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Äîñë³äæåííÿ º ôðàãìåíòîì íàóêîâî-äîñë³äíî¿ 
ðîáîòè êàôåäðè ã³ñòîëîã³¿ òà åìáð³îëîã³¿ «Îðãàíè íå-
âðîëîã³¿, ³ìóíîëîã³¿ òà ñå÷îñòàòåâî¿ ñèñòåìè â óìî-
âàõ åêñïåðèìåíòàëüíîãî ïîøêîäæåííÿ», ¹ äåðæàâ-
íî¿ ðåºñòðàö³¿ 0112U001413.

Âñòóï. Öåðåáðàëüíèé ³íñóëüò ðîçâèâàºòüñÿ 
÷åðåç 3 ãîäèíè ï³ñëÿ ³øåì³¿ ìîçêó. Äîñë³äæåííÿ ïà-
òîô³ç³îëîã³¿ ðîçâèòêó ³íñóëüòó òà ñïîñîá³â âïëèâó íà 
éîãî ïåðåá³ã º àêòóàëüíèì íàïðÿìêîì ôóíäàìåí-
òàëüíî¿ íåéðîíàóêè. Íà ñüîãîäí³ ðîçðîáëåíî çíà÷íó 
ê³ëüê³ñòü åêñïåðèìåíòàëüíèõ ìîäåëåé ã³ïîêñ³¿, ³øå-
ì³¿-ðåïåðôóç³¿, ³øåì³÷íîãî òà ãåìîðàã³÷íîãî ³íñóëüòó 
[8,12,19,23,24]. Âñ³ âîíè õàðàêòåðèçóþòüñÿ ðîçâè-
òêîì çíà÷íèõ íåéðîäèñòðîô³÷íèõ çì³í ó êîð³ ãîëîâ-
íîãî ìîçêó òà ï³äê³ðêîâèõ àíàòîì³÷íèõ óòâîðåííÿõ. 
Ö³ ìîäåë³ âäàëî âèêîðèñòîâóþòü äëÿ äîñë³äæåííÿ 
ìîðôîëîã³÷íèõ òà ìîëåêóëÿðíèõ îñíîâ ðîçâèòêó 
³øåì³¿ òà îö³íêè òåðàïåâòè÷íî¿ ä³¿ ë³êàðñüêèõ çàñîá³â. 

Ðàí³øå ìè ðîçðîáèëè ìîäåëü ãåìîðàã³÷íîãî ³í-
ñóëüòó ó ùóð³â òà ìèøåé, ìåòà ÿêî¿ ïîëÿãàº ó â³äòâî-
ðåíí³ ëîêàëüíîãî âíóòð³øíüîìîçêîâîãî êðîâîâèëèâó 
ó âíóòð³øí³é êàïñóë³ [9,15,18]. Ìîäåëü íå ïîòðåáóº 
çíà÷íîãî òåõí³÷íîãî óñòàòêóâàííÿ, õàðàêòåðèçóºòü-
ñÿ íèçüêîþ ëåòàëüí³ñòþ òâàðèí ³ ñòàëà âäàëèì ìåòî-
äîì äîñë³äæåííÿ íåéðîïðîòåêòîðíî¿ ä³¿ ïðåïàðàò³â.

Ã³ñòîëîã³÷í³ òà åëåêðîííîì³êðîñêîï³÷í³ äîñë³-
äæåííÿ ö³º¿ ìîäåë³ âèÿâèëè çàêîíîì³ðíå çðîñòàííÿ 
äèñòðîô³÷íèõ çì³í ó êîð³ ìîçêó ïðè ïðîãðåñóâàíí³ 
íàáðÿêó ó ïåðèôîêàëüí³é ä³ëÿíö³, òîáòî íàâêîëî êðî-
âîâèëèâó, ³ ïîøèðåííÿ åëåêòðîííîïðîçîðèõ êë³òèí 
(íåéðîí³â òà ãë³îöèò³â) òà íåéðîï³ëÿ íà óëüòðàñòðóê-
òóðíîìó ð³âí³ (äîì³íóâàííÿ ã³äðîï³÷íî¿ äèñòðîô³¿) 
[6,16]. Íà îñíîâ³ ñï³âñòàâëåííÿ äàíèõ ñâ³òëîâî¿ òà 
åëåêòðîííî¿ ì³êðîñêîï³¿ çðîáèëè âèñíîâîê ïðî òå, 
ùî ìàñîâà çàãèáåëü íåéðîí³â òà ãë³îöèò³â ó ãîëîâ-
íîìó ìîçêó, â òîìó ÷èñë³ ó â³ääàëåíèõ â³ää³ëàõ íåð-
âîâî¿ ñèñòåìè, çîêðåìà ñïèííîìó ìîçêó (L3-L5) òà 
ñ³äíè÷îìó íåðâ³, ðîçâèâàºòüñÿ ÿê íàñë³äîê ðîçïî-
âñþäæåííÿ íàáðÿêó (ïàðàâàçàëüíîãî òà âíóòð³øíüî-
êë³òèííîãî), îäíèì ç ìîæëèâèõ ìåõàí³çì³â ÿêîãî º 
íàáðÿê àêñîïëàçìè íåðâîâèõ âîëîêîí. Êë³òèíí³ ìå-
õàí³çìè òàêèõ çì³í òàêîæ îïèñóþòü ³íø³ àâòîðè [4].

