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Ââåäåíèå. Òðàíñëÿöèîííàÿ ìåäèöèíà (îáî-
çíà÷àåìàÿ òàêæå òåðìèíîì «òðàíñëÿöèîííàÿ
íàóêà») – ýòî íîâîå íàïðàâëåíèå â îáëàñòè áèî-
ìåäèöèíñêèõ èññëåäîâàíèé è çäðàâîîõðàíåíèÿ,
íàöåëåííîå íà óëó÷øåíèå èíäèâèäóàëüíîãî è
îáùåñòâåííîãî çäîðîâüÿ ïóòåì ïåðåäà÷è, «òðàíñ-
ëÿöèè» ðåçóëüòàòîâ ôóíäàìåíòàëüíûõ íàó÷íûõ
èññëåäîâàíèé â ïðàêòèêó çäðàâîîõðàíåíèÿ. Òà-
êàÿ òðàíñëÿöèÿ íàó÷íûõ çíàíèé ïîäðàçóìåâàåò
èõ âîïëîùåíèå â íîâûõ ìåòîäàõ è èíñòðóìåíòàõ
äèàãíîñòèêè, ëåêàðñòâàõ, ìåäèöèíñêèõ ïðîöåäó-
ðàõ, â ïîëèòèêå è îáðàçîâàíèè â îáëàñòè çäðà-
âîîõðàíåíèÿ [1]. Ýòî áûñòðî ðàçâèâàþùååñÿ
íàïðàâëåíèå áèîìåäèöèíñêèõ èññëåäîâàíèé ïðè-
çâàíî óñêîðèòü îòêðûòèå è ðàçðàáîòêó íîâûõ
èíñòðóìåíòîâ è ìåòîäîâ äèàãíîñòèêè è ëå÷åíèÿ,
èñïîëüçóÿ ìóëüòèäèñöèïëèíàðíûé, ìåæäèñöèï-
ëèíàðíûé, âûñîêî êîîïåðàöèîííûé ïîäõîä ïîä
äåâèçîì «îò ëàáîðàòîðíîé óñòàíîâêè – ê ïîñòå-
ëè áîëüíîãî» (àíãë. bench-to-bedside). Â îáëàñòè
çäðàâîîõðàíåíèÿ òðàíñëÿöèîííàÿ ìåäèöèíà ôî-
êóñèðóåòñÿ íà îáåñïå÷åíèè òîãî, ÷òîáû  íàó÷íî
îáîñíîâàííûå ñòðàòåãèè ëå÷åíèÿ è ïðîôèëàê-
òèêè äåéñòâèòåëüíî èñïîëüçîâàëèñü îáùåñòâîì
[2]. Â ðàçâèòûõ ñòðàíàõ ñîçäàíû ñïåöèàëèçèðî-
âàííûå öåíòðû òðàíñëÿöèîííîé ìåäèöèíû (áî-
ëåå 60 òîëüêî â ÑØÀ), óíèâåðñèòåòñêèå êàôåä-
ðû, âûäåëÿåòñÿ ìàñøòàáíîå ïðàâèòåëüñòâåííîå
è ìåæãîñóäàðñòâåííîå ôèíàíñèðîâàíèå òðàíñ-
ëÿöèîííûõ èññëåäîâàíèé. Â 2008–2009 ãã. íà÷àòî
èçäàíèå ñïåöèàëèçèðîâàííûõ íàó÷íûõ æóðíàëîâ
Clinical and Translational Science, American Journal
of Translational Research, Science Translational
Medicine, êîòîðûå ïî äàííûì íà 2014 ã. èìåëè
èìïàêò-ôàêòîðû 1.43, 3.402 è 15.843, ñîîòâåò-
ñòâåííî. Ó÷ðåæäåíû ìåæäóíàðîäíûå è íàöèî-

íàëüíûå ïðîôåññèîíàëüíûå îáùåñòâà, â ÷àñòíî-
ñòè Åâðîïåéñêîå îáùåñòâî òðàíñëÿöèîííîé ìå-
äèöèíû, èçäàþùåå ñ 2015 ãîäà æóðíàë New
Horizons in Translational Medicine.

