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Çá³ëüøåííÿ åôåêòèâíîñò³ ÃÀÌÊåðã³÷íî¿ ñèíàïòè÷íî¿
ïåðåäà÷³ ï³ñëÿ òðèâàëî¿ áëîêàäè ÃÀÌÊ

À
-ðåöåïòîð³â

ó êóëüòóð³ íåéðîí³â ã³ïîêàìïà ùóðà

Â ïîñëåäíåå âðåìÿ ïðåäëîæåíà êîíöåïöèÿ ñîãëàñíî êîòîðîé âûäåëÿþò äâå îñíîâíûå ôîðìû
ïëàñòè÷íîñòè â íåéðîííûõ ñåòÿõ. À èìåííî ïëàñòè÷íîñòü, îáóñëîâëåííóþ ïðåäûäóùåé
àêòèâíîñòüþ ñèíàïñà è ãîìåîñòàòè÷åñêóþ ïëàñòè÷íîñòü, êîòîðàÿ îáåñïå÷èâàåò
ñòàáèëüíîñòü ðàáîòû öåíòðàëüíîé íåðâíîé ñèñòåìû. Õðîíè÷åñêàÿ áëîêàäà ëèáî òîðìîçíîé,
ëèáî âîçáóæäàþùåé ñèíàïòè÷åñêîé ïåðåäà÷è èñïîëüçóþòñÿ äëÿ èçó÷åíèÿ ãîìåîñòàòè÷åñêîé
ïëàñòè÷íîñòè. Èçâåñòíî, ÷òî äëèòåëüíàÿ áëîêàäà èîíîòðîïíûõ ãëóòàìàòíûõ ðåöåïòîðîâ
àêòèâèðóåò ðÿä ãîìåîñòàòè÷åñêèõ ìåõàíèçìîâ, âêëþ÷àÿ óâåëè÷åíèå ýôôåêòèâíîñòè
ãëóòàìàòýðãè÷åñêîé ñèíàïòè÷åñêîé ïåðåäà÷è. Ìû èññëåäîâàëè, âëèÿíèå äëèòåëüíîé áëîêàäû
ÃÀÌÊ

À
-ðåöåïòîðîâ íà ñâîéñòâà òîðìîçíîé ñèíàïòè÷åñêîé ïåðåäà÷è îïîñðåäîâàííîé

γ-àìèíîìàñëÿíîé êèñëîòîé (ÃÀÌÊ). Èñïîëüçóÿ ìåòîä ôèêñàöèè ïîòåíöèàëà â êîíôèãóðàöèè
�öåëàÿ êëåòêà� äëÿ ðåãèñòðàöèè òîðìîçíûõ ïîñòñèíàïòè÷åñêèõ òîêîâ (ÒÏÑÒ) â
ïîñòñèíàïòè÷åñêîé êëåòêå è ëîêàëüíóþ âíåêëåòî÷íóþ ñòèìóëÿöèþ ïðåñèíàïòè÷åñêîãî íåéðîíà
ìû èññëåäîâàëè íåêîòîðûå ñâîéñòâà ÃÀÌÊýðãè÷åñêîé ïåðåäà÷è â êîíòðîëüíûõ êóëüòóðàõ
íåéðîíîâ ãèïïîêàìïà è â êóëüòóðàõ íåéðîíîâ ãèïïîêàìïà, âûðàùåííûõ ïðè íàëè÷èè áëîêàòîðà
ÃÀÌÊ

À
-ðåöåïòîðîâ � áèêóêóëëèíà (20 ìêìîëü/ë). Ïîêàçàíî, ÷òî õðîíè÷åñêàÿ áëîêàäà

ÃÀÌÊýðãè÷åñêîé ñèíàïòè÷åñêîé ïåðåäà÷è çíà÷èòåëüíî (ïî÷òè íà 100%) óâåëè÷èâàåò
àìïëèòóäó ÒÏÑÒ, íî íå âëèÿåò íà èõ ïîòåíöèàë ðåâåðñèè, êîýôôèöèåíòû âàðèàöèè è äåïðåññèþ,
âûçâàííóþ ïàðíîé ñòèìóëÿöèåé. Ìîæíî ñäåëàòü âûâîä, ÷òî â îñíîâå èçìåíåíèÿ ýôôåê-
òèâíîñòè ÃÀÌÊýðãè÷åñêîé ñèíàïòè÷åñêîé ïåðåäà÷è ëåæàò, â îñíîâíîì, ïîñòñèíàïòè÷åñêèå
ìåõàíèçìû. Òàêèì îáðàçîì, ãîìåîñòàòè÷åñêàÿ ïëàñòè÷íîñòü õàðàêòåðíà äëÿ ÃÀÌÊýðãè÷åñêîé
ïåðåäà÷è, à íå òîëüêî äëÿ ãëóòàìàòýðãè÷åñêîé ïåðåäà÷è (÷òî áûëî èçâåñòíî ðàíåå).

