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Äàíå äîñë³äæåííÿ º ÷àñòèíîþ ïëàíîâî¿ íàóêîâî¿ 
òåìè êàôåäðè àíàòîì³¿ ëþäèíè «Ðîçâèòîê òà ìîð-
ôî-ôóíêö³îíàëüíèé ñòàí îðãàí³â òà òêàíèí åêñïåðè-
ìåíòàëüíèõ òâàðèí òà ëþäèíè â íîðì³, â îíòîãåíåç³, 
ï³ä âïëèâîì çîâí³øí³õ ÷èííèê³â», ¹ äåðæ. ðåºñòðàö³¿ 
0111U009598. 

Âñòóï. Ðîëü ñòðîìàëüíîãî êîìïîíåíòó îðãàí³â, 
çîêðåìà ïîçàêë³òèííîãî ìàòðèêñó, âèêëþ÷íà âàæëè-
âà â ðàííüîìó îíòîãåíåç³ äëÿ äèôåðåíö³þâàííÿ êë³-
òèí âñ³õ òèï³â [1, 3, 4]. Â åìáð³îãåíåç³ ññàâö³â â ïå÷³íö³ 
ñïîñòåð³ãàºòüñÿ äâà ã³ñòîãåíåòè÷í³ ïðîöåñè – êðîâî-
òâîðåííÿ òà ôîðìóâàííÿ âëàñíå ïå÷³íêîâî¿ òêàíèíè 
[3]. Ïðîë³ôåðàö³ÿ, äèôåðåíö³þâàííÿ, àïîïòîç ÿê 
êðîâîòâîðíèõ, òàê åï³òåë³àëüíèõ êîìïîíåíò³â ïå÷³í-
êè â³äáóâàþòüñÿ â ñïåöèô³÷íîìó ì³êðîîòî÷åíí³, ùî º 
îðãàí³çîâóâàíèì ñòðîìàëüíèìè åëåìåíòàìè. Ñòðî-
ìà åìáð³îíàëüíî¿ ïå÷³íêè â³äð³çíÿºòüñÿ â³ä çð³ëî¿ ïî 
êë³òèííîìó ñêëàäó òà ñêëàäó ïîçàêë³òèííîãî ìàòðèê-
ñó [4]. Îñòàíí³é º ìàòðèöåþ äëÿ ì³ãðàö³¿ êë³òèí, ùî 
ìàþòü ïîçàïå÷³íêîâå ïîõîäæåííÿ òà äàþòü ïî÷àòîê 
íååï³òåë³àëüíèì ïîïóëÿö³ÿì êë³òèí ïå÷³íêè [5, 6, 7]. 
Äîâåäåíà ðîëü êîëàãåí³â ð³çíèõ òèï³â, ôèáðîíåêòè-
íó òà ëàì³í³íó â ðîçâèòêó ïå÷³íêè [4]. Òàêèì ÷èíîì, 
äèíàì³êà çì³í â êë³òèííîìó ñêëàä³ ñòðîìè º äîáðå 
äîñë³äæåíî¿ [3, 5], à ñòàí êîìïîíåíò³â ïîçàêë³òèííî-
ãî ìàòðèêñó äîñ³ âèâ÷åíèé íå äîñòàòíüî. 

Ìåòîþ äîñë³äæåííÿ áóëî âñòàíîâëåííÿ äèíà-
ì³êè çì³í ïîçàêë³òèííîãî ìàòðèêñó â ïå÷³íö³ ùóð³â 
ïðîòÿãîì ïðåíàòàëüíîãî ðîçâèòêó. 

Îá’ºêò ³ ìåòîäè äîñë³äæåííÿ. Åìáð³îíè òà 
ïëîäè ³íòàêòíèõ á³ëèõ ùóð³â ë³í³¿ Â³ñòàð íà 11, 12, 
14, 16 òà 18 äîáó ïðåíàòàëüíîãî ðîçâèòêó. Ìàòåð³àë 
ô³êñóâàëè ð³äèíîþ Áóåíà òà çàëèâàëè ó ïàðàïëàñò çà 
çàãàëüíîïðèéíÿòèìè ìåòîäèêàìè. Äëÿ âèÿâëåííÿ 
êèñëèõ ãë³êîçàì³íîãë³êàí³â ã³ñòîëîã³÷í³ çð³çè ï³ääàâà-
ëè ã³ñòîõ³ì³÷íîìó çàáàðâëåííþ çà Ñò³äìåíîì. 

