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Influence of simultaneous action of ionizing
radiation and etoposide on sphingomyelin cycle
in the blood serum of tumor carrying rats

Objective: To investigate the influence of ionizing radiation
and etoposide on sphsngomyelin cycle (activity of acid
Zn2+-dependent sphingomyelinase, ceramide and sphingomye-
lin) in the blood serum of the rats with inoculated Guerin�s
carcinoma.

Material and Methods:  Wistar rats weighing 160-180 g with
subcutaneously inoculated Guerin�s carcinoma were used as an
experimental model. The zone of the tumor growth was irra-
diated using ÐÓÌ-17 unit (x-rays) and Clinac 600 Ñ unit (high-
energy photons) in fractions with 24-hour intervals, absorbed
dose per fraction 5 Gy, total dose on the tumor growth zone
10 Gy.

An antitumor drug etoposide (Teva) was administered
intraperitoneally 24 hours before the first course of irradiation
at a dose of  8 mg/kg body mass. Decapitation was performed
24 hours after the last irradiation. To determine sphingomyelin
enzyme activity in the blood serum of rats, [cholin-methyl -14Ñ]
sphsngomyelin (1924 MBq/mmol, PerkinElmer, USA) was used
as a substrate. Lipid extraction from the serum was done using
Folch technique. To identify lipids standard ceramide and
sphingomyelin  (Sigma) were used.

Radioactivity of the samples was measured using ÁÅÒÀ-1
counter (Medpribor, Kyiv). Statistical analysis was done using
non-parametric methods for small samples and criterion
Wilcoxon-Mann-Whitney criterion.

Results: It was shown that etoposide significantly increased
activity of sphingomyelin cycle in the blood serum when com-
pared with the controls. At separate action of irradiation, the
changes in the activity of sphingomyelin cycle were not ob-
served. It was established that simultaneous action of x-rays
or high-energy photons and etoposide, activity of acid
Zn2+-dependent sphingomyelinase increased by 81 and 91 % ,
respectively, with this the level of proapoptosis ceramide
increased 4.4 and â 4.7 times and the level of apoptotic sphin-
gomyelin decreased 2.6 and 2.5 times, respectively, when
compared with the controls.

Conclusion: Simultaneous action of radiation and etoposide
results in increased activity of acid Zn2+-dependent sphin-
gomyelinase, which results in accumulation of proapoptosis
lipid ceramide in the lipoproteids of the blood serum in tumor-
carrying rats, which, in turn,  can induce cell death in the
microvascular epithelium and thus promotes tumor regression.

Key words: Guerin�s carcinoma, ceramide, sphingomyelin,
acid Zn2+-dependent sphingomyelinase, etoposide, ionizing
radiation, apoptosis.

Öåëü ðàáîòû: Èçó÷åíèå âëèÿíèÿ ñî÷åòàííîãî äåéñòâèÿ
èîíèçèðóþùåãî èçëó÷åíèÿ è ýòîïîçèäà íà ñôèíãîìèåëèíî-
âûé öèêë (àêòèâíîñòü êèñëîé Zn2+- çàâèñèìîé ñôèíãîìèå-
ëèíàçû, öåðàìèäà è ñôèíãîìèåëèíà) â ñûâîðîòêå êðîâè
êðûñ ñ ïåðåâèòîé êàðöèíîìîé Ãåðåíà.

Ìàòåðèàëû è ìåòîäû: Â êà÷åñòâå ýêñïåðèìåíòàëüíîé
ìîäåëè èñïîëüçîâàëè êðûñ ïîïóëÿöèè Âèñòàð ñ ìàññîé òåëà
160�180 ã ñ ïîäêîæíî ïåðåâèòîé êàðöèíîìîé Ãåðåíà. Çîíó
ðîñòà îïóõîëè îáëó÷àëè íà àïïàðàòàõ ÐÓÌ-17 (ðåíòãåíî-
âñêîå èçëó÷åíèå) è Clinac 600 Ñ (âûñîêîýíåðãåòè÷åñêîå ôî-
òîííîå èçëó÷åíèå) ôðàêöèîíèðîâàííî ñ èíòåðâàëîì ìåæäó
ñåàíñàìè 24 ÷àñà, ïîãëîùåííàÿ äîçà íà ôðàêöèþ 5 Ãð, ñóì-
ìàðíàÿ äîçà íà çîíó ðîñòà îïóõîëè ñîñòàâëÿëà 10 Ãð.

Ïðîòèâîîïóõîëåâûé ïðåïàðàò ýòîïîçèä («Òåâà») ââîäè-
ëè âíóòðèáðþøèííî çà 24 ÷ äî ïåðâîãî ñåàíñà îáëó÷åíèÿ â
äîçå 8 ìã/êã ìàññû òåëà. Äåêàïèòàöèþ ïðîâîäèëè ÷åðåç 24
÷àñà ïîñëå ïîñëåäíåãî ñåàíñà îáëó÷åíèÿ. Äëÿ îïðåäåëåíèÿ
àêòèâíîñòè ôåðìåíòà ñôèíãîìèåëèíà â ñûâîðîòêå êðîâè â
êà÷åñòâå ñóáñòðàòà èñïîëüçîâàëè [õîëèí-ìåòèë -14Ñ] ñôèí-
ãîìèåëèí (1924 ÌÁê/ììîëü, PerkinElmer, USA). Ýêñòðàê-
öèþ ëèïèäîâ èç ñûâîðîòêè êðîâè ïðîâîäèëè ïî ìåòîäó Ôîë-
÷à. Äëÿ èäåíòèôèêàöèè ëèïèäîâ èñïîëüçîâàëè ñòàíäàðòû
öåðàìèä è ñôèíãîìèåëèí (Sigma).

Ðàäèîàêòèâíîñòü îáðàçöîâ èçìåðÿëè íà ñ÷¸ò÷èêå ÁÅÒÀ-1
(«Ìåäïðèáîð», Êèåâ). Ñòàòèñòè÷åñêèé àíàëèç ïðîâîäèëè
ïðè èñïîëüçîâàíèè íåïàðàìåòðè÷åñêèõ ìåòîäîâ äëÿ ìàëûõ
âûáîðîê è êðèòåðèÿ Âèëêîêñîíà�Ìàííà�Óèòíè.

