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Ðåôåðàò
²øåì³÷íà õâîðîáà ñåðöÿ íàé÷àñò³øå îáóìîâëþº ðîç-
âèòîê ñåðöåâî¿ íåäîñòàòíîñò³. Ïîðÿä ³ç òèì, ìîð-
ôîëî´³÷í³ òà ³ìóíîã³ñòîõ³ì³÷í³ çì³íè ó ì³îêàðä³ íà
ðàíí³õ åòàïàõ ðîçâèòêó ³øåì³÷íî¿ õâîðîáè ñåðöÿ çà-
ëèøàþòüñÿ ìàëîâèâ÷åíèìè.
Ìåòà - äîñë³äèòè îñîáëèâîñò³ ëîêàë³çàö³¿ ³ìóíîã³ñ-
òîõ³ì³÷íèõ ìàðêåð³â ó ñòðóêòóðíèõ êîìïîíåíòàõ ì³î-
êàðäà íà ðàíí³õ åòàïàõ ðîçâèòêó éîãî åêñïåðèìåí-
òàëüíî¿ ³øåì³¿
Ìàòåð³àë ³ ìåòîäè. Äîñë³äè ïðîâîäèëè íà 20 ñòàòå-
âîçð³ëèõ ùóðàõ-ñàìöÿõ ë³í³¿ Â³ñòàð ìàñîþ 180-220 ´
(5 êîíòðîëüíèõ ³ 15 äîñë³äíèõ). ²øåì³þ ì³îêàðäà âè-
êëèêàëè ï³äøê³ðíèì ââåäåííÿì 0,1% ðîç÷èíó àäðåíà-
ë³íó (åï³íåôðèíó ã³äðîòàðòðàòó) â äîç³ 0,2 ìë íà 100 ´
ìàñè ò³ëà. ×åðåç 48 ãîäèí ï³ñëÿ ââåäåííÿ àäðåíàë³íó
ùóð³â ï³ääàâàëè åâòàíàç³¿ øëÿõîì ïåðåäîçóâàííÿ åòè-
ëîâîãî åô³ðó. Ã³ñòîëî´³÷íèé ìàòåð³àë (ïðîáè ñåðöå-
âîãî ì'ÿçà ç ä³ëÿíêè ïåðåäñåðäü ³ øëóíî÷ê³â) ô³êñóâàëè
ó 4 % íåéòðàëüíîìó ôîðìàë³í³ ³ çàëèâàëè ó ïàðàô³í.
²ìóíîã³ñòîõ³ì³÷í³ äîñë³äæåííÿ ïðîâîäèëè ç âèêîðèñ-
òàííÿì ïåðâèííèõ ìîíîêëîíàëüíèõ àíòèò³ë äî Ki-
67, VEGF, CD34 òà ïîë³êëîíàëüíî¿ Casp3. Ïðîäóêòè
ðåàêö³¿ ³äåíòèô³êóâàëè ç âèêîðèñòàííÿì â ÿêîñò³ õðî-
ìî´åíó 3,3'-ä³àì³íîáåíçèäèíó òåòðàã³äðîõëîðèäó.
Ðåçóëüòàòè é îáãîâîðåííÿ. Ïðîâåäåí³ ³ìóíîã³ñòîõ³ì³÷-
í³ äîñë³äæåííÿ ì³îêàðäà çà óìîâ ãîñòðî¿ ³øåì³¿  ïðîäå-
ìîíñòðóâàëè ÿâèùà àïîïòîçó ç ðóéíóâàííÿì ì³îô³áðèë
³ íàêîïè÷åííÿì ó öèòîïëàçì³ ïðîäóêò³â ¿õíüî¿ äåãðàäàö³¿
ó ôîðì³ ³ìóíîðåàêòèâíî¿ çåðíèñòîñò³.  Ïîðóøåííÿ ñêî-
ðîòëèâî¿ ôóíêö³¿ êàðä³îì³îöèò³â ïîºäíóâàëîñÿ ç³ çì³íà-
ìè ìîðôîëî´³¿ òà ³ìóíîðåàêòèâíîñò³ åíäîòåë³þ ñóäèí
ì³êðîöèðêóëÿòîðíîãî ðóñëà, ïîÿâîþ ó ïåðèâàñêóëÿðíîìó
ïðîñòîð³  VEGF-ïîçèòèâíèõ ìàêðîôàã³â. Ìàñòîöèòè
ÿê â óìîâàõ êîíòðîþ, òàê ³ äîñë³äó äåìîíñòðóâàëè
Casp3/Ki-67-³ìóíîðåàêòèâí³ñòü.
Âèñíîâêè. Çà óìîâ ãîñòðî¿ ³øåì³¿ ì³îêàðäà â åêñïå-
ðèìåíò³, ç âèêîðèñòàííÿì ìåòîä³â ³ìóíîã³ñòîõ³ì³¿,
íà òë³  ìîäèô³êàö³¿  ³ìóíîðåàêòèâíîñò³ åíäîòåë³î-
öèò³â ì³êðîöèðêóëÿòîðíîãî ðóñëà âèÿâëåíà äð³áíî-
çåðíèñòà äèñòðîô³ÿ ì³îô³áðèë  êàðä³îì³îöèò³â, ùî
âåäå äî ïîðóøåííÿ ¿õ ôóíêö³îíàëüíî¿ àêòèâíîñò³.
Êëþ÷îâ³ ñëîâà: ùóðè, ãîñòðà åêñïåðèìåíòàëüíà ³øå-
ì³ÿ ì³îêàðäà, ³ìóíîã³ñòîõ³ì³ÿ

