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Ðîáîòà º ôðàãìåíòîì ôóíäàìåíòàëüíî¿ ì³æêà-
ôåäðàëüíî¿ òåìè ÄÂÍÇ «Òåðíîï³ëüñüêèé äåðæàâíèé 
ìåäè÷íèé óí³âåðñèòåò ³ìåí³ ².ß. Ãîðáà÷åâñüêîãî ÌÎÇ 
Óêðà¿íè» «Ïàòîãåíåòè÷í³ çàêîíîì³ðíîñò³ òà ³íôîðìà-
ö³éí³ ìîäåë³ ðîçâèòêó ïàòîëîã³÷íèõ ïðîöåñ³â çà óìîâ 
ä³¿ íàäçâè÷àéíèõ ôàêòîð³â íà îðãàí³çì òà ¿õ êîðåêö³ÿ», 
¹ äåðæ. ðåºñòðàö³¿ 0113U001239.

Âñòóï. Â Óêðà¿í³, çã³äíî ç äàíèìè îô³ö³éíî¿ ñòàòèñ-
òèêè, â³ä ñåðöåâî-ñóäèííèõ çàõâîðþâàíü ó 2014 ðîö³ 
ïîìåðëî ïîíàä 440 òèñÿ÷ îñ³á, ùî ñêëàäàº 66,3 % â³ä 
óñ³õ ïðè÷èí ñìåðò³ [9]. Òîìó äëÿ íàóêîâö³â ïîñòàþòü 
âñå íîâ³ çàâäàííÿ, ùî ñïðèÿòèìóòü âèð³øåííþ áàãà-
òüîõ ïðîáëåìíèõ ïèòàíü ïàòîãåíåçó ñåðöåâî-ñóäèí-
íèõ çàõâîðþâàíü, ÿê³ íà òåïåð³øí³é ÷àñ º íåäîñòàòíüî 
âèâ÷åíèìè ³ äèñêóñ³éíèìè. Çàõâîðþâàííÿ ñåðöÿ, ùî 
óñêëàäíþþòüñÿ íåêðîòè÷íèì ïîøêîäæåííÿì êàð-
ä³îì³îöèò³â ç íàñòóïíèì ñêëåðîçóâàííÿì ì³îêàðäà 
êë³í³÷íî ïðîÿâëÿþòüñÿ ³øåì³÷íîþ õâîðîáîþ ñåðöÿ, 
êàðä³îñêëåðîçîì [5, 6] ç îçíàêàìè õðîí³÷íî¿ ñåðöåâî¿ 
íåäîñòàòíîñò³ òà àðèòì³ÿìè. 

Íà äóìêó áàãàòüîõ ó÷åíèõ, âïëèíóòè íà ö³ ïðîöåñè 
ó ïåâí³é ì³ð³ ìîæíà øëÿõîì äîñÿãíåííÿ îïòèìàëü-
íîãî áàëàíñó ì³æ àêòèâí³ñòþ ñèìïàòè÷íî¿ òà ïàðà-
ñèìïàòè÷íî¿ ëàíîê âåãåòàòèâíî¿ íåðâîâî¿ ñèñòåìè 
[2, 7, 8]. Â³äîìî, ùî õîë³íåðã³÷íà ðåãóëÿö³ÿ çà ïåâíèõ 
óìîâ ìîæå çä³éñíþâàòè êàðä³îïðîòåêòîðíèé ñòðåñ-
ë³ì³òóâàëüíèé âïëèâ [2], òîìó äîñë³äæåííÿ îñîáëè-
âîñòåé àäðåíåðã³÷íî-õîë³íåðã³÷íîãî áàëàíñó â ïðîöå-
ñ³ ðîçâèòêó êàðä³îñêëåðîçó º äóæå àêòóàëüíèì. Ïðîòå 
ðîëü íåðâîâî-ìåä³àòîðíèõ ïðîöåñ³â ó ïàòîãåíåç³ 
äèôóçíîãî ³øåì³÷íî-íåêðîòè÷íîãî êàðä³îñêëåðîçó 
(Ä²ÍÊÑ) íå ï³ääàâàëàñÿ ñèñòåìíîìó àíàë³çó.

Âèðàæåíèé âïëèâ íà ïåðåá³ã ³øåì³¿ ì³îêàðäà òà 
êàðä³îñêëåðîòè÷íîãî ïðîöåñó ìàº ³íäèâ³äóàëüíà ðå-
àêòèâí³ñòü òà ðåçèñòåíòí³ñòü îðãàí³çìó. Çíà÷íèé ³í-
òåðåñ äëÿ íàóêîâö³â â äàíîìó êîíòåêñò³ ïðåäñòàâëÿº 
³íäèâ³äóàëüíà ðåçèñòåíòí³ñòü îðãàí³çìó äî ã³ïîêñ³¿ [4], 
àäæå ñàìå ³øåì³÷íî-ã³ïîêñè÷í³ âïëèâè çàéìàþòü ïðî-
â³äíó ëàíêó ó ïàòîãåíåç³ äèôóçíîãî êàðä³îñêëåðîçó. 