Ðåçóëüòàòû: Ïîêàçàíî, ÷òî ýòîïîçèä äîñòîâåðíî ïîâû-
øàåò àêòèâíîñòü ñôèíãîìèåëèíîâîãî öèêëà â ñûâîðîòêå
êðîâè ïî ñðàâíåíèþ ñ êîíòðîëåì. Ïðè îòäåëüíîì äåéñòâèè
îáëó÷åíèÿ íå íàáëþäàåòñÿ èçìåíåíèé àêòèâíîñòè ñôèíãî-
ìèåëèíîâîãî öèêëà. Óñòàíîâëåíî, ÷òî ïðè ñî÷åòàííîì äåé-
ñòâèè ðåíòãåíîâñêîãî èëè âûñîêîýíåðãåòè÷åñêîãî ôîòîííîãî
èçëó÷åíèÿ è ýòîïîçèäà àêòèâíîñòü êèñëîé Zn2+-çàâèñèìîé
ñôèíãîìèåëèíàçû âîçðàñòàåò íà 81 è 91 % ñîîòâåòñòâåííî,
ïðè ýòîì óðîâåíü ïðîàïîïòîçíîãî öåðàìèäà ïîâûøàåòñÿ â
4,4 è â 4,7 ðàçà, à óðîâåíü àíòèàïîïòîçíîãî ñôèíãîìèåëèíà
ñíèæàåòñÿ â 2,6 è 2,5 ðàçà ñîîòâåòñòâåííî ïî ñðàâíåíèþ ñ
êîíòðîëåì.

Âûâîäû: Ñî÷åòàííîå äåéñòâèå ðàäèàöèè è ýòîïîçèäà
îáóñëîâëèâàåò óñèëåíèå àêòèâíîñòè êèñëîé Zn2+-çàâèñèìîé
ñôèíãîìèåëèíàçû, ÷òî ïðèâîäèò ê íàêîïëåíèþ ïðîàïîïòîç-
íîãî ëèïèäà öåðàìèäà â ñîñòàâå ëèïîïðîòåèäîâ ñûâîðîòêè
êðîâè êðûñ-îïóõîëåíîñèòåëåé, ÷òî, â ñâîþ î÷åðåäü, ìîæåò
èíäóöèðîâàòü ãèáåëü êëåòîê ìèêðîâàñêóëÿðíîãî ýíäîòåëèÿ
è, òàêèì îáðàçîì, ñïîñîáñòâóåò ðåãðåññèè îïóõîëè.

Êëþ÷åâûå ñëîâà: îïóõîëü Ãåðåíà, öåðàìèä, ñôèíãîìèå-
ëèí, êèñëàÿ Zn2+-çàâèñèìàÿ ñôèíãîìèåëèíàçà, ýòîïîçèä,
èîíèçèðóþùåå èçëó÷åíèå, àïîïòîç.

Ìåòà ðîáîòè: Âèâ÷åííÿ âïëèâó ïîºäíàíî¿ ä³¿ ³îí³çóâàëüíîãî âèïðîì³íåííÿ é åòîïîçèäó íà ñô³íãîì³ºë³íîâèé öèêë (àê-
òèâí³ñòü êèñëî¿ Zn2+-çàëåæíî¿ ñô³íãîì³ºë³íàçè, öåðàì³äó òà ñô³íãîì³ºë³íó) ó ñèðîâàòö³ êðîâ³ ùóð³â ç ïåðåùåïëåíîþ êàð-
öèíîìîþ Ãåðåíà.

Ìàòåð³àëè òà ìåòîäè: Åêñïåðèìåíòè áóëî ïðîâåäåíî íà ùóðàõ ïîïóëÿö³¿ Â³ñòàð ìàñîþ ò³ëà 160�180 ã ç ï³äøê³ðíî ïå-
ðåùåïëåíîþ êàðöèíîìîþ Ãåðåíà. Çîíó ðîñòó ïóõëèíè îïðîì³íþâàëè íà àïàðàòàõ ÐÓÌ 17 (ðåíòãåí³âñüêå âèïðîì³íåííÿ)
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Îäí³ºþ ç îñíîâíèõ ïðè÷èí ðàä³îðåçèñòåíò-
íîñò³ ïóõëèíè ââàæàþòü ïîðóøåííÿ ðåãóëÿö³¿
àïîïòîçó. Âåëèêó óâàãó äîñë³äíèê³â ïðèâåðòàº
àïîïòîç çà ó÷àñòþ ïðîàïîïòîçíîãî ë³ï³äó öåðà-
ì³äó (ÖÌ). Ñàìå ç ïîðóøåííÿì  ó çëîÿê³ñíèõ êë³òè-
íàõ ð³çíèõ ëàíîê îáì³íó ÖÌ, ÿêèé ä³º ÿê âòîðèí-
íèé ìåñåíæåð â ³í³ö³àö³¿ àïîïòè÷íî¿ â³äïîâ³ä³ ÷å-
ðåç ì³òîõîíäð³àëüí³ ñèñòåìè, ïîâ�ÿçóþòü ðàä³î-
ðåçèñòåíòí³ñòü ïóõëèíè [1, 2]. Ïðè âèâ÷åíí³ öå-
ðàì³ä-³íäóêîâàíîãî àïîïòîçó ï³ä âïëèâîì ä³¿ ³îí³-
çóâàëüíî¿ ðàä³àö³¿ (²Â) ïèëüíó óâàãó ïðèä³ëÿþòü
ïðîäóêòàì ñô³íãîì³ºë³íîâîãî öèêëó. Îñòàíí³é
âêëþ÷àº ãåíåðàö³þ ÖÌ ó ðåçóëüòàò³ ôåðìåíòà-
òèâíîãî ã³äðîë³çó ñô³íãîì³ºë³íó (ÑÔÌ) çà ó÷àñòþ
ñô³íãîì³ºë³íàçè òà ÿâëÿº óí³âåðñàëüíó, åâîëþö³é-
íî-êîíñåðâàòèâíó ñèñòåìó [3�5]. ²íäóêö³ÿ ñô³íãî-
ì³ºë³íîâîãî öèêëó, ÿêà ïðèâîäèòü äî íàêîïè÷åí-
íÿ ïðîàïîïòè÷íîãî àãåíòà � ÖÌ, ìîæå ðîçãëÿ-
äàòèñÿ ÿê íîâèé ìåõàí³çì àêòèâàö³¿ ðàä³àö³éíî-
³íäóêîâàíîãî àïîïòîçó ïóõëèííèõ êë³òèí, ùî ìàº
çíà÷åííÿ äëÿ ïîäîëàííÿ ðàä³îðåçèñòåíòíîñò³.
Îòæå ïîøóê øëÿõ³â íàïðàâëåíî¿ àêòèâàö³¿ öåðà-
ì³äíîãî àïîïòîçó ïðè ä³¿ ²Â çàëèøàºòüñÿ àêòóàëü-
íèì. Îäíèì ³ç ïåðñïåêòèâíèõ íàïðÿìê³â ³íäóêö³¿
öåðàì³äíîãî àïîïòîçó ââàæàþòü âèêîðèñòàííÿ
ðàä³îñåíñèá³ë³çàòîð³â, çîêðåìà õåìîïðåïàðàòó
«Åòîïîçèä» [6, 7].

