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Ðîëü îêñèäó àçîòó ó ðîçâèòêó ñêîðîòëèâèõ ðåàêö³é
ì³îêàðäà òðåíîâàíèõ òâàðèí

Îêñèä àçîòó ñèíòåçóºòüñÿ â çíà÷íèõ ê³ëüêîñòÿõ ó òðåíîâàíèõ òâàðèí. Â³í ïîêðàùóº ÿê ïðîöåñè
âàçîäèëàòàö³¿, òàê ñêîðîòëèâó òà íàñîñíó ôóíêö³þ ñåðöÿ. Çàëèøàºòüñÿ íåç�ÿñîâàíèì éîãî
âïëèâ íà ðåàêö³¿ ñåðöÿ ó â³äïîâ³äü íà íàâàíòàæåííÿ îá�ºìîì ³ êàëüö³ºì, ùî ñïîñòåð³ãàºòüñÿ
ïðè òðèâàëèõ ô³çè÷íèõ íàâàíòàæåííÿõ. Â åêñïåðèìåíòàõ íà ³çîëüîâàíîìó çà ìåòîäîì
Ëàíãåíäîðôà ñåðö³ ùóð³â ïîêðàùóâàâñÿ ôóíêö³îíàëüíèé ñòàí ñåðöÿ ÿê íàñë³äîê àäàïòàö³¿
ïðîòÿãîì 4 òèæ äî íàâàíòàæåííÿ ïëàâàííÿì, ùî ïðîÿâëÿëîñü ó çá³ëüøåíí³ ñêîðîòëèâî¿
àêòèâíîñò³ ì³îêàðäà íà 20 % ³ êîðîíàðíîãî ïîòîêó (ç 12,0 ± 0,8 äî 16,0 ìë/õâ ± 1,5 ìë/õâ),
çìåíøåíí³ ÷àñòîòè ñåðöåâèõ ñêîðî÷åíü, à òàêîæ çá³ëüøåíí³ ôóíêö³îíàëüíèõ ðåçåðâ³â ñåðöÿ.
Ïðè îäíàêîâîìó ðîçòÿãóâàíí³ ë³âîãî øëóíî÷êà ñåðöÿ òðåíîâàíèõ ùóð³â â³äïîâ³äàëè á³ëüø
ïîòóæíîþ ñèëîþ ñêîðî÷åííÿ. Âïåðøå âñòàíîâëåíî, ùî ìåìáðàííèé ïîòåíö³àë ì³òîõîíäð³é
ñåðöÿ òðåíîâàíèõ ùóð³â áóâ äîñòîâ³ðíî âèùèé, í³æ ó êîíòðîëüíèõ òâàðèí (-176,5 ± 8,4 òà -
156 ìÂ ± 3,5 ìÂ â³äïîâ³äíî), ùî ñâ³ä÷èòü ïðî çá³ëüøåííÿ ñïðÿæåííÿ îêèñíîãî ôîñôîðèëþâàííÿ.
Êóðñ òðåíóâàííÿ ïëàâàííÿì çàïîá³ãàâ øâèäêîìó ðîñòó ê³íöåâî-ä³àñòîë³÷íîãî òèñêó òà ïîÿâ³
àðèòì³é ïðè â³äòâîðåíí³ ìîäåë³ êàëüö³ºâîãî ïåðåâàíòàæåííÿ (ÑàCl

2
 â³ä 1,7 äî 12,5 ììîëü/ë).

Ó òðåíîâàíèõ òâàðèí â³äì³÷àëè â³äêðèâàííÿ ì³òîõîíäð³àëüíèõ ïîð ïðè á³ëüø âèñîêèõ
êîíöåíòðàö³ÿõ êàëüö³þ ó ïåðôóç³éíîìó ðîç÷èí³. Ïîêàçàíî, ùî àäàïòàö³ÿ äî ô³çè÷íîãî
íàâàíòàæåííÿ òà çá³ëüøåííÿ ðåçåðâ³â ñåðöÿ çóìîâëåí³ âïëèâîì îêñèäó àçîòó, áëîêàäà ñèíòåçó
ÿêîãî çà äîïîìîãîþ L-NÀÌÅ (10-4 ìîëü/ë) óñóâàëà âêàçàí³ àäàïòàö³éí³ çì³íè.
Êëþ÷îâ³ ñëîâà: îêñèä àçîòó, ³çîëüîâàíå ñåðöå, ô³çè÷íå òðåíóâàííÿ ïëàâàííÿì, êðèâà Ôðàíêà�
Ñòàðë³íãà, ïåðåâàíòàæåííÿ êàëüö³ºì.

ÂÑÒÓÏ

Òðåíîâàí³ñòü, ùî ðîçâèâàºòüñÿ âíàñë³äîê
ðåãóëÿðíèõ ô³çè÷íèõ íàâàíòàæåíü, ïåðåä-
áà÷àº ñêëàäíèé êîìïëåêñ ïåðåáóäîâè âñ³õ
ñèñòåì îðãàí³çìó ³ çàáåçïå÷óº ìîæëèâ³ñòü
âèêîíàííÿ ³íòåíñèâíî¿ ô³çè÷íî¿ ðîáîòè
ïðîòÿãîì òðèâàëîãî ÷àñó. Òàêà ïåðåáóäîâà
ñòîñóºòüñÿ íàñàìïåðåä ñåðöåâî-ñóäèííî¿
ñèñòåìè ³ ñïðÿìîâàíà íà ïîñèëåííÿ êðîâî-
ïîñòà÷àííÿ ïðàöþþ÷èõ ì�ÿç³â, â ÿêèõ ñïî-
ñòåð³ãàºòüñÿ çá³ëüøåííÿ êðîâîòîêó â äå-
ê³ëüêà ðàç³â. Îñòàííº â ñâîþ ÷åðãó çàáåç-
ïå÷óºòüñÿ çíà÷íèì çðîñòàííÿì íàñîñíî¿ òà
ñêîðîòëèâî¿ ôóíêö³¿ ñåðöÿ, à òàêîæ âàçîäè-
ëàòàö³ºþ ñóäèí ñêåëåòíèõ ì�ÿç³â. Ðîáî÷à
ã³ïåðåì³ÿ, ÿê â³äîìî, ïîâ�ÿçàíà ç³ çá³ëü-
øåííÿì ñèíòåçó îêñèäó àçîòó â åíäîòå-

ë³àëüíèõ êë³òèíàõ ñóäèí [31, 36], ïðî ùî
ñâ³ä÷èòü çíà÷íå ï³äâèùåííÿ àêòèâíîñò³
NO-ñèíòàçè (NOS) â ñêåëåòíèõ ì�ÿçàõ [30,
36] ³ ñóäèíàõ òðåíîâàíèõ òâàðèí [1]. Ñèíòåç
îêñèäó àçîòó ó òàêèõ òâàðèí â³äáóâàºòüñÿ
íå ò³ëüêè âíàñë³äîê ïîñèëåííÿ àêòèâíîñò³
NOS, à òàêîæ ³ åêñïðåñ³¿ ð³çíèõ ³çîôîðì NO-
ñèíòàç [37].

Ï³äâèùåíèé ñèíòåç îêñèäó àçîòó âïëè-
âàº ³  íà ñêîðîòëèâó àêòèâí³ñòü êàðä³î-
ì³îöèò³â [18]. Ïîêðàùåííÿ ôóíêö³îíàëüíîãî
ñòàíó ì³îêàðäà ó òðåíîâàíèõ îðãàí³çì³â
çíà÷íîþ ì³ðîþ çàáåçïå÷óºòüñÿ ñàìå çì³-
íàìè íà êë³òèííîìó ð³âí³, ÿê³ ñóïðîâîä-
æóþòüñÿ çá³ëüøåííÿì ñèëè òà øâèäêîñò³
ñêîðî÷åíü êàðä³îì³îöèò³â. Îñòàííº çóìîâ-
ëåíî ïðèñêîðåííÿì êàëüö³ºâèõ òðàíç³ºíò³â
òà ï³äâèùåííÿì ÷óòëèâîñò³ ì³îô³ëàìåíò³â
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äî ³îí³â êàëüö³þ [22, 34]. Îäíàê çá³ëüøåííÿ
ñêîðîòëèâî¿ àêòèâíîñò³ ì³îêàðäà ó òðåíî-
âàíèõ îðãàí³çì³â ìîæëèâå ëèøå çà óìîâ
éîãî åíåðãåòè÷íîãî çàáåçïå÷åííÿ. Òàêà
çá³ëüøåíà ïîòðåáà êë³òèí ì³îêàðäà â åíåðã³¿
âèð ³øóºòüñÿ  ÿê  âíàñë ³äîê  ñòèìóëÿö³ ¿
ðîçìíîæåííÿ ì³òîõîíäð³é [29], òàê ³ á³ëüø
åôåêòèâíîãî ñèíòåçó àäåíîçèíòðèôîñôàòó
(ÀÒÔ). Âêàçàí³ çì³íè ôóíêö³¿ ì³òîõîíäð³é â
îñíîâíîìó çóìîâëåí³ çäàòí³ñòþ òîãî æ
îêñèäó àçîòó, ùî ñèíòåçóºòüñÿ â êë³òèíàõ
ì³îêàðäà, ïðèãí³÷óâàòè â³äêðèâàííÿ ì³òî-
õîíäð³àëüíèõ ïîð [7, 14, 15, 32] ³ ïîêðà-
ùóâàòè ôóíêö³þ ì³òîõîíäð³é. Ïîñèëåííÿ
ñêîðîòëèâî¿ ³ íàñîñíî¿ ôóíêö³¿ ñåðöÿ ïðè
ô³çè÷íèõ íàâàíòàæåííÿõ òàêîæ çàëåæèòü
â³ä ìåõàí³çì³â, ùî çàáåçïå÷óþòü çá³ëü-
øåííÿ ñåðöåâîãî âèêèäó ïðè çðîñòàíí³
ïðèòîêó êðîâ³ äî ñåðöÿ. Ïîïåðåäí³ äàí³
ñâ³ä÷àòü ïðî ìîæëèâó ðîëü ó ö³é ðåàêö³¿
îêñèäó àçîòó [28].

Ìåòà ðîáîòè ïîëÿãàëà ó ç�ÿñóâàíí³ ðîë³
îêñèäó àçîòó  ó  ðîçâèòêó ñêîðîòëèâèõ
ðåàêö³é ì³îêàðäà òðåíîâàíèõ òâàðèí.

ÌÅÒÎÄÈÊÀ

Åêñïåðèìåíòè ïðîâîäèëè ç äîòðèìàííÿì
âèìîã ªâðîïåéñüêî¿ êîíâåíö³¿ ùîäî ðîáîòè
ç åêñïåðèìåíòàëüíèìè òâàðèíàìè (Ñòðàñ-
áóðã, 1986). Òðåíóâàííÿ ùóð³â â³äáóâàëîñÿ
ó ðåçåðâóàð³ ç âîäîþ ïðè 30�32 îÑ ïðîòÿãîì
4 òèæ çà ñõåìîþ, ùî äåòàëüíî îïèñàíà
ðàí³øå [5]. Âèâ÷àëè ðåçåðâí³ ìîæëèâîñò³ òà
çì³íè ïîêàçíèê³â ñêîðîòëèâî¿ àêòèâíîñò³ ³
êèñíåâîãî îáì³íó ì³îêàðäà, âèâ³ëüíåííÿ ó
êîðîíàðíèé ïîò³ê ì³òîõîíäð³àëüíîãî ôàê-
òîðà ïðè ä³¿ çðîñòàþ÷èõ êîíöåíòðàö³é CaCl

2

ó ùóð³â ó êîíòðîëüíèõ óìîâàõ ³ ï³ñëÿ äîçî-
âàíîãî ô³çè÷íîãî íàâàíòàæåííÿ ïëàâàííÿì
íà òë³ áëîêàäè ñèíòåçó îêñèäó àçîòó ³ áåç íå¿.

Åêñïåðèìåíòè âèêîíóâàëè íà ³çîëüî-
âàíèõ ñåðöÿõ ñàìö³â ùóð³â ë³í³¿ Â³ñòàð
ìàñîþ 300�350 ã. Ïåðôóç³þ êîðîíàðíèõ
ñóäèí çä³éñíþâàëè ðåòðîãðàäíî (çà ìåòî-
äîì Ëàíãåíäîðôà) â óìîâàõ ïîñò³éíîãî

òèñêó (75�80 ìì ðò. ñò.) ïðè 37 oÑ ðîç÷èíîì
Êðåáñà�Õåíçåëÿéòà òàêîãî ñêëàäó (ììîëü/
ë): NaCl � 118; KCl � 4,7; MgSO

4
 � 1,2;

NaHCO
3 

� 24; KH
2
PO

4
 � 1,2; ãëþêîçà � 10;

CaCl
2
 � 1,7. Ïåðôóç³éíèé ðîç÷èí áåçïå-

ðåðâíî àåðóâàëè êàðáîãåíîì (95 % Î
2
 ³ 5 %

ÑÎ
2
). Òèñê ó ïîðîæíèí³ ë³âîãî øëóíî÷êà

(Ð
ëø

) òà éîãî ïåðøó ïîõ³äíó dÐ/dt
max 

³ dÐ/
dt

min
, ê³íöåâèé ä³àñòîë³÷íèé òèñê (ÊÄÒ)

âèì³ðþâàëè çà  äîïîìîãîþ ëàòåêñíîãî
áàëîí÷èêà òåíçîäàò÷èêîì 746 (�Ì³íãîãðàô-
82�, �Elema�, Øâåö³ÿ) ³ ðåºñòðóâàëè íà
êîìï�þòåð³ çà äîïîìîãîþ ïðîãðàìíîãî çà-
áåçïå÷åííÿ Global Lab. Çíà÷åííÿ êîðîíàð-
íîãî ïîòîêó îö³íþâàëè ÿê îá�ºì ïåðôóç³é-
íîãî ðîç÷èíó, ÿêèé â³äò³êàâ â³ä ñåðöÿ çà 1 õâ.

Äëÿ âèÿâëåííÿ ôóíêö³îíàëüíèõ ðåçåðâ³â
ì³îêàðäà ïðîâîäèëè äîçîâàíå äîäàòêîâå
ðîçòÿãóâàííÿ áàëîí÷èêà ç êðîêîì 34 ìêë ³
áóäóâàëè êðèâó Ôðàíêà�Ñòàðë³íãà ó êîíò-
ðîëüíèõ ³ òðåíîâàíèõ ùóð³â.

Ùîá îö³íèòè ÷óòëèâ³ñòü ì³òîõîíäð³àëü-
íèõ ïîð äî â³äêðèâàííÿ, â åêñïåðèìåíòàõ
in situ â³äòâîðþâàëè ìîäåëü êàëüö³ºâîãî
íàâàíòàæåííÿ. Ó ïåðôóç³éíèé ðîç÷èí êîæí³
15 õâ äîäàâàëè CaCl

2
,

 
êîíöåíòðàö³ÿ ÿêîãî

ïðîòÿãîì åêñïåðèìåíòó ïîñë³äîâíî çá³ëü-
øóâàëàñÿ â³ä 1,7 äî 15 ììîëü/ë. Ó ïðîáàõ
ðîç÷èíó, ÿêèé â³äò³êàâ â³ä ñåðöÿ êîæí³ 15 õâ,
ðåºñòðóâàëè ì³òîõîíäð³àëüíèé ôàêòîð [4].
Îïòè÷íó ãóñòèíó ïðîá âèì³ðþâàëè â óëüòðà-
ô³îëåòîâîìó ñïåêòð³ â ä³àïàçîí³ õâèëü 230�
260 íì çà äîïîìîãîþ ñïåêòðîôîòîìåòðà ÑÔ-46.

Äëÿ ðîçðàõóíêó ñïîæèâàííÿ êèñíþ ì³î-
êàðäîì çà äîïîìîãîþ ãàçîàíàë³çàòîðà BMS
3 Mk-2 («Radiometer», Äàí³ÿ) ðåºñòðóâàëè
íàïðóæåííÿ êèñíþ ó ïðîáàõ ðîç÷èíó, ùî
ïðèò³êàâ ³ â³äò³êàâ â³ä ñåðöÿ. Êèñíåâó âàð-
ò³ñòü ðîáîòè ñåðöÿ âèðàæàëè ÿê ñï³ââ³äíî-
øåííÿ ñïîæèâàííÿ êèñíþ äî ³íòåíñèâíîñò³
ñêîðîòëèâî¿ ôóíêö³¿ ñåðöÿ (²ÑÔ � äîáóòîê
Ð

ëø
 òà ÷àñòîòè ñåðöåâèõ ñêîðî÷åíü).
Ñèíòåç NO áëîêóâàëè L-NAME (N (G)-

í³òðî-L-àðã³í³í ìåòèë åñòåð ã³äðîõëîðèä,
«Sigma»)ó äîç³ 10-4  ìîëü/ë, ÿêèì ïåðôóçó-
âàëè ñåðöÿ ïðîòÿãîì 15 õâ.

Ðîëü îêñèäó àçîòó ó ðîçâèòêó ñêîðîòëèâèõ ðåàêö³é
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Âèä³ëåííÿ ì³òîõîíäð³é ç òêàíèí ñåðöÿ
çä³éñíþâàëè çà äîïîìîãîþ ìåòîäó äèôå-
ðåíö³éíîãî óëüòðàöåíòðèôóãóâàííÿ [2].
Ñåðöÿ ðåòåëüíî ïðîìèâàëè îõîëîäæåíèì
0,9%-ì ðîç÷èíîì ÊÑl (2�4 °Ñ), ïîäð³á-
íþâàëè òà ãîìîãåí³çóâàëè ó 10-êðàòíîìó
îá�ºì³ ñåðåäîâèùà (ììîëü/ë): ñàõàðîçà �
250, òð³ñ-HÑl � 25, EÄTA � 1; ðÍ 7,2�7,4.
Ãîìîãåíàò öåíòðèôóãóâàëè ïðè 700 g 8 õâ
(4 °Ñ), ñóïåðíàòàíò � ïîâòîðíî ïðè 11000 g
16 õâ (4 °Ñ). Îòðèìàíèé îñàä (ì³òîõîíä-
ð³àëüíà ôðàêö³ÿ) ñóñïåíäóâàëè â áóôåð³
(ììîëü/ë): ñàõàðîçà � 250, òð³ñ-HÑl � 25;
ðÍ 7,2�7,4 ³  îäðàçó âèêîðèñòîâóâàëè â
äîñë³äàõ. Êîíöåíòðàö³þ á³ëêà â ñóñïåíç³¿
ì³òîõîíäð³é âèçíà÷àëè çà ìåòîäîì Ëîóð³.

Âèì³ðþâàííÿ ìåìáðàííîãî ïîòåíö³àëó ó
ñóñïåíç³¿ ì³òîõîíäð³é çä³éñíþâàëè ìåòîäîì,
çàïðîïîíîâàíèì Áðàíäîì [13, 27]. Ì³òî-
õîíäð³¿ ³íêóáóâàëè â ñåðåäîâèù³, ùî ì³ñòèëî
120 ììîëü/ë ÊÑl, 25 ììîëü/ë òð³ñ-HÑl, 3
ììîëü/ë KH

2
PO

4
, 5 % çíåæèðåíîãî áè÷à-

÷îãî ñèðîâàòêîâîãî àëüáóì³íó; ðÍ 7,2�7,4.
Ó ãåðìåòè÷íó òåðìîñòàòîâàíó êàìåðó
(37îÑ),  îáëàäíàíó ÒÐÌÐ+-ñåëåêòèâíèì
åëåêòðîäîì (òðèôåí³ëìåòèëôîñôîí³é)
âíîñèëè ì³òîõîíäð³¿ ç ðîçðàõóíêó 0,5 ìã/ìë
á³ëêà. Ðîáîòó ïåðøîãî êîìïëåêñó äèõàëü-
íîãî ëàíöþãà áëîêóâàëè ðîòåíîíîì (5 . 10-6

ìîëü/ë), à ðîáîòó ÀÒÔ-ñèíòàçè � îë³ãîì³-
öèíîì (10-7 ìîëü/ë). Äëÿ ³í³ö³àö³¿ äèõàííÿ
âíîñèëè ñóêöèíàò Na (5 ììîëü/ë). Ïîãëè-
íàííÿ êèñíþ ñóñïåíç³ºþ ì³òîõîíäð³é ðåºñò-
ðóâàëè çà äîïîìîãîþ åëåêòðîäà Êëàðêà òà

ãàçîàíàë³çàòîðà BMS 3 Mk-2 («Radiometer»,
Äàí³ÿ).

Ìåìáðàííèé ïîòåíö³àë ì³òîõîíäð³é
(∆ψ

m
) ðîçðàõîâóâàëè çà ð³âíÿííÿì Íåðíñòà,

ïðèéìàþ÷è çíà÷åííÿ âíóòð³øíüîãî îá�ºìó
ì³òîõîíäð³é çà 0,65 ìêë/ìã á³ëêà [11].

Ñòàòèñòè÷íó îáðîáêó ðåçóëüòàò³â ïðî-
âîäèëè çà äîïîìîãîþ ïðîãðàìè Origin 6.1 ç
âèêîðèñòàííÿì ìåòîäó ð³çíèöü. Âñ³ ðåçóëü-
òàòè âèðàæàëè ó âèãëÿä³ ñåðåäíüîãî ± ñòàí-
äàðòíå â³äõèëåííÿ. Äîñòîâ³ðí³ñòü çì³í
ïîêàçíèê³â ðîçðàõîâóâàëè çà äîïîìîãîþ
êðèòåð³þ t Ñòüþäåíòà.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ¯Õ ÎÁÃÎÂÎÐÅÍÍß

Íàâàíòàæåííÿ ùóð³â ïëàâàííÿì ïðîòÿãîì
4 òèæ ïîë³ïøóâàëî ôóíêö³îíàëüíèé ñòàí
¿õíüîãî  ñåðöÿ  (òàáëèöÿ) :  ³ ñòîòíî  (íà
òðåòèíó) çá³ëüøóâàâñÿ êîðîíàðíèé ïîò³ê,
ï ³äâèùóâàëàñÿ  ñêîðîòëèâà  àêòèâí³ñòü
ì³îêàðäà, äîñòîâ³ðíî çìåíøóâàëàñÿ ÷àñòî-
òà ñåðöåâèõ ñêîðî÷åíü.

Ïðè ïîñèëåí³é ì�ÿçîâ³é ðîáîò³ ³íîòðîïí³
âïëèâè íà ñåðöå, ùî çóìîâëåí³ åôåêòîì
Ôðàíêà�Ñòàðë³íãà, â³ä³ãðàþòü ïðîâ³äíó
ðîëü ó ³íòåíñèô³êàö³¿ ñåðöåâî¿ ä³ÿëüíîñò³.
Ñêîðî÷åííÿ ñêåëåòíèõ ì�ÿç³â âèêëèêàº
ïåð³îäè÷íå ñòèñêàííÿ âåí ê³íö³âîê, ùî
ïðèçâîäèòü  äî  çá ³ëüøåííÿ  âåíîçíîãî
ïðèòîêó âíàñë³äîê ìîá³ë³çàö³¿  ðåçåðâó
äåïîíîâàíî¿ â íèõ êðîâ³. Â íàøèõ åêñïåðè-
ìåíòàõ ïðè äîäàòêîâîìó ðîçòÿãóâàíí³
ë³âîãî øëóíî÷êà ñåðöÿ òðåíîâàíèõ ïëàâàí-

Òèñê, ùî ðîçâèâàºòüñÿ ó ë³âîìó øëóíî÷êó, ìì ðò.ñò. 85,4±8,5 96,0±3,8 83,0±4,3
Ê³íöåâî-ä³àñòîë³÷íèé òèñê, ìì ðò.ñò. 0,38±1,73 3,46±1,53 0,14±0,91
Øâèäê³ñòü ñêîðî÷åííÿ ì³îêàðäà, ìì ðò.ñò./ñ 1559±127 1875±58* 1484±124 **
Øâèäê³ñòü ðîçñëàáëåííÿ ì³îêàðäà, ìì ðò.ñò./ñ 1537±118 1895±103* 1520±140 **
Êîðîíàðíèé ïîò³ê, ìë/õâ 12,0±0.8 16,0±1,5 * 10,3±1,0 **
×àñòîòà ñåðöåâèõ ñêîðî÷åíü, õâ-1 217±11 183±10 * 220±10 **

* Ð < 0,05 â³äíîñíî çíà÷åííÿ â êîíòðîëüí³é ãðóï³; ** Ð < 0,05 â³äíîñíî çíà÷åííÿ ó ãðóï³ òâàðèí ï³ñëÿ
êóðñó ô³çè÷íèõ òðåíóâàíü.

Âïëèâ òðåíóâàííÿ ïëàâàííÿì íà ïîêàçíèêè ôóíêö³îíàëüíîãî ñòàíó ñåðöÿ ùóð³â (M ± m)

Ïîêàçíèê Êîíòðîëü
Ô³çè÷íå

íàâàíòàæåííÿ
Ô³çè÷íå íàâàíòà-

æåííÿ òà ââåäåííÿ
L-NAME
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íÿì ùóð³â â³äïîâ³äàëè á³ëüø ïîòóæíîþ ñè-
ëîþ ñêîðî÷åíü ³ ìàëè âèñîêó çäàòí³ñòü äî
ðîçñëàáëåííÿ â ïåð³îä ä³àñòîëè. Öå ñâ³ä-
÷èëî ïðî âåëèêèé ôóíêö³îíàëüíèé ïîòåíö³àë
ñåðäåöü òðåíîâàíèõ òâàðèí, ùî, éìîâ³ðíî,
çóìîâëþºòüñÿ  îïòèì³çàö ³ºþ ïðîöåñ ³â
ðåãóëÿö³¿ îáì³íó â ì³îêàðä³ (ðèñ. 1).

Òàêèì ÷èíîì, òðåíóâàííÿ ùóð³â ïëàâàí-
íÿì ïðîòÿãîì 4 òèæ ïîçèòèâíî âïëèâàëî íà
ïîêàçíèêè êàðä³îäèíàì³êè, ùî ñóïðîâîä-
æóâàëîñÿ ï³äâèùåííÿì ñêîðîòëèâî¿ àêòèâ-
íîñò³ ñåðöÿ, êîðîíàðíîãî ïîòîêó òà çá³ëü-
øåííÿì éîãî ôóíêö³îíàëüíèõ ðåçåðâ³â.

Ïîòóæíà ðîáîòà ñåðöÿ ïîòðåáóº âåëè-
êèõ åíåðãåòè÷íèõ âèòðàò. Äëÿ ïîð³âíÿííÿ
åôåêòèâíîñò³ ðîáîòè äèõàëüíîãî ëàíöþãà
ó êîíòðîëüíèõ ³ òðåíîâàíèõ òâàðèí ðåºñò-
ðóâàëè ð³âåíü ìåìáðàííîãî ïîòåíö³àëó òà
ïîãëèíàííÿ êèñíþ ó ñóñïåíç³¿ ì³òîõîíäð³é
ñåðöÿ. Âñòàíîâëåíî, ùî â óìîâàõ áëîêàäè
ÀÒÔ-ñèíòàçè òà ìàêñèìàëüíî¿ øâèäêîñò³
äèõàííÿ ìåìáðàííèé ïîòåíö³àë ó ñóñïåíç³¿
ì³òîõîíäð³é ñåðöÿ òðåíîâàíèõ ùóð³â ñòàíî-
âèâ -176,5 ìÂ ± 8,4 ìÂ ³ áóâ äîñòîâ³ðíî
âèùèì, í³æ ó ñóñïåíç³¿ ì³òîõîíäð³é, ³çîëüî-
âàíèõ ³ç ñåðäåöü êîíòðîëüíèõ òâàðèí (∆ψ

m
 =

-156 ,5  ìÂ ±  3 ,5  ìÂ,  Ð<0 ,05 ;  ðèñ .  2 ) .
Àíàëîã³÷íèé õàðàêòåð çì³í ìåìáðàííîãî
ïîòåíö³àëó ñïîñòåð³ãàëè ïðè äîñë³äæåíí³

ñóñïåíç³¿ ì³òîõîíäð³é ïå÷³íêè: ∆ψ
m
 = -172,0

± 7,0 ìÂ ùîäî -150,0 ìÂ ± 7,4 ìÂ ó êîíò-
ðîë³, Ð<0,05. Òàêèì ÷èíîì, íàâàíòàæåííÿ
ùóð³â ïëàâàííÿì ïðîòÿãîì 4 òèæ ìàëî
ñèñòåìíèé àäàïòàö³éíèé åôåêò.

Ï³äâèùåíèé ïîð³âíÿíî ç êîíòðîëüíèì
ìåìáðàííèé ïîòåíö³àë ó ì³òîõîíäð³ÿõ ñåðöÿ
òðåíîâàíèõ ïëàâàííÿì ùóð³â ñâ³ä÷èâ ïðî
åôåêòèâíå ôóíêö³îíóâàííÿ äèõàëüíîãî
ëàíöþãà, ï³äâèùåíå ñïðÿæåííÿ îêèñíîãî

Ðèñ. 1. Çì³íè ñêîðîòëèâî¿ àêòèâíîñò³ ì³îêàðäà (±dP/dt) ïðè äîçîâàíîìó çá³ëüøåíí³ îá�ºìó ë³âîãî øëóíî÷êà:
1 � êîíòðîëü, 2 � òðåíîâàí³ ùóðè, 3 � òðåíîâàí³ ùóðè ³ âââåäåííÿ L-NAME

-2500
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-1500

1500
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2500

0 50 100 100 100 100 ìêë

1

3

2

Ðèñ. 2. Çíà÷åííÿ ìåìáðàííîãî ïîòåíö³àëó ó ñóñïåíç³¿
ì³òîõîíäð³é ñåðöÿ ùóð³â áåç (1) òà ï³ñëÿ êóðñó
ô³çè÷íîãî íàâàíòàæåííÿ ïëàâàííÿì (2)

150

125

0

175

200

∆ψ, ìÂ

*

1 2
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ôîñôîðèëþâàííÿ ³, â³äïîâ³äíî, âèñîêèé
ð³âåíü ñèíòåçó ÀÒÔ. Îñòàííº, î÷åâèäíî,
çàáåçïå÷óâàëî ïðîäóêòèâíó ðîáîòó ñåðöÿ
òðåíîâàíèõ òâàðèí. Â³äîìî, ùî ìåìáðàííèé
ïîòåíö³àë áåçïîñåðåäíüî çàëåæèòü â³ä
ñòóïåíÿ ïðîòîííî¿ ïðîâ³äíîñò³ ì³òîõîíä-
ð³àëüíèõ ìåìáðàí. Çàðåºñòðîâàíå íàìè
âèñîêå çíà÷åííÿ ìåìáðàííîãî ïîòåíö³àëó
ó ùóð³â ï³ñëÿ ô³çè÷íîãî íàâàíòàæåííÿ ñâ³ä-
÷èëî, ùî âèò³ê ïðîòîí³â, ÿêèé ñïîñòåð³-
ãàºòüñÿ ïðè óòâîðåíí³ ì³òîõîíäð³àëüíèõ ïîð
³ ä³¿ ðîç�ºäíóâàëüíèõ á³ëê³â, ì³í³ì³çîâàíèé.

Äëÿ âèÿâëåííÿ àäàïòàö³éíèõ ìîæëèâîñ-
òåé ì³îêàðäà òà éîãî ÷óòëèâîñò³ äî óòâî-
ðåííÿ ì³òîõîíäð³àëüíèõ ïîð â³äòâîðþâàëè
ìîäåëü êàëüö³ºâîãî ïåðåâàíòàæåííÿ ì³î-
êàðäà � ïîñë³äîâíî çá³ëüøóâàëè êîíöåíò-
ðàö³þ ÑàCl

2
 ó ðîç÷èí³, ÿêèì ïåðôóçóâàëè

³çîëüîâàíå ñåðöå. ×åðåç 15 õâ ï³ñëÿ ï³äâè-
ùåííÿ äîçè Ñà2+ áðàëè ïðîáè ðîç÷èíó, ùî
â³äò³êàâ â³ä ñåðöÿ, äëÿ âèì³ðþâàííÿ éîãî
îïòè÷íî¿ ãóñòèíè ³ âèÿâëåííÿ ì³òîõîíä-
ð³àëüíîãî ôàêòîðà. Âèâ³ëüíåííÿ îñòàííüîãî
áóëî ïîêàçíèêîì ïîðóøåííÿ ïðîíèêíîñò³
ì³òîõîíäð³àëüíèõ ìåìáðàí [4].

Âñòàíîâëåíî ,  ùî  êóðñ  òðåíóâàííÿ
ïëàâàííÿì çàïîá³ãàâ øâèäêîìó ï³äâèùåííþ
ÊÄÒ òà ïîÿâ³ àðèòì³é ïðè â³äòâîðåíí³
ìîäåë³ êàëüö³ºâîãî ïåðåâàíòàæåííÿ. Ïðè
îäíàêîâ³é êîíöåíòðàö³¿ Ñà2+ ó ïåðôóç³éíîìó
ðîç÷èí³ ñåðöÿ òðåíîâàíèõ ùóð³â ðîçâèâàëè
á³ëüø ïîòóæíó ðåàêö³þ, ÿêà ïðîÿâëÿëàñü ó
ï³äâèùåíí³ Ð

ëø
, ñêîðî÷óâàëüíî¿ àêòèâíîñò³,

êîðîíàðíîãî ïîòîêó òà ³íòåíñèâíîñò³ ðîáîòè
ì³îêàðäà (ðèñ.  3) .  Ñë³ä â³äì³òèòè,  ùî
ìàêñèìàëüíà ³íîòðîïíà ñòèìóëÿö³ÿ ñåðöÿ ó

Ðèñ. 3. Çì³íè ñêîðî÷óâàëüíî¿ àêòèâíîñò³ ì³îêàðäà ïðè ï³äâèùåíí³ êîíöåíòðàö³¿ ³îí³â êàëüö³þ ó ïåðôóç³éíîìó
ðîç÷èí³ ó êîíòðîëüíèõ ùóð³â (à), ó ùóð³â ï³ñëÿ êóðñó ô³çè÷íîãî íàâàíòàæåííÿ ïëàâàííÿì áåç (á) ³ ï³ñëÿ ââåäåííÿ
L-NAME (â)
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êîíòðîëüíèõ òâàðèí ñïîñòåð³ãàëàñÿ  ó
â³äïîâ³äü íà ââåäåííÿ 7,5 ììîëü/ë ÑàCl

2
, à

ó òðåíîâàíèõ � íà 10 ììîëü/ë ÑàCl
2
, ùî

áóëî ï³äòâåðäæåííÿì íàÿâíîñò³ ïîòóæíèõ
ôóíêö³îíàëüíèõ ðåçåðâ³â  ì³îêàðäà ÿê
íàñë³äîê éîãî àäàïòàö³ ¿  äî ô³çè÷íîãî
íàâàíòàæåííÿ. Ó êîíòðîëüíèõ òâàðèí ïðè
10 ììîëü/ë, à ó òðåíîâàíèõ � ò³ëüêè ïðè 12,5
ììîëü/ë ÑàCl

2
 ó ïåðôóç³éíîìó ðîç÷èí³

â³äì³÷àëè çíèæåííÿ ïðèðîñòó ñêîðîòëèâî¿
ðåàêö³¿  ì³îêàðäà. Îòðèìàí³ ðåçóëüòàòè
ïîçèòèâíî êîðåëþâàëè ç äàíèìè ïðî âèâ³ëü-
íåííÿ ì³òîõîíäð³àëüíîãî ôàêòîðà. Ó êîíò-
ðîëüí³é ñåð³¿ â³í ðåºñòðóâàâñÿ ïðè á³ëüø
íèçüêèõ êîíöåíòðàö³ÿõ Ñà2+: 7,5�10 ììîëü/
ë, â òîé ÷àñ ÿê ó àäàïòîâàíèõ äî òðåíó-
âàííÿ òâàðèí � ïðè 12,5 ììîëü/ë, ùî áóëî
îçíàêîþ çìåíøåííÿ ÷óòëèâîñò³ ñåðäåöü
òðåíîâàíèõ ùóð³â äî ä³¿ Ñà2+, à îòæå, ³ äî
óòâîðåííÿ ì³òîõîíäð³àëüíèõ ïîð. Òàêèì
÷èíîì, íàâàíòàæåííÿ ïëàâàííÿì ñóïðîâîä-
æóâàëîñÿ çá³ëüøåííÿì åôåêòèâíîñò³ îáì³íó
êàëüö³þ ì³æ êàðä³îì³îöèòàìè òà ïîçàêë³-
òèííèì ñåðåäîâèùåì, à òàêîæ çìåíøåííÿì
÷óòëèâîñò³ ñåðäåöü äî óòâîðåííÿ ì³òî-
õîíäð³àëüíèõ ïîð ï³ä ä³ºþ Ñà2+.

Ìè ïðèïóñòèëè, ùî ìåõàí³çì àäàïòàö³¿
äî ô³çè÷íîãî íàâàíòàæåííÿ çä³éñíþºòüñÿ
÷åðåç àêòèâàö³þ ñèíòåçó îêñèäó àçîòó. ßê
â³äîìî, îêñèä àçîòó, ùî ãåíåðóºòüñÿ ïðè
îêèñíåíí³ L-àðã³í³íó êàëüö³éçàëåæíîþ
êîíñòèòóòèâíîþ NO-ñèíòàçîþ (ñNOS), â³-
ä³ãðàº îäíó ç ïðîâ³äíèõ ðîëåé ó ðåãóëÿö³¿
ôóíêö³îíàëüíî¿ àêòèâíîñò³ ì³îêàðäà çàâäÿ-
êè ñâî¿ì âàçîäèëàòàòîðíèì åôåêòàì [28].
Êð³ì òîíóñó ñóäèí [3, 16], NO çäàòíèé
âïëèâàòè íà äèõàëüíó àêòèâí³ñòü ì³òî-
õîíäð³é òà ÷óòëèâ³ñòü ì³òîõîíäð³àëüíèõ ïîð
äî â³äêðèâàííÿ [7, 9,  14, 32].  Âèíèêàº
ïèòàííÿ � ÷è ïðåâàëþþòü áóäü-ÿê³ åôåêòè
NO ïðè ðîçâèòêó àäàïòàö³éíèõ ðåàêö³é
ì³îêàðäà ïðè òðåíóâàíí³: éîãî ïðèãí³÷ó-
âàëüíà ä³ÿ íà ïðîíèêí³ñòü ì³òîõîíäð³àëüíèõ
ìåìáðàí àáî ñóòî äèëàòàòîðí³ âïëèâè?

Íàìè âñòàíîâëåíî, ùî áëîêàäà ñèíòåçó
îêñèäó àçîòó çà äîïîìîãîþ ââåäåííÿ L-NAME
ïðàêòè÷íî ñêàñîâóâàëà åôåêò àäàïòàö³¿ äî

ô³çè÷íîãî òðåíóâàííÿ ïëàâàííÿì. Ïîêàçí-
èêè ôóíêö³îíàëüíîãî ñòàíó ñåðöÿ êîíò-
ðîëüíèõ ùóð³â ³ òðåíîâàíèõ ùóð³â, ÿêèì
ââîäèëè L-NAME, ïðàêòè÷íî çá³ãàëèñÿ
(äèâ. òàáëèöþ). Öå òàêîæ ñòîñóâàëîñü ÿê
ðåàêö³¿ ñåðäåöü íà äîäàâàííÿ ÑàCl

2 
(ðèñ. 4),

ôîðìè êðèâî¿ Ôðàíêà-Ñòàðë³íãà (äèâ. ðèñ.
1), òàê ³ äèíàì³êè âèâ³ëüíåííÿ ì³òîõîíä-
ð³àëüíîãî ôàêòîðà.

Òàêèì ÷èíîì, ï³äâèùåííÿ êîðîíàðíîãî
ïîòîêó ³ ñêîðî÷óâàëüíî¿ àêòèâíîñò³ ì³îêàð-
äà, çá³ëüøåííÿ ôóíêö³îíàëüíèõ ðåçåðâ³â
ñåðöÿ ÿê íàñë³äîê àäàïòàö³¿ äî ô³çè÷íèõ
íàâàíòàæåíü ïëàâàííÿì çóìîâëåí³ ä³ºþ
îêñèäó àçîòó, îñê³ëüêè áëîêàäà ôåðìåíò³â
éîãî ñèíòåçó í³âåëþâàëà ñïîñòåðåæóâàí³
íàìè àäàïòàö³éí³ ìîæëèâîñò³ ñåðöÿ. Ö³
âèñíîâêè ï³äòâåðäæóþòüñÿ äàíèìè á³îõ³-
ì³÷íèõ äîñë³äæåíü, ÿê³ âêàçóþòü íà ³ñòîòí³
çì³íè â ñèñòåì³ ñèíòåçó NO ÿê ðåçóëüòàòó
àäàïòàö³¿ äî ðåãóëÿðíèõ ô³çè÷íèõ íàâàí-
òàæåíü ïëàâàííÿì [1]. Âñòàíîâëåíî, ùî â
ì³òîõîíäð³ÿõ, îòðèìàíèõ ³ç ñåðäåöü òðåíî-
âàíèõ ùóð³â, ñïîñòåð³ãàëàñÿ ñòèìóëÿö³ÿ
àêòèâíîñò³ cNOS, iNOS ³ í³òðàòðåäóêòàçè,
à âì³ñò í³òðàò-àí³îíà � ìàðêåðà ³íòåíñèâ-
íîñò³ óòâîðåííÿ ³ äåãðàäàö³¿ ïåðîêñèí³òðèòó
äîñòîâ³ðíî çíèæóâàâñÿ.  Òàêèì ÷èíîì,
ôîðìóâàííÿ àäàïòàö³éíèõ ìîæëèâîñòåé
ì³îêàðäà ïðè ô³çè÷íîìó íàâàíòàæåíí³
çóìîâëåíî çäàòí³ñòþ åíäîòåë³þ êîðîíàðíèõ
ñóäèí ³ ïåðèêàðäà ïðîäóêóâàòè îêñèä àçîòó.

Ìåõàí³çìè àäàïòàö³¿ ñåðöÿ äî ô³çè÷íîãî
íàâàíòàæåííÿ  äîñèòü  øèðîêî äî ñë³ä-
æóþòüñÿ. Áàãàòî óâàãè ïðèä³ëÿºòüñÿ âèâ-
÷åííþ ðîë³ á³ëê³â òåïëîâîãî øîêó [20] ³
àíòèîêñèäàíò³â [17] .  Íèí³  â³äîìî,  ùî
ô³çè÷í³ òðåíóâàííÿ çíèæóþòü ãåíåðàö³þ
â³ëüíèõ ðàäèêàë³â êèñíþ ì³òîõîíäð³ÿìè
[33], çá³ëüøóþòü åêñïðåñ³þ åíäîãåííèõ
àíòèîêñèäàíòíèõ ôåðìåíò³â  òà  ³íøèõ
àíòèàïîïòîòè÷íèõ ïðîòå¿í³â [21], ³íäóêóþòü
åôåêò ïðåêîíäèö³þâàííÿ ó äîðîñëèõ [39] ³
â³äíîâëþþòü éîãî ó ñòàðèõ òâàðèí [8].
Ïîêàçàíî ï³äâèùåííÿ ïðè òðåíóâàíí³
åêñïðåñ³¿ ð³çíèõ ³çîôåðìåíò³â NOS [25, 35,
36]. Ïðè òðèâàëèõ íàâàíòàæåííÿõ âåëèêî¿

Ðîëü îêñèäó àçîòó ó ðîçâèòêó ñêîðîòëèâèõ ðåàêö³é
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³íòåíñèâíîñò³ çðîñòàº åêñïðåñ³ÿ iNOS [37],
çà ïîì³ðíèõ � cNOS [36]. Çã³äíî ç íàøèìè
ðåçóëüòàòàìè, àäàïòàö³ÿ äî ô³çè÷íîãî íà-
âàíòàæåííÿ ïëàâàííÿì ñóïðîâîäæóâàëàñÿ
ï³äâèùåííÿì ìåìáðàííîãî ïîòåíö³àëó
ì³òîõîíäð³é, ùî ìîæå ñâ³ä÷èòè ïðî åôåê-
òèâí³ñòü ðîáîòè äèõàëüíîãî ëàíöþãà ³
ì³í³ì³çàö³þ ïðîòîííîãî âèòîêó, à òàêîæ
çìåíøåííÿì ÷óòëèâîñò³ ñåðäåöü äî óòâî-
ðåííÿ ì³òîõîíäð³àëüíèõ ïîð ï³ä ä³ºþ Ñà2+,
îñê³ëüêè ó òðåíîâàíèõ ùóð³â âèâ³ëüíåííÿ
ì³òîõîíäð³àëüíîãî ôàêòîðà â êîðîíàðíå
ðóñëî ðåºñòðóâàëîñÿ ïðè çíà÷íî á³ëüøèõ
êîíöåíòðàö³ÿõ ³îí³â êàëüö³þ â ïåðôóç³éíîìó
ðîç÷èí³, í³æ ó êîíòðîëüíèõ òâàðèí. Îñòàííº
ï³äòâåðäæóºòüñÿ äàíèìè, îòðèìàíèìè íà
ñóñïåíç³¿  ì³òîõîíäð³é ñåðöÿ ùóð³â [6].
Òðåíóâàííÿ ùóð³â ïðîòÿãîì 10 òèæ íà òðåä-
ì³ë³ òàêîæ ïðèçâîäèëî äî çá³ëüøåííÿ íà 45 %
ê³ëüêîñò³ Ca2+, ÿêèé íåîáõ³äíèé äëÿ â³äêðè-
âàííÿ ì³òîõîíäð³àëüíèõ ïîð [26]. Ðåãóëÿðí³

ô³çè÷í³ òðåíóâàííÿ çìåíøóâàëè ÷óòëèâ³ñòü
ì³òîõîíäð³àëüíèõ ïîð äî Ca2+ çà íàÿâíîñò³
ñóáñòðàò³â äëÿ êîìïëåêñó ²². Ó òàêîìó ðàç³
ö³ëêîì ëîã³÷íî, ùî ðåïåðôóç³éí³ ïîðóøåííÿ
ôóíêö³¿ ñåðöÿ òàêîæ ïðîÿâëÿëèñÿ ìåíøîþ
ì³ðîþ [5, 19, 12, 24].

Êàðä³îïðîòåêòîðíèé ìåõàí³çì, ùî ôîð-
ìóºòüñÿ ó êë³òèí³ ïðè àäàïòàö³¿ äî ô³çè÷-
íîãî òðåíóâàííÿ, ìîæå áóòè çóìîâëåíèé
íàñàìïåðåä ³ñòîòíèì çðîñòàííÿì êîðî-
íàðíîãî ïîòîêó, ïðî ùî ñâ³ä÷àòü ðåçóëüòàòè
íàøèõ ³ ³íøèõ äîñë³äæåíü [38]. Âàçîäèëà-
òàòîðíèé åôåêò áàãàòî â ÷îìó º ðåçóëüòà-
òîì ä³¿ îêñèäó àçîòó, çá³ëüøåííÿ àêóìóëÿö³¿
ÿêîãî ïðè ô³çè÷íîìó íàâàíòàæåíí³ º íàñë³ä-
êîì ï³äâèùåííÿ åêñïðåñ³¿ é àêòèâíîñò³ NOS
[10, 23, 30]. Îäíî÷àñíî NO çäàòåí âèñòóïà-
òè åôåêòèâíèì ³íã³á³òîðîì ì³òîõîíäð³àëü-
íèõ ïîð [7, 32], ³ ìè ïðîäåìîíñòðóâàëè ïî-
ñèëåííÿ öèõ éîãî âëàñòèâîñòåé ïðè òðåíó-
âàíí³. Éìîâ³ðíî, âñ³ êë³òèíí³ ìåõàí³çìè, ùî

Ðèñ. 4. Âïëèâ áëîêàäè ñèíòåçó NO íà çì³íè ïîêàçíèê³â ôóíêö³îíàëüíîãî ñòàíó ñåðöÿ ó â³äïîâ³äü íà ï³äâèùåííÿ ó
ïåðôóç³éíîìó ðîç÷èí³ êîíöåíòðàö³¿ Ñà2+ ó ùóð³â áåç ³ ï³ñëÿ êóðñó ô³çè÷íîãî íàâàíòàæåííÿ ïëàâàííÿì: à � òèñê, ùî
ðîçâèâàºòüñÿ ó ë³âîìó øëóíî÷êó; á � êîðîíàðíèé ïîò³ê; â � øâèäê³ñòü ñêîðî÷åííÿ ³ ðîçñëàáëåííÿ ì³îêàðäà;
ã � ³íòåíñèâí³ñòü ñêîðîòëèâî¿ ôóíêö³¿; 1 � êîíòðîëü, 2 � òðåíîâàí³ ùóðè, 3 � òðåíîâàí³ ùóðè ³ âââåäåííÿ L-NAME
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ñïðÿìîâàí³ íà áëîêàäó óòâîðåííÿ ì³òîõîíä-
ð³àëüíèõ ïîð ³ çíèæåííÿ ïðîíèêíîñò³ ì³òî-
õîíäð³àëüíèõ ìåìáðàí,  áóäóòü ðîáèòè
âíåñîê ó çàãàëüíèé çàõèñíèé åôåêò, ùî
ñïîñòåð³ãàºòüñÿ ïðè àäàïòàö³¿ ñåðöÿ äî
ô³çè÷íîãî íàâàíòàæåííÿ.

ÂÈÑÍÎÂÊÈ

1. Àäàïòàö³ÿ ùóð³â äî ô³çè÷íîãî íàâàíòà-
æåííÿ ïëàâàííÿì ïðîòÿãîì 4 òèæ ñóïðîâîä-
æóâàëàñÿ ïîêðàùåííÿì ôóíêö³îíàëüíîãî
ñòàíó ñåðöÿ ùóð³â,  ÿêå ïðîÿâëÿëîñÿ ó
ï³äâèùåíí³ ñêîðîòëèâî¿ àêòèâíîñò³ ñåðöÿ ³
êîðîíàðíîãî ïîòîêó, çá³ëüøåíí³ éîãî ôóíê-
ö³îíàëüíèõ ðåçåðâ³â.

2. Íàâàíòàæåííÿ ùóð³â ïëàâàííÿì ìàëî
ñèñòåìíèé òðåíóâàëüíèé åôåêò. Çíà÷åííÿ
ìåìáðàííîãî ïîòåíö³àëó ó ñóñïåíç³¿ ì³òî-
õîíäð³é ñåðöÿ òà ïå÷³íêè òðåíîâàíèõ òâàðèí
áóëè âèùèìè, í³æ ó êîíòðîëüí³é ñåð³¿.

3. Ô³çè÷íå íàâàíòàæåííÿ ïëàâàííÿì
ïðèçâîäèëî äî çìåíøåííÿ ÷óòëèâîñò³
ñåðäåöü ùóð³â äî óòâîðåííÿ ì³òîõîíä-
ð³àëüíèõ ïîð ï³ä ä³ºþ Ñà2+: âèâ³ëüíåííÿ
ì³òîõîíäð³àëüíîãî ôàêòîðà ó êîðîíàðíèé
ïîò³ê öèõ ùóð³â ñïîñòåð³ãàëè ïðè ä³¿ á³ëüø
âèñîêèõ êîíöåíòðàö³é ³îí³â êàëüö³þ.

