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Âïëèâ ìîäèô³êàö³¿ ïðîäóêö³¿ îêñèäó àçîòó L-NNA
íà ñòàí ñèñòåìè àíòèîêñèäàíòíîãî çàõèñòó
³ ïåðåêèñíîãî îêèñíåííÿ ë³ï³ä³â
ó êðîâ³ òà òêàíèíàõ ùóð³â
ç ð³çíîþ ðåçèñòåíòí³ñòþ äî ã³ïîêñ³¿

Ïðîâåäåíû ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ïî èçó÷åíèþ âëèÿíèÿ äîíîðà
NO ãðóïï L-àðãèíèíà è áëîêàòîðà ñèíòàçû îêñèäà àçîòà L-NNA ïðè âíóò-
ðèáðþøèííîì ââåäåíèè íà ñîñòîÿíèå ñèñòåìû àíòèîêñèäàíòíîé çàùèòû �
ÀÎÇ � (àêòèâíîñòü ñóïåðîêñèääèñìóòàçû, êàòàëàçû, ãëóòàòèîíïåðîêñè-
äàçû, ãëóòàòèîíðåäóêòàçû è öåðóëîïëàçìèíà) è ïåðåêèñíîãî îêèñëåíèÿ
ëèïèäîâ � ÏÎË � (ñîäåðæàíèå äèåíîâûõ êîíüþãàòîâ è ìàëîíîâîãî äèàëü-
äåãèäà) â êðîâè è òêàíÿõ êðûñ ñ âûñîêîé è íèçêîé ðåçèñòåíòíîñòüþ ê
ãèïîêñèè â óñëîâèÿõ ñòðåññà. Ñäâèãè â ñèñòåìå ÀÎÇ è ÏÎË, âûçâàííûå
ââåäåíèåì L-àðãèíèíà â óñëîâèÿõ îñòðîãî ñòðåññà â êðîâè è òêàíÿõ «íèç-
êîðåçèñòåíòíûõ» êðûñ ìîãóò áûòü ôàêòîðîì êîððåêöèè ýòèõ èçìåíåíèé
äî óðîâíÿ «âûñîêîðåçèñòåíòíûõ» â êîíòðîëå è íå âñåãäà íèâåëèðóþòñÿ
ïðè ââåäåíèè L-NNA. Ñäåëàí âûâîä î öåëåñîîáðàçíîñòè èññëåäîâàíèÿ âëèÿ-
íèÿ àäàïòàöèîííûõ îòâåòîâ æèâîòíûõ ñ ðàçëè÷íîé ðåçèñòåíòíîñòüþ ê
ãèïîêñèè â óñëîâèÿõ ìîäåëèðîâàíèÿ ïàòîëîãè÷åñêèõ ñîñòîÿíèé, â ÷àñòíî-
ñòè ñòðåññîâûõ íàãðóçîê, ÷òî áîëåå ÷åòêî îòðàæàåò ôèçèîëîãè÷åñêèå
îòâåòû èññëåäóåìûõ ïîêàçàòåëåé ÏÎË è ÀÎÇ.

Âñòóï

Ãîëîâíèì ìåõàí³çìîì, ÿêèé ëåæèòü â îñíîâ³ ôàçîâèõ çì³í ôóíêö³é êë³òèíè
íà ä³þ åêñòðåìàëüíèõ ÷èííèê³â äîâê³ëëÿ, º ñòàí àåðîáíî¿ êîìïîíåíòè åíåð-
ãåòè÷íîãî îáì³íó [4]. Âñòàíîâëåíî, ùî ðåçèñòåíòí³ñòü äî ã³ïîêñ³¿ çàñâ³ä÷óº
ñòàí àêòèâíîñò³ ì³òîõîíäð³àëüíèõ ôåðìåíòíèõ êîìïëåêñ³â ³ âèñòóïàº îñ-
íîâíèì ÷èííèêîì òêàíèííî¿ ã³ïîêñ³¿ [16]. Öåé ïðîöåñ ñïðè÷èíåíî ïåðåâàæà-
þ÷èìè âïëèâàìè ïàðàñèìïàòè÷íî¿ (äëÿ «âèñîêîðåçèñòåíòíèõ» îñîáèí) ³ ñèì-
ïàòè÷íî¿ (äëÿ «íèçüêîðåçèñòåíòíèõ» â³äïîâ³äíî) ñèñòåì [5, 9, 10]. Ñòàí
åíåðãîçàáåçïå÷åííÿ çà óìîâ ä³¿ ñòðåñîðíèõ óøêîäæåíü çóìîâëåíèé àêòèâí³-
ñòþ ñèñòåìè àíòèîêñèäàíòíîãî çàõèñòó (ÀÎÇ) ³ ïåðåêèñíîãî îêèñíåííÿ ë³ï³ä³â
(ÏÎË) [19] ³ âèñòóïàº âèð³øàëüíèì ôàêòîðîì ôîðìóâàííÿ ìåòàáîë³÷íèõ
çì³í ó òâàðèí ç ð³çíîþ ðåçèñòåíòí³ñòþ äî ä³¿ ã³ïîêñè÷íîãî òà ³íøèõ íåñïðè-
ÿòëèâèõ ÷èííèê³â äîâê³ëëÿ.

