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РЕЗЮМЕ 

Öåëü. Èññëåäîâàíèå ïîñâÿùåíî èçó÷åíèþ ãëèîàðõèòåêòîíèêè íåîêîðòåêñà, àðõèêîðòåêñà è ìèíäà-
ëåâèäíîãî òåëà áåëûõ êðûñ ëèíèè Wistar â íîðìå è ïîñëå 20-ìèíóòíîé îêêëþçèè îáùèõ ñîííûõ 
àðòåðèé. 

Ìàòåðèàëû è ìåòîäû. Ñ ïîìîùüþ ñâåòîâîé (îêðàñêà ãåìàòîêñèëèíîì è ýîçèíîì) ìèêðîñêîïèè, 
èììóíîãèñòîõèìèè (GFAP) è ìîðôîìåòðèè áûëè èçó÷åíû ðàñïðåäåëåíèå, ôîðìà è ïëîùàäü GFAP-
èììóíîïîçèòèâíûõ êëåòîê ãîëîâíîãî ìîçãà â íîðìå (n = 5) è ÷åðåç 1, 3, 7, 14, 30 ñóò (n = 25) ïîñëå 
îñòðîé èøåìèè. 

Ðåçóëüòàòû. Âûÿâëåíû î÷àãîâûå èçìåíåíèÿ ïëîòíîñòè ãëèàëüíîé ñåòè – ñíèæåíèå è óâåëè÷åíèå ëî-
êàëüíîãî ñîäåðæàíèÿ GFAP-ïîçèòèâíîãî ìàòåðèàëà. Ðåàêòèâíûå, äèñòðîôè÷åñêèå è íåêðîáèîòè÷å-
ñêèå èçìåíåíèÿ íåéðîíîâ ïîñëå îñòðîé èøåìèè ñîïðîâîæäàëèñü ðåîðãàíèçàöèåé íåéðîãëèè è óâåëè-
÷åíèåì íåéðîãëèàëüíîãî èíäåêñà â îòäåëüíûõ çîíàõ â 1,2–1,5 ðàçà. Îòíîñèòåëüíàÿ ïëîùàäü ÷àñòèö 
GFAP-ïîçèòèâíîãî ìàòåðèàëà àñòðîöèòîâ íà ñðåçàõ íåîêîðòåêñà â êîíòðîëå ñîñòàâëÿëà 8,4–18,1%, 
à ÷åðåç 3 ñóò ïîñëå èøåìèè ýòîò ïîêàçàòåëü â îòäåëüíûõ ó÷àñòêàõ íåîêîðòåêñà óâåëè÷èâàëñÿ äî 
45,0-59,3%. Â ãèïïîêàìïå – 8,1 è 16,2%, â ìèíäàëåâèäíîì òåëå – 12,6 è 21,2%. Ãèïåðòðîôèÿ çðåëûõ 
àñòðîöèòîâ ïðîÿâëÿëàñü óâåëè÷åíèåì äèàìåòðà, ñòåïåíè âåòâëåíèÿ è äëèíû èõ îòðîñòêîâ. 

Çàêëþ÷åíèå. Ïîëó÷åííûå äàííûå ðàññìàòðèâàþòñÿ â àñïåêòå ôåíîìåíà èøåìè÷åñêîãî ïðåêîíäèöèî-
íèðîâàíèÿ è àêòèâàöèè çàùèòíûõ ïðîöåññîâ â íåéðî-ãëèî-ñîñóäèñòûõ ìèêðîêîìïëåêñàõ. 

Êëþ÷åâûå ñëîâà: îñòðàÿ èøåìèÿ, íåîêîðòåêñ, ãèïïîêàìï, àìèãäîëà, ãëèÿ, GFAP.

Êîíôëèêò èíòåðåñîâ. Àâòîðû äåêëàðèðóþò îòñóòñòâèå ÿâíûõ è ïîòåíöèàëüíûõ êîíôëèêòîâ èíòåðå-
ñîâ, ñâÿçàííûõ ñ ïóáëèêàöèåé íàñòîÿùåé ñòàòüè. 

Èñòî÷íèê ôèíàíñèðîâàíèÿ. Äàííàÿ ðàáîòà âûïîëíåíà ïðè ïîääåðæêå Ôîíäà ñîäåéñòâèÿ èííîâàöè-
ÿì ïî ïðîãðàììå «ÓÌÍÈÊ» № 14 îò 15.12.2017 ã. è âíóòðåííåãî ãðàíòà ÔÃÁÎÓ ÂÎ Îìñêîãî ãîñó-
äàðñòâåííîãî ìåäèöèíñêîãî óíèâåðñèòåòà № 574 îò 24.11.2017 ã. 

Ñîîòâåòñòâèå ïðèíöèïàì ýòèêè. Èññëåäîâàíèå îäîáðåíî ýòè÷åñêèì êîìèòåòîì ÎìÃÌÓ (ïðîòîêîë  
№ 83 îò 14.10.2016).
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ВВЕДЕНИЕ
Èçó÷åíèå ðåàêöèè íåéðîãëèîöèòîâ íà îñòðóþ 

èøåìèþ è ðåïåðôóçèþ ãîëîâíîãî ìîçãà àêòóàëü-
íî, ïåðñïåêòèâíî è èìååò ïðàêòè÷åñêîå çíà÷åíèå 
[1–3]. Àñòðîöèòû, îëèãîäåíäðîãëèîöèòû è ìèêðî-
ãëèîöèòû ðàññìàòðèâàþòñÿ êàê èíòåãðèðîâàííàÿ 
êëåòî÷íàÿ ñóáñèñòåìà, îáåñïå÷èâàþùàÿ çàùèòó, 
âîññòàíîâëåíèå è ñàíàöèþ ïîâðåæäåííîé íåðâ-
íîé òêàíè [4, 5]. 

