
Â³ñíèê ïðîáëåì á³îëîã³¿ ³ ìåäèöèíè – 2013 – Âèï. 2, Òîì 2 (101) 154

ÊË²Í²×ÍÀ ÒÀ ÅÊÑÏÅÐÈÌÅÍÒÀËÜÍÀ ÌÅÄÈÖÈÍÀ

 © Â. Ô. Øàòîðíà 

ÓÄÊ 611. 12-034:591. 33-092. 9

Â. Ô. Øàòîðíà 

ÅÊÑÏÅÐÈÌÅÍÒÀËÜÍÅ ÄÎÑË²ÄÆÅÍÍß ÅÌÁÐ²ÎÒÎÊÑÈ×ÍÎÑÒ² ÀÖÅÒÀÒÓ 

ÑÂÈÍÖÞ ÒÀ ÍÀÍÎÇÎËÎÒÀ

Äåðæàâíèé çàêëàä Äí³ïðîïåòðîâñüêà ìåäè÷íà àêàäåì³ÿ (ì. Äí³ïðîïåòðîâñüê)

Äàíå äîñë³äæåííÿ º ôðàãìåíòîì ì³æêàôåäðàëü-
íî¿ ïëàíîâî¿ íàóêîâî¿ òåìè Äåðæàâíîãî çàêëàäó 
«Äí³ïðîïåòðîâñüêà ìåäè÷íà àêàäåì³ÿ» ÌÎÇ Óêðà¿-
íè «Ðîçâèòîê òà ìîðôîôóíêö³îíàëüíèé ñòàí îðãà-
í³â ³ òêàíèí åêñïåðèìåíòàëüíèõ òâàðèí òà ëþäèíè 
â íîðì³, â îíòîãåíåç³, ï³ä âïëèâîì çîâí³øí³õ ÷èííè-
ê³â», ¹ äåðæàâíî¿ ðåºñòðàö³¿ 0111U012193. 

Âñòóï. ßê ñâ³ä÷àòü äîñë³äæåííÿ îñòàíí³õ ðîê³â, ó 
ÕÕ² ñòîë³òò³ ïðîãðåñ íàíîíàóêè áóäå çíà÷íî âïëèâàòè 
íà ðîçâèòîê òåõí³êè, ô³çèêè, õ³ì³¿, á³îëîã³¿, ñ³ëüñüêîãî 
ãîñïîäàðñòâà, ô³ç³îëîã³¿, á³îõ³ì³¿, ìåäèöèíè, ôàð-
ìàêîëîã³¿, ôàðìàö³¿, âåòåðèíàð³¿, à òàêîæ íà åêîíî-
ì³÷íå, ïîë³òè÷íå ³ ñîö³àëüíå ñüîãîäåííÿ. Âèâ÷åííÿ 
âëàñòèâîñòåé íàíîìàòåð³àë³â ñïðèÿëî âñòàíîâëåí-
íþ íàäçâè÷àéíî ö³êàâîãî ôàêòó – ïåðåõ³ä òåõíîëîã³é 
â³ä „ì³êðî” äî „íàíî” – öå ÿê³ñíî íîâ³ ìàòåð³àëàìè ç 
íîâèìè ô³çè÷íèìè, õ³ì³÷íèìè, á³îëîã³÷íèìè õàðàê-
òåðèñòèêàìè. Ïåðåä â÷åíèìè ñâ³òó çàðàç ñòî¿òü çà-
âäàííÿ ðîçðîáèòè âèñîêîïðîäóêòèâí³, åêîíîì³÷íî 
âèã³äí³ òà áåçïå÷í³ äëÿ ëþäèíè, òâàðèí òà äîâê³ëëÿ 
òåõíîëîã³¿ îòðèìàííÿ íàíîìàòåð³àë³â. Çàñòîñóâàííÿ 
îñòàíí³õ äëÿ ä³àãíîñòèêè, ïðîô³ëàêòèêè é ë³êóâàííÿ 
ð³çíèõ çàõâîðþâàíü ìàòèìå âàæëèâå íå ò³ëüêè ìå-
äè÷íå, àëå ³ ñîö³àëüíî-ãóìàí³òàðíå çíà÷åííÿ ç óðà-
õóâàííÿì á³îåòè÷íèõ àñïåêò³â âèâ÷åííÿ ìåõàí³çìó ¿õ 
ä³¿ ç çàñòîñóâàííÿì íîâèõ òîêñèêîëîã³÷íèõ ïðèíöè-
ï³â, ìåòîä³â ³ ïîêàçíèê³â [4, 5]. 

