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ÌÎÐÔÎËÎÃ²ß

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

Âñòóï. Àðòåð³àëüíà ã³ïåðòåíç³ÿ ïðîäîâæóº çà-
ëèøàòèñÿ çàõâîðþâàííÿì, ùî ìàº âèíÿòêîâî âèñî-
êå ìåäèêî–ñîö³àëüíå çíà÷åííÿ íå ò³ëüêè â ñòðóêòóð³ 
ïàòîëîã³¿ îðãàí³â ñåðöåâî–ñóäèííî¿ ñèñòåìè, à é â 
ö³ëîìó â êë³í³ö³ âíóòð³øí³õ õâîðîá. Â ë³êóâàíí³ àðòå-
ð³àëüíî¿ ã³ïåðòåíç³¿ øèðîêî çàñòîñîâóþòüñÿ áëîêà-
òîðè áåòà–àäðåíîðåöåïòîð³â ³ ³íã³á³òîðè ÀÏÔ, ùî 
åôåêòèâíî çíèæóº àðòåð³àëüíèé òèñê, çìåíøóº íå-
ãàòèâí³ ñòðóêòóðí³ çì³íè â ì³îêàðä³ ó ùóð³â ç àðòåð³-
àëüíîþ ã³ïåðòåíç³ºþ (ÀÃ) [3, 8, 17, 18]. Â³äì³ííîñò³ 
ó ä³¿ ð³çíèõ áåòà–àäðåíîáëîêàòîð³â (íåá³âîëîë, á³-
ñîïðîëîë, ò³ìîëîë) ïîâ’ÿçóþòü ç ¿õ íåîäíàêîâîþ ñå-
ëåêòèâí³ñòþ ñèìïàòîì³ì³÷íîþ àêòèâí³ñòþ, ðîç÷èí-
í³ñòþ ó æèðàõ, çäàòí³ñòþ ìåòàáîë³çóâàòèñÿ ó ïå÷³íö³, 
òðèâàëîñò³ ä³¿. Çíèæåííÿ àðòåð³àëüíîãî òèñêó (ÀÒ) 
ï³ä ä³ºþ ³íã³á³òîð³â ÀÏÔ (ïåðèíäîïðèëó, êàïòîïðèë, 
ôîçèíîïðèë) â³äáóâàºòüñÿ ÷åðåç ãàëüìóâàííÿ ïåðå-
òâîðåííÿ íåàêòèâíîãî àíã³îòåíçèíó ² â àíã³îòåíçèí 
²² ç ñóäèíîçâóæóâàëüíèìè âëàñòèâîñòÿìè ÿê â ïëàç-
ì³ êðîâ³, òàê ³ ñóäèíàõ, à òàêîæ â ³íøèõ òêàíèíàõ [2, 
4, 15]. Ïðîòå íà äóìêó àâòîð³â ñåëåêòèâí³ ³íã³á³òîðè 
ÀÏÔ ³ áåòà–àäðåíîðåöåïòîð³â â ë³êóâàíí³ ÀÒ íå ïî-
ïåðåäæàþòü ðîçâèòîê äèñìåòàáîë³÷íèõ çì³í, â îñíî-
â³ ÿêèõ ïîðóøåííÿ åíåðãåòè÷íèõ ïðîöåñ³â òà ðîçâè-
òîê îêèñíþâàëüíîãî ñòðåñó [5, 6, 10, 14, 19, 22, 24]. 
Â çâ’ÿçêó ³ç öèì çàñòîñóâàííÿ ïðåïàðàò³â, ÿê³ ìàþòü 
àíòèîêñèäàíòí³ âëàñòèâîñò³ º ïåðñïåêòèâíèìè çà-
ñîáàìè â êîìïëåêñí³é ôàðìàêîòåðàï³¿ àðòåð³àëüíî¿ 
ã³ïåðòåíç³¿. Îäíèìè ³ç òàêèõ çàñîá³â º àíòèîêñèäàíòè 
ïîë³ôåíîëè, ñåðåä ÿêèõ íàéá³ëüø àêòèâíèìè º åëà-
ãîòàí³íè ³, çîêðåìà, åëàãîâà êèñëîòà [11, 28]. Åëàãî-
âà êèñëîòà ìàº âèðàçíó êàðä³îïðîòåêòîðíó ä³þ ³ çà-
ñòîñîâóºòüñÿ ïðè ë³êóâàíí³ ³íôàðêò³â ì³îêàðäó [12, 
13, 23, 25], àëå ìåõàí³çì âïëèâó íà ì³îêàðä çàëèøà-
ºòüñÿ îñòàòî÷íî íå äîñë³äæåíèì. 

Ó ïîïåðåäí³õ äîñë³äæåííÿõ âñòàíîâëåíî íîðìàë³-
çàö³þ îáì³íó ïàëüì³òèíîâî¿ ³ àðàõ³äîíîâî¿ êèñëîòè ó 
ì³îêàðä³ ùóð³â ç ÀÃ íà òë³ çàñòîñóâàííÿ ïåðèíäîïðè-
ëó, íåá³âîëîëó òà åëãîöèíó [1], ïðîòå êîìá³íîâàíî¿ 

ä³¿ ïðåïàðàò³â íà ñòðóêòóðíî-ôóíêö³îíàëüíèõ ïîðó-
øåííÿ ì³îêàðäó íå äîñë³äæóâàëîñü. 

Ó çâ’ÿçêó ç öèì ìåòîþ äîñë³äæåííÿ ñòàëî âè-
â÷åííÿ ïðîöåñ³â ì³îêàðäó ã³ïåðòåíçèâíèõ ùóð³â ïðè 
êîìá³íîâàíîìó çàñòîñóâàíí³ àíòèã³ïåðòåíçèâíèõ 
ïðåïàðàò³â ðàçîì ç ìåòàáîë³òíèìè çàñîáàìè. 

Îá’ºêò ³ ìåòîäè äîñë³äæåííÿ. Ìàòåð³àëîì äëÿ 
äîñë³äæåííÿ áóëè íîðìîòåíçèâí³ ùóðè ë³í³¿ WKY òà 
ùóðè ë³í³¿ Í²ÑÀÃ (ISIAH) ç³ ñïàäêîâîþ ³íäóêîâàíîþ 
ñòðåñîì àðòåð³àëüíîþ ã³ïåðòåíç³ºþ. Òâàðèíè óòðè-
ìóâàëèñÿ â óìîâàõ â³âàð³þ Íàö³îíàëüíîãî ìåäè÷íî-
ãî óí³âåðñèòåòó 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. Äîñë³äæåííÿ ïðîâåäåíî 6 ãðóïàõ òâàðèí 
(òàáë. 1). Âñ³ äîñë³äæóâàí³ ïðåïàðàòè çàñòîñîâóâà-
ëè ó äîç³ 1 ìã/êã îäèí ðàç íà äîáó. 

