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Ìåòîäîì äèñïåðãèðîâàíèÿ â ñèñòåìå “æèäêîñòü – æèäêîñòü” ïîëó÷åí ìèêðîêàïñóëèðîâàííûé

âèíïîöåòèí ñ èñïîëüçîâàíèåì â êà÷åñòâå íîñèòåëÿ ñïëàâà âîñêà ï÷åëèíîãî è ìàñëà êàêàî â ñî-

îòíîøåíèè 3:2. Äèñïåðñèîííûìè ñðåäàìè ñëóæèëè âîäà î÷èùåííàÿ è 2 % ðàñòâîð íàòðèåâîé

ñîëè êàðáîêñèìåòèëöåëëþëîçû (Na-ÊÌÖ). Â îïûòàõ in vitro èçó÷åíî âûñâîáîæäåíèå ëåêàðñò-

âåííîãî âåùåñòâà èç ìèêðîêàïñóë â çàâèñèìîñòè îò ðàçìåðà ìèêðîêàïñóë, ñîñòàâà îáîëî÷êè è

äèñïåðñèîííîé ñðåäû. Ïîêàçàíî, ÷òî íàèëó÷øèìè õàðàêòåðèñòèêàìè îáëàäàþò ìèêðîêàïñó-

ëû ñ ãèäðîôîáíûì ïîêðûòèåì, ñîäåðæàùèå âîñê ï÷åëèíûé è ìàñëî êàêàî â ñîîòíîøåíèè 3:2,

ðàçìåðîì 0,5 – 1 ìì, äèñïåðñèîííîé ñðåäîé ïðè ïîëó÷åíèè êîòîðûõ ÿâëÿëñÿ 2 % ðàñòâîð

Na-ÊÌÖ.

Êëþ÷åâûå ñëîâà: âèíïîöåòèí; ìèêðîêàïñóëèðîâàíèå; áèîôàðìàöåâòè÷åñêèå èññëåäîâàíèÿ.

Íåñìîòðÿ íà îïðåäåëåííûå óñïåõè, äîñòèãíóòûå â

ïîñëåäíåå âðåìÿ, ïî ñîçäàíèþ ëåêàðñòâåííûõ ñðåäñòâ

äëÿ ëå÷åíèÿ íåâðîëîãè÷åñêèõ çàáîëåâàíèé, ñîïðîâîæ-

äàþùèõñÿ èøåìèåé ãîëîâíîãî ìîçãà è íàðóøåíèÿìè

ìíåñòè÷åñêèõ ôóíêöèé, áîëüøèíñòâî ñóùåñòâóþùèõ

ëåêàðñòâåííûõ ïðåïàðàòîâ (ïî äàííûì ìíîãîöåíòðî-

âûõ êëèíè÷åñêèõ èññëåäîâàíèé) õîòÿ è óëó÷øàþò íåâ-

ðîëîãè÷åñêèé èñõîä, íî íå óìåíüøàþò ñìåðòíîñòü

áîëüíûõ [1, 2]. Â êîìïëåêñíîé òåðàïèè õðîíè÷åñêîé

íåäîñòàòî÷íîñòè ìîçãîâîãî êðîâîñíàáæåíèÿ âàæíàÿ

ðîëü ïðèíàäëåæèò ëåêàðñòâåííûì ñðåäñòâàì, óëó÷-

øàþùèì ìîçãîâîå êðîâîîáðàùåíèå. Îäíèì èç íàèáî-

ëåå øèðîêî ïðèìåíÿåìûõ ëåêàðñòâåííûõ ïðåïàðàòîâ

ÿâëÿåòñÿ âèíïîöåòèí [3 – 7].