Çã³äíî ç ñó÷àñíèìè äîñë³äæåííÿìè îêñèä àçîòó ðîçãëÿäàºòüñÿ ÿê íîâèé
âàæëèâèé ô³ç³îëîã³÷íèé ðåãóëÿòîð ôóíêö³é îðãàí³çìó òà ìåòàáîë³çìó êë³òèí,
ç ÿêèì ïîâ�ÿçàíå óÿâëåííÿ ïðî íîâó ñòðåñ-ë³ì³òóþ÷ó ñèñòåìó [2, 11]. Ä³ÿ
ö³º¿ NO-åðã³÷íî¿ ñèñòåìè çàñíîâàíà íà çäàòíîñò³ âèêëèêàòè àêòèâàö³þ îñíîâ-
íèõ ëàíîê ñòðåñ-ðåàêö³¿ ³ ï³äâèùóâàòè àêòèâí³ñòü åíäîãåííèõ çàõèñíèõ ñèñ-
òåì îðãàí³çìó. Ïîêàçàíî, ùî ô³ç³îëîã³÷íà àêòèâàö³ÿ ö³º¿ ëàíêè ðåãóëÿö³¿
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ïðè ââåäåíí³ äîíîð³â îêñèäó àçîòó ó áàãàòüîõ âèïàäêàõ çàáåçïå÷óº åôåêòèâ-
íèé çàõèñò â³ä ñòðåñîðíèõ óøêîäæåíü ³ ï³äâèùóº àäàïòàö³éí³ ìîæëèâîñò³
îðãàí³çìó [18]. Îäíàê ó ë³òåðàòóð³ íåäîñòàòíüî âèñâ³òëåíà ðîëü òâàðèí ç
âèñîêîþ òà íèçüêîþ ðåçèñòåíòí³ñòþ äî ã³ïîêñ³¿ (ÍÐ ³ ÂÐ) ðåàãóâàòè íà
àíàëîã³÷í³ ñòðåñîðí³ óøêîäæåííÿ.

Ìåòîþ íàøîãî äîñë³äæåííÿ áóëî ïîð³âíÿëüíå âèâ÷åííÿ äèíàì³êè ïðî-
öåñ³â àêòèâíîñò³ ñèñòåìè ÀÎÇ ³ ÏÎË ó êðîâ³ òà òêàíèíàõ ùóð³â ç ð³çíîþ
ðåçèñòåíòí³ñòþ äî ã³ïîêñ³¿ çà óìîâ ñòðåñó ³ ïàðåíòåðàëüíîãî ââåäåííÿ äîíîðà
îêñèäó àçîòó L-àðã³í³íó òà áëîêàòîðà ñèíòàçè îêñèäó àçîòó L-NNA.

Ìåòîäèêà

Äîñë³äæåííÿ ïðîâåäåíî íà 48 ùóðàõ-ñàìöÿõ ë³í³¿ Â³ñòàð ìàñîþ 200�220 ã,
ÿêèõ óòðèìóâàëè íà ñòàíäàðòí³é ä³ºò³. Ùóð³â ïîïåðåäíüî ðîçä³ëÿëè çà ¿õ
ðåçèñòåíòí³ñòþ äî ã³ïîáàðè÷íî¿ ã³ïîêñ³¿ íà òâàðèí ç ÍÐ ³ ç ÂÐ. Ðåàêö³þ
òâàðèí íà ãîñòðó ã³ïîêñ³þ îö³íþâàëè çà ÷àñîì ¿õ ïåðåáóâàííÿ íà «âèñîò³»
12 000 ì («ï³äéîì» ó áàðîêàìåð³) äî ïîÿâè äðóãîãî àãîíàëüíîãî âäèõó àáî
ñóäîì. Ó òâàðèí ç ÂÐ â³í ñòàíîâèâ 7 õâ ³ á³ëüøå, ó ÍÐ � äî 2 õâ.

ßê ìåòîä ñòðåñóâàííÿ äîñë³äíèõ òâàðèí âèêîðèñòàëè åêñòðåìàëüíèé
âïëèâ, ïîâ�ÿçàíèé ç â³ëüíèì ïëàâàííÿì ùóð³â ó êë³òö³, çàêðèò³é ñ³òêîþ,
â³äñòàíü â³ä âîäè äî ñ³òêè áóëà 5 ñì [1]. Òåìïåðàòóðà âîäè 22 îÑ. ×àñ
ïëàâàííÿ � 30 õâ. Òâàðèíàì ç ÂÐ ³ ÍÐ ïåðåä äîñë³äîì ââîäèëè âíóòð³øíüî-
î÷åðåâèííî 1 ìë ô³ç³îëîã³÷íîãî ðîç÷èíó, L-àðã³í³í (600 ìã/êã, ô³ðìè
«Sigma», ÑØÀ) òà áëîêàòîð ñèíòàçè îêñèäó àçîòó Nω-ìîíîìåòèë L-àðã³í³í
L-NNA (35 ìã/êã, ô³ðìè «Sigma», ÑØÀ). ×àñ ä³¿ êîæíîãî ïðåïàðàòó áóâ
30 õâ. Òâàðèí äåêàï³òóâàëè îäðàçó ï³ñëÿ ïëàâàííÿ ï³ä åô³ðíèì íàðêîçîì.

Äîñë³äæóâàëè àêòèâí³ñòü ñóïåðîêñèääèñìóòàçè (ÑÎÄ) [8], êàòàëàçè
(ÊÀÒ) [7], ãëóòàò³îíðåäóêòàçè [13], ãëóòàò³îíïåðîêñèäàçè [12], êîíöåíòðà-
ö³þ ä³ºíîâèõ êîí�þãàò³â [14], ìàëîíîâîãî ä³àëüäåã³äó (ÌÄÀ) [3, 15] ³ öå-
ðóëîïëàçì³íó (ÖÏ) [6]. Ðåçóëüòàòè äîñë³äæåíü îáðîáëÿëè ñòàòèñòè÷íî, âè-
êîðèñòîâóþ÷è êðèòåð³é t Ñòüþäåíòà.

