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Ðåöåíçåíò: ïðîô. ²âíºâ Á.Á.
Àêòóàëüí³ñòü. Êëþ÷îâó ðîëü ó ïàòîãåíåç³ ÷åðåïíî-ìîçêîâî¿ òðàâìè (×ÌÒ) â³ä³ãðàþòü äåñòðóêòèâí³ çì³íè íåéðîåíäîê-

ðèííèõ êë³òèí ã³ïîòàëàìóñó. Äëÿ êîðåêö³¿ òàêèõ ïîðóøåíü ïåðñïåêòèâíèì º êàðáàöåòàì, ÿêèé ìàº àíòèã³ïîêñè÷íèé, ïðîòè-
íàáðÿêîâèé òà ïðîòèøîêîâèé åôåêòè.

Ìåòà: äîñë³äèòè âïëèâ êàðáàöåòàìó íà ïðîöåñè íåéðîäåñòðóêö³¿ ó ïàðàâåíòðèêóëÿðíîìó ³ ñóïðàîïòè÷íîìó ÿäðàõ ã³ïîòà-
ëàìóñà ïðè åêñïåðèìåíòàëüí³é ×ÌÒ.

Ìàòåð³àëè òà ìåòîäè. ×ÌÒ ìîäåëþâàëè, çà ìîäåëëþ Â.Ì. ªëüñüêîãî, Ñ.Â. Çÿáë³öåâà, íà á³ëèõ áåçïîðîäíèõ ùóðàõ-ñàì-
öÿõ ìàñîþ 200±10 ã. Òâàðèíè äîñë³äíî¿ ãðóïè (n=10) îòðèìóâàëè âíóòð³øíüî÷åðåâí³ ³í’ºêö³¿ êàðáàöåòàìó ó äîç³ 5 ìã/êã ó 1
ìë ô³ç³îëîã³÷íîãî ðîç÷èíó ïðîòÿãîì 7 ä³á ï³ñëÿ òðàâìè. Ó êîíòðîëüí³é ãðóï³ (n=10) ââîäèëè 1 ìë ô³ç³îëîã³÷íîãî ðîç÷èíó. Íà
ì³êðîïðåïàðàòàõ òêàíèí ã³ïîòàëàìóñó çä³éñíþâàëè ìîðôîëîã³÷íó òà ³ìóíîã³ñòîõ³ì³÷íó îö³íêó íåéðîäåãåíåðàòèâíèõ çì³í ïðè
çàáàðâëåíí³ ãåìàòîêñèë³íîì òà åîçèíîì òà ³ìóíîã³ñòîõ³ì³÷íî äëÿ âèÿâëåííÿ íåéðîìàðêåð³â NSE, S-100 i GFAP.

Ðåçóëüòàòè. Êàðáàöåòàì çìåíøóâàâ äåãåíåðàòèâí³ ïðîöåñè ó íåðâîâ³é òêàíèí³ ïàðàâåíòðèêóëÿðíîãî ³ ñóïðàîïòè÷íîãî
ÿäåð ã³ïîòàëàìóñà, ùî ïðîÿâëÿëîñÿ â³äíîâëåííÿì íîðìàëüíèõ ìîðôîëîã³÷íèõ îçíàê, íà â³äì³íó â³ä ùóð³â, ÿê³ íå îòðèìóâà-
ëè ïðåïàðàòó. ²ìóíîã³ñòîõ³ì³÷íî ñïîñòåð³ãàëîñÿ çíèæåííÿ ð³âíÿ åêñïðåñ³¿ ãë³àëüíèõ ìàðêåð³â GFAP òà S-100, ùî â³äáèâàëî
çìåíøåííÿ äåãåíåðàòèâíèõ çì³í ó íåðâîâ³é òêàíèí³. Åêñïðåñ³¿ ìàðêåðà íåéðîí³â NSE çðîñòàëà, ùî â³äáèâàëî âèñîêó ìåòàáî-
ë³÷íó àêòèâí³ñòü íåéðîí³â.

Âèñíîâêè. Âèÿâëåí³ çì³íè åêñïðåñ³¿ ìàðêåð³â íåéðîí³â ³ ãë³¿ ñâ³ä÷èëè ïðî â³äíîâëåííÿ íîðìàëüíî¿ íåéðîíàëüíî¿ àêòèâ-
íîñò³ âíàñë³äîê ââåäåííÿ êàðáàöåòàìó.

Êëþ÷îâ³ ñëîâà: ÷åðåïíî-ìîçêîâà òðàâìà, êàðáàöåòàì, íåéðîñïåöèô³÷í³ á³ëêè S-100B, NSE, GFAP.

Àêòóàëüí³ñòü. Ïðîáëåìà ë³êóâàííÿ íàñë³äê³â ÷å-
ðåïíî-ìîçêîâî¿ òðàâìè (×ÌÒ) ïðåäñòàâëÿº âèñîêó
àêòóàëüí³ñòü ó ñó÷àñí³é ìåäèöèí³, òîìó ùî öåé òèï
ïîøêîäæåííÿ ãîëîâíîãî ìîçêó õàðàêòåðèçóºòüñÿ
âèñîêîþ ëåòàëüí³ñòþ òà âèñòóïàº ïðè÷èíîþ ³íâàë³-
äèçàö³¿ îñ³á ïðàöåçäàòíîãî â³êó ñåðåä óñ³õ ³íøèõ
òðàâìàòè÷íèõ ïîøêîäæåíü. Îñîáëèâî íåáåçïå÷í³
òðàâìè ñåðåäíüîãî òà âàæêîãî ñòóïåíÿ. Êð³ì òîãî,
íàâ³òü ï³ñëÿ òðàâìè ëåãêîãî ñòóïåíÿ ìîæóòü ôîðìó-
âàòèñÿ îñòàòî÷í³ ÿâèùà. Íåáåçïå÷í³ñòü ×ÌÒ ïðîÿâ-
ëÿºòüñÿ â øèðîêîìó ä³àïàçîí³ íåãàòèâíèõ íàñë³äê³â
– â³ä ô³çè÷íîãî ïîøêîäæåííÿ òêàíèí äî ïñèõîëîã³-
÷íèõ ³ êîãí³òèâíèõ ïðîáëåì [5].

