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ÌÅÒÎÄÈ ² ÌÅÒÎÄÈÊÈ

Çâ’ÿçîê ðîáîòè ç íàóêîâèìè ïðîãðàìàìè, 
ïëàíàìè, òåìàìè. Äàíà ðîáîòà º ôðàãìåíòîì ïëà-
íîâî¿ íàóêîâî-äîñë³äíî¿ ðîáîòè êàôåäðè ã³ñòîëîã³¿, 
öèòîëîã³¿ òà åìáð³îëîã³¿ Áóêîâèíñüêîãî äåðæàâíîãî 
ìåäè÷íîãî óí³âåðñèòåòó íà òåìó: «Âçàºìîçâ’ÿçîê 
ô³çè÷íèõ âëàñòèâîñòåé ³ ìîðôîëî ã³÷íèõ îçíàê á³îëî-
ã³÷íèõ òêàíèí ó íîðì³ òà ïðè ¿õ ñòðóêòóðí³é ðåîðãàí³-
çàö³¿ â êîíòåêñò³ ëàçåðíî¿ ïîëÿðèìåòð³¿», ¹ äåðæàâ-
íî¿ ðåºñòðàö³¿ 0111U006502. 

Âñòóï. Îïèñó êëàïàííîãî àïàðàòó ñåðöÿ (ÊÀÑ) 
ïðèñâÿ÷åíî áàãàòî ôóíäàìåíòàëüíèõ ðîá³ò, ÿê â³-
ò÷èçíÿíèõ òàê ³ çàðóá³æíèõ àâòîð³â [2,3,7,8], àëå çà-
ëèøàºòüñÿ ðÿä íåâèâ÷åíèõ ïèòàíü, ÿê³ ïîâ’ÿçàí³ ç 
â³êîâèìè îñîáëèâîñòÿìè áóäîâè éîãî ñòðóêòóðíèõ 
êîìïîíåíò³â: ñòóëîê, ñîñêîïîä³áíèõ ì’ÿç³â (ÑÌ) ³ ñó-
õîæèëêîâèõ ñòðóí [1,4,5]. Âðàõîâóþ÷è òîé ôàêò, ùî 
ÊÀÑ íåñå âåëèêå ôóíêö³îíàëüíå íàâàíòàæåííÿ òà 
çì³íþºòüñÿ ç ÷àñîì, âèâ÷åííÿ ³íäèâ³äóàëüíèõ çì³í 
ÊÀÑ, à òàêîæ éîãî êîìïîíåíò³â º àêòóàëüíèì. 

Äîòåïåð íåìàº îäíîçíà÷íèõ äàíèõ ïðî ã³ñòî-
ëîã³÷íó áóäîâó ÑÑ, à òàêîæ äàíèõ, ùî îïèñóþòü òî-
ïîãðàô³þ òà ì³ñöÿ ¿õ ïðèêð³ïëåííÿ. Äåÿê³ àâòîðè 
âêàçóþòü íà âàæëèâ³ñòü ãåîìåòðè÷íîãî ï³äõîäó ïðè 
îïèñ³ ðîçïîä³ëó ÑÑ, ùî âïëèâàº íà íîðìàëüíå ôóíê-
ö³îíóâàííÿ ÊÀÑ ³ äîçâîëÿº ïðîãíîçóâàòè ïîðóøåííÿ 
êàðä³îãåìîäèíàì³êè. 

Äåòàëüíå ìàêðî-, ì³êðîñêîï³÷íå òà ïðîñòîðîâå 
âèâ÷åííÿ ÊÀÑ ìîæå áóòè âåëèêèì âíåñêîì ïðè âè-
ð³øåíí³ ïèòàííÿ îïåðàòèâíîãî ë³êóâàííÿ âðîäæåíèõ 
âàä ñåðöÿ [6], îñê³ëüêè ñó÷àñí³ äàí³ ïðî ñòðóêòóðíó 
îðãàí³çàö³þ êëàïàí³â ñåðöÿ íåîáõ³äí³ äëÿ óäîñêîíà-
ëåííÿ ³ñíóþ÷èõ êîíñòðóêö³é ïðîòåç³â ïðè îïåðàö³¿ 
ïðîòåçóâàííÿ êëàïàí³â. 

Ìåòà äîñë³äæåííÿ – âèâ÷åííÿ ìîðôîëîã³÷íî¿ 
áóäîâè ñóõîæèëêîâèõ ñòðóí ïåðåäñåðäíî-øëóíî÷-
êîâèõ êëàïàí³â ñåðöÿ ïëîä³â ó íîðì³, â³çóàë³çàö³ÿ 
ïðîñòîðîâî¿ îðãàí³çàö³¿ ñóõîæèëêîâî¿ ñòðóíè ç³ ñòâî-
ðåííÿì ¿¿ òðèâèì³ðíî¿ ìîäåë³. 

