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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. Îäíèì ³ç ÷àñòèõ ³ íàéá³ëüø ïðîãíîçîâà-
íèõ íåñïðèÿòëèâèõ ñóäèííèõ çàõâîðþâàíü ãîëîâíî-
ãî ìîçêó º ³íñóëüò, â ñòðóêòóð³ ÿêîãî 80-90 % ñêëàäà-
þòü ³øåì³÷íèé òèï, àëå ñìåðòí³ñòü â³ä ãåìîðàã³÷íîãî 
³íñóëüòó â 1,5 ðàçè âèùå [16]. Íà ñó÷àñíîìó åòàï³ 
ðîçâèòêó ôàðìàêîëîã³¿ ³ ôóíäàìåíòàëüíî¿ íåéðîô³-
ç³îëîã³¿ çàïðîïîíîâàíî âåëèêó ê³ëüê³ñòü ë³êàðñüêèõ 
çàñîá³â äëÿ êîðåêö³¿ ðîçâèòêó ³øåì³÷íîãî óðàæåííÿ 
íåðâîâèõ êë³òèí (åêñàéòîòîêñè÷íîñò³). Âåëèêà óâàãà 
ïðèä³ëÿºòüñÿ åôåêòèâíîñò³ íåéðîïðîòåêòîðíèõ, 
àíòèã³ïåðòåíçèâíèõ òà ïðîòèíàáðÿêîâèõ çàñîá³â 
[5,13]. Ïðîòå çàëèøàþòüñÿ íåäîñòàòíüî âèâ÷åíèìè 
ìåõàí³çìè íåéðîïðîòåêö³¿ òà ïðè÷èíè íååôåêòèâíî¿ 
êîðåêö³¿ ìåòàáîë³÷íèõ ðîçëàä³â ï³ñëÿ ïåðåíåñåíîãî 
³íñóëüòó [6,8]. 

Â äàíîìó äîñë³äæåíí³ íàâîäÿòüñÿ äàí³ ìåòàáî-
ë³÷íèõ ïîðóøåíü ïðè ãåìîðàã³÷íîìó ³íñóëüò³, ðîëü 
àðòåð³àëüíî¿ ã³ïåðòåíç³¿ â öèõ ðîçëàäàõ òà ìîæëè-
âîñò³ âïëèâó íà àêòèâí³ñòü ôåðìåíòàòèâíèõ ñèñòåì 
øëÿõîì çàñòîñóâàííÿ íåéðîòðîô³÷íîãî (BDNF), 
àíòèã³ïåðòîí³÷íîãî (ñóëüôàò ìàãí³þ), ä³óðåòè÷íîãî 
(òîðàñåì³ä) ³ àíòèîêñèäàíòíîãî (êîðâ³òèí) çàñîá³â, 
¿õ êîìá³íàö³¿. 

Ìåòà äîñë³äæåííÿ – îö³íêà çì³í àíòèîêñèäàíò-
íèõ ôåðìåíòàòèâíèõ ñèñòåì êîðè âåëèêîãî ìîçêó 
ïðè ³íñóëüò³, ïðîäóêö³¿ ïðîäóêò³â ïåðåêèñíîãî îêèñ-
íåííÿ ë³ï³ä³â (ÏÎË) ³ ¿õ íîðìàë³çàö³¿ ïðè çàñòîñóâàí-
í³ ë³êàðñüêèõ çàñîá³â ð³çíèõ ôàðìàêîëîã³÷íèõ ãðóï, 
àíàë³ç åôåêòèâíîñò³ ôàðìàêîêîðåêö³¿ ïðè ³íñóëüò³ íà 
òë³ àðòåð³àëüíî¿ ã³ïåðòåíç³¿. 

Îá’ºêò ³ ìåòîäè äîñë³äæåííÿ. Åêñïåðèìåí-
òàëüí³ äîñë³äæåííÿ ïðîâåäåí³ íà 120 ùóðàõ-ñàìöÿõ 
(ñåðåäíÿ ìàñà 205,3 ± 6,6ã). Â³äòâîðåííÿ îáìåæåíî-
ãî êðîâîâèëèâó ó òâàðèí äîñÿãàëè ìåõàí³÷íèì ðóé-
íóâàííÿì òêàíèíè âíóòð³øíüî¿ êàïñóëè (Ñ. ². dextra, 
L = 3,5-4,0; H = 6,0; AP = 0,6-1,0) [21] 4-6 îáåðòàëüíè-
ìè ðóõàìè ç³ãíóòîãî ìàíäðåíà-íîæà, ç ïîäàëüøèì 
ââåäåííÿì â ä³ëÿíêó âíóòð³øíüî¿ êàïñóëè (÷åðåç 
3-4 õâ ï³ñëÿ ðóéíóâàííÿ) 0,15-0,2 ìë àóòîêðîâ³ [19]. 

Ïðåìåäèêàö³þ çä³éñíþâàëè øëÿõîì ââåäåííÿ ò³-
îïåíòàëó íàòð³þ (³. ð., 50 ìã/êã). Ï³ñëÿ ìîäåëþâàí-
íÿ ãåìîðàã³÷íîãî ³íñóëüòó âíóòð³øíüîî÷åðåâèííî 
ââîäèëè ë³êàðñüê³ çàñîáè íîðìîòåíçèâíèì ùóðàì 
(WKY) ³ ùóðàì ³ç ñïîíòàííîþ àðòåð³àëüíîþ ã³ïåð-
òåíç³ºþ (ÑÀÃ) çà ñõåìîþ òà äîçàìè, ùî íàâåäåí³ â 
òàáëèö³ 1. 

Òàáëèöÿ 1

Ñõåìà ââåäåííÿ òà äîçóâàííÿ ïðåïàðàò³â

Ïðåïàðàò Äîçà
×àñòîòà, ê³ëüê³ñòü 

ââåäåííÿ

BDNF 20 ìêã/ùóðà (80 ìêã/êã)
×åðåç 2 ãîäèíè 
³ íà 3 äîáó ï³ñëÿ 

³íñóëüòó

MgSO
4

10 ìë/äîáó (0,15 ìë/êã) ×åðåç 2 ãîäèíè 
ï³ñëÿ ³íñóëüòó ³ ó 

íàñòóïí³ 5 ä³á ðàç 
íà äîáó

Êîðâ³òèí 500 ìã/äîáó (7,2 ìã/êã)

Òîðàñåì³ä 10 ìã/äîáó (0,15 ìã/êã)

Êîìá³íàö³ÿ 
çàñîá³â

* *

Ïðèì³òêà: * – â ãðóï³ êîìá³íîâàíî¿ ôàðìàêîêîðåêö³¿ äîñë³äæóâàí³ 

çàñîáè çàñòîñîâóâàëè â äîç³ ³ ñõåìàõ, ùî íàâåäåíî äëÿ ¿õ 

³çîëüîâàíîãî ââåäåííÿ. 

