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Äîñë³äæåííÿ âèêîíàíî ó ðàìêàõ íàóêîâî–äîñë³ä-
íèöüêî¿ ðîáîòè êàôåäðè àíàòîì³¿ ëþäèíè «Ðîçâèòîê 
òà ñòàíîâëåííÿ îðãàí³â òà òêàíèí åêñïåðèìåíòàëü-
íèõ òâàðèí òà ëþäèíè â îíòîãåíåç³ ó íîðì³ òà ï³ä 
âïëèâîì çîâí³øí³õ ÷èííèê³â», ¹ äåðæàâíî¿ ðåºñòðà-
ö³¿ 0112U002124. 

Âñòóï. Ðîçâèòîê ðåïðîäóêòèâíèõ òåõíîëîã³é ïî-
òðåáóº âñ³ëÿêîãî òà âñåá³÷íîãî ðîçóì³ííÿ ìàéæå óñ³õ 
åìáð³îíàëüíèõ ïîä³é, çîêðåìà, ùî ìàº îñîáëèâó çî-
ñåðåäæåí³ñòü, ôîðìóâàííÿ òà ðîçâèòîê ñåðöåâî–ñó-
äèííî¿ ñèñòåìè. Äî öüîãî ÷àñó îêðåìèìè øëÿõàìè 
ïðîâîäèëèñü äîñë³äæåííÿ, ïðèñâÿ÷åí³ ðîçâèòêó ö³-
ë³ñíîãî åìáð³îíà òà ñòîâáóðîâèõ êë³òèí [1,2]. Ñó÷àñ-
íèé ïîãëÿä, à ñàìå îá’ºäíàííÿ çóñèëü êàðä³îåìáð³-
îëîã³â òà äîñë³äíèê³â ñòîâáóðîâèõ êë³òèí äîçâîëèòü 
íàì êðàùå çðîçóì³òè ïîä³¿, ÿê³ â³äáóâàþòüñÿ â åìáð³-
îíàëüíîìó ñåðö³ â íîðì³ òà ïðè ôîðìóâàíí³ âðîäæå-
íèõ âàä ñåðöÿ [4]. Îêðåìèì íàïðÿìêîì, ùî ïîòðåáóº 
ðîçóì³ííÿ åìáð³îíàëüíèõ ìåõàí³çì³â âàñêóëîãåíåçó 
òà êàðä³îãåíåçó, º ñòðàòåã³¿ ó ë³êóâàíí³ ³íôàðêòó ì³î-
êàðäó, à ñàìå ïîøóê òà ³äåíòèô³êàö³¿ ìîëåêóëÿðíèõ 
ñèãíàë³â òà ñòèìóëþþ÷èõ ôàêòîð³â, ÿê³ ïðèéìàþòü 
ó÷àñòü â ñåðöåâî–ñóäèííîìó ðîçâèòêó [5,10]. 

Ïðèéíÿòî ââàæàòè, ùî ïîõ³äí³ êë³òèíè åï³êàðäó º 
ïîïåðåäíèêàìè ãëàäêî–ì’ÿçîâèõ êë³òèí, ô³áðîáëàñ-
ò³â, ïåðèöèò³â òà êàðä³îì³îöèò³â. Àëå ÷è º ïîõ³äí³ êë³-
òèíè åï³êàðäó äæåðåëîì êë³òèí åíäîêàðäó â³íöåâèõ 
ñóäèí íà ñüîãîäí³ çàëèøàºòüñÿ ñï³ðíèì ïèòàííÿì. 
Äîñë³äæåííÿ [6,9] íàäàëè äîêàç³â ùîäî ïîõîäæåííÿ 
åíäîêàðä³àëüíèõ êë³òèí â³íöåâèõ ñóäèí â³ä êë³òèí ïî-
õ³äíèõ åï³êàðäó. Àëå ö³ ðåçóëüòàòè ñïðîñòîâóþòü çíà-
õ³äêè îòðèìàí³ [8], ùîäî ïîõîäæåííÿ öèõ êë³òèí â³ä ì³-
ãðóþ÷î¿ ïîïóëÿö³¿ êë³òèí åìáð³îíàëüíî¿ ïå÷³íêè. Òàêîæ 
íå âèêëþ÷àºòüñÿ ìîæëèâ³ñòü ïîõîäæåííÿ åíäîêàðä³-
àëüíèõ êë³òèí â³íöåâèõ ñóäèí øëÿõîì ³íâàã³íàö³¿ âíó-
òð³øíüîãî øàðó ñò³íêè ñåðöÿ – åíäîêàðäó [11]. 