Ìåòà äîñë³äæåííÿ – ç’ÿñóâàòè âïëèâ ïîðóøåíü 
íåðâîâî-ìåä³àòîðíèõ ïðîöåñ³â ðåãóëÿö³¿ ñåðöÿ òâàðèí 
íà ôîðìóâàííÿ ïîñò³øåì³÷íîãî êàðä³îñêëåðîçó çà-
ëåæíî â³ä ¿õ ÷óòëèâîñò³ äî ã³ïîêñ³¿.

Îá’ºêò ³ ìåòîäè äîñë³äæåííÿ. Åêñïåðèìåíòè 
ïðîâåäåíî íà 96 ñòàòåâîçð³ëèõ á³ëèõ íåë³í³éíèõ ùó-
ðàõ-ñàìöÿõ ìàñîþ 190-250 ã ³ç äîòðèìàííÿì «Çàãàëü-
íèõ åòè÷íèõ ïðèíöèï³â åêñïåðèìåíò³â íà òâàðèíàõ», 
óõâàëåíèõ Ïåðøèì íàö³îíàëüíèì êîíãðåñîì ç á³îåòè-
êè (Êè¿â, 2001) â³äïîâ³äíî äî ªâðîïåéñüêî¿ êîíâåíö³¿ 
ïðî çàõèñò õðåáåòíèõ òâàðèí, ùî âèêîðèñòîâóþòü-
ñÿ â äîñë³äíèõ òà ³íøèõ íàóêîâèõ ö³ëÿõ. Çà äâà òèæí³ 
äî ìîäåëþâàííÿ Ä²ÍÊÑ ïðîâåëè ðîçïîä³ë òâàðèí íà 
åêñïåðèìåíòàëüí³ ãðóïè, çàëåæíî â³ä ¿õ ñò³éêîñò³ äî 
ã³ïîêñ³¿: íèçüêîñò³éê³ (ÍÃÒ), ñåðåäíüîñò³éê³ (ÑÃÒ) òà âè-
ñîêîñò³éê³ äî ã³ïîêñ³¿ òâàðèíè (ÂÃÒ) [4]. Óñ³ì òâàðèíàì 
îñíîâíèõ äîñë³äíèõ ãðóï ìîäåëþâàëè Ä²ÍÊÑ çà âëàñ-
íîþ ìåòîäèêîþ [3].

Äëÿ äîñë³äæåííÿ âàð³àáåëüíîñò³ ñåðöåâîãî ðèòìó 
íà åòàïàõ ñïîñòåðåæåííÿ 7, 14 òà 30 ä³á ïðè Ä²ÍÊÑ 
áóëî âèêîðèñòàíî ìåòîä âàð³àö³éíî¿ êàðä³î³íòåðâà-
ëîìåòð³¿ [1,2]. Ï³ñëÿ ðåºñòðàö³¿ åëåêòðîêàðä³îãðàìè 
(ÅÊÃ) ó ²² ñòàíäàðòíîìó â³äâåäåíí³ îá÷èñëþâàëè òàê³ 
ïîêàçíèêè: ÷àñòîòó ñåðöåâèõ ñêîðî÷åíü, Õ – âàð³à-
ö³éíèé ðîçìàõ âàð³àíò, îá÷èñëþºòüñÿ ÿê ð³çíèöÿ ì³æ 
íàéá³ëüøèì ³ íàéìåíøèì çíà÷åííÿìè òðèâàëîñò³ 
R-R, âèðàæàëè â ñåêóíäàõ (ñ); Ìî – ìîäà, òðèâàë³ñòü 
³íòåðâàëó R-R, ÿêèé íà äîñë³äæóâàíîìó â³äð³çêó åëåê-
òðîêàðä³îãðàìè çóñòð³÷àºòüñÿ íàé÷àñò³øå, âèðàæàëè 
â ñåêóíäàõ (ñ); ÀÌî – àìïë³òóäà ìîäè, ê³ëüê³ñòü êàðä³î-
³íòåðâàë³â, ÿê³ â³äïîâ³äàþòü çíà÷åííþ ìîäè, âèðàæàëè 
ó â³äñîòêàõ (%). Ñòàòèñòè÷íó îáðîáêó ðåçóëüòàò³â âè-
êîíàíî ó â³ää³ë³ ñèñòåìíèõ ñòàòèñòè÷íèõ äîñë³äæåíü 
ÄÂÍÇ «Òåðíîï³ëüñüêèé äåðæàâíèé ìåäè÷íèé óí³âåð-
ñèòåò ³ìåí³ ².ß. Ãîðáà÷åâñüêîãî ÌÎÇ Óêðà¿íè» â ïðî-
ãðàìíîìó ïàêåò³ Statsoft STATISTICA ç âèêîðèñòàííÿì 
ïàðàìåòðè÷íèõ ³ íåïàðàìåòðè÷íèõ ìåòîä³â îö³íêè 
îòðèìàíèõ äàíèõ. 

