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Âñòóï. Íà ñüîãîäí³øí³é äåíü â óñüîìó ñâ³ò³ çðîñ-
òàº óâàãà äî ðîçâèòêó íàíîòåõíîëîã³é. Îäíèìè ³ç 
íàéïåðñïåêòèâí³øèõ º âîëîêíèñò³ âóãëåöåâ³ íàíî-
ìàòåð³àëè. Âðàõîâóþ÷è, ùî îáñÿãè ¿õ âèðîáíèöòâà 
ïîñò³éíî ðîçøèðþþòüñÿ, ³ íàäàë³ î÷³êóºòüñÿ ò³ñíèé 
êîíòàêò ëþäèíè òà ³íøèõ á³îëîã³÷íèõ îá’ºêò³â ³ç íà-
íî÷àñòî÷êàìè, âèâ÷åííÿ ïîòåíö³éíèõ ðèçèê³â ¿õ âè-
êîðèñòàííÿ ðîçãëÿäàºòüñÿ â ÿêîñò³ îäíîãî ç ïåð-
øî÷åðãîâèõ çàâäàíü. Àíàëîã³÷íà ñèòóàö³ÿ, ïðîòå ç 
ïðèðîäíèì âîëîêíèñòèì ìàòåð³àëîì – àçáåñòîì, 
ñïîñòåð³ãàëàñü â ìèíóëîìó ó çâ’ÿçêó ç éîãî àêòèâ-
íèì âïðîâàäæåííÿì ó áóä³âíèöòâî òà ³íø³ ñôåðè 
ëþäñüêî¿ ä³ÿëüíîñò³. Åíòóç³àçì ñâ³òîâî¿ ñï³ëüíîòè 
ð³çêî âïàâ ï³ñëÿ âèÿâëåííÿ êàíöåðîãåííèõ âëàñòè-
âîñòåé öüîãî ìàòåð³àëó. Òîæ ö³ëêîì çàêîíîì³ðíî, 
ùî âñå á³ëüøå äîñë³äíèê³â ïðàöþþòü íàä ïðîáëå-
ìîþ ïîð³âíÿííÿ á³îëîã³÷íèõ åôåêò³â ³ âëàñòèâîñòåé 
àçáåñòó òà âóãëåöåâèõ íàíîâîëîêîí – íàéáëèæ÷îãî 
ñòðóêòóðíîãî àíàëîãà àçáåñòó ñåðåä íàíîìàòåð³à-
ë³â [1, 4]. Á³ëüø³ñòü â³äîìèõ íà ñüîãîäí³ äîñë³äæåíü 
ùîäî ïîð³âíÿííÿ éîãî á³îëîã³÷íèõ âïëèâ³â ç âóãëåöå-
âèìè íàíîìàòåð³àëàìè ñòîñóþòüñÿ çì³í ó äèõàëüí³é 
ñèñòåì³, ïðîòå ó ë³òåðàòóð³ çóñòð³÷àþòüñÿ ïîîäèíîê³ 
äîêóìåíòóâàííÿ ôàêò³â ñïðîìîæíîñò³ àçáåñòó ïðî-
íèêàòè ÷åðåç á³îëîã³÷í³ áàð’ºðè, ñïðè÷èíÿòè çëî-
ÿê³ñí³ ïåðåðîäæåííÿ ó øëóíêîâî-êèøêîâîìó òðàêò³ 
[3], ó æ³íî÷³é ñòàòåâ³é ñèñòåì³ [5], òà âèêëèêàòè ðàê 
ãîðòàí³ [6]. Îñíîâíèìè íàïðÿìêàìè âèâ÷åííÿ á³îëî-
ã³÷íèõ åôåêò³â â³ä ä³¿ íàíîâîëîêîí º âïëèâ íà òêàíèíè 
ëåãåíü, íà øê³ðó, á³îñóì³ñí³ñòü, öèòîòîêñè÷í³ñòü òà 
òîêñè÷íà ä³ÿ íà äîâê³ëëÿ, òàêîæ ³ñíóþòü áåççàïåðå-
÷í³ ï³äòâåðäæåííÿ ¿õ âèñîêî¿ ïðîíèêàþ÷î¿ çäàòíîñò³, 

òîáòî ìîæëèâîñò³ ëåãêî ïðîõîäèòè êð³çü ìåìáðàíè 
êë³òèí òà äîëàòè ð³çí³ á³îëîã³÷í³ áàð’ºðè [2, 7]. 