Âèâåäåííÿ äîñë³äíèõ òâàðèí ³ç åêñïåðèìåíòó 
çä³éñíþâàëè íà 10 äîáó ï³ñëÿ ìîäåëþâàííÿ ãåìîðà-
ã³÷íîãî ³íñóëüòó. Òâàðèí íàðêîòèçóâàëè ò³îïåíòàëîì 
íàòð³þ (³. ð., 60 ìã/êã) ³ äåêàï³òóâàëè. ²ç ôðàãìåíò³â 
êîðè âåëèêîãî ìîçêó ùóð³â ãîòóâàëè ãîìîãåíàòè äëÿ 
á³îõ³ì³÷íîãî äîñë³äæåííÿ. Íàâàæêó êîðè ìîçêó (100 
ìã) (ïîïåðåäíüî âèñóøåíî¿ íà ô³ëüòðóâàëüíîìó ïà-
ïåð³), ãîìîãåí³çóâàëè çà äîïîìîãîþ åëåêòðè÷íîãî 
ãîìîãåí³çàòîðà Glas-Col (ÑØÀ) â 1 ìë îõîëîäæåíî-
ãî 0,05 Ì ôîñôàòíîãî áóôåðà ç 0,1 ìÌ ÅÄÒÀ (ðÍ 7, 
6). Êîíöåíòðàö³þ á³ëêà âèçíà÷àëè çà ìåòîäîì Lowry 
[18]. Àêòèâí³ñòü ôåðìåíò³â âèçíà÷àëè â ñóïåðíà-
òàíòàõ, îòðèìàíèõ öåíòðèôóãóâàííÿì ãîìîãåíàò³â 
ïðè 10 000 g ïðîòÿãîì 20 õâ, çà äîïîìîãîþ â³äîìèõ 
ñïåêòðîôîòîìåòðè÷íèõ ìåòîä³â ç âèêîðèñòàííÿì 
ñïåêòðîôîòîìåòðà μQuant, Bio-Tek, (ÑØÀ). Àêòèâ-
í³ñòü êàòàëàçè (CAT) âèçíà÷àëè çà ìåòîäîì Aebi 
[1], ñóïåðîêñèääèñìóòàçè (SOD) çà ìåòîäîì, ùî 
îïèñàíî â ðîáîò³ Mirsa Í. [20], à DÒ-ä³àôîðàçè çà 
ìåòîäîì ³ç ïóáë³êàö³¿ Petrova G. [22]. Êîíöåíòðàö³þ 



Â³ñíèê ïðîáëåì á³îëîã³¿ ³ ìåäèöèíè – 2015 – Âèï. 2, Òîì 3 (120)194

ÊË²Í²×ÍÀ ÒÀ ÅÊÑÏÅÐÈÌÅÍÒÀËÜÍÀ ÌÅÄÈÖÈÍÀ

ìàëîíîâîãî ä³àëüäåã³äó (MDA) âèçíà÷àëè â ãîìîãå-
íàòàõ êîðè ìîçêó çà ìåòîäîì Uchiyama [26], ä³ºíî-
âèõ êîí’þãàò³â (DÑ) çà ìåòîäîì, ùî îïèñàíèé â ñòàò-
ò³ Janero D. [7]. 

Åêñïåðèìåíòàëüí³ ìàí³ïóëÿö³¿ ïðîâîäèëè â³äïî-
â³äíî äî ïðàâèë “Regulations on the animal use of in 
research biomedical research”, “European Convention 
for the protection of vertebrate animals used for 
experimental and other scientific purposes” ³ “Guide for 
the Care and Use of Laboratory Animals”. 

Ñòàòèñòè÷íó îáðîáêó îòðèìàíèõ âèá³ðîê äàíèõ 
ïðîâîäèëè ³ç çàñòîñóâàííÿì ïðîãðàìè Statistica 6.0. 
Âèá³ðêè ïîð³âíþâàëè çà äîïîìîãîþ íåïàðàìåòðè÷-
íîãî êðèòåð³þ Ìàííà-Ó³òí³. 

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ. 
Ã³ïîêñ³ÿ ïðîäóêóº âåëèêó ê³ëüê³ñòü àêòèâíèõ ôîðì 
êèñíþ (ÀÔÊ), ÿê³ óøêîäæóþòü ìàêðîìîëåêóëè ³ íà-
íîñÿòü âòîðèííå óøêîäæåííÿ êë³òèíàì ãîëîâíîãî 
ìîçêó. ²íäóêîâàí³ ³íñóëüòîì çì³íè ñòðóêòóðíî¿ îðãà-
í³çàö³¿ òà ôóíêö³îíàëüíîãî ñòàíó íåéðîí³â òà íåéðî-
ãë³¿ ìîæóòü áóòè ïîâ’ÿçàí³ ç ïîðóøåííÿìè ñèñòåìè 
á³îòðàíñôîðìàö³¿ åíäîãåííèõ ñïîëóê òà ïðîäóêò³â 
ïðîì³æíîãî îáì³íó, ùî óòâîðþþòüñÿ â ðåçóëüòàò³ 
ðîçùåïëåííÿ îêèñíîãî ôîñôîðèëþâàííÿ â ì³òî-
õîíäð³ÿõ. Îäíèìè ç íàéìåíø âèâ÷åíèõ ìåõàí³çì³â 
á³îòðàíñôîðìàö³¿ ì³òîõîíäð³àëüíèõ õ³íîí³â òà êñå-
íîá³îòèê³â º òàê³, ùî â³äáóâàþòüñÿ çà ó÷àñòþ NAD(P)
H-õ³íîí-îêñèäîðåäóêòàçè (DÒ-ä³àôîðàçà). DÒ-
ä³àôîðàçà º îäíèì ³ç îñíîâíèõ êë³òèííèõ ôåðìåíò³â, 
ùî çàáåçïå÷óþòü íåéòðàë³çàö³þ òîêñè÷íèõ îðãàí³÷-
íèõ ïîõ³äíèõ òà ã³äðîêñèëþâàííÿ õ³íîí³â åíåðãåòè÷-
íîãî ëàíöþãà â êðèñòàõ ì³òîõîíäð³é. 

Çà ó÷àñòþ DÒ-ä³àôîðàçè çä³éñíþºòüñÿ òðàíñïîðò 
åëåêòðîí³â ÷åðåç ìåìáðàíó êðèñò äëÿ íåéòðàë³çàö³¿ 
ïðîòîí³â, ÿê³ ïîñò³éíî âèäàëÿþòüñÿ äëÿ óíèêíåííÿ 
àöèäîçó ç êë³òèíè ïðîòîííèì íàñîñîì (H + -ÀÒÐà-
çîþ). Îäíî÷àñíî ç öèì ã³äðîô³ëüí³ õ³íîíè ï³ä ä³ºþ 
DÒ-ä³àôîðàçè òà ó ïðèñóòíîñò³ NADH, â³äíîâëþþòü-
ñÿ äî ã³äðîõ³íîí³â ³ äàë³ îêèñëþþòüñÿ â êîìïëåêñ³ ²²² 
äèõàëüíîãî ëàíöþãà â îáõ³ä êîìïëåêñó ², ùî íîð-
ìàë³çóº ðîáîòó äèõàëüíîãî ëàíöþãà ì³òîõîíäð³é òà 
çàïîá³ãàº îêèñíåííþ ë³ï³ä³â ïëàçìàòè÷íèõ ìåìáðàí 
[11,17]. Ïðîòå îäíèì ³ç ê³íöåâèõ ïðîäóêò³â ðåàêö³¿ 
º ïåðåêèñ âîäíþ (Í

2
Î

2
), ùî â íèçüêèõ êîíöåíòðàö³-

ÿõ º âíóòð³øíüîêë³òèííèì ïîñåðåäíèêîì, à ó âèñî-
êèõ îêèñëþº ë³ï³äè ìåìáðàí [9]. Ïðîòå ñó÷àñí³ äàí³ 
ñâ³ä÷àòü, ùî çà óìîâ ³øåì³¿ çðîñòàííÿ åêñïðåñ³¿ DÒ-
ä³àôîðàçè º êîìïåíñàòîðíîþ öèòîïðîòåêòîðíîþ 
ðåàêö³ºþ êë³òèí íà ã³ïîêñ³þ [3, 5]. 

