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Âñòóï. Âàæëèâîþ òåìîþ íàóêîâèõ äîñë³äæåíü 
ñüîãîäåííÿ º âèÿâëåííÿ âïëèâó øê³äëèâèõ ôàêòîð³â 
çîâí³øíüîãî ñåðåäîâèùà, çîêðåìà âàæêèõ ìåòà-
ë³â, íà ñòàí îðãàí³â åìáð³îíó ï³ä ÷àñ åìáð³îãåíåçó. 
Çäîðîâ’ÿ ìàòåð³ òà äèòèíè º îäíèì ç íàéá³ëüø ÷óò-
ëèâèõ á³îëîã³÷íèõ ïîêàçíèê³â, ÿêèé â³äîáðàæàº ñòó-
ï³íü çàáðóäíåííÿ äîâê³ëëÿ. Ó íàø³é êðà¿í³ ñïîñòåð³-
ãàºòüñÿ ñòð³ìêå ï³äâèùåííÿ ïðîöåñ³â äåïîïóëÿö³¿ 
íàñåëåííÿ, ùî ïðîÿâëÿºòüñÿ ó çíèæåíí³ íàðîäæó-
âàíîñò³ òà ï³äâèùåíí³ ñìåðòíîñò³. Ï³ä âïëèâîì àí-
òðîïîãåííèõ ôàêòîð³â çá³ëüøóºòüñÿ ê³ëüê³ñòü ñîëåé 
âàæêèõ ìåòàë³â, ÿê³ º òåðàòîãåíàìè òà ìîæóòü ïðîâî-
êóâàòè ïîðóøåííÿ ðîçâèòêó îðãàí³â. Òåõíîãåííî-ïå-
ðåâàíòàæåíèìè ðåã³îíàìè êðà¿íè º Äîíåöüêà òà Äí³-
ïðîïåòðîâñüêà îáëàñò³ – òóò ùîðîêó âèðîáëÿºòüñÿ 
áëèçüêî 10 ì³ë³îí³â øòóê ñâèíöåâèõ àêóìóëÿòîðíèõ 
áàòàðåé ð³çíèõ òèï³â. Ñïîëóêè ñâèíöþ º îäíèìè ç 
íàéá³ëüø ðîçïîâñþäæåíèõ òîêñèêàíò³â ïðîìèñëîâî 
ðîçâèíåíèõ ðåã³îí³â Óêðà¿íè. Ñüîãîäí³ ñïîëóêè ñâèí-
öþ ïðèñóòí³ ó ´ðóíò³ òà âîä³ â êîíöåíòðàö³ÿõ, ùî çíà-
÷íî âèù³ â³ä ãðàíè÷íî äîïóñòèìèõ [8, 9, 10]. Ñâèíåöü 
â³äîìèé âèñîêîþ òîêñè÷í³ñòþ, îñîáëèâî ÷óòëèâ³ äî 
îòðóºííÿ ö³ºþ ðå÷îâèíîþ ä³òè. Êîíöåíòðàö³ÿ ñîëåé 
ñâèíöþ â êðîâ³ äîðîñëîãî íàñåëåííÿ, îñîáëèâî âà-
ã³òíèõ, à òàêîæ ä³òåé, ñóòòºâî ïåðåâèùóº ã³ã³ºí³÷íèé 
íîðìàòèâ – äî 3 ðàç³â [2, 3, 5]. 

Ïå÷³íêà º âàæëèâèì îðãàíîì åìáð³îíó. Ïî÷àâøè 
ñâîº ôîðìóâàííÿ íà 4 òèæí³ âíóòð³øíüîóòðîáíîãî 
ðîçâèòêó ïå÷³íêà âæå íà 5-6 òèæí³ åìáð³îíàëüíîãî 
ðîçâèòêó ïîñòàº öåíòðàëüíèì îðãàíîì êðîâîòâî-
ðåííÿ, äå â³äáóâàºòüñÿ ôîðìóâàííÿ äðóãî¿ ãåíåðàö³¿ 
ñòîâáóðîâèõ êë³òèí êðîâ³ [13]. Â÷åíèìè äîâåäåíèé 

âêðàé íåáàæàíèé âïëèâ ñâèíöþ íà ãåïàòîãåíåç òà 
íà âàñêóëîãåíåç ó ïå÷³íö³ ï³ä ÷àñ åìáð³îíàëüíîãî 
ðîçâèòêó. Â ðåçóëüòàò³ ä³¿ àöåòàòó ñâèíöþ íà îðãà-
í³çì ñàìîê â ïåð³îä âàã³òíîñò³ â³äáóâàºòüñÿ çíèæåí-
íÿ ìàñè ò³ëà ó ïîòîìñòâà. Âïëèâ àöåòàòó ñâèíöþ íà 
îðãàí³çì ìàòåð³ â ïåð³îä âàã³òíîñò³ ïðèçâîäèòü ó 
íîâîíàðîäæåíèõ ùóðÿò äî çíèæåííÿ ê³ëüêîñò³ åðè-
òðîöèò³â òà êîíöåíòðàö³¿ ãåìîãëîá³íó ö³ëüíî¿ êðîâ³. 
Ä³ÿ àöåòàòó ñâèíöþ íà îðãàí³çì ìàòåð³ â ïåð³îä âà-
ã³òíîñò³ âèêëèêàº çì³íè â ïå÷³íö³ ïîòîìñòâà: îçíàêè 
ïàðåíõ³ìàòîçíî¿ á³ëêîâî¿ äèñòðîô³¿, äåêîìïîçèö³þ 
áàëêîâî¿ áóäîâè ïå÷³íêîâèõ ÷àñòî÷îê, çíèæåííÿ 
âì³ñòó ãë³êîãåíó â ãåïàòîöèòàõ ïå÷³íêè, çá³ëüøåííÿ 
ïëîù³ ãåïàòîöèò³â ïå÷³íêè ó íîâîíàðîäæåíèõ òâàðèí 
[4]. 

