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Âûñâîáîæäåíèå ãëóòàìàòà
èç öèòîçîëüíîãî ïóëà ñèíàïòîñîì
â óñëîâèÿõ ýêñïåðèìåíòàëüíîé ãèïåðãðàâèòàöèè

Â óñëîâèÿõ ýêñïåðèìåíòàëüíîé ìîäåëè èíäóöèðîâàííîé ãðàâèòàöèè èçó÷åíî êàëüöèé-
íåçàâèñèìîå âûñâîáîæäåíèå ãëóòàìàòà èç ñèíàïòîñîì. Ïðîòîíîôîð FCCP íàðóøàåò
ïðîòîííûé ãðàäèåíò ñèíàïòè÷åñêèõ âåçèêóë, âûçûâàåò ñíèæåíèå ñîäåðæàíèÿ ÀÒÔ è
ïîâûøåíèå [Na+]

I
, ÷òî ïðèâîäèò ê óâåëè÷åíèþ öèòîçîëüíîãî ïóëà íåéðîìåäèàòîðà è

ðåâåðñíîìó ôóíêöèîíèðîâàíèþ ãëóòàìàòíûõ òðàíñïîðòåðîâ. Îáíàðóæåíî çíà÷èòåëüíîå
óâåëè÷åíèå ñòèìóëèðîâàííîãî FCCP (1 ìêìîëü/ë) è KCl (35 ììîëü/ë) îñâîáîæäåíèÿ
L-[14C]ãëóòàìàòà � 27,0±2,2 è 35,0 % ± 2,3 % â êîíòðîëå è â óñëîâèÿõ ãðàâèòàöèè
ñîîòâåòñòâåííî (Ð<0,05). Ïîêàçàíî, ÷òî ñòèìóëèðîâàííîå FCCP, KCl, à òàêæå FCCP è KCl
âûñâîáîæäåíèå L-[14C]ãëóòàìàòà ÷óâñòâèòåëüíî ê äåéñòâèþ íåòðàíñïîðòèðóåìîãî
èíãèáèòîðà ãëóòàìàòíûõ òðàíñïîðòåðîâ DL-òðåî-β-áåíçèëîêñèàñïàðòàòà (DL-ÒÂÎÀ), ÷òî
äîêàçûâàåò íåïîñðåäñòâåííîå ó÷àñòèå òðàíñïîðòåðîâ ãëóòàìàòà â ýòîì ïðîöåññå.
Òðàíñïîðòèðóåìûé èíãèáèòîð DL-òðåî-β-ãèäðîêñèàñïàðòàò (DL-THA) èíäóöèðóåò
âûñâîáîæäåíèå ãëóòàìàòà èç öèòîçîëüíîãî ïóëà ñèíàïòîñîì ïóòåì ãåòåðîîáìåíà, çà ñ÷åò
íåçàâåðøåííîãî òðàíñïîðòíîãî öèêëà. Ïîêàçàíî, ÷òî âûñâîáîæäåíèå L-[14C]ãëóòàìàòà,
ñòèìóëèðîâàííîå FCCP è DL-THA â óñëîâèÿõ ìîäåëèðîâàííîé ãðàâèòàöèè, òàêæå ñóùåñòâåííî
âûøå, ÷åì â êîíòðîëå. Ýòîò ïîäõîä ñîâìåñòíîãî ïðèìåíåíèÿ FCCP, KCl è DL-THA ïîçâîëèë
âûÿâèòü çíà÷èòåëüíûå ðàçëè÷èÿ ôóíêöèîíèðîâàíèÿ â ðåâåðñíîì ðåæèìå ãëóòàìàòíûõ
òðàíñïîðòåðîâ â óñëîâèÿõ ìîäåëèðîâàííîé ãðàâèòàöèè.