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ. Ìî-
äåëþâàííÿ Ä²ÍÊÑ çóìîâèëî äîñòîâ³ðíî çíà÷èì³ çì³íè 
âåãåòàòèâíî¿ ð³âíîâàãè íà óñ³õ åòàïàõ ñïîñòåðåæåí-
íÿ. Íàéá³ëüø ³íòåíñèâíî ×ÑÑ çá³ëüøèëàñÿ ïðè ìîäå-
ëþâàíí³ Ä²ÍÊÑ ó ãðóï³ òâàðèí ³ç íèçüêîþ ñò³éê³ñòþ äî 
ã³ïîêñ³¿ (ðèñ. 1), ³ âæå íà åòàï³ ñïîñòåðåæåííÿ 7 ä³á 
Ä²ÍÊÑ áóëà íà 25 % á³ëüøîþ, í³æ ó êîíòðîëüíèõ òâà-
ðèí. Äî íàñòóïíèõ åòàï³â ñïîñòåðåæåííÿ – 14 ³ 30 ä³á 
Ä²ÍÊÑ ×ÑÑ ïðîäîâæóâàëà çðîñòàòè ³ áóëà á³ëüøîþ 
â³äïîâ³äíî íà 37 % ³ 47 %. 
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Òâàðèíè ç ñåðåäíüîþ ñò³éê³ñòþ äî ã³ïîêñ³¿ õà-
ðàêòåðèçóâàëèñÿ äåùî ìåíø ³íòåíñèâíèìè çì³-
íàìè ×ÑÑ, òîä³ ÿê òâàðèíè ç âèñîêîþ ñò³éê³ñòþ 
äî ã³ïîêñ³¿ çàçíàâàëè ì³í³ìàëüíèõ çì³í çà äàíèì 
ïîêàçíèêîì, ùî çàñâ³ä÷óº ìåíø âèðàæåíèé àäðå-
íåðã³÷íèé âïëèâ ïðè ðîçâèòêó êàðä³îñêëåðîçó.

Äèíàì³êà ³íòåíñèâíîñò³ çìåíøåííÿ ïîêàçíèêà 
Ìî ïðè ðîçâèòêó Ä²ÍÊÑ õàðàêòåðèçóâàëà çìåí-
øåííÿ ïàðàñèìïàòè÷íèõ âïëèâ³â ó ðåãóëÿö³¿ ñåð-
öåâîãî ðèòìó. Íàéãëèáø³ ïîðóøåííÿ âèÿâëåíî 
ó òâàðèí ³ç íèçüêîþ ñò³éê³ñòþ äî ã³ïîêñ³¿ (ðèñ. 2): 
çìåíøåííÿ ïîêàçíèêà Ìî åòàïàõ ñïîñòåðåæåííÿ 
7, 14 ³ 30 ä³á Ä²ÍÊÑ ïðîãðåñóâàëî ³ äîñë³äæóâàíèé 
ïîêàçíèê ñòàíîâèâ ëèøå 75 %, 63 % ³ 53 % â³ä ïî-
êàçíèêà êîíòðîëüíèõ òâàðèí ç íèçüêîþ ñò³éê³ñòþ 
äî ã³ïîêñ³¿. 

Ó òâàðèí ç ñåðåäíüîþ ñò³éê³ñòþ äî ã³ïîêñ³¿ ïî-
êàçíèê Ìî òàêîæ çìåíøèâñÿ, ïðîòå ìåíø ³íòåí-
ñèâíî ³ ñòàíîâèâ 85 %, 73 % ³ 67 % â³ä ïîêàçíèêà Ìî 
êîíòðîëüíèõ òâàðèí ç ñåðåäíüîþ ñò³éê³ñòþ äî ã³-
ïîêñ³¿ íà åòàïàõ ñïîñòåðåæåííÿ 7, 14 ³ 30 ä³á Ä²ÍÊÑ. 
Òâàðèíè ç âèñîêîþ ñò³éê³ñòþ äî ã³ïîêñ³¿ õàðàêòåðè-
çóâàëèñÿ ì³í³ìàëüíèìè çì³íàìè Ìî, àäæå öåé ïî-
êàçíèê ñòàíîâèâ 88 %, 81 % ³ 80 % â³ä ïîêàçíèêà Ìî 
êîíòðîëüíèõ òâàðèí ç âèñîêîþ ñò³éê³ñòþ äî ã³ïîêñ³¿ 
íà åòàïàõ ñïîñòåðåæåííÿ 7, 14 ³ 30 ä³á Ä²ÍÊÑ.

Ïîêàçíèê ÀÌî ïðè ðîçâèòêó Ä²ÍÊÑ õàðàêòå-
ðèçóâàâ ó÷àñòü àäðåíåðã³÷íî¿ ëàíêè ó ðåãóëÿö³¿ 
ðîáîòè ñåðöÿ, òîìó çðîñòàííÿ äàíîãî ïîêàçíèêà 
âàð³àö³éíî¿ êàðä³î³íòåðâàëîìåòð³¿ âêàçóâàëî íà 
ïîñèëåííÿ àäðåíåðã³÷íèõ âïëèâ³â âïðîäîâæ åêñ-
ïåðèìåíòó. Íàéá³ëüø âèðàæåíèìè ö³ çì³íè áóëè 
ó íèçüêîñò³éêèõ äî ã³ïîêñ³¿ òâàðèí (ðèñ. 3), à íàé-
ìåíø – ó òâàðèí ç âèñîêîþ ñò³éê³ñòþ äî ã³ïîêñ³¿. 