Óòðèìàííÿ òâàðèí òà åêñïåðèìåíòè ïðîâîäèëè-
ñÿ â³äïîâ³äíî äî ïîëîæåíü «ªâðîïåéñüêî¿ êîíâåíö³¿ 
ïðî çàõèñò õðåáåòíèõ òâàðèí, ÿê³ âèêîðèñòîâóþòüñÿ 
äëÿ åêñïåðèìåíò³â òà ³íøèõ íàóêîâèõ ö³ëåé» (Ñòðàñ-
áóðã, 1985), «Çàãàëüíèõ åòè÷íèõ ïðèíöèï³â åêñïåðè-
ìåíò³â íà òâàðèíàõ», óõâàëåíèõ Ïåðøèì íàö³îíàëü-
íèì êîíãðåñîì ç á³îåòèêè (Êè¿â, 2001). 

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ. Íà 
11 äîáó â çà÷àòêó ïå÷³íêè ôîðìóâàëèñÿ àðêîïîä³áí³ 
áàëêè. Ñèíóñîïîä³áí³ ïîðîæíèíè íàâêîëî ïå÷³íêîâèõ 
áàëîê áóëè âóçüêèìè. Ïðè ã³ñòîõ³ì³÷íîìó äîñë³äæåí-
í³ êèñë³ ãë³êîçàì³íîãë³êàíè â íåâåëèê³é ê³ëüêîñò³ âèÿâ-
ëÿëèñÿ â áàçàëüíîìó øàð³ áàëîê (ðèñ. 1). 

Íà 12 äîáó â öåíòðàëüíèõ ÷àñòèíàõ çà÷àòêó ïå÷³í-
êè ñïîñòåð³ãàëèñÿ âèðàæåí³ ïîðîæíèíè, ïîâ’ÿçàí³ ç 
ôîðìóâàííÿì ñóäèííî¿ ñèñòåìè. Ñèíóñîïîä³áí³ ïî-
ðîæíèíè íàâêîëî ïå÷³íêîâèõ áàëîê áóëè âóçüêèìè, 
ù³ëèíîïîä³áíèìè, â çîíàõ àêòèâíîãî äèôåðåíö³þâàí-
íÿ ïå÷³íêîâèõ áàëîê. Ïåðèôåðè÷í³, àáî êðàéîâ³ çîíè, 
ìàëè òîâùèíó 2-3 êë³òèíè. Â öèõ çîíàõ ñïîñòåð³ãàëî-
ñÿ íàêîïè÷åííÿ êèñëèõ ãë³êîçàì³íîãë³êàí³â ì³æ îêðå-
ìèìè øàðàìè òà ó ì³ñöÿõ, äå ïî÷èíàëè ôîðìóâàòèñÿ 
áàëêè. Ðîçâèòîê îñòàíí³õ â³äáóâàâñÿ ÷åðåç òðóáêîïî-
ä³áí³ ñòðóêòóðè àáî áàëêè ôîðìóâàëèñÿ ÿê ìàñèâí³, 
áåç ïîðîæíèí âñåðåäèí³ òÿæ³. Áàëêè, ùî ðîçâèâà-
ëèñÿ â öåíòðàëüíèõ çîíàõ çà÷àòêó áóëè òîíøèìè, íà 
ïîïåðå÷íèõ çð³çàõ â íèõ íàðàõîâóâàëîñÿ äî 10 êë³òèí 
ïå÷³íêîâîãî åï³òåë³þ. Åíäîòåë³àëüíèé øàð ïðè öüîìó 
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Ðèñ. 1. Çð³ç ïå÷³íêè çàðîäêà ùóðà íà 11 äîáó ðîçâè-
òêó. Öåíòðàëüíà ä³ëÿíêà. Çàáàðâëåííÿ çà Ñò³äìåíîì. 