4. Àäàïòàö³éí³ çì³íè ôóíêö³îíàëüíîãî
ñòàíó ñåðöÿ, ùî ôîðìóþòüñÿ ïðè ô³çè÷íîìó
òðåíóâàíí³ ïëàâàííÿì, áóëè çóìîâëåí³
âïëèâîì îêñèäó àçîòó, îñê³ëüêè áëîêàäà
ôåðìåíò³â éîãî ñèíòåçó çà äîïîìîãîþ
L-NAME ïðàêòè÷íî ñêàñîâóâàëà ñïîñòåðå-
æóâàí³ íàìè àäàïòàö³éí³ ìîæëèâîñò³ ñåðöÿ.

Ðîáîòà âèêîíàíà çà ï³äòðèìêè Äåðæàâ-
íîãî ôîíäó ôóíäàìåíòàëüíèõ äîñë³äæåíü.

Ò.Â. Øèìàíñêàÿ, Þ.Â. Ãîøîâñêàÿ, Â.Ô. Ñàãà÷

ÐÎËÜ ÎÊÑÈÄÀ ÀÇÎÒÀ
Â ÐÀÇÂÈÒÈÈ ÑÎÊÐÀÒÈÒÅËÜÍÛÕ ÐÅÀÊÖÈÉ
ÌÈÎÊÀÐÄÀ ÒÐÅÍÈÐÎÂÀÍÍÛÕ ÆÈÂÎÒÍÛÕ

Ó òðåíèðîâàííûõ æèâîòíûõ â çíà÷èòåëüíûõ êîëè÷åñòâàõ
ñèíòåçèðóåòñÿ îêñèä àçîòà. Îí óëó÷øàåò êàê ïðîöåññû
âàçîäèëàòàöèè, òàê ñîêðàòèòåëüíóþ è íàñîñíóþ ôóíêöèþ
ñåðäöà. Îñòàåòñÿ íåâûÿñíåííûì åãî âëèÿíèå íà ðåàêöèè

ñåðäöà â îòâåò íà íàãðóçêó îáúåìîì è êàëüöèåì, ÷òî
íàáëþäàåòñÿ ïðè äëèòåëüíûõ ôèçè÷åñêèõ íàãðóçêàõ. Â
ýêñïåðèìåíòàõ íà èçîëèðîâàííîì ïî ìåòîäó Ëàíãåíäîðôà
ñåðäöå êðûñ óëó÷øàëîñü åãî ôóíêöèîíàëüíîãî ñîñòîÿíèå
êàê ñëåäñòâèå àäàïòàöèè â òå÷åíèå 4-õ íåäåëü ê íàãðóçêå
ïëàâàíèåì, ÷òî ïðîÿâëÿëîñü â óâåëè÷åíèè ñîêðàòèòåëüíîé
àêòèâíîñòè ìèîêàðäà íà 20 % è êîðîíàðíîãî ïîòîêà (ñ 12,0
± 1,5 äî 16,0 ìë/ìèí ± 0,8 ìë/ìèí), óìåíüøåíèè ÷àñòîòû
ñåðäå÷íûõ ñîêðàùåíèé, à òàêæå óâåëè÷åíèè ôóíê-
öèîíàëüíûõ ðåçåðâîâ ñåðäöà. Ïðè îäèíàêîâîé ñòåïåíè
ðàñòÿæåíèÿ ëåâîãî æåëóäî÷êà ñåðäöà òðåíèðîâàííûõ êðûñ
ðàçâèâàëè áîëåå ìîùíóþ ñèëó ñîêðàùåíèÿ. Âïåðâûå
óñòàíîâëåíî, ÷òî ìåìáðàííûé ïîòåíöèàë ìèòîõîíäðèé
ñåðäöà òðåíèðîâàííûõ êðûñ áûë äîñòîâåðíî âûøå, ÷åì ó
êîíòðîëüíûõ æèâîòíûõ, ÷òî ñâèäåòåëüñòâóåò îá óâåëè÷åíèè
ñîïðÿæåíèÿ îêèñëèòåëüíîãî ôîñôîðèëèðîâàíèÿ. Êóðñ
òðåíèðîâêè ïëàâàíèåì ïðåäîòâðàùàë áûñòðîé ðîñò
êîíå÷íî-äèàñòîëè÷åñêîãî äàâëåíèÿ è ïîÿâëåíèå àðèòìèé
ïðè âîñïðîèçâåäåíèè ìîäåëè êàëüöèåâîé ïåðåãðóçêè. Ó
òðåíèðîâàííûõ æèâîòíûõ îòìå÷àëè îòêðûòèå ìèòîõîíä-
ðèàëüíûõ ïîð ïðè áîëåå âûñîêèõ êîíöåíòðàöèÿõ êàëüöèÿ
â ïåðôóçèîííîì ðàñòâîðå. Ïîêàçàíî, ÷òî àäàïòàöèÿ ê
ôèçè÷åñêîé íàãðóçêå è óâåëè÷åíèå ðåçåðâîâ ñåðäöà
îáóñëîâëåíà âëèÿíèåì îêñèäà àçîòà, áëîêàäà ñèíòåçà
êîòîðîãî ñ ïîìîùüþ L-NÀÌÅ (10-4 ìîëü/ë) îòìåíÿëà
óêàçàííûå àäàïòàöèîííûå èçìåíåíèÿ.
Êëþ÷åâûå ñëîâà: îêñèä àçîòà, èçîëèðîâàííîå ñåðäöå,
ôèçè÷åñêàÿ òðåíèðîâêà ïëàâàíèåì, êðèâàÿ Ôðàíêà�
Ñòàðëèíãà, êàëüöèåâàÿ ïåðåãðóçêà.

T.V. Shimanskaya, Y.V.Goshovska, V.F. Sagach

NITRIC OXIDE AS THE MAIN MEDIATOR
OF ADAPTATION TO PHYSICAL TRAINING

Intensive constitutive production of nitric oxide (NO) during
physical training improves vasodilatation and heart function.
However, it remains unclear how NO takes part in myocardial
adaptation to workload, which is accompanied by an increased
heart inflow and intracellular calcium content. Using isolated
rat heart by Langendorf preparation, we studied myocardial
response to gradually increased left ventricular volume (Frank-
Starling low) and increasing concentration of Ca2+ in the perfu-
sion solution (from 1.7mM to 12,5 mM) in trained and un-
trained rats. It was shown that 4 weeks swimming course
improved heart function: heart rate was decreased; contractile
activity (dP/dt max) and coronary flow were increased by
20% and 33%, respectively. Equal volume stretching of bal-
loon in left ventricle provoked greater contraction in trained
comparing to untrained hearts, demonstrating extended func-
tional reserves after swimming course. Mitochondrial membrane
potential was significantly increased  in hearts of trained rats.
Furthermore, training prevented fast increase of the end dias-
tolic pressure during calcium upload. Mitochondrial factor
release due to opening of mitochondrial permeability transi-
tion pore (MPTP) in trained hearts was detected at higher
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concentrations of calcium that reveals extended calcium capacity
of mitochondria and lesser sensitivity of MPTP to its induc-
tor � calcium. Blockade of NO synthesis with L-NAME ap-
plication of (10-4 M for 15 min) abolished reaction of trained
heart during Frank-Starling and calcium upload. Thus, heart
adaptation to physical training and extension of functional
reserves in heart are provided by endogenous NO production.
Key words: nitric oxide, Frank-Starling low, physical training,
calcium upload, mitochondrial permeability transition,
membrane potential.

O.O. Bogomoletz Institute of Physiology, National Academy
of Science of Ukraine, Kyiv
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Âïëèâ N-ñòåàðî¿ë- òà N-îëåî¿ëåòàíîëàì³íó
íà ïîòåíö³àëçàëåæí³ íàòð³ºâ³ êàíàëè êàðä³îì³îöèò³â

Äî ãðóïè N-àöèëåòàíîëàì³í³â (NAE) íàëåæàòü ë³ï³äè, ÿê³ çäàòí³ ìîäóëþâàòè ðîáîòó ³îííèõ
êàíàë³â ïëàçìàòè÷íî¿ ìåìáðàíè êë³òèí áåç ó÷àñò³ êàíàá³íî¿äíèõ ðåöåïòîð³â. Ïðîòå âïëèâ
ð³çíèõ ïðåäñòàâíèê³â NAE íà ïîòåíö³àëçàëåæí³ íàòð³ºâ³ êàíàëè (ÏÇÍÊ) ó ñåðöåâ³é òêàíèí³
ïðÿìî íå ïîêàçàíèé. Ó ö³é ðîáîò³ ìè äîñë³äèëè ìîäóëÿö³þ íàñè÷åíèì N-ñòåàðî¿ëåòàíîëàì³íîì
(NSE) òà îäíîíåíàñè÷åíèì N-îëåî¿ëåòàíîëàì³íîì (OEA) á³îô³çè÷íèõ âëàñòèâîñòåé ÏÇÍÊ
ïëàçìàòè÷íî¿ ìåìáðàíè íåîíàòàëüíèõ êàðä³îì³îöèò³â. NSE â ä³àïàçîí³ êîíöåíòðàö³é 1�200
ìêìîëü/ë ñóòòºâî íå âïëèâàâ íà àìïë³òóäó âõ³äíîãî íàòð³ºâîãî ñòðóìó (²

Na
), àëå çì³ùóâàâ

êðèâ³ éîãî ñòàö³îíàðíî¿ àêòèâàö³¿ òà ³íàêòèâàö³¿ íà 2,4 òà 10,6 ìÂ â³äïîâ³äíî (ïðè 100
ìêìîëü/ë) ó á³ê ã³ïåðïîëÿðèçàö³¿. Ê³íåòèêà àêòèâàö³¿ ñòðóìó ï³ä ä³ºþ NSE íå çì³íþâàëàñü, à
³íàêòèâàö³ÿ â ä³àïàçîí³ ïîòåíö³àë³â -60 � -30 ìÂ ïðèñêîðþâàëàñÿ ïðèáëèçíî â 1,2 ðàçà. Íà
â³äì³íó â³ä NSE, OEA äîçîçàëåæíî áëîêóâàâ ²

Na
 ç Ê

D
 = 11,4 ìêìîëü/ë ±1,6 ìêìîëü/ë ³ âåëè÷èíîþ

ìàêñèìàëüíîãî áëîêó 30 % ± 3 %, à òàêîæ âèêëèêàâ á³ëüøèé ïîð³âíÿíî ç NSE ã³ïåðïî-
ëÿðèçàö³éíèé çñóâ êðèâèõ ñòàö³îíàðíî¿ àêòèâàö³¿ òà ³íàêòèâàö³¿ ñòðóìó (-6,4 òà -14,0 ìÂ
â³äïîâ³äíî ïðè 100 ìêìîëü/ë OEA). OEA ïðàêòè÷íî íå çì³íþâàâ ê³íåòèêó àêòèâàö³¿ ²

Na
, àëå

ñèëüí³øå, í³æ NSE, ïðèñêîðþâàâ ê³íåòèêó éîãî ³íàêòèâàö³¿. Îòæå, îáèäâà ïðåäñòàâíèêà
NAE âïëèâàþòü íà ïîòåíö³àëçàëåæí³ñòü àêòèâàö³¿, ³íàêòèâàö³¿ òà ê³íåòèêó ²

Na
. Âîäíî÷àñ ö³

ä³¿ º á³ëüø âèðàæåíèìè äëÿ îäíîíåíàñè÷åíîãî OEA, ÿêèé íà äîäàòîê ùå ³ ÷àñòêîâî ïðèãí³÷óâàâ
ñòðóì. Îïèñàí³ âïëèâè NSE ³ OEA íà íàòð³ºâ³ êàíàëè ìîæóòü ÷àñòêîâî çóìîâëþâàòè çíèæåííÿ
çáóäëèâîñò³ êàðä³îì³îöèò³â ï³ä ä³ºþ öèõ ë³ï³ä³â ó íîðì³ òà ïàòîëîã³¿.
Êëþ÷îâ³ ñëîâà: íåîíàòàëüí³ êàðä³îì³îöèòè, N-àöèëåòàíîëàì³íè, ïîòåíö³àëçàëåæí³ íàòð³ºâ³
êàíàëè, ³íàêòèâàö³ÿ.
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ÂÑÒÓÏ

N-ñòåàðî¿ë- (NSE) òà N-îëåî¿ëåòàíîëàì³í
(OEA) íàëåæàòü äî âåëèêî¿ ãðóïè ì³íîðíèõ
ñèãíàëüíèõ ë³ï³ä³â, ÿêà âêëþ÷àº åíäîêà-
íàá³íî¿äè, N-àöèëüîâàí³ ìîëåêóëè åòàíîëà-
ì³íó, åéêîçàíî¿äè òà æèðí³ êèñëîòè [1, 19].
Ö³ á³îàêòèâí³ ë³ï³äè âïëèâàþòü íà ïåðåá³ã
áàãàòüîõ ô³ç³îëîã³÷íèõ ³ ïàòîô³ç³îëîã³÷íèõ
ïðîöåñ³â, âêëþ÷àþ÷è íåéðîíàëüíó çáóäëè-
â³ñòü [8], ñîí [6], åï³ëåïñ³þ, íåéðîïðîòåêö³þ
[6, 21], çàïàëåííÿ òà á³ëü [3, 17], ñåðöåâî-
ñóäèííó ìîäóëÿö³þ [12, 14], çàïë³äíåííÿ ³
ïðîõîäæåííÿ êë³òèííîãî öèêëó [1, 7, 20]. Ó
ñåðöåâî-ñóäèíí³é ñèñòåì³ àêòèâíèì àì³äîì
æèðíî¿ êèñëîòè º îëåàì³ä, ÿêèé âèñòóïàº
åôåêòèâíèì âàçîäèëàòàòîðîì òà âïëèâàº

íà ñòðóêòóðíèé ðîçâèòîê ñåðöåâîãî ì�ÿçà
çà äîïîìîãîþ ³íã³áóâàííÿ çâ�ÿçê³â ì³æ
êàðä³îì³îöèòàìè ÷åðåç ù³ëüí³ êîíòàêòè
[12]. Äîñèòü äîáðå âèâ÷åíà ä³ÿ åíäî- òà
åêçîêàíàá³íî¿ä³â  ó  íåðâîâ³é,  ñåðöåâî-
ñóäèíí³é òà ³ìóíí³é ñèñòåìàõ, ÿêà îïîñåðåä-
êîâóºòüñÿ íèçêîþ òàêèõ ñïåöèô³÷íèõ äî íèõ
ðåöåïòîð³â, ÿê êàíàá³íî¿äí³ CB

1
 ³  CB

2
,

âàí³ëî¿äíèé TRPV1, ÿäåðí³ PPAR òà G-
á³ëîê-ñïðÿæåí³ GPR18, GPR55 ³ GPR119 [1].
Íàéá³ëüø äîñë³äæåíèé ïðåäñòàâíèê N-
àöèëåòàíîëàì³í ³â  (NAE)  �  àíàíäàì³ä
âèÿâëÿº àêòèâí³ñòü ç ïðåäñòàâíèêàìè òðüîõ
ãðóï ðåöåïòîð³â (CB

1,2
, PPAR, TRPV1), â

òîé ÷àñ ÿê OEA òà ³íø³ ïðåäñòàâíèêè NAE
ìîæóòü ïî-ð³çíîìó âïëèâàòè ÷åðåç äåÿê³ ç
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íèõ. Îñòàíí³ äîñë³äæåííÿ ñâ³ä÷àòü, ùî êà-
íàá³íî¿äè ìîæóòü ä³ÿòè íà íèçêó ³îíîòðàí-
ñïîðòíèõ ñòðóêòóð ïëàçìàòè÷íî¿ ìåìáðàíè
êë³òèí ³ áåç çàëó÷åííÿ âêàçàíèõ ðåöåïòîð³â
³ ñèãíàëüíèõ øëÿõ³â, ÿê³ ç íèìè ïîâ�ÿçàí³.
Òàê, áóâ îïèñàíèé ïðÿìèé âïëèâ åíäîêàíà-
á³íî¿ä³â íà ôóíêö³îíàëüí³ âëàñòèâîñò³ ³îíî-
òðîïíèõ ñåðîòîí³íîâèõ 5-HT

3
-ðåöåïòîð³â,

ãëóòàìàòíèõ NMDA, ÃÀÌÊ
À
, ãë³öèíîâèõ òà

α7-í³êîòèíîâèõ ðåöåïòîð³â [16]. Ïîä³áí³
åôåêòè áóëè âèÿâëåí³ òàêîæ íà ð³çí³ òèïè
êàëüö³ºâèõ, êàë³ºâèõ, õëîðíèõ ³ ë³ãàíä-
êåðîâàíèõ ³îííèõ êàíàë³â, ó òîìó ÷èñë³ íà
âàí³ëî¿äíèé ðåöåïòîð TRPV1 [1, 16].

Òàê³ ìîëåêóëè ë³ï³äíî¿ ïðèðîäè, ÿê öèñ-
9,10-îêòîäåöåíîàì³ä, àíàíäàì³ä ³ ñèíòå-
òè÷í³ êàíàá³ì³ìåòèêè ÀM404 ³ WIN55,212-
2 çäàòí³  òàêîæ ðåãóëþâàòè àêòèâí³ñòü
ïîòåíö³àëçàëåæíèõ íàòð³ºâèõ êàíàë³â
(ÏÇÍÊ) [15]. Çîêðåìà, çäàòí³ñòü íàñè÷åíèõ
NAE (14:0, 16:0 ³ 18:0) ïðèãí³÷óâàòè øâèäê³
ÏÇÍÊ áóëà ïðîäåìîíñòðîâàíà â äèôåðåí-
ö³éîâàíèõ êë³òèíàõ íåéðîáëàñòîìè C1300N18,
â ÿêèõ ö³ ñïîëóêè çìåíøóâàëè ÿê áàçàëüíèé,
òàê ³ âåðàòðèäèíàêòèâîâàíèé òðàíñïîðò
íàòð³þ, ùî ñâ³ä÷èëî ïðî ìîæëèâ³ñòü ìîäó-
ëÿö³¿ íèìè íåéðîíàëüíî¿ çáóäëèâîñò³ áåç
ó÷àñò³ êàíàá³íî¿äíèõ ðåöåïòîð³â [11]. Âèñ-
íîâîê ïðî íàÿâí³ñòü ïðÿìî¿ ä³¿ àíàíäàì³äó
íà ÏÇÍÊ öåíòðàëüíèõ íåéðîí³â áóëî çðîá-
ëåíî íà îñíîâ³ äàíèõ ïðî çì³íó çâ�ÿçóâàííÿ
áàòðàõîòîêñèíó ç ñèíàïòîñîìàìè ìîçêó ï³ä
âïëèâîì öüîãî ë³ï³äó, à òàêîæ ïðî áëîêó-
âàííÿ íèì âåðàòðèäèíçàëåæíî¿ äåïîëÿ-
ðèçàö³¿ òà òåòðîäîòîêñèí÷óòëèâî¿ ïà÷êîâî¿
àêòèâíîñò³ íåéðîí³â êîðè ãîëîâíîãî ìîçêó
[15]. Â ïðÿìèõ åëåêòðîô³ç³îëîã³÷íèõ äîñë³-
äàõ íà íåéðîíàõ çàäíüîêîð³íöåâèõ ãàíãë³¿â
áóëî âèÿâëåíî, ùî àíàíäàì³ä áëîêóº ÿê
òåòðîäîêñèí÷óòëèâó, òàê ³ òåòðîäîêñèí-
ðåçèñòåíòíó êîìïîíåíòè çàãàëüíîãî íàòð³º-
âîãî ñòðóìó (²

Na
) ³ ïðèøâèäøóº ê³íåòèêó ¿õ

àêòèâàö³¿ òà ³íàêòèâàö³¿ [13].
Ó íàø³é ïîïåðåäí³é ðîáîò³ ìè ïîêàçàëè,

ùî NSE ³, îñîáëèâî, OEA çäàòí³ ìîäóëþ-
âàòè çàãàëüíó çáóäëèâ³ñòü êàðä³îì³îöèò³â,
çì³íþþ÷è ïîêàçíèêè ¿õ ïîòåíö³àëó ä³¿ (ÏÄ)

òà ïîòåíö³àëó ñïîêîþ (ÏÑ) [22]. Îäíèì ç
åôåêò³â öèõ ðå÷îâèí áóëî äåÿêå çìåíøåííÿ
àìïë³òóäè òà øâèäêîñò³ íàðîñòàííÿ ÏÄ, ùî
ñâ³ä÷èëî ïðî ¿õ ìîæëèâèé âïëèâ íà äåïîëÿ-
ðèçóâàëüíèé, ÏÇÍÊ-îïîñåðåäêîâàíèé ²

Na
.

Îñê³ëüêè ïðÿìèõ â³äîìîñòåé ùîäî õàðàê-
òåðó ä³¿ öèõ ïðåäñòàâíèê³â NAE íà ÏÇÍÊ
ó ñåðö³ íå ³ñíóº, â ö³é ðîáîò³ ìè äîñë³äèëè
ìîä óëÿö³þ á ³îô³çè÷íèõ  âëàñòèâî ñòåé
øâèäêîãî ²

Na
 íåîíàòàëüíèõ êàðä³îì³îöèò³â

ùóð³â çà íàÿâíîñò³ NSE é OEA. Íàø³ ðåçóëü-
òàòè ñâ³ä÷àòü, ùî îñòàíí³ âïëèâàþòü íà
ïîòåíö³àëçàëåæí³ñòü àêòèâàö³¿, ³íàêòèâàö³¿ òà
ê³íåòèêó ²

Na
, ùî ìîæå ÷àñòêîâî çóìîâëþâàòè

çíèæåííÿ çáóäëèâîñò³ êàðä³îì³îöèò³â ï³ä ä³ºþ
öèõ ë³ï³ä³â ó íîðì³ òà ïàòîëîã³¿.

ÌÅÒÎÄÈÊÀ

Ïåðâèííà êóëüòóðà íåîíàòàëüíèõ êàðä³î-
ì³îöèò³â. Äëÿ âèä³ëåííÿ òà êóëüòèâóâàííÿ
íåîíàòàëüíèõ ñåðöåâèõ ì³îöèò³â ùóð³â
âèêîðèñòîâóâàëè çàãàëüíîïðèéíÿòó ïðîöå-
äóðó ç íåçíà÷íèìè çì³íàìè [18]. Ñåðöÿ
àñåïòè÷íî âèä³ëÿëè ³ç 2�3-äîáîâèõ ùóð³â
â³äðàçó ï³ñëÿ äåêàï³òàö³¿ òà ïîì³ùàëè â
áåçêàëüö³ºâèé ô³ç³îëîã³÷íèé ðîç÷èí (ÔÐ)
ïðè 0 oÑ òàêîãî ñêëàäó (ììîëü/ë): NaCl �
140, KCl � 4, MgSO

4
 � 1, KH

2
PO

4
 � 1,2,

Na
2
HPO

4
 � 0.5, ï³ðóâàò íàòð³þ � 5, HEPES �

10, ãëþêîçà � 10; pH 7,35. Ï³ñëÿ ïîäð³áíåííÿ
øìàòî÷êè òêàíèíè ðîçì³ðîì áëèçüêî1 ìì
âì³ùóâàëè íà 4�5 õâ ó ÔÐ ïðè 21 oÑ, ÿêèé
ïðîãàçîâóâàëè êàðáîãåíîì (ñóì³ø 95 % O

2

òà 5 % CO
2
). Ôåðìåíòàòèâíå äèñïåðãóâàí-

íÿ òêàíèíè ïðîâîäèëè ó ÔÐ ç äîäàâàííÿì
0,46 ìã/ìë êîëàãåíàçè (Type IA, «Sigma-
Aldrich», ÑØÀ) ïðè 37 oÑ ïðîòÿãîì 30 õâ ç
ëåãêèì ïåðåì³øóâàííÿì ³ ïðîãàçîâóâàííÿì
êàðáîãåíîì. Ï³ñëÿ ôåðìåíòàòèâíî¿ îáðîá-
êè òêàíèíó ï³ïåòóâàëè, öåíòðèôóãóâàëè ïðè
ìàëèõ îáåðòàõ (3000 õâ-1) ³ ï³ñëÿ âèäàëåííÿ
ñóïåðíàòàíòó âíîñèëè ó ÔÐ, ùî ì³ñòèâ Ca2+

â êîíöåíòðàö³¿ 0,2 ììîëü/ë. Ïðîöåñ â³ä-
ìèâêè ôåðìåíòó ïîâòîðþâàëè òðè÷³, ï³ñëÿ
÷îãî êîíöåíòðàö³þ êàëüö³þ ó ÔÐ ï³äâè-
ùóâàëè äî 1,5 ììîëü/ë. Öå äàâàëî çìîãó

Âïëèâ N-ñòåàðî¿ë- òà N-îëåî¿ëåòàíîëàì³íó
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ï³äãîòóâàòè êàëüö³éòîëåðàíòí³ êë³òèíè äî
ïåðåíåñåííÿ â ðîç÷èí ç ô³ç³îëîã³÷íîþ
êîíöåíòðàö³ºþ êàëüö³þ. Ï³ñëÿ öåíòðè-
ôóãóâàííÿ ïðîòÿãîì 1 õâ ïðè íèçüêèõ
îáåðòàõ (3000 õâ-1), ñóïåðíàòàíò âèäàëÿëè,
êë³òèíè ïåðåíîñèëè â êóëüòóðàëüíå ñåðåäî-
âèùå DMEM ç äîäàâàííÿ 10%-¿ òåëÿ÷î¿
ñèðîâàòêè ³ ùå ðàç ï³ïåòóâàëè. Ç ñóñïåíç³¿,
ÿêó îòðèìàëè, êë³òèíè íàíîñèëè ³ç ù³ëüí³ñòþ
áëèçüêî 100000 ñì-2 íà ñêåëüöÿ, ïîêðèò³
æåëàòèíîì («Sigma-Aldr ich» ,  ÑØÀ) ³
ïîì³ùåí³ â ÷àøêè Ïåòð³ ³ç êóëüòóðàëüíèì
ñåðåäîâèùåì. Êë³òèíè ³íêóáóâàëè â àòìîñ-
ôåð³ ãàç³â 5% CO

2
 ³ 95 % O

2
 ïðè 37 oÑ ïðî-

òÿãîì 1�3 ä³á. Êîæí³ 24 ãîä êóëüòóðàëüíå
ñåðåäîâèùå çàì³íþâàëè íà ñâ³æå. Æèòòº-
çäàòí³ êë³òèíè, ùî ïðèêð³ïèëèñÿ äî ñêëà,
ñïîíòàííî ñêîðî÷óâàëèñÿ ÷åðåç 12 ãîä
ï³ñëÿ êóëüòèâóâàííÿ. Õàðàêòåð ³ ÷àñòîòà
ñêîðî÷åíü êîæíîãî êàðä³îì³îöèòà áóëè
ð³çíèìè ³  íå  çàëåæàëè â³ä  àêòèâíîñò³
ñóñ³äí³õ êë³òèí. Äëÿ åëåêòðîô³ç³îëîã³÷íèõ
äîñë³ä³â âèêîðèñòîâóâàëè êë³òèíè, ÿê³ ïåðåä
öèì ñïîíòàííî ñêîðî÷óâàëèñÿ.

Åëåêòðîô³ç³îëîã³÷í³ åêñïåðèìåíòè òà
ðîç÷èíè. Äîñë³äè ïðîâîäèëè çà äîïîìîãîþ
ìåòîäó �patch-clamp� ó êîíô³ãóðàö³¿ �ö³ëà
êë³òèíà� ïðè 36 oÑ ç âèêîðèñòÿííÿì ï³äñè-
ëþâà÷à PC-ONE («Dagan Corp.», ÑØÀ),
àíàëîãîâî-öèôðîâîãî ïåðåòâîðþâà÷à Digi-
data 1200A («Axon Instr.», ÑØÀ) ïåðñî-
íàëüíîãî êîìï�þòåðà òà ïðîãðàìíîãî çà-
áåçïå÷åííÿ pCLAMP-8 («Axon Inst r.» ,
ÑØÀ). Äëÿ øâèäêî¿ çì³íè çîâí³øíüîêë³òèí-
íèõ ðîç÷èí³â (çà ÷àñ áëèçüêî 1 ñ) ³ ïðèêëà-
äàííÿ ðå÷îâèí â óìîâàõ ñòàëî¿ òåìïåðàòó-
ðè âèêîðèñòîâóâàëè áàãàòîêàíàëüíó òåðìî-
ñòàá³ë³çîâàíó ì³êðîïåðôóç³éíó ñèñòåìó
âëàñíî¿ ðîçðîáêè. Ðåºñòðóâàëüí³ ñêëÿí³
ì³êðîï³ïåòêè âèãîòîâëÿëè çà äîïîìîãîþ
âèòÿæêè P-97 («Sutter Instr. Co.», ÑØÀ) ç
áîðîñèë³êàòíèõ êàï³ëÿð³â ³ç çîâí³øí³ì
ä³àìåòðîì 1,5 ìì («World Precision Instru-
ments», ÑØÀ). Ï³ñëÿ çàïîâíåííÿ âíóòð³ø-
í³ì ðîç÷èíîì ï³ïåòêè ìàëè îï³ð 1�3 ÌÎì.
Äëÿ îáðîáêè òà àíàë³çó çàïèñ³â ³ â³çóàë³çàö³¿
ðåçóëüòàò³â âèêîðèñòîâóâàëè ïðîãðàìíå

çàáåçïå÷åííÿ Matlab («Mathworks Corp.»,
ÑØÀ) ³ Origin («OriginLab Corp.», ÑØÀ).

Äëÿ ïîñò³éíî¿ ïåðôóç³¿ êë³òèí ïðîòÿãîì
åëåêòðîô³ç³îëîã³÷íîãî äîñë³äó âèêîðèñòî-
âóâàëè çîâí³øíüîêë³òèííèé ðîç÷èíè Ò³ðîäå
(ÐÒ) òàêîãî ñêëàäó (ììîëü/ë): NaCl � 144,
KCl � 5,4, CaCl

2
 � 1,8, MgCl

2
 � 1,2, NaH

2
PO

4
 �

0,5, HEPES � 10, ãëþêîçà � 10; pH 7,4. Äëÿ
çàïèñó íàòð³ºâèõ òðàíñìåìáðàííèõ ñòðóì³â
êë³òèíó ïåðôóçóâàëè ðîç÷èíîì ç³ çíèæåíîþ
êîíöåíòðàö³ºþ íàòð³þ, ÿêèé ì³ñòèâ ³îíè
öåç³þ äëÿ óñóíåííÿ êàë³ºâî¿ ïðîâ³äíîñò³ òà
í³êåëþ äëÿ áëîêóâàííÿ êàëüö³ºâèõ ñòðóì³â,
òàêîãî ñêëàäó (ììîëü/ë): NaCl � 35, TEA-
Cl � 100, CsCl � 5, CaCl

2
 � 0,5, MgCl

2
 � 1,

NiCl
2
 � 1, HEPES � 10, ãëþêîçà � 10; pH

7,4. Ðåºñòðóâàëüíó ï³ïåòêó çàïîâíþâàëè
âíóòð³øíüîêë³òèííèì ðîç÷èíîì òàêîãî
ñêëàäó (ììîëü/ë): CsCl � 40, CsOH � 85,
TEA-Cl � 5, àñïàðàã³íîâà êèñëîòà � 70,
MgCl

2
 � 1, EGTA � 10, HEPES � 10, MgATÔ �

4; ðÍ 7,3 (äîâîäèëè çà äîïîìîãîþ àñïàðà-
ã³íîâî¿ êèñëîòè). Âñ³ ðåàêòèâè, ÿê³ âèêîðèñ-
òîâóâàëè äëÿ ïðèãîòóâàííÿ ðîç÷èí³â, áóëè
â³ä ô³ðìè �Sigma-Aldrich� (ÑØÀ). NSÅ òà
ÎÅÀ áóëè ñèíòåçîâàí³ â ²íñòèòóò³ á³îõ³ì³¿
³ì. Î.Â. Ïàëàä³íà ÍÀÍ Óêðà¿íè (â³ää³ë
á³îõ³ì³¿ ë³ï³ä³â). Â³äïîâ³äí³ñòü ðå÷îâèí òà
ÿê³ñòü ñèíòåçó ïåðåâ³ðÿëè çà ¿õ òî÷êîþ
ïëàâëåííÿ, ìåòîäîì òîíêîøàðîâî¿ õðîìà-
òîãðàô³¿ çà äîâæèíîþ Rf ³ ìåòîäîì ãàçîð³-
äèííî¿ õðîìàòîãðàô³¿ â ïîð³âíÿíí³ ç êîìåð-
ö³éíèì àíàëîãîì [2]. NSE òà OEA ïîïå-
ðåäíüî ðîç÷èíÿëè ó åòàíîë³ â êîíöåíòðàö³¿
50 àáî 200 ìîëü/ë ³ äîäàâàëè äî ÐÒ äëÿ
îòðèìàííÿ íåîáõ³äíî¿ êîíöåíòðàö³¿ ðå÷îâèíè
òà îáðîáëÿëè óëüòðàçâóêîì ïðîòÿãîì 5 õâ.
Êîíöåíòðàö³ÿ åòàíîëó ó ðîç÷èíàõ ç NÀÅ íå
ïåðåâèùóâàëà 0,05 %.

ÐÅÇÓËÜÒÀÒÈ

Çà íàøèõ åêñïåðèìåíòàëüíèõ óìîâ (35
ììîëü/ë Na+ çîâí³ ç Cs+ ÿê îñíîâíèì âíóòð³ø-
íüîêë³òèííèì êàò³îíîì) ïðè äåïîëÿðèçàö³¿
êàðä³îì³îöèòà ïðÿìîêóòíèìè ³ìïóëüñàìè
ïîòåíö³àëó íàðîñòàþ÷î¿ àìïë³òóäè (V

m
,

Î.². Âîéòè÷óê, Â.Ñ. Àñìîëêîâà, Í.Ì. Ãóëà, Ì. Îç, ß.Ì. Øóáà



ISSN 0201-8489    Ô³ç³îë. æóðí., 2010, Ò. 56, ¹ 516

³íêðåìåíò 10 ìÂ) â³ä ð³âíÿ ï³äòðèìó-
âàëüíîãî ïîòåíö³àëó (V

h
) -90 ìÂ âõ³äíèé

Na+-ñòðóì (²
Na

) àêòèâóâàñÿ ïðè -70 ìÂ,
ñÿãàâ ìàêñèìàëüíîãî çíà÷åííÿ ïðè -20 ìÂ,
ï³ñëÿ ÷îãî ïîñòóïîâî çìåíøóâàâñÿ, çì³íþ-
þ÷è ñâ³é íàïðÿì ÷åðåç íå³äåàëüíó ñåëåê-
òèâí³ñòü ÏÇÍÊ, ùî äàº çìîãó ¿ì òðàíïîð-
òóâàòè ó âèõ³äíîìó íàïðÿìêó Cs+ ïðè
âèäèìîìó ïîòåíö³àë³ ðåâåðñ³¿ (V

r
) ïðèáëèçíî

+60 ìÂ.
Ïðèêëàäàííÿ NSE ìàéæå íå çì³íþâàëî

àìïë³òóäó ²
Na

: íàâ³òü ïðè êîíöåíòðàö³ÿõ
ðå÷îâèíè 200 ìêìîëü/ë àìïë³òóäà ñòðóìó
ïðè V

m
 = -20 ìÂ çìåíøóâàëàñÿ ò³ëüêè íà 5 %

(ðèñ. 1,ã). Âîäíî÷àñ OEA âèêëèêàâ äîñèòü
øâèäêå (ìåíøå í³æ çà 1 õâ) äîçîçàëåæíå
ïðèãí³÷åííÿ ìàêñèìàëüíî¿ àìïë³òóäè ²

Na

(ðèñ .  2 , ã ) .  Ó  ðå çóëüòàò ³  àïðîêñèìàö³ ¿
äîçîçàëåæíîñò³ áëîêóâàëüíî¿ ä³¿ OEA ïðè
ïîòåíö³àë³ V

m
 = -20 ìÂ ôóíêö³ºþ Õ³ëëà áóëè

îòðèìàí³ çíà÷åííÿ ìàêñèìàëüíîãî ïðèãí³-
÷åííÿ ïðè íàñè÷óþ÷³é êîíöåíòðàö³¿ ðå÷îâèíè
À, êîíñòàíòè äèñîö³àö³¿ Ê

D
 òà êîåô³ö³ºíòà

êîîïåðàòèâíîñò³ ð 30 %, 10,5 ìêìîëü/ë ±1,1
ìêìîëü/ë òà 1,9 â³äïîâ³äíî.

Ïîð³âíÿííÿ ïðîíîðìîâàíèõ òà óñåðåä-
íåíèõ  âîëüò-àìïåðíèõ õàðàêòåðèñòèê
(ÂÀÕ) ²

Na
 â êîíòðîë³ ³ çà íàÿâíîñò³ ñóáìàê-

ñèìàëüíèõ êîíöåíòðàö³é (100 ìêìîëü/ë)
NSE (äèâ. ðèñ. 1,á) òà ÎÅÀ (äèâ. ðèñ. 2,á)
íå âèÿâèëî ïîì³òíèõ çì³í ó V

r
 ñòðóìó, ùî

ñâ³ä÷èòü ïðî â³äñóòí³ñòü âïëèâó öèõ ðå÷î-
âèí íà ñåëåêòèâí³ñòü ÏÇÍÊ. Àïðîêñèìàö³ÿ
âèñõ³äíèõ ã³ëîê îòðèìàíèõ ÂÀÕ ôóíêö³ºþ
Ãîëäìàíà�Õîäæê³íà�Êàöà ,  ùî îïèñó º
�ìèòòºâó ÂÀÕ� ÷åðåç â³äêðèò³ êàíàëè çà
óìîâ àñèìåòðè÷íîãî ðîçïîä³ëó ïðîíè-
êàþ÷èõ ³îí³â (òîáòî ïðè çàäàíèõ V

r
), ³íòåð-

ïîëÿö³ÿ �ìèòòºâèõ ÂÀÕ� â çîíó â³ä�ºìíèõ
ïîòåíö³àë³â òà ä³ëåííÿ çàãàëüíèõ ÂÀÕ íà
çíà÷åííÿ �ìèòòºâèõ ÂÀÕ� ïðè êîæíîìó
çíà÷åíí³ ïîòåíö³àëó äàº çìîãó îòðèìàòè
çàëåæíîñò³ ñòàö³îíàðíî¿ àêòèâàö³¿ ²

Na
 â³ä

ïîòåíö³àëó (äèâ. ðèñ. 1,â ³ 2,â). ¯õ àïðîêñè-
ìàö³¿ ôóíêö³ÿìè Áîëüöìàíà äàëè ìîæëè-
â³ñòü âèçíà÷èòè ÷è âïëèâàþòü NSE òà ÎÅÀ

íà êëþ÷îâ³ ïîêàçíèêè ñòàö³îíàðíî¿ àêòèâàö³¿
� ïîòåíö³àë ïîëîâèííî¿ àêòèâàö³¿ � V

1/2
 òà

ôàêòîð êðóòèçíè � k. Âèÿâèëîñÿ, ùî çà
êîíòðîëüíèõ óìîâ ö³ ïîêàçíèêè ñòàíîâèëè:
V

1/2
 = -34,2 ìÂ ³ k = 8,2 ìÂ. Ïðèêëàäàííÿ

100 ìêìîëü/ë NSE ïðèçâîäèëî äî ¿õ íåçíà÷-
íèõ,  ñòàòèñòè÷íî íåäîñòîâ³ðíèõ çì³í:
ã³ïåðïîëÿðèçàö³éíîãî çñóâó V

1/2
 íà 2,4 ìÂ

(òîáòî äî V
1/2

 = -36,5 ìÂ) ³ çá³ëüøåííþ k
äî 8,5 ìÂ. ÎÅÀ â êîíöåíòðàö³¿ 100 ìêìîëü/ë
âèêëèêàâ ñóòòºâ³ø³ çì³íè: ã³ïåðïîëÿðè-
çàö³éíèé çñóâ V

1/2
 íà 3,0 ìÂ (òîáòî äî V

1/2
 =

-37,1 ìÂ) òà ï³äâèùåííÿ k äî 8,4 ìÂ, ÿê³,
îäíàê, òåæ íå ñÿãàëè ïîðîãó ñòàòèñòè÷íî¿
äîñòîâ³ðíîñò³.

Äëÿ ç�ÿñóâàííÿ òîãî, ÷è âïëèâàþòü NSE
òà ÎÀÅ íà âëàñòèâîñò³ ³íàêòèâàö³¿ ÏÇÍÊ,
ìè ïîð³âíÿëè õàðàêòåðèñòèêè ¿õ ñòàö³î-
íàðíî¿ ³íàêòèâàö³¿ â êîíòðîë³ ³ çà íàÿâíîñò³
100 ìêìîëü/ë êîæíî¿ ç ðå÷îâèí. Ö³ õàðàêòå-
ðèñòèêè âèì³ðþâàëè çà äîïîìîãîþ ñòàí-
äàðòíîãî ïðîòîêîëó ñòèìóëÿö³¿, ùî ñêëà-
äàâñÿ ç êîíäèö³îíóþ÷îãî ³ìïóëüñó çì³ííî¿
âåëè÷èíè â ä³àïàçîí³ -100�70 ìÂ ³ òðèâà-
ë³ñòþ 400 ìñ, çà ÿêèì ñë³äóâàâ òåñòîâèé
³ìïóëüñ äî V

m
 = -20 ìÂ. Äëÿ ïîáóäîâè

ñ àìèõ  õàðàêòåðèñòèê  àìïë³òóäè  ²
Na

 ó
â³äïîâ³äü íà òåñòóþ÷èé ³ìïóëüñ íîðìó-
âàëèñÿ äî àìïë³òóäè ñòðóìó ïðè êîíäèö³î-
íóþ÷îìó ³ìïóëüñ³ -100 ìÂ ³ â³äêëàäàëèñÿ
çàëåæíî â³ä çíà÷åííÿ êîíäèö³îíóþ÷îãî
ïîòåíö³àëó. Îòðèìàí³ òàêèì ÷èíîì ïîòåí-
ö³àëçàëåæíîñò³ ñòàö³îíàðíî¿ ³íàêòèâàö³¿
çîáðàæåí³ íà ðèñ. 1,â ³ 2,â. ¯õ àïðîêñèìàö³¿
ôóíêö³ÿìè Áîëüöìàíà äàëè çìîãó âñòàíî-
âèòè, ùî çà êîíòðîëüíèõ óìîâ ñòàö³îíàðíà
³íàêòèâàö³ÿ ÏÇÍÊ õàðàêòåðèçóºòüñÿ ïîêàç-
íèêàìè V

1/2
 = -78,6 ìÂ ³ k = 7,5 ìÂ, ÿê³ çà

íàÿâíîñò³ 100 ìêìîëü/ë NSE çì³íþþòüñÿ
äî  V

1/2
 =  -89 ,3  ìÂ ³  k  =  7 ,4  ìÂ,  à  çà

íàÿâíîñò³ 100 ìêìîëü/ë ÎÅÀ � äî V
1/2

 =
-92,5 ìÂ ³ k = 8,4 ìÂ. Òàêèì ÷èíîì, îáèäâà
ïðåäñòàâíèêè NÀÅ âèêëèêàþòü çñóâ ñòà-
ö³îíàðíî¿ ³íàêòèâàö³¿ ÏÇÍÊ ó á³ê ã³ïåðïî-
ëÿðèçàö³¿, îäíàê ç ÎÅÀ öåé çñóâ (14,0 ìÂ)
áóâ á³ëüøèì, í³æ ç NSE 1(10,6 ìÂ).

Âïëèâ N-ñòåàðî¿ë- òà N-îëåî¿ëåòàíîëàì³íó
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Ðèñ. 1. Âïëèâ N-ñòåàðèëåòàíîëàì³íó (NSE) íà ñòðóìè ÷åðåç íàòð³ºâ³ êàíàëè êàðä³îì³îöèò³â: à � ÷àñîçàëåæí³ñòü çì³í
àìïë³òóäè íàòð³ºâîãî ñòðóìó (²

Na
), àêòèâîâàíîãî äåïîëÿðèçàö³éíèì ³ìïóëüñîì ïîòåíö³àëó (V

t
) äî -20 ìÂ, ó â³äïîâ³äü

íà ïðèêëàäàííÿ 100 ìêìîëü/ë NSE, á � âîëüò-àìïåðí³ õàðàêòåðèñòèêè êîíòðîëüíîãî (²
Na

) (1; n=10) òà ²
Na

 çà íàÿâíîñò³
100 ìêìîëü/ë NSE (2; n=6); àìïë³òóäè ñòðóì³â ³íäèâ³äóàëüíèõ êàðä³îì³îöèò³â ïðè êîæíîìó V

t
 áóëè íîðìîâàí³ íà

ìàêñèìàëüíå çíà÷åííÿ ïðè V
t
=-20 ìÂ òà óñåðåäíåí³; ñóö³ëüí³ ë³í³¿ º àïðîêñèìàö³ÿìè â³äïîâ³äíèõ åêñïåðèìåíòàëüíèõ

çàëåæíîñòåé äîáóòêîì ôóíêö³é Áîëüöìàíà òà Ãîäìàíà�Õîäæê³íà�Êàöà; çâåðõó ïîêàçàí³ òèïîâ³ çàïèñè ñòðóì³â ³
ïðîòîêîë ñòèìóëÿö³¿ äî (çë³âà) òà ï³ñëÿ ïðèêëàäàííÿ 100 ìêìîëü/ë NSE, â � êðèâ³ ñòàö³îíàðíî¿ àêòèâàö³¿ òà ³íàêòèâàö³¿
íàòð³ºâèõ ñòðóì³â çà êîíòðîëüíèõ óìîâ (1; n=10) òà çà íàÿâíîñò³ 100 ìêìîëü/ë NSE (2; n=6); ñóö³ëüí³ ë³í³¿ º
àïðîêñèìàö³ÿìè â³äïîâ³äíèõ åêñïåðèìåíòàëüíèõ çàëåæíîñòåé ôóíêö³ºþ Áîëüöìàíà, ã � äîçîçàëåæí³ñòü áëîêóâàëüíî¿
ä³¿ NSE íà ²

Na
 ïðè ïîòåíö³àë³ -20 ìÂ (n=6), ñóö³ëüíà ë³í³ÿ º àïðîêñèìàö³ºþ çàëåæíîñò³ ôóíêö³ºþ Õ³ëà, ïîçíà÷åííÿ

ñèìâîë³â ò³ ñàì³, ùî ³ íà á, ä � çì³íà ÷àñó ³íàêòèâàö³¿ ²
Na

 ï³ä ä³ºþ NSE (n=6), ïîçíà÷åííÿ ñèìâîë³â ò³ ñàì³, ùî ³ íà
á.*Ð<0,05
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Âïëèâ N-ñòåàðî¿ë- òà N-îëåî¿ëåòàíîëàì³íó

Ðèñ. 2. Âïëèâ N-îëå¿ëåòàíîëàì³íó (OEA) íà ñòðóì ÷åðåç íàòð³ºâ³ êàíàëè êàðä³îì³îöèò³â: à � çì³íà àìïë³òóäè
íàòð³ºâîãî ñòðóìó (²

Na
) â â³äïîâ³äü íà òåñòîâèé ³ìïóëüñ ïîòåíö³àëó -20 ìÂ âíàñë³äîê ïðèêëàäàííÿ 100 ìêìîëü/ë

OEA, á � âîëüò-àìïåðí³ çàëåæíîñò³ çà êîíòðîëüíèõ óìîâ (1; n=10) òà çà íàÿâíîñò³ 100 ìêìîëü/ë OEA (2; n=6);
àìïë³òóäè ñòðóì³â áóëè íîðìîâàí³ íà ìàêñèìàëüíå çíà÷åííÿ â êîæíîìó âèïàäêó; ñóö³ëüí³ ë³í³¿ º àïðîêñèìàö³ÿìè
â³äïîâ³äíèõ åêñïåðèìåíòàëüíèõ òî÷îê äîáóòêîì ôóíêö³é Áîëüöìàíà òà Ãîäìàíà�Õîäæê³íà�Êàöà; çâåðõó ïîêàçàí³
òèïîâ³ çàïèñè ñòðóì³â òà ïðîòîêîë ñòèìóëÿö³¿ äî (çë³âà) òà ï³ñëÿ ïðèêëàäàííÿ 100 ìêìîëü/ë OEA, â � êðèâ³
ñòàö³îíàðíî¿ àêòèâàö³¿ òà ³íàêòèâàö³¿ íàòð³ºâèõ ñòðóì³â çà êîíòðîëüíèõ óìîâ (1; n=10) òà çà íàÿâíîñò³ 100 ìêìîëü/ë
OEA (2; n=6); ñóö³ëüí³ ë³í³¿ º àïðîêñèìàö³ÿìè â³äïîâ³äíèõ åêñïåðèìåíòàëüíèõ òî÷îê ôóíêö³ºþ Áîëüöìàíà,
ã � äîçîçàëåæí³ñòü áëîêóþ÷î¿ ä³¿ OEA íà ²

Na
 ïðè ïîòåíö³àë³ -20 ìÂ, ñóö³ëüíà ë³í³ÿ º àïðîêñèìàö³ºþ åêñïåðèìåíòàëüíèõ

òî÷îê ôóíêö³ºþ Õ³ëà (n=6), ïîçíà÷åííÿ ñèìâîë³â ò³ ñàì³, ùî ³ íà á, ä � çì³íà ÷àñó ³íàêòèâàö³¿ íàòð³ºâîãî ñòðóìó ï³ä
ä³ºþ OEA (n=6), ïîçíà÷åííÿ ñèìâîë³â ò³ ñàì³, ùî ³ íà á. *Ð < 0,05
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Ïîð³âíÿííÿ íîðìîâàíèõ çàïèñ³â êîíò-
ðîëüíèõ ²

Na
 ç ²

Na
 çà íàÿâíîñò³ 100 ìêìîëü/ë

NSE àáî ÎÀÅ ïðè V
m
 = -20 ìÂ (äèâ. ðèñ.

1,ä ³ 2,ä) âèÿâèëî òàêîæ ïîì³òíå ïðèñêî-
ðåííÿ ê³íåòèêè ³íàêòèâàö³¿ ñòðóì³â ï³ä ä³ºþ
NÀÅ áåç ñóòòºâîãî âïëèâó íà ê³íåòèêó
àêòèâàö³¿. Àïðîêñèìàö³ÿ ôàçè ñïàäó ñòðóì³â
åêñïîíåíö³éíîþ ôóíêö³ºþ äàëà çìîãó
âñòàíîâèòè, ùî ïðè V

m
 = -20 ìÂ ïîñò³éíà

÷àñó ³íàêòèâàö³¿ τ
³
 çìåíøóºòüñÿ ç êîíò-

ðîëüíîãî çíà÷åííÿ 0,52 ± 0,05 äî 0,46 ìñ ±
0,05 ìñ çà íàÿâíîñò³ NSE ³ äî 0,44 ± 0,06 çà
íàÿâíîñò³ ÎÅÀ. Äîñòîâ³ðíå ïðèñêîðåííÿ
³íàêòèâàö³¿ ²

Na
 ñïîñòåð³ãàëîñÿ ³ ïðè ³íøèõ

ïîòåíö³àëàõ â ä³àïàçîí³ -60� +40 ìÂ.