ÂÂÅÄÅÍÈÅ

Âñå æèâûå îðãàíèçìû íà Çåìëå ýâîëþöèî-
íèðîâàëè ïîä âëèÿíèåì ãðàâèòàöèè. Ìîæíî
ïðåäïîëàãàòü, ÷òî èçìåíåíèå ãðàâèòàöèîí-
íîãî âîçäåéñòâèÿ îòðàçèòñÿ íà ðåàëèçàöèè
ôèçèîëîãè÷åñêèõ ôóíêöèé. Äåéñòâèòåëüíî,
ïðåáûâàíèå àñòðîíàâòîâ â óñëîâèÿõ ìèêðî-
è ãèïåðãðàâèòàöèè ñîïðîâîæäàåòñÿ íàðó-
øåíèåì óìñòâåííûõ è êîãíèòèâíûõ ñïîñîá-
íîñòåé [16, 26, 37]. Â íàñòîÿùåå âðåìÿ
àêòèâíî èññëåäóåòñÿ ôåíîìåí, êîòîðûé
íàáëþäàåòñÿ â èíäóöèðîâàííîé öåíòðè-
ôóãèðîâàíèåì ãèïåðãðàâèòàöèè, â óñëîâèÿõ
ïîëåòà, à òàêæå âûïîëíåíèÿ ðàçëè÷íûõ
ëåòíûõ ìàíåâðîâ. Ñèíäðîì íàçâàí «èíäó-
öèðîâàííàÿ ãðàâèòàöèåé ïîòåðÿ ñîçíàíèÿ»
[27, 35, 40, 41]. Ñîñòîÿíèå, ïðåäøåñòâóþ-

ùåå ïîòåðå ñîçíàíèÿ,  õàðàêòåðèçóåòñÿ
àìíåçèåé, íàðóøåíèåì ñåíñîðíûõ è êîãíè-
òèâíûõ ôóíêöèé,  ñìÿòåíèåì,  çàìåøà-
òåëüñòâîì, òðóäíîñòÿìè â ôîðìèðîâàíèè
ñëîâ.  Îäíîé èç  ïðè÷èí,  âûçûâàþùèõ
èíäóöèðîâàííóþ ãðàâèòàöèåé ïîòåðþ
ñîçíàíèÿ, ñ÷èòàåòñÿ ñíèæåíèå ñîäåðæàíèÿ
êèñëîðîäà â ìîçãó. Ïðåäñòàâëÿåòñÿ öåëåñî-
îáðàçíûì ïîäðàçäåëèòü âñå èññëåäîâàíèÿ
â îáëàñòè êîñìè÷åñêîé ôèçèîëîãèè æèâîò-
íûõ íà äâà íàïðàâëåíèÿ. Îäíî ðàçâèâàåò
èçó÷åíèå âëèÿíèÿ íåïîñðåäñòâåííî âñåìèð-
íîãî òÿãîòåíèÿ íà ãðàâè÷óâñòâèòåëüíûå
ñèñòåìû îðãàíèçìà, äðóãîå óäåëÿåò âíèìà-
íèå èññëåäîâàíèþ äåéñòâèÿ íåñïåöèôè-
÷åñêèõ ñòðåññîâûõ ôàêòîðîâ, ñîïðîâîæ-
äàþùèõ ïðåáûâàíèå îðãàíèçìà â óñëîâèÿõ
èçìåíåííîé ãðàâèòàöèè. Îäíèì èç íàèáîëåå
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âëèÿòåëüíûõ íåñïåöèôè÷åñêèõ ñòðåññîâûõ
ôàêòîðîâ ,  ñïî ñîáíûõ âûçâàòü  çíà÷è-
òåëüíûå íàðóøåíèÿ ôóíêöèîíèðîâàíèÿ
ìîçãà, ÿâëÿåòñÿ ãèïîêñèÿ. Ìîçã ÷ðåçâû-
÷àéíî ÷óâñòâèòåëåí ê ïîñòóïëåíèþ êèñëî-
ðîäà. Ïðè íåäîñòàòî÷íîì ñíàáæåíèè åãî
êèñëîðîäîì íàáëþäàåòñÿ íàðóøåíèå ìåí-
òàëüíûõ ñïîñîáíîñòåé [1]. Â íàñòîÿùåå
âðåìÿ â îáëàñòè êîñìè÷åñêîé íåéðîáèîëîãèè
áîëüøîå âíèìàíèå óäåëÿåòñÿ èññëåäîâàíèþ
ýòîãî âîïðîñà [7, 8, 24, 27�29, 30, 34, 35, 40,
41]. Îäíàêî âëèÿíèå èçìåíåííîé ãðàâèòàöèè
äî êîíöà íå èññëåäîâàíî.

