
Èçó÷åíèå ôàðìàêîêèíåòèêè ïðÿìûõ íåéðîïðîòåêòîðîâ, ïðèìåíÿåìûõ ó áîëüíûõ ãëàóêîìîé Authors performed the investigation of peculiarities of Betaxolol and SOD distribution in eye tissues. The study was carried out on 36 chinchilla rabbits (72 eyes) with weight of 3 kilograms. During the study rabbits were subdivided into 3 equal groups, including 12 rabbits (24 eyes) each. Ò. Â. ÑòàâèöêàÿÐÃÌÓStudy of pharmacokinetics of straight neuroprotectors in patients with glaucoma T.V.Stavitskaya Authors performed the investigation of peculiarities of Betaxolol and SOD distribution in eye tissues. The study was carried out on 36 chinchilla rabbits (72 eyes) with weight of 3 kilograms. During the study rabbits were subdivided into 3 equal groups, including 12 rabbits (24 eyes) each. In the first group 1 drop of 0,5% Betaxolol solution was instilled to all rabbits in both eyes. In the second group all rabbits were instilled 1 drop of solution, containing 200000 units in 1 ml of SOD in both eyes. In third group all rabbits got subconjunctival injection of 0,1 ml of solution, containing 200000 units in 1 ml of SOD in both eyes. Slaughter of animals was carried out in different time periods. Afterwards eye balls were extracted. Then eyeballs were freezed at temperature of 70( Ñ. After freezing the consecutive extraction of cornea, anterior chamber fluid, iris and ciliar body, lens, vitreous body and retina was performed. Then, using the HPLC, the analysis of taken biologic probes was made. Betaxolol accumulation occurred quite quickly, with maximum concentration in 30-60 minutes in average. The most significant drug accumulation was in the cornea, anterior chamber fluid, chorioidea and retina. Penetration into lens was minor. Betaxolol ejection from eye tissues happens quit quickly (period of partial ejection is near 2 hours). SOD