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Ðåòðîãðàäíà ñèãíàë³çàö³ÿ
â ÃÀÌÊ- ³ ãëóòàìàòåðã³÷íèõ ñèíàïñàõ ãîëîâíîãî ìîçêó

Ñîãëàñíî êëàññè÷åñêèì ïðåäñòàâëåíèÿì, ïåðåäà÷à èíôîðìàöèè â õèìè÷åñêèõ ñèíàïñàõ ïðîèñõîäèò
â îäíîì íàïðàâëåíèè � îò ïðåñèíàïòè÷åñêèõ íåéðîíîâ ê ïîñòñèíàïòè÷åñêèì. Õîòÿ è ðàíåå áûëè
èçâåñòíû ñëó÷àè ïåðåäà÷è èíôîðìàöèè â îáðàòíîì íàïðàâëåíèè, ò.å. ðåòðîãðàäíî, îíè ñ÷èòàëèñü
ðåäêèìè èñêëþ÷åíèÿìè. Îäíàêî â ïîñëåäíåå âðåìÿ ïîêàçàíî, ÷òî ðåòðîãðàäíàÿ ñèãíàëèçàöèÿ â
öåíòðàëüíîé íåðâíîé ñèñòåìå íà ñàìîì äåëå ÿâëÿåòñÿ äîâîëüíî ðàñïðîñòðàíåííûì ÿâëåíèåì. Â
äàííîì îáçîðå áóäóò ðàññìîòðåíû äâå ñõîäíûå ôîðìû êðàòêîâðåìåííîé ïëàñòè÷íîñòè ÃÀÌÊ- è
ãëóòàìàòýðãè÷åñêîé ïåðåäà÷è, õàðàêòåðíûå äëÿ íåñêîëüêèõ ñòðóêòóð ãîëîâíîãî ìîçãà,
îïîñðåäîâàííûå ðåòðîãðàäíûìè ìåññåíäæåðàìè � ýíäîêàííàáèíîèäàìè. À èìåííî, áóäåò
îõàðàêòåðèçîâàíî ÿâëåíèå, íàçâàííîå �ïîäàâëåíèå òîðìîæåíèÿ, âûçâàííîå äåïîëÿðèçàöèåé�,
íàáëþäàåìîå â ÃÀÌÊýðãè÷åñêèõ ñèíàïñàõ, à òàêæå ñõîäíîå ÿâëåíèå â ãëóòàìàòýðãè÷åñêèõ
ñèíàïñàõ, íàçâàííîå �ïîäàâëåíèå âîçáóæäåíèÿ âûçâàííîå äåïîëÿðèçàöèåé�.
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Ïðèãí³÷åííÿ ãàëüìóâàííÿ, çóìîâëåíå äåïîëÿ-
ðèçàö³ºþ (ÏÃÇÄ), º ôîðìîþ êîðîòêî÷àñíî¿
ïëàñòè÷íîñò³ ÃÀÌÊåðã³÷íî¿ ñèíàïòè÷íî¿ ïå-
ðåäà÷³. Ïîä³áíå ÿâèùå � ïðèãí³÷åííÿ çáóäæåí-
íÿ, çóìîâëåíå äåïîëÿðèçàö³ºþ (ÏÇÇÄ),
ñïîñòåð³ãàºòüñÿ â ãëóòàìàòåðã³÷íèõ ñèíàïñàõ.
Õî÷à îáèäâ³ ôîðìè ïëàñòè÷íîñò³ ñïðè÷èíåí³
çá³ëüøåííÿì êîíöåíòðàö³¿ êàëüö³þ â ïîñòñè-
íàïòè÷íèõ íåéðîíàõ, çì³íè åôåêòèâíîñò³
ñèíàïòè÷íî¿ ïåðåäà÷³ â³äáóâàþòüñÿ ïðåñèíàï-
òè÷íî, ùî º ö³êàâèì ïðèêëàäîì ðåòðîãðàäíî¿
ïåðåäà÷³ ³íôîðìàö³¿ ó öåíòðàëüí³é íåðâîâ³é
ñèñòåì³ (ÖÍÑ). Çâàæàþ÷è íà âàæëèâó ðîëü
åíäîêàííàá³íî¿ä³â ó ÏÃÇÄ ³ ÏÇÇÄ, ïðî ùî
ìîâà áóäå éòè íèæ÷å, ìè ñïî÷àòêó êîðîòêî
ðîçãëÿíåìî äåÿê³ â³äîìîñò³ ïðî ö³ ðå÷îâèíè.

