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Âèêîðèñòàííÿ êóëüòóðè êë³òèí Íåð-2 ó ëîãàðèôì³÷í³é ³ ñòàö³îíàðí³é ôàç³ 
ðîñòó äëÿ ïîïåðåäíüî¿ ñêðèí³íãîâî¿ îö³íêè áåçïåêè çàñòîñóâàííÿ àêòèâíîãî 
ôàãà Clostridium perfringens ó ìåäè÷í³é ïðàêòèö³ äîçâîëèëî âñòàíîâèòè ñëàáêî 
âèðàæåíó öèòîòîêñè÷íó ä³þ ïðåïàðàòà â êîíöåíòðàö³¿ 106 ôàãîâèõ ÷àñòîê ó 
îäíîìó ì³ë³ë³òð³, ùî ðåºñòðóâàëàñÿ ÷åðåç 24 ãîä åêñïîçèö³¿.

Ê ë þ ÷ î â ³  ñ ë î â à :  áàêòåð³îôàã, Clostridium perfringens, êóëüòóðà êë³òèí 
Íåð-2, öèòîòîêñè÷í³ âëàñòèâîñò³.

Õàð÷îâå îòðóºííÿ, âèêëèêàíå Clostridium perfringens, – ó âñ³õ êðà¿íàõ ñâ³òó 
îäíå ç íàéïîøèðåí³øèõ çàõâîðþâàíü. Â îñòàíí³ ðîêè çíà÷íî ï³äâèùèâñÿ ³íòåðåñ äî 
âèêîðèñòàííÿ áàêòåð³îôàã³â äëÿ ë³êóâàííÿ áàêòåð³àëüíèõ ³íôåêö³é. Öå ïîâ’ÿçàíî, 
íàñàìïåðåä, ç ðîñòîì ðåçèñòåíòíîñò³ çáóäíèê³â õâîðîá ëþäèíè ³ òâàðèí äî àíòè-
áàêòåð³àëüíèõ ïðåïàðàò³â [1, 3, 4]. 

Ó 30 – 40 ðîêàõ ÕÕ ñòîð³÷÷ÿ öåé åôåêòèâíèé ³ íåäîðîãèé ï³äõ³ä óñï³øíî âè-
êîðèñòîâóâàâñÿ íå ò³ëüêè äëÿ ë³êóâàííÿ, àëå ³ äëÿ çàïîá³ãàííÿ ïîøèðåííÿ áàãàòüîõ 
³íôåêö³é. Çà ñâîþ ³ñòîð³þ áàêòåð³îôàãè ïåðåæèëè ³ âåëèêèé ³íòåðåñ äî íèõ â åïîõó 
¿õíüîãî çàðîäæåííÿ ³ ïðàêòè÷íî ïîâíå çàáóòòÿ â 60 – 80-ò³ ðîêè. Â îñòàíí³ 5 ðîê³â 
³íòåðåñ äî íèõ â³äðîäèâñÿ [2, 5, 6, 10 – 14]. 

Äëÿ çìåíøåííÿ ðèçèêó øëóíêîâî-êèøêîâèõ çàõâîðþâàíü ëþäèíè, ùî âèêëè-
êàþòü Clostridium perfringens ç ïðèäáàíîþ ñò³éê³ñòþ äî ë³êàðñüêèõ çàñîá³â, â 
Iíñòèòóò³ áàêòåð³îôàã³¿, ì³êðîá³îëîã³¿ ³ â³ðóñîëîã³¿ ÀÍ Ãðóç³¿ áóâ ñòâîðåíèé ïðåïàðàò 
ñïåöèô³÷íîãî áàêòåð³îôàãà, ùî ì³ñòèòü 107 áëÿøêîóòâîðþâàëüíèõ îäèíèöü (ÁÓÎ) â 
1 ìë. Ó äàíèé ÷àñ ïðîâîäèòüñÿ êîìïëåêñíà îö³íêà á³îëîã³÷íèõ âëàñòèâîñòåé íîâîãî 
ïðåïàðàòó in vitro ³ in vivo [9, 13]. 

