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Âïëèâ áëîêàäè ïðîòå¿íê³íàçè C
íà çì³íè êàëüö³ºâî¿ ÷óòëèâîñò³ ñêîðîòëèâîãî àïàðàòó
ñóäèííèõ ãëàäåíüêèõ ì�ÿç³â
ïðè âàçîñïàñòè÷íèõ ñòàíàõ ð³çíîãî ãåíåçó

Èññëåäîâàëè ðîëü ïðîòåèíêèíàçû Ñ (ÏÊÑ) â èçìåíåíèÿõ êàëüöèåâîé ÷óâñòâèòåëüíîñòè
ñîêðàòèòåëüíîãî àïïàðàòà ñîñóäèñòûõ ãëàäêîìûøå÷íûõ êëåòîê (ÃÌÊ) â ðàçâèòèè
âàçîñïàñòè÷åñêèõ ñîñòîÿíèé ðàçëè÷íîé ýòèîëîãèè � ëåãî÷íîé ãèïîêñè÷åñêîé âàçîêîíñò-
ðèêöèè, ãåíåòè÷åñêè äåòåðìèíèðîâàííîé (ñïîíòàííîé) ãèïåðòåíçèè è ãèïåðòåíçèè, âûçâàí-
íîé äåéñòâèåì èîíèçèðóþùåé ðàäèàöèè. Ïðè âñåõ âèäàõ âàçîñïàñòè÷åñêèõ ñîñòîÿíèé â
îïûòàõ íà õèìè÷åñêè ñêèíèðîâàííûõ ÃÌÊ áûë çàôèêñèðîâàí ñäâèã êðèâîé ðÑà � íàïðÿæåíèå
âëåâî, ÷òî ñâèäåòåëüñòâóåò î ïîâûøåíèè êàëüöèåâîé ÷óâñòâèòåëüíîñòè ñîêðàòèòåëüíîãî
àïïàðàòà ÃÌÊ. Â ñêèíèðîâàíûõ ïðåïàðàòàõ ëåãî÷íûõ àðòåðèé êðûñû óâåëè÷åíèå êàëüöèåâîé
÷óâñòâèòåëüíîñòè ñîêðàòèòåëüíîãî àïïàðàòà ÃÌÊ ïðè ãèïîêñèè ïîëíîñòüþ óñòðàíÿëîñü
äåéñòâèåì áëîêàòîðà ÏÊÑ ÷åëåðèòðèíà. Áëîêàòîðû ÏÊÑ, ÷åëåðèòðèí è ñòàóðîñïîðèí,
òàêæå óñòðàíÿëè óâåëè÷åíèå êàëüöèåâîé ÷óâñòâèòåëüíîñòè ñîêðàòèòåëüíîãî àïïàðàòà
ÃÌÊ â ñêèíèðîâàííûõ ïðåïàðàòàõ àîðòû êðûñ ñ ãåíåòè÷åñêè äåòåðìèíèðîâàííîé ãèïåð-
òåíçèåé. Â àîðòå êðûñ ñ àðòåðèàëüíîé ãèïåðòåíçèåé, âûçâàííîé èîíèçèðóþùèì îáëó÷åíèåì,
óâåëè÷åíèå êëüöèåâîé ÷óâñòâèòåëüíîñòè ìèîôèáðèëë ëèøü ÷àñòè÷íî óìåíüøàëîñü ïîä
äåéñòâèåì ÷åëåðèòðèíà. Ðåçóëüòàòû èññëåäîâàíèé ñâèäåòåëüñòâóþò î òîì, ÷òî îïîñðå-
äîâàííîå óâåëè÷åíèåì àêòèâíîñòè ÏÊÑ ïîâûøåíèå êàëüöèåâîé ÷óâñòâèòåëüíîñòè ñîêðàòè-
òåëüíîãî àïïàðàòà ñîñóäèñòûõ ÃÌÊ ÿâëÿåòñÿ îäíèì èç îáùèõ ìåõàíèçìîâ, ëåæàùèõ â
îñíîâå ðàçâèòèÿ âàçîñïàñòè÷åñêèõ ñîñòîÿíèé ðàçëè÷íîé ýòèîëîãèè.

ÂÑÒÓÏ

Äîáðå â³äîìî, ùî çì³íè êîíöåíòðàö³¿ ³îí³-
çîâàíîãî êàëüö³þ  â ì³îïëàçì³ ([Ca2+]

³
) ãëà-

äåíüêîì�ÿçîâèõ êë³òèí (ÃÌÊ) º îñíîâíèì
ìåõàí³çìîì ðåãóëÿö³¿ òîíóñó êðîâîíîñ-
íèõ ñóäèí. Öåé ìåõàí³çì ïîëÿãàº â óòâî-
ðåíí³ êîìïëåêñó êàëüö³é � êàëüìîäóë³í ³
íàñòóïíî¿ àêòèâàö³¿ ê³íàçè ëåãêèõ ëàí-
öþã³â ì³îçèíó, ÿêà ¿õ ôîñôîðèëþº [16].
Îäíàê, ÿê áóëî âñòàíîâëåíî, ïðè äîñèòü
òðèâàëîìó ï³äòðèìàíí³ ³çîìåòðè÷íîãî íàï-
ðóæåííÿ ñóäèííèõ ÃÌÊ [Ca2+]

³
 òà ð³âåíü

ôîñôîðèëþâàííÿ ëåãêèõ ëàíöþã³â ì³îçè-
íó çíèæóþòüñÿ äî âèõ³äíèõ çíà÷åíü, òîä³

ÿê ñèëà ñêîðî÷åííÿ, ùî ðîçâèâàþòü ÃÌÊ
ïðîäîâæóº çàëèøàòèñÿ ñòàá³ëüíîþ [14].
Òàê, îñòàíí³ì ÷àñîì ç�ÿâèëîñÿ áàãàòî äà-
íèõ ïðî òå, ùî òîíóñ ñóäèííèõ ÃÌÊ ìîæå
çì³íþâàòèñÿ áåç ïîïåðåäí³õ çñóâ³â [Ca2+]

³

ëèøå âíàñë³äîê çì³í ÷óòëèâîñò³ (ñïîð³ä-
íåíîñò³) ñêîðîòëèâèõ ³/àáî ðåãóëÿòîðíèõ
á³ëê³â äî Ñà2+ [4, 17, 20, 21].