Èçâåñòíî, ÷òî ãëóòàìàò äåéñòâóåò êàê
îñíîâíîé âîçáóæäàþùèé íåéðîìåäèàòîð. Â
òî æå âðåìÿ åãî âûñîêèå êîíöåíòðàöèè â
ñèíàïòè÷åñêîé ùåëè ïðèâîäÿò ê ñâåðõ-
ñòèìóëÿöèè ïîñòñèíàïòè÷åñêèõ ðåöåïòîðîâ
è ÿâëÿþòñÿ íåéðîòîêñè÷íûìè. Ñîäåðæàíèå
àìèíîêèñëîòû âíå êëåòêè ïîääåðæèâàåòñÿ
íà íèçêîì íåòîêñè÷íîì óðîâíå çà ñ÷åò
áûñòðîãî óäàëåíèÿ èç ñèíàïòè÷åñêîé ùåëè.
Îñíîâíàÿ ôóíêöèÿ òðàíñïîðòåðîâ ãëóòà-
ìàòà  íåéðîíîâ  è  ãëèàëüíûõ êëåòîê  �
ïîãëîùåíèå àìèíîêèñëîòû èç ñèíàïòè÷åñ-
êîé ùåëè. Ïî-âèäèìîìó, òðàíñïîðòåðû
âûïîëíÿþò ñëîæíûå ôóíêöèè ìîäóëÿöèè
íåéðîòðàíñìèññèè [11�15, 17�21, 23, 25, 31�
33, 36, 38�39]. Ïðè îïðåäåëåííûõ óñëîâèÿõ,
â îñíîâíîì ïðè ðàçâèòèè ïàòîëîãè÷åñêèõ
ñîñòîÿíèé, òðàíñïîðòåðû ãëóòàìàòà ôóíê-
öèîíèðóþò â ðåâåðñíîì ðåæèìå, êîãäà èõ
ðàáîòà íàïðàâëåíà íå íà ïîääåðæàíèå
êîíöåíòðàöèè íåéðîìåäèàòîðà íà íèçêîì
óðîâíå, à íà ïåðåíîñ åãî èç öèòîçîëüíîãî
ïóëà â ñèíàïòè÷åñêóþ ùåëü [11, 15, 19, 21,
23, 25, 31]. Â ýòîì ñëó÷àå âûñâîáîæäåíèå
íåéðîìåäèàòîðà ÿâëÿåòñÿ êàëüöèéíåçàâè-
ñèìûì ïðîöåññîì. Êàê ïîêàçûâàþò òåðìî-
äèíàìè÷åñêèå ðàñ÷åòû, åìó ñïîñîáñòâóåò
óâåëè÷åíèå êîíöåíòðàöèè âíåêëåòî÷íîãî
êàëèÿ è óìåíüøåíèå âíåêëåòî÷íîãî ñîäåð-
æàíèÿ íàòðèÿ. Êàëüöèéíåçàâèñèìîå âûñâî-
áîæäåíèå � îñíîâíîé ïóòü âûñâîáîæäåíèÿ
ãëóòàìàòà ïðè èøåìèè, ãèïîêñèè è ìîçãî-
âîé òðàâìå [10, 12, 19, 20, 23]. Ãèïîêñè-

÷å ñêî å  ïîðàæåíèå  íåéðîíîâ  õàðàêòå-
ðèçóåòñÿ óâåëè÷åíèåì âûñâîáîæäåíèÿ
ãëóòàìàòà èç öèòîçîëüíîãî ïóëà ïîñðåä-
ñòâîì ðåâåðñíîãî ôóíêöèîíèðîâàíèÿ åãî
òðàíñïîðòåðîâ [15, 18, 21, 25, 31, 32, 33,
38]. Íàìè ïîêàçàíî, ÷òî àêòèâíîñòü òðàí-
ñïîðòåðîâ ãëóòàìàòà ñíèæàåòñÿ ïîñëå
âîçäåéñòâèÿ ìîäåëèðîâàííîé ãðàâèòàöèè
[2�6].

Öåëü íàñòîÿùåãî èññëåäîâàíèÿ � èçó-
÷èòü êàëüöèéíåçàâèñèìîå âûñâîáîæäåíèå
ãëóòàìàòà èç ïðåñèíàïòè÷åñêèõ íåðâíûõ
îêîí÷àíèÿõ â êîíòðîëå è â óñëîâèÿõ ýêñïå-
ðèìåíòàëüíîé ãèïåðãðàâèòàöèè.

