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Äîñë³äæåííÿ º ôðàãìåíòîì íàóêîâî-äîñë³äíî¿ ðî-
áîòè «Ñòðóêòóðí³ ïåðåáóäîâè êîìïîíåíò³â ñåðöåâî-
ñóäèííî¿ ñèñòåìè â óìîâàõ ¿¿ íîðìàëüíîãî é àíî-
ìàëüíîãî ã³ñòîãåíåçó ó ëþäèíè é åêñïåðèìåíòàëüíèõ 
òâàðèí», ¹ äåðæàâíî¿ ðåºñòðàö³¿ 0111U006621.

Âñòóï. Ïðîáëåìà äèñòðåñó ïëîäà º íàäçâè÷àéíî 
àêòóàëüíîþ, ùî îáóìîâëåíî âåëèêîþ ÷àñòîòîþ òÿæ-
êèõ çàõâîðþâàíü òà äèòÿ÷î¿ ñìåðòíîñò³ [21]. Äèñòðåñ-
ñèíäðîì º ðåçóëüòàòîì âïëèâó âíóòð³øíüîóòðîáíî¿ 
ã³ïîêñ³¿ íà ïë³ä òà çóñòð³÷àºòüñÿ ó 4-6% [6]. Ñåðöå-
âî-ñóäèííà ñèñòåìà º íàéóðàçëèâ³øîþ ùîäî âïëèâó 
ã³ïîêñ³¿. Ñåðöå – öå îðãàí, ÿêèé ïî÷èíàº ôóíêö³îíóâàòè 
çàäîâãî äî íàðîäæåííÿ, òîìó âïëèâ òåðàòîãåííèõ 
÷èííèê³â, ñåðåä ÿêèõ ã³ïîêñ³ÿ çàéìàº ïåðøå ì³ñöå 
(46,6%) [16 ], ïðèçâîäèòü äî ôîðìóâàííÿ âðîäæåíèõ 
âàä ñåðöÿ [3].

Ïðåíàòàëüíèé ïåð³îä êàðä³îãåíåçó 
õàðàêòåðèçóºòüñÿ íàéá³ëüø ³íòåíñèâíèìè ïðîöåñà-
ìè ïðîë³ôåðàö³¿ [21], ùî º îñíîâîþ äëÿ êë³òèííîãî 
ðîñòó ó ïîäàëüøîìó. Âñòàíîâëåííÿ ðîë³ ïîðóøåíü 
ïðîë³ôåðàòèâíèõ ìåõàí³çì³â êàðä³îì³îöèò³â, ùî 
çóìîâëåí³ ä³ºþ øê³äëèâèõ ÷èííèê³â ó ïðåíàòàëüíîìó 
ïåð³îä³ îíòîãåíåçó, º ïîÿñíåííÿì ïðîöåñ³â ôîðìóâàí-
íÿ ð³çíîìàí³òíèõ âàä ñåðöÿ.

Ó íàóêîâ³é ë³òåðàòóð³ çóñòð³÷àþòüñÿ ðîáîòè, 
ïðèñâÿ÷åí³ äîñë³äæåííþ ïðîë³ôåðàòèâíî¿ àêòèâíîñò³ 
êàðä³îì³îöèò³â òà äèíàì³ö³ ¿õ çì³í â îíòîãåíåç³ 
çà íîðìàëüíèõ óìîâ [16, 17, 18], â òîé æå ÷àñ ó 
â³äíîøåíí³ àíîìàëüíîãî êàðä³îãåíåçó äàíèõ íåäî-
ñòàòíüî. Ðÿä äîñë³äíèê³â çàéìàëèñü äîñë³äæåííÿì 
âïëèâó òåðàòîãåí³â, òàêèõ ÿê àëêîãîëü òà ðåòèíîºâà 
êèñëîòà íà ïðîöåñè êàðä³îãåíåçó [9, 10, 15], îäíàê 
ôàêòîð ã³ïîêñ³¿, ùî º íàé÷àñò³øîþ ïðè÷èíîþ âàä 
ðîçâèòêó ñåðöÿ, áóâ îñâ³òëåíèé ëèøå â íåçíà÷í³é 
ê³ëüêîñò³ ðîá³ò. Óâàãó äîñë³äíèê³â ïðèâåðòàëî ïèòàí-
íÿ âïëèâó ã³ïîêñ³¿ íà ïðîë³ôåðàòèâí³ ïðîöåñè çð³ëèõ 
êàðä³îì³îöèò³â ññàâö³â [20] òà åíäîòåë³àëüíèõ êë³òèí 
ëþäèíè [2], à òàêîæ ïîñòíàòàëüíîãî âïëèâó ã³ïîêñ³¿ òà 
ïðîë³ôåðàö³þ ì³îêàðäà [19]. Â³äîìî, ùî íàéá³ëüøà 
ê³ëüê³ñòü àíîìàë³é ðîçâèòêó ïîâ’ÿçàíà ç ðàíí³ì 
åìáð³îíàëüíèì ïåð³îäîì, îñê³ëüêè ñòðóêòóðè, ùî ðîç-
âèâàþòüñÿ, º çíà÷íî ÷óòëèâ³øèìè äî ä³¿ ð³çíèõ àãåíò³â 
ó çàçíà÷åíèé òåðì³í [7]. Òîìó äîñë³äæåííÿ îñòàíí³õ 

ðîê³â ñïðÿìîâàí³ íà âèÿâëåííÿ âïëèâó øê³äëèâèõ 
ôàêòîð³â, òàêèõ ÿê ã³ïîêñ³ÿ òà ã³ïåðòåðì³ÿ, íà ðàíí³õ 
åòàïàõ åìáð³îãåíåçó íà ïðîöåñè ïðîë³ôåðàö³¿ êë³òèí 
ì³îêàðäà [6, 7, 22], ïðîòå óâàãà äîñë³äíèê³â ïåðåâàæíî 
áóëà ñïðÿìîâàíà íà øëóíî÷êè. Íåçâàæàþ÷è íà çíà÷íó 
ê³ëüê³ñòü äîñë³äæåíü, ïðèñâÿ÷åíèõ âïëèâó ã³ïîêñ³¿ íà 
ì³îêàðä, äàí³ º ñóïåðå÷ëèâèìè òà ôðàãìåíòàðíèìè, 
ùî ïðèçâîäèòü äî íåîáõ³äíîñò³ ïîäàëüøîãî âèâ÷åííÿ 
äàíîãî ïèòàííÿ. 