Åíäîêàííàá³íî¿äíà ñèñòåìà ñèãíàë³çàö³¿

Ïîõ³äí³, îòðèìàí³ ç ðîñëèíè Cannabis sati-
va, âèêîðèñòîâóâàëèñÿ ëþäñòâîì ïðîòÿãîì

òèñÿ÷îë³òü. Âàæëèâèì ïîøòîâõîì äëÿ ðîç-
âèòêó õ³ì³÷íèõ ³ ô³ç³îëîã³÷íèõ äîñë³äæåíü
êàííàá³íî¿ä³â ñòàëî âèçíà÷åííÿ ñòðóêòóðè
àêòèâíîãî ³íãðåä³ºíòà êîíîïë³ ∆9-òåòðàã³ä-
ðîêñèêàííàá³íîëó [13]. ²äåíòèô³êàö³ÿ ∆9-
òåòðàã³äðîêñèêàííàá³íîëó äàëà ìîæëèâ³ñòü
ñèíòåçóâàòè âûñîêîàô³íí³ êàííàá³íî¿äè, ùî
ó ñâîþ ÷åðãó ïðèçâåëî äî ³äåíòèô³êàö³¿
êàííàá³íî¿äíèõ ðåöåïòîð³â ïåðøîãî òèïó �
ÑÂ1-ðåöåïòîð³â [32], ëîêàë³çîâàíèõ ó ÖÍÑ.
Ï³çí³øå áóëè ³äåíòèô³êîâàí³ êàííàá³íî¿äí³
ðåöåïòîðè äðóãîãî òèïó � ÑÂ2-ðåöåïòîðè
[33], ùî íà â³äì³íó â³ä ÑÂ1-ðåöåïòîð³â
åêñïðåñóþòüñÿ  ïåðåâàæíî â  êë ³òèíàõ
³ìóííî¿ ñèñòåìè. Ùå íåùîäàâíî ââàæà-
ëîñÿ, ùî ÑÂ2-ðåöåïòîðè çîâñ³ì íå åêñïðå-
ñîâàí³ â íåéðîíàõ ÖÍÑ, àëå ðåçóëüòàòè,
îïóáë³êîâàí³ â 2005 ð. ïåðåêîíëèâî äåìîí-
ñòðóþòü íàÿâí³ñòü öèõ ðåöåïòîð³â ó íåéðî-
íàõ ñòîâáóðà ìîçêó, êîðè òà ìîçî÷êó [47].
Îñê³ëüêè äåÿê³ åôåêòè êàííàá³íî¿ä³â çáåð³-
ãàþòüñÿ ó ãåíåòè÷íî ìîäèô³êîâàíèõ ìèøåé,
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ó ÿêèõ â³äñóòí³ ³ ÑÂ1-ðåöåïòîðè, ââàæàºòü-
ñÿ, ùî ³ñíóº òàêîæ òðåò³é (äîñ³ íå êëîíîâà-
íèé) òèï êàííàá³íî¿äíèõ ðåöåïòîð³â (CB3).
Àëå, çâàæàþ÷è íà äàí³ Van Sickle òà ñï³â-
àâò. [47], ìîæëèâî, öå ïðèïóùåííÿ áóäå
ñïðîñòîâàíî.

Ó 90-õ ðîêàõ äâà åíäîãåííèõ ë³ï³äè ìîç-
êó áóëè ³äåíòèô³êîâàí³ ÿê àãîí³ñòè ÑÂ1-ðå-
öåïòîð³â: àíàíäàì³ä [5] ³ 2-àðàõ³äîí³ëãë³-
öåðîë (2-ÀÃ) [44], (ðèñ. 1). Ï³çí³øå áóëè
³äåíòèô³êîâàí³ é ³íø³ àãîí³ñòè öèõ ðåöåïòî-
ð³â: íîëàä³í [19] ³ â³ðîäàì³í [39]. Ñë³ä
â³äçíà÷èòè, ùî â³ðîäàì³í, íà â³äì³íó â³ä
³íøèõ åíäîêàííàá³íî¿ä³â, ÿâëÿþ÷è ñîáîþ
÷àñòêîâèé àãîí³ñò ÑÂ1-ðåöåïòîð³â, àíòàãî-
í³ñòè÷íî âïëèâàº íà åôåêòè, îïîñåðåäêîâàí³
öèìè ðåöåïòîðàìè in vivo [39].

Ïîêàçàíî, ùî ñèíòåç ³ âèâ³ëüíåííÿ åíäî-
êàííàá³íî¿ä³â ìîæå àêòèâóâàòèñÿ ï³äâèùåí-
íÿì êîíöåíòðàö³¿ âíóòð³øíüîêë³òèííèõ ³îí³â
êàëüö³þ é àêòèâàö³ºþ ð³çíèõ ðåöåïòîð³â [7,
40, 41]. Ââàæàºòüñÿ, ùî óòâîðåííÿ 2-àðà-
õ³äîí³ëãë³öåðîëó çä³éñíþºòüñÿ çà ðàõóíîê
(1)  îïîñåðåäêîâàíîãî ôîñôîë³ïàçîþ-3
ã³äðîë³çó ìåìáðàííèõ ôîñôîë³ï³ä³â, ùî
ïðèçâîäèòü äî óòâîðåííÿ ä³àöèëãë³öåðîëó,
ÿêèé (2) ïåðåòâîðþºòüñÿ íà 2-àðàõ³äîí³ë-
ãë³öåðîë çà äîïîìîãîþ ä³àöèëãë³öåðîëë³ïàçè
[12]. Õî÷à ðàí³øå ââàæàëîñÿ, ùî àíàíäàì³ä
ñèíòåçóºòüñÿ ç àðàõ³äîíîâî¿ êèñëîòè ³ åòà-
íîëàì³íó çà äîïîìîãîþ ã³äðîëàçè àì³ä³â
æèðíèõ êèñëîò (ÃÀÆÊ), ñêîðî÷åíî íàçâàíî¿
â ³íîçåìí³é ë³òåðàòóð³ FAAH (fatty acid
amide hydrolase), á³ëüø ³ìîâ³ðíî, ùî ó
ô³ç³îëîã³÷íèõ óìîâàõ àíàíäàì³ä óòâîðþºòü-
ñÿ ç N-àðàõ³äîí³ë ôîñôàòèäèëåòàíîëàì³íó
çà äîïîìîãîþ ôîñôîë³ïàçè D, à ÃÀÆÊ ó
öèõ óìîâàõ íàâïàêè, ³íàêòèâóº àíàíäàì³ä
[12]. ²ñíóþòü òàêîæ ôåðìåíòè, ùî ã³äðîë³-