Ïðîâåäåí³ íàìè åêñïåðèìåíòàëüí³ äîñë³äæåííÿ 
ïîêàçàëè, ùî ó ùóð³â ³ç ãåìîðàã³÷íèì ³íñóëüòîì íà 
25,9 % (p < 0,05) çðîñòàº àêòèâí³ñòü DÒ-ä³àôîðàçè, 
ðàçîì ³ç òèì ó ã³ïåðòåíçèâíî¿ ë³í³¿ ùóð³â ³ç ³íñóëüòîì 
äîñòîâ³ðíî ð³çíèö³ ³ç êîíòðîëüíèì ïîêàçíèêîì íå 
âñòàíîâëåíî, õî÷à âèõ³äíà àêòèâí³ñòü DÒ-ä³àôîðàçè 
ó ã³ïåðòåíçèâíèõ ùóð³â âèùà ïîð³âíÿíî ³ç íîðìî-
òåíçèâíèìè íà 64,1 % (p < 0,05) (òàáë. 2). Ö³ äàí³ 
ñâ³ä÷àòü ïðî òå, ùî àðòåð³àëüíà ã³ïåðòåíç³ÿ ñóïðî-
âîäæóºòüñÿ àêòèâàö³ºþ êîìïåíñàòîðíèõ ìåõàí³çì³â 
ìåòàáîë³÷íèõ ïåðåòâîðåíü ì³òîõîíäð³àëüíèõ õ³íîí³â, 
à ïðè ãåìîðàã³÷íîìó ³íñóëüò³ àêòèâàö³ÿ DÒ-ä³àôîðàçè 

â³äáóâàºòüñÿ äëÿ â³äíîâëåííÿ õ³íîí³â â ã³äðîõ³íîíè, 
ùî ïîïåðåäæàº óòâîðåííÿ öèòîòîêñè÷íèõ ïðîäóêò³â 
– ñåì³õ³íîí³â. 

Õî÷à DÒ-ä³àôîðàçà, ÿê ³íäóöèáåëüíèé àíòèîêñè-
äàíòíèé åíçèì çàïîá³ãàº óòâîðåííþ àêòèâíèõ ôîðì 
êèñíþ (ÀÔÊ), óòâîðþâàí³ äèã³äðîõ³íîíè ñàì³ ìîæóòü 
áóòè äîäàòêîâèì äæåðåëîì ÀÔÊ [28]. Îòæå, âèÿâ-
ëåíå ïîñèëåííÿ â³ëüíîðàäèêàëüíèõ ïðîöåñ³â ïðè 
³íñóëüò³ ÷àñòêîâî ìîæå ïîÿñíþâàòèñü çðîñòàííÿì 
àêòèâíîñò³ äàíîãî åíçèìó. 

ßê â³äîìî, íàäì³ðíå óòâîðåííÿ àêòèâíèõ îêèñíå-
íèõ ìåòàáîë³ò³â º îäíèì ç êëþ÷îâèõ ìåõàí³çì³â, ùî 
ïðèçâîäèòü äî ïîðóøåííÿ ôóíêö³é òà çàãèáåë³ êë³òèí. 
Öèòîòîêñè÷íà òà ìóòàãåííà ä³ÿ ÀÔÊ îáóìîâëþºòüñÿ 
ïîñèëåííÿì ïðîöåñ³â â³ëüíîðàäèêàëüíîãî (ïåðîê-
ñèäíîãî) îêèñíåííÿ ô³ç³îëîã³÷íî âàæëèâèõ ìàêðî-
ìîëåêóë. Ðåçóëüòàòè á³îõ³ì³÷íîãî àíàë³çó çì³í ³íòå-
ãðàëüíèõ ìàðêåðíèõ ïîêàçíèê³â â³ëüíîðàäèêàëüíîãî 
îêèñíåííÿ á³îìîëåêóë ñâ³ä÷àòü ïðî ³ñòîòíó ³íòåíñè-
ô³êàö³þ äàíîãî ïðîöåñó çà óìîâ åêñïåðèìåíòàëü-
íîãî ³íñóëüòó. Çîêðåìà öå ñòîñóºòüñÿ âì³ñòó MDA òà 
DC, ÿê³ º ê³íöåâèìè ïðîäóêòàìè ïåðîêñèäíîãî îêèñ-
íåííÿ ë³ï³ä³â (ÏÎË) ³ â³äíîñÿòüñÿ äî öèòîòîêñè÷íèõ 
ñïîëóê, ùî âèêëèêàþòü ïîøêîäæåííÿ á³îìåìáðàí, 
ïðîòå¿í³â ³ íóêëå¿íîâèõ êèñëîò [4,10]. Âñòàíîâëåíî, 
ùî ð³âåíü MDA â ãîìîãåíàò³ êîðè âåëèêîãî ìîçêó 
ùóð³â ïåðåâèùóâàâ ó 2,2 òà 1,9 ðàçè (p < 0,01) â³äïî-
â³äíî çà åêñïåðèìåíòàëüíîãî ³íñóëüòó ó WKY- ³ ÑÀÃ-
ë³í³é, ïîð³âíÿíî ³ç ïîêàçíèêàìè ó ùóð³â êîíòðîëüíî¿ 
ãðóïè, à DC – ó 1,5 ³ 1,9 ðàç³â (p < 0,01) (òàáë. 2). Ïðè 
öüîìó ð³âåíü ïðîäóêö³¿ MDA ó ³íòàêòíèõ ã³ïåðòåíçèâ-
íèõ ùóð³â áóâ âèùèì íà 67,1 % ïîð³âíÿíî ³ç ³íòàêòíè-
ìè íîðìîòåíçèâíèìè ùóðàìè, ùî ñâ³ä÷èòü ïðî ïðî-
äóêö³þ ÀÔÊ òà ÏÎË íà òë³ àðòåð³àëüíî¿ ã³ïåðòåíç³¿ ³ 
ïîÿñíþº çàçíà÷åíèé ñòóï³íü ìåòàáîë³÷íèõ çì³í. 

Îñíîâíèìè ôåðìåíòàòèâíèìè ñèñòåìàìè, ùî 
çàáåçïå÷óþòü àíòèîêñèäàíòíó ôóíêö³þ êë³òèí º ñó-
ïåðîäñèääèñìóòàçà ³ êàòàëàçà. Ö³ ôåðìåíòè êàòà-
ë³çóþòü äèñìóòàö³þ ñóïåðîêñèäó â êèñåíü ³ ïåðåêèñ 
âîäíþ òà íàñòóïíå ðîçùåïëåííÿ îñòàííüîãî â ìî-
ëåêóëÿðíèé êèñåíü ³ âîäó, à òàêîæ îêèñëþþòü â ïðè-
ñóòíîñò³ ïåðåêèñó âîäíþ íèçüêîìîëåêóëÿðí³ ñïèðòè 
òà í³òðèòè. Îòðèìàí³ íàìè ðåçóëüòàòè ïîêàçàëè, ùî 
ïðè ³íñóëüò³ çíèæóâàëàñü àêòèâí³ñòü SOD ³ CAT íà 
10,9 % ³ 16,2 % (p < 0,05) ó íîðìîòåíçèâíèõ ùóð³â ³ íà 
32,7 % ³ 69,4 % (p < 0,05) ó ã³ïåðòåíçèâíèõ. Òîáòî, ãå-
ìîðàã³÷íèé ³íñóëüò îáòÿæåíèé àðòåð³àëüíîþ ã³ïåð-
òåíç³ºþ õàðàêòåðèçóºòüñÿ á³ëüø ð³çêèì ïîðóøåííÿì 
àíòèîêñèäàíòíèõ ôåðìåíòàòèâíèõ ñèñòåì, ùî ïî-
ÿñíþº âèñîêèé ð³âåíü óòâîðåííÿ MDA ³ DC. Â ñâîþ 
÷åðãó ï³äâèùåíà àêòèâí³ñòü êàòàëàçè ó ã³ïåðòåíçèâ-
íèõ ùóð³â º êîìïåíñàòîðíèì ìåõàí³çìîì óòèë³çàö³¿ 
ïåðåêèñó âîäíþ, ùî óòâîðþºòüñÿ ïðè äèñôóíêö³¿ 
äèõàëüíîãî ëàíöþãà ì³òîõîíäð³é ïðè ðîçëàäàõ àðòå-
ð³àëüíîãî òèñêó. 

