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Äàíà ðîáîòà º ôðàãìåíòîì ÍÄÐ «Åêñïåðèìåí-
òàëüíå îá´ðóíòóâàííÿ êîìá³íîâàíîãî çàñòîñóâàí-
íÿ êàðä³îòðîïíèõ ïðåïàðàò³â», ¹ äåðæ. ðåºñòðàö³¿ 
0111U009417. 

Âñòóï. Áåòà-àäðåíîáëîêàòîðè ïðîÿâëÿþòü àí-
òèã³ïåðòåíçèâíó, àíòè³øåì³÷íó, àíòèàðèòì³÷íó ä³þ. 
¯õ àíòèã³ïåðòîí³÷íèé âïëèâ ïîâ’ÿçóþòü ç áëîêàäîþ 
β-àäðåíîðåöåïòîð³â â þêñòàãëîìåðóëÿðíîìó àïà-
ðàò³ íèðîê, âíàñë³äîê ÷îãî çìåíøóºòüñÿ ïðîäóêö³ÿ 
ðåí³íó òà àíã³îòåíçèíó ²² [7, 14] – àíòàãîí³ñò³â ïåðåä-
ñåðäíîãî àíòèóðåòè÷íîãî ïåïòèäó (ÏÍÓÏ). Êàðä³-
àëüí³ åôåêòè áåòà-àäðåíîáëîêàòîð³â ïðîÿâëÿþòüñÿ, 
â îñíîâíîìó, çìåíøåííÿì ñèëè òà ÷àñòîòè ñåðöåâèõ 
ñêîðî÷åíü. Àðèòì³ÿ îáóìîâëåíà ô³áðèëÿö³ºþ ì³î-
êàðäà, ÿêà ïðè àðòåð³àëüí³é ã³ïåðòåíç³¿ ÷àñòî ñòîñó-
ºòüñÿ ïåðåäñåðäü. Ó çâ’ÿçêó ç öèì, äîö³ëüíèì º âè-
â÷åííÿ ìîðôîëîã³÷íèõ åêâ³âàëåíò³â êë³í³÷íèõ ïðîÿâ³â 
àðòåð³àëüíî¿ ã³ïåðòåíç³¿ òà ¿õ çì³í ï³ñëÿ çàñòîñóâàííÿ 
áåòà-àäðåíîáëîêàòîð³â ñàìå â ïåðåäñåðäÿõ. Íåá³-
âîëîë – öå êàðä³îñåëåêòèâíèé áåòà-àäðåíîáëîêà-
òîð III ïîêîë³ííÿ, ìåõàí³çìè ä³¿ ÿêîãî, ÿê ³ ³íøèõ áåòà-
àäðåíîðåöåïòîð³â, äî ê³íöÿ íå ç’ÿñîâàí³. Â³äîìîñò³ 
ïðî âïëèâ àíòèã³ïåðòåíçèâíèõ ïðåïàðàò³â íà óëüòðà-
ñòðóêòóðó ì³îêàðäà ïðè àðòåð³àëüí³é ã³ïåðòåíç³¿ ñòî-
ñóþòüñÿ ë³âîãî øëóíî÷êó [2, 3, 5], òîä³ ÿê ñòàí êàðä³î-
ì³îöèò³â â ïåðåäñåðäÿõ âèâ÷åíèé íå äîñòàòíüî. 

Ìåòîþ äîñë³äæåííÿ áóëî âèâ÷èòè âïëèâ íå-
á³âîëîëó íà ÿê³ñí³ òà ê³ëüê³ñí³ óëüòðàñòðóêòóðí³ ïî-
êàçíèêè êàðä³îì³îöèò³â ïðàâîãî ïåðåäñåðäÿ ùóð³â ç 
àðòåð³àëüíîþ ã³ïåðòåíç³ºþ (ÀÃ). 

Îá’ºêò ³ ìåòîäè äîñë³äæåííÿ. Ìàòåð³àëîì äëÿ 
äîñë³äæåííÿ áóëè íîðìîòåíçèâí³ ùóðè ë³í³¿ WKY òà 
ùóðè ë³í³¿ Í²ÑÀÃ ç³ ñïàäêîâîþ ³íäóêîâàíîþ ñòðåñîì 
àðòåð³àëüíîþ ã³ïåðòåíç³ºþ. Òâàðèíè óòðèìóâàëèñÿ 
â óìîâàõ â³âàð³þ Íàö³îíàëüíîãî ìåäè÷íîãî óí³âåð-
ñèòåòó ³ìåí³ Î. Î. Áîãîìîëüöÿ (ÍÌÓ) ïðè ïîñò³éí³é 
òåìïåðàòóð³, äîñòàòíüîìó ïðèðîäíîìó îñâ³òëåíí³, 
â³ëüíîìó äîñòóïó äî ñòàíäàðòíîãî õàð÷óâàííÿ òà 
âîäè. Â åêñïåðèìåíò áðàëè ùóð³â âàãîþ 190-210 ã. 
Àðòåð³àëüíèé òèñê âèì³ðþâàëè íà õâîñòîâ³é àðòåð³¿ 
çà äîïîìîãîþ ãóìîâî¿ ìàíæåòè òà ïëåòèçìîãðàôà 
áåç íàðêîòèçàö³¿ ïåðåä ïî÷àòêîì òà íàïåðåäîäí³ 
âèâåäåííÿ òâàðèí ç åêñïåðèìåíòó. Òâàðèíè âèâîäè-
ëèñü ç åêñïåðèìåíòó ÷åðåç 60 ä³á. Óòðèìàííÿ òâàðèí 
òà åêñïåðèìåíòè ïðîâîäèëèñÿ â³äïîâ³äíî äî ïîëî-
æåíü «ªâðîïåéñüêî¿ êîíâåíö³¿ ïðî çàõèñò õðåáåòíèõ 
òâàðèí, ÿê³ âèêîðèñòîâóþòüñÿ äëÿ åêñïåðèìåíò³â òà 
³íøèõ íàóêîâèõ ö³ëåé» (Ñòðàñáóðã, 1985), «Çàãàëü-
íèõ åòè÷íèõ ïðèíöèï³â åêñïåðèìåíò³â íà òâàðèíàõ», 

