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ÀÍÒÈÌÈÊÐÎÁÍÎÅ ÄÅÉÑÒÂÈÅ ÔÎÒÎÑÅÍÑÈÁÈËÈÇÀÒÎÐÀ
ÌÅÒÈËÅÍÎÂÎÃÎ ÑÈÍÅÃÎ ÍÀ PARAMECIUM CAUDATUM

Èçó÷åíî âîçäåéñòâèå ôîòîñåíñèáèëèçàòîðà ìåòèëåíîâîãî ñèíåãî â êîíöåíòðàöèÿõ 0,02;
0,1 è 1,0 % è âðåìåíåì ýêñïîçèöèè îïòè÷åñêîãî èçëó÷åíèÿ 15 ìèí íà ïðîñòåéøèõ Paramecium
caudatum. Â ïåðâîì îïûòå ê âçâåñè ïàðàìåöèé äîáàâëÿëè ðàâíîå êîëè÷åñòâî ðàñòâîðà ìåòèëå-
íîâîãî ñèíåãî êðàñèòåëÿ ñ óêàçàííûìè êîíöåíòðàöèÿìè, îáëó÷åíèå íå ïðîâîäèëè, îöåíèâà-
ëè ïîäâèæíîñòü ïàðàìåöèé è âðåìÿ äî èõ ãèáåëè. Óñòàíîâëåíî, ÷òî â ðàñòâîðàõ ñ êîíöåíòðà-
öèÿìè ôîòîñåíñèáèëèçàòîðà 0,02; 0,1 è 1,0 % âðåìÿ âûæèâàíèÿ ïàðàìåöèé ñîñòàâèëî 15, 10 è
3 ìèí ñîîòâåòñòâåííî. Â êîíòðîëå (áåç âîçäåéñòâèÿ) ïîäâèæíîñòü ïàðàìåöèé íå èçìåíÿëàñü.
Âî âòîðîì îïûòå îáëó÷àëè ïàðàìåöèé â òå÷åíèå 15 ìèí. Â êîíòðîëüíîé ãðóïïå îáëó÷åíèå
ïðîâîäèëè áåç ôîòîñåíñèáèëèçàòîðà. Â ðàñòâîðàõ ñ ôîòîñåíñèáèëèçàòîðîì âðåìÿ âûæèâàíèÿ
ïàðàìåöèé ñîñòàâèëî 5, 2 è 1 ìèí ñîîòâåòñòâåííî. Â êîíòðîëüíîé ãðóïïå ïîäâèæíîñòü ïàðà-
ìåöèé íå èçìåíÿëàñü. Âûÿâëåíî, ÷òî âîçäåéñòâèå îïòè÷åñêèì èçëó÷åíèåì íà ðàñòâîð ôîòî-
ñåíñèáèëèçàòîðà óñêîðÿåò ãèáåëü ïàðàìåöèé â 2–5 ðàç, à âåëè÷èíà àíòèìèêðîáíîãî äåéñòâèÿ
ïðÿìî ïðîïîðöèîíàëüíà êîíöåíòðàöèè ðàñòâîðà è âðåìåíè ýêñïîçèöèè îïòè÷åñêîãî èçëó÷å-
íèÿ. Ìåòîä ïåðñïåêòèâåí â òåðàïèè èíôåêöèîííûõ çàáîëåâàíèé, îáóñëîâëåííûõ àíòèáèîòè-
êîðåçèñòåíòíûìè ìèêðîîðãàíèçìàìè.

Êëþ÷åâûå ñëîâà: àíòèáèîòèêîðåçèñòåíòíîñòü, ôîòîäèíàìè÷åñêàÿ òåðàïèÿ, ìåòèëåíîâûé
ñèíèé êðàñèòåëü, ïàðàìåöèè, îïòè÷åñêîå èçëó÷åíèå, äåñòðóêöèÿ êëåòîê.