Êëþ÷îâó ðîëü ó ïàòîãåíåç³ ×ÌÒ â³ä³ãðàþòü äåñ-
òðóêòèâí³ çì³íè íåðâîâî¿ òêàíèíè ãîëîâíîãî ìîçêó,
ÿê³ ïîëÿãàþòü ó ïîøêîäæåíí³ íåðâîâèõ òà ãë³àëü-
íèõ êë³òèí. Ìîðôîëîã³÷í³ ïîðóøåííÿ åëåìåíò³â íå-
ðâîâî¿ òêàíèíè ñïðÿæåí³ ç ôóíêö³îíàëüíèìè ïîðó-
øåííÿìè, çîêðåìà, ç äèñôóíêö³ºþ ì³æêë³òèííèõ
âçàºìîä³é, ùî ëåæèòü â îñíîâ³ ð³çíèõ çàõâîðþâàíü
[6]. Çâàæàþ÷è íà âèñîêó íåáåçïå÷í³ñòü íàñë³äê³â
×ÌÒ, íà ñüîãîäí³øí³é äåíü ³íòåíñèâíî ðîçðîáëÿ-
þòüñÿ ³ äîñë³äæóþòüñÿ ð³çíîìàí³òí³ ë³êàðñüê³ ïðå-
ïàðàòè, ÿê³ ðîçãëÿäàþòüñÿ â ïåðñïåêòèâ³ êîðåêö³¿ òà
â³äíîâëåííÿ ôóíêö³îíàëüíîãî ñòàíó ìîçêó.

Îäíèì ç òàêèõ ïðåïàðàò³â º êàðáàöåòàì, ÿêèé ÷è-
íèòü àíòèàìíåñòè÷íèé, àíòèã³ïîêñè÷íèé, àíêñ³îë³-
òè÷íèé òà àíòèøîêîâèé åôåêòè, òîìó öåé ïðåïàðàò
ðîçãëÿäàºòüñÿ ÿê ïåðñïåêòèâíèé çàñ³á äëÿ ïîïåðåä-
æåííÿ íåéðîãåííî¿ äèñôóíêö³¿ ïðè ×ÌÒ [4].

Ó çâ’ÿçêó ç öèì âèêëèêàº ³íòåðåñ âèâ÷åííÿ âïëè-
âó êàðáàöåòàìó íà ìîðôîëîã³÷í³ òà ³ìóíîã³-
ñòîõ³ì³÷í³ îñîáëèâîñò³ íåðâîâî¿ òêàíèíè ð³çíèõ
ä³ëÿíîê óøêîäæåíîãî âíàñë³äîê ×ÌÒ ìîçêó. Òîìó
ïðåäñòàâëÿº âàæëèâ³ñòü âèâ÷åííÿ ìîðôîëîã³¿ íåðâî-
âî¿ òêàíèíè òà åêñïðåñ³¿ ìàðêåð³â íåéðîí³â (NSE) òà
àñòðîöèò³â (GFAP I S-100) ó ã³ïîòàëàì³÷íèõ ÿäðàõ
ùóð³â ç ×ÌÒ ïðè ââåäåíí³ êàðáàöåòàìó. Âàðòî çàó-
âàæèòè, ùî äîñë³äæóâàí³ íåéðîìàðêåðè º äîñèòü
³íôîðìàòèâíèìè ïðè äîñë³äæåíí³ çàõâîðþâàíü, ùî
ñóïðîâîäæóþòüñÿ íåéðîäåãåíåðàòèâíèìè ïðîöåñà-
ìè, ùî ìàº ì³ñöå ïðè ×ÌÒ. Êð³ì òîãî, âêàçàí³ ìàð-
êåðè íåéðîí³â ³ àñòðîöèò³â äîçâîëÿþòü îá’ºêòèâíî
îö³íèòè òåðàïåâòè÷íèé åôåêò äîñë³äæóâàíîãî ïðå-
ïàðàòó ³ âèÿâèòè ôóíêö³îíàëüí³ çì³íè â íåðâîâ³é
òêàíèí³ [10].

Ìåòà: äîñë³äèòè âïëèâ êàðáàöåòàìó íà ïðîöåñè
íåéðîäåñòðóêö³¿ ó ïàðàâåíòðèêóëÿðíîìó ³ ñóïðàîï-
òè÷íîìó ÿäðàõ ã³ïîòàëàìóñà ïðè åêñïåðèìåíòàëüí³é
÷åðåïíî-ìîçêîâ³é òðàâì³.
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ÌÀÒÅÐ²ÀËÈ ÒÀ ÌÅÒÎÄÈ
Åêñïåðèìåíòè çä³éñíåí³ íà 20 á³ëèõ áåçïîðîä-

íèõ ùóðàõ-ñàìöÿõ, ÿêèì íàíîñèëè ×ÌÒ ñåðåäíüî-
âàæêîãî ñòóïåíÿ, çà ìîäåëëþ Â.Ì. ªëüñüêîãî,
Ñ.Â. Çÿáë³öåâà [3]. Ï³ä ÷àñ ïàòîëîãîàíàòîì³÷íîãî
ìàêðîñêîï³÷íîãî äîñë³äæåííÿ áóëî âñòàíîâëåíî,
ùî ×ÌÒ õàðàêòåðèçóâàëàñÿ íàÿâí³ñòþ øê³ðíî¿ òà
«îáîëîíêîâî¿» ãåìàòîì ó çîí³ óäàðó; ïåðåëîìàìè
ê³ñòîê ñêëåï³ííÿ ÷åðåïà áåç çñóâó ñåðåäíüîâàæêîãî
ñòóïåíÿ; ðîçòðîùåííÿì êîðè ò³ì’ÿíèõ ³ ñêðîíåâèõ
÷àñòîê (ó çîí³ óäàðó) é îñíîâè ëîáîâèõ ³ ñêðîíåâèõ
÷àñòîê (ó çîí³ ïðîòèóäàðó). Ó òêàíèí³ ãîëîâíîãî ìîç-
êó áóëè íàÿâí³ äèôóçí³ äð³áíîòî÷êîâ³ êðîâîâèëèâè.

Òâàðèíàì äîñë³äíî¿ ãðóïè (n=10) ùîäîáîâî, ïî-
÷èíàþ÷è ç ïåðøî¿ äîáè ï³ñëÿ òðàâìè, âíóòð³øíüî-
÷åðåâíî ââîäèëè êàðáàöåòàì ó äîç³ 5 ìã/êã ó 1 ìë
ô³ç³îëîã³÷íîãî ðîç÷èíó ïðîòÿãîì 7 ä³á ï³ñëÿ òðàâ-
ìè. Ó êîíòðîëüí³é ãðóï³ (õèáíîòðàâìîâàí³ ùóð³,
n=10) ïðè òèõ ñàìèõ óìîâàõ ââîäèëè 1 ìë ô³ç³îëîã-
³÷íîãî ðîç÷èíó. Â³ò÷èçíÿíèé ïðåïàðàò êàðáàöåòàì
áóâ ðîçðîáëåíèé â ²íñòèòóò³ ô³çèêî-îðãàí³÷íî¿ õ³ì³¿
òà âóãëåõ³ì³¿ ÍÀÍ Óêðà¿íè (ì. Äîíåöüê) [2]. Êàðáà-
öåòàì íàëåæèòü äî åíäîãåííèõ ìîäóëÿòîð³â ÃÀÌÊ-
áåíçîä³àçåï³íîâîãî ðåöåïòîðíîãî êîìïëåêñó, ïî-
õ³äíèõ β 

 
-êàðáîë³íó òà ïðåäñòàâëÿº ñîáîþ

êàðáîë³íîâèé ³çîñòåð (1-îêñî-3,3,6-òðèìåòèë-
1,2,3,4-òåòðàã³äðî³íäîëî[2,3-ñ]õ³íîë³í); β 

 
-êàðáîë³-

íîâà ñòðóêòóðà º îñíîâîþ äëÿ àëêàëî¿ä³â (β 
 

-êàð-
áîë³í³â), ÿê³ âèä³ëåí³ ç êâ³òêè – ãàðìàëè çâè÷àéíî¿
(Peganum harmala).

