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Öåëü ðàáîòû: Ìîðôîëîãè÷åñêèé àíàëèç àïîïòîçà è óðîâ-
íÿ ïðîàïîïòîçíîãî ëèïèäà öåðàìèäà (ÖÌ) â êàðöèíîìå Ãå-
ðåíà êðûñ ïðè ñîâìåñòíîì äåéñòâèè èîíèçèðóþùåé ðàäèà-
öèè è ýòîïîçèäà.

Ìàòåðèàëû è ìåòîäû: Â êà÷åñòâå ýêñïåðèìåíòàëüíîé
ìîäåëè èñïîëüçîâàëè êðûñ ïîïóëÿöèè Âèñòàð ñ ìàññîé òåëà
160�180 ã ñ ïîäêîæíî ïåðåâèòîé àäåíîêàðöèíîìîé Ãåðåíà.
Îáëó÷åíèå çîíû ðîñòà îïóõîëè ïðîâîäèëè íà àïïàðàòàõ
ÐÓÌ (ðåíòãåíîâñêîå èçëó÷åíèå) è íà ëèíåéíîì óñêîðèòåëå
Clinac 600 Ñ (âûñîêîýíåðãåòè÷åñêîå ôîòîííîå èçëó÷åíèå
(ÂÝÔ)) ïðè ñòàíäàðòíûõ òåõíè÷åñêèõ óñëîâèÿõ, ôðàêöèî-
íèðîâàíî, ñ èíòåðâàëîì ìåæäó ñåàíñàìè 24 ÷àñà, ñ ïîãëîùåí-
íîé äîçîé íà ôðàêöèþ 5 Ãð, ñóììàðíî 10 Ãð. Ïðîòèâîîïóõî-
ëåâûé ïðåïàðàò ýòîïîçèä («Ýáåâå») ââîäèëè âíóòðèáðþøèí-
íî çà 24 ÷ äî ïåðâîãî ñåàíñà îáëó÷åíèÿ â äîçå 8 ìã/êã ìàññû
òåëà. Äåêàïèòàöèÿ ïðîâîäèëàñü ñïóñòÿ 24 ÷àñà ïîñëå ïîñëå-
äíåãî ñåàíñà îáëó÷åíèÿ. Ýêñòðàêöèÿ ëèïèäîâ îñóùåñòâëÿ-
ëàñü ïî ìåòîäó Ôîë÷à. Ëèïèäû ïðîÿâëÿëè â ïàðàõ éîäà è
ñðàâíèâàëè ñî ñòàíäàðòàìè öåðàìèäà (Sigma). Ðåçóëüòàò
âûðàæàëè â íìîëü/ìã áåëêà. Åãî ñîäåðæàíèå â èññëåäóåìûõ
ïðîáàõ îïðåäåëÿëîñü ìåòîäîì Ëîóðè. Ñðåçû ýêñïåðèìåí-
òàëüíûõ îïóõîëåé òîëùèíîé 8�10 ìêì äåïàðàôèíèðîâàëè
è îêðàøèâàëè ãåìàòîêñèëèí-ýîçèíîì â ñîîòâåòñòâèè ñ ìå-
òîäè÷åñêèìè ðåêîìåíäàöèÿìè. Ïðåïàðàòû áûëè èçó÷åíû è
ñôîòîãðàôèðîâàíû ñ ïðèìåíåíèåì ìèêðîñêîïà Axiolab-Zeiss
(Germany). Ïðè ïîìîùè ôëóîðåñöåíòíîãî ìèêðîñêîïà ïîä-
ñ÷èòûâàëîñü êîëè÷åñòâî êëåòîê ñ õàðàêòåðíîé äëÿ àïîïòîçà
ìîðôîëîãèåé. Ðåçóëüòàòû âûðàæàëè â ïðîöåíòíîì îòíîøå-
íèè êëåòîê ñ ôëóîðåñöåíòíûìè ôðàãìåíòàìè ÄÍÊ àïîïòè-
÷åñêè èçìåí¸ííûõ êëåòîê íà 100 èññëåäóåìûõ îïóõîëåâûõ
êëåòîê â ïîëå çðåíèÿ. Ñòàòèñòè÷åñêèé àíàëèç ïðîâîäèëñÿ
ñ ïîìîùüþ ïðîãðàìì äëÿ ÏÊ Biostat è Statistica ïðè èñïîëü-
çîâàíèè ïàðàìåòðè÷åñêèõ è íåïàðàìåòðè÷åñêèõ ìåòîäîâ äëÿ
ìàëûõ âûáîðîê.

Ðåçóëüòàòû: Ïîêàçàíî, ÷òî ïðè ñîâìåñòíîì äåéñòâèè
èîíèçèðóþùåãî èçëó÷åíèÿ (ÈÈ) è ýòîïîçèäà ïðîèñõîäèò
çíà÷èòåëüíîå óâåëè÷åíèå èíäåêñà àïîïòîçà â òêàíè îïóõî-
ëè: â 10,8 ðàçà ïðè äåéñòâèè ðåíòãåíîâñêîãî èçëó÷åíèÿ è â
10,2 ïðè äåéñòâèè ÂÝÔ èçëó÷åíèÿ, ïî ñðàâíåíèþ ñ êîíòðî-
ëåì, òàêæå â 8,2 è â 6,2 ðàçà ïî ñðàâíåíèþ ç îáëó÷åíèåì, ïðî-
âåäåííûì îòäåëüíî. Ñîâìåñòíîå äåéñòâèå ÈÈ è ýòîïîçèäà
ïîâûøàåò ñîäåðæàíèå ÖÌ â êàðöèíîìå Ãåðåíà â 7,9 ðàçà ïðè
äåéñòâèè ðåíòãåíîâñêîãî èçëó÷åíèÿ, â 7,0 � ïðè äåéñòâèè
ÂÝÔ èçëó÷åíèÿ îòíîñèòåëüíî êîíòðîëÿ è â 5,8 è â 5,0 ðàçà
ïî ñðàâíåíèþ ñ ãðóïïîé, êîòîðàÿ òîëüêî îáëó÷àëàñü.

Âûâîäû: Óñòàíîâëåíî, ÷òî ñîâìåñòíîå äåéñòâèå ÈÈ ðàç-
íîãî ýíåðãåòè÷åñêîãî äèàïàçîíà è ýòîïîçèäà ïðèâîäèò ê ñòè-
ìóëÿöèè ïðîöåññîâ àïîïòîçà â òêàíè îïóõîëè Ãåðåíà.

Êëþ÷åâûå ñëîâà: èîíèçèðóþùåå èçëó÷åíèå, ýòîïîçèä,
èíäåêñ àïîïòîçà, öåðàìèä.

Objective. Morphological analysis of apoptosis and proapop-
totic lipid ceramide (ÑÌ) levels in rats with Guerin�s �s carci-
noma at combined action of ionizing radiation and Etoposide.