accumalation was taking place slowly with maximum concentration in 120-180 minutes in average. The most significant SOD accumulation was in choroidea and retina. Penetration into lens was minor. SOD ejection from eye tissues is quite slow (period of partial ejection more then 5 hours). The maximum SOD concentration in retina after subconjunctival injection exceeds maximum concentration of SOD after instillation by 44,38%. Â ïîñëåäíèå ãîäû óäåëÿåòñÿ îãðîìíîå âíèìàíèå ðàçâèòèþ ìåòîäîâ íåéðîïðîòåêòîðíîé òåðàïèè ãëàóêîìû. Â. Í. Àëåêñååâ âûäåëÿåò äâà ïðåïàðàòà îêàçûâàþùèõ ïðÿìîå íåéðîïðîòåêòîðíîå äåéñòâèå ó áîëüíûõ ãëàóêîìîé áåòàêñîëîë è ñóïåðîêñääèñìóòàçà (ÑÎÄ) [1]. Áåòàêñîëîë ñåëåêòèâíûé íåéðîáëîêàòîð, êîòîðûé íå òîëüêî ýôôåêòèâíî ñíèæàåò âíóòðèãëàçíîå äàâëåíèå, íî è îêàçûâàåò ïðÿìîå íåéðîïðîòåêòîðíîå äåéñòâèå [1]. Äëèòåëüíûå èññëåäîâàíèÿ ïîêàçàëè, ÷òî ïðè ïðèìåíåíèè áåòàêñîëîëà ïðîèñõîäèò ñîõðàíåíèå, à òàê æå è ïîâûøåíèå ñðåäíåé ÷óâñòâèòåëüíîñòè ñåò÷àòêè ïî äàííûì êîìïüþòåðíîé ïåðèìåòðèè ñ èñïîëüçîâàíèåì ñòàòè÷åñêîãî ïåðèìåòðà "Îêòîïóñ" [3,4]. Íåéðîïðîòåêòîðíîå äåéñòâèå ñâÿçàíî ñî ñíèæåíèåì ñîñóäèñòîãî ñîïðîòèâëåíèÿ â àðòåðèÿõ ñåò÷àòêè è ïîâûøåíèåì óñòîé÷èâîñòè íåéðîíîâ ñåò÷àòêè ê èøåìèè [5]. Ýòîò ýôôåêò îáóñëîâëåí òåì, ÷òî ó áåòàêñîëîëà ïðèñóòñòâóþò ñâîéñòâà áëîêàòîðà êàëüöèåâûõ êàíàëîâ [5]. Ñóïåðîêñèäèñìóòàçà (ÑÎÄ) ôåðìåíò, âõîäÿùèé â àíòèîêñèäàíòíóþ ïðèðîäíóþ ôåðìåíòàòèâíóþ ñèñòåìó îðãàíèçìà. ÑÎÄ êàòàëèçèðóåò çàõâàò ñóïåðîêñèäíîãî àíèîíðàäèêàëà ñ îáðàçîâàíèåì êèñëîðîäà è ïåðåêèñè âîäîðîäà. Â ñâîèõ èññëåäîâàíèÿõ Â.Í. Àëåêñååâ è Å.Á. Ìàðòûíîâà ïîêàçàëè íàëè÷èå âûðàæåííîãî íåéðîïðîòåêòîðíîãî ýôôåêòà ó ïðåïàðàòà ÑÎÄ [1]. Îäíàêî èññëåäîâàíèé ðàñïðîñòðàíåíèÿ áåòàêñîëîëà è ÑÎÄ â òêàíÿõ ãëàçà ïðàêòè÷åñêè íå ïðîâîäèëîñü. Åäèíè÷íûå èññëåäîâàíèÿ, âñòðå÷àþùèåñÿ â ëèòåðàòóðå, îïèñûâàþò îñîáåííîñòè ïðîíèêíîâåíèÿ áåòàêñîëîëà òîëüêî