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Âñòóï. Ìåòèëîâèé ñïèðò (ìåòàíîë), ñèëüíà òîêñè÷íà ðå÷îâèíà. Ñìåð-
òåëüíà äîçà ìåòàíîëó, çà ð³çíèìè äàíèìè, ñêëàäàº â³ä 30 äî 250 ìë, à 10 
ìë éîãî ïðèéîìó âíóòðèøíüî ïðèçâîäèòü äî âòðàòè çîðó. Ìåòàíîë øèðîêî 
çàñòîñîâóºòüñÿ â ÿêîñò³ ðîç÷èííèêà, íàïðèêëàä, â ëàêîêðàñî÷í³é ïðîìèñ-
ëîâîñò³, íà áåíçîêîëîíêàõ, ÿâëÿºòüñÿ êîìïîíåíòîì àíòèôðèçó òà ³í.. Âñå 
ðàçîì âçÿòå çá³ëüøóº ìîæëèâ³ñòü âèïàäêîâîãî àáî õðîí³÷íîãî âïëèâó ìå-
òàíîëó íà îðãàí³çì ëþäèíè. Çã³äíî êë³í³÷íèõ òà åêñïåðèìåíòàëüíèõ äàíèõ, 
ìåòàíîë ïåðâèííî ïîøêîäæóº çîðîâèé íåðâ, ñ³òê³âêó òà òêàíèíè ãîëîâ-
íîãî ìîçêó. Ó çâ’ÿçêó ç öèì âèíèêàº íåîáõ³äí³ñòü á³ëüø ãëèáîêîãî âèâ÷åííÿ 
íà ñóáêë³òèííîìó ð³âí³ òîíêèõ ìåõàí³çì³â ïîøêîäæóþ÷î¿ ä³¿ ìåòàíîëó íà 
æèâ³ òêàíèíè, à ñàìå, íà ñ³òê³âêó åêñïåðèìåíòàëüíèõ òâàðèí. 
Ìåòà — åëåêòðîííî-ì³êðîñêîï³÷íå âèâ÷åííÿ çì³í ãàíãë³îçíèõ êë³òèí (ÃÊ) 
³ â³äðîñòê³â ìþëëåðîâñêèõ êë³òèí (ÂÌÞÊ), ÿê³ îòî÷óþòü ÃÊ ñ³òê³âêè, â 
äèíàì³ö³ (1–14 ä³á) ï³ñëÿ îäíîðàçîâîãî âíóòð³øíüî÷åðåâíîãî ââåäåííÿ ìå-
òàíîëó â äîç³ 2, 5 ã/êã ìàñè ò³ëà. 
Ìàòåð³àë ³ ìåòîäè äîñë³äæåííÿ. Ðàáîòà âèêîíàíà íà 18 á³ëèõ ùóðàõ ë³í³¿ 
Â³ñòàð ìàñîþ 250–300 ã, ÿê³ ï³äðîçä³ëÿëèñü íà äâ³ ãðóïè: I — ï³ääîñë³äíà, â 
ÿê³é ùóðàì îäíîðàçîâî âíóòð³øíüî÷åðåâíî ââîäèëè ìåòàíîë â äîç³ 2,5 ã/ êã 
ìàñè ò³ëà; II ãðóïïà — êîíòðîëüí³ òâàðèíè, ÿêèì ââîäèëè ô³ç³îëîã³÷íèé 
ðîç÷èí â ýêâ³âàëåíòíîìó îá’ºì³. Äîñë³äæóâàëàñü óëüòðàñòðóêòóðà ÃÊ è 
ÂÌÞÊ ñ³òê³âêè ùóð³â â ñòðîêè 1, 3, 7 è 14 ä³á ï³ñëÿ ââåäåííÿ ìåòàíîëó, â 
åëåêòðîííîìó ìèêðîñêîï³ ÏÝÌ-100–01. 
Ðåçóëüòàòè äîñë³äæåííÿ. Ïîêàçàíî, ùî ìåòàíîë âèêëèêàâ ïåðâèíí³ ³ ñóò-
òºâ³ ïîøêîäæåííÿ ãàíãë³îçíèõ êë³òèí (ÃÊ) ñ³òê³âêè. Ñåðåä ÃÊ íàéá³ëüø 
âðàçëèâèìè áóëè êë³òèíè äð³áíèõ ³ ñåðåäí³õ ðîçì³ð³â. Â äèíàì³ö³ ñïîñòåðå-
æåííÿ äåñòðóêòèâí³ çì³íè íàðîñòàëè ÿê â ÃÊ, òàê ³ â â³äðîñòêàõ ìþë-
ëåðîâñêèõ êë³òèí (ÂÌÞÊ). Âèÿâëåíî, ùî íàéá³ëüø ÷óòëèâèìè äî ïîøêî-
äæåíü óëüòðàñòðóêòóðàìè äîñë³äæóâàíèõ êë³òèí º ì³òîõîíäð³¿, ùî âåäå 
äî ñóòòºâèõ ïîðóøåíü åíåðãåòè÷íî¿ ôóíêö³¿ êë³òèí. Ïàðàëåëüíî ç ÿâèùàìè 
äåñòðóêö³¿ â ÃÊ â³äì³÷àëèñü îçíàêè ïîñèëåííÿ á³ëîêñèíòåçóþ÷î¿ ä³ÿëüíîñò³, 
ùî º ïðîÿâîì êîìïåíñàö³éíî-â³äíîâëþâàëüíèõ ïðîöåñ³â â íèõ. 
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ìåòàíîë. 

