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Ïîðóøåííÿ åíäîòåë³éçàëåæíèõ ñóäèííèõ ðåàêö³é,
àðã³íàçíîãî òà NO-ñèíòàçíîãî øëÿõ³â îáì³íó
L-àðã³í³íó ïðè àðòåð³àëüí³é ã³ïåðòåíç³¿

Ó íîðìîòåíçèâíûõ êðûñ (I ãðóïïà) è ñïîíòàííî ãèïåðòåíçèâíûõ êðûñ
(II ãðóïïà)� ñ íèçêèì (1-ÿ ïîäãðóïïà) è âûñîêèì (2-ÿ ïîäãðóïïà) óðîâ-
íåì ñèñòåìíîãî àðòåðèàëüíîãî äàâëåíèÿ (ÑÀÄ) â ðàçëè÷íûõ òêàíÿõ èñ-
ñëåäîâàëè àêòèâíîñòü àðãèíàçû è ñèíòàçû îêñèäà àçîòà (NOS), à òàê-
æå ñîäåðæàíèå èõ ïðîäóêòîâ � ìî÷åâèíû è íèòðèò-àíèîíà (NO2

�). Íà
èçîëèðîâàííûõ ïðåïàðàòàõ ãðóäíîé àîðòû ðåãèñòðèðîâàëèñü ýíäî-
òåëèéçàâèñèìûå äèëàòàòîðíûå ðåàêöèè ãëàäêèõ ìûøö íà àöåòèëõî-
ëèí. Óñòàòîâëåíî, ÷òî â ñåðäöå, àîðòå, ïëàçìå è ýðèòðîöèòàõ ãè-
ïåðòåíçèâíûõ êðûñ 2-é ïîäãðóïïû ðåçêî óâåëè÷èâàåòñÿ àêòèâíîñòü
àðãèíàçû è ñîäåðæàíèå ìî÷åâèíû. Â ñåðäöå àêòèâíîñòü àðãèíàçû äî-
ñòèãàåò 27,96 íìîëü/ìèí ⋅ ìã áåëêà ± 5,92 íìîëü/ìèí ⋅ ìã áåëêà,  â  àîð-
òå � 4,74 íìîëü/ìèí ⋅ ìã  áåëêà ± 0,99 íìîëü/ìèí ⋅ ìã  áåëêà (ó êðûñ
I ãðóïïû 1,32 ± 0,12 è 1,12 íìîëü/ìèí ⋅ ìã áåëêà ± 0,07 íìîëü/ìèí ⋅ ìã
áåëêà ñîîòâåòñòâåííî). Ñîäåðæàíèå ìî÷åâèíû â ñåðäöå ñîñòàâëÿåò
679,5 íìîëü/ìã áåëêà ± 121,19 íìîëü/ìã áåëêà, â àîðòå 350,6 íìîëü/ìã
áåëêà ± 63,6 íìîëü/ìã áåëêà (ó íîðìîòåíçèâíûõ êðûñ 36,8 ± 5,3,
43,02 íìîëü/ìã áåëêà ± 9,55 íìîëü/ìã áåëêà ñîîòâåòñòâåííî). Ýòî ñî-
ïðîâîæäàëîñü óìåíüøåíèåì àêòèâíîñòè NOS è íåîäíîçíà÷íûìè èçìåíå-
íèÿìè ñîäåðæàíèÿ NO2

� â èññëåäóåìûõ òêàíÿõ. Òàê, àêòèâíîñòü NOS â
ñåðäöå è àîðòå óìåíüøàëàñü äî 0,018 ± 0,005 è 0,183 íìîëü/ìèí ⋅ ìã áåë-
êà ± 0,037 íìîëü/ìèí ⋅ ìã áåëêà, ñîîòâåòñâåííî, â ñðàâíåíèè ñ 0,093 ±
± 0,014 è 0,41 íìîëü/ìèí ⋅ ìã áåëêà ± 0,07 íìîëü/ìèí ⋅ ìã áåëêà ó êðûñ
I ãðóïïû. Ñîäåðæàíèå NO2

� â àîðòå ñíèæàëîñü äî 0,79 íìîëü/ìã áåëêà ±
± 0,06 íìîëü/ìã áåëêà (â íîðìå 2,15 íìîëü/ìã áåëêà ± 0,18 íìîëü/ìã
áåëêà), à â ñåðäöå, íàîáîðîò,� óâåëè÷åâàëîñü äî 0,63 íìîëü/ìã áåëêà ±
± 0,13 íìîëü/ìã áåëêà (â íîðìå 0,264 íìîëü/ìã áåëêà ± 0,04 íìîëü/ìã
áåëêà). Ó êðûñ 2-é ïîäãðóïïû óãíåòàëèñü ýíäîòåëèéçàâèñèìûå äèëà-
òàòîðíûå ðåàêöèè  ãëàäêèõ  ìûøö  ãðóäíîé àîðòû íà  àöåòèëõîëèí
(10�6 ìîëü/ë). Ïî÷òè âäâîå ñíèæàëàñü èõ àìïëèòóäà è â 4 ðàçà óâåëè÷å-
âàëñÿ ëàòåíòíèé ïåðèîä ðàçâèòèÿ ðåàêöèè. Âñå âûÿâëåííûå èçìåíåíèÿ
áèîõèìè÷åñêèõ ïîêàçàòåëåé â ñåðäöå, àîðòå, ïëàçìå è ýðèòðîöèòàõ, à
òàêæå ñîêðàòèòåëüíîé àêòèâíîñòè àîðòû, îêàçàëèñü õàðàêòåðíûìû è
äëÿ êðûñ 1-é ïîäãðóïïû, íî êîëè÷åñòâåííî îíè áûëè ìåíåå âûðàæåíû.
Òàêèì îáðàçîì, âïåðâûå íà ìîäåëè àðòåðèàëüíîé ãèïåðòåíçèè íàìè èñ-
ñëåäîâàíà àêòèâíîñòü äâóõ àëüòåðíàòèâíûõ ïóòåé ìåòàáîëèçìà L-àð-
ãèíèíà. Ïîëó÷åííûå ðåçóëüòàòû ñâèäåòåëüñòâóþò î òîì, ÷òî ïðè àð-
òåðèàëüíîé ãèïåðòåíçèè àêòèâèðóåòñÿ íåîêèñëèòåëüíûé (àðãèíàçíûé)
è èíãèáèðóåòñÿ îêèñëèòåëüíûé (NO-ñèíòàçíûé) ïóòü ìåòàáîëèçìà
L-àðãèíèíà. Èçìåíåíèå áàëàíñà ìåæäó íèìè ñîïðîâîæäàåòñÿ ðåçêèì óã-
íåòåíèåì ýíäîòåëèéçàâèñèìûõ âàçîäèëàòàòîðíûõ ðåàêöèé. Âñå ýòî äàåò
íàì îñíîââàíèå ïîëàãàòü, ÷òî ïåðâîïðè÷èíîé ïîâûøåíèÿ àðòåðèàëüíîãî
äàâëåíèÿ ÿâëÿþòüñÿ ãåíåòè÷åñêè è êîëè÷åñòâåííî äåòåðìèíèðîâàííûå
ïîâðåæäåíèÿ áèîõèìè÷åñêîãî ãîìåîñòàçà, à òàêæå çàâèñèìîé îò íåãî
ýíäîòåëèàëüíîé ðåãóëÿöèè ñîñóäèñòîãî òîíóñà.
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Âñòóï

