
ÓÐÆ56

Óêðà¿íñüêèé Ðàäiîëîãi÷íèé Æóðíàë
© ÄÓ Iíñòèòóò ìåäè÷íî¿ ðàäiîëîãi¿ ³ì. Ñ.Ï. Ãðèãîð'ºâà ÍÀÌÍ Óêðà¿íè (2013) ÓÐÆ 2013; 21: 56�63

Î.Ï. Ëóêàøîâà

ÄÓ ²íñòèòóò ìåäè÷íî¿
ðàä³îëîã³¿ ³ì. Ñ.Ï. Ãðèãîð�ºâà
ÍÀÌÍ Óêðà¿íè, Õàðê³â

Ä³ÿ ³îí³çóâàëüíî¿ ðàä³àö³¿
òà ïðåïàðàòó «Åòîïîçèä»
íà ïðîöåñè àïîïòîçó
òà óëüòðàñòðóêòóðó êë³òèí
êàðöèíîìè Ãåðåíà
The effect of ionizing radiation and etoposide
on apoptosis and ultrastructure of Guerin�s
carcinoma cells

Objective: To perform electron microscopy of separate and
combination effect of irradiation and chemotherapy with
etoposide on the ultrastructure of Guerin�s carcinoma cells and
apoptosis development at various terms.

Material and Methods: Standard methods of electron micro-
scopy were used to investigate the ultrastructure of Guerin�s
carcinoma cells after local x-ray exposure at a dose of 5 Gy,
administration of etoposide at a dose of 8 mg/kg, and com-
bination of chemotherapy and radiation therapy (irradiation
at a dose of 5 Gy 18 hours after etoposide administration). The
investigation was performed 3, 6, and 24 hours after the
exposure. Intact tumors served as controls.

Results: It was determined that irradiation resulted in
occurrence of the cells in the state of apoptosis death 3 hours
after the irradiation. Their ultrastructure was characterized
by nucleus with chromatin accumulating like dark masses along
the nucleus membrane while granular protein substance (ob-
viously enzymes of protein metabolism) appeared in the karyo-
plasms.  The cytoplasm created scalloped processes and apop-
tosis bodies, the structure of its organelles was damaged.  Six
hours after the exposure apoptosis processes decelerated, 24
hours later tumor cells (TC) in this state were not observed.
Under the influence of etoposide apoptotic death of TC was not
distinct and this was not observed 6 hours later. Considerably
greater effect was produced by combination use of chemo-
therapy and radiation therapy. With this apoptosis index
significantly increased at all terms of the investigation with
its maximum 6 hours after the exposure. Various stages of its
development were observed: from TC with almost normal cyto-
plasm to the cells with fragmented cytoplasm, or cell death
occurred. Apoptosis processes finished 24 hours after the
exposure.

It was determined that etoposide administration inhibited
division processes, especially 24 hours after the administration,
which corresponded to the mechanism of its action. Conside-
rable mitotic activities were observed in all terms after chemo-
radiation treatment.

Conclusion: Irradiation and etoposide used separately are
weak inductors of apoptosis in Guerin�s carcinoma. Etoposide
administered 18 hours before irradiation creates conditions for
considerable stimulation of apoptosis processes at early terms
after the exposure with pronounced maximum 6 hours after the
exposure.  Etoposide decelerates mitotic activity of Guerin�s
carcinoma cells which manifests 24 hours after the admi-
nistration both at separate use and in combination with ir-
radiation and is accompanied by increase of the number of small
TC. Radiation effect on the Guerin�s carcinoma ultrastructure
is appearance of bi- and polynuclear cells as well as those with
micronuclei.

Key words: radiation, etoposide, Guerin�s carcinoma, ultra-
structure, apoptosis.

Öåëü ðàáîòû: Ýëåêòðîííîìèêðîñêîïè÷åñêîå èññëåäîâà-
íèå îòäåëüíîãî è ñîâìåñòíîãî äåéñòâèÿ îáëó÷åíèÿ è õèìèî-
ïðåïàðàòà «Ýòîïîçèä» íà óëüòðàñòðóêòóðó êëåòîê êàðöèíî-
ìû Ãåðåíà è ðàçâèòèå àïîïòîçà â ðàííèå ñðîêè.

Ìàòåðèàëû è ìåòîäû: Ñ ïîìîùüþ ñòàíäàðòíûõ ìåòî-
äîâ ýëåêòðîííîé ìèêðîñêîïèè èçó÷åíà óëüòðàñòðóêòóðà
êëåòîê êàðöèíîìû Ãåðåíà ïîñëå ëîêàëüíîãî ðåíòãåíîâñêîãî
îáëó÷åíèÿ îïóõîëè â äîçå 5 Ãð, ââåäåíèÿ õèìèîïðåïàðàòà
«Ýòîïîçèä» â äîçå 8 ìã/êã, è îáëó÷åíèÿ îïóõîëè ÷åðåç 18 ÷à-
ñîâ ïîñëå ââåäåíèÿ ïðåïàðàòà. Èññëåäîâàíèÿ ïðîâîäèëè
÷åðåç 3, 6 è 24 ÷. Êîíòðîëåì ñëóæèëè èíòàêòíûå îïóõîëè.

Ðåçóëüòàòû: Óñòàíîâëåíî, ÷òî îáëó÷åíèå îïóõîëè ÷åðåç
3 ÷ ïðèâîäèò ê ïîÿâëåíèþ êëåòîê â ñîñòîÿíèè àïîïòè÷åñ-
êîé ãèáåëè. Õàðàêòåðíûì äëÿ èõ óëüòðàñòðóêòóðû ÿâëÿåò-
ñÿ ÿäðî, õðîìàòèí â êîòîðîì ñîáèðàåòñÿ òåìíûìè ìàññàìè
âäîëü ÿäåðíîé ìåìáðàíû, â òî âðåìÿ êàê â êàðèîïëàçìå âû-
ÿâëÿåòñÿ ãðàíóëÿðíàÿ áåëêîâàÿ ñóáñòàíöèÿ, ïðåäñòàâëåí-
íàÿ, î÷åâèäíî, ôåðìåíòàìè íóêëåèíîâîãî îáìåíà. Öèòî-
ïëàçìà îáðàçóåò ôåñòîí÷àòûå âûðîñòû è àïîïòîçíûå òåëü-
öà, à åå îðãàíåëëû èìåþò çíà÷èòåëüíî íàðóøåííóþ ñòðóê-
òóðó. Ê 6 ÷ ïðîöåññû àïîïòîçà çàòèõàþò, à íà 1-å ñóòêè îïó-
õîëåâûå êëåòêè (ÎÊ) â ýòîì ñîñòîÿíèè îòñóòñòâóþò. Ïðè
äåéñòâèè ýòîïîçèäà àïîïòè÷åñêàÿ ãèáåëü ÎÊ âûðàæåíà ñëàáî
è óæå ÷åðåç 6 ÷ íå îòìå÷àåòñÿ. Çíà÷èòåëüíî áîëüøèé ýôôåêò
âûçûâàåò ñîâìåñòíîå ïðèìåíåíèå õèìè÷åñêîãî è ëó÷åâîãî
ôàêòîðîâ. Ïðè ýòîì èíäåêñ àïîïòîçà äîñòîâåðíî âîçðàñòà-
åò âî âñå ñðîêè èññëåäîâàíèÿ ñ ìàêñèìóìîì íà 6 ÷, ïðè÷åì
íàáëþäàþòñÿ ðàçíûå ýòàïû åãî ðàçâèòèÿ: îò òåõ ÎÊ, â êî-
òîðûõ öèòîïëàçìà èìååò ïî÷òè íîðìàëüíóþ ñòðóêòóðó, äî
òåõ, ãäå îíà ôðàãìåíòèðóåòñÿ èëè ïðîèñõîäèò ãèáåëü êëå-
òîê. Ïðîöåññû àïîïòîçà íà÷èíàþò çàâåðøàòüñÿ ê 1-ì ñóò-
êàì.