Êëþ÷îâ³ ñëîâà: ñ³òê³âêà, ãàíãë³îçí³ 
êë³òèíè, â³äðîñòêè ìþëëåðîâñüêèõ 
êë³òèí, óëüòðàñòðóêòóðà, ìåòàíîë. 

Ultrastructural changes of ganglionic and Müller’s cells of the rat’s retina caused by methanol 
intoxication 
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Introduction. Methyl alcohol (methanol) is a strong toxic substance, which is used 
in varnish-and-paint industry, at the petrol stations, etc that increases the pos-
sibility of its incidental or chronic influence on the human organism. According 
to the clinical and experimental data methanol primarily damage the optic nerve, 
retina and the brain tissues. Therefore, it is important to study mechanisms of the 
damaging effect of methanol on live tissues, namely, the retina of the experimental 
animal deeper at the subcellular level. 
Objective. Electronic-microscopic study of changes of the ganglionic cells (GC) 
and processes of Müller’s cells (PMC) that surround GC of the retina of white rats 
in dynamics (1–14 days) after single intraabdominal introduction of methanol in 
the dose of 2.5 g/kg of the body mass. 

© Í. Å. Äóìáðîâà, Í. È. Ìîë÷àíþê, 2015 



Ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ

124 Îôòàëüìîëîãè÷åñêèé æóðíàë ¹ 1, 2015  

Ââåäåíèå. Ìåòèëîâûé ñïèðò (ìåòàíîë) îòíî-
ñèòñÿ ê îäíîàòîìíûì ñïèðòàì è ÿâëÿåòñÿ ñèëüíûì 
òîêñè÷åñêèì âåùåñòâîì. Îí îòíîñèòñÿ ê ÷èñëó 
ïðèìåñåé, îò êîòîðûõ òðóäíî èçáàâèòüñÿ ïðè ðåê-
òèôèêàöèè ýòèëîâîãî ñïèðòà. Ìåòàíîë íåðåäêî 
ÿâëÿåòñÿ èñòî÷íèêîì ñëó÷àéíûõ îòðàâëåíèé, òàê 
êàê ïî âíåøíåìó âèäó, âêóñó è çàïàõó ìàëî îòëè-