Ïðè ðîçâèòêó Ä²ÍÊÑ ïîêàçíèê âàð³àö³éíîãî 
ðîçìàõó êàðä³î³íòåðâàë³â áóâ íàéìåíøèì ó íèçü-
êîñò³éêèõ äî ã³ïîêñ³¿ òâàðèí (ðèñ. 4), ³ ñòàíîâèâ 
79 %, 74 %, 67 % â³ä ïîêàçíèêà Õ êîíòðîëüíèõ 
òâàðèí íà åòàïàõ ñïîñòåðåæåííÿ 7, 14 ³ 30 ä³á 
Ä²ÍÊÑ. Âàð³àö³éíèé ðîçìàõ êàðä³î³íòåðâàë³â º 
äóæå ÷óòëèâèì ïîêàçíèêîì äî çì³í õîë³íåðã³÷íî¿ 
ðåãóëÿö³¿ ñåðöåâîãî ðèòìó, òîìó éîãî çìåíøåííÿ 
º íåñïðèÿòëèâîþ îçíàêîþ çà äàíî¿ ïàòîëîã³¿, àäæå 
âêàçóº íà îáìåæåííÿ õîë³íåðã³÷íèõ êàðä³îïðîòåê-
òîðíèõ âïëèâ³â. Ó ÑÃÒ äàíèé ïîêàçíèê çàçíàâàâ 
ïîä³áíèõ çì³í, ïðîòå ìåíø âèðàæåíèõ, à ó òâàðèí 
ç âèñîêîþ ñò³éê³ñòþ äî ã³ïîêñ³¿ êðàùå çáåðåæåííÿ 
õîë³íåðã³÷íèõ âïëèâ³â â³äîáðàçèëîñÿ íàáëèæåí-
íÿì âàð³àö³éíîãî ðîçìàõó êàðä³î³íòåðâàë³â äî ïî-
êàçíèêà êîíòðîëüíèõ òâàðèí. 

Àíàë³ç ðåçóëüòàò³â ç âèâ÷åííÿ àäðåíåðã³÷íî-
õîë³íåðã³÷íîãî áàëàíñó ïîêàçàâ, ùî õîë³íîðåàê-
òèâí³ñòü ìàº âèðàæåíèé âïëèâ íà ïðîöåñè êàðä³î-
ñêëåðîçóâàííÿ, àäæå ó òâàðèí ³ç âèñîêîþ ñò³éê³ñòþ 
äî ã³ïîêñ³¿ ðîçâèòîê ïàòîëîã³¿ ñóïðîâîäæóâàâñÿ 
ìåíø âèðàæåíèìè ïîðóøåííÿìè. Öå ïîºäíóâà-
ëîñÿ ç³ çíèæåííÿì ïðîçàïàëüíèõ öèòîê³í³â ³ ï³ä-
âèùåííì ð³âíÿ ïðîòèçàïàëüíèõ, ìåíøèì ð³âíåì 
çâ’ÿçàíîãî îêñèïðîë³íó [4]. Ö³êàâèì º ôàêò ³ñíó-
âàííÿ ðåöåïòîð³â äî ÀÕ íå ò³ëüêè íà êë³òèíàõ ïåé-
ñìåêåðàõ, êàðä³îì³îöèòàõ, àëå é íà ô³áðîáëàñòàõ, 
ùî ìàº âåëèêå çíà÷åííÿ ó ìîæëèâîñò³ ÀÕ âïëèâàòè 
íà àêòèâí³ñòü öèõ êë³òèí, ÿêèì íàëåæèòü ïðîâ³äíà 

Ðèñ. 4. Äèíàì³êà ³íòåíñèâíîñò³ çìåíøåííÿ ïîêàçíèêà âàð³à-
ö³éíîãî ðîçìàõó êàðä³î³íòåðâàë³â ïðè ðîçâèòêó Ä²ÍÊÑ. 

Ïðèì³òêà: * – ð0,05, äîñòîâ³ðíà â³äì³íí³ñòü ñòîñîâíî êîíòðîëüíèõ ãðóï 

òâàðèí ç ð³çíîþ ñò³éê³ñòþ äî ã³ïîêñ³¿.

Ðèñ. 3. Äèíàì³êà ³íòåíñèâíîñò³ çðîñòàííÿ ïîêàçíèêà 
ÀÌî ïðè ðîçâèòêó Ä²ÍÊÑ. 

Ïðèì³òêà: * – ð0,05, äîñòîâ³ðíà â³äì³íí³ñòü ñòîñîâíî êîíòðîëüíèõ ãðóï 

òâàðèí ç ð³çíîþ ñò³éê³ñòþ äî ã³ïîêñ³¿.

Ðèñ. 1. Äèíàì³êà ³íòåíñèâíîñò³ çá³ëüøåííÿ ïîêàçíèêà 
÷àñòîòè ñåðöåâèõ ñêîðî÷åíü ïðè ðîçâèòêó Ä²ÍÊÑ. 

Ïðèì³òêà: * – ð0,05, äîñòîâ³ðíà â³äì³íí³ñòü ñòîñîâíî êîíòðîëüíèõ ãðóï 

òâàðèí ç ð³çíîþ ñò³éê³ñòþ äî ã³ïîêñ³¿.

Ðèñ. 2. Äèíàì³êà ³íòåíñèâíîñò³ çìåíøåííÿ ïîêàçíèêà Ìî 
ïðè ðîçâèòêó Ä²ÍÊÑ. 