óõâàëåíèõ Ïåðøèì íàö³îíàëüíèì êîíãðåñîì ç á³î-
åòèêè (Êè¿â, 2001). 

Äîñë³äæåíî 3 ãðóïè òâàðèí (ïî 7 ó êîæí³é ãðóï³): 
1 ãðóïà – êîíòðîëüíà (íîðìîòåíçèâí³ ùóðè); 2 ãðóïà 
– ùóðè ç ÀÃ ; 3 ãðóïà – ùóðè ç ÀÃ, ÿê³ îòðèìóâàëè ðîç-
÷èíåíèé íà âîä³ íåá³âîëîë ó äîç³ 1 ìã/êã ÷åðåç îðîãà-
ñòðàëüíèé çîíä îäèí ðàç íà äîáó. 

Åëåêòðîííî-ì³êðîñêîï³÷íî äîñë³äæóâàâñÿ ì³-
îêàðä ïðàâîãî ïåðåäñåðäÿ. Ìàòåð³àë ô³êñóâàëè ó 
2,5 % ðîç÷èí³ ãëþòàðîâîãî àëüäåã³äà ç ïîäàëüøîþ 
äîô³êñàö³ºþ â ðîç÷èí³ OsO

4
 çà Ì³ëîí³íãîì, îáðîáëÿ-

ëè çã³äíî çàãàëüíîïðèéíÿò³é äëÿ åëåêòðîííîì³êðîñ-
êîï³÷íèõ äîñë³äæåíü ìåòîäèö³ òà çàêëþ÷àëè ó ñóì³ø 
åïîíó òà àðàëä³òó. Óëüòðàòîíê³ çð³çè, îòðèìàí³ íà 
óëüòðàòîì³ LKB, êîíòðàñòóâàëè óðàí³ë àöåòàòîì òà 
öèòðàòîì ñâèíöþ ³ ôîòîãðàôóâàëè íà åëåêòðîííî-
ìó ì³êðîñêîï³ ÏÅÌ-125 Ê. Ìîðôîìåòðè÷í³ ïîêàç-
íèêè îòðèìóâàëè çà äîïîìîãîþ ïðîãðàìè ÊÀÐÐÀ. 
Ìîðôîìåòðè÷íî îö³íþâàëèñÿ íàñòóïí³ ïîêàçíèêè: 
îá’ºìíà ù³ëüê³ñòü ì³îô³áðèë òà ì³òîõîíäð³é òà ¿õ 
ñï³ââ³äíîøåííÿ â êàðä³îì³îöèòàõ; ê³ëüê³ñòü ì³òîõîí-
äð³é â îäèíèö³ ïëîù³ êàðä³îì³îöèòó òà ïëîùó ¿õ çð³çó; 
äîâæèíó ñàðêîìåð³â; ä³àìåòð êàíàëüö³â ñàðêîïëàç-
ìàòè÷íî¿ ñ³òêè; ê³ëüê³ñòü ñïåöèô³÷íèõ ïåðåäñåðäíèõ 
ãðàíóë ó ñòàíäàðòí³é ä³ëÿíö³ öèòîïëàçìè êàðä³î-
ì³îöèòà, â³äñîòêîâå ñï³ââ³äíîøåííÿ ² òà ²² òèï³â ç ²² 
òèïîì, ïëîùó ¿õ çð³çó. Ñòàòèñòè÷íà îáðîáêà ìàòåð³à-
ëó çä³éñíþâàëàñÿ ìåòîäîì âàð³àö³éíî¿ ñòàòèñòèêè ç 
âèêîðèñòàííÿì êðèòåð³þ Ñò’þäåíòà. 
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Ç ÀÐÒÅÐ²ÀËÜÍÎÞ Ã²ÏÅÐÒÅÍÇ²ªÞ

Íàö³îíàëüíèé ìåäè÷íèé óí³âåðñèòåò ³ìåí³ Î. Î. Áîãîìîëüöÿ (ì. Êè¿â)

Ðèñ. 1. Ôðàãìåíò ì³îêàðäà ïðàâîãî ïåðåäñåðäÿ ùóðà 
ç ÀÃ ï³ñëÿ çàñòîñóâàííÿ íåá³âîëîëó. ßäðî (1), ì³îô³-
áðèëè îðãàí³çîâàí³ ó ñàðêîìåðè ( ), ì³òîõîíäð³¿ (2), 

