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Öåëü èññëåäîâàíèÿ — èçó÷åíèå íåéðîïðîòåêòèâíîé ðîëè àëüôà-ëèïîåâîé êèñëîòû
è ñóïåðîêñèääèñìóòàçû ïðè ôîêàëüíîé è îáùåé èøåìèè ãîëîâíîãî ìîçãà êðûñû. Èññëåäî-
âàíèå ïðîâîäèëèñü íà êðûñàõ ëèíèè Âèñòàð (n = 125): 1) îöåíêà íåéðîïðîòåêòèâíîãî ýô-
ôåêòà ïðè ïåðìàíåíòíîé îêêëþçèè ëåâîé ñðåäíåé ìîçãîâîé è ëåâîé îáùåé ñîííîé àðòåðèè
(n = 26); 2) èññëåäîâàíèå âëèÿíèÿ ïðåïàðàòîâ è èõ êîìáèíàöèè íà âûæèâàåìîñòü ïðè îê-
êëþçèè 2 ñîííûõ àðòåðèé (n = 81). Èíôàðêò-ëèìèòèðóþùèé ýôôåêò áûë âûÿâëåí â ãðóïïå,
ãäå àëüôà-ëèïîåâàÿ êèñëîòà ââîäèëàñü çà 30 ìèí äî èøåìèè (p = 0.00004). Ââåäåíèå ñóïåð-
îêñèääèñìóòàçû çà 30 ìèí äî èøåìèè èëè àëüôà-ëèïîåâîé êèñëîòû íåïîñðåäñòâåííî ïåðåä
èøåìèåé íå ïðèâîäèëî ê ñíèæåíèþ ðàçìåðà íåêðîçà. Ââåäåíèå àëüôà-ëèïîåâîé êèñëîòû
èëè êîìáèíàöèè àëüôà-ëèïîåâîé êèñëîòû ñ ñóïåðîêñèääèñìóòàçîé ïðèâîäèëî ê óâåëè÷å-
íèþ ïðîäîëæèòåëüíîñòè æèçíè æèâîòíûõ (p = 0.003, p = 0.013), à ïðèìåíåíèå òîëüêî
ñóïåðîêñèääèñìóòàçû — íåò (p = 0.127). Àëüôà-ëèïîåâàÿ êèñëîòà âûçûâàåò íåéðîïðîòåê-
òèâíûé ýôôåêò ïðè ôîêàëüíîé è îáùåé èøåìèè ãîëîâíîãî ìîçãà. Ñóïåðîêñèääèñìóòàçà íå
îáëàäàåò çàùèòíûì ýôôåêòîì ïðè èøåìèè.

Êëþ÷åâûå ñëîâà: ñóïåðîêñèääèñìóòàçà, àëüôà-ëèïîåâàÿ êèñëîòà, èøåìèÿ ìîçãà íåéðî-
ïðîòåêöèÿ.
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Background: the present study was aimed at investigation of neuroprotective effects of alp-
ha-lipoic acid (LA) and superoxide dismutase (SOD) in brain ischemia in rats. Methods: two mo-
dels were used to produce brain ischemia: focal ischemia (permanent left middle cerebral artery
occlusion) and permanent ligation of both CCA without subsequent reperfusion. Cu/Zn-SOD at
a dose 5 mg/kg, i. v. and LA at a dose of 20 mg/kg, i. p. were injected 30 minutes prior or 5 minu-
tes after onset of ischemia. The end-points of the study were histochemically determined: infarcti-



on size, ultrastructural changes in the cerebral tissue, and survival rate. Results: LA administration
30 minutes prior to ischemia dramatically reduced infarction size (p < 0.001). Injection of LA
5 minutes after beginning of ischemia did not affect the infarction size. Besides, infarctionion size
was unchanged after injection of SOD 30 minutes prior to ischemia. Conclusion: the LA treatment
regimen used in this study resulted in significant cerebral protection against ischemia. In contrast,
SOD did not show any protective effects in focal and forebrain ischemia.

