ðèí÷óòëèâó ÌÏ. Òîìó ïðèãí³÷åííÿ öèêëî-

Ìåòàáîë³çì àêòèâíèõ ôîðì àçîòó òà êèñíþ



ISSN 0201-8489    Ô³ç³îë. æóðí., 2012, Ò. 58, ¹ 2 7

ñïîðèí÷óòëèâîãî âèâ³ëüíåííÿ Ñà2+ ç ì³òî-
õîíäð³é ïðè ââåäåíí³ äîíîðà NO in vivo ó
äîç³ 1 ìã/êã º îäí³ºþ ç îñíîâíèõ ïðè÷èí
ñïîñòåðåæóâàíî¿ ñòèìóëÿö³¿ éîãî íàêîïè-
÷åííÿ ó ì³òîõîíäð³ÿõ ì³îêàðäà. Çá³ëüøåííÿ
êàëüö³ºâî¿ ºìíîñò³ ì³òîõîíäð³é ì³îêàðäà º
êîðîòêîòåðì³íîâèì ³  ïî÷èíàº çìåíøó-
âàòèñÿ ïðîòÿãîì 30 õâ ï³ñëÿ ââåäåííÿ ÍÃ
(äèâ. ðèñ. 1,à, 2). Âì³ñò í³òðàò-àí³îíà ÷åðåç
30 õâ ï³ñëÿ ââåäåííÿ ÍÃ òàêîæ çíèæóºòüñÿ
ìàéæå äî êîíòðîëüíèõ çíà÷åíü (äèâ. ðèñ.
1,á, 2), ùî ñâ³ä÷èòü ïðî êîðîòêîòåðì³íîâó
ä³þ åêçîãåííîãî NO ÿê íà êàëüö³éòðàíñ-
ïîðòíó ñèñòåìó ì³òîõîíäð³é,  òàê  ³  íà
ì³òîõîíäð³àëüíèé ìåòàáîë³çì ÀÔÀ. Îòæå,
ââåäåííÿ ÍÃ, ç îäíîãî áîêó, ïðèçâîäèòü äî
øâèäêîãî ïîñèëåííÿ àêóìóëÿö³¿  Ñà2+ ó
ì³òîõîíäð³ÿõ ³  âèäàëåííÿ ³îí³â Ñà 2+ ³ç
öèòîçîëþ ó ì³òîõîíäð³àëüíèé ìàòðèêñ, à ç
³íøîãî � äî øâèäêî¿ àêòèâàö³¿ ì³òîõîíä-

ð³àëüíîãî ìåòàáîë³çìó ÀÔÀ, ùî âèðà-
æàºòüñÿ ó äîçîçàëåæíîìó ïðèðîñò³ âì³ñòó
í³òðàò-àí³îíà, ê³íöåâîãî ïðîäóêòó ìåòàáî-
ë³çìó NÎ òà ïðîäóêòó ôåðìåíòàòèâíîãî
ïåðåòâîðåííÿ ÍÃ (äèâ. ðèñ. 1,à,á, 1).

Êîðåëÿö³ÿ ì³æ äîçîçàëåæíîþ ä³ºþ NO
íà â³äêðèâàííÿ ÌÏ ³ ïîñèëåííÿì ìåòàáî-
ë³çìó ÀÔÀ ó ì³òîõîíäð³ÿõ ñïîíóêàº á³ëüø
äåòàëüíî ïðîñòåæèòè îñîáëèâîñò³ ðåãóëÿö³¿
ì³òîõîíäð³àëüíîãî öèêëó NO ï³ä ä³ºþ
åêçîãåííîãî äîíîðà îêñèäó àçîòó in vivo,
áåçïîñåðåäíüî ïîâ�ÿçàí³ ç NO-çàëåæíèì
áëîêóâàííÿì ÌÏ. Îäíî÷àñí³ñòü òà îäíî-
ñïðÿìîâàí³ñòü äîçîçàëåæíî¿ ä³¿ äîíîðà NO
ÿê íà àêóìóëÿö³þ Ñà2+, òàê ³ íà ïðîäóêö³þ
ÀÔÀ äàº çìîãó ïîâ�ÿçàòè ñïîñòåðåæóâàí³
çì³íè âì³ñòó NO

3
- ç³ çá³ëüøåííÿì ìàòðèêñ-

íîãî âì³ñòó Ñà2+ âíàñë³äîê áëîêóâàííÿ ÌÏ
³ êàëüö³éçàëåæíîþ àêòèâàö³ºþ ì³òîNOS.
Îòæå, â³äêðèâàííÿ ÌÏ º âàæëèâèì ÷èííè-

Î.Â. Àêîïîâà, Þ.Ï. Êîðêà÷, À.Â. Êîöþðóáà, Ë.². Êîë÷èíñüêà, Â.Ô. Ñàãà÷

Ðèñ. 1. Âïëèâ í³òðîãë³öåðèíó (ÍÃ) íà àêóìóëÿö³þ Ñà2+

(à), âì³ñò í³òðàò-àí³îíà (á) òà ôóíêö³îíàëüíó àêòèâí³ñòü
öèêëîñïîðèí÷óòëèâî¿ ïîðè (â) ó ì³òîõîíäð³ÿõ ì³îêàðäà.
Âì³ñò Ñà2+ (à) òà í³òðàò-àí³îíà (á) âèçíà÷àëè ÷åðåç 5 (1)
òà 30 õâ (2) ï³ñëÿ ââåäåííÿ ÍÃ.
Íà ðèñ. â: 1 � áåç öèêëîñïîðèíó, 2 � çà íàÿâíîñò³ ÍÃ
(0,5 ìã/êã) ³ 3 � öèêëîñïîðèíó. n=4;
*Ð<0,05 çì³íè äîñòîâ³ðí³ â³äíîñíî êîíòðîëþ çà â³äñóò-
íîñò³ ÍÃ;
**Ð<0,05 çì³íè äîñòîâ³ðí³ â³äíîñíî çíà÷åíü ïîêàçíèê³â
÷åðåç 5 õâ ï³ñëÿ ââåäåííÿ ÍÃ
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êîì ðåãóëÿö³¿ ÿê ì³òîõîíäð³àëüíîãî ãîìåî-
ñòàçó Ñà2+, òàê ³ ì³òîõîíäð³àëüíî¿ ïðîäóêö³¿
ÀÔÀ. Äëÿ á³ëüø äåòàëüíîãî âèñâ³òëåííÿ
ìîëåêóëÿðíèõ ìåõàí³çì³â, ùî º ï³ä´ðóíòÿì
êàðä³îïðîòåêòîðíî¿ ä³¿ NO, äîö³ëüíî ïðî-
àíàë³çóâàòè îñîáëèâîñò³ ìåòàáîë³çìó ÀÔÀ,
ïîâ�ÿçàí³ ç áëîêóâàííÿì ÌÏ îêñèäîì àçîòó
òà ïîñèëåííÿì ïîòåíö³àëçàëåæíîãî âõîäó
Ñà2+ äî ì³òîõîíäð³àëüíîãî ìàòðèêñó. Äëÿ
öüîãî íàìè áóëî äîñë³äæåíî âïëèâ åêçîãåí-
íîãî NO ÿê íà âì³ñò ÀÔÀ, òàê ³ íà îñíîâí³
ëàíêè ì³òîõîíäð³àëüíîãî öèêëó NO: ñèíòåç
NO ì³òîNOS ³ â³äíîâëåííÿ NO

3
- ì³òîõîíä-

ð³àëüíîþ í³òðàòðåäóêòàçîþ. Âèñíîâêè ïðî
âïëèâ åêçîãåííîãî NO íà ì³òîõîíäð³àëüíèé
ìåòàáîë³çì ÀÔÀ ðîáèëè íà îñíîâ³ âèçíà-

Ìåòàáîë³çì àêòèâíèõ ôîðì àçîòó òà êèñíþ

Ðèñ. 2. Âïëèâ í³òðîãë³öåðèíó (ÍÃ) íà àêòèâí³ñòü
ì³òîNO-ñèíòàçè òà í³òðàòðåäóêòàçè (à), âì³ñò ìåòàáîë³ò³â
NO (á) òà ñï³ââ³äíîøåííÿ âì³ñòó ïîõ³äíèõ NO (â) ó
ì³òîõîíäð³ÿõ ì³îêàðäà. Íà à: 1 � ì³òîNO-ñèíòàçà, 2, 3 �
í³òðîòðåäóêòàçà ÷åðåç 5 ³ 30 õâ â³äïîâ³äíî ï³ñëÿ
ââåäåííÿ ÍÃ; íà á: 1 � NO

2
-, 2 � NO

3
-, 3 � S-í³òðîçîò³îëè;

íà â: 1 � NO
2

-/NO
3

-, 2 � S-í³òðîçîò³îëè/NO
3

-, 3 � NO
2

-/S-
í³òðîçîò³îëè. n=4;
Ð<0,05 çì³íè äîñòîâ³ðí³  â³äíîñíî êîíòðîëþ çà
â³äñóòíîñò³ ÍÃ
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í³òðàò-àí³îí³â (NO

2
- òà NO

3
-) òà çàãàëüíîãî

âì³ñòó S-í³òðîçîò³îë³â, ïåðåâàæíó ÷àñòêó
ÿêèõ ñòàíîâëÿòü í³òðîçèëüîâàí³ âèñîêîìî-
ëåêóëÿðí³ á³ëêè ì³òîõîíäð³é, ùî º îñíîâíîþ
ôîðìîþ äåïîíóâàííÿ òà äæåðåëîì NO ó
éîãî ìåòàáîë³÷íèõ ïåðåòâîðåííÿõ [5].

Çà îäåðæàíèìè ðåçóëüòàòàìè, çá³ëü-
øåííÿ êàëüö³ºâî¿ ºìíîñò³ ì³òîõîíäð³é ï³ñëÿ
ââåäåííÿ ÍÃ êîðåëþº ç àêòèâàö³ºþ ì³òî-
õîíäð³àëüíî¿ êàëüö³éçàëåæíî¿ ³çîôîðìè
NOS, àêòèâí³ñòü ÿêî¿ âèçíà÷àëè çà çì³íîþ
âì³ñòó L-öèòðóë³íó, ÿêèé ï³äâèùóâàâñÿ äî
(6,3±0,7) íìîëü/ìã á³ëêà â ³çîëüîâàíèõ
ì³òîõîíäð³ÿõ ì³îêàðäà (ðèñ. 2,à, 1). Ñïîñ-
òåð³ãàºòüñÿ òàêîæ äîçîçàëåæíà àêòèâàö³ÿ
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í³òðàòðåäóêòàçè â³ä 2,7±0,3 äî (79,4±11,4)
íìîëü·õâ-1·ìã-1 (ðèñ. 2,à, 2). Ñë³ä â³äì³òèòè
íèçüêó áàçàëüíó àêòèâí³ñòü ÿê ì³òîNOS,
òàê ³ í³òðàòðåäóêòàçè, ÿêà ñâ³ä÷èòü, ùî ö³
ôåðìåíòè çà ô³ç³îëîã³÷íèõ óìîâ çíàõî-
äÿòüñÿ â ñòàí³ ñóáìàêñèìàëüíî¿ àêòèâíîñò³,
êîòðà ìîæå âàð³þâàòè ó øèðîêèõ ìåæàõ,
ùî º îäí³ºþ ç ïåðåäóìîâ øâèäêî¿ â³äïîâ³ä³
ì³òîõîíäð³àëüíî¿  ñèñòåìè NO íà  ä ³þ
ô³ç³îëîã³÷íèõ ÷èííèê³â, çîêðåìà NO òà Ñà2+

çà ä³¿ ÍÃ. Çã³äíî ç îäåðæàíèìè ðåçóëü-
òàòàìè ïðè ä³¿ ÍÃ in vivo îñíîâíîþ ïåðåäó-
ìîâîþ àêòèâàö³¿ í³òðàòðåäóêòàçè ç íàï³â-
ìàêñèìàëüíèì åôåêòîì ó äîç³ 0,5 ìã/êã º
áåçïîñåðåäíº ñòð³ìêå çá³ëüøåííÿ âì³ñòó
í³òðàòàí³îíà, ñóáñòðàòó í³òðàò-ðåäóêòàçíî¿
ðåàêö³¿ ÷åðåç 5 õâ ï³ñëÿ ââåäåííÿ ïðåïàðàòó
(äèâ. ðèñ. 2,á, ðèñ. 3,à), ÿêå â³äáóâàºòüñÿ
íàñàìïåðåä ÷åðåç ã³äðîë³ç ÍÃ, à òàêîæ
÷åðåç àêòèâàö³þ ì³òîNOS, òà ñèíòåç NO
de novo (äèâ. ðèñ. 2,à, 1; ðèñ. 3, 2) âíàñë³äîê
áëîêóâàííÿ ÌÏ ³ ïîñèëåíîãî íàäõîäæåííÿ
Ñà2+ äî ì³òîõîíäð³àëüíîãî ìàòðèêñó (äèâ.
ðèñ. 1,à, 1). Â³äïîâ³äíî ñïîñòåð³ãàºòüñÿ
äîçîçàëåæíå çá³ëüøåííÿ âì³ñòó ³íøèõ
ìåòàáîë³ò³â NO: í³òðèò-àí³îíà òà S-í³òðî-
çîò³îë³â, ìàêñèìàëüíèé âì³ñò ÿêèõ ñòàíîâèâ
(19,8±2,4) íìîëü/ìã ³ (1,53±0,03) íìîëü/ìã

á³ëêà (äèâ. ðèñ. 2,á, 1,3; ðèñ. 3, 1,3).
Îòæå, àêòèâàö³ÿ á³îñèíòåçó NO de novo

÷åðåç àêòèâàö³þ ì³òîNOS òà çà äîïîìîãîþ
ôåðìåíòàòèâíîãî ïåðåòâîðåííÿ ÍÃ çà
ó÷àñòþ àëüäåã³ääåã³äðîãåíàçè [19] ïîñèëþº
âñ³ ëàíêè ìåòàáîë³çìó ÀÔÀ (äèâ. ðèñ. 2,
ðèñ. 3,à). Ïðîòå, íåçâàæàþ÷è íà ñòð³ìêèé
ïðèð³ñò âì³ñòó NO

3
- (â³ä 0,045±0,06 äî 1,4

ìêìîëü/ìã ± 0,1 ìêìîëü/ìã) òà àêòèâàö³þ
í³òðàòðåäóêòàçè (äèâ. ðèñ. 2,à, á; ðèñ. 3,à,
2,4), ïðèð³ñò âì³ñòó NO

2
- â³äíîñíî íåçíà÷íèé

(â³ä 8,3±0,7 äî 19,8 ìêìîëü/ìã ± 0,4 íìîëü/
ìã) ³ ñï³ââ³äíîøåííÿ NO

2
-/NO

3
- çì³íþºòüñÿ

íà  êîðèñòü  NO
3

-,  ê ³íöåâîãî  ïðîäóêòó
îêèñíåííÿ NO (äèâ. ðèñ. 2,â, 1). Ïîñèëåííÿ
âñ³õ ëàíîê ìåòàáîë³çìó ÀÔÀ ï³ä ä³ºþ
äîíîðà NO ïðîÿâëÿºòüñÿ òàêîæ ³ â çá³ëü-
øåíí³ äåïîíóâàííÿ NO ó âèãëÿä³ S-í³òðî-
çîò³îë³â, ïóë ÿêèõ çà àáñîëþòíèìè çíà÷åí-
íÿìè çðîñòàº á³ëüøå í³æ óäâ³÷³ (â³ä 0,66±6,5
äî 1,53 íìîëü/ìã ± 0,03 íìîëü/ìã). Ïðîòå
ñï³ââ³äíîøåííÿ í³òðîçèëþâàííÿ ì³òîõîíä-
ð³àëüíèõ á³ëê³â ç óòâîðåííÿì í³òðîçîò³îë³â
òà óòâîðåííÿ NO

3
- òàêîæ çì³íþºòüñÿ íà êî-

ðèñòü NO
3

-, ùî ñâ³ä÷èòü ÿê ïðî ïîñèëåííÿ
îêñèäàòèâíèõ ïðîöåñ³â ó ì³òîõîíäð³ÿõ, ïîïðè
àêòèâàö³þ í³òðàòðåäóêòàçè òà ôåðìåí-
òàòèâíîãî â³äíîâëåííÿ NO (äèâ. ðèñ. 2,â, 2;

Î.Â. Àêîïîâà, Þ.Ï. Êîðêà÷, À.Â. Êîöþðóáà, Ë.². Êîë÷èíñüêà, Â.Ô. Ñàãà÷

Ðèñ. 3. Âì³ñò ìåòàáîë³ò³â NO çà óìîâ àêòèâàö³¿ ì³òîNO-ñèíòàçè (à) òà í³òðàòðåäóêòàçè (á) í³òðîãë³öåðèíîì. Íà à:
1 � NO

2
-, 2 � NO

3
-, 3 � S-í³òðîçîò³îëè 4 � í³òðàòðåäóêòàçà; íà á: 1 � NO

2
-, 2 � NO

3
-, 3 � NO

2
-/NO

3
-. n=4; Ð<0,05 çì³íè

äîñòîâ³ðí³ â³äíîñíî êîíòðîëþ, çà â³äñóòíîñò³ í³òðîãë³öåðèíó; à, á: àêòèâí³ñòü ôåðìåíò³â ó â³äñîòêàõ â³äíîñíî
ìàêñèìàëüíîãî çíà÷åííÿ
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ðèñ. 3,à, 4), òàê ³ ïðî çíà÷íèé ëàã-ïåð³îä ó
â³äíîâëåíí³ ïóëó NO

3
-, âèâ³ëüíåííÿ ÿêîãî

ñïîñòåð³ãàºòüñÿ ÷åðåç 5 õâ ï³ñëÿ ââåäåííÿ
ÍÃ (äèâ. ðèñ. 1,á, 1,2).

ßê çàçíà÷àëîñÿ âèùå, ïîñèëåííÿ â³ëüíî-
ðàäèêàëüíèõ ðåàêö³é ç óòâîðåííÿì ÀÔÊ
ìîæå â³ä³ãðàâàòè çíà÷íó, õî÷à ùå ìàëîäîñ-
ë³äæåíó ðîëü ó ìåòàáîë³çì³ ÀÔÀ. Òîìó äëÿ
á³ëüø ãðóíòîâíîãî àíàë³çó ìåõàí³çì³â, ùî
âèçíà÷àþòü îñíîâí³ øëÿõè ìåòàáîë³çìó
ÀÔÀ çà ä³¿ åêçîãåííîãî NO, íàìè äîñë³ä-
æåíî òàêîæ âïëèâ ð³çíèõ äîç ÍÃ íà óòâîðåí-
íÿ îñíîâíèõ ïðîäóêò³â íåïîâíîãî â³äíîâ-
ëåííÿ êèñíþ: ã³äðîïåðîêñèäó (Í

2
Î

2
) òà

ã ³äðîêñèë-ðàäèêàëà ( ·ÎÍ).  Ðåçóëüòàòè
ïîêàçóþòü, ùî ââåäåííÿ ÍÃ çíà÷íî àêòèâóº
óòâîðåííÿ ÀÔÊ (ðèñ.  4,  1,2) ,  ùî,  ÿê ³
ìåòàáîë³çì ÀÔÀ, êîðåëþº ç ³íã³áóâàííÿì
ÌÏ, ïîñèëåíèì íàäõîäæåííÿì Ñà2+ äî
ì³òîõîíäð³é òà àêòèâàö³ºþ êàëüö³éçàëåæíèõ
äåã³äðîãåíàç [18] (äèâ. ðèñ. 1,à). Îêð³ì
ïîñèëåíîãî óòâîðåííÿ ã³äðîïåðîêñèäó òà
·ÎÍ-ðàäèêàëà, ñïîñòåð³ãàºòüñÿ ñòð³ìêèé
ïðèð³ñò âì³ñòó â³ëüíîãî çàë³çà (äèâ. ðèñ. 4,
3 ) ,  êàòà ë ³çàòîðà  ïåðåòâîðåíü  ÀÔÊ çà
â³äîìèìè ðåàêö³ÿìè Ôåíòîíà òà Õàáåð�
Âàéñà [19]: Fe2+ + H

2
O

2
 → .OH + OH- +

Fe3+. Çà ë³òåðàòóðíèìè äàíèìè, äæåðåëîì
â³ëüíîãî çàë³çà ìîæå áóòè îêèñíà äåãðà-
äàö³ÿ ì³òîõîíäð³àëüíèõ çàë³çîâì³ñíèõ á³ëê³â
[11, 12], ÿêà â³äáóâàºòüñÿ âíàñë³äîê ïîñè-
ëåííÿ ïðîäóêö³¿ ÀÔÊ. Àêòèâàö³ÿ â³ëüíîðà-
äèêàëüíèõ ðåàêö³é çà ó÷àñòþ îñòàíí³õ,
ïîñèëåíà íàÿâí³ñòþ Fe2+ ÿê êàòàë³çàòîðà,
êîðåëþº ÿê ç³ ñòð³ìêèì çá³ëüøåííÿì âì³ñòó
ïðîäóêò³â ïåðîêñèäàö³¿ ë³ï³ä³â � ä³ºíîâèõ
êîí�þãàò³â (äèâ. ðèñ. 4, 4), òàê ³ ïîñèëåííÿì
îêèñíîãî ìåòàáîë³çìó ÀÔÀ ç óòâîðåííÿì
ê³íöåâîãî ïðîäóêòó, NO

3
-, ïîïðè àêòèâàö³þ

í³òðàòðåäóêòàçè, â³äíîâíî¿ ëàíêè öèêëó NO
(äèâ. ðèñ. 2�3).

Àíàë³ç îäåðæàíèõ ðåçóëüòàò³â ïîêàçóº,
ùî ç³ çá³ëüøåííÿì äîçè ÍÃ â³äáóâàºòüñÿ
ìàéæå îäíàêîâèé ó â³äñîòêîâîìó ñï³ââ³ä-
íîøåíí³, ïîì³ðíèé ïðèð³ñò âì³ñòó NO

2
- òà

í³òðîçîò³îë³â (äèâ. ðèñ. 2, á, 2,3). Íàòî-

ì³ñòü, íåçâàæàþ÷è íà àêòèâàö³þ í³òðàòðå-
äóêòàçè (äèâ.  ðèñ.2,  à ,  2 ;  ðèñ.3,  à ,  4) ,
ñïîñòåð³ãàºòüñÿ ñòð³ìêå çá³ëüøåííÿ âì³ñòó
NO

3
- (äèâ. ðèñ. 2,á, 2; 3,à,á, 2). Öå ñâ³ä÷èòü

ïðî ïîñèëåííÿ îêèñíèõ ïðîöåñ³â ³ êîðåëþº
ç³ çá³ëüøåííÿì ïðîäóêö³¿ ÀÔÊ (çîêðåìà
Í

2
Î

2
), â³ëüíîãî çàë³çà ³ ïðîäóêò³â ïåðåêèñ-

íîãî îêèñíåííÿ ë³ï³ä³â (äèâ. ðèñ. 4, 1,3,4).
Âèâ³ëüíåííÿ çàë³çà, ÿê ðîçëÿäàëîñü âèùå,
ïðèçâîäèòü äî ïîäàëüøî¿ àêòèâàö³¿ ìåòàáî-
ë³çìó ÀÔÊ ³ ïîñèëåíîãî óòâîðåííÿ ·ÎÍ-
ðàäèêàëà (äèâ. ðèñ. 4, 2) âíàñë³äîê âçàºìî-
ä³¿ çàë³çà ç ã³äðîïåðîêñèäîì (ðåàêö³ÿ Ôåí-
òîíà). Ñë³ä çàçíà÷èòè, ùî ã³ïåðïðîäóêö³ÿ
âèñîêîðåàêö³éíèõ òîêñè÷íèõ ÀÔÊ, ðàçîì ³ç
îäíî÷àñíèì çíà÷íèì çá³ëüøåííÿì ïóëó
NO

3
-, º â³ðîã³äíèì äæåðåëîì óòâîðåííÿ

ïåðîêñèí³òðèòó (ONOO-), îñê³ëüêè í³òðàò-
àí³îí º äæåðåëîì NO ÷åðåç éîãî â³äíîâ-
ëåííÿ. Îäíî÷àñíà ãåíåðàö³ÿ çíà÷íî¿ ê³ëü-
êîñò³ ñóïåðîêñèäó â ì³òîõîíäð³ÿõ ïðèçâî-
äèòü äî óòâîðåííÿ ïåðîêñèí³òðèòó [29],
ÿêèé øâèäêî ìåòàáîë³çóºòüñÿ â³ëüíîðà-
äèêàëüíèì (ONOO- + H+ → .NO

2
 + .OH),

òà/àáî íåðàäèêàëüíèì øëÿõîì (ONOOH →
H+ + NO

3
-), ùî ó ñâîþ ÷åðãó ñïðÿìîâàíî

Ìåòàáîë³çì àêòèâíèõ ôîðì àçîòó òà êèñíþ

Ðèñ. 4. Âïëèâ í³òðîãë³öåðèíó (ÍÃ) íà âì³ñò ã³äðî-
ïåðîêñèäó (1), ãåíåðàö³þ ·ÎÍ-ðàäèêàëà (2), âì³ñò
â³ëüíîãî çàë³çà (3) òà ä³ºíîâèõ êîí´þãàò³â (4) ÷åðåç 5 õâ
ï³ñëÿ ââåäåííÿ ÍÃ ó â³äñîòêàõ â³ä ìàêñèìàëüíèõ
çíà÷åíü. n=4; P<0,05 çì³íè äîñòîâ³ðí³ â³äíîñíî
êîíòðîëþ
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íà ï³äòðèìàííÿ âèñîêîãî ð³âíÿ ãåíåðà-
ö³¿·ÎÍ-ðàäèêàëà òà âì³ñòó NO

3
-.

Ðåçóëüòàòè âèçíà÷åííÿ âì³ñòó ñòàá³ëü-
íèõ ìåòàáîë³ò³â ÀÔÀ äàþòü çìîãó ïðîàíà-
ë³çóâàòè çì³íè ÷àñòêè îêðåìèõ ïðîäóêò³â ó
çàãàëüíîìó ïóë³ ïîõ³äíèõ NO òà âñòàíîâèòè
îñíîâí³  äæåðåëà óòâîðåííÿ NO

3
-.  Òàê,

âèõîäÿ÷è ³ç ñï³ââ³äíîøåííÿ âì³ñòó NO
2

- òà
í³òðîçîò³îë³â äî âì³ñòó NO

3
-, ìîæíà çðîáè-

òè âèñíîâîê, ùî çá³ëüøåííÿ âì³ñòó îñòàí-
íüîãî â³äáóâàºòüñÿ ãîëîâíèì ÷èíîì âíàñë³-
äîê âè÷åðïàííÿ ïóëó í³òðîçîò³îë³â,  S-
í³òðîçîò³îëè → NO

3
- òà NO

2
-, NO

2
- → NO

3
-

(äèâ. ðèñ. 2,â, 1�2). Âîäíî÷àñ àáñîëþòíèé
ïðèð³ñò âì³ñòó NO

2
-, ÿêèé òàêîæ ñïîñòå-

ð³ãàºòüñÿ â ì³òîõîíäð³ÿõ ì³îêàðäà ï³ñëÿ
ââåäåííÿ ÍÃ (äèâ. ðèñ. 2,á, 1), â³äáóâàºòüñÿ
íå çà  ðàõóíîê í³òðîçîò³îë³â ,  îñê³ëüêè
ñï³ââ³äíîøåííÿ NO

2
-/S-í³òðîçîò³îëè íå

çàçíàº äîñòîâ³ðíèõ çì³í (äèâ. ðèñ. 2,â, 3),
à, ìîæëèâî, º íàñë³äêîì îäíî÷àñíî¿ êîðîò-
êîòåðì³íîâî¿ àêòèâàö³¿ ÿê í³òðàòðåäóêòàçè,
NO

3
- → NO

2
-, òàê ³ ì³òîNOS, NO →  NO

2
-

(äèâ. ðèñ.2,à, 1,2; ðèñ. 3,à,á, 1).
Îòæå, ï³ä ä³ºþ åêçîãåííîãî NO in vivo

âíàñë³äîê ³íã³áóâàííÿ ÌÏ ³ ïîñèëåíîãî
íàäõîäæåííÿ Ñà2+ äî ì³òîõîíäð³àëüíîãî
ìàòðèêñó øâèäêî àêòèâóþòüñÿ âñ³ ëàíêè
öèêëó NO â ì³òîõîíäð³ÿõ: NOS (ì³òîNOS),
í³òðàòðåäóêòàçíî¿ òà äåïîíóâàííÿ NO ó
âèãëÿä³ S-í³òðîçîò³îë³â. ßê âæå çàçíà÷àëîñÿ
âèùå, çà ë³òåðàòóðíèìè äàíèìè ì³òîNOS º
êàëüö³éçàëåæíîþ ³ áåçïîñåðåäíüî àêòè-
âóºòüñÿ âíàñë³äîê çá³ëüøåííÿ ìàòðèêñíîãî
âì³ñòó Ñà2+, ùî ñòð³ìêî ï³äâèùóº ïðîäóê-
ö³þ ÀÔÀ îäðàçó ï³ñëÿ ââåäåííÿ ÍÃ. Ñòð³ì-
êèé ïðèð³ñò âì³ñòó í³òðàòàí³îíà, ñóáñòðàòó
í³òðàò-ðåäóêòàçíî¿ ðåàêö³¿, ñë³äîì çà àêòè-
âàö³ºþ ì³òîNOS, ó ñâîþ ÷åðãó ïðèçâîäèòü
äî ñòð³ìêîãî çðîñòàííÿ í³òðàòðåäóêòàçíî¿
àêòèâíîñò³ â ì³òîõîíäð³ÿõ, ùî º â³äíîâíîþ
ëàíêîþ öèêëó NO. Ñë³ä çàçíà÷èòè, ùî íàé-
á³ëüø ïîì³òíà àêòèâàö³ÿ îêèñíèõ ïðîöåñ³â
ñïîñòåð³ãàºòüñÿ â ìåæàõ âèñîêèõ äîç ÍÃ
(0,5�1,5 ìã/êã),  çà ÿêèõ óæå íàäàë³ íå
çá³ëüøóºòüñÿ êàëüö³éºâà ºìí³ñòü ì³òîõîíä-
ð³é,  ïðîòå çíà÷íî ï³äâèùóºòüñÿ âì³ñò
³îí³çîâàíîãî çàë³çà, ÿêå º êàòàë³çàòîðîì
óòâîðåííÿ òàêèõ âèñîêîòîêñè÷íèõ ÀÔÊ, ÿê
·ÎÍ-ðàäèêàë (äèâ. ðèñ. 4, 2,3). Îòæå, ï³ä

Î.Â. Àêîïîâà, Þ.Ï. Êîðêà÷, À.Â. Êîöþðóáà, Ë.². Êîë÷èíñüêà, Â.Ô. Ñàãà÷

Ðèñ. 5. Âïëèâ îáîðîòíîãî â³äêðèâàííÿ öèêëîñïîðèí÷óòëèâî¿ ïîðè íà ìåìáðàííèé ïîòåíö³àë (à) òà óòâîðåííÿ
àêòèâíèõ ôîðì êèñíþ (ÀÔÊ; á) ó ì³òîõîíäð³ÿõ. Çì³íó ìåìáðàííîãî ïîòåíö³àëó (à) âèçíà÷àëè çà íàÿâíîñò³
öèêëîñïîðèíó À (1) òà áåç íüîãî (2), à òàêîæ çà éîãî âíåñåííÿ ï³ñëÿ â³äêðèâàííÿ ïîðè, ÿê ïîêàçàíî ñòð³ëêîþ (3).
Óòâîðåííÿ ÀÔÊ (á) ðåºñòðóâàëè çà çì³íîþ ôëóîðåñöåíö³¿ äèõëîðîôëóîðåñöèíó çà â³äñóòíîñò³ öèêëîñïîðèíó À
(1) òà çà éîãî äîäàâàííÿ ï³ñëÿ â³äêðèâàííÿ ïîðè, ÿê ïîêàçàíî ñòð³ëêîþ (2). Çà â³ññþ àáñöèñ: ÷àñ, õâ. Çà â³ññþ
îðäèíàò � â³äíîñíà âåëè÷èíà ñâ³òëîïîãëèíàííÿ, D

510/525
, óì.îä.; â³äíîñí³ âåëè÷èíè ôëóîðåñöåíö³¿, F

504/525
, óì.îä., çà

âèðàõóâàííÿì áàçàëüíî¿ ôëóîðåñöåíö³¿ ì³òîõîíäð³é, ÿêó âèçíà÷àëè çà íàÿâíîñò³ 10-6 ìîëü/ë ðîòåíîíó òà 10-6 ìîëü/ë
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ä³ºþ äîíîðà NO âíàñë³äîê áëîêóâàííÿ ÌÏ
³ ï³äâèùåííÿ êàëüö³ºâî¿ ºìíîñò³ ñòâîðþ-
þòüñÿ  ïåðåäóìîâè ÿê  äëÿ  çá ³ëüøåííÿ
âì³ñòó ÀÔÀ ÷åðåç àêòèâàö³þ ì³òîNOS, òàê
³ äëÿ ïðîãðåñèâíîãî çðîñòàííÿ âèõîäó
òîêñè÷íèõ ÀÔÊ ïðè âèñîêèõ äîçàõ ÍÃ, óæå
áåç ó÷àñò³ Ñà2+, à ÷åðåç êàòàë³çîâàíå çàë³-
çîì îêèñíî-â³äíîâíå ïåðåòâîðåííÿ ÀÔÊ ç
íàñòóïíîþ ðåãåíåðàö³ºþ äâîâàëåíòíîãî
çàë³çà.

Îòæå, áëîêóâàííÿ ÌÏ îêñèäîì àçîòó,
óòâîðåíèì êîíñòèòóòèâíî âíàñë³äîê àêòè-
âàö³¿ ì³òîNOS in vivo ï³äâèùóº ìàòðèêñíèé
âì³ñò Ñà2+ é ïîñèëþº ìåòàáîë³çì ÀÔÊ ³
ÀÔÀ ó ì³òîõîíäð³ÿõ ì³îêàðäà çà óìîâ ââå-
äåííÿ äîíîðà NO ÍÃ. Îñîáëèâ³ñòü ìåòàáî-
ë³÷íèõ ïåðåòâîðåíü NO â ì³òîõîíäð³ÿõ
ïîëÿãàº ó âçàºìîä³¿ ïóë³â ÀÔÊ ³ ÀÔÀ, ÿêà
áàãàòîðàçîâî ïîñèëþº â³ëüíîðàäèêàëüí³
ðåàêö³¿ çà ó÷àñòþ ïåðîêñèí³òðèòó, .ÎÍ-
ðàäèêàëà òà â³ëüíîãî çàë³çà. Òàêèì ÷èíîì,
âàæëèâà ô³ç³îëîã³÷íà ôóíêö³ÿ ÌÏ ïîëÿãàº
ó çàïîá³ãàíí³ ã³ïåðïðîäóêö³¿ ÀÔÀ òà ÀÔÊ,
ÿêà ìîæå áóòè øê³äëèâîþ äëÿ îðãàí³çìó ³
ñïðèÿòè ðîçâèòêó ïàòîëîã³÷íèõ ñòàí³â. Öåé
âèñíîâîê ï³äòâåðäæóºòüñÿ ðåçóëüòàòàìè
äîñë³äæåííÿ âçàºìîçâ�ÿçêó îáîðîòíîãî â³ä-
êðèâàííÿ ÌÏ òà óòâîðåííÿ ÀÔÊ ó ì³òîõîíä-
ð³ÿõ in vitro.

Òàê, çà íàøèìè ðåçóëüòàòàìè, â³äêðè-
âàííÿ ÌÏ ñóïðîâîäæóºòüñÿ çìåíøåííÿì
ïðîäóêö³¿ ÀÔÊ â åíåðã³çîâàíèõ ì³òîõîíäð³ÿõ
ïîð³âíÿíî ç êîíòðîëåì, çà íàÿâíîñò³ öèêëî-
ñïîðèíó À, âíàñë³äîê ÷àñòêîâî¿ äåïîëÿ-
ðèçàö³¿ ì³òîõîíäð³é (ðèñ. 5,à, 2; 5,á, 1).
Â³äîìî, ùî âèñîêèé ìåìáðàííèé ïîòåíö³àë
º îäí³ºþ ç ïðè÷èí ã³ïåðïðîäóêö³¿ ÀÔÊ, òîä³
ÿê äåïîëÿðèçàö³ÿ çìåíøóº ¿õ óòâîðåííÿ â
ì³òîõîíäð³ÿõ [10, 26]. Â³äïîâ³äíî, â³äêðè-
âàííÿ ÌÏ, ÿêå ñóïðîâîäæóºòüñÿ ìåìáðàí-
íîþ äåïîëÿðèçàö³ºþ (äèâ. ðèñ. 5,à,  2) ,
ïðèãí³÷óº óòâîðåííÿ ÀÔÊ (äèâ. ðèñ. 5,á, 1),
òîä³ ÿê ¿¿ áëîêóâàííÿ öèêëîñïîðèíîì À,
ñë³äîì çà â³äêðèâàííÿì ðåïîëÿðèçóº ì³òî-
õîíäð³¿ òà ï³äâèùóº øâèäê³ñòü óòâîðåííÿ
ÀÔÊ äî êîíòðîëüíèõ çíà÷åíü (äèâ. ðèñ. 5,à,

3; á, 2), ùî êîðåëþº ³ç åôåêòîì ïîñèëåííÿ
ïðîäóêö³¿ â³ëüíîðàäèêàëüíèõ ïîõ³äíèõ
êèñíþ âíàñë³äîê áëîêóâàííÿ ÌÏ îêñèäîì
àçîòó in vivo (äèâ. ðèñ. 1,â, 2; ðèñ. 4, 1,2).

Îäåðæàí³ ðåçóëüòàòè ñâ³ä÷àòü, ùî çà
óìîâ ïîñèëåííÿ â³ëüíîðàäèêàëüíèõ ðåàêö³é
ó ì³òîõîíäð³ÿõ âíàñë³äîê áëîêóâàííÿ ÌÏ
âêëþ÷àþòüñÿ ìåõàí³çìè âçàºìîïîñèëåííÿ
ïðîäóêö³ ¿  ÀÔÀ (óòâîðåííÿ  òà  ðîçïàä
ïåðîêñèí³òðèòó) ³ ÀÔÊ (óòâîðåííÿ ñóïåð-
îêñèäó, ã³äðîïåðîêñèäó òà .ÎÍ-ðàäèêàëà),
ÿêå ïðèçâîäèòü äî çàãàëüíî¿ ã³ïåðïðîäóêö³¿
â³ëüíîðàäèêàëüíèõ ïîõ³äíèõ êèñíþ òà
àçîòó. Òàê, ã³ïåðïðîäóêö³ÿ ñóïåðîêñèäó
âíàñë³äîê çðîñòàííÿ ïóëó Í

2
Î

2
, ÿê ïî-

êàçàíî âèùå, ïîñèëþº óòâîðåííÿ NO
3

-

÷åðåç ðîçïàä ïåðîêñèí³òðèòó. Âîäíî÷àñ ç
ë³òåðàòóðíèõ äæåðåë â³äîìî, ùî ã³ïåð-
ïðîäóêö³ÿ ÀÔÀ òàêîæ ó ñâîþ ÷åðãó ìîæå
ïðèçâîäèòè äî ã³ïåðïðîäóêö³¿ ÀÔÊ ÷åðåç
NO-çàëåæíå ³íã³áóâàííÿ I  òà IV êîìï-
ëåêñ ³â  äèõàëüíîãî  ëàíöþãà ,  çîêðåìà ,
ïåðîêñèí³òðèòîì òà  S-í³òðîçîò³îëàìè
ç íàñòóïíèì áëîêóâàííÿì òðàíñïîðòó
åëåêòðîí³â ³ ïîñèëåííÿì âèõîäó ÀÔÊ [14].
Îñê³ëüêè ïðîäóêö³ÿ îñòàíí³õ çíà÷íîþ
ì³ðîþ êîíòðîëþºòüñÿ ìåìáðàííèì ïîòåí-
ö³àëîì ì³òîõîíäð³é [10, 26], çðîçóì³ëî, ùî
â ³ ä ê ð è â à í í ÿ  Ì Ï ,  ÿ ê å  ï ð è ç â î ä è ò ü  ä î
÷àñòêîâî¿ ìåìáðàííî¿ äåïîëÿðèçàö³¿ âíàñ-
ë³äîê ðîç�ºäíàííÿ äèõàëüíîãî ëàíöþãà ÷å-
ðåç  ïîñèëåííÿ öèêëîñïîðèí÷óòëèâîãî
òðàíñìåìáðàííîãî Ñà2+�Í +-îáì³íó [3] ,
ñóïðîâîäæóºòüñÿ ïðèãí³÷åííÿì â³ëüíî-
ðàäèêàëüíèõ ðåàêö³é ç óòâîðåííÿì ÀÔÊ.

Îòæå, ÌÏ çà íîðìàëüíèõ ô³ç³îëîã³÷íèõ
óìîâ º âàæëèâèì ÷èííèêîì ðåãóëÿö³¿ â³ëüíî-
ðàäèêàëüíèõ ïðîöåñ³â ó ì³òîõîíäð³ÿõ, ÿêà
çä³éñíþºòüñÿ çà äîïîìîãîþ ìîäóëÿö³¿ åíåð-
ãåòè÷íîãî ñòàíó îðãàíåë ³ ìàòðèêñíîãî
âì³ñòó Ñà2+. ¯¿ ïðèãí³÷åííÿ åêçîãåííèì NO
ïðèçâîäèòü äî áàãàòîðàçîâîãî ïîñèëåííÿ,
â òîìó ÷èñë³ é âçàºìîïîñèëåííÿ, ïðîäóêö³¿
ÀÔÊ ³ ÀÔÀ, ùî é âèçíà÷àº îñîáëèâîñò³
¿õíüîãî ìåòàáîë³çìó â ì³òîõîíäð³ÿõ çà ä³¿
ôàðìàêîëîã³÷íîãî äîíîðà NO ÍÃ.

Ìåòàáîë³çì àêòèâíèõ ôîðì àçîòó òà êèñíþ
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ÂÈÑÍÎÂÊÈ

1. Ï³ä ä³ºþ åêçîãåííîãî NO in vivo âíàñë³-
äîê ³íã³áóâàííÿ ÌÏ ó ì³òîõîíäð³ÿõ ì³îêàðäà
òà ïîñèëåíîãî íàäõîäæåííÿ Ñà2+ äî ì³òî-
õîíäð³àëüíîãî ìàòðèêñó àêòèâóþòüñÿ âñ³
ëàíêè öèêëó NO: NOS (ì³òîNOS), í³òðàòðå-
äóêòàçíî¿ òà äåïîíóâàííÿ NO ó âèãëÿä³
S-í³òðîçîò³îë³â.

2. Îñîáëèâîñò³ ì³òîõîíäð³àëüíîãî ìå-
òàáîë³çìó ÀÔÊ é ÀÔÀ çà ä³¿ äîíîðà NO
ïîëÿãàþòü ó áàãàòîðàçîâîìó ïîñèëåíí³, â
òîìó ÷èñë³ é âçàºìîïîñèëåíí³ ¿õ ïðîäóêö³¿
÷åðåç âèâ³ëüíåííÿ çàë³çà é êàòàë³çîâàíî¿
Fe2+ ïðîäóêö³¿ òîêñè÷íèõ ÀÔÊ (çîêðåìà,
ÎÍ-ðàäèêàëà),  à òàêîæ óòâîðåííÿ .ÎÍ-
ðàäèêàëà âíàñë³äîê äåêîìïîçèö³¿ ïåðîêñè-
í³òðèòó.

3. ÌÏ in vivo º âàæëèâèì ðåãóëÿòîðíèì
÷èííèêîì ì³òîõîíäð³àëüíîãî ìåòàáîë³çìó
ÀÔÀ é ÀÔÊ. ¯¿ ïðèãí³÷åííÿ îêñèäîì àçîòó
ïðèçâîäèòü äî ïîñèëåííÿ â³ëüíîðàäèêàëü-
íèõ ðåàêö³é ó ì³òîõîíäð³ÿõ, ùî é âèçíà÷àº
îñîáëèâîñò³ ïåðåòâîðåíü ÀÔÊ é ÀÔÀ çà
óìîâ ââåäåííÿ ôàðìàêîëîã³÷íîãî äîíîðà
NO ÍÃ.

Î.Â. Àêîïîâà, Þ.Ï. Êîðêà÷, À.Â. Êîöþðóáà,
Ë.È. Êîë÷èíñêàÿ, Â.Ô. Ñàãà÷

ÌÅÒÀÁÎËÈÇÌ ÀÊÒÈÂÍÛÕ ÔÎÐÌ ÀÇÎÒÀ
È ÊÈÑËÎÐÎÄÀ Â ÌÈÒÎÕÎÍÄÐÈßÕ
ÌÈÎÊÀÐÄÀ ÊÐÛÑ Â ÓÑËÎÂÈßÕ
ÂÂÅÄÅÍÈß ÄÎÍÎÐÀ OÊÑÈÄÀ ÀÇÎÒÀ

Ïðîàíàëèçèðîâàíû îñîáåííîñòè ìåòàáîëèçìà àêòèâíûõ
ôîðì àçîòà è êèñëîðîäà (ÀÔÀ è ÀÔÊ ñîîòâåòñòâåííî) â
ìèòîõîíäðèÿõ ìèîêàðäà êðûñ â óñëîâèÿõ ââåäåíèÿ in vivo
ðàçíûõ äîç äîíîðà NO íèòðîãëèöåðèíà (ÍÃ). Ïîêàçàíî,
÷òî åãî ââåäåíèå ïðèâîäèò ê äîçîçàâèñèìîìó ïîâûøåíèþ
êàëüöèåâîé åìêîñòè ìèòîõîíäðèé âñëåäñòâèå èíãèáè-
ðîâàíèÿ öèêëîñïîðèí÷óâñòâèòåëüíîé ìèòîõîíäðèàëüíîé
ïîðû (MÏ), êîòîðîå êîððåëèðóåò ñ àêòèâàöèåé ìèòî-
õîíäðèàëüíîé êàëüöèéçàâèñèìîé èçîôîðìû NO-ñèíòààçû
(NOS). Íàáëþäàåòñÿ òàêæå äîçîçàâèñèìàÿ àêòèâàöèÿ
íèòðàòðåäóêòàçû, îäíàêî êîëè÷åñòâî îáðàçóþùåãîñÿ
íèòðèò-àíèîíà (NO

2
-) ñíèæàåòñÿ, ÷òî îòâå÷àåò èçìåíåíèþ

ñîîòíîøåíèÿ NO
2

-/NO
3
- â ïîëüçó NO

3
-, êîíå÷íîãî ïðîäóêòà

ìåòàáîëèçìà NO. Ñîîòíîøåíèå ìåæäó íèòðîçèëèðîâàíèåì
ìèòîõîíäðèàëüíûõ áåëêîâ ñ îáðàçîâàíèåì íèòðîçîòèîëîâ
è âûõîäîì NO

3
- òàêæå èçìåíÿåòñÿ â ïîëüçó ïîñëåäíåãî,

Î.Â. Àêîïîâà, Þ.Ï. Êîðêà÷, À.Â. Êîöþðóáà, Ë.². Êîë÷èíñüêà, Â.Ô. Ñàãà÷

÷òî ñâèäåòåëüñòâóåò îá óñèëåíèè îêèñëèòåëüíûõ ïðîöåññîâ
â ìèòîõîíäðèÿõ. Ïîêàçàíî, ÷òî ñ ïîâûøåíèåì äîçû ÍÃ
âîçðàñòàåò êîëè÷åñòâî ïðîäóêòîâ ïåðåêèñíîãî îêèñëåíèÿ
ëèïèäîâ, ìàðêåðà îêèñëèòåëüíîãî ïîâðåæäåíèÿ ìåìáðàí.
Óñòàíîâëåíî, ÷òî â îñíîâå îêñèäàòèâíîãî ñòðåññà ëåæèò
äîçîçàâèñèìîå âîçðàñòàíèå ïðîäóêöèè ÀÔÊ (ãèäðîêñèë-
ðàäèêàëà è ìèòîõîíäðèàëüíîãî ïóëà Í

2
Î

2
), à òàêæå

ïîâûøåíèå ñîäåðæàíèÿ ñâîáîäíîãî æåëåçà âñëåäñòâèå
îêèñëèòåëüíîé äåãðàäàöèè ìèòîõîíäðèàëüíûõ æåëåçîñî-
äåðæàùèõ áåëêîâ. Âçàèìîäåéñòâèå æåëåçà ñ ãèäðî-
ïåðîêñèäîì ïî ðåàêöèè Ôåíòîíà ñ îáðàçîâàíèåì ãèäðîêñèë-
ðàäèêàëà, à òàêæå ñâîáîäíîðàäèêàëüíîå ðàçëîæåíèå
ïåðîêñèíèòðèòà, èñòî÷íèêîì êîòîðîãî ñëóæèò NO

3
-,

ÿâëÿåòñÿ âåðîÿòíîé ïðè÷èíîé ìíîãîêðàòíîãî óñèëåíèÿ
ïðîäóêöèè ÀÔÊ, ïîâûøåíèÿ ïåðåêèñíîãî îêèñëåíèÿ
ëèïèäîâ è îêèñëåíèÿ ïóëîâ NO. Áëîêèðîâàíèå ÌÏ
îêñèäîì àçîòà, â òîì ÷èñëå è ñèíòåçèðîâàííûì â
ìèòîõîíäðèÿõ in vivo, ïðèâîäèò ê àêòèâàöèè îáîèõ çâåíüåâ
öèêëà NO � NO-ñèíòàçíîãî âñëåäñòâèå êàëüöèéçàâèñèìîé
àêòèâàöèè ìèòîõîíäðèàëüíîé NOS, è íèòðàòðåäóêòàçíîãî,
âñëåäñòâèå âîçðàñòàíèÿ ïóëîâ NO

3
-. Ïîâûøåíèå ïðîäóêöèè

ÀÔÊ, ìíîãîêðàòíî óñèëèâàåìîå âûñâîáîæäåíèåì æåëåçà,
ïðèâîäèò ê îêñèäàòèâíîìó ñòðåññó ìèòîõîíäðèé è ñäâèãó
ìåòàáîëèçìà ÀÔÀ â ñòîðîíó îáðàçîâàíèÿ NO

3
-, íåñìîòðÿ

íà àêòèâàöèþ íèòðàòðåäóêòàçíîãî çâåíà öèêëà NO.
Ïîêàçàíî, ÷òî îòêðûòèå ÌÏ in vitro óìåíüøàåò ïðîäóêöèþ
ÀÔÊ, òîãäà êàê åå áëîêèðîâàíèå öèêëîñïîðèíîì À
âîññòàíàâëèâàåò èõ îáðàçîâàíèå äî êîíòðîëüíûõ çíà÷åíèé.
Ïîëó÷åííûå ðåçóëüòààòû ñâèäåòåëüñòâóþò, ÷òî ÌÏ
ÿâëÿåòñÿ âàæíûì çâåíîì ðåãóëÿöèè ìåòàáîëèçìà ÀÔÊ è
ÀÔÀ â ìèòîõîíäðèÿõ.
Êëþ÷åâûå ñëîâà: àêòèâíûå ôîðìû àçîòà è êèñëîðîäà,
íèòðîãëèöåðèí, êàëüöèé, ìèòîõîíäðèàëüíàÿ ïîðà,
ìèòîõîíäðèè ìèîêàðäà.

O.V. Akopova, Yu.P. Korkach, A.V. Kotsuruba,
L.I. Kolchinskaya, V.F. Sagach

REACTIVE NITROGEN AND OXYGEN SPECIES
METABOLISM IN RAT HEART MITOCHON-
DRIA UPON ADMINISTRATION OF NO DO-
NOR IN VIVO

Some aspects of reactive nitrogen and oxygen species (RNS
and ROS) metabolism in rat heart mitochondria under admin-
istration of different doses of nitroglycerine (NG) in vivo are
discussed. It is shown that NG administration results in a
dose-dependent increase in Ca2+-uptake in mitochondria, due
to the dose-dependent inhibition of mitochondrial permeabil-
ity transition pore (MPTP) in vivo and the activation of Ca2+-
dependent mitochondrial NOS. It was shown that NOS activ-
ity increases in accord with the increase of Ca2+-uptake in
mitochondria. The dose-dependent activation of nitrat-
reductase is observed. However, nitrite production decreases
dose-dependently, according to the change of NO

2
-/NO

3
- ratio

on behalf of NO
3

-, the end product of NO transformations.
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The relation between nitrosylation of mitochondrial proteins
with the nitrosothiols formation and nitrate production also
changes towards NO

3
-, which shows the activation of oxida-

tion reactions in heart mitochondria after NG administration.
Accordingly, dose-dependent increase in lipid peroxidation
(LP) products is shown, the hallmark of the membrane damage
in mitochondria. It is established that the cause of oxidative
stress, besides the dose-dependent increase in ROS produc-
tion (hydroperoxide, superoxide and hydroxyl-radical), lies in
the increase of free iron content, derived from the oxidation of
mitochondrial iron-containing proteins. The iron interaction
with hydroperoxide following Fenton reaction as well as free-
radical decomposition of peroxynitrite, derived from NO

3
- are

the possible cause of manifold increase in ROS as well as LP
production, and RNS oxidation to NO

3
-. Thus, NO-dependent

MPTP blockage, due to NO synthesis in mitochondria in vivo,
results in the activation of both constituents of NO-cycle:
NOS-dependent, due to Ca2+-dependent activation of mito-
chondrial NOS, and nitrate-reductase-dependent, due to the
increase in NO

3
- formation. However, increase in ROS pro-

duction, augmented by the iron release, leads to the oxidative
stress and the shift of RNS metabolism towards NO

3
- forma-

tion, in spite of the activation of nitrate-reductase-dependent
pathway of NO-cycle. It is shown that reversible MPTP open-
ing in vitro diminishes ROS production, whereas MPTP block-
age by cyclosporine A restores the ROS formation to control
level. Thus, MPTP-dependent inhibition of ROS overproduc-
tion both in vitro and in vivo, shows the importance of MPTP
in the regulation of ROS and RNS metabolism in mitochon-
dria.
Key words: reactive nitrogen and oxygen species, nitroglycer-
ine, calcium, mitochondrial permeability transition pore, heart
mitochondria.

O.O. Bogomoletz Institute of Physiology Ukrainian National
Academy of Science, Kyiv
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Âïëèâ ωωωωω-3 ïîë³íåíàñè÷åíèõ æèðíèõ êèñëîò
íà äèõàííÿ òà íàáóõàííÿ ì³òîõîíäð³é ñåðöÿ
ïðè åêñïåðèìåíòàëüíîìó öóêðîâîìó ä³àáåò³

Ó ðîáîò³ âèâ÷àëè âïëèâ ω-3 ïîë³íåíàñè÷åíèõ æèðíèõ êèñëîò (ÏÍÆÊ) íà äèõàííÿ, íàáóõàííÿ
ì³òîõîíäð³é ñåðöÿ ùóð³â ³ æèðíîêèñëîòíèé ñêëàä ó ãîìîãåíàòàõ òêàíèíè ñåðöÿ ïðè öóêðîâîìó
ä³àáåò³ (ÖÄ), ÿêèé ìîäåëþâàëè îäíîðàçîâèì âíóòð³øíüîî÷åðåâèííèì ââåäåííÿì 55 ìã/êã
ñòðåïòîçîòîöèíó. Âèÿâëåíî, ùî çàñòîñóâàííÿ öèõ êèñëîò ï³äâèùóâàëî çíà÷åííÿ ïîêàçíèêà
àêòèâíîãî äèõàííÿ ì³òîõîíäð³é V

3
 íà 63,7 %, êîíòðîëüîâàíîãî äèõàííÿ V

4
 íà 30,7 % ³ øâèäêîñò³

ôîñôîðèëþâàííÿ íà 18,9 % ó òâàðèí ç ñòðåïòîçîòîöèí³íäóêîâàíèì ÖÄ. Ïðè öüîìó äîâåäåíî ¿õ
çäàòí³ñòü çìåíøóâàòè íàáóõàííÿ ì³òîõîíäð³é ñåðöÿ. Êð³ì òîãî, âñòàíîâëåíî çì³íè
æèðíîêèñëîòíîãî ñêëàäó êë³òèííèõ ìåìáðàí ñåðäåöü çà óìîâ ä³àáåòó ï³ä âïëèâîì ω-3 ÏÍÆÊ.
Îòðèìàí³ ðåçóëüòàòè äàþòü çìîãó çðîáèòè âèñíîâîê, ùî îñòàíí³ ïîçèòèâíî âïëèâàþòü íà
ôóíêö³îíàëüí³ ïîêàçíèêè ì³òîõîíäð³é, âíàñë³äîê ñòàá³ë³çàö³¿ êë³òèííèõ ìåìáðàí ñåðöÿ ùóð³â
ç ÖÄ.
Êëþ÷îâ³ ñëîâà: ñåðöå, ì³òîõîíäð³¿, ω-3 ïîë³íåíàñè÷åí³ æèðí³ êèñëîòè, öóêðîâèé ä³àáåò.
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ÂÑÒÓÏ

Âåëèêà ðîçïîâñþäæåí³ñòü çàõâîðþâàíü íà
öóêðîâèé ä³àáåò (ÖÄ) â óêðà¿íñüê³é ïîïó-
ëÿö³¿ (á³ëüø ÿê 1 ìëí 200 òèñ. õâîðèõ) ³
çíà÷íà ñìåðòí³ñòü â³ä éîãî óñêëàäíåíü çó-
ìîâëþº íåîáõ³äí³ñòü ïîäàëüøîãî äîñë³ä-
æåííÿ ïàòîãåíåòè÷íèõ ìåõàí³çì³â ðîçâèò-
êó óðàæåíü ð³çíèõ îðãàí³â.

Íàéá³ëüøó óâàãó ïðè ÖÄ ïðèâåðòàþòü
ïîðóøåííÿ ä³ÿëüíîñò³ ñåðöåâî-ñóäèííî¿
ñèñòåìè [5,  10].  Ââàæàºòüñÿ,  ùî ³ñíóº
äåê³ëüêà  ìåõàí³çì³â ,  ÿê ³  çóìîâëþþòü
çâ�ÿçîê ì³æ ä³àáåòîì ³ ïàòîëîã³ºþ ä³ÿëü-
íîñò³ îñòàííüî¿, à ñàìå: ïîðóøåííÿ ôóíêö³¿
åíäîòåë³þ, ùî ìîæëèâî ïîâ�ÿçàíî ç íåãà-
òèâíèì âïëèâîì ã³ïåðãë³êåì³¿ íà åêñïðåñ³þ
òà àêòèâí³ñòü åíäîòåë³àëüíî¿ NO-ñèíòàçè
(eNOS) [30], àêòèâàö³ÿ â³ëüíîðàäèêàëüíèõ
ïðîöåñ³â � çá³ëüøåííÿ óòâîðåííÿ ñóïåðîê-
ñèäó, ïîðóøåííÿ ôóíêö³¿ ÀÒÔ-çàëåæíèõ
êàë³ºâèõ êàíàë³â [4, 7]. Óñå öå ï³äâèùóº
÷óòëèâ³ñòü òêàíèí äî ³øåì³÷íîãî ïîøêîä-

æåííÿ òà ñóòòºâî çì³íþº ä³àñòîë³÷íó ñêëà-
äîâó òà íàñîñíó ôóíêö³þ ñåðöÿ, ùî çðåøòîþ
ïðèçâîäèòü äî ä³àáåòè÷íî¿ êàðä³îì³îïàò³¿.

Îñòàíí³ì ÷àñîì äåÿê³ äîñë³äíèêè çâåð-
òàþòü óâàãó òàêîæ íà çì³íè æèðíîêèñëîò-
íîãî ñêëàäó ìåìáðàí êàðä³îì³îöèò³â ïðè
ñòðåïòîçîòîöèí³íäóêîâàíîìó ÖÄ [24, 28].
Íà ö³é ìîäåë³ ä³àáåòó áóëî ïðîäåìîíñòðî-
âàíî çíà÷íå çíèæåííÿ âì³ñòó ω-3 ïîë³íåíà-
ñè÷åíèõ æèðíèõ êèñëîò (ÏÍÆÊ) ó ôîñôîë³-
ï³äàõ ñåðöÿ ³ ïîðóøåííÿ ñï³ââ³äíîøåííÿ
ω-6/ω-3 ÏÍÆÊ ó á³ê çá³ëüøåííÿ ïåðøèõ.
Äîäàâàííÿ äî ðàö³îíó ïðåïàðàò³â  ω-3
ÏÍÆÊ ìîæå â³äíîâëþâàòè ïîðóøåíå ñï³â-
â ³äíîøåííÿ ω-6/ω-3  ÏÍÆÊ ³  ñïðèÿòè
çíèæåííþ ðèçèêó ñåðöåâî-ñóäèííèõ óñêëàä-
íåíü ïðè ÖÄ. Íèí³ â³äîì³ ïîîäèíîê³ äîñë³ä-
æåííÿ, çîêðåìà ïðàöÿ Ovide-Bordeaux ³
ñï³âàâò. [25], äå ïîêàçàíî çì³íó íå ò³ëüêè
æèðíîêèñëîòíîãî ñêëàäó êë³òèííèõ ìåìá-
ðàí  êàðä³îì³îöèò³â ,  à  òàêîæ ìåìáðàí
ì³òîõîíäð³é ñåðöÿ ï³ä ä³ºþ ñòðåïòîçîòîöè-
íó. Ïðè öüîìó ñïîñòåð³ãàëîñÿ ï³äâèùåííÿ
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âì³ñòó ω-6 ³ çíèæåííÿ ω-3 ÏÍÆÊ. Ïðîòå ó
³íøîìó äîñë³äæåíí³ íå âèÿâëåíî ñòàòèñ-
òè÷íî çíà÷èìî¿ ð³çíèö³ æèðíîêèñëîòíîãî
ñêëàäó ó íîðìàëüíèõ ³  «ä³àáåòè÷íèõ»
ì³òîõîíäð³ÿõ, âèä³ëåíèõ ç ñåðöÿ [16]. Ö³
ñóïåðå÷ëèâ³  äàí³  äàþòü ï³äãðóíòÿ äëÿ
ïîäàëüøèõ äîñë³äæåíü çì³íè æèðíîêèñ-
ëîòíîãî ñêëàäó ìåìáðàí ì³òîõîíäð³é ïðè
ÖÄ. Íåáàãàòî â³äîìî ïðî ïîðóøåííÿ  ôóíê-
ö³é ì³òîõîíäð³é çà óìîâ ö³º¿ ïàòîëîã³¿.
Çîêðåìà îïèñàí³ çì³íè ïîêàçíèê³â äèõàííÿ
òà íàáóõàííÿ öèõ îðãàíåë ïðè ñòðåïòî-
çîòîöèí³íäóêîâàíîìó ÖÄ [31]. Ïîêàçàíî,
ùî âèñîêèé ð³âåíü îêèñíåííÿ æèðíèõ
êèñëîò ó ñåðö³ ïðè öüîìó çàõâîðþâàíí³
çíà÷íî ï³äâèùóº éîãî ïîòðåáó â êèñí³ [25].
Îäíàê ñåðåä ë³òåðàòóðíèõ äæåðåë íàì íå
âäàëîñÿ âèÿâèòè ãðóíòîâíèõ äîñë³äæåíü,
ÿê³ îïèñóþòü ðîëü ω-3 ÏÍÆÊ ó ïîðóøåíí³
äèõàííÿ òà íàáóõàííÿ ³çîëüîâàíèõ ç ñåðöÿ
ì³òîõîíäð³é ïðè åêñïåðèìåíòàëüíîìó ÖÄ.

Ìåòà íàøî¿ ðîáîòè � âèâ÷èòè âïëèâ ω-
3 ÏÍÆÊ íà ôóíêö³þ ì³òîõîíäð³é çà äàíèõ
óìîâ, à ñàìå íà ïîêàçíèêè äèõàííÿ, íàáóõàííÿ
³çîëüîâàíèõ ì³òîõîíäð³é ñåðöÿ ùóð³â òà
æèðíîêèñëîòíèé ñêëàä êë³òèííèõ ìåìáðàí
ñåðöÿ ïðè ñòðåïòîçîòîöèí³íäóêîâàíîìó ÖÄ.

ÌÅÒÎÄÈÊÀ

Äîñë³äæåííÿ ïðîâîäèëè íà ùóðàõ-ñàìöÿõ
ë³í³¿ Â³ñòàð ìàñîþ 140�200 ã, â³êîì 3 ì³ñ.
ÖÄ ìîäåëþâàëè îäíîðàçîâèì ââåäåííÿì
ñòðåïòîçîòîöèíó (�Sigma�, ÑØÀ). Ïðåïà-
ðàò ðîçâîäèëè 0,1-ìîëÿðíèì öèòðàòíèì áó-
ôåðîì (ðÍ 4,5) ³ ââîäèëè òâàðèíàì âíóòð³ø-
íüîî÷åðåâèííî ³ç ðîçðàõóíêó 55 ìã/êã.
Ðîçâèòîê ã³ïåðãë³êåì³¿ êîíòðîëþâàëè çà ï³ä-
âèùåííÿì âì³ñòó ãëþêîçè â êðîâ³, ÿêèé
âèì³ðþâàëè çà äîïîìîãîþ ñòàíäàðòíîãî
íàáîðó (ãëþêîìåòð ³ òåñò-ñìóæêè Accu-
Chek Active, «Roche», Í³ìå÷÷èíà). Äîñë³ä-
æåííÿ ïðîâîäèëè íà òâàðèíàõ, âì³ñò ãëþêî-
çè ÿêèõ ïåðåâèùóâàâ 14 ììîëü/ë. Ó ðîáîò³
âèêîðèñòîâóâàëè 3 ãðóïè òâàðèí: ² � êîíò-
ðîëüí³ ùóðè, (n=21), ²² � ùóðè ç ÖÄ (n=11),
²²² � ùóðè, ÿêèì ï³ñëÿ ï³äòâåðäæåííÿ çðîñòàí-

íÿ âì³ñòó ãëþêîçè â êðîâ³ ïî÷àëè äàâàëè ïðå-
ïàðàò åïàäîë ïðîòÿãîì 4 òèæ ó äîç³ 0,1 ìã/
100 ã ìàñè ò³ëà (n=18). Åïàäîë ì³ñòèòü 45 %
ω-3 ÏÍÆÊ òâàðèííîãî ïîõîäæåííÿ (ñóì³ø
åéêîçàïåíòàºíîâî¿ ³ äîêîçàãåêñàºíîâî¿ êèñëîò
ç ðèá`ÿ÷îãî æèðó). Ï³ñëÿ äåêàï³òàö³¿ øâèäêî
âèëó÷àëè ñåðöÿ, âì³ùóâàëè ¿õ ó ëüîäÿíèé
0,9%-é ðîç÷èí KCl äî çóïèíêè ñåðöÿ.

Ì³òîõîíäð³¿ âèä³ëÿëè ç ñåðöÿ çà ìåòîäîì
äèôåðåíö³éíîãî öåíòðèôóãóâàííÿ â ñåðåäî-
âèù³ âèä³ëåííÿ íàñòóïíîãî ñêëàäó (ììîëü/
ë): ñàõàðîçà � 250, òð³ñ-HCl � 20, EGTA � 1
(ðÍ 7,2-7,4) òà 0,5%-ãî áè÷à÷îãî ñèðîâàò-
êîâîãî àëüáóì³íó. Äèõàííÿ ³ îêèñíå ôîñôî-
ðèëþâàííÿ â ì³òîõîíäð³ÿõ âèâ÷àëè ïîëÿðî-
ãðô³÷íèì ìåòîäîì ³ç âèêîðèñòàííÿì çàêðè-
òîãî åëåêòðîäà Êëàðêà òà ïðèëàäà îêñè-
ãðàô (�Hansa tech� ,  Âåëèêà  Áðèòàí³ÿ) .
Ñåðåäîâèùå ³íêóáàö³¿ ³çîòîí³÷íîãî ñêëàäó
ì³ñòèëî (ììîëü/ë): KCl � 120, òð³ñ-HCl �
25, KH

2
PO

4 
� 3, ñóêöèíàò Na � 5 (ðÍ 7,2�

7,4) [3]. ßê ñóáñòðàò îêèñíåííÿ âèêîðèñ-
òîâóâàëè ñóêöèíàò 10 ììîëü/ë. Àêòèâíå
äèõàííÿ ³çîëüîâàíèõ ì³òîõîíäð³é ³íäóêóâàëè
äîäàâàííÿì 200 ìêìîëü/ë ÀÄÔ. Íà îòðè-
ìàíèõ ïîëÿðîãðàìàõ (ðèñ. 1) îá÷èñëþâàëè:
øâèäê³ñòü äèõàííÿ ó ñòàí³ â³äíîñíîãî ñïîêîþ
(V

2
), øâèäê³ñòü ôîñôîðèëüîâàíîãî òà êîíòðî-

ëüîâàíîãî äèõàííÿ çà ×àíñîì ó ìåòàáîë³÷íèõ
ñòàíàõ 3 (V

3
) ³ 4 (V

4
), êîåô³ö³ºíò äèõàëüíîãî

êîíòðîëþ (V
3
/V

4
), êîåô³ö³ºíò åôåêòèâíîñò³

ôîñôîðèëþâàííÿ (ÀÄÔ/Î) òà øâèäê³ñòü
ôîñôîðèëþâàííÿ

 
(V

ô
). Êîíöåíòðàö³þ á³ëêà

âèçíà÷àëè çà ìåòîäîì Ëîóð³.
Äîñë³äæåííÿ íàáóõàííÿ ì³òîõîíäð³é

ïðîâîäèëè ñïåêòðîôîòîìåòðè÷íèì ìåòî-
äîì. Ñóñïåíç³þ ì³òîõîíäð³é ïîì³ùàëè ó 1
ìë ³íêóáàö³éíîãî ñåðåäîâèùà ³çîòîí³÷íîãî
ñêëàäó (ììîëü/ë): KCl � 120, òð³ñ-HCl � 25,
KH

2
PO

4 
� 3, ñóêöèíàò Na � 5 (ðÍ 7,2�7,4)

òà çà äîïîìîãîþ ñïåêòðîôîòîìåòðà ðåºñò-
ðóâàëè çíèæåííÿ îïòè÷íî¿ ãóñòèíè ³çîëüî-
âàíèõ ì³òîõîíäð³é äî (çà 5 õâ) ³ ï³ñëÿ (÷åðåç
10 õâ) ä³¿ ðîç÷èíó CaCl

2 
 ïðè λ=520 íì.

Íàáóõàííÿ ì³òîõîíäð³é ³íäóêóâàëè äîäà-
âàííÿì CaCl

2 
(ê³íöåâà êîíöåíòðàö³ÿ 10-4

ìîëü/ë).  Êîíöåíòðàö³ÿ á³ëêà ñòàíîâèëà
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0,4 ìã/ìë. ßê êîíòðîëü âèêîðèñòîâóâàëè
ñóñïåíç³þ ì³òîõîíäð³é â ³íêóáàö³éíîìó
ñåðåäîâèù³  çà  â ³äñóòíîñò ³  ³íäóêòîðà ,
îïòè÷íó ãóñòèíó ðåºñòðóâàëè ïðè λ=520 íì
ïðîòÿãîì 15 õâ. Äëÿ ï³äòâåðäæåííÿ òîãî,
ùî íàáóõàííÿ â³äáóëîñÿ âíàñë³äîê â³äêðè-
âàííÿ ì³òîõîíäð³àëüíî¿ ïîðè, ïðîáó ïåðåä
äîäàâàííÿì ³íäóêòîðà äîäàòêîâî ³íêóáó-
âàëè 5 õâ ç êëàñè÷íèì ³íã³á³òîðîì � öèêëî-
ñïîðèíîì À 10-5 ìîëü/ë («Fluka», Øâåö³ÿ).