÷àåòñÿ îò ýòèëîâîãî ñïèðòà. Ñìåðòåëüíàÿ äîçà ìå-
òàíîëà, ïî ðàçíûì äàííûì, êîëåáëåòñÿ îò 30 äî 
250 ìë, ïðè÷åì 10 ìë åãî ïðèåìà âíóòðü ïðèâîäÿò 
ê ïîòåðå çðåíèÿ. Ñîãëàñíî ÃÎÑÒó, äëÿ ñïèðòíûõ 
íàïèòêîâ îáúåìíàÿ äîçà ìåòàíîëà, â ïåðåñ÷åòå 
íà áåçâîäíûé ýòèëîâûé ñïèðò, íå äîëæíà ïðå-
âûøàòü 0,05 % èëè 400 ìã/ë. Êðîìå òîãî, îí ñòàë 
ïðèìåíÿòüñÿ â êà÷åñòâå ðàñòâîðèòåëÿ, íàïðèìåð, 
â ëàêîêðàñî÷íîé ïðîìûøëåííîñòè, åãî èñïîëüçó-
þò íà áåíçîêîëîíêàõ, îí ÿâëÿåòñÿ êîìïîíåíòîì 
àíòèôðèçîâ è äð. Â ðåçóëüòàòå òàêîãî øèðîêîãî 
åãî ïðèìåíåíèÿ ó÷àñòèëèñü ñëó÷àè îòðàâëåíèÿ èì 
íàñåëåíèÿ Óêðàèíû [1, 5]. Òàêàÿ äîñòóïíîñòü ìåòà-
íîëà óâåëè÷èâàåò âåðîÿòíîñòü ñëó÷àéíîãî èëè õðî-
íè÷åñêîãî âîçäåéñòâèÿ åãî íà îðãàíèçì ÷åëîâåêà. 
Ïî íåìíîãî÷èñëåííûì êëèíè÷åñêèì è ýêñïåðè-
ìåíòàëüíûì äàííûì, ìåòàíîë ïåðâè÷íî ïîðàæàåò 
çðèòåëüíûé íåðâ, ñåò÷àòêó è òêàíè ãîëîâíîãî ìîçãà 
[4, 5, 6, 8]. Ïðåäïîëàãàåòñÿ, ÷òî â ðåçóëüòàòå ìåòà-
íîëîâîé èíòîêñèêàöèè ïðîèñõîäèò ãëóáîêîå íàðó-
øåíèå áèîýíåðãåòè÷åñêèõ ïðîöåññîâ â äàííûõ òêà-
íÿõ [7, 9]. Â ñâÿçè ñ ýòèì âîçíèêàåò íåîáõîäèìîñòü 
áîëåå ãëóáîêîãî èçó÷åíèÿ íà ñóáêëåòî÷íîì óðîâíå 
òîíêèõ ìåõàíèçìîâ ïîâðåæäàþùåãî äåéñòâèÿ ìå-
òàíîëà íà æèâûå òêàíè, â ÷àñòíîñòè, íà ñåò÷àòêó 
ïîäîïûòíûõ æèâîòíûõ. 

Ðàíåå íàìè áûëè îïóáëèêîâàíû ðåçóëüòàòû 
èññëåäîâàíèÿ ïî âëèÿíèþ ìåòàíîëà â äîçå 0,75 ã/
êã ìàññû òåëà êðûñû íà óëüòðàñòðóêòóðó ñåò÷àò-
êè (äîçà, ïðè êîòîðîé âûÿâëÿþòñÿ íà÷àëüíûå èç-
ìåíåíèÿ â ñòðóêòóðàõ). Áûëî óñòàíîâëåíî, ÷òî íà 
äàííóþ íåçíà÷èòåëüíóþ äîçó ìåòàíîëà íàèáîëåå 
÷óâñòâèòåëüíûìè ê åãî äåéñòâèþ ÿâëÿëèñü: êëåòêè 
ïèãìåíòíîãî ýïèòåëèÿ ñåò÷àòêè (ÏÝÑ), ãàíãëè-

