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Èçó÷åíî âëèÿíèå ðàñòèòåëüíîãî àëêàëîèäà ñàíãâèíàðèíà è ïðîèçâîäíîãî ïîëóñèíòåòè÷åñêîãî ïðå-
ïàðàòà Óêðàèí, îáëàäàþùèõ ìàëèãíîòîêñè÷åñêèì äåéñòâèåì, íà ïðîöåññ ñëèÿíèÿ ëèçîñîì ñ ôàãîñîìàìè
(ÑËÔ) è íà ñîäåðæàíèå ôèáðèëëÿðíîãî àêòèíà (Ô-àêòèíà) â ïåðèòîíåàëüíûõ ìàêðîôàãàõ ìûøè. Èçó÷à-
ëè òàêæå âëèÿíèå ýòèõ âåùåñòâ íà ðåàêöèþ ïîëèìåðèçàöèè in vitro ìîíîìåðíîãî ãëîáóëÿðíîãî àêòèíà
(Ã-àêòèíà) èç ìûøö êðîëèêà. Ïîêàçàíî, ÷òî è ñàíãâèíàðèí, è Óêðàèí âûçûâàþò ñòèìóëÿöèþ ñëèÿíèÿ ëè-
çîñîì ñ ôàãîñîìàìè è ïîâûøàþò ñîäåðæàíèå ïîëèìåðèçîâàííîé ôèáðèëëÿðíîé ôîðìû àêòèíà â ìàêðî-
ôàãàõ ìûøè. Îáíàðóæåíî, ÷òî äåéñòâèå ýòèõ âåùåñòâ çàâèñèò îò èõ êîíöåíòðàöèè è óñèëèâàåòñÿ ïðè åå
ïîâûøåíèè. È ñàíãâèíàðèí, è Óêðàèí èíäóöèðóþò in vitro ïîëèìåðèçàöèþ ãëîáóëÿðíîãî àêòèíà èç
ìûøö êðîëèêà. Îáñóæäàåòñÿ ìîäóëèðóþùàÿ ðîëü ñàíãâèíàðèíà è Óêðàèíà ïðè âçàèìîäåéñòâèÿõ âíóò-
ðèêëåòî÷íûõ âåçèêóëÿðíûõ ìåìáðàí â ÑËÔ, à òàêæå â ïðîöåññàõ ïîëèìåðèçàöèè àêòèíà è ðåîðãàíèçà-
öèè öèòîñêåëåòà. Ïðåäïîëàãàåòñÿ, ÷òî ýòè àãåíòû ìîãóò âëèÿòü íà ïðîöåññû ìåìáðàííîãî òðàíñïîðòà âå-
ùåñòâ â êëåòêàõ.

Ê ë þ ÷ å â û å ñ ë î â à: ñëèÿíèå ëèçîñîì ñ ôàãîñîìàìè, öèòîñêåëåò, Ã-àêòèí, Ô-àêòèí, ïîëèìåðèçà-
öèÿ, ñàíãâèíàðèí, Óêðàèí.

Øèðîêîå ðàçâèòèå èññëåäîâàíèé ìåõàíèçìîâ ðàç-
ëè÷íûõ ýòàïîâ ýíäîöèòîçà, ïîäðîáíàÿ õàðàêòåðèñòèêà
ñâîéñòâ êîìïàðòìåíòîâ êëåòêè, âîâëå÷åííûõ â ýòîò ïðî-
öåññ, ñîçäàþò îñíîâó äëÿ ìåòîäîâ íàïðàâëåííîãî ââåäå-
íèÿ â êëåòêó ðÿäà áèîëîãè÷åñêè àêòèâíûõ ñîåäèíåíèé
(ÁÀÑ) è ëåêàðñòâåííûõ ïðåïàðàòîâ, à òàêæå òðàíñôåê-
öèè ãåíîâ è èõ ïîñëåäóþùåé ýêñïðåññèè ïðè ëå÷åíèè
ðÿäà íàñëåäñòâåííûõ è ïðèîáðåòåííûõ çàáîëåâàíèé. Ýí-
äîöèòîç íåîáõîäèì òàêæå äëÿ äåãðàäàöèè ýíäîíóêëåèíî-
âûõ êèñëîò è áåëêîâ â ëèçîñîìàõ, ïðè àïîïòîçå è â äðó-
ãèõ ïðîöåññàõ êàòàáîëèçìà (Valenti et al., 1999; Frei-
re-de-Lima et al., 2000; Nuzzo et al., 2000; Reddien ,
Horwitz, 2000; Cossart, Sansonetti, 2004; Smith, Helenius,
2004).

Cëèÿíèå ìåìáðàí ÿâëÿåòñÿ âàæíåéøèì ïðîöåññîì
ïðè âçàèìîäåéñòâèè êîìïàðòìåíòîâ êëåòêè, âõîäÿùèõ â
ñîñòàâ âàêóîëÿðíîãî àïïàðàòà. Èññëåäîâàíèÿ ýíäî- è ýê-
çîöèòîçà ïîçâîëÿþò ïðåäïîëàãàòü, ÷òî â îñíîâå ïðîöåññà
ñëèÿíèÿ âíóòðèêëåòî÷íûõ ìåìáðàí ëåæèò îáùèé ìåõà-
íèçì.

Ñëèÿíèå ëèçîñîì ñ ôàãîñîìàìè (ÑËÔ) ÿâëÿåòñÿ çà-
êëþ÷èòåëüíûì ýòàïîì ýíäîöèòîçà (ôàãîöèòîçà); îáðàçó-
þùèåñÿ ïðè ýòîì ôàãîëèçîñîìû îñóùåñòâëÿþò äåãðàäà-
öèþ ñîäåðæàùèõñÿ â ýíäîñîìàõ ìåìáðàí è ìàêðîìî-
ëåêóë, à òàêæå ìèêðîîðãàíèçìîâ è âèðóñîâ (Cossart,
Sansonetti, 2004; Sibley, 2004; Smith, Helenius, 2004; Wal-
burger et al., 2004). Îäíàêî äî ñèõ ïîð ìàëî èçó÷åíû ìå-
õàíèçìû âëèÿíèÿ íà ïðîöåññ ñëèÿíèÿ ðàçëè÷íûõ ÁÀÑ è
ó÷àñòèå ýëåìåíòîâ öèòîñêåëåòà â ÑËÔ. Èçìåíåíèå ñî-

