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Ôóíêö³îíàëüíî-ìîëåêóëÿðí³ çì³íè êàëüö³éçàëåæíèõ
êàë³ºâèõ êàíàë³â âåëèêî¿ ïðîâ³äíîñò³ ó ãëàäåíüêî-
ì�ÿçîâèõ êë³òèíàõ àîðòè ùóðà ï³ñëÿ ä³¿ ³îí³çóþ÷îãî
îïðîì³íåííÿ

Èññëåäîâàëè âëèÿíèå îáùåãî îäíîêðàòíîãî γ-îáëó÷åíèÿ (6 Ãð) íà ôóíêöèîíàëüíóþ àêòèâíîñòü
êàëüöèéçàâèñèìûõ êàëèåâûõ êàíàëîâ áîëüøîé ïðîâîäèìîñòè è ýêñïðåññèþ ìÐÍÊ èõ
ñòðóêòóðíûõ êîìïîíåíòîâ � ïîðîôîðìèðóþùåé α- è ðåãóëèðóþùåé β1-ñóáúåäèíèö â
ãëàäêîìûøå÷íûõ êëåòêàõ àîðòû êðûñû. Áûëî óñòàíîâëåíî, ÷òî ðàäèàöèÿ çíà÷èòåëüíî
èíãèáèðóåò âõîäÿùèé òîê ÷åðåç ýòè êàíàëû. Òàêîé ýôôåêò ïðîÿâëÿëñÿ íà 9-å è óñèëèâàëñÿ íà
30-å ñóòêè ïîñëå îáëó÷åíèÿ æèâîòíîãî. Ñåëåêòèâíûé áëîêàòîð êàëüöèéçàâèñèìûõ êàëèåâûõ
êàíàëîâ áîëüøîé ïðîâîäèìîñòè ïàêñèëèí íå îêàçûâàë âëèÿíèÿ íà âûõîäÿùèé òîê â ãëàäêèõ
ìûøå÷íûõ êëåòêàõ ïîñëå âîçäåéñòâèÿ ðàäèàöèè, ÷òî ãîâîðèò îá îòñóòñòâèè ïðîâîäèìîñòè
÷åðåç ýòè êàíàëû. Íà 30-å ñóòêè ïîñòðàäèàöèîííîãî ïåðèîäà áûëî çàðåãèñòðèðîâàíî
ñóùåñòâåííîå óìåíüøåíèå ýêñïðåññèè ìÐÍÊ α- è β1-ñóáúåäèíèö, ÷åì ÷àñòè÷íî è îáúÿñíÿåòñÿ
ñíèæåíèå ðîëè óêàçàííûõ êàíàëîâ â ðåãóëÿöèè òîíóñà ñîñóäîâ.
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ÂÑÒÓÏ

Â³äîìî, ùî ³îí³çóþ÷à ðàä³àö³ÿ, íàâ³òü ó
ñóáëåòàëüíèõ äîçàõ ïðèçâîäèòü äî ðîçëàä³â
ñêîðîòëèâî¿ àêòèâíîñò³ ñóäèí âíàñë³äîê
ïðèãí³÷åííÿ åíäîòåë³éçàëåæíî¿ âàçîäèëà-
òàö³¿ [9]. Ö³ àíîìàë³¿ ñóäèííîãî òîíóñó
ïîâ�ÿçàí³ ,  íàñàìïåðåä,  ç  ñåëåêòèâíèì
ïîøêîäæåííÿì NO-çàëåæíîãî êîìïîíåíòà
âàçîäèëàòàö³¿, êîòðèé ìîæå ïðèçâîäèòè äî
ïðèãí³÷åííÿ êàëüö³éçàëåæíèõ êàë³ºâèõ
êàíàë³â âåëèêî¿ ïðîâ³äíîñò³ (ÂÊ

Ñà
) â åíäî-

òåë³àëüíèõ êë³òèíàõ êîðîíàðíèõ ñóäèí ùóðà
[10]. Ä³ÿ ðàä³àö³¿ òàêîæ ñïðè÷èíþº çá³ëü-
øåííÿ êîíñòðèêòîðíî¿ çäàòíîñò³ ñóäèí [7].
Âñòàíîâëåíî, ùî îïðîì³íåííÿ ï³äâèùóº
÷óòëèâ³ñòü ì³îô³ëàìåíò³â äî Ñà2+ ³  öåé
åôåêò çàëåæèòü â³ä àêòèâàö³¿ ïðîòå¿íê³íàçè
Ñ [7]. Òàêèì ÷èíîì, ñêîðîòëèâ³ñòü ñóäèí
ï³ñëÿ ä³¿ ðàä³àö³¿ ìîæå çá³ëüøóâàòèñÿ ³
íåçàëåæíî â³ä åíäîòåë³þ.