ÌÅÒÎÄÈÊÀ

Ïîëó÷åíèå ñèíàïòîñîì. Ðàáîòó ïðîâîäèëè
íà ïðåïàðàòå èçîëèðîâàííûõ íåðâíûõ
îêîí÷àíèé ãîëîâíîãî ìîçãà êðûñ � ñèíàï-
òîñîìàõ.  Ïîñëåäíèå îáëàäàþò òàêèìè
õàðàêòåðèñòèêàìè èíòàêòíîãî íåðâíîãî
îêîí÷àíèÿ, êàê ìåìáðàííûé ïîòåíöèàë,
ñïîñîáíîñòü ê àêòèâíîìó íàêîïëåíèþ è
âûñâîáîæäåíèþ íåéðîìåäèàòîðîâ ïðè
äåïîëÿðèçàöèè ïëàçìàòè÷åñêîé ìåìáðàíû.

Â îïûòàõ èñïîëüçîâàëè ïîëîâîçðåëûõ
ñàìöîâ êðûñ ëèíèè Âèñòàð, ìàññîé 100�120 ã.
Ãðàâèòàöèîííóþ íàãðóçêó íà æèâîòíûõ
ïðîâîäèëè â ñïåöèàëüíûõ êîíòåéíåðàõ íà
öåíòðèôóãå äèàìåòðîì 5 ì ïðè 10 g â
òå÷åíèå ÷àñà. Æèâîòíûå íå òåðÿëè ñîçíà-
íèÿ è ïîëíîñòüþ âîññòàíàâëèâàëèñü ïîñëå
îêîí÷àíèÿ ãðàâèòàöèîííîé íàãðóçêè. Ñèíàï-
òîñîìû âûäåëÿëè äèôôåðåíöèàëüíûì
öåíòðèôóãèðîâàíèåì è öåíòðèôóãèðîâàíèåì
â ãðàäèåíòå ïëîòíîñòè ôèêîëëà-400, ïðèìå-
íÿÿ  ìåòîä Êîòìàíà [9]  ñ  íåáîëüøèìè
ìîäèôèêàöèÿìè: ðàñòâîð ñàõàðîçû äëÿ
ïðèãîòîâëåíèÿ ãðàäèåíòà ôèêîëëà ñîäåðæàë
5 ììîëü/ë HEPES-NaOH è 0,2 ììîëü/ë
ÝÄÒÀ, pH 7,4. Ñèíàïòîñîìû, ïîëó÷åííûå
ïðè ôðàêöèîíèðîâàíèè â ãðàäèåíòå ôèêîë-
ëà, ðàçâîäèëè 10 îáúåìàìè 0,32 ìîëü/ë
ñàõàðîçû, 5 ììîëü/ë HEPES-NaOH, pH 7,4
è öåíòðèôóãèðîâàëè ïðè 20000 g â òå÷åíèå

Ò.À Áîðèñîâà, Í.Â. Êðûñàíîâà



ISSN 0201-8489    Ô³ç³îë. æóðí., 2008, Ò. 54, ¹ 296

20 ìèí. Îñàäîê ðåñóñïåíäèðîâàëè íà ëüäó
â ñòàíäàðòíîì õîëîäíîì îêñèãåíèðîâàííîì
ñîëåâîì ðàñòâîðå ñëåäóþùåãî ñîñòàâà
(ììîëü/ë): NaCl � 126, KCl �5, MgCl

2 
 � 2,

NaH
2
PO

4
 � 1,0,  HEPES � 20, d-ãëþêîçà � 10,

pH 7,4. Ïîëó÷åííóþ ñóñïåíçèþ ñèíàïòîñîì
(êîíöåíòðàöèÿ áåëêà 4 ìã/ìë) èñïîëüçîâàëè
â ýêñïåðèìåíòàõ â òå÷åíèå 2�4 ÷ ïîñëå
ïîëó÷åíèÿ. Â áåñêàëüöèåâóþ ñðåäó äîáàâ-
ëÿëè 2 ììîëü/ë ÝÃÒÀ. Âñå ïðîöåäóðû
ïðîâîäèëè ïðè 4°Ñ. Êîíöåíòðàöèþ áåëêà
îïðåäåëÿëè, êàê îïèñàíî ó Larson [22].