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ

Îäåðæàí³ ðåçóëüòàòè ñâ³ä÷àòü, ùî àêòèâí³ñòü ñèñòåìè ÀÎÇ ³ ð³âåíü ïðîöåñ³â
ÏÎË ó òâàðèí, ÿê³ â³äð³çíÿþòüñÿ çà ÷óòëèâ³ñòþ äî ã³ïîêñ³¿, âèùèé ó êîíò-
ðîë³ äëÿ òâàðèí ç ÂÐ. Öå ìîæå âèñòóïàòè ðåçåðâíèì êîìïåíñàö³éíèì ìåõà-
í³çìîì ïðè ä³¿ íåñïðèÿòëèâèõ ôàêòîð³â äîâê³ëëÿ ³ êðàùå âèðàæåíå ó òâàðèí
ç ÂÐ (òàáë. 1 ³ 2).

Âèáðàíèé íàìè ìåòîä ñòðåñóâàííÿ ó òâàðèí [1] çàñâ³ä÷èâ çíà÷í³ ïî-
ðóøåííÿ ó ñèñòåì³ ÀÎÇ, ÿêà ñêëàäàºòüñÿ ç³ ñòðóêòóðíî-ôóíêö³îíàëüíèõ
ëàíîê ³ çàáåçïå÷óº ðåãóëÿö³þ ³íòåíñèâíîñò³ â³ëüíîðàäèêàëüíèõ ðåàêö³é. Ñêëà-
äîâîþ ¿¿ ÷àñòèíîþ âèñòóïàº ñèñòåìà ôåðìåíò³â, ÿê³ â³äïîâ³äàþòü çà ³íàêòè-
âàö³þ ³íòåðìåä³àò³â êèñíþ ³ â³ëüíèõ ðàäèêàë³â, à òàêîæ ôåðìåíò³â, ÿê³
áåðóòü ó÷àñòü ó ðîçïàä³ ã³äðîïåðåêèñ³â [4]. Âñòàíîâëåíî, ùî ñòðåñîðí³ íà-
âàíòàæåííÿ äëÿ îáîõ ãðóï òâàðèí âèêëèêàþòü çíà÷íå â³ðîã³äíå ï³äâèùåííÿ
àêòèâíîñò³ ÑÎÄ. Äëÿ òâàðèí ç ÂÐ âîíî ñòàíîâèëî 236 % (Ð < 0,01), à ç
ÍÐ � 85,36 % (Ð < 0,05) ùîäî êîíòðîëüíèõ çíà÷åíü. Ï³äâèùóâàëàñÿ òàêîæ
àêòèâí³ñòü ôåðìåíòó ÊÀÒ, ïîâ�ÿçàíîãî ç ìåòàáîë³çìîì ïåðåêèñó âîäíþ: äëÿ
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Ò à á ë è ö ÿ  1 .  Âïëèâ L-àðã³í³íó ³ áëîêàòîðà ñèíòàçè îêñèäó àçîòó L-NNA
íà àêòèâí³ñòü ôåðìåíò³â àíòèîêñèäàíòíîãî çàõèñòó ³ ïðîöåñè ïåðåêèñíîãî

îêèñíåííÿ ë³ï³ä³â ó êðîâ³ ³ òêàíèíàõ ùóð³â ç âèñîêîþ ðåçèñòåíòí³ñòþ äî ã³ïîêñ³¿
çà óìîâ ñòðåñîðíèõ íàâàíòàæåíü (M±m, n=6)

Ïîêàçíèê Êîíòðîëü Ñòðåñ Âïëèâ L-àðã³í³íó Âïëèâ L-NNA

Ñóïåðîêñèääèñìóòàçà,
îä. àêò./ìã ⋅ õâ 253,66±12,33 851,63±12,16*  830,63±22,46* 783,49±11,11*

Êàòàëàçà,
ìêìîëü/õâ ⋅ ë 123,66±8,24 152,64±11,37* 120,80±9,36 142,80±9,16

Ãëóòàò³îíðåäóêòàçà,
ìêìîëü ÍÀÄÔÍ2 /õâ 64,27±3,18 18,31± 1,61* 48,95±1,61* 46,86±3,44*

Ãëóòàò³îíïåðîêñèäàçà,
ìêìîëü/õâ 92,51±6,41 50,45±2,27* 79,45±6,33* 94,47±9,11

Öåðóëîïëàçì³í, ìã% 16,68±0,71 18,44±1,22 22,47±1,32* 8,92±0,21*

Ìàëîíîâèé ä³àëüäåã³ä
êðîâ, íìîëü/ë 2,16±0,04 17,84±0,29* 26,28±1,1* 24,78±0,47*
ïå÷³íêà, íìîëü/ã 2,34±0,06 2,42±0,31 2,67±0,63 2,23±0,08*

Ä³ºíîâ³ êîí�þãàòè
êðîâ, ∆D233/ìë 28,11±1,32 49,11±2,83* 48,82±2,14* 48,46±0,93*
ïå÷³íêà, ∆D233/ã 34,27±1,85 26,67±1,38* 31,20±1,36* 27,83±2,12*

Ï ð è ì ³ ò ê à .  Òóò ³ â òàáë. 2 * â³ðîã³äí³ çì³íè â³äíîñíî êîíòðîëþ (Ð<0,05).