Material and Methods: Wistar rats weighing 160-180 g sub-
cutaneously inoculated with adenocarcinoma Guerin�s  adeno-
carcinoma were used in the experiment. Irradiation of the
tumor growth zone was performed using RUM unit (x-rays)
and a linear accelerator Clinac 600 C (high-energy photon
radiation) using standard specifications, in fractions at 24-hour
intervals between the sessions, with absorbed dose of 5 Gy per
fraction and total of 10 Gy. Anticancer agent Etoposide (Ebewe)
was administered intraperitoneally 24 hours before the first
irradiation session at a dose of 8 mg/kg of body weight. Decapi-
tation was performed 24 hours after the last irradiation ses-
sion. Lipid extraction was performed according to  Folch.
Lipids were processed by iodine vapor and compared to ceramide
standards (Sigma). The findings were expressed as nmol/mg of
protein. Its content in the test samples was determined accor-
ding to Lowry. The slices of experimental tumors with 8-10 µm
thickness were deparaffinized and stained with hematoxylin-
eosin according to the guidelines. The samples were studied and
photographed using Axiolab-Zeiss microscope (Germany).
Fluorescence microscopy was used to cont the cells with typical
apoptotic morphology. The findings were expressed as percen-
tage of cells with fluorescent DNA fragments of apoptotic cells
per 100 investigated tumor cells in the field of vision. Statis-
tical analysis was performed using the PC software and Statis-
tica Biostat using parametric and nonparametric methods for
small samples.

Results: It was shown that combined action of ionizing
radiation (IR) and Etoposide resulted in significant increase in
apoptotic index of the tumor tissue: 10.8 times under the action
of x-rays and 10.2 times at high-energy photon radiation when
compared to the controls, and 8.2 and 6.2 times vs. irradiation
only. The combined action of IR and Etoposide increased the
content of CM in Guerin�s  carcinoma 7.9 times at x-ray expo-
sure and in 7 times  at exposure to high-energy photon radia-
tion, 5.8 and 5.0 times compared with the group that was ir-
radiated only.

Conclusion: It is shown that combined effect of different
energy band IR and Etoposide leads to stimulation of apoptosis
in the tissue Guerin�s tumor.

Key words: ionizing radiation, Etoposide, apoptosis index,
ceramide.
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Îäí³ºþ ç îñíîâíèõ ïðè÷èí ðàä³îðåçèñòåíò-
íîñò³ ïóõëèíè ââàæàþòü ïîðóøåííÿ ðåãóëÿö³¿
àïîïòîçó. Â³äîìî, ùî êðèòè÷íèì êîìïîíåíòîì
ñèãíàë³íãó â îïðîì³íåíèõ êë³òèíàõ º ìåòàáîë³ò
ñô³íãîë³ï³ä³â � öåðàì³ä (ÖÌ), ÿêèé â³ä³ãðàº öåíò-
ðàëüíó ðîëü ó ðåãóëÿö³¿ äèôåðåíö³þâàííÿ êë³òèí,
àðåøò³ êë³òèííîãî öèêëó òà áåðå ó÷àñòü ó àïîïòîç³
[1].

Ñàìå ç ïîðóøåííÿì ó çëîÿê³ñíèõ êë³òèíàõ ð³ç-
íèõ ëàíîê îáì³íó ÖÌ ïîâ�ÿçóþòü ðàä³îðåçèñòåíò-
í³ñòü ïóõëèí [2, 3]. Îäíèì ç ïåðñïåêòèâíèõ
íàïðÿìê³â ï³äâèùåííÿ åôåêòèâíîñò³ ïðîìåíåâî¿
òåðàï³¿ íîâîóòâîð³â ââàæàþòü âèêîðèñòàííÿ
ðàä³îìîäèô³êàòîð³â, ä³ÿ ÿêèõ íàïðàâëåíà íà ³íäóê-
ö³þ ïðîàïîïòîçíîãî ë³ï³äó ÖÌ. Äî òàêèõ ðàä³îìî-
äèô³êàòîð³â íàëåæèòü ïðîòèïóõëèííèé ïðåïàðàò
åòîïîçèä [4]. Àëå ìîðôîëîã³÷íà îö³íêà àïîïòîçó
ïðè ³íäóêö³¿ öåðàì³äíîãî øëÿõó çà óìîâ ïîºäíàíî¿
ä³¿ ³îí³çèâíîãî âèïðîì³íåííÿ (²Â) òà åòîïîçèäó
çàëèøàºòüñÿ íåâèçíà÷åíîþ.

Ìåòà äîñë³äæåííÿ � ìîðôîëîã³÷íèé àíàë³ç
àïîïòîçó òà ð³âíÿ ïðîàïîïòîçíîãî ë³ï³äó ÖÌ ó
êàðöèíîì³ Ãåðåíà ùóð³â ïðè ïîºäíàí³é ä³¿ ²Â òà
åòîïîçèäó.

Ìåòîäèêà äîñë³äæåííÿ

Äîñë³äæåííÿ âèêîíàíå ç âèêîðèñòàííÿì ï³ääîñë³äíèõ
ùóð³â-ñàìèöü ë³í³¿ Â³ñòàð ç ìàñîþ ò³ëà 160�180 ã. Óñ³
äîñë³äè íà òâàðèíàõ âèêîíóâàëè ç äîòðèìàííÿì Ì³æíà-
ðîäíèõ ïðèíöèï³â ªâðîïåéñüêî¿ êîíâåíö³¿ ïðî çàõèñò
õðåáåòíèõ òâàðèí, ÿê³ âèêîðèñòîâóþòüñÿ äëÿ åêñïåðè-
ìåíò³â òà ³íøèõ íàóêîâèõ ö³ëåé (Ñòðàñáóðã, 1985 ð.) ³
Íàö³îíàëüíèõ çàãàëüíèõ åòè÷íèõ ïðèíöèï³â åêñïåðè-

ìåíò³â íà òâàðèíàõ (Óêðà¿íà, 2001 ð.). Åêñïåðèìåíò ïî-
÷èíàëè íà 10�12-òó ä ï³ñëÿ ïåðåùåïëåííÿ ïóõëèíè, êîëè
ä³àìåòð ïóõëèííîãî âóçëà äîñÿãàâ 1,5�2,0 ñì. Êîëèâàí-
íÿ ñåðåäíüîãî îá�ºìó ïóõëèíè íà ìîìåíò ïî÷àòêó åêñïå-
ðèìåíòó íå ïåðåâèùóâàëî 10 %. Òâàðèí ïîä³ëèëè íà 6
ãðóï ìåòîäîì âèïàäêîâîãî â³äáîðó â³äíîñíî âïëèâó.
Ó ïåðø³é ñåð³¿ åêñïåðèìåíòó îïðîì³íåííÿ ïóõëèíè

