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Çðîáëåíî ñòèñëèé îãëÿä íàóêîâî¿ ë³òåðàòóðè ùîäî ìàòåð³àë³â ïðèðîäíîãî ïîõîäæåííÿ äëÿ
ôîðìóâàííÿ íàíîíîñ³¿â ë³êàðñüêèõ çàñîá³â. Ðîçãëÿíóòî ìåòîäè ìîäèô³êàö³¿ ïîâåðõí³ íîñ³¿â äëÿ
ïîñèëåííÿ òåðàïåâòè÷íîãî åôåêòó. Íàâåäåíî ïåðåë³ê ïðåïàðàò³â, ïðèäàòíèõ äëÿ ñïðÿìîâàíîãî
òðàíñïîðòó ë³ê³â, ³ ïîêàçàíî ïåðåâàãè ð³çíèõ ïîë³ìåð³â ïðèðîäíîãî ïîõîäæåííÿ. Òàê³ ìàòðèö³
ìàþòü ñïåöèô³÷í³ âëàñòèâîñò³ – âèñîêó ñóì³ñí³ñòü ³ç á³îëîã³÷íèìè òêàíèíàìè òà çäàòí³ñòü äî
á³îäåñòðóêö³¿. Âîíè íåòîêñè÷í³, íåòðîìáîãåíí³, íå³ìóíîãåíí³, íåçàïàëüí³ é ïðèäàòí³ äëÿ
³íêàïñóëÿö³¿ ð³çíîìàí³òíèõ ë³êàðñüêèõ ïðåïàðàò³â.

Êëþ÷îâ³ ñëîâà: íàíî÷àñòèíêè, ë³êàðñüê³ ïðåïàðàòè, ïðèðîäí³ ïîë³ìåðè, ³íêàïñóëÿö³ÿ, á³îäåãðàäàáåëüí³ñòü.

Âñòóï.
Ðîçâèòîê íàóêè é íàíîòåõíîëîã³é ñòâîðèâ øèðîê³

ìîæëèâîñò³ äëÿ ôàðìàêîëîã³¿ òà ìåäèöèíè. Ç’ÿâèâñÿ
íîâèé íàïðÿì – òðàíñïîðò ìåäè÷íèõ ïðåïàðàò³â íà
ïîë³ìåðíèõ íîñ³ÿõ, ùî äàº çìîãó ñïðÿìóâàòè ë³êè â
ïåâíèé îðãàí, ëîêàë³çóâàòè òåðàïåâòè÷íó ä³þ, çíà÷íî
çìåíøèòè äîçè òà çíèçèòè ðèçèê âèíèêíåííÿ ïîá³÷íèõ
åôåêò³â. Äîâåäåíî åôåêòèâí³ñòü âèêîðèñòàííÿ ïîë³ìåð-
íèõ íàíîíîñ³¿â ë³ê³â ó ãåìàòîëîã³¿, îíêîëîã³¿, ïðè ë³êó-
âàíí³ øê³ðíèõ çàõâîðþâàíü, ãîðìîíàëüíèõ ðîçëàä³â
òîùî [5]. Îäíàê ñïåöèô³êà âèêîðèñòàííÿ òàêèõ ìàòåð³-
àë³â ñòâîðþº ïåâí³ îáìåæåííÿ. Ïîë³ìåðè, îñîáëèâî
ïðèçíà÷åí³ äëÿ á³îìåäè÷íèõ ö³ëåé, çîêðåìà äëÿ òðàíñ-
ïîðòó ë³ê³â, ïîâèíí³ ìàòè âèñîêó ñóì³ñí³ñòü ³ç á³îëîã³÷-
íèìè òêàíèíàìè òà çäàòí³ñòü äî á³îäåñòðóêö³¿. Öèì âè-
ìîãàì íàéêðàùå â³äïîâ³äàþòü ìàòåð³àëè íà îñíîâ³ ïðè-
ðîäíèõ ïîë³ìåð³â – ïîë³ìîëî÷íî¿ êèñëîòè, ïåêòèíó,
äåêñòðèíó, õ³òîçàíó, êîëàãåíó, æåëàòèíó, àãàðîçè òîùî.
Òàê³ íîñ³¿ ìàþòü ñóáêë³òèííèé ðîçì³ð, ñò³éê³ âëàñòè-
âîñò³, çàáåçïå÷óþòü êîíòðîëüîâàíèé ìåõàí³çì âèâ³ëü-
íåííÿ ë³ê³â òà á³îñóì³ñí³ñòü ³ç òêàíèíàìè îðãàí³çìó [47].
Âîíè ñòàá³ëüí³ â êðîâ³ é â ³íøèõ ô³ç³îëîã³÷íèõ ð³äèíàõ,
íåòîêñè÷í³, íåòðîìáîãåíí³, íå³ìóíîãåíí³, íåçàïàëüí³,
íå àêòèâ³çóþòü íåéòðîô³ëè, á³îäåãðàäàáåëüí³ òà ïðè-
äàòí³ äëÿ ³íêàïñóëÿö³¿ ð³çíîìàí³òíèõ ë³êàðñüêèõ ïðåïà-
ðàò³â, á³ëê³â, ïåïòèä³â ÷è íóêëå¿íîâèõ êèñëîò [51].
Òèïè ïîë³ìåðíèõ íàíî÷àñòèíîê.

Ïîë³ìåðí³ íàíî÷àñòèíêè ñèíòåçóþòü ð³çíèìè ìå-
òîäàìè â³äïîâ³äíî äî ñïîñîáó çàñòîñóâàííÿ ¿õ ³ òèïó
³íêàïñóëüîâàíîãî ë³êàðñüêîãî ïðåïàðàòó [50]. Ìîëåêó-
ëè ë³êàðñüêîãî ïðåïàðàòó ðîçì³ùóþòüñÿ íà ïîâåðõí³
íàíî÷àñòèíîê (íàíîñôåðè) àáî íàêîïè÷óþòüñÿ âñåðå-
äèí³, óòâîðþþ÷è íàíîêàïñóëè, ÿê ïîêàçàíî íà ðèñ. 1.