Ïðèì³òêà: * – ð0,05, äîñòîâ³ðíà â³äì³íí³ñòü ñòîñîâíî êîíòðîëüíèõ ãðóï 

òâàðèí ç ð³çíîþ ñò³éê³ñòþ äî ã³ïîêñ³¿.
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ðîëü ó ïðîöåñàõ êàðä³îñêëåðîçóâàííÿ. 
Äîñë³äæåííÿìè van M.A. Maanen, S.P. 
Stoof (2009 ð.) âèÿâëåíî ðåöåïòîðè äî ÀÕ 
íà ïîâåðõí³ ô³áðîáëàñò³â íà ñèíîâ³àëüíèõ 
ïîâåðõíÿõ õðÿùà, ê³ëüê³ñòü öèõ ðåöåï-
òîð³â çá³ëüøóâàëàñÿ ïðè çàïàëåíí³ [7]. 
Âèõîäÿ÷è ç öüîãî, ùå îäíèì íàïðÿìêîì 
ïðîô³ëàêòèêè ðîçâèòêó ô³áðîçó ì³îêàðäà 
ìîæóòü áóòè çàõîäè ïî ï³äñèëåííþ õîë³-
íîðåàêòèâíîñò³ [7, 8]. Çîêðåìà, Koopman 
F.A., Schuurman P.R. (2014 ð.) äîñë³äèëè, 
ùî ñòèìóëÿö³ÿ âàãóñà ìîæå áóòè ïåð-
ñïåêòèâíîþ ó ë³êóâàíí³ ðåâìàòî¿äíîãî 
àðòðèìó. Ï³äòâåðäæåííÿì öüîãî º òå, ùî 
áëîêóâàííÿ â åêñïåðèìåíò³ í³êîòèíîâîãî 
ðåöåïòîðà àöåòèëõîë³íó òèïó 7 (7nAChR) 
ô³áðîáëàñòîïîä³áíèõ ñèíîâ³îöèò³â ïðè 
åêñïåðèìåíòàëüíîìó ðåâìàòî¿äíîìó àð-
òðèò³ ïðèçâîäèòü äî çá³ëüøåííÿ âèðîá-
íèöòâà ìåä³àòîð³â çàïàëåííÿ ³ äåãðàäàö³¿. 
Àâòîðè ðîáëÿòü âèñíîâîê, ùî 7nAChR 
ò³ñíî çàëó÷åí³ ó ôóíêö³îíóâàííÿ õîë³íåð-
ã³÷íîãî ïðîòèçàïàëüíîãî øëÿõó [8]. 

Îòæå, ïðè ìîäåëþâàíí³ Ä²ÍÊÑ, ó òâà-
ðèí ç âèñîêîþ ñò³éê³ñòþ äî ã³ïîêñ³¿ á³ëüø 
àêòèâíî çàëó÷àþòüñÿ õîë³íåðã³÷í³ ìåõà-
í³çìè ñòèìóëÿö³¿ ÀÕ ñïåöèô³÷íèõ ðåöåï-
òîð³â íà ïîâåðõí³ íå ò³ëüêè ïåéñìåêåðíèõ 
êë³òèí òà êàðä³îì³îöèò³â, àëå é ô³áðî-
áëàñò³â, ùî ìàº ïðèíöèïîâå çíà÷åííÿ â 
àêòèâíîñò³ ïðîöåñ³â êàðä³îñêëåðîçóâàííÿ.

Ï³äñóìîâóþ÷è äàí³ åêñïåðèìåíòàëüíîãî äîñë³-
äæåííÿ ìåõàí³çì³â ðîçâèòêó Ä²ÍÊÑ òà âèêîðèñòî-
âóþ÷è êîìïëåêñíó îö³íêó äîñë³äæåíü, âèñâ³òëåíèõ 
ó äîñòóïíèõ íàì â³ò÷èçíÿíèõ òà çàðóá³æíèõ äæåðåëàõ 
íàóêîâî¿ ë³òåðàòóðè, ìîæíà â³äîáðàçèòè äâà ìîæëèâ³ 
øëÿõè ïàòîãåíåçó ô³áðîçó ì³îêàðäà ñõåìàòè÷íî, ÿê³, 
çàìèêàþ÷èñü ó «õèáíå êîëî» (ðèñ. 5), ïðèçâîäÿòü äî 
ïåðñèñòóþ÷îãî ô³áðîçó ì³îêàðäà.

ßê âèäíî ç ïðåäñòàâëåíî¿ ñõåìè, òàê³ ëàíêè ïàòîãå-
íåçó, ÿê íåêðîç êàðä³îì³îöèò³â, çàïàëüíà ðåàêö³ÿ, àê-
òèâàö³ÿ ô³áðîáëàñò³â, ³øåì³ÿ ³ ã³ïîêñ³ÿ ì³îêàðäà, ìàþòü 
âèð³øàëüíå çíà÷åííÿ ó ôîðìóâàíí³ «õèáíîãî êîëà» 
ïðè äèôóçíîìó ³øåì³÷íî-íåêðîòè÷íîìó êàðä³îñêëå-
ðîç³. Ïðîô³ëàêòèêà òà åò³îïàòîãåíåòè÷íå ë³êóâàííÿ ïî-
âèííî áóòè íàïðÿìëåíå íà çìåíøåííÿ ä³¿ åò³îòðîïíèõ 
÷èííèê³â, ùî ïðèçâîäÿòü äî íåêðîçó êàðä³îì³îöèò³â òà 
ï³äâèùåííÿ ñò³éêîñò³ îðãàí³çìó äî ã³ïîêñè÷íèõ âïëèâ³â 
íà êë³òèííîìó ð³âí³, òîáòî íà ïåðåðèâàííÿ «õèáíîãî 
êîëà», ùî çíà÷íîþ ì³ðîþ çàëåæèòü â³ä õîë³íîðåàêòèâ-
íîñò³ îðãàí³çìó. 