Àíàë³ç ìåòàáîë³÷íèõ çì³í êîðè âåëèêîãî ìîçêó 
ùóð³â ïðè ³íñóëüò³ òà ââåäåíí³ ôàðìàêîëîã³÷íèõ çà-
ñîá³â ïîêàçàâ ñóòòºâó ð³çíèöþ ì³æ ä³ºþ ïðåïàðàò³â 
ð³çíîãî ìåõàí³çìó ä³¿. Òàê, ó ãðóï³ ³ç BDNF âñòàíîâëå-
íî àêòèâàö³þ ôåðìåíò³â àíòèîêñèäàíòíîãî ïðîô³ëþ. 
Ð³âåíü SOD ó íîðìîòåíçèâíèõ ùóð³â â³äíîâèâñÿ äî 
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êîíòðîëüíîãî ïîêàçíèêà, à ó ã³ïåðòåíçèâíèõ ùóð³â 
çá³ëüøèâñÿ íà 19,6 % (p < 0,05). Àêòèâí³ñòü ÑÀÒ ñóò-
òºâî çðîñòàëà ó íîðìîòåíçèâíèõ ùóð³â ç òåíäåíö³þ 
ïåðåâèùåííÿ êîíòðîëüíèõ çíà÷åíü, à ó ã³ïåðòåíçèâ-
íèõ çá³ëüøèëàñü íà 60,2 % (p < 0,05). Ïðè öüîìó â³ä-
ì³÷åíî òåíäåíö³þ çðîñòàííÿ ð³âíÿ ïðîäóêö³¿ ä³ºíî-
âèõ êîí`þãàò³â íà òë³ âèñîêîãî ð³âíÿ DÒ-ä³àôîðàçè. 

Ñõîæèé ôàðìàêîëîã³÷íèé åôåêò ñïîñòåð³ãàëè 
ùîäî ä³¿ ñóëüôàòó ìàãí³þ. Ó íîðìîòåíçèâíèõ ùóð³â 
âñòàíîâëåíî àêòèâàö³þ SOD ³ CAT (íà 19,7 % ³ 18,6 %, 
p < 0,05), à ó ã³ïåðòåíçèâíèõ ëèøå ÑÀÒ (íà 25,2 %, 
p < 0,05). Ð³âåíü ä³ºíîâèõ êîí`þãàò³â ïåðåâèùóâàâ 
êîíòðîëüí³ çíà÷åííÿ ìàéæå â 2 ðàçè, ùî âêàçóº íà 
ïðîãðåñóþ÷èé ïåðåá³ã ÏÎË ïðè ã³ïîêñ³¿. 

Ñóòòºâå â³äíîâëåííÿ ìåòàáîë³÷íèõ ïîðóøåíü 
âñòàíîâëåíî ó ãðóï³ ùóð³â, ÿêèì ââîäèëè êîðâ³òèí 
– âîäîðîç÷èííó ôîðìó ôëàâîíî¿äó êâåðöåòèíó. 
Âñòàíîâëåíî â³äíîâëåííÿ àêòèâíîñò³ SOD ó íîðìî- ³ 
ã³ïåðòåíçèâíèõ ùóð³â, ÑÀÒ ó íîðìîòåíçèâíèõ ùóð³â 
³ òåíäåíö³þ äî íîðìàë³çàö³¿ àêòèâíîñò³ åíçèìó ó 
ùóð³â ë³í³¿ ³ç ÑÀÃ (àêòèâí³ñòü çá³ëüøèëàñü â 2,6 ðàç³â, 
p < 0,05). Ð³âåíü MDA äîñòîâ³ðíî çìåíøèâñÿ íà 
18,7 % ³ 20,5 %, à ä³ºíîâèõ êîí`þãàò³â íà 17,9 % ó ã³-
ïåðòåíçèâíèõ ùóð³â. Ïðè öüîìó çì³í àêòèâíîñò³ DÒ-
ä³àôîðàçè íå ðåºñòðóâàëè. Òîáòî, ä³ÿ êîðâ³òèíà ìàëà 
àêòèâóþ÷èé åôåêò íà åíçèìàòè÷í³ ñèñòåìè óòèë³çàö³¿ 
ÀÔÊ òà âèðàæåíèé àíòèîêñèäàíòíèé åôåêò íà ð³âí³ 
ïðÿìî¿ íåéòðàë³çàö³¿ ÀÔÊ, ïðèãí³÷åííÿ ÏÎË òà óòâî-
ðåííÿ öèòîòîêñè÷íèõ ë³ï³äíèõ ïîõ³äíèõ – ìàëîíîâî-
ãî ä³àëüäåã³äó. 

Çìåíøåííÿ ìåòàáîë³÷íèõ ðîçëàä³â ïðè ³íñóëü-
ò³ âñòàíîâëåíî ³ ïðè ââåäåíí³ ä³óðåòè÷íîãî çàñîáó 
òîðàñåì³äó. Â³äíîâëåííÿ àêòèâíîñò³ àíòèîêñèäàíò-
íèõ ôåðìåíò³â âñòàíîâëåíî ó ãðóï³ íîðìîòåíçèâíèõ 
ùóð³â, à ó ã³ïåðòåíçèâíèõ – íàáëèæàëèñü äî êîíòð-
îëüíèõ çíà÷åíü (çá³ëüøåííÿ àêòèâíîñò³ íà 30,2 % ³ â 
2,5 ðàç³â, p < 0,05). Ïðè öüîìó â³äì³÷åíî òåíäåíö³þ 
çìåíøåííÿ ïðîäóêö³¿ MDA ïðè ³íñóëüò³ ó íîðìîòåí-
çèâíèõ ùóð³â ³ ä³ºíîâèõ êîí`þãàò³â ó ã³ïåðòåíçèâíèõ 
òâàðèí, ùî ñâ³ä÷èòü ïðî òåíäåíö³þ çìåíøåííÿ ÏÎË. 

Êîìá³íîâàíå ââåäåííÿ äîñë³äæóâàíèõ çàñîá³â 
çíà÷íî çìåíøèëî äèñìåòàáîë³÷í³ ðîçëàäè ó ùóð³â 
ï³ñëÿ ãåìîðàã³÷íîãî ³íñóëüòó, ùî ñóïðîâîäæóâà-
ëîñü àêòèâàö³ºþ àíòèîêñèäàíòíèõ ôåðìåíò³â, çìåí-
øåííÿì ïðîäóêö³¿ MDA ³ ÷àñòêîâîþ íîðìàë³çàö³ºþ 
ì³òîõîíäð³àëüíîãî äèõàííÿ. Àêòèâí³ñòü SOD ³ ÑÀÒ 
â³äïîâ³äàëà ïîêàçíèêàì êîíòðîëüíî¿ ãðóïè ùóð³â, à 
ó íîðìîòåíçèâíèõ ùóð³â â³äì³÷åíî êîìïåíñàòîðíå 
çá³ëüøåííÿ CAT, àêòèâí³ñòü DÒ-ä³àôîðàçè íîðìàë³-
çóâàëàñü ëèøå ó íîðìîòåíçèâíèõ òâàðèí, ð³âåíü MDA 
çìåíøèâñÿ íà 26,6 % ³ 21,4 % (p < 0,05) â³äïîâ³äíî äî 
äîñë³äíî¿ ãðóïè, à óòèë³çàö³ÿ ä³ºíîâèõ êîí`þãàò³â – 
ëèøå ó ë³í³¿ ùóð³â ³ç ÑÀÃ (23,1 %, p < 0,05). 