Äîñë³äæåííÿìè îñòàíí³õ ðîê³â äîâåäåíî, ùî
ðàä³àö³ÿ, âïëèâàþ÷è áåçïîñåðåäíüî íà ïëàçìà-
òè÷í³ ìåìáðàíè êë³òèí, àêòèâóº ïðè öüîìó êèñëó
Zn2+-çàëåæíó ñô³íãîì³ºë³íàçó. Ç�ÿñîâàíî ïðîâ³äíó
ðîëü îñòàííüî¿ ó ðàä³àö³éíî-³íäóêîâàíîìó àïîï-
òîç³, çîêðåìà ó ïðîöåñàõ çàëó÷åííÿ åêñòðàöåëþ-
ëÿðíîãî ã³äðîë³çó ñô³íãîì³ºë³íó. Îäíàê íåäîñòàò-
íüî âèâ÷åíà àêòèâí³ñòü êèñëî¿ Zn2+-çàëåæíî¿

ñô³íãîì³ºë³íàçè â ñèðîâàòö³ êðîâ³ ùóð³â-ïóõëèíî-
íîñ³¿â ïðè ïîºäíàí³é ä³¿ ð³çíèõ âèä³â ²Â ³ õåìî-
ïðåïàðàò³â.

Ìåòîþ ðîáîòè áóëî âèâ÷åííÿ âïëèâó ïîºäíà-
íî¿ ä³¿ ²Â òà åòîïîçèäó íà ñô³íãîì³ºë³íîâèé öèêë
(àêòèâí³ñòü êèñëî¿ Zn2+-çàëåæíî¿ ñô³íãîì³ºë³íàçè,
âì³ñò ÖÌ òà ÑÔÌ) ó ñèðîâàòö³ êðîâ³ ùóð³â ç ïåðå-
ùåïëåíîþ êàðöèíîìîþ Ãåðåíà.

Ìåòîäèêà äîñë³äæåííÿ

Åêñïåðèìåíòè ïðîâåäåíî íà 54 ùóðàõ ç ìàñîþ ò³ëà
160�180 ã. Âñ³ äîñë³äæåííÿ âèêîíóâàëè ç äîòðèìàííÿì
Ì³æíàðîäíèõ ïðèíöèï³â ªâðîïåéñüêî¿ êîíâåíö³¿ ïðî çà-
õèñò õðåáåòíèõ òâàðèí, âèêîðèñòîâóâàíèõ äëÿ åêñïåðè-
ìåíò³â òà ³íøèõ íàóêîâèõ ö³ëåé (Ñòðàñáóðã, 1985), ³ íà-
ö³îíàëüíèõ Çàãàëüíèõ åòè÷íèõ ïðèíöèï³â åêñïåðèìåíò³â
íà òâàðèíàõ (Óêðà¿íà, 2001). Ùóðàì ï³äøê³ðíî ââîäèëè
0,5 ìë 20 % ñóñïåíç³¿ êë³òèí, îòðèìàíèõ ç ïóõëèííî¿
òêàíèíè åêñïåðèìåíòàëüíî¿ êàðöèíîìè Ãåðåíà (Guerin�s
carcinoma), øòàì ÿêî¿ áóëî îäåðæàíî ç ²íñòèòóòó åêñ-
ïåðèìåíòàëüíî¿ ïàòîëîã³¿, îíêîëîã³¿ ³ ðàä³îá³îëîã³¿
³ì. Ð.ª. Êàâåöüêîãî ÍÀÍ Óêðà¿íè. Åêñïåðèìåíò ïî÷èíà-
ëè íà 10�12-òó ä ï³ñëÿ ïåðåùåïëåííÿ ïóõëèíè, êîëè ä³à-
ìåòð íîâîóòâîðó äîñÿãàâ 1,5�2,0 ñì. Êîëèâàííÿ ñåðåä-
íüîãî îá�ºìó ïóõëèíè íà ìîìåíò ïî÷àòêó åêñïåðèìåíòó
íå ïåðåâèùóâàëî 10 %. Çíåæèâëåííÿ òâàðèí çä³éñíþâà-
ëè ï³ä åô³ðíèì íàðêîçîì ÷åðåç 24 ãîä ï³ñëÿ îïðîì³íåí-
íÿ àáî ï³ñëÿ ââåäåííÿ õåìîïðåïàðàòó. Ï³ääîñë³äíèõ òâà-
ðèí ðîçïîä³ëÿëè íà ãðóïè ìåòîäîì âèïàäêîâîãî äîáîðó
ïî 9 îñîáèí ó êîæí³é: ãðóïà 1 �  êîíòðîëü, 2 � åòîïîçèä,
3 � îïðîì³íåííÿ (³êñ-âèïðîì³íåííÿ), 4 � îïðîì³íåííÿ
(âèñîêîåíåðãåòè÷íå ôîòîííå âèïðîì³íåííÿ), 5 � ³êñ-âè-
ïðîì³íåííÿ + åòîïîçèä, ãðóïà 6� âèñîêîåíåðãåòè÷íå
ôîòîííå âèïðîì³íåííÿ + åòîïîçèä.
Ó ïåðø³é ñåð³¿ åêñïåðèìåíòó ïóõëèíè îïðîì³íþâàëè íà