Ìåòîþ äîñë³äæåííÿ áóëî âèçíà÷åííÿ ê³ëüê³ñíèõ 
çì³í ïðîöåñ³â ïðîë³ôåðàö³¿ ³ ðîñòó êàðä³îì³îöèò³â ïå-
ðåäñåðäü ùóð³â çà óìîâ âïëèâó ãîñòðî¿ òà õðîí³÷íî¿ 
âíóòð³øíüîóòðîáíî¿ ã³ïîêñ³¿ ïðîòÿãîì ïðåíàòàëüíîãî 
îíòîãåíåçó.

Îá’ºêò ³ ìåòîäè äîñë³äæåííÿ. Äîñë³äæåííÿ âè-
êîíàëè íà á³ëèõ áåçïîðîäíèõ ùóðàõ-ñàìêàõ ³ ¿õíüîìó 
ïîòîìñòâ³. Ó ÿêîñò³ ìàòåð³àëó âèêîðèñòàëè ñåðöÿ 
åìáð³îí³â íà 14-ó, 16-ó òà 18-ó äîáó ïðåíàòàëüíîãî îí-
òîãåíåçó, à òàêîæ ñåðöÿ íîâîíàðîäæåíèõ ùóð³â. 

Óòðèìàííÿ òâàðèí òà åêñïåðèìåíòè ïðîâîäèëèñÿ 
â³äïîâ³äíî äî ïîëîæåíü «ªâðîïåéñüêî¿ êîíâåíö³¿ ïðî 
çàõèñò õðåáåòíèõ òâàðèí, ÿê³ âèêîðèñòîâóþòüñÿ äëÿ 
åêñïåðèìåíò³â òà ³íøèõ íàóêîâèõ ö³ëåé» (Ñòðàñáóðã, 
2005), «Çàãàëüíèõ åòè÷íèõ ïðèíöèï³â åêñïåðèìåíò³â 
íà òâàðèíàõ», óõâàëåíèõ Ï`ÿòèì íàö³îíàëüíèì êîí-
ãðåñîì ç á³îåòèêè (Êè¿â, 2013) [4]. Â³ê îòðèìàíèõ 
åìáð³îí³â âñòàíîâëþâàâñÿ çà ñóêóïí³ñòþ çîâí³øí³õ 
îçíàê ç óðàõóâàííÿì äíÿ ãåñòàö³¿ çã³äíî òàáëèöü íîð-
ìàëüíîãî åìáð³îíàëüíîãî ðîçâèòêó [12].

Â³äïîâ³äíî äî ìåòè äîñë³äæåííÿ òâàðèíè ðîçáèâà-
ëèñÿ íà òðè ãðóïè: òâàðèíè ïåðøî¿ åêñïåðèìåíòàëüíî¿ 
ãðóïè, ùî çàçíàëè âïëèâó ãîñòðî¿ ã³ïîêñ³¿, òâàðèíè 
äðóãî¿ åêñïåðèìåíòàëüíî¿ ãðóïè, ùî çàçíàëè âïëèâó 
õðîí³÷íî¿ ã³ïîêñ³¿ òà òâàðèíè êîíòðîëüíî¿ ãðóïè, ùî 
óòðèìóâàëèñÿ íà çàãàëüíîìó ðåæèì³ ó â³âàð³¿. Ìîäåëþ-
âàííÿ ã³ïîêñ³¿ ïðîâîäèëè çà ñòàíäàðòíîþ ìåòîäèêîþ 
[5] íà âàã³òíèõ ñàìêàõ øëÿõîì ï³äøê³ðíîãî ââåäåííÿ 
1%-ãî í³òðèòó íàòð³þ ó äîçàõ, ùî âèêëèêàþòü ã³ïîêñ³þ 
ñåðåäíüîãî ñòóïåíÿ òÿæêîñò³: íà 13-ó äîáó âàã³òíîñò³ 
â äîç³ 6 ìã/100 ã âàãè îäíîðàçîâî – äëÿ ìîäåëþâàííÿ 
ãîñòðî¿ ïðåíàòàëüíî¿ ã³ïîêñ³¿ òà ç 10-ãî ïî 21-é äåíü 
âàã³òíîñò³ â äîç³ 5 ìã/100 ã âàãè – äëÿ ìîäåëþâàííÿ 
õðîí³÷íî¿ ïðåíàòàëüíî¿ ã³ïîêñ³¿. Êîíòðîëüíèì òâàðèíàì 
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ï³äøê³ðíî ââîäèëè 1 ìë 0,9%-ãî ô³ç³îëîã³÷íîãî ðîç÷è-
íó íàòð³þ õëîðèäó. Åìáð³îíàëüíèé ìàòåð³àë åêñïåðè-
ìåíòàëüíèõ òâàðèí îòðèìóâàëè â ëàáîðàòîðíèõ óìî-
âàõ â³äïîâ³äíî äî ðåêîìåíäàö³é Þ. Ì. Êîæåì’ÿê³íà ³ 
ñï³âàâò. [11]. Ìàòåð³àë ô³êñóâàëè ó ðîç÷èí³ 10%-íîãî 
çàáóôåðåíîãî ôîðìàë³íó, çíåâîäíþâàëè ó ñïèðòàõ 
çðîñòàþ÷î¿ êîíöåíòðàö³¿, ïðîñî÷óâàëè õëîðîôîðìîì 
òà çàëèâàëè ó ïàðàïëàñò. Çð³çè òîâùèíîþ 5 ìêì çà-
áàðâëþâàëè ãåìàòîêñèë³í-åîçèíîì.

Äëÿ âñòàíîâëåííÿ ïðîë³ôåðàòèâíî¿ àêòèâíîñò³ 
êàðä³îì³îöèò³â âèêîðèñòîâóâàëè ìîíîêëîíàëüí³ 
àíòèò³ëà Ê³-67 (Ì²Â-1). ²ìóíîã³ñòîõ³ì³÷í³ ðåàêö³¿ ïðî-
âîäèëèñÿ ç âèêîðèñòàííÿì ñèñòåìè â³çóàë³çàö³¿ LSAB 
(Labelled Streptavidin Biotin). Çàôàðáîâàí³ ã³ñòîëîã³÷í³ 
çð³çè äîñë³äæóâàëè çà äîïîìîãîþ ñâ³òëîâîãî 
ì³êðîñêîïà Infinite Plan Aehromatic XY-B2T, ULAB 
ïðè çá³ëüøåíí³ 200 òà 400. Öèôðîâ³ çîáðàæåííÿ, 
â³äçíÿò³ íà êàìåðó SIGETA UCMOS 3100 (N603-S6), ó 
ïîäàëüøîìó êîíòðàñòóâàëè òà àíàë³çóâàëè ç äîïîìî-
ãîþ ïðîãðàìè ImageJ (National Institutes of Health).