Íà 7 äîáó ãîëîâíèé ìîçîê, ÿêèé îòðèìàëè ïðè
äåêàï³òàö³¿ ï³ä çàãàëüíîþ àíåñòåç³ºþ, ïîì³ùàëè â
íåéòðàëüíèé çàáóôåðåíèé ðîç÷èí ôîðìàëüäåã³äó
(pH 7,4) ³ ô³êñóâàëè ïðîòÿãîì 24 ãîäèí. Ï³ñëÿ äåã³ä-
ðàòàö³¿ øìàòî÷êè çàëèâàëè â ïàðàô³í çà ñòàíäàðò-
íîþ ìåòîäèêîþ. Çð³çè çàâòîâøêè 3-4 ì³êðîíè îòðè-
ìóâàëè íà ðîòàö³éíèõ ì³êðîòîìàõ ÌÏÑ-2 òà
Microm HM 335 E. Íàäàë³ çð³çè äîñë³äæóâàëè çà äî-
ïîìîãîþ ñâ³òëîâî¿ ì³êðîñêîï³¿. Âèêîðèñòîâóâàëè
ñâ³òëîîïòè÷íèé ì³êðîñêîï «Olimpus BX 40» ³ç öèô-

ðîâîþ êàìåðîþ «Olimpus C3030-ADU» òà Ñ200î
ZOOM, «Olimpus BX 43» ç öèôðîâîþ êàìåðîþ
«Olimpus SC100» òà ïðîãðàìíèì çàáåçïå÷åííÿì
«Olimpus DP-Soft» ³ ñâ³òëîîïòè÷íèé ì³êðîñêîï Axio
Imager.A2 «Ñarl Zeiss» (ÔÐÍ) ³ç ñèñòåìîþ îïðàöþ-
âàííÿ äàíèõ «Axiovision» ïðè çá³ëüøåíí³ îá’ºêòèâà
×5, ×10, ×20, ×40, á³íîêóëÿðíî¿ íàñàäêè ×1,5 òà
îêóëÿðà ×10. Çð³çè çàáàðâëþâàëè ãåìàòîêñèë³íîì òà
åîçèíîì. Äëÿ ³ìóíîã³ñòîõ³ì³÷íîãî äîñë³äæåííÿ
çð³çè ðîçì³ùóâàëè íà ïîêðèòèõ àäãåçèâîì ñêåëüöÿ
Super Frost Plus (Menzel, ÔÐÍ). Äëÿ «äåìàñêóâàííÿ»
àíòèãåí³â ðåã³äðàòîâàí³ çð³çè òåðì³÷íî îáðîáëÿëè â
ðîç÷èí³ Target Retrieval Solution (DAKO, Äàí³ÿ), ³ç
âèêîðèñòàííÿì ì³êðîõâèëüîâî¿ ïå÷³. Ïîò³ì çð³çè
ôåðìåíòàòèâíî îáðîáëÿëè ïðîòå¿íàçîþ Ê (DAKO)
ïðîòÿãîì 5 õâèëèí. Íàäàë³ çä³éñíþâàëè áëîêóâàííÿ
åíäîãåííî¿ ïåðîêñèäàçíî¿ àêòèâíîñò³ ïåðîêñèäàç-
íèì áëîêîì ³ áëîêîì íåñïåöèô³÷íîãî çâ’ÿçóâàííÿ –
ïðîòå¿íîâèì áëîêîì (DAKO). Ï³ñëÿ öüîãî íàíîñèëè
ïåðâèíí³ àíòèò³ëà – á³ëîê S-100 (áàãàòîôóíêö³î-
íàëüíèé, code z0311), íåéðîñïåöèô³÷íó åíîëàçó
(NSE; code N1557), ãë³àëüíèé ô³áðèëÿðíèé êèñëèé
ïðîòå¿í (GFAP; code IS 524). Â³çóàë³çàö³þ ïåðâèí-
íèõ àíòèò³ë âèêîíóâàëè çà äîïîìîãîþ âèñîêî÷óòëè-
âî¿ ïîë³ìåðíî¿ ñèñòåìè äåòåêö³¿ DAKO Poly Vue
HRP/DAB.

ÐÅÇÓËÜÒÀÒ È ÒÀ ¯Õ ÎÁÃÎÂÎÐÅÍÍß

Ïàðàâåíòðèêóëÿðíå ÿäðî ã³ïîòàëàìóñà. Ïàðà-
âåíòðèêóëÿðíå ÿäðî (ÏÂß) ã³ïîòàëàìóñà íàëåæèòü
äî êðóïíîêë³òèííèõ ÿäåð ã³ïîòàëàìóñà. Ó ùóð³â
êîíòðîëüíî¿ ãðóïè ÏÂß ïðåäñòàâëåíå íåéðîíàìè òà
ãë³àëüíèìè êë³òèíàìè, ÿê³ ò³ñíî êîíòàêòóþòü ì³æ
ñîáîþ. Íåéðîíàì ïðèòàìàíí³ êðóïí³ ñâ³òë³ ÿäðà
êðóãëî¿ ÷è îâàëüíî¿ ôîðìè. Â äåÿêèõ ÿäðàõ ïîì³òí³
íåâåëèê³ ãëèáêè õðîìàòèíó, ÿê³ ðîçïîä³ëåí³ äèôóç-
íî ç ïåâíîþ êîíöåíòðàö³ºþ ï³ä ÿäåðíîþ ìåìáðà-
íîþ. Ãë³àëüí³ êë³òèíè õàðàêòåðèçóþòüñÿ ìåíøèì
ðîçì³ðîì, ïîð³âíÿíî ç íåéðîíàìè. Âîíè ðîçòàøî-
âàí³ íàâêîëî íåéðîí³â òà ñóòòºâî ïåðåâàæàþòü ¿õ çà

        
Ðèñ. 1. Ì³êðîôîòîãðàô³ÿ ÏÂß ã³ïîòàëàìóñà ùóðà ïðè ×ÌÒ. ²ìóíîã³ñòîõ³ì³÷íå âèÿâëåííÿ GFAP. ×400. À) êîíò-

ðîëüíà ãðóïà; Á) ïðè ââåäåíí³ êàðáàöåòàìó

«ˇ·Î≥ˆÂ‚ —.¬., œ‡ÌÓ‚‡ “.≤., —Ú‡Ó‰Û·Ò¸Í‡ Œ.Œ., ƒˇ‰ËÍ Œ.Œ.
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ê³ëüê³ñòþ (ðèñ. 1À). Àíàëîã³÷í³ ìîðôîëîã³÷í³ õàðàê-
òåðèñòèêè ÏÂß çóñòð³÷àþòüñÿ â ³íøèõ àâòîð³â [7].