Â çàãàëüíîìó êîíòåêñò³ öåé íàïðÿì íåéðîíàóêî-
âèõ äîñë³äæåíü ñòð³ìêî ðîçâèâàºòüñÿ, ç’ÿâëÿþòüñÿ 
íîâ³ äàí³ ùîäî çàãèáåë³ òà àëüòåðàö³¿ óðàæåíèõ íå-
éðîí³â òà ãë³àëüíèõ êë³òèí, â³äíîâëåííÿ ì³æíåéðî-
íàëüíèõ çâ’ÿçê³â, ùî º îñíîâîþ ïëàñòè÷íîñò³ ìîçêó. 
Ìåòîä åëåêòðîííî¿ ì³êðîñêîï³¿ äàº ìîæëèâ³ñòü âè-
ÿâèòè óëüòðàñòðóêòóðí³ îñíîâè öèõ çì³í òà ìîæëèâ³ 
ïðîÿâè çàõèñíîãî àáî ñòèìóëþþ÷îãî âïëèâó ë³êàð-
ñüêèõ çàñîá³â. Âîäíî÷àñ ë³òåðàòóðíèõ äàíèõ ùîäî 
ðîçâèòêó íåéðîäåãåíåðàòèâíèõ çì³í ïðè âíóòð³ø-
íüîìîçêîâîìó êðîâîâèëèâ³ ç óðàõóâàííÿì ÷èííèêà 
ã³ïåðòåíç³¿ â³äñóòí³. 

Ìåòîþ ðîáîòè áóëî äîñë³äèòè óëüòðàñòðóêòóð-
í³ çì³íè ìîòîðíî¿ ä³ëÿíêè êîðè ãîëîâíîãî ìîçêó ã³-
ïåðòåíçèâíèõ ùóð³â ïðè ãåìîðàã³÷íîìó ³íñóëüò³ òà 
ïðè çàñòîñóâàíí³ ë³êàðñüêèõ çàñîá³â (BDNF, ñóëüôàò 
ìàãí³þ, êâåðöåòèí, òîðàñåì³ä).

Îá’ºêò ³ ìåòîäè äîñë³äæåííÿ. Åêñïåðèìåíòè 
ïðîâåëè íà 40 ùóðàõ ³ç àðòåð³àëüíîþ ã³ïåðòåíç³ºþ 
ë³í³¿ Í²ÑÀÃ (ñåðåäíÿ ìàñà 205,3±6,6 ã), ÿê³ áóëè ðîç-
ä³ëåí³ íà 7 ãðóï. Ïåðøó ãðóïó ñêëàëè ³íòàêòí³ òâàðè-
íè, ³íøèì ø³ñòüîì ãðóïàì ìîäåëþâàëè ëîêàëüíèé 
ãåìîðàã³÷íèé ³íñóëüò. Îáìåæåíèé êðîâîâèëèâ ó òâà-
ðèí â³äòâîðþâàëè øëÿõîì ìåõàí³÷íîãî ðóéíóâàííÿ 
ïðàâî¿ âíóòð³øíüî¿ êàïñóëè (Ñ.². dextra, L=3,5-4,0; 
H=6,0; AP=0,6-1,0) 4-ìà îáåðòàëüíèìè ðóõàìè ç³-
ãíóòîãî ìàíäðåíà-íîæà, ç ïîäàëüøèì ââåäåííÿì 
â ä³ëÿíêó âíóòð³øíüî¿ êàïñóëè (÷åðåç 3-4 õâ ï³ñëÿ 
ðóéíóâàííÿ) 0,15-0,2 ìë àóòîêðîâ³ [15]. Ìàí³ïóëÿö³¿ 
çä³éñíþâàëè ï³ñëÿ ââåäåííÿ ò³îïåíòàëó íàòð³þ (³.ð., 
50 ìã/êã).

Ë³êàðñüê³ çàñîáè ââîäèëè âíóòð³øíüîî÷åðåâèííî 
çà ñõåìîþ òà äîçàìè, ùî íàâåäåí³ â òàáëèö³. 

Òâàðèí âèâîäèëè ç åêñïåðèìåíò³â íà 10 äîáó.
Äëÿ äîñë³äæåííÿ óëüòðàñòðóêòóðíèõ çì³í âè-

äàëÿëè ôðàãìåíòè ìîòîðíî¿ ä³ëÿíêè íåîêîðòåêñó 
³ïñ³ëàòåðàëüíî¿ ï³âêóë³ ³ ô³êñóâàëè ó 2,5% ðîç÷èí³ 
ãëþòàðîâîãî àëüäåã³äó íà ôîñôàòíîìó áóôåð³ ç äî-
ô³êñàö³ºþ â 1% çàáóôåðîíîìó ðîç÷èí³ ÷îòèðüîõîêè-
ñó îñì³þ. Çíåâîäíåííÿ ïðîâîäèëè ó ñïèðòàõ çðîñòà-
þ÷î¿ êîíöåíòðàö³¿ (70%, 80%, 90%, 100%) òà àöåòîí³. 
Á³îëîã³÷í³ çðàçêè ïðîñî÷óâàëè òà çàëèâàëè ó ñóì³ø 
åïîí-àðàëäèòó) çã³äíî ç çàãàëüíîïðèéíÿòîþ ìåòî-
äèêîþ. Äëÿ ïðèö³ëüíî¿ îð³ºíòàö³¿ íàï³âòîíê³ çð³çè 
çàáàðâëþâàëè òîëó¿äèíîâèì ñèí³ì, ï³ñëÿ ÷îãî íà 
óëüòðàòîì³ Reihart (Àâñòð³ÿ) âèãîòîâëÿëè óëüòðàòîíê³ 

Òàáëèöÿ.