Abstract
IMMUNOHISTOCHEMICAL INVESTIGATION OF RAT
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Ischemic heart disease is currently the most common
cause of heart failure development. Nevertheless,
morphological and immunohistochemical changes in
myocardium in early stages of ischemic heart disease
require further studies.
The aim  was to study redistribution of immunohistochemical
markers in structural components of myocardium in early
stages of ischemia development.
Material and methods. The study was carried out on 20
adult male Wistar rats  weighing 180-220 g (5 control and
15 experimental animals). Myocardial ischemia was induced
by subcutaneous administration of a 0.1% solution of
adrenaline (epinephrine hydrotartrate) at a dose of 0.2 ml
per 100 g of body weight. Forty-eight hours after the
adrenaline injection, the rats were euthanized by ethyl ether
overdose. Samples of the heart muscle excised from the atria
and the ventricles were fixed in 4% neutral formalin and
embedded in paraffin. Immunohistochemical studies were
performed using primary monoclonal antibodies to Ki-67,
VEGF, CD34, and polyclonal Casp3. The reaction products
were visualized using 3,3'-diaminobenzidine
tetrahydrochloride as chromogen.
Results and Discussion. Acute ischemia induced apoptotic
processes in the cardiomyocytes accompanied by destruction
of myofibrils with the accumulation of damaged
myofibrillary proteins in the form of cytoplasmatic
granularity; these changes apparently led to impaired
cardiomyocyte contractility. The above changes were
combined with increased immunoreactivity of vascular bed
endothelium, and emergence of VEGF-positive macrophages
in perivascular spaces. The mast cells in both groups of rats
showed Casp3/Ê³-67-reactivity.
Conclusion.  The rat heart myocardium, subjected to
experimental adrenalin-induced ischemia, demonstrated
significant changes in microcirculatory bed endothelial
cells immunoreactivity, which was accompanied by fine-
grained dystrophy of contractile cardiomyocytes
myofibrillary content, both signs including impairments
of these cells functional activities.
Key words: rats, myocardial acute experimental
ischemia, immunohistochemistry

Âñòóï
Çà äàíèìè ÂÎÎÇ ïðè÷èíîþ âèíèêíåííÿ ñåð-
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öåâî¿ íåäîñòàòíîñò³ íàé÷àñò³øå º ³øåì³÷íà
õâîðîáà ñåðöÿ (²ÕÑ) [3]. Ùîðîêó â³ä ²ÕÑ ïî-
ìèðàº á³ëüø ÿê ñ³ì ì³ëüéîí³â ëþäåé, ùî ó ñâ³-
òîâîìó âèì³ð³ ñêëàäàº 12,8% âñ³õ ñìåðòåé. Ó
ªâðîï³ â³ä ³íôàðêòó ì³îêàðäà ïîìèðàº êîæ-
íèé øîñòèé ÷îëîâ³ê ³ êîæíà ñüîìà æ³íêà [12,
13]. Â Óêðà¿í³ çà äàíèìè ÌÎÇ ñåðöåâî-ñóäèí-
íà ïàòîëî´³ÿ ïîñ³äàº ïåðøå ì³ñöå â ñòðóêòóð³
çàõâîðþâàíîñò³, çóìîâëþþ÷è ìàéæå äâ³ òðå-
òèíè âñ³õ âèïàäê³â ñìåðò³ òà òðåòèíó ïðè÷èí
³íâàë³äèçàö³¿ [10].

Â³äïîâ³äíî äî äàíèõ ªâðîïåéñüêîãî
êàðä³îëî´³÷íîãî òîâàðèñòâà (ESC), ùîíàéìåí-
øå 15 ì³ëüéîí³â íàñåëåííÿ êîíòèíåíòó ñòðàæ-
äàº íà ñåðöåâó íåäîñòàòí³ñòü. Â îñòàíí³ ðîêè
ïðè âèâ÷åíí³ ïàòî´åíåòè÷íèõ ìåõàí³çì³â ðîç-
âèòêó ãîñòðîãî ³íôàðêòó ì³îêàðäà âñå á³ëüøó
óâàãó äîñë³äíèê³â ïðèâåðòàº ïðîáëåìà åíäî-
òåë³àëüíî¿ äèñôóíêö³¿ [5]. Ðàçîì ³ç òèì, ìà-
ëîâèâ÷åíèìè çàëèøàþòüñÿ ìîðôîëî´³÷í³ òà
³ìóíîã³ñòîõ³ì³÷í³ ïðîÿâè çì³í ñòðóêòóðíèõ
êîìïîíåíò³â ì³îêàðäà íà ðàíí³õ åòàïàõ ðîç-
âèòêó ³øåì³÷íî¿ õâîðîáè ñåðöÿ.