Íàéá³ëüø ïîøèðåíèì òèïîì ãë³àëüíèõ êë³òèí º
àñòðîöèòè, ÿê³ äîáðå âèÿâëÿþòüñÿ ³ìóíîã³ñòîõ³ì³÷-
íèìè ìåòîäàìè, îñê³ëüêè ìàðêåðîì öèõ êë³òèí âèñ-
òóïàº GFAP. Ó äàí³é ãðóï³ òâàðèí ñòóï³íü åêñïðåñ³¿
GFAP íå äîñèòü âèðàæåíèé, ùî ñâ³ä÷èòü ïðî íà-
ÿâí³ñòü íåòÿæêîãî óøêîäæåííÿ íåðâîâî¿ òêàíèíè.
Ìîðôîëîã³÷íî öå ï³äòâåðäæóºòüñÿ ïåðåâàæíîþ
ê³ëüê³ñòþ íîðìàëüíèõ íåéðîí³â, áåç äåãåíåðàòèâíèõ
îçíàê. Ëèøå íåçíà÷íà ÷àñòèíà íåðâîâèõ êë³òèí ìàº
ã³ïåðõðîìí³ ÿäðà íåïðàâèëüíî¿ ôîðìè (ðèñ. 1À), ùî
â³äîáðàæàº ïîðóøåííÿ ôóíêö³îíàëüíî¿ àêòèâíîñò³
àæ äî ïîâíî¿ âòðàòè ôóíêö³é. Â ö³ëîìó â ÏÂß ùóð³â
êîíòðîëüíî¿ ãðóï ñïîñòåð³ãàþòüñÿ ìîðôîëîã³÷í³ òà
³ìóíîã³ñòîõ³ì³÷í³ îçíàêè äåñòðóêòèâíèõ çì³í íåðâî-
âî¿ òêàíèíè.

ÏÂß ùóð³â ç ×ÌÒ ïðè ââåäåíí³ êàðáàöåòàìó çà-
ãàëîì çáåð³ãàº ò³ æ ìîðôîëîã³÷í³ ðèñè, ÿê ³ ó òâàðèí
êîíòðîëüíî¿ ãðóïè. Â äàí³é ãðóï³ ùóð³â çóñòð³÷à-
þòüñÿ ãåòåðîãåíí³ íåéðîíè: ÿê îâàëüí³ ç³ ñâ³òëèìè
ÿäðàìè, òàê ³ êë³òèíè íåïðàâèëüíî¿ ôîðìè ç ã³ïåðõ-
ðîìíèìè ÿäðàìè. Ïîêàçîâîþ îçíàêîþ àñòðîöèò³â
ùóð³â äàíî¿ ãðóïè º çíà÷íî ìåíøèé ñòóï³íü åêñï-
ðåñ³¿ GFAP, í³æ ó òâàðèí êîíòðîëüíî¿ ãðóïè (ðèñ.
1Á). Òàê³ çì³íè ìîæóòü áóòè ïîâ’ÿçàí³ ç êîðèãóþ-

        
Ðèñ. 2. Ì³êðîôîòîãðàô³ÿ ÏÂß ã³ïîòàëàìóñà ùóðà ïðè ×ÌÒ. ²ìóíîã³ñòîõ³ì³÷íå âèÿâëåííÿ NSE. ×400. À)

êîíòðîëüíà ãðóïà; Á) ïðè ââåäåíí³ êàðáàöåòàìó

        
Ðèñ. 3. Ì³êðîôîòîãðàô³ÿ ÏÂß ã³ïîòàëàìóñà ùóðà ïðè ×ÌÒ. ²ìóíîã³ñòîõ³ì³÷íå âèÿâëåííÿ S-100. ×400. À) êîíò-

ðîëüíà ãðóïà; Á) ïðè ââåäåíí³ êàðáàöåòàìó

÷èì âïëèâîì êàðáàöåòàìó íà äåñòðóêö³éí³ çì³íè íå-
ðâîâî¿ òêàíèíè âíàñë³äîê ×ÌÒ, çîêðåìà, íà ãë³àëü-
íèé êîìïîíåíò [12].

Ïðè äîñë³äæåíí³ åêñïðåñ³¿ NSE â ÏÂß ã³ïîòàëà-
ìóñà ùóð³â ñïîñòåð³ãàºòüñÿ íåâèñîêèé ð³âåíü åêñï-
ðåñ³¿ äàíîãî íåéðîìàðêåðà â êîíòðîëüí³é ãðóï³ (ðèñ.
2À). Îñê³ëüêè NSE ââàæàºòüñÿ ìàðêåðîì ìåòàáîë³÷-
íî àêòèâíèõ íåéðîí³â, íåçíà÷íèé ð³âåíü éîãî åêñï-
ðåñ³¿ ìîæíà ðîçãëÿäàòè ÿê îçíàêó íèçüêîãî åíåðãî-
îáì³íó â íåðâîâ³é òêàíèí³ [11].

Ï³ñëÿ ââåäåííÿ êàðáàöåòàìó â ÏÂß ã³ïîòàëàìóñà
ùóð³â ñïîñòåð³ãàºòüñÿ âèñîêèé ð³âåíü åêñïðåñ³¿
NSE, ïîð³âíÿíî ç êîíòðîëüíîþ ãðóïîþ (ðèñ. 2Á),
ùî ³ëþñòðóº ï³äâèùåííÿ ìåòàáîë³÷íî¿ àêòèâíîñò³
íåéðîí³â ó ðåçóëüòàò³ ä³¿ äàíîãî ïðåïàðàòó.

Ïðè ³ìóíîã³ñòîõ³ì³÷íîìó äîñë³äæåíí³ åêñïðåñ³¿
S-100 â ÏÂß ã³ïîòàëàìóñà ùóð³â êîíòðîëüíî¿ ãðóïè
áóëè âèÿâëåí³ àñòðîöèòè, ÿê³ âèä³ëÿþòü öåé á³ëîê
(ðèñ. 3À). Ïîð³âíÿíî íåâåëèêà ê³ëüê³ñòü òàêèõ
êë³òèí ñâ³ä÷èòü ïðî íåçíà÷íèé ñòóï³íü óðàæåííÿ
íåðâîâî¿ òêàíèíè ï³ñëÿ ×ÌÒ òà çáåðåæåííÿ çäàò-
íîñò³ íåéðîí³â òà ãë³¿ äî ðåãåíåðàö³¿.