àïàðàò³ ÐÓÌ-17 (³êñ-âèïðîì³íåííÿ) çà ñòàíäàðòíèõ òåõ-
í³÷íèõ óìîâ: íàïðóãà � 190 êÂ, ñèëà ñòðóìó � 10 ìÀ,
ô³ëüòðè: 0,5 ìì Cu ïëþñ 1 ìì Al, ïîòóæí³ñòü äîçè (ïî-
òóæí³ñòü ïîâ³òðÿíî¿ êåðìè), âèì³ðÿíî¿ â ïîâ³òð³ � 0,981
Ãð/õâ, ôîêóñíà â³äñòàíü � 30 ñì. Îïðîì³íåííÿ ïðîâîäè-
ëè äâîìà ôðàêö³ÿìè ïî 5 Ãð, ç ³íòåðâàëîì ì³æ ñåàíñàìè
24 ãîä, ÷àñ îïðîì³íåííÿ � 4 õâ 39 ñ, ñóìàðíà ïîãëèíóòà
äîçà íà çîíó ðîñòó ïóõëèíè ñêëàäàëà 10 Ãð.
Ó äðóã³é ñåð³¿ åêñïåðèìåíòó ïóõëèíó îïðîì³íþâàëè íà

ë³í³éíîìó ïðèñêîðþâà÷³ Clinac 600 Ñ (âèñîêîåíåðãåòè÷-
íå ôîòîííå âèïðîì³íåííÿ (ÂÅÔ-âèïðîì³íåííÿ), äâîìà
ôðàêö³ÿìè ïî 5 Ãð, ç ³íòåðâàëîì ì³æ ñåàíñàìè 24 ãîä,

³ Clinac 600 Ñ (âèñîêîåíåðãåòè÷íå ôîòîííå âèïðîì³íåííÿ) ôðàêö³îíîâàíî ç ³íòåðâàëîì ì³æ ñåàíñàìè 24 ãîäèíè, ïîãëèíó-
òà äîçà íà ôðàêö³þ 5 Ãð, ñóìàðíà ïîãëèíóòà äîçà íà çîíó ðîñòó íîâîóòâîðó � 10 Ãð.

Ïðîòèïóõëèííèé ïðåïàðàò åòîïîçèä («Òåâà») ââîäèëè âíóòð³î÷åðåâèííî çà 24 ãîä äî ïåðøîãî ñåàíñó îïðîì³íåííÿ ó äîç³
8 ìã/êã ìàñè ò³ëà òâàðèí. Äåêàï³òàö³þ ïðîâîäèëè çà 24 ãîäèíè ï³ñëÿ îñòàííüîãî ñåàíñó îïðîì³íåííÿ. Äëÿ âèçíà÷åííÿ àê-
òèâíîñò³ ôåðìåíòó ÿê ñóáñòðàò âèêîðèñòîâóâàëè [õîë³í-ìåòèë -14Ñ] ñô³íãîì³ºë³í (1924 ÌÁê/ììîëü (PerkinElmer, USA).
Ë³ï³äè ç ñèðîâàòêè êðîâ³ åêñòðàãóâàëè  ìåòîäîì Ôîë÷à. Ç ìåòîþ ³äåíòèô³êàö³¿ ë³ï³ä³â âèêîðèñòîâóâàëè ñòàíäàðòè öåðà-
ì³äó òà ñô³íãîì³ºë³íó (Sigma). Ðàä³îàêòèâí³ñòü çðàçê³â âèì³ðþâàëè íà ë³÷èëüíèêó ÁÅÒÀ-1 («Ìåäïðèëàä», Êè¿â). Ñòàòè-
ñòè÷íèé àíàë³ç äàíèõ ïðîâîäèëè ïðè âèêîðèñòàíí³ íåïàðàìåòðè÷íèõ ìåòîä³â äëÿ ìàëèõ âèá³ðîê ³ êðèòåð³þ Â³ëêîêñîíà�
Ìàííà�Ó¿òí³.

Ðåçóëüòàòè: Ïîêàçàíî, ùî åòîïîçèä â³ðîã³äíî ï³äâèùóº àêòèâí³ñòü ñô³íãîì³ºë³íîâîãî öèêëó â ñèðîâàòö³ êðîâ³ ïîð³âíÿ-
íî ç êîíòðîëåì. Ïðè ä³¿ îêðåìî ñàìîãî îïðîì³íåííÿ àêòèâí³ñòü ñô³íãîì³ºë³íîâîãî öèêëó íå çì³íþºòüñÿ. Âñòàíîâëåíî, ùî
ïðè ïîºäíàí³é ä³¿ ðåíòãåí³âñüêîãî àáî âèñîêîåíåðãåòè÷íîãî ôîòîííîãî âèïðîì³íåííÿ é åòîïîçèäó àêòèâí³ñòü êèñëî¿ Zn2+-
çàëåæíî¿ ñô³íãîì³ºë³íàçè çðîñòàº íà 81 òà 96 % â³äïîâ³äíî, ïðè öüîìó ð³âåíü ïðîàïîïòîçíîãî öåðàì³äó ï³äâèùóºòüñÿ â
4,4 ³ â 4,7 ðàçó, à ð³âåíü àíòèàïîïòîçíîãî ñô³íãîì³ºë³íó çíèæóºòüñÿ â 2,6 òà 2,5 ðàçó â³äïîâ³äíî ïîð³âíÿíî ç êîíòðîëåì.