Òàêèì ÷èíîì, òàê çâàí³ ïåòëåâ³ ä³óðåòèêè òðèâà-
ëî¿ ä³¿ (òîðàñåì³ä), ùî ï³äâèùóþòü åêñêðåö³þ ³îí³â 
íàòð³þ òîâñòèìè êàíàëüöÿìè âèñõ³äíîãî ñåãìåíòà 
ïåòë³ Ãåíëå, ìàþòü âèðàæåíèé òåðàïåâòè÷íèé ïî-
òåíö³àë ùîäî â³äíîâëåííÿ ôåðìåíòàòèâíèõ öèòî-
ïðîòåêòîðíèõ ñèñòåì ìîçêó ïðè ³íñóëüò³ òà âàçîãåí-
íîãî ³ ïîñòòðàâìàòè÷íîãî íàáðÿêó ìîçêó. Çà äàíèìè 
³íøèõ àâòîð³â [13,25] òîðàñåì³ä ïðèãí³÷óº íàáðÿê 

Òàáëèöÿ 2

Çì³íè àêòèâíîñò³ ôåðìåíò³â àíòèîêñèäàíòíîãî ïðîô³ëþ òà ïðîì³æíèõ ìåòàáîë³ò³â êîðè 
âåëèêîãî ìîçêó ùóð³â ïðè ãåìîðàã³÷íîìó ³íñóëüò³ (M ± m)

Ãðóïà

Ôåðìåíò ³ ïðîì³æí³ ìåòàáîë³òè

SOD 
U/mg/min prot

CAT
mgmol/min prot

DÒ-ä³à ôîðàçà,
nmol/mg/min

MDA,
nmol/mg prot. 

DC,
nmol/mg prot. 

Íîðìîòåíçèâí³ ùóðè ë³í³¿ WKY

Êîíòðîëü 14,43 ± 0,21 1,54 ± 0,02 4,16 ± 0,14 7,16 ± 0,37 4,46 ± 0,39

Ã² 12,86 ± 0,28* 1,29 ± 0,05* 5,24 ± 0,24* 15,54 ± 1,05* 6,93 ± 0,87*

Ã² + BDNF 15,10 ± 0,24# 1,72 ± 0,10# 5,63 ± 0,21* 16,50 ± 1,00* 8,80 ± 0,59*

Ã² + MgSO
4

15,40 ± 0,30*# 1,53 ± 0,02# 5,66 ± 0,21* 16,80 ± 1,25* 9,12 ± 0,61*

Ã² + êîðâ³òèí 12,8 ± 0,14* 1,52 ± 0,05# 5,18 ± 0,10* 12,63 ± 0,94*# 6,06 ± 0,34*

Ã² + òîðàñåì³ä 15,06 ± 0,17*# 1,75 ± 0,03*# 5,33 ± 0,31* 13,87 ± 1,05* 6,80 ± 0,49*

ÃI + êîìá³íàö³ÿ 14,63 ± 0,65# 1,71 ± 0,04*# 4,36 ± 0,19# 11,40 ± 0,85*# 5,04 ± 0,31

Ùóðè ³ç ÑÀÃ

Êîíòðîëü 15,10 ± 0,60 3,37 ± 0,25^ 6,83 ± 0,21^ 11,96 ± 0,90^ 5,20 ± 0,34

Ã² 10,16 ± 0,76*^ 1,03 ± 0,01*^ 6,34 ± 0,23^ 23,70 ± 1,91*^ 10,34 ± 0,80*^

Ã² + BDNF 12,16 ± 1,11*^ 1,65 ± 0,04*# 6,83 ± 0,22^ 22,55 ± 1,93*^ 10,45 ± 0,65*

Ã² + MgSO
4

11,33 ± 0,68*^ 1,29 ± 0,04*#^ 6,56 ± 0,29^ 22,59 ± 1,80*^ 10,63 ± 0,77*

Ã² + êîðâ³òèí 15,20 ± 0,36#^ 2,65 ± 0,04*#^ 6,89 ± 0,26^ 18,84 ± 1,33*#^ 8,48 ± 0,66*#^

Ã² + òîðàñåì³ä 13,23 ± 0,59*#^ 2,57 ± 0,03*#^ 6,90 ± 0,24^ 21,38 ± 1,77*^ 8,30 ± 0,55*^

ÃI + êîìá³íàö³ÿ 13,70 ± 0,84# 3,00 ± 0,06#^ 6,87 ± 0,25^ 18,61 ± 0,96*#^ 7,96 ± 0,45*#^

Ïðèì³òêà: Ã² – ãåìîðàã³÷íèé ³íñóëüò; * – äîñòîâ³ðíî äî êîíòðîëþ (p < 0,05); # – äîñòîâ³ðíî äî ãðóïè ³íñóëüò íèõ ùóð³â (p < 0,05); ̂  – äîñòîâ³ðíî 

äî íîðìîòåíçèâíèõ ùóð³â WKY-ë³í³¿ (p < 0,05). 
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íåðâîâèõ êë³òèí ïðè àöèäîç³, òîìó ÷àñòêîâà äåã³äðà-
òàö³ÿ ìîçêó øëÿõîì ³íäóêö³¿ ä³óðåçó çìåíøóº öèòî-
òîêñè÷íèé íàáðÿê ³ äèñòðîô³÷í³ çì³íè òêàíèíè ìîçêó. 
Àíàëîã³÷íèé âïëèâ çä³éñíþâàâ ñóëüôàò ìàãí³þ, ùî 
ìàº ñëàáêèé ã³ïîòåíçèâíèé ³ ñåäàòèâíèé åôåêòè. 
Ââàæàºòüñÿ, ùî ìàãí³é íà ð³çíèõ åòàïàõ ðîçâèòêó 
³øåì³÷íîãî óøêîäæåííÿ íåðâîâèõ êë³òèí (åêñàéòî-
òîêñè÷íîñò³) âñòóïàº â àíòàãîí³çì ç ³îíàìè êàëüö³þ 
ÿê íà ð³âí³ ìåìáðàííèõ êàíàë³â, òàê ³ öèòîïëàçìè 
êë³òèíè. Ï³äâèùåíèé âì³ñò âíóòð³øíüîêë³òèííîãî 
ìàãí³þ ïðèçâîäèòü äî áóôåðèçàö³¿ êàëüö³þ âñåðå-
äèí³ ì³òîõîíäð³é, à òàêîæ ïåðåøêîäæàº âèñíàæåííþ 
êë³òèííîãî ïóëó ÀÒÔ, ùî îïîñåðåäêîâàíî çä³éñíþº 
íåéðîïðîòåêòîðíèé âïëèâ [2,12,27]. 

Íåéðîïðîòåêòîðíèé âïëèâ çä³éñíþþòü òàêîæ 
íåéðîòðîô³÷í³ ïåïòèäè ³ çîêðåìà BDNF. Ââåäåííÿ 
BDNF ïîêðàùóº ôóíêö³îíàëüíå â³äíîâëåííÿ, ðåì³º-
ë³í³çàö³þ òà â³äíîâëåííÿ íåéðîííèõ çâ’ÿçê³â ïðè ³í-
ñóëüò³ [15,23], à íà ìåòàáîë³÷íîìó ð³âí³ îáìåæóºòü-
ñÿ àêòèâàö³ºþ êàòàëàçè ³ ñóïåðîêñèääèñìóòàçè, íå 
ïðèãí³÷óþ÷è ÏÎË, òîáòî ìàº ñëàáêî âèðàæåíó ä³þ 
ùîäî äîñë³äæóâàíèõ ïîêàçíèê³â. 

Íà â³äì³íó â³ä ïðîàíàë³çîâàíèõ çàñîá³â êîðâ³òèí 
àêòèâóº ñèñòåìè äåòîêñèêàö³¿ ³ ïðèãí³÷óº ÏÎË òà 
óòâîðåííÿ öèòîòîêñè÷íèõ ïîõ³äíèõ – ìàëîíîâîãî 
ä³àëüäåã³äó ³ ä³ºíîâèõ êîí’þãàí³â. Îêèñëþâàëüíèé 
ñòðåñ º îäí³ºþ ³ç êëþ÷îâèõ ëàíîê ó ïàòîãåíåç³ öåðå-
áðàëüíî¿ ³øåì³¿ ³ ôëàâîíî¿äè, óòèë³çóþ÷è ÀÔÊ, çä³é-
ñíþþòü íåéðîïðîòåêòîðíó ä³þ ïðè ³íñóëüò³ [14,24]. 
Ïðè öüîìó ìîæíà ñòâåðäæóâàòè, ùî â çàïðîïî-
íîâàí³é êîìá³íîâàí³é ñõåì³ óòèë³çàö³ÿ ìàëîíîâîãî 

ä³àëüäåã³äó ðåàë³çóºòüñÿ ñàìå ïðÿìîþ àêöåïö³ºþ 
åëåêòðîí³â (ÀÔÊ) êâåðöåòèíîì. Òîìó òàêèé ñèñòåì-
íèé ï³äõ³ä äîçâîëèâ âïëèíóòè íà ð³çí³ ïàòîãåíåòè÷í³ 
ì³øåí³ ³øåì³÷íîãî óðàæåííÿ íåðâîâèõ êë³òèí, â òîìó 
÷èñë³ – íà â³äíîâëåííÿ ìåòàáîë³çìó ì³òîõîíäð³àëü-
íèõ õ³íîí³â. 

