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13�14 ãðóäíÿ  2007 ð. ïðîâåäåíî ì³æíàðîäíó êîíôåðåíö³þ ìîëîäèõ ó÷åíèõ ²íñòèòóòó
ô³ç³îëîã³¿ òà Íåíñê³ ²íñòèòóòó åêñïåðèìåíòàëüíî¿ ô³ç³îëîã³¿ (Âàðøàâà, Ïîëüùà) �Ìåõàí³çìè
âíóòð³øíüîêë³òèííî¿ ñèãíàë³çàö³¿�. Îðãàí³çàòîð êîíôåðåíö³¿ � ðàäà ìîëîäèõ ó÷åíèõ
²íñòèòóòó ô³ç³îëîã³¿ ³ì. Î.Î. Áîãîìîëüöÿ ÍÀÍ Óêðà¿íè. Â êîíôåðåíö³¿ âçÿëè ó÷àñòü 24
ìîëîä³ â÷åí³, ÿê³ ïðåäñòàâëÿëè, êð³ì çàçíà÷åíèõ ³íñòèòóö³é, òàê³ íàóêîâ³ óñòàíîâè, ÿê
Ì³æíàðîäíèé öåíòð ìîëåêóëÿðíî¿ ô³ç³îëîã³¿ ÍÀÍ Óêðà¿íè, Óí³âåðñèòåò Àìñòåðäàìà
(Í³äåðëàíäè), à òàêîæ Ëüâ³âñüêèé íàö³îíàëüíèé óí³âåðñèòåò. Ó êîíôåðåíö³¿ âçÿëè ó÷àñòü
ñï³âðîá³òíèêè ëàáîðàòîð³é Íåíñê³ ²íñòèòóòó � ëàáîðàòîð³ÿ á³îåíåðãåòèêè òà á³îìåìáðàí
(êåð³âíèê ïðîô. ªæ³ Äóæèíñê³), ëàáîðàòîð³ÿ âíóòð³øíüîêë³òèííèõ ³îííèõ êàíàë³â (êåð³âíèê
ïðîô. Àäàì Øåâ÷èê), ëàáîðàòîð³¿ ìîëåêóëÿðíî¿ íåéðîá³îëîã³¿ (êåð³âíèê ïðîô. Ëåøåê
Êà÷ìàðåê). Óñ³ ó÷àñíèêè ïðåäñòàâèëè óñí³ äîïîâ³ä³, ÿê³ áóëè îö³íåí³ ÷ëåíàìè êîì³ñ³¿. Íà
â³äêðèòò³ êîíôåðåíö³¿ ç³ âñòóïíèì ñëîâîì âèñòóïèâ äèðåêòîð ²íñòèòóòó ô³ç³îëîã³¿ ³ì. Î.Î.
Áîãîìîëüöÿ àêàäåì³ê Ï.Ã. Êîñòþê, ÿêèé íàãàäàâ, ùî ìîëîä³æíèé ôîðóì º ÷åòâåðòîþ
êîíôåðåíö³ºþ, êîòðà ïðîâîäèòüñÿ â ðàìêàõ ñï³âðîá³òíèöòâà äâîõ ³íñòèòóò³â, ïåðøà áóëà â
2001 ð. ó Ñóëåéîâ³ (Ïîëüùà), äðóãà � â 2002 ð. â Êèºâ³, òðåòÿ çóñòð³÷ â³äáóëàñÿ ó Âàðøàâ³
â 2005 ð. Ï.Ã. Êîñòþê òàêîæ ðîçïîâ³â ïðî ³ñòîð³þ äâîõ ³íñòèòóò³â. Òàê Íåíñê³ ²íñòèòóò
åêñïåðèìåíòàëüíî¿ á³îëîã³¿ Ïîëüñüêî¿ àêàäåì³¿ íàóê íàçâàíèé íà ÷åñòü ïîëüñüêîãî â÷åíîãî
Ìàðñåëÿ Íåíñê³ (1847�1901), ÿêèé ñïåö³àë³çóâàâñÿ â ãàëóç³ á³îõ³ì³÷íîãî îêèñíåííÿ,
ìåòàáîë³çìó ñå÷îâèíè, ñòðóêòóðè ãåìîãëîá³íó, ÷åðâîíîãî ï³ãìåíòó êðîâ³. Íåíñê³ îòðèìàâ
ñòóï³íü äîêòîðà ìåäèöèíè â Áåðë³í³ òà çãîäîì ïðàöþâàâ â Áåðí³ (Øâåéöàð³ÿ), äå ñòàâ
äèðåêòîðîì ²íñòèòóòó ìåäè÷íî¿ õ³ì³¿ óí³âåðñèòåòó. Çàðàç öåé ³íñòèòóò íàçèâàºòüñÿ
²íñòèòóòîì á³îõ³ì³¿ òà ìîëåêóëÿðíî¿ á³îëîã³¿. Ö³êàâî, ùî â 1891 ð. Íåíñê³ çàïðîñèëè
îðãàí³çóâàòè ñï³ëüíî ³ç â³äîìèì ðîñ³éñüêèì ô³ç³îëîãîì ²âàíîì Ïàâëîâèì ²íñòèòóò
åêñïåðèìåíòàëüíî¿ ìåäèöèíè ó Ñàíêò-Ïåòåðáóðç³, äå â³í ³ ïðîâ³â ñâî¿ îñòàíí³ 10 ðîê³â
æèòòÿ. Íåíñê³ ²íñòèòóò áóëî çàñíîâàíî ó 1918 ð. çàâäÿêè ïîæåðòâóâàííþ áëèçüêîãî êîëåãè
Ìàðñåëÿ Íåíñê³. Íèí³ ³íñòèòóò ñïåö³àë³çóºòüñÿ â ãàëóç³ á³îõ³ì³¿ òà íåéðîá³îëîã³¿.

²íñòèòóò ô³ç³îëîã³¿ ³ì. Î.Î. Áîãîìîëüöÿ ÍÀÍ Óêðà¿íè áóëî çàñíîâàíî ó 1953 ð. â
ðåçóëüòàò³ çëèòòÿ ²íñòèòóòó åêñïåðèìåíòàëüíî¿ á³îëîã³¿ òà ïàòîëîã³¿ òà ²íñòèòóòó êë³í³÷íî¿
ô³ç³îëîã³¿, ÿê³ â ñâîþ ÷åðãó, çàñíîâàí³ â 1931 òà 1934 ðð. â³äïîâ³äíî çà ³í³ö³àòèâîþ àêàäåì³êà
Î.Î. Áîãîìîëüöÿ (1906�1946), ÿêèé íà òîé ÷àñ áóâ äèðåêòîðîì îáîõ ³íñòèòóò³â. Ãîëîâí³
íàóêîâ³ ³íòåðåñè Îëåêñàíäðà Áîãîìîëüöÿ áóëè ñïðÿìîâàí³ íà äîñë³äæåííÿ àëåðã³¿,
³ìóíîëîã³¿, ã³ïîêñ³¿, îíêîëîã³¿, åíäîêðèíîëîã³¿ òà ãåðîíòîëîã³¿. Íà îñíîâ³ äîñë³äæåíü,
ïðîâåäåíèõ ï³ä êåð³âíèöòâîì Î.Î. Áîãîìîëüöÿ, áóëî ðîçâèíóòî òàê³ íàïðÿìè ô³ç³îëîã³¿, ÿê
ô³ç³îëîã³ÿ ñïîëó÷íî¿ òêàíèíè, ïåðåëèâàííÿ êðîâ³, ðåàêòèâí³ñòü îðãàí³çìó. Íèì áóëî
ðîçðîáëåíî àíòèðåòèêóëÿðíó öèòîòîêñè÷íó ñèðîâàòêó (ó áàãàòüîõ êðà¿íàõ ¿¿ íàçèâàþòü
ñèðîâàòêîþ Î.Î.Áîãîìîëüöÿ) � åôåêòèâíèé çàñ³á äëÿ ñòèìóëÿö³¿ ô³ç³îëîã³÷íî¿ ñèñòåìè
ñïîëó÷íî¿ òêàíèíè òîùî. Íèí³ ²íñòèòóò ô³ç³îëîã³¿ ³ì. Î.Î. Áîãîìîëüöÿ ñïåö³àë³çóºòüñÿ â
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ãàëóç³ ìîëåêóëÿðíî¿ ô³ç³îëîã³¿, á³îô³çèêè, íåéðîô³ç³îëîã³¿ òà ïàòîô³ç³îëîã³¿.
Ïåðåìîæöÿìè êîíêóðñó, íà äóìêó æóð³, ñòàëè Ìàðòà Âîºâîäà (Âàðøàâà) ç äîïîâ³ääþ

«Ì³òîõîíäð³àëüíèé ñòðåñ ó êë³òèíàõ îñòåîñàðêîìè ëþäèíè» (1-øå ì³ñöå), Êàòàðæèíà Õðîìà
(Âàðøàâà) ³ç äîïîâ³ääþ «ÀÒÔ-ðåãóëüîâàí³ êàë³ºâ³ êàíàëè â ì³òîõîíäð³ÿõ ìîçêó �
äîñë³äæåííÿ ïîîäèíîêèõ êàíàë³â» (2-ãå ì³ñöå), Âàñèëü Íàã³á³í (Êè¿â) ³ç äîïîâ³ääþ «Ðîëü
ïðîòåàñîìàëüíîãî ïðîòåîë³çó ó ðîçâèòêó ð³çíèõ ìåõàí³çì³â ñìåðò³ íåîíàòàëüíèõ
êàðä³îì³îöèò³â ïðè ìîäåëþâàíí³ àíîêñ³¿-ðåîêñèãåíàö³¿» (3-òº ì³ñöå). Òàêîæ áóëè â³äì³÷åí³
äîïîâ³ä³ Îëåíè Ôåäîðåíêî (Êè¿â) «²îíí³ êàíàëè ÿäåðíî¿ îáîëîíêè òà ¿õíÿ ìîæëèâà ðîëü» ³
Ìèêîëè Ìàìåíêà (Êè¿â) «Êîêóëüòèâóâàííÿ íåéðîí³â âóçëóâàòèõ ãàíãë³¿â ç ðàêîâèìè
êë³òèíàìè ïîñëàáëþº ïðèãí³÷óâàëüíèé åôåêò îï³î¿ä³â íà ñòðóìè, îïîñåðåäêîâàí³ Ð2Õ2/3
ðåöåïòîðàìè».

