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Âñòóï. Âñòàíîâëåíî, ùî â ðàíí³ òåðì³íè ðîçâèòêó åêñïåðèìåíòàëüíîãî ä³-
àáåòà óøêîäæóþòüñÿ ìåìáðàíí³ ñòðóêòóðè ë³çîñîì ï³ãìåíòíîãî åï³òåë³þ 
ñ³òê³âêè, ùî ñóïðîâîäæóºòüñÿ ï³äâèùåííÿì àêòèâíîñò³ ìàðêåðíîãî ôåð-
ìåíòà — êèñëî¿ ôîñôàòàçè, òîä³ ÿê çàñòîñóâàííÿ á³îôëàâîíî¿ä³â ñïðèÿëî 
çíèæåííþ ö³º¿ àêòèâíîñò³. 
Ìåòà äîñë³äæåííÿ. Âèâ÷èòè ìåìáðàíî-ïðîòåêòîðíèé âïëèâ êâåðöåòè-
íó ³ ë³ïîàòó íà ñ³òê³âêó, çîêðåìà — íà ë³çîñîìè ï³ãìåíòíîãî åï³òåë³þ ïðè 
ñòðåïòîçîòîöèíîâîìó ä³àáåò³. 
Ìàòåð³àë òà ìåòîäè. Äîñë³äæåííÿ ïðîâîäèëèñü íà á³ëèõ ùóðàõ ë³í³¿ «Â³-
ñòàð» ìàñîþ 180–220 ã. Äâ³ ãðóïè òâàðèí ç ìîäåëüîâàíèì ä³àáåòîì îäåð-
æóâàëè ïåðîðàëüíî êâåðöåòèí ³ ë³ïîºâó êèñëîòó. Àêòèâí³ñòü ë³çîñîìàëüíèõ 
ôåðìåíò³â ñ³òê³âêè âèçíà÷àëàñÿ çà äîïîìîãîþ ìåòîä³â ñïåêòðîôîòîìå-
òðè÷íîãî àíàë³çó. 
Ðåçóëüòàòè. Çàñòîñóâàííÿ âêàçàíèõ ïðåïàðàò³â ìàëî ïîì³òíó ìåìáðàíîñ-
òàá³ë³çóþ÷ó ä³þ íà ñ³òê³âêó â ð³çí³ òåðì³íè ðîçâèòêó ä³àáåòè÷íîãî ïðîöåñó. 
Âîíè íå ò³ëüêè ï³äâèùóâàëè ñòàá³ëüí³ñòü âíóòð³øíüî-êë³òèííèõ ìåìáðàí, 
àëå é çíà÷íî ïîïåðåäæóâàëè äåãðàäàö³þ ë³çîñîìàëüíèõ ñòðóêòóð ñ³òê³âêè. 
Âèñíîâîê. Âñòàíîâëåíî, ùî âèêîðèñòàííÿ ë³ïîºâî¿ êèñëîòè ³ êâåðöåòè-
íó ïðè ðîçâèòêó åêñïåðèìåíòàëüíîãî ä³àáåòà çíà÷íî ãàëüìóº ñóáêë³òèíí³ 
ñòðóêòóðè ñ³òê³âêè, ùî º ïðîÿâîì ¿õ ïðîòåêòîðíî¿ ä³¿ íà ö³ ñòðóêòóðè ïðè 
ä³àáåòè÷íîìó ïðîöåñ³. 
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Membrane-protective effect of quercetin and lipoate on the retina in streptozotocin diabetes 
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Introduction. Relevance of the work is to study the influence of quercetin and li-
poate in treatment of experimental diabetes. 
Purpose. To study the membrane — protective impact of quercetin and lipoate 
on the retina and in particular on the lysosomes of the pigment epithelium in 
streptezotocin diabetes. 
Methods. Studies were conducted on white rats of the Wistar line weighing 180–
220 g. Two groups of animals with developing diabetes received oral lipoic acid 
and quercetin. Activity of lysosomal enzyme of the retina was determined using 
spectrophotometric assay methods. 
Results. Application of the lipoic acid and quercetin has a pronounced effect on 
membrane- stabilizing effect on the retina at different periods of development of the 
diabetic process. Both studied drugs not only increased the stability of the intracel-
lular membranes but also greatly prevented lysosomal degradation of the retinal 
structures. 
Conclusions. The use of the lipoic acid and quercetin in development of experi-
mental diabetes has the distinct stabilizing effect on the lysosomal membrane of 
the retina at different periods of the disease. The drugs under study largely inhibit 
the degradation of subcellular structures of the retina, which is a manifestation of 
some kind of the protective effect on the ultrastructural components of the visual 
analyzer in diabetes. 
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Ââåäåíèå. Íåñìîòðÿ íà çíà÷èòåëüíûé ïðîãðåññ â 
ëå÷åíèè îñëîæíåíèé ñî ñòîðîíû îðãàíà çðåíèÿ ïðè 
ñàõàðíîì äèàáåòå, ïðîáëåìà ïðîôèëàêòèêè è òåðà-
ïèè äèàáåòè÷åñêîé ðåòèíîïàòèè ïðîäîëæàåò îñòà-
âàòüñÿ ñàìîé àêòóàëüíîé â ñîâðåìåííîé îôòàëüìî-
ëîãèè [1, 7, 22]. 

Çíà÷èòåëüíûé êîìïëåêñ ìåäèêàìåíòîçíûõ 
ñðåäñòâ, ïðèìåíÿåìûõ â íàñòîÿùåå âðåìÿ, ê ñî-
æàëåíèþ, íå ïîçâîëÿåò äîáèòüñÿ óäîâëåòâîðèòåëü-
íûõ ðåçóëüòàòîâ â ïðîôèëàêòèêå ïðîãðåññèðîâàíèÿ 
äèàáåòè÷åñêîé ðåòèíîïàòèè. Â áîëüøèíñòâå ñâîåì 
ýòè ñðåäñòâà èìåþò ñèìïòîìàòè÷åñêóþ íàïðàâëåí-
íîñòü è, â öåëîì, èõ òåðàïåâòè÷åñêàÿ ýôôåêòèâ-
íîñòü äîâîëüíî îãðàíè÷åíà [2, 5, 9, 19]. 