Îòîæ, íàãîëîñèìî íà â³äñóòíîñò³ íåîáõ³äíîãî 
îá’ºìó çíàíü òà äîö³ëüíîñò³ ðîçøèðåííÿ ñôåðè âè-
â÷åííÿ á³îëîã³÷íèõ åôåêò³â, ñïðè÷èíåíèõ ä³ºþ àç-
áåñòó ³ âóãëåöåâèõ íàíîìàòåð³àë³â. 

Ìåòîþ ðîáîòè áóëî ïîð³âíÿííÿ á³îëîã³÷íèõ 
åôåêò³â, ÿê³ ÷èíÿòü âóãëåöåâ³ íàíîâîëîêíà ³ âîëîê-
íà àçáåñòó íà òêàíèíè íèðîê òà ïå÷³íêè êóðÿ÷èõ 
åìáð³îí³â. 

Îá´ºêò ³ ìåòîäè äîñë³äæåííÿ. Åêñïåðèìåíò 
çä³éñíåíî íà êóðÿ÷èõ åìáð³îíàõ, ³íêóáîâàíèõ ç ÿºöü 
ë³í³¿ Õàé-Ëàéí. Ìàòåð³àë áóâ ðîçä³ëåíèé íà òðè 
ãðóïè: ³íòàêòíà (²Ã, 43 øòóêè) òà åêñïåðèìåíòàëüí³ (³ç 
ââåäåííÿì àçáåñòó, ÅÃ-À, 48 øòóê; òà âóãëåöåâèõ íà-
íîâîëîêîí, ÅÃ-ÍÂ, 35 øòóê). 

Âèêîðèñòàíà á³îëîã³÷íà ìîäåëü ðîçðîáëå-
íà çà ìåòîäèêîþ Â. Ï. Òåðåùåíêî, ïàòåíò Óêðà¿íè 
¹ 49464. Îá’ºêòàì ó åêñïåðèìåíòàëüíèõ ãðóïàõ íà 
òðåòþ äîáó ³íêóáàö³¿ (òåðì³íè çóìîâëåí³ çàêîíîì³ð-
íîñòÿìè ðîçâèòêó êðîâîíîñíî¿ ñèñòåìè) ââîäèëè 
ñóñïåíç³¿ âîëîêîí àçáåñòó àáî âóãëåöåâèõ íàíîâî-
ëîêîí íà á³îñóì³ñíîìó äåêñòðàí³. Ðàçîâà ï³äòðè-
ìóþ÷à äîçà àêòèâîâàíîãî âóã³ëëÿ äëÿ äîðîñëî¿ 
ëþäèíè âàãîþ 70 êã ñêëàäàº 1,0 ã. Ç óðàõóâàííÿì ñå-
ðåäíüî¿ âàãè æîâòêà ÿéöÿ (22 ã) ìè âèðàõóâàëè äîçó 
äëÿ ââåäåííÿ ó æîâòêîâèé ì³øîê çàðîäêà: 22õ1:70 
000 = 0,31 ìã. Ñòåðèë³çàö³ÿ ìàòåð³àëó çä³éñíþâàëàñü 
çà tº 120ºÑ âïðîäîâæ 60 õâèëèí. Ê³ëüê³ñòü ð³äèíè, 
ùî ââîäèëàñÿ (0,2 ìë) º äîïóñòèìîþ äëÿ ââåäåííÿ 
ó åêñïåðèìåíòàõ ç êóðÿ÷èìè çàðîäêàìè. Â³äá³ð çà-
ðîäê³â ïðîâîäèëè íà 14 òà 20 äîáè ³íêóáàö³¿. Ìîðôî-
ëîã³÷íà âåðèô³êàö³ÿ çä³éñíþâàëàñü íà çàáàðâëåíèõ 
ãåìàòîêñèë³íîì ³ åîçèíîì ã³ñòîëîã³÷íèõ ïðåïàðàòàõ 
ïå÷³íêè. 