Íà çàêðèòò³ ìîëîä³æíî¿ íàóêîâî¿ êîíôåðåíö³¿ ãîëîâà ðàäè ìîëîäèõ ó÷åíèõ ²íñòèòóòó
ô³ç³îëîã³¿ (ä.á.í. Î.Î.Ëóê�ÿíåöü) íàäàëà çâ³ò ïðî ðîáîòó êîíôåðåíö³¿ ³ â³äçíà÷èëà êðàù³
äîïîâ³ä³, çà ðåçóëüòàòàìè âèñíîâê³â æóð³. Äèðåêòîð ²íñòèòóòó ô³ç³îëîã³¿ ³ì. Î.Î.
Áîãîìîëüöÿ àêàäåì³ê Ï.Ã. Êîñòþê ï³äâ³â ï³äñóìîê ðîáîòè êîíôåðåíö³¿. Â³í â³äì³òèâ, ùî
á³ëüø³ñòü äîïîâ³äåé ìîëîäèõ ó÷åíèõ ñâ³ä÷àòü ïðî âèñîêèé òåîðåòè÷íèé, ìåòîäè÷íèé,
ïðàêòè÷íèé ð³âåíü ³ êîìïëåêñíèé ï³äõ³ä äî áàãàòüîõ ñó÷àñíèõ ïðîáëåì ô³ç³îëîã³¿ òà
ïàòîô³ç³îëîã³¿. Öå äîñë³äæåííÿ, ïðîâåäåí³ íà ð³âí³ ôóíêö³îíóâàííÿ ïîîäèíîêèõ êàíàë³â
îðãàíåë êë³òèíè, òàêèõ, ÿê ÿäðî òà ì³òîõîíäð³¿. ²ñòîòíó óâàãó áóëî ïðèä³ëåíî ïèòàííÿì,
ïîâ�ÿçàíèì ³ç âèâ÷åííÿì ïàòîëîã³÷íèõ ñòàí³â, à òàêîæ ðîçãëÿíóò³ ìîëåêóëÿðíî-ãåíåòè÷í³ ³
á³îõ³ì³÷í³ àñïåêòè äîñë³äæåíü.

Êîíôåðåíö³ÿ ñïðèÿëà ïë³äí³é ðîáîò³ ìîëîäèõ óêðà¿íñüêèõ ³ ïîëüñüêèõ äîñë³äíèê³â,
ðåàë³çàö³¿ ¿õ òâîð÷îãî ïîòåíö³àëó òà çàðîäæåííþ íîâèõ ³äåé, ïîçíàéîìèëà ¿õ ç àêòóàëüíèìè
íàóêîâèìè ïðîáëåìàìè, ñïðèÿëà âñòàíîâëåííþ íîâèõ çâ�ÿçê³â ³ ìîæëèâîñòåé äëÿ ñï³âïðàö³.
Êðàùèì äîïîâ³äà÷àì áóëî âðó÷åíî äèïëîìè òà ïàì�ÿòí³ ïîäàðóíêè. Ïåðåìîæö³â ³ç
²íñòèòóòó ô³ç³îëîã³¿, êð³ì òîãî, áóëî íàãîðîäæåíî ïî¿çäêîþ äî Âàðøàâè, ÿêó âîíè çìîæóòü
çä³éñíèòè ó öüîìó ðîö³ äëÿ â³äâ³äàííÿ Íåíñê³ ²íñòèòóòó åêñïåðèìåíòàëüíî¿ ô³ç³îëîã³¿. Â
ïåð³îä ðîáîòè êîíôåðåíö³¿ äëÿ ïîëüñüêèõ äîñë³äíèê³â áóëî îðãàí³çîâàíî åêñêóðñ³þ ïî
ëàáîðàòîð³ÿì ²íñòèòóòó ô³ç³îëîã³¿, à òàêîæ ïî ì³ñòó.
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Íà ñåãîäíÿøíèé äåíü, èñëåäîâàíèþ ñòðóêòóðû,
ôóíêöèè è áèîãåíåçà ìèòîõîíäðèé (ÌÕ) ïîñâÿ-
ùåíî ìíîãî ðàáîò, áëàãîäàðÿ îòíîñèòåëüíî
íåäàâíèì îòêðûòèÿì ðîëè ýòèõ îðãàíåëë â
êëåòî÷íîé ñèãíàëèçàöèè è áèîýíåðãåòèêå,
îêñèäàòèâíîì ñòðåññå è òåðìîãåíåçå, ñòàðåíèè
è êëåòî÷íîé ãèáåëè, ðàçâèòèè ðÿäà çàáîëåâàíèé
è àäàïòàöèè ê ãèïîêñèè. Íåñìîòðÿ íà áîëüøîå
êîëè÷åñòâî èññëåäîâàíèé, ïîñâÿùåííûõ èçó-
÷åíèþ ìîðôîôóíêöèîíàëüíîãî ñîñòîÿíèÿ ÌÕ,
îðãàíîñïåöèôè÷íîñòü èçìåíåíèé èõ ïðè ãèïîê-
ñèè, êàê ïðàâèëî, íå ðàññìàòðèâàåòñÿ. Òàêîé
ïîäõîä, ïî íàøåìó ìíåíèþ ÿâëÿåòñÿ íåäîñòà-
òî÷íî îáîñíîâàííûì, ïîñêîëüêó èçâåñòíî, ÷òî
âîçäåéñòâèå ïîâðåæäàþùèõ àãåíòîâ íà ÌÕ
òåñíî ñâÿçàíî ñ íàðóøåíèåì òàêèõ ïðîöåññîâ,
êàê ÏÎË, äåéñòâèåì ìåìáðàííûõ ôîñôîëèïàç,
èçìåíåíèåì ýêñïðåññèè ðÿäà ãåíîâ, êîîðäèíè-
ðóþùèõ ðàáîòó ìèòîõîíäðèàëüíîãî àïïàðàòà
êëåòîê. Èñõîäÿ èç ýòîãî, ìû ïîçâîëèëè ñåáå
ïðåïîëîæèòü, ÷òî ðåàêöèÿ ÌÕ áóäåò ðàçëè-

÷àòüñÿ êàê â çàâèñèìîñòè îò òêàíè, òàê è îò òèïà
ãèïîêñèè. Öåëü íàøåé ðàáîòû çàêëþ÷àëàñü â
èçó÷åíèè óëüòðàñòðóêòóðíûõ èçìåíåíèé ÌÕ â
òêàíè ëåãêèõ, ìèîêàðäà, ìûøå÷íîé òêàíè è
ïðîäîëãîâàòîì ìîçãó ïðè îñòðîé, èíòåðâàëüíîé
è öèðêóëÿòîðíîé ãèïîêñèè. Ìû ñäåëàëè ïîïûòêó
ïîêàçàòü îðãàíîñïåöèôè÷íîñòü äåñòðóêòèâíûõ
è êîíñòðóêòèâíûõ èçìåíåíèé ÌÕ, è ðàçëè÷èÿ
òàêèõ èçìåíåíèé â çàâèñèìîñòè îò òèïà ãèïîê-
ñè÷åñêîãî âîçäåéñòâèÿ. Ðåçóëüòàòû íàøåãî
èññëåäîâàíèÿ ãîâîðèò î íàëè÷èè âûðàæåííîé
îðãàíîñïåöèôè÷íîñòè óëüòðàñòðóêòóðíûõ èçìå-
íåíèé ìèòîõîíäðèàëüíîãî àïïàðàòà êëåòîê
èññëåäóåìûõ òêàíåé îðãàíèçìà. Ìîðôîôóíê-
öèîíàëüíîå ñîñòîÿíèå ÌÕ çàâèñèò êàê îò òèïà
ãèïîêñè÷åñêîãî âîçäåéñòâèÿ, òàê è îò åãî
äëèòåëüíîñòè. Ïðè ãèïîêñèè, ïîìèìî èçìå-
íåíèÿ óëüòðàñòðóêòóðû îðãàíåëë ïðîèñõîäèò
èíòåíñèôèêàöèÿ èõ áèîãåíåçà, âûðàæåííîñòü
êîòîðîé òàêæå îáóñëîâëåíà âèäîì èññëåäóåìîé
òêàíè è òèïîì âîçäåéñòâèÿ.

Òåçè êîíôåðåíö³¿ äëÿ ìîëîäèõ ó÷åíèõ
²íñòèòóòó ô³ç³îëîã³¿ ³ì. Î.Î. Áîãîìîëüöÿ òà Íåíñüê³ ²íñòèòóòó

åêñïåðèìåíòàëüíî¿ ô³ç³îëîã³¿ «Ukrainian-Poland Conference for yîung sc³åntists»

In the WAG/Rij rat, a model for human absence
epilepsy, spike-wave discharges (SWD) and ab-
sence epileptic behaviour develop after the age
of 3 months but its genetic basis is still un-
known.  Although there is pharmacological ev-
idence for the involvement of the T-type calci-

um channels in SWD generation in thalamo-
cortical loop, no direct investigation of the tha-
lamic nuclei, which demonstrate robust T-chan-
nel expression, has been carried out on this
model. We hypothesize that a changed expres-
sion of α1-subunits of one or more low-voltage
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activated Ca2+ channel types in reticular tha-
lamic nucleus (RTN) underlies the development
of SWD. To test this hypothesis we compared
6-month-old WAG/Rij rats with nonepileptic,
age-matched control Wistar rats by quantitive
reverse-transcribed PCR. Level of Ca

v
 3.3

mRNA expression was 4�8-fold higher than
Ca

v
3.1 one in both control and epileptic animals

confirming isolation of RTN region. The expres-

sion of all three subtypes was shown in both
strains. Ca

v
3.1 mRNA expression was 1.6-fold

upregulated in WAG/Rij compared to control
while Ca

v
3.2 and Ca

v
 3.3 mRNA levels showed

no difference (both n=7). We suggest Ca
v
3.1

gene may carry a polymorphism inside or there
is some outer mechanism (transcriptional fac-
tors, spike activity etc.) which can alter its
transcription in WAG/Rij model.