Ê íàñòîÿùåìó âðåìåíè àíàëèç äîñòèæåíèé â îá-
ëàñòè èçó÷åíèÿ ïàòîãåíåçà äèàáåòè÷åñêîé ðåòèíî-
ïàòèè ïîçâîëÿåò âûäåëèòü íàèáîëåå ñóùåñòâåííûå 
çâåíüÿ ïàòîãåíåçà ýòîãî çàáîëåâàíèÿ [4, 16]. 

Â êà÷åñòâå ãëàâíûõ ïàòîõèìè÷åñêèõ ìåòàáîëè-
òîâ ïðè ñàõàðíîì äèàáåòå ðàññìàòðèâàþòñÿ ðàííèå 
(ñîåäèíåíèÿ ãëþêîçû ñ áåëêàìè è îêñîàëüäåãèäû — 
ìåòèëãëèîêñàëü) è êîíå÷íûå ïðîäóêòû íåôåðìåí-
òàòèâíîãî ãëèêîçèëèðîâàíèÿ áåëêîâ, ëèïèäîâ è 
íóêëåèíîâûõ êèñëîò. Ïîâûøåíèå êîíöåíòðàöèè 
âñåõ ýòèõ ìåòàáîëèòîâ íå òîëüêî îòðèöàòåëüíî îò-
ðàæàåòñÿ íà îáùåì ñîñòîÿíèè îáìåíà âåùåñòâ, íî è 
÷òî ãëàâíîå, âûçûâàåò íàðóøåíèå ðåãóëÿöèè ìåòà-
áîëèçìà è ôóíêöèè êëåòîê [6, 11, 12, 15, 18]. 

Îêèñëèòåëüíûé ñòðåññ â íàñòîÿùåå âðåìÿ ðàñ-
ñìàòðèâàåòñÿ êàê îäèí èç âåäóùèõ ìåõàíèçìîâ íà-
ðóøåíèé â ýíäîòåëèè ìèêðîñîñóäîâ ïðè ñàõàðíîì 
äèàáåòå. Ïðè ýòîì â êà÷åñòâå ïóñêîâûõ ìåòàáî-
ëè÷åñêèõ íàðóøåíèé, ïðèâîäÿùèõ ê ïîðàæåíèþ 
ñîñóäèñòîé, íåðâíîé è äðóãèõ òêàíåé îðãàíèçìà, 
ðàññìàòðèâàåòñÿ ïîâûøåííûé óðîâåíü íå òîëüêî 
ãëþêîçû, íî è öåëîãî ðÿäà ìåòàáîëèòîâ óãëåâîäíî-
ôîñôîðíîãî îáìåíîâ [13, 17, 20, 21]. 

Îïðåäåëåííàÿ ðîëü â ðàçâèòèè äèàáåòè÷åñêîé 
ðåòèíîïàòèè ïðèíàäëåæèò ïèãìåíòíîìó ýïèòå-
ëèþ ñåò÷àòêè. Óñòàíîâëåíî, ÷òî â ðàííèå ñðîêè 
ðàçâèòèÿ ýêñïåðèìåíòàëüíîãî äèàáåòà îòìå÷àåòñÿ 
ïîâðåæäåíèå ìåìáðàííûõ ñòðóêòóð ëèçîñîì ïèã-
ìåíòíîãî ýïèòåëèÿ ñåò÷àòêè, î ÷åì ñâèäåòåëüñòâó-
åò ïîâûøåíèå àêòèâíîñòè ìàðêåðíîãî ôåðìåíòà 
êèñëîé ôîñôàòàçû [10]. Òàêæå áûëî ïîêàçàíî, ÷òî 
ïðè ìîäåëèðîâàíèè ýêñïåðèìåíòàëüíîãî ñòðåïòî-
çîòîöèíîâîãî äèàáåòà èñïîëüçîâàíèå ïðåïàðàòîâ: 
àöåòèëöèñòåèíà è áèîôëàâîíîèäà îêàçûâàëî âûðà-
æåííîå çàùèòíîå äåéñòâèå — ïîâûøåíèå ñòàáèëü-
íîñòè ìåìáðàí ëèçîñîì, î ÷åì ñâèäåòåëüñòâîâàëî 
ñíèæåíèå óðîâíÿ ñâîáîäíîé ôîðìû ìàðêåðíîãî 
ôåðìåíòà êèñëîé ôîñôàòàçû â öèòîçîëå [3]. 

Â íàñòîÿùåå âðåìÿ âåäóòñÿ ïîèñêè ñïîñîáîâ 
ìåìáðàíîñòàáèëèçèðóþùåãî äåéñòâèÿ íà ëèçîñî-
ìû ñåò÷àòêè ïðè ýêñïåðèìåíòàëüíîì äèàáåòå. 

Â ýòîé ñâÿçè, ïåðñïåêòèâíûìè ìîãóò áûòü èñ-
ñëåäîâàíèÿ, íàïðàâëåííûå íà âûÿñíåíèå âàæíåé-

øèõ ïóñêîâûõ ìåõàíèçìîâ, â ÷àñòíîñòè, íàðóøåíèÿ 
ìåìáðàííûõ âíóòðèêëåòî÷íûõ ñòðóêòóð ñåò÷àòêè 
ïðè ñòðåïòîçîòîöèíîâîì äèàáåòå. 

Öåëü ðàáîòû: èçó÷èòü ìåìáðàíî-ïðîòåêòîðíîå 
âëèÿíèå êâåðöåòèíà è ëèïîàòà íà ñåò÷àòêó è, â 
÷àñòíîñòè, íà ëèçîñîìû ïèãìåíòíîãî ýïèòåëèÿ ïðè 
ñòðåïòîçîòîöèíîâîì äèàáåòå. 