ïåðåäñåðä³ ñåêðåòîðí³ ãðàíóëè (  ) â êàðä³îì³îöèòàõ. 
Åëåêòðîííî-ì³êðîñêîï³÷íå ôîòî. 
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Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ. 
Âñòàíîâëåíî, ùî íåá³âîëîë ñòàòèñòè÷íî éìîâ³ðíî 
çíèæóâàâ àðòåð³àëüíèé òèñê ó ùóð³â ç ÀÃ äî 137 ± 5. 
0 ìì. ðò. ñò., ó ïîð³âíÿíí³ ç íåë³êîâàíèìè òâàðèíàìè, 
ñåðåäí³é ïîêàçíèê ó ÿêèõ äîð³âíþâàâ157±5,0 ìì. ðò. 
ñò., àëå íå äîñÿãàâ êîíòðîëüíèõ âåëè÷èí – 104 ìì. 
ðò. ñò. 

Åëåêòðîííîì³êðîñêîï³÷íèé àíàë³ç ïîêàçàâ, ùî 
íåá³âîëîë, çíà÷óùå çíèæóþ÷è ï³äâèùåíèé ó ùóð³â 
ç ÀÃ àðòåð³àëüíèé òèñê, ïîçèòèâíî âïëèâàº íà óëü-
òðàñòðóêòóðó ì³îêàðäà ïðàâîãî ïåðåäñåðäÿ. Ïåðåä-
ñåðäí³ êàðä³îì³îöèòè ó ùóð³â ç ÀÃ, ÿê³ îòðèìóâàëè íå-
á³âîëîë, ïðåäñòàâëåí³ êë³òèíàìè âèòÿãíóòî¿ ôîðìè, 
óëüòðàñòðóêòóðà ÿêèõ, â îñíîâíîìó, çáåðåæåíà 
(ðèñ. 1). Ì³îô³áðèëè îðãàí³çîâàí³ ó òèïîâ³ ñàðêîìå-
ðè, â ÿêèõ íà ïîçäîâæí³õ çð³çàõ ÷³òêî ðîçð³çíÿþòüñÿ 
óñ³ çîíè òà äèñêè (ðèñ. 1). 

Ïîçèòèâíèé âïëèâ íåá³âîëîëó íà ñòàí ñêîðîòëè-
âîãî àïàðàòó ïðîÿâëÿºòüñÿ çá³ëüøåííÿì îá’ºìíî¿ 
ù³ëüíîñò³ ì³îô³áðèë òà çìåíøåííÿì ðîçòÿãíóòîñò³ 
ñàðêîìåð³â, òîáòî ¿õ äîâæèíè, ó ïîð³âíÿíí³ ç íåë³-
êîâàíèìè òâàðèíàìè ç ÀÃ. Ðàçîì ç òèì, ÿê ³ ó ë³âîìó 
øëóíî÷êó, ö³ ïîêàçíèêè ñòàòèñòè÷íî éìîâ³ðíî, õî÷à 

А Б 

Òàáëèöÿ 1 

Âïëèâ íåá³âîëîëó íà ìîðôîìåòðè÷í³ ïîêàçíèêè êàðä³îì³îöèò³â ó ì³îêàðä³ ïðàâîãî 
ïåðåäñåðäÿ ó íîðìîòåíçèâíèõ òà ã³ïåðòåíçèâíèõ ùóð³â òà ùóð³â ç ÀÃ

ï³ñëÿ çàñòîñóâàííÿ íåá³âîëîëó

Ãðóïè
Îá’ºìíà ù³ëü-

í³ñòü
ì³îô³áðèë, %

Äîâæèíà ñàêðî-
ìåðà, ìêì

Ì³òîõîíäð³¿ Ñï³ââ³äíîøåííÿ 
ì³îô³áðèë òà 
ì³òîõîíäð³é

Îá’ºìíà 
ù³ëüí³ñòü, %

Ê³ëüê³ñíà
ù³ëüí³ñòü, 10-2/ìêì2

Ïëîùà
10-2ìêì2

² 33,88±0,44 0,92±0,003 21,70±0,37 79,59±1,43 28,60±0,43 0,82±0,02

²² 29,62±0,93* 1,08±0,003* 20,09±0,91 117,7±4,72* 17,99±0,19* 0,76±0,03*

²²² 31,79±0,78*,** 1,02±0,007*,** 20,56±0,45 81,69±2,32** 29,19±0,26*,** 0,79±0,01

Ïðèì³òêà: * ñòàòèñòè÷íî äîñòîâ³ðíà ð³çíèöÿ ïîð³âíÿíî ç êîíòðîëåì (Ð<0,05); ** ñòàòèñòè÷íî äîñòîâ³ðíà ð³çíèöÿ ïîð³âíÿíî ç ãðóïîþ ùóð³â 

ç ÀÃ (Ð<0,05). 