Îá’ºêò ³ ìåòîäè äîñë³äæåííÿ. Äîñë³äæåííÿ 
ñóõîæèëêîâèõ ñòðóí (ÑÑ) ì³òðàëüíîãî òà òðèñòóë-
êîâîãî êëàïàí³â áóëè ïðîâåäåí³ íà 80 ïåðåäñåðä-
íî-øëóíî÷êîâèõ êëàïàíàõ ñåðöÿ, âçÿòèõ ³ç 40 ïëîä³â 
13-40 òèæí³â ïðåíàòàëüíîãî ðîçâèòêó îíòîãåíåçó 
(81,0-375,0 ìì ò³ì’ÿíî-êóïðèêîâî¿ äîâæèíè (ÒÊÄ)), 
ÿê³ ïîìåðëè â³ä ïðè÷èí, íå ïîâ’ÿçàíèõ ³ç ïàòîëîã³ºþ 
ñåðöåâî-ñóäèííî¿ ñèñòåìè. Äîñë³äæåííÿ ïðîâåäå-
íî ç äîòðèìàííÿì îñíîâíèõ á³îåòè÷íèõ ïîëîæåíü 
Êîíâåíö³¿ Ðàäè ªâðîïè ïðî ïðàâà ëþäèíè òà á³îìå-
äèöèíó (â³ä 04.04.1997 ð.), Ãåëüñ³íñüêî¿ äåêëàðàö³¿ 

Âñåñâ³òíüî¿ ìåäè÷íî¿ àñîö³àö³¿ ïðî åòè÷í³ ïðèíöè-
ïè ïðîâåäåííÿ íàóêîâèõ ìåäè÷íèõ äîñë³äæåíü çà 
ó÷àñòþ ëþäèíè (1964–2008 ðð.), à òàêîæ íàêàçó ÌÎÇ 
Óêðà¿íè ¹ 690 â³ä 23.09.2009 ð. 

Îäåðæàíèé ìàòåð³àë ô³êñóâàëè ó 10 % ðîç÷èí³ 
íåéòðàëüíîãî ôîðìàë³íó. Ï³ñëÿ ô³êñàö³¿ ìàòåð³àë 
çíåâîäíþâàëè òà çàëèâàëè ó ïàðàô³í ³ âèãîòîâëÿëè 
ñåð³éí³ çð³çè òîâùèíîþ 10 ìêì. Äëÿ âèâ÷åííÿ ñïî-
ëó÷íîòêàíèííèõ ³ ì’ÿçîâèõ åëåìåíò³â ÑÑ, ïðîâîäè-
ëè ¿õ ôàðáóâàííÿ ãåìàòîêñèë³íîì ³ åîçèíîì, Ï³êðî-
Ìàëëîð³ òà Âåéãåðò-Âàí-Ã³çîí çà ñòàíäàðòíèìè 
ìåòîäèêàìè. ²ìóíîã³ñòîõ³ì³÷í³ ðåàêö³¿ ïðîâîäèëè 
íà ïàðàô³íîâèõ çð³çàõ ³ç âèêîðèñòàííÿì ìàðêåð³â 
CD34,  SMA, NF ³ ñèñòåìè â³çóàë³çàö³¿ LSAB (Labelled 
Streptavidin-Biotin) (Lab Vision). Äëÿ ìåòîäó òðèâè-
ì³ðíî¿ êîìï’þòåðíî¿ ðåêîíñòðóêö³¿ âèãîòîâëÿëàñü 
ñåð³ÿ ïîñë³äîâíèõ çð³ç³â, ÿê³ â ïîäàëüøîìó îáðîáëÿ-
ëèñü êîìïëåêñîì ïðîãðàì Microsoft Office Picture 
Manager, òà 3ds max 8.0. 

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ. 
Ïðîâåäåí³ ìàêðîñêîï³÷í³ äîñë³äæåííÿ ïîêàçàëè, ùî 
ó ñåðö³ ïëîä³â 81,0-90,0 ìì ÒÊÄ ÑÑ â³äñóòí³, äî øëó-
íî÷êîâî¿ ïîâåðõí³ ñòóëîê ÏØÊ ñåðöÿ ïðèêð³ïëþþòü-
ñÿ ÑÌ. Íà ìàêðîñêîï³÷íîìó ð³âí³ ÑÑ ÏØÊ ïî÷èíàþòü 
â³äì³÷àòèñÿ ó ñåðö³ ïëîä³â 130,0-135,0 ìì ÒÊÄ ó âè-
ãëÿä³ òîíêèõ ïîîäèíîêèõ òÿæ³â (ðèñ. 1). 
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Ðèñ. 1. Òðèñòóëêîâèé êëàïàí ïëîäà 135,0 ìì ÒÊÄ. 
Ìàêðîïðåïàðàò. Çá. 20õ:

1 – ñòóëêà êëàïàíà; 2 – ñóõîæèëêîâ³ ñòðóíè; 
3 – ñîñêîïîä³áí³ ì’ÿçè ïðàâîãî øëóíî÷êà. 
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ÑÑ ÌÊ òà ÒÊ ñåðöÿ ïëîä³â ëþäèíè çàçâè÷àé â³ä-
õîäÿòü â³ä âåðõ³âîê ÑÌ ³ ô³êñóþòüñÿ, ÿê ïðàâèëî äî 
â³äïîâ³äíî¿ ñòóëêè ÏØÊ. Çàëåæíî â³ä ì³ñöÿ ïðèêð³-
ïëåííÿ âèä³ëåíî ñòóëêîâ³ ÑÑ òà ÑÑ êîì³ñóðàëüíèõ 
çîí ñòóëîê. 