çóþòü ³ ³íàêòèâóþòü 2-ÀÃ.
Òàêèì ÷èíîì, ïîêàçàíà íàÿâí³ñòü ñèñ-

òåìè åíäîêàííàá³íî¿äíî¿ ñèãíàë³çàö³¿ (çîê-
ðåìà ó ìîçêó), ùî âêëþ÷àº: åíäîêàííàá³-
íî¿äè, ñïåöèô³÷í³ åíäîêàííàá³íî¿äí³ ðåöåï-
òîðè, ìåõàí³çìè, ùî çä³éñíþþòü ñèíòåç ³
äåàêòèâàö³þ åíäîêàííàá³íî¿ä³â. Âñòàíîâëå-
íî, ùî åíäîêàííàá³íî¿äè ìîäóëþþòü íèçêó
ô³ç³îëîã³÷íèõ ïðîöåñ³â ó ãîëîâíîìó ìîçêó
[11, 37,  52].  Òîìó íå äèâíî, ùî ëàíêè
åíäîêàííàá³íî¿äíî¿ ñèñòåìè ñèãíàë³çàö³¿
ââàæàþòüñÿ ïîòåíö³éíî âàæëèâèìè ì³øå-
íÿìè äëÿ òåðàïåâòè÷íîãî âïëèâó [3, 4, 6].

Ðåòðîãðàäíà ñèãíàë³çàö³ÿ
â ÃÀÌÊåðã³÷íèõ ñèíàïñàõ

Ó÷àñòü ÑÂ1-ðåöåïòîð³â. Ó ã³ïîêàìï³ òà
íåîêîðòåêñ³ á³ëüø³ñòü íåéðîí³â, ùî åêñïðå-
ñóþòü CB1-ðåöåïòîðè, º ÃÀÌÊåðã³÷íèìè ³
öå äàº ï³äñòàâè ïðèïóñêàòè, ùî åíäîêàí-
íàá³íî¿äè â³ä³ãðàþòü âàæëèâó ðîëü ó ìî-
äóëÿö³¿ ñàìå ö³º¿ ñèíàïòè÷íî¿ ïåðåäà÷³ [23,
46]. Ó ã³ïîêàìï³ CB1-ðåöåïòîðè çäåá³ëü-
øîãî ëîêàë³çîâàí³ íà òåðì³íàëÿõ àêñîí³â
êîðçèí÷àñòèõ ³íòåðíåéðîí³â, ùî åêñïðå-
ñóþòü íåéðîìîäóëÿòîðíèé ïåïòèä õîëåöèñ-
òîê³í³í, à îñíîâíà ôóíêö³ÿ öèõ ðåöåïòîð³â �
çìåíøåííÿ âèâ³ëüíåííÿ ÃÀÌÊ ³ç òåðì³íà-
ëåé àêñîí³â öüîãî òèïó ³íòåðíåéðîí³â.

Âàæëèâèì åòàïîì ó äîñë³äæåíí³ ô³ç³î-
ëîã³÷íîãî çíà÷åííÿ åíäîêàííàá³íî¿ä³â ñòàëî
âèÿâëåííÿ ¿õ ó÷àñò³ â ÿâèù³ «depolarization-
induced suppression of inhibition», òîáòî
«ïðèãí³÷åííÿ ãàëüìóâàííÿ, çóìîâëåíîãî
äåïîëÿðèçàö³ºþ» (ÏÃÇÄ) [34, 51]. Ïîòåí-
ö³àëè ä³¿ àáî êîðîòêîòðèâàëà äåïîëÿðèçàö³ÿ
ìåìáðàíè  ïîñòñèíàïòè÷íîãî  íåéðîíà
ïðèçâîäÿòü äî òðàíçèºíòíîãî ïðèãí³÷åííÿ