Íàíîêàïñóëè – öå êëàñ íàíî÷àñòèíîê, ðîçì³ð ÿêèõ

ñòàíîâèòü â³ä 10 äî 1000 íì. Âîíè ìàþòü ð³äêå àáî òâåð-
äå ÿäðî, êóäè ³íêàïñóëþºòüñÿ ïðåïàðàò. ßäðî îòî÷åíå
ïîë³ìåðíîþ ìåìáðàíîþ, óòâîðåíîþ ç íå³îííèõ ïîâåðõ-
íåâî-àêòèâíèõ ðå÷îâèí, ìàêðîìîëåêóë, ôîñôîë³ï³ä³â,
ïðèðîäíèõ ÷è ñèíòåòè÷íèõ ïîë³ìåð³â. Íàíîêàïñóëè
îòðèìóþòü ïåðåâàæíî äâîìà ìåòîäàìè – ì³æôàçíîþ
ïîë³ìåðèçàö³ºþ àáî ïîâåðõíåâèì íàíîîñàäæåííÿì
[49]. Òàê³ íîñ³¿ øèðîêî çàñòîñîâóþòü äëÿ òðàíñïîðòó
ë³ê³â çàâäÿêè çàõèñíîìó ïîêðèòòþ, ÿêå ëåãêî îêèñíþºòü-
ñÿ é ãàëüìóº âèâ³ëüíåííÿ ïðåïàðàò³â.

Íàíîñôåðè – öå àìîðôí³ àáî êðèñòàë³÷í³ ñôåðè÷í³
÷àñòèíêè ðîçì³ðîì â³ä 10 äî 200 íì ç îñîáëèâèìè õà-
ðàêòåðèñòèêàìè, â³äì³ííèìè â³ä âëàñòèâîñòåé âèõ³äíî-
ãî ìàòåð³àëó. ¯õ îòðèìóþòü ìåòîäàìè ïîë³ìåðèçàö³¿
(åìóëüñ³éíî¿ ïîë³ìåðèçàö³¿), òåìïåðàòóðíî¿ ³íâåðñ³¿ ôàç
àáî âèïàðîâóâàííÿ ðîç÷èííèêà. Ïðåïàðàò, ïðèçíà÷å-
íèé äëÿ ³íêàïñóëþâàííÿ, çäåá³ëüøîãî ðîç÷èíÿþòü,
ñîðáóþòü ÷è ïðèºäíóþòü ñïîñîáîì ùåïëåííÿ äî ïîë³-
ìåðíî¿ ìàòðèö³. Íàíîñôåðè çàõèùàþòü ïðåïàðàò â³ä

Ðèñ. 1. Òèïè íàíî÷àñòèíîê â³äïîâ³äíî äî
ñòðóêòóðíî¿ îðãàí³çàö³¿

Îãëÿä
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ôåðìåíòàòèâíî¿ òà õ³ì³÷íî¿ äåãðàäàö³¿ [8, 28, 31, 35, 36].
Ïðèðîäí³ ïîë³ìåðè ÿê íàíîìàòðèö³ äëÿ ë³êàðñüêèõ
ïðåïàðàò³â.

Îñòàíí³ì ÷àñîì àêòèâ³çóâàâñÿ ïîøóê åôåêòèâíèõ
íàíîìàòðèöü äëÿ ë³ê³â íà îñíîâ³ á³îñóì³ñíèõ á³îäåãðà-
äàáåëüíèõ ïîë³ìåð³â [2, 32]. Â³äîì³ ìåòîäè ôîðìóâàí-
íÿ ïîë³ìåðíèõ íàíî÷àñòèíîê òà ³íêàïñóëÿö³¿ ïðåïàðàò³â
ìîæíà âèêîðèñòîâóâàòè é äëÿ ïðèðîäíèõ ïîë³ìåðíèõ
ìàòåð³àë³â. Ó ðîáîò³ [5] íàâåäåíî îãëÿä íàóêîâèõ äîñÿã-
íåíü ó ãàëóçÿõ íàíîá³îòåõíîëîã³¿, íàíîôàðìàêîëîã³¿ òà
íàíîìåäèöèíè. Àâòîðè ñòàòò³ ïðîàíàë³çóâàëè îñíîâí³
íàïðÿìè îòðèìàííÿ íîâèõ íàíîë³ê³â íà îñíîâ³ ïðèðîä-
íèõ ïîë³ìåð³â, ðîçãëÿíóëè ìåòîäè ìîäèô³êàö³¿ ïîâåðõí³
íîñ³¿â äëÿ ïîñèëåííÿ òåðàïåâòè÷íîãî åôåêòó, íàâåëè
ïåðåë³ê ïðåïàðàò³â, ÿê³ ìîæíà çàñòîñîâóâàòè äëÿ ë³êó-
âàííÿ çàõâîðþâàíü ñïîñîáîì ñïðÿìîâàíîãî òðàíñïîð-
òó ë³ê³â, ³ ïîð³âíÿëè ïåðåâàãè ð³çíèõ ïîë³ìåð³â ïðèðîä-
íîãî ïîõîäæåííÿ.
Ïîë³ìîëî÷íà êèñëîòà.

Ïîë³ìåð ïîë³ìîëî÷íà êèñëîòà (ÏÌÊ) (ðèñ. 2) – á³î-
ñóì³ñíèé ³ á³îäåãðàäàáåëüíèé ìàòåð³àë; â îðãàí³çì³
ëþäèíè â³í ðîçùåïëþºòüñÿ íà ìîíîìåðí³ îäèíèö³ ìî-
ëî÷íî¿ êèñëîòè, ÿêà º ïðèðîäíîþ ïðîì³æíîþ ëàíêîþ
âóãëåâîäíåâîãî îáì³íó.

