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Àíàëèç ïèðàöåòàìà â ñóáñòàíöèÿõ ìåòîäîì ÄÑÊ ïîêàçàë, ÷òî óêàçàííîå âåùåñòâî íà

ôàðìàöåâòè÷åñêîì ðûíêå ñóùåñòâóåò, ïî êðàéíåé ìåðå, â âèäå 2 ïîëèìîðôíûõ ôîðì,

îäíà èç êîòîðûõ ïðè íàãðåâàíèè è õðàíåíèè òðàíñôîðìèðóåòñÿ â äðóãóþ. Â ñîäåðæèìîì

êàïñóë ïèðàöåòàìà â îòëè÷èå îò òàáëåòîê îáíàðóæåíî ïðèñóòñòâèå 2 ôîðì ïèðàöåòàìà.

Ðåçóëüòàòû ýêñïåðèìåíòà ñâèäåòåëüñòâóþò òàêæå î òîì, ÷òî ïðè èññëåäîâàíèè ìåòîäîì

ÄÑÊ ëåêàðñòâåííûõ ôîðì, ñîäåðæàùèõ ïîëèýòèëåíãëèêîëü èëè äðóãèå íîñèòåëè, íåîá-

õîäèìî ó÷èòûâàòü âîçìîæíîñòü àìîðôèçàöèè âåùåñòâà â ïðîöåññå íàãðåâàíèÿ.

Ïèðàöåòàì — 2-(2-îêñî-1-ïèððîëèäèíèë)àöåòàìèä —

ÿâëÿåòñÿ íîîòðîïíûì ñðåäñòâîì, øèðîêî èñïîëüçóå-

ìûì â ñîâðåìåííîé ìåäèöèíñêîé ïðàêòèêå. Èçâåñòíî,

÷òî îí ìîæåò ñóùåñòâîâàòü â ðàçëè÷íûõ ïîëèìîðô-

íûõ ôîðìàõ [1]. Â íàñòîÿùåå âðåìÿ äëÿ èçó÷åíèÿ ïî-

ëèìîðôíûõ ìîäèôèêàöèé ñîåäèíåíèé â ñóáñòàíöèÿõ

è ëåêàðñòâåííûõ ôîðìàõ èñïîëüçóþòñÿ ðàçëè÷íûå ìå-

òîäû, â òîì ÷èñëå äèôôåðåíöèàëüíàÿ ñêàíèðóþùàÿ

êàëîðèìåòðèÿ (ÄÑÊ) [2 – 16].

Öåëüþ íàñòîÿùåãî èññëåäîâàíèÿ ÿâëÿåòñÿ èçó÷åíèå

ñóáñòàíöèé ïèðàöåòàìà è åãî ëåêàðñòâåííûõ ôîðì

(òàáëåòêè è êàïñóëû) ìåòîäîì ÄÑÊ.

Ýêñïåðèìåíòàëüíàÿ ÷àñòü

Èññëåäîâàíèÿ ïðîâîäèëè íà ïðèáîðå ñ ìîäóëåì

DSC822e ôèðìû “METTLER TOLLEDO” äëÿ âûïîë-

íåíèÿ äèíàìè÷åñêèõ èçìåðåíèé ìåòîäîì äèôôåðåí-

öèàëüíîé ñêàíèðóþùåé êàëîðèìåòðèè â äèàïàçîíå

òåìïåðàòóð îò 0 äî 500 °C ñ èñïîëüçîâàíèåì ñèñòåìû

òåðìè÷åñêîãî àíàëèçà STARe (2005 ã.). Êîíòðîëü ðàáî-

òû ïðèáîðà îñóùåñòâëÿëè ïî èíäèþ è öèíêó.