Ìàòåðèàë è ìåòîäû 
Èññëåäîâàíèÿ ïðîâîäèëèñü íà áåëûõ êðûñàõ ëèíèè 

«Âèñòàð» ìàññîé 180–220 ã., êîòîðûå ñîäåðæàëèñü íà ñòàí-
äàðòíîì ðàöèîíå âèâàðèÿ. 

Ïðè ïðîâåäåíèè ýêñïåðèìåíòà áûëè ñîáëþäåíû ðåêî-
ìåíäàöèè îòíîñèòåëüíî èññëåäîâàíèé íà æèâîòíûõ, ïðèíÿ-
òûå ìåæäóíàðîäíûì ñîîáùåñòâîì. 

Ýêñïåðèìåíòàëüíûé äèàáåò âûçûâàëè ïóòåì èíúåê-
öèè ñòðåïòîçîòîöèíà (55 ìã íà 1 êã ìàññû æèâîòíîãî), 
ïðè ýòîì íàêàíóíå â òå÷åíèå íî÷è æèâîòíûå íå ïîëó÷à-
ëè ïèùè. Èíñóëèí ââîäèëñÿ äèàáåòè÷åñêèì æèâîòíûì 
ñ öåëüþ ïðåäîòâðàùåíèÿ ñíèæåíèÿ ìàññû ïðè óñëîâèè 
ïîääåðæàíèè ãèïåðãëèêåìèè (óðîâåíü ñàõàðà â êðîâè êî-
ëåáàëñÿ îò 20 äî 25 ìÌ). Êîíòðîëüíûì æèâîòíûì ïðîâî-
äèëàñü èíúåêöèÿ ðàñòâîðèòåëÿ (10 ìÌ öèòðàòíîãî áóôå-
ðà, ðÍ 4,5). 

Äâå ãðóïïû æèâîòíûõ ñ ðàçâèâàþùèìñÿ äèàáåòîì ïî-
ëó÷àëè ïåðîðàëüíî êâåðöåòèí è ëèïîåâóþ êèñëîòó íà ïðî-
òÿæåíèè âñåãî ïåðèîäà ýêñïåðèìåíòà. 

Ïî èñòå÷åíèè äâóõ ìåñÿöåâ ðàçâèòèÿ äèàáåòà ÷àñòü æè-
âîòíûõ, íàõîäÿùèõñÿ â ðàçëè÷íûõ óñëîâèÿõ ýêñïåðèìåí-
òà, à òàêæå íîðìàëüíûõ êðûñ (êîíòðîëü) äåêàïèòèðîâàëè 
ñ ïðåäøåñòâóþùåé àíåñòåçèåé òèîïåíòàëîì íàòðèÿ (50 ìã 
ïðåïàðàòà íà êã ìàññû). Ãëàçà ýíóêëåèðîâàëè íà ëüäó ïðè 
òåìïåðàòóðå 0–5°Ñ. 

Ñåò÷àòêà íåìåäëåííî óäàëÿëàñü è ïîìåùàëàñü â ñâåæå-
ïðèãîòîâëåííóþ ñðåäó äëÿ âûäåëåíèÿ ëèçîñîì. Ñåò÷àòêè ñ 
äâóõ ãëàç êàæäîãî æèâîòíîãî îáúåäèíÿëèñü è ñóñïåíäèðîâà-
ëèñü â áóôåðå, ñîäåðæàùåì 20 ìÌ HEPES-KOH (pH=7,5), 
1,5 M MgCl

2
, 0,5 mM EGTA è 250 mM ñàõàðîçû, ñîäåðæà-

ùåé ïîëèâèíèëïèðîëèäîí. 
Ñåò÷àòêè àêêóðàòíî ãîìîãåíèçèðîâàëèñü â ñòåêëÿíîì 

ãîìîãåíèçàòîðå ñ òèôëîíîâûì ïåñòèêîì. Ãîìîãåíàò ãîòîâè-
ëè â ñîîòíîøåíèè 1:10 (âåñ òêàíè: îáúåì ñðåäû äëÿ ãîìî-
ãåíèçàöèè). Ïîëó÷åííûé ãîìîãåíàò öåíòðèôóãèðîâàëñÿ ïðè 
750 g â òå÷åíèå 10 ìèíóò ïðè 4 0Ñ äëÿ óäàëåíèÿ ÿäåð è íåðàç-
ðóøåííûõ êëåòîê. Ñóïåðíàòàíò çàòåì áûë öåíòðèôóãèðîâàí 
ïðè 6 000 g â òå÷åíèå 15 ìèíóò. Ïîëó÷åííûé îñàäîê, ñîäåð-
æàùèé ëèçîñîìû è, ãëàâíûì îáðàçîì — ïèãìåíòíûé ýïèòå-
ëèé, áûë ðåñóñïåíäèðîâàí è èñïîëüçîâàëñÿ äëÿ îïðåäåëåíèÿ 
àêòèâíîñòè ëèçîñîìàëüíûõ ôåðìåíòîâ. 