Íàíî÷àñòèíêè ÏÌÊ îòðèìóþòü ïåðåâàæíî øëÿõîì
âèïàðîâóâàííÿ ÷è äèôóç³¿ ðîç÷èííèêà [21] àáî âèñî-
ëþâàííÿ ðîç÷èííèêà [50]. Ïåðåâàãà îïåðàö³¿ âèñîëþ-
âàííÿ íàä ³íøèìè ñïîñîáàìè ôîðìóâàííÿ íàíî÷àñ-
òèíîê ïîëÿãàº â òîìó, ùî âïëèâ ¿¿ íà âëàñòèâîñò³ ³íêàï-
ñóëüîâàíèõ ïðåïàðàò³â ì³í³ìàëüíèé.

Ó íàíî÷àñòèíêè ÏÌÊ ³íêàïñóëþþòü ãîðìîíàëüí³
ïðåïàðàòè (ïðîãåñòåðîí) [43], ïðåïàðàòè äëÿ ë³êóâàí-
íÿ ðåñòåíîçó (òèðôîñòèí) [37] ³ á³ëêè (ÁÑÀ) [22].
Ïîë³-D,L-ìîëî÷íà-êî-ãë³êîëåâà êèñëîòà.

Ïîë³-D,L-ìîëî÷íà-êî-ãë³êîëåâà êèñëîòà (ÏÌÃÊ)
(ðèñ. 3) â îðãàí³çì³ ëþäèíè ã³äðîë³çóºòüñÿ ç óòâîðåí-
íÿì ïðèðîäíèõ ìîíîìåð³â – ìîëî÷íî¿ òà ãë³êîëåâî¿
êèñëîò. Âîíà º îäí³ºþ ç íàéóñï³øí³øå âèêîðèñòîâóâà-
íèõ òðàíñïîðòíèõ íàíîñèñòåì, ùî çóìîâëåíî ¿¿
ì³í³ìàëüíîþ òîêñè÷í³ñòþ.

Íàíî÷àñòèíêè ÏÌÃÊ ôîðìóþòü ñïîñîáîì åìóëü-
ãóâàííÿ [53]. Ïîë³ìåð ðîç÷èíÿþòü â îðãàí³÷íîìó ðîç-
÷èííèêó (åòèëàöåòàò³, àöåòîí³, ìåòèëåòèëêåòîí³, äèõëîð-
ìåòàí³, õëîðîôîðì³ òà ³í.), ðîç÷èí êðàïëÿìè ââîäÿòü ó
âîäíó ôàçó é åíåðã³éíî ïåðåì³øóþòü çà íàÿâíîñò³ ÷è
çà â³äñóòíîñò³ ñòàá³ë³çàòîðà. Óòâîðåí³ íàíî÷àñòèíêè
â³äîêðåìëþþòü öåíòðèôóãóâàííÿì àáî æ âèïàðîâó-
þòü ðîç÷èííèê çà çíèæåíîãî òèñêó. ²ç ìåòîþ âïëèâó
íà ìåõàí³çì âèâ³ëüíåííÿ ïðåïàðàò³â ³ ïîñèëåííÿ

òåðàïåâòè÷íîãî åôåêòó ñôîðìîâàíèõ íàíîë³ê³â ìîäè-
ô³êóþòü ïîâåðõíþ ÏÌÃÊ, ðåãóëþþòü ðîçì³ðè ÷àñòè-
íîê, äîäàþòü õàð÷îâ³ äîáàâêè ó ïðîöåñ³ îòðèìàííÿ íà-
íî÷àñòèíîê, çì³íþþòü ìîëåêóëÿðíó ìàñó ïîë³ìåðó òà
ñï³ââ³äíîøåííÿ ëàêòèä-ãë³êîçèäíèõ ôðàãìåíò³â [44].
Ìîíîìåðè ÏÌÃÊ – ìîëî÷íà òà ãë³êîëåâà êèñëîòè, íå-
ïðèäàòí³ äëÿ òðàíñïîðòó â îðãàí³çì ë³êàðñüêèõ ïðåïà-
ðàò³â ÷è á³îëîã³÷íî àêòèâíèõ ìîëåêóë [13, 33]. Ïðîòå
íàðàç³ âæå ðîçðîáëåíî ñïîñîáè âèð³øåííÿ ö³º¿ ïðîá-
ëåìè. Ùîá çìåíøèòè íåãàòèâíèé âïëèâ êèñëîòíîñò³,
ìîíîìåðè ÏÌÃÊ çì³øóþòü ç àëüã³íàòîì, õ³òîçàíîì,
ïåêòèíîì [39], ïîë³ïðîï³ëåí ôóìàðàòîì [27], ïîë³â³í³ëî-
âèì ñïèðòîì [48] ³ ïîë³îðòîåòåðîì [58].

Íàíî÷àñòèíêè ÏÌÃÊ âèêîðèñòîâóþòü äëÿ ³íêàïñó-
ëÿö³¿ á³ëê³â ³ ïåïòèä³â, ñòâîðåííÿ íàíîâàêöèí, ñèñòåì
äîñòàâêè ãåí³â, àíòèãåí³â, ôàêòîð³â ðîñòó [10, 56], à òà-
êîæ ïðîòèïóõëèííèõ (ïàêë³òàêñåëó, öèñïëàòèíó, äåêñà-
ìåòàçîíó) [18], ä³àáåòè÷íèõ (³íñóë³íó) [34], ïñèõîòðîï-
íèõ (ãàëîïåðèäîëó) [11] ³ ãîðìîíàëüíèõ (åñòðàä³îëó) [44]
ë³êàðñüêèõ ïðåïàðàò³â.
Õ³òîçàí.