One of the most frequent complications of Dia-
betes Mellitus is diabetic neuropathy. Patients
experience a changed pain sensation like hy-
poalgesia, hyperalgesia and allodynia. The key
mediators in nociceptive signaling are the low-
voltage operated (T-type) calcium channels. Our
hypothesis is that the calcium signaling is al-
tered during diabetes and that this may cause
diabetic neuropathy. We investigated properties
of T-type calcium current in the small C-fiber
DRG neurons. These neurons play a key role in
thermal and mechanical nociception. It was
shown in literature that the T-type calcium cur-
rents of mediate DRG-neurons are altered un-
der diabetic condition, but the same calcium
currents of the small DRG neurons were never
examined before. The currents in these neu-
rons are really small, but they cause a [Ca2+]
elevation in the cell so they do play a role in the
calcium signaling. We found that the T-type

current calcium current of the small DRG neu-
ron was enhanced by L-cysteine and suppressed
by 20 mM Ni2+, thus supporting an idea that
majority of this current was mediated by the
Cav3.2 subtype. That is in good agreement with
time constants of activation and inactivation of
observed current. We found that under diabet-
ic condition the voltage dependence of activa-
tion and the kinetics of the activation were not
significantly changed, but there was a signifi-
cant difference in the voltage dependence of
inactivation. Neurons from rats with diabetic
neuropathy showed that the steady state inacti-
vation curve shifted on 7 mV to depolarization
direction without changes in slope factor. T-
type calcium channels impairments may con-
tribute to the development of diabetic-induced
sensory neuropathy.
Supported by the JDRF grant # 1-2004-30 and
INTAS grant # 8061

Mitochondria are involved in a variety of  bio-
logical processes such as ATP synthesis, fatty
acid oxidation, reactive oxygen species (ROS)

production and calcium homeostasis. Mito-
chondrial stress can lead to the significant dereg-
ulation of cellular physiology. In our experiments,
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we have used three human osteosarcoma cell
lines: WT human osteosarcoma, cybrid human
osteosarcoma with 98% penetration of the mtD-
NA T8993G in ATP6 gene (NARP) and human
osteosarcoma  lacking mtDNA (Rho0). We have
observed changes in cellular redox state and
basic calcium level in NARP and Rho0 cells.
Both ROS and Ca2+ level within cells are in-
volved in cell signaling and, especially, in sig-
nals from mitochondria to nucleus. Therefore,
we have investigated biogenesis of mitochon-

dria and level of mitochondrial transcription factor
A (TFAM) as well as level of calcineurin, which are
changed in cells with chronic mitochondrial stress.
ROS may induce stress responses by altering ex-
pression of specific nuclear genes. We have found
significant changes in the expression of some anti-
oxidative  enzymes such as cytosolic superoxide
dysmutase (Cu/ZnSOD), mitochondrial superoxide
dysmutase (MnSOD) and thioredoxin reductase
(TrxR1) which suggests involvement of ROS in mi-
tochondrial-nuclear crosstalk.

One of the main problems related to diabetes
mellitus is development of diabetic complica-
tions, which are considered to be a direct man-
ifestation of the disease. Neuropathic compli-
cations are among the most severe consequenc-
es of diabetes. There are many forms of diabe-
tic peripheral sensory neuropathy � some pa-
tients have an increased sensation of pain, some
of them can�t feel pain at all. In particular, there
could be development of hyper (increased) or
hypo (decreased) sensation to heating. It was
reported by Culcutt in 2004 that after shorter
durations of diabetes rats showed transient ther-
mal hyperalgesia after 4 weeks which progres-
sed to thermal hypoalgesia after 8 weeks. We
determined thermal sensitivity of rats by their
reaction to hindpaw heating in plantar test by
Hargreaves method. In our experimental condi-

tions we have found that experimental rats in 6-7
weeks after induction of diabetes by i.p. injec-
tion of streptozotocin (STZ, 80 mg/kg) reveal
equally both thermal hyper- and hypoalgesia. Af-
ter establishing of thermal abnormalities, we
studied the influence of long-term treatment of
diabetic rats with calcium-channels blocker ni-
modipine. Diabetic rats were treated with nimo-
dipine (20 mg/kg with food) during 3 weeks. Ni-
modipine treatment decreased of amount of rats
with hyperalgesia and increased amount of rats
with hypoalgesia. At the same time, nimodipine
treatment partially decreased parameters of thermal
hypo- and hyperalgesia in diabetic rats. The novel
findings of this report indicate that chronic nimo-
dipine treatment can ameliorate the existing exper-
imental neuropathy in diabetic rats.
Supported by the JDRF grant # 1-2004-30

Matrix metalloproteinase-9 (MMP-9) is a zinc
dependent endopeptidase that acts extracellu-

larly and can cleave components of extracellular
matrix and modify extracellullar environment. It
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is induced in many brain structures, such as the
hippocampus, prefrontal cortex and amygdala
upon neuronal activation. It has been shown that
MMP-9 is involved in maintenance of late phase
of LTP in hipoocampal CA3 to CA1 pathway as
well as  in the prefrontal cortex. Herein, we have
examined if LTP is MMP-9-dependent in the path-
way from basolateral to central amygdala and we
have found that in slices from MMP-9 knock out
mice the late phase of LTP is abolished. The same
effect was obtained when inhibitor of MMP-9 was
used in rat amygdala slices. A mechanism engag-
ing MMP-9 in synaptic plasticity may involve
MMP-9 activity directly on NMDA receptors,
which are important for induction and stabiliza-
tion of LTP. To determine the effect of MMP-9
on NMDA receptors we performed whole cell
patch clamp recording from single cultured hip-

pocampal cells. Using fast perfusion system we
applied either recombinant MMP-9 (rMMP-9) or
its specific inhibitor S24994 and investigated the
properities of the NMDA receptor current. Ap-
plication of MMP-9 inhibitor caused about 14%
reduction of deactivation time that was fully re-
versible. Presence of rMMP-9 in Ringer solution
affected the following properties of NMDA re-
ceptors current: (i) desensitization time that was
reduced by about 28 %; this action was irrevers-
ible. (ii) rise time that after application of rMMP-
9 was also reduced (by ca. 30%), however, this
effect was fully reversible. These results imply a
functional interaction between MMP-9 and NMDA
receptors, however the exact nature of this phenom-
enon remains unknown. Probably, MMP-9 does not
cleave directly NMDA receptor subunits but rather
acts on a yet to de identified signaling pathway.

Ôóíêö³îíóâàííÿ àöèíàðíèõ êë³òèí ñëèííèõ çàëîç
ïåðåáóâàº ï³ä ïåðåâàæàþ÷èì ïàðàñèìïàòè÷íèì
êîíòðîëåì, îäíàê, íàÿâí³ íåïðÿì³ ñâ³ä÷åííÿ
ìîæëèâî¿ ó÷àñò³ åêçîãåííèõ ïóðèí³â ó ìîäó-
ëÿö³¿ ñåêðåö³¿. Äëÿ ç�ÿñóâàííÿ öüîãî ìè ïðî-
âîäèëè ðåºñòðàö³þ [Ca2+]

³
 ó çàâàíòàæåíèõ ôóðà-

2/AM êë³òèíàõ ï³äùåëåïíî¿ ñëèííî¿ çàëîçè òà
àíàë³ç ïîêàçíèê³â ñëèíîâèä³ëåííÿ â óìîâàõ in
vivo. Íàìè ïîêàçàíî, ùî ñóì³ñíà àïë³êàö³ÿ äà
àöèíàðíèõ êë³òèí àöåòèëõîë³íó (ÀÕ) òà ÀÒÔ
âèêëèêàëà [Ca2+]

³
-òðàíçèºíòè ç àìïë³òóäîþ, ÿêà

äîñòîâ³ðíî íå â³äð³çíÿëèñü â³ä àìïë³òóäè
[Ca2+]

³
-òðàíçèºíò³â, ³íäóêîâàíèõ ò³ëüêè ÀÕ.

Ïðîòå çà òàêèõ óìîâ ñïîñòåð³ãàëîñÿ â³ðîã³äíå
çá³ëüøåííÿ íàï³â-øèðèíè [Ca2+]

³
 òðàíçèºíò³â.

Ðàí³øå íàìè áóëî ïîêàçàíî, ùî àêòèâàö³¿ Ð
1

ðåöåïòîð³â àäåíîçèíîì íå ñóïðîâîäæóºòüñÿ
äîñòîâ³ðíèìè çì³íàìè [Ca2+]

³
 â àöèíàðíèõ

êë³òèíàõ. Îäíàê ó ö³é ðîáîò³ ìè ïîêàçàëè, ùî
îäíî÷àñíà àïë³êàö³ÿ äî àöèíàðíèõ êë³òèí ÀÕ òà
àäåíîçèíó ³í³ö³þâàëà [Ca2+]

³
-òðàíçèºíòè ç

àìïë³òóäîþ, äîñòîâ³ðíî á³ëüøîþ çà òàêó,
âèêëèêàíó ò³ëüêè ÀÕ. Îäåðæàí³ ðåçóëüòàòè
ñâ³ä÷àòü ïðî çäàòí³ñòü ïóðèí³â ìîäóëþâàòè
ïðîöåñè [Ca2+]