Âñå á³ëüøå â ë³òåðàòóð³ ïðèä³ëÿºòüñÿ óâàç³ ðîëü 
ë³ìôàòè÷íî¿ ñèñòåìè ñåðöÿ ïðè éîãî ïàòîëîã³÷íèõ 
ñòàíàõ, çîêðåìà ïðè ³íòðàì³îêàðä³àëüíîìó ñêëåðîç³ 
[3,7]. Äëÿ êðàùîãî ðîçóì³ííÿ ôóíêö³é ë³ìôàòè÷íî¿ 
ñèñòåìè ñåðöÿ â â³íöåâ³é öèðêóëÿö³¿ äîñë³äíèêè âè-
â÷àþòü ïðåíàòàëüíèé ïåð³îä. 

Ôîðìóâàííÿ ë³ìôàòè÷íî¿ ñèñòåìè ñåðöÿ â ïðå-
íàòàëüíîìó êàðä³îãåíåç³ â îñòàíí³ ÷àñè áóëî íåäî-
ñòàòíüî âèñâ³òëåíî ó çâ’ÿçêó ç â³äñóòí³ñòþ ñïåöèô³÷-
íèõ äî ë³ìôàòè÷íîãî åíäîòåë³þ á³îìàðêåð³â. 

Ìåòîþ ðîáîòè áóëî âèâ÷åííÿ îñîáëèâîñòåé áó-
äîâè ë³ìôàòè÷íî¿ ñèñòåìè ñåðöÿ ó ïëîä³â ëþäèíè. 

Îá’ºêò ³ ìåòîäè äîñë³äæåííÿ. Äëÿ ðåàë³çàö³¿ 
ìåòè íàøî¿ ðîáîòè áóëè äîñë³äæåí³ ñåðöÿ ïëîä³â 

ëþäèíè ç 9–ãî ïî 32–é òèæäåíü ïðåíàòàëüíîãî ïå-
ð³îäó ðîçâèòêó. Ñåðöÿ òà ôðàãìåíòè ñåðäåöü ïëîä³â 
ëþäèíè îäåðæóâàëè â ã³íåêîëîã³÷íèõ â³ää³ëåííÿõ 
ÌÊË ¹2 òà ÌÊË ¹ 9 ì. Äí³ïðîïåòðîâñüêà, ïàòîëî-
ãî–àíàòîì³÷íîìó â³ää³ëåíí³ îáëàñíî¿ äèòÿ÷î¿ ë³êàðí³ 
ó â³äïîâ³äíîñò³ ç ³ñíóþ÷èìè íîðìàòèâíî–ïðàâîâèìè 
àêòàìè, à òàêîæ âèêîðèñòîâóâàëè àðõ³âíèé ìàòåð³-
àë öèõ çàêëàä³â. Äîñë³äæåííÿ ïðîâåäåíî ç äîòðè-
ìàííÿì îñíîâíèõ á³îåòè÷íèõ ïîëîæåíü Êîíâåíö³¿ 
Ðàäè ªâðîïè ïðî ïðàâà ëþäèíè òà á³îìåäèöèíó (â³ä 
04.04.1997 ð.), Ãåëüñ³íñüêî¿ äåêëàðàö³¿ Âñåñâ³òíüî¿ 
ìåäè÷íî¿ àñîö³àö³¿ ïðî åòè÷í³ ïðèíöèïè ïðîâåäåí-
íÿ íàóêîâèõ ìåäè÷íèõ äîñë³äæåíü çà ó÷àñòþ ëþäèíè 
(1964–2008 ðð.), à òàêîæ íàêàçó ÌÎÇ Óêðà¿íè ¹ 690 
â³ä 23.09.2009 ð. 