Ðàñïðîñòðàíåíèå ñðåäè ïàòîãåííûõ ìèêðîîðãàíèçìîâ ìíîæåñòâåííîé
óñòîé÷èâîñòè ê àíòèáèîòèêàì ôîðñèðóåò èññëåäîâàíèÿ â îáëàñòè íîâûõ
ìåòîäîâ ëå÷åíèÿ èíôåêöèîííûõ çàáîëåâàíèé. Îäèí èç òàêèõ ìåòîäîâ –
ôîòîäèíàìè÷åñêàÿ òåðàïèÿ, îñíîâàííàÿ íà ïðèìåíåíèè ñâåòî÷óâñòâèòåëü-
íûõ âåùåñòâ (ôîòîñåíñèáèëèçàòîðîâ) è îïòè÷åñêîãî èçëó÷åíèÿ. Äåéñòâèå
ôîòîñåíñèáèëèçàòîðîâ íà ìèêðîîðãàíèçìû âïåðâûå îáíàðóæèë íåìåöêèé
ìåäèê Oscar Raab. Â 1900 ã. îí ïðåäñòàâèë äîêëàä è îïóáëèêîâàë ðåçóëüòà-
òû ñâîèõ ýêñïåðèìåíòîâ â îáëàñòè ôîòîòîêñèêîëîãèè [1], êîòîðûå áûëè
óñïåøíî îïðîáîâàíû â òåðàïèè áîëüíûõ êàðöèíîìîé êîæè, ñèôèëèñîì è
òóáåðêóëåçîì [2]. Ýôôåêòèâíîñòü äàííîãî ìåòîäà îêàçàëàñü äîñòàòî÷íî
âûñîêîé, è îí ïîëó÷èë íàçâàíèå “ôîòîäèíàìè÷åñêèé” [3]. Âñêîðå â ñâÿçè
ñ îòêðûòèåì àíòèáèîòèêîâ èññëåäîâàíèÿ â ýòîé îáëàñòè áûëè ïðèîñòàíîâ-
ëåíû.

Ìåõàíèçì äåéñòâèÿ ôîòîäèíàìè÷åñêîé òåðàïèè ìîæåò áûòü ïðåäñòàâ-
ëåí êàê êîìáèíèðîâàííîå âçàèìîäåéñòâèå òðåõ êîìïîíåíòîâ: ôîòîñåíñè-
áèëèçàòîðà, ñîîòâåòñòâóþùåãî åìó îïòè÷åñêîãî èçëó÷åíèÿ âèäèìîãî ñïåê-
òðà è ìîëåêóëÿðíîãî êèñëîðîäà [4, 5]. Ïðè îáëó÷åíèè ìîëåêóëàì êèñëîðî-
äà ñîîáùàåòñÿ äîïîëíèòåëüíàÿ ýíåðãèÿ, ÷òî ñîïðîâîæäàåòñÿ èõ äèññîöèà-
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öèåé è îáðàçîâàíèåì ðàäèêàëîâ – ñóïåðîêñèäíîãî è ñèíãëåòíîãî êèñëîðîäà
[6]. Ñåëåêòèâíî â ïîðàæåííûõ êëåòêàõ îíè âûçûâàþò öèòîòîêñè÷åñêèå è
öèòîñòàòè÷åñêèå ïðîöåññû, êëåòêè çäîðîâûõ òêàíåé îñòàþòñÿ íåïîâðåæ-
äåííûìè, òàê êàê íå íàêàïëèâàþò ôîòîñåíñèáèëèçàòîðû [7–9]. Ýòî ÿâëå-
íèå, ïî íàøåìó ìíåíèþ, ìîæåò áûòü èñïîëüçîâàíî â òåðàïèè èíôåêöèîí-
íûõ çàáîëåâàíèé, îñîáåííî èìåþùèõ ëîêàëüíûé õàðàêòåð. Èìåþòñÿ îò-
äåëüíûå ðàáîòû ïî ýôôåêòèâíîé òåðàïèè òàêèõ çàáîëåâàíèé, íàïðèìåð,
êàíäèäîçà ïîëîñòè ðòà, âûçâàííîãî àíòèáèîòèêîðåçèñòåíòíûì øòàììîì
Candida albicans, â õîäå êîòîðîé ïðèìåíÿëè â êà÷åñòâå ôîòîñåíñèáèëèçàòî-
ðà ìåòèëåíîâûé ñèíèé êðàñèòåëü è êàäìèé-ãàëëèé-ôîñôèäíûé ëàçåð ñ
äëèíîé âîëíû 620 íì è ýêñïîçèöèåé 5 ìèí [10–13]. Òàêæå ïîêàçàíî ïîäàâ-
ëåíèå ðîñòà Staphylococcus aureus â ðåçóëüòàòå âîçäåéñòâèÿ ìåòèëåíîâîãî
ñèíåãî êðàñèòåëÿ ñ ïîñëåäóþùèì îáëó÷åíèåì LED-èñòî÷íèêîì ñ äëèíîé
âîëíû 620 íì [14–16]. Èñïîëüçîâàíèå äàííîãî êðàñèòåëÿ îáúÿñíÿåòñÿ åãî
äîñòóïíîñòüþ è øèðîêèì ðàñïðîñòðàíåíèåì â ëàáîðàòîðíîé ïðàêòèêå,
ïîýòîìó ïðåäñòàâëÿåò îïðåäåëåííûé èíòåðåñ ïîèñê íàèáîëåå ýôôåêòèâ-
íîãî ñî÷åòàíèÿ êîíöåíòðàöèè êðàñèòåëÿ è âðåìåíè åãî îáëó÷åíèÿ.