Â õîä³ ðîáîòè âèêîðèñòàíèé êîìïëåêñ ìîðôîìå-
òðè÷íèõ ìåòîäèê [1,13 , 14] òà ïðîâåäåíèé ñòàíäàð-
òíèé á³îìåòðè÷íèé àíàë³ç [8].

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ. 
Ê³ëüê³ñíèé àíàë³ç ìîðôîëîã³÷íèõ çì³í ïåðåäñåðäíîãî 
ì³îêàðäà ïðîâîäèëè ó ä³ëÿíêàõ ïåðåäñåðäü òà âóøîê 
îêðåìî äëÿ ïðàâî¿ òà ë³âî¿ êàìåð. Íà 14-ó äîáó íà ôîí³ 
íåñôîðìîâàíèõ âóøîê äîñë³äæóâàëè ëàòåðàëüí³ çîíè 
ïðàâîãî ïåðåäñåðäÿ (ÏÏ) òà ë³âîãî ïåðåäñåðäÿ (ËÏ).

Íà 14-ó äîáó ïðåíàòàëüíîãî ïåð³îäó ðîçâèòêó 
êàðä³îì³îöèòè (Êìö) ïåðåäñåðäü ùóð³â âèð³çíÿëèñü 
íåâåëèêèìè ðîçì³ðàìè ç îêðóãëèìè ÿäðàìè òà âèñî-
êîþ ïðîë³ôåðàòèâíîþ àêòèâí³ñòþ. ²íäåêñ ïðîë³ôåðàö³¿ 
ïåðåäñåðäíèõ Êìö òâàðèí äðóãî¿ åêñïåðèìåíòàëüíî¿ 
ãðóïè äîñòîâ³ðíî íå ðîçð³çíÿâñÿ ó ð³çíèõ ä³ëÿíêàõ ïå-
ðåäñåðäíîãî ì³îêàðäà (òàáë. 1). Çíà÷åííÿ íàâåäå-
íîãî ïîêàçíèêà òàêîæ äîñòîâ³ðíî íå â³äð³çíÿëèñü â³ä 
çíà÷åíü ãðóïè êîíòðîëþ íà îçíà÷åíîìó òåðì³í³.

Çà óìîâ âïëèâó õðîí³÷íî¿ ã³ïîêñ³¿ (ÕÃ) íà 14-ó äîáó 
ïðåíàòàëüíîãî ïåð³îäó ðîçâèòêó ð³çí³ ä³ëÿíêè ïåðåä-
ñåðäíîãî ì³îêàðäà äåìîíñòðóâàëè äîñòîâ³ðíî â³äì³íí³ 
çíà÷åííÿ òîâùèíè ì³îêàðäà: ÏÏ – 10,305±0,517 ìêì, 
ëàòåðàëüíà çîíà ÏÏ – 6,86±0,63 ìêì, ËÏ – 6,97±126 
ìêì, ëàòåðàëüíà çîíà ËÏ – 5,816±0,587 ìêì (òàáë. 2). 
Çíà÷åííÿ íàâåäåíîãî ïîêàçíèêà òâàðèí äðóãî¿ 
åêñïåðèìåíòàëüíî¿ ãðóïè äîñòîâ³ðíî íå ðîçð³çíÿëèñü 
â³ä çíà÷åíü ãðóïè êîíòðîëþ íà öüîìó òåðì³í³.

Âïëèâ ÕÃ íà 16-ó äîáó ïðåíàòàëüíîãî ïåð³îäó ðîç-
âèòêó ïîçíà÷èâñÿ íà ïðîë³ôåðàòèâí³é àêòèâíîñò³ Êìö: 
çíà÷åííÿ ³íäåêñó ïðîë³ôåðàö³¿ ïåðåäñåðäíèõ Êìö òâà-
ðèí äðóãî¿ åêñïåðèìåíòàëüíî¿ ãðóïè áóëè äîñòîâ³ðíî 
âèùèìè íà 40,8% (p<0,05) ó ÏÏ, íà 56,6% (p<0,05) 
– ó ïðàâîìó âóøö³ (ÏÂ), íà 38,9% (p<0,05) – ó ËÏ òà 
íà 62,8% (p<0,05) – ó ë³âîìó âóøö³ (ËÂ) ó ïîð³âíÿíí³ 
ç íîðìîþ, ïðîòå ó ïîð³âíÿíí³ ç ïîïåðåäí³ì òåðì³íîì 
äîñòîâ³ðíî íå â³äð³çíÿëèñü.

Ï³ä âïëèâîì ÕÃ íà 16-ó äîáó ïðåíàòàëüíîãî ïåð³îäó 
ðîçâèòêó çíà÷åííÿ òîâùèíè ì³îêàðäà äîñòîâ³ðíî íå 
â³äð³çíÿëèñü â³ä â³äïîâ³äíèõ çíà÷åíü íà ïîïåðåäíüîìó 

Òàáëèöÿ 1

²íäåêñ ïðîë³ôåðàö³¿ ïðàâîãî ïåðåäñåðäÿ, ïðàâîãî âóøêà, ë³âîãî ïåðåäñåðäÿ òà ë³âîãî 
âóøêà êàðä³îì³îöèò³â ùóð³â ïðîòÿãîì ïðåíàòàëüíîãî îíòîãåíåçó (%), M ± m