Ñòóëêîâ³ ÑÑ ÌÊ â çàëåæíîñò³ â³ä ô³êñàö³¿ ä³ëÿòü-
ñÿ íà ÑÑ ïåðåäíüî¿ òà çàäíüî¿ ñòóëîê. ÑÑ ïåðåäíüî¿ 
ñòóëêè ïðåäñòàâëåí³ äâîìà òèïàìè ÑÑ: ïîòîâùåíî¿ 
çîíè, ÿê³ ô³êñóþòüñÿ äî øîðñòêî¿ çîíè øëóíî÷êîâî¿ 
ïîâåðõí³ ñòóëêè òà îïîðíèìè ùî º íàéäîâøèìè ³ 
íàéòîâñò³øèìè ñåðåä óñ³õ òèï³â ÑÑ, ÿê³ êð³ïèëèñÿ äî 
â³ëüíîãî êðàþ ³ ïîòîâùåíî¿ çîíè ñòóëêè (ðèñ. 2). ÑÑ 
çàäíüî¿ ñòóëêè ïëîä³â ëþäèíè òàêîæ ïðåäñòàâëåí³ 
äâîìà òèïàìè ÑÑ: ïîòîâùåíî¿ çîíè òà ÑÑ ðîçùå-
ïëåíü çàäíüî¿ ñòóëêè ùî º íàéòîíøèìè ³ íàéí³æí³-
øèìè, ÿê³ çàçâè÷àé â³ÿëîïîä³áíî êð³ïèëèñÿ äî ðîç-
ùåïëåíü ì³æ ¿¿ ôåñòîíàìè. 

Êîì³ñóðàëüí³ ÑÑ ô³êñóþòüñÿ äî â³ëüíîãî êðàþ êî-
ì³ñóðàëüíèõ çîí ñòóëîê òà âèçíà÷àþòü ä³ëÿíêó ïîä³-
ëó ÌÊ íà ïåðåäíþ òà çàäíþ ñòóëêè. Êîì³ñóðàëüí³ ÑÑ 
â³ÿëîïîä³áíî êð³ïëÿòüñÿ äî ïåðåäíüî-ëàòåðàëüíî¿ òà 
çàäíüî-ìåä³àëüíî¿ êîì³ñóðàëüíèõ çîí ñòóëîê ÌÊ

Ó ÒÊ ñåðöÿ ïëîä³â ëþäèíè ñïîñòåð³ãàºòüñÿ ùå 
äâà òèïè äîäàòêîâèõ ÑÑ: ñòðóíè â³ëüíîãî êðàþ òà 
ãëèáîê³. ÑÑ â³ëüíîãî êðàþ íèòêîïîä³áí³ äîñèòü äîâã³ 
áåðóòü ïî÷àòîê â³ä âåðõ³âîê ÑÌ ³ ô³êñóþòüñÿ äî â³ëü-
íîãî êðàþ ïåðåäíüî¿, çàäíüî¿ òà ïåðåãîðîäêîâî¿ 
ñòóëîê ÒÊ. Ãëèáîê³ ÑÑ íàéäîâø³ âîíè ïðèêð³ïëþþòü-
ñÿ ãëèáîêî äî â³ëüíîãî êðàþ òðüîõ ñòóëîê ç³ øëóíî÷-
êîâî¿ ïîâåðõí³, â îñíîâíîìó âîíè ïîîäèíîê³. 

Êîì³ñóðàëüí³ ÑÑ â³ÿëîïîä³áíî êð³ïëÿòüñÿ äî êîì³-
ñóðàëüíèõ çîí ñòóëîê ÒÊ ³ âèçíà÷àþòü ä³ëÿíêó ïîä³ëó 
ÒÊ íà ñòóëêè, ñåðåä íèõ âèä³ëÿþòü: ïåðåäíüî-çàäí³, 
çàäíüî-ïåðåãîðîäêîâ³ òà ïåðåäíüî-ïåðåãîðîäêîâ³. 

Íà îñíîâ³ ìàêðîñêîï³÷íîãî äîñë³äæåííÿ ñåðäåöü 
ïëîä³â âñòàíîâëåíî, ùî ïðè ç’ºäíàíí³ ç³ ñòóëêîþ êëà-
ïàíà ÑÑ íà ñâîºìó øëÿõó ãàëóçÿòüñÿ íà ñòðóíè ïåðøî-
ãî òà äðóãîãî ïîðÿäêó ðîçñèïíèì àáî äèõîòîì³÷íèì 

ñïîñîáîì. Òîìó äî ñòóëêè êëàïàíà êð³ïèòüñÿ çíà÷íî 
á³ëüøà ê³ëüê³ñòü ÑÑ, í³æ â³äõîäèòü â³ä ÑÌ. 

Ó ðåçóëüòàò³ ïðîâåäåíèõ äîñë³äæåíü â³äì³÷åíî, 
ùî ó ë³âîìó øëóíî÷êó ñåðöÿ ïëîä³â â³ä ïåðåäíüîãî 
ÑÌ äî ïåðåäíüî¿ ñòóëêè ÌÊ â³äõîäèòü â ñåðåäíüîìó 
3,5 ± 0,508 ÑÑ ïåðøîãî ïîðÿäêó; ÑÑ äðóãîãî ïîðÿäêó 
â ñåðåäíüîìó íàë³÷óºòüñÿ 12,3 ± 1,208. ÑÑ ïåðøîãî 
ïîðÿäêó, ùî éäóòü â³ä çàäíüîãî ÑÌ äî çàäíüî¿ ñòóëêè 
ÌÊ ó ñåðåäíüîìó íàë³÷óºòüñÿ 4,9 ± 0,995; ÑÑ äðóãîãî 
ïîðÿäêó â ñåðåäíüîìó íàë³÷óºòüñÿ 20,0 ± 1,174. 