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ. Çà 
ðåçóëüòàòàìè ïðîâåäåíèõ ã³ñòîëîã³÷íèõ äîñë³äæåíü 
òêàíèí ïå÷³íêè êóðÿ÷èõ åìáð³îí³â áóëè âèÿâëåí³ ïà-
òîëîã³÷í³ çì³íè â åêñïåðèìåíòàëüíèõ ãðóïàõ ³ç ââå-
äåííÿì ÷àñòî÷îê àçáåñòó òà íàíîâîëîêîí, ùî ñâ³ä-
÷èëè ïðî â³äì³ííîñò³ ó ôóíêö³îíóâàíí³ òà ðîçâèòêó 
äàíèõ îðãàí³â ó ñï³âñòàâëåíí³ ç çàðîäêàìè ³íòàêòíî¿ 
ãðóïè. 

Ñåðåä â³äì³÷åíèõ ïàòîëîã³é, íàéá³ëüø ïî-
øèðåíèìè âèÿâèëèñü äèñòðîô³÷í³ çì³íè. Âîíè 
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ñïîñòåð³ãàëèñü íà ïðåïàðàòàõ â îáîõ åêñïåðèìåí-
òàëüíèõ ãðóïàõ. Ó ãðóï³ ³ç ââåäåííÿì íàíîâîëîêîí 
äèñòðîô³ÿ ìàëà á³ëüø îäíîòèïíèé õàðàêòåð. Ó á³ëü-
øîñò³ âèïàäê³â ñïîñòåð³ãàëàñü á³ëêîâà ïàðåíõ³ìà-
òîçíà çåðíèñòà äèñòðîô³ÿ. Ó ãðóï³ ³ç ââåäåííÿì àç-
áåñòó òàêîæ ìàëè ì³ñöå îçíàêè á³ëêîâî¿ äèñòðîô³¿ ³ç 
ð³çíèì ñòóïåíåì çì³í, ùî ïðîÿâëÿëèñü çåðíèñò³ñòþ 
íåîäíîð³äíîãî õàðàêòåðó (ðèñ. 1). 

Ùå îäí³ºþ îñîáëèâ³ñòþ ïàòîëîã³÷íèõ çì³í ó ÅÃ-À 
áóëà ïðèñóòí³ñòü ³íøèõ òèï³â äèñòðîô³é, îêð³ì á³ëêî-
âî¿. Ïðè ì³êðîñêîï³÷íîìó äîñë³äæåíí³ áóëè âèÿâëå-
í³ âàêóîë³ ð³çíèõ ðîçì³ð³â â öèòîïëàçì³ ãåïàòîöèò³â 
ïåðåâàæíî â öåíòðàëüíèõ ÷àñòèíàõ ïå÷³íêîâî¿ ÷àñò-
êè. ×³òê³ ìåæ³ âàêóîëåé òà ¿õ ñïåöèô³÷íà ëîêàë³çàö³ÿ 
(ïåðåâàæíî á³ëÿ öåíòðàëüíèõ âåí) ñâ³ä÷èëè ïðî íà-
ÿâí³ñòü æèðîâî¿ äèñòðîô³¿. 

Ñåðåä ïàòîëîã³é, ùî ñïîñòåð³ãàëèñü â îáîõ åêñ-
ïåðèìåíòàëüíèõ ãðóïàõ òàêîæ âàðòî â³äì³òèòè äèñ-
òðîô³÷í³ çì³íè ïëàçìàëåìè ãåïàòîöèò³â (ðîçìèò³ñòü 
êîíòóð³â). Ïîðóøåííÿ ñòðóêòóðè ïëàçìàëåìè áóëè 
á³ëüø âèðàæåí³ ó ãðóï³ ³ç ââåäåíèìè íàíîâîëîêíàìè 
(ðèñ. 2). 