Âèñíîâêè:. Ïîºäíàíà ä³ÿ ðàä³àö³¿ òà åòîïîçèäó çóìîâëþº ïîñèëåííÿ àêòèâíîñò³ êèñëî¿ Zn2+-çàëåæíî¿ ñô³íãîì³ºë³íà-
çè, âíàñë³äîê ÷îãî ïðîàïîïòîçíèé ë³ï³ä öåðàì³ä íàêîïè÷óºòüñÿ â ñêëàä³ ë³ïîïðîòå¿ä³â ñèðîâàòêè êðîâ³ ùóð³â-ïóõëèíî-
íîñ³¿â, ùî ìîæå ³íäóêóâàòè çàãèáåëü êë³òèí ì³êðîâàñêóëÿðíîãî åíäîòåë³þ ³, òàêèì ÷èíîì, ñïðèÿº ðåãðåñ³¿ ïóõëèí.

Êëþ÷îâ³ ñëîâà: ïóõëèíà Ãåðåíà, öåðàì³ä, ñô³íãîì³ºë³í, êèñëà Zn2+-çàëåæíà ñô³íãîì³ºë³íàçà, åòîïîçèä, ³îí³çóâàëüíå
âèïðîì³íåííÿ, àïîïòîç.
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ïîãëèíóòà äîçà íà çîíó ðîñòó ïóõëèíè ñêëàäàëà 10 Ãð.
Åíåðã³ÿ ôîòîí³â  6 ÌåÂ, ïîòóæí³ñòü  äîçè  4 Ãð/õâ, ðîçì³ð
ïîëÿ 5 × 5, ãëèáèíà 1 ñì. Ðîçðàõóíêîâà ê³ëüê³ñòü ìîí³òîð-
íèõ îäèíèöü äëÿ îïðîì³íåííÿ ïóõëèíè Ãåðåíà â äîç³ 5 Ãð
äîð³âíþâàëà 515.
Õåìîïðåïàðàò åòîïîçèä «Òåâà» ââîäèëè âíóòð³î÷åðå-

âèííî çà 24 ãîä äî ïåðøîãî ñåàíñó îïðîì³íåííÿ ó äîç³
8 ìã/êã ìàñè ò³ëà òâàðèíè.
Äëÿ âèçíà÷åííÿ àêòèâíîñò³ ôåðìåíòó ÑÔÌ ÿê ñóáñòðàò

âèêîðèñòîâóâàëè [õîë³í-ìåòèë -14Ñ] ÑÔÌ ç ïèòîìîþ ðà-
ä³îàêòèâí³ñòþ 1924 ÌÁê/ììîëü (PerkinElmer, USA). Äî
ñêëàäó ³íêóáàö³éíî¿ ñóì³ø³ âõîäèëè: 0,1 ìÌ àöåòàòíèé
áóôåð (ðÍ 5,0) ç äîäàâàííÿì 1 ìÌ ÅÄÒÀ, 1 % òðèòîí
Õ-100, 0,1 ìÌ ZnCl

2
, 2 ìÌ [õîë³í -ìåòèë -14Ñ] ÑÔÌ,

åíäîãåííèé ÑÔÌ ìîçêó áèêà ³ 0,1 ìë ñèðîâàòêè êðîâ³.
Ñóì³ø ³íêóáóâàëè ïðè òåìïåðàòóð³ 37 °Ñ ïðîòÿãîì 3 ãî-
äèí. Ðåàêö³þ çóïèíÿëè äîäàâàííÿì îõîëîäæåíî¿
ñóì³ø³: õëîðîôîðì-ìåòàíîë (1: 2, v/v ); [õîë³í-ìåòèë -
14Ñ] ÑÔÌ ³ [õîë³í-ìåòèë-14Ñ] ôîñôîðèëõîë³í åêñòðàãóâà-
ëè çà äîïîìîãîþ áàãàòîðàçîâî¿ ïîñë³äîâíî¿ åêñòðàêö³¿
ñóñïåíç³¿ õëîðîôîðìîì, ìåòàíîëîì ³ âîäîþ. Àêòèâí³ñòü
êèñëî¿ Zn2+-çàëåæíî¿ ñô³íãîì³ºë³íàçè â ñèðîâàòö³ êðîâ³
ùóð³â-ïóõëèíîíîñ³¿â îö³íþâàëè çà ³íòåíñèâí³ñòþ ïåðå-
õîäó ì³òêè ó âèãëÿä³ [õîë³í-ìåòèë -14Ñ] ôîñôîðèëõîë³í
ó õëîðîôîðìåíó ôàçó, ÿêó âèêîðèñòîâóâàëè äëÿ õðîìà-
òîãðàô³÷íîãî ðîçïîä³ëó ë³ï³ä³â ³ âèçíà÷åííÿ ðàä³îàêòèâ-
íîñò³ [14Ñ] ôîñôîðèëõîë³íó. Ïèòîìó ðàä³îàêòèâí³ñòü ðîç-
ðàõîâóâàëè â ³ìïóëüñàõ íà õâèëèíó íà 1 ìã á³ëêà. Ðàä³î-
àêòèâí³ñòü çðàçê³â âèì³ðþâàëè çà äîïîìîãîþ ë³÷èëü-
íèê³â ÁÅÒÀ-1 («Ìåäïðèëàä», Êè¿â). Âì³ñò á³ëêà â ñèðî-
âàòö³ êðîâ³ âèçíà÷àëè ìåòîäîì Ëîóð³ [8]. Çâàæàþ÷è íà
òå, ùî äî ñêëàäó ñåðåäîâèùà ³íêóáàö³¿ âõîäèëè ³îíè Zn2+,
à êèñëîòí³ñòü äîð³âíþâàëà ðÍ 5,0, ìîæíà ââàæàòè äàí³
óìîâè åêñïåðèìåíòó àäåêâàòíèìè ìåò³ äîñë³äæåííÿ, ÿêà
ïîëÿãàëà ó âèçíà÷åíí³ àêòèâíîñò³ êèñëî¿ Zn2+-çàëåæíî¿
ñåêðåòîâàíî¿ ñô³íãîì³ºë³íàçè.
Åêñòðàêö³þ ë³ï³ä³â ³ç ñèðîâàòêè êðîâ³ ïðîâîäèëè ìåòî-