Çà ñó÷àñíèìè äàíèìè åíäîòåë³é ñóäèí º äæåðåëîì áàãàòüîõ á³îëîã³÷íî àêòèâ-
íèõ ðå÷îâèí ð³çíî¿ ïðèðîäè òà õàðàêòåðó ä³¿. Ó÷àñòü éîãî â ðåãóëÿö³¿ òîíóñó
ñóäèí ³ ãîìåîñòàç³ âèçíà÷àºòüñÿ âèñîêîþ ñåêðåòîðíîþ çäàòí³ñòþ, ÿêà ñòèìó-
ëþºòüñÿ ³ ìîäóëþºòüñÿ ð³çíèìè ôàðìàêîëîã³÷íèìè òà ô³ç³îëîã³÷íèìè ÷èííè-
êàìè. Íàéá³ëüøå â³äîìîþ âàçîàêòèâíîþ ðå÷îâèíîþ, ùî ñèíòåçóþòüñÿ â åí-
äîòåë³¿, âèêëþ÷àþ÷è ïðîñòàöèêë³í, º åíäîòåë³àëüíèé ôàêòîð ðîçñëàáëåííÿ,
³äåíòèô³êîâàíèé ÿê îêñèä àçîòó [23]. Â³í ñèíòåçóºòüñÿ åíäîòåë³îöèòàìè de
novo ç àì³íîêèñëîòè L-àðã³í³íó çà ó÷àñòþ Ñà2+-òà êàëüìîäóë³íçàëåæíîãî
ôåðìåíòó � åíäîòåë³àëüíî¿ ñèíòàçè îêñèäó àçîòó (eNOS) [16]. Çàðàç óæå
äîáðå â³äîìî, ùî îêñèä àçîòó (NO) â³ä³ãðàº âàæëèâó ðîëü ó ðåãóëÿö³¿ ñåðöå-
âî-ñóäèííî¿, íåðâîâî¿, åíäîêðèííî¿ ñèñòåì, áåðå ó÷àñòü â òêàíèííîìó äè-
õàíí³, âçàºìîä³¿ íåéòðîô³ë³â ³ ìàêðîôàã³â, åêñïðåñ³¿ ãåí³â, ðåìîäåëþâàíí³
ñóäèííî¿ ñò³íêè òîùî. Òîìó éîãî äåô³öèò àáî íàäëèøîê óìîæëèâëþº ðîçâè-
òîê áàãàòüîõ ïàòîëîã³÷íèõ çì³í ³ çàõâîðþâàíü.

Ðàí³øå ââàæàëè, ùî ºäèíèì ôåðìåíòîì, ÿêèé ðîçùåïëÿº L-àðã³í³í, º
àðã³íàçà. ̄ ¿ ïðèñóòí³ñòü âèÿâëåíî â áàãàòüîõ òêàíèíàõ, â òîìó ÷èñë³ â åíäîòå-
ë³îöèòàõ, ãëàäåíüêîì�ÿçîâèõ êë³òèíàõ (ÃÌÊ) ñóäèí, åðèòðîöèòàõ, ð³çíèõ
òèïàõ êë³òèí ãîëîâíîãî ìîçêó, ïå÷³íêè, íèðîê òîùî. Ôóíêö³¿ àðã³íàçè äî
îñòàíüîãî ÷àñó ïîâ�ÿçóâàëè âèêëþ÷íî ç äåãðàäàö³ºþ àðã³í³íó äëÿ âèäàëåííÿ
íàäëèøêîâîãî á³ëêîâîãî àçîòó ó âèãëÿä³ ñå÷îâèíè (êàðáàì³äó). Âñòàíîâëå-
íî, ùî ñå÷îâèíà ìîæå ðåãóëþâàòè àêòèâí³ñòü áàãàòüîõ ôåðìåíò³â [26], òðàíñ-
ïîðò ³îí³â ÷åðåç äåÿê³ êàíàëè [19] ³, íàâ³òü, åêñïðåñ³þ ïåâíèõ ãåí³â [34].
Ñå÷îâèíà º ³íã³á³òîðîì ³íäóöèáåëüíî¿ ñèíòàçè (³NOS) [25], åôåêòèâíèì «ñêà-
âåíæåðîì» ³îí³â çàë³çà (Fe2+) [5], ùî çóìîâëþº ¿¿ âèñîêó àíòèîêñèäàíòíó
àêòèâí³ñòü [3]. Êð³ì òîãî, çà íàøèìè äàíèìè, ñå÷îâèíà â âåëèêèõ êîíöåíò-
ðàö³ÿõ ìàº òàêîæ âàçîêîíñòðèêòîðí³ âëàñòèâîñò³ [2].

Ç â³äêðèòòÿì NO-ñèíòàçíî¿ ðåàêö³¿ ñòàëî î÷åâèäíèì, ùî ìåòàáîë³çì
L-àðã³í³íó çä³éñíþºòüñÿ, ÿê ì³í³ìóì, äâîìà àëüòåðíàòèâíèìè øëÿõàìè: ïî
îêèñíîìó (NO-ñèíòàçíîìó) øëÿõó ç óòâîðåííÿì L-öèòðóë³íó òà NO ³ ïî íåî-
êèñíîìó (àðã³íàçíîìó) øëÿõó ç óòâîðåííÿì L-îðí³òèíó òà ñå÷îâèíè. Çâ³äñè
âèíèêàº ìîæëèâ³ñòü ðåöèïðîêíî¿ àáî ñèíõðîííî¿ ìîäóëÿö³¿ öèõ äâîõ øëÿõ³â.

Â³äîìî, ùî ïðè àðòåð³àëüí³é ã³ïåðòåíç³¿ â åíäîòåë³¿ ñóäèí, êð³ì ñòðóê-
òóðíèõ, ðîçâèâàþòüñÿ ³ ôóíêö³îíàëüí³ óøêîäæåííÿ. ×èñëåííèìè äîñë³äæåí-
íÿìè, â òîìó ÷èñë³ ³ íàøèìè, âñòàíîâëåíî, ùî çà öèõ óìîâ ïîðóøóþòüñÿ
çàëåæí³ â³ä åíäîòåë³þ âàçîäèëàòàòîðí³ ðåàêö³¿. Öå ïîâ�ÿçóþòü ç ïðèãí³÷åí-
íÿì ñèíòåçó NO. Â òîé æå ÷àñ, ñàì ìåõàí³çì ðîçñëàáëåííÿ ÃÌ ïåâíî íå
óøêîäæóºòüñÿ, îñê³ëüêè ðåàêö³¿ íà íåçàëåæí³ â³ä åíäîòåë³þ àãîí³ñòè â³äòâî-
ðþþòüñÿ ìàéæå áåç çì³í [21, 22, 29, 31�33]. Âñòàíîâëåíî òàêîæ, ùî ñêîðî-
÷óâàëüí³ á³ëêè ÃÌÊ ñóäèí ñïîíòàííî ã³ïåðòåíçèâíèõ ùóð³â ìàþòü á³ëüø
âèñîêó, ïîð³âíÿíî ç òàêèìè íîðìîòåíçèâíèõ ùóð³â, ÷óòëèâ³ñòü äî Ñà2+ ³ â
îñíîâ³ öüîãî ÿâèùà ëåæèòü ï³äâèùåíà àêòèâí³ñòü Ñ-ê³íàçè ÃÌÊ [24, 30]. Â
åíäîòåë³¿ òàêèõ ùóð³â âèÿâèëåíî á³ëüø âèñîêèé âì³ñò åíäîòåë³íó. Ñâ³é ïî-
òóæíèé âàçîêîíñòðèêòîðíèé âïëèâ â³í ðåàë³çóº íå ò³ëüêè çàâäÿêè íàäõî-
äæåííþ ïîçà-òà âíóòð³øíüîêë³òèííîãî Ñà2+, àëå ³ çàâäÿêè çá³ëüøåííþ ÷óò-
ëèâîñò³ ñêîðî÷óâàëüíèõ á³ëê³â ÃÌÊ ñóäèí äî Ñà2+ [24]. Âíàñë³äîê öüîãî