ÎÁÃÎÂÎÐÅÍÍß

ßê ïîêàçóþòü íàø³ ðåçóëüòàòè, NSE òà
ÎÀÅ çäàòí³ çìåíøóâàòè ²

Na
 êàðä³îì³îöèò³â,

ùî çíà÷íîþ ì³ðîþ ïîÿñíþº îïèñàíèé íàìè
ðàí³øå åôåêò çíèæåííÿ öèìè ðå÷îâèíàìè
àìïë³òóäè òà øâèäêîñò³ íàðîñòàííÿ ñåð-
öåâîãî  ÏÄ [22] .  Â  îñíîâ ³  çìåíøåííÿ
ëåæàòü òðè ä³¿  NSE òà ÎÀÅ íà ñåðöåâ³
ÏÇÍÊ: 1) ¿õ áåçïîñåðåäíº íåïîâíå áëîêó-
âàííÿ,  2)  ã³ïåðïîëÿðèçàö³éíèé çñóâ ¿õ
ñòàö³îíàðíî¿ ³íàêòèâàö³¿, ðåçóëüòàòîì ÷îãî
º ÷àñòêîâà ³íàêòèâàö³ÿ êàíàë³â ïðè ïîòåí-
ö³àë³  ñïîêîþ òà 3)  äåÿêå ïðèñêîðåííÿ
ê³íåòèêè ³íàêòèâàö³¿. Âñ³ òðè ä³¿, îñîáëèâî
âåëè÷èíà áåçïîñåðåäíüîãî áëîêó, º ïîì³òíî
á³ëüø âèðàæåíèìè äëÿ îäíîíåíàñè÷åíîãî
OEA ïîð³âíÿíî ç íàñè÷åíèì NSE. Çá³ëü-
øåííÿ ôóíêö³îíàëüíîãî âïëèâó NÀÅ íà
êàíàëè-ì³øåí³ ç³ çá³ëüøåííÿì ñòóïåíÿ ¿õ
íåíàñè÷åíîñò³ áóëî ïîêàçàíî ðàí³øå [16].

ÏÇÍÊ ïëàçìàòè÷íî¿ ìåìáðàíè íåïåéñ-
ìåéêåðíèõ êàðä³îì³îöèò³â ìàéæå âèêëþ÷íî
ïðåäñòàâëåí³ ¿õ òåòðîäîêñèíðåçèñòåíòíîþ
Na

v
1,5-³çîôîðìîþ (ãåí SCN5A). Òîìó çì³íó

á³îô³çè÷íèõ âëàñòèâîñòåé íàòð³ºâèõ ñòðó-
ì³â ,  îïèñàíèõ ó  íàø³é ðîáîò³ ,  ìîæíà
â³äíåñòè äî âïëèâó NSE ñàìå íà Na

v
1,5-

êàíàëè.
NSE ³  OEA äåùî ã³ïåðïîëÿðèçóþòü

ïîòåíö³àëçàëåæí³ñòü ñòàö³îíàðíî¿ àêòèâàö³¿
íàòð³ºâèõ êàíàë³â. Öåé åôåêò íå îïîñå-
ðåäêîâàíèé çì³íîþ ïîâåðõíåâîãî çàðÿäó,
îñê³ëüêè åêñïåðèìåíòàëüí³ óìîâè ïåðåä-
áà÷àþòü âáóäîâóâàííÿ ë³ï³äó â çîâí³øíþ
÷àñòèíó ë³ï³äíîãî á³øàðó. Ïîÿâà äîäàò-
êîâîãî íåçíà÷íîãî ïîçèòèâíîãî ïðèìåìá-
ðàííîãî çàðÿäó îçíà÷àëà áè çì³ùåííÿ
ïîòåíö³àëçàëåæíîñò³ â á³ê äîäàòí³õ ïîòåí-
ö³àë³â. Õî÷ ³ìîâ³ðíèì º ³ ìåõàí³çì íàêîïè-
÷åííÿ NAE ç âíóòð³øíüîãî áîêó ìåìáðàíè
âíàñë³äîê íåñïåöèô³÷íîãî ÷è ç ó÷àñòþ
ñïåöèô³÷íèõ ôë³ïàç ïåðåõîäó ³ç çîâí³øíüîãî
áîêó [23]. Ïîä³áíå çì³ùåííÿ àêòèâàö³éíî¿
êðèâî¿ ñïîñòåð³ãàëîñÿ ïðè ä³¿ ñèíòåòè÷íîãî
àíàëîãà àíàíäàì³äó WIN55,212-2 íà íàòð³ºâ³
êàíàëè íåéðîí³â òðèãåì³íàëüíèõ ãàíãë³¿â
[10], àëå íå â ðàç³ áëîêóâàííÿ àíàíäàì³äîì
òåòðîäîêñèíðåçèñòåíòíèõ íàòð³ºâèõ êàíàë³â
(íàé³ìîâ³ðí³øå Na

v 
1,8) íåéðîí³â çàäíüî-

êîð³íöåâèõ ãàíãë³¿â ùóð³â [13]. Íàø³ äîñë³äè
íå âèÿâèëè äîñòîâ³ðíî¿ çì³íè â ÷àñ³ àêòè-
âàö³¿  ñòðóìó ï³ä âïëèâîì NSE ³  OEA,
ìîæëèâî, ÷åðåç íåäîñòàòíþ øâèäê³ñòü
îöèôðîâóâàííÿ ñèãíàëó. Â çãàäàí³é ðîáîò³
ç áëîêóâàííÿ àíàíäàì³äîì ÏÇÍÊ íåéðîí³â
çàäíüîêîð³íöåâèõ ãàíãë³¿â ùóð³â [13], ïðîòå,
áóëî âèÿâëåíî çìåíøåííÿ ÷àñó ¿õ àêòèâàö³¿
çà ïîä³áíèõ åêñïåðèìåíòàëüíèõ óìîâ.

Îáèäâà ïðåäñòàâíèêà NAE ìîäóëþâàëè
³íàêòèâàö³éí³ âëàñòèâîñò³ íàòð³ºâèõ êàíàë³â,
çì³ùóþ÷è êðèâó ñòàö³îíàðíî¿ ³íàêòèâàö³¿ â
á³ê íåãàòèâíèõ ïîòåíö³àë³â ³ ïðèñêîðþþ÷è
÷àñ ñïàäó ñòðóìó. Ïîä³áí³ åôåêòè ñïîñòå-
ð³ãàëèñÿ â  ðîáîòàõ ç  áåçïîñåðåäíüîãî
áëîêóâàííÿ àíàíäàì³äîì íàòð³ºâèõ ³ íèçü-
êîïîðîãîâèõ êàëüö³ºâèõ êàíàë³â [5, 13].
Âòðàòà  åôåêòó  âíàñë ³äîê  áëîêóâàííÿ
òðàíñïîðòóþ÷èõ ñèñòåì äëÿ àíàíäàì³äó
çìóñèëà çðîáèòè âèñíîâîê, ùî â³í áåçïî-
ñåðåäíüî ìîäóëþº êàëüö³ºâ³ êàíàëè  ïåðå-
âàæíî ç âíóòð³øíüîãî áîêó ïëàçìàòè÷íî¿
ìåìáðàíè [4].  ²ñíóâàííÿ ÿê ïîð³âíÿíî
ñïåöèô³÷íèõ äëÿ îêðåìèõ ïðåäñòàâíèê³â
NÀE (àíàíäàì³äó ³ N-ïàëüì³òî¿ëåòàíîëà-
ì³íó), òàê ³ íåñïåöèô³÷íèõ òðàíñïîðòåð³â
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óêàçóº íà ìîæëèâ³ñòü ïîä³áíî¿ ïîâåä³íêè ³
äëÿ ³íøèõ ïðåäñòàâíèê³â NAE, çîêðåìà NSE
³ OEA, õî÷à âñòàíîâëåííÿ öüîãî ôàêòó
âèìàãàº ïðÿìèõ åêñïåðèìåíò³â.

²íã³áóâàííÿ íàòð³ºâîãî ñòðóìó, ÿê ïðàâè-
ëî, â³äáóâàëîñÿ ìåíøå í³æ ÷åðåç 4 ñ ï³ñëÿ
ïðèêëàäàííÿ îáîõ NAE òà ðîçâèâàëîñÿ
ïîñòóïîâî, à ¿õ ñòàö³îíàðíèé åôåêò ñïîñòå-
ð³ãàâñÿ ïðèáëèçíî ÷åðåç 1 õâ. Íàø³ åêñïå-
ðèìåíòè ïîêè íå äàþòü çìîãè âñòàíîâèòè
ìîæëèâèé ìåõàí³çì áëîêóâàííÿ � áåçïî-
ñåðåäíº çâ�ÿçóâàííÿ ç á³ëêîâèì êîìïëåêñîì
íàòð³ºâîãî êàíàëó, ÷åðåç G-á³ëîêñïðÿæåí³
ìåìáðàíí³ ðåöåïòîðè, àáî âíàñë³äîê âáóäî-
âóâàííÿ NÀE â ìåìáðàíó òà ïîâÿçàíó ç öèì
çì³íó ¿¿ â�ÿçêîñò³, ïîâåðõíåâîãî íàòÿãó òà
ëîêàëüíî¿ ì³êðîêðèâèçíè. Çì³ùåííÿ ïîòåí-
ö³àëçàëåæíîñòåé àêòèâàö³¿ òà ³íàêòèâàö³¿ â
á³ê â³ä�ºìíèõ ïîòåíö³àë³â ìîæå ïîÿñíþ-
âàòèñÿ âïëèâîì äîñë³äæóâàíèõ ë³ï³ä³â íà
ðóõ ñåíñîð³â ïîòåíö³àëó ÏÇÍÊ, ÿêå òàêîæ
ìîæå çóìîâëþâàòèñÿ êîæíèì ç öèõ ìåõà-
í³çì³â.

Â³äîìî, ùî áëîêóâàííÿ NAE êàëüö³ºâèõ
êàíàë³â T-òèïó çàëåæèòü â³ä íåíàñè÷åíîñò³
òà º íàéá³ëüøèì äëÿ àðàõ³äîíî¿ëåòàíîëà-
ì³íó (20:4) ³ äîêîçàãåêñàíî¿ëåòàíîëàì³íó
(22 :6) .  Êð³ì  òîãî ,  áóëî  ïîêàçàíî ,  ùî
ñòðóêòóðíèé àíàëîã OEA îëåàì³ä áåçïîñå-
ðåäíüî ³íã³áóº ÏÇÍÊ êë³òèí íåéðîáëàñòîìè
N1E115, âèêëèêàþ÷è ïîä³áí³ çì³íè ïîòåí-
ö³àëçàëåæíîñò³ ³íàêòèâàö³¿ òà ñèíàïòîñîìàõ
ìîçêó ìèøåé [12]. Ö³ ôàêòè ñâ³ä÷àòü íà
êîðèñòü áåçïîñåðåäíüîãî çâ�ÿçóâàííÿ ÿê
ìåõàí³çìó ä³¿ ÎÅÀ íà íàòð³ºâ³ êàíàëè.

Âèäàºòüñÿ éìîâ³ðíèì, ùî áëîêóâàííÿ
NSE ³ OEA íàòð³ºâèõ êàíàë³â ó ñåðö³, º ëèøå
îäíèì ç áàãàòüîõ âïëèâ³â, ÿê³ ÷èíÿòü ö³
ë³ï³äè íà ñåðöåâèé ì�ÿç ³ çíèæóþòü çáóä-
ëèâ³ñòü ³ íåãàòèâíèé ³íîòðîïíèé åôåêò [9].
Càìå áëîêóâàííÿ NSE ³ OEA íàòð³ºâèõ
êàíàë³â âèêëèêàº çìåíøåííÿ àìïë³òóäè òà
ïî÷àòêîâî¿  øâèäêî ñò ³  íàðî ñòàííÿ  ÏÄ
ïåðåäñåðäíèõ ,  øëóíî÷êîâèõ  åíäî-  òà
åï³êàðä³àëüíèõ êë³òèí ó êóëüòóð³ íåîíà-
òàëüíèõ êàðä³îì³îöèò³â [22].

Âïëèâ N-ñòåàðî¿ë- òà N-îëåî¿ëåòàíîëàì³íó

Î.È. Âîéòè÷óê, Â.Ñ. Àñìîëêîâà, Í.Ì. Ãóëà,
Ì. Îç, ß.Ì. Øóáà

ÂËÈßÍÈÅ N-ÑÒÅÀÐÎÈË-
È N-ÎËÅÎÈËÝÒÀÍÎËÀÌÈÍÀ
ÍÀ ÏÎÒÅÍÖÈÀËÇÀÂÈÑÈÌÛÅ ÍÀÒÐÈÅÂÛÅ
ÊÀÍÀËÛ ÊÀÐÄÈÎÌÈÎÖÈÒÎÂ

Ê ãðóïïå N-àöèëýòàíîëàìèíîâ (NAE) îòíîñÿòñÿ ëèïèäû,
ñïîñîáíûå âëèÿòü íà ôóíêöèîíèðîâàíèå èîííûõ êàíàëîâ
ïëàçìàòè÷åñêîé ìåìáðàíû êëåòîê áåç ó÷àñòèÿ êàíàáè-
íîèäíûõ ðåöåïòîðîâ. Òåì íå ìåíåå äåéñòâèå ðàçíûõ
ïðåäñòàâèòåëåé NAE íà ïîòåíöèàëçàâèñèìûå íàòðèåâûå
êàíàëû (ÏÇÍÊ) â ñåðäå÷íîé òêàíè ïðÿìî íå ïîêàçàíî. Â
äàííîé ðîáîòå ìè èññëåäîâàëè ìîäóëÿöèþ íàñûùåííûì
N-ñòåàðèëýòàíîëàìèíîì (NSE) è îäíîíåíàñûùåííûì N-
îëåèëýòàíîëàìèíîì (OEA) áèîôèçè÷åñêèõ ñâîéñòâ ÏÇÍÊ
ïëàçìàòè÷åñêîé ìåìáðàíû íåîíàòàëüíûõ êàðäèîìèîöèòîâ.
NSE â äèàïàçîíå êîíöåíòðàöèé 1�200 ìêìîëü/ë ñóùåñò-
âåííî íå âëèÿë íà àìïëèòóäó âõîäÿùåãî íàòðèåâîãî òîêà
(²

Na
), íî ñìåùàë êðèâûå åãî ñòàöèîíàðíîé àêòèâàöèè è

èíàêòèâàöèè íà 2,4 è 10,6 ìÂ ñîîòâåòñòâåííî (ïðè 100
ìêìîëü/ë) â ñòîðîíó ãèïåðïîëÿðèçàöèè. Êèíåòèêà
àêòèâàöèè òîêà ïîä äåéñòâèåì NSE íå èçìåíÿëàñü, à
èíàêòèâàöèÿ â äèàïàçîíå ïîòåíöèàëîâ -60 � -30 ìÂ
óñêîðÿëàñü ïðèáëèçèòåëüíî â 1,2 ðàçà. Â îòëè÷èå îò NSE,
OEA äîçîçàâèñèìî áëîêèðîâàë ²

Na
 ñ Ê

D
 = 11,4±1,6 ìêìîëü/

ë è âåëè÷èíîé ìàêñèìàëüíîãî áëîêà 30 % ± 3 %, à òàêæå
âûçûâàë áüëüøèé ïî ñðàâíåíèþ ñ NSE ãèïåðïîëÿðè-
çàöèîííûé ñäâèã êðèâûõ ñòàöèîíàðíîé àêòèâàöèè è
èíàêòèâàöèè òîêà (-6,4 ìÂ è -14,0 ìÂ ñîîòâåòñòâåííî ïðè
100 ìêìîëü/ë OEA). OEA ïðàêòè÷åñêè íå èçìåíÿë êèíåòèêó
àêòèâàöèè ²

Na
, íî ñèëüíåå, ÷åì NSE, óñêîðÿë êèíåòèêó åãî

èíàêòèâàöèè. Òàêèì îáðàçîì, îáà ïðåäñòàâèòåëÿ NAE
âëèÿþò íà ïîòåíöèàëçàâèñèìîñòü àêòèâàöèè, èíàêòèâàöèè
è êèíåòèêó ²

Na
. Â òî æå âðåìÿ ýòè äåéñòâèÿ áîëåå âûðàæåíû

äëÿ îäíîíåíàñûùåííîãî OEA, êîòîðûé ê òîìó æå åùå è
÷àñòè÷íî ïîäàâëÿë òîê. Îïèñàííûå ýôôåêòû NSE è OEA
íà íàòðèåâûå êàíàëû ìîãóò ÷àñòè÷íî îáóñëàâëèâàòü
ñíèæåíèå âîçáóäèìîñòè êàðäèîìèîöèòîâ ïîä äåéñòâèåì
ýòèõ ëèïèäîâ â íîðìå è ïàòîëîãèè.
Êëþ÷åâûå ñëîâà: íåîíàòàëüíûå êàðäèîìèîöèòû,
N-àöèëýòàíîëàìèíû, ïîòåíöèàëçàâèñèìûå íàòðèåâûå
êàíàëû, èíàêòèâàöèÿ.

O.I. Voitychuk, V.S. Asmolkova, N.M. Gula,
M.Oz, Y.M. Shuba

THE EFFECTS OF N-STEAROYL- AND
N-OLEOYLETHANOLAMINE ON CARDIAC
VOLTAGE-DEPENDENT SODIUM CHANNELS

The group of N-acylethanolamines (NAE) includes lipids that
are capable of modulating plasma membrane ion channels with-
out involvement of cannabinoid receptors. However, the ac-
tion of various members of NAE on voltage-gated Na+ channels
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(VGSC) in cardiac tissue is still not fully elucidated. Here
using patch-clamp technique we have studied the modulation
of biophysical properties of VGSC of neonatal cardio-
myocytes by saturated N-stearoylethanolamine (NSE) and
monounsaturated N-oleoylethanolamine (OEA). NSE in 1-200
µM concentration range did not significantly alter the ampli-
tude of inward Na+ current (²

Na
), but  100 µM NSE shifted its

steady-state activation and inactivation curves in hyper-
polarization direction by 2.4 mV and 10.6 mV, respectively.
Activation kinetics of the current was not changed by NSE,
but its inactivation was accelerated by about 1.2-fold in the
-60 � -30 mV range of membrane potentials. Unlike NSE, OEA
dose-dependently inhibited ²

Na
 with Ê

D
 = 11.4±1.6 µM and

maximal block at saturating concentration of 30±3 %. It also
stronger than NSE shifted current�s steady-state activation
and inactivation curves (-6.4 mV and -14.0 mV, respectively,
at 100 µM) in hyperpolarization direction. The effect of OEA
on ²

Na
 activation kinetics was negligible, but it more

pronouncedly than NSE accelerated inactivation of the current.
Thus, both members of NAE influence the voltage-dependence
of activation, inactivation and kinetics of ²

Na
. These effects

were more prominent for monounsaturated OEA, which also
partially blocked ²

Na
. The discovered effects of NSE and OEA

on VGSCs may in part be responsible for the decrease of
cardiomycytes� excitability by these lipids under normal as
well as pathologic conditions.
Keywords: neonatal cardiomyocytes, N-acylethanolamines,
voltage-dependent sodium channels, inactivation.
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Êîðåëÿö³ÿ çì³í ÷àñòîòè ã³ïîêàìïàëüíîãî θθθθθ-ðèòìó
ç ñèãíàëüíèì çíà÷åííÿì çâóêîâèõ ñòèìóë³â,
ïðèõîâàíèìè ïåð³îäàìè òà òðèâàë³ñòþ
óìîâíî-ðåôëåêòîðíèõ ïåðåñóâàíü ó ùóð³â

Íà ùóðàõ, ÿê³ â³ëüíî ïåðåñóâàëèñÿ, â óìîâàõ âîäíî¿ äåïðèâàö³¿ äîñë³äèëè çì³íè ã³ïîêàìïàëüíîãî
θ-ðèòìó ï³ä ÷àñ âèðîáëåííÿ óìîâíîãî ðåôëåêñó (îäåðæàííÿ ïèòíîãî ï³äêð³ïëåííÿ ï³ñëÿ
ïðåä�ÿâëåííÿ ïîçèòèâíîãî óìîâíîãî çâóêîâîãî ñòèìóëó). Áóëî ïîêàçàíî, ùî ïðàâèëüíà
ïîâåä³íêîâà ðåàêö³ÿ (â³äâ³äóâàííÿ ïî¿ëêè) ó â³äïîâ³äü íà ïîçèòèâíèé óìîâíèé ñòèìóë â óìîâàõ
äèôåðåíöþâàííÿ äâîõ çâóêîâèõ ñòèìóë³â ñóïðîâîäæóâàëàñÿ ï³äâèùåííÿì ÷àñòîòè θ-ðèòìó.
Õî÷à ï³äâèùåííÿ ÷àñòîòè ñïîñòåð³ãàëîñü ò³ëüêè ó â³äïîâ³äü íà ïîçèòèâíèé óìîâíèé ñòèìóë,
âîíî áóëî ò³ñíî ïîâ�ÿçàíå ç ïðîöåñîì äèôåðåíö³þâàííÿ � ï³äâèùåííÿ ÷àñòîòè θ-ðèòìó ñòàâàëî
äîñòîâ³ðíèì, ï³ñëÿ òîãî ÿê òâàðèíè âïðîäîâæ òðåíóâàííÿ ïî÷èíàëè â³äð³çíÿòè óìîâíèé
ïîçèòèâíèé ñòèìóë â³ä íåãàòèâíîãî. Äåòàëüíèé àíàë³ç ïîêàçàâ, ùî âèÿâëåíå ï³äâèùåííÿ
÷àñòîòè θ-ðèòìó ñêëàäàëîñÿ ç äâîõ ïîñë³äîâíèõ õâèëü. Ïåðøà ç íèõ â ÷àñ³ âèíèêíåííÿ áóëà
ïîâ�ÿçàíà ç ìîìåíòîì ïðåä�ÿâëåííÿ óìîâíîãî ïîçèòèâíîãî ñòèìóëó, à äðóãà � ç ÷àñîì âèíèêíåííÿ
òà òðèâàë³ñòþ ïåðåñóâàííÿ äî ïî¿ëêè. Ïðè öüîìó ÷àñòîòà áóëà äîñòîâ³ðíî âèùîþ ïðè
âèêîíàíí³ ïðàâèëüíèõ ïîâåä³íêîâèõ â³äïîâ³äåé ó ïîð³âíÿíí³ ç ïîìèëêîâèìè. Îòæå, ÷àñòîòà
θ-ðèòìó ï³äâèùóâàëàñÿ ïðè àíàë³ç³ ñåíñîðíî¿ ³íôîðìàö³¿, êîëè òðåáà áóëî âèä³ëèòè ñèãíàë,
ÿêèé ñïîíóêàâ òâàðèíó éòè äî ï³äêð³ïëåííÿ òà âèéòè ç³ ñòàíó âíóòð³øíüîãî ãàëüìóâàííÿ. Ç
³íøîãî áîêó, ÷àñòîòà ï³äâèùóâàëàñÿ ïðè îðãàí³çàö³¿ ö³ëåñïðÿìîâàíèõ ðóõ³â.
Êëþ÷îâ³ ñëîâà: ã³ïîêàìï, θ-ðèòì, óìîâí³ ðåôëåêñè.

©  À. Ì. Òàëüíîâ

ÂÑÒÓÏ

Îñíîâíîþ îñîáëèâ³ñòþ ã³ïîêàìïàëüíî¿
åëåêòðîåíöåôàëîãðàìè (ÅÅÃ) º íàÿâí³ñòü
ó ¿¿ ñêëàä³ êîëèâàíü ç ÷àñòîòîþ 6�9 Ãö,
â³äîìèõ ÿê θ-ðèòì. Öåé ðèòì ó òâàðèí, ÿê³
â³ëüíî ïåðåñóâàëèñÿ, ìàâ òåíäåíö³þ çì³íþ-
âàòèñÿ çàëåæíî â³ä äèíàì³÷íîãî ñòàíó
òâàðèí [6, 8, 29]. Âåëèêà ê³ëüê³ñòü äîñë³ä-
æåíü ïðîäåìîíñòðóâàëà, ùî ïîêàçíèêè
θ-ðèòìó çì³íþâàëèñÿ çàëåæíî â³ä õàðàêòå-
ðèñòèê òàêèõ äîâ³ëüíèõ ðóõ³â, ÿê ïåðåñó-
âàííÿ, îð³ºíòîâíî � äîñë³äíèöüêà ïîâåä³íêà,
ñòðèáêè òîùî [2, 4, 7, 16, 17, 20, 28]. Òàêîæ
θ-ðèòì ñòàá³ëüíî âèíèêàâ â óìîâàõ ëîêî-
ìîö³¿ òâàðèí [24].

Ðàçîì ç òèì ³ñíóº äîñèòü áàãàòî äîñ-
ë³äæåíü, â ÿêèõ ïîêàçàíî, ùî θ-ðèòì íå
ïîâ�ÿçàíèé âèêëþ÷íî ç ìîòîðíîþ ôóíêö³ºþ,
à ìàº ôóíêö³îíàëüíå â³äíîøåííÿ ³  äî
îáðîáêè ñåíñîðíî¿ ³íôîðìàö³¿ òà ¿¿ ñèãíàëü-
íîãî çíà÷åííÿ [1, 3, 9, 13, 22]. Íà ïî÷àòêó
äîñë³äæåííÿ öèõ ôóíêö³é θ-ðèòìó ¿õ ïðîòè-
ñòàâëÿëè îäíà îäí³é, àëå íà ñüîãîäí³, ñêîð³ø
çà âñå, âèçíàºòüñÿ ¿õ ñóìiñíå ³ñíóâàííÿ. Ïðîòå
º ïîîäèíîê³ ïðàö³ [7, 32], â ÿêèõ ïàðàëåëüíî
äîñë³äæóâàëèñü çì³íè θ -ðèòìó â³äíîñíî
ñåíñîðíî¿ òà ìîòîðíî¿ ôóíêö³¿ ïðè íàâ÷àíí³ òà
ðåàë³çàö³¿ ö³ëüíîãî ïîâåä³íêîâîãî àêòó.

Ìåòà ö³º¿ ðîáîòè � äîñë³äæåííÿ çì³í
÷àñòîòè ã³ïîêàìïàëüíîãî θ-ðèòìó â ÷àñ³ â³ä
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ïîäà÷³ óìîâíîãî ñòèìóëó äî ïåðåì³ùåííÿ
òâàðèíè äî ïî¿ëêè äëÿ ï³äêð³ïëåííÿ. Òâàðè-
íà ïîâèííà áóëà íàâ÷èòèñÿ â³äð³çíÿòè äâà
çâóêîâ³ ñòèìóëè (ïîçèòèâíèé ³ íåãàòèâíèé)
â óìîâàõ íå÷àñòîãî çàñòîñóâàííÿ ïîçèòèâ-
íîãî ñòèìóëà íà òë³ ÷àñòîãî çàñòîñóâàííÿ
íåãàòèâíîãî ñòèìóëà, 20 òà 80 % â³äïîâ³äíî.
Ïîð³âíþâàëèñü çì³íè θ-ðèòìó â ÷àñ³ â 100
ïåðøèõ ðåàë³çàö³ÿõ ï³ñëÿ ïî÷àòêó íàâ÷àííÿ
òà â 100 ô³íàëüíèõ ðåàë³çàö³ÿõ. Â öèõ ñåð³ÿõ
ïîð³âíþâàëèñü çì³íè θ-ðèòìó ó â³äïîâ³äÿõ
íà ïîçèòèâíèé ³ íåãàòèâíèé ñòèìóëè.

ÌÅÒÎÄÈÊÀ

Åêñïåðèìåíòè áóëî âèêîíàíî â³äïîâ³äíî äî
ªâðîïåéñüêî¿ äèðåêòèâè ðàäè ãðîìàä â³ä 24
ëèñòîïàäà 1986 ð. (86/609/ÅÅÑ). Ùóð³â ë³í³¿
Long Evans óòðèìóâàëè â óìîâàõ äîáîâîãî
öèêëó ñâ³òëî/òåìðÿâà ó ñï³ââ³äíîøåíí³ 12/
12 ç â³ëüíèì äîñòóïîì äî ¿æ³. Ê³ëüê³ñòü
ïèòíî¿ âîäè íå îáìåæóâàëàñü äî ïî÷àòêó
íàâ÷àííÿ, ïîò³ì ùóðè îòðèìóâàëè âîäó ÿê
ï³äêð³ïëåííÿ ï³ä ÷àñ åêñïåðèìåíòàëüíî¿
ñåñ³¿ òà ïðîòÿãîì 15 õâ ï³ñëÿ êîæíî¿ ñåñ³¿.

10  ñàìö³â  ùóð³â  ìàñîþ 300�400  ã
àíåñòåçóâàëè åêâ³òåç³íîì (3 ìë/êã âíóò-
ð³øíüîî÷åðåâèííî) òà ïîì³ùàëè â ñòåðåî-
òàêñè÷íèé àïàðàò. Äâà í³õðîìîâèõ äðîòè ó
ëàêîâ³é ³çîëÿö³¿ ä³àìåòðîì 80 ìêì êîæíà,
³ìïëàíòóâàëè ïåðïåíäèêóëÿðíî äî êë³òêîâèõ
øàð³â ó ã³ïîêàìï (4,2 ìì íàçàä â³ä áðåãìè,
2 ìì ëàòåðàëüíî â³ä ñåðåäíüî¿ ë³í³¿, 2,5 òà
3 ìì â ãëèáèíó â³ä áðåãìè). Äâà ñòèìóëþ-
âàëüíèõ åëåêòðîäè (í³õðîìîâ³ äðîòè 80 ìêì
ó ëàêîâ³é ³çîëÿö³¿) ³ìïëàíòóâàëè â êóòîâèé
ïó÷îê (8 ìì íàçàä â³ä áðåãìè, 5,7 ìì
ëàòåðàëüíî â³ä ñåðåäíüî¿ ë³í³¿ ,  5 ìì â
ãëèáèíó â³ä áðåãìè) äëÿ ñòèìóëÿö³¿ âîëîêîí
ïåðôîðàíòíîãî øëÿõó. Ìàëåíüê³ ãâèíòè ç
íåðæàâ³þ÷î¿  ñòà ë³  ô³êñó âàëè ó  ê ³ñòö³
÷åðåïà, îäèí íàä îêñèï³òàëüíîþ êîðîþ
(V2ML), ÿêà ó ùóð³â ëåæèòü íàä äîðñàëü-
íèì ã³ïîêàìïîì (5 ìì íàçàä â³ä áðåãìè, 3
ìì ëàòåðàëüíî â³ä ñåðåäíüî¿ ë³í³¿) òà ³íøèé
íàä íþõîâîþ öèáóëèíîþ (8 ìì óïåðåä â³ä
áðåãìè, 3 ìì ëàòåðàëüíî â³ä ñåðåäíüî¿

ë³í³¿). Ùå äâà ãâèíòà ðîçòàøîâóâàëè íàä
ìîçî÷êîì ÿê  çåìëÿíèé ³  ðåôåðåíòíèé
åëåêòðîäè.  Ï³ñëÿ çàâåðøåííÿ äîñë³ä³â
òâàðèí àíåñòåçóâàëè, ïðîïóñêàëè ÷åðåç
ãëèáèíí³ åëåêòðîäè ïîñò³éíèé åëåêòðè÷íèé
ñòðóì (+20 ìÀ óïðîäîâæ 20 ñ) òà ðîáèëè
òðàíñêàðä³àëüíó ïîñë³äîâíó ïåðôóç³þ
ô³ç³îëîã³÷íîãî ðîç÷èíó, ðîç÷èíó ÷åðâîíî¿
êðîâ�ÿíî¿ ñîë³ òà 10%-ãî ðîç÷èíó ôîðìà-
ë³íó.  Ãîëîâíèé ìîçîê ïðåïàðó âàëè ò à
ðîáèëè ôðîíòàëüí³ çð³çè (40 ìêì), ÿê³
ôàðáóâàëè êðåçèë-â³îëåòîì. Ïîëîæåííÿ
åëåêòðîä³â óñòàíîâëþâàëè çà äîïîìîãîþ
ñâ³òëîâîãî ì³êðîñêîïà.

×åðåç òèæäåíü ï³ñëÿ îïåðàö³¿ òâàðèí
ï³ääàâàëè âîäí³é äåïðèâàö³¿ ïðîòÿãîì 23
ãîä, ï³ñëÿ ÷îãî âîíè çáåð³ãàëè á³ëüøå, í³æ
90 % ïî÷àòêîâî¿ ìàñè. Íà òë³ äåïðèâàö³¿
òâàðèíè íàâ÷àëèñü ï³äõîäèòè äî ïî¿ëêè òà
îòðèìóâàòè âîäó ï³ñëÿ íàíåñåííÿ çâóêîâîãî
òîíó (8 êÃö) � ïîçèòèâíèé êîíäèö³îíó-
âàëüíèé ñòèìóë (ÊÑ+) òà ³ãíîðóâàòè ïî¿ëêó
ï³ñëÿ íàíåñåííÿ òîíó (4 êÃö) � íåãàòèâíèé
êîíäèö³îíóâàëüíèé ñòèìóë (ÊÑ-). Òðèâà-
ë ³ñòü  êîæíîãî  òîíó  ñò àíîâèëà  50  ìñ ,
³íòåíñèâí³ñòü 84 äÁ, òîíè íàðîñòàëè äî
ìàêñèìóìó òà ñïàäàëè äî íóëÿ çà 5 ìñ.
Òîíè ïîäàâàëè ó ïñåâäîâèïàäêîâîìó ïîðÿä-
êó ç òàêèì ðîçðàõóíêîì, ùî ç³ 100 ïðåä�ÿâ-
ëåíü ÊÑ+ ç�ÿâèòüñÿ 20�25 ðàç³â (20�25 %),
à  ÊÑ- �  75�80 ðàç ³â  (75�80 %) .  Ï³ñëÿ
ïðåä�ÿâëåííÿ ÊÑ+ òâàðèíè ìàëè íàãîäó
ï³ä³éòè äî ïî¿ëêè òà  îòðèìàòè ê³ëüêà
êðàïåëü âîäè, îòðèìàòè âîäó ìîæíà áóëî
ò³ëüêè â ïåðø³ 6 ñ ï³ñëÿ ÊÑ+. Ñâ³òëîâèé ïðî-
ì³íü ïåðåðèâàâñÿ, êîëè ùóðè âñòðîìëÿëè
í³ñ ó ïî¿ëêó, öå ïåðåðèâàííÿ ïåðåäàâàëîñÿ
ó êîìï�þòåð, ÿêèé çàïóñêàâ ïîäà÷ó âîäè òà
ïîäàëüø³ ïðåä�ÿâëåííÿ êîíäèö³îíóâàëüíèõ
ñòèìóë³â. Ðóõè òâàðèí âèÿâëÿëè çà äîïîìî-
ãîþ ìàëåíüêîãî  ìàãí ³òî ³íäóêòèâíîãî
ïðèñòðîþ, ÿêèé êð³ïèâñÿ â îêñèï³òàëüí³é
÷àñòèí³ ÷åðåïà. Åëåêòðè÷í³ ñèãíàëè, ùî
ãåíåðóâàâ öåé ïðèñòð³é, çàïèñóâàëè íà
æîðñòêèé äèñê êîìï�þòåðà òà âèêîðèñ-
òîâóâàëè äëÿ âèì³ð³â ïðèõîâàíîãî ïåð³îäó
ðóõ³â. Ï³ñëÿ êîæíî¿ åêñïåðèìåíòàëüíî¿ ñåñ³¿

Êîðåëÿö³ÿ çì³í ÷àñòîòè ã³ïîêàìïàëüíîãî θ-ðèòìó
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òâàðèíè îòðèìóâàëè â³ëüíèé äîñòóï äî âîäè
óïðîäîâæ 15 õâ.

Ï³ä ÷àñ åêñïåðèìåíòàëüíî¿ ñåñ³¿ ó ùóð³â,
ÿê³ â³ëüíî ðóõàëèñÿ, ðåºñòðóâàëè â³äð³çêè
ÅÅÃ òðèâàë³ñòþ 6 ñ âêëþ÷íî ç 1,5-ñåêóíä-
íèì ïåð³îäîì ïåðåä ïî÷àòêîì êîíäèö³î-
íóþ÷îãî ñòèìóëó. Çàïèñè ÅÅÃ ïðîâàäèëè â
ïîëîñ³ ïðîïóñêàííÿ ï³äñèëþâà÷à 0,1 Ãö�1
êÃö, â³äöèôðîâóâàëè ç ðîçð³çíåííÿì 2 êÃö.
Çàïèñàí³ â³äð³çêè ÅÅÃ ñîðòóâàëè â³äïîâ³äíî
äî âèäó ÊÑ òà ïîâåä³íêîâî¿ â³äïîâ³ä³ íà íèõ
òà  çáåð³ãàëè íà  æîðñòêîìó äèñêó äëÿ
ïîäàëüøîãî àíàë³çó.

Çàïèñè ÅÅÃ â êîæí³é ïðîá³ (ïðåä�ÿâëåí-
íÿ â³äïîâ³äíîãî ÊÑ) îö³íþâàëè â³çóàëüíî ³
ò³ëüêè â³ëüí³ â³ä àðòåôàêò³â ïðîáè òà ïðîáè
áåç îçíàê ñíó òà äð³ìîòè ïðèáðàëè äëÿ àíà-
ë³çó. ÅÅÃ-çàïèñè â³ä åï³äóðàëüíîãî åëåêò-
ðîäà íàä îêñèï³òàëüíîþ êîðîþ (V2ML), ÿêà
ëîêàë³çîâàíà íàä äîðñàëüíèì ã³ïîêàìïîì,
àíàë³çóâàëè çà ¿õíüîþ ðèòì³÷íîþ ÿê³ñòþ.
Äëÿ öüîãî ðîçðàõîâóâàëè ïîêàçíèê ðèòì³÷-
íîñò³ (θ-ïîêàçíèê), ÿê ðåçóëüòàò â³äíîøåííÿ
ïîòóæíîñò³ ÅÅÃ, ÿêà áóëà â³äô³ëüòðîâàíà â
ïîëîñ³ 5�12 Ãö, äî ïîòóæíîñò³ íåô³ëüò-
ðîâàíî¿ ÅÅÃ. Ïðîãðàìíî ñòâîðåíà õâèëÿ,
ÿêà ì³ñòèëà êîëèâàííÿ ç ÷àñòîòàìè 5�12 Ãö,
äàâàëà θ-ïîêàçíèê 1,0. Ïñåâäîâèïàäêîâèé
àíàëîãîâèé øóì äàâàâ ïîêàçíèê <0,05.
Çàïèñè ÅÅÃ ç θ-ïîêàçíèêàìè >0,35 ðàõóâà-
ëèñü ÿê θ-ðèòì³÷í³ òà <0,2 ÿê íåðèòì³÷í³.
Äëÿ îö³íêè çì³í ÷àñòîòè ë³ìá³÷íîãî θ-ðèòìó
â ÷àñ³ âèêîðèñòîâóâàëè áåçïåðåðâíå õâèëü-
îâå ïåðåòâîðåííÿ Ìîðëåòà [12, 29]. Âåéâ-
ëåò-àíàë³ç º ð³çíîâèäîì ñïåêòðàëüíîãî
àíàë³çó, â ÿêîìó ðîëü ïðîñòèõ êîëèâàíü
â³ä³ãðàþòü îñîáëèâ³ ôóíêö³¿. Áàçèñíà ôóíê-
öèÿ âåéâëåò � öå äåÿêå «êîðîòêå» êîëèâàí-
íÿ, ïîíÿòòÿ ÷àñòîòè ç êëàñè÷íîãî ñïåêò-
ðàëüíîãî àíàë³çó çàì³íåíî ìàñøòàáîì. Äëÿ
ïåðåêðèòòÿ «êîðîòêèìè õâèëÿìè» âñ³º¿
÷àñîâî¿ îñ³, çàïðîâàäæåíî çñóâ ôóíêö³é â
÷àñ³. Òàêèì ÷èíîì, áàçèñ âåéâëåò³â � öå
ôóíêö³¿ òèïó ø((t-b)/a), äå b � çñóâ, à �
ìàñøòàá. Äëÿ çä³éñíåííÿ âåéâëåò-àíàë³çó
âèêîðèñòîâóâàëè ïàêåò ïðîãðàì �Matlab�.
Ðåçóëüòàòè âåéâëåò-àíàë³çó áóëè âèêîðèñ-

òàí³ äëÿ ïîáóäîâè ãðàô³ê³â çàëåæíîñò³
÷àñòîòè θ-ðèòìó â ÷àñ³ � 1,5 ñ äî òà 4,5 ñ
ï³ñëÿ íàíåñåííÿ ÊÑ+ àáî ÊÑ-. Äëÿ öüîãî
êîæí³ 2,5 ìñ íà âñüîìó â³äð³çêó ÅÅÃ, ÿêèé
ï³ääàâàëè àíàë³çó,  âèçíà÷àëè çíà÷åííÿ
÷àñòîòè, ÿêà ìàëà â öåé ìîìåíò ìàêñè-
ìàëüíó ïîòóæí³ñòü, ³ â³äêëàäàëè öå çíà-
÷åííÿ íà îñ³ îðäèíàò â³äïîâ³äíî äî ÷àñîâî¿
îñ³ (â³ñü àáñöèñ). Â ðåçóëüòàò³ öèõ ä³é
îòðèìóâàëè ãðàô³ê çì³íè ÷àñòîòè ìàêñè-
ìàëüíî¿ ïîòóæíîñò³ â ÷àñ³ â ïîîäèíîê³é
ñïðîá³. Â ñâîþ ÷åðãó ãðàô³êè çì³í ÷àñòîòè
â ÷àñ³ â ïîîäèíîêèõ ïðîáàõ óñåðåäíþâàëè
ïî 30, 50 àáî 100 ïðîá.

Äëÿ ñòàòèñòè÷íîãî àíàë³çó âèðàõî-
âóâàëè ìåä³àíè,  ñåðåäí³ òà ñòàíäàðòí³
ïîõèáêè. Äîñòîâ³ðí³ñòü ð³çíèö³ ì³æ ãðóïàìè
âèðàõîâóâàëè ìåòîäîì Êðóñêàë-Âàë³ññà òà
çàñòîñóâàííÿì ë³í³éíîãî ñóìàðíîãî òåñòó
Ìàííà-Ó³òí³, ïîïàðí³ ìíîæèíí³ ïîð³âíÿííÿ
ðîáèëè çà ìåòîäîì Äþííà. Äëÿ êîðåëÿ-
ö³éíîãî àíàë³çó âèêîðèñòîâóâàëè íåïàðà-
ìåòðè÷íèé ë³í³éíèé òåñò Ñï³ðìàíà. Ñòàòèñ-
òè÷íó îáðîáêó ðåçóëüòàò³â ïðîâîäèëè çà
äîïîìîãîþ ïðîãðàìè �SigmaPlot� òà ïðîãðà-
ìè äëÿ �NCSS 2000�.

ÐÅÇÓËÜÒÀÒÈ

Íà 7 òâàðèíàõ áóëè äîñë³äæåí³  çì³íè
÷àñòîòè θ-ðèòìó (5�12 Ãö) â ÷àñ³, äî ³ ï³ñëÿ
íàäáàííÿ äâîìà êîíäèö³îíóâàëüíèìè ñòè-
ìóëàìè (çâóêîâ³ òîíè 8 ³ 4 êÃö) óìîâíî
ïîçèòèâíîãî (ÊÑ+) òà óìîâíî íåãàòèâíîãî
(ÊÑ-) çíà÷åíü â³äïîâ³äíî. Íà ðèñ. 1, ² ,
ïîêàçàí³ ãðàô³êè çì³íè ÷àñòîòè θ-ðèòìó
ïðîòÿãîì 0,75 ñ äî òà 2 ñ ï³ñëÿ íàíåñåííÿ
ÊÑ+ ó ïðàâèëüíèõ (ö³ëåñïðÿìîâàíèé ðóõ äî
ïî¿ëêè) òà ïîìèëêîâèõ (â³äñóòí³ñòü ö³ëå-
ñïðÿìîâàíîãî ðóõó äî ïî¿ëêè) ñïðîáàõ.
Âèäíî, ùî íà ïî÷àòêó íàâ÷àííÿ ó íåòðåíî-
âàíèõ òâàðèí, ï³ñëÿ íàíåñåííÿ ÊÑ + ÷àñòîòà
θ-ðèòìó äåùî çíèæóâàëàñü ÿê ó ïðàâèëüíèõ,
òàê ³ â ïîìèëêîâèõ ñïðîáàõ (äèâ. ðèñ. 1, ²,
à) .  Â 100 îñòàíí³õ åêñïåðèìåíòàëüíèõ
ñïðîáàõ ó òðåíîâàíèõ òâàðèí ó ïðàâèëüíèõ
ñïðîáàõ ï³ñëÿ íàíåñåííÿ ÊÑ + ÷àñòîòà
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θ-ðèòìó ïîì³òíî ï³äâèùóâàëàñÿ ç 7,25 Ãö
äî 8,00 Ãö, à â ïîìèëêîâèõ ñïðîáàõ çíèæó-
âàëàñÿ.  Ñë³ä çàçíà÷èòè, ùî ïðè öüîìó
ôîíîâà ÷àñòîòà θ-ðèòìó (äî íàíåñåííÿ
ÊÑ+) â ïîìèëêîâèõ ñïðîáàõ áóëà ïîì³òíî
âèùîþ çà ôîíîâó ÷àñòîòó â ñïðîáàõ ç
ïðàâèëüíèìè ïîâåä³íêîâèìè â³äïîâ³äÿìè
(äèâ. ðèñ. 1, ², á). Íà ðèñ. 1, ²², ïîêàçàí³
ãðàô³êè çì³íè ÷àñòîòè θ-ðèòìó ïðîòÿãîì
0,75 ñ äî òà 2 ñ ï³ñëÿ íàíåñåííÿ ÊÑ- ó
ïðàâèëüíèõ ³ ïîìèëêîâèõ ñïðîáàõ. Ïåðåá³ã
÷àñòîòè θ-ðèòìó ï³ñëÿ íàíåñåííÿ ÊÑ- ó
ïðàâèëüíèõ ³ ïîìèëêîâèõ ñïðîáàõ ³ñòîòíî
íå â³äð³çíÿâñÿ, ÿê ó 100 ñïðîáàõ íà ïî÷àòêó
òðåíóâàííÿ, òàê ³ â 100 ô³íàëüíèõ ñïðîáàõ.
Ìîæíà â³äì³òèòè íåâåëèêå ï³äâèùåííÿ
÷àñòîòè θ-ðèòìó ó âèïàäêàõ, êîëè òâàðèíè
ïîìèëêîâî õîäèëè äî ïî¿ëêè ï³ñëÿ íàíåñåííÿ
íåãàòèâíîãî óìîâíîãî ñòèìóëó ÊÑ-. Êîëè
òâàðèíè íå õîäèëè äî ïî¿ëêè ï³ñëÿ íàíå-
ñåííÿ ÊÑ- ÷àñòîòà òðîõè çìåíøóâàëàñü
(äèâ. ðèñ. 1, ²², á). Òàêèì ÷èíîì, ñóòòºâå
ï³äâèùåííÿ ÷àñòîòè θ-ðèòìó (ðèñ. 1, ², á)
ñïîñòåð ³ãàëîñÿ  ò ³ëüêè  ó  â ³äïîâ ³äü  íà
ïîçèòèâíèé óìîâíèé ñòèìóë, ëèøå ó äîáðå
òðåíîâàíèõ òâàðèí ó ðàç³  ïðàâèëüíèõ
ïîâåä³íêîâèõ â³äïîâ³äåé.

Ìè ïðîâåëè àíàë³ç çàëåæíîñò³ ñòóïåíÿ
ï³äâèùåííÿ ÷àñòîòè θ-ðèòìó â ðåàë³çàö³ÿõ
ç â³ðíèìè ïðàâèëüíèìè íà ÊÑ+ â³ä ñòóïåíÿ
òðåíîâàíîñò³ òâàðèí (ðèñ. 2, à). Çà ñòóï³íü
òðåíîâàíîñò³ áóëî âçÿòî ê³ëüê³ñòü ñïðîá, â
ÿêèõ òâàðèíè îòðèìàëè ï³äêð³ïëåííÿ.
Âèÿâèëè, ùî ÷àñòîòà θ-ðèòìó ï³ñëÿ íàíå-
ñåííÿ ÊÑ+ ñòàâàëà äîñòîâ³ðíî (Ð<0,01) âè-
ùîþ â³ä ôîíîâî¿ ÷àñòîòè ï³ñëÿ 125 ïðàâèëü-
íèõ ñïðîá ³ ïðîäîâæóâàëà ï³äâèùóâàòèñÿ
àæ äî 400-¿ ñïðîáè, ï³ñëÿ ÷îãî âèõîäèëà íà
ïëàòî. Òàêèé ñàìèé àíàë³ç çì³í ÷àñòîòè θ-
ðèòìó ï³ñëÿ íàíåñåííÿ ÊÑ- â ïîìèëêîâèõ
ñïðîáàõ, òîáòî â ñïðîáàõ, äå òâàðèíà ï³ñëÿ
íàíå ñåííÿ ÊÑ - â ³äâ ³äóâàëà  ïî¿ëêó,  íå
ïîêàçàâ äîñòîâ³ðíîãî ï³äâèùåííÿ ÷àñòîòè,
çàëåæíîãî â³ä ñòóïåíÿ òðåíóâàííÿ. Íà ðèñ.
2, â íàâåäåí³ êðèâ³ íàâ÷àííÿ äëÿ ÊÑ+ òà ÊÑ-,
ÿê³ ïîêàçàëè, ùî ï³ñëÿ 125-¿ ïðàâèëüíî¿
ñïðîáè ê³ëüê³ñòü ïðàâèëüíèõ ïîâåä³íêîâèõ
â³äïîâ³äåé íà ÊÑ- çá³ëüøóâàëàñÿ àæ äî 400-
¿ ñïðîáè. Íå âàæêî ïîì³òèòè, ùî ìîìåíò,
êîëè ÷àñòîòà θ-ðèòìó ï³ñëÿ ïðåä�ÿâëåííÿ
ÊÑ+ ï³äâèùóâàëàñÿ äîñòîâ³ðíî, ï³ä ÷àñ
íàâ÷àííÿ çá³ãàâñÿ ç ìîìåíòîì, êîëè òâàðè-
íè ïî÷èíàëè ³ãíîðóâàòè ïî¿ëêó ó â³äïîâ³äü
íà ÊÑ-. Ó ñâîþ ÷åðãó çðîñòàííÿ ÷àñòîòè ó

Ðèñ. 1 Ï³äâèùåííÿ ÷àñòîòè ã³ïîêàìïàëüíîãî θ-ðèòìó ó â³äïîâ³äü íà ïîçèòèâíèé êîíäèö³îíóâàëüíèé ñòèìóë ïðè
óìîâ³ âèíèêíåííÿ àäåêâàòíî¿ ïîâåä³íêîâî¿ ðåàêö³¿. ², ²² � çì³íè ÷àñòîòè θ-ðèòìó â ÷àñ³ äî òà ï³ñëÿ ïðåä�ÿâëåííÿ
òâàðèíàì ïîçèòèâíîãî òà íåãàòèâíîãî óìîâíèõ ñòèìóë³â â³äïîâ³äíî; ïóíêòèðí³ ãîðèçîíòàëüí³ ë³í³¿ � ÷àñòîòà
åëåêòðîåíöåôàëîãðàìè (ÅÅÃ) ó 7 Ãö: à � ðåçóëüòàòè óñåðåäíåííÿ 700 ñïðîá 7-ìè òâàðèí íà ïî÷àòêó òðåíóâàííÿ;
á �ðåçóëüòàòè óñåðåäíåííÿ 700 ñïðîá 7-ìè òâàðèí â ê³íö³ òðåíóâàííÿ; 1 � çì³íè ÷àñòîòè ÅÅÃ ïðè â³äâ³äóâàíí³
ïî¿ëêè; 2 � çì³íè ÷àñòîòè ïðè ³ãíîðóâàíí³ îáîõ ñòèìóë³â (â³äñóòí³ñòü â³çèò³â äî ïî¿ëêè)

Êîðåëÿö³ÿ çì³í ÷àñòîòè ã³ïîêàìïàëüíîãî θ-ðèòìó
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â ³äïîâ ³äü  íà  ÊÑ + ï ³ä  ÷àñ  òðåíóâàííÿ
ïðîäîâæóâàëîñÿ äîòè, äîêè òâàðèíè íå
äîñÿãàëè  ìàêñèìàëüíîãî  ³ ãíîðóâàííÿ
ïî¿ëêè ó â³äïîâ³äü íà ÊÑ- (75�80 % â³ä
ê³ëüêîñò³  ïðåä�ÿâëåíèõ ÊÑ -) .  Â ïåð³îä
òðåíóâàíü  íà  òë ³  çá ³ëüøåííÿ ÷àñòîòè
θ-ðèòìó ó â³äïîâ³äü íà ÊÑ+ ó ïðàâèëüíèõ
ïîâåä³íêîâèõ â³äïîâ³äÿõ çìåíøóâàëàñü
ê³ëüê³ñòü ì³æñèãíàëüíèõ ï³äõîä³â äî ïî¿ëêè
(äèâ. ðèñ. 2, ã).