Òàáëèöÿ 1 

Ãðóïîâèé ðîçïîä³ë ùóð³â â åêñïåðèìåíò³

¹ Ãðóïà Ê³ëüê³ñòü òâàðèí

1 Íîðìîòåíçèâí³ ùóðè (ë³í³ÿ WKY) 5

2 Ùóðè ç ÀÃ (ë³í³ÿ ISIAH) 8

3 ÀÃ + íåá³âîëîë 10

4 ÀÃ + ïåðèíäîïðèë 10

5 ÀÃ + íåá³âîëîë + åëãàöèí 10

6 ÀÃ + ïåðèíäîïðèë + åëãàöèí 10

Âñüîãî 53

Àðòåð³àëüíèé òèñê âèì³ðþâàëè íà õâîñòîâ³é àð-
òåð³¿ çà äîïîìîãîþ ãóìîâî¿ ìàíæåòè òà ïëåòèçìî-
ãðàôà áåç íàðêîòèçàö³¿ ïåðåä ïî÷àòêîì òà íàïåðå-
äîäí³ âèâåäåííÿ òâàðèí ç åêñïåðèìåíòó. Óòðèìàííÿ 
òâàðèí òà åêñïåðèìåíòè ïðîâîäèëèñÿ â³äïîâ³äíî äî 
ïîëîæåíü «ªâðîïåéñüêî¿ êîíâåíö³¿ ïðî çàõèñò õðå-
áåòíèõ òâàðèí, ÿê³ âèêîðèñòîâóþòüñÿ äëÿ åêñïåðè-
ìåíò³â òà ³íøèõ íàóêîâèõ ö³ëåé» (Ñòðàñáóðã, 1985), 
«Çàãàëüíèõ åòè÷íèõ ïðèíöèï³â åêñïåðèìåíò³â íà 
òâàðèíàõ», óõâàëåíèõ Ïåðøèì íàö³îíàëüíèì êîí-
ãðåñîì ç á³îåòèêè (Êè¿â, 2001). 

Êîíòðîëü àðòåð³àëüíîãî òèñêó ïðîâîäèëè çà äî-
ïîìîãîþ ïëåòèçìîãðàôó íà õâîñòîâ³é àðòåð³¿ ùóð³â 
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ÌÎÐÔÎËÎÃ²ß

òà ðåºñòðóâàëè ó ì³ë³ìåòðàõ ðòóòíîãî ñòîâï÷èêà. 
Åëåêòðîííî–ì³êðîñêîï³÷íî äîñë³äæóâàâñÿ ì³îêàðä 
ë³âîãî øëóíî÷êà ³ ïðàâîãî ïåðåäñåðäÿ. Ôðàãìåíòè 
òêàíèí ô³êñóâàëè ó 2,5 % ðîç÷èí³ ãëþòàðîâîãî àëü-
äåã³äà ç ïîäàëüøîþ äîô³êñàö³ºþ â ðîç÷èí³ OsO

4
 çà 

Ì³ëîí³íãîì, îáðîáëÿëè çã³äíî çàãàëüíîïðèéíÿò³é 
äëÿ åëåêòðîííîì³êðîñêîï³÷íèõ äîñë³äæåíü ìåòîäèö³ 
òà çàêëþ÷àëè ó ñóì³ø åïîíó òà àðàëä³òó. Óëüòðàòîí-
ê³ çð³çè, îòðèìàí³ íà óëüòðàòîì³ LKB, êîíòðàñòóâàëè 
óðàí³ë àöåòàòîì òà öèòðàòîì ñâèíöþ ³ ôîòîãðàôó-
âàëè íà åëåêòðîííîìó ì³êðîñêîï³ ÏÅÌ–125 Ê. Ñòå-
ðåîëîã³÷í³ ïîêàçíèêè îòðèìóâàëè çà äîïîìîãîþ 
ïðîãðàìè ÊÀÐÐÀ. Ìîðôîìåòðè÷íî îö³íþâàëèñÿ íà-
ñòóïí³ ïîêàçíèêè: îá’ºìíà ù³ëüí³ñòü ì³îô³áðèë òà 
ì³òîõîíäð³é òà ¿õ ñï³ââ³äíîøåííÿ â êàðä³îì³îöèòàõ; 
ê³ëüê³ñòü ì³òîõîíäð³é â îäèíèö³ ïëîù³ êàðä³îì³îöèòó 
òà ïëîùó ¿õ çð³çó; äîâæèíó ñàðêîìåð³â; ê³ëüê³ñòü ñå-
êðåòîðíèõ ãðàíóë. Ñòàòèñòè÷íà îáðîáêà ìàòåð³àëó 
çä³éñíþâàëàñÿ ìåòîäîì âàð³àö³éíî¿ ñòàòèñòèêè ç 
çàñòîñóâàííÿì êðèòåð³þ Ñò’þäåíòà. 

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ. 
Íà ïî÷àòêó äîñë³äó ó ùóð³â ç ÀÃ àðòåð³àëüíèé òèñê 
ñòàíîâèâ 157 ± 1,0 ìì ðò. ñò., ùî ïåðåâèùóº ïîêàç-
íèê íîðìîòåíçèâíèé ùóð³â ìàéæå íà 50 %. ×åðåç 64 
äîáè ï³ñëÿ ââåäåííÿ ùóðàì ç ÀÃ ïåðèíäîïðèëó òà 
íåá³âîëîëó âñòàíîâëåíî çìåíøåííÿ àðòåð³àëüíîãî 

òèñêó, ïðè öüîìó äîñòîâ³ðíî¿ ð³çíèö³ ³ç ãðóïàìè 
ùóð³â, ùî ñóì³ñíî çàñòîñîâóâàëè àíòèã³ïåðòåíçèâí³ 
çàñîáè ³ç åëãàöèíîì íå âñòàíîâëåíî (òàáë. 2). 