Key words: brain ischemia, neuroprotection, lipoic acid and superoxide dismutase.
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Àíòèîêñèäàíòíàÿ òåðàïèÿ çàíèìàåò ëèäèðóþùóþ ïîçèöèþ ñðåäè äðóãèõ âè-
äîâ íåéðîïðîòåêöèè [1]. Ñóïåðîêñèääèñìóòàçà îòíîñèòñÿ ê ãðóïïå àíòèîêñèäàíò-
íûõ ôåðìåíòîâ, êàòàëèçèðóþùèõ ðåàêöèþ äèñìóòàöèè ñóïåðîêñèäíîãî ðàäèêà-
ëà, îäíîãî èç îñíîâíûõ ðàäèêàëîâ, âûçûâàþùèõ ïîâðåæäåíèå ïðè èøåìè÷åñêîì
îêñèäàòèâíîì âçðûâå. Àëüôà-ëèïîåâàÿ êèñëîòà ÿâëÿåòñÿ êîôàêòîðîì ïèðóâàòäè-
ãèäðîãåíàçíîãî êîìïëåêñà è ìîæåò ïàññèâíî ïðèíèìàòü ó÷àñòèå â ðåàêöèè ðàçëî-
æåíèÿ ïåðåêèñè âîäîðîäà çà ñ÷åò íàëè÷èÿ â åå ñîñòàâå òèîëîâûõ ãðóïï [1]. Óâåëè-
÷åíèå àêòèâíîñòè è ýêñïðåññèè â êëåòêå ñóïåðîêñèääèñìóòàçû, à òàêæå óâåëè÷å-
íèå âíóòðèêëåòî÷íîãî ïóëà òèîëîâûõ ãðóïï ìîæåò áûòü ðàññìîòðåíî êàê îäèí èç
ýôôåêòîðíûõ ìåõàíèçìîâ èøåìè÷åñêîãî ïðåêîíäèöèîíèðîâàíèÿ [2]. Îáà ýòèõ
ïðåïàðàòà ìîãóò áûòü èñïîëüçîâàíû ñ ïðîôèëàêòè÷åñêîé (ïðè íàçíà÷åíèè äî ðàç-
âèòèÿ èíñóëüòà) è ëå÷åáíîé (òåðàïåâòè÷åñêîé — ïðè íàçíà÷åíèè â ëþáîé ñðîê îò
íà÷àëà èíñóëüòà) öåëüþ [1].

Ïî äàííûì ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé èçâåñòíî îêîëî íåñêîëüêèõ òû-
ñÿ÷ íåéðîïðîòåêòîðîâ, ïîêàçàâøèõ âûñîêóþ ýôôåêòèâíîñòü. Êðóïíûå ìíîãîöåí-
òðîâûå ïëàöåáîêîíòðîëèðóåìûå èññëåäîâàíèÿ íå ñìîãëè ïðîäåìîíñòðèðîâàòü
ýôôåêòèâíîñòü ôàðìàêîëîãè÷åñêèõ íåéðîïðîòåêòîðîâ ïðè èøåìè÷åñêîì èíñóëü-
òå [3]. Îäíà èç ïðè÷èí íåýôôåêòèâíîñòè ôàðìàêîëîãè÷åñêèõ íåéðîïðîòåêòîðîâ
â êëèíè÷åñêèõ èññëåäîâàíèÿõ — ýòî íåêîððåêòíîå ïðîâåäåíèå ýêñïåðèìåíòàëü-
íûõ èññëåäîâàíèé, çàêëþ÷àþùååñÿ â èñïîëüçîâàíèè òîëüêî ïðîôèëàêòè÷åñêîãî
ââåäåíèÿ ïðåïàðàòîâ, ïðîâåäåíèÿ ýêñïåðèìåíòîâ íà ìîäåëè èøåìèè è ðåïåðôó-
çèè, ïðåíåáðåãàÿ èññëåäîâàíèÿìè íà ìîäåëè ïåðìàíåíòíîé èøåìèè. Òàêèì îáðà-
çîì, öåëü äàííîãî èññëåäîâàíèÿ — èçó÷èòü íåéðîïðîòåêòèâíûå ñâîéñòâà àëü-
ôà-ëèïîåâîé êèñëîòû è ñóïåðîêñèääèñìóòàçû ïðè ââåäåíèè íà ðàçëè÷íûõ ýòàïàõ
èøåìèè ìîçãà, èñïîëüçîâàâ ìîäåëü ïåðìàíåíòíîé îêêëþçèè ñðåäíåé ìîçãîâîé
àðòåðèè è äâóõñîñóäèñòîé ìîäåëè èøåìèè ó êðûñ.

ÌÅÒÎÄÈÊÀ

Èññëåäîâàíèå ïðîâîäèëîñü íà êðûñàõ-ñàìöàõ (n = 125) ëèíèè Âèñòàð ìàññîé
250—300 ã ïîä òèîïåíòàëîâûì íàðêîçîì (75 ìã/êã) â òðè ýòàïà. Ïðîòîêîë ýêñïåðèìåíòà
ïðåäñòàâëåí íà ðèñ. 1. Àëüôà-ëèïîåâàÿ êèñëîòà ââîäèëàñü âíóòðèáðþøèííî â äîçå
20 ìã/êã, à Cu,Zn-ñóïåðîêñèääèñìóòàçà — 5 ìã/êã (18 000 åä./êã), âíóòðèìûøå÷íî.