Ìåòà ðîáîòè - äîñë³äèòè îñîáëèâîñò³
åêñïðåñ³¿ ³ìóíîã³ñòîõ³ì³÷íèõ ìàðêåð³â ì³î-
êàðäà çà óìîâ åêñïåðèìåíòàëüíî¿ ³øåì³¿ íà
ðàíí³õ åòàïàõ ¿¿ ðîçâèòêó.

Ìàòåð³àë ³ ìåòîäè
Äîñë³äè ïðîâîäèëè íà 20 ñòàòåâîçð³ëèõ ùó-
ðàõ-ñàìöÿõ ë³í³¿ Â³ñòàð ìàñîþ 180-220 ´ (5
êîíòðîëüíèõ ³ 15 äîñë³äíèõ). Òâàðèí óòðèìó-
âàëè íà ñòàíäàðòíîìó ðàö³îí³ õàð÷óâàííÿ â³-
âàð³þ, â³äïîâ³äíî äî ñàí³òàðíî-´³´³ºí³÷íèõ âè-
ìîã. Óñ³ åêñïåðèìåíòàëüí³ äîñë³äæåííÿ ïðî-
âîäèëè çã³äíî åòè÷íèõ ïðèíöèï³â åêñïåðè-
ìåíò³â íà òâàðèíàõ (Óêðà¿íà, 2001), ùî óçãî-
äæóºòüñÿ ç ïîëîæåííÿìè "ªâðîïåéñüêî¿ êîí-
âåíö³¿ ïðî çàõèñò õðåáåòíèõ òâàðèí, ùî âè-
êîðèñòîâóþòüñÿ ç åêñïåðèìåíòàëüíèìè ö³ëÿ-
ìè òà ³íøîþ íàóêîâîþ ìåòîþ" (Ñòðàñáóðã,
1986), Çàêîíó Óêðà¿íè ¹ 3447-IV "Ïðî çàõèñò
òâàðèí â³ä æîðñòîêîãî ïîâîäæåííÿ" â³ä
21.02.2006. Êîì³ñ³ºþ ç ïèòàíü á³îåòèêè Ëüâ³â-
ñüêîãî íàö³îíàëüíîãî ìåäè÷íîãî óí³âåðñèòå-
òó ³ìåí³ Äàíèëà Ãàëèöüêîãî ïîðóøåíü ìî-
ðàëüíî-åòè÷íèõ íîðì ïðè ïðîâåäåíí³ íàóêî-

âî-äîñë³äíî¿ ðîáîòè íå âèÿâëåíî (ïðîòîêîë
¹2  â³ä 15.02.2016).

²øåì³þ ì³îêàðäà âèêëèêàëè ï³äøê³ð-
íèì ââåäåííÿì 0,1% ðîç÷èíó àäðåíàë³íó (åï³-
íåôðèíó ã³äðîòàðòðàòó) â äîç³ 0,2 ìë íà 100 ́
ìàñè ò³ëà. ×åðåç 48 ãîäèí ï³ñëÿ ââåäåííÿ àäðå-
íàë³íó ùóð³â ï³ääàâàëè åâòàíàç³¿ øëÿõîì ïå-
ðåäîçóâàííÿ åòèëîâîãî åô³ðó. Äëÿ ìîí³òîðèí-
´ó ðîçâèòêó ³íôàðêòó/³øåì³¿ ì³îêàðäà ó ùóð³â
íàìè ïðîâåäåíå âèçíà÷åííÿ ð³âíÿ àêòèâíîñ-
òåé àñïàðòàòàì³íîòðàíñôåðàçè (ÀÑÒ), ëàêòàò-
äåã³äðî´åíàçè (ËÄ¥) òà êðåàòèíôîñôîê³íàçè
ÌÂ-ôðàêö³¿ (ÊÔÊ-ÌÂ) â ñèðîâàòö³ êðîâ³
êîíòðîëüíèõ òà  åêñïåðèìåíòàëüíèõ òâàðèí
[4]. Äîñë³äæåííÿ âèêîíóâàëèñü íà áàç³ ìåäè÷-
íî¿ ëàáîðàòîð³¿ ÏÏ "Ä³àÂ³òàÌåä", ì.Ëüâ³â,
(ë³öåíç³ÿ ÌÎÇ ÀÅ ¹ 638768 â³ä 11.06.2015).
Ã³ñòîëî´³÷íèé ìàòåð³àë (ïðîáè ñåðöåâîãî ì'ÿ-
çà ç ä³ëÿíêè ïåðåäñåðäü ³ øëóíî÷ê³â) ô³êñó-
âàëè ó 4% íåéòðàëüíîìó ôîðìàë³í³ ³ çàëèâàëè
ó ïàðàô³í. Îãëÿäîâ³ ïðåïàðàòè çàôàðáîâóâàëè
ãåìàòîêñèë³íîì òà åîçèíîì. Îãëÿä òà ôîòî-
´ðàôóâàííÿ ã³ñòîëî´³÷íèõ ïðåïàðàò³â ïðîâî-
äèëè íà ì³êðîñêîï³ "Granum", îáëàäíàíèì êà-
ìåðîþ "Echoo-Imager 502000" ç âèêîðèñòàí-
íÿì ïðî´ðàìè "ToupView 3.2".