Ïðèíöèï ìåòîäà îïðåäåëåíèÿ àêòèâíîñòè êèñëîé ôîñ-
ôàòàçû îñíîâàí íà îïðåäåëåíèè êîíöåíòðàöèè ñâîáîäíîãî 
îðãàíè÷åñêîãî êîìïîíåíòà ñóáñòðàòà — ïàðàíèòðîôåíèë-
ôîñôàòà, îáðàçóþùåãîñÿ â ðåçóëüòàòå äåéñòâèÿ ôåðìåíòà. 
Äëÿ îïðåäåëåíèÿ àêòèâíîñòè êèñëîé ôîñôàòàçû â ïðîáèð-
êàõ ïîñëåäîâàòåëüíî ñìåøèâàëè 0,1 ìë ýêñòðàêòà èññëåäóå-
ìîé òêàíè è 1,0 ìë ñóáñòðàòíî-áóôåðíîãî ðàñòâîðà (0,127 % 
ðàñòâîð ïàðàíèòðîôåíèëôîñôàòà â àöåòàòíîì áóôåðå, ðÍ 
5,0). Ïðîáèðêè ñ ðåàêöèîííûì ðàñòâîðîì èíêóáèðîâàëè 
òî÷íî 30 ìèí ïðè (37,0±0,5)î Ñ. Ðåàêöèþ îñòàíàâëèâà-
ëè äîáàâëåíèåì 1,0 ìë îõëàæäåííîãî äî 0 îÑ 1 Í ðàñòâî-
ðà ãèäðîêñèäà íàòðèÿ. Èçìåðåíèÿ îïòè÷åñêîé ïëîòíîñòè 
èññëåäóåìûõ ðàñòâîðîâ ïðîâîäèëè íà ñïåêòðîôîòîìåòðå 
«Specol — 210» â 1- ñì êþâåòå è äëèíå âîëíû 410 íì. Ðàñ-
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ñ÷èòûâàëè àêòèâíîñòü êèñëîé ôîñôàòàçû ñ èñïîëüçîâàíèåì 
ìîëÿðíîãî êîýôôèöèåíòà ýêñòèíêöèè, íàéäåííîãî ïóòåì 
ýêñòðàïîëÿöèè ïî ïðåäâàðèòåëüíî ïîñòðîåííîìó êàëèáðî-
âî÷íîìó ãðàôèêó è âûðàæàëè â íêàò/ã òêàíè. Êîýôôèöèåíò 
âàðèàöèè — 7,8 % [14]. 

Ïî èñòå÷åíèè øåñòè ìåñÿöåâ ðàçâèòèÿ äèàáåòà îñòàâ-
øàÿñÿ ÷àñòü æèâîòíûõ, âñå åùå íàõîäÿùèõñÿ â ðàçëè÷íûõ 
óñëîâèÿõ ýêñïåðèìåíòà, òàêæå çàáèâàëèñü â ñîîòâåòñòâèè ñ 
ïðàâèëàìè ðàáîòû ñ ýêñïåðèìåíòàëüíûìè æèâîòíûìè. Óäà-
ëåííûå ñåò÷àòêè æèâîòíûõ ñðàçó æå ïîäâåðãàëèñü âûøåî-
ïèñàííûì ñïîñîáàì îáðàáîòêè. 

Ñòàòèñòè÷åñêóþ äîñòîâåðíîñòü ðàçëè÷èé îïðåäåëÿëè ïî 
êðèòåðèþ Ñòüþäåíòà, êîòîðàÿ ïðîâîäèëàñü ñ ïîìîùüþ ïà-
êåòà SPSS 11.0 [8]. 

Ðåçóëüòàòû è èõ îáñóæäåíèå 

Äàííûå îá àêòèâíîñòè ìàðêåðíîãî ôåðìåíòà 
êèñëîé ôîñôàòàçû ñåò÷àòêè áåëûõ êðûñ ñî ñòðåïòî-
çîòîöèíîâûì äèàáåòîì ÷åðåç 2 ìåñÿöà ïðè âîçäåé-
ñòâèè ëèïîåâîé êèñëîòû è êâåðöåòèíà ïðåäñòàâëå-
íû â òàáëèöå 1. 

Êàê âèäíî èç ïðåäñòàâëåííûõ äàííûõ, àêòèâ-
íîñòü ñâîáîäíîé ôîðìû êèñëîé ôîñôàòàçû â ñåò-
÷àòêå æèâîòíûõ ñ äèàáåòîì áåç ïðèìåíåíèÿ ïðå-
ïàðàòà áûëà ïîâûøåíà íà 25,8 % ïî îòíîøåíèþ ê 
íîðìå (109,09±4,36) íêàò/ã. 

Â óñëîâèÿõ ïðèìåíåíèÿ ëèïîåâîé êèñëîòû ÷åðåç 
äâà ìåñÿöà ïîñëå ðàçâèòèÿ äèàáåòà àêòèâíîñòü ñâî-
áîäíîé ôîðìû êèñëîé ôîñôàòàçû â ñåò÷àòêå áûëà 
ïîíèæåíà äî (116,94±6,55) íêàò/ã, ò. å. ïî ñðàâíå-
íèþ ñ ãðóïïîé «áåç ïðåïàðàòà» (137,23±3,55) íêàò/ã 
ïîíèçèëàñü íà 14,8 %. 

Ïðè ïðèìåíåíèè êâåðöåòèíà àêòèâíîñòü ñâî-
áîäíîé ôîðìû êèñëîé ôîñôàòàçû ïîíèçèëàñü íà 

14,1 % (117,82±5,52) íêàò/ã ïî îòíîøåíèþ ê ãðóïïå 
æèâîòíûõ, íå ïîëó÷àâøèõ ïðåïàðàò. 

×åðåç 2 ìåñÿöà ðàçâèòèÿ äèàáåòà ïðè ïðèìåíå-
íèè ëèïîåâîé êèñëîòû îòìå÷àåòñÿ íåçíà÷èòåëüíîå 
ïîâûøåíèå àêòèâíîñòè îáùåé ôîðìû êèñëîé ôîñ-
ôàòàçû â ñåò÷àòêå äî (163,25±7,41) íêàò/ã, ÷òî ñî-
ñòàâèëî 100,6 % ïî ñðàâíåíèþ ñ ãðóïïîé «áåç ïðå-
ïàðàòà» (162,26±3,13) íêàò/ã. 

Â óñëîâèÿõ âîçäåéñòâèÿ êâåðöåòèíà àêòèâíîñòü 
îáùåé ôîðìû êèñëîé ôîñôàòàçû ïîíèçèëàñü ïî îò-
íîøåíèþ ê ãðóïïå æèâîòíûõ áåç ïðåïàðàòà íà 0,6 % 
(161,23±5,58) íêàò/ã. Àêòèâíîñòü èçó÷àåìîãî ôåð-
ìåíòà â ãðóïïå æèâîòíûõ áåç ïðåïàðàòà áûëà ïîâû-
øåíà íà 0,8 % ïî ñðàâíåíèþ ñ íîðìîé (160,90±3,05) 
íêàò/ã. 