Âì³ñò æèðíèõ êèñëîò ó ãîìîãåíàòàõ
òêàíèíè ñåðöÿ âèçíà÷àëè ìåòîäîì ãàçîâî¿
õðîìàòîãðàô³¿. Ãîìîãåíàò òêàíèíè ñåðöÿ
ïåðåíîñèëè â ì³ðíó ïðîá³ðêó ³ çàëèâàëè
åêñòðàãóþ÷îþ ñóì³øøþ, äàë³ ïðîâîäèëè
ã³äðîë³ç ³  ìåòèëþâàííÿ âèùèõ æèðíèõ
êèñëîò ôîñôîë³ï³ä³â òêàíèí, äâ³÷³ åêñòðà-
ãóâàëè ìåòèëüîâàí³ æèðí³ êèñëîòè ãåêñàí-
åô³ðíîþ ñóì³øøþ ³ àíàë³çóâàëè ñïåêòð
æèðíèõ êèñëîò íà õðîìàòîãðàô³ ñåð³¿ �Öâåò-
500�. Ê³ëüê³ñíó îö³íêó ñïåêòðà æèðíèõ
êèñëîò ôîñôîë³ï³ä³â âèêîíóâàëè çà ìåòîäîì
íîðìóâàííÿ âèì³ðþâàííÿì ïëîù³ ï³ê³â
ìåòèëüîâàíèõ ïîõ³äíèõ æèðíèõ êèñëîò ³
âèçíà÷åííÿ  ¿õ  ñêëàäó  ó  â ³äñîòêîâîì ó
ñï³ââ ³äíîøåíí³  äî  çàãàëüíîãî  âì³ñòó
æèðíèõ êèñëîò, ÿêèé ïðèéìàëè çà 100 %.

Åêñïåðèìåíòàëüí³ ðåçóëüòàòè îáðîá-
ëÿëè ç âèêîðèñòàíÿì êðèòåð³þ t Ñòüþäåíòà
òà ïðîãðàìè Origin.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ¯Õ ÎÁÃÎÂÎÐÅÍÍß

Ïðè ðîçâèòêó åêñïåðèìåíòàëüíîãî ÖÄ
âì³ñò ãëþêîçè ó êðîâ³ ùóð³â äîñòîâ³ðíî
çá³ëüøóâàâñÿ. Òàê, ÷åðåç 4 òèæ ó êðîâ³
ùóð³â ²² ãðóïè â³í ñòàíîâèâ 33 ììîëü/ë ±

0,01 ììîëü/ë (Ð<0,05), ó êîíòðîë³ (² ãðóïà)
� 7,8 ììîëü/ë ± 0,2 ììîëü/ë. Çàñòîñóâàííÿ
ω-3  ÏÍÆÊ (² ² ²  ãðóïà)  ïðèçâîäèëî äî
«ïîì�ÿêøåííÿ» ã³ïåðãë³êåì³¿ (19,2 ììîëü/ë
± 2,7 ììîëü/ë, Ð<0,05). Ñë³ä â³äì³òèòè, ùî
ó òâàðèí ç ðîçâèíåíèì ÖÄ çíèæóâàëàñÿ
ìàñà ò³ëà (177,5 ã ± 8 ã ùîäî êîíòðîëþ
232,85 ã ± 6,15 ã, Ð<0,05), à îòðèìàííÿ ω-3
ÏÍÆÊ çàïîá³ãàëî öüîìó (219,7 ã ± 12,65 ã,
Ð<0,05). Ó ì³òîõîíäð³ÿõ ñåðöÿ ùóð³â äåùî
çíèæóâàâñÿ âì³ñò á³ëêà. Âîäíî÷àñ ïðè
âæèâàíí³ ïðåïàðàòó ω-3 ÏÍÆÊ â³í â³äíîâ-
ëþºòüñÿ ìàéæå äî êîíòðîëüíîãî ð³âíÿ
(òàáë. 1).

Ðîçâèòîê ÖÄ (²² ãðóïà) ïðèçâîäèâ äî
ñóòòºâîãî çá³ëüøåííÿ âì³ñòó àðàõ³äîíîâî¿
êèñëîòè, ùî äîñèòü íåãàòèâíî, (íà 71 %,
Ð<0,05) òà äåÿêîãî çìåíøåííÿ α-ë³íîëå-
íîâî¿ êèñëîòè ïîð³âíÿíî ç êîíòðîëåì. Âì³ñò
íàñè÷åíèõ ³ íåíàñè÷åíèõ æèðíèõ êèñëîò
çì³íþâàâñÿ ð³çíîíàïðàâëåíî: ë³íîëåâî¿,
ïàëüì³òèíîâî¿ ³ îëå¿íîâî¿ äåùî çìåíøóâàâ-
ñÿ, à ñòåàðèíîâî¿ íåçíà÷íî çá³ëüøóâàâñÿ
(òàáë. 2).

Çàñòîñóâàííÿ åïàäîëó ó òâàðèí ²²² ãðóïè
çì³íþº æèðíîêèñëîòíèé ñêëàä ãîìîãåíàòó
òêàíèíè ñåðöÿ. Ïîðÿä ç³ çá³ëüøåííÿì âì³ñ-
òó α-ë³íîëåíîâî¿ êèñëîòè á³ëüø í³æ óäâ³÷³
(íà 157,2 %) çíà÷íî çìåíøèâñÿ âì³ñò àðà-
õ³äîíîâî¿ êèñëîòè (íà 28,8 %; Ð<0,05; äèâ.
òàáë. 2). Âì³ñò ³íøèõ íàñè÷åíèõ æèðíèõ
êèñëîò ï³ä âïëèâîì ä³ºòè, çáàãà÷åíî¿ ω-3
ÏÍÆÊ, çì³íþâàâñÿ ð³çíîñïðÿìîâàíî òà
ìåíø âèðàæåíî. Âñòàíîâëåíî ñòàòèñòè÷íî
çíà÷èìå ï³äâèùåííÿ âì³ñòó ñóìè íàñè÷åíèõ
æèðíèõ êèñëîò, ìîíîíåíàñè÷åíî¿ � îëå¿íî-
âî¿, ïîë³íåíàñè÷åíî¿ ë³íîëåâî¿ êèñëîòè â

Ìàñà ò³ëà, ã 232,85±6,15 177,5±8* 219,7±12,65**
Ãëþêîçà â êðîâ³, ììîëü/ë 7,8±0,2 33±0,01* 19,2±2,7**
Âì³ñò á³ëêà â ì³òîõîíäð³ÿõ, ìã/ìë 1,5±0,17 1,3±0,1 1,6±0,1

Ïðèì³òêà.Òóò ³ â òàáë. 2 ³ 3 *â³ðîã³äíî ó ïîð³âíÿíí³ ç êîíòðîëåì, ** â³ðîã³äíî ó ïîð³âíÿíí³ ç öóêðîâèì
ä³àáåòîì; Ð<0,05.

Òàáëèöÿ 1. Çàãàëüí³ ïîêàçíèêè äîñë³äæóâàíèõ ãðóï ùóð³â

Ïîêàçíèêè Êîíòðîëü
(² ãðóïà, n=21)

Öóêðîâèé ä³àáåò
(²² ãðóïà, n=11)

Öóêðîâèé ä³àáåò ³ ω-3
ÏÍÆÊ (²²² ãðóïà, n=18)

Âïëèâ ω-3 ïîë³íåíàñè÷åíèõ æèðíèõ êèñëîò
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ãîìîãåíàòàõ òêàíèíè ñåðöÿ. Ñë³ä â³äì³òèòè
ñóòòºâå çá³ëüøåííÿ âì³ñòó ω-3 ÏÍÆÊ,
çîêðåìà α-ë³íîëåíîâî¿ êèñëîòè â ²²² ãðóï³
òâàðèí. Á³ëüø³ñòþ äîñë³äíèê³â çàçíà÷àºòü-
ñÿ, ùî æèðí³ êèñëîòè, ÿê³ âáóäîâóþòüñÿ â
ìåìáðàíó âíàñë³äîê îòðèìàííÿ òâàðèíàìè
ω-3 ÏÍÆÊ ìîæóòü çì³íþâàòè òàê³ âíóò-
ð³øíüîêë³òèíí³ òà ìåìáðàíí³ ôóíêö³¿, ÿê
ïîò³ê ³îí³â, òðàíñïîðò åëåêòðîí³â, àêòèâ-
í³ñòü  ìåìáðàííèõ ôåðìåíò³â ,  ôóíêö³ ¿
ðåöåïòîð³â ³ âíóòð³øíüîêë³òèííèõ âòîðèí-
íèõ ìåñåíäæåð³â. Òàê, Holguin ³ ñï³âàâò.
ïîêàçàëè, ùî çáàãà÷åííÿ ðàö³îíó α-ë³íîëå-
íîâîþ êèñëîòîþ ïîêðàùóº àâòîíîìíó
ôóíêö³þ ñåðöÿ ³ ìàº àíòèàðèòì³÷íèé âïëèâ
[17]. Ðàí³øå Øèø òà ñï³âàâò. çàñâ³ä÷åíî,

ùî çíèæåííÿ âì³ñòó àðàõ³äîíîâî¿ êèñëîòè
ñïðèÿº çìåíøåííþ ê³ëüêîñò³ ïðîçàïàëüíèõ
öèòîê³í³â, òðîìáîçó, íàáðÿêó, âàçîêîíñò-
ðèêö³¿ êîðîíàðíèõ ñóäèí, ³øåì³÷íèõ òà
àðèòìîãåííèõ ðåàêö³é [2]. Òàêîæ º â³äî-
ìîñò³, ùî âèêîðèñòàííÿ ω-3 ÏÍÆÊ ìîæå
ñïðèÿòè á³ëüø åôåêòèâíîìó âèêîðèñòàííþ
êèñíþ ³ óòèë³çàö³¿ åíåðã³¿ ÷åðåç àêòèâàö³þ
ìåòàáîë³÷íîãî ðåçåðâó ñåðöÿ [25].

Ïðîâåäåí³ íàìè äîñë³äæåííÿ ïîêàçàëè,
ùî ïðè ÖÄ ñïîñòåð³ãàºòüñÿ çíèæåííÿ ð³âíÿ
ÀÄÔ-ñòèìóëüîâàíîãî äèõàííÿ ì³òîõîíäð³é
ì³îêàðäà çà óìîâ îêèñíåííÿ ñóêöèíàòó
(òàáë. 3) ó ïîð³âíÿíí³ ç ãðóïîþ êîíòðîëþ
(ðèñ. 1,à). Â³ðîã³äíî çíèæóâàëèñÿ çíà÷åííÿ
ïîêàçíèê³â V

3 
(íà 41,12 %) ³ V

4 
(íà 40,4 %)

Ïàëüì³òèíîâà 16:0 18,45±0,4 14,45±0,5* 19±1,1**
Ñòåàðèíîâà18:0 12,4±0,4 14,3±0,7 13,9±0,5
Îëå¿íîâà18:1 9,9±0,35 7,3±0,35* 8,7±0,7
Ë³íîëåâà18:2 24,27±1,0 17,2±1,4* 19,5±1,8
α-ë³íîëåíîâà 18:3 0,4±0,1 0,35±0,05 0,9±0,3
Àðàõ³äîíîâà 20:4 23,42±0,93 40,15±1,7* 28,6±3,5**
Σ Æèðíèõ êèñëîò
    íàñè÷åíèõ 36,7±1,4 34,95±0,6 42,2±2,4**
    íåíàñè÷åíèõ 63,3±1,4 65,05±0,6 57,8±2,4**
    ïîë³íåíàñè÷åíèõ 48,09±1,2 57,45±0,8* 49,1±2,9**

Òàáëèöÿ 2. Âì³ñò (%) æèðíèõ êèñëîò ó ãîìîãåíàò³ òêàíèíè ì³îêàðäà ùóð³â ïðè öóêðîâîìó ä³àáåò³ òà çà âïëèâó
ωωωωω-3 ïîë³íåíàñè÷åíèõ æèðíèõ êèñëîò (ÏÍÆÊ)

    Æèðí³ êèñëîòè Êîíòðîëü
(² ãðóïà)

Öóêðîâèé ä³àáåò
(²² ãðóïà)

Öóêðîâèé ä³àáåò ³ ω-3
ÏÍÆÊ (²²² ãðóïà)

Øâèäê³ñòü äèõàííÿ,
íìîëü Î

2 
õâ-1 . ìã-1 á³ëêà ó ñòàí³

     â³äíîñíîãî ñïîêîþ (V
2
) 50,1±4 47,3±3,9 53,7±4,4

     ôîñôîðèëüîâàíîãî(V
3
) 130,1±12,8 76,6±6,6* 125,4±12,4**

     êîíòðîëüîâàíîãî (V
4
) 36,6±5,3 21,8±4* 28,5±2,4

Äèõàëüíèé êîíòðîëü (V
3
/V

4
) 3,70±0,41 3,45±0,35 4,2±0,3

Êîåô³ö³ºíò åôåêòèâíîñò³
ôîñôîðèëþâàííÿ (ÀÄÔ/Î) 1,59±0,05 1,24±0,077* 1,56±0,082**

Øâèäê³ñòü ôîñôîðèëþâàííÿ,
ìêìîëü ÀÄÔ . õâ-1 . ìã-1 á³ëêà (V

ô
) 113,3±10,3 70,2±14,2* 83,45±11

Òàáëèöÿ 3. Ïîêàçíèêè ÀÄÔ-ñòèìóëüîâàíîãî äèõàííÿ ì³òîõîíäð³é ì³îêàðäà ïðè öóêðîâîìó ä³àáåò³
çà íàÿâíîñò³ â ñåðåäîâèù³ ³íêóáàö³¿ ñóêöèíàòó â ð³çíèõ ôóíêö³îíàëüíèõ ñòàíàõ

Ïîêàçíèêè Êîíòðîëü
(² ãðóïà, n=21)

Öóêðîâèé ä³àáåò
(²² ãðóïà, n=11)

Öóêðîâèé ä³àáåò ³ ω-3
ÏÍÆÊ (²²² ãðóïà, n=18)

À.Ñ. Æóêîâñüêà, À.Ì. Øèø, Î.Î. Ìîéáåíêî
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Ðèñ. 1. Çì³íè ïîêàçíèê³â ÀÄÔ-ñòèìóëüîâàíîãî äèõàííÿ â ì³òîõîíäð³ÿõ êîíòðîëüíî¿ ãðóïè (à), ùóð³â ç öóêðîâèì
ä³àáåòîì (á), òâàðèí, ùî ïðè öóêðîâîìó ä³àáåò³ îòðèìóâàëè ω-3 ïîë³íåíàñè÷åí³ æèðí³ êèñëîòè (â) çà íàÿâíîñò³ â
ñåðåäîâèù³ ³íêóáàö³¿ ñóêöèíàòó: 1 � øâèäê³ñòü äèõàííÿ ó ñòàí³ V

2
, 2 � øâèäê³ñòü äèõàííÿ ó ñòàí³ V

3
, 3 � øâèäê³ñòü

äèõàííÿ ó ñòàí³ V
4
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ì
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Âïëèâ ω-3 ïîë³íåíàñè÷åíèõ æèðíèõ êèñëîò
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â³äïîâ³äíî, òà V
ô
 (íà 38,04%) ³ çìåíøåííÿ

êîåô³ö³ºíòà ÀÄÔ/Î (íà 22 %) ïîð³âíÿíî ç³
çíà÷åííÿìè,  îòðèìàíèìè äëÿ  ²  ãðóïè
òâàðèí. Ðîçâèòîê ÖÄ ïðèçâîäèâ äî äåÿêîãî
çíèæåííÿ, íà ð³âí³ òåíäåíö³¿, çíà÷åíü V

2
 òà

V
3
/V

4
 ó òâàðèí ²² ãðóïè ïîð³âíÿíî ç êîíòðî-

ëåì. Ï³ñëÿ îòðèìàííÿ ùóðàìè ω-3 ÏÍÆÊ
â³äì³÷åíî ñòàòèñòè÷íî çíà÷èìå ï³äâèùåííÿ
ïîêàçíèê³â V

3 
(íà 63,7 %) ³ V

ô 
(íà 18,9 %)

òà V
4
 (íà 30,7 %). À ïîêàçíèêè V

2 
òà V

3
/V

4

ìàéæå íå çàçíàâàëè çì³í ïîð³âíÿíî ç³
çíà÷åííÿìè ïðè ÖÄ (äèâ. ðèñ. 1á,â).

Òàêèì ÷èíîì, ó íàøèõ åêñïåðèìåíòàõ
ï³äòâåðäæåíî ïîðóøåííÿ á³îåíåðãåòè÷íèõ
ôóíêö³é ì³òîõîíäð³é ñåðöÿ ïðè ñòðåïòîçî-
òîöèí³íäóêîâàíîìó ÖÄ. Ââàæàþòü, ùî âîíè
ïîëÿãàþòü â ïåðåâàç³ âèêîðèñòàííÿ æèðíèõ
êèñëîò ïîð³âíÿíî ç ãëþêîçîþ ïðè ñèíòåç³
åíåðã³¿ â ñåðö³, çíèæåíí³ ñïîæèâàííÿ êèñíþ
ì³òîõîíäð³ÿìè ³ çá³ëüøåíí³ ïîòðåáè â íüîìó
[15]. Íàìè ïîêàçàíî çíèæåííÿ V

3
 ³ V

4
 çà

×àíñîì òà V
ô
, ùî ìîæå ñâ³ä÷èòè ïðî óïî-

â³ëüíåííÿ ïðîöåñó óòâîðåííÿ ÀÒÔ ó ì³òî-
õîíäð³ÿõ ñåðöÿ [25], à òàêîæ çìåíøåííÿ
åôåêòèâíîñò³ ñïîæèâàííÿ êèñíþ ì³òîõîíä-
ð³ÿìè çã³äíî ç³ çíà÷åííÿì ñï³ââ³äíîøåííÿ
ÀÄÔ/Î. Íàø³ ðåçóëüòàòè óçãîäæóþòüñÿ ç
äàíèìè ³íøèõ äîñë³äíèê³â, â ÿêèõ âèÿâëåíî
ïîðóøåííÿ çàñâîºííÿ êèñíþ, ÿê íàñë³äîê
îêñèäàòèâíîãî ñòðåñó ïðè ÖÄ [13, 14].
Îäèí ç ìåõàí³çì³â, ÿêèé ìîæå ïîÿñíèòè ö³
ïîðóøåííÿ � ðîçâèòîê, òàê çâàíî¿, ïñåâäî-
ã³ïîêñ³¿ [15]. Àâòîðè ââàæàþòü, ùî îñòàííÿ
âèíèêàº ÷åðåç ïîðóøåííÿ ôóíêö³îíóâàííÿ
äèõàëüíîãî ëàíöþãà, à ñàìå éîãî äðóãîãî
êîìïëåêñó � ñóêöèíàòäåã³äðîãåíàçè,  ó
ñåðöÿõ ïðè ÖÄ ïîã³ðøóºòüñÿ ôóíêö³ÿ
óòèë³çàö³¿ êèñíþ, êàðä³îì³îöèòè ïî÷èíàþòü
ñòðàæäàòè â³ä äåô³öèòó åíåðã³¿ ³  ñåðöå
àêòèâóº ìåõàí³çìè åíäîãåííî¿  êàðä³î-
ïðîòåêö³ ¿ .  Ïðè öüîìó ñïîñòåð³ãàºòüñÿ
ôóíêö³îíàëüíå ðåìîäåëþâàííÿ ì³òîõîíäð³é,
çì³íà ô³çè÷íèõ ³ õ³ì³÷íèõ âëàñòèâîñòåé
ì³òîõîíäð³àëüíèõ ìåìáðàí ³ çíà÷íå çíèæåí-
íÿ ïîäà÷³ êèñíþ äî êàðä³îì³îöèò³â. Âîäíî-
÷àñ Mazumder ³ ñï³âàâò. äîâîäÿòü, ùî ÖÄ

âèêëèêàº ðîç�ºäíàííÿ îêèñíåííÿ ³ ôîñôîðè-
ëþâàííÿ  ì³òîõîíäð³é ,  ùî â ³äîáðàæàº
ñï³ââ³äíîøåííÿ V

3
/V

4
 [20]. À çà íàøèìè

ðåçóëüòàòàìè ïðè ñòðåïòîçîòîöèí³íäóêîâà-
íîìó ÖÄ (²² ãðóïà) öåé ïîêàçíèê ìàéæå íå
â³äð³çíÿâñÿ â³ä êîíòðîëþ (² ãðóïà).

Äîäàâàííÿ äî ðàö³îíó ω-3 ÏÍÆÊ ïîñè-
ëèëî ñò³éê³ñòü ñåðäåöü çà óìîâ ÖÄ äî ïî-
ðóøåíü á³îåíåðãåòè÷íèõ ôóíêö³é ì³òîõîíä-
ð³é ñåðöÿ ùóð³â, ÿê³ âèíèêëè ïðè ñòðåïòî-
çîòîöèí³íäóêîâàíîìó ÖÄ. ω-3 ÏÍÆÊ (²²²
ãðóïà) âèêëèêàþòü â³ðîã³äíå çá³ëüøåííÿ V

3

òà V
ô
, ïðàêòè÷íî íå âïëèâàþ÷è íà V

3
/V

4
 ³

íàáëèæàþ÷è äî êîíòðîëüíèõ çíà÷åííÿ
êîåô³ö³ºíòà ÀÄÔ/Î ì³òîõîíäð³é ñåðöÿ ùóð³â
ç ÖÄ. Ç ë³òåðàòóðíèõ äàíèõ â³äîìî, ùî
åêñïîçèö³ÿ êàðä³îì³îöèò³â ç äîâãîëàíöþ-
ãîâèìè æèðíèìè êèñëîòàìè âèêëèêàº
ïðèãí³÷åííÿ îêèñíåííÿ æèðíèõ êèñëîò ³
àêòèâóº GLUT 4 (á³ëîê-òðàíñïîðòåð ãëþêî-
çè),  ùî ñïðèÿº ïîñèëåííþ òðàíñïîðòó
ãëþêîçè [20]. Ñóòòºâó ðîëü òàêîæ ìîæå
â³ä³ãðàâàòè àêòèâàö³ÿ ôåðìåíòó êàðí³òèí-
ïàëüì³òî¿ëòðàíñôåðàçè 1, ÿêà îïîñåðåä-
êîâóº òðàíñïîðò äîâãîëàíöþãîâèõ æèðíèõ
êèñëîò ÷åðåç ìåìáðàíó ì³òîõîíäð³é. Àäæå
îïèñàíî çíèæåííÿ ¿¿ àêòèâíîñò³ ïðè ÖÄ, ùî
ñïðèÿº ïåðåêëþ÷åííþ îêèñíåííÿ ãëþêîçè
íà æèðí³ êèñëîòè ó ì³îêàðä³ ³ ÿê íàñë³äîê
ïðèçâîäèòü äî çíèæåííÿ åôåêòèâíîñò³
ðîáîòè ñåðöÿ [20]. Îñê³ëüêè â³äîìî, ùî ïðè
óòâîðåíí³ ÀÒÔ ç ãëþêîçè ñåðöå ïîòðåáóº
ìåíøå êèñíþ, í³æ ïðè ïðîäóêö³¿ ¿¿ ³ç æèðíèõ
êèñëîò. Ç�ÿñîâàíî, ùî ïðè ñòðåïòîçîòîöèí-
³íäóêîâàíîìó ÖÄ ïðèãí³÷óºòüñÿ ³ àêòèâ-
í³ñòü ôåðìåíòó ∆6-äåñàòóðàçè, ùî ïåðåø-
êîäæàº âêëþ÷åííþ äîêîçàãåêñàºíîâî¿ êèñ-
ëîòè äî ìåìáðàííèõ ôîñôîë³ï³ä³â. Ïðîòå â
ðàç³ ââåäåííÿ ¿¿ äî ðàö³îíó õàð÷óâàííÿ, âîíà
êîìïåíñóº ïðèãí³÷åíó àêòèâí³ñòü ôåðìåíòó
÷åðåç ïîñèëåíó ³íêîðïîðàö³þ êèñëîòè â
ìåìáðàíè ñåðöÿ,  â  òîìó ÷èñë³  � ì³òî-
õîíäð³é. Ðåçóëüòàòè íàøèõ äîñë³äæåíü
êîðåëþþòü ç  äàíèìè ïðî ï ³äâèùåííÿ
÷óòëèâîñò³ äî ³íñóë³íó, ùî ï³äòâåðäæóºòüñÿ
â³ðîã³äíèì çíèæåííÿì âì³ñòó ãëþêîçè êðîâ³

À.Ñ. Æóêîâñüêà, À.Ì. Øèø, Î.Î. Ìîéáåíêî
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â 1,7 ðàçà ³ óçãîäæóþòüñÿ ç ë³òåðàòóðíèìè
â³äîìîñòÿìè [25]. Òàêîæ â³äîìî, ùî ïðè ÖÄ
1-ãî òèïó â ì³òîõîíäð³ÿõ ñïîñòåð³ãàºòüñÿ
íèçüêà àêòèâí³ñòü ôåðìåíòó ñóêöèíàò-
äåã³äðîãåíàçè [16].  Öå ï³äòâåðäæåíî â
íàøîìó äîñë³ä³ â³ðîã³äíèì çíèæåííÿì
çíà÷åííÿ V

3
 ³ç âèêîðèñòàííÿì ÿê ñóáñòðàòó

îêèñíåííÿ ñóêöèíàòó � ãîëîâíîãî ó÷àñíèêà
²² êîìïëåêñó åëåêòðîííîãî òðàíñïîðòíîãî
ëàíöþãà. Çàñòîñóâàííÿ ω-3 ÏÍÆÊ ïðèçâå-
ëî äî â³ðîã³äíîãî çá³ëüøåííÿ çíà÷åííÿ V

3
.

Ïðèïóñêàºìî, ùî öå ìîæëèâî ÷åðåç àêòèâà-
ö³þ ñóêöèíàòäåã³äðîãåíàçè. Â³äîìî, ùî
ñóêöèíàò º ÔÀÄ-çàëåæíèì ñóáñòðàòîì, à
ïðè ñòðåïòîçîòîöèí³íäóêîâàíîìó ÖÄ ñïîñ-
òåð³ãàºòüñÿ âèñíàæåííÿ çàïàñ³â ÍÀÄ. Òîìó
äëÿ ç�ÿñóâàííÿ ðîë³ ÍÀÄ-çàëåæíîãî äèõàí-
íÿ ì³òîõîíäð³é ì³îêàðäà ïðè ÖÄ ó ïîäàëü-
øèõ äîñë³äæåííÿõ áóäå îö³íåíî ïîêàçíèêè
äèõàííÿ ì³òîõîíäð³é ñåðöÿ ùóð³â çà óìîâ
äàíî¿ ïàòîëîã³¿ òà ïðè äîäàâàíí³ ω-3 ÏÍÆÊ ç
âèêîðèñòàííÿì ÍÀÄ-çàëåæíèõ ñóáñòðàò³â.

Íà ï³äòâåðäæåííÿ îòðèìàíèõ ðåçóëü-
òàò³â ìè òàêîæ äîñë³äèëè âïëèâ ω-3 ÏÍÆÊ
íà íàáóõàííÿ ³çîëüîâàíèõ ì³òîõîíäð³é
ñåðöÿ ùóð³â. Íà ðèñ. 2 çîáðàæåíî õàðàê-

òåðí³ ãðàô³êè ðåºñòðàö³¿ íàáóõàííÿ ì³òî-
õîíäð³é ç ñåðäåöü äîñë³äíèõ òâàðèí çà
êîíòðîëüíèõ óìîâ, áåç ä³¿ ³íäóêòîð³â. Íàìè
ïîêàçàíî, ùî ó ãðóï³ ç ÖÄ ï³äâèùóºòüñÿ
âåëè÷èíà íàáóõàííÿ ì³òîõîíäð³é ÿê êîíò-
ðîëüíîãî ïîêàçíèêà, òàê ³ êàëüö³é³íäó-
êîâàíîãî íà 93,75 (Ð<0,05) òà 11,18 %
â³äïîâ³äíî â ïîð³âíÿíí³ ç êîíòðîëåì (ðèñ.
3). Ñë³ä çàçíà÷èòè, ùî ïîïåðåäíÿ ³íêóáàö³ÿ
ì³òîõîíäð³é ç öèêëîñïîðèíîì À çà óìîâ ä³¿
êàëüö³þ ïîïåðåäæóâàëà ¿õ  íàáóõàííÿ.
Îñê³ëüêè íàáóõàííÿ ì³òîõîíäð³é º îäíèì ç
ïîêàçíèê³â â³äêðèâàííÿ ì³òîõîíäð³àëüíî¿
ïîðè, ìîæåìî ïðèïóñòèòè, ùî íàáóõàííÿ
ì³òîõîíäð³é, ÿêå ìè ñïîñòåð³ãàëè ïðè ÖÄ
ìîæå áóòè ïîâ�ÿçàíå ç íèì.

Îáãðóíòîâóþ÷è íàø³ ðåçóëüòàòè çàçíà-
÷èìî, ùî â ì³îêàðä³ ä³àáåòè÷íîãî ñåðöÿ
çðîñòàþòü ïðîÿâè ñòðåñó åíäîïëàçìàòè÷-
íîãî ðåòèêóëóìà,  ÿêèé ïðèçâîäèòü äî
íàáóõàííÿ ì³òîõîíäð³é ÷åðåç â³äêðèâàííÿ
ì³òîõîíäð³àëüíî¿ ïîðè. Òàê, Miki ³ ñï³âàâò.
áóëî âñòàíîâëåíî ï³äâèùåííÿ åêñïðåñ³¿
ìàðêåð³â ñòðåñó åíäîïëàçìàòè÷íîãî ðåòè-
êóëóìà � á³ëê³â GRP78, GRP94 ó ì³îêàðä³
ùóð³â ç ÖÄ [22]. Ó äåÿêèõ ³íøèõ ñó÷àñíèõ

Ðèñ. 2. ×àñîâà çàëåæí³ñòü ñâ³òëîïîãëèíàííÿ ì³òîõîíäð³é, âèä³ëåíèõ ç ñåðäåöü òâàðèí ç ä³àáåòîì òà çà óìîâ âïëèâó
ω-3 ïîë³íåíàñè÷åíèõ æèðíèõ êèñëîò (ÏÍÆÊ): 1 � ² ãðóïà (êîíòðîëü), 2 � ²² ãðóïà öóêðîâèé ä³àáåò (ÖÄ), 3 � ²²²
ãðóïà (ω-3 ÏÍÆÊ íà ôîí³ ÖÄ); * â³ðîã³äíî ó ïîð³âíÿíí³ ç êîíòðîëåì, ** ó ïîð³âíÿíí³ ç ÖÄ; Ð<0,05
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äîñë³äæåííÿõ òàêîæ ïîêàçàíî ïîðóøåííÿ
êàëüö³éîïîñåðåäêîâàíî¿ ïðîíèêíîñò³ ì³òî-
õîíäð³àëüíî¿ ïîðè â ì³òîõîíäð³ÿõ, ³çîëüî-
âàíèõ  ç  ñåðöÿ  òâàðèí ç  ä ³àáåòîì [8] .
Çíèæåííÿ øâèäêîñò³ ñïîæèâàííÿ êèñíþ
ì³òîõîíäð³ÿìè, ïîâ�ÿçàíå ç ïîðóøåííÿì
ðîáîòè ïåðåíîñíèê³â åëåêòðîí³â ìîæå áóòè
òàêîæ íàñë³äêîì íàáóõàííÿ ì³òîõîíäð³é ³
ðîçðèâó ¿õ çîâí³øí³õ ìåìáðàí, âíàñë³äîê
÷îãî ç öèõ îðãàíåë âèõîäèòü öèòîõðîì ñ,
ÿêèé º îäíèì ç ïåðåíîñíèê³â åëåêòðîí³â ïî
äèõàëüíîìó ëàíöþãó.

Çì³íà æèðíîêèñëîòíîãî ñêëàäó êë³òèí-
íèõ ìåìáðàí ñåðöÿ (²²² ãðóïà) âèêëèêàëà
çíèæåííÿ ïîêàçíèêà êîíòðîëüíîãî íàáó-
õàííÿ ì³òîõîíäð³é íà 51,61 % (Ð<0,05)
ïîð³âíÿíî ç ãðóïîþ ÖÄ (²² ãðóïà; ðèñ. 2, 3).
Ðåàêö³ÿ ì³òîõîíäð³é íà íàÿâí³ñòü Ca2+ ó
ùóð³â ²²² ãðóïè áóëà íà 45,91 % (Ð<0,05)
íèæ÷îþ ùîäî ²² ãðóïè. Âñòàíîâëåíî, ùî
çàñòîñóâàííÿ öèêëîñïîðèíó À, êëàñè÷íîãî
³íã³á³òîðà ì³òîõîíäð³àëüíî¿ ïîðè, çíèæóâàëî
îïòè÷íó ãóñòèíó ³çîëüîâàíèõ ì³òîõîíäð³é íà
38,37 % ó òâàðèí ²²² ãðóïè ó ïîð³âíÿíí³ ç³
çíà÷åííÿìè ó òâàðèí ç ä³àáåòîì. Òàêèì ÷è-
íîì, ìîæíà ïðèïóñòèòè, ùî ω-3 ÏÍÆÊ çàïî-

á³ãàþòü â³äêðèâàííþ ì³òîõîíäð³àëüíî¿ ïîðè.
Çà  äåÿêèìè äàíèìè [9]  â ³äîìî,  ùî

áåçïîñåðåäíÿ ³íêóáàö³ÿ ³çîëüîâàíèõ ì³òî-
õîíäð³é ç â³ëüíèìè ÏÍÆÊ (àðàõ³äîíîâîþ,
äîêîçàïåíòàºíîâîþ, åéêîçàïåíòàºíîâîþ)
ñòèìóëþº íàáóõàííÿ òà äåïîëÿðèçàö³þ ¿õ
ìåìáðàí, ì³òîõîíäð³àëüíà ïîðà âèÿâèëèñü
ï³äâèùåíî ÷óòëèâîþ äî öèêëîñïîðèíó.
Àâòîðè ââàæàþòü, ùî âïëèâ ÏÍÆÊ ìîæå
áóòè ÷àñòêîâî çóìîâëåíèé àêòèâàö³ºþ êàñ-
ïàçíîãî øëÿõó ÷åðåç âèâ³ëüíåííÿ öèòî-
õðîìó ñ ó ïîºäíàíí³ ç äåïîëÿðèçàö³ºþ ì³òî-
õîíäð³àëüíî¿ ìåìáðàíè.

Ó íàøèõ åêñïåðèìåíòàõ ω-3 ÏÍÆÊ
âèÿâëÿëè ïðîòåêòîðíó ä³þ â³äíîñíî êàëüö³é-
³íäóêîâàíîãî íàáóõàííÿ ì³òîõîíäð³é, ïîïå-
ðåäèâøè éîãî. Â³äîìî, ùî çà óìîâ îêñèäà-
òèâíîãî ñòðåñó ð³çêî çðîñòàº ïðîíèêí³ñòü
ì³òîõîíäð³àëüíî¿ ìåìáðàíè âíàñë³äîê çì³íè
âëàñòèâîñòåé ¿¿ ôîñôîë³ï³ä³â. ×åðåç öå
çá³ëüøóºòüñÿ êîëî¿äíî-îñìîòè÷íèé òèñê ç
íàñòóïíèì íàáóõàííÿì ³ ìîæëèâèì ðîçðè-
âîì çîâí³øíüî¿ ìåìáðàíè ì³òîõîíäð³é, ùî
ïðèçâåäå äî ðóéíóâàííÿ îðãàíåë.  Óæå
ïîêàçàíî, ùî ω-3 ÏÍÆÊ ìàþòü àíòèîêñè-
äàíòíèé ³ ìåìáðàíîñòàá³ë³çóâàëüíèé åôåê-

Ðèñ. 3. Âïëèâ ω-3 ïîë³íåíàñè÷åíèõ æèðíèõ êèñëîò íà çì³íó ñâ³òëîïîãëèíàííÿ ì³òîõîíäð³é ç òêàíèíè ñåðöÿ ùóð³â ç
ä³àáåòîì çà óìîâ ä³¿ êàëüö³þ: 1 � êîíòðîëü (ì³òîõîíäð³¿ â áåçêàëüö³ºâîìó ñåðåäîâèù³), 2 � ä³ÿ Ñà2+ (10-4 ìîëü/ë),
3 � ïðå³íêóáàö³ÿ ì³òîõîíäð³é ç öèêëîñïîðèíîì À (10-5 ìîëü/ë); * â³ðîã³äíî ó ïîð³âíÿíí³ ç êîíòðîëåì, ** â³ðîã³äíî
ó ïîð³âíÿíí³ ç öóêðîâèì ä³àáåòîì; Ð<0,05
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òè. Öå ìîæå ïîÿñíþâàòè ïðîòåêòîðíó ä³þ
ïðè ³íäóêö³¿ íàáóõàííÿ. Ðàí³øå îòðèìàí³
äàí³ ï³äòâåðäæóþòü, ùî ö³ êèñëîòè ï³äâè-
ùóþòü ñò³éê³ñòü êë³òèííèõ ìåìáðàí äî
ïîøêîäæóâàëüíî¿ ä³¿ ñòðåñîðíèõ ôàêòîð³â
[6] .  Îñíîâîþ öüîãî,  íà íàøó äóìêó, º
çáåðåæåííÿ ö³ë³ñíîñò³ êë³òèííèõ ìåìáðàí
òà çíà÷íîþ ì³ðîþ çìåíøåííÿ ðóéíóâàííÿ
ì³òîõîíäð³é ó ñåðö³ ï³ä âïëèâîì ω-3 ÏÍÆÊ.
Çâàæàþ÷è íà  ë ³òåðàòóðí³  äàí ³  ³  íàø³
ðåçóëüòàòè ìîæíà ïðèïóñòèòè, ùî ω-3
ÏÍÆÊ çìåíøóþòü íàáóõàííÿ ì³òîõîíäð³é
çà äîïîìîãîþ ïðèãí³÷åííÿ â³ëüíîðàäè-
êàëüíèõ ïðîöåñ³â ³ ïðîÿâ³â ñòðåñó åíäî-
ïëàçìàòè÷íîãî ðåòèêóëóìà â ì³îêàðä³.

Òàêèì ÷èíîì, çàñòîñóâàííÿ ω-3 ÏÍÆÊ
âèêëèêàëî â³ðîã³äíå  ï³äâèùåííÿ ïîêàçíèê³â
ôîñôîðèëüîâàíîãî äèõàííÿ òà ñïðÿæåííÿ
éîãî ç ôîñôîðèëþâàííÿì, ùî ñâ³ä÷èòü ïðî
çðîñòàííÿ åôåêòèâíîñò³ ñïîæèâàííÿ êèñíþ
ì³òîõîíäð³ÿìè, ³çîëüîâàíèìè ç ñåðöÿ ùóð³â
ç³ ñòðåïòîçîòîöèí³íäóêîâàíèì ÖÄ.

Îòðèìàí³ ðåçóëüòàòè äàþòü çìîãó ïðèïóñ-
òèòè, ùî îäíèì ³ç ïîçèòèâíèõ ìåõàí³çì³â ω-3
ÏÍÆÊ º çäàòí³ñòü ³íã³áóâàòè íàáóõàííÿ
ì³òîõîíäð³é ó ñåðö³, îòæå âîíè ìîæóòü áóòè
âèêîðèñòàí³ äëÿ êîðåêö³¿ òà ïðîô³ëàêòèêè
äèñôóíêö³é ì³òîõîíäð³é çà óìîâ ð³çíîìàí³òíî¿
ñåðöåâî-ñóäèííî¿ ïàòîëîã³¿ íà ôîí³ ÖÄ.

Çáàãà÷åííÿ ðàö³îíó ω-3 ÏÍÆÊ ïðèçâîäèòü
äî çì³íè æèðíîêèñëîòíîãî ñêëàäó êë³òèííèõ
ìåìáðàí ñåðöÿ çà óìîâ åêñïåðèìåíòàëüíîãî
ÖÄ, ùî ñâ³ä÷èòü ïðî âèðàæåí³ ïðîòåêòîðí³
âëàñòèâîñò³ äîñë³äæóâàíèõ êèñëîò ³ ïåðñïåê-
òèâí³ñòü ïîäàëüøèõ äîñë³äæåíü ³ç çàñòîñó-
âàííÿ ¿õ ïðè öüîìó çàõâîðþâàíí³.

À. Ñ. Æóêîâñêàÿ, À. Ì. Øèø, À. À. Ìîéáåíêî

ÂËÈßÍÈß ÎÌÅÃÀ-3 ÏÎËÈÍÅÍÀÑÛÙÅÍ-
ÍÛÕ ÆÈÐÍÛÕ ÊÈÑËÎÒ ÍÀ ÄÛÕÀÍÈÅ
È ÍÀÁÓÕÀÍÈÅ ÌÈÒÎÕÎÍÄÐÈÉ ÑÅÐÄÖÀ
ÏÐÈ ÝÊÑÏÅÐÈÌÅÍÒÀËÜÍÎÌ ÑÀÕÀÐÍÎÌ
ÄÈÀÁÅÒÅ

Â ðàáîòå èçó÷àëè âëèÿíèå ω-3 ïîëèíåíàñûùåííûõ æèðíûõ
êèñëîò (ÏÍÆÊ) íà äûõàíèå, íàáóõàíèå ìèòîõîíäðèé ñåðäöà
êðûñ è æèðíîêèñëîòíûé ñîñòàâ â ãîìîãåíàòàõ òêàíè ñåðäöà
ïðè ñàõàðíîì äèàáåòå (ÑÄ), êîòîðûé ìîäåëèðîâàëè

îäíîêðàòíûì âíóòðèáðþøèííûì ââåäåíèåì 55 ìã/êã
ñòðåïòîçîòîöèíà. Âûÿâëåíî, ÷òî ïðèìåíåíèå ýòèõ êèñëîò
ïîâûøàëî çíà÷åíèå ïîêàçàòåëÿ àêòèâíîãî äûõàíèÿ
ìèòîõîíäðèé V

3
 íà 63,7 %, êîíòðîëèðóåìîãî äûõàíèÿ V

4

íà 30,7 % è ñêîðîñòè ôîñôîðèëèðîâàíèÿ íà 18,9 % ó
æèâîòíûõ ñî ñòðåïòîçîòîöèíèíäóöèðîâàííûì ÑÄ. Ïðè
ýòîì äîêàçàíà èõ ñïîñîáíîñòü ñíèæàòü íàáóõàíèå
ìèòîõîíäðèé ñåðäöà. Êðîìå òîãî, óñòàíîâëåíî èçìåíåíèÿ
æèðíîêèñëîòíîãî ñîñòàâà êëåòî÷íûõ ìåìáðàí ñåðäåö â
óñëîâèÿõ äèàáåòà ïîä âëèÿíèåì ω-3 ÏÍÆÊ. Ïîëó÷åííûå
ðåçóëüòàòû ïîçâîëÿþò ñäåëàòü âûâîä, ÷òî ω-3 ÏÍÆÊ
ïîëîæèòåëüíî âëèÿþò íà ôóíêöèîíàëüíûå ïîêàçàòåëè
ìèòîõîíäðèé, âñëåäñòâèå ñòàáèëèçàöèè êëåòî÷íûõ ìåìáðàí
ñåðäöà êðûñ ñ ÑÄ.
Êëþ÷åâûå ñëîâà: ñåðöå, ìèòîõîíäðèè, ω-3 ïîëèíåíà-
ñûùåííûå æèðíûå êèñëîòû, ñàõàðíûé äèàáåò.

A.S. Zhukovska, A.M. Shysh, A.A. Moybenko

STUDY OF THE IMPACT OF OMEGA-3 PUFA
ON FATTY ACID COMPOSITION OF HEART,
BREATH AND SWELLING OF MITOCHON-
DRIA OF THE HEART IN DIABETES

We studied the influence of ω-3 polyunsaturated fatty acids
(PUFAs) on respiration, swelling of rat heart mitochondria
and changes in rat heart fatty acid composition in tissue homo-
genate in rats with streptozotocin induced diabetes mellitus
(diabetes), which was induced by single intraperitoneal ad-
ministration of 55 mg/kg streptozotocin. We found that appli-
cation of these acids increased parameters of active mitochon-
drial respiration V

3
 at 63.7%, controlled breathing V

4
 at 30.7%

and the rate of phosphorylation by 18.9% in animals with
experimental diabetes. We proved their ability to reduce swell-
ing of mitochondria in heart at streptozotocin induced diabe-
tes. In addition, we established changes of fatty acid
composition of cell membranes in hearts under diabetic condi-
tions with ω-3 PUFAs influence. The obtained results allow
to conclude that the ω-3 PUFA have a positive effect on func-
tional parameters of mitochondria due to stabilization cell
membranes of rat heart with diabetes.
Key words: heart, mitochondria, ω-3 polyunsaturated fatty
acids, diabetes.

O.O. Bogomoletz Institute of Physiology Ukrainian National
Academy of Science, Kyiv
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O.A. Shepel, V.E. Dosenko, T.Yu. Voznesenska, R.I. Yanchiy

Expression of TNF-ααααα mRNA,
but not of TNF-ααααα receptors mRNA, is detected
in single murine oocyte and decreases during oocyte
meiotic maturation: single-cell RT-PCR data

Background: The present study was conducted to investigate the expression of TNF-α and its receptors
(types I and II) in both oocytes with germinal vesicle and the first polar body in mice.
Methods: Oocytes with intact germinal vesicle were isolated from mouse ovaries and subjected to in
vitro maturation to obtain oocytes forming the first polar body. A reverse transcription polymerase
chain reaction (RT-PCR) was used to examine the expression of TNF-α and its receptors at mRNA level.
Results: mRNA TNF-α was expressed in single oocytes and its level was decreasing during transition
from germinal vesicle to the first polar body stage. At the same time the expression of TNF-receptors
was not observed in single oocyte.
Conclusions: These data are the important link in understanding of the molecular mechanisms
regulating oocyte maturation as well as follicle development.
Key words: tumor necrosis factor α, tumor necrosis factor receptors, oocytes, oocyte meiotic maturation
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BACKGROUND

Understanding of the molecular mechanisms
underlying oogenesis is quite important for both
reproductive biology and regenerative medi-
cine. Deciphering the complex series of reg-
ulatory events that occur during early oocyte
development depends partly on the ability to
accurately define gene expression pattern for
certain stages of gamete development. Prior
to ovulation, the metabolism of the oocyte is
characterized by active gene expression. Sub-
sequent to fertilization, a complex series of
gene regulatory events occur that result in
fundamental alterations in nuclear transcrip-
tion [1, 24]. However, the interplay  between
the factors mediating development is not yet
understood, precluding the elaboration of pre-
cise regulatory pathways. Gaining insight into
how early developmental processes are con-
trolled and mediated will require specific in-
formation regarding molecular events during

this period. Some authors have detected ex-
pression of certain genes in oocytes [3, 5, 10,
15, 20, 25, 26]. However the technique of gene
expression definition in single cells practical-
ly was not used. It is connected with a num-
ber of methodical problems particularly ex-
traction of RNA in single cells. The scarcity
of the biological material derived from single
cell (oocyte is about 100 micrometers in di-
ameter) and related to low quantity of avail-
able cells (only a few to tens of oocytes from
each ovulation in mice) has hampered the
molecular analysis of oocytes. Classical tech-
niques of RNA analysis such as Cot (the pro-
duct of nucleic acid concentration and time)
value assays [2], Northern blotting [22] and
dot- or slot-blots [23] lacked the sensitivity to
detect mRNA in single cells. Due to its un-
precedented sensitivity, the reverse transcrip-
tion polymerase chain reaction (RT�PCR) al-
lows the detection of low quantity mRNA in
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individual cells [16]. Several studies have been
performed on single oocytes [4, 7, 8, 9, 13].
But these works did not relate to cytokines
which play an essential role in oogenesis and
folliculogenesis.

Tumor necrosis factor-α (TNF-α) is the
cytokine produced not only by various cells
of the immune system, but also by various cells
in the reproductive system. It was demon-
strated that oocytes are an important source
of TNF-α and that the onset of oocytic TNF-
α  expression occurs around birth.  TNF-
receptors are localized on oocytes, granulosa
cells and interstitial cells allowing for the pos-
sibility of autocrine or paracrine actions of
TNF-α [11]. Several studies have shown that
TNF-α plays an important role in follicular
and lu tea l  development ,  ovula t ion ,  and
modulation of theca and granulosa steroido-
genesis [19, 21]. Although the presence,
modulation, and possible role of TNF-α has
been extensively explored in ovarian function,
the expression of TNF-α and its receptors has
not been investigated in the murine single
oocytes on two stages of oocyte development
(germinal vesicle-intact oocytes  and oocytes
forming the first polar body). Thus, we first
examined the expression of TNF-α and its
receptors (types I and II) in both oocytes with
germinal vesicle and the first polar body in
mice. Obtained data indicated that mRNA
TNF-α was only expressed in single oocyte
and its level decreased during transition from
germinal vesicle to the first polar body stage.
That is the important link in understanding of
the molecular mechanisms regulating oocyte
maturation as well as follicle development.

METHODS

Animals and cells
Experiments were carried out on mature CBA
female mice (18-20 g) in accordance with the
International Principles of the European Con-
vention concerning the protection of verte-
brates. Mice were kept on a 12-12 hour light-

dark cycle with free access to food and tap
water.

Follicles were separated from ovaries and
then cumulus-oocyte cellular complexes were
extracted mechanically. Oocytes were me-
chanically denuded from cumulus cells by re-
peated pipetting [5] with flame-drawn glass
pipette tips, whose inner diameters were
slightly larger than oocytes� diameters [18].
Oocytes were washed three times with matu-
ration medium. Atretic oocytes, as determined
by their granulated appearance, were sepa-
rated from healthy oocytes [12]. In order to
obtain oocytes with  the first polar body oo-
cytes were cultured for 20 hours at 37°C in
DÌÅM (�Sigma�, USA), supplemented with
5% fetal bovine serum, penicillin (100 units/
ml) and streptomycin (100 µg/ml); (�Sigma�,
USA). Thus in experiments were used oocytes
with intact germinal vesicle just after collection
from their follicles and oocytes forming the
first polar body after 20 hours of culture.

RNA Ex t rac t ion  and  Reverse  Tran-
scriptase Polymerase Chain Reaction (RT-
PCR)

Total RNA was obtained from fully grown,
germinal vesicle-intact single oocytes and
oocytes forming the first polar body using the
mRNA extraction kit (Invitrogen, USA). Iso-
lation of total RNA from oocyte before reverse
transcription (RT) was absolutely necessary
because RNA in oocyte formed complexes
with specific message ribonucleoprotein.

First-strand cDNA synthesis was carried
out by incubating of total mRNA from single
oocyte with 0.2 µg/ml Random Hexamer
primer (Fermentas, Lithuania) at 70°Ñ for 1
min. A reverse transcription reaction was then
prepared with the above mRNA/primer mix
in 50 mM Tris-HCl (pH 8.3), 50 mM KCl, 4
mM MgCl

2
, 40 mM dithiothreitol (DTT), 1

mM of each dNTPs (Fermentas, Lithuania),
40 U of RNase inhibitor RiboLock (Fermen-
tas, Lithuania), 20 U M-MuLV Reverse Trasc-
riptase (Fermentas, Lithuania).  The samples
were incubated at 37°Ñ for 2 h.

Expression of TNF-α mRNA
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First-strand cDNA of single oocytes ob-
tained after RT was used for carrying out of
two rounds of polymerase chain reaction
(PCR) with application of specific  primers
for TNF-α, its receptors and house keeping
gene GAPDH (tabl). Reaction mixture for
amplification  was containing 25 mM MgCl

2
,

0,5 U Taq DNA polymerase, 200 µM of each
dNTP, 5 pM each of primers (or 20 pM at
carrying out of the second round of amplifi-
cation) and deionized water to  receive  total
reaction volume of 25 µl. At carrying out of
the second round of PCR were used the same
components of reaction mixture with addition
in each test-tube of 7 µl product from the first
round of PCR. The first round of amplification
consisted of 25 cycles and it was carried  out
with the following conditions: denaturation at

94 °Ñ for 20 sec, annealing at 54 °Ñ for 60
sec and then elongation at 72°Ñ for 60 sec.
Thermophrofile for the second round was:
94°Ñ for 40 sec, 55 °Ñ for 60 sec and 72°Ñ
for 60 sec repeated for 45 cycles for all pair
of primers. PCR was performed in termocyc-
ler GeneAmp System 2700 (�Applied Biosys-
tems�, USA). Each experiment was repeated
nine times. The resulting PCR products were
then assessed by electrophoresis in 2.5% aga-
rose gel containing ethidium bromide. Visua-
lisation and luminance estimate were per-
formed with application of transilluminator and
software ViTran (�Biokom�, Russia).

The data were evaluated statistically us-
ing Student�s t-test for pairwise comparisons.
Values were considered significantly different
if *P < 0.05.

RESULTS

To detect  express ion of  TNF-α  gene a t
mRNA level we developed an amplification
scheme to generate mRNA from single oo-
cytes separated from preovulatory follicles.
In each of nine experiments, RT-PCR amplifi-
cation of RNA obtained from oocytes with
germinal vesicle yielded a band 230 bp in size.
Amplification of RNA obtained from oocytes
forming the first polar body also produced
identical results (Figure). Figure shows the
results of TNF-α mRNA expression in oocytes.

The results of analysis of PCR products
showed that intensity of the band correspon-
ding to TNF-α mRNA expression in oocytes
at the stage of germinal vesicle was signifi-
cantly higher than in oocytes at the stage of
the first polar body. In two of nine samples of

oocytes with the first polar body TNF-α
mRNA expression was undetected.

Expression of mRNA for TNF receptors
in single oocytes was not detected in our ex-
periments.

DISCUSSION

The aim of this investigation was to develop
the method of gene expression detection in
single murine oocytes and to identify the ex-
pression of TNF-α and its receptor systems
within oocyte at two development stages (at
the stage of germinal vesicle and the first po-
lar body), that would provide important clues
for understanding regulation of this cytokine
and perhaps its potential function in ovary.

Our results indicate that TNF-α is ex-
pressed at the mRNA level in single murine

List of PCR primers used for experiments and PCR product size

Gene Sequence of primers (forward, reverse) Product size/bp

TNF-α forward  5'- ATG AGC ACA GAA AGC ATG ATC -3�reverse  5'- GTC TGG GCC ATA GAA CTG AT -3' 230

TNFR-I forward  5'-CTG CTG TCA CTG GTG CTC CTG-3�reverse  5'-CAC ACA CCG TGT CCT TGT CAG-3' 349

TNFR-II forward  5'-GCA AGC ACA GAT GCA GTC TG-3�reverse  5'-GGT CAG AGC TGC TAC AGA CG-3' 597

 GAPDH forward 5'-GGG TGT GAA CCA CGA GAA ATA TGA-3�reverse  5'-AGC ACC AGT GGA TGC AGG GAT GAT-3� 240
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oocytes at both stages of their development.
TNF-α mRNA expression in oocytes at the
stage of germinal vesicle was significantly
higher than in oocytes at the stage of the first
polar body.

TNF-α expression decrease in the first
polar body oocytes can be explained by suffi-
cient quantity of the synthesised protein due
to higher expression of its gene at the stage
of germinal vesicle. However it is only hy-
pothesis as we measured cytokine mRNA and
not its protein, but transcription and transla-
tion of cytokines are independently regulated,
therefore mRNA detection might not mirror
cytokine production. We suggest also that the
difference in TNF-α gene expression between
two stages of oocyte development means that
TNF-α  has  paracr ine  ac t ion on meiot ic
resumption that requires further research. At
the same time our early results have indicated
that TNF-α in high concentrations (relevant
for inflammatory processes) exerts an inhibi-
tory influence on meiotic maturation both in
denuded oocytes and in cumulus oocyte
complex [17].

We have not detected the expression of
TNF-receptors in single oocytes at the mRNA
level. At the same time other scientists de-
tected TNFR-II expression in human oocytes
by RT-PCR, but not in single cells [14] and
expression of both TNF-receptors in murine
oocytes by immunohistochemistry [6]. In our
case the absence of TNF-receptor gene ex-
pression probably can be explained: 1) by us-
ing of different research methods; 2) by spe-
cies features; 3) by various stages of oocyte
development (in our studies we have used
oocytes obtained from large preovulatory fol-
licles); 4) by extremely small quantity of
mRNA, which is generated as a result of gene
activation. The lack of TNF-receptor gene
expression results in reduced influence on
oocyte during oogenesis. It has been observed
that TNF-induced death of oocytes requires
TNFR-II. This was demonstrated by the fact
that TNF-α did not kill oocytes in TNFR-II -/-

ovaries [6]. It is possible that TNF-α is pro-
duced by oocyte for  act ivat ion of  TNF-
receptors on other cells (cumulus, granulosa),
but not for influence on oocyte directly or
TNF-α action on oocytes is realized by acti-
vation of other TNF-receptors.

CONCLUSION

Thus our results indicate that TNF-α is ex-
pressed at the mRNA level in single murine
oocytes at both stages of their development.
TNF-α mRNA expression in oocytes at the
stage of germinal vesicle was significantly
higher than in oocytes at the stage of the first
polar body. We suggest that the difference in
TNF-α mRNA expression between two stag-
es of oocyte development means that TNF-α
could have effect on meiotic resumption (for
example, through paracrine interactions be-
tween granulose cells and oocyte), but this
assumption needs additional studies.

The work was supported with a grant �Funda-
mental bases of genomics and proteomics� of
National Academy of Sciences of Ukraine.

Expression of TNF-α mRNA in single murine oocytes at
different stages of meiotic maturation. A. Electrophoresis
of PCR products of GAPDH gene: lanes 1-5 � oocytes
with germinal vesicle; lanes 6-10 � oocytes with the first
polar body. B. Electrophoresis of PCR products of TNF-
α gene: lanes 1-5 � oocytes with germinal vesicle; lanes 6-
10 � oocytes with the first polar body. C. Relative level of
TNF-α mRNA / GAPDH mRNA expression in single
murine oocytes
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Î.À. Øåïåëü, Â.ª. Äîñåíêî,
Ò.Þ. Âîçíåñåíñüêà, Ð.². ßí÷³é

ÀÍÀË²Ç ÅÊÑÏÐÅÑ²¯ ìÐÍÊ ÔÀÊÒÎÐÀ
ÍÅÊÐÎÇÓ ÏÓÕËÈÍ ααααα ÒÀ ÉÎÃÎ
ÐÅÖÅÏÒÎÐ²Â Ó ÏÎÎÄÈÍÎÊÈÕ ÎÎÖÈÒÀÕ
ÌÈØÅÉ Ï²Ä ×ÀÑ ÌÅÉÎÒÈ×ÍÎÃÎ
ÄÎÇÐ²ÂÀÍÍß: ÐÅÇÓËÜÒÀÒÈ ÏÎË²ÌÅÐÀÇÍÎ¯
ËÀÍÖÞÃÎÂÎ¯ ÐÅÀÊÖ²¯

Äîñë³äæåíî åêñïðåñ³þ ìÐÍÊ ôàêòîðà íåêðîçó ïóõëèí α
(ÔÍÏ-α) òà éîãî ðåöåïòîð³â I ³ II òèïó ó ïîîäèíîêèõ îîöèòàõ
íà ñòàä³ÿõ çàðîäêîâîãî ïóõèðöÿ òà ìåòàôàçè ²² (ôîðìóâàííÿ
ïåðøîãî ïîëÿðíîãî ò³ëüöÿ) ó ìèøåé ë³í³¿ ÑÂÀ ìåòîäîì
ïîë³ìåðàçíî¿ ëàíöþãîâî¿ ðåàêö³¿. Âèÿâëåíî åêñïðåñ³þ
ìÐÍÊ ÔÍÏ-α, àëå íå éîãî ðåöåïòîð³â, íà îáîõ ñòàä³ÿõ
â³äíîâëåííÿ ìåéîçó, ïðè öüîìó â îîöèòàõ ³ç çàðîäêîâèì
ïóõèðöåì ¿¿ ð³âåíü áóâ â³ðîã³äíî âèùèì, í³æ ó êë³òèíàõ ç
ïåðøèì ïîëÿðíèì ò³ëüöåì, ùî âêàçóº íà ìîæëèâó ðîëü
ÔÍÏ-α ó ìåéîòè÷íîìó äîçð³âàíí³. Îòðèìàí³ ðåçóëüòàòè º
âàæëèâèìè äëÿ ðîçóì³ííÿ ìîëåêóëÿðíèõ ìåõàí³çì³â, ÿê³
ðåãóëþþòü îîãåíåç ³ ôîë³êóëîãåíåç.
Êëþ÷îâ³ ñëîâà: ôàêòîð íåêðîçó ïóõëèí α, ðåöåïòîðè
ôàêòîðà íåêðîçó ïóõëèí α, îîöèòè, ìåéîòè÷íå äîçð³âàííÿ
îîöèò³â.

Å.À. Øåïåëü, Â.Å. Äîñåíêî,
Ò.Þ. Âîçíåñåíñêàÿ, Ð.È. ßí÷èé

ÀÍÀËÈÇ ÝÊÑÏÐÅÑÑÈÈ ìÐÍÊ ÔÀÊÒÎÐÀ
ÍÅÊÐÎÇÀ ÎÏÓÕÎËÅÉ ααααα È ÅÃÎ
ÐÅÖÅÏÒÎÐÎÂ Â ÅÄÈÍÈ×ÍÛÕ ÎÎÖÈÒÀÕ
ÌÛØÅÉ ÂÎ ÂÐÅÌß ÌÅÉÎÒÈ×ÅÑÊÎÃÎ
ÑÎÇÐÅÂÀÍÈß: ÐÅÇÓËÜÒÀÒÛ
ÏÎËÈÌÅÐÀÇÍÎÉ  ÖÅÏÍÎÉ  ÐÅÀÊÖÈÈ

Èññëåäîâàíî ýêñïðåññèþ ìÐÍÊ ôàêòîðà íåêðîçà îïóõîëåé
α (ÔÍÎ-α) è åãî ðåöåïòîðîâ I è II òèïà â åäèíè÷íûõ îîöèòàõ
íà ñòàäèÿõ çàðîäûøåâîãî ïóçûðüêà è ìåòàôàçû II
(ôîðìèðîâàíèå ïåðâîãî ïîëÿðíîãî òåëüöà) ó ìûøåé ëèíèè
ÑÂÀ ìåòîäîì ïîëèìåðàçíîé öåïíîé ðåàêöèè. Îáíàðóæåíà
ýêñïðåññèÿ ìÐÍÊ ÔÍÎ-α, íî íå åãî ðåöåïòîðîâ, íà îáåèõ
ñòàäèÿõ âîçîáíîâëåíèÿ ìåéîçà, ïðè ýòîì â îîöèòàõ ñ
çàðîäûøåâûì ïóçûðüêîì åå óðîâåíü áûë äîñòîâåðíî
âûøå, ÷åì â êëåòêàõ ñ ïåðâûì ïîëÿðíûì òåëüöåì, ÷òî
óêàçûâàåò íà âîçìîæíóþ ðîëü ÔÍÎ-α â ìåéîòè÷åñêîì
ñîçðåâàíèè. Ïîëó÷åííûå ðåçóëüòàòû ÿâëÿþòñÿ âàæíûì
çâåíîì â ïîíèìàíèè ìîëåêóëÿðíûõ ìåõàíèçìîâ, ðåãóëè-
ðóþùèõ îîãåíåç è ôîëëèêóëîãåíåç.
Êëþ÷åâûå ñëîâà: ôàêòîð íåêðîçà îïóõîëåé α, ðåöåïòîðû
ôàêòîð íåêðîçà îïóõîëåé α, îîöèòû, ìåéîòè÷åñêîå
ñîçðåâàíèå îîöèòîâ.

Èí-ò ôèçèîëîãèè èì. À.À.Áîãîìîëüöà
Íàöèîíàëüíîé àêàäåìèè íàóê Óêðàèíû
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Àêòèâàòîð ÏÏÀÐ-γ γ γ γ γ ï³îãë³òàçîí  çíèæóº åêñïðåñ³þ
òðàíñêðèïö³éíîãî ôàêòîðà NF-kB òà àïîïòîç
â  ìîíîíóêëåàðíèõ êë³òèíàõ ÑD64+   êðîâ³ in vitro

Äëÿ äîñë³äæåííÿ âïëèâó àêòèâàòîðà ÏÏÀÐ-γ íà åêñïðåñ³þ òðàíñêðèïö³éíîãî ôàêòîðà NF-kB
³ ïðîöåñè àïîïòîçó ìîíîíóêëåàðè ïåðèôåðè÷íî¿ êðîâ³ (ÌÍÏÊ) ³íêóáóâàëè çà íàÿâíîñò³
ï³îãë³òàçîíó â ê³íöåâ³é êîíöåíòðàö³¿ 10, 30 òà 100 ìêìîëü/ë. Åêñïðåñ³þ NF-kB, ÑD64 òà ïðîöåñè
àïîïòîçó âèçíà÷àëè ìåòîäîì ïðîòî÷íî¿ öèòîôëþîðèìåòð³¿, âèêîðèñòîâóþ÷è â³äïîâ³äí³
ìîíîêëîíàëüí³ àíòèò³ëà. Ðîçâèòîê àïîïòîçó âèâíà÷àëè çà äîïîìîãîþ àíåêñèíó V òà éîäèäó
ïðîï³ä³óìó. Àêòèâàö³ÿ ÏÏÀÐ-γ ïðèçâîäèëà äî çìåíøåííÿ ê³ëüêîñò³ CD64+-êë³òèí òà
ìàêñèìàëüíèõ ð³âí³â åêñïðåñ³¿ öèõ ðåöåïòîð³â, äîçîçàëåæíîãî çìåíøåííÿ êîíöåíòðàö³¿ NF-kB
ó ñóñïåíç³¿ ÌÍÏÊ òà ñåðåä CD64+-êë³òèí. Àíàë³çóþ÷è àïîïòîç â³äì³÷åíî çìåíøåííÿ
àïîïòîòè÷íèõ êë³òèí (AnV+PI+-êë³òèí). Îòðèìàí³ ðåçóëüòàòè äàþòü çìîãó äîâåñòè, ùî
àêòèâàö³ÿ ÏÏÀÐ-γ çàä³ÿíà â ðåãóëÿö³¿ àïîïòîçó ÌÏÍÊ òà åêñïðåñ³¿ òðàíñêðèïö³éíîãî ôàêòîðà
NF-kB, ùî ñâ³ä÷èòü ïðî çàëó÷åííÿ ÏÏÀÐ-γ ó ðåãóëÿö³þ àêòèâíîñò³ NF-kB, ÿêèé â³ä³ãðàº îäíó ç
ïðîâ³äíèõ ðîëåé â ðåàë³çàö³¿ çàïàëåííÿ, îíêîãåíåçó òîùî.
Êëþ÷îâ³ ñëîâà: ðåöåïòîðè, ÿê³ àêòèâóþòü ïðîë³ôåðàö³þ ïåðîêñècîì-γ, ï³îãë³òàçîí,
òðàíñêðèïö³éíèé ôàêòîð NF-kB, ÑD64+-êë³òèíè, àïîïòîç.
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ÂÑÒÓÏ

Òðàíñêðèïö³éíèé ÿäåðíèé ôàêòîð kB (NF-
kB) êîíòðîëþº á³îëîã³÷íî âàæëèâ³ ôóíêö³¿
êë³òèí, ó òîìó ÷èñë³ ïðîöåñè âðîäæåíî¿ òà
íàáóòî¿ ³ìóííî¿ â³äïîâ³ä³, à éîãî àêòèâàö³ÿ �
åêñïðåñ³þ áàãàòüîõ ãåí³â, ÿê³ êîäóþòü ïð-
îäóêö³þ öèòîê³í³â, õåìîê³í³â, ðåöåïòîð³â
³ìóíîêîìïåòåíòíèõ êë³òèí, ìîëåêóë êë³òèí-
íî¿ àäãåç³¿, ôàêòîð³â ðîñòó òà ðåàêòàíò³â
ãîñòðî¿ ôàçè [2, 8]. Ñåðåä ÷èñëåííèõ ðåãóë-
ÿòîð³â êàñêàä³â, ïîâ�ÿçàíèõ ç NF-kB, ÷³ëüíå
ì³ñöå ïîñ³äàþòü ÿäåðí³ ðåöåïòîðè, ùî àêòè-
âóþòü ïðîë³ôåðàö³þ ïåðîêñèñîì (ÏÏÀÐ).
Ïðîòèçàïàëüíà  ôóíêö³éíà  àêòèâí³ñòü
ÏÏÀÐ-γ ñüîãîäí³ ïðèâåðòàº óâàãó íàóêîâ-
ö³â ð³çíèõ ãàëóçåé ìåäèöèíè. Â äîñë³äàõ in
vivo ÏÏÀÐ-γ ïðîäåìîíñòðóâàëè çäàòí³ñòü
çìåíøóâàòè òÿæê³ñòü ïåðåá³ãó åêñïåðè-
ìåíòàëüíîãî êîë³òó, àðòðèòó, çìåíøóâàòè
ïðîäóêö³þ ìóíîãëîáóë³íó Ì (IgÌ) [17].

Âàæëèâèì º òå, ùî àêòèâàö³ÿ ÏÏÀÐ-γ ïðè
çâ�ÿçóâàíí³ ç ë³ãàíäàìè â ìîíîöèòàõ ïðèçâ-
îäèòü äî ïðèãí³÷åííÿ ïðîäóêö³¿ ïðîçàïà-
ëüíèõ öèòîê³í³â � ÔÍÏ-α, ³íòåðëåéê³í³â 1 ³
6 (²Ë-1, ²Ë-6) òà îêñèäó àçîòà, ìàòðèêñíèõ
ìåòàëîïðîòå¿íàç, ³íäóêóº àïîïòîç ìîíîöè-
ò³â/ìàêðîôàã³â òîùî [3, 12].

CD64 º âèñîêîàô³ííèìè ðåöåïòîðàìè äî
IgG1 òà IgG3 ç âèñîêîþ åêñïðåñ³þ íà ïî-
âåðõí³ ìîíîöèò³â ³ ìàêðîôàã³â, à òàêîæ
ìåíøîþ ì³ðîþ íà åîçèíîô³ëàõ ³ íåéòðî-
ô³ëàõ. Äîâåäåíà ¿õ ó÷àñòü (íà ïîâåðõí³
ëåéêîöèò³â) ó ïðîöåñàõ ³íòåãðàö³¿ ³ìóííî¿
â³äïîâ³ä³ ç çàëó÷åííÿì âðîäæåíèõ ³ íàáóòèõ
ôàêòîð³â, ùî º âàæëèâèì ìåõàí³çìîì äëÿ
ðåàë³çàö³¿ ôàãîöèòîçó áàêòåð³àëüíèõ ÷àñòèí
òà ³ìóííèõ êîìïëåêñ³â.  Íîâ³  äàí³  ïðî
âëàñòèâîñò³ öèõ ðåöåïòîð³â áóëè îòðèìàí³
Devaraj  ³  ñï³âàâò.  [10].  Âîíè ïîêàçàëè
ó÷àñòü FcγRI (CD64) ó ïðîöåñàõ ³íòåðíà-
ë³çàö³¿ Ñ-ðåàêòèâíîãî á³ëêà åíäîòåë³àëüíè-
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ìè êë³òèíàìè ç íàñòóïíèì ñèíòåçîì ïðîçà-
ïàëüíîãî IË-8 ³ ìîëåêóë àäãåç³¿ ICAM-1 òà
VCAM-1, òîáòî â ïàòîãåíåç³ ïðîçàïàëüíèõ
ðåàêö³é ³ç  çàëó÷åííÿì åíäîòåë³àëüíèõ
êë³òèí.

Ìåòîþ íàøîãî äîñë³äæåííÿ áóëî âèâ-
÷åííÿ âïëèâó àêòèâàòîðà ÏÏÀÐ-γ  ï³îãë³-
òàçîíó íà åêñïðåñ³þ NF-kB ³  ïðîöåñè
àïîïòîçà ó ìîíîíóêëåàðàõ ïåðèôåðè÷íî¿
êðîâ³ in vitro.