Ã³ñòîëîã³÷íå äîñë³äæåííÿ ïðåïàðàò³â åêñïåðè-
ìåíòàëüíèõ ãðóï âèÿâèëî çíà÷íèé íàáðÿê òêàíèí, 
îñîáëèâî ðîçøèðåííÿ ïðîñòîðó Ä³ñå, òà çá³ëüøåí-
íÿ ïðîñâ³ò³â ñèíóñî¿ä³â ïå÷³íêè. Ïîä³áí³ çì³íè áóëè 
ìåíø âèðàæåí³ ó ãðóï³ ³ç ââåäåííÿì àçáåñòó, äëÿ ÿêî¿ 
îñíîâíîþ õàðàêòåðíîþ îñîáëèâ³ñòþ ñåðåä ïàòîëî-
ã³÷íèõ çì³í ñòàëî ïîðóøåííÿ óòâîðåííÿ òà âèâåäåííÿ 
æîâ÷³, îñîáëèâî õàðàêòåðíå äëÿ ä³ëÿíîê ñêóï÷åííÿ 
ãåïàòîöèò³â, îñê³ëüêè äëÿ ïîîäèíîêèõ êë³òèí òàêîãî 
ïðîñÿêíåííÿ æîâ÷þ íå ñïîñòåð³ãàëîñü (ðèñ. 3). 

Òîæ â ö³ëîìó õàðàêòåð á³îëîã³÷íèõ åôåêò³â, âèêëè-
êàíèõ íàíîâîëîêíàìè òà àçáåñòîì, äîñèòü ïîä³áíèé. 
Â îñíîâíîìó ñïîñòåð³ãàëèñü äèñòðîô³÷í³ çì³íè. 
Ïðîòå áóëè ïðèñóòí³ ³ äåÿê³ â³äì³ííîñò³ ïî ãðóïàõ. 
ßêùî â åêñïåðèìåíòàëüí³é ãðóï³ ³ç ââåäåííÿì íàíî-
âîëîêîí äèñòðîô³÷í³ çì³íè ìàëè á³ëüø îäíîòèïíèé 
õàðàêòåð – ñïîñòåð³ãàëàñü á³ëêîâà äèñòðîô³ÿ òà íà-
áðÿê òêàíèí ³ç ÷àñòêîâèì ðóéíóâàííÿì òðàáåêóëÿð-
íî¿ áóäîâè, ó ãðóï³ ³ç ââåäåííÿì àçáåñòó õàðàêòåð 
äèñòðîô³÷íèõ çì³í áóâ á³ëüø íåîäíîð³äíèé, îêð³ì 
òîãî, áóëè â³äì³÷åí³ çíà÷í³ ïîðóøåííÿ ó ïðîöåñàõ 
óòâîðåííÿ æîâ÷³. 

Íà ï³äñòàâ³ àíàë³çó îòðèìàíèõ åêñïåðèìåíòàëü-
íèõ äàíèõ ìîæíà çðîáèòè íàñòóïí³ âèñíîâêè: 

1. Âóãëåöåâ³ íàíîâîëîêíà òà âîëîêíà àçáåñòó âè-
êëèêàþòü çíà÷í³ ïîðóøåííÿ íîðìàëüíî¿ ñòðóêòóðè 
òêàíèí ïå÷³íêè êóðÿ÷èõ åìáð³îí³â. 

2. Äëÿ îáîõ åêñïåðèìåíòàëüíèõ ãðóï õàðàêòåðí³ 
íàáðÿêè äîñë³äæóâàíèõ îðãàí³â, à òàêîæ ïðîÿâè çåð-
íèñòî¿ òà ã³äðîï³÷íî¿ á³ëêîâèõ äèñòðîô³é. 

3. Çà äàíèìè ã³ñòîëîã³÷íèõ äîñë³äæåíü äîêó-
ìåíòîâàíî á³ëüøó âèðàçí³ñòü ðóéí³âíîãî âïëèâó íà 
îðãàíè äåòîêñèêàö³¿ âîëîêîí àçáåñòó (ðîçâèòîê ïà-
ðåíõ³ìàòîçíî¿ æèðîâî¿ òà ï³ãìåíòíî¿ äèñòðîô³é) ïî-
ð³âíÿíî ç íàíîâîëîêíàìè. 

Ïåðñïåêòèâè ïîäàëüøèõ äîñë³äæåíü ïîëÿãà-
þòü â ïðîâåäåíí³ ã³ñòîëîã³÷íèõ äîñë³äæåíü òêàíèí 
íèðîê ÿê îðãàí³â âèâåäåííÿ, äëÿ á³ëüø äåòàëüíîãî 
âèâ÷åííÿ äèñòðîô³÷íî-äåñòðóêòèâíèõ ïðîöåñ³â â 
îðãàí³çì³ ç ìåòîþ ñòâîðåííÿ ðåêîìåíäàö³é ùîäî 
âèêîðèñòàííÿ âîëîêíèñòèõ ìàòåð³àë³â ó ìåäèöèí³. 