ª â³äîìîñò³ ïðî òå, ùî ìåõàí³çìè ï³ä-
òðèìàííÿ òîí³÷íî¿ ôàçè ñêîðî÷åííÿ ÃÌÊ,
ÿê³ íå ïîâ�ÿçàí³ ç³ çá³ëüøåííÿì [Ca2+]

³,
 ìî-

æóòü âêëþ÷àòè ÿê êëþ÷îâèé êàëüö³ºâî-
÷óòëèâèé ôåðìåíò ïðîòå¿íê³íàçó Ñ (ÏÊÑ)
[12, 14, 19]. Âñòàíîâëåíî, ùî ÏÊÑ ìîæå
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ôîñôîðèëþâàòè ê³íàçó ëåãêèõ ëàíöþã³â
ì³îçèíó çà â³äñóòíîñò³ êàëüìîäóë³íó, ïðè
öüîìó êîíñòàíòà äèñîö³àö³¿ çãàäàíî¿ ê³-
íàçè äëÿ êàëüìîäóë³íó çá³ëüøóºòüñÿ â 10
ðàç³â [9]. Êð³ì òîãî ïîêàçàíî, ùî ÏÊÑ
ìîæå ôîñôîðèëþâàòè ÿê ê³íàçó ëåãêèõ
ëàíöþã³â ì³îçèíó, òàê ³ ñàì³ ëàíöþãè, à
òàêîæ öÀÌÔ-çàëåæíó ïðîòå¿íê³íàçó, ÿêà
ìîæå âêëþ÷àòè 2 ìîëÿ ôîñôàòó ó ê³íàç³
ëåãêèõ ëàíöþã³â ì³îçèíó [8, 9]. Äîñë³ä-
æåííÿ æ ä³¿ ñêëàäíèõ ôîðáîëîâèõ åô³ð³â,
ÿê³ º àêòèâàòîðàìè ÏÊÑ [18, 22], ïîêàçàëè
ï³äâèùåííÿ òîíóñó ñóäèííèõ ÃÌÊ ïðè
íåçì³íí³é [Ca2+]

³
 [10] òà íåçíà÷íîìó ð³âí³

àêòèâàö³¿ ê³íàçè ëåãêèõ ëàíöþã³â ì³îçèíó [7].
Ìåòà íàøî¿ ðîáîòè � äîñë³äèòè ðîëü

ÏÊÑ ó çì³íàõ êàëüö³ºâî¿ ÷óòëèâîñò³ ñêî-
ðîòëèâîãî àïàðàòó ñóäèííèõ ÃÌÊ ó ðîç-
âèòêó âàçîñïàñòè÷íèõ ñòàí³â ð³çíî¿ åò³î-
ëîã³¿ � ëîêàëüíîãî ã³ïîêñè÷íîãî ñïàçìó
ëåãåíåâèõ àðòåð³é, ãåíåòè÷íî äåòåðì³íî-
âàíî¿ (ñïîíòàííî¿) ã³ïåðòåíç³¿ òà ã³ïåð-
òåíç³¿, âèêëèêàíî¿ ä³ºþ ³îí³çóþ÷î¿ ðàä³àö³¿.

ÌÅÒÎÄÈÊÀ

Äîñë³äæåííÿ ïðîâîäèëè íà ³çîëüîâàíèõ ê³ëü-
öåâèõ ñåãìåíòàõ ïðàâî¿ òà ë³âî¿ ëåãåíåâèõ
àðòåð³é òà ãðóäíî¿ àîðòè øèðèíîþ áëèçü-
êî   1 � 1,5 ìì òà âíóòð³øí³ì ä³àìåòðîì 2 �
3 ìì. ²çîëüîâàí³ ñåãìåíòè áóëî âèä³ëåíî
ç ñóäèí 48 äîðîñëèõ ùóðàõ îáîõ ñòàòåé
(ë³í³ÿ Â³ñòàð � K³îòî òà ñïîíòàííî ã³ïåð-
òåíçèâíà ë³í³ÿ Oêàìîòo), ìàñîþ 250 � 300 ã,
çàáèòèõ çà äîïîìîãîþ öåðâ³êàëüíî¿ äèñ-
ëîêàö³¿ ç íàñòóïíèì çíåêðîâëþâàííÿì.

Äëÿ ñòâîðåííÿ ô³êñîâàíî¿ âíóòð³øíüî-
êë³òèííî¿ êîíöåíòðàö³¿ Ñà2+ íàìè áóëî âè-
êîðèñòàíî ìåòîäèêó õ³ì³÷íîãî ñê³íóâàííÿ
[13]. Õ³ì³÷íå ñê³íóâàííÿ ³çîëüîâàíèõ ñó-
äèííèõ ïðåïàðàò³â ëåãåíåâèõ àðòåð³é ³
ãðóäíî¿ àîðòè çä³éñíþâàëè çà äîïîìîãîþ
õîë³ñòåðîëïðåöèï³òóþ÷îãî äåòåðãåíòà
β-åñöèíó â êîíöåíòðàö³¿ 0,1 �0,5 ìã/ìë ïðî-
òÿãîì 15 òà 20 õâ â³äïîâ³äíî. Ïåðôóçó-
âàëè ñê³íîâàí³ ñóäèíí³ ïðåïàðàòè ïðè ê³ì-

íàòí³é òåìïåðàòóð³ (21 � 22 oÑ) àåðîâàíèì
(16 % Î

2
, 79 % N

2
, 5 % ÑÎ

2
) ðåëàêñóþ÷èì

ðîç÷èíîì íàñòóïíîãî ñêëàäó (ììîëü/ë):
KCl � 130; MgCl

2
 � 5; òð³ñ-HCl � 20; EÃTA �

4; Na
2
ATÔ � 3,3; 1,4-äèò³îòðèåòîë � 0,5;

ðÍ 6,8. Ð³çí³ âíóòð³øíüîêë³òèíí³ êîíöåíò-
ðàö³¿ Ñà2+ ñòâîðþâàëè äîäàâàííÿì ÑàÑl

2 .