ïðîâîäèëè íà àïàðàò³ ÐÓÌ-17 (³êñ-âèïðîì³íåííÿ) çà
ñòàíäàðòíèõ òåõí³÷íèõ óìîâ: íàïðóãà � 190 êÂ, ñèëà
ñòðóìó � 10 ìÀ, ô³ëüòðè: 0,5 ìì Cu ïëþñ 1 ìì Al, êî-
åô³ö³ºíò  ðîçïîä³ëó  ïîãëèíóòî¿ äîçè ó ïîâ³òð³ �
0,981 Ãð/õâ, ôîêóñíà â³äñòàíü  30 ñì. Îïðîì³íþâàëè
ôðàêö³éíî  ïðè äîç³ íà ôðàêö³þ 5 Ãð, ÷àñ îïðîì³íåííÿ �
4 õâ 39 ñ, ³íòåðâàë ì³æ ñåàíñàìè 24 ãîä, ñóìàðíà äîçà íà
çîíó ðîñòó ïóõëèíè ñêëàäàëà 10 Ãð. Ó äðóã³é ñåð³¿ åêñ-
ïåðèìåíòó îïðîì³íåííÿ ïóõëèíè ïðîâîäèëè íà ë³í³éíî-
ìó ïðèñêîðþâà÷³ Clinac 600 Ñ (âèñîêîåíåðãåòè÷íå ôî-
òîííå (ÂÅÔ) âèïðîì³íåííÿ) âèêîíóâàëè äâîìà ôðàêö³ÿ-
ìè ïî 5 Ãð, ç ³íòåðâàëîì ì³æ ñåàíñàìè 24 ãîä, ñóìàðíà
ïîãëèíóòà äîçà íà çîíó ðîñòó ïóõëèíè ñêëàäàëà 10 Ãð.
Clinac 600 Ñ � åíåðã³ÿ ôîòîí³â 6 ÌåÂ, ïîòóæí³ñòü äîçè
400 ÌÎä/õâ, ðîçì³ð ïîëÿ 5 × 5 ñì, ãëèáèíà 1 ñì. Ðîçðà-
õóíêîâà ê³ëüê³ñòü ìîí³òîðíèõ îäèíèöü äëÿ îïðîì³íåííÿ
ïóõëèíè Ãåðåíà â äîç³ 5 Ãð äîð³âíþâàëà 515. Õåìîïðå-
ïàðàò åòîïîçèä «Åáåâå» ô³ðìè «Òåâà» ââîäèëè âíóòð³î-
÷åðåâèííî çà 24 ãîä äî ïåðøîãî ñåàíñó îïðîì³íåííÿ
ó äîç³ 8 ìã/êã ìàñè ò³ëà. Òâàðèí çíåæèâëþâàëè ÷åðåç
24 ãîä ï³ñëÿ îïðîì³íåííÿ àáî ââåäåííÿ ïðåïàðàòó.
Äëÿ ñâ³òëîîïòè÷íîãî ì³êðîñêîï³÷íîãî äîñë³äæåííÿ åêñ-

ïåðèìåíòàëüíèõ ïóõëèí ¿õ ôðàãìåíòè áóëî çàô³êñîâàíî
ó 10 % íåéòðàëüíîìó ôîðìàë³í³, çíåâîäíåíî ó ñïèðòàõ
çðîñòàþ÷î¿ êîíöåíòðàö³¿, ïðîâåäåíî ÷åðåç êñèëîë-ïà-
ðàô³í, çàëèòî ó ïàðàô³í. Çð³çè çàâòîâøêè 8�10 ìêì, âè-
ãîòîâëåí³ íà ñàííîìó ì³êðîòîì³, äåïàðàô³íóâàëè ³ çàáàð-
âëþâàëè ãåìàòîêñèë³í-åîçèíîì â³äïîâ³äíî äî ìåòîäè÷-
íèõ ðåêîìåíäàö³é [5]. Ïðåïàðàòè âèâ÷åí³ òà ñôîòî-
ãðàôîâàí³ ç âèêîðèñòàííÿì ì³êðîñêîïà Axiolab-Zeiss
(Germany) òà åëåêòðîííîãî îêóëÿðà HDCE-30c Electronic
Eyepiece (China). Çà äîïîìîãîþ ïðîãðàìè AxioVision 4.8
âèçíà÷àëè ÿäåðíî-öèòîïëàçìàòè÷íå â³äíîøåííÿ çà ôîð-
ìóëîþ: ß-ö â³äí. = Sÿäð./Söèò. [6]. Äëÿ âèÿâëåííÿ àïîï-
òè÷íèõ êë³òèí äîñë³äæóâàíèé ìàòåð³àë ð³âíîì³ðíî íàíî-
ñèëè íà ïîêðèâíå ñêëî. Ìàçêè ïðîìèâàëè ôîñôàòíîñîëüî-
âèì áóôåðîì (ðÍ � 7,0) ³ ô³êñóâàëè 4 % ïàðàôîðìàëüäå-
ã³äîì, çàáàðâëþâàëè ïðîòÿãîì 20 õâ áàðâíèêîì Hoechst
33342 (5 ìêã/ìë) ïðè ê³ìíàòí³é òåìïåðàòóð³. Ç âèêîðè-
ñòàííÿì ôëóîðåñöåíòíîãî ì³êðîñêîïà ï³äðàõîâóâàëè

Ìåòà ðîáîòè: Ìîðôîëîã³÷íèé àíàë³ç àïîïòîçó ³ ð³âíÿ ïðîàïîïòîçíîãî ë³ï³äó öåðàì³äó (ÖÌ) â êàðöèíîì³ Ãåðåíà ùóð³â
ïðè ïîºäíàí³é ä³¿ ³îí³çèâíî¿ ðàä³àö³¿ òà åòîïîçèäó.

Ìàòåð³àëè ³ ìåòîäè: ßê  åêñïåðèìåíòàëüíó ìîäåëü âèêîðèñòîâóâàëè ùóð³â ïîïóëÿö³¿ Â³ñòàð ç ìàñîþ ò³ëà 160�180 ã
ç ï³äøê³ðíî ïåðåùåïëåíîþ àäåíîêàðöèíîìîþ Ãåðåíà. Çîíó ðîñòó ïóõëèíè îïðîì³íþâàëè íà àïàðàòàõ ÐÓÌ (³êñ-âèïðîì³-
íåííÿ) ³ íà ë³í³éíîìó ïðèñêîðþâà÷³ Cl³nac 600 Ñ (âèñîêîåíåðãåòè÷íå ôîòîííå (ÂÅÔ) âèïðîì³íþâàííÿ) çà ñòàíäàðòíèõ
òåõí³÷íèõ óìîâ, ôðàêö³îíîâàíî, ç ³íòåðâàëîì ì³æ ñåàíñàìè 24 ãîäèíè òà ïîãëèíóòîþ äîçîþ çà ôðàêö³þ 5 Ãð, ñóìàðíî 10 Ãð.
Ïðîòèïóõëèííèé ïðåïàðàò åòîïîçèä («Åáåâå») ââîäèëè âíóòð³î÷åðåâèííî çà 24 ãîä. äî ïåðøîãî ñåàíñó îïðîì³íåííÿ â äîç³
8 ìã/êã ìàñè ò³ëà. Äåêàï³òàö³þ ïðîâîäèëè ÷åðåç 24 ãîäèíè ï³ñëÿ îñòàííüîãî ñåàíñó îïðîì³íþâàííÿ. Ë³ï³äè åêñòðàãóâà-
ëè ìåòîäîì Ôîë÷à ³ ïðîÿâëÿëè â ïàðàõ éîäó, ïîð³âíþþ÷è ç³ ñòàíäàðòàìè öåðàì³äó (S³gma). Ðåçóëüòàò âèçíà÷àëè â íìîëü/ìã
á³ëêà. Éîãî âì³ñò ó äîñë³äæóâàíèõ ïðîáàõ îö³íþâàëè çà Ëîóð³. Çð³çè åêñïåðèìåíòàëüíèõ ïóõëèí çàâòîâøêè 8�10 ìêì,
äåïàðàô³íóâàëè é çàáàðâëþâàëè ãåìàòîêñèë³í-åîçèíîì â³äïîâ³äíî äî ìåòîäè÷íèõ ðåêîìåíäàö³é.