Ìåòîþ ðîáîòè áóëî âèâ÷åííÿ öèòîòîêñè÷íèõ âëàñòèâîñòåé áàêòåð³îôàãà 
Clostridium perfringens íà ìîäåë³ ïåðåùåïëþâàíî¿ êóëüòóðè êë³òèí ëþäèíè Íåð-2 

ó ëîãàð³ôì³÷í³é ³ ñòàö³îíàðí³é ôàçàõ ðîñòó. 
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Ìàòåðiàëè i ìåòîäè
Îá’ºêòîì äîñë³äæåííÿ áóâ ïðåïàðàò áàêòåð³îôàãà Clostridium perfringens ó 

êîíöåíòðàö³¿ 105 òà 106 ÁÓÎ/ ìë. ßê åêñïåðèìåíòàëüíó ìîäåëü äëÿ âèâ÷åííÿ á³îëî-
ã³÷íî¿ àêòèâíîñò³ âêàçàíîãî ïðåïàðàòà âèêîðèñòîâóâàëè ïåðåùåïëþâàíó êóëüòóðó 
êë³òèí êàðöèíîìè ãîðòàí³ ëþäèíè Íåð-2. Îö³íêó öèòîòîêñè÷íîãî âïëèâó áàêòåð³-
îôàãà íà êóëüòóðó êë³òèí ó ëîãàðèôì³÷í³é ôàç³ ðîñòó çä³éñíþâàëè ïî ïîêàçíèêàõ: 
ñòóï³íü àòðàêö³¿ êë³òîê äî ïîâåðõí³ íîñ³ÿ, øâèäê³ñòü ôîðìóâàííÿ ìîíîøàðó êë³òèí, 
âåëè÷èíà ì³òîòè÷íî¿ àêòèâíîñò³. 

Âïëèâ áàêòåð³îôàãà íà êóëüòóðó êë³òèí ó ñòàö³îíàðí³é ôàç³ ðîñòó îö³íþâàëè ïî 
ïîêàçíèêàõ – ìîðôîëîã³÷í³ çì³íè ³ âèæèâàííÿ êë³òèí, ñòóï³íü äåãåíåðàö³¿ ìîíîøà-
ðó [5, 7, 8]. Ïðè êóëüòèâóâàíí³ ÿê ðîñòîâå âèêîðèñòîâóâàëè ñåðåäîâèùå 199, ÿêå 
ì³ñòèòü 10 % ñèðîâàòêè âåëèêî¿ ðîãàòî¿ õóäîáè. Ïîñ³âíà äîçà 30 – 50 õ 103 êë³òèí/
ìë ðîñòîâîãî ñåðåäîâèùà. Òåìïåðàòóðà êóëüòèâóâàííÿ 37 °Ñ. Ó ëîãàðèôì³÷í³é ôàç³ 
ðîñòó, òîáòî ÷åðåç 24 ãîäèíè êóëüòèâóâàííÿ, ïðîâîäèëè êîíòàì³íàö³þ êë³òèí 
áàêòåð³îôàãîì: äîäàâàëè ïî 0,1 ìë ïðåïàðàòó ó ïåí³öèë³íîâèé ôëàêîí ç 0,9 ìë 
ñóñïåíç³¿ êë³òèí. Îáë³ê ðåçóëüòàò³â ïðîâîäèëè ÷åðåç 24, 48, 72 ãîä. 