Öåëü ðàáîòû – èçó÷èòü èçìåíåíèå àíòèìèêðîáíîãî äåéñòâèÿ ðàñòâîðà
ôîòîñåíñèáèëèçàòîðà ñ ðàçíîé êîíöåíòðàöèåé è âðåìåíåì åãî îáëó÷åíèÿ
íà Paramecium caudatum.

ÌÀÒÅÐÈÀËÛ È ÌÅÒÎÄÛ ÈÑÑËÅÄÎÂÀÍÈÉ

Ïðîâåäåíû äâà îïûòà: â ïåðâîì – ïëàíèðîâàëè èçó÷èòü âûæèâàíèå
ïàðàìåöèé â ðàñòâîðå ìåòèëåíîâîãî ñèíåãî êðàñèòåëÿ ñ ðàçíîé êîíöåíòðà-
öèåé, âî âòîðîì – âûæèâàíèå ïàðàìåöèé â ýòèõ ðàñòâîðàõ ïîñëå ïðîâåäå-
íèÿ îáëó÷åíèÿ.

Îáúåêòîì èññëåäîâàíèé âûáðàíû ïàðàìåöèè, òàê êàê îíè ÿâëÿþòñÿ
ñòàíäàðòíûì òåñò-îáúåêòîì äëÿ îïðåäåëåíèÿ òîêñè÷íîñòè. Ïîäâèæíîñòü
ïàðàìåöèé îïðåäåëÿëè ñîãëàñíî ÃÎÑÒ Ð 52337–2005 “Êîðìà, êîìáèêîð-
ìà, êîìáèêîðìîâîå ñûðüå, ìåòîäû îïðåäåëåíèÿ îáùåé òîêñè÷íîñòè” â íà-
øåé ìîäèôèêàöèè: ïîäâèæíîñòü ïàðàìåöèé óñëîâíî îöåíèâàëè â áàëëàõ
îò 5 äî 1, âûñîêîïîäâèæíûå – 5, ïîãèáøèå – 1.

Â ðàáîòå èñïîëüçîâàëè ðàñòâîðû ìåòèëåíîâîãî ñèíåãî êðàñèòåëÿ â
äèñòèëëèðîâàííîé âîäå ñ êîíöåíòðàöèåé 0,02; 0,1 è 1,0 %, èìåþùèå
ñïåêòð ïîãëîùåíèÿ îïòè÷åñêîãî èçëó÷åíèÿ â äèàïàçîíå 618–668 íì, à òàê-
æå ñïåöèàëüíî ðàçðàáîòàííûé LED-èçëó÷àòåëü ñ äëèíîé âîëíû 620 íì è
âûõîäíîé ìîùíîñòüþ 3500 ìÂò.