Îäèí ³ç ìîæëèâèõ øëÿõ³â çá³ëüøåííÿ
ñóäèííîãî òîíóñó ïîâ�ÿçàíèé ç³ çì³íàìè
òðàíñìåìáðàííîãî ïîòåíö³àëó ãëàäåíüêèõ
ì�ÿçîâèõ êë³òèí (ÃÌÊ), ó ðåãóëÿö³¿ ÿêîãî
âàæëèâó ðîëü â³ä³ãðàþòü êàë³ºâ³ êàíàëè.
Ìåìáðàííà ã³ïåðïîëÿðèçàö³ÿ, âèêëèêàíà
àêòèâàö³ºþ öèõ êàíàë³â, ïðèçâîäèòü äî
çàêðèòòÿ ïîòåíö³àëêåðîâàíèõ êàëüö³ºâèõ
êàíàë³â L-òèïó, ùî º îäíèì ³ç ãîëîâíèõ ôàê-
òîð³â, ÿê³ â³äïîâ³äàþòü çà ðîçñëàáëåííÿ [4].

Â³äîìî,  ùî ÂÊ
Ñà

-êàíàëè �  ñêëàäí³
ãåòåðîîë³ãîìåðí³ á³ëêè, óòâîðåí³ òåòðà-
ìåòðàìè ïîðîôîðìóþ÷èõ α-ñóáîäèíèöü ³
ðåãóëÿòîðíèìè β1-ñóáîäèíèöÿìè, ùî çä³éñ-
íþþòü ìîäèô³êàö³þ âîð³òíèõ ìåõàí³çì³â
êàíàëó, âèçíà÷àþòü êàëüö³ºâó- òà ïîòåí-
ö³àë÷óòëèâ³ñòü [3, 6] ³ êîäóþòüñÿ ºäèíèì
ãåíîì Slo (Slo1, KCNMA1) [5]. ÂÊ

Ñà
-êàíàëè

áåðóòü  ó÷àñòü  ó  çä ³éñíåíí³  áàãàòüîõ
æèòòºâî âàæëèâèõ ôóíêö³é. Çîêðåìà âîíè
çàä³ÿí³ â ïðîöåñàõ ðåïîëÿðèçàö³¿ òà ï³äòðè-
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ìàíí³ ñóäèííîãî òîíóñó.
Ìåòîþ íàøî¿ ðîáîòè áóëî âèâ÷åííÿ

ôóíêö³îíàëüíî¿ àêòèâíîñò³ ÂÊ
Ñà

-êàíàë³â ³
åêñïðåñ³¿¿ ìÐÍÊ ¿õ α- òà β1-ñóáîäèíèöü ó
ÃÌÊ àîðòè ùóðà â ð³çí³ òåðì³íè ï³ñëÿ ä³¿
³îí³çóþ÷îãî γ-âèïðîì³íåííÿ.

ÌÅÒÎÄÈÊÀ

Äîñë³äæåííÿ áóëè ïðîâåäåí³ íà ñâ³æî-
³çîëüîâàíèõ ïîîäèíîêèõ ÃÌÊ àîðòè ùóðà.
Êë³òèíè âèä³ëÿëè ³íêóáàö³ºþ øìàòî÷ê³â
àîðòè ïðîòÿãîì 30 õâ ïðè 37îÑ ó íîì³íàëüíî
áåçêàëüö³ºâîìó ðîç÷èí³ Êðåáñà ç ðîç÷èíå-
íèìè â íüîìó êîëàãåíàçîþ (òèï ²À, 2 ìã/
ìë), ïðîíàçîþ Å (0,5 ìã/ìë), ñèðîâàòêîâèì
àëüáóì³íîì áèêà (2 ìã/ìë) òî ïîäàëüøèì
ïðîìèâàííÿì â³ä ôåðìåíò³â ³ ï³ïåòóâàííÿì.