Ñ 2011 ã. íàìè ïðåäïðèíèìàþòñÿ ïåðâûå
øàãè â ýòîì íîâîì íàïðàâëåíèè, ðàçâåðíóòû ñî-
âìåñòíûå ðàáîòû Äíåïðîïåòðîâñêîãî îòäåëåíèÿ
Ìåæäóíàðîäíîãî öåíòðà ìîëåêóëÿðíîé ôèçèî-
ëîãèè Íàöèîíàëüíîé àêàäåìèè íàóê Óêðàèíû è
Äíåïðîïåòðîâñêîãî ñïåöèàëèçèðîâàííîãî êëè-
íè÷åñêîãî ìåäèöèíñêîãî öåíòðà ìàòåðè è ðå-
áåíêà èì. Ïðîô. Ì. Ô. Ðóäíåâà, â êîòîðûõ ñ 2014 ã.
ó÷àñòâóåò òàêæå êàôåäðà ìåäèöèíñêîé áèîôè-
çèêè è èíôîðìàòèêè Äíåïðîïåòðîâñêîé ìåäè-
öèíñêîé àêàäåìèè ÌÇ Óêðàèíû. Â 2014–2015 ãã.
îïóáëèêîâàíû ïåðâûå ðåçóëüòàòû ýòèõ ðàáîò
[3,  4,  5,  6].

Öåëü èññëåäîâàíèÿ: êðàòêèé îáçîð âûïîë-
íåííûõ ðàáîò è î÷åð÷èâàíèå áëèæàéøèõ ïåðñ-
ïåêòèâ èõ ïðîäîëæåíèÿ ïî êîìïüþòåðíîìó ìî-
äåëèðîâàíèþ áèîôèçè÷åñêèõ è áèîõèìè÷åñêèõ
ïðîöåññîâ, ïðîòåêàþùèõ â ãëàäêîìûøå÷íûõ êëåò-
êàõ (ÃÌÊ) äåòðóçîðà ìî÷åâîãî ïóçûðÿ (ÄÌÏ) â
óñëîâèÿõ ïðÿìîé ýëåêòðè÷åñêîé ñòèìóëÿöèè èëè
ïàðàñèìïàòè÷åñêèõ íåéðîìåäèàòîðíûõ âîçäåéñòâèé
íà ìåìáðàííûå ðåöåïòîðû àöåòèëõîëèíà è ÀÒÔ.
Ïðè ýòîì îñîáîå âíèìàíèå áûëî óäåëåíî ïðîöåñ-
ñàì, ðàçâèâàþùèìñÿ â îòâåò íà ñòèìóëÿöèþ, ñî-
ãëàñíî òåì æå ïðîòîêîëàì, êîòîðûå ïðèìåíÿþòñÿ
ïðè ìåäèöèíñêîé ðåàáèëèòàöèè.

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèÿ. Èñ-
ñëåäîâàíèÿ ïðîâåäåíû íà ðàçðàáîòàííîé ñ èñ-
ïîëüçîâàíèåì ôîðìàëèçìà Õîäæêèíà–Õàêñëè
êîìïüþòåðíîé ìîäåëè ãëàäêîìûøå÷íîé êëåòêè
(ÃÌÊ) äåòðóçîðà ìî÷åâîãî ïóçûðÿ, âêëþ÷àâøåé
â ñåáÿ ïðèñóùèå áèîëîãè÷åñêèì êëåòêàì-ïðî-