ÓÄÊ 616.133-007.272”413*20”-06:616.831.31-02]-092.9
https://doi.org: 10.20538/1682-0363-2019-4-7–15

Cytoarchitectonic features of the neocortex, archicortex and amygdala  
of white rats after a 20-minute occlusion of the common carotid arteries

Akulinin V.A., Avdeev D.B., Stepanov A.S., Gorbunova A.V., Stepanov S.S., Tsuskman I.G. 

Omsk State Medical University (OSMU)  
12, Lenin Str., Omsk, 644099, Russian Federation

ABSTRACT

Purpose. The study is focused on glioarchitectonics of the neocortex, archicortex and amygdala of Wistar 
white rats in normal state and after a 20-minute occlusion of the common carotid arteries. 

Materials and methods. Light (stained with hematoxylin and eosin) microscopy, immunohistochemistry 
(GFAP), and morphometry were used to study the distribution, shape, and area of GFAP-immunopositive 
brain cells in the normal range (n = 5) and at days 1, 3, 7, 14, 30 (n = 25) after acute ischemia. 

Results. Focal changes were found in the density of the glial network: decrease and increase in the local 
content of GFAP-positive material. Reactive, dystrophic and necrobiotic changes in neurons after acute 
ischemia were accompanied by reorganization of neuroglia and increase in the neuroglia index in certain 
zones by 1.2–1.5 times. The surface area of the particles in GFAP-positive astrocytes in sections of the 
neocortex in the control was 8.4–18.1, but after 3 days after ischemia this rate in some parts of the 
neocortex rose to 45.0–59.3%. In the hippocampus this rate was 8.1% and 16.2%, and in the amygdala it 
was 12.6% and 21.2%. Hypertrophy of mature astrocytes was manifested by the increase in the diameter, 
degree of branching and length of their processes. 

Conclusion. The obtained data are considered as a phenomenon of ischemic preconditioning and activation 
of protective processes in neuro-glio-vascular microcomplexes.
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__________________________

Ïðîâåäåííûå ðàíåå èññëåäîâàíèÿ íåéðîãëèè 
ïîêàçàëè, ÷òî åå êëåòêè îêàçûâàþò ìåòàáîëè-
÷åñêóþ ïîääåðæêó íåéðîíàì, èãðàþò êëþ÷åâóþ 
ðîëü â ðåãóëÿöèè êðîâîòîêà â îáëàñòÿõ ìîçãà ñ 
àêòèâíûìè íåéðîíàìè (âûñâîáîæäåíèå íåéðî-
ìåäèàòîðà). Ñåòè àñòðîöèòîâ, ÿâëÿÿñü àíàëîãîì 
ëèìôàòè÷åñêîé ñèñòåìû, âûïîëíÿþò äðåíàæ-
íî-äåòîêñèêàöèîííóþ ôóíêöèþ â öåíòðàëüíîé 
íåðâíîé ñèñòåìå. Ýòà ôóíêöèÿ àñòðîöèòîâ èìååò 
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áîëüøîå çíà÷åíèå â îñòðîì ïîñòèøåìè÷åñêîì ïå-
ðèîäå, êîãäà âûÿâëåíû ìàêñèìàëüíûå ïðîÿâëåíèÿ 
îòåêà-íàáóõàíèÿ êëåòîê [5]. 

Èçó÷àëîñü òàêæå âëèÿíèå èøåìèè íà êëåòêè 
íåéðîãëèè ãîëîâíîãî ìîçãà ýêñïåðèìåíòàëüíûõ 
æèâîòíûõ [5, 6]. Îäíàêî öåëè, çàäà÷è, ýêñïåðè-
ìåíòàëüíûå ìîäåëè, ìåòîäû èññëåäîâàíèÿ, îòäåëû 
ìîçãà, ïðîäîëæèòåëüíîñòü ïåðèîäà íàáëþäåíèÿ 
áûëè èíûå, ÷åì â íàøåé ðàáîòå. Íåò äàííûõ ïî 
ñðàâíåíèþ ãëèîàðõèòåêòîíèêè íåîêîðòåêñà, àðõè-
êîðòåêñà è ìèíäàëåâèäíîãî òåëà íà ïðîòÿæåíèè 
30 ñóò ïîñëå ðåïåðôóçèè. Â îñíîâíîì èçó÷àëèñü 
ãëèîöèòû íåêðîòè÷åñêîãî î÷àãà è ïåðèíåêðîòè-
÷åñêîé çîíû ïðè ïåðåâÿçêå ìîçãîâûõ àðòåðèé 
íà äëèòåëüíîå âðåìÿ – íåîáðàòèìûå èçìåíåíèÿ 
íåéðîíîâ. Òàêèì îáðàçîì, äåòàëè ðåîðãàíèçàöèè 
ãëèîàðõèòåêòîíèêè íåîêîðòåêñà, àðõèêîðòåêñà 
è ìèíäàëåâèäíîãî òåëà â ñðàâíèòåëüíîì àñïåêòå 
íå èçó÷åíû. Ïîýòîìó èìåþùèåñÿ ìîðôîëîãè÷å-
ñêèå èññëåäîâàíèÿ íåäîñòàòî÷íû äëÿ ïîíèìàíèÿ 
îñîáåííîñòåé âîçäåéñòâèÿ ãëîáàëüíîé èøåìèè íà 
ãëèîàðõèòåêòîíèêó äàííûõ îòäåëîâ ìîçãà.