ÂÑÒÓÏ

Îñòàíí³ì ÷àñîì áóëî çàïðîïîíîâàíî ðîçãëÿ-
äàòè ïëàñòè÷í³ñòü ó íåéðîííèõ ìåðåæàõ ó
äâîõ ôîðìàõ [13, 15]: ä³ºçàëåæíó, òîáòî
çóìîâëåííó ïîïåðåäíüîþ àêòèâí³ñòþ
íåéðîí³â, ÿêà çì³íþº âëàñòèâîñò³ íåéðîííèõ
ìåðåæ, ³ ãîìåîñòàòè÷íó, êîòðà ìîæå ïåâíèì
÷èíîì ïðîòèä³ÿòè çì³íàì, ïîâ�ÿçàíèì ç
ïîïåðåäíüîþ àêòèâí³ñòþ. Òðèâàëó áëîêàäó
çáóäæóâàëüíî¿ ÷è ãàëüì³âíî¿ ñèíàïòè÷íî¿
ïåðåäà÷³ ÷àñòî âèêîðèñòîâóþòü ÿê ìîäåëü
äëÿ äîñë³äæåííÿ ãîìåîñòàòè÷íî¿ ïëàñòè÷-
íîñò³ [3, 5, 6, 11, 14]. Òàêà áëîêàäà ïðèçâî-
äèòü äî çì³í çáóäëèâîñò³ íåéðîí³â, åôåêòèâ-

íîñò³ ñèíàïòè÷íî¿ ïåðåäà÷³, âëàñòèâîñòåé ³
ðîçïîä³ëó ïîñòñèíàïòè÷íèõ ðåöåïòîð³â [13,
15]. Çîêðåìà, òðèâàëà áëîêàäà ãëóòàìàòíèõ
ðåöåïòîð³â çá³ëüøóº åôåêòèâí³ñòü ïåðåäà÷³
çáóäæåííÿ ÷åðåç ñèíàïñ ³ íàâ³òü ïðèçâîäèòü
äî ïîÿâè åï³ëåïòèôîðìíî¿ àêòèâíîñò³ â êóëü-
òóð³ íåéðîí³â ã³ïîêàìïà ï³ñëÿ â³äìèâêè áëî-
êàòîð³â [2], âêàçóþ÷è íà ïîðóøåííÿ ð³âíî-
âàãè ì³æ ïðîöåñàìè çáóäæåííÿ òà ãàëüìó-
âàííÿ. Áóëî ïðèïóùåíî, ùî öåé åôåêò îïî-
ñåðåäêîâàíèé ÍÌÄÀ-ðåöåïòîðàìè, îñê³ëü-
êè â³í º ÷óòëèâèì äî ¿õ àíòàãîí³ñò³â [2].
Çá³ëüøåííÿ åôåêòèâíîñò³ ãëóòàìàòåðã³÷íî¿
ïåðåäà÷³ ï³ñëÿ òðèâàëî¿ áëîêàäè ³îíîòðîïíèõ
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ãëóòàìàòíèõ ðåöåïòîð³â ñïîñòåð³ãàëîñü ó
êóëüòóðàõ íåéðîí³â ³ç ð³çíèõ ä³ëÿíîê ìîçêó
ññàâö³â [5�8, 11, 14, 16]. Òàêèì ÷èíîì,
åôåêò õðîí³÷íî¿ áëîêàäè ãëóòàìàòåðã³÷íèõ
ðåöåïòîð³â íà âëàñòèâîñò³ ãëóòàìàòåðã³÷íî¿
ñèíàïòè÷íî¿ ïåðåäà÷³ äåòàëüíî äîñë³äæåíî.
Îäíàê íåìàº â³äîìîñòåé ùîäî ãàëüì³âíî¿
ñèíàïòè÷íî¿ ïåðåäà÷³, òîìó â ö³é ðîáîò³ ìè
äîñë³äæóâàëè ÷è âïëèâàº òðèâàëà áëîêàäà
ãàëüì³âíî¿ (ÃÀÌÊåðã³÷íî¿) ñèíàïòè÷íî¿
ïåðåäà÷³ íà ¿¿ ôóíêö³îíóâàííÿ, à ñàìå ìè
ïîð³âíÿëè àìïë³òóäè âèêëèêàíèõ ãàëüì³âíèõ
ïîñòñèíàïòè÷íèõ ñòðóì³â (ÃÏÑÑ) íà ãðà-
ä³ºíò³ 25 ìÂ, ¿õ ïîòåíö³àë ðåâåðñ³¿, êîåô³-
ö³ºíòè âàð³àö³¿ òà äåïðåñ³þ, çóìîâëåíó
ïàðíîþ ñòèìóëÿö³ºþ ó íåéðîíàõ êîíòðîëü-
íèõ êóëüòóð ³ êóëüòóð, âèðîùåíèõ ïðè
íàÿâíîñò³ á³êóêóë³íó.