²ìóíîã³ñòîõ³ì³÷í³ äîñë³äæåííÿ ïðîâî-
äèëè ç âèêîðèñòàííÿì ïåðâèííèõ ìîíîêëî-
íàëüíèõ àíòèò³ë äî Ki-67, VEGF, CD34 òà ïî-
ë³êëîíàëüíî¿ Casp3  (TermoScientific, ÑØÀ)
(òàáë. 1). Òèòð àíòèò³ë ï³äáèðàâñÿ çã³äíî ðå-
êîìåíäàö³é âèðîáíèêà ç âèêîðèñòàííÿì ó
ÿêîñò³ ðîç÷èííèêà ñïåö³àëüíîãî ðîç÷èíó
Antibody D³luent (TermoScientific, ÑØÀ). Äëÿ
³äåíòèô³êàö³¿ ïðîäóêò³â ðåàêö³¿ âèêîðèñòîâó-
âàëè ñèñòåìó â³çóàë³çàö³¿ Quanto
(TermoScientific, ÑØÀ) ³ç çàñòîñóâàííÿì â
ÿêîñò³ õðîìî´åíó 3,3'-ä³àì³íîáåíçèäèíó òåò-
ðàã³äðîõëîðèäó.

Çð³çè òîâùèíîþ 5 ìêì íàíîñèëè íà àä-
ãåçèâí³ ïðåäìåòí³ ñêåëüöÿ SuperFrostPlus.

Àíòèò³ëî Êëîí Òèòð Âèðîáíèê 
Ê³-67 
Caspase 3 
VEGF 
CD34 

êëîí SP6 
êëîí Ab-4 
VG1 
êëîí QBEnd/10 

1:100 
1:50 
1:100 
1:400 

TermoScientific 
TermoScientific 
TermoScientific 
TermoScientific 

Òàáëèöÿ 1
Ïàíåëü ïåðâèííèõ àíòèò³ë
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Ï³ñëÿ äåïàðàô³í³çàö³¿ òà ðåã³äðàòàö³¿ çð³ç³â
ïðîâîäèëè òåìïåðàòóðíå äåìàñêóâàííÿ àíòè-
´åí³â: çð³çè ïîì³ùàëè â öèòðàòíèé áóôåð ç ðÍ
6.0 ³ ï³ä³ãð³âàëè â àâòîêëàâ³ ïðè òåìïåðàòóð³
+121°Ñ ïðîòÿãîì 8 õâèëèí. Àêòèâí³ñòü åíäî-
´åííî¿ ïåðîêñèäàçè ïðèãí³÷óâàëè øëÿõîì ³í-
êóáàö³¿ çð³ç³â ó 3 % ðîç÷èí³ ïåðåêèñó âîäíþ
ïðîòÿãîì 20 õâèëèí. Â³äòàê ïðîâîäèëè ³íêó-
áàö³þ çð³ç³â ç ïåðâèííèìè àíòèò³ëàìè ó âî-
ëîãèõ êàìåðàõ ïðè òåìïåðàòóð³ 23-25°Ñ óïðî-
äîâæ 30 õâèëèí çã³äíî ç ðåêîìåíäàö³ÿìè âè-
ðîáíèêà.

Äëÿ âèîêðåìëåííÿ àðåàêòèâíèõ ñòðóê-
òóð çð³çè äîäàòêîâî îáðîáëÿëè ãåìàòîêñèë³-
íîì Ìàéºðà. Ï³ñëÿ äåã³äðàòàö³¿ ó ñïèðòàõ âèñ-
õ³äíî¿ êîíöåíòðàö³¿ òà ïðîñâ³òëåííÿ â òðüîõ
ïîðö³ÿõ êñèëîëó ïðåïàðàòè çàêëþ÷àëè â ïî-
ë³ñòèðîë. Ì³ñöÿ çâ'ÿçóâàííÿ àíòèò³ë âèçíà÷à-
ëè çà íàÿâí³ñòþ êîðè÷íåâîãî îñàäó. ²íòåíñèâ-
í³ñòü ðåàêö³¿ îö³íþâàëàñü íàï³âê³ëüê³ñíî äâî-
ìà íåçàëåæíèìè ñïîñòåð³ãà÷àìè ç ðîçðàõóíêó:
- â³äñóòíÿ, + ñëàáêà, ++ ïîì³ðíà, +++ çíà÷íà.

Ðåçóëüòàòè é îáãîâîðåííÿ
Ïîïåðåäíüî ïðîâåäåí³ íàìè á³îõ³ì³÷í³ äîñë³-
äæåííÿ ôåðìåíò³â ÀÑÒ, ËÄ¥ òà ÊÔÊ ó ñèðî-
âàòö³ êðîâ³ ïîêàçàëè, ùî ï³ñëÿ ââåäåííÿ ùó-
ðàì ðîç÷èíó àäðåíàë³íó ó â³äïîâ³äíîñò³ ç ïî-
äàíèì âèùå ïðîòîêîëîì ñïîñòåð³ãàëîñÿ äîñòî-
â³ðíå ï³äâèùåííÿ ð³âíÿ äîñë³äæóâàíèõ ôåð-
ìåíò³â. Òàê, àêòèâí³ñòü ÀÑÒ çðîñòàëà ó 3,5 ðàç³â,
ËÄ¥ - ó 2,7 ðàç³â, ÊÔÊ - ó 2,3 ðàçè ïîð³âíÿíî ç
ïîêàçíèêàìè êîíòðîëüíî¿ ãðóïè [6].

Ïðè äîñë³äæåíí³ îãëÿäîâèõ ïðåïàðà-
ò³â  ì³îêàðäà äîñë³äíèõ òâàðèí ÷åðåç 2 äîáè

ï³ñëÿ ââåäåííÿ àäðåíàë³íó ³äåíòèô³êóâàëè ëî-
êàëüí³ äèñòðîô³÷í³ çì³íè êàðä³îì³îöèò³â, íàá-
ðÿê îêðåìèõ êë³òèí, äåçàãðåãàö³þ ì³îô³áðèë
òà äåñòðóêòèâí³ çì³íè âñòàâíèõ äèñê³â; ó àð-
òåð³îëàõ çàäîêóìåíòîâàíî àãðåãàö³þ ôîðìå-
íèõ åëåìåíò³â êðîâ³ òà ¿õ àäãåç³þ äî åíäîòå-
ë³þ. Â îêðåìèõ êàðä³îì³îöèòàõ ìàâ ì³ñöå ï³ê-
íîç ÿäåð [6]. Ïîä³áí³ çì³íè ïðè åêñïåðèìåí-
òàëüí³é ³øåì³¿ ì³îêàðäà ï³ñëÿ ââåäåííÿ àäðå-
íàë³íó òà íà ³íøèõ ìîäåëÿõ ñïîñòåð³ãàëè òà-
êîæ ³íø³ äîñë³äíèêè [1, 8, 11].

Äîñë³äæåííÿ ñò³íêè ñåðöÿ ç âèêîðèñ-
òàííÿì ìîíîêëîíàëüíèõ àíòèò³ë (òàáë. 2) ïî-
êàçàëî, ùî ó ì³îêàðä³ êîíòðîëüíèõ òâàðèí
åêñïðåñ³ÿ  Casp3 ëîêàë³çîâàíà ãîëîâíèì ÷è-
íîì â ÿäðàõ êàðä³îì³îöèò³â (ðèñ. 1À, Â, Ä), à
òàêîæ ó öèòîïëàçì³ ïîîäèíîêèõ ìàñòîöèò³â ç
ïåðèâàñêóëÿðíîþ ëîêàë³çàö³ºþ (ðèñ. 1Â). Ó
òâàðèí ç ìîäåëüîâàíîþ ³øåì³ºþ ì³îêàðäà
ñïîñòåð³ãàëàñÿ ï³äâèùåíà åêñïðåñ³ÿ Casp3 åí-
äîòåë³îöèòàìè ñóäèí ì³êðîöèðêóëÿòîðíîãî
ðóñëà ó ïîºäíàíí³ ç ïîÿâîþ äð³áíèõ Casp3-
ïîçèòèâíèõ ãðàíóë ó öèòîïëàçì³ ñêîðîòëèâèõ
êàðä³îì³îöèò³â (ðèñ. 1Á, Ã, Å). Ìè ðîçö³íþºìî
îçíà÷åíèé ôåíîìåí ÿê îäèí ³ç ïðîÿâ³â àïîï-
òîçó, â îñíîâ³ ÿêîãî ëåæèòü ðîçïàä ì³îô³áðèë
ç íàñòóïíîþ òðàíñôîðìàö³ºþ äåãðàäîâàíèõ
á³ëêîâèõ êîìïîíåíò³â îñòàíí³õ ó öèòîïëàç-
ìàòè÷íó çåðíèñò³ñòü.