Ñõåìà ââåäåííÿ òà äîçóâàííÿ ïðåïàðàò³â

¹ Ãðóïà/ïðåïàðàò Äîçà Ñõåìà ââåäåííÿ

1 Êîíòðîëü – –

2 ²íñóëüò – –

3 ²íñóëüò+BDNF 20 ìêã/äîáó
(80 ìêã/êã)

×åðåç 2 ãîäèíè 
³ íà 3 äîáó ï³ñëÿ 

³íñóëüòó

4 ²íñóëüò+MgSO4
10 ìë/äîáó 
(0,15 ìë/êã) ×åðåç 2 ãîäèíè 

ï³ñëÿ ³íñóëüòó ³ 
ó íàñòóïí³ 5 ä³á 

ðàç íà äîáó

5 ²íñóëüò+êâåðöåòèí
500 ìã/äîáó 

(7,2 ìã/êã)

6 ²íñóëüò+òîðàñåì³ä
10 ìã/äîáó 
(0,15 ìã/êã)

7 ²íñóëüò+êîìá³íàö³ÿ 
ïðåïàðàò³â

* *

Ïðèì³òêà: * – â ãðóï³ êîìá³íîâàíî¿ ôàðìàêîêîðåêö³¿ äîñë³äæóâàí³ 

çàñîáè çàñòîñîâóâàëè â äîç³ ³ ñõåìàõ, ÿê³ íàâåäåí³ äëÿ ¿õ îêðåìîãî 

ââåäåííÿ.
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çð³çè. Êîíòðàñòóâàííÿ ïðîâîäèëè 2% ðîç÷èíîì óðà-
í³ëàöåòàòó òà öèòðàòîì ñâèíöþ. Óëüòðàòîíê³ çð³çè 
äîñë³äæóâàëè òà ôîòîãðàôóâàëè ï³ä åëåêòðîííèì 
ì³êðîñêîïîì Tescan Mira 3 LMU (×åõ³ÿ) ïðè çá³ëü-
øåííÿõ ó 10-80 òèñÿ÷ ðàç³â. 

Óñ³ ïðîöåäóðè ç ëàáîðàòîðíèìè òâàðèíàìè áóëè 
ïðîâåäåí³ ó â³äïîâ³äíîñò³ ç ïîëîæåííÿìè ªâðîïåé-
ñüêî¿ êîíâåíö³¿ ùîäî çàõèñòó õðåáåòíèõ òâàðèí, ÿêèõ 
âèêîðèñòîâóþòü â åêñïåðèìåíòàëüíèõ òà ³íøèõ íà-
óêîâèõ ö³ëÿõ (Ñòðàñáóðã, 1986); Äèðåêòèâè Ðàäè ªâ-
ðîïè 86/609/ÅÅÑ (1986 ð.); Çàêîíó Óêðà¿íè ¹ 3447 – 
IV «Ïðî çàõèñò òâàðèí â³ä æîðñòîêîãî ïîâîäæåííÿ»; 
Çàãàëüíèõ åòè÷íèõ ïðèíöèï³â åêñïåðèìåíò³â íà òâà-
ðèíàõ, óõâàëåíèõ Ïåðøèì íàö³îíàëüíèì êîíãðåñîì 
Óêðà¿íè ç á³îåòèêè (2001 ð.).

Ñòàòèñòè÷íó îáðîáêó îòðèìàíèõ ÷èñåëüíèõ 
äàíèõ ïðîâåëè ³ç çàñòîñóâàííÿì ïðîãðàìè Statistica 
6.0. Âèá³ðêè ïîð³âíþâàëè çà äîïîìîãîþ t-êðèòåð³þ 
Ñòüþäåíòà.

Ðåçóëüòàòè äîñë³äæåííÿ òà ¿õ îáãîâîðåííÿ. 
Â åêñïåðèìåíòàëüíîìó äîñë³äæåíí³ îö³íèëè âïëèâ 
ë³êàðñüêèõ çàñîá³â íà ðîçâèòîê äèñòðîô³÷íèõ çì³í ó 
êîð³ âåëèêîãî ìîçêó ùóð³â íà òë³ ³íñóëüòó. Äëÿ öüîãî 
ïîð³âíþâàëè ãîìîëîã³÷í³ ä³ëÿíêè ìîòîðíîãî íåîêîð-
òåêñó ³ïñ³ëàòåðàëüíî¿ ï³âêóë³. Ó ïîëÿõ çîðó äîñë³äæó-
âàëè ²²-²V øàðè íåîêîðòåêñó. 