Ìåòîäèêà. Â àëþìèíèåâûé òèãåëü åìêîñòüþ

40 ìêë ïîìåùàëè íàâåñêó èñïûòóåìîé ñóáñòàíöèè îò

5 äî 6 ìã, âçâåøåííóþ ñ òî÷íîñòüþ äî 0,01 ìã, ãåðìå-

òè÷åñêè çàêðûâàëè àëþìèíèåâîé êðûøå÷êîé ñ îòâåð-

ñòèåì ðàçìåðîì îêîëî 50 ìêì è ïîìåùàëè â èçìåðèòå-

ëüíóþ ÿ÷åéêó êåðàìè÷åñêîé ïå÷è. Â ïàðàëëåëüíóþ

ÿ÷åéêó ïîìåùàëè ïóñòîé òèãåëü, ãåðìåòè÷åñêè çàêðû-

òûé àëþìèíèåâîé êðûøå÷êîé ñ òàêèì æå îòâåðñòèåì,

êàê è â ïåðâîì òèãëå. Ïå÷ü çàêðûâàëè êðûøêîé ñ ðó÷-

íûì ïðèâîäîì è ïðîâîäèëè èçìåðåíèå, èñïîëüçóÿ ïðî-

ãðàììíîå îáåñïå÷åíèå STARe, â äèàïàçîíå òåìïåðà-

òóð îò 30 äî 300 °C ñî ñêîðîñòüþ ïîâûøåíèÿ òåìïåðà-

òóðû 5 °Ñ5ìèí â àòìîñôåðå âîçäóõà, ïðîòåêàâøåãî

÷åðåç ïðèáîð ñî ñêîðîñòüþ îêîëî 15 ñì35ìèí.

Áûëè èññëåäîâàíû:

– 47 ñåðèé ñóáñòàíöèè ïèðàöåòàìà ñëåäóþùèõ ïðî-

èçâîäèòåëåé èëè ïîñòàâùèêîâ: “Polpharma Ñ. À.”, Ïîëü-

øà (12); “Northeast General Pharmaceutical Factory”,

Êèòàé (20); “Northeast Pharmaceutical Corporation”, Êè-

òàé (6); “Jangrou Pharmaceutical Factory”, Êèòàé (1 ñå-

ðèÿ); “Chemo Iberica”, Èñïàíèÿ (1 ñåðèÿ); ÎÎÎ “Ïîëè-

ñèíòåç” (2 ñåðèè); ÔÕÏ ÎÎÎ “Êàéìýíöçå” ã. Öçûíäý÷-

æýíü”, Êèòàé (1 ñåðèÿ); “Åëüôà À. Î.”, Ïîëüøà (1 ñå-

ðèÿ); “Pfannenschmidt-Hanburg”, Ãåðìàíèÿ (1 ñåðèÿ);

ÀÎ Õîëäèíã “Áàëêàíôàðìà”, Áîëãàðèÿ (2);

– 15 ñåðèé êàïñóë ïèðàöåòàìà, èçãîòîâëåííûõ ÎÎÎ

ÍÏÔ “ÁÈÎÑ” (3 ñåðèè), ÎÀÎ “Ñòè-Ìåä-Ñîðá” (3 ñå-

ðèè), ÎÀÎ “Ñèíòåç” (2 ñåðèè), ÎÀÎ “Óðàëáèîôàðì” (1

ñåðèÿ), ÇÀÎ “Áðûíöàëîâ-À” (1 ñåðèÿ), ÎÀÎ “Ôàðì-

ñòàíäàðò-Ëåêñðåäñòâà” (1 ñåðèÿ), “UCB”, Áåëüãèÿ (2

ñåðèè), “Pliva Krakow Pharmaceutical company S. A.”,

Ïîëüøà (2 ñåðèè);

– 31 ñåðèÿ òàáëåòîê ïèðàöåòàìà ÎÀÎ “Èðáèòñêèé

õèìôàðìçàâîä” (5 ñåðèé), ÇÀÎ “Ôàðìàöåâòè÷åñêîå

ïðåäïðèÿòèå “Îáîëåíñêîå” (5 ñåðèé), ÇÀÎ “Ãåäåîí

Ðèõòåð-Ðóñ” (1 ñåðèÿ), ÎÀÎ “Ùåëêîâñêèé âèòàìèí-

íûé çàâîä” (3 ñåðèè), “UCB”, Áåëüãèÿ (1 ñåðèÿ), ÎÎÎ

“Äàëüõèìôàðì” (5 ñåðèé), Ïåðìñêîå ÍÏÎ “ÁÈÎÌÅÄ”

(4 ñåðèè), ÎÀÎ “Áèîñèíòåç” (3 ñåðèè), ÀÎ “Áåëâèòà-

ìèíû” (2 ñåðèè), ÀÎ “Îðãàíèêà” (1 ñåðèÿ), ÀÎ “Îëàéí-

ôàðì”, Ëàòâèÿ (1 ñåðèÿ).