Ïðåïàðàòè âèâ÷åíî ³ ñôîòîãðàôîâàíî ³ç çàñòîñóâàííÿì ì³êðîñêîïà Ax³olab-Ze³ss (Germany). Çà äîïîìîãîþ ôëóîðåñöåíò-
íîãî ì³êðîñêîïà ï³äðàõîâóâàëè ê³ëüê³ñòü êë³òèí ç õàðàêòåðíîþ äëÿ àïîïòîçó ìîðôîëîã³ºþ. Ðåçóëüòàòè íàâîäèëè ó â³äñîò-
êîâîìó â³äíîøåíí³ êë³òèí ç ôëóîðåñöåíòíèìè ôðàãìåíòàìè ÄÍÊ àïîïòè÷íî çì³íåíèõ êë³òèí íà 100 äîñë³äæóâàíèõ ïóõ-
ëèííèõ êë³òèí ó ïîë³ çîðó. Ñòàòèñòè÷íèé àíàë³ç ïðîâîäèëè çà äîïîìîãîþ ïðîãðàì äëÿ ÏÊ B³ostat ³ Stat³st³ca ïðè âèêî-
ðèñòàíí³ ïàðàìåòðè÷íèõ ³ íåïàðàìåòðè÷íèõ ìåòîä³â äëÿ ìàëèõ âèá³ðîê.

Ðåçóëüòàòè: Ïîêàçàíî, ùî ïðè ïîºäíàí³é ä³¿ ³îí³çèâíîãî âèïðîì³íåííÿ (²Â) ³ åòîïîçèäó â³äáóâàºòüñÿ çíà÷íå çá³ëüøåííÿ
³íäåêñó àïîïòîçó â òêàíèí³ ïóõëèíè: ó 10,8 ðàçó çà ä³¿ ³êñ-âèïðîì³íåííÿ ³ â 10,2 � ïðè ä³¿ ÂÅÔ îïðîì³íåííÿ, ïîð³âíÿíî ç
êîíòðîëåì, òàêîæ ó 8,2 ³ â 6,2 ðàçó â ïîð³âíÿíí³ ç îïðîì³íåííÿì, ïðîâåäåíèì îêðåìî. Ïîºäíàíà ä³ÿ ²Â ³ åòîïîçèäó ï³äâè-
ùóº âì³ñò ÖÌ ó êàðöèíîì³ Ãåðåíà â 7,9 ðàçó ïðè ä³¿ ³êñ-îïðîì³íåííÿ, â 7,0 � ïðè ÂÅÔ îïðîì³íåíí³ â³äíîñíî êîíòðîëþ òà
â 5,8 ³ â 5,0 ðàçó, ïîð³âíÿíî ç ãðóïîþ, ÿêó ò³ëüêè îïðîì³íþâàëè.

Âèñíîâêè: Âñòàíîâëåíî, ùî ïðè ïîºäíàí³é ä³¿ ²Â ð³çíîãî åíåðãåòè÷íîãî ä³àïàçîíó é åòîïîçèäó â³äáóâàºòüñÿ ñòèìóëÿ-
ö³ÿ ïðîöåñ³â àïîïòîçó â ïóõëèí³ Ãåðåíà.

Êëþ÷îâ³ ñëîâà: ³îí³çèâíå âèïðîì³íåííÿ, åòîïîçèä, ³íäåêñ àïîïòîçó, öåðàì³ä.
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ê³ëüê³ñòü êë³òèí ç õàðàêòåðíîþ äëÿ àïîïòîçó ìîðôîëî-
ã³ºþ [7]. Ðåçóëüòàòè âèðàæàëè ó â³äñîòêîâîìó â³äíî-
øåíí³ êë³òèí ç ôëóîðåñöåíòíèìè ôðàãìåíòàìè ÄÍÊ
àïîïòè÷íî çì³íåíèõ êë³òèí íà 100 äîñë³äæåíèõ ïóõëèí-
íèõ êë³òèí ó ïîë³ çîðó.
Äëÿ âèçíà÷åííÿ ñô³íãîë³ï³ä³â ó òêàíèí³ ïóõëèíó ãîìî-

ãåí³çóâàëè â Í
2
Î äëÿ á³ëüø ïîâíîãî ðóéíóâàííÿ êë³òèí,

ãîìîãåíàò âèêîðèñòîâóâàëè äëÿ åêñòðàêö³¿ ë³ï³ä³â ìåòî-
äîì Ôîë÷à [8]. Ñô³íãîë³ï³äè ðîçä³ëÿëè çà äîïîìîãîþ
õðîìàòîãðàô³¿ â òîíêîìó øàð³ ñèë³êàãåëþ íà êîìåðö³é-
íèõ ïëàñòèíêàõ Sorbfil (ÀÎ «Ñîðáïîëèìåð», Ðîññèÿ).
Åêñòðàêòè ë³ï³ä³â, ÿê³ âèêîðèñòîâóâàëèñü äëÿ àíàë³çó
ñô³íãîë³ï³ä³â, âèïàðîâóâàëè ó âàêóóì³ òà ³íêóáóâàëè
60 õâ ïðè òåìïåðàòóð³ 37 °Ñ ó ñåðåäîâèù³: õëîðîôîðì�
ìåòàíîë (1:1, v/v), â ÿêå äîäàâàëè NaOH (0,1 ìîëü) äëÿ
ã³äðîë³çó àöèëãë³öåðèí³â. Ë³ï³äè çíîâó åêñòðàãóâàëè ³
âèêîðèñòîâóâàëè äëÿ ðîçïîä³ëó íà êëàñè ó ñèñòåì³ ðîç-
÷èííèê³â: õëîðîôîðì-åòèëàöåòàò-³çîïðîï³ëîâèé ñïèðò-
ìåòàíîë � 0,25 % KCl (25:25:25:10:9). Ë³ï³äè ïðîÿâëÿ-
ëè â ïàðàõ éîäó, ïîð³âíþþ÷è ç³ ñòàíäàðòàìè. Äëÿ
³äåíòèô³êàö³¿ ë³ï³ä³â âèêîðèñòîâóâàëè ñòàíäàðòè ÖÌ
(Sigma). Ðåçóëüòàò âèðàæàëè â íìîëü/ìã á³ëêà, âì³ñò
ÿêîãî ó äîñë³äæóâàíèõ ïðîáàõ âèçíà÷àëè çà Ëîóð³.
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