Ïåðâûé îïûò: äåéñòâèå ìåòèëåíîâîãî ñèíåãî íà ïàðàìåöèè áåç îáëó-
÷åíèÿ. Â îïûòíîé ãðóïïå íà ïðåäìåòíîå ñòåêëî ïîìåùàëè âçâåñü ïàðàìå-
öèé â êîëè÷åñòâå 0,2 ìë, ê íåé äîáàâëÿëè 0,2 ìë ðàñòâîðà ìåòèëåíîâîãî
ñèíåãî â êîíöåíòðàöèÿõ 0,02; 0,1 è 1 % è îöåíèâàëè èõ ïîäâèæíîñòü ïðè
�100 è �400. Â êîíòðîëüíîé ãðóïïå ðàñòâîð ìåòèëåíîâîãî ñèíåãî íå äîáàâ-
ëÿëè. Âðåìÿ íàáëþäåíèÿ ñîñòàâëÿëî 1, 2, 3, 5, 10, 15 ìèí ñ íà÷àëà îïûòà.

Âòîðîé îïûò: äåéñòâèå ìåòèëåíîâîãî ñèíåãî íà ïàðàìåöèè ñ îáëó÷å-
íèåì. Îïûò ïðîâîäèëè àíàëîãè÷íî, íî ñ îáëó÷åíèåì ïàðàìåöèé â òå÷åíèå
15 ìèí. Êîíòðîëüíóþ ãðóïïó îáëó÷àëè áåç ôîòîñåíñèáèëèçàòîðà. Îïûòû
ïðîâåäåíû â ïÿòè ïîâòîðåíèÿõ äëÿ ïîñëåäóþùåé ñòàòèñòè÷åñêîé îáðàáîò-
êè ïî Ôèøåðó â ïðîãðàììå MS Excel 2003.
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ÐÅÇÓËÜÒÀÒÛ ÈÑÑËÅÄÎÂÀÍÈÉ È ÈÕ ÎÁÑÓÆÄÅÍÈÅ

Ðåçóëüòàòû ïåðâîãî îïûòà ïðåäñòàâëåíû â òàáë. 1.
Â îïûòíîé ãðóïïå ñ êîíöåíòðàöèåé ðàñòâîðà 0,02 % ïîäâèæíîñòü ïà-

ðàìåöèé îòíîñèòåëüíî êîíòðîëÿ ñíèçèëàñü – îò 4,8 % ÷åðåç 1 ìèí äî
76,2 % ÷åðåç 15 ìèí; ñ êîíöåíòðàöèåé 0,1 % – íà 9,52 è 76,2 % ÷åðåç 1 è 15
ìèí ñîîòâåòñòâåííî; â 1%-ì ðàñòâîðå – íà 28,5; 42,8 è 76,2 % ÷åðåç 1, 2 ìèí
è áîëåå ñîîòâåòñòâåííî (äàííûå äîñòîâåðíû). Â êîíòðîëüíîé ãðóïïå ïîä-
âèæíîñòü ïàðàìåöèé íå èçìåíÿëàñü.

Ðåçóëüòàòû âòîðîãî îïûòà ïðåäñòàâëåíû â òàáë. 2.
Â îïûòíîé ãðóïïå ñ êîíöåíòðàöèåé ðàñòâîðà 0,02 % ïîäâèæíîñòü ïà-

ðàìåöèé ñíèæàëàñü èíòåíñèâíåå – íà 26,3; 52,6 è 76,2 % ÷åðåç 1, 3 ìèí è
äàëåå ñîîòâåòñòâåííî. Â ðàñòâîðå ñ êîíöåíòðàöèåé 0,1 %: ÷åðåç 1 ìèí – íà
37,5 %, ÷åðåç 2 ìèí è áîëåå – íà 76,2 %. Â 1%-ì ðàñòâîðå â òå÷åíèå ïåðâîé
ìèíóòû ïîäâèæíîñòü ïàðàìåöèé ñíèçèëàñü íà 76,2 %, ïîñëå ÷åãî îíè ïî-
ãèáëè (äàííûå äîñòîâåðíû). Â êîíòðîëüíîé ãðóïïå ïîäâèæíîñòü ïàðàìå-
öèé íå èçìåíÿëàñü.