Ðåçóëüòàòû è èõ îáñóæäåíèå

Àíàëèç ïîëó÷åííûõ òåðìîãðàìì ïîêàçàë, ÷òî íà

ôàðìàöåâòè÷åñêîì ðûíêå ïèðàöåòàì ñóùåñòâóåò â

âèäå 2 ïîëèìîðôíûõ ôîðì (ðèñ. 1): îäíà èìååò òåìïå-

ðàòóðó ïëàâëåíèÿ îêîëî 140 °C (7 ñåðèé), äðóãàÿ —

îêîëî 152 °C (38 ñåðèé). Íà òåðìîãðàììàõ âòîðîé ïî-

ëèìîðôíîé ôîðìû êðîìå ýíäîòåðìè÷åñêîãî ýôôåêòà

ôàçîâîãî ïåðåõîäà ïðè óêàçàííîé òåìïåðàòóðå ïëàâëå-

íèÿ íàáëþäàåòñÿ øèðîêèé ìàëîèíòåíñèâíûé ýíäîòåð-

ìè÷åñêèé ïèê, ìàêñèìóì êîòîðîãî âàðüèðóåò â äèàïà-

çîíå òåìïåðàòóð îò 120 äî 132 °C.

Áîëüøàÿ ÷àñòü èññëåäóåìûõ ñóáñòàíöèé (24 ñåðèè)

ñîäåðæèò ïåðâóþ ïîëèìîðôíóþ ôîðìó â âèäå ïðèìå-

ñè (ðèñ. 1).

Äëÿ èçó÷åíèÿ òåðìè÷åñêîé ñòîéêîñòè ïåðâîé ïîëè-

ìîðôíîé ôîðìû ïèðàöåòàìà îáðàçåö íàãðåâàëè äî

òåìïåðàòóðû 142 °C ñî ñêîðîñòüþ 5 °C5ìèí, îõëàæäà-

ëè è íàãðåâàëè âíîâü â äèàïàçîíå òåìïåðàòóð îò 30 äî

300 °C ñî ñêîðîñòüþ 5 °C5ìèí (ðèñ. 2). Â ðåçóëüòàòå

ïîäîáíîé îáðàáîòêè îáðàçöà íà òåðìîãðàììå âìåñòî

ýíäîòåðìè÷åñêîãî ïèêà ñ ìàêñèìóìîì ïðè òåìïåðàòó-
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ðå îêîëî 140 °C ïîÿâèëèñü 2 ïèêà: øèðîêèé è ìàëîèí-

òåíñèâíûé ñ ìàêñèìóìîì ïðè òåìïåðàòóðå îêîëî

123 °C, óçêèé è èíòåíñèâíûé ñ ìàêñèìóìîì ïðè òåì-

ïåðàòóðå îêîëî 152 °C. Ïîëó÷åííûå ðåçóëüòàòû ñâèäå-

òåëüñòâóþò, ÷òî ïåðâàÿ ïîëèìîðôíàÿ ôîðìà ÿâëÿåòñÿ

íåñòàáèëüíîé è ïðè íàãðåâàíèè ïðåâðàùàåòñÿ âî âòî-

ðóþ ïîëèìîðôíóþ ôîðìó.

Îáðàçåö, ñîäåðæàùèé âòîðóþ ïîëèìîðôíóþ ôîð-

ìó, íàãðåâàëè äî òåìïåðàòóðû 142 °Ñ ñî ñêîðîñòüþ

5 °C5ìèí, îõëàæäàëè è íàãðåâàëè âíîâü â äèàïàçîíå

òåìïåðàòóð îò 30 äî 160 °C ñ òîé æå ñêîðîñòüþ, ïîñëå

îõëàæäåíèÿ íàãðåâàëè â ðåæèìå 30 – 300 – 5 °C5ìèí.