Ó ïðàâîìó øëóíî÷êó ñåðöÿ ïëîä³â â³ä ïåðåäíüîãî 
ÑÌ äî ïåðåäíüî¿ ñòóëêè ÒÊ â³äõîäèòü â ñåðåäíüîìó 
1,8 ± 0,847 ÑÑ ïåðøîãî ïîðÿäêó; ÑÑ äðóãîãî ïîðÿä-
êó â ñåðåäíüîìó íàë³÷óºòüñÿ 8,8 ± 1,349. ÑÑ ïåðøîãî 
ïîðÿäêó, ùî éäóòü â³ä çàäíüîãî ÑÌ äî çàäíüî¿ ñòóëêè 
ÒÊ ó ñåðåäíüîìó íàë³÷óºòüñÿ 2,2 ± 1,126; ÑÑ äðóãî-
ãî ïîðÿäêó ó ñåðåäíüîìó íàë³÷óºòüñÿ 6,2 ± 1,375. ÑÑ 
ïåðøîãî ïîðÿäêó, ùî â³äõîäÿòü â³ä ïåðåãîðîäêîâîãî 
ÑÌ äî ïåðåãîðîäêîâî¿ ñòóëêè ÒÊ, â ñåðåäíüîìó íàë³-
÷óºòüñÿ 2,8 ± 1,157; ÑÑ äðóãîãî ïîðÿäêó â ñåðåäíüî-
ìó íàë³÷óºòüñÿ 7,6 ± 1,192. 

Ïðè âèâ÷åíí³ äîâæèíè ÑÑ ì³òðàëüíîãî êëàïàíà 
ïëîä³â âñòàíîâëåíî, ùî äîâæèíà ÑÑ ïåðøîãî ïîðÿä-
êó, ùî éäóòü äî ïåðåäíüî¿ ñòóëêè ÌÊ, ó ñåðåäíüîìó 
ñêëàäàº 2,63 ± 0,718 ìì; äîâæèíà ÑÑ, ùî éäóòü äî 
çàäíüî¿ ñòóëêè – 2,43 ± 0,626 ìì. 

Ó ÒÊ ñåðöÿ ïëîä³â, äîâæèíà ÑÑ ïåðøîãî ïîðÿäêó, 
ùî éäóòü äî ïåðåäíüî¿ ñòóëêè êëàïàíà, ó ñåðåäíüî-
ìó ñêëàäàº – 2,97 ± 0,718 ìì; äîâæèíà ÑÑ, ùî éäóòü 
äî çàäíüî¿ ñòóëêè – 2,93 ± 0,691 ìì; äîâæèíà ÑÑ, ùî 
éäóòü äî ïåðåãîðîäêîâî¿ ñòóëêè – 2,67 ± 0,711 ìì. 

Ïðè ñâ³òëîîïòè÷íîìó äîñë³äæåíí³ ñåðöü ïëîä³â 
81,0-120,0 ìì ÒÊÄ áóëî âèÿâëåíî, ùî äî øëóíî÷êî-
âî¿ ïîâåðõí³ ñòóëîê ÏØÊ ïðèêð³ïëþþòüñÿ ÑÌ, ì³î-
êàðä ÿêèõ ïëàâíî ïåðåõîäèòü ó ìåçåíõ³ìó ñòóëêè. 

Â ðåçóëüòàò³ ïðîâåäåííÿ 3D ìîäåëþâàííÿ êëà-
ïàííîãî àïàðàòó ñåðöÿ ïëîäà 90,0 ìì ÒÊÄ âèÿâëå-
íî, ùî ÑÌ áåçïîñåðåäíüî ïåðåõîäÿòü ó ñòóëêè ë³âî-
ãî ÏØÊ. 

Ó ïëîä³â 125,0 ìì ÒÊÄ ì³æ ÑÌ òà ñòóëêàìè ÏØÊ 
ñïîñòåð³ãàþòüñÿ ïåðâèíí³ ÑÑ ó âèãëÿä³ òîíêèõ òÿæ³â. 
Ïåðâèíí³ ÑÑ óòâîðåí³ ïëàñòîì ù³ëüíî ðîçòàøîâàíèõ 
êàðä³îì³îöèò³â ³ íåâåëèêîþ ê³ëüê³ñòþ ìåçåíõ³ìàëü-
íèõ êë³òèí, ÿê³ ðîçòàøîâóþòüñÿ ó òîâù³ ÑÑ ç äîñèòü 
ð³âíîì³ðíîþ ù³ëüí³ñòþ. 

Ó ïëîä³â 130,0-135,0 ìì ÒÊÄ ÑÑ ÿâëÿþòü ñîáîþ 
ì’ÿçîâ³ òÿæ³, ÿê³ â ïîäàëüøîìó ïåðåòâîðþþòüñÿ íà 
ÑÑ ó ñêëàä³ ÿêèõ äîì³íóº ù³ëüíà îôîðìëåíà ñïîëó÷-
íà òêàíèíà. 

Çà äîïîìîãîþ òðèâèì³ðíî¿ ðåêîíñòðóêö³¿ êëàïàí-
íîãî àïàðàòà ñåðöÿ ïëîäà 135,0 ìì ÒÄÊ âñòàíîâëå-
íî, ùî ÑÌ ç’ºäíóþòüñÿ ³ç ñòóëêàìè ïðàâîãî ÏØÊ çà 
äîïîìîãîþ íîâîóòâîðåíèõ ÑÑ (ðèñ. 3). 

ÑÑ ÏØÊ ñåðöÿ ó ïëîä³â 140,0-170,0 ìì ÒÊÄ óòâî-
ðåí³ ì’ÿçîâîþ òà ñïîëó÷íîþ òêàíèíîþ, â ÿê³é êîëà-
ãåíîâ³ âîëîêíà ôîðìóþòüñÿ ºäèíèì ïëàñòîì, ùî 
ç’ºäíóº ì³îêàðä, ñòóëêó òà ÑÌ. 