Óñòàíîâëåíî, ÷òî ââåäåíèå ýòîïîçèäà òîðìîçèò ïðîöåññû
äåëåíèÿ, îñîáåííî ñïóñòÿ ñóòêè ïîñëå ââåäåíèÿ, ÷òî ñîãëà-
ñóåòñÿ ñ îñíîâíûì ìåõàíèçìîì åãî äåéñòâèÿ. Ñíèæåíèå ìè-
òîòè÷åñêîé àêòèâíîñòè íàáëþäàåòñÿ è âî âñå ñðîêè ïîñëå
õèìèîëó÷åâîãî âîçäåéñòâèÿ.

Âûâîäû: Ðàäèàöèÿ è ýòîïîçèä, ïðèìåíÿåìûå îòäåëüíî,
ÿâëÿþòñÿ ñëàáûìè èíäóêòîðàìè àïîïòîçà â êàðöèíîìå Ãå-
ðåíà. Ýòîïîçèä, ââåäåííûé çà 18 ÷ äî îáëó÷åíèÿ, ñîçäàåò óñ-
ëîâèÿ äëÿ çíà÷èòåëüíîé ñòèìóëÿöèè ïðîöåññîâ àïîïòîçà â
ðàííèå ñðîêè ïîñëå äåéñòâèÿ ðàäèàöèè ñ îò÷åòëèâûì ìàê-
ñèìóìîì íà 6 ÷. Ýòîïîçèä òîðìîçèò ìèòîòè÷åñêóþ àêòèâ-
íîñòü êëåòîê êàðöèíîìû Ãåðåíà, ÷òî ïðîÿâëÿåòñÿ ÷åðåç ñóò-
êè êàê ïðè îòäåëüíîì ïðèìåíåíèè, òàê è â êîìáèíàöèè ñ îá-
ëó÷åíèåì è ñîïðîâîæäàåòñÿ ðîñòîì ÷èñëà ÎÊ íåáîëüøîãî ðàç-
ìåðà. Õàðàêòåðíûì äëÿ äåéñòâèÿ ðàäèàöèè íà óëüòðàñòðóê-
òóðó êëåòîê êàðöèíîìû Ãåðåíà ÿâëÿåòñÿ íàëè÷èå äâóõ- è
ìíîãîÿäåðíèõ êëåòîê, à òàêæå êëåòîê ñ ìèêðîÿäðàìè.

Êëþ÷åâûå ñëîâà: ðàäèàöèÿ, ýòîïîçèä, îïóõîëü Ãåðåíà,
óëüòðàñòðóêòóðà, àïîïòîç.

Ìåòà ðîáîòè: Åëåêòðîííîì³êðîñêîï³÷íå äîñë³äæåííÿ îêðåìî¿ òà ïîºäíàíî¿ ä³¿ îïðîì³íåííÿ òà õåìîïðåïàðàòó «Åòî-
ïîçèä» íà óëüòðàñòðóêòóðó êë³òèí êàðöèíîìè Ãåðåíà òà ðîçâèòîê àïîïòîçó ó ðàíí³ òåðì³íè.

Ìàòåð³àëè òà ìåòîäè: Çà äîïîìîãîþ ñòàíäàðòíèõ ìåòîä³â åëåêòðîííî¿ ì³êðîñêîï³¿ äîñë³äæåíà óëüòðàñòðóêòóðà êë³òèí
êàðöèíîìè Ãåðåíà ï³ñëÿ ëîêàëüíîãî ðåíòãåí³âñüêîãî îïðîì³íåííÿ ïóõëèíè ó äîç³ 5 Ãð, ââåäåíèÿ õåìîïðåïàðàòó «Åòîïî-
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Îäí³ºþ ç ãîëîâíèõ ïðîáëåì îíêîëîã³¿ º ï³äâè-
ùåííÿ åôåêòèâíîñò³ ë³êóâàííÿ ðàêó. Ñåðåä ìå-
òîä³â, ÿê³ íàé÷àñò³øå âèêîðèñòîâóþòüñÿ äëÿ òå-
ðàï³¿ çëîÿê³ñíèõ ïóõëèí, ïåðøå ì³ñöå ïîñ³äàº ïðî-
ìåíåâà òåðàï³ÿ (ÏÒ) [1]. Îäíàê âîíà ìàº ñâî¿ îáìå-
æåííÿ, ïîâ�ÿçàí³ ÿê ç ïåðâèííîþ ðàä³îðåçèñòåí-
òí³ñòþ, òàê ³ âòîðèííîþ, ÿêà âèíèêàº ó ïðîöåñ³
ë³êóâàííÿ [2, 3]. Ââàæàþòü, ùî ïðè÷èíîþ öüîãî
ìîæå áóòè ïîðóøåííÿ ó ðàêîâèõ êë³òèíàõ ïðî-
öåñ³â àïîïòîçó [4, 5], îäíîãî ç âèä³â çàãèáåë³ êë³-
òèí, ÿêèé ðîçâèâàºòüñÿ ÿê ïðè óðàæåíí³ ÄÍÊ
ÿäðà, òàê ³ ïðè àêòèâàö³¿ ³íøèõ øëÿõ³â àïîïòîçó, ùî
ïðèçâîäèòü äî êàñêàäó ñïåöèô³÷íèõ ðåàêö³é ñàìî-
çíèùåííÿ êë³òèí. Òàê³ ïîðóøåííÿ ìîæóòü â³äáó-
âàòèñÿ âíàñë³äîê ìóòàö³é ïðîàïîïòè÷íèõ ãåí³â,
çîêðåìà ð53, òà ïðè àêòèâàö³¿ àíòèàïîïòè÷íîãî
á³ëêà Bakl 2 [5, 6]. Òîìó â ñó÷àñí³é îíêîëîã³¿ àêòó-
àëüíèì º íàïðÿìîê äîñë³äæåíü, ïîâ�ÿçàíèõ ç³ ñòè-
ìóëÿö³ºþ àïîïòîçó çà äîïîìîãîþ ìîäèô³êóâàëü-
íèõ çàñîá³â, òàêèõ ÿê òàðãåòí³ àãåíòè, ñïåöèô³÷í³
äî ð³çíèõ ëàíîê öüîãî ïðîöåñó, òà çâè÷àéí³ ïðî-
òèïóõëèíí³ ïðåïàðàòè [4, 5]. Ñåðåä ìîðôîëîã³÷-
íèõ ìåòîä³â äëÿ âèâ÷åííÿ ïðîöåñ³â àïîïòîçó íàé-
÷àñò³øå âèêîðèñòîâóþòü ã³ñòîëîã³÷í³ ìåòîäè [7],
àëå òî÷íî ³äåíòèô³êóâàòè éîãî ñòàä³¿ ìîæíà ëèøå
íà óëüòðàñòðóêòóðíîìó ð³âí³ [8], õî÷à çàñòîñóâàí-
íÿ åëåêòðîííîì³êðîñêîï³÷íîãî ìåòîäó äåùî îá-
ìåæåíå, âíàñë³äîê éîãî ñêëàäíîñò³ òà âèñîêî¿ âàð-
òîñò³ [7]. Â³äîìî òàêîæ, ùî àïîïòîç ðîçâèâàºòüñÿ
â³äðàçó ï³ñëÿ çàñòîñóâàííÿ ðàä³àö³éíèõ òà õ³ì³÷íèõ
ôàêòîð³â ç ìàêñèìóìîì íà 4�6 ãîäèí ³ ÷åðåç 24 ãî-
äèíè êë³òèíè â òàêîìó ñòàí³ âæå íå âèÿâëÿþòüñÿ

[3, 5], òîìó ìîðôîëîã³÷íå âèâ÷åííÿ âïëèâó öèõ
÷èííèê³â ñë³ä âèêîíóâàòè ëèøå ó ðàíí³é ïåð³îä.
Â åêñïåðèìåíò³ äîñë³äæåííÿ ðàä³îðåçèñòåíòíîñò³
òà ðàä³îñåíñèá³ë³çóþ÷î¿ ä³¿ ð³çíèõ õåìîïðåïàðàò³â
÷àñòî ïðîâîäèòüñÿ íà êàðöèíîì³ Ãåðåíà, ÿêà º äî-
ñèòü ñò³éêîþ äî îïðîì³íåííÿ ïóõëèíîþ, ³ âè-
â÷åííÿ ïðîöåñ³â àïîïòîçó ìîæå äîçâîëèòè âèÿ-
âèòè äåÿê³ îñîáëèâîñò³ ìåõàí³çì³â éîãî ðîçâèòêó
â öèõ óìîâàõ.