ñòîÿíèÿ êëåòî÷íûõ ìåìáðàí ïðè ôîðìèðîâàíèè ðåàêöèé
êëåòîê íà äåéñòâèå ÁÀÑ îòìå÷åíû ìíîãèìè èññëåäîâàòå-
ëÿìè. Â ðÿäå ñëó÷àåâ èçìåíåíèå ìèêðîâÿçêîñòè â ëèïèä-
íîì áèñëîå êëåòî÷íûõ ìåìáðàí ÿâëÿåòñÿ ïðîìåæóòî÷-
íûì ýòàïîì â ôîðìèðîâàíèè êëåòî÷íîé ðåàêöèè (Kieli-
an, Cohn, 1980, 1982; Klappe et al., 1986; Lucy, 1987).
Öèòîñêåëåò òàêæå èãðàåò âàæíóþ ðîëü â ýíäîöèòîçå
(Durbach et al., 1996; Riezman et al., 1996; Jahraus et al.,
1998; Zhang et al., 2002; Cossart, Sansonetti, 2004; Kjeken
et al., 2004; Lanzetti et al., 2004; Sibley, 2004). Ïî íàøèì
äàííûì, ðÿä õèìè÷åñêèõ ñîåäèíåíèé ñòèìóëèðóåò ÑËÔ
â ìàêðîôàãàõ è ïîëèìåðèçàöèþ Ã-àêòèíà in vitro. Íàïðî-
òèâ, àãåíòû, èíãèáèðóþùèå ÑËÔ, ñíèæàþò ñîäåðæàíèå
Ô-àêòèíà â êëåòêå (Áóëû÷åâ, Ìîæåíîê, 1996). Â íàñòîÿ-
ùåì èññëåäîâàíèè èçó÷àëè âëèÿíèå ðàñòèòåëüíîãî áåí-
çîôåíàíòðèäèíîâîãî àëêàëîèäà ñàíãâèíàðèíà è ëåêàðñò-
âà Óêðàèí, ïîëó÷åííîãî íà îñíîâå ýòîãî è ðîäñòâåííûõ
àëêàëîèäîâ, íà ÑËÔ, à òàêæå íà ñîäåðæàíèå Ô-àêòèíà â
ïåðèòîíåàëüíûõ ìàêðîôàãàõ ìûøè è ïîëèìåðèçàöèþ
ìûøå÷íîãî àêòèíà êðîëèêà.

Áåíçî[ñ]ôåíàíòðèäèíîâûé àëêàëîèä ñàíãâèíàðèí îá-
ëàäàåò çíà÷èòåëüíîé áèîëîãè÷åñêîé è ìàëèãíîòîêñè÷å-
ñêîé àêòèâíîñòüþ. Áûëî ïîêàçàíî, ÷òî êàòèîíû ñàíãâè-
íàðèíà ñïîñîáíû: 1) èíòåðêàëèðîâàòü â äâóõñïèðàëüíûå
ÄÍÊ è ÐÍÊ è èíãèáèðîâàòü ïðè ýòîì ðåàêöèè, ïðîòåêà-
þùèå íà ÄÍÊ è ÐÍÊ, â êà÷åñòâå ìàòðèöû èëè ñóáñòðàòà;
2) íàðóøàòü ñèíòåç ÀÒÔ â ìèòîõîíäðèÿõ áëàãîäàðÿ íåé-
òðàëèçàöèè îòðèöàòåëüíûõ çàðÿäîâ âíåøíåé ñòîðîíû
âíóòðåííèõ ìåìáðàí ìèòîõîíäðèé, âîçíèêàþùèõ ïðè èõ
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ýíåðãèçàöèè; 3) ìîäèôèöèðîâàòü òèîëîâûå ãðóïïû îðãà-
íè÷åñêèõ ñîåäèíåíèé, âêëþ÷àÿ ôåðìåíòû è äðóãèå áåë-
êè, áëàãîäàðÿ ðåàêöèè íóêëåîôèëüíîãî çàìåùåíèÿ ïðè
âçàèìîäåéñòâèè òèîëîâûõ ãðóïï îðãàíè÷åñêèõ ñîåäèíå-
íèé ñ èìèííîé ãðóïïîé ÷åòâåðòè÷íîãî êàòèîíà ñàíãâè-
íàðèíà (Ôàääååâà, Áåëÿåâà, 1997). ×òî êàñàåòñÿ ôåðìåí-
òîâ ëèçîñîì, òî áûëî ïîêàçàíî, ÷òî òèîëçàâèñèìûå êèñ-
ëàÿ ôîñôàòàçà, â-ãàëàêòîçèäàçà è N-aöåòèë-â,D-ãëþêî-
çàìèíèäàçà äîçîçàâèñèìî èíãèáèðóþòñÿ ñàíãâèíàðèíîì.
Êðîìå òîãî, óñòàíîâëåíî, ÷òî ñàíãâèíàðèí íàêàïëèâàåò-
ñÿ â ëèçîñîìíîé ôðàêöèè êëåòîê LSM (Belyaeva et al.,
2003).

Ëåêàðñòâåííûé ïðåïàðàò Óêðàèí (Ñ66Í75N6O18PS ·
6HCl) ïðåäñòàâëÿåò ñîáîé êîíúþãàò ñóììû àëêàëîèäîâ,
âûäåëåííûõ èç ÷èñòîòåëà áîëüøîãî Chelidonium ma-
jus L., c òèîôîñôîðíîé êèñëîòîé (Nowicky, 1990; Liepins,
Nowicky, 1996). Ýòîò ïîëóñèíòåòè÷åñêèé ïðåïàðàò ïîëó-
÷åí â êðèñòàëëè÷åñêîé ôîðìå ß. Â. Íîâèöêè. Èñïîëüçó-
åòñÿ åãî âîäíûé ðàñòâîð (Liepins et al., 1996). Áûëî ïîêà-
çàíî, ÷òî Óêðàèí îáëàäàåò çíà÷èòåëüíûì ìàëèãíîòî-
êñè÷åñêèì äåéñòâèåì. Ïðåïàðàò áûë èçó÷åí in vitro â
Íàöèîíàëüíîì ðàêîâîì èíñòèòóòå (NCl) â ÑØÀ íà 60
ðàçëè÷íûõ êëåòî÷íûõ ëèíèÿõ ìàëèãíèçèðîâàííûõ êëå-
òîê, ïðåäñòàâëÿþùèõ ñîáîé 8 îñíîâíûõ ðàçíîâèäíî-
ñòåé îïóõîëåé ÷åëîâåêà. Äëÿ âñåõ èçó÷åííûõ êëåòî÷íûõ
ëèíèé ïðåïàðàò ïîêàçàë çíà÷èòåëüíûé öèòîòîêñè÷åñêèé
ýôôåêò. Ïðè ýòîì â êîíöåíòðàöèÿõ, âûçûâàþùèõ
100%-íîå èíãèáèðîâàíèå ðîñòà ýòèõ êëåòîê, Óêðàèí íå
îêàçûâàë ïîâðåæäàþùåãî âëèÿíèÿ íà ðîñò è æèçíåñïî-
ñîáíîñòü íîðìàëüíûõ ýïèòåëèàëüíûõ êëåòîê ïóïî÷íîé
âåíû è ôèáðîáëàñòîâ ÷åëîâåêà in vitro (Íîâèöêè, 1993;
Nowicky et al., 1993). Îñíîâíûìè ìåõàíèçìàìè, âûçûâà-
þùèìè ïîäîáíîå äåéñòâèå Óêðàèíà, ÿâëÿþòñÿ, ïî-âèäè-
ìîìó, èíäóêöèÿ àïîïòîçà ìàëèãíèçèðîâàííûõ êëåòîê