Íà ïåðâîì ýòàïå îöåíèâàëè èíôàðêò-ëèìèòèðóþùèé ýôôåêò ïðîôèëàêòè÷åñêîãî è òåðà-
ïåâòè÷åñêîãî ââåäåíèÿ ñóïåðîêñèääèñìóòàçû è àëüôà-ëèïîåâîé êèñëîòû ïðè ôîêàëüíîé
ïåðìàíåíòíîé èøåìèè ìîçãà. Äëÿ ìîäåëèðîâàíèÿ ïåðìàíåíòíîé ôîêàëüíîé èøåìèè âûïîë-
íÿëè ïåðåâÿçêó ëåâîé îáùåé ñîííîé àðòåðèè è çàòåì ïåðåâÿçêó êîðêîâîé âåòâè ëåâîé ñðåäíåé
ìîçãîâîé àðòåðèè (ïîëèïðîïèëåíîâàÿ íèòü 7—0 Cardiopoint), äîñòóï ê êîòîðîé îñóùåñòâëÿë-
ñÿ ïóòåì òðåïàíàöèè [15]. Ïðîäîëæèòåëüíîñòü ïîñòèøåìè÷åñêîãî ïåðèîäà ñîñòàâëÿëà 48 ÷,
ïîñëå ÷åãî æèâîòíûõ âûâîäèëè èç îïûòà è èçâëåêàìè ãîëîâíîé ìîçã. Îöåíêà âåëè÷èíû çîíû
èíôàðêòà ïðîèçâîäèëàñü ñ ïîìîùüþ êîëè÷åñòâåííîãî àíàëèçà ñðåçîâ ìîçãà, ãèñòîõèìè÷åñêè
îêðàøåííûõ õëîðèäîì òðèôåíèëòåòðàçîëèÿ [15]. Äëÿ ýòîãî ñðåçû ãîëîâíîãî ìîçãà òîëùèíîé
2 ìì èíêóáèðîâàëè â 0.1%-íîì ðàñòâîðå òðèôåíèëòåòðàçîëèÿ õëîðèäà (MP Biomed., ÑØÀ)
ïðè t = 37.0 °Ñ â òå÷åíèå 15 ìèí. Çàòåì ïîëó÷àëè öèôðîâûå ôîòîãðàôèè ïîâåðõíîñòè ñðåçîâ.
Àíàëèçèðîâàëè 5 ñðåçîâ ìîçãà òîëùèíîé 3 ìì, ïðîèçâåäåííûõ âî ôðîíòàëüíîé ïëîñêîñòè.
Âû÷èñëÿëè ñðåäíèé îòíîñèòåëüíûé ïîêàçàòåëü ïëîùàäè èíôàðêòà. Ãðóïïà 1 (n = 10) — ïå-
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ðåâÿçêà ëåâîé ñðåäíåé ìîçãîâîé àðòåðèè è îïðåäåëåíèå ðàçìåðà èíôàðêòà ÷åðåç 48 ÷. Ãðóï-
ïà 2 (n = 6) — òàê æå, êàê â ãðóïïå 1, íî ñ ââåäåíèåì àëüôà-ëèïîåâîé êèñëîòû çà 30 ìèí äî
íà÷àëà èøåìèè. Ãðóïïà 3 (n = 5) — òàê æå, êàê â ãðóïïå 1, íî ñ ââåäåíèåì àëüôà-ëèïîåâîé
êèñëîòû ñðàçó ïîñëå ïåðåâÿçêè àðòåðèé. Ãðóïïà 4 (n = 5) — òàê æå, êàê â ãðóïïå 1, íî ñ ââåäå-
íèåì ñóïåðîêñèääèñìóòàçû çà 30 ìèí äî íà÷àëà îêêëþçèè àðòåðèé.