Ïðè âèâ÷åíí³ ÑÑ ÏØÊ ñåðöÿ ïëîä³â ëþäèíè 
180,0-375,0 ìì ÒÊÄ âñòàíîâëåíî, ùî ïîâåðõíÿ ÑÑ 
âêðèòà åíäîêàðäîì, ùî ñêëàäàºòüñÿ ç ïîâåðõíå-
âîãî øàðó åíäîòåë³îöèò³â, ÿê³ ëåæàòü íà áàçàëüí³é 
ìåìáðàí³. 

Ðèñ. 2. Ì³òðàëüíèé êëàïàí ïëîäà 300,0 ìì ÒÊÄ. Ìà-
êðîïðåïàðàò. Çá. 22õ:

1 – ïåðåäíÿ ñòóëêà; 2 – çàäíÿ ñòóëêà; 3 – îïîðí³ ñóõî-
æèëêîâ³ ñòðóíè; 4 – ñîñêîïîä³áí³ ì’ÿçè 

ë³âîãî øëóíî÷êà. 
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Ïðè ïðîâåäåíí³ ³ìóíîã³ñòîõ³ì³÷íèõ äîñë³äæåíü 
ÑÑ ³ç âèêîðèñòàííÿì àíòèò³ë äî CD34 (êëîí QBEnd 
10, ô³ðìè DAKO) ìàëà ì³ñöå ÿñêðàâî âèðàæåíà ïî-
çèòèâíà ðåàêö³ÿ (+++) åíäîòåë³àëüíèõ êë³òèí, ÿê³, 
ðîçòàøîâóþ÷èñü îäíèì øàðîì íà áàçàëüí³é ìåìá-
ðàí³, íàäàâàëè ÷³òêèé êîíòóð êëàïàíó (ðèñ. 4). 

Ï³ä åíäîòåë³ºì ó ñêëàä³ ÑÑ ëîêàë³çóâàâñÿ ï³ä-
åíäîòåë³àëüíèé øàð, â ÿêîìó âèÿâëÿëèñü åëàñòè÷í³ 

âîëîêíà ó âèãëÿä³ òîíêèõ ñìóæîê. Åëàñòè÷í³ âîëîêíà 
ìàëè õâèëåïîä³áíèé õ³ä ³ ðîçòàøîâóâàëèñü ïàðà-
ëåëüíî êîëàãåíîâèì âîëîêíàì, ÿê³ â îñíîâ³ ÑÑ ìàëè 
âïîðÿäêîâàíå ðîçòàøóâàííÿ. 

Îñíîâó ÑÑ ñêëàäàëè ù³ëüíî óïàêîâàí³, ïðÿìî-
ë³í³éíî ñïðÿìîâàí³ ïó÷êè êîëàãåíîâèõ âîëîêîí, ì³æ 
ÿêèìè çàëÿãàëè ãóñòî ðîçòàøîâàí³ êë³òèíè ô³áðî-
áëàñòè÷íîãî ðÿäó. Ðîçì³ùåííÿ êë³òèí â³äíîñíî ïî-
âåðõí³ ñóõîæèëêîâî¿ ñòðóíè áóëî äîñèòü êîìïàê-
òíèì. Êë³òèíè ô³áðîáëàñòè÷íîãî ðÿäó ìàëè ð³âí³ 
êîíòóðè, íåïðàâèëüíó âèäîâæåíó ôîðìó ç íåâåëè-
êîþ ê³ëüê³ñòþ òîíêèõ â³äðîñòê³â. ßäðà êë³òèí áóëè 
çäåá³ëüøîãî îâàëüíî¿ àáî âèäîâæåíî¿ ôîðìè, ôàð-
áóâàëèñÿ áàçîô³ëüíî (ðèñ. 5). 

Âèêîðèñòàííÿ ìîíîêëîíàëüíèõ àíòèò³ë äî àêòèíó 
ãëàäêèõ ì³îöèò³â (êëîí 1À4, ô³ðìè DAKO) äàëî ìîæ-
ëèâ³ñòü âèÿâèòè ó òîâù³ ÑÑ, ó ñåðåäí³é ¿¿ ÷àñòèí³ âè-
äîâæåí³ êë³òèíè ç òîíêèìè â³äðîñòêàìè, ÿê³ êîíöåí-
òðóâàëèñü ãðóïàìè ïî ïåðèôåð³¿ ÑÑ àáî ïîîäèíîêî 
ó ¿¿ òîâù³. Ðîçòàøóâàííÿ àíòèãåííèõ äåòåðì³íàíò  
SMA â öèòîïëàçì³ öèõ êë³òèí âêàçóº íà òå, ùî âîíè 
ì³ñòÿòü ñêîðîòëèâ³ ô³áðèëè. Äàí³ êë³òèíè ìàëè ìîð-
ôîëîã³÷íó ïîä³áí³ñòü ÿê ç ãëàäêèìè ì³îöèòàìè, òàê ³ ç 
ì³îô³áðîáëàñòàìè. 

Ðèñ. 3. Òðèâèì³ðíà ìîäåëü òðèñòóëêîâîãî êëàïàíà 
ñåðöÿ ïëîäà 135,0 ìì ÒÊÄ. 

×åðâîíèé êîë³ð – ñîñêîïîä³áí³ ì’ÿçè ïðàâîãî øëó-
íî÷êà; æîâòèé êîë³ð – ñòóëêè òà ñóõîæèëêîâ³ ñòðóíè 

êëàïàíà. 