Ïîäàëüøèé àíàë³ç ïîêàçàâ, ùî ï³äâè-
ùåííÿ ÷àñòîòè θ-ðèòìó, ÿêå ìè ñïîñòåð³-
ãàëè, íå áóëî îäíîð³äíèì. Ïðè óñåðåäíåíí³
ïåðåá³ãó ÷àñòîòè θ-ðèòìó ó ÷àñ³ â ñïðîáàõ,
ðîçä³ëåíèõ çà ïðèõîâàíèìè ïåð³îäàìè
ðóõîâèõ ðåàêö³é, ïî÷èíàþ÷è ç ãðóïè ñïðîá
ç ïðèõîâàíèì ïåð³îäîì ðóõîâèõ ðåàêö³é 400
ìñ, íà ãðàô³êàõ ç�ÿâëÿëèñÿ äâà ï³êè ï³äâè-
ùåííÿ ÷àñòîòè (ðèñ. 3,à). Ïåðøèé ï³ê âè-
íèêàâ ò³ëüêè ó ïðàâèëüíèõ â³äïîâ³äÿõ íà
ÊÑ+ (òâàðèíà â³äâ³äóâàëà ïî¿ëêó), ó ïîìèë-

êîâèõ â³äïîâ³äÿõ íà ÊÑ-, äå òâàðèíà òàêîæ
â³äâ³äóâàëà ïî¿ëêó, ïåðøèé ï³ê áóâ â³äñóò-
í³é. Öå äîáðå âèäíî íà ðèñ. 3, à òà íà
ãðàô³êàõ ïîð³âíÿííÿ ï³êîâî¿ ÷àñòîòè ïåð-
øîãî ï³äâèùåííÿ θ-ðèòìó ïðè ïðàâèëüíèõ
â³äïîâ³äÿõ íà ÊÑ+ ç ÷àñòîòàìè, âçÿòèìè â
òèõ ñàìèõ ÷àñîâèõ ³íòåðâàëàõ (êîðåñ-
ïîíäîâàí³  ³íòåðâàëè)  ïðè ïîìèëêîâèõ
â³äïîâ³äÿõ íà ÊÑ- òà ç ôîíîâèìè ÷àñòîòàìè
ïåðåä ÊÑ+ òà ÊÑ- äëÿ âèïàäê³â ç ð³çíèìè
ïðèõîâàíèìè ïåð³îäàìè ðóõîâèõ ðåàêö³é
(äèâ. ðèñ. 3,á). Ð³âåíü ÷àñòîòè θ-ðèòìó â
ïåðøîìó ï³êó ï³äâèùåííÿ ï³ñëÿ íàíåñåííÿ
ÊÑ+ áóâ äîñòîâ³ðíî âèùèì (Ð<0,001) â³ä
ð³âíÿ ôîíîâî¿ ÷àñòîòè â òèõ ñàìèõ ñïðîáàõ
òà ð³âíÿ ÷àñòîòè â êîðåñïîíäîâàíèõ ³íòåð-
âàëàõ ï³ñëÿ íàíåñåííÿ ÊÑ-. Âîäíî÷àñ íå
ñïîñòåð³ãàëîñÿ äîñòîâ³ðíî¿ ð³çíèö³ ì³æ
ð³âíåì ÷àñòîòè θ-ðèòìó â êîðåñïîíäîâàíèõ
³íòåðâàëàõ ï³ñëÿ íàíåñåííÿ ÊÑ- ³ ð³âíåì
ôîíîâî¿ ÷àñòîòè â òèõ ñàìèõ ñïðîáàõ.

Ðèñ. 2 Ï³äâèùåííÿ ÷àñòîòè ã³ïîêàìïàëüíîãî θ-ðèòìó ï³ä ÷àñ âèðîáëåííÿ óìîâíîãî ðåôëåêñó òà éîãî
äèôåðåíöþâàííÿ: à � çàëåæí³ñòü θ-÷àñòîòè â³ä ê³ëüêîñò³ ï³äêð³ïëåíü ó ïðàâèëüíèõ â³äïîâ³äÿõ íà ïîçèòèâíèé óìîâíèé
ñòèìóë; 1 � ÷àñòîòà äî ïðåä�ÿâëåííÿ ïîçèòèâíîãî óìîâíîãî ñòèìóëó, 2 � ï³ñëÿ; êðàïêè ïîêàçóþòü ñòàíäàðòíó
ïîõèáêó äëÿ êîæíî¿ êðèâî¿. * Ð<0,01; çà â³ññþ îðäèíàò â³äêëàäåíà ÷àñòîòà â Ãö, çà â³ññþ àáñöèñ � ê³ëüê³ñòü
ïîñë³äîâíèõ ñïðîá; á � çàëåæí³ñòü θ-÷àñòîòè â³ä ê³ëüêîñò³ ñïðîá ó ïîìèëêîâèõ â³äïîâ³äÿõ íà íåãàòèâíèé óìîâíèé
ñòèìóë; â � êðèâ³ íàâ÷àííÿ, 1 � óìîâíèé ðåôëåêñ, 2 � éîãî äèôåðåíö³þâàííÿ; çà â³ññþ îðäèíàò â³äñîòîê ïðàâèëüíèõ
â³äïîâ³äåé; * � ìîìåíò êîëè ê³ëüê³ñòü â³äïîâ³äåé íà íåãàòèâíèé ñòèìóë ïî÷àëà ñò³éêî ï³äâèùóâàòèñü; ã � çàëåæí³ñòü
ñåðåäíüî¿ ê³ëüêîñò³ ì³æñèãíàëüíèõ ï³äõîä³â äî ïî¿ëêè â îäí³é ñïðîá³ â³ä ê³ëüêîñò³ ïðîâåäåíèõ ñïðîá
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Ðèñ. 3 Âèÿâëåííÿ äâîõ õâèëü ï³äâèùåííÿ θ-÷àñòîòè ó ïðàâèëüíèõ â³äïîâ³äÿõ íà ïîçèòèâíèé êîíäèö³îíóâàëüíèé
ñòèìóë: à � óñåðåäíåíí³ ãðàô³êè çì³í θ-÷àñòîòè â ÷àñ³ (n = 250); öèôðè ïðàâîðó÷ â³ä ãðàô³ê³â âêàçóþòü ïðèõîâàíèé
ïåð³îä ðóõîâèõ ðåàêö³é â ïîîäèíîêèõ ñïðîáàõ; 1 � çì³íà ÷àñòîòè ïðè ïðàâèëüíèõ â³äïîâ³äÿõ íà ïîçèòèâíèé óìîâíèé
ñòèìóë, 2 � ïðè ïîìèëêîâèõ â³äïîâ³äÿõ íà íåãàòèâíèé óìîâíèé ñòèìóë, âåëèêà âåðòèêàëüíà ë³í³ÿ ïîêàçóº ïî÷àòîê
òà òðèâàë³ñòü óìîâíèõ ñòèìóë³â, ãîðèçîíòàëüíà ïóíêòèðíà ë³í³ÿ � ð³âåíü ÷àñòîòè ÅÅÃ ó 7 Ãö; êîðîòê³ âåðòèêàëüí³
ë³í³¿ çë³âà íàïðàâî ïîçíà÷àþòü ìîìåíò äîñÿãíåííÿ ïî¿ëêè ó â³äïîâ³äü íà ïîçèòèâí³ òà íåãàòèâí³ óìîâí³ ñòèìóëè
â³äïîâ³äíî, á � çíà÷åííÿ ï³êîâî¿ ÷àñòîòè ïåðøî¿ õâèë³ ï³äâèùåííÿ θ-ðèòìó ïðè ïðàâèëüíèõ â³äïîâ³äÿõ íà
êîíäèö³îíóâàëüíèé ñòèìóë � ÊÑ+ (÷îðí³ çàøòðèõîâàí³ êðóæêè) òà ïðè ïîìèëêîâèõ â³äïîâ³äÿõ íà ÊÑ- (ñ³ð³
çàøòðèõîâàí³ êðóæêè); ÷îðí³ òà ñ³ð³ ê³ëüöÿ çíà÷åííÿ ôîíîâèõ ÷àñòîò äî íàíåñåííÿ ÊÑ+ òà ÊÑ- â³äïîâ³äíî; çà â³ññþ
îðäèíàò â³äêëàäåíà ÷àñòîòà θ-ðèòìó â Ãö, çà â³ññþ àáñöèñ � ïðèõîâàí³ ïåð³îäè ðóõîâèõ ðåàêö³é â ñåêóíäàõ, â � òå
ñàìå, ùî ³ íà �á� äëÿ äðóãî¿ õâèë³ ï³äâèùåííÿ θ-ðèòìó, ã � çàëåæí³ñòü ÷àñó âèíèêíåííÿ ï³ê³â ïåðøîãî òà äðóãîãî
ï³äâèùåííÿ θ-ðèòìó (â³ñü îðäèíàò) â³ä ïðèõîâàíèõ ïåð³îä³â ðóõîâèõ ðåàêö³é (â³ñü àáñöèñ); ÷îðí³ ê³ëüöÿ ïîçíà÷àþòü
÷àñ âèíèêíåííÿ ïåðøîãî ï³êó; ÷îðí³ òà ñ³ð³ çàøòðèõîâàí³ êðóæêè � ÷àñ âèíèêíåííÿ äðóãîãî ï³êó ïðè ïðàâèëüí³é
òà ïîìèëêîâ³é â³äïîâ³ä³ íà ÊÑ+ òà ÊÑ- â³äïîâ³äíî
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äðóãîãî ï³êó ï³äâèùåííÿ ÷àñòîòè â ïîìèë-
êîâèõ â³äïîâ³äÿõ íà ÊÑ- (Ð<0,001). Â ñâîþ
÷åðãó äðóãèé ï³ê  ï³äâèùåííÿ ÷àñòîòè
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θ-ðèòìó â ïîìèëêîâèõ â³äïîâ³äÿõ íà ÊÑ- áóâ
äîñòîâ³ðíî á³ëüøèì (Ð<0,001) â³ä ôîíîâî¿
÷àñòîòè â òèõ ñàìèõ ñïðîáàõ (äèâ. ðèñ. 3,â).
Ïðè öüîìó ïðèõîâàíèé ïåð³îä äðóãîãî ï³êó
ï³äâèùåííÿ ÷àñòîòè ÿê  ó  ïðàâèëüíèõ
â³äïîâ³äÿõ íà ÊÑ+, òàê ³ â ïîìèëêîâèõ íà
ÊÑ- ìàâ ïîçèòèâíó êîðåëÿö³þ ç ïðèõîâàíèì
ïåð³îäîì ðóõîâî¿ ðåàêö³¿ äî ïî¿ëêè, R=0,998,
Ð<0,001 òà R=0,979, Ð<0,001 â³äïîâ³äíî
(äèâ. ðèñ. 3,ã). Âîäíî÷àñ ïðèõîâàíèé ïåð³îä
ïåðøîãî ï³êó íå çàëåæàâ â³ä ïðèõîâàíèõ
ïåð³îä³â ðóõîâèõ ðåàêö³é (äèâ. ðèñ. 3,ã). Ñë³ä
â³äçíà÷èòè, ùî äâà ï³êè ï³äâèùåííÿ θ-÷àñ-
òîòè âèíèêàëè ó á³ëüøîñò³ äîñë³äæåíèõ
òâàðèí, àëå íå ó âñ³õ. Ó îäí³º¿ ç ñåìè òâàðèí

âèíèêàâ ò³ëüêè äðóãèé ï³ê ï³äâèùåííÿ
÷àñòîòè, ïîâ�ÿçàíèé ç ðóõîâîþ ðåàêö³ºþ.

Îêð³ì ïîçèòèâíî¿ êîðåëÿö³¿ ÷àñó âèíèê-
íåííÿ äðóãîãî ï³êó ï³äâèùåííÿ ÷àñòîòè
θ-ðèòìó ç ïðèõîâàíèìè ïåð³îäàìè ðóõîâèõ
ðåàêö³é, áóëî âèÿâëåíî çâ�ÿçîê ì³æ òðèâà-
ë³ñòþ ðóõ³â (÷àñ ïåðåì³ùåííÿ äî ïî¿ëêè) òà
òðèâàë³ñòþ ï³äâèùåííÿ ÷àñòîòè â äðóãîìó
ï³ö³ (ðèñ. 4,à). Ïðè öüîìó âèÿâèëîñÿ, ùî ó
òâàðèí,  ó  ÿêèõ âèíèêàëè îáèäâà ï³êè
ï³äâèùåííÿ ÷àñòîòè, ÷àñ ðóõó äî ïî¿ëêè áóâ
çíà÷íî ìåíøèì â ïîð³âíÿíí³ ç òâàðèíàìè,
ÿê³ äåìîíñòðóâàëè ò³ëüêè äðóãèé ï³ê (äèâ.
ðèñ. 4,á).  Àëå â óñ³õ âèïàäêàõ ñïîñòå-
ð³ãàëàñÿ ïîçèòèâíà êîðåëÿö³ÿ (R=0,999,

Ðèñ. 4. Çâ�ÿçîê òðèâàëîñò³ äðóãî¿ õâèë³ ï³äâèùåííÿ θ-÷àñòîòè ç òðèâàë³ñòþ ðóõó äî ïî¿ëêè: à � óñåðåäíåíí³ ãðàô³êè
çì³í θ-÷àñòîòè â ÷àñ³ (n = 250) ñèíõðîí³çîâàí³ ïî ïî÷àòêó ðóõó äî ïî¿ëêè (âåðòèêàëüíà ë³í³ÿ), öèôðè ïðàâîðó÷ â³ä
ãðàô³ê³â îçíà÷àþòü òðèâàë³ñòü ðóõ³â â ïîîäèíîêèõ ñïðîáàõ; ãîðèçîíòàëüíà ïóíêòèðíà ë³í³ÿ � ð³âåíü θ-÷àñòîòè ó 7
Ãö, á � ã³ñòîãðàìè ðîçïîä³ëó òðèâàëîñò³ ðóõ³â ïðè âèíèêíåííÿ îáîõ õâèëü ï³äâèùåííÿ θ-÷àñòîòè (÷îðí³ çàïîâíåí³
ñòîâï÷èêè) òà ïðè â³äñóòíîñò³ ðàííüîãî ï³äâèùåííÿ θ-÷àñòîòè (ñ³ð³ íåçàïîâíåí³ ñòîâï÷èêè); çà â³ññþ àáñöèñ â³äêëàäåíà
òðèâàë³ñòü ðóõó (1 á³í äîð³âíþº 100 ìñ), çà â³ññþ îðäèíàò � ê³ëüê³ñòü ðóõ³â â³äïîâ³äíî¿ òðèâàëîñò³ â â³äñîòêàõ â³ä
çàãàëüíî¿ ê³ëüêîñò³ ðóõ³â, â � êîðåëÿö³ÿ òðèâàëîñò³ ï³äâèùåííÿ θ-÷àñòîòè ç òðèâàë³ñòþ ïåðåì³ùåííÿ äî ïî¿ëêè, çà
â³ññþ àáñöèñ â³äêëàäåíî òðèâàë³ñòü ðóõó, çà â³ññþ îðäèíàò � òðèâàë³ñòü ï³äâèùåííÿ θ-÷àñòîòè

À. Ì. Òàëüíîâ
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Ð<0,001) òðèâàëîñò³ ï³äâèùåííÿ θ-÷àñòîòè
â äðóãîìó ï³ö³ ç òðèâàë³ñòþ ïåðåì³ùåííÿ
äî ïî¿ëêè (äèâ. ðèñ. 4,â).

ÎÁÃÎÂÎÐÅÍÍß

Îäåðæàí³ íàìè ðåçóëüòàòè ïîêàçàëè, ùî â
óìîâàõ, êîëè òâàðèíè ïîâèíí³ äëÿ îäåð-
æàííÿ ï³äêð³ïëåííÿ ðîçð³çíÿòè ñåíñîðí³
ñèãíàëè òà ïîâ�ÿçóâàòè ç íèìè ñâîþ ïî-
äàëüøó ðóõîâó ïîâåä³íêó, âèíèêàëî äâà òèïè
ï³äâèùåííÿ ÷àñòîòè θ-ðèòìó. Ïåðøèé ï³ê
ï³äâèùåííÿ ÷àñòîò áóâ çâ�ÿçàíèé ç ñåíñîð-
íèì ñèãíàëîì (ïîçèòèâíèé óìîâíèé ñòè-
ìóë), à äðóãèé ³ç ðóõîâîþ ðåàêö³ºþ. Ö³
ôàêòè çá³ãàþòüñÿ ç ë³òåðàòóðíèìè äàíèìè,
ÿê³ ïîêàçàëè çì³íè θ-ðèòìó ó çâ�ÿçêó ÿê ç
ñåíñîðíèìè, òàê ³ ç ìîòîðíèìè ïðîöåñàìè
[1, 2, 3, 4, 7, 9].

Ñó÷àñí³ òðàêòóâàííÿ ôóíêö³é θ-ðèòìó
ïîïðè áàãàòî ïðîòèð³÷ çá³ãàþòüñÿ íà òîìó,
ùî îäí³ºþ ç íèõ º êîäóâàííÿ òà äåêîäó-
âàííÿ àôåðåíòíèõ ñèãíàë³â â ÷àñ³ ïðè ¿õ
çàïàì�ÿòîâóâàíí³ òà â³äòâîðåíí³ â³äïîâ³äíî
[18, 27, 30]. Îäåðæàí³ íàìè ðåçóëüòàòè
âêàçóþòü íà òå, ùî ðîëü ã³ïîêàìïàëüíî¿
ñèñòåìè ïðè â³äòâîðåíí³ çàïàì�ÿòîâóâàíèõ
ñèãíàë³â äîñèòü ñïåöèô³÷íà. Ï³äâèùåííÿ
÷àñòîòè θ-ðèòìó ó â³äïîâ³äü íà ïîçèòèâíèé
óìîâíèé ñòèìóë ñïîñòåð³ãàëîñÿ ò³ëüêè
ï³ñëÿ ïî÷àòêó âèíèêíåííÿ ñòàíó âíóòð³ø-
íüîãî ãàëüìóâàííÿ. Ïðîòå âæå äî ïî÷àòêó
âèðîáëåííÿ âíóòð³øíüîãî ãàëüìóâàííÿ
ê³ëüê³ñòü â³ðíèõ ïîâåä³íêîâèõ â³äïîâ³äåé íà
ïîçèòèâíèé óìîâíèé ñòèìóë ñÿãàëà 80 % òà
á³ëüøå. Òîáòî, òâàðèíè ïàì�ÿòàëè, ùî öåé
ñòèìóë ïîâ�ÿçàíèé ç ï³äêð³ïëåííÿì, àëå
ï³äâèùåííÿ ÷àñòîòè θ-ðèòìó íå ñïîñòå-
ð³ãàëîñÿ. Õàðàêòåðíî, ùî â öåé ÷àñ òâàðèíè
íå â³äð³çíÿëè ïîçèòèâíèé ñòèìóë â³ä íåãà-
òèâíîãî,  ÿêèé íå  ï ³äêð³ïëþâàâñÿ ,  ³  ó
â³äïîâ³äü íà ÿêèé âîíè õîäèëè äî ïî¿ëêè â
òèõ ñàìèõ 80 % âèïàäê³â. Á³ëüø ðàíí³
ã³ïîòåçè ñòîñîâíî ôóíêö³é ã³ïîêàìïà [10, 11,
23] ïðèïóñêàëè, ùî ÷àñòèíà ìåõàí³çìó
ïàì�ÿò³, ÿêà ïîâ�ÿçàíà ç ã³ïîêàìïàëüíîþ

(ë³ìá³÷íîþ) ñèñòåìîþ âèêîðèñòîâóºòüñÿ
äëÿ â³äð³çíÿííÿ àôåðåíòèõ ïîòîê³â ç ìåòîþ
âèä³ëåííÿ ç íèõ ï³äêð³ïëþâàíèõ ñòèìóë³â òà
ãàëüìóâàííÿ ³íøèõ. Äîñë³äæåíà çàëåæí³ñòü
ï³äâèùåííÿ θ-÷àñòîòè â³ä ÷àñó íàâ÷àííÿ
ïîêàçàëà, ùî ìîìåíò (ï³ñëÿ 125 ïðàâèëüíèõ
ñïðîá), êîëè ð³çíèöÿ ì³æ ÷àñòîòàìè äî
ïðåä�ÿâëåííÿ ïîçèòèâíîãî óìîâíîãî ñòè-
ìóëó òà ï³ñëÿ ñòàâàëà äîñòîâ³ðíîþ (Ð<0,01),
çá³ãàâñÿ ç ìîìåíòîì, êîëè òâàðèíè ïî÷è-
íàëè ³ãíîðóâàòè ïî¿ëêó (ïî÷àòîê âíóòð³ø-
íüîãî ãàëüìóâàííÿ) ó â³äïîâ³äü íà íåãà-
òèâíèé óìîâíèé ñòèìóë. Ï³ñëÿ ÷îãî çðîñ-
òàííÿ ÷àñòîòè ïðîäîâæóâàëîñÿ äîòè (400-
òà ïðàâèëüíà ñïðîáà), äîêè òâàðèíè íå
ïî÷èíàëè ³ãíîðóâàòè ïî¿ëêó (75 % âèïàäê³â
â³ä ê³ëüêîñò³ ïðåä�ÿâëåíèõ íåãàòèâíèõ
ñòèìóë³â), ³  ò³ëüêè ï³ñëÿ öüîãî ÷àñòîòà
θ-ðèòìó âèõîäèëà íà ïëàòî. Òàêèì ÷èíîì,
ï³äâèùåííÿ ÷àñòîòè θ-ðèòìó ó â³äïîâ³äü íà
ïîçèòèâíèé óìîâíèé ñòèìóë áóëî ïîâ�ÿçàíå
íàñàìïåðåä ç  ðîçâèòêîì âíóòð³øíüîãî
ãàëüìóâàííÿ.

Â³äïîâ³äíî äî ïðèïóùåííÿ Ãðàøòèÿíà òà
Ë³øàêà [12, 19], â ìîìåíò ïîÿâè θ-ðèòìó
ã³ïîêàìï ïðèïèíÿº ñâ³é ãàëüì³âíèé âïëèâ íà
çàãàëüíó  àêòèâó þ÷ó  ñèñòåìó  ìîçêó  ³
âèíèêàº ñòàí ïîä³áíèé äî �arousal�. Â íà-
øèõ åêñïåðèìåíòàõ äèôåðåíöþâàííÿ âè-
ðîáëÿëîñÿ çà óìîâ,  êîëè ïîçèòèâíèé ³
íåãàòèâíèé ñòèìóëè ïîäàâàëèñü ó âèïàä-
êîâîìó ïîðÿäêó â ïðîïîðö³¿ 20 òà 80 %
â³äïîâ³äíî. Öå îçíà÷àº, ùî ïðèáëèçíî 80 %
÷àñó åêñïåðèìåíòó, ï³ñëÿ âèïðàöüîâóâàííÿ
äèôåðåíö³þâàííÿ òâàðèíè çíàõîäèëèñü ó
ñòàí³ âíóòð³øíüîãî ãàëüìóâàííÿ, òîáòî
âîíè íå á³ãàëè äî ïî¿ëêè ó â³äïîâ³äü íà
íåãàòèâí³ óìîâí³ ñòèìóëè. Ìîæíà ïðè-
ïóñòèòè,  ùî ñàìå ï³äâèùåííÿ ÷àñòîòè
θ-ðèòìó ï³ñëÿ íàíåñåííÿ ïîçèòèâíîãî óìîâ-
íîãî ñòèìóëó âèâîäèëî òâàðèí ç³ ñòàíó
âíóòð³øíüîãî ãàëüìóâàííÿ. Ïðî öå ñâ³ä-
÷èòü òîé ôàêò, ùî á³ëüø³ñòü òâàðèí õîäèëà
äî ïî¿ëêè (ïðàâèëüí³ ïîâåä³íêîâ³ â³äïîâ³ä³,
80�90 % â³ä ê³ëüêîñò³ ïðåä�ÿâëåíèõ ÊÑ+)
ò³ëüêè ó ðàç³, êîëè ï³ñëÿ ïîçèòèâíîãî óìîâ-
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íîãî ñòèìóëó ñïîñòåð³ãàëîñÿ ï³äâèùåííÿ
÷àñòîòè θ-ðèòìó. ßêùî ï³äâèùåííÿ íå áóëî,
òâàðèíè íå â³äâîë³êàëèñÿ â³ä ñâîº¿ çâè÷àéíî¿
ïîâåä³íêè ³ íå õîäèëè äî ïî¿ëêè (ïîìèëêîâ³
â³äïîâ³ä³, 10�20 % â³ä ê³ëüêîñò³ ïðåä�ÿâ-
ëåíèõ ÊÑ-).

Ðàí ³ø ó  òàêèõ  ñàìèõ  åêñïåðèìåí-
òàëüíèõ óìîâàõ áóëî ïîêàçàíî, ùî ïðè
ïîäà÷³  íå÷àñòèõ ïîçèòèâíèõ ñòèìóë³â
ïîâåä³íêà òâàðèí áóëà ïðàâèëüíîþ ò³ëüêè
ï³ñëÿ òîãî, ÿê ÷åðåç 100 ìñ ï³ñëÿ ïîçèòèâ-
íîãî óìîâíîãî ñòèìóëó íåéðîíè ã³ïîêàìïà
â dentate girus àêòèâóâàëèñÿ ç áîêó åíòîðè-
íàëüíî¿ êîðè. Ö³ ñèíàïòè÷í³ âõîäè âèìèêà-
ëèñÿ, êîëè ÷èñëî ïîçèòèâíèõ ñòèìóë³â
çð³âíþâàëîñü àáî áóëî á³ëüøèì, í³æ ÷èñëî
íåãàòèâíèõ,  òîáòî  ïîçèòèâí³  ñòèìóëè
ïî÷èíàëè íàäõîäèòè äîñèòü ÷àñòî ³ çíîâó
âìèêàëèñÿ, êîëè ïîçèòèâí³ ñòèìóëè ïî÷àëè
íàäõîäèòè ð³äêî. Îòæå, åíòîðèíàëüí³ çáóä-
æóâàëüí³ âõîäè äî ã³ïîêàìïà âèìèêàþòü
âíóòð³øíº ãàëüìóâàííÿ òà ñïîíóêàþòü
òâàðèíó ï³ä³éòè äî ï³äêð³ïëåííÿ [26].
Ïðàâäîïîä³áíèì áóäå ïðèïóùåííÿ, ùî
ï³äâèùåííÿ ÷àñòîòè θ-ðèòìó ó â³äïîâ³äü íà
ïîçèòèâíèé óìîâíèé ñòèìóë, ÿêå ñïîñòå-
ð³ãàëè â íàøîìó äîñë³äæåíí³, â³äáóâàëîñÿ
âíàñë³äîê àêòèâàö³¿ öèõ ñàìèõ àôåðåíòíèõ
âõîä³â ç áîêó åíòîðèíàëüíî¿ êîðè, ïàì�ÿ-
òàþ÷è ïðî òå, ùî âõîäè äî ã³ïîêàìïà ç áîêó
åíòîðèíàëüíî¿ êîðè â³ä³ãðàþòü çíà÷íó ðîëü
ó ìåõàí³çì³ ãåíåðàö³¿  ã³ïîêàìïàëüíîãî
θ-ðèòìó [15].

ßê óæå â³äì³÷àëîñÿ, äóæå áàãàòî ðîá³ò
âêàçóþòü íà çâ�ÿçîê ïîêàçíèê³â θ-ðèòìó ç
ðóõîâîþ ä³ÿëüí³ñòþ òâàðèí, ÿêó óìîâíî
ìîæíà õàðàêòåðèçóâàòè ÿê äîâ³ëüíó, íà
â³äì³íó â³ä àâòîìàòè÷íî¿ ðóõîâî¿ ä³ÿëü-
íîñò³, òàêî¿, ÿê ãðóì³íã, ÷åñàííÿ òîùî [5, 6,
8, 29]. ² äîñ³ ôóíêö³ÿ θ-ðèòìó, ÿêèé ïîâ�ÿ-
çàíèé ç äîâ³ëüíèìè ðóõàìè, çàëèøàºòüñÿ
íåâ³äîìîþ. Íàé³ìîâ³ðí³øèì ïðèïóùåííÿì
íèí³ º äóìêà, ùî θ-ðèòì â³ä³ãðàº âàæëèâó
ðîëü ó íàâ³ãàö³¿ òâàðèí, êîäóþ÷è òà äåêî-
äóþ÷è ïðîñòîðîâó ³íôîðìàö³þ âèä³ëåííÿì
ó ã³ïîêàìï³ ãðóï ïîñë³äîâíî àêòèâîâàíèõ

�place�-íåéðîí³â [14, 21, 25]. Îäåðæàí³ íàìè
ðåçóëüòàòè ÷³òêî âêàçóþòü íà òå, ùî äðóãå
çà ÷àñîì ï³äâèùåííÿ ÷àñòîòè θ-ðèòìó
ïîâ�ÿçàíå ç ðóõîâîþ ðåàêö³ºþ òâàðèí. ×àñ
âèíèêíåííÿ ï³äâèùåííÿ ÷àñòîòè òà éîãî
òðèâàë³ñòü äîáðå êîðåëþº ÿê ç ïðèõîâàíèì
ïåð³îäîì ðóõó, òàê ³ ç éîãî òðèâàë³ñòþ
â³äïîâ³äíî.  Ïðè öüîìó ÷àñòîòà ðèòìó
äîñòîâ³ðíî ï³äâèùóâàëàñÿ â³äíîñíî ôîíîâî¿
ÿê ïðè ðóõàõ äî ïî¿ëêè ï³ñëÿ ïîçèòèâíîãî
óìîâíîãî ñòèìóëó, òàê ³ ïðè ïîìèëêîâèõ
ðóõàõ ó â³äïîâ³äü íà íåãàòèâíèé óìîâíèé
ñòèìóë. Âñå öå óçãîäæóºòüñÿ ç ã³ïîòåçàìè,
ÿê³  ïîâ�ÿçóþòü çì³íè θ -ðèòìó ç  ïåðå-
ì³ùåííÿìè â ïðîñòîð³, à òàêîæ êîäóâàííÿì
³ äåêîäóâàííÿì ³íôîðìàö³¿ äëÿ çä³éñíåííÿ
ïðàâèëüíîãî ïåðåì³ùåííÿ, â íàøîìó äîñë³ä-
æåíí³ ïåðåì³ùåííÿ äî ïî¿ëêè. Ïðîòå ³ â
öüîìó ðàç³ ìè âèÿâèëè, ùî çì³íè ÷àñòîòè
θ-ðèòìó áóëè çâ�ÿçàí³ íå ò³ëüêè ç ïèòàííÿì,
êóäè ïåðåì³ùóºòüñÿ òâàðèíà, à òàêîæ ç
ïèòàííÿì, íàâ³ùî âîíà ïåðåì³ùóºòüñÿ. Ïðî
öå ñâ³ä÷èòü ôàêò äîñòîâ³ðíî âèùî¿ ÷àñòîòè
θ-ðèòìó ïðè ïåðåì³ùåí³ òâàðèí äî ïî¿ëêè
ï³ñëÿ ÊÑ+, ïîð³âíÿíî ç ïåðåì³ùåííÿì ï³ñëÿ
ÊÑ -.  Ìè ïðèïóñêàºìî,  ùî â  ïåðøîìó
âèïàäêó òâàðèíà çíàëà, ùî ³äå ïèòè, à â
äðóãîìó âîíà éøëà ïåðåâ³ðèòè,  ÷è íå
çì³íèâñÿ çâ�ÿçîê ì³æ ñòèìóëàìè òà ï³ä-
êð³ïëåííÿì. Îñòàííº ïðèïóùåííÿ âèò³êàº ç
ôàêòó íåìîæëèâîñò³ âèðîáèòè 100%-ãî
ãàëüìóâàííÿ, ñê³ëüêè á äîâãî âè éîãî íå
âèðîáëÿëè. Çàâæäè çàëèøàëèñÿ 10�20 %
â³äâ³äóâàíü ïî¿ëêè ó â³äïîâ³äü íà íåãàòèâíèé
óìîâíèé ñòèìóë,  ÿê ìè ââàæàºìî,  äëÿ
êîíòðîëþ ìîæëèâî¿ çì³íè ñèòóàö³¿. Â³äì³í-
íîñò³ ïîêàçíèê³â θ-ðèòìó, ÿê³ âèíèêàëè
çàëåæíî â³ä òîãî, ðóõàëèñÿ òâàðèíè äî
ï³äêð³ïëåííÿ ÷è í³, îïèñàíî òàêîæ Wallen-
stein òà ñï³âàâò. [32].

Òàêèì ÷èíîì, ÷àñòîòà θ-ðèòìó çá³ëü-
øóâàëàñÿ ÿê ïðè àíàë³ç³ ñåíñîðíî¿ ³íôîð-
ìàö³¿, òàê ³ ïðè îðãàí³çàö³¿ ö³ëåñïðÿìîâàíèõ
ðóõ³â. Â ïåðøîìó âèïàäêó öå áóëî ïîâ�ÿ-
çàíî ç âèä³ëåííÿì ñèãíàëó ïðî ìîæëèâå
ï³äêð³ïëåííÿ òà âèõîäîì ç³ ñòàíó âíóò-

À. Ì. Òàëüíîâ
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ð³øíüîãî ãàëüìóâàííÿ, à â äðóãîìó � ç îðãà-
í³çàö³ºþ ðóõ³â, ÿê³ âåëè äî ï³äêð³ïëåííÿ.

À.Ì. Òàëüíîâ

ÊÎÐÐÅËßÖÈß ÈÇÌÅÍÅÍÈÉ ×ÀÑÒÎÒÛ
ÃÈÏÎÊÀÌÏÀËÜÍÎÃÎ θθθθθ-ÐÈÒÌÀ
Ñ ÑÈÃÍÀËÜÍÛÌ ÇÍÀ×ÅÍÈÅÌ ÇÂÓÊÎÂÛÕ
ÑÒÈÌÓËÎÂ, ÑÊÐÛÒÛÌÈ ÏÅÐÈÎÄÀÌÈ È
ÏÐÎÄÎËÆÈÒÅËÜÍÎÑÒÜÞ ÓÑËÎÂÍÎ-
ÐÅÔËÅÊÒÎÐÍÛÕ ÏÅÐÅÄÂÈÆÅÍÈÉ Ó ÊÐÛÑ

Íà ñâîáîäíî ïåðåäâèãàþùèõñÿ êðûñàõ, â óñëîâèÿõ âîäíîé
äåïðèâàöèè èññëåäîâàëè èçìåíåíèÿ ãèïïîêàìïàëüíîãî
θ-ðèòìà âî âðåìÿ âûðàáîòêè óñëîâíîãî ðåôëåêñà (ïîëó-
÷åíèå ïèòüåâîãî ïîäêðåïëåíèÿ ïîñëå ïðåäúÿâëåíèÿ
ïîëîæèòåëüíîãî óñëîâíîãî çâóêîâîãî ñòèìóëà). Áûëî
ïîêàçàíî, ÷òî ïðàâèëüíàÿ ïîâåäåí÷åñêàÿ ðåàêöèÿ
(ïîñåùåíèå ïîèëêè) â îòâåò íà ïîëîæèòåëüíûé óñëîâíûé
ñòèìóë â óñëîâèÿõ äèôôåðåíöèðîâàíèÿ äâóõ çâóêîâûõ
ñòèìóëîâ ñîïðîâîæäàëàñü ïîâûøåíèåì ÷àñòîòû θ-ðèòìà.
Õîòÿ ïîâûøåíèå ÷àñòîòû íàáëþäàëîñü òîëüêî â îòâåò íà
óñëîâíûé ïîëîæèòåëüíûé ñòèìóë, îíî áûëî òåñíî ñâÿçàíî
ñ äèôôåðåíöèðîâàíèåì � ïîâûøåíèå ÷àñòîòû θ-ðèòìà
ñòàíîâèëîñü äîñòîâåðíûì, ïîñëå òîãî êàê æèâîòíûå, â
ïåðèîä îáó÷åíèÿ, íà÷èíàëè ðàçëè÷àòü óñëîâíûé ïîëî-
æèòåëüíûé è óñëîâíûé îòðèöàòåëüíûé ñòèìóëû. Äåòàëü-
íûé àíàëèç ïîêàçàë, ÷òî îáíàðóæåííîå ïîâûøåíèå ÷àñòîòû
θ-ðèòìà ñîñòîÿëî èç äâóõ ïîñëåäîâàòåëüíûõ âîëí. Ïåðâàÿ
ïî âðåìåíè âîçíèêíîâåíèÿ áûëà ñâÿçàíà ñ ìîìåíòîì
ïðåäúÿâëåíèÿ óñëîâíîãî ïîëîæèòåëüíîãî ñòèìóëà, à âòîðàÿ �
ñî âðåìåíåì âîçíèêíîâåíèÿ è äëèòåëüíîñòüþ ïåðåìåùåíèÿ
ê ïîèëêå, êàê ïîñëå íàíåñåíèÿ óñëîâíîãî ïîëîæèòåëüíîãî
ñòèìóëà (ïðàâèëüíûå ïîâåäåí÷åñêèå îòâåòû), òàê è ïîñëå
óñëîâíîãî îòðèöàòåëüíîãî ñòèìóëà (îøèáî÷íûå îòâåòû).
Ïðè ýòîì ÷àñòîòà áûëà äîñòîâåðíî âûøå âî âðåìÿ
ïðàâèëüíûõ ïîâåäåí÷åñêèõ îòâåòîâ, ïî ñðàâíåíèþ ñ
îøèáî÷íûìè. Äåëàåòñÿ âûâîä, ÷òî ÷àñòîòà θ-ðèòìà
óâåëè÷èâàëàñü ïðè àíàëèçå ñåíñîðíîé èíôîðìàöèè, êîãäà
íóæíî áûëî âûäåëèòü ñèãíàë, âåäóùèé ê ïîäêðåïëåíèþ, è
âûéòè èç ñîñòîÿíèÿ âíóòðåííåãî òîðìîæåíèÿ. Ñ äðóãîé
ñòîðîíû, ÷àñòîòà óâåëè÷èâàëàñü ïðè îðãàíèçàöèè
öåëåíàïðàâëåííûõ äâèæåíèé.
Êëþ÷åâûå ñëîâà: ãèïîêàìï, θ-ðèòì, óñëîâíûé ðåôëåêñ.

A. M. Talnov

CORRELATIONS OF HIPPOCAMPAL THETA
FREQUENCY WITH CONDITIONED STIMULI,
MOTOR LATENCY AND MOVING TIME IN RATS

The hippocampal theta rhythm was studied during an adap-
tive behaviour elaboration (a receiving of drinking reward in
response on a specific audio stimulus) in freely moving water
deprived rats. It was revealed that a right behavioral response
(a drinking tank visit) in conditions of discrimination of two

sound stimuli emerged only in case of the theta rhythm fre-
quency increase in response on the positive conditional stimu-
lus. Although this increase occurred only in response to posi-
tive signal it was also linked with the differentiation process -
the theta rhythm frequency increase became significant when
animals started to recognize positive and negative conditional
stimuli. The detailed analysis revealed the detected theta rhythm
frequency increase consisted of two waves. One of them was
connected with the positive conditional stimulus presentation
moment. The other one was connected with the time of ap-
pearance and duration of movement to drinking tank after
positive conditional stimulus presentation (right behavioral
answers) as well as after negative conditional stimulus (wrong
answers). At the same time the frequency was significantly
higher during right behavioral answers comparing with wrong
ones. It is concluded that the theta rhythm frequency increased
during the sensory information analysis when it was needed to
choose a signal leading to reinforcement and to exit from the
state of the internal inhibition. On the other hand the fre-
quency increased during the purposive movements.
Key words: hippocamp, θ-rhythm, conditioned retlex.

O.O. Bogomoletz Institute of Physiology, National Academy
of Science of Ukraine, Kyiv
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Electrically silent neurons in substantia gelatinosa
of the rat spinal cord

Substantia gelatinosa (SG) neurons are usually categorized on three main types: tonic, adapting
and delayed firing (DFNs), based on characteristic firing response evoked by sustained stimulation.
Here, the existence of electrically silent neurons (ESNs, 9.3 %) is reported by using patch-clamp
recording and confocal microscopy in spinal cord slices from 3-5 weeks-old rats. Those neurons
does not generate spikes at their resting membrane potential (~ -69 mV) but only at preliminary
depolarization to > -60 mV. In the latter case, spikes appeared starting from the end of stimulation,
which is characteristic feature of DFNs. With the exception of APs block, all other passive and active
electrophysiological properties of ESNs and DFNs were similar. Their main morphological proper-
ties (vertical orientation of dendritic tree and axonal trajectory) were close too. A distinctive feature
of ESNs was larger amplitude of outward A-type K+ current (K

A
). The results suggest that the latter

might cause a block of APs in ESNs, while these cells likely are a functional (i.e., non-firing) subtype
of DFNs. The role of DFNs in descending control of pain transmission via modulation of its K

A
 is

hypothesized.
Key words: spinal cord, substantia gelatinosa, firing pattern, action potentials, A-type current,
pain.

©  I.V. Melnick

INTRODUCTION

Substantia gelatinosa (SG) or lamina II of the
spinal cord plays an important role in the pro-
cessing of nociceptive and thermoreceptive
information. SG cells receive monosynaptic
input from afferent fibers and relay it further
to projection neurons located in laminas I and
IV-V. Therefore, SG cells operate as inter-
neurons in sensory dorsal horn networks.
Their structural and physiological character-
istics are highly heterogeneous, however.
Morphologically, there have been described a
variety of neuronal cell types [4, 5, 7, 12�14,
20, 21]. According to physiological classifi-
cation, three major groups have been shown:
neurons with tonic, adapting and delayed fir-
ing (DFNs) [1, 5, 11�14, 18, 19, 22]. The lat-
ter has distinct electrophysiological and mor-
phological properties. Among the first are a
high threshold of action potentials (APs) in

response to stimulation, appearance of APs
starting from the end of stimulus (i.e., with
delay) and possession of high amplitude sub-
threshold K+ current of A-type (K

A
), which

activates before inward Na+ current and thus
is believed to be a cause of APs delay [5, 10,
13, 17, 18]. Morphologically, DFNs have ver-
tical orientation of their dendritic and axonal
trees [13]. Here, I report the existence of
electrically silent neurons (ESNs), which do
not respond by APs to stimulation at their rest-
ing membrane potential (RMP). Despite this
distinctive feature, all other physiological and
morphological properties of ESNs are similar
with those of DFNs, except of the larger am-
plitude of K

A
 in silent neurons. The results

suggest that the larger K
A
 might cause not

only a delay but also a full block of APs in
ESNs, while the latter likely is a functional
subgroup of DFNs in substantia gelatinosa. It
is proposed that DFNs might have a role in
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descending control of pain transmission via
modulation of its K

A
.

METHODS

Patch-clamp recordings were performed on
300-mm parasagittal and coronal slices pre-
pared from the lumbar enlargement of the
spinal cord of 3-5 week-old Sprague-Dawley
rats. The animals were anesthetized by Na-
pentobarbital (30 mg/kg ip). Slices were in-
cubated in  ar t i f ic ial  cerebrospinal  f luid
(ACSF) for >30 min at 32-33oC before ex-
periments (carried at similar temperature).
Lamina II was identified as a translucent band
in the dorsal horn. The neurons were visual-
ized by infrared-differential interference con-
trast (IR-DIC) optics of a Zeiss FS2 micro-
scope (Carl Zeiss, Germany). ACSF contained
(in mM): NaCl, 124; KCl, 3; CaCl

2
, 2.5;

MgSO
4
, 1.3; NaH

2
PO

4
, 1.4; NaHCO

3
, 26; glu-

cose, 10 (pH 7.4 when bubbled with 95% O
2

- 5% CO
2
). Pipettes had resistances of 5-7

MW when filled with an internal solution con-
taining (in mM): K-gluconate, 125; KCl, 4;
MgATP, 5; NaGTP, 0.3; EGTA, 5; HEPES, 5;
neurobiotin, 0.2 % (pH adjusted to 7.25 with
KOH, osmolarity adjusted to 295 mOsm). Pi-
pette tips were filled separately, with internal
solution without neurobiotin. The MultiClamp
700B amplifier was used for recordings. Sig-
nals were filtered at 3 kHz and digitized at 10
kHz using a computer interface (Digidata
1322) and pCLAMP 9.2 software (Axon In-
struments, Burlingame, CA). Recordings were
not corrected for the liquid junction potential.
Series resistance was <25 MW and was not
compensated. Firing of APs was evoked by
500 ms depolarizing current steps of varying
intensities (range 10-650 pA). Passive elec-
trical properties of cells were measured as
described earlier [14]. Following recordings,
slices were fixed in 4 % paraformaldehyde in
0.1 M phosphate-buffered saline (PBS) at 4oC
for 48 h. After washing overnight in 20 %
sucrose solution, unsectioned slices were in-
cubated with neutravidin-conjugated Alexa

594 (1:300) for 1 h, washed with PBS and
mounted in Prolong® anti-fading medium (Mo-
lecular Probes). Images (1-2 mm interval)
were  taken  and  processed  wi th  a  Zeiss
LSM510 confocal microscope. Data are pre-
sented as mean ± S.E.M. They were statis-
tically analyzed by Student t-test, and proba-
bility level P < 0.05 was taken as significant.

RESULTS

The recordings were obtained from 108 neu-
rons, which were categorized based on their
typical firing response (i.e., firing pattern)
evoked by sustained depolarization of increas-
ing amplitude [14]. A small proportion of nerve
cells (9.3 %) at their natural RMP did not re-
spond by APs to stimulation of any intensity
(Fig. 1, Aa); such cells were called �electri-
cally silent neurons� (ESNs). This non-re-
sponsiveness did not result from the cell� dam-
age or some other technical reasons, judging
on their negative RMP (-69 ± 1.4 mV) and
high values of input resistance (701 ± 122
MW). The overall shape of depolarizing mem-
brane response in ESNs (notably, a notch on
depolarizing phase and its gradually increas-
ing amplitude to the end of stimulation) was
similar to that of subthreshold responses in
DFNs (Fig. 1, traces 2-3 in panel Aa vs. trace
1 in panel Ba). With sufficient membrane de-
polarization to > -60 mV, ESNs were able to
fire usual APs with a delay starting from the
end of depolarization (Fig. 1, Ab), which was
again similar to the behavior of DFNs (Fig. 1,
Ba, traces 2-3). The delay in DFNs decreased
with membrane depolarization (Fig. 1, traces
2s in panels Ba vs. Bb). This voltage sensitiv-
ity was quantified for both DFNs and ESNs
(Fig. 1, C). From the graph, it was evident
that, qualitatively, the delay behaved similarly
in both cell types, in ESNs however the volt-
age dependence was shifted to more positive
potentials. All other passive electrical prop-
erties of two cell types were close too (RMP
and input resistance of DFNs, �68 ± 1.2 mV
and 675 MW respectively, were not different

I.V. Melnick
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from the values for ESNs mentioned above,
P > 0.5, unpaired t-test).

The prominent feature of DFNs is the ex-
pression of high-amplitude K

A
 [7, 13, 18]. The

properties of ESNs and DFNs were compared
in this respect. Figure 2 (A and B) shows ionic
currents evoked by voltage steps to between
�55 and �35 mV delivered after a hyperpo-
larizing pre-pulse to �120 mV to remove in-
activation. Both ESNs (A) and DFNs (B) had
fast K

A
 activated at subthreshold voltages, i.e.

before Na+ current. Initial I-V curves are dem-
onstrated on panel C, dotted and solid lines
schematically show activation of Na+ spike.
Such presentation of only initial I-V curves
was chosen to minimize the voltage error
inevitable in recording of high-amplitude
currents. As evident from the panel C, the K

A

current was significantly larger in ESNs.
Morphology of neurobiotin-filled and

reconstructed in parasagittal slices ESNs was
s tudied  us ing  confocal  microscopy and
compared  wi th  tha t  of  DFNs [13] .  The
orientations of dendritic tree and axon trajec-
tory are considered as the most important
morphological criteria, which indicates direc-
tionality of information processing in the spi-
nal dorsal horn  [4, 5, 20]. Individual ESN could
have quite variable appearance, e.g., shape
and size of the soma, number and width of
primary dendrites, their branching pattern, etc.
However the overall orientation of their den-
dritic trees was predominantly vertical (6 out
of 9 cells), as in DFNs (Fig. 3). Similarly, their
axons went to lamina I and in 3 cases both to
lamina I and III.