Ó çâ�ÿçêó ç öèì ìåòîþ äàíî¿ ðîáîòè ñòàëî
åëåêòðîííîì³êðîñêîï³÷íå äîñë³äæåííÿ îêðåìî¿ òà
ïîºäíàíî¿ ä³¿ îïðîì³íåííÿ òà õåìîïðåïàðàòó
«Åòîïîçèä» íà óëüòðàñòðóêòóðó êë³òèí êàðöèíî-
ìè Ãåðåíà òà ðîçâèòîê àïîïòîçó â ðàíí³ òåðì³íè.

Ìåòîäèêà äîñë³äæåííÿ

Åêñïåðèìåíòè ïðîâåäåíî íà 30 ùóðàõ ìàñîþ ò³ëà 160�
180 ã íà 10�12-òó äîáó ï³ñëÿ ïåðåùåïëåííÿ êàðöèíîìè
Ãåðåíà, êîëè ðîçì³ðè ïóõëèííîãî âóçëà äîñÿãàëè ó ä³à-
ìåòð³ 1,5�2,0 ñì. Ïóõëèíó îïðîì³íþâàëè ëîêàëüíî íà
ðåíòãåí³âñüêîìó àïàðàò³ ÐÓÌ-17 çà ñòàíäàðòíèõ òåõí³÷-
íèõ óìîâ: íàïðóãà � 190 êÂ, ñèëà ñòðóìó � 10 ìÀ,
ô³ëüòðè: 0,5 ìì Cu + 1 ìì Al, äîçà îïðîì³íåííÿ � 5 Ãð.
Õåìîïðåïàðàò åòîïîçèä «Åáåâå» ââîäèëè âíóòð³î÷åðå-
âèííî ó äîç³ 8 ìã/êã ìàñè ò³ëà.
Òâàðèí ðîçïîä³ëÿëè ìåòîäîì âèïàäêîâîãî äîáîðó íà òàê³

ãðóïè: 1 � ³íòàêòíèé êîíòðîëü (3 øò.); 2 � îïðîì³íåí-
íÿ (9 øò.); 3 � ââåäåííÿ åòîïîçèäó (9 øò); 4 � ââåäåí-
íÿ åòîïîçèäó + îïðîì³íåííÿ ÷åðåç 18 ãîäèí.
Òâàðèí äåêàï³òóâàëè ÷åðåç 3, 6 òà 24 ãîäèíè ï³ñëÿ îïðî-

ì³íåííÿ ó ãðóïàõ 2 ³ 4, òà â òàê³ æ òåðì³íè ï³ñëÿ ââåäåí-
íÿ åòîïîçèäó (ãðóïà 3) ç äîòðèìàííÿì ïðàâèë åâòàíàç³¿
çã³äíî ç ªâðîïåéñüêîþ êîíâåíö³ºþ «Ïðî çàõèñò õðåáåò-
íèõ òâàðèí, âèêîðèñòîâóâàíèõ äëÿ åêñïåðèìåíòàëüíèõ
òà ³íøèõ íàóêîâèõ ö³ëåé» (Ñòðàñáóðã, 1998) òà Çàêîíîì
Óêðà¿íè «Ïðî çàõèñò òâàðèí â³ä æîðñòîêîãî ïîâîäæåí-
íÿ» (Êè¿â, 2006).
Äîñë³äæåííÿ óëüòðàñòðóêòóðè êàðöèíîìè Ãåðåíà ïðî-

âîäèëè çà ñòàíäàðòíèìè ìåòîäàìè åëåêòðîííî¿ ì³êðî-
ñêîï³¿ [8]. Êóñî÷êè ïóõëèí âèòðèìóâàëè ñïî÷àòêó ó ãëþ-

çèä» ó äîç³ 8 ìã/êã òà ïîºäíàíîãî çàñòîñóâàííÿ õåìî- òà ðàä³àö³éíîãî ôàêòîð³â (îïðîì³íåííÿ ó äîç³ 5 Ãð ÷åðåç 18 ãîäèí ï³ñëÿ
ââåäåííÿ åòîïîçèäó). Äîñë³äæåííÿ ïðîâîäèëè ÷åðåç 3, 6 òà 24 ãîä. Çà êîíòðîëü ïðàâèëè ³íòàêòí³ ïóõëèíè.

Ðåçóëüòàòè: Âñòàíîâëåíî, ùî îïðîì³íåííÿ ïóõëèíè ÷åðåç 3 ãîä ïðèçâîäèòü äî ç�ÿâëåííÿ êë³òèí ó ñòàí³ àïîïòè÷íî¿
çàãèáåë³. Õàðàêòåðíèì äëÿ ¿õ óëüòðàñòðóêòóðè º ÿäðî, õðîìàòèí ó ÿêîìó çáèðàºòüñÿ òåìíèìè ìàñàìè âçäîâæ ÿäåðíî¿ ìåì-
áðàíè, òîä³ ÿê ó êàð³îïëàçì³ âèÿâëÿºòüñÿ ãðàíóëÿðíà á³ëêîâà ñóáñòàíö³ÿ, ïðåäñòàâëåíà, î÷åâèäíî, ôåðìåíòàìè íóêëå¿-
íîâîãî îáì³íó. Öèòîïëàçìà óòâîðþº ôåñòîí÷àñò³ âèðîñòè òà àïîïòîçí³ ò³ëüöÿ, à ¿¿ îðãàíåëè ìàþòü ïîì³òíî ïîðóøåíó ñòðóê-
òóðó. ×åðåç 6 ãîä ïðîöåñè àïîïòîçó âùóõàþòü, à íà 1-øó äîáó ïóõëèíí³ êë³òèíè (ÏÊ) ó öüîìó ñòàí³ íå âèÿâëÿþòüñÿ. Ïðè
ä³¿ åòîïîçèäó àïîïòè÷íà çàãèáåëü ÏÊ âèðàæåíà ñëàáêî ³ âæå ÷åðåç 6 ãîä íå ñïîñòåð³ãàºòüñÿ. Çíà÷íî á³ëüøèé åôåêò âèê-
ëèêàº ïîºäíàíå çàñòîñóâàííÿ õåìî- òà ïðîìåíåâîãî ôàêòîð³â. Ïðè öüîìó ³íäåêñ àïîïòîçó â³ðîã³äíî çðîñòàº â óñ³ òåðì³íè
äîñë³äæåííÿ ç ìàêñèìóìîì íà 6 ãîä, ïðè÷îìó ñïîñòåð³ãàþòüñÿ ð³çí³ åòàïè éîãî ðîçâèòêó: â³ä òèõ ÏÊ, ó ÿêèõ öèòîïëàçìà
ìàº ìàéæå íîðìàëüíó ñòðóêòóðó, äî òèõ, äå âîíà ôðàãìåíòóºòüñÿ, àáî â³äáóâàºòüñÿ çàãèáåëü êë³òèí. Ïðîöåñè àïîïòîçó
ïî÷èíàþòü çàâåðøóâàòèñÿ íà 1-øó äîáó.

Âñòàíîâëåíî, ùî ââåäåííÿ åòîïîçèäó ãàëüìóº ïðîöåñè ïîä³ëó, îñîáëèâî ÷åðåç äîáó ï³ñëÿ çàñòîñóâàííÿ, ùî óçãîäæóºòüñÿ
ç îñíîâíèì ìåõàí³çìîì éîãî ä³¿. Çíèæåííÿ ì³òîòè÷íî¿ àêòèâíîñò³ ñïîñòåð³ãàºòüñÿ ³ â óñ³ òåðì³íè ï³ñëÿ õåìîïðîìåíåâî¿
ä³¿.