Íà îñíîâ³ ðåçóëüòàò³â åëåêòðîííîì³êðîñêîï³÷-
íîãî äîñë³äæåííÿ, âñòàíîâèëè çíà÷í³ äèñòðîô³÷í³ 
çì³íè â ³ïñ³ëàòåðàëüí³é êîð³, ùî òîïîãðàô³÷íî íà-
ëåæàëà äî ïåðèôîêàëüíî¿ ä³ëÿíêè íàâêîëî êðîâî-
âèëèâó. Ó íåîêîðòåêñ³ ðåºñòðóâàëè âèðàæåíèé íà-
áðÿê íåéðîöèò³â, íåéðèò³â òà ãë³îöèò³â. Ó äîñë³äíèõ 
ãðóïàõ â³äì³òèëè ð³çêå çìåíøåííÿ ê³ëüêîñò³ ñèíàïñ³â 
³ ëèøå ïîîäèíîê³ ì³æíåéðîíàëüí³ êîíòàêòè, òîä³ ÿê ó 
êîíòðîëüí³é ãðóï³ âèÿâèëè çíà÷íó ê³ëüê³ñòü ñèíàïñ³â 
ç ÷³òêî îêðåñëåíèìè ïðå- òà ïîñòñèíàïòè÷íèìè çà-
ê³í÷åííÿìè, ñèíàïòè÷íèìè âåçèêóëàìè òà ì³òîõîí-
äð³ÿìè (ðèñ. 1 a, b). Õàðàêòåðíèìè îçíàêàìè ã³äðî-
ï³÷íî¿ äèñòðîô³¿ íåéðîí³â áóëè íàáðÿê öèòîïëàçìè 
êë³òèí, àêñîïëàçìè íåéðèò³â òà íåðâîâèõ âîëîêîí, 
äåñòðóêö³ÿ äåíäðèò³â òà àêñîíàëüíèõ ñèíàïòè÷íèõ 
çàê³í÷åíü. ßäðà íåéðîí³â õàðàêòåðèçóâàëèñÿ íàáó-
õàííÿì, çá³ëüøåííÿì ïåðèíóêëåàðíîãî ïðîñòîðó, à 
òàêîæ çìåíøåííÿì åëåêòðîííî¿ ù³ëüíîñò³ õðîìàòè-
íó, ùî º ïðîÿâîì ôðàãìåíòàö³¿ íóêëåîïðîòå¿íîâèõ 
êîìïëåêñ³â. Îñòàííº ï³äòâåðäæåíî ìîëåêóëÿðíèìè 
ìåòîäàìè [24]. Íåðâîâ³ âîëîêíà õàðàêòåðèçóâàëèñÿ 
ðîçøàðóâàííÿì ëàìåë ì³ºë³íîâèõ îáîëîíîê (ðèñ. 1 
b). Ãîñòðèé íàáðÿê íåéðèò³â ñïðè÷èíèâ äåñòðóêö³þ 
çíà÷íî¿ ê³ëüêîñò³ óëüòðàñòðóêòóðíèõ óòâîðåíü, ùî 
íåãàòèâíî ïîçíà÷èëîñü íà áóäîâ³ âñüîãî íåéðîï³ëþ. 

Óëüòðàñòðóêòóðí³ ïîðóøåííÿ êðîâîíîñíèõ ñóäèí 
ïîëÿãàëè â åðèòðîöèòàðíîìó ñòàç³, çá³ëüøåíí³ åëåê-
òðîííî¿ ù³ëüíîñò³ åíäîòåë³àëüíèõ êë³òèí, âèðàæåíî-
ìó ïàðàâàçàëüíîìó íàáðÿêó. Îñòàíí³é º ðåçóëüòàòîì 
íàáðÿêó òà äåñòðóêö³¿ ïàðàâàçàëüíèõ ãë³îöèò³â, ãîëî-
âíèì ÷èíîì àñòðîöèò³â òà ¿õ â³äðîñòê³â. 

Ó íåéðîäåãåíåðàòèâíèõ çì³íàõ äîì³íóâàëà ã³äðî-
ï³÷íà äèñòðîô³ÿ ê³ëüê³ñòü åëåêòðîííîñâ³òëèõ íåéðî-
í³â áóëà á³ëüøîþ ïîð³âíÿíî ç åëåêòðîííîù³ëüíèìè 
êë³òèíàìè. Óëüòðàñòðóêòóðí³ ïîðóøåííÿ áóëè â³ä-
ì³÷åí³ ³ â ãë³àëüíèõ êë³òèíàõ: ðåºñòðóâàëè ïîîäèíîê³ 

àñòðîöèòè ç îçíàêàìè íàáðÿêó öèòîïëàçìè ³ ðåäóêö³¿ 
îðãàíåë.

Ñóòòºâî¿ ð³çíèö³ â îñîáëèâîñòÿõ óëüòðàñòðóêòóð-
íèõ çì³í êîðè ìîçêó ì³æ ãðóïàìè ïîð³âíÿííÿ 2-6 âè-
ÿâëåíî íå áóëî (ðèñ. 1 ñ-f), ëèøå ó ãðóï³ 7 (êîìá³íà-
ö³ÿ ïðåïàðàò³â) â³äì³òèëè ìåíø³ íàáðÿê íåéðîï³ëÿ ³ 
ðîçâèòîê äèñòðîô³÷íèõ çì³í íåéðîí³â òà àñòðîöèò³â 
(ðèñ. 1 g, h). Ñï³ëüíèìè ïðîÿâàìè íàáðÿêó öèòî-
ïëàçìè íåéðîí³â áóëè çá³ëüøåííÿ ä³àìåòðó ì³òîõîí-
äð³é íåéðèò³â òà ñèíàïñ³â, íàáðÿê ìàòðèêñó òà êðèñò 
îðãàíåë (ðèñ. 2). Â á³ëüøîñò³ äîñë³äæóâàíèõ çðàçê³â 
ê³ëüê³ñí³ ïîêàçíèêè âèì³ðþâàëè ÿê óñåðåäíåí³ ùîäî 
öèòîëîã³÷íèõ óòâîðåíü íåéðîíà, îñê³ëüêè íà òë³ íà-
áðÿêó öèòîçîëþ ³ äåñòðóêö³¿ íåéðîëåìè íå ìîæíà 
áóëî ÷³òêî âèçíà÷èòè äî ÿêèõ ñòðóêòóð íàëåæàëè çà-
ðåºñòðîâàí³ ì³òîõîíäð³¿ (öèòîçîëüí³ ÷è ñèíàïòè÷í³). 

Ðèñ. 2. Çì³íè ä³àìåòðó ì³òîõîíäð³é ó íåéðèòàõ òà 
ñèíàïñàõ ïðè ³íñóëüò³.