³
-ñèãíàë³çàö³¿, âèêëèêàí³ àêòè-

âàö³ºþ õîë³íîðåöåïòî³â, ùî éìîâ³ðíî ìîæå
ñóïðîâîäæóâàòèñÿ çì³íàìè ñåêðåòîðíî¿ àêòèâ-
íîñò³ äîñë³äæóâàíèõ êë³òèí. Äëÿ ïåðåâ³ðêè
âèñëîâëåíîãî ïðèïóùåííÿ ìè ïðîâåëè àíàë³ç
ïîêàçíèê³â ñëèíîâèä³ëåííÿ in vivo. Ç�ÿñóâàëîñÿ,
ùî âíóòð³øíüîî÷åðåâèííå ââåäåííÿ òâàðèíàì
ÀÒÔ ïðèçâîäèëî äî ïîñèëåííÿ ñåêðåö³¿ ð³äèí-
íîãî, åëåêòðîë³òíîãî òà á³ëêîâîãî êîìïîíåíò³â
ñëèíè. Ç ³íøîãî áîêó, âíóòð³øíüîî÷åðåâèííå
ââåäåííÿ òâàðèíàì àäåíîçèíó ïðèçâîäèëî äî
ïðèãí³÷åííÿ ñåêðåö³¿ ð³äêî¿ ñëèíè òà çá³ëü-
øåííÿ ¿¿ á³ëêîâîãî êîìïîíåíòó. Êð³ì òîãî, çà
óìîâ îäíî÷àñíîãî ââåäåííÿ àãîí³ñò³â õîë³íî-
òà Ð

2
-ðåöåïòîð³â (ï³ëîêàðï³íó òà ÀÒÔ â³ä-

ïîâ³äíî) íàìè âèÿâëåíî: 1) çìåíøåííÿ øâèä-
êîñò³ ñëèíîâèä³ëåííÿ òà êîíöåíòðàö³¿ Ñà2+ ó
ñëèí³ ïîð³âíÿíî ç åôåêòîì ò³ëüêè ï³ëîêàðï³íó
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òà ¿õ ïîñèëåííÿ ïîð³âíÿíî ç åôåêòîì ëèøå
ÀÒÔ; 2) çìåíøåííÿ êîíöåíòðàö³¿ á³ëêà ó ñëèí³
ïîð³âíÿíî äî åôåêò³â îêðåìî ÀÒÔ òà ï³ëî-
êàðï³íó. Îäíî÷àñíà àêòèâàö³ÿ Ð

1
- òà õîë³íî-

ðåöåïòîð³â ïðèçâîäèëà äî ñóòòºâîãî çìåí-
øåííÿ øâèäêîñò³ ñëèíîâèä³ëåííÿ òà çá³ëüøåííÿ
âì³ñòó á³ëêà ó ñëèí³. Òàêèì ÷èíîì, àêòèâàö³ÿ

Ð
1
-ðåöåïòîð³â ïðèçâîäèëà äî ïîñèëåííÿ ñåêðå-

ö³¿ ñëèíè çáàãà÷åíî¿ á³ëêîâèì êîìïîíåíòîì òà
Ñà2+ òîä³ ÿê, àêòèâàö³ÿ Ð

2
-ðåöåïòîð³â � äî ïî-

ñèëåííÿ ñåêðåö³¿ ð³äèííîãî êîìïîíåíòó. Îòæå,
îäåðæàí³ ó ö³é ðîáîò³ ðåçóëüòàòè äàþòü çìîãó
ïîñòóëþâàòè íàÿâí³ñòü íîâîãî ìåõàí³çìó àâòî-
ðåãóëÿö³¿ ñëèíîâèä³ëåííÿ çà ó÷àñòþ ïóðèí³â.

Íåçâàæàþ÷è íà òå, ùî ïðîöåñè àäàïòàö³¿ äî
ð³çíèõ òèï³â ã³ïîêñ³¿ ðîçãëÿäàþòüñÿ äîñèòü
äàâíî, íèí³ çàëèøàºòüñÿ áàãàòî íåç�ÿñîâàíèõ
ïèòàíü ùîäî ¿õ ìîëåêóëÿðíî-ãåíåòè÷íèõ
àñïåêò³â. HIF � äèìåðíèé ôàêòîð òðàíñêðèïö³¿,
ÿêèé ñêëàäàºòüñÿ ç äâîõ ñóáîäèíèöü, α- òà β-.
Ãåíè-ì³øåí³ HIF ðåãóëþþòü øèðîêèé ñïåêòð
òàêèõ êë³òèííèõ ïðîöåñ³â, ÿê àíã³îãåíåç, ð³ñò,
äèôåðåíö³àö³ÿ, ïðîë³ôåðàö³ÿ, åíåðãåòè÷íèé
îáì³í, åðèòðîïîåç, àïîïòîç òîùî. Â åêñïå-
ðèìåíòàõ íà äîðîñëèõ ùóðàõ-ñàìöÿõ ë³í³¿
Â³ñòàð âèçíà÷àëè ð³âåíü åêñïðåñ³¿  ìÐÍÊ
ñóáîäèíèöü HIF-1α, HIF-1β, HIF-2α ³ HIF-3α
ó ëåãåíÿõ, ñåðö³, íèðêàõ ³ ëèòêîâîìó ì�ÿç³ çà
óìîâ íîðìîêñ³¿, ïðè ãîñòð³é ã³ïîêñ³¿ (äèõàííÿ
ãàçîâîþ ñóì³øøþ ç 12 % Î

2
 ïðîòÿãîì 2 ãîä)

òà  çà  óìîâ ³íòåðâàëüíîãî  ã ³ïîêñè÷íîãî
òðåíóâàííÿ (²ÃÒ). ²ÃÒ ïðîâîäèëè çà òàêîþ
ñõåìîþ: äèõàííÿ 12 % O

2
 â N

2
 ïðîòÿãîì 15

õâ ç 15-õâèëèííèìè íîðìîêñè÷íèìè ³íòåðâà-
ëàìè,  5  öèêë³â  ùîäíÿ âïðîäîâæ 2 òèæ.
Ìåòîäè äîñë³äæåííÿ âêëþ÷àëè: âèä³ëåííÿ òî-

òàëüíî¿ ÐÍÊ, ê³ëüê³ñíó çâîðîòíó òðàíñêðèïö³þ,
ïîë³ìåðàçíó ëàíöþãîâó ðåàêö³þ, ïðîãðàìíèé
àíàë³ç ³ ñòàòèñòè÷íó îáðîáêó îòðèìàíèõ ðå-
çóëüòàò³â. Ïðè ãîñòð³é ã³ïîêñ³¿ ñïîñòåð³ãàëàñÿ
òåíäåíö³ÿ äî çá³ëüøåííÿ åêñïðåñ³¿ ìÐÍÊ
ñóáîäèíèö³ HIF-2α, åêñïðåñ³ÿ ìÐÍÊ ãåíà HIF-
3α â³ðîã³äíî çá³ëüøèëàñÿ â ñåðö³, ëåãåíÿõ ³
íèðêàõ. Àäàïòàö³ÿ äî ã³ïîêñ³¿ ñóïðîâîäæó-
âàëàñÿ ìîäóëÿòîðíèì âïëèâîì íà åêñïðåñ³þ
ñóáîäèíèö³ HIF-3α  ó â³äïîâ³äü íà ãîñòðó
ã³ïîêñ³þ. Ï³ñëÿ 14-äîáîâîãî ²ÃÒ, ð³âåíü
åêñïðåñ³¿ ìÐÍÊ ö³º¿ ñóáîäèíèö³ â³ðîã³äíî
çíèæóâàâñÿ ó ëåãåíÿõ òà ñåðö³. Ó òðåíîâàíèõ
²ÃÒ ùóð³â, ÿêèõ ï³ääàâàëè âïëèâó ãîñòðî¿
ã³ïîêñ³¿ ïðîòÿãîì 2 ãîä, ñïîñòåð³ãàëîñÿ çíà÷íå
çíèæåííÿ åêñïðåñ³¿ ìÐÍÊ HIF-3α ó ñåðö³,
ëåãåíÿõ ³ íèðêàõ íà â³äì³íó â³ä íåòðåíîâàíèõ.
Òàêèì ÷èíîì, ðîçêðèòî äåÿê³ íîâ³ ìîëåêó-
ëÿðíî-ãåíåòè÷í³ ìåõàí³çìè ðåãóëÿö³¿ êèñíå-
âîãî ãîìåîñòàçó òà àäàïòàö³¿ äî íåñòà÷³ êèñíþ,
ÿê³ ìîæóòü áóòè âèêîðèñòàí³ ÿê êðèòåð³¿
ñò³éêîñò³ îðãàí³çìó äî ã³ïîêñ³¿.

The pupose of this work was to investigate the
cardioprotection effects omega-3 polyunsaturat-
ed fatty acids (PUFA), phospholipids membrane
modification by omega-3 PUFA on the worked

heart under ischemia, lipid peroxidation (LPO)
and nitric oxide (NO) production in experemen-
tal and clinical studes . It was shown, that addi-
tion of omega-3 PUFAs to the diet decreased
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omega-6 PUFAs in plasma lipids and erhitrocites
membrans in patients whis ishemic heart disease
(IHD).  In clinical studies was shown the im-
provement myocardial contractility, increased
fractions of emission, decrease of extrasystols
quantity. At the patients the decrease fractions of
atherogenic lipids, normalization of parameters
of curtailing of blood was marked. These data
were confirmed in experimental researches.  It
was content with subsequent reduction of ÒõÂ

2

and LTC
4
 production and also increased omega-3

PUFAs content in cardiac rats tissue. Supplement
of omega-3 PUFAs decreased frequency of rep-
erfusion-induced myocardial arrhythmias in this
group (in 5,4-fold). The time of myocardial func-
tion recovery after ischemia (heart rate, left ven-

tricular development pressure), was shorter com-
pare to control group. Also in this group end-di-
astolic pressure and coronary vessels resistance
during reperfusion were lower. Besides that it was
shown that pre-treatment with omega-3 PUFA at-
tenuated LPO, strengthened activity of antioxi-
dant enzymes during reperfusion. It was estab-
lished that membrane phospholipids modification
with omega-3 PUFA raised ñNOS activity, re-
duced ³NOS activity, in conditions of ischemia -
reperfusion compare to control. Our data suggest
that omega-3 PUFA have cardioprotective effects
in IHD patients and experimental researches: nor-
malization of lipid metabolism, parameters of cur-
tailing of blood, limited LPO, decreased arachidon-
ic acid metabolites and enhances NO generation.