Âèùåíàâåäåíà ³íòåðïðåòàö³ÿ âèÿâëå-
íèõ çì³í ́ ðóíòóºòüñÿ íà ñïîñòåðåæåííÿõ Æå-
áåëü Â.Ì. òà ñï³âàâò. [15], ÿê³ çàäîêóìåíòó-
âàëè çäàòí³ñòü Casp3 äî ðîçùåïëåííÿ á³ëêî-
âèõ êîìïîíåíò³â ñåðöåâèõ ì³îô³áðèë, íàñë³ä-
êîì ÷îãî º ïîðóøåííÿ âçàºìîä³¿ "ñèëà-êàëü-

Ñòðóêòóðí³ êîìïîíåíòè ì³îêàðäà 
Êàðä³îì³îцèòè Àíòèò³ëà Ãðóïè 

òâàðèí 
ßäðà Öèòîïëàçìà 

Ñòðîìàëüí³ 
åëåìåíòè 

Ñóäèíè 
(åíäîòåë³é) 

Ê + + + – Ìàñòîöèòè + + + + Casp3 
Ä – + + Ìàñòîöèòè + + + + + + 
Ê – + + + Ìàñòîöèòè ++ + + + + Ki-67 
Ä – + + + Ìàñòîöèòè + + + + + + 
Ê – – Ô³áðîáëàñòè + + + + + CD34 
Ä – – Ô³áðîáëàñòè + + + + 
Ê – + + + – + + VEGF 
Ä + + + + + Ìàêðîôàãè + + + + + 

Òàáëèöÿ 2
²íòåíñèâí³ñòü ðåàêö³¿ ìîíîêëîíàëüíèõ àíòèò³ë ç³ ñòðóêòóðíèìè êîìïîíåíòàìè ì³îêàðäà

²íòåíñèâí³ñòü ðåàêö³¿: - â³äñóòíÿ, + ñëàáêà, ++ ïîì³ðíà, +++ çíà÷íà
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ö³é" òà ÀÒÔ-àçíî¿ àêòèâíîñò³ îñòàíí³õ. Îêð³ì
òîãî, âèâ³ëüíåííÿ ç ì³òîõîíäð³é öèòîõðîìó Ñ
ï³ä ÷àñ àïîïòîçó ìîæå ïîðóøóâàòè îêèñíå
ôîñôîðèëþâàííÿ òà ïðîäóêö³þ ÀÒÔ, ùî âåäå
äî íåñòà÷³ åíåðã³¿ ³ ïîðóøåííÿ ôóíêö³îíàëü-
íî¿ çäàòíîñò³ êàðä³îì³îöèò³â. ²ç ³íøîãî áîêó,

Çàëåññêèé Â.Í. òà ñï³âàâò. [14] ñôîðìóëþâàëè
ã³ïîòåçó, çã³äíî ç ÿêîþ ³íäóêîâàíèé ³øåì³ºþ
àïîïòîç êàðä³îì³îöèò³â îáóìîâëåíèé ï³äâè-
ùåííÿì ð³âíÿ Ñà2+ â öèòîçîë³, âèõîäîì ó öè-
òîïëàçìó öèòîõðîìó Ñ ðàçîì ç ôàêòîðîì
Apaf-1 ³ ïðîêàñïàçîþ 9, ç â³äïîâ³äíîþ àêòè-

À                                                                                                  Á

Â                                                                                                  Ã

Ä                                                                                                  Å
Ðèñ. 1

²ìóíîã³ñòîõ³ì³÷íà ðåàêö³ÿ Casp3  ó ì³îêàðä³ ³íòàêòíèõ  ùóð³â (À, Â, Ä) òà  ùóð³â ç åêñïåðèìåíòàëüíîþ
³øåì³ºþ ì³îêàðäà (Á, Ã, Å). Îêð³ì ÿäåð ñêîðîòëèâèõ êàðä³îì³îöèò³â ³ìóíîðåàêòèâí³ñòü âèÿâëåíà ó öèòîïëàçì³

ìàñòîöèòà (ôðàãìåíò Â, ìàñòîöèò ïîçíà÷åíèé ñòð³ëêîþ). Çá. õ600
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âàö³ºþ Casp3 ³ íàñòóïíèõ åòàï³â àïîïòîçó.
Åêñïðåñ³ÿ ÑD34 (êëîí QBEnd/10) ó

ì³îêàðä³  êîíòðîëüíèõ òâàðèí çàäîêóìåíòî-
âàíà  ó öèòîïëàçì³ ³ ÿäðàõ åíäîòåë³îöèò³â  ãå-
ìîêàï³ëÿð³â òà ³íøèõ ëàíîê ì³êðîöèðêóëÿòîð-
íîãî ðóñëà, à òàêîæ ó ô³áðîáëàñòàõ, ëîêàë³-

çîâàíèõ ó ïðîøàðêàõ ñïîëó÷íî¿ òêàíèíè íàâ-
êîëî êàðä³îì³îöèò³â (ðèñ. 2À, Â, Ä). Íà òë³
³øåì³¿ ìàðêåð ÑD34 ³äåíòèô³êîâàíèé ó ÿäðàõ
åíäîòåë³îöèò³â (ðèñ. 2Á, Ã, Å), äèñôóíêö³ÿ
ÿêèõ, çã³äíî ç äàíèìè Ìèêóëÿê Â.Ð. [5], º âà-
ãîìèì ÷èííèêîì ó ïàòî´åíåç³ ãîñòðîãî ³í-