äîì Ôîë÷à [9]. Ðîçä³ëÿëè ÖÌ ³ ÑÔÌ çà äîïîìîãîþ õðî-
ìàòîãðàô³¿ â òîíêîìó øàð³ ñèë³êàãåëþ íà êîìåðö³éíèõ
ïëàñòèíêàõ Sorbfil (ÀÎ «Ñîðáïîëèìåð», Ðîñ³ÿ). Åêñòðàê-
òè ë³ï³ä³â, ÿê³ âèêîðèñòîâóâàëè äëÿ àíàë³çó ñô³íãîë³-
ï³ä³â, âèïàðîâóâàëè ó âàêóóì³ òà ³íêóáóâàëè 60 õâ ïðè
òåìïåðàòóð³ 37 ° Ñ â ñåðåäîâèù³ õëîðîôîðì-ìåòàíîë
(1:1, v/v), â ÿêå äîäàâàëè NaOH (0,1 ìîëü) äëÿ ã³äðîë³çó
àöèëãë³öåðèí³â. Ë³ï³äè çíîâó åêñòðàãóâàëè  ³ âèêîðèñòî-
âóâàëè äëÿ ðîçïîä³ëó íà êëàñè (ÑÔÌ, ÖÌ) ó ñèñòåì³ ðîç-
÷èííèê³â: õëîðîôîðì-åòèëàöåòàò-³çîïðîï³ëîâèé ñïèðò-
ìåòàíîë � 0,25 % KCl (25:25:25:10:9) [10]. Ë³ï³äè
(ÑÔÌ, ÖÌ) ïðîÿâëÿëè â ïàðàõ éîäó òà ³äåíòèô³êóâàëè çà
äîïîìîãîþ ïîð³âíÿííÿ ³ç ñòàíäàðòàìè öåðàì³äó ³ ñô³íãî-
ì³ºë³íó (Sigma), âèðàæàþ÷è â íìîëü/ìã á³ëêà.
Ñòàòèñòè÷íèé àíàë³ç äàíèõ ïðîâîäèëè çà äîïîìîãîþ

ñòàòèñòè÷íèõ ïðîãðàì äëÿ ÏÊ Statistica, version 5 ïðè
âèêîðèñòàíí³ íåïàðàìåòðè÷íèõ ìåòîä³â äëÿ ìàëèõ âè-
á³ðîê òà êðèòåð³þ Â³ëêîêñîíà�Ìàííà�Ó¿òí³.

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ

Âèçíà÷åííÿ àêòèâíîñò³ êèñëî¿ Zn2+-çàëåæíî¿
ñô³íãîì³ºë³íàçè ïðè ä³¿ åòîïîçèäó â ñèðîâàòö³
êðîâ³ ùóð³â ç ïåðåùåïëåíîþ êàðöèíîìîþ Ãåðåíà
ñâ³ä÷èëî ïðî ¿¿ çðîñòàííÿ íà 59 % ïîð³âíÿíî ç êîí-
òðîëåì (ðèñóíîê 1). Ïðè ëîêàëüíîìó îïðîì³íåíí³
ïóõëèí â³ðîã³äíèõ çì³í àêòèâíîñò³ ôåðìåíòó ïî-
ð³âíÿíî ç êîíòðîëåì íå âèçíà÷åíî, ÿê ³ â³ðîã³äíî¿
ð³çíèö³ â çì³í³ àêòèâíîñò³ Zn2+-çàëåæíî¿ ñô³íãî-
ì³ºë³íàçè ó äâîõ ãðóïàõ òâàðèí, ï³ääàíèõ âïëèâó
ä³¿ ð³çíèõ âèä³â âèïðîì³íåííÿ. Ïðè ïîºäíàí³é ä³¿

³êñ-âèïðîì³íåííÿ  òà  åòîïîçèäó  àêòèâí³ñòü  çá³ëü-
øóâàëàñÿ íà 81 %, à ïðè ä³¿ ÂÅÔ-âèïðîì³íåííÿ
òà åòîïîçèäó � íà 96 % ïîð³âíÿíî ç êîíòðîëåì
(äèâ. ðèñóíîê 1).

Ïðèì³òêà. Ó êîæí³é ãðóï³ n �9; * � â³ðîã³äíî â³äíîñíî
êîíòðîëüíî¿ ãðóïè, ð < 0,05 (êðèòåð³é Â³ëêîêñîíà�
Ìàííà�Ó¿òí³).

Ðèñóíîê 1. Àêòèâí³ñòü Zn2+ - çàëåæíî¿ êèñëî¿ ñô³íãîì³ºë³-
íàçè â ñèðîâàòö³ êðîâ³ ùóð³â-ïóõëèíîíîñ³¿â çà ð³âíåì
14Ñ-ôîñôîðèëõîë³íó, ïðîäóêîâàíîãî â ðåçóëüòàò³ ôåðìåíòà-
òèâíîãî ã³äðîë³çó 14Ñ-ñô³íãîì³ºë³íó, ïðè ä³¿ ³îí³çóâàëüíî-
ãî âèïðîì³íåííÿ,  åòîïîçèäó òà ¿õ ïîºäíàííÿ, íìîëü/ìã
á³ëêà çà 3 ãîä ³íêóáàö³¿

Figure 1. Activity of Zn2+ - dependent acid sphingomyelinase
in the blood serum of tumor carrying rats by 14Ñ-phosphoril-
cholin level produced as a result of fermentation hydrolysis of
14Ñ-sphingomyelin at exposure to ionizing radiation, etoposide
and their combination, nmol/mg of protein within 3 hours of
incubation