Ïîðóøåííÿ åíäîòåë³éçàëåæíèõ ñóäèííèõ ðåàêö³é
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ïîòåíöþþòüñÿ âàçîêîíñòðèêòîðí³ âïëèâè [1, 31], ùî ç îäíî÷àñíèì çíèæåí-
íÿì ñèíòåçó NO, óìîæëèâëþº ï³äâèùåííÿ òîíóñó ñóäèí. Ïðîòå äîòåïåð çà-
ëèøàºòüñÿ áåç â³äïîâ³ä³ ïèòàííÿ, ùî ìàº áóòè ïåðøî÷åðãîâèì � ï³äâèùåííÿ
âíóòð³øíüîñóäèííîãî àðòåð³àëüíîãî òèñêó ÷è óøêîäæåííÿ åíäîòåë³àëüíî¿
ðåãóëÿö³¿ ñóäèí. Îòæå, ïðèñê³ïëèâà óâàãà äî âèâ÷åííÿ ïîðóøåíü ìåòàáîë³ç-
ìó NO, âñòàíîâëåííÿ ð³çíèõ ëàíîê ³ çàñîá³â âïëèâó íà áàëàíñ ì³æ ôåðìåíòà-
ìè åíäîòåë³þ ö³ëêîì ñëóøíà. Âèð³øåííþ ñàìå öèõ ïðîáëåì ³ ïðèñâÿ÷åíå
íàøå äîñë³äæåííÿ.

Ìåòîäèêà

Äîñë³äè âèêîíàí³ íà ùóðàõ ç íîðìàëüíèì ð³âíåì ñèñòåìíîãî àðòåð³àëüíîãî
òèñêó (ÑÀÒ) � íîðìîòåíçèâí³ ùóðè (I ãðóïà) ³ ùóðàõ ç ãåíåòè÷íî äåòåð-
ì³íîâàíîþ àðòåð³àëüíîþ ã³ïåðòåíç³ºþ �  ñïîíòàííî ã³ïåíòåíçèâí³ ùóðè
(II ãðóïà). ÑÀÒ âèì³ðþâàëè íå³íâàç³éíèì ôîòîïëåòèçìîãðàô³÷íèì ìåòîäîì
ó õâîñòîâ³é àðòåð³¿ íàðêîòèçîâàíèõ íåìáóòàëîì (40 ìã/êã âíóòð³øíüîî÷åðå-
âèííî) äîðîñëèõ ùóð³â.

Íà ³çîëüîâàíèõ ïðåïàðàòàõ ãðóäíî¿ àîðòè â ³çîìåòðè÷íîìó ðåæèì³ ðåº-
ñòðóâàëè ñêîðî÷óâàëüíó àêòèâí³ñòü ãëàäåíüêèõ ì,ÿç³â (ÃÌ). Ñóäèíè íàð³çà-
ëè ï³ä êóòîì 45î íà ñåãìåíòè çàâøèðøêè 2�2,5 ìì ³ ìàñîþ 2�4 ìã. Ê³ëüöå-
âèé ñåãìåíò ïîì³ùàëè â åêñïåðèìåíòàëüíó êàìåðó â ñòàíäàðòíèé ðîç÷èí
Êðåáñà (35�36 îÑ, ðÍ 7,4), äå éîãî ï³ääàâàëè ïàñèâíîìó ðîçòÿãíåííþ ç ñè-
ëîþ 7�15 ìÍ. Ñêîðî÷óâàëüíó àêòèâí³ñòü ÃÌ ðåºñòðóâàëè çà äîïîìîãîþ ìå-
õàíîåëåêòðè÷íîãî ïåðåòâîðþâà÷à 6ÌÕ 1Ñ [31].

Àìïë³òóäó çì³í òîí³÷íîãî íàïðóæåííÿ ÃÌ ãðóäíî¿ àîðòè âèì³ðþâàëè ó
â³äñîòêàõ â³ä ð³âíÿ «ïëàòî» ¿õ ñêîðî÷óâàëüíî¿ ðåàêö³¿ íà íîðàäðåíàë³í, çíà-
÷åííÿ ÿêî¿ ïðèéìàëîñÿ çà 100 %. Ëàòåíòíèé ïåð³îä ðîçâèòêó ðåàêö³¿ âèì³ðþ-
âàëè â ñåêóíäàõ. Â ðîáîò³ áóëè âèêîðèñòàí³ íîðàäðåíàë³í (ÍÀ) ³ àöåòèë-
õîë³í (ÀÕ) ô³ðìè «Serva» (ÔÐÍ).

Á³îõ³ì³÷í³ ïîêàçíèêè, ùî õàðàêòåðèçóþòü ³íòåíñèâí³ñòü îáì³íó L-àðã³-
í³íó ïî îêèñíîìó òà íåîêèñíîìó øëÿõàõ, âèì³ðþâàëè â ãîìîãåíàòàõ ñåðöÿ,
àîðòè, ïëàçì³ êðîâ³ é åðèòðîöèòàõ. Âèçíà÷àëè àêòèâí³ñòü ôåðìåíò³â: ñèíòà-
çè îêñèäó àçîòó (NOS) òà àðã³íàçè, à òàêîæ âì³ñò ïðîäóêò³â êîæíî¿ ðåàêö³¿,
ñòàá³ëüíîãî ìåòàáîë³òó îêñèäó àçîòó � í³òðèò-àí³îíó (NO2

�) ³ ñå÷îâèíè â³ä-
ïîâ³äíî.

Àêòèâí³ñòü NOS âèçíà÷àëè çà âì³ñòîì NO2
� êîëîðèìåòðè÷íèì ìåòîäîì

[9]. ²íêóáàö³éíà ñóì³ø ñêëàäàëàñÿ ç 50 ììîëü/ë HEPES (pH 7,4), 1 ììîëü/ë
ÍÀÄÔH, 1 ììîëü/ë EDTA, 1,26 ììîëü/ë CaCl2, 1 ììîëü/ë L-àðã³í³íó.
Àêòèâí³ñòü àðã³íàçè âèçíà÷àëè çà âì³ñòîì ñå÷îâèíè ñïåêòðîôîòîìåòðè÷íèì
ìåòîäîì [14]. ²íêóáàö³éíà ñóì³ø ì³ñòèëà 10 ììîëü/ë L-àðã³í³íó â 5 ììîëü/ë
á³êàðáîíàòíîìó áóôåð³ ðÍ 9,5.