ÌÅÒÎÄÈÊÀ

Êë³òèíè êîíòðîëüíèõ êóëüòóð ³ êóëüòóð
âèðîùåíèõ ïðè íàÿâíîñò³ á³êóêóë³íó (äîñ-
ë³äí³) êóëüòèâóâàëè ïàðàëåëüíî. Äëÿ îòðè-
ìàííÿ êë³òèí ó íîâîíàðîäæåíèõ ùóð³â ë³í³¿
Â³ñòàð âèä³ëÿëè ã³ïîêàìï, ðîçð³çàëè íà ï´ÿòü
÷àñòèí êîæíèé ³ ïåðåíîñèëè â ñîëüîâèé
ðîç÷èí, ùî ì³ñòèâ 0,05% ïðîíàçè Å. Ôåð-
ìåíòàòèâíó îáðîáêó ïðîâîäèëè ïðîòÿãîì
18 õâ ïðè 32°Ñ, ï³ñëÿ ÷îãî øìàòî÷êè ã³ïî-
êàìïà òðè÷³ â³äìèâàëè ðîç÷èíîì áåç
ôåðìåíòó ³ äèñïåðãóâàëè äî îêðåìèõ êë³òèí
çà äîïîìîãîþ Ïàñòåð³âñêèõ ï³ïåòîê. Ñóñ-
ïåíç³þ êë³òèí ù³ëüí³ñòþ 60 òèñ. êë³òèí íà
200 ìêë æèâèëüíîãî ñåðåäîâèùà íàíîñèëè
íà ïîêðèò³ ïîë³-L-îðí³òèíîì ïîêðèâí³
ñêåëüöÿ ðîçì³ðîì 18õ18 ìì. ×åðåç 2 ãîä
³íêóáóâàííÿ ïðè 36°Ñ â àòìîñôåð³ ç 5%
ÑÎ

2
 ó êîæíó ÷àøêó Ïåòð³ äîäàâàëè 2 ìë

ñåðåäîâèùà äëÿ êóëüòèâóâàííÿ (æèâèëüíå
ñåðåäîâèùå), ÿêå ñêëàäàëîñÿ ç 90% ì³í³-
ìàëüíîãî ñåðåäîâèùà ²ãëà (ÌÅÌ), 10% ê³í-
ñüêî¿ ñèðîâàòêè, 10 ìêã/ìë ³íñóë³íó òà àíòè-
á³îòèê³â. Æèâèëüíå ñåðåäîâèùå ì³íÿëè êîæ-
í³ ÷îòèðè äîáè. Ï³ñëÿ 5�6 ä³á in vitro êóëüòó-
ðè îáðîáëÿëè ôòîðóðàöèëîì (1 ìêìîëü/ë)

ïðîòÿãîì 36 ãîä äëÿ ïðèãí³÷åííÿ ïðîë³ôå-
ðàö³¿ ãë³àëüíèõ êë³òèí, ï³ñëÿ ÷îãî ïîâí³ñòíî
çàì³íÿëè æèâèëüíå ñåðåäîâèùå. Äëÿ îòðè-
ìàííÿ êóëüòèâîâàíèõ íåéðîí³â, âèðîùåíèõ
çà óìîâ äîâãîòðèâàëî¿ áëîêàäè ÃÀÌÊåð-
ã³÷íî¿ ñèíàïòè÷íî¿ ïåðåäà÷³ (äîñë³äí³
êóëüòóðè), ÷åðåç 10 ä³á in vitro äî ïîëîâèíè
÷àøîê Ïåòð³ äîäàâàëè áëîêàòîð ÃÀÌÊ