Ðèñ. 1. Ì³êðîôîòîãðàô³ÿ òêàíèí ïå÷³íêè 14-äåííîãî 
çàðîäêà ÅÃ ³ç ââåäåííÿì àçáåñòó Äèñòðîô³÷í³ çì³íè 

ãåïàòîöèò³â: çåðíèñòà äèñòðîô³ÿ – æîâò³ ñòð³ëêè, 
âàêóîëüíà äèñòðîô³ÿ – ÷îðí³ ñòð³ëêè (çàáàðâëåííÿ 

ãåìàòîêñèë³íîì ³ åîçèíîì, îá. 40õ, îê. 10õ). 

Ðèñ. 2. Ì³êðîôîòîãðàô³ÿ òêàíèí ïå÷³íêè 14-äåííîãî 
çàðîäêà ÅÃ ³ç ââåäåííÿì íàíîâîëîêîí ç ïîðóøåííÿìè 
òðàáåêóëÿðíî¿ ñòðóêòóðè ÷àñòî÷îê òà äèñòðîô³÷íèìè 
çì³íàìè ãåïàòîöèò³â (çàáàðâëåííÿ ãåìàòîêñèë³íîì 

³ åîçèíîì, îá. 40õ, îê. 10õ). 

Ðèñ. 3. Ì³êðîôîòîãðàô³ÿ òêàíèí ïå÷³íêè 14-äåííîãî 
çàðîäêà ÅÃ ³ç ââåäåííÿì àçáåñòó. Ñòð³ëêàìè ïîêàçàí³ 
ãðóïè ãåïàòîöèò³â ç íàêîïè÷åííÿì æîâ÷íîãî ï³ãìåíòó 

(çàáàðâëåííÿ ãåìàòîêñèë³íîì ³ åîçèíîì, 
îá. 40õ, îê. 10õ). 
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ÂÎËÎÊÎÍ ÀÇÁÅÑÒÓ ÒÀ ÂÓÃËÅÖÅÂÈÕ ÍÀÍÎÂÎËÎÊÎÍ
Ç³íàáàä³íîâà Ñ. Ñ. 
Ðåçþìå. Ñòðóêòóðíà ïîä³áí³ñòü âóãëåöåâèõ íàíîâîëîêîí òà âîëîêîí àçáåñòó âèêëèêàº ñåðéîçí³ õâèëþ-

âàííÿ ùîäî ¿õ áåçïå÷íîñò³. ßê îðãàí äåòîêñèêàö³¿, ïå÷³íêà, ïðèâåðòàý îñîáëèâó óâàãó. Â ö³é ñòàòò³ äîñë³äæåíî 
òîêñè÷íèé âïëèâ, ÿêèé ÷èíÿòü âóãëåöåâ³ íàíîâîëîêíà òà âîëîêíà àçáåñòó íà òêàíèíè ïå÷³íêè. Â äîñë³äæåíí³ 
ïðîäåìîíñòðîâàíî, ùî âóãëåöåâ³ íàíîâîëîêíà ïîòåíö³éíî çäàòí³ ïîâîäèòè ñåáå ÿê âîëîêíà àçáåñòó. Çà ðå-
çóëüòàòàìè äîñë³äæåííÿ âñòàíîâëåíî, ùî àçáåñò, ñòàíîâèòü íàéá³ëüøó íåáåçïåêó. 

Êëþ÷îâ³ ñëîâà: àçáåñò, ïå÷³íêà, âóãëåöåâ³ íàíîâîëîêíà, êóðÿ÷³é åìáð³îí. 
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ÏÎÄ ÂÎÇÄÅÉÑÒÂÈÅÌ ÂÎËÎÊÎÍ ÀÑÁÅÑÒÀ È ÓÃËÅÐÎÄÍÛÕ ÍÀÍÎÂÎËÎÊÎÍ
Çèíàáàäèíîâà Ñ. Ñ. 
Ðåçþìå. Î÷åâèäíîå ñòðóêòóðíîå ñõîäñòâî óãëåðîäíûõ íàíîâîëîêîí è âîëîêîí àñáåñòà âûçûâàåò 