Ñåðåä ñó÷àñíèõ äîñë³äæåíü ç íàíîá³îòåõíîëîã³é 
çîâñ³ì íåçíà÷íà ¿õ ÷àñòèíà ïðèñâÿ÷åíà äîñë³äæåí-
íþ âïëèâó òèõ ÷è ³íøèõ íàíîïðîäóêò³â íà åìáð³îãå-
íåç òà îðãàíîãåíåç. Çà äàíèìè íàóêîâî-ìåäè÷íî¿ 
³íôîðìàö³¿ âïëèâ íà çàãàëüíèé õ³ä åìáð³îãåíåçó òà 
íà ðîçâèòîê îêðåìèõ îðãàí³â îñòàíí³ì ÷àñîì äî-
ñë³äæóºòüñÿ âñå á³ëüøå. Çà äàíèìè ë³òåðàòóðè åêñ-
ïåðèìåíòàëüíî âèçíà÷åíî òîêñè÷í³ òà òåðàïåâòè÷í³ 
äîçè äåÿêèõ ðå÷îâèí, àëå íà ñüîãîäí³øí³é äåíü íå-
âèâ÷åíèìè çàëèøàþòüñÿ äîçè, ùî º òîêñè÷íèìè äëÿ 
åìáð³îí³â, à òàêîæ íåâèÿâëåíèìè º ñïåêòð âàä ðîç-
âèòêó, ùî âèíèêàþòü ï³ä ä³ºþ òîãî ÷è ³íøîãî íàíî-
ïðîäóêòó [2, 6, 7, 12]. Àíàë³ç äæåðåë çà âèçíà÷åíîþ 
òåìàòèêîþ âèÿâèâ äîñèòü íåçíà÷íó ê³ëüê³ñòü ðîá³ò, 
ïðèñâÿ÷åíèõ äîñë³äæåííÿì âïëèâó íàíîïðîäóêò³â íà 
ïðîöåñ çàïë³äíåííÿ òà åìáð³îãåíåç. 

Â³ò÷èçíÿí³ äîñë³äíèêè âèâ÷àëè òåðàòîãåíí³ åôåê-
òè ð³çíèõ êëàñ³â íàíîìàòåð³àë³â ïðîòÿãîì åìáð³îãå-
íåçó [2]. Ìàòåð³àëîì áóëè îáðàí³ åìáð³îíè êóðêè, à 
âïëèâ ïðîâîäèëè òðüîìà êëàñàìè íàíîìàòåð³àë³â: 
ïðèðîäíèìè, àíòðîïîãåííî-ìèìîâ³ëüíèìè òà àí-
òðîïîãåííî-íàðî÷èòèìè. Â÷åíèìè âèÿâëåíî îäíî-
ñêåðîâàíèé òåðàòîãåííèé âïëèâ íà êóðÿ÷³ åìáð³îíè 

ïðåäñòàâíèê³â íàíîìàòåð³àë³â âñ³õ òðüîõ êëàñ³â. Â 
ö³ëîìó äîñë³äíèêè ñïîñòåð³ãàëè çàòðèìêó àáî çó-
ïèíêó ðîçâèòêó çàðîäêà íà ðàíí³õ ñòàä³ÿõ ³ çíà÷í³ 
äåñòðóêòèâí³ çì³íè â éîãî òêàíèíàõ, õî÷à ñòóï³íü âè-
ðàæåíîñò³ öèõ çì³í â³äð³çíÿâñÿ äëÿ êîæíîãî êëàñó 
íàíîìàòåð³àë³â. Íàéá³ëüøó ðóéí³âíó ñèëó, íà äóìêó 
àâòîð³â, ìàþòü àíòðîïîãåííî-íàðî÷èò³ íàíîìàòåð³à-
ëè, âîíè ïðèçâîäèëè äî íåçâîðîòíèõ çì³í ó ðîçâèòêó 
åìáð³îíó ³ âèêëèêàëè íåêðîá³îçè òà íåêðîçè òêàíèí 
[2, 11]. Àëå ìè íå çóñòð³ëè íàóêîâèõ ðîá³ò ïî âïëèâó 
íàíîìåòàë³â íà õ³ä åìáð³îãåíåçó ïëàöåíòàðíèõ òâà-
ðèí. Íå âèçíà÷åíèìè çàëèøàþòüñÿ òàêîæ ìåõàí³çì 
òà òåðì³íè ìàêñèìàëüíîãî âïëèâó íàíîïðîäóêò³â íà 
ðîçâèòîê åìáð³îíà â ö³ëîìó, àáî îêðåìèõ îðãàí³â ³ 
ñèñòåì. Îñîáëèâà óâàãà ïðèä³ëÿºòüñÿ òàêèì ïð³î-
ðèòåòíèì ìåòàëàì ÿê çîëîòî, çàë³çî, ñð³áëî, öèíê. 
Êîëî¿äíå çîëîòî òà ñð³áëî â³äîìî ùå ç äàâí³õ-äàâåí 
³ âèêîðèñòîâóâàëîñÿ â ë³êóâàëüíèõ ö³ëÿõ. Çäàòí³ñòü 
çîëîòà ðåãóëþâàòè åêñïðåñ³þ ïðîòèçàïàëüíèõ ãåí³â, 
çâ’ÿçóâàòè ïåðåêèñí³ ðàäèêàëè, ïðèãí³÷óâàòè ðîçâè-
òîê çëîÿê³ñíèõ êë³òèí [5, 9], âèêëèêàº ³íòåðåñ ñó÷àñ-
íèõ äîñë³äíèê³â. Â çâ’ÿçêó ç öèì äëÿ ìåäèê³â ïîñòàº 
íèçêà ïèòàíü äîñòàâêè çîëîòà äî êë³òèí àáî îðãà-
íàì-ì³øåíÿì. Ìåõàí³çì ä³¿ ñïîëóê çîëîòà äî ê³íöÿ 
íå ÿñíèé, ïðîòå â äàíèé ÷àñ â³äîìî, ùî çîëîòî ìîæå 
âõîäèòè äî ñêëàäó ìåòàëîïðîòå¿í³â, âçàºìîä³ÿòè 
ç ì³ääþ, ìîæå çàëó÷àòèñÿ äî ïðîöåñ³â çâ’ÿçóâàííÿ 
ãîðìîí³â â òêàíèíàõ. Òîêñè÷í³ åôåêòè çîëîòà çà-
çâè÷àé ïîâ’ÿçàí³ ç ïåðåäîçóâàííÿì àáî ïîá³÷íèìè 
åôåêòàìè ïðè çàñòîñóâàíí³ éîãî ñîëåé â òåðàï³¿ ðåâ-
ìàòî¿äíèõ àðòðèò³â. Ïðè öüîìó ñåðåä ó÷åíèõ íå âùó-
õàþòü ñóïåðå÷êè ç ïðèâîäó ¿õ ìîæëèâî¿ òîêñè÷íîñò³ ³ 
çäàòíîñò³ âèêëèêàòè ìóòàö³¿ [6, 9, 12]. 