260 ÓÊÐÀ¯ÍÑÜÊÈÉ ÍÀÓÊÎÂÎ-ÏÐÀÊÒÈ×ÍÈÉ ÆÓÐÍÀË ÓÐÎËÎÃIÂ, ÀÍÄÐÎËÎÃIÂ ÒÀ ÍÅÔÐÎËÎÃIÂ

òîòèïàì îñíîâíûå òèïû èîííûõ êàíàëîâ, â ÷àñò-
íîñòè êàíàëîâ êàëüöèéçàâèñèìîãî õëîðíîãî
òîêà, èîííûõ íàñîñîâ è ìåõàíèçìîâ ðåãóëÿöèè
âíóòðèêëåòî÷íîãî êàëüöèÿ [3, 4]. Ìîäåëü âêëþ-
÷àëà â ñåáÿ òàêæå áèîôèçè÷åñêèå ìåõàíèçìû
ïàðàñèìïàòè÷åñêîé èííåðâàöèè ÃÌÊ, à èìåííî
àêòèâàöèþ õîëèíåðãè÷åñêèõ ìåòàáîòðîïíûõ ðå-
öåïòîðîâ (Ì2/Ì3 òèïà) è ïóðèíåðãè÷åñêèõ
èîíîòðîïíûõ ðåöåïòîðîâ (òèïà Ð2Õ).

Ðåçóëüòàòû è èõ îáñóæäåíèå. Â ïðîöåññå
äèàãíîñòèêè, ëå÷åíèÿ è ðåàáèëèòàöèè äåòåé ñ
òàêèìè âðîæäåííûìè ïîðîêàìè, êàê  êîìïëåêñ
ýêñòðîôèÿ ìî÷åâîãî ïóçûðÿ – òîòàëüíàÿ ýïè-
ñïàäèÿ, àíîðåêòàëüíûå ïîðîêè è àíîìàëèè ðàç-
âèòèÿ òàçîâîãî äíà, áûëè ïîëó÷åíû äàííûå, óêà-
çûâàþùèå íà òî, ÷òî â äåòðóçîðå íîâîðîæäåí-
íûõ ñ íàçâàííûìè ïîðîêàìè ìóñêàðèíîâûå ðå-
öåïòîðû Ì2- è Ì3-òèïîâ ïî ñðàâíåíèþ ñ íîð-
ìîé ìàëî÷èñëåííû (ñ ïðåîáëàäàíèåì òèïà M2)
èëè îòñóòñòâóþò [7, 8]. Ïðè óñëîâèè ñîõðàíåíèÿ
ïàðàñèìïàòè÷åñêîé èííåðâàöèè òàçîâûõ îðãàíîâ
ïîñëå õèðóðãè÷åñêîãî âìåøàòåëüñòâà [9] ñòàíîâè-
ëàñü âîçìîæíîé ìåäèöèíñêàÿ ðåàáèëèòàöèÿ ñ èñ-
ïîëüçîâàíèåì ýëåêòðîñòèìóëÿöèè ìûøö òàçîâîãî
äíà è ÝÌÃ-êîíòðîëÿ [10]. Âûñîêèé ïðîöåíò óñ-
ïåøíîñòè òàêîãî ðåàáèëèòàöèîííîãî ïîäõîäà ïî-
ñòàâèë íà ïîâåñòêó äíÿ âîïðîñû ñîâåðøåíñòâîâà-
íèÿ ïðîòîêîëîâ ðåàáèëèòàöèè, â ÷àñòíîñòè ôèçèî-
ëîãè÷åñêîãî è áèîôèçè÷åñêîãî îáîñíîâàíèÿ âû-
áîðà ìèøåíåé è ïàðàìåòðîâ ýëåêòðîñòèìóëÿöèè,
íàïðàâëåííîé íà êîìïåíñàöèþ äåôèöèòà ïàðàñèì-
ïàòè÷åñêîé èííåðâàöèè ìûøö ìî÷åâîãî ïóçûðÿ,
íà ïðåäîòâðàùåíèå äåãåíåðàòèâíûõ èçìåíåíèé.
Ñóùåñòâåííûì ìîòèâîì áûëî òàêæå òî, ÷òî èí-
ôîðìàöèÿ î õàðàêòåðèñòèêàõ áèîôèçè÷åñêèõ è
ôèçèîëîãè÷åñêèõ ïðîöåññîâ â ñîîòâåòñòâóþùèõ
êëåòêàõ-ìèøåíÿõ âåñüìà îãðàíè÷åíà èç-çà ñóùå-
ñòâåííûõ ìåòîäè÷åñêèõ (à â ñëó÷àå êëèíè÷åñêîé
ïðàêòèêè òàêæå è ýòè÷åñêèõ) îãðàíè÷åíèé ýêñ-
ïåðèìåíòàëüíûõ èññëåäîâàíèé.

