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DIFFERENTIATION OF LYMPHOCYTES IN
THYMUS OF RATS WITH STREPTOZOTOCIN-
INDUCED DIABETES COMPLICATED  WITH

ISCHEMIA-REPERFUSION OF BRAIN

A. V. Tkachuk
Abstract. It has been immunohistochemically investigated

the combined influence of streptozotocin-induced diabetes and
brain ischemia-reperfusion on the thymocytes differentiation
processes using monoclonal antibodies to CD4 and CD8 rats an-

tigens. It was ascertained that the diabetes disturbs CD4+ and
CD8+-lymphocytes differentiation and its balans in thymus and
brain ischemia-reperfusion intensifies these changes.
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Ðåçþìå. Äîñë³äæåíî âïëèâ ³øåì³¿ ãîëîâíîãî ìîçêó ç íàñòóïíîþ
ðåïåðôóç³ºþ íà ðåàêö³þ êàòåõîëàì³í³â êîðè, ã³ïîêàìïà, ÿäåð
ã³ïîòàëàìóñà, ïåðåãîðîäêè òà ìèãäàëåïîä³áíîãî êîìïëåêñó â
äîðîñëèõ ³ ñòàðèõ ùóð³â. Âñòàíîâëåíî, ùî ðåàêö³ÿ êàòåõîëàì³-
í³â îçíà÷åíèõ ñòðóêòóð â ïîñò³øåì³÷íîìó ïåð³îä³ ñõîæà â ùóð³â
îáîõ â³êîâèõ ãðóï, à â³äíîâëåííÿ âì³ñòó êàòåõîëàì³í³â ïðîòÿãîì
ðåïåðôóç³éíîãî ïåð³îäó â ñòàðèõ ùóð³â ïîð³âíÿíî ç äîðîñëèìè
ñïîâ³ëüíåíå.

Êëþ÷îâ³ ñëîâà: êàðîòèäíà ³øåì³ÿ-
ðåïåðôóç³ÿ, êàòåõîëàì³íè ìîçêó,
ñòàð³ ùóðè.

Âñòóï
Ñåðåä ÷èííèê³â, ÿê³ â³ä³ãðàþòü âàæëèâó ðîëü

ó ïàòîãåíåç³ ³øåì³÷íîãî ïîøêîäæåííÿ ìîçêó (íàä-
ëèøêîâå âèâ³ëüíåííÿ çáóäëèâèõ àì³íîêèñëîò
(ãëóòàìàò, àñïàðòàò), ï³äâèùåííÿ âíóòð³øíüîêë³-
òèííî¿ êîíöåíòðàö³¿ Ñà2+, îêñèäàòèâíèé ñòðåñ
òîùî) º ïîðóøåííÿ éîãî íåéðîõ³ì³÷íî¿ êàðòèíè
[3, 4, 9]. Çîêðåìà, âàæëèâà ðîëü ó ïåðåá³ãó òà íà-
ñë³äêàõ ³øåì³÷íîãî ³ ãåìîðàã³÷íîãî ³íñóëüò³â íà-
ëåæèòü êîëèâàííÿì âì³ñòó êàòåõîëàì³í³â ìîçêó
[11, 13, 15]. Âîíè áàãàòî â ÷îìó âèçíà÷àþòü ÷óò-
ëèâ³ñòü ãîëîâíîãî ìîçêó äî ³øåì³÷íî-ðåïåðôóç³é-
íèõ âïëèâ³â, íåîáõ³äí³ äëÿ àêòèâàö³¿ íåïîøêîäæå-
íèõ ³øåì³ºþ ïðå- òà ïîñòñèíàïòè÷íèõ ðåöåïòî-
ð³â, ðîçâèòêó êîëàòåðàëüíîãî êðîâîîá³ãó [5]. ¯õ
ó÷àñòü ó öèõ ïðîöåñàõ çíà÷íîþ ì³ðîþ çàëåæèòü
â³ä òðèâàëîñò³ ³øåì³¿, âèõ³äíîãî ñï³ââ³äíîøåííÿ
ð³çíèõ íåéðîòðàíñì³òòåð³â òîùî.