Â íàñòîÿùåå âðåìÿ ïîïóëÿðíîé è âîñòðåáîâàííîé

ëåêàðñòâåííîé ôîðìîé ÿâëÿþòñÿ êàïñóëû, â ÷àñòíîñòè

ñ ïðîëîíãèðîâàííûì âûñâîáîæäåíèåì [8 – 10], îäíèì

èç ñïîñîáîâ ïîëó÷åíèÿ êîòîðûõ ÿâëÿåòñÿ äîïîëíèòåëü-

íàÿ òåõíîëîãè÷åñêàÿ îáðàáîòêà ëåêàðñòâåííîé ñóáñòàí-

öèè, íàïðèìåð, ìèêðîêàïñóëèðîâàíèåì [11 – 14].

Öåëü ðàáîòû — áèîôàðìàöåâòè÷åñêèå èññëåäîâà-

íèÿ ïî âûáîðó ñîñòàâà äëÿ ìèêðîêàïñóëèðîâàííîé ëå-

êàðñòâåííîé ôîðìû âèíïîöåòèíà è èçó÷åíèå âëèÿíèÿ

ñîñòàâà è ðàçìåðà ìèêðîêàïñóë íà ïðîôèëü âûñâîáîæ-

äåíèÿ âèíïîöåòèíà èç ìèêðîêàïñóë ñ âîçìîæíîñòüþ

ïîñëåäóþùåãî âêëþ÷åíèÿ èõ â òâåðäûå æåëàòèíîâûå

êàïñóëû.

Ýêñïåðèìåíòàëüíàÿ ÷àñòü

Â ýêñïåðèìåíòàëüíûõ èññëåäîâàíèÿõ èñïîëüçîâàíû

â êà÷åñòâå àêòèâíîé ôàðìàöåâòè÷åñêîé ñóáñòàíöèè

ñóáñòàíöèÿ âèíïîöåòèíà, îòâå÷àþùàÿ òðåáîâàíèÿì

ÍÄ 42-9175-98, ñòðóêòóðíàÿ ôîðìóëà ïðåäñòàâëåíà íà

ðèñ. 1, è ñëåäóþùèå âñïîìîãàòåëüíûå âåùåñòâà, ðàç-

ðåøåííûå ê ìåäèöèíñêîìó ïðèìåíåíèþ è îòâå÷àþùèå

òðåáîâàíèÿì íîðìàòèâíîé äîêóìåíòàöèè: âîñê ï÷åëè-

íûé (CAS ¹ 8012-89-3), æåëàòèí ìåäèöèíñêèé (CAS

¹ 9000-70-8), ìàñëî âàçåëèíîâîå (ÔÑ.2.2.0004.15),

ìàñëî êàêàî (ÃÔ Õ ñò. 474), ìàñëî ïåðñèêîâîå (ÃÔ Õ,

ñò. 478); êàðáîêñèìåòèëöåëëþëîçû íàòðèåâàÿ ñîëü

(CAS ¹ 9004-32-4).