Õ³òîçàí (β-(1–4)-2-àì³íî-2-äåçîêñè-D-ãë³êîïîë³ñàõà-
ðèä) – ìîäèô³êîâàíèé ïðèðîäíèé ïîë³ìåð (ðèñ. 4), ÿêèé
óòâîðþºòüñÿ ïðè çàì³ùåíí³ àöåòàòíèõ ãðóï õ³òèíó àì³-
íîãðóïàìè ïðè îáðîáö³ âèñîêîêîíöåíòðîâàíèì ðîç-
÷èíîì ëóãó, òîáòî º ïðîäóêòîì ðåàêö³¿ äåàöåòèëþâàí-
íÿ.

²ñíóº ùîíàéìåíøå ÷îòèðè ìåòîäè îòðèìàííÿ íà-
íî÷àñòèíîê õ³òîçàíó: ³îíîòðîïíå ãåëåóòâîðåííÿ, äèôó-
ç³ÿ åìóëüãîâàíîãî ðîç÷èííèêà, ôîðìóâàííÿ ïîë³åëåêò-
ðîë³òíîãî êîìïëåêñó òà ì³êðîåìóëüñ³éíèé ìåòîä [57].
²îíîòðîïíå ãåëåóòâîðåííÿ áàçóºòüñÿ íà åëåêòðîñòà-
òè÷í³é âçàºìîä³¿ ì³æ àì³íîãðóïîþ õ³òîçàíó é íåãàòèâ-
íî çàðÿäæåíîþ ãðóïîþ ïîë³àí³îíà, íàïðèêëàä òðèïîë³-
ôîñôàòó [12, 46]. Ïðè ôîðìóâàíí³ íàíî÷àñòèíîê ó
ì³êðîåìóëüñ³¿ ïîâåðõíåâî-àêòèâíó ðå÷îâèíó ðîç÷èíÿ-
þòü â îðãàí³÷íîìó ðîç÷èííèêó, íàïðèêëàä ó í-ãåêñàí³,
é äîäàþòü ãëóòàðàëüäåã³ä. Ãîòóþòü ðîç÷èí õ³òîçàíó â
îöòîâ³é êèñëîò³. Îáèäâà ðîç÷èíè ç’ºäíóþòü ïðè áåçïå-
ðåðâíîìó ïåðåì³øóâàíí³ çà ê³ìíàòíî¿ òåìïåðàòóðè [1].

Ó ðîáîò³ [19] îïèñàíî îòðèìàííÿ ïîë³åëåêòðîë³òíîãî

Ðèñ. 2. Õ³ì³÷íà ñòðóêòóðà ÏÌÊ Ðèñ. 3. Õ³ì³÷íà ñòðóêòóðà ÏÌÃÊ

Ðèñ. 4. Õ³ì³÷íà ñòðóêòóðà õ³òîçàíó
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êîìïëåêñó çà äîïîìîãîþ ñïîëó÷åííÿ êàò³îííîãî ïîë³-
ìåðó (õ³òîçàíó) òà ïëàçì³äíî¿ ÄÍÊ. Ïðè ôîðìóâàíí³
ïîë³åëåêòðîë³òíîãî êîìïëåêñó çàðÿäè êàò³îííîãî ïîë-
³ìåðó é ÄÍÊ íåéòðàë³çóþòüñÿ, ùî ñïðè÷èíÿº çíèæåí-
íÿ ã³äðîô³ëüíîñò³ ñàìîóòâîðåíèõ êîìïîíåíò³â ïîë³-
åëåêòðîë³òó.

Íàíî÷àñòèíêè õ³òîçàíó º íîñ³ºì àíòèãîðìîíàëüíèõ
ë³ê³â (ãë³öèðèçèíó) [4], ä³àáåòè÷íèõ ïðåïàðàò³â (³íñóë³-
íó) [54] òà çàñîá³â ë³êóâàííÿ ðîçëàä³â çîðó (öèêëîñïî-
ðèíó À) [17].
Æåëàòèí.

Æåëàòèí øèðîêî çàñòîñîâóþòü ïðè âèãîòîâëåíí³
õàð÷îâèõ ïðîäóêò³â ³ ìåäè÷íèõ ïðåïàðàò³â, çîêðåìà äëÿ
êîíòðîëüîâàíîãî âèâ³ëüíåííÿ ë³ê³â, çàâäÿêè éîãî íåòîê-
ñè÷íîñò³ òà á³îëîã³÷í³é àêòèâíîñò³.

Æåëàòèí – ïîë³àìôîë³ò, ÿêèé ïîðÿä ³ç ã³äðîô³ëüíè-
ìè ãðóïàìè ìàº êàò³îíí³ é àí³îíí³ ãðóïè. Æåëàòèíîâ³
íàíî÷àñòèíêè îòðèìóþòü ìåòîäîì äåñîëüâàòàö³¿/êîà-
öåðâàö³¿ [45] àáî åìóëüñ³éíèì ìåòîäîì [59] ³ çàñòîñî-
âóþòü çà íàÿâíîñò³ òîêñè÷íîãî âïëèâó ë³ê³â. Íàïðèê-
ëàä, àíòèìàëÿð³éíèé ïðåïàðàò õëîðîõ³í ôîñôàò ìàº
çíà÷íó ïîá³÷íó ä³þ, ÿêà ïðîÿâëÿºòüñÿ ãîëîâíèì áîëåì,
ñîíëèâ³ñòþ, ïîðóøåííÿì çîðó, íóäîòîþ òà áëþâàííÿì.

Äëÿ çíèæåííÿ òîêñè÷íèõ ïðîÿâ³â ïðåïàðàò áóëî ³íêàï-
ñóëüîâàíî â æåëàòèíîâ³ íàíî÷àñòèíêè [7]. Òàêîæ ó æå-
ëàòèíîâ³ íàíî÷àñòèíêè ³íêàïñóëþþòü ïðîòèïóõëèíí³
ïðåïàðàòè (ïàêë³òàêñåë) [42] òà ë³êè, ÿê³ çàñòîñîâóþòü
äëÿ ïðîòèä³¿ Â²Ë-³íôåêö³¿ (äèäàíîçèí) [30].
Ïîë³-εεεεε-êàïðîëàêòîí.