Âèñíîâêè. Ôîðìóâàííþ äèôóçíîãî êàðä³îñêëåðî-
çó ó ùóð³â ³ç ð³çíîþ ðåçèñòåíòí³ñòþ äî ã³ïîêñ³¿ ñïðèÿþòü 
ïîðóøåííÿ íåðâîâî-ìåä³àòîðíèõ ïðîöåñ³â, çîêðåìà 
àäðåíåðã³÷íî-õîë³íåðã³÷íîãî áàëàíñó, ùî ïðîÿâëÿþòü-
ñÿ ó ï³äâèùåíí³ àäðåíåðã³÷íîãî êîíòðîëþ òà çìåíøåíí³ 
âïëèâ³â ïàðàñèìïàòè÷íî¿ ëàíêè àâòîíîìíî¿ íåðâîâî¿ 
ñèñòåìè. 

Äàí³ çàêîíîì³ðíîñò³ íàéá³ëüø âèðàæåí³ ó íèçüêîñ-
ò³éêèõ äî ã³ïîêñ³¿ òâàðèí, òîä³ ÿê âèñîêîñò³éê³ äî ã³ïîêñ³¿ 
òâàðèíè ïðè ðîçâèòêó äèôóçíîãî êàðä³îñêëåðîçó õà-
ðàêòåðèçóþòüñÿ ì³í³ìàëüíèìè çì³íàìè õîë³íåðã³÷íîãî 
êîíòðîëþ.

²íäèâ³äóàëüí³é ðåàêòèâíîñò³ îðãàí³çìó, çîêðåìà 
÷óòëèâîñò³ òâàðèí äî ã³ïîêñ³¿, ùî â äåÿê³é ì³ð³ âèçíà-
÷àºòüñÿ õîë³íåðã³÷íîþ ðåãóëÿö³ºþ, ñë³ä ïðèä³ëÿòè îñî-
áëèâó óâàãó ÿê ³ç ïîçèö³é ïàòîãåíåòè÷íî¿ îö³íêè ôîð-
ìóâàííÿ êàðä³îñêëåðîçó, òàê ³ ç ïîçèö³é ôîðìóâàííÿ 
íîâèõ ï³äõîä³â äî ïðîô³ëàêòèêè ³ ë³êóâàííÿ. 

Ïåðñïåêòèâè ïîäàëüøèõ äîñë³äæåíü. Ó ïîäàëü-
øîìó äîö³ëüíî âèâ÷àòè îñîáëèâîñò³ ìåòàáîë³çìó àöå-
òèëõîë³íó íà ð³çíèõ åòàïàõ ðîçâèòêó Ä²ÍÊÑ çàëåæíî 
â³ä ñò³éêîñò³ òâàðèí äî ã³ïîêñ³¿. 

 

 

 

 

 

 

 
 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ðèñ. 5. Ñõåìà ïàòîãåíåçó äèôóçíîãî ³øåì³÷íî-íåêðîòè÷íîãî 
êàðä³îñêëåðîçó âíàñë³äîê ïåðåâàíòàæåííÿ ñåðöÿ ³ ïðè ïîøêîäæåíí³ 

òêàíèíè ì³îêàðäà ð³çíîìàí³òíî¿ åò³îëîã³¿ òà ôîðìóâàííÿ 
«õèáíîãî êîëà» ³ ïåðñèñòóþ÷îãî ô³áðîçó ì³îêàðäà ³ç çàçíà÷åííÿì 

«òî÷îê ïðèêëàäàííÿ» àöåòèëõîë³íó.
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ÓÄÊ 616.127-004-02:616.152.21-06:612.89]-092.9 
ÏÎÐÓØÅÍÍß ÍÅÐÂÎÂÎ-ÌÅÄ²ÀÒÎÐÍÈÕ ÏÐÎÖÅÑ²Â ÒÀ ÂÅÃÅÒÀÒÈÂÍÎÃÎ ÁÀËÀÍÑÓ Ó ÐÅÃÓËßÖ²¯ ÑÅÐÖß 

ÙÓÐ²Â Ç Ð²ÇÍÎÞ ÑÒ²ÉÊ²ÑÒÞ ÄÎ Ã²ÏÎÊÑ²¯ ÍÀ ÅÒÀÏÀÕ ÐÎÇÂÈÒÊÓ ÄÈÔÓÇÍÎÃÎ ²ØÅÌ²×ÍÎ-ÍÅÊÐÎÒÈ×-
ÍÎÃÎ ÊÀÐÄ²ÎÑÊËÅÐÎÇÓ

Ñàòóðñüêà Ã. Ñ., Áîíäàðåíêî Þ.²., Óñèíñüêèé Ð.Ñ.
Ðåçþìå. Â åêñïåðèìåíòàõ âñòàíîâèëè, ùî ôîðìóâàííþ äèôóçíîãî êàðä³îñêëåðîçó ó ùóð³â ³ç ð³çíîþ ðåçèñ-