Âàæëèâèì ÷èííèêîì, ÿêèé ìîäèô³êóº íåéðî-
õ³ì³÷íèé ñòàòóñ ãîëîâíîãî ìîçêó, º ñòàð³ííÿ [7,
10]. Êð³ì òîãî, ³ç â³êîì ì³íÿºòüñÿ õàðàêòåð â³ëü-

íîðàäèêàëüíèõ ïðîöåñ³â, àêòèâí³ñòü ôåðìåíò³â
îáì³íó ìîíîàì³í³â, ñòàí ñóäèí ãîëîâíîãî ìîçêó
[2], ùî, áåçóìîâíî, âïëèâàº íà ïåðåá³ã éîãî ³øå-
ì³÷íî-ðåïåðôóç³éíîãî ïîøêîäæåííÿ. Îäíàê ìåõà-
í³çìè ïîøêîäæóâàëüíèõ ³ çàõèñíèõ ðåàêö³é, ÿê³
ðîçâèâàþòüñÿ ïðè ³øåì³¿ òà ðåïåðôóç³¿ ìîçêó äî
ê³íöÿ íå ðîçìåæîâàí³. Öå ñòîñóºòüñÿ é ðîë³ êàòå-
õîëàì³í³â. Îñîáëèâî âàæëèâîþ º ïðîáëåìà ðå-
àêö³¿ êàòåõîëàì³íåðã³÷íèõ ñèñòåì ìîçêó íà ³øå-
ì³þ òà ðåïåðôóç³þ ïðè ñòàð³íí³, àäæå â öåé â³êî-
âèé ïåð³îä ³øåì³÷í³ ñòàíè ìîçêó º íàé÷àñò³øèìè.

Ìåòà äîñë³äæåííÿ
Ïðîâåñòè ïîð³âíÿëüíèé àíàë³ç ðåàêö³¿ êàòåõî-

ëàì³í³â îêðåìèõ ñòðóêòóð ãîëîâíîãî ìîçêó íà
íåïîâíó ãëîáàëüíó ³øåì³þ ç íàñòóïíîþ ðåïåðôó-
ç³ºþ â äîðîñëèõ òà ñòàðèõ ùóð³â.

Ìàòåð³àë ³ ìåòîäè
Ó ñàìö³â á³ëèõ ëàáîðàòîðíèõ ùóð³â â³êîì

ï’ÿòü òà 22 ì³ñ ìîäåëþâàëè 20-õâèëèííó äâîá³÷-
  Ñ. Ñ. Òêà÷óê, Ò. ². Áîé÷óê, Â. Ô. Ìèñëèöüêèé, 2010
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íó êàðîòèäíó ³øåì³þ ìîçêó. Â ÿêîñò³ êîíòðîëüíî-
ãî äîñë³äæåííÿ ïðåïàðóâàëè îáèäâ³ ñîíí³ àðòåð³¿
òà ïîäðàçíþâàëè ¿õ ñò³íêó, íå ïîðóøóþ÷è êðîâî-
ò³ê. Óñ³ âòðó÷àííÿ òà åâòàíàç³þ çä³éñíþâàëè ï³ä
êàë³ïñîëîâèì íàðêîçîì (70 ìã/êã ìàñè ò³ëà). Ïî
çàâåðøåíí³ åêñïåðèìåíòó ìîçîê øâèäêî âèéìàëè
íà õîëîä³, çàíóðþâàëè â ð³äêèé àçîò. Âèä³ëÿëè
ä³ëÿíêè ìîçêó ç äîñë³äæóâàíèìè ñòðóêòóðàìè
(ã³ïîêàìï, ëîáîâà òà ïîòèëè÷íà ÷àñòêè êîðè, ïå-
ðåãîðîäêà ìîçêó, ïðåîïòè÷íà ä³ëÿíêà, ìåä³îáàçà-

ëüíèé ã³ïîòàëàìóñ ³ ìèãäàëèê) çã³äíî àòëàñó ñòå-
ðåîòàêñè÷íèõ êîîðäèíàò [14]. Çàáðàí³ ä³ëÿíêè
ï³ääàâàëè ë³îô³ëüíîìó âèñóøóâàííþ ï³ä âàêóó-
ìîì 0,66õ10-5–10-6 êÏà. ²íòåíñèâí³ñòü ôëóîðåñ-
öåíö³¿ êàòåõîëàì³í³â âèì³ðþâàëè çà äîïîìîãîþ
ëþì³íåñöåíòíîãî ì³êðîñêîïó ÌË-4 ç ì³êðîôîòî-
ìåòðè÷íîþ íàñàäêîþ ÔÌÝË – 1À é âèðàæàëè â
óìîâíèõ îäèíèöÿõ [6, 12]. Ó êîæíîìó ïðåïàðàò³
ïðîâîäèëè 50 çàì³ðþâàíü äîñë³äæóâàíèõ ñòðóê-
òóð ³ òàêó æ ê³ëüê³ñòü çàì³ðþâàíü ôîíó.
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Ñòàòèñòè÷íó îáðîáêó îòðèìàíèõ äàíèõ ïðîâî-
äèëè çà t-êðèòåð³ºì Ñòüþäåíòà.