The member of Transient Receptor Potential
(TRP) channel family, TRPM8, has been shown
to function as a cold receptor in sensory neurons.
Interesting, that aside from sensory neurons
TRPM8 channel is also abundantly expressed in
prostate - the tissue, which is not subjected to
any significant temperature variations. Whereas
there are many evidences suggesting the expres-
sion and functions of TRPM8 in cancerous hu-
man prostate, little is known about this channel
in the normal rat prostate. Here we identified a
cold- and menthol-activated current in rat pros-
tate epithelial cells on functional level. We
showed that sudden decrease of the bath temper-
ature from 33° C to 21° C elicited a rapidly de-

veloping, outwardly rectifying membrane current
in freshly isolated rat prostate epithelial cells.
Application of chemical analog of cooling, men-
thol (100 microM), evoked similar responses at
room temperature. Both cooling- and menthol-
activated currents could be inhibited by heating.
Also we have found that cold- and menthol-acti-
vated currents are present only in luminal secre-
tory epithelial cells of the rat prostate, whereas
basal epithelial cells were not responsive. Our
results are the first ones demonstrating function-
al existence of cold/menthol-sensitive TRPM8
channel in the plasma membrane of normal pros-
tate epithelial cells and its restriction to the lu-
minal secretory cell phenotype.

Characteristics of calcium channels activated by
depletion of endoplasmic reticulum ryanodine-

sensitive calcium stores were studied in acute
isolated dorsal root ganglion (DRG) neurons by
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means of patch clamp technique in the whole cell
modification. Current-voltage relation of such
store-operated calcium channels that provide ca-
pacitative calcium entry was obtained as differ-
ence between integral one of all calcium chan-
nels of the cell after caffeine application and
whole cell current-voltage dependence of volt-
age-gated calcium channels obtained in control
conditions. Store-operated calcium currents
could be induced by series of hyperpolarizing

pulses at replacing of calcium free caffeine-con-
taining solution by caffeine free saline with cal-
cium 2 mM. Thus, it was established that there is
one else calcium entry mechanism besides volt-
age-operated and receptor-dependent ones in
DRG neurons. It was concluded that capacitative
calcium entry induced by depletion of ryanodine-
sensitive intracellular stores is one of the con-
stituents of calcium signaling in DRG neurons.

Ó íàøèõ ïîïåðåäí³õ äîñë³äæåííÿõ âñòàíîâ-
ëåíî, ùî ïðîòÿãîì ïåðøèõ 14 ä³á ðîçâèòêó
öóêðîâîãî ä³àáåòó âèíèêàþòü îçíàêè óøêîä-
æåííÿ ã³ïîêàìïà: â³áóâàºòüñÿ çìåíøåííÿ
ê³ëüêîñò³ íåéðîí³â ³ êîíäåíñàö³ÿ õðîìàòèíó â
íèõ. Îñê³ëüêè íåéðîíè ã³ïîêàìïà ìàþòü ò³ñí³
ôóíêö³îíàëüí³ òà ñòðóêòóðí³ çâ�ÿçêè ç àñòðî-
öèòàìè, ïîøêîäæåííÿ íåéðîí³â ñóïðîâîä-
æóþòüñÿ çì³íàìè ñòàíó àñòðîöèò³â. Âèõîäÿ÷è
ç òîãî, ùî ñòàí àñòðîöèò³â ó ðàíí³é ïåð³îä
öóêðîâîãî ä³àáåòó ìàéæå íå âèâ÷àâñÿ, ìåòîþ
íàøî¿ ðîáîòè áóëî ç�ÿñóâàííÿ çì³í âì³ñòó
ñïåöèô³÷íîãî ãë³àëüíîãî ìàðêåðà GFAP ó
ã³ïîêàìï³ ùóð³â ïðîòÿãîì ïåðøèõ äâîõ òèæí³â
ðîçâèòêó åêñïåðèìåíòàëüíîãî (ñòðåïòîçîòî-
öèíîâîãî) öóêðîâîãî ä³àáåòó. Âì³ñò GFAP ó
ã³ïîêàìï³ âèâ÷àëè ³ìóíîôåðìåíòíèì ìåòîäîì;
ê³ëüê³ñòü àñòðîöèò³â, ¿õ ïëîùó òà çàãàëüíó
ïëîùó GFAP-ïîçèòèâíîãî ìàòåð³àëó îö³íþâàëè
çà äîïîìîãîþ ì³êðîñêîï³¿ ³ìóíîã³ñòîõ³ì³÷íî
çàáàðâëåíèõ çð³ç³â ã³ïîêàìïà íà 3, 7 òà 14-òó

äîáó ä³àáåòó. Áóëî âñòàíîâëåíî, ùî â ïåðø³ òðè
äîáè â³ðîã³äíî çíèæåííÿ âì³ñòó GFAP â ã³ïî-
êàìï³ (ç 6,77 ± 0,36  äî 3,50ìãê/ìë ± 0,43 ìãê/
ìë) ÷åðåç çìåíøåííÿ ÷èñëà àñòðîöèò³â òà ¿õ
ïëîù³. Íàäàë³ â³äì³÷àëîñÿ çá³ëüøåííÿ ê³ëü-
êîñò³ àñòðîöèò³â. Íà 7-ìó äîáó ðîçâèòêó ä³à-
áåòó öåé ïîêàçíèê ñÿãàâ ð³âíÿ âèùîãî çà êîíò-
ðîëüíèé ó âñ³õ çîíàõ ã³ïîêàìïà. Ç 7-¿ ïî 14-òó
äîáó ê³ëüê³ñòü GFAP-ïîçèòèâíèõ êë³òèí â ÑÀ2
òà ÑÀ3 çîí³ íå çì³íþâàëàñü, îäíàê ¿õ ïëîùà
â³ðîã³äíî çá³ëüøóâàëàñÿ íà 42,4 òà 42,9%
â³äïîâ³äíî. Îòðèìàí³ ðåçóëüòàòè ñâ³ä÷àòü ïðî òå,
ùî ïðîòÿãîì ïåðøèõ òðüîõ ä³á ñòðåïòîçî-
òîöèíîâîãî ä³àáåòó çìåíøóºòüñÿ ê³ëüêîñò³
àñòðîöèò³â, ïðîòå, ï³ñëÿ 7-¿ äîáè âîíè çá³ëü-
øóþòüñÿ éìîâ³ðíî âíàñë³äîê ¿õ ïðîë³ôåðàö³¿ òà
ì³ãðàö³¿ ç ³íøèõ çîí ìîçêó. Çíà÷íå çá³ëüøåííÿ
ê³ëüêîñò³ àñòðîöèò³â, âì³ñòó GFAP ³ ïëîù³ êë³òèí
ç 7-¿ äîáè ä³àáåòó ñâ³ä÷àòü ïðî ðîçâèòîê ðåàêòèâ-
íîãî àñòðîãë³îçó, ùî ôîðìóºòüñÿ ïîðÿä ç ïîø-
êîäæåííÿì ³ çàãèáåëëþ íåéðîí³â ã³ïîêàìïà.

ÊÎÊÓËÜÒÈÂÓÂÀÍÍß ÍÅÉÐÎÍ²Â ÂÓÇËÓÂÀÒÈÕ ÃÀÍÃË²¯Â Ç ÐÀÊÎÂÈÌÈ
ÊË²ÒÈÍÀÌÈ ÏÎÑËÀÁËÞª ÏÐÈÃÍ²×ÓÂÀËÜÍÈÉ ÅÔÅÊÒ ÎÏ²Î¯Ä²Â
ÍÀ ÑÒÐÓÌÈ, ÎÏÎÑÅÐÅÄÊÎÂÀÍ² Ð2Õ
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Ó íåéðîíàõ âóçëóâàòèõ ãàíãë³¿â åêñïðåñóþòüñÿ
P2X

3
-ðåöåïòîðè ç øâèäêîþ ê³íåòèêîþ äåñåí-

ñèòèçàö³¿ òà ðåöåïòîðè ç ïîâ³ëüíîþ ê³íåòèêîþ
äåñåíñèòèçàö³¿ (P2X

2/3
 òà P2X

2
-ðåöåïòîðè).
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THE ROLE OF THE PROTEASOMAL PROTEOLYSIS IN DEVELOPMENT OF DIFFER-
ENT MECHANISMS OF RAT NEONATAL CARDIOMYOCYTES DEATH AT MODELING
OF ANOXIA-REOXYGENATION

V.S. Nagibin, V.E. Dosenko, L.V. Tumanovska, O.O. Moybenko

O.O. Bogomoletz Institute of Physiology National Academy of Sciences of Ukraine, Kyiv
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Åêñïåðèìåíòè, ÿê³ ïðîâîäèëèñÿ â ãàëóç³ äîñ-
ë³äæåííÿ áîëþ ïðîòÿãîì îñòàíí³õ ðîê³â,
çàñâ³ä÷óþòü, ùî ðåöåïòîðè, äî ñêëàäó ÿêèõ
âõîäÿòü P2X

3
-ñóáîäèíèö³, çàëó÷åí³ äî ñïðèé-

íÿòòÿ òà ïåðåäà÷³ íîö³öåïòèâíèõ ñèãíàë³â.
Îï³î¿äí³ ðåöåïòîðè, ó ñâîþ ÷åðãó, øèðîêî
ðîçïîâñþäæåí³ ó ð³çíèõ ñòðóêòóðàõ öåíòðàëü-
íî¿ òà ïåðèôåðè÷íî¿ íåðâîâî¿ ñèñòåìè òà óòâî-
ðþþòü ãîëîâíó âíóòð³øíþ çíåáîëþâàëüíó
ñèñòåìó. Âåëèêà ê³ëüê³ñòü äàíèõ ñâ³ä÷èòü ïðî
òå, ùî çíåáîëþâàëüí³ åôåêòè îï³î¿ä³â ìîæóòü
îïîñåðåäêîâóâàòèñü ÿê öåíòðàëüíèìè, òàê ³
ïåðèôåðè÷íèìè ìåõàí³çìàìè. Çîêðåìà, ïîâ³-
äîìëÿëîñÿ, ùî îï³î¿äí³ òà P2X