Óëüòðàñòðóêòóðíèé àíàë³ç ñåðöÿ ùóð³â ç ÀÃ äî-
çâîëèâ âñòàíîâèòè ñòðóêòóðí³ çì³íè, ùî àñîö³éîâàí³ 
³ç ðîçâèòêîì ôóíêö³îíàëüíèõ ïîðóøåíü. Â³äì³÷åíî, 
ùî ñòðóêòóðí³ åëåìåíòè ì³îêàðäó – êàðä³îì³îöèòè 

Òàáëèöÿ 2

Ïîêàçíèêè àðòåð³àëüíîãî òèñêó ó 
íîðìîòåíçèâíèõ òà ã³ïåðòåíçèâíèõ ùóð³â 

òà ïðè çàñòîñóâàíí³ ïðåïàðàò³â

Ãðóïà
Àðòåð³àëü-
íèé òèñê,

1 äîáà

Àðòåð³àëüíèé 
òèñê,

64 äîáà

WKY 104 ± 2,0 103 ± 2,0

ÀÃ 157 ± 1,0* 156 ± 1,0*

ÀÃ + íåá³âîëîë 155 ± 2,0* 138 ± 4,0*,**

ÀÃ + ïåðèíäîïðèë 154 ± 2,0* 137 ± 5,0*,**

ÀÃ + íåá³âîëîë + åëãàöèí 156 ± 2,0* 137 ± 4,0*,**

ÀÃ + ïåðèíäîïðèë + åëãàöèí 155 ± 1,0* 136 ± 5,0*,**

Ïðèì³òêà: * – ñòàòèñòè÷íî äîñòîâ³ðíà ð³çíèöÿ ç êîíòðîëüíîþ 

ãðóïîþ ùóð³â ë³í³¿ WKY (Ð < 0,05); ** – ñòàòèñòè÷íî äîñòîâ³ðíà 

ð³çíèöÿ ïîð³âíÿíî ç ãðóïîþ ùóð³â ç ÀÃ (Ð < 0,05). 

Òàáëèöÿ 3 

Ìîðôîìåòðè÷í³ ïîêàçíèêè êàðä³îì³îöèò³â ó ì³îêàðä³ ïðàâîãî ïåðåäñåðäÿ 
ã³ïåðòåíçèâíèõ ùóð³â ïðè çàñòîñóâàíí³ ïðåïàðàò³â

Ãðóïè
Îá’ºìíà ù³ëü-

í³ñòü ÌÔ, %
Äîâæèíà ñàêðîìå-

ðà, ìêì

Ì³òîõîíäð³¿

Îá’ºìíà ù³ëü-
í³ñòü, %

Ê³ëüê³ñíà 
ù³ëüí³ñòü, 10–2/ìêì2

Ïëîùà
10–2ìêì2

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

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

ÀÃ + íåá³âîëîë 31,74 ± 0,66*,** 1,02 ± 0,007*,** 19,32 ± 1,20 77,92 ± 2,06** 25,34 ± 0,21*,**

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

ÀÃ + íåá³âîëîë + åëãàöèí 32,11 ± 0,71*,** 0,93 ± 0,009*,**,*** 22,60 ± 0,49*** 78,18 ± 2,31** 28,14 ± 0,39*,**

ÀÃ + ïåðèíäîïðèë + åëãàöèí 33,47 ± 0,81*,** 0,92 ± 0,008*,**,*** 22,21 ± 0,45*** 79,91 ± 2,14** 28,87 ± 0,41*,**

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

ùóð³â ³ç ÀÃ (Ð < 0,05); *** – äîñòîâ³ðíî äî ãðóïè ç ìîíîêîðåêö³ºþ (Ð < 0,05). 

Òàáëèöÿ 4 

Ìîðôîìåòðè÷í³ ïîêàçíèêè êàðä³îì³îöèò³â ó ì³îêàðä³ ë³âîãî øëóíî÷êà ã³ïåðòåíçèâíèõ 
ùóð³â ïðè çàñòîñóâàíí³ ïðåïàðàò³â

Ãðóïè
Îá’ºìíà ù³ëü-

í³ñòü ÌÔ, %
Äîâæèíà ñà-

êðîìåðà, ìêì

Ì³òîõîíäð³¿

Îá’ºìíà ù³ëü-
í³ñòü, %

Ê³ëüê³ñíà
ù³ëüí³ñòü, 10–2/ìêì2

Ïëîùà
10–2ìêì2

WKY 51,59 ± 1,55 1,23 ± 0,01 28,18 ± 1,18 99,5 ± 2,8 28,73 ± 0,69

ÑÀÃ 38,03 ± 2,73* 0,87 ± 0,01* 31,45 ± 1,66 68,3 ± 2,3* 54,98 ± 4,61*

ÑÀÃ + íåá³âîëîë 45,87 ± 3,30*,** 1,02 ± 0,01*,** 27,98 ± 0,59** 83,09 ± 0,46*,** 34,64 ± 3,51*,**

ÑÀÃ + ïåðèíäîïðèë 45,08 ± 0,81* 1,06 ± 0,01*,** 28,47 ± 0,57** 104,90 ± 1,5** 27,42 ± 2,05**

ÑÀÃ + íåá³âîëîë + åëãàöèí 48,87 ± 2,81*,** 1,17 ± 0,02*,** 27,99 ± 1,74** 105,22 ± 2,11*,**,*** 26,81 ± 1,98*,**,***

ÑÀÃ + ïåðèíäîïðèë + åëãàöèí 49,87 ± 3,01*,** 1,11 ± 0,02*,** 27,11 ± 1,50** 107,11 ± 2,71*,** 23,91 ± 2,12*,**

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

ùóð³â ³ç ÀÃ (Ð < 0,05); *** – äîñòîâ³ðíî äî ãðóïè ç ìîíîêîðåêö³ºþ (Ð < 0,05). 
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òà ãåìîì³êðîöèðêóëÿòîðíå ðóñëî – çàçíàþòü ñóò-
òºâèõ çì³í ïîð³âíÿíî ³ç íîðìîòåíçèâíîþ ãðóïîþ 
ùóð³â. Ó êàðä³îì³îöèòàõ ðåºñòðóâàëè ïîðóøåííÿ 
ñêîðîòëèâîãî (ë³çèñ ³ äåç³íòåãðàö³ÿ ì³îô³áðèë, ¿õ 
ïåðåñêîðî÷åííÿ) òà åíåðãåòè÷íîãî (çì³íè ôîðìè, 
ðîçì³ðó, åëåêòðîííî¿ ù³ëüíîñò³ ì³òîõîíäð³é, ë³çèñ ¿õ 
ìàòðèêñó, âíóòð³øí³õ ³ çîâí³øí³õ ìåìáðàí) àïàðàò³â. 
Õàðàêòåðíèìè ìîðôîëîã³÷íèìè îçíàêàìè ôóíêö³î-
íàëüíî çì³íåíîãî ì³îêàðäó ùóð³â ç ÀÃ áóëè äèôóç-
íèé íàáðÿê êàðä³îì³îöèò³â, åíäîòåë³àëüíèõ êë³òèíàõ 
ãåìîì³êðîñóäèí òà ³íòåðñòèö³éíîìó ïðîñòîð³ (ðèñ.). 
Çì³íè âñòàâíèõ äèñê³â ââàæàþòüñÿ ïðîÿâîì ïîðó-
øåíü ÿê ìåõàí³÷íèõ, òàê ³ åëåêòðè÷íèõ çâ’ÿçê³â ó êàð-
ä³îì³îöèòàõ. Ñòóï³íü óëüòðàñòðóêòóðèõ çì³í êàðä³î-
ì³îöèò³â, çîêðåìà íàáðÿêó öèòîïëàçìè ³ äåñòðóêö³¿ 
ñàðêîìåð³â, ïåðåâàæàâ â ë³âîìó (ËØ) íàä ïðàâèì 
ïåðåäñåðäÿì (ÏÏ). Â ËØ ³íòàêòíèõ íîðìîòåíçèâíèõ 
ùóð³â ³ ùóð³â ç ÀÃ îá’ºìíà ù³ëüí³ñòü ì³îô³áðèë áóëà 
á³ëüøîþ íà 52,2 % ³ 28,3 % ïîð³âíÿíî ³ç êàðä³îì³î-
öèòàìè ÏÏ. Ïðè öüîìó ó êîíòðîëüíî¿ ãðóïè äîâæèíà 
ñàðêîìåð³â â ËØ áóëà á³ëüøîþ íà 33,6 %, à ó ùóð³â ç 
ÀÃ – ìåíøå íà 19,4 % (òàáë. 3,4). 