Âèñíîâêè: Ðàä³àö³ÿ òà åòîïîçèä, çàñòîñîâàí³ îêðåìî, º ñëàáêèìè ³íäóêòîðàìè àïîïòîçó â êàðöèíîì³ Ãåðåíà. Åòîïîçèä,
óâåäåíèé çà 18 ãîä äî ä³¿ ðàä³àö³¿, ñòâîðþº óìîâè äëÿ çíà÷íî¿ ñòèìóëÿö³¿ ïðîöåñ³â àïîïòîçó ó ðàíí³ òåðì³íè ï³ñëÿ îïðîì³-
íåííÿ ç âèðàæåíèì ìàêñèìóìîì íà 6 ãîä. Åòîïîçèä ãàëüìóº ì³òîòè÷íó àêòèâí³ñòü êë³òèí êàðöèíîìè Ãåðåíà, ùî ïðîÿâ-
ëÿºòüñÿ ÷åðåç îäíó äîáó ÿê ïðè îêðåìîìó çàñòîñóâàíí³, òàê ³ â êîìá³íàö³¿ ç îïðîì³íåííÿì ³ ñóïðîâîäæóºòüñÿ çðîñòàííÿì
ê³ëüêîñò³ ÏÊ íåâåëèêîãî ðîçì³ðó. Õàðàêòåðíèì äëÿ ä³¿ ðàä³àö³¿ íà óëüòðàñòðóêòóðó êë³òèí êàðöèíîìè Ãåðåíà º ç�ÿâëåí-
íÿ äâî- òà áàãàòîÿäåðíèõ êë³òèí, à òàêîæ êë³òèí ç ì³êðîÿäðàìè.

Êëþ÷îâ³ ñëîâà: ðàä³àö³ÿ, åòîïîçèä, ïóõëèíà Ãåðåíà, óëüòðàñòðóêòóðà, àïîïòîç.
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òàðàëüäåã³äíîìó ô³êñàòîð³ çà Êàðíîâñüêèì, ïîò³ì ó òåò-
ðàîêñèä³ îñì³þ çà Ïàëàäå. Ï³ñëÿ äåã³äðàòàö³¿ â åòàíîë³
çðîñòàþ÷î¿ êîíöåíòðàö³¿ òà àöåòîí³ ìàòåð³àë çàëèâàëè ó
ñóì³ø åïîêñèäíèõ ñìîë åïîí�àðàëäèò òà ïîë³ìåðèçóâà-
ëè ïðîòÿãîì 36 ãîäèí ïðè 56 °Ñ. Ç îäåðæàíèõ áëîê³â
âèãîòîâëþâàëè íàï³âòîíê³ çð³çè íà óëüòðàì³êðîòîì³
ÓÌÒÏ-4 Ñóìñüêîãî ÂÎ «Ýëåêòðîí» òà çàáàðâëþâàëè ìå-
òèëåíîâèì ñèí³ì íà 1 % òåòðàáîðàò³ íàòð³þ. Óëüòðàòîíê³
çð³çè âèãîòîâëþâàëè íà òîìó æ ì³êðîòîì³, êîíòðàñòóâà-
ëè ó 2 % ðîç÷èí³ óðàí³ë àöåòàòó òà öèòðàò³ ñâèíöþ çà
Ðåéíîëüäñîì òà àíàë³çóâàëè â åëåêòðîííîìó ì³êðîñêîï³
ÝÌ-125 òîãî æ âèðîáíè÷îãî îá�ºäíàííÿ.
Íà íàï³âòîíêèõ çð³çàõ ï³äðàõîâóâàëè ì³òîòè÷í³é ³íäåêñ

(ê³ëüê³ñòü ì³òîç³â íà 100 ïóõëèííèõ êë³òèí) ó 10 ïîëÿõ
çîðó, à íà óëüòðàòîíêèõ � ³íäåêñ àïîïòîçó (ê³ëüê³ñòü
êë³òèí ó ñòàí³ àïîïòîçó íà 100 ïóõëèííèõ êë³òèí) ó 5 ïî-
ëÿõ çîðó äëÿ êîæíî¿ òâàðèíè.
Îäåðæàí³ äàí³ îáðîáëÿëè ìåòîäàìè îïèñîâî¿ ñòàòèñòè-

êè òà çà êðèòåð³ºì Ñòüþäåíòà çà äîïîìîãîþ ïàêåòà ïðî-
ãðàì äëÿ ÏÊ «Biostat».

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ

²íòàêòíà êàðöèíîìà Ãåðåíà ñêëàäàºòüñÿ ç
êë³òèí, ÿê³ ìàþòü îêðóãë³ ñâ³òë³ ÿäðà ç äåêîíäåíñî-
âàíèì õðîìàòèíîì, 1�2 âåëèêèìè òåìíèìè ÿäåð-
öÿìè (ðèñóíîê 1). Îñíîâíèì êîìïîíåíòîì öè-
òîïëàçìè º ÷èñëåíí³ ðèáîñîìè òà ïîë³ñîìè, ñåðåä
ÿêèõ âèÿâëÿºòüñÿ íåáàãàòî ì³òîõîíäð³é òà êîðîò-
êèõ ïðîô³ëåé ãðàíóëÿðíî¿ åíäîïëàçìàòè÷íî¿ ñ³òêè
(ãÅÏÑ), îêðåì³ ë³çîñîìè òà âåçèêóëè. Ïîä³áíà
ñòðóêòóðà ïðèòàìàííà êë³òèíàì, ôóíêö³ÿ ÿêèõ
ñïðÿìîâàíà ïåðåâàæíî íà âèðîáëåííÿ ïðîäóêò³â
á³ëêîâîãî ñèíòåçó äëÿ âëàñíèõ ïîòðåá, òîáòî äëÿ
ðîñòó òà ïîä³ëó. Òðàïëÿþòüñÿ òàêîæ òåìí³ ïóõ-
ëèíí³ êë³òèíè (ÏÊ) ç íèçüêîþ ôóíêö³îíàëüíîþ
àêòèâí³ñòþ, êë³òèíè ó ñòàí³ ì³òîòè÷íîãî ïîä³ëó.
Õàðàêòåðíîþ ðèñîþ êàðöèíîìè Ãåðåíà º íàÿâ-
í³ñòü ä³ëÿíîê íåêðîçó, â ÿêèõ ïðèñóòí³ íåéòðî-
ô³ëüí³ ëåéêîöèòè òà ìàêðîôàãè. Ïðîöåñè àïîïòî-
çó íå ñïîñòåð³ãàþòüñÿ (òàáëèöÿ 1).