Òðàíñìåìáðàíí³ ñòðóìè âèì³ðþâàëè ó
ðåæèì³ ô³êñàö³¿ ìåìáðàííîãî ïîòåíö³àëó �
ìåòîäèêà «patch-clamp» ó êîíô³ãóðàö³¿ «ö³ëà
êë³òèíà» ³ç âèêîðèñòàííÿì àíòèá³îòèêà
àìôîòeðèöèíó Á. Ì³êðîï³ïåòêè áóëè âèãî-
òîâëåí³ ç áîðîñèë³êàòíîãî ñêëà («Clark
Electromedical Instruments», Âåëèêîáðè-
òàí³ÿ) òà çàïîâíåí³ ðîç÷èíîì òàêîãî ñêëàäó
(ììîëü/ë): KCl � 140, NaCl � 10, MgCl

2
 �

1,2, HEPES � 10, CaCl
2
 � 2,5, D-ãëþêîçà �

11,5 (pH 7,2), à òàêîæ àìôîòåðèöèíîì Â �
250 ìêã/ìë. Îï³ð ï³ïåòîê ñòàíîâèâ 2,5�5
ÌÎì. Çîâí³øí³é ðîç÷èí ì³ñòèâ (ììîëü/ë):
NaCl � 140, KCl � 5,9, CaCl

2
 � 2,5, MgCl

2
 �

1,2, HEPES � 10, D-ãëþêîçà � 11,5 (pH 7,4).
Íîì³íàëüíî áåçêàëüö³ºâèé ðîç÷èí ìàâ
òàêèé ñêëàä (ììîëü/ë): NaCl � 140, KCl �
5,9, MgCl

2
 � 2,5, HEPES � 10, D-ãëîêîçà �

11,5 (pH 7,4). Åêñïåðèìåíòè ïðîâîäèëè ïðè
ê³ìíàòí³é òåìïåðàòóð³ (20°C).

²îíí³ ñòðóìè ðåºñòðóâàëè çà äîïîìîãîþ
ï³äñèëþâà÷à (�Axopatch 200B�, ÑØÀ) òà
ïðîãðàìíîãî çàáåçïå÷åííÿ (pClamp Soft-
ware  V.6 .02 ,  «Axon Ins t ruments  Inc .» ,
ÑØÀ). Ñèãíàë ç âèõîäó ïåðåòâîðþâà÷à
ñòðóì�íàïðóãà íàäõîäèâ ÷åðåç  ô³ëüòð
íèçüêèõ ÷àñòîò (ñìóãà ÷àñòîòè äî 2 êÃö)
íà àíàëîãîâî-öèôðîâèé ïåðåòâîðþâà÷ ³
îöèôðîâóâàâñÿ ç ÷àñòîòîþ äèñêðåòèçàö³¿ 10

êÃö. Òèïîâ³ çíà÷åííÿ ìåìáðàííîãî îïîðó
êë³òèí ó íàøèõ åêñïåðèìåíòàõ ñòàíîâèëè
2�5 ÃÎì.  Ìàêðîñêîï³÷í³ ñòðóìè áóëè
íîðìàë³çîâàí³ äî ï³êîàìïåð íà ï³êîôàðàäè
(ïÀ/ïÔ).

Òîòàëüíó ÐÍÊ âèä³ëÿëè ç òîðàêàëüíî¿
àîðòè ùóðà çà äîïîìîãîþ íàáîðó Trizol
RNA-prep («Isogen», Ðîñ³ÿ). Êîíöåíòðàö³þ
ÐÍÊ âèçíà÷àëè çà äîïîìîãîþ ñïåêòðî-
ôîòîìåòðà NanoDrop ND 1000 («NanoDrop
Tehnologies Inc.», ÑØÀ). êÄÍÊ ñèíòå-
çó âà ëè  ç  âèêîðèñòàííÿì âèïàäêîâîãî
øåñòèíóêëåîòèäíîãî ðàíäîì³çîâàíîãî
ïðàéìåðà òà  çâîðîòíî¿  òðàíñêðèïòàçè
RevertAid � H Minus («Fermentas», Ëèòâà)
íà îäíàêîâ³é ê³ëüêîñò³ òîòàëüíî¿ ÐÍÊ (1,2�
1,5 ìêã).  Íàï³âê³ëüê³ñíó ïîë³ìåðàçíî-
ëàíöþãîâó ðåàêö³þ (ÏËÐ) ïðîâîäèëè â
îá�ºì³  25  ìêë ðåàêö³éíî¿  ñóì³ø³ ,  ÿêà
ì³ñòèëà 5 ìêë 5-êðàòíîãî áóôåðà äëÿ ÏËÐ
ç MgCl

2
, 0,2 ììîëü ñóì³ø³ äåçîêñèíóêëåî-

òèäòðèôîñôàò³â, 10 Îä Taq ïîë³ìåðàçè
(«AmpliSense»,  Ðîñ³ÿ)  òà  ïî 40 ïìîëü
ïðàéìåð³â äëÿ â³äïîâ³äíèõ ãåí³â:

α-ñóáîäèíèöÿ ÂÊ
Ñà

-êàíàë³â: Up � 5'-
TAC TTC AAT GAC AAT ATC CTC ACC
CT-3' ; Dw � 5'-ACC ATA ACA ACC ACC
ATC CCC TAA G-3';

β1-ñóáîäèíèöÿ ÂÊ
Ñà

-êàíàë³â: Up � 5'-
GTA TCA CAC AGA AGA CAC TCG GGA-
3' òà Dw � 5'-AAG AAG GAG AAG AGG
AGG ATT TGG G-3'.