Âì³ñò NO2
�  âèçíà÷àëè â áåçá³ëêîâèõ çðàçêàõ ïðîá çà äîïîìîãîþ ðåàêòè-

âó Ãð³ñà ñïåêòðîôîòîìåòðè÷íèì ìåòîäîì [15]. Âì³ñò ñå÷îâèíè âèçíà÷àëè â
áåçá³ëêîâèõ çðàçêàõ ïðîá êîëîðèìåòðè÷íèì ìåòîäîì çà êîëüîðîâîþ ðåàê-
ö³ºþ ç äèàöåòèëìîíîîêñèìîì [4]. Á³ëîê ó äîñë³äæóâàíèõ ïðîáàõ âèçíà÷àëè
çà ìåòîäîì Áðåäôîðäà.

Â. Ô. Ñàãà÷ òà ³í.
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Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ

Ó íîðìàòåíçèâíèõ ùóð³â (I ãðóïà) ð³âåíü ÑÀÒ äîð³âíþâàâ ó ñåðåäíüîìó
114,0 ìì ðò. ñò. ± 12,0 ìì ðò. ñò. Ñåðåä ñïîíòàííî ã³ïåðòåíçèâíèõ ùóð³â
(II ãðóïà) âèÿâèëèñÿ òâàðèíè ç ð³çíèì çíà÷åííÿì ÑÀÒ, òîìó âîíè, â ñâîþ
÷åðãó, ðîçïîä³ëèëèñÿ íà äâ³ ï³äãðóïè: 1-øà � òâàðèíè, ó ÿêèõ ÑÀÒ íå ïåðå-
âèùóâàâ 120 ìì ðò. ñò. ³ 2-ãà � òâàðèíè ç âèñîêèì ð³âíåì ÑÀÒ, ùî êîëèâàâ-
ñÿ â³ä 145 äî 155 ìì ðò. ñò. (â ñåðåäíüîìó 152,5 ± 3,4).

Âñòàíîâëåíî, ùî ó ² ãðóï³ ÀÕ â êîíöåíòðàö³¿ 10�6 ìîëü/ë çàâæäè âè-
êëèêàâ çàëåæíå â³ä åíäîòåë³þ ðîçñëàáëåííÿ ÃÌ ãðóäíî¿ àîðòè, ÿê³ ïîïåðå-
äíüî áóëè àêòèâîâàí³ ÍÀ (10�6 ìîëü/ë). Àìïë³òóäà éîãî â ñåðåäíüîìó äî-
ð³âíþâàëà 65 % ± 3,5 % â³ä ñêîðî÷åííÿ ÃÌ íà ÍÀ. Ëàòåíòíèé ïåð³îä ðîçâèòêó
ö³º¿ ðåàêö³¿ áóâ 35 ñ ± 1,5 ñ (ðèñ. 1).

Ó ùóð³â ²² ãðóïè 2-¿ ï³äãðóïè (n = 19) ðåàêö³¿ ÃÌ ãðóäíî¿ àîòè íà ÀÕ
ó ò³é æå êîíöåíòðàö³¿ ñóòòºâî â³äð³çíÿëèñÿ â³ä òàêèõ ó íîðìîòåíçèâíèõ ùóð³â
(äèâ. ðèñ. 1). Ò³ëüêè ó 53 % åêñïåðèìåíò³â çáåð³ãàëàñÿ òèïîâà ðåàêö³ÿ ÃÌ íà
ÀÕ. Ïðîòå àìïë³òóäà ðîçñëàáëåííÿ çíèæóâàëàñÿ ìàéæå âäâ³÷³ ³ íå ïåðåâè-
ùóâàëà â ñåðåäíüîìó 36,4 % ± 7,4 %, à ëàòåíòíèé ïåð³îä ö³º¿ ðåàêö³¿ çá³ëüøó-
âàâñÿ ó 4 ðàçè ³ ñòàíîâèâ ó ñåðåäíüîìó 159,2 ñ ± 32,8 ñ. Â ³íøèõ åêñïåðèìåí-
òàõ ðåºñòðóâàëèñÿ âèêëþ÷íî ðåâåðñîâàí³ ðåàêö³¿. ÃÌ ó òàêèõ âèïàäêàõ
â³äïîâ³äàëè äâîôàçíîþ êîíñòðèêòîðíî-äèëàòàòîðíîþ ðåàêö³ºþ ç àïìë³òóäîþ
êîæíî¿ ç ôàç íå á³ëüøå í³æ 30 %, àáî ñò³éêèì ñêîðî÷åííÿì, ùî íà 15�25 %
ïåðåâèùóâàëî çàäàíèé ð³âåíü ¿õ àêòèâàö³¿. ²íîä³ çì³íè òîí³÷íîãî íàïðóæåí-
íÿ ÃÌ íà ÀÕ âçàãàë³ íå ðîçâèâàëèñÿ.

Ïîðóøåííÿ åíäîòåë³éçàëåæíèõ ñóäèííèõ ðåàêö³é

Ðèñ. 1.  Âïëèâ àöåòèëõîë³íó (ÀÕ, 10�6 ìîëü/ë) íà ïðåàêòèâîâàí³ íîðàäðåíàë³íîì
(ÍÀ, 10�6 ìîëü/ë) ãëàäåíüê³ ì�ÿçè (ÃÌ) ãðóäíî¿ àîðòè ùóð³â ç ð³çíèì ð³âíåì ñèñ-
òåìíîãî àðòåð³àëüíîãî òèñêó: à � íîðìîòåíçèâí³ ùóðè; á � ñïîíòàííî ã³ïåðòåí-
çèâí³ ùóðè, 1-à ï³äãðóïà; â � ñïîíòàííî ã³ïåðòåíçèâí³ ùóðè, 2-à ï³äãðóïà. Òåìíà
ë³í³ÿ ï³ä êðèâèìè â³äïîâ³äàº òðèâàëîñò³ ä³¿ ÀÕ. Ïóíêòèðíà ë³í³ÿ çíèçó â³äïîâ³äàº
âèõ³äíîìó ð³âíþ òîí³÷íîãî íàïðóæåííÿ ÃÌ, çâåðõó � çàäàíîìó ð³âíþ ¿õ àêòèâàö³¿,
ùî ïðèéìàºòüñÿ çà 100%, ï³ñëÿ äîäàâàííÿ â áóôåðíèé ðîç÷èí ÍÀ. 1,2 � ð³çíè òèïè
ðåàêö³é ÃÌ íà ÀÕ.
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Ùóðàì ²² ãðóïè 1-¿ ï³äãðóïè (n = 15) áóëè ïðèòàìàíí³ âñ³ âèùåçãàäàí³
ïîðóøåííÿ ñóäèííèõ ðåàêö³é íà ÀÕ. Ðîçñëàáëåííÿ ÃÌ ãðóäíî¿ àîðòè â³äòâîðþ-
âàëîñÿ ò³ëüêè ó 30% åêñïåðèìåíò³â ³ â ñåðåäíüîìó ñòàíîâèëî 35,0 % ± 6,3 %
ç ëàòåíòíèì ïåð³îäîì 167,5 ñ ± 50,5 ñ. Ó 8 äîñë³äàõ âîíî âçàãàë³ íå ðîçâèâà-
ëîñÿ, à â 3 çàì³ñòü íüîãî ðåºñòðóâàëîñÿ ñêîðî÷åííÿ ÃÌ ç àìïë³òóäîþ 20�
25 % (äèâ. ðèñ. 1).