Ìèêðîêàïñóëèðîâàíèå ïðîâîäèëè ìåòîäîì äèñïåð-

ãèðîâàíèÿ â ñèñòåìå “æèäêîñòü – æèäêîñòü” ïî ìåòî-

äèêå, îïèñàííîé â ðàáîòàõ [15, 16]. Äëÿ ïîëó÷åíèÿ

ìèêðîêàïñóë ìåòîäîì äèñïåðãèðîâàíèÿ â íåñìåøè-

âàþùèõñÿ æèäêîñòÿõ íåîáõîäèìî íàëè÷èå 2 ôàç —

ãèäðîôèëüíîé è ãèäðîôîáíîé [17, 18]. Ñîãëàñíî èçó-

÷åííûì ëèòåðàòóðíûì èñòî÷íèêàì äëÿ ñîçäàíèÿ ìèê-

ðîêàïñóë â ðÿäå ñëó÷àåâ èñïîëüçóþòñÿ æåëàòèí, âîñê

ï÷åëèíûé è ìàñëî êàêàî â ðàçëè÷íûõ ñîîòíîøåíèÿõ

[19 – 21]. Â íàñòîÿùåé ðàáîòå ïîëó÷åíû ìèêðîêàïñó-

ëû íà îñíîâå æåëàòèíà, äèñïåðñèîííîé ñðåäîé ñëóæè-

ëî ëèáî ìàñëî âàçåëèíîâîå (ñîñòàâ 1), ëèáî ìàñëî ïåð-

ñèêîâîå (ñîñòàâ 2); à òàêæå ìèêðîêàïñóëû íà îñíîâå

ñïëàâà âîñêà ï÷åëèíîãî è ìàñëà êàêàî (3:2), â êà÷åñòâå

äèñïåðñèîííîé ñðåäû èñïîëüçîâàëè èëè âîäó î÷èùåí-

íóþ (ñîñòàâ 3); èëè 2 % ðàñòâîð íàòðèåâîé ñîëè êàð-

áîêñèìåòèëöåëëþëîçû (Na-ÊÌÖ) (ñîñòàâ 4).

Ðàñïðåäåëåíèå ìèêðîêàïñóë ïî ôðàêöèÿì ñ öåëüþ

óñòàíîâëåíèÿ èõ ðàçìåðà îïðåäåëÿëè ñîãëàñíî ÎÔÑ

42-0136-09.

Êëþ÷åâîå çíà÷åíèå ïðè ïîëó÷åíèè ìèêðîêàïñóëè-

ðîâàííîãî ïðîäóêòà èìååò ýôôåêòèâíîñòü ìèêðîêàï-

ñóëèðîâàíèÿ, êîòîðóþ îïðåäåëÿëè ïðÿìûì ñïîñîáîì.

Íàâåñêó ìèêðîêàïñóë ìàññîé 50 ìã ðàñòâîðÿëè â 10 ìë

ñïèðòà ýòèëîâîãî â òå÷åíèå 30 ìèí ïðè ïåðåìåøèâà-

íèè íà ìàãíèòíîé ìåøàëêå â çàêðûòîé åìêîñòè. Îïòè-

÷åñêóþ ïëîòíîñòü ïîëó÷åííîãî ðàñòâîðà îïðåäåëÿëè

ñïåêòðîôîòîìåòðè÷åñêè íà ñïåêòðîôîòîìåòðå Hitachi

U-1900 ïðè äëèíå âîëíû (314 � 2) íì. Â êà÷åñòâå ðàñ-

òâîðà ñðàâíåíèÿ èñïîëüçîâàëè 95 % ðàñòâîð ñïèðòà

ýòèëîâîãî. Êîíöåíòðàöèþ âåùåñòâà â ðàñòâîðå íàõî-

äèëè ïî êàëèáðîâî÷íîìó ãðàôèêó.

Ïîñëå îïðåäåëåíèÿ êîëè÷åñòâà âûäåëèâøåãîñÿ ïðè

ðàñòâîðåíèè âèíïîöåòèíà, çíàÿ åãî èñõîäíóþ êîíöåí-

òðàöèþ, ðàññ÷èòûâàëè ýôôåêòèâíîñòü ìèêðîêàïñóëè-

ðîâàíèÿ â ïðîöåíòàõ ñ ó÷åòîì êîëè÷åñòâà âêëþ÷åííî-

ãî â ìèêðîêàïñóëû âåùåñòâà C
êàïñ

, èñõîäíûì êîëè÷å-
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ñòâîì âåùåñòâà, êîòîðîå ïîäâåðãàëîñü ðàñòâîðåíèþ
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Ñ öåëüþ ñðàâíèòåëüíîé îöåíêè ñòåïåíè âûñâîáîæ-

äåíèÿ äåéñòâóþùåãî âåùåñòâà èç ëåêàðñòâåííûõ ôîðì

ðÿäîì àâòîðîâ ïðîâîäÿòñÿ áèîôàðìàöåâòè÷åñêèå èñ-

ñëåäîâàíèÿ ìåòîäîì ðàâíîâåñíîãî äèàëèçà ÷åðåç ïîëó-

ïðîíèöàåìóþ ìåìáðàíó [22, 23].