Òàêèì ÷èíîì, ïðîâåäåíèìè äîñë³äæåííÿìè
äîâåäåíî, ùî ó ùóð³â ç ïóõëèíîþ Ãåðåíà â³äáó-
âàºòüñÿ ñåêðåö³ÿ â ñèðîâàòêó êðîâ³ Zn2+-çàëåæíî¿
êèñëî¿ ñô³íãîì³ºë³íàçè. Çâàæàþ÷è íà òå, ùî çà
ó÷àñò³ îñòàííüî¿ óòâîðþºòüñÿ íå ò³ëüêè ôîñôîðèë-
õîë³í, à é ïðîàïîïòè÷íèé ñô³íãîë³ï³ä � ÖÌ,
çá³ëüøåííÿ éîãî âì³ñòó ó ñêëàä³ ë³ïîïðîòå¿ä³â ñè-
ðîâàòêè êðîâ³ ìîæå ³íäóêóâàòè çàãèáåëü êë³òèí
ì³êðîâàñêóëÿðíîãî åíäîòåë³þ, ³, òàêèì ÷èíîì,
ñïðèÿòè ðåãðåñ³¿ ïóõëèíè [11]. Ó çâ�ÿçêó ç öèì
âì³ñò ÖÌ ó ñèðîâàòö³ êðîâ³ ìîæå çàëåæàòè â³ä
³íòåíñèâíîñò³ ïðîöåñ³â äåãðàäàö³¿ ÑÔÌ ³ òðàíñ-
ïîðòó ë³ïîïðîòå¿ä³â.

Ç îãëÿäó íà öå íàñòóïíà ñåð³ÿ äîñë³äæåíü áóëà
ïðèñâÿ÷åíà âèâ÷åííþ âì³ñòó ÖÌ ³ ÑÔÌ ó ñèðî-
âàòö³ êðîâ³ ùóð³â-ïóõëèíîíîñ³¿â çà ïîºäíàíî¿ ä³¿ ²Â
òà åòîïîçèäó. Ïðè öüîìó âñòàíîâëåíî, ùî ïðè ä³¿
åòîïîçèäó â 3 ðàçè ï³äâèùóâàâñÿ âì³ñò ÖÌ ó ñè-
ðîâàòö³ êðîâ³ ùóð³â-ïóõëèíîíîñ³¿â  ïîð³âíÿíî ç
êîíòðîëåì (ðèñóíîê 2). Âì³ñò ÑÔÌ çíèæóâàâñÿ â
1,9 ðàçó (ðèñóíîê 3).
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Ïðèì³òêà. * Â³ðîã³äíî ïî â³äíîøåííþ äî êîíòðîëüíî¿ ãðóïè,
ð < 0,05 (êðèòåð³é Â³ëêîêñîíà�Ìàííà�Ó¿òí³).

Ðèñóíîê 2. �  Âïëèâ ³îí³çóâàëüíîãî âèïðîì³íåííÿ, åòî-
ïîçèäó òà ¿õ ïîºäíàíî¿ ä³¿ íà âì³ñò öåðàì³äó â ñèðîâàòö³
êðîâ³ ùóð³â-ïóõëèíîíîñ³¿â (íìîëü/ìã á³ëêà)

Figure 2. Influence of ionizing radiation, etoposide and their
combination on ceramide amount in the blood serum of tumor-
carrying rats (nmol/mg of protein)

Ïðèì³òêà. *  Â³ðîã³äíî â³äíîñíî äî êîíòðîëüíî¿ ãðóïè, ð < 0,05
(êðèòåð³é Â³ëêîêñîíà�Ìàííà�Ó¿òí³).

Ðèñóíîê 3. Âïëèâ ³îí³çóâàëüíîãî âèïðîì³íåííÿ, åòîïîçè-
äó òà ¿õ ïîºäíàíî¿ ä³¿ íà âì³ñò ñô³íãîì³ºë³íó  â ñèðîâàòö³
êðîâ³ ùóð³â-ïóõëèíîíîñ³¿â (íìîëü/ìã á³ëêà)

Figure 3. Influence of ionizing radiation, etoposide and their
combination on sphsngomyelin amount in the blood serum of
tumor-carrying rats (nmol/mg of protein)

Ïðè âèâ÷åíí³ âïëèâó ðàä³àö³¿ íà âì³ñò ñô³íãî-
ë³ï³ä³â ó ñèðîâàòö³ êðîâ³ ùóð³â ç ïåðåùåïëåíîþ
ïóõëèíîþ Ãåðåíà íå âèÿâëåíî â³ðîã³äíèõ çì³í
âì³ñòó ÖÌ òà ÑÔÌ. Ïðè ïîºäíàí³é ä³¿ ³êñ-âèïðî-
ì³íåííÿ é åòîïîçèäó ïîêàçàíå ï³äâèùåííÿ ð³âíÿ
ÖÌ  ó 4,4 ðàçó òà çíèæåííÿ âì³ñòó ÑÔÌ ó 2,6 íà
ôîí³ ï³äâèùåííÿ àêòèâíîñò³ ñô³íãîì³ºë³íàçè. Ïðè
ïîºäíàí³é ä³¿ ÂÅÔ-âèïðîì³íåííÿ òà åòîïîçèäó
ð³âåíü ÖÌ çðîñòàâ ó 4,7, à ð³âåíü ÑÔÌ çíèæóâàâ-

ñÿ â 2,5 ðàçó, òîáòî äîâåäåíî àêòèâàö³þ ñô³íãî-
ì³ºë³íîâîãî öèêëó ïðè âèêîðèñòàíí³ ïîºäíàíî¿ ä³¿
ð³çíèõ äæåðåë ²Â òà åòîïîçèäó. Ö³ äàí³ ï³äòâåðä-
æóþòü, ùî äî ³íäóêîâàíîãî åòîïîçèäîì íàêîïè-
÷åííÿ ÖÌ çàëó÷åíèé ìåõàí³çì, ïîâ�ÿçàíèé ç àê-
òèâí³ñòþ ñô³íãîì³ºë³íàçè. Ìîæëèâî, ï³ä âïëèâîì
ïðåïàðàòó àêòèâ³çóºòüñÿ ñèíòåç öèõ ñô³íãîë³ï³ä³â
ó òêàíèíàõ òà ¿õ òðàíñïîðò ó êðîâ, àáî ãàëüìóºòü-
ñÿ äåãðàäàö³ÿ ³ ïîäàëüøå ïåðåòâîðåííÿ ÖÌ â ³íø³
ñô³íãîë³ï³äè.