Íåîáõîäèìî îòìåòèòü, ÷òî àêòèâíîñòü ñâÿçàí-
íîé ôîðìû êèñëîé ôîñôàòàçû â ãðóïïå æèâîòíûõ 
ñ äèàáåòîì áåç ïðèìåíåíèÿ ïðåïàðàòîâ áûëà ïîíè-
æåíà íà 51,7 % ïî îòíîøåíèþ ê íîðìå (51,81±2,16) 
íêàò/ã. 

Àêòèâíîñòü ñâÿçàííîé ôîðìû êèñëîé ôîñôàòà-
çû â ñåò÷àòêå ïðè ýêñïåðèìåíòàëüíîì ðàçâèòèè äè-
àáåòà è ïðèìåíåíèè ëèïîåâîé êèñëîòû áûëà ïîâû-
øåíà äî (46,31±2,61) íêàò/ã, óâåëè÷åíèå ñîñòàâèëî 
85 % ïî îòíîøåíèþ ê ãðóïïå äèàáåòè÷åñêèõ æèâîò-
íûõ áåç ïðèìåíåíèÿ ïðåïàðàòà (25,03±1,29) íêàò/ã. 

Â ãðóïïå äèàáåòè÷åñêèõ æèâîòíûõ ñ ïðèìå-
íåíèåì êâåðöåòèíà àêòèâíîñòü ñâÿçàííîé ôîð-
ìû êèñëîé ôîñôàòàçû ïîâûñèëàñü ïî ñðàâíåíèþ 
ñ ãðóïïîé æèâîòíûõ «áåç ïðåïàðàòà» íà 73,4 % 
(43,41±2,86) íêàò/ã. 

Äàííûå îá àêòèâíîñòè ìàðêåðíîãî ôåðìåíòà 
êèñëîé ôîñôàòàçû ñåò÷àòêè áåëûõ êðûñ ñî ñòðåïòî-
çîòîöèíîâûì äèàáåòîì ÷åðåç 6 ìåñÿöåâ ïðè âîçäåé-
ñòâèè ëèïîåâîé êèñëîòû è êâåðöåòèíà ïðåäñòàâëå-
íû â òàáëèöå 2. 

×åðåç 6 ìåñÿöåâ ïîñëå ðàçâèòèÿ äèàáåòà è ïðè-
ìåíåíèè ëèïîåâîé êèñëîòû àêòèâíîñòü ñâîáîäíîé 
ôîðìû êèñëîé ôîñôàòàçû â ñåò÷àòêå áûëà ïîíè-
æåíà äî (121,08±5,20) íêàò/ã, ò. å. ïî ñðàâíåíèþ ñ 
ãðóïïîé «áåç ïðåïàðàòà» (145,60±4,80) íêàò/ã ïîíè-
çèëàñü íà 16,8 %. 

Ïðè âîçäåéñòâèè êâåðöåòèíà àêòèâíîñòü ñâîáîä-
íîé ôîðìû êèñëîé ôîñôàòàçû ïîíèçèëàñü íà 17,8 % 
(119,65±5,54) íêàò/ã ïî îòíîøåíèþ ê ãðóïïå æèâîò-
íûõ áåç ïðåïàðàòà. Àêòèâíîñòü ôåðìåíòà â ãðóïïå 
æèâîòíûõ ñ äèàáåòîì áåç ïðèìåíåíèÿ ïðåïàðàòà 
áûëà ïîâûøåíà íà 33,5 % ïî îòíîøåíèþ ê íîðìå. 

Àêòèâíîñòü îáùåé ôîðìû êèñëîé ôîñôàòàçû 
â ñåò÷àòêå ïðè ýêñïåðèìåíòàëüíîì ðàçâèòèè äèà-
áåòà è ïðèìåíåíèè ëèïîåâîé êèñëîòû áûëà íåñó-
ùåñòâåííî ïîíèæåíà äî (164,21±6,14) íêàò/ã, ò. å. 
ñîñòàâëÿëà 99,8 % ïî îòíîøåíèþ ê ãðóïïå äèà-
áåòè÷åñêèõ æèâîòíûõ áåç ïðèìåíåíèÿ ïðåïàðàòà 
(164,49±4,01) íêàò/ã. 

Â ãðóïïå äèàáåòè÷åñêèõ æèâîòíûõ ñ ïðèìåíå-
íèåì êâåðöåòèíà àêòèâíîñòü îáùåé ôîðìû êèñ-

Òàáëèöà 1. Àêòèâíîñòü ìàðêåðíîãî ôåðìåíòà êèñëîé ôîñ-
ôàòàçû ñåò÷àòêè áåëûõ êðûñ ñî ñòðåïòîçîòîöèíîâûì äèà-
áåòîì ÷åðåç 2 ìåñÿöà ïðè âîçäåéñòâèè ëèïîåâîé êèñëîòû 
è êâåðöåòèíà. 
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Ïðèìå÷àíèå: ð1– óðîâåíü çíà÷èìîñòè ðàçëè÷èé äàííûõ 
ïî îòíîøåíèþ ê íîðìå; ð2 — óðîâåíü çíà÷èìîñòè ðàçëè÷èé 
äàííûõ ïî îòíîøåíèþ ê ãðóïïå «Äèàáåò». 
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ëîé ôîñôàòàçû ïîíèçèëàñü íà 1,2 % (162,50±6,03) 
íêàò/ã, ïî ñðàâíåíèþ ñ ãðóïïîé «áåç ïðåïàðàòà». 
Àêòèâíîñòü ôåðìåíòà ïðè äèàáåòå áåç ïðåïàðàòà 
áûëà ïîâûøåíà íà 2,2 % ïî ñðàâíåíèþ ñ íîðìîé. 