ñåðüåçíûå îïàñåíèÿ ïî ïîâîäó èõ áåçîïàñíîñòè. Èçó÷åíèå ïå÷åíè, êàê îðãàíà äåòîêñèêàöèè, îñîáåííî 
âàæíî. Â äàííîé ñòàòüå èññëåäîâàíî òîêñè÷åñêîå âëèÿíèå, êîòîðîå îêàçûâàþò óãëåðîäíûå íàíîâîëîêíà è 
âîëîêíà àñáåñòà íà òêàíè ïå÷åíè. Â èññëåäîâàíèè ïðîäåìîíñòðèðîâàíî, ÷òî óãëåðîäíûå íàíîâîëîêíà ïî-
òåíöèàëüíî ñïîñîáíû âåñòè ñåáÿ êàê àñáåñòîâûå âîëîêíà. Ïî ðåçóëüòàòàì èññëåäîâàíèÿ óñòàíîâëåíî, ÷òî 
àñáåñò ÿâëÿåòñÿ íàèáîëåå îïàñíûì. 

Êëþ÷åâûå ñëîâà: àñáåñò, ïå÷åíü, óãëåðîäíûå íàíîâîëîêíà, êóðèíûé ýìáðèîí. 

UDC 57. 017. 642:636. 52/. 58:615. 9 
Features of Structural and Functional Conditions of Chiken Embryo Liver which are Caused by Asbestos 

Fibers and Carbon Nanowires
Zinabadinova S. S. 
Abstract. There is a great number of substances and materials produced nowadays but their influence on the 

developing organisms remains unclear. The apparent structural link between carbon nanowires and asbestos fibers 
has generated serious doubts about their safety profile. 

The negative impact of asbestos on living organisms is a well-known fact. The asbestos usage issue is a vexed 
medical problem which is being increasingly political in nature lately. We should underline, that all the up-to-date 
data on the negative influences of asbestos concerns only pneumoconiosis (chronic lung diseases caused by long-
term inhalation of harmful substances with the development of fibrous tissue) and mesothelioma (tumor of the 
serosal epithelium). 

Nanotechnology is a new technology field with a wealth of promise. Nanomaterials are defined as materials 
with at least one dimension of 100nm or less. Carbon-based nanomaterials have unique properties that make 
them useful for many technical applications, including lightweight construction, electronics, energy generation, 
environmental technology, and medicine. 

We need to examine all possible implications of this material on living organisms carefully, as it is widespread all 
over the world. 

We chose the chicken embryo as a test system. The number of common genes of chicken and human is 60 % 
that proves the relevance of this model. Also: a) the chicken embryo develops in the environment, which is almost 
completely isolated from the external influence, this minimizes the impact of exogenous factors on the course of 
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the experiment, b) it is possible to monitor physiological and pathological processes in the dynamics c) there are 
some organizational and economic benefits d) it is possible to evaluate the body’s reaction to materials on a large 
number of cell populations. 

We used “The method of evaluation of biological impacts of substances and materials” (Tereschenko V. P. 
Ukrainian patent for useful model ¹ 49464) as basic model. The calculation of the dosage was based on conversion 
to the weight of egg yolk. The material was injected in yolk sac as a suspension, which was prepared on the basis of 
biocompatible dextran (Rheopolyglucinum). We believe that in this way other substances can be tested, since it is 
not accompanied by damage to the embryo tissues, and natural immobilization of test particles together with other 
nutrients from yolk is assumed. 

In this study we investigate the toxic effects of asbestos fibers and carbon nanowires on liver tissues. As a 
detoxifying organ, liver is particularly important. The morphological abnormalities such as parenchymal degeneration 
(albuminous degeneration which are detected in both cases, fatty and pigmentary degeneration which are coursed 
by asbestos) were revealed, it marked an obvious teratogenic effect. 

Our research demonstrates that carbon nanowires have the potential to behave like asbestos fibers. The results 
show that the fibers of asbestos possess the greatest danger. 

Keywords: asbestos, liver, carbon nanowires, chicken embryo. 
Ðåöåíçåíò – ïðîô. Êî÷èíà Ì. Ë. 
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