Òàêèì ÷èíîì, äîñë³äæåíî âïëèâ ïîºäíàíî¿ ä³¿
ð³çíèõ äæåðåë ²Â òà åòîïîçèäó íà âì³ñò ÖÌ, ÑÔÌ
³ àêòèâí³ñòü Zn2+-çàëåæíî¿ êèñëî¿ ñô³íãîì³ºë³íàçè
â ñèðîâàòö³ êðîâ³ ùóð³â-ïóõëèíîíîñ³¿â. Â äîñë³ä-
æåííÿõ F. Paris òà ñï³âàâò. ïîêàçàíî, ùî çíà÷íà
ê³ëüê³ñòü Zn2+-çàëåæíî¿ êèñëî¿ ñô³íãîì³ºë³íàçè
ñåêðåòóºòüñÿ êë³òèíàìè âàñêóëÿðíîãî åíäîòåë³þ,
ùî äàº ìîæëèâ³ñòü ïðèïóùåííÿ ùîäî åíäîòåë³-
àëüíîãî ïîõîäæåííÿ öüîãî ôåðìåíòó â ñèðîâàòö³
êðîâ³ òà éîãî ìîæëèâî¿ ðîë³ â åêñòðàêë³òèííîìó
ã³äðîë³ç³ ÑÔÌ [12]. Åòîïîçèä âèÿâèâñÿ ïîòóæíèì
³íäóêòîðîì íàêîïè÷åííÿ â³äîìîãî ïðîàïîïòîç-
íîãî ë³ï³äó ÖÌ ó ñèðîâàòö³ êðîâ³. Çàñòîñóâàííÿ
åòîïîçèäó ïåðåä îïðîì³íåííÿì ñóïðîâîäæóâàëî-
ñÿ ïîñèëåííÿì ñåêðåö³¿ ç êë³òèí äîñë³äæóâàíîãî
ôåðìåíòó ³ çðîñòàííÿì éîãî àêòèâíîñò³ â ñèðî-
âàòö³ êðîâ³ ùóð³â-ïóõëèíîíîñ³¿â, íåçàëåæíî â³ä
òèïó âèïðîì³íåííÿ. Ñë³ä òàêîæ çàçíà÷èòè, ùî
ïîºäíàíà ä³ÿ îïðîì³íåííÿ òà åòîïîçèäó âèêëèêà-
ëà íàêîïè÷åííÿ ÖÌ ó ñèðîâàòö³, ùî ìîæå áóòè
ñâ³ä÷åííÿì ï³äâèùåííÿ ïðîäóêö³¿ öüîãî ë³ï³äó â
³íøèõ òêàíèíàõ.

Àêòèâàö³ÿ ñô³íãîì³ºë³íîâîãî öèêëó ï³ä âïëè-
âîì ðàä³îìîäèô³êàö³¿ âåäå äî íàêîïè÷åííÿ ïðî-
àïîïòè÷íîãî àãåíòà ÖÌ ó êðîâ³, ùî, â ñâîþ ÷åð-
ãó, ìîæå ³íäóêóâàòè àïîïòîç êë³òèí ì³êðîâàñêó-
ëÿðíîãî åíäîòåë³þ ïóõëèíè ³ ñïðèÿòè ¿¿ ðåãðåñ³¿, òà
áóòè îäíèì ç ìåõàí³çì³â ³íäóêö³¿ ðàä³àö³éíî-³íäó-
êîâàíîãî àïîïòîçó ïóõëèíè. Ïåðñïåêòèâíèì º
ïîøóê ïðåïàðàò³â, ùî ïîñèëþþòü àêòèâí³ñòü
ñô³íãîì³ºë³íàçè ç ìåòîþ àêòèâàö³¿ íàêîïè÷åííÿ
ÖÌ, ÿêèé ³íäóêóº àïîïòîç ó êë³òèíàõ ïóõëèíè çà
óìîâ õåìîïðîìåíåâî¿ òåðàï³¿.

Âèñíîâêè

1. Åòîïîçèä º ïîòóæíèì ³íäóêòîðîì àêòèâàö³¿
ñô³íãîì³ºë³íîâîãî öèêëó â ñèðîâàòö³ êðîâ³ ùóð³â-
ïóõëèíîíîñ³¿â.
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2. Ëîêàëüíå îïðîì³íåííÿ íîâîóòâîðó íå àêòè-
âóº ñô³íãîì³ºë³íîâîãî öèêëó â ñèðîâàòö³ êðîâ³
ùóð³â ç ïåðåùåïëåíîþ êàðöèíîìîþ Ãåðåíà.

3. Ïðè ïîºäíàí³é ä³¿ ³êñ- àáî âèñîêîåíåðãåòè÷-
íîãî ôîòîííîãî âèïðîì³íåííÿ òà åòîïîçèäó â ñè-
ðîâàòö³ êðîâ³ ùóð³â-ïóõëèíîíîñ³¿â ïîð³âíÿíî ç
êîíòðîëüíîþ ãðóïîþ ï³äâèùóºòüñÿ àêòèâí³ñòü
Zn2+-çàëåæíî¿ êèñëî¿ ñô³íãîì³ºë³íàçè òà ð³âåíü
ïðîàïîïòîçíîãî ÖÌ ³ çíèæóºòüñÿ ð³âåíü àíòè-
àïîïòîçíîãî ÑÔÌ. Íàêîïè÷åííÿ ÖÌ ó êðîâ³, â
ñâîþ ÷åðãó, ìîæå ³íäóêóâàòè çàãèáåëü êë³òèí
ì³êðîâàñêóëÿðíîãî åíäîòåë³þ ³, òàêèì ÷èíîì,
ñïðèÿòè ðåãðåñ³¿ ïóõëèí.

4. Ïðîöåñ àêòèâàö³¿ ñô³íãîì³ºë³íîâîãî öèêëó ï³ä
âïëèâîì ðàä³îìîäèô³êàö³¿ íå çàëåæèòü â³ä âèäó
³îí³çóâàëüíîãî âèïðîì³íåííÿ, ùî âêàçóº íà éîãî
óí³âåðñàëüí³ñòü.
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