Ðèñ. 1. Ìîëåêóëÿðíà ñòðóêòóðà åíäîãåííèõ êàííàá³íî¿ä³â àíàíäàì³äó (1) òà 2-àðàõ³äîí³ëãë³öåðîëó (2)
21
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åôåêòèâíîñò³ ÃÀÌÊåðã³÷íî¿ ñèíàïòè÷íî¿
ïåðåäà÷³ (ðèñ. 2). ßâèùå ÏÃÇÄ áóëî ñïî-
÷àòêó îïèñàíî â íåéðîíàõ Ïóðê³í�º ìîçî÷êà
[29], ï³çí³øå â íåéðîíàõ ã³ïîêàìïà [38],
íåéðîíàõ ÷îðíî¿ ñóáñòàíö³¿ [53] òà íåîêîð-
òåêñà [42, 45]. Íåçâàæàþ÷è íà òå, ùî ÏÃÇÄ
îïîñåðåäêîâàíå çá³ëüøåííÿì êîíöåíòðàö³¿
³îí³â êàëüö³þ â ïîñòñèíàïòè÷í³é êë³òèí³, ìå-
õàí³çìè, ùî çóìîâëþþòü öå ÿâèùå, ïðåñè-
íàïòè÷í³ (ïåðåë³ê äîêàç³â, ùî âêàçóþòü íà
çá³ëüøåííÿì êîíöåíòðàö³¿ Ñà2+ â ïîñòñèíàï-
òè÷í³é êë³òèí³ òà ïðåñèíàïòè÷í³ñòü ÏÃÇÄ
íàâåäåíî â äîäàòêó 1). Íåùîäàâíî áóëî
âñòàíîâëåíî, ùî êëþ÷îâó ðîëü ó ÿâèù³
ÏÃÇÄ â³ä³ãðàþòü åíäîêàííàá³íî¿äè, êîòð³
âèâ³ëüíÿþòüñÿ ³ç ïîñòñèíàïòè÷íî¿ êë³òèíè,
àêòèâóþòü CB1-ðåöåïòîðè íà òåðì³íàëÿõ
àêñîíó ïðåñèíàïòè÷íî¿ êë³òèíè, ³ öå ïðèç-
âîäèòü äî çìåíøåííÿ âèâ³ëüíåííÿ ÃÀÌÊ.
Òîáòî íà â³äì³íó â³ä êëàñè÷íèõ óÿâëåíü ïðî
ðîáîòó ñèíàïñà (ïåðåäà÷à ñèãíàë³â ò³ëüêè
â³ä ïðåñèíàïòè÷íîãî íåéðîíà äî ïîñòñèíàï-
òè÷íîãî), â³äáóâàºòüñÿ çâîðîòíà àáî ðåò-
ðîãðàäíà ïåðåäà÷à ³íôîðìàö³¿. Åêñïåðèìåí-
òàëüíî ïîêàçàíî ó÷àñòü åíäîêàííàá³íî¿ä³â
ó ÏÃÇÄ ó ã³ïîêàìï³ [34, 51] òà ìîçî÷êó [26],
à îñòàíí³ì ÷àñîì ³ â íåîêîðòåêñ³ [45]. ÏÃÇÄ
ìîæíà ñïîñòåð³ãàòè íå ò³ëüêè â ãëóòàìàò-
åðã³÷íèõ, à ³ â ÃÀÌÊåðã³÷íèõ íåéðîíàõ [35],

ùî äàº ï³äñòàâè ïðèïóñêàòè íàÿâí³ñòü
äåÿêèõ ÃÀÌÊåðã³÷íèõ íåéðîí³â, ÿê³ çäàòí³
âèâ³ëüíÿòè åíäîêàííàá³íî¿äè. Ç ³íøîãî áîêó,
ÿâèùå ÏÃÇÄ íå ñïî ñòåð³ãàëè â  ³íòåð-
íåéðîíàõ stratum radiatum (SR) ³ stratum
oriens (SÎ), õî÷à ãàëüì³âíèé âõ³ä äî öèõ
êë³òèí ìîäóëþºòüñÿ øòó÷íî ñèíòåçîâàíèì
êàííàá³íî¿äîì win55,212-2  [20] .  Òàê³
ðåçóëüòàòè äàëè ï³äñòàâó çðîáèòè âèñíîâîê,
ùî ö³ ³íòåðíåéðîíè íå çäàòí³ ñèíòåçóâàòè ³
âèâ³ëüíÿòè åíäîêàííàá³íî¿äè íàâ³òü êîëè
âîíè çíàõîäÿòüñÿ  äîâãèé  ÷àñ  â  ñò àí ³
äåïîëÿðèçàö³¿  [20].  Íà íàøó äóìêó, ö³
â³äîìîñò³ íå âèêëþ÷àþòü òîãî, ùî ïåâíèé
òèï àêòèâíîñò³ ³íòåðíåéðîí³â (SR) ³ stratum
oriens (SÎ), ìîæå òèì íå ìåíø, ñïðèÿòè
ñèíòåçó òà âèâ³ëüíåííþ åíäîêàííàá³íî¿ä³â.
Ä³éñíî, ÿêùî öå íå òàê, òî ôóíêö³îíàëüíå
çíà÷åííÿ êàííàá³íî¿äíèõ ðåöåïòîð³â íà
ãàëüì³âíèõ âõîäàõ ³íòåðíåéðîí³â SR òà SO,
çàëèøàºòüñÿ íåçðîçóì³ëèì. Íà êîðèñòü
ìîæëèâîñò³ âèâ³ëüíåííÿ åíäîêàííàá³íî¿ä³â
ÃÀÌÊåðã³÷íèìè íåéðîíàìè ñâ³ä÷àòü òàêîæ
ñïîñòåðåæåííÿ,  çðîáëåí³  íåùîäàâíî â
íåéðîíàõ íåîêîðòåêñà [2]. Ïîêàçàíî, ùî â
ö³é ñòðóêòóð³  ìîçêó åíäîêàííàá³íî¿äè
âèâ³ëüíÿþòüñÿ ïîïóëÿö³ºþ ÃÀÌÊåðã³÷íèõ
íåéðîí³â, ùî ïðèçâîäèòü äî ñàìîãàëüìó-
âàííÿ (autoinhibition) àêòèâíîñò³ ñàìå öèõ