òåíòí³ñòþ äî ã³ïîêñ³¿ ñïðèÿþòü ïîðóøåííÿ íåðâîâî-ìåä³àòîðíèõ ïðîöåñ³â, çîêðåìà àäðåíåðã³÷íî-õîë³íåðã³÷íîãî 
áàëàíñó, ùî ïðîÿâëÿþòüñÿ ó ï³äâèùåíí³ àäðåíåðã³÷íîãî êîíòðîëþ òà çìåíøåíí³ âïëèâ³â ïàðàñèìïàòè÷íî¿ ëàíêè 
àâòîíîìíî¿ íåðâîâî¿ ñèñòåìè. Äàí³ çàêîíîì³ðíîñò³ íàéá³ëüø âèðàæåí³ ó íèçüêîñò³éêèõ äî ã³ïîêñ³¿ òâàðèí, òîä³ ÿê 
âèñîêîñò³éê³ äî ã³ïîêñ³¿ òâàðèíè ïðè ðîçâèòêó äèôóçíîãî êàðä³îñêëåðîçó õàðàêòåðèçóþòüñÿ ì³í³ìàëüíèìè çì³íàìè 
õîë³íåðã³÷íîãî êîíòðîëþ. ²íäèâ³äóàëüí³é ðåàêòèâíîñò³ îðãàí³çìó, çîêðåìà ÷óòëèâîñò³ òâàðèí äî ã³ïîêñ³¿, ùî â äåÿê³é 
ì³ð³ âèçíà÷àºòüñÿ õîë³íåðã³÷íîþ ðåãóëÿö³ºþ, ñë³ä ïðèä³ëÿòè îñîáëèâó óâàãó ÿê ³ç ïîçèö³é ïàòîãåíåòè÷íî¿ îö³íêè 
ôîðìóâàííÿ êàðä³îñêëåðîçó, òàê ³ ç ïîçèö³é ôîðìóâàííÿ íîâèõ ï³äõîä³â äî ïðîô³ëàêòèêè ³ ë³êóâàííÿ. 

Êëþ÷îâ³ ñëîâà: ã³ïîêñ³ÿ, ñåðöå, àâòîíîìíà íåðâîâà ñèñòåìà, äèôóçíèé êàðä³îñêëåðîç.
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ÍÀÐÓØÅÍÈß ÍÅÐÂÍÎ-ÌÅÄÈÀÒÎÐÍÛÕ ÏÐÎÖÅÑÑÎÂ È ÂÅÃÅÒÀÒÈÂÍÎÃÎ ÁÀËÀÍÑÀ Â ÐÅÃÓËßÖÈÈ 

ÑÅÐÄÖÀ ÊÐÛÑ Ñ ÐÀÇËÈ×ÍÎÉ ÓÑÒÎÉ×ÈÂÎÑÒÜÞ Ê ÃÈÏÎÊÑÈÈ ÍÀ ÝÒÀÏÀÕ ÐÀÇÂÈÒÈß ÄÈÔÔÓÇÍÎÃÎ 
ÈØÅÌÈ×ÅÑÊÈ-ÍÅÊÐÎÒÈ×ÅÑÊÎÃÎ ÊÀÐÄÈÎÑÊËÅÐÎÇÀ

Ñàòóðñêàÿ À. Ñ., Áîíäàðåíêî Þ. È., Óñèíñêèé Ð.Ñ.
Ðåçþìå. Â ýêñïåðèìåíòàõ óñòàíîâëåíî, ÷òî ôîðìèðîâàíèþ äèôôóçíîãî êàðäèîñêëåðîçà ó êðûñ ñ ðàçëè÷-

íîé ðåçèñòåíòíîñòüþ ê ãèïîêñèè ñïîñîáñòâóþò íàðóøåíèÿ íåðâíî-ìåäèàòîðíûõ ïðîöåññîâ, â ÷àñòíîñòè àäðå-
íåðãè÷åñêîãî-õîëèíåðãè÷åñêîãî áàëàíñà, ïðîÿâëÿþùåãîñÿ â ïîâûøåíèè àäðåíåðãè÷åñêîãî êîíòðîëÿ è óìåíü-
øåíèè âëèÿíèÿ ïàðàñèìïàòè÷åñêîãî çâåíà àâòîíîìíîé íåðâíîé ñèñòåìû. Äàííûå çàêîíîìåðíîñòè íàèáîëåå 
âûðàæåíû ó íèçêîóñòîé÷èâûõ ê ãèïîêñèè æèâîòíûõ, à âûñîêîóñòîé÷èâûå ê ãèïîêñèè æèâîòíûå ïðè ðàçâèòèè 
äèôôóçíîãî êàðäèîñêëåðîçà õàðàêòåðèçóþòñÿ ìèíèìàëüíûìè èçìåíåíèÿìè õîëèíåðãè÷åñêîãî êîíòðîëÿ. Èí-
äèâèäóàëüíîé ðåàêòèâíîñòè îðãàíèçìà, â ÷àñòíîñòè ÷óâñòâèòåëüíîñòè æèâîòíûõ ê ãèïîêñèè, êîòîðàÿ â íåêî-
òîðîé ñòåïåíè îïðåäåëÿåòñÿ õîëèíåðãè÷åñêîé ðåãóëÿöèåé, ñëåäóåò óäåëÿòü îñîáîå âíèìàíèå êàê ñ ïîçèöèé 
ïàòîãåíåòè÷åñêîé îöåíêè ôîðìèðîâàíèÿ êàðäèîñêëåðîçà, òàê è ñ ïîçèöèé ôîðìèðîâàíèÿ íîâûõ ïîäõîäîâ 
ê ïðîôèëàêòèêå è ëå÷åíèþ.