Ó ùóð³â, ÿê³ îòðèìóâàëè êàðáàöåòàì, ó ÏÂß
ã³ïîòàëàìóñà òàêîæ âèÿâëÿëèñÿ êë³òèíè, ùî åêñïðå-
ñóþòü á³ëîê S-100 (ðèñ. 3Á). Ñòóï³íü åêñïðåñ³¿ S-100
â äàí³é ãðóï³ ùóð³â íåçíà÷íî çìåíøóºòüñÿ ïîð³âíÿ-
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íî ç êîíòðîëåì, òîáòî êàðáàöåòàì ñïðè÷èíèâ ïåâíå
çíèæåííÿ åêñïðåñ³¿ öüîãî íåéðîìàðêåðó. Â³äïîâ³ä-
íî, ï³ä âïëèâîì êàðáàöåòàìó â³äáóëîñÿ â³äíîâëåííÿ
àñòðîöèòàðíî¿ ôóíêö³¿ âíàñë³äîê ×ÌÒ.

Ñóïðàîïòè÷íå ÿäðî ã³ïîòàëàìóñà. Ñóïðàîïòè÷-
íå ÿäðî (ÑÎß) ã³ïîòàëàìóñà, ÿê ³ ÏÂß, íàëåæèòü äî
êðóïíîêë³òèííèõ ÿäåð ã³ïîòàëàìóñà. Â êîíòðîëüí³é
ãðóï³ ùóð³â ÑÎß ïðåäñòàâëåíå íåéðîíàìè òà á³ëüø
äð³áíèìè ãë³àëüíèìè êë³òèíàìè, ùî îòî÷óþòü íåé-
ðîíè. Òàêèé îïèñ óçãîäæóºòüñÿ ç äàíèìè ³íøèõ äîñ-
ë³äíèê³â [7]. Ó ÷àñòèíè íåéðîí³â â³äì³÷àþòüñÿ
êðóïí³ îêðóãë³ ñâ³òë³ ÿäðà ç íåâåëèêèìè ãëèáêàìè
õðîìàòèíó, ÿê³ çì³ùåí³ ïåðåâàæíî íà ïåðèôåð³þ
ÿäðà, ùî â³äîáðàæàº âèñîêó ôóíêö³îíàëüíó àê-
òèâí³ñòü êë³òèí. Àëå ó çíà÷íî¿ ÷àñòèíè íåðâîâèõ
êë³òèí ïåðåâàæàº ãåòåðîõðîìàòèí, ÷åðåç ùî ÿäðà
íàáóâàþòü òåìíîãî çàáàðâëåííÿ (ðèñ. 4À). Òàê ïðî-
ÿâëÿºòüñÿ íèçüêà ôóíêö³îíàëüíà àêòèâí³ñòü êë³òèí.
Êð³ì òîãî, ÿäðàì íåéðîí³â ïðèòàìàííà ïåâíà çìîð-
øêóâàò³ñòü (â³äõèëåííÿ â³ä õàðàêòåðíî¿ êðóãëî¿ ÷è
îâàëüíî¿ ôîðìè), ùî âêàçóº íà äåãåíåðàòèâí³ ïðîöå-
ñè â êë³òèí³. Êð³ì òîãî, â äàí³é ãðóï³ ùóð³â íàâêîëî
íåéðîí³â ïîì³òíèé âèñîêèé ð³âåíü åêñïðåñ³¿ GFAP,
ùî ïðèòàìàííå äëÿ çàãèáåë³ êë³òèí ³ ï³äòâåðäæóºòü-
ñÿ ìîðôîëîã³÷íèìè äàíèìè. ²íòåíñèâíå âèä³ëåííÿ

                                                              
Ðèñ. 4. Ì³êðîôîòîãðàô³ÿ ÑÎß ã³ïîòàëàìóñà ùóðà ïðè ×ÌÒ. ²ìóíîã³ñòîõ³ì³÷íå âèÿâëåííÿ GFAP. ×400. À) êîíò-

ðîëüíà ãðóïà; Á) ïðè ââåäåíí³ êàðáàöåòàìó

GFAP ïîÿñíþºòüñÿ òèì, ùî ó âèïàäêó ïîøêîäæåí-
íÿ íåéðîí³â àñòðîöèòè ìàêñèìàëüíî ï³äñèëþþòü
ñâîþ ôóíêö³îíàëüíó àêòèâí³ñòü äëÿ êîìïåíñàö³¿ ÷à-
ñòèíè âòðà÷åíèõ íåéðîíàëüíèõ ôóíêö³é, ùî íåîáõ-
³äíî äëÿ çàáåçïå÷åííÿ íîðìàëüíî¿ æèòòºä³ÿëüíîñò³
êë³òèí óðàæåíî¿ ä³ëÿíêè ìîçêó.

Ï³ñëÿ ââåäåííÿ êàðáàöåòàìó â ÑÎß ã³ïîòàëàìóñà
ùóð³â ñïîñòåð³ãàºòüñÿ çíèæåííÿ åêñïðåñ³¿ GFAP ïî-
ð³âíÿíî ç êîíòðîëåì, ùî ñâ³ä÷èòü ïðî çìåíøåííÿ
äåãåíåðàòèâíèõ óðàæåíü íåðâîâî¿ òêàíèíè âíàñë³-
äîê ×ÌÒ. Êð³ì òîãî, íîðìàëüíèé ôóíêö³îíàëüíèé
ñòàí íåéðîí³â òâàðèí ö³º¿ ãðóïè òâàðèí ï³äòâåðä-
æóºòüñÿ ìîðôîëîã³÷íî – á³ëüøîñò³ íåðâîâèõ êë³òèí
ïðèòàìàííà îêðóãëà ôîðìà ÿäåð òà âåëèêà ê³ëüê³ñòü
åóõðîìàòèíó (îçíàêà ³íòåíñèâíîñò³ ñèíòåòè÷íèõ
ïðîöåñ³â) (ðèñ. 4Á). Òàêèì ÷èíîì, â ÑÎß ã³ïîòàëà-
ìóñà ùóð³â ï³ä âïëèâîì êàðáàöåòàìó ñïîñòåð³ãàëî-
ñÿ â³äíîâëåííÿ äåãåíåðàòèâíèõ çì³í íåðâîâî¿ òêà-
íèíè, ïðè÷èíåíèõ ×ÌÒ, ùî ïðîÿâëÿëîñÿ ÿê
ìîðôîëîã³÷íî, òàê ³ â çì³í³ ð³âíÿ åêñïðåñ³¿ GFAP.