Îòðèìàíèé âîëîãèé ìàòåð³àë çàíóðþâàëè ó 10 % 
ðîç÷èí íåéòðàëüíîãî çàáóôåðåíîãî ôîðìàë³íó 
òåðì³íîì íà 24 ãîäèíè ç ìåòîþ ô³êñàö³¿ òà ñòàá³ë³-
çàö³¿ êë³òèíî–òêàíèííèõ ñòðóêòóð. Ïðîâîäêó ó ñïèð-
òàõ ìîðôîìàòåð³àëó ïðîâîäèëè ï³ñëÿ ô³êñàö³¿ çà 
ñòàíäàðòíîþ ìåòîäèêîþ. Ï³ñëÿ ïðîâîäêè ìàòåð³àë 
çàëèâàëè ó ïàðàô³í. Çð³çè òîâùèíîþ 5– 7ìêì âè-
ãîòîâëÿëè íà ì³êðîòîì³ òà çàáàðâëþâàëè ãåìàòîêñè-
ë³íîì–åîçèíîì. Ï³ñëÿ îòðèìàííÿ ì³êðîïðåïàðàò³â 
îö³íþâàëè ¿õ ç ìåòîþ ïîäàëüøîãî ³ìóíîã³ñòîõ³ì³÷-
íîãî äîñë³äæåííÿ. Äëÿ öüîãî áóëè âèêîðèñòàí³ ïåð-
âèíí³ ìîíîêëîíàëüí³ àíòèò³ëà, à ñàìå ôàêòîð òðàí-
ñêðèïö³¿ Prox–1 òà ìàðêåð ïðîë³ôåðàö³¿ êë³òèí Ki-67. 
Äëÿ ³äåíòèô³êàö³¿ ðåàêö³¿ íàíîñèëè ðîç÷èí õðîìî-
ãåíó 3–ä³àì³íîáåíçèäèí òåòðàõëîðèäó, ÿêèé ïðîÿâ-
ëÿâñÿ ó âèãëÿä³ íàñè÷åíî êîðè÷íåâîãî çàáàðâëåííÿ 
÷óòëèâèõ êë³òèí ñò³íêè ñåðöÿ. Ð³âåíü åêñïðåñ³¿ á³ëê³â 
Prox-1 òà Ki-67 îö³íþâàëè øëÿõîì ìàòåìàòè÷íîãî 
âèçíà÷åííÿ â³äñîòêà ³ìóíîïîçèòèâíèõ êë³òèí â³ä çà-
ãàëüíî¿ ê³ëüêîñò³ ã³ñòîëîã³÷íî ³äåíòèô³êîâàíèõ êë³òèí 
(â ñåðåäíüîìó 150-300), ï³äðàõîâàíèõ ó 5 âèïàäêî-
âî îáðàíèõ ïîëÿõ çîðó ì³êðîñêîïà. Ìîðôîìåòðè÷í³ 
ïàðàìåòðè îáðîáëÿëè çà äîïîìîãîþ ñòàòèñòè÷íèõ 
ìåòîä³â ç âèêîðèñòàííÿì ñòàíäàðòíèõ ôîðìóë ç 
âèçíà÷åííÿì ñåðåäíüîãî, ïîìèëêè ñåðåäíüîàðèô-
ìåòè÷íî¿ òà t-êðèòåð³þ ïðè ïîð³âíÿíí³ ñåðåäí³õ 
âåëè÷èí. 

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ. 
Ðîçêðèòòÿ ïèòàíü ùîäî ìåõàí³çì³â ðîçâèòêó òà ñòà-
íîâëåííÿ ð³çíèõ ëàíîê ñóäèííèõ êîìïîíåíò³â ñåðöÿ, 
îñîáëèâî ë³ìôàòè÷íîãî ñåãìåíòó â³íöåâî¿ ñèñòåìè 
çàëåæàëî â³ä ìåòîä³â ³äåíòèô³êàö³¿ åíäîòåë³àëü-
íèõ ë³ìôàòè÷íèõ êë³òèí. Çàñòîñóâàííÿ ³í’ºêö³éíèõ 
ñïîñîá³â âèÿâëåííÿ ë³ìôàòè÷íèõ ñóäèí, åëåêòðî-
ííî–ì³êðîñêîï³÷íèõ ìåòîä³â, ñêàíóþ÷î¿ åëåêòðîííî¿ 
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ì³êðîñêîï³¿ íå äîçâîëÿëî äîñë³äíèêàì â äîñòàòíüî-
ìó îáñÿç³ âèñâ³òëèòè äàí³ ùîäî ïðèíàëåæíîñò³ ñóäèí 
äî ë³ìôàòè÷íî¿ ñèñòåìè, ¿õ òîïîëîã³¿ òà ã³ñòî–ôóíê-
ö³îíàëüíèõ îñîáëèâîñòåé íà åòàïàõ ïðåíàòàëüíîãî 
êàðä³îãåíåçó. Ç ïîÿâîþ íîâèõ á³ëüø ÷óòëèâèõ ë³ìôà-
òè÷íèõ ìàðêåð³â ç’ÿâèëàñÿ ìîæëèâ³ñòü ³äåíòèô³êàö³¿ 
åíäîòåë³àëüíèõ ë³ìôàòè÷íèõ êë³òèí íà ðàíí³õ åòàïàõ 
ïðåíàòàëüíîãî ïåð³îäó. 