×åðåç äâà òèæí³ ï³ñëÿ ïåðåùåïëåííÿ â óñ³õ òâà-
ðèí ï³ä øê³ðîþ ñòåãíà ñïîñòåð³ãàëèñÿ âóçëóâàòî-
áóãðèñò³ íîâîóòâîðè. Ïðè ïðîâåäåíí³ ìîðôîëî-
ã³÷íèõ äîñë³äæåíü òêàíèíè êàðöèíîìè Ãåðåíà ó
äîñë³äæóâàíèõ ùóð³â êîíòðîëüíî¿ ãðóïè áóëî âè-
ÿâëåíî, ùî ã³ñòîñòðóêòóðà ðîçâèíåíèõ ïóõëèí,
ùî óòâîðèëèñü ÷åðåç äâà òèæí³ ï³ñëÿ òðàíñïëàí-
òàö³¿ ñóñïåíç³¿ êë³òèí, â³äïîâ³äàëà õàðàêòåðíèì
îñîáëèâîñòÿì öüîãî øòàìó åêñïåðèìåíòàëüíèõ
ïóõëèí.

Ì³êðîñêîï³÷íî ïóõëèíè êîíòðîëüíî¿ ãðóïè
ïðåäñòàâëåí³ íèçüêîäèôåðåíö³éîâàíîþ òêàíè-
íîþ, ùî ñêëàäàºòüñÿ ç åï³òåë³ºïîä³áíèõ êë³òèí.
Ïðè ìàëèõ çá³ëüøåííÿõ ì³êðîñêîïà íà çð³çàõ
ì³ñöÿìè âèÿâëÿºòüñÿ çàëîçèñòîïîä³áíà òêàíèíà
(ðèñóíîê 1). Ö³ óòâîðè ñêëàäàþòüñÿ ç îäíîãî øàðó
åï³òåë³ºïîä³áíèõ êë³òèí ç âåëèêèìè ÿäðàìè ç ãðóä-
êóâàòî ðîçòàøîâàíèì õðîìàòèíîì ³ ïîë³ìîðôíî
âèòÿãíóòîþ öèòîïëàçìîþ (ðèñóíîê 2). Ó êë³òè-
íàõ ñïîñòåð³ãàºòüñÿ ïîðóøåííÿ ÿäåðíî-öèòî-
ïëàçìàòè÷íîãî ñï³ââ³äíîøåííÿ, ÿêå ñêëàäàº
0,40 ± 0,01. Ì³ñöÿìè âåëèê³ åï³òåë³ºïîä³áí³ êë³òè-
íè óòâîðþþòü ð³çíîìàí³òíî îð³ºíòîâàí³ òÿæ³, áåç
áóäü-ÿêèõ çàêîíîì³ðíîñòåé áóäîâè. Êë³òèíè ó
ñòàí³ ïîä³ëó ìàéæå íå çóñòð³÷àþòüñÿ.

Ó ãðóï³ òâàðèí, ÿê³ çàçíàëè íà ïóõëèíó ëîêàëü-
íîãî âïëèâó ³êñ-îïðîì³íåííÿ ó ôðàêö³îíîâàíîìó
ðåæèì³, ñïîñòåð³ãàëèñÿ äåÿê³ äåñòðóêòèâí³ ïîðó-

øåííÿ ïóõëèííî¿ òêàíèíè, ïðåäñòàâëåíî¿ íèçü-
êîäèôåðåíö³éîâàíîþ òêàíèíîþ. Ïîäåêóäè çóñò-
ð³÷àþòüñÿ åëåìåíòè ïñåâäîçàëîçèñòî¿ òêàíèíè
(ðèñóíîê 3). Íà äåÿêèõ ä³ëÿíêàõ âèäíî ïåâíèé íà-
áðÿê òà ñïîòâîðåííÿ êë³òèí (ðèñóíîê 4). Ñïîñòå-
ð³ãàºòüñÿ ï³äâèùåííÿ íà 27 % ÿäåðíî-öèòîïëàç-
ìàòè÷íîãî ñï³ââ³äíîøåííÿ â³äíîñíî êîíòðîëþ.

Ó ãðóï³ òâàðèí, ó ÿêèõ ïóõëèíè áóëè ï³ääàí³
ÂÅÔ îïðîì³íåííþ, ì³êðîñêîï³÷íî êë³òèíè íîâî-
óòâîðó íå äóæå â³äð³çíÿëèñÿ â³ä òèõ, ùî çàçíàëè
³êñ-îïðîì³íåííÿ. Ïóõëèíà áóëà ïðåäñòàâëåíà
âåëèêèìè åï³òåë³ºïîä³áíèìè êë³òèíàìè. Öèòî-
ïëàçìà êë³òèí áóëà âèðàæåíî åîçèíîô³ëüíîþ, ç
ïîðóøåíèì ÿäåðíî-öèòîïëàçìàòè÷íèì ñï³ââ³ä-
íîøåííÿì. Êë³òèíè ó ñòàí³ ïîä³ëó ìàéæå íå çó-
ñòð³÷àëèñÿ. Òðàïëÿëîñÿ áàãàòî ä³ëÿíîê ç äð³áíèìè
êë³òèíàìè, çîêðåìà, ç ìàéæå ïîâíîþ â³äñóòí³ñòþ
öèòîïëàçìè òà ôðàãìåíòîâàíèìè ÿäðàìè (ðèñó-
íîê 5). Ñïîñòåð³ãàºòüñÿ ï³äâèùåííÿ íà 25 % ÿäåð-
íî-öèòîïëàçìàòè÷íîãî ñï³ââ³äíîøåííÿ â³äíîñíî
êîíòðîëþ.

Òàêèì ÷èíîì, âèâ÷åííÿ ã³ñòîñòðóêòóðè òêàíè-
íè ïóõëèíè ï³ñëÿ âïëèâó ²Â ð³çíîãî åíåðãåòè÷íî-
ãî ä³àïàçîíó, ñâ³ä÷èòü ïðî íåçíà÷íèé âïëèâ ²Â íà
àïîïòè÷í³ ïðîöåñè â ïóõëèí³ Ãåðåíà, ùî âêàçóº íà
ðàä³îðåçèñòåíòí³ñòü îñòàííüî¿.

Ìîðôîëîã³÷í³ äîñë³äæåííÿ ïóõëèí ï³ääîñë³ä-
íèõ ãðóï ùóð³â, ÿêèì ââîäèëè õåìîïðåïàðàò åòî-
ïîçèä, âèÿâèëè ïåâí³ ïîðóøåííÿ ã³ñòîñòðóêòóðè
ïóõëèííî¿ òêàíèíè ï³ä éîãî âïëèâîì.