îçíûå êëåòêè (ÃÊ) è îòðîñòêè ìþëëåðîâñêèõ êëå-
òîê (ÎÌÞÊ). Ðåàêöèÿ êëåòîê ÏÝÑ çàêëþ÷àëàñü 
â àêòèâàöèè èõ ôóíêöèîíèðîâàíèÿ, ñìåíÿâøåéñÿ 
ñòðóêòóðíûìè ïðèçíàêàìè âíóòðèêëåòî÷íûõ íà-
ðóøåíèé, à çàòåì — ñïîñîáíîñòüþ áûñòðîãî âîñ-
ñòàíîâëåíèÿ ïóòåì óñèëåíèÿ áåëîêñèíòåçèðóþùåé 
è ýíåðãîîáðàçóþùåé ôóíêöèé êëåòêè. ÃÊ õàðàêòå-
ðèçîâàëèñü íàðàñòàíèåì äåñòðóêòèâíûõ èçìåíåíèé 
óëüòðàñòðóêòóðû â òå÷åíèå âñåãî ïåðèîäà íàáëþäå-
íèé. Îäíîíàïðàâëåííûå èçìåíåíèÿ îïðåäåëÿëèñü 
â êîíòàêòèðóþùèõ ñ ÃÊ ÎÌÞÊ. Îáðàòèëà íà ñåáÿ 
âíèìàíèå âûðàæåííàÿ ðåàêöèÿ ìèòîõîíäðèé, ÿâ-
ëÿþùèõñÿ ýíåðãîîáðàçóþùèìè ñòðóêòóðàìè êëåò-
êè [2, 3]. Îäíàêî ïðåäñòàâëÿåò èíòåðåñ äåéñòâèå 
è áîëåå çíà÷èòåëüíûõ äîç ìåòàíîëà íà ñåò÷àòêó. 
Ïîýòîìó öåëüþ íàñòîÿùåãî èññëåäîâàíèÿ ÿâèëîñü 
ýëåêòðîííî-ìèêðîñêîïè÷åñêîå èçó÷åíèå èçìåíå-
íèé ÃÊ è îêðóæàþùèõ èõ ÎÌÞÊ ñåò÷àòêè áåëûõ 
êðûñ â äèíàìèêå ïîñëå îäíîêðàòíîãî âíóòðèáðþ-
øèííîãî ââåäåíèÿ ìåòàíîëà â äîçå 2,5 ã/êã ìàññû 
òåëà. 

Ìàòåðèàë è ìåòîäû 
Ðàáîòà âûïîëíåíà íà 18 âçðîñëûõ áåëûõ êðûñàõ ëèíèè 

Âèñòàð ìàññîé 250–300 ã, ïîäðàçäåëåííûõ íà äâå ãðóïïû: 
I — îïûòíàÿ, â êîòîðîé êðûñàì âíóòðèáðþøèííî îäíî-
êðàòíî ââîäèëè ìåòàíîë èç ðàñ÷åòà 2,5 ã/êã ìàññû òåëà. 
Äëÿ êðûñ ýôôåêò ËÄ50 ïðè âíóòðèáðþøèííîì ââåäåíèè 
ìåòàíîëà äîñòèãàåòñÿ â äîçå 9,5 ã/êã ìàññû òåëà æèâîòíîãî. 
II ãðóïïà — êîíòðîëüíûå æèâîòíûå, êîòîðûì ââîäèëè ôè-
çèîëîãè÷åñêèé ðàñòâîð â ýêâèâàëåíòíîì îáúåìå. Ýâòàíàçèÿ 
æèâîòíûõ îñóùåñòâëÿëàñü â ñîîòâåòñòâèè ñ òðåáîâàíèÿìè 
Åâðîïåéñêîé êîíâåíöèè ïî çàùèòå ýêñïåðèìåíòàëüíûõ æè-
âîòíûõ (86/609 ÅÅÑ). 

Èññëåäîâàëàñü óëüòðàñòðóêòóðà ÃÊ è ÎÌÞÊ ñåò÷àò-
êè êðûñ. Ìàòåðèàë çàáèðàëñÿ ÷åðåç 1, 3, 7 è 14 ñóòîê ïîñëå 
ââåäåíèÿ ìåòàíîëà. Îáðàáîòêà îáðàçöîâ îñóùåñòâëÿëàñü ïî 
îáùåïðèíÿòîé ìåòîäèêå. Îáúåêòû èçó÷àëèñü è ôîòîãðàôè-
ðîâàëèñü â ýëåêòðîííîì ìèêðîñêîïå ÏÝÌ-100–01. 