DISCUSSION

SG neurons are known for the large variabili-
ty of their properties. Here I report the exist-
ence of previously unrecognized cell group in
SG with remarkable electrical behavior, the
neurons of which were unable to generate APs
at RMP (ESNs). With membrane depolariza-
tion to > -60 mV, ESNs did generate APs. This
suggests, first, that some ionic current is ac-

Fig. 1. Firing behavior of electrically silent (ESNs) and
delayed firing neurons (DFNs). (A-B) Voltage responses
of ESN (Aa) and DFN (Ba) to depolarizing currents of
increasing intensity (protocol is shown below traces). ESN
did not generate action potentials (APs) to stimulations.
Upper dashed line in all panels show 0 mV level for the
last (upper) trace. RMP is indicated near the first response.
(Ab), stimulation of previously depolarized ESN by ~9
mV evoked APs. The intensity of stimulation is the one
used for trace 3 from the panel a, RMP is the same for
traces 3s in both panels (indicated by dotted line). (Bb),
depolarization of DFN shorten the delay in APs. The in-
tensity of stimulation is the one used for trace 2 from the
panel a, RMP is the same for traces 2s in both panels
(indicated by dotted line). (C) Voltage dependence of the de-
lay before first AP in DFN and ESNs (n = 5 in both groups).
The curve for ESN is shifted in depolarized direction

a b
À

3

2

1-67

3

a b
B

3

2

1-67

2

30 mV

150 ms
C

300

200

500

400

delay (ms)

-70 -65 -60 -55 -50 mV

DFNs

ESNs

Electrically silent neurons in substantia gelatinosa



ISSN 0201-8489    Ô³ç³îë. æóðí., 2010, Ò. 56, ¹ 5 37

tive at RMP and effectively blocks APs, and
second, preliminary membrane depolarization
inactivates the current and unblocks the APs.
Such voltage dependence of firing is known
specifically for DFNs and is attributable to
powerful K

A
, which activates at subthreshold

potentials and causes the delay in APs gener-
ation [7, 10, 13, 18]. In agreement, ESNs pos-
sessed even larger K

A 
than DFNs suggesting

that it might cause not only the delay but also
a block of APs generation. K

A
 is known to

inactivate strongly at negative subthreshold
potentials [10] and it matches well with our
experiments, where ESNs started generating
spikes after preliminary depolarization. How-

ever, to prove definitely the causative rela-
tion between the expression of K

A
 and block

of APs, further experiments with selective
pharmacological suppression of the current

Fig. 2. Voltage-clamp recordings of subthreshold currents
in delayed firing (DFNs, A) and electrically silent (ESNs,
B) neurons. Voltage protocol is the same and shown below
traces. Both cell types possessed outward A-type K+

current (K
A
) activating before inward Na+ current (arrow).

(C) Initial I-V curve of K
A
 in DFNs (filled) and ESNs

(open symbols). Activation of Na+ current is shown sche-
matically for both groups by dashed and solid lines,
respectively. ESNs had larger K

A
 (P < 0.03, unpaired

t-test, n = 6)
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Fig. 3. Morphologic appearance of electrically silent (ESN,
A) and delayed firing neuron (DFN, B) in parasagittal slices.
Confocal images of cells are presented as summed Z-pro-
jections. Dashed lines indicate borders between laminas
(numbered). Arrows point to axon-like processes.
Calibration bar, 50 mm
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B
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are needed. All other tested electrophysiologi-
cal and morphological properties of ESNs and
DFNs were similar suggesting that they might
be the same physiological type of neurons in
dorsal horn networks; ESN might represent
then a non-firing state, i.e. a silent mode, of
DFNs due to up-regulation of K

A
. If it is the

case, the functional impact of ESNs on sen-
sory processing can be much larger than if to
judge based on their rare abundance; really,
DFNs and ESNs together constitute about one
third of SG neurons. Vertical orientation of
their dendritic and axonal trees suggests that
those neurons perform interlaminar integra-
tion by acquiring synaptic input from several
spinal layers and transmitting it to projection
cells, the axons of which form spinothalamic
tract [17]. Their physiological features fit well
with this idea. Really, the delay and high rheo-
base of APs in DFNs indicates that signifi-
cant summation of afferent impulses (i.e., in
frequency and amplitude) must happen before
neuronal activation. The appearance and role
of ESNs then can be hypothesized within fol-
lowing physiological scenario. Numerous de-
scending fibre systems have been described
in the dorsal spinal cord, which are supposed
to be involved in antinociception, i.e. in regu-
lation of pain neurotransmission [15]. These
fibers might release various neuromodulators
from their terminals (e.g., oxytocin, seroto-
nin, noradrenalin, dopamine) [2, 3, 6, 9, 16],
which might up-regulate the K

A
 in DFNs and

thus �turn� them off; the latter would effi-
ciently modulate sensory processing. In prin-
ciple, the properties of the channels mediat-
ing K

A
 can be changed by phosphorylation via

various protein kinases [8, 10]. Those kinas-
es, in turn, can be activated in situ by differ-
ent mechanisms, e.g., via β-adrenergic recep-
tors, as was shown in hippocampal neurons
[8]. To give more physiological weight to this
hypothesis, the properties of K

A
 in DFNs of

SG and its modulation be relevant neurotrans-
mitters both in vitro and in situ have yet to be
demonstrated.

CONCLUSIONS

1. Electrically silent neurons (ESNs) are found
in rat Substantia Gelatinosa. They do not gen-
erate action potentials (APs) in response to stim-
ulations at their resting membrane potential, but
only with preliminary depolarization.

2. All electrophysiological and morpho-
logical properties of ESNs, except of APs
block, are similar to those of delayed firing
neurons (DFNs).

3. ESNs possessed significantly larger A-
type K+ current than DFNs, which is presum-
ably a cause for APs block.

².Â. Ìåëüíèê

ÅËÅÊÒÐÈ×ÍÎ ÍÅÇÁÓÄËÈÂ² ÍÅÉÐÎÍÈ Â
ÆÅËÀÒÈÍÎÇÍ²É ÑÓÁÑÒÀÍÖ²¯ ÑÏÈÍÍÎÃÎ
ÌÎÇÊÓ ÙÓÐ²Â

Çà òèïîì ãåíåðàö³¿ ïîòåíö³àë³â ä³¿ (ÏÄ) íåéðîíè æåëàòè-
íîçíî¿ ñóáñòàíö³¿ ñïèííîãî ìîçêó çâè÷àéíî ï³äðîçä³ëÿþòü
íà òîí³÷í³, ç àäàïòàö³ºþ òà íåéðîíè çàòðèìàíî¿ ãåíåðàö³¿
(ÍÇÃ). Â åêïåðèìåíòàõ íà çð³çàõ ñïèííîãî ìîçêó 3�5-
òèæíåâèõ ùóð³â çà äîïîìîãîþ ìåòîä³â patch-clamp-
ðåºñòðàö³¿ òà êîíôîêàëüíî¿ ì³êðîñêîï³¿ áóëà âèÿâëåíà ãðóïà
åëåêòðè÷íî íåçáóäëèâèõ íåéðîí³â (ÅÍÍ, 9,3 %), ÿê³ íå
ãåíåðóâàëè ÏÄ ó â³äïîâ³äü íà ñòèìóëÿö³þ ïðè ¿õ âëàñíîìó
ìåìáðàííîìó ïîòåíö³àë³ (áëèçüêî -69 ìÂ). ÏÄ ìîãëè
àêòèâóâàòèñÿ ëèøå ïðè äåïîëÿðèçàö³¿ ìåìáðàíè äî -60 ìÂ,
ïðè öüîìó âîíè ç�ÿâëÿëèñÿ, ïî÷èíàþ÷è ç ê³íöÿ ñòèìóëÿö³¿
� õàðàêòåðíà ðèñà äëÿ ÍÇÃ. Áóëè ñõîæèìè òàêîæ ìàéæå âñ³
³íø³ åëåêòðîô³ç³îëîã³÷í³ òà ìîðôîëîã³÷í³ âëàñòèâîñò³ ÅÍÍ
³ ÍÇÃ. Íà â³äì³íó â³ä îñòàíí³õ, ÅÍÍ ìàëè á³ëüøó àìïë³òóäó
êàë³ºâîãî ñòðóìó À-òèïó (Ê

A
), ùî, â³ðîã³äíî, ³ áëîêóâàëî

ÏÄ. Òàêèì ÷èíîì, ïðèïóñêàºòüñÿ, ùî ÅÍÍ ³ ÍÇÃ íàëåæàòü
äî ºäèíî¿ ôóíêö³îíàëüíî¿ ïîïóëÿö³¿ íåéðîí³â æåëàòèíîçíî¿
ñóáñòàíö³¿. Çá³ëüøåííÿ Ê

A
 ó ÷àñòèíè òàêèõ íåéðîí³â,

íàïðèêëàä ï³ä ä³ºþ äåÿêèõ íåéðîìåä³àòîð³â ÷è ìîäóëÿòîð³â,
ïðèçâîäèòü äî ¿õ åëåêòðè÷íîãî áëîêó, ùî ìîæå â³ä³ãðàâàòè
çíà÷íó ðîëü ó êîíòðîë³ ïðîâåäåííÿ áîëüîâî¿ ³íôîðìàö³¿.
Êëþ÷îâ³ ñëîâà: ñïèííèé ìîçîê, æåëàòèíîçíà ñóáñòàíö³ÿ,
á³ëü, ïîòåíö³àëè ä³¿, òèï ãåíåðàö³¿, ñòðóì À-òèïó.

È.Â. Ìåëüíèê

ÝËÅÊÒÐÈ×ÅÑÊÈ ÍÅÂÎÇÁÓÄÈÌÛÅ
ÍÅÉÐÎÍÛ ÆÅËÀÒÈÍÎÇÍÎÉ ÑÓÁÑÒÀÍÖÈÈ
ÑÏÈÍÍÎÃÎ ÌÎÇÃÀ ÊÐÛÑÛ

Ïî ñïîñîáó ãåíåðàöèè ïîòåíöèàëîâ äåéñòâèÿ (ÏÄ) íåéðîíû
æåëàòèíîçíîé ñóáñòàíöèè ñïèííîãî ìîçãà îáû÷íî
ïîäðàçäåëÿþò íà òîíè÷åñêèå, àäàïòèðóþùèå è çàäåðæàííîé
ãåíåðàöèè (ÍÇÃ). Â ýêñïåðèìåíòàõ íà ñðåçàõ ñïèííîãî ìîçãà

Electrically silent neurons in substantia gelatinosa
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3�5-íåäåëüíûõ êðûñ ïðè ïîìîùè ìåòîäîâ patch-clamp-
ðåãèñòðàöèè è êîíôîêàëüíîé ìèêðîñêîïèè áûëà îáíà-
ðóæåíà ãðóïïà ýëåêòðè÷åñêè ìîë÷àùèõ íåéðîíîâ (ÝÍÍ,
9,3 %), êîòîðûå íå ãåíåðèðîâàëè ÏÄ â îòâåò íà ñòèìóëÿöèþ
ïðè èõ åñòåñòâåííîì ìåìáðàííîì ïîòåíöèàëå (ïðèìåðíî -
69 ìÂ). ÏÄ ìîãëè àêòèâèðîâàòüñÿ ëèøü ïðè ïðåäâàðè-
òåëüíîé äåïîëÿðèçàöèè ìåìáðàíû äî -60 ìÂ, ïðè ýòîì îíè
ïîÿâëÿëèñü ñ çàäåðæêîé � õàðàêòåðíàÿ ÷åðòà ÍÇÃ. Áûëè
ñõîäíûìè òàêæå ïî÷òè âñå äðóãèå ýëåêòðîôèçèîëîãè÷åñêèå
è ìîðôîëîãè÷åñêèå ñâîéñòâà ÝÍÍ è ÍÇÃ. Â îòëè÷èå îò
ïîñëåäíèõ, ÝÍÍ èìåëè áîëüøóþ àìïëèòóäó êàëèåâîãî òîêà
À-òèïà (Ê

A
), ÷òî, âåðîÿòíî, è áëîêèðîâàëî ÏÄ. Òàêèì

îáðàçîì ïðåäïîëàãàåòñÿ, ÷òî ÝÍÍ è ÍÇÃ ïðèíàäëåæàò ê
åäèíîé ôèçèîëîãè÷åñêîé ïîïóëÿöèè íåéðîíîâ æåëàòè-
íîçíîé ñóáñòàíöèè. Óâåëè÷åíèå Ê

A 
ó ÷àñòè òàêèõ íåéðîíîâ,

íàïðèìåð ïîä äåéñòâèåì íåêîòîðûõ ìåäèàòîðîâ èëè
ìîäóëÿòîðîâ, ïðèâîäèò ê èõ ýëåêòðè÷åñêîìó áëîêó, ÷òî
ìîæåò èìåòü âàæíóþ ðîëü â êîíòðîëå ïðîâåäåíèÿ áîëåâîé
èíôîðìàöèè.
Êëþ÷åâûå ñëîâà: ñïèííîé ìîçã, æåëàòèíîçíàÿ ñóáñòàíöèÿ,
áîëü, ïîòåíöèàëû äåéñòâèÿ, òèï ãåíåðàöèè, òîê À�òèïà.
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Âì³ñò öèíêó òà ñåêðåòîðíîãî ìàòåð³àëó
â ãðàíóëîöèòàõ êðîâ³ òà áàçàëüíèõ â³ää³ë³â
êèøêîâèõ êðèïò ïðè ñòðåñ³

Âì³ñò öèíêó òà ñåêðåòîðíîãî ìàòåð³àëó â ãðàíóëîöèòàõ êðîâ³ òà êë³òèíàõ Ïàíåòà ùóð³â
ï³äâèùóâàâñÿ ïðè îäíîðàçîâîìó ô³çè÷íîìó íàâàíòàæåíí³ òà ³ììîá³ë³çàö³¿. Áàãàòîðàçîâå
ô³çè÷íå íàâàíòàæåííÿ òà ³ììîá³ë³çàö³ÿ âèêëèêàëè, íàâïàêè, çìåíøåííÿ êîíöåíòðàö³¿ öèõ
êîìïîíåíò³â ó êë³òèíàõ. Ïîçèòèâíà êîðåëÿö³ÿ çì³í ó äâîõ âèäàõ êë³òèí âêàçóº íà ìîæëèâèé
ôóíêö³îíàëüíèé çâ�ÿçîê ì³æ íèìè.
Êëþ÷îâ³ ñëîâà: ãðàíóëîöèòè êðîâ³, ³ììîá³ë³çàö³ÿ, êë³òèíè Ïàíåòà, ñåêðåòîðíèé ìàòåð³àë,
ô³çè÷íå íàâàíòàæåííÿ, öèíê.
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ÂÑÒÓÏ

Öèíê â³ä³ãðàº äóæå âàæëèâó ðîëü â îðãà-
í ³çì³ :  â ³í  íåîáõ³äíèé äëÿ  àêòèâíî ñò ³
á³ëüøî¿ ÷àñòèíè ìåòàëîåíçèì³â, ï³äòðèìóº
³íòåãðàëüíó ñòðóêòóðó òà ôóíêö³þ á³î-
ìåìáðàí [7�12]. Öèòîõ³ì³÷íî âèçíà÷åíèé
öèíê ìîæå áóòè ïîêàçíèêîì ôóíêö³î-
íàëüíîãî ñòàíó êë³òèí [1, 2]. Íàÿâí³ñòü
öüîãî ìåòàëó â ãðàíóëîöèòàõ êðîâ³  òà
áàçàëüíèõ â³ää³ë³â êèøêîâèõ êðèïò ñòàâèòü
ïèòàííÿ ïðî ìîæëèâ³ñòü ôóíêö³îíàëüíîãî
âçàºìîçâ�ÿçêó öèõ êë³òèí.  Íà êîðèñòü
òàêîãî ïîëîæåííÿ ãîâîðÿòü ë³òåðàòóðí³
äàí³ ïðî óòâîðåííÿ òà ñåêðåö³þ êë³òèíàìè
Ïàíåòà òà ãðàíóëîöèòàìè êðîâ³ (íåéòðî-
ô³ëàìè) àíòèì³êðîáíèõ ïåïòèä³â (äåôåí-
ñèí³â) [5, 6]. Çàñëóãîâóþòü òàêîæ íà óâàãó
ïîâ³äîìëåííÿ ïðî âïëèâ ñòðåñîâèõ ôàêòî-
ð³â íà çãàäàí³ êë³òèíè [9].

Ìåòà ö³º¿ ðîáîòè � âèâ÷åííÿ ôóíêö³î-
íàëüíèõ çâ�ÿçê³â ì³æ êë³òèíàìè Ïàíåòà òà
ãðàíóëîöèòàìè êðîâ³, ïîð³âíÿëüí³ äîñë³ä-
æåííÿ âïëèâó ñòðåñîâèõ ôàêòîð³â íà âì³ñò
öèíêó òà ñåêðåòîðíîãî ìàòåð³àëó â öèõ
êë³òèíàõ.

ÌÅÒÎÄÈÊÀ

Äîñë³äè áóëî ïðîâåäåíî íà 74 á³ëèõ áåçïî-
ðîäíèõ ùóðàõ â³êîì 0,5�1 ð³ê, ìàñîþ 220�
315 ã. Ãîñòðèé ñòðåñ âèêëèêàëè îäíîðà-
çîâèì ô³çè÷íèì íàâàíòàæåííÿì (ÎÔÍ) àáî
³ììîá³ë³çàö³ºþ (Î²), õðîí³÷íèé � áàãàòî-
ðàçîâèì ô³çè÷íèì íàâàíòàæåííÿì (ÁÔÍ)
àáî ³ììîá³ë³çàö³ºþ (Á²). Ïðè ÎÔÍ ùóð³â
ïîì³ùàëè â àêâàð³óì ç òåìïåðàòóðîþ âîäè
32 °Ñ, äå âîíè ïëàâàëè ïðîòÿãîì 2 ãîä. Ó
âèïàäêàõ ç Î² òâàðèí ïðèâ�ÿçóâàëè äî
ñòàíêó çà äîïîìîãîþ ì�ÿêèõ ïîâ�ÿçîê íà 6
ãîä. Ïðè ÁÔÍ òà Á² òàê³ ïðîöåäóðè ïîâòî-
ðþâàëè ùîäåííî ïðîòÿãîì 10 ä³á. Àäðå-
íàë³í ââîäèëè ï³äøê³ðíî ó äîç³ 0,05 ìã/êã,
ïðåäí³çîëîí � âíóòð³øíüîì�ÿçîâî ó äîç³ 5�
10 ìã/êã. Â îêðåìèõ äîñë³äàõ âèêîðèñ-
òîâóâàëè ùóð³â, ÿêèì âèäàëÿëè íàäíèðêîâ³
çàëîçè (àäðåíàëåêòîì³ÿ).

Ïðè ïðîâåäåíí³ äîñë³äæåíü íà ùóðàõ
êåðóâàëèñÿ ïîëîæåííÿìè ªâðîïåéñüêî¿
êîíâåíö³¿ (Ñòðàñáóðã, 1986).

Êðîâ íà äîñë³äæåííÿ áðàëè ó ùóð³â ç
õâîñòà. ×àñòèíó ìàçê³â ô³êñóâàëè ó ïàðàõ
ôîðìàë³íó âïðîäîâæ 5 õâ ³ çàáàðâëþâàëè
äèòèçîíîì àáî ìåòèëîâèì ô³îëåòîâèì-
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ôëîêñèíîì (ÌÔÔ).
×àñòèíó ìàçê³â îäíî÷àñíî ô³êñóâàëè òà

îáðîáëÿëè 8-(ï-òîëóîëñóëüôîí³ëàì³íî)-
õ³íîë³íîì (8-ÒÑÕ) � ñåëåêòèâíèì ðåàãåí-
òîì íà öèíê.

Ðîáî÷èé ðîç÷èí äèòèçîíó ãîòóâàëè
ï�ÿòèðàçîâèì ðîçáàâëåííÿì äèñòèëüîâà-
íîþ âîäîþ éîãî îñíîâíîãî ðîç÷èíó. Äëÿ
ïðèãîòóâàííÿ îñòàííüîãî â êîëáî÷êó ç
ïðèòåðòîþ ïðîáêîþ íàëèâàëè 45 ìë äèñòè-
ëüîâàíî¿ âîäè, 0,9 ìë 25%-ãî ðîç÷èíó
ã³äðîîêèñó àìîí³þ, 600 ìã äèòèçîíó. Ñóì³ø
ïåðåì³øóâàëè íà âîäÿí³é áàí³ (70 °Ñ)
ïðîòÿãîì 10 õâ, ïðîïóñêàëè êð³çü áåççîëü-
íèé ô³ëüòð. Òðèâàë³ñòü çàáàðâëåííÿ ìàçê³â �
3 ãîä, ïîò³ì ¿õ ïðîìèâàëè äèñòèëüîâàíîþ
âîäîþ òà çàëèâàëè ó ãë³öåðèí-æåëàòèí.
Ìàçêè ðîçãëÿäàëè ï³ä ñâ³òëîâèì ì³êðî-
ñêîïîì.

Äëÿ ïðîâåäåííÿ öèòîõ³ì³÷íî¿ ðåàêö³¿ 8-
ÒÑÕ çàñòîñîâóâàëè 0,01%-é àöåòîíîâèé
ðîç÷èí áàðâíèêà. Òðèâàë³ñòü çàáàðâëåííÿ
5 õâ. Ïîò³ì ìàçêè ïðîìèâàëè äèñòèëüî-
âàíîþ âîäîþ (ðÍ 8,0�8,5),  çàëèâàëè ó
ãë³öåðèí òà äîñë³äæóâàëè çà äîïîìîãîþ
ëþì³íåñöåíòíîãî ì³êðîñêîïà (ñâ³òëîô³ëüòðè
ÔÑ-1, ÆÑ-18).

Ñåêðåòîðíèé ìàòåð³àë ó ãðàíóëîöèòàõ
êðîâ ³  âèçíà÷à ëè  çàáàðâëåííÿì ÌÔÔ.
Ìàçêè, ô³êñîâàí³ ó ïàðàõ ôîðìàë³íó, çàáàðâ-
ëþâàëè ïðîòÿãîì 1 õâ 1%-ì ðîç÷èíîì
ìåòèëîâîãî ô³îëåòîâîãî, ïîò³ì ïîâòîðíî
ô³êñóâàëè (30 õâ)  ó  ïàðàõ ôîðìàë³íó,
çàáàðâëþâàëè 0,5%-ì ðîç÷èíîì ôëîêñèíó
(5 õâ), ïðîìèâàëè äèñòèëüîâàíîþ âîäîþ,
çàëèâàëè ó ãë³öåðèí-æåëàòèí ³ äîñë³äæóâàëè
ï³ä ñâ³òëîâèì ì³êðîñêîïîì.

Äëÿ îòðèìàííÿ öèòîõ³ì³÷íèõ ðåàêö³é íà
öèíê ó òîíê³é êèøö³ (êëóáîâà), ÿêó ô³êñó-
âàëè ó õîëîäíîìó (4 °Ñ) àöåòîí³ âïðîäîâæ
12 ãîä, ïîò³ì ïîñë³äîâíî ïðîâîäèëè ÷åðåç
äâà êñèëîëè (ïî 15 õâ ó êîæíîìó), ñóì³ø
50%-ãî ïàðàô³íó òà 50%-ãî êñèëîëó (30 õâ
ïðè 40 °Ñ), äâà ð³äêèõ ïàðàô³íè (ïî 1,5 ãîä
ó êîæíîìó ïðè 56 °Ñ) ³ çàëèâàëè ó ïàðàô³í.

Çð³çè çàâòîâøêè 5�10 ìêì äåïàðàô³íó-
âàëè îáðîáêîþ â äâîõ êñèëîëàõ ³ ñïèðòàõ

(ïî 3 õâ ó êîæíîìó), ïîò³ì çàáàðâëþâàëè
ðîáî÷èì ðîç÷èíîì äèòèçîíó (3 ãîä),  ðîç-
ãëÿäàëè ï³ä ñâ³òëîâèì ì³êðîñêîïîì, àáî
îáðîáëÿëè ðîç÷èíîì 8-ÒÑÕ ³ äîñë³äæóâàëè çà
äîïîìîãîþ ëþì³íåñöåíòíîãî ì³êðîñêîïà.

Äëÿ âèçíà÷åííÿ ñåêðåòîðíîãî ìàòåð³àëó
â êë³òèíàõ Ïàíåòà âèêîðèñòîâóâàëè çàáàðâ-
ëåííÿ çð³ç ³â  ãåìàòîêñèë³í-ôëîêñèíîì.
Øìàòî÷êè êëóáîâî¿  êèøêè ô³êñóâàëè
ïðîòÿãîì äîáè íåéòðàëüíèì ôîðìàë³íîì,
ïîò³ì ïðîâîäèëè ÷åðåç ñïèðòè çðîñòàþ÷î¿
ì³öíîñò³ (70, 80, 90, 96, 100°) � ïî 4 ãîä ó
êîæíîìó. Äàë³ ïðîâîäèëè, ÿê óêàçàíî âèùå,
÷åðåç êñèëîëè, ñóì³ø êñèëîëó ç ïàðàô³íîì,
äâà ð³äê³ ïàðàô³íè.

Äåïàðàô³íîâàí³ çð³çè çàáàðâëþâàëè
ïðîòÿãîì 5 õâ ó 1%-ìó ðîç÷èí³ ãåìàòîê-
ñèë³íó, ïðîìèâàëè äèñòèëüîâàíîþ âîäîþ,
çàáàðâëþâàëè âïðîäîâæ 5 õâ ó 0,5%-ìó
ðîç÷èí³ ôëîêñèíó, âèòðèìóâàëè 2 õâ ó 5%-
ìó ðîç÷èí³ ôîñôîðíî-âîëüôðàìîâî¿ êèñëî-
òè, ïðîìèâàëè ïðîòî÷íîþ âîäîþ âïðîäîâæ
5 õâ äî â³äíîâëåííÿ ÿñêðàâî ÷åðâîíîãî
çàáàðâëåííÿ êë³òèí Ïàíåòà. Çàáàðâëåí³
çð³çè çàëèâàëè ó ãë³öåðèí-æåëàòèí ³ ðîçãëÿ-
äàëè ï³ä ñâ³òëîâèì ì³êðîñêîïîì.

²íòåíñèâí³ñòü öèòîõ³ì³÷íèõ ðåàêö³é
îö³íþâàëè çà òðèáàëüíîþ ñèñòåìîþ, çàï-
ðîïîíîâàíîþ Ñîêîëîâñüêèì [3], à òàêîæ
Õåéõîó ³ Êâàãë³íî [4].

Ìàòåìàòè÷íó îáðîáêó ðåçóëüòàò³â äîñ-
ë³äæåííÿ ïðîâîäèëè çà äîïîìîãîþ ïðîãðàìè
Statist ica 6,0.  Äëÿ îö³íêè íîðìàëüíîãî
ðîçïîä³ëåííÿ ðåçóëüòàò³â áóâ çàñòîñîâàíèé
êðèòåð³é Êîëìîãîðîâà-Ñì³ðíîâà, à äëÿ
ïîð³âíÿííÿ êðèòåð³é t Ñòüþäåíòà. Êîåô³-
ö³ºíò êîðåëÿö³¿ Ï³ðñîíà (r) ï³äðàõîâóâàëè
äëÿ îö³íêè ñòóïåíÿ çâ�ÿçêó ì³æ îòðèìàíèìè
ðåçóëüòàò³â.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ¯Õ ÎÁÃÎÂÎÐÅÍÍß

Íà ïðåïàðàòàõ, çàáàðâëåíèõ äèòèçîíîì, ó
öèòîïëàçì³ êë³òèí Ïàíåòà òà ãðàíóëîöèòàõ
êðîâ³ âèçíà÷àëè ãðàíóëè ÷åðâîíîãî êîëüîðó.
Ïðè ïðîâåäåíí³ öèòîõ³ì³÷íî¿ ðåàêö³¿ 8-ÒÑÕ
ó öèõ êë³òèíàõ âèçíà÷àëè ãðàíóëè, ÿê³
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ëþì³íåñö³þâàëè æîâòî-çåëåíèì ñâ³òëîì.
Îáèäâà òèïè ãðàíóë ÿâëÿþòü ñîáîþ ãðàíóëè
öèíêó. Ïîêàçàíî, ùî ³íòåíñèâí³ñòü öèòî-
õ³ì³÷íèõ ðåàêö³é äèòèçîíó òà 8-ÒÑÕ ó
êë³òèíàõ ï³äâèùåíà ïðè ãîñòðîìó ñòðåñ³,
ââåäåíí³  àäðåíàë³íó òà  ïðåäí³çîëîíó.
Ðåàêö³ÿ áóëà ïîñëàáëåíà ïðè õðîí³÷íîìó
ñòðåñ³ òà ï³ñëÿ àäðåíàëåêòîì³¿.

ßê âèäíî ç  òàáë.  1 ,  ó  êîíòðîëüíèõ
(³íòàêòíèõ) ùóð³â ³íòåíñèâí³ñòü ðåàêö³¿
äèòèçîíó ñòàíîâèëà 2,1 óì. îä. ± 0,16 óì.
îä. ó êë³òèíàõ Ïàíåòà òà 1,2 óì. îä ± 0,10
óì. îä. ó ãðàíóëîöèòàõ êðîâ³. Âì³ñò öèíêó
áóâ ï³äâèùåíèé ïðè ÎÔÍ ó êë³òèíàõ Ïàíåòà
íà 23 % (Ð<0,05) ³ íà 42 % (Ð<0,001) ó
ãðàíóëîöèòàõ êðîâ³,  à ïðè Î² íà 29 %
(Ð<0,01) ³ íà 33 % (Ð<0,05) â³äïîâ³äíî. Ï³ñëÿ
³í�ºêö³é àäðåíàë³íó â³í ï³äâèùóâàâñÿ íà 23 %
(Ð<0,05) òà 58 % (Ð<0,001), òà ïðåäí³çîëîíó �
23 % (Ð<0,05) òà 50 % (Ð<0,001) â³äïîâ³äíî.
Îòæå, ãîñòðèé ñòðåñ, ââåäåííÿ àäðåíàë³íó
òà ïðåäí³çîëîíó âèêëèêàëè ï³äâèùåííÿ
êîíöåíòðàö³¿ öèíêó â îáîõ òèïàõ êë³òèí.

ßê âèäíî ç òàáë.  2 ÁÔÍ âèêëèêàëî
çíèæåííÿ êîíöåíòðàö³¿  öèíêó íà 52 %
(Ð<0,001) ó êë³òèíàõ Ïàíåòà òà íà 42 %
(Ð<0,001) ó ãðàíóëîöèòàõ, à Á² � íà 48 %

Âì³ñò öèíêó òà ñåêðåòîðíîãî ìàòåð³àëó â ãðàíóëîöèòàõ êðîâ³

Òàáëèöÿ 1. ²íòåíñèâí³ñòü öèòîõ³ì³÷íî¿ ðåàêö³¿ äèòèçîíó â êë³òèíàõ Ïàíåòà òà ãðàíóëîöèòàõ êðîâ³ ùóð³â ïðè
ãîñòðîìó ñòðåñ³ òà ââåäåíí³ àäðåíàë³íó ³ ïðåäí³çîëîíó (               ± m)

Ïîêàçíèê       ²íòåíñèâí³ñòü ðåàêö³¿, óì. îä.          r
Êë³òèíè Ïàíåòà Ãðàíóëîöèòè êðîâ³

Êîíòðîëü (n =16) 2,1±0,16 1,2±0,10 0,57*
Îäíîðàçîâå ô³çè÷íå íàâàíòàæåííÿ (n =15) 2,6±0,18* 1,7±0,14*** 0,56*
Îäíîðàçîâà ³ììîá³ë³çàö³ÿ (n =16) 2,7±0,16** 1,6±0,13* 0,54*
Ââåäåííÿ àäðåíàë³íó (n =14) 2,6±0,17* 1,9±1,14*** 0,61**
Ââåäåííÿ ïðåäí³çîëîíó (n =13) 2,6±0,16* 1,8±1,15*** 0,58*

Ïðèì³òêà. Òóò ³ â òàáë. 2�4 * Ð<0,05; ** Ð<0,01; *** Ð<0,001.

Òàáëèöÿ 2. ²íòåíñèâí³ñòü öèòîõ³ì³÷íî¿ ðåàêö³¿ äèòèçîíó â êë³òèíàõ Ïàíåòà òà ãðàíóëîöèòàõ êðîâ³ ùóð³â ïðè
õðîí³÷íîìó ñòðåñ³ òà àäðåíàëåêòîì³¿ (    ± m)

Ïîêàçíèê        ²íòåíñèâí³ñòü ðåàêö³¿, óì. îä.    r
Êë³òèíè Ïàíåòà Ãðàíóëîöèòè êðîâ³

Êîíòðîëü (n =16) 2,1±0,16 1,2±0,10 0,57*
Áàãàòîðàçîâå ô³çè÷íå íàâàíòàæåííÿ (n =14) 1,0±0,09* 0,7±0,04*** 0,65**
Áàãàòîðàçîâà ³ììîá³ë³çàö³ÿ (n =17) 1,1±0,08** 0,6±0,05* 0,58*
Àäðåíàëåêòîì³ÿ (n =12) 1,0±0,09* 0,6±0,04** 0,62**

(Ð<0,001) òà 50 % (Ð<0,001) â³äïîâ³äíî.
Ï³ñëÿ àäðåíàëåêòîì³¿ öåé ïîêàçíèê çíèçèâ-
ñÿ íà 52 % (Ð<0,001) òà 50 % (Ð<0,001)
â³äïîâ³äíî.  Îòæå,  õðîí³÷íèé ñòðåñ òà
àäðåíàëåêòîì³ÿ âèêëèêàëè çìåíøåííÿ
âì³ñòó öèíêó â îáîõ âèäàõ êë³òèí.

Íà ïðåïàðàòàõ, çàáàðâëåíèõ ÌÔÔ, ó
öèòîïëàçì³  áàçîô³ë³â  âèçíà÷àëè ñèí³ ,
íåéòðîô³ë³â � ô³îëåòîâ³, åîçèíîô³ë³â �
÷åðâîí³ ãðàíóëè. Ïðè çàáàðâëåíí³ ãåìàòîê-
ñèë³í-ôëîêñèíîì ó öèòîïëàçì³  êë³òèí
Ïàíåòà ñïîñòåð³ãàëèñÿ ÷åðâîí³ ãðàíóëè.

Ó êîíòðîëüíèõ (³íòàêòíèõ) ùóð³â âì³ñò
ñåêðåòîðíîãî ìàòåð³àëó â êë³òèíàõ Ïàíåòà
áóâ 1,7 óì.îä. ± 0,14 óì. îä., ó ãðàíóëîöèòàõ
êðîâ³ (íåéòðîô³ëàõ) � 1,0 óì. îä. ± 0,08 óì.
îä. (òàáë. 3). Ïðè ÎÔÍ ó êë³òèíàõ Ïàíåòà
öåé ïîêàçíèê áóâ çá³ëüøåíèé íà 35 %
(Ð<0,01),  â íåéòðîô³ëàõ êðîâ³ íà 30 %
(Ð<0,01), ïðè Î² � íà 29 % (Ð<0,05) òà 40 %
(Ð<0,001), ï³ñëÿ ââåäåííÿ àäðåíàë³íó � íà
35 % (Ð<0,01) òà 30 % (Ð<0,01), ïðåäí³-
çîëîíó � 29 % (Ð<0,05) òà 30 % (Ð<0,01)
â³äïîâ³äíî. Òàêèì ÷èíîì, ãîñòðèé ñòðåñ,
ââåäåííÿ àäðåíàë³íó òà  ïðåäí³çîëîíó
âèêëèêàëè ï³äâèùåííÿ âì³ñòó ñåêðåòîðíîãî
ìàòåð³àëó â îáîõ âèäàõ êë³òèí.

X

X
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ÁÔÍ âèêëèêàëî çíèæåííÿ âì³ñòó ñåêðå-
òîðíîãî ìàòåð³àëó â êë³òèíàõ Ïàíåòà íà
47% (Ð<0,001), íåéòðîô³ëàõ êðîâ³ � íà 40 %
(Ð<0,001), Á² �íà 41 % (Ð<0,001) òà 30 %
(Ð<0,01), àäðåíàëåêòîì³ÿ � 53 % (Ð<0,001)
òà 60 % (Ð<0,001) â³äïîâ³äíî (òàáë. 4).
Îòæå, õðîí³÷íèé ñòðåñ òà àäðåíàëåêòîì³ÿ
ñïðè÷èíþâàëè çíèæåííÿ âì³ñòó ñåêðå-
òîðíîãî ìàòåð³àëó â îáîõ âèäàõ êë³òèí.

Òàêèì ÷èíîì, ïîçèòèâíà êîðåëÿö³ÿ ó
êë³òèíàõ Ïàíåòà òà ãðàíóëîöèòàõ êðîâ³ äàº
çìîãó ïðèïóñòèòè ôóíêö³îíàëüíèé çâ�ÿçîê
ì³æ íèìè. Ïðèãí³÷åííÿ ¿õ ñåêðåòîðíî¿
àêòèâíîñò³ ñóïðîâîäæóºòüñÿ íàêîïè÷åííÿì
öèíêó òà ñåêðåòîðíîãî ìàòåð³àëó. Íàâïàêè,
ï³äâèùåííÿ ñåêðåòîðíî¿ àêòèâíîñò³ êë³òèí
âèêëèêàº çìåíøåííÿ êîíöåíòðàö³¿ â íèõ
öèíêó òà ñåêðåòó. Ï³äâèùåííÿ âì³ñòó äâîõ
êîìïîíåíò³â ó êë³òèíàõ ïðè ãîñòðîìó ñòðåñ³
ïîÿñíþºòüñÿ ï³äñèëåííÿì ³íêðåòîðíî¿
ôóíêö³¿ íàäíèðíèêîâèõ çàëîç. Ïîñëàáëåííÿ
ö³º¿ ôóíêö³¿ ïðèçâîäèòü äî äåô³öèòó öèíêó
òà ñåêðåòîðíîãî ìàòåð³àëó â êë³òèíàõ.

ÂÈÑÍÎÂÊÈ

1. Âì³ñò öèíêó òà ñåêðåòîðíîãî ìàòåð³àëó

Ò.Â. Áåðåãîâà, Þ.Â. ªùåíêî, Â.Ä. Áîâò, Â.À. ªùåíêî

â êë³òèíàõ Ïàíåòà òà ãðàíóëîöèòàõ êðîâ³
ï³äâèùóºòüñÿ ïðè ãîñòðîìó ñòðåñ³, ââåäåíí³
àäðåíàë³íó òà ïðåäí³çîëîíó.

2. Ïðè õðîí³÷íîìó ñòðåñ³ òà àäðåíàëåêòî-
ì³¿ çìåíøóºòüñÿ êîíöåíòðàö³ÿ öèíêó òà ñåêðå-
òîðíîãî ìàòåð³àëó â äîñë³äæóâàíèõ êë³òèíàõ.

3. Íà ôóíêö³îíàëüíèé çâ�ÿçîê êë³òèí
Ïàíåòà òà ãðàíóëîöèò³â êðîâ³ âêàçóº ïîçè-
òèâíà êîðåëÿö³ÿ çì³í â íèõ âì³ñòó öèíêó òà
ñåêðåòîðíîãî ìàòåð³àëó.

Ò.Â. Áåðåãîâàÿ, Þ.Â. Åùåíêî, Â.Ä. Áîâò,
Â.À. Åùåíêî

ÑÎÄÅÐÆÀÍÈÅ ÖÈÍÊÀ È ÑÅÊÐÅÒÎÐÍÎÃÎ
ÌÀÒÅÐÈÀËÀ Â ÃÐÀÍÓËÎÖÈÒÀÕ ÊÐÎÂÈ È
ÁÀÇÀËÜÍÛÕ ÎÒÄÅËÎÂ ÊÈØÅ×ÍÛÕ
ÊÐÈÏÒ ÏÐÈ ÑÒÐÅÑÑÅ

Ñîäåðæàíèå öèíêà è ñåêðåòîðíîãî ìàòåðèàëà â ãðàíóëî-
öèòàõ êðîâè è êëåòêàõ Ïàíåòà êðûñ âîçðàñòàëî ïðè
îäíîêðàòíîé ôèçè÷åñêîé íàãðóçêå è èììîáèëèçàöèè.
Ìíîãîêðàòíàÿ  ôèçè÷åñêàÿ íàãðóçêà è èììîáèëèçàöèÿ
âûçûâàëè, íàîáîðîò, óìåíüøåíèè êîíöåíòðàöèè ýòèõ
êîìïîíåíòîâ â êëåòêàõ. Ïîçèòèâíàÿ êîððåëÿöèÿ èçìåíåíèé
â äâóõ âèäàõ êëåòîê óêàçûâàåò íà âîçìîæíóþ ôóíêöèî-
íàëüíóþ ñâÿçü ìåæäó íèìè.
Êëþ÷åâûå ñëîâà: ãðàíóëîöèòû êðîâè, èììîáèëèçàöèÿ,
êëåòêè Ïàíåòà, ñåêðåòîðíûé   ìàòåðèàë, ôèçè÷åñêàÿ
íàãðóçêà, öèíê.

Òàáëèöÿ 4. ²íòåíñèâí³ñòü öèòîõ³ì³÷íî¿ ðåàêö³¿ ãåìàòîêñèë³í-ôëîêñèíó â êë³òèíàõ Ïàíåòà òà ìåòèëîâîãî
ô³îëåòîâîãî-ôëîêñèíó â ãðàíóëîöèòàõ êðîâ³ (íåéòðîô³ëàõ) ùóð³â ïðè õðîí³÷íîìó ñòðåñ³ òà àäðåíàëåêòîì³¿

(      ± m)

Ïîêàçíèê ²íòåíñèâí³ñòü ðåàêö³¿, óì. îä. r
Êë³òèíè Ïàíåòà Ãðàíóëîöèòè êðîâ³

Êîíòðîëü (n =16) 1,7±0,14 1,0±0,08 0,56*
Áàãàòîðàçîâå ô³çè÷íå íàâàíòàæåííÿ (n =14) 0,9±0,08*** 0,6±0,04*** 0,64**
Áàãàòîðàçîâà ³ììîá³ë³çàö³ÿ  (n=17) 1,0±0,07*** 0,7±0,05** 0,63**
Àäðåíàëåêòîì³ÿ (n =12) 0,8±0,07*** 0,4±0,03*** 0,60**

Òàáëèöÿ 3. ²íòåíñèâí³ñòü öèòîõ³ì³÷íî¿ ðåàêö³¿ ãåìàòîêñèë³í-ôëîêñèíó â êë³òèíàõ Ïàíåòà òà ìåòèëîâîãî
ô³îëåòîâîãî-ôëîêñèíó â ãðàíóëîöèòàõ êðîâ³ (íåéòðîô³ëàõ) ùóð³â ïðè ãîñòðîìó ñòðåñ³ òà ââåäåíí³ àäðåíàë³íó ³

ïðåäí³çîëîíó (      ± m)

Ïîêàçíèê          ²íòåíñèâí³ñòü ðåàêö³¿, óì. îä.  r
Êë³òèíè Ïàíåòà Ãðàíóëîöèòè êðîâ³

Êîíòðîëü (n =16) 1,7±0,14 1,0±0,08 0,62**
Îäíîðàçîâå ô³çè÷íå íàâàíòàæåííÿ (n =15) 2,3±0,17** 1,3±0,09** 0,55*
Îäíîðàçîâà ³ììîá³ë³çàö³ÿ (n =16) 2,2±0,15** 1,4±0,10*** 0,57*
Ââåäåííÿ àäðåíàë³íó (n =14) 2,3±0,18* 1,3±0,11** 0,55*
Ââåäåííÿ ïðåäí³çîëîíó (n =13) 2,2±0,16* 1,3±1,08** 0,57*
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T.V. Beregova, Y.V. Eshchenko, V.D. Bovt,
V.A. Eshchenko

ZINC AND THE SECRETORY MATERIAL
CONTENT IN BLOOD GRANULOCYTES AND
IN BASAL PARTS OF INTESTINE CRYPTS
DURING STRESS

Zinc and the secretory material content in blood granulocytes
and the Paneth cells of the rats increased by single physical
load and immobilization. On the contrary, multiple physical
loads and immobilization decreased the concentration of these
components in the cells. Positive correlation of changes in
both cell types pointed for possible functional connection
between them.
Key words: blood granulocytes, immobilization, Paneth cells,
secretory material, physical load, zinc.

Kyiv National Shevchenko University
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Í.ª. Ëàïîâåöü

Öèòîê³íîâèé ñïåêòð ñèðîâàòêè êðîâ³ ïðè çàïàëüíèõ
ïðîöåñàõ ó ÷åðåâí³é ïîðîæíèí³

Äîñë³äæóâàëè âì³ñò öèòîê³í³â ³íòåðëåéê³í³â (²Ë): IË-1β, ²Ë-2, ²Ë-6, ²Ë-10 òà ôàêòîðà íåêðîçó
ïóõëèíè (ÔÍÏ-α) ó õâîðèõ íà ôëåãìîíîçíèé àïåíäèöèò ³ àáäîì³íàëüíèé òóáåðêóëüîç.
Âñòàíîâëåíî, ùî âì³ñò öèòîê³í³â IË-1β, ²Ë-6 òà ÔÍÏ-α á³ëüø âèðàæåíî çðîñòàº ó õâîðèõ íà
ãîñòðèé çàïàëüíèé ïðîöåñ (ôëåãìîíîçíèé àïåíäèöèò). Âì³ñò IË-2, IË-10 á³ëüø ³ñòîòíî
ï³äâèùóºòüñÿ ó õâîðèõ íà õðîí³÷íèé çàïàëüíèé ïðîöåñ (àáäîì³íàëüíèé òóáåðêóëüîç). Òàêå
ñï³ââ³äíîøåííÿ âì³ñòó öèòîê³í³â ìîæå áóòè ìàðêåðîì äëÿ äèôåðåíö³éíî¿ ä³àãíîñòèêè ãîñòðèõ
³ õðîí³÷íèõ çàïàëüíèõ ïðîöåñ³â â ÷åðåâí³é ïîðîæíèí³.
Êëþ÷îâ³ ñëîâà: öèòîê³íè, ãîñòð³ çàïàëüí³ ïðîöåñè, àáäîì³íàëüíèé òóáåðêóëüîç, ³ìóíî-
ä³àãíîñòèêà.

©  Í.ª. Ëàïîâåöü

ÂÑÒÓÏ

Ïðîáëåìà òóáåðêóëüîçó, éîãî ðàííüî¿ òà
äèôåðåíö³éîâàíî¿ ä³àãíîñòèêè � îäíà ç
íàéàêòóàëüí³øèõ ó ñâ³ò³. Âñåñâ³òíÿ îðãàí³-
çàö³ÿ îõîðîíè çäîðîâ�ÿ îãîëîñèëà òóáåðêó-
ëüîç ãëîáàëüíîþ ïðîáëåìîþ ñóñï³ëüñòâà â
ªâðîïåéñüêîìó ðåã³îí³. Âàæëèâèì àñïåê-
òîì ïðîáëåìè º òóáåðêóëüîç îðãàí³â ÷å-
ðåâíî¿ ïîðîæíèíè. ×àñòî àáäîì³íàëüíèé òó-
áåðêóëüîç âèÿâëÿºòüñÿ ï³ä ÷àñ óðãåíòíèõ
îïåðàö³éíèõ âòðó÷àíü ó ïàö³ºíò³â, îïåðî-
âàíèõ ç ï³äîçð³ííÿì íà íàÿâí³ñòü ãîñòðî¿
õ³ðóðã³÷íî¿ ïàòîëîã³¿  îðãàí³â ÷åðåâíî¿
ïîðîæíèíè (Î×Ï). Ñêëàäí³ñòü â÷àñíî¿
ä³àãíîñòèêè àáäîì³íàëüíîãî òóáåðêóëüîçó
ïîëÿãàº ó âåëèê³é ð³çíîìàí³òíîñò³ ñèìï-
òîì³â [3]. Ìîðôîëîã³÷í³ îñîáëèâîñò³ çàõâî-
ðþâàííÿ ïîëÿãàþòü ó ïåðåâàæàíí³ ñåðåä
òêàíèííèõ ðåàêö³é åêñóäàòèâíèõ ³ íåêðî-
òè÷íèõ, íåïîâíîö³ííîñò³ ðåïàðàòèâíèõ
ïðîöåñ³â, ÿê ïðàâèëî, íà òë³ âòîðèííîãî
³ìóíîäåô³öèòó, ùî ïðèçâîäèòü äî ïðîãðå-
ñóâàííÿ ñïåöèô³÷íîãî ïðîöåñó òà âîäíî÷àñ
äî âèíèêíåííÿ äèôåðåíö³éíî-ä³àãíîñòè÷íèõ
òðóäíîù³â [9]. Òàê³ íåñïåöèô³÷í³ ñèìïòîìè
çàõâîðþâàííÿ ðîáëÿòü åò³îëîã³÷íó ä³àãíîñ-

òèêó òóáåðêóëüîçó îðãàí³â ÷åðåâíî¿ ïîðîæ-
íèíè îäíèì ç íàéâàæ÷èõ çàâäàíü ôòèç³àòð³¿.
Ì³í³ìóì ëàáîðàòîðíèõ äîñë³äæåíü äëÿ
ïàö³ºíò³â ç óðãåíòíîþ àáäîì³íàëüíîþ ïà-
òîëîã³ºþ (çàãàëüí³ àíàë³çè êðîâ³ òà ñå÷³),
ïîòðåáóº ðîçøèðåííÿ ìåæ ëàáîðàòîðíîãî
ä³àãíîñòè÷íîãî ïîøóêó.

²ìóíîä³àãíîñòèêà àáäîì³íàëüíîãî òó-
áåðêóëüîçó çàñëóãîâóº íà îñîáëèâó óâàãó â
ñó÷àñí³é ìåäèöèí³. Îäíèì ³ç äîñÿãíåíü ó
ö³é ãàëóç³ º ìîæëèâ³ñòü âèçíà÷åííÿ ïîêàç-
íèê³â öèòîê³íîâîãî ïðîô³ëþ ó ñêëàäíèõ
êë³í³÷íèõ ñèòóàö³ÿõ. Òóáåðêóëüîçíèé ïðîöåñ
íàëåæèòü äî õðîí³÷íîãî çàïàëåííÿ. Äëÿ
ïîêðàùåííÿ äèôåðåíö³àö³¿ òèïó çàïàëüíîãî
ïðîöåñó, íåîáõ³äíèì º âèâ÷åííÿ ìåõàí³çì³â
âçàºìîä³ ¿  öèòîê³í³â  [5] .  Õàðàêòåðíîþ
îñîáëèâ³ñòþ öèòîê³í³â º ¿õ ôóíêö³îíàëüíà
ïëåéîòðîï³ÿ. Ïðîòå äëÿ êîæíîãî öèòîê³íó
ìîæíà âèä³ëèòè îñíîâí³  ³  äðóãîðÿäí³
åôåêòè, ÿê³ ïðÿìî íå âïëèâàþòü íà êë³-
í³÷íèé ïåðåá³ã ³ çàâåðøåííÿ ïàòîëîã³÷íîãî
ïðîöåñó. Ïðîòÿãîì îñòàíí³õ ðîê³â âèâ÷åííÿ
âïëèâó öèòîê³í³â ïåðåáóâàº ó öåíòð³ óâàãè
ôóíäàìåíòàëüíî¿ òà êë³í³÷íî¿ ³ìóíîëîã³¿ [1,
2] .  Âì³ñò öèòîê³í³â  ó  ñèðîâàòö³  êðîâ³
â³ääçåðêàëþº ôóíêö³îíàëüíèé ñòàí ³ìóííî¿
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ñèñòåìè. Îñîáëèâå ì³ñöå â ðîäèí³ öèòîê³í³â
íàëåæèòü ³íòåðëåéê³íàì (²Ë), à ñàìå IË-1β,
²Ë-2, ²Ë-6, ²Ë-10 òà ôàêòîðà íåêðîçó ïóõëèíè
(ÔÍÏ-α).

Ìåòîþ íàøî¿ ðîáîòè áóëî âèçíà÷åííÿ
öèòîê³íîâîãî ñïåêòðà ñèðîâàòêè êðîâ³
õâîðèõ íà çàïàëüí³ ïðîöåñè îðãàí³â ÷åðåâíî¿
ïîðîæíèíè äëÿ ïîë³ïøåííÿ äèôåðåíö³àö³¿
ãîñòðîãî òà õðîí³÷íîãî çàïàëåííÿ.