Îáãîâîðåííÿ ðåçóëüòàò³â äîñë³äæåííÿ
Ó ïåðåâàæí³é ê³ëüêîñò³ äîñë³äæåíèõ ñòðóêòó-

ðàõ ãîëîâíîãî ìîçêó òâàðèí êîíòðîëüíî¿ ãðóïè
êîíñòèòóòèâíà ³íòåíñèâí³ñòü ôëóîðåñöåíö³¿ êàòå-
õîëàì³í³â ïåðåâàæàëà â ï’ÿòèì³ñÿ÷íèõ ùóð³â
(òàáë. 1-4). Ëèøå â ëàòåðàëüíîìó ³ ïðèëåãëîìó
ÿäðàõ ïåðåãîðîäêè ìîçêó, öåíòðàëüíîìó ÿäð³ ìè-
ãäàëèêà òà ïîë³ ÑÀ3 ã³ïîêàìïà äîñòîâ³ðíèõ â³ä-
ì³ííîñòåé íå âèÿâëåíî.

Â³êîâà ð³çíèöÿ îñîáëèâî ïîì³òíà â äîñë³äæå-
íèõ ÷àñòêàõ êîðè ãîëîâíîãî ìîçêó òà ïîëÿõ ã³ïî-
êàìïà ÑÀ1 ³ ÑÀ2, à â ÿäðàõ ã³ïîòàëàìóñà âîíà
íàéìåíøà.

Ó ö³ëîìó, îòðèìàí³ ðåçóëüòàòè óçãîäæóþòüñÿ ç
äàíèìè ³íøèõ äîñë³äíèê³â, çã³äíî ÿêèõ ïðè ñòà-
ð³íí³ â äåÿêèõ ñòðóêòóðàõ ìîçêó çíèæóºòüñÿ âì³ñò
êàòåõîëàì³í³â, ùî ñóïðîâîäæóºòüñÿ ïîðóøåííÿì
ïàì’ÿò³, ñïîâ³ëüíåííÿì ðåàêö³é, çíèæåííÿì ïåðå-
íîñèìîñò³ ð³çíèõ íàâàíòàæåíü [8].

Çà äàíèìè À.Ã.Ðåçíèêîâà è äð. [7] êàòåõîëàì³-
íîâà ñèñòåìà ã³ïîòàëàìóñà ñòàðèõ ñàìö³â çàçíàº
çíà÷íèõ çì³í - ó íèõ âì³ñò íîðàäðåíàë³íó â ã³ïî-
òàëàìóñ³ ñóòòºâî íèæ÷èé (ïðèáëèçíî âäâ³÷³), í³æ
ó äîðîñëèõ. Îäíàê õàðàêòåðíî, ùî ïðè öüîìó çáå-
ð³ãàºòüñÿ éîãî çäàòí³ñòü ðåàãóâàòè çíèæåííÿì íà
ãîñòðèé ñòðåñ.

Âèÿâëåí³ â³äì³ííîñò³ ó òâàðèí îáðàíèõ â³êî-
âèõ ãðóï, éìîâ³ðíî, ìîæíà ïîÿñíèòè çàëåæí³ñòþ
öèõ ñòðóêòóð â³ä ð³âíÿ ñòàòåâèõ ãîðìîí³â â îðãà-
í³çì³, ¿õ ìåòàáîë³çìó â ð³çíèõ ä³ëÿíêàõ ìîçêó, ð³-
çíèöåþ â ³íòåíñèâíîñò³ á³îñèíòåçó íåéðîñòåðî¿-
ä³â, ÿê³ çäàòí³ ìîäóëþâàòè ÿê åôåêòè íåéðîìåä³-
àòîð³â, òàê ³ ¿õ ìåòàáîë³çì [7].

20-õâèëèííà êàðîòèäíà ³øåì³ÿ ïðèçâåëà äî
çíèæåííÿ ³íòåíñèâíîñò³ ôëóîðåñöåíö³¿ êàòåõîëà-
ì³í³â ìàéæå ó âñ³õ äîñë³äæåíèõ ñòðóêòóðàõ ìîç-
êó òâàðèí îáîõ â³êîâèõ ãðóï, êð³ì ÿäðà ê³íöåâî¿

ñìóæêè äîðîñëèõ, ïðåîïòèêî-ëàòåðàëüíîãî ³ âåíò-
ðîìåä³àëüíîãî ÿäåð ã³ïîòàëàìóñà ñòàðèõ ùóð³â, ùî
âêàçóº íà íåñïåöèô³÷í³ñòü òàêî¿ ðåàêö³¿ òà ñâ³ä÷èòü
ïðî âèñíàæåííÿ äæåðåë êàòåõîëàì³í³â ó ìîçêó.