Ïðèì³òêà: * – äîñòîâ³ðíî â³äíîñíî ãðóïè 1 (ð<0,05);  

# – äîñòîâ³ðíî â³äíîñíî ãðóïè 2 (ð<0,05)

Òàêèì ÷èíîì, ðåçóëüòàòè åëåêòðîííî¿ ì³êðîñêîï³¿ 
ï³äòâåðäèëè ðîáî÷ó ã³ïîòåçó ïðî òå, ùî ìîäåëþâàí-
íÿ ãåìîðàã³÷íîãî ³íñóëüòó ó ã³ïåðòåíçèâíèõ ùóð³â â 
çíà÷í³é ì³ð³ â³äïîâ³äàº òÿæêîìó ðîçâèòêó äèñòðîô³÷-
íèõ çì³í ó êîð³ ãîëîâíîãî ìîçêó. Óëüòðàñòðóêòóðíè-
ìè îçíàêàìè öèõ çì³í ó ïåðèôîêàëüí³é ä³ëÿíö³ º äè-
ôóçíèé íàáðÿê íåðâîâèõ êë³òèí ³ íåðâîâèõ âîëîêîí. 
Îïèñàí³ çì³íè ìîæíà ïîð³âíþâàòè ç äàíèìè, ÿê³ áóëè 
îòðèìàí³ àâòîðàìè ï³ä ÷àñ âèâ÷åííÿ ä³ëÿíêè íàï³âò³-
í³ àáî ïåíóìáðè ïðè ³øåì³÷íîìó ³íñóëüò³, ïðîòå ñë³ä 
âðàõîâóâàòè îñîáëèâîñò³ ð³çíèõ ìîäåëåé äëÿ á³ëüø 
ïîâíîãî ðîçóì³ííÿ íàñë³äê³â â³äòâîðåíèõ ïîðóøåíü.

Òàê, çîíó íàï³âò³í³ àáî ïåíóìáðè íà îñíîâ³ ìîð-
ôîëîã³÷íèõ òà á³îõ³ì³÷íèõ äîñë³äæåíü îïèñóþòü ÿê 
ïåðåõ³äíó ä³ëÿíêó, ùî ðîçìåæîâóº âîãíèùå ç ïîðó-
øåíîþ ïåðôóç³ºþ ³ íåêðîçîì òà íåóøêîäæåíó òêà-
íèíó ìîçêó ç íîðìàëüíèì êðîâîòîêîì. Öÿ ä³ëÿíêà 
ÿâëÿº ñîáîþ çîíó íåïîâíî¿ ³øåì³¿, äå íåéðîíè âæå 
ôóíêö³îíàëüíî íåàêòèâí³, ïðîòå äîñ³ æèòòºçäàòí³. 
Ðîçïîâñþäæåííÿ ³øåì³¿ â³ä ä³ëÿíêè íåêðîçó ïðèçâî-
äèòü äî çàãèáåë³ ïåíóìáðè, à îòî÷óþ÷à íåóøêîäæå-
íà òêàíèíà òðàíñôîðìóºòüñÿ â îñòàííþ, ùî ïîÿñ-
íþº ïðîãðåñóâàííÿ ³íñóëüòó. 

Ââàæàºòüñÿ, ùî â ä³ëÿíö³ ïåðâèííî¿ ³øåì³¿ êë³òè-
íè ãèíóòü øëÿõîì íåêðîçó, à ïðîãðåñóâàííÿ ïåíóìá-
ðè íà íåóøêîäæåí³ íåðâîâ³ êë³òèíè øëÿõîì àïîïòîçó 
[14]. Ìîðôîëîã³÷í³ òà óëüòðàñòðóêòóðí³ îçíàêè íå-
êðîçó òà àïîïòîçó ó ö³é çîí³ äîáðå îïèñàí³. Íåêðîç 
ïðîÿâëÿºòüñÿ êàð³îë³çèñîì ³ íàáóõàííÿì êë³òèí, ó 
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òîé ÷àñ ÿê àïîïòîç – ï³êíîçîì òà óù³ëüíåííÿì íåéðî-
í³â [20]. Àâòîðè ïîãîäæóþòüñÿ ç òèì, ùî àïîïòîç, íà 
â³äì³íó â³ä ñòð³ìêîãî íåêðîçó, ìàº ïåâí³ ÷àñîâ³ ïîä³¿ 
³ òîìó ìîæå ðîçãëÿäàòèñÿ â ÿêîñò³ òåðàïåâòè÷íî¿ 
ì³øåí³ ó áîðîòüá³ ç ãîñòðèì ³íñóëüòîì òà â³äòåðì³-
íîâàíîþ íåéðîäåãåíåðàö³ºþ. Âîäíî÷àñ ñóòòºâèì 
íåäîë³êîì öèõ äîñë³äæåíü òà âèñíîâê³â º òå, ùî 
îñíîâíà ê³ëüê³ñòü äàíèõ áóëà îòðèìàíà íà ìîäåëÿõ 
³øåì³÷íîãî óøêîäæåííÿ ìîçêó, ÷àñòî êîðîòêîòðè-
âàëîãî ³øåì³÷íîãî ïîøêîäæåííÿ, íàïðèêëàä ³øåì³¿-
ðåïåðôóç³¿. Òîìó çðîáëåí³ àâòîðàìè âèñíîâêè, ùîäî 
ðîçâèòêó ³øåì³÷íîãî ³íñóëüòó, éîãî ïåðåá³ãó òà ôàð-
ìàêîêîðåêö³¿ íå ìîæíà â ïîâí³é ì³ð³ åêñòðàïîëþâàòè 
íà ìîäåëü ãåìîðàã³÷íîãî ³íñóëüòó. Êð³ì òîãî, áàãàòî 
åêñïåðèìåíòàëüíèõ ìîäåëåé ³íñóëüòó òà ðåçóëüòàòè 
äîñë³äæåíü, ÿê³ îòðèìàí³ çà ¿õ âèêîðèñòàííÿ, àâòîðè 
ââàæàþòü íåâäàëèìè, îñê³ëüêè æîäíà ç íèõ â ïîâí³é 
ì³ð³ íå â³äîáðàæàº ïàòîô³ç³îëîã³÷í³ çì³íè, ÿê³ â³äáó-
âàþòüñÿ ïðè ³íñóëüò³. Öå ïîÿñíþº, ÷îìó ðåçóëüòàòè 
îö³íêè íåéðîïðîòåêòîðíî¿ ä³¿ äîñë³äæóâàíèõ ïðå-
ïàðàò³â íå ñï³âïàäàþòü ç ðåçóëüòàòàìè êë³í³÷íèõ âè-
ïðîáóâàíü [17].