Âðàõîâóþ÷è âêðàé øê³äëèâèé âïëèâ àöåòàòó 
ñâèíöþ íà ðîçâèòîê îðãàí³â åìáð³îíó, çîêðåìà íà 
ïå÷³íêó òà íà ¿¿ âàñêóëîãåíåç, ïîñòàº íåîáõ³äí³ñòü 
ïîøóêó ñïîëóê, ÿêèì ïðèòàìàííà çíåøêîäæóâàëüíà 
ä³ÿ. 

Îñòàíí³ì ÷àñîì â÷åí³ ïðèä³ëÿþòü óâàãó äîñë³-
äæåííþ âïëèâó íàíîìàòåð³àë³â, çîêðåìà íàíîìåòà-
ë³â, íà îðãàí³çì ëþäèíè. Â ìåäèöèí³ äëÿ ä³àãíîñòèêè 
òà ë³êóâàííÿ çàõâîðþâàíü âñå ÷àñò³øå âèêîðèñòîâó-
þòü íàíîôîðìè çîëîòà [6]. Ïîêàçàíî âèñîêó åôåê-
òèâí³ñòü âèêîðèñòàííÿ íàíî÷àñòèíîê çîëîòà ÿê 
êîíòðàñòíèõ àãåíò³â ó ìàãí³òíî-ðåçîíàíñí³é òà ðåíò-
ãåí³âñüê³é êîìï’þòåðí³é òîìîãðàô³¿, ôîòîòåðìàëü-
í³é òåðàï³¿ îíêîëîã³÷íèõ çàõâîðþâàíü, à òàêîæ ÿê 
âåêòîð³â ö³ëüîâî¿ äîñòàâêè ë³êàðñüêèõ ïðåïàðàò³â, 
ïåðåäóñ³ì ïðîòèïóõëèííèõ [15, 16, 17]. Äîñë³äíèêè 
êàôåäðè ìåäè÷íî¿ á³îëîã³¿, ôàðìàêîãíîç³¿ òà áîòàí³-
êè òà êàôåäðè çàãàëüíî¿ ã³ã³ºíè ÄÇ «Äí³ïðîïåòðîâ-
ñüêà ìåäè÷íà àêàäåì³ÿ ÌÎÇ Óêðà¿íè» ó õîä³ åêñïåðè-
ìåíòàëüíèõ ðîá³ò âèçíà÷èëè, ùî ïðè êîìá³íîâàíîìó 
ââåäåíí³ àöåòàòó ñâèíöþ òà öèòðàòó çîëîòà ñïî-
ñòåð³ãàºòüñÿ çíèæåííÿ ñìåðòíîñò³ åìáð³îí³â, ñïðè-
÷èíåíî¿ ñâèíöåì, çá³ëüøåííÿ æîâòèõ ò³ë âàã³òíîñò³ 
òà çá³ëüøåííÿ ê³ëüêîñò³ ïðèïëîäó [12]. Â÷åíèìè 
êàôåäðè âåòåðèíàðíî¿ ìåäèöèíè Ï³âäåííîãî Òàé-
âàíñüêîãî Óí³âåðñèòåòó áóëà âèÿâëåíà ïðîòåêòîðíà 
âëàñòèâ³ñòü êîëî¿äíîãî íàíîçîëîòà ïî â³äíîøåííþ 
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äî íåãàòèâíîãî âïëèâó òåòðàõëîðåòàíó íà ïå÷³íêó 
ùóð³â [14]. 

Ïðè âñüîìó ðîçìà¿òò³ åêñïåðèìåíòàëüíèõ ðîá³ò 
ùîäî âïëèâó ìåòàë³â òà ¿õ íàíîôîðì íà îðãàí³çì 
ëþäèíè, âïëèâ ¿õ íà ïå÷³íêó åìáð³îíó çàëèøàºòüñÿ 
ìàëîâèâ÷åíèì. Ïîøóê ïðîòåêòîðíèõ ðå÷îâèí, ùî 
áóäóòü ïîïåðåäæóâàòè òà çíåøêîäæóâàòè íåáåçïå÷-
íèé âïëèâ ñâèíöþ íà åìáð³îíàëüíèé ðîçâèòîê ïå÷³í-
êè òà ¿¿ ñóäèí º àêòóàëüíèì çàâäàííÿì äàíî¿ íàóêîâî¿ 
ðîáîòè. 

Ìåòîþ äîñë³äæåííÿ áóëî âèÿâëåííÿ ìîäèô³êó-
þ÷èõ âëàñòèâîñòåé öèòðàò³â ñð³áëà òà çîëîòà íà ñòàí 
ñóäèí ïå÷³íêè åìáð³îí³â ùóð³â. 

Îá’ºêò ³ ìåòîäè äîñë³äæåííÿ. Åêñïåðèìåí-
òàëüíà ÷àñòèíà ðîáîòè âèêîíàíà íà 40 á³ëèõ ñòàòå-
âîçð³ëèõ ùóðàõ-ñàìèöÿõ ë³í³¿ Â³ñòàð âàãîþ 180-200 
ãðàì ó â³ö³ 95-110 äí³â. Äîñë³äæåííÿ íà òâàðèíàõ 
ïðîâîäèëè â³äïîâ³äíî äî «Çàãàëüíèõ åòè÷íèõ ïðèí-
öèï³â åêñïåðèìåíò³â íà òâàðèíàõ» (Êè¿â, 2001), ÿê³ 
óçãîäæóþòüñÿ ç ªâðîïåéñüêîþ êîíâåíö³ºþ ïðî çà-
õèñò åêñïåðèìåíòàëüíèõ òâàðèí (Ñòðàñáóðã, 1985). 