Öåëü íàñòîÿùåãî èññëåäîâàíèÿ – ñðàâíèòåëü-
íîå èçó÷åíèå ñòðóêòóðíûõ îñíîâ ðåîðãàíèçàöèè 
ãëèàëüíûõ êëåòîê íåîêîðòåêñà, ðàçíûõ ïîëåé 
ãèïïîêàìïà è ÿäåð ìèíäàëåâèäíîãî òåëà ïîñëå 
20-ìèíóòíîé îêêëþçèè îáùèõ ñîííûõ àðòåðèé.   

МАТЕРИАЛЫ И МЕТОДЫ 
Ðàáîòà âûïîëíåíà íà áàçå ÔÃÁÎÓ ÂÎ «Îìñêèé 

ãîñóäàðñòâåííûé ìåäèöèíñêèé óíèâåðñèòåò», 
îäîáðåíà ýòè÷åñêèì êîìèòåòîì óíèâåðñèòåòà 
(ïðîòîêîë № 83 îò 14.10.2016). Â êà÷åñòâå ýêñ-
ïåðèìåíòàëüíûõ æèâîòíûõ èñïîëüçîâàëè áåëûõ 
êðûñ (n = 30, ñàìöû) ëèíèè Wistar ìàññîé 180–
200 ã. Èññëåäîâàíèÿ ïðîâîäèëè â ñîîòâåòñòâèè ñ 
ðåêîìåíäàöèÿìè Ìåæäóíàðîäíîãî êîìèòåòà ïî 
íàóêå î ëàáîðàòîðíûõ æèâîòíûõ, ïîääåðæàííûõ 
Âñåìèðíîé îðãàíèçàöèåé çäðàâîîõðàíåíèÿ, Äè-
ðåêòèâîé Åâðîïåéñêîãî ïàðëàìåíòà № 2010/63/
EU îò 22.09.2010 «Î çàùèòå æèâîòíûõ, èñïîëüçó-
þùèõñÿ äëÿ íàó÷íûõ öåëåé».

Îñòðóþ 20-ìèíóòíóþ èøåìèþ ìîçãà ïóòåì îê-
êëþçèè îáùèõ ñîííûõ àðòåðèé ((ÎÎÑÀ), 2-ñîñó-
äèñòàÿ ìîäåëü íåïîëíîé ãëîáàëüíîé èøåìèè áåç 
ãèïîòîíèè) ìîäåëèðîâàëè íà ôîíå ïðåìåäèêàöèè 
(ñóëüôàò àòðîïèíà 0,1 ìã/êã, ïîäêîæíî) è îáùåé 
àíåñòåçèè (Zoletil 100, 10 ìã/êã). Îáùåå ñîñòî-
ÿíèå æèâîòíûõ â ïîñëåîïåðàöèîííîì ïåðèîäå 
îöåíèâàëîñü â áàëëàõ ñ ó÷åòîì ïðèíöèïîâ èññëå-
äîâàíèÿ ôèçèîëîãèè è ïàòîôèçèîëîãèè ãîëîâíî-
ãî ìîçãà [7]. 

Âçÿòèå ìàòåðèàëà ïðîâîäèëè ÷åðåç 1 (n = 5),  
3 (n = 5), 7 (n = 5), 14 (n = 5) è 30 (n = 5) ñóò ïî-

ñëå èøåìèè. Êîíòðîëåì (n = 5) ñëóæèëè ëîæíî- 
îïåðèðîâàííûå (áåç îêêëþçèè àðòåðèé) æèâîò-
íûå òîãî æå âîçðàñòà. Ãîëîâíîé ìîçã ôèêñèðîâà-
ëè ïóòåì ïåðôóçèè 4%-ãî ðàñòâîðà ïàðàôîðìà íà  
0,1 Ì ôîñôàòíîì áóôåðå (ðÍ 7,4) ÷åðåç âîñõî-
äÿùóþ ÷àñòü äóãè àîðòû. Ñåðèéíûå ôðîíòàëüíûå 
ñðåçû (2–4 ìêì) íà óðîâíå ñåíñîìîòîðíîé êîðû, 
ãèïïîêàìïà è ÌÒ [8] îêðàøèâàëè ãåìàòîêñèëèíîì 
è ýîçèíîì, à òàêæå ñ ïîìîùüþ èììóíîãèñòîõè-
ìè÷åñêîãî ìåòîäà ïðîòèâ ãëèàëüíîãî ôèáðèë-
ëÿðíîãî áåëêà (GFAP, Leica Biosystems Newcastle 
Ltd., Âåëèêîáðèòàíèÿ). Äëÿ âèçóàëèçàöèè GFAP 
èñïîëüçîâàëè ìóëüòèìåðíûé íàáîð NovolinkTM 
(DAB) Polymer Detection System (Leica Biosystems 
Newcastle Ltd, Âåëèêîáðèòàíèÿ). Ïîñëå ðåàêöèè 
ñ ïåðâè÷íûìè àíòèòåëàìè ñðåçû ïîñëåäîâàòåëüíî 
èíêóáèðîâàëè ñ âòîðè÷íûìè àíòèòåëàìè, çàòåì 
õðîìîãåíîì DAB (3,3’-äèàìèíîáåíçèäèí), äîêðà-
øèâàëè ãåìàòîêñèëèíîì, çàêëþ÷àëè â ïîëèñòè-
ðîë. Íà ìèêðîñêîïå Leica DM 1000 äåëàëèñü öèô-
ðîâûå ìèêðîôîòîãðàôèè (ïî 200 ïîëåé çðåíèÿ ñ 
êàæäîãî èçó÷åííîãî îòäåëà â îïðåäåëåííûé ñðîê). 