Óâàãà äîñë³äíèê³â ãîëîâíèì ÷èíîì çîñåðåäæåíà 
íà âèâ÷åíí³ á³îëîã³÷íèõ åôåêò³â âïëèâó íàíîìåòàë³â 
íà êë³òèííîìó ð³âí³ [11, 13, 14]. Îäíàê, íåçâàæàþ÷è 
íà ³íòåíñèâí³ äîñë³äæåííÿ îñòàíí³õ ðîê³â, â³äîìîñò³ 
ùîäî åôåêò³â âïëèâó íàíî÷àñòèíîê ìåòàëó íà îð-
ãàí³çì òà íà åìáð³îí º äîñèòü îáìåæåíèìè ³ ñóïåð-
å÷ëèâèìè. Ùîäî òîêñè÷íîñò³ íàíî÷àñòèíîê çîëîòà 
òàêîæ ³ñíóþòü ñóïåðå÷ëèâ³ äàí³. Îäíå ç öåíòðàëü-
íèõ ì³ñöü â ñó÷àñíèõ äîñë³äæåííÿõ ïîñ³äàþòü òàêîæ 
âèÿâè ìîðôîëîã³÷íèõ çì³í òà âàä ðîçâèòêó îðãàí³ç-
ìó, ùî âèíèêàþòü âíàñë³äîê ä³¿ ð³çíèõ ôàêòîð³â, â 
òîìó ÷èñë³ ³ íåãàòèâíîãî âïëèâó åêîëîã³÷íî¿ îáñòà-
íîâêè àáî ë³êàðñüêèõ çàñîá³â, ñîëåé âàæêèõ ìåòàë³â 
[2, 3, 9]. 

Äëÿ ïðîìèñëîâèõ îáëàñòåé Óêðà¿íè ïðîáëåìà 
çàáðóäíåííÿ âàæêèìè ìåòàëàìè îñîáëèâî àêòóàëü-
íà. Ïðè öüîìó, ïð³îðèòåòíèì òîêñèêàíòîì º ñâèíåöü 
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òà éîãî ñïîëóêè. Äîñë³äæåííÿ âïëèâó íà ðîçâèòîê 
òîãî ÷è ³íøîãî îðãàíà ó åìáð³îíà ï³ñëÿ âïëèâó íà îð-
ãàí³çì ìàòåð³ òàêèìè òåðàòîãåíàìè ÿê, íàïðèêëàä, 
àöåòàò ñâèíöþ äàëåêå â³ä çàâåðøåííÿ. Ïîøóê ìîæ-
ëèâèõ àíòàãîí³ñò³â ä³¿ òîêñèêàíò³â òåæ âàæëèâà çàäà-
÷à ñó÷àñíî¿ íàóêè. 

 Àíàë³ç äàíèõ ñâ³òîâî¿ íàóêîâî¿ ë³òåðàòóðè íà 
ïðåäìåò ìîæëèâîãî òåðàòîãåííîãî âïëèâó âàæêèõ 
ìåòàë³â òà íàíîìåòàë³â íà îðãàí³çì äîâ³â äîö³ëüí³ñòü 
ïðîâåäåííÿ åêñïåðèìåíòàëüíèõ ðîá³ò â çàçíà÷åíî-
ìó íàïðÿìêó. 

Ìåòîþ äîñë³äæåííÿ áóëî ìîäåëþâàííÿ åìáð³-
îòîêñè÷íîãî âïëèâó àöåòàòó ñâèíöþ ïðè ³çîëüîâàíî-
ìó ââåäåíí³ òà â êîìá³íàö³¿ ç íàíîçîëîòîì, à òàêîæ 
ïîøóê íîâèõ á³îàíòîãîí³ñò³â ñâèíöþ. 