Â ñåðö³ ñïîíòàííî ã³ïåðòåíçèâíèõ ùóð³â îáîõ ï³äãðóï âèÿâëåíà çíà÷íà
àêòèâàö³ÿ íåîêèñíîãî øëÿõó îáì³íó L-àðã³í³íó. Òàê, àêòèâí³ñòü àðã³íàçè ï³ä-
âèùèëàñÿ â³ä 1,32 ± 0,12 ó íîðìîòåíçèâíèõ ùóð³â äî 2,23 ± 0,62 (1-øà
ï³äãðóïà) ³ 27,96 íìîëü/õâ ⋅ ìã á³ëêà ± 5,92 íìîëü/õâ ⋅ ìã á³ëêà (2-ãà ï³äãðó-
ïà). Êîíöåíòðàö³ÿ âíóòð³øíüîêë³òèííèõ ïóë³â ñå÷îâèíè çá³ëüøóâàëàñÿ â³ä
36,8 ± 5,3 äî 121,14 ± 27,69 ³ 679,5 íìîëü/ìã á³ëêà ± 121,19 íìîëü/ìã
á³ëêà â³äïîâ³äíî. Ðàçîì ç òèì, îêèñíèé ìåòàáîë³çì L-àðã³í³íó â ñåðö³ ùóð³â
îáîõ ï³äãðóï ïîì³òíî çíèæóâàâñÿ. Àêòèâí³ñòü NOS çìåíøóâàëàñÿ â³ä 0,093 ±
± 0,014 (² ãðóïà) äî 0,022 ±0,007 íìîëü/õâ ⋅ ìã á³ëêà ³ 0,018 íìîëü/õâ ⋅ ìã
á³ëêà ± 0,005 íìîëü/õâ ⋅ ìã á³ëêà ó 1-é ³ 2-é ï³äãðóïàõ ²² ãðóïè â³äïîâ³äíî.
Íåçâàæàþ÷è íà öå, âì³ñò NO2

� ó ùóð³â ²² ãðóïè ï³äâèùèâñÿ ó 1-é ï³äãðóï³
äî 0,341 íìîëü/ìã á³ëêà ± 0,081 íìîëü/ìã á³ëêà ³ ó 2-é ï³äãðóï³ �
0,63 íìîëü/ìã á³ëêà ± 0,13 íìîëü/ìã á³ëêà ïîð³âíÿíî ç òàêèì ó òâàðèí
² ãðóïè 0,264 íìîëü/ìã á³ëêà ± 0,04 íìîëü/ìã á³ëêà (ðèñ. 2).

Â àîðò³ ùóð³â ²² ãðóïè òàêîæ ðåºñòðóâàëè ï³äâèùåííÿ àêòèâíîñò³ àðã³íàçè
â³ä 1,12 ± 0,07 (² ãðóïà) äî 4,74 ± 0,99 íìîëü/õâ ⋅ ìã á³ëêà â ùóð³â 2-¿ ï³ä-
ãðóïè, à â 1-é ï³äãðóï³ íåñïîä³âàíî ùå á³ëüøå � 12,47 íìîëü/õâ ⋅ ìã á³ëêà ±
± 5,08 íìîëü/õâ ⋅ ìã á³ëêà. Òàêó æ ñïðÿìîâàí³ñòü ìàëè çì³íè âì³ñòó ñå÷î-
âèíè â³ä 43,02 ± 9,55 ó íîðì³ äî 350,6 íìîëü/ìã á³ëêà ± 63,6 íìîëü/ìã
á³ëêà ³ 422,78 ± 56,56 íìîëü/ìã á³ëêà ó 2-é ³ 1-é ï³äãðóïàõ. Â àîðò³ ùóð³â
1-¿ ï³äãðóïè àêòèâí³ñòü NOS çìåíøóâàëàñÿ äî 0,31 íìîëü/õâ ⋅ ìã á³ëêà ±
0,10 íìîëü/õâ ⋅ ìã á³ëêà, à â 2-é ï³äãðóï³ � äî 0,18 íìîëü/õâ ⋅ ìã á³ëêà ±
0,04 íìîëü/õâ ⋅ ìã á³ëêà (ïðîòè 0,41 íìîëü/õâ ⋅ ìã á³ëêà ± 0,07 íìîëü/õâ ⋅ ìã
á³ëêà â íîðì³). Âì³ñò NO2

� òàêîæ çìåíøóâàâñÿ ó ùóð³â 1-¿ ³ 2-¿ ï³äãðóï äî
0,87 ± 0,18, 0,79 íìîëü/ìã á³ëêà ± 0,06 íìîëü/ìã á³ëêà â³äïîâ³äíî (ïî-
ð³âíÿíî ç 2,15 íìîëü/ìã á³ëêà ± 0,18 íìîëü/ìã á³ëêà ó íîðìîòåíçèâíèõ
ùóð³â) (ðèñ. 3).

Â ïëàçì³ ñïîíòàííî ã³ïåðòåíçèâíèõ ùóð³â îáîõ ï³äãðóï òàêîæ âèÿâëåíî
ï³äâèùåííÿ àðã³íàçíî¿ àêòèâíîñò³ òà âì³ñòó ñå÷îâèíè. Òàê, ÿêùî â íîðì³  àê-
òèâí³ñòü ôåðìåíòó ñòàíîâèëà 65,18 íìîëü/õâ ⋅ ìã á³ëêà ± 10,56 íìîëü/õâ ⋅ ìã,
òî ó òâàðèí 1-¿ ï³äãðóïè âîíà ñÿãàëà 229,41 íìîëü/õâ ⋅ ìã ± 52,62 íìîëü/õâ ⋅ ìã,
à â 2-é ï³äãðóï³ � 236,72 íìîëü/õâ ⋅ ìã ± 30,77 íìîëü/õâ ⋅ ìã. Âì³ñò ñå÷î-
âèíè ó ùóð³â öèõ ãðóï áóâ 3554,0 ± 378,0, 6355,6 ± 839,8 (1-øà ï³äãðó-
ïà), 6661,0 íìîëü/ìë ± 588,0 íìîëü/ìë (2-ãà ï³äãðóïà). Àêòèâí³ñòü NOS
ó ïëàçì³ çìåíøóâàëàñÿ â³ä 0,787 ± 0,03 ó íîðì³, äî 0,534 íìîëü/õâ ⋅ ìã ±
± 0,07 íìîëü/õâ ⋅ ìã  ó  òâàðèí  1-¿  ï³äãðóïè  ³  0,716 íìîëü/õâ ⋅ ìã ±
± 0,07 íìîëü/õâ ⋅ ìã ó 2-é ï³äãðóï³. Âì³ñò NO2

� ó ùóð³â 1-¿ ³ 2-¿ ï³äãðóï
ñÿãàâ 7,70 ± 1,59 ³ 5,56 íìîëü/ìë ±0,36 íìîëü/ìë â³äïîâ³äíî (ïîð³âíÿíî ç
13,08 íìîëü/ìë ± 1,75 íìîëü/ìë â íîðì³).