Ìîðôîìåòðè÷åñêèé àíàëèç ïðîâîäèëè íà áè-
íàðíûõ èçîáðàæåíèÿõ ñ èñïîëüçîâàíèåì ïðî-
ãðàììû ImageJ 1.46. Îïðåäåëÿëè îòíîñèòåëüíóþ 
ïëîùàäü GFAP-ïîçèòèâíîãî ìàòåðèàëà â ïîëå 
çðåíèÿ. Îöåíèâàëè õàðàêòåð ðàñïðåäåëåíèÿ óêà-
çàííîé âåëè÷èíû ñ ïîìîùüþ êðèòåðèÿ Êîëìî-
ãîðîâà – Ñìèðíîâà. Ïðîâåðêó ñòàòèñòè÷åñêèõ 
ãèïîòåç îñóùåñòâëÿëè ñ ïîìîùüþ  êðèòåðèÿ c2. 
Ðåçóëüòàòû ïðåäñòàâëåíû â ïðîöåíòàõ (95%-é  
äîâåðèòåëüíûé èíòåðâàë (ÄÈ), äëÿ 200 ïîëåé 
çðåíèÿ ïî êàæäîìó îòäåëó â îïðåäåëåííûé ñðîê, 
StatSoft Statistica 8.0; MedCalc 11.6.1.0) [9]. Â õîäå 
ïðîâåäåíèÿ ñòàòèñòè÷åñêîãî àíàëèçà íóëåâàÿ ãè-
ïîòåçà îòâåðãàëàñü ïðè p ≤ 0,05.

РЕЗУЛЬТАТЫ 
Â ãîëîâíîì ìîçãå êîíòðîëüíûõ æèâîòíûõ 

GFAP-ïîçèòèâíûé ìàòåðèàë ëîêàëèçîâàëñÿ â òå-
ëàõ è îòðîñòêàõ àñòðîöèòîâ ìåæäó íîðìîõðîì-
íûìè íåéðîíàìè (ðèñ. 1). 

Â ñèëó ëîêàëüíûõ îñîáåííîñòåé öèòîàðõèòåê-
òîíèêè è îòíîñèòåëüíîé ïëîòíîñòè êëåòîê â íåðâ-
íîé òêàíè, èçó÷åííûå îòäåëû ãîëîâíîãî ìîçãà îò-
ëè÷àëèñü ïî äîëè GFAP-ïîçèòèâíîãî ìàòåðèàëà 
â ïåðåñ÷åòå íà îäèí íåéðîí. Ýòî áûëî ñâÿçàíî 
ñ òåì, ÷òî â çîíå ðàñïîëîæåíèÿ íåéðîíîâ (ñëîè 
ïèðàìèäíûõ êëåòîê) ìèíèìàëüíàÿ îòíîñèòåëüíàÿ 
ïëîùàäü GFAP-ïîçèòèâíîãî ìàòåðèàëà (öèòîïëàç-
ìà è îòðîñòêè àñòðîöèòîâ) íà åäèíèöó ïëîùàäè 
ñðåçà áûëà â íåîêîðòåêñå è ÑÀ1, ìàêñèìàëüíàÿ –  
â ÑÀ4 è ÌÒ. Ñòàòèñòè÷åñêè çíà÷èìûå ðàçëè÷èÿ 
ïðè ïàðíîì ñðàâíåíèè óêàçàíû â òàáë. 1.
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Ò à á ë è ö à  1 
T a b l e  1 

Îòíîñèòåëüíàÿ ïëîùàäü (%) GFAP-ïîçèòèâíîãî ìàòå-
ðèàëà íåîêîðòåêñà, ãèïïîêàìïà è ìèíäàëåâèäíîãî òåëà 

ãîëîâíîãî ìîçãà áåëûõ êðûñ â íîðìå  
(ïî 200 ïîëåé çðåíèÿ íà ñðîê) 

Relative area (%) of the GFAP-positive material in the 
neocortex, hippocampus and amygdala of white rats’ brain 

in normal conditions (200 fields of view for each term)

Îòäåë ìîçãà
Brain region

Îòíîñèòåëüíàÿ ïëîùàäü  
è ðåçóëüòàòû ñðàâíåíèÿ

Relative area and results of comparison

ÑÌÊ
SMC

16,2% (95% CI: 11,4–22,1%)

ÇÔ
DF

19,1% (95% CI: 13,9–25,2%)
ÑÀ1 – p = 0,048*

ÑÀ1
CA1

11,5% (95% CI: 7,4–16,8%)