Äëÿ îö³íêè âïëèâó áàêòåð³îôàãà íà êóëüòóðó êë³òèí ó ñòàö³îíàðí³é ôàç³ ðîñòó 
êîíòàì³íàö³þ ïåðåùåïëþâàíî¿ êóëüòóðè êë³òèí çä³éñíþâàëè ÷åðåç 72 ãîä êóëüòè-
âóâàííÿ, òîáòî ï³ñëÿ çàê³í÷åííÿ ôîðìóâàííÿ ìîíîøàðó. Îáë³ê ðåçóëüòàò³â ïðîâî-
äèëè ÷åðåç 24, 48, 72 ãîä åêñïîçèö³¿ øëÿõîì â³çóàëüíî¿ îö³íêè ìîðôîëîã³÷íèõ çì³í 
êë³òèí òà ö³ë³ñíîñò³ ìîíîøàðó. Ñòóï³íü äåãåíåðàö³¿ ìîíîøàðó êë³òèí îö³íþâàëè çà 
4-ïëþñîâîþ ñèñòåìîþ. ×åðåç 72 ãîä çä³éñíþâàëè ï³äðàõóíîê ê³ëüêîñò³ æèòòºçäàòíèõ 
êë³òèí ó ìîíîøàð³. Äëÿ öüîãî çí³ìàëè êë³òèíè ìåõàí³÷íîþ ä³ºþ ç ïîâåðõí³ ñêëà, 
çàáàðâëþâàëè òðåïàíîâèì ñèí³ì ó êîíöåíòðàö³¿ 0,01 %. Íåæèòòºçäàòí³ êë³òèíè 
ïðè öüîìó çàáàðâëþâàëèñÿ äèôóçíî â ñèí³é êîë³ð, æèòòºçäàòí³ çàëèøàëèñÿ íå çà-
áàðâëåíèìè. Ï³äðàõîâóâàëè çàáàðâëåí³ êë³òèíè ó êàìåð³ Ãîðÿºâà.

Äëÿ âèâ÷åííÿ âïëèâó äîñë³äæóâàíîãî ïðåïàðàòà íà ì³òîòè÷íó àêòèâí³ñòü 
êë³òèí, êóëüòèâóâàííÿ ïðîâîäèëè íà ñêåëüöÿõ ó ôëàêîíàõ. Îòðèìàí³ íà ñêåëüöÿõ 
ïðåïàðàòè ô³êñóâàëè ó ô³êñàòîð³ Êàðíóà ç ïîäàëüøèì çàáàðâëåííÿì áàðâíèêîì 
Ðîìàíîâñüêîãî-Ã³ìçà.

Åêñïåðèìåíòàëüí³ äîñë³äæåííÿ ïðîâîäèëè ó ï’ÿòèêðàòíîìó ïîâòîð³. Ìàòåìà-
òè÷íå îïðàöþâàííÿ îòðèìàíèõ ðåçóëüòàò³â çä³éñíþâàëè ç âèêîðèñòàííÿì ïðîãðàìè 
MS Excel. Â³ðîã³äí³ñòü ð³çíèö³ ïîêàçíèê³â îö³íþâàëè ñòàíäàðòíèìè ñòàòèñòè÷íèìè 
ìåòîäàìè ç âèêîðèñòàííÿì t-êðèòåð³þ Ñò’þäåíòà.

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ 
Ó ðåçóëüòàò³ äîñë³äæåíü âñòàíîâëåíî íåçíà÷íó öèòîòîêñè÷íó ä³þ áàêòåð³îôàãà 

â êîíöåíòðàö³¿ 106 ÁÓÎ/ ìë, ùî âèÿâëÿºòüñÿ â çíèæåíí³ íà 17 % àòðàêö³¿ êë³òèí 
äî ïîâåðõí³ ñêëà (ðèñ. 1). 

Ó äîç³ ïðåïàðàòà 106 ÁÓÎ/ ìë â³äçíà÷àëîñÿ ïðèãíîáëåííÿ íà 10 % ôîðìóâàííÿ 
ìîíîøàðó êë³òèí Íåð-2 (ðèñ. 2). Ïðè÷èíîþ ïðèãíîáëåííÿ ôîðìóâàííÿ ìîíîøàðó 
áóëî çíèæåííÿ ð³âíÿ ì³òîòè÷íî¿ àêòèâíîñò³ êóëüòóðè Íåð-2 (ðèñ. 3). 