Â åêñïåðèìåíòàëüíèõ ìîäåëÿõ âèêîðèñòîâó-
âàëè ðîç÷èí àöåòàòó ñâèíöþ (âèðîáíèê – ÇÀÒ «Íà-
óêîâî-äîñë³äíèé öåíòð ôàðìàêîòåðàï³¿», ì. Ñàíêò-
Ïåòåðáóðã, Ðîñ³ÿ) òà ðîç÷èíè öèòðàò³â ñð³áëà òà 
çîëîòà, îòðèìàíèõ çà àêâàíàíîòåõíîëîã³ºþ, çã³äíî 
äîãîâîðó ïðî íàóêîâî-òåõí³÷íó ñï³âïðàöþ ì³æ Äåð-
æàâíèì çàêëàäîì «Äí³ïðîïåòðîâñüêà ìåäè÷íà àêà-
äåì³ÿ ÌÎÇ Óêðà¿íè» òà Óêðà¿íñüêèì äåðæàâíèì íà-
óêîâî-äîñë³äíèì ³íñòèòóòîì íàíîá³îòåõíîëîã³é òà 
ðåñóðñîçáåðåæåííÿ íà òåìó «Åêñïåðèìåíòàëüí³ äî-
ñë³äæåííÿ åìáð³îòðîïíî¿ ä³¿ òîêñè÷íèõ òà á³îãåííèõ 
ìåòàë³â â ìàêðî- ³ íàíîàêâàõåëàòíèõ ôîðìàõ ïðè ¿õ 
³çîëüîâàíîìó òà êîìá³íîâàíîìó íàäõîäæåíí³», â³ä 
4 áåðåçíÿ 2012 ðîêó. 

Ìîäåëþâàííÿ âïëèâó ðîç÷èí³â öèòðàò³â ìåòà-
ë³â íà îðãàí³çì ñàìèö³ òà íà åìáð³îãåíåç ïðîâîäè-
ëè çà íàñòóïíèì ïëàíîì. Âñ³ ùóðè áóëè ðîçïîä³ëåí³ 
íà 4 ãðóïè: ² ãðóïà – òâàðèíè, ÿêèì ââîäèëè ðîç÷èí 
àöåòàòó ñâèíöþ ó êîíöåíòðàö³¿ 0,05 ìã/êã; ²² ãðóïà 
– òâàðèíè, ÿêèì ââîäèëè ðîç÷èí àöåòàòó ñâèíöþ ó 
êîíöåíòðàö³¿ 0,05 ìã/êã òà ðîç÷èí öèòðàòó ñð³áëà ó 
êîíöåíòðàö³¿ 2 ìêã/êã; ²²² ãðóïà – òâàðèíè, ÿêèì ââî-
äèëè ðîç÷èí àöåòàòó ñâèíöþ ó êîíöåíòðàö³¿ 0, 05 ìã/
êã òà ðîç÷èí öèòðàòó çîëîòà ó êîíöåíòðàö³¿ 1,5 ìêã/
êã; ²V ãðóïà (êîíòðîëüíà) – òâàðèíè, ÿêèì ââîäèëè 
äèñòèëüîâàíó âîäó. 

Çã³äíî çàãàëüíîïðèéíÿòèì ³íñòðóêö³ÿì ïðîâå-
äåííÿ åêñïåðèìåíòàëüíèõ ðîá³ò, ðîç÷èíè ìåòàë³â 
ââîäèëè ñàìèöÿì åíòåðàëüíî ÷åðåç çîíä îäèí ðàç 
íà äîáó, â îäèí ³ òîé æå ÷àñ, ç 1-îãî ïî 19-é äåíü 
âàã³òíîñò³. Ï³ä ÷àñ ââåäåííÿ ðîç÷èí³â ðåºñòðóâà-
ëè ñòàí òà ïîâåä³íêó ñàìîê, äèíàì³êó ìàñè ò³ëà, 
ðåêòàëüíó òåìïåðàòóðó, òðèâàë³ñòü âàã³òíîñò³. Íà 
20-é äåíü âàã³òíîñò³ ïðîâîäèëè îïåðàòèâíèé çàá³é. 
Ùóðÿò âèëó÷àëè ç ìàòêè, ïåðåâ³ðÿëè íà òåñò «æèâ³-
ìåðòâ³», çâàæóâàëè, âèçíà÷àëè ñòàòü, ôîòîãðàôó-
âàëè òà ô³êñóâàëè ó 10 %- ðîç÷èí³ ôîðìàë³íó äëÿ 
ïîäàëüøîãî ã³ñòîëîã³÷íîãî äîñë³äæåííÿ. Äîñë³äíèõ 
òâàðèí âèâîäèëè ç åêñïåðèìåíòó ñïîñîáîì ïåðåäî-
çóâàííÿ åô³ðíîãî íàðêîçó. Ï³ñëÿ ô³êñàö³¿ âèëó÷àëè 
ç åìáð³îíó ïå÷³íêó ³ ãîòóâàëè ã³ñòîëîã³÷í³ ïðåïàðà-
òè. Çà äîïîìîãîþ ñâ³òëîâîãî ì³êðîñêîïó îö³íþâàëè 

Ðèñ. 1. Ïàðåíõ³ìà ïå÷³íêè åìáð³îíó ùóðà. 1 – ñóäèíè 
ìàëîãî êàë³áðó, 2 – ñóäèíè âåëèêîãî êàë³áðó. Ì³êðî-
ïðåïàðàò. Çàáàðâëåííÿ ãåìàòîêñèë³íîì ³ åîçèíîì. 