ÌÅÒÎÄÈÊÀ

Âèâ÷àëè âì³ñò IË-1β, ²Ë-2, ²Ë-6, ²Ë-10 òà
ÔÍÏ-α ó ñèðîâàòö³ êðîâ³ ëþäåé (â³êîì â³ä
18 äî 55 ðîê³â) ç çàïàëüíèìè ïðîöåñàìè
îðãàí³â ÷åðåâíî¿ ïîðîæíèíè ð³çíî¿ åò³îëîã³¿.
Áóëî îáñòåæåíî êðîâ äâîõ ãðóï õâîðèõ: äî
² ãðóïè ââ³éøëè õâîð³ íà ôëåãìîíîçíèé
àïåíäèöèò (40 îñ³á), ²² ãðóïó � íà àáäîì³-
íàëüíèé òóáåðêóëüîç ç ð³çíèìè âîãíèùàìè
ëîêàë³çàö³¿ ïðîöåñó (30 îñ³á). Êîíòðîëåì
áóëà ñèâîðîòêà êðîâ³ ïðàêòè÷íî çäîðîâèõ
ëþäåé (20 îñ³á). Ó ðîáîò³ âèêîðèñòîâóâàëè
ðåàãåíòè äëÿ ³ìóíîôåðìåíòíîãî âèçíà÷åííÿ
êîíöåíòðàö³¿ ²Ë ó ñèâîðîòö³ êðîâ³ ëþäèíè
ô³ðìè � Diaclone� (Ôðàíö³ÿ).

Còàòèñòè÷íå îïðàöþâàííÿ ðåçóëüòàò³â
äîñë³äæåííÿ âèêîíàíî ³ç çàñòîñóâàííÿì
ìåòîä³â ïàðàìåòðè÷íî¿ (âàð³àö³éíî¿) ñòàòèñ-
òèêè. Â³ðîã³äí³ñòü îòðèìàíèõ ðåçóëüòàò³â
îö³íþâàëè çà êðèòåð³ºì t Ñòüþäåíòà. Äëÿ
ñòàòèñòè÷íî¿ îáðîáêè ìàòåð³àëó âèêî-
ðèñòîâóâàëè êîì�þòåðíèé ïàêåò ïðîãðàì
Statistica 2006.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ¯Õ ÎÁÃÎÂÎÐÅÍÍß

Ïîð³âíÿëüíèé àíàë³ç âì³ñòó äîñë³äæóâàíèõ

öèòîê³í³â â îáîõ ãðóïàõ õâîðèõ âèÿâèâ
çíà÷í³ â³äì³ííîñò³. Íàéâèùó êîíöåíòðàö³þ
²Ë ìè âèÿâèëè ó õâîðèõ íà ôëåãìîíîçíèé
àïåíäèöèò (² ãðóïà), ó õâîðèõ íà àáäîì³-
íàëüíèé òóáåðêóëüîç (²² ãðóïà) öåé ïîêàçíèê
áóâ äåùî íèæ÷èì â³ä çíà÷åíü ó çäîðîâèõ
îñ³á (òàáëèöÿ).

Íàéá³ëüø âèñîêèì âèÿâèâñÿ âì³ñò IË-
1β â îáîõ ãðóïàõ õâîðèõ. IË-1β â³ä³ãðàº ðîëü
ó ôóíêö³îíóâàíí³ ôàêòè÷íî êîæíî¿ ñèñòåìè
îðãàí³çìó ëþäèíè. ßê â³äîìî, îñíîâíå
á³îëîã³÷íå çíà÷åííÿ öüîãî ²Ë º ìåä³àòîðíèì,
ùî çàáåçïå÷óº âçàºìîä³þ ð³çíèõ çàõèñíèõ
ïðîòèçàïàëüíèõ ìåõàí³çì³â íà ð³âí³ ö³ë³ñ-
íîãî îðãàí³çìó [4]. Â³í ïðîäóêóºòüñÿ ó
âîãíèù³ çàïàëåííÿ ³ âèêëèêàº ö³ëèé êîìï-
ëåêñ çì³í, âïëèâàþ÷è íà ð³çí³ òèïè êë³òèí
ÿê ì³ñöåâî, òàê ³ ñèñòåìíî. Ì³ñöåâà ä³ÿ IË-
1β ñêåðîâàíà íà àêòèâàö³þ Ò- ³ Â-ë³ìôî-
öèò³â, ìàêðîôàã³â, NÊ-êë³òèí ³ ëåéêîöèò³â,
ñòèìóëÿö³þ ôóíêö³é ñïîëó÷íî¿ òêàíèíè ³
åíäîòåë³þ. Ïðîäóêö³ÿ IË-1β ï³äâèùóºòüñÿ
ó õâîðèõ íà â³ðóñí³, áàêòåð³éí³, ãðèáêîâ³ ³
ïàðàçèòàðí³ ³íôåêö³¿, à òàêîæ ïðè ñòðåñ³ [6].

Òàêèì ÷èíîì, îòðèìàí³ íàìè ðåçóëüòàòè
ïîêàçóþòü, ùî ïðè ãîñòðîìó çàïàëüíîìó
ïðîöåñ³ (ôëåãìîíîçíèé àïåíäèöèò) âì³ñò
IË-1β º çíà÷íî âèùèì, í³æ ïðè õðîí³÷íîìó
çàïàëåíí³ (àáäîì³íàëüíèé òóáåðêóëüîç).

Êîíöåíòðàö³ÿ IË-1β  àáî IË-6 ÷àñòî
êîðåëþº ç âàæê³ñòþ çàïàëüíîãî ïðîöåñó
[7]. Ïðîäóêö³ÿ IË-6 ³íäóêóºòüñÿ ï³ä ä³ºþ
áàêòåð³é, â³ðóñ³â ³ ¿õ ïðîäóêò³â ó ìàêðî-
ôàãàõ, ë³ìôîöèòàõ, ô³áðîáëàñòàõ, êåðàòè-
íîöèòàõ ³ êë³òèíàõ åíäîòåë³þ ñóäèí. Íà
â³äì³íó â³ä IË-1β, IË-6 íå ïðèçâîäèòü äî
ñèíòåçó âàæëèâèõ ìåä³àòîð³â çàïàëåííÿ
[10].  Â³í ³íäóêóº ñèíòåç ãîñòðîôàçíèõ

Âì³ñò (ïã/ìë) öèòîê³í³â ïðè ð³çíèõ òèïàõ çàïàëüíîãî ïðîöåñó â ÷åðåâí³é ïîðîæíèí³

Ä³àãíîç IË-1β IË-6 ÔÍÏ-α IË-2 IË-10

Ïðàêòè÷íî çäîðîâ³ îñîáè 4,86±0,9 5,87±0,49 4,97±0,18 0,01±0,005 1,56±0,14
Àáäîì³íàëüíèé òóáåðêóëüîç 27,42±1,8* 7,69±0,65 17,57±0,95* 1,16±0,1* 8,85±0,76*
Ôëåãìîíîçíèé àïåíäèöèò 106,01±9,5*,** 52,12±3,03*,** 19,62±1,0* 0,3±0,01*,** 4,4±0,35*,**

* Ð<0,05 â³ðîã³äí³ñòü â³äì³ííîñò³ ïîð³âíÿíî ç êîíòðîëåì; ** Ð<0,05 � â ïîð³âíÿíí³ ç³ çíà÷åííÿìè ó
õâîðèõ íà àáäîì³íàëüíèé òóáåðêóëüîç.

Öèòîê³íîâèé ñïåêòð ñèðîâàòêè êðîâ³ ïðè çàïàëüíèõ ïðîöåñàõ
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á³ëê³â, ÿê³ ìàþòü ïðîòèçàïàëüí³ âëàñòè-
âîñò³.  IË-6 � öå ïîòóæíèé ÷èííèê äëÿ
íîðìàëüíîãî ðîçâèòêó ³ ôóíêö³îíóâàííÿ Â-
³ Ò-ë³ìôîöèò³â [7], à òàêîæ äëÿ ïðîòè³í-
ôåêö³éíîãî çàõèñòó, â³í âïëèâàº íà çâ�ÿçîê
ì³æ êë³òèíàìè ó âîãíèù³ çàïàëåííÿ ³ ç
³íøèìè òêàíèíàìè äëÿ äîñÿãíåííÿ íàé-
á³ëüø àäåêâàòíî¿ ðåàêö³¿ ³ åë³ì³íàö³¿ àãåíòà,
ÿêèé âèêëèêàâ ïîðóøåííÿ ãîìåîñòàçó.
Â³äì³÷àºòüñÿ ñóòòºâà êîðåëÿö³ÿ ì³æ àêòèâ-
í³ñòþ IË-6 ³ ð³âíÿìè ãîñòðîôàçíèõ á³ëê³â
ïðè çàïàëüíèõ ñòàíàõ ð³çíî¿ åò³îëîã³¿ [8].

Âì³ñò IË-6 ïðè ôëåãìîíîçíîìó àïåíäè-
öèò³ áóâ ñóòòºâî ï³äâèùåíèì, âîäíî÷àñ ó
õâîðèõ íà àáäîì³íàëüíèé òóáåðêóëüîç â³í
çì³íþâàâñÿ íåçíà÷íî â³äíîñíî ïîêàçíèê³â ó
çäîðîâèõ îñ³á. Îñê³ëüêè IË-6 ïðîÿâëÿº
âëàñòèâîñò³ öèòîê³íó, çäàòíîãî ñòèìóëþ-
âàòè ðîçâèòîê ³ìóííî¿ â³äïîâ³ä³, à òàêîæ
çàïàëüíó ðåàêö³þ, òî ç îòðèìàíèõ íàìè
ðåçóëüòàò³â âèäíî, ùî ïðè ãîñòðîìó çàïàëü-
íîìó ïðîöåñ³ öåé ïîêàçíèê çðîñòàº, à ïðè
õðîí³÷íîìó çàïàëåíí³ � çíèæóºòüñÿ (äèâ
òàáëèöþ).

ÔÍÏ-α â³ä³ãðàº êëþ÷îâó ðîëü â ³ìóíí³é
³ çàïàëüí³é ðåàêö³ÿõ îðãàí³çìó. Îñíîâíèìè
éîãî ïðîäóöåíòàìè º ìîíîöèòè ³ ë³ìôîöèòè.
Â³ä ³íäóêòîðà çàëåæèòü, ÿêèé ìåä³àòîð
áóäóòü  âèðîáëÿòè  êë ³òèíè.  Á ³ëüø³ñòü
ïðîÿâ³â òóáåðêóëüîçíî¿ ³íôåêö³¿, òàêèõ, ÿê
ñõóäíåííÿ, ï³äâèùåííÿ òåìïåðàòóðè ò³ëà,
ãðàíóëüîìè, ïîâ�ÿçàí³ ç ïîðóøåííÿì çãîð-
òàííÿ êðîâ³ ,  íåêðîòè÷íèìè çì³íàìè ó
òêàíèíàõ, ìîæóòü áóòè àòðèáóòàìè àêòèâî-
âàíèõ ìàêðîôàã³â, ÿê³ ïðîäóêóþòü çíà÷í³
ê³ëüêîñò³ ÔÍÏ-α ,  ÿêèé â ñâîþ ÷åðãó º
åôåêòîðíîþ ëàíêîþ â öèõ ïðîöåñàõ [4, 11].
Öèðêóëÿö³ÿ ÔÍÏ-α ïðè òóáåðêóëüîç³ çá³ëü-
øóºòüñÿ, ùî, íà íàøó äóìêó, òåæ ïîâ�ÿçàíî
ç àêòèâàö³ºþ ìàêðîôàã³â, ÿê³ ³ ïðîäóêóþòü
çíà÷íó éîãî ê³ëüê³ñòü. Íàøèìè äîñë³ä-
æåííÿìè ïîêàçàíî, ùî âì³ñò ÔÍÏ-α çíà÷íî
çá³ëüøóºòüñÿ ïðè ôëåãìîíîçíîìó àïåíäè-
öèò³, ïðè àáäîì³íàëüíîìó òóáåðêóëüîç³ â³í
äåùî çíèæóºòüñÿ, àëå çàëèøàºòüñÿ äîñòî-
â³ðíî âèùèì â³ä íîðìè. Òàêå ñï³ââ³äíî-
øåííÿ âì³ñòó öüîãî ³íòåðëåéê³íó â îáñòå-

æåíèõ ãðóïàõ õâîðèõ ïîÿñíþºòüñÿ òèì, ùî
ÔÍÏ-α  â ³äíîñèòüñÿ  äî  ïðîçàïàëüíèõ
öèòîê³í³â ³ çíà÷íå çá³ëüøåííÿ éîãî ïðîäóêö³¿
ïðè ãîñòðîìó çàïàëüíîìó ïðîöåñ³ º çàêîíî-
ì³ðíèì.

IË-2 ïðîäóêóºòüñÿ Ò-õåëïåðàìè 1-ãî
òèïó. ²íäóêóº ïðîë³ôåðàö³þ Ò-êë³òèí, äîç-
ð³âàííÿ Ò-öèòîòîêñè÷íèõ, ïðîë³ôåðàö³þ òà
äîçð³âàííÿ Â-ë³ìôîöèò³â, ïîñèëþº ôóíêö³þ
NÊ-êë³òèí, ìîíîöèò³â, ñòèìóëþº ïðîäóêö³þ
γ-³íòåðôåðîíó, ÔÍÏ-α , IË-6, IË-8. Öåé
öèòîê³í ìàº âèêëþ÷íî âàæëèâå çíà÷åííÿ â
ðåàë³çàö³¿ ìåõàí³çì³â ³ìóííî¿ â³äïîâ³ä³.
Âñòàíîâëåíî, ùî IË-2 òà γ-³íòåðôåðîíó
ôîðìóþòü åôåêòîðí³ ³ìóíîëîã³÷í³ ìåõà-
í³çìè, ñïðÿìîâàí³ íà çàïîá³ãàííÿ ïðîë³-
ôåðàö³¿. Â ðåçóëüòàò³ íàøîãî äîñë³äæåííÿ
ç�ÿñîâàíî,  ùî âì³ñò IË-2 ïðè ôëåãìî-
íîçíîìó àïåíäèöèò³ º â 4 ðàçè íèæ÷èì, í³æ
ïðè àáäîì³íàëüíîìó òóáåðêóëüîç³, ùî º
ñâ³ä÷åííÿì àêòèâàö³¿ öèòîòîêñè÷íî¿ àêòèâ-
íîñò³ ë³ìôîöèò³â ïðè õðîí³÷íîìó çàïàëü-
íîìó ïðîöåñ³.

IË-10 ïðîäóêóºòüñÿ Ò-õåëïåðàìè 2-ãî
òèïó, à òàêîæ ³íã³áóº êë³òèííó ³ìóííó
â³äïîâ³äü ïðè öüîìó ñòèìóëþþ÷è ãóìî-
ðàëüíó ³ìóííó â³äïîâ³äü. Â îáñòåæåíèõ
íàìè ãðóïàõ õâîðèõ âì³ñò IË-10 óäâ³÷³
á³ëüøèé ïðè àáäîì³íàëüíîìó òóáåðêóëüîç³
ïîð³âíÿíî ç³ çíà÷åííÿìè ïðè ôëåãìîíîçíîìó
àïåíäèöèò³. Íà íàøó äóìêó, òàêå ñï³ââ³ä-
íîøåííÿ âì³ñòó IË-10 º ñâ³ä÷åííÿì õðîí³-
çàö³¿ çàïàëüíîãî ïðîöåñó â 2-é ãðóï³ îáñòå-
æåíèõ.

Òàêèì ÷èíîì, çì³íè âì³ñòó öèòîê³í³â IË-
1β, IË-2, IË-6, IË-10, ÔÍÏ-α º âàæëèâèìè
ïîêàçíèêàìè ïðè äèôåðåíö³éí³é ä³àãíîñòèö³
ãîñòðèõ ³ õðîí³÷íèõ çàïàëüíèõ ïðîöåñ³â ó
÷åðåâí³é ïîðîæíèí³.
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1. Ó õâîðèõ íà ôëåãìîíîçíèé àïåíäèöèò
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âèùèì, í³æ ó õâîðèõ íà àáäîì³íàëüíèé
òóáåðêóëüîç.
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ëüîç âì³ñò öèòîê³í³â IË-2, IË-10 º äîñòîâ-
³ðíî âèùèì, í³æ ó õâîðèõ íà ôëåãìîíîçíèé
àïåíäèöèò.

3. Âèçíà÷åííÿ âì³ñòó öèòîê³í³â ìîæå
áóòè ìàðêåðîì äëÿ äèôåðåíö³éíî¿ ä³àãíîñ-
òèêè òèïó çàïàëüíîãî ïðîöåñó â ÷åðåâí³é
ïîðîæíèí³.

4. Äîñë³äæåííÿ öèòîê³íîâîãî ïðîô³ëþ ó
õâîðèõ º ïåðñïåêòèâíèì çàõîäîì äëÿ ç�ÿ-
ñóâàííÿ ïàòîãåíåçó çàïàëüíèõ ïðîöåñ³â ó
÷åðåâí³é ïîðîæíèí³.

Í.Å. Ëàïîâåö

ÖÈÒÎÊÈÍÎÂÛÉ ÑÏÅÊÒÐ ÑÛÂÎÐÎÒÊÈ
ÊÐÎÂÈ ÏÐÈ ÂÎÑÏÀËÈÒÅËÜÍÛÕ
ÏÐÎÖÅÑÑÀÕ Â ÁÐÞØÍÎÉ ÏÎËÎÑÒÈ

Îïðåäåëÿëè ñîäåðæàíèå öèòîêèíîâ èíòåðëåéêèíîâ (ÈË):
ÈË-1β, ÈË-2, ÈË-6, ÈË-10, ôàêòîðà íåêðîçà îïóõîëè α ó
áîëüíûõ ñ ôëåãìîíîçíûì àïåíäèöèòîì è àáäîìèíàëüíûì
òóáåðêóëåçîì. Óñòàíîâëåíî, ÷òî ñîäåðæàíèå ÈË-1β, ÈË-
6, ÔÍÎ-α áîëåå âûðàæåíî âîçðàñòàåò ó áîëüíûõ ñ îñòðûì
âîñïàëèòåëüíûì ïðîöåññîì (ôëåãìîíîçíûé àïåíäèöèò).
Êîíöåíòðàöèÿ ÈË-2, ÈË-10 áîëåå âûðàæåíî âîçðàñòàåò
ïðè õðîíè÷åñêèõ âîñïàëèòåëüíûõ ïðîöåññàõ (àáäîìè-
íàëüíûé òóáåðêóëåç). Òàêîå ñîîòíîøåíèå ñîäåðæàíèÿ
öèòîêèíîâ ìîæåò ñëóæèòü ìàðêåðîì äëÿ äèôôåðåí-
öèàëüíîé äèàãíîñòèêè îñòðûõ è õðîíè÷åñêèõ âîñïàëè-
òåëüíûõ ïðîöåññîâ â áðþøíîé ïîëîñòè.
Êëþ÷åâûå ñëîâà: öèòîêèíû, îñòðûå âîñïàëèòåëüíûå
ïðîöåññû, àáäîìèíàëüíûé òóáåðêóëåç, èììóíîäèàã-
íîñòèêà.

N.E. Lapovets

CYTOKINES SPECTRUM OF BLOOD SERUM
DURING INFLAMMATORY PROCESSES IN
ABDOMINAL CAVITY

The levels of cytokines (IL-1β, IL-6, TNF-α, IL-2, IL-10) in
patients with phlegmonous appendicitis and abdominal tuber-
culoses were studied. It is established that the level of cytokines
IL-1β, IL-6, TNF-α considerably increases in patients with
acute inflammatory process (phlegmonous appendicitis) and
the level of interleukines IL-2, IL-10 considerably increases in
patients with chronic inflammatory process (abdominal tu-

berculoses). Such parity of the cytokines levels can serve as a
marker for differential diagnostics of acute and chronic
inflammatory processes in abdominal cavity.
Key words: cytokines, acute inflammatory process, abdomi-
nal tuberculosis, immuno-diagnostics.

Danylo Halyckyi National Medical University, Lviv
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Äîñë³äæåííÿ âì³ñòó òåñòîñòåðîíó
òà òèðåî¿äíèõ ãîðìîí³â ó ïëàçì³ êðîâ³ ùóð³â
³ç ñóáì³ñèâíèì òà àãðåñèâíèì òèïàìè ïîâåä³íêè

Äîñë³äæåíî âì³ñò òåñòîñòåðîíó òà òèðåî¿äíèõ ãîðìîí³â ó ïëàçì³ êðîâ³ ñàìö³â  ùóð³â ³ç
àãðåñèâíèì òà  ñóáì³ñèâíèì òèïàìè ïîâåä³íêè. Âèÿâëåíî ï³äâèùåííÿ âì³ñòó òåñòîñòåðîíó â
àãðåñèâíèõ òà çìåíøåííÿ â ñóáì³ñèâíèõ ùóð³â ïîð³âíÿíî ç óð³âíîâàæåíèìè. Çì³í âì³ñòó
òèðîêñèíó íå ñïîñòåð³ãàëîñÿ. Âì³ñò òðèéîäòèðîí³íó â ñóáì³ñèâíèõ òâàðèí áóâ çìåíøåíèì.
Êëþ÷îâ³ ñëîâà: òåñòîñòåðîí, òèðîêñèí, òðèéîäòèðîí³í, àãðåñèâíà ïîâåä³íêà, ñóáì³ñèâíà
ïîâåä³íêà.

© Ë.Ä. Ïîïîâà, ².Ì. Âàñèëüºâà

ÂÑÒÓÏ

Ó íàø ÷àñ âåëèêà ê³ëüê³ñòü ëþäåé ï³äëÿãàº
ä³¿ õðîí³÷íîãî ïñèõîåìîö³éíîãî ñòðåñó.
Îñîáëèâî íåãàòèâí³ éîãî íàñë³äêè íà òë³
ïåðåõîäó â³ä â³ðòóàëüíèõ äî ðåàëüíèõ
êîíòàêò³â. Õðîí³÷í³ ñîö³àëüí³ êîíôë³êòè
ñóïðîâîäæóþòüñÿ ðîçâèòêîì àáî äåïðåñ³¿,
àáî àãðåñ³¿.

Äîñë³äæåííÿ ãåíåòè÷íî äåòåðì³íîâàíèõ
îñîáëèâîñòåé íåéðîãóìîðàëüíîãî ñòàòóñó
ó òâàðèí, ñõèëüíèõ äî àãðåñèâíîãî àáî ñóá-
ì³ñèâíîãî òèïó ïîâåä³íêè, à òàêîæ âèçíà-
÷åííÿ ïåðèôåðè÷íèõ ìàðêåð³â öèõ îñîáëè-
âîñòåé ìàº âåëèêå çíà÷åííÿ äëÿ ïîïåðåä-
æåííÿ ðîçâèòêó òàêèõ ñòàí³â ó ëþäåé.

Òåñòîñòåðîí òà òèðåî¿äí³ ãîðìîíè ó
öüîìó â³äíîøåíí³ ïðèâåðòàþòü îñîáëèâó
óâàãó.  Â³äîìî,  ùî àãðåñèâí³ñòü á³ëüø
õàðàêòåðíà äëÿ ñàìö³â, í³æ äëÿ ñàìèöü.
Òåñòîñòåðîí âïëèâàº íà ñåêñóàëüíó òà
àãðåñèâíó ïîâåä³íêó ñàìö³â, ïåðåòâîðþ-
þ÷èñü ó ìîçêó íà åñòðàä³îë [3]. Òèðåî¿äí³
ãîðìîíè ïîñèëþþòü ñèíòåç àäðåíîðåöåï-
òîð³â  [4] ³, çâàæàþ÷è íà ³ñíóâàííÿ íîðàä-
ðåíåðã³÷íî¿ òåîð³¿ äåïðåñ³¿ [9], ìîæóòü çàëó-
÷àòèñÿ äî ôîðìóâàííÿ àëüòåðíàòèâíèõ
òèï³â ïîâåä³íêè.

Ìåòîþ íàøî¿ ðîáîòè áóëî äîñë³äæåííÿ
âì³ñòó òåñòîñòåðîíó òà òèðåî¿äíèõ ãîðìî-
í³â ó ïëàçì³ êðîâ³ ùóð³â ³ç ñóáì³ñèâíèì òà
àãðåñèâíèì òèïîì ïîâåä³íêè.

ÌÅÒÎÄÈÊÀ

Äîñë³äè ïðîâåäåíî íà 18 ñòàòåâîçð³ëèõ
ñàìöÿõ ùóð³â ë³í³¿ Â³ñòàð ìàñîþ 240�270 ã,
ÿêèõ óòðèìóâàëè ó ñòàíäàðòíèõ óìîâàõ
â³âàð³þ. Äëÿ ðîçïîä³ëó òâàðèí íà ãðóïè ç
àëüòåðíàòèâíèìè òèïàìè ïîâåä³íêè áóëî
âèêîðèñòàíî ìîäåëü åìîö³éíîãî ñòðåñó
�Ñåíñîðíèé êîíòàêò� [6, 7]. Çã³äíî ç ö³ºþ
ìîäåëëþ, ùóðè ïðîòÿãîì 5 ä³á çíàõîäèëèñÿ
â óìîâàõ ³íäèâ³äóàëüíîãî óòðèìàííÿ äëÿ
ïîïåðåäæåííÿ åôåêòó ãðóïîâî¿ âçàºìîä³¿.
Ïîò³ì ¿õ óòðèìóâàëè 2 äîáè â åêñïåðè-
ìåíòàëüíèõ êë³òêàõ, ðîçä³ëåíèõ íàâï³ë
ïðîçîðîþ ïåðåãîðîäêîþ ç îòâîðàìè, ùî
çàáåçïå÷óâàëî óìîâè ñåíñîðíîãî êîíòàêòó.
Òåñòóâàííÿ òèïó ïîâåä³íêè ïî÷èíàëè ÷åðåç
2 äîáè ï³ñëÿ àäàïòàö³¿ òâàðèí äî íîâèõ óìîâ
óòðèìàííÿ òà ñåíñîðíîãî çíàéîìñòâà. Íà
ïåð³îä òåñòóâàííÿ ïåðåãîðîäêó çàáèðàëè íà
10 õâ. Òåñòóâàííÿ ïðîâîäèëè ïðîòÿãîì 10
ä³á ó äðóã³é ïîëîâèí³ äíÿ (14.00�16.00).
Â³äïîâ³äíî äî ðåçóëüòàò³â òåñòóâàííÿ,
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òâàðèí áóëî ðîçïîä³ëåíî íà 3 ãðóïè: àãðå-
ñèâí³, óð³âíîâàæåí³ òà ñóáì³ñèâí³. ×åðåç 20
ãîä ï³ñëÿ îñòàííüîãî òåñòóâàííÿ ùóð³â äå-
êàï³òóâàëè ï³ä ñëàáêèì åô³ðíèì íàðêîçîì.

Âì³ñò òåñòîñòåðîíó, òèðîêñèíó (Ò
4
) òà

òðèéîäòèðîí³íó (Ò
3
) äîñë³äæóâàëè ³ìóíî-

ôåðìåíòíèì ìåòîäîì çà äîïîìîãîþ íàáî-
ð³â �Àëêîð Á³î» (Ñàíêò-Ïåòåðáóðã, Ðîñ³ÿ).

Ñòàòèñòè÷íèé àíàë³ç îòðèìàíèõ ðåçóëü-
òàò³â áóëî ïðîâåäåíî çà äîïîìîãîþ ïàêåòà
ïðèêëàäíèõ ïðîãðàì Statistica, MS Excel ç
âèêîðèñòàííÿì êðèòåð³þ U Ìàííà�Ó³òí³.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ¯Õ ÎÁÃÎÂÎÐÅÍÍß

Çã³äíî ç îòðèìàíèìè ðåçóëüòàòàìè, òâàðèíè
ç àëüòåðíàòèâíèìè òèïàìè ïîâåä³íêè ³ñ-
òîòíî â³äð³çíÿëèñÿ çà âì³ñòîì òåñòîñòåðî-
íó â ïëàçì³ êðîâ³ (ðèñóíîê). Ó òâàðèí ç
àãðåñèâíèì òèïîì ïîâåä³íêè éîãî âì³ñò ó 5
ðàç³â âèùèé ïîð³âíÿíî ç³ ùóðàìè ³ç ñóá-
ì³ñèâíèì òèïîì ïîâåä³íêè. Óð³âíîâàæåí³
òâàðèíè çà  öèì ïîêàçíèêîì ïî ñ ³äàëè
ïðîì³æíå ì³ñöå ì³æ àãðåñèâíèìè òà ñóáì³-

ñèâíèìè ãðóïàìè, ³ âì³ñò òåñòîñòåðîíó â
ïëàçì³ êðîâ³ ó íèõ áóâ ó 2,4 ðàçà íèæ÷èì,
í³æ ó àãðåñèâíèõ é ó  2 ,1  ðàçà  âèùèì
ïîð³âíÿíî ³ç ñóáì³ñèâíèìè ùóðàìè. Ð³çíèöÿ
â óñ³õ íàâåäåíèõ âèïàäêàõ ñòàòèñòè÷íî
â³ðîã³äíà (Ð<0,05).

ßê  â ³äîìî,  âïëèâ  òåñòîñòåðîíó  íà
ãîëîâíèé ìîçîê (çîêðåìà, ôîðìóâàííÿ
ñòàòåâî¿ ïîâåä³íêè) ñàìö³â ðåàë³çóºòüñÿ íå
ñàìèì òåñòîñòåðîíîì, à åñòðàä³îëîì, ÿêèé
óòâîðþºòüñÿ áåçïîñåðåäíüî â íåéðîíàõ
ãîëîâíîãî ìîçêó [3,8]. Ðåãóëÿö³ÿ åêñïðåñ³¿
àðîìàòàçè (êëþ÷îâîãî ôåðìåíòó, ùî ïåðåò-
âîðþº àíäðîãåíè íà åñòðîãåíè) ìàº âàæëèâå
çíà÷åííÿ â ìîäóëÿö³¿ ñòàòåâî¿ òà àãðåñèâíî¿
ïîâåä³íêè ñàìö³â [8].

Ïðè äîñë³äæåíí³ òèðåî¿äíèõ ãîðìîí³â
áóëî âèÿâëåíî, ùî â óñ³õ äîñë³äæóâàíèõ
òâàðèí âì³ñò ó ïëàçì³ êðîâ³ Ò

4
 áóâ îäíàêî-

âèì (òàáë. 1).
Ïðîòå âì³ñò Ò

3
 ó ñóáì³ñèâíèõ òâàðèí

áóâ ñòàòèñòè÷íî â³ðîã³äíî íèæ÷èì ïîð³â-
íÿíî ç àãðåñèâíèìè òà óð³âíîâàæåíèìè
òâàðèíàìè (òàáë. 2). Áëèçüêî 2/3 öèðêó-

Òàáëèöÿ 1. Âì³ñò òèðîêñèíó (íìîëü/ë) ó ïëàçì³ êðîâ³ ùóð³â ³ç àëüòåðíàòèâíèìè òèïàìè ïîâåä³íêè

Òâàðèíè Ìåä³àíà Êâàðòèë³, 25%; 75%

Óð³âíîâàæåí³ (n = 7) 114,7 91; 115,4
Àãðåñèâí³ (n = 6) 106,1 100,1; 119,8
Ñóáì³ñèâí³ (n = 5) 105,4 96,1; 109,4

Âì³ñò òåñòîñòåðîíó (íìîëü/ë) ó ïëàçì³ êðîâ³ ùóð³â ç àãðåñèâíèì (1), óð³âíîâàæåíèì (2) òà ñóáì³ñèâíèì (3) òèïîì
ïîâåä³íêè (Ìå [25%; 75%] ì³í³ìàëüíå òà ìàêñèìàëüíå çíà÷åííÿ).
* Ð<0,05 ïîð³âíÿíî ç³ ùóðàìè ç óð³âíîâàæåíèì òèïîì ïîâåä³íêè; ** Ð<0,05 ïîð³âíÿíî ç³ ùóðàìè  ç
àãðåñèâíèì òèïîì ïîâåä³íêè
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ëþþ÷îãî Ò
3
 óòâîðþºòüñÿ çà äîïîìîãîþ

äåéîäóâàííÿ  Ò
4
 ó  òêàíèíàõ-ì³øåíÿõ ,

âêëþ÷àþ÷è ìîçîê [1, 2]. Äåéîäóâàííÿ Ò
4
 ó

ÖÍÑ êàòàë³çóºòüñÿ 5'-äåéîäèíàçîþ 2-ãî
òèïó, ÿêà ó íîðì³ çàáåçïå÷óº óòâîðåííÿ 80 %
óñüîãî Ò

3
 [1]. Ââàæàþòü, ùî ïðè äåïðåñ³¿

çíèæåííÿ àêòèâíîñò³ 5'-äåéîäèíàçè 2-ãî
òèïó ïðèçâîäèòü äî çìåíøåííÿ óòâîðåííÿ
Ò

3
, ÿêèé ìàº ïîòóæíó àíòèäåïðåñèâíó ä³þ

[10]. Öÿ ã³ïîòåçà ï³äòâåðäæóºòüñÿ äàíèìè
ïðî ï³äâèùåííÿ âì³ñòó Ò

4
 òà rÒ

3
 ïðè îäíî-

÷àñíîìó çíèæåíí³ âì³ñòó Ò
3
 ó ñïèííî-

ìîçêîâ³é ð³äèí³ ïðè äåïðåñ³¿ [5]. Ìîæëèâî
ñàìå öåé ïðîöåñ ïîðóøåíèé ³ç ñóáì³ñèâíèì
òèïîì ïîâåä³íêè.

Çìåíøåííÿ âì³ñòó Ò
3
, ùî º ìåòàáîë³÷íî

àêòèâíèì ãîðìîíîì ùèòîïîä³áíî¿ çàëîçè,
ïîðóøóº ñèíòåç ³ êðóãîîá³ã ñåðîòîí³íó,
íîðàäðåíàë³íó, äîôàì³íó, γ-àì³íîìàñëÿíî¿
êèñëîòè òà ³íøèõ íåéðîìåä³àòîð³â â ãîëîâ-
íîìó ìîçêó [1].

Çâàæàþ÷è íà òå, ùî òèðåî¿äí³ ãîðìîíè
ï³äâèùóþòü ù³ëüí³ñòü β-, α

1
- òà α

2
-àäðåíî-

ðåöåïòîð³â ó êîð³ ãîëîâíîãî ìîçêó  [4],
íàñë³äêîì çíèæåííÿ âì³ñòó Ò

3
 ó ñóáì³-

ñèâíèõ òâàðèí áóäå çìåíøåííÿ â³äïîâ³ä³
êë³òèí íà âïëèâ êàòåõîëàì³í³â.

Òàêèì ÷èíîì,  çì³íè  âì³ñòó  òåñòî-
ñòåðîíó ñïîñòåð³ãàþòüñÿ ó òâàðèí ÿê ç
àãðåñèâíèì,  òàê ³  ñóáì³ñèâíèì òèïîì
ïîâåä³íêè. Äèíàì³êà âì³ñòó Ò

3
 ñïîñòå-

ð³ãàºòüñÿ ò³ëüêè ó ñóáì³ñèâíèõ òâàðèí.

Ë.Ä. Ïîïîâà, È.Ì. Âàñèëüåâà

ÈÑÑËÅÄÎÂÀÍÈÅ ÑÎÄÅÐÆÀÍÈß ÒÅÑÒÑÒÅ-
ÐÎÍÀ È ÒÈÐÅÎÈÄÍÛÕ ÃÎÐÌÎÍÎÂ Â
ÏËÀÇÌÅ ÊÐÎÂÈ ÊÐÛÑ Ñ ÀÃÐÅÑÑÈÂÍÛÌ
È ÑÓÁÌÈÑÑÈÂÍÛÌ ÒÈÏÀÌÈ ÏÎÂÅÄÅÍÈß

Èññëåäîâàíî ñîäåðæàíèå òåñòîñòåðîíà è òèðåîèäíûõ

ãîðìîíîâ â ïëàçìå êðîâè ñàìöîâ êðûñ ñ àãðåññèâíûì è
ñóáìèññèâìûì òèïàìè ïîâåäåíèÿ. Îáíàðóæåíî ïîâûøåíèå
ñîäåðæàíèÿ òåñòîñòåðîíà ó àãðåññèâíûõ è óìåíüøåíèå ó
ñóáìèññèâíûõ êðûñ ïî ñðàâíåíèþ ñ óðàâíîâåøåííûìè.
Ñîäåðæàíèå òèðîêñèíà íå èçìåíÿëîñü, à òðèéîäòèðîíèíà
ó ñóáìèññèâíûõ æèâîòíûõ áûëî ïîíèæåíî.
Êëþ÷åâûå ñëîâà: òåñòîñòåðîí, òèðîêñèí, òðèéîäòèðîíèí,
àãðåññèâíîå ïîâåäåíèå, ñóáìèññèâíîå ïîâåäåíèå.

L.D. Popova,  I.M. Vasyl�eva

TESTOSTERONE AND THYROID HORMONES
LEVELS IN RATS WITH SUBMISSIVE AND
AGGRESSIVE BEHAVIOR TYPES

The levels of testosterone and thyroid hormones have been
investigated in male rats  with aggressive and submissive be-
haviors. An increase of testosterone in aggressive rats and the
decrease of that in submissive ones were found when compared
with the steady males.  No change in the thyroxin level was
detected. The level of T

3
 was not changed in males with ag-

gressive behavior, but it was decreased in submissive rats.
Key words: testosteron, thyroxin, triodothyronine, aggres-
sive behavior, submissive behavior.
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Ô³ç³îëîã³÷í³ àñïåêòè àíàë³çó ïîêàçíèê³â
âàð³àáåëüíîñò³ ñåðöåâîãî ðèòìó ï³äë³òê³â
³ç ëàòåíòíèì ã³ïîòèðåîçîì

Äîñë³äæåí³ ïîêàçíèêè âàð³àáåëüíîñò³ ñåðöåâîãî ðèòìó (ÂÑÐ) ó ï³äë³òê³â ³ç ëàòåíòíèì
ã³ïîòèðåîçîì ³ çäîðîâèõ îäíîë³òê³â, ¿õ âçàºìîçâ�ÿçîê ³ç ïîêàçíèêàìè òèðåî¿äíî¿ ñèñòåìè
(ãîðìîíàëüíèì ñòàòóñîì, ðîçì³ðàìè ùèòîïîä³áíî¿ çàëîçè, ìåä³àíîþ éîäóð³¿). Óñòàíîâëåíî,
ùî ïðè îáìåæåíí³ éîäíîãî çàáåçïå÷åííÿ âèíèêàº âåãåòàòèâíà äèñòîí³ÿ ³ç îñëàáëåííÿì
àêòèâíîñò³ ñèìïàòè÷íîãî â³ää³ëó àâòîíîìíî¿ íåðâîâî¿ ñèñòåìè, ùî ñóïðîâîäæóºòüñÿ
çâóæåííÿì ä³àïàçîíó àäàïòàö³éíèõ ìîæëèâîñòåé îðãàí³çìó, âèñíàæåííÿì ðåãóëÿòîðíèõ
âïëèâ³â ïîð³âíÿíî ç³ çäîðîâèìè ä³òüìè. Àíàë³ç ïîêàçíèê³â ÂÑÐ ï³ñëÿ êîðåêö³¿ éîäèäîì-100
êîíñòàòóâàâ çìåíøåííÿ âïëèâó ïàðàñèìïàòè÷íîãî â³ää³ëó àâòîíîìíî¿ íåðâîâî¿ ñèñòåìè íà
ðåãóëÿö³þ ñåðöåâîãî ðèòìó ³ ñòàá³ë³çàö³þ ñèìïàòè÷íîãî êîìïîíåíòà. Óñòàíîâëåíèé
êîðåëÿö³éíèé çâ�ÿçîê ì³æ âì³ñòîì ó ñèðîâàòö³ êðîâ³ òèðåî¿äíèõ ãîðìîí³â (çàãàëüíîãî
òðèéîäòèðîí³íó � Ò

3
 ³ â³ëüíîãî òèðîêñèíó � FT

4 
) ³ ïîêàçíèêàìè ÂÑÐ. Òàêà òåíäåíö³ÿ ï³äêðåñëþº

åñåíö³àëüíó ðîëü Ò
3
 ³ FT

4
 äëÿ çàáåçïå÷åííÿ ôóíêö³îíàëüíî¿ çäàòíîñò³ àâòîíîìíî¿ íåðâîâî¿

ñèñòåìè ó ï³äë³òê³â. Îáãðóíòîâàí³ ïàòîô³ç³îëîã³÷í³ ïàòåðíè âåãåòàòèâíîãî ïðîô³ëþ ÂÑÐ
ïðè ëàòåíòíîìó ã³ïîòèðåîç³.
Êëþ÷îâ³ ñëîâà: âàð³àáåëüí³ñòü ñåðöåâîãî ðèòìó, ëàòåíòíèé ã³ïîòèðåîç, òèðåî¿äíèé ñòàòóñ.

©  Ñ.Ì. Âîðîíè÷, Á.Ì. Ïàâëèê³âñüêà, Í.Ì. Âîðîíè÷-Ñåì÷åíêî

ÂÑÒÓÏ

Îäíèì ³ç ïð³îðèòåòíèõ ìåäèêî-ñîö³àëüíèõ
íàïðÿìê³â îõîðîíè çäîðîâ�ÿ º ïîäîëàííÿ
éîäîäåô³öèòó, ÿêèé ñóïðîâîäæóºòüñÿ øè-
ðîêèì ä³àïàçîíîì ïðîÿâ³â. Çîêðåìà, äåô³-
öèò éîäó íåãàòèâíî âïëèâàº íà ô³çè÷íèé,
ñòàòåâèé ð³ñò ³ ðîçâèòîê, â³ñöåðàëüí³ ôóíêö³¿
îðãàí³çìó, ôîðìóâàííÿ ³íòåëåêòóàëüíî¿ òà
êîãí³òèâíî¿ ñôåðè ä³òåé øê³ëüíîãî â³êó.
Ìåõàí³çìè òàêîãî âïëèâó éîäó çóìîâëåí³
ïîðóøåííÿìè åíäîêðèííî¿ çäàòíîñò³ ùèòî-
ïîä³áíî¿ çàëîçè [4, 5, 11, 13]. Äîâåäåíî, ùî
òèðåî¿äí³  ãîðìîíè ìàþòü åñåíö³àëüíå
çíà÷åííÿ äëÿ äîçð³âàííÿ òà ôóíêö³îíóâàííÿ
íåðâîâî¿ ñèñòåìè [15�17]. Çàãàëîì çì³íè ó
ðîáîò³ âíóòð³øí³õ îðãàí³â ³ ñèñòåì ïðè
ã ³ïîòèðåîç ³  ìîæóòü  áóòè  ïîâ�ÿçàí³  ç ³
ñòðóêòóðíî-ôóíêö³îíàëüíèìè ðîçëàäàìè
àâòîíîìíî¿  íåðâîâî ¿  ñèñòåìè (ÀÍÑ) .
Â³äîìî,  ùî çíèæåííÿ âì³ñòó  òðèéîä-

òèðîí³íó (Ò
3
) òà òèðîêñèíó (Ò

4
) ó ñèðîâàòö³

êðîâ³  ñóïðîâîäæóºòüñÿ  ïðèãí³÷åííÿì
ñèìïàòè÷íîãî â³ää³ëó ÀÍÑ ³ ðåöèïðîêíîþ
àêòèâàö³ºþ ¿¿ ïàðàñèìïàòè÷íîãî â³ää³ëó
(íàñàìïåðåä áëóêàþ÷îãî íåðâà) [12, 14].
Òîìó âàðòèì óâàãè íàïðÿìêîì åêñïåðè-
ìåíòàëüíî¿ òà êë³í³÷íî¿ ìåäèöèíè º ç�ÿñó-
âàííÿ ãðàíè÷íèõ â³ñöåðàëüíèõ çì³í ïðè
ñóáêë³í³÷íèõ ôîðìàõ ã³ïîôóíêö³¿ ùèòîïî-
ä³áíî¿ çàëîçè òà ìîæëèâîñòåé êîðåêö³¿,
îñîáëèâî çà óìîâ îáìåæåíîãî éîäíîãî
çàáåçïå÷åííÿ. Òàê³ ðàíí³ ïîðóøåííÿ ìîæóòü
ïðîÿâëÿòèñÿ âåãåòàòèâíîþ äèñôóíêö³ºþ.
Îäíèì ³ç íàéá³ëüø íàóêîâî îáãðóíòîâàíèõ
òà ³íôîðìàòèâíèõ ìåòîä³â ê³ëüê³ñíî¿ îö³íêè
ïîêàçíèê³â  âåãåòàòèâíî¿  àêòèâíîñò³  º
êîìï�þòåðíà êàðä³î³íòåðâàëîãðàô³ÿ. Â ¿¿
îñíîâ³ ëåæèòü ìàòåìàòè÷íèé àíàë³ç (÷àñî-
âèé, ñïåêòðàëüíèé, ãåîìåòðè÷íèé) âàð³à-
áåëüíîñò³ ñåðöåâîãî ðèòìó (ÂÑÐ) [1, 8�10].
Ï³ä  ÂÑÐ ðîçóì³þòü  ñòóï³íü  êîëèâàíü
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òðèâàëîñò³  ³íòåðâàë³â ì³æ ñèíóñîâèìè
êîìïëåêñàìè íà ÅÊÃ. Çã³äíî ç òåîð³ºþ
Áàºâñüêîãî [2], ñòðóêòóðà ñåðöåâîãî ðèòìó
äàº çìîãó îö³íèòè ñòàí ÀÍÑ (âåãåòàòèâíèé
áàëàíñ) ,  ñòóï ³íü  àäàïòàö³éíî¿  ðåçèñ-
òåíòíîñò³ îðãàí³çìó, ìîæëèâîñò³ àäàïòà-
ö³éíèõ ðåçåðâ³â.

Ìåòîþ íàøîãî äîñë³äæåííÿ áóëî âèâ-
÷åííÿ ïîêàçíèê³â ÂÑÐ òà ¿õ âçàºìîçâ�ÿçêó
ç òèðåî¿äíèì ñòàòóñîì ï³äë³òê³â ³ç ëàòåíò-
íèì ã³ïîòèðåîçîì äî òà ï³ñëÿ ë³êóâàííÿ
éîäèäîì-100.

ÌÅÒÎÄÈÊÀ

Îáñòåæåíî 25 ä³òåé (13 ä³â÷àò ³ 12 õëîïö³â)
â³êîì â³ä 14 äî 17 ðîê³â ³ç ëàòåíòíèì ã³ïî-
òèðåîçîì (îñíîâíà ãðóïà) òà 65 çäîðîâèõ
øêîëÿð³â (35 ä³â÷àò ³ 30 õëîïö³â) òàêîãî
ñàìîãî â³êó (êîíòðîëüíà ãðóïà).

Äëÿ âèçíà÷åííÿ ôóíêö³îíàëüíîãî ñòàíó
ùèòîïîä³áíî¿ çàëîçè ó ñèðîâàòö³ êðîâ³
³ìóíîôåðìåíòíèì ìåòîäîì âèçíà÷àëè âì³ñò
òèðåî¿äíèõ ãîðìîí³â: çàãàëüíèé Ò

3
, çà-

ãàëüíèé Ò
4
, â³ëüíèé Ò

4 
(FT

4
), òèðåîòðîïíèé

ãîðìîí (ÒÒÃ) àäåíîã³ïîô³çà [7]. Îòðèìàí³
ðåçóëüòàòè ïîð³âíþâàëè ³ç ô³ç³îëîã³÷íîþ
íîðìîþ ïîêàçíèê³â ³ç óðàõóâàííÿì â³êó
äèòèíè ñòîñîâíî ðåã³îíàëüíèõ ñòàíäàðò³â
[4]. Äëÿ àíàë³çó áàëàíñó â ñèñòåì³ òèðåî¿ä-
íèõ ãîðìîí³â îá÷èñëþâàëè ³íòåãðàëüíèé
òèðåî¿äíèé ³íäåêñ (²Ò²), ³íäåêñ ïåðèôå-
ðè÷íî¿  ³íâåðñ³ ¿  (Ò

3
/Ò

4
)  òà  ÒÒÃ/Ò

4
.  Äëÿ

ç�ÿñóâàííÿ éîäíîãî çàáåçïå÷åííÿ îðãàí³çìó
ä³òåé âèçíà÷àëè ð³âåíü åêñêðåö³¿ éîäó ç
ñå÷åþ ó ðàçîâèõ ïîðö³ÿõ ñå÷³ çã³äíî ç
ðåàêö³ºþ Sandell-Kolthoff çà ìåòîäèêîþ
Dunn ³ ñï³âàâò. ³ çíàõîäèëè ìåä³àíó éîäóð³¿
[18]. Ìîðôîìåòðè÷íó îö³íêó ñòàíó ùèòîïî-
ä³áíî¿ çàëîçè çä³éñíþâàëè óëüòðàñîíîãðà-
ô³÷íèì ìåòîäîì. Îáñòåæåííÿ ïðîâîäèëè çà
äîïîìîãîþ óëüòðàçâóêîâîãî ñêàíóþ÷îãî
ïðèëàäó  �ULTIMA PRD-30�  ë ³í ³éíèì
äàò÷èêîì 7,5 ÌÃö ä³àìåòðîì 40 ìì. Îá�ºì
ùèòîïîä³áíî¿ çàëîçè ðîçðàõîâóâàëè çà
êëàñè÷íîþ ôîðìóëîþ [20].  Ðåçóëüòàòè

åõîâîëåì³¿  îö³íþâàëè çà  íîðìàòèâàìè
òèðåî¿äíîãî îá�ºìó (97 ïåðöåíòèëü), ùî
äèôåðåíö³éîâàí³ çà ñòàòòþ òà ïëîùåþ
ïîâåðõí³ ò³ëà [4].