Â åðèòðîöèòàõ òâàðèí ²² ãðóïè îáîõ ï³äãðóï òàêîæ â³äáóâàëàñü àêòèâà-
ö³ÿ íåîêèñíîãî øëÿõó îáì³íó L-àðã³í³íó. Àêòèâí³ñòü àðã³íàçè ï³äâèùèëàñÿ

Â. Ô. Ñàãà÷ òà ³í.
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Ðèñ. 2.  Çì³íè àêòèâíîñò³ ôåðìåíò³â åíäîòåë³þ ³ ïðîäóêò³â ¿õ ìåòàáîë³çìó â ñåðö³
(À) ³ àîðò³ (Á) ùóð³â ç ð³çíèì ð³âíåì ñèñòåìíîãî àðòåð³àëüíîãî òèñêó (1 � íîðìî-
òåíçèâí³ ùóðè, 2 � ñïîíòàííî ã³ïåðòåíçèâí³ ùóðè, 1-à ï³äãðóïà; 3 � ñïîíòàííî
ã³ïåðòåíçèâí³ ùóðè, 2-à ï³äãðóïà; à � ñå÷îâèíà, á � àðã³íàçà, â � NO2

�, ã � NOS.
* � ð³çíèöÿ â³ðîã³äíà ïî â³äíîøåííþ äî çíà÷åííÿ ïðè íîðìîòåíç³¿; ** � ð³çíèöÿ
â³ðîã³äíà ïî â³äíîøåííþ äî çíà÷åííÿ ïðè ã³ïåðòåíç³¿, Ð < 0,05.

Ïîðóøåííÿ åíäîòåë³éçàëåæíèõ ñóäèííèõ ðåàêö³é

à á

â ã

à á

â ã
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â³ä 28,5±7,13 (² ãðóïà) äî 30,64±2,49 (1-øà ï³äãðóïà) ³ 34,95 íìîëü/õâ ⋅ ìã ±
± 3,16 íìîëü/õâ ⋅ ìã (2-ãà ï³äãðóïà). Âì³ñò ñå÷îâèíè â åðèòðîöèòàõ öèõ òâàðèí
çì³íþâàâñÿ â³ä 234,7 ± 48,7 äî 741,7 ± 210,19, 2608 íìîëü/ìã ± 64,12 íìîëü/ìã
â³äïîâ³äíî. Ó ùóð³â 1-¿ ï³äãðóïè àêòèâí³ñòü NOS çíèæóâàëàñÿ (ç 0,61 ± 0,04
äî 0,22 íìîëü/õâ ⋅ ìã ± 0,05 íìîëü/õâ ⋅ ìã), ïðîòå ó òâàðèí 2-¿ ï³äãðóïè
ï³äâèùóâàëàñÿ äî 0,9 íìîëü/õâ ⋅ ìã ± 0,05 íìîëü/õâ ⋅ ìã. Íåçâàæàþ÷è íà
öå, âì³ñò NO2

� ó ùóð³â 1-¿ ï³äãðóïè ñÿãàâ 4,034 ± 0,82, à â 2-é ï³äãðóï³ �
5,47 íìîëü/ìã á³ëêà ± 0,11 íìîëü/ìã á³ëêà (ïðîòè 1,65 íìîëü/ìã ±
± 0,34 íìîëü/ìã á³ëêà â íîðì³).

Òàêèì ÷èíîì, îòðèìàí³ ðåçóëüòàòè íå ò³ëüêè ï³äòâåðäæóþòü äàí³ íàøèõ
ïîïåðåäí³õ äîñë³äæåíü ïðî àêòèâàö³þ íåîêèñíîãî (àðã³íàçíîãî) é ³íã³áóâàí-
íÿ îêèñíîãî (NO-ñèíòàçíîãî) øëÿõó îáì³íó L-àðã³í³íó â àîðò³ ùóð³â ç ãåíå-
òè÷íî äåòåðì³íîâàíîþ àðòåð³àëüíîþ ã³ïåðòåíç³ºþ [2, 6]. Âîíè ñâ³ä÷àòü ïðî
³ñíóâàííÿ òàêèõ çì³í ó ñåðö³, ïëàçì³ é åðèòðîöèòàõ. Ïîä³áíå ï³äâèùåííÿ
àðã³íàçíî¿ àêòèâíîñò³ â àîðò³ ùóð³â âèÿâëÿºòüñÿ òàêîæ ïðè DOCA-ñîëüîâ³é
ã³ïåðòåíç³¿ [27]. ßê ñâ³ä÷àòü ðåçóëüòàòè íàøî¿ ðîáîòè ó ùóð³â ç âèñîêèì
ð³âíåì ÑÀÒ ó âñ³õ äîñë³äæóâàíèõ òêàíèíàõ çá³ëüøóºòüñÿ àêòèâí³ñòü àðã³íà-
çè òà âì³ñò ñå÷îâèíè. Ðàçîì ç òèì, ó ñåðö³, àîðò³ òà ïëàçì³ àêòèâí³ñòü NOS
çìåíøóºòüñÿ, òîä³ ÿê â åðèòðîöèòàõ íåñïîä³âàíî ï³äâèùóºòüñÿ. Âì³ñò NO2

� â
àîðò³ ³ ïëàçì³ çìåíøóºòüñÿ á³ëüøå í³æ óäâ³÷³, à â ñåðö³ é åðèòðîöèòàõ, íà-
âïàêè çá³ëüøóºòüñÿ. Ïîä³áíå ï³äâèùåííÿ çíà÷åííÿ öüîãî ïîêàçíèêà â ñåðö³
ðåºñòðóºòüñÿ ïðè àòåðîñêëåðîç³ ³ íàäçè÷àéíî âàæëèâî â éîãî ïàòîãåíåç³ [8].
Çá³ëüøåííÿ âì³ñòó NO2

� â åðèòðîöèòàõ ñâ³ä÷èòü, ïåâíî, ïðî áåçïîñåðåäíþ
ó÷àñòü ¿õ ó ðåãóëÿö³¿ òîíóñó ñóäèí íå ò³ëüêè âíàñë³äîê çâ³ëüíåííÿ ÀÒÔ ÷è
àäåíîçèíó [28], à ³ çàâäÿêè çâ³ëüíåííþ NO [12]. Àíàë³ç ñï³ââ³äíîøåíü àê-
òèâíîñò³ ôåðìåíò³â ³ ïðîäóêò³â ¿õ ðåàêö³¿ � àðã³íàçà/NOS òà ñå÷îâèíà/NO2