6Í
2
Î äî àêòèâóþ÷îãî ðîç÷èíó, êîìïî-

íåíòè ÿêîãî áóëè àíàëîã³÷í³ òàêèì ðåëàê-
ñóþ÷îãî ðîç÷èíó çà âèíÿòêîì çàì³ùåííÿ
EÃTA íà Ñà-EÃTA.

Äëÿ îòðèìàííÿ ðîç÷èí³â ç³ çíèæåíèì
âì³ñòîì Î

2
 âèêîðèñòîâóâàëè ãàçîâó ñó-

ì³ø, ùî ì³ñòèëà 5 % CO
2
 òà 95 % N

2
. Áó-

ôåðíèé ðîç÷èí áàðáàòóâàëè ãàçîâóþ ñó-
ì³øøþ â çàêðèò³é ïëàñòèêîâ³é ïîñóäèí³
îá�ºìîì 300 ìë ïðîòÿãîì 15 õâ. ðÎ

2
 áó-

ôåðíîãî ðîç÷èíó ïðè öüîìó çíèæóâàâñÿ ç
135 � 145 äî 30 � 35 ìì ðò. ñò. Âîäíåâèé
ïîêàçíèê ã³ïîêñè÷íèõ ðîç÷èí³â çàëèøàâñÿ
ñòàëèì ³ êîëèâàâñÿ â ìåæàõ 7,3 � 7,4. Îò-
ðèìàíèé ã³ïîêñè÷íèé ðîç÷èí ïîäàâàëè â
ðîáî÷ó êàìåðó çà ïåðôóç³éíîþ ñèñòåìîþ.
Ïàðö³àëüíèé òèñê êèñíþ âèçíà÷àëè ³íñòðó-
ìåíòàëüíî çà äîïîìîãîþ âèì³ðþâà÷³â ðîç-
÷èííîãî êèñíþ ISO

2 
 (�World Precision In-

struments Inc�, ÑØÀ). Âîäíåâèé ïîêàçíèê
âèì³ðþâàëè çà äîïîìîãîþ ðÍ-ìåòðà MP
220 (�Mettler Toledo�, ÑØÀ).

Îïðîì³íåííÿ òâàðèí (çîâí³øíº îäíî-
ðàçîâå) çä³éñíþâàëè çà äîïîìîãîþ äæå-
ðåëà 60Ñî (ÒÃÒ �Ðîêóñ-Ì�, Ðîñ³ÿ), äîçîþ
6 Ãð, ïîòóæí³ñòþ 0,833 Ãð/õâ.

Ñêîðîòëèâó àêòèâí³ñòü ³çîëüîâàíèõ ñó-
äèííèõ ïðåïàðàò³â ðåºñòðóâàëè â ³çîìåò-
ðè÷íîìó ðåæèì³ çà äîïîìîãîþ äàò÷èê³â
íàïðóæåííÿ. Çàïèñ ñêîðîòëèâî¿ àêòèâíîñ-
ò³ ³çîëüîâàíèõ ñóäèííèõ ïðåïàðàò³â çä³é-
ñíþâàëè íà ïàïåð³ çà äîïîìîãîþ äâîêà-
íàëüíîãî ñàìîïèñöÿ �Cole Parmer� (ÑØÀ).

Àðòåð³àëüíèé òèñê âèì³ðþâàëè íà õâîñ-
òîâ³é àðòåð³¿ ùóð³â: êîíòðîëüíèõ, ç ãåíå-
òè÷íî äåòåðì³íîâàíîþ ã³ïåðòåíç³ºþ òà îï-
ðîì³íåíèõ. Äëÿ öüîãî áóëî âèêîðèñòàíî
âèì³ðþâàëüíèé êîìïëåêñ �Sphygmomanom-
eter S-2� (�HSE�, Í³ìå÷÷èíà), ùî äàº çìî-

Âïëèâ áëîêàäè ïðîòå¿íê³íàçè C
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ãó ðåºñòðóâàòè ñèñòîë³÷íèé àðòåð³àëüíèé
òèñê (ÀÒ

ñ
, ìì ðò. ñò.) òà ÷àñòîòó ñåðöåâèõ

ñêîðî÷åíü (×ÑÑ, õâ-1) ó òâàðèí.
Ó äîñë³äàõ âèêîðèñòîâóâàëè íàñòóïí³

ïðåïàðàòè ô³ðìè �Sigma� (ÑØÀ): β-åñöèí,
ñòàóðîñïîðèí, ÷åëåðèòðèí, íîðàäðåíàë³í.

Ðîçðàõóíêè ïðîâîäèëè ó â³äíîñíèõ îäè-
íèöÿõ ÿê â³äñîòîê â³ä çíà÷åííÿ àìïë³òóäè
òîí³÷íîãî íàïðóæåííÿ ñê³íîâàíîãî ñóäèí-
íîãî ñåãìåíòà â³äíîñíî éîãî ñêîðî÷åííÿ
ïðè ðÑà

max
 (3,5). Â³ðîã³äí³ñòü ð³çíèö³ ñå-

ðåäí³õ çíà÷åíü äîñë³äæóâàíèõ ïîêàçíèê³â
îö³íþâàëè çà êðèòåð³ºì t Ñòüþäåíòà. Çì³-
íè ââàæàëè ñòàòèñòè÷íî â³ðîã³äíèìè ïðè
Ð<0,001.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ¯Õ ÎÁÃÎÂÎÐÅÍÍß

Â³äîìî, ùî â îñíîâ³ ëåãåíåâî¿ ã³ïîêñè÷íî¿
ã³ïåðòåíç³¿ ëåæèòü êîíñòðèêòîðíà ðåàêö³ÿ
ëåãåíåâèõ àðòåð³é íà ã³ïîêñ³þ, òîä³, ÿê
ñò³íêà ñèñòåìíèõ àðòåð³é ðåàãóº íà çíè-
æåííÿ îêñèãåíàö³¿ ðîçñëàáëåííÿì [11]. Ó
ïåðø³é ñåð³¿ åêñïåðèìåíò³â áóëî äîñë³ä-
æåíî çì³íè êàëüö³ºâî¿ ÷óòëèâîñò³ ñêîðîò-
ëèâîãî àïàðàòó ÃÌÊ ëåãåíåâèõ àðòåð³é
òà àîðòè ï³ä ä³ºþ ã³ïîêñ³¿ òà âñòàíîâëåíî
ðîëü ÏÊÑ ó öèõ ïðîöåñàõ.