À
-

ðåöåïòîð³â � á³êóêóë³í (20 ìêìîëü/ë).
Åëåêòðîô³ç³îëîã³÷í³ äîñë³äæåííÿ ïðîâî-

äèëè íà êóëüòóðàõ â³êîì 17�26 ä³á in vitro.
Êîíòðîëüí³ òà äîñë³äí³ êóëüòóðè áðàëè äî
åêñïåðèìåíòó ÷åðåç äîáó äëÿ òîãî, ùîá
çìåíøèòè ìîæëèâ³ â³äì³ííîñò³ âëàñòè-
âîñòåé ÃÀÌÊåðã³÷íî¿ ïåðåäà÷³, ïîâ�ÿçàí³ ç
â³êîì êóëüòóðè. Áåçïîñåðåäíüî ïåðåä
åêñïåðèìåíòîì ÿê êîíòðîëüí³, òàê ³ äîñë³äí³
êóëüòóðè ³íêóáóâàëè ïðîòÿãîì îäí³º¿ ãîäèíè
ó çîâí³øíüîêë³òèííîìó ðîç÷èí³ áåç áëîêà-
òîð³â. Ï³ñëÿ ÷îãî êë³òèíè ïåðåíîñèëè â ðåºñò-
ðàö³éíó êàìåðó òà äîäàâàëè 50 ìêìîëü/ë DL-
2-àì³íî-5-ôîñôîâàëåð�ÿíîâî¿ êèñëîòè (APV)
òà 10 ìêìîëü/ë 6-ö³àíî-7-í³òðîõ³íîêñàë³í-
2,3-ä³îíó (CNQX), ùîá çàáëîêóâàòè ñè-
íàïòè÷í³ ñòðóìè, îïîñåðåäêîâàí³ ³îíîòðîï-
íèìè ãëóòàìàòíèìè ðåöåïòîðàìè. Äëÿ
åêñïåðèìåíò³â îáèðàëè ä³ëÿíêè ïîêðèâíèõ
ñêåëåöü ç â³äíîñíî íèçüêîþ ù³ëüí³ñòþ
êë³òèí (2�5 íåéðîí³â ó ïîë³ çîðó ç ä³àìåò-
ðîì 400 ìêì). Äëÿ çáóäæåííÿ ïðåñèíàï-
òè÷íî¿ êë³òèíè âèêîðèñòîâóâàëè çîâí³øíüî-
êë³òèííèé åëåêòðîä, ðîçòàøîâàíèé ïîáëèçó
ñîìè àáî àêñîíà ö³º¿ êë³òèíè. Òàêèé ï³äõ³ä
äîçâîëÿº ñòèìóëþâàòè îêðåìèé ïðåñèíàï-
òè÷íèé íåéðîí àáî íàâ³òü ïîîäèíîêó
ñèíàïòè÷íó òåðì³íàëü [1, 4]. Äëÿ ðåºñòðàö³¿
ãàëüì³âíèõ ïîñòñèíàïòè÷íèõ ñòðóì³â
âèêîðèñòîâóâàëè ìåòîä ô³êñàö³¿ ïîòåíö³àëó
â êîíô³ãóðàö³¿ �ö³ëà êë³òèíà�. Çà íàøèõ
åêñïåðèìåíòàëüíèõ óìîâ (öåç³é ó patch-
ï³ïåòö³) ìè ðåºñòðóâàëè ÃÀÌÊåðã³÷í³
ñòðóìè, çóìîâëåí³ àêòèâàö³ºþ ÃÀÌÊ

À
-

ðåöåïòîð³â, òîáòî õëîðí³ ñòðóìè, ÿê³ ìàëè
ïîòåíö³àë ðåâåðñ³¿ ïðèáëèçíî �35 ìÂ. Ñêëàä
ðîç÷èí³â, ùî âèêîðèñòîâóâàâñÿ, áóâ òàêèì
(ììîëü/ë): ðîç÷èí äëÿ patch-ï³ïåòêè:
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Çá³ëüøåííÿ åôåêòèâíîñò³ ÃÀÌÊåðã³÷íî¿ ñèíàïòè÷íî¿ ïåðåäà÷³

C
6
H

11
CsO

7
 (ãëþêîíàò öåç³þ) � 100, CsCl �

30, MgCl
2
 � 4, Na

2
ATÔ � 4, EGTA � 10,

HEPES � 10. Çîâí³øíüîêë³òèíí³é ðîç÷èí:
NaCl � 140, KCl � 4, CaCl

2 
 � 2, MgCl

2
 � 1,

HEPES � 10, ãëþêîçà � 10; pH óñ³õ ðîç÷èí³â
áóâ 7,4. Åêñïåðèìåíòè ïðîâîäèëè ïðè
ê³ìíàòí³é òåìïåðàòóð³ (20�22°Ñ). Îöèôðî-
âàí³ ñòðóìè àíàë³çóâàëè çà äîïîìîãîþ
ïðîãðàìè ANDATRA (ßðîñëàâ Áîé÷óê,
²íñòèòóò ô³ç³îëîã³¿ ³ì. Î.Î.Áîãîìîëüöÿ).
Ðåçóëüòàòè ïðåäñòàâëåí³ ÿê ñåðåäíÿ âåëè-
÷èíà ± ñåðåäíüîêâàäðàòè÷íà ïîõèáêà ñå-
ðåäíüîãî. Äëÿ ñòàòèñòè÷íèõ ïîð³âíÿíü âè-
êîðèñòîâóâàëè êðèòåð³é t Ñòüþäåíòà.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ̄ Õ ÎÁÃÎÂÎÐÅÍÍß