Ò à á ë è ö ÿ  2. Âïëèâ L-àðã³í³íó ³ áëîêàòîðà ñèíòàçè îêñèäó àçîòó L-NNA
íà àêòèâí³ñòü ôåðìåíò³â àíòèîêñèäàíòíîãî çàõèñòó ³ ïðîöåñè
ïåðåêèñíîãî îêèñíåííÿ ë³ï³ä³â ó êðîâ³ òà òêàíèíàõ ùóð³â

ç íèçüêîþ ðåçèñòåíòí³ñòþ äî ã³ïîêñ³¿ (M±m, n=6)

Ïîêàçíèê Êîíòðîëü Ñòðåñ Âïëèâ L-àðã³í³íó Âïëèâ L-NNA

Ñóïåðîêñèääèñìóòàçà,
îä. àêò./ìã ⋅ õâ 205,50±21,14 380,36±14,6* 368,47±12,04* 606,69±10,04*

Êàòàëàçà,
ìêìîëü/õâ ⋅ ë 136,57±11,01 213,57±11,81* 122,19±15,03 80,30±7,79*

Ãëóòàò³îíðåäóêòàçà,
ìêìîëü ÍÀÄÔÍ2 /õâ 53,54±4,7 18,65±1,81* 49,19±2,22 41,72±2,02

Ãëóòàò³îíïåðîêñèäàçà,
ìêìîëü/õâ 59,48±7,84 109,67±9,1* 66,25±3,47 82,66±2,27*

Öåðóëîïëàçì³í, ìã% 17,52±0,67 15,45±0,56 20,48±1,33 21,50±1,16

Ìàëîíîâèé ä³àëüäåã³ä
êðîâ, íìîëü/ë 2,73±0,17 14,33±0,61* 9,19±0,12* 16,69±0,71*
ïå÷³íêà, íìîëü/ã 2,44±0,08 2,51±0,09 2,04±0,03 3,24±0,20*

Ä³ºíîâ³ êîí�þãàòè
êðîâ, ∆D233/ìë 19,84±0,10 58,17±0,76* 32,46±0,84* 46,28±1,42*
ïå÷³íêà, ∆D233/ã 34,35±1,91 35,66±1,96 33,68±1,91 25,00±1,51

ùóð³â ç ÂÐ äî ä³¿ ã³ïîêñè÷íîãî ÷èííèêà âîíà ï³äâèùèëàñÿ íà 23,24 %, à ç
íèçüêîþ � áóëà çíà÷íî âèùîþ (íà 56,38 %; Ð < 0,05). Ïîðÿä ç öèì âñòà-
íîâëåíî â³ðîã³äíå çíèæåííÿ àêòèâíîñò³ ãëóòàò³îíðåäóêòàçè (ÃÐ) â îáîõ ãðóïàõ
òâàðèí ³ ãëóòàò³îíïåðîêñèäàçè (ÃÏ) ëèøå äëÿ ùóð³â ç ÂÐ çà àíàëîã³÷íèõ

Âïëèâ ìîäèô³êàö³¿ ïðîäóêö³¿
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óìîâ. Ìîæëèâî, òàê³ çì³íè äîâîäÿòü íàÿâí³ñòü ñèñòåìíîãî ìåõàí³çìó ÀÎÇ
÷åðåç ñòàí ãåì³÷íîãî êîìïîíåíòó òðàíñïîðòó êèñíþ ³ ïðîîêñèäàíòíî-àíòèîê-
ñèäàíòíîþ ð³âíîâàãîþ â³ëüíîðàäèêàëüíîãî îêèñíåííÿ ë³ï³ä³â, ÿêà çóìîâ-
ëþº ðåãóëþþ÷èé âïëèâ ïàðàñèìïàòè÷íî¿ òà ñèìïàòè÷íî¿ ëàíîê ðåãóëÿö³¿ ó
ðåàë³çàö³¿ ô³ç³îëîã³÷íèõ åôåêò³â íà ãîñòðèé ïàòîëîã³÷íèé âïëèâ.

Ç ³íøîãî áîêó â³äîìî, ùî ì³æ ôåðìåíòàìè ñèñòåìè ÀÎÇ ³ñíóþòü òîíê³
ðåãóëÿòîðí³ âçàºìîçâ�ÿçêè, ùî ³ çàáåçïå÷óº âèñîêó ñïåöèô³÷í³ñòü ³ åôåêòèâ-
íó âçàºìîä³þ [19]. Ïîêàçàíî, ùî ê³ëüê³ñíå ñï³ââ³äíîøåííÿ êàòàëàçè, ïåðå-
êèñ³â ³ äîíîð³â âîäíþ ó êë³òèí³ çóìîâëþº ìîæëèâ³ñòü äëÿ ðåàë³çàö³¿ êàòà-
ëàçíî¿ àáî ïåðîêñèäàçíî¿ ôóíêö³é. Öåé ïðèíöèï âèçíà÷àº â³äì³íí³ñòü ì³æ
òêàíèíàìè: â åðèòðîöèòàõ ïåðåâàæàº ïåðîêñèäíà ôóíêö³ÿ, à ó òêàíèí³ ïå-
÷³íêè � êàòàëàçíà. Òîìó ð³çíèöÿ êîíöåíòðàö³¿ ÊÀÒ ó ð³çíèõ òêàíèíàõ ïðè
ô³ç³îëîã³÷íèõ ³ ïàòîëîã³÷íèõ ñòàíàõ âèçíà÷àº íåîäíîçíà÷í³ñòü ñòàö³îíàðíî¿
êîíöåíòðàö³¿ ïåðåêèñó âîäíþ çà îäíàêîâèõ óìîâ éîãî ãåíåðàö³¿. ÃÏ êàòàë³-
çóº ðåàêö³¿ ðîçïàäó ïåðåêèñ³â øèðøîãî ñïåêòðà, í³æ ÊÀÒ, îñê³ëüêè çäàòíà
â³äíîâëþâàòè ã³äðîïåðåêèñè æèðíèõ êèñëîò, ïåðåêèñè á³ëêîâîãî òà íóêëå¿-
íîâîãî ïîõîäæåííÿ ³ ïîâ�ÿçàíà ç ðåàêö³ºþ îêèñíåííÿ � â³äíîâëåííÿ ãëóòà-
ò³îíó. Ôåðìåíò º ñïåöèô³÷íèì äëÿ â³äíîâëåíîãî ãëóòàò³îíó ³ çíà÷íî çàëå-
æèòü â³ä äîíîð³â âîäíþ â êë³òèí³. Âïëèâ ÊÀÒ îñîáëèâî åôåêòèâíèé ó ðàç³
âèñîêèõ êîíöåíòðàö³é ïåðåêèñó âîäíþ, ùî ãåíåðóºòüñÿ ó ïåðîêñèñîìàõ. ÃÏ
çäàòíà íå ò³ëüêè óòèë³çóâàòè ã³äðîïåðåêèñè ìåìáðàí, à é ìåòàáîë³çóâàòè
ïåðåêèñ âîäíþ ó öèòîçîë³ ³ ì³òîõîíäð³ÿõ. Ïåðåâàæíà êîìïàðòìåíòàë³çàö³ÿ
ÊÀÒ ó ïåðîêñèñîìàõ, à ÃÏ ó öèòîçîë³ ³ ì³òîõîíäð³ÿõ ïîëåãøóº ¿õ åôåêòèâ-
íó ä³þ ó ìåòàáîë³çì³ ïåðåêèñó âîäíþ ³ çàáåçïå÷óº ï³äòðèìàííÿ éîãî êîíöåíò-
ðàö³¿ ó êë³òèí³ ó ô³ç³îëîã³÷íèõ ìåæàõ [4]. Â³äîìî, ùî ì³æ ÑÎÄ ³ ÊÀÒ ³ñíóº
ïåâíèé ñèíåðã³çì, çàçíà÷åíèé ó íèçö³ äîñë³äæåíü, îñê³ëüêè ñóïåðîêñèäíèé
àí³îí çäàòíèé ³íã³áóâàòè ÊÀÒ.