Àìïë³ô³êàö³ÿ ôðàãìåíò³â ÂÊ
Ñà

-êàíàë³â
âêëþ÷àëà 43 öèêëè, êîæåí ç ÿêèõ ñêëàäàâñÿ
ç òàêèõ åòàï³â: äåíàòóðàö³¿ ÄÍÊ ïðè 94°Ñ
(45 ñ), àííåë³íãó ïðàéìåð³â ïðè 62,5°Ñ (45
ñ) òà åëîíãàö³¿¿ ïðè 72°Ñ (45 ñ) (�GeneAmp
System 2700�, �Applied Biosystem�, ÑØÀ).
Äëÿ êîíòðîëþ ÿêîñò³ ³çîëüîâàíî¿ ÐÍÊ ³
ïîð³âíÿííÿ ³íòåíñèâíîñò³ åêñïðåñ³¿ ãåí³â
ÂÊ

Ñà
-êàíàë³â áóëî âèêîðèñòàíî ôðàãìåíò

ãåíà β-àêòèíó. Ïðîäóêòè ÏËÐ äåòåêòóâàëè
â 1,6%-ìó àãàðîçíîìó ãåë³ ç áðîì³äîì
åòèä³óìó. Â³çóàë³çàö³þ òà îö³íêó ³íòåí-
ñèâíîñò³ ñâ³ò³ííÿ àìïë³ô³êîâàíèõ ôðàã-
ìåíò³â ï³ñëÿ ãîðèçîíòàëüíîãî åëåêòðî-
ôîðåçó (160 Â ïðîòÿãîì 30 õâ) çä³éñíþâàëè
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ó òðàíñ³ëþì³íàòîð³ ç ïðîãðàìíèì çàáåçïå-
÷åííÿì Vitran («Biocom», Ðîñ³ÿ).

Äîñë³äæåííÿ ôóíêö³îíàëüíî¿ àêòèâíîñò³
ÂÊ

Ñà
-êàíàë³â òà åêñïðåñ³¿¿ ìÐÍÊ ¿õ ñòðóê-

òóðíèõ êîìïîíåíò³â ïðîâîäèëè íà ³íòàêòíèõ
ùóðàõ (1-øà ãðóïà, n=10) òà íà òâàðèíàõ
íà 9-òó òà 30-òó äîáó ï³ñëÿ ¿õ îïðîì³íåííÿ
(2-ãà ³ 3-òÿ ãðóïè, n=10 ³ n=12 â³äïîâ³äíî).
Äîñë³äí³ òâàðèíè ï³äëÿãàëè çàãàëüíîìó
îäíîðàçîâîìó çîâí³øíüîìó γ-îïðîì³íåííþ
ç  âèêîðèñò àííÿì äæåðåëà  60Ñî  («ÒÃÒ
Ðîêóñ-Ì», Ðîñ³ÿ). Ïîòóæí³ñòü ïðè îïðî-
ì³íåíí³ ñòàíîâèëà 0,833 Ãð/õâ, äîçà � 6 Ãð.

Äëÿ ïðèãîòóâàííÿ ðîç÷èí³â âèêîðèñ-
òîâóâàëè ðåàêòèâè âèðîáíèöòâà êîìïàí³¿
«Sigma» (ÑØÀ).

Îáðîáêó ðåçóëüòàò ³â  ïðîâîäèëè çà
äîïîìîãîþ êîìï�þòåðíî¿ ïðîãðàìè Origin
7.5. ¯õ ïðåäñòàâëåíî ó âèãëÿä³ ñåðåäíüîãî
àðèôìåòè÷íîãî (Ì) òà ñòàíäàðòíî¿ ïîõèáêè
ñåðåäíüîãî àðèôìåòè÷íîãî (m) äëÿ ïåâíî¿
âèá³ðêè (n). Àíàë³ç ðåçóëüòàò³â �patch-

clamp�-åêñïåðèìåíò³â áóëî ïðîâåäåíî çà
äîïîìîãîþ ïðîãðàìíîãî çàáåçïå÷åííÿ
pCLAMP âåðñ³ÿ 6.02 («Axon Instruments
Inc.», ÑØÀ).