Ïðè ðàçâèòèè äèàáåòà è ïðèìåíåíèè ëèïîå-
âîé êèñëîòû îòìå÷àåòñÿ ïîâûøåíèå àêòèâíîñòè 
ñâÿçàííîé ôîðìû êèñëîé ôîñôàòàçû â ñåò÷àòêå 
äî (43,12±2,27) íêàò/ã, ÷òî ñîñòàâèëî 228,1 % ïî 
ñðàâíåíèþ ñ ãðóïïîé «áåç ïðåïàðàòà» (18,90±1,65) 
íêàò/ã. 

Â óñëîâèÿõ ïðèìåíåíèÿ êâåðöåòèíà àêòèâíîñòü 
ñâÿçàííîé ôîðìû êèñëîé ôîñôàòàçû áûëà ïîâû-
øåíà ïî îòíîøåíèþ ê ãðóïïå æèâîòíûõ áåç ïðå-
ïàðàòà äî 226,7 % (42,85±2,17) íêàò/ã. Àêòèâíîñòü 
ôåðìåíòà ïðè äèàáåòå áåç ïðèìåíåíèÿ ïðåïàðàòà 
áûëà ñíèæåíà íà 63,5 % ïî ñðàâíåíèþ ñ íîðìîé. 

Àíàëèçèðóÿ ïîëó÷åííûå ðåçóëüòàòû îòíîñè-
òåëüíî ñîîòíîøåíèÿ óðîâíÿ ìåìáðàíî-ñâÿçàííîé 
(ëèçîñîìàëüíîé) è öèòîçîëüíîé ôîðìû êèñëîé 
ôîñôàòàçû ïðè ðàçâèòèè ñòðåïòîçîòîöèíîâîãî äèà-
áåòà, ñëåäóåò îòìåòèòü, ÷òî ïî ìåðå ðàçâèòèÿ ýòîãî 

çàáîëåâàíèÿ îò÷åòëèâî óìåíüøàåòñÿ ñòàáèëüíîñòü 
ëèçîñîìàëüíûõ ñòðóêòóð, ïðåæäå âñåãî çà ñ÷åò ñíè-
æåíèÿ îáùåãî óðîâíÿ ëèçîñîìàëüíîé ôîðìû ôåð-
ìåíòà: â ïåðèîä äâóõìåñÿ÷íîãî ñðîêà äèàáåòà ýòè 
ïîêàçàòåëè ñîñòàâèëè (25,03±1,29) íêàò/ã, à â øå-
ñòèìåñÿ÷íûé ñðîê — (18,90±1,65) íêàò/ã. Ýòîò ôàêò 
ñâèäåòåëüñòâóåò íå òîëüêî î ïîâûøåíèè ëàáèëüíî-
ñòè ìåìáðàí ëèçîñîì, íî è î ñíèæåíèè èõ îáùåãî 
êîëè÷åñòâà â ñåò÷àòêå. 

Ïðèìåíåíèå ëèïîåâîé êèñëîòû è êâåðöåòèíà 
îêàçûâàëî âûðàæåííûé ìåìáðàíîñòàáèëèçèðóþ-
ùèé ýôôåêò íà ñåò÷àòóþ îáîëî÷êó â ðàçëè÷íûå 
ñðîêè ðàçâèòèÿ äèàáåòè÷åñêîãî ïðîöåññà, îá ýòîì 
ñâèäåòåëüñòâóåò ñíèæåíèå óðîâíÿ íåëèçîñîìàëü-
íîé êèñëîé ôîñôàòàçû. 

Ñëåäóåò îñîáî îòìåòèòü, ÷òî â ïðîöåññå ðàçâèòèÿ 
äèàáåòà (øåñòü ìåñÿöåâ) îáà èçó÷àåìûõ ïðåïàðàòà 
íå òîëüêî ïîâûøàëè ñòàáèëüíîñòü âíóòðèêëåòî÷-
íûõ ìåìáðàí, íî è â çàìåòíîé ìåðå ïðåäîòâðàùà-
ëè äåãðàäàöèþ ëèçîñîìàëüíûõ ñòðóêòóð ñåò÷àòêè. 
Îá ýòîì ñâèäåòåëüñòâóåò òîò ôàêò, ÷òî â ïåðèîä ñî 
âòîðîãî ïî øåñòîé ìåñÿö ðàçâèòèÿ ñòðåïòîçîòîöè-
íîâîãî äèàáåòà îòìå÷àëèñü îòíîñèòåëüíî ñòàáèëü-
íûå ïîêàçàòåëè ñâÿçàííîé àêòèâíîñòè êèñëîé ôîñ-
ôàòàçû â óñëîâèÿõ ïðèìåíåíèÿ ëèïîåâîé êèñëîòû 
è êâåðöåòèíà. 

Â öåëîì, ðåçóëüòàòû äàííîãî èññëåäîâàíèÿ ðàñ-
êðûâàþò ñóùåñòâåííîå çâåíî ìåõàíèçìà ïðîòåê-
òîðíîãî äåéñòâèÿ ëèïîåâîé êèñëîòû è êâåðöåòèíà 
íà ñåò÷àòóþ îáîëî÷êó è, â ÷àñòíîñòè, ñîñòîÿíèå 
åå ëèçîñîìàëüíîãî àïïàðàòà â ðàçëè÷íûå ïåðèîäû 
ðàçâèòèÿ ýêñïåðèìåíòàëüíîãî äèàáåòà. 

Âûâîäû 

1. Ïðèìåíåíèå ëèïîåâîé êèñëîòû è êâåðöåòèíà 
ïðè ðàçâèòèè ýêñïåðèìåíòàëüíîãî äèàáåòè÷åñêîãî 
ïðîöåññà îêàçûâàåò îò÷åòëèâîå ñòàáèëèçèðóþùåå 
äåéñòâèå íà ëèçîñîìû ìåìáðàíû ñåò÷àòêè â ðàçëè÷-
íûå ïåðèîäû ðàçâèòèÿ çàáîëåâàíèÿ. 