Âèñíîâêè. 
1. Â êîð³ âåëèêîãî ìîçêó ùóð³â ³ç ãåìîðàã³÷íèì 

³íñóëüòîì âñòàíîâëåíî çíèæåííÿ àêòèâíîñò³ 
ôåðìåíò³â àíòèîêñèäàíòíèõ çàõèñíèõ ìåõàí³çì³â 
(ñóïåðîêñèääèñìóòàçè ³ êàòàë³çè) ³ óòâîðåííÿ 
ïðîäóêò³â ïåðåêèñíîãî îêèñíåííÿ ë³ï³ä³â (ìàëîíîâî-
ãî ä³àëüäåã³äó, ä³ºíîâèõ êîí’þãàò³â). 

2. Ìîäåëþâàííÿ ãåìîðàã³÷íîãî ³íñóëüòó ñóïðî-
âîäæóâàëîñü ïðîãðåñóþ÷èìè äèñìåòàáîë³÷íèìè 
ïîðóøåííÿìè êîðè ìîçêó ³ç ìåíøèì ïîòåíö³àëîì 
äî ôàðìàêîëîã³÷íî¿ êîðåêö³¿ íà òë³ àðòåð³àëüíî¿ 
ã³ïåðòåíç³¿. 

3. Ñòèìóëþþ÷èé âïëèâ íà ôåðìåíòè àíòèîêñè-
äàíòíîãî ïðîô³ëþ çä³éñíþâàëè òîðàñåì³ä, ñóëüôàò 
ìàãí³þ, êâåðöåòèí ³ BDNF, à íà óòâîðåííÿ ìàëîíîâî-
ãî ä³àëüäåã³äó ³ ä³ºíîâèõ êîí’þãàò³â – êîðâ³òèí. 

4. Êîìá³íîâàíå ââåäåííÿ òîðàñåì³äó, ñóëüôàòó 
ìàãí³þ, êâåðöåòèíó ³ BDNF â³äíîâëþâàëî ïîêàçíè-
êè àíòèîêñèäàíòíîãî ïðîô³ëþ êîðè âåëèêîãî ìîçêó 
ùóð³â ³ç ãåìîðàã³÷íèé ³íñóëüòîì ³ ïðèãí³÷óâàëî óòâî-
ðåííÿ ïðîäóêò³â ïåðåêèñíîãî îêèñíåííÿ ë³ï³ä³â. 

Ïåðñïåêòèâè ïîäàëüøèõ äîñë³äæåíü. Ïëàíó-
ºòüñÿ äîñë³äèòè ìîðôîëîã³÷í³ çì³íè êîðè âåëèêîãî 
ìîçêó äëÿ ñï³âñòàâëåííÿ ³ç á³îõ³ì³÷íèìè äàíèìè òà 
àíàë³çó ôàðìàêîëîã³÷íî¿ ä³¿ äîñë³äæóâàíèõ ë³êàð-
ñüêèõ çàñîá³â. 

Ë³òåðàòóðà
1. Aebi H. Catalase in vitro / H. Aebi // Meth. Enzymol. – 1984. – Vol. 105. – P. 121-126. 
2. Afshari D. Evaluation of the intravenous magnesium sulfate effect in clinical improvement of patients with acute ischemic 

stroke / D. Afshari, N. Moradian, M. Rezaei // Clin. Neurol. Neurosurg. – 2013. – Vol. 115 (4). – P. 400-404. 
3. Cao S. A novel mechanism for cytoprotection against hypoxic injury: δ-opioid receptor-mediated increase in Nrf2 translocation 

/ S. Cao, D. Chao, H. Zhou [et al.] / Br. J. Pharmacol. – 2014 [Epub ahead of print]. 
4. Dontsov V. I. Reactive oxygen species as a system: significance in physiology, pathology and natural ageing / V. I. Dontsov, 

V. N. Krut’ko, B. M. Mrikaev [et al.] // Proceedings SAI RAS. – 2006. – Vol. 19. – P. 50-69. 
5. Gang G. T. Protection of NAD(P)H :quinone oxidoreductase 1 against renal ischemia/reperfusion injury in mice / G. T. Gang,

J. H. Hwang, Y. H. Kim [et al.] // Free Radic. Biol. Med. – 2014. – Vol. 67. – P. 139-149. 
6. Hanson L. R. Cerebrolysin reduces infarct volume and improves behaviour in a rat model of acute stroke / L. R. Hanson, 

X. F. Liu, P. M. Martinez [et al.] // International Journal of Stroke. – 2008. – Vol. 3 (1). – P. 168. 
7. Janero D. R. Malondialdehyde and thiobarbituric acid-reactivity as diagnostic indices of lipid peroxidation and peroxidative 

tissue injury / D. R. Janero // Free Rad. Biol. Med. – 1990. – Vol. 9 (6). – P. 515-540. 
8. Kakkar V. Curcumin loaded solid lipid nanoparticles : An efficient formulation approach for cerebral ischemic reperfusion 

injury in rats / V. Kakkar, S. Muppu, K. Chopra [et al.] // Eur. J. Pharm. Biopharm. – 2013. – Vol. 85 (3). – P. 339–345. 
9. Kapinya K. J. Role of NAD(P)H :quinone oxidoreductase in the progression of neuronal cell death in vitro and following 

cerebral ischaemia in vivo / K. J. Kapinya, U. Harms, C. Harms [et al.] // J. Neurochem. – 2003. – Vol. 84 (5). – P. 1028-1039. 
10. Kazimirko V. K. Free-Radical Oxidation and the Antioxidant Therapy / V. K. Kazimirko, V. I. Maltsev, V. Y. Butylkin, 

N. I. Gorobets. – K. : Morion, 2004. – 160 ð. (In Russian). 
11. Kargin V. I. Interactions of positively charged ubiquinone analogue (MitoQ(10)) with DT-diaphorase in liver mitochondria /

V. I. Kargin, K. A. Motovilov, A. Yu. Vyssokikh [et al.] // Biol. Membr. – 2008. – Vol. 25. – P. 34–40. 
12. Kuzenkov V. S. The effect of magnesium nitrate on the outcome of experimental acute ischemic stroke / V. S. Kuzenkov, 

A. L. Krushinskiĭ // Zh. Nevrol. Psikhiatr. Im. S. S. Korsakova. – 2014. – Vol. 114 (3). – P. 27-31. 
13. Le Bars E. Delayed progression of cytotoxic oedema in focal cerebral ischemia after treatment with a torasemide derivative : 

a diffusion-weighted magnetic resonance imaging study / E. Le Bars, S. Roussel, C. Rémy [et al.] // Neurosci Lett. – 1996. – 
Vol. 213 (2). – P. 123-126. 

14. Lee J. K. Quercetin reduces the elevated matrix metalloproteinases-9 level and improves functional outcome after cerebral 
focal ischemia in rats / J. K. Lee, H. J. Kwak, M. S. Piao [et al.] // Acta Neurochir (Wien). – 2011. – Vol. 153 (6). – P. 1321-
1329. 