Îïðîì³íåííÿ ïóõëèíè ó äîç³ 5 Ãð ÷åðåç 3 ãîäè-
íè ïðèçâîäèòü äî ç�ÿâëåííÿ êë³òèí ó ñòàí³ àïîï-
òîçó (ðèñóíîê 2). Õðîìàòèí ó ÿäð³ öèõ êë³òèí ðîç-
òàøîâóºòüñÿ òåìíèìè ìàñàìè íà ïåðèôåð³¿, ùî º

õàðàêòåðíîþ îçíàêîþ àïîïòîçó, ÿäåðöå ïðåä-
ñòàâëåíå ãðàíóëÿðíèì êîìïîíåíòîì, òîä³ ÿê éîãî
ñ³ò÷àñòà ÷àñòèíà â³äñóòíÿ, îñê³ëüêè âîíà, ÿê ³ õðî-
ìàòèí, ñêëàäàºòüñÿ ç ÄÍÊ ³ ï³ääàºòüñÿ ðóéíóâàí-
íþ ïðè àïîïòîç³. Îñíîâíèé îá�ºì êàð³îïëàçìè
çàéìàº á³ëêîâà ðå÷îâèíà, ñêëàäîâèìè ÿêî¿ ìî-
æóòü áóòè ôåðìåíòè íóêëå¿íîâîãî îáì³íó. ßäåð-
íà ìåìáðàíà ÷³òêà, çáåð³ãàº ñâîþ ö³ë³ñí³ñòü, ïåðè-
íóêëåàðíèé ïðîñò³ð ì³ñöÿìè ðîçøèðåíèé. Öèòî-
ïëàçìà òàêèõ êë³òèí ìàº çíà÷íî ïîðóøåíó óëüòðà-
ñòðóêòóðó: ó öèñòåðíàõ ãÅÏÑ íàêîïè÷óºòüñÿ
á³ëêîâà ðå÷îâèíà, ì³òîõîíäð³¿ íàáðÿêë³, áàãàòî
ñêóï÷åíü äð³áíèõ âåçèêóë òà ë³çîñîì, ç�ÿâëÿþòü-
ñÿ ïó÷êè òîíêèõ ì³êðîô³áðèë, ÿê³ í³êîëè íå ñïî-
ñòåð³ãàþòüñÿ ó êë³òèíàõ ³íòàêòíî¿ ïóõëèíè, îêðåì³
ë³ï³äí³ êðàïëèíè.

Ïîä³áí³ çì³íè ìîæóòü áóòè ïîâ�ÿçàí³ ç ïîðó-
øåííÿì ôóíêö³îíàëüíî¿ ä³ÿëüíîñò³ êë³òèí óíàñë³-
äîê óðàæåííÿ ÿäðà òà â³äñóòíîñò³ éîãî êåðóþ÷îãî
âïëèâó, à òàêîæ àêòèâàö³¿ êàñïàçíîãî êàñêàäó.
Öèòîïëàçìà óòâîðþº ôåñòîí÷àñò³ âèðîñòè, ÿê³
â³äîêðåìëþþòüñÿ, óòâîðþþ÷è, òàê çâàí³, àïîï-
òîçí³ ò³ëüöÿ (ðèñóíîê 3). Ðåàêö³ºþ á³ëüøîñò³ ³íøèõ
ÏÊ íà îïðîì³íåííÿ â öåé òåðì³í ñòàº çíà÷íèé íà-
áðÿê ì³òîõîíäð³é, ðîçøèðåííÿ öèñòåðí ãÅÏÑ
(ðèñóíîê 4), ç�ÿâëåííÿ ë³ï³äíèõ êðàïëèí ó öèòî-
ïëàçì³. Äåùî ñïîòâîðþºòüñÿ ôîðìà ÿäåð. Òðàïëÿ-
þòüñÿ òàêîæ êë³òèíè ç âåëèêèìè ôàãîñîìàìè (ðè-
ñóíîê 5). Ì³òîòè÷íà ä³ÿëüí³ñòü çàëèøàºòüñÿ íà
âèõ³äíîìó ð³âí³ (òàáëèöÿ 2).

×åðåç 6 ãîäèí ï³ñëÿ ä³¿ ðàä³àö³¿ ³íäåêñ àïîïòîçó
ïàäàº äî íóëüîâèõ çíà÷åíü, àëå ó äåÿêèõ íåêðî-
òè÷íèõ êë³òèíàõ âèÿâëÿþòüñÿ ÿäðà ç îçíàêàìè,
âëàñòèâèìè äëÿ êë³òèí ó òàêîìó ñòàí³, çîêðåìà,
êîíäåíñàö³ÿ õðîìàòèíó â ÿäåðíî¿ ìåìáðàíè, ïðî-
ñâ³òëåííÿ íóêëåîïëàçìè. Â ³íøèõ ïóõëèííèõ
êë³òèíàõ ì³òîõîíäð³¿ çàëèøàþòüñÿ íàáðÿêëèìè,
öèñòåðíè ãÅÏÑ ðîçøèðåí³. Òðàïëÿþòüñÿ äâîÿ-

Ïðèì³òêà: Â³ðîã³äíî ïîð³âíÿíî: * � ç êîíòðîëåì, ** � ³ç ñåð³ºþ îïðîì³íåííÿ; ð < 0,05.

Òàáëèöÿ 1

²íäåêñ àïîïòîçó ï³ñëÿ îïðîì³íåííÿ, ââåäåííÿ åòîïîçèäó òà ïîºäíàíîãî çàñòîñóâàííÿ îáîõ ÷èííèê³â
Apoptosis index after the exposure, administration of etoposide, and combination use of the both factors

Ñåð³ÿ äîñë³ä³â 3  ãîäèíè 6 ãîäèí 24 ãîäèíè

n X  ± Sx n X  ± Sx n X  ± Sx

Kîíòðîëü (³íòàêòí³  ïóõëèíè) 15 0 � � � �

Îïðîì³íåííÿ 15 0,13  ± 0,09 15 0 15 0

Óâåäåííÿ åòîïîçèäó 15 0,07 ± 0,07 15 0 15 0

Óâåäåííÿ åòîïîçèäó +  îïðîì³íåííÿ 15 0,40 ± 0,19 * 15 0,80 ± 0,34 * ** 15 0,40 ± 0,13  * **
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Ïðèì³òêà: Â³ðîã³äíî ïîð³âíÿíî: * � ç êîíòðîëåì, ** � ³ç ñåð³ºþ îïðîì³íåííÿ; ð < 0,05.

Òàáëèöÿ 2

Ì³òîòè÷íèé ³íäåêñ ï³ñëÿ îïðîì³íåííÿ, ââåäåííÿ åòîïîçèäó òà ïîºäíàíîãî çàñòîñóâàííÿ îáîõ ÷èííèê³â
Mitosis index after the exposure, administration of etoposide, and combination use of the both factors

Ðèñóíîê 1. Ïóõëèííà êë³òèíà ³íòàêòíî¿ êàðöèíîìè Ãåðå-
íà ç³ ñâ³òëèì ÿäðîì, ÷³òêèìè ÿäåðöÿìè, ð³çíèìè îðãàíåëà-
ìè ó öèòîïëàçì³. ß � ÿäðî, ßä � ÿäåðöå, Ì � ì³òîõîíäð³ÿ,
ãÅÏÑ � ãðàíóëÿðíà åíäîïëàçìàòè÷íà ñ³òêà

Fig. 1. An intact Guerin�s carcinoma cell with a light nucle-
us, distinct nucleoli, various organelles in the cytoplasm.
ß � nucleus, ßä � nucleolus, Ì � mitochondriaÿ, ãÅÏÑ �
granular endoplasmatic reticulum

Ðèñóíîê 2. Ïóõëèííà êë³òèíà êàðöèíîìè Ãåðåíà ó ñòàí³
àïîïòîçó ÷åðåç 3 ãîä ï³ñëÿ îïðîì³íåííÿ. ÍÏ � íóêëåîïëàç-
ìà, Âåç � âåçèêóëè, ÌÔ � ì³êðîô³áðèëè, ËÊ � ë³ï³äí³
êðàïëèíè

Fig. 2. Guerin�s carcinoma cell in the state of apoptosis 3 ho-
urs after irradiation.  ÍÏ � nucleoplasm, Âåç � vesicles,
ÌÔ � microfibrillae, ËÊ � lipid drops

Ðèñóíîê 3. Ïóõëèííà êë³òèíà êàðöèíîìè Ãåðåíà ó ñòàí³
àïîïòîçó ÷åðåç 3 ãîä ï³ñëÿ îïðîì³íåííÿ. Ôðàãìåíòàö³ÿ öè-
òîïëàçìè. ÔÂ � ôåñòîí÷àñò³ âèðîñòè öèòîïëàçìè, ÀÒ �
àïîïòîçíå ò³ëüöå

Fig. 3. Guerin�s carcinoma cell in the state of apoptosis 3
hours after irradiation.  Cytoplasm fermentation. ÔÂ � scal-
loped processes of the cytoplasm, ÀÒ � apoptosis body