Ïîë³ìåð ïîë³-ε-êàïðîëàêòîí (ÏÊË) (ðèñ. 5) ðîçêëà-
äàºòüñÿ ïðè ã³äðîë³ç³ åñòåðíèõ çâ’ÿçê³â ó ô³ç³îëîã³÷íèõ
óìîâàõ (íàïðèêëàä â îðãàí³çì³ ëþäèíè) é âèêîðèñòî-
âóºòüñÿ äëÿ äîñòàâêè ë³ê³â.

Òåðì³í ô³ç³îëîã³÷íî¿ äåãðàäàö³¿ ÏÊË á³ëüøèé, àí³æ
ó ïîë³ëàêòèäó, òîìó ç íüîãî ôîðìóþòü çîêðåìà äîâãî-
ñòðîêîâ³ ïðèñòðî¿-³ìïëàíòàòè [5]. Íàíî÷àñòèíêè ÏÊË
íàé÷àñò³øå îòðèìóþòü ñïîñîáîì íàíîîñàäæåííÿ àáî
âèïàðîâóâàííÿ ðîç÷èííèêà. Ó íàíî÷àñòèíêè ÏÊË
³íêàïñóëþþòü ïðîòèïóõëèíí³ (òàìîêñèôåí) [22], ä³àáå-
òè÷í³ (³íñóë³í) [15] ³ ïðîòèãðèáêîâ³ (àìôîòåðèöèí Â)
[20] ë³êàðñüê³ ïðåïàðàòè.
Ïîë³-àëê³ë-ö³àíîàêðèëàòè.

Á³îäåãðàäàáåëüí³ òà á³îñóì³ñí³ ïîë³-àëê³ë-ö³àíîàê-
ðèëàòè (ÏÀÖ) (ðèñ. 6) ðîçêëàäàþòüñÿ åñòåðàçàìè â á³î-
ëîã³÷íèõ ð³äèíàõ, ïðè öüîìó óòâîðþþòüñÿ òîêñè÷í³
ïðîäóêòè, ÿê³ ñòèìóëþþòü àáî ãàëüìóþòü öåíòðàëüíó
íåðâîâó ñèñòåìó çàëåæíî â³ä äîçè ÷è òðèâàëîñò³ ä³¿
ïðåïàðàòó. Çàâäÿêè öüîìó ïîë³ìåð çàñòîñîâóþòü ó
ìåäèöèí³ òà ôàðìàêîëîã³¿ [16].

Äëÿ äîñòàâêè ë³ê³â íàíî÷àñòèíêè ÏÀÖ îòðèìóþòü
ñïîñîáàìè åìóëüñ³éíî¿ ïîë³ìåðèçàö³¿, ì³æôàçíî¿ ïîë³-
ìåðèçàö³¿ [50] ³ íàíîîñàäæåííÿ. Ó íàíî÷àñòèíêè ÏÀÖ
³íêàïñóëþþòü àíòèáàêòåð³àëüí³ (àìï³öèë³í) [55], ïðî-
òèçàïàëüí³ (³íäîìåòàöèí) [25] ³ ïðîòèïóõëèíí³ (ôòîðà-
ôóð) [24] ë³êàðñüê³ ïðåïàðàòè.
Öèêëîäåêñòðèíè.

Öèêëîäåêñòðèíè (ÖÄ) ñêëàäàþòüñÿ ç α-D-ãëþêîï³-
ðàíîçíèõ áëîê³â, ç’ºäíàíèõ α-1,4-çâ’ÿçêàìè, ³ç ã³äðîôîá-
íîþ âíóòð³øíüîþ ïîðîæíèíîþ. Íàé÷àñò³øå âèêîðèñ-
òîâóþòü α-, β- òà γ-ÖÄ, ÿê³ ì³ñòÿòü 6, 7 ³ 8 ãëþêîï³ðàíîç-
íèõ îäèíèöü â³äïîâ³äíî (ðèñ. 7).

Ï³ä ÷àñ ôåðìåíòàòèâíîãî ã³äðîë³çó êðîõìàëþ

Ðèñ. 5. Õ³ì³÷íà ñòðóêòóðà ÏÊË

Ðèñ. 6. Õ³ì³÷íà ñòðóêòóðà ÏÀÖ

Ðèñ. 7. Õ³ì³÷íà ñòðóêòóðà òðüîõ òèï³â öèêëîäåêñòðèíó
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ãëþêîï³ðàíîçí³ ôðàãìåíòè çàìèêàþòüñÿ é ìîëåêóëà ÖÄ
íàáóâàº ôîðìè çð³çàíîãî êîíóñà, äå âòîðèíí³ ã³äðîê-
ñèëüí³ ãðóïè ðîçì³ùåíî íà øèðøîìó â³íö³, à ïåðâèíí³
– íà âóæ÷îìó. Îòæå, ìîëåêóëè ÖÄ ìàþòü ã³äðîô³ëüíó
çîâí³øíþ ïîâåðõíþ òà ã³äðîôîáíó âíóòð³øíþ ïîðîæ-
íèíó (ðèñ. 8) [26].