ÐÅÇÓËÜÒÀÒÈ ÒÀ ¯Õ ÎÁÃÎÂÎÐÅÍÍß

Ó ïåðø³é ñåð³¿ åêñïåðèìåíò³â äîñë³äæóâàëè
ôóíêö³îíàëüíó àêòèâí³ñòü ÂÊ

Ñà
-êàíàë³â ó

ÃÌÊ àîðòè ³íòàêòíèõ ùóð³â ³ òâàðèí íà 9-
òó ³ 30-òó äîáó ï³ñëÿ ¿õ îïðîì³íåííÿ. Áóëî
âñòàíîâëåíî, ùî â ÃÌÊ àîðòè êîíòðîëüíèõ
ùóð³â ïðè ñòóï³í÷àñòèõ äåïîëÿðèçóâàëüíèõ
çì³ùåííÿõ ìåìáðàííîãî ïîòåíö³àëó òðèâà-
ë³ñòþ 300 ìñ â³ä ï³äòðèìóâàíîãî ïîòåíö³àëó
-60 ìÂ âèíèêàëè êàë³ºâ³ ñòðóìè âèõ³äíîãî
íàïðÿìêó ç ãóñòèíîþ 36,4 ïÀ/ïÔ ± 2,9 ïÀ/
ïÔ (n=5) ïðè +70 ìÂ (ðèñ. 1). Âèõ³äí³
ñòðóìè â ÃÌÊ, îòðèìàíèõ â³ä òâàðèí íà 9-
òó òà 30-òó äîáó ï³ñëÿ îïðîì³íåííÿ, äåìîí-
ñòðóâàëè çìåíøåííÿ ãóñòèíè äî 22,8±1,9
(n=5) òà 6,5 ïÀ/ïÔ ± 0,9 ïÀ/ïÔ (n=5)

Ðèñ.1. Âïëèâ γ-âèïðîì³íåííÿ íà âèõ³äíèé êàë³ºâèé ñòðóì ó ãëàäåíüêîì�ÿçîâèõ êë³òèíàõ (ÃÌÊ) òîðàêàëüíî¿ àîðòè
ùóð³â: à, á, â � îðèã³íàëüí³ çàïèñè ñòðóì³â, çàðåºñòðîâàíèõ ó ÃÌÊ àîðòè ³íòàêòíèõ ùóð³â òà íà 9-òó ³ 30-òó äîáó
ï³ñëÿ îïðîì³íåííÿ; ã � ¿õ âîëüò-àìïåðí³ õàðàêòåðèñòèêè: 1 � êîíòðîëü; 2 � 6 Ãð, 9-òà äîáà; 3 � 6 Ãð, 30-òà äîáà. * Ð < 0,05
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â³äïîâ³äíî.  Ñóòòºâèõ çì³í ïîòåíö³àëó
ðåâåðñ³¿ ï³ñëÿ îïðîì³íåííÿ äëÿ öèõ ñóìàð-
íèõ ñòðóì³â íå âèÿâëåíî.

Äëÿ âèçíà÷åííÿ ïðèðîäè âèõ³äíîãî
ñòðóìó, íàìè áóëî âèêîðèñòàíî â³äîìèé
ñåëåêòèâíèé áëîêàòîð ÂÊ

Ñà
-êàíàë³â  �

ïàêñèë³í [3]. Àïë³êàö³ÿ ïàêñèë³íó (500 íìîëü)
âèêëèêàëà ð³çêå çìåíøåííÿ âèõ³äíîãî
êàë³ºâîãî ñòðóìó â ÃÌÊ êîíòðîëüíèõ ùóð³â �
äî 4,4 ïÀ/ïÔ ± 0,4 ïÀ/ïÔ (n=5), çíèæóâàëèñÿ
òàêîæ éîãî îñöèëÿö³¿ (ðèñ. 2.). Ãóñòèíà
âèõ³äíîãî ñòðóìó ïðè äîäàâàíí³ ïàêñèë³íó
íà 9-òó òà 30-òó äîáó ï³ñëÿ îïðîì³íåííÿ
â³ðîã³äíî íå çì³íþâàëàñÿ (24,3±1,0 òà
19,3±3,2 íà 9-òó äîáó ³ 6,5±0,9 òà 7,6 ïÀ/ïÔ
± 1,3 ïÀ/ïÔ íà 30-òó äîáó äî òà ï³ñëÿ ä³¿
ïàêñèë³íó, Ð > 0,05). Öå âêàçóº íà â³äñóòí³ñòü
ïðîâ³äíîñò³ ÷åðåç ÂÊ

Ñà
-êàíàëè.