Ó òêàíèí³ ïóõëèí ïðè ââåäåíí³ åòîïîçèäó ñïî-
ñòåð³ãàëèñÿ á³ëüø âèðàæåí³ ïðîÿâè çàãèáåë³
êë³òèí, í³æ ó ãðóï³, ÿêó îïðîì³íþâàëè. Òêàíèíà
ïðåäñòàâëåíà äèñîö³éîâàíèìè êë³òèíàìè (ðèñó-
íîê 6). Íà äåÿêèõ ä³ëÿíêàõ ñïîñòåð³ãàºòüñÿ ï³äâè-
ùåííÿ ê³ëüêîñò³ âåëèêèõ åï³òåë³ºïîä³áíèõ êë³òèí
ç êîíäåíñîâàíèì õðîìàòèíîì (ðèñóíîê 7). Ñïî-
ñòåð³ãàºòüñÿ ïîÿâà âåëèêî¿ ê³ëüêîñò³ êë³òèí, ùî
ïåðåáóâàþòü íà ï³çí³õ ñòàä³ÿõ àïîïòîçó: öèòîïëàç-
ìà ìàéæå ïîâí³ñòþ â³äñóòíÿ, ù³ëüíà êîíäåíñàö³ÿ
õðîìàòèíó, ôðàãìåíòàö³ÿ ÿäåð (ðèñóíîê 8); ìàº
ì³ñöå ï³äâèùåííÿ íà 50 % ÿäåðíî-öèòîïëàçìà-
òè÷íîãî ñï³ââ³äíîøåííÿ â³äíîñíî êîíòðîëþ.

Îòæå, ìîðôîëîã³÷í³ äîñë³äæåííÿ ïóõëèíè Ãå-
ðåíà ÷åðåç 24 ãîä ï³ñëÿ çàñòîñóâàííÿ åòîïîçèäó
ïîêàçàëè, ùî ïðîöåñè àïîïòîçó çíà÷íî ïîñèëþ-
âàëèñü ïîð³âíÿíî ç òàêèìè ó êîíòðîëüí³é ãðóï³,
ùî ï³äòâåðäèëî äîñë³äæåííÿ ³íäåêñó àïîïòîçó,
ÿêèé çðîñòàâ ó 3,9 ðàçó (òàáëèöÿ 1).
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ç êîíäåíñîâàíèì õðîìàòèíîì òà ïîðóøåíèìè
ÿäåðíèìè îáîëîíêàìè. Â îêðåìèõ ïîëÿõ çîðó
ïðèâåðòàº óâàãó íàÿâí³ñòü òåìíèõ áàçîô³ëüíèõ
àïîïòîçíèõ ò³ëåöü ñåðåä åîçèíîô³ëüíèõ çàëèøê³â
öèòîïëàçìè ïóõëèííèõ êë³òèí (ðèñóíîê 12).
Ñïîñòåð³ãàºòüñÿ ï³äâèùåííÿ íà 60 % ÿäåðíî-
öèòîïëàçìàòè÷íîãî ñï³ââ³äíîøåííÿ â³äíîñíî
êîíòðîëþ.

Îòæå, ïðè êîìá³íîâàí³é ä³¿ åòîïîçèäó òà ²Â íà
êàðöèíîìó Ãåðåíà ïîñèëþþòüñÿ äåñòðóêòèâí³
çì³íè ïóõëèííèõ êë³òèí, à ñàìå: çá³ëüøóºòüñÿ
ê³ëüê³ñòü ÿäåð ç êîíäåíñîâàíèì òà ôðàãìåíòîâà-
íèì õðîìàòèíîì, ïîðóøóþòüñÿ ÿäåðí³ îáîëîíî-

Ðèñóíîê 1. Òêàíèíà ïóõëèíè Ãåðåíà. Ãåìàòîêñèë³í-åîçèí,
× 400

Fig. 1. Guerin�s  tumor. Hematoxylin and eosin, × 400

Ðèñóíîê 2. Åï³òåë³ºïîä³áí³ êë³òèíè ç êîíäåíñîâàíèì õðî-
ìàòèíîì. Ãåìàòîêñèë³í-åîçèí, ìàñëÿíà ³ìåðñ³ÿ, × 2000

Fig. 2. Epithelioid cells with condensed chromatin. Hemato-
xylin and eosin, oil immersion, × 2000

Ðèñóíîê 3. Òêàíèíà ïóõëèíè Ãåðåíà ï³ñëÿ ³êñ-îïðîì³íåí-
íÿ. Ãåìàòîêñèë³í-åîçèí, × 400

Fig. 3. Guerin�s  tumor after x-ray exposure. Hematoxylin
and eosin, × 400

Ðèñóíîê 4. Êë³òèíè ç íàáðÿêëîþ öèòîïëàçìîþ òà êîíäåí-
ñîâàíèì õðîìàòèíîì. Ãåìàòîêñèë³í-åîçèí, ìàñëÿíà ³ìåð-
ñ³ÿ, × 2000

Fig. 4. Cells with swollen cytoplasm and condensed
chromatin. Hematoxylin and eosin, oil immersion, × 2000

Ï³ñëÿ çàñòîñóâàííÿ åòîïîçèäó â ïîºäíàíí³ ç ³êñ-
îïðîì³íåííÿì åôåêò áóâ íàéá³ëüø âèðàæåíèì.
Òêàíèíà ïðåäñòàâëåíà íàáðÿêëèìè êë³òèíàìè ç³
çíà÷íèìè äåñòðóêòèâíèìè çì³íàìè (ðèñóíîê 9).
Ñïîñòåð³ãàþòüñÿ çíà÷í³ äåñòðóêòèâí³ çì³íè ó
ñòàí³ êë³òèí: ¿õ âåëèêà ÷àñòèíà ïðåäñòàâëåíà ëèøå
ÿäðîì (ðèñóíîê 10), ÿäðà äåÿêèõ êë³òèí ìàþòü
ïîðóøåííÿ ÿäåðíî¿ îáîëîíêè, áàãàòî êë³òèí ³ç
ôðàãìåíòîâàíèìè ÿäðàìè (ðèñóíîê 11). ßäåðíî-
öèòîïëàçìàòè÷íå ñï³ââ³äíîøåííÿ â³äíîñíî
êîíòðîëþ ï³äâèùåíå íà 66 %.

Ïðè ä³¿ ÂÅÔ âèïðîì³íåííÿ ó ïîºäíàíí³ ç åòîïî-
çèäîì ó òêàíèí³ ïóõëèí âèÿâëÿºòüñÿ áàãàòî ÿäåð
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êè, ùî õàðàêòåðíî äëÿ àïîïòè÷íî¿ çàãèáåë³ êë³òèí.
Ïîºäíàííÿ åòîïîçèäó òà ²Â ïðèçâîäèòü äî çíà÷-
íîãî ï³äâèùåííÿ ³íäåêñó àïîïòîçó â 10,8 ðàçó ïðè
ä³¿ ðåíòãåí³âñüêîãî, òà â 10,2 ïðè ä³¿ ÂÅÔ âèïðî-
ì³íåííÿ ïîð³âíÿíî ç êîíòðîëüíîþ, òà â 8,2 ³ â 6,2
ðàçó â³äïîâ³äíî ïîð³âíÿíî ç îïðîì³íåííÿì, ïðî-
âåäåíèì îêðåìî, òà â 2,7 ³ 2,6 ðàçó � ïîð³âíÿíî ç
ãðóïàìè, äå ââîäèâñÿ ò³ëüêè õåìîïðåïàðàò åòîïî-
çèä (äèâ. òàáëèöþ 1).