Çá³ëüøåííÿ õ10. 

Ðèñ. 2. Ïàðåíõ³ìà ïå÷³íêè åìáð³îíó ùóðà: 1 – êîíòðîëüíà ãðóïà; 2 – ãðóïà âïëèâó àöåòàòîì ñâèíöþ. Ì³êðîïðå-

ïàðàò. Çàáàðâëåííÿ ãåìàòîêñèë³íîì ³ åîçèíîì. Çá³ëüøåííÿ õ10. 
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ã³ñòîëîã³÷í³ çð³çè ïå÷³íêè. Óìîâíî ñóäèíè ïå÷³íêè 
áóëè ðîçïîä³ëåí³ íà äâ³ ãðóïè: âåëèêîãî òà ìàëîãî 
êàë³áðó (ðèñ. 1). 

Âèì³ðþâàëè ä³àìåòð ñóäèí, âèêîðèñòîâóþ÷è îêó-
ëÿðíèé ì³êðîìåòð òà îá’ºêò-ì³êðîìåòð. Çà äîïîìî-
ãîþ ïðîãðàìè Photoshop CS [7] ðàõóâàëè ù³ëüí³ñòü 
óïàêóâàííÿ ñóäèí ó ïàðåíõ³ì³ ïå÷³íêè (ìêì3/ìêì3) 
ìåòîäîì òî÷êîâîãî ï³äðàõóíêó, âèêîðèñòîâóþ÷è 
òåñò-ñèñòåìó ïðîãðàìíîãî ïàêåòó ImageJ 1,47v ç 
ïëàã³íîì Grid òà ðîçðàõîâóâàëè çà ôîðìóëîþ â³äïî-
â³äíî äî ðåêîìåíäàö³é Ã. Ã. Àâòàíäèëîâà [1]: 

t

i
v P
PV ,

äå V
v
 – ù³ëüí³ñòü óïàêóâàííÿ ñòðóêòóðè; 

P
i
 – ê³ëüê³ñòü òî÷îê òåñò-ñèñòåìè, ÿê³ ïðèïàäàþòü 

íà ñòðóêòóðó; 
P

t
 – çàãàëüíà ê³ëüê³ñòü òî÷îê òåñò-ñèñòåìè. 

Ï³äðàõîâóâàëè ê³ëüê³ñòü òî÷îê, ùî ïðèïàäàº íà 
ñóäèíè ó äîñë³äæóâàí³é ä³ëÿíö³ ïàðåíõ³ìè ïå÷³íêè ³ 
ðàõóâàëè ù³ëüí³ñòü ñóäèí ó òêàíèí³ ïå÷³íêè. 

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ. 
Íàäçâè÷àéíî ðîçâèíåíà ìåðåæà êàï³ëÿð³â ì³æ òÿ-
æàìè ïå÷³íêîâèõ êë³òèí âèçíà÷àº ñòðóêòóðó åìá-
ð³îíàëüíî¿ ïå÷³íêè [11]. Ñàìå òîìó º äîö³ëüíèì 

Ðèñ. 3. Ïàðåíõ³ìà ïå÷³íêè åìáð³îí³â ùóð³â: 1 – êîíòðîëüíà ãðóïà, 2 – ãðóïà âïëèâó àöåòàòîì ñâèíöþ; 3 – ãðóïà 
ñóì³ñíîãî âïëèâó àöåòàòîì ñâèíöþ òà íàíîàêâàõåëàòîì ñð³áëà; 4 – ãðóïà ñóì³ñíîãî âïëèâó àöåòàòîì ñâèíöþ òà 

íàíîàêâàõåëàòîì çîëîòà. Ì³êðîïðåïàðàò. Çàáàðâëåííÿ ãåìàòîêñèë³íîì òà åîçèíîì. Çá³ëüøåííÿ õ10. 

Ðèñ. 4. Ä³àìåòð ñóäèí âåëèêîãî òà ìàëîãî êàë³áðó ó 
êîíòðîëüí³é òà åêñïåðèìåíòàëüíèõ ãðóïàõ. 

Ïðèì³òêà: ÊÃ – êîíòðîëüíà ãðóïà; Pb – ãðóïà âïëèâó àöåòàòîì 

ñâèíöþ; Pb + Ag – ãðóïà ñóì³ñíîãî âïëèâó àöåòàòîì ñâèíöþ òà 

öèòðàòîì ñð³áëà; Pb + Au – ãðóïà ñóì³ñíîãî âïëèâó àöåòàòîì ñâèíöþ 

òà öèòðàòîì çîëîòà;

* – äîñòîâ³ðíà ð³çíèöÿ ïî â³äíîøåííþ äî êîíòðîëüíî¿ ãðóïè 

(p < 0,05);

** – äîñòîâ³ðíà ð³çíèöÿ ïî â³äíîøåííþ äî ãðóïè âïëèâó àöåòàòîì 

ñâèíöþ (p < 0,05). 
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äîñë³äæåííÿ âïëèâó ôàêòîð³â çîâí³øíüîãî ñåðåä-
îâèùà, ùî ìîæóòü ñïðè÷èíÿòè ìîðôîëîã³÷í³ çì³íè ó 
àíã³îàðõ³òåêòîí³ö³ ïå÷³íêè. 