Ô³çè÷íî äèñïåðñí³ ÷è äèñïåðãîâàí³ ÖÄ ïðèñêîðþ-
þòü âèâ³ëüíåííÿ ë³êàðñüêîãî çàñîáó ç ïîë³ìåðíèõ ñèñ-
òåì, ÿêùî äîçè ïðåïàðàòó ïåðåâèùóþòü íàñè÷åííÿ. ²
íàâïàêè, âîíè ìîæóòü çíèçèòè øâèäê³ñòü âèâ³ëüíåííÿ
ïðåïàðàòó, ÿêùî êîíöåíòðàö³ÿ ë³ê³â íå äîñÿãàº íàñè-
÷åííÿ àáî æ ë³êàðñüêà ôîðìà óòâîðþº ñò³éêèé êîìï-
ëåêñ ³ç ÖÄ [9]. Ïðèêëàäîì òàêî¿ ïîâåä³íêè º ñèñòåìè
ã³äðîêñèïðîï³ëìåòèëöåëþëîçè ç β-ÖÄ äëÿ ìåëàòîí³íó
ó ôîðì³ íàçàëüíîãî ñïðåþ [6]. Ó ðîáîò³ [23] ïîêàçàíî,
ùî çà êîíöåíòðàö³¿ ÖÄ ó ñèñòåìàõ äî 1 % øâèäê³ñòü
âèâ³ëüíåííÿ ë³êàðñüêèõ çàñîá³â çðîñòàº, à ïðè
çá³ëüøåíí³ âì³ñòó ÖÄ äî 5–10 % – çìåíøóºòüñÿ.

Ïîë³ìåðí³ ã³äðîãåë³ – öå îêðåìèé êëàñ ïîë³ìåðíèõ
ìàòðèöü, ÿê³ øèðîêî âèêîðèñòîâóþòü ó ð³çíèõ ãàëóçÿõ
íàíîá³îòåõíîëîã³¿. Ã³äðîô³ëüí³ çøèò³ ìàêðîìîëåêóëÿðí³
ñèñòåìè çäàòí³ óòðèìóâàòè çíà÷íó ê³ëüê³ñòü âîäíî¿ ôàçè
é ïðè öüîìó çáåð³ãàòè âëàñòèâîñò³ òâåðäèõ ò³ë (ñòàá³ëü-
íó ôîðìó, ìåõàí³÷í³ ìîäóë³ – õàðàêòåðèñòèêè ìàòåð³à-
ëó ïðè äåôîðìàö³ÿõ ðîçòÿãó òà çñóâó). Ã³äðîãåë³ ìî-
æóòü ìàòè øèðîêèé ä³àïàçîí (â³ä ì³êðî- äî íàíîìåòð³â)
ðîçì³ð³â ÷àñòèíîê, ÿê³ ì³ñòÿòü ïîë³ìåðíó ñ³òêó ç êîíò-
ðîëüîâàíèì âì³ñòîì âîäè ÷è á³îëîã³÷íèõ ð³äèí [3].

Ðîçøèðåííÿ ãàëóçåé çàñòîñóâàííÿ ïîë³ìåðíèõ
ã³äðîãåë³â âèñóâàº íîâ³ âèìîãè äî íèõ. Âèíèê ïîïèò íà
ã³äðîãåë³, ÿê³ ïîðÿä ³ç ã³äðîô³ëüíèìè âëàñòèâîñòÿìè
ìàþòü ð³çíîìàí³òí³ ö³ëüîâ³ õàðàêòåðèñòèêè: âèñîêó
ìåõàí³÷íó ì³öí³ñòü ìàòåð³àëó â ã³äðàòîâàíîìó ñòàí³,
åëåêòðîïðîâ³äí³ñòü, ñóì³ñí³ñòü ³ç á³îëîã³÷íèìè òêàíè-
íàìè, îïòè÷íó ïðîçîð³ñòü òîùî, à òàêîæ ãàçîïðî-
íèêí³ñòü, ùî çàçâè÷àé âëàñòèâà ã³äðîôîáíèì ìàòåð³à-
ëàì (ïîë³ñèëîêñàíàì ³ ôòîðïîë³ìåðàì). Ïîºäíàííÿ â
îäíîìó ìàòåð³àë³ çàçíà÷åíèõ âëàñòèâîñòåé äàº çìîãó
ñòâîðþâàòè óí³êàëüí³ ïîë³ìåðí³ âèðîáè, íàïðèêëàä
ì’ÿê³ êîíòàêòí³ ë³íçè ç âèñîêîþ êèñíåïðîíèêí³ñòþ,
íîñ³¿ íåðîç÷èííèõ ó âîä³ ë³êàðñüêèõ çàñîá³â, ñîðáåíòè,
çäàòí³ ïîãëèíàòè ÿê ã³äðîô³ëüí³, òàê ³ ã³äðîôîáí³ ðå÷î-
âèíè, íîâ³ ìåìáðàíí³ ìàòåð³àëè òà ³í. [29].

Çðîçóì³ëî, ùî ã³äðîãåë³, ñôîðìîâàí³ ñàìå ç ïîë³-
ìåð³â ïðèðîäíîãî ïîõîäæåííÿ, çàâäÿêè á³îñóì³ñíîñò³
é íåòîêñè÷íîñò³ º îïòèìàëüíèìè äëÿ çàñòîñóâàííÿ â
ñèñòåìàõ äîñòàâêè ë³êàðñüêèõ çàñîá³â [14, 38]. Îäí³ºþ ç

îñíîâíèõ âèìîã äëÿ òàêèõ ñèñòåì º êîíòðîëüîâàíå âè-
â³ëüíåííÿ ë³êàðñüêèõ ïðåïàðàò³â. Øâèäê³ñòü âèâ³ëüíåí-
íÿ ¿õ ³ç ïîë³ìåðíèõ íàíî÷àñòèíîê ìîæå áóòè çá³ëüøåíî
àáî çìåíøåíî çà äîïîìîãîþ ÖÄ [41]. Òàê, ã³äðîãåë³ íà
îñíîâ³ ã³äðîêñèïðîï³ëìåòèëöåëþëîçè âèâ³ëüíÿþòü âåñü
ïðåïàðàò çà õâèëèíè, à ã³äðîãåë³, îòðèìàí³ ç äîäàâàí-
íÿì ÖÄ, – óïðîäîâæ ê³ëüêîõ ãîäèí. Ñèñòåìè òàêîãî ñêëà-
äó ìîæóòü ïîãëèíàòè çíà÷íó ê³ëüê³ñòü åñòðàä³îëó é
ï³äòðèìóâàòè äîñòàâêó ïðîòÿãîì îäíîãî òèæíÿ [52].
²íø³ ÷èííèêè, ÿê³ âïëèâàþòü íà ê³íåòèêó âèâ³ëüíåííÿ
ïðåïàðàò³â, – ñêëàä ³ ïðîñòîðîâà áóäîâà êîìïîíåíò³â
ñèñòåìè, âçàºìîä³ÿ ôóíêö³îíàëüíèõ ãðóï ë³êàðñüêèõ
ôîðì ³ç ïîë³ìåðíîþ ìàòðèöåþ òà ÖÄ, à òàêîæ âïëèâ
ñåðåäîâèùà.