Òàêèì ÷èíîì, ïðè γ-îïðîì³íåíí³ òâàðèí
ïîðóøóºòüñÿ ôóíêö³îíàëüíà àêòèâí³ñòü
ÂÊ

Ñà
-êàíàë³â ó ãëàäåíüêèõ ì�ÿçàõ ñóäèííî¿

ñò³íêè. Â ñâîþ ÷åðãó, öå ìîæå áóòè îäíèì
ç ìåõàí³çì³â çá³ëüøåííÿ ñóäèííîãî òîíóñó
â ïîñòðàä³àö³éíîìó ïåð³îä³, ÿêèé ïîâ�ÿçàíèé
ç³ çì³íàìè â òðàíñìåìáðàííîìó ïîòåíö³àë³
ÃÌÊ ñóäèí.

Äàí³ ìåäè÷íî¿ ñòàòèñòèêè ñâ³ä÷àòü, ùî
ñóäèíí³ äèñôóíêö³¿ çàéìàþòü ïåðøå ì³ñöå
â ïåðåë³êó õâîðîá, ïîâ�ÿçàíèõ ç ×îðíî-
áèëüñüêèìè ïîä³ÿìè [1]. Íàéá³ëüø ñåðéîç-
íèìè ç íèõ (ç òî÷êè çîðó çíèæåííÿ ïðàöå-
çäàòíîñò³ òà ÿêîñò³ æèòòÿ) º àðòåð³àëüíà
ã³ïåðòåíç³ÿ òà ³øåì³÷íà õâîðîáà ñåðöÿ, ÿê³
ñòàíîâëÿòü áëèçüêî 80 % â³ä çàãàëüíî¿
ê³ëüêîñò³ ñåðöåâî-ñóäèííèõ çàõâîðþâàíü.
Îñê³ëüêè êë³òèíí³ ìåõàí³çìè ³íäóêîâàíèõ
ðàä³àö³ºþ ñåðöåâî-ñóäèííèõ ïîðóøåíü äî
öüîãî ÷àñó íå âñòàíîâëåí³, ñòàº çðîçóì³ëèì,
ùî ¿õ âèâ÷åííÿ º äîñèòü àêòóàëüíèì.

Ðàí³øå áóëî ïðîäåìîíñòðîâàíî, ùî
÷åðåç 9 ä³á ï³ñëÿ îïðîì³íåííÿ ó ùóð³â çíà÷íî
ï³äâèùóâàâñÿ ñèñòîë³÷íèé êðîâ�ÿíèé òèñê, ³
öåé åôåêò çáåð³ãàâñÿ ïðîòÿãîì 6 ì³ñ [8].

Åíäîòåë³é  º  íàéá³ëüø âðàçëèâèì ³
ðàä³î÷óòëèâèì êîìïîíåíòîì ñóäèííî¿
ñò³íêè. Îäíàê áðàêóº äàíèõ ùîäî ïðÿìîãî
âïëèâó îïðîì³íåííÿ íà ÃÌÊ, ùî çíà÷íî

óñêëàäíþº ôàðìàêîòåðàï³þ âèêëèêàíèõ
ðàä³àö³ºþ ñóäèííèõ ðîçëàä³â ³ ã³ïåðñêî-

Ðèñ. 2. Ä³ÿ ïàêñèë³íó íà âèõ³äíèé ñòðóì ó ãëàäåíü-
êîì�ÿçîâèõ êë³òèíàõ àîðòè ³íòàêòíèõ ùóð³â (à) òà íà
9-òó (á) ³ 30-òó äîáó (â) ï³ñëÿ ä³¿ γ-âèïðîì³íåííÿ:
1 � êîíòðîëü; 2 � 6 Ãð, 9-òà äîáà; 3 � 6 Ãð, 30-òà äîáà;
4 � ïàêñèë³í.* Ð < 0,05 ïðè ïîòåíö³àë³ +70 ìÂ
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ðîòëèâîñò³. Îòðèìàí³ ðåçóëüòàòè ñâ³ä÷àòü,
ùî îäíèì ç ìîæëèâèõ ìåõàí³çì³â ðîçâèòêó
ñóäèííèõ äèñôóíêö³é âíàñë³äîê îïðîì³íåííÿ
º ïîðóøåííÿ ä³ÿëüíîñò³ ÂÊ

Ñà
-êàíàë³â ó ÃÌÊ

ñóäèííî¿ ñò³íêè, êîòð³ º îäíèìè ç ãîëîâíèõ
ðåãóëÿòîð³â ìåìáðàííîãî ïîòåíö³àëó â öèõ
êë³òèíàõ.