Äîñë³äæóþ÷è ìîäèô³êóþ÷ó ä³þ ñòîñîâíî íåãà-
òèâíèõ ïðîÿâ³â âïëèâó àöåòàòó ñâèíöþ áóëè îáðàí³ 
öèòðàò ñð³áëà òà öèòðàò çîëîòà, îòðèìàí³ çà àêâàíà-
íîòåõíîëîã³ºþ. Öèòðàòè á³îìåòàë³â áåçïå÷í³, âîíè 
ïðîÿâëÿþòü àíòèîêñèäàíòíó òà ðàä³îïðîòåêòîðíó 
ä³þ, ïîçèòèâíî âïëèâàþòü íà ñåðöåâî-ñóäèííó ³ 
³ìóííó ñèñòåìè îðãàí³çìó. Ì³íåðàëüí³ ðå÷îâèíè ó âè-
ãëÿä³ öèòðàò³â äîçâîëåí³ äî âèêîðèñòàííÿ â õàð÷îâèõ 
ïðîäóêòàõ, óòîìó ÷èñë³ ³ äëÿ äèòÿ÷îãî õàð÷óâàííÿ. 

Ïîð³âíÿííÿ ðåçóëüòàò³â àíã³îòðîïíî¿ ä³¿ íèçü-
êèõ äîç àöåòàòó ñâèíöþ ç ïîêàçíèêàìè êîíòðîëüíî¿ 
ãðóïè âèÿâèëî éîãî àíã³îòîêñè÷í³ñòü. Ó ö³ëîìó â ãðóï³ 
³íòîêñèêàö³¿ àöåòàòîì ñâèíöþ âèÿâëåíî äîñòîâ³ð-
íå çìåíøåííÿ ä³àìåòðó ñóäèí ìàëîãî êàë³áðó â 1,8 
ðàç³â òà ñóäèí âåëèêîãî êàë³áðó â 3,3 ðàçè ó ïîð³â-
íÿíí³ ç êîíòðîëüíîþ ãðóïîþ (òàáë. 1, ðèñ. 2). Ù³ëü-
í³ñòü óïàêóâàííÿ ñóäèí ïàðåíõ³ìè ïå÷³íêè ó ãðóï³ 
ñâèíöåâî¿ ³íòîêñèêàö³¿ ó 3,8 ðàç³â ìåíøà ó ïîð³âíÿíí³ 
ç ãðóïîþ êîíòðîëþ (òàáë. 2, ðèñ. 5). 

Àíàë³ç çàãàëüíèõ ïîêàçíèê³â ó ãðóï³ ñóì³ñíîãî 
âïëèâó àöåòàòó ñâèíöþ òà öèòðàòó ñð³áëà òà àöåòàòó 
ñâèíöþ òà öèòðàòó çîëîòà âèÿâèâ ïîêðàùåííÿ ïî-
êàçíèê³â ñòàíó ñóäèííîãî ðóñëà åìáð³îíàëüíî¿ ïå-
÷³íêè (òàáë. 1, 2; ðèñ. 4, 5). Ä³àìåòð ñóäèí ìàëîãî 
êàë³áðó ó ãðóï³ ñóì³ñíîãî âïëèâó àöåòàòó ñâèíöþ òà 
öèòðàòó ñð³áëà ó 1,8 ðàç³â á³ëüøå ó ïîð³âíÿíí³ ç ³íòàê-
òíîþ ãðóïîþ, òà ó 3,3 ðàçè á³ëüøå ó ïîð³âíÿíí³ ç ãðó-
ïîþ ñâèíöåâî¿ ³íòîêñèêàö³¿ . Ä³àìåòð ñóäèí âåëèêîãî 
êàë³áðó ó ãðóï³ ñóì³ñíîãî âïëèâó àöåòàòó ñâèíöþ òà 
öèòðàòó ñð³áëà ó 1,05 ðàç³â ìåíøå ó ïîð³âíÿíí³ ç ³í-
òàêòíîþ ãðóïîþ, òà ó 3,1 ðàçè á³ëüøå ó ïîð³âíÿíí³ ç 
ãðóïîþ ñâèíöåâî¿ ³íòîêñèêàö³¿. Ù³ëüí³ñòü óïàêóâàí-
íÿ ñóäèí ïàðåíõ³ìè ïå÷³íêè ó ãðóï³ ñóì³ñíîãî âïëèâó 
àöåòàòó ñâèíöþ òà öèòðàòó ñð³áëà ó 1,6 ðàç³â á³ëüøà ó 
ïîð³âíÿíí³ ç ãðóïîþ êîíòðîëþ òà ó 5,9 ðàç³â á³ëüøà ó 
ïîð³âíÿíí³ ³ç ãðóïîþ ñâèíöåâî¿ ³íòîêñèêàö³¿ (ðèñ. 5). 