Çá³ëüø.: îê. ×10, îá. ×100. 

Ðèñ. 2. Çð³ç ïå÷³íêè çàðîäêà ùóðà íà 12 äîáó ðîçâè-
òêó. Ä³ëÿíêà, ùî ïðèëåãëà äî ìåçåíõ³ìè ïîïåðå÷íî¿ 

ïåðåãîðîäêè. Çàáàðâëåííÿ çà Ñò³äìåíîì. 
Çá³ëüø.: îê. ×10, îá. ×100. 
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â³ää³ëÿâñÿ â³ä êë³òèí ïàðåíõ³ìè ïðîøàðêîì ãë³êîçà-
ì³íîãë³êàí³â. Êîíöåíòðàö³ÿ îñòàíí³õ â ïåâíèõ çîíàõ 
áàëîê, ìîæëèâî, áóëà ïîâ’ÿçàíà ç íàïðÿìêîì ¿õ ðîñòó. 
Ïîäàëüøèé ðîçâèòîê ïå÷³íêè ñóïðîâîäæóâàâñÿ ôîð-
ìóâàííÿì êîíòàêòó ç ìåçåíõ³ìîþ ïîïåðå÷íî¿ ïåðåãî-
ðîäêè òà àêòèâíîþ âçàºìîä³ºþ ç íåþ çàâäÿêè çîíàì, 
áàãàòèì íà êèñë³ ãë³êîçàì³íîãë³êàíè (ðèñ. 2). ×àñòèíà 
ïå÷³íêîâèõ áàëîê çàíóðþâàëàñÿ â ï³äëåãëó ìåçåíõ³ìó. 

Íà 14 äîáó ï³ääàâàëèñÿ ïîì³òí³é ïåðåáóäî-
â³ ïåðèôåðè÷í³ çîíè ïå÷³íêè. Âîíè ñòàâàëè á³ëüø 
ñòîíøåíèìè. Ñèíóñîïîä³áí³ ñóäèíè, ùî ðîçòàøî-
âàí³ ì³æ áàëêàìè, äîñÿãàëè çíà÷íîãî ðîçâèòêó â 

ïåðèôåðè÷íèõ ä³ëÿíêàõ ïå÷³íêè, ùî, ìîæëèâî, îáó-
ìîâëþº ïîêðàùåííÿ òðîô³êè öèõ çîí. Çá³ëüøóâàâñÿ 
êîíòàêò ïå÷³íêîâî¿ ïàðåíõ³ìè ç ìåçåíõ³ìîþ çàäíüî¿ 
ñò³íêè òóëóáà, â ÿêî¿ çáåð³ãàâñÿ âèñîêèé ð³âåíü êèñ-
ëèõ ãë³êîçàì³íîãë³êàí³â (ðèñ. 3). 