Íà êîìïüþòåðíîé ìîäåëè èññëåäîâàíû
áèîôèçè÷åñêèå ìåõàíèçìû ãåíåðàöèè ïîòåíöè-
àëîâ äåéñòâèÿ (ÏÄ) è íåîáõîäèìûõ äëÿ èíèöè-
àöèè ñîêðàùåíèÿ êàëüöèåâûõ òðàíçèåíòîâ â îò-
âåò íà ïàðàñèìïàòè÷åñêóþ àêòèâàöèþ ìåòàáî-
òðîïíûõ Ì2/Ì3-õîëèíîðåöåïòîðîâ è êîàêòèâà-
öèþ èîíîòðîïíûõ Ð2Õ-ïóðèíîðåöåïòîðîâ. Ìî-
äåëüíàÿ ÃÌÊ îòâå÷àëà íà òîë÷îê äåïîëÿðèçóþ-
ùåãî òîêà ãåíåðàöèåé ÏÄ, ïîäîáíîãî ðåàëüíûì
ÏÄ, è ïðåõîäÿùèì óâåëè÷åíèåì âíóòðèêëåòî÷-
íîé êîíöåíòðàöèè êàëüöèÿ. Ãåíåðàöèþ òàêèõ æå
ÏÄ âûçûâàëî ïðåõîäÿùåå óâåëè÷åíèå ïðîâîäè-
ìîñòè êàíàëîâ êàëüöèéçàâèñèìîãî õëîðíîãî òîêà,
ñîïðîâîæäàåìîå óâåëè÷åíèåì ïðîâîäèìîñòè ïó-
ðèíåðãè÷åñêèõ êàíàëîâ íåñïåöèôè÷åñêîãî òîêà,

êîòîðûå ñâÿçàíû ñ Ð2Õ-ðåöåïòîðàìè (ñîîòíî-
øåíèå ïðîâîäèìîñòåé 95 ê 5%, êàê ó ïðîòîòèïà).
Áûëî óñòàíîâëåíî, ÷òî äëÿ ãåíåðàöèè ÏÄ ñóùå-
ñòâåííûìè áûëè âðåìåííûå ñîîòíîøåíèÿ ïðî-
öåññîâ íàðàñòàíèÿ óêàçàííûõ ïðîâîäèìîñòåé,
èìèòèðóþùèõ êîíå÷íûé ýôôåêò àêòèâàöèè Ì2/
Ì3- è Ð2Õ-ðåöåïòîðîâ.

Âûøåîïèñàííàÿ ìîäåëü êàê äîñòàòî÷íî àäåê-
âàòíî îòîáðàæàþùàÿ ðåàêöèè êëåòîê íà îäèíî÷-
íûå ñòèìóëû â ïîñëåäóþùèõ áûëà èñïîëüçîâàíà
äëÿ èññëåäîâàíèÿ ýëåêòðè÷åñêèõ è êîíöåíòðàöè-
îííûõ ïðîöåññîâ â ÃÌÊ ÄÌÏ ïðè ñòèìóëÿöèè
ñåðèÿìè èìïóëüñîâ, îðãàíèçîâàííûõ â ïà÷êè èëè
êîíâåðòû ñîãëàñíî òèïîâûì ïðîòîêîëàì ðåàáèëè-
òàöèîííîé ýëåêòðîñòèìóëÿöèè [10]. Èññëåäîâàíû
ñîïðÿæåííûå èçìåíåíèÿ ìåìáðàííîãî ïîòåíöèàëà,
ïàðöèàëüíûõ òðàíñìåìáðàííûõ òîêîâ è âíóòðè-
êëåòî÷íîé êîíöåíòðàöèè êàëüöèÿ [Ca2+]