Òàáëèöÿ 1

Ä³àìåòð ñóäèí ïå÷³íêè ó êîíðîëüí³é òà åêñïåðèìåíòàëüíèõ ãðóïàõ

Êîíòðîëüíà ãðóïïà, 
n = 10

Àöåòàò ñâèíöþ, 
n = 10

Àöåòàò ñâèíöþ + öèòðàò ñð³áëà, 
n = 10

Àöåòàò ñâèíöþ + öèòðàò çîëîòà, 
n = 10

Ñóäèíè 
âåëèêîãî 
êàë³áðó, 

[ìêì]

Ñóäèíè 
ìàëîãî 
êàë³áðó, 

[ìêì]

Ñóäèíè 
âåëèêîãî 
êàë³áðó, 

[ìêì]

Ñóäèíè 
ìàëîãî 
êàë³áðó, 

[ìêì]

Ñóäèíè 
âåëèêîãî 
êàë³áðó, 

[ìêì]

Ñóäèíè 
ìàëîãî 
êàë³áðó,

[ìêì]

Ñóäèíè 
âåëèêîãî 
êàë³áðó, 

[ìêì]

Ñóäèíè 
ìàëîãî 
êàë³áðó, 

[ìêì]

307,25 ± 15,2 64,85 ± 2,9 94,13 ± 18,2* 35,45 ± 3,9* 293,83 ± 16,2*, ** 117,9 ± 7,8*, ** 394,25 ± 34,7*, ** 85,4 ± 4,4*, **

Ïðèì³òêà: * – äîñòîâ³ðíî ïî â³äíîøåííþ äî òâàðèí êîíòðîëüíî¿ ãðóïè (p < 0,05); ** – äîñòîâ³ðíî ïî â³äíîøåííþ äî òâàðèí ãðóïè âïëèâó 

àöåòàòîì ñâèíöþ (p < 0,05). 

Òàáëèöÿ 2

Ù³ëüí³ñòü óïàêóâàííÿ ñóäèí ó ïàðåíõ³ì³ ïå÷³íêè

Êîíòðîëüíà ãðóïà
  [ìêì3/ìêì3], n = 10

Àöåòàò ñâèíöþ
[ìêì3/ìêì3], n   = 10

Àöåòàò ñâèíöþ + öèòðàò 
ñð³áëà [ìêì3/ìêì3], n = 10

Àöåòàò ñâèíöþ + öèòðàò 
çîëîòà [ìêì3/ìêì3], n = 10

26,8 ± 0,28 7,05 ± 0,23* 41,75 ± 0,45*,** 51,46 ± 0,29*,**

Ïðèì³òêà: * – äîñòîâ³ðíî ïî â³äíîøåííþ äî òâàðèí êîíòðîëüíî¿ ãðóïè (p < 0,05); ** – äîñòîâ³ðíî ïî â³äíîøåííþ äî òâàðèí ãðóïè âïëèâó 

àöåòàòîì ñâèíöþ (p < 0,05). 

Ðèñ. 5. Ù³ëüí³ñòü óïàêóâàííÿ ñóäèí ó ïàðåíõ³ì³ ïå÷³í-
êè ó êîíòðîëüí³é òà åêñïåðèìåíòàëüíèõ ãðóïàõ. 

Ïðèì³òêà: ÊÃ – êîíòðîëüíà ãðóïà; Pb – ãðóïà âïëèâó àöåòàòîì 

ñâèíöþ; Pb + Ag – ãðóïà ñóì³ñíîãî âïëèâó àöåòàòîì ñâèíöþ òà 

öèòðàòîì ñð³áëà; Pb + Au – ãðóïà ñóì³ñíîãî âïëèâó àöåòàòîì ñâèíöþ 

òà öèòðàòîì çîëîòà; * – äîñòîâ³ðíà ð³çíèöÿ ïî â³äíîøåííþ äî 

êîíòðîëüíî¿ ãðóïè (p < 0,05); ** – äîñòîâ³ðíà ð³çíèöÿ ïî â³äíîøåííþ 

äî ãðóïè âïëèâó àöåòàòîì ñâèíöþ (p < 0,05). 
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Ä³àìåòð ñóäèí ìàëîãî êàë³áðó ó ãðóï³ ñóì³ñíîãî 
âïëèâó àöåòàòó ñâèíöþ òà öèòðàòó çîëîòà ó 1,3 ðàç³â 
á³ëüøå ó ïîð³âíÿíí³ ç ³íòàêòíîþ ãðóïîþ òà ó 2,4 ðàçè 
á³ëüøå ó ïîð³âíÿíí³ ç ãðóïîþ ñâèíöåâî¿ ³íòîêñèêàö³¿. 
Ä³àìåòð ñóäèí âåëèêîãî êàë³áðó ó ãðóï³ ñóì³ñíîãî 
âïëèâó àöåòàòó ñâèíöþ òà öèòðàòó çîëîòà ó 1,3 ðàçè 
á³ëüøèé ó ïîð³âíÿíí³ ç ³íòàêòíîþ ãðóïîþ òà ó 4,2 
ðàçè á³ëüøå ó ïîð³âíÿíí³ ç ãðóïîþ ñâèíöåâî¿ ³íòîê-
ñèêàö³¿. Ù³ëüí³ñòü óïàêóâàííÿ ñóäèí ïàðåíõ³ìè ïå-
÷³íêè ó ãðóï³ ñóì³ñíîãî âïëèâó àöåòàòó ñâèíöþ òà öè-
òðàòó çîëîòà ó 1,9 ðàç³â á³ëüøà ó ïîð³âíÿíí³ ç ãðóïîþ 
êîíòðîëþ òà ó 7,3 ðàçè á³ëüøà ó ïîð³âíÿíí³ ³ç ãðóïîþ 
ñâèíöåâî¿ ³íòîêñèêàö³¿ (ðèñ. 3). 

Âèñíîâêè. Òàêèì ÷èíîì, ïðè ââåäåíí³ àöåòà-
òó ñâèíöþ äîñë³äíèì òâàðèíàì ñïîñòåð³ãàâñÿ âè-
ðàæåíèé âàçîòîêñè÷íèé åôåêò íà ñóäèíè ïå÷³íêè 
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åìáð³îí³â ùóð³â, ùî âèðàæàëîñÿ ó äîñòîâ³ðíîìó 
çìåíøåíí³ ä³àìåòðó ñóäèí òà ù³ëüíîñò³ ¿õ óïàêóâàí-
íÿ ó ïàðåíõ³ì³ ïîð³âíÿíî ³ç ãðóïîþ êîíòðîëþ. 