Îá’ºêò ³ ìåòîäè äîñë³äæåííÿ. Ìàòåð³àëîì åêñ-
ïåðèìåíòàëüíîãî äîñë³äæåííÿ áóëî îáðàíî ùóð³â. 
Âèá³ð îá’ºêòîì äîñë³äæåííÿ ñàìå öèõ ëàáîðàòîðíèõ 
òâàðèí çóìîâëåíèé íèçüêèì ð³âíåì ó íèõ ñïîíòàí-
íèõ âàä ðîçâèòêó (0,02-0,85%) ïîð³âíÿíî ç ìèøàìè 
(0,04-15,7%) òà êðîëÿìè (0,74-4,2%). Óòðèìàííÿ 
òâàðèí òà åêñïåðèìåíòè ïðîâîäèëèñÿ â³äïîâ³äíî 
äî ïîëîæåíü «ªâðîïåéñüêî¿ êîíâåíö³¿ ïðî çà-
õèñò õðåáåòíèõ òâàðèí, ÿê³ âèêîðèñòîâóþòüñÿ äëÿ 
åêñïåðèìåíò³â òà ³íøèõ íàóêîâèõ ö³ëåé» (Ñòðàñáóðã, 
1985), «Çàãàëüíèõ åòè÷íèõ ïðèíöèï³â åêñïåðèìåíò³â 
íà òâàðèíàõ», óõâàëåíèõ Ïåðøèì íàö³îíàëüíèì êîí-
ãðåñîì ç á³îåòèêè (Êè¿â, 2001). 

Ïåðåä ïî÷àòêîì åêñïåðèìåíòó âñ³ òâàðèíè áóëè 
îãëÿíóò³, çâàæåí³, âðàõîâóâàâñÿ ¿õí³é â³ê, ðóõîâà àê-
òèâí³ñòü òà ñòàí øê³ðè. Ï³ä ÷àñ ñïîñòåðåæåííÿ ëàáî-
ðàòîðí³ òâàðèíè óòðèìóâàëèñü â çâè÷àéíèõ óìîâàõ 
â³âàð³þ ÄÇ «ÄÌÀ». Ãîäóâàííÿ, ïåðåñàäæóâàííÿ òâà-
ðèí, çì³íà ï³äñòèëêè, ìèòòÿ êë³òîê, ïðèáèðàííÿ ïðè-
ì³ùåíü ïðîâîäèëîñü ç äîòðèìàííÿì ñòàíäàðòíèõ 
óìîâ. Åêñïåðèìåíòàëüíà ÷àñòèíà ðîáîòè âèêîíàíà 
íà 20 á³ëèõ ñòàòåâîçð³ëèõ ùóðàõ-ñàìèöÿõ ë³í³¿ Â³ñòàð 
âàãîþ 180-200 ãðàì³â. 

äëÿ ïîäàëüøîãî ã³ñòîëîã³÷íîãî äîñë³äæåííÿ. Â ðî-
áîò³ çàñòîñîâàíèé êîìïëåêñíèé ï³äõ³ä ç âèêîðèñ-
òàííÿì ô³ç³îëîã³÷íèõ ³ ìîðôîëîã³÷íèõ ìåòîä³â äîñë³-
äæåííÿ: Ô³ç³îëîã³÷í³ ìåòîäè (êîíòðîëü ïðèðîñòó 
ìàñè ò³ëà, âèçíà÷åííÿ ñòðîê³â íàñòàííÿ ñòàòåâîãî 
äîçð³âàííÿ, ñïîñòåðåæåííÿ çà ñòàòåâèì öèêëîì (âà-
ã³íàëüí³ ìàçêè íà âèçíà÷åííÿ ñòàä³¿ åñòðóñó) ³ ñòàòå-
âîþ ïîâåä³íêîþ. Ìîðôîëîã³÷í³ ìåòîäè: ìàêðîñêî-
ï³÷í³ (ìàêðîñêîï³÷íèé îïèñ îðãàí³â, îðãàíîìåòðè÷í³ 
ìåòîäè) – äëÿ âèâ÷åííÿ ìîæëèâèõ çì³í íà îðãàí-
íîìó ð³âí³ òà íàñòóïí³ ì³êðîñêîï³÷í³ äîñë³äæåííÿ. 
Ïîêàçíèêàìè åìáð³îòîêñè÷íîñò³ ñëóæàòü: ïåðåä-³ 
ïîñò³ìïëàíòàö³éíà åìáð³îíàëüíà ñìåðòí³ñòü, ìîð-
ôîëîã³÷í³ (àíàòîì³÷í³) âàäè ðîçâèòêó, à òàê ñàìî çà-
ãàëüíà çàòðèìêà ðîçâèòêó ïëîä³â. Åìáð³îòîêñè÷íó 
ä³þ äîñë³äæóâàíèõ ðå÷îâèí îö³íþâàëè çà íàñòóïíè-
ìè ïîêàçíèêàìè:

1. ²íäåêñ ïëîäîâèòîñò³: 
÷èñåëüí³ñòü îòðèìàíèõ ïîñë³ä³â

ê³ëüê³ñòü ñïàðåíèõ ìàòîê
2. Çàãàëüíà åìáð³îíàëüíà ñìåðòí³ñòü (ÇÑÅ)

ÇÑÅ = Â–À õ 100%,                         (1)
       Â

 äå À – ê³ëüê³ñòü æèâèõ ïëîä³â
 Â – ê³ëüê³ñòü æîâòèõ ò³ë âàã³òíîñò³
3. Ïðå³ìïëàíòàö³éíà ñìåðòí³ñòü (Ï²Ñ)

Ï²Ñ = Â–(À+Á) – (îä.)                    (2)
         Â

äå À – ê³ëüê³ñòü æèâèõ ïëîä³â
Á – ê³ëüê³ñòü çàãèáëèõ (ðåçîðáîâàíèõ) ïëîä³â
Â – ê³ëüê³ñòü æîâòèõ ò³ë âàã³òíîñò³
4. Ïîñò³ìïëàíòàö³éíà ñìåðòí³ñòü (Ïîñò²Ñ)