2. Ïðåïàðàòû ëèïîåâîé êèñëîòû è êâåðöåòèíà 
â çíà÷èòåëüíîé ñòåïåíè òîðìîçÿò äåãðàäàöèþ ñóá-
êëåòî÷íûõ ñòðóêòóð ñåò÷àòêè, ÷òî ÿâëÿåòñÿ ïðîÿâ-
ëåíèåì èõ ñâîåîáðàçíîãî ïðîòåêòîðíîãî ýôôåêòà 
íà óëüòðàñòðóêòóðíûå êîìïîíåíòû çðèòåëüíîãî 
àíàëèçàòîðà ïðè äèàáåòå. 

Òàáëèöà 2. Àêòèâíîñòü ìàðêåðíîãî ôåðìåíòà êèñëîé ôîñ-
ôàòàçû ñåò÷àòêè áåëûõ êðûñ ñî ñòðåïòîçîòîöèíîâûì äèà-
áåòîì ÷åðåç 6 ìåñÿöåâ ïðè âîçäåéñòâèè ëèïîåâîé êèñëîòû 
è êâåðöåòèíà. 
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Ïðèìå÷àíèå: ð1– óðîâåíü çíà÷èìîñòè ðàçëè÷èé äàííûõ 
ïî îòíîøåíèþ ê íîðìå; ð2 — óðîâåíü çíà÷èìîñòè ðàçëè÷èé 
äàííûõ ïî îòíîøåíèþ ê ãðóïïå «Äèàáåò». 

Ëèòåðàòóðà 

1. Àëèôàíîâà Ò. À. Äèàáåò è ïðîáëåìà èíâàëèäíîñòè / 
Ò. À. Àëèôàíîâà, Í. Í. Êóøíèð // Òåçèñû 2-îé ìåæä. 
íàó÷. êîíô. Îôòàëüìîëîãîâ Ïðè÷åðíîìîðüÿ. — Îäåñ-
ñà, 2004. — Ñ. 124. 

2. Àíäðóøêîâà Î. À., Êîìïëåêñíûé ïîäõîä ê ëå÷åíèþ 
ñîñóäèñòûõ èçìåíåíèé ãëàçà ó áîëüíûõ ñàõàðíûì äèà-
áåòîì / Î. À. Àíäðóøêîâà, Ò. Í. Àíòîíþê, Ò. À. Òóðóòî 
// Ìàòåð. 1-îé Ìåæä. êîíô. «Ñîâðåìåííûå àñïåêòû 
ñîñóäèñòî-ýíäîêðèííûõ çàáîëåâàíèé îðãàíà çðå-
íèÿ». — Ê.,2000. — Ñ. 85. 

3. Ãëàäóø Ò. È., Áàéäàí Å. È. Ñòàáèëüíîñòü ëèçîñîìàëü-
íûõ ìåìáðàí ñåò÷àòêè áåëûõ êðûñ ïðè ñòðåïòîçîòîöè-
íîâîì äèàáåòå â óñëîâèÿõ ìåäèêàìåíòîçíîãî âîçäåé-
ñòâèÿ (àöåòèëöèñòåèíîì, ôëàâîíîèäîì è òàóðèíîì) 
// Îôòàëüìîë. æóðí. — 2010. — ¹ 4. — Ñ. 60–64. 

4. Åâãðàôîâ Â. Þ. Äèàáåòè÷åñêàÿ ðåòèíîïàòèÿ: ïàòîãå-
íåç, äèàãíîñòèêà, ëå÷åíèå: àâòîðåô. äèñ. ... ä–ðà ìåä. 
íàóê. — Ì., 1996. — 47 ñ. 

5. Ëåóñ Í. Ô. Ìåòàáîëè÷åñêèå ìåõàíèçìû ðàçâèòèÿ è 
ïåðñïåêòèâû ìåäèêàìåíòîçíîãî ëå÷åíèÿ äèàáåòè-



Ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ

80 Îôòàëüìîëîãè÷åñêèé æóðíàë ¹ 3, 2014  

÷åñêîé ðåòèíîïàòèè // Îôòàëüìîë. æóðí. — 2003. — 
¹ 5. — ñ. 75–80. 

6. Ìàëüöåâ Ý. Â., Ðîäèí Ñ. Ñ., ×åðíÿåâà Ñ. Í. Äèàáåòè-
÷åñêàÿ ðåòèíîïàòèÿ, ìåõàíèçìû ðàçâèòèÿ // Îôòàëü-
ìîë. æóðí. — 2003. — ¹ 2. — Ñ. 82–88. 

7. Ìèëåíüêàÿ Ò. Ì., Áåññìåðòíàÿ Å. Ã. Äèàáåòè÷åñêàÿ ðå-
òèíîïàòèÿ // Âðà÷. Äåëî. — 2000. — ¹ 1. — Ñ. 8–11. 

8. Íàñëåäîâ À. SPSS êîìïüþòåðíûé àíàëèç äàííûõ â 
ïñèõîëîãèè è ñîöèàëüíûõ íàóêàõ. // Ñïá.: Ïèòåð, 
2005. — 416 ñ. 

9. Íåäçâåöêàÿ Î. Â. Ñîâðåìåííûå íàïðàâëåíèÿ â ëå÷å-
íèè äèàáåòè÷åñêîé ðåòèíîïàòèè // Ìåæäóíàð. ìåä. 
æóðíàë. — 2000. — ¹ 3. — Ñ. 56–58. 

10. Ïàâëþ÷åíêî Ê. Ï., Îëåéíèê Ò. Â. Îêèñëèòåëüíîå ïî-
âðåæäåíèå ïèãìåíòíîãî ýïèòåëèÿ ñåò÷àòêè ïðè ìîäå-
ëèðîâàíèè ñòðåïòîçîòîöèíîâîãî äèàáåòà // Îôòàëüì. 
æóðí. — 2005. — ¹ 3. — Ñ. 47–49. 

11. Ñèäîðîâà Ì. Â. Äèàáåòè÷åñêàÿ ðåòèíîïàòèÿ. Ïàòîãå-
íåç, êëèíèêà, ëå÷åíèå. — Ê.: ÑÌÏ «ÀÂÅÐÑ», 2006. — 
156 ñ. 