�

â íàøèõ äîñë³äàõ òàêîæ äîâîäèòü, ùî º çì³íè ïð³îðèòåò³â ó ìåòàáîë³çì³ L-àð-
ã³í³íó ïðè àðòåð³àëüí³é ã³ïåðòåíç³¿ (òàáëèöÿ). Íàéá³ëüøå ï³äâèùåííÿ çíà-
÷åíü öèõ ñï³ââ³äíîøåíü ðåºñòðóºòüñÿ â ñåðö³ é àîðò³. Äîñë³äæåííÿ ïîêàçàëè,
ùî ó ùóð³â ç âèñîêèì ð³âíåì ÑÀÒ ³ñòîòíî ïîðóøóþòüñÿ âàçîäèëàòàòîðí³
ðåàêö³¿ ÃÌ, ùî ðåàë³çóþòüñÿ çà ó÷àñòþ åíäîòåë³þ. Ìàéæå âäâ³÷³ çíèæóºòüñÿ
àìïë³òóäà ðîçñëàáëåííÿ ãðóäíî¿ àîðòè íà ÀÕ, ³ â 4 ðàçè ï³äâèùóºòüñÿ ëàòåíò-
íèé ïåð³îä. Ó ùóð³â ö³º¿ æ ë³í³¿, ùî ìàþòü íèçüêèé ð³âåíü ÑÀÒ âèÿâëåíî
ÿê³ñíî ïîä³áí³, àëå ê³ëüê³ñíî ìåíø³ çðóøåííÿ. Â ñåðö³, àîðò³, ïëàçì³ é åðèò-
ðîöèòàõ òàêîæ àêòèâóºòüñÿ íåîêèñíèé øëÿõ îáì³íó L-àðã³í³íó � çá³ëüøóºòüñÿ

Ñï³ââ³äíîøåííÿ àðã³íàçà/NOS ³ ñå÷îâèíà/NÎ2
�

ó ùóð³â ç ð³çíèì ð³âíåì ñèñòåìíîãî àðòåð³àëüíîãî òèñêó

Ãðóïà Àðã³íàçà/NOS Ñå÷îâèíà/NO2
�

òâàðèí Ñåðöå Àîðòà Ñåðöå Àîðòà

Íîðìîòåíçèâí³ ùóðè
(² ãðóïà) 14,19±1,23 2,73±0,47 139,39±22,00 20,01±5,00

Ñïîíòàííî ã³ïåðòåíçèâí³
ùóðè (²² ãðóïà)

1-øà ï³äãðóïà  296,41±117,37 98,34±11,00  487,11±166,60 427,42±79,16

2-ãà ï³äãðóïà 1553,30±125,00 25,90±10,28 1078,60±122,00 443,80±45,30

Â. Ô. Ñàãà÷ òà ³í.
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àêòèâí³ñòü àðã³íàçè òà âì³ñò ñå÷îâèíè. Îêèñíèé øëÿõ ó öèõ òêàíèíàõ ³íã³áóºòü-
ñÿ. Òàê, àêòèâí³ñòü NOS ó ñåðö³, àîðò³, ïëàçì³ é åðèòðîöèòàõ çìåíøóºòüñÿ.
Çì³íè âì³ñòó NO2

� ìàþòü òàêó æ ñïðÿìîâàí³ñòü, ùî ³ ó òâàðèí âèñîêèì ð³âíåì
ÑÀÒ, òîáòî â àîðò³ òà ïëàçì³ êîíöåíòðàö³ÿ í³òðèò-àí³îíó çìåíøóºòüñÿ, à â
ñåðö³ é åðèòðîöèòàõ ï³äâèùóºòüñÿ.

Îòæå, ïðè àðòåð³àëüí³é ã³ïåðòåíç³¿ àêòèâí³ñòü ôåðìåíò³â åíäîòåë³þ, ùî
ìàþòü ñï³ëüíèé ñóáñòðàò � L-àðã³í³í, çì³íþºòüñÿ, à â³äòàê, ïîðóøóºòüñÿ ³
áàëàíñ ì³æ íèìè. Ïðè÷èíîþ ð³çêîãî ï³äâèùåííÿ àêòèâíîñò³ àðã³íàçè ïðè
ã³ïåðòåíç³¿ ìîæå áóòè ì³ãðàö³ÿ ç ìàêðîôàã³â ó ñò³íêó ñóäèí òðàíñôîðìóþ÷î-
ãî ôàêòîðà ðîñòó, ùî îäíî÷àñíî º òàêîæ ³íã³á³òîðîì àêòèâíîñò³ ³NOS [11,
17]. Ââàæàþòü, ùî çìåíøåííÿ ñèíòåçó NO ïðè ã³ïåðòåíç³¿ º íàñë³äêîì ïðÿ-
ìîãî ïðèãí³÷åííÿ iNOS ïðîäóêòîì àðã³íàçíî¿ ðåàêö³¿ � ñå÷îâèíîþ [25], àáî
çá³ëüøåííÿì êîíöåíòðàö³¿ öèðêóëþþ÷îãî àñèìåòðè÷íîãî äèìåòèëàðã³í³íó �
äîñèòü åôåêòèâíîãî ³íã³á³òîðà åNOS ³ nNOS [10]. Ö³ äâà ôåðìåíòè êàëüö³é-
çàëåæí³, ñèíòåçóþòüñÿ â ñò³íö³ ñóäèí ³ åêñïðåñóþòüñÿ ïîñò³éíî. Ôîñôîðè-
ëþâàííÿ åNOS çà ñåðèíîì ïðèçâîäèòü äî çâ³ëüíåííÿ éîãî ç ìåìáðàíè, ùî
ñóïðîâîäæóºòüñÿ çìåíøåííÿì ¿¿ àêòèâíîñò³. ª äàí³ íà êîðèñòü ñòèìóëÿö³¿
àêòèâíîñò³ åNOS çà òèðîçèíîì. Ç ³íøîãî áîêó â³äîìî, ùî ôîñôîðèëþâàííÿ
òèðîçèíó ñòèìóëþº çâ,ÿçóâàííÿ åNOS ç á³ëêîì êàâåîë³íîì, ÿêèé çíèæóº ¿¿
àêòèâí³ñòü. Êîìïëåêñ åNOS � êàâåîë³í ï³ä âïëèâîì âíóòð³øíüîêë³òèííîãî
Ñà2+ ìîæå äèñîö³þâàòè ³ ðåàñîö³þâàòè. Êàëüö³éìîá³ë³çóþ÷³ àãîí³ñòè âèêëè-
êàþòü äèñîö³àö³þ êîìïëåêñó, âèõ³ä åNOS ³ç êàâåîë ³ éîãî àêòèâàö³þ. Ïðè
â³äíîâëåíí³ êîíöåíòðàö³¿ Ñà2+ äî áàçàëüíîãî ð³âíÿ âèíèêàº ðåàñîö³àö³ÿ êàâå-
îë³íó ³ åNOS, ïîâåðíåííÿ éîãî äî êàâåîë òà ïðèãí³÷åííÿ àêòèâíîñò³ ôåð-
ìåíòó [13]. Íå âèêëþ÷åíî, ùî ÿêèéñü ç âèùåçãàäàíèõ ïðîöåñ³â ìàº ïðÿìå
â³äíîøåííÿ äî âèÿâëåíîãî íàìè ïðèãí³÷åííÿ àêòèâíîñò³ NOS ïðè ã³ïåðòåíç³¿.
Âíàñë³äîê öèõ ÿê³ñíèõ çì³í ôåðìåíòàòèâíî¿ àêòèâíîñò³ â ñóäèíàõ ã³ïåð-
òåíçèâíèõ ùóð³â ïðèãí³÷óþòüñÿ çàëåæí³ â³ä åíäîòåë³þ äèëàòàòîðí³ ðåàêö³¿.
Ïðè öüîìó, ï³äâèùóºòüñÿ ð³âåíü âàçîêîíñòðèêòîðíèõ ðå÷îâèí åíäîòåë³àëü-
íîãî ïîõîäæåííÿ � åíäîòåë³íó òà ñå÷îâèíè [2, 21]. Ïîðóøåííÿ áàëàíñó ì³æ
íèìè ìîæå áóòè ñåðéîçíèì ôàêòîðîì ðèçèêó ðîçâèòêó ñïàñòè÷íèõ ðåàêö³é
ñóäèí.