ÌÅÒÎÄÈÊÀ

Îá�ºêòîì äîñë³äæåííÿ áóëà ãåïàðèí³çîâàíà
êðîâ 10 ïðàêòè÷íî çäîðîâèõ æ³íîê â³êîì â³ä
25 äî 40 ðîê³â. Çã³äíî ç ¿õíüîþ çãîäîþ òà
çàêëþ÷åííÿì êîì³ñ³¿ ç á³îåòèêè, çàá³ð êðîâ³
ïðîâîäèëè íàòùåñåðöå,  ñòàá³ë ³çóâàëè
ðîç÷èíîì ãåïàðèíó. ßê àãîí³ñò ÏÏÀÐ-γ âè-
êîðèñòîâóâàëè ã³äðîõëîðèä ï³îãë³òàçîíó â
ê³íöåâ³é êîíöåíòðàö³¿ 10, 30 òà 100 ìêìîëü/
ë, ÿêèé ïîïåðåäíüî áóâ ðîç÷èíåíèé ó äèìå-
òèëñóëüôîêñèä³ (ÄÌÑÎ) [9]. Äëÿ äîñë³äæ-
åííÿ âèêîðèñòîâóâàëè ñóñïåíç³þ ìîíîíóê-
ëåàð³â ïåðèôåðè÷íî¿ êðîâ³ (ÌÍÏÊ), ÿêó
îòðèìóâàëè â àñåïòè÷íèõ óìîâàõ çà ñòàí-
äàðòíîþ ìåòîäèêîþ [5] öåíòðèôóãóâàííÿì
íà ãðàä³ºíò³ ãóñòèíè ô³êîë-âåðîãðàô³íó ç
íàñòóïíèì â³äìèâàííÿì ñòåðèëüíèì ôîñ-
ôàòíî-ñîëüîâèì áóôåðîì (ÔÑÁ), à ïîò³ì
ðåñóñïåíäóâàííÿì äî êîíöåíòðàö³¿ 2 · 106

êë³òèí â 1 ìë ó ñåðåäîâèù³ RPMI-1640 ç
ãëþòàì³íîì (�Sigma�,  ÑØÀ), ç  10%-þ
³íàêòèâîâàíîþ òåëÿ÷îþ ñèðîâàòêîþ (�Bio
Mark Inc�, Ëüâ³â Óêðà¿íà), ç 100 ìêã/ìë
ãåíòàì³öèíó ñóëüôàòó (Óêðà¿íà) ïðè 37oÑ
çà íàÿâíîñò³ ï³îãë³òàçîíó, àáî ÄÌÑÎ, àáî
ÔÑÁ ó êîíòðîëüíèõ ãðóïàõ. Ñóñïåíç³¿ ñâ³-
æåâèä³ëåíèõ ÌÍÏÊ ³ ÷åðåç 18 ãîä ³íêóáà-
ö³¿ äâ³÷³ â³äìèâàëè äëÿ ïîäàëüøîãî âèçíà-
÷åííÿ àïîïòîçó òà åêñïðåñ³¿ NF-kB.

Äëÿ âèçíà÷åííÿ åêñïðåñ³¿ NF-kB CD64+

êë³òèíàìè ÌÍÏÊ ³íêóáóâàëè çà íàÿâíîñò³
ìîíîêëîíàëüíèõ àíòèò³ë äî ïîâåðõíåâèõ
àíòèãåí³â CD64, ì³÷åíèõ éîäèäîì ïðîï³-
ä³óìó (�Caltag�, ÑØÀ). Â³äìèò³ êë³òèíè

ô³êñóâàëè ðîç÷èíîì (�Cal tag�,  ÑØÀ).
Ïåðìåàá³ë³çàö³þ ïðîâîäèëè çà äîïîìîãîþ
ðîç÷èíó (�Caltag�,  ÑØÀ) çà íàÿâíîñò³
ìîíîêëîíàëüíèõ àíòèò³ë äî ñóáîäèíèö³
ìîëåêóëè ð65 NF-kB (�BD Biosciences
Pharmingen�, ÑØÀ). Ï³ñëÿ îäíîðàçîâî¿
â ³äìèâêè  äî  ðåñóñïåíäîâàíèõ  êë ³òèí
äîäàâàëè âòîðèíí³ ìîíîêëîíàëüí³ àíòèò³ëà
äî Ig ìèø³, ì³÷åí³ ôëþîðåñöå³í³çîò³î-
öèîíàòîì (�Caltag�, ÑØÀ).

Ðîçâèòîê àïîïòîçó âèçíà÷àëè çà äîïî-
ìîãîþ àíåêñèíó V, ì³÷åíîãî ôëþîðåñ-
öå³í³çîò³îöèîíàòîì (�Caltag�, ÑØÀ), òà çà
äîïîìîãîþ ôëþîðåñöåíòíîãî áàðâíèêà �
éîäèäó ïðîï³ä³óìó (�Sigma�, ÑØÀ) [19].

Äëÿ âèÿâëåííÿ çì³í âèêîðèñòîâóâàëè
ñóñïåíç³þ ÌÍÏÊ áåçïîñåðåäíüî ï³ñëÿ
âèä³ëåííÿ êë³òèí òà ³íêóáàö³¿ çà íàÿâíîñò³
ï³îãë³òàçîíó, ÄÌÑÎ òà ÔÑÁ.

Àïîïòîç òà ôåíîòèï ë³ìôîöèò³â âèçíà-
÷àëè, àíàë³çóþ÷è ïðîáè íà ïðîòî÷íîìó
öèòîôëþîðèìåòð³ EPIX LX-MCL (�Beck-
man Coul ter� ,  ÑØÀ),  âèêîðèñòîâóþ÷è
ïðîãðàìó System IITM software.

Ñòàòèñòè÷íó îáðîáêó ðåçóëüòàò³â äîñ-
ë³äæåíü ïðîâîäèëè âèêîðèñòîâóþ÷è ïàêåò
ïðîãðàìè STATISTICA 6.0 (StatSoft, ÑØÀ)
ç ðîçðàõóíêîì âèá³ðêîâîãî ñåðåäíüîãî,
âèá³ðêîâîãî ñòàíäàðòíîãî â³äõèëåííÿ,
â³ðîã³äíîñò³ îòðèìàíèõ ðåçóëüòàò³â Ò-òåñ-
òîì äëÿ ïîïàðíîçâ�ÿçàíèõ âåëè÷èí (t) .
Ðåçóëüòàòè íàâåäåíî ó âèãëÿä³ âèá³ðêîâîãî
ñåðåäíüîãî (Ì), âèá³ðêîâîãî ñòàíäàðòíîãî
â³äõèëåííÿ (STD). Êðèòè÷íèé ð³âåíü çíà÷è-
ìîñò³  ï³ä ÷àñ ïåðåâ³ðêè ñòàòèñòè÷íèõ
ã³ïîòåç ïðèéìàëè çà 0,05.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ¯Õ ÎÁÃÎÂÎÐÅÍÍß

Ï³ä ÷àñ îòðèìàííÿ êë³òèíîþ ðåãóëÿòîðíîãî
ñòèìóëó àêòèâóºòüñÿ NF-kB ÷åðåç ôîñôî-
ðèëþâàííÿ ³íã³á³òîðíîãî ïðîòå¿íó ñïåöèô³-
÷íèìè IkB-ê³íàçàìè, ùî ³íäóêóº äèñîö³àö³þ
êîìïëåêñó IkB/NF-kB. Â³ëüí³ àêòèâí³ ãå-
òåðîäèìåðè òðàíñïîðòóþòüñÿ â ÿäðî ³ ïðè-
ºäíóþòüñÿ äî ñàéò³â kÂ óñåðåäèí³ ïðîìîò-

Àêòèâàòîð ÏÏÀÐ-γ  ï³îãë³òàçîí  çíèæóº åêñïðåñ³þ òðàíñêðèïö³éíîãî ôàêòîðà NF-kB
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îð³â òà åíõàíñåð³â, ôóíêö³îíóþ÷è ÿê àêòèâ-
àòîðè òðàíñêðèïö³¿ [13]. Ðîëü àêòèâóþ÷èõ
àãåíò³â, çàçâè÷àé, â³ä³ãðàþòü ð³çíîìàí³òí³
ôàêòîðè ðîñòó ³ öèòîê³íè, áàêòåð³àëüí³ òîê-
ñèíè òà â³ðóñí³ àãåíòè, à òàêîæ çîâí³øí³
ïðîíåêðîòè÷í³ ôàêòîðè.

Ñë³ä â³äì³òèòè, ùî â êîíòðîëüí³é ïðîá³
ï³ñëÿ 18 ãîä. ³íêóáàö³¿ â ïîæèâíîìó ñåðåäî-
âèù³ òà çà íàÿâíîñò³ ÄÌÑÎ çìåíøèëàñÿ
ê³ëüê³ñòü êë³òèí CD64+  ó ñóñïåíç³¿ ÌÍÏÊ,
ïðè öüîìó â 1,5 ðàçà çá³ëüøèâñÿ ð³âåíü
ìàêñèìàëüíî¿ åêñïðåñ³¿ â³äïîâ³äíèõ ðåöåï-
òîð³â (òàáëèöÿ). ßê âèäíî ç ðåçóëüòàò³â,
àêòèâàö³ÿ ÏÏÀÐ-γ ó íàéá³ëüø³é åêñïåðè-
ìåíòàëüí³é äîç³ ïðèçâîäèëà äî â³ðîã³äíîãî
çìåíøåííÿ ê³ëüêîñò³ êë³òèí, ùî åêñïðå-
ñóâàëè  CD64  òà  ìàêñèìàëüíèõ  ð ³âí ³â
åêñïðåñ³¿ öèõ ðåöåïòîð³â. Ï³ä ÷àñ äîñë³ä-
æåíü êîíöåíòðàö³¿ ó ñóñïåíç³¿ ÌÍÏÊ. Íàìè
ïîêàçàíî, ùî ï³ä âïëèâîì ÄÌÑÎ çìåíøó-
âàëàñÿ ê³ëüê³ñòü NF-kB ó ³íêóáàö³éíîìó
ñåðåäîâèù³. Ïðè öüîìó íà ôîí³ ä³¿ ï³îãë³-
òàçîíó,  ïî÷èíàþ÷è ç  30 ìêìîëü/ë,  ùî
â³äïîâ³äàº ñåðåäíüîòåðàïåâòè÷í³é äîç³,
åêñïðåñ³ÿ öüîãî ïîêàçíèêà ïðîãðåñèâíî
çìåíøóâàëàñü. Àíàëîã³÷íå äîçîçàëåæíå
çìåíøåííÿ ÷èñëà  NF-kB ³  ð ³âíÿ  éîãî
åêñïðåñ³ ¿  ñïîñòåð³ãàëîñÿ ñåðåä êë³òèí

CD64+. Àíàë³çóþ÷è ïðîöåñè àïîïòîçó ñåðåä
ÌÍÏÊ ï³ä âïëèâîì àêòèâàòîðà ÏÏÀÐ-γ,
ùî â³äîáðàæàº ê³ëüê³ñòü êë³òèí AnV+PI+  ó
ñóñïåíç³¿, â³äì³÷åíî äîçîçàëåæíå çìåí-
øåííÿ àïîïòîòè÷íèõ êë³òèí. Ïðè öüîìó
ìàêñèìàëüí³ â³ðîã³äí³ çì³íè ñïîñòåð³ãàëèñÿ
ï³ä âïëèâîì ï³îãë³òàçîíó â ê³íöåâ³é êîíöåíò-
ðàö³¿  100 ìêìîëü/ë (âäâ³÷³  çìåíøåííÿ
ê³ëüêîñò³ êë³òèí AnV+PI+).

Íåùîäàâíî áóëî ïîêàçàíî, ùî ë³ãàíä
ÏÏÀÐ-γ � òðîãë³òàçîí çäàòíèé ïðèãí³÷ó-
âàòè àêòèâàö³þ NF-kB, ùî ñïðè÷èíåíî
ïðèãí³÷åííÿì ïðîöåñ³â ôîñôîðèëþâàííÿ
NF-kB ð65 [16] .  Ïðè öüîìó âèÿâëåíî
çìåíøåííÿ åêñïðåñ³¿ àäãåçèâíèõ ìîëåêóë
åíäîòåë³àëüíèõ êë³òèí, ùî ðåãóëþºòüñÿ NF-
kB. Êð³ì òîãî, àâòîðàìè áóâ çàô³êñîâàíèé
áàçàëüíèé ð³âåíü ôîñôîðèëþâàííÿ ð65 ó
êîíòðîëüíèõ ïðîáàõ,  ùî çóìîâëþº òà
ïîÿñíþº ðîëü ôîíîâî¿ àêòèâíîñò³ NF-kB ó
ï³äòðèìö³ ñòàëîñò³ öèðêóëþþ÷èõ êë³òèí ³
áëîêóâàíí³ àïîïòîçó [14]. Âàæëèâî, ùî
àêòèâàòîðè ðåöåïòîð³â ÏÏÀÐ-γ  ìàþòü
ïðîòèçàïàëüíó ä³þ, íåîïîñåðåäêîâàíó NF-
kB.  Àãîí³ñòè ÏÏÀÐ-γ  çäàòí³  óñï³øíî
âïëèâàòè íà çàïàëüíèé ïðîöåñ ÷åðåç ÏÏÀÐ-
γ-íåçàëåæí³ øëÿõè, à ñàìå ÷åðåç ïðèãí³-
÷åííÿ ñóáîäèíèö³²ÊÊ-β ç íàñòóïíîþ ñóïðå-

10 ìêìîëü/ë 30 ìêìîëü/ë 100 ìêìîëü/ë

Ê³ëüê³ñòü êë³òèí CD64+ 88,3±6,3 83,5±9,9 79,4±10,6 79,6±11,2 79,5±9,6 50,7±23,3**
Ìàêñèìàëüíèé ð³âåíü
åêñïðåñ³¿ ÑD64 3,7±2,1 5,7±1,0* 5,8±2,9 5,6±1,0 4,6±1,3 1,6±0,6**
Ê³ëüê³ñòü êë³òèí NF-kB+ 51,3±37,1 71,8±22,8 54,8±31,4 54,9±29,5 51,1±35,3 33,2±28,8
Ìàêñèìàëüíèé ð³âåíü
åêñïðåñ³¿ NF-kB 1,6±0,8 2,8±1,2* 2,7±1,8 2,3±1,2 2,1±1,0 1,8±1,0
Ê³ëüê³ñòü êë³òèí
CD64+NF-kB+ 58,0±36,2 83,5±24,3 69,0±31,9 69,6±32,8 64,1±37,4 62,5±22,0
Ê³ëüê³ñòü êë³òèí
AnV+PI+ 14,8±2,5 3,9±2,5* 6,8±3,9* 5,6±2,9 4,5±4,2 3,7±2,2**

* â³ðîã³äí³ñòü â³äì³í ó ïîð³âíÿíí³ ç ïîêàçíèêàìè â ñóñïåíç³¿ ñâ³æåâèä³ëåíèõ ìîíîíóêëåàð³â
ïåðèôåðè÷íî¿ êðîâ³; ** â³ðîã³äí³ñòü â³äì³í ó ïîð³âíÿíí³ ç ïîêàçíèêàìè êîíòðîëüíèõ ïðîá
(äèìåòèëñóëüôîêñèä).

Âïëèâ ï³îãë³òàçîíó íà ð³âåíü åêñïðåñ³¿ ÿäåðíîãî ôàêòîðà kB ³ ïðîöåñ³â àïîïòîçó â ñóñïåíç³¿ ìîíîíóêëåàð³â
ïåðèôåðè÷íî¿ êðîâ³

Ïîêàçíèê Ñâ³æåâèä³ëåí³
ìîíîíóêëåàðè
ïåðèôåðè÷íî¿

êðîâ³

Êîíòðîëü 1
(18ãîä

³íêóáàö³¿)

Êîíòðîëü 2
(äèìåòèë-

ñóëüôîêñèä)

Ï³îãë³òàçîí â ê³íöåâ³é êîíöåíòðàö³¿,
ìêìîëü/ë

Í.Ë. Êóöåíêî, Ë.Å. Âåñí³íà, ².Ï. Êàéäàøåâ
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ñ³ºþ àêòèâíîñò³ ÿäåðíîãî òðàíñêðèïö³éíîãî
ôàêòîðà [1, 15]. ª äàí³, ùî òðîãë³òàçîí
àêòèâóº ERK1/2 òà áëîêóº ñèíòåç ñ-fos, ìî-
äóëþþ÷è ïðîòèçàïàëüí³ åôåêòè. Ï³ä ÷àñ
³íêóáàö³¿ äåíäðèòíèõ êë³òèí, ñòèìóëüîâàíèõ
àíã³îòåíçèíîì ²², çà íàÿâíîñò³ àãîí³ñò³â
ÏÏÀÐ-γ  ïðèãí ³÷óºòüñÿ  ¿õ  àêòèâí³ñòü
âíàñë³äîê çàëó÷åííÿ ê³íàçè ì³òîãåíàêòèâî-
âàíîãî á³ëêà (MAPK) ³ NF-kB, ùî ï³äòâåðä-
æóº ðîëü öèõ ôàêòîð³â òà ðåöåïòîð³â ÏÏÀÐ-γ
ó ðåãóëÿö³¿  ³ìóíîëîã³÷íèõ ³  çàïàëüíèõ
ïðîöåñ³â [21]. Íåùîäàâíî áóëè îòðèìàí³
íîâ³ äàí³ ùîäî âïëèâó àêòèâàö³¿ ÏÏÀÐ-γ íà
ë³ïîïîë³ñàõàðèä³íäóêîâàíó ïðîäóêö³þ
ïðîçàïàëüíèõ öèòîê³í³â ìàêðîôàãàìè [6].
Òàê, ï³ä âïëèâîì ï³îãë³òàçîíó çìåíøó-
âàëàñÿ ïðîäóêö³ÿ ïóõëèíîíåêðîòèçóþ÷îãî
ôàêòîðà α ³ ìÐÍÊ ñåêðåòîðíî¿ ôîñôîë³ïàçè
À2. Öå çóìîâëåíî ï³äòâåðäæåíèì ïðèãí³-
÷åííÿì àêòèâíîñò³ NF-kB ³ éîãî òðàíñëî-
êàö³¿ â ÿäðî ë³ïîïîë³ñàõàðèä³íäóêîâàíèõ
ìàêðîôàã³â ìèøåé, ùî ìàº ïåðñïåêòèâíó
ïðîòèçàïàëüíó ðîëü ïðè àòåðîñêëåðîç³.

Äàí³ âèâ÷åííÿ ë³ãàíä³íäóêîâàíî¿ àêòè-
âàö³¿ äåíäðèòíèõ êë³òèí íà ëîêàë³çàö³þ
ñóáîäèíèö³ c-Rel â ÿäð³ ñâ³ä÷àòü ïðî ¿¿
çíèæåííÿ çà íàÿâíîñò³ òðîãë³òàçîíó. Öå
îáãðóíòîâóº ó÷àñòü c-Rel ó ïðèãí³÷óâàëüíèõ
åôåêòàõ àãîí³ñò³â ÏÏÀÐ-γ ï³ä ÷àñ äîçð³âàí-
íÿ äåíäðèòíèõ êë³òèí [20].  Êð³ì òîãî,
àâòîðàìè ïîêàçàíî çàëó÷åííÿ MAPK- òà
NF-kB-ñèãíàëüíèõ øëÿõ³â ó ðåãóëÿö³¿ TLR-
òà ÏÏÀÐ-γ-îïîñåðåäêîâàí³é ñèãíàë³çàö³¿
äåíäðèòíèõ êë³òèí, ùî ìîæå áóòè íîâèì
ìåõàí³çìîì íåãàòèâíî¿ ðåãóëÿö³¿ ðåàë³çàö³¿
³ìóíîëîã³÷íèõ ðåàêö³é [11, 20].

Ó äîñë³äæåííÿõ ç âèâ÷åííÿ àïîïòîçó
ïóõëèííèõ êë³òèí, ³íäóêîâàíîãî àãîí³ñòàìè
ÏÏÀÐ-γ, ïîêàçàíî çàëó÷åííÿ 3-β-ê³íàçè â
ïðîöåñè ñèíòåçó ãë³êîãåíó. Öå º íåîáõ³äíèì
åëåìåíòîì äëÿ àêòèâàö³¿ NF-kB, ÿêèé â³-
ä³ãðàº âàæëèâó ðîëü ó ïåðåäà÷³ ïðîë³ôåðà-
òèâíèõ ñèãíàë³â ïóõëèííèõ êë³òèí. Ñòèìó-
ëÿö³ÿ ÏÏÀÐ-γ òðîãë³òàçîíîì ïðèçâîäèëà äî
ïðèãí³÷åííÿ ðîñòó ïóõëèíè ïðÿìî¿ êèøêè
(çíèæåííÿ àêòèâíîñò³ àíòèàïîïòîòè÷íîãî
á³ëêà Bcl-2, Cdk2, Cdk4, öèêë³í Â1, D1 òà

Å; ï³äâèùåííÿ àêòèâíîñò³ ïðîàïîïòîòè÷íèõ
á³ëê³â, êàñïàçè-3, êàñïàçè-9 òà Âàõ) âíàñë³-
äîê çìåíøåííÿ àêòèâíîñò³ NF-kB òà åêñï-
ðåñ³¿ 3-β-ê³íàçè ñèíòåçó ãë³êîãåíó [7].

Çà ñó÷àñíèìè äàíèìè NF-kB ìàº âàæ-
ëèâå ðåãóëÿòîðíå çíà÷åííÿ ïðè çàïàëåíí³ òà
ðîçâèòêó àóòî³ìóííèõ ðåàêö³é. Íèí³ â³äîìî
äåê³ëüêà äåñÿòê³â åíäî- òà åêçîãåííèõ
àãåíò³â, çäàòíèõ ïðèãí³÷óâàòè àêòèâí³ñòü
NF-kB [18, 22]. Äî ö³º¿ ãðóïè ïðåïàðàò³â
íàëåæàòü êîðòèêîñòåðî¿äè, ³ìóíîäåïðå-
ñàíòè òîùî. ª äàí³, ùî òàê³ íåñòåðî¿äí³ ïðå-
ïàðàòè, ÿê àñï³ðèí, ïîâí³ñòþ ïðèãí³÷óþòü
I-kB-ê³íàçíèé êîìïëåêñ (IKK-β), à ñóëüôî-
ñàëàç³í çäàòíèé áëîêóâàòè òðàíñïîðò NF-
kB â ÿäðî çà ðàõóíîê ïðèãí³÷åííÿ äåãðà-
äàö³¿ I-kB [4].

Ó ö ³ëîì ó,  àíàë³çó þ÷è âèùåâêàçàí³
åôåêòè àêòèâàö³¿ ÏÏÀÐ-γ, ìîæíà âèä³ëèòè
äâà îñíîâíèõ ìîæëèâèõ íàïðÿìêè ¿¿ ðåàë³-
çàö³¿: îïîñåðåäêîâàíî ïðèãí³÷åííÿì MAPK-
ñèãíàëüíîãî øëÿõó [11] òà ïðèãí³÷åííÿì
NF-kB-îïîñåðåäêîâàíî¿ ñèãíàë³çàö³¿. Ó òîé
æå ÷àñ, âèçíà÷åíî îêðåì³ ëàíêè NF-kB-
ñèãíàëüíîãî øëÿõó, ÿê³ ìîæóòü ï³äëÿãàòè
³íã³á³òîðíîìó âïëèâó àãîí³ñò³â ÏÏÀÐ-γ �
çîêðåìà, öå çíèæåííÿ ôîñôîðèëþâàííÿ ð65
NF-kB [16], ïðèãí³÷åííÿ àêòèâíîñò³ IKK-β
[15] òà âïëèâ íà ÿäåðíó ëîêàë³çàö³þ c-Rel
[20].

Îòðèìàí³ ðåçóëüòàòè äîçâîëÿþòü äîâåñ-
òè, ùî àêòèâàö³ÿ ÏÏÀÐ-γ çàä³ÿíà â ðåãóëÿö³¿
àïîïòîçó ÌÏÍÊ òà åêñïðåñ³¿ òðàíñêðèï-
ö³éíîãî ôàêòîðó NF-kB, ùî ñâ³ä÷èòü ïðî
çàëó÷åííÿ ÏÏÀÐ-γ â ðåãóëÿö³¿ àêòèâíîñò³
NF-kB, ÿêèé â³ä³ãðàº îäíó ç ïðîâ³äíèõ ðîëåé
ó ðåàë³çàö³¿ çàïàëåííÿ, îíêîãåíåçó òîùî.

Í.Ë. Êóöåíêî, Ë.Ý. Âåñíèíà, È.Ï. Êàéäàøåâ

ÀÊÒÈÂÀÒÎÐ ÏÏÀÐ-γγγγγ       ÏÈÎÃËÈÒÀÇÎÍ
ÑÍÈÆÀÅÒ ÝÊÑÏÐÅÑÑÈÞ ÒÐÀÍÑÊÐÈÏ-
ÖÈÎÍÍÎÃÎ ÔÀÊÒÎÐÀ NF-KB È ÓÃÍÅÒÀÅÒ
ÏÐÎÖÅÑÑÛ ÀÏÎÏÒÎÇÀ Â ÌÎÍÎÍÓÊËÅÀ-
ÐÀÕ ÏÅÐÈÔÅÐÈ×ÅÑÊÎÉ ÊÐÎÂÈ IN VITRO

Äëÿ èññëåäîâàíèÿ âëèÿíèÿ àêòèâàòîðà ÏÏÀÐ-γ íà
ýêñïðåññèþ òðàíñêðèïöèîííîãî ôàêòîðà NF-kB è ïðîöåññû
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àïîïòîçà ìîíîíóêëåàðû ïåðèôåðè÷åñêîé êðîâè (ÌÍÏÊ)
èíêóáèðîâàëè â ïðèñóòñòâèè ïèîãëèòàçîíà â êîíå÷íûõ
êîíöåíòðàöèÿõ 10, 30 è 100 ìêìîëü/ë. Ýêñïðåññèþ NF-kB,
ÑD64 è ïðîöåññû àïîïòîçà îïðåäåëÿëè, èñïîëüçóÿ
ñîîòâåòñòâóþùèå ìîíîêëîíàëüíûå àíòèòåëà, àííåêñèí V è
éîäèä ïðîïèäèóìà, ìåòîäîì ïðîòî÷íîé öèòîìåòðèè.
Àêòèâàöèÿ ÏÏÀÐ-γ ïðèâîäèëà ê óìåíüøåíèþ êîëè÷åñòâà
CD64+-êëåòîê è ìàêñèìàëüíûõ óðîâíåé ýêñïðåññèè ýòèõ
ðåöåïòîðîâ, äîçîçàâèñèìîìó óìåíüøåíèþ êîíöåíòðàöèè
NF-kB â ñóñïåíçèè ÌÍÏÊ è ñðåäè CD64+-êëåòîê.
Àíàëèçèðóÿ ïðîöåññû àïîïòîçà îòìå÷åíî óìåíüøåíèå
êîëè÷åñòâà AnV+ PI+-êëåòîê. Ïîëó÷åííûå ðåçóëüòàòû
ïîçâîëÿþò äîêàçàòü, ÷òî àêòèâàöèÿ ÏÏÀÐ-γ âîâëå÷åíà â
ðåãóëÿöèþ àïîïòîçà ÌÏÍÊ è ýêñïðåññèþ òðàíñê-
ðèïöèîííîãî ôàêòîðà NF-kB. Ýòî ñâèäåòåëüñòâóåò î
âîâëå÷åíèè ÏÏÀÐ-γ â ðåãóëÿöèþ àêòèâíîñòè NF-kB,
êîòîðûé èãðàåò îäíó ñ ãëàâíûõ ðîëåé â ðåàëèçàöèè
âîñïàëåíèÿ, îíêîãåíåçà è äð.
Êëþ÷åâûå ñëîâà: ðåöåïòîðû, àêòèâèðóþùèå ïðîëè-
ôåðàöèþ ïåðîêñèñîì-γ, ïèîãëèòàçîí, òðàíñêðèïöèîííûé
ôàêòîð NF-kB, ÑD64+-êëåòêè, àïîïòîç.

N.L. Kutsenko, L.E. Vesnina, I.P. Kaidashev

PIOGLITAZONE, AN ACTIVATOR OF PPAR-γγγγγ,
REDUCES THE EXPRESSION OF KB
NUCLEAR FACTOR AND INHIBITS
APOPTOSIS IN MONONUCLEAR CELLS
OF PERIPHERAL BLOOD IN VITRO

In order to examine the impact of PPAR-γ activator on the
expression of kB nuclear transcription factor and apoptosis,
the peripheral blood mononuclear cells (PBMC) were incu-
bated with pioglitazone at concentrations 10, 30 and 100 ìM.
Expression of NF-kB in ÑD64+ cells was evaluated by flow
cytometry using monoclonal antibodies. The development of
apoptosis was evaluated using annexin V and propidium io-
dide. Activation of PPAR-γ resulted in a reduction of the number
of CD64+ cells and expression of the maximum levels of these
receptors. We also obesrved a dose-dependent decrease of
NF-kB concentration in PBMC suspension and in CD64+

cells. While analyzing the apoptosis, the reduction of apoptotic
cells (reduction of AnV+PI+ cells) has been observed. The re-
sults obtained allow to prove that PPAR-γ activation partici-
pates in the PBMC apoptosis regulation and in the expression
of transcriptional factor NF-kB. Our results indicate for the
involvement of PPAR-γ in the regulation of NF-kB activity
which plays one of the most significant roles in the inflamma-
tion realization, oncogenesis, and so on.
Key words: Peroxisome proliferator-activated receptors-γ,
pioglitazone, NF-kB nuclear transcription factor, ÑD64+ cells,
apoptosis.
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N.M. Zholobak, N.S. Kavok, O.S. Bogorad-Kobelska,
I.A. Borovoy, M.Yu. Malyukina, M.Ya. Spivak

Effect of tilorone and its analogues on the change
of mitochondrial potential of rat hepatocytes

The influence of tilorone dihydrochloryde and its analogues � diphenyl derivatives on the changes
of transmembrane potential of mitochondrial membranes of the isolated rat hepatocytes has been
estimated. Authors have shown a significant increase in mitochondrial potential thirty minutes after
the introduction of the test compounds to the cells using the fluorescent probe JC-1. These results
indicate the rapid activation with tilorone and its analog � dihydrochloryde 4,4'-bis-[2-
(diethylamino)ethoxy]diphenyl � of the RLR signaling pathway. The final stage of this pathway is
the cell production of IFN type I. The authors concluded that there is an increasing of the organelles
resistance to the extra/intracellular damaging agents under the influence of the test compounds.
Key words: tilorone, diphenyl derivatives, mitochondrial potential, fluorescent probes, rat hepatocytes.
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INTRODUCTION

Mitochondria are important cellular organelles
which undergo the dynamic cycles of synthe-
sis and division. Beside the energy supply of
the cell mitochondria are involved in mammals�
cellular reactions of innate antiviral immuni-
ty. These reactions include a cascade re-
sponse which final stage is the production of
type I interferons [16]. Mitochondrial antivi-
ral signaling (MAVS) in particular adaptor
protein of the mitochondria outer membrane
plays an important role in this process. MAVS-
mediated is the activation of transcription fac-
tors � interferon-regulatory factor-3 (IRF-3)
and nuclear factor êB (NF-êB). The regula-
tion of mitochondria-mediated antiviral re-
sponse is associated with MAVS structural
characteristics [19]. In addition, it was shown
a close correlation between the antiviral re-
sponse of the cells and mitochondrial mem-
brane potential (∆ψm): the reduction of ∆ψm
correlates with the decrease of the antiviral
response [10]. The authors have shown that
∆ψm dissipation does not affect on the acti-

vation of interferon-regulatory factor-3 (IRF-
3) after the activation of the MAVS. This in-
dicates the close relationship of ∆ψm and
MAVS in RLR signaling pathway. I.e. the
physiological functions of mitochondria play
a key role in innate antiviral immunity.

One way to  enhance innate  ant iviral
immunity for the prevention and treatment of
viral infections is the use of interferon (IFN)
inducers. Among them is the well-known low-
molecular synthetic inducer Amixine IC
(tilorone dihydrochloryde) which has, due to
its structure, both antiviral and immuno-
modulating properties [7]. Being double cyclic
compounds with aminoalkoxyl groups, diphe-
nyl derivatives are structurally similar to
t i lorone dihydrochloryde.  Ant ivira l  and
interferon-inducing activities were shown for
these compounds as for tilorone [3]. The result
of the effect of these substances in the cell is
the IFN production. That is why the aim of
our study was to investigate their influence
on the physiological functions of mitochondria,
in particular, the dynamics of ∆ψm changes
in rat hepatocytes.
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METHODS

In our experiments we used dihydrochloryde
2,7-bis-[2-(diethylamino)ethoxy]fluoren-9-one
(tilorone dihydrochloryde, drug Amixine IC)
[2] and its analogues � dihydrochloryde 4,4'-
bis-[2-(diethylamino)ethoxy]diphenyl (com-
pound 1) and dihydrochloryde 2-metoksycar-
bonil-4-4'-bis-[2-(diethylamino) ethoxy]-
diphenyl (compound 2) [9] (kindly provided
for research by Dr. S.A. Lyakhov, O.V. Bo-
gatsky Physico-Chemical Institute of Nation-
al Academy of Sciences of Ukraine), Table
1. To prepare basic solution, the specified
compounds are dissolved in distilled water to
a concentration of 1,0 mg/ml.

Isolated liver hepatocytes of 3 month old
white male Wistar population rats were used in
the work. The cells were isolated by non-enzyme
method using the perfusion medium, containing
2 mM EDTA [8]. The cell viability was assessed
on the staining with trypan blue. Viability of
freshly isolated hepatocytes made about 90%.

Mitochondrial membrane potential (∆ψm) of
single cells was assessed by the accumula-
tion JC-1 fluorescent probe aggregates within
cells by quantitative microfluorimetry [5]. JC-
1 (5,5' ,6,6'-tetrachlor-1,1' ,3,3'-tetraethyl-
benzimidazolyl carbocyanine iodide) was syn-
thesized in the Laboratory of Nanodisperse

Materials of the Institute for Scintillation
Materials of the National Academy of Sci-
ences of Ukraine (Kharkov) by standard
methods [6]. JC-1 has two band fluorescence
with maxima at 510 nm (monomeric form) and
585 nm (J-aggregates). Initial solution (1 mM)
of the studied probe in DMSO was diluted di-
rectly prior  to the experiment up to the
concentration required. The cells (5.105 cells/
ml) were incubated with the probe JC-1 (10-6

M) in Eagle�s medium with 10% fetal calf
serum (BioloT, Russia) at 22°Ñ during 60 min
(incubation media produced by Institute of
Poliomyelitis and Virus Encephalitis of Russian
Academy of Medical Sciences). The experi-
mental compounds were added in a concent-
ration of 0,01 mg/ml of the cell suspension and
incubated for 30 and 120 min.

Luminescent objects were examined and ima-
ged by means of luminescent microscope Olym-
pus IX71 and digital camera Olympus C-5060
(Japan). The luminescence spectra of single hepa-
tocytes stained by the probe were recorded with
a spectrometer USB4000 (Ocean Optics, USA).

The results were statistically processed by
means of software Statistika v. 5.0 (StatSoft,
USA) and Origin 6.1 (Origin Lab Corporation,
USA) using the Student�s t-criterion. The results
significantly differed in statistics at P < 0,05.

The structural formulas of the experimental compounds

Name of the compound                               The structural formula

dihydrochloryde 2,7-bis-[2-
(diethylamino)ethoxy]fluoren-9-
one (tilorone dihydrochloryde,
drug Amixine IC)

dihydrochloryde 4,4'-bis-[2-
(diethylamino)ethoxy]diphenyl
(compound 1)

dihydrochloryde 2-
metoksycarbonil-4-4'-bis-[2-
(diethylamino)ethoxy]diphenyl
(compound 2)

Effect of tilorone and its analogs on the change of mitochondrial potential
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RESULTS AND DISCUSSION

Fluorescent microscopy allows us to study
mitochondrial function at the level of single
cells. This is important in the study of subtle
mechanisms which determine individual char-
acteristics of cellular reaction to regulatory
effects [14]. The accumulation of the fluo-
rescent probe JC-1 in the mitochondria leads
to the formation of J-aggregates depending
on the value of ∆ψm. This process is accom-
panied by a shift of the fluorescence emis-
sion from green color which inherent to mo-
nomers to red color which inherent to J-ag-
gregates [15]. JC-1 allows us to study the lo-
cal changes in the value of ∆ψm

 
and to visuali-

ze mitochondria with high and low membrane
potential, unlike other dyes [17]. In studies
using JC-1 probe for the characterization of
mitochondrial processes are often used both
the fluorescence intensity of the monomers
and of the J-aggregates, as well as their ra-
tio. However, some researchers believe that
the fluorescence intensity of the J-aggregates
is more accurate and adequate criterion for
assessing ∆ψm

 
[11, 12]. Earlier we showed in

isolated rat hepatocytes the applicability of this
approach to assess mitochondrial function in
intact cells and at various regulatory agents�
influences [1, 5].

The results of investigation of the tilorone
and its analogs � diphenyl derivatives influen-
ce on the fluorescence intensity of J-aggre-

gates in mitochondria within 30 min after the
exposure with the rat hepatocytes are shown
in Figure 1. Significant increase in the fluo-
rescence intensity of J-aggregates is influen-
ced by tilorone and compound 1 which indi-
cates an increase in ∆ψm. The observed ef-
fect varies in the severity degree which indi-
cates the sensitivity of this system in the dif-
fe ren t i a l  a ssessment  o f  the  e f fec t s  o f
regulatory compounds. Thus, it was shown
that the most significant changes in the value
of ∆ψm occurred under the influence of tilo-
rone (145 ± 13% compared to the control).
The fluorescence intensity of J-aggregates
also increased under the influence of com-
pound 1 and amounted after 30 min incuba-
tion 131 ± 10% compared to the control. The
effect of compound 2 was not expressed (113 ±
13% compared with the control cells). Sub-
sequent incubation of the cells (up to 120 min)
have not allowed to reveal a significant dif-
ferences in the influence of the experimental
substances on the value of ∆ψm compared to
the control. These data indicate that tilorone
and its analogue � compound 1 � demonstrate
the stimulating effect on the mitochondrial
activity in isolated rat hepatocytes.

It is known that high membrane potential
in intact mitochondria prevents the protons
transport from crossing the inner membrane
which is associated with the work of the
respiratory chain; providing thus a low rate
of mitochondria respiration. The increase in

Effect of tilorone and its analogues on the fluorescence of the J-aggregates in rat hepatocytes.
Note: * � P < 0,05 relative to the control.
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the rate of respiration is due to the leakage of
ions through the membrane when organelles
are damaged because of hypoxia or lipid
peroxidation and is accompanied by a decrea-
se in membrane potential [4]. The discovered
fact of the increase of the value of ∆ψm af-
ter the exposure with tilorone and compound
1 indicates that these compounds increase the
membrane potential of mitochondria and may
increase their resistance to the damaging
agents of extra/intracellular microenviron-
ment.

The change in mitochondrial membrane
potential ∆ψm after the 30 min exposure of
the cells with the test compounds may be
considered in the context of well-known fact
of the direct relation of the innate antiviral
response severity on the value of mitochondrial
potential ∆ψm which starts RLR signaling
pathway (MAVS-mediated activation of IRF-
3, NF-êB) which ends with production of type
I IFN [10, 16, 19]. The interferon-inducing
activity is known for tilorone [13, 18] and this
activity is shown for its analogue � compound
1 [3, 9]. Based on the obtained results we can
say that the experimental compounds at the
thirtieth minute of exposure with the cells
activate the classical pathway of interferon
response that is required for recognition the
RNA viruses in different cells.

The observed differences in the degree of
the mitochondrial processes activation of the
tested analogues of tilorone � compounds 1 and
2 � can be explained by the peculiarities of the
cellular reception of these compounds and by
the peculiarities of the initial stages of the cell
activation which requires a more detailed study.

Í.Ì. Æîëîáàê, Í.Ñ. Êàâîê,
Î.Ñ Áîãîðàä-Êîáåëüñüêà, ².À. Áîðîâîé,
Ì.Þ. Ìàëþê³íà, Ì.ß. Ñï³âàê

ÂÏËÈÂ ÒÈËÎÐÎÍÓ ÒÀ ÉÎÃÎ ÀÍÀËÎÃ²Â
ÍÀ ÇÌ²ÍÓ Ì²ÒÎÕÎÍÄÐ²ÀËÜÍÎÃÎ
ÏÎÒÅÍÖ²ÀËÓ ÃÅÏÀÒÎÖÈÒ²Â ÙÓÐ²Â

Ïðîâåäåíî äîñë³äæåííÿ âïëèâó òèëîðîíó äèã³äðîõëîðèäó
òà éîãî àíàëîã³â � ïîõ³äíèõ äèôåí³ëó íà çì³íó ìåìáðàííîãî

ïîòåíö³àëó ì³òîõîíäð³é ãåïàòîöèò³â ùóð³â. Ç âèêîðèñòàííÿì
çîíäà JC-1 ïîêàçàíî, ùî íà 30-òó õâèëèíó ï³ñëÿ âíåñåííÿ
äîñë³äæóâàíèõ ñïîëóê äî êë³òèí ñïîñòåð³ãàºòüñÿ çíà÷íå
çá³ëüøåííÿ ì³òîõîíäð³àëüíîãî ïîòåíö³àëó. Îòðèìàí³
ðåçóëüòàòè ñâ³ä÷àòü ïðî øâèäêó àêòèâàö³þ çà äîïîìîãîþ
òèëîðîíó òà éîãî àíàëîãà � 4,4'-á³ñ-[2-(ä³åòèëàì³íî)
åòîêñè]äèôåí³ë äèã³äðîõëîðèäó � RLR ñèãíàëüíîãî øëÿõó,
çàâåðøàëüíèì åòàïîì ÿêîãî º ïðîäóêö³ÿ êë³òèíîþ ²ÔÍ I
òèïó. Çðîáëåíî âèñíîâîê ïðî çá³ëüøåííÿ ðåçèñòåíòíîñò³
îðãàíåë äî ïîçà/âíóòð³øíüîêë³òèííèõ ïîøêîäæóâàëüíèõ
àãåíò³â ï³ä âïëèâîì äîñë³äæóâàíèõ ñïîëóê.
Êëþ÷îâ³ ñëîâà: òèëîðîí, ïîõ³äí³ äèôåí³ëó, ì³òîõîí-
äð³àëüíèé ïîòåíö³àë, ôëóîðåñöåíòí³ çîíäè, ãåïàòîöèòè
ùóð³â.

Í.Ì. Æîëîáàê, Í.Ñ. Êàâîê, Å.Ñ Áîãîðàä-
Êîáåëüñêàÿ, È.À. Áîðîâîé, Ì.Þ. Ìàëþêèíà,
Ì.ß. Ñïèâàê

ÂËÈßÍÈÅ ÒÈËÎÐÎÍÀ È ÅÃÎ ÀÍÀËÎÃÎÂ
ÍÀ ÈÇÌÅÍÅÍÈÅ ÌÈÒÎÕÎÍÄÐÈÀËÜÍÎÃÎ
ÏÎÒÅÍÖÈÀËÀ ÃÅÏÀÒÎÖÈÒÎÂ ÊÐÛÑ

Ïðîâåäåíî èññëåäîâàíèå âëèÿíèÿ òèëîðîíà äèãèäðîõëî-
ðèäà è åãî àíàëîãîâ � ïðîèçâîäíûõ äèôåíèëà íà èçìåíåíèå
ìåìáðàííîãî ïîòåíöèàëà ìèòîõîíäðèé ãåïàòîöèòîâ êðûñ.
Ïðè ïîìîùè çîíäà JC-1 ïîêàçàíî, ÷òî íà 30-þ ìèíóòó
ïîñëå âíåñåíèÿ èññëåäóåìûõ ñîåäèíåíèé ê êëåòêàì
íàáëþäàåòñÿ çíà÷èòåëüíîå óâåëè÷åíèå ìèòîõîíäðèàëüíîãî
ïîòåíöèàëà. Ïîëó÷åííûå ðåçóëüòàòû ñâèäåòåëüñòâóþò î
áûñòðîé àêòèâàöèè ïðè ïîìîùè òèëîðîíà è åãî àíàëîãà �
4,4'-áèñ-[2-(äèýòèëàìèíî)ýòîêñè]äèôåíèë äèãèäðîõëîðèäà
� RLR ñèãíàëüíîãî ïóòè, çàâåðøàþùèì ýòàïîì êîòîðîãî
ÿâëÿåòñÿ ïðîäóêöèÿ êëåòêîé ÈÔÍ I òèïà. Àâòîðû ïðèøëè
ê âûâîäó îá óâåëè÷åíèè ðåçèñòåíòíîñòè îðãàíåëë ê âíå/
âíóòðèêëåòî÷íûì ïîâðåæäàþùèì àãåíòàì ïîä äåéñòâèåì
èññëåäóåìûõ ñîåäèíåíèé.
Êëþ÷åâûå ñëîâà: òèëîðîí, ïðîèçâîäíûå äèôåíèëà,
ìèòîõîíäðèàëüíûé ïîòåíöèàë, ôëóîðåñöåíòíûå çîíäû,
ãåïàòîöèòû êðûñ.
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Âïëèâ àóòîëîã³÷íî¿ ïóïîâèííî¿ òà äîíîðñüêî¿ êðîâ³
íà öèòîê³íîâèé ïðîô³ëü íîâîíàðîäæåíèõ
ç òðàíñïîçèö³ºþ ìàã³ñòðàëüíèõ ñóäèí

Äîñë³äæåíî âì³ñò ïðîçàïàëüíèõ ³ ïðîòèçàïàëüíèõ öèòîê³í³â: ôàêòîðà íàðêîçó ïóõëèí α,
³íòåðëåéê³í 1β (²Ë-1β), ²Ë-6, ²Ë-8, ²Ë-10 ó ñèðîâàòö³ êðîâ³ íîâîíàðîäæåíèõ ç òðàíñïîçèö³ºþ
ìàã³ñòðàëüíèõ ñóäèí, ÿêèì ï³ä ÷àñ êîðåêö³¿ âàäè çàñòîñîâóâàëè àóòîëîã³÷íó ïóïîâèííó êðîâ
àáî êîìïîíåíòè äîíîðñüêî¿ êðîâ³ äî îïåðàö³¿, íà 1-, 3-, 7-ìó äîáó ï³ñëÿ íå¿. Ç�ÿñîâàíî, ùî ó
íîâîíàðîäæåíèõ, ÿêèì ï³ä ÷àñ îïåðàö³¿ çàñòîñîâóâàëè êîìïîíåíòè äîíîðñüêî¿ êðîâ³, âì³ñò
ïðîçàïàëüíèõ ²Ë áóâ ï³äâèùåíèé ÿê äî îïåðàö³¿, òàê ³ ï³ñëÿ íå¿, âì³ñò ²Ë-10 áóâ çíèæåíèì. Ó
ï³ñëÿîïåðàö³éíèé ïåð³îä ö³ ïàö³ºíòè ìàëè äèñáàëàíñ ó ñèñòåì³ öèòîê³í³â, ÿêèé ñóïðîâîä-
æóâàâñÿ ã³ïåðòåðì³ºþ òà ëåãåíåâèìè óñêëàäíåííÿìè. Ó íîâîíàðîäæåíèõ, ÿêèì ïðîâîäèëè
îïåðàö³þ ç âèêîðèñòàííÿì àóòîëîã³÷íî¿ ïóïîâèííî¿ êðîâ³, íå áóëî çíà÷íèõ â³äõèëåíü â³ä íîðìè
âì³ñòó öèòîê³í³â ó ñèðîâàòö³ êðîâ³ äî îïåðàö³¿. Íà 1-øó äîáó ï³ñëÿ íå¿ ï³äâèùóâàâñÿ âì³ñò ÿê
ïðîçàïàëüíèõ, òàê ³ ïðîòèçàïàëüíèõ öèòîê³í³â. Äî 7-¿ äîáè âì³ñò ³íòåðëåéê³í³â ïîñòóïîâî
çíèæóâàâñÿ. Íîâîíàðîäæåí³ ö³º¿ ãðóïè ìàëè àäåêâàòíó ³ìóííó â³äïîâ³äü íà ïðîâåäåíó îïåðàö³þ.
Êëþ÷îâ³ ñëîâà: ïóïîâèííà êðîâ, òðàíñïîçèö³ÿ ìàã³ñòðàëüíèõ ñóäèí, ôàêòîð íåêðîçó ïóõëèí α,
³íòåðëåéê³í 1β (²Ë-1β), ²Ë-6, ²Ë-8 ²Ë-10.

©  ß.Â. Òêà÷åíêî, Ã.Ì. Âîðîáéîâà, Â.À. Æîâí³ð, ².Ì. ªìåöü

ÂÑÒÓÏ

Îäíèì ç àêòóàëüíèõ çàâäàíü ñó÷àñíî¿ êàð-
ä³îàíåñòåç³îëîã³¿ º óñï³øíà ðåàá³ë³òàö³ÿ ä³-
òåé ðàííüîãî â³êó ï³ñëÿ êàðä³îõ³ðóðã³÷íèõ
îïåðàö³é ç âèêîðèñòàííÿì øòó÷íîãî êðîâîî-
á³ãó (ØÊ). Çíà÷íå ÷èñëî ïðîáëåì âåäåííÿ
ï³ñëÿîïåðàö³éíîãî ïåð³îäó ó ä³òåé öüîãî â³êó
ïîâ�ÿçàíî ç ãåíåðàë³çîâàíîþ â³äïîâ³ääþ
³ìóííî¿ ñèñòåìè äèòÿ÷îãî îðãàí³çìó íà àíå-
ñòåç³þ, îáøèðíå õ³ðóðã³÷íå âòðó÷àííÿ ³ ØÊ
[1]. Óñêëàäíåííÿ ï³ñëÿ òðàíñôóç³¿ äîíîð-
ñüêî¿ êðîâ³ îá�ºäíóþòüñÿ òåðì³íîì �òðàíñ-
ôóç³éí³ ðåàêö³¿�, ìîæóòü áóòè çóìîâëåí³ ð³ç-
íèìè ïðè÷èíàìè ³ ñïîñòåð³ãàòèñÿ ó ð³çí³
òåðì³íè ï³ñëÿ ïåðåëèâàííÿ êðîâ³.

Êëàñè÷íîþ â³äïîâ³ääþ íà îïåðàö³þ íà
ñåðö³ ó äîðîñëèõ ïàö³ºíò³â â óìîâàõ ØÊ
ââàæàºòüñÿ ï³äâèùåííÿ êîíöåíòðàö³¿ ÿê ïðî-
òàê ³ ïðîòèçàïàëüíèõ öèòîê³í³â ó ñèðîâàòö³
êðîâ³ ç ¿õ íàñòóïíîþ íîðìàë³çàö³ºþ [11]. Ó

íîâîíàðîäæåíèõ ç³ âðîäæåíèìè âàäàìè
ñåðöÿ ï³ñëÿ îïåðàö³¿  ç ØÊ öåé ïðîöåñ
íåäîñòàòíüî âèâ÷åíèé. Ïåðøèé òèæäåíü
æèòòÿ äèòèíè ÿâëÿº ñîáîþ ïåð³îä ðàäè-
êàëüíî¿ ôóíêö³îíàëüíî¿, ³íîä³ àíàòîì³÷íî¿
ïåðåáóäîâè âñ³õ îðãàí³â ³ ñèñòåì. Ö³ çì³íè
â³äáóâàþòüñÿ âíàñë³äîê àäàïòàö³¿ îðãà-
í³çìó äî ïîçàóòðîáíîãî æèòòÿ òà ñàìîñ-
ò³éíî¿ ï³äòðèìêè ñòàëîãî âíóòð³øíüîãî
ñåðåäîâèùà. Ïåðøèé ð³ê æèòòÿ â ³ìóíî-
ëîã³÷íîìó â³äíîøåíí³ � ïåðåõ³äíà ëàíêà â³ä
³ìóíîñóïðåñèâíîãî ïåð³îäó íîâîíàðîä-
æåíîñò³ äî äîçð³âàííÿ òîíêèõ ìåõàí³çì³â
³ìóííî¿ â³äïîâ³ä³. Â öåé ÷àñ â³äáóâàþòüñÿ
â³äõèëåííÿ â òèïàõ ³ìóííîãî ðåàãóâàííÿ íà
òàê³ ïîòóæí³ àãðåñèâí³ ôàêòîðè, ÿê îïåðà-
òèâíå âòðó÷àííÿ òà ïåðåëèâàííÿ êðîâ³ [2].

Ó ðåãóëÿö³¿ ³ìóííî¿ â³äïîâ³ä³ íîâîíà-
ðîäæåíèõ ä ³òåé  âåëèêó  ðîëü  â ³ä ³ãðàº
ìîíîöèòàðíî-ìàêðîôàãàëüíà ëàíêà ³ìóííî¿
ñèñòåìè. Ì³ñöåâå òà ñèñòåìíå çá³ëüøåííÿ



ISSN 0201-8489    Ô³ç³îë. æóðí., 2012, Ò. 58, ¹ 2 45

êîíöåíòðàö³é ïðîçàïàëüíèõ öèòîê³í³â (³íòåð-
ëåéê³íà 1β (IË-1β), IË-8, ²Ë-6, ôàêòîðà
íåêðîçó ïóõëèí (ÔÍÏ-α), âèíèêàº â ïðîöåñ³
ðîçï³çíàâàííÿ òà ïðåäñòàâëåííÿ àíòèãåí³â
ìàêðîôàãàìè ³ º íåîáõ³äíèì äëÿ àêòèâàö³¿,
ïðîë³ôåðàö³¿ òà äèôåðåíö³ðîâêè ë³ìôîöèò³â,
çì³íè ôóíêö³îíàëüíîãî ñòàíó íåéòðîô³ë³â [3,
12, 13]. Âèñîêèé âì³ñò ïðîçàïàëüíèõ öè-
òîê³í³â âèêëèêàº ðîçâèòîê ñèñòåìíî¿ çà-
ïàëüíî¿ ðåàêö³¿ [14]. Âñòàíîâëåíî, ùî ôå-
òàëüí³ ìîíîöèòè òà ìàêðîôàãè ìàþòü çäàò-
í³ñòü äî ñåêðåö³¿ ïðîçàïàëüíèõ öèòîê³í³â
âæå â ê³íö³ ïåðøîãî òðèìåñòðó âàã³òíîñò³
[15, 16]. Ó íîâîíàðîäæåíèõ ç³ ñêëàäíèìè
âðîäæåíèìè âàäàìè ñåðöÿ, ÿê áóëî âñòà-
íîâëåíî íàìè ðàí³øå, ñïîñòåð³ãàºòüñÿ äèñ-
ôóíêö³ÿ ³ìóííî¿ â³äïîâ³ä³ (çíèæåííÿ âì³ñòó
Ò- òà Â-ë³ìôîöèò³â, Ò-õåëïåð³â, Ò-ñóïðå-
ñîð³â ïîºäíóâàëîñÿ ç ï³äâèùåííÿì êîíöåíò-
ðàö³¿ IgA òà IgM â ñèðîâàòö³ öèðêóëþþ÷èõ
³ìóííèõ êîìïëåêñ³â, ïðîçàïàëüíèõ öèòî-
ê³í³â, ïîêàçíèê³â ðåàêö³¿ áëàñòòðàíñôîð-
ìàö³¿ ç ñåðöåâèì àíòèãåíîì) [4].

Íåîíàòàëüíà êàðä³îõ³ðóðã³ÿ ç³ ØÊ ïîò-
ðåáóº âèêîðèñòàííÿ äîíîðñüêî¿ êðîâ³. Çâà-
æàþ÷è íà öå, íàìè ïðîïîíóºòüñÿ âèêîðèñ-
òàííÿ àóòîëîã³÷íî¿ ïóïîâèííî¿ êðîâ³ â õ³ðóðã³¿
âðîäæåíèõ âàä ñåðöÿ ó íîâîíàðîäæåíèõ [5].

Äîñë³äæåííÿ öèòîê³íîâîãî ïðîô³ëþ ó
íîâîíàðîäæåíèõ ç òðàíñïîçèö³ºþ ìàã³ñò-
ðàëüíèõ ñóäèí, ÿêèì ï³ä ÷àñ îïåðàö³¿ ç ØÊ
âèêîðèñòîâóâàëè àóòîëîã³÷íó ïóïîâèííó
êðîâ, ðàí³øå íå ïðîâîäèëè. Âåëèêèé ïðàê-
òè÷íèé ³íòåðåñ ïðåäñòàâëÿº àíàë³ç âì³ñòó
öèòîê³í³â ó ñèðîâàòö³ êðîâ³ ÿê ïîêàçíèê³â,
äîñòóïíèõ äëÿ ìîí³òîðèíãó â êë³í³÷íèõ
óìîâàõ ó ïàö³ºíò³â ï³ä ÷àñ îïåðàö³¿ ç ØÊ,
ÿêèì âèêîðèñòîâóâàëè ïóïîâèííó êðîâ àáî
êîìïîíåíòè  äîíîðñüêî¿ êðîâ³. À òàêîæ
ï³äðàõóíîê öèòîê³íîâîãî ³íäåêñó çàïàëåííÿ
ðîçðîáëåíîãî íàìè ÿê ïîêàçíèêà ñòàíó
çàïàëüíîãî ïðîöåñó. ²íäåêñ â³äîáðàæàº
ñòàí öèòîê³íîâîãî áàëàíñó, ÷è äèñáàëàíñó.
Òîáòî, ÷èì á³ëüøèé öèòîê³íîâèé ³íäåêñ, òèì
á³ëüø âèðàæåíèé çàïàëüíèé ïðîöåñ. Ó
êë³í³÷í³é ïðàêòèö³ äåÿê³ àâòîðè [6] âèêîðèñ-
òîâóâàëè äîñë³äæåííÿ êîíöåíòðàö³¿ öèòîê³í³â

ó ñèðîâàòö³ êðîâ³  õâîðèõ íà ³øåì³÷íó
êàðä³îì³îïàò³þ òà ðîçðàõîâóâàëè â³äõèëåí-
íÿ êîæíîãî ïîêàçíèêà â³ä íîðìè, ùî äàâàëî
çìîãó âèçíà÷èòè ð³âåíü ³ìóíîïàòîëîã³÷íîãî
ïðîöåñó. Äåÿê³ àâòîðè [7] îö³íþâàëè àêòèâ-
í³ñòü çàïàëüíîãî ïðîöåñó ïðè ãåíåðàë³çî-
âàíîìó ïàðàäîíòèò³ ó õâîðèõ íà ðåâìà-
òî¿äíèé àðòðèò çà äîïîìîãîþ âèçíà÷åííÿ
ïðîçàïàëüíèõ öèòîê³í³â ²Ë-1β òà ÔÍÏ-α.
Ïðî íàÿâí³ñòü çàïàëüíîãî ïðîöåñó â òêàíè-
íàõ ïàðîäîíòà ³ ñòóï³íü éîãî àêòèâíîñò³
ñóäèëè çà ñï³ââ³äíîøåííÿì îäåðæàíèõ
ïîêàçíèê³â òà ¿õ çíà÷åíü äëÿ çäîðîâî¿ ëþäèíè.

Äëÿ îö³íêè âèðàæåíîñò³ åíäîãåííî¿ ³í-
òîêñèêàö³¿ â êë³í³÷í³é ïðàêòèö³ âèêîðèñ-
òîâóþòü ëåéêîöèòàðíèé ³íäåêñ ³íòîêñèêàö³¿
(Ë²²). Íîðìàëüíèé ïîêàçíèê Ë²² áëèçüêî 1,0.
Ôîðìóëà ðîçðàõóíêó ÿâëÿº ñîáîþ ñï³ââ³ä-
íîøåííÿ âì³ñòó êë³òèí, ê³ëüê³ñòü ÿêèõ ï³äâè-
ùóºòüñÿ ïðè çàïàëüíèõ ³ ãí³éíèõ çàõâî-
ðþâàííÿõ (íåéòðîô³ëüí³ ëåéêîöèòè), äî êë³òèí,
ê³ëüê³ñòü ÿêèõ çíèæóºòüñÿ (ë³ìôîöèòè,
ìîíîöèòè, åîçèíîô³ëè, áàçîô³ëè). Íàïðèêëàä,
Ë²² ïðè íàáðÿêó ãîñòðîãî ïàíêðåàòèòó ð³äêî
ïåðåâèùóâàâ 3,0, òîä³ ÿê ïðè äåñòðóêòèâíèõ
ôîðìàõ ï³äâèùóâàâñÿ äî 3�5 ³ á³ëüøå [5].

Òàêèì ÷èíîì ìè ìîæåìî îö³íèòè ñòàí
íîâîíàðîäæåíîãî ïàö³ºíòà ç òðàíñïîçèö³ºþ
ìàã³ñòðàëüíèõ ñóäèí ï³ñëÿ ïðîâåäåíî¿
îïåðàö³¿ ç ïåðåëèâàííÿì ïóïîâèííî¿ òà
êîìïîíåíò³â äîíîðñüêî¿ êðîâ³, çà äîïîìî-
ãîþ âèçíà÷åííÿ çàãàëüíîãî àíàë³çó êðîâ³,
êîíöåíòðàö³¿ ³íòåðëåéê³í³â ó ñèðîâàòö³ ,
ï³äðàõóíêó öèòîê³íîâîãî ³íäåêñó çàïàëåííÿ
(Ö²Ç) òà Ë²².

Ìåòà ðîáîòè � äîñë³äèòè âì³ñò öèòîê³í³â
(ÔÍÏ-α, IË-1β, ²Ë-6, ²Ë-8, ²Ë-10) ó ñèðî-
âàòö³ êðîâ³ íîâîíàðîäæåíèõ ç òðàíñïîçèö³ºþ
ìàã³ñòðàëüíèõ ñóäèí, ÿêèì ï³ä ÷àñ êîðåêö³¿
âàäè çàñòîñîâóâàëè àóòîëîã³÷íó ïóïîâèííó
êðîâ ³ êîìïîíåíòè äîíîðñüêî¿ êðîâ³, äî îïåðàö³¿
òà íà 1-øó, 3-òþ, 7-ìó äîáó ï³ñëÿ íå¿.

ÌÅÒÎÄÈÊÀ

Íîâîíàðîäæåí³ ç òðàíñïîçèö³ºþ ìàã³ñò-
ðàëüíèõ ñóäèí, ÿêèì ïðîâîäèëè îïåðàö³þ

ß.Â. Òêà÷åíêî, Ã.Ì. Âîðîáéîâà, Â.À. Æîâí³ð, ².Ì. ªìåöü
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àðòåð³àëüíîãî ïåðåêëþ÷åííÿ ç âèêîðèñ-
òàííÿì àïàðàòà ØÊ, áóëè ðîçïîä³ëåí³ íà 2
ãðóïè. Äî 1-¿ ãðóïè ââ³éøëè 20 ä³òåé, ÿêèì
çàñòîñîâóâàëè àóòîëîã³÷íó ïóïîâèííó êðîâ
(ä³àãíîç âñòàíîâëåíî ïðåíàòàëüíî, îïåðà-
ö³þ ïðîâîäèëè ó ïåðø³ 2�6 ãîä ï³ñëÿ íàðîä-
æåííÿ); 2-ãà  ãðóïà � 40 íîâîíàðîäæåíèõ,
ÿêèì âèêîðèñòîâóâàëè êîìïîíåíòè äîíîð-
ñüêî¿ êðîâ³ (ä³àãíîç âñòàíîâëåíî ïîñòíà-
òàëüíî, îïåðàö³þ ïðîâîäèëè ÷åðåç 3�7 ä³á
ï³ñëÿ íàðîäæåííÿ). Êîíòðîëüíó ãðóïó ñêëà-
ëè 20 êë³í³÷íî çäîðîâèõ íîâîíàðîäæåíèõ.
Äîñë³äæåííÿ âì³ñòó ÔÍÏ-α, IË-1β, ²Ë-6,
²Ë-8, ²Ë-10 ó ñèðîâàòêàõ ïåðèôåðè÷íî¿ êðîâ³
ïðîâîäèëè ó äèíàì³ö³: äî îïåðàö³¿, íà 1-øó,
3-òþ òà 7-ìó äîáó ï³ñëÿ íå¿.

Âì³ñò ÔÍÏ-α, IË-1β, ²Ë-6, ²Ë-8, ²Ë-10
âèçíà÷àëè ìåòîäîì ELISA («Bioscience»,
Àâñòð³ÿ).

Âèçíà÷àëè Ö²Ç, ðîçðîáëåíèé àâòîðàìè
(çàÿâêà íà âèíàõ³ä ¹ 2011/09/446 â³ä 27/07/
201. ÌÏÊ G01N33/53) öå ñï³ââ³äíîøåííÿ
ïðî- òà ïðîòèçàïàëüíèõ öèòîê³í³â. Â³í º
ïîêàçíèêîì ³ìóííî¿  â³äïîâ³ä³  íîâîíà-
ðîäæåíîãî íà ïðîâåäåíó îïåðàö³þ. Éîãî
ï³äâèùåííÿ ñâ³ä÷èòü ïðî äèñáàëàíñ ñèñòå-
ìè öèòîê³í³â, à ñàìå ïðî çá³ëüøåííÿ âì³ñòó
ïðîçàïàëüíèõ öèòîê³í³â ó ñèðîâàòö³ êðîâ³,
ÿê³ â íîðì³ íàÿâí³ â íåâåëèê³é ê³ëüêîñò³, òà
çìåíøåííÿ ïðîòèçàïàëüíèõ öèòîê³í³â, ÿê³ ó
çäîðîâèõ íîâîíàðîäæåíèõ çàâæäè íàÿâí³ â
êðîâîòîö³ ³ º àíòîãàí³ñòàìè ïðîçàïàëüíèõ
öèòîê³í³â. Ö²Ç âèçíà÷àëè çà ôîðìóëîþ:
Ö²Ç =(A+B+C+D)\E, äå À � ÔÍÏ-α, Â �
1β, Ñ� ²Ë-6, D � ²Ë-8, Å � ²Ë-10.

Çàãàëüíèé àíàë³ç êðîâ³ ïðîâîäèëè íà
àíàë³çàòîð³ «ABX PENTRA 60» (Ôðàíö³ÿ),
ï³äðàõîâóâàëè ëåéêîöèòàðíó ôîðìó êðîâ³ çà
çàãàëüíîïðèéíÿòîþ ìåòîäèêîþ òà Ë²² íà
7-ìó äîáó ï³ñëÿ îïåðàö³¿, çá³ëüøåííÿ ÿêîãî
âêàçóº íà ³íòîêñèêàö³þ îðãàí³çìó [10].

Ë²² âèçíà÷àëè çà ôîðìóëîþ:
(Ìè+Þ+Ïë+Ï+Ñ/Å+Á+Ë+Ì),  äå  Ìè �
ì³ºëîöèòè,  Þ �  ìåòàì³ºëîöèòè,  Ïë �
ïëàçìàòè÷í³ êë³òèíè, Ï � ïàëè÷êîÿäåðí³
íåéòðîô³ëè, Ñ � ñåãìåíòîÿäåðí³ íåéòðîô³ëè,

Å � åîçèíîô³ëè, Á � áàçîô³ëè, Ë �ë³ìôîöèòè,
Ì � ìîíîöèòè. Âñ³ ïîêàçíèêè ðàõóâàëè ó
â³äñîòêàõ. Çíà÷åííÿ ³íäåêñó â³ä 1 äî 2
ñâ³ä÷èòü ïðî ëåãêèé ñòóï³íü ³íòîêñèêàö³¿,
2,1�7 � ñåðåäí³é, 7,1�12 � òÿæêèé, á³ëüøå
í³æ 12, 1 � òåðì³íàëüíèé ñòàí.

Ñòàòèñòè÷íó îáðîáêó ðåçóëüòàò³â äîñ-
ë³äæåíü çä³éñíþâàëè çà äîïîìîãîþ ïàêåòó
ïðîãðàì �StatSoft  STATISTICA 8.0.550
Portable (Eng)�2008 ã. Ðåçóëüòàòè ïðåä-
ñòàâëåíî ó âèãëÿä³: ñåðåäíº çíà÷åííÿ (±)
ñòàíäàðòíà ïîõèáêà. Äëÿ ïîð³âíÿííÿ ñå-
ðåäí³õ çíà÷åíü âèêîðèñòîâóâàëè U-êðèòåð³é
Ìàííà-Ó³òí³.

ÐÅÇÓËÜÒÀÒÈ ÄÎÑË²ÄÆÅÍÜ
ÒÀ ¯Õ ÎÁÃÎÂÎÐÅÍÍß

Ðåçóëüòàòè çàãàëüíîãî àíàë³çó êðîâ³ ó íî-
âîíàðîäæåíèõ ç òðàíñïîçèö³ºþ ìàã³ñòð-
àëüíèõ ñóäèí, ÿêèì ïåðåëèâàëè àóòîëîã³÷íó
ïóïîâèííó òà êîìïîíåíòè äîíîðñüêî¿ êðîâ³,
íà 7-ìó äîáó ï³ñëÿ îïåðàö³¿, ïðåäñòàâëåí³ â
òàáë. 1.

Ñàìå 7-ìà äîáà ï³ñëÿ îïåðàö³¿ º ö³êàâîþ
äëÿ âèçíà÷åííÿ Ë²² ó íîâîíàðîäæåíèõ ÿê
ïîêàçíèêà ï³ñëÿîïåðàö³éíîãî ñòàíó ïàö³ºíòà
â ïåð³îä îäóæàííÿ. Ó ïàö³ºíò³â 1-¿ ãðóïè
Ë²² = Ìè+Þ+Ïë+Ï+Ñ/Å+Á+Ë+Ì = 2+1,3+
39,8/4,2+1+30,3+14 = 50,5/49,5 = 1,02,
çíàõîäèâñÿ â ìåæàõ íîðìè (íîðìà = 1,0); â
2-é ãðóï³ Ë²² = Ìè+Þ+Ïë+Ï+Ñ/Å+Á+Ë+Ì =
2,58+2,8+14,8+41,83/4,8+1+20+12,2 = 62,01/
38 = 1,63, ùî ñâ³ä÷èòü ïðî ³íòîêñèêàö³þ
îðãàí³çìó íàâ³òü íà 7-ìó äîáó ï³ñëÿ îïåðà-
ö³¿, à, îòæå, íà íåãàòèâíèé âïëèâ ÷óæîð³äíî¿
äîíîðñüêî¿ êðîâ³ íà îðãàí³çì äèòèíè.

Ï³ñëÿ îïåðàö³¿ â³äáóâàþòüñÿ ïåâí³ çì³íè
â îðãàí³çì³ íà êë³òèííîìó ð³âí³. Â ïåðø³ 3�
4 äîáè ç�ÿâëÿºòüñÿ âèðàæåíèé  çàïàëüíèé
ïðîöåñ, ÿêèé ïîñòóïîâî çíèêàº. Â ôîðìóë³
êðîâ³ òàêîæ ñïîñòåð³ãàâñÿ «çñóâ âë³âî»,
òîáòî â á³ê ìîëîäèõ êë³òèí (çá³ëüøóâàëàñÿ
ê³ëüê³ñòü  ïàëè÷êîÿäåðíèõ,  ñåãìåíòîÿ-
äåðíèõ íåéòðîô³ë³â, ³íêîëè ç�ÿâëÿëèñÿ
ìåòàì³ºëîöèòè òà ì³ºëîöèòè). Öå íîðìàëüíà
çàõèñíà  ðåàêö³ÿ  îðãàí ³çì ó.  Öå  ïåðø³

Âïëèâ àóòîëîã³÷íî¿ ïóïîâèííî¿ òà äîíîðñüêî¿ êðîâ³
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êë³òèíè, ÿê³  áåðóòü ó÷àñòü ó ðîçâèòêó
çàïàëüíèõ ïðîöåñ³â ³ çàõèùàþòü îðãàí³çì
â³ä ³íôåêö³é. Ïðè çñóâ³ ôîðìóëè êðîâ³
«âë³âî» ï³äâèùóºòüñÿ Ë²². Äàë³ ïðè íîðìà-
ë³çàö³¿ ôîðìóëè êðîâ³ çìåíøóºòüñÿ ³ Ë²².
Ïðè íîðìàëüí³é ðîáîò³ ³ìóííî¿ ñèñòåìè íà
7-ìó äîáó ï³ñëÿ îïåðàö³¿ çàïàëüíèé ïðîöåñ
ïîñòóïîâî ñòèõàº, çàãàëüíèé àíàë³ç êðîâ³ ç
ëåéêîöèòàðíîþ ôîðìóëîþ íîðìàë³çóºòüñÿ
³ Ë²² â³äïîâ³äàº íîðì³.