Ïåð³îä ðîçâèòêó Òåðì³í 
äîñë³äæåí-
íÿ, äîáà

Ãðóïà ²íäåêñ ïðîë³ôåðàö³¿, %

ÏÏ ÏÂ ËÏ ËÂ

Ïðåíàòàëüíèé 14 Ïåðøà 
åêñïåðèìåíòàëüíà

87,0±9,3 95,5±10,5 70,0±7,1 83,5±8,6

Äðóãà 
åêñïåðèìåíòàëüíà

778,50±1,95 98,0±2,7 75,50±3,05 78,10±3,05

Êîíòðîëüíà 86,5±8,25 96,0±9,6 73,53±7,23 82,09±8,46

16 Ïåðøà 
åêñïåðèìåíòàëüíà

44,22±,37* 50,9±5,6* 35,0±4,2* 38,4±4,1*

Äðóãà 
åêñïåðèìåíòàëüíà

66,4±3,3^ 85,33±,84^ 52,85±6,22^ 73,75±2,52^

Êîíòðîëüíà 47,15±,41* 54,5±2,9* 38,05±2,11* 45,29±4,35*

Ïîñòíàòàëüíèé 1 Ïåðøà 
åêñïåðèìåíòàëüíà

23,95±,63* 30,19±,28* 15,6±2,1* 23,19±,19*

Äðóãà 
åêñïåðèìåíòàëüíà

33,9±3,9*^ 41,18±3,02*^ 23,50±1,01*^ 36,60±2,02*^

Êîíòðîëüíà 25,62±,05* 33,16±,40* 18,29±,33* 25,19±,19*

Ïðèì³òêà: * – äîñòîâ³ðíà â³äì³íí³ñòü â³ä ïîïåðåäíüîãî òåðì³íó äîñë³äæåííÿ (p<0,05); ^ – äîñòîâ³ðíà â³äì³íí³ñòü â³ä ãðóïè êîíòðîëþ 

(p<0,05).
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òåðì³í³, ïðîòå áóëè íèæ÷èìè íà 44,9% (p<0,05) ó ÏÂ, 
íà 36,9% (p<0,05) – ó ËÂ òà íà 43,4% (p<0,05) – ó ËÏ ó 
ïîð³âíÿíí³ ç íîðìîþ. 

Çíà÷åííÿ òîâùèíè ì³îêàðäà òâàðèí äðóãî¿ 
åêñïåðèìåíòàëüíî¿ ãðóïè íà 18-ó äîáó ïðåíàòàëüíî-
ãî ïåð³îäó ðîçâèòêó áóëè ìåíøèìè íà 21,2% ó ÏÏ, íà 
44,7% (p<0,05) – ó ÏÂ, íà 39,2% (p<0,05) – ó ËÏ òà íà 
35,1% (p<0,05) – ó ËÂ ó ïîð³âíÿíí³ ç íîðìîþ, ïðîòå 
äîñòîâ³ðíî íå â³äð³çíÿëèñü ó ïîð³âíÿíí³ ç ïîïåðåäí³ì 
òåðì³íîì.

Òîâùèíà ì³îêàðäà òâàðèí äðóãî¿ 
åêñïåðèìåíòàëüíî¿ ãðóïè íàáóâàº ìàêñèìàëüíîãî 
çíà÷åííÿ äî ìîìåíòó íàðîäæåííÿ ó ÏÏ – 30,01±5,11 
ìêì, ùî äîñòîâ³ðíî á³ëüøå íà 149,8% çà â³äïîâ³äíèé 
ïîêàçíèê ó ËÏ, íà 223,5% – ó ÏÂ òà 162,1% – ó ËÂ. Ï³ñëÿ 
âïëèâó ÕÃ îçíà÷åíèé ïîêàçíèê íîâîíàðîäæåíèõ ùóð³â 
äîñòîâ³ðíî çá³ëüøèâñÿ íà 208,8% ó ÏÏ, íà 57,2% – ó 
ÏÂ, íà 119,6% – ó ËÏ òà íà 104,0% – ó ËÂ ó ïîð³âíÿíí³ ç 
ïîïåðåäí³ì òåðì³íîì. Ïåðåäñåðäíèé ì³îêàðä òâàðèí 
äðóãî¿ åêñïåðèìåíòàëüíî¿ ãðóïè áóâ òîíøèì íà 76,4% 
(p<0,05) ó ÏÂ òà 62,9% (p<0,05) – ó ËÏ ó ïîð³âíÿíí³ ç 
ãðóïîþ êîíòðîëþ íà îçíà÷åíîìó òåðì³í³.

Ïðîàíàë³çóâàâøè ³íäåêñ ïðîë³ôåðàö³¿ ïåðåäñåðä-
íîãî ì³îêàðäà òâàðèí ïåðøî¿ åêñïåðèìåíòàëüíî¿ 
ãðóïè íà 14-ó äîáó ïðåíàòàëüíîãî ðîçâèòêó ìè íå 
ñïîñòåð³ãàëè äîñòîâ³ðíèõ ðîçð³çíåíü ì³æ çíà÷åííÿìè 
³íäåêñó ïðîë³ôåðàö³¿ Êìö ëàòåðàëüíèõ çîí òà Êìö ïå-
ðåäñåðäü. Ìàêñèìàëüíå çíà÷åííÿ íàâåäåíîãî ïîêàç-
íèêà ïðèïàäàëî íà ëàòåðàëüíó çîíó ÏÏ – 95±5,01%. 
Çíà÷åííÿ ³íäåêñó ïðîë³ôåðàö³¿ òâàðèí ïåðøî¿ 
åêñïåðèìåíòàëüíî¿ ãðóïè äîñòîâ³ðíî íå â³äð³çíÿëèñü 
â³ä çíà÷åíü ãðóïè êîíòðîëþ.

Íà 1-ó äîáó ï³ñëÿ âïëèâó ãîñòðî¿ ã³ïîêñ³¿ (ÃÃ) òîâùè-
íà ì³îêàðäà åìáð³îí³â ùóð³â íå ðîçð³çíÿëàñü ó ð³çíèõ 
ä³ëÿíêàõ ïåðåäñåðäü. Çíà÷åííÿ íàâåäåíîãî ïîêàçíèêà 
òâàðèí ïåðøî¿ åêñïåðèìåíòàëüíî¿ ãðóïè äîñòîâ³ðíî 
íå â³äð³çíÿëèñü â³ä çíà÷åíü ãðóïè êîíòðîëþ.