Äëÿ òîãî, ùîá ç�ÿñóâàòè, ÷è âïëèâàº òðè-
âàëà áëîêàäà ÃÀÌÊ

À
-ðåöåïòîð³â íà âëàñ-

òèâîñò³ ÃÀÌÊ-åðã³÷íî¿ ñèíàïòè÷íî¿ ïåðå-
äà÷³, ìè ïîð³âíÿëè àìïë³òóäè âèêëèêàíèõ
ÃÏÑÑ íà ãðàä³ºíò³ 25 ìÂ, ¿õ ïîòåíö³àëè
ðåâåðñ³¿, êîåô³ö³ºíòè âàð³àö³¿ òà äåïðåñ³þ,
çóìîâëåíó ïàðíîþ ñòèìóëÿö³ºþ ó íåéðîíàõ
êîíòðîëüíèõ ³ äîñë³äíèõ êóëüòóð. Íà ðèñ. 1
ïðåäñòàâëåíî âèêëèêàí³ ïîñòñèíàïòè÷í³
ñòðóìè ïðè ð³çíèõ ï³äòðèìóâàíèõ ïîòåí-
ö³àëàõ íà ìåìáðàí³ ïîñòñèíàïòè÷íîãî
íåéðîíà ³ âîëüò-àìïåðí³ õàðàêòåðèñòèêè
äëÿ êîíòðîëüíî¿ òà äëÿ äîñë³äíî¿ ïàð íåé-
ðîí³â. Ó êîíòðîëüíèõ êóëüòóðàõ ñåðåäíº
çíà÷åííÿ ïîòåíö³àëó ðåâåðñ³¿ âèêëèêàíèõ
ÃÏÑÑ áóëî �34,5 ± 0,45 ìÂ (n=15) òà
â³äïîâ³äíî â äîñë³äíèõ êóëüòóðàõ �35,6 ±
0,45 ìÂ (n=15). Ïîòåíö³àëè ðåâåðñ³¿ âèêëè-
êàíèõ ïîñòñèíàïòè÷íèõ ñòðóì³â ó íåéðîíàõ
êîíòðîëüíèõ ³ äîñë³äíèõ êóëüòóð ñòàòèñ-
òè÷íî äîñòîâ³ðíî íå â³äð³çíÿëèñü (t=�1,67,

Ðèñ. 1. Ðåºñòðàö³¿ âèêëèêàíèõ ãàëüì³âíèõ ïîñòñèíàïòè÷íèõ ñòðóì³â (ÃÏÑÑ) ïðè ð³çíèõ ï³äòðèìóâàíèõ ïîòåíö³àëàõ
íà ìåìáðàí³ ïîñòñèíàïòè÷íîãî íåéðîíà òà âîëüò-àìïåðí³ õàðàêòåðèñòèêè ÃÏÑÑ ó êóëüòóðàõ íåéðîí³â ã³ïîêàìïà,
âèðîùåíèõ ó êîíòðîëüíèõ óìîâàõ (à) ³ ïðè íàÿâíîñò³ áëîêàòîðà ÃÀÌÊ

À
-ðåöåïòîð³â � á³êóêóë³íó (á).

Ó íèæí³é ÷àñòèí³ ðèñóíêà � ñåðåäí³ çíà÷åííÿ ïîòåíö³àë³â ðåâåðñ³¿ ÃÏÑÑ äëÿ êîíòðîëüíèõ (à) ³ äîñë³äíèõ (á) ïàð
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Ð>0,10, df=28). Çíà÷åííÿ ïîòåíö³àëó ðåâåð-
ñ³¿, îòðèìàíå â åêñïåðèìåíò³, áóëî áëèçüêèì
äî òåîðåòè÷íî ðîçðàõîâàíîãî çà äîïîìîãîþ
ð³âíÿííÿ Íåðíñòà äëÿ ð³âíîâàæíîãî õëîðíî-
ãî ïîòåíö³àëó.