Ó öüîìó äîñë³äæåíí³ áóëè ðîçãëÿíóò³ óëüòðà-
ñòðóêòóðí³ çì³íè ìîòîðíî¿ ä³ëÿíêè êîðè ãîëîâíî-
ãî ìîçêó ùóð³â íàä ä³ëÿíêîþ âíóòð³øíüîìîçêîâîãî 
êðîâîâèëèâó, ÿêó ìè òðàêòóºìî ÿê ïåðèôîêàëüíó 
(ùî ï³äòâåðäæóºòüñÿ ìîðôîëîã³÷íèìè äàíèìè íà 
ñâ³òëîîïòè÷íîìó ð³âí³), òà çðîáëåíà ñïðîáà îö³íè-
òè ñòóï³íü öèõ çì³í ïðè çàñòîñóâàíí³ ë³êàðñüêèõ çà-
ñîá³â. Óëüòðàñòðóêòóðíèìè êðèòåð³ÿìè äèñòðîô³÷-
íèõ çì³í êîðè ìîçêó áóëè àïîïòîç/íåêðîç íåðâîâèõ 
êë³òèí, íàáðÿê òà äåñòðóêö³ÿ ì³òîõîíäð³é ³ öèñòåðí 
åíäîïëàçìàòè÷íî¿ ñ³òêè, ù³ëüí³ñòü ñèíàïñ³â òà ¿õ ö³-
ë³ñí³ñòü. Äëÿ íàóêîâî îá´ðóíòîâàíîãî âèêîðèñòàííÿ 
ìåòîäó åëåêòðîííî¿ ì³êðîñêîï³¿ òà îïèñó âèÿâëåíèõ 

çì³í îö³íþâàëèñÿ îäíîòèïí³ ä³ëÿíêè ìîòîðíî¿ êîðè 
³ïñ³ëàòåðàëüíèõ ï³âêóëü óñ³õ 7-ìè åêñïåðèìåíòàëü-
íèõ ãðóï. Â ïîëÿõ çîðó ì³ñòèëèñü ²²-²V øàðè íåîêîð-
òåêñó, ùî äîçâîëèëî îö³íèòè ñòàí íåéðîí³â òà íåðâî-
âèõ âîëîêîí, à òàêîæ íàÿâíèõ ãë³îöèò³â. 

Íà îñíîâ³ ë³òåðàòóðíèõ äàíèõ òà âëàñíèõ äîñë³-
äæåíü çðîáèëè âèñíîâîê ïðî òå, ùî îñíîâíèì ìåõà-
í³çìîì ðîçâèòêó ïàðàâàçàëüíîãî íàáðÿêó ó êîð³ ãî-
ëîâíîãî ìîçêó ïðè ãåìîðàã³÷íîìó ³íñóëüò³ º íàáðÿê 
òà íàáóõàííÿ â³äðîñòê³â àñòðîöèò³â â ãîñòð³é ôàç³ 
³øåì³÷íîãî ïîøêîäæåííÿ. Íà öå âêàçóº çìåíøåííÿ 
ê³ëüêîñò³ îðãàíåë â àñòðîöèòàõ, çá³ëüøåííÿ ðîçì³ðó 
³ ê³ëüêîñò³ ì³òîõîíäð³é, ó âèïàäêó ð³çêîãî íàáðÿêó – 
äåñòðóêö³ÿ êë³òèííî¿ ìåìáðàíè òà çàãèáåëü àñòðî-
öèò³â [1]. Òàêèé àñòðîöèòàðíèé íàáðÿê íå îáìåæó-
ºòüñÿ ëèøå ïàðàâàçàëüíèì îòî÷åííÿì ³ ïðîãðåñóº ó 
íåéðîï³ëü, äå ïîøêîäæóþòüñÿ íåðâîâ³ âîëîêíà ³ íå-
éðèòè ï³ðàì³äíèõ íåéðîí³â. Çà äàíèìè äåÿêèõ àâòî-
ð³â, ³øåì³÷íî óðàæåí³ àñòðîöèòè çäàòí³ äî ðåïàðàö³¿, 
ðåàêòèâíèõ çì³í òà ãë³îçó [11], ïðîòå ó æîäí³é ç äî-
ñë³äíèõ ãðóï, ÿê³ áóëè âêëþ÷åí³ ó äîñë³äæåííÿ, òàêèõ 
îçíàê âèÿâëåíî íå áóëî.