Ã³ïîêñ³ÿ (ðÎ
2
=30 � 35 ìì ðò. ñò.) âèê-

ëèêàëà òîí³÷íå ñêîðî÷åííÿ ñò³íêè ³íòàêò-
íèõ íåñê³íîâàíèõ ïðåïàðàò³â ëåãåíåâèõ
àðòåð³é, àìïë³òóäà ÿêîãî ñòàíîâèëà 45,65 %
± 4,50 % (n=13) â³ä òîíóñó, ñòâîðåíîãî íîð-
àäðåíàë³íîì (3 . 10-7 ìîëü/ë). Ïðîòå ³íòàêò-
í³ íåñê³íîâàí³ ïðåïàðàòè àîðòè ðåàãóâàëè
íà çíèæåííÿ îêñèãåíàö³¿ ðîçñëàá-
ëåííÿì ç àìïë³òóäîþ 64,27% ± 6,64 % (n=12).

Çà óìîâ íîðìîêñ³¿ ï³äâèùåííÿ êîíöåíò-
ðàö³¿ Ñà2+ ó ïåðôóçóþ÷îìó ðîç÷èí³ (ðÑà
â³ä 8,5 äî 4,5) âèêëèêàëî äîçîçàëåæíå ñêî-
ðî÷åííÿ ñê³íîâàíèõ ïðåïàðàò³â ëåãåíåâèõ
àðòåð³é òà àîðòè (ðèñ. 1, à). Ä³ÿ ã³ïîêñ³¿
íà ñê³íîâàí³ ïðåïàðàòè ëåãåíåâèõ àðòåð³é
ùóðà âèêëèêàëà çíà÷íèé çñóâ óë³âî êðè-
âî¿ çàëåæíîñò³ ðÑà � ñêîðî÷åííÿ íà 1,13
îäèíèöü (n=7; Ð<0,001) ïîð³âíÿíî ç³ çíà-

÷åííÿìè, ÿê³ ðåºñòðóâàëèñÿ çà óìîâ íîð-
ìîêñ³¿ (n=9), ùî ñâ³ä÷èòü ïðî ï³äâèùåííÿ
êàëüö³ºâî¿ ÷óòëèâîñò³ ñêîðîòëèâîãî àïà-
ðàòó (äèâ. ðèñ. 1,à).

Îäíàê çíèæåííÿ ð³âíÿ îêñèãåíàö³¿ ïåð-
ôóçóþ÷îãî ðîç÷èíó â ñê³íîâàíèõ ïðåïà-
ðàòàõ àîðòè ïðèçâåëî äî çñóâó êðèâî¿ çà-
ëåæíîñò³ ðÑà � ñêîðî÷åííÿ âïðàâî íà 0,74
îäèíèöü (n=7; Ð<0,001) ïîð³âíÿíî ç ðåàê-
ö³ÿìè íîðìîêñ³¿ (n=11) ñâ³ä÷èòü ïðî çíè-
æåííÿ ÷óòëèâîñò³ ñêîðîòëèâîãî àïàðàòó
ÃÌÊ äî Ñà2+ (äèâ.ðèñ. 1, ² à).

Òàêó ð³çíèöþ ó ðåàêö³ÿõ ÃÌÊ ñóäèí
ìîæíà ïîÿñíèòè ôóíêö³îíàëüíèìè â³äì³í-
íîñòÿìè àîðòè òà ëåãåíåâèõ àðòåð³é â³ä-
íîñíî çàáåçïå÷åííÿ ãàçîîáì³íó. Ï³äâèùåí-
íÿ ñóäèííîãî òîíóñó ëåãåíåâèõ àðòåð³é
âíàñë³äîê çá³ëüøåííÿ êàëüö³ºâî¿ ÷óòëèâîñ-
ò³ ñêîðîòëèâîãî àïàðàòó ÃÌÊ ó â³äïîâ³äü
íà ã³ïîêñ³þ ñïðÿìîâàíî íà çàáåçïå÷åííÿ
íåîáõ³äíîãî ð³âíÿ òèñêó êðîâ³ ó ëåãåíåâèõ
êàï³ëÿðàõ äëÿ åôåêòèâíîãî ãàçîîáì³íó.

Â³äîìî, ùî ï³ä ä³ºþ ã³ïîêñ³¿ â ÃÌÊ ñó-
äèí ìîæóòü óòâîðþâàòèñÿ ðåàêòèâí³ êèñ-
íåâ³ ðàäèêàëè (.Î

2
-, Í

2
Î

2
, .ÎÍ-), êîòð³ çäàò-

í³ âïëèâàòè íà àêòèâí³ñòü áàãàòüîõ ðåãó-
ëÿòîðíèõ á³ëê³â [6]. Âíàñë³äîê ïîñò³éíîãî
ïåðåáóâàííÿ ÃÌÊ ëåãåíåâèõ àðòåð³é çà
óìîâ êîëèâàíü ðÎ

2
 ðåàêòèâí³ âèäè êèñíþ

ìîæóòü âèêîíóâàòè ñèãíàëüíó ôóíêö³þ
[5], íà â³äì³íó â³ä ÃÌÊ ñèñòåìíèõ ñóäèí,
ÿê³ íå ïðèñòîñîâàí³ òàêîþ ì³ðîþ äî ôóíê-
ö³îíàëüíî çóìîâëåíîãî êîíòàêòó ç ðåàê-
òèâíèìè âèäàìè êèñíþ. Ïðè öüîìó îñ-
òàíí³ ìîæóòü âèñòóïàòè ðåãóëþâàëüíèì
ôàêòîðîì, ïðèçâîäÿ÷è äî çíèæåííÿ ðåàê-
òèâíîñò³ ÃÌÊ [11].