ÂÑÐ âèâ÷àëè, âèêîðèñòîâóþ÷è àïàðàò
�Åëåêòðîêàðä�, ÿêèé âõîäèòü äî àâòîìà-
òèçîâàíîãî ä³àãíîñòè÷íîãî êîìïëåêñó,
âèãîòîâëåíîãî íàóêîâî-âèðîáíè÷èì îá�ºä-
íàííÿì �Ìåòåêîë� (Óêðà¿íà). Çàïèñ ÅÊÃ
ïðîâîäèëè ïðîòÿãîì 5 õâ â³äïîâ³äíî äî
ðåêîìåíäàö³é À.Ì. Âåéíà: çðàíêó, íàòùå,
ëåæà÷è òà ñòîÿ÷è ï³ñëÿ 15-õâèëèííîãî
â³äïî÷èíêó â ãîðèçîíòàëüíîìó ïîëîæåíí³.
Ðåçóëüòàòè ÅÊÃ â àâòîìàòè÷íîìó ðåæèì³
àíàë³çóâàëè ç âèêîðèñòàííÿì ïðîãðàìè äëÿ
âèçíà÷åííÿ ÷àñòîòíèõ ³  ñïåêòðàëüíèõ
ïîêàçíèê³â  ñåðöåâîãî  ðèòìó,  çã ³äíî  ç
ðåêîìåíäàö³ÿìè ªâðîïåéñüêîãî òîâàðèñòâà
êàðä³îëîã³â òà Ï³âí³÷íîàìåðèêàíñüêîãî
òîâàðèñòâà åëåêòðîêàðä³îñòèìóëÿö³¿ òà
åëåêòðîô³ç³îëîã³¿ [19]. Îñíîâíèìè ïîêàç-
íèêàìè, ÿê³ íàéá³ëüøîþ ì³ðîþ â³äîáðà-
æàþòü ô³ç³îëîã³÷í³ àñïåêòè âåãåòàòèâíî¿
äèñôóíêö³¿, º ìîäà (Ìî), àìïë³òóäà ìîäè
(ÀÌî), âàð³àö³éíèé ðîçìàõ (∆X), ³íäåêñ
íàïðóæåííÿ (²Í). Ìî ïðåäñòàâëÿº ôàêòè÷í³
çíà÷åííÿ òðèâàëîñò³ ³íòåðâàëó R-R, ùî
çóñòð³÷àºòüñÿ íàé÷àñò³øå ³ âèçíà÷àº ãó-
ìîðàëüíèé øëÿõ ðåãóëÿö³¿ ñåðöåâîãî ðèòìó;
ÀÌî � ê³ëüê³ñòü ³íòåðâàë³â R-R, ð³âíèõ Ìî
(ó â³äñîòêàõ äî çàãàëüíîãî ÷èñëà çàðåºñò-
ðîâàíèõ ñåðöåâèõ öèêë³â), â³äîáðàæàº àê-
òèâí³ñòü ñèìïàòè÷íîãî â³ää³ëó ÀÍÑ; ∆X �
ð³çíèöÿ ì³æ ìàêñèìàëüíèì òà ì³í³ìàëüíèì
çíà÷åííÿì òðèâàëî ñò³  çàðåºñòðîâàíèõ
³íòåðâàë³â R-R, â³äîáðàæàº àêòèâí³ñòü
ïàðàñèìïàòè÷íîãî â³ää³ëó ÀÍÑ; ²Í óçà-
ãàëüíþþ÷èé ïîêàçíèê, îá÷èñëþºòüñÿ çà
ôîðìóëîþ ²Í= ÀÌî/2Ìî . ∆X, ó ö³ëîìó
õàðàêòåðèçóº ñòóï³íü íàïðóæåííÿ ðåãóëÿ-
òîðíèõ ìåõàí³çì³â îðãàí³çìó, ðîëü öåíò-
ðàëüíî¿ ðåãóëÿö³¿ êðîâîîá³ãó. Âèõ³äíèé
âåãåòàòèâíèé òîíóñ îö³íþâàëè çà ²Í òàêèì
÷èíîì: ñòàí ðåãóëÿòîðíèõ ñèñòåì ÀÍÑ
ââàæàëè çáàëàíñîâàíèì (åéòîí³ÿ) ïðè ²Í,
ð³âíîìó 30�90 óì. îä.; íàäì³ðíó àêòèâàö³þ

Ô³ç³îëîã³÷í³ àñïåêòè àíàë³çó ïîêàçíèê³â âàð³àáåëüíîñò³ ñåðöåâîãî ðèòìó
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ïàðàñèìïàòè÷íî¿ íåðâîâî¿ ñèñòåìè (âàãî-
òîí³þ) õàðàêòåðèçóâàâ ²Í, ìåíøèé çà 30
óì. îä.; çá³ëüøåíèé ïîíàä 160 óì. îä. ²Í
àêöåíòóâàâ  íà  ïåðåâàãó  ñèìïàòè÷íî¿
íåðâîâî¿ ñèñòåìè (ñèìïàòèêîòîí³þ). ßê
âàãîòîí³ÿ, òàê ³ ñèìïàòèêîòîí³ÿ ñâ³ä÷àòü
ïðî ïåðåíàïðóæåííÿ ðåãóëÿòîðíèõ ñèñòåì
îðãàí³çìó. Ðîçðàõîâóâàëè òàêîæ íàñòóïí³
ñïåêòðàëüí³ ïîêàçíèêè ÂÑÐ: LF � ïîòóæ-
í³ñòü ñïåêòðà íà ÷àñòîò³ 0,05�0,15 Ãö ³ LF

n.u.
 �

÷àñòêà íèçüêî÷àñòîòíèõ õâèëü ó íîðìà-
ë³çîâàíèõ îäèíèöÿõ, ÿêó âèçíà÷àëè ä³ëåííÿì
åíåðãåòè÷íîãî ñïåêòðà öèõ êîìïîíåíò³â íà
çíà÷åííÿ çàãàëüíîãî åíåðãåòè÷íîãî ñïåêò-
ðà, ïðèéíÿòîãî çà 100 %, ³ç ÿêîãî âèëó÷èëè
õâèë³ äóæå íèçüêî¿ ÷àñòîòè (LF

n.u.
= LF/(To-

tal � VLF) . 100 %; äå VLF � ïîòóæí³ñòü
ñïåêòðà íà ÷àñòîò³ ìåíøå 0,05 Ãö); HF �
ïîòóæí³ñòü ñïåêòðà íà ÷àñòîò³ 0,15�0,4 Ãö
³ ÍF

n.u.
 � ÷àñòêà âèñîêî÷àñòîòíèõ õâèëü ó

íîðìàë³çîâàíèõ îäèíèöÿõ (ÍF
n.u.

= ÍF/(To-
tal � VLF) . 100 %); LF/HF � ñï³ââ³äíîøåííÿ
íèçüêî- òà âèñîêî÷àñòîòíèõ êîìïîíåíò³â.
Ïðè öüîìó HF ³ HF

n.u.  
âèêîðèñòîâóþòüñÿ ÿê

ìàðêåðè ïàðàñèìïàòè÷íèõ (âàãàëüíèõ)
ìåõàí³çì³â ðåãóëÿö³¿, à LF ³ LF

n.u.
 � äå-

ìîíñòðóþòü ïåðåâàæíî ñèìïàòè÷í³ âàçî-
ìîòîðí³ ìåõàí³çìè ñàìîðåãóëÿö³¿, LF/HF º
ïîêàçíèêîì áàëàíñó ì³æ îêðåìèìè â³ää³-
ëàìè ÀÍÑ. Äëÿ ä³òåé ô³ç³îëîã³÷íîþ íîðìîþ
º VLF:LF:HF=30:31:39 (%) [1, 6, 9, 10].
Ñïåêòðàëüíèé àíàë³ç ïðîâîäèëè ìåòîäîì
øâèäêîãî ïåðåòâîðåííÿ Ôóð�º.

Êîðåêö³þ ëàòåíòíîãî ã³ïîòèðåîçó ïðîâî-
äèëè éîäèäîì êàë³þ âïðîäîâæ 3 ì³ñ. Äëÿ
öüîãî âñ³ ä³òè îñíîâíî¿ ãðóïè îäèí ðàç íà
äåíü (ï³ñëÿ ñí³äàíêó) âæèâàëè ïî 1 òàáëåòö³
éîäèäó-100 («Nycomed Merck KGaA»,
Í³ìå÷÷èíà) ,  ÿêà ì³ñòèòü ïî 130,8 ìêã
éîäèäó êàë³þ, ùî â³äïîâ³äàº 100 ìêã éîäó.

Äîñë³äæåííÿ ïðîâåäåí³ â ïîñë³äîâíèõ
ðåïðåçåíòàòèâíèõ ãðóïàõ ñïîñòåðåæåíü.
Ñòàòèñòè÷íèé àíàë³ç ðåçóëüòàò³â çä³éñíåíî
çà äîïîìîãîþ êîìï�þòåðíî¿  ïðîãðàìè
Microsoft Exel òà Statistica ³ç âèêîðèñòàííÿì
ìåòîä³â âàð³àö³éíî¿ ñòàòèñòèêè, êîðåëÿö³¿,

ðåãðåñ³¿. Âèçíà÷àëè ñåðåäíüîàðèôìåòè÷íå
çíà÷åííÿ (Ì), ñòàíäàðòíó ïîõèáêó (m),
êðèòåð³é Ñòüþäåíòà (t), êîåô³ö³ºíò â³ðî-
ã³äíî ñò³  (Ð) ,  êî åô³ö³ºíò êîðåëÿö³ ¿  ( r ) ,
êîåô³ö³ºíò ðåãðåñ³¿ (R). Çíà÷åííÿ Ð<0,05
ââàæàëè â³ðîã³äíèìè.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ¯Õ ÎÁÃÎÂÎÐÅÍÍß

Ó ðåçóëüòàò³ îáñòåæåííÿ äî êîíòðîëüíî¿
ãðóïè áóëè â ³äíåñ åí³  ä ³òè ,  ó  ÿêèõ íå
âèÿâëåíî í³ÿêèõ ñòðóêòóðíî-ôóíêö³îíàëüíèõ
â³äõèëåíü ùèòîïîä³áíî¿ çàëîçè: âñòàíîâ-
ëåíî äîñòàòí³é âì³ñò òèðåî¿äíèõ ãîðìîí³â
ó ñèðîâàòö³ êðîâ³ òà çáåðåæåíèé áàëàíñ ó
¿õ ñèñòåì³; ìåä³àíà éîäóð³¿ ö³º¿ ãðóïè øêî-
ëÿð³â çíàõîäèëàñü ó ìåæàõ ô³ç³îëîã³÷íî¿
íîðìè;  çàãàëüíèé îá�ºì çàëîçè ó âñ³õ
çäîðîâèõ øêîëÿð³â â³äïîâ³äàâ ¿¿ íîðìà-
òèâíèì ðîçì³ðàì â³äïîâ³äíî äî ñòàò³ òà
ïëîù³ ïîâåðõí³ ò³ëà.

Äî îñíîâíî¿ ãðóïè ââ³éøëè ï³äë³òêè, ó
ÿêèõ íà îñíîâ³ ïîêàçíèê³â òèðåî¿äíîãî
ñòàòóñó ä³àãíîñòîâàíî çíèæåííÿ ôóíêö³î-
íàëüíî¿ çäàòíîñò³ ùèòîïîä³áíî¿ çàëîçè.
Çîêðåìà,  âì³ñò  ãîðìîí³â  Ò

3
,  Ò

4
,  FT

4
 ó

ñèðîâàòö³ êðîâ³ òàêèõ ä³òåé òà ³íäåêñ ²Ò²
çíàõîäèëèñü ó ìåæàõ ô³ç³îëîã³÷íî¿ íîðìè
â³äïîâ³äíî äî â³êó [4]. Âîäíî÷àñ âì³ñò ÒÒÃ
ïåðåâèùóâàâ 5 ìêÌÎ/ìë, à ³íäåêñ ïåðèôå-
ðè÷íî¿ ³íâåðñ³¿ áóâ á³ëüøèì çà 0,025, ùî
õàðàêòåðèçóº ðîçâèòîê ëàòåíòíîãî ã³ïîòè-
ðåîçó ó öèõ øêîëÿð³â [15]. Àíàë³çóþ÷è
âì³ñò éîäó â ñå÷³, áóëî ç�ÿñîâàíî, ùî ó 9,52
% ä³òåé îñíîâíî¿  ãðóïè öåé ïîêàçíèê
çíàõîäèâñÿ â ìåæàõ 50�99 ìêã/ë, à ó ³íøèõ
ä³òåé êîëèâàâñÿ â³ä 100 äî 120 ìêã/ë, ùî
àêöåíòóº íà ¿õ ïîãðàíè÷íîìó çàáåçïå÷åíí³
éîäîì [11, 15]. Çà äîïîìîãîþ ÓÇÄ âñòàíîâ-
ëåíî çá³ëüøåííÿ ðîçì³ð³â  (çàãàëüíîãî
îá�ºìó) ùèòîïîä³áíî¿ çàëîçè ó 62,5 %
øêîëÿð³â ³ç ëàòåíòíèì ã³ïîòèðåîçîì ïîð³â-
íÿíî ³ç íàëåæíèìè âàð³àíòàìè íîðì 97
ïåðöåíòèë³, ùî äèôåðåíö³éîâàí³ çà ñòàòòþ
òà ïëîùåþ ïîâåðõí³ ò³ëà [4]. Ó ï³äë³òê³â
îñíîâíî¿ ãðóïè (òàáë. 1) âñòàíîâëåíî, ùî

Ñ.Ì. Âîðîíè÷, Á.Ì. Ïàâëèê³âñüêà, Í.Ì. Âîðîíè÷-Ñåì÷åíêî



ISSN 0201-8489    Ô³ç³îë. æóðí., 2010, Ò. 56, ¹ 556

âì³ñò Ò
3 

áóâ íà 40,89 % (Ð<0,05), Ò
4
 � íà

25 ,56  % (Ð<0,05) ,  à  FÒ
4 

�  íà  40 ,74  %
(Ð<0,05) ìåíøèé, í³æ ó çäîðîâèõ ðîâåñíèê³â,
à ÒÒÃ á³ëüøèé çà êîíòðîëüí³ çíà÷åííÿ íà
45,78 % (Ð<0,05). Ó øêîëÿð³â ³ç ëàòåíòíèì
ã³ïîòèðåîçîì ³íäåêñè  Ò

3
/Ò

4 
ò à

 
ÒÒÃ/Ò

4

ïåðåâèùèëè àíàëîã³÷í³ ïîêàçíèêè êîíò-
ðîëüíî¿ ãðóïè íà 16,00 % (Ð<0,05) òà ó 2,49
ðàçà (Ð<0,01) â³äïîâ³äíî. Òàê³ çì³íè ñïîñ-
òåð³ãàëè íà òë³ âèðàæåíîãî çíèæåííÿ (íà
63,06  %,  Ð<0,05)  ùîäî êîíòðîëþ ²Ò² .
Ìåä³àíà éîäóð³¿ îñíîâíî¿ ãðóïè áóëà ìåíøà
ìàéæå âäâ³÷³ (Ð<0,05) ïîð³âíÿíî ç àíàëî-
ã³÷íèì êîíòðîëüíèì ïîêàçíèêîì. Çàãàëüíèé
îá�ºì ùèòîïîä³áíî¿ çàëîçè ó ï³äë³òê³â ³ç
ëàòåíòíèì ã³ïîòèðåîçîì çà ðåçóëüòàòàìè
óëüòðàñîíîãðàô³¿  íà  49,73 % (Ð<0,05)
ïåðåâèùóâàâ â³äïîâ³äíèé ïîêàçíèê êîíò-
ðîëþ.

ßê âèäíî ç òàáë. 2, çäîðîâ³ ä³òè õàðàê-
òåðèçóâàëèñÿ â³äíîñíî âèñîêîþ ÂÑÐ. Ó
ïîëîæåíí³ ëåæà÷è øêîëÿð³ êîíòðîëüíî¿
ãðóïè ìàëè çáàëàíñîâàíèé âïëèâ ñèìïà-
òè÷íîãî òà ïàðàñèìïàòè÷íîãî â³ää³ë³â
ÀÍÑ. Íàïðóæåí³ñòü ìåõàí³çì³â âåãåòà-
òèâíî¿ ðåãóëÿö³¿ ó ä³òåé ö³º¿ ãðóïè áóëà
íèçüêà, íà ùî âêàçóº çíà÷åííÿ ²Í (82,44±
9,28 â³äïîâ³äàº åéòîí³¿). Ï³ñëÿ âèêîíàííÿ
àêòèâíî¿ îðòîñòàòè÷íî¿ ïðîáè çäîðîâ³ ä³òè
äåìîíñòðóâàëè ïîì³ðíå íàðîñòàííÿ ñèìïà-

òè÷íèõ âïëèâ³â ³ íàïðóæåííÿ ìåõàí³çì³â
âåãåòàòèâíîãî ðåãóëþâàííÿ. Ó ïîëîæåíí³
ñòîÿ÷è ñïîñòåð³ãàëè â³ðîã³äíå çìåíøåííÿ
Ìî (íà 17,39 %, Ð<0,001), çá³ëüøåííÿ ∆Õ
(íà 61,11 %, Ð<0,05) ,  IH (íà 69,48 %,
Ð<0,05).

Ó ä³òåé îñíîâíî¿ ãðóïè ó ïîëîæåíí³
ëåæà÷è îêðåì³ âèâ÷åí³ ïîêàçíèêè ÂÑÐ â³-
ðîã³äíî íå â³äð³çíÿëèñÿ â³ä àíàëîã³÷íèõ ó
êîíòðîëüí³é ãðóï³. Âîäíî÷àñ (äèâ. òàáë. 2)
çíà÷åííÿ Ìî áóëî âèùèì íà 4,19 % (Ð<0,05),
ÀÌî � ìåíøèì íà 13,98 % (Ð<0,05), HF �
á³ëüøèì ó 1,6 ðàçè (Ð<0,05) òà HF

n.u.
 �

á³ëüøèì íà 28,25 % (Ð<0,05). Ùîäî ñï³â-
â ³äíîøåííÿ âïëèâ³â  ñèìïàòè÷íîãî  òà
ïàðàñèìïàòè÷íîãî â³ää³ë³â ÀÍÑ ó ðåãóëÿö³¿
ñåðöåâîãî ðèòìó ó ïîëîæåíí³ ëåæà÷è ìîæ-
íà ñïîñòåð³ãàòè òåíäåíö³þ äî ïîñèëåííÿ
ïàðàñèìïàòè÷íèõ âïëèâ³â ó ï³äë³òê³â ³ç
ëàòåíòíèì ã³ïîòèðåîçîì. Òàê³ âèñíîâêè
´ðóíòóþòüñÿ íà â³äíîñíî íèçüêîìó çíà÷åíí³
ÀÌî, çá³ëüøåí³é ïîòóæíîñò³ õâèëü âèñîêî-
÷àñòîòíî¿ ÷àñòèíè ñïåêòðà (HF), à òàêîæ
â³ðîã³äíîìó çìåíøåíí³ (íà 43,0 %, Ð<0,05)
ñï³ââ³äíîøåííÿ ïîòóæíîñò³ õâèëü íèçüêî¿ òà
âèñîêî¿ ÷àñòîòè (LF/HF) ó ïîð³âíÿíí³ ç
êîíòðîëüíîþ ãðóïîþ.

Ïðè ïåðåõîä ³  ó  ïîëîæåííÿ  ñòîÿ÷è
â³ðîã³äíî çì³íþâàëèñÿ ìàéæå âñ³ ïîêàçíèêè
ÂÑÐ, ÿê³ âèâ÷àëè (äèâ. òàáë. 2). Òàêà ¿õ

Òðèéîäòèðîí³í (Ò
3
), íìîëü/ë 2,69±0,28 1,59±0,25* 2,44±0,78

Òèðîêñèí (Ò
4
,), íìîëü/ë 92,33±6,45 68,73±6,37* 78,39±3,44 Ð<0,05

Â³ëüíèé Ò
4
 (FÒ

4
), ïìîëü/ë 18,95±1,43 11,23±1,02* 15,70±1,04 Ð

1
<0,05

Òèðåîòðîïíèé ãîðìîí (ÒÒÃ), ìêÌÎ/ìë 3,69±0,74 5,35±0,20* 4,31±0,33 Ð
1
<0,05

²íäåêñ ïåðèôåðè÷íî¿ ³íâåðñ³¿ (Ò
3
/Ò

4
) 0,025±0,003 0,029±0,004* 0,026±0,003

ÒÒÃ/Ò
4

0,035 ± 0,009 0,087±0,018* 0,053±0,003* Ð
1
< 0,05

²íòåãðàëüíèé òèðåî¿äíèé ³íäåêñ (²Ò²) 24,39±0,17 9,01±0,29* 16,75±0,08* Ð
1
< 0,05

Ìåä³àíà éîäóð³¿, ìêã/ë 219,74±12,65 112,47±10,05* 165,23±9,41* Ð
1
<0,001

Çàãàëüíèé îá�ºì ùèòîïîä³áíî¿ çàëîçè, ìë 7,34±0,89 10,99±0,45* 8,82±0,71 Ð
1
<0,05

Ïðèì³òêà: Òóò ³ â òàáëèö³ 2 * Ð<0,05 ïîð³âíÿíî ç àíàëîã³÷íèìè ïîêàçíèêàìè êîíòðîëþ; Ð
1
 � â³ðîã³äíà

ð³çíèöÿ ïîð³âíÿíî ç àíàëîã³÷íèìè ïîêàçíèêàìè äî êîðåêö³¿ éîäèäîì-100.

Òàáëèöÿ 1. Ïîêàçíèêè òèðåî¿äíî¿ ñèñòåìè ä³òåé ç ëàòåòíèì ã³ïîòèðåîçîì äî òà ï³ñëÿ êîðåêö³¿ éîäèäîì-100
(Ì± m)

Ïîêàçíèêè Êîíòðîëüíà ãðóïà
(n = 25)

Îñíîâíà ãðóïà (n=65)
äî êîðåêö³¿

éîäèäîì-100
ï³ñëÿ êîðåêö³¿
éîäèäîì-100
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äèíàì³êà âêàçóº íà ð³çíèé ñòóï³íü ðåàêö³¿
ïðè çì³í³ ïîëîæåííÿ ò³ëà ä³òåé ³ç ëàòåíòíèì
ã³ïîòèðåîçîì ïîð³âíÿíî ç ³  çäîðîâèìè
îäíîë³òêàìè. Âèðàæåíà ÂÑÐ ó ïîëîæåíí³
ñòîÿ÷è ó øêîëÿð³â îñíîâíî¿ ãðóïè äàº
ï³äñòàâè çðîáèòè âèñíîâîê ïðî òå, ùî âîíè
õàðàêòåðèçóâàëèñÿ ìåíøèì ä³àïàçîíîì
àäàïòàö³éíèõ ìîæëèâîñòåé îðãàí³çìó
ïîð³âíÿíî ç ä³òüìè êîíòðîëüíî¿ ãðóïè. Íà
ïîðóøåííÿ âåãåòàòèâíî¿ ðåãóëÿö³¿ ó ï³ä-
ë³òê³â ³ç éîäîäåô³öèòîì òàêîæ âêàçóâàëè
çì³íè ñïåêòðàëüíèõ ïîêàçíèê³â êàðä³î-
³íòåðâàëîãðàìè. Òàê, ï³ñëÿ ïåðåõîäó ó
ïîëîæåííÿ ñòîÿ÷è LF

n.u. 
çá³ëüøèâñÿ ó 2 ðàçè

(Ð<0,05) ,  HF
n.u.  

çìåíøèâñÿ íà  59,95 %
(Ð<0,05), îäíàê âêàçàí³ çì³íè ÂÑÐ ñâ³ä÷àòü
ïðî ôóíêö³îíàëüí³ ðîçëàäè, à íå ïðî îðãàí³÷-
íó ïàòîëîã³þ. Ó öüîìó ðàç³ íàðîñòàííÿ
ïîêàçíèêà  LF

n.u .
,  íàäì³ðíå  çðîñòàííÿ

(ìàéæå ó 5 ðàç³â) ñï³ââ³äíîøåííÿ LF/HF

ìîæå ï³äòâåðäæóâàòè ïîñèëåííÿ âïëèâ³â
ñèìïàòè÷íî¿ íåðâîâî¿ ñèñòåìè ³ õàðàêòå-
ðèçóâàòè ïîì³ðíå âèñíàæåííÿ ðåãóëÿòîðíèõ
âïëèâ³â. ² õî÷à ³ñíóþòü ïðîòèð³÷÷ÿ ñòîñîâíî
LF-êîìïîíåíòà, àäæå De Boer ³ ñï³âàâò. çà
ìåõàí³çìîì â³äíåñëè éîãî äî áàðîðåôëåêñó
[6] ,  LF çàëèøàºòüñÿ ìàðêåðîì ñèìïà-
òè÷íîãî çáóäæåííÿ [9, 10]. Ñë³ä çàçíà÷èòè,
ùî îêðåì³ ïîêàçíèêè (Ìî, ∆X, LF òà HF)
çà óìîâ ðåºñòðàö³¿ ÅÊÃ ó ïîëîæåíí³ ñòîÿ÷è
ó ï³äë³òê³â îñíîâíî¿ ãðóïè â³ðîã³äíî â³äð³ç-
íÿëèñÿ â³ä êîíòðîëþ. Çîêðåìà, Ìî çìåí-
øèëàñÿ íà 12,87 % (Ð<0,05), ∆X � ó 2,3 ðàçà
(Ð<0,05), LF � ó 1,45 ðàçà (Ð<0,05), HF � íà
36,83 % (Ð<0,05). Âèÿâëåíà òåíäåíö³ÿ çì³í
ìàðêåð³â ñèìïàòè÷íèõ ³ ïàðàñèìïàòè÷íèõ
âïëèâ³â ÂÑÐ ó ö³ëîìó õàðàêòåðèçóº ëàá³ëü-
í³ñòü âåãåòàòèâíîãî ïðîô³ëþ ó ä³òåé îñ-
íîâíî¿ ãðóïè. Ôóíäàìåíòàëüíèì ïîëî-
æåííÿì íåðâîâî¿ ðåãóëÿö³¿ ñåðöåâîãî ðèòìó

Òàáëèöÿ 2. Ïîêàçíèêè âàð³àáåëüíîñò³ ñåðöåâîãî ðèòìó ä³òåé ç ëàòåòíèì ã³ïîòèðåîçîì äî òà ï³ñëÿ êîðåêö³¿
éîäèäîì-100 (Ì±m)

Ìîäà (Ìî), ñ 0,788±0,008 0,651±0,011 0,821±0,012* 0,574±0,011* 0,805±0,007 0,623±0,011
Ð<0,01 Ð

2
<0,001 Ð

1
<0,01

Ð
2
<0,001

Àìïë³òóäà ìîäè (ÀÌî), % 37,05±2,26 42,12±1,58 31,87±1,14* 46,45±2,73 38,47±3,29 43,36±2,81
Ð

2
<0,001

Âàð³àö³éíèé ðîçìàõ (∆Õ), ñ 0,36±0,03 0,58±0,09 0,42±0,17 0,25±0,02* 0,37±0,017 0,56±0,09
Ð<0,01 Ð

1
<0,01

²íäåêñ íàïðóæåííÿ (²Í), óì.îä. 82,44±9,28 139,72±17,56 72,15±8,34 175,35±21,47 80,01±9,45 152,34±31,86
Ð<0,05 Ð

2
<0,01 Ð

2
<0,05

0,04�0,15 Ãö LF, ìñ2 2057,27±181,3 2657,41±324,7 1958,12±247,24 1836,75±199,7*2056,25±156,3 2687,45±286,9
Ð

1
<0,05

0,04�0,15 Ãö LF
 n.u.

, % 52,64±5,82 61,06±8,98 37,53±5,35 76,41±9,78 48,42±3,98 57,13±9,54
Ð

2
<0,01

0,15�0,4 Ãö, HF, ìñ2 1768,37±264,30 1715,28±398,2 2778,64±326,2* 654,08±220,15* 1997,58±402,8 1878,6±279,5
Ð

2
<0,001 Ð<0,01 Ð

1
<0,05

0,15�0,4 Ãö, HF
 n.u.

, % 42,69±4,47 35,57±9,58 54,75±9,58* 22,47±5,57 46,85±8,47 39,52±9,25
Ð

2
<0,01

Ñï³ââ³äíîøåííÿ LF/ HF 1,23±0,21 1,72±0,41 0,69±0,13* 3,40±0,87 1,03±0,11 1,44±0,29

Ð
2
<0,01 Ð<0,01 Ð

1
<0,05

Ïðèì³òêà: Ð
2
 � â³ðîã³äíà ð³çíèöÿ ïîð³âíÿíî ç àíàëîã³÷íèìè ïîêàçíèêàìè ó ïîëîæåíí³ ëåæà÷è.

Ïîêàçíèê Êîíòðîëüíà ãðóïà
(n = 25)

Îñíîâíà ãðóïà (n=65)

Äî êîðåêö³¿
éîäèäîì-100

Ï³ñëÿ êîðåêö³¿
éîäèäîì-100

ëåæà÷è ñòîÿ÷è ëåæà÷è ñòîÿ÷èëåæà÷è ñòîÿ÷è

Ñ.Ì. Âîðîíè÷, Á.Ì. Ïàâëèê³âñüêà, Í.Ì. Âîðîíè÷-Ñåì÷åíêî
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º êîíöåïö³ÿ áàëàíñó ì³æ ñèìïàòè÷íèì ³
ïàðàñèìïàòè÷íèì êîìïîíåíòàìè, íàÿâí³ñòü
ðåöèïðîêíî¿ âçàºìîä³¿ îêðåìèõ â³ää³ë³â
ÀÍÑ. Òîìó ìîæíà ïðèïóñòèòè, ùî íàâ³òü
çà óìîâ äîêë³í³÷íèõ ôîðì ã³ïîòèðåîçó
çàçíàþòü â³ðîã³äíèõ çì³í ô³ç³îëîã³÷í³
ìåõàí³çìè âïëèâó  ÀÍÑ íà  ïåéñìåêåð
ñåðöåâîãî ðèòìó � ñèíóñîâèé âóçîë.

Ï³ñëÿ êóðñó ë³êóâàííÿ éîäèäîì-100 ó
øêîëÿð³â ³ç ëàòåíòíèì ã³ïîòèðåîçîì âèÿâ-
ëåíî òåíäåíö³þ äî çðîñòàííÿ âì³ñòó Ò

3
, à

òàêîæ Ò
4
 íà 14,05 % (Ð<0,05) ³ íà 39,80 %

(Ð<0,05) âì³ñòó FT
4 
ó ñèðîâàòö³ êðîâ³. Òàê³

çì³íè êîíöåíòðàö³¿ òèðåî¿äíèõ ãîðìîí³â
çàðåºñòðîâàíî íà òë³ çíèæåííÿ íà 19,99 %
(Ð<0,05) âì³ñòó ÒÒÃ ó ñèðîâàòö³ êðîâ³ âñ³õ
ä³òåé ï³ñëÿ ôàðìàêîëîã³÷íî¿ êîðåêö³¿. Çà
òàêèõ  óìîâ  íàì³òèëàñÿ  òåíäåíö³ÿ  äî
çíèæåííÿ ³íäåêñó ïåðèôåðè÷íî¿ ³íâåðñ³¿.
²íäåêñ ÒÒÃ/Ò

4
 ï³ñëÿ òåðàï³¿ éîäèäîì-100

çìåíøèâñÿ  íà  39 ,08  %,  (Ð<0 ,05) ,  ²Ò²
çá³ëüøèâñÿ íà 85,90 % (Ð<0,05) ïîð³âíÿíî
ç àíàëîã³÷íèìè ïîêàçíèêàìè äî ë³êóâàííÿ.
Ïðè öüîìó ìàéæå âñ³ ïîêàçíèêè ãîðìî-
íàëüíîãî ñïåêòðà (âì³ñò Ò

3
, Ò

4
, FT

4
, ÒÒÃ,

³íäåêñè ÒÒÃ/Ò
4
, ²Ò²) ó ä³òåé ï³ñëÿ êîðåêö³¿

íå âèõîäèëè çà ìåæ³ ô³ç³îëîã³÷íî¿ íîðìè.
Ïðè ïîð³âíÿëüíîìó àíàë³ç³ òèðåî¿äíîãî
ïðîô³ëþ ó øêîëÿð³â îñíîâíî¿ òà êîíòðîëüíî¿

ãðóï ç�ÿñîâàíî, ùî âñ³ òèðåî¿äí³ ãîðìîíè òà
Ò

3
/Ò

4
 ó ï³äë³òê³â ï³ñëÿ êîðåêö³¿ ñÿãíóëè ð³âíÿ

àíàëîã³÷íèõ ïîêàçíèê³â ó çäîðîâèõ ä³òåé,
êð³ì ³íäåêñ³â ²Ò² (áóâ íèæ÷èé çà êîíòðîëü
íà 31,32 %, Ð<0,05) òà ÒÒÃ/Ò

4
 (ïåðåâèùóâàâ

êîíòðîëü íà 51,43 %, Ð<0,05). Àíàë³çóþ÷è
âì³ñò éîäó â ñå÷³ (äèâ. òàáë. 1), âñòàíîâ-
ëåíî, ùî ó ä³òåé ³ç ëàòåíòíèì ã³ïîòèðåîçîì
íà òë³ ë³êóâàííÿ íà 46,91 % (Ð<0,001)
çá³ëüøèëàñÿ ìåä³àíà éîäóð³¿, àëå ùå çáå-
ð³ãàëàñÿ â³ðîã³äíà ðîçá³æí³ñòü (íà 24,81 %,
Ð<0,05) ð³âíÿ åêñêðåö³¿  éîäó ³ç  ñå÷åþ
ïîð³âíÿíî ç êîíòðîëüíèìè çíà÷åííÿìè.
Âîäíî÷àñ ó á³ëüøîñò³ ä³òåé îñíîâíî¿ ãðóïè
ï³ñëÿ êîðåêö³¿ ìåä³àíà éîäóð³¿ çíàõîäèëàñü
ó ìåæàõ â³ä 100 äî 200 ìêã/ë. Òàê³ ðåçóëü-
òàòè  ñâ ³ä÷àòü  ïðî  îïòèìàëüíå  çàáåç -
ïå÷åííÿ éîäîì öèõ ä³òåé îñíîâíî¿ ãðóïè.
Àíàë³çóþ÷è ïîêàçíèêè óëüòðàñîíîãðàô³¿,
âèÿâëåíî çìåíøåííÿ ðîçì³ð³â ùèòîïîä³áíî¿
çàëîçè ó âñ³õ ä³òåé, ÿê³ ïðèéìàëè éîäèä-100,
íà 19,75 % (Ð<0,05) ó ïîð³âíÿíí³ ç ðåçóëü-
òàòàìè äî ë³êóâàííÿ.  Çàãàëüíèé îá�ºì
ùèòîïîä³áíî¿  çàëîçè óñ³õ  ä ³òåé ï³ñëÿ
êîðåêö³¿ â³äïîâ³äàâ íîðìàòèâíèì ðîçì³ðàì
(íå ïåðåâèùóâàâ 97 ïåðöåíòèëÿ ³ç âðàõó-
âàííÿì ïëîù³ ïîâåðõí³  ò³ëà,  ñòàò³)  òà
â³ðîã³äíî íå â³äð³çíÿâñÿ â³ä àíàëîã³÷íèõ
êîíòðîëüíèõ çíà÷åíü.

Ìîäà (Ìî), ñ -0,76 -0,69 0,53
Àìïë³òóäà ìîäè (ÀÌî), % 0,46 0,53 -0,63
Âàð³àö³éíèé ðîçìàõ (∆Õ), ñ -0,70 -0,57 0,40
²íäåêñ íàïðóæåííÿ (²Í), óì.îä. 0,56 0,19 0,43
0,04�0,15 Ãö LF, ìñ2 0,57 0,53 -0,25
0,04�0,15 Ãö LF

 n.u.
, % 0,38 0,29 -0,72

0,15�0,4 Ãö, HF, ìñ2 -0,30 -0,28 0,25
0,15�0,4 Ãö, HF

 n.u.
, % 0,24 - 0,29

Ñï³ââ³äíîøåííÿ LF/ HF 0,34 0,37 -

Ïðèì³òêà. Ó òàáëèö³ ïðåäñòàâëåí³ ò³ëüêè â³ðîã³äí³ êîðåëÿö³éí³ âçàºìîçâ�ÿçêè (Ð<0,05).

Òàáëèöÿ 3. Êîåô³ö³ºíòè êîðåëÿö³¿ (r) ì³æ ïîêàçíèêàìè âàð³àáåëüíîñò³ ñåðöåâîãî ðèòìó òà òèðåî¿äíîãî
ñòàòóñó

Ïîêàçíèêè
Ïîêàçíèêè òèðåî¿äíîãî ñòàòóñó

Òðèéîäòèðîí³í
(Ò

3
), íìîëü/ë

Â³ëüíèé òèðîêñèí
(FÒ

4
), ïìîëü/ë

Òèðåîòðîïíèé
ãîðìîí (ÒÒÃ),

ìêÌÎ/ìë
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Àíàë³ç ïîêàçíèê³â êàðä³î³íòåðâàëîãðàô³¿
äàº  çìîãó êîíñòàòó âàòè òåíäåíö³þ äî
çìåíøåííÿ  âïëèâó  ïàðàñèìïàòè÷íîãî
â³ää³ëó ÀÍÑ íà ðåãóëÿö³þ ñåðöåâîãî ðèòìó
ó øêîëÿð³â ³ç ëàòåíòíèì ã³ïîòèðåîçîì íà òë³
ôàðìàêîëîã³÷íî¿ êîðåêö³¿ éîäèäîì-100.
Ï³ñëÿ êóðñó éîäîòåðàï³¿ ó ä³òåé ó ïîëîæåíí³
ëåæà÷è âèÿâèëè òåíäåíö³þ ïîâåðíåííÿ âñ³õ
ïîêàçíèê³â äî êîíòðîëüíèõ çíà÷åíü, ïðîòå
â³ðîã³äíèìè ö³ çì³íè áóëè ò³ëüêè äëÿ HF
(çìåíøèâñÿ íà 28,11 %, Ð<0,01) òà LF/HF
(çá³ëüøèâñÿ ó 1,49 ðàçà, Ð<0,01). Ïðè çì³í³
ïîëîæåííÿ ò³ëà (ñòîÿ÷è) âèÿâèëè ïîñèëåííÿ
ñèìïàòè÷íîãî êîìïîíåíòà (çá³ëüøåííÿ Ìî,
∆Õ, LF, HF). Çìåíøåííÿ ñï³ââ³äíîøåííÿ
LF/HF ñâ³ä÷èòü ïðî âñòàíîâëåííÿ áàëàíñó
ì³æ â³ää³ëàìè ÀÍÑ. Ïðè öüîìó ìàéæå âñ³
ïîêàçíèêè (îêð³ì LF/HF ó  ïîëîæåíí³
ëåæà÷è) â³ðîã³äíî íå â³äð³çíÿëèñÿ â³ä
êîíòðîëþ. Çàãàëîì âèÿâëåíî ñòàá³ë³çàö³þ
âàð³àáåëüíîñò³ òà â³äíîâëåííÿ äî êîíòðîëþ
ïîêàçíèê³â ÷àñîâîãî òà ñïåêòðàëüíîãî
ïðîô³ëþ ÂÑÐ.

Ó ðåçóëüòàò³  êîðåëÿö³éíîãî àíàë³çó
âñòàíîâëåíî â³ðîã³äíèé (Ð<0,05) êîðåëÿ-
ö³éíèé çâ�ÿçîê ì³æ âì³ñòîì òèðåî¿äíèõ
ãîðìîí³â ó ñèðîâàòö³ êðîâ³ òà âèâ÷åíèìè
ïîêàçíèêàìè ÂÑÐ (òàáë.  3) .  Íàÿâí³ñòü
ñåðåäíüî- òà âèñîêîâ³ðîã³äíîãî çâ�ÿçêó
ï³äòâåðäæóº åñåíö³àëüíó ðîëü ãîðìîí³â
ùèòîïîä³áíî¿ çàëîçè äëÿ çàáåçïå÷åííÿ
ôóíêö³îíàëüíî¿ çäàòíîñò³ ÀÍÑ. Òîìó äëÿ
õàðàêòåðèñòèêè âåãåòàòèâíîãî ïðîô³ëþ ïðè
ëàòåíòíîìó ã³ïîòèðåîç³ äîö³ëüíèì º âèçíà-
÷åííÿ ÀÌî òà LF

n.u.
, ÿê ïàòåðí ñèìïàòè÷íî¿

íåðâîâî¿ ñèñòåìè, ∆Õ òà ÍF
n.u.

 � ïàðàñèì-
ïàòè÷íî¿ íåðâîâî¿ ñèñòåìè, LF/HF � äëÿ
õàðàêòåðèñòèêè âåãåòàòèâíîãî áàëàíñó.

Òàêèì ÷èíîì, ëàòåíòíèé ã³ïîòèðåîç ó
ï³äë³òê³â ñóïðîâîäæóºòüñÿ çì³íàìè âïëèâó
â ³ää ³ë ³â  ÀÍÑ íà  ñåðöå  ò à  çâóæåííÿì
ä³àïàçîíó àäàïòàö³éíèõ ìîæëèâîñòåé
îðãàí³çìó,  âèñíàæåííÿì ðåãóëÿòîðíèõ
âïëèâ³â ó ïîð³âíÿíí³ ç³ çäîðîâèìè îäíî-
ë³òêàìè. Àíàë³ç ïîêàçíèê³â êàðä³îðèò-
ìîãðàìè ó ä³òåé îñíîâíî¿ ãðóïè õàðàêòå-
ðèçóº  ïîì³ðíå  ïåðåâàæàííÿ  ïàðàñèì-

ïàòè÷íîãî òîíóñó ó ïîëîæåíí³ ëåæà÷è òà
òîíóñó ñèìïàòè÷íîãî â³ää³ëó ÀÍÑ ïðè
îðòîñòàòè÷í³é ïðîá³. Çì³íè ÂÑÐ â³äîáðà-
æàþòü âèðàæåí³ñòü âåãåòàòèâíîãî äèñáà-
ëàíñó, äàþòü çìîãó âèÿâèòè ðàíí³ çì³íè ç
áîêó ñåðöåâî-ñóäèííî¿ ñèñòåìè íà ñóáêë³-
í³÷í³é ñòàä³¿ ã³ïîòèðåîçó. Ñë³ä çàçíà÷èòè, ùî
³íòåðïðåòàö³þ ðåçóëüòàò ³â  ÂÑÐ òðåáà
çä³éñíþâàòè ç óðàõóâàííÿì â³êó îáñòå-
æåíèõ.

Íà òë³ ìîíîòåðàï³¿ éîäèäîì-100 îäíî-
÷àñíî ç³ ñòàá³ë³çàö³ºþ òèðåî¿äíîãî ñòàòóñó
(çá³ëüøåííÿ âì³ñòó ãîðìîí³â Ò

3
, Ò

4
, FT

4
 òà

çíèæåííÿ ÒÒÃ ó ñèðîâàòö³ êðîâ³, â³äíîâ-
ëåííÿ áàëàíñó â ñèñòåì³ òèðåî¿äíèõ ãîðìî-
í³â, â³ðîã³äíå çìåíøåííÿ ðîçì³ð³â ùèòîïî-
ä³áíî¿ çàëîçè òà çðîñòàííÿ ìåä³àíè éîäóð³¿)
ñïîòåð³ãàëè çì³íè ïîêàçíèê³â ÂÑÐ. Ðåçóëü-
òàòè êàðä³î³íòåðâàëîãðàìè ï³ñëÿ êîðåêö³¿
äàþòü ìîæëèâ³ñòü êîíñòàòóâàòè çìåí-
øåííÿ âïëèâó ïàðàñèìïàòè÷íîãî â³ää³ëó
íåðâîâî¿ ñèñòåìè íà ðåãóëÿö³þ ñåðöåâîãî
ðèòìó òà íà â³äíîâëåííÿ ñèìïàòè÷íîãî
êîìïîíåíòà .  Òàê ³  ðå çóëüò àòè  îá´ðóí-
òîâóþòü àäåêâàòí³ñòü, åôåêòèâí³ñòü ³ äî-
ö³ëüí³ñòü ïàòîãåíåòè÷íî¿ êîðåêö³¿ íàâ³òü
ãðàíè÷íèõ çì³í ïîêàçíèê³â ÂÑÐ çà óìîâ
ëàòåíòíîãî ã³ïîòèðåîçó.

Ñ.Í. Âîðîíè÷, Á.Ì. Ïàâëèêèâñêà,
Í.Í. Âîðîíè÷-Ñåì÷åíêî

ÔÈÇÈÎËÎÃÈ×ÅÑÊÈÅ ÀÑÏÅÊÒÛ  ÀÍÀËÈÇÀ
ÏÎÊÀÇÀÒÅËÅÉ  ÂÀÐÈÀÁÅËÜÍÎÑÒÈ
ÑÅÐÄÅ×ÍÎÃÎ  ÐÈÒÌÀ  ÏÎÄÐÎÑÒÊÎÂ
Ñ  ËÀÒÅÍÒÍÛÌ  ÃÈÏÎÒÈÐÅÎÇÎÌ

Èññëåäîâàíû ïîêàçàòåëè âàðèàáåëüíîñòè ñåðäå÷íîãî ðèòìà
(ÂÑÐ) ó äåòåé ñ ëàòåíòíûì ãèïîòèðåîçîì è çäîðîâûõ
ñâåðñòíèêîâ, èõ âçàèìîñâÿçü ñ ïîêàçàòåëÿìè òèðåîèäíîé
ñèñòåìû (ãîðìîíàëüíûì ñòàòóñîì, ðàçìåðàìè ùèòîâèäíîé
æåëåçû, ìåäèàíîé éîäóðèè). Óñòàíîâëåíî, ÷òî ïðè
îãðàíè÷åíèè éîäíîãî îáåñïå÷åííÿ âîçíèêàåò âåãåòàòèâíàÿ
äèñòîíèÿ ñ îñëàáëåíèåì àêòèâíîñòè ñèìïàòè÷åñêîãî îòäåëà
àâòîíîìíîé íåðâíîé ñèñòåìû, ÷òî ñîïðîâîæäàåòñÿ
ñóæåíèåì äèàïàçîíà àäàïòàöèîííûõ âîçìîæíîñòåé
îðãàíèçìà, èñòîùåíèåì ðåãóëÿòîðíûõ âëèÿíèé ñðàâ-
íèòåëüíî ñî çäîðîâûìè äåòüìè. Àíàëèç ïîêàçàòåëåé ÂÑÐ
ïîñëå êîððåêöèè éîäèäîì-100 êîíñòàíòèðîâàë óìåíüøåíèå
âëèÿíèÿ ïàðàñèìïàòè÷åñêîãî îòäåëà àâòîíîìíîé íåðâíîé

Ñ.Ì. Âîðîíè÷, Á.Ì. Ïàâëèê³âñüêà, Í.Ì. Âîðîíè÷-Ñåì÷åíêî
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ñèñòåìû íà ðåãóëÿöèþ ñåðäå÷íîãî ðèòìà è ñòàáèëèçàöèþ
ñèìïàòè÷åñêîãî êîìïîíåíòà. Óñòàíîâëåíà êîððåëÿöèîííàÿ
ñâÿçü ìåæäó ñîäåðæàíèåì òèðåîèäíûõ ãîðìîíîâ (îáùåãî
òðèéîäòèðîíèíà � Ò

3
 è ñâîáîäíîãî òèðîêñèíà � FT

4
)

 
â

ñûâîðîòêå êðîâè è ïîêàçàòåëÿìè ÂÑÐ. Òàêàÿ òåíäåíöèÿ
ïîä÷åðêèâàåò ýññåíöèàëüíóþ ðîëü îáùåãî òðèéîäòèðîíèíà
� Ò

3
 è ñâîáîäíîãî òèðîêñèíà � FT

4 
 äëÿ îáåñïå÷åíèÿ

ôóíêöèîíàëüíîé ñïîñîáíîñòè àâòîíîìíîé íåðâíîé ñèñòåìû
ó ïîäðîñòêîâ. Îáîñíîâàíû ïàòîôèçèîëîãè÷åñêèå ïàòòåðíû
âåãåòàòèâíîãî ïðîôèëÿ ÂÑÐ ïðè ëàòåíòíîì ãèïîòèðåîçå.
Êëþ÷åâûå ñëîâà: âàðèàáåëüíîñòü ñåðäå÷íîãî ðèòìà,
ëàòåíòíûé ãèïîòèðåîç, òèðåîèäíûé ñòàòóñ.

S.M. Voronych, B.M Pavlykivs�ka,
N.M. Voronych-Semchenko

PHYSIOLOGICAL ASPECTS OF ANALYSIS OF
THE INDEXES OF THE VARIABILITY OF CARDIAC
RHYTHM IN ADOLESCENTS WITH LATENT
HYPOTHYROSIS

We studied the parameters of variability of cardiac rhythm in
adolescents with the latent hypothyrosis and in healthy
individuals and the interrelationship of these parameters with
the indexes of the thyroid system (hormonal status, dimensions
of thyroid, median of ioduria). It has been revealed that iodine
deprivation leads to vegetative dystonia with the decreased
activity of the sympathetic nervous system. This is
accompanied by the narrowing of the range of adaptive
capabilities of the organism, exhaustion of the regulatory
influences in comparison with healthy children. The analysis
of the indexes of the variability of cardiac rhythm after the
correction by iodide-100 detected the decrease of the influence
of the parasympathetic nervous system on cardiac rhythm
regulation and stabilization of the sympathetic component.
The correlation link between the content of thyroid hormones
and the indexes of the variability of cardiac rhythm has been
determined. Such tendency proves the essential role of T

3
 and

FT
4
 for the maintaining of the functional capability of Auto-

nomic Nervous system in adolescents. The pathophysiologic
patterns of vegetative profile of the variability of cardiac
rhythm in latent hypothyrosys have been substantiated.
Key words: variability of cardiac rhythm, latent hypothyrosis,
thyroid status.