×àñòêîâî öÿ òêàíèíà áóëà âáóäîâàíà â ñêëàä îð-
ãàíó, ùî ìàº çíà÷åííÿ äëÿ ïîäàëüøîãî ôîðìóâàííÿ 
â ïå÷³íö³ êë³òèí ñïîëó÷íî¿ òêàíèíè, ãëàäêîì’ÿçîâèõ 
êë³òèí ñóäèí òà æîâ÷íèõ ïðîòîê³â, ç³ð÷àñòèõ êë³òèí. 
Ì³æ ïå÷³íêîâîþ êàïñóëîþ, ùî ôîðìóâàëàñÿ â³ä ìå-
çåíõ³ìè ïîïåðå÷íî¿ ïåðåãîðîäêè, òà ïàðåíõ³ìîþ 
ïåðèôåðè÷íèõ â³ää³ë³â ïå÷³íêè ïðîñë³äæóâàâñÿ øàð 
êë³òèí, ùî ìàëè ³íøå ïîõîäæåííÿ é áóëè, ñêîð³øå çà 
âñå, ì³ãðàíòàìè ç ìåçåíõ³ìè òóëóáó. Íàâêîëî öèõ êë³-
òèí òîíêèì ïðîøàðêîì êîíöåíòðóâàëèñÿ êèñë³ ãë³êî-
çàì³íîãë³êàíè (ðèñ. 4). Ö³ ðå÷îâèíè áóëè ñèíòåçîâàí³ 
ïå÷³íêîâèì åï³òåë³ºì íà ïîïåðåäí³õ ñòàä³ÿõ ðîçâè-
òêó. Âîíè áåðóòü ó÷àñòü ó ïðîöåñàõ ì³ãðàö³¿ êë³òèí, 
ùî ìàþòü ìåçåíõ³ìíå ïîõîäæåííÿ. Ìè ââàæàºìî, 
ùî ñàìå ö³ êë³òèíè º ïîïåðåäíèêàìè ãëàäêîì’ÿçîâèõ 
êë³òèí ñóäèí ïå÷³íêè, êë³òèí ²òî òà ³íøèõ íå åï³òåë³-
àëüíèõ êë³òèí ïå÷³íêè. Ñõîæ³ ðåçóëüòàòè ïðî ïîõî-
äæåííÿ íå åï³òåë³àëüíèõ êë³òèí ïå÷³íêè ç ñóáìåçîòå-
ë³àëüíîãî øàðó áóëè îòðèìàí³ ³íøèìè äîñë³äíèêàìè 
[6, 7]. Ì³ãðàö³ÿ êë³òèí ç òóëóáíî¿ ìåçåíõ³ìè òàêîæ 
ìàº ì³ñöå â ðîçâèòêó ñåðöÿ òà çä³éñíþºòüñÿ ÷åðåç 
äîðñàëüíèé ìåçîêàðä³é [2]. 

Íà 16 äîáó ïå÷³íêîâà òêàíèíà çàãàëîì ñòàâàëà 
á³ëüø ù³ëüíîþ, ç ð³âíîì³ðíî ðîçòàøîâàíèìè åëå-
ìåíòàìè êðîâîòâîðíîãî ðÿäó. Ïå÷³íêîâ³ ÷àñòî÷êè, 
ÿê³ ðîçâèâàëèñÿ íàâêîëî öåíòðàëüíî¿ âåíè, íàáóâà-
ëè âèãëÿäó, ùî íàáëèæàâñÿ äî çð³ëîãî. Íà öåé ïåð³îä 
ã³ñòîõ³ì³÷íà ðåàêö³ÿ íà êèñë³ ãë³êîçàì³íîãë³êàíè áóëà 
ñëàáêîþ ÿê ó òêàíèí³ ïå÷³íêè, òàê ³ îòî÷óþ÷³é ìåçåí-
õ³ì³. Ó ïîäàëüøîìó ð³âåíü öèõ ðå÷îâèí â îñíîâí³é 
ðå÷îâèí³ ñïîëó÷íî¿ òêàíèíè áóâ íèçüêèì, òîìó, ìè 
ââàæàºìî, ùî ïîäàëüøå äèôåðåíö³þâàííÿ îðãàíó 
âæå ìàëî ïîâ’ÿçàíå ç ö³ºþ ãðóïîþ ñïîëóê. 

Âèñíîâêè. Êèñë³ ãë³êîçàì³íîãë³êàíè ìàþòü âàæ-
ëèâå çíà÷åííÿ äëÿ ôîðìóâàííÿ ïå÷³íêè ùóð³â ïðî-
òÿãîì 11-16 ä³á ïðåíàòàëüíîãî ðîçâèòêó. Ñóáêàï-
ñóëÿðíèé øàð öèõ ðå÷îâèí º ìàòðèöåþ äëÿ ì³ãðàö³¿ 
êë³òèí ç ïîïåðå÷íî¿ ïåðåãîðîäêè, ÿê³ ñôîðìóþòü ð³ç-
íîìàí³òí³ ïîïóëÿö³¿ íååï³òåë³àëüíèõ êë³òèí ïå÷³íêè. 

Ïåðñïåêòèâè ïîäàëüøèõ äîñë³äæåíü. Ïî-
äàëüø³ äîñë³äæåííÿ â öüîìó íàïðÿìêó ïîâèíí³ äî-
ñë³äèòè ³íø³ êîìïîíåíòè ïîçàêë³òèííîãî ìàòðèêñó, 
ùî âïëèâàþòü íà ðîçâèòîê ïå÷³íêè. 