Âûñâîáîæäåíèå âèíïîöåòèíà èç ìîäåëüíûõ ñîñòà-

âîâ èçó÷àëè ìåòîäîì äèàëèçà ÷åðåç ïîëóïðîíèöàåìóþ

öåëëîôàíîâóþ ìåìáðàíó (òîëùèíà 0,25 ìì, ðàçìåð

ïîð 50 ìêì) ïðè òåìïåðàòóðå (37 � 0,5) °C. Ïîñêîëüêó

âèíïîöåòèí ïëîõî ðàñòâîðÿåòñÿ â âîäå, äëÿ ïðîâåäå-

íèÿ ïðåäâàðèòåëüíûõ èññëåäîâàíèé ïî îáîñíîâàíèþ

ñîñòàâà ìèêðîêàïñóë è îïðåäåëåíèþ óñëîâèé èõ ïîëó-

÷åíèÿ â êà÷åñòâå ñðåäû èñïîëüçîâàëè ýòèëîâûé ñïèðò,

÷òî ïîçâîëèëî áîëåå ÷åòêî îïðåäåëèòü âëèÿíèå âñïî-

ìîãàòåëüíûõ âåùåñòâ è òåõíîëîãè÷åñêèõ ôàêòîðîâ.

Îáúåì ñðåäû ðàñòâîðåíèÿ 100 ìë. Ïðîáû äèàëèçàòà

(5 ìë) îòáèðàëè ÷åðåç çàäàííûå ïðîìåæóòêè âðåìåíè

(15, 30, 45, 60, 90, 120 ìèí). Îáúåì ñðåäû âîñïîëíÿëè

òåì æå ðàñòâîðèòåëåì. Äëÿ îïðåäåëåíèÿ ñîäåðæàíèÿ

âèíïîöåòèíà èñïîëüçîâàëè ñïåêòðîôîòîìåòðè÷åñêèé

ìåòîä â ÓÔ-îáëàñòè (314 � 2) íì. Â êà÷åñòâå ðàñòâîðà

ñðàâíåíèÿ èñïîëüçîâàëè ðàñòâîð 95 % ñïèðòà ýòèëîâî-

ãî. Êîíöåíòðàöèþ âåùåñòâà â ðàñòâîðå íàõîäèëè ïî

êàëèáðîâî÷íîìó ãðàôèêó.

Ðàñ÷åò êîëè÷åñòâà âèíïîöåòèíà (Õ, %), ïîëó÷åííî-

ãî â ïðîöåññå äèàëèçà çà îïðåäåëåííûé ïðîìåæóòîê

âðåìåíè ñ ó÷åòîì íåâîçâðàùåííîãî ïðåïàðàòà, ïðîâî-

äèëè ïî ôîðìóëå:
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— êîëè÷åñòâî âèíïîöåòèíà, %; Ñ
i
— ñîäåðæà-

íèå âèíïîöåòèíà â ïðîáå (5 ìë äèàëèçàòà), %; V
1

—

îáúåì äèàëèçàòà, ìë (100 ìë); V
2

— îáúåì äèàëèçàòà,

îòîáðàííîãî äëÿ àíàëèçà, ìë (5 ìë); Ñ
x

— êîëè÷åñòâî

âèíïîöåòèíà, ñîäåðæàùåãîñÿ â ðàíåå îòîáðàííûõ ïðî-

áàõ äèàëèçàòà; i — íîìåð ïðîáû ïî ïîðÿäêó åå îòáîðà.