Íà âòîðîì ýòàïå îöåíèâàëè âûæèâàåìîñòü êðûñ ïðè ïåðåâÿçêå ñîííûõ àðòåðèé è òå-
ðàïåâòè÷åñêîì ââåäåíèè àëüôà-ëèïîåâîé êèñëîòû è ñóïåðîêñèääèñìóòàçû. Ãðóïïà 1
(n = 6) — äâóõñòîðîííÿÿ ïåðåâÿçêà îáùèõ ñîííûõ àðòåðèé è îöåíêà âûæèâàåìîñòè. Ãðóï-
ïà 2 (n = 6) — òàê æå, êàê â ãðóïïå 1, íî ñ ââåäåíèåì àëüôà-ëèïîåâîé êèñëîòû ñðàçó ïîñëå
ïåðåâÿçêè àðòåðèé ÷åðåç 24 è 48 ÷. Ãðóïïà 3 (n = 6) — òàê æå, êàê â ãðóïïå 1, íî ñ ââåäåíèåì
ñóïåðîêñèääèñìóòàçû ñðàçó ïîñëå ïåðåâÿçêè àðòåðèé ÷åðåç 24 è 48 ÷. Ãðóïïà 4 (n = 6) —
òàê æå, êàê â ãðóïïå 1, íî ñ ââåäåíèåì êîìáèíàöèè àëüôà-ëèïîåâîé êèñëîòû è ñóïåðîêñèä-
äèñìóòàçû ñðàçó ïîñëå ïåðåâÿçêè àðòåðèé ÷åðåç 24 è 48 ÷.

Ñòàòèñòè÷åñêèé àíàëèç äàííûõ. Ñòàòèñòè÷åñêèé àíàëèç äàííûõ îñóùåñòâëÿëñÿ ñ ïî-
ìîùüþ ïðîãðàììíîãî ïàêåòà SPSS 12.0. Äëÿ ñòàòèñòè÷åñêîé îöåíêè äâóõ íåçàâèñèìûõ âû-
áîðîê èñïîëüçîâàëè êðèòåðèé Ìàííà—Óèòíè, à äëÿ àíàëèçà âûæèâàåìîñòè ìåòîä Êàïëà-
íà—Ìåéåðà (êðèòåðèé Ìàíòåëÿ—Êîêñà). Ðåçóëüòàò ïðåäñòàâëåí â âèäå ãðàôèêîâ «ÿùèêè è
óñû» è òàáëèö äîæèòèÿ.

Ðèñ. 1. Ïðîòîêîë èññëåäîâàíèÿ.

ËÊ — àëüôà-ëèïîåâàÿ êèñëîòà, ÑÎÄ — ñóïåðîêñèääèñìóòàçà, ÎËÑÌÀ — îêêëþçèÿ ëåâîé ñðåäíåé
ìîçãîâîé àðòåðèè, ÎËÎÑÀ — îêêëþçèÿ ëåâîé îáùåé ñîííîé àðòåðèè, ÎÎÑÀ — îêêëþçèÿ îáåèõ îá-

ùèõ ñîííûõ àðòåðèé.



ÐÅÇÓËÜÒÀÒÛ ÈÑÑËÅÄÎÂÀÍÈß È ÈÕ ÎÁÑÓÆÄÅÍÈÅ

Ïðè îêêëþçèè ëåâîé ñðåäíåé ìîçãîâîé àðòåðèè è îáùèõ ñîííûõ àðòåðèé
(ïåðìàíåíòíàÿ ôîêàëüíàÿ èøåìèÿ) çíà÷èìûé èíôàðêò-ëèìèòèðóþùèé ýôôåêò
áûë ïðîäåìîíñòðèðîâàí (ðèñ. 2) òîëüêî â ãðóïïå, ãäå àëüôà-ëèïîåâàÿ êèñëîòà
ââîäèëàñü â ïðîôèëàêòè÷åñêîì ðåæèìå çà 30 ìèí äî èøåìèè (ìåäèàíà — 6 %,
p = 0.00004, ïî ñðàâíåíèþ ñ êîíòðîëåì — 9.5 %). Ââåäåíèå ñóïåðîêñèääèñìóòà-
çû â ïðîôèëàêòè÷åñêîì ðåæèìå çà 30 ìèí äî èøåìèè èëè àëüôà-ëèïîåâîé êèñëî-
òû â òåðàïåâòè÷åñêîì ðåæèìå íåïîñðåäñòâåííî ïåðåä èøåìèåé íå ïðèâîäèëî
ê ñòàòèñòè÷åñêè çíà÷èìîìó ñíèæåíèþ ðàçìåðà íåêðîçà.