Ðåçóëüòàòè äîñë³äæåííÿ ïðîäóêö³¿ ïðî-
³  ïðîòèçàïàëüíèõ öèòîê³í³â ó íîâîíà-
ðîäæåíèõ ç òðàíñïîçèö³ºþ ìàã³ñòðàëüíèõ
ñóäèí ó äèíàì³ö³ ïðåäñòàâëåíî ó òàáë. 2.

Ó ï³äòðèìö³ ãîìåîñòàçó ï³ñëÿ êàðä³î-
õ³ðóðã³÷íèõ îïåðàö³é ç ØÊ ³ ïîïåðåäæåíí³
ñèñòåìíîãî çàïàëåííÿ âàæëèâó ðîëü â³ä³ã-
ðàº çáàëàíñîâàíà öèòîê³íîâà â³äïîâ³äü. Äî
ïðèãí³÷åííÿ ³ìóí³òåòó ìîæå ïðèçâåñòè
íàäëèøêîâà ïðîäóêö³ÿ ÿê ïðî-, òàê ³ ïðîòè-
çàïàëüíèõ öèòîê³í³â.

Ó 1-é ãðóï³ ä³òåé îïåðàö³ÿ ïðîâåäåíà â
ïåðø³ ãîäèíè æèòòÿ, äî îïåðàö³¿ âì³ñò
ïðîçàïàëüíèõ öèòîê³í³â  ïðàêòè÷íî íå
â³äð³çíÿâñÿ â³ä çíà÷åíü çäîðîâèõ íîâîíà-
ðîäæåíèõ (çà äàíèìè ë³òåðàòóðè, â íîðì³ â
ïåðø³ ãîäèíè æèòòÿ â ñèðîâàòö³ êðîâ³
ïðîçàïàëüí³ ²Ë º â íåâåëèê³é ê³ëüêîñò³). Áóâ
ï³äâèùåíèé âì³ñò ²Ë-8, ùî çà ë³òåðàòóðíè-

ìè äàíèìè õàðàêòåðèçóº íåîäíîçíà÷íèé
âïëèâ ã³ïîêñ³¿ íà çäàòí³ñòü íåäîíîøåíèõ
ä³òåé ïðîäóêóâàòè ²Ë-8. Òàê, ÿêùî ïîì³ðíà
àñô³êñ³ÿ ïðè íàðîäæåíí³ ñóïðîâîäæóâàëàñÿ
çíà÷íèì çá³ëüøåííÿì âì³ñòó ²Ë-8, òî ïðè
òÿæê³é ôîðì³ ó íåäîíîøåíèõ íîâîíàðîä-
æåíèõ â³í áóâ çíèæåíèì [9]. Íîâîíàðîäæåí³
ç òðàíñïîçèö³ºþ ìàã³ñòðàëüíèõ ñóäèí ìàëè
ï³ñëÿ íàðîäæåííÿ ïîì³ðíó ã³ïîêñ³þ, ÿêà
ïðîãðåñóâàëà íà äîîïåðàö³éíîìó åòàï³. Â
2-³é ãðóï³ íîâîíàðîäæåíèõ, ùî ïðîîïåðîâàí³
íà 5- �7-ìó äîáó æèòòÿ, äî îïåðàö³¿ ìè
âèÿâèëè ï³äâèùåíèé âì³ñò ²Ë-8, ÔÍÏ-α. Öå
ìîæå ñâ³ä÷èòè ïðî îñîáëèâîñò³ ñòàíîâ-
ëåííÿ ³ìóííî¿ ñèñòåìè â ïåðøèé òèæäåíü
æèòòÿ. Ââàæàºòüñÿ, ùî îñòàíí³é â³ä³ãðàº
âàæëèâó ðîëü ó ðåãóëÿö³¿ ³ìóííî¿ â³äïîâ³ä³.
Ïðîòÿãîì ïåðøîãî òèæíÿ æèòòÿ àêòèâ³-
çóºòüñÿ ìîíîöèòàðíî-ìàêðîôàãàëüíèé ðÿä
³ ï³äâèùóºòüñÿ âì³ñò ²Ë-1β òà ÔÍÏ-α.

²Ë-10 º ïðîòèçàïàëüíèì ³ â íîðì³ ïîñò³é-
íî íàÿâíèé ó ñèðîâàòö³ êðîâ³.  Â³í ìàº
á³ëüøó ìîëåêóëÿðíó ìàñó í³æ ïðîçàïàëüí³
²Ë,  ÿê³  ó  öèðêóëÿòîðíîìó ðóñë³  êðîâ³
çäîðîâèõ ä³òåé, íàÿâí³ â íåâåëèê³é ê³ëüêîñò³.
Öå ³ º çáàëàíñîâàíèé öèòîê³íîâèé ïàòåðí. Ïðè
ð³çíèõ ïàòîëîã³÷íèõ ñòàíàõ, ó òîìó ÷èñë³
çàïàëüíèõ ïðîöåñàõ, â³äáóâàºòüñÿ çñóâ ó á³ê
ïðîçàïàëüíèõ ³íòåðëåéê³í³â. Àëå ï³ñëÿ îïåðà-

ß.Â. Òêà÷åíêî, Ã.Ì. Âîðîáéîâà, Â.À. Æîâí³ð, ².Ì. ªìåöü

Òàáëèöÿ 1. Ïîêàçíèêè çàãàëüíîãî àíàë³çó êðîâ³ íà 7-ìó äîáó ï³ñëÿ îïåðàö³¿ ó íîâîíàðîäæåíèõ ç òðàíñïîçèö³ºþ
ìàã³ñòðàëüíèõ ñóäèí, ÿêèì ïåðåëèâàëè àóòîëîã³÷íó ïóïîâèííó òà êîìïîíåíòè äîíîðñüêî¿ êðîâ³

Ïîêàçíèêè                               Íîâîíàðîäæåí³

Çäîðîâ³ 1-øà ãðóïà 2-ãà  ãðóïà

Ëåéêîöèòè, 109/ë 14-21 13,0±2,89 13,7±4,28
Åðèòðîöèòè, 1012/ë 4-6,5 3,26±0,9 4,1±0,77
Ãåìîãëîá³í, ã/ë 160-210 115±17,95 127,14±25,98
Òðîìáîöèòè, òèñ. 180-400 329±57,99 344,57±188,22
Øâèäê³ñòü çñ³äàííÿ åðèòðîöèò³â, ìì/ãîä 1-20 14±4 20±18,5
Ïàëè÷êîÿäåðí³ íåéòðîô³ëè, % 1-6 7,4±2,94 14,8±9,16
Ñåãìåíòîÿäåðí³ íåéòðîô³ëè, % 35-70 39,8±12,54 41,83±11,4
Ë³ìôîöèòè, % 18-40 33,3±14,28 20±11,24
Ìîíîöèòè, % 2-9 14,0±0,82 12,29±5,09
Åîçèíîô³ëè, % 0.5-5 4,2±4,19 4,8±2,8
Áàçîô³ëè, % 0-2 1 1
Ì³ºëîöèòè, % 0 2,0±0,8 2,58±2,0
Ìåòàì³ºëîöèòè, % 0 1,3±1,0 2,8±1,8
Ïëàçìàòè÷í³ êë³òèíè, % 0 0 0
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òèâíèõ âòðó÷àíü, îñîáëèâî â 1-øó äîáó, öåé çñóâ
º íîðìàëüíîþ ³ìóííîþ â³äïîâ³ääþ îðãàí³çìó
íà ïîøêîäæåííÿ òêàíèíè, äàë³ âì³ñò öèòîê³í³â
íîðìàë³çóºòüñÿ, íàáëèæàþ÷èñü äî ïîêàçíèê³â
çäîðîâèõ íîâîíàðîäæåíèõ.

Íà 1-øó äîáó ï³ñëÿ ïðîâåäåíî¿ îïåðàö³¿
çá³ëüøèâñÿ âì³ñò ²Ë-8 ³ ÔÍÏ-α, òà ²Ë-10 â
îáîõ ãðóïàõ ïàö³ºíò³â.

Àêòèâàö³ÿ ñèñòåìè öèòîê³í³â ïîïåðåä-
æàº ðîçâèòîê ñèíäðîìó ñèñòåìíî¿ çàïàëüíî¿
â³äïîâ³ä³ â ïåðø³ ãîäèíè ï³ñëÿ îïåðàö³¿.
Çá³ëüøåííÿ âì³ñòó ²Ë-8 ³ ÔÍÏ-α  ï³ñëÿ
îïåðàö³¿ â³ä³ãðàº çàõèñíó ðîëü, òîìó ùî
ÔÍÏ-α  ³ ²Ë-1β º ãîëîâíèìè â ðåãóëÿö³¿
íåñïåöèô³÷íîãî çàõèñòó òà ñïåöèô³÷íîãî
³ìóí³òåòó. Îñíîâíèìè ïðîäóöåíòàìè ¿õ º
ìàêðîôàãè òà ìîíîöèòè. ²Ë-1β ìàº âèñîêó
öèòîòîêñè÷íó àêòèâí³ñòü ³ ó íîâîíàðîä-
æåíèõ ïðîäóêóºòüñÿ ìîíîöèòàìè â äóæå
ìàëèõ ê³ëüêîñòÿõ ³ øâèäêî ðîçïàäàºòüñÿ.

Íà 3-òþ äîáó ï³ñëÿ îïåðàö³¿ â 1-é ãðóï³
ïàö³ºíò³â âì³ñò ÔÍÏ-α òà ²Ë-10 çíèæó-
âàâñÿ, ²Ë-8 çàëèøàâñÿ íà òîìó ñàìîìó
ð³âí³. Â 2-é ãðóï³ âì³ñò ÔÍÏ-α òà ²Ë-10

çíèæóâàëèñÿ, à âì³ñò ²Ë-8 ïðîäîâæóâàâ
ï³äâèùóâàòèñÿ ç 99,1 ± 16,4 äî 154 ïã/ìë ±
59,6 ïã/ìë. Öå ìîæå âêàçóâàòè íà ïðîãðå-
ñóâàííÿ çàïàëüíîãî ïðîöåñó â îðãàí³çì³
äèòèíè ï³ñëÿ ïåðåëèòî¿ ÷óæîð³äíî¿ äîíîð-
ñüêî¿ êðîâ³. Íà 7-ìó äîáó ïîñòóïîâî íîð-
ìàë³çóþòüñÿ âñ³ ïðîöåñè, ÿê³ áóëè äèñáà-
ëàíñîâàí³ ï³ä ÷àñ îïåðàö³¿, ùî âèäíî ó
ïàö³ºíò³â 1-¿ ãðóïè çà ïîêàçíèêàìè Ö²Ç=13,3
òà Ë²²=1,02; íå áóëî ï³ñëÿîïåðàö³éíèõ
óñêëàäíåíü. Ïàö³ºíòè 2-¿ ãðóïè ìàëè çíà÷íî
ï³äâèùåíèé âì³ñò ²Ë-8�85,5 òà ÔÍÏ-α �
63. Ïðè öüîìó ó íèõ âèçíà÷àâñÿ íèçüêèé
âì³ñò ïðîòèçàïàëüíîãî ²Ë-10-2,1 ùî ìîæå
ñâ³ä÷èòè ïðî äèñáàëàíñ ñèñòåìè öèòîê³í³â
(Ö²Ç=75,1).

Ï³äâèùåííÿ Ö²Ç âêààçóº íà çàïàëüíèé
ïðîöåñ. Íà 7-ìó äîáó ï³ñëÿ îïåðàö³¿ ó íîâî-
íàðîäæåíèõ 1-øî¿ ãðóïè â³í ñòàíîâèâ 13, 3:
(Ö²Ç =(A+B+C+D)\E=39,1+3,04+5,57+ 58,44/
7,96=13, 3);
ó íîâîíàðîäæåíèõ 2-î¿ ãðóïè � 75,1;
Ö²Ç = (A+B+C+D)\E=63+2,76+6,5+85,5/
2,1=75,1.

Âïëèâ àóòîëîã³÷íî¿ ïóïîâèííî¿ òà äîíîðñüêî¿ êðîâ³

Òàáëèöÿ 2. Âì³ñò (ïã/ìë) ïðîçàïàëüíèõ òà ïðîòèçàïàëüíèõ öèòîê³í³â ó ñèðîâàòö³ êðîâ³ íîâîíàðîäæåíèõ ç
òðàíñïîçèö³ºþ ìàã³ñòðàëüíèõ ñóäèí

Ïîêàçíèêè                                          Òåðì³í ï³ñëÿ îïåðàö³¿

Äî îïåðàö³¿ 1-øà äîáà 3-òÿ äîáà 7-ìà äîáà
       Çäîðîâ³
(íîâî-íàðîäæåí³)

Ôàêòîð íåêðîçó
ïóõëèí α
     1-øà ãðóïà 10,7±4,1* 63,6±27,4**,* 16,9±4,6**,* 19,5±4,5**,* 7,35±0,75
     2-ãà ãðóïà 15,25±9,8**,*  37±16,3**,* 12,6±6,5**,* 29,4±12,2**,*

²íòåðëåéê³í-1β
     1-øà ãðóïà 2,85±0,2 2,93±0,1 2,82±0,3 3,04±0,2 3,43±0,16
     2-ãà ãðóïà 2,6±0,13 2,8±0,2 2,9±0,19 2,76±0,15

²íòåðëåéê³í-6
     1-øà ãðóïà 3,47±0,79 39,3±10,8 5,1±2,0 5,57±1,0 5,27±1,6
     2-ãà ãðóïà 5,95±1,9 36±8,7 7.9±1,5 6,5±1,3

²íòåðëåéê³í-8
     1-øà ãðóïà 20,57±2,2**,* 58,2±11,6**,* 62,9±16,7**,* 58,44±17**,* 12,54±1,3
     2-ãà ãðóïà 96,93±27**,* 99,1±16,4**,*  154±59,6**,* 85,5±18,2**,*

²íòåðëåéê³í-10
     1-øà ãðóïà 14,0±3,5* 29,64±5,9**,* 6,06±1,6 7,96±1,6 7,1±3,45
     2-ãà ãðóïà  5,4±2,4* 38,1±25**,* 7,22±1,68 2,1±0,38**,*

* ð³çíèöÿ ñòàòèñòè÷íî äîñòîâ³ðíà ì³æ äâîìà ãðóïàìè, ** ïîð³âíÿíî ç êîíòðîëåì (Ð<0,001).
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Ó çäîðîâèõ íîâîíàðîäæåíèõ Ö²Ç= (A+B+
C+D)\E=7,35+3,43+5,27+12,54/7,1=4,02.

Ó ïàö³ºíò³â 2-¿ ãðóïè â ðàííüîìó ï³ñëÿî-
ïåðàö³éíîìó ïåð³îä³ ä³àãíîñòóâàëè óñêëàä-
íåííÿ ç áîêó äèõàëüíî¿ ñèñòåìè (äèõàëüíà
íåäîñòàòí³ñòü ó çâ�ÿçêó ç àëüâåîëÿðíèì
íàáðÿêîì, âèêëèêàíèì îáñòðóêö³ºþ êðîâî-
òîêó íà ð³âí³ ã³ïîïëàçîâàíèõ ëåãåíåâèõ âåí,
ùî âèìàãàëî òðèâàëî¿ ìåõàí³÷íî¿ âåíòèëÿö³¿
ç âèêîðèñòàííÿì âèñîêî÷àñòîòíîãî àïàðàòà
ØÂË), ã³ïåðòåðì³ÿ.

Ïðîâåäåí³ íàìè äîñë³äæåííÿ âêàçóþòü
íà òå,  ùî àóòîëîã³÷íà ïóïîâèííà êðîâ
ïîçèòèâíî âïëèâàº íà îðãàí³çì íîâîíà-
ðîäæåíîãî.  Âèêîðèñòîâóþ÷è ¿ ¿  ï³ä ÷àñ
îïåðàö³¿ ç³ ØÊ ÿê àëüòåðíàòèâó ÷óæîð³äí³é
äîíîðñüê³é êðîâ³, ìè íå ïîðóøóºìî áàëàíñó
³ìóííî¿ ñèñòåìè äèòèíè, ÿêà º ³íòåãðóþ÷îþ
â óñ³õ âàæëèâèõ ïðîöåñàõ æèòòºä³ÿëüíîñò³
îðãàí³çìó òà  â ³ä ³ãðàº  âàæëèâó ðîëü  ó
ïðîöåñàõ ðåïàðàö³¿ òêàíèí, à òàêîæ ñïðèÿº
á³ëüø øâèäêîìó îäóæàííþ ïàö³ºíòà.

ÂÈÑÍÎÂÊÈ

1. Íîâîíàðîäæåí³ ç òðàíñïîçèö³ºþ ìàã³ñò-
ðàëüíèõ ñóäèí, ÿêèì ïðîâîäèëè îïåðàö³þ ç
âèêîðèñòàííÿì àóòîëîã³÷íî¿ ïóïîâèííî¿
êðîâ³ íå ìàëè çíà÷íèõ â³äõèëåíü â³ä íîðìè
âì³ñòó öèòîê³í³â ó ñèðîâàòö³ äî îïåðàö³¿. Íà
1-øó äîáó ï³ñëÿ îïåðàö³¿ ï³äâèùóâàâñÿ âì-
³ñò ÿê ïðî-, òàê ³ ïðîòèçàïàëüíèõ öèòîê³í³â.
Äî 7-¿ äîáè âì³ñò ²Ë ïîñòóïîâî çíèæóâà-
âñÿ. Òàêèì ÷èíîì, íîâîíàðîäæåí³ ö³º¿ ãð-
óïè ìàëè àäåêâàòíó ³ìóííó â³äïîâ³äü íà
ïðîâåäåíó îïåðàö³þ.

2. Ó íîâîíàðîäæåíèõ, ï³ä ÷àñ îïåðàö³¿
ÿêèì âèêîðèñòîâóâàëè êîìïîíåíòè äîíîð-
ñüêî¿ êðîâ³,  âì³ñò ïðîçàïàëüíèõ ³íòåð-
ëåéê³í³â áóâ âèñîêèì ÿê äî îïåðàö³¿, òàê ³
ï³ñëÿ íå¿ íà 1-øó, 3-òþ òà 7-ìó äîáó, àëå
âì³ñò ïðîòèçàïàëüíîãî ²Ë-10 áóâ çíèæåíèé.
Òàêèì ÷èíîì, äëÿ ïàö³ºíò³â ö³º¿ ãðóïè â
ï³ñëÿîïåðàö³éíîìó ïåð³îä³ õàðàêòåðíèé
äèñáàëàíñ ó ñèñòåì³ öèòîê³í³â, ÿêèé ñóïðî-
âîäæóâàâñÿ ã³ïåðòåðì³ºþ òà ëåãåíåâèìè
óñêëàäíåííÿìè.

3 .  Àó òîëîã ³÷íà  ïóïîâèííà êðîâ  íå
ïîðóøóº áàëàíñó ³ìóííî¿ ñèñòåìè íîâîíà-
ðîäæåíîãî.

ß.Â. Òêà÷åíêî, Ã.Í. Âîðîáüåâà,
Â.À. Æîâíèð, È.Í. Åìåö

ÂËÈßÍÈÅ ÀÓÒÎËÎÃÈ×ÍÎÉ ÏÓÏÎÂÈÍÍÎÉ
È ÄÎÍÎÐÑÊÎÉ ÊÐÎÂÈ ÍÀ ÖÈÒÎÊÈÍÎÂÛÉ
ÏÐÎÔÈËÜ ÍÎÂÎÐÎÆÄÅÍÍÛÕ
Ñ ÒÐÀÍÑÏÎÇÈÖÈÅÉ ÌÀÃÈÑÒÐÀËÜÍÛÕ
ÑÎÑÓÄÎÂ

Èññëåäîâàíî ñîäåðæàíèå ïðîâîñïàëèòåëüíûõ è ïðîòèâî-
âîñïàëèòåëüíûõ öèòîêèíîâ ôàêòîðà íåêðîçà îïóõîëåé α,
èíòåðëåéêèíà 1β (ÈË-1β), ÈË-6, ÈË-8, ÈË-10 â ñûâîðîòêå
êðîâè íîâîðîæäåííûõ ñ òðàíñïîçèöèåé ìàãèñòðàëüíûõ
ñîñóäîâ, êîòîðûì ïðè êîððåêöèè ïîðîêà ïðèìåíÿëè àóòî-
ëîãè÷íóþ ïóïîâèííóþ êðîâü èëè êîìïîíåíòû äîíîðñêîé
êðîâè, äî îïåðàöèè, íà 1-, 3-, 7-å ñóò ïîñëå íåå. Âûÿñíåíî
â ãðóïïå íîâîðîæäåííûõ, êîòîðûì âî âðåìÿ îïåðàöèè
ïåðåëèâàëè êîìïîíåíòû äîíîðñêîé êðîâè, ñîäåðæàíèå â
ñûâîðîòêå êðîâè ïðîâîñïàëèòåëüíûõ èíòåðëåéêèíîâ áûëî
âûñîêèì êàê äî îïåðàöèè, òàê è ïîñëå íåå íà 1-, 3- è 7-å
ñóòêè, íî ñîäåðæàíèå ïðîòèâîâîñïàëèòåëüíîãî ÈË-10
áûëî ñíèæåíî. Íîâîðîæäåííûå ýòîé ãðóïïû â ïîñëåîïå-
ðàöèîííîì ïåðèîäå èìåëè äèñáàëàíñ â ñèñòåìå öèòîêèíîâ,
ñîïðîâîæäàâøèéñÿ ãèïåðòåðìèåé è ëåãî÷íûìè îñëîæ-
íåíèÿìè. Íîâîðîæäåííûå, êîòîðûì ïðîâîäèëè îïåðàöèþ
ñ èñïîëüçîâàíèåì àóòîëîãè÷íîé ïóïîâèííîé êðîâè, íå
èìåëè çíà÷èòåëüíûõ îòêëîíåíèé îò íîðìû êîíöåíòðàöèè
öèòîêèíîâ â ñûâîðîòêå êðîâè äî îïåðàöèè. Íà 1-å ñóòêè
ïîñëå îïåðàöèè ïîâûøàëîñü ñîäåðæàíèå êàê ïðîâîñïà-
ëèòåëüíûõ, òàê è ïðîòèâîâîñïàëèòåëüíûõ öèòîêèíîâ. Äî
7-õ ñóòîê êîíöåíòðàöèÿ ÈË ïîñòåïåííî ñíèæàëàñü. Ó
íîâîðîæäåííûõ ýòîé ãðóïïû íå îòìå÷àëîñü ïîñëåî-
ïåðàöèîííûõ îñëîæíåíèé, îíè èìåëè àäåêâàòíûé èììóííûé
îòâåò íà ïðîâåäåííóþ îïåðàöèþ.
Êëþ÷åâûå ñëîâà: ïóïîâèííàÿ êðîâü, òðàíñïîçèöèÿ
ìàãèñòðàëüíûõ ñîñóäîâ, ôàêòîð íåêðîçà îïóõîëè α,
èíòåðëåéêèí 1β (ÈË-1β), ÈË-6, ÈË-8 ÈË-10.

Y. Tkachenko, G. Vorobyova ,
V. Zhovnir, I.Yemets

THE INFLUENCE OF AUTOLOGOUS
UMBILICAL CORD BLOOD AND DONOR
BLOOD ON CYTOKINE PROFILE
OF NEWBORNS WITH TRANSPOSITION
OF GREAT VESSELS

We investigated the serum levels of proinflammatory and anti-
inflammatory cytokines (TNF-α, IL-1β, IL-6, IL-8, IL-10) in
newborns with transposition of the great arteries to whom

ß.Â. Òêà÷åíêî, Ã.Ì. Âîðîáéîâà, Â.À. Æîâí³ð, ².Ì. ªìåöü
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during the defect correction the autologous umbilical cord blood
and blood components were administered before the surgery
and at the 1st, 3rd, 7th day after the surgery. We found that in
the group of newborns to whom during the operation the
blood components were used, the levels of pro-inflammatory
interleukins were high before surgery and at the 1st, 3rd and
7th day after it, but IL-10 was reduced. During the
postoperative period, the newborns of this group had imbalance
in the system cytokine, accompanied by clinical complications
such as hyperthermia and pulmonary complications. Newborns
with transposition of the great arteries who had the surgery
using the autologous cord blood, had no significant abnormali-
ties in serum levels cytokine before the surgery. The 1st day
after surgery there was an increase in both proinflammatory
and antiinflammatory cytokines. Up to 7 days the levels of
interleukin gradually decreased. Newborns in this group had
no postoperative complications, had an adequate immune
response to the operation.
Key words: cord blood, transposition of great vessels, TNF-α,
IL-1β, IL-6, IL-8 IL-10.
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².Ã. Ë³òîâêà, Â.ß. Áåðåçîâñüêèé, Ò.Ì. Çàìîðñüêà

Íîðìîáàðè÷íà ã³ïåðîêñ³ÿ âïëèâàº
íà îñòåîãåíåç ùóð³â

Âèâ÷åíî âïëèâ íîðìîáàðè÷íî¿ ã³ïåðîêñ³¿ íà ìåòàáîë³çì ê³ñòêîâî¿ òêàíèíè ó 3- ³ 12-ì³ñÿ÷íèõ
ùóð³â-ñàìö³â ë³í³¿ Â³ñòàð. Ïåðåáóâàííÿ ìîëîäèõ ùóð³â (3 ì³ñ) ïðîòÿãîì 14 îäíîãîäèííèõ
ùîäîáîâèõ ñåàíñ³â â óìîâàõ íîðìîáàðè÷íî¿ ã³ïåðîêñ³¿ (90 % Î

2
) ñóïðîâîäæóºòüñÿ â³ðîã³äíèì

çíèæåííÿì êîíöåíòðàö³¿ C-òåðì³íàëüíàëüíèõ ïðîïåïòèä³â êàëàãåíó ² òèïó íà 36 %, àêòèâíîñò³
êèñëî¿ ôîñôàòàçè (ÊÔ) íà 32 %, çðîñòàííÿì àêòèâíîñò³ ëóæíî¿ ôîñôàòàçè íà 64 %,
êîíöåíòðàö³é ï³ðèäèíîë³íó íà 37 %, β-CrossLaps íà 8 %, òà ãë³êîçàì³íîãë³êàí³â (ÃÀÃ) íà 72 %
ó ñèðîâàòö³ êðîâ³. Ââàæàºìî, ùî 14-äîáîâà íîðìîáàðè÷íà ã³ïåðîêñ³ÿ ïîðóøóº ñèíòåç êîëàãåíó.
Ó äîðîñëèõ ùóð³â çà òèõ ñàìèõ óìîâ êîíöåíòðàö³ÿ ÃÀÃ ó ñèðîâàòö³ êðîâ³ â³ðîã³äíî çðîñëà íà
60 % â³äíîñíî êîíòðîëüíèõ çíà÷åíü. ×åðåç 28 ñåàíñ³â äèõàííÿ ã³ïåðîêñè÷íîþ ãàçîâîþ ñóì³øøþ
(ÃÃÑ) ³ç 90 % Î

2
 � íà 195 %. Àêòèâí³ñòü ÊÔ ³ òàðòðàòðåçèñòåíòíî¿ êèñëî¿ ôîñôàòàçè

çíèæóâàëàñü â³ä 18 äî 25 % ïðè äèõàíí³ ÃÃÑ ÿê ³ç 40 %, òàê ³ 90 % Î
2
 ïðîòÿãîì 14 òà 28 ä³á.

Ïðèïóñêàºìî, ùî ó äîðîñëèõ òâàðèí 90%-âà ã³ïåðîêñ³ÿ íå çì³íþº àêòèâí³ñòü îñòåîáëàñò³â,
ïðîòå ïîðóøóº çâ�ÿçîê ì³æ ÃÀÃ ³ ô³áðèëàìè êîëàãåíó, çíèæóº àêòèâí³ñòü ë³çîñîìàëüíèõ
ôåðìåíò³â, ïðîäóêîâàíèõ îñòåîáëàñòàìè, ùî ìîæå ïðèçâåñòè äî ãàëüìóâàííÿ îñòåîãåíåçó.
Êëþ÷îâ³ ñëîâà: íîðìîáàðè÷íà îêñèãåíàö³ÿ, ê³ñòêîâà òêàíèíà.

©  ².Ã. Ë³òîâêà, Â.ß. Áåðåçîâñüêèé, Ò.Ì. Çàìîðñüêà

ÂÑÒÓÏ

Ïàðö³àëüíèé òèñê êèñíþ º îäíèì ³ç ñóòòºâ-
èõ ôàêòîð³â, ùî çóìîâëþº ôóíêö³îíàëüíèé
ñòàí ÿê îðãàí³çìó â ö³ëîìó, òàê ³ áóäü-ÿêèõ
éîãî êë³òèí, ó òîìó ÷èñë³ é ê³ñòêîâèõ. Éîãî
çíèæåííÿ (ã³ïîêñ³ÿ) íàé÷àñò³øå º ïîðóøåí-
íÿì ãàçîâîãî ñêëàäó çîâí³øíüîãî ñåðåäîâ-
èùà. ²ñíóº ÷èìàëî äîñë³äæåíü in vitro òà in
v³vo â ÿêèõ äîâåäåíî, ùî çíèæåíèé ïàðö³à-
ëüíèé òèñê êèñíþ ãàçîâî¿ ñóì³ø³ â³ä³ãðàº
âàæëèâó ðîëü ó ïðîöåñàõ ðåìîäåëþâàííÿ
ê³ñòêîâî¿ òêàíèíè (ÊÒ) [2, 10, 13]. ² â íà-
øèõ ïîïåðåäí³õ ïðàöÿõ íàâåäåíî çíà÷åííÿ
ô³ç³îëîã³÷íèõ, á³îõ³ì³÷íèõ ³ ìîðôîëîã³÷íèõ
ïîêàçíèê³â ñòàíó ÊÒ òà ¿¿ êë³òèííèõ åëåìå-
íò³â çà óìîâ äîçîâàíî¿ íîðìîáàðè÷íî¿ ã³-
ïîêñ³¿ ð³çíî¿ òðèâàëîñò³ [3, 8].

Îñîáëèâó àêòóàëüí³ñòü íàáóâàº ïîð³â-
íÿëüíå äîñë³äæåííÿ ïîì³ðíèõ ³ ï³äâèùåíèõ
äîç êèñíþ ó ãàçîâ³é ñóì³ø³ íà ïîêàçíèêè
îñòåîãåíåçó, ÿê³ â³äîáðàæàþòü îíòîãåíåòè÷-

íî çóìîâëåí³, àäàïòàö³éí³ ïðîöåñè, ùî
â³äáóâàþòüñÿ íà êë³òèííîìó, ñóáêë³òèííîìó
³ ìîëåêóëÿðíîìó ð³âíÿõ [12, 14].

Ìåòà  íàøî¿  ðîáîòè �  äîñë³äæåííÿ
âïëèâó íîðìîáàðè÷íî¿ ã³ïåðîêñ³¿ íà ïîêàç-
íèêè îñòåîãåíåçó ùóð³â ð³çíîãî â³êó.

ÌÅÒÎÄÈÊÀ

Äîñë³äæåííÿ ïðîâåäåíî ó âåñíÿíèé ïåð³îä
íà 80 ùóðàõ-ñàìöÿõ â³êîì 3 ³ 12 ì³ñ (íà ïî-
÷àòîê åêñïåðèìåíòó). Ùóðè êîíòðîëüíèõ
ãðóï ïåðåáóâàëè çà ñòàíäàðòíèõ óìîâ â³-
âàð³þ ïðîòÿãîì 14 àáî 28 ä³á. Äîñë³äíèì
òâàðèíàì ïîäàâàëè øòó÷íó ãàçîâó ñóì³ø ³ç
ï³äâèùåíèì ïàðö³àëüíèì òèñêîì êèñíþ
(ÃÃÑ) ïî 1 ãîä íà äîáó ïðîòÿãîì 14 àáî 28
ä³á ³ç âì³ñòîì êèñíþ 40 ³ 90 %. Çà îäíó
äîáó çàãàëüíà òðèâàë³ñòü ã³ïåðîêñè÷íîãî
âïëèâó ñòàíîâèëà 60 õâ, 14 ä³á � 840 õâ ³ 28
ä³á � 1680 õâ â³äïîâ³äíî.

Äîñë³äè ïðîâîäèëè ç âèêîíàííÿì ì³æíà-
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ðîäíèõ âèìîã ïðî ãóìàííå ñòàâëåííÿ äî
òâàðèí.

Ìàðêåðè îñòåîãåíåçó äîñë³äæóâàëè çà
äîïîìîãîþ ñïåêòðîôîòîìåòðè÷íèõ ³ ³ìóíî-
ôåðìåíòíèõ ìåòîä³â. Ó ñèðîâàòö³ êðîâ³
âèçíà÷àëè ïîêàçíèêè ôîðìóâàííÿ ÊÒ:
àêòèâí³ñòü ëóæíî¿ ôîñôàòàçè (ËÔ, ÊÔ
3.1.3.1, «Ëàõåìà», ×åõ³ÿ), êîíöåíòðàö³þ Ñ-
òåðì³íàëüíèõ ïðîïåïòèä³â êîëàãåíó ² òèïó
(Ñ²ÑÐ) çà äîïîìîãîþ ñòàíäàðòíèõ íàáîð³â
ðåàêòèâ³â («IDS Inc.», ÑØÀ). Ïîêàçíèêè
ðåçîðáö³ ¿  ÊÒ �  çàãàëüíó  êàòàë ³òè÷íó
àêòèâí³ñòü êèñëî¿  ôîñôàòàçè (ÊÔ, ÊÔ
3.1.3.2) òà òàðòðàòðåçèñòåíòíî¿ êèñëî¿
ôî ñ ôàòàçè  (ÒÐÊÔ,  «Ëàõåìà» ,  ×åõ ³ÿ ) ,
ã³àëóðîí³äàçíó àêòèâí³ñòü, êîíöåíòðàö³þ Ñ-
òåðì³íàëüíèõ òåëîïåïòèä³â êîëàãåíó ² òèïó
(β-ÑrossLaps, «IDS Inc.», ÑØÀ), ï³ðèäèíî-
ë³íó («Quidel Corporation», ÑØÀ), ãë³êîçà-
ì³íîãë³êàí³â (ÃÀÃ) âèçíà÷àëè çà ìåòîäîì
Êëÿöê³íà [6], ã³àëóðîí³äàçíó àêòèâí³ñòü �
çà ìåòîäîì Øàðàºâà òà ñï³âàâò. [9].

Öèôðîâ³ ðåçóëüòàòè îáðîáëÿëè ç âèêî-
ðèñòàííÿì ïàêåòó ïðîãðàìíîãî çàáåçïå-
÷åííÿ Magellan 3.0, ïðîãðàìè Microsoft
Excell 2007. Äëÿ âèçíà÷åííÿ â³ðîã³äíîñò³
â³äì³ííîñòåé ì³æ äâîìà âèá³ðêàìè âèêî-
ðèñòîâóâàëè êðèòåð³é t Ñòüþäåíòà.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ¯Õ ÎÁÃÎÂÎÐÅÍÍß

Øâèäê³ñòü óòâîðåííÿ àáî ðóéíóâàííÿ îð-
ãàí³÷íîãî ìàòðèêñó ÊÒ ìîæå îö³íþâàòèñÿ
âèì³ðþâàííÿì àêòèâíîñò³ òàêèõ ñïåöèô³-
÷íèõ ôåðìåíò³â îñòåîáëàñò³â ³ îñòåîêë-
àñò³â, ÿê ËÔ ³ ÊÔ àáî æ âèçíà÷åííÿì êî-
ìïîíåíò³â, ùî íàäõîäÿòü ó êðîâîò³ê ï³ä ÷àñ
ñèíòåçó ÷è ðåçîðáö³¿ ê³ñòêè.

Ðåçóëüòàòè äîñë³äæåíü ïîêàçàëè, ùî ó
3-ì³ñÿ÷íèõ òâàðèí àêòèâí³ñòü ËÔ ó ñèðî-
âàòö³ êðîâ³ ÿê ÷åðåç 14, òàê ³ 28 ñåàíñ³â
äèõàííÿ ÃÃÑ ³ç 40 % Î

2
 íå çì³íþâàëàñÿ.

Çá³ëüøåííÿ âì³ñòó Î
2 

ïðîòÿãîì 28 ñåàíñ³â
äî 90 % ïðèçâåëî äî â³ðîã³äíîãî çðîñòàííÿ
öüîãî ïîêàçíèêà (íà 64 %) ïîð³âíÿíî ç
êîíòðîëåì. Äåùî ïî-³íøîìó ðåàãóâàëè 12-

ì³ñÿ÷í³ ùóðè íà ï³äâèùåííÿ âì³ñòó Î
2 

ó
ãàçîâ³é ñóì³ø³. Â³ðîã³äíå çíèæåííÿ íà 32 %
ËÔ ìè ñïîñòåð³ãàëè ëèøå  ÷åðåç 28 ñåàíñ³â
äèõàííÿ ÃÃÑ ³ç 40% Î

2
.

Ïåâíèé ³íòåðåñ ìàº âèâ÷åííÿ êîìïî-
íåíò³â êîëàãåíó ² òèïó, íàñàìïåðåä, ïðîïåï-
òèä³â ïðîêîëàãåíó ² òèïó � CICP. Àäæå çà
¿õ âì³ñòîì ìîæíà îö³íþâàòè ñïðîìîæí³ñòü
îñòåîáëàñò³â ñèíòåçóâàòè  êîëàãåí ² òèïó.
Ó 3-ì³ñÿ÷íèõ òâàðèí öåé ïîêàçíèê â³ðîã³äíî
çíèçèâñÿ íà 36 % ÷åðåç 14 ñåíñ³â äèõàííÿ
ÃÃÑ ³ç 90 % Î

2
. Ï³ñëÿ 28 ñåàíñ³â ñïîñòå-

ð³ãàëè ëèøå òåíäåíö³þ äî éîãî çíèæåííÿ.
Ó 12-ì³ñÿ÷íèõ ùóð³â êîíöåíòðàö³ÿ Ñ-òåð-
ì³íàëüíèõ ïðîïåïòèä³â êîëàãåíó ² òèïó íå
çì³íþâàëàñü ó æîäí³é ³ç äîñë³äæóâàíèõ
ãðóï òâàðèí.

Îòðèìàí³ íàìè ðåçóëüòàòè ñâ³ä÷àòü ïðî
â³äñóòí³ñòü  çì³í êîíöåíòðàö³ ¿  Ñ²ÑÐ ó
ñèðîâàòö³ êðîâ³ ìîëîäèõ ³ äîðîñëèõ ùóð³â,
ÿê³ ÿê 14, òàê ³ 28 ä³á äèõàëè íîðìîáà-
ðè÷íîþ ÃÃÑ ç 40 % Î

2
.  Öå â³äïîâ³äàº

âñòàíîâëåíîìó äëÿ êë³í³÷íî¿ ìåäèöèíè
áåçïå÷íîìó ð³âíþ êîíöåíòðàö³¿ Î

2 
ó ãàçîâî-

ìó ñåðåäîâèù³, ïðèçíà÷åíîìó äëÿ îêñèãå-
íîòåðàï³¿. Ïåðåáóâàííÿ ìîëîäèõ òâàðèí
ïðîòÿãîì 14 ñåàíñ³â çà óìîâ á³ëüø âèñîêîãî
ñòóïåíÿ íîðìîáàðè÷íî¿ ã³ïåðîêñ³¿ (90 %)
ïðèçâîäèòü äî â³ðîã³äíèõ çì³í êîíöåíòðàö³¿
Ñ²ÑÐ, ùî º îçíàêîþ îêñèäàòèâíîãî ñòðåñó.
Ó ðàç³ îñòàííüîãî çì³íþºòüñÿ àêòèâí³ñòü
ôåðìåíò³â âíàñë³äîê ïîøêîäæåííÿ á³îïî-
ë³ìåð³â (ïîðóøåííÿ âíóòð³øíüî- òà ì³æìî-
ëåêóëÿðíèõ çâ�ÿçê³â) [5]. Ó íàøèõ äîñë³ä-
æåííÿõ â³í ñóïðîâîäæóâàâñÿ òàêîæ çíèæåí-
íÿì âì³ñòó Ñ²ÑÐ íà 36 %. Ïðèïóñêàºìî,
ùî òàê³ çì³íè ìîæóòü áóòè íàñë³äêîì çíè-
æåííÿ ÿê ê³ëüêîñò³ îñòåîáëàñò³â, òàê ³ ¿õ
ñïðîìîæíîñò³ ñèíòåçóâàòè êîëàãåí ² òèïó
â ê³ëüêîñòÿõ, ïîòð³áíèõ äëÿ íîðìàëüíîãî
ðîçâèòêó ÊÒ ìîëîäèõ òâàðèí.

Äîñë³äæåííÿ ïîêàçíèê³â ðåçîðáö³¿ ÊÒ
ïîêàçàëî â³ðîã³äíå çíèæåííÿ ïîð³âíÿíî ç
êîíòðîëåì àêòèâíîñò³ ÊÔ ó ñèðîâàòö³ êðîâ³
3-ì³ñÿ÷íèõ òâàðèí íà 32 ³ 36 % â³äïîâ³äíî,
ùî äèõàëè ÃÃÑ ³ç âì³ñòîì 90% Î

2
 ïðîòÿãîì
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14 ³ 28 ñåàíñ³â (ðèñ. 1). Àíàëîã³÷íî á³ëüø
íèçüêîþ áóëà àêòèâí³ñòü ÒÐÊÔ ó ùóð³â ö³º¿
â³êîâî¿ ãðóïè íà 47 ³ 44 % (Ð<0,05) ÷åðåç 14
³ 28 ñåàíñ³â â³äïîâ³äíî (äèâ. ðèñ. 1).

Ó 12-ì³ñÿ÷íèõ òâàðèí ÷åðåç 14 ñåàíñ³â
ñïîñòåð³ãàëè ëèøå òåíäåíö³þ äî çíèæåííÿ
àêòèâíîñò³ ÊÔ ï³ñëÿ âäèõàííÿ ÃÃÑ ³ç 40 %
Î

2
. ×åðåç 28 ñåàíñ³â öåé ïîêàçíèê çíèçèâñÿ

íà 18 % (Ð<0,05) ïîð³âíÿíî ç êîíòðîëüíèìè
çíà÷åííÿìè. Ïðè äèõàíí³ ãàçîâîþ ñóì³øøþ
³ç 90 % Î

2
, íàâïàêè,

 
â³äáóëîñÿ â³ðîã³äíå

çíèæåííÿ àêòèâíîñò³ ÊÔ íà 24 % ÷åðåç 14
ñåàíñ³â, â òîé ÷àñ ÿê ïðè 28 ñåàíñàõ âîíà
íå çì³íþâàëàñÿ (ðèñ. 2).

Àêòèâí³ñòü ÒÐÊÔ ó ñèðîâàòö³ êðîâ³ 12-
ì³ñÿ÷íèõ òâàðèí çíèæóâàëàñÿ íà 18 %
(Ð<0,05) ÷åðåç 14 ñåàíñ³â 40%-¿ ã³ïåðîêñ³¿ ³
íà 25 % ïðè äèõàíí³ ÃÃÑ ³ç 90 % Î

2 
(äèâ.

ðèñ. 2).
Òàêèì ÷èíîì, çíèæåííÿ àêòèâíîñò³

ë³çîñîìàëüíèõ ôåðìåíò³â ó ñèðîâàòö³ êðîâ³
ñâ³ä÷èòü ïðî ãàëüìóâàííÿ ðåçîðáö³¿ ÊÒ ³ ÿê
íàñë³äîê çàòðèìàííÿ ïîäàëüøîãî ¿¿ óòâî-
ðåííÿ. Ã³ïåðîêñ³ÿ (40 ³ 90 %) ïðîòÿãîì 14 ³
28 ñåàíñ³â íåãàòèâíî âïëèâàº íà îñòåî-
êëàñòè, ïðèãí³÷óþ÷è ¿õ àêòèâí³ñòü çäåá³ëü-
øîãî ó ìîëîäèõ ùóð³â.

Êîíöåíòðàö³ÿ ÃÀÃ ó 3-ì³ñÿ÷íèõ ùóð³â
ï³ñëÿ 14 ñåàíñ³â ïåðåáóâàííÿ ó ÃÃÑ ³ç 40
% Î

2
 ìàëà ëèøå òåíäåíö³þ äî ï³äâèùåííÿ,

âîäíî÷àñ ÿê ÷åðåç 28 ñåàíñ³â âîíà â³ðîã³äíî
çðîñòàëà íà 79 % ïîð³âíÿíî ç êîíòðîëüíèìè
çíà÷åííÿìè (ðèñ.  3) .  Ïðè ïåðåáóâàíí³
òâàðèí ó ÃÃÑ ³ç 90 % Î

2
 ÿê 14 ä³á, òàê ³ 28

ä³á, öåé ïîêàçíèê ï³äâèùóâàâñÿ íà 72 ³ 138
% (Ð<0,05) â³äïîâ³äíî.

Ó 12-ì³ñÿ÷íèõ òâàðèí â óìîâàõ ã³ïåð-
îêñ³ ¿  (40 ³  90 %) ïðîòÿãîì 14 ñåàíñ³â
êîíöåíòðàö³ÿ ÃÀÃ â³ðîã³äíî çá³ëüøèëàñÿ
ïðèáëèçíî íà 60 % â³äíîñíî êîíòðîëüíèõ
çíà÷åíü (äèâ. ðèñ. 3). ×åðåç 28 ñåàíñ³â
äèõàííÿ ãàçîâîþ ñóì³øøþ ³ç 90 % Î

2
 âîíà

çàëèøàëàñÿ ï³äâèùåíîþ ïîð³âíÿíî ç êîíòðî-
ëåì íà 195 % (P<0,05).

Òàêèì ÷èíîì, çá³ëüøåííÿ êîíöåíòðàö³¿
ÃÀÃ ó ñèðîâàòö³ êðîâ³ ìîëîäèõ ³ äîðîñëèõ
òâàðèí â óìîâàõ ã³ïåðîêñ³¿ ìîæå ñâ³ä÷èòè
ïðî ïîðóøåííÿ çâ�ÿçêó ì³æ íèì ³ ô³áðèëàìè
êîëàãåíó.

Ã³àëóðîí³äàçíà àêòèâí³ñòü � öå ïîºäíàíà
ä³ÿ äâîõ ë³çîñîìàëüíèõ ôåðìåíò³â ã³àëóðî-
íîãëþêîçîàì³í³äàçè ³ ã³àëóðîíîãëþêîðîí³-
äàçè, ÿê³ ðîçùåïëþþòü ÃÀÃ ó ÊÒ. Ï³äâè-
ùåííÿ ã³àëóðîí³äàçíî¿ àêòèâíîñò³ ó ñèðî-

Ðèñ. 1. Çì³íè àêòèâíîñò³ êèñëî¿ ôîñôàòàçè (à) ³ òàðòðàòðåçèñòåíòíî¿ êèñëî¿ ôîñôàòàçè (á) ó ñèðîâàòö³ êðîâ³
3-ì³ñÿ÷íèõ êîíòðîëüíèõ (1) ³ äîñë³äíèõ (2 � 40 % Î

2
, 3 � 90 % Î

2
) ãðóï ùóð³â: ² � 14 ä³á, ²² � 28 ä³á. *P<0,05

ïîð³âíÿíî ç êîíòðîëåì
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âàòö³ êðîâ³ 3-ì³ñÿ÷íèõ òâàðèí ñïîñòåð³ãàëè
÷åðåç 14 ñåíñ³â ¿õ ïåðåáóâàííÿ â óìîâàõ
ã³ïåðîêñ³¿ (40 ³ 90 %) íà 114 ³ 76% â³äïîâ³äíî
ïîð³âíÿíî ç êîíòðîëåì. ×åðåç 28 ñåàíñ³â öåé
ïîêàçíèê íå çì³íþâàâñÿ ïîð³âíÿíî ç êîíòðî-
ëåì ó æîäí³é ç äîñë³äæóâàíèõ ãðóï ùóð³â.
Ó 12-ì³ñÿ÷íèõ òâàðèí ã ³àëóðîí³äàçíà
àêòèâí³ñòü çðîñòàëà íà 50 % ëèøå çà óìîâ
¿õ ïåðåáóâàííÿ ïðîòÿãîì 14 ä³á ó ÃÃÑ ³ç 90 %

Î
2
. Îòðèìàí³ ðåçóëüòàòè óçãîäæóþòüñÿ ç

âèùåíàâåäåíèìè ùîäî âèçíà÷åííÿ âì³ñòó
ÃÀÃ ³  ñâ ³ä÷àòü  ïðî íåãàòèâíèé âïëèâ
ã³ïåðîêñ³¿ (40 ³ 90%) íà ðåìîäåëþâàííÿ ÊÒ.

Êîíöåíòðàö³ÿ Ñ-òåðì³íàëüíîãî òåëîïåï-
òèäó êîëàãåíó ² òèïó (β-CrossLaps) â³ðî-
ã³äíî çá³ëüøèëàñÿ â³äíîñíî êîíòðîëüíèõ
çíà÷åíü ó ìîëîäèõ òâàðèí ï³ñëÿ 14 ñåàíñ³â
äèõàííÿ ÃÃÑ ³ç âì³ñòîì Î

2
 90 %. ×åðåç 28

Ðèñ. 2. Çì³íè àêòèâíîñò³ êèñëî¿ ôîñôàòàçè (à) ³ òàðòðàòðåçèñòåíòíî¿ êèñëî¿ ôîñôàòàçè (á) ó ñèðîâàòö³ êðîâ³
12-ì³ñÿ÷íèõ êîíòðîëüíèõ (1) òà äîñë³äíèõ (2 � 40 % Î

2
, 3 � 90 % Î

2
) ãðóï óð³â. *P<0,05 ïîð³âíÿíî ç êîíòðîëåì

Ðèñ. 3. Çì³íè êîíöåíòðàö³¿ ãë³êîçàì³íîãë³êàí³â ó ñèðîâàòö³ êðîâ³ 3-ì³ñÿ÷íèõ (à) ³ 12-ì³ñÿ÷íèõ (á) êîíòðîëüíèõ (1) ³
äîñë³äíèõ (2 � 40 % Î

2
, 3 � 90 % Î

2
) ãðóï ùóð³â: ² � 14 ä³á, ²² � 28 ä³á.*P<0,05 ïîð³âíÿíî ç êîíòðîëåì
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ñåàíñ³â ó íèõ ñòàòèñòè÷íî â³ðîã³äíèõ â³ä-
ì³ííîñòåé ùîäî êîíòðîëþ íå ñïîñòåð³ãàëè
ó çâ�ÿçêó  ç ³  çíà÷íèìè ðîçá³æíî ñòÿìè
ïîêàçíèê³â (ðèñ. 4).

Äîðîñë³ òâàðèíè äåùî ïî-³íøîìó ðåàãó-
âàëè íà íîðìîáàðè÷íó ã³ïåðîêñ³þ. Ó íèõ
÷åðåç 14 ñåàíñ³â äèõàííÿ ÃÃÑ ³ç âì³ñòîì
Î

2
 40 % êîíöåíòðàö³ÿ Ñ-òåðì³íàëüíîãî

òåëîïåïòèäó êîëàãåíó ² òèïó â³ðîã³äíî
çíèæóâàëàñÿ (ðèñ. 4).

Òàêèì ÷èíîì, âèçíà÷åííÿ âì³ñòó  β-
ÑrossLaps ó ñèðîâàòö³ êðîâ³ ìîëîäèõ ùóð³â
ïîêàçàëî ï³äâèùåííÿ òåìï³â äåãðàäàö³¿
êîëàãåíó ï³ñëÿ äèõàííÿ ãàçîâîþ ñóì³øøþ
³ç 90 % Î

2 
ïðîòÿãîì 14 ñåàíñ³â. Ïåðåáó-

âàííÿ äîðîñëèõ òâàðèí ó ÃÃÑ ³ç 40 % Î
2 
íå

âèêëèêàëî â³ðîã³äíèõ çì³í ïîêàçíèê³â ìåòà-
áîë³çìó êîëàãåíó.

Íà íàø ïîãëÿä, òàêà ð³çíèöÿ â ðåàêö³¿
ìîæå â³äáóâàòèñÿ çà ðàõóíîê íàäëèøêó
äîçè êèñíþ, ÿêèé îòðèìóâàëè òâàðèíè
ïðîòÿãîì åêñïåðèìåíòó. ßêùî ïðèéíÿòè,
ùî â àòìîñôåðíîìó ïîâ³òð³ 21 % Î

2
, ùî

â³äïîâ³äàº 160 ìì ðò. ñò.·ãîä, òî çà îäíó
ãîäèíó óìîâíà äîçà âïëèâó êèñíþ áóäå 9,6

. 103 ìì ðò. ñò.· ãîä. Ó ÃÃÑ (40 % Î
2
 çà

ãîäèíó) âîíà ñòàíîâèòü 18 .  103 ìì ðò.
ñò·ãîä ³ çðîñòàº ìàéæå âäâ³÷³ â³äíîñíî
àòìîñôåðíîãî ïîâ³òðÿ. Ïðè ïîäàëüøîìó
ï³äâèùåíí³ êèñíþ ó ÃÃÑ (90 % Î

2
) ïðîòÿ-

ãîì ãîäèíè óìîâíà íàäëèøêîâà äîçà êèñíþ
ñòàº 41 . 103 ìì ðò. ñò·ãîä, ùî â 4,3 ðàçà
âèùå, í³æ ïðè äèõàíí³ àòìîñôåðíèì ïîâ³ò-
ðÿì. Ñàìå öå ïðèçâåëî äî ³ñòîòíèõ çì³í ó
ìåòàáîë³çì³ êîëàãåíó ÊÒ ìîëîäèõ ùóð³â.

Ï³ðèäèíîë³í  òàêîæ º  êîìïîíåíòîì
êîëàãåíó ² òèïó. Â³í â³ä³ãðàº çíà÷íó ðîëü â
éîãî ñòàá³ë³çàö³¿ ³  ïðèäàº ñâîºð³äí³ñòü
ñòðóêòóð³ êîëàãåíó òà åëàñòèíó. Ï³ä ÷àñ
ðåçîðáö³¿ ÊÒ, ùî çä³éñíþºòüñÿ îñòåîêëàñ-
òàìè, òà ðóéíóâàíí³ êîëàãåíó, ìîæëèâèé
âèõ³ä ï³ðèäèíîë³íó â ñóäèííå ðóñëî.

Ó ðàç³ âèçíà÷åííÿ êîíöåíòðàö³¿ ï³ðèäè-
íîë³íó ó ñèðîâàòö³ êðîâ³ ìîëîäèõ òâàðèí,
ÿê³ ïðîòÿãîì ãîäèíè äèõàëè ãàçîâîþ ñó-
ì³øøþ ç³ âì³ñòîì 40 % Î

2
 ÿê 14, òàê ³ 28

ñåàíñ³â, ìè ñïîñòåð³ãàëè ëèøå òåíäåíö³þ
äî éîãî ï³äâèùåííÿ. Ïðè ïåðåáóâàíí³ öèõ
ùóð³â ó ãàçîâîìó ñåðåäîâèù³ ç 90 % Î

2

ïðîòÿãîì 14 ä³á âì³ñò ï³ðèäèíîë³íó â³ðî-

Ðèñ. 4. Çì³íè êîíöåíòðàö³¿ Ñ-òåðì³íàëüíîãî òåëîïåïòèäó êîëàãåíó ² òèïó ó ñèðîâàòö³ êðîâ³ 3-ì³ñÿ÷íèõ (à) ³ 12-
ì³ñÿ÷íèõ (á) ì³ñÿ÷íèõ êîíòðîëüíèõ (1) òà äîñë³äíèõ (2 � 40 % Î

2
, 3 � 90 % Î

2
) ãðóï ùóð³â: ² � 14 ä³á, ²² � 28 ä³á.

*P<0,05 ïîð³âíÿíî ç êîíòðîëåì
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ã³äíî ï³äâèùóâàâñÿ ïîð³âíÿíî ç êîíòðîëåì
íà 37 % (ðèñ. 5).  Îòðèìàí³ ðåçóëüòàòè
îäíîñïðÿìîâàí³ ç òàêèìè ùîäî âèçíà÷åííÿ
âì³ñòó Ñ²ÑÐ ïðè ö³é ñàì³é óìîâí³é äîç³
íàäëèøêó êèñíþ.

Ó äîðîñëèõ òâàðèí çà óìîâ äèõàííÿ
ÃÃÑ ç³ âì³ñòîì êèñíþ 90 % ïðîòÿãîì 14
ñåàíñ³â êîíöåíòðàö³ÿ ï³ðèäèíîë³íó â³ðîã³äíî
çíèçèëàñÿ ïîð³âíÿíî ç êîíòðîëüíèìè çíà-
÷åííÿìè íà 27 % (äèâ. ðèñ. 5), à ç³ âì³ñòîì
Î

2
 40 % ïðîòÿãîì 14 ³  28 ñåàíñ³â öåé

ïîêàçíèê íå çì³íþâàâñÿ.
Â³ðîã³äíå ï³äâèùåííÿ êîíöåíòðàö³¿

ï³ðèäèíîë³íó ó ìîëîäèõ òâàðèí ï³ñëÿ 14
ñåàíñ³â  äèõàííÿ ãàçîâîþ ñóì³øøþ ç ³
âì³ñòîì Î

2  
90 % ñâ³ä÷èòü ïðî ðóéíóâàííÿ

êîëàãåíó ³ çðîñòàííÿ àêòèâíîñò³ îñòåî-
êëàñò³â.

²ñíóþòü â³äîìîñò³ ïðî òå, ùî â åêñïåðè-
ìåíòàõ in vitro íà êóëüòóð³ îñòåîáëàñò³â
ìàêñèìàëüíèé îñòåîãåíåç â³äáóâàºòüñÿ â
ãàçîâîìó ñåðåäîâèù³ ç Î

2
 35 %, òîáòî ó

ñòàí³ ïîì³ðíî¿ íîðìîáàðè÷íî¿ ã³ïåðîêñ³¿.
Êîíöåíòðàö³ÿ êèñíþ

 
95 % ñïðè÷èíÿº ³ñòîòíå

ãàëüìóâàííÿ îñòåîãåíåçó òà çíà÷íó âòðàòó
êë³òèí. Àâòîðè äîñë³äæåííÿ ïðèïóñêàþòü,
ùî òàêèé åôåêò âèíèêàº âíàñë³äîê çá³ëü-
øåííÿ ïðîäóêö³¿ âèñîêîòîêñè÷íèõ àêòèâíèõ

ôîðì êèñíþ, ÿê³ âèêëèêàþòü îêñèäàòèâíèé
ñòðåñ [13]. Ïîä³áí³ äàí³ îòðèìàí³ é ³íøèìè
äîñë³äíèêàìè: ïðîë³ôåðàö³ÿ îñòåîöèò³â
ñêëåï³ííÿ ÷åðåïà åìáð³îí³â ùóð³â, ³íêóáî-
âàíèõ ó ñåðåäîâèù³, ùî ì³ñòèòü 90 % êèñ-
íþ, áóëà á³ëüø íèçüêîþ, í³æ ïðè 10 % [10].
Õðÿùîóòâîðåííÿ, ïðîñòåæåíå íà ïåð³î-
ñòàëüíîìó åêñïëàíòàò³ ïðîêñèìàëüíî¿ ä³-
ëÿíêè âåëèêî¿ ãîì³ëêîâî¿ ê³ñòêè 2-ì³ñÿ÷íèõ
êðîë³â ó ñåðåäîâèùàõ ³íêóáàö³¿ ç ð³çíèì
âì³ñòîì êèñíþ (â³ä 1 äî 90 %), âèÿâèëîñÿ
ìàêñèìàëüíèì ïðè 12 � 15 % Î

2
 [12].

Âîäíî÷àñ º â³äîìîñò³ ïðî ïðÿìî ïðîïîð-
ö³éíó çàëåæí³ñòü ì³æ ï³äâèùåííÿì ïàð-
ö³àëüíîãî òèñêó êèñíþ ³ çá³ëüøåííÿì àêòèâ-
íîñò³ îñòåîáëàñò³â ³ îñòåîêëàñò³â [11, 14].
Â³äîìî,  ùî ã ³ïåðáàðè÷íà îêñèãåíàö³ÿ
ïîçèòèâíî âïëèâàº íà ðåïàðàòèâíèé îñòåî-
ãåíåç âíàñë³äîê çíèæåííÿ àêòèâíîñò³ êàòà-
áîë³÷íèõ ³  ñòèìóëþâàíí³  àíàáîë³÷íèõ
ïðîöåñ³â, ïðèñêîðåííÿ ñèíòåçó îðãàí³÷íî¿
ñêëàäîâî¿ ê³ñòêîâî¿ òêàíèíè òà ¿¿ ì³íåðà-
ë³çàö³¿, ïîêðàùåííÿ ðåã³îíàëüíîãî êðîâî-
îá³ãó [4, 7].

Íà ï³äñòàâ³ ðåçóëüòàò³â ïðîâåäåíèõ
íàìè åêñïåðèìåíò³â ìîæíà çðîáèòè âèñíî-
âîê, ùî 40 % Î

2 
ó âäèõóâàíîìó ïîâ³òð³ ïî 1

ãîä ùîäîáîâî íå âèêëèêàº ³ñòîòíèõ çì³í

Ðèñ. 5. Çì³íè êîíöåíòðàö³¿ ï³ðèäèíîë³íó ó ñèðîâàòö³ êðîâ³ 3-ì³ñÿ÷íèõ (à) ³ 12-ì³ñÿ÷íèõ (á) êîíòðîëüíèõ (1) òà
äîñë³äíèõ (2 � 40 % Î

2
, 3 � 90 % Î

2
) ãðóï ùóð³â: ² � 14 ä³á, ²² � 28 ä³á. *P<0,05 ïîð³âíÿíî ç êîíòðîëåì

2

4

6

1

Ñ, íìîëü/ë

2
3
*

*

I I I I I I
áà

Íîðìîáàðè÷íà ã³ïåðîêñ³ÿ âïëèâàº íà îñòåîãåíåç



ISSN 0201-8489    Ô³ç³îë. æóðí., 2012, Ò. 58, ¹ 2 57

äîñë³äæåíèõ ïîêàçíèê³â ñèíòåçó êîëàãåíó,
ùî â³äïîâ³äàº âñòàíîâëåíîìó äëÿ êë³í³÷íî¿
ìåäèöèíè áåçïå÷íîìó ð³âíþ êîíöåíòðàö³¿
êèñíþ ó ãàçîâîìó ñåðåäîâèù³. Ïåðåáóâàííÿ
ìîëîäèõ ùóð³â (3 ì³ñ) ïðîòÿãîì 14 îäíîãî-
äèííèõ ùîäîáîâèõ ñåàíñ³â â óìîâàõ íîðìî-
áàðè÷íî¿ ã³ïåðîêñ³¿ (90 % Î

2
) ñóïðîâîä-

æóºòüñÿ â³ðîã³äíèì çíèæåííÿì êîíöåíòðàö³¿
Ñ²ÑÐ íà 36 % òà àêòèâíîñò³ ÊÔ íà 32 %,
çðîñòàííÿì àêòèâíîñò³ ËÔ íà 64 % ³ êîí-
öåíòðàö³¿ ï³ðèäèíîë³íó íà 37 %, β-CrossLaps
íà 8 % òà ÃÀÃ íà 72 % ó ñèðîâàòö³ êðîâ³.
Îòðèìàí³ çíà÷åííÿ á³îõ³ì³÷íèõ ïîêàçíèê³â
ðåìîäåëþâàííÿ ó ìîëîäèõ òâàðèí ñâ³ä÷àòü
ïðî ³ñòîòíå ðîçáàëàíñóâàííÿ ïðîöåñ³â
óòâîðåííÿ òà ðóéíóâàííÿ ÊÒ ï³ä âïëèâîì
ÃÃÑ. Ââàæàºìî, ùî 14-äîáîâà íîðìîáà-
ðè÷íà ã³ïåðîêñ³ÿ (90 %) ïîðóøóº ñèíòåç
êîëàãåíó.

Ó äîðîñëèõ ùóð³â çà òèõ ñàìèõ óìîâ
êîíöåíòðàö³ÿ ÃÀÃ ó ñèðîâàòö³ êðîâ³ â³ðî-
ã³äíî çá³ëüøóâàëàñÿ ïðèáëèçíî íà 60 %
â³äíîñíî êîíòðîëüíèõ çíà÷åíü. ×åðåç 28
ñåàíñ ³â  äèõàííÿ  ÃÃÑ ³ ç  90  % Î

2
 öåé

ïîêàçíèê çàëèøàâñÿ ï³äâèùåíèì ïîð³âíÿíî
ç êîíòðîëåì íà 195 %. Òàêîæ ñïîñòåð³ãàëè
çíèæåííÿ àêòèâíîñò³ ÊÔ ³ ÒÐÊÔ ó ìåæàõ
18�25 % ïðè äèõàíí³ ÃÃÑ ÿê ³ç 40 %, òàê ³
90 % Î

2 
ïðîòÿãîì 14 òà 28 ä³á. Ïðèïóñ-

êàºìî, ùî ó äîðîñëèõ òâàðèí 90%-âà ã³ïåð-
îêñ³ÿ íå çì³íþº àêòèâí³ñòü îñòåîáëàñò³â,
ïðîòå ïîðóøóº çâ�ÿçîê ì³æ ÃÀÃ ³ ô³áðèëàìè
êîëàãåíó, çíèæóº àêòèâí³ñòü ë³çîñîìàëüíèõ
ôåðìåíò³â, ïðîäóêîâàíèõ îñòåîêëàñòàìè,
ùî ìîæå ïðèçâåñòè äî ãàëüìóâàííÿ îñòåî-
ãåíåçó.

È.Ã. Ëèòîâêà Â.À. Áåðåçîâñêèé,
Ò.Ì. Çàìîðñêàÿ

ÍÎÐÌÎÁÀÐÈ×ÅÑÊÀß ÃÈÏÅÐÎÊÑÈß
ÂËÈßÅÒ ÍÀ ÎÑÒÅÎÃÅÍÅÇ ËÀÁÎÐÀÒÎÐÍÛÕ
ÆÈÂÎÒÍÛÕ

Èçó÷åíî âëèÿíèå íîðìîáàðè÷åñêîé ãèïåðîêñèè íà
ìåòàáîëèçì êîñòíîé òêàíè ó 3- è 12-ìåñÿ÷íûõ êðûñ-ñàìöîâ
ëèíèè Âèñòàð. Ïðåáûâàíèå ìîëîäûõ êðûñ (3 ìåñ) â òå÷åíèå
14 îäíî÷àñîâûõ åæåñóòî÷íûõ ñåàíñîâ â óñëîâèÿõ

íîðìîáàðè÷åñêîé ãèïåðîêñèè (90 % Î
2
) ñîïðîâîæäàåòñÿ

äîñòîâåðíûì ñíèæåíèåì
 
êîíöåíòðàöèè Ñ²ÑÐ íà 36 %,

àêòèâíîñòè êèñëîé ôîñôàòàçû (ÊÔ) íà 32 %, ïîâûøåíèåì
àêòèâíîñòè ùåëî÷íîé ôîñôàòàçû íà 64 %, óâåëè÷åíèå
êîíöåíòðàöèè ïèðèäèíîëèíà íà 37 % è β-CrossLaps íà 8 %,
ãëèêîçàìèíîãëèêàíîâ (ÃÀÃ) íà 72 % â ñûâîðîòêå êðîâè.
Ñ÷èòàåì, ÷òî íîðìîáàðè÷åñêàÿ ãèïåðîêñèÿ (90 %)
ñîïðîâîæäàåòñÿ íàðóøåíèåì ñèíòåçà êîëëàãåíà. Ó
âçðîñëûõ êðûñ â òåõ æå óñëîâèÿõ â òå÷åíèå 14 ñåàíñîâ
êîíöåíòðàöèÿ ÃÀÃ äîñòîâåðíî ïîâûñèëàñü íà 60 %
îòíîñèòåëüíî êîíòðîëüíûõ çíà÷åíèé. Ïîñëå 28 ñåàíñîâ
äûõàíèÿ ãèïåðîêñè÷åñêîé ãàçîâîé ñìåñüþ (ÃÃÑ) ñ 90 %
Î

2
 � íà 195 %. Àêòèâíîñòü ÊÔ è òàðòðàòðåçèñòåíòíîé

êèñëîé ôîñôàòàçû ñíèæàëàñü â ïðåäåëàõ 18�25 % ïðè
äûõàíèè ÃÃÑ êàê èç 40 %, òàê è 90 % Î

2
 â òå÷åíèå 14 è 28

ñóò. Ïîëàãàåì, ÷òî ó âçðîñëûõ æèâîòíûõ 90%-ÿ ãèïåðîêñèÿ
íå âëèÿåò íà àêòèâíîñòü îñòåîáëàñòîâ, íî íàðóøàåò
âçàèìîñâÿçü ÃÀÃ è ôèáðèëëà êîëëàãåíà, ñíèæàåò àêòèâíîñòü
ëèçîñîìàëüíûõ ôåðìåíòîâ, ïðîäóöèðîâàííûõ îñòåîêëàñ-
òàìè, ÷òî ñïîñîáíî çàòîðìîçèòü îñòåîãåíåç.
Êëþ÷åâûå ñëîâà: íîðìîáàðè÷åñêàÿ îêñèãåíàöèÿ, êîñòíàÿ
òêàíü.

I.G. Litovka, V.A. Berezovskiy, T.M. Zamorska

NORMOBARIC HYPEROXIA AFFECTS
OSTEOGENESIS IN LABORATORY ANIMALS

We studied the influence of normobaric hyperoxia on bone
metabolism in 3 - and 12-month-old male Wistar rats.
Maintaining young rats (3 months) during the 14-hour daily
sessions under normobaric hyperoxia (90% O

2
) was accompa-

nied by a significant decrease in the concentration of C-termi-
nal propeptides of collagen type I (by 36%), the acid phos-
phatase activity (by 32%), an increased activity of alkaline
phosphatase (by 64%), an increased  concentration of
pyridinoline (by 37%) and β-CrossLaps (by 8%), glycosa-
minoglycans (by 72%) in the blood serum. We believe that
normobaric hyperoxia (90%) is accompanied by the distur-
bance of collagen synthesis. In adult rats under the same con-
ditions for 14 sessions, the concentration of glycosaminoglicans
significantly increased by 60% relative to the control values.
After 28 sessions of breathing the normobaric gas mixture
containing 90% O 

2
 this parameter increased by 195%. Breath-

ing normobaric gas mixture containing both 40% and 90% of
O

2
 for 14 and 28 days decreased the acid phosphatase activity

and the tartrat-resistant acid phosphatase activity by 18-25%.
We believe that in adult animals 90% hyperoxia does not affect
the activity of osteoblasts, but breaks the link between
glycosaminoglicans and collagen fibrils, decreases the activity
of lysosomal enzymes which are produced by osteoclasts and
which can inhibit osteogenesis.
Key words: normobaric oxygenation, bone tissue.

O.O. Bogomoletz Institute of Physiology National Academy
of Sciences of Ukraine, Kyiv
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².Â. Ëåùåíêî, Â.Ã. Øåâ÷óê, Ò.Ì.Ôàëàëººâà, Ò.Â. Áåðåãîâà

Âïëèâ òðèâàëîãî ââåäåííÿ ãëóòàìàòó íàòð³þ
íà ñòðóêòóðó ï³äøëóíêîâî¿ çàëîçè ùóð³â

Âèâ÷àëè âïëèâ òðèâàëîãî ââåäåííÿ ãëóòàìàòó íàòð³þ íà ï³äøëóíêîâó çàëîçó ó ùóð³â.
Âñòàíîâëåíî, ùî 30-äîáîâå ââåäåííÿ â äîçàõ 15 ³ 30 ìã/êã (â³äïîâ³äàº 1 ³ 2 ã/ëþäèíó) âèêëèêàº
íåêðîòè÷í³, íåêðîá³îòè÷í³ òà äèñòðîô³÷í³ çì³íè åêçî- ³ åíäîêðèíîöèò³â, ëåéêîöèòàðíó ³
ë³ìôî¿äíó ³íô³ëüòðàö³þ, ïåðèâàñêóëÿðíèé ³ ³íòåðñòèö³àëüíèé ô³áðîç, íàáðÿê òà äèñöèðêó-
ëÿòîðí³ ðîçëàäè. Ñë³ä â³äì³òèòè çá³ëüøåííÿ ïëîù³ ïîïåðå÷íîãî ïåðåð³çó ÿäåð åíäîêðèíîöèò³â
òà åêçîêðèíîöèò³â, ùî ñâ³ä÷èòü ïðî ³íòåíñèô³êàö³þ ñèíòåòè÷íèõ ïðîöåñ³â ó êë³òèíàõ
ï³äøëóíêîâî¿ çàëîçè, à òàêîæ çìåíøåííÿ ïëîù³ ïîïåðå÷íîãî ïåðåð³çó åêçîêðèííèõ êë³òèí
ï³äøëóíêîâî¿ çàëîçè, ùî º îçíàêîþ ñòèìóëÿö³¿ ñåêðåòîðíèõ ïðîöåñ³â ó åêçîêðèííèõ êë³òèíàõ.
Îïèñàí³ çì³íè º õàðàêòåðíèìè äëÿ ãîñòðîãî ïàíêðåàòèòó. Çðîáëåíî âèñíîâîê, ùî ìàêñèìàëüí³
äîáîâ³ äîçè õàð÷îâèõ äîáàâîê, ùî ì³ñòÿòü ãëóòàì³íîâó êèñëîòó òà ¿¿ ñîë³, ìàþòü áóòè
ïåðåãëÿíóò³, âðàõîâóþ÷è ¿õ íåñïðèÿòëèâèé âïëèâ íà ï³äøëóíêîâó çàëîçó.
Êëþ÷îâ³ ñëîâà: ãëóòàìàò íàòð³þ, ï³äøëóíêîâà çàëîçà, ïàíêðåàòèò.