Ðèñ. 2. Ôðàãìåíòè ïåðåäñåðäíèõ êàðä³îì³îöèò³â ùóð³â ç ÀÃ ï³ñëÿ çà-
ñòîñóâàííÿ íåá³âîëîëó. Êàíàëüö³ çåðíèñòî¿ åíäîïëàçìàòè÷íî¿ ñ³òêè 

(  ), êîìïëåêñó Ãîëüäæ³ ( ), ïåðåäñåðä³ ãðàíóëè ( ). 
Åëåêòðîííî-ì³êðîñêîï³÷í³ ôîòî. 

äàíî¿ ñåð³¿. Çá³ëüøåííÿ çàãàëüíîãî 
÷èñëà ãðàíóë ñóïðîâîäæóºòüñÿ çá³ëü-
øåííÿì â³äñîòêó ãðàíóë ² òà ²² òèïó, 
òîáòî ãðàíóë ÿê³ ñèíòåçóþòüñÿ òà íà-
êîïè÷óþòü ÏÍÓÏ. Ïðè öüîìó ïëîùà 
òàêèõ ãðàíóë çíà÷óùå ïåðåâèùóº ïî-
êàçíèê íå ò³ëüêè ó íåë³êîâàíèõ òâàðèí, 
à é ó êîíòðîë³ (òàáë. 2). 

Â³äñîòîê ãðàíóë ²²² òèïó òà ¿õ ñå-
ðåäíÿ ïëîùà, ÿêà ó íåë³êîâàíèõ ùóð³â 
ç ÀÃ áóëà çá³ëüøåíà, ó ïîð³âíÿíí³ ç 
êîíòðîëåì, çíà÷óùå çìåíøóºòüñÿ ï³ä 
âïëèâîì íåá³âîëîëó (òàáë. 2). Òîáòî, 
íåá³âîëîë ïîêðàùóº ïðîöåñè ñèíòåçó 
òà ñåêðåö³¿ ÏÍÓÏ â ïåðåäñåðäíèõ êàð-
ä³îì³îöèòàõ. Îäíàê ñë³ä â³äì³òèòè, ùî 
ïîâíî¿ íîðìàë³çàö³¿ öèõ ïðîöåñ³â íå 
â³äáóâàºòüñÿ. Ïðî öå ñâ³ä÷èòü ïåðåâà-
æàííÿ ãðàíóë ²²² òèïó íàä ² òà ²² òèïîì, 
òîä³ ÿê ó êîíòðîë³ á³ëüø³ñòü ñêëàäàëè 
ãðàíóëè ² òà ²² òèïó, à òàêîæ çá³ëüøåíà 

³ íåçíà÷íî, â³äð³çíÿþòüñÿ â³ä êîíòðîëþ (òàáë. 1). 
Ñïðèÿº íåá³âîëîë â³äíîâëåííþ ðîçì³ðíèõ òà ê³ëüê³ñ-
íèõ ïîêàçíèê³â ì³òîõîíäð³é â ïåðåäñåðäíèõ êàðä³î-
ì³îöèòàõ. Ïëîùà öèõ îðãàíåë çíà÷íî ïåðåâèùóº öåé 
ïîêàçíèê ó íåë³êîâàíèõ ùóð³â ç ÀÃ ³ ñòàòèñòè÷íî íå 
â³äð³çíÿºòüñÿ â³ä êîíòðîëþ ÿê çà ñåðåäí³ìè ïîêàç-
íèêàìè, òàê ³ çà ¿õ ðîçïîä³ëîì çà ïëîùåþ (òàáë. 1). 

Êàíàëüö³ ñàðêîïëàçìàòè÷íî¿ ñ³òêè â ïåðåäñåðä-
íèõ êàðä³îì³îöèòàõ ùóð³â ç ÀÃ, ùî îòðèìóâàëè íåá³-
âîëîë, ìàþòü â ñåðåäíüîìó ä³àìåòð (8,23±0,05)õ10-2 
ìêì, ùî ñòàòèñòè÷íî íå â³äð³çíÿºòüñÿ â³ä àíàëîã³÷-
íîãî ïîêàçíèêà ó íåë³êîâàíèõ òâàðèí, äå â³í äîð³â-
íþº (8,14±0,07)õ10-2 ìêì, ³ çíà÷óùå ïåðåâèùóº ïî-
êàçíèê ó êîíòðîë³ – (7,88±0,01)õ10-2 ìêì. 

Ïîì³æ ì³òîõîíäð³é òà ì³îô³áðèë ðîçòàøîâóºòüñÿ 
çíà÷íå ÷èñëî ðèáîñîì òà ïîë³ñîì, äîáðå ðîçâèíóò³ 
êàíàëüö³ çåðíèñòî¿ åíäîïëàçìàòè÷íî¿ ñ³òêè òà êîìï-
ëåêñó Ãîëüäæ³ (ðèñ. 2 À, Á). 

Çíà÷íà ïîøèðåí³ñòü îðãàíåë á³îñèíòåòè÷íîãî 
ïëàíó – êàíàëüö³â çåðíèñòî¿ åíäîïëàçìàòè÷íî¿ ñ³òêè 
òà êîìïëåêñó Ãîëüäæ³ ó ùóð³â ç ÀÃ, ùî îòðèìóâàëè 
íåá³âîëîë, êîðåëþº ³ç çá³ëüøåíèì ÷èñëîì ïåðåä-
ñåðäíèõ ãðàíóë, ó ïîð³âíÿíí³ ç íåë³êîâàíèìè ùóðàìè 
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ïëîùà óñ³õ òèï³â ãðàíóë, ó ïîð³âíÿíí³ ç êîíòðîëåì 
(òàáë. 2). 