Ðèñóíîê 4. Ïóõëèíí³ êë³òèíè êàðöèíîìè Ãåðåíà, ÿê³ ì³ñ-
òÿòü ó öèòîïëàçì³ ðîçøèðåí³ ïðîô³ë³ ãÅÏÑ òà íàáðÿêë³
ì³òîõîíäð³¿, ÷åðåç 3 ãîä ï³ñëÿ îïðîì³íåííÿ

Fig. 4. Guerin�s carcinoma cell containing dilated granular
endoplasmatic reticulum and swollen mitochondria in the
cytoplasm, 3 hours after the exposure

ÔÂ
ÀÒ

Ñåð³ÿ äîñë³ä³â 3  ãîäèíè 6 ãîäèí 24 ãîäèíè

n X  ± Sx n X  ± Sx n X  ± Sx

Kîíòðîëü (³íòàêòí³  ïóõëèíè) 30 0,73  ± 0,14 � � � �

Îïðîì³íåííÿ 30 0,77 ± 0,16 30 0,67 ± 0,15 30 1,10 ± 0,18

Óâåäåííÿ åòîïîçèäó 30 0,87 ± 0,16 30 0,60 ± 0,14 30 0 *

Óâåäåííÿ åòîïîçèäó +  îïðîì³íåííÿ 30 0,27 ± 0,11 * ** 30 0,30 ± 0,10 * ** 30 0,33  ± 0,13  * **
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äåðí³ êë³òèíè (ðèñóíîê 6) ³ ôîðìè ç³ çíà÷íî ñïî-
òâîðåíèì ÿäðîì òà íàÿâí³ñòþ ì³êðîÿäåð (ðèñó-
íîê 7). Ì³òîòè÷íèé ³íäåêñ íå â³äõèëÿºòüñÿ â³ä
íîðìàëüíèõ çíà÷åíü.

Íà 1-øó äîáó ï³ñëÿ îïðîì³íåííÿ êë³òèíè ó ñòàí³
àïîïòîçó â³äñóòí³, à ïîïóëÿö³ÿ ïóõëèííèõ êë³òèí
ñòàº äîñèòü ïîë³ìîðôíîþ. ×àñòèíà ç íèõ ìàº óëü-
òðàñòðóêòóðó, ïîä³áíó äî òàêî¿ ó êë³òèíàõ ³íòàêò-
íî¿ ïóõëèíè: ñâ³òë³ ÿäðà ç êðóïíèìè òåìíèìè
ÿäåðöÿìè, çâè÷àéíîãî âèãëÿäó ì³òîõîíäð³¿, íåâå-
ëèê³ ïðîô³ë³ ãÅÏÑ ó öèòîïëàçì³, áàãàò³é íà ðèáî-
ñîìè òà ïîë³ñîìè. Ó ÏÊ ³íøîãî òèïó öèñòåðíè
ãÅÏÑ çíà÷íî ðîçøèðåí³, ì³òîõîíäð³¿ íàáðÿêë³, ùî
íàäàº êë³òèíàì «àæóðíîãî» âèãëÿäó (ðèñóíîê 8).

Ïðèñóòí³ òàêîæ äâîÿäåðí³ êë³òèíè, ÏÊ ç ì³êðîÿä-
ðàìè. Çðîñòàº ì³òîòè÷íà àêòèâí³ñòü, àëå âíàñë³äîê
âåëèêî¿ ðîçá³æíîñò³ äàíèõ öå ï³äâèùåííÿ íå âèç-
íàíî â³ðîã³äíèì.

 Òàêèì ÷èíîì, ï³ñëÿ îïðîì³íåííÿ ïðîöåñè
àïîïòîçó â ïóõëèí³ Ãåðåíà âèÿâëÿþòüñÿ ëèøå ÷å-
ðåç 3 ãîäèíè, àëå â ïîäàëüø³ òåðì³íè â³äñóòí³, ùî
ìîæå áóòè îäí³ºþ ç îçíàê ¿¿ ðàä³îðåçèñòåíòíîñò³.
Õàðàêòåðíèìè äëÿ ä³¿ ðàä³àö³¿ º íàáðÿê ì³òîõîíä-
ð³é ó ðàíí³é ïåð³îä (3�6 ãîäèí), à òàêîæ íàÿâí³ñòü
äâî- òà áàãàòîÿäåðíèõ êë³òèí òà ì³êðîÿäåð ó äåÿ-
êèõ ÏÊ (6 ãîäèí, 1 äîáà), ùî ìîæå ñâ³ä÷èòè ïðî
ìóòàãåíí³ ïðîöåñè. Ïðîòå á³ëüø³ñòü êë³òèí ÷åðåç
äîáó ìàº íîðìàëüíó áóäîâó.

Ðèñóíîê 5. Âåëèêà ôàãîñîìà ó öèòîïëàçì³ êë³òèíè êàðöè-
íîìè Ãåðåíà ÷åðåç 3 ãîä ï³ñëÿ îïðîì³íåííÿ. ÔÑ � ôàãîñî-
ìà

Fig. 5. A large phagosome in the cytoplasm of the cell of
Guerin�s carcinoma 3 hours after the exposure. ÔÑ �
phagosome

Ðèñóíîê 6. Äâîÿäåðíà ïóõëèííà êë³òèíà êàðöèíîìè Ãå-
ðåíà ÷åðåç 6 ãîä ï³ñëÿ îïðîì³íåííÿ

Fig. 6. Binuclear Guerin�s carcinoma cell 6 hours after the
exposure

Ðèñóíîê 7. Ïóõëèííà êë³òèíà êàðöèíîìè Ãåðåíà ç³ ñïîò-
âîðåíèì ÿäðîì ÷åðåç 6 ãîä ï³ñëÿ îïðîì³íåííÿ. Ìß � ì³êðî-
ÿäðî

Fig. 7. Guerin�s carcinoma cell with a damaged nucleus 6
hours after the exposure.  Ìß � micronucleus

Ðèñóíîê 8. Ïóõëèííà êë³òèíà êàðöèíîìè Ãåðåíà ç «àæóð-
íîþ öèòîïëàçìîþ» ÷åðåç 24 ãîä ï³ñëÿ îïðîì³íåííÿ

Fig. 8. Guerin�s carcinoma cell with laced cytoplasm 24
hours after the exposure



61ÓÐÆ

Ïðè ââåäåíí³ åòîïîçèäó ïðîöåñè àïîïòîçó âè-
ðàæåí³ ñëàáêî. Òàê, íà 3-òþ äîáó ïóõëèíí³ êë³òè-
íè ó öüîìó ñòàí³ ñïîñòåð³ãàþòüñÿ ëèøå â îäíîìó
âèïàäêó. Òîíêà áóäîâà á³ëüøîñò³ ÏÊ â³äïîâ³äàº
íîðì³, îäíàê, ñåðåä íèõ ç�ÿâëÿþòüñÿ ôîðìè íåâå-
ëèêîãî ðîçì³ðó, îêðåì³ êë³òèíè ç ðîçøèðåíèìè
öèñòåðíàìè ãÅÏÑ òà íàáðÿêëèìè ì³òîõîíäð³ÿìè,
à òàêîæ ÏÊ ç ôàãîñîìàìè àáî ç âàêóîëÿìè, ÿê³ çà-
ëèøàþòüñÿ ï³ñëÿ ¿õ ðîçñìîêòóâàííÿ. Ïîêàçíèê
ì³òîòè÷íî¿ àêòèâíîñò³ íå â³äð³çíÿºòüñÿ â³ä íîðìè.