Ðåçóëüòàòû è èõ îáñóæäåíèå 

×åðåç 1 ñóòêè ïîñëå ââåäåíèÿ ìåòàíîëà â ñëîå 
ÃÊ ñåò÷àòêè ïîäâåðãàëèñü èçìåíåíèÿì ñàìè ÃÊ è, â 

Key words. Retina, ganglionic cells, 
processes of Müller’s cells, ultrastruc-
ture, methanol 

Material and methods. The work was done on 18 white Wistar’s rats of 250–300 
g of weight, which were subdivided into two groups: 1- a group under study where 
the rats were given single injection of methanol in the dose of 2.5 f/kg of the body 
mass. II — a group with control animals, which were introduced a physiological 
solution in the same volume. There was investigated the ultrastructure of GC and 
PMC of the rats’ retina in 1, 3, 7 and 14 days after introduction of methanol in the 
electronic microscope PEM-100–01. 
Results. It is shown that methanol caused primary and considerable damage of 
GC of the retina. The cells of small and middle size were the most vulnerable of 
GC. During the follow-up investigation destructive changes increased both on GC 
and PMC. It was found that mitochondria were the most vulnerable structures to 
the damage resulting in significant energy dysfunction of the cells. Parallel to the 
destruction signs there were signs of increased protein-synthesized activity in GC, 
which was a manifestation of compensation-restoration processes in them. 
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ïåðâóþ î÷åðåäü, êëåòêè ìåëêèõ è ñðåäíèõ ðàçìåðîâ. 
Îíè âûðàæàëèñü â îòåêå öèòîïëàçìû, â äåñòðóêöèè 
çíà÷èòåëüíîé ÷àñòè âíóòðèêëåòî÷íûõ îðãàíåëë, 
îñîáåííî ìèòîõîíäðèé. Ëèøü ìåñòàìè â îêîëîÿ-
äåðíîé îáëàñòè ýòèõ ÃÊ îñòàâàëèñü îñòðîâêè èç 
ñêîïëåíèé íåáîëüøîãî êîëè÷åñòâà ïîëèñîì è ýëå-
ìåíòîâ çåðíèñòîé ýíäîïëàçìàòè÷åñêîé ñåòè (ÇÝÑ), 
ìåëêèõ åäèíè÷íûõ ìèòîõîíäðèé ñ íàáóõøèì âíó-
òðèìèòîõîíäðèàëüíûì ìàòðèêñîì, ñ ÷àñòè÷íûì 
èëè ïîëíûì ðàçðóøåíèåì êðèñò (Ðèñ.1). 

Îäíàêî ñðåäè êðóïíûõ ÃÊ íàáëþäàëèñü êëåòêè 
ñî ñòðóêòóðîé, áëèçêîé ê íîðìàëüíîé, êîòîðûå îò-
ëè÷àëèñü ëèøü ïðîñâåòëåíèåì êàðèîïëàçìû, ñëàáî 
ðàçâèòîé ñåòüþ ýëåìåíòîâ ÇÝÑ è ïàòîëîãèåé ìèòî-
õîíäðèé: íàáóõøèì âíóòðèìèòîõîíäðèàëüíûì ìà-
òðèêñîì è ðàçðóøåííûìè êðèñòàìè, ÷àñòü èç íèõ ñ 
äåôîðìàöèåé íàðóæíîé ìåìáðàíû. Â òî æå âðåìÿ, 
ðÿä êðóïíûõ ÃÊ õàðàêòåðèçîâàëèñü óâåëè÷åííûì 
êîëè÷åñòâîì îðãàíåëë, â ÷àñòíîñòè, ýëåìåíòîâ 
ÇÝÑ, ïîëèñîì, ìåëêèõ ìèòîõîíäðèé. Ýòî óêàçû-
âàåò íà óñèëåíèå áåëîêñèíòåçèðóþùåé è ýíåðãîî-
áðàçóþùåé ôóíêöèé è ìåòàáîëè÷åñêèõ ïðîöåññîâ â 
íèõ. Â ýòèõ æå êëåòêàõ îòìå÷àëîñü òàêæå è ïîâðåæ-
äåíèå êðóïíûõ ìèòîõîíäðèé (Ðèñ. 2). 