â ïåðåäíþþ êàìåðó [6]. Öåëüþ èññëåäîâàíèÿ áûëî èçó÷èòü îñîáåííîñòè ðàñïðåäåëåíèÿ áåòàêñîëîëà è ÑÎÄ â òêàíÿõ ãëàçà è îïðåäåëèòü îáúåìíûå è âðåìåííûå ïàðàìåòðû èõ ãëàçíîé ôàðìàêîêèíåòèêè. Ìàòåðèàëû è ìåòîäû Èññëåäîâàíèå áûëî ïðîâåäåíî íà 36 êðîëèêàõ (72 ãëàçà) ïîðîäû "Øèíøèëëà" âåñîì 3 êã. Â õîäå èññëåäîâàíèÿ êðîëèêè áûëè ðàçäåëåíû íà 3 ðàâíîìåðíûå ãðóïïû ïî 12 êðîëèêîâ (24 ãëàçà) â êàæäîé. Â ïåðâîé ãðóïïå ïåðåä èññëåäîâàíèåì âñåì êðîëèêàì â îáà ãëàçà çàêàïûâàëè 1 êàïëþ 0,5% ðàñòâîðà áåòàêñîëîëà. Äàëåå êðîëèêè áûëè ðàñïðåäåëåíû íà ÷åòûðå îäèíàêîâûå ãðóïïû (ïî 3 êðîëèêà (6 ãëàç)) â ñîîòâåòñòâèå ñî ñðîêàìè çàáîÿ. Çàáîé ïðîèçâîäèëñÿ ÷åðåç 30, 60, 120, 240 ìèíóò. Ïîñëå çàáîÿ ãëàçíûå ÿáëîêè óäàëÿëèñü. Äàëåå ãëàçíûå ÿáëîêè çàìîðàæèâàëè ïðè òåìïåðàòóðå 70?Ñ, äëÿ ÷åãî ãëàçíûå ÿáëîêè îïóñêàëè â åìêîñòü ñ æèäêèì àçîòîì íà 23 ìèíóòû. Ïîñëå çàìîðîçêè ïðîèçâîäèëè ïîñëåäîâàòåëüíîå âûäåëåíèå ðîãîâèöû, âëàãè ïåðåäíåé êàìåðû, ðàäóæêè è öèëèàðíîãî òåëà, õðóñòàëèêà, ñòåêëîâèäíîãî òåëà è ñåò÷àòêè. Äî ïðîâåäåíèÿ àíàëèçà áèîïðîáû õðàíèëè ïðè òåìïåðàòóðå 20?Ñ â åìêîñòè ñ ñóõèì ëüäîì. Äàëåå ñ ïîìîùüþ âûñîêîýôôåêòèâíîé æèäêîñòíîé õðîìàòîãðàôèè ïðîâîäèëè àíàëèç ïîëó÷åííûõ áèîëîãè÷åñêèõ ïðîá. Âî âòîðîé ãðóïïå âñåì êðîëèêàì â îáà ãëàçà çàêàïûâàëè 1 êàïëþ ðàñòâîðà, ñîäåðæàùåãî 200 000 ÅÄ â 1 ìë ÑÎÄ. Äàëåå êðîëèêè áûëè ðàñïðåäåëåíû íà ÷åòûðå îäèíàêîâûå ãðóïïû (ïî 3 êðîëèêà (6 ãëàç)) â ñîîòâåòñòâèå ñî ñðîêàìè çàáîÿ. Çàáîé ïðîèçâîäèëñÿ ÷åðåç 60, 120, 180, 300 ìèíóò. Ïîñëå çàáîÿ çàáîð è àíàëèç áèîïðîá ïðîâîäèëñÿ ïî òîé æå ìåòîäèêå, ÷òî è â ïåðâîé ãðóïïå. Â òðåòüåé ãðóïïå âñåì êðîëèêàì â îáà ãëàçà ñóáêîíúþíêòèâàëüíî ââîäèëè 0,1 ìë ðàñòâîðà, ñîäåðæàùåãî 200 000 ÅÄ â 1 ìë ÑÎÄ. Äàëåå êðîëèêè áûëè ðàñïðåäåëåíû íà ÷åòûðå îäèíàêîâûå ãðóïïû (ïî 3 êðîëèêà (6 ãëàç)) â ñîîòâåòñòâèå ñî ñðîêàìè çàáîÿ. Çàáîé ïðîèçâîäèëñÿ ÷åðåç 60, 120, 180, 300 ìèíóò. Ïîñëå