Âûñâîáîæäåíèå L-ãëóòàìàòà. Äëÿ îïðå-
äåëåíèÿ âûñâîáîæäåíèÿ L-[14C]ãëóòàìàòà
èç ñèíàïòîñîì ñóñïåíçèþ (êîíöåíòðàöèÿ
áåëêà 2  ìã/ìë)  â  ñòàíäàðòíîì áóôåðå
èíêóáèðîâàëè 10 ìèí ïðè 37°Ñ, çàòåì
äîáàâëÿëè 500 íìîëü/ë L-[14C]ãëóòàìàòà è
èíêóáèðîâàëè åùå 10 ìèí ïðè 37°Ñ, ïîñëå
÷åãî ðàçâîäèëè 10 îáúåìàìè îõëàæäåííîãî
ñòàíäàðòíîãî ñîëåâîãî ðàñòâîðà, öåíòðè-
ôóãèðîâàëè 10 ìèí ïðè 4000 g, çàòåì îñàäîê
ðåñóñïåíäèðîâàëè â òîì æå áóôåðå ïðè 4°Ñ
è èñïîëüçîâàëè â ýêñïåðèìåíòå (êîíöåíò-
ðàöèÿ áåëêà 4 ìã/ìë). Ñóñïåíçèþ ñèíàï-
òîñîì ðàçâîäèëè ñòàíäàðòíûì áåñêàëü-
öèåâûì áóôåðîì äî êîíöåíòðàöèè 0,5 ìã
áåëêà/ìë. Âûñâîáîæäåíèå L-[14C]ãëóòà-
ìàòà îñóùåñòâëÿëè ñëåäóþùèì îáðàçîì:
125 ìêë ñèíàïòîñîì ïðåèíêóáèðîâàëè 10
ìèí ïðè 37°Ñ, äîáàâëÿëè äåïîëÿðèçóþùèé
ðåàãåíò, èíêóáèðîâàëè 6 ìèí è áûñòðî
îñàæäàëè â ìèêðîöåíòðèôóãå (20 ñ ïðè
10000 g). Àëèêâîòû íàäîñàäî÷íîé æèäêîñòè
(100 ìêë) ñìåøèâàëè ñî ñöèíòèëëÿöèîííîé
æèäêîñòüþ ACS (1,5 ìë) è îïðåäåëÿëè
ðàäèîàêòèâíîñòü ñ  ïîìîùüþ ñ÷åò÷èêà
«Tracor Analytic Delta 300». Ïîâûøåíèå
ñîäåðæàíèÿ âíåêëåòî÷íîãî L-[14C]ãëóòà-
ìàòà ïðè èíêóáàöèè ïðåäâàðèòåëüíî íàãðó-
æåííûõ ìå÷åíûì íåéðîìåäèàòîðîì ñèíàï-
òîñîì ïðè 37°Ñ â òå÷åíèå ðàçëè÷íûõ âðå-
ìåííûõ èíòåðâàëîâ îïðåäåëÿëè êàê íåñòè-
ìóëèðîâàííîå (áàçàëüíîå) âûñâîáîæäåíèå
L-[14C]ãëóòàìàòà. Âûñâîáîæäåíèå íåéðî-
ìåäèàòîðà âûðàæàëè êàê ïðîöåíò îò îáùå-

ãî ñîäåðæàíèÿ ìå÷åíîãî íåéðîìåäèàòîðà.
Ðåçóëüòàòû ïðåäñòàâëåíû êàê ñðåäíåå
çíà÷åíèå ± êâàäðàòè÷íàÿ îøèáêà.

Ìàòåðèàëû. Â ýêñïåðèìåíòàõ áûëè
èñïîëüçîâàíû ôèêîëë-400 («Serva»), HEPES
(«Sigma»), ÝÄÒÀ («Calbiochem»), d-ãëþêîçà
(«Sigma»), L-ãëóòàìàò («Sigma»), L-[14C]-
ãëóòàìàò («Amersham»), SDS («Fluka»),
NaCl, KCl, MgCl

2
, NaH

2
PO

4
, ÑàCl

2 
(î.ñ.÷.

«Ðåàõèì»), ñöèíòèëëÿöèîííàÿ æèäêîñòü
ASC («Amersham»).