Ðåçóëüòàòè äîñë³äæåííÿ åêñïðåñ³¿ NSE â ÑÎß
ã³ïîòàëàìóñà ùóð³â êîíòðîëüíî¿ ãðóïè ïîêàçàëè íå-
âèñîêèé ð³âåíü åêñïðåñ³¿ äàíîãî íåéðîìàðêåðà (ðèñ.
5À), ùî ìîæíà ïîâ’ÿçàòè ç íèçüêîþ ìåòàáîë³÷íîþ
àêòèâí³ñòþ á³ëüøîñò³ íåéðîí³â.

        
Ðèñ. 5. Ì³êðîôîòîãðàô³ÿ ÑÎß ã³ïîòàëàìóñà ùóðà ïðè ×ÌÒ. ²ìóíîã³ñòîõ³ì³÷íå âèÿâëåííÿ NSE. ×400. À) êîíòðîëüíà

ãðóïà; Á) ïðè ââåäåíí³ êàðáàöåòàìó
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15ISSN 2664-472Õ. å ISSN 2664-4738. Medical science of Ukraine / Ìåäè÷íà íàóêà Óêðà¿íè, 2018, Vol. 14, ¹ 1–2

Ó ùóð³â, ÿêèì ââîäèëè êàðáàöåòàì, ñïîñòåð³-
ãàºòüñÿ åêñïðåñ³ÿ NSE â óñ³õ íåéðîíàõ äàíî¿ ä³ëÿí-
êè ìîçêó. Òîáòî ââåäåííÿ öüîãî ïðåïàðàòó ñïðè÷è-
íèëî çðîñòàííÿ ð³âíÿ åêñïðåñ³¿ NSE â ÑÎß
ã³ïîòàëàìóñà ùóð³â, ïîð³âíÿíî ç êîíòðîëåì (ðèñ.
5Á). Òàê³ çì³íè â ð³âí³ åêñïðåñ³¿ äàíîãî íåéðîìàðêå-
ðà ìîæíà ïîÿñíèòè ï³äñèëþþ÷èì âïëèâîì êàðáàöå-
òàìó íà ìåòàáîë³çì ó íåéðîíàõ [8].

²ìóíîã³ñòîõ³ì³÷íå âèÿâëåííÿ S-100 â ÑÎß ã³ïî-
òàëàìóñà ùóð³â êîíòðîëüíî¿ ãðóïè ïîêàçàëî, ùî äà-
íèé íåéðîìàðêåð åêñïðåñóºòüñÿ â áàãàòüîõ àñòðîöè-
òàõ ö³º¿ ä³ëÿíêè ã³ïîòàëàìóñà (ðèñ. 6À), ùî âêàçóº
íà çíà÷íèé ð³âåíü ïîøêîäæåííÿ íåðâîâî¿ òêàíèíè
âíàñë³äîê ×ÌÒ.

Ó ùóð³â, ÿêèì ââîäèëè êàðáàöåòàì, ñòóï³íü åêñ-
ïðåñ³¿ S-100 â ÑÎß ã³ïîòàëàìóñà íåçíà÷íî
â³äð³çíÿºòüñÿ â³ä êîíòðîëüíî¿ ãðóïè â á³ê çìåíøåí-
íÿ (ðèñ. 6Á). Òîìó ìîæíà çàçíà÷èòè, ùî ïðåïàðàò ó
ïåâí³é ì³ð³ ïðèãí³÷óº ³íòåíñèâí³ñòü äåãåíåðàòèâíèõ
ïðîöåñ³â ó äàí³é ä³ëÿíö³ ã³ïîòàëàìóñà ï³ñëÿ ×ÌÒ.

Â ö³ëîìó äîñë³äæåííÿ ìîðôîëîã³¿ íåðâîâî¿ òêà-
íèíè ÑÎß ³ ÏÂß ã³ïîòàëàìóñà ïîêàçàëî, ùî ïðè
×ÌÒ ÷àñòèíà íåéðîí³â äàíèõ ä³ëÿíîê ìîçêó ìàº âè-
ðàæåí³ â ð³çí³é îçíàêè ïîøêîäæåííÿ: íåïðàâèëüíó
ôîðìó òà òåìíèé êîë³ð ÿäåð, ñêóï÷åííÿ ãåòåðîõðî-
ìàòèíó òîùî. ²ìóíîã³ñòîõ³ì³÷íå âèÿâëåííÿ íåéìàð-
êåð³â GFAP, NSE òà S-100 ï³äòâåðäæóº íàÿâí³ñòü
äåãåíåðàòèâíèõ çì³í ó íåðâîâî¿ òêàíèí³ ïðè ×ÌÒ. Â
íåðâîâ³é òêàíèí³ GFAP òà S-100 åêñïðåñóþòüñÿ àñò-
ðîöèòàìè, à S-100 – íåéðîíàìè. Â ñâîþ ÷åðãó, â
ÑÎß òà ÏÂß ã³ïîòàëàìóñà òâàðèí ç ×ÌÒ ñïîñòåð³-
ãàëèñÿ âèñîê³ ð³âí³ åêñïðåñ³¿ GFAP òà S-100, ùî
ñâ³ä÷èòü ïðî ïîðóøåííÿ íåéðîí-ãë³àëüíèõ âçàº-
ìîä³é òà âñ³õ ïðîöåñ³â, ÿê³ çàëåæàòü â³ä ñêîîðäèíî-
âàíî¿ ðîáîòè íåéðîí³â ³ àñòðîöèò³â. À åêñïðåñ³ÿ
NSE áóëà íåçíà÷íà, ùî ïîâ’ÿçàíî ç ïîðóøåííÿì ìå-
òàáîë³çìó â íåéðîíàõ âíàñë³äîê ×ÌÒ. Òîáòî â äîñë-
³äæóâàíèõ ã³ïîòàëàì³÷íèõ ä³ëÿíêàõ ùóð³â ç ×ÌÒ
ïðîñë³äêîâóþòüñÿ ìîðôîëîã³÷í³ òà ³ìóíîã³-
ñòîõ³ì³÷í³ îçíàêè ïîøêîäæåííÿ íåðâîâî¿ òêàíèíè,

        
Ðèñ. 6. Ì³êðîôîòîãðàô³ÿ ÑÎß ã³ïîòàëàìóñà ùóðà ïðè ×ÌÒ. ²ìóíîã³ñòîõ³ì³÷íå âèÿâëåííÿ S-100. ×400. À) êîíò-

ðîëüíà ãðóïà; Á) ïðè ââåäåíí³ êàðáàöåòàìó

ùî â³äîáðàæàºòüñÿ ó ïîðóøåíí³ ôóíêö³îíàëüíèõ
ìîæëèâîñòåé íåðâîâèõ ³ ãë³àëüíèõ êë³òèí.