Ââàæàºòüñÿ, ùî ³øåì³÷íå óðàæåííÿ êîðè ìîçêó 
âèêëèêàº çàãèáåëü íåéðîí³â (àïîïòîç àáî íåêðîç). 
Îñíîâíèìè îçíàêàìè öüîãî º çá³ëüøåííÿ åëåêòðî-
ííî¿ ù³ëüíîñò³ íåéðîí³â òà ¿õ äåôîðìàö³ÿ [2]. Ó âëàñ-
íèõ äîñë³äæåííÿõ ìè ðåºñòðóâàëè ³íøèé òèï, à ñàìå 
ð³çêèé íàáðÿê-íàáóõàííÿ íåéðîí³â òà ¿õ â³äðîñòê³â ç 
íàñòóïíèì ïîðóøåííÿì ö³ë³ñíîñò³ êë³òèííî¿ ìåìá-
ðàíè, òîáòî òîòàëüíîþ äåñòðóêö³ºþ. Âîäíî÷àñ áóëè 
â³äì³÷åí³ ïîîäèíîê³ åëåêòðîííîù³ëüí³ êë³òèíè. Âñòà-
íîâëåíî ð³çêå çìåíøåííÿ ê³ëüêîñò³ ñèíàïñ³â òà àêñî-
íàëüíèõ òåðì³íàëåé â äîñë³äæóâàíèõ ñåêòîðàõ íå-
éðîï³ëÿ. Òàê³ çì³íè ñë³ä ðîçãëÿäàòè ÿê õàðàêòåðíèé 
ïðîÿâ ã³äðîï³÷íî¿ äèñòðîô³¿ ³ â³í äîì³íóº ó âèïàäêó 

Ðèñ. 1. Óëüòðàñòðóêòóðí³ çì³íè êîðè âåëèêîãî ìîçêó ³ïñ³ëàòåðàëüíî¿ ï³âêóë³ ùóð³â ç ³íñóëüòîì.  
Òåðì³í ñïîñòåðåæåííÿ 10 ä³á.

Ïðèì³òêà: à – ãðóïà 1: íåóøêîäæåíèé íåéðîí òà ñèíàïñè (×20000); b – ãðóïà 2 (×11400); c – ãðóïà 3 (×15900); d – ãðóïà 4 (×16700);  

e – ãðóïà 5 (×25000); f – ãðóïà 6 (×16700); g,h – ãðóïà 7 (×29700; ×18500); ãê – ãåìîêàï³ëÿð; å – åðèòðîöèò; ìâ – ì³ºë³íîâå âîëîêíî;  

ãåð – ãðàíóëÿðíèé åíäîïëàçìàòè÷íèé ðåòèêóëóì; ÿí – ÿäðî íåéðîíà; ÿã – ÿäðî ãë³îöèòà; åùí – åëåêòðîííîù³ëüíèé íåéðîí (àïîïòîç 

íåéðîíà); íï – íåéðîï³ëü. Åëåêòðîíîãðàìà.
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ìîäåëþâàííÿ ãåìîðàã³÷íîãî ³íñóëüòó. Ïðè öüîìó àê-
ñîíè ³ äåíäðèòè íå º âèêëþ÷åííÿì, âîíè òàêîæ çà-
çíàþòü íàáðÿêó öèòîçîëþ òà ï³äëÿãàþòü äåñòðóêö³¿, 
ùî òàêîæ áóëî âèÿâëåíî â óðàæåíîìó íåéðîï³ë³. Íà 
öå âêàçóþòü äàí³ ³íøèõ àâòîð³â [21].

Ââàæàºòüñÿ, ùî ìåðòâ³ çìîðùåí³ íåéðîíè ôðàã-
ìåíòóþòüñÿ, à äåðèâàòè ¿õ ðîçïàäó åë³ì³íóþòüñÿ 
ç ïåíóìáðè çà äîïîìîãîþ àñòðîöèò³â ³ ì³êðîãë³¿ 
[10,13]. Âîäíî÷àñ ïðîÿâ³â òàêèõ êë³òèííèõ ðåàêö³é ó 
âëàñíèõ äîñë³äæåííÿõ âèÿâëåíî íå áóëî, ùî òàêîæ 
ââàæàºìî íàñë³äêîì ð³çêîãî íàáðÿêó íåîêîðòåêñó.

²íøîþ îñîáëèâ³ñòþ ïåíóìáðè º çäàòí³ñòü äî â³ä-
íîâëåííÿ. Â³äîìî, ùî ó ä³ëÿíö³ íàï³âò³í³ (ïåíóìáðè) 
ìîæëèâå ïîñòóïîâå çá³ëüøåííÿ ê³ëüêîñò³ ñèíàïñ³â, 
ðîçì³ð³â àêñîíàëüíèõ òåðì³íàëåé ³ ù³ëüíîñò³ ñèíàï-
òè÷íèõ âåçèêóë [22]. Ê³ëüê³ñòü ³ îáñÿã(îáñÿã ìîæå 
áóòè ðîáîòè, êðàùå ïðèáðàòè) àêñî-äåíäðèòíèõ 
êîíòàêò³â, ÿê³ ³ìåíóþòü øèïèêàìè, òàêîæ çá³ëüøó-
ºòüñÿ, ùî ïîÿñíþº ñèíàïòîãåíåç, ðåìîäåëþâàííÿ 
ì³æíåéðîíàëüíèõ çâ’ÿçê³â òà ÿâèùå ïëàñòè÷íîñò³ 
êîðè ìîçêó [5,7]. Ó òàêèõ ïðåñèíàïòè÷íèõ çàê³í÷åí-
íÿõ ìîæëèâå çá³ëüøåííÿ ê³ëüêîñò³ ì³òîõîíäð³é [3]. 
Ïðîòå íàâåäåíèõ ðàí³øå îçíàê ðåïàðàö³¿ ó 2-7 äî-
ñë³äíèõ ãðóïàõ íå â³äì³òèëè, ó çâ’ÿçêó ç ÷èì ìàºìî 
ï³äñòàâó ñòâåðäæóâàòè ïðî ìàëîéìîâ³ðíèé ñèíàïòî-
ãåíåç íà òë³ ãîñòðîãî íàáðÿêó ó ïåðø³ 10 ä³á ãåìîðà-
ã³÷íîãî ³íñóëüòó.