Íà òåðìîãðàììå îáðàçöà (ðèñ. 2) ïîñëå ïåðâîé îáðà-

áîòêè íèçêîòåìïåðàòóðíûé ïèê îòñóòñòâîâàë, à âòîðîé

âûñîêîòåìïåðàòóðíûé ïèê íå èñ÷åçàë äàæå ïîñëå âòî-

ðîé îáðàáîòêè îáðàçöà. Ïî âñåé âèäèìîñòè, âòîðàÿ ïî-

ëèìîðôíàÿ ôîðìà ïèðàöåòàìà ñîñòîèò èç íåñêîëüêèõ

ôîðì, íàèáîëåå ñòàáèëüíîé èç êîòîðûõ ÿâëÿåòñÿ âûñî-

êîòåìïåðàòóðíàÿ ôîðìà.

Ôîðìà ïåðâîãî ïèêà íà òåðìîãðàììàõ îáðàçöîâ ïè-

ðàöåòàìà, ñîäåðæàùèõ âòîðóþ ïîëèìîðôíóþ ôîðìó, è

âàðüèðîâàíèå åãî ìàêñèìóìà â äîñòàòî÷íî øèðîêîì

äèàïàçîíå ïîçâîëÿåò ïðåäïîëîæèòü, ÷òî âåùåñòâî, êî-

òîðîå ïëàâèòñÿ â óêàçàííîé îáëàñòè, íå ÿâëÿåòñÿ îäíî-

ðîäíûì.

Ïðè ñíèæåíèè ñêîðîñòè íàãðåâàíèÿ ñ 5 äî 1 °C5ìèí

íà òåðìîãðàììå îáðàçöà ïèðàöåòàìà, ñîäåðæàùåãî

ñìåñü ïîëèìîðôíûõ ôîðì, ïåðâàÿ ïîëèìîðôíàÿ ôîð-

ìà îòñóòñòâîâàëà (ðèñ. 3), âî âòîðîé ïîëèìîðôíîé

ôîðìå èçìåíåíèÿ ïðîèçîøëè òîëüêî â ïåðâîì ïèêå

(118 è 152 °C). Ïðè èññëåäîâàíèè ïåðâîé ïîëèìîðô-

íîé ôîðìû â óêàçàííîì âûøå ðåæèìå íàãðåâàíèÿ èç-

ìåíåíèÿ íå íàáëþäàëèñü (ðèñ. 3).

Äëÿ îïðåäåëåíèÿ òåðìîãðàììû òàáëåòêè ïèðàöåòà-

ìà ïðåäâàðèòåëüíî ñ íåå áûëà óäàëåíà îáîëî÷êà, à

ÿäðî èçìåëü÷åíî äî ïîðîøêà. Âî âñåõ ïðîàíàëèçèðî-

âàííûõ ñåðèÿõ òàáëåòîê ïèðàöåòàìà ïðèñóòñòâîâàëà

òîëüêî âòîðàÿ ôîðìà, ÷òî ìîæíî îáúÿñíèòü íàëè÷èåì

îïðåäåëåííîãî âîçäåéñòâèÿ íà ñóáñòàíöèþ â ïðîöåññå

èçãîòîâëåíèÿ òàáëåòîê, â ðåçóëüòàòå êîòîðîãî ïåðâàÿ

ôîðìà ïèðàöåòàìà (åñëè îíà ïðèñóòñòâîâàëà â èñõîä-

íîé ôàðìàöåâòè÷åñêîé ñóáñòàíöèè) ïåðåõîäèò âî âòî-

ðóþ.

Èññëåäîâàíèå ñîäåðæèìîãî êàïñóë ïèðàöåòàìà ìå-

òîäîì ÄÑÊ ïîêàçàëî, ÷òî èç 13 ñåðèé òîëüêî â îäíîé

áûëî îáíàðóæåíî íàëè÷èå ïåðâîé ôîðìû, êîòîðàÿ â

òå÷åíèå 1,5 ëåò õðàíåíèÿ òðàíñôîðìèðîâàëàñü âî âòî-

ðóþ ôîðìó. Â 7 ñåðèÿõ êàïñóë ïèðàöåòàìà ïåðâàÿ ôîð-

ìà îáíàðóæåíà â âèäå ïðèìåñè (ðèñ. 4).