Ïðè êîìá³íîâàíîìó ââåäåíí³ íèçüêèõ äîç àöåòàòó 
ñâèíöþ òà öèòðàò³â ñð³áëà òà çîëîòà íàìè ñïîñòåð³-
ãàëîñÿ ïîêðàùåííÿ ïîêàçíèê³â ñòàíó ñóäèí ïå÷³íêè 
åìáð³îí³â ùóð³â, ùî ïðîÿâëÿëîñÿ ó äîñòîâ³ðíîìó 
çá³ëüøåíí³ ä³àìåòðó ñóäèí òà ù³ëüíîñò³ óïàêóâàííÿ 
ñóäèí ó ïàðåíõ³ì³ ïå÷³íêè. Íàéá³ëüø âèðàæåíó ìîäè-
ô³êóþ÷ó âëàñòèâ³ñòü ïî â³äíîøåííþ äî íåãàòèâíèõ 
ïðîÿâ³â âïëèâó àöåòàòó ñâèíöþ ìàº öèòðàò çîëîòà. 

Î÷åâèäíî öå ïîâ’ÿçàíî â òèì, ùî íàíîçîëîòî ìàº 
âëàñòèâ³ñòü ïîêðàùóâàòè ôóíêö³îíàëüíèé ñòàí ïå-
÷³íêè, çìåíøóþ÷è âì³ñò ïå÷³íêîâèõ òðàíñàì³íàç ó 
êðîâ³, ÿê³ º ïîêàçíèêàìè óðàæåííÿ êë³òèí ïå÷³íêè 
[14]. 

Ó ïåðñïåêòèâ³ ïîäàëüøèõ äîñë³äæåíü äîö³ëü-
íèì º âèâ÷åííÿ ìîðôîëîã³÷íîãî ñóáñòðàòó ïå÷³íêè 
åìáð³îí³â íà ð³çíèõ åòàïàõ åìáð³îãåíåçó. Öå ìîæå 
áóòè îñíîâîþ äëÿ ðîçðîáêè íîâèõ ìåòîä³â ïðîô³-
ëàêòèêè òà çàõèñòó ôåòàëüíî¿ ïå÷³íêè â³ä íåáàæàíî-
ãî âïëèâó àöåòàòó ñâèíöþ. 
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ÒÓ ÑÂÈÍÖÞ ÒÀ ÇÀ ÓÌÎÂ ÊÎÐÅÊÖ²¯ ÖÈÒÐÀÒÀÌÈ ÌÅÒÀË²Â. 
Áåëüñüêà Þ. Î. 
Ðåçþìå. Âèâ÷àëè âïëèâ àöåòàòó ñâèíöþ òà öèòðàò³â ñð³áëà òà çîëîòà íà âàñêóëÿðèçàö³þ ïå÷³íêè åìáð³-

îí³â ùóð³â. Ïðè ââåäåíí³ àöåòàòó ñâèíöþ ñïîñòåð³ãàâñÿ âèðàæåíèé âàçîòîêñè÷íèé åôåêò íà ñóäèíè ïå÷³íêè 
åìáð³îí³â ùóð³â, ùî âèðàæàëîñÿ ó äîñòîâ³ðíîìó çìåíøåíí³ ä³àìåòðó ñóäèí òà ù³ëüíîñò³ ¿õ óïàêóâàííÿ ó ïà-
ðåíõ³ì³ ïîð³âíÿíî ³ç ãðóïîþ êîíòðîëþ. Ïðè êîìá³íîâàíîìó ââåäåíí³ íèçüêèõ äîç àöåòàòó ñâèíöþ ³ öèòðàò³â 
ñð³áëà òà çîëîòà ñïîñòåð³ãàëîñÿ ïîêðàùåííÿ ïîêàçíèê³â ñòàíó ñóäèí ïå÷³íêè åìáð³îí³â ùóð³â. Öå ïðîÿâëÿ-
ëîñÿ ó äîñòîâ³ðíîìó çá³ëüøåíí³ ä³àìåòðó ñóäèí òà ù³ëüíîñò³ óïàêóâàííÿ ñóäèí ó ïàðåíõ³ì³ ïå÷³íêè. Íàéá³ëüø 
âèðàæåíó ìîäèô³êóþ÷ó âëàñòèâ³ñòü ïî â³äíîøåííþ äî íåãàòèâíèõ ïðîÿâ³â âïëèâó àöåòàòó ñâèíöþ ìàº öè-
òðàò çîëîòà. 

Êëþ÷îâ³ ñëîâà: àöåòàò ñâèíöþ, íàíîàêâàõåëàò ñð³áëà, íàíîàêâàõåëàò çîëîòà, åìáð³îãåíåç, ïå÷³íêà. 
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ÀÍÀÒÎÌÈ×ÅÑÊÈÅ ÎÑÎÁÅÍÍÎÑÒÈ ÂÀÑÊÓËßÐÈÇÀÖÈÈ ÏÅ×ÅÍÈ ÝÌÁÐÈÎÍÎÂ ÊÐÛÑ ÏÎÄ ÂËÈß-