Åëåêòðîííà ì³êðîñêîï³ÿ ïîêàçàëà, ùî â óðàæåí³é 
ìîòîðí³é ä³ëÿíö³ êîðè ãîëîâíîãî ìîçêó ãîñòðèé íà-

áðÿê íåéðîï³ëÿ º ðåçóëüòàòîì äåñòðóêö³¿ íåéðèò³â ³ 
äåíäðèò³â, ÿêà äîïîâíþºòüñÿ íàáðÿêîì-íàáóõàííÿì 
íåéðîí³â. Çàãèáåëü êë³òèí øëÿõîì àïîïòîçó º ìåíø 
õàðàêòåðíîþ äëÿ äîñë³äæóâàíî¿ çîíè, ùî âêàçóº íà 
ñòð³ìêèé ïåðåá³ã äèñòðîô³÷íèõ çì³í òà â³äñóòí³ñòü 
ðåïàðàö³¿.

Âèñíîâêè
1. Çàïðîïîíîâàíà åêñïåðèìåíòàëüíà ìîäåëü 

ãåìîðàã³÷íîãî ³íñóëüòó íà ³ìáðåäí³é ë³í³¿ ã³ïåðòåí-
çèâíèõ ùóð³â â ïîâí³é ì³ð³ â³äïîâ³äàº ïàòîãåíåçó 
âíóòð³øíüîìîçêîâîãî êðîâîâèëèâó, ùî äîçâîëÿº 
äîñë³äæóâàòè íàñë³äêè òàêèõ ïîðóøåíü òà ñïîñîáè ¿õ 
ôàðìàêîëîã³÷íî¿ êîðåêö³¿.

2. Ìåòîäîì åëåêòðîííî¿ ì³êðîñêîï³¿ íå âèÿâëåíî 
ñóòòºâî¿ ð³çíèö³ íåéðîïðîòåêòîðíî¿ ä³¿ BDNF, ñóëü-
ôàòó ìàãí³þ, êâåðöåòèíó ³ òîðàñåì³äó. Íåéðîïðîòåê-
òîðíèé âïëèâ äîñë³äæóâàíèõ çàñîá³â âñòàíîâëåíî 
ëèøå ïðè ¿õ êîìá³íîâàíîìó ââåäåíí³.

3. Îòðèìàí³ ðåçóëüòàòè º åêñïåðèìåíòàëüíèì 
îá´ðóíòóâàííÿì ðîçðîáêè ïàòîãåíåòè÷íî¿ êîìá³íî-
âàíî¿ ôàðìàêîêîðåêö³¿ ãîñòðîãî ïîðóøåííÿ ìîçêî-
âîãî êðîâîîá³ãó.

Ïåðñïåêòèâè ïîäàëüøèõ äîñë³äæåíü. Ðå-
çóëüòàòè äîñë³äæåíü ìîæóòü áóòè âèêîðèñòàí³ äëÿ 
ïîäàëüøîãî âèâ÷åííÿ âïëèâó ë³êàðñüêèõ çàñîá³â íà 
ïàòîãåíåòè÷í³ ëàíêè àðòåð³àëüíî¿ ã³ïåðòåíç³¿ òà ³í-
ñóëüòó.
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THE ULTRASTRUCTURAL CHANGES IN THE MOTOR CORTEX OF RATS WITH STROKE
Oliinyk T. M., Savosko S. I., Ryzha A. A., Chaikovsky Y. B.
Abstract. In the experiment was studied the drugs application impact on the development of degenerative 

changes in the cerebral cortex of hypertensive rats after hemorrhagic stroke. The homologous areas of motor 
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cortex from ipsilateral hemisphere were analyzed with the electron microscopy. The II-IV layers of the cortex were 

investigated.

The electron microscopy study found significant degenerative changes in the ipsilateral cortex: swelling of 

neurons, neurites and glial cells, a sharp reduction of synaptic density. The characteristic signs of neurons hydropic 

degeneration were swelling of cell’s cytoplasm and nerve fibers axoplasm, degeneration of dendrites and axonal 

synaptic endings. The nucleus of neurons characterized by swelling, increased perinuclear space and decreased 

electron density of chromatin, what is the manifestation of nucleoprotein complexes fragmentation. The nerve fibers 

were characterized by lamination of myelin structure. The acute neurite swelling caused the significant destruction 

of ultrastructure and thus strongly affected the entire neuropile’s structure.

The ultrastructural violations were detected in the blood vessels as well as in the glial cells. There were the 

erythrocyte stasis and strongly marked paravasal edema, an electron density of endothelial cells was increased. 

The astrocytes characterized by cellular swelling and organelles reduction.

After an experimental treatment the significant differences in the cerebral cortex ultrastructural changes were 

found only in the group with drugs combination (BDNF, magnesium sulfate, quercetin, torasemide). We marked the 

reduction of neuropile swelling and degenerative changes in the neurons and astrocytes.

In this way, the results of electron microscopy have confirmed the hypothesis about strong influence of 

hemorrhagic stroke on severe degenerative changes development in the cerebral cortex of hypertensive rats. The 

ultrastructural features of these changes in the perifocal area were diffuse swelling of the nerve cells and nerve 

fibers. The electron microscopy indicated that the acute neuropile swelling in the injured area of the motor cortex 

was the result of neurites and dendrites destruction as well as neuronal swelling. During the research we did not 

find out the apoptotic cells. Consequently, the rapid progress of degenerative changes took place while the repair 

did not occur.

Keywords: stroke, electron microscopy, drugs.
Ðåöåíçåíò — ïðîô. ªðîøåíêî Ã. À.

Ñòàòòÿ íàä³éøëà 10.06.2017 ðîêó
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