Îäíèì ³ç âàæëèâèõ ðåãóëÿòîðíèõ ôåð-
ìåíò³â, ÿê³ º ïîòåíö³éíîþ ì³øåííþ äëÿ
ðåàêòèâíèõ âèä³â êèñíþ, ìîæå áóòè ÏÊÑ.
Ç ìåòîþ âèçíà÷åííÿ ðîë³ îñòàííüî¿ ó
çá³ëüøåíí³ êàëüö³ºâî¿ ÷óòëèâîñò³ ñêîðîò-
ëèâîãî àïàðàòó ÃÌÊ ëåãåíåâèõ àðòåð³é
çà óìîâ çíèæåííÿ îêñèãåíàö³¿ ìè çàñòî-
ñîâóâàëè ñåëåêòèâíèé áëîêàòîð ÏÊÑ ÷å-
ëåðèòðèí.

Î.Î. Ïàâëîâà, Â.Ô. Ñàãà÷, À.².Ñîëîâéîâ
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Ïîïåðåäíÿ 10-õâèëèííà àïë³êàö³ÿ ÷å-
ëåðèòðèíó â êîíöåíòðàö³¿ 10-6 ìîëü/ë (äèâ.
ðèñ. 1,á) íå âïëèâàëà íà ÷óòëèâ³ñòü ñêî-
ðîòëèâîãî àïàðàòó ÃÌÊ ñê³íîâàíèõ ïðå-
ïàðàò³â ëåãåíåâèõ àðòåð³é äî Ñà2+ çà óìîâ

íîðìîêñ³¿ (n=6; Ð>0,001). Îäíàê çà óìîâ
ã³ïîêñ³¿ áëîêàäà ÏÊÑ ÷åëåðèòðèíîì ïðèç-
âîäèëà äî çñóâó êðèâî¿ çàëåæíîñò³ ðÑà �
ñêîðî÷åííÿ âïðàâî íà 1,13 îäèíèöü (n=6;
Ð<0,001), ïðàêòè÷íî äî ð³âíÿ, ùî ðåºñò-

Âïëèâ áëîêàäè ïðîòå¿íê³íàçè C

Ðèñ. 1. Çì³íè çàëåæíîñò³ ðÑà � ñêîðî÷åííÿ â ñê³íîâàíèõ ïðåïàðàòàõ ëåãåíåâî¿ àðòåð³¿ (²) òà àîðòè (²²) ùóðà ï³ä
ä³ºþ ã³ïîêñ³¿ (à) òà ÷åëåðèòðèíó çà íîðìîêñè÷íèõ (á) ³ ã³ïîêñè÷íèõ (â) óìîâ: 1 � íîðìîêñ³ÿ, 2 � ã³ïîêñ³ÿ, 3 �
íîðìîêñ³ÿ òà áëîêàäà ïðîòå¿íê³íàçè Ñ, 4 � ã³ïîêñ³ÿ òà áëîêàäà ïðîòå¿íê³íàçè Ñ
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ðóâàâñÿ ïðè íîðìîêñ³¿ (äèâ. ðèñ. 1, ² â).
ßê âèäíî ç ðèñ. 2,á òà 2,â, íà ñê³íîâàíèõ
ïðåïàðàòàõ àîðòè áëîêàäà ÏÊÑ ÷åëåðèò-
ðèíîì (10-6 ìîëü/ë) íå âïëèâàëà íà êðèâó
çàëåæíîñò³ ðÑà � ñêîðî÷åííÿ í³ çà óìîâ
íîðìîêñ³¿: ðÑà

50
=5,42±0,08 (n=8; Ð>0,05), í³

çà óìîâ ã³ïîêñ³¿ ðÑà
50

=4,74±0,04 (n=7; Ð>0,05).
Ó äðóã³é ñåð³¿ åêñïåðèìåíò³â ìè äîñ-

ë³äæóâàëè çì³íè êàëüö³ºâî¿ ÷óòëèâîñò³ ñêî-
ðîòëèâîãî àïàðàòó ÃÌÊ ³ ðîëü ÏÊÑ ó
ðîçâèòêó ãåíåòè÷íî äåòåðì³íîâàíî¿ ã³ïåð-
òåíç³¿. Ó öèõ ùóð³â áóëî çàðåºñòðîâàíî
ï³äâèùåííÿ ÀÒñ, ïîð³âíÿíî ç êîíòðîëüíè-
ìè òâàðèíàìè (173,55 ìì ðò.ñ. ± 2,05 ìì
ðò. ñò., n=12 òà 121,27 ìì ðò.ñò. ± 3,85 ìì
ðò. ñò., n=11 â³äïîâ³äíî; Ð<0,001). Ó ñê³íî-

âàíèõ ïðåïàðàòàõ àîðòè ùóð³â ç ãåíåòè÷-
íî äåòåðì³íîâàíîþ ã³ïåðòåíç³ºþ ñïîñòå-
ð³ãàâñÿ çñóâ óë³âî íà 0,89 îäèíèöü êðèâî¿
çàëåæíîñò³ ðÑà � ñêîðî÷åííÿ (n=12; Ð<0,001)
ïîð³âíÿíî ç ïðåïàðàòàìè àîðòè êîíòðîëü-
íèõ òâàðèí (n=11), ùî ñâ³ä÷èòü ïðî ï³ä-
âèùåííÿ êàëüö³ºâî¿ ÷óòëèâîñò³ ñêîðîò-
ëèâîãî àïàðàòó ÃÌÊ (ðèñ. 2,à).