2/3
-ðåöåïòîðè

ñåíñîðíèõ íåéðîí³â ùóð³â ôóíêö³îíàëüíî
âçàºìîïîâ�ÿçàí³. Àãîí³ñòè µ-îï³î¿äíèõ ðåöåï-
òîð³â ïðèãí³÷óþòü ñòðóìè, îïîñåðåäêîâàí³
P2X

2/3
-ðåöåïòîðàìè, íà 50 %. Ñòðóìè, îïîñå-

ðåäêîâàí³ Ð2Õ
2/3

-ðåöåïòîðàìè, ïðèãí³÷óþòüñÿ
îï³î¿äàìè ÷åðåç G-á³ëîê ñïðÿæåí³ ìåõàí³çìè.
Ç ³íøîãî áîêó, â³äîìî, ùî ïåðåá³ã îíêîëî-
ã³÷íèõ çàõâîðþâàíü ñóïðîâîäæóºòüñÿ ðîçâèò-
êîì áîëüîâèõ ñòàí³â, íå÷óòëèâèõ äî îï³î¿äíî¿
òåðàï³¿. Ìåõàí³çìè, ùî îïîñåðåäêîâóþòü òàêèé
íå÷óòëèâèé äî îï³î¿ä³â á³ëü, çàëèøàþòüñÿ
íåç�ÿñîâàíèìè. Òîìó âïëèâ ñåëåêòèâíîãî

àãîí³ñòà m-îï³î¿äíèõ ðåöåïòîð³â åíäîìîðô³íó-
1 íà P2X

2/3
-ðåöåïòîðè íåéðîí³â âóçëóâàòèõ

ãàíãë³¿â äîñë³äæóâàâñÿ ï³ñëÿ êîêóëüòèâàö³¿ ç
ðàêîâèìè êë³òèíàìè (NCTC 2472) çà â³äñóò-
íîñò³ ïðÿìîãî ô³çè÷íîãî êîíòàêòó. Ï³ñëÿ 2-3
ä³á êîêóëüòèâàö³¿ ïðèãí³÷åííÿ ÀÒÔ-³íäóêîâà-
íèõ ñòðóì³â îï³î¿äíèì ë³ãàíäîì çàëåæàëî â³ä
ê³íåòèêè äåñåíñèòèçàö³¿ ñòðóìó. ×èì «ïîâ³ëü-
í³øîþ» áóëà â³äïîâ³äü íåéðîíà íà ïðèêëà-
äàííÿ ÀÒÔ, òèì ìåíøå ïðîÿâëÿâñÿ ïðèãí³÷ó-
âàëüíèé âïëèâ åíäîìîðô³íó-1. ×àñòêà êë³òèí
ç «ïîâ³ëüíèìè» ÀÒÔ-àêòèâîâàíèìè ñòðóìàìè
òàêîæ çá³ëüøóâàëàñÿ ï³ä ÷àñ êîêóëüòèâàö³¿.
Âîíà ñòàíîâèëà 71% ï³ñëÿ 4-5 äí³â êîêóëüòèâà-
ö³¿ ïîð³âíÿíî ç 44 % ó êîíòðîë³ (êóëüòèâóâàííÿ
áåç ðàêîâèõ êë³òèí). Êîêóëüòèâàö³ÿ íåéðîí³â
âóçëóâàòèõ ãàíãë³¿â ç  ô³áðîáëàñòàìè íå
ïðèçâîäèëà äî çì³í ó ðåãóëÿö³¿ P2X

2/3
-îïîñåðåä-

êîâàíèõ ñòðóì³â îï³î¿äàìè, ÿê öå â³äáóâàëîñÿ ó
ðàç³ êîêóëüòèâóâàííÿ ç ðàêîâèìè êë³òèíàìè.
Òàêèì ÷èíîì, ðàêîâ³ êë³òèíè, íà â³äì³íó â³ä
ô³áðîáëàñò³â, çäàòí³ çì³íþâàòè õàðàêòåðèñòèêè
ñòðóì³â, îïîñåðåäêîâàíèõ P2X

2/3
-ðåöåïòîðàìè.

Çîêðåìà, ñóòòºâî çìåíøóºòüñÿ ðåãóëÿö³ÿ ÀÒÔ-
àêòèâîâàíèõ ñòðóì³â ç ïîâ³ëüíîþ ê³íåòèêîþ
äåñåíñèòèçàö³¿ åíäîìîðô³íîì-1.

This work is dedicated to the study of rat neona-
tal cardiomyocytes death in culture at modeling
of anoxia-reoxygenation. It was shown that not
only necrotic cell death but also some types of
programmed cell death (as apoptosis and autoph-
agic cell death) occur in cardiomyocytes culture
at anoxia-reoxygenation modeling. We first
showed that all types of proteolytic activities of
proteasome (trypsin-like, chymotrypsin-like and
postglutamyl peptide hydrolase) are decreased at
anoxia and not completely restored at reoxygen-
ation. The use of proteasomal inhibitors on pri-
mary rat neonatal cardiomyocytes culture (clas-
to lactacystin, 5 µM and MG-132, 10 µM) leads

to the development of apoptotic and autophagic
cell death programs. So we can make a conclu-
sion that inhibition of proteasomal proteolysis
during anoxia-reoxygenation may lead to the de-
velopment of apoptotic and autophagic cell
death. When the inhibitors of programmed types
of cell death were used (inhibitor of caspase-3
(DEVD) to prevent apoptotic cell death and N3-
methyladenine to prevent autophagic one) during
modeling of anoxia-reoxygenation or at applica-
tion of proteasomal inhibitors, the number of
necrotic cardiomyocytes was significantly in-
creased. For example at application of DEVD and
N3-methyladenine in combination during clasto
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OF A MICROWAVE RANGE ON PHARMACOLOGICAL ANALGESIA AT MICE

O.M. Nesin, O.V. Gura, Iu.P. Lymans�kyi

O.O. Bogomoletz Institute of Physiology National Academy of Sciences of Ukraine, Kyiv
gonchar@biph.kiev.ua
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ÍÀ Ð2Õ3 ÐÅÖÅÏÒÎÐÈ DRG ÍÅÉÐÎÍ²Â ÙÓÐ²Â
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lactacystin action the necrotic cardiomyo-
cytes number was increased in 13.4 t imes
(P<0.001). So the trying to decrease general
myocardium injury by prevent ing of  pro-

grammed types of cell death leads to the dra-
matic increase in the number of necrotic car-
diomyocytes and is not perspective way in car-
dioprotection.

Nowadays pharmacological preparations (anal-
gesic remedies) are considered as the main tools
against pain in medical practice. However along
with medical action they often cause undesir-
able side effects. Considering this the non-phar-
macological methods of analgesia are widely
used lately, among them the influence of low-
intensity electromagnetic fields of a microwave
range. Aim of investigation: Studying of an ef-
fect of the combined using of analgesics (anal-
gin and tramadol) and the low-intensity micro-
waves for suppression of the somatic and vis-
ceral pain at mice. On the model of formalin
(5% formalin, 25µl s.c.) and writhing (2% ace-
tic acid, 80µl, i.p.) tests development of pain be-
havioral reaction at mice after isolated, and also
the combined application pharmacological an-
algesics (analgin and tramadol) and microwaves,
applied on antinociceptive acupuncture points
(AP) Å-36 was investigated. It is shown, that the

influence of microwaves (30-300 GHz, 3·10-9 W/
sm2) on the antinociceptive AP E-36 decreased
duration of the pain response caused by irritation
of somatic (ð<0.05) and visceral (ð<0.01) noci-
ceptors that testifies about antinociceptive action
of the microwave irradiation, applied on antinoci-
ceptive AP. For the first time it is shown, that at
the combined application of half of average sin-
gle doses analgesics (analgin or tramadol) and
microwaves irradiation of AP E-36, antinocicep-
tive effect has been approached to that effect af-
ter isolated application of total average single
doses of the above mentioned preparations or ex-
ceeded such effect. Thus, application of low-in-
tensity microwaves, applied on the antinocicep-
tive AP, enables to lower appreciably doses anal-
gesic remedies, achieving thus of an optimum lev-
el of analgesia, and, accordingly to reduce side
effects, which accompany with action of pharma-
cological remedies.

Ó ïðîåêò³ ïîøóêó ìîäóëÿòîð³â ïåðåäà÷³ áî-
ëüîâèõ ³ìïóëüñ³â ñåðåä ïåïòèä³â òîêñèíó
ïàâóêà Lycosa âèÿâëåíî ïåïòèä lsp315, ùî
ñåëåêòèâíî âïëèâàº íà ñòðóìè, îïîñåðåäêîâàí³
Ð2Õ3-ðåöåïòîðîêàíàëüíèìè êîìïëåêñàìè íà
DRG íåéðîíàõ ùóð³â. Àêòèâí³ñòü ïåïòèäó
äîñë³äæóâàëè çà äîïîìîãîþ êîíâåíö³éíîãî

ìåòîäó patch-clamp. Ïðèãí³÷åííÿ ñòðóìó ÷åðåç
Ð2Õ3-ðåöåïòîðî-êàíàëüí³ êîìïëåêñè â³äáó-
âàºòüñÿ ïðè ä³¿ lsp315 íà ðåöåïòîð ó äåñåí-
ñèòèçîâàíîìó ñòàí³. Ïðèãí³÷åííÿ º çâîðîòíèì.
Ó ðàç³ çíà÷íîãî âïëèâó íà àìïë³òóäó ñòðóìó
lsp315 íå çì³íþº äåàêòèâàö³éíó ê³íåòèêó
çàëèøêîâîãî ñòðóìó. ²Ñ50 ïåïòèäó ñòàíîâèòü
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12,5 íìîëü/ë. Âåëè÷èíà ìîäóëþþ÷îãî åôåêòó
ïåïòèäó íå çàëåæèòü â³ä òèïó çàñòîñîâàíîãî
àãîí³ñòà (ÀÒÔ ÷è ÖÒÔ). Ïðè ä³¿ lsp315 íà çàê-
ðèòèé ñòàí ðåöåïòîðî-ðåöåïòîðîêîìïëåêñíîãî
êàíàëüíîãî êîìïëåêñó Ð2Õ3 ó 19 % âèïàäê³â

ñïîñòåð³ãàâñÿ íåç÷íà÷íèé ïîòåíö³àëüíèé åôåêò,
ñèëà ÿêîãî âàð³þâàëà ó ìåæàõ â³ä 7 äî 40 %.
lsp315 º ïîòåíö³éíèì àãåíòîì äëÿ äîñë³äæåíü
ñòðóêòóðíî-ôóíêö³îíàëüíèõ âëàñòèâîñòåé
Ð2Õ3-ðåöåïòîð³â.