Ðèñ. 2. Ïðèêëàäè ãàëüì³âíèõ ïîñòñèíàïòè÷íèõ ñòðóì³â (ÃÏÑÑ), âèêëèêàíèõ ïàðíîþ ïîçàêë³òèííîþ ñòèìóëÿö³ºþ
ïðåñèíàïòè÷íîãî íåéðîíà íåîêîðòåêñà äî òà ï³ñëÿ òðàíçèºíòíî¿ äåïîëÿðèçàö³¿ (5 ñ, äî 0 ìÂ) ïîñòñèíàïòè÷íîãî
íåéðîíà. Ï³äòðèìóâàíèé ïîòåíö³àë ñòàíîâèâ �60 ìÂ
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íåéðîí³â, ³ äàíèé ïðîöåñ îïîñåðåäêîâóºòüñÿ
ÑÂ1-ðåöåïòîðàìè [2].

Òàêèì ÷èíîì, ïèòàííÿ ïðî ñèíòåç ³
âèâ³ëüíåííÿ åíäîêàííàá³íî¿ä³â ÃÀÌÊåð-
ã³÷íèìè íåéðîíàìè çàëèøàºòüñÿ âñå ùå íå
äîñòàòíüî âèâ÷åíèì.

Ìåõàí³çìè, çà äîïîìîãîþ ÿêèõ àêòèâà-
ö³ÿ ÑÂ1 ðåöåïòîð³â ïðèçâîäèòü äî çìåí-
øåííÿ åôåêòèâíîñò³ ñèíàïòè÷íî¿ ïåðåäà÷³
ï³ä ÷àñ ÏÃÇÄ .

Àíàë³ç ë³òåðàòóðíèõ äàíèõ ùîäî ìîæëè-
âèõ ïðåñèíàïòè÷íèõ åôåêò³â êàííàá³íî¿ä³â
äîçâîëÿº ïðèïóñêàòè, ùî ìàéæå êîæíèé
åòàï ïðîöåñ³â, ùî ïðèçâîäÿòü äî âèâ³ëü-
íåííÿ ìåä³àòîðà, ìîæå ìîäóëþâàòèñÿ òà-
êîæ ³ åíäîêàííàá³íî¿äàìè. Çîêðåìà, êàííà-
á³íî¿äè ìîæóòü: à) áåçïîñåðåäíüî çìåíøó-
âàòè âõ³ä ³îí³â êàëüö³þ äî ïðåñèíàïòè÷íî¿
òåðì³íàë³ ÷åðåç ïîòåíö³àëçàëåæí³ êàëüö³ºâ³
êàíàëè N- òà P/Q-òèï³â; á) çá³ëüøóâàòè
êàë³ºâó ïðîâ³äí³ñòü [16], ùî ïðèçâîäèòü äî
çìåíøåííÿ òðèâàëîñò³ ïîòåíö³àëà ä³¿ â
ïðåñèíàïòè÷í³é òåðì³íàë³ ³, òàêèì ÷èíîì,
îïîñåðåäêîâàíîãî çìåíøåííÿ âõîäó ³îí³â
êàëüö³ÿ â òåðì³íàë³. Ðåçóëüòàòè ôàðìàêî-
ëîã³÷íèõ äîñë³äæåíü äîçâîëèëè çðîáèòè
âèñíîâîê, ùî ÏÃÇÄ ó ìîçî÷êó çóìîâëåíî
çìåíøåííÿì êàëüö³ºâèõ ñòðóì³â ÷åðåç
ïîòåíö³àëçàëåæí³ êàíàëè P-òèïó [8, 10], à
òàêîæ àêòèâàö³ºþ êàë³ºâèõ ñòðóì³â [25]. Íà
â³äì³íó â³ä öüîãî, ÏÃÇÄ ó ã³ïîêàìï³ ïîâ�ÿ-
çàíî ç³ çìåíøåííÿì ñòðóìó ÷åðåç êàëüö³ºâ³
êàíàëè N-òèïó [52], à àêòèâàö³ÿ êàë³ºâî¿
ïðîâ³äíîñò³ íå â³ä³ãðàº ñóòòºâî¿ ðîë³ â ÏÃÇÄ
ó ö³é ñòðóêòóð³.

Ð³çí³ åíäîêàííàá³íî¿äè ìîæóòü â³ä³ãðà-
âàòè ð³çíó ðîëü ó ðåãóëÿö³¿ ÃÀÌÊ-åðã³÷íî¿
ïåðåäà÷³.