Ïðîòå ìè âèÿâèëè çíà÷íå çá³ëüøåííÿ
àìïë³òóäè âèêëèêàíèõ ÃÏÑÑ, îïîñåðåäêî-
âàíèõ ÃÀÌÊ ó äîñë³äíèõ êóëüòóðàõ íåéðî-
í³â ã³ïîêàìïà. Íà ðèñ. 2 ïîêàçàíî ïðèêëàäè
ðåºñòðàö³é âèêëèêàíèõ ÃÏÑÑ ³ ä³àãðàìè, ùî
äåìîíñòðóþòü ñåðåäí³ çíà÷åííÿ àìïë³òóä
âèêëèêàíèõ ÃÏÑÑ ó êîíòðîëüíèõ ³ äîñë³ä-
íèõ êóëüòóðàõ. Ñåðåäíº çíà÷åííÿ àìïë³òóäè
âèêëèêàíèõ ÃÏÑÑ íà ãðàä³ºíò³ 25 ìÂ ó
êîíòðîëüíèõ ³ äîñë³äíèõ ïàðàõ íåéðîí³â
(n=15) ñòàíîâèëî �277,56±52,5 òà �555,94 ïÀ ±
99,53 ïÀ â³äïîâ³äíî. Àíàë³ç öèõ ðåçóëüòà-
ò³â ïîêàçàâ ñòàòèñòè÷íî äîñòîâ³ðíó â³äì³í-
í³ñòü (t= �2,47; P<0,02; df= 28).

Âèêîðèñòîâóþ÷è ñòèìóëÿö³þ ïàðîþ ³ì-
ïóëüñ³â êîæí³ 2 ñ ç ³íòåðâàëîì ó ïàð³ 100 ìñ,
ìè îö³íèëè äåïðåñ³þ ÃÏÑÑ, çóìîâëåíó
òàêîþ ïàðíîþ ñòèìóëÿö³ºþ. Îá÷èñëþâàëè
¿¿ ÿê (ÃÏÑÑ

1
 � ÃÏÑÑ

2
)/ÃÏÑÑ

1
, äå ÃÏÑÑ

1
 �

öå àìïë³òóäà ñòðóìó, âèêëèêàíîãî ïåðøèì

ñòèìóëîì ó ïàð³, à ÃÏÑÑ
2
 � àìïë³òóäà

ñòðóìó ó â³äïîâ³äü íà äðóãèé ñòèìóë ó ïàð³.
Ñåðåäíº çíà÷åííÿ äåïðåñ³¿ ÃÏÑÑ, çóìîâ-
ëåíî¿ ïàðíîþ ñòèìóëÿö³ºþ, äëÿ êîíòðîëüíèõ
ïàð ñòàíîâèëî 0,15±0,04 (n=15) ³ 0,16±0,03
(n=14) äëÿ äîñë³äíèõ ïàð (ðèñ. 3,à). Îòæå,
ìè íå âèÿâèëè ñòàòèñòè÷íî äîñòîâ³ðíèõ
â³äì³ííîñòåé äåïðåñ³¿ ÃÏÑÑ, çóìîâëåíî¿
ïàðíîþ ñòèìóëÿö³ºþ (t= �0,2; P> 0,84; df= 27).

Òàêîæ ìè îö³íèëè çíà÷åííÿ êîåô³ö³ºíò³â
âàð³àö³¿ (ÊÂ) àìïë³òóä âèêëèêàíèõ ÃÏÑÑ

1
,

ÿê³ ìè ðîçðàõîâóâàëè ÿê â³äíîøåííÿ ñåðåä-
íüîêâàäðàòè÷íî¿ ïîõèáêè äî ñåðåäíüî¿
àìïë³òóäè. ÊÂ äëÿ êîíòðîëüíèõ ³ äîñë³äíèõ
ïàð ñòàíîâèâ �0,14±0,02 (n=15) ³ �0,11±0,01
(n=14) â³äïîâ³äíî (äèâ. ðèñ. 3,á). Òîáòî
íàìè íå âèÿâëåíî ñòàòèñòè÷íî äîñòîâ³ðíî¿
ð³çíèö³ ñåðåäí³õ çíà÷åíü êîåô³ö³ºíò³â âà-
ð³àö³¿ ÃÏÑÑ

1 
(t=�1,21; Ð>0,24; df =27).