Äàííûå, ïîëó÷åííûå â õîäå èññëåäîâàíèé, ñòàòè-

ñòè÷åñêè îáðàáàòûâàëè ñ ïîìîùüþ ïàêåòà ïðîãðàìì

“Microsoft Excel” ñ èñïîëüçîâàíèåì t-êðèòåðèÿ Ñòüþ-

äåíòà ïðè äîâåðèòåëüíîé âåðîÿòíîñòè 0,95.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Ïî âíåøíåìó âèäó ïîëó÷åííûå ìèêðîêàïñóëû

ïðåäñòàâëÿëè ñîáîé ìåëêèå ÷àñòèöû æåëòîãî öâåòà,

êàê ïðàâèëî, îêðóãëîé ôîðìû, ðàçìåðîì îò 0,5 äî

3 ìì. Ýôôåêòèâíîñòü ìèêðîêàïñóëèðîâàíèÿ ãèäðî-

ôèëüíûõ ìèêðîêàïñóë ñîñòàâèëà 30 %, ãèäðîôîáíûõ

– 45 %.

Òàê êàê öåëüþ ìèêðîêàïñóëèðîâàíèÿ ÿâëÿëîñü çà-

ìåäëåíèå ñêîðîñòè âûñâîáîæäåíèÿ, êîòîðóþ ïî äàí-

íûì íàó÷íûõ ïóáëèêàöèé ìîæíî ðåãóëèðîâàòü èñ-

ïîëüçîâàíèåì ðàçëè÷íûõ ìàòåðèàëîâ ìèêðîêàïñóë è

èõ ðàçìåðàìè, èçó÷åíî âëèÿíèå íà ïðîôèëü âûñâîáîæ-

äåíèÿ ðàçëè÷íûõ ôðàêöèé (0,5 – 1,0, 1 – 2, 2 – 3 ìì)

ãèäðîôèëüíûõ è ãèäðîôîáíûõ ìèêðîêàïñóë.

Êàëèáðîâî÷íûé ãðàôèê çàâèñèìîñòè îïòè÷åñêîé

ïëîòíîñòè îò êîëè÷åñòâà âèíïîöåòèíà â ðàñòâîðå èìå-

åò âèä ïðÿìîé ëèíèè (ðèñ. 2).

Íà ðèñ. 3 – 5 ïðåäñòàâëåíû ïðîôèëè (èëè êðèâûå)

âûñâîáîæäåíèÿ ëåêàðñòâåííîãî âåùåñòâà â äèàëèç-

íóþ ñðåäó (%) îò âðåìåíè (ìèí).

Â ðåçóëüòàòå ïðîâåäåííûõ áèîôàðìàöåâòè÷åñêèõ

èññëåäîâàíèé ïîêàçàíî âëèÿíèå íà âûñâîáîæäåíèå

âèíïîöåòèíà ðàçìåðà ìèêðîêàïñóë, ïðèðîäû îáîëî÷êè
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Ðèñ. 1. Ñòðóêòóðíàÿ ôîðìóëà âèíïîöåòèíà.
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Ðèñ. 2. Êàëèáðîâî÷íàÿ êðèâàÿ çàâèñèìîñòè îïòè÷åñêîé ïëîò-

íîñòè îò êîíöåíòðàöèè ñòàíäàðòíîãî îáðàçöà âèíïîöåòèíà.
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Ðèñ. 3. Äèíàìèêà âûñâîáîæäåíèÿ âèíïîöåòèíà èç ìèêðîêàï-

ñóë ðàçìåðîì 0,5 – 1,0 ìì.
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Ðèñ. 4. Äèíàìèêà âûñâîáîæäåíèÿ âèíïîöåòèíà èç ìèêðîêàï-

ñóë ðàçìåðîì 1,0 – 2,0 ìì.