×åðåç 6 ãîäèí àïîïòè÷íî¿ çàãèáåë³ íå â³äçíà-
÷àºòüñÿ, à ïóõëèíí³ êë³òèíè ìàþòü ïåðåâàæíî
çâè÷àéíó óëüòðàñòðóêòóðó, õî÷à äåùî çá³ëüøóºòü-
ñÿ ê³ëüê³ñòü ôîðì ç ðîçøèðåíèìè öèñòåðíàìè
ãÅÏÑ òà íàáðÿêëèìè ì³òîõîíäð³ÿìè. Òðàïëÿþòü-
ñÿ ÏÊ ç 2�3 ÿäðàìè, ñåðåä ÿêèõ ïðèñóòí³ ³ ì³êðîÿä-
ðà, òåìí³ êë³òèíè, ÏÊ ç ôàãîñîìàìè. Ê³ëüê³ñòü ì³-
òîç³â çàëèøàºòüñÿ íà ð³âí³ íîðìè.

ßê ³ íà ïîïåðåäí³é òåðì³í, ÷åðåç 1 äîáó ï³ñëÿ
ââåäåííÿ åòîïîçèäó ÏÊ ó ñòàí³ àïîïòîçó â³äñóòí³.
Ïðîòå ñïîñòåð³ãàºòüñÿ ð³çêå òà â³ðîã³äíå ïàä³ííÿ
ì³òîòè÷íîãî ³íäåêñó. Ïðè öüîìó â óëüòðàñòðóêòóð³
ÏÊ íå â³äáóâàºòüñÿ ÿêèõîñü îñîáëèâèõ çì³í. Ïî-
ì³òíî çá³ëüøóºòüñÿ ëèøå ôðàêö³ÿ äð³áíèõ ôîðì
(ðèñóíîê 9), ùî ìîæå áóòè ïîâ�ÿçàíî ³ç âïëèâîì
äàíîãî ïðåïàðàòó íà ð³ñò ïóõëèííèõ êë³òèí.

Òàêèì ÷èíîì, äîñë³äæåííÿ ä³¿ åòîïîçèäó íà
ñòàí ÏÊ êàðöèíîìè Ãåðåíà ïîêàçàëî, ùî ââåäåí-
íÿ öüîãî ïðåïàðàòó ìàéæå íå âïëèâàº íà ðîçâè-
òîê ïðîöåñ³â àïîïòîçó. Îäíàê åòîïîçèä ïîì³òíî
çíèæóº ì³òîòè÷íó ä³ÿëüí³ñòü ÏÊ, îñê³ëüêè, ÿê â³-
äîìî, â³í º àíòàãîí³ñòîì òîïî³çîìåðàçè [9], ôåð-
ìåíòó, ÿêèé â³äïîâ³äàº çà ñêðó÷óâàííÿ òà çâ�ÿçêè
ñï³ðàëåé ÄÍÊ, ùî ïðèçâîäèòü äî ¿õ ðîçðèâ³â òà
ïîðóøóº òèì ñàìèì ðåïë³êàö³þ ÄÍÊ. Êð³ì òîãî,
åòîïîçèä ÿêèìîñü ÷èíîì âïëèâàº íà ïðîöåñè ðî-
ñòó êë³òèí, ïðî ùî ñâ³ä÷èòü ç�ÿâëåííÿ ó ¿õ ïîïóëÿ-
ö³¿ äð³áíèõ êë³òèí, à öå òàêîæ ìîæå ãàëüìóâàòè
ì³òîòè÷íó àêòèâí³ñòü.

Îïðîì³íåííÿ ó äîç³ 5 Ãð ÷åðåç 18 ãîäèí ï³ñëÿ
ââåäåííÿ åòîïîçèäó âèêëèêàº çíà÷íî á³ëüøèé
åôåêò, í³æ ä³ÿ êîæíîãî ³ç çàñòîñîâàíèõ ôàêòîð³â
îêðåìî. Òàê, óæå ÷åðåç 3 ãîäèíè ï³ñëÿ ä³¿ ðàä³àö³¿
â³ðîã³äíî çðîñòàº ê³ëüê³ñòü ÏÊ ó ñòàí³ àïîïòè÷íî¿
çàãèáåë³, ÿê³ ìàþòü ÿäðà õàðàêòåðíîãî âèãëÿäó.
Öèòîïëàçìà â íèõ çäåá³ëüøîãî òåìíà, îðãàíåëè
ìàéæå íå âèÿâëÿþòüñÿ, à â äåÿêèõ êë³òèíàõ â³ä íå¿
çàëèøàºòüñÿ ò³ëüêè òîíêà ñìóæêà, ÿêà îòî÷óº ÿäðî
(ðèñóíîê 10). Öå ìîæå ñâ³ä÷èòè ïðî çàâåðøåííÿ

ïðîöåñ³â àïîïòîçó, ÿê³ ïî÷àëèñÿ ðàí³ø çà äîñë³ä-
æóâàíèé òåðì³í, òèì á³ëüøå, êë³òèíè ïîä³áíîãî
âèãëÿäó ôàãîöèòóþòüñÿ ñóñ³äí³ìè êë³òèíàìè, äå é
âèÿâëÿþòüñÿ ïîðó÷ ³ç âòîðèííèìè ë³çîñîìàìè
(ðèñóíîê 11). Ñòðóêòóðà ³íøèõ ïóõëèííèõ êë³-
òèí äîñèòü ð³çíîìàí³òíà. Ïîðÿä ³ç ôîðìàìè çâè-
÷àéíîãî âèãëÿäó ñïîñòåð³ãàþòüñÿ ÏÊ ç ðîçøèðå-
íèìè öèñòåðíàìè ãÅÏÑ òà íàáðÿêëèìè ì³òî-
õîíäð³ÿìè, ãðóïè äð³áíèõ êë³òèí. Â³ðîã³äíî ïàäàº
ì³òîòè÷íà àêòèâí³ñòü êë³òèí ïóõëèíè Ãåðåíà.

×åðåç 6 ãîäèí ï³ñëÿ ââåäåííÿ åòîïîçèäó òà
îïðîì³íåííÿ ïðîöåñè àïîïòîçó íàðîñòàþòü, ïðè-
÷îìó ñïîñòåð³ãàþòüñÿ ð³çí³ åòàïè éîãî ðîçâèòêó:
â³ä òèõ ÏÊ, äå öèòîïëàçìà ìàº ìàéæå íîðìàëüíó
ñòðóêòóðó, äî òèõ, äå öèòîïëàçìà ôðàãìåíòóºòüñÿ,
àáî â³äáóâàºòüñÿ íåêðîòèçàö³ÿ àïîïòè÷íèõ êë³òèí
(ðèñóíîê 12). Ïðîäîâæóº çá³ëüøóâàòèñÿ ÷àñòêà
ÏÊ ç ðîçøèðåíèì ãÅÏÑ òà íàáðÿêëèìè ì³òîõîíä-
ð³ÿìè ³ êë³òèí çìåíøåíîãî ðîçì³ðó. Ì³òîòè÷íèé
³íäåêñ çàëèøàºòüñÿ â³ðîã³äíî çíèæåíèì.

Ó ñåð³¿ ç ïîºäíàíèì çàñòîñóâàííÿì õåìîïðåïà-
ðàòó òà ðàä³àö³¿ íà 1-øó äîáó ï³ñëÿ îïðîì³íåííÿ
ïðîöåñè àïîïòîçó ïî÷èíàþòü çàâåðøóâàòèñÿ,
ïðî ùî ñâ³ä÷èòü çíèæåííÿ ê³ëüêîñò³ ÏÊ ó òàêîìó
ñòàí³, à òàêîæ òå, ùî âîíè âòðà÷àþòü íå ò³ëüêè
ñâîþ öèòîïëàçìó, àëå é ïëàçìàòè÷íó ìåìáðàíó,
à ðàíí³ åòàïè àïîïòîçó íå âèÿâëÿþòüñÿ. Ðåçóëüòà-
òîì ä³¿ ðàä³àö³¿ ìîæíà ââàæàòè ñïîòâîðåííÿ ôîð-
ìè ÿäðà, ç�ÿâëåííÿ áàãàòîÿäåðíèõ êë³òèí, íàáðÿ-
êàííÿ ì³òîõîíäð³é òà ðîçøèðåííÿ ïðîô³ë³â ãÅÏÑ
ó öèòîïëàçì³ áàãàòüîõ ÏÊ, òîä³ ÿê äëÿ ä³¿ åòîïîçè-
äó õàðàêòåðíèì º ïåðåâàæàííÿ äð³áíèõ êë³òèííèõ
ôîðì òà â³ðîã³äíå ãàëüìóâàííÿ ïîä³ëó.