Íàñòóïíèì åòàïîì íàøîãî äîñë³äæåííÿ ñòàëî âèâ÷åííÿ êîíöåíòðàö³¿
ÖÏ � ì³äüâì³ñíîãî á³ëêà, ÿêèé ðåãóëþº â³ëüíîðàäèêàëüíèé ìåòàáîë³çì ³
ìàº àíòèîêñèäàíòí³ âëàñòèâîñò³. Âîíè ïîëÿãàþòü ó çäàòíîñò³ äî âçàºìîä³¿ ç
ñóïåðîêñèäîì ³ ïåðåêèñîì âîäíþ, ùî âíîñèëî íàâ³òü äåÿêå íåïîðîçóì³ííÿ
ïðè ïåðøèõ äîñë³äæåííÿõ àêòèâíîñò³ öèõ ôåðìåíò³â ó êðîâ³. ÖÏ îêèñíþº
äâîâàëåíòíå çàë³çî äî òðèâàëåíòíîãî ç ïàðàëåëüíèì â³äíîâëåííÿì êèñíþ äî
âîäè. Ïîêàçàíî, ùî òàêà ôåðìåíòàòèâíà àêòèâí³ñòü íåîáõ³äíà äëÿ çâ�ÿçó-
âàííÿ çàë³çà ç ôåðèòèíîì ³ çóìîâëþº îêñèäàçí³ âëàñòèâîñò³ êðîâ³. Çìåíøåí-
íÿ êîíöåíòðàö³¿ ÖÏ âèêëèêàº ð³çêå çíèæåííÿ ñèíòåçó ãåìó ó ì³òîõîíäð³ÿõ.
Âñòàíîâëåíî, ùî ãîñòðèé ñòðåñ ñóïðîâîäæóºòüñÿ ï³äâèùåííÿì êîíöåíòðàö³¿
ÖÏ äëÿ òâàðèí ç ÂÐ ³ çíèæåííÿì éîãî âì³ñòó ó ùóð³â ç ÍÐ. Ìîæëèâî, òàê³
åôåêòè ñïðÿìîâàí³ íà ï³äòðèìàííÿ êîìïåíñàòîðíèõ ìåõàí³çì³â ³ ï³äâèùåííÿ
àíòèîêñèäàíòíî-çàõèñíèõ ôóíêö³é êðîâ³ ïðè íàïðóæåí³é æèèòºä³ÿëüíîñò³,
âèêëèêàí³é çíà÷íèì çáóäæåííÿì ñèìïàòî-àäðåíàëîâî¿ ñèñòåìè, ÿêà êðàùå
âèðàæåíà ó òâàðèí ç ÍÐ. Äîñë³äæóþ÷è àêòèâí³ñòü ÏÎË çà âì³ñòîì ÄÊ ³
ÌÄÀ âñòàíîâëåíî çíà÷íå â³ðîã³äíå íàãðîìàäæåííÿ öèõ ïðîäóêò³â ó êðîâ³ é
òêàíèí³ ïå÷³íêè.