ïðè äåéñòâèè ýòîãî àãåíòà (Liepins et al., 1996), à òàêæå
ìîäóëÿöèÿ öèòîëèòè÷åñêîé àêòèâíîñòè èììóííûõ ýô-
ôåêòîðíûõ êëåòîê (Liepins, Nowicky, 1996). Ñòðóêòóð-
íûå ôîðìóëû ñàíãâèíàðèíà è Óêðàèíà ïðèâåäåíû íà
ðèñ. 1. Ôîðìóëà ïðåïàðàòà Óêðàèí ïðèâîäèòñÿ èç: Susak
et al., 1996.

Â ðàáîòå áóäåò âûÿâëåíî âëèÿíèå îïèñàííûõ àãåíòîâ
íà ñëèÿíèå âåçèêóëÿðíûõ ìåìáðàí è ñîñòîÿíèå àêòèíî-
âîãî öèòîñêåëåòà.

Ìàòåðèàë è ìåòîäèêà

ÑËÔ èçó÷àëè â ìàêðîôàãàõ èç ïåðèòîíåàëüíîé æèä-
êîñòè ìûøåé ëèíèè CC57 Black/6. Ïîäðîáíî ìåòîäèêà
íàáëþäåíèÿ è êîëè÷åñòâåííîé îöåíêè ÑËÔ îïèñàíà â
íàøåé ïðåäûäóùåé ðàáîòå (Ìîæåíîê è äð., 1991).

Ñîäåðæàíèå Ô-àêòèíà â ïåðèòîíåàëüíûõ ìàêðîôàãàõ
îïðåäåëÿëè ïî èçâåñòíîé ìåòîäèêå (Foulstich, Zobeley,
1988), èñïîëüçóÿ ôàëëîèäèí-ÔÈÒÖ, êîòîðûé ñïåöèôè-
÷åñêè ñâÿçûâàåòñÿ ñ Ô-àêòèíîì. Èíòåíñèâíîñòü ôëóî-
ðåñöåíöèè ôàëëîèäèí-ÔÈÒÖ èçìåðÿëè íà èíâåðòèðî-
âàííîì ìèêðîñêîïå ICM (Opton). Ôëóîðåñöåíöèþ âîç-
áóæäàëè ñâåòîì ðòóòíîé ëàìïû ÍÂÎ-100 â îáëàñòè
450—490 íì è ðåãèñòðèðîâàëè â îáëàñòè 520 íì. Äîñòî-
âåðíîñòü ðàçëè÷èé ñðåäíèõ âåëè÷èí êîëè÷åñòâà ôàãîëè-
çîñîì è Ô-àêòèíà â ìàêðîôàãàõ îöåíèâàëè ïî t-êðèòåðèþ
Ñòüþäåíòà.

Ã-àêòèí ïîëó÷àëè èç ìûøö êðîëèêà ïî ìîäèôèöèðî-
âàííîìó ìåòîäó Øòðàóáà (Katz, Hall, 1963). Âñþ ïðåïà-
ðàòèâíóþ ðàáîòó ïðîâîäèëè ïðè 2—4 °Ñ. Ðàñòâîð àêòèíà
ãîòîâèëè êàæäûé ðàç â äåíü îïûòà. Íàâåñêó àöåòîíîâîãî
ïîðîøêà çàëèâàëè 20-êðàòíûì êîëè÷åñòâîì áóôåðíîãî
ðàñòâîðà, ñîäåðæàùåãî 3 ìÌ öèñòåèíà, 0.05 ìÌ ATÔ,
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Ðèñ. 1. Ñòðóêòóðíûå ôîðìóëû ñàíãâèíàðèíà (1) è Óêðàèíà (2).

Fig. 1. Structural formulas of sanguinarine (1) and Ukrain (2).



1 ìÌ Òðèñ-áóôåðà, ðÍ 8.0. Ñìåñü ðàçìåøèâàëè â òå÷å-
íèå 30 ìèí, ôèëüòðîâàëè ÷åðåç ïîðèñòûé ôèëüòð è ïîëó-
÷åííûé ðàñòâîð ðàçáàâëÿëè áóôåðîì äî ñîäåðæàíèÿ áåë-
êà 0.8—1.2 ìã/ìë. Ïîëèìåðèçàöèþ Ã-àêòèíà âûçûâàëè
äîáàâëåíèåì ê ðàñòâîðó áåëêà KCl äî êîíå÷íîé êîíöåíò-
ðàöèè 0.1 Ì. Â îïûòàõ ñ ñàíãâèíàðèíîì è Óêðàèíîì èõ
ââîäèëè â ðàñòâîð áåëêà çà 20 ìèí äî âíåñåíèÿ KCl. Çà
õîäîì ïîëèìåðèçàöèè ñëåäèëè ïî óâåëè÷åíèþ âÿçêîñòè
ðàñòâîðà. Îòíîñèòåëüíóþ âÿçêîñòü îïðåäåëÿëè ñ ïîìî-
ùüþ âèñêîçèìåòðà òèïà Îñòâàëüäà åìêîñòüþ 1.72 ìë ïðè
22 °Ñ. Èçìåðåíèÿ âÿçêîñòè ïðîâîäèëè êàæäûå 5 ìèí. Ñî-
äåðæàíèå áåëêà îïðåäåëÿëè ïî ìåòîäó Ëîóðè (Lowry
et al., 1951).

Â ðàáîòå èñïîëüçîâàëè ñëåäóþùèå õèìè÷åñêèå àãåí-
òû: ÔÈÒÖ-ôàëëîèäèí, ÀÒÔ, öèñòåèí è Òðèñ-(îêñèìå-
òèë)-àìèíîìåòàí (Sigma, ÑØÀ); ñàíãâèíàðèí (Aldrich,
CØÀ); Óêðàèí (Nowicky Pharma, Àâñòðèÿ).