ÑÀ3
CA3

19,7% (95% CI: 14,4–25,9%)
ÑÀ1 – p = 0,03*

ÑÀ4
CA4

25,3% (95% CI: 19,4–31,9%)
SMC – p = 0,03*; ÑÀ1 – p = 0,001*

ÌÒ
AN

21,4% (95% CI: 15,9–27,7%)
ÑÀ1 – p = 0,01*

Ïðèìå÷àíèå .  ÑÌÊ – ñåíñîìîòîðíàÿ êîðà, ÇÔ – çóá÷àòàÿ 
ôàñöèÿ, ÑÀ – ñîííàÿ àðòåðèÿ, ÌÒ – ìèíäàëåâèäíîå òåëî, 
CI – äîâåðèòåëüíûé èíòåðâàë.
* ðàçëè÷èÿ ñòàòèñòè÷åñêè çíà÷èìû ïðè ïàðíîì ñðàâíåíèè ñ 
ÑÀ1 ãèïïîêàìïà è ÑÌÊ (êðèòåðèé χ2). 
Note .  SMC – sensorimotor cortex, DF – dentate fascia, CA – 
carotid artery, AN – amygdaloid nucleus, CI – confidence interval.
* the differences are statistically significant with paired 
comparison with CA1 of the hippocampus and sensorimotor 
cortex (χ2 test).

Òàêèì îáðàçîì, íåñìîòðÿ íà ðàâíîìåðíîñòü 
ðàñïðåäåëåíèÿ ãëèàëüíûõ êëåòîê â íîðìå, íåéðî-
ãëèàëüíûå îòíîøåíèÿ â íåîêîðòåêñå, ãèïïîêàìïå 
è ÌÒ èìåëè îñîáåííîñòè, ñâÿçàííûå ñ ïëîòíî-
ñòüþ íåéðîíîâ. 

Óñòàíîâëåíî, ÷òî ïîñëå 20-ìèíóòíîé ÎÎÑÀ â 
íåîêîðòåêñå, ãèïïîêàìïå è ÌÒ ïðåîáëàäàëè äèô-
ôóçíûå ìåëêîî÷àãîâûå îáðàòèìûå èøåìè÷åñêèå 
èçìåíåíèÿ íåéðîíîâ è ñîîòâåòñòâóþùàÿ èì ëî-
êàëüíàÿ ðåàêöèÿ íåéðîãëèè. Â èçó÷åííûõ îòäå-
ëàõ ìîçãà âûÿâëÿëèñü çîíû ñ íèçêîé è âûñîêîé 
ïëîòíîñòüþ îòðîñòêîâ, íåõàðàêòåðíûå äëÿ íîð-
ìû (ðèñ. 2). Òî åñòü ðåàêòèâíûå, äèñòðîôè÷åñêèå 
è íåêðîáèîòè÷åñêèå èçìåíåíèÿ íåéðîíîâ ïîñëå 
îñòðîé èøåìèè ñîïðîâîæäàëèñü ðåîðãàíèçàöèåé 
íåéðîãëèè è óâåëè÷åíèåì íåéðîãëèàëüíîãî èí-
äåêñà â îòäåëüíûõ çîíàõ â 1,2–1,5 ðàçà (χ2 > 8,2; 
p < 0,01). 

Òàê, îòíîñèòåëüíàÿ ïëîùàäü ÷àñòèö GFAP-ïî-
çèòèâíîãî ìàòåðèàëà àñòðîöèòîâ â êîíòðîëå íà 
ñðåçàõ ÑÌÊ ñîñòàâëÿëà 8,4–18,1% (95-é ÄÈ), à 
÷åðåç 3 ñóò ïîñëå èøåìèè ýòîò ïîêàçàòåëü â îò-
äåëüíûõ ó÷àñòêàõ íåîêîðòåêñà óâåëè÷èâàëñÿ äî 
45,0–59,3% (χ2 = 10,2;  p  < 0,001). Ñîîòâåòñòâåí-
íî, â ãèïïîêàìïå − îò 4,7−12,8 äî 11,4−22,1%  
(χ2 = 3,4; p = 0,02), â ÌÒ: îò 8,3−18,0 äî 15,8−27,5% 
(χ2 = 3,2; p = 0,03).

Ãèïåðòðîôèÿ çðåëûõ àñòðîöèòîâ ïðîÿâëÿëàñü 
óâåëè÷åíèåì äèàìåòðà, ñòåïåíè âåòâëåíèÿ è äëè-
íû èõ îòðîñòêîâ (ðèñ. 2–4).

Ðèñ. 1. Ñëîé III ñåíñîìîòîðíîé êîðû ãîëîâíîãî ìîçãà áåëîé êðûñû â íîðìå ïðè îêðàñêå ãåìàòîêñèëèíîì è 
ýîçèíîì (a) è ïðîòèâ GFAP (b): ïðåâàëèðóþò íîðìîõðîìíûå íåéðîíû (áåëûå ñòðåëêè), GFAP-ïîçèòèâíûé ìàòå-
ðèàë ðàâíîìåðíî ðàñïðåäåëåí â ïîëå çðåíèÿ (÷åðíûå ñòðåëêè), 51 àñòðîöèò, ðàññòîÿíèå ìåæäó öåíòðàìè ÿäåð –  
43,2 ìêì, ïëîùàäü àñòðîöèòà ñ îòðîñòêàìè – 1519,8 ìêì2. Îêðàñêà: ãåìàòîêñèëèíîì è ýîçèíîì (a); èììóíîãèñòî-
õèìèÿ, ãëèàëüíûé êèñëûé ôèáðèëëÿðíûé áåëîê (b). Îáúåêòèâ: ×100, øêàëà – 25 ìêì (a), ×40, øêàëà – 100 ìêì (b) 