À                                                                                                  Á

Â                                                                                                  Ã

Ä                                                                                                  ÅÐèñ. 2
²ìóíîã³ñòîõ³ì³÷íà ðåàêö³ÿ  ÑD34 ó ì³îêàðä³ ³íòàêòíèõ  ùóð³â (À, Â, Ä) òà ùóð³â ç åêñïåðèìåíòàëüíîþ

³øåì³ºþ ì³îêàðäà (Á, Ã, Å). Ô³áðîáëàñòè ïîçíà÷åí³ ñòð³ëêàìè. Çá. õ600
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À                                                                                       Á

Â                                                                                       Ã

Ä                                                                                       Å

Æ                                                                                       ÇÐèñ. 3
 ²ìóíîã³ñòîõ³ì³÷íà ðåàêö³ÿ  Ê³-67 ó ì³îêàðä³ ³íòàêòíèõ  ùóð³â (À, Â, Ä, Æ) òà ùóð³â ç åêñïåðèìåíòàëüíîþ

³øåì³ºþ ì³îêàðäà (Á, Ã, Å, Ç). Ìàñòîöèòè íà ôðàãìåíòàõ Ä, Å, Ç ïîçíà÷åí³ ñòð³ëêàìè. Çá. õ600
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ôàðêòó ì³îêàðäà.
Çàãàëüíîïðèéíÿòî òðàêòóâàòè CD34 ÿê

ìîëåêóëè àäãåç³¿, åêñïðåñ³ÿ ÿêèõ ïðèòàìàííà
êë³òèíàì áàãàòüîõ ð³çíîâèä³â  òêàíèí, çîêðå-
ìà, ïóïîâèíè, ê³ñòêîâîãî ìîçêó, ñòîâáóðîâèõ
êë³òèí ìåçåíõ³ìè, ïîïåðåäíèêàì åíäîòåë³àëü-
íèõ êë³òèí ³ åíäîòåë³îöèòàì êðîâîíîñíèõ, àëå

íå ë³ìôàòè÷íèõ ñóäèí. Íå äèâëÿ÷èñü íà ïåâí³
ïðîòèð³÷÷ÿ ì³æ äàíèìè îêðåìèõ àâòîð³â, àí-
òè´åí CD34 òðàäèö³éíî âèêîðèñòîâóºòüñÿ  â
ÿêîñò³ ìàðêåðà äëÿ ³äåíòèô³êàö³¿ êðîâîíîñíèõ
ñóäèí, äëÿ îö³íêè ù³ëüíîñò³ ñóäèí ó òêàíè-
íàõ, à òàêîæ â ÿêîñò³ ìàðêåðà àíã³î´åíåçó, çî-
êðåìà, ó ïóõëèíàõ ìîëî÷íî¿ çàëîçè [7].

À                                                                                       Á

Â                                                                                       Ã

Ä                                                                                       ÅÐèñ. 4
²ìóíîã³ñòîõ³ì³÷íà ðåàêö³ÿ  VEGF ó ì³îêàðä³ ³íòàêòíèõ  ùóð³â (À, Â, Ä) òà ùóð³â ç åêñïåðèìåíòàëüíîþ

³øåì³ºþ ì³îêàðäà (Á, Ã, Å). Ìàêðîôàãè ïîçíà÷åí³ ñòð³ëêàìè. Çá. õ600
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Ðåàêö³ÿ ç Ê³-67 ó êîíòðîëüíèõ òâàðèí
áóëà ³äåíòèô³êîâàíà ó öèòîïëàçì³ êàðä³îì³î-
öèò³â òà ó åíäîòåë³îöèòàõ ñóäèí ì³êðîöèðêó-
ëÿòîðíîãî ðóñëà (ðèñ. 3À, Â, Ä, Æ). Íà òë³
ã³ïîêñ³¿ ì³êàðäà ï³äâèùåíà åêñïðåñ³ÿ Ê³-67
âèÿâëåíà ó ñêëàä³ äð³áíî¿ öèòîïëàçìàòè÷íî¿
çåðíèñòîñò³ êàðä³îì³îöèò³â, âíóòð³øí³é îáî-
ëîíö³ àðòåð³îë òà ó êë³òèííèõ åëåìåíòàõ ¿õ
àäâåíòèö³éíî¿ îáîëîíêè (ðèñ. 3Á), ó âíóòð³ø-
í³é îáîëîíö³ âåíóë, ÿäðàõ åíäîòåë³îöèò³â. Ó
ñêëàä³ ì³îêàðäà  òâàðèí ÿê êîíòðîëüíî¿, òàê ³
äîñë³äíî¿ ãðóï ³íòåíñèâíó ðåàêòèâí³ñòü öè-
òîïëàçìè ç Ê³-67 äåìîíñòðóâàëè ïîîäèíîê³
ìàñòîöèòè ïåðèâàñêóëÿðíî¿ ëîêàë³çàö³¿ (ðèñ.
3Â, Å, Ç).