Îäí³ºþ ç ìîäåëåé äëÿ äîñë³äæåííÿ
ãîìåîñòàòè÷íî¿ ïëàñòè÷íîñò³ º òðèâàëå
çá³ëüøåííÿ àáî çìåíøåííÿ ³ìïóëüñíî¿
àêòèâíîñò³ íåéðîí³â çà äîïîìîãîþ áëîêà-
òîð³â çáóäæóâàëüíî¿ ÷è ãàëüì³âíî¿ ñèíàï-
òè÷íî¿ ïåðåäà÷³. Â íàøèõ åêñïåðèìåíòàõ ìè

Ðèñ. 2. Ïðèêëàäè ãàëüì³âíèõ ïîñòñèíàïòè÷íèõ ñòðóì³â (ÃÏÑÑ), âèêëèêàíèõ ïàðíîþ ñòèìóëÿö³ºþ ïðåñèíàïòè÷íîãî
íåéðîíà ã³ïîêàìïà ó êîíòðîëüíèõ (à) ³ äîñë³äíèõ (á), âèðîùåíèõ ïðè íàÿâíîñò³ á³êóêóë³íó, ïàðàõ íåéðîí³â.
Ó íèæí³é ÷àñòèí³ ðèñóíêà � ñåðåäí³ çíà÷åííÿ àìïë³òóä âèêëèêàíèõ ÃÏÑÑ ó ïàðàõ íåéðîí³â ó êîíòðîëüíèõ (à) ³
äîñë³äíèõ (á) êóëüòóðàõ
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Çá³ëüøåííÿ åôåêòèâíîñò³ ÃÀÌÊåðã³÷íî¿ ñèíàïòè÷íî¿ ïåðåäà÷³

çá³ëüøóâàëè íåéðîííó àêòèâí³ñòü çà äîïî-
ìîãîþ áëîêàäè ÃÀÌÊ

À
-ðåöåïòîð³â ³ äîñë³ä-

æóâàëè, ÷è âïëèâàº òàêå òðèâàëå çá³ëü-
øåííÿ ³ìïóëüñíî¿ àêòèâíîñò³ íåéðîí³â íà
âëàñòèâîñò³ ÃÀÌÊåðã³÷íî¿ ñèíàïòè÷íî¿
ïåðåäà÷³. Ìè ïîêàçàëè, ùî òðèâàëà áëîêàäà
ÃÀÌÊåðã³÷î¿ ïåðåäà÷³ ä³éñíî ïðèçâîäèòü äî
ï³äâèùåííÿ àìïë³òóäè âèêëèêàíèõ ÃÏÑÑ,
òîáòî äî çá³ëüøåííÿ åôåêòèâíîñò³ ÃÀÌÊåð-
ã³÷î¿ ïåðåäà÷³. Òàêå çá³ëüøåííÿ åôåêòèâ-
íîñò³ ÃÀÌÊåðã³÷î¿ ïåðåäà÷³, â ñâîþ ÷åðãó,
º îäíèì ³ç øëÿõ³â, ñïðÿìîâàíèõ íà çìåíøåí-
íÿ íåéðîííî¿ àêòèâíîñò³, òîáòî º êîìïåíñà-
òîðíèì. Îòæå, íàø³ ðåçóëüòàòè ñâ³ä÷àòü ïðî
ãîìåîñòàòè÷í³ çì³íè ÃÀÌÊåðã³÷î¿ ïåðåäà÷³
â ã³ïîêàìï³ ïðè çá³ëüøåíí³ íåéðîííî¿ àêòèâ-
íîñò³. Òàêå ñâ³ä÷åííÿ, íàñê³ëüêè íàì â³äîìî,
îòðèìàíî âïåðøå. Çâàæàþ÷è íà òå, ùî
òðèâàëà ³íêóáàö³ÿ íåéðîí³â êîðè ìîçî÷êà ç
äîäàâàííÿì ÃÀÌÊ àáî ¿¿ àãîí³ñò³â ïðèçâî-
äèòü äî çìåíøåííÿ ê³ëüêîñò³ ÃÀÌÊ

À
-ðå-

öåïòîð³â [9, 10], ìîæíà ïðèïóñòèòè, ùî çà
íàøèõ óìîâ ïðè íàÿâíîñò³ áëîêàòîð³â
ÃÀÌÊ

À
-ðåöåïòîð³â ñïîñòåð³ãàºòüñÿ ïðîòèëåæ-

íèé ïðîöåñ � çá³ëüøåííÿ ê³ëüêîñò³ ÃÀÌÊ
À
-

ðåöåïòîð³â. Íà êîðèñòü ñàìå òàêîãî, òîáòî
ïîñòñèíàïòè÷íîãî ìåõàí³çìó çì³í åôåêòèâ-
íîñò³ ÃÀÌÊåðã³÷íî¿ ñèíàïòè÷íî¿ ïåðåäà÷³
ñâ³ä÷àòü íàø³ ðåçóëüòàòè ïðî òå, ùî çá³ëüøåí-
íÿ àìïë³òóä ÃÏÑÑ íå ñóïðîâîäæóâàëîñÿ çìåí-

øåííÿì êîåô³ö³ºíò³â âàð³àö³¿ ÃÏÑÑ ³ çì³íà-
ìè äåïðåñ³¿, çóìîâëåíî¿ ïàðíîþ ñòèìóëÿö³ºþ.