Ó ùóð³â ç ÀÃ âñòàíîâëåíî çá³ëüøåííÿ ê³ëüêîñò³ ì³-
òîõîíäð³é â ÏÏ íà 47,1 %, à ó ËØ çìåíøåííÿ ìàéæå 
íà 31,2 %. Â³äì³÷åíî íåçíà÷íå çá³ëüøåííÿ òîâùèíè 
êðèñò, çìåíøåííÿ îñì³îô³ë³¿ òà çì³íó êîíòóðó çî-
âí³øíüî¿ ìåìáðàíè ì³òîõîíäð³é. Îäíàê âèðàæåíèõ 
äåñòðóêòèâíèõ çì³í ì³òîõîíäð³é â ì³îöèòàõ ËØ ³ ÏÏ ó 
ùóð³â ç ÀÃ íå ðåºñòðóâàëè. Êð³ì ê³ëüê³ñíèõ ïîêàçíè-
ê³â ì³òîõîíäð³é áóëî â³äì³÷åíî ³ çì³íó ñåðåäí³õ ðîç-
ì³ð³â öèõ îðãàíåë. Çá³ëüøåííÿ ïëîù³ ì³òîõîíäð³é â 
ËØ êîðåëþº ³ç çìåíøåííÿì ¿õ ê³ëüêîñò³, à çìåíøåí-
íÿ ñåðåäíüî¿ ïëîù³ â ÏÏ ³ç çá³ëüøåííÿì ê³ëüê³ñíî¿ 
ù³ëüíîñò³, ùî ìîæíà ïîÿñíèòè ¿õ ôðàãìåíòàö³ºþ â 
ÏÏ ³ çëèòò³ â ËØ ó ùóð³â ç ÀÃ. 

Àíàë³ç óëüòðàñòðóêòóðíèõ òà ìîðôîìåòðè÷íèõ 
çì³í êàðä³îì³îöèò³â ïðè çàñòîñóâàíí³ àíòèã³ïåðòåí-
çèâíèõ ïðåïàðàò³â ïîêàçàâ ÿê³ñí³ òà ê³ëüê³ñí³ îçíàêè 
â³äíîâíîãî ïðîöåñó. Ïåðèíäîïðèë ³ íåá³âîëîë ïî-
çèòèâíî âïëèíóëè íà ðåîðãàí³çàö³þ óëüòðàñòðóêòó-
ðè êàðä³îì³îöèò³â. Âñòàíîâëåíî çíà÷íå çá³ëüøåííÿ 
ù³ëüíîñò³ ì³îô³áðèëè â ËØ ³ ÏÏ ³ â³äíîâëåííÿ ñòðóê-
òóðè ñàðêîìåð³â. Â ãðóï³ ³ç ïåðèíäîïðèëîì ê³ëüê³ñ-
íà ù³ëüí³ñòü ì³òîõîíäð³é â ËØ çðîñëà íà 21,6 %, à 

íåá³âîëîëîì ìàéæå íà 54,4 %, ùî â³äïîâ³äàëî ïî-
êàçíèêó íîðìîòåíçèâíèõ ùóð³â. Â ÏÏ â óñ³õ äîñë³ä-
íèõ ãðóïàõ ³ç ïðåïàðàòàìè âñòàíîâëåíî â³äíîâëåí-
íÿ ¿õ ê³ëüêîñò³ äî ïîêàçíèê³â íîðìîòåíçèâíèõ ùóð³â. 
Ëèøå â äåÿêèõ âèïàäêàõ ðåºñòðóâàëè íåçíà÷íèé 
ïåðèâàñêóëÿðíèé íàáðÿê áåç ñóòòºâîãî ïîðóøåííÿ 
³íòåðñòèö³éíîãî ïðîñòîðó. 

Äèíàì³êà ðåïàðàö³¿ ñêîðîòëèâèõ åëåìåíò³â êàð-
ä³îì³îöèò³â ïðè çàñòîñóâàíí³ àíòèã³ïåðòåíçèâíèõ 
ïðåïàðàò³â â êîìá³íàö³¿ ³ç åëãàöèíîì íàáëèæàëàñü 
äî ïîêàçíèê³â íîðìîòåíçèâíèõ ùóð³â, à ð³çíèöþ 
ñï³ââ³äíîøåííÿ öèõ ïîêàçíèê³â â ËØ ³ ÏÏ ìîæíà 
ðîçãëÿäàòè ÿê ïðîÿâ ñòðóêòóðíî–ôóíêö³îíàëüíî¿ 
êîìïåíñàö³¿ øëóíî÷êà äî íàâàíòàæåííÿ òà ñèëè ñêî-
ðî÷åííÿ. Çîêðåìà, âñòàíîâëåíî äîñòîâ³ðíå çá³ëü-
øåííÿ ïîêàçíèêà îá’ºìíî¿ ù³ëüíîñò³ ì³òîõîíäð³é 
â ÏÏ â ñåðåäíüîìó íà 16,4 % ³ 7,8 %; â ËØ – çá³ëü-
øåííÿ ê³ëüêîñò³ ì³òîõîíäð³é íà 26,5 % â ãðóï³ íåá³-
âîëîëó ç åëãàöèíîì (ñåðåäíÿ ïëîùà çìåíøèëàñü íà 
22,6 %). 