Àíàëèç òåðìîãðàìì ñîäåðæèìîãî êàïñóë ïèðàöåòà-

ìà òàêæå ïîêàçàë, ÷òî ïðîöåññ ïëàâëåíèÿ âåùåñòâà â

ïðåïàðàòå ôèðìû “UCB” íà÷èíàåòñÿ ðàíüøå, ÷åì â

êàïñóëàõ äðóãèõ ïðîèçâîäèòåëåé (ðèñ. 4). Èçó÷åíèå

ñîñòàâà êàïñóë ïîçâîëèë ïðåäïîëîæèòü, ÷òî ïðè÷èíîé

ýòîãî ìîæåò áûòü ïîëèýòèëåíãëèêîëü, êîòîðûé â ðàñ-

ïëàâëåííîì ñîñòîÿíèè âçàèìîäåéñòâóåò ñî ìíîãèìè

ñóáñòàíöèÿìè ñ îáðàçîâàíèåì òâåðäûõ äèñïåðñèé

[6, 17]. Äëÿ ðåøåíèÿ äàííîãî âîïðîñà áûëè ïðèãîòîâ-

ëåíû 2 ìîäåëüíûå ñìåñè: ïåðâàÿ èç íèõ ïîëíîñòüþ ñî-

îòâåòñòâîâàëà ñîñòàâó êàïñóëû ïèðàöåòàìà ôèðìû

“UCB”, âòîðàÿ èç âñïîìîãàòåëüíûõ âåùåñòâ ñîäåðæà-

ëà òîëüêî ïîëèýòèëåíãëèêîëü. Êàê âèäíî èç ïðåäñòàâ-
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Ðèñ. 1. Òåðìîãðàììà ðàçíûõ ïîëèìîðôíûõ ôîðì ïèðàöåòàìà:
1 — ïåðâàÿ ïîëèìîðôíàÿ ôîðìà, 2 — âòîðàÿ ïîëèìîðôíàÿ ôîð-
ìà, 3 — âòîðàÿ ïîëèìîðôíàÿ ôîðìà ñ ïðèìåñüþ ïåðâîé ïîëè-
ìîðôíîé ôîðìû (ðåæèì 30 – 300 – 5 °C).
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Ðèñ. 2. Òåðìè÷åñêàÿ óñòîé÷èâîñòü ôîðì ïèðàöåòàìà: 1 — òåð-
ìîãðàììà ïåðâîé ïîëèìîðôíîé ôîðìû ïèðàöåòàìà â ðåæèìå
30 – 142 – 5 °C5ìèí; 2 — òåðìîãðàììà ïåðâîé ïîëèìîðôíîé
ôîðìû ïèðàöåòàìà â ðåæèìå 30 – 300 – 5 °C5ìèí; 3 — òåðìî-
ãðàììà âòîðîé ïîëèìîðôíîé ôîðìû ïèðàöåòàìà â ðåæèìå
30 – 142 – 5 °C5ìèí; 4 — òåðìîãðàììà âòîðîé ïîëèìîðôíîé
ôîðìû ïèðàöåòàìà â ðåæèìå 30 – 160 – 5 °Ñ5ìèí; 5 — òåðìî-
ãðàììà âòîðîé ïîëèìîðôíîé ôîðìû ïèðàöåòàìà â ðåæèìå
30 – 300 – 5 °C5ìèí.
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Ðèñ. 3. Òåðìîãðàììà ïåðâîé (1 ) è âòîðîé (2 ) ïîëèìîðôíîé
ôîðì ïèðàöåòàìà â ðåæèìå 30 – 300 – 1 °C5ìèí.
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Ðèñ. 4. Òåðìîãðàììà ñîäåðæèìîãî êàïñóë ïèðàöåòàìà ïðîèç-
âîäñòâà “UCB” (1 ), ÎÎÎ ÍÏÔ “ÁÈÎÑ” (2 ), ÎÀÎ “Ôàðìñòàí-
äàðò-Ëåêñðåäñòâà” (3 ), ÎÀÎ “Óðàëáèîôàðì” (4 ), ÇÀÎ “Áðûíöà-
ëîâ-À” (5 ), ÎÀÎ “Ñòè-Ìåä-Ñîðá” (6 ) â ðåæèìå
30 – 300 – 5 °C5ìèí.