i
, âûçâàí-

íûå â ìîäåëüíîé ÃÌÊ ëèáî ïðÿìûì äåéñòâèåì
òîêà ñòèìóëÿòîðà íà êëåòî÷íóþ ìåìáðàíó [5, 6],
ëèáî äåéñòâèåì íà ìåìáðàííûå ìóñêàðèíîâûå è
ïóðèíîâûå ðåöåïòîðû ìåäèàòîðîâ, âûäåëÿåìûõ
îêîí÷àíèÿìè âîçáóæäåííûõ ñòèìóëàìè ïàðàñèì-
ïàòè÷åñêèõ íåðâîâ [5]. Ïðÿìàÿ ýëåêòðîñòèìóëÿöèÿ
êëåòîê êàê ïà÷êàìè, òàê è êîíâåðòàìè îäèíàêî-
âûõ èìïóëüñîâ ñî âðåìåíåì ïðèâîäèëà ê óñòàíîâ-
ëåíèþ îäèíàêîâûõ âûíóæäåííûõ ýëåêòðè÷åñêèõ
è êîíöåíòðàöèîííûõ êîëåáàíèé ñ ïàðàìåòðàìè, çà-
âèñÿùèìè îò ìåæñòèìóëüíûõ èíòåðâàëîâ (ÌÑÈ)
[6]. Òàêèå êîëåáàíèÿ, âûçâàííûå ñòèìóëÿöèåé ñ
òèïè÷íûìè äëÿ ðåàáèëèòàöèîííûõ ïðîòîêîëîâ
ÌÑÈ 5 è 50 ìñ, ñîïîñòàâèìûìè ñ èíòåðâàëàìè
àáñîëþòíîé è îòíîñèòåëüíîé ðåôðàêòåðíîñòè ìî-
äåëüíîé ÃÌÊ [5], ñóùåñòâåííî îòëè÷àëèñü õàðàê-
òåðîì ðåãåíåðàòèâíûõ îòâåòîâ, ðàçìàõîì è ñðåä-
íèì óðîâíåì äåïîëÿðèçàöèè ìåìáðàííîãî ïîòåí-
öèàëà è [Ca2+]

i
, áîëåå âûñîêèìè ïðè âûñîêî÷àñ-

òîòíîé ñòèìóëÿöèè. Ïðèìå÷àòåëüíî, ÷òî â ñëó÷àå
êîðîòêèõ ÌÑÈ [Ca2+]

i
, íå óñïåâàÿ âîçâðàùàòüñÿ ê

áàçàëüíîìó óðîâíþ, êîëåáàëàñü â äèàïàçîíå çíà÷å-
íèé, êîòîðûå â äðóãèõ âîçáóäèìûõ êëåòêàõ ñ÷èòà-
þòñÿ âûøå ôèçèîëîãè÷åñêîé íîðìû. Ýòè äàííûå
ïîä÷åðêíóëè  íåîáõîäèìîñòü âûÿñíåíèÿ êèíåòè-
÷åñêèõ õàðàêòåðèñòèê ïîñòóïëåíèÿ è ýêñòðóçèè Ca2+

â ÃÌÊ ÄÌÏ, íåîáõîäèìûõ äëÿ áèîôèçè÷åñêè îáî-
ñíîâàííîãî âûáîðà ïàðàìåòðîâ ðåàáèëèòàöèîííîé
ñòèìóëÿöèè, êîòîðûå ïðåäîòâðàùàëè áû âîçìîæ-
íûå ïîáî÷íûå öèòîòîêñè÷åñêèå ýôôåêòû, ñâÿçàí-
íûå ñ ÷ðåçìåðíî ïðîäîëæèòåëüíûìè âûñîêèìè
óðîâíÿìè [Ca2+]

i
. Ñóùåñòâåííûì è ïîòîìó íóæäà-

þùèìñÿ â öåëåíàïðàâëåííûõ èññëåäîâàíèÿõ áèî-
ôèçè÷åñêèì ïàðàìåòðîì ÃÌÊ ÄÌÏ áûë òàêæå
ïîòåíöèàë èíâåðñèè (E

Cl
) Ñà2+-çàâèñèìîãî õëîð-

íîãî òîêà, àêòèâèðóþùåãîñÿ, â ÷àñòíîñòè, ïàðàñèì-
ïàòè÷åñêèì äåéñòâèåì íà Ì2/Ì3 ðåöåïòîðû. Ïðå-
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âûøåíèå óðîâíÿ E
Cl 