Ðåçóëüòàòû è îáñóæäåíèå

Íà ðèñ. 2 ïðåäñòàâëåíû äàííûå î âëèÿíèè ñàíãâèíà-
ðèíà è Óêðàèíà íà êîëè÷åñòâî ôàãîëèçîñîì, îáðàçîâàâ-
øèõñÿ â ìàêðîôàãàõ â ðåçóëüòàòå ñëèÿíèÿ ìåìáðàí ëèçî-
ñîì è ôàãîñîì. Èç ýòèõ äàííûõ îò÷åòëèâî âèäíî, ÷òî
ñàíãâèíàðèí è Óêðàèí îêàçûâàþò ñòèìóëèðóþùèé ýô-
ôåêò, ïðè÷åì âåëè÷èíà ýòîãî ýôôåêòà çàâèñèò îò êîíöåí-
òðàöèè àãåíòîâ. Íàèáîëåå ñèëüíîå âëèÿíèå íà ÑËÔ îêà-
çûâàþò ñàíãâèíàðèí â êîíöåíòðàöèè 10 ìêÌ è Óêðàèí â
êîíöåíòðàöèè 5 ìêÌ. Ñðåäè âûÿâëåííûõ ê íàñòîÿùåìó
âðåìåíè ôàêòîðîâ, âëèÿþùèõ íà ÑËÔ, áîëüøóþ ðîëü
èãðàþò öåëîñòíîñòü ëèçîñîìíîé ìåìáðàíû, âåëè÷èíà è
çíàêè çàðÿäîâ íà ïîâåðõíîñòè ìåìáðàí îðãàíîèäîâ ïî-
ñëå èõ âçàèìîäåéñòâèÿ ñ àãåíòàìè, òåêó÷åñòü ìåìáðàí-
íûõ ëèïèäîâ è ñîñòîÿíèå êîìïîíåíòîâ öèòîñêåëåòà
(Lucy, 1987; Áóëû÷åâ, Ìîæåíîê, 1996; Durbach et al.,

1996; Fujimoto et al., 2000; Dermine et al., 2001; Lanzetti
et al., 2004; Sasaki et al., 2004).

Óìåðåííî ãèäðîôîáíûå êàòèîíû ñàíãâèíàðèíà ðàñ-
òâîðÿþòñÿ è â âîäå, è â ëèïèäàõ, ÷òî ñïîñîáñòâóåò èõ
ïðîíèêíîâåíèþ â êëåòêè. Áóäó÷è ñëàáûì êàòèîíîì â âî-
äíûõ ðàñòâîðàõ (ðKa ~ 8 ïðè ôèçèîëîãè÷åñêèõ óñëîâè-
ÿõ), ñàíãâèíàðèí ïðåäñòàâëÿåòñÿ òèïè÷íûì ëèçîñîìîò-
ðîïíûì àãåíòîì è íàêàïëèâàåòñÿ â ëèçîñîìàõ (Belyaeva
et al., 2003). Ïðè ýòîì îí èíãèáèðóåò ôåðìåíòàòèâíóþ
àêòèâíîñòü ìíîãèõ êàòàáîëè÷åñêèõ ëèçîñîìíûõ ôåðìåí-
òîâ. Êàòèîíû ñàíãâèíàðèíà ìîãóò èçìåíÿòü çàðÿä ëèçî-
ñîìíîé ìåìáðàíû. Ìîëåêóëû ñàíãâèíàðèíà â íåéòðàëü-
íîé ôîðìå òàêæå âçàèìîäåéñòâóþò ñ ìåìáðàíàìè. Áûëî
ïîêàçàíî, ÷òî íåçàðÿæåííàÿ ôîðìà ñàíãâèíàðèíà îáðàçó-
åò êàíàëû â ëèïèäíûõ áèñëîÿõ ìåìáðàí ýðèòðîöèòîâ ÷å-
ëîâåêà (Cala et al., 1982). Â òàêèõ ìåìáðàííûõ îðãàíåë-
ëàõ, êàê ìèòîõîíäðèè, êàòèîíû ñàíãâèíàðèíà íàêàïëèâà-
þòñÿ íà âíåøíåé ñòîðîíå ýíåðãèçîâàííûõ âíóòðåííèõ
ìåìáðàí è íåéòðàëèçóþò îòðèöàòåëüíûå çàðÿäû, êîòî-
ðûå ïîÿâëÿþòñÿ ïðè ýíåðãèçàöèè, ïðåïÿòñòâóÿ òåì ñà-
ìûì ñèíòåçó ÀÒÔ (Áåëÿåâà, Ôàääååâà, 1995). Ñïîñîá-
íîñòü èìèííîé ãðóïïû êàòèîíà ñàíãâèíàðèíà ê ðåàêöèè
íóêëåîôèëüíîãî çàìåùåíèÿ ñ òàêèìè íóêëåîôèëàìè, êàê
òèîëîâûå ãðóïïû ìíîãèõ îðãàíè÷åñêèõ ñîåäèíåíèé,
âêëþ÷àÿ ôåðìåíòû è äðóãèå áåëêè, ïðèâîäèò ê èíãèáè-
ðîâàíèþ ñàíãâèíàðèíîì ôåðìåíòàòèâíîé àêòèâíîñòè
ìíîãèõ òèîëçàâèñèìûõ ìåìáðàíî-ñâÿçàííûõ ÀÒÔàç,
âêëþ÷àÿ êàòèîí-òðàíñïîðòíûå ÀÒÔàçû (Ôàääååâà, Áåëÿ-
åâà, 1988, 1997). Íàáëþäàåìàÿ íàìè â íàñòîÿùåé ðàáîòå
ìîäèôèêàöèÿ ÑËÔ â ìàêðîôàãàõ ìîæåò îáúÿñíÿòüñÿ ñ
ó÷åòîì ïðèâåäåííûõ âûøå àêòèâíîñòåé ñàíãâèíàðèíà.
Ïî-âèäèìîìó, ïîä åãî âîçäåéñòâèåì èçìåíÿþòñÿ çàðÿäû
âåçèêóëÿðíûõ ìåìáðàí, óâåëè÷èâàåòñÿ òåêó÷åñòü ëèïè-
äîâ è ìåíÿåòñÿ àêòèâíîñòü ìåìáðàííûõ ÀÒÔàç, ó÷àñòâó-
þùèõ â ÑËÔ. Óêðàèí îêàçûâàåò íà ÑËÔ ýôôåêò, ïîäîá-
íûé ñàíãâèíàðèíó.