ëåííîé òåðìîãðàììû ìîäåëüíûõ ñìåñåé ïèðàöåòàìà,

ñäâèã íà÷àëà ïëàâëåíèÿ îáóñëîâëåí ïðèñóòñòâèåì â

ñîñòàâå êàïñóë ïèðàöåòàìà ïîëèýòèëåíãëèêîëÿ

(ðèñ. 5).

Äëÿ óñòàíîâëåíèÿ ïðè÷èíû ñäâèãà áûëà ïðèãîòîâ-

ëåíà ñìåñü ïèðàöåòàìà è ïîëèýòèëåíãëèêîëÿ â ñîîòíî-

øåíèè 1:1. Â ðåæèìå íàãðåâàíèÿ ñìåñè

30 – 300 – 5 °C5ìèí ïèê ïèðàöåòàìà íà òåðìîãðàììå

ïðèñóòñòâóåò, íî èíòåíñèâíîñòü åãî çíà÷èòåëüíî íèæå

ïðåäïîëàãàåìîé êîíöåíòðàöèè (ðèñ. 5), à â ðåæèìå íà-

ãðåâàíèÿ 30 – 300 – 1 °C5ìèí — îòñóòñòâóåò, ÷òî ñâè-

äåòåëüñòâóåò îá îáðàçîâàíèè òâåðäîé äèñïåðñèè èëè

àìîðôèçàöèè âåùåñòâà (ðèñ. 6).

Òàêèì îáðàçîì, ïîêàçàíî, ÷òî íà ôàðìàöåâòè÷åñêîì

ðûíêå ïèðàöåòàì ñóùåñòâóåò ïî êðàéíåé ìåðå â âèäå 2

ïîëèìîðôíûõ ôîðì, îäíà èç êîòîðûõ ïðè íàãðåâàíèè

è õðàíåíèè òðàíñôîðìèðóåòñÿ â äðóãóþ. Â ñîñòàâå ñî-

äåðæèìîãî êàïñóë ïèðàöåòàìà â îòëè÷èå îò òàáëåòîê

îáíàðóæåíî ïðèñóòñòâèå 2 ôîðì ïèðàöåòàìà. Ïîëó-

÷åííûå äàííûå ñâèäåòåëüñòâóþò òàêæå î âîçìîæíîñòè

àìîðôèçàöèè âåùåñòâà â ïðîöåññå íàãðåâàíèÿ, ÷òî íå-

îáõîäèìî ó÷èòûâàòü ïðè àíàëèçå ìåòîäîì ÄÑÊ ëåêàð-

ñòâåííûõ ôîðì, ñîäåðæàùèõ ïîëèýòèëåíãëèêîëü èëè

äðóãèå íîñèòåëè.
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DETERMINING PYRACETAM IN PARENT SUBSTANCE AND READY-TO-USE
MEDICINAL FORMS BY DIFFERENTIAL SCANNING CALORIMETRY
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, and D. Yu. Chashkin
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1 Institute for Drug Standardization, State Scientific Center for Drug Expertise and Control, Ministry of Public Health of the Russian Federation, Moscow, Russia;
2 Sechenov Medical Academy, Moscow, Russia

Analysis of pyracetam in available parent powders using differential scanning calorimetry (DSC) showed that there are at least two main polymorphic forms
of pyracetam on the pharmaceutical market. One of these is converted into another during heating and storage. Two polymorphic forms of pyracetam have
been found in pyracetam capsules, in contrast to tablets where only one form is present. The results show that amorphization of crystalline active substance
during heating of dosed forms including poly(ethylene glycol) or other carriers should be taken into account during analysis by means of DSC.
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Ðèñ. 5. Òåðìîãðàììà ïîëèýòèëåíãëèêîëÿ (1 ), ïèðàöåòàìà (2 ),
ìîäåëüíûõ ñìåñåé 1 (3 ), 2 (4 ) è 3 (5 ) â ðåæèìå
30 – 300 – 5 °C5ìèí.
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Ðèñ. 6. Òåðìîãðàììà ìîäåëüíîé ñìåñè 3 (ïèðàöåòàì — ïîëè-
ýòèëåíãëèêîëü â ñîîòíîøåíèè 1:1) â ðåæèìå
30 – 300 – 1 °C5ìèí.