Â³ñíèê ïðîáëåì á³îëîã³¿ ³ ìåäèöèíè – 2015 – Âèï. 2, Òîì 3 (120) 197

ÊË²Í²×ÍÀ ÒÀ ÅÊÑÏÅÐÈÌÅÍÒÀËÜÍÀ ÌÅÄÈÖÈÍÀ

15. Li J. Serum Brain-derived neurotrophic factor levels in post-stroke depression / J. Li, Y. D. Zhao, J. W. Zeng [et al.] // J. Affect 
Disord. – 2014. – Vol. 168. – P. 373-379. 

16. Lin C. Y. The impact of comorbidity on survival after hemorrhagic stroke among dialysis patients: a nationwide population-
based study / C. Y. Lin, C. C. Chien, H. A. Chen [et al.] // BMC Nephrol. – 2014. – Vol. 27 (15). – P. 186. 

17. Lind C. DT-diaphorase : purification, properties, and function / C. Lind, E. Cadenas, P. Hochstein [et al.] // Methods Enzymol. 
– 1990. – Vol. 186. – P. 287–301. 

18. Lowry O. H. Protein measurement with the Folin phenol reagent Lowry / O. H. Lowry, R. J. Rosebrought, A. Farr [et al.] // 
J. Biol. Chem. – 1951. – Vol. 193 (1). – P. 265-275. 

19. Makarenko A. N. The method of modeling the local hemorrhage in different structures of the brain in experimental animals 
/ A. N. Makarenko, N. S. Kosytsin, N. V. Pasykova [et al.] // J. Higher Nervous Activity. – 2002. – Vol. 52 (6). – P. 765-768. 

20. Mirsa H. P. The role of super oxide anion in the antioxidation of epinefrine and simple assay for superoxide dismutase / 
H. P. Mirsa, Y. Fredovich // IAMA. – 1972. – Vol. 247(10). – P. 3170-3175. 

21. Paxinos G. The rat brain in stereotaxic coordinats / G. Paxinos, C. Watson. – Sydney: Academic Press, 1982. – 1480 ð. 
22. Petrova G. V. Cytotoxicity of troglitazone, a structural analogue of α-tocopherol is mediated by inhibition of NAD(P)H : Quinone 

oxidoreductase / G. V. Petrova, G. V. Donchenko // Ukr. Biochem. J. – 2009. – 81, ¹ 4. – P. 82-88. 
23. Ramos-Cejudo J. Brain-derived neurotrophic factor administration mediated oligodendrocyte differentiation and myelin 

formation in subcortical ischemic stroke / J. Ramos-Cejudo, M. Gutiérrez-Fernández, L. Otero-Ortega [et al.] // Stroke. – 
2015. – Vol. 46 (1). – P. 221-228. 

24. Rivera F. Reduction of ischemic brain damage and increase of glutathione by a liposomal preparation of quercetin in permanent 
focal ischemia in rats / F. Rivera, G. Costa, A. Abin [et al.] // Neurotox Res. – 2008. – Vol. 13 (2). – P. 105-114. 

25. Staub F. Treatment of vasogenic brain edema with the novel Cl- transport inhibitor torasemide / F. Staub, M. Stoffel, S. Berger 
[et al.] // J. Neurotrauma. – 1994. – Vol. 11 (6). – P. 679-690. 

26. Uchiyama M. Determination of malonaldehyde precursor in tissues by thiobarbituric acid test / M. Uchiyama, M. Mihara. // 
Anal. Biochem. – 1978. – Vol. 86 (1). – P. 271-278. 

27. Wang L. C. Magnesium sulfate and nimesulide have synergistic effects on rescuing brain damage after transient focal 
ischemia / L. C. Wang, C. Y. Huang, H. K. Wang [et al.] // J. Neurotrauma. – 2012. – Vol. 29 (7). – P. 1518-1529. 

28. Watanabe N. Quinones and glutathione metabolism / N. Watanabe, D. Dicknson, R. Liu [et al.] // Meth. Enzymology. – 
2004. – Vol. 378. – P. 319-340. 

ÓÄÊ 612. 824. 4:577. 325. 6
ÌÅÒÀÁÎË²×Í² ÇÌ²ÍÈ ÊÎÐÈ ÂÅËÈÊÎÃÎ ÌÎÇÊÓ ÙÓÐ²Â Ï²ÑËß ÌÎÄÅËÞÂÀÍÍß ÃÅÌÎÐÀÃ²×ÍÎÃÎ 

²ÍÑÓËÜÒÓ
Îë³éíèê Ò. Ì., Ñàâîñüêî Ñ. ²., ×àéêîâñüêèé Þ. Á. 
Ðåçþìå. Â ñòàòò³ íàâåäåíî àíàë³ç ìåòàáîë³÷íèõ çì³í êîðè âåëèêîãî ìîçêó ùóð³â ï³ñëÿ ìîäåëþâàííÿ ãåìî-

ðàã³÷íîãî ³íñóëüòó òà âïëèâó ë³êàðñüêèõ çàñîá³â íà â³äíîâëåííÿ àêòèâíîñò³ ôåðìåíò³â òà ïðèãí³÷åííÿ óòâîðåí-
íÿ öèòîòîêñè÷íèõ ìåòàáîë³ò³â. Âñòàíîâëåíî, ùî ìîäåëþâàííÿ ³íñóëüòó ó ùóð³â ³ç ñïîíòàííîþ àðòåð³àëüíîþ 
ã³ïåðòåíç³ºþ ïîã³ðøóº äèñìåòàáîë³÷í³ ðîçëàäè íà ð³âí³ àíòèîêñèäàíòíèõ ôåðìåíò³â (ñóïåðîêñèääèñìóòà-
çè ³ êàòàëàçè), ì³òîõîíäð³àëüíî¿ äèñôóíêö³¿ (DT-ä³àôîðàçè) ³ ïðîäóêò³â ïåðåêèñíîãî îêèñíåííÿ (ìàëîíîâèé 
ä³àëüäåã³ä, ä³º’íîâ³ êîí’þãàòè). Ââåäåíí³ ùóðàì BDNF, MgSO

4
, êîðâ³òèíó àáî òîðàñåì³äó õàðàêòåðèçóâàëîñü 

çá³ëüøåííÿì àêòèâíîñò³ ñóïåðîêñèääèñìóòàçè ³ êàòàëàçè, à ïðèãí³÷åííÿ óòâîðåííÿ ÒÁÊ-àêòèâíèõ ïðîäóêò³â 
ëèøå ó ãðóï³ ³ç êîðâ³òèíîì. Êîìá³íîâàíå ââåäåííÿ äîñë³äæóâàíèõ çàñîá³â ñóòòºâî ïðèãí³÷óâàëî ïðîäóêö³þ 
ìàëîíîâîãî ä³àëüäåã³äó ³ ä³ºíîâèõ êîí’þãàò³â, â³äíîâëþâàëî àêòèâí³ñòü ôåðìåíò³â àíòèîêñèäàíòíîãî ïðî-
ô³ëþ ä³¿, à íîðìàë³çàö³þ àêòèâíîñò³ DÒ-ä³àôîðàçè âñòàíîâëåíî ëèøå ó íîðìîòåíçèâíèõ ùóð³â ³ç ³íñóëüòîì. 
Îòðèìàí³ äàí³ äîçâîëÿþòü ñòâåðäæóâàòè, ùî àðòåð³àëüíà ã³ïåðòåíç³ÿ º íå ëèøå åò³îëîã³÷íèì ôàêòîðîì ãå-
ìîðàã³÷íîãî ³íñóëüòó, à ³ ÷èííèêîì, ùî âèçíà÷àº ïðîãðåñóâàííÿ öèòîòîêñè÷íèõ ìåòàáîë³÷íèõ ðîçëàä³â. 