Ïðîâ³äíèì íàïðÿìêîì ñåêðåòîðíî¿ àêòèâíîñ-
ò³ ïåðåäñåðäÿ º óòâîðåííÿ ïåðåäñåðäíîãî íàòð³-
éóðåòè÷íîãî ïåïòèäó (ÏÍÓÏ), ùî äåïîíóºòüñÿ ó 
ñïåöèô³÷íèõ ñåêðåòîðíèõ ãðàíóëàõ ³ çà ¿õ ó÷àñò³ âè-
âîäÿòüñÿ ó êðîâ, â³ä³ãðàþ÷è âàæëèâó ðîëü â ðåãó-
ëÿö³¿ êðîâ’ÿíîãî òèñêó ³ ìàº ã³ïîòåíçèâíèé åôåêò. Â 
êàðä³îì³îöèòàõ ÏÏ ðåºñòðóâàëèñÿ òðè òèïè ãðàíóë: 
åëåêòðîííîù³ëüí³ ãðàíóëè, ùî îòî÷åí³ ìåìáðàíîþ, 
ãðàíóëè ç ï³äìåìáðàííèì ïðîçîðèì îá³äêîì ³ áåç-
ìåìáðàíí³ ãðàíóëè, ñóìàðíèé ðîçïîä³ë ÿêèõ ñóòòºâî 
çíèçèâñÿ ó ùóð³â ç ÀÃ äî 8,2 ± 1,1 ïðîòè 30,1 ± 2,3 ó 
íîðìîòåíçèâíèõ òâàðèí, òîáòî íà 72,6 % (P < 0,05). 
Â ñòðóêòóð³ ãðàíóë ïðåâàëþâàëè ãðàíè ²²² òèïó, ùî 
ïåðåáóâàþòü íà ð³çíèõ ñòàä³ÿõ ñåêðåö³¿, òîáòî çìåí-
øåííÿ ãðàíóë ïîâ’ÿçàíî ³ç ¿õ ñåêðåö³ºþ, àëå íå âè-
êëþ÷åíî ³ ïîðóøåííÿ ¿õ ñèíòåçó (òàáë. 5). 

Ïðè çàñòîñóâàíí³ ïåðèíäîïðèëó ³ íåá³âîëîëó 
âñòàíîâëåíî â³äíîâëåííÿ ñåêðåòîðíî¿ àêòèâíîñò³ 
êàðä³îì³îöèò³â ÏÏ, ïðè öüîìó êîìá³íàö³ÿ ³ç åëãàöè-
íîì ñïðè÷èíèëà äîäàòêîâó àêòèâàö³ºþ ñèíòåçó ñå-
êðåòîðíèõ ãðàíóë. 

Îòæå, çàñòîñóâàííÿ ïåðèíäîïðèëó ³ íåá³âîëî-
ëó â êîìá³íàö³¿ ³ç ìåòàáîë³òîòðîïíèì çàñîáîì åë-
ãàöèí äîçâîëèëî ñóòòºâî âïëèíóòè íà â³äíîâëåííÿ 

Òàáëèöÿ 5 

Âïëèâ ïðåïàðàò³â íà ñèíòåç ïåðåäñåðäíèõ ãðàíóë â êàðä³îì³îöèòàõ ïðàâîãî ïåðåäñåðäÿ 
ã³ïåðòåíçèâíèõ ùóð³â

Ãðóïà
×èñëî ãðàíóë ó ñòàí-
äàðòíîìó ôðàãìåíò³

Ñï³ââ³äíîøåííÿ ãðàíóë ó % Ñåðåäíÿ ïëîùà ãðàíóë, 10–2 ìêì2

², ²² òèïè ²²² òèï ², ²² òèïè ²²² òèï

WKY 30,1 ± 2,3 61,2 ± 1,5 39,7 ± 2,1 3,41 ± 0,01 2,42 ± 0,02

ÀÃ 8,2 ± 1,1* 32,3 ± 2,2* 68,4 ± 2,1* 2,45 ± 0,03* 2,70 ± 0,01*

ÀÃ + íåá³âîëîë 31,3 ± 3,1** 46,4 ± 2,4*,** 54,2 ± 3,3*,** 3,41 ± 0,02** 2,51 ± 0,03**

ÀÃ + ïåðèíäîïðèë 21,3 ± 3,8*,** 45,8 ± 1,9*,** 55,5 ± 2,3*,** 4,36 ± 0,03*,** 2,59 ± 0,02*,**

ÀÃ + íåá³âîëîë + åëãàöèí 29,1 ± 3,4** 61,0 ± 2,1**,*** 39,0 ± 2,2**,*** 3,41 ± 0,01** 2,34 ± 0,04*,**,***

ÀÃ + ïåðèíäîïðèë + åëãàöèí 32,1 ± 3,1** 60,9 ± 2,1**,*** 39,1 ± 1,2**,*** 3,54 ± 0,02**,*** 2,49 ± 0,03*,**

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

ùóð³â ³ç ÀÃ (Ð < 0,05); *** – äîñòîâ³ðíî äî ãðóïè ç ìîíîêîðåêö³ºþ (Ð < 0,05). 
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ñòðóêòóðíî–ôóíêö³îíàëüíî¿ îðãà-
í³çàö³¿ ì³îêàðäó ó ùóð³â ç àðòåð³-
àëüíîþ ã³ïåðòåíç³ºþ, ùî íà ìîð-
ôîëîã³÷íîìó ð³âí³ ðåºñòðóâàëîñü 
ó ðåïàðàö³¿ ñêîðîòëèâèõ ì³îô³-
áðèë, â³äíîâëåííÿ ñàðêîìåð³â òà 
çá³ëüøåííÿ ¿õ ê³ëüêîñò³, çìåíøåí-
íÿ íàáðÿêó öèòîïëàçìè òà àêòèâà-
ö³¿ ãîðìîíàëüíî¿ ôóíêö³¿ ïðàâîãî 
ïåðåäñåðäÿ. Ïðè êîìá³íîâàíîìó 
çàñòîñóâàíí³ íåá³âîëîëó ç åëãàöè-
íîì â³äì³÷àåòüñÿ çá³ëüøåííÿ ì³-
òîõîíäð³é, ùî ìîæå ñâ³ä÷èòè ïðî 
äîäàòêîâó àêòèâàö³þ åíåðãåòè÷-
íîãî îáì³íó óøêîäæåíèõ êàðä³îì³-
îöèò³â ³ ïîçèòèâíî âïëèâàº íà ãîð-
ìîí ïðîäóêóþ÷ó ôóíêö³þ ïðàâîãî 
ïåðåäñåðäÿ. 