Fig. 1. Layer III of the sensorimotor cortex of the white rat in normal conditions with hematoxylin and eosin  staining 
(a) and against GFAP (b): normochromic neurons prevail (white arrows), GFAP-positive material is evenly distributed 
in the field of view (black arrows), 51 astrocytes, the distance between the centers of the nuclei – 43.2 microns, the 
area of the astrocyte with processes – 1519.8 microns. Staining: hematoxylin and eosin (a); immunohistochemistry, glial 

fibrillary acidic protein (b). Lens: ×100, scale – 25 µm (a) ×40, scale 100 µm (b)

a              b

Акулинин В.А., Авдеев Д.Б., Степанов А.С. и др. Особенности глиоархитектоники неокортекса, архикортекса
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Ðèñ. 2. Ãëèàëüíûå êëåòêè (òåëà è îòðîñòêè êîðè÷íåâîãî öâåòà) ñëîÿ III ñåíñîìîòîðíîé  êîðû (a – 6 ÷, b – 3 ñóò) 
è çóá÷àòîé ôàñöèè (c – 6 ÷, d – 3 ñóò) ãîëîâíîãî ìîçãà áåëîé êðûñû â ïîñòèøåìè÷åñêîì ïåðèîäå: ãèïåðòðîôèÿ 
àñòðîöèòîâ è èõ îòðîñòêîâ ÷åðåç 3 ñóò ðåïåðôóçèè. Îêðàñêà: èììóíîãèñòîõèìèÿ, ãëèàëüíûé êèñëûé ôèáðèëëÿð-

íûé áåëîê. Îáúåêòèâ: ×40, øêàëà  100 ìêì

Fig. 2. Glial cells (brown bodies and processes) of layer III of the sensorimotor cortex (a – 6 h, b – 3 days) and dentate 
fascia (c – 6h, d – 3 days) of the white rat brain in the post-ischemic period: hypertrophy of astrocytes and their 
processes after 3 days of reperfusion. Staining: immunohistochemistry, glial fibrillary acidic protein. The lens ×40, scale 

100 µm

a        b

c        d

a         b

c         d

Ðèñ. 3. Ãëèàëüíûå êëåòêè (òåëà è îòðîñòêè êîðè÷íåâîãî öâåòà) çóá÷àòîé ôàñöèè (a, b), ÑÀ3 (c) è ÑÀ1 (d) ãîëîâ-
íîãî ìîçãà áåëîé êðûñû â ïîñòèøåìè÷åñêîì ïåðèîäå, 1 ñóò: ðàçëè÷íàÿ ïëîòíîñòü GFAP-ïîçèòèâíîãî ìàòåðèàëà 
â çîíå ãðàíóëÿðíûõ è ïèðàìèäíûõ íåéðîíîâ (ñòðåëêè). Îòíîñèòåëüíàÿ ïëîùàäü GFAP-ïîçèòèâíîãî ìàòåðèàëà 
â ÇÔ – 15,9%, ÑÀ3 – 8,8% è ÑÀ1 – 7,7%. Îêðàñêà: èììóíîãèñòîõèìèÿ, ãëèàëüíûé êèñëûé ôèáðèëëÿðíûé áåëîê 

(GFAP). Îáúåêòèâ ×40, øêàëà – 100 ìêì 

Fig. 3. Glial cells (brown bodies and processes) of the dental fascia (a, b), CA3 (c) and CA1 (d) of the white rat brain 
in the post-ischemic period, 1 day: different density of GFAP-positive material in the zone of granular and pyramidal 
neurons (arrows). The relative area of GFAP-positive material in DF – 15.9%, CA3 – 8.8% and CA1 – 7.7%. Staining: 

immunohistochemistry, glial fibrillary acidic protein (GFAP). The lens ×40, scale 100 µm

Бюллетень сибирской медицины. 2019; 18 (4): 7–15
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Ïðè ýòîì ñðåäíÿÿ îòíîñèòåëüíàÿ ïëîùàäü 
GFAP-ïîçèòèâíîãî ìàòåðèàëà (ñ ó÷åòîì çîí âû-
ñîêîé è íèçêîé ïëîòíîñòè), ðàññ÷èòàííàÿ íà 200 
ñëó÷àéíûõ ïîëÿõ çðåíèÿ ôðîíòàëüíûõ ñðåçîâ 
íåîêîðòåêñà, ãèïïîêàìïàëüíîé ôîðìàöèè è ÌÒ, 
ñòàáèëüíî ñîõðàíÿëàñü íà êîíòðîëüíîì óðîâíå â 
ïîñòèøåìè÷åñêîì ïåðèîäå â òå÷åíèå 30 ñóò íà-
áëþäåíèÿ. Òîëüêî â íåîêîðòåêñå ÷åðåç 1 è 3 ñóò 

ïîñëå èøåìèè âûÿâëÿëàñü ñòàòèñòè÷åñêè çíà÷è-
ìîå ðàçëè÷èå ïî ðàçíîñòè Min–Max. Ýòî áûëî 
ñâÿçàíî ñ î÷àãîâûìè èçìåíåíèÿìè (òàáë. 2, 3). 