Äîñë³äæåííÿ ÿäåðíî-öèòîïëàçìàòè÷íîãî â³ä-
íîøåííÿ ïîêàçàëî, ùî ²Â, ââåäåííÿ åòîïîçèäó ³
êîìá³íîâàíà ä³ÿ ²Â òà åòîïîçèäó ïðèçâîäÿòü äî
ï³äâèùåííÿ öüîãî ïîêàçíèêà â 1,5 ðàçó ïîð³âíÿíî
ç êîíòðîëåì (òàáëèöÿ 2). Çá³ëüøåííÿ òàêîãî â³ä-
íîøåííÿ ìîæå ñâ³ä÷èòè ïðî ìîæëèâèé ïî÷àòîê

ïðîöåñó àïîïòîçó ó êë³òèíàõ, ùî â³äïîâ³äàº ðå-
çóëüòàòàì ³íøèõ äîñë³äííèê³â [9, 10]

Äîñë³äæåííÿ âì³ñòó ïðîàïîïòîçíîãî ë³ï³äó �
ÖÌ ó ïóõëèí³ ïîêàçàëè, ùî éîãî ð³âåíü ï³ä âïëè-
âîì ²Â ð³çíîãî åíåðãåòè÷íîãî ä³àïàçîíó â³ðîã³äíî
íå çì³íþâàâñÿ â³äíîñíî êîíòðîëüíî¿ ãðóïè
(òàáëèö³ 3, 4).

Çì³íè ð³âíÿ ³íäåêñó àïîïòîçó â òêàíèí³ ïóõëè-
íè Ãåðåíà êîðåëþâàëè ç³ çì³íàìè ð³âíÿ ïðîàïîï-
òîçíîãî ë³ï³äó ÖÌ ïðè ïîºäíàí³é ä³¿ ²Â òà åòîïî-
çèäó. Ïîð³âíÿíî ç êîíòðîëåì ð³âåíü ÖÌ ï³äâèùó-
âàâñÿ â 7,9 ðàçó ïðè ä³¿ ³êñ-âèïðîì³íåííÿ, ³ â  7,0 �

Òàáëèöÿ 1

²íäåêñ àïîïòîçó â ïóõëèí³ Ãåðåíà ï³ñëÿ âïëèâó
ïîºäíàíî¿ ä³¿ ³îí³çèâíîãî âèïðîì³íåííÿ òà åòîïîçèäó, %

Apoptosis index in Guerin�s tumor after exposure
to combined effects of ionizing radiation and Etoposide, %

Ðèñóíîê 5. Ñïîòâîðåí³ ÿäðà êë³òèí ïóõëèíè Ãåðåíà òâà-
ðèí, îïðîì³íåíèõ ÂÅÔ âèïðîì³íåííÿì. Ãåìàòîêñèë³í-åî-
çèí, ìàñëÿíà ³ìåðñ³ÿ, × 2000

Fig. 5. Distorted nuclei of  Guerin�s tumor cells in animals
exposed to high-energy photon radiation. Hematoxylin and
eosin, oil immersion, × 2000

Ðèñóíîê 6. Òêàíèíà ïóõëèíè Ãåðåíà ï³ñëÿ ââåäåííÿ åòî-
ïîçèäó. Ãåìàòîêñèë³í-åîçèí, × 400

Fig. 6. Guerin�s  tumor tissue after administration of Etopo-
side. Hematoxylin and eosin, × 400

Ðèñóíîê 7. Êë³òèíè ³ç ù³ëüíî êîíäåíñîâàíèì õðîìàòè-
íîì. Ãåìàòîêñèë³í-åîçèí, ìàñëÿíà ³ìåðñ³ÿ, × 2000

Fig. 7. Cells with tightly condensed chromatin. Hematoxylin
and eosin, oil immersion, × 2000

Ïðèì³òêà. Â³ðîã³äí³ñòü ð³çíèö³ â³äíîñíî: * � êîíòðîëüíî¿
ãðóïè, ð < 0,05; # � îïðîì³íåííÿ, ð < 0,05.

Âïëèâ
K³ëüê³ñòü

ïîë³â çîðó,
n

²íäåêñ
àïîïòîçó,

%

Kîíòðîëü (ïóõëèíà) 42 2,5

²êñ-âèïðîì³íåííÿ 15 3,3

ÂÅÔ âèïðîì³íåííÿ 27 4,1

Åòîïîçèä 42 9,8*

²êñ-âèïðîì³íåííÿ + åòîïîçèä 15 27,2*/#

ÂÅÔ âèïðîì³íåííÿ + åòîïîçèä 27 25,6*/#
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Ðèñóíîê 8. Êë³òèíè ïóõëèíè Ãåðåíà ç åëåìåíòàìè àïîï-
òîçó. Ãåìàòîêñèë³í-åîçèí, ìàñëÿíà ³ìåðñ³ÿ, × 2000

Fig. 8. Guerin�s tumor cells with elements  of apoptosis.
Hematoxylin and eosin, oil immersion, × 2000

Ðèñóíîê 9. Òêàíèíà ïóõëèíè Ãåðåíà ç³ çíà÷íèìè äåñòðóê-
òèâíèìè çì³íàìè. Ãåìàòîêñèë³í-åîçèí, × 400

Fig. 9. Guerin�s  tumor with significant destructive changes.
Hematoxylin and eosin, × 400

Ðèñóíîê 10. Êë³òèíè ç äåñòðóêòèâíèìè çì³íàìè. Ãåìàòîê-
ñèë³í-åîçèí, ìàñëÿíà ³ìåðñ³ÿ, × 2000

Fig. 10. Cells with destructive changes. Hematoxylin and
eosin, oil immersion, × 2000

Ðèñóíîê 11. Êë³òèíè ïóõëèíè Ãåðåíà ç åëåìåíòàìè àïîï-
òîçó. Ãåìàòîêñèë³í-åîçèí, ìàñëÿíà ³ìåðñ³ÿ, × 2000

Fig. 11. Guerin�s tumor cells with elements  of apoptosis.
Hematoxylin and eosin, oil immersion, × 2000

ïðè ÂÅÔ îïðîì³íåíí³, ïîð³âíÿíî ç îïðîì³íåí-
íÿì, ùî çä³éñíþâàëîñü îêðåìî, â 5,8 ³ â 5,0 ðàçó
â³äïîâ³äíî (äèâ. òàáëèö³ 3, 4).