²íäåêñ ïðîë³ôåðàö³¿ Êìö ïåðåäñåðäü òà âóøîê íà 
16-ó äîáó ïðåíàòàëüíîãî ðîçâèòêó òâàðèí ïåðøî¿ 
åêñïåðèìåíòàëüíî¿ ãðóïè äîñòîâ³ðíî çíèçèâñÿ ó 
ÏÏ íà 49,2%, ó ÏÂ – íà 46,5%, ó ËÏ – íà 50,0% òà ó 
ËÂ – íà 54,0% ó ïîð³âíÿíí³ ç ïîïåðåäí³ì òåðì³íîì. 
×åðåç 3 äí³ ï³ñëÿ âïëèâó ÃÃ çíà÷åííÿ íàâåäåíîãî 

Òàáëèöÿ 2

Òîâùèíà ì³îêàðäà ïðàâîãî ïåðåäñåðäÿ, ïðàâîãî âóøêà, ë³âîãî ïåðåäñåðäÿ òà ë³âîãî 

âóøêà ùóð³â ïðîòÿãîì ïðåíàòàëüíîãî îíòîãåíåçó (ìêì), M ± m

Ïåð³îä 
ðîçâèòêó

Òåðì³í 
äîñë³äæåííÿ, 
äîáà

Ãðóïà Òîâùèíà ì³îêàðäà, ìêì

ÏÏ ÏÂ ËÏ ËÂ

Ïðåíàòàëüíèé 14 Ïåðøà 
åêñïåðèìåíòàëüíà

9,38±0,95 9,4±0,9 9,5±0,9 9,0±1,3

Äðóãà åêñïåðèìåíòàëüíà 10,30±1,05 6,86±0,63 6,97±0,73 5,82±0,59

Êîíòðîëüíà 9,40±0,87 9,38±1,07 9,98±0,94 8,02±1,02

16 Ïåðøà 
åêñïåðèìåíòàëüíà

11,87±1,01 13,68±1,119 11,11±0,82 9,75±0,95

Äðóãà åêñïåðèìåíòàëüíà 9,72±0,89 5,9±0,6^ 5,46±0,52^ 5,61±0,47^

Êîíòðîëüíà 9,05±1,44 10,72±1,04 9,64±1,38 8,89±0,38

18 Ïåðøà 
åêñïåðèìåíòàëüíà

11,98±2,03 11,1±1,01 11,2±2,5 9,67±1,17

Äðóãà åêñïåðèìåíòàëüíà 15,99±1,57 6,11±1,57^ 6,08±0,65^ 6,0±0,7^

Êîíòðîëüíà 12,60±0,93 11,04±0,57 10,01±1,36 9,03±0,80

Ïîñòíàòàëüíèé 1 Ïåðøà 
åêñïåðèìåíòàëüíà

17,64±3,12 10,76±1,75 11,86±1,75 9,91±1,54

Äðóãà åêñïåðèìåíòàëüíà 30,01±5,11* 9,28±1,02*^ 12,01±0,99*^ 11,45±1,04*^

Êîíòðîëüíà 29,30±3,77* 16,36±1,75 19,57±1,98* 12,97±1,69

Ïðèì³òêà: * – äîñòîâ³ðíà â³äì³íí³ñòü â³ä ïîïåðåäíüîãî òåðì³íó äîñë³äæåííÿ (p<0,05); ̂  – äîñòîâ³ðíà â³äì³íí³ñòü â³ä ãðóïè êîíòðîëþ (p<0,05).
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ïîêàçíèêà äîñòîâ³ðíî íå â³äð³çíÿëèñü â³ä çíà÷åíü 
ãðóïè êîíòðîëþ.

Íà 16-ó äîáó ïðåíàòàëüíîãî ïåð³îäó ðîçâèòêó 
çíà÷åííÿ òîâùèíè ì³îêàðäà ïåðåäñåðäü òà âóøîê 
òâàðèí ïåðøî¿ åêñïåðèìåíòàëüíî¿ ãðóïè äîñòîâ³ðíî 
íå â³äð³çíÿëèñü â³ä çíà÷åíü ïîïåðåäíüîãî òåðì³íó òà 
çíà÷åíü ãðóïè êîíòðîëþ. Òîâùèíà ì³îêàðäà íà 18-ó 
äîáó ïðåíàòàëüíîãî ïåð³îäó ðîçâèòêó ï³ñëÿ âïëèâó ÃÃ 
äîñòîâ³ðíî íå â³äð³çíÿëàñü ó ïîð³âíÿíí³ ç 16-þ äîáîþ 
ïðåíàòàëüíîãî ïåð³îäó ðîçâèòêó òà ó ïîð³âíÿíí³ ç 
íîðìîþ.

Ïðîë³ôåðàòèâíà àêòèâí³ñòü ïåðåäñåðäíèõ Êìö 
òâàðèí ïåðøî¿ åêñïåðèìåíòàëüíî¿ ãðóïè ïîñòóïîâî 
çíèæóâàëàñü äî 1-¿ äîáè ïîñòíàòàëüíîãî ïåð³îäó ðîç-
âèòêó, ùî ïðîÿâëÿëîñü ó çìåíøåíí³ ê³ëüêîñò³ Ê³-67-
ïîçèòèâíèõ êë³òèí ó ïîð³âíÿíí³ ç 16-þ äîáîþ (ðèñ.). 
Çíà÷åííÿ ³íäåêñó ïðîë³ôåðàö³¿ Êìö ïåðåäñåðäü íîâî-
íàðîäæåíèõ ùóð³â, ùî çàçíàëè âïëèâó ÃÃ, áóëè íèæ÷è-
ìè íà 45,7% (p<0,05) ó ÏÏ, íà 40,7% (p<0,05) – ó ÏÂ, 
íà 38,1% (p<0,05) – ó ËÏ òà íà 39,5% (p<0,05) – ó ËÂ çà 
çíà÷åííÿ ïîïåðåäíüîãî òåðì³íó, ïðîòå äîñòîâ³ðíî íå 
â³äð³çíÿëèñü â³ä çíà÷åíü ãðóïè êîíòðîëþ. 

Íà 1-ó äîáó ïîñòíàòàëüíîãî ïåð³îäó ðîçâèòêó çíà-
÷åííÿ òîâùèíè ì³îêàðäà äîñòîâ³ðíî â³äð³çíÿëèñü ó 
ïðàâèõ â³ää³ëàõ ïåðåäñåðäü: ÏÏ – 15,41875±2,76 ìêì, 
ÏÂ – 10,78±1,75 ìêì. Çíà÷åííÿ íàâåäåíîãî ïîêàçíè-
êà òâàðèí ïåðøî¿ åêñïåðèìåíòàëüíî¿ äîñòîâ³ðíî íå 
â³äð³çíÿëèñü â³ä çíà÷åíü ãðóïè êîíòðîëþ.