Ïðîöåññ ñëèÿíèÿ ëèçîñîì ñ ôàãîñîìàìè èãðàåò áîëü-
øóþ ðîëü â ïðîöåññàõ ýíäîöèòîçà. Ïðè ýòîì âàæíûì
îêàçûâàåòñÿ òàêæå ñîñòîÿíèå öèòîñêåëåòà, êîòîðîå îïðå-
äåëÿåò, êóäà áóäåò íàïðàâëåíî âíóòðèêëåòî÷íîå âåçèêó-
ëÿðíîå äâèæåíèå. Ìåòîäàìè ôëóîðåñöåíòíîé è ýëåêò-
ðîííîé ìèêðîñêîïèè Ñàéòî è ñîàâòîðàìè (Saito et al.,
1994) áûëî ïîêàçàíî, íàïðèìåð, çíà÷åíèå ïîëèìåðèçà-
öèè àêòèíà â ôàãîöèòîçå ñ èñïîëüçîâàíèåì äåïîëèìåðè-
çóþùåãî àêòèí àãåíòà ìèêîëîëèäà Â (ìîðñêîé òîêñèí).
Îáíàðóæåíî, ÷òî â àëüâåîëÿðíûõ ìàêðîôàãàõ ìûøè ðàç-
ëè÷íûå ýëåìåíòû öèòîñêåëåòà ïðèíèìàþò ó÷àñòèå â
òðàíñïîðòå ôàãîñîì ðàçíîãî ðàçìåðà: ìàëûå ôàãîñîìû
(0.9 ìêì) äâèãàþòñÿ ñ ïîìîùüþ ìèêðîòðóáî÷åê; áîëü-
øèå ôàãîñîìû — ñ ïîìîùüþ àêòèíîâûõ ôèëàìåíòîâ, è
îíè ÷àñòî îêðóæåíû òîíêîé ñåòüþ àêòèíîâûõ ôèëàìåí-
òîâ (Araki, Ogawa, 1988). Âî ìíîãèõ èññëåäîâàíèÿõ ñ
ïðèìåíåíèåì ðàçëè÷íûõ ìîäóëèðóþùèõ àãåíòîâ óêàçû-
âàåòñÿ íà âàæíóþ ðîëü àêòèíà âî âçàèìîäåéñòâèè ôàãî-
ñîì ñ îðãàíåëëàìè ýíäîöèòîçà (Defacque et al., 2000; Jah-
raus et al., 2001; Southwick et al., 2003). Â ëàáîðàòîðèè
Ì. Äåæàðäåíà (Dermine et al., 2001) íà ìàêðîôàãàõ ëè-
íèè J774 ìåòîäàìè áèîõèìèè è èììóííîé ôëóîðåñöåí-
öèè âûÿâëåíî, ÷òî ôàãîñîìû ñëèâàþòñÿ è äâèãàþòñÿ â
êëåòêå âäîëü àêòèíîâûõ ôèëàìåíòîâ è ìèêðîòðóáî÷åê è
÷òî â îïðåäåëåííûõ ìåñòàõ (lipid raft domains) íà ìåìá-
ðàíàõ ýòèõ îðãàíåëë ïðîèñõîäÿò àêêóìóëÿöèÿ àêòèíà è
åãî ïîëèìåðèçàöèÿ. Áûëî èíòåðåñíî ïîýòîìó âûÿñíèòü,
êàê âëèÿþò ñàíãâèíàðèí è Óêðàèí íà ñîäåðæàíèå Ô-àê-
òèíà â ìàêðîôàãàõ.
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Ðèñ. 2. Âëèÿíèå ñàíãâèíàðèíà è Óêðàèíà íà ÑËÔ â ïåðèòîíåà-
ëüíûõ ìàêðîôàãàõ ìûøè.

1 — êîíòðîëü, 2 — ñàíãâèíàðèí (5 ìêÌ), 3 — ñàíãâèíàðèí (10 ìêÌ), 4 —
Óêðàèí (1 ìêÌ), 5 — Óêðàèí (2.5 ìêÌ), 6 — Óêðàèí (5 ìêÌ). ÌÔ —

ìàêðîôàãè, ÔË — ôàãîëèçîñîìû.

Fig. 2. Effects of sanguinarine and Ukrain on lysosome-phagosome
fusion in mouse peritoneal macrophages.

1 — control, 2 — sanguinarine (5 ìM), 3 — sanguinarine (10 ìM),
4 — Ukrain (1 ìM), 5 — Ukrain (2.5 ìM), 6 — Ukrain (5 ìM).

MÔ — macrophages, ÔË — phagolysosomes.



Íà ðèñ. 3 ïðåäñòàâëåíû äàííûå, ïîêàçûâàþùèå óâå-
ëè÷åíèå ñîäåðæàíèÿ ôèáðèëëÿðíîãî, ïîëèìåðèçîâàííî-
ãî àêòèíà â ìàêðîôàãàõ ïðè äåéñòâèè íà íèõ ñàíãâèíàðè-
íà è Óêðàèíà. Êàê âèäíî íà ðèñ. 3, ýòîò ýôôåêò ÿâëÿåòñÿ
äîçîçàâèñèìûì. Ñîäåðæàíèå Ô-àêòèíà â ìàêðîôàãàõ ïî-
âûøàåòñÿ áîëåå ÷åì â 2 ðàçà. Îäíèì èç îáúÿñíåíèé ýòîãî
âëèÿíèÿ íà àêòèíîâûé öèòîñêåëåò ìîæåò áûòü òîò ôàêò,
÷òî ïðîöåññû ïîëèìåðèçàöèè êîìïîíåíòîâ öèòîñêåëåòà
(àêòèíà â ôèáðèëëû è òóáóëèíà â ìèêðîòðóáî÷êè) âçàè-
ìîñâÿçàíû. Òàê, áûëî ïîêàçàíî, ÷òî èíãèáèòîð ïîëèìå-
ðèçàöèè òóáóëèíà êîëöåìèä âûçûâàåò ðàñïàä ìèêðîòðó-
áî÷åê è îäíîâðåìåííîå óâåëè÷åíèå ñîäåðæàíèÿ Ô-àêòè-
íà â 3 ðàçà â åäèíè÷íûõ ÕÒÍ-2 êëåòêàõ (Karl, Be-
reiter-Hahn, 1998). Êîëõèöèí ðàçðóøàåò ìèêðîòðóáî÷êè
è óâåëè÷èâàåò ñîäåðæàíèå Ô-àêòèíà â Swiss 3T3 ôèáðîá-
ëàñòàõ, ïðè÷åì ýòî äåéñòâèå çàâèñèò îò äîçû è âðåìåíè
äåéñòâèÿ êîëõèöèíà íà êëåòêè. Ìíîãèå äðóãèå àãåíòû,
ðàçðóøàþùèå ìèêðîòðóáî÷êè, äåéñòâóþò ïîäîáíî êîë-
õèöèíó. Â òî æå âðåìÿ àãåíò òàêñîë, ñòàáèëèçèðóþùèé
ìèêðîòðóáî÷êè, èíãèáèðóåò ïîëèìåðèçàöèþ Ã-àêòèíà,
âûçâàííóþ àãåíòàìè, ðàçðóøàþùèìè ìèêðîòðóáî÷êè
(Jung et al., 1997). ×òî êàñàåòñÿ ñàíãâèíàðèíà, òî îí â êà-
÷åñòâå àíòèìèòîòè÷åñêîãî àãåíòà áûë èçâåñòåí åùå äî
îòêðûòèÿ òóáóëèíà. Äàëåå áûëî ïîêàçàíî, ÷òî ñàíãâèíà-
ðèí è åãî áëèçêèé õèìè÷åñêèé àíàëîã àëêàëîèä õåëåðèò-
ðèí ÿâëÿþòñÿ èíãèáèòîðàìè (íå î÷åíü àêòèâíûìè) îáðà-
çîâàíèÿ àíñàìáëÿ ìèêðîòðóáî÷åê. Ýòè àãåíòû èíãèáèðó-
þò ïðîöåññ äîáàâëåíèÿ òóáóëèíîâûõ äèìåðîâ ê ðàñ-
òóùåìó êîíöó ìèêðîòðóáî÷åê çà ñ÷åò îáðàçîâàíèÿ êîìï-
ëåêñîâ ýòèõ àëêàëîèäîâ ñ òóáóëèíîì. Âèäèìî, òàêèå
êîìïëåêñû îáðàçóþòñÿ çà ñ÷åò òèîëîâûõ ãðóïï òóáóëèíà
(äèìåð òóáóëèíà ñîäåðæèò 18 òèîëîâûõ ãðóïï) è èìèí-
íîé ãðóïïû â êàòèîíàõ ýòèõ àëêàëîèäîâ (Wolff, Knipling,
1993). Óâåëè÷åíèå ñîäåðæàíèÿ Ô-àêòèíà â ìàêðîôàãàõ
ìîæíî ïîýòîìó îáúÿñíèòü òåì, ÷òî, âûçûâàÿ ðàñïàä ìèê-
ðîòðóáî÷åê ïîäîáíî êîëõèöèíó, êîëöåìèäó è äðóãèì
àãåíòàì, äåñòàáèëèçèðóþùèì ìèêðîòðóáî÷êè è èíãèáè-
ðóþùèì ïîëèìåðèçàöèþ Ã-àêòèíà, ñàíãâèíàðèí ìîæåò