Ùîäî ãåìîì³êðîöèðêóëÿö³¿, òî íåá³âîëîë âèêëè-
êàº çá³ëüøåííÿ ê³ëüêîñò³ êðîâîíîñíèõ ì³êðîñóäèí òà 
àêòèâàö³þ ïðîöåñ³â òðàíñåíäîòåë³àëüíîãî ïåðåíîñó 
ðå÷îâèí â ¿õ åíäîòåë³àëüíèõ êë³òèíàõ â ïðàâîìó ïå-
ðåäñåðä³ ùóð³â ç ÀÃ. 

Òàêèì ÷èíîì, â ïðàâîìó ïåðåäñåðä³ ðóéíàö³ÿ 
ì³îô³áðèë ó êàðä³îì³îöèòàõ ùóð³â ç ÀÃ â³äáóâàºòü-
ñÿ â íåçíà÷í³é ì³ð³, ùî îáóìîâëåíî â ïåðøó ÷åðãó, 
íà íàøó äóìêó, â³äñóòí³ñòþ êîíòðàêòóðíèõ çì³í ì³î-
ô³áðèë. Íåá³âîëîë ÷àñòêîâî â³äíîâëþº ¿õ âì³ñò, ùî 
â³äáóâàºòüñÿ íà ôîí³ çíèæåííÿ ïîêàçíèêà ñåðåäíüî¿ 
äîâæèíè ñàðêîìåð³â. Îñòàííº º îçíàêîþ ðîçòÿãíó-
òîñò³ ñàðêîìåð³â. Â³äîìî, ùî àðòåð³àëüíà ã³ïåðòåí-
ç³ÿ ÷àñòî ñóïðîâîäæóºòüñÿ äèëàòàö³ºþ ïåðåäñåðäü, 
ùî ïðèçâîäèòü äî ¿õ ô³áðèëÿö³¿. Îñòàííÿ ïðèçâîäèòü 
äî çíà÷íèõ ìîðôîëîã³÷íèõ ³ ôóíêö³îíàëüíèõ çì³í â 
ñåðö³ [1, 4, 20]. Íåá³âîëîë, ÿê ñåëåêòèâíèé ë³ïîô³ëü-
íèé áåòà-àäðåíîáëîêàòîð, º åôåêòèâíèì àíòèàðèò-
ì³÷íèì ïðîòåêòîðîì [8], ùî íà óëüòðàñòðóêòóðíî-
ìó ð³âí³ ïðîÿâëÿºòüñÿ çìåíøåííÿì ðîçñëàáëåííÿ 
ì³îô³áðèë. 

Ïîçèòèâíèé âïëèâ íåá³âîëîëó íà åíäîêðèííó 
ôóíêö³þ êàðä³îì³îöèò³â ó ïåðåäñåðä³ â³äîáðàæóºòü-
ñÿ çá³ëüøåííÿì ÷èñëà ïåðåäñåðäíèõ ãðàíóë, ê³ëü-
ê³ñòü ÿêèõ áóëà ð³çêî çíèæåíà ó ùóð³â ç ÀÃ. Àêòèâ³-
çóºòüñÿ ñèíòåç ÏÍÓÏ, ïðî ùî ñâ³ä÷èòü ï³äâèùåííÿ 
âì³ñòó ãðàíóë ² òà ²² òèï³â. Çíèæåíèé, ó ïîð³âíÿíí³ ç 
êîíòðîëåì ¿õ â³äñîòîê, ìîæëèâî, ÷àñòêîâî êîìïåí-
ñóºòüñÿ ¿õ çá³ëüøåíèì ðîçì³ðîì. Âèâåäåííÿ öüîãî 
ãîðìîíó ïîçà ìåæ³ êàðä³îì³îöèò³â ðåãóëþºòüñÿ ðîç-
òÿãóâàííÿì êàðä³îì³îöèò³â [8, 16, 17]. Â òîé æå ÷àñ, 

äî ê³íöÿ íå ç’ÿñîâíî ÷è ðîçòÿãíåííÿ ïå-
ðåäñåðäü áåçïîñåðåäíüî âïëèâàº íà ñå-
êðåö³þ ÏÍÓÏ, ÷è ä³º ÷åðåç òàê³ ôàêòîðè, 
ÿê åíäîòåë³í, îêñèä àçîòó àáî àíã³îòåí-
çèí ²², ÿê³ âèä³ëÿþòüñÿ ó â³äïîâ³äü íà ðîç-
ñëàáëåííÿ ñåðöåâèõ ì’ÿç³â [15, 16]. Ùå 
îäíèì ìåõàí³çìîì ðåãóëþâàííÿ «ñòðåò÷»-
³íäóêîâàíîãî âèä³ëåííÿ ÏÍÓÏ º òðàíñëî-
êàö³ÿ Ñà2±. Ïîðóøåííÿ âíóòð³øíüîêë³òèí-
íîãî ðåãóëþâàííÿ Ñà2± ïðèçâîäèòü äî çì³í 
ñåêðåö³¿ ÏÍÓÏ [9]. 