Â ðàáîòå èññëåäîâàëîñü âëèÿíèå òàêèõ ñèíàï-
òè÷åñêèõ áåëêîâ, êàê ñèíàïòîòàãìèí, Ìunc-13 è
Ìunc-18 íà êèíåòè÷åñêèå ñâîéñòâà ñåêðåöèè â
õðîìàôôèííûõ êëåòêàõ êðûñû, èñïîëüçóÿ ñïå-
öèôè÷åñêèå àíòèòåëà äëÿ êàæäîãî áåëêà, êî-
òîðûå ââîäèëèñü â êëåòêó â õîäå ýêñïåðèìåíòà.
Îáúåêòîì èññëåäîâàíèé ñëóæèëè õðîìàô-
ôèííûå êëåòêè, ïîëó÷åííûå èç íàäïî÷å÷íèêîâ
êðûñ-ñàìîê ëèíèè Âèñòàð. Äëÿ èññëåäîâàíèé
èñïîëüçîâàëè ìèêðîôëóîðåñöåíòíûé è àìïåðî-
ìåòðè÷åñêèé ìåòîäû, à òàêæå ñïåöèôè÷åñêèå ê
êàæäîìó áåëêó àíòèòåëà: àíòè-STG, àíòè-Ìunc-
13-1, àíòè-Ìunc-13-3 è àíòè-Ìunc-18. Îäíî-
âðåìåííî â êëåòêó ââîäèëè ôëþîðèñöèðóþùèé
êðàñèòåëü äåêñòðàí-FITC äëÿ êîíòðîëÿ ïîïà-
äàíèÿ àíòèòåëà âî âíóòðü êëåòêè. Ïðîöåñ ýêçî-
öèòîçà èíèöèèðîâàëñÿ äâóìÿ ïóòÿìè: 1) àêòè-
âàöèåé ïîòåíöèàëçàâèñèìûõ êàëüöèåâûõ êàíà-
ëîâ, ïóòåì àïëèêàöèè ãèïåðêàëèåâîãî ðàñòâîðà
(50 ììîëü/ë), 2) àêòèâàöèåé àöåòèëõîëèíîâûõ
ðåöåïòîðîâ ïóòåì àïïëèêàöèè àöåòèëõîëèíà (1
ììîëü/ë). Èíúåêöèÿ âñåõ àíòèòåë ïðèâîäèëà ê
ñíèæåíèþ ÷àñòîòû ïîÿâëåíèÿ ñåêðåòîðíûõ
ïèêîâ ðåãèñòðèðóåìûõ êàðáîíîâûìè ìèêðî-
ýëåêòðîäîì. Íàèáîëåå ñóùåñòâåííî ýòîò ýô-

ôåêò íàáëþäàëñÿ ïðè ââåäåíèè àíòè-STG âî
âíóòðèêëåòî÷íîå ïðîñòðàíñòâî. Âëèÿíèå àíòè-
Ìunc-18 ïðèâîäèëî ê çàìåäëåíèþ êèíåòè÷åñêèõ
õàðàêòåðèñòèê ñåêðåòîðíûõ ïèêîâ, âîçìîæíî èç-
çà íåçíà÷èòåëüíîãî ñóæåíèÿ ôóçèéíîé ïîðû.
Êðîìå òîãî, ïðè äåéñòâèè àíòè-Ìunc-18 íàáëþ-
äàëîñü ðàçäåëåíèå êëåòîê ïî çíà÷åíèþ ñíèæåíèÿ
÷àñòîòû ñåêðåòîðíûõ ñîáûòèé íà äâå ñóáïîïó-
ëÿöèè. Â ïåðâîé ñîâîêóïíîñòè êëåòîê, ïîñëå
èíúåêöèè àíòè-Ìunc-18 íàáëþäàëîñü áîëüøåå
ñíèæåíèå âåðîÿòíîñòè ïîÿâëåíèÿ ñåêðåòîðíûõ
ïèêîâ (~71%), òîãäà êàê âî âòîðîé ãðóïïå, íàáëþ-
äàëñÿ íàìíîãî ìåíüøèé óðîâåíü ýòîãî çíà÷åíèÿ
(~12%). Ïðè ââåäåíèè âî âíóòðèêëåòî÷íóþ ñðåäó
ñïåöèôè÷åñêèõ àíòèòåë ê Ìunc-13, íàáëþäàëîñü
äîâîëüíî ñóùåñòâåííîå ñíèæåíèå ÷àñòîòû
ñåêðåòîðíûõ ïîÿâëåíèé. Ïðè ââåäåíèè àíòè-
Ìunc-13-1 ïîäàâëåíèå ñåêðåòîðíûõ ïèêîâ áûëî
áîëåå âûðàæåíî, ÷åì ïðè âîçäåéñòâèè íà êëåòêó
àíòè-Ìunc-13-3. Âðåìåííûå õàðàêòåðèñòèêè
îñòàâàëèñü íåèçìåííûìè â îáîèõ ñëó÷àÿõ. Íàìè
áûëî ñäåëàíî çàêëþ÷åíèå, ÷òî âñå èññëåäóåìûå
ñèíàïòè÷åñêèå áåëêè ïðèíèìàþò àêòèâíîå ó÷àñòèå
â ñåêðåòîðíûõ ïðîöåññàõ õðîìàôôèííûõ êëåòîê
íàäïî÷å÷íèêà.

Spinal dorsal horn (DH) neurons express both
Ca2+-permeable (GluR2-lacking) and Ca2+-im-

permeable (GluR2-containing) AMPARs. Target-
ed disruption of the GluR2 gene not only pro-
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THE PARTICIPATION OF PLASMA MEMBRANE STRUCTURES
AND INTRACELLULAR CALCIUM STORES IN THE FORMATION
OF INTRACELLULAR CALCIUM SIGNALS IN SENSORY NEURONS
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duces an increase in the number of spinal Ca2+-
permeable AMPARs, but also facilitates spinal
nociceptive plasticity and enhances long-term
inflammatory hyperalgesia, suggesting that
changes in AMPAR properties including the in-
creased AMPAR Ca2+-permeability due to GluR2
loss on synaptic membrane in dorsal horn neu-
rons might play a critical role in spinal central
sensitization underlying chronic pain. Howev-
er, how spinal AMPA receptors exert their func-
tions in persistent pain is unclear. Here, we
showed that peripheral injection of Complete
Freund�s adjuvant (CFA) into a hind paw in-
creased the number of cobalt-positive neurons
in the ipsilateral dorsal horn at 24 h post-CFA
compared to that at 24 h post-saline. Moreover,
CFA injection produced facilitation of AMPA

receptor-mediated currents and [Ca2+]
i
 tran-

sients in the substantia gelatinosa neurons of
spinal cord at 24 h post-CFA, induced by bath
application of AMPA. Finally, CFA-induced in-
flammation increases inward rectification index
values of AMPAR-mediated excitatory postsyn-
aptic currents. These findings indicate that pe-
ripheral inflammation might cause a switch of
Ca2+-impermeable AMPA receptors expressed
on many spinal dorsal horn neurons into Ca2+-
permeable AMPA receptors. As spinal cord Ca2+-
permeable AMPA receptors are critical for the in-
duction of enhanced pain responses, our results
might explore a novel mechanism underlying the
development and maintenance of chronic pain.
Supported by the JDRF grant # 1-2004-30 and INTAS
grant # 8061

Increase in intracellular concentration of free
calcium ions in cytosol is a universal signal,
regulating a wide spectrum of cellular func-
tions. There are two major ways of increasing
Ñà2+concentration in cell cytosol. The first one
is linked with calcium influx from the extracel-
lular medium, and the second one � with the
release of these ions from intracellular calcium
stores. In nerve cells Ñà2+ influx is accompa-
nied by the activation of voltage-gated and/or
receptor-operated  ion channels in the plasma
membrane, permeable for Ñà2+. In our work an
attempt to analyze the mutual contribution of
mitochondria and ER to the formation of intra-
cellular calcium signals has been made, as well
as to elucidate possible connection between the
degree of ER Ñà2+ capacity and activation of
additional Ñà2+ influx site from the extracellu-
lar medium into cytosol as well as the mito-
chondrial influence to such store-activated sig-
nals has been made in rat nociceptive primary
sensory neurons. Such Ñà2+ entry into cytosol of
neurons induced by depletion of intracellular

calcium stores (so called store-regulated Ñà2+

entry, SOCE) was for a long time considered to
be a mechanism necessary for providing the in-
crease in intracellular Ñà2+ concentration exclu-
sively in nonexcitable cells. Changes in intrac-
ellular Ca2+ induced by the depletion of endo-
plasmic reticulum (ER) by different mecha-
nisms were studied in isolated rat nociceptive
dorsal root ganglia neurons using indo-1 fluo-
rescent technique.  Amplitude and kinetic char-
acteristics of CCE induced by active or passive
depletion of ER were analyzed. The first type
of depletion achieved by direct stimulation of
inositol 1,4,5-trisphosphate (IP

3
)  or  ryanod-

ine receptors (RyRs) of endoplasmic reticulum.
Passive depletion of ER was due to suppression
of Ca2+ uptake by endoplasmic reticulum calci-
um ATPases inhibitor thapsigargin. Different
mechanisms of ER depletion induced SOCE tran-
sients, which differ from each other by main
parameters. These facts allow us to suggest dif-
ferent  activation mechanisms of such CCE sig-
nals. Application of mitochondrial protonophore
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CCCP (carbonyl cyanide m-chlorophenylhydra-
zone) changed the kinetics of CCE transients de-

cay, so we suggested the participation of mito-
chondria in CCE signaling.