Áàêòåð³îôàã ó êîíöåíòðàö³¿ 105 ÁÓÎ/ ìë íå ïðèçâîäèâ äî íåãàòèâíîãî âïëèâó 
íà êóëüòóðó êë³òèí ó ëîãàðèôì³÷í³é ôàç³ ðîñòó. Ó ñòàö³îíàðí³é ôàç³ ðîñòó êóëüòóðè 
êë³òèí Íåð-2, êîíòàì³íîâàíî¿ áàêòåð³îôàãîì C. perfringens ó êîíöåíòðàö³¿ 106 ÁÓÎ/ 
ìë, ìîðôîëîã³÷í³ çì³íè îêðåìèõ êë³òèí âèÿâëÿëèñÿ â çìåíøåíí³ ðîçì³ð³â, ïîÿâ³ 
êë³òèí âåðåòåíîâèäíî¿ ôîðìè ç äð³áíîêðàïåëüíîþ âàêóîë³çàö³ºþ öèòîïëàçìè. 
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          Êîíòðîëü       106 ÁÓÎ/ ìë       105 ÁÓÎ/ ìë 
Êîíöåíòðàö³ÿ áàêòåð³îôàãà

Ðèñ. 1. Âïëèâ áàêòåðiîôàãà C. perfringens íà ñòóïiíü àòðàêöi¿ êëiòèí Íåð-2 
 äî ïîâåðõíi ñêëà. Åêñïîçèöiÿ 24 ãîä 

* – ð³çíèöÿ â³ðîã³äíà ó ïîð³âíÿíí³ ç êîíòðîëåì (ð < 0,05)

Fig. 1. C. perfringens bacteriophage effect on Hep-2 cell attraction on glass 
surface. Exposition for 24 hours 

          Êîíòðîëü       106 ÁÓÎ/ ìë       105 ÁÓÎ/ ìë
Êîíöåíòðàö³ÿ áàêòåð³îôàãà

Ðèñ. 2. Âïëèâ áàêòåðiîôàãà C. perfringens íà ôîðìóâàííÿ ìîíîøàðó êóëüòóðè 
êëiòèí Íåð-2. Åêñïîçèöiÿ 72 ãîä  

* – ð³çíèöÿ â³ðîã³äíà ó ïîð³âíÿíí³ ç êîíòðîëåì (ð < 0,05)

Fig. 2. C. perfringens bacteriophage effect on Hep-2 cell monolayer formation. 

Exposition for 72 hours

          Êîíòðîëü       106 ÁÓÎ/ ìë       105 ÁÓÎ/ ìë
Êîíöåíòðàö³ÿ áàêòåð³îôàãà

Ðèñ. 3. Âïëèâ áàêòåðiîôàãà C. perfringens íà ìiòîòè÷íó àêòèâíiñòü êóëüòóðè 
êëiòèí Íåð-2. Åêñïîçèöiÿ 48 ãîä  

* – ð³çíèöÿ â³ðîã³äíà ó ïîð³âíÿíí³ ç êîíòðîëåì (ð < 0,05)

Fig. 3. C. perfringens bacteriophage effect on Hep-2 cell culture mitotic  
activity. Exposition for 48 hours
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×åðåç 72 ãîä. ðåºñòðóâàëèñÿ äåñòðóêòèâí³ çì³íè ìîíîøàðó. Ïðè öüîìó ê³ëüê³ñòü 
íåæèòòºçäàòíèõ êë³òèí ó ìîíîøàð³ íå ïåðåâèùóâàëà êîíòðîëüíîãî ð³âíÿ (ðèñ. 4). 

Öå ñâ³ä÷èòü ïðî òå, ùî äåñòðóêö³ÿ ìîíîøàðó ïîâ’ÿçàíà íå ç ïðÿìîþ öèòîòî-
êñè÷íîþ ä³ºþ ôàãîâîãî ïðåïàðàòà, à îïîñåðåäêîâàíà ïîðóøåííÿì àòðàêö³¿ êë³òèí 
äî íîñ³ÿ.