ÐÅÇÓËÜÒÀÒÛ È ÈÕ ÎÁÑÓÆÄÅÍÈÅ

Áûëî ïîêàçàíî, ÷òî íåñòèìóëèðîâàííîå,
áàçàëüíîå âûñâîáîæäåíèå L-[14C]ãëóòà-
ìàòà èç ñèíàïòîñîì íå èçìåíÿëîñü ïîñëå
âîçäåéñòâèÿ ìîäåëèðîâàííîé ãðàâèòàöèè.
Ýêñïåðèìåíòàëüíûå ðåçóëüòàòû ïðåäñòàâ-
ëåíû íèæå ñ âû÷åòîì äàííûõ î áàçàëüíîì
âûñâîáîæäåíèè. Äåïîëÿðèçàöèÿ ïëàçìàòè-
÷åñêîé ìåìáðàíû 35 ììîëü/ë KCl â áåñ-
êàëüöèåâîé ñðåäå ïðèâîäèëà ê âûñâî-
áîæäåíèþ íåéðîìåäèàòîðà èç öèòîçîëüíîãî
ïóëà. Ïðè èçó÷åíèè KCl-ñòèìóëèðîâàííîãî
âûñâîáîæäåíèÿ L-[14C]ãëóòàìàòà â áåñ-
êàëüöèåâîé ñðåäå îáíàðóæåíî íåçíà÷è-
òåëüíîå åãî óâåëè÷åíèå � ñ 7,7 % ± 2,8 % â
êîíòðîëå äî 11,0 % ± 2,0 % îáùåãî ñîäåðæà-
íèÿ ìåòêè â ñèíàïòîñîìàõ ïîñëå âîçäåéñòâèÿ
ìîäåëèðîâàííîé ãðàâèòàöèè. Òî åñòü íàáëþ-
äàëàñü òåíäåíöèÿ ê óâåëè÷åíèþ âûñâîáîæ-
äåíèÿ ãëóòàìàòà èç öèòîçîëüíîãî ïóëà ïîñëå
ãðàâèòàöèîííîé íàãðóçêè. Äëÿ äåòàëüíîãî
èññëåäîâàíèÿ âûñâîáîæäåíèÿ L-[14Ñ]ãëó-
òàìàòà íåðâíûìè îêîí÷àíèÿìè áûë èñïîëü-
çîâàí êîíêóðåíòíûé íåñóáñòðàòíûé èíãèáè-
òîð ãëóòàìàòíîãî òðàíñïîðòà DL-òðåî-β-
áåíçèëîêñèàñïàðòàò (DL-ÒÂÎÀ), êîòîðûé
ïðîÿâëÿë äîçîçàâèñèìûé èíãèáèòîðíûé
ýôôåêò íà ïðîöåññ âûñâîáîæäåíèÿ êàê â
êîíòðîëå, òàê è â óñëîâèÿõ ìîäåëèðîâàííîé
ãðàâèòàöèè, ÷òî ïîçâîëèëî ïðåäïîëîæèòü, ÷òî
âûñâîáîæäåíèå â îáîèõ ñëó÷àÿõ øëî ïðè
ó÷àñòèè ãëóòàìàòíûõ òðàíñïîðòåðîâ, ôóíê-
öèîíèðóþùèõ â ðåâåðñíîì ðåæèìå.

Âûñâîáîæäåíèå ãëóòàìàòà èç öèòîçîëüíîãî ïóëà ñèíàïòîñîì
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Ïðîòîíîôîð FCCP íàðóøàåò ïðîòîííûé
ãðàäèåíò ñèíàïòè÷åñêèõ âåçèêóë è ìèòî-
õîíäðèàëüíîé ìåìáðàíû, âûçûâàåò äåïî-
ëÿðèçàöèþ ïëàçìàòè÷åñêîé ìåìáðàíû,
ñíèæåíèå ñîäåðæàíèÿ ÀÒÔ è ïîâûøåíèå
[Na+]