Ðèñ. Ã³ñòîëîã³÷íèé çð³ç ïåðåäñåðäíîãî â³ää³ëó åìáð³îíà ùóðà íà 

16-é äîá³ ïðåíàòàëüíîãî ðîçâèòêó (À) òà íîâîíàðîäæåíîãî ùóðà 

(Á) ïåðøî¿ åêñïåðèìåíòàëüíî¿ ãðóïè. ²ìóíîã³ñòîõ³ì³÷íà ðåàêö³ÿ, 

ìàðêåð Ê³-67, äîôàðáóâàííÿ ãåìàòîêñèë³íîì Ìàéåðà. 400.

Òàêèì ÷èíîì, âïëèâ ÕÃ íà ïðîë³ôåðàòèâí³ ïðîöåñè 
Êìö ïåðåäñåðäü áóâ íåîäíîçíà÷íèì: çíà÷åííÿ ³íäåêñó 
ïðîë³ôåðàö³¿ òâàðèí äðóãî¿ åêñïåðèìåíòàëüíî¿ ãðóïè 
íà ïî÷àòêîâèõ òåðì³íàõ äîñë³äæåííÿ (14-à äîáà ïðå-
íàòàëüíîãî ïåð³îäó ðîçâèòêó) íå â³äð³çíÿëèñü â³ä 
â³äïîâ³äíèõ çíà÷åíü íîðìè, íà 16-ó äîáó ïðåíàòàëü-
íîãî ïåð³îäó ðîçâèòêó – áóëè äîñòîâ³ðíî âèùèìè, íà 
1-ó äîáó ïðåíàòàëüíîãî ïåð³îäó ðîçâèòêó – ïîâåð-
òàëèñü äî çíà÷åíü íîðìè. Îçíà÷åíå óçãîäæóºòüñÿ ç 
äàíèìè ³íøèõ äîñë³äíèê³â [6, 7]. Îòæå, ï³äâèùåííÿ 
ïðîë³ôåðàòèâíî¿ àêòèâíîñò³ Êìö ïåðåäñåðäü íà 
16-ó äîáó ïðåíàòàëüíîãî ïåð³îäó ðîçâèòêó ï³ä âïëè-
âîì õðîí³÷íî¿ ã³ïîêñ³¿ º êîìïåíñàòîðíîþ â³äïîâ³ääþ 
êë³òèí ì³îêàðäà íà ä³þ øê³äëèâîãî ÷èííèêà. Ïðîòå 
îçíà÷åí³ çì³íè íîñèëè òðàíçèòîðíèé õàðàêòåð, 

ïîñòóïîâî íàáëèæóþ÷èñü äî çíà÷åíü íîðìè äî ê³íöÿ 

ïðåíàòàëüíîãî ïåð³îäó ï³ñëÿ ïðèïèíåííÿ âïëèâó ÕÃ. 

Ó ïåðø³é åêñïåðèìåíòàëüí³é ãðóï³ çíà÷åííÿ ³íäåêñó 

ïðîë³ôåðàö³¿ Êìö ïåðåäñåðäü òà âóøîê äîñòîâ³ðíî íå 

â³äð³çíÿëèñü â³ä â³äïîâ³äíèõ çíà÷åíü ãðóïè êîíòðîëþ 

íà âñ³õ åòàïàõ äîñë³äæåííÿ, ùî ñâ³ä÷èòü ïðî òå, ùî 

ãîñòðà ã³ïîêñ³ÿ íå âïëèâàº íà ïðîë³ôåðàòèâí³ ïðîöåñè 

Êìö ïåðåäñåðäü.

Ìè ñïîñòåð³ãàëè çâîðîòí³é çâ’ÿçîê ì³æ çì³íàìè 

òîâùèíè ì³îêàðäà òà òðèâàë³ñòþ âïëèâó ã³ïîêñ³¿: ó òâà-

ðèí äðóãî¿ åêñïåðèìåíòàëüíî¿ ãðóïè íà 14-ó äîáó ïðå-

íàòàëüíîãî ðîçâèòêó (2-à äîáà âïëèâó ã³ïîêñ³¿) çíà÷åí-

íÿ òîâùèíè ì³îêàðäà äîñòîâ³ðíî íå â³äð³çíÿëèñü â³ä 

çíà÷åíü íîðìè, òîä³ ÿê íà 16-ó äîáó (4-à äîáà âïëèâó 

ã³ïîêñ³¿) çíà÷åííÿ íàâåäåíîãî ïîêàçíèêà áóëè íèæ÷è-

ìè íà 44,9% (p<0,05) ó ÏÂ, íà 36,9% (p<0,05) – ó ËÂ 

òà íà 43,4% (p<0,05) – ó ËÏ ó ïîð³âíÿíí³ ç íîðìîþ. Ó 

òâàðèí ïåðøî¿ åêñïåðèìåíòàëüíî¿ ãðóïè çíà÷åííÿ 

òîâùèíè ì³îêàðäà äîñòîâ³ðíî íå â³äð³çíÿëèñü â³ä çíà-

÷åíü íîðìè.

Òàêèì ÷èíîì, â³ä 14-¿ äîáè ïðåíàòàëüíîãî ïåð³îäó 

äî 1-¿ äîáè ïîñòíàòàëüíîãî ïåð³îäó ðîçâèòêó â íîðì³ 

òà çà óìîâ âïëèâó ð³çíèõ ðåæèì³â ã³ïîêñ³¿ ³íäåêñ 

ïðîë³ôåðàö³¿ ïåðåäñåðäíèõ Êìö ìàâ òåíäåíö³þ 

äî çíèæåííÿ, òîä³ ÿê òîâùèíà ì³îêàðäà ïîñòóïîâî 

çá³ëüøóâàëàñü. Ïàðíèé êîðåëÿö³éíèé àíàë³ç 

îçíà÷åíèõ ïîêàçíèê³â ó òâàðèí êîíòðîëüíî¿ 

ãðóïè âèÿâèâ ñèëüíèé çâîðîòí³é çâ’ÿçîê ì³æ 

íèìè, êîåô³ö³ºíò êîðåëÿö³¿ r ñòàíîâèâ -0,78 

(ð<0,05). ßê áóëî çàçíà÷åíî ðàí³øå, âïëèâ ÕÃ 

íà 16-ó äîáó ïðåíàòàëüíîãî ïåð³îäó ðîçâèòêó 

ïðèçâ³â äî ï³äâèùåííÿ ³íäåêñó ïðîë³ôåðàö³¿ 

Êìö òà çíèæåííÿ òîâùèíè ì³îêàðäà ïåðåä-

ñåðäü ùóð³â äðóãî¿ åêñïåðèìåíòàëüíî¿ ãðóïè 

ó ïîð³âíÿíí³ ç íîðìîþ, ùî îáóìîâëþº ùå 

âèùèé êîåô³ö³ºíò êîðåëÿö³¿ (-0,94 (ð<0,05)).