êîëåáàíèÿìè ìåìáðàííîãî
ïîòåíöèàëà îáóñëîâëèâàëî òî, ÷òî óêàçàííûé òîê
ïåðèîäè÷åñêè èçìåíÿë ñâîå îñíîâíîå, äåïîëÿðè-
çóþùåå íàïðàâëåíèå íà ïðîòèâîïîëîæíîå, òåì ñà-
ìûì îêàçûâàÿ ðàçíîíàïðàâëåííîå äåéñòâèå íà ìåì-
áðàíó â ðàçíûå ôàçû êîëåáàíèé.

Ïîëó÷åííûå ðåçóëüòàòû ñîñòàâèëè îñíîâó ñëå-
äóþùåãî ýòàïà êëèíè÷åñêèõ è ìîäåëüíûõ áèîôè-
çè÷åñêèõ èññëåäîâàíèé. Ýòî êëèíè÷åñêèå èññëåäî-
âàíèÿ, íàïðàâëåííûå íà îïðåäåëåíèå ýêñïðåññèè
èîíîòðîïíûõ ïóðèíîâûõ ðåöåïòîðîâ â ÄÌÏ è äðó-
ãèõ îðãàíàõ ìàëîãî òàçà ïðè ðàçíûõ âèäàõ óðîëîãè-
÷åñêîé è àíîðåêòàëüíîé ïàòîëîãèè íîâîðîæäåííûõ.
Ýòî áèîôèçè÷åñêèå èññëåäîâàíèÿ, íàïðàâëåííûå íà
ñîâåðøåíñòâîâàíèå ìîäåëåé ÃÌÊ ÄÌÏ, âûÿâëåíèå
îñîáåííîñòåé ôóíêöèîíèðîâàíèÿ èîíîòðîïíûõ è ìå-
òàáîòðîïíûõ ìåõàíèçìîâ â íîðìå è ïðè ïàòîëîãèè
ñ ó÷åòîì íîâûõ äàííûõ êëèíè÷åñêèõ èññëåäîâàíèé,
â ÷àñòíîñòè ïðè ðåàáèëèòàöèîííîé ñòèìóëÿöèè ïà-
ðàñèìïàòè÷åñêèõ ýôôåðåíòîâ. Íàêîíåö, ýòî ðàçðà-
áîòêà è èññëåäîâàíèå íîâûõ, áëèçêèõ ê ïðîòîòè-
ïàì ìîäåëåé êëåòîê, êîòîðûå òàêæå ÿâëÿþòñÿ ìè-
øåíÿìè çîíäèðóþùåé è/èëè ðåàáèëèòàöèîííîé
ýëåêòðîñòèìóëÿöèè ïðè óðîëîãè÷åñêîé è àíîðåê-
òàëüíîé ïàòîëîãèè – ÃÌÊ ïðÿìîé êèøêè, êëåòîê
ïîïåðå÷íî-ïîëîñàòûõ ìûøö òàçîâîãî äíà è èõ èí-
íåðâàöèè ñïèíàëüíûìè ìîòîíåéðîíàìè.

Òàêèì îáðàçîì, ìîæíî ãîâîðèòü î ïåðâûõ
ðåçóëüòàòèâíûõ øàãàõ íà ïóòè ñòàíîâëåíèÿ òðàíñ-
ëÿöèîííûõ ìåäèêî-áèîëîãè÷åñêèõ èññëåäîâàíèé â
ïåäèàòðèè, â ÷àñòíîñòè â äåòñêîé óðîëîãèè.