èíäóöèðîâàòü ïåðåõîä Ã-àêòèíà â ïîëèìåðíîå ñîñòîÿíèå.
Êàê âèäíî íà ðèñ. 3, Óêðàèí îêàçûâàåò ïîäîáíûé ýôôåêò.
Èíòåðåñíî îòìåòèòü, ÷òî äèãèäðîïðîèçâîäíîå ñàíãâèíà-
ðèíà — àëêàëîèä õåëèäîíèí, òàêæå âõîäÿùèé â ñîñòàâ
ñîêà ÷èñòîòåëà, — èíãèáèðóåò ïîëèìåðèçàöèþ òóáóëèíà
è îáðàçîâàíèå ìèêðîòðóáî÷åê (Panzer et al., 2001).

×òî êàñàåòñÿ âëèÿíèÿ ñàíãâèíàðèíà è Óêðàèíà íà ïî-
ëèìåðèçàöèþ Ã-àêòèíà in vitro (ðèñ. 4, 5), òî âèäíî, ÷òî
âÿçêîñòü ðàñòâîðà Ã-àêòèíà ïîä âëèÿíèåì ýòèõ àãåíòîâ
óâåëè÷èâàåòñÿ åùå äî ââåäåíèÿ â ðàñòâîð KCl. Êàê èçâå-
ñòíî, êàòèîíû K+ êàòàëèçèðóþò ðåàêöèþ ïîëèìåðèçàöèè
Ã-àêòèíà, êàê è ìíîãèå äðóãèå ìîíî- è äâóõâàëåíòíûå
êàòèîíû (Colombo et al., 1991). Ïî-âèäèìîìó, ñàíãâèíà-
ðèí ñïîñîáåí ê âçàèìîäåéñòâèþ ñ ìîëåêóëàìè ìîíî-
ìåðíîãî àêòèíà, â ÷àñòíîñòè ñ òèîëîâûìè ãðóïïàìè àê-
òèíà. Î÷èùåííûé àêòèí èìååò øåñòü îñòàòêîâ öèñòåèíà
(Wang et al., 2001), ïðè÷åì îñîáåííî ðåàêòèâíà òèîëîâàÿ
ãðóïïà Cys-374. Ýòîò öèñòåèíîâûé îñòàòîê ðàñïîëîæåí â
ìàëåíüêîì óçêîì êàðìàíå àêòèíîâîé ìîëåêóëû âáëèçè
åå Ñ-êîíöà (Sasaki et al., 1994). Ïî-âèäèìîìó, âçàèìîäåé-
ñòâèå ñàíãâèíàðèíà ñ àêòèíîì ïðèâîäèò ê êîíôîðìàöè-
îííûì èçìåíåíèÿì â ìîëåêóëå àêòèíà, ñïîñîáñòâóþùèì
àêòèâàöèè ìîëåêóë àêòèíà (íóêëåàöèè) è äàëüíåéøåé èõ
ïîëèìåðèçàöèè. Êàê âèäíî íà ðèñ. 5, Óêðàèí îêàçûâàåò
äåéñòâèå, ïîäîáíîå ñàíãâèíàðèíó.

Òàêèì îáðàçîì, íàøè äàííûå ñâèäåòåëüñòâóþò î
òîì, ÷òî ñàíãâèíàðèí è Óêðàèí ñòèìóëèðóþò ÑËÔ, ïî-
âûøàþò ñîäåðæàíèå Ô-àêòèíà â ïåðèòîíåàëüíûõ ìàêðî-
ôàãàõ ìûøè è èíäóöèðóþò ïîëèìåðèçàöèþ Ã-àêòèíà,
âûäåëåííîãî èç ìûøö êðîëèêà. Ìîæíî ïðåäïîëîæèòü,
÷òî ýòè âåùåñòâà ìîãóò ñòèìóëèðîâàòü ýíäîöèòîç. Íà-
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Ðèñ. 3. Âëèÿíèå ñàíãâèíàðèíà è Óêðàèíà íà ñîäåðæàíèå Ô-àê-
òèíà â ïåðèòîíåàëüíûõ ìàêðîôàãàõ ìûøè.

1 — êîíòðîëü, 2 — ñàíãâèíàðèí (5 ìêÌ), 3 — ñàíãâèíàðèí (10 ìêÌ), 4 —
Óêðàèí (1 ìêÌ), 5 — Óêðàèí (2.5 ìêÌ), 6 — Óêðàèí (5 ìêÌ).

Fig. 3. Effects of sanguinarine and Ukrain on F-actin content in mo-
use peritoneal macrophages.