Êàðä³îïðîòåêòîðíà ä³ÿ êîìá³-
íîâàíîãî çàñòîñóâàííÿ àíòèã³ïåð-
òåíçèâíèõ çàñîá³â ³ç åëãàöèíîì 
çàáåçïå÷óºòüñÿ ïîë³ôàðìàêîëî-
ã³÷íèì âïëèâîì íà îñíîâí³ “òå-
ðàïåâòè÷í³ ì³øåí³” ïàòîãåíåçó 
ñåðöåâî¿ íåäîñòàòíîñò³. Â³äîìî, 
ùî îñíîâíèé ìåõàí³çì ä³¿ ïåðèí-
äîïðèëó çàáåçïå÷óºòüñÿ êîíêó-
ðåíòíèì ³íã³áóâàííÿì àêòèâíîñò³ 
ÀÏÔ, ùî ïðèçâîäèòü äî çíèæåí-
íÿ øâèäêîñò³ ïåðåòâîðåííÿ àí-
ã³îòåíçèíó I â àíã³îòåíçèí II, ÿêèé 
çä³éñíþº ñóäèíîçâóæóâàëüíó ä³þ. 
Ïðîòå îñòàíí³ äîñë³äæåííÿ ïîêà-
çàëè, ùî ³íã³á³òîðè ÀÏÔ ïðèãí³÷ó-
þòü ïåðåêèñíå îêèñíåííÿ ë³ï³ä³â 
çà ðàõóíîê ï³äâèùåííÿ óòâîðåí-
íÿ òà â³äíîâëåííÿ ãëóòàò³îíó, ùî 
îïîñåðåäêîâàíî çàáåçïå÷óº àí-
òèîêñèäàíòó ä³þ ïðåïàðàòó [17]. 
Â ñâîþ ÷åðãó β

1
–àäðåíîáëîêàòîð 

íåá³âîëîë ïåðåðèâàº ëàíêó ì³æ 
êàòåõîëàì³íàìè, àäåí³ëàòöèêëà-
çîþ ³ öÀÌÔ, ùî çìåíøóº ôîñ-
ôîðèëþâàííÿ ìåìáðàííèõ êàëü-
ö³ºâèõ êàíàë³â. Âíàñë³äîê öüîãî 
îñòàíí³ çàëèøàþòüñÿ çàêðèòèìè, 
çìåíøóþ÷è íàäõîäæåííÿ ³îí³â 
êàëüö³þ â êàðä³îì³îöèòè ç ³íòåð-
ñòèö³éíîãî ïðîñòîðó, ³ òèì ñàìèì 
çìåíøóþòü ñèëó ñåðöåâèõ ñêîðî-
÷åíü [9, 16, 18]. Òàêîæ íåá³âîëîë 
ñòèìóëþº ïðîäóêö³þ òà âèä³ëåííÿ 
îêñèäó àçîòó, ÿêèé çä³éñíþº ãåìî-
äèíàì³÷íèé òà êàðä³îïðîòåêòîð-
íèé âïëèâ [26, 27]. Ìàéæå ïîâíå 
â³äíîâëåííÿ ì³òîõîíäð³àëüíîãî 
ñòàíó â ïðîâåäåíîìó äîñë³äæåíí³, 
éìîâ³ðíî, ïîâ’ÿçàíå ³ç ñïðîìîæ-
í³ñòþ íåá³âîëîëó íîðìàë³çóâàòè 
ñèíòåç NO, íåñòà÷à ÿêîãî âèêëè-
êàº çì³íè àêòèâíîñò³ ôåðìåíò³â 

Ðèñ. Óëüòðàñòðóêòóðà êàðä³îì³îöèò³â ïðàâîãî ïåðåäñåðäÿ ùóð³â ç ÀÃ. 
Çìåíøåííÿ ê³ëüêîñò³ ñêîðîòëèâèõ ì³îô³ëàìåíò³â ³ ðåäóêö³ÿ îðãàíåë ïðè 
ÀÃ òà â³äíîâëåííÿ óëüòðàñòðóêòóðè ì³òîõîíäð³é ïðè çàñòîñóâàíí³ àíòèã³-

ïåðòåíçèâíèõ çàñîá³â. Åëåêòðîíîãðàìà: 1 – íîðìîòåíçèâí³ ùóðè (×8800); 
2 – ÑÀÃ (×16000); 3 – ÀÃ + ïåðèíäîïðèë (×16000); 

4 – ÀÃ + íåá³âîëîë (×16000); 5 – ÀÃ + ïåðèíäîïðèë + åëãàöèí (×8800); 
6 – ÀÃ + íåá³âîëîë + åëãàöèí (×8800). 
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ì³òîõîíäð³é òà ðîçâèòîê âòîðèííî¿ ì³òîõîíäð³àëüíî¿ 
äèñôóíêö³¿ [5]. Îäíî÷àñíî åëàãîâà êèñëîòà âèêîíóº 
ôóíêö³þ àêöåïòîðà àêòèâíèõ ôîðì êèñíþ [12, 13] çà 
ðàõóíîê â³ëüíèõ ã³äðîêñèëüíèõ ãðóï â ¿¿ ñòðóêòóð³ [20], 
ùî çìåíøóº ïåðåêèñíå îêèñíåííÿ ë³ï³ä³â òà àì³-
íîêèñëîò. Çàâäÿêè ïîë³ôåíîëüí³é ïðèðîä³ åëàãîâà 
êèñëîòà âáóäîâóºòüñÿ ó ã³äðîôîáíó ôàçó ìåìáðàí ³ 
âïëèâàº íà ¿¿ ñòðóêòóðó ³ ïëèíí³ñòü. Âñòàíîâëåíî, ùî 
â ì³òîõîíäð³ÿõ åëàãîâà êèñëîòà çàïîá³ãàº óòâîðåííþ 
êàðáîí³ëüíèõ á³ëê³â òà ïåðåêèñíå îêèñëåííþ ë³ï³ä³â, 
³íã³áóº, ÷èì ñïðèÿº â³äíîâëåííþ ìåìáðàí òà ïðèãí³-
÷åííþ ðîçâèòêó ì³òîõîíäð³àëüíî¿ äèñôóíêö³¿ [7, 21]. 
Òàêîæ ïðè çàñòîñóâàíí³ åëàãîâî¿ êèñëîòè ó ùóð³â ç 
ÀÃ ñïîñòåð³ãàºòüñÿ çá³ëüøåííÿ ê³ëüêîñò³ ãåìîêàï³-
ëÿð³â, òîáòî â³äáóâàºòüñÿ àíã³îãåíåç òà çíèæóº åí-
äîòåë³àëüíó äèñôóíêö³¿ [8, 24]. Ïðè öüîìó ìåõàí³çì 
àíòèã³ïåðòåíçèâíî¿ ä³¿ çàëèøàºòüñÿ îñòàòî÷íî íå 
äîñë³äæåíèì ³ ïîòðåáóº ïîäàëüøîãî âèâ÷åííÿ. 

Âèñíîâêè. 
1. Ïðè àðòåð³àëüí³é ã³ïåðòåíç³¿ âñòàíîâëåíî ðîç-

âèòîê äèñòðîô³÷íèõ çì³í ì³îêàðäó ã³ïåðòåíçèâíèõ 
ùóð³â, ùî ìîðôîëîã³÷íî ïðîÿâëÿºòüñÿ ó ðîçâè-
òêó íàáðÿêó öèòîïëàçìè êàðä³îì³îöèò³â, äåñòðóêö³¿ 
ñêîðîòëèâèõ ì³îô³ëàìåíò³â òà ì³òîõîíäð³é. Íà ôîí³ 
ñòðóêòóðíèõ ïîðóøåíü â³äì³÷åíî ÿâèùå ã³ïåðòðîô³¿ 

ì³îêàðäó òà çðîñòàííÿ àðòåð³àëüíîãî òèñêó â ñåðåä-
íüîìó íà 50 %. 