Áëîêàòîðè ÏÊÑ ÷åëåðèòðèí (10-6 ìîëü/ë)
³ ñòàóðîñïîðèí (10-7 ìîëü/ë) ó ñê³íîâàíèõ
ïðåïàðàòàõ àîðòè ùóð³â ç ãåíåòè÷íî
äåòåðì³íîâàíîþ ã³ïåðòåíç³ºþ âèêëèêàëè
çá³ëüøåííÿ çíà÷åííÿ ðÑà

50
 íà 0,72 (n=9;

Ð<0,001) òà íà 0,81 îäèíèö³ (n=6; Ð<0,001)
â³äïîâ³äíî ïîð³âíÿíî ç ïðåïàðàòàìè êîíò-
ðîëüíèõ òâàðèí (n=11), òîáòî çñóâàëè êðè-
âó çàëåæíîñò³ ðÑà � ñêîðî÷åííÿ âïðàâî
(äèâ. ðèñ. 2, à,á), ùî ñâ³ä÷èòü ïðî íîð-
ìàë³çàö³þ ï³ä ¿õ âïëèâîì êàëüö³ºâî¿ ÷óò-
ëèâîñò³ ñêîðîòëèâîãî àïàðàòó.

Ìåòîþ íàñòóïíî¿ ñåð³¿ åêñïåðèìåíò³â
áóëî äîñë³äèòè ó÷àñòü ÏÊÑ ó çì³íàõ êàëü-
ö³ºâî¿ ÷óòëèâîñò³ ñêîðîòëèâîãî àïàðàòó
ÃÌÊ, ÿê³ ìîæóòü ëåæàòè â îñíîâ³ ðîçâèò-
êó ã³ïåðòåíç³¿, ùî âèíèêàº âíàñë³äîê ä³¿
³îí³çóþ÷îãî îïðîì³íåííÿ [3]. Ó ùóð³â, ÿêèì
ïðîâîäèëè îäðàçîâå γ-îïðîì³íåííÿ (äîçà
6 Ãð, äæåðåëî 60Ñî), íà 30-òó äîáó ñïîñòå-
ð³ãàëîñÿ çíà÷íå ï³äâèùåííÿ ÀÒñ, ÿêå ñòà-
íîâèëî 147,28 ìì ðò.ñò. ± 4,67 ìì ðò.ñò.
(n=6; Ð<0,001). Íà ñê³íîâàíèõ ïðåïàðàòàõ
àîðòè öèõ òâàðèí ñïîñòåð³ãàëîñÿ ï³äâè-
ùåííÿ êàëüö³ºâî¿ ÷óòëèâîñò³ ñêîðîòëè-
âîãî àïàðàòó ÃÌÊ, ùî âèðàæàëîñÿ ó çñó-
â³ êðèâî¿ çàëåæíîñò³ ðÑà � ñêîðî÷åííÿ âë³-
âî íà 0,77 îäèíèö³ (n=6; Ð<0,001) ïîð³âíÿíî
ç ïðåïàðàòàìè àîðòè êîíòðîëüíèõ òâà-
ðèí (n=11) (ðèñ. 3). Äîäàâàííÿ ÷åëåðèòðèíó
(10-6 ìîëü/ë) äî ïåðôóçóþ÷îãî ðîç÷èíó ïðèç-
âîäèëî äî çñóâó êðèâî¿ çàëåæíîñò³ ðÑà �
ñêîðî÷åííÿ âïðàâî íà 0,31 îäèíèö³ (n=6;
Ð<0,001) (äèâ.ðèñ. 3).

Îòðèìàí³ ðåçóëüòàòè ñâ³ä÷àòü ïðî òå,
ùî ï³äâèùåííÿ ÷óòëèâîñò³ ñêîðîòëèâîãî
àïàðàòó äî Ñà2+ º îäíèì ³ç êëþ÷îâèõ ìå-
õàí³çì³â ï³äâèùåííÿ òîíóñó ñóäèííèõ ÃÌÊ

Î.Î. Ïàâëîâà, Â.Ô. Ñàãà÷, À.².Ñîëîâéîâ

Ðèñ. 2. Âïëèâ ÷åëåðèòðèíó (à) òà ñòàóðîñïîðèíó (á) íà
çàëåæí³ñòü ðÑà � ñêîðî÷åííÿ â ñê³íîâàíèõ ïðåïàðàòàõ
àîðòè ùóð³â ç ãåíåòè÷íî äåòåðì³íîâàíîþ ã³ïåðòåíç³ºþ:
1 � êîíòðîëü, 2 � ã³ïåðòåíç³ÿ, 3 � ã³ïåðòåíç³ÿ òà áëîêàäà
ïðîòå¿íê³íàçè Ñ
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ó ïàòîãåíåç³ ã³ïåðòåíçèâíèõ ñòàí³â ð³çíî¿
åò³îëîã³¿. Ïðè öüîìó, ÿê òàêîæ ïîêàçóþòü
ðåçóëüòàòè íàøèõ äîñë³äæåíü ³ç çàñòîñó-
âàííÿì ñåëåêòèâíèõ áëîêàòîð³â ÏÊÑ, çá³ëü-
øåííÿ êàëüöºâî¿ ÷óòëèâîñò³ ñêîðîòëèâî-
ãî àïàðàòó ÃÌÊ ïîâ�ÿçàíî ç ï³äâèùåííÿì
àêòèâíîñò³ ÏÊÑ. Òîä³ ÿê ï³äâèùåííÿ àê-
òèâíîñò³ ÏÊÑ ó ÃÌÊ ëåãåíåâèõ àðòåð³é
ï³ä ä³ºþ ã³ïîêñ³¿, ÿê óæå çàçíà÷àëîñÿ, ìîæå
áóòè çóìîâëåíå âçàºìîä³ºþ ÏÊÑ ³ç ðåàê-
òèâíèìè âèäàìè êèñíþ, ùî âèíèêàþòü ï³ä
ä³ºþ ã³ïîêñ³¿ [5], ó âèïàäêó ñïîíòàííî¿ òà
ðàä³àö³éíî¿ ã³ïåðòåíç³¿ òàê³ çì³íè ìîæóòü
áóòè âèêëèêàí³ ³íøèìè, äîñ³ íå âèçíà÷å-
íèìè ìåõàí³çìàìè.