Ðèñ. 3. Çð³ç ïå÷³íêè çàðîäêà ùóðà íà 14 äîáó ðîçâè-
òêó. Ä³ëÿíêà, ùî ïðèëåãëà äî ìåçåíõ³ìè ïîïåðå÷íî¿ 
ïåðåãîðîäêè. Çàáàðâëåííÿ çà Ñò³äìåíîì. Çá³ëüø.: 

îê. ×10, îá. ×100. 

Ðèñ. 4. Çð³ç ïå÷³íêè çàðîäêà ùóðà íà 14 äîáó ðîçâè-
òêó â íîðì³. Çàáàðâëåííÿ çà Ñò³äìåíîì. Çá³ëüø.: îê. 
×10, îá. ×100. Ñòð³ëêîþ ïîçíà÷åíà ä³ëÿíêà ì³ãðàö³¿ 

êë³òèí â ñóáêàïñóëÿðí³é çîí³. 
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Ðåçþìå. Äëÿ âñòàíîâëåííÿ äèíàì³êè çì³í â ïîçàêë³òèííîìó ìàòðèêñ³ ïå÷³íêè çàðîäê³â ùóð³â äîñë³äèëè ðîç-

ïîä³ë êèñëèõ ãë³êîçàì³íîãë³êàí³â â îðãàí³ íà 11, 12, 14, 16 òà 18 äîáó ïðåíàòàëüíîãî ðîçâèòêó. Êèñë³ ãë³êîçàì³íî-
ãë³êàíè ìàþòü âàæëèâå çíà÷åííÿ äëÿ ôîðìóâàííÿ ïå÷³íêîâèõ áàëîê ïðîòÿãîì 11-16 ä³á ïðåíàòàëüíîãî ðîçâèòêó. 
Âîíè íàêîïè÷óþòüñÿ ì³æ åíäîòåë³ºì òà ãåïàòîöèòàìè, â áàçàëüíîìó øàð³. Ñóáêàïñóëÿðíèé øàð öèõ ðå÷îâèí, ùî 
â³äñë³äêîâóºòüñÿ ç 14 äîáè, º ìàòðèöåþ äëÿ ì³ãðàö³¿ êë³òèí ç ïîïåðå÷íî¿ ïåðåãîðîäêè. Ö³ ì³ãðàíòè ñôîðìóþòü 
ïîïóëÿö³¿ ãëàäêîì’ÿçîâèõ êë³òèí, êë³òèí ²òî òà ³íøèõ íååï³òåë³àëüíèõ êë³òèí ïå÷³íêè. 

Êëþ÷îâ³ ñëîâà: ïå÷³íêà, ïðåíàòàëüíèé ðîçâèòîê, ïîçàêë³òèííèé ìàòðèêñ, êèñë³ ãë³êîçàì³íîãë³êàíè. 
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ÐÎËÜ ÊÈÑËÛÕ ÃËÈÊÎÇÀÌÈÍÎÃËÈÊÀÍÎÂ Â ÏÐÅÍÀÒÀËÜÍÎÌ ÐÀÇÂÈÒÈÈ ÏÅ×ÅÍÈ ÊÐÛÑ
Äîâãàëü Ã. Â. 
Ðåçþìå. Äëÿ îïðåäåëåíèÿ äèíàìèêè èçìåíåíèé âî âíåêëåòî÷íîì ìàòðèêñå ïå÷åíè çàðîäûøåé êðûñ èñ-