Ñîðáö³éíà çäàòí³ñòü ìàòðèöü çíà÷íîþ ì³ðîþ çàëå-
æèòü â³ä ñïîñîáó íàâàíòàæåííÿ ¿õ ë³êàðñüêèìè çàñîáà-
ìè. Íàïðèêëàä, ÖÄ-âì³ñí³ ã³äðîãåë³ çäàòí³ ïîãëèíóòè
âäâ³÷³ á³ëüøó êîíöåíòðàö³þ äèêëîôåíàêó çà óìîâè, ùî
ñîðáö³ÿ â³äáóâàºòüñÿ âèêëþ÷íî ó âîäí³é ôàç³ [52]. Íà-
áóõàííÿ, ìåõàí³÷í³ âëàñòèâîñò³ òà øâèäê³ñòü âèâ³ëüíåí-
íÿ ë³êàðñüêîãî çàñîáó çàëåæàòü â³ä ïðèðîäè ïîë³ñàõà-
ðèäó.

Ó ôàðìàöåâòè÷í³é ïðîìèñëîâîñò³ ÖÄ âèêîðèñòî-
âóþòü ïåðåâàæíî ÿê êîìïëåêñîòâ³ðí³ àãåíòè äëÿ
çá³ëüøåííÿ ðîç÷èííîñò³ ó âîä³ ìàëîðîç÷èííèõ ë³êàðñü-
êèõ ïðåïàðàò³â, à òàêîæ äëÿ ï³äâèùåííÿ ¿õí³õ ñòàá³ëü-
íîñò³ òà á³îñóì³ñíîñò³. Ìàòðèö³ íà îñíîâ³ ÖÄ äîïîìà-
ãàþòü ïåðåòâîðþâàòè ð³äê³ ïðåïàðàòè íà ì³êðîêðèñ-
òàë³÷í³ ÷è àìîðôí³ ïîðîøêè [40], äî òîãî æ âîíè íå
ïîäðàçíþþòü øëóíêîâî-êèøêîâèé òðàêò ïàö³ºíò³â. ÖÄ-
âì³ñí³ íàíî÷àñòèíêè ìîæóòü ïåðåíîñèòè òàê³ ïðåïà-
ðàòè ÿê ï³ðîêñèêàì, äåêñàìåòàçîí, í³òðîãë³öåðèí, ã³äðî-
êîðòèçîí, í³ìåñóë³ä, ³íäîìåòàöèí, äåêñòðîìåòîðôàí,
õëîðàìôåí³êîë, öåòèðèçèí, äèêëîôåíàê íàòð³þ òà áà-
ãàòî ³íøèõ ó ð³çíîìàí³òíèõ ë³êàðñüêèõ ôîðìàõ – ðîç÷è-
íàõ, ìàçÿõ, ñóïîçèòîð³ÿõ ÷è òàáëåòêàõ [40].
Âèñíîâêè.

Îòæå, ñó÷àñí³ íàíîòåõíîëîã³¿ â³äêðèâàþòü øèðîê³
ìîæëèâîñò³ äëÿ òðàíñïîðòó ìåäè÷íèõ ïðåïàðàò³â íà
ïîë³ìåðíèõ íîñ³ÿõ, ùî äàº çìîãó ñïðÿìóâàòè ë³êè â
ïåâíèé îðãàí, ëîêàë³çóâàòè òåðàïåâòè÷íó ä³þ, çíà÷íî
çìåíøèòè äîçè òà çíèçèòè ðèçèê ïîá³÷íèõ åôåêò³â.
Ìîëåêóëè ë³êàðñüêîãî ïðåïàðàòó ìîæóòü ÿê ðîçì³ùó-
âàòèñÿ íà ïîâåðõí³ (äëÿ íàíîñôåð), òàê ³ íàêîïè÷óâàòè-
ñÿ âñåðåäèí³ (â íàíîêàïñóëàõ) ÷àñòèíîê ïîë³ìåðó. Ïîë³-
ìåðí³ íàíî÷àñòèíêè ñèíòåçóþòü ð³çíèìè ìåòîäàìè
â³äïîâ³äíî äî ñïîñîáó çàñòîñóâàííÿ ¿õ ³ òèïó ³íêàïñó-
ëüîâàíîãî ë³êàðñüêîãî ïðåïàðàòó. Ïåðåâàãîþ íàíî÷àñ-
òèíîê íà îñíîâ³ ïðèðîäíèõ ïîë³ìåð³â º á³îäåãðàäà-
áåëüí³ñòü, âèñîêà ñóì³ñí³ñòü ³ç á³îëîã³÷íèìè òêàíèíà-
ìè îðãàí³çìó òà íåòîêñè÷í³ñòü. Ö³ ïîë³ìåðè â³äïîâ³äà-
þòü âèìîãàì ñó÷àñíî¿ ìåäèöèíè: âîíè çäàòí³ çàõèñòèòè
ïðåïàðàò â³ä ôåðìåíòàòèâíî¿ òà õ³ì³÷íî¿ äåãðàäàö³¿ â
îðãàí³çì³ ëþäèíè, ïðèäàòí³ äëÿ ³íêàïñóëÿö³¿ ð³çíîìà-
í³òíèõ ë³êàðñüêèõ ïðåïàðàò³â, á³ëê³â, ïåïòèä³â àáî
íóêëå¿íîâèõ êèñëîò, ìàþòü ñóáêë³òèííèé ðîçì³ð ³ ñòàë³Ðèñ. 8. Áóäîâà ìîëåêóëè öèêëîäåêñòðèíó
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Äîñë³äæåííÿ òåðìîäåñòðóêö³¿ ïåðîêñèä³â β-ÖÄ ìåòîäîì ï³ðîë³òè÷íî¿ ìàñ-ñïåêòðîìåòð³¿