Ïî çàê³í÷åíí³ îäíîãîäèííî¿ ðåïåðôóç³¿ â á³ëü-
øîñò³ äîñë³äæåíèõ ÿäåð ñòðóêòóð ìîçêó äîðîñëèõ
ùóð³â ³íòåíñèâí³ñòü ôëóîðåñöåíö³¿ êàòåõîëàì³í³â
àáî â³äíîâëþâàëàñÿ äî êîíòðîëüíîãî ð³âíÿ, àáî
íàáëèæàëàñÿ äî íüîãî. Âèíÿòîê ñòàíîâèëè àðêó-
àòíå ÿäðî ã³ïîòàëàìóñà, öåíòðàëüíå ³ áàçîëàòåðà-
ëüíå ÿäðà ìèãäàëèêà. Ó ñòàðèõ ùóð³â ïîâíîãî àáî
÷àñòêîâîãî â³äíîâëåííÿ çàçíàëè äîñë³äæåí³ ïàðà-
ìåòðè â ìåíø³é ê³ëüêîñò³ ñòðóêòóð. Íå â³äáóëîñÿ
ñóòòºâèõ çðóøåíü ³íòåíñèâíîñò³ ôëóîðåñöåíö³¿
êàòåõîëàì³í³â ó äîðçàëüíîìó, ëàòåðàëüíîìó ÿäðàõ
ïåðåãîðîäêè, ïàðàâåíòðèêóëÿðíîìó, ïðåîïòèêî-
ìåä³àëüíîìó, àðêóàòíîìó ÿäðàõ ã³ïîòàëàìóñà,
êîðòèêîìåä³àëüíîìó, öåíòðàëüíîìó òà áàçîëàòå-
ðàëüíîìó ÿäðàõ ìèãäàëèêà, ïîë³ ÑÀ1 ã³ïîêàìïà,
à â ðåøò³ ñòðóêòóð ñòóï³íü â³äíîâëåííÿ áóâ çíà÷-
íî ìåíøèì ïîð³âíÿíî ç äîðîñëèìè òâàðèíàìè.

Çà äàíèìè ë³òåðàòóðè îäí³ºþ ç ïðè÷èí ìåíø
âèðàæåíî¿ ðåàêö³¿ êàòåõîëàì³í³â ìîçêó íà éîãî
³øåì³þ º íàêîïè÷åííÿ â ð³çíèõ â³ää³ëàõ ãîëîâíîãî
ìîçêó ñòàðèõ ùóð³â â³ëüíèõ æèðíèõ êèñëîò. Öå,
ó ñâîþ ÷åðãó, ïðèçâîäèòü äî çì³í ôóíêö³îíàëüíî-
ãî ñòàíó ðåöåïòîðíîãî àïàðàòó íåðâîâèõ êë³òèí,
à ó ïëàçìàòè÷íèõ ìåìáðàíàõ – äî çíèæåííÿ ÷óò-
ëèâîñò³ À1-àäåíîçèíîâèõ ðåöåïòîð³â. Âñòàíîâëå-
íî, ùî îñòàíí³ º íà ïîâåðõí³ íåðâîâèõ êë³òèí ð³-
çíèõ â³ää³ë³â ãîëîâíîãî ìîçêó, çîêðåìà íåîêîðòå-
êñó òà ã³ïîêàìïà (êë³òèí ï³ðàì³äè, ïîë³â ÑÀ1,
ÑÀ3 ³ ãðàíóëÿðíèõ êë³òèí çóá÷àñòî¿ ôàñö³¿). Àê-
òèâàö³ÿ ïðåñèíàïòè÷íèõ À1-àäåíîçèíîâèõ ðåöå-
ïòîð³â ñóïðîâîäæóºòüñÿ Ñà2+-çàëåæíèì ³íã³áóâàí-
íÿì âèâ³ëüíåííÿ íîðàäðåíàë³íó â ñèíàïòè÷íèé
ïðîñò³ð, à ïîñòñèíàïòè÷íèõ – ñòèìóëþº åôåêòè
êàòåõîëàì³í³â ÷åðåç α1-àäðåíîðåöåïòîðè. Òàêèì
÷èíîì, íàêîïè÷åííÿ â³ëüíèõ æèðíèõ êèñëîò ó
êë³òèíàõ ìîçêó ùóð³â ïðè ñòàð³íí³ ìîæå çóìîâ-
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ëþâàòè ïîðóøåííÿ ÷óòëèâîñò³ íåðâîâèõ êë³òèí äî
ä³¿ íåéðîòðàíñì³òåð³â ³ çì³í ôóíêö³îíóâàííÿ â
êë³òèíàõ ñèñòåì ñèãíàëüíî¿ òðàíñäóêö³¿ [1] .