Îòæå, çìîäåëüîâàí³ ñòðåñîðí³ íàâàíòàæåííÿ ó òâàðèí âèêëèêàþòü çì³íè
àêòèâíîñò³ ÀÎÇ, ïîâ�ÿçàí³ ç ïåðåâàæíèì ôóíêö³îíóâàííÿì ÑÎÄ ³ ÊÀÒ äëÿ
ùóð³â ç ÂÐ ³ ÃÏ äëÿ òâàðèí ç ÍÐ.
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Ïåðñïåêòèâí³ñòü êë³í³÷íèõ äîñë³äæåíü åôåêò³â îêñèäó àçîòó ïðè ñòðåñ³
çà óìîâ àäàïòàö³¿ ïîâ�ÿçàíà ç òèì, ùî áàãàòî ïàòîëîã³÷íèõ ñòàí³â, ÿê³ âèêëè-
êàí³ åôåêòàìè ã³ïîêñ³¿, õàðàêòåðèçóþòüñÿ çíèæåííÿì ïîòóæíîñò³ ñèñòåì ãå-
íåðàö³¿ îêñèäó àçîòó. Îäíî÷àñíî äëÿ øîêó ð³çíîãî ãåíåçó õàðàêòåðíà ã³ïåð-
ïðîäóêö³ÿ NO, ÿêà âèêëèêàº ïîðóøåííÿ âàçîêîíñòðèêòîðíèõ â³äïîâ³äåé [2,
17]. Òîìó âèêîðèñòàííÿ àäàïòàö³éíèõ ìåòîä³â, ñïðÿìîâàíèõ íà çáàëàíñó-
âàííÿ ïðîäóêö³¿ NO â îðãàí³çì³, ìîæå âèñòóïàòè åôåêòèâíèì çàñîáîì ïîïå-
ðåäæåííÿ òà ë³êóâàííÿ çàõâîðþâàíü, ïîâ�ÿçàíèõ ç ã³ïî- òà ç ã³ïåðïðîäóê-
ö³ºþ NO [11].

Âïëèâ L-àðã³í³íó çà óìîâ ä³¿ ñòðåñîðíèõ íàâàíòàæåíü âèêëèêàâ çíà÷íó
àêòèâàö³þ ÑÎÄ, ïðîòå â³ðîã³äíî íå çì³íþâàâñÿ â îáîõ ãðóïàõ òâàðèí â³äíîñíî
çíà÷åíü ó ùóð³â, ÿêèì ïðåïàðàò íå ââîäèëè. Çîêðåìà, ôåðìåíòàòèâíà àê-
òèâí³ñòü, ïîâ�ÿçàíà ç ³íàêòèâàö³ºþ ñóïåðîêñèäíîãî àí³îíà äåùî çíèæóâàëà-
ñÿ äëÿ ùóð³â ç ÂÐ ³ ÍÐ. Àíàëîã³÷í³ çì³íè âñòàíîâëåíî ùîäî àêòèâíîñò³ ÊÀÒ
ó íàøèõ äîñë³äæåííÿõ.

Ä³ÿ ïîïåðåäíèêà á³îñèíòåçó îêñèäó àçîòó â íàøèõ äîñë³äæåííÿõ ñïðè-
ÿëà ïåðåìèêàííþ ôóíêö³îíóâàííÿ ñèñòåìè ÀÎÇ ç ÑÎÄ ³ ÊÀÒ íà çàõèñíó
àíòèîêèñíþâàëüíó ñèñòåìó ãëóòàò³îíó, àêòèâí³ñòü ÿêî¿ â³ðîã³äíî çíèæóâà-
ëàñÿ çà óìîâ ãîñòðîãî ñòåñîðíîãî âïëèâó. Çîêðåìà àêòèâí³ñòü ÃÐ ó ñåð³¿
òâàðèí ç ÂÐ ï³äâèùèëàñÿ íà 172,8 % ³ ÃÏ íà 57,48 % ùîäî çíà÷åíü ïîêàç-
íèê³â ó òâàðèí, ÿê³ çàçíàëè ñòðåñîðíîãî âïëèâó.

Ó ãðóï³ ùóð³â ç ÍÐ ï³äâèùåííÿ àêòèâíîñò³ ÃÐ ñòàíîâèëî 163 %, ïðîòå
àêòèâí³ñòü ÃÏ ïîâåðòàëàñÿ äî âèõ³äíîãî ð³âíÿ ó ³íòàêòíèõ ùóð³â ç ÍÐ.
Îòæå, çà ñòðåñîðíîãî âïëèâó âñòàíîâëåíî ïîñèëåííÿ ðîë³ ñèñòåìè ÀÎÇ ãëó-
òàò³îíó ùîäî ÑÎÄ ³ ÊÀÒ ó ðåàë³çàö³¿ åôåêò³â åêçîãåííîãî L-àðã³í³íó äëÿ
äâîõ ãðóï òâàðèí.