Â ñðîêè 3 è 7 ñóòîê íàáëþäåíèÿ â ÃÊ îòìå÷àëèñü 
èçìåíåíèÿ, êîòîðûå áûëè õàðàêòåðíû äëÿ ýòèõ êëå-
òîê â ïðåäûäóùåì ñðîêå, à òàêæå îïðåäåëÿëèñü èç-
ìåíåíèÿ â ìåëêèõ êëåòêàõ ñ ìåíåå âûðàæåííûìè 
ïðèçíàêàìè ãèäðîïè÷åñêèõ èçìåíåíèé, èñêëþ÷àÿ 
ìèòîõîíäðèè, êîòîðûå íàõîäèëèñü â íàáóõøåì ñî-
ñòîÿíèè. Â òàêèõ êëåòêàõ îïðåäåëÿëîñü îêðóãëîé 
ôîðìû ÿäðî ñ ïðîñâåòëåííîé êàðèîïëàçìîé è èç-
âèëèñòîé êàðèîëåììîé, âîêðóã ÿäðà ðàñïîëàãàëèñü 
åäèíè÷íûå óçêèå öèñòåðíû ÇÝÑ, ëèøåííûå ðèáî-

ñîì íà èõ ìåìáðàíàõ. Ïî âñåé öèòîïëàçìå äèôôóç-
íî ëåæàëî íåçíà÷èòåëüíîå ÷èñëî ïîëèñîì è ñâî-
áîäíûõ ðèáîñîì. Èçìåíåíèÿ â êðóïíûõ ÃÊ áûëè 
îäíîòèïíûìè ñ îïèñàííûìè â ïðåäûäóùåì ñðîêå. 
Ñëåäóåò ëèøü îòìåòèòü, ÷òî â ýòè ñðîêè âûÿâëÿëñÿ 
òàêæå òåñíûé êîíòàêò ìåæäó ÃÊ êðóïíûõ è ìåëêèõ 
ðàçìåðîâ (Ðèñ. 3). 

Ê 14 ñóòêàì íàáëþäåíèÿ â ÃÊ — êàê ìåëêèõ, 
òàê è êðóïíûõ — óñèëèâàëèñü ïðîöåññû âíóòðè-
êëåòî÷íîé äåñòðóêöèè öèòîïëàçìàòè÷åñêèõ îðãà-

Ðèñ. 1. Óëüòðàñòðóêòóðà ãàíãëèîçíîãî ñëîÿ ñåò÷àòêè êðûñû 
÷åðåç 1 ñóòêè ïîñëå âíóòðèáðþøèííîãî ââåäåíèÿ ìåòàíî-
ëà â äîçå 2,5 ã êã ìàññû òåëà. Ìåëêàÿ ãàíãëèîçíàÿ êëåòêà ñ 
ïðèçíàêàìè ãèäðîïè÷åñêèõ èçìåíåíèé â öèòîïëàçìå. Ýëåê-
òðîííàÿ ìèêðîôîòîãðàôèÿ. Õ 4 000. Óñëîâíûå îáîçíà÷åíèÿ: 
ÃÊ — ãàíãëèîçíàÿ êëåòêà, ß — ÿäðî, ßäð — ÿäðûøêî, Ì — 
ìèòîõîíäðèè, ÎÌÞÊ — îòðîñòêè ìþëëåðîâñêèõ êëåòîê. 

Ðèñ. 2. Óëüòðàñòðóêòóðà ãàíãëèîçíîãî ñëîÿ ñåò÷àòêè êðûñû 
÷åðåç 1 ñóòêè ïîñëå âíóòðèáðþøèííîãî ââåäåíèÿ ìåòàíîëà 
â äîçå 2,5 ã/êã ìàññû òåëà. Ôðàãìåíò öèòîïëàçìû êðóïíîé 
ãàíãëèîçíîé êëåòêè, íàñûùåííîé îðãàíåëëàìè è èìåþùè-
ìè ãèäðîïè÷åñêèå èçìåíåíèÿ ìèòîõîíäðèé. Ýëåêòðîííàÿ 
ìèêðîôîòîãðàôèÿ. Õ 5 000. Óñëîâíûå îáîçíà÷åíèÿ: ÃÊ — 
ãàíãëèîçíàÿ êëåòêà, Ì — ìèòîõîíäðèè, ÀÍÂ — àêñîíû íåðâ-
íûõ âîëîêîí. 