Âèñíîâêè. Çà óìîâ âïëèâó ð³çíèõ 

ðåæèì³â ã³ïîêñ³¿ òà â íîðì³ â³ä 14-¿ äîáè ïðåíàòàëüíî-

ãî ïåð³îäó äî 1-¿ äîáè ïîñòíàòàëüíîãî ïåð³îäó ðîçâèò-

êó òîâùèíà ì³îê àðäà äåìîíñòðóº çâîðîòí³é çâ’ÿçîê ç 

³íäåêñîì ïðîë³ôåðàö³¿ êàðä³îì³îöèò³â ïåðåäñåðäü; â 

íîðì³ êîåô³ö³ºíò êîðåëÿö³¿ r ñòàíîâèòü -0,78 (ð<0,05). 

Çà óìîâ âïëèâó õðîí³÷íî¿ ã³ïîêñ³¿ íà 16-ó äîáó ïðå-

íàòàëüíîãî ïåð³îäó ðîçâèòêó â³äáóâàþòüñÿ ñóòòºâ³ 

çì³íè ïðîë³ôåðàòèâíî¿ àêòèâíîñò³: êîìïåíñàòîðíî 

ï³äâèùóºòüñÿ ³íäåêñ ïðîë³ôåðàö³¿, ùî îáóìîâëþº ùå 

âèùèé êîåô³ö³ºíò êîðåëÿö³¿ (-0,94 (ð<0,05)). Ãîñòðà 

ã³ïîêñ³ÿ ñóòòºâî íå âïëèâàº íà ïðîöåñè ïðîë³ôåðö³¿ 

ïåðåäñåðäíèõ êàðä³îì³îöèò³â.

Ïåðñïåêòèâè ïîäàëüøèõ äîñë³äæåíü. Ó ïî-

äàëüøîìó ïëàíóºòüñÿ çàñòîñóâàííÿ òðèâèì³ðíîã î 

êîìï’þòåðíîãî ìîäåëþâàííÿ äëÿ àíàë³çó ìîðôîãåíå-

çó ïåðåäñåðíèõ â³ää³ë³â ñåðöÿ çà óìîâ âïëèâó ð³çíèõ 

ðåæèì³â ïðåíàòàëüíî¿ ã³ïîêñ³¿.
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Ê²ËÜÊ²ÑÍÀ ÎÖ²ÍÊÀ ÌÎÐÔÎËÎÃ²×ÍÈÕ ÇÌ²Í ÏÅÐÅÄÑÅÐÄ-ÍÎÃÎ Ì²ÎÊÀÐÄÀ ÙÓÐ²Â ÇÀ ÓÌÎÂ ÂÏËÈÂÓ 

Ã²ÏÎÊÑ²¯ ÏÐÎÒßÃÎÌ ÏÐÅÍÀÒÀËÜÍÎÃÎ ÎÍÒÎÃÅÍÅÇÓ
Øåâ÷åíêî Ê. Ì.
Ðåçþìå. Ïðîâåäåíî ê³ëüê³ñíèé àíàë³ç ìîðôîëîã³÷íèõ çì³í ïåðåäñåðäíîãî ì³îêàðäà ùóð³â â íîðì³ òà çà óìîâ 

âïëèâó ãîñòðî¿ òà õðîí³÷íî¿ ã³ïîêñ³¿ íà åòàïàõ ïðåíàòàëüíîãî îíòîãåíåçó. Äîñë³äæåííÿ ïîêàçàëè, ùî â³ä 14-¿ äîáè 
ïðåíàòàëüíîãî ïåð³îäó äî 1-¿ äîáè ïîñòíàòàëüíîãî ïåð³îäó ðîçâèòêó â íîðì³ òà çà óìîâ âïëèâó ð³çíèõ ðåæèì³â 
ã³ïîêñ³¿ ì³æ ³íäåêñîì ïðîë³ôåðàö³¿ òà òîâùèíîþ ì³îêàðäà ³ñíóº ñèëüíèé çâîðîòí³é çâ’ÿçîê, êîåô³ö³ºíò êîðåëÿö³¿ 
r â íîðì³ ñòàíîâèòü -0,78 (ð<0,05). Õðîí³÷íà ã³ïîêñ³ÿ ïðèçâîäèòü äî çíèæåííÿ òîâùèíè ì³îêàðäà òà êîìïåíñà-
òîðíîãî ï³äâèùåííÿ ³íäåêñó ïðîë³ôåðàö³¿ ó ïîð³âíÿíí³ ç íîðìîþ, ùî îáóìîâëþº ùå âèùèé êîåô³ö³ºíò êîðåëÿö³¿ 
(-0,94 (ð<0,05)). Ãîñòðà ã³ïîêñ³ÿ ñóòòºâî íå çì³íþº çíà÷åííÿ íàâåäåíèõ ïîêàçíèê³â.