Ïîðÿä ç õ³ì³÷íîþ âçàºìîä³ºþ îêñèäó àçîòó òà ñóïåðîêñèäó ðåãóëÿòîð-
íå çíà÷åííÿ ìàº âçàºìîâïëèâ ñèãíàëüíèõ ìåõàí³çì³â NO ³ àêòèâíèõ ôîðì
êèñíþ (ÀÔÊ). Çîêðåìà ãàëüìóâàííÿ ôóíêö³é ì³òîõîíäð³é NO-çàëåæíèìè
ìåõàí³çìàìè [16] ïðèçâîäèòü äî çá³ëüøåííÿ óòâîðåííÿ ÀÔÊ. Ó ðåçóëüòàò³
âçàºìîä³¿ NO ç ñóïåðîêñèäîì çâîðîòíå ³íã³áóâàííÿ ì³òîõîíäð³àëüíîãî äè-
õàííÿ ñòàº íåçâîðîòíèì ÷åðåç âíóòð³øíüîêë³òèííå óòâîðåííÿ ïåðîêñèí³òðè-
òó. Äëÿ ñåðöåâîãî ì�ÿçà áèêà ã³ïîêñ³ÿ ç íàñòóïíîþ ðåîêñèãåíàö³ºþ âèêëè-
êàº îïîñåðåäêîâàíå ïåðîêèñí³òðèòîì ³íã³áóâàííÿ äèõàííÿ. Ïðÿìå â³äíîøåííÿ
äî öüîãî ìàþòü ³îíè ñóïåðîêñèäó, ÿê³ óòâîðþþòüñÿ â åíäîòåë³¿ ñóäèí ï³ä
âïëèâîì öèêëîîêñèãåíàçè ³ êñàíòèíîêñèäàçè. Çíà÷íà ðîëü â³äâîäèòüñÿ çà
öèõ óìîâ ïåðåêèñó âîäíþ, ÿêèé âèêëèêàº åíäîòåë³éçàëåæíó ³ ïðîñòàãëàí-
äèííåçàëåæíó äèëàòàö³þ àîðòè êðîëèêà. Öåé ìåõàí³çì çóìîâëåíèé çá³ëüøåí-
íÿì ï³ä âïëèâîì ïåðåêèñó âì³ñòó êë³òèííîãî êàëüö³þ, ÿêèé ìîæå áðàòè
ó÷àñòü ó ñòèìóëÿö³¿ NOS. Êð³ì òîãî, NO ìîæå ³íã³áóâàòè ÊÀÒ ³ ¿¿ ó÷àñòü ó
ïåðîêñèäçàëåæí³é ñòèìóëÿö³¿ ðîç÷èííî¿ ÃÖ. Âçàºìîä³ÿ ñèãíàëüíèõ ñèñòåì
NO ³ ÀÔÊ çàëåæàòü â³ä ô³ç³îëîã³÷íèõ êîíöåíòðàö³é, íåîáõ³äíèõ äëÿ ïðî-
ÿâó åôåêò³â íà êë³òèííîìó ð³âí³ [2, 11].

Â³äîìî, ùî NO âèñòóïàº ïîòóæíèì ïåðåõîïëþâà÷åì ñóïåðîêñèäó, îñ-
ê³ëüêè ó êîíöåíòðàö³ÿõ, ÿê³ â³äïîâ³äàþòü âì³ñòó ÑÎÄ ó òêàíèí³, ìîæå óñ-
ï³øíî êîíêóðóâàòè ç îñòàííüîþ, ïåðåõîïëþþ÷è äî 50 % ñóïåðîêñèäó. Îòæå,
ç³ çá³ëüøåííÿì íàíîìîëÿðíîãî âì³ñòó NO ôóíêö³îíóº ÿê åôåêòèâíà ïàñòêà
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ñóïåðîêñèäó, çì³íþþ÷è ÀÎÇ ñèãíàëüí³ ìåõàí³çìè íà àëüòåðíàòèâí³, ùî
àêòèâóþòüñÿ NO. Ìîæëèâî, ö³ åôåêòè îïîñåðåäêîâóþòü ä³þ áëîêàòîðà ñèí-
òàçè NO L-NNA, ÿêèé ñïðè÷èíþº â³ðîã³äíå ï³äâèùåííÿ àêòèâíîñò³ ÑÎÄ ó
ãðóï³ ùóð³â ç ÍÐ ³ ÊÀÒ äëÿ òâàðèí ç ÂÐ çà óìîâ ñòðåñó.

Âïëèâ äîíîðà îêñèäó àçîòó çà öèõ óìîâ ïðèçâîäèâ äî íàãðîìàäæåííÿ
ÖÏ ó äâîõ ãðóïàõ ùóð³â, îäíàê áóâ âèùèì ó òâàðèí ç ÂÐ. Ó òîé ñàìèé ÷àñ
âïëèâ áëîêàòîðà NOS äëÿ ïåðøî¿ ãðóïè òâàðèí çíà÷íî çíèæóâàâ êîíöåíò-
ðàö³þ ÖÏ (âäâ³÷³ íèæ÷å â³ä âèõ³äíîãî âì³ñòó ³íòàêòíèõ òâàðèí ç ÂÐ). Äëÿ
ùóð³â ç ÍÐ åôåêò ä³¿ áëîêàòîðà ðåàë³çóâàâñÿ ÷åðåç çá³ëüøåííÿ âì³ñòó ÖÏ.
Îòæå, îêñèäàçí³ âëàñòèâîñò³ êðîâ³ çíà÷íîþ ì³ðîþ çóìîâëåí³ ôóíêö³îíóâàí-
íÿì NO-åðã³÷íèõ ìåõàí³çì³â ³ ìîæóòü êîðèãóâàòèñÿ ââåäåííÿì áëîêàòîð³â
ñèíòàçè îêñèäó àçîòó. Öå ìîæå âèñòóïàòè îäíèì ç îñíîâíèõ ñïîñîá³â ôîð-
ìóâàííÿ àäàïòàö³éíèõ ìåõàí³çì³â ó ðàç³ ä³¿ åêñòðåìàëüíèõ ôàêòîð³â äîâê³ë-
ëÿ, ïîâ�ÿçàíèõ ç ôóíêö³îíóâàííÿì çàë³çîâì³ñíèõ á³ëê³â êðîâ³.