©  ².Â. Ëåùåíêî, Â.Ã. Øåâ÷óê, Ò.Ì.Ôàëàëººâà, Ò.Â. Áåðåãîâà

ÂÑÒÓÏ

Ó 1907 ð. ïðîôåñîð Òîê³éñüêîãî ³ìïåðñüê-
îãî óí³âåðñèòåòó Ê³êóíàå ²êåäà âïåðøå âè-
ä³ëèâ ãëóòàìàò íàòð³þ çà äîïîìîãîþ ã³äðî-
ë³çó ïøåíè÷íîãî á³ëêà ³ âèÿâèâ éîãî çäàòí-
³ñòü ï³äñèëþâàòè ïðèðîäí³ ñìàêîâ³ ÿêîñò³
¿æ³, ÿê³ âòðà÷àþòüñÿ ïðè îáðîáö³ é çáåð³ãà-
íí³. Ç òèõ ï³ð ãëóòàìàò íàòð³þ (Å621) âè-
êîðèñòîâóºòüñÿ â á³ëüøîñò³ ñó÷àñíèõ õà-
ð÷îâèõ òåõíîëîã³é ÿê õàð÷îâà äîáàâêà, ï³-
äñèëþº ñìàê ³ àðîìàò. Ñóìí³âè, ùî ñòîñó-
þòüñÿ áåçïåêè ñïîæèâàííÿ õàð÷îâî¿ äîáàâ-
êè ãëóòàìàòó íàòð³þ, ïî÷àëèñÿ â 1968 ð.
ï³ñëÿ ïóáë³êàö³é â àíãë³éñüêîìó ìåäè÷íî-
ìó æóðíàë³ äàíèõ ïðî òå, ùî íàòð³ºâà ñ³ëü
ãëóòàì³íîâî¿ êèñëîòè ìîæå áóòè ïðè÷èíîþ
áàãàòüîõ õâîðîá [10, 15, 17, 18]. Ö³ çàõâîð-
þâàííÿ áóëè îá�ºäíàí³ òåðì³íîì �ñèíäðîì
êèòàéñüêîãî ðåñòîðàíó�, ñèìïòîìàìè ÿê-
îãî º ð³çêèé á³ëü ó øëóíêó, ãðóäÿõ àáî ãî-
ëîâ³, ïî÷åðâîí³ííÿ îáëè÷÷ÿ, ï³äâèùåíà òå-
ìïåðàòóðà ò³ëà, ïîñèëåííÿ ïîòîâèä³ëåííÿ
[7, 12]. Ïðîâåäåíî âåëèêó ê³ëüê³ñòü äîñë³-

äæåíü ó áàãàòüîõ êðà¿íàõ ÿê íà çäîðîâèõ
äîáðîâîëüöÿõ, òàê ³ íà ëþäÿõ, ÿê³ ñåáå ââà-
æàþòü ÷óòëèâèìè äî ãëóòàìàòó íàòð³þ [11].
Îäíàê ºäèíî¿ äóìêè ùîäî áåçïå÷íî¿ äîçè
íåìàº [7, 18].

Â Óêðà¿í³ ò³ëüêè ó 2000 ð. ï³ñëÿ ïîñòà-
íîâè Êàáì³íó ¹ 342 â³ä 17 ëþòîãî ãëóòà-
ìàò íàòð³þ âíåñëè äî ïåðåë³êó äîçâîëåíèõ
â Óêðà¿í³ õàð÷îâèõ äîáàâîê. Çà îñòàíí³ 10
ðîê³â çðîñëà çàõâîðþâàí³ñòü íàñåëåííÿ
õâîðîáàìè øëóíêîâî-êèøêîâîãî òðàêòó.
Íèí³ â Óêðà¿í³ 40 % äîðîñëîãî íàñåëåííÿ ³
10 % äèòÿ÷îãî ìàþòü ïðîáëåìè ç òðàâ-
ëåííÿì [5].

Ó íàø³ äí³ õàðàêòåð õàð÷óâàííÿ íàñå-
ëåííÿ âèêëèêàº ñåðéîçíó ñòóðáîâàí³ñòü: âñå
çðîñòàþ÷å ñïîæèâàííÿ ïðîäóêò³â «fast
food», ùî ñóïðîâîäæóºòüñÿ çíèæåííÿì
÷àñòêè â äåííîìó ðàö³îí³ îâî÷³â, ôðóêò³â,
ìîëî÷íèõ ³ êèñëîìîëî÷íèõ ïðîäóêò³â ìîæå
ïîçíà÷èòèñÿ íà ñòàí³ çäîðîâ�ÿ.

Âñòàíîâëåíî, ùî ïðèéîì õàð÷îâî¿ äî-
áàâêè ãëóòàìàòó íàòð³þ â ê³ëüêîñò³ 3 ã íà
äîáó ìîæå âèêëèêàòè îçíàêè «ñèíäðîìó
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êèòàéñüêîãî ðåñòîðàíó» [19]. Îäíàê ðàí³øå
íàìè áóëî ïîêàçàíî, ùî ùîäåííå ââåäåííÿ
ãëóòàìàòó íàòð³þ ùóðàì ó äîçàõ 15 ³ 30 ìã/
êã, ÿê³ â³äïîâ³äàþòü 1 ³ 2 ã íà ñåðåäíüî-
ñòàòèñòè÷íó ëþäèíó (áåçïå÷í³ äëÿ çäîðîâ�ÿ
ëþäèíè äîçè), âïðîäîâæ 20 ³ 30 ä³á ïðèçâî-
äèëî äî çá³ëüøåííÿ ìàñè ò³ëà òâàðèí,
ñåêðåö³¿  ñîëÿíî¿  êèñëîòè òà óðàæåííÿ
ñëèçîâî¿ îáîëîíêè øëóíêà, ùî ïðîÿâëÿëîñÿ
ó ðîçâèòêó êðîâîâèëèâ³â, åðîç³é ³ âèðàçîê
[6]. Îñê³ëüêè â åíäî- ³ åêçîêðèíí³é ÷àñòèí³
ï³äøëóíêîâî¿ çàëîçè ùóð³â çíàéäåí³ äëÿ
L-ãëóòàìàòó âåçèêóëÿðí³ òðàíñïîðòåðè ïåð-
øîãî òà äðóãîãî òèïó òà ³îíîòðîïí³ ³ ìå-
òàáîòðîïí³ ðåöåïòîðè [14, 15], òî ìåòîþ
íàøî¿ ðîáîòè áóëî äîñë³äèòè âïëèâ òðèâà-
ëîãî ââåäåííÿ ãëóòàìàòó (10, 20 ³ 30 ä³á)
íà ìîðôîëîã³þ ï³äøëóíêîâî¿ çàëîçè ùóð³â.

ÌÅÒÎÄÈÊÀ

Äîñë³äæåííÿ ïðîâåäåí³ íà 63 ùóðàõ ç äî-
òðèìàííÿì íîðìàòèâ³â Êîíâåíö³¿ ç á³îåòè-
êè Ðàäè ªâðîïè 1997 ð., ªâðîïåéñüêî¿ êî-
íâåíö³¿ ïðî çàõèñò õðåáåòíèõ òâàðèí, ÿê³
âèêîðèñòîâóþòüñÿ äëÿ åêñïåðèìåíòàëüíèõ
òà ³íøèõ íàóêîâèõ ö³ëåé, çàãàëüíèì åòè÷í-
èì ïðèíöèïàì åêñïåðèìåíò³â íà òâàðèíàõ,
óõâàëåíèõ Ïåðøèì íàö³îíàëüíèì êîíãðåñ-
îì Óêðà¿íè ç á³îåòèêè (âåðåñåíü 2001 ð.),
³íøèõ ì³æíàðîäíèõ óãîä òà íàö³îíàëüíîãî
çàêîíîäàâñòâà ó ö³é ãàëóç³ [3, 4]. Òâàðèí
óòðèìóâàëè â óìîâàõ àêðåäèòîâàíîãî â³-
âàð³þ çã³äíî ç³ �Ñòàíäàðòíèìè ïðàâèëàìè
ç óïîðÿäêóâàííÿ, óñòàòêóâàííÿ òà óòðèìà-
ííÿ åêñïåðèìåíòàëüíèõ á³îëîã³÷íèõ êë³í³ê
(â³âàð³¿â)�. Ïðèëàäè, ùî âèêîðèñòîâóâàëèñÿ
äëÿ íàóêîâèõ äîñë³äæåíü, ï³äëÿãàëè ìåòðî-
ëîã³÷íîìó êîíòðîëþ.

Çà äîáó äî ïðîâåäåííÿ åêñïåðèìåíòó
òâàðèí, ÿêèõ áóëî ðîçä³ëåíî íà òðè ãðóïè,
ï³ääàâàëè õàð÷îâ³é äåïðèâàö³¿ ç â³ëüíèì
äî ñòóïîì äî  âîäè .  Òâàðèíàì ²  ãðó ï è
ïðîòÿãîì 10, 20 òà 30 ä³á ìè ââîäèëè 0,5
ìë âîäè (per os, îäèí ðàç íà äåíü). Òâàðèíè
II ³ III ãðóï óïðîäîâæ öüîãî ñàìîãî òåðì³íó

îòðèìóâàëè 15 ³ 30 ìã/êã ãëóòàìàò íàòð³þ
(0,5 ìë per os, îäèí ðàç íà äåíü) â³äïîâ³äíî.
×åðåç 10, 20 òà 30 ä³á ó ùóð³â óñ³õ ãðóï áóëè
ïðîâåäåí³ ã³ñòîëîã³÷í³ òà ìîðôîìåòðè÷í³
äîñë³äæåííÿ òêàíèíè ï³äøëóíêîâî¿ çàëîçè.
Òâàðèí  óìåðòâëÿëè  ëåòà ëüíîþ äîçîþ
óðåòàíó (3 ã/êã, âíóòð³øíüîî÷åðåâèííî) [8].
Ï³ñëÿ ÷îãî âèäàëÿëè ï³äøëóíêîâó çàëîçó òà
ô³êñóâàëè ó 10%-ìó íåéòðàëüíîìó ôîðìà-
ë³í³ ïðîòÿãîì 1-2 ä³á. Äàë³ ïðåïàðàò ï³ä-
äàâàëè çíåâîäíåííþ ó ðîç÷èíàõ åòèëîâîãî
ñïèðòó çðîñòàþ÷èõ êîíöåíòðàö³é (70, 80, 90,
96 % � ïî îäí³é äîá³ ó êîæíîìó ðîç÷èí³),
ïðîñâ³òëåííþ ó ä³îêñàí³ (0,5�2 ãîä) òà
õëîðîôîðì³ (1 ãîä), ïðîñî÷óâàííþ ñóì³ø-
øþ ïàðàô³íó ç õëîðîôîðìîì 1:1 (äî 2 ãîä
ïðè  +37îÑ) òà ÷èñòèì ïàðàô³íîì (2 ãîä ïðè
+56 îÑ) ,  ï³ñëÿ ÷îãî çàëèâàëè ó  ÷èñòèé
ðîçïëàâëåíèé ïàðàô³í. Ïàðàô³íîâ³ çð³çè
øëóíêà çàâòîâøêè äî 5 ìêì âèãîòîâëÿëè
íà ñàííîìó ì³êðîòîì³, ôàðáóâàëè ãåìàòîê-
ñèë³íîì ç äîôàðáóâàííÿì åîçèíîì [2].

Ã³ñòîëîã³÷í³ ïðåïàðàòè àíàë³çóâàëè ïðè
çá³ëüøåíí³ ì³êðîñêîïà ó 100, 400 ³ 1500
ðàç³â. Êîëüîðîâ³ ì³êðîôîòîãðàô³¿ îòðèìó-
âàëè çà äîïîìîãîþ öèôðîâî¿ ôîòîêàìåðè
Olympus C-5050 Zoom ³ ì³êðîñêîïà Olympus
BX-41 (�Olympus Europe GmbH�, ßïîí³ÿ).

Íà çí³ìêàõ, îòðèìàíèõ ç³ çá³ëüøåííÿì
ó 1500 ðàç³â âèì³ðþâàëè ïëîùó ïîïåðå÷íîãî
ïåðåð³çó ÿäåð åíäî- ³ åêçîêðèííèõ êë³òèí
ï³äøëóíêîâî¿ çàëîçè, ïëîùó ïîïåðå÷íîãî
ïåðåð³çó åêçîêðèííèõ êë³òèí ï³äøëóíêîâî¿
çàëîçè ³ â³äñòàíü ì³æ ÷àñòî÷êàìè ï³äøëóí-
êîâî¿ çàëîçè çà äîïîìîãîþ áåçêîøòîâíîãî
ïðîãðàìíîãî  çàáåçïå÷åííÿ  UTHSCSA
ImageTool, ÿêå áóëî ðîçðîáëåíî ó Òåõàñü-
êîìó äåðæàâíîìó óí³âåðñèòåò³, Ñàí-Àíòî-
í³î, øòàò Òåõàñ, ó 1995�2002 ðð. ³ äîñòóïíå
â ²íòåðíåò³ (ftp://maxrad6.uthscsa.edu.).

Íàø³ ðåçóëüòàòè çã³äíî ç òåñòîì Øàï³-
ðî-Â³ëêñà áóëè ðîçïîä³ëåí³ íîðìàëüíî ³
ïðåäñòàâëåí³ ó âèãëÿä³ Ì±SD. Ñòàòèñòè÷íå
ïîð³âíÿííÿ ì³æ ãðóïàìè ïðîâîäèëè ç
âèêîðèñòàííÿì êðèòåð³þ t Ñòüþäåíòà äëÿ
íåçâ�ÿçàíèõ âèá³ðîê. Ñòàòèñòè÷íà çíà÷è-
ì³ñòü áóëà âñòàíîâëåíà íà ð³âí³ Ð<0,05 [1].

Âïëèâ òðèâàëîãî ââåäåííÿ ãëóòàìàòó íàòð³þ
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Ó ùóð³â êîíòðîëüíî¿ ãðóïè ï³äøëóíêîâà çà-
ëîçà ùóð³â ìàëà òèïîâó áóäîâó. Àöèíóñè
åêçîêðèííî¿ ¿¿ ÷àñòèíè áóëè íîðìàëüíî¿ áó-
äîâè, àöèíîöèòè ìàëè êîí³÷íó ôîðìó òà âè-
ðàæåíó ïîëÿðí³ñòü � àï³êàëüíó (çèìîãåííó)
òà áàçàëüíó (ãîìîãåííó) çîíè. Ó áàçàëüí³é
÷àñòèí³ àöèíîöèò³â ðîçì³ùåí³ ÿäðà ç ÷³òêî
îêðåñëåíèìè ÿäåðöÿìè (ðèñ 1). Ïëîùà ïî-
ïåðå÷íîãî ïåðåð³çó àöèíóñ³â ñòàíîâèëà
1243,1 ìêì2 ± 17,7 ìêì2, ÿäåð àöèíîöèò³â �
19,6 ìêì2 ± 1,4 ìêì2, à â³äñòàíü ì³æ ÷àñòî-
÷êàìè ï³äøëóíêîâî¿ çàëîçè � 17,6 ìêì ± 1,7
ìêì (òàáëèöÿ). Åíäîêðèííà ÷àñòèíà ïðåäñ-
òàâëåíà îñòð³âöÿìè Ëàíãåðãàíñà ð³çíî¿ ôî-
ðìè òà ðîçì³ð³â, îñòð³âö³ â³äîêðåìëåí³ â³ä
àöèíóñ³â ñïîëó÷íîþ òêàíèíîþ òà ñêëàäà-
þòüñÿ ç ³íñóë³íîöèò³â ì³æ ÿêèìè ðîçì³ùå-
íà ïóõêà âîëîêíèñòà ñïîëó÷íà òêàíèíà ç
ãåìîêàï³ëÿðàìè. Ïëîùà ïîïåðå÷íîãî ïåðåð-
³çó ÿäåð åíäîêðèíîöèò³â îñòð³âö³â Ëàíãåðã-
àíñà ñòàíîâèëà 20,5 ìêì2 ± 1,6 ìêì2 (äèâ.
òàáëèöþ).

Ó ï³äøëóíêîâ³é çàëîç³ ùóð³â, ùî îòðèìó-
âàëè ãëóòàìàò íàòð³þ ïðîòÿãîì 10 ä³á ó äîç³
15  ìã /êã,  âèÿâëåí³  äèñòðîô³÷í³  çì³íè
åêçîêðèíîöèò³â ³ ïîâíîêðîâ�ÿ ñóäèí (ðèñ.
2,à). Ó ùóð³â, ÿê³ îòðèìóâàëè 30 ìã/êã
õàð÷îâî¿ äîáàâêè ñïîñòåð³ãàëèñÿ ñòàçè â
ïðîñâ³ò³ ñóäèí (äèâ. ðèñ. 2,á).

Ââåäåííÿ ãëóòàìàòó íàòð³þ ïðîòÿãîì 20
ä³á â äîç³ 15 ìã/êã âèêëèêàëî â òêàíèí³
ï³äøëóíêîâî¿ çàëîçè íåêðîá³îòè÷í³ çì³íè
åêçîêðèíîöèò³â, ïîì³ðíèé ïåðèâàñêóëÿðíèé
ô³áðîç ³ ë³ìôî¿äíó ³íô³ëüòðàö³þ. Çá³ëüøåííÿ
äîçè õàð÷îâî¿ äîáàâêè âäâ³÷³ ñïðàâëÿëî
çíà÷íî ñèëüí³øèé âïëèâ. Ñïîñòåð³ãàëèñÿ
âèðàæåí³ íåêðîá³îòè÷í³ ³ íåêðîòè÷í³ çì³íè
åêçîêðèíîöèò³â, äèñòðîô³÷í³ çì³íè åíäîêðè-
íîöèò³â ³ ñòàç ó ïðîñâ³ò³ ñóäèí åíäîêðèííî¿
÷àñòèíè. Ââåäåííÿ ïðîòÿãîì 10 òà 20 ä³á
ãëóòàìàòó íàòð³þ â³ðîã³äíî íå çì³íþâàëî
ìîðôîìåòðè÷í³ ïîêàçíèêè ï³äøëóíêîâî¿ çàëîçè.

Ó ðàç³ ïîäîâæåííÿ ââåäåííÿ ãëóòàìàòó
íàòð³þ (15 ìã/êã) äî 30 ä³á ñòóï³íü óðàæå-
íîñò³ òêàíèíè ï³äøëóíêîâî¿ çàëîçè ùå

².Â. Ëåùåíêî, Â.Ã. Øåâ÷óê, Ò.Ì.Ôàëàëººâà, Ò.Â. Áåðåãîâà

Ðèñ. 1. Ì³êðîôîòîãðàô³ÿ ï³äøëóíêîâî¿ çàëîçè êîíò-
ðîëüíî¿ ãðóïè ùóð³â, õ400

Ðèñ. 2. Ì³êðîôîòîãðàô³¿ ï³äøëóíêîâî¿ çàëîçè ùóð³â,
êîòðèì óïðîäîâæ 10 ä³á ââîäèëè ãëóòàìàò íàòð³þ:
à � 15 ìã/êã, á � 30 ìã/êã, õ400

á

à
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çá³ëüøèëàñÿ:  áóëè íàÿâí³  íåêðîòè÷í³ ,
íåêðîá³îòè÷í³ òà äèñòðîô³÷í³ çì³íè åêçî- ³
åíäîêðèíîöèò³â, âèðàæåíà ë³ìôî¿äíà ³í-
ô³ëüòðàö³ÿ, ³íòåðñòèö³àëüíèé íàáðÿê, ïîì³ð-
íèé ïåðèâàñêóëÿðíèé ³ ³íòåðñòèö³àëüíèé
ô³áðîç. Ïðè äîç³ 30 ìã/êã ñïîñòåð³ãàëàñÿ
àíàëîã ³ÿ ,  îäíàê  áóëè á ³ëüø âèðàæåí³
íåêðîòè÷í³, íåêðîá³îòè÷í³ òà äèñòðîô³÷í³
çì³íè åêçî- ³ åíäîêðèíîöèò³â, çá³ëüøóâàëàñÿ
ëåéêîöèòàðíà ³ ë³ìôî¿äíà ³íô³ëüòðàö³ÿ,
âèÿâëåíèé ïåðèâàñêóëÿðíèé ³ ³íòåðñòè-
ö³àëüíèé ô³áðîç,  âèðàæåíèé ³íòåðñòè-
ö³àëüíèé íàáðÿê ³ äèñöèðêóëÿòîðí³ ðîçëàäè.

Ââåäåííÿ ãëóòàìàòó íàòð³þ â äîçàõ 15
òà 30 ìã/êã ïðîòÿãîì 30 ä³á ïðèçâîäèëî äî
çá³ëüøåííÿ ïëîù³ ïîïåðå÷íîãî ïåðåð³çó
ÿäåð åíäîêðèíîöèò³â íà 14,6 ³  15,6 %
(Ð<0,001) â³äïîâ³äíî. Ïëîùà ïîïåðå÷íîãî
ïåðåð³çó ÿäåð åêçîêðèííèõ êë³òèí ï³äøëóí-
êîâî¿ çàëîçè òàêîæ çá³ëüøóºòüñÿ íà 10,2 ³
13,8 % (Ð<0,001) â³äïîâ³äíî, à â³äñòàíü ì³æ
÷àñòî÷êàìè ï³äøëóíêîâî¿ çàëîçè � íà 90,5
³ 89,2 % (Ð<0,001). Ïðîòå ïëîùà ïîïåðå÷-
íîãî ïåðåð³çó åêçîêðèííèõ êë³òèí ï³äøëóí-
êîâî¿ çàëîçè áóëà çíèæåíà íà 5,9 % (Ð<0,001;
äèâ. òàáëèöþ).

Ï³ñëÿ 30-äîáîâîãî ââåäåííÿ ãëóòàìàòó
íàòð³þ â äîç³  30 ìã/êã ñïîñòåð³ãàëèñü
ïîä³áí³ çì³íè ìîðôîëîã³¿ ï³äøëóíêîâî¿
çàëîçè, ÿê ³ â äîç³ 15 ìã/êã, îäíàê çíà÷íî
ïîñèëþâàëèñÿ íåêðîòè÷í³, íåêðîá³îòè÷í³ òà
äèñòðîô³÷í³ çì³íè åêçî- ³ åíäîêðèíîöèò³â,
çá³ëüøóâàëàñü ëåéêîöèòàðíà ³ ë³ìôî¿äíà
³íô³ëüòðàö³ÿ, âèÿâëåíèé ïåðèâàñêóëÿðíèé ³

³íòåðñòèö³àëüíèé ô³áðîç, âèðàæåíèé ³íòåð-
ñòèö³àëüíèé íàáðÿê ³ äèñöèðêóëÿòîðí³ ðîç-
ëàäè (ðèñ. 4,á).

Âïëèâ òðèâàëîãî ââåäåííÿ ãëóòàìàòó íàòð³þ

Ðèñ. 3. Ì³êðîôîòîãðàô³¿ ï³äøëóíêîâî¿ çàëîçè ùóð³â,
êîòðèì âïðîäîâæ 20 ä³á ââîäèëè ãëóòàìàò íàòð³þ:
à � 15 ìã/êã, á � 30 ìã/êã, õ400

Âïëèâ 30 äîáîâîãî ââåäåííÿ ãëóòàìàòó íàòð³þ íà ìîðôîìåòðè÷í³ ïîêàçíèêè ï³äøëóíêîâî¿ çàëîçè ó ùóð³â
(M±SD; n = 10)

Ïîêàçíèê Êîíòðîëü                Ãëóòàìàò íàòð³þ

     15 ìã/êã       30 ìã/êã

Ïëîùà ïîïåðå÷íîãî ïåðåð³çó, ìêì2

   ÿäåð åíäîêðèíîöèò³â 20,5±1,6 23,5±1,4* 23,7±1,5*
   ÿäåð åêçîêðèíîöèò³â 19,6±1,4 21,6±1,6* 22,3±1,5*,**
   àöèíóñ³â 1243,1±17,7 1170,2±27,3** 1169,9±25,0*

Â³äñòàíü ì³æ ÷àñòî÷êàìè
ï³äøëóíêîâî¿ çàëîçè, ìêì 17,6±1,7 33,6±1,6* 33,3±1,6*

* P<0,001 ó ïîð³âíÿíí³ ç êîíòðîëåì,** Ð<0,001 ó ïîð³âíÿíí³ ç ãëóòàìàòîì íàòð³þ â äîç³ 15 ìã/êã

á

à
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Îòæå, ââåäåííÿ ãëóòàìàòó íàòð³þ ïðî-
òÿãîì 30 ä³á ó äîçàõ 15 ³ 30 ìã/êã âèêëèêàº
íåêðîòè÷í³, íåêðîá³îòè÷í³ òà äèñòðîô³÷í³
çì³íè åêçî- ³ åíäîêðèíîöèò³â, ëåéêîöèòàðíó
³ ë³ìôî¿äíó ³íô³ëüòðàö³þ, ïåðèâàñêóëÿðíèé
³ ³íòåðñòèö³àëüíèé ô³áðîç, íàáðÿê ³ äèñöèð-
êóëÿòîðí³ ðîçëàäè. À òàêîæ çá³ëüøåííÿ
ïëîù³ ïîïåðå÷íîãî ïåðåð³çó ÿäåð åíäî- òà
åêçîêðèíîöèò³â, ùî ñâ³ä÷èòü ïðî ³íòåí-
ñèô³êàö³þ ñèíòåòè÷íèõ ïðîöåñ³â ó êë³òèíàõ
ï³äøëóíêîâî¿ çàëîçè, ³ çìåíøåííÿ ïëîù³
ïîïåðå÷íîãî ïåðåð³çó åêçîêðèííèõ êë³òèí,
ùî º îçíàêîþ ñòèìóëÿö³¿ ó íèõ ñåêðåòîðíèõ
ïðîöåñ³â. Îïèñàí³ çì³íè º õàðàêòåðíèìè äëÿ
ãîñòðîãî ïàíêðåàòèòó.

Òàêèì ÷èíîì, îòðèìàí³ íàìè ðåçóëüòàòè
ñòàâëÿòü ï³ä ñóìí³â òðàäèö³éí³ òâåðäæåííÿ
ïðî òå, ùî âèêîðèñòàííÿ õàð÷îâî¿ äîáàâêè
ãëóòàìàòó íàòð³þ â ðîçóìíèõ ìåæàõ (1 ã
íà äîáó) º áåçïå÷íèì [11, 18]. Ìè ïîêàçàëè,
ùî ùîäîáîâå ââåäåííÿ ãëóòàìàòó íàòð³þ
ùóðàì ó äîç³ 15 ³ 30 ìã/êã ïðîòÿãîì 30 ä³á
ïðèçâîäèòü äî çàïàëåííÿ ï³äøëóíêîâî¿
çàëîçè. Ìîæíà ïðèïóñòèòè, ùî éîãî ñïîæè-
âàííÿ â ê³ëüêîñò³ 3 ã íà äîáó º íåáåçïå÷íèì
äëÿ çäîðîâ�ÿ ëþäèíè [7, 12, 16]. Íåáåç-
ïå÷íèìè ìîæóòü áóòè ³ íèçüê³ äîçè ãëóòà-
ìàòó íàòð³þ (1 ³ 2 ã íà äîáó äëÿ ñåðåäíüî-
ñòàòèñòè÷íî¿ ëþäèíè) òîìó, ùî ââåäåííÿ
éîãî  ùóðàì â  äîçàõ  15  ³  30  ìã /êã  (â
ïîð³âíÿíí³ íà 1 ³ 2 ã ãëóòàìàòó íàòð³þ äëÿ
ëþäèíè) ïðîòÿãîì 30 ä³á, ïðèçâîäèòü äî
çá³ëüøåííÿ ïëîù³ ïîïåðå÷íîãî ïåðåð³çó
ÿäåð åíäî- òà åêçîêðèííèõ êë³òèí ï³äøëóí-
êîâî¿ çàëîçè. Ö³ ôàêòè ñâ³ä÷àòü ïðî ñòèìó-
ëÿö³þ ñåêðåòîðíèõ ïðîöåñ³â ó åêçîêðèííèõ
êë³òèíàõ.

Ùî ñòîñóºòüñÿ ìåõàí³çìó ä³¿ ãëóòàìàòó
íàòð³þ íà ï³äøëóíêîâó çàëîçó, òî ãëóòàìàò/
àñïàðòàòïîãëèíàþ÷à ñèñòåìà, àíàëîã³÷íà
îïèñàí³é ó öåíòðàëüí³é íåðâîâ³é ñèñòåì³,
áóëà çíàéäåíà â òêàíèí³ ö³º¿ çàëîçè [14].
Êð³ì òîãî, ÷èñëåíí³ äîñë³äæåííÿ ïîêàçàëè
íàÿâí³ñòü ãëóòàìàòíèõ ðåöåïòîð³â â åíäî-
òà åêçîêðèííèõ êë³òèíàõ ï³äøëóíêîâî¿
çàëîçè [13]. Îòæå, ìîæíà ïðèïóñòèòè, ùî
òðèâàëå ùîäîáîâå ââåäåííÿ ãëóòàìàòó
íàòð ³þ âèêëèêàº  íàäì³ðíå  çáóäæåííÿ
ãëóòàìàòíèõ ðåöåïòîð³â îñòàííüî¿,  ùî
ïðèçâîäèòü äî çá³ëüøåííÿ ñèíòåòè÷íèõ ³
ñåêðåòîðíèõ ïðîöåñ³â ó ¿¿ êë³òèíàõ òà äî
ðîçâèòêó ïàíêðåàòèòó.

Äëÿ ³íòåðïðåòàö³¿ îäåðæàíèõ ðåçóëü-
òàò³â íà ëþäèíó, ñë³ä âçÿòè äî óâàãè òîé
ôàêò, ùî â³ê ùóð³â íàáàãàòî ìåíøèé, í³æ ó
ëþäèíè òà ìåòàáîë³÷í³ ïðîöåñè ïðîõîäÿòü
íàáàãàòî øâèäøå. Á³ëüø³ñòü äîñë³äíèê³â
ââàæàþòü, ùî 10 ä³á ùóð³â, â³äïîâ³äàþòü 3
ì³ñ  ëþäèíè,  20  ò à  30  ä ³á  �  6  ³  9  ì ³ñ
â³äïîâ³äíî [9].  Òàêèì ÷èíîì, ãëóòàìàò
íàòð³þ ìîæíà âêëþ÷èòè äî ãðóïè ðå÷îâèí,
ùî ñòèìóëþþòü ñåêðåö³þ ï³äøëóíêîâî¿

².Â. Ëåùåíêî, Â.Ã. Øåâ÷óê, Ò.Ì.Ôàëàëººâà, Ò.Â. Áåðåãîâà

Ðèñ. 4. Ì³êðîôîòîãðàô³¿ ï³äøëóíêîâî¿ çàëîçè ùóð³â,
êîòðèì âïðîäîâæ 30 ä³á ââîäèëè ãëóòàìàò íàòð³þ:
à � 15 ìã/êã, á � 30 ìã/êã, õ400
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Âïëèâ òðèâàëîãî ââåäåííÿ ãëóòàìàòó íàòð³þ

çàëîçè,  à  îòðèìàí³  ðåçóëüòàòè ìîæóòü
ñòàòè åêñïåðèìåíòàëüíèì îá´ðóíòóâàííÿì
³ ïîÿñíåííÿì ïîã³ðøåííÿ çàõâîðþâàíîñò³ íà
ïàíêðåàòèò, îñîáëèâî ò³º¿ ÷àñòèíè íàñåëåí-
íÿ, ùî çëîâæèâàº õàð÷óâàííÿì â çàêëàäàõ
«ôàñò-ôóä».  Îäåðæàí³ ðåçóëüòàòè ñë³ä
âðàõîâóâàòè êîæí³é ëþäèí³ ïðè ôîðìóâàíí³
ùîäåííîãî ðàö³îíó,  îñê³ëüêè ãëóòàìàò
íàòð³þ øèðîêî âèêîðèñòîâóºòüñÿ â áàãàòüîõ
õàð÷îâèõ âèðîáíèöòâàõ ³  êîðèñòóºòüñÿ
âåëèêîþ ïîïóëÿðí³ñòþ â ñâ³ò³.

ÂÈÑÍÎÂÊÈ

1. Òðèâàëå ùîäîáîâå âæèâàííÿ ãëóòàìàòó
íàòð³þ íàâ³òü ó áåçïå÷íèõ äîçàõ ïðèçâîäèòü
äî ðîçâèòêó ïàíêðåàòèòó, ùî ïðîÿâëÿºòüñÿ
ë³ìôî¿äíîþ ³íô³ëüòðàö³ºþ òà ô³áðîçîì ó
³íòåðñòèö³¿ ,  äèñòðîô³÷íèìè, íåêðîá³î-
òè÷íèìè òà íåêðîòè÷íèìè çì³íàìè ó åêçî-
êðèíí³é ÷àñòèí³ çàëåæíî â³ä äîçè ââåäåííÿ.

2. Ìàêñèìàëüí³ äîáîâ³ äîçè õàð÷îâèõ
äîáàâîê, ùî ì³ñòÿòü ãëóòàì³íîâó êèñëîòó
òà ¿¿ ñîë³, ìàþòü áóòè ïåðåãëÿíóò³, âðàõî-
âóþ÷è ¿õ íåñïðèÿòëèâèé âïëèâ íà ï³äøëóí-
êîâó çàëîçó.

È.Â. Ëåùåíêî, Â.Ã. Øåâ÷óê,
Ò.Ì. Ôàëàëååâà, Ò.Â. Áåðåãîâàÿ

ÂËÈßÍÈÅ ÄËÈÒÅËÜÍÎÃÎ ÂÂÅÄÅÍÈß
ÃËÓÒÀÌÀÒÀ ÍÀÒÐÈß ÍÀ ÑÒÐÓÊÒÓÐÓ
ÏÎÄÆÅËÓÄÎ×ÍÎÉ ÆÅËÅÇÛ ÊÐÛÑ

Èçó÷àëè âëèÿíèå äëèòåëüíîãî ââåäåíèÿ ãëóòàìàòà íàòðèÿ
íà ïîäæåëóäî÷íóþ æåëåçó êðûñ. Óñòàíîâëåíî, ÷òî 30-
ñóòî÷íîå ââåäåíèå åãî â äîçàõ 15 è 30 ìã/êã (ñîîòâåòñòâóåò
1 è 2 ã/÷åëîâåêà) âûçûâàåò íåêðîòè÷åñêèå, íåêðîáèî-
òè÷åñêèå è äèñòðîôè÷åñêèå èçìåíåíèÿ ýêçî- è åíäîêðèíî-
öèòîâ, ëåéêîöèòàðíóþ è ëèìôîèäíóþ èíôèëüòðàöèþ,
ïåðèâàñêóëÿðíûé è èíòåðñòèöèàëüíûé ôèáðîç, îòåê è
äèñöèðêóëÿòîðíûå ðàññòðîéñòâà. Ñëåäóåò îòìåòèòü
óâåëè÷åíèå ïëîùàäè ïîïåðå÷íîãî ñå÷åíèÿ ÿäåð åíäî- è
åêçîêðèíîöèòîâ, ÷òî ñâèäåòåëüñòâóåò îá èíòåíñèôèêàöèè
ñèíòåòè÷åñêèõ ïðîöåññîâ â êëåòêàõ ïîäæåëóäî÷íîé æåëåçû,
à òàêæå óìåíüøåíèå ïëîùàäè ïîïåðå÷íîãî ñå÷åíèÿ
ýêçîêðèííûõ êëåòîê ïîäæåëóäî÷íîé æåëåçû, ÷òî ÿâëÿåòñÿ
ïðèçíàêîì ñòèìóëÿöèè â íèõ ñåêðåòîðíûõ ïðîöåññîâ.
Îïèñàííûå èçìåíåíèÿ õàðàêòåðíû äëÿ îñòðîãî ïàíêðåàòèòà.
Ñäåëàí âûâîä, ÷òî ìàêñèìàëüíûå ñóòî÷íûå äîçû ïèùåâûõ
äîáàâîê, ñîäåðæàùèõ ãëóòàìèíîâóþ êèñëîòó è åå ñîëè,

äîëæíû áûòü ïåðåñìîòðåíû, ó÷èòûâàÿ èõ íåáëàãîïðèÿòíîå
âîçäåéñòâèå íà ïîäæåëóäî÷íóþ æåëåçó.
Êëþ÷åâûå ñëîâà: ãëóòàìàò íàòðèÿ, ïîäæåëóäî÷íàÿ æåëåçà,
ïàíêðåàòèò.

I.V. Leschenko, V.G. Shevchuk,
T.M. Falalyeyeva, T.V. Âeregova

THE INFLUENCE OF LONG-TERM
MONOSODIUM GLUTAMATE FEEDING
ON THE STRUCTURE OF RATS PANCREAS

The influence of prolonged administration of monosodium
glutamate (MSG) on pancreas in rats was studied. It was
established that 30-days feeding by MSG in the doses 15 to
30 mg/kg (equivalent to 1 and 2 g/person) leads to necrotic,
necrobiotic and degenerative changes in exocrine and endocrine
cells, leukocytic and lymphoid infiltration, perivascular and
interstitial fibrosis, edema and discirculatory disorders.
Introduction of sodium glutamate increases the cross-sectional
area of nuclei of exocrine and endocrine cells, indicating inten-
sification of synthetic processes in the cells of the pancreas
and reduces the cross-sectional area of exocrine pancreatic
cells, which is a sign of stimulation of secretory processes in
exocrine cells. The changes described are characteristic of the
acute pancreatitis. It is concluded that the maximum daily
dose of food supplements containing glutamic acid and its
salts should be reviewed because of their adverse effects on
the pancreas. It is concluded that the maximum dose of MSG
should be reconsidered taking into account its influence on the
pancreas.
Key words: ìonosodium glutamate, pancreas, pancreatitis.

O.O. Bogomolets National Medical University, Kyiv;
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Þ.À. Êîðÿê

Cîêðàòèòåëüíûå ñâîéñòâà è ìûøå÷íî-ñóõîæèëüíàÿ
æåñòêîñòü òðåõãëàâîé ìûøöû ãîëåíè
è èõ èçìåíåíèÿ â ðåçóëüòàòå ïðîäîëæèòåëüíîãî
ïîñòåëüíîãî ðåæèìà

Èññëåäîâàëè âëèÿíèå äëèòåëüíîãî (120 ñóò) ïîñòåëüíîãî ðåæèìà â àíòèîðòîñòàòè÷åñêîì
ïîëîæåíèè (íàêëîí ãîëîâû -5 °) íà ñîêðàòèòåëüíûå ñâîéñòâà è ìûøå÷íî-ñóõîæèëüíóþ
æåñòêîñòü (ÌÑÆ) òðåõãëàâîé ìûøöû ãîëåíè (ÒÌÃ) ó ãðóïïû (n = 4) ìîëîäûõ æåíùèí.
Èçìåðÿëàñü ìàêñèìàëüíàÿ ïðîèçâîëüíàÿ ñèëà (ÌÏÑ), ñèëà îäèíî÷íîãî ñîêðàùåíèÿ (Ð

îñ
) ÒÌÃ â

îòâåò íà îäèíî÷íûé ñòèìóë ñóïðàìàêñèìàëüíîé ñèëîé, ïðèëîæåííîé ê n. tibialis, ìàêñèìàëüíàÿ
ñèëà (Ð

î
), ðàçâèâàåìàÿ ìûøöåé â îòâåò íà ðèòìè÷åñêóþ òåòàíè÷åñêóþ ñòèìóëÿöèþ n. tibialis

ñ ÷àñòîòîé 150 èìï/ñ, âðåìÿ äîñòèæåíèÿ ïèêà Ð
îñ

 (ÂÎÑ) è âðåìÿ ïîëóðàññëàáëåíèÿ (1/2 ÏÐ).
Îïðåäåëÿëè ñèëîâîé äåôèöèò (Ð

ä
), ÌÑÆ � ïî çíà÷åíèþ ýëåêòðîìåõàíè÷åñêîé çàäåðæêè (ÝÌÇ)

ïðè âûïîëíåíèè ïðîèçâîëüíîãî «âçðûâíîãî» ñîêðàùåíèÿ. Ïîâåðõíîñòíûìè ýëåêòðîäàìè
ðåãèñòðèðîâàëè ýëåêòðîìèîãðàôè÷åñêóþ àêòèâíîñòü m. soleus. Èñïîëüçîâàëñÿ ñïåöèàëüíûé
òàéìåð, ïîçâîëÿþùèé ñèíõðîííî ñ ïðåäúÿâëåíèåì ñâåòîâîãî ñèãíàëà ê íà÷àëó äâèæåíèÿ
âûïîëíÿòü çàïèñü ðàçâèòèÿ ìåõàíè÷åñêîãî îòâåòà ìûøöû. Ïî ìåõàíîãðàììå îïðåäåëÿëè îáùåå
âðåìÿ ðåàêöèè (ÎÂÐ), ïðåìîòîðíîå âðåìÿ (ÏÌÂ) è ìîòîðíîå âðåìÿ (èëè ÝÌÇ). Ïîñëå ýêñïîçèöèè
ÌÏÑ ÒÌÃ óìåíüøèëàñü â ñðåäíåì íà 36,1 (Ð < 0,02), Ð

îñ
 è Ð

î
 � íà 11,5 è 24,4 % (Ð < 0,02)

ñîîòâåòñòâåííî. Çíà÷åíèå Ð
ä
 óâåëè÷èëîñü íà 39,8 % (Ð < 0.001), ÂÎÑ � íà 13,6 % (Ð < 0,05),

îòíîøåíèå P
o
/P

îñ 
 � íà 4,2 %, à âðåìÿ 1/2 ÏÐ óìåíüøèëîñü íà 19,2 % (Ð < 0,05). Ïðè ïàðíîì

ðàçäðàæåíèè íàèáîëüøàÿ ñèëà ñîêðàùåíèÿ (ïëàòî) ÒÌÃ îòìå÷àåòñÿ ïðè èíòåðâàëå 5�10 ìñ,
íî âïåðâûå îíà äîñòèãàëàñü ïðè èíòåðâàëå 5 ìñ. Âðåìÿ ðàçâèòèÿ ïðîèçâîëüíîãî «âçðûâíîãî»
ñîêðàùåíèÿ çíà÷èòåëüíî âîçðîñëî áåç ñóùåñòâåííûõ èçìåíåíèé ïðè ýëåêòðè÷åñêè âûçâàííûõ
ñîêðàùåíèÿõ. ÝÌÇ óâåëè÷èëàñü íà 27,4 % (Ð < 0,05), à ÏÌÂ è ÎÂÐ - íà 8,7 è 13,6 % (Ð < 0,01)
ñîîòâåòñòâåííî. Ïîëó÷åííûå ðåçóëüòàòû ïîçâîëÿþò ïðåäïîëîæèòü, ÷òî ïðîäîëæèòåëüíàÿ
ìåõàíè÷åñêàÿ ðàçãðóçêà àññîöèèðóåòñÿ ñ óìåíüøåíèåì ñïîñîáíîñòè ÒÌÃ ðàçâèòü ÌÏÑ,
óìåíüøåíèå ÌÏÑ â áîëüøåé ñòåïåíè � ñî ñíèæåíèåì öåíòðàëüíîé (ìîòîðíîé) «ïîñûëêè».
Èçìåíåíèÿ â ñêîðîñòíûõ ñîêðàòèòåëüíûõ ñâîéñòâàõ ÒÌÃ ìîãóò óêàçûâàòü íà èçìåíåíèÿ â
êèíåòèêå àêòèâíîãî ñîñòîÿíèÿ ìûøöû, â ìåõàíèçìå ýëåêòðîìåõàíè÷åñêîé ñâÿçè. Áîëåå òîãî,
èññëåäîâàíèå äåìîíñòðèðóåò ïðÿìóþ ñâÿçü ìåæäó ÝÌÇ è èçìåíåíèÿìè æåñòêîñòè ìûøå÷íî-
ñóõîæèëüíîãî êîìïëåêñà ïîñëå ïðîäîëæèòåëüíîãî ïîñòåëüíîãî ðåæèìà.

© Þ.À. Êîðÿê

ÂÑÒÓÏËÅÍÈÅ

Õîðîøî èçâåñòíî, ÷òî ìèêðîãðàâèòàöèÿ, ñ
êîòîðîé ñòàëêèâàåòñÿ ÷åëîâåê âî âðåìÿ
êîñìè÷åñêîãî ïîëåòà èëè â óñëîâèÿõ, ìîäå-
ëèðóþùèõ åãî, âûçûâàåò èçìåíåíèÿ â ðàç-
ëè÷íûõ ñèñòåìàõ îðãàíèçìà è îñîáåííî â
íåéðîìûøå÷íîé ñèñòåìå [16]. Ôåíîìåí

ñíèæåíèÿ ôóíêöèé è ðàáîòîñïîñîáíîñòè
ìûøö ïîñëå äëèòåëüíîãî ïåðèîäà ðàçãðóç-
êè ìûøå÷íîãî àïïàðàòà îáû÷íî èíòåðïð-
åòèðóåòñÿ êàê ðåçóëüòàò íåäîñòàòêà ãðàâè-
òàöèîííîé íàãðóçêè. Âëèÿíèå ìåõàíè÷åñêîé
ðàçãðóçêè íà ôóíêöèè è ðàáîòîñïîñîáíîñòü
ñêåëåòíûõ ìûøö ó ÷åëîâåêà ýêñòåíñèâíî
èññëåäóåòñÿ. Ïîêàçàíî, ÷òî ýêñïîçèöèÿ
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÷åëîâåêà â óñëîâèÿõ ñíèæåííîé ìûøå÷íîé
àêòèâíîñòè (óñëîâèÿ 0 G) ñîïðîâîæäàåòñÿ
ðàçâèòèåì ïðîãðåññèâíîé «ñëàáîñòè» ñêå-
ëåòíûõ ìûøö è ïðåèìóùåñòâåííî â àíòè-
ãðàâèòàöèîííûõ ìûøöàõ [43]. «Ñëàáîñòü»
ìûøö îòðàæàåòñÿ â ðåãèñòðèðóåìûõ ìå-
õàíè÷åñêèõ îòâåòàõ. Áåç âåñîâîé íàãðóçêè
óìåíüøàåòñÿ ñèëà ñîêðàùåíèÿ ìûøö êàê
ñëåäñòâèå ðàçâèâàþùåéñÿ àòðîôèè. Ïîñ-
ëåäíåå ïîäòâåðæäàåòñÿ èçìåíåíèÿìè ðàç-
ìåðà âîëîêîí è/èëè äàæå òèïà âîëîêíà, â
÷àñòíîñòè � îòíîñèòåëüíî óâåëè÷èâàåòñÿ
áûñòðîñîêðàùàþùèåñÿ âîëîêíà â ìåäëåí-
íîé ìûøöå. Òàêîé ïåðåõîä âîëîêîí îòðàæà-
åòñÿ â ìåõàíè÷åñêèõ ñâîéñòâàõ ìûøöû,
íàïðèìåð, óâåëè÷èâàåòñÿ ñêîðîñòü ñîêðà-
ùåíèÿ [16, 43] è óìåíüøàåòñÿ æåñòêîñòü
[8, 19].

Ïîñëå êîñìè÷åñêèõ ïîëåòîâ èëè óñëî-
âèé, èõ ìîäåëèðóþùèõ, ñíèæàåòñÿ ñèëà
ñîêðàùåíèÿ ìûøö, èõ ìàññà è ôèçè÷åñêàÿ
ðàáîòîñïîñîáíîñòü, à ñêîðîñòíûå õàðàêòå-
ðèñòèêè ìûøö íå âñåãäà èçìåíÿþòñÿ çíà-
÷èòåëüíî [1, 15, 28�30]. Ïîêàçàíî, ÷òî
ñêîðîñòü óêîðî÷åíèÿ îòäåëüíûõ ìûøå÷íûõ
âîëîêîí ðàçãðóæåííîé ìûøöû ó ÷åëîâåêà
èìåëà òåíäåíöèþ ê ïîâûøåíèþ, êàê ïîñëå
ìîäåëèðóåìîé, òàê è ðåàëüíîé ìèêðî-
ãðàâèòàöèè [46, 47]. Áîëåå òîãî, èçìåíÿëèñü
àìïëèòóäà ïîâåðõíîñòíîé ýëåêòðîìèîãðàì-
ìû (ÝÌÃ) è îòíîøåíèå ñèëà/ÝÌÃ, óêàçû-
âàÿ, ÷òî íåðâíàÿ ñèñòåìà ðåîðãàíèçèðóåò
ïàòòåðí ðåêðóòèðîâàíèÿ ìåäëåííûõ äâèãà-
òåëüíûõ åäèíèö (ÄÅ) ñî ñìåùåíèåì èõ â
ñòîðîíó áûñòðûõ [40].

Ïîâåðõíîñòíàÿ ÝÌÃ, åå çíà÷åíèå, ïîêà-
çûâàåò ñòåïåíü àêòèâíîñòè ìûøöû è èñ-
ïîëüçóåòñÿ ïðè àíàëèçå äâèæåíèÿ ÷åëî-
âåêà. Èçâåñòíî, ÷òî ìåæäó íà÷àëîì ïîÿâëå-
íèÿ ÝÌÃ àêòèâíîñòè ìûøöû-àãîíèñòà
äâèæåíèÿ è íà÷àëîì ñàìîãî äâèæåíèÿ
(ãåíåðèðîâàíèå ñèëû ìûøöû) íàáëþäàåòñÿ
çàäåðæêà âðåìåíè. Ýòà ýëåêòðîìåõàíè-
÷åñêàÿ çàäåðæêà (ÝÌÇ), ñîãëàñíî äâóõêîì-
ïîíåíòíîé ìîäåëè ìûøöû [21,] ïðîèñõîäèò
èç-çà ïðèñóòñòâèÿ ñåðèè óïðóãèõ ýëåìåí-

òîâ ,  ïîñëåäîâàòåëüíî  ñîåäèíåííûõ ñ
ñîêðàòèòåëüíûìè ýëåìåíòàìè ìûøöû.
ÝÌÇ îïðåäåëÿåòñÿ âðåìåíåì ðàñòÿæåíèÿ
ñåðèè ýëàñòè÷åñêîãî êîìïîíåíòà ñîêðàòè-
òåëüíûìè êîìïîíåíòàìè ìûøöû [9, 44].
Òàêèì îáðàçîì,  ÝÌÇ ÿâëÿåòñÿ  ìåðîé
èçìåðåíèÿ ñåðèè ýëàñòè÷åñêîé æåñòêîñòè.
Æå ñòêî ñòü  îïðåäåëÿåòñÿ  îòíîøåíèåì
ìåæäó ñèëîé è äëèíîé ðàñòÿæåíèÿ. Ìåõà-
íè÷åñêè æåñòêàÿ ìûøöà ïåðåäàåò áîëü-
øóþ ñèëó ïðè î÷åíü íåáîëüøèõ ðàñòÿ-
æåíèÿõ ðÿäà óïðóãèõ êîìïîíåíò. Íàîáîðîò,
ìåõàíè÷åñêè ïîñëóøíàÿ èëè «ñëàáàÿ»
òêàíü òðåáóåò, íàìíîãî áîëüøåãî ñîêðà-
ùåíèÿ ìûøöû, ÷òîáû ðàñòÿíóòü óïðóãèå
êîìïîíåíòû è ïðîèçâåñòè ñèëó. Ïîñëóøíûì
òêàíÿì íàäî áîëüøå âðåìåíè îò àêòèâíîñòè
äî ãåíåðèðîâàíèè ñèëû, ò.å. èõ ÝÌÇ áîëåå
ïðîäîëæèòåëüíà.

Ñíèæåíèå ôóíêöèé ìûøö ïðåäñòàâëÿåò
áîëüøîé ðèñê äëÿ æèçíåäåÿòåëüíîñòè
êîñìîíàâòîâ è/èëè àñòðîíàâòîâ è îñîáåííî
âî âðåìÿ èõ ïðîäîëæèòåëüíûõ ìèññèé.
Ïîýòîìó èññëåäîâàíèÿ ñ ó÷àñòèåì ÷åëîâå-
êà ïîçâîëÿþò ëó÷øå ïîíÿòü îñíîâíûå
ìåõàíèçìû,  îïðåäåëÿþùèå è ëèìèòè-
ðóþùèå ñîêðàòèòåëüíûå ñâîéñòâà ìûøö.
Âëèÿíèå ìåõàíè÷åñêîé ðàçãðóçêè íà íåðâ-
íî-ìûøå÷íûé àïïàðàò ó æåíùèí îñòàåòñÿ
ìàëîèçó÷åííûì. Ýòî ïåðâîå èññëåäîâàíèå
ñ êîëè÷åñòâåííîé îöåíêîé ôóíêöèîíàëüíûõ
ñâîéñòâ  îòäåëüíîé ñêåëåòíîé ìûøöû
in vivo ó ãðóïïû ìîëîäûõ æåíùèí â óñëî-
âèÿõ ïðîäîëæèòåëüíîãî ïîñòåëüíîãî ðåæè-
ìà. Èññëåäîâàíèå áûëî íàïðàâëåíî íà
èçó÷åíèå âëèÿíèÿ òàêîãî ðåæèìà (ìîäåëè-
ðóåìîãî óñëîâèÿ ìèêðîãðàâèòàöèè) íà
ýëåêòðè÷åñêè âûçâàííûå (íåïðîèçâîëüíûå)
è ïðîèçâîëüíûå ìåõàíè÷åñêèå ñâîéñòâà
àíòèîðòîñòàòè÷åñêîé ìûøöû (òðåõãëàâîé
ìûøöû ãîëåíè � ÒÌÃ) ó çäîðîâûõ èñïû-
òóåìûõ (ìîëîäûõ æåíùèí). Òàêèì îáðà-
çîì, ïåðâàÿ öåëü íàñòîÿùåãî èññëåäîâàíèÿ
ñîñòîÿëà â òîì, ÷òîáû èññëåäîâàòü èçìåíå-
íèÿ ñèëîâûõ, ñêîðîñòíûõ è ñêîðîñòíî-
ñèëîâûõ ñâîéñòâ ÒÌÃ ó ìîëîäûõ æåíùèí

Þ.À. Êîðÿê
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â ðåçóëüòàòå ïðîäîëæèòåëüíîãî 120-ñó-
òî÷íîãî ïîñòåëüíîãî ðåæèìà.

Ñ äðóãîé ñòîðîíû, ïî-âèäèìîìó, íèêòî
íå ïîäíèìàë âîïðîñ îá èññëåäîâàíèè
èçìåíåíèé ìûøå÷íî-ñóõîæèëüíîé æåñòêîñ-
òè (ÌÑÆ) ó ÷åëîâåêà ïîñëå ìåõàíè÷åñêîé
ðàçãðóçêè. Ìûøöà è ñóñòàâíàÿ æåñòêîñòü �
âàæíûå ïîêàçàòåëè â óïðàâëåíèè äâèæå-
íèÿìè, ïîñêîëüêó èõ âåëè÷èíà îïðåäåëÿåò
ñîïðîòèâëåíèå âíåøíåìó âîçìóùåíèþ.
Êðîìå òîãî ,  æå ñòêî ñòü  ìûøöû ìîæåò
ìîäóëèðîâàòüñÿ èçìåíåíèÿìè â íåðâíîé
àêòèâàöèè [26]. Â ëèòåðàòóðå îïèñàíî, ÷òî
èììîáèëèçàöèÿ/íåóïîòðåáëåíèå óâåëè-
÷èâàåò ìûøå÷íóþ è ñóñòàâíóþ æåñòêîñòü,
óìåíüøàÿ äèàïàçîí äâèæåíèÿ [5], à ýòî
çàòðóäíÿåò âûïîëíåíèå íîðìàëüíîãî äâè-
æåíèÿ è ìîæåò èçìåíèòü íåðâíî-ìûøå÷-
íóþ ðàáîòîñïîñîáíîñòü, ïîñêîëüêó æåñò-
êîñòü óïðàâëÿåò ìåõàíèêîé âçàèìîäåéñò-
âèÿ ñêåëåòíî-ìûøå÷íîé ñèñòåìû è âíåø-
íåé îêðóæàþùåé ñðåäû. Åñëè òàêèå èçìå-
íåíèÿ ïðîèñõîäÿò âî âðåìÿ ðàçãðóçêè, òî
åæåäíåâíàÿ ðàáîòà íà êîñìè÷åñêîé ñòàí-
öèè ìîæåò ñòàòü êðèòè÷åñêîé. Ïîýòîìó
âòîðàÿ öåëü íàñòîÿùåé ðàáîòû ñîñòîÿëà â
òîì, ÷òîáû îïðåäåëèòü ÌÑÆ ÒÌÃ è åå
èçìåíåíèÿ ïîñëå ïðîäîëæèòåëüíîé ðàç-
ãðóçêè.

ÌÅÒÎÄÈÊÀ

Îáñëåäîâàííûå. Â îáñëåäîâàíèè ó÷àñòâ-
îâàëà ãðóïïà çäîðîâûõ, âåäóùèõ îáû÷íûé
îáðàç æèçíè, æåíùèí-äîáðîâîëüöåâ âîçðà-
ñòîì îò 28 äî 36 ëåò (31,5 ëåò  ±  1,7 ëåò),
ðîñòîì � 158 è 167 ñì (162,3 ñì ± 1,9 ñì)
è ìàññîé òåëà � 51 è 59 êã (55,0 êã ± 1,8
êã).  Îáñëåäîâàííûå âî âðåìÿ ïðåäâàð-
èòåëüíîãî ïîñåùåíèÿ ëàáîðàòîðèè áûëè
èíôîðìèðîâàíû î öåëÿõ, ìåòîäàõ è ïðîöå-
äóðàõ èññëåäîâàíèÿ ïðîèçâîëüíûõ è ýëåêò-
ðè÷åñêè âûçâàííûõ ñîêðàùåíèé ìûøö.
Ïîñëå ýòîãî êàæäûé îáñëåäóåìûé ïîäïè-
ñàë èíôîðìèðîâàííîå ñîãëàñèå íà ó÷àñòèå
â îáñëåäîâàíèè.

Îòáîð äîáðîâîëüöåâ áàçèðîâàëñÿ íà
àíàëèçå ìåäèöèíñêîé èñòîðèè áîëåçíè,
îáùåãî àíàëèçà êðîâè, ìî÷è, ýëåêòðîêàð-
äèîãðàììû (â ïîêîå è ïðè ôèçè÷åñêîé
íàãðóçêå), áèîõèìè÷åñêîãî àíàëèçà êðîâè,
âêëþ÷àÿ àíàëèç ãëþêîçû (íàòîùàê), ñîäåð-
æàíèå àçîòà â ìî÷åâèíå êðîâè, êðåàòèíèíà,
ìîëî÷íîé êèñëîòû, áèëèðóáèíà, ìî÷åâîé
êèñëîòû è õîëåñòåðèíà, à òàêæå îöåíêè
ôèçè÷åñêîãî ñîñòîÿíèÿ ïðè âûïîëíåíèè
íàãðóçî÷íîãî òåñòà íà âåëîýðãîìåòðå.

Íåïðåðûâíàÿ ñòóïåí÷àòî-âîçðàñòàþ-
ùàÿ ðàáîòà íà âåëîýðãîìåòðå ïðè ïîñòîÿí-
íîé ÷àñòîòå  ïåäàëèðîâàíèÿ 60 îá/ì ñ
íà÷àëüíîé íàãðóçêîé 50 Âò â òå÷åíèå 3
ìèí; íàãðóçêà ïîñëåäóþùèõ «ñòóïåíåé»
ïîâûøàëàñü íà 25 Âò; êðèòåðèåì ïðåêðà-
ùåíèÿ ðàáîòû áûëî äîñòèæåíèå ñóáìàêñè-
ìàëüíîé ÷àñòîòû ñåðäå÷íûõ ñîêðàùåíèé.

Îáñëåäîâàííûå íå ïðèíèìàëè ìåäèêà-
ìåíòîçíûõ ñðåäñòâ âî âðåìÿ èññëåäîâàíèÿ
è áûëè íåêóðÿùèìè.

Âñå ýêñïåðèìåíòàëüíûå ïðîöåäóðû
áûëè âûïîëíåíû â ñîîòâåòñòâèè ñ Õåëü-
ñèíñêîé Äåêëàðàöèåé 1975 ã. ïî ïðàâàì
÷åëîâåêà íà ó÷àñòèå â ýêñïåðèìåíòå â
êà÷åñòâå èñïûòóåìîãî è, ïðîãðàììà èññëå-
äîâàíèé áûëà îäîáðåíà êîìèññèåé ïî áèî-
ìåäèöèíñêîé ýòèêå ïðè Èíñòèòóòå ìåäèêî-
áèîëîãè÷åñêèõ ïðîáëåì.

Ïîñòåëüíûé ðåæèì. Ìîäåëüþ, èìèòè-
ðóþùåé äëèòåëüíîå âëèÿíèå ôàêòîðà íåâå-
ñîìîñòè, áûë ïîñòåëüíûé ðåæèì â àíòè-
îðòîñòàòè÷åñêîì ïîëîæåíèè (óãîë íàêëîíà
ãîëîâû -5 °). Äëèòåëüíîñòü ìåõàíè÷åñêîé
ðàçãðóçêè ìûøå÷íîãî àïïàðàòà ñîñòàâëÿëà
120 ñóò. Æåíùèíû ïîñòîÿííî îñòàâàëèñü â
àíòèîðòîñòàòè÷åñêîì ïîëîæåíèè, âêëþ÷àÿ
ïðèåì ïèùè è ãèãèåíè÷åñêèå ïðîöåäóðû.
Âî âðåìÿ ýêñïîçèöèè íà ïðîòÿæåíèè 24 ÷
îíè ïîñòîÿííî íàõîäèëèñü ïîä êîíòðîëåì
ìåäèöèíñêîãî ïåðñîíàëà è äîïîëíèòåëüíî
ïðîâîäèëñÿ ìîíèòîðèíã èõ ïîâåäåíèÿ.

Ìåäèöèíñêèé ïåðñîíàë ïðèñóòñòâîâàë
ïðè òðàíñïîðòèðîâàíèè îáñëåäóåìîãî, ïðè
âûïîëíåíèè ëè÷íîé ãèãèåíû, âêëþ÷àÿ

Cîêðàòèòåëüíûå ñâîéñòâà è ìûøå÷íî-ñóõîæèëüíàÿ æåñòêîñòü òðåõãëàâîé ìûøöû ãîëåíè
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ïðèåì ïèùè, ìåäèöèíñêîì îáñëóæèâàíèè â
ïðåäåëàõ ïðîòîêîëà.

Èçìåðèòåëüíàÿ àïïàðàòóðà. Ñîêðàòè-
òåëüíûå ñâîéñòâà ÒÌÃ èçìåðÿëè ñ èñïîëü-
çîâàíèåì òåíäîìåòðè÷åñêîãî äèíàìîìåòðà
(ïîäðîáíî îïèñàíî ðàíåå [2]) çà 8�10 ñóò
äî íà÷àëà ïîñòåëüíîãî ðåæèìà è íà 3 ñóò
ïîñëå åãî îêîí÷àíèÿ. Ïðîòîêîë èñïûòàíèé
ñîêðàòèòåëüíûõ ôóíêöèé ÒÌÃ äî è ïîñëå
ïîñòåëüíîãî ðåæèìà áûë èäåíòè÷íûì.

Ñòèìóëÿöèÿ. Äëÿ ñòèìóëÿöèè n. tibialis
ïðèìåíÿëè óíèâåðñàëüíûé íåéðîìûøå÷íûé
ñòèìóëÿòîð (òèï «ÝÑÓ-1», ÑÑÑÐ) ñ èçîëè-
ðóþùåé ïðèñòàâêîé. Èñïîëüçîâàëè ìîíî-
ïîëÿðíûé ýëåêòðîä � àêòèâíûé ýëåêòðîä
(êàòîä, ñòàëüíîé øàðèê äèàìåòðîì 1 ñì)
óñòàíàâëèâàëè ïîä êîëåííîé ÿìêîé (ìåñòî
íàèìåíüøåãî ñîïðîòèâëåíèÿ), à ïàññèâíûé
(àíîä, Ag/AgCl ïëàñòèíà 6 õ 4 ñì) � íà
íèæíåé òðåòè ïåðåäíåé ïîâåðõíîñòè áåäðà.
Ïîëîæåíèå ñòèìóëèðóþùèõ ýëåêòðîäîâ
ïîäáèðàëè  òàê ,  ÷òîáû ïðè  íåêîòîðîé
«ìèíèìàëüíîé» ñèëå ðàçäðàæåíèÿ ðåãèñò-
ðèðîâàòü (ïî ýëåêòðîìèîãðàôè÷åñêîìó
çàëïó m. soleus) íàèáîëüøèé ïðÿìîé îòâåò
ìûøöû (Ì-îòâåò).  Â äàëüíåéøåì ñèëó
ðàçäðàæåíèÿ óâåëè÷èâàëè â 1,5�2 ðàçà, ÷òî
ïîçâîëÿëî èñïîëüçîâàòü ñóïðàìàêñèìàëü-
íóþ ñèëó ðàçäðàæåíèÿ (ñèëà íà 30�40 %
áîëüøå òîé «ìèíèìàëüíîé» ñèëû, ïðè
êîòîðîé âïåðâûå äîñòèãàåòñÿ ìàêñèìàëü-
íûé Ì-îòâåò).

Ýëåêòðîìèîãðàììà. Äëÿ ðåãèñòðàöèè
ïîâåðõíîñòíîé ýëåêòðîìèîãðàììû (ÝÌÃ)
áèïîëÿðíûå Ag/AgCl ýëåêòðîäû (O 8 ìì;
ìåæýëåêòðîäíîå ðàññòîÿíèå 25 ìì) áûëè
ïîìåùåíû ïî ñðåäíåé ëèíèè áðþøêà
êàìáàëîâèäíîé ìûøöû íà óðîâíå íèæå
2 ñì ãîëîâîê èêðîíîæíûõ ìûøö. Ýëåêò-
ðîäû áûëè çàïîëíåíû ãåëåì äëÿ ëó÷øåãî
ýëåêòðè÷åñêîãî êîíòàêòà ñ êîæåé. Äîïîëíè-
òåëüíî äëÿ óìåíüøåíèÿ ìåæýëåêòðîäíîãî
èìïåäàíñà äî 5 kΩ ïîâåðõíîñòü êîæè â
ìå ñòå  óñòàíîâêè Ag/AgCl  ýëåêò ðîäîâ
îáðàáàòûâàëè àáðàçèâíîé ïàñòîé è ïðîòè-
ðàëè ðàñòâîðîì ñïèðòà ñ ýôèðîì. Ýëåêòðîä

çàçåìëåíèÿ (Ag/AgCl ïëàñòèíà ðàçìåðîì
7,5 x 6,5 ñì) áûë ïîìåùåí â ïðîêñèìàëü-
íîé ÷àñòè ãîëåíè ìåæäó îòâîäÿùèìè è
ðàçäðàæàþùèì ýëåêòðîäàìè. Äëÿ ñèãíàëà
ÝÌÃ èñïîëüçîâàëè óñèëèòåëü ñ âûíîñíûì
êàòîäíûì ïîâòîðèòåëåì (òèï «ÓÁÏ-1-
02», ÑÑÑÐ). Óñèëåííûé ñèãíàë âèçóàëüíî
êîíòðîëèðîâàëè íà ýêðàíå çàïîìèíàþùåãî
î ñöèëëîñêîïà (òèï «Ñ8-9À»,  ÑÑÑÐ)  è
ñèíõðîííî ðåãèñòðèðîâàëè íà ñâåòîëó-
÷åâîì îñöèëëîãðàôå (òèï «Ê-115», ÑÑÑÐ).

Ïðîöåäóðà. Ñîêðàòèòåëüíûå ñâîéñòâà
ÒÌÃ îöåíèâàëè ïî ìåõàíè÷åñêèì ïîêàçà-
òåëÿì ïðîèçâîëüíîãî  è  ýëåêòðè÷åñêè
âûçâàííûõ (íåïðîèçâîëüíûõ) ñîêðàùåíèé.
Ýêñïåðèìåíòàëüíûé ïðîòîêîë ñîñòîÿë èç
÷åòûðåõ ÷àñòåé.

1. Ïðè âûïîëíåíèè ïðîèçâîëüíîãî èçî-
ìåòðè÷åñêîãî ñîêðàùåíèÿ ÒÌÃ îáñëåäî-
âàííîãî èíñòðóêòèðîâàëè êàê ðåàãèðîâàòü
íà çâóêîâîé ñèãíàë � «ñîêðàòèòü ìûøöó
êàê ìîæíî ñèëüíåå». Âî âðåìÿ âûïîëíåíèÿ
çàäàíèÿ åìó ñîîáùàëè âåëè÷èíó ðàçâè-
âàåìîãî ïðîèçâîëüíîãî óñèëèÿ è ðàçðåøàëè
çðèòåëüíûé êîíòðîëü çà íèì ïî ñòðåëêå
äèíàìîìåòðà.  Êàæäûé îáñëåäîâàííûé
âûïîëíÿë îò 3 äî 4 ïîïûòîê, îòäåëåííûõ
îòäûõîì íå ìåíåå 1 ìèí, è íàèáîëüøóþ
âåëè÷èíó â îäíîé èç ïîïûòîê ïðèíèìàëè çà
ïîêàçàòåëü ìàêñèìàëüíîé ïðîèçâîëüíîé
ñèëû (ÌÏÑ).

Íåïðîèçâîëüíûå èçîìåòðè÷åñêèå ñîê-
ðàùåíèÿ (îäèíî÷íûå, ïàðíûå è òåòàíè-
÷åñêèå) ÒÌÃ âûçûâàëè ýëåêòðè÷åñêèì
ðàçäðàæåíèåì n. tiblalls, èñïîëüçóÿ íåéðî-
ìûøå÷íûé ýëåêòðîñòèìóëÿòîð.