Ââàæàºòüñÿ, ùî åôåêòèâí³ñòü ãàëüìó-
âàííÿ â êîð³ ãîëîâíîãî ìîçêó ìîæå ðåãóëþ-
âàòèñÿ çà äîïîìîãîþ ìîçêîâîãî íåéðîòðî-
ô³÷íîãî ôàêòîðà � BDNF (brain-derived
neurotrophic factor) [12, 13]. Â³äîìî òàêîæ,
ùî îñòàíí³é ñèíòåçóºòüñÿ é âèâ³ëüíÿºòüñÿ
íåéðîíàìè ï³ä ÷àñ ¿õ àêòèâíîñò³ [12, 13].
Âñòàíîâëåíî, ùî çìåíøåííÿ âì³ñòó BDNF
çìåíøóº ê³ëüê³ñòü ÃÀÌÊ

À
-ðåöåïòîð³â ó

ïîñòñèíàïòè÷í³é ìåìáðàí³. Çâàæàþ÷è íà
öå, ìîæíà ïðèïóñòèòè, ùî çà íàøèõ åêñïå-
ðèìåíòàëüíèõ óìîâ (çá³ëüøåííÿ ³ìïóëüñíî¿
àêòèâíîñò³) âì³ñò BDNF çá³ëüøóºòüñÿ ³ öå
ïðèçâîäèòü äî çá³ëüøåííÿ ê³ëüêîñò³ ïîñòñè-
íàïòè÷íèõ ÃÀÌÊ

À
-ðåöåïòîð³â. Ïðîòå

áåçïîñåðåäíÿ â³äïîâ³äü íà ïèòàííÿ ùîäî
ó÷àñò³ BDNF ó ãîìåîñòàòè÷í³é ïëàñòè÷-
íîñò³ ÃÀÌÊåðã³÷íî¿ ñèíàïòè÷íî¿ ïåðåäà÷³
ïîòðåáóº ïîäàëüøîãî äîñë³äæåííÿ.

S.Y. Ivanova, P.G. Kostyuk

CHRONIC  TREATMENT  WITH  GABA
A

RECEPTOR  ANTAGONIST  BICUCULLINE
INCREASES  EFFICACY  OF  GABAERGIC
SYNAPTIC  TRANSMISSION
IN  RAT  HIPPOCAMPAL  CELL  CULTURES

It has been proposed to consider plasticity in neuronal net-
work as occurring in two forms: use-dependent plasticity which

Ðèñ. 3. Ñåðåäí³ çíà÷åííÿ äåïðåñ³¿, çóìîâëåíî¿ ïàðíîþ ñòèìóëÿö³ºþ (I) òà êîåô³ö³ºíò³â âàð³àö³¿ (II) ãàëüì³âíèõ
ïîñòñèíàïòè÷íèõ ñòðóì³â ó êîíòðîëüíèõ (à) ³ äîñë³äíèõ (á) êóëüòóðàõ
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modifies the network properties, and homeostatic plasticity
which may counteract use-dependent changes. Ñhronic block
of some of transmitter receptors is often used as a model for
studying homeostatic plasticity. We studied whether chronic
block of GABA

A
 receptors can affect GABAergic transmis-

sion. Using whole-cell voltage clamp recording and local extra-
cellular stimulation we investigated evoked inhibitory postsyn-
aptic currents (IPSCs) in cultured rat hippocampal neurons
grown in the presence of GABA

A
 receptor antagonist �

bicuculline (20ìM) and in control conditions. Cell for both
control and pretreated cultures were obtained from same dis-
section and were grown in parallel. We compared the ampli-
tudes of the evoked IPSC, the reversal potentials of the
responses IPSC coefficient of variation and depression evoked
by paired stimulation. Chronic bicuculline treatment did not
significantly affect the paired-pulse depression (PPD) and
IPSC reversal potentials. In contrast we found that amplitude
of evoked IPSCs was increased about two times in cultures
treated with bicuculline. However, IPSC coefficients of varia-
tion were not significantly different. We conclude that chronic
block of GABA

A
 receptors enhances efficacy of GABAergic

synaptic transmission in rat hippocampal cell cultures and
this effect is likely to postsynaptic mechanism(s) because
IPSC increase was not accompanied with changes of IPSC
coefficient of variation. A possibility that the effect of chronic
block of GABA

A
 receptors on GABAergic transmission is

mediated by neurotrophin BDNF is discussed.

International Center of Molecular Physiology, National
Academy of Sciences of Ukraine, Kiev
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