Íåá³âîëîë, ïîçèòèâíî âïëèâàþ÷è ³ 
íà êàëüö³ºâèé îáì³í, ³ åêñïðåñ³þ îêñèäó 
àçîòà [10-13, 18, 19], çíèæóº ðîçòÿãíå-
í³ñòü ïåðåäñåðäíèõ êàðä³îì³îöèò³â ³ òèì 
ñàìèì â çíà÷í³é ì³ð³, õî÷à ³ íå ïîâí³ñòþ, 

Òàáëèöÿ 2 

Ê³ëüê³ñí³ ïîêàçíèêè ïåðåäñåðäíèõ ãðàíóë 
â êàðä³îì³îöèòàõ ïðàâîãî ïåðåäñåðäÿ ó 

íîðìîòåíçèâíèõ òà ã³ïåðòåíçèâíèõ ùóð³â òà ùóð³â ç 
ÀÃ ï³ñëÿ çàñòîñóâàííÿ íåá³âîëîëó

Ãðóïè
×èñëî ãðàíóë 
ó ñòàíäàðòíî-
ìó ôðàãìåíò³

Ñï³ââ³äíîøåííÿ 
ãðàíóë ó %

Ñåðåäíÿ ïëîùà ãðàíóë, 10-2 

ìêì2

², ²² òèïè ²²² òèï ², ²² òèïè ²²² òèï

² 30 61 39 3,41±0,01 2,42±0,02

²² 8 32 68 2,45±0,03* 2,70±0,01*

²²² 21 45 55 4,36±0,03*,** 2,59±0,02*,**

Ïðèì³òêà: * ñòàòèñòè÷íî äîñòîâ³ðíà ð³çíèöÿ ïîð³âíÿíî ç êîíòðîëåì (Ð<0,05); ** 

ñòàòèñòè÷íî äîñòîâ³ðíà ð³çíèöÿ ïîð³âíÿíî ç ãðóïîþ ùóð³â ç ÀÃ (Ð<0,05). 
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1. Íåá³âîëîë çìåíøóº ñòóï³íü ðîçñëàáëåííÿ 
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íàáëèæóºòüñÿ äî êîíòðîëþ. 
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Ïåðñïåêòèâè ïîäàëüøèõ äîñë³äæåíü. Îòðè-
ìàí³ ðåçóëüòàòè, ÿê³ ñâ³ä÷àòü, ùî çàñòîñóâàííÿ íå-
á³â³ëîëó â çíà÷í³é ì³ð³ íîðìàë³çóº ïðîöåñè â ïåðåä-
ñåðäíèõ êàðä³îì³îöèòàõ ùóð³â ç ÀÃ, àëå ïîâí³ñòþ íå 
â³äíîâëþº éîãî, ìîæóòü áóòè âèêîðèñòàí³ äëÿ ïîøóêó 
íîâèõ íàïðÿìê³â, à ñàìå êîìá³íîâàíîãî çàñòîñóâàí-
íÿ íåá³â³ëîëó ïðè ë³êóâàíí³ àðòåð³àëüíî¿ ã³ïåðòåíç³¿. 
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Äîâãàíü Ð. Ñ. 
Ðåçþìå. Ñòàí ñòðóêòóðíèõ êîìïîíåíò³â ïåðåäñåðäü ïðè àðòåð³àëüí³é ã³ïåðòåíç³¿ òà ìîæëèâîñò³ ïîïå-

ðåäæåííÿ ó íèõ äèñòðîô³÷íî-äåñòðóêòèâíèõ çì³í ïðè âïëèâ³ àíòèã³ïåðòåíçèâíèõ ïðåïàðàò³â âèâ÷åí³ íåäî-
ñòàòíüî. Ïðîâåäåíî åëåêòðîííî-ì³êðîñêîï³÷íèé ³ ìîðôîìåòðè÷íèé àíàë³ç óëüòðàñòðóêòóðè ì³îêàðäà ùóð³â, 
ÿê³ ïðîòÿãîì 60 ä³á îòðèìóâàëè íåá³âîëîë â äîç³ 1 ìã / êã âàãè îäèí ðàç íà äîáó. Íåá³âîëîë çìåíøóâàâ ñòóï³íü 
ðîçñëàáëåííÿ ì³îô³áðèë â êàðä³îì³îöèòàõ ïðàâîãî ïåðåäñåðäÿ ùóð³â ç àðòåð³àëüíîþ ã³ïåðòåíç³ºþ (ÀÃ), ïðî 
ùî ñâ³ä÷èëî ïîâåðíåííÿ äî êîíòðîëüíîãî ïîêàçíèêîì ñåðåäíüî¿ äîâæèíè ñàðêîìåð³â, ÿêèé ó íåë³êîâàíèõ 
ùóð³â áóâ çíà÷íî âèùå, í³æ ó íîðìîòåíçèâíèõ. Íåá³âîëîë ñïðèÿâ â³äíîâëåííþ ì³îô³áðèë â ïåðåäñåðäíèõ 
êàðä³îì³îöèòàõ, îá’ºìíà ù³ëüí³ñòü ÿêèõ ó ùóð³â ç ÀÃ áóëà ñòàòèñòè÷íî éìîâ³ðíî çíèæåíà. Íîðìàë³çóâàëèñÿ 
ï³ñëÿ çàñòîñóâàííÿ íåá³âîëîëó ó ùóð³â ç ÀÃ ïðîöåñè ñèíòåçó ³ ñåêðåö³¿ ÏÍÓÏ, óëüòðàñòðóêòóðí³ îçíàêîþ ÷îãî 
áóâ ÿê³ñíèé ³ ê³ëüê³ñíèé àíàë³ç ïåðåäñåðäíèõ ñåêðåòîðíèõ ãðàíóë, âì³ñò ÿêèõ â çíà÷í³é ì³ð³ íàáëèæàëîñÿ äî 
êîíòðîëþ. Òàêèì ÷èíîì, 60 äîáîâèé êóðñ íåá³âîëîëó ïîçèòèâíî âïëèâàâ íà ñêîðîòëèâ³, åíåðãåòè÷í³ òà ñå-
êðåòîðí³ ïðîöåñè â ïåðåäñåðäíèõ êàðä³îì³îöèòàõ ùóð³â ç ÀÃ, àëå ïîâí³ñòþ íå íîðìàë³çóâàâ ¿õ, ùî îáóìîâëþº 
çàñòîñóâàííÿ ïîðÿä ç öèì ïðåïàðàòîì ìåòàáîë³÷íèõ ë³êàðñüêèõ çàñîá³â. 