Îòðèìàí³ äàí³ ïðî ñóòòºâå ï³äâèùåííÿ ÖÌ ó
òêàíèí³ ïóõëèíè Ãåðåíà ï³ä ä³ºþ åòîïîçèäó òà
éîãî êîìá³íîâàíîãî çàñòîñóâàííÿ ç ²Â óçãîäæó-
þòüñÿ ç äàíèìè ³íøèõ äîñë³äíèê³â ó ö³é ãàëóç³ [11].

Òàêèì ÷èíîì, ïðîâåäåí³ äîñë³äæåííÿ ïîêàçàëè
íàÿâí³ñòü çâ�ÿçêó ì³æ ìîðôîëîã³÷íèìè ïîêàçíè-
êàìè àïîïòîçó òà ð³âíåì ïðîàïîïòîçíîãî ë³ï³äó

ÖÌ ó ïóõëèí³ Ãåðåíà. Öå äîçâîëÿº ä³éòè âèñíîâ-
êó, ùî ïðè ïîºäíàí³é ä³¿ ³êñ- àáî ÂÅÔ âèïðîì³íåí-
íÿ òà åòîïîçèäó çíà÷íî ï³äâèùóºòüñÿ ð³âåíü ïðî-
àïîïòîçíîãî ë³ï³äó ÖÌ, òà ñòàþòü ìîðôîëîã³÷íî
á³ëüø âèðàæåíèìè äåñòðóêòèâí³ çì³íè ó ïóõëèí³,
çðîñòàº ³íäåêñ àïîïòîçó, ïîð³âíÿíî ç îêðåìîþ
ä³ºþ êîæíîãî ³ç çàçíà÷åíèõ ôàêòîð³â, à òàêîæ
ç êîíòðîëüíîþ ãðóïîþ.

Âèñíîâêè

1. Ïîºäíàíà ä³ÿ ²Â òà åòîïîçèäó ïðèçâîäèòü äî
çíà÷íîãî ï³äâèùåííÿ ³íäåêñó àïîïòîçó â òêàíèí³
ïóõëèíè â 10,8 ðàçó ïðè ä³¿ ³êñ-âèïðîì³íåííÿ òà â
10,2 � ïðè ä³¿ ÂÅÔ âèïðîì³íåííÿ ïîð³âíÿíî ç
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êîíòðîëüíîþ, à òàêîæ ó 8,2 ³ â 6,2 ðàçó ïîð³âíÿíî
ç îïðîì³íåííÿì, ïðîâåäåíèì îêðåìî.

2. Çàñòîñóâàííÿ ²Â â ïîºäíàíí³ ç åòîïîçèäîì
â³ðîã³äíî ï³äâèùóº âì³ñò ïðîàïîïòîçíîãî ë³ï³äó
öåðàì³äó â êàðöèíîì³ Ãåðåíà â 7,9 ðàçó ïðè ä³¿ ³êñ-
âèïðîì³íåííÿ, òà â 7,0 � ïðè ÂÅÔ âèïðîì³íåíí³
â³äíîñíî êîíòðîëüíî¿ ãðóïè, òà â 5,8 ³ â 5,0 ðàçó
ïîð³âíÿíî ç îïðîì³íåííÿì, ùî çä³éñíþâàëîñü
îêðåìî.
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Ðèñóíîê 12. Êë³òèíè ïóõëèíè Ãåðåíà ç åëåìåíòàìè àïîï-
òîçó. Ãåìàòîêñèë³í-åîçèí, ìàñëÿíà ³ìåðñ³ÿ, × 2000

Fig. 12. Guerin�s tumor cells with elements  of apoptosis.
Hematoxylin and eosin, oil immersion, × 2000

Òàáëèöÿ 2

ßäåðíî-öèòîïëàçìàòè÷íå â³äíîøåííÿ ó êë³òèíàõ
ïóõëèíè Ãåðåíà ï³ñëÿ âïëèâó ïîºäíàíî¿ ä³¿ ²Â

òà åòîïîçèäó, (Õ ± Sx)
Nuclear-cytoplasmic ratio in Guerin�s  tumor cells

after exposure to combined effects of IR and Etoposide,
(Õ ± Sx)

Òàáëèöÿ 3

Âïëèâ ïîºäíàíî¿ ä³¿ ³êñ-âèïðîì³íåííÿ òà åòîïîçèäó
íà âì³ñò öåðàì³äó â êàðöèíîì³ Ãåðåíà, (Õ ± Sx)

The effect of combined x-ray exposure and Etoposide on
ceramide content in Guerin�s  carcinoma, (Õ ± Sx)

Ïðèì³òêà. * � â³ðîã³äí³ñòü ð³çíèö³ â³äíîñíî êîíòðîëüíî¿
ãðóïè, ð < 0,05.

Ïðèì³òêà. Â³ðîã³äí³ñòü ð³çíèö³ â³äíîñíî: * � êîíòðîëüíî¿
ãðóïè, ð < 0,05; # � îïðîì³íåííÿ, ð < 0,05.

Òàáëèöÿ 4

Âïëèâ ïîºäíàíî¿ ä³¿ ÂÅÔ âèïðîì³íåííÿ òà åòîïîçèäó
íà âì³ñò öåðàì³äó â êàðöèíîì³ Ãåðåíà, (Õ ± Sx)

The effect of combined exposure to high-energy photon
radiation and Etoposide on ceramide content in Guerin�s

carcinoma, (Õ ± Sx)

Ïðèì³òêà. Â³ðîã³äí³ñòü ð³çíèö³ â³äíîñíî: * � êîíòðîëüíî¿
ãðóïè, ð < 0,05; # � îïðîì³íåííÿ, ð < 0,05.

Âïëèâ K³ëüê³ñòü
êë³òèí

ßäåðíî-öèòî-
ïëàçìàòè÷íå
â³äíîøåííÿ

Kîíòðîëü (ïóõëèíà) 100 0,40±0,01

Åòîïîçèä 100 0,50±0,01*

Ðåíòãåí³âñüêå âèïðîì³íåííÿ
(ÐÓÌ 17) 100 0,50±0,01*

Âèñîêîåíåðãåòè÷íå ôîòîííå
âèïðîì³íåííÿ (Clinac 600 C) 100 0,60±0,01*

Îïðîì³íåííÿ (ÐÓÌ 17)+
åòîïîçèä 100 0,66±0,01*

Îïðîì³íåííÿ (Clinac 600 C)+
åòîïîçèä 100 0,63±0,01*

Âïëèâ n Öåðàì³ä,
íìîëü/ìã á³ëêà

Kîíòðîëü (ïóõëèíà) 5 3,18 ± 0,29

Åòîïîçèä 5 14,65 ± 2,41*

Îïðîì³íåííÿ 5 4,37±  0,74

Îïðîì³íåííÿ + åòîïîçèä 5 25,19 ± 2,91*/#

Âïëèâ n Öåðàì³ä,
íìîëü/ìã á³ëêà

Kîíòðîëü (ïóõëèíà) 9 3,24 ± 0,31

Åòîïîçèä 9 14,83 ± 2,90*

Îïðîì³íåííÿ 9 4,48 ± 0,92

Îïðîì³íåííÿ + åòîïîçèä 9 22,69 ± 2,95*/#