Ââåäåíèå àëüôà-ëèïîåâîé êèñëîòû èëè êîìáèíàöèè àëüôà-ëèïîåâîé êèñëîòû
ñ ñóïåðîêñèääèñìóòàçîé ó æèâîòíûõ ñ ïåðåâÿçêîé ñîííûõ àðòåðèé (ïåðìàíåíò-
íàÿ èøåìèÿ ïåðåäíèõ îòäåëîâ ìîçãà) ïðèâîäèëè ê óâåëè÷åíèþ ïðîäîëæèòåëüíî-
ñòè æèçíè (ðèñ. 3) ýêñïåðèìåíòàëüíûõ æèâîòíûõ áîëåå ÷åì â 2 ðàçà (p = 0.003,
p = 0.013 ïî ñðàâíåíèþ ñ êîíòðîëåì ñîîòâåòñòâåííî). Ïðèìåíåíèå ñóïåðîêñèä-
äèñìóòàçû íå óâåëè÷èâàåò ïðîäîëæèòåëüíîñòü æèçíè êðûñ (p = 0.127 ïî ñðàâíå-
íèþ ñ êîíòðîëåì). Äîáàâëåíèå ê àëüôà-ëèïîåâîé êèñëîòå ñóïåðîêñèääèñìóòàçû
íå ïðèâîäèëî ê óâåëè÷åíèþ ïðîäîëæèòåëüíîñòè æèçíè æèâîòíûõ ïî ñðàâíåíèþ
ñ ìîíîòåðàïèåé àëüôà-ëèïîåâîé êèñëîòîé.

Ñîãëàñíî ðåçóëüòàòàì íàøåãî èññëåäîâàíèÿ, àëüôà-ëèïîåâàÿ êèñëîòà îáëàäà-
åò íåéðîïðîòåêòèâíûì ýôôåêòîì ïðè ðàçëè÷íûõ âèäàõ èøåìèè ìîçãà, ÷òî ïðîÿâ-
ëÿåòñÿ èíôàðêò-ëèìèòèðóþùèì ýôôåêòîì, óâåëè÷åíèåì ïðîäîëæèòåëüíîñòè
æèçíè æèâîòíûõ. Áîëåå ýôôåêòèâíî ïðèìåíåíèå àëüôà-ëèïîåâîé êèñëîòû â ïðî-
ôèëàêòè÷åñêîì ðåæèìå, îäíàêî àëüôà-ëèïîåâàÿ êèñëîòà ïðîÿâëÿåò çàùèòíûé ýô-
ôåêò è âî âðåìÿ èøåìèè íà ìîäåëè ïåðìàíåíòíîé ïåðåâÿçêè ñîííûõ àðòåðèé.
Àíàëèç äàííûõ ëèòåðàòóðû ñ 1995 ïî 2010 ã. ïîêàçàë, ÷òî ïðèìåíåíèå àëüôà-ëè-
ïîåâîé êèñëîòû ïðèâîäèò ê íåéðîïðîòåêòèâíîìó ýôôåêòó òîëüêî ïðè ïðîôèëàê-
òè÷åñêîì ââåäåíèè äî èøåìèè [4, 9, 10, 12, 16]. Àëüôà-ëèïîåâàÿ êèñëîòà óìåíüøàåò
âûðàæåííîñòü ïåðåêèñíîãî îêèñëåíèÿ ëèïèäîâ [9], ñòèìóëèðóåò íåéðîíàëüíîå
ðåìîäåëèðîâàíèå [10], óãíåòàåò ãëèàëüíóþ ðåàêòèâíîñòü [10], ÷òî ïðîÿâëÿåòñÿ
óìåíüøåíèåì ðàçìåðà íåêðîçà [4, 9, 16] è íåâðîëîãè÷åñêîãî äåôèöèòà [4, 9, 10, 12].
Ïðèìåíåíèå àëüôà-ëèïîåâîé êèñëîòû ïîñëå èøåìèè â òå÷åíèå 7 äíåé íå óìåíü-
øàëî âûðàæåííîñòü èøåìè÷åñêîãî ïîâðåæäåíèÿ [10]. Íåêîòîðûå àâòîðû óòâåðæ-
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Ðèñ. 2. Ðàçìåð íåêðîçà ïðè ôîêàëüíîé ïåðìàíåíòíîé èøåìèè ãîëîâíîãî ìîçãà êðûñû (êðè-
òåðèé Ìàííà—Óèòíè).

ËÊ — àëüôà-ëèïîåâàÿ êèñëîòà, ÑÎÄ — ñóïåðîêñèääèñìóòàçà.
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äàþò, ÷òî áîëåå öåëåñîîáðàçíà êîìáèíàöèÿ àëüôà-ëèïîåâîé êèñëîòû ñ âèòàìè-
íîì Å [9, 10].