Åêñïðåñ³ÿ ìàðêåðà VEGF ó ì³îêàðä³
êîíòðîëüíèõ òâàðèí ñïîñòåð³ãàëàñü ó åíäî-
òåë³îöèòàõ ñóäèí ì³êðîöèðêóëÿòîðíîãî ðóñëà
(ðèñ. 4Ä) òà ó ñêëàä³ öèòîïëàçìàòè÷íî¿ çåð-
íèñòîñò³ êàðä³îì³îöèò³â (ðèñ. 4À, Â, Ä). Íà
òë³ åêñïåðèìåíòàëüíî¿ ³øåì³¿ ì³îêàðäà ³ìó-
íîðåàêòèâí³ñòü çàäîêóìåíòîâàíà â åíäîòåë³î-
öèòàõ ñóäèííîãî ðóñëà  (ðèñ. 4Å) òà ó ñêëàä³
öèòîïëàçìàòè÷íî¿ çåðíèñòîñò³ êàðä³îì³îöèò³â
(ðèñ. 4Á, Ã). Íàâêîëî ñóäèí ç îçíàêàìè òðîì-
áîçó âèÿâëåíî çá³ëüøåííÿ ê³ëüêîñò³  VEGF-
ðåàêòèâíèõ ìàêðîôàã³â (ðèñ. 4Á, Ã, Å). Âíàñ-
ë³äîê òðîìáîçó ñóäèí ïîðóøóºòüñÿ êðîâîïîñ-
òà÷àííÿ êàðä³îì³îöèò³â, ùî ïðèçâîäèòü äî íå-
êðîòè÷íèõ çì³í îñòàíí³õ.

Âàæëèâà âëàñòèâ³ñòü VEGF ôàêòîðà -
öå ïîçèòèâíèé õåìîòàêñè÷íèé åôåêò íà ì³´-
ðàö³þ ïîïåðåäíèê³â åíäîòåë³îöèò³â ³ ìàêðî-
ôàã³â, ÿê³ ³íäóêóþòü ð³ñò ñóäèí ì³êðîöèðêó-
ëÿòîðíîãî ðóñëà [9]. Îòðèìàí³ íàìè äàí³ óç-
ãîäæóþòüñÿ ç ðåçóëüòàòàìè Äîâãàëü Ã.Â. ³
ñï³âàâò. [2], ÿê³ íà ³íø³é ìîäåë³ ³íôàðêòó ì³î-
êàðäà ïîêàçàëè, ùî ó ïåðèôîêàëüí³é ùîäî ³í-
ôàðêòó çîí³ çðîñòàº åêñïðåñ³ÿ ñóäèííîãî åí-
äîòåë³àëüíîãî ôàêòîðó ðîñòó (VEGF), ùî ðîç-
ö³íþºòüñÿ ÿê ìåõàí³çì ñïðÿìîâàíîãî àíã³î´å-
íåçó íàâêîëî ä³ëÿíêè ïîøêîäæåíîãî ì³îêàðäà.

Âèñíîâîê
Ïðîâåäåí³ ³ìóíîã³ñòîõ³ì³÷í³ äîñë³äæåííÿ
ì³îêàðäà ç âèêîðèñòàííÿì ìîíîêëîíàëüíèõ
àíòèò³ë çà óìîâ ãîñòðî¿ ³øåì³¿  ïîêàçàëè, ùî

ó êàðä³îì³îöèòàõ â³äáóâàþòüñÿ àïîïòè÷í³
ïðîöåñè ç ðóéíóâàííÿì ì³îô³áðèë, âíàñë³äîê
÷îãî ðîçâèâàþòüñÿ ïîðóøåííÿ ñêîðîòëèâî¿
ôóíêö³¿ ì³îêàðäà, ó ïîºäíàíí³ ç³ ïîøêîäæåí-
íÿì åíäîòåë³þ ñóäèí ì³êðîöèðêóëÿòîðíîãî
ðóñëà, ïîÿâîþ ó ïåðèâàñêóëÿðíèõ ïðîñòîðàõ
VEGF-ïîçèòèâíèõ ìàêðîôàã³â. Âèÿâëåí³ ó ïå-
ðèâàñêóëÿðíîìó ïðîñòîð³ ìàñòîöèòè äåìîí-
ñòðóâàëè ³ìóíîðåàêòèâí³ñòü ç Casp3 òà CD34.

Ïåðñïåêòèâè ïîäàëüøèõ äîñë³äæåíü.
Ïëàíóºòüñÿ ïðîâåñòè äîñë³äæåííÿ ñò³íêè ñåð-
öÿ ïðè åêñïåðèìåíòàëüí³¿ ³øåì³¿ ì³îêàðäà ç
âèêîðèñòàííÿì òðàíñì³ñ³éíî¿ åëåêòðîííî¿
ì³êðîñêîï³¿.
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