Âûâîäû
1. Óñòàíîâëåíî, êàêèå èìåííî ïàðàìåòðû áèî-

ôèçè÷åñêèõ è áèîõèìè÷åñêèõ êëåòî÷íûõ ïðîöåñ-
ñîâ, íà êîòîðûå íàïðàâëåíà ðåàáèëèòàöèîííàÿ ñòè-
ìóëÿöèÿ, ÿâëÿþòñÿ êðèòè÷åñêè âàæíûìè. Òàêèìè
êðèòè÷åñêèìè, à çíà÷èò òðåáóþùèìè ïåðâîî÷åðåä-
íîãî óñòàíîâëåíèÿ ÿâëÿþòñÿ êèíåòè÷åñêèå ïàðà-
ìåòðû êàëüöèåâîé äèíàìèêè, â ÷àñòíîñòè ñêîðîñ-
òè îáìåíà êàëüöèÿ ìåæäó öèòîçîëåì è äåïî –
ñàðêîïëàçìàòè÷åñêèì ðåòèêóëóìîì.

2. Ïîëó÷åííûå ðåçóëüòàòû ïðåäïîëàãàþò ïî-
èñê ñðåäñòâ, êàê ôàðìàêîëîãè÷åñêèõ, òàê è íåôàð-
ìàêîëîãè÷åñêèõ, äëÿ ïîâûøåíèÿ ýôôåêòèâíîñòè
è ìèíèìèçàöèè ïîáî÷íûõ äåéñòâèé ðåàáèëèòàöè-
îííûõ ïðîöåäóð.

3. Ïðåäëîæåíà áèîôèçè÷åñêè îáîñíîâàííàÿ
êîððåêöèÿ ïðîòîêîëîâ ýëåêòðîñòèìóëÿöèè ìûøö
òàçîâîãî äíà ïóòåì âûáîðà òàêèõ ÷àñòîò ñëåäîâà-
íèÿ ìíîæåñòâåííûõ ñòèìóëîâ, ïðè êîòîðûõ óñèëè-
âàåòñÿ ñèíåðãåòè÷åñêèé (êîîïåðàòèâíûé) ýôôåêò
ìåòàáîòðîïíîãî õîëèíåðãè÷åñêîãî è èîíîòðîïíî-
ãî ïóðèíåðãè÷åñêîãî êîìïîíåíòîâ ïàðàñèìïàòè-
÷åñêèõ ñòèìóëîâ.
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Summary

ON A WAY TO TRANSLATIONAL
MEDICINE: THE USE OF BIOPHYSICAL
MODELS FOR REHABILITATION
ELECTRICAL STIMULATION IMPROVEMENT
IN  PEDIATRIC UROLOGY

I.A. Makedonsky, A.V. Kochenov,
E.P. Piddubna, V.O. Morenets,
I.B. Rulagina, T.S. Novorodovska,
O.I. Makedonska, S.M. Korogod

Using the Hodgkin–Huxley formalism, we
developed a computer model of a smooth muscle cell
(SMC) of the urinary bladder detrusor; the model
included the main types of ion channels and pumps,
as well as intracellular calcium regulatory mechanisms
inherent in the prototype cell. The biophysical
mechanisms of generation of action potentials (APs)
necessary for initiation of muscle contraction and those
of calcium transients in response to parasympathetic
activation of metabotropic Ì2/Ì3-cholinoreceptors
and co-activation of Ð2Õ-purinoreceptors were
investigated. The simulated SMC in response to a
depolarizing current pulse generated an AP that was,
by a number of indices, similar to real APs and was
also accompanied by a transient elevation of the
intracellular calcium concentration. We demonstrated
a possibility of generation of such APs in response to a
transient increase in the conductivity of channels of
calcium-dependent chloride current accompanied by
an increase in the conductivity of channels associated
with Ð2Õ-receptors (the conductivity ratio was 95 to
5% and similar to that in the prototype). For the AP
generation, temporal relations of the processes of
increases in the mentioned conductances simulating
the final effect of activation of Ì2/Ì3- and Ð2Õ-
receptors were significant. These results obtained on
the given model (rather simplified), allow researchers
to use the latter as an appropriate starting point for
the development of more detailed models (in particular,
those representing cascades of metabolic reactions
triggered by a parasympathetic action).