ÍÈÅÌ ÀÖÅÒÀÒÀ ÑÂÈÍÖÀ È ÏÐÈ ÊÎÐÐÅÊÖÈÈ ÖÈÒÐÀÒÀÌÈ ÌÅÒÀËËÎÂ. 
Áåëüñêàÿ Þ. À. 
Ðåçþìå. Èçó÷àëè âëèÿíèå àöåòàòà ñâèíöà è öèòðàòîâ ñåðåáðà è çîëîòà íà âàñêóëÿðèçàöèþ ïå÷å-

íè ýìáðèîíîâ êðûñ. Ïðè ââåäåíèè àöåòàòà ñâèíöà æèâîòíûì íàáëþäàëñÿ âûðàæåííûé âàçîòîêñè÷åñêèé 
ýôôåêò íà ñîñóäû ïå÷åíè ýìáðèîíîâ êðûñ, ÷òî âûðàæàëîñü â äîñòîâåðíîì óìåíüøåíèè äèàìåòðà ñîñóäîâ 
è ïëîòíîñòè èõ êîìïàêòèçàöèè â ïàðåíõèìå â ñðàâíåíèè ñ ãðóïïîé êîíòðîëÿ. Ïðè êîìáèíèðîâàííîì ââå-
äåíèè íèçêèõ äîç àöåòàòà ñâèíöà è öèòðàòîâ ñåðåáðà è çîëîòà íàáëþäàëîñü óëó÷øåíèå ïîêàçàòåëåé ñî-
ñòîÿíèÿ ñîñóäîâ ïå÷åíè ýìáðèîíîâ êðûñ. Ýòî ïðîÿâëÿëîñü â äîñòîâåðíîì óâåëè÷åíèè äèàìåòðà ñîñóäîâ è 
ïëîòíîñòè óïàêîâêè ñîñóäîâ â ïàðåíõèìå ïå÷åíè. Íàèáîëåå âûðàæåííûì ìîäèôèöèðóþùèì ñâîéñòâîì ïî 
îòíîøåíèþ ê íåãàòèâíûì ïðîÿâëåíèÿì âîçäåéñòâèÿ àöåòàòà ñâèíöà èìååò öèòðàò çîëîòà. 

Êëþ÷åâûå ñëîâà: àöåòàò ñâèíöà, íàíîàêâàõåëàò ñåðåáðà, íàíîàêâàõåëàò çîëîòà, ýìáðèîãåíåç, ïå÷åíü. 
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Anatomical Features of Liver Vascularization under the Influence of Lead Acetate and in Case of Cor-

rection by Metal Citrates in Rat Embryos
Belska I. O. 
Abstract. An important theme of the present research is to identify the harmful environmental factors, including 

heavy metals, on the condition of the embryo during embryogenesis. Maternal and child health is one of the most 
sensitive biological indicators, which reflects the degree of pollution. In our country, there is a rapid increase in the 
processes of depopulation, which is manifested in reducing birth rates and higher mortality. Under the influence 
of anthropogenic factors increases the amount of heavy metals that are teratogens, and can provoke breach of 
organs. Technological-overloaded regions of our country are Donetsk and Dnipropetrovsk – are produced each 
year about 10 millions of different types of lead-acid batteries. Lead compounds are the most common toxins 
among industrialized regions of Ukraine. Today, lead compounds present in soil and water at concentrations much 
higher than the maximum allowable. Effect of lead acetate on the mother during pregnancy results in newborn rats 
to reduce the number of red blood cells and hemoglobin concentration of whole blood. Lead causes changes in 
the liver of the offspring: signs of parenchymal protein malnutrition, decomposition of beam structure of hepatic 
lobules, reduction of glycogen in the liver hepatocytes, increasing the area of   hepatocytes in the liver of newborn 
animals. Considering the extremely harmful effects of lead acetate on the development of the embryo, including 
the liver and its vasculogenesis, there is the need to find compounds that would be protect organism of mother and 
child from the influence of lead. 

The aim of the study was to identify modifying properties of gold citrate and silver citrate on condition of liver 
vessels of rat embryos. 

Object and methods. Experimental work was performed on 40 mature white rats female Wistar weighing 180-200 
g at the age of 95-110 days. All rats were divided into 4 groups: first group – animals injected solution of lead acetate 
in concentration 0,05 mg/kg; second group – the animals injected solution of lead acetate in concentration 0,05 
mg/kg and silver citrate solution in concentration 2 mcg/kg; third group – animals injected solution of lead acetate 
in concentration 0,05 mg/kg and a solution of gold citrate in concentration 1,5 mcg/kg; the fourth group – animals 
injected with distilled water (control). Solutions injected to females from the 1st to 19th day of pregnancy. On 20th 
day of pregnancy was performed operative slaughter. Embryos confiscated from the uterus, fixed in 10 % formalin 
solution, then liver confiscated from embryos, produced histological preparations, stained with haematoxylin and 
eosin and estimated vascular condition of fetal liver using a light microscope, eyepiece micrometer and objective 
micrometer. Measured the diameter of blood vessels in the liver parenchyma and calculated density of packing of 
blood vessels in the liver tissue. 

Results. Thus, the injection of lead acetate to experimental animals observed a pronounced vazotoxic effect on 
blood vessels of embryo’s liver of rats that expressed in authentic reduction of the diameter of the vessels and their 
packing density in the parenchyma compared to the control group. We determined that the combined injection of 
low doses of lead acetate and silver and gold citrates improves indicators of vessels in fetal liver. This was manifested 
in a significant increase of vascular diameter and packing density of blood vessels in liver parenchyma. The most 
pronounced modifying property has gold citrate. 

Keywords: lead acetate, silver nanoaquachelate, gold nanoaquachelate, embryogenesis, liver. 
Ðåöåíçåíò – ïðîô. Êîñòèëåíêî Þ. Ï. 
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