1 — control, 2 — sanguinarine (5 ìM), 3 — sanguinarine (10 ìM), 4 — Ukrain
(1 ìM), 5 — Ukrain (2.5 ìM), 6 — Ukrain (5 ìM).

Ðèñ. 4. Âëèÿíèå ñàíãâèíàðèíà íà îòíîñèòåëüíóþ âÿçêîñòü ðàñ-
òâîðà àêòèíà ïîñëå äîáàâëåíèÿ KCl è ñàíãâèíàðèíà.

1 — KCl (100 ìÌ; êîíòðîëü), 2 — ñàíãâèíàðèí (5 ìêÌ) è KCl (100 ìÌ),
3 — ñàíãâèíàðèí (10 ìêÌ) è KCl (100 ìÌ). Ïåðåä äîáàâëåíèåì KCl ðàñ-
òâîð Ã-àêòèíà â áóôåðå âûäåðæèâàëè ñ ñàíãâèíàðèíîì â òå÷åíèå 20 ìèí.
çîòí. — îòíîñèòåëüíàÿ âÿçêîñòü. Êàæäàÿ òî÷êà — cðåäíåå çíà÷åíèå èç

5—7 îïðåäåëåíèé.

Fig. 4. The influence of sanguinarine on relative viscosity of actin
solution after addition of KCl and sanguinarine.

1 — KCl (100 mM; control), 2 — sanguinarine (5 ìM) and KCl (100 mÌ),
3 — sanginarine (10 ìM) and KCl (100 mM). G-actin solution in buffer was
kept with sanguinarine for 20 min before KCl was added to G-actin solution.
çîòí. — relative viscosity. Every point shows the mean quantity from 5—7 as-

says.



ïðèìåð, åñòü äàííûå î òîì, ÷òî ïðèðîäíûå ïîëèàìèíû
(ñïåðìèí, ñïåðìèäèí è ïóòðåñöèí) çíà÷èòåëüíî èíäóöè-
ðóþò ïîëèìåðèçàöèþ àêòèíà â îïûòàõ in vitro (Ori-
ol-Audit, 1978), còèìóëèðóþò ÑËÔ è ïîâûøàþò ñîäåð-
æàíèå Ô-àêòèíà â ïåðèòîíåàëüíûõ ìàêðîôàãàõ ìûøè
(Ìîæåíîê è äð., 1990). Òàêæå ïîêàçàíà ïîëîæèòåëüíàÿ
êîððåëÿöèÿ ìåæäó ñîäåðæàíèåì ïîëèàìèíîâ è èíòåí-
ñèâíîñòüþ ýíäîöèòîçà â ýòèõ êëåòêàõ (Schuber, 1989).
Íàïðîòèâ, àãåíòû, êîòîðûå âûçûâàþò ðåîðãàíèçàöèþ
ìèêðîôèëàìåíòîâ èëè ïðåïÿòñòâóþò ïîëèìåðèçàöèè àê-
òèíà, èíãèáèðóþò ýíäîöèòîç (Áóëû÷åâ, Ìîæåíîê, 1996).
Íàïðèìåð, ëàòðàíêóëèí À (òîêñèí êðàñíîé ìîðñêîé ãóá-
êè) ïðåïÿòñòâóåò ïîëèìåðèçàöèè àêòèíà è èíãèáèðóåò
ýíäîöèòîç (De Oliveira, Mantovani, 1988). Ïîäîáíûå èñ-
ñëåäîâàíèÿ ïðîäîëæàþòñÿ è â ïîñëåäíåå âðåìÿ (Sasaki
et al., 2004). Ìîæíî ïîëàãàòü, ÷òî ñàíãâèíàðèí è Óêðàèí,
ìîäèôèöèðóÿ âåçèêóëÿðíûå ìåìáðàíû, ñòåïåíü ïîëèìå-
ðèçàöèè àêòèíà è ñòèìóëèðóÿ ÑËÔ, ìîãóò âëèÿòü íà ïðî-
öåññû ìåìáðàííîãî òðàíñïîðòà â êëåòêàõ.

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå Ðîñ-
ñèéñêîãî ôîíäà ôóíäàìåíòàëüíûõ èññëåäîâàíèé (ïðîåêò
04-04-49394à) è ïðîãðàììû Ñ.-Ïåòåðáóðãñêîãî íàó÷íîãî
öåíòðà ÐÀÍ íà 2004 ã.
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Ðèñ. 5. Âëèÿíèå Óêðàèíà íà îòíîñèòåëüíóþ âÿçêîñòü ðàñòâîðà
àêòèíà ïîñëå äîáàâëåíèÿ KCl è Óêðàèíà.

1 — KCl (100 ìÌ; êîíòðîëü), 2 — Óêðàèí (1 ìêÌ) è KCl (100 ìÌ), 3 —
Óêðàèí (2.5 ìêÌ) è KCl (100 ìÌ), 4 — Óêðàèí (5 ìêÌ) è KCl (100 ìÌ).
Ïåðåä äîáàâëåíèåì KCl ðàñòâîð Ã-àêòèíà â áóôåðå âûäåðæèâàëè ñ Óêðà-
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ñðåäíåå çíà÷åíèå èç 5—7 îïðåäåëåíèé.

Fig. 5. The influence of Ukrain on relative viscosity of actin soluti-
on after addition of KCl and Ukrain.

1 — KCl (100 mM; control), 2 — Ukrain (1 ìM) and KCl (100 mM), 3 —
Ukrain (2.5 ìM) and KCl (100 mM), 4 — Ukrain (5 ìM) and KCl (100 mM).
G-actin solution in buffer was kept with Ukrain for 20 min before KCl was ad-
ded to G-actin solution. çîòí. — relative viscosity. Every point shows the mean

quantity from 5—7 assays.



ased elasticity measured by scanning acoustic microscopy. Cell
Biochem. Biophys. 29 : 225—241.

Katz A., Hall E. 1963. Actin from heart muscle: isolation, puri-
fication and physicochemical properties. Circulat. Res. 13 :
187—198.

Kielian M., Cohn Z. A. 1980. Phagosome-lysosome fusion.
Characterization of intracellular membrane fusion in mouse mac-
rophages. J. Cell Biol. 85 : 754—765.

Kielian M., Cohn Z. A. 1982. Intralysosomal accumulation of
polyanions. II. Polyanion internalization and its influence on lyso-
somal pH and membrane fluidity. J. Cell Biol. 93 : 875—882.

Kjeken R., Egeberg M., Habermann A., Kuehnel M., Pey-
ron P., Floetenmeyer M., Waltner P. et al. 2004. Fusion between
phagosomes, early and late endosomes: a role for actin in fusion
between late, not early endocytic organelles. Mol. Biol. Cell. 15 :
345—358.