Ðèñ. 3. Óëüòðàñòðóêòóðà ãàíãëèîçíîãî ñëîÿ ñåò÷àòêè êðûñû 
÷åðåç 7 ñóòîê ïîñëå âíóòðèáðþøèííîãî ââåäåíèÿ ìåòàíîëà 
â äîçå 2,5 ã/êã ìàññû òåëà. Êîíòàêò ìåæäó ìåëêîé è êðóïíîé 
ãàíãëèîçíûìè êëåòêàìè. Ýëåêòðîííàÿ ìèêðîôîòîãðàôèÿ. 
Õ 6 000. Óñëîâíûå îáîçíà÷åíèÿ: ÌÃÊ — ìàëåíüêàÿ ãàíãëè-
îçíàÿ êëåòêà, ÁÃÊ — áîëüøàÿ ãàíãëèîçíàÿ êëåòêà, Ì — ìè-
òîõîíäðèè, ß — ÿäðî, ÎÌÞÊ — îòðîñòêè ìþëëåðîâñêèõ 
êëåòîê. 
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íåëë. Ñðåäè ìåëêèõ ÃÊ âûÿâëÿëîñü áîëüøå êëåòîê 
ñ ýëåêòðîííî-ïðîçðà÷íûì ìàòðèêñîì öèòîïëàçìû 
è, ïðàêòè÷åñêè, ïî÷òè ïîëíûì îïóñòîøåíèåì îð-
ãàíåëë, îïðåäåëÿëèñü ëèøü åäèíè÷íûå ïîëèñîìû 
è îáðûâêè îðãàíåëë. Â êðóïíûõ ÃÊ, â îòëè÷èå îò 
èçìåíåíèé â ïðåäûäóùèå ñðîêè, îòìå÷àëèñü î÷àãè 
ðàçðóøåíèÿ îðãàíåëë íà ïåðèôåðèè ýòèõ êëåòîê. 
Êðîìå òîãî, â ÷àñòè òàêîãî òèïà êëåòîê â öèòîïëàç-
ìå îòìå÷àëîñü áîëüøå ìèòîõîíäðèé ðàçëè÷íûõ ðàç-
ìåðîâ, ñðåäè íèõ âûÿâëÿëèñü è ìåëêèå, ò.å. þíûå 
îðãàíåëëû. Îäíàêî ìèòîõîíäðèè ñðåäíèõ è, îñî-
áåííî, êðóïíûõ ðàçìåðîâ, èìåëè ïàòîëîãè÷åñêèå 
èçìåíåíèÿ óëüòðàñòðóêòóðû, âïëîòü äî ðàçðûâà íà-
ðóæíîé ìåìáðàíû. Ñëåäóåò îòìåòèòü, ÷òî ïðèçíà-
êè óñèëåíèÿ áåëêîâîãî ñèíòåçà â ÃÊ âñåõ òèïîâ íà-

áëþäàëèñü âî âñå ñðîêè èññëåäîâàíèÿ ïàðàëëåëüíî 
ñ ÿâëåíèÿìè àëüòåðàöèè (Ðèñ.4). 

Ïðè èçó÷åíèè óëüòðàñòðóêòóðû îòðîñòêîâ ãëè-
àëüíûõ êëåòîê, îêðóæàþùèõ ÃÊ, âî âñå ñðîêè íà-
áëþäåíèÿ â áîëüøåé èõ ÷àñòè îïðåäåëÿëèñü ïðè-
çíàêè îòåêà öèòîïëàçìû, ðàñøèðåíèå âåçèêóë 
ãëàäêîé ýíäîïëàçìàòè÷åñêîé ñåòè, îòìå÷àëàñü î÷à-
ãîâàÿ èëè ïîëíàÿ äåñòðóêöèÿ êðèñò ìèòîõîíäðèé 
ñ îáðàçîâàíèåì êðóïíûõ ýëåêòðîííî-ïðîçðà÷íûõ 
âàêóîëåé. Â òî æå âðåìÿ, ÷àñòü ÎÌÞÊ áûëà áîëåå 
ñîõðàííîé, îòìå÷àëàñü ëèøü ðåàêöèÿ ìèòîõîíäðèé 
â âèäå î÷àãîâîé èëè ïîëíîé äåñòðóêöèè êðèñò. Ñëå-
äóåò òàêæå îòìåòèòü, ÷òî â äèíàìèêå èññëåäîâàíèÿ 
ïðèçíàêè ïàòîëîãèè â ÎÌÞÊ íàðàñòàëè. 