ñëåäîâàëè ðàñïðåäåëåíèå êèñëûõ ãëèêîçàìèíîãëèêàíîâ â îðãàíå íà 11, 12, 14, 16 è 18 ñóòêè ïðåíàòàëüíîãî 
ðàçâèòèÿ. Êèñëûå ãëèêîçàìèíîãëèêàíû èìåþò âàæíîå çíà÷åíèå äëÿ ôîðìèðîâàíèÿ ïå÷åíî÷íûõ áàëîê òå÷åíèå 
11-16 ñóòîê ïðåíàòàëüíîãî ðàçâèòèÿ. Îíè íàêàïëèâàþòñÿ ìåæäó ýíäîòåëèåì è ãåïàòîöèòàìè, â áàçàëüíîì ñëîå. 
Ñóáêàïñóëÿðíîå íàêîïëåíèå ýòèõ âåùåñòâ îïðåäåëÿåòñÿ ñ 14 ñóòîê, ýòîò ñëîé ÿâëÿåòñÿ ìàòðèöåé äëÿ ìèãðàöèè 
êëåòîê èç ïîïåðå÷íîé ïåðåãîðîäêè. Ìèãðàíòû ñôîðìèðóþò ïîïóëÿöèè ãëàäêîìûøå÷íûõ êëåòîê, êëåòîê Èòî è 
äðóãèõ íåýïèòåëèàëüíûõ êëåòîê ïå÷åíè. 
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Role of Acid Glycosaminoglycans in Prenatal Development of Rat Liver
Dovgal G. V. 
Abstract. The role of stromal components, including extracellular matrix, is crucial in early ontogeny for liver dif-

ferentiation.  Proliferation, differentiation, apoptosis of hematopoietic and epithelial component of the liver takes place 
in a specific microenvironment organized by stroma. Stroma of fetal liver differs from mature in cellular structure and 
composition of the extracellular matrix. The latter is a matrix for cell migration with extrahepatic origin. 

The aim of the study was to determine the changes of the extracellular matrix in rat liver during prenatal develop-
ment. Liver of embryos from intact white Wistar rats at 11, 12, 14, 16 and 18 days of prenatal development was exam-
ined for acidic glycosaminoglycans by Stidmen’s staining. On 11th embryonic day the archlike beams were observed 
in the liver bud. The sinusoids around the liver beams were narrow. The acidic glycosaminoglycans were found in the 
basal layer of beams in small amounts. On 12th day in the central parts of the liver bud the large cavities associated with 
the formation of the vascular system were observed. The sinusoids around the liver beams were narrow in the areas of 
active hepatic differentiation. The peripheral or marginal zone had a thickness of 2-3 cells. In these areas acid glycos-
aminoglycans were accumulated between different layers and at places where beams began to emerge. The beams 
had tubelike look or were massive without cavities inside. Beams in the central areas of the liver bud were thinner. Endo-
thelial layer was separated from the cells of the parenchyma by layer of glycosaminoglycans. The concentration of the 
latter in certain areas of the beams may have been associated with the direction of their growth. Further development of 
the liver was accompanied by the formation of contact with the mesenchyme of the transverse septum and active inter-
action with it through the zones rich in acid glycosaminoglycans. Some of hepatic beams were immersed in the mesen-
chyme. On 14th day the peripheral zones of the liver were significantly transformated. They became thinner. Sinusoidlike 
vessels between the beams, were well developed in the peripheral areas of the liver, they may improve the trophic of 
these areas. The contact of hepatic parenchyma with mesenchyme of the posterior wall became wider. This area has 
demonstrated the high level of acid glycosaminoglycans. Part of mesenchyme was embedded into the liver and give 
rise to the liver connective tissue cells, smooth muscle cells of vessels and bile duct, stellate cells. Between the liver 
capsule, which started from the mesenchyme of the transverse walls, and parenchyma there was the layer of cells that 
have nonepithelial origin and were likely migrants from the mesenchyme. The thin layer of acid glycosaminoglycans was 
observed around these cells. This component of the extracellulary matrix was synthesized by the hepatic epithelium 
during the previous studies of development. So the acid glycosaminoglycans are involved in the processes of migra-
tion of cell which have the mesenchymal origin. We believe that these cells are the progenitors of the vascular smooth 
muscle cells, Ito cells and other nonepitelial liver cells. On the 16th day of liver tissue becomes more dense. Liver lobules 
with the central vein approached the structure of mature hepatic lobule. The histochemical reaction for acid glycosami-
noglycans was weak in both liver tissue and the surrounding mesenchyme. So, acidic glycosaminoglycans are essential 
for the formation of rat liver during 11-16 days of prenatal development. Subcapsular layer of these substances is a 
matrix for cell migration from transverse septum. 
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