çàáîÿ çàáîð è àíàëèç áèîïðîá ïðîâîäèëñÿ ïî òîé æå ìåòîäèêå, ÷òî è â ïåðâîé ãðóïïå. Ðåçóëüòàòû è îáñóæäåíèÿ Ïðè àíàëèçå ïåíåòðàöèè áåòàêñîëîëà â ðîãîâèöó áûëî âûÿâëåíî, ÷òî ìàêñèìàëüíàÿ êîíöåíòðàöèÿ áåòàêñîëîëà íàáëþäàëàñü ÷åðåç 30 è 60 ìèíóò è â ñðåäíåì îíà áûëà ðàâíà 29,43 ± 13,11 ìêã/ìë è 27,29 ± 12,24 ìêã/ìë ñîîòâåòñòâåííî. Êî âòîðîìó ÷àñó èññëåäîâàíèÿ êîíöåíòðàöèÿ ñíèçèëàñü ïðàêòè÷åñêè âäâîå è áûëà ðàâíà 15,14 ± 7,17 ìêã/ìë. ×åðåç 240 ìèíóò êîëè÷åñòâî áåòàêñîëîëà óìåíüøèëîñü â 3 ðàçà ïî ñðàâíåíèþ ñ íà÷àëîì èññëåäîâàíèÿ, â ñðåäíåì êîíöåíòðàöèÿ ñîñòàâèëà 9,0 ± 4,08 ìêã/ìë. Ó âñåõ èñïûòóåìûõ ðàñïðåäåëåíèå áåòàêñîëîëà áûëî îäíîðîäíûì. Ìàêñèìàëüíàÿ êîíöåíòðàöèÿ áåòàêñîëîëà âî âëàãå ïåðåäíåé êàìåðû íàáëþäàëàñü ÷åðåç 30 ìèíóò è áûëà ðàâíà 23,5 ± 1,76 ìêã/ìë. ×åðåç 60 ìèíóò êîíöåíòðàöèÿ ñíèçèëàñü ïðàêòè÷åñêè âäâîå è áûëà ðàâíà 11,7 ± 6,37 ìêã/ìë. ×åðåç 120 è 240 ìèíóò êîëè÷åñòâî áåòàêñîëîëà âî âëàãå ïåðåäíåé â ñðåäíåì ñîñòàâèëî 8,72±3,9 ìêã/ìë è 9,8±0,75 ìêã/ìë. Ó âñåõ èñïûòóåìûõ ðàñïðåäåëåíèå áåòàêñîëîëà áûëî îäíîðîäíûì. Ìàêñèìàëüíî äëèòåëüíîå íàêîïëåíèå áåòàêñîëîëà áûëî â ñîñóäèñòîé îáîëî÷êå. ×åðåç 30 ìèíóò êîíöåíòðàöèÿ ñîñòàâèëà 14,11±7,21 ìêã/ìë. Ìàêñèìàëüíàÿ êîíöåíòðàöèÿ áåòàêñîëîëà íàáëþäàëàñü ÷åðåç 60 è 120 ìèíóò è áûëà ðàâíà 20,6±13,4 ìêã/ìë è 27,67±15,16 ìêã/ìë ñîîòâåòñòâåííî. ×åðåç 240 ìèíóò êîíöåíòðàöèÿ áåòàêñîëîëà â ñîñóäèñòîé îáîëî÷êå áûëà ðàâíà èñõîäíîé è ñîñòàâèëà 13,29±5,99 ìêã/ìë. Ó âñåõ èñïûòóåìûõ ðàñïðåäåëåíèå áåòàêñîëîëà áûëî îäíîðîäíûì. Â âåùåñòâå õðóñòàëèêà ìàêñèìàëüíàÿ êîíöåíòðàöèÿ áåòàêñîëîëà íàáëþäàëàñü ÷åðåç 30 è 60 ìèíóò è â ñðåäíåì îíà áûëà ðàâíà 20,84±11,21 ìêã/ìë è 22,43±30,86 ìêã/ìë ñîîòâåòñòâåííî. Êî âòîðîìó ÷àñó èññëåäîâàíèÿ êîíöåíòðàöèÿ ñíèçèëàñü äî 14,84±7,88 ìêã/ìë. ×åðåç 240 ìèíóò êîëè÷åñòâî áåòàêñîëîëà, îïðåäåëÿåìîå â âåùåñòâå õðóñòàëèêà áûëî íåçíà÷èòåëüíûì, â ñðåäíåì êîíöåíòðàöèÿ ñîñòàâèëà 3,14±1,77 ìêã/ìë. Ñëåäóåò îòìåòèòü, ðàñïðåäåëåíèå áåòàêñîëîëà ó èñïûòóåìûõ íå áûëî îäíîðîäíûì. Íàáëþäàëèñü çíà÷èòåëüíûå êîëåáàíèÿ êîíöåíòðàöèè áåòàêñîëîëà â âåùåñòâå õðóñòàëèêà ÷åðåç 60 ìèíóò ïîñëå íà÷àëà èññëåäîâàíèÿ. Â ñòåêëîâèäíîì òåëå áåòàêñîëîë íàêàïëèâàëñÿ â íåçíà÷èòåëüíîì êîëè÷åñòâå. ×åðåç 30 ìèíóò êîíöåíòðàöèÿ ñîñòàâèëà 0,9±0,49 ìêã/ìë. ×åðåç ÷àñ êîíöåíòðàöèÿ äîñòèãëà ìàêñèìóìà è ñîñòàâèëà 7,38±3,39 ìêã/ìë. ×åðåç 120 ìèíóò êîíöåíòðàöèÿ ñíèçèëàñü âäâîå ïî ñðàâíåíèþ ñ ìàêñèìàëüíûì çíà÷åíèåì è áûëà ðàâíà 3,0±1,38 ìêã/ìë. ×åðåç 240 ìèíóò êîíöåíòðàöèÿ áûëà ïðàêòè÷åñêè ðàâíà èñõîäíîé è ñîñòàâèëà 0,6±0,28 ìêã/ìë. Ó âñåõ èñïûòóåìûõ ðàñïðåäåëåíèå áåòàêñîëîëà áûëî îäíîðîäíûì. Â ñåò÷àòêå áåòàêñîëîë íàêàïëèâàëñÿ â çíà÷èòåëüíîì êîëè÷åñòâå. Âðåìåííûå ïàðàìåòðû ðàñïðåäåëåíèÿ áåòàêñîëîà áûëè ñëåäóþùèìè. ×åðåç 30 ìèíóò êîíöåíòðàöèÿ áûëà ðàâíà 18,2±5,89 ìêã/ìë. ×åðåç 60 ìèíóò îíà íåñêîëüêî óâåëè÷èëàñü è ñîñòàâèëà 22,33±14,81 ìêã/ìë. Çàòåì îíà íà÷àëà ñíèæàòüñÿ è ÷åðåç 120 è 240 ìèíóò áûëà ðàâíà 6,57±4,79 ìêã/ìë è 5,7±2,69 ìêã/ìë ñîîòâåòñòâåííî. Ðàñïðåäåëåíèå áåòàêñîëîëà ó èñïûòóåìûõ áûëî íåäîñòàòî÷íî îäíîðîäíûì. Áîëåå íàãëÿäíî ðàñïðåäåëåíèå áåòàêñîëîëà â òêàíÿõ ãëàçíîãî ÿáëîêà ïðåäñòàâëåíî íà ðèñóíêå 1. Ðèñ. 1. Ðàñïðåäåëåíèå áåòàêñîëîëà â òêàíÿõ ãëàçíîãî ÿáëîêà ïðè åãî ìåñòíîì ïðèìåíåíèè.Íàêîïëåíèå ÑÎÄ â òêàíÿõ ãëàçíîãî ÿáëîêà ïðîèñõîäèëî áîëåå ìåäëåííî, ìàêñèìàëüíàÿ êîíöåíòðàöèÿ â ñðåäíåì íàáëþäàëàñü ÷åðåç 120 –180 ìèíóò. Íàèáîëåå çíà÷èòåëüíîå íàêîïëåíèå ÑÎÄ íàáëþäàëàñü â ñîñóäèñòîé îáîëî÷êå è ñåò÷àòêå. Ïðîíèêíîâåíèå ÑÎÄ â õðóñòàëèê áûëî íåçíà÷èòåëüíûì. Ðàñïðåäåëåíèå ïðåïàðàòà ó âñåõ îáñëåäóåìûõ áûëî îäíîðîäíûì. Âûâåäåíèå ÑÎÄ èç òêàíåé ãëàçíîãî ÿáëîêà ïðîèñõîäèò äîñòàòî÷íî ìåäëåííî (ïåðèîä ïîëóâûâåäåíèÿ ñîñòàâëÿåò áîëåå 5 ÷àñîâ). Áîëåå ïîäðîáíî ðàñïðåäåëåíèå ÑÎÄ â ðàçëè÷íûõ òêàíÿõ ãëàçà óêàçàíî â òàáëèöå 1 è 2. Áåòàêñîëîë