Êëþ÷îâ³ ñëîâà: ùóðè, àðòåð³àëüíà ã³ïåðòåíç³ÿ, íåá³âîëîë, åëåêòðîííà ì³êðîñêîï³ÿ. 
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ÂËÈßÍÈÅ ÍÅÁÈÂÎËÎËÀ ÍÀ ÓËÜÒÐÀÑÒÐÓÊÒÓÐÓ ÌÈÎÊÀÐÄÀ ÊÐÛÑ Ñ ÀÐÒÅÐÈÀËÜÍÎÉ 

ÃÈÏÅÐ ÒÅÍÇÈÅÉ
Äîâãàíü Ð. Ñ. 
Ðåçþìå. Ñîñòîÿíèå ñòðóêòóðíûõ êîìïîíåíòîâ ïðåäñåðäèé ïðè àðòåðèàëüíîé ãèïåðòåíçèè è âîç-

ìîæíîñòè ïðåäóïðåæäåíèÿ ðàçâèòèÿ ó íèõ äèñòðîôè÷åñêè-äåñòðóêòèâíûõ èçìåíåíèé ïðè âîçäåéñòâèÿ 
àíòèãèïåðòåíçèâíûõ ïðîòåêòîðîâ èçó÷åíû íåäîñòàòî÷íî. Ïðîâåäåí ýëåêòðîííî-ìèêðîñêîïè÷åñêèé è ìîð-
ôîìåòðè÷åñêèé àíàëèç óëüòðàñòðóêòóðû ìèîêàðäà êðûñ, êîòîðûå â òå÷åíèå 60-òè ñóòîê ïîëó÷àëè íåáèâîëîë 



Â³ñíèê ïðîáëåì á³îëîã³¿ ³ ìåäèöèíè – 2014 – Âèï. 2, Òîì 3 (109)264

ÌÎÐÔÎËÎÃ²ß

â äîçå 1 ìã / êã âåñà îäèí ðàç â ñóòêè per os. Íåáèâîëîë óìåíüøàë ñòåïåíü ðàññëàáëåíèÿ ìèîôèáðèëë â 
êàðäèîìèîöèòàõ ïðàâîãî ïðåäñåðäèÿ êðûñ ñ àðòåðèàëüíîé ãèïåðòåíçèåþ (ÀÃ), î ÷åì ñâèäåòåëüñòâîâàëî 
âîçâðàùåíèÿ ê êîíòðîëüíîìó ïîêàçàòåëþ ñðåäíåé äëèíû ñàðêîìåðîâ, êîòîðûé ó íåëå÷åííûõ êðûñ áûë 
çíà÷èòåëüíî âûøå, ÷åì ó íîðìîòåíçèâíûõ. Íåáèâîëîë ñïîñîáñòâîâàë âîññòàíîâëåíèþ ìèîôèáðèëë â 
ïðåäñåðäíûõ êàðäèîìèîöèòàõ, îáúåìíàÿ ïëîòíîñòü êîòîðûõ ó êðûñ ñ ÀÃ áûëà, õîòÿ è íåçíà÷èòåëüíî, íî 
ñòàòèñòè÷åñêè âåðîÿòíî ñíèæåíà. Íîðìàëèçîâàëèñü ïîñëå ïðèìåíåíèÿ íåáèâîëîëà ó êðûñ ñ ÀÃ ïðîöåññû 
ñèíòåçà è ñåêðåöèè ÏÍÓÏ, óëüòðàñòðóêòóðíûì ïðèçíàêîì ÷åãî áûë êà÷åñòâåííûé è êîëè÷åñòâåííûé àíàëèç 
ïðåäñåðäíûõ ñåêðåòîðíûõ ãðàíóë, ñîäåðæàíèå êîòîðûõ â çíà÷èòåëüíîé ñòåïåíè ïðèáëèæàëîñü ê êîíòðîëþ. 
Òàêèì îáðàçîì, 60-òè ñóòî÷íûé êóðñ íåáèâîëîëà ïîëîæèòåëüíî âëèÿë íà ñîêðàòèòåëüíûå, ýíåðãåòè÷åñêèå 
è ñåêðåòîðíûå ïðîöåññû â ïðåäñåðäíûõ êàðäèîìèîöèòàõ êðûñ ñ ÀÃ, íî ïîëíîñòüþ íå íîðìàëèçîâàë èõ, ÷òî 
îáóñëîâëèâàåò ïðèìåíåíèå íàðÿäó ñ ýòèì ïðåïàðàòîì ìåòàáîëè÷åñêèõ ëåêàðñòâåííûõ ñðåäñòâ. 