Â íàøîìó äîñë³äæåíí³, âèêîðèñòîâóþ÷è äîñèòü 
íîâèé ³ìóíîã³ñòîõ³ì³÷íèé ìàðêåð ë³ìôàòè÷íîãî åí-
äîòåë³þ Prox–1, áóëè ïðîñòåæåí³ â ñåðöÿõ ó ïëîä³â 
ëþäèíè äåÿê³ ìîðôîëîã³÷í³ ³íòðàì³îêàðä³àëüí³ îñî-
áëèâîñò³ ë³ìôàòè÷íèõ ñóäèí. 

Â³äîìî, ùî åëåìåíòè ë³ìôàòè÷íî¿ ñóäèííî¿ ñ³òêè 
ç’ÿâëÿþòüñÿ ï³ñëÿ ðîçìåæóâàííÿ àðòåð³àëüíîãî òà 
âåíîçíîãî ñåãìåíò³â. Ïî÷èíàþ÷è ç 6–ãî òèæíÿ åìá-
ð³îãåíåçó â ä³ëÿíö³ àîðòè òà ëåãåíåâîãî ñòîâáóðà ó 
â³äïîâ³äíîñò³ äî ë³òåðàòóðíèõ äæåðåë [11] áóëè ³äåí-
òèô³êîâàí³ ñêóï÷åííÿ åíäîòåë³îöèò³â, ÿê³ çà ñâî¿ìè 
õàðàêòåðèñòèêàìè â³äð³çíÿëèñÿ â³ä àðòåð³àëüíèõ òà 
âåíîçíèõ. Ðîçâèòîê òà ïîÿâà ë³ìôàòè÷íîãî ðóñëà, íà 
íàø ïîãëÿä, áóëè îáóìîâëåí³ ðîçøàðóâàííÿì âåíîç-
íîãî åíäîòåë³þ òà ôîðìóâàííÿì âåíîçíèõ ñóäèí ç 
áàçàëüíîþ ìåìáðàíîþ òà ë³ìôàòè÷íèõ ñóäèí áåç íå¿. 

Ðåºñòðàö³ÿ åêñïðåñ³¿ á³ëêà Prox–1 â ì³îêàðä³ ïëî-
ä³â ëþäèíè äîçâîëèëà íàì äåòåðì³íóâàòè ë³ìôà-
òè÷í³ åíäîòåë³àëüí³ êë³òèíè, ÿê³ ôîðìóâàëè äîñèòü 
÷èñëåíí³ ñóäèíí³ ñïëåòåííÿ ïîðÿä ç àðòåð³àëüíèìè 
³íòðàìóðàëüíèìè ñóäèíàìè (ðèñ. 1). 

Ë³ìôàòè÷í³ ³íòðàì³îêàðä³ëüí³ ñóäèíè (ë³ìôîêà-
ï³ëÿðè) íà ã³ñòîëîã³÷íèõ çð³çàõ âèãëÿäàëè ó âèãëÿä³ 
ñë³ïèõ êàðìàí³â òà ðóêàâ³â ç øèðîêèìè ïðîñâ³òàìè. 
Òîïîëîã³÷íà áëèçüê³ñòü ñò³íîê ë³ìôîêàï³ëÿð³â ç³ ñò³í-
êàìè àðòåð³àëüíèõ ñóäèí ìàº ôóíêö³îíàëüíå çíà-
÷åííÿ äëÿ çàáåçïå÷åííÿ, íà íàø ïîãëÿä, äðåíàæíî¿ 
ôóíêö³¿ ë³ìôàòè÷íî¿ ñèñòåìè ñåðöÿ ïðè ñêîðî÷åííÿõ 
êðîâîíîñíèõ ñóäèí. 