Ðèñ. 4. Åêñïðåñ³ÿ CD34 (êëîí QBEnd 10, ô³ðìè DAKO) 
åíäîòåë³îöèò³â ñóõîæèëêîâèõ ñòðóí ì³òðàëüíîãî 

êëàïàíà ïëîäà, 29 òèæí³â ïðåíàòàëüíîãî ïåð³îäó ðîç-
âèòêó. Ì³êðîôîòîãðàô³ÿ. Çá. : îá. 20õ, îê. 10õ: 

1 – åíäîòåë³é; 2 – ù³ëüíà îôîðìëåíà âîëîêíèñòà ñïî-
ëó÷íà òêàíèí. 

Ðèñ. 5. Ïîçäîâæí³é çð³ç ñóõîæèëêîâî¿ ñòðóíè òðèñ-
òóëêîâîãî êëàïàíà ïëîäà, 26 òèæí³â ïðåíàòàëüíîãî 

ïåð³îäó ðîçâèòêó. Çàáàðâëåííÿ ãåìàòîêñèë³íîì ³ 
åîçèíîì. Ì³êðîôîòîãðàô³ÿ. Çá. : îá. 20õ, îê. 10õ:
1 – åíäîòåë³é; 2 – âîëîêíèñòà ñïîëó÷íà òêàíèíà; 

3 – êë³òèíè ô³áðîáëàñòè÷íîãî ðÿäó. 

Ó ðåçóëüòàò³ çàáàðâëåííÿ ã³ñòîëîã³÷íèõ çð³ç³â ÑÑ 
ì³òðàëüíîãî òà òðèñòóëêîâîãî êëàïàí³â ñåðöÿ ïëî-
ä³â çà ìåòîäîì Ï³êðî-Ìàëëîð³ áóëî âèÿâëåíî, ùî 
ó òîâù³ ÑÑ ëîêàë³çóþòüñÿ ì’ÿçîâ³ âîëîêíà, ÿê³ ó âè-
ãëÿä³ ÿñêðàâî ÷åðâîíèõ òÿæ³â ïðîíèçóþòü âñþ òîâùó 
ñòðóíè (ðèñ. 6). 

Ó ì³ñö³ ïåðåõîäó ì³îêàðäó âåðõ³âêè ÑÌ ó ñïîëó÷-
íó òêàíèíó ÑÑ ñïîñòåð³ãàëèñü ÷èñëåíí³ äóãîïîä³áí³ 
ñóäèíè, ÿê³ äîáðå ïîì³òí³ íà çð³çàõ. Çàñòîñóâàííÿ 
ìîíîêëîíàëüíèõ àíòèò³ë äî àêòèíó ãëàäêèõ ì³îöèò³â 
(êëîí 1À4, ô³ðìè DAKO) âèÿâèëî â ñò³íö³ êðîâîíîñ-
íèõ ñóäèí ãëàäê³ ì³îöèòè. 

Çà äîïîìîãîþ ³ìóíîã³ñòîõ³ì³÷íîãî ìåòîäó äî-
ñë³äæåííÿ ç âèêîðèñòàííÿì ìîíîêëîíàëüíèõ àí-
òèò³ë äî òðèïëåòó á³ëê³â íåéðîô³ëàìåíò³â NF (êëîí 
2F11, ô³ðìè DAKO) ó òîâù³ ÑÑ áóëî âèÿâëåíî íå-
ðâîâ³ âîëîêíà, ÿê³ ïðîíèêàëè ó ¿õ òîâùó çà ðàõóíîê 
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ñâîºð³äíèõ ³íòåðñòèö³éíèõ ïðîøàðê³â ñïîëó÷íî¿ 
òêàíèíè ì³æ ì’ÿçîâèìè âîëîêíàìè. Ð³âåíü åêñïðåñ³¿ 
òðèïëåòó á³ëê³â íåéðîô³ëàìåíò³â NF áóâ íåçíà÷íèé 
(+--). 

Ïðè äîñë³äæåí³ ì³ñöÿ ô³êñàö³¿ ÑÑ äî ÑÌ íà âåð-
õ³âö³ îñòàííüîãî ñïîñòåð³ãàëèñÿ ïîçäîâæíüî ðîç-
òàøîâàí³ êîëàãåíîâ³ âîëîêíà, ÿê³ ÷åðãóâàëèñÿ ç 
ì’ÿçîâèìè âîëîêíàìè ³, íå ïåðåðèâàþ÷èñü, âïë³-
òàëèñÿ ó òîâùó ÑÑ. Êîëàãåíîâ³ âîëîêíà íà âåðõ³âö³ 
ÑÌ óòâîðþâàëè õâèëåïîä³áí³ ïó÷êè, ÿê³ â³ÿëîïîä³áíî 
ðîçõîäèëèñÿ ó ð³çí³ íàïðÿìêè, ì³æ íèìè ñòð³÷êîïî-
ä³áíî âïë³òàëèñÿ ñåðöåâ³ ì’ÿçîâ³ âîëîêíà (ðèñ. 7). 