Ïðîöåñè ÏÎË, ÿê³ ìè îö³íþâàëè çà íàãðîìàäæåííÿì ó êðîâ³ ³ òêàíèí³
ïå÷³íêè ïåðâèííèõ ïðîäóêò³â (ÄÊ) ³ âòîðèííèõ ïðîäóêò³â (ÌÄÀ) çàñâ³ä-
÷óþòü ðàçêå â³ðîã³äíå ï³äâèùåííÿ âì³ñòó îáîõ ôîðì çà óìîâ ä³¿ ñòðåñîðíîãî
íàâàíòàæåííÿ. Îäíàê ââåäåííÿ L-àðã³í³íó ìàº äåÿê³ îñîáëèâîñò³ òà çíà÷íî
çàëåæèòü â³ä ðåçèñòåíòíîñò³ äî ã³ïîêñ³¿. Çîêðåìà, äëÿ òâàðèí ç ÂÐ âîíî
âèêëèêàº ï³äâèùåííÿ êîíöåíòðàö³¿ ïðîöåñ³â ÏÎË ³ äåùî çíèæóºòüñÿ çà
óìîâ ïàðåíòåðàëüíîãî ââåäåííÿ áëîêàòîðà ñèíòàçè îêñèäó àçîòó L-NNA. Ó
ñåð³¿ äîñë³äæåíü íà ùóðàõ ç ÍÐ âñòàíîâëåíî çíèæåííÿ âì³ñòó ÄÊ ³ ÌÄÀ
ïðè àêòèâàö³¿ NO-åðã³÷íèõ ìåõàí³çì³â ³ â³äíîâëåííÿ çà óìîâ ä³¿ áëîêàòîðà
öüîãî ôåðìåíòó. Îòæå, çà óìîâ ä³¿ ñòðåñîðíèõ íàâàíòàæåíü åôåêòèâí³øèì º
âèêîðèñòàííÿ äîíîð³â îêñèäó àçîòó äëÿ îáìåæåííÿ ïðîöåñ³â ë³ïåðîêñèäàö³¿
äëÿ òâàðèí ç ÍÐ, à äëÿ òâàðèí ç ÂÐ êîðèãóâàííÿ öèõ ïðîöåñ³â çä³éñíþºòüñÿ
ïðè îáìåæåíí³ åôåêò³â îêñèäó îçîòó òà ââåäåíí³ áëîêàòîð³â NOS.

Òàêèì ÷èíîì, ïðîâåäåí³ äîñë³äæåííÿ NO-çàëåæíèõ ìåõàí³çì³â, ïîâ�ÿ-
çàíèõ ç ðåçèñòåíòí³ñòþ äî ä³¿ ã³ïîêñè÷íîãî ÷èííèêà íà ñèñòåìó ÀÎÇ ³ ÏÎË,
çàñâ³ä÷óþòü ³ñíóâàííÿ ô³ç³îëîã³÷íèõ ðåãóëÿòîðíèõ âïëèâ³â, ÿê³ ñïðèÿòü
ôàðìàêîëîã³÷í³é êîðåêö³¿ öèõ ïðîöåñ³â ³ ïîâèíí³ âðàõîâóâàòèñÿ çà óìîâ ä³¿
åêñòðåìàëüíèõ âïëèâ³â äîâê³ëëÿ.

Äîñë³äæåííÿ ïðîâåäåí³ çà ï³äòðèìêè Çàõ³äíî-Óêðà¿íñüêîãî á³îìåäè÷-
íîãî äîñë³äíîãî öåíòðó.

N. M. Kurhalyuk

INFLUENCE OF L-ARGININE AND BLOCKATOR NITRIC OXUDE
SYNTHASE L-NNA ON ANTIOXIDANT ENZYMES ACTIVITY, LIPID
PEROXIDATION IN BLOOD AND TISSUES OF RATS WITH
DIFFERENT RESISTANCE TO HYPOXIA UNDER STRESS
CONDITIONS

The main components of antioxidant enzyme system (AOS) are superoxid dismutase
( SOD) and glutathione reductase (GR) catalyses the conversion of the superoxide
anion. The important role in AOS belongs to catalase and glutathione peroxidase
which perform H2O2 to nontoxic products. Simultaneous determination of AOS
activity and malonic dialdehide (MDA) concentration (the index of lipid peroxidation
in tissues and blood) characterize cells complex resistance to damage factor. The
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effect of L-arginine, as a precusor of nitric oxide synthesis and blocator NO-synthase
(Nw-nitro-L-arginine) on AOS of rats with different resistance to hypoxia under
stress condition is unknown and were subject of our investigation. Experiments were
done on liver and blood tissues of white laboratory rats. The experimental animals
were divided on two groups depending on hypoxia factor: high resistance (HR) and
low resistance (LR). The type of resistance was determined by the time of ability to
respire in barocamera with oxygen deficient equal to 12.000 meters over sea level. The
animals adaptation to laboratory conditions continue during 14 days after in
barocamera presence. All animals were divided dependent on experiment conditions
on fourth groups.

The first group: intact (HR and LR) animals parentherally injected by 1 ml of 0.9 %
NaCl solution. The second group was subject of stress condition. The third group:
HR and LR animals injected parentherally by 1 ml L-arginine (Sigma, USA) dose
(600mg /kg body weight). The fourth one: rats injected by 1 ml Nw-nitro-L-arginine
(L-NNA, Sigma, USA)- the blocator of NO-synthase. The animals were decapitated
30 min after injection and stress condition under ethereal anesthesia. Activity of
antioxidant system enzymes superoxid dismutase (SOD), catalase (CAT); glutathione
reductase (GR), glutathione peroxidase (GP) were measured spectrophotometrically.
Also was investigated the concentration of serum antioxidant ceruloplasmin (CP).
Level of lipid peroxidation was estimate by examination of concentration of lipids of
hydroperoxides (LHP) and malonic dialdehyde (MDA). Our data confirm suggesting
that nitric oxide (NO) is a major regulator in the AOS enzymes activity and limit
damage influence of AOF. Action precursor NO L-arginine might be capable of
protective role in various disorders which are connected with hypoxia factor. Following
thing can be interred the investigation of influence of nitric oxide adaptive answears
in stress condition modelling of pathological processes in rats with different resistance
to hypoxia and reflect the biological qualities data stady on AOZ and LP.

Ivan Franko Lviv National University
Ministry of Education
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