Ó ïîð³âíÿíí³ ç àðòåð³àëüíèìè òà âåíîçíèìè ñó-
äèíàìè ë³ìôàòè÷í³ ñóäèíè â³äð³çíÿëèñÿ çà ö³ëîþ 
íèçêîþ ìîðôîëîã³÷íèõ õàðàêòåðèñòèê. Âîíè ìàëè 
çíà÷íî á³ëüøó ïëîùó ïðîñâ³òó, îâàëüíî-âèäîâæåíó 
ôîðìó òà ðîçòàøîâóâàëèñÿ ó âèãëÿä³ ðîçãàëóæåíî¿ 
ñèñòåìè òðóáîê. Â çàëåæíîñò³ â³ä ëîêàë³çàö³¿ ñóäèí-
íèé ïðîñâ³ò òà ôîðìà ë³ìôàòè÷íèõ êàï³ëÿð³â çì³íþ-
âàëèñÿ. Ë³ìôàòè÷í³ ñóäèíè â òîâù³ ì³îêàðäó ñêëà-
äàëèñÿ ç ë³ìôîêàï³ëÿð³â, ÿê³ ìàëè ð³çíèé ä³àìåòð, 
êàï³ëÿðíèõ ñïëåòåíü òà äðåíóþ÷èõ ë³ìôàòè÷íèõ 
ñóäèí (ðèñ. 2). 

Ð³âåíü åêñïðåñ³¿ á³ëê³â òðàíñêðèïö³¿ (Prox-1) òà 
ïðîë³ôåðàö³¿ (Ki-67) â ì³îêàðä³ ïëîä³â ëþäèíè óïðî-
äîâæ äîñë³äæóâàíèõ òåðì³í³â ïðåíàòàëüíîãî ïåð³îäó 
ìàâ íå ò³ëüêè òîïîëîã³÷í³ àëå é õðîíîëîã³÷í³ â³äì³í-
íîñò³ (òàáë.). 

Âèñíîâîê. Íåçâàæàþ÷è íà äîñèòü âåëèêó ê³ëü-
ê³ñòü äîñë³äæåíü, ïðèñâÿ÷åíèõ ìîëåêóëÿðíèì òà 
ôóíêö³îíàëüíèì õàðàêòåðèñòèêàì ñóäèííîãî åí-
äîòåë³þ, ùå íåäîñòàòíüî â³äîìî ïðî ìåõàí³çìè, 
ÿê³ êîíòðîëþþòü äèôåðåíö³þâàííÿ òà ôóíêö³þ ë³ì-
ôàòè÷íèõ ñóäèí. Çà íàøèìè äàíèìè ë³ìôîñóäèíè 
áóëè ðîçòàøîâàí³ ÿê â ñóáåï³êàðä³àëüíîìó ïðîñòîð³, 
³íòðàì³îêàðä³àëüíî, òàê ³ ñóáåíäîêàðä³àëüíî. Ïðè-
÷îìó â çàëåæíîñò³ â³ä ëîêàë³çàö³¿ ë³ìôî ñóäèíè ìàëè 

ðåã³îíàëüí³ â³äì³ííîñò³. Ùî ñòîñóºòüñÿ ñïåöèô³÷-
íîñò³ ñóäèííèõ ëàíîê â ê³íö³ åìáð³îíàëüíîãî ïåð³îäó, 
òî âæå ÷³òêî â³äîêðåìëþâàëèñÿ àðòåð³àëüí³ ñóäèíè 
â ñóáåï³êàðä³àëüíîìó â³ää³ë³ ñò³íîê ïåðåäñåðäü òà 
øëóíî÷ê³â. Âèêîðèñòîâóþ÷è â ÿêîñò³ ñïåöèô³÷íîãî 
åíäîòåë³àëüíîãî ìàðêåðà á³ëîê òðàíñêðèïö³¿ Prox–1 
â ê³íö³ 8–ãî òèæíÿ åìáð³îíàëüíîãî ïåð³îäó òà óïðî-
äîâæ ïë³äíîãî ïåð³îäó âæå ìîæíà áóëî ïðîâåñòè 
ìåæó ì³æ âåíîçíèì òà ë³ìôàòè÷íèì åíäîòåë³ºì. 
Ïðîë³ôåðàòèâí³ ïðîöåñè â ì³îêàðä³ ïðàâîãî øëó-
íî÷êà ó ïîð³âíÿíí³ ç ë³âèì áóëè çíà÷íî àêòèâí³ø³, ùî 
ï³äòâåðäæóºòüñÿ ð³âíåì åêñïðåñ³¿ Ki-67, à â òîé æå 
÷àñ äåòåðì³íàö³ÿ ñóäèííèõ åëåìåíò³â, çîêðåìà ë³ì-
ôàòè÷íîãî êîìïîíåíòà äîì³íóâàëà â ë³âîìó øëóíî÷-
êó (ð³âåíü åêñïðåñ³¿ Prox-1 äîñòîâ³ðíî áóâ á³ëüøå ó 
ïîð³âíÿíí³ ç ïðàâèì øëóíî÷êîì). 