âëàñòèâîñò³.
Òàê³ ïîë³ìåðè ïðèðîäíîãî ïîõîäæåííÿ ÿê öèêëî-

äåêñòðèíè – îñîáëèâèé êëàñ ïîë³ìåð³â çàâäÿêè ¿õí³ì
óí³êàëüíèì êîìïëåêñîòâ³ðíèì âëàñòèâîñòÿì. Âîíè
çäàòí³ ïðèñêîðþâàòè ÷è ãàëüìóâàòè âèâ³ëüíåííÿ ë³ê³â,
çá³ëüøóâàòè ðîç÷èíí³ñòü ó âîä³ ìàëîðîç÷èííèõ çàñîá³â,
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Ïîë³ìåðè ïðèðîäíîãî ïîõîäæåííÿ ÿê íàíîìàòðèö³ äëÿ òðàíñïîðòó ë³êàðñüêèõ ïðåïàðàò³â

Ïîëèìåðû ïðèðîäíîãî ïðîèñõîæäåíèÿ êàê íàíîìàòðèöû äëÿ òðàíñïîðòà
ëåêàðñòâåííûõ ñðåäñòâ

Ë.À. Îðåë, Ñ.Â. Ðÿáîâ, Ë.Â. Êîáðèíà, Ë.À. Ãîí÷àðåíêî

Èíñòèòóò õèìèè âûñîêîìîëåêóëÿðíûõ ñîåäèíåíèé ÍÀÍ Óêðàèíû
48, Õàðüêîâñêîå øîññå, Êèåâ, 02160, Óêðàèíà

Âûïîëíåí êðàòêèé îáçîð íàó÷íîé ëèòåðàòóðû îòíîñèòåëüíî ìàòåðèàëîâ ïðèðîäíîãî
ïðîèñõîæäåíèÿ äëÿ ôîðìèðîâàíèÿ íàíîíîñèòåëåé ëåêàðñòâåííûõ ñðåäñòâ. Ðàññìîòðåíû ìåòîäû
ìîäèôèêàöèè ïîâåðõíîñòè íîñèòåëåé äëÿ óñèëåíèÿ òåðàïåâòè÷åñêîãî ýôôåêòà. Ïðèâåäåí
ïåðå÷åíü ïðåïàðàòîâ, ïðèãîäíûõ äëÿ íàïðàâëåííîãî òðàíñïîðòà ëåêàðñòâ, è ïîêàçàíû
ïðåèìóùåñòâà ðàçëè÷íûõ ïîëèìåðîâ ïðèðîäíîãî ïðîèñõîæäåíèÿ. Òàêèå ìàòðèöû èìåþò
ñïåöèôè÷åñêèå ñâîéñòâà – âûñîêóþ ñîâìåñòèìîñòü ñ áèîëîãè÷åñêèìè òêàíÿìè è ñïîñîáíîñòü ê
áèîäåñòðóêöèè. Îíè íåòîêñè÷íû, íåòðîìáîãåííû, íåèìóíîãåííû, íå âûçûâàþò âîñïàëèòåëüíûõ
ïðîöåññîâ è ïðèãîäíû äëÿ èíêàïñóëÿöèè ðàçëè÷íûõ ëåêàðñòâåííûõ ïðåïàðàòîâ.

Êëþ÷åâûå ñëîâà: íàíî÷àñòèöû, ëåêàðñòâåííûå ïðåïàðàòû, ïðèðîäíûå ïîëèìåðû, èíêàïñóëÿöèÿ,
áèîäåãðàäàáåëüíîñòü.

Natural polymers as a nanomatrices for the transport of drugs

L.A. Orel, S.V. Riabov, L.V. Kobrina, L.A. Goncharenko

Institute of Macromolecular Chemistry NAS of Ukraine
48, Kharkivske shose, Kyiv, 02160, Ukraine

The short review presented deals with literature data concerning a natural materials used for forming
drugs’ nanocarriers, methods for surface modification of carriers to enhance their therapeutic effect,
and a range of drugs that can be applied to treat diseases, involving a method for directional transport
of drugs. The molecules of the drug could be located on the surface (nanospheres) or encapsulated
inside (nanocapsules) a polymer. It is shown, that natural polymers satisfy the requirements of modern
medicine: have a subcellular size, stable properties, can protect the drug from enzymatic and chemical
degradation in the body. These matrices are highly compatible with biological tissues and capable of
biodegradation. They are non-toxic, nonthrombogenic, nonimmunogenic, noninflammatory and suitable
for encapsulating a variety of drugs, proteins, peptides or nucleic acids.
Such natural polymers, as cyclodextrins (CD), are a special class of polymers due to their unique
properties of complex formation. They can accelerate or slow of drug release, increase solubility of
slightly soluble drugs in water, as well as to increase their stability and biocompatibility. Matrices
based on cyclodextrins help to convert a liquid drugs into microcrystalline or amorphous powders.
CD-containing nanoparticles can transfer drugs such as piroxicam, nitroglycerin, nimesulide,
indomethacin, diclofenac sodium and many others into various dosage forms, like solutions, ointments,
suppositories, tablets.

Key words: nanoparticles, drugs, natural polymers, encapsulation, biodegradability.