è ñóïåðîêñèääèñìóòàçà â õîðîøî ïðîíèêàþò â òêàíè ãëàçíîãî ÿáëîêà è íàêàïëèâàþòñÿ â ñåò÷àòêå â çíà÷èòåëüíîì êîëè÷åñòâå. Ñðàâíèâàÿ ðàñïðåäåëåíèå ýòèõ äâóõ ïðåïàðàòîâ â òêàíÿõ ãëàçíîãî ÿáëîêà, ñëåäóåò ñêàçàòü, ÷òî ÑÎÄ ïðîíèêàåò â òêàíè ãëàçíîãî ÿáëîêà â áîëåå çíà÷èòåëüíîì êîëè÷åñòâå, ÷åì áåòàêñîëîë (ðèñ. 2). Îäíàêî åãî ðàñïðåäåëåíèå â òêàíÿõ ãëàçíîãî ÿáëîêà ïðîèñõîäèò áîëåå ìåäëåííî. Ïðè ñóáêîíúþíêòèâàëüíîì ââåäåíèè êîíöåíòðàöèÿ ÑÎÄ âûøå, ÷åì ïðè èíñòèëëÿöèîííîì ââåäåíèè. Ïîâûñèòü êîíöåíòðàöèþ ÑÎÄ â òêàíÿõ ãëàçíîãî ÿáëîêà ïðè êàïåëüíîì ââåäåíèè ìîæíî èñïîëüçóÿ ìåòîä ôîðñèðîâàííûõ èíñòèëëÿöèé. Ðèñ. 2. Ñðàâíåíèå ðàñïðåäåëåíèÿ áåòàêñîëîëà è ÑÎÄ â ñåò÷àòêå.Çàêëþ÷åíèå Ìåñòíîå ïðèìåíåíèå áåòàêñîëîëà è ñóïåðîêñèäèñìóòàçû ïîçâîëÿåò äîñòè÷ü òåðàïåâòè÷åñêè çíà÷èìîé êîíöåíòðàöèè íå òîëüêî â òêàíÿõ ïåðåäíåãî îòðåçêà, íî è â ñåò÷àòêå. Âðåìÿ äîñòèæåíèÿ ìàêñèìàëüíîé êîíöåíòðàöèè â ñåò÷àòêè äëÿ áåòàêñîëîëà ñîñòàâëÿåò 30 ìèíóò, ïåðèîä ïîëóâûâåäåíèÿ èç ñåò÷àòêè ðàâåí 2 ÷àñàì. Âðåìÿ äîñòèæåíèÿ ìàêñèìàëüíîé êîíöåíòðàöèè â ñåò÷àòêè äëÿ ÑÎÄ ñîñòàâëÿåò 180 ìèíóò, ïåðèîä ïîëóâûâåäåíèÿ èç ñåò÷àòêè îêîëî 5 ÷àñîâ. Ìàêñèìàëüíàÿ êîíöåíòðàöèÿ ÑÎÄ â ñåò÷àòêå ïîñëå ñóáêîíúþíêòèâàëüíîãî ââåäåíèÿ ïðåâûøàåò ìàêñèìóì ñîäåðæàíèÿ ïðåïàðàòà ïîñëå èíñòèëëÿöèè íà 44,38%. Ëèòåðàòóðà:1. Åãîðîâ Å.À, Àëåêñååâ Â.Í., Ìàðòûíîâà Å.Á., Õàðüêîâñêèé À.Î. <Ïàòîãåíåòè÷åñêèå àñïåêòû ëå÷åíèÿ ïåðâè÷íîé îòêðûòîóãîëüíîé ãëàóêîìû>, Ì. 2001. 2. Íåñòåðîâ À.Ï. <Ãëàóêîìà>, Ì. Ìåäèöèíà, 1995. 3. Collington-Branch J./ Current Eye Reseach, vol.11, ¹1, 1992, p 1-3. 4. Messmer C. end all / Am. J. Ophthalmol. 72, dec. 1991, p. 678-681. 5. Osborne N.N. end all / Exper. Eye res., 1999, vol. 69, ¹ 3, p. 331-342. 6. Data on file: 1985 Betaxolol NDA, p. 19-270. Îïóáëèêîâàíî ñ ðàçðåøåíèÿ àäìèíèñòðàöèè  Ðóññêîãî Ìåäèöèíñêîãî Æóðíàëà. 
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