Ïåðñïåêòèâè ïîäàëüøèõ äîñë³äæåíü. Â ïî-
äàëüøîìó ïëàíóºòüñÿ âèâ÷åííÿ âñòàíîâëåíèõ çà-
êîíîì³ðíîñòåé áóäîâè ë³ìôàòè÷íîãî ðóñëà ñåðöÿ â 
ïîñòíàòàëüíîìó ïåð³îä³. 

Ðèñ. 1. Ñò³íêà ïðàâîãî øëóíî÷êà ñåðöÿ ïëîäà ëþäèíè 
â³êîì 20 òèæí³â. Ðåàêö³ÿ êë³òèí ë³ìôàòè÷íîãî åíäîòå-

ë³þ ç ìàðêåðîì Prox– 1. Çá. õ400. 

Ðèñ. 2. Ñò³íêà ïðàâîãî ïåðåäñåðäÿ ñåðöÿ ïëîäà ëþ-
äèíè â³êîì 22 òèæí³. Ðåàêö³ÿ ç ìàðêåðîì Prox– 1. 
Çá. õ100. Ñòð³ëêàìè âêàçàí³ ë³ìôàòè÷í³ ñóäèíè. 

Òàáëèöÿ

Ð³âåíü åêñïðåñ³¿ á³ëê³â Prox-1 òà Ki-67 ó 
ïëîä³â ëþäèíè

Â³ää³ë ñåðöÿ Prox-1, M ± m Ki-67, M ± m

ÏØ 24,2 % ± 1,3 % 45,1 % ± 2,3 %

ËØ *45,7 % ± 2,2 % *22,2 % ± 0,8 %

Ïðèì³òêà: * â³äì³ííîñò³ ì³æ ë³âèì òà ïðàâèì øëóíî÷êàìè äîñòîâ³ðí³ 

íà ð³âí³ P0,05. 
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Ë²ÌÔÀÍÃ²ÎÃÅÍÅÇ Â ÑÅÐÖ² ÏËÎÄ²Â ËÞÄÈÍÈ
ßêîâåöü Î. Î. 
Ðåçþìå. Ìåòîþ ðîáîòè áóëî âèâ÷åííÿ îñîáëèâîñòåé áóäîâè ë³ìôàòè÷íî¿ ñèñòåìè ñåðöÿ ó ïëîä³â ëþäè-

íè. Ìàòåð³àëè ñåðöÿ òà ôðàãìåíòè ñåðäåöü ïëîä³â ëþäèíè ç 9–ãî ïî 32–é òèæäåíü ïðåíàòàëüíîãî ïåð³îäó 
ðîçâèòêó. Äëÿ ³ìóíîã³ñòîõ³ì³÷íîãî äîñë³äæåííÿ âèêîðèñòîâóâàëè ïåðâèíí³ ìîíîêëîíàëüí³ àíòèò³ëà, à ñàìå 
Prox–1 ³ ìàðêåð ïðîë³ôåðàö³¿ êë³òèí Ki-67. Çà íàøèìè äàíèìè ë³ìôîñóäèíè áóëè ðîçòàøîâàí³ ÿê â ñóáåï³êàð-
ä³àëüíîìó ïðîñòîð³, ³íòðàì³îêàðä³àëüíî òàê ³ ñóáåíäîêàðä³àëüíî. Ïðè÷îìó â çàëåæíîñò³ â³ä ëîêàë³çàö³¿ ë³ì-
ôîñóäèíè ìàëè ðåã³îíàëüí³ â³äì³ííîñò³. Ùî ñòîñóºòüñÿ ñïåöèô³÷íîñò³ ñóäèííèõ ëàíîê â ê³íö³ åìáð³îíàëüíîãî 
ïåð³îäó, òî âæå ÷³òêî â³äîêðåìëþâàëèñÿ àðòåð³àëüí³ ñóäèíè â ñóáåï³êàðä³àëüíîìó â³ää³ë³ ñò³íîê ïåðåäñåðäü 
òà øëóíî÷ê³â. Âèêîðèñòîâóþ÷è â ÿêîñò³ ñïåöèô³÷íîãî åíäîòåë³àëüíîãî ìàðêåðà á³ëîê òðàíñêðèïö³¿ Prox–1 â 
ê³íö³ 8– ãî íà ïî÷àòêó 9 òèæíÿ åìáð³îíàëüíîãî ïåð³îäó òà óïðîäîâæ ïë³äíîãî ïåð³îäó âæå ìîæíà áóëî ïðî-
âåñòè ìåæó ì³æ âåíîçíèì òà ë³ìôàòè÷íèì åíäîòåë³ºì. 