2. Àíòèã³ïåðòåíçèâí³ çàñîáè ïåðèíäîïðèë òà íå-
á³âîëîë ñèñòåìíî âïëèâàþòü íà ñòðóêòóðíî-ôóíê-
ö³îíàëüí³ çì³íè ì³îêàðäó â îñíîâ³ ÷îãî çìåíøåííÿ 
äèñòðîô³÷íèõ çì³í êàðä³îì³îöèò³â ë³âîãî øëóíî÷êó 
òà ïðàâîãî ïåðåäñåðäÿ, â³äíîâëåííÿ óëüòðàñòðóêòó-
ðè ì³òîõîíäð³é ³ ðåîðãàí³çàö³¿ ì³îô³ëàìåíò³â. 

3. Ñóì³ñíå çàñòîñóâàííÿ ïåðèíäîïðèëó òà íå-
á³âîëîëó ç åëãàöèíîì àêòèâóº ìåòàáîë³÷í³ ïðîöåñè 
ì³îêàðäó, âèêëèêàº çá³ëüøåííÿ ê³ëüêîñò³ íîâîóòâî-
ðåíèõ ì³òîõîíäð³é â êàðä³îì³îöèòàõ òà àêòèâóº ãîð-
ìîíàëüíó ôóíêö³þ ïðàâîãî ïåðåäñåðäÿ, ùî ìîæå 
ñâ³ä÷èòè ïðî â³äíîâëåííÿ àóòîðåãóëÿö³¿ ôóíêö³î-
íàëüíèõ ïîêàçíèê³â îðãàíó. 

Ïåðñïåêòèâè ïîäàëüøèõ äîñë³äæåíü. Îá-
´ðóíòóâàííÿ ä³¿ íîâèõ êîìá³íàö³é ïðåïàðàò³â ç àíòè-
ã³ïåðòåíçèâîþ òà ìåòàáîë³òíîþ ä³ºþ º àêòóàëüíèì 
íå ëèøå äëÿ ë³êóâàííÿ ñåðöåâî¿ íåäîñòàòíîñò³, àëå 
é â ïëàí³ ïîïåðåäæåííÿ ìåòàáîë³÷íèõ ïîðóøåíü òà 
óñêëàäíåíü ïðè ã³ïåðòåíç³¿. Êàðä³îïðîòåêòîðíà ä³ÿ 
åëãàöèíó º ïåðñïåêòèâíèì íàïðÿìêîì êîìá³íîâàíî¿ 
òà êîìïëåêñíî¿ ôàðìàêîòåðàï³¿ ñåðöåâî–ñóäèííî¿ 
ïàòîëîã³¿. 
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ÓÄÊ 616. 12 – 008. 331. 1:612. 08:577. 115. 
ÓËÜÒÐÀÑÒÐÓÊÒÓÐÍ² ÇÌ²ÍÈ Ì²ÎÊÀÐÄÓ ÙÓÐ²Â Ç ÀÐÒÅÐ²ÀËÜÍÎÞ Ã²ÏÅÐÒÅÍÇ²ªÞ ÏÐÈ ÑÓÌ²ÑÍÎ-

ÌÓ ÇÀÑÒÎÑÓÂÀÍÍ² ÍÅÁ²ÂÎËÎËÓ, ÏÅÐÈÍÄÎÏÐÈËÓ ÐÀÇÎÌ Ç ÅËÃÀÖÈÍÎÌ
Äîâãàíü Ð. Ñ. 
Ðåçþìå. Ìåòîäîì åëåêòðîííî¿ ì³êðîñêîï³¿ òà ìîðôîìåòðè÷íîãî àíàë³çó äîñë³äæåíî ì³îêàðä íîðìî-

òåíçèâíèõ ³ ã³ïåðòåíçèâíèõ ùóð³â, ïðîàíàë³çîâàíî ñòðóêòóðí³ çì³íè ì³îêàðäó ë³âîãî øëóíî÷êà òà ïðàâîãî 
ïåðåäñåðäÿ íà òë³ ã³ïåðòåíç³¿. Äèñòðîô³÷í³ ïðîöåñè â ì³îêàðä³ ã³ïåðòåíçèâíèõ ùóð³â ïîëÿãàþòü â ðîçâèòêó 
âîãíèùåâîãî íàáðÿêó êàðä³îì³îöèò³â, ôîêàëüíî¿ âàêóîë³çàö³¿ ³ äåçîðãàí³çàö³¿ ñêîðîòëèâèõ ì³îô³ëàìåíò³â, ùî 
â ñâîþ ÷åðãó ïîçíà÷àºòüñÿ íà âíóòð³øíüîêë³òèíí³é á³îåíåðãåòèö³ êàðä³îì³îöèò³â. Âñå öå, ³ñòîòíèì ÷èíîì çì³-
íþº ñêîðîòëèâó çäàòí³ñòü êàðä³îì³îöèò³â ³ àñîö³éîâàíî ç ï³äâèùåííÿì àðòåð³àëüíîãî òèñêó. Íåá³âîëîë ³ ïå-
ðèíäîïðèë â ð³âí³é ì³ð³ çìåíøóþòü àðòåð³àëüíèé òèñê ó ùóð³â ³ç ÀÃ òà çàáåçïå÷óþòü êàðä³îïðîòåêòîðíó ä³þ. 
Ïðè ñóì³ñíîìó çàñòîñóâàíí³ ïðåïàðàò³â â³äáóâàºòüñÿ çá³ëüøåííÿ ê³ëüêîñò³ ì³îô³áðèë, â³äíîâëåííÿ ÿê³ñíèõ 
òà ê³ëüê³ñíèõ ïîêàçíèê³â ì³òîõîíäð³é, ñåêðåòîðíî¿ àêòèâíîñò³ ³ çìåíøåííÿ íàáðÿêó êàðä³îì³îöèò³â. Ñóì³ñíå 
çàñòîñóâàííÿ àíòèã³ïåðòåíçèâíèõ çàñîá³â ³ç åëàãîâîþ êèñëîòîþ àêòèâóº â³äíîâëåííÿ åíåðãåòè÷íî¿ òà ãîð-
ìîíàëüíî¿ ôóíêö³¿ ì³îêàðäó. 