Àíàë³ç îòðèìàíèõ ðåçóëüòàò³â äàº ï³äñòàâó ââàæàòè, ùî ïåðøîïðè÷è-
íîþ ï³äâèùåííÿ àðòåð³àëüíîãî òèñêó ó ñïîíòàííî ã³ïåðòåíçèâíèõ ùóð³â, º
ãåíåòè÷íî òà ê³ëüê³ñíî äåòåðì³íîâàí³ óøêîæäåííÿ á³îõ³ì³÷íîãî ãîìåîñòàçó, à
òàêîæ çàëåæíî¿ â³ä íüîãî åíäîòåë³àëüíî¿ ðåãóëÿö³¿ ñóäèí. Ï³äòâåðäæåííÿì
öüîãî º òîé ôàêò, ùî ã³ïåðòåíç³þ ìîæíà â³äòâîðèòè çà äîïîìîãîþ áëîêàòîðà
NOS ìåòèëîâîãî åô³ðó Nω-í³òðî-L-àðã³í³íó. Íàâ³òü îäíîðàçîâå éîãî ââåäåí-
íÿ çíà÷íî ï³äâèùóº æîðñòê³ñòü ñóäèí [7]. Òðèâàëå (ïðîòÿãîì 3 òèæ) ïðè-
ãí³÷åííÿ ñèíòåçó NO ïðèçâîäèòü äî ï³äâèùåííÿ àðòåð³àëüíîãî òèñêó [18].
Òàêà ìîäåëü ã³ïåðòåíç³¿ òåïåð ³íòåíñèâíî âèâ÷àºòüñÿ. Íàìè âïåðøå íà ìî-
äåë³ àðòåð³àëüíî¿ ã³ïåðòåíç³¿ äîñë³äæåíî àêòèâí³ñòü äâîõ àëüòåðíàòèâíèõ
øëÿõ³â ìåòàáîë³çìó L-àðã³í³íó. Äîâåäåíî âàæëèâ³ñòü àðã³íàçíîãî øëÿõó â
ðåãóëÿö³¿ ñåðöåâî-ñóäèííî¿ ñèñòåìè. Öå â³äêðèâàº øèðîê³ ìîæëèâîñò³ äëÿ
ö³ëåñïðÿìîâàíî¿ êîðåêö³¿ âèÿâëåíèõ óøêîäæåíü.

Ïîðóøåííÿ åíäîòåë³éçàëåæíèõ ñóäèííèõ ðåàêö³é
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V. F. Sagach, O. V. Bazilyuk, A. V. Kotsyuruba, A. M. Buchanevich

DISTURBANCE OF ENDOTHELIUM-DEPENDENT VASCULAR
RESPONSES, ARGINASE AND NO-SYNTHASE PATHWAYS
OF L-ARGININE METABOLISM AT SPONTANEOUSLY
HYPERTENSIVE RATS

In normotensive rats (NTR) and spontaneously hypertensive rats (SHR) with
high (subgroup 1) and low (subgroup 2) level of the systemic arterial presure
(SAP) we studied an activity of arginase and nitric oxide synthase (NOS) in
different tissues, and the content of their metabolites: urea and nitrit anion (NO2

�).
In isolated preparations of a thoracic aorta we recorded endothelium-dependent
(ED) dilator reactions on acetylcholine (Ach). It has been found that in heart,
aorta, plasma and erythrocytes of rats (subgroup 2) both the activity of arginase
and content of urea increase remarkably. In heart, the activity of arginase reaches
27,96 ± 5,92 nmol ⋅ min�1 ⋅ mg�1 of protein, in aorta 4,74 ± 0,99 nmol ⋅ min�1 ⋅ mg�1

of protein (as compared with NTR 1,32 ± 0,12 nmol ⋅ min�1 ⋅ mg�1 of protein and
1,12 ± 0,07 nmol ⋅ min�1 ⋅ mg�1 of protein, accordingly). Content of urea in heart
reaches 679,5 ± 121,19 nmol ⋅ mg�1 of protein, in aorta 350,6 ± 63,6 nmol ⋅ mg�1

of protein  (in  NTR  it  was  36,8 ± 5,3  nmol ⋅ mg�1  of  protein  and  43,02 ±
± 9,55 nmol ⋅ min�1 ⋅ mg�1 of protein, accordingly). It was followed with a decrease
in the NOS activity and heterogenous changes in NO2

� content in the tissues under
exploration. For example, the activity of NOS in heart and aorta decreased to
0,018 ± 0,005 nmol ⋅ min�1⋅ mg�1 of protein, in aorta 0,183 ± 0,037 nmol ⋅ min�1⋅ mg�1

of protein, accordingly, as compared to 0,093±0,014 nmol ⋅ min�1 ⋅ mg�1 of protein
and 0,41±0,07 nmol ⋅ min�1 ⋅ mg�1 of protein in NTR. Content of NO2

� in aorta
decreased by 0,79 ± 0,06 nmol ⋅ mg-1of protein, but in heart it increased to 0,63 ±
± 0,13 nmol ⋅ mg�1 of protein, (in NTR it was 2,15 ± 0,18 nmol ⋅ mg�1of protein
and 0264 ± 0,04 nmol ⋅ min�1 ⋅ mg�1of protein, accordingly). In rats, subgroup 2,
ED dilator responses of the smooth muscle (SM) of the thoracic aorta were inhibited
by Ach (10�6 mol). Their amplitude reduced by almost twice, and a latency for
their response became 4 times as much. All the changes in the biochemical
parametres in heart, aorta, plasma and erythrocytes, and changes in contractile
activity of vascular SM proved to be also characteristic for rats in subgroup 1, but
they were less expreassed quantitatively.

Thus, for the first time we have studied an activity of two alternative pathways
for the metabolism of L-arginine on the model of arterial hypertension. The data
obtained evidence that at hypertension non-oxidative (arginase) pathway of
L-arginine metabolism is activated, while the oxidative pathway (NOS) is inhibited.
Changes in the balance between them are followed with an essential inhibition of
ED vasodilator responses. All this give us the prove to think of the origin for the
arterial pressure increase to be both genetically and quantitatively determined
damages in the biochemical homeostasis and dependent on it endothelial regulation
of vascular tone.

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