Ó äðóã³é ñåð³¿ åêñïåðèìåíò³â äîñë³äæó-
âàëè åêñïðåñ³þ α- òà β1-ñóáîäèíèöü ÂÊ

Ñà
-

êàíàë³â ó ÃÌÊ àîðòè ³íòàêòíèõ òà îïðî-
ì³íåíèõ ùóð³â. Òðåáà áóëî âñòàíîâèòè ÿêèé
³ç ñòðóêòóðíèõ êîìïîíåíò³â êàíàëó º á³ëüø
÷óòëèâèì äî ðàä³àö³¿. Äëÿ öüîãî çàñòî-
ñóâàëè ìåòîä ÏËÐ ç âèêîðèñòàííÿì çâî-
ðîòíî¿  òðàíñêðèïö³ ¿  (ðèñ .  3 ,  4 ) .  Ñë³ä

â³äì³òèòè, ùî ð³âåíü åêñïðåñ³¿ α-ñóáîäèíèö³
BK

Ña
-êàíàë³â íà 9-òó äîáó ï³ñëÿ îïðî-

ì³íåííÿ ñóòòºâî íå çì³íþâàâñÿ (â³ä 0,8±0,05
äî 0,7 â³äí.îä. ± 0,07 â³äí.îä. (P> 0,05, n =
6),  â  òîé ÷àñ ÿê íà 30-òó äîáó çíà÷íî
çìåíøóâàâñÿ äî 0,6 â³äí.îä. ± 0,02 â³äí.îä.
(P < 0,05, n = 10). Ð³âåíü åêñïðåñ³¿ ìÐÍÊ
β1-ñóáîäèíèö³ â îïðîì³íåíèõ òêàíèíàõ áóâ
íåçíà÷íî çìåíøåíèì íà 9-òó äîáó � ç
0,8±0,01 äî 0,6 â³äí.îä. ± 0,08 â³äí.îä. (P >
0,05, n = 6), ³ öåé ïðèãí³÷óâàëüíèé åôåêò
ðàä³àö³¿ ÷³òêî ïðîñë³äêîâóâàâñÿ íà 30-òó
äîáó ï³ñëÿ îïðîì³íåííÿ (äî 0,4 â³äí.îä. ±
0,02 â³äí.îä., P < 0,01, n = 10).

Åêñïåðèìåíòè ç âèêîðèñòàííÿì ìåòîäó
ÏËÐ ÷³òêî ïðîäåìîíñòðóâàëè, ùî ð³âåíü
ìÐÍÊ ÿê α-  òàê ³  β1-ñóáîäèíèö³ ÂÊ

Ñà
-

êàíàëó ó ÃÌÊ àîðòè áóâ ïîì³òíî íèæ÷èì ó
îïðîì³íåíèõ ùóð³â, âíàñë³äîê ÷îãî ³ ìîæå
çì³íøóâàòèñÿ âàçîðåëàêñóþ÷à ñèëà öèõ
êàíàë³â ó êðîâîíîñíèõ ñóäèíàõ, ÿê³ çàçíàëè
ä³¿ ³îí³çóþ÷îãî îïðîì³íåííÿ. Âîäíî÷àñ β1-
ñóáîäèíèöÿ, º äåùî ÷óòëèâ³øîþ äî îïðî-
ì³íåííÿ. Ðàí³øå áóëî ïîêàçàíî, ùî ãåíå-
òè÷íî-ìîäèô³êîâàí³ òâàðèíè áåç β1-ñóá-
îäèíèö³ ÂÊ

Ñà
-êàíàëó ìàþòü çá³ëüøåííÿ

ñêîðîòëèâîñò³ ñóäèí òà ï³äâèùåíèé àðòåð³à-
ëüíèé òèñê, à çìåíøåííÿ åêñïðåñ³¿¿ öüîãî
á³ëêà âèÿâëåíî íà ìîäåëÿõ ã³ïåðòîí³¿ ó

Ðèñ. 3. ²íòåíñèâí³ñòü åêñïðåñ³¿ ìÐÍÊ α- òà β1-
ñóáîäèíèöü ÂÊ

Ñà
-êàíàë³â ó ãëàäåíüêîì�ÿçîâèõ êë³òèíàõ

àîðòè ùóð³â ï³ñëÿ ä³¿ ³îí³çóþ÷îãî îïðîì³íåííÿ: à �
α-ñóáîäèíèöÿ; á � β1-ñóáîäèíèöÿ; â � β−àêòèí; ï.î. �
ïàðè îñíîâ íóêëåîòèä³â