Èññëåäîâàíèå ïðèìåíåíèÿ ñóïåðîêñèääèñìóòàçû ïðè èøåìèè ìîçãà ïîêàçàëî
îòñóòñòâèå íåéðîïðîòåêòèâíîãî ýôôåêòà. Êîìáèíàöèÿ ñóïåðîêñèääèñìóòàçû
è àëüôà-ëèïîåâîé êèñëîòû òîæå íå ïðèâîäèëà ê äîïîëíèòåëüíîìó íåéðîïðî-
òåêòèâíîìó ýôôåêòó ïî ñðàâíåíèþ ñ ìîíîòåðàïèåé àëüôà-ëèïîåâîé êèñëîòîé.
Èçâåñòíî, ÷òî ïðè èøåìèè â öèòîïëàçìå êëåòîê óâåëè÷èâàåòñÿ êîëè÷åñòâî ãèäðî-
ïåðåêèñåé (H2O2) [1]. Êîíå÷íûì ïðîäóêòîì äèñìóòàöèè ñóïåðîêñèäíîãî ðàäèêàëà
ÿâëÿåòñÿ H2O2. Òàê, ñóïåðîêñèääèñìóòàçà ìîæåò óâåëè÷èâàòü êîëè÷åñòâî ãèäðî-
ïåðåêèñåé, êîòîðûå âûçûâàþò äàëüíåéøåå ñâîáîäíîðàäèêàëüíîå ïîâðåæäåíèå,
ò. å. ñóïåðîêñèääèñìóòàçà â óñëîâèÿõ èøåìèè ìîçãà ìîæåò ïðîÿâèòü ïðîîêñèäàí-
òíûé ýôôåêò [1].

Àíàëèç èññëåäîâàíèé íåéðîïðîòåêòèâíîãî ýôôåêòà ñóïåðîêñèääèñìóòàçû ïðè
ýêñïåðèìåíòàëüíîé èøåìèè (1990—2010) ïðîäåìîíñòðèðîâàë íåîäíîçíà÷íûé
ðåçóëüòàò. Âî-ïåðâûõ, íàðàâíå ñ îáû÷íîé ðåêîìáèíàíòíîé ñóïåðîêñèääèñìóòà-
çîé, ñóùåñòâóþò åå ðàçëè÷íûå ìîäèôèêàöèè äëÿ óëó÷øåíèÿ ñâîéñòâ ôåðìåíòà:
ñóïåðîêñèääèñìóòàçà, çàêëþ÷åííàÿ â ëèïîñîìó [5], è ñóïåðîêñèääèñìóòàçà, èì-
ìîáèëèçîâàíàÿ ñ ïîëèýòèëåíãëèêîëåì, — áîëåå óñòîé÷èâû ê ïîâðåæäåíèþ (äî-
ëüøå ïåðèîä ïîëóâûâåäåíèÿ) [7], à SOD:Tet451 ñâÿçàíà ñ ôðàãìåíòîì ñòîëáíÿ÷-
íîãî òîêñèíà äëÿ óëó÷øåííîé ïðîíèöàåìîñòè ãåìàòîýíöåôàëè÷åñêîãî áàðüåðà
[6]. Èíòåðåñíî, ÷òî àâòîðû [7] âûÿâèëè U-îáðàçíóþ çàâèñèìîñòü èíôàðêò-ëèìèòè-
ðóþùåãî ýôôåêòà ñóïåðîêñèääèñìóòàçû, èììîáèëèçèðîâàííîé íà ïîëèýòèëåí-
ãëèêîëå, îò äîçû ïðè ââåäåíèè íåïîñðåäñòâåííî ïåðåä èøåìèåé. Â îòëè÷èå îò
àëüôà-ëèïîåâîé êèñëîòû, ñîãëàñíî äàííûì ëèòåðàòóðû, ðàçëè÷íûå âàðèàíòû ìî-
äèôèöèðîâàííîé ñóïåðîêñèääèñìóòàçû âûçûâàåò íåéðîïðîòåêòèâíûé ýôôåêò
êàê ïðè ââåäåíèè äî èøåìèè [5, 11, 13, 17], òàê è âìåñòå ñ ðåïåðôóçèåé [6, 11, 14]. Íàè-
ëó÷øèé çàùèòíûé ýôôåêò ïðè ýêñïåðèìåíòàëüíîé èøåìèè âûçûâàëà äîçà ðåêîì-
áèíàíòíîé ñóïåðîêñèääèñìóòàçû 10 000—40 000 åä./êã. Îäíàêî ñóùåñòâóþò ïóá-
ëèêàöèè, ãäå ñóïåðîêñèääèñìóòàçà íå óìåíüøàåò èøåìè÷åñêîå ïîâðåæäåíèå
â äîçå 10 000 åä./êã [13] ïðè ïðîôèëàêòè÷åñêîì ââåäåíèè.