Êëþ÷îâ³ ñëîâà: ãåìîðàã³÷íèé ³íñóëüò, àðòåð³àëüíà ã³ïåðòåíç³ÿ, ôåðìåíòè, ìåòàáîë³çì, ôàðìàêîêîðåêö³ÿ. 
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ÌÅÒÀÁÎËÈ×ÅÑÊÈÅ ÈÇÌÅÍÅÍÈß ÊÎÐÛ ÁÎËÜØÎÃÎ ÌÎÇÃÀ ÊÐÛÑ ÏÎÑËÅ ÌÎÄÅËÈÐÎÂÀÍÈß ÃÅ-

ÌÎÐÐÀÃÈ×ÅÑÊÎÃÎ ÈÍÑÓËÜÒÀ
Îëåéíèê Ò. Í., Ñàâîñüêî Ñ. È., ×àéêîâñêèé Þ. Á. 
Ðåçþìå. Â ñòàòüå ïðèâåäåí àíàëèç ìåòàáîëè÷åñêèõ èçìåíåíèé êîðû áîëüøîãî ìîçãà êðûñ ïîñëå ìî-

äåëèðîâàíèÿ ãåìîððàãè÷åñêîãî èíñóëüòà è âëèÿíèÿ ëåêàðñòâåííûõ ñðåäñòâ íà âîññòàíîâëåíèå àêòèâíîñ-
òè ôåðìåíòîâ è óãíåòåíèå îáðàçîâàíèÿ öèòîòîêñè÷åñêèõ ìåòàáîëèòîâ. Óñòàíîâëåíî, ÷òî ìîäåëèðîâàíèå 
èíñóëüòà ó êðûñ ñî ñïîíòàííîé àðòåðèàëüíîé ãèïåðòåíçèåé óõóäøàåò äèñìåòàáîëè÷åñêèå ðàññòðîéñòâà 
íà óðîâíå àíòèîêñèäàíòíûõ ôåðìåíòîâ (ñóïåðîêñèääèñìóòàçû è êàòàëàçû), ìèòîõîíäðèàëüíîé äèñôóíê-
öèè (DT-äèàôîðàçû) è ïðîäóêòîâ ïåðåêèñíîãî îêèñëåíèÿ (ìàëîíîâûé äèàëüäåãèä, äèåíîâèå êîíúþãàòû). 
Ââåäåíèå êðûñàì BDNF, MgSO

4
, êîðâèòèíà èëè òîðàñåìèäà õàðàêòåðèçîâàëîñü óâåëè÷åíèåì àêòèâíîñòè 

ñóïåðîêñèääèñìóòàçû è êàòàëàçû, à óãíåòåíèå îáðàçîâàíèÿ ÒÁÊ-àêòèâíûõ ïðîäóêòîâ òîëüêî ãðóïïå ñ êîð-
âèòèíîì. Êîìáèíèðîâàííîå ââåäåíèå èññëåäóåìûõ ñðåäñòâ ñóùåñòâåííî ïîäàâëÿëî ïðîäóêöèþ ìàëîíî-
âîãî äèàëüäåãèäà è äèåíîâûõ êîíúþãàòîâ, âîññòàíàâëèâàëî àêòèâíîñòü ôåðìåíòîâ àíòèîêñèäàíòíîé ïðî-
ôèëÿ äåéñòâèÿ, à íîðìàëèçàöèþ àêòèâíîñòè DÒ-äèàôîðàçû óñòàíîâëåíî òîëüêî ó íîðìîòåíçèâíûõ êðûñ ñ 
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èíñóëüòîì. Ïîëó÷åííûå äàííûå ïîçâîëÿþò óòâåðæäàòü, ÷òî àðòåðèàëüíàÿ ãèïåðòåíçèÿ ÿâëÿåòñÿ íå òîëüêî 
ýòèîëîãè÷åñêèì ôàêòîðîì ãåìîððàãè÷åñêîãî èíñóëüòà, à è ôàêòîðîì, îïðåäåëÿþùèì ïðîãðåññèðîâàíèå 
öèòîòîêñè÷åñêèõ ìåòàáîëè÷åñêèõ ðàññòðîéñòâ. 

Êëþ÷åâûå ñëîâà: ãåìîððàãè÷åñêèé èíñóëüò, àðòåðèàëüíàÿ ãèïåðòåíçèÿ, ôåðìåíòû, ìåòàáîëèçì, 
ôàðìàêîêîððåêöèÿ. 
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Metabolic Changes in the Cerebral Cortex after Hemorrhagic Stroke Simulation in Rats
Oliinyk T. M., Savosko S. I., Chaikovsky Y. B. 
Abstract. In this study presented results of metabolic disorders after hemorrhagic stroke, role of arterial 

hypertension in these disorders and the ability to influence the activity of enzyme systems through the application 
of neurotrophic (BDNF), antihypertension (magnesium sulfate), diuretic (torasemide) and antioxidant (quercetin) 
medications. 

The experimental study was conducted on 120 male rats. Hemorrhagic stroke modeled by mechanical 
destruction of internal capsule (capsula interna dextra, L = 3,5-4,0; H = 6,0; AP = 0,6-1,0) and blood injection (0,15-
0,2 ml). 

After modeling hemorrhagic stroke intraperitoneally injected drugs in normotensive rats (WKY) and rats with 
spontaneous hypertension: BDNF (20 mg/rat or 80 mg/kg after 2 hours and 3 days after stroke), MgSO

4
 (10 ml/day 

or 0,15 ml/kg), quercetin (500 mg/day or 7,2 mg/kg), torasemide (10 mg/day or 0,15 mg/kg) – after 2 hours after 
stroke and next 5 days once per day. 

In 10 days after stroke determined the activity of catalase (CAT), superoxide dismutase (SOD), NAD(P)H-quinone 
oxidoreductase, the concentration of malondialdehyde (MDA) and diene conjugates (DC). 

The results of experimental studies have shown that in rats with hemorrhagic stroke at 25,9 % (p < 0,05) increases 
the activity of NAD(P)H-quinone oxidoreductase; in hypertensive rats significantly difference from the control group 
is not set (output activity of NAD(P)H-quinone oxidoreductase in hypertensive rats on 64,1 % higher compared to 
normotensive, p < 0,05). 

The level of MDA in homogenate of cerebral cortex of rats with stroke was higher in 2,2 and 1,9 times (p < 0,01), 
DC – 1,5 and 1,9 times (p < 0,01) respectively normotensive and hypertensive rats. The level of MDA production in 
hypertensive rats was higher on 67,1 % compared to normotensive rats. 

SOD and CAT activity after stroke decreased on 10,9 % and 16,2 % (p < 0,05) in normotensive rats and 32,7 % 
and 69,4 % (p < 0,05) in hypertensive rats. That is, at hemorrhagic stroke on arterial hypertension are more violated 
antioxidant system, and increased catalase activity in hypertensive rats is a compensatory mechanism for utilization 
of hydrogen peroxide, which generated during mitochondrial dysfunction in high blood pressure. 

Application of BDNF, torasemide and magnesium sulfate increased activity of SOD and CAT, but had no effect on 
MDA and DC production. Quercetin restored SOD activity in normo- and hypertensive rats, CAT in normotensive rats 
and tends to normalize the activity of the enzyme in hypertensive rats (activity increased in 2,6 times, p < 0,05). The 
MDA level was significantly decreased by 18,7 % and 20,5 %, and DC on 17,9 % in hypertensive rats. 

The combination of medications significantly reduced metabolic disorders after hemorrhagic stroke: antioxidant 
enzymes activation, reduced of MDA production and partial normalization of mitochondrial respiration. NAD(P)
H-quinone oxidoreductase activity normalized only in normotensive rats, MDA level decreased by 26,6 % and 21,4 % 
(p < 0,05) according to the experimental group and recycling DC – only in hypertensive rats (by 23,1 %, p < 0,05). 

Arguably, the antihypertensive drug (magnesium sulfate), diuretics (torasemide) and neurotrophic factor 
(BDNF) reduce degenerative processes after stroke, accompanied by compensatory activation of antioxidant 
enzymes; bioflavonoid quercetin, in addition to these actions, inhibits lipid peroxidation and significantly restores 
brain metabolism. 

Keywords: hemorrhagic stroke, arterial hypertension, enzymes, metabolic, pharmacological correction. 
Ðåöåíçåíò – ïðîô. Íåïîðàäà Ê. Ñ. 
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