IONIC CHANNELS OF THE NUCLEAR ENVELOPE AND THEIR POSSIBLE ROLE

O.A. Fedorenko, D.E. Duzhyy, S.M. Marchenko

O.O. Bogomoletz Institute of Physiology National Academy of Sciences of Ukraine, Kyiv
fea80@ukr.net

In eukaryotic cells chromosomes are isolated
from the cytoplasm by the nuclear envelope
pieced by numerous nuclear. Besides a number
of ionic channels were found in the nuclear
membranes, but their functions remained mainly
unexplored. In our work we have investigated
ion channels in the membranes of nuclei isolat-
ed from cerebellar Purkinje neurons, pyramidal
neurons of CA1 region and granule neurons of
the dentate gyrus of the hippocampus and Jur-
kat-cells. Our experiments revealed variety of
spontaneously active ionnic channels in the NE
membranes. Different types of cells express
different sets of ion channels in their nuclear
membranes. But some of the channels share
similar properties and we tried to classify  them
on the basis of their biphysical properties. As a
result we have got three types of spontaneous-
ly active nuclear ionic channels: large conduc-
tance cationic channels (LCCC), Ñ²Ñ channels,
other chloride channels. The physiological role
of these ionic nuclear channels is not clear, but

they may be important for the ion balance between
the cytoplasm and the lumen of the nuclear enve-
lope. Inositoltrisphosphate receptors were found
in the inner nuclear membrane of pyramidal neu-
rons from CA1 region of the hippocampus and
cerebellar Purkinje neurons. So the nuclear enve-
lope of these cells can function as Ca2+ store. We
were unable to record inositoltrisphosphate or ry-
anodine receptors in the nuclear membranes of
granular neurons of the dentate gyrus. We sup-
pose that different mechanisms of Ca2+ regulation
take place in these cells. Channel activity of the
IP

3
-receptors was voltage-dependent. The proba-

bility of the open state of InsP
3
Rs was much higher

at positive potentials and decreased at negative
potentials. The similar voltage-dependence of ac-
tivity was demonstrated by LCCC. That is why
we hypotisysed that IP3Rs and LCCC can form
the  minimal system for the fucntioning of the NE
as the Ca store. We suggest that these two types
of ion channels take part in the regulation of the
Ca2+ signal in the nucleus.

Various types of ion channels are presented in
mitochondria. It was proved that mitochondrial
ATP-regulated potassium channel (mitoK

ATP
) and

mitochondrial Ca-activated big conductance po-
tassium channel (mitoBK

Ca
) are involved in cy-

toprotection but the mechanism of this is still un-
known. In our study we used Black Lipid Mem-
brane Technique which allowes measure single
channel actvities. The submitochondrial particles
isolated from inner mitochondrial membrane

from rat brain were incorporated into artificial
planar lipid bilayer and after reconstitution sin-
gle channel activity was measured. The potassi-
um channel with a mean conductance of 219 ± 15
pS in symmetrical 450/450 mM KCl (cis/trans)
solution was recorded. We examined effect of
different channels modulators on channel activi-
ty. The potassium channel is inhibited by com-
plex ATP/Mg2+ and this effect is reversed by BMS
191095 but with reduced amplitude. Amplitude
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decrease is caused by magnesium ions. Magnesium
ions change channel activity only after addition to
the trans compartment in our experimental condi-
tions. Inhibitor of mitoBK

Ca
 channel � iberiotoxin

IbTx and inhibitor of mitochondrial voltage gated
potassium channel (mitoKv1.3) � margatoxin MrTx

have no effect on channel activity. Surprisingly, in-
hibitor of mitoK

ATP
 channels � 5-hydroxydecanoic

acid (5-HD) does not change channel activity. We
identified mitochondrial potassium channel ATP �
regulated (mito K

ATP
) from rat brain mitochondria

which is insensitive to 5 � HD.

Previous contributions of our laboratory have
demonstrated changes of intracellular calcium
signaling in nociceptive neurons of rats with
streptozotocin (STZ)-induced diabetes. Here, on
the same model, we have studied diabetes-in-
duced changes in T-type calcium and capsai-
cin-induced currents as well as in cytosolic Ca2+

transients ([Ca2+]
i
) evoked by corresponding

currents in small IB4-positive capsaicin sensi-
tive DRG neurons (nociceptors). Also we have
investigated differences between changes ob-
served in neurons of diabetic rats with thermal
hypoalgesia and in neurons of diabetic rats with
thermal hyperalgesia. Young (8-9 weeks) dia-
betic male rats (4-6 weeks after induction of
STZ-diabetes) and age-matched control animals
were taken for the experiments. Diabetic rats
were divided in two groups, hyper- and hypoal-
gesic, based on results of plantar test. After
isolation, L4-L6 small IB4-positive capsaicin
sensitive DRG neurons were voltage-clamped
and loaded with a calcium dye, Fura-2, via a
patch pipette. [Ca2+]

i
 transients were recorded

simultaneously with currents. Activation of VR

1 was performed by bath application of capsa-
icin. We have found that in small nociceptive
DRG neurons peak current density of T-type
calcium current was significantly enhanced in
both hypoalgesic and hyperalgesic diabetic rats.
Amplitudes of [Ca2+]

i
 transients were also en-

hanced in neurons of diabetic rats regardless
of form of the neuropathy. VR1 current densi-
ty as well as amplitudes of [Ca2+]

i
 transients

was decreased in neurons of hypoalgesic rats.
The same responses where increased in neu-
rons of rats from the hyperalgesic group. Thus,
we have found that diabetes induced signifi-
cant changes in calcium signaling mediated by
T-type calcium current and VR1 in small IB4-
positive DRG neurons. Observed changes were
distinct in different forms of diabetic neuropa-
thy. We assume that specific alterations in cal-
cium signaling mediated by T-type calcium
channels and VR1 in DRG neurons contribute
to the development of diabetes-induced ther-
mal hypo- and hyperalgesia.
Supported by the JDRF grant # 1-2004-30 and
INTAS grant # 8061

AMPA RECEPTOR-DEPENDENT HIPPOCALCIN TRANSLOCATIONS
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Hippocalcin (HPCA) is a Ca2+-binding protein,
which belongs to the family of neuronal Ca2+ sen-

sors. It has been shown that Ca2+-dependent HPCA
activation in hippocampal neurons is one of the
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AN EFFECT OF MITOCHONDRIAL IONOPHORE CCCP ON IMPULSE ACTIVITY
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necessary steps involved in expression of NMDA
receptor dependent long-term depression and in
production of a slow afterhyperpolarization. At
the same time molecular and biophysical mecha-
nisms underlying its action in these neurons have
not been investigated yet. In this work using Yel-
low Fluorescent Protein-tagged Hippocalcin
(HPCA-YFP) we have studied if and how free
calcium concentration changes evoked by AMPA
receptor activation can be decoded by HPCA
translocations. Local applications of glutamate
to an apical dendrite of hippocampal neurons in
conditions when only the AMPA type of ionotro-
pic glutamate receptors can be activated result-

ed in a fast (rise time of 1-2 s), reversible, syn-
chronous and reproducible HPCA translocations
to the same set of sites on the dendritic tree. The
translocation transients induced by AMPAR acti-
vation was mainly due to indirect action of
glutamate resulting in AMPA receptor-dependent
depolarization, following voltage operating calci-
um channels activation and [Ca2+]

i
 elevation . Anal-

ogous results were obtained when an agonist of
AMPA receptors, AMPA, was iontophoretically
applied. Thus, we conclude that HPCA, by means
of AMPAR activation, possesses the ability to con-
duct information processing in parallel in many
sites within a neuron.

The protonophore CCCP is widely used substance
to explore intracellular calcium regulation due
to its property to switch off the mitochondrial
potential and block calcium uptake by mitochon-
dria. Switching off the mitochondria located near
the surface may change the external impulse prop-
erties of excitable cell. We have studied an ac-
tivity of isolated CA1 hippocampal neurons from
Wistar rats using perforated patch-clamp meth-
od in current clamp mode by two protocols: a)
repetitive depolarization pulses with the same
amplitude. The estimation of impulse activity was
calculated as interspike intervals (ISI) set in cor-
respondence to spike number from the beginning
of current pulse. Averaging of these data over
multiple (12) protocols gives mean ISI charac-
teristic showing the repetitive activity of neuron
and his accommodative properties; b) ramp pro-
tocol with slow rising from -30 pA to +50 pA
during 10 sec, where neurons may demonstrate
endogenous spiking activity. We found that ad-
ministration of CCCP rapidly blocked the repet-
itive and endogenous spike activity of isolated
neurons in less than half of minute. Besides, the
first evoked action potential still was present
thus proving cells possibility to generate the po-
tentials. The minimal concentrations of CCCP

blocking the cell activity varied over cells and
ranged from 50 to 200 nM. The effect might
be partly reversible if CCCP was added in con-
centrations below then 1 mM within 5 minutes.
In conditions of low concentrations (10-50
mM) the effect of CCCP was developed for a
long time, but was small or no changes were
observed in the period of spike generation. Ap-
plication of 20 mM lanthanum greatly increased
the neuron activity - both repetitive and endog-
enous spiking. When applied before, lanthanum
strongly reduced and slowed the effect  of
CCCP. We have defined the elevation of CCCP
minimal concentrations up to 4-6 mM, with
more than 3 minutes needed to block repetitive
activity by 10 mM CCCP. Application of lan-
thanum could not restore impulse activity
which already was blocked by CCCP. We sup-
pose that under CCCP influence, calcium en-
ters into neuron via voltage-dependent chan-
nels and can not be stored by mitochondria.
Elevation of calcium concentration becomes
above the normal values that partly may be due to
calcium release from mitochondria. This in turn
induces irreversible changes, may be through Ca-
dependent kinase activity blocking repetitive and
endogenous impulse activity for a long period.
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