Òàêèì îáðàçîì, ñ ïîìîùüþ èììóíîãèñòîõè-
ìè÷åñêîãî èçó÷åíèÿ ðàñïðåäåëåíèÿ GFAP áûëè 
óñòàíîâëåíû îáùèå çàêîíîìåðíîñòè è îñîáåííî-
ñòè ãëèîàðõèòåêòîíèêè íåîêîðòåêñà, ãèïïîêàìïà 
è ìèíäàëåâèäíîãî òåëà â íîðìå è ïîñëå ÎÎÑÀ.

a     b

c     d

e    f

Ðèñ. 4. Ñåíñîìîòîðíàÿ êîðà (a, ñëîé III), çóá÷àòàÿ ôàñöèÿ (b), ÑÀ1 (c), ÑÀ3 (d), ÑÀ4 (e) ãèïïîêàìïà è öåí-
òðàëüíîå ÿäðî ìèíäàëåâèäíîãî òåëà (f) ãîëîâíîãî ìîçãà áåëîé êðûñû, 7 ñóò ðåïåðôóçèè: îòìå÷àåòñÿ ðàçëè÷íàÿ 
ïëîòíîñòü ñðåçàííûõ îòðîñòêîâ ãëèàëüíûõ êëåòîê â íåéðîïèëå è âîêðóã òåë íåéðîíîâ ïðåäñòàâëåííûõ îòäåëîâ 

ìîçãà. Ñòðåëêè – òåëà íåéðîíîâ. Îêðàñêà: èììóíîãèñòîõèìèÿ, GFAP. Îáúåêòèâ ×40, øêàëà – 50 ìêì

Fig. 4. Sensorimotor cortex (a, layer III), dentate fascia (b), CA1 (c), CA3 (d), CA4 (e) of the hippocampus and the 
central nucleus of the amygdala (f) of the white rat brain, day 7 of reperfusion: different density of cut processes of 
the glial cells in the neuropyl and around the neuron bodies in the presented brain regions. Arrows are neuron bodies. 

Staining: immunohistochemistry, GFAP. The lens ×40, scale 50 µm

Акулинин В.А., Авдеев Д.Б., Степанов А.С. и др. Особенности глиоархитектоники неокортекса, архикортекса
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Âûÿâëåíû î÷àãîâûå èçìåíåíèÿ ïëîòíîñòè ãëè-
àëüíîé ñåòè – ñíèæåíèå è óâåëè÷åíèå ëîêàëüíîãî 
ñîäåðæàíèÿ GFAP-ïîçèòèâíîãî ìàòåðèàëà. Âïîë-

íå âåðîÿòíî, ÷òî ïåðâîå ñâÿçàíî ñ îòåêîì-íà-
áóõàíèåì íåéðîãëèè, à âòîðîå – ñ åå ëîêàëüíîé 
êîìïåíñàòîðíîé ãèïåðòðîôèåé è ïðîëèôåðàöèåé.   

Ò à á ë è ö à  2 
T a b l e  2 

Îòíîñèòåëüíàÿ ïëîùàäü (%) ÷àñòèö GFAP-ïîçèòèâíîãî ìàòåðèàëà â íåîêîðòåêñå áåëûõ êðûñ  
â íîðìå è ïîñëå âîññòàíîâëåíèÿ êðîâîòîêà (ïî 200 ïîëåé çðåíèÿ íà êàæäûé ñðîê) 

Relative area (%) of GFAP-positive material in the white rat neocortex in normal conditions and 
after blood flow restoration (200 fields of view for each term)

Ãðóïïà
Group

Ðåçóëüòàòû ñðàâíåíèÿ
Comparison results

Êîíòðîëü
Control

12,7 (CI: 8,4–18,1) 
Min–Max = 5,2

1 ñóò 
day 1 

11,6 (CI: 7,5–16,9); c2 = 0,03; p = 0,85 
Min–Max = 11,3 (ð = 0,041*)

3 ñóò 
day 3

9,4 (CI: 5,7–14,3); c2 = 0,8; p = 0,37
Min–Max = 11,4 (ð = 0,039*)

7 ñóò 
day 7

13,4 (CI: 9,0–18,9); c2 = 0,0; p = 0,95
Min–Max = 8,2

14 ñóò 
day 14

10,2 (CI: 6,4–15,3); c2 = 0,4; p = 0,52
Min–Max = 5,8

30 ñóò 
day 30

12,5 (CI: 8,3–17,9); c2 = 0,0; p = 0,93
Min–Max = 4,4

Ïðèìå÷àíèå .  CI – äîâåðèòåëüíûé èíòåðâàë.
*â ñðàâíåíèè ñ êîíòðîëåì ðàçëè÷èÿ ñòàòèñòè÷åñêè çíà÷èìû ïðè p ≤ 0,05 (êðèòåðèé c2). 

Note .  CI – 95% confidence interval.
* in comparison with the control, the differences are statistically significant at p ≤ 0.05 (c2 test).