  Êîíòðîëü   106 ÁÓÎ/ ìë    105 ÁÓÎ/ ìë
Êîíöåíòðàö³ÿ áàêòåð³îôàãà

Ðèñ. 4. Âïëèâ áàêòåðiîôàãà C. perfringens íà êiëüêiñòü íåæèòòºçäàòíèõ êëiòèí 
ó ìîíîøàði Íåð-2. Åêñïîçèöiÿ 72 ãîä

Fig. 4. C. perfringens bacteriophage effect on the quality of inviable cells in 
Hep-2 monolayer. Exposition for 72 hours

Ïðåïàðàò, ùî ì³ñòèâ 105 ÁÓÎ/ ìë, íå ïðèçâîäèâ äî ìîðôîëîã³÷íèõ çì³í, 
çá³ëüøåííÿ ÷èñëà íåæèòòºçäàòíèõ êë³òèí ³ äåñòðóêö³¿ ìîíîøàðó, ó ïîð³âíÿíí³ ç 
êîíòðîëåì.

Òàêèì ÷èíîì, ó ðåçóëüòàò³ ïðîâåäåíèõ äîñë³äæåíü áóëà âñòàíîâëåíà íåçíà÷íà 
öèòîòîêñè÷íà ä³ÿ ïðåïàðàòà â êîíöåíòðàö³¿ 106 ÁÓÎ/ ìë, ùî ðåºñòðóâàëîñÿ ÷åðåç 
24 ãîä åêñïîçèö³¿. Ïîêàçàíà ìîæëèâ³ñòü âèêîðèñòàííÿ ïîïóëÿö³¿ êë³òèí Íåð-2 äëÿ 
ïîïåðåäíüî¿ ñêðèí³íãîâî¿ îö³íêè áåçïåêè çàñòîñóâàííÿ àêòèâíèõ ôàã³â ó ìåäè÷í³é 
ïðàêòèö³.
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ÎÖÅÍÊÀ ÖÈÒÎÒÎÊÑÈ×ÅÑÊÈÕ ÑÂÎÉÑÒÂ ÁÀÊÒÅÐÈÎÔÀÃÀ 
CLOSTRIDIUM PERFRINGENS ²N VITRO ÍÀ ÌÎÄÅËÈ 
ÏÅÐÅÂÈÂÀÅÌÎÉ ÊÓËÜÒÓÐÛ ÊËÅÒÎÊ ×ÅËÎÂÅÊÀ ÍÅÐ-2

Ðåôåðàò
Ïîêàçàíà âîçìîæíîñòü èñïîëüçîâàíèÿ ïåðåâèâàåìîé êóëüòóðû êëåòîê ÷åëîâåêà Íåð-2 äëÿ 
ïðåäâàðèòåëüíîé ñêðèíèíãîâîé îöåíêè áåçîïàñíîñòè ïðèìåíåíèÿ àêòèâíîãî ôàãà Clostridium 
perfringens â ìåäèöèíñêîé ïðàêòèêå. In vitro óñòàíîâëåíî ñëàáî âûðàæåííîå öèòîòîêñè÷åñêîå 
äåéñòâèå áàêòåðèîôàãà Clostridium perfringens â êîíöåíòðàöèè 106 ô. ÷. / ìë íà ïåðåâèâàå-
ìóþ êóëüòóðó êëåòîê Íåð-2 â ñòàöèîíàðíîé è ëîãàðèôìè÷åñêîé ôàçå ðîñòà. 

Ê ë þ ÷ å â û å  ñ ë î â à :  áàêòåðèîôàã, Clostridium perfringens, êóëüòóðà êëåòîê Íåð-2, 
öèòîòîêñè÷åñêèå ñâîéñòâà.
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ESTIMATION OF CLOSTRIDIUM PERFRINGENS 
BACTERIOPHAGE CYTOTOXIC PROPERTIES ²N VITRO ON THE 

HUMAN CELLS ÍÅÐ-2 PASSAGED CULTURE MODEL

Summary
The passaged culture of human cells Íåð-2 can be used for the initial screening of safe use 
of Clostridium perfringens active phage in medicine. Low-expressed cytotoxicity effect of 
Clostridium perfringens bacteriohage in concentration of 106 php/ml on Íåð-2 passaged cell 
culture on both stationary and logarithmic growth phase has been determinated in vitro.

Key words: bacteriophage, Clostridium perfringens, Hep-2 cell culture, cytotoxicity.