Ïîñò²Ñ =    Á    (îä.)                         (3)
          À+Á

äå À – ê³ëüê³ñòü æèâèõ ïëîä³â
Á – ê³ëüê³ñòü çàãèáëèõ (ðåçîðáîâàíèõ) ïëîä³â
5. Ê³ëüê³ñòü ïëîä³â íà 1 ñàìêó

Òàáëèöÿ 

Ïîêàçíèêè åìáð³îíàëüíîãî ðîçâèòêó åêñïåðèìåíòó

Ïîêàçíèê Êîíòðîëü
 Äîñë³äí³ ãðóïè 

àöåòàò 
ñâèíöþ

àöåòàò ñâèíöþ +
íàíîçîëîòî

²íäåêñ ïëîäîâèòîñò³ 0,8 0,9 0,8
Ê³ëüê³ñòü òâàðèí 8 8 8
Ê³ëüê³ñòü æèâèõ ïëîä³â 72 60 92
Ê³ëüê³ñòü æèâèõ ïëîä³â 
íà 1 ñàìèöþ

9,0±0,4 7,50±0,53* 11,50±0,93*; °°°

Ê³ëüê³ñòü æîâòèõ ò³ë 
âàã³òíîñò³

81 79 103

Ê³ëüê³ñòü æîâòèõ ò³ë 
âàã³òíîñò³ íà ³ ñàìèöþ

10,13±0,53 9,88±0,53 12,88±1,06*; °°

Ìàñà ò³ëà 1 ïëîäà, ã 2,38±0,08 2,21±0,17 2,28 ±0,04
Çàãàëüíà åìáð³îíàëüíà 
ñìåðòí³ñòü, %

11,11±4,43 24,05±1,33** 10,68±3,82°°°

Ïðåä³ìïëàíòàö³éíà 
ñìåðòí³ñòü, îä

0,10±0,05 0,23±0,06 0,11±0,10

Ïîñò³ìïëàíòàö³éíà 
ñìåðòí³ñòü, îä

0,01±0,01 0,02±0,02 -

Ïðèì³òêà: * – ð<0,05; ** – ð<0,01; *** – ð<0,001; ° – ð=0,05-0,1 ïî â³äíîøåííþ 

äî êîíòðîëþ;  °° – ð<0,05; °°° – ð<0,001; ۰ – ð=0,05-0,1 ïî â³äíîøåííþ äî ãðóïè ç 

àöåòàòîì ñâèíöþ. 

Â åêñïåðèìåíòàëüíèõ ìîäåëÿõ âèêî-
ðèñòîâóâàëè ðîç÷èíè àöåòàòó ñâèíöþ òà 
öèòðàòó çîëîòà, îòðèìàíîãî çà àêâàíàíî-
òåõíîëîã³ºþ [8]. Ìîäåëþâàííÿ âïëèâó ðîç-
÷èí³â íàíîìåòàë³â íà îðãàí³çì ñàìèö³ òà íà 
åìáð³îãåíåç ó ùóð³â ïðîâîäèëè øëÿõîì 
ââåäåííÿ ðîç÷èí³â ìåòàë³â òà íàíîìåòàë³â 
÷åðåç çîíä îäèí ðàç íà äîáó, â îäèí ³ òîé 
æå ÷àñ, ç 1 ïî 19 äåíü âàã³òíîñò³. Áóëî ñôîð-
ìîâàíî 3 åêñïåðèìåíòàëüíèõ ãðóïè òâàðèí: 
1 ãðóïà – òâàðèíè, ÿêèì ââîäèëè ðîç÷èí 
àöåòàòó ñâèíöþ ó äîç³ 0,05ìã/êã; 2 ãðóïà – 
òâàðèíè, ÿêèì ââîäèëè ðîç÷èí àöåòàòó 
ñâèíöþ ó äîç³ 0,05ìã/êã òà ðîç÷èí íàíîçî-
ëîòà ó äîç³ 1,5 ìêã/êã; 3 ãðóïà – êîíòðîëüíà. 

Äîñë³äíèõ òâàðèí âèâîäèëè ç åêñïåðè-
ìåíòó ñïîñîáîì ïåðåäîçóâàííÿ åô³ðíîãî 
íàðêîçó ï³ñëÿ âèëó÷åííÿ ìàòêè ç åìáð³îíà-
ìè. Ùóðÿò âèëó÷àëè ç ìàòêè, ïåðåâ³ðÿëè íà 
òåñò æèâ³-çàãèáë³, çâàæóâàëè, ôîòîãðàôó-
âàëè òà ô³êñóâàëè ó 10% ðîç÷èí³ ôîðìàë³íó 
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Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ. 
Ïîð³âíÿííÿ ðåçóëüòàò³â åìáð³îòðîïíî¿ ä³¿ íèçüêèõ 
äîç ñâèíöþ ç ïîêàçíèêàìè êîíòðîëüíî¿ ãðóïè âèÿâè-
ëî éîãî åìáð³îòîêñè÷í³ñòü (òàáë.). Òàê, ïðè ïðàê-
òè÷íî îäíàêîâ³é ê³ëüêîñò³ æîâòèõ ò³ë âàã³òíîñò³ ñïî-
ñòåð³ãàºòüñÿ äîñòîâ³ðíå (ð<0,05) çíèæåííÿ ê³ëüêîñò³ 
æèâèõ ïëîä³â íà 17% – 7,5±0,53 ïðîòè 9,0±0,4 êîíòð-
îëüíî¿ ãðóïè â³äïîâ³äíî. Òàêà ñèòóàö³ÿ îáóìîâëåíà 
çá³ëüøåííÿì ó 2,16 ðàç³â çàãàëüíî¿ åìáð³îíàëüíî¿ 
ñìåðòíîñò³ (ð<0,01) çà ðàõóíîê ïåðåâàæíî¿ ¿õ ñìåðò-
íîñò³ â äî³ìïëàíòàö³éíèé ïåð³îä (ð=0,07). Ïðè öüîìó 
çìåíøóºòüñÿ íå ëèøå çàãàëüíà ê³ëüê³ñòü ïëîä³â, àëå 
³ ¿õ ìàñà òà ðîçì³ðè, õî÷à áåç äîñòîâ³ðíî¿ ð³çíèö³ äëÿ 
äàíèõ ìàñîìåòðè÷íèõ ïîêàçíèê³â. 