Keywords: bladder malformations, smooth
muscle cell, urinary bladder detrusor, metabotropic
activation, mathematical model.
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²ç âèêîðèñòàííÿì ôîðìàë³çìó Õîäæê³íà–
Õàêñë³  ìè ðîçðîáèëè êîìï’þòåðíó ìîäåëü ãëàä-
êî¿ ì’ÿçîâî¿ êë³òèíè (ÃÌÊ) äåòðóçîðà ñå÷îâîãî
ì³õóðà; â ìîäåëü âêëþ÷åí³ îñíîâí³ âèäè ³îííèõ
êàíàë³â ³ íàñîñ³â, à òàêîæ ðåãóëÿòîðí³ ìåõàí³çìè
âíóòð³øíüîêë³òèííîãî êàëüö³þ, âëàñòèâ³ êë³òèíè
ïðîòîòèïó. Äîñë³äæåíî á³îô³çè÷í³ ìåõàí³çìè ãå-
íåðàö³¿ ïîòåíö³àë³â ä³¿ (ÏÄ), íåîáõ³äíèõ äëÿ ³í³ö³àö³¿
ì’ÿçîâîãî ñêîðî÷åííÿ òà ïåðåõîäó êàëüö³þ ó
â³äïîâ³äü íà ïàðàñèìïàòè÷íó  àêòèâàö³þ ìåòàáî-
òðîïíèõ Ì2/Ì3-õîë³íîðåöåïòîð³â ³ ñï³ëüíî¿ àê-
òèâàö³¿ Ð2Õ-ïóð³íîðåöåïòîð³â. Ìîäåëüîâàí³ ÃÌÊ
ó â³äïîâ³äü íà äåïîëÿðèçóþ÷³ ³ìïóëüñè ñòðóìó, ùî
âèêëèêàëè ÏÄ, ÿêèé çà äåÿêèìè ïîêàçíèêàìè áóâ
àíàëîã³÷íèé ðåàëüíèì ÏÄ ³ òàêîæ ñóïðîâîäæó-
âàâñÿ òèì÷àñîâèì çá³ëüøåííÿì âíóòð³øíüîêë³òèí-
íî¿ êîíöåíòðàö³¿ êàëüö³þ. Ìè ïîêàçàëè ìîæëèâ³ñòü
ãåíåðàö³¿ òàêèõ ÏÄ ó â³äïîâ³äü íà êîðîòêî÷àñíå
ï³äâèùåííÿ ïðîâ³äíîñò³ êàíàë³â êàëüö³éçàëåæíîãî
ñòðóìó õëîðèäó, ùî ñóïðîâîäæóºòüñÿ çá³ëüøåííÿì
ïðîâ³äíîñò³ êàíàë³â, ïîâ’ÿçàíèõ ç Ð2Õ-ðåöåïòîð³â
(â³äíîøåííÿ ïðîâ³äíîñò³ áóëî â³ä 95 äî 5% ³ àíà-
ëîã³÷íî â ïðîòîòèï³). Äëÿ ãåíåðàö³¿ ÏÄ, òèì÷àñîâ³
â³äíîñèíè ïðîöåñ³â çðîñòàííÿ ó çàçíà÷åíèõ ïðî-
â³äíîñòåé, ùî ³ì³òóþòü ê³íöåâèé åôåêò àêòèâàö³¿
Ì2 / Ì3 ³ Ð2Õ-ðåöåïòîð³â áóëè çíà÷íèìè. Ö³ äàí³,
îòðèìàí³ íà äàí³é ìîäåë³, äîçâîëÿòü äîñë³äíè-
êàì âèêîðèñòîâóâàòè îñòàíí³é ÿê â³äïîâ³äíó
â³äïðàâíó òî÷êó äëÿ ðîçðîáêè á³ëüø äåòàëüíèõ
ìîäåëåé (çîêðåìà, ò³, ùî ïðåäñòàâëÿþòü êàñêàäè
ìåòàáîë³÷íèõ ðåàêö³é, âèêëèêàí³ ïàðàñèìïàòè÷-
íî àêòèâí³ñòþ).

Êëþ÷îâ³ ñëîâà: ãëàäêà ì’ÿçîâà êë³òèíà (ÃÌÊ),
äåòðóçîð ñå÷îâîãî ì³õóðà (ÄÑÌ), ìåòàáîòðîïíà
àêòèâàö³ÿ, ìàòåìàòè÷íà ìîäåëü.
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