12. Aiello L. P., Cahill M. T., Wong J. S. Systemic 
considerations in the management of diabetic 
retinopathy // Am. J. Ophthalmol. — 2001. — V. 32. — 
P. 760–776. 

13. Bayness J. W. Role of oxidative stress in development of 
complications in diabetes // Diabetes. — 1991. — V. 40. — 
P. 405–412. 

14. Bergmeyer H. U. Methoden der enzymatischen Analyse. — 
Herausgegeben von H. U. Bergmeyer. — Berlin. — 1986. — 
S. 2254–2265. 

15. Brownlee M. Biochemistry and molecular cell biology of 
diabetic complications // Nature. — 2001. — Vol. 414. — 
P. 813–820. 

16. Dervan E., Lillis D., Flynn L. Factors that influence the 
patient uptake of diabetic retinoparthy screening // Irish. 
J. Med. Sci. — 2008. — Vol. 177. — P. 303–308. 

17. Dierkx N., Horvath G., van Gils C. Oxidative stress status 
in patients with diabetes mellitus: relationship to diet // 
Eur J Clin Nutr. — 2003. — V. 57 (8). — P. 999–1008. 

18. Fong D. S., Aiello L. P., Ferris F. L., Klein R. K. Diabetic 
retinopathy // Ophthalmol. — 2004. — Vol. 27. — P. 2540–
2553. 

19. Lang G. E. Pharmacological treatment of diabetic 
retinopathy // Ophthalmologica. — 2007. — Vol. 221. — 
¹ 2. — P. 112–117. 

20. Pan H.-Z., Zhang H., Chang D., et al. The change of oxidative 
stress products in diabetes mellitus and diabetic retinopathy 
// Br. J Ophthalmol. — 2008. — Vol. 92. — P. 548–551. 

21. Reyk D. M., Gillies M. C., Davies M. J. The retina: 
oxidative stress and diabetes // Redox Rep. — 2003. — V. 8 
(4). — P. 187–192. 

22. Zimmer P. Global and social implications of the diabetic 
epidemic / P. Zimmer // Nature. — 2001. — Vol. 414. — 
P. 782–789. 

Ïîñòóïèëà 08.04.2014 

References 

1. Alifanova TA, Kushnir NN. Diabetes and disability. Thesis of 
II Black Sea International conference. Odessa, 2004. 124. 

2. Andrushkova OA, Antonyuk TN, Turuto TA. An integrated 
approach to the treatment of vascular changes in the eyes 
of patients with diabetes. Proceedings of I Int. Conf. 
«Modern aspects of vascular and endocrine diseases of the 
organ of vision» K., 2000. 85. 

3. Gladush TI, Baidan EI. Stability of lysosomal membranes 
of the retina of albino rats with streptozotocin diabetes 
under medical exposure (acetylcysteine  , flavonoids and 
taurine). Oftalmol Zh. 2010; 4:60–4. Russian. 

4. Evgrafov VYu. Diabetic retinopathy; pathogenesis, 
diagnostics, treatment: author’s thesis for Doctor of Med. 
Science. M., 1996. 47 p. 

5. Leus NF. Metabolic mechanisms of development and 
prospects of medical treatment of diabetic retinopathy. 
Oftalmol Zh. 2003;5:75–80. Russian. 

6. Maltsev EV, Rodin SS, Chernyayeva SN. Diabetic 
retinopathy, mechanism of development. Oftalmol Zh. 
2003;2:82–8. Russian. 

7. Milenkaya TM, Besmertnaya EG. Diabetic retinopathy. 
Vrach. Delo. 2000;1:8–11. Russian. 

8. Nasledov A. SPSS computer analysis of data in psychology 
and social sciences. SPb.:Piter; 2005. 416 p. 

9. Nedzvetskaya OV. Modern trends in the treatment 
of diabetic retinopathy. Mezhdunar. Med. Zhurnal. 
2000;3:56–8. Russian. 

10. Pavlyuchenko KP, Oleinik TV. Oxidative damage to the 
retinal pigment epithelium in streptozotocin-induced 
diabetes modeling. Oftalmol Zh. 2005;3:47–9. Russian. 

11. Sidorova MV. Diabetic retinopathy. Pathogenesis, clinic, 
treatment. K.:SMP «AVERS»; 2006. 156 p. 

12. Aiello LP, Cahill MT, Wong JS. Systemic considerations 
in the management of diabetic retinopathy. Am. 
J. Ophthalmol. 2001;32:760–76. 

13. Bayness J. W. Role of oxidative stress in development of 
complications in diabetes. Diabetes. 1991;40:405–12. 

14. Bergmeyer HU. Methoden der enzymatischen Analyse. 
Herausgegeben von H. U. Bergmeyer. Berlin. 1986. 2254–
2265. 

15. Brownlee M. Biochemistry and molecular cell biology of 
diabetic complications. Nature. 2001;414:813–20. 

16. Dervan E, Lillis D, Flynn L. Factors that influence the 
patient uptake of diabetic retinoparthy screening. Irish. 
J. Med. Sci. 2008;177:303–8. 

17. Dierkx N, Horvath G, van Gils C. Oxidative stress status in 
patients with diabetes mellitus: relationship to diet. Eur J 
Clin Nutr. 2003;57(8):999–1008. 

18. Fong DS, Aiello LP, Ferris FL, Klein RK. Diabetic 
retinopathy. Ophthalmol. 2004;27:2540–53. 

19. Lang G E. Pharmacological treatment of diabetic 
retinopathy. Ophthalmologica. 2007;221(2):112–7. 

20. Pan H-Z, Zhang H, Chang D et al. The change of 
oxidative stress products in diabetes mellitus and diabetic 
retinopathy. Br. J Ophthalmol. 2008;92:548–51. 

21. Reyk DM, Gillies MC, Davies MJ. The retina: oxidative 
stress and diabetes. Redox Rep. 2003;8(4):187–92. 

22. Zimmer P. Global and social implications of the diabetic 
epidemic. Nature. 2001;414:782–9. 

Received 08.04.2014 