Ðèñ. 4. Âïëèâ ³îí³çóþ÷î¿ ðàä³àö³¿ íà ð³âåíü ìÐÍÊ α- òà
β1-ñóáîäèíèöü ÂÊ

Ñà
-êàíàë³â ó ãëàäåíüêîì�ÿçîâèõ

êë³òèíàõ àîðòè ùóðà. Ïîêàçíèêè åêñïðåñ³¿ α òà β1-
ñóáîäèíèöü íîðìàë³çîâàíî çà ð³âíåì åêñïðåñ³¿ β-àêòèíó:
² � α-ñóáîäèíèöÿ, ²² � β1-ñóáîäèíèöÿ; 1 � êîíòðîëü, 2 �
6 Ãð, 9-òà äîáà, 3 � 6 Ãð, 30-òà äîáà. * Ð<0,05; ** Ð<0,01
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ùóð³â [2]. Íàñòóïí³ äîñë³äæåííÿ â öüîìó
íàïðÿìêó ìîæóòü äîïîìîãòè ³äåíòèô³êóâàòè
íîâ³ ì³øåí³ äëÿ òåðàïåâòè÷íîãî âòðó÷àííÿ
òà íàì³òèòè ñòðàòåã³þ ñòâîðåííÿ á³ëüø
ñïåöèô³÷íèõ àíòèã³ïåðòåíçèâíèõ ë³ê³â.

Òàêèì ÷èíîì, áóëî âñòàíîâëåíî, ùî
³îí³çóþ÷à ðàä³àö³ÿ ïðèçâîäèòü äî ïðîãðå-
ñóþ÷îãî ç ÷àñîì ïðèãí³÷åííÿ âèõ³äíîãî
ñòðóìó ÷åðåç  ÂÊ

Ñà
-êàíàëè ÃÌÊ àîðòè

ùóðà. Íà 30-òó äîáó ï³ñëÿ îïðîì³íåííÿ
òâàðèí ðåºñòðóºòüñÿ ñóòòºâå çìåíøåííÿ
åêñïðåñ³¿ ìÐÍÊ α- òà β1-ñóáîäèíèö³ öèõ
êàíàë³â. Ã³ïåðñêîðîòëèâ³ñòü ñóäèí ³, ÿê
íàñë³äîê, ðîçâèòîê àðòåð³àëüíî¿ ã³ïåðòåíç³¿
â  ïî ñòðàä³àö³éíèé ïåð³îä ,  ìîæå áóòè
âèêëèêàíà äåô³öèòîì ÂÊ

Ñà
-ïðîâ³äíîñò³ ó

ÃÌÊ ñóäèííî¿ ñò³íêè.

S.V.Kyrychenko, S.M.Tishkin,
V.E.Dosenko, O.O.Moybenko, A.I.Soloviev

FUNCTIONAL AND MOLECULAR CHANGES
OF BK

Ca
 CHANNELS IN RAT AORTIC

SMOOTH MUSCLE CELLS AFTER
IONIZING IRRADIATION

The effects of whole body γ-irradiation on large conductance
Ca2+ - activated K+ channels (BK

Ca
) function and mRNA ex-

pression in rat thoracic aorta smooth muscle cells (SMCs)
were studied using combined patch-clamp technique in whole-
cell modification and RT-PCR analysis. The stimulation of
control SMCs by increasingly depolarized voltage steps
showed clearly expressed outward K+ currents in control
SMCs. Outward currents in SMCs obtained from irradiated
animals on the 9th and 30th days post-irradiation demon-
strated a significant decrease of K+ current density ampli-
tudes. Paxillin was without effect on irradiated cells on 30th
day post-irradiation indicating the absence of conductance
through BK

Ca
 channels. The results of RT-PCR analysis showed

that expression both α-subunit and β1-subunit of BK
Ca

channels appears to be considerably diminished on 30th day
post-irradiation. It is likely that radiation-induced malfunction
functional activity of channels is related with insufficient ex-
pression of BK

Ca
 structural elements in SMCs. In conclusion,

the data obtained clearly demonstrate that decreased of the
BK

Ca
 channels α- and β1-subunit expression in SMCs is a key

factor of abnormality in BK
Ca

 channels activity. This abnormal-

ity may contribute to vasorelaxing force depression following
non-fatal whole-body γ-irradiation.

State institution �Institute of Pharmacology and Toxicol-
ogy AM S of Ukraine�, Kyiv;

Bogomoletz Institute of Physiology National Academy of
Sciences of Ukraine, Kyiv
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