I.
 Ýòè èçìåíåíèÿ ïðèâîäÿò ê âûñâî-

áîæäåíèþ ãëóòàìàòà èç ñèíàïòè÷åñêèõ
âåçèêóë, óâåëè÷åíèþ öèòîçîëüíîãî ïóëà
íåéðîìåäèàòîðà è ðåâåðñíîìó ôóíêöèîíè-
ðîâàíèþ ðàáîòû ãëóòàìàòíûõ òðàíñïîð-
òåðîâ. 1 ìêìîëü/ë FCCP per se âûçûâàåò
êàëüöèéíåçàâèñèìîå âûñâîáîæäåíèå ãëó-
òàìàòà èç ñèíàïòîñîì. Ðàçíèöó â FCCP-
ñòèìóëèðîâàííîì âûñâîáîæäåíèè ìåæäó
íîðìîé è ãðàâèòàöèåé íàáëþäàëè òîëüêî â
íà÷àëüíûé ïåðèîä äåéñòâèÿ FCCP. Çà 30 ñ
âûñâîáîæäàåòñÿ 5,0±1,0 è 9,0 % ± 1,2 %
îáùåãî ñîäåðæàíèÿ ìåòêè â ñèíàïòîñîìàõ
â êîíòðîëå è ïîñëå ãèïåðãðàâèòàöèè ñîîò-
âåòñòâåííî (Ð<0,05), ÷åðåç 2 ìèí ðàçíèöà
íèâåëèðóåòñÿ (ðèñ. 1). Â íàñòîÿùåé ðàáîòå
áûëî èññëåäîâàíî KCl-ñòèìóëèðîâàííîå
âûñâîáîæäåíèå L-[14C]ãëóòàìàòà ïîñëå 5
ìèí èíêóáàöèè ñèíàïòîñîì ñ 1 ìêìîëü/ë
FCCP. Ïðè ýòîì ÷åðåç 10 ìèí íàáëþäàëè
çíà÷èòåëüíîå óâåëè÷åíèå âûñâîáîæäåíèÿ
L-[14C]ãëóòàìàòà � 27,0 ± 2,2 è 35,0 % ± 2,3 %
â êîíòðîëå è ïîñëå ãðàâèòàöèîííîé íàãðóçêè
ñîîòâåòñòâåííî (Ð<0,05; ðèñ. 2,à). Áûëî
ïîêàçàíî,  ÷òî ñòèìóëèðîâàííîå FCCP,
FCCP+KCl âûñâîáîæäåíèå L-[14C]ãëóòà-

ïîëÿðèçàöèåé êàëüöèéíåçàâèñèìîãî âûñâî-
áîæäåíèÿ ãëóòàìàòà. Ïðè÷åì â óñëîâèÿõ
ìîäåëèðîâàííîé ãðàâèòàöèè âûñâîáîæäå-
íèå ãëóòàìàòà èç öèòîçîëüíîãî ïóëà çíà÷è-
òåëüíî âûøå, ÷åì â êîíòðîëå.

Êîíêóðåíòíûé èíãèáèòîð òðàíñïîð-
òåðîâ ãëóòàìàòà  DL-òðåî-β -ãèäðîêñè-
àñïàðòàò (DL-THA) èíäóöèðóåò âûñâî-
áîæäåíèå ãëóòàìàòà èç öèòîçîëüíîãî ïóëà
ñèíàïòîñîì ïóòåì ãåòåðîîáìåíà, èç-çà íåçà-
âåðøåííîãî òðàíñïîðòíîãî öèêëà. Ïîêàçàíî,
÷òî âûñâîáîæäåíèå L-[14C]ãëóòàìàòà çà 10
ìèí, âûçâàííîå 100 ìêìîëü/ë DL-THA è 1
ìêìîëü/ë FCCP â óñëîâèÿõ ìîäåëèðîâàííîé
ãðàâèòàöèè, ñóùåñòâåííî âûøå, ÷åì â êîíò-
ðîëå (44,0±2,0 â êîíòðîëå è 52,0 % ± 2,3 %
ïðè ãèïåðãðàâèòàöèè; ñì. ðèñ. 2,á). Òàêèì
îáðàçîì, ðåçóëüòàòû, ïîëó÷åííûå ñ ïðèìåíå-
íèåì DL-THA, òàêæå ñâèäåòåëüñòâóþò îá
óâåëè÷åíèè âûñâîáîæäåíèÿ ãëóòàìàòà èç
öèòîçîëüíîãî ïóëà ïîñëå èíäóöèðîâàííîé
öåíòðèôóãèðîâàíèåì ãèïåðãðàâèòàöèè.