Êëþ÷åâûå ñëîâà: êðûñû, àðòåðèàëüíàÿ ãèïåðòåíçèÿ, íåáèâîëîë, ýëåêòðîííàÿ ìèêðîñêîïèÿ. 
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Effect of Nebivolol on Ultrastructure of Rats’ Myocardium Arterial Hypertension 
Dovgan R. S. 
Abstract. Introduction. A significant contribution to the study of the complex mechanisms of the action of beta-

blockers may provide the investigation of structure of the heart – the main target organ of hypertension. Recent works 
have shown that beta-blockers such as carvedilol and bisoprolol, by the deacreasing of blood pressure, reduce 
adverse morphological changes in the myocardium of rats with spontaneous hypertension (ISIAH). Differences in 
the effects of various beta-blockers, which are marked in clinical trials are associated with their varying selectivity, 
sympathomimetic activity, solubility in fats, ability to metabolize in the liver, the duration of action. In this context, the 
aim of the study was to investigate the ultrastructure of myocardium of the left ventricle of rats with ISIAH under the 
application of nebivolol – cardioselective beta-blockerof the III generation. 

Materials and methods. Electron microscopy and morphometric analysis the myofibrils of right atrial was 
investigated in 3 groups of animals (7 in each group): control (normotensive rats ), rats with ISIAH, ISIAH with rats 
treated with nebivolol dissolved in water in a dose of 1 mg / kg through gastral tube once a day during 60 days. Blood 
pressure was measured in the tail artery with a rubber cuff and plethysmograph without anesthesia at the beginning 
of the experiment and before the withdrawal of animals from the experiment. The material was fixed in 2. 5 % sodium 
hlyutaraldehyde followed with fixation in OsO4 solution for Miloninhom, treated according to conventional electron 
microscopic studies technique. Stereology parameters (volume density of myofibrils and mitochondria and their 
relationship in cardiomyocytes, the number of mitochondria per unit area and the area of cardiomyocytes cut; 
sarcomers length, diameter of tubular sarcoplasmic mesh) obtained using the program Kappa. Statistical analysis 
was carried out using material variation with using Student’s criteria. 

Results and discussion. Nebivolol statistically significantly had lowered blood pressure in rats with ISIAH till 137 ± 
5,0 mm, compared with untreated animals 157 ± 5,0 mm, but did not reach control values 104 ± 1. 8 mm. Nebivolol 
reduced the degree of relaxation in myofibrils of right atrial cardiomyocytes in rats with hypertension, as evidenced 
by the return to the normal average of the sarcomeres length which in untreated rats was significantly higher than 
in normotensive. Nebivolol contributed to the restoration of myofibrils in atrial cardiomyocytes, the volume density 
of which in rats with AG, slightly, but statistically significantly is reduced. The synthesis of atrial natriuretic peptide 
returned to normal after the application of nebivolol in rats with hypertension, ultrastructural feature of which was 
a qualitative and quantitative analysis of atrial secretory granule, the content of which is almost near the control. 
Pressure decrease was correlated with improvement of ultrastructure in myofibrils of right atrial of rat hearts with 
ISIAH after application of nebivolol. In cardiomyocytes the volume of myofibrils increases, which was significantly 
reduced in rats with ISIAH. Restoration of myofibrils occurs on the background of a significant reduction of con-
tractility of myofibrils, resulting the reduce power and heart rate. Normalization of contractile function of myofibrils 
of right atrial appears largely due to the positive influence of nebivolol on the ultrastructure of tubular triada, thus 
improving on the one hand, calcium metabolism, and the other – the expression of NO, whose predecessor – oxide 
synthase is produced in these organelles. The most evident effects of nebivolol are on the energetic function of 
cardiomyocytes, which is valuated by the quality and quantity of mitochondria, which after a course of nebivolol is 
similar to the control. It is positively reflected on the production of ATP, the lack of which also affects the contractile 
function of cardiomyocytes. Almost complete recovery of mitochondrial possibly is associated with the ability of 
nebivolol to normalize the synthesis of NO, the lack of which causes changes in mitochondrial enzyme activity and 
the development of secondary mitochondrial dysfunction. In addition, nebivolol removes reactive oxygen species 
by reacting with free radical, thereby reducing its excessive production and oxidative stress, which is inherent in 
hypertension. By the providing growth of blood capillaries and activation the processes of transendothelial trans-
port, nebivolol reduces ischemic disease of myocardium. 

Key words: rat, hypertension, nebivolol, and electron microscopy. 
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