Íåçâàæàþ÷è íà óñï³õè â äîñë³äæåíí³
åíäîêàííàá³íî¿ä³â óñå ùå íå ç�ÿñîâàíî, ÷è
îáèäâà (íàéá³ëüø äîñë³äæåí³) åíäîêàííà-
á³íî¿äè àíàíäàì³ä ³ 2-ÀÃ áåðóòü ó÷àñòü ó
ðåãóëÿö³ ¿  âèâ³ëüíåííÿ íåéðîìåä³àòîðà
îïîñåðåäêîâàíîãî ÑÂ1-ðåöåïòîðàìè. Íàï-
ðèêëàä, Åëô³ê òà Åãåðòîâà ââàæàþòü, ùî
2-ÀÃ, á³ëüø ³ìîâ³ðíî, âíóòð³øíüîêë³òèííà,

í³æ ì³æêë³òèííà ñèãíàëüíà ìîëåêóëà, àðãó-
ìåíòóþ÷è òèì, ùî âèâ³ëüíåííÿ 2-ÀÃ ³ç íåé-
ðîí³â íå ñïîñòåð³ãàëè [11]. Ïðîòå Ñóã³óðà
òà Âàêó, áàçóþ÷èñü íà äàíèõ åêñïåðèìåíò³â
ç âèâ÷åííÿ çàëåæíîñò³ ì³æ ñòðóêòóðîþ òà
àêòèâí³ñòþ 2-ÀÃ, ä³éøëè âèñíîâêó, ùî ñàìå
2-ÀÃ, à íå àíàíäàì³ä º ïðèðîäíèì ë³ãàíäîì,
ÿê äî ÑÂ1-, òàê ³ äî ÑÂ2-ðåöåïòîð³â, ³ îáèä-
âà ö³ ðåöåïòîðà º â ïåðøó ÷åðãó ðåöåïòî-
ðàìè 2-ÀÃ [44].

Íåùîäàâíî áóëî âèÿâëåíî ñóòòºâó â³ä-
ì³íí³ñòü ó ëîêàë³çàö³¿ äâîõ ôåðìåíò³â, ùî
ã³äðîë³çóþòü åíäîêàííàá³íî¿äè: ÃÀÆÊ ³
ìîíîãë³öåðèä ë³ïàçè (ÌÃË) [15]. Ç�ÿñîâàíî,
ùî ÃÀÆÊ,  ÿêà  ã ³äðîë ³çóº  àíàíäàì³ä ,
çäåá³ëüøîãî ëîêàë³çîâàíà â ñîì³ òà äåíäðè-
òàõ ï³ðàì³äíèõ êë³òèí, àëå íå ³íòåðíåéðîí³â.
² íàâïàêè, ÌÃË, ùî êàòàë³çóº ã³äðîë³ç 2-ÀÃ,
çäåá³ëüøîãî ëîêàë³çîâàíà â òåðì³íàëÿõ
àêñîí³â ãðàíóëÿðíèõ êë³òèí, ó ï³ðàì³äíèõ
íåéðîíàõ ïîëÿ CA3 òà â äåÿêèõ ³íòåð-
íåéðîíàõ [15]. Äàí³ òàêèõ äîñë³äæåíü äîç-
âîëÿþòü ïðèïóñòèòè, ùî åíäîêàííàá³íî¿äè
àíàíäàì³ä ³ 2-ÀÃ ìàþòü â³äì³íí³ ôóíêö³¿.
Ðåçóëüòàòè åêñïåðèìåíò³â, ùî ï³äòðèìóþòü
òàêå ïðèïóùåííÿ áóëè îïóáë³êîâàí³ ìàéæå
îäíî÷àñíî [24]. Áóëî ïîêàçàíî, ùî ³íã³áó-
âàííÿ öèêëîîêñèãåíàçè-2 (COX-2), íà â³ä-
ì³íó â³ä ÃÀÆÊ, çá³ëüøóº òðèâàë³ñòü ÏÃÇÄ
ó ï³ðàì³äíèõ íåéðîíàõ ã³ïîêàìïà [24].
Çâàæàþ÷è íà òå, ùî ³íã³áóâàííÿ ñàìå COX-
2 (ùî âïëèâàº íà ã³äðîë³ç ÿê 2-ÀÃ, òàê ³
àíàíäàì³äó), à íå ÃÀÆÊ (ùî ñåëåêòèâíî
âïëèâàº íà ã³äðîë³ç àíàíäàì³äó) âïëèâàëî
íà ÷àñîâèé ïåðåá³ã ÏÃÇÄ, áóëî çðîáëåíî
âèñíîâîê, ùî ñàìå 2-ÀÃ îïîñåðåäêîâóº
ÏÃÇÄ ó íåéðîíàõ ã³ïîêàìïà. Íåùîäàâíî,
öåé âèñíîâîê áóëî ï³äòâåðäæåíî ³ç âèêîðèñ-
òàííÿì á³ëüø ñåëåêòèâíèõ áëîêàòîð³â ôåð-
ìåíò³â, ùî ³íàêòèâóþòü åíäîêàííàá³íî¿äè
[30]. Ïðîòå íåâ³äîìî, ÷è º òàêà ñåëåêòèâíà
ðîëü 2-ÀÃ ó ÏÃÇÄ ñïåöèô³÷íîþ äëÿ íåéðî-
í³â ã³ïîêàìïà, àáî çàãàëüíîþ çàêîíîì³ðí³ñ-
òþ (òîáòî, ÷è îïîñåðåäêîâóºòüñÿ ÏÃÇÄ â
³íøèõ ñòðóêòóðàõ ìîçêó òàêîæ ñàìå 2-ÀÃ).
Â îñòàííüîìó âèïàäêó âèíèêàº ³íøå çàïè-
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òàííÿ: ÷è ìàº àíàíäàì³ä ÿêóñü ñïåöèô³÷íó
ôóíêö³þ? Òàêèì ÷èíîì, åíäîêàííàá³íî¿äè
àíàíäàì³ä òà 2-ÀÃ â³ä³ãðàþòü â³äì³ííó
ðîëü â ðåãóëÿö³¿ ÃÀÌÊåðã³÷íî¿ ñèíàïòè÷íî¿
ïåðåäà÷³ â ã³ïîêàìï³, àëå äîñ³ íåâ³äîìî, ÷è
º öå çàãàëüíîþ çàêîíîì³ðí³ñòþ âëàñòèâîþ
³ äëÿ ³íøèõ ñòðóêòóð ìîçêó.