Àíàë³ç äîñë³äæóâàíèõ ïîêàçíèê³â â ãðóï³, ùî 
îòðèìóâàëà êîìá³íàö³þ àöåòàòó ñâèíöþ òà íàíî-
àêâàõåëàòó çîëîòà âèÿâèâ ïîêðàùåííÿ ïîêàçíèê³â 
åìáð³îíàëüíîãî ðîçâèòêó ïîð³âíÿíî ç ³íòàêòíîþ 
ãðóïîþ. Ìè ñïîñòåð³ãàëè äîñòîâ³ðíå ï³äâèùåííÿ 
ê³ëüêîñò³ æèâèõ åìáð³îí³â íà 1 ñàìèöþ íà 27,8%, 
ï³äâèùåííÿ ê³ëüêîñò³ æîâòèõ ò³ë âàã³òíîñò³ íà 27%, 
ïðè ïðàêòè÷íî îäíàêîâèõ ïîêàçíèêàõ çàãàëüíî¿ òà 
äî³ìïëàíòàö³éíî¿ ñìåðòíîñò³ òà â³äñóòíîñò³ ïîñò³ìï-
ëàíòàö³éíî¿ ñìåðòíîñò³. Àíàë³çóþ÷è âàãîâ³ ïîêàçíè-
êè ïðîâåäåíîãî åêñïåðèìåíòó, ìè âèÿâèëè íåçíà÷íå 
çíèæåííÿ ìàñè ò³ëà ïëîä³â – 2,38±0,08 òà 2,28±0,04 
â³äïîâ³äíî â äîñë³äí³é òà êîíòðîëüíèõ ãðóïàõ (ãðóïà 
³íòîêñèêàö³¿ – 2,21±0,17). 

Îòæå, ïðè êîìá³íîâàíîìó ââåäåíí³ ïðåïàðàò³â 
ñâèíöþ òà íàíîçîëîòà, íå çâàæàþ÷è íà íàÿâí³ñòü 
åìáð³îòîêñè÷íèõ ïðîÿâ³â ïðè ³çîëüîâàíîìó ââåäåí-
í³ ñâèíöþ, ñïîñòåð³ãàºòüñÿ ïîêðàùåííÿ ïîêàçíèê³â 

åìáð³îíàëüíîãî ðîçâèòêó, ùî ïðîÿâëÿºòüñÿ ñóòòº-
âèì – íà 27-27,8% çá³ëüøåííÿì ê³ëüêîñò³ æîâòèõ ò³ë 
âàã³òíîñò³, ê³ëüêîñò³ æèâèõ ïëîä³â íà 1 ñàìèöþ ïðè 
ïðàêòè÷íî îäíàêîâèõ ïîêàçíèêàõ çàãàëüíî¿ òà äî-
³ìïëàíòàö³éíî¿ ñìåðòíîñò³. 

Ïðè ïîð³âíÿíí³ ïîêàçíèê³â åìáð³îíàëüíîãî ðîç-
âèòêó â ãðóï³, ùî îòðèìóâàëà àöåòàò ñâèíöþ â êîì-
á³íàö³¿ ç íàíîçîëîòîì ç ãðóïîþ, ùî îòðèìóâàëà 
÷èñòèé ïðåïàðàò ñâèíöþ ìîæíà â³äçíà÷èòè ñóòòº-
âå çá³ëüøåííÿ ê³ëüêîñò³ æèâèõ ïëîä³â – íà 53,3% 
(ð<0,001), ùî îáóìîâëåíî äåê³ëüêîìà ôàêòîðàìè – 
çá³ëüøåííÿì íà 30,4% (ð<0,05) æîâòèõ ò³ë âàã³òíîñ-
ò³, çìåíøåííÿì ó 2,3 ðàçè (ð<0,001) ð³âíÿ çàãàëüíî¿ 
ñìåðòíîñò³ çà ðàõóíîê íåäîñòîâ³ðíîãî çìåíøåííÿ 
äî³ìïëàíòàö³éíî¿ ñìåðòíîñò³ ó 2,1 ðàçó òà â³äñóòíîñ-
ò³ ïîñò³ìïëàíòàö³éíî¿ ñìåðòíîñò³. 