Âèñíîâêè
1. Ñòàð³ííÿ ùóð³â ñóïðîâîäæóºòüñÿ çíèæåí-

íÿì âì³ñòó êàòåõîëàì³í³â ó êîð³ ìîçêó, ïîëÿõ ã³ïî-
êàìïà, ÿäðàõ ïåðåãîðîäêè òà ìèãäàëåïîä³áíîãî
êîìïëåêñó ìîçêó.

2. 20-õâèëèííà íåïîâíà ãëîáàëüíà ³øåì³ÿ ãî-
ëîâíîãî ìîçêó çíèæóº ³íòåíñèâí³ñòü ôëóîðåñ-
öåíö³¿ êàòåõîëàì³í³â ó á³ëüøîñò³ äîñë³äæåíèõ
ñòðóêòóð ìîçêó äîðîñëèõ òà ñòàðèõ ùóð³â.

3. Ïðîòÿãîì îäíîãîäèííî¿ ðåïåðôóç³¿ â á³ëü-
øîñò³ äîñë³äæåíèõ ñòðóêòóð ìîçêó äîðîñëèõ ùó-
ð³â (15 ³ç 20 âèâ÷åíèõ) ³íòåíñèâí³ñòü ôëóîðåñ-
öåíö³¿ êàòåõîëàì³í³â ïîâåðòàºòüñÿ äî íîðìàëüíèõ
ïîêàçíèê³â àáî íàáëèæàºòüñÿ äî íèõ, ó ñòàðèõ
ùóð³â ïîä³áíå â³äíîâëåííÿ ìàº ì³ñöå ëèøå â äå-
â’ÿòè ³ç 20 äîñë³äæåíèõ.

Ïåðñïåêòèâè ïîäàëüøèõ äîñë³äæåíü
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ÊÀÐÎÒÈÄÍÎÉ ÈØÅÌÈÈ-ÐÅÏÅÐÔÓÇÈÈ

Ñ. Ñ. Òêà÷óê, Ò. È. Áîé÷óê, Â. Ô. Ìûñëèöêèé
Ðåçþìå. Èññëåäîâàíî âëèÿíèå èøåìèè ãîëîâíîãî ìîç-

ãà ñ ïîñëåäóþùåé ðåïåðôóçèåé íà ðåàêöèþ êàòåõîëàìèíîâ
êîðû, ãèïïîêàìïà, ÿäåð ãèïîòàëàìóñà, ïåðåãîðîäêè, ìèíäà-
ëåâèäíîãî êîìïëåêñà ó âçðîñëûõ è ñòàðûõ êðûñ. Ïîêàçàíî,
÷òî ðåàêöèÿ êàòåõîëàìèíîâ óïîìÿíóòûõ ñòðóêòóð â ïîñòè-
øåìè÷åñêîì ïåðèîäå ïîõîæà ó êðûñ îáåèõ âîçðàñòíûõ
ãðóïï, à âîññòàíîâëåíèå ñîäåðæàíèÿ êàòåõîëàìèíîâ â òå÷å-
íèå ðåïåðôóçèîííîãî ïåðèîäà ó ñòàðûõ êðûñ ñðàâíèòåëüíî
ñî âçðîñëûìè çàìåäëåíî.

Êëþ÷åâûå ñëîâà: êàðîòèäíàÿ èøåìèÿ-ðåïåðôóçèÿ, êà-
òåõîëàìèíû ìîçãà, ñòàðûå êðûñû.

DYNAMICS OF CATECHOLAMINES CONTENT
OF SOME RATS BRAIN STRUCTURES OF DIVERSE

AGE IN CASE OF BILATERAL CAROTID ISCHEMIA-
REPERFUSION

S. S. Tkachuk, T. I. Boichuk, V. F. Myslytskyi

Abstract. The effect of cerebral ischemia with further
reperfusion to the reaction of the catecholamines of the cerebral
cortex, hippocamp, the nuclei of hypothalamus, the septum and
the amygdaloid complex in adult and old rats has been
inverstigated. It has been established that the reaction of cat-
echolamines of this structure during the postischemic period is
similar in the rats of both age groups, whereas a restoration of
the content of catecholamines during the reperfusion period in
the old rats is retarded in comparison with the adult ones.

Key word: carotid ischemia-reperfusion, brain catechola-
mines, old rats.
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