Ò à á ë è ö à  3  
T a b l e  3

Îòíîñèòåëüíàÿ ïëîùàäü (%) ÷àñòèö GFAP-ïîçèòèâíîãî ìàòåðèàëà â çóá÷àòîé ôàñöèè,  
ïîëÿõ ÑÀ1 è ÑÀ3 ãèïïîêàìïà áåëûõ êðûñ â íîðìå è ïîñëå âîññòàíîâëåíèÿ êðîâîòîêà  

(ïî 200 ïîëåé çðåíèÿ íà êàæäûé ñðîê) 

Relative area (%) of GFAP-positive material in the dentate fascia, CA1 and CA3 fields of the white rat 
hippocampus in normal conditions and after restoration of blood flow (200 fields of view for each term)

Ãðóïïà 
Group

Çîíà ñðàâíåíèÿ 
Comparison area

ÇÔ/DF ÑÀ3/ÑÀ3 ÑÀ1/ÑÀ1

Êîíòðîëü 
Control

13,2 (CI: 8,8–18,7) 10,5 (CI: 6,6–15,6) 9,3 (CI: 5,7–14,2)

1 ñóò 
day 1

9,8 (CI: 6,1–14,8)
c2 = 0,8; p = 0,36

13,8 (CI: 9,4–19,4)
c2 = 0,7; p = 0,39

11,9 (CI: 7,8–17,2)
c2 = 0,5; p = 0,5

3 ñóò
day 3

11,0 (CI: 7,0–16,2)
c2 = 0,3; p = 0,6

8,6 (CI: 5,1–13,4)
c2 = 0,2; p = 0,63

7,8 (CI: 4,5–12,4)
c2 = 0,1; p = 0,7

7 ñóò
day 7

9,6 (CI: 5,9–14,6)
c2 = 0,9; p = 0,33

11,5 (CI: 7,4–16,8)
c2 = 0,02; p = 0,87

10,9 (CI: 6,9–16,0)
c2 = 0,1; p = 0,7

14 ñóò
day 14

10,1 (CI: 6,3–15,1)
c2 = 0,7; p = 0,41

9,0 (CI: 5,4–13,9)
c2 = 0,1; p = 0,74

7,4 (CI: 4,2–11,9)
c2 = 0,3; p = 0,6

30 ñóò
day 30

10,7 (CI: 6,8–15,8)
c2 = 0,4; p = 0,54

8,6 (CI: 5,1–13,4)
c2 = 0,2; p = 0,63

10,3 (CI: 6,5–15,4)
c2 = 0,03; p = 0,86

Ïðèìå÷àíèå .  CI – äîâåðèòåëüíûé èíòåðâàë. Â ñðàâíåíèè ñ êîíòðîëåì ðàçëè÷èÿ ñòàòèñòè÷åñêè çíà-
÷èìû (p ≤ 0,05, êðèòåðèé χ2). Çíà÷èìûõ ðàçëè÷èé íå âûÿâëåíî.

Note .  CI – 95% confidence interval. In comparison with the control, the differences are statistically 
significant at p ≤ 0.05 (criterion χ2). No significant differences were found.

Бюллетень сибирской медицины. 2019; 18 (4): 7–15
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ЗАКЛЮЧЕНИЕ
Ïîëó÷åííûå íàìè äàííûå î íåçíà÷èòåëüíîì 

ìåëêîî÷àãîâîì ïîâðåæäåíèè íåîêîðòåêñà, ãèïïî-
êàìïà è ÌÒ íåîáõîäèìî ðàññìàòðèâàòü â àñïåêòå 
ôåíîìåíà èøåìè÷åñêîãî ïðåêîíäèöèîíèðîâàíèÿ. 
Ïðè ðåàëèçàöèè ýòîãî ôåíîìåíà â ïîñòèøåìè-
÷åñêîì ïåðèîäå íà ïåðâîå ìåñòî âûäâèãàþòñÿ 
ïðîöåññû, ñâÿçàííûå ñ àêòèâàöèåé ìåõàíèçìîâ 
åñòåñòâåííîé çàùèòû íåðâíîé òêàíè öåíòðàëüíîé 
íåðâíîé ñèñòåìû [10]. 

Ìû ïîëàãàåì, ÷òî ïîñëå 20-ìèíóòíîé ÎÎÑÀ 
óæå â ïåðâûå ìèíóòû-÷àñû ðåïåðôóçèè çàïóñêà-
þòñÿ ìíîãî÷èñëåííûå ïðîöåññû â íåéðî-ãëèî- 
ñîñóäèñòûõ ìèêðîêîìïëåêñàõ, ïðåïÿòñòâóþùèå 
ðàçâèòèþ íåîáðàòèìûõ èçìåíåíèé íåéðîíîâ [4]. 
Ýòè ïðîöåññû ìîãóò áûòü ñâÿçàíû êàê ñ àêòè-
âàöèåé íåéðîãëèè (äðåíàæíàÿ, òðîôè÷åñêàÿ, 
èíàêòèâàöèÿ òîêñèíîâ), òàê è ñ àêòèâàöèåé ðå-
öåïòîðîâ, âíóòðèêëåòî÷íûõ êèíàçíûõ êàñêàäîâ, 
òðàíñêðèïöèîííûõ ôàêòîðîâ, îïðåäåëåííûõ ìè-
òîõîíäðèàëüíûõ áåëêîâ è ÿäåðíûõ ýôôåêòîðîâ 
íåéðîíîâ [11, 12]. 
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Вклад авторов 
Âñåìè àâòîðàìè ëè÷íî è â ðàâíîì êîëè÷åñòâå ïðèìå-

íåí êîìïëåêñíûé ìåòîäîëîãè÷åñêèé ïîäõîä, âêëþ÷àþùèé 
ýêñïåðèìåíòàëüíûé, àíàòîìè÷åñêèé, ãèñòîëîãè÷åñêèé, 
ìîðôîìåòðè÷åñêèé è èíôîðìàöèîííî-ìàòåìàòè÷åñêèé 
ìåòîäû, à òàêæå ìåòîäû íàáëþäåíèÿ, îïèñàíèÿ è àíàëèçà. 
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