Âèñíîâîê. Òàêèì ÷èíîì, ïðè êîìá³íîâàíîìó 
ââåäåíí³ íèçüêèõ äîç ñâèíöþ òà íàíîçîëîòà ñïî-
ñòåð³ãàºòüñÿ çíà÷íå çá³ëüøåííÿ ê³ëüêîñò³ æîâòèõ ò³ë 
âàã³òíîñò³, ê³ëüêîñò³ æèâèõ ïëîä³â. Âèùåíàâåäåíå 
äàº ï³äñòàâó ñòâåðäæóâàòè, ùî ââåäåííÿ öèòðàò³â 
íàíîàêâàõåëàò³â çîëîòà íà ôîí³ ³íòîêñèêàö³¿ àöå-
òàòó ñâèíöþ ïîïåðåäæóº íåãàòèâíèé âïëèâ îñòàí-
íüîãî íà ïðîöåñè åìáð³îíàëüíîãî ðîçâèòêó ïëîä³â 
ùóð³â â åêñïåðèìåíòàëüíèõ óìîâàõ òà ñâ³ä÷èòü ïðî 
¿õ á³îàíòàãîí³çì. 

 Ïåðñïåêòèâè ïîäàëüøèõ äîñë³äæåíü. Àêòó-
àëüíèì òà ñâîº÷àñíèì º äîñë³äæåííÿ ðåçóëüòàò³â 
âïëèâó íèçüêèõ äîç ñâèíöþ òà êîìá³íàö³ÿ ñâèí-
öþ ç íàíîá³îìåòàëàìè íà ïàðåíõ³ìàòîçí³ îðãàíè 
åìáð³îí³â. 
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ÅÊÑÏÅÐÈÌÅÍÒÀËÜÍÅ ÄÎÑË²ÄÆÅÍÍß ÅÌÁÐ²ÎÒÎÊÑÈ×ÍÎÑÒ² ÀÖÅÒÀÒÓ ÑÂÈÍÖÞ ÒÀ ÍÀÍÎÇÎËÎÒÀ
Øàòîðíà Â. Ô. 
Ðåçþìå. Ñåðåä ñó÷àñíèõ äîñë³äæåíü ç íàíîá³îòåõíîëîã³é çîâñ³ì íåçíà÷íà ¿õ ÷àñòèíà ïðèñâÿ÷åíà âè-

çíà÷åííþ âïëèâó òèõ ÷è ³íøèõ íàíîïðîäóêò³â íà åìáð³îãåíåç òà îðãàíîãåíåç. Ìåòîþ äîñë³äæåííÿ áóëî ìî-
äåëþâàííÿ òåðàòîãåííîãî âïëèâó àöåòàòó ñâèíöþ íà õ³ä åìáð³îãåíåçó, à òàêîæ ïîøóê íîâèõ á³îàíòîãîí³ñò³â 
ñâèíöþ. Ìàòåð³àëîì åêñïåðèìåíòàëüíîãî äîñë³äæåííÿ áóëî îáðàíî ùóð³â. Â åêñïåðèìåíòàëüíèõ ìîäåëÿõ 
âèêîðèñòîâóâàëè ðîç÷èíè àöåòàòó ñâèíöþ òà öèòðàòó çîëîòà, îòðèìàíîãî çà àêâàíàíîòåõíîëîã³ºþ. Ïðè ³çî-
ëüîâàíîìó ââåäåíí³ íàäìàëèõ äîç ñâèíöþ ñïîñòåð³ãàëè âèðàæåí³ òîêñè÷í³ åôåêòè: çìåíøåííÿ ê³ëüêîñò³ æîâ-
òèõ ò³ë âàã³òíîñò³, çìåíøåííÿ ê³ëüêîñò³ òà âàãè åìáð³îí³â. Ïðè êîìá³íîâàíîìó ââåäåíí³ íèçüêèõ äîç ñâèíöþ 
òà íàíîçîëîòà ñïîñòåð³ãàºòüñÿ çíà÷íå çá³ëüøåííÿ ê³ëüêîñò³ æîâòèõ ò³ë âàã³òíîñò³, ê³ëüêîñò³ æèâèõ ïëîä³â, ùî 
ñâ³ä÷èòü ïðî á³îàíòàãîí³çì ñâèíöþ òà çîëîòà

Êëþ÷îâ³ ñëîâà: íàíîàêâàõåëàò çîëîòà, àöåòàò ñâèíöþ, åìáð³îãåíåç, åìáð³îòîêñè÷í³ñòü. 
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ÍÀÍÎ ÇÎËÎÒÀ
Øàòîðíàÿ Â. Ô. 
Ðåçþìå. Ñðåäè ñîâðåìåííûõ èññëåäîâàíèé ïî íàíîáèîòåõíîëîãèÿì ñîâñåì íåçíà÷èòåëüíàÿ èõ ÷àñòü 