Íåñìîòðÿ íà ïðîòèâîðå÷èâûå äàííûå ëèòåðàòóðû è íàøèõ èññëåäîâàíèé,
ñêëàäûâàåòñÿ âïå÷àòëåíèå î íåäîñòàòî÷íîì ïîíèìàíèè ìåõàíèçìîâ èøåìè÷åñêî-

Ðèñ. 3. Âûæèâàåìîñòü êðûñ ïðè ïåðìàíåíòíîé îáùåé èøåìèè ïåðåäíèõ îòäåëîâ ãîëîâíîãî
ìîçãà êðûñû. (Ìåòîä Êàïëàíà—Ìåéåðà, êðèòåðèé Ìàíòåëÿ—Êîêñà).

ËÊ — àëüôà-ëèïîåâàÿ êèñëîòà, ÑÎÄ — ñóïåðîêñèääèñìóòàçà.
Ïî îñè îðäèíàò — êîëè÷åñòâî æèâîòíûõ, %.



ãî è ðåïåðôóçèîííîãî ïîâðåæäåíèÿ ãîëîâíîãî ìîçãà. Âîçìîæíî ðàçðàáîòêà «èäå-
àëüíîãî» íåéðîïðîòåêòîðà äëÿ ëå÷åíèÿ è ïðîôèëàêòèêè èøåìè÷åñêèõ èíñóëüòîâ
ïðèâåäåò â òóïèê èç-çà ãåòåðîãåííîñòè ïàòîãåíåçà öåðåáðàëüíûõ ñîñóäèñòûõ ñî-
áûòèé. Áîëåå öåëåñîîáðàçíà ðàçðàáîòêà ëå÷åáíîãî êîìïëåêñà, ãäå ïðåïàðàòû
ñ ðàçëè÷íûìè ìåõàíèçìàìè ââîäÿòñÿ íà ðàçëè÷íûõ âðåìåíí *ûõ èíòåðâàëàõ îò íà-
÷àëà èøåìèè (íàïðèìåð, àëüôà-ëèïîåâàÿ êèñëîòà ââîäèòñÿ ñ ïðîôèëàêòè÷åñêîé
öåëüþ äî èøåìèè, à ñóïåðîêñèääèñìóòàçû ïåðåä ðåïåðôóçèåé).

ÇÀÊËÞ×ÅÍÈÅ

Ââåäåíèå àëüôà-ëèïîåâîé êèñëîòû ýôôåêòèâíî ïðè ôîêàëüíîé èøåìèè áåç
ðåïåðôóçèè òîëüêî ïðè íàçíà÷åíèè äî íà÷àëà èøåìèè. Ââåäåíèå àëüôà-ëèïîåâîé
êèñëîòû óâåëè÷èâàåò ïðîäîëæèòåëüíîñòü æèçíè êðûñ ïðè ïåðåâÿçêå ñîííûõ àð-
òåðèé. Ââåäåíèå ñóïåðîêñèääèñìóòàçû ïåðåä èøåìèåé íå âûçûâàåò çàùèòíîãî
ýôôåêòà. Êîìáèíàöèÿ àëüôà-ëèïîåâîé êèñëîòû è ñóïåðîêñèääèñìóòàçû ìåíåå
ýôôåêòèâíà, ÷åì ìîíîòåðàïèÿ àëüôà-ëèïîåâîé êèñëîòû.

ÑÏÈÑÎÊ ËÈÒÅÐÀÒÓÐÛ

[1] Äóáèíèíà Å. Å. Ïðîäóêòû ìåòàáîëèçìà êèñëîðîäà â ôóíêöèîíàëüíîé àêòèâíîñòè
êëåòîê (æèçíü è ñìåðòü, ñîçèäàíèå è ðàçðóøåíèå). Ôèçèîëîãè÷åñêèå è êëèíèêî-áèîõèìè-
÷åñêèå àñïåêòû. ÑÏá. Ìåäèöèíñêàÿ ïðåññà. 2006.

[2] Ñòðîåâ Ñ. À., Ñàìîéëîâ Ì. Î. Ýíäîãåííûå àíòèîêñèäàíòû è ãèïîêñè÷åñêàÿ òîëå-
ðàíòíîñòü ìîçãà. ÑÏá. Èíñòèòóò ôèçèîëîãèè èì. È. Ï. Ïàâëîâà ÐÀÍ. 2006.