Âèñíîâêè. Òàêèì ÷èíîì, ðåçóëüòàòè äîñë³äæåí-
íÿ ïîêàçàëè, ùî ÑÑ ïëîä³â ìàþòü âèãëÿä ñïîëó÷-
íîòêàíèííèõ òÿæ³â, ùî â³äõîäÿòü â³ä âåðõ³âîê ÑÌ ³ 
ô³êñóþòüñÿ äî ñòóëîê ÏØÊ ñåðöÿ. Äîñë³äæåííÿ, âè-
êîíàí³ çà äîïîìîãîþ ñâ³òëîâî¿ ì³êðîñêîï³¿ ïîêàçàëè, 
ùî ïîâåðõíÿ ÑÑ ïëîä³â âêðèòà åíäîòåë³ºì, ¿õ îñíîâó 
ñêëàäàþòü ù³ëüíî óïàêîâàí³ ïó÷êè êîëàãåíîâèõ âî-
ëîêîí, ì³æ ÿêèìè çàëÿãàº âåëèêà ê³ëüê³ñòü êë³òèí ô³-
áðîáëàñòè÷íîãî ðÿäó òà êë³òèíè ïîïåðå÷íî-ïîñìó-
ãîâàíî¿ ì’ÿçîâî¿ òêàíèíè. ²ìóíîã³ñòîõ³ì³÷íèé ìåòîä 
äîñë³äæåííÿ äîçâîëèâ âèÿâèòè ïîçèòèâíó ðåàêö³þ 
íà CD34+ åíäîòåë³îöèò³â,  SMA+ ãëàäêèõ ì³îöèò³â òà 
NF+ íåéðîô³ëàìåíò³â. Îòæå, ñóõîæèëêîâ³ ñòðóíè ïå-
ðåäñåðäíî-øëóíî÷êîâèõ êëàïàí³â ñåðöÿ ïëîä³â íà-
ëåæàòü äî ñóõîæèëêîâèõ ñòðóí ô³áðîçíî-ì’ÿçîâîãî 
òèïó. 

Ïåðñïåêòèâè ïîäàëüøèõ äîñë³äæåíü. Âèêî-
íàíå äîñë³äæåííÿ äîçâîëÿº âñòàíîâèòè îñîáëèâîñ-
ò³ áóäîâè ñóõîæèëêîâèõ ñòðóí êëàïàííîãî àïàðàòó 
ñåðöÿ â íîðì³, ùî â ïîäàëüøîìó ñòàíå ï³ä´ðóíòÿì 
äëÿ äèôåðåíö³àëüíî¿ ä³àãíîñòèêè ¿õ ïàòîëîã³¿, çîêðå-
ìà ïàòîëîã³¿ êëàïàííîãî àïàðàòó ñåðöÿ. 

Ðèñ. 6. Ïîçäîâæí³é çð³ç ñóõîæèëêîâî¿ ñòðóíè ì³òðàëü-
íîãî êëàïàíà ñåðöÿ ïëîäà, 36 òèæí³â ïðåíàòàëüíîãî 
ïåð³îäó ðîçâèòêó. Çàáàðâëåííÿ çà ìåòîäîì Ï³êðî-

Ìàëëîð³. Ì³êðîôîòîãðàô³ÿ. Çá. : îá. 15õ, îê. 10õ:
1 – ïó÷êè êîëàãåíîâèõ âîëîêîí; 2 –ì’ÿçîâ³ âîëîêíà. 

Ðèñ. 7. Ïîçäîâæí³é çð³ç ì³ñöÿ ô³êñàö³¿ ñóõîæèëêîâî¿ 
ñòðóíè äî ñîñêîïîä³áíîãî ì’ÿçà ì³òðàëüíîãî êëàïàíà 

ïëîäà, 28 òèæí³â ïðåíàòàëüíîãî ïåð³îäó ðîçâèòêó. 
Çàáàðâëåííÿ çà ìåòîäîì Âàí-Ã³çîíîì-Âåéãåðòîì. 

Ì³êðîôîòîãðàô³ÿ. Çá. : îá. 10õ, îê. 10õ:
1 – êîëàãåíîâ³ âîëîêíà; 4 – ì’ÿçîâ³ âîëîêíà. 
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øëóíî÷êîâèõ êëàïàí³â ñåðöÿ ïëîä³â ç âèêîðèñòàííÿì ìàêðîñêîï³÷íîãî, ñâ³òëîîïòè÷íîãî, ã³ñòîõ³ì³÷íîãî, ³ìó-
íîã³ñòîõ³ì³÷íîãî ìåòîä³â ³ ìåòîäó òðèâèì³ðíî¿ êîìï‘þòåðíî¿ ðåêîíñòðóêö³¿. 
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Ìàòåð³àëîì äëÿ äîñë³äæåííÿ ïîñëóæèëè 80 ïåðåäñåðäíî-øëóíî÷êîâèõ êëàïàí³â ñåðöÿ ïëîä³â 13-40 òèæ-
í³â ïðåíàòàëüíîãî ðîçâèòêó (81,0-375,0 ìì ò³ì’ÿíî-êóïðèêîâî¿ äîâæèíè). Íàìè âñòàíîâëåíî, ùî ì³ñöåì ô³ê-
ñàö³¿ á³ëüøîñò³ ñóõîæèëêîâèõ ñòðóí ó ïëîä³â º â³ëüíèé êðàé ñòóëîê ïåðåäñåðäíî-øëóíî÷êîâèõ êëàïàí³â ñåðöÿ. 
Äîñë³äæåííÿ âèêîíàí³ çà äîïîìîãîþ ñâ³òëîâî¿ ì³êðîñêîï³¿ ïîêàçàëè, ùî îñíîâó ñóõîæèëêîâèõ ñòðóí ñêëàäà-
ëà ù³ëüíà îôîðìëåíà âîëîêíèñòà ñïîëó÷íà òêàíèíà òà ñåðöåâà ì’ÿçîâà òêàíèíà. Ïðè ³ìóíîã³ñòîõ³ì³÷íîìó 
äîñë³äæåíí³ ñóõîæèëêîâèõ ñòðóí ñïîñòåð³ãàëàñÿ ïîçèòèâíà ðåàêö³ÿ: CD34+;  SMA+ òà NF+. Ó ðåçóëüòàò³ ãðà-
ô³÷íî¿ ðåêîíñòðóêö³¿ îòðèìàíà ïðîñòîðîâà ìîäåëü ñóõîæèëêîâî¿ ñòðóíè, ÿêà â³äîáðàæàëà ¿¿ ã³ñòîàðõ³òåêòóðó. 