Êëþ÷îâ³ ñëîâà: Prox– 1, Ki-67, ë³ìôîñóäèíè, ñåðöå ïëîä³â, ëþäèíà. 
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Ëèìôààíãèîãåíåç â ñåðäöå ïëîäîâ ÷åëîâåêà. 
ßêîâåö Å. À. 
Ðåçþìå. Öåëüþ ðàáîòû áûëî èçó÷åíèå îñîáåííîñòåé ñòðîåíèÿ ëèìôàòè÷åñêîé ñèñòåìû ñåðäöà ïëîäîâ 

÷åëîâåêà. Ìàòåðèàëû ñåðäöà è ôðàãìåíòû ñåðäåö ïëîäîâ ÷åëîâåêà ñ 9-îé ïî 32-þ íåäåëþ ïðåíàòàëüíîãî 
ïåðèîäà ðàçâèòèÿ. Äëÿ èììóíîãèñòîõèìè÷åñêîãî èññëåäîâàíèÿ èñïîëüçîâàëèñü ïåðâè÷íûå ìîíîêëîíàëü-
íûå àíòèòåëà, à èìåííî Prox–1 è ìàðêåð ïðîëèôåðàöèè êëåòîê Ki-67. Ïî íàøèì äàííûì ëèìôàòè÷åñêèå 
ñîñóäû áûëè ðàñïîëîæåíû êàê â ñóáýïèêàðäèàëüíîì ïðîñòðàíñòâå, èíòðàìèîêàðäèàëüíî òàê è ñóáýíäîêàð-
äèàëüíîå. Ïðè÷åì â çàâèñèìîñòè îò ëîêàëèçàöèè ëèìôàñîñóäû èìåëè ðåãèîíàëüíûå îòëè÷èÿ. ×òî êàñàåòñÿ 
ñïåöèôè÷íîñòè ñîñóäèñòûõ öåïåé â êîíöå ýìáðèîíàëüíîãî ïåðèîäà, òî óæå ÷åòêî îòäåëÿëèñü àðòåðèàëü-
íûå ñîñóäû â ñóáýïèêàðäèàëüíîì îòäåëå ñòåíîê ïðåäñåðäèé è æåëóäî÷êîâ. Èñïîëüçóÿ â êà÷åñòâå ñïåöèôè-
÷åñêîãî ýíäîòåëèàëüíîãî ìàðêåðà áåëîê òðàíñêðèïöèè Prox–1 â êîíöå 8–é è íà÷àëå 9 íåäåëè ýìáðèîíàëü-
íîãî ïåðèîäà, à òàêæå íà ïðîòÿæåíèè ïëîäíîãî ïåðèîäà óæå ìîæíî áûëî ïðîâåñòè ãðàíü ìåæäó âåíîçíûì 
è ëèìôàòè÷åñêèì ýíäîòåëèåì. 

Êëþ÷åâûå ñëîâà: Prox– 1, Ki-67, ëèìôîñîñóäû, ñåðäöå ïëîäà, ÷åëîâåê. 
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Limfoangiogenez in the heart of the human fetus
Yakovets O. O. 
Abstract. The objective of this research is to investigate the features of the heart lymphatic system structure in 

the human fetuses. 
Materials and methods of research. For the purpose of objective fulfillment we examined the hearts of the 

human fetuses (from 9 to 32 week of the prenatal development period). We received the hearts of the human 
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fetuses and heart fragments in the gynecology departments of the Dnipropetrovsk Municipal Clinical Hospital No. 
2 and Municipal Clinical Hospital No. 9, in the department of morbid anatomy of the Regional Children Hospital in 
accordance with current laws and regulations. Besides we used the archival materials stored in these institutions. 
The wet material has been immersed in a 10 % neutral buffered formalin solution for a period of 24 hour for the 
purpose of fixation and stabilization of the cellular tissue structures. The preparation of specimens in alcohol for 
the morphological examination has been done after fixation according to the standard procedure. After preparation 
the specimens were embedded in paraffin. The slices 5 – 7 μm in thickness have been done using microtome and 
colored by hematoxylin and eosin. Following that microscopic specimens have been examined for the purpose of 
the further immune histochemical study. With this aim in view we used the primary monoclonal antibodies, especially 
Prox–1 transcription factor and Ki-67 marker for the cellular proliferation. For the reaction identification we used 
3-diaminobenzidine tetrachloride chromogen solution, which was evident as the intense brown coloration of sensory 
cells of the wall of the heart. The pattern of Prox-1 and Ki-67 proteins expression has been examined by means of 
mathematical definition of the percentage of immunopositive cells of the total number of histologically identified 
cells (150-300 at the average) calculated in 5 randomly chosen microscope’s fields of view. The morphological 
parameters have been processed using statistical methods by applying the standard formulas with determination 
of average, arithmetic mean error and t-criterion at the comparison of means. 