è äèñïåðñèîííîé ñðåäû, èñïîëüçóåìîé ïðè ïîëó÷åíèè

ìèêðîêàïñóë. Òàê, íàáëþäàåìîå ðàâíîìåðíîå âûñâî-

áîæäåíèå ëåêàðñòâåííîãî âåùåñòâà èç ìèêðîêàïñóë

âñåõ 4 ñîñòàâîâ ðàçìåðîì 0,5 – 1,0 ìì. Íàèáîëåå ïîë-

íîå âûñâîáîæäåíèå âèíïîöåòèíà íàáëþäàåòñÿ èç ìèê-

ðîêàïñóë ñîñòàâà 4, êîòîðîå ê 120 ìèí ñîñòàâëÿåò

73,2 %. Âûñâîáîæäåíèå èç ãèäðîôîáíûõ ìèêðîêàïñóë

â âîäó ñîñòàâëÿåò 55,3 %, â ñðåäó ðàñòâîðà Na-ÊÌÖ

73,2 % (ðèñ. 6).

Òàêèì îáðàçîì, â ðåçóëüòàòå ïðîâåäåííûõ èññëåäî-

âàíèé ïîëó÷åíû ìîäåëüíûå îáðàçöû ìèêðîêàïñóë

âèíïîöåòèíà. Óñòàíîâëåíî, ÷òî íàèáîëåå ïîëíîå âû-

ñâîáîæäåíèå ëåêàðñòâåííîãî âåùåñòâà ïðîèñõîäèò èç

ìèêðîêàïñóë ñ ãèäðîôîáíûì ïîêðûòèåì, ñîäåðæàùèì

âîñê ï÷åëèíûé è ìàñëî êàêàî â ñîîòíîøåíèè 3:2, è

ðàçìåðîì 0,5 – 1 ìì, äèñïåðñèîííîé ñðåäîé ïðè ïîëó-

÷åíèè êîòîðûõ ÿâëÿëñÿ 2 % ðàñòâîð Na-ÊÌÖ.

Ïîëó÷åííûå ïðè èññëåäîâàíèè ðåçóëüòàòû ïåðñïåê-

òèâíû äëÿ äàëüíåéøåãî äåòàëüíîãî èçó÷åíèÿ ìèêðî-

êàïñóëèðîâàííîãî âèíïîöåòèíà ñ öåëüþ ñîçäàíèÿ åãî

ëåêàðñòâåííûõ ôîðì.

Èññëåäîâàíèÿ âûïîëíåíû ïðè ïîääåðæêå ãðàíòà

Ñîâåòà ïî ãðàíòàì Ïðåçèäåíòà ÐÔ ÌÊ-3317.2015.7.
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RELEASE OF VINPOCETINE FROM MICROCAPSULATED FORM

Y. A. Polkovnikova* and A. I. Slivkin

Voronezh State University, Voronezh, 394006 Russia;

* e-mail: juli-polk@mail.ru

Microcapsulated vinpocetine was obtained by dispersion in a liquid – liquid type system using allegation beeswax and cocoa butter in 3 : 2 ratio as the carrier

agent. Purified water and 2% solution of sodium carboxymethyl cellulose (Na-CM) were used as the dispersion medium. The drug release from microcapsu-

les was studied in vitro as dependent on the microcapsule size, shell composition, and dispersion medium. The best characteristics were observed for micro-

capsules with 0.5 – 1 mm sizes and hydrophobic coating involving beeswax and cocoa butter in 3 : 2 ratio, prepared using 2% Na-CM cellulose solution as

the dispersion medium.

Keywords: vinpocetine; microcapsulation; biopharmaceutical investigation.
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Ðèñ. 5. Äèíàìèêà âûñâîáîæäåíèÿ âèíïîöåòèíà èç ìèêðîêàï-

ñóë ðàçìåðîì 2,0 – 3,0 ìì.
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0,5 – 1 ìì 1 – 2 ìì 2 – 3 ìì

Ðàçìåð ìèêðîêàïñóë, ìë

30,9
32,7

55,3

73,2

37,7

43,2

42,6

16,9
13,9

13,2

33

32,3

Ðèñ. 6. Ðåçóëüòàòû âûñâîáîæäåíèÿ âèíïîöåòèíà èç ìèêðîêàï-

ñóë â çàâèñèìîñòè îò èõ ðàçìåðà.