Ó ùóð³â, ÿê³ îòðèìóâàëè êàðáàöåòàì, íåéðîíè
ÑÎß ³ ÏÂß ã³ïîòàëàìóñà ìàëè ìîðôîëîã³÷í³ îçíàêè
êë³òèí ç íîðìàëüíèìè ôóíêö³îíàëüíèìè ìîæëèâîñ-
òÿìè: îêðóãëà ÷è îâàëüíà ôîðìà ÿäåð, âèñîêèé
âì³ñò åóõðîìàòèíó, â³äñóòí³ñòü äèñòðîô³÷íèõ îçíàê.
Ïðè äîñë³äæåíí³ åêñïðåñ³¿ íåéðîìàðêåð³â ñïîñòåð³-
ãàºòüñÿ çíèæåííÿ ð³âíÿ åêñïðåñ³¿ GFAP òà S-100, ùî
³ëþñòðóº çìåíøåííÿ/çíèêíåííÿ äåãåíåðàòèâíèõ
çì³í ó íåðâîâ³é òêàíèí³. Êð³ì òîãî, çðîñòàííÿ ð³âíÿ
åêñïðåñ³¿ öèõ ìàðêåð³â, îñîáëèâî GFAP, â³äîáðàæàº
àêòèâàö³þ àñòðîöèò³â, ÿê³ âèêîíóþòü ðÿä âàæëèâèõ
ôóíêö³é, ïîâ’ÿçàíèõ ç çàáåçïå÷åííÿì íåéðîíàëüíî¿
àêòèâíîñò³. Çðîñòàííÿ ð³âíÿ åêñïðåñ³¿ ìàðêåð³â àñò-
ðîöèò³â ïîâ’ÿçàíå ç ïåâíèìè ïîðóøåííÿìè â íå-
ðâîâ³é òêàíèí³, â äàíîìó äîñë³äæåíí³ ç ×ÌÒ, âíàñë-
³äîê ÷îãî ïîðóøóºòüñÿ íåéðîíàëüíà ôóíêö³ÿ.
Àñòðîöèòè, â ñâîþ ÷åðãó, àêòèâóþòüñÿ äëÿ ìàêñè-
ìàëüíî¿ êîìïåíñàö³¿ ôóíêö³é ïîøêîäæåíèõ íåé-
ðîí³â, ùî ìàº ì³ñöå ïðè ×ÌÒ [1]. Åêñïðåñ³ÿ íåéðî-
ìàðêåðà NSE, â ñâîþ ÷åðãó, ñïîñòåð³ãàëàñÿ â óñ³õ
íåéðîíàõ ÑÎß ³ ÏÂß ã³ïîòàëàìóñà ùóð³â, ùî äå-
ìîíñòðóº âèñîêó ìåòàáîë³÷íó àêòèâí³ñòü ó íåðâîâèõ
êë³òèíàõ [9].

ÂÈÑÍÎÂÊÈ

Êîìïëåêñíå ìîðôîëîã³÷íå òà ³ìóíîã³ñòîõ³ì³÷íå
äîñë³äæåííÿ ÑÎß ³ ÏÂß ã³ïîòàëàìóñà ùóð³â ïðè
×ÌÒ ïîêàçàëî, ùî êàðáàöåòàì êîðåãóº äåãåíåðà-
òèâí³ çì³íè â íåðâîâ³é òêàíèí³ âíàñë³äîê óøêîä-
æåííÿ ìîçêó. Ïðè÷îìó ïðåïàðàò ä³º ÿê íà íåéðîíè,
òàê ³ íà ãë³þ, ïîêðàùóþ÷è ìåòàáîë³çì íåéðîí³â òà
àêòèâóþ÷è àñòðîöèòàðíó ôóíêö³þ, ùî ìàº êëþ÷îâó
ðîëü ó ï³äòðèìàíí³ íîðìàëüíîãî ôóíêö³îíàëüíîãî
ñòàíó íåðâîâî¿ òêàíèíè. Âïëèâ êàðáàöåòàìó ïðîÿâ-
ëÿºòüñÿ ÿê â ìîðôîëîã³÷íèõ çì³íàõ íåéðîí³â, òàê ³ â
³ìóíîã³ñòîõ³ì³÷íèõ ïîêàçíèêàõ åêñïðåñ³¿ íåéðîìàð-
êåð³â, ÿê³ â³äîáðàæàþòü ñòàí íåðâîâî¿ òêàíèíè. Â
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ö³ëîìó äàíèé ïðåïàðàò çìåíøóº äåãåíåðàòèâí³
çì³íè â íåðâîâ³é òêàíèí³ òâàðèí ç ×ÌÒ.

Êîíôë³êò ³íòåðåñ³â. Àâòîðè çàÿâëÿþòü, ùî íå
ìàþòü êîíôë³êòó ³íòåðåñ³â, ÿêèé ìîæå ñïðèéìàòèñÿ
òàêèì, ùî ìîæå çàâäàòè øêîäè íåóïåðåäæåíîñò³
ñòàòò³.

Äæåðåëà ô³íàíñóâàííÿ. Ðîáîòà âèêîíàíà ó ðàì-
êàõ äåðæáþäæåòíî¿ ÍÄÐ êàôåäðè ïàòîô³ç³îëîã³¿
Íàö³îíàëüíîãî ìåäè÷íîãî óí³âåðñèòåòó ³ìåí³
Î.Î. Áîãîìîëüöÿ «Ìåõàí³çìè íåéðîãîðìîíàëüíèõ
òà ³ìóííèõ ïîðóøåíü ïðè ÷åðåïíî-ìîçêîâ³é òðàâì³ ³
øëÿõè ¿õ ïàòîãåíåòè÷íî¿ êîðåêö³¿», ¹ äåðæðåºñò-
ðàö³¿ 0116U004319, ñòðîêè âèêîíàííÿ:2016–
2017 ð.ð.
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ÝÊÑÏÅÐÈÌÅÍÒÀËÜÍÎÅ ÈÑÑËÅÄÎÂÀÍÈÅ ÂËÈßÍÈß ÊÀÐÁÀÖÅÒÀÌÀ ÍÀ ÑÎÑÒÎßÍÈÅ
ÒÊÀÍÅÉ ÃÈÏÎÒÀËÀÌÓÑÀ ÏÐÈ ×ÅÐÅÏÍÎ-ÌÎÇÃÎÂÎÉ ÒÐÀÂÌÅ

1Çÿáëèöåâ Ñ.Â., 1Ïàíîâà Ò.È., 1Ñòàðîäóáñêàÿ À.À., 2Äÿäûê Å.À.
1Íàöèîíàëüíûé ìåäèöèíñêèé óíèâåðñèòåò èìåíè À. À. Áîãîìîëüöà, Êèåâ, Óêðàèíà

2Íàöèîíàëüíàÿ ìåäèöèíñêàÿ àêàäåìèÿ ïîñëåäèïëîìíîãî îáðàçîâàíèÿ èìåíè Ï.Ë. Øóïèêà, Êèåâ, Óêðàèíà
Àêòóàëüíîñòü. Êëþ÷åâóþ ðîëü â ïàòîãåíåçå ÷åðåïíî-ìîçãîâîé òðàâìû (×ÌÒ) èãðàþò äåñòðóêòèâíûå èçìåíåíèÿ íåéðî-

ýíäîêðèííûõ êëåòîê ãèïîòàëàìóñà. Äëÿ êîððåêöèè òàêèõ íàðóøåíèé ïåðñïåêòèâíûì ÿâëÿåòñÿ êàðáàöåòàì, êîòîðûé èìååò
àíòèãèïîêñè÷åñêèé, ïðîòèâîîòå÷íûé è ïðîòèâîøîêîâûé ýôôåêòû.