Research results and discussion. The exploration of issues in regard to the mechanisms of development and 
generation of different elements of the vascular components of the heart, especially lymphatic segment of the 
coronary system, depended on the methods of endothelial lymphoid cells identification. The application of injection 
techniques for identification of lymphatic vessels, electron-microscopic analyses and scanning electron microscope 
investigation does not let the scientists deal adequately with data in respect of belonging vessels to the lymphatic 
system, their topology and hysto functional features at the stages of prenatal cardiogenesis. With the appearance 
of new more sensitive lymphatic markers it is become possible to identify endothelial lymphoid cells at the early 
stages of perinatal period. In our research because of the application of the new immunohistochemical marker 
for lymphatic endothelial cells Prox–1, we observed some morphological intramyocardial features of lymphatic 
vessels in the hearts of the human fetuses. It has been established that the elements of lymphatic vasculature reveal 
themselves after division of arterial and venous segments. In accordance with the sources of literature, beginning 
from the 6th week of embryogenesis, accumulations of endotheliocytes are identified in the section of aorta and 
main pulmonary artery. These endothelial cells differ from arterial and venous cells by their characteristics. We 
are of the opinion that development and occurrence of the lymphatic bed are due to stratification of the venous 
endothelium and formation of the venous vessels with basal membrane and lymphatic vessels without basal 
membrane. Registration of Prox–1 protein expression in the myocardium of the human fetuses let as determinate 
the endothelial lymphoid cells, which formed numerous blood vessel plexuses near arterial intramural vessels 
(Figure 1). Lymphatic intramyocardial vessels (lymph capillary vessels) at the histological samples looked like blind 
pockets and channels with wide lumens. We are of the opinion that topological nearness of the walls of the lymph 
capillary vessels to the walls of the arterial vessels has functional value for the provision of the drainage function of 
the lymphatic system of the heart during contraction of the blood vessels. In comparison with arterial and venous 
vessels, lymphatic vessels were different according to a wide range of morphological characteristics. They had a 
far greater luminal area, oblong oval form and located in the form of ramified system of the tubes. Vessel lumen and 
form of lymph capillary vessels changed depending on localization. Lymphatic vessels within interior myocardium 
consisted of lymph capillary vessels which had different diameter, plexuses of capillary vessels and draining 
lymphatic vessels. The expression pattern of the proteins regulating cell transcription (Prox-1) and proliferation (Ki-
67) in the myocardium of the human fetuses throughout the terms of the prenatal period under investigation had not 
only topological but chronological differences. 

Conclusion. Despite the fairly large number of researches devoted to molecular and functional characteristics 
of the vascular epithelium, we have insufficient evidence on the mechanisms, which control differentiation and 
function of the lymphatic vessels. According to our sources lymphatic vessels were located in subepicardial area, 
in intramyocardial segment and in subendocardial segment. Lymphatic vessels had regional differences depending 
on their localization. With respect to specificity of the vessel components at the end of the embryonic period, the 
clear distinction of the arterial vessels in the subepicardial segment of the walls of atria and ventricles was evident. 
When using the protein regulating cell transcription (Prox-1) as the specific endothelial marker at the end of the 8th 
week of the embryonic period and throughout the fetal period, it was possible to demarcate venous endothelium 
from lymphatic endothelium. Proliferation processes were more active in the myocardium of the right ventricle in 
comparison with the left ventricle, which is confirmed by Ki-67 expression level; at the same time determination of 
the vessel elements, especially lymphatic component, was prevalent in the left ventricle (It is reliably known that 
Prox-1 expression level was more active in comparison with the right ventricle). 

Keywords: Prox- 1, Ki-67, lymphatic vessels, fetal heart, human. 
Ðåöåíçåíò – ïðîô. Øåðñòþê Î. Î. 
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