Klappe K., Wilschut J., Nir S. H., Hoekstra D. 1986. Parame-
ters affecting fusion between Sendai virus and lysosomes. Role of
viral proteins, liposomal composition and pH. Biochemistry. 25 :
8252—8260.

Lanzeti L., Palamidessi A., Areces L., Scita G., Di Fiore P. P.
2004. Rab 5 is a signaling GTPase involved in actin remodeling by
receptor tyrosine kinases. Nature. 429 : 309—314.

Liepins A., Nowicky J. W. 1996. Modulation of immune effec-
tor cell cytotoxic activity and tumour growth inhibition in vivo by
ukrain (NSC 631570). Drugs Exp. Clin. Res. 22 (Suppl.) : 31—41.

Liepins A., Nowicky J. W., Bustamante J. O., Lam E. 1996. In-
duction of programmed cell death in malignant cells by the derivati-
ve ukrain (NSC-631570). Drugs Exp. Clin. Res. 22 (Suppl.) : 1—7.

Lowry O., Rosenbrough N., Farr A., Randall R. 1951. Protein
masurement with the Folin phenol reagent. J. Biol. Chem. 193 :
265—275.

Lucy J. A. 1987. Fusion-fusion reaction in biological membra-
nes and in phospholipid bilayers. In: Biomembrane and receptor
mechanism. Berlin: Springer Verlag. 163—176.

Nowicky J. W., Nowicky W., Liepins A. 1993. Cytostatic and
cytotoxic effects of ukrain on malignant cells. J. Chemother. 5
(Suppl. 1) : 797—800.

Nowicky W. 1990. Unated States Patent: 4, 970, 212 USA.
Nuzzo M. R., Sanges A., Folgore C., Carratelli R. 2000. Apop-

tosis of human keratinocytes after bacterial invasion. FEMS Im-
mun. Med. Microbiol. 27 : 235—240.

Oriol-Audit C. 1978. Polyamine-induced actin polymerization.
J. Biochem. 87 : 371—376.

Panzer A., Joubert A. M., Bianchi P. C., Hamel E., See-
gers J. C. 2001. The effects of chelidonine on tubulin polymerizati-
on, cell cycle progression and selected signal transmission pathwa-
ys. Eur. J. Cell Biol. 80 : 111—118.

Reddien P. W., Horwitz R. H. 2000. CED-2/Crk II and
CED-10/Rac control phagocytosis and cell migration in Caenor-
habditis elegans. Nature Cell Biol. 2 : 131—136.

Riezman H., Munn A., Geli M. L., Hicke L. 1996. Actin-, myo-
sin- and ubiqutin-dependent endocytosis. Experientia.52 :
1033—1041.

Saito S., Watanabe S., Ozaki H., Fusetani N., Karaki H. 1994.
Mycalolide B, a novel actin depolimerizing agent. J. Biol.
Chem. 269 : 29 710—29 714.

Sasaki H., Ozaki H., Karaki H., Nonomura Y. 2004. Actin fila-
ments play an essential role for transport of nascent HIV-1 proteins
in host cells. Biochem. Biophys. Res. Commun. 316 : 588—593.

Sasaki Y., Tsunomori F., Yamashita T., Horie K., Ushiki H., Is-
hikawa R., Kohama K. 1994. Local environmental change from the
G- to F-form of the actin molecule detected on anisotropy decay
measurement. J. Biochem. (Tokyo). 116 : 236—238.

Schuber F. 1989. Influence of polyamines on membrane func-
tions. Biochem. J. 260 : 1—10.

Sibley L. D. 2004. Intracellular parasite invasion strategies.
Science. 304 : 248—253.

Smith A. E., Helenius A. 2004. How viruses enter animal cells.
Science. 304 : 237—241.

Southwick F. S., Li W., Zhang F., Zeile W. L., Purich D. L.
2003. Actin-based endosome and phagosome rocketing in macrop-
hages: activation by the secretagogue antagonists lanthanum and
zinc. Cell Motil. Cytoskeleton. 54 : 41—55.

Susak Y. M., Zemskov V. S., Yaremchuk O. Y., Kravchen-
ko O. B., Yatsyk I. M., Korsh O. B. 1996. Comparison of chemothe-
rapy and X-ray therapy with ukrain monotherapy for colorectal can-
cer. Drugs Exp. Clin. Res. 22 (Suppl.) : 43—50.

Valenti P., Greco R., Pitari G., Rossi P., Ajello M., Malino G.,
Antonioni G. 1999. Apoptosis of Caco-2 intestinal cells invaded by
Listeria monocytogenes: protective effect of lactoferrin. Exp. Cell
Res. 250 : 197—202.

Walburger A., Koul A., Ferrari G., Nguyen L., Prescianot-
to-Baschong C., Huygen K., Klebl B., Thompson C., Bacher G., Pi-
eters J. 2004. Protein kinase C from pathogenic Mycobacteria pro-
motes survival within macrophages. Science. 304 : 1800—1804.

Wang J., Boja E. S., Tan W., Tekle E., Fales H. M. et al. 2001.
Reversible glutathionylation regulates actin polymerization in
A431 cells. J. Biol. Chem. 276 : 47 763—47 766.

Wolff J., Knipling L. 1993. Antimicrotubule properties of ben-
zophenanthridine alkaloids. Biochemistry. 32 : 13 334—13 339.

Zhang F., Soutwick F. S., Purich D. L. 2002. Actin-based pha-
gosome motility. Cell Motil. Cytoskeleton. 53 : 81—88.

Ïîñòóïèëà 21 III 2005

MODULATION OF VESICULAR MEMBRANE FUSION AND OF ACTIN CYTOSKELETON

IN MOUSE MACROPHAGES INDUCING BY ALKALOID SANGUINARINE

AND A DERIVATIVE DRUG UKRAIN
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A study was made of modulations of lysosome-phagosome fusion process and of fibrillar actin content in
mouse peritoneal macrophages by an antitumor alkaloid sanguinarine and a derivative drug Ukrain. In addition,
effects of these substances on in vitro polymerization of monomeric globular actin from rabbit muscle were in-
vestigated. Sanguinarine and Ukrain stimulated lysosome-phagosome fusion and increased the content of poly-
merized fibrillar form of actin in mouse macrophages. Effects of these substances were enhanced at their higher
concentrations. Both sanguinarine and Ukrain induced in vitro polymerization of globular actin from rabbit
muscle. A possible role of sanguinarine and Ukrain in changing vesicular membrane states during intracellular
membrane interaction in lysosome-phagosome fusion process was discussed. The influence of these substances
on actin polymerization and actin cytoskeleton rearrangement was evaluated. It could be supposed that sangui-
narine and Ukrain may alter intracellular membrane transport.
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