Àìïëèòóäà ñîêðàùåíèÿ ìûøöû â îòâåò
íà îäèíî÷íûé ýëåêòðè÷åñêèé èìïóëüñ
ñóïðàìàêñèìàëüíîé ñèëû, ïðèëîæåííûé ê
n.tibialis, ÿâëÿëàñü ïîêàçàòåëåì èçîìåò-
ðè÷åñêîé ñèëû îäèíî÷íîãî ñîêðàùåíèÿ
(Ð

îñ
) ,  à  ïðè òåòàíè÷åñêîé ðèòìè÷åñêîé

ñòèìóëÿöèè (÷àñòîòà 150 èìï/ñ) � ìàêñè-
ìàëüíîé ñèëû (Ð

î
) ñîêðàùåíèÿ ÒÌÃ (ðèñ. 1,

âåðõíÿÿ ïàíåëü) .  Äëÿ êîëè÷åñòâåííîé
îöåíêè ñòåïåíè ñîâåðøåíñòâà öåíòðàëüíî-

Þ.À. Êîðÿê
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íåðâíûõ êîîðäèíàöèîííûõ ìåõàíèçìîâ
óïðàâëåíèÿ ïðîèçâîëüíûì äâèæåíèåì (2)
ðàññ÷èòûâàëè  ñèëîâîé  äåôèöèò  (Ð

ä
) ,

îïðåäåëÿåìûé êàê äåëüòà ìåæäó Ð
î
 è ÌÏÑ

(ñì. ðèñ. 1, à).
Ïðè ïàðíîì ðàçäðàæåíèè âòîðîé ýëåêò-

ðè÷åñêèé èìïóëüñ ïîäàâàëè ñ èíòåðâàëîì
â 3, 4, 5, 10, 20 è 50 ìñ ïîñëå ïåðâîãî (2) è
îïðåäåëÿëè ìàêñèìàëüíóþ àìïëèòóäó
âòîðîãî (ñóììèðîâàííîãî) ìåõàíè÷åñêîãî
îòâåòà ÒÌÃ. Òåòàíè÷åñêèé èíäåêñ (ÒÈ) îï-
ðåäåëÿëè îòíîøåíèåì àìïëèòóä Ð

î
 / Ð

îñ
 [2]

2. Ïî òåíäîãðàììå èçîìåòðè÷åñêîãî Ð
îñ

ÒÌÃ (ñì. ðèñ. 1, à) ðàññ÷èòûâàëè âðåìÿ
îò ìîìåíòà íàíåñåíèÿ ýëåêòðè÷åêñêîãî
ñòèìóëà (àðòåôàêò ðàçäðàæåíèÿ) äî ïèêà
Ð

îñ
 (âðåìÿ îäèíî÷íîãî ñîêðàùåíèÿ ¾ ÂÎÑ)

è âðåìÿ îò ïèêà Ð
îñ

 äî ïîëîâèíû ðàññëàá-
ëåíèÿ.

3. Êàæäîãî èñïûòóåìîãî òùàòåëüíî èí-
ñòðóêòèðîâàëè, êàê ðåàãèðîâàòü íà çâóêîâîé
ñèãíàë � «ñîêðàòèòü ìûøöó ìàêñèìàëüíî
áûñòðî è ñèëüíî». Ðåãèñòðèðóåìîå ïðîèç-
âîëüíîå ñîêðàùåíèå ÒÌÃ ïðèíèìàëîñü êàê

Ðèñ. 1. Òåíäîãðàììû ðàçâèòèÿ (à) èçîìåòðè÷åñêîãî îäèíî÷íîãî ñîêðàùåíèÿ (ñëåâà), èçîìåòðè÷åñêîãî òåòàíè÷åñêîãî
(1) è ïðîèçâîëüíîãî ñîêðàùåíèÿ (2) ñêåëåòíîé ìûøöû (ñïðàâà) ñ ïîñëåäóþùåé ñõåìîé ðàñ÷åòà ïîêàçàòåëåé
ìåõàíè÷åñêèõ îòâåòîâ ìûøå÷íîãî ñîêðàùåíèÿ. ÂÎÑ  âðåìÿ îäèíî÷íîãî ñîêðàùåíèÿ, 1/2ÏÐ  âðåìÿ
ïîëóðàññëàáëåíèÿ, ÎÂÑ  îáùåå âðåìÿ ñîêðàùåíèÿ, Ð

îñ
  ñèëà îäèíî÷íîãî ñîêðàùåíèÿ. Ïî îñè àáñöèññ: âðåìÿ (ìñ);

ïî îñè îðäèíàò � àáñîëþòíàÿ (êã) è îòíîñèòåëüíàÿ (% îò ìàêñèìóìà) ñèëà ñîêðàùåíèÿ. Íà á: íà÷àëî ðàçâèòèÿ ñèëû
ñîêðàùåíèÿ, îáùåå âðåìÿ ðåàêöèè (ÎÂÐ), ïðå-ìîòîðíîå âðåìÿ (ÏÌÂ) è ìîòîðíîå âðåìÿ (ÌÂ) èëè
ýëåêòðîìåõàíè÷åñêàÿ çàäåðæêà (ÝÌÇ) è ýëåêòðîìèîãðàììà (ÝÌÃ) êàìáàëîâèäíîé ìûøöû (ÊÌ).

1

2

%êã

à

á
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«âçðûâíîå» áàëëèñòè÷åñêîå ñîêðàùåíèå. Â
êðèâîé ñèëà-âðåìÿ îïðåäåëÿëè âðåìÿ
äîñòèæåíèÿ ñèëû ñîêðàùåíèÿ äî óðîâíÿ â
25, 50 75 è 90 % îò ÌÏÑ (2). Àíàëîãè÷íî
ïî òåíäîãðàììå ýëåêòðè÷åñêè âûçâàííîãî
ñîêðàùåíèÿ ïðè ñòèìóëÿöèè n. tibialis ñ
÷àñòîòîé 150 èìï/ñ (2) îïðåäåëÿëè âðåìÿ
íàðàñòàíèÿ  ýëåêòðè÷åñêè  âûçâàííîãî
ñîêðàùåíèÿ (ñì. ðèñ. 1, à).

4. Íà ïðåäúÿâëÿåìûé ñâåòîâîé ñèãíàë
îáñëåäîâàííûé âûïîëíÿë ïîäîøâåííîå
ñãèáàíèå ñòîïîé ïðè óñëîâèè «ñîêðàòèòü
êàê ìîæíî áûñòðî è ñèëüíî» (ñì. ðèñ. 1, á).
Ñèãíàëîì ê äâèæåíèþ «âçðûâíîãî» õàðàê-
òåðà áûë ñâåòîâîé äèîä (O 7 ìì, 1 Âò), ïî-
ìåùåííûé íà ðàññòîÿíèè 1 ì ïåðåä îáñëå-
äîâàííûì, ïîäàâàåìûé îò ýëåêòðîííîãî
áëîêà. Äëèòåëüíîñòü ñèãíàëà ñîñòàâëÿëà
2,5 ñ è ïàóçà ìåæäó ñèãíàëîì â ñëó÷àéíîì
ïîðÿäêå ñîñòàâëÿëà 1,4�4,0 ñ.

Â ðàáîòå èñïîëüçîâàëè ñïåöèàëüíûé
òàéìåð, ïîçâîëÿþùèé ñèíõðîííî ñ ïðåäúÿâ-
ëåíèåì ñâåòîâîãî ñèãíàëà ê íà÷àëó äâèæå-
íèÿ âûïîëíÿòü çàïèñü ðàçâèòèÿ ìåõàíè-
÷åñêîãî îòâåòà ÒÌÃ. Ïî ìåõàíîãðàììå
îïðåäåëÿëè îáùåå âðåìÿ ðåàêöèè (ÎÂÐ),
ðàññ÷èòûâàåìîå êàê âðåìåííîé èíòåðâàë
îò ïðåäúÿâëåíèÿ ñâåòîâîãî ñòèìóëà äî
íà÷àëà ðàçâèòèÿ ñèëû ñîêðàùåíèÿ. ÎÂÐ
áûëî ïðåäñòàâëåíî ïðåìîòîðíûì âðåìå-
íåì (ÏÌÂ), îïðåäåëÿåìûì êàê âðåìåííîé
èíòåðâàë  îò  ïðåäúÿâëåíèÿ  ñâåòîâîãî
ñòèìóëà äî íà÷àëà èçìåíåíèé â ýëåêòðî-
ìèîãðàôè÷åñêîé àêòèâíîñòè ìûøöû, è
ìîòîðíûì âðåìåíåì (ÌÂ èëè ýëåêòðî-
ìåõàíè÷åñêàÿ çàäåðæêà � ÝÌÇ), îïðåäå-
ëÿåìàÿ êàê âðåìåííîé èíòåðâàë îò ìîìåí-
òà ïîÿâëåíèÿ ýëåêòðè÷åñêîé àêòèâíîñòè
ìûøöû-àãîíèñòà  äâèæåíèÿ äî  íà÷àëà
ñàìîãî äâèæåíèÿ, ò.å. ìîìåíòà ðàçâèòèÿ
ñîêðàùåíèÿ [45] (ñì. ðèñ. 1,á).

Êàæäûé îáñëåäîâàííûé âûïîëíÿë òðè
ïîïûòêè è ëó÷øàÿ èñïîëüçîâàëàñü äëÿ
îïðåäåëåíèÿ ÎÂÐ, ÏÌÂ è ÝÌÇ.

Ñòàòèñòèêà. Ïðè îáðàáîòêå ïîëó÷åííûõ
ðåçóëüòàòîâ èññëåäîâàíèÿ èñïîëüçîâàëè

îáùåïðèíÿòûå ñòàòèñòè÷åñêèå ìåòîäû:
ðàññ÷èòûâàëè ñðåäíþþ è ñòàíäàðòíóþ
îøèáêó ñðåäíåé (Ì ± m). Ðàçëè÷èå ìåæäó
ôîíîâûìè (êîíòðîëüíûìè) ïîêàçàòåëÿìè è
ïîêàçàòåëÿìè, çàðåãèñòðèðîâàííûìè ïîñëå
120-ñó òî÷íîãî  æå ñòêîãî  ïî ñòåëüíîãî
ðåæèìà îöåíèâàëè ñ ïîìîùüþ ïàðàìåò-
ðè÷åñêîãî êðèòåðèÿ t Ñòüþäåíòà. Çíà÷åíèå
Ð < 0,05 ïðèíèìàëè êàê ñóùåñòâåííîå.

Êîððåëÿöèîíûé àíàëèç èñïîëüçîâàëñÿ,
÷òîáû ïðîâåðèòü òåñíîòó ñâÿçè ìåæäó
ÝÌÇ è  ÌÏÑ,  à  òàêæå  ìåæäó  ÝÌÇ è
«âçðûâíîé» ïðîèçâîëüíîé ñèëîé. Ýòè ñâÿçè
áûëè îïðåäåëåíû ïðè ïîìîùè êîýôôè-
öèåíòà ðàíãîâîé êîððåëÿöèè (r).

ÐÅÇÓËÜÒÀÒÛ

Ìàññà òåëà îáñëåäîâàííûõ ïîñëå ýêñïåð-
èìåíòàëüíîãî ïåðèîäà óâåëè÷èëàñü â ñð-
åäíåì íà 7,4 % (äî 55,0 ± 1,8 ïîñëå 59,1 êã
± 2,9 êã; Ð < 0,01).

Ñðåäíèå èçìåíåíèÿ ñîêðàòèòåëüíûõ
ñâîéñòâ ÒÌÃ â ðåçóëüòàòå ïðîäîëæèòåëü-
íîãî ïîñòåëüíîãî ðåæèìà ïðåäñòàâëåíû íà
ðèñ. 2. Àíàëèç ïîëó÷åííûõ ðåçóëüòàòîâ
ïîêàçàë ñóùåñòâåííîå óìåíüøåíèå ñèëû
ñîêðàùåíèÿ ÒÌÃ. Òàê, èçîìåòðè÷åñêàÿ Ð

îñ

óìåíüøèëàñü â ñðåäíåì íà 11,5 % (äî
10,7 ±1,3, ïîñëå 8,7 êã ± 0,6 êã; Ð < 0,05),
ÌÏÑ � â ñðåäíåì íà 36,1 % (äî 31,3 ± 2,2,
ïîñëå 20,0 êã ± 2,3 êã; Ð < 0,01) è P

o 
� íà

24,4 % (äî 51,3 ± 5,7, ïîñëå 38,8 êã ± 2,9 êã;
Ð < 0,02). Ð

ä
 ïîñëå 120-ñóòî÷íîãî ïîñòåëü-

íîãî ðåæèìà çíà÷èòåëüíî óâåëè÷èëñÿ â
ñðåäíåì íà 39,8 % (äî 37,6 ± 4,7, ïîñëå
48,8 % ±  3,7 %; Ð < 0,02).

Äèíàìèêà èçîìåòðè÷åñêîé ñèëû ñîêðà-
ùåíèÿ ÒÌÃ â çàâèñèìîñòè îò ìåæèì-
ïóëüñíîãî èíòåðâàëà ïðè ïàðíîé ñòèìóëÿöèè
ìîòîðíîãî íåðâà, êîãäà âòîðîé èìïóëüñ
íàíîñèëñÿ ÷åðåç 3, 4, 5, 10, 20 è 50 ìñ ïîñëå
ïåðâîãî,  ïðåäñòàâëåíà íà  ðèñ .  3 .  Êàê
ñëåäóåò èç àíàëèçà äàííûõ, íàèáîëüøàÿ
ñèëà ñîêðàùåíèÿ ÒÌÃ ïðè ýòèõ óñëîâèÿõ
îòìå÷àåòñÿ ìåæäó èìïóëüñàìè 4�20 ìñ, à

Þ.À. Êîðÿê
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óìåíüøåíèå èëè óâåëè÷åíèå èíòåðâàëà
ìåæäó èìïóëüñàìè ñâåðõ óêàçàííûõ ñîïðî-
âîæäàåòñÿ çíà÷èòåëüíûì åå ñíèæåíèåì
(Ð < 0,05), íå èçìåíÿÿ îáùåé òåíäåíöèè
ðàçâèòèÿ íàïðÿæåíèÿ ìûøöû. Îäíîâðåìåííî
èçìåíÿëñÿ õàðàêòåð ðàñïîëîæåíèÿ êðèâûõ ïðè
îäíîì è òîì æå ìåæèìïóëüñíîì èíòåðâàëå,
îòíîñèòåëüíûé ïðèðîñò ñèëû ñîêðàùåíèÿ
ïîñëå ïðîäîëæèòåëüíîãî ïîñòåëüíîãî ðåæèìà
áûë çíà÷èòåëüíî ìåíüøå ïî ñðàâíåíèþ ñ
êîíòðîëüíûì çíà÷åíèåì (Ð < 0,001).

Ñðåäíèå çíà÷åíèÿ äèíàìèêè âðåìåíè
ðàçâèòèÿ èçîìåòðè÷åñêîãî Ð

îñ
 ÒÌÃ ïîñëå

120-ñóòî÷íîé ìåõàíè÷åñêîé ðàçãðóçêè
ïðåäñòàâëåíû íà ðèñ. 4. Êàê ñëåäóåò èç
àíàëèçà ðåçóëüòàòîâ,  ðàçãðóçêà ìûøö-
ðàçãèáàòåëåé  ñòîïû ñîïðîâîæäàåòñÿ «çàìåäëåíèåì» ñêîðîñòè ñîêðàùåíèÿ è

óâåëè÷åíèåì ñêîðîñòè ðàññëàáëåíèÿ ÒÌÃ.
Òàê, ÂÎÑ ïîñëå ðàçãðóçêè óâåëè÷èëîñü â
ñðåäíåì íà 13,6 % (äî 118 ± 5, ïîñëå 134
ìñ ± 5 ìñ; Ð < 0,05) è óìåíüøèëîñü âðåìÿ
ïîëóðàññëàáëåíèÿ â ñðåäíåì íà 19,2 % (äî
123 ± 6, ïîñëå 102 ìñ ± 7 ìñ; Ð < 0,05)
ñîîòâåòñòâåííî. Îòíîøåíèå Ð

î
 / Ð

îñ
 óâåëè-

÷èëîñü â ñðåäíåì íà 4,2 % (Ð > 0,05).
Íà ðèñ. 5 ïîêàçàíî èçìåíåíèå âðåìåíè

íàðàñòàíèÿ, èëè èíà÷å ãðàäèåíò, èçîìåò-
ðè÷åñêîãî ñîêðàùåíèÿ ÒÌÃ. Èç àíàëèçà
äàííûõ ñëåäóåò, ÷òî ñêîðîñòü íàðàñòàíèÿ èçî-
ìåòðè÷åñêîãî ïðîèçâîëüíîãî ñîêðàùåíèÿ

Ðèñ. 2. Âëèÿíèå ïîñòåëüíîãî ðåæèìà (120 ñóò) íà ñèëó
îäèíî÷íîãî èçîìåòðè÷åñêîãî ñîêðàùåíèÿ (²), ìàêñè-
ìàëüíóþ ïðîèçâîëüíóþ ñèëó (²²),  ýëåêòðè÷åñêè
âûçâàííîå òåòàíè÷åñêîå ñîêðàùåíèå (²²²) òðåõãëàâîé
ìûøöû ãîëåíè (à) è ñèëîâîé äåôèöèò (á): äî (1) è ïîñëå
ðåæèìà (2)
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Ðèñ. 3. Âëèÿíèå ïîñòåëüíîãî ðåæèìà (120 ñóò) íà
ìàêñèìàëüíóþ ñèëó èçîìåòðè÷åñêèõ ñîêðàùåíèé
òðåõãëàâîé ìûøöû ãîëåíè ïðè ïàðíîì ðàçäðàæåíèè ñ
ðàçíûìè ìåæèìïóëüñíûìè èíòåðâàëàìè: äî (1) è ïîñëå
ðåæèìà (2)
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Ðèñ. 4. Âëèÿíèå ïîñòåëüíîãî ðåæèìà (120 ñóò) íà âðåìÿ
îäèíî÷íîãî ñîêðàùåíèÿ (²) è âðåìÿ ïîëóðàññëàáëåíèÿ
(²²) (1/2 ÏÐ) òðåõãëàâîé ìûøöû ãîëåíè: äî (1) è ïîñëå
ðåæèìà (2)
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Cîêðàòèòåëüíûå ñâîéñòâà è ìûøå÷íî-ñóõîæèëüíàÿ æåñòêîñòü òðåõãëàâîé ìûøöû ãîëåíè
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ÒÌÃ çíà÷èòåëüíî ñíèæàåòñÿ (Ð < 0,01�0,001),
÷òî õîðîøî çàìåòíî ïî óìåíüøåíèþ âûïóê-
ëîñòè êðèâîé ñèëà-âðåìÿ. Îäíàêî, îöåíèâàÿ
òå æå ñâîéñòâà ïðè ýëåêòðè÷åñêè âûçâàííîì
òåòàíè÷åñêîì ñîêðàùåíèè, ñóùåñòâåííûõ
èçìåíåíèé íå îáíàðóæåíî.

Ñðåäíèå äàííûå èçìåíåíèÿ ÝÌÇ ïðè
«âçðûâíîì» ïðîèçâîëüíîì ñîêðàùåíèè
ÒÌÃ íà ïðåäúÿâëÿåìûé ñâåòîâîé ñòèìóë
áûëè ñóùåñòâåííî áîëüøå (íà 27,4 %)
ïîñëå ïîñòåëüíîãî ðåæèìà ïî ñðàâíåíèþ ñ
èñõîäíûìè çíà÷åíèÿìè (äî 45,3 ± 2,1, ïîñëå
57,7 ìñ ± 3,4 ìñ; Ð < 0,05; ðèñ. 6).

ÏÌÂ ïîñëå ïðîäîëæèòåëüíîé ìåõàíè-
÷åñêîé ðàçãðóçêè óâåëè÷èëîñü íà 8,7 % (äî
121,7 ± 10,1,  ïîñëå 132,3 ìñ ± 16,2 ìñ;
P < 0,01) è ÎÂÐ � íà 13,6 % (äî 167,4 ± 15,2 ,
ïîñëå 190,2 ìñ ± 13,5 ìñ; P < 0,01; ñì. ðèñ. 6).

Êîððåëÿöèîííûé àíàëèç, âûïîëíåííûé äî
ìåõàíè÷åñêîé ðàçãðóçêè ìûøå÷íîãî àïïà-
ðàòà, îáíàðóæèë òåñíóþ ñâÿçü ìåæäó ÝÌÇ è
ÌÏÑ (r = -0,67; P = 0,05) è ñèëüíóþ ñâÿçü
ìåæäó ÝÌÇ è «âçðûâíîé» ïðîèçâîëüíîé
ñèëîé (r = -0,85; P = 0,01). Îäíàêî ïîñëå
ìåõàíè÷åñêîé ðàçãðóçêè êîððåëÿöèîííàÿ
ñâÿçü ìåæäó ÝÌÇ è ÌÏÑ (r = -0,47; P = 0,05),
à òàêæå ìåæäó ÝÌÇ è «âçðûâíîé» ïðîèç-
âîëüíîé ñèëîé ñíèæàåòñÿ (r = -0,65; P = 0,07).

ÎÁÑÓÆÄÅÍÈÅ

Íàñòîÿùèå èññëåäîâàíèÿ ïîäòâåðæäàþò è
ðàñøèðÿþò ïîëó÷åííûå íàìè ðàíåå äàííûå
îòíîñèòåëüíî âëèÿíèÿ êðàòêîâðåìåííîé
[30] è ïðîäîëæèòåëüíîé ðàçãðóçêè [28, 29]
íà ìåõàíè÷åñêèå õàðàêòåðèñòèêè ìåäëåí-
íîñîêðàùàþùåéñÿ ìûøöû, êàêîé ÿâëÿåòñ-
ÿ ÒÌÃ [3], ïîäâåðãíóòîé ìåõàíè÷åñêîé ðà-
çãðóçêå (íåóïîòðåáëåíèþ). Îòìå÷àåòñÿ
ñóùåñòâåííîå óâåëè÷åíèå ÂÎÑ è óìåíüø-
åíèå âðåìåíè ïîëóðàññëàáëåíèÿ ïîñëå 120-
ñóòî÷íîé ðàçãðóçêè. Áîëåå âåðîÿòíîå îá-
úÿñíåíèå èçìåíåíèé ÂÎÑ ïðè ìåõàíè÷-
åñêîé ðàçãðóçêå ìîæåò áûòü îòíîñèòåëüíî
áîëüøàÿ àòðîôèÿ âîëîêîí òèïà I, êîòîðûå
ñîñòàâëÿþò áîëüøèíñòâî â ÒÌÃ [23]. Îä-
íàêî, ïîñêîëüêó íåóïîòðåáëåíèå ïðîäóöè-
ðóåò àòðîôèþ êàê â áûñòðûõ, òàê è â ìå-
äëåííûõ ìûøöàõ, òî ïðè÷èíîé èçìåíåíèé
ñîêðàòèòåëüíîãî îòâåòà [18] ìîæåò áûòü
äðóãîé ôàêòîð(û).

Áûñòðûå èçîìåòðè÷åñêèå èçìåíåíèÿ,
ò.å. äëèòåëüíîñòü Ð

îñ
, ìîãóò áûòü ñâÿçàíû

ñ èçìåíåíèÿìè â ôóíêöèè ñàðêîïëàçìà-
òè÷åñêîãî ðåòèêóëóìà (ÑÐ) [7]. Ïåðâè÷íûì
ôàêòîðîì (ìåõàíèçìîì) îáúÿñíåíèÿ ýòèõ
èçìåíåíèé ìîæåò áûòü óìåíüøåíèå ñêî-
ðîñòè âîçâðàòà Ñà2+ èç ìèîôèáðèëëÿðíîãî
ïðîñòðàíñòâà [7]. Äèññîöèàöèÿ áûëà áû

Ðèñ. 5. Óñðåäíåííûå êðèâûå ñèëà-âðåìÿ, âûðàæåííûå
â îòíîñèòåëüíûõ çíà÷åíèÿõ, ïðè âûïîëíåíèè ïðîèç-
âîëüíîãî «âçðûâíîãî» (ââåðõó) è ýëåêòðè÷åñêè
âûçâàííîãî (âíèçó) ñîêðàùåíèé òðåõãëàâîé ìûøöû
ãîëåíè (÷àñòîòà 150 èìï/ñ) äî (1) è ïîñëå (2) 120-
ñóòî÷íîãî ïîñòåëüíîãî ðåæèìà
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Ðèñ. 6. Âëèÿíèå ïîñòåëüíîãî ðåæèìà (120 ñóò) íà îáùåå
âðåìÿ ðåàêöèè (²), ïðå-ìîòîðíîå âðåìÿ (²²) è ýëåêòðî-
ìåõàíè÷åñêóþ çàäåðæêó (²²²) äî (1) è ïîñëå (2) 120-
ñóòî÷íîãî ïîñòåëüíîãî ðåæèìà
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áîëåå ìåäëåííîé, åñëè áû ñêîðîñòü âîç-
âðàòà Ñà2+ â ÑÐ â ðåçóëüòàòå ðàçãðóçêè
áûëà óìåíüøåííîé. Òàêîå óìåíüøåíèå
îáíàðóæåíî ïîñëå íåóïîòðåáëåíèÿ [25].
Óìåíüøåííàÿ ñêîðîñòü âûñâîáîæäåíèÿ
Ñà2+ èç ìèîôèáðèëëÿðíûõ áåëêîâ ìîãëà áû
óâåëè÷èòü íå òîëüêî âðåìÿ ðàçâèòèÿ êðèâîé
Ð

îñ
, íî òàêæå óâåëè÷èòü è ñèëó ñîêðàùåíèÿ,

òàê êàê óâåëè÷èëîñü áû âðåìÿ äëÿ ðàçðûâà
ïîïåðå÷íûõ ìîñòèêîâ. Òåíäåíöèþ ñíè-
æåíèÿ Ð

îñ
 â íàñòîÿùåì èññëåäîâàíèè òðóä-

íî îáúÿñíèòü. Ìîæíî ïðåäïîëîæèòü, ÷òî
ýòî ñíèæåíèå îáóñëîâëåíî íàðóøåíèÿìè
ôóíêöèé ÑÐ. Îäíàêî òîëüêî âëèÿíèåì ÑÐ
ýòî òðóäíî îáúÿñíèòü, ïîñêîëüêó ýôôåêòû
çàìàñêèðîâàíû àòðîôèåé. Ýòî ïðåäñòàâ-
ëÿåò èíòåðåñ, òàê êàê ïðåäïîëàãàåòñÿ, ÷òî
èçìåíåíèÿ â õàðàêòåðèñòèêàõ Ð

îñ
 ïðîèñ-

õîäÿò ãëàâíûì îáðàçîì â ñâÿçè ñ èçìå-
íåíèÿìè â ÑÐ. Äèíàìèêà îòíîøåíèÿ Ð

î
/Ð

îñ

è êèíåòèêè ðàçâèòèÿ ìåõàíè÷åñêèõ îòâåòîâ
ÒÌÃ ïðè ïàðíîé ñòèìóëÿöèè ìîæíî áûëî
áû òàêæå îáúÿñíèòü èçìåíåíèåì ðàçâèòèÿ
êèíåòèêè Ca2+. Óìåíüøåíèå äëèòåëüíîñòè
Ð

îñ
 ìîæåò  îò÷àñòè  áûòü  ñëåäñòâèåì

ñíèæåíèÿ Ð
îñ

, íàáëþäàåìîé â ìûøöå.
Ñíèæåíèå Ð

îñ
 ïîñëå ïðîäîëæèòåëüíîãî

ïîñòåëüíîãî ðåæèìà ñîãëàñóåòñÿ ñ ïðåäû-
äóùèìè ðåçóëüòàòàìè, êîòîðûå ïîêàçàëè
óìåíüøåíèå ÌÏÑ è Ð

î
 [28�30]. Â íàñòîÿ-

ùåì èññëåäîâàíèè ó âñåõ èñïûòóåìûõ
óìåíüøàëèñü  êàê  Ð

îñ
,  òàê  è  P

o
.  Ïîñëå

ìåõàíè÷åñêîé ðàçãðóçêè P
o 

 çíà÷èòåëüíî
óìåíüøèëîñü  (íà  24  %) .  P

o 
ÿâëÿåòñÿ

ïîêàçàòåëåì ñîáñòâåííî ñèëîâûõ ñâîéñòâ
ìûøöû è, êàê ïðåäïîëàãàåòñÿ, îòðàæàåò
÷èñëî àêòèâíûõ âçàèìîäåéñòâèé ìåæäó
àêòèíîì è ìèîçèíîì [11]. Íåóïîòðåáëåíèå,
êàê ïîêàçàíî ðàíåå, ïðèâîäèò ê ñíèæåíèþ
P

o 
[14, 28�30].  Ýòî ñíèæåíèå âåðîÿòíî

îòðàæàåò óìåíüøåíèå ÷èñëà àêòèâíûõ
ïîïåðå÷íûõ ìîñòèêîâ è êàê ñëåäñòâèå
ýòîãî ñíèæåíèå ðàáîòîñïîñîáíîñòè. Ìîæíî
ïðåäïîëîæèòü, âî-ïåðâûõ, ÷òî ýòî ïðîè-
çîøëî ïîñëå ðàçãðóçêè, è, âî âòîðûõ, ÷òî
ñèëà,  ãåíåðèðóåìàÿ êàæäûì ìîñòèêîì,

áûëà ñíèæåíà. Îäíàêî, êîãäà ñèëà ìûøöû
áûëà ðàññ÷èòàíà íà åäèíèöó ïëîùàäè
ïîïåðå÷íîãî ñå÷åíèÿ (ÏÏÑ), òî îêàçàëîñü,
÷òî ïîñëå íåóïîòðåáëåíèÿ ñèëà ïðàêòè-
÷åñêè íå èçìåíÿëàñü [42]. Ýòî óêàçûâàåò,
÷òî ïåðâîå ïðåäïîëîæåíèå îá óìåíüøåíèè
ìàêñèìàëüíîãî ÷èñëà ïîïåðå÷íûõ ìîñòèêîâ
áîëåå àäåêâàòíî îáúÿñíåíèþ ïîëó÷åííûõ
íàìè ðåçóëüòàòîâ, ÷åì èçìåíåíèå ïëîò-
íîñòè ìîñòèêîâ.

Ôåíîìåí íåóïîòðåáëåíèÿ êàê ïðè÷èíó
ðåàëüíîé èëè ìîäåëèðóåìîé íåâåñîìîñòè
îáû÷íî ñâÿçûâàþò ñî ñíèæåíèåì îáúåìà/
ìàññû èëè ÏÏÑ ìûøöû. Îäíàêî, ïîñêîëüêó
áîëüøèíñòâî ìûøö ó ÷åëîâåêà ïåðèñòûå,
òî ïðàâèëüíåå áûëî áû èíòåðïðåòèðîâàòü
àòðîôèþ ìûøöû è åå ôóíêöèîíàëüíîå
ïîñëåäñòâèå, ïðèíèìàÿ âî âíèìàíèå èçìå-
íåíèÿ âíóòðåííåé îðãàíèçàöèè ìûøöû,
èçâåñòíîé êàê åå àðõèòåêòóðà. Óëüòðàçâó-
êîâûå èññëåäîâàíèÿ â óñëîâèÿõ in vivo ïî-
êàçàëè,  ÷òî íåóïîòðåáëåíèå âûçûâàåò
ñóùåñòâåííûå èçìåíåíèÿ ìûøå÷íîé àðõè-
òåêòóðû, â ÷àñòíîñòè ñóùåñòâåííîå óìåíü-
øåíèå äëèíû è óãëà íàêëîíà ìûøå÷íûõ
âîëîêîí ïî ñðàâíåíèþ ñ èñõîäíûì ñîñòîÿ-
íèåì [3, 17, 37]. Óìåíüøåíèå äëèíû è óãëà
íàêëîíà ìûøå÷íîãî âîëîêíà îòðàæàåò
ïîòåðþ íå òîëüêî ïàðàëëåëüíûõ,  íî è
ïîñëåäîâàòåëüíûõ ñàðêîìåðîâ [37, 41].

Íå ïîñëåäíåå çíà÷åíèå èìåþò èçìå-
íåíèÿ ýëàñòè÷åñêèõ ñâîéñòâ ñóõîæèëèÿ,
ïîñêîëüêó ïîñëåäíåå âëèÿåò íà äëèíó, ïðè
êîòîðîé ôóíêöèîíèðóþò ìûøå÷íûå âîëîê-
íà [37, 41] è, â êîíå÷íîì ñ÷åòå, âëèÿþò íà
ïðîèçâîäÿùóþ ñèëó ìûøöû. Áîëåå òîãî,
ñóùåñòâåííûé âêëàä â ñíèæåíèå ñèëû
ñîêðàùåíèÿ ìûøöû ìîãóò âíåñòè è èçìå-
íåíèÿ â ñòðóêòóðå ìûøå÷íî-ñóõîæèëüíîãî
êîìïëåêñà [32]. Ñâÿçü ìåæäó äëèíîé è
óãëîì íàêëîíà ìûøå÷íîãî âîëîêíà ÿâëÿåò-
ñÿ  âûñîêî ñïåöèôè÷åñêîé äëÿ ìûøöû.
Àðõèòåêòóðà ìûøöû âìåñòå ñ åå âíóò-
ðåííèìè ñâîéñòâàìè îñíîâíîé äåòåðìèíàíò
åå ôóíêöèé [24], è åñëè ó÷èòûâàòü ïîëî-
æåíèå íà êðîâàòè «ëåæà íà ñïèíå», êîãäà

Cîêðàòèòåëüíûå ñâîéñòâà è ìûøå÷íî-ñóõîæèëüíàÿ æåñòêîñòü òðåõãëàâîé ìûøöû ãîëåíè
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íîãà â êîëåííîì ñóñòàâå 180 î (ïîëíîå ðàç-
ãèáàíèå), òî òàêîå ïîëîæåíèå ñîçäàåò ãîëå-
íîñòîïíîìó ñóñòàâó íåìíîãî ïîäîøâåííî-
ñîãíóòóþ ïîçèöèþ. Ñëåäóåò îòìåòèòü, ÷òî
èçìåíåíèå ïîëîæåíèÿ ñåãìåíòîâ òåëà ó
÷åëîâåêà ïðè ðàçãðóçêå ïîäòâåðæäàåòñÿ
ðàíåå ïîëó÷åííûìè äàííûìè [10], ñîãëàñíî
êîòîðûì â óñëîâèÿõ ðåàëüíîé íåâåñîìîñòè
÷åëîâåê ïðèíèìàåò îñîáóþ ïîçó � «ñãèáà-
òåëüíîå ïîëîæåíèå», ÷òî ïðåäïîëàãàåò
èçìåíåíèå ïîëîæåíèÿ è ãîëåíîñòîïíîãî
ñóñòàâà, ïðèâîäÿùåå ê èçìåíåíèþ äëèíû
ìûøö-ðàçãèáàòåëåé ñòîïû. Â íàñòîÿùåì
èññëåäîâàíèè òàêîé âûíóæäåííûé ñòèìóë
ôèçèîëîãè÷åñêîãî óêîðî÷åíèÿ ìûøöû, âîç-
ìîæíî, áûë äîñòàòî÷íûì, ÷òîáû óìåíü-
øèòü äëèíó, óãîë íàêëîíà ìûøå÷íûõ âî-
ëîêîí è òîëùèíó ìûøöû, ÷òî ñîãëàñóåòñÿ
ñ äàííûìè ìîäåëüíûõ èññëåäîâàíèé [24,
32].

Äîïîëíèòåëüíî, ñíèæåíèå P
o
 öåëîé

ìûøöû ïîçâîëÿåò  ïðåäïîëîæèòü ,  ÷òî
ïðîäîëæèòåëüíàÿ ìåõàíè÷åñêàÿ ðàçãðóçêà
ìîæåò áûòü ïîâðåæäàþùèì ôàêòîðîì ïî
îòíîøåíèþ ê ôóíêöèîíèðîâàíèþ ñèñòåìû
ýëåêòðîìåõàíè÷åñêîé ñâÿçè [14, 30].  Â
÷àñòíîñòè, ìåõàíè÷åñêàÿ ðàçãðóçêà ïðåä-
ñòàâëÿåò ñîáîé ôàêòîð, êîòîðûé ïðèâîäèò
ê áîëåå àêòèâíîé àäàïòàöèè â ñèñòåìå
ýëåêòðîìåõàíè÷åñêîé ñâÿçè.  Âåðîÿòíî,
ðàçãðóçêà âêëþ÷àåò èçìåíåíèÿ â ñàðêî-
ëåììå ïîòåíöèàëà äåéñòâèÿ è äâèæåíèÿ ïî
T-ñèñòåìå è/èëè ïðÿìî âëèÿåò íà êàíàëû
âûñâîáîæäåíèÿ Ñà2+ èç ÑÐ. Àëüòåðíàòèâíî,
íåóïîòðåáëåíèå, âûçûâàþùåå àòðîôèþ
ìûøöû, ìîæåò óâåëè÷èòü âíåêëåòî÷íîå
ïðîñòðàíñòâî òàê, ÷òî íàïðÿæåíèå öåëîé
ìûøöû ñíèçèòñÿ áîëüøå, ÷åì ÏÏÑ âî-
ëîêíà .

Ìåõàíèçìû, îòâåòñòâåííûå çà ïîòåðþ
ñèëû ïðè ðàçãðóçêå/íåóïîòðåáëåíèè ìûøö,
äî ñèõ ïîð îñòàþòñÿ íåäîñòàòî÷íî ÿñíûìè.
Óìåíüøåíèå ÏÏÑ ìåäëåííî- è áûñòðî-
ñîêðàùàþùèõñÿ âîëîêîí ÒÌÃ íå ìîæåò
áûòü òîëüêî îäíèì ìåõàíèçìîì, îòâåò-
ñòâåííûì çà  ïîòåðþ ñèëû.  Àòðîôèÿ ,

âåðîÿòíî, âíîñèò ñâîé âêëàä â ïîòåðþ ñèëû
ñîêðàùåíèÿ ìûøöû [15].  Â íàñòîÿùåì
èññëåäîâàíèè ìîðôîëîãè÷åñêèå èññëåäî-
âàíèÿ õîòÿ è íå áûëè âûïîëíåíû, íî êàê
ïîêàçàíî ðàíåå [20], îòíîñèòåëüíûå èçìå-
íåíèÿ ðàçìåðà/îáúåìà ìûøöû è âîëîêîí
áûëè ìåíüøèå ïî ñðàâíåíèþ ñ îòíîñè-
òåëüíûì èçìåíåíèåì ñèëû ñîêðàùåíèÿ.

Áîëüøåå (36 %) ñîêðàùåíèå ÌÏÑ ïî
ñðàâíåíèþ ñ íåçíà÷èòåëüíûì èçìåíåíèåì
P

o
 ïîñëå 120-ñóòî÷íîãî ïîñòåëüíîãî ðåæè-

ìà (24 %) óêàçûâàåò íà íåñïîñîáíîñòü
öåíòðàëüíîé íåðâíîé ñèñòåìû íîðìàëüíî
àêòèâèðîâàòü ÒÌÃ. Ïðîèñõîäèò ëè ýòî èç-
çà  íåäîñòàòêà  ìîòèâàöèè ñî  ñòîðîíû
îáñëåäîâàííûõ èëè íåïðîèçâîëüíûì ñíè-
æåíèåì íåðâíîãî âîçáóæäåíèÿ òðóäíî ðàç-
ëè÷èòü. Âñå æåíùèíû ïåðåä âûïîëíåíèåì
ïðîèçâîëüíûõ èñïûòàíèé áûëè õîðîøî
ìîòèâèðîâàíû è íå ñîîáùàëè î äèñêîì-
ôîðòå èëè áîëåâûõ îùóùåíèÿõ ñî ñòîðîíû
êîëåííîãî ñóñòàâà, ÷òî ìîãëî áû îáúÿñíèòü
ñíèæåíèå ÌÏÑ. Óâåëè÷åíèå Ð

ä
 (ñì. ðèñ. 2)

ïîçâîëÿåò ïðåäïîëàãàòü ñíèæåíèå öåíò-
ðàëüíîãî âîçáóæäåíèÿ â ïðîèçâîëüíîì
óïðàâëåíèè ìûøöåé ìîòîðíîé íåðâíîé
ñèñòåìû. Äåéñòâèòåëüíî, âî âðåìÿ ðàçâè-
òèÿ ÌÏÑ íåïîñðåäñòâåííî ïîñëå ìåõàíè-
÷åñêîé ðàçãðóçêè áûëî îáíàðóæåíî ñíèæå-
íèå ÝÌÃ àêòèâíîñòè [14, 40]. Ïîñëåäíåå
ïîçâîëÿåò ïðåäïîëàãàòü,  ÷òî ìåíüøåå
÷èñëî äâèãàòåëüíûõ åäèíèö (ÄÅ) áûëî
àêòèâèðîâàíî ïîñëå íåóïîòðåáëåíèÿ ìûø-
öû è ÷òî ìàêñèìàëüíàÿ ÷àñòîòà èìïóëü-
ñàöèè ÄÅ áûëà ñíèæåííîé [14]. Óìåíü-
øåíèå ìàêñèìàëüíîé ÷àñòîòû èìïóëüñàöèè
ÄÅ ìîæåò îáúÿñíèòü èçìåíåíèå â ïðîïðèî-
ðåïòèâíûõ àôôåðåíòàõ ìîòîíåéðîíîâ [34].
Ýòî óêàçûâàåò íà òî, ÷òî áóäóùèå èññëå-
äîâàíèÿ ñ  ó÷àñòèåì ÷åëîâåêà äîëæíû
ó÷èòûâàòü íà÷àëüíûé ôèçèîëîãè÷åñêèé
ñòàòóñ, ÷òîáû îöåíèòü äî êàêîé ñòåïåíè
ðàçãðóçêà/íåóïîòðåáëåíèå çàòðàãèâàåò
íåðâíûå è ñîêðàòèòåëüíûå ñâîéñòâà ìûøö
ïðè èõ ïðîèçâîëüíîé àêòèâàöèè.

Ñêîðîñòü ðàçâèòèÿ ýëåêòðè÷åñêè âûç-

Þ.À. Êîðÿê
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âàííîãî ñîêðàùåíèÿ èçìåíèëàñü íåçíà-
÷èòåëüíî ïîä âëèÿíèåì ïðîäîëæèòåëüíîé
ìåõàíè÷åñêîé ðàçãðóçêè. Ýòî ïîäòâåðæ-
äàåòñÿ ðàíåå ïîëó÷åííûìè äàííûìè [29,
50], ÷òî íå îòìå÷àëîñü ñóùåñòâåííûõ èç-
ìåíåíèé â ñêîðîñòíî-ñèëîâûõ õàðàêòåðèñ-
òèêàõ ìûøö êàê ó ìëåêîïèòàþùèõ ïîñëå
èììîáèëèçàöèè [50], òàê è ó ÷åëîâåêà ïîñëå
ïðîäîëæèòåëüíîãî ïîñòåëüíîãî ðåæèìà
[28]. È ñîãëàñóåòñÿ ñ íàáëþäåíèÿìè îá
îòíîñèòåëüíî ïîñòîÿííîé ìåõàíèêå òåòàíè-
÷åñêîãî ñîêðàùåíèÿ è ñîâðåìåííîé òåîðèè
(ïîïåðå÷íûõ ìîñòèêîâ) ìûøå÷íîãî ñîêðà-
ùåíèÿ [39]. Ïîýòîìó ìîæíî ïðåäïîëîæèòü,
÷òî öèêëè÷íîñòü îáðàçîâàíèÿ ïîïåðå÷íûõ
ìîñòèêîâ [11] ìàëî èçìåíÿåòñÿ (èëè ñîâñåì
íå èçìåíÿåòñÿ) ïîä âîçäåéñòâèåì ïðîäîë-
æèòåëüíîãî ïîñòåëüíîãî ðåæèìà.

Â íàñòîÿùåì èññëåäîâàíèè âïåðâûå
ïðåäñòàâëåíû ðåçóëüòàòû èçìåíåíèÿ ÝÌÇ
ïðè ïðîèçâîëüíûõ ñîêðàùåíèÿõ ÒÌÃ ó
ãðóïïû æåíùèí ïîñëå äëèòåëüíîãî ïîñòåëü-
íîãî ðåæèìà. Êàê èçâåñòíî, îäíà èç ïåðè-
ôåðè÷åñêèõ êîìïîíåíò âðåìåíè äâèãàòåëü-
íîé ðåàêöèè ÷åëîâåêà � ýòî ÝÌÇ, êîòîðàÿ
îò ð à æ à å ò  â ð å ì ÿ  î ò  ï î ÿ â ë å í è ÿ  Ý Ì Ã
àêòèâíîñòè ìûøöû-àãîíèñòà äâèæåíèÿ è
íà÷àëîì ñàìîãî äâèæåíèÿ,  èëè èíûìè
ñëîâàìè,  îòðàæàåò  âðåìÿ  ðàñòÿæåíèÿ
ñ î ê ð à ò è ò å ë ü í û ì è  ý ë å ì å í ò à ì è  ñ å ð è þ
âÿçêîýëàñòè÷åñêîãî êîìïîíåíòà [9], ÷òî
â ñâîþ î÷åðåäü ñâÿçàíî ñî ñêîðî ñòüþ
ðàçâèòèÿ ñèëû [9,  44].  Ñëåäîâàòåëüíî,
ó â å ë è ÷ å í è å / ó ì å í ü ø å í è å  Ý Ì Ç  ì î æ å ò
áûòü êîñâåííûì ïîêàçàòåëåì èçìåíåíèÿ
æåñòêîñòè ÌÑÊ [35].

Êàê  ïîêàçûâàåò  íàñòîÿùåå  èññëå-
äîâàíèå, îáíàðóæåíî äèíàìèêó ÝÌÇ ïîñëå
ïîñòåëüíîãî ðåæèìà, ÷òî ïðåäïîëàãàåò
èçìåíåíèå ñâîéñòâ ÌÑÆ ìûøöû. Ðàíåå
ïîëó÷åííûå ðåçóëüòàòû ïðÿìî ïîêàçàëè,
÷òî ðàçãðóçêà ìîæåò èçìåíÿòü ìåõàíè-
÷åñêîå ïîâåäåíèå ñóõîæèëèÿ ìûøöû, ò.å.
îòìå÷àåòñÿ åãî óäëèíåíèå è, êàê ðåçóëüòàò
ýòîãî, ñíèæåíèå æåñòêîñòè [13, 32, 34, 35],
êîòîðîå ìîæåò ïðèâåñòè ê óâåëè÷åíèþ åãî

äåôîðìàöèè ïðè ðàçâèòèè ñèëû ìûøöû. Â
ðåçóëüòàòå ìûøå÷íûå âîëîêíà ïåðåìå-
ùàþòñÿ â íåîïòèìàëüíóþ çîíó îòíîøåíèÿ
íàïðÿæåíèå�äëèíà. Êàê ïîêàçàíî ðàíåå,
íàèáîëüøàÿ âåëè÷èíà ñèëû ñîêðàùåíèÿ
îòìå÷àåòñÿ â çîíå ïëàòî îòíîøåíèÿ íàïðÿ-
æåíèå�äëèíà [22, 41]. Ïîýòîìó óâåëè÷åí-
íîå óêîðî÷åíèå ñîêðàùàþùåãîñÿ ìûøå÷-
íîãî âîëîêíà ïðè óâåëè÷åííîé äåôîðìàöèè
ñóõîæèëèÿ çàñòàâëÿåò ñàðêîìåðû «ðàáî-
òàòü» ïðè áîëåå êîðîòêèõ äëèíàõ, ò.å. äà-
ëåêèõ îò èõ îïòèìóìà, ÷òî ïðèâîäèò ê ñíè-
æåíèþ óðîâíÿ ãåíåðèðîâàííîé ñèëû.

Èçìåíåíèÿ â ÌÑÆ ìûøöû çàòðîíóò
ñêîðîñòü ïåðåäà÷è ñîêðàòèòåëüíîé ñèëû ê
êî ñòíîé ñèñòåìå.  Â íàñòîÿùåì èññëå-
äîâàíèè áûëè îöåíåíû äâå ïåðåìåííûå,
êàñàþùèåñÿ ñêîðîñòè ïåðåäà÷è ñèëû îò
ìûøöû ê ñêåëåòó � ýòî ÝÌÇ è ñêîðîñòü
ðàçâèòèÿ íàïðÿæåíèÿ. Ïîñëåäíÿÿ çàâèñèò
îò æåñòêîñòè ñóõîæèëèÿ è îò ñêîðîñòè
ñîêðàùåíèÿ, ñ êîòîðîé ñèëà ïåðåäàåòñÿ ê
êîñòíîé ñèñòåìå, òîãäà êàê ÝÌÇ çàâèñèò
îò ðàñïðîñòðàíåíèÿ ïîòåíöèàëà äåéñòâèÿ
ïî ìåìáðàíå ìûøå÷íîãî âîëîêíà è ñâÿçè
ñîêðàùåíèå�âîçáóæäåíèå ñîêðàòèòåëüíîãî
êîìïîíåíòà,  à  òàêæå îò ñâîéñòâ ñåðèè
âÿçêîýëàñòè÷åñêèõ êîìïîíåíò [49]. Ïîñ-
êîëüêó èçâåñòíî, ÷òî ïðè ðàçãðóçêå ñíè-
æàåòñÿ ñêîðîñòü ïðîâåäåíèÿ âîçáóæäåíèÿ
ïî ìåìáðàíå ìûøå÷íûõ âîëîêîí îáîèõ
òèïîâ [4], òî ýòî ìîæåò ñïîñîáñòâîâàòü
óäëèíåíèþ ÝÌÇ. Ñîãëàñíî íàøèì ðåçóëü-
òàòàì, ÝÌÇ ïîñëå ïîñòåëüíîãî ðåæèìà
óâåëè÷èëàñü  (+27 ,4  %)  ïðè ñíèæåíèè
ñêîðîñòè ðàçâèòèÿ ïðîèçâîëüíîãî ñîêðà-
ùåíèÿ,  ÷òî ïîçâîëÿåò ïðåäïîëîæèòü î
çíà÷èòåëüíîì óâåëè÷åíèè âðåìåíè ñâÿçè
âîçáóæäåíèå�ñîêðàùåíèå ñîêðàòèòåëüíîãî
êîìïîíåíòà è ñåðèè âÿçêîýëàñòè÷åñêîãî
êîìïîíåíòà, ÷òî ìîæåò áûòü ðåçóëüòàòîì
ñíèæåíèÿ æåñòêîñòè ñóõîæèëèÿ. Ïîëó÷åí-
íûå ðåçóëüòàòû õîðîøî ñîãëàñóþòñÿ ñ îïèñàí-
íûìè â ëèòåðàòóðå [32]. Ñëåäóåò îòìåòèòü,
÷òî ÝÌÇ ñóùåñòâåííî ïîâûøàåòñÿ ïîñëå
çíà÷èòåëüíîãî ñíèæåíèÿ æåñòêîñòè ñóõî-
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æèëèÿ [12], íî êîãäà «ñëàáîå ñóõîæèëèå
ïîäíÿòî»  [36] ,  ðàñòÿãèâàÿ  ìûøå÷íî-
ñóõîæèëüíûé êîìïëåêñ, òî ÝÌÇ íå èçìå-
íÿåòñÿ [35]. Ýòî çíà÷èò, ÷òî èçìåíåíèå
æåñòêîñòè ñóõîæèëèÿ � âàæíûé ôàêòîð,
îïðåäåëÿþùèé ñêîðîñòü ïåðåäà÷è ñîêðà-
òèòåëüíîé ñèëû ê ñêåëåòó.

Íàøè èññëåäîâàíèÿ ïîêàçûâàþò îòðè-
öàòåëüíóþ ñâÿçü ÝÌÇ ñ ÌÏÑ, ò.å. êîðîòêîé
ÝÌÇ ñîîòâåòñòâóåò áîëåå âûñîêàÿ ÌÏÑ.
Ýòî îçíà÷àåò, ÷òî æåíùèíû ñ áîëåå âû-
ñîêîé ÌÏÑ èìåþò áîëåå âûñîêîå ñîäåð-
æàíèå âîëîêîí òèïà II. Èíòåðåñíî, ÷òî ýòà
ñâÿçü  èçìåíÿåòñÿ  ñ  ó÷åòîì ýêñïåðè-
ìåíòàëüíûõ óñëîâèé. Òàê, ïîñëå ðàçãðóçêè
îòìå÷àåòñÿ îñëàáëåíèå ýòîé ñâÿçè, èíûìè
ñëîâàìè,  îòìå÷àåòñÿ ìåíüøàÿ çàâèñè-
ìîñòü ÝÌÇ îò ïðîïîðöèè âîëîêîí òèïà II â
ìûøöå. Ýòî ìîæåò ïðîèçîéòè èç-çà ðàçëè-
÷èé â ñòðàòåãèè ðåêðóòèðîâàíèÿ ÄÅ, ò.å.
ìåíüøåå  êîëè÷å ñòâî  âîëîêîí  òèïà  I I
àêòèâèðóþòñÿ ïðè áîëåå íèçêîé ÷àñòîòå
èìïóëüñàöèè.  Ñ  äðó ãîé  ñòîðîíû,  êàê
èçâåñòíî, óâåëè÷åíèå ïðîöåíòà âîëîêîí
òèïà II  â ðåçóëüòàòå òðåíèðîâêè è/èëè
ïîäâåøèâàíèÿ êîíå÷íîñòè, îáíàðóæèâàåò
ñíèæåíèå æåñòêîñòè ñåðèè óïðóãèõ ýëå-
ìåíòîâ [6, 48]. Ïîëó÷åííûå ðåçóëüòàòû
ñîãëàñóþòñÿ ñ ïðåäûäóùèìè èññëåäîâà-
íèÿìè, â êîòîðûõ âûÿâëåíà îòðèöàòåëüíàÿ
êîððåëÿöèÿ ìåæäó ÝÌÇ è ñîäåðæàíèåì
âîëîêîí òèïà II [38, 44]. Íî èçìåíåíèÿ â
æåñòêîñòè ñåðèè óïðóãèõ ýëåìåíòîâ ìîãóò
áûòü ñâÿçàíû íå òîëüêî ñ àêòèâíîé ôðàê-
öèåé ìûøöû, íî òàêæå è ñ ïàññèâíîé [31].

Òàêèì îáðàçîì,  ïðåäñòàâëåííûå  â
íàñòîÿùåé ðàáîòå ðåçóëüòàòû, ïîêàçûâàþò,
÷òî ìåõàíè÷åñêèå ñâîéñòâà ÒÌÃ ó ÷åëîâå-
êà èçìåíÿþòñÿ ïîñëå ïðîäîëæèòåëüíîãî
ïîñòåëüíîãî ðåæèìà. Ñðàâíåíèå ìåõàíè-
÷åñêèõ èçìåíåíèé, çàðåãèñòðèðîâàííûõ âî
âðåìÿ ïðîèçâîëüíûõ è ýëåêòðè÷åñêè âûç-
âàííûõ ñîêðàùåíèé, ïðåäïîëàãàåò, ÷òî ïîä
âîçäåéñòâèåì ýêñïåðèìåíòàëüíûõ óñëîâèé
áûëè èçìåíåíû íå òîëüêî ïåðèôåðè÷åñêèå
ïðîöåññû, ñâÿçàííûå ñ ñîêðàùåíèÿìè, íî

òàêæå  íåðâíàÿ ,  ìîòîðíàÿ ,  êîìàíäà  �
ìàêñèìàëüíàÿ ïðîèçâîëüíàÿ (êîðêîâàÿ),
êîòîðàÿ óìåíüøàåò ÷àñòîòó óæå ðåêðó-
òèðîâàííûõ (ðàáîòàþùèõ) ÄÅ èëè óìåíü-
øàåò ÷èñëî ðåêðóòèðîâàíèÿ ÄÅ, èëè âñå
âìåñòå. Áîëåå òîãî, èññëåäîâàíèå äåìîí-
ñòðèðóåò ïðÿìóþ ñâÿçü  ìåæäó ÝÌÇ è
èçìåíåíèÿìè æåñòêîñòè ÌÑÊ ïîñëå ïîñ-
òåëüíîãî ðåæèìà. Òàêèì îáðàçîì, ÝÌÇ
ìîæåò áûòü êîñâåííûì èíäåêñîì ñòåïåíè
èçìåíåíèé ÌÑÆ ìûøöû.

Yu.A. Koryak

CONTRACTION PROPERTIES
AND MUSCULO-TENDINOUS STIFFNESS OF
THE HUMAN TRICEPS SURAE MUSCLE AND
THEIR CHANGE AS A RESULT
OF A LONG-TERM OF BED-REST

The effect of a 120-day 5° head-down tilt (HDT) bed rest on
the mechanical properties and electromechanical delay (EMD)
of the human triceps surae (TS) muscle was studied in four
(mean age 31.5 ± 1.7 yr) healthy young women subjects. The
TS mechanical properties were evaluated based on the following
indicators: maximal voluntary contraction (MVC), maximal
strength (Ð

î
; frequency 150 Hz), peak twitch force (Ð

îñ
), time-

to-peak tension (TPT), half-relaxation time (1/2 RT) and
tension development time to reach 25, 50, 75 and 90 % of
maximal tension. Force deficit (Ð

d
) were estimated. In response

to a light signal, the subject was supposed to make a voluntary
foot flexion, with the instruction «to exert the fastest and
greatest tension». EMD measurements were recorded from
each subject during voluntary contraction. Surface electrodes
sensed electromyographic (EMG) activity in the soleus muscle.
A separate timer was used to determine total reaction time
(TRT). Premotor time (PMT) was taken to be the time inter-
val from the delivery of the signal to change in EMG. EMD
was the time interval between the change in EMG and
movement i.e. the time interval between EMG and the onset
of muscle tension. After HDT Ð

îñ
, MVC and Ð

î
 decreased by

24.4, 36.1 and 11.5 %, respectively, while Ð
d
 increased by

38.8 %. TPT increased by 13.6 %, while 1/2RT decreased by
19.2 %. The rate of increase of voluntary contractions
calculated according to a relative scale significantly increased,
while the rate of development of electrically evoked contrac-
tion did not show any significant differences. The voluntary
contraction EMD increased by 27.4 %; PMT by 8.7 %, and
TRT by 13.6 %. Thus, the mechanical changes suggest that
weightlessness changes not only the peripheral processes as-
sociated with contractions but also the central and neural
command. EMD is a simple and quick method for evaluation
of muscle stiffness changes. Moreover, EMD can serve as an
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indicator of the functional condition of the neuromuscular sys-
tem.

State scientific Center of Russian Federation � The Institite of
medical biological problems RAS� Moscow, Russia
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².Â. Ðåäüêà

Â³êîâ³ îñîáëèâîñò³ öåðåáðàëüíî¿ ãåìîäèíàì³êè
ñëàáîçîðèõ ä³òåé äîøê³ëüíîãî
òà ìîëîäøîãî øê³ëüíîãî â³êó

Ìåòîäîì ðåîåíöåôàëîãðàô³¿ îáñòåæåíî 149 ñëàáîçîðèõ ä³òåé (75 äîøê³ëüíèê³â ³ 74 ìîëîäøèõ
øêîëÿðà) òà 159 ç íîðìàëüíèì çîðîì (²�²² ãðóïè çäîðîâ�ÿ; 79 äîøê³ëüíèê³â ³ 80 ìîëîäøèõ
øêîëÿð³â) ç âèêîðèñòàííÿì ôðîíòî- òà îêöèï³òî-ìàñòî¿äàëüíîãî â³äâåäåíü. Ç�ÿñîâàíî, ùî
öåðåáðàëüíà ãåìîäèíàì³êà ñëàáîçîðèõ ä³òåé, çáåð³ãàþ÷è â³êîâ³ çàêîíîì³ðíîñò³, ìàº
îñîáëèâîñò³, ùî âèÿâëÿþòüñÿ òåíäåíö³ºþ äî çíèæåííÿ àðòåð³àëüíîãî êðîâîíàïîâíåííÿ òà
îá�ºìíî¿ øâèäêîñò³ êðîâîòîêó íà ôîí³ ï³äâèùåííÿ òîíóñó àðòåð³àëüíèõ ³ âåíîçíèõ ñóäèí
äð³áíîãî êàë³áðà òà ïåðèôåðè÷íîãî ñóäèííîãî îïîðó, ùî ñòàº ïîì³òí³øèì ç äîðîñë³øàííÿì.
Çàçíà÷åí³ îñîáëèâîñò³ ìîçêîâîãî êðîâîîá³ãó á³ëüø âèðàæåí³ â âåðòåáðî-áàçèëÿðíîìó áàñåéí³
ïîð³âíÿíî ç êàðîòèäíèì ³ â ïðàâ³é ãåì³ñôåð³ ïîð³âíÿíî ç ë³âîþ. Âñòàíîâëåíî, ùî â³êîâ³ çì³íè
öåðåáðàëüíî¿ ãåìîäèíàì³êè ïîëÿãàþòü ó çá³ëüøåíí³ äèêðîòè÷íîãî ³ ä³àñòîë³÷íîãî ³íäåêñ³â ³
ïåðèôåðè÷íîãî ñóäèííîãî îïîðó ïðè ïåðåõîä³ â³ä äîøê³ëüíîãî äî ìîëîäøîãî øê³ëüíîãî â³êó,
ùî ïîâ�ÿçàí³ ç³ ñòðóêòóðíîþ ïåðåáóäîâîþ öåðåáðàëüíèõ ñóäèí. Ñëàáîçîð³ ä³òè ìàþòü á³ëüøèé
â³êîâèé ïðèð³ñò çàçíà÷åíèõ ïîêàçíèê³â ïîð³âíÿíî ç íîðìàëüíîçîðèìè ä³òüìè.
Êëþ÷îâ³ ñëîâà: öåðåáðàëüíà ãåìîäèíàì³êà, ñëàáîçîð³ ä³òè.

© ².Â. Ðåäüêà

ÂÑÒÓÏ

Ïåðåâàæíà á³ëüø³ñòü ìîðôîëîã³÷íèõ, ô³ç³î-
ëîã³÷íèõ ³ ïñèõîô³ç³îëîã³÷íèõ äîñë³äæåíü ôå-
íîìåíó çîðîâî¿ äåïðèâàö³¿ ñïðÿìîâàíà íà ç�ÿ-
ñóâàííÿ ¿¿ ðîë³ â ñòàíîâëåíí³ á³îåëåêòðè÷íî¿
àêòèâíîñò³ ãîëîâíîãî ìîçêó [3, 5, 10], çîðîâî¿
ïåðöåïö³¿ [3, 13] òà ìîðôîôóíêö³îíàëüíî¿ îð-
ãàí³çàö³¿ ê³ðêîâèõ ³ ï³äê³ðêîâèõ â³ää³ë³â çîðî-
âî¿ ñåíñîðíî¿ ñèñòåìè [18, 24, 28, 30, 33]. Îä-
íàê, çã³äíî ç çàãàëüíîïðèéíÿòîþ òåîð³ºþ ôó-
íêö³îíàëüíèõ ñèñòåì Ï.Ê. Àíîõ³íà, ïðè äåïðè-
âàö³¿ áóäü-ÿêèõ àôåðåíòàö³é âèíèêàþòü óìîâè
íåñòàíäàðòíîãî ôóíêö³îíóâàííÿ, â ðåçóëüòàò³
ÿêèõ ìîæóòü çàïóñêàòèñÿ àäàïòèâíî-êîìïåí-
ñàòîðí³ ìåõàí³çìè íåðâîâî¿ ñèñòåìè äëÿ â³ä-
íîâëåííÿ âçàºìîä³¿ îðãàí³çìó ç ñåðåäîâèùåì.
Öå çóìîâëþº òåîðåòè÷íå çíà÷åííÿ äîñë³ä-
æåíü, ñïðÿìîâàíèõ íà âèÿâëåííÿ àäàïòèâíî-
êîìïåíñàòîðíèõ ðåàêö³é îðãàí³çìó ó â³äïîâ³äü
íà îáìåæåííÿ ñåíñîðíî¿ àôåðåíòàö³¿.

Ä³éñíî, äîñë³äæåííÿ âïëèâó çîðîâî¿
äåïðèâàö³¿ ó ïðèðîäíèõ óìîâàõ äåìîíñòðóº
âèñîêó ïëàñòè÷í³ñòü ìîçêîâèõ ôóíêö³é ³
íàÿâí³ñòü ïàðàëåëüíèõ ñèñòåì äëÿ çàáåç-
ïå÷åííÿ ñêëàäíî¿ ïîâåä³íêè [32]. Àíàë³ç
îñòàíí³õ çàðóá³æíèõ äîñë³äæåíü ëþäåé ç
âàäàìè çîðó, ñâ³ä÷èòü ïðî ¿õ îð³ºíòîâàí³ñòü
íà ç�ÿñóâàííÿ ïëàñòè÷íîñò³ ìîçêó çà óìîâ
îáìåæåííÿ ïðèòîêó çîðîâî¿ àôåðåíòàö³¿ ç
âèêîðèñòàííÿì ìåòîä³â âèêëèêàíèõ ïîòåí-
ö³àë³â ³ ñó÷àñíî¿ íåéðîâ³çóàë³çàö³¿: ôóíêö³î-
íàëüíî¿ ìàãí³òîðåçîíàíñíî¿ òîìîãðàô³¿,
ïîçèòðîííî-åì³ñ³éíî¿ òîìîãðàô³¿, ïðè÷îìó
îáãîâîðþºòüñÿ ìîæëèâ³ñòü ó÷àñò³ ïîòèëè÷-
íî¿ ä³ëÿíêè ìîçêó â îáðîáö³ ñèãíàë³â íåçîðîâî¿
ìîäàëüíîñò³ òà âèçíà÷åíí³ ¿õ ïðîñòîðîâî¿
ëîêàë³çàö³¿ [19, 21�23, 25�27, 29, 31, 34].

Îêð³ì ç�ÿñóâàííÿ öåðåáðàëüíèõ ìåõà-
í³çì³â ïëàñòè÷íîñò³, âàæëèâèì ïðàêòèêî-
îð³ºíòîâàíèì íàïðÿìîì äîñë³äæåííÿ ôåíî-
ìåíó äåïðèâàö³¿ º ç�ÿñóâàííÿ ðîë³ ïîðóøåíü
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ìîçêîâîãî êðîâîîá³ãó â ïàòîãåíåç³ çàõâî-
ðþâàíü çîðîâîãî àíàë³çàòîðà òà ïîøóê íàé-
á³ëüø ñåíñèòèâíèõ ïåð³îä³â ó ðîçâèòêó äèòèíè
ç âàäàìè çîðó äëÿ âïðîâàäæåííÿ êîðåêö³éíî-
ðåàá³ë³òàö³éíèõ ³ òåðàïåâòè÷íèõ ïðîãðàì.

Ìåòîþ íàøîãî äîñë³äæåííÿ áóëî ç�ÿñó-
âàííÿ îñîáëèâîñòåé öåðåáðàëüíî¿ ãåìîäè-
íàì³êè ñëàáîçîðèõ ä³òåé ó ïåð³îä äîøê³ëüíîãî
òà ìîëîäøîãî øê³ëüíîãî â³êó òà ¿¿ â³êîâèõ çì³í
ïîð³âíÿíî ç íîðìàëüíîçîðèìè îäíîë³òêàìè.

ÌÅÒÎÄÈÊÀ

Îáñòåæåíî 149 ñëàáîçîðèõ ä³òåé (75 äîøê³-
ëüíèê³â ³ 74 ìîëîäøèõ øêîëÿðà) òà 159 íî-
ðìàëüíîçîðèõ (²�²² ãðóïè çäîðîâ�ÿ; 79 äî-
øê³ëüíèê³â ³ 80 ìîëîäøèõ øêîëÿð³â) ç âè-
êîðèñòàííÿì êðîñ-ñåêö³éíîãî ìåòîäó.

Ñòàí ìîçêîâîãî êðîâîîá³ãó îö³íþâàëè çà
ðåçóëüòàòàìè ðåîåíöåôàëîãðàô³÷íîãî îáñòå-
æåííÿ ç âèêîðèñòàííÿì ôðîíòî-ìàñòî¿-
äàëüíîãî (FM) òà îêöèï³òî-ìàñòî¿äàëüíîãî
(ÎÌ) â³äâåäåíü ç ñèìåòðè÷íèõ ÷àñòèí ï³âêóëü
ãîëîâíîãî ìîçêó. Ï³ä ÷àñ äîñë³äæåííÿ
ðåºñòðóâàëè íàñòóïí³ ïîêàçíèêè: äèêðîòè÷íèé
³íäåêñ, ä³àñòîë³÷íèé ³íäåêñ, ïåðèôåðè÷íèé
ñóäèííèé îï³ð, àìïë³òóäó ðåîãðàô³÷íî¿ êðèâî¿,
îá�ºìíó øâèäê³ñòü êðîâîòîêó.

Ñòàòèñòè÷íó îáðîáêó îòðèìàíèõ ðå-
çóëüòàò³â çä³éñíþâàëè íà ïåðñîíàëüíîìó
êîìï�þòåð³ çà äîïîìîãîþ ïàêåò³â ïðèê-
ëàäíèõ ïðîãðàì Microsoft Excel (2000) òà
Statistica 5.5.  Ðîçðàõîâóâàëè ñåðåäíüî-
àðèôìåòè÷íå çíà÷åííÿ òà éîãî ñòàíäàðòíó
ïîõèáêó. Äîñòîâ³ðí³ñòü â³äì³ííîñòåé ì³æ
ïîêàçíèêàìè ñëàáîçîðèõ ³ íîðìàëüíîçîðèõ
ä³òåé âñòàíîâëþâàëè çà äîïîìîãîþ äâîâè-
á³ðêîâîãî êðèòåð³þ t Ñòüþäåíòà àáî U-êðè-
òåð³þ Ìàííà-Ó³òí³, â³êîâ³ çì³íè � çà îäíî-
âèá³ðêîâèì êðèòåð³ºì t Ñòüþäåíòà àáî
îäíîâèá³ðêîâèì êðèòåð³ºì Â³ëêîêîñíà, ùî
âèçíà÷àëè òèïîì ðîçïîä³ëó ðåçóëüòàò³â.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ¯Õ ÎÁÃÎÂÎÐÅÍÍß

Ðåçóëüòàòè äîñë³äæåííÿ ì³êðîöèðêóëÿ-
òîðíîãî ðóñëà òà ³íòåãðàëüíèõ ïîêàçíèê³â

ìîçêîâî¿ ãåìîäèíàì³êè ä³òåé äîøê³ëüíîãî
òà ìîëîäøîãî øê³ëüíîãî â³êó ç ð³çíèì ñò-
àíîì çîðîâîãî àíàë³çàòîðà íàâåäåíî â
òàáëèö³.

Âñòàíîâëåíî, ùî çà çíà÷åííÿì äèêðî-
òè÷íîãî ³íäåêñó,  ùî â³äîáðàæàº òîíóñ
ñóäèí àðòåð³àëüíîãî òèïó äð³áíîãî êàë³áðà,
äîñòîâ³ðíèõ â³äì³ííîñòåé ì³æ ñëàáîçîðèìè
³ íîðìàëüíîçîðèìè äîøê³ëüíèêàìè íå âèÿâ-
ëåíî. Íàòîì³ñòü ó ñëàáîçîðèõ ìîëîäøèõ
øêîëÿð³â çíà÷åííÿ öüîãî ïîêàçíèêà âèÿâè-
ëèñÿ äîñòîâ³ðíî âèùèìè ó ïðàâ³é ãåì³ñôåð³
îáîõ ñóäèííèõ áàñåéí³â (íà 10,31 % ó FMd,
Ð<0,01 òà íà 16,19 % ó ÎÌd, Ð<0,001)
ïîð³âíÿíî ç íîðìàëüíîçîðèìè ä³òüìè.

Ïðè ïåðåõîä³ ç äîøê³ëüíîãî äî ìîëîä-
øîãî øê³ëüíîãî â³êó ó ä³òåé îáîõ ãðóï ñïîñ-
òåð³ãàëîñÿ ³ñòîòíå çá³ëüøåííÿ (Ð<0,001)
òîíóñó ñóäèí àðòåð³àëüíîãî òèïó äð³áíîãî
êàë³áðà, ùî î÷åâèäíî ïîâ�ÿçàíî ç ìîðôî-
ëîã³÷íèìè çì³íàìè öåðåáðàëüíèõ ñóäèí.
Îäíàê ó ñëàáîçîðèõ ä³òåé â³êîâå çá³ëü-
øåííÿ äèêðîòè÷íîãî ³íäåêñó â ñåðåäíüîìó
íà 10 % âèùå çà àíàëîã³÷íèé ïîêàçíèê
íîðìàëüíîçîðèõ ä³òåé.

ßê³ñíèé àíàë³ç âèÿâèâ, ùî ó âñ³õ ä³òåé
ïåðåâàæàº ï³äâèùåíèé òîíóñ àðòåð³îë,
ïðè÷îìó ¿õ ê³ëüê³ñòü ç â³êîì çá³ëüøóºòüñÿ.
Âñòàíîâëåíî, ùî ó ìîëîäøîìó øê³ëüíîìó
â³ö³ â³í ñïîñòåð³ãàâñÿ ÷àñò³øå ó íîðìàëü-
íîçîðèõ ä³òåé ïîð³âíÿíî ç³ ñëàáîçîðèìè â
áàñåéí³ êàðîòèäíèõ àðòåð³é ïðàâî¿ ãåì³ñ-
ôåðè (97,00 ³ 87,85 % â³äïîâ³äíî Ð<0,05).