Çàêëþ÷åíèå. Ìåòàíîë â äîçå 2,5 ã/êã ìàññû òåëà 
âûçûâàë ó êðûñ ïåðâè÷íûå è ñóùåñòâåííûå ïîâðåæ-
äåíèÿ ÃÊ ñåò÷àòêè. Ñðåäè ÃÊ íàèáîëåå óÿçâèìûìè 
ÿâëÿëèñü êëåòêè ìåëêèõ è ñðåäíèõ ðàçìåðîâ. Â äè-
íàìèêå íàáëþäåíèÿ äåñòðóêòèâíûå èçìåíåíèÿ íà-
ðàñòàëè êàê â ÃÊ, òàê è â ãëèàëüíûõ ýëåìåíòàõ, ò.å. 
ÎÌÞÊ, ýòîãî ñëîÿ ñåò÷àòêè. Ïîêàçàíî òàêæå, ÷òî 
íàèáîëåå ïîâðåæäàåìûìè óëüòðàñòðóêòóðàìè ÿâëÿ-
ëèñü ìèòîõîíäðèè, ÷òî ñâèäåòåëüñòâîâàëî î âûðà-
æåííîì íàðóøåíèè ýíåðãåòè÷åñêîé ôóíêöèè êëåòîê. 
Â ëèòåðàòóðíûõ èñòî÷íèêàõ èìåþòñÿ äàííûå î òîì, 
÷òî ïîñëå îñòðîãî îòðàâëåíèÿ ìåòàíîëîì â ñåò÷àòêå 
íàáëþäàåòñÿ ïîâðåæäåíèå ìèòîõîíäðèé, à â äèñêå 
çðèòåëüíîãî íåðâà — èçìåíåíèÿ åãî àêñîíîâ, îòåê è 
ïàòîëîãèÿ ìèòîõîíäðèé ñ îáðàçîâàíèåì âåçèêóë, ÷òî 
òàêæå âåäåò ê äåôèöèòó ýíåðãèè [7, 9]. Îäíàêî ïà-
ðàëëåëüíî ñ ÿâëåíèÿìè äåñòðóêöèè â ÃÊ îòìå÷àëèñü 
ïðèçíàêè óñèëåíèÿ áåëîêñèíòåçèðóþùåé äåÿòåëü-
íîñòè, ÷òî ÿâëÿëîñü ïðîÿâëåíèåì êîìïåíñàòîðíî-
âîññòàíîâèòåëüíûõ ïðîöåññîâ â íèõ. 

Ðåçóëüòàòû èññëåäîâàíèé ïîêàçàëè, ÷òî èñïîëü-
çîâàííàÿ äîçà ìåòàíîëà 2,5 ã/êã ìàññû òåëà êðûñû 
âûçûâàëà â ñòðóêòóðàõ ñëîÿ ÃÊ èçìåíåíèÿ, îäíîíà-
ïðàâëåííûå ñ òåìè, êîòîðûå íàáëþäàëèñü íàìè ïðè 
ïðèìåíåíèè äîçû 0,75 ã/êã, îäíàêî áîëåå âûðàæåí-
íûå è ñòîéêèå. 

Ðèñ. 4. Óëüòðàñòðóêòóðà ãàíãëèîçíîãî ñëîÿ ñåò÷àòêè êðûñû 
÷åðåç 14 ñóòîê ïîñëå âíóòðèáðþøèííîãî ââåäåíèÿ ìåòàíî-
ëà â äîçå 2,5 ã/êã ìàññû òåëà. Êðóïíàÿ ãàíãëèîçíàÿ êëåòêà 
ñ ôåñòîí÷àòûì ÿäðîì, áîëüøèì êîëè÷åñòâîì òèïè÷íûõ 
îðãàíåëë â öèòîïëàçìå è âàêóîëèçèðîâàííûìè êðóïíûìè 
ìèòîõîíäðèÿìè. Ýëåêòðîííàÿ ìèêðîôîòîãðàôèÿ. Õ 5 000. 
Óñëîâíûå îáîçíà÷åíèÿ: ÃÊ — ãàíãëèîçíàÿ êëåòêà, ß — ÿäðî, 
Ì — ìèòîõîíäðèè, ÇÝÑ — çåðíèñòàÿ ýíäîïëàçìàòè÷åñêàÿ 
ñåòü, ÊÃ — êîìïëåêñ Ãîëüäæè. 
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