Â³äîìî, ùî ï³ä ä³ºþ ðàä³àö³éíîãî îïðî-
ì³íåííÿ ïðîäóêòàìè â³ëüíîðàäèêàëüíîãî
ïåðåêèñíîãî îêèñíåííÿ º ³ ðåàêòèâí³ âèäè
êèñíþ, ì³øåíÿìè ÿêèõ ìîæóòü áóòè ÿê ë³-
ï³äè êë³òèííèõ ìåìáðàí, òàê ³ ÄÍÊ òà
ðåãóëÿòîðí³ ôåðìåíòè [2]. Ï³äâèùåííÿ àê-
òèâíîñò³ ÏÊÑ ïðè öüîìó ç îäíîãî áîêó,
ìîæëèâî, º íàñë³äêîì ìîäóëþþ÷î¿ ä³¿ ïðî-
äóêò³â ïåðåêèñíîãî îêèñíåííÿ ë³ï³ä³â [1],
à ç ³íøîãî � íàñë³äêîì ïðÿìî¿ âçàºìîä³¿
ðåàêòèâíèõ âèä³â êèñíþ ç ÏÊÑ. Â îñíîâ³
ï³äâèùåííÿ àêòèâíîñò³ ÏÊÑ ó ÃÌÊ ñèñ-
òåìíèõ ñóäèí ïðè ñïîíòàíí³é ã³ïåðòåíç³¿ ìî-
æå ëåæàòè åêñïðåñ³ÿ ìàòðè÷íîãî ñèíòåçó
ÏÊÑ âíàñë³äîê ùå íå ç�ÿñîâàíèõ ïðè÷èí [15].

Âïëèâ áëîêàäè ïðîòå¿íê³íàçè C

Ðèñ. 3. Âïëèâ ÷åëåðèòðèíó íà çàëåæí³ñòü ðÑà � ñêî-
ðî÷åííÿ â ñê³íîâàíèõ ïðåïàðàòàõ àîðòè  -îïðîì³íåíèõ
ùóð³â: 1 � êîíòðîëü, 2 � îïðîì³íåííÿ, 3 � îïðîì³íåííÿ
òà áëîêàäà ïðîòå¿íê³íàçè Ñ
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Òàêèì ÷èíîì, ðåçóëüòàòè íàøèõ äîñ-
ë³äæåíü ñâ³ä÷àòü ïðî òå, ùî àêòèâí³ñòü
ÏÊÑ â³ä³ãðàº êëþ÷îâó ðîëü ó ï³äâèùåíí³
êàëüö³ºâî¿ ÷óòëèâîñò³ ñêîðîòëèâîãî àïà-
ðàòó ñóäèííèõ ÃÌÊ, ïðè öüîìó ÏÊÑ-îïî-
ñåðåäêîâàíå ï³äâèùåííÿ ÷óòëèâîñò³ ñêî-
ðîòëèâîãî àïàðàòó äî Ñà2+ º îäíèì ³ç çà-
ãàëüíèõ ìåõàí³çì³â, ùî ëåæàòü â îñíîâ³
ðîçâèòêó âàçîñïàñòè÷íèõ ñòàí³â ð³çíî¿
åò³îëîã³¿.

A.A. Pavlova, V.F. Sagach, A.I. Soloviev

EFFECTS OF INHIBITING PROTEIN KINASE C ON
CA2+-SENSITIVITY OF CONTRACTILE MACHI-
NERY IN VASCULAR SMOOTH MUSCLE UNDER
VASOSPASM OF  DIFFERENT GENESIS

The aim of the study was to investigate the role of protein
kinase C (PKC) in changes in myofilament Ca2+-sensitivity
of vascular smooth muscle cells (SMC) in rats at different
vasospastic states: hypoxic pulmonary vasoconstriction, ge-
netically determined hypertension, and hypertension result-
ed from ionizing radiation. All vasospastic states demonstrated
rightward shifts in pCa-tension curves suggesting that myo-
filament Ca2+-sensitivity had increased. In chemically (β-es-
cin) skinned pulmonary artery, hypoxia-induced increase in
myofilament Ca2+-sensitivity was completely abolished by
PKC inhibitor chelerythrine. The similar results were demon-
strated in skinned aorta SMC of spontaneously hypertensive
rats where an increase in myofilament Ca2+-sensitivity  was
also abolished by PKC inhibitors chelerythrine and stauro-
sporine. The chelerythrine partially inhibited myofilament
Ca2+-sensitivity that had increased  following γ-radiation. The
data suggest the key role of PKC activity in modulation of
myofilament Ca2+-sensitivity in SMC. We conclude that PKC-
mediated increase in myofilament Ca2+-sensitivity is one of
the main mechanisms which contribute to the vasospasm  of
different genesis.
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Medical Sciences of Ukraine, Kiev;

À.À. Bogomoletz Institute of Physiology National
Academy of Sciences of Ukraine, Kiev

ÑÏÈÑÎÊ Ë²ÒÅÐÀÒÓÐÈ

1. Áàðàáîé Â.À., Îðåë Â.Ý., Êàðíàóõ È.Ì. Ïåðåêèñíîå
îêèñëåíèå è ðàäèàöèÿ. Ê.: Íàóê. äóìêà, 1991. � 256 ñ.

2. Êóäðÿøîâ Þ.Á. Ëó÷åâîå ïîðàæåíèå. � Ì.: Èçä-âî
ìîñê. óí-òà, 1987. � Ñ.5 � 72.