Òàêèì ÷èíîì, ïîºäíàíà ä³ÿ åòîïîçèäó òà îïðî-
ì³íåííÿ ïðèçâîäèòü äî çíà÷íî¿ ñòèìóëÿö³¿ ïðî-
öåñ³â àïîïòîçó â óñ³ òåðì³íè ñïîñòåðåæåííÿ òà äî
òðèâàëîãî ñïàäó ì³òîòè÷íî¿ àêòèâíîñò³. Ìîæëè-
âî, öå ïîâ�ÿçàíî ç òèì, ùî íà ìîìåíò îïðîì³íåí-
íÿ äîñÿãàºòüñÿ ìàêñèìóì ä³¿ åòîïîçèäó íà ñòàí
ÄÍÊ, ùî, ç îäíîãî áîêó, ãàëüìóº ì³òîòè÷íó àê-
òèâí³ñòü ÏÊ, ïðîòå ç ³íøîãî � ðîáèòü ¿¿ óðàçëèâ³-
øîþ äî ä³¿ ðàä³àö³¿, à ïîðóøåííÿ ó ÄÍÊ, î÷åâèäíî,
çàïóñêàþòü ïðîöåñè àïîïòîçó.

Ïðîâåäåí³ äîñë³äæåííÿ ïîêàçàëè, ùî ÿê îïðî-
ì³íåííÿ, òàê ³ åòîïîçèä º ñëàáêèìè ³íäóêòîðàìè
àïîïòîçó ó êàðöèíîì³ Ãåðåíà, ùî, î÷åâèäíî, çó-
ìîâëþº ¿¿ ðàä³î- òà õåìîðåçèñòåíòí³ñòü [3]. Ïðè-
÷èíîþ öüîãî ìîæóòü áóòè ìóòàö³¿ ïðîàïîïòè÷íèõ
ãåí³â òà (àáî) íàäì³ðíà ïðîäóêö³ÿ àíòèàïîïòè÷íèõ
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ôàêòîð³â, ÿê³ áëîêóþòü àïîïòîç [5, 6]. ßêùî öå ãå-
íåòè÷íî çóìîâëåíèé äåôåêò ïîðóøåííÿ àïîïòî-
çó, òî íàâðÿä ÷è âäàñòüñÿ äîìîãòèñÿ éîãî ñòèìó-
ëÿö³¿. Îäíàê çíà÷íèé ñïëåñê àïîïòîçíîãî ³íäåêñó
ï³ñëÿ îïðîì³íåííÿ íà ôîí³ ä³¿ åòîïîçèäó çàïåðå÷óº
òàêèé ñöåíàð³é. Ñêîð³ø çà âñå ìîæëèâèì º äðóãèé
âàð³àíò � áëîêàäà àïîïòîçó, ÿêó, ïåâíî, äîëàº
ïîºäíàíå çàñòîñóâàííÿ îáîõ öèõ ÷èííèê³â ïðè-
ãí³÷åííÿì ñèíòåçó àíòèàïîïòè÷íèõ ïðîòå¿í³â.
Ñë³ä çàçíà÷èòè, ùî ïðè ââåäåíí³ åòîïîçèäó ìàê-
ñèìóì òàêîãî ãàëüìóâàííÿ, î÷åâèäíî, äîñÿãàºòü-
ñÿ íå ðàí³øå 18�24 ãîäèí, ó ìîìåíò íàéá³ëüøîãî

åôåêòó öüîãî ïðåïàðàòó. Êð³ì òîãî, åòîïîçèä òà
îïðîì³íåííÿ ðàçîì âèêëèêàþòü çíà÷íî á³ëüøå
óðàæåííÿ ÄÍÊ, í³æ êîæíèé îêðåìî, ³ ñóìàðíèì
åôåêòîì ñòàº ïîòåíö³þâàííÿ ïðîöåñ³â àïîïòîçó.

Âèñíîâêè

1. Ðàä³àö³ÿ òà åòîïîçèä, çàñòîñîâàí³ îêðåìî,
º ñëàáêèìè ³íäóêòîðàìè àïîïòîçó â êàðöèíîì³
Ãåðåíà.

2. Åòîïçèä, óâåäåíèé çà 18 ãîäèí äî ä³¿ ðàä³àö³¿,
ñòâîðþº óìîâè äëÿ çíà÷íî¿ ñòèìóëÿö³¿ ïðîöåñ³â

Ðèñóíîê 9. Äð³áí³ ïóõëèíí³ êë³òèíè êàðöèíîìè Ãåðåíà
÷åðåç 24 ãîä ï³ñëÿ ââåäåííÿ åòîïîçèäó

Fig. 9. Small Guerin�s carcinoma cell 24 hours after
etoposide administration

Ðèñóíîê 10. Ïóõëèííà êë³òèíà êàðöèíîìè Ãåðåíà ó ñòàí³
àïîïòîçó ç âóçüêîþ ñìóæêîþ öèòîïëàçìè ÷åðåç 24 ãîä ï³ñëÿ
ââåäåííÿ åòîïîçèäó

Fig. 10. Guerin�s carcinoma cell in the state of apoptosis with
a narrow band of the cytoplasm 24 hours after etoposide
administration

Ðèñóíîê 11. Ôàãîöèòîâàíà ïóõëèííà êë³òèíà ó ñòàí³
àïîïòîçó ÷åðåç 3 ãîä ï³ñëÿ îïðîì³íåííÿ òà ïîïåðåäíüîãî ââå-
äåííÿ åòîïîçèäó çà 18 ãîä äî ä³¿ ðàä³àö³¿. ÀÏ � ïóõëèííà
êë³òèíà ó ñòàí³ àòîïòîçó

Fig. 11. Phagocyted tumor cell in the state of apoptosis 3
hours after the exposure and preliminary administration of
etoposide 18 hours before the exposure. ÀÏ � tumor cell in
the state of apoptosis

Ðèñóíîê 12. Íåêðîòèçîâàíà ïóõëèííà êë³òèíà êàðöèíî-
ìè Ãåðåíà ç àïîïòè÷íèì ÿäðîì ÷åðåç 6 ãîä ï³ñëÿ îïðîì³íåí-
íÿ òà ïîïåðåäí³ì óâåäåííÿì åòîïîçèäó çà 18 ãîä äî ä³¿ ðàä³à-
ö³¿

Fig. 12. Necrotized Guerin�s carcinoma cell with apoptotic
nucleus 6 hours after the exposure and preliminary
administration of etoposide 18 hours before the exposure
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àïîïòîçó ó ðàíí³ òåðì³íè ï³ñëÿ îïðîì³íåííÿ ç
âèðàæåíèì ìàêñèìóìîì íà 6 ãîäèí.

3. Åòîïîçèä ãàëüìóº ì³òîòè÷íó àêòèâí³ñòü
êë³òèí êàðöèíîìè Ãåðåíà, ùî ïðîÿâëÿºòüñÿ ÷åðåç
îäíó äîáó ÿê ïðè îêðåìîìó çàñòîñóâàíí³, òàê ³ â
êîìá³íàö³¿ ç îïðîì³íåííÿì ³ ñóïðîâîäæóºòüñÿ çðî-
ñòàííÿì ê³ëüêîñò³ ïóõëèííèõ êë³òèí íåâåëèêîãî
ðîçì³ðó.

4. Õàðàêòåðíèì äëÿ ä³¿ ðàä³àö³¿ íà óëüòðàñòðóê-
òóðó êë³òèí êàðöèíîìè Ãåðåíà º ç�ÿâëåííÿ äâî- òà
áàãàòîÿäåðíèõ êë³òèí òà êë³òèí ³ç ì³êðîÿäðàìè.
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