Ä³àñòîë³÷íèé ³íäåêñ, ùî â³äîáðàæàº
òîíóñ ñóäèí âåíîçíîãî òèïó äð³áíîãî
êà ë ³áðà  òà  ñòàí  âåíîçíîãî  â ³äòîêó,  ó
ñëàáîçîðèõ ä³òåé ïîð³âíÿíî ç íîðìàëüíî-
çîðèìè â äîøê³ëüíîìó â³ö³ ñóòòºâî íå
â³äð³çíÿâñÿ (Ð>0,05), òîä³ ÿê â ìîëîäøîìó
øê³ëüíîìó â³ö³ áóâ âèùèì ó ñëàáîçîðèõ
ä³òåé íà 2,49 % ó FMs (Ð>0,05), íà 9,99 % ó
FMd (Ð<0,01), íà 8,72 % ó ÎÌs (Ð<0,01) òà
íà 13,53 % ó ÎMd (Ð<0,001).

Ç â³êîì ó âñ³õ ä³òåé äîñòîâ³ðíî ï³äâè-
ùóâàâñÿ äèêðîòè÷íèé ³íäåêñ (Ð<0,001),
á³ëüø âèðàæåíî ó ñëàáîçîðèõ ä³òåé (ó

².Â. Ðåäüêà
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àì

³êè
 ñëàáîçîðè

õ ä³òåé

Äèêðîòè÷íèé ³íäåêñ, % 53,00±3,15 56,97±2,62 54,18±2,06 57,97±1,93 54,66±1,57 56,49±1,79 56,23±1,95 56,13±1,95

Ä³àñòîë³÷íèé ³íäåêñ, % 55,10±2,64 57,34±2,26 53,71±2,23 58,94±1,78 56,36±1,76 58,42±2,04 58,52±1,71 59,13±1,57

Ïåðèôåðè÷íèé ñóäèííèé îï³ð, % 76,32±1,68 77,41±2,10 73,27±1,80 75,10±1,81 76,00±1,06 76,88±1,41 76,38±1,34 72,90±1,47

Àìïë³òóäà ðåîãðàô³÷íî¿ êðèâî¿,
Îì 0,20±0,01 0,20±0,01 0,18±0,01 0,16±0,01 0,21±0,01 0,21±0,01 0,17±0,01 0,19±0,01

Îáºìíà øâèäê³ñòü êðîâîòîêó,
Îì/ñ 0,49±0,02 0,50±0,04 0,45±0,04 0,41±0,03 0,55±0,03 0,56±0,02 0,45±0,02 0,52±0,03

                                                                  Ñëàáîçîð³ ä³òè ìîëîäøîãî øê³ëüíîãî â³êó (n=79)           Íîðìàëüíîçîð³ ä³òè ìîëîäøîãî øê³ëüíîãî â³êó (n=80)

Äèêðîòè÷íèé ³íäåêñ, % 80,65±1,14* 85,6±1,6 *,** 78,11±0,99* 89,94±1,67 *,**78,94±1,24* 77,6±1,21* 79,30±1,74* 77,41±2,06*

Ä³àñòîë³÷íèé ³íäåêñ, % 86,12±0,93* 91,94±1,38 *,**91,65±1,15 *,** 100,33±1,77 *,** 84,03±1,2* 83,59±1,21* 84,30±1,76* 88,37±1,31*

Ïåðèôåðè÷íèé ñóäèííèé îï³ð, % 88,95±1,06* 92,52±1,6* 89,63±0,93* 98,42±1,71 *,**88,08±1,27* 87,98±1,13* 89,77±1,71* 90,95±1,37*

Àìïë³òóäà ðåîãðàô³÷íî¿ êðèâî¿,
Îì 0,22±0,01 0,19±0,01** 0,19±0,01** 0,15±0,005** 0,22±0,004 0,21±0,01 0,22±0,01* 0,23±0,01*

Îá�ºìíà øâèäê³ñòü êðîâîòîêó,
Îì/ñ 0,51±0,02 0,46±0,01 0,47±0,02** 0,41±0,02** 0,48±0,02* 0,46±0,02** 0,56±0,02* 0,61±0,02*

* � â³äì³ííîñò³ ç ïîêàçíèêàìè íîðìàëüíîçîðèõ ä³òåé ó ìåæàõ îäí³º¿ â³êîâî¿ ãðóïè, Ð<0,05, ** � â³äì³ííîñò³ ç ïîêàçíèêàìè
ä³òåé äîøê³ëüíîãî â³êó, Ð<0,05.

Ïîêàçíèêè öåðåáðàëüíî¿ ãåìîäèíàì³êè ñëàáîçîðèõ ä³òåé äîøê³ëüíîãî òà ìîëîäøîãî øê³ëüíîãî â³êó

Ïîêàçíèêè FM-â³äâåäåííÿ ÎM-â³äâåäåííÿ FM-â³äâåäåííÿ ÎM-â³äâåäåííÿ

Ë³âà
ãåì³ñôåðà

Ïðàâà
ãåì³ñôåðà

Ë³âà
ãåì³ñôåðà

Ïðàâà
ãåì³ñôåðà

Ë³âà
ãåì³ñôåðà

Ïðàâà
ãåì³ñôåðà

Ë³âà
ãåì³ñôåðà

Ïðàâà
ãåì³ñôåðà

Ñëàáîçîð³ ä³òè äîøê³ëüíîãî â³êó (n=75) Íîðìàëüíîçîð³ ä³òè äîøê³ëüíîãî â³êó (n=79)
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ñåðåäíüîìó íà  17 ,96  %) ,  îñîáëèâî  â
âåðòåáðî-áàçèëÿðí³é ñèñòåì³.

Ï³äâèùåíèé òîíóñ âåíóë ïåðåâàæàâ ó
âñ³õ ä³òåé óïðîäîâæ äîñë³äæóâàíîãî ïåð³î-
äó îíòîãåíåçó. Â³äçíà÷èìî, ùî ó äîøê³ëü-
íîìó â³ö³ ó ñëàáîçîðèõ ä³òåé ó âåðòåáðî-
áàçèëÿðí³é ñèñòåì³ ë³âî¿ ãåì³ñôåðè çíà÷íî
÷àñò³øå, ïîð³âíÿíî ç íîðìàëüíîçîðèìè
âèÿâëÿâñÿ çíèæåíèé òîíóñ âåíóë (10,67 ³
1 ,27  % â ³äïîâ³äíî,  Ð<0,01)  ³  ð ³äøå �
ï³äâèùåíèé (60,00 ³ 75,95 % â³äïîâ³äíî,
Ð<0,01), òîä³ ÿê â ìîëîäøîìó øê³ëüíîìó
â³ö³ � ï³äâèùåíèé òîíóñ âåíóë (85,98 ³ 62,00 %
â³äïîâ³äíî, Ð<0,001). Ó ö³ëîìó æ ó ñëàáî-
çîðèõ ä³òåé ç â³êîì ñïîñòåð³ãàëàñÿ òåí-
äåíö³ÿ äî çá³ëüøåííÿ ê³ëüêîñò³ âèïàäê³â
ï³äâèùåíîãî òîíóñó âåíóë, îñîáëèâî ó ë³â³é
ãåì³ñôåð³ (Ð<0,05), òîä³ ÿê ó íîðìàëüíî-
çîðèõ ä³òåé ñïîñòåð³ãàëàñÿ òåíäåíö³ÿ äî ¿õ
çìåíøåííÿ.

Ïåðèôåðè÷íèé ñóäèííèé îï³ð, ÿêèé
çíà÷íîþ ì³ðîþ âèçíà÷àºòüñÿ ñï³ââ³äíî-
øåííÿì òîíóñó ñóäèí ïðå- òà ïîñòêàï³ëÿð-
íîãî ðóñëà, ó ñëàáîçîðèõ ä³òåé ìàâ òåíäåí-
ö³þ äî ï³äâèùåííÿ ïîð³âíÿíî ç íîðìàëü-
íîçîðèìè âïðîäîâæ äîñë³äæóâàíîãî ïåð³î-
äó îíòîãåíåçó, ñÿãàþ÷è äîñòîâ³ðíî¿ ð³çíèö³
ó ìîëîäøîìó øê³ëüíîìó â³ö³ â âåðòåáðî-
áàçèëÿðí³é ñèñòåì³ ïðàâî¿ ãåì³ñôåðè (98,42
³ 90,95 % â³äïîâ³äíî, Ð<0,05).

Ïðè ïåðåõîä³ â³ä äîøê³ëüíîãî äî ìîëîä-
øîãî øê³ëüíîãî â³êó ñïîñòåð³ãàëîñÿ ³ñòîòíå
ï³äâèùåííÿ ïåðèôåðè÷íîãî ñóäèííîãî îïîðó
â óñ³õ ä³òåé (Ð<0,001), ÿêå á³ëüø âèðàæåíå
ó ñëàáîçîðèõ ä³òåé.

Ó ïåðåâàæíî¿ á³ëüøîñò³ ä³òåé äîøê³ëü-
íîãî â³êó áóëè íîðìàëüí³ çíà÷åííÿ ïåðè-
ôåðè÷íîãî ñóäèííîãî îïîðó â óñ³õ ñóäèííèõ
áàñåéíàõ, òîä³ ÿê ó ìîëîäøîìó øê³ëüíîìó
â³ö³ â îñíîâíîìó ïåðåâàæàëè � ï³äâèùåí³.
Ó ñëàáîçîðèõ ä³òåé ìîëîäøîãî øê³ëüíîãî
â³êó â âåðòåáðî-áàçèëÿðí³é ñèñòåì³ ë³âî¿
ãåì³ñôåðè çíà÷íî ÷àñò³øå â³äì³÷àëè ï³äâè-
ùåíèé ñóäèííèé îï³ð ïîð³âíÿíî ç íîðìàëü-
íîçîðèìè îäíîë³òêàìè (92,52 ³ 77,00 %
â³äïîâ³äíî, Ð<0,01).

Âñòàíîâëåíî, ùî àìïë³òóäà ðåîãðà-
ô³÷íî¿ êðèâî¿, ùî â³äîáðàæàº êðîâîíà-
ïîâíåííÿ àðòåð³àëüíîãî ðóñëà, ó ñëàáîçîðèõ
ä³òåé ìàëà òåíäåíö³þ äî çíèæåííÿ ïîð³â-
íÿíî ç íîðìàëüíîçîðèìè, ñÿãàþ÷è ñâîãî
ìàêñèìóìó â ìîëîäøîìó øê³ëüíîìó â³ö³.
Òàê, ó ñëàáîçîðèõ ä³òåé ìîëîäøîãî øê³ëü-
íîãî â³êó àðòåð³àëüíå êðîâîíàïîâíåííÿ ó
êàðîòèäíîìó áàñåéí³ ïðàâî¿ ãåì³ñôåðè
çíèæåíå íà 10,53 % (Ð<0,01), ó âåðòåáðî-
áàçèëÿðíîìó áàñåéí³ ë³âî¿ òà ïðàâî¿ ãåì³-
ñôåð  �  íà  15 ,78  (Ð<0 ,05)  òà  53 ,33  %
(Ð<0,001) â³äïîâ³äíî.

Ó íîðìàëüíîçîðèõ ä³òåé ç â³êîì ï³äâè-
ùóâàëîñÿ êðîâîíàïîâíåííÿ àðòåð³àëüíîãî
ðóñëà  ãîëîâíîãî  ìîçêó,  ÿêå  íàéá³ëüø
âèðàæåíå ó âåðòåáðî-áàçèëÿðí³é ñèñòåì³
(Ð<0 ,01) ,  òîä ³  ÿê  ó  ñëàáîçîðèõ  ä ³òåé
àíàëîã³÷íà òåíäåíö³ÿ âèÿâëÿëàñÿ ò³ëüêè äëÿ
ñóäèííèõ áàñåéí³â ë³âî¿ ãåì³ñôåðè (P>0,05),
à â ïðàâ³é ãåì³ñôåð³ âîíî ëèøå íåçíà÷íî
çíèæóâàëîñÿ (P>0,05).

Â³äçíà÷èìî, ùî ó âñ³õ ä³òåé â êàðîòèä-
íîìó áàñåéí³ ïåðåâàæàëî íîðìàëüíå êðîâî-
íàïîâíåííÿ àðòåð³àëüíîãî ðóñëà. Ó êàðî-
òèäíîìó áàñåéí³ ïðàâî¿ ãåì³ñôåðè ó ñëàáî-
çîðèõ ä³òåé ìîëîäøîãî øê³ëüíîãî â³êó
÷àñò³øå ïîð³âíÿíî ç íîðìàëüíîçîðèìè
âèÿâëÿëîñÿ éîãî çíèæåííÿ (Ð<0,01).

Ó äîøê³ëüíîìó â³ö³ â âåðòåáðî-áàçèëÿð-
íîìó áàñåéí³ ë³âî¿ ãåì³ñôåðè ñåðåä ñëàáî-
çîðèõ ä³òåé çíà÷íî á³ëüøà ÷àñòèíà ìàëà
ï³äâèùåíå àðòåð³àëüíå êðîâîíàïîâíåííÿ
ïîð³âíÿíî ç íîðìàëüíîçîðèìè (Ð<0,01), òîä³
ÿê â ìîëîäøîìó øê³ëüíîìó â³ö³ � çíèæåíå
(Ð<0,05). Ó âåðòåáðî-áàçèëÿðíîìó áàñåéí³
ïðàâî ¿  ãåì³ñôåðè  ó  ñëàáîçîðèõ  ä ³òåé
ñïîñòåð³ãàëàñÿ á³ëüøà ÷àñòîòà âèïàäê³â
çíèæåíîãî êðîâîíàïîâíåííÿ àðòåð³àëüíîãî
ðóñëà ïîð³âíÿíî ç íîðìàëüíîçîðèìè ä³òüìè
(Ð<0,05) òà ìåíøà � ï³äâèùåíîãî êðîâîíà-
ïîâíåííÿ (Ð<0,05).

Ó ö³ëîìó ç â³êîì íåçàëåæíî â³ä ñòàíó
çîðîâî¿ ôóíêö³¿ â³äçíà÷àºòüñÿ òåíäåíö³ÿ äî
íîðìàë³çàö³¿ êðîâîíàïîâíåííÿ àðòåð³àëü-
íîãî ðóñëà îáîõ ñóäèííèõ áàñåéí³â, ïåðå-
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âàæíî âíàñë³äîê çìåíøåííÿ âèïàäê³â
íèçüêîãî êðîâîíàïîâíåííÿ (Ð<0,05), à ó
âåðòåáðî-áàçèëÿðíîìó áàñåéí³ ñëàáîçîðèõ
ä³òåé � ùå é çà ðàõóíîê çíèæåííÿ ÷àñòîòè
âèïàäê³â  ï³äâèùåíîãî êðîâîíàïîâíåííÿ
(Ð<0,01).

²íòåãðàòèâíèì ïîêàçíèêîì, ùî â³äîá-
ðàæàº ñòàí öåðåáðàëüíî¿ ãåìîäèíàì³êè, º
îá�ºìíà øâèäê³ñòü êðîâîòîêó. Âñòàíîâ-
ëåíî, ùî ó êàðîòèäíîìó áàñåéí³ äîñòî-
â³ðíèõ â³äì³ííîñòåé ó çíà÷åííÿõ öüîãî
ïîêàçíèêà ó ñëàáîçîðèõ ³ íîðìàëüíîçîðèõ
ä³òåé óïðîäîâæ äîñë³äæóâàíîãî ïåð³îäó
îíòîãåíåçó íå âèÿâëåíî (Ð>0,05). Îäíàê ó
âåðòåáðî-áàçèëÿðí³é  ñèñòåì³  ñïîñòå-
ð³ãàëîñÿ âèðàæåíå çíèæåííÿ îá�ºìíî¿
øâèäêîñò³ êðîâîòîêó ó ñëàáîçîðèõ ä³òåé
îñîáëèâî â ìîëîäøîìó øê³ëüíîìó â³ö³, ÿêå
ñÿãíóëî  19 ,15  % äëÿ  ë ³âî ¿  ãåì³ñôåðè
(Ð<0,05) òà 48,78 % äëÿ ïðàâî¿ (Ð<0,001).

Ó íîðìàëüíîçîðèõ ä³òåé ç â³êîì ñïîñòå-
ð³ãàºòüñÿ çíèæåííÿ îá�ºìíî¿ øâèäêîñò³
êðîâîîá³ãó ó êàðîòèäíîìó áàñåéí³ (Ð<0,05)
òà ï³äâèùåííÿ ó âåðòåáðî-áàçèëÿðíîìó
(Ð<0,05). Ó ñëàáîçîðèõ ä³òåé â³êîâ³ çì³íè
öüîãî ïîêàçíèêà íå âèðàæåí³ (Ð>0,05) òà
ìàëè ð³çíîñïðÿìîâàíèé õàðàêòåð: ó ë³â³é
ãåì³ñôåð³ ñïîñòåð³ãàëàñÿ òåíäåíö³ÿ äî
ï³äâèùåííÿ, à ó ïðàâ³é � äî çíèæåííÿ.

Ó âñ³õ ä³òåé óïðîäîâæ äîñë³äæóâàíîãî
ïåð³îäó îíòîãåíåçó (çà âèíÿòêîì âåðòåáðî-
áàçèëÿðíîãî áàñåéíó ïðàâî¿ ãåì³ñôåðè
íîðìàëüíîçîðèõ äîøê³ëüíèê³â) ïåðåâàæàëà
íîðìàëüíà îá�ºìíà øâèäê³ñòü êðîâîòîêó. Ç
â³êîì ñïîñòåð³ãàëàñÿ òåíäåíö³ÿ äî çá³ëü-
øåííÿ öüîãî ïîêàçíèêà â óñ³õ ñóäèííèõ
áàñåéíàõ âíàñë³äîê çìåíøåííÿ ê³ëüêîñò³
âèïàäê³â ç ã³ïîâîëåì³ºþ (Ð<0,05). Ó íîð-
ìàëüíîçîðèõ ä³òåé â ìîëîäøîìó øê³ëüíîìó
â³ö³ çíà÷íî çá³ëüøèëîñÿ ÷èñëî ä³òåé ç
ã ³ïåðâîëåì³ºþ ó  âåðòåáðî-áàçèëÿðí³é
ñèñòåì³ (Ð<0,05). Ó ñëàáîçîðèõ ä³òåé â
äîøê³ëüíîìó (Ð<0 ,01)  òà  ìîëîäøîìó
øê³ëüíîìó â³ö³ (Ð>0,05) ÷àñò³øå ïîð³âíÿíî
ç íîðìàëüíîçîðèìè ä³òüìè ó âåðòåáðî-
áàçèëÿðí³é ñèñòåì³ ë³âî¿ ãåì³ñôåðè ñïîñòå-
ð³ãàëàñÿ ã³ïåðâîëåì³ÿ, òîä³ ÿê ó ïðàâ³é

ãåì³ñôåð³ � ã³ïîâîëåì³ÿ (Ð<0,05).
Îòæå, öåðåáðàëüíà ãåìîäèíàì³êà ñëà-

áîçîðèõ ä³òåé, çáåð³ãàþ÷è â³êîâ³ çàêîíî-
ì³ðíîñò³, ìàº îñîáëèâîñò³, ùî âèÿâëÿþòüñÿ
òåíäåíö³ºþ äî çíèæåííÿ àðòåð³àëüíîãî
êðîâîíàïîâíåííÿ òà îá�ºìíî¿ øâèäêîñò³
êðîâîòîêó íà ôîí³ ï³äâèùåííÿ òîíóñó
àðòåð³àëüíèõ ³ âåíîçíèõ ñóäèí äð³áíîãî
êàë³áðà òà ïåðèôåðè÷íîãî ñóäèííîãî îïîðó,
ùî ñòàº á³ëüø ïîì³òíèì ç äîðîñë³øàííÿì.
Çàçíà÷åí³ îñîáëèâîñò³ ìîçêîâîãî êðîâî-
îá³ãó á³ëüø âèðàæåí³ â âåðòåáðî-áàçèëÿð-
íîìó áàñåéí³ ïîð³âíÿíî ç êàðîòèäíèì ³ â
ïðàâ³é ãåì³ñôåð³ ïîð³âíÿíî ç ë³âîþ.

Ñë³ä â³äì³òèòè, ùî âèÿâëåí³ íàìè çì³íè
öåðåáðàëüíî¿ ãåìîäèíàì³êè ó ñëàáîçîðèõ
ä³òåé ìîëîäøîãî øê³ëüíîãî â³êó óçãîä-
æóþòüñÿ ç àíàëîã³÷íèìè ðåîåíöåôàëî-
ãðàô³÷íèìè äîñë³äæåííÿìè ä³òåé 9�17-
ð³÷íîãî â ³êó  ç  ì³îï³ºþ,  ó  ÿêèõ òàêîæ
â³äçíà÷àëîñÿ çíèæåííÿ îá�ºìíî¿ øâèäêîñò³
êðîâîòîêó, ï³äâèùåííÿ ïåðèôåðè÷íîãî
ñóäèííîãî îïîðó, óñêëàäíåííÿ âåíîçíîãî
â³äòîêó, ùî á³ëüø âèðàæåíî ó âåðòåáðî-
áàçèëÿðíîìó áàñåéí³ [6, 14, 16].

Íàø³ ðåçóëüòàòè òàêîæ êîðåëþþòü ç
äàíèìè äîïïëåðîãðàô³÷íîãî äîñë³äæåííÿ
äîðîñëèõ ñë³ïèõ ëþäåé â³êîì â³ä 24 äî 67
ðîê³â, â ÿêîìó âèÿâëåíî ï³äâèùåííÿ ñóäèí-
íîãî îïîðó, âåíîçíó äèçãåì³þ òà çíèæåííÿ
øâèäêîñò³ êðîâîòîêó ïî àðòåð³ÿì ãîëîâíîãî
ìîçêó, ñòóï³íü ÿêèõ çàëåæàâ â³ä õàðàêòåðó
êë³í³÷íèõ ïðîÿâ³â ñë³ïîòè [7].

Äîñë³äæåííÿìè ïîêàçàíî, ùî âèÿâëåí³
îñîáëèâîñò³ öåðåáðàëüíî¿ ãåìîäèíàì³êè ó
ëþäåé ç âàäàìè çîðó êîðåëþþòü ç çàãàëü-
íèìè äèñöèðêóëÿòîðíèìè çì³íàìè â ñóìàð-
í³é åëåêòðè÷í³é àêòèâíîñò³ ãîëîâíîãî ìîçêó,
ùî âèÿâëÿþòüñÿ ïðè åëåêòðîåíöåôàëî-
ãðàô³÷íîìó îáñòåæåíí³ [14]. Ö³êàâèì º
ôàêò âñòàíîâëåííÿ êîìïåíñàòîðíîãî ï³äâè-
ùåííÿ êðîâîòîêó â ñåðåäí³é ìîçêîâ³é àðòåð³¿
òà éîãî çàëåæí³ñòü â³ä çíèæåííÿ àìïë³òóäè
α-ðèòìó òà òðèâàëîñò³ ñë³ïîòè [7].

Â³äîìî, ùî ó çîí³ êðîâîïîñòà÷àííÿ
âåðòåáðî-áàçèëÿðíîãî áàñåéíó ðîçòàøî-
âóºòüñÿ ïðàêòè÷íî âåñü çîðîâèé òðàêò ³

Â³êîâ³ îñîáëèâîñò³ öåðåáðàëüíî¿ ãåìîäèíàì³êè ñëàáîçîðèõ ä³òåé
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âíóòð³øíüîìîçêîâ³ â³ää³ëè çîðîâîãî àíàë³-
çàòîðà (âåðõí³ ãîðáèêè ÷îòèðèãîðáèêîâî¿
ïëàñòèíêè, ëàòåðàëüíå êîë³í÷àñòå ò³ëî,
ïðåòåêòàëüíà ä³ëÿíêà, 17�19-ò³ ïîëÿ çîðîâî¿
êîðè). Êð³ì òîãî, äîñë³äàìè íà òâàðèíàõ
ïîêàçàíî, ùî ïîâíå àáî ÷àñòêîâå îáìåæåí-
íÿ çîðîâî¿ àôåðåíòàö³¿ ó êðèòè÷í³ ïåð³îäè
äëÿ  ðîçâèòêó  çîðîâî¿  ñèñòåìè çäàòíå
çì³íèòè àáî çðóéíóâàòè îðãàí³çàö³þ êîðòè-
êàëüíèõ íåéðîí³â,  ðåöåïòèâí³  ïîëÿ òà
ôóíêö³îíàëüí³ íåéðîíí³ çâ�ÿçêè çîðîâî¿
ñèñòåìè [20, 24, 28, 30, 33]. Çà óìîâ ïîâíî¿
â³äñóòíîñò³ çîðîâî¿ àôåðåíòàö³¿ ðîçïî÷è-
íàºòüñÿ àòðîô³ÿ íåðâîâèõ êë³òèí ñ³òê³âêè òà
çîðîâî¿ êîðè [17].

Çàçíà÷åíå äàº çìîãó ïðèïóñòèòè, ùî
âèÿâëåíå íàìè ñåðåä ñëàáîçîðèõ ä³òåé
çíèæåííÿ êðîâîíàïîâíåííÿ àðòåð³àëüíîãî
ðóñëà òà îá�ºìíî¿ øâèäêîñò³ êðîâîòîêó ó
âåðòåáðî-áàçèëÿðíîìó áàñåéí³ ïîð³âíÿíî ç
íîðìàëüíîçîðèìè î÷åâèäíî çóìîâëåíå
çìåíøåííÿì ïîòîêó çîðîâî¿ ñåíñîðíî¿
àôåðåíòàö³¿ âíàñë³äîê äèñôóíêö³¿ çîðîâîãî
àíàë³çàòîðà, ùî â ñâîþ ÷åðãó, ïðèçâîäèòü
äî çíèæåííÿ ð³âíÿ íåéðîííî¿ àêòèâàö³¿, à
îòæå é äî çíèæåííÿ ìåòàáîë³÷íèõ ïîòðåá
çàçíà÷åíèõ ñòðóêòóð ãîëîâíîãî ìîçêó.

Â³äîìî, ùî â ñòðóêòóðàõ ïðàâî¿ ï³âêóë³
â³äáóâàºòüñÿ ãëîáàëüíà îáðîáêà çîðîâî¿ òà
ñëóõîâî¿ ³íôîðìàö³¿, ÿêà ïîâ�ÿçàíà ç ôîðìó-
âàííÿì àñîö³àö³é ì³æ ïðåäìåòàìè, ÿâè-
ùàìè, ïîä³ÿìè â ïðîöåñ³  ï³çíàâàëüíî¿
ä³ÿëüíîñò³, çàïàì�ÿòîâóâàííÿì ñåíñîðíèõ
ñòèìóë³â. Çì³íà êðîâîïîñòà÷àííÿ ñòðóêòóð
ïðàâî ¿  ãåì³ñôåðè  ó  ñëàáîçîðèõ  ä ³òåé
ïîð³âíÿíî ç íîðìàëüíîçîðèìè, éìîâ³ðíî,
âêàçóº íà ñòðóêòóðí³ çì³íè â àñîö³àòèâíèõ
ä³ëÿíêàõ ãîëîâíîãî  ìîçêó (çîêðåìà â
ïîòèëè÷íî-ò³ì�ÿí³é ä³ëÿíö³). Âèñëîâëåíå
ïðèïóùåííÿ óçãîäæóºòüñÿ ç äàíèìè äîñë³ä-
æåíü, â ÿêèõ ïîêàçàíî, ùî çàõâîðþâàííÿ
ïåðèôåðè÷íîãî â³ää³ëó çîðîâîãî àíàë³çà-
òîðà, ÿê³ âèêëèêàþòü îáìåæåííÿ çîðîâî¿
àôåðåíòàö³¿, íåãàòèâíî âïëèâàþòü íà äîçð³-
âàííÿ ì³æíåéðîííèõ çâ�ÿçê³â ó àñîö³àòèâíèõ
ä³ëÿíêàõ êîðè òà íà ôîðìóâàííÿ ³íòåãðà-
òèâíèõ ïðîöåñ³â ìîçêó, ÿê³ ëåæàòü â îñíîâ³

çîðîâîãî ñïðèéíÿòòÿ [3, 5, 12].
Â îáãîâîðåíí³ îòðèìàíèõ ðåçóëüòàò³â

ñë³ä çâåðíóòè óâàãó íà çì³íè öåðåáðàëüíî¿
ãåìîäèíàì³êè  ï ³ä  âïëèâîì ñåíñîðíî¿
äåïðèâàö³¿ ð³çíî¿ ìîäàëüíîñò³. Ðåîåíöåôà-
ëîãðàô³÷íèìè äîñë³äæåííÿìè ä³òåé â³êîì
â³ä  7  äî  20  ðîê³â  ç  ñåíñîíåâðàëüíîþ
ïðèãëóõóâàò³ñòþ ²²²�IV ñòóïåíÿ âèÿâëåíî
çíèæåííÿ îá�ºìíî¿ øâèäêîñò³ êðîâîîá³ãó òà
àðòåð³àëüíîãî êðîâîíàïîâíåííÿ ó âåðòåáðî-
áàçèëÿðíîìó áàñåéí³, ïî÷èíàþ÷è ç ìîëîä-
øîãî øê³ëüíîãî â³êó [2, 8], òà ó êàðîòèä-
íîìó áàñåéí³, ïî÷èíàþ÷è ç ï³äë³òêîâîãî â³êó
[4, 15], ùî ïîºäíóâàëîñÿ ç³ çíèæåííÿì
òîíóñó ñóäèí ì³êðîöèðêóëÿòîðíîãî ðóñëà
(çà âèíÿòêîì ï³äë³òê³â) ³  ïîðóøåííÿìè
âåíîçíîãî â³äòîêó â îáîõ ñóäèííèõ áàñåé-
íàõ [2, 4, 15].

Òàêèì ÷èíîì, ïðè ñåíñîðí³é äåïðèâàö³¿
çì³íè öåðåáðàëüíî¿ ãåìîäèíàì³êè ìîæóòü
áóòè ÿê ñïåöèô³÷íèìè, òàê ³ íåñïåöèô³÷-
íèìè. Íà íàøó äóìêó [2, 8], äî ìîäàëüíî-
ñïåöèô³÷íèõ çì³í ïðè ñëóõîâîìó äåôåêò³
ìîæíà â³äíåñòè ï³äâèùåííÿ ã³ïîòîí³¿ ì³ê-
ðîöèðêóëÿòîðíîãî ðóñëà òà óñêëàäíåííÿ âå-
íîçíîãî â³äòîêó, à ïðè çîðîâîìó äåôåêò³ �
çíèæåííÿ àðòåð³àëüíîãî êðîâîíàïîâíåííÿ
òà îá�ºìíî¿ øâèäêîñò³ êðîâîòîêó íà ôîí³
ï³äâèùåííÿ òîíóñó ñóäèí ì³êðîöèðêó-
ëÿòîðíîãî ðóñëà. Äî íåñïåöèô³÷íèõ çì³í
öåðåáðàëüíî¿  ãåìîäèíàì³êè  â  óìîâàõ
ñåíñîðíèõ äåôåêò³â ñë³ä â³äíîñèòè á³ëüøó
çàëó÷åí³ñòü äî ïàòîëîã³÷íîãî ïðîöåñó
ïðàâî¿ ãåì³ñôåðè òà âåðòåáðî-áàçèëÿðíîãî
áàñåéíó.

Âñòàíîâëåíî, ùî â³êîâ³ çì³íè öåðåá-
ðàëüíî¿ ãåìîäèíàì³êè ïîëÿãàþòü ó çá³ëü-
øåíí³ çíà÷åíü äèêðîòè÷íèõ ³ ä³àñòîë³÷íîãî
³íäåêñ³â ³ ïåðèôåðè÷íîãî ñóäèííîãî îïîðó
ïðè ïåðåõîä³ â³ä äîøê³ëüíîãî äî ìîëîäøîãî
øê³ëüíîãî â³êó, ùî ïîâ�ÿçàíî ç³ ñòðóêòóðíîþ
ïåðåáóäîâîþ öåðåáðàëüíèõ ñóäèí. Ñëàáî-
çîð³ ä³òè ìàþòü á³ëüøèé â³êîâèé ïðèð³ñò
çàçíà÷åíèõ ïîêàçíèê³â ïîð³âíÿíî ç íîðìàëü-
íîçîðèìè. Â³êîâà äèíàì³êà àðòåð³àëüíîãî
êðîâîíàïîâíåííÿ òà îá�ºìíî¿ øâèäêîñò³
êðîâîòîêó ó ð³çíèõ ñóäèííèõ áàñåéíàõ ðîçð³ç-

².Â. Ðåäüêà
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íÿºòüñÿ òà ïîòðåáóº ïîäàëüøèõ äîñë³äæåíü. Ó
ñëàáîçîðèõ âîíà ìåíø âèðàæåíà ïîð³âíÿíî ç
íîðìàëüíîçîðèìè ä³òüìè.

Ó ë³òåðàòóð³ ºäèíî¿ äóìêè ùîäî â³êîâî¿
äèíàì³êè öåðåáðàëüíî¿ ãåìîäèíàì³êè ó
ä³òåé äîøê³ëüíîãî òà ìîëîäøîãî øê³ëüíîãî
â³êó íå ³ñíóº. ².Î. Òóïèöèí [11] â³äçíà÷àº,
ùî ç â³êîì ä³òåé çìåíøóºòüñÿ àðòåð³àëüíå
êðîâîíàïîâíåííÿ, ïðè÷îìó ç ìàêñèìóìîì
ó 7-ð³÷íîìó â³ö³, à íàäàë³ ñïîñòåð³ãàºòüñÿ
íåçíà÷íå çíèæåííÿ äî ï³äë³òêîâîãî â³êó.
Òîíóñ äð³áíèõ àðòåð³é â³ä 7 äî 12 ðîê³â
ïîñòóïîâî çíèæóºòüñÿ. Òàêîæ ïîêàçàíî [1],
ùî ó ä³òåé â ïåð³îä ç 5 äî 9 ðîê³â â ëîáíèõ
ä³ëÿíêàõ ãîëîâíîãî ìîçêó çíèæóºòüñÿ
îá�ºìíà øâèäê³ñòü ìîçêîâîãî êðîâîòîêó ³
òîíóñ ñóäèí àðòåð³àëüíîãî òèïó äð³áíîãî
êàë³áðà.  Ó 6-ð³÷íîìó â³ö³  àðòåð³àëüíå
êðîâîíàïîâíåííÿ ñóäèí ìîçêó äåùî çìåí-
øóºòüñÿ ïîð³âíÿíî ç 5-ð³÷íèìè ä³òüìè, à
çãîäîì öåé ïîêàçíèê íå çì³íþºòüñÿ äî 11
ðîê³â, êîëè â³äáóâàºòüñÿ ïîäàëüøå çìåí-
øåííÿ êðîâîíàïîâíåííÿ [9]. Ó ä³òåé 7�10
ðîê³â ïîð³âíÿíî ç äîøê³ëüíÿòàìè ñïîñòåð³-
ãàºòüñÿ ï³äâèùåííÿ àðòåð³àëüíîãî êðîâîíà-
ïîâíåííÿ òà çíèæåííÿ ñóäèííîãî òîíóñó [9].

Îòæå, â³êîâ³ çì³íè öåðåáðàëüíîãî êðîâî-
îá³ãó âèìàãàþòü óòî÷íåííÿ äëÿ ÷îãî ïîò-
ð³áíîþ º îðãàí³çàö³ÿ ëîíã³òþäíèõ àáî æ
÷èñëåííèõ ïîïåðå÷íèõ äîñë³äæåíü.

ÂÈÑÍÎÂÊÈ

1. Öåðåáðàëüíà ãåìîäèíàì³êà ñëàáîçîðèõ
ä³òåé, çáåð³ãàþ÷è â³êîâ³ çàêîíîì³ðíîñò³, ìàº
îñîáëèâîñò³, ùî âèÿâëÿþòüñÿ òåíäåíö³ºþ
äî çíèæåííÿ àðòåð³àëüíîãî êðîâîíàïîâíåí-
íÿ òà îá�ºìíî¿ øâèäêîñò³ êðîâîòîêó íà ôîí³
ï³äâèùåííÿ òîíóñó àðòåð³àëüíèõ ³ âåíîçíèõ
ñóäèí äð³áíîãî êàë³áðà òà ïåðèôåðè÷íîãî
ñóäèííîãî îïîðó, ùî ñòàº á³ëüø ïîì³òíèì ç
äîðîñë³øàííÿì. Çàçíà÷åí³ îñîáëèâîñò³ ìîç-
êîâîãî êðîâîîá³ãó á³ëüø âèðàæåí³ â âåðòåá-
ðî-áàçèëÿðíîìó áàñåéí³ ïîð³âíÿíî ç êàðîòè-
äíèì òà â ïðàâ³é ãåì³ñôåð³ ïîð³âíÿíî ç ë³âîþ.

2. Â³êîâ³ çì³íè öåðåáðàëüíî¿ ãåìîäè-

íàì³êè ïîëÿãàþòü ó çá³ëüøåíí³ çíà÷åíü äèê-
ðîòè÷íîãî ³ ä³àñòîë³÷íîãî ³íäåêñ³â òà ïåðè-
ôåðè÷íîãî ñóäèííîãî îïîðó ïðè ïåðåõîä³ â³ä
äîøê³ëüíîãî äî ìîëîäøîãî øê³ëüíîãî â³êó,
ùî ïîâ�ÿçàíî ç³ ñòðóêòóðíîþ ïåðåáóäîâîþ
öåðåáðàëüíèõ ñóäèí. Ñëàáîçîð³ ä³òè ìàþòü
á³ëüøèé â³êîâèé ïðèð³ñò çàçíà÷åíèõ ïîêàç-
íèê³â ïîð³âíÿíî ç íîðìàëüíîçîðèìè.

È.Â. Ðåäüêà

ÂÎÇÐÀÑÒÍÛÅ ÎÑÎÁÅÍÍÎÑÒÈ
ÖÅÐÅÁÐÀËÜÍÎÉ ÃÅÌÎÄÈÍÀÌÈÊÈ
ÑËÀÁÎÂÈÄßÙÈÕ ÄÅÒÅÉ ÄÎØÊÎËÜÍÎÃÎ
È ÌËÀÄØÅÃÎ ØÊÎËÜÍÎÃÎ ÂÎÇÐÀÑÒÀ

Ìåòîäîì ðåîýíöåôàëîãðàôèè îáñëåäîâàíû 149 ñëàáî-
âèäÿùèõ äåòåé (èç íèõ 75 äîøêîëüíèêîâ è 74 ìëàäøèõ
øêîëüíèêà) è 159 íîðìàëüíîâèäÿùèõ äåòåé I�II ãðóïïû
çäîðîâüÿ (èç íèõ 79 äîøêîëüíèêîâ è 80 ìëàäøèõ
øêîëüíèêîâ) ñ èñïîëüçîâàíèåì ôðîíòî- è îêöèïèòî-
ìàñòîèäàëüíîãî îòâåäåíèé. Âûÿñíåíî, ÷òî öåðåáðàëüíàÿ
ãåìîäèíàìèêà ñëàáîâèäÿùèõ äåòåé, ñîõðàíÿÿ âîçðàñòíûå
çàêîíîìåðíîñòè, èìååò îñîáåííîñòè, ïðîÿâëÿþùèåñÿ
òåíäåíöèåé ê ñíèæåíèþ àðòåðèàëüíîãî êðîâåíàïîëíåíèÿ
è îáúåìíîé ñêîðîñòè êðîâîòîêà íà ôîíå ïîâûøåíèÿ òîíóñà
àðòåðèàëüíûõ è âåíîçíûõ ñîñóäîâ ìåëêîãî êàëèáðà è
ïåðèôåðè÷åñêîãî ñîñóäèñòîãî ñîïðîòèâëåíèÿ, êîòîðûå
ñòàíîâÿòñÿ áîëåå âûðàæåííûìè ïî ìåðå âçðîñëåíèÿ äåòåé.
Óêàçàííûå îñîáåííîñòè ìîçãîâîãî êðîâîîáðàùåíèÿ áîëåå
âûðàæåíû â âåðòåáðî-áàçèëÿðíîì áàññåéíå, ïî ñðàâíåíèþ
ñ êàðîòèäíûì è â ïðàâîé ãåìèñôåðå ïî ñðàâíåíèþ ñ ëåâîé.
Óñòàíîâëåíî, ÷òî âîçðàñòíûå èçìåíåíèÿ öåðåáðàëüíîé
ãåìîäèíàìèêè çàêëþ÷àþòñÿ â óâåëè÷åíèè äèêðîòè÷åñêîãî
è äèàñòîëè÷åñêîãî èíäåêñîâ è ïåðèôåðè÷åñêîãî ñîñóäèñòîãî
ñîïðîòèâëåíèÿ ïðè ïåðåõîäå îò äîøêîëüíîãî ê ìëàäøåìó
øêîëüíîìó âîçðàñòó, ÷òî ñâÿçàííî ñî ñòðóêòóðíîé
ïåðåñòðîéêîé öåðåáðàëüíûõ ñîñóäîâ. Ñëàáîâèäÿùèå äåòè
èìåþò áîëüøèé âîçðàñòíîé ïðèðîñò óêàçàííûõ ïîêàçàòåëåé
ïî ñðàâíåíèþ ñ íîðìàëüíîâèäÿùèìè.
Êëþ÷åâûå ñëîâà: ñëàáîâèäÿùèå äåòè, öåðåáðàëüíàÿ
ãåìîäèíàìèêà.

I.V. Redka

AGE PECULIARITIES OF CEREBRAL
HEMODYNAMICS IN VISUALLY IMPAIRED
CHILDREN OF PRESCHOOL AND PRIMARY
SCHOOL AGE

149 visually impaired children (including 75 preschoolers and
74 junior pupils) and 159 healthy children of the  first- second
group of health (including 79 preschoolers and 80 elementary
school children) were examined by the method of REG with

Â³êîâ³ îñîáëèâîñò³ öåðåáðàëüíî¿ ãåìîäèíàì³êè ñëàáîçîðèõ ä³òåé
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using fronto-mastoidal and occypito-mastoidal recordings.
Cerebral hemodynamics in impaired children, keeping the age
patterns, has features of reduced blood volume and blood flow
velocity. These changes were accompanied by an increased
tone of arterial and venous vessels of small caliber and peripheral
vascular resistance, which becomes more prominent as children
get older. These features of cerebral circulation were more
pronounced in the vertebro-basilar area compared to the carotid
area, and in right hemisphere compared with the left
hemisphere. Age-related changes of cerebral hemodynamics
are to increase the dicrotyc and diastolic indices and peripheral
vascular resistance during the transition from preschool to
primary school age, which is related to restructurization of
cerebral vessels. Visually impaired children have a greater
increase in these age indices compared with healthy children.
Key words: impaired children, cerebral hemodynamics.

Kherson University
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Ã³ïîêñè÷íà ëåãåíåâà ã³ïåðòåíç³ÿ: ñó÷àñí³ ïîãëÿäè íà
ïàòîãåíåç òà øëÿõè ¿¿ ôàðìàêîëîã³÷íî¿ êîðåêö³¿

Ó ñòàòò³ ïðîàíàë³çîâàíî ñó÷àñí³ ï³äõîäè äî ôàðìàêîëîã³÷íî¿ êîðåêö³¿ ã³ïîêñè÷íî¿ ëåãåíåâî¿
ã³ïåðòåíç³¿ ó âçàºìîçâ�ÿçêó ç ìåõàí³çìàìè ¿¿ ðîçâèòêó, à òàêîæ ðîçãëÿíóòî ïåðñïåêòèâí³
íàïðÿìêè äîñë³äæåíü äëÿ ñòâîðåííÿ íîâèõ ôàðìàêîëîã³÷íèõ ïðåïàðàò³â ó ö³é ãàëóç³.
Êëþ÷îâ³ ñëîâà: ã³ïîêñè÷íà ëåãåíåâà ã³ïåðòåíç³ÿ, ã³ïîêñ³ÿ, åíäîòåë³é, ðåàêòèâí³ ôîðìè êèñíþ,
ë³ïîñîìè.

ÂÑÒÓÏ

Ëåãåíåâà ã³ïåðòåíç³ÿ (ËÃ) � öå ñòàí, ÿêèé ìàº
³ä³îïàòè÷íó ïðèðîäó  àáî âèíèêàº âíàñë³-
äîê âïëèâó øèðîêîãî ñïåêòðà ïàòîëîã³÷íèõ
ôàêòîð³â ³ õàðàêòåðèçóºòüñÿ ïîñòóïîâèì
ï³äâèùåííÿì ëåãåíåâîãî ñóäèííîãî îïîðó
òà òèñêó ó ëåãåíåâ³é àðòåð³¿, ùî ïðèçâîäèòü
äî ðîçâèòêó íåäîñòàòíîñò³ ïðàâîãî øëóíî÷-
êà, à çà óìîâ äåêîìïåíñàö³¿ � äî ëåòàëüíèõ
íàñë³äê³â. Ä³àãíîç ËÃ âèçíà÷àºòüñÿ ïðè ñå-
ðåäíüîìó òèñêó ó ëåãåíåâ³é àðòåð³¿ âèùå í³æ
25 ìì ðò. ñò. ó ñòàí³ ñïîêîþ òà 50 ìì ðò.
ñò. ïðè ô³çè÷íîìó íàâàíòàæåíí³ [1].

Ðîçð³çíÿþòü ïåðâèííó (ñïîðàäè÷íó,
åñåíö³àëüíó) ËÃ òà âòîðèííó, ùî âèíèêëà
ÿê íàñë³äîê ³íøèõ çàõâîðþâàíü. Åñåíö³àëü-
íà ËÃ º ïàòîëîã³ºþ íåâ³äîìî¿ åò³îëîã³¿, ùî
øâèäêî ïðîãðåñóº ³ çà â³äñóòíîñò³ ë³êóâàííÿ
ïðèçâîäèòü äî ïåðåä÷àñíî¿ ñìåðò³ õâîðîãî.
Ñë³ä â³äì³òèòè, ïåðâèííà ËÃ � öå ð³äê³ñíå
çàõâîðþâàííÿ, ÿêå âèÿâëÿºòüñÿ ó 1�2 ëþäåé
íà ì³ëüéîí [1].

Âòîðèííà ËÃ âèíèêàº íà òë³ áàãàòüîõ
çàõâîðþâàíü äèõàëüíî¿ òà ñåðöåâî-ñóäèííî¿
ñèñòåìè ³ º ïîøèðåíîþ ïðè÷èíîþ ³íâàë³-
äèçàö³¿ òà ñìåðòíîñò³. Íåçâàæàþ÷è íà åò³î-

ëîã³þ (âïëèâ òîêñèí³â, àóòî³ìóíí³ òà ìåõà-
í³÷í³ óøêîäæåííÿ), ó á³ëüøîñò³ âèïàäê³â
ðîçâèòîê äàíî¿ ïàòîëîã³¿ ò³ºþ ÷è ³íøîþ
ì³ðîþ ñóïðîâîäæóºòüñÿ ã³ïîêñ³ºþ. Îñòàííÿ
ìîæå áóòè ÿê îäí³ºþ ç ïåðøîïðè÷èí, òàê ³
âèíèêàòè  ç  ÷àñîì ÿê  íàñë ³äîê  ³íøèõ
ïàòîëîã³÷íèõ ïðîöåñ³â, ïîñèëþþ÷è ïðîÿâè
çàõâîðþâàííÿ [1, 63].

Ñåðåä ÷èííèê³â, ÿê³ âèêëèêàþòü âòîðèí-
íó ËÃ ìîæóòü áóòè îáñòðóêö³ÿ âåðõí³õ äè-
õàëüíèõ øëÿõ³â, îáñòðóêòèâíå í³÷íå àïíîå,
ã³ïîâåíòèëÿö³ÿ ïðè îæèð³íí³, äèñôóíêö³ÿ
äèõàëüíîãî öåíòðó òîùî. Êð³ì òîãî, ã³ïîêñ³ÿ
ìîæå áóòè ïîâ�ÿçàíà ç òàêèìè çàõâîðþ-
âàííÿìè ëåãåíü, ÿê õðîí³÷íà îáñòðóêòèâíà
õâîðîáà, ìóêîâ³ñöèäîç, ³íòåðñòèö³àëüíèé
ô³áðîç, áðîíõîëåãåíåâà äèñïëàç³ÿ, ðàä³à-
ö³éíèé ô³áðîç, ïóõëèíà ëåãåíü, êîëàãåíîçè
[63]. Íåéðîì�ÿçîâ³, ñêåëåòí³ ïîðóøåííÿ
(ñêîë³îç, ì�ÿçîâà äèñòðîô³ÿ Äþøåíà, ïî-
ë³îì³ºë³ò), âèñîêîã³ðíà ã³ïîêñ³ÿ òàêîæ ìî-
æóòü ïðèçâîäèòè äî ã³ïîêñè÷íî¿ ëåãåíåâî¿
ã³ïåðòåíç³¿ (ÃËÃ) [63]. Òàê³ ôàêòîðè, ÿê
óøêîäæåííÿ ïàðåíõ³ìè ëåãåíü ³ çàïàëåííÿ
çäàòí³ áåçïîñåðåäíüî âèêëèêàòè ËÃ, àëå ó
öèõ ñèòóàö³ÿõ ã³ïîêñ³ÿ, áåçóìîâíî, ðîáèòü
çíà÷íèé âíåñîê ó ðîçâèòîê ïàòîëîã³¿. ßê ó
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çãàäàíèõ, òàê ³ ó áàãàòüîõ ³íøèõ âèïàäêàõ
â îñíîâ³ ðîçâèòêó ËÃ ëåæèòü ÿâèùå ã³ïîê-
ñè÷íî¿ ëåãåíåâî¿ âàçîêîíñòðèêö³¿ (ÃËÂ).

Ïóñêîâ³ ìåõàí³çìè ÃËÃ.  ÃËÂ º äóæå
êîíñåðâàòèâíèì ïðîöåñîì, ùî ïðîÿâëÿºòü-
ñÿ ÿê ó ññàâö³â, òàê ³ ó ïòàõ³â ³ ðåïòèë³é. ¯¿
âèðàæåí³ñòü çàëåæèòü â³ä á³îëîã³÷íîãî
âèäó, â³êó, ñòàò³, äîñë³äæóâàíîãî îá�ºêòó òà
äåÿêèõ ãåíåòè÷íèõ ôàêòîð³â. Âîíà ³í³ö³þ-
ºòüñÿ ïîì³ðíîþ ã³ïîêñ³ºþ ïðè ïàðö³àëüíîìó
òèñêó êèñíþ â àëüâåîëàõ ìåíøîìó í³æ
100 ìì ðò.ñò. Ãîëîâíèìè åôåêòîðíèìè êë³òè-
íàìè ÃËÂ º ïðåêàï³ëÿðíèé øàð ãëàäåíü-
êîì�ÿçîâèõ êë³òèí (ÃÌÊ) ðåçèñòèâíèõ ñóäèí,
ùî çíàõîäÿòüñÿ ó âõîä³ â àöèíóñ [35, 79].

Ó ô³ç³îëîã³÷íèõ óìîâàõ ÃËÂ îáìåæóº
êðîâîîá³ã ä³ëÿíîê ëåãåíü ç ïîðóøåíîþ
âåíòèëÿö³þ, íàïðèêëàä, âíàñë³äîê îáñò-
ðóêö³¿, ñïðÿìîâóþ÷è òàêèì  ÷èíîì êðîâ äî
³íøèõ ä³ëÿíîê. Ó ðåçóëüòàò³ ö³º¿ ðåàêö³¿
çáåð³ãàºòüñÿ çàãàëüíèé ð³âåíü ãàçîîáì³íó,
îñê³ëüêè âèð³âíþºòüñÿ ñï³ââ³äíîøåííÿ
àëüâåîëÿðíî¿ âåíòèëÿö³¿ òà ïåðôóç³¿, çìåí-
øóºòüñÿ àëüâåîëÿðíå øóíòóâàííÿ êðîâ³
[45].

Â³äîìî, ùî ìåõàí³çì ÃËÂ ìàº ñàìîðå-
ãóëÿòîðíèé õàðàêòåð. Ï³ä âïëèâîì ã³ïîêñ³¿
â ³çîëüîâàíèõ ÃÌÊ ëåãåíåâèõ àðòåð³é ï³ä-
âèùóºòüñÿ âíóòð³øíüîêë³òèííà êîíöåíò-
ðàö³ÿ Ñà2+ ([Ca2+]

i
), ùî ïðèçâîäèòü äî ¿õ

ñêîðî÷åííÿ. Ïî ñóò³, âîíè ÿâëÿþòü ñîáîþ
ÿê ñåíñîðí³, òàê ³ åôåêòîðí³ êë³òèíè ïðè
â³äïîâ³ä³ ñóäèííîãî ðóñëà íà ã³ïîêñ³þ [44,
70, 79]. Ó ðàç³ òðèâàëî¿ ã³ïîêñ³¿ äî íèõ
ïðèºäíóþòüñÿ é åíäîòåë³àëüí³ êë³òèíè [5].

Ðîçãëÿäàºòüñÿ äåê³ëüêà òåîð³é ñòîñîâíî
òîãî, ÿêèì ÷èíîì êë³òèíè «â³ä÷óâàþòü»
çíèæåííÿ ïàðö³àëüíîãî òèñêó êèñíþ. Îäíà
ç  íàéïîøèðåí³øèõ ç  íèõ ïîâ�ÿçàíà ç ³
çì³íàìè ó ìåòàáîë³çì³ ÃÌÊ ëåãåíåâèõ
àðòåð³é ï³ä ÷àñ ã³ïîêñ³¿. Áàãàòüîì äîñë³ä-
íèêàì âèäàºòüñÿ äîñèòü çàêîíîì³ðíèì, ùî
çì³íè åíåðãåòè÷íîãî ñòàòóñó òà ìåòàáî-
ë³çìó êë³òèíè çà óìîâ äåô³öèòó êèñíþ
ìîæóòü áóòè ñèãíàëîì äëÿ ðîçâèòêó ÃËÂ.
Òàêèìè ñèãíàëàìè òåîðåòè÷íî ìîæóòü áóòè

çì³íè êîíöåíòðàö³¿ àäåíîçèíòðèôîñôàòó
(ÀÒÔ), îêèñíî-â³äíîâíèé ïîòåíö³àë öèòî-
ïëàçìè, ñï³ââ³äíîøåííÿ îêèñíåíèõ ³ â³äíîâ-
ëåíèõ ôîðì äåÿêèõ êîôåðìåíò³â (íàïðèêëàä
ÍAÄ+/ÍAÄH) àáî çì³íè â óòâîðåíí³ ðåàê-
òèâíèõ ôîðì êèñíþ (ÐÔÊ) [38].  Îòæå,
ìîæëèâî ïðèïóñòèòè, ùî ñåíñîðàìè çíè-
æåííÿ ïàðö³àëüíîãî òèñêó êèñíþ º ì³òî-
õîíäð³¿ [71].

²ñíóº äâà îñíîâíèõ àðãóìåíòè íà êî-
ðèñòü òåîð³¿  ïðî ó÷àñòü ì³òîõîíäð³é ó
ðåàêö³ÿõ êë³òèíè íà çì³íè íàïðóæåííÿ
êèñíþ: ïî-ïåðøå, ³íã³á³òîðè åëåêòðîííî-
òðàíñïîðòíîãî ëàíöþãà (ÅÒË) ì³òîõîíäð³é
ñïåöèô³÷íî ïðèãí³÷óþòü ÃËÂ [44, 76]; ïî-
äðóãå, ÃÌÊ ëåãåíåâèõ àðòåð³é áåç ôóíêö³î-
íóþ÷îãî äèõàëüíîãî ëàíöþãà íå äåìîíñò-
ðóþòü â³äïîâ³äåé íà ã³ïîêñ³þ [75]. Âîäíî-
÷àñ íå ìàº ºäèíî¿ äóìêè ñòîñîâíî òîãî,
ÿêèì ñàìå ÷èíîì öåé ñèãíàë â³ä ì³òî-
õîíäð³é âèêëèêàº ï³äâèùåííÿ [Ca2+]

³
.

Âèâ÷àþ÷è ìåõàí³çìè ðîçâèòêó ÃËÂ,
áàãàòî äîñë³äíèê³â îñòàíí³ì ÷àñîì ñêîí-
öåíòðóâàëè ñâîþ óâàãó íàâêîëî ðîë³ ÐÔÊ.
Íàñàìïåðåä öå ñóïåðîêñèä-àí³îí ³ ïåðåêèñ
âîäíþ, ÿê³ ìîæóòü âèñòóïàòè ñèãíàëüíèìè
ìîëåêóëàìè [24]. Â³äîìî, ùî â ÅÒË-ïåðåõ³ä
åëåêòðîí³â ç êîìïëåêñ³â ² òà ²²² íà ìîëåêó-
ëÿðíèé êèñåíü ïðèçâîäèòü äî óòâîðåííÿ
ñóïåðîêñèäíèõ ðàäèêàë³â (.Î

2
-) [69]. Îñòàí-

í³ ïåðåòâîðþþòüñÿ ñóïåðîêñèääèñìóòàçîþ
íà ïåðåêèñ âîäíþ (H

2
O

2
) ³ ìîæóòü äèôóí-

äóâàòè êð³çü ìåìáðàíó ì³òîõîíäð³¿ äî öè-
òîçîëþ. Ñóïåðîêñèäíèé ðàäèêàë òàêîæ
ìîæå ïðîéòè êð³çü àí³îííèé êàíàë ³ ïîòðà-
ïèòè â åêñòðàì³òîõîíäð³àëüíèé ïðîñò³ð [76].

Îêèñíî-â³äíîâíà òåîð³ÿ Àð÷åðà [8]
îñíîâàíà íà ³äå¿, ùî â óìîâàõ íîðìîêñ³¿
êîíñòèòóòèâíå óòâîðåííÿ ÐÔÊ ó êîìï-
ëåêñàõ ² òà ²²² ÅÒË ì³òîõîíäð³é ï³äòðèìóº
êàëüö³ºâ³  êàíàëè â  îêèñíåíîìó,  òîáòî
àêòèâíîìó ñòàí³. Â³í ââàæàº, ùî ï³ä ÷àñ
ã³ïîêñ³ ¿  òðàíñïîðò åëåêòðîí³â ïî ÅÒË
ïîã³ðøóºòüñÿ, ³  ÷åðåç öå ñóòòºâî çìåí-
øóºòüñÿ óòâîðåííÿ ÐÔÊ, ùî â ñâîþ ÷åðãó
â³äíîâëþº åëåìåíòè êàë³ºâèõ êàíàë³â ³

Ã³ïîêñè÷íà ëåãåíåâà ã³ïåðòåíç³ÿ
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ñïðè÷èíþº ïðèãí³÷åííÿ ¿õíüî¿ àêòèâíîñò³,
äåïîëÿðèçàö³þ ìåìáðàíè òà âõ³ä Ñà2+ äî
êë³òèíè ÷åðåç êàíàëè L-òèïó. Òàêèì ÷èíîì,
ïðîêñèìàëüí³ ³íã³á³òîðè ÅÒË ïîâèíí³ ³ì³òó-
âàòè ã³ïîêñ³þ, ñïðè÷èíþâàòè ï³äâèùåííÿ
[Ca2+]

³ 
òà, ó çâ�ÿçêó ç öèì, âàçîêîíñòðèêö³þ.

Äîáðå  â ³äîìî,  ùî òàê ³  ïðîêñèìàëüí³
³íã³á³òîðè, ÿê ðîòåíîí, ³ ñïðàâä³ âèêëèêàþòü
âàçîêîíñòðèêö³þ íà òë³ íîðìîêñ³¿ ó ïåðôó-
çîâàíèõ ëåãåíÿõ òà ³çîëüîâàíèõ ñóäèíàõ [7,
8, 76]. Öÿ â³äïîâ³äü º òðàíçèòîðíîþ òà
ìåíøîþ çà òó, ùî âèêëèêàºòüñÿ ã³ïîêñ³ºþ.
Âîäíî÷àñ º â³äîìîñò³ ³ ïðî â³äñóòí³ñòü
âàçîêîíñòðèêö³¿ àáî ï³äâèùåííÿ [Ca2+]

³
 íà

òë³ âèùåçãàäàíèõ áëîêàòîð³â [39].
Ñâ³ä÷åííÿ, ùî ï³äòðèìóþòü àëüòåð-

íàòèâíó ã³ïîòåçó, çäàþòüñÿ á³ëüø ´ðóíòîâ-
íèìè. Âîíà ïîëÿãàº â òîìó, ùî ã³ïîêñ³ÿ,
î÷åâèäíî, ñïðè÷èíþº ïàðàäîêñàëüíå ï³äâè-
ùåííÿ óòâîðåííÿ ÐÔÊ ó êîìïëåêñ³ ²²² ,
³í³ö³þþ÷è ï³äâèùåííÿ [Ca2+]

³ 
[24, 39, 75, 76].

Â³äïîâ³äíî, àíòèîêñèäàíòè òà êàòàëàçà
ïîâèíí³ ïðèãí³÷óâàòè ÃËÂ òà/àáî ï³äâè-
ùåííÿ [Ca2+]

³
 áåç ³ì³òàö³¿ ã³ïîêñ³¿, ³ öå áóëî

ïîêàçàíî áàãàòüìà àâòîðàìè [75, 76]. Êð³ì
òîãî, ³íã³á³òîðè, ùî ä³þòü ïðîêñèìàëüí³øå
óá³ñåì³õ³íîíó â êîìïëåêñ³ ²²² òàêîæ ïðèãí³-
÷óþòü ³ ðîçâèòîê ÃËÂ [39, 76]. Öåíòðàëüíà
ðîëü öüîãî êîìïëåêñó òà óá³ñåì³õ³íîíó ï³ä-
òâåðäæóºòüñÿ ³ äàíèìè ïðî òå ùî, ³íã³á³òîðè
ÅÒË, ÿê³ ä³þòü äèñòàëüíî, òàê³, ÿê ö³àí³ä
(âïëèâàâ íà òåðì³íàëüíó öèòîõðîìîêñèäàçó
â êîìïëåêñ³ IV) òà àíòèì³öèí À (âïëèâàº
íà öèòîõðîì b562 äèñòàëüí³øå óá³ñåì³õ³-
íîíó â êîìïëåêñ³ ²²²) íåçäàòí³ ïîïåðåäèòè
ÃËÂ,  ³  íàâ ³òü  ìîæóòü  ñòèìóëþâàòè ¿ ¿
ðîçâèòîê òà/àáî ï³äâèùåííÿ [Ca2+]

i
 [7, 39,

75, 76]. Àëå º ñâ³ä÷åííÿ òîãî, ùî àíòèì³öèí
ïðèãí³÷óº óòâîðåííÿ ÐÔÊ [7, 44].

Ì³æ äâîìà âèùåçãàäàíèìè ã³ïîòåçàìè,
ÿê ìè áà÷èìî, ³ñíóº î÷åâèäíå ïðîòèð³÷÷ÿ.
Ðàçîì ç òèì äåÿê³ ôàêòè âêàçóþòü, íà íàø
ïîãëÿä, ùî ï³äâèùåííÿ ÐÔÊ ïðè ã³ïîêñ³¿ º
á³ëüø ³ìîâ³ðíèì, í³æ çíèæåííÿ. Ïî-ïåðøå,
îêèñíî-â³äíîâíà òåîð³ÿ ïåðåäáà÷àº ³ì³òàö³þ
â³äïîâ³ä³ íà ã³ïîêñ³þ ëåãåíåâèõ àðòåð³é ï³ä

âïëèâîì àíòèîêñèäàíò³â ³ êàòàëàçè, â òîé
÷àñ ÿê áóëî ïîêàçàíå ò³ëüêè ïðèãí³÷åííÿ
ÃËÂ [75, 76], à öå º çàêîíîì³ðíèì, ÿêùî óò-
âîðåííÿ ÐÔÊ ïðè ã³ïîêñ³¿ íàñïðàâä³ ï³äâè-
ùóºòüñÿ. Ïî-äðóãå, äîñë³äæåííÿ ïîêàçàëè,
ùî ñóêöèíàò, çàáåçïå÷óþ÷è åëåêòðîíàìè
êîìïëåêñ ²²², äîñèòü øâèäêî â³äíîâëþº
ÃËÂ çà íàÿâíîñò³  ðîòåíîíó, ùî ïåðåä-
áà÷àëîñÿ òåîð³ºþ ï³äâèùåííÿ âì³ñòó ÐÔÊ
[39]. ², ïî-òðåòº, äîíîð ñóïåðîêñèä-àí³îíà
LY83583 âèêëèêàº ñêîðî÷åííÿ ëåãåíåâèõ
àðòåð³é âîäíî÷àñ ³íäóêóº äèëàòàö³þ ñèñ-
òåìíèõ ñóäèí [36]. Ñë³ä çàçíà÷èòè, ùî äàí³
ñòîñîâíî âïëèâó àíòèîêñèäàíò³â íà ðîçâè-
òîê  ÃËÂ äåùî ñóïåðå÷ëèâ³ .  Ó äåÿêèõ
âèïàäêàõ âîíè àáî ïðèãí³÷óþòü, àáî íå
âïëèâàþòü íà ïåðåá³ã ëåãåíåâî¿ âàçîêîí-
ñòðèêö³¿ [9, 20, 31].

Îòæå, áóëè çðîáëåí³ ñïðîáè çàñòîñóâàòè
àíòèîêñèäàíòè äëÿ òåðàï³¿ ÃËÃ. Ó äîñë³ä-
æåííÿõ íà òâàðèíàõ íåîäíîðàçîâî ïîêàçàíî,
ùî àíòèîêñèäàíòè (çîêðåìà N-àöåòèëöèñ-
òå¿í, åðäîñòå¿í òà àëîïóðèíîë) ïðèãí³÷óþòü
àáî ïîïåðåäæóþòü ðîçâèòîê õðîí³÷íî¿ ËÃ
òà ã³ïåðòðîô³þ ïðàâîãî øëóíî÷êà, âèêëè-
êàíèõ ã³ïîêñ³ºþ [32, 70]. Òàêîæ â³äîìî, ùî
â ëåãåíÿõ õâîðèõ íà ËÃ (ÿê ïåðâèííó, òàê ³
âòîðèííó), ðîçâèâàºòüñÿ îêèñíèé ñòðåñ [32,
33] ,  àëå  äî  öüîãî  ÷àñó  ïðàêòè÷íî  íå
äîñë³äæóâàëè ìîæëèâîñò³ êîðåêö³¿ ïîðó-
øåíü ëåãåíåâîãî êðîâîîá³ãó ïðè ã³ïîêñ³¿ çà
äîïîìîãîþ àíòèîêñèäàíò³â ó ëþäåé.

²îíí³ ïðîöåñè ó ðîçâèòêó ÃËÃ.  ÃËÂ
³çîëüîâàíèõ ñóäèí ìàº äâîôàçíèé õàðàêòåð
³ ñêëàäàºòüñÿ ç ïî÷àòêîâî¿ òðàíçèòîðíî¿
êîíñòðèêòîðíî¿ â³äïîâ³ä³ � ïåðøà ôàçà, çà
ÿêîþ éäå ïîâ³ëüíà òðèâàëà êîíñòðèêö³ÿ �
äðóãà ôàçà [39, 53, 54, 69]. Òðàíçèòîðíà ôàçà
ñïîñòåð³ãàºòüñÿ ó äîñë³äæåííÿõ íà ³çîëüî-
âàíèõ àðòåð³ÿõ ìàëîãî êîëà êðîâîîá³ãó (â
òîìó ÷èñë³ äååíäîòåë³çîâàíèõ) [81] òà
íàâ³òü in vivo [65] ³ ìîæå áóòè îõàðàêòåðè-
çîâàíà ÿê ãîñòðà ÷åðåç òå, ùî ðîçâèâàºòüñÿ
ïðîòÿãîì äåê³ëüêîõ ñåêóíä â³ä ïî÷àòêó
ã³ïîêñ³¿ òà òðèâàº â³ä 2 äî 6 õâ [54, 65].

Êëþ÷îâîþ ïîä³ºþ ïåðøî¿ ôàçè ÃËÂ º

ª.Â. Ñòðºëêîâ, Ñ.Á. Ôðàíöóçîâà, Î.Ñ. Õðîìîâ
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ï³äâèùåííÿ ([Ca2+]
i
) ó ÃÌÊ ï³ä âïëèâîì

ã³ïîêñ³¿. Òàêå ÿâèùå áóëî ïîêàçàíå ÿê äëÿ
³çîëüîâàíèõ ÃÌÊ ëåãåíåâèõ ñóäèí, òàê ³ äëÿ
³íòàêòíèõ ëåãåíåâèõ àðòåð³é [18, 71]. Çàç-
âè÷àé ñïîñòåð³ãàºòüñÿ ñòð³ìêå òðàíçèòîðíå
ï³äâèùåííÿ [Ca2+]

i
, [18, 24, 54]. ×èñëåíí³

äîñë³äæåííÿ ïðîäåìîíñòðóâàëè, ùî ÃËÂ
çäåá³ëüøîãî çàëåæèòü â³ä ïîçàêë³òèííîãî
êàëüö³þ, ³ ùî éîãî óñóíåííÿ àáî áëîêàäà
âõîäó â ÃÌÊ ñóòòºâî ïðèãí³÷óº êîíñò-
ðèêö³þ ëåãåíåâèõ àðòåð³é [18, 40, 54, 71].