ïîñâÿùåíà îïðåäåëåíèþ âëèÿíèÿ òåõ èëè èíûõ íàíîïðîäóêòîâ íà ýìáðèîãåíåç è îðãàíîãåíåç. Öåëüþ íà-
øåãî èññëåäîâàíèÿ áûëî ìîäåëèðîâàíèå òåðàòîãåííîãî âëèÿíèÿ àöåòàòà ñâèíöà íà õîä ýìáðèîãåíåçà, à 
òàêæå ïîèñê íîâûõ áèîàíòîãîíèñòîâ àöåòàòà ñâèíöà. Ìàòåðèàëîì ýêñïåðèìåíòàëüíîãî èññëåäîâàíèÿ áûëî 
âûáðàíî êðûñ. Â ýêñïåðèìåíòàëüíûõ ìîäåëÿõ èñïîëüçîâàëè ðàñòâîðû àöåòàòà ñâèíöà è öèòðàòà çîëîòà, 
ïîëó÷åííîãî ìåòîäîì àêâàíàíîòåõíîëîãèè. Ïðè èçîëèðîâàííîì ââåäåíèè ñâåðõìàëûõ äîç àöåòàòà ñâèíöà 
íàáëþäàëè âèðàæåííûå òîêñè÷åñêèå ïðîÿâëåíèÿ: óìåíüøåíèå êîëè÷åñòâà æåëòûõ òåë. áåðåìåííîñòè, ñíè-
æåíèå êîëè÷åñòâà è âåñà ýìáðèîíîâ. Ïðè êîìáèíèðîâàííîì ââåäåíèè íèçêèõ äîç ñâèíöà è íàíîàêâàõåëà-
òà çîëîòà íàáëþäàåòñÿ çíà÷èòåëüíîå óâåëè÷åíèå êîëè÷åñòâà æåëòûõ òåë áåðåìåííîñòè, êîëè÷åñòâà æèâûõ 
ïëîäîâ, ÷òî ñâèäåòåëüñòâóåò î áèîàíòàãîíèçìå ñâèíöà è çîëîòà. 

Êëþ÷åâûå ñëîâà: íàíîàêâàõåëàò çîëîòà, àöåòàò ñâèíöà, ýìáðèîãåíåç, ýìáðèîòîêñè÷íîñòü. 
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Experimental Research of Embryotoxicity of Lead Acetate and Nanogold
Shatornaya V. F. 
Summary. The current state of environmental problems of the industrial regions of Ukraine makes it relevant and 

timely study of the effect of trace elements and their nanoforms on overall health, reproduction and embryology. 
Information about the safety and potential risks of nanomaterials is urgently needed, both for the health of the adult 
and the developing organism. Unfortunately, studies on the impact of nanomaterials on the body are hardly touched 
identify the possible embryotoxic teratogenic effects production of Nano. 

The aim of the study was to determine the effect of lead acetate in isolation or in combination with gold 
nanoaquahelats on reproductive system and the process of embryogenesis experimental animals (rats). Pre-
implantation mortality was determined by the difference between the number of corpora lutea in the ovaries of 
pregnant females and the number of implantation sites in the uterus. Postimlant mortality was calculated by the 
difference between the number of implantation sites and the number of viable fetuses. Studied embryotoxicity lead 
in the introduction of a stand-alone and in combination with nanogold: fertility index was calculated, the mass of 
embryos, number of embryos at one female in the group. 

In experimental models used sodium citrate gold obtained aquananotechnology and a solution of lead acetate. 
The experimental work was carried out on Wistar rats mature white line (female) weighing 180-200 g rats Age 95 – 
110 days. All rats were divided into three groups: the first group – animals lead acetate solution was added at 0.05 
mg / kg, the second group – animals lead acetate solution was added at 0. 05 mg / kg and nanogold solution in a 
dose of 1, 5 mg / kg, group 3 – control. In accordance with generally accepted guidelines for experimental studies, 
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solutions of metals and nanometal administered by gavage once a day, at the same time from 1 to 19 days of 

gestation (the 20 th day of pregnancy was performed fence operative embryos). 

The separate introduction of ultra-low doses of lead acetate observed pronounced toxic effects: reducing the 

number of corpora lutea of pregnancy, reducing the number and weight of embryos. We observed a significant 

decrease (p<0. 05) the number of live embryos at 17% – 7,5±0,53 9,0±0,4 vs control group. Observed an increase 

in total fetal mortality in 2. 16 times, more than pre-implantation. In this experimental group was observed not only 

the reduction of the embryos, but also reduced weight of embryos. Observed a decrease in the index of fertility. 

Under the combined effects of lead acetate + nanogold received positive results. 1. Increasing the number of live 

fetuses – 53. 3% in comparison with a group of lead poisoning. 2. An increase of 30. 4% of the number of corpora 

lutea in the ovaries of pregnant rats (compared with a group of intoxication). 3. The reduction in 2. 3 times of the 

level of overall mortality. This is the result of a reduction in pre-implantation mortality 2. 1 times and the lack of 

postimplant mortality. 4. Embryos weight in the group receiving a combination of lead and nanogold higher than in 

the group with insulated lead intoxication, but the difference is not reliable. 5. Index fertility of experimental animals 

in this group is reduced to the level of the control group. 

The experimental results showed that co-administration of low doses of lead and nanogold led to an increase in 

the number of corpora lutea of pregnancy, increasing the number of live fetuses, due to a decrease preinplantation 

embryonic mortality compared with the group with lead intoxication. The weight of live embryos was not significantly 

altered. The experimental results give reason to believe that the introduction of gold nanoaquahelats against lead 

poisoning prevents the negative effects of the latter on the processes of embryonic development of the fetus and 

shows them bioantagonism. 

Key words: nanoaquahelat of gold, lead acetate, embryogenesis, embryotoxicity. 
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