Ðåòðîãðàäíà ñèãíàë³çàö³ÿ
â ãëóòóìàòåðã³÷íèõ ñèíàïñàõ

ßâèùå àíàëîã³÷íå ÏÃÇÄ, íàçâàíå �depolar-
ization-induced suppression of excitation�,
òîáòî ïðèãí³÷åííÿ çáóäæåííÿ, çóìîâëåíå
äåïîëÿðèçàö³ºþ (ÏÇÇÄ), ñïîñòåð³ãàºòüñÿ
òàêîæ ó ãëóòàìàòåðã³÷íèõ ñèíàïñàõ. Íà
â³äì³íó â³ä ÏÃÇÄ, ÿêå â íåéðîíàõ ìîçî÷êà
òà ã³ïîêàìïà áóëî âïåðøå îïèñàíî á³ëüøå
äåñÿòèð³÷÷ÿ òîìó [29, 38], ÏÇÇÄ âïåðøå
ñïîñòåð³ãàëè çíà÷íî ï³çí³øå [27, 36] ³ òîìó
âîíî º â³äíîñíî ìåíø äîñë³äæåíèì. ßê ³
ÏÃÇÄ, ÏÇÇÄ îïîñåðåäêîâàíî çá³ëüøåííÿì
êîíöåíòðàö³¿ ³îí³â êàëüö³þ â ïîñòñèíàï-
òè÷íèõ íåéðîíàõ, ïðîòå çóìîâëåíî çìåí-
øåííÿì âèâ³ëüíåííÿ ìåä³àòîðà ³ç ïðåñèíàï-
òè÷íèõ êë³òèí [27, 36]. Êð³ì òîãî, ñàìå
åíäîêàííàá³íî¿äè îïîñåðåäêîâóþòü ðåòðî-
ãðàäíó ïåðåäà÷ó ³íôîðìàö³¿ â îáîõ âèïàä-
êàõ. Ïðîòå, íåçâàæàþ÷è íà âèùåçãàäàí³
ñï³ëüí³  ðèñè,  ÏÃÇÄ ³  ÏÇÇÄ,  ³ìîâ³ðíî,
â³äð³çíÿþòüñÿ çàëó÷åííÿì ÑÂ1-ðåöåïòîð³â.
Ùîäî îïîñåðåäêóâàííÿ ÏÃÇÄ ñàìå ÑÂ1-
ðåöåïòîðàìè ñóìí³â³â íåìàº. Ä³éñíî, êð³ì
ôàðìàêîëîã³÷íèõ äàíèõ ùîäî áëîêàäè
ÏÃÇÄ àíòàãîí³ñòàìè ÑÂ1-ðåöåïòîð³â ,
âñòàíîâëåíî: 1) íàÿâí³ñòü öèõ ðåöåïòîð³â íà
òåðì³íàëÿõ ÃÀÌÊåðã³÷íèõ íåéðîí³â; 2)
â ³äñóòí ³ñòü  åôåêò ³â  êàííàá ³íî ¿ä ³â  íà
ÃÀÌÊåðã³÷íó ïåðåäà÷ó [18] òà â³äñóòí³ñòü
ÏÃÇÄ [48] ó ãåíåòè÷íî ìîäèô³êîâàíèõ
ìèøåé, ó ÿêèõ ÑÂ1-ðåöåïòîðè â³äñóòí³.
Ùîäî ðîë³ ÑÂ1-ðåöåïòîð³â ó ÏÇÇÄ, ðåçóëü-
òàòè ñóïåðå÷ëèâ³. Õî÷à ¿õ àíòàãîí³ñò �
SR141617A ³ áëîêóº âïëèâ êàííàá³íî¿ä³â íà
ãëóòàìàòåðã³÷íó ïåðåäà÷ó, ïðîòå â �ïðèíöè-
ïîâèõ� êë³òèíàõ ìàéæå (÷è çîâñ³ì) íåìàº
â³äïîâ³äíî¿ ìàòðè÷íî¿ ÐÍÊ [31]; êð³ì òîãî,