Ïîäõîä ñîâìåñòíîãî ïðèìåíåíèÿ FCCP,
KCl è DL-THA ïîçâîëèë âûÿâèòü çíà÷è-
òåëüíûå ðàçëè÷èÿ ôóíêöèîíèðîâàíèÿ â
ðåâåðñíîì ðåæèìå ãëóòàìàòíûõ òðàíñïîð-
òåðîâ â óñëîâèÿõ ìîäåëèðîâàííîé ãðàâèòà-
öèè. Êàê âûøå áûëî ñêàçàíî, óâåëè÷åíèå
âûñâîáîæäåíèÿ ãëóòàìàòà èç öèòîçîëüíîãî
ïóëà ÿâëÿåòñÿ ìàðêåðîì ãèïîêñè÷åñêîãî
ïîðàæåíèÿ íåéðîíîâ [15, 18, 21, 25, 31, 32,

Ðèñ. 1. Êàëüöèéíåçàâèñèìîå âûñâîáîæäåíèå L-[14C]ãëóòàìàòà,
èíäóöèðîâàííîå 1 ìêìîëü/ë FCCP, èç ñèíàïòîñîì êîíòðîëüíûõ
æèâîòíûõ (1) è æèâîòíûõ ïîñëå ãðàâèòàöèîííîé íàãðóçêè (2). Çäåñü è
íà ðèñ. 2 ïî îñè îðäèíàò � âûñâîáîæäåíèå ãëóòàìàòà
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ìàòà ÷óâñòâèòåëüíî ê äåéñò-
âèþ èíãèáèòîðà ãëóòàìàòíûõ
òðàíñïîðòåðîâ DL-ÒÂÎÀ, ÷òî
äîêàçûâàåò íåïîñðåäñòâåííîå
ó÷àñòèå òðàíñïîðòåðîâ â ýòîì
ïðîöåññå. Òàêèì îáðàçîì, áû-
ëî ïîêàçàíî ÷òî FCCP-èíäóöè-
ðîâàííîå âûñâîáîæäåíèå ãëó-
òàìàòà èç ñèíàïòè÷åñêèõ âåçè-
êóë, óâåëè÷åíèå öèòîçîëüíîãî
ïóëà íåéðîìåäèàòîðà è íàðó-
øåíèå áàëàíñà ìåæäó öèòî-
çîëüíûì è âåçèêóëèðîâàííûì
ï óëàìè ïðèâîäèò  ê  óâåëè-
÷åíèþ ñòèìóëèðîâàííîãî äå-

Ò.À Áîðèñîâà, Í.Â. Êðûñàíîâà
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33, 38]. Óâåëè÷åííîå âûñâîáîæäåíèå ãëóòà-
ìàòà ìîæåò ïðèâîäèòü ê íàðóøåíèÿì óìñò-
âåííûõ è êîãíèòèâíûõ ñïîñîáíîñòåé, à â
äàëüíåéøåì è ê íåéðîòîêñè÷íîñòè è ñóäîðî-
ãàì â óñëîâèÿõ èçìåíåííîé ãðàâèòàöèè.

Ò.À. Borisova, N.V. Krisanova

ENLARGED CA2+-INDEPENDENT RELEASE OF
GLUTAMATE FROM SYNAPTOSOMES UNDER
CENTRIFUGE-INDUCED HYPERGRAVITY
MODELING

The release of L-[14C]glutamate via Na+-dependent glutamate
transporters functioned in the reverse mode was investigated
in cortical synaptosomes under centrifuge-induced hyper-
gravity. The protonophore carbonyl cyanide-p-trifluoro-
methoxyphenyl-hydrazon (FCCP) induced increase in [Na+]i,
depolarized the plasma membrane, dissipated the proton gra-
dient across synaptic vesicles and mitochondrial membrane,
caused a fall in both the ATP level and the ATP/ADP ratio. 35
mM KCl-stimulated L-[14C]glutamate release from synapto-
somes preliminary treated with 1 µM FCCP considerably
increased from 27.0±2.2 % to 35.0±2.3 % of total accumu-
lated synaptosomal label after centrifuge-induced hypergravity
as compared to control animals (Ð<0.05). We found the
competitive nontransportable glutamate transporter inhibitor
DL-threo-β-benzyloxyaspartate to inhibit FCCP and high
KCL-stimulated release of L-[14C]glutamate. The release would
be expected to occur via plasma membrane glutamate trans-
porters. Transportable inhibitor of glutamate transporters-
DL-threo-beta-hydroxyaspartate (DL-THA) induced
heteroexchange of L-[14C]glutamate from enlarged by FCCP
cytosolic pool of the neurotransmitter. DL-THA-evoked
release of L-[14C]glutamate was also increased significantly
after hypergravity. Combined application of KCl, DL-THA
and FCCP unmasked dramatic changes in the activity of the
glutamate transporters functioning in the reverse mode after
centrifuge-induced G-loading.

Palladin Institute of Biochemistry, NAS of Ukraine
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