[3] Ðåêîìåíäàöèè ïî âåäåíèþ áîëüíûõ ñ èøåìè÷åñêèì èíñóëüòîì è òðàíçèòîðíûìè
èøåìè÷åñêèìè àòàêàìè. 2008.

[4] Clark W. M., Rinker L. G., Lessov N. S., Lowery S. L., Cipolla M. J. Efficacy of antioxi-
dant therapies in transient focal ischemia in mice. Stroke. 32 (4) : 1000—1004. 2001.

[5] Imaizumi S., Woolworth V., Fishman R. A., Chan P. H. Liposome-entrapped superoxide dis-
mutase reduces cerebral infarction in cerebral ischemia in rats. Stroke. 21 (9) : 1312—1217. 1990.

[6] Francis J. W., Ren J., Warren L., Brown R. H., jr., Finklestein S. P. Postischemic infusi-
on of Cu/Zn superoxide dismutase or SOD:Tet451 reduces cerebral infarction following focal isc-
hemia/reperfusion in rats. Exp Neurol. 146 (2) : 435—443. 1997.

[7] He Y. Y., Hsu C. Y., Ezrin A. M., Miller M. S. Polyethylene glycol-conjugated superoxi-
de dismutase in focal cerebral ischemia-reperfusion. Am. J. Physiol. 265 (1, pt 2) : H252—H256.
1993.

[8] Humphrey C. D., Pittman F. E. A simple methylene blue-azure II-basic fuchsin stain for
epoxy-embedded tissue sections. Stain Technol. 49 (1) : 9—14. 1974.

[9] Garcia-Estrada J., Gonzalez-Perez O., Gonzalez-Castaneda R. E., Martinez-Contre-
ras A., Luquin S., de la Mora P. G., Navarro-Ruiz A. An alpha-lipoic acid-vitamin E mixture re-
duces post-embolism lipid peroxidation, cerebral infarction, and neurological deficit in rats. Neu-
rosci. Res. 47 (2) : 219—224. 2003.

[10] Gonzalez-Perez O., Gonzalez-Castañeda R. E., Huerta M., Luquin S., Gomez-Pine-
do U., Sanchez-Almaraz E., Navarro-Ruiz A., Garcia-Estrada J. Beneficial effects of alpha-lipoic
acid plus vitamin E on neurological deficit, reactive gliosis and neuronal remodeling in the pe-
numbra of the ischemic rat brain. Neurosci Lett. 15. 321 (1—2) : 1000—1004. 2002.

[11] Matsumiya N., Koehler R. C., Kirsch J. R., Traystman R. J. Conjugated superoxide dis-
mutase reduces extent of caudate injury after transient focal ischemia in cats. Stroke. 22 (9) :
1193—1200. 1991.

[12] Panigrahi M., Sadguna Y., Shivakumar B. R., Kolluri S. V., Roy S., Packer L., Ravindra-
nath V. Alpha-Lipoic acid protects against reperfusion injury following cerebral ischemia in rats.
Brain Res. 717 (1—2) : 184—188. 1996.

[13] Tagaya M., Matsumoto M., Kitagawa K., Niinobe M., Ohtsuki T., Hata R., Ogawa S.,
Handa N., Mikoshiba K., Kamada T. Recombinant human superoxide dismutase can attenuate is-
chemic neuronal damage in gerbils. Life Sci. 51 (4) : 253—259. 1992.

70



71

[14] Tsubokawa T., Jadhav V., Solaroglu I., Shiokawa Y., Konishi Y., Zhang J. H. Lecithini-
zed superoxide dismutase improves outcomes and attenuates focal ñerebral ischemic injury via an-
tiapoptotic mechanisms in rats. Stroke. 38 (3) : 1057—1062. 2007.

[15] Wang-Fischer Y. Manual of stroke models in rats. N. Y. CRC Press. USA. 2009.
[16] Wolz P., Krieglstein J. Neuroprotective effects of alpha-lipoic acid and its enantiomers

demonstrated in rodent models of focal cerebral ischemia. Neuropharmacology. 35 (3) :
369—375. 1996.

[17] Uyama O., Matsuyama T., Michishita H., Nakamura H., Sugita M. Protective effects of
human recombinant superoxide dismutase on transient ischemic injury of CA1 neurons in gerbils.
Stroke. 23 (1) : 75—81. 1992.

Ïîñòóïèëà 23 XI 2010