Â³äîìà çíà÷íà ê³ëüê³ñòü ìåõàí³çì³â, ÿê³
ïîòåíö³éíî ìîãëè áè áóòè çàëó÷åíèìè äî
âõîäó êàëüö³þ äî ÃÌÊ ï³ä ÷àñ ã³ïîêñ³¿.
Íàñàìïåðåä ñë³ä â³äì³òèòè ïîòåíö³àë-
çàëåæí³ êàëüö³ºâ³ êàíàëè, ãîëîâíèì ÷èíîì
L-òèïó. ¯õ áëîêàòîð âåðàïàì³ë ïðèãí³÷óº
ðîçâèòîê ÃËÂ ó äîñë³äæåííÿõ íà ³çîëüî-
âàíèõ ëåãåíÿõ ³ ëåãåíåâèõ ñóäèíàõ [35, 40,
71]. Òèïîâèì ìåõàí³çìîì àêòèâàö³¿ ïîòåí-
ö³àëçàëåæíèõ êàëüö³ºâèõ êàíàë³â º äåïîëÿ-
ðèçàö³ÿ. Post òà ñï³âàâò. [48] ïîêàçàëè, ùî
ã³ïîêñ³ÿ ñïðè÷èíþº äåïîëÿðèçàö³þ â ëåãåíå-
âèõ ÃÌÊ òàêîæ ïðèãí³÷åííÿì êàë³ºâèõ
êàíàë³â. Öå â³äêðèòòÿ ïðèçâåëî äî ïîÿâè
ã³ïîòåçè ïðî êëþ÷îâó ¿õ ðîëü ó ðîçâèòêó ÃËÂ
[78], ÿêà ç ÷àñîì îòðèìàëà øèðîêå ðîçïîâ-
ñþäæåííÿ. Äîâåäåíî, ùî ïðèãí³÷åííÿ ð³ç-
íèõ òèï³â êàë³ºâèõ êàíàë³â ïîñèëþº â³äïî-
â³äü ñóäèí íà ã³ïîêñ³þ [43]. Àëå ÷èñëåíí³
ñïîñòåðåæåííÿ, íàêîïè÷åí³ çà îñòàíí³é ÷àñ,
ñâ³ä÷àòü, ùî ïîòåíö³àëçàëåæíèé âõ³ä Ñà2+

äî ÃÌÊ íå º ãîëîâíèì ôàêòîðîì ó ðîçâèòêó
ÃËÂ [46, 57, 72, 77]. Òàêîæ äåÿê³ äîñë³äíèêè
ââàæàþòü ïðèãí³÷åííÿ êàë³ºâèõ êàíàë³â º
ëèøå äîïîì³æíèì ìåõàí³çìîì âàçîêîí-
ñòðèêö³¿ [26]. Íåçâàæàþ÷è íà öå, íà ïî÷àòêó
80-õ ðîê³â, êîëè ç�ÿñóâàëîñÿ, ùî áëîêàòîð
êàëüö³ºâèõ êàíàë³â L-òèïó í³ôåäèï³í çíà÷íî
àêòèâí³øå çíèæóº çàãàëüíèé ëåãåíåâèé îï³ð,
í³æ ñèñòåìíèé, ïî÷àëîñÿ âïðîâàäæåííÿ
àíòàãîí³ñò³â êàëüö³þ ó ìåäèêàìåíòîçíîìó
ë³êóâàíí³ ïàö³ºíò³â ç ËÃ. Ñë³ä çàçíà÷èòè, ùî
íàéá³ëüø ïîøèðåí³ ç íèõ (í³ôåäèï³í, àìëî-
äèï³í, äèëò³àçåì) ó âèñîêèõ äîçàõ åôåêòèâ-
íî çíèæóþòü òèñê ëèøå ïðèáëèçíî ó 50 %

õâîðèõ. Ó ùå ìåíøî¿ ÷àñòèíè âîíè çäàòí³
âèêëèêàòè ðåãðåñ³þ äèëàòàö³¿ òà ã³ïåðòðîô³¿
ïðàâîãî øëóíî÷êà. Ïðè öüîìó ³ñíóþòü
çíà÷í³ îáìåæåííÿ ó âèêîðèñòàíí³ àíòàãî-
í³ñò³â êàëüö³þ ó çâ�ÿçêó ç ¿õ âïëèâîì íà
öåíòðàëüíó ãåìîäèíàì³êó òà ðîáîòó ñåðöÿ.
Äîñèòü ÷àñòî ðîçâèòîê ñèñòåìíî¿ ã³ïîòîí³¿
òà òàõ³êàðä³¿ ïåðåøêîäæàº ïðèçíà÷åííþ öèõ
ïðåïàðàò³â ó àäåêâàòíèõ äîçàõ. Ó çíà÷íî¿
ê³ëüêîñò³ õâîðèõ ñïîñòåð³ãàºòüñÿ ïîñòóïîâå
çíèæåííÿ åôåêòèâíîñò³ àíòàãîí³ñò³â êàëü-
ö³þ. ¯õí³é íåãàòèâíèé ³íîòðîïíèé åôåêò º
îñîáëèâî íåñïðèÿòëèâèì ïðè ïîðóøåíí³
ôóíêö³¿ ïðàâîãî øëóíî÷êà òà ìîæå ïðèç-
âåñòè äî ñóòòºâîãî ïîñèëåííÿ ñèìïòîì³â ³
íàâ³òü ñìåðò³ õâîðèõ íà ËÃ. Òàêîæ äèëò³à-
çåì ³ í³ôåäèï³í ïðè âèðàæåí³é äèñôóíêö³¿
ë³âîãî øëóíî÷êà ïîã³ðøóþòü ïåðåá³ã ñåð-
öåâî¿ íåäîñòàòíîñò³ òà çá³ëüøóþòü ñìåðò-
í³ñòü [1].

ßêîþ á íå áóëà ðîëü êàëüö³ºâèõ êàíàë³â
L-òèïó, çðîçóì³ëî, ùî ñàì ïî ñîá³ âõ³ä
êàëüö³þ äî ÃÌÊ º âàæëèâèì äëÿ ÃËÂ. Ó
äîñë³äæåííÿõ ç âèäàëåííÿì ïîçàêë³òèííîãî
Ñà2+ àáî äîäàâàííÿì íåñåëåêòèâíîãî áëî-
êàòîðà êàëüö³ºâèõ êàíàë³â ÃËÂ ñóòòºâî
ïðèãí³÷óâàëàñÿ [54]. Íàñïðàâä³ â ãëàäåíü-
êèõ ì�ÿçàõ åêñïðåñóºòüñÿ âåëèêà ê³ëüê³ñòü
êàíàë³â, ùî íå çàëåæàòü â³ä ìåìáðàííîãî
ïîòåíö³àëó òà º ïðîíèêíèìè äëÿ êàëüö³þ òà
³íøèõ ³îí³â, çîêðåìà Na+. Òàê³ íåñåëåêòèâí³
êàò³îíí³  êàíàëè ïîâ�ÿçàí³  ç  ðåöåïòîð-
çàëåæíèìè êàëüö³ºâèìè êàíàëàìè òà ìåõà-
í³çìàìè ºìí³ñíîãî âõîäó êàëüö³þ, ùî àêòè-
âóþòüñÿ ïðè ñïóñòîøåíí³ âíóòð³øíüîêë³-
òèííèõ äåïî. Íåùîäàâíî áóëî ïîêàçàíî, ùî
ºìí³ñíèé âõ³ä êàëüö³þ â³ä³ãðàº íàäçâè÷àéíî
âàæëèâó ðîëü ó êîíñòðèêö³¿ íåâåëèêèõ
ëåãåíåâèõ àðòåð³¿, ³, ÿê ì³í³ìóì, òðàíçèòîðíà
ôàçà ÃËÂ (³ ï³äâèùåííÿ [Ca2+]

i
, òà íàñòóïíå

ñêîðî÷åííÿ) ïðàêòè÷íî ïîâí³ñòþ çàëåæèòü
â³ä  íüîãî [71] .  Ó ñèñòåìíèõ àðòåð³ÿõ
ïîä³áíîãî íå ñïîñòåð³ãàºòüñÿ [54,  61].
Âîäíî÷àñ [Ca2+]

i 
ï³ä ÷àñ òðèâàëî¿ ôàçè ÃËÂ

ò³ëüêè ÷àñòêîâî çìåíøóºòüñÿ ï³ä âïëèâîì
La 3+,  ÿêèé çäàòåí ïîâí³ñòþ áëîêóâàòè

Ã³ïîêñè÷íà ëåãåíåâà ã³ïåðòåíç³ÿ
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ºìí³ñíèé âõ³ä êàëüö³þ [54]. Îòæå, ï³ä ÷àñ
òðèâàëî¿ ôàçè ÃËÂ àêòèâóºòüñÿ äîäàòêîâèé
ïîòåíö³àëíåçàëåæíèé ìåõàí³çì âõîäó Ñà2+

äî êë³òèíè, ïîâ�ÿçàíèé ç íåñåëåêòèâíèìè
êàò³îííèìè êàíàëàìè, àëå â³í çàëèøàºòüñÿ
íåâ³äîìèì.

Åíäîòåë³éçàëåæí³ ìåõàí³çìè ÃËÃ. Òðè-
âàëà ôàçà ã³ïîêñè÷íî¿ ëåãåíåâî¿ âàçîêîí-
ñòðèêö³¿ ïî÷èíàºòüñÿ ÷åðåç äåê³ëüêà õâèëèí
ï³ñëÿ ïî÷àòêó ã³ïîêñ³¿ ³ ìîæå òðèâàòè ãî-
äèíè ³ íàâ³òü äîáè çà óìîâ õðîí³÷íî¿ ã³ïîêñ³¿.
Ââàæàºòüñÿ, ùî äðóãà ôàçà º ô³ç³îëîã³÷íî
á³ëüø âàæëèâîþ í³æ òðàíçèòîðíà, çàâäÿêè
¿é çì³íè êðîâîòîêó ó â³äïîâ³äü íà çíèæåííÿ
ïàðö³àëüíîãî òèñêó êèñíþ ï³äòðèìóþòüñÿ
ïðîòÿãîì óñüîãî ïåð³îäó ã³ïîêñ³¿, ïðèçâî-
äÿ÷è âðåøò³-ðåøò äî ã³ïåðòðîô³¿ ïðàâîãî
øëóíî÷êà òà ñåðöåâî¿ íåäîñòàòíîñò³ [1, 40].

Òîä³ ÿê ó ïåðø³é ôàç³ ÃËÂ ï³äâèùåííÿ
[Ca 2+]

i  
³ äå  ïàðàëåëüíî  ³ ç  íàðîñòàííÿì

òîíóñó ëåãåíåâèõ àðòåð³é, ï³ä ÷àñ äðóãî¿
êîíöåíòðàö³ÿ êàëüö³þ çàëèøàºòüñÿ ñòà-
á³ëüíîþ, àëå òîíóñ ñóäèí ï³äâèùóºòüñÿ [51,
54]. Ïîêàçàíî, ùî â³äñóòí³ñòü êîðåëÿö³¿ ì³æ
òîíóñîì ÃÌÊ ³ [Ca2+]

i
 ï³ä ÷àñ òðèâàëî¿ ôàçè

ÃËÂ º íàñë³äêîì ï³äâèùåííÿ ¿õ êàëüö³ºâî¿
÷óòëèâîñò³  [52].  Âèäàëåííÿ åíäîòåë³þ
ïîïåðåäæàº ðîçâèòîê òðèâàëî¿ ÃËÂ íåçà-
ëåæíî â³ä [Ca2+]

i
 ó ÃÌÊ ëåãåíåâèõ àðòåð³é

[52], ³ êîíñòðèêö³ÿ ó òàêîìó ðàç³ çì³íþºòüñÿ
äèëàòàö³ºþ. Òàêèì ÷èíîì, ñàìå âïëèâ
åíäîòåë³þ íà ÃÌÊ ëåãåíåâèõ ñóäèí çóìîâ-
ëþº ï³äâèùåííÿ êàëüö³ºâî¿ ÷óòëèâîñò³ ¿õ
ñêîðîòëèâîãî àïàðàòó òà âèêëèêàº òðèâàëå
ñêîðî÷åííÿ [52]. Ó çâ�ÿçêó ç öèì çì³íè
ôóíêö³îíàëüíî¿ àêòèâíîñò³  ëåãåíåâîãî
åíäîòåë³þ ðîçãëÿäàþòüñÿ áàãàòüìà äîñë³ä-
íèêàìè ÿê ãîëîâíèé ôàêòîð ïàòîãåíåçó ËÃ.

Â³äîìî, ùî ðîçâèòîê åíäîòåë³àëüíî¿
äèñôóíêö³¿ â óìîâàõ ã³ïîêñ³¿ íàñàìïåðåä
ïîâ�ÿçàíèé ³ ç  ïîðóøåííÿì ñòðóêòóðè
ïëàçìàòè÷íèõ ìåìáðàí åíäîòåë³þ. Óëüòðà-
ñòðóêòóðí³ äîñë³äæåííÿ äåìîíñòðóþòü óø-
êîäæåííÿ ïëàçìîëåì åíäîòåë³îöèò³â ëåãåíå-
âèõ êàï³ëÿð³â ó òâàðèí, ÿê³ ï³ääàâàëèñÿ
ãîñòð³é ÷è õðîí³÷í³é ã³ïîêñ³¿. Îñòàííÿ òàêîæ

çíà÷íî çì³íþâàëà ë³ï³äíèé ñêëàä ìåìáðàí.
Ãîëîâí³ ç íèõ ïîëÿãàþòü ó çìåíøåíí³ âì³ñòó
ôîñôàòèäèëõîë³íó òà äåÿêèõ ³íøèõ ôîñôî-
ë³ï³ä³â, çì³íàõ ñòðóêòóðè òà çá³ëüøåíí³
³íäåêñó íåíàñè÷åíîñò³ ¿õ æèðíèõ êèñëîò
[63] .  Óñå öå ñóòòºâî ïîðóøóº ôóíêö³ ¿
ïëàçìàòè÷íî¿  ìåìáðàíè òà êë³òèííîãî
ìåòàáîë³çìó â ö³ëîìó ³ ìîæå áóòè ïðè÷è-
íîþ åíäîòåë³àëüíî¿ äèñôóíêö³¿ ïðè ã³ïîêñ³¿.

Äî ïîðóøåííÿ ë³ï³äíîãî ñêëàäó ìåìá-
ðàí åíäîòåë³îöèò³â, íà íàø ïîãëÿä, ìîæóòü
áóòè çàëó÷åí³ äåê³ëüêà ìåõàí³çì³â. Ïî-
ïåðøå, äåãðàäàö³ÿ ôîñôîë³ï³ä³â ó ïëàç-
ìîëåì³ ìîæëèâà âíàñë³äîê îêèñíîãî ñòðåñó,
âèêëèêàíîãî ã³ïîêñ³ºþ. Âæå íà 10-òó õâè-
ëèíó ã³ïîêñ³¿ âì³ñò äèñóëüô³äó ãëóòàò³îíó â
ïëàçì³ êðîâ³ ó ùóð³â çíà÷íî âèùå â³ä íîðìè,
ùî âêàçóº íà àêòèâàö³þ ïðîöåñ³â ïåðåêèñ-
íîãî îêèñíåííÿ [14]. Íà êîðèñòü îñòàííüîãî
òàêîæ ñâ³ä÷èòü ï³äâèùåííÿ âì³ñòó ïåðâèí-
íèõ ³ âòîðèííèõ ïðîäóêò³â ïåðåêèñíîãî
îêèñíåííÿ ë³ï³ä³â ó êë³òèíàõ ëåãåíåâîãî
åíäîòåë³þ [63]. Ðàçîì ç öèì áóëî âèÿâëåíî
³ çíà÷íå ï³äâèùåííÿ âì³ñòó ã³äðîïåðîêñèäó
ôîñôàòèäèëõîë³íó [32], ùî, éìîâ³ðíî, º
íàñë³äêîì àêòèâíî¿ äåãðàäàö³¿ ôîñôàòèäèë-
õîë³íó ó ïëàçìàòè÷íèõ ìåìáðàíàõ åíäîòå-
ë³àëüíèõ êë³òèí.

Ïî-äðóãå, ï³ä âïëèâîì ã³ïîêñ³¿ ïðèãí³-
÷óºòüñÿ ñèíòåç ôîñôàòèäèëõîë³íó � îäíîãî
ç íàéâàæëèâ³øèõ ôîñôîë³ï³ä³â ìåìáðàíè. Ó
òêàíèíàõ (çà âèíÿòêîì ïå÷³íêè) öåé ôîñôî-
ë³ï³ä óòâîðþºòüñÿ ïî øëÿõó Êåííåä³ íà
îñíîâ³ íàÿâíîãî õîë³íó [6]. Êëþ÷îâîþ ðåàê-
ö³ºþ öüîãî øëÿõó º ïðèºäíàííÿ öèòèäèíó äî
ôîñôîõîë³íó çà äîïîìîãîþ öèòèäèíòðèôîñ-
ôàò-ôîñôîõîë³í öèòèäèëòðàíñôåðàçè, ó
ðåçóëüòàò³ ÿêî¿ óòâîðþºòüñÿ öèòèäèí-5�-
äèôîñôîõîë³í. Âàæëèâ³ñòü ö³º¿ ðåàêö³¿
ïîëÿãàº â òîìó, ùî ñàìå ¿¿ øâèäê³ñòü º
îáìåæóâàëüíèì ôàêòîðîì ñèíòåçó ôîñôà-
òèäèëõîë³íó. Áóëî ïîêàçàíî, ùî àêòèâí³ñòü
öèòèäèëòðàíñôåðàçè ïðèãí³÷óºòüñÿ ÿê ïðè
çìåíøåíí³ äîñòóïíîñò³ ÀÒÔ òà àöèäîç³, ÿê³,
áåçóìîâíî, ñóïðîâîäæóþòü ã³ïîêñ³þ, òàê ³
áåçïîñåðåäíüî ïðè çíèæåíí³ ïàðö³àëüíîãî
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òèñêó êèñíþ [10, 56].
Â óìîâàõ ðîçâèòêó åíäîòåë³àëüíî¿

äèñôóíêö³¿, ÿêà ñóïðîâîäæóºòüñÿ ïîðó-
øåííÿì ñòðóêòóðè ïëàçìàòè÷íèõ ìåìáðàí
êë³òèí ³ âòðàòîþ ôîñôîë³ï³ä³â, åôåêòèâíèì
ìîæå âèÿâèòèñÿ çàñòîñóâàííÿ ìàëèõ ìî-
íîëàìåëÿðíèõ íåçàâàíòàæåíèõ ôîñôàòè-
äèëõîë³íîâèõ ë³ïîñîì. Â³äîìî, ùî îñòàíí³
â³äíîâëþþòü åíäîòåë³éçàëåæíó êîìïîíåíòó
âàçîäèëàòàö³¿ ïðè àðòåð³àëüí³é ã³ïåðòåíç³¿
ó ùóð³â ç³ ñïîíòàííîþ ã³ïåðòåíç³ºþ òà ïðè
ã³ïåðòåíç³¿, âèêëèêàíî¿ ³îí³çóþ÷èì γ-îï-
ðîì³íåííÿì [2] .  Êð³ì  òîãî ,  ôîñôàòè-
äèëõîë³íîâ³ ë³ïîñîìè çäàòí³ â³äíîâëþâàòè
íîðìàëüíèé òîíóñ ðåçèñòèâíèõ ñóäèí
âåëèêîãî êîëà êðîâîîá³ãó â óìîâàõ ã³ïîêñ³¿
[4] .  ²ìîâ³ðíèì ìåõàí³çìîì çä³éñíåííÿ
åôåêòó ë³ïîñîì ìîæå áóòè âçàºìîä³ÿ ç
êë³òèííèìè ìåìáðàíàìè, ùî íîðìàë³çóº
ôóíêö³îíàëüíèé ñòàí åíäîòåë³þ [62].

Íåùîäàâíî ó äîñë³äæåííÿõ in vivo áóëî
ïðîäåìîíñòðîâàíî, ùî ôîñôàòèäèëõîë³íîâ³
ë³ïîñîìè íà 58 % ïðèãí³÷óþòü òðàíçèòîðíó
òà ïîâí³ñòþ óñóâàþòü åíäîòåë³éçàëåæíó
ôàçó ã³ïîêñè÷íî¿ ëåãåíåâî¿ âàçîêîíñòðèêö³¿
³, òàêèì ÷èíîì, çàïîá³ãàþòü ðîçâèòêó ËÃ
[3] .  Îòæå ,  âîíè  ìîæóòü  ñòàòè  íîâèì
åôåêòèâíèì çàñîáîì äëÿ ôàðìàêîëîã³÷íî¿
êîðåêö³¿ ÃËÃ. Ñë³ä òàêîæ â³äçíà÷èòè íåâå-
ëèêó ê³ëüê³ñòü ïîá³÷íèõ åôåêò³â, ÿê³ âèíè-
êàþòü ïðè çàñòîñóâàíí³ ôîñôàòèäèëõîë³-
íîâèõ ë³ïîñîì ó êë³í³ö³.

Ðåçóëüòàòè äîñë³äæåíü ï³äòâåðäæóþòü,
ùî ï³ä âïëèâîì ã³ïîêñ³¿ åíäîòåë³îöèòàìè
âèâ³ëüíÿºòüñÿ äåÿêà âàçîêîíñòðèêòîðíà
ñóáñòàíö³ÿ, àëå âñòàíîâèòè ¿¿ ïðèðîäó ïîêè
ùî íå  âäàëîñÿ  [23 ,  53 ,  68] .  Ïåðøèì
ïîòåíö³éíèì êàíäèäàòîì íà ðîëü òàêî¿
ñóáñòàíö³¿ ñòàâ åíäîòåë³í-1. Ïðèïóñêàëîñÿ,
ùî â³í ìîæå â³ä³ãðàâàòè êëþ÷îâó ðîëü ó
êîíñòðèêö³¿ ëåãåíåâèõ àðòåð³é ïðè ã³ïîêñ³¿
[59].  Ïðîòå àíòàãîí³ñòè åíäîòåë³íîâèõ
ðåöåïòîð³â íàé÷àñò³øå íåçäàòí³ çàáëî-
êóâàòè ðîçâèòîê ÃËÂ [42, 59]. Êð³ì òîãî,
åêçîãåíí³  åíäîòåë³í-1  òà  åíäîòåë³í-3
ïðèãí³÷óþòü ÃËÂ, ÿêùî àïë³êàö³ÿ â³äáóâà-

ëàñÿ ï³ä ÷àñ ãîñòðî¿ ã³ïîêñ³¿   [19, 29].
Íåçâàæàþ÷è íà öå, çàñòîñóâàííÿ áëîêà-
òîð³â åíäîòåë³íîâèõ ðåöåïòîð³â º îäíèì ç
ñó÷àñíèõ íàïðÿìê³â ðîçâèòêó ôàðìàêîëî-
ã³÷íî¿ êîðåêö³¿ ËÃ. Îäíèì ç ïåðøèõ ïðåïà-
ðàò³â òàêîãî òèïó ñòàâ áîçåíòàí � íåïåï-
òèäíèé àíòàãîí³ñò ÅÒ

À
- òà ÅÒ

Â
-ðåöåïòîð³â.

Éîãî âïëèâ ïîëÿãàº ó çíèæåíí³ îïîðó ëåãå-
íåâèõ ñóäèí, ïðèãí³÷åíí³ çàïàëüíèõ ðåàêö³é,
ùî ïîïåðåäæàº çá³ëüøåííÿ ïðîíèêíîñò³
ñóäèí ³ ðîçâèòîê ô³áðîçó. Âîäíî÷àñ àíòàãî-
í³ñòè åíäîòåë³íîâèõ ðåöåïòîð³â ñïðè÷è-
íþþòü âàæê³ ïîá³÷í³ âïëèâè. Íàñàìïåðåä
öå � ãåïàòîòîêñè÷í³ñòü. Çîêðåìà, ñåëåê-
òèâíèé áëîêàòîð ÅÒ

À
-ðåöåïòîð³â ñèòàê-

ñåíòàí, ÿêèé âèÿâèâñÿ äîñèòü åôåêòèâíèì
ïðè ôàðìàêîëîã³÷í³é êîðåêö³ ¿  ËÃ,  áóâ
çàáîðîíåíèé ó êðà¿íàõ ªâðîñîþçó, Êàíàä³
òà Àâñòðàë³¿ ï³ñëÿ òîãî ÿê ñïðè÷èíèâ äå-
ê³ëüêà ëåòàëüíèõ âèïàäê³â. Ïðèéîì ïðåïà-
ðàò³â ö³º¿ ãðóïè ïîâèíåí â³äáóâàòèñÿ ï³ä
ïîñò³éíèì êîíòðîëåì ôóíêö³¿  ïå÷³íêè.
Òàêîæ ó áëîêàòîð³â åíäîòåë³íó âèÿâëåí³ ³
òåðàòîãåíí³ âëàñòèâîñò³ [1, 30]. Ùå îäí³ºþ
ì³øåííþ äëÿ ôàðìàêîëîã³÷íîãî âïëèâó,
ïîâ�ÿçàíîþ ç åíäîòåë³ºì, ñòàëà ñèñòåìà
îêñèäó àçîòó. Äàí³ ñòîñîâíî ðîë³ îêñèäó
àçîòó â ðåãóëÿö³¿ òîíóñó ñóäèí ìàëîãî êîëà
êðîâîîá³ãó â íîðì³ òà ïðè ËÃ ñóïåðå÷ëèâ³
[28], àëå ðåçóëüòàòè äîñë³äæåíü, çîêðåìà
ïîòåíö³àö³ÿ ÃËÂ ³íã³á³òîðàìè NO-ñèíòàçè,
äàþòü çìîãó ïðèïóñòèòè, ùî ñèíòåç îêñèäó
àçîòó íå çì³íþºòüñÿ àáî ï³äâèùóºòüñÿ ï³ä
÷àñ ã³ïîêñ³¿ [28]. Òàê, áëîêàäà NO-ñèíòàçè
çà äîïîìîãîþ L-NAME íå âëèâàº íà çì³íè
òèñêó ó ïðàâîìó øëóíî÷êó ñåðöÿ ùóðà ï³ä
÷àñ ã³ïîêñ³¿ [65]. Ïîêàçàíî ïðèãí³÷åííÿ ÃËÂ
ï³ä âïëèâîì áëîêàòîð³â öÃÌÔ-ôîñôî-
ä³åñòåðàçè ó äîñë³äæåííÿõ íà ³çîëüîâàíèõ
ëåãåíÿõ ùóðà. Ïðè öüîìó áëîêàòîðè íå
âïëèâàëè íà ïåðôóç³éíèé òèñê â óìîâàõ
íîðìîêñ³¿ [16]. Âðàõîâóþ÷è òå, ùî öÃÌÔ-
ôîñôîä³åñòåðàçà  ³íàêòèâóº âòîðèííèé
ïîñåðåäíèê ïðè ñèíòåç³ NO � öÃÌÔ, òàê³
ðåçóëüòàòè äîáðå óçãîäæóþòüñÿ ç òåîð³ºþ
êîìïåíñàòîðíîãî ï³äâèùåííÿ âì³ñòó NO
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ïðè ðîçâèòêó ÃËÂ. Òðåáà çàçíà÷èòè, ùî íà
âì³ñò öÃÌÔ ó ÃÌÊ ìîæóòü âïëèâàòè ³ ³íø³
ôàêòîðè.

Ó êë³í³÷í³é ïðàêòèö³ áóëî ïîêàçàíî, ùî
îï³ð ëåãåíåâèõ ñóäèí çìåíøóºòüñÿ ïðè
ïðèçíà÷åíí³ ³íãàëÿö³é îêñèäó àçîòó [22].
Êð³ì òîãî, ÿê ïîêàçàíî ó á³ëüøîñò³ äîñë³ä-
æåíü, âîíè ñóòòºâî íå âïëèâàþòü íà ñèñ-
òåìíèé àðòåð³àëüíèé òèñê [28, 50, 55].
Ïîêàçàíà íèçüêà êîðåëÿö³ÿ ì³æ çì³íàìè
òèñêó ó ëåãåíåâ³é àðòåð³¿ òà îêñèãåíàö³¿, ó
çâ�ÿçêó ç ÷èì ïðèïóñêàºòüñÿ, ùî ïîçèòèâíèé
âïëèâ îêñèäó àçîòó ñêîð³øå ïîâ�ÿçàíèé ³ç
åôåêòîì ïåðåðîçïîä³ëåííÿ êðîâîòîêó, í³æ
ç  éîãî  çá ³ëüøåííÿì [12] .  Ðåàêö³ÿ  íà
³íãàëÿö³¿ NO ó ïàö³ºíò³â áóâàº íå çàâæäè
[12] ³, éìîâ³ðíî, çàëåæèòü â³ä åò³îëîã³¿ ËÃ.
Îäíèì ç ãîëîâíèõ íåäîë³ê³â îêñèäó àçîòó
ÿê òåðàïåâòè÷íîãî çàñîáó º òàê çâàíèé
«ñèíäðîì â³äì³íè», ùî ïîëÿãàº ó çíà÷íîìó
ïîñèëåíí³ ËÃ òà ðîçâèòêó ã³ïîêñåì³¿ ïðè
ïðèïèíåíí³ ³íãàëÿö³é [11]. ²ìîâ³ðíî â³í
ïîâ�ÿçàíèé ³ç  ïðèãí³÷åííÿì ïðîäóêö³¿
åíäîãåííîãî NO ï³ä âïëèâîì éîãî øòó÷íîãî
ââåäåííÿ. Òîêñè÷í³ñòü öüîãî ãàçó çàëè-
øàºòüñÿ ïðåäìåòîì äîñë³äæåíü. Â³í ðåàãóº
ç êèñíåì ç óòâîðåííÿì àêòèâíèõ îêñèäàí-
ò³â, âïëèâ ÿêèõ íà êë³òèííèé ìåòàáîë³çì â
òàêèõ óìîâàõ ç�ÿñîâàíî íå ïîâí³ñòþ [12].
Â³äîìî,  ùî îäíèì ç  òàêèõ  ïðîäóêò ³â
âçàºìîä³¿ º ä³îêñèä àçîòó (NO

2
), ÿêèé º

òîêñè÷íîþ ñïîëóêîþ ³ ìîæå âèêëèêàòè
íàáðÿê ëåãåíü. Òàêîæ âèñîê³ êîíöåíòðàö³¿
îêñèäó àçîòó ñïðè÷èíþþòü ìåòãåìîãëî-
á³íåì³þ ³ ìîæóòü ïðèçâåñòè äî ëåòàëüíèõ
âèïàäê³â [15].

Íà â³äì³íó â³ä åêçîãåííîãî îêñèäó àçîòó
áëîêàòîðè öÃÌÔ-ôîñôîä³åñòåðàçè òèïó 5,
íàñàìïåðåä ñ³ëäåíàô³ë (â³àãðà, ðåâàò³î),
íèí³ äîñèòü óñï³øíî âèêîðèñòîâóþòüñÿ â
êë³í³ö³ äëÿ ôàðìàêîëîã³÷íî¿ êîðåêö³¿ ËÃ,
õî÷à ìàþòü õàðàêòåðí³ ïîá³÷í³ åôåêòè [30].

Â òîé ÷àñ ÿê ïðèðîäà åíäîòåë³éçàëåæ-
íîãî âàçîêîíñòðèêòîðíîãî ôàêòîðà, â³äïîâ³-
äàëüíîãî çà ðîçâèòîê òðèâàëî¿ ôàçè ÃËÂ
íåâ³äîìà, ³ñíóº á³ëüøà ÿñí³ñòü ó ïèòàíí³

ìåõàí³çìó éîãî âïëèâó íà ÃÌÊ ëåãåíåâèõ
àðòåð³é.

Ïðè äîñë³äæåíí³ ôåíîìåíà êàëüö³ºâî¿
ñåíñèòèçàö³¿ ñêîðîòëèâîãî àïàðàòó ÃÌÊ
ëåãåíåâèõ àðòåð³é áóëà âèñóíóòà òåîð³ÿ,
çã³äíî ç ÿêîþ ïîòåíö³éíèì ìåä³àòîðîì
ñåíñèòèçàö³¿ ìîãëà áóòè ïðîòå¿íê³íàçà Ñ
(ÏÊÑ). Îñòàííÿ çàëó÷åíà äî â³äïîâ³ä³ ÃÌÊ
íà âåëèêó ê³ëüê³ñòü ñêîðîòëèâèõ ôàêòîð³â.
Ñåðåä íèõ àäðåíàë³í, åíäîòåë³í-1, àíã³î-
òåíçèí- ² ² ,  ñåðîòîí³í ,  òðîìáîêñàí  À

2
,

ïðîñòàãëàíäèí F
2α [74]. Êð³ì òîãî, ÏÊÑ ó

ÃÌÊ ëåãåíåâèõ àðòåð³é ìîæå áóòè ÷óòëèâà
äî ã³ïîêñ³¿. Òàê, ó ëåãåíåâèõ àðòåð³ÿõ îâåöü
àêòèâí³ñòü ÏÊÑ çðîñòàëà íà ôîí³ ãîñòðî¿
ã³ïîêñ³¿ [47]. Ó äîñë³äæåííÿõ íà áàãàòüîõ
ìîäåëÿõ  áóëî  ï ³äòâåðäæåíî ,  ùî ÏÊÑ
ìîäóëþº òîíóñ ñóäèí ìàëîãî êîëà êðîâî-
îá³ãó ï³ä ÷àñ ã³ïîêñ³¿ ³, òàêèì ÷èíîì, áåðå
ó÷àñòü ó ðîçâèòêó ÃËÃ [51]. Òàê, áëîêàäà
ÏÊÑ çà äîïîìîãîþ õåëåðåòðèíó ïîâí³ñòþ
óñóâàº ïåðøó ôàçó ÃËÃ òà ïðèãí³÷óº äðóãó
íà 36 % [65]. Âàãîì³ äîêàçè ïðè÷åòíîñò³
ÏÊÑ äî ðîçâèòêó âàçîíñòðèêòîðíî¿ â³äïî-
â³ä³ íà ã³ïîêñ³þ áóëè îòðèìàí³ ó äîñë³ä-
æåííÿõ íà ìèøàõ ç ãåíåòè÷íî çóìîâëåíîþ
â³äñóòí³ñòþ åêñïðåñ³¿ ÏÊÑ-ε ïðè íåçì³íí³é
åêñïðåñ³¿ ³íøèõ ¿¿ ³çîôîðì [41]. Â ³çîëüî-
âàíèõ ëåãåíÿõ ÃËÂ áóëà íà 50 % ìåíøå
âèðàæåíîþ, í³æ ó íîðìàëüíèõ ìèøåé.
Ð³çíèö³ ó â³äïîâ³äü íà ä³þ àíã³îòåíçèíó-²² ³
ã³ïåðêàë³ºâèé ðîç÷èí íå ñïîñòåð³ãàëîñÿ.

Íåçâàæàþ÷è íà ôàêòè, ÿê³ ï³äòâåðä-
æóþòü âàæëèâó ðîëü ÏÊÑ ó ðîçâèòêó ËÃ,
áëîêàòîðè öüîãî ôåðìåíòó â êë³í³ö³ íå
âèêîðèñòîâóþòüñÿ. Ãîëîâíèì ÷èíîì öå
ïîâ�ÿçàíî ³ç  íèçüêîþ âèá³ðêîâ³ñòþ òà
äîñèòü  âèñîêîþ òîêñè÷í³ñòþ íàÿâíèõ
³íã³á³òîð³â ÏÊÑ.

Ó äîñë³äæåííÿõ in vitro é in vivo áóëî
ïðîäåìîíñòðîâàíî, ùî àêòèâàö³ÿ ÏÊÑ ó
ñóäèíàõ ìàëîãî êîëà êðîâîîá³ãó ï³ä ÷àñ
ã³ïîêñ³¿  ìîæå â³äáóâàòèñÿ ï³ä âïëèâîì
ôîñôàòèäèëõîë³íñïåöèô³÷íî¿ ôîñôîë³ïàçè Ñ
(ÔÕ-ÔËÑ).  Ïðèãí³÷åííÿ îñòàííüî¿  çà
äîïîìîãîþ áëîêàòîðà D609 ïîïåðåäæóº
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ðîçâèòîê ËÃ ó åêñïåðèìåíòàëüíèõ òâàðèí ³
íå âïëèâàº íà ñèñòåìíèé àðòåð³àëüíèé òèñê
ïðè ã³ïîêñè÷í³é ã³ïîêñ³¿, à òàêîæ íå âèêëèêàº
ñóòòºâèõ çì³í ó ãåìîäèíàì³ö³ â óìîâàõ
íîðìîêñ³¿ [65]. ª ï³äñòàâè ïðèïóñêàòè, ùî
àêòèâàö³ÿ ÔÕ-ÔËÑ ìîæå ïðèçâîäèòè äî
ï³äâèùåííÿ êàëüö³ºâî¿ ÷óòëèâîñò³ ÃÌÊ
ëåãåíåâèõ ñóäèí òàêîæ ³ íåçàëåæíî â³ä
ÏÊÑ. Ñë³ä çàçíà÷èòè, ùî áëîêàòîð ÔÕ-
ÔËÑ D609 º íèçüêîòîêñè÷íîþ ñïîëóêîþ,
ÿêà ìàº òàêîæ àíòèîêñèäàíòí³ âëàñòèâîñò³,
àëå íà öåé ÷àñ êë³í³÷í³ âèïðîáîâóâàííÿ ¿¿
åôåêòèâíîñò³  äëÿ êîðåêö³ ¿  ÃËÃ ùå íå
ïðîâîäèëèñÿ.

Àëüòåðíàòèâí³ çàñîáè ôàðìàêîëîã³÷íî¿
êîðåêö³¿. Äîñë³äæåííÿ, ñïðÿìîâàí³ íà ïîøóê
íîâèõ çàñîá³â òåðàï³¿ ËÃ, òðèâàþòü. Íèí³
ðîçðîáëÿºòüñÿ òà âèïðîáîâóºòüñÿ íèçêè
íîâèõ ïðåïàðàò³â.  Çîêðåìà, âèâ÷àºòüñÿ
ìîæëèâ³ñòü âèêîðèñòàííÿ ñòàòèí³â ó çâ�ÿç-
êó ç ¿õ ïðîòèçàïàëüíîþ òà àíòèïðîë³ôå-
ðàòèâíîþ ä³ºþ. Åôåêòèâí³ñòü çàñòîñóâàííÿ
ñòàòèí³â ïðè ËÃ áóëà ïîêàçàíà ó äîñë³äàõ
íà ãðèçóíàõ [34]. Êë³í³÷í³ äîñë³äæåííÿ ó
öüîìó íàïðÿìêó ò³ëüêè ïî÷àëèñÿ. ßê áóëî
ïîêàçàíî, åñòðîãåíè òàêîæ çäàòí³ ïðèãí³÷ó-
âàòè ðîçâèòîê ËÃ ó òâàðèí, ³ çàðàç ïðîõî-
äèòü ïåðøà ôàçà äîñë³äæåíü äëÿ ç�ÿñó-
âàííÿ äîö³ëüíîñò³ ¿õ âèêîðèñòàííÿ ó êë³í³ö³
[49]. Äëÿ òåðàï³¿ ËÃ áóëè çä³éñíåí³ ñïðîáè
çàñòîñóâàííÿ  àíòàãîí³ñòà  ðåöåïòîð ³â
òðîìáîêñàíó À

2
, òåðáîãðåëó, àëå ðàíäî-

ì³çîâàí³ êë³í³÷í³ âèïðîáîâóâàííÿ áóëè
ïåðåä÷àñíî ïðèïèíåí³ ó çâ�ÿçêó ç âèíèê-
íåííÿì çíà÷íèõ ïîá³÷íèõ åôåêò³â [37]. Êð³ì
òîãî, äîñë³äæåííÿ íå âèÿâèëè ñóòòºâîãî
âíåñêó òðîìáîêñàíó À

2
 ó ðîçâèòîê ÃËÂ

[17]. Ó çâ�ÿçêó ç òèì, ùî ñåðîòîí³í ïîòåí-
ö³þº ïðîë³ôåðàö³þ ãëàäåíüêèõ ì�ÿç³â, à
ñòðóêòóðí³ çì³íè éîãî ïåðåíîñíèêà ñóïðî-
âîäæóþòü ðîçâèòîê ËÃ, ïîâ�ÿçàíî¿ ³ç õðî-
í³÷íîþ îáñòðóêòèâíîþ õâîðîáîþ ëåãåíü,
áëîêàòîðè ðåöåïòîð³â ñåðîòîí³íó òàêîæ
ðîçãëÿäàþòüñÿ ÿê ïîòåíö³éí³  ë³êè äëÿ
òåðàï³¿ ëåãåíåâî¿ ã³ïåðòåíç³¿ [21]. Âèêîðèñ-
òàííÿ òàêèõ çàñîá³â ãåííî¿ òåðàï³¿ ,  ÿê

òðàíñôåêö³ÿ ãåí³â ñèíòàçè îêñèäó àçîòó àáî
ïðîñòàöèêë³íó, ââàæàºòüñÿ ìîæëèâèì, àëå
ïðèäàòí³ äëÿ ö³º¿ ìåòè âåêòîðè ùå íå ñòâî-
ðåí³ [30].

Ã³ïîòåòè÷íîþ ì³øåííþ ïðè ÃËÃ äëÿ
ìàéáóòí³õ ôàðìàêîëîã³÷íèõ ïðåïàðàò³â
ìîæå ñòàòè ôàêòîð, ³íäóêîâàíèé ã³ïîêñ³ºþ
(â³ä àíãë. hypoxia induced factor, HIF), ÿêèé
äëÿ àäàïòàö³¿ êë³òèí äî íèçüêîãî ïàðö³àëü-
íîãî òèñêó êèñíþ ïîñèëþº åêñïðåñ³þ
â³äïîâ³äíèõ ãåí³â (åðèòðîïîåòèíó, åíäîòå-
ë³àëüíîãî ôàêòîðà ðîñòó, ãë³êîë³òè÷íèõ
ïåïòèä³â òîùî) [80]. Çà äåÿêèìè äàíèìè
íåäîñòàòí³ñòü ãåíà HIF ó ìèøåé ïîïåðåä-
æóº ïðèãí³÷åííÿ êàë³ºâèõ ñòðóì³â ó ÃÌÊ
ëåãåíåâèõ àðòåð³é ³ ã³ïåðòðîô³þ ïðàâîãî
øëóíî÷êà ïðè ã³ïîêñ³¿ [58]. Òàêîæ ðîçãëÿ-
äàºòüñÿ ìîæëèâ³ñòü çàñòîñóâàííÿ àêòèâà-
òîð³â ïðîë³ë-ã³äðîêñèëàç, ÿê³ ³í³ö³þþòü
äåãðàäàö³þ HIF [60] ,  àëå  íà  ñüîãîäí³
çàñîá³â, ÿê³ ìîãëè áè âïëèâàòè íà àêòèâí³ñòü
öüîãî ôàêòîðà òà áóëè á ïðèäàòíèìè äëÿ
çàñòîñóâàííÿ, íåìàº.

Îòæå,  â  ðåçóëüòàò³  îãëÿäó íàÿâíèõ
çàñîá³â êîðåêö³¿ ÃËÃ ìè áà÷èìî, ùî ä³ÿ
æîäíîãî ç ðîçãëÿíóòèõ ïðåïàðàò³â ôàêòè÷-
íî íå ñïðÿìîâàíà íà íåéòðàë³çàö³þ ïåðâèí-
íîãî ìåõàí³çìó ï³äâèùåííÿ òîíóñó ëåãåíå-
âèõ ñóäèí â óìîâàõ ã³ïîêñ³¿, à ëèøå êîìïåí-
ñóº éîãî çà ðàõóíîê äåÿêèõ ìåõàí³çì³â âàçî-
äèëàòàö³¿. Ó çâ�ÿçêó ç öèì á³ëüø³ñòü ïðåïà-
ðàò³â õàðàêòåðèçóþòüñÿ íåäîñòàòíüîþ òà/
àáî âèá³ðêîâîþ åôåêòèâí³ñòþ òà çíà÷íèìè
ïîá³÷íèìè åôåêòàìè. Ãîëîâíèì ÷èíîì öå º
íàñë³äêîì íåïîâíîãî ðîçóì³ííÿ ïàòîãåíå-
òè÷íèõ ìåõàí³çì³â ÃËÃ. Êð³ì òîãî, á³ëü-
ø³ñòü çàñîá³â, ÿê³ çàñòîñîâóþòüñÿ íèí³,
ìàþòü íåäîñòàòíþ ñåëåêòèâíó ä³þ â³ä-
íîñíî ñóäèí ìàëîãî êîëà êðîâîîá³ãó. Ñåðåä
íàÿâíèõ ôàðìàêîëîã³÷íèõ ïðåïàðàò³â ïðàê-
òè÷íî âñ³ ò³ºþ ÷è ³íøîþ ì³ðîþ ñïðèÿþòü
ðîçâèòêó íåáàæàíî¿ ñèñòåìíî¿ ã³ïîòîí³¿.

Òàêèì ÷èíîì, êëþ÷îâ³ ìåõàí³çìè âèíèê-
íåííÿ òà ïåðåá³ãó ÃËÃ ³äåíòèô³êîâàí³ ùå
íå ïîâí³ñòþ, ùî ïåðåøêîäæàº ðîçâèòêó
àäåêâàòíèõ çàñîá³â ¿¿ êîðåêö³¿. Ñòâîðåííÿ

Ã³ïîêñè÷íà ëåãåíåâà ã³ïåðòåíç³ÿ
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íîâèõ åôåêòèâíèõ ôàðìàêîëîã³÷íèõ ïðåïà-
ðàò³â çíà÷íîþ ì³ðîþ çàëåæèòü â³ä óñï³õó
ïîäàëüøèõ äîñë³äæåíü ó ö³é ãàëóç³.

Å.Â. Ñòðåëêîâ, Ñ.Á. Ôðàíöóçîâà, À.Ñ. Õðîìîâ

ÃÈÏÎÊÑÈ×ÅÑÊÀß ËÅÃÎ×ÍÀß
ÃÈÏÅÐÒÅÍÇÈß: ÑÎÂÐÅÌÅÍÍÛÅ ÂÇÃËßÄÛ
ÍÀ ÏÀÒÎÃÅÍÅÇ È ÏÓÒÈ ÅÅ
ÔÀÐÌÀÊÎËÎÃÈ×ÅÑÊÎÉ ÊÎÐÐÅÊÖÈÈ

Â ñòàòüå ïðîàíàëèçèðîâàíû ñîâðåìåííûå ïîäõîäû ê
ôàðìàêîëîãè÷åñêîé êîððåêöèè ãèïîêñè÷åñêîé ëåãî÷íîé
ãèïåðòåíçèè âî âçàèìîñâÿçè ñ ìåõàíèçìàìè åå ðàçâèòèÿ, à
òàêæå ðàññìîòðåíû ïåðñïåêòèâíûå íàïðàâëåíèÿ èññëå-
äîâàíèé äëÿ ñîçäàíèé íîâûõ ôàðìàêîëîãè÷åñêèõ ïðåïà-
ðàòîâ â ýòîé îáëàñòè.
Êëþ÷åâûå ñëîâà: ãèïîêñè÷åñêàÿ ëåãî÷íàÿ ãèïåðòåíçèÿ,
ãèïîêñèÿ, ýíäîòåëèé, ðåàêòèâíûå ôîðìû êèñëîðîäà,
ëèïîñîìû.
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HYPOXIC PULMONARY HYPERTENSION:
MODERN VIEWS ON PATHOGENESIS
AND OPTIONS FOR RATIONAL
PHARMACOLOGICAL CORRECTION

In the article, an analysis of the modern approaches to
pharmacological correction of hypoxic pulmonary hyper-
tension in conjunction with its development mechanisms has
been performed. Promising research trends for the creation of
new drugs in this field have also been reviewed.
Key words: hypoxic pulmonary hypertension, hypoxia,
endothelium, reactive oxygen species, liposomes.
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Èëüÿ Ôàääååâè÷ Öèîí �
ïèîíåð âåñòèáóëÿðíîé ôèçèîëîãèè

Ñòî ëåò òîìó íàçàä óøåë èç æèçíè âûäàþ-
ùèéñÿ ôèçèîëîã Èëüÿ Ôàääååâè÷ Öèîí. Â
ïåðâóþ î÷åðåäü îí èçâåñòåí êàê èññëåäî-
âàòåëü íåðâíîé ðåãóëÿöèè ñåðäå÷íî-ñîñóä-
èñòîé ñèñòåìû [1, 2]. Ïîìèìî ýòîãî, Öèîí
áûë îäíèì èç ïèîíåðîâ çàðîæäàâøåéñÿ
ôèçèîëîãèè âåñòèáóëÿðíîé ñèñòåìû. Ðå-
çóëüòàòû ñâîèõ ðàáîò, ïîñâÿùåííûõ ôóíê-
öèè âåñòèáóëÿðíîãî ëàáèðèíòà, Öèîí îá-
îáùèë â ìîíîãðàôèè «Âåñòèáóëÿðíûé ëà-
áèðèíò êàê îðãàí ìàòåìàòè÷åñêîãî âîñïðè-
ÿòèÿ ïðîñòðàíñòâà è âðåìåíè» [11]. Îñíî-
âîïîëàãàþùàÿ êîíöåïöèÿ åãî òåîðèè î íå-
ïîñðåäñòâåííîì âîñïðèÿòèè ëàáèðèíòîì
òðåõìåðíîé ñòðóêòóðû ïðîñòðàíñòâà íå
íàøëà ïîäòâåðæäåíèÿ, è ñ òå÷åíèåì âð-
åìåíè èíòåðåñ ê ýòîé ÷àñòè íàó÷íîãî íàñëå-
äèÿ Öèîíà óãàñ. Òåì íå ìåíåå, ðåçóëüòàòû
åãî íàñòîé÷èâûõ ïîïûòîê âûÿñíèòü íåâðî-
ëîãè÷åñêèå îñíîâû ïðîñòðàíñòâåííîãî âîñ-
ïðèÿòèÿ çàñëóæèâàþò âíèìàíèÿ, â îñîáåí-
íîñòè â ýòîì ãîäó.

È.Ô. Öèîí ðîäèëñÿ 13/25 ìàðòà 1843 ã.
â ëèòîâñêîì ãîðîäå Ïàíåâåæèñ. Â âîçðàñòå
ïÿòíàäöàòè ëåò íà÷àë èçó÷àòü ìåäèöèíó â
Ìåäèêî-õèðóðãè÷åñêîé àêàäåìèè â Âàð-
øàâå, çàòåì ñ 1859 ïî 1862 ãîä áûë ñòó-
äåíòîì Ìåäèöèíñêîãî ôàêóëüòåòà Êèåâñ-
êîãî óíèâåðñèòåòà, ïîñëå ÷åãî â 1862�1864
ãã. ó÷èëñÿ â Áåðëèíñêîì óíèâåðñèòåòå, ïî
îêîí÷àíèè êîòîðîãî ñòàë äèïëîìèðîâàííûì
âðà÷îì, è ãîäîì ñïóñòÿ ïîäòâåðäèë âðà÷åá-
íûé äèïëîì â Ïåòåðáóðãñêîì óíèâåð-
ñèòåòå. Ïîäàþùèé áîëüøèå íàäåæäû ìî-
ëîäîé ñïåöèàëèñò ïîëó÷èë ñòèïåíäèþ äëÿ
©  Â.Â. Ìàðëèíñêèé

ïîâûøåíèÿ êâàëèôèêàöèè çà ðóáåæîì. Âðå-
ìÿ ýòîé íàó÷íîé êîìàíäèðîâêè Öèîí ïëî-
äîòâîðíî èñïîëüçîâàë, ðàáîòàÿ â ëàáîðà-
òîðèÿõ âåäóùèõ ôèçèîëîãîâ Ôðàíöèè è
Ãåðìàíèè. Ýêñïåðèìåíòû íà èçîëèðîâàí-
íîì ñåðäöå ëÿãóøêè, âûïîëíåííûå èì â
ëàáîðàòîðèè Êàðëà Ëþäâèãà â Ëåéïöèãå,

Èëüÿ Ôàääååâè÷ Öèîí  (1843�1912)
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ïðèâåëè ê îòêðûòèþ âàçîìîòîðíîãî äåï-
ðåññîðíîãî íåðâà [8]. Ýòà ðàáîòà áûëà îò-
ìå÷åíà ïðåñòèæíîé Ìîíòèîíîâñêîé ïðå-
ìèåé Ïàðèæñêîé àêàäåìèè íàóê.

Ïîñëå âîçâðàùåíèÿ â Ðîññèþ Öèîí
ðàáîòàåò â Ïåòåðáóðãñêîì óíèâåðñèòåòå. Â
1872 ã. ó÷åíûé íàçíà÷àåòñÿ îðäèíàðíûì
ïðîôåññîðîì Âîåííî-ìåäèöèíñêîé àêàäåìèè
íà ìåñòî, îñâîáîäèâøååñÿ ïîñëå îòñòàâêè
Èâàíà Ìèõàéëîâè÷à Ñå÷åíîâà. Íåñìîòðÿ íà
ïîääåðæêó Ñå÷åíîâà, êîòîðûé ñ÷èòàë Öèîíà
íàèëó÷øèì êàíäèäàòîì íà çàíÿòèå êàôåä-
ðû, ýòî íàçíà÷åíèå âûçâàëî íåóäîâîëüñòâèå
â ëèáåðàëüíî íàñòðîåííîé Àêàäåìèè, íå
ïðèâåòñòâîâàâøåé íîâîãî ïðîôåññîðà,
èçâå ñòíîãî  ñâîèìè êîíñåðâàòèâíûìè
ïîëèòè÷åñêèìè èçãëÿäàìè. Ðóêîâîäñòâî
êàôåäðîé îêàçàëîñü íåïðîäîëæèòåëüíûì.
Îòêðûòàÿ àíòèäåìîêðàòè÷åñêàÿ ïîçèöèÿ
Öèîíà âûçâàëà ñòóäåí÷åñêèå âîëíåíèÿ, â
ðå çóëüòàòå  êîòîðûõ â  1877  ã.  îí  áûë
âûíóæäåí óéòè â îòñòàâêó. Â òîì æå ãîäó
îí ïðèíÿë ïðèãëàøåíèå Êëîäà Áåðíàðà,
âîçãëàâëÿâøåãî ìåöèíñêóþ øêîëó Ñîðáîí-
íû, è ïåðååõàë âî Ôðàíöèþ. Âïîñëåäñòâèå
Öèîí ïðèíÿë ôðàíöóçñêîå ãðàæäàíñòâî è
íèêîãäà áîëåå íå æèë â Ðîññèè. Èëüÿ Öèîí
óìåð 23 îêòÿáðÿ 1912 ã. â Ïàðèæå, ãäå áûë
çàõîðîíåí íà êëàäáèùå Ïåð Ëàøåç.

Òå íåñêîëüêî ëåò, â òå÷åíèå êîòîðûõ
Öèîí ðàáîòàë â Ïåòåðáóðãå, áûëè íàñû-
ùåíû íàó÷íî-èññëåäîâàòåëüñêîé è ïðåïî-
äàâàòåëüñêîé ðàáîòîé âûñî÷àéøåãî óðîâ-
íÿ. Îí îïóáëèêîâàë ìîíîãðàôèþ «Ïðèíöèïû
ýëåêòðîòåðàïèè» [9], äâóõòîìíûé «Êóðñ
ôèçèîëîãèè» [3], «Ìåòîäû ôèçèîëîãè÷åñêèõ
èññëåäîâàíèé» [10], ñòàâøèìè îäíèìè èç
ëó÷øèõ ðóêîâîäñòâ ïî ýêñïåðèìåíòàëüíîé
ôèçèîëîãèè â ÕIÕ âåêå. Îí áûë áëåñòÿùèì
ëåêòîðîì è ïðåïîäàâàòåëåì, ïîä åãî ðóêî-
âîäñòâîì ñâîþ ïåðâóþ íàó÷íóþ ðàáîòó
âûïîëíèë ñòóäåíò Ïåòåðáóðãñêîãî óíèâåð-
ñèòåòà,  áóäóùèé ëàóðåàò Íîáåëåâñêîé
ïðåìèè Èâàí Ïåòðîâè÷ Ïàâëîâ.

Èíòåðåñ ê âåñòèáóëÿðíîìó ëàáèðèíòó
ïîÿâèëñÿ ó Öèîíà áëàãîäàðÿ èçâåñòíîìó

ôðàíöóçñêîìó íåâðîëîãó Àëüôðåäó Âóëü-
ïèàíó. Âóëüïèàí ïîçíàêîìèë Èëüþ Ôåä-
äååâè÷à ñ ðàáîòàìè ñâîåãî íàñòàâíèêà
Ïüåðà Ôëóðåíñà, êîòîðûé îáíàðóæèë, ÷òî
ðàçðóøåíèÿ ïîëóêðóæíûõ êàíàëîâ âåñòè-
áóëÿðíîãî ëàáèðèíòà ó ãîëóáåé ñîïðî-
âîæäàþòñÿ íàðóøåíèÿìè ïîçû æèâîòíûõ
[12]. Àíàòîìè÷åñêàÿ ñòðóêòóðà ëàáèðèíòà
ïðîèçâåëà íåèçãëàäèìîå âïå÷àòëåíèå íà
Öèîíà.  Îí ñðàçó óâèäåë ñîîòâåòñòâèå
îðòîãîíàëüíî ðàñïîëîæåííûõ ïîëóêðóæíûõ
êàíàëîâ òðåì êàðäèíàëüíûì îñÿì ïðîñò-
ðàíñòâà. Â åãî òåëåîëîãè÷åñêè îðãàíèçî-
âàííîì ñîçíàíèè íå áûëî ñîìíåíèé â òîì,
÷òî ýòè êàíàëû ñîçäàíû äëÿ âîñïðèÿòèÿ
ïðîñòðàíñòâåííûõ êîîðäèíàò. Ñâîþ äàëü-
íåéøóþ èññëåäîâàòåëüñêóþ ðàáîòó Öèîí
ïî ñ âÿòèë  âå ñòèáóëÿðíîìó ëàáèðèíòó,
êîòîðûé îí îïðåäåëÿë êàê îðãàí âîñïðèÿòèÿ
ïðîñòðàíñòâà è âðåìåíè, è ñ÷èòàë ñåáÿ
îòêðûâàòåëåì øåñòîãî ÷óâñòâà � ÷óâñòâà
âîñïðèÿòèÿ òðåõìåðíîãî ïðîñòðàíñòâà.

Èñêóñíûé ýêñïåðèìåíòàòîð, Öèîí ñå-
ëåêòèâíî ðàçðóøàë ïîëóêðóæíûå êàíàëû è
òùàòåëüíî ðåãèñòðèðîâàë äâèæåíèÿ ãëàç è
èçìåíåíèÿ ïîçû, êîòîðûå âîçíèêàëè ïîñëå
òàêèõ ðàçðóøåíèé ó ëÿãóøåê, ãîëóáåé è
êðîëèêîâ. Àíàëèçèðóÿ ïîëó÷åííûå äàííûå,
îí çàêëþ÷èë, ÷òî âîçáóæäåíèå íåðâíûõ
îêîí÷àíèé â àìïóëàõ ïîëóêðóæíûõ êàíàëîâ
îáåñïå÷èâàåò âîñïðèÿòèå íàïðàâëåíèé òðåõ
îñåé ïðîñòðàíñòâà. Ýòî âîñïðèÿòèå ëåæèò
â îñíîâå íåðâíûõ ïðîöåññîâ,  êîòîðûå
êîíòðîëèðó þò ìûøå÷íóþ àêòèâíîñòü,
îòâå÷àþùóþ çà äâèæåíèÿ ãëàç, ãîëîâû è
òóëîâèùà â íàïðàâëåíèÿõ ñîîòâåòñòâóþùèì
îñÿì òðåõìåðíîãî ïðîñòðàíñòâà. Ðåçóëüòà-
òû ýòèõ îïûòîâ ñîâïàäàëè ñ àíàëîãè÷íûìè
èññëåäîâàíèÿìè, âûïîëíåííûìè â òî æå
âðåìÿ Ãîëüöåì, Áðååðîì, Ýâàëüäîì è äð.
[5, 11, 13]. Â äîïîëíåíèå ê ýòèì ýêñïåðè-
ìåíòàì, Öèîí, âìåñòî ðàçðóøåíèÿ êàíàëîâ,
àêêóðàòíî óäàëÿë èç íèõ ýíäîëèìôó è ïå-
ðèëèìôó, ÷òî óñòðàíÿëî äàâëåíèå æèäêîñòè
â êàíàëàõ, ëèáî çàìåùàë ïåðèëèìôó æå-
ëàòèíîì, êîòîðûé çàòâåðäåâàë è ñîçäàâàë
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ïðåïÿòñòâèÿ äëÿ äâèæåíèÿ æèäêîñòè â êà-
íàëàõ. Ìàíèïóëÿöèè ñ ëèìôîé â êàíàëàõ íå
ïðèâîäèëè ê äâèãàòåëüíûì ðàññòðîéñòâàì,
êîòîðûå âîçíèêàëè ïîñëå èõ ðàçðóøåíèÿ. Ñ
òî÷êè çðåíèÿ Öèîíà ýòî ïðîòèâîðå÷èëî
êîíöåïöèè Áðååðà�Ìàõà�Êðóì Áðàóíà [5,
7, 17], â ñîîòâåòñòâèè ñ êîòîðîé âîçáóæ-
äåíèå âå ñòèáóëÿðíûõ ÷óâñòâèòåëüíûõ
îðãàíîâ âîçíèêàåò áëàãîäàðÿ èíåðöèîííî-
ìó äâèæåíèþ îòîëèòîâ ìàêóë è ëèìôû
êàíàëîâ. Âìåñòî ýòîé êîíöåïöèè îí âûäâè-
íóë ãèïîòåçó î òîì, ÷òî íåðâíûå îêîí÷àíèÿ
â àìïóëàõ ïîëóêðóæíûõ êàíàëîâ îòâå÷àþò
íà ñòèìóëû, íåïîñðåäñòâåííî ñâÿçàííûå ñ
ïðîñòðàíñòâîì. Èçíà÷àëüíî â êà÷åñòâå
òàêèõ ñòèìóëîâ îí ðàññìàòðèâàë àêóñòè-
÷åñêèå âîëíû ñ ÷àñòîòàìè, ëåæàùèìè çà
ïðåäåëàìè ñëóõîâîãî âîñïðèÿòèÿ. Âïîñëå-
äñòâèå îí çàñîìíåâàëñÿ â ñóùåñòâîâàíèè
âîëí, ñïåöèôè÷åñêè ñâÿçàííûõ ñ îñÿìè
òðåõìåðíîãî ïðîñòðàíñòâà, è òîëüêî âûðà-
æàë íàäåæäó íà òî, ÷òî ïðèðîäà ñòèìóëîâ,
ñâÿçàííûõ ñ ïðîñòðàíñòâåííûìè êîîðäè-
íàòàìè, áóäåò âûÿñíåíà â äàëüíåéøåì.
Òåì íå ìåíåå, äëÿ Öèîíà ýòî áûëî ëèøü
íåçíà÷èòåëüíûì ïðåïÿòñòâèåì, êîòîðîå íå
ìîãëî èçìåíèòü åãî óâåðåííîñòü â ïðàâîòå
ñîáñòâåííîé ãèïîòåçû è îñòàíîâèòü íàñòîé-
÷èâûå óñèëèÿ, íàïðàâëåííûå íà åå ïîä-
òâåðæäåíèå.

Âíèìàòåëüíûé íàáëþäàòåëü, È.Ô. Öèîí
çàìåòèë, ÷òî ó ëîøàäåé, ñêà÷óùèõ íà ìà-
íåæå èëè öèðêîâîé àðåíå, èçìåíåíèå ïîëî-
æåíèÿ ãîëîâû ïðåäøåñòâóåò èçìåíåíèþ
òðàåêòîðèè äâèæóùåãîñÿ òåëà. Îí óâèäåë
â ýòîì èëëþñòðàöèþ íåñîñòîÿòåëüíîñòè
èäåè Áðååðà î òîì, ÷òî èçìåíåíèå ïîëî-
æåíèÿ ãîëîâû, âîçíèêàþùåå ïðè âðàùà-
òåëüíîì äâèæåíèè âñåãî òåëà, ÿâëÿåòñÿ
âòîðè÷íîé ðåôëåêòîðíîé ðåàêöèåé,  è
ðàññìàòðèâàë ýòî íàáëþäåíèå êàê ïîäò-
âåðæäåíèå âîñïðèÿòèÿ ïîëóêðóæíûìè
êàíàëàìè ïðîñòðàíñòâåííîãî íàïðàâëåíèÿ,
êîòîðîå è îïðåäåëÿåò ïîëîæåíèå ãîëîâû.
Â íàñòîÿùåå âðåìÿ îáùåïðèíÿòî ïðåäñòàâ-
ëåíèå î òîì, ÷òî èçìåíåíèå ïîëîæåíèÿ

ãîëîâû ÿâëÿåòñÿ  âåäóùèì ýëåìåíòîì
êîîðäèíèðîâàííîé ñêåëåòîìîòîðíîé àêòèâ-
íîñòè ïðè öåëåíàïðàâëåííîì èçìåíåíèè
òðàåêòîðèè äâèæåíèÿ òåëà .  Ïðè ýòîì
ñ÷èòàåòñÿ, ÷òî ñèãíàëû âîçíèêàþùèå â
âåñòèáóëÿðíîì àïïàðàòå ïðè äâèæåíèè
ãîëîâû îáëåã÷àþò ïåðåðàñïðåäåëåíèå
àêòèâíîñòè ñêåëåòíûõ ìûøö, â ðåçóëüòàòå
êîòîðîãî ïðîèñõîäèò ïîâîðîò òåëà [6].

Ó÷åíûé ïîíèìàë ðàçëè÷èÿ  â ðåàêöèÿõ
íà âåñòèáóëÿðíûå ðàçäðàæåíèÿ, êîòîðûå
âîçíèêàþò âî  âðåìÿ  ïðîèçâîëüíûõ è
íåïðèçâîëüíûõ äâèæåíèé ãîëîâû, è óêàçû-
âàë íà íåîáîñíîâàííîñòü çàêëþ÷åíèé,
ñäåëàííûõ íà îñíîâå ñìåøèâàíèÿ äàííûõ,
ïîëó÷åííûõ â ðàçíûõ ýêñïåðèìåíòàëüíûõ
óñëîâèÿõ. Íåñêîëüêî äåñÿòèëåòèé ñïóñòÿ
òåîðåòè÷åñêèé àíàëèç àêòèâíîñòè íåðâíûõ
öåíòðîâ,  ðåãóëèðóþùèõ ïðîèçâîëüíîå
ïîääåðæàíèå ïîçû, êîòîðîå ñîïðîâîæ-
äàåòñÿ ïîäàâëåíèåì âåñòèáóëÿðíûõ ðåô-
ëåêñîâ, ïðèâåëè ôîí Õîëüñòà è Ìèòòåëü-
øò àäò à  [15]  ê  ôîðì óëèðîâêå  êîíöåï-
òóàëüíîãî ïðåäñòàâëåíèÿ îá ýôôåðåíòíîé
êîïèè ïðîèçâîëüíîé äâèãàòåëüíîé êîìàíäû,
êîòîðàÿ ìîäèôèöèðóåò ïðîïðèîöåïòèâíóþ
àôôåðåíòàöèþ, âîçíèêàþùóþ ïðè âûïîë-
íåíèè ïðîèçâîëüíî âûçâàííîãî äâèæåíèÿ.

Öèîí èññëåäîâàë ñóáúåêòèâíîå âîñï-
ðèÿòèå ïðîñòðàíñòâà ó ëþäåé. Îí îáíàðó-
æèë, ÷òî ïðè íàêëîíàõ îáñëåäóåìûå îøè-
áî÷íî îöåíèâàëè ñâîå ïðîñòðàíñòâåííîå
ïîëîæåíèå, âìåñòå ñ òåì èõ îùóùåíèå
îðòîãîíàëüíîñòè îñåé òðåõìåðíîãî ïðîñò-
ðàíñòâà îñòàâàëîñü íåèçìåííûì. Îí ñ÷è-
òà ë  ýòî  íàáë þäåíèå  ñâèäåòåëüñòâîì
ñóùåñòâîâàíèÿ ñóáúåêòèâíîé ïðîñòðàíñò-
âåííîé ñõåìû, êîîðäèíàòû êîòîðîé îïðåäå-
ëÿþòñÿ ïîëóêðóæíûìè êàíàëàìè. Èëüÿ
Ôàääååâè÷ ðàññìàòðèâàë òàêóþ ñóáúåê-
òèâíóþ ñõåìó êàê îñíîâó ÷åëîâå÷åñêîãî
ïðåäñòàâëåíèÿ î òðåõìåðíîì ïðîñòðàíñòâå,
íà êîòîðîå ïðîåöèðóþòñÿ çðèòåëüíûå,
ñëóõîâûå è òàêòèëüíûå ïðîñòðàíñòâåííûå
îùóùåíèÿ. Öèîí ñ÷èòàë, ÷òî ó æèâîòíûõ,
èìåþùèõ òîëüêî äâà ïîëóêðóæíûõ êàíàëà,
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íàïðèìåð ó ìèíîãè, ïðîñòðàíñòâåííîå âîñï-
ðèÿòèå ðåäóöèðîâàíî äî äâóõìåðíîãî è â
ñîîòâåòñòâèè ñ ýòèì ïîäîáíûå æèâîòíûå
ìîãóò îðèåíòèðîâàòüñÿ òîëüêî â äâóõ ïëîñ-
êîñòÿõ.

Èñõîäÿ èç ýòèõ ðàññóæäåíèé, èññëåäî-
âàòåëü ïðèøåë ê ãåíåðàëèçîâàííîìó ïðåäñ-
òàâëåíèþ î òîì, ÷òî òðåõìåðíîå Ýâêëèäîâî
ïðîñòðàíñòâî ÿâëÿåòñÿ íå ÷èñòî ãåîìåòðè-
÷åñêèì, íî òàêæå è ôèçèîëîãè÷åñêèì. Â
ñîîòâåòñâèè ñ ýòèì, ïðîñòðàíñòâåííàÿ
íàïðàâëåííîñòü ãåîìåòðè÷åñêèõ ôîðì
ÿâëÿåòñÿ ñëåäñòâèåì èõ âîñïðèÿòèÿ ñåí-
ñîðíûìè îðãàíàìè,  â  ïåðâóþ î÷åðåäü
ïîëóêðóæíûìè êàíàëàìè âåñòèáóëÿðíîãî
ëàáèðèíòà. Öèîí ïîíèìàë ôèëîñîôñêóþ
íåîäíîçíà÷íî ñòü ýòîãî óòâåðæäåíèÿ è
ïîä÷åðêèâàë, ÷òî áëàãîäàðÿ âåñòèáóëÿð-
íîìó ëàáèðèíòó ñóáúåêò îùóùàåò ðåàëüíîå
ïðîñòðàíñòâî. Îí îòðèöàë àäåêâàòíîñòü
ñóáúåêòèâíîãî ôåíîìåíàëèçìà Áåðêëè [4]
è Êàíòîâñêîãî ïðåäñòàâëåíèÿ î ïðîñò-
ðàíñòâå êàê îá àïðèîðè ñóùåñòâóþùåì
ôåíîìåíå [16] äëÿ ïîíèìàíèÿ ñóáúåêòèâíîé
ñïîñîáíîñòè âîñïðèÿòèÿ òðåõìåðíîé ñòðóê-
òóðû ñîáñòâåííîãî òåëà è âíåøíåãî ìèðà.

Öèîí ðàññìàòðèâàë âå ñòèáóëÿðíûé
ëàáèðèíò êàê îðãàí ñåíñîðíîé ñèñòåìû, ÷üÿ
ôóíêöèîíàëüíàÿ ðîëü çíà÷èòåëüíî øèðå,
÷åì îáåñïå÷åíèå ðåôëåêòîðíîãî ïîääåð-
æàíèÿ ðàâíîâåñèÿ. Â äàëüíåéøåì, áëàãî-
äàðÿ ðåçóëüòàòàì ìíîãî÷èñëåííûõ ïñèõî-
ôèçè÷åñêèõ ýêñïåðèìåíòîâ è èññëåäîâàíèé
íåéðîííîé àêòèâíîñòè â ñòðóêòóðàõ ìîçãà,
ñâÿçàííûõ ñ âîñïðèÿåèåì äâèæåíèÿ, ïîíè-
ìàíèå òîãî, ÷òî âåñòèáóëÿðíàÿ ñèñòåìà
îáåñïå÷èâàåò ïðîñòðàíñòâåííóþ îðèåíòà-
öèþ, ñòàëî îáùåïðèíÿòûì. Â òî æå âðåìÿ,
âîïðîñ î òîì, êàê ñèãíàëû, ïîëó÷àåìûå
ïåðåôåðè÷åñêèìè âåñòèáóëÿðíûìè îðãà-
íàìè, ñòàíîâÿòñÿ ñóáúåêòèâíûì îùóùå-
íèåì ïåðåìåùåíèÿ â ïðîñòðàíñòâå îñòàåò-
ñÿ îòêðûòûì. Íåéðîííàÿ îðãàíèçàöèÿ âåñ-
òèáóëÿðíîé ñèñòåìû ñóùåñòâåííî îòëè-
÷àåòñÿ îò îðãàíèçàöèè äðóãèõ ñåíñîðíûõ
ñèñòåì: â òàëàìóñå íåò ñïåöèàëèçèðîâàí-

íîãî ðåëåéíîãî ÿäðà, ïåðåäàþùåãî âåñòè-
áóëÿðíûå ñèãíàëû [18], â êîðå ãîëîâíîãî
ìîçãà íå ñóùåñòâóåò ëîêàëüíî îãðàíè÷åí-
íîé âåñòèáóëÿðíîé îáëàñòè [14]. Âåñòèáó-
ëÿðíûå ñèãíàëû ïðåäñòàâëåíû ïðàêòè÷åñêè
âî âñåõ êîðêîâûõ ó÷àñòêàõ, ñâÿçàííûõ ñ
âîñïðèÿòèåì âíåøíåãî è ñóáúåêòèâíîãî
âíóòðåííåãî  ïðîñòðàíñòâà ,  à  òàêæå â
îáëàñòÿõ, ñâÿçàííûõ ñ ðåãóëÿöèåé äâè-
æåíèé. Âåñüìà âåðîÿòíî,  ÷òî âåñòèáó-
ëÿðíàÿ ñèñòåìà îáåñïå÷èâàåò ñâÿçü ñèãíà-
ëîâ, âîçíèêàþùèõ â äðóãèõ ñåíñîðíûõ
îðãàíàõ ñ âåêòîðîì ãðàâèòàöèîííîé ñèëû
Çåìëè. Ïåðâûì ó÷åíûì, êîòîðûé óêàçàë íà
ýòó ôóíêöèîíàëüíóþ ðîëü âåñòèáóëÿðíîé
ñèñòåìû, áûë Èëüÿ Ôàääååâè÷ Öèîí.
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