Öåëü: èññëåäîâàòü âëèÿíèå êàðáàöåòàìà íà ïðîöåññû íåéðîäåñòðóêöèè â ïàðàâåíòðèêóëÿðíîì è ñóïðàîïòè÷åñêîì ÿäðàõ
ãèïîòàëàìóñà ïðè ýêñïåðèìåíòàëüíîé ×ÌÒ.

Ìàòåðèàë è ìåòîäû. ×ÌÒ ìîäåëèðîâàëè ïî Â.Í. Åëüñêîìó, Ñ.Â. Çÿáëèöåâó, íà áåëûõ áåñïîðîäíûõ êðûñàõ-ñàìöàõ ìàñ-
ñîé 200±10 ã. Æèâîòíûå îïûòíîé ãðóïïû (n=10) ïîëó÷àëè âíóòðèáðþøíûå èíúåêöèè êàðáàöåòàìà â äîçå 5 ìã/êã â 1 ìë ôè-
çèîëîãè÷åñêîãî ðàñòâîðà â òå÷åíèå 7 ñóòîê ïîñëå òðàâìû. Â êîíòðîëüíîé ãðóïïå (n=10) ââîäèëè 1 ìë ôèçèîëîãè÷åñêîãî ðà-
ñòâîðà. Íà ìèêðîïðåïàðàòàõ òêàíåé ãèïîòàëàìóñà îñóùåñòâëÿëè ìîðôîëîãè÷åñêóþ è èììóíîãèñòîõèìè÷åñêóþ îöåíêó
íåéðîäåãåíåðàòèâíûõ èçìåíåíèé ïðè îêðàñêå ãåìàòîêñèëèíîì è ýîçèíîì è èììóíîãèñòîõèìè÷åñêîì äëÿ âûÿâëåíèè íåéðî-
ìàðêåðîâ NSE, S-100 i GFAP.

Ðåçóëüòàòû. Êàðáàöåòàì óìåíüøàë äåãåíåðàòèâíûå ïðîöåññû â íåðâíîé òêàíè ïàðàâåíòðèêóëÿðíîãî è ñóïðàîïòè÷åñêî-
ãî ÿäåð ãèïîòàëàìóñà, ÷òî ïðîÿâëÿëîñü âîññòàíîâëåíèåì íîðìàëüíûõ ìîðôîëîãè÷åñêèõ ïðèçíàêîâ, â îòëè÷èå îò êðûñ, íå

«ˇ·Î≥ˆÂ‚ —.¬., œ‡ÌÓ‚‡ “.≤., —Ú‡Ó‰Û·Ò¸Í‡ Œ.Œ., ƒˇ‰ËÍ Œ.Œ.
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ïîëó÷àâøèõ ïðåïàðàòà. Èììóíîãèñòîõèìè÷åñêè íàáëþäàëîñü ñíèæåíèå óðîâíÿ ýêñïðåññèè ãëèàëüíûõ ìàðêåðîâ GFAP è S-
100, ÷òî îòðàæàëî óìåíüøåíèå äåãåíåðàòèâíûõ èçìåíåíèé â íåðâíîé òêàíè. Ýêñïðåññèÿ ìàðêåðà íåéðîíîâ NSE âîçðàñòàëà,
÷òî îòðàæàëî âûñîêóþ ìåòàáîëè÷åñêóþ àêòèâíîñòü íåéðîíîâ.

Âûâîäû. Âûÿâëåííûå èçìåíåíèÿ ýêñïðåññèè ìàðêåðîâ íå éðîíîâ è ãëèè ñâèäåòåëüñòâîâàëè î âîññòàíîâëåíèè íîðìàëü-
íîé íåéðîíàëüíîé àêòèâíîñòè âñëåäñòâèå âîçäåéñòâèÿ êàðáàöåòàìà.

Êëþ÷åâûå ñëîâà: ÷åðåïíî-ìîçãîâàÿ òðàâìà, êàðáàöåòàì, íåéðîñïåöèôè÷åñêèå áåëêè S-100B, NSE, GFAP.

EXPERIMENTAL INVESTIGATION ON CARBACETAM INFLUENCE ON HYPOTHALAMUS
TISSUE IN BRAIN INJURY

1Ziablytsev S.V., 1Panova T.I., 1Starodubska O.O., 2Dyadik O.O.
1O.O. Bogomolets National Medical University, Kyiv, Ukraine

2P.L. Shupik National Medical Academy of Postgraduate Education, Kyiv, Ukraine

Relevance. A key role in the pathogenesis of the brain injury is played by destructive changes in the hypothalamus
neuroendocrine cells. For the correction of such disorders, promising is carbacetam, which has antihypoxic, anti-edema and anti-shock
effects.

Objective: to investigate the effect of carbacetam on the processes of neurodegeneration in the paraventricular and supraoptical
nuclei of the hypothalamus in the experimental brain injury.

Material and methods. Brain injury were modeled on the V.M. Elskyy &S.V. Ziablitsev model on white non-breeding male rats
weighing 200±10 g. Experimental animals (n=10) received intraabdominal injection of carbacetam at a dose of 5 mg/kg in 1 ml of
physiological saline during the seven days after injury. In the control group (n=10), 1 ml of physiological saline was injected.
Hypothalamic tissue microparticles performed a morphological and immunohistochemical evaluation of neurodegenerative changes
when stained with hematoxylin and eosin and immunohistochemically to detect NSE, S-100 and GFAP neuromarkers.

Results. Carbacetam reduced the degenerative processes in the nervous tissue of the paraventricular and supraoptical nuclei of the
hypothalamus, which was manifested by the restoration of normal morphological features, in contrast to rats that did not receive the
drug. Immunohistochemically, GFAP and S-100 glial markers exhibited reduced, reflecting a reduction in degenerative changes in the
nerve tissue. Expressions of the neurons marker NSE increased, reflecting high metabolic activity of the neurons.

Conclusions. Revealed changes in the expression of markers of neurons and glia showed a restoration of normal neuronal activity
due to the introduction of carbacetam.

Key words: brain injury, carbacetam, neurospecific proteins S-100B, NSE, GFAP.
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