Êëþ÷îâ³ ñëîâà: ñóõîæèëêîâ³ ñòðóíè, ïåðåäñåðäíî-øëóíî÷êîâ³ êëàïàíè ñåðöÿ, ïëîäè. 
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ÊËÀÏÀÍÎÂ ÑÅÐÄÖÀ ÏËÎÄÎÂ Â ÍÎÐÌÅ
Ïåíòåëåé÷óê Í. Ï. 
Ðåçþìå. Öåëüþ èññëåäîâàíèÿ áûëî èçó÷åíèå ìîðôîëîãè÷åñêîãî ñòðîåíèÿ ñóõîæèëüíûõ õîðä 

ïðåäñåðäíî-æåëóäî÷êîâûõ êëàïàíîâ ñåðäöà ïëîäîâ ñ èñïîëüçîâàíèåì ìàêðîñêîïè÷åñêîãî, ñâåòîîïòè÷åñ-
êîãî, ãèñòîõèìè÷åñêîãî, èìóíîãèñòîõèìè÷íîãî ìåòîäîâ è ìåòîäà òðåõìåðíîé êîìïüþòåðíîé ðåêîíñòðóêöèè. 

Ìàòåðèàëîì äëÿ èññëåäîâàíèÿ ïîñëóæèëè 80 ïðåäñåðäíî-æåëóäî÷êîâûõ êëàïàíîâ ñåðäöà ïëîäîâ 
81,0-375,0 ìì ÒÊÄ. Èññëåäîâàíèÿ, âûïîëíåííûå ñ ïîìîùüþ ñâåòîâîé ìèêðîñêîïèè, ïîêàçàëè ÷òî îñíî-
âó ñóõîæèëüíîé õîðäû ñîñòàâëÿëà ïëîòíàÿ îôîðìëåííàÿ âîëîêíèñòàÿ ñîåäèíèòåëüíàÿ òêàíü è ñåðäå÷íàÿ 
ìûøå÷íàÿ òêàíü. Ïðè èìóíîãèñòîõèìè÷íîì èññëåäîâàíèè ñóõîæèëüíûõ õîðä íàáëþäàëàñü ïîçèòèâíàÿ ðå-
àêöèÿ: CD34+;  SMA+ òà NF+. Èìóíîãèñòîõèìè÷íèé ìåòîä èññëåäîâàíèÿ ñóõîæèëüíûõ õîðä ïîçâîëèë îáíà-
ðóæèòü ïîçèòèâíóþ ðåàêöèþ CD34+,  SMA+ è NF+. 

Êëþ÷åâûå ñëîâà: ñóõîæèëüíûå õîðäû, ïðåäñåðäíî-æåëóäî÷êîâûå êëàïàíû ñåðäöà, ïëîäû. 
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Morphological Structure of Tendinous Cords of the Mitral and Tricuspid Heart Valves in the Fetuses 

within the Norm
Peneteleychuk N. P. 
Abstract. Background. Many fundamental works both of Ukrainian and foreign authors are devoted to the de-

scription of the heart valve apparatus, although still there is a number of unknown questions connected with age 
peculiarities of the structure of its components: cusps, papillary muscles and tendinous cords. Considering the fact 
that the valve apparatus possesses a big functional exertion and changes with time, learning individual changes of 
the heart valve apparatus and its components is of great importance. 

Objective of the work was to study morphological structure of the tendinous cords of the atrioventricular heart 
valves in the fetuses using macroscopic, light optic, histochemical, immunohistochemical methods and three-di-
mensional computer reconstruction method. 

Methods were 80 atrioventricular heart valves of the fetuses in 13-40 weeks of the prenatal period of human 
ontogenesis (81,0-375,0 mm of parietococcygeal length). 

Results. The conducted macroscopic examination of the fetal hearts in 180,0-375,0 mm of parietococcygeal 
length week of the prenatal period of human ontogenesis has found that cusps of the mitral and tricuspid heart 
valves are connected with the appropriate papillary muscles by means of tendinous cords similar to thin fibrous 
threads. 

The examinations conducted by means of light microscopy showed that the surface of tendinous cords was cov-
ered with the endothelium. Under the endothelium in the structure of tendinous cords the sudendothelial layer was 
localized, where elastic fibers in the shape of thin strips were found. The base of the tendinous cord was composed 
of close packed, straightly directed bundles of collagen. Immunohistological examination of the tendinous cords 
found a positive reaction: CD34+;  SMA+ òà NF+. 

Conclusion. Thus, the results showed that tendinous cords fruits have the form of connective tissue strands 
departing from the tops of papillary muscles and valves are fixed to the atrioventricular heart valves. The examina-
tions conducted by means of light microscopy showed that the surface of tendinous cords was covered with the 
endothelium, their base is made by close packed bundles of collagen fibers. A great amount of fibroblastic cells and 
striated muscular cells is located between them. Immunohistochemical method of examination allowed detecting 
a positive reaction on CD34+ endotheliocytes,  SMA+ smooth myocytes and NF+ neurofilaments. So tendinous 
cords atrioventricular valvular fruits belonging to tendon strings fibro-muscular type. 

Prospects of further research. The examination conducted allows detection of the structural peculiarities of the 
tendinous cords of the heart valve apparatus within the norm, which will form the base for differential diagnostics of 
their pathology, and pathology of the heart valve apparatus in particular. 

Keywords: tendinous cords, atrioventricular heart valves, fetus. 
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