íà â³äì³íó â³ä ÃÀÌÊåðã³÷íèõ òåðì³íàëåé,
ÑÂ1-ðåöåïòîðè íå âäàëîñÿ âèÿâèòè íà
ãëóòàìàòåðã³÷íèõ òåðì³íàëÿõ [22]. Òàêîæ
íåìàº  êîíñåíñó ñó  ùîäî  íàÿâíî ñò ³  ÷è
â³äñóòíîñò³ ÏÇÇÄ ó ãåíåòè÷íîìîäèô³êîâà-
íèõ òâàðèí, ó ÿêèõ ÑÂ1-ðåöåïòîðè â³äñóòí³.
Äàí³ ãðóïè ÿïîíñüêèõ äîñë³äíèê³â [36]
ñâ³ä÷àòü íà êîðèñòü ó÷àñò³  ñàìå ÑÂ1-
ðåöåïòîð³â ó ÏÇÇÄ, à ðåçóëüòàòè ãðóïè
äîñë³äíèê³â ³ç Óãîðùèíè [17] � íà êîðèñòü
³íøîãî òèïó ðåöåïòîð³â, ÷óòëèâîãî äî åíäî-
êàííàá³íî¿ä³â, àëå äîñ³ íå³äåíòèô³êîâàíîãî.

Òàêèì ÷èíîì, ïîäàëüøå âèâ÷åííÿ öüîãî
ïèòàííÿ çàñëóãîâóº íà óâàãó.

Äîäàòîê

Çá³ëüøåííÿ êîíöåíòðàö³¿ ³îí³â êàëüö³ÿ â
ïîñòñèíàïòè÷í³é êë³òèí³ íåîáõ³äíå ³ äîñòàò-
íº äëÿ ÏÃÇÄ òîìó ùî: 1) áëîêàòîðè âõîäó
êàëüö³þ áëîêóþòü ÏÃÇÄ [28, 29]; 2) ÏÃÇÄ
áëîêóºòüñÿ  âèñîêèìè êîíöåíòðàö³ÿìè
êàëüö³ºâèõ áóôåð³â ó ïîñòñèíàïòè÷í³é
êë³òèí³ [14, 27, 35, 38]; 3) áåçïîñåðåäíº
çá³ëüøåííÿ êîíöåíòðàö³¿ ³îí³â êàëüö³þ â
ïîñòñèíàïòè÷í³é êë³òèí³ çà äîïîìîãîþ
ôîòîë³çó ïðèçâîäèòü äî çìåíøåííÿ åôåê-
òèâíîñò³ ñèíàïòè÷íî¿ ïåðåäà÷³ [50].

Ïðåñèíàïòè÷í³ñòü ìåõàí³çì³â, ùî çóìîâ-
ëþþòü ÏÃÇÄ, ï³äâåðäæóºòüñÿ íàñòóïíèìè
äàíèìè. Ï³ä ÷àñ ÏÃÇÄ: 1) ÷óòëèâ³ñòü ïîñòñè-
íàïòè÷íèõ ðåöåïòîð³â äî ÃÀÌÊ íå çìåí-
øóºòüñÿ [29, 38]; 2) çìåíøóºòüñÿ ÷àñòîòà, àëå
íå àìïë³òóäà �ì³í³àòþðíèõ� ïîñòñèíàïòè÷íèõ
ñòðóì³â [29]; 3) çá³ëüøóºòüñÿ â³äíîñíà
ê³ëüê³ñòü ïîòåíö³àë³â ä³¿ â ðåñèíàïòè÷íîìó
íåéðîí³, ùî íå ïðèçâîäèòü äî âèâ³ëüíåííÿ
ìåä³àòîðà [1, 9, 49], òà êîåô³ö³ºíò ïàðíî¿
ñòèìóëÿö³¿¿ [9, 35, 42, 45, 52, 54].

M.V. Storozhuk

RETROGRADE SIGNALING AT GABAERGIC AND
GLUTAMATERGIC SYNAPSES OF THE BRAIN

According to classical concept, due to chemical synapses, in-
formation in the central nervous system is transferred in one
direction: from presynaptic neurons to postsynaptic ones.

Ì. Â. Ñòîðîæóê
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Although several cases of information transfer in the opposite
direction were known for a long time, those were considered as
rare exceptions. However, recent results indicate that retrograde
signaling between brain neurons is rather a common phenom-
enon. In this review we will focus on two related forms of
short-term plasticity of GABAergic and glutamatergic synap-
tic transmission observed in several brain structures and medi-
ated by retrograde messengers endocannabinoids. Namely, we
will characterize phenomenon termed �depolarization-induced
suppression of inhibition�, observed at GABAergic synapses
and related phenomenon observed at glutamatergic synapses
named �depolarization-induced suppression of excitation�.

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