Òàêèì îáðàçîì, â ïåðâîì îïûòå ãèáåëü ïàðàìåöèé íàñòóïèëà â ðàñòâî-
ðå ñ êîíöåíòðàöèåé 0,02 % ÷åðåç 15 ìèí, 0,1 % ÷åðåç 10, 1 % ÷åðåç 3 ìèí.

Âî âòîðîì îïûòå ãèáåëü ïàðàìåöèé íàñòóïèëà â ðàñòâîðå ñ êîíöåíòðà-
öèåé 0,02 % ÷åðåç 5 ìèí, 0,1 % ÷åðåç 2, 1 % ÷åðåç 1 ìèí. Ãèáåëü ïàðàìåöèé
ñîïðîâîæäàëàñü èçìåíåíèåì ôîðìû êëåòêè íà øàðîîáðàçíóþ ñ ïîñëåäóþ-
ùåé äåñòðóêöèåé êëåòî÷íîé ñòåíêè. Â êîíòðîëüíûõ ãðóïïàõ ïàðàìåöèè
âûæèëè. Èç ïðèâåäåííûõ äàííûõ ñëåäóåò, ÷òî àíòèìèêðîáíûå ñâîéñòâà ìå-
òèëåíîâîãî ñèíåãî êðàñèòåëÿ ïðÿìî ïðîïîðöèîíàëüíû åãî êîíöåíòðàöèè
è âðåìåíè îáëó÷åíèÿ.
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Ò à á ë è ö à 1
Èçìåíåíèå ïîäâèæíîñòè ïàðàìåöèé â ðàñòâîðå ìåòèëåíîâîãî ñèíåãî

áåç îáëó÷åíèÿ

Âðåìÿ
ýêñïîçè-
öèè, ìèí

Êîíöåíòðàöèÿ ðàñòâîðà, %

Êîíòðîëü
0,02 0,1 1

Ñðåäíåå
çíà÷åíèå

Ðàçíèöà ñ
êîíòðîëåì,

%

Ñðåäíåå
çíà÷åíèå

Ðàçíèöà ñ
êîíòðîëåì,

%

Ñðåäíåå
çíà÷åíèå

Ðàçíèöà ñ
êîíòðîëåì,

%

0 4,2 ± 0,2 4,2 ± 0,2 4,2 ± 0,2 4,4 ± 0,2

1 4 ± 0 –4,8 3,8 ± 0,2 –9,52 3 ± 0 –28,5** 4 ± 0

2 4 ± 0 –4,8 3,4 ± 0,2 –19,05* 2,4 ± 0,2 –42,8*** 4 ± 0

3 3,2 ± 0,3 –23,8 2,8 ± 0,3 –33,33* 1 ± 0 –76,2* 4 ± 0

5 2.6 ± 0.2 –39,1** 1,2 ± 0,2 –71,42* 1 ± 0 –76,2* 4 ± 0

10 1.4 ± 0.2 –66,7* 1 ± 0 –76,2* 1 ± 0 –76,2* 4 ± 0

15 1 ± 0 –76,2* 1 ± 0 –76,2* 1 ± 0 –76,2* 4 ± 0

*p < 0,05.
**p < 0,01.