Êëþ÷îâ³ ñëîâà: åëãàöèí, íåá³âîëîë, ïåðèíäîïðèë, ùóð³ ç àðòåð³àëüíîþ ã³ïåðòåíç³ºþ, êàðä³îì³îöèò. 
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ÓËÜÒÐÀÑÒÐÓÊÒÓÐÍÛÅ ÈÇÌÅÍÅÍÈß ÌÈÎÊÀÐÄÀ ÊÐÛÑ Ñ ÀÐÒÅÐÈÀËÜÍÎÉ ÃÈÏÅÐÒÅÍÇÈÅÉ ÏÐÈ 

ÑÎÂÌÅÑÒÍÎÌ ÏÐÈÌÅÍÅÍÈÈ ÍÅÁÈÂÎËÎËÀ, ÏÅÐÈÍÄÎÏÐÈËÀ ÂÌÅÑÒÅ Ñ ÅËÃÀÖÈÍÎÌ
Äîâãàíü Ð. Ñ. 
Ðåçþìå. Ìåòîäîì ýëåêòðîííîé ìèêðîñêîïèè è ìîðôîìåòðè÷åñêîãî àíàëèçà èññëåäîâàí ìèîêàðä 

íîðìîòåíçèâíûõ è ãèïåðòåíçèâíûõ êðûñ, ïðîàíàëèçèðîâàíû ñòðóêòóðíûå èçìåíåíèÿ ìèîêàðäà ëåâîãî æå-
ëóäî÷êà è ïðàâîãî ïðåäñåðäèÿ íà ôîíå ãèïåðòåíçèè. Äèñòðîôè÷åñêèå ïðîöåññû â ìèîêàðäå ãèïåðòåíçèâíûõ 
êðûñ çàêëþ÷àþòñÿ â ðàçâèòèè î÷àãîâîãî îòåêà êàðäèîìèîöèòîâ, ôîêàëüíîé âàêóîëèçàöèè è äåçîðãàíèçà-
öèè ñîêðàòèòåëüíûõ ìèîôèëàìåíòîâ, ÷òî â ñâîþ î÷åðåäü ñêàçûâàåòñÿ íà âíóòðèêëåòî÷íîé áèîýíåðãåòèêå 
êàðäèîìèîöèòîâ. Âñå ýòî, ñóùåñòâåííûì îáðàçîì ìåíÿåò ñîêðàòèòåëüíóþ ñïîñîáíîñòü êàðäèîìèîöè-
òîâ è àññîöèèðîâàíî ñ ïîâûøåíèåì àðòåðèàëüíîãî äàâëåíèÿ. Íåáèâîëîë è ïåðèíäîïðèë â ðàâíîé ñòå-
ïåíè óìåíüøàþò àðòåðèàëüíîå äàâëåíèå ó êðûñ ñ ÑÀÃ è îáåñïå÷èâàþò êàðäèîïðîòåêòîðíîå äåéñòâèå. Íà 
ôîíå ôàðìàêîêîðåêöèè ïðîèñõîäèò óâåëè÷åíèå êîëè÷åñòâà ìèîôèáðèëë, âîññòàíîâëåíèå êà÷åñòâåííûõ è 
êîëè÷åñòâåííûõ ïîêàçàòåëåé ìèòîõîíäðèé, ñåêðåòîðíîé àêòèâíîñòè è óìåíüøåíèÿ îòåêà êàðäèîìèîöèòîâ. 
Êîìáèíèðîâàííîå ïðèìåíåíèå àíòèãèïåðòåíçèâíûõ ñðåäñòâ ñ ýëëàãîâîé êèñëîòîé àêòèâèðóåò âîññòàíîâ-
ëåíèå ýíåðãåòè÷åñêîé è ãîðìîíàëüíîé ôóíêöèè ìèîêàðäà. 

Êëþ÷åâûå ñëîâà: ýëãàöèí, íåáèâîëîë, ïåðèíäîïðèë, êðûñû ñ àðòåðèàëüíîé ãèïåðòåíçèåé, 
êàðäèîìèîöèò. 
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Ultrastructural Changes in Myocardium Hypertension Rats in Combinàtion of Nebivolol and Perindo-

pril with Elgacin
Dovgan R. S. 
Abstract. Introduction. A significant contribution to the study of the complex mechanisms of the action of beta–

blockers, ACE inhibitors and ellagic acid may provide the investigation of structure of the heart – the main target 
organ of hypertension. Recent works have shown that beta–blockers nebivolol and ACE inhibitor perindopril, by the 
deacreasing of blood pressure, reduce adverse morphological changes in the myocardium of rats with spontane-
ous hypertension (ISIAH). Ellagic acid (elgacin) has not been studied in terms of antihypertensive and cardioprotec-
tive influence. In this context, the aim of the study was to investigate the ultrastructure of myocardium of rats with 
ISIAH under the combination of nebivolol and perindopril with ellagic acid. 

Materials and methods. By electron microscopy and morphometric analysis the left ventricular was investigated 
in 6 groups of animals: 1) control (normotensive rats ), 2) rats with ISIAH, 3) rats with ISIAH treated with nebivolol, 
4) rats with ISIAH treated with perindopril, 5) rats with ISIAH treated by nebivolol with ellagic acid, 6) rats with ISIAH 
treated by perindopril with ellagic acid. Drugs treated with a dose of 1 mg/kg per day. 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. At the beginning of the experiment the rats with SAG blood pressure was 157 ± 1,0 
mmHg, after a course administration of perindopril, nebivolol and elgacin found a significant decrease in blood 
pressure to 138 ± 4,0. In myocardium of rats with SAG found swelling in cardiomyocytes, endothelial cells and in-
terstitial space. Ultrastructure disruption in cardiomyocytes, including cytoplasmic swelling and destruction sarco-
meres, dominated in the left ventricle (LV). Course introduction perindopril, nebivolol and elgacin and allowed to 
significantly affect the structural and functional recovery of the myocardium. Marked repair of contractile myofibrils, 
organizations sarcomeres, reduce swelling of the cytoplasm and secretory granules. 

In the LV of intact normotensive rats and rats with SAG volume density of myofibrils was higher at 52.2 % and 
28.3 % compared with right atrial cardiomyocytes (RA). In this case, the control group in length sarcomeres LV 
was higher by 33.6 % and in rats with SAG – less than 19.4 %. In the experimental group of treated rats with SAG, a 
significant increase in the density of myofibrils in LV and RA significantly and did not differ between the drugs com-
pared, also observed recovery patterns sarcomeres. 

After injection of perindopril numerical density of mitochondria in the LV increased by 21.6 %, with nebivolol 
increased by 54.4 % and index corresponded normotensive rats. In the RA we found recovery in all groups. 

In RA cardiomyocytes secretory granules significantly decreased in rats with SAG at 72.6 %. In the application of 
drugs installed recovery secretory activity myocytes after using perindopril and nebivolol; treated combination with 
ellagic acid increase secretory activity and mitochondrial recovery. Obviously, various pharmacological groups and 
mechanisms restore hormone producing function in RA, antihypertensive and metabolic effects of the ellagic acid 
provides a pleiotropic effect. 

Keywords: ellagic acid, nebivolol, perindopril, hypertension rats, cardiomyocyte. 
Ðåöåíçåíò – ïðîô. ªðîøåíêî Ã. À. 
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