Êëþ÷îâ³ ñëîâà: ùóðè, ïåðåäñåðäíèé ì³îêàðä, ïðåíàòàëüíà ã³ïîêñ³ÿ, êàðä³îãåíåç. 
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ÊÎËÈ×ÅÑÒÂÅÍÍÀß ÎÖÅÍÊÀ ÌÎÐÔÎËÎÃÈ×ÅÑÊÈÕ ÈÇÌÅÍÅÍÈÉ ÏÐÅÄÑÅÐÄÍÎÃÎ ÌÈÎÊÀÐÄÀ ÊÐÛÑ 

Â ÓÑËÎÂÈßÕ ÂËÈßÍÈß ÃÈÏÎÊÑÈÈ Â ÒÅ×ÅÍÈÅ ÏÐÅÍÀÒÀËÜÍÎÃÎ ÎÍÒÎÃÅÍÅÇÀ
Øåâ÷åíêî Å. Í.
Ðåçþìå. Ïðîâåäåí êîëè÷åñòâåííûé àíàëèç ìîðôîëîãè÷åñêèõ èçìåíåíèé ïðåäñåðäíîãî ìèîêàðäà êðûñ â 

íîðìå è ïðè âîçäåéñòâèè îñòðîé è õðîíè÷åñêîé ãèïîêñèè íà ýòàïàõ ïðåíàòàëüíîãî îíòîãåíåçà. Èññëåäîâàíèÿ 
ïîêàçàëè, ÷òî ñ 14-ãî äíÿ ïðåíàòàëüíîãî ïåðèîäà ïî 1-é äåíü ïîñòíàòàëüíîãî ïåðèîäà ðàçâèòèÿ â íîðìå è ïðè 
âîçäåéñòâèè ðàçëè÷íûõ ðåæèìîâ ãèïîêñèè ìåæäó èíäåêñîì ïðîëèôåðàöèè è òîëùèíîé ìèîêàðäà ñóùåñòâó-
åò ñèëüíàÿ îáðàòíàÿ ñâÿçü, êîýôôèöèåíò êîððåëÿöèè r â íîðìå ñîñòàâëÿåò -0, 78 (ð <0,05). Õðîíè÷åñêàÿ ãè-
ïîêñèÿ ïðèâîäèò ê ñíèæåíèþ òîëùèíû ìèîêàðäà è êîìïåíñàòîðíîìó ïîâûøåíèþ èíäåêñà ïðîëèôåðàöèè ïî 
ñðàâíåíèþ ñ íîðìîé, ÷òî îáóñëàâëèâàåò åùå áîëüøèé êîýôôèöèåíò êîððåëÿöèè (-0,94 (ð <0,05)). Çíà÷åíèÿ 
ïðèâåäåííûõ ïîêàçàòåëåé ïîñëå âîçäåéñòâèÿ îñòðîé ãèïîêñèè ñóùåñòâåííî íå îòëè÷àëèñü îò çíà÷åíèé ãðóïïû 
êîíòðîëÿ. 

Êëþ÷åâûå ñëîâà: êðûñû, ïðåäñåðäíûé ìèîêàðä, ïðåíàòàëüíàÿ ãèïîêñèÿ, êàðäèîãåíåç.
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Quantitative Analysis of Morphological Changes of Rat Atrial Myocardium under the Influence of Hypoxia 

during Prenatal Ontogenesis
Shevchenko K. M.

Abstract. Introduction. Intrauterine hypoxic stress leads to infant mortality and developmental abnormalities 
and postnatal deficits. Fetal hypoxia compromises the cardiovascular system and has negative consequences. 
Complications from hypoxia are among the top 10 causes of fetal death and elevated risk of adult cardiovascular 
disease. During cardiogenesis the heart undergoes further remodeling with growth primarily from increased cellular 
proliferation. Hypoxia induces changes in fetal heart morphology. Abnormalities in fetal heart structure are result of 
proliferation changes. Most studies of fetal hypoxia focus on hypoxia late in gestation, but little is known about it`s 
effects on the early mammalian fetus. We investigated the effects of hypoxia on prenatal stages of ontogenesis as it is 
known that fetuses are more sensitive to hypoxia on early stages of ontogenesis. Our main purpose was to determine 
quantitative changes of atrial myocardium proliferation and growth under influence of acute and chronic hypoxia during 
prenatal stages of ontogenesis. 

Materials and methods. As the material we used for embryo hearts on 14th, 16th and 18th embryonic day and hearts 
of newborn rats. Induction of hypoxia was made by standard method. Pregnant females were injected by 1% sodium 
nitrite solution subcutaneous in dose of 6 mg per 100 g of weight on 13th embryonic day in case of acute hypoxia and in 
dose of 5 mg per 100 g of weight from 10th to 21th embryonic days in case of chronic hypoxia. Fetal hearts were fixed 
overnight at 10% buffered neutral formalin. Tissues ware then dehydrated through following changes of ethanol and 
chloroform. Hearts were paraffin-embedded and cuted in 5-μm sections onto slides. Tissue sections were stained with 
hematoxylin and eosin according to standard protocol. To investigate proliferative activity of rat atrial cardiomyocytes 
we used monoclonal antibodies Ki-67. The digital images were analyzed using a computer with NIH Image. 

Results and discussion. Effects of chronic hypoxia influence to proliferative processes atrial cardiomyocytes were 
ambiguous. Proliferation index of second experimental group animals on initial term of investigation (14th embryonic 
day) was not significantly different from control group. On 16th embryonic day the values of this parameter were 
significantly higher and on 1st day of postnatal development period it returned to the values of control group. Hence, 
elevation of proliferative activity atrial cardiomyocytes on 16th day embryonic day under the influence of chronic 
hypoxia was a compensatory response to myocardial cells to the action of harmful factors. However, these changes 
were transient and were tending to the values the control group to the birth the end of chronic hypoxia influence. First 
experimental group proliferation index of atrial cardiomyocytes was not significantly different from control group on 
all investigation terms. Acute hypoxia did not affect the proliferative processes of atrial cardiomyocytes. We observed 
inverse relationship between changes in the myocardial thickness and time of hypoxia influence. Myocardial thickness 
of the animals second experimental group on the 14th embryonic day (second day of hypoxia influence) was not 
significantly different from the control group. On 16th embryonic day (4th day hypoxia influence) values this parameter 
were lower on 44,9% (p<0,05) on the right auricle, to 36,9% (p<0,05) – on the left auricle and to 43,4% (p <0,05) – 
on the left atrium compared to the control group. The values the myocardial thickness of the first experimental group 
animals were not significantly different from to the values control group. 

Conclusion. Analysis showed that between proliferation index and myocardial thickness there is a strong inverse 
relationship from 14th day prenatal period to 1st day of postnatal period of development under the normal conditions 
and under the influence of different models of hypoxia. The correlation ratio is -0,78 (p<0,05) on normal conditions. 
Chronic hypoxia leads to myocardial thinning and compensatory elevates proliferation index. That is cause of higher 
correlation ratio (-0.94 (p<0,05)). Acute hypoxia did not significantly change value of the given parameters.

Keywords: rats, atrial myocardium, prenatal hypoxia, cardiogenesis.
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