***p < 0,001.



ÇÀÊËÞ×ÅÍÈÅ

Ïðîâåäåííûå èññëåäîâàíèÿ ïîêàçàëè, ÷òî ìåòèëåíîâûé ñèíèé êðàñè-
òåëü â êà÷åñòâå ôîòîñåíñèáèëèçàòîðà – ïåðñïåêòèâíûé ïðåïàðàò ñ âûðà-
æåííûìè àíòèìèêðîáíûìè ñâîéñòâàìè, âåëè÷èíà êîòîðûõ çàâèñèò îò
âðåìåíè ýêñïîçèöèè èçëó÷åíèÿ. Íàèáîëåå ýôôåêòèâíûì ÿâëÿåòñÿ 1%-é
âîäíûé ðàñòâîð, âðåìÿ âîçäåéñòâèÿ íå ìåíåå 15 ìèí.
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Ò à á ë è ö à 2
Èçìåíåíèå ïîäâèæíîñòè ïàðàìåöèé â ðàñòâîðå ìåòèëåíîâîãî ñèíåãî ñ îáëó÷åíèåì

Âðåìÿ ýêñ-
ïîçèöèè,

ìèí

Êîíöåíòðàöèÿ ðàñòâîðà, %

Êîíòðîëü
0,02 0,1 1

Ñðåäíåå
çíà÷åíèå

Ðàçíèöà ñ
êîíòðîëåì,

%

Ñðåäíåå
çíà÷åíèå

Ðàçíèöà ñ
êîíòðîëåì,

%

Ñðåäíåå
çíà÷åíèå

Ðàçíèöà ñ
êîíòðîëåì,

%

0 3,8± 0,2 3,2 ± 0,2 2,2 ± 0.2 4,4 ± 0,2

1 2,8 ± 0,2 –26,3** 2 ± 0 –37,5** 1 ± 0 –76,2* 4 ± 0

2 2,8 ± 0,2 –26,3** 1 ± 0 –76,2* 1 ± 0 –76,2* 4 ± 0

3 1,8 ± 0.2 –52,6*** 1 ± 0 –76,2* 1 ± 0 –76,2* 4 ± 0

5 1 ± 0 –76,2* 1 ± 0 –76,2* 1 ± 0 –76,2* 4 ± 0

10 1 ± 0 –76,2* 1 ± 0 –76,2* 1 ± 0 –76,2* 4 ± 0

15 1 ± 0 –76,2* 1 ± 0 –76,2* 1 ± 0 –76,2* 4 ± 0

*p < 0.05.
**p < 0,01.

***p < 0,001.
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ANTIMICROBIAL ACTION OF PHOTOSENSITIZER
METHYLENE BLUE ON PARAMECIUM CAUDATUM

There was studied the action of photosensitizer methylene blue in concentrations of 0.02, 0.1,
and 1.0%, and exposure time of optical radiation of 15 minutes on the protozoa Paramecium
caudatum. A light-emitting diode with output power of 3500 milliwatts and wavelength of 620
nanometers was used as a light source. In the first experiment, methylene blue dye solution in the
concentrations stated above was added to paramecium suspension in the same proportion; optical
irradiation was not performed; mobility of paramecia and time to death were evaluated. It was found
that survival times of paramecia made up 15, 10, and 3 minutes as influenced by photosensitizer
solutions in concentrations of 0.02, 0.1, and 1.0%, respectively. In the control group, mobility of
paramecia did not change. In the second experiment, paramecia were irradiated for 15 minutes. The
control group of paramecia was irradiated without photosensitizer. Survival times of paramecia in the
second experiment made up 5, 2, and 1 minutes in solutions with photosensitizer concentrations of
0.02, 0.1, and 1.0%, respectively. Mobility of paramecia of the control group did not change. It has
been found that the impact of optical radiation on the photosensitizer solution 2–5 times accelerates
the death of paramecia, and the magnitude of the antimicrobial action is in direct proportion to the
solution concentration and exposure time of optical radiation. This method is promising for the
treatment of infectious diseases caused by antibiotic-resistant microorganisms.

Keywords: antibiotic resistance, photodynamic therapy, methylene blue dye, paramecia, optical
radiation, cell destruction.
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