3. Ñîëîâéîâ À.²., Òèøê³í Ñ.Ì., Õðîìîâ Î.Ñ., Ñòå-
ôàíîâ Î.Â. Ñêîðî÷óâàëüíà ôóíêö³ÿ ñóäèí ïðè
àðòåð³àëüí³é ã³ïåðòåíç³¿ ð³çíîãî ãåíåçó òà ¿¿ êî-



37ISSN 0201-8489    Ô³ç³îë. æóðí., 2003, Ò. 49, ¹ 6

ðåêö³ÿ çà äîïîìîãîþ ôîñôàòèäèëõîë³íîâèõ ë³ïî-
ñîì // Ô³ç³îë. æóðí. � 2002. � 48, ¹6. � Ñ.11 � 17.

4. Ñîëîâüåâ À.È. Èçìåíåíèÿ Ñà2+-÷óâñòâèòåëüíîñòè
ñîêðàòèòåëüíûõ áåëêîâ ãëàäêîìûøå÷íûõ êëåòîê
âîðîòíîé âåíû êðûñ ïðè ðàñòÿæåíèè è ãèïîêñèè /
/ Ôèçèîë. æóðí. ÑÑÑÐ � 1990. � 76. � Ñ.1048 � 1054.

5. Archer S.L., Peterson D., Nelson D.P. et al. Oxygen radicals
and antioxidant enzymes alter pulmonary vascular reactivi-
ty in the rat lung // J. Appl. Physiol. � 1989. � 66. � P.102 � 111.

6. Bunn H.F., Poyton R.O. Oxygen sensing and molecular ad-
aptation to hypoxia // Physiol. Rev. � 1996. � 76, ¹3. �
P.839 � 877.

7. Chatterjee M., Teajada M. Phorbol ester induced contrac-
tion in chemically-skinned vascular smooth muscle // Amer.
J. Physiol. � 1986. � 261. � C356 � 361.

8. Hattaway D.R., Adam L.P., Turner R.C. et al. Myosine light
chain and heavy chain phosphorylation in smooth muscle:
potential regulatory roles for calcium phopholipids and cy-
clic nucleotides // Biochem. Soc. Trans. � 1988. � 16, ¹4. �
P.449 � 501.

9. Ikebe M., Inagaki M., Kanamaru K. et al. Phosphorylation
of smooth muscle myosin light cain kinase by Ca2+-activat-
ed phospholipid-dependent protein kinase // J. Biol.
Chem. � 1980. � 260, ¹8. � P.4547 � 4550.

10. Jiang M.J., Morgan J.P., Schoen F.J., Morgan K.G. A phor-
bol ester contracts human coronary artery without increas-
ing Ca2+ // Circulation. � 1986. � 74, ¹2. � P.84.

11. Jin, N., Packer, C.S., Rhoades, R.A. Reactive oxygen-medi-
ated contraction in pulmonary arterial smooth muscle: cellu-
lar mechanisms // Can. J. Physiol. Pharmacol. � 1991. � 69. �
P.383 � 388.

12. Lee M.W., Severson D. Signal transduction in vascular smooth
muscle: diacylglycerine second messengers and PKC action /
/ Amer. J. Physiol. (Cell Physiol.36). � 1994. �267. � P.C659 � C678.

13. Meisheri K.D., Ruegg J.C., Paul R.J. Studies on skinned
fiber preparations. � In: Calcium and Contractility (ed. by

Î.Î. Ïàâëîâà, Â.Ô. Ñàãà÷, À.².Ñîëîâéîâ

Grover A.K., Daniel E. E.). Clifton, New Jersey, U.S.A.:
The HUMANA Press, 1985. � P.191 � 224.

14. Morgan, J.P., Morgan, K.G. Stimulus-specific patterns of
intracellular calcium levels in smooth muscle of ferret por-
tal vein // J. Physiol. � 1984. � 361. � P.155 � 167.

15. Muracada K., Kohno M., Yasunari K. et al. Possible in-
volvement of protein kinase C in the maintenance of hy-
pertension in spontaneously hypertensive rats // J. Hypertens. �
1988. � 6. � P.157 � 159.

16. Murphy R.A., Aksoy M.O., Dillon P.F. et al. The role of
myosin light chain phosphorylation in regulation of the
cross-bridge cycle // Fed. Proc. Amer. Soc. Exp. Biol. �
1983. � 42. � P.51 � 56.

17. Nashimura J., Moreland S., Moreland R., vanBreemen C.
Regulation of the Ca2+-force relationship in permeabilized
arterial smooth muscle. Regulation of smooth muscle con-
traction. � New York � London, 1991. � P.11 � 127.

18. Nishizuka Y. The role of protein kinase Ñ in cell surface
signal transduction and tumour promotion // Nature. � 1984. �
308. � P.693 � 698.

19. Rasmussen H., Takuwa Y., Park S. Protein kinase C in the
regulation of smooth muscle contraction // FASEB J. � 1987. �
1. � P.177 � 185.

20. Sato K., Jzaki H., Karaki H. Changes in citosolic calcium
level in vascular smooth muscle strip measured simultaneously
with contraction using fluorescent calcium indicator Fura-2 //
J. Pharmacol. Exp. Ther. � 1988. � 246. � P.294 � 300.

21. Soloviev A.I., Bernshtein S.A. The contractile apparatus
invascular smooth muscle cells of spontaneously hyper-
tensive rats possess increased calcium sensitivity: the pos-
sible role of protein kinase C // J. Hypertens. � 1992. � 10. �
P.131 � 136.

22. Yamanishi J., Takai Y., Kaibuchi K. et al. Synergistic func-
tions of phorbol ester and calcium in serotonin release
from human platelets // Biochem. and Biophys. Res. Com-
mun. � 1983. � 112. � P.778 � 786.

²í-ò ôàðìàêîëîã³¿ òà òîêñèêîëîã³¿ ÀÌÍ Óêðà¿íè, Êè¿â;
²í-ò ô³ç³îëîã³¿ ³ì. Î.Î. Áîãîìîëüöÿ ÍÀÍ Óêðà¿íè, Êè¿â

Ìàòåð³àë íàä³éøîâ äî
ðåäàêö³¿ 25.09.2003