Êëþ÷åâûå ñëîâà: ãèïîêñèÿ, ñåðäöå, àâòîíîìíàÿ íåðâíàÿ ñèñòåìà, äèôôóçíûé êàðäèîñêëåðîç.

UDC 616.127-004-02:616.152.21-06:612.89]-092.9 
Disorders of Neurotransmitter Processes and Nervous-Vegetative Balance in Heart Regulation in Rats 

with Different Resistance to Hypoxia in the Development Phase of Diffuse Ischemic Necrotic Cardiosclerosis
Saturska H.S., Bondarenko Yu.I., Usynskyi R.S.
Abstract. Increasing concentration of catecholamine at the acute and chronic stress, disorders of calcium homeo-

stasis, activation of lipid peroxidation can cause typical chain of pathological changes that steadily lead to the develop-
ment of fibrosis of the myocardium. Individual reactivity, which is able to make significant adjustments in the course of 
the disease process, is very important to be considered. 

Resistance of animals to hypoxia in this context is of considerable interest to scientists because myocardial hypoxia 
occupies a central link in the pathogenesis of diffuse ischemic necrotic cardiosclerosis. Despite numerous scientific 
data about disorders of neurotransmitter processes and nervous-vegetative balance in heart regulation in case of is-
chemic heart disease, the peculiarities of fibrosis myocardium pathogenesis remains unclear. Therefore, the aim of the 
study was to investigate the peculiarities of functioning of the disorders of neurotransmitter processes and nervous-
vegetative balance in heart regulation in the development phase of diffuse ischemic necrotic cardiosclerosis in rats with 
different congenital resistance to hypoxia.
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In experiments on rats it has been established that the disorders of neurotransmitter processes and nervous-vege-
tative balance in heart regulation depends on individual typological properties of the organism, in particular, on innate 
resistance to hypoxia.

The experiments were done on 96 laboratory white rats (190-250 g). The experimental animals were divided into 
3 groups according to their different resistance to hypoxia. We used the model of experimental diffuse ischemic ne-
crotic cardiosclerosis which included adrenaline and calcium mechanisms of necrosis of cardiomyocytes in rats with 
different resistance to hypoxia. The research was based on the changes of nervous-vegetative balance and its influ-
ence upon heart rhythm 7, 14 and 30 days after modeling of the pathology. Statistic research was done in the Statistics 
Department of SHEI «I.Y.Horbachevsky Ternopil State Medical University of the Ministry of Public Health of Ukraine». 

Experimentally it was proved that animals of control groups with low and high resistance to hypoxia have no statisti-
cally significant differences in nervous-vegetative balance from animals of control group with medium resistance to 
hypoxia. However during the development of diffuse ischemic necrotic cardiosclerosis (DINC) changes of the param-
eters of nervous-vegetative balance were found. Modeling DINKS caused significant changes of autonomic balance at 
all stages of monitoring. Heart rate increased most rapidly in modeling DINC animals in the group with low resistance to 
hypoxia and at the stage of observation DINC 7 days was 25 % higher than in control animals. The next stage of obser-
vation – 14 and 30 days DINC heart rate continued to increase and was higher respectively by 37 % and 47 %.

Heart rate increased less rapidly in modeling DINC animals in the group with medium resistance to hypoxia and at 
the stage of observation DINC 7 days was 15 % higher than in control animals. The next stage of observation – 14 and 
30 days DINC heart rate continued to increase and was higher respectively by 28 % and 33 %.

In group of animals with high resistance to hypoxia heart rate increased most rapidly in modeling DINC and at the 
stage of observation DINC 7 days was 13 % higher than in control animals. The next stage of observation – 14 and 30 
days DINC heart rate continued to increase and was higher respectively by 19 % and 20 %.

The experiments found that the formation of diffuse cardiosclerosis in rats with different resistance to hypoxia con-
tribute violation neuro-mediator processes, including adrenergic, cholinergic balance, manifested in the increase of 
adrenergic influense and reduce the impact of the parasympathetic parts of the autonomic nervous system. These 
patterns are most pronounced in group of animals with low resistance to hypoxia, while animals with high resistance to 
hypoxia in the development of diffuse cardiosclerosis were characterized by minimal changes of cholinergic control. 
Individual reactivity, including the sensitivity of animals to hypoxia, which to some extent by cholinergic part should pay 
particular attention to both the position of pathogenic formation evaluation cardiosclerosis, and from the standpoint of 
developing new approaches to prevention and treatment.
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