Ivano-Frankivsk National Medical University, Ministry of
Public Health of Ukraine;

Policlinic ¹2 of Desnyansky district of Kyiv, Ministry of
Public Health of Ukraine
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Þ.À. Êîðÿê

Íåðâíî-ìûøå÷íûå îòâåòû òðåõãëàâîé ìûøöû
ãîëåíè íà ïðîäîëæèòåëüíîå ïàññèâíîå ðàñòÿæåíèå
ìûøö-ðàçãèáàòåëåé ñòîïû ó ÷åëîâåêà
â óñëîâèÿõ ìåõàíè÷åñêîé ðàçãðóçêè

Öåëüþ èññëåäîâàíèÿ áûëî îöåíèòü ñîêðàòèòåëüíûå ñâîéñòâà ìûøå÷íîãî àïïàðàòà ó ÷åëîâåêà
ïîñëå 60-ñóòî÷íîãî ïðåáûâàíèÿ íà æåñòêîì ïîñòåëüíîì ðåæèìå â óñëîâèÿõ àíòèîð-
òîñòàòè÷åñêîé (-6°) ãèïîêèíåçèè (ÀÍÎÃ) ñ ïðèìåíåíèåì ïðîäîëæèòåëüíîãî ïàññèâíîãî
ðàñòÿæåíèÿ ìûøö-ðàçãèáàòåëåé ñòîïû. Â èññëåäîâàíèè ó÷àñòâîâàëà ãðóïïà (n =14)
êëèíè÷åñêè çäîðîâûõ ìîëîäûõ ìóæ÷èí-äîáðîâîëüöåâ, êîòîðûå áûëè ðàçäåëåíû íà äâå
ïîäãðóïïû. Îáñëåäóåìûå ïåðâîé ïîäãðóïïû (n = 7) íà ïðîòÿæåíèè 60 ñóò íàõîäèëèñü íà
ñòðîãîì ïîñòåëüíîì ðåæèìå, à âòîðîé (n = 7) âî âðåìÿ ÀÍÎÃ ïðèìåíÿëè ïðîäîëæèòåëüíîå
ïàññèâíîå ðàñòÿæåíèå ìûøö-ðàçãèáàòåëåé ñòîïû. Ïàññèâíàÿ «òðåíèðîâêà» âûïîëíÿëàñü
åæåäíåâíî íà ïðîòÿæåíèè 60 ñóò ÀÍÎÃ ïðèáëèçèòåëüíî ïî 4�5 ÷ â ñóòêè. Ïàññèâíîå
ðàñòÿæåíèå ìûøö-ðàçãèáàòåëåé ñòîïû ñîçäàâàëîñü âûíîñíûìè àìîðòèçàòîðàìè
ïðîôèëàêòè÷åñêè-íàãðóçî÷íîãî êîñòþìà «Ïèíãâèí». Óñèëèå àìîðòèçàòîðîâ (óãîë êîëåííîãî
ñóñòàâà 180 °) ñîñòàâëÿëî 1,5�2,5 êÃñ, ÷òî ïðèâîäèëî ê òûëüíîìó ñãèáàíèþ ñòîïû ïîä óãëîì
10 °. Ñîêðàòèòåëüíûå ñâîéñòâà ìûøö-ðàçãèáàòåëåé ñòîïû (íà ïðèìåðå òðåõãëàâîé ìûøöû
ãîëåíè � ÒÌÃ) îöåíèâàëè ïî ñèëå îäèíî÷íîãî ñîêðàùåíèÿ (Ð

îñ
), ìàêñèìàëüíîé ïðîèçâîëüíîé

ñèëå (ÌÏÑ), ìàêñèìàëüíîé ñèëå (Ð
î
; ÷àñòîòà 150 èìï./ñ), ïî âðåìåííûì ïîêàçàòåëÿì ðàçâèòèÿ

îäèíî÷íîãî ñîêðàùåíèÿ, «âçðûâíîãî» ïðîèçâîëüíîãî è ýëåêòðè÷åñêè âûçâàííîãî (÷àñòîòà
150 èìï./ñ) ñîêðàùåíèé. Ïîñëå ÀÍÎÃ ñ ïðèìåíåíèåì ïàññèâíîãî ðàñòÿæåíèÿ èçîìåòðè÷åñêàÿ
Ð

îñ
 ÒÌÃ óìåíüøèëàñü íà 17, ÌÏÑ � íà 43 è Ð

î
 � íà 19,4 % è çíà÷èòåëüíî óâåëè÷èëîñü çíà÷åíèå Ð

ä

(íà 100 %). Â ãðóïïå áåç ïðèìåíåíèÿ ïàññèâíîãî ðàñòÿæåíèÿ Ð
îñ

 óìåíüøèëàñü íà 17,3 %; ÌÏÑ �
íà 33,5 %, Ð

î
 � íà 18,0 %, à çíà÷åíèå Ð

ä
 óâåëè÷èëîñü íà 61 %. Ïîëó÷åííûå ðåçóëüòàòû óêàçûâàþò,

÷òî ïðîäîëæèòåëüíîå ïàññèâíîå ðàñòÿæåíèå ìûøöû íå îáíàðóæèâàåò ïðîôèëàêòè÷åñêèõ
îáëåã÷åíèé ñîêðàòèòåëüíûõ ñâîéñòâ ìûøå÷íîãî àïïàðàòà îò íåãàòèâíûõ âëèÿíèé
ìåõàíè÷åñêîé ðàçãðóçêè è âûçûâàåò íåêîòîðóþ ìîäèôèêàöèþ ïîâåäåíèÿ ñîêðàòèòåëüíîãî
ìàòåðèàëà ìûøöû. Â äîáàâëåíèå, èçìåíåííûå ñîêðàòèòåëüíûå ñâîéñòâà (ìàòåðèàë), ïî-
âèäèìîìó, çàòðàãèâàþò ïðîïðèîöåïòèâíûå îáðàòíûå ñâÿçè è ïîýòîìó ñòåïåíü àêòèâàöèè
ìîòîðíûõ åäèíèö ïðîïîðöèîíàëüíà ýòîé ñëàáîñòè.
Êëþ÷åâûå ñëîâà: òðåõãëàâàÿ ìûøöà ãîëåíè, ïàññèâíîå ðàñòÿæåíèå, ìåõàíè÷åñêàÿ ðàçãðóçêà.

© Þ.À. Êîðÿê

ÂÂÅÄÅÍÈÅ

Èçâåñòíî, ÷òî ñêåëåòíûå ìûøöû êàê æè-
âîòíûõ, òàê è ÷åëîâåêà îòíîñèòåëüíî áûñò-
ðî àäàïòèðóþòñÿ ê óñëîâèÿì ñóùåñòâîâà-
íèÿ è îñîáåííî ýòî ïðîÿâëÿåòñÿ â óñëîâèÿõ
èììîáèëèçàöèè êîíå÷íîñòè, ðåàëüíîé èëè
ìîäåëèðóåìîé íåâåñîìîñòè. Â îòâåò íà

ìåõàíè÷åñêóþ ðàçãðóçêó ìûøå÷íîãî àïïà-
ðàòà ñíèæàåòñÿ òîíóñ [3] è ñèëà ñîêðàùå-
íèÿ ìûøö [3, 38, 39], íàðóøàåòñÿ êîîðäè-
íàöèÿ äâèæåíèé [50]. Íàèáîëüøåìó âîç-
äåéñòâèþ â  ðåçóëüòàòå  ìåõàíè÷å ñêîé
ðàçãðóçêè ïîäâåðãàþòñÿ àíòèãðàâèòàöèîí-
íûå ìûøöû-ðàçãèáàòåëè áåäðà è ñòîïû è
áîëåå çíà÷èòåëüíî � ðàçãèáàòåëè ñòîïû
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[3], âåðîÿòíî èç-çà áîëüøåé èõ ìåõàíè-
÷åñêîé íàãðóçêè â ãðàâèòàöèîííûõ óñëî-
âèÿõ Çåìëè.

Ñðåäè ïóñêîâûõ ìåõàíèçìîâ ìûøå÷íûõ
èçìåíåíèé,  âàæíàÿ ðîëü ïðèíàäëåæèò
ìîäèôèêàöèè íåðâíî-ìûøå÷íîé àêòèâ-
íîñòè, ïîñêîëüêó ñòðóêòóðíàÿ è ôóíêöèî-
íàëüíàÿ öåëîñòíîñòü ñêåëåòíîé ìûøöû
çàâèñèò îò íîðìàëüíîé íåðâíîé ôóíêöèè
[49]. Ïðèçíàíî, ÷òî ãëàâíûì ôàêòîðîì,
îòâåòñòâåííûì çà èçìåíåíèå ðÿäà ôèçèîëî-
ãè÷åñêèõ ôóíêöèé, ÿâëÿåòñÿ âíåçàïíîå
óñòðàíåíèå ïðîïðèîöåïòèâíîé èíôîðìàöèè
îò ìûøö è ñóõîæèëèé â îòâåò íà îòñóò-
ñòâèå âåñîâîé íàãðóçêè [41]. Â ýòîé ñâÿçè,
÷òîáû óñòðàíèòü  äåôèöèò íàãðóçîê  è
óâåëè÷èòü àôôåðåíòíóþ «ïîñûëêó» îò
«ðàáî÷èõ» ìûøö, èñïîëüçóþò ðàçëè÷íûå
ïðîôèëàêòè÷åñêèå ñðåäñòâà � îò èñêóñ-
ñòâåííî ñîçäàâàåìîé îïîðû äëÿ ñòîïû [53]
äî êîìïëåêñà ôèçè÷åñêèõ óïðàæíåíèé [8].
Îäíàêî íè îäíî èç  íèõ ïîëíîñòüþ íå
ïðåäîòâðàùàåò ìûøå÷íûõ íàðóøåíèé [5,
36]. Âûñêàçûâàëîñü ïðåäïîëîæåíèå [3],
÷òî ïàññèâíîå ðàñòÿæåíèå ìûøöû ìîæåò
áûòü îäíèì èç ïðîôèëàêòè÷åñêèõ ñðåäñòâ
íåãàòèâíûõ âëèÿíèé, îêàçûâàåìûõ íåâåñî-
ìîñòüþ. Ìû ïîñòóëèðóåì, ÷òî ïðîäîë-
æèòåëüíîå ïàññèâíîå ðàñòÿæåíèå ñíèæàåò
ñîêðàòèòåëüíûå ñâîéñòâà ìûøöû.

Äåéñòâèòåëüíî, êàê ìåòîäîëîãè÷åñêèé
ïîäõîä,  ïàññèâíîå ðàñòÿæåíèå ìûøöû
èñïîëüçóåòñÿ âî ìíîãèõ èññëåäîâàíèÿõ äëÿ
èçó÷åíèÿ ìåõàíèçìîâ ãèïåðòðîôèè ìûøö
[55] è ïîêàçàòåëåé ðàñòÿæåíèÿ îòíîñè-
òåëüíî ðàçâèòèÿ ãèáêîñòè [44], ïàòòåðí
íåéðîìûøå÷íûõ îòâåòîâ [33],  ìåõàíè-
÷åñêîãî ôàêòîðà, ãåíåðèðóþùåãî ñèëó [26],
è, íàêîíåö, êàê ôàêòîð, ñïîñîáñòâóþùèé
ïîâðåæäåíèþ ìûøöû [11, 43]. Îäíàêî,
íåñìîòðÿ íà òàêóþ øèðîêóþ èíôîðìàöèþ,
èìååòñÿ  ëèøü íåáîëüøî å  êîëè÷å ñòâî
èññëåäîâàíèé îòíîñèòåëüíî ôàêòîðîâ,
êîòîðûå ìîãóò âëèÿòü íà ñîêðàòèòåëüíûå
ñâîéñòâà  ìûøöû (ñèëó  îäèíî÷íîãî  è
òåòàíè÷åñêîãî ñîêðàùåíèé).

Ìíîãèå ôàêòîðû îêàçûâàþò íåïîñ-
ðåäñòâåííîå âëèÿíèå íà ñîêðàòèòåëüíûå
ñâîéñòâà ìûøöû â ðåçóëüòàòå åå ïàññèâ-
íîãî ðàñòÿæåíèÿ. Òàê, ðàñòÿæåíèå ìûøöû
â òå÷åíèå 45 ñ óìåíüøàåò åå æåñòêîñòü
[46], à ïîâòîðíîå ðàñòÿæåíèå óâåëè÷èâàåò
äëèíó ìûøöû [45]. Ñíèæåíèå æåñòêîñòè
ìûøöû îêàçûâàåò  âëèÿíèå  íà  õàðàê-
òåðèñòèêè (àìïëèòóäó è ôîðìó) âûçâàííîãî
îäèíî÷íîãî åå ñîêðàùåíèÿ,  ïîñêîëüêó
òðåáóåòñÿ áîëüøå âðåìåíè äëÿ ðàñòÿæåíèÿ
«ñëàáûõ», ïîñëåäîâàòåëüíî ðàñïîëîæåííûõ
êîìïîíåíòîâ ìûøöû [18]. Óâåëè÷åííàÿ
äëèíà ìûøöû èçìåíÿåò òîíêèé áàëàíñ åå
âíóòðåííåé îðãàíèçàöèè è  ñóñòàâíîé
êèíåìàòèêè, êîòîðûå îáúåäèíÿþòñÿ, ÷òîáû
ïðîäóöèðîâàòü ñèëó ïðè äàííîì ñóñòàâíîì
óãëå [42]. Èçìåíåíèå îòíîøåíèÿ äëèíà�
ñèëà îêàçûâàåò âëèÿíèå íà íåðâíûå ïàòòåð-
íû àêòèâàöèè èç-çà íàðóøåíèé ïðîïðèî-
öåïòèâíîé îáðàòíîé ñâÿçè [15].

Ïàññèâíîå ðàñòÿæåíèå ñêåëåòíîé ìûø-
öû êàê ó æèâîòíûõ [11, 43], òàê è ó ÷åëî-
âåêà [13, 27] ñóùåñòâåííî ñíèæàåò ñïîñîá-
íîñòü ãåíåðèðîâàòü ñèëó ñîêðàùåíèÿ ìûø-
öû è óìåíüøàåò åå ðàáîòîñïîñîáíîñòü.
Ïàññèâíîå ðàñòÿæåíèå ïðîäîëæèòåëü-
íîñòüþ 30 ìèí âûçûâàåò  óìåíüøåíèå
ìàêñèìàëüíîé òåòàíè÷åñêîé ñèëû ñîêðà-
ùåíèÿ ìûøöû íà 13 % [27], íà ïðîòÿæåíèè
2 ÷ � ñóùåñòâåííîå ñíèæåíèå (íà 61 %)
ñèëû îäèíî÷íîãî ñîêðàùåíèÿ [11]. Áîëåå
òîãî, ïðîäîëæèòåëüíîå, â òå÷åíèå 1 ÷,
ïàññèâíîå ðàñòÿæåíèå ìûøö-ðàçãèáàòåëåé
ñòîïû ó ÷åëîâåêà ñîïðîâîæäàåòñÿ ñíèæå-
íèåì íå òîëüêî ìåõàíè÷åñêèõ îòâåòîâ
(ìàêñèìàëüíîé ïðîèçâîëüíîé ñèëû, ñèëû è
îáùåé äëèòåëüíîñòè îäèíî÷íîãî ñîêðà-
ùåíèÿ) òðåõãëàâîé ìûøöû ãîëåíè (ÒÌÃ)
[14], íî è ýëåêòðîìèîãðàôè÷åñêîé àêòèâ-
íîñòè m. gastrocnemius è m. soleus [14, 43].

Öåëü íàñòîÿùåãî èññëåäîâàíèÿ � îöå-
íèòü ñîêðàòèòåëüíûå ñâîéñòâà îòäåëüíîé
ñêåëåòíîé ìûøöû â óñëîâèÿõ in situ ó
÷åëîâåêà ïîñëå ïðåáûâàíèÿ â óñëîâèÿõ 60-
ñóòî÷íîé àíòèîðòîñòàòè÷åñêîé ãèïîêèíåçèè

Þ.À. Êîðÿê
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(ÀÍÎÃ) ,  èçó÷èòü  èçìåíåíèÿ ñîêðàòè-
òåëüíûõ ñâîéñòâ  ìûøö â  ðåçóëüòàòå
ïðîäîëæèòåëüíîãî ïàññèâíîãî ðàñòÿæåíèÿ,
à òàêæå ïðîâåðèòü ãèïîòåçó ïîëîæèòåëü-
íîãî âëèÿíèÿ ïðîäîëæèòåëüíîãî ïàññèâíîãî
ðàñòÿæåíèÿ ìûøö-ðàçãèáàòåëåé ñòîïû â
óñëîâèÿõ èõ ìåõàíè÷åñêîé ðàçãðóçêè.

Â êà÷åñòâå îáúåêòà èçó÷åíèÿ áûëè âûá-
ðàíû ïîêàçàòåëè ìåõàíè÷åñêèõ îòâåòîâ
ÒÌÃ, ÿâëÿþùåéñÿ ïîñòóðàëüíîé àíòèãðà-
âèòàöèîííîé ìûøöåé [25].

ÌÅÒÎÄÈÊÀ

Â îáñëåäîâàíèè ó÷àñòâîâàëà ãðóïïà (n =
14) êëèíè÷åñêè çäîðîâûõ ìîëîäûõ ìóæ÷èí-
äîáðîâîëüöåâ, êîòîðàÿ áûëà ðàçäåëåíà íà
äâå ïîäãðóïïû. Îáñëåäóåìûå I ïîäãðóïïû
(n = 7; âîçðàñò � 30,8 ëåò ± 3,1 ëåò, ìàññà
òåëà � 79,8 êã ± 7,7 êã, ðîñò � 181,3 ñì ± 2,3
ñì) íà ïðîòÿæåíèè âñåãî ýêñïåðèìåíòà
íàõîäèëèñü íà ñòðîãîì ïîñòåëüíîì ðåæèìå,
à II ïîäãðóïïû (n = 7; âîçðàñò � 30,4 ëåò ±
1,2 ëåò, ìàññà òåëà � 70,9 êã ± 3,0 êã, ðîñò �
177,4 ñì ± 2,0 ñì) âî âðåìÿ ýêñïîçèöèè
ïðèìåíÿëè ïðîäîëæèòåëüíîå ïàññèâíîå
ðàñòÿæåíèå. Ïî ìåäèöèíñêèì ïîêàçàòåëÿì
îáñëåäóåìûå, ñîãëàñíî èñòîðèè èõ áîëåç-
íè, íè îäèí èç íèõ íå èìåë íåéðîìûøå÷íûõ
èëè ñîñóäèñòûõ çàáîëåâàíèé. Áîëåå òîãî,
îòáîð äîáðîâîëüöåâ áàçèðîâàëñÿ íà ïîêà-
çàòåëÿõ áèîõèìè÷åñêîãî àíàëèçà êðîâè,
ýëåêòðîêàðäèîãðàììû â ïîêîå è ïðè âûïîë-
íåíèè âåëîýðãîìåòðè÷å ñêîãî òå ñòà  ñî
ñòóïåí÷àòî-âîçðàñòàþùåé íàãðóçêîé. Âñå
îáñëåäóåìûå áûëè íåêóðÿùèìè, â õîðîøåì
ôèçè÷åñêîì ñîñòîÿíèè è íå óïîòðåáëÿëè
ìåäèêàìåíòîçíûõ ñðåäñòâ. Îíè áûëè ïîë-
íîñòüþ èíôîðìèðîâàíû îòíîñèòåëüíî ïðî-
öåäóð è âîçìîæíûõ ðèñêîâ, âûçâàííûõ
èññëåäîâàíèåì, è äàëè ïèñüìåííîå ñîãëàñèå
íà ó÷àñòèå â íåì. Îáñëåäóåìûì ðàçðåøà-
ëîñü â ëþáîé ìîìåíò ïî æåëàíèþ îòêàçàòüñÿ
îò äàëüíåéøåãî ó÷àñòèÿ â ýêñïåðèìåíòå.

Âñå ýêñïåðèìåíòàëüíûå ïðîöåäóðû áû-
ëè âûïîëíåíû â ñîîòâåòñòâèè ñ Õåëüñèí-

ñêîé Äåêëàðàöèåé, è ïðîãðàììà èññëåäî-
âàíèé áûëà îäîáðåíà êîìèññèåé ïî áèîìå-
äèöèíñêîé ýòèêå ïðè ÃÍÖ ÐÔ � ÈÌÁÏ ÐÀÍ.

Â êà÷åñòâå âîçäåéñòâèÿ, èìèòèðóþùåãî
âëèÿíèå ôàêòîðà íåâåñîìîñòè, èñïîëü-
çîâàëè ìîäåëü ïîñòåëüíîé ÀÍÎÃ. Äëèòåëü-
íîñòü ìåõàíè÷åñêîé ðàçãðóçêè ìûøå÷íîãî
àïïàðàòà ñîñòàâëÿëà 60 ñóò. Îáñëåäóåìûå
ïîñòîÿííî îñòàâàëèñü â àíòèîðòîñòàòè-
÷åñêîì ïîëîæåíèè, âêëþ÷àÿ ïðèåì ïèùè è
âûäåëèòåëüíûå ôóíêöèè. Âî âðåìÿ ýêñïî-
çèöèè íà ïðîòÿæåíèè 24 ÷ îíè ïîñòîÿííî
íàõîäèëèñü ïîä êîíòðîëåì ìåäèöèíñêîãî
ïåðñîíàëà è äîïîëíèòåëüíî ïðîâîäèëè
ìîíèòîðèíã èõ ïîâåäåíèÿ.

Ïàññèâíîå ðàñòÿæåíèå ìûøö-ðàçãèáà-
òåëåé ñòîïû ñîçäàâàëè âûíîñíûìè àìîðòè-
çàòîðàìè ïðîôèëàêòè÷åñêè-íàãðóçî÷íîãî
êîñòþìà «Ïèíãâèí»1 [1]. Óñèëèå àìîðòè-
çàòîðîâ (óãîë êîëåííîãî ñóñòàâà 180 ° ñîñ-
òàâëÿëî 1,5�2,5 êÃñ, ÷òî ïðèâîäèëî ê ìàê-
ñèìàëüíîìó òûëüíîìó ñãèáàíèþ ñòîïû ïîä
óãëîì 10°. Âðåìÿ ïðåáûâàíèÿ îáñëåäî-
âàííûõ â òàêîì ïîëîæåíèè, ó÷èòûâàÿ âîç-
ìîæíîñòü èçìåíåíèÿ ïîëîæåíèÿ òåëà â
òå÷åíèå äíÿ, ñîñòàâëÿëî ïðèáëèçèòåëüíî 4�
5 ÷/ñóò îò îáùåãî âðåìåíè (10 ÷) «íîøåíèÿ»
ïðîôèëàêòè÷åñêè íàãðóçî÷íîãî êîñòþìà.

Ìåòîäû è óñòàíîâêà äëÿ èçìåðåíèÿ
ïðîèçâîëüíîé è ýëåêòðè÷åñêè âûçâàííîé
(íåïðîèçâîëüíîé) ñèëû ñîêðàùåíèÿ îòäåëü-
íîé ìûøöû ó ÷åëîâåêà â óñëîâèÿõ in situ
îïèñàíû ðàíåå [5]. Îáñëåäóåìûé óäîáíî
ðàñïîëàãàëñÿ â ñïåöèàëüíîì êðåñëå ïðè
ñòàíäàðòíîé ïîçèöèè � óãîë â ãîëåíî-
ñòîïíîì, êîëåííîì è òàçîáåäðåííîì ñóñòà-
âàõ ñîñòàâëÿë 90°. Êîíå÷íîñòü æåñòêî ôèê-
ñèðîâàëè, ñîçäàâàÿ òàêèì îáðàçîì èçîìåò-
ðè÷åñêèé ðåæèì ñîêðàùåíèÿ ìûøöû.
Äèíàìîìåòð, ïðåäñòàâëÿþùèé ñòàëüíîå
êîëüöî ñ âìîíòèðîâàííûìè â íåãî òåíçîäàò-
÷èêàìè, ïëîòíî ïðèæèìàëè ê àõèëëîâó
ñóõîæèëèþ ìûøöû. Ïðè ñîêðàùåíèè ìûø-
öû ïðîèñõîäèëà ìåõàíè÷åñêàÿ äåôîðìàöèÿ
òåíçîäàò÷èêîâ äèíàìîìåòðà, êîòîðûå óñè-
ëèòåëåì (òèï «ÀÍ×-7ì»; ÑÑÑÐ) ïðåîáðà-

_______________
1 Èññëåäîâàíèå âûïîëíåíî ñîòðóäíèêîì ÎÀÎ ÍÏÏ «Çâåçäà» Â.Ì. Ñèíèãèíûì.

Íåðâíî-ìûøå÷íûå îòâåòû òðåõãëàâîé ìûøöû ãîëåíè
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çîâûâàëàñü â ýëåêòðè÷åñêèå ñèãíàëû ñ
ïîñëåäóþùåé çàïèñüþ ìåõàíîãðàììû íà
ñâåòîëó÷åâîì îñöèëëîãðàôå (òèï «Ê-115»,
ÑÑÑÐ). Ñòåïåíü ïðèæàòèÿ äàò÷èêà ñîñòà-
âëÿëà 5 êã è îñòàâàëàñü ïîñòîÿííîé íà
ïðîòÿæåíèè èññëåäîâàíèÿ. Äî è ïîñëå
èññëåäîâàíèÿ äèíàìîìåòð êàëèáðîâàëè,
íàãðóæàÿ åãî ðàçëè÷íîé ìàññîé.

Ñîêðàòèòåëüíûå ñâîéñòâà ÒÌÃ èññëå-
äîâàëè äâàæäû � çà 10�8 ñóò äî íà÷àëà
ýêñïåðèìåíòà è  íà  2�3-è ñóòêè ïîñëå
îòìåíû ïîñòåëüíîãî ðåæèìà è îöåíèâàëè
èõ ïî ìåõàíè÷åñêèì ïîêàçàòåëÿì ïðîèç-
âîëüíîãî  è  ýëåêòðè÷åñêè  âûçâàííîãî
ñîêðàùåíèÿ (îäèíî÷íîãî, ïàðíîãî è òåòàíè-
÷åñêîãî).

Ïåðåä âûïîëíåíèåì ïðîèçâîëüíîãî (ïðè
âîëåâîì óñèëèè ñàìîãî îáñëåäóåìîãî)
ñîêðàùåíèÿ êàæäîãî îáñëåäîâàííîãî èíñò-
ðóêòèðîâàëè êàê ðåàãèðîâàòü íà çâóêîâîé
ñèãíàë «ñîêðàòèòü ìàêñèìàëüíî ñèëüíî»,
ïðåäîñòàâëÿëè îò 2 äî 3 ïîïûòîê ìàêñè-
ìàëüíûõ ñîêðàùåíèé. Íàèëó÷øóþ èç 3
ïîïûòîê ïðèíèìàëè çà çíà÷åíèå ìàêñè-
ìàëüíîé ïðîèçâîëüíîé ñèëû (ÌÏÑ), à åñëè
3-ÿ ïîïûòêà áûëà íàèáîëüøåé, òî âûïîë-
íÿëàñü 4-ÿ, è åñëè îíà áûëà áîëüøåé, òî
èçìåðåíèå ïîâòîðÿëè ïîêà íå óñòàíîâèòñÿ
ìàêñèìóì. Èíòåðâàë îòäûõà ìåæäó êàæ-
äîé ïîïûòêîé ñîñòàâëÿë íå ìåíåå 1 ìèí.

Èçîìåòðè÷åñêèå îäèíî÷íûå, ïàðíûå è
òåòàíè÷åñêèå ñîêðàùåíèÿ ÒÌÃ âûçûâàëè
ýëåêòðè÷åñêèì ðàçäðàæåíèåì n. tibialis,
èñïîëüçóÿ ïðÿìîóãîëüíûå èìïóëüñû äëè-
òåëüíîñòüþ 1 ìñ ñóïðàìàêñèìàëüíîé ñèëû
è ÷àñòîòîé 150 èìï./ñ [5] îò óíèâåðñàëüíîãî
íåéðîìûøå÷íîãî ýëåêòðîñòèìóëÿòîðà (òèï
«ÝÑÓ-1», ÑÑÑÐ) ÷åðåç èçîëèðóþùóþ ïðèñ-
òàâêó. Îáùàÿ äëèòåëüíîñòü òåòàíè÷åñêîro
ðàçäðàæåíèÿ ñîñòàâëÿëà 0,5 ñ.

Äëÿ ñòèìóëÿöèè n. tibialis èñïîëüçîâàëè
ìîíîïîëÿðíûé ýëåêòðîä � àêòèâíûé ýëåêò-
ðîä (êàòîä) äèàìåòðîì 1 ñì óñòàíàâëèâàëè
ïîä êîëåííîé ÿìêîé (ìåñòî íàèìåíüøåãî
ñîïðîòèâëåíèÿ), à ïàññèâíûé (àíîä) ðàçìå-
ðîì 6 õ 4 ñì � íà íèæíåé òðåòè ïåðåäíåé

ïîâåðõíîñòè áåäðà.  Áîëüøîé ýëåêòðîä
çàçåìëåíèÿ (7,5 õ 6,5 ñì) óñòàíàâëèâàëè â
ïðîêñèìàëüíîé ÷àñòè ãîëåíè ìåæäó îòâî-
äÿùèìè è ðàçäðàæàþùèì ýëåêòðîäàìè.
Ïîëîæåíèå ñòèìóëèðóþùèõ ýëåêòðîäîâ
ïîäáèðàëè  òàê ,  ÷òîáû ïðè  íåêîòîðîé
«ìèíèìàëüíîé» ñèëå ðàçäðàæåíèÿ ðåãèñò-
ðèðîâàòü (ïî ÝÌÃ çàëïó m. soleus) ïðÿìîé
íàèáîëüøèé îòâåò ìûøöû (Ì-îòâåò). Â
äàëüíåéøåì ðàçäðàæåíèå óâåëè÷èâàëè â
1,5�2 ðàçà, ÷òî ïîçâîëÿëî èñïîëüçîâàòü
ñóïðàìàêñèìàëüíóþ ñèëó ðàçäðàæåíèÿ (íà
30�40 % áîëüøå «ìèíèìàëüíîé» ñèëû, ïðè
êîòîðîé  âïåðâûå  äî ñòèãàåò ñÿ  ìàêñè-
ìàëüíûé ýëåêòðè÷åñêèé îòâåò ìûøöû � Ì-
îòâåò). Äëÿ ðåãèñòðàöèè Ì-îòâåòà ìûøöû
ïðèìåíÿëè ïîâåðõíîñòíûå áèïîëÿðíûå
÷àøå÷íûå (8 ìì) Ag�AgCl-ýëåêòðîäû ñ
ìåæýëåêòðîäíûì ðàññòîÿíèåì 25 ìì, êî-
òîðûå óñòàíàâëèâàëè íà m. soleus è ðàñïî-
ëàãàëè íà óðîâíå 6 ñì íèæå ãîëîâîê m. gas-
trocnemius ïî ñðåäíåé ëèíèè m. soleus.

Àìïëèòóäà ñîêðàùåíèÿ ìûøöû â îòâåò
íà îäèíî÷íûé ýëåêòðè÷åñêèé èìïóëüñ,
ïðèëîæåííûé ê  äâèãàòåëüíîìó íåðâó,
ÿâëÿëàñü ïîêàçàòåëåì èçîìåòðè÷åñêîé
ñèëû îäèíî÷íîãî ñîêðàùåíèÿ (Ð

îñ
), à ïðè

òåòàíè÷åñêîé ðèòìè÷åñêîé ñòèìóëÿöèè �
ïîêàçàòåëåì ìàêñèìàëüíîé  ñèëû (Ð

î
)

ñîêðàùåíèÿ ÒÌÃ (ðèñ. 1).
Äëÿ êîëè÷åñòâåííîé îöåíêè ñòåïåíè

ñîâåðøåíñòâà öåíòðàëüíî-íåðâíûõ (êîîð-
äèíàöèîííûõ) ìåõàíèçìîâ óïðàâëåíèÿ
ïðîèçâîëüíûì äâèæåíèåì [5]  ðàññ÷è-
òûâàëè âåëè÷èíó ñèëîâîãî äåôèöèòà (Ð

ä
),

îïðåäåëÿåìóþ êàê äåëüòà ìåæäó Ð
î
 è ÌÏÑ

(ñì. ðèñ. 1).
Ïðè ïàðíîì ðàçäðàæåíèè âòîðîé ýëåêò-

ðè÷åñêèé èìïóëüñ ïîäàâàëè ñ èíòåðâàëîì
â 3, 4, 5, 10, 20 è 50 ìñ ïîñëå ïåðâîãî [5] è
îïðåäåëÿëè ìàêñèìàëüíóþ àìïëèòóäó
âòîðîãî (ñóììèðîâàííîãî) ìåõàíè÷åñêîãî
îòâåòà ÒÌÃ.

Ïî òåíäîãðàììå  èçîìåò ðè÷å ñêîãî
îäèíî÷íîãî ñîêðàùåíèÿ ÒÌÃ â îòâåò íà
îäèíî÷íûé ýëåêòðè÷åñêèé èìïóëüñ, ïðèëî-
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æåííûé ê n. tibialis, ðàññ÷èòûâàëè âðåìåí-
íûå ïîêàçàòåëè ðàçâèòèÿ Ð

îñ
 (ñì. ðèñ. 1).

Ðàññ÷èòûâàëè: âðåìÿ îò ìîìåíòà ðàçä-
ðàæåíèÿ äî ïèêà Ðîñ (âðåìÿ îäèíî÷íîãî
ñîêðàùåíèÿ � ÂÎÑ), âðåìÿ îò ïèêà äî
ïîëîâèíû ðàññëàáëåíèÿ � 1/2 ÏÐ è âðåìÿ
îò ìîìåíòà ðàçäðàæåíèÿ äî ïîëíîãî ðàñ-
ñëàáëåíèÿ (îáùåå âðåìÿ ñîêðàùåíèÿ �
ÎÂÑ). Òî÷íîñòü èçìåðåíèé ñîñòàâëÿëà 2 ìñ.

Ïî  òåíäîãðàììå  èçîìåòðè÷å ñêîãî
ïðîèçâîëüíîãî ñîêðàùåíèÿ ÒÌÃ, âûïîë-
íåííîãî ïðè óñëîâèè «ñîêðàòèòü ìàêñè-
ìàëüíî áûñòðî è ñèëüíî», ðàññ÷èòûâàëè
âðåìÿ íàðàñòàíèÿ ìûøå÷íîãî ñîêðàùåíèÿ,
èñïîëüçóÿ «îòíîñèòåëüíûå ïîêàçàòåëè»,
ò.å. âðåìÿ äîñòèæåíèÿ 25-, 50-, 75- è 90%-
ãî óðîâíÿ íàïðÿæåíèÿ (ñì. ðèñ. 1). Àíàëî-
ãè÷íî ïî òåíäîãðàììå ýëåêòðè÷åñêè âûç-
âàííîãî ñîêðàùåíèÿ ïðè ñòèìóëÿöèè n. tibi-
alis ñ ÷àñòîòîé 150 èìï./ñ [5] îïðåäåëÿëè
âðåìÿ íàðàñòàíèÿ ýëåêòðè÷åñêè âûçâàí-
íîãî ñîêðàùåíèÿ.  Òî÷íîñòü èçìåðåíèÿ
ñîñòàâëÿëà 2 ìñ. Ìàêñèìàëüíóþ ñêîðîñòü
(dP/dt) ðàçâèòèÿ èçîìåòðè÷åñêîãî íàïðÿ-
æåíèÿ îïðåäåëÿëè äèôôåðåíöèðîâàíèåì
êðèâîé ñèëà-âðåìÿ ñ ïîìîùüþ àíàëîãîâîé
ìàøèíû («òèï «ÌÍ-10 ì», ÑÑÑÐ).

Ïðè îáðàáîòêå ïîëó÷åííûõ ðåçóëüòàòîâ

èññëåäîâàíèÿ ðàññ÷èòûâàëè ñðåäíþþ è
ñòàíäàðòíóþ îøèáêó ñðåäíåé (Ì ± m).
Ñòàòèñòè÷åñêîå çíà÷åíèå ìåæäó ãðóïïàìè
îïðåäåëÿëè, èñïîëüçóÿ îäíîñòîðîííèé
äèñïåðñèîííûé àíàëèç (ANOVA). Ðàçëè÷èå
ìåæäó ôîíîâûìè (êîíòðîëüíûìè) ïîêàçà-
òåëÿìè è ïîêàçàòåëÿìè, çàðåãèñòðèðîâàí-
íûìè ïîñëå ÀÍÎÃ, îöåíèâàëè ñ ïîìîùüþ
ïàðàìåòðè÷åñêîãî êðèòåðèÿ t Ñòüþäåíòà,
çíà÷åíèå P < 0,05 ïðèíèìàëè êàê ñóùåñò-
âåííîå.

ÐÅÇÓËÜÒÀÒÛ

ÀÍÎÃ áåç ïàññèâíîãî ðàñòÿæåíèÿ ìûøöû.
Ñèëîâûå ñâîéñòâà. Ôîíîâûå èññëåäîâàíèÿ
ôóíêöèîíàëüíûõ ñâîéñòâ ÍÌÀ ïîêàçàëè,
÷òî èçó÷àåìûå ïîêàçàòåëè íàõîäèëèñü â
ïðåäåëàõ ôèçèîëîãè÷åñêîé íîðìû, è ïî
ñâîèì ôóíêöèîíàëüíûì âîçìîæíîñòÿì âñå
îáñëåäóåìûå ìîãëè áûòü îõàðàêòåðèçî-
âàíû êàê ïðàêòè÷åñêè çäîðîâûå ëþäè,
âåäóùèå îáû÷íûé äâèãàòåëüíûé îáðàç
æèçíè. Èññëåäîâàíèÿ, âûïîëíåííûå ïîñëå
ìåõàíè÷åñêîé ðàçãðóçêè, âûÿâèëè ïðåæäå
âñåãî îáùóþ îäíîíàïðàâëåííîñòü èçìå-
íåíèé òåñòèðóåìûõ ìûøå÷íûõ ñâîéñòâ.

Àíàëèç èçìåíåíèé ñèëîâûõ ñâîéñòâ

Ðèñ. 1. Ïðèìåð ðàçâèòèÿ èçîìåòðè÷åñêîãî îäèíî÷íîãî ñîêðàùåíèÿ (à), èçîìåòðè÷åñêîãî òåòàíè÷åñêîãî è
ïðîèçâîëüíîãî íàïðÿæåíèÿ (á) ÷åëîâåêà. ÂÎÑ � âðåìÿ îäèíî÷íîãî ñîêðàùåíèÿ, 1/2 ÏÐ � âðåìÿ ïîëóðàññëàáëåíèÿ,
ÎÂÑ � îáùåå âðåìÿ ñîêðàùåíèÿ, Ð

îñ
 � ñèëà îäèíî÷íîãî ñîêðàùåíèÿ
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ÒÌÃ ïîñëå ïðåáûâàíèÿ â óñëîâèÿõ 60-ñó-
òî÷íîé ÀÍÎÃ, îáíàðóæèë äîñòîâåðíîå ñíè-
æåíèå ñèëû ñîêðàùåíèÿ ìûøöû (ðèñ. 2,a,
âåðõíÿÿ ïàíåëü). Òàê, èçîìåòðè÷åñêàÿ Ð

îñ

óìåíüøèëàñü â ñðåäíåì íà 17,3 % (P <
0,05); ÌÏÑ � íà 33,5 % (P < 0,05) è Ð

î  
� íà

18,0 % (Ð < 0,05).
ÌÏÑ ÒÌÃ êàê äî, òàê è ïîñëå ýêñïåðè-

ìåíòàëüíûõ âîçäåéñòâèé áûëà ïîñòîÿííî
ìåíüøå,  ÷åì Ð

î
 ìûøöû è ñîñòàâèëà â

ñðåäíåì 78,5 è 62,8 % (P < 0,001). Òàêèì
îáðàçîì, âåëè÷èíà ñèëîâîãî äåôèöèòà (Ð

ä
),

óêàçûâàþùàÿ íà ñòåïåíü ñîâåðøåíñòâà
öåíòðàëüíîãî çâåíà óïðàâëåíèÿ ìûøå÷íûì
àïïàðàòîì, ñîñòàâëÿëà â ôîíîâûõ èññëå-
äîâàíèÿõ â ñðåäíåì 23,1 % ± 4,8 %, à ïîñëå
ýêñïåðèìåíòàëüíûõ âîçäåéñòâèé � 37,2 % ±
6,6 % (Ð < 0,001; ñì. ðèñ. 2,á,à).

Äèíàìèêà èçîìåòðè÷åñêîé ñèëû ÒÌÃ
ïðè ïàðíîé ñòèìóëÿöèè äâèãàòåëüíîãî
íåðâà ñóïðàìàêñèìàëüíîé èíòåíñèâíîñòüþ,

êîãäà âòîðîé ñòèìóë íàíîñèëñÿ ÷åðåç 3, 4,
5, 10, 20, 50 ìñ ïîñëå ïåðâîãî, ãðàôè÷åñêè
ïðåäñòàâëåíà íà ðèñ. 3. Íàèáîëüøàÿ ñèëà
ñîêðàùåíèÿ ÒÌÃ äî ÀÍÎÃ îòìå÷àåòñÿ
ïðè èíòåðâàëàõ ìåæäó èìïóëüñàìè 4�10 ìñ,
à ïîñëå ÀÍÎÃ � 4�20 ìñ è óìåíüøåíèå èëè
óâåëè÷åíèå èíòåðâàëîâ ìåæäó óêàçàííûìè
èìïóëüñàìè ñîïðîâîæäàåòñÿ óìåíüøåíèåì
ñèëû (Ð < 0,05), íå èçìåíÿÿ îáùåé òåíäåí-
öèè ðàçâèòèÿ íàïðÿæåíèÿ ìûøöû (ñì. ðèñ.
3,à). Îäíîâðåìåííî èçìåíÿëñÿ õàðàêòåð
ðàñïîëîæåíèÿ êðèâûõ ïðè îäíîì è òîì æå
ìåæèìïóëüñíîì èíòåðâàëå: îòíîñèòåëüíûé
ïðèðîñò ñèëû ñîêðàùåíèÿ ÒÌÃ íà âòîðîé
èìïóëüñ ðàçëè÷àëñÿ: íàèáîëüøèé îí áûë
ïîñëå ÀÍÎÃ ïî ñðàâíåíèþ ñ èñõîäíîé
âåëè÷èíîé (Ð < 0,001).

Ñêîðîñòíûå ñâîéñòâà. Àíàëèç ñðåäíåãî
âðåìåíè ðàçâèòèÿ èçîìåòðè÷åñêîé Ð

îñ
 ÒÌÃ

ïî ñëå  ÀÍÎÃ íå  îáíàðóæèë çíà÷èìûõ
èçìåíåíèé ÂÎÑ ÒÌÃ. Ïîêàçàòåëü 1/2 ÏÐ

Ðèñ. 2. Âëèÿíèå 60-ñóòî÷íîé àíòèîðòîñòàòè÷åñêîé ãèïîêèíåçèè (ÀÍÎÃ) áåç ïàññèâíîãî (à) è ñ ïðèìåíåíèåì
ïðîäîëæèòåëüíîãî ïàññèâíîãî ðàñòÿæåíèÿ (á) íà ñèëó ñîêðàùåíèÿ � À (² � ñèëà îäèíî÷íîãî ñîêðàùåíèÿ,
²² � ìàêñèìàëüíàÿ ïðîèçâîëüíàÿ ñèëà, ²²² � ìàêñèìàëüíàÿ ñèëà) è ñèëîâîé äåôèöèò � Á: 1 � äî, 2 � ïîñëå ÀÍÎÃ
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ÒÌÃ ïîñëå ÀÍÎÃ óìåíüøèëñÿ â ñðåäíåì
íà 7,2 % (Ð<0,05�0,01), à ÎÂÑ ÒÌÃ óâåëè-
÷èëîñü íà 1,3 %.

Ñêîðîñòíî-ñèëîâûå ñâîéñòâà. Óìåíü-
øåíèå  ÌÏÑ (33 ,5  %)  áûëî ñâÿçàíî  ñ
ñóùå ñòâåííûì çàìåäëåíèåì ñêîðîñòè
ðàçâèòèÿ íàïðÿæåíèÿ âî âðåìÿ âûïîëíåíèÿ
«âçðûâíîãî» ïðîèçâîëüíîãî èçîìåòðè÷åñ-
êîãî ñîêðàùåíèÿ (ðèñ. 4, à), è óìåíüøåíèåì
ìàêñèìàëüíîé dP

ïñ
/dt ,  êîãäà èçìåðåíèå

áûëî âûïîëíåíî â àáñîëþòíûõ âåëè÷èíàõ.
Íîðìàëèçîâàííàÿ (% ÌÏÑ) âåëè÷èíà dP

ïñ
/

dt óìåíüøèëàñü íà 18,7 %.
Àíàëèç ýëåêòðè÷åñêè âûçâàííûõ ñîêðà-

ùåíèé ÒÌÃ íå îáíàðóæèë ñóùåñòâåííûõ
ðàçëè÷èé êðèâûõ ñèëà�âðåìÿ (ñì. ðèñ. 4,
à )  è  ìàêñèìà ëüíîé  dP

ò ñ
/d t ,  òîãäà  êàê

ìàêñèìàëüíàÿ íîðìàëèçîâàííàÿ âåëè÷èíà
dP

òñ
/dt óâåëè÷èëàñü íà 23,6 %.

ÀÍÎÃ ñ ïàññèâíûì ðàñòÿæåíèåì ìûøöû.
Ñèëîâûå ñâîéñòâà. Ïîñëå  60-ñóòî÷íîé

ÀÍÎÃ âñå ñèëîâûå ïîêàçàòåëè ÒÌÃ áûëè
çíà÷èòåëüíî ñíèæåíû ïî ñðàâíåíèþ ñ
èñõîäíûìè çíà÷åíèÿìè (ñì. ðèñ. 2,à). Òàê,
èçîìåòðè÷åñêàÿ Ð

îñ
 óìåíüøàëàñü â ñðåä-

íåì íà 17 % (Ð < 0,05), ÌÏÑ � íà 43,0 %,
Ð

î
 � íà 19,4 % (Ð < 0,05). ÌÏÑ êàê äî, òàê

è ïîñëå ÀÍÎÃ áûëà ïîñòîÿííî ìåíüøå ïî
ñðàâíåíèþ ñ Ð

î
.

Çíà÷åíèå Ð
ä
 ïîñëå ÀÍÎÃ ñ èñïîëüçîâà-

íèåì ïðîäîëæèòåëüíîãî ïàññèâíîãî ðàñòÿ-
æåíèÿ ÒÌÃ óâåëè÷èëîñü íà 100 % (Ð < 0,02;
ñì. ðèñ. 2, á).

Äèíàìèêà èçìåíåíèé èçîìåòðè÷åñêîé
ñèëû ÒÌÃ ïðè ïàðíîé ñòèìóëÿöèè äâèãà-
òåëüíîãî íåðâà ñóïðàìàêñèìàëüíîé èíòåí-
ñèâíîñòüþ, êîãäà âòîðîé ñòèìóë íàíîñèëñÿ
÷åðåç 3, 4, 5, 10, 20, 50 ìñ ïîñëå ïåðâîãî,
ãðàôè÷åñêè ïðåäñòàâëåíà íà ðèñ. 3, á. Êàê
ñëåäóåò  èç  àíàëèçà  ðåçóëüòàòîâ ,  íàè-
áîëüøàÿ ñèëà ñîêðàùåíèÿ ÒÌÃ äî ÀÍÎÃ
îòìå÷àåòñÿ ïðè èíòåðâàëàõ ìåæäó èìïóëü-
ñàìè 4�20 ìñ, à ïîñëå ÀÍÎÃ ñ ïðèìåíå-

Ðèñ. 3. Âëèÿíèå àíòèîðòîñòàòè÷åñêîé ãèïîêèíåçèè (ÀÍÎÃ) áåç ïàññèâíîãî ðàñòÿæåíèÿ íà çàâèñèìîñòü ìàêñèìàëüíîé
ñèëû ñîêðàùåíèÿ (% àìïëèòóäû ïàðíîãî ðàçäðàæåíèÿ) îò ìåæèìïóëüñíîãî èíòåðâàëà (à) è ñ ïðèìåíåíèåì
ïðîäîëæèòåëüíîãî ïàññèâíîãî ðàñòÿæåíèÿ òðåõãëàâîé ìûøöû ãîëåíè (á): 1 � äî, 2 � ïîñëå ÀÍÎÃ

Íåðâíî-ìûøå÷íûå îòâåòû òðåõãëàâîé ìûøöû ãîëåíè
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íèåì ïðîäîëæèòåëüíîãî ïàññèâíîãî ðàñòÿ-
æåíèÿ � 4�5 ìñ è óìåíüøåíèå èëè óâåëè-
÷åíèå ìåæèìïóëüíûõ èíòåðâàëîâ ñâåðõ
óêàçàííûõ ñîïðîâîæäàåòñÿ ñóùåñòâåííûì
åå ñíèæåíèåì (Ð<0,05), îñîáåííî ïîñëå
ðàñòÿæåíèÿ, íå èçìåíÿÿ îáùåé òåíäåíöèè
ðàçâèòèÿ íàïðÿæåíèÿ ìûøöû. Îäíàêî
èçìåíÿëñÿ îáùèé õàðàêòåð ðàñïîëîæåíèÿ
êðèâûõ ïðè îäíîì è òîì æå ìåæèìïóëüñ-
íîì èíòåðâàëå: îòíîñèòåëüíûé ïðèðîñò
ñèëû ñîêðàùåíèÿ ÒÌÃ íà âòîðîé èìïóëüñ
ðàçëè÷àëñÿ äî è ïîñëå ÀÍÎÃ � íàèìåíüøèé
îí áûë ïîñëå  ÀÍÎÃ ïî  ñðàâíåíèþ ñ
èñõîäíûì çíà÷åíèåì (Ð < 0,001).

Ñêîðîñòíûå ñâîéñòâà. ÂÎÑ è 1/2 ÏÐ
ÒÌÃ ïîñëå ìåõàíè÷åñêîé ðàçãðóçêè ñ
èñïîëüçîâàíèåì ïðîäîëæèòåëüíîãî ïàññèâ-
íîãî ðàñòÿæåíèÿ ìûøö-ðàçãèáàòåëåé ñòîïû
ïðàêòè÷åñêè íå èçìåíèëèñü. Òàê, ÂÎÑ
ïîñëå 60-ñóòî÷íîé ÀÍÎÃ ñîñòàâèëî 133 ±

7 ïî ñðàâíåíèþ 132 ìñ ±5 ìñ; à 1/2 ÏÐ �
97 ± 3 ïðîòèâ 96 ìñ ± 10 ìñ ñîîòâåò-
ñòâåííî.ÎÂÑ íåçíà÷èòåëüíî óâåëè÷èëîñü
íà 6,5 % (Ð < 0,05).

Ñêîðîñòíî-ñèëîâûå ñâîéñòâà. Àíàëèç
ðåçóëüòàòîâ èçìåíåíèÿ âðåìåíè (îáðàòíàÿ
âåëè÷èíà ñêîðîñòè) íàðàñòàíèÿ èçîìåòðè-
÷åñêîãî ñîêðàùåíèÿ ÒÌÃ ïîñëå ÀÍÎÃ
îáíàðóæèë, âî-ïåðâûõ, ÷òî ñêîðîñòü íàðàñ-
òàíèÿ èçîìåòðè÷åñêîãî íàïðÿæåíèÿ ÒÌÃ
ïðè ïðîèçâîëüíîì «âçðûâíîì» ñîêðàùåíèè
çíà÷èòåëüíî ìåíüøå, ÷åì ïðè ýëåêòðè÷åñêè
âûçâàííîì ñîêðàùåíèè è, âî-âòîðûõ, êðèâûå
ñèëà�âðåìÿ ñóùåñòâåííî ðàçëè÷àþòñÿ (ñì.
ðèñ. 4, á). Ñíèæåíèå ÌÏÑ (43,0 %) ñîïðî-
âîæäàëîñü áîëüøèì çàìåäëåíèåì âðåìåíè
(îáðàòíàÿ âåëè÷èíà ñêîðîñòè) ðàçâèòèÿ
ïðîèçâîëüíîãî èçîìåòðè÷åñêîãî ñîêðàùåíèÿ
ìûøöû «âçðûâíîãî» òèïà è ñíèæåíèåì
ìàêñèìàëüíîé dP

ïñ
/dt (äî ÀÍÎÃ 0,39 ± 0,03

Ðèñ. 4. Âëèÿíèå 60-ñóòî÷íîé àíòèîðòîñòàòè÷åñêîé ãèïîêèíåçèè (ÀÍÎÃ) áåç ïàññèâíîãî ðàñòÿæåíèÿ òðåõãëàâîé
ìûøöû ãîëåíè (à) è ñ ïðèìåíåíèåì ïðîäîëæèòåëüíîãî ïàññèâíîãî ðàñòÿæåíèÿ (á) íà èçìåíåíèå êðèâûõ ñèëà�âðåìÿ
ýëåêòðè÷åñêè âûçâàííîãî è ïðîèçâîëüíîãî ñîêðàùåíèé ìûøöû: 1 � äî, 2 � ïîñëå ÀÍÎÃ
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ïîñëå 0,13 êã . ìñ-1 ± 0,05 êã . ìñ-1), êîãäà
âûðàæàëè â àáñîëþòíûõ âåëè÷èíàõ. Íîðìà-
ëèçîâàííàÿ (% îò ÌÏÑ) âåëè÷èíà dP

ïñ
/dt

óâåëè÷èëàñü íà 12,5 % (Ð < 0,05).
Àíàëèç êðèâàÿ ñèëà�âðåìÿ ýëåêòðè-

÷åñêè âûçâàííîãî òåòàíè÷åñêîãî ñîêðàùå-
íèÿ ÒÌÃ ïîêàçûâàåò ñíèæåíèå ñêîðîñòè
íàðàñòàíèÿ èçîìåòðè÷åñêîãî íàïðÿæåíèÿ
(ñì. ðèñ. 4, á) è óìåíüøåíèå ìàêñèìàëüíîé
dP

òñ
/dt (äî ÀÍÎÃ 0,84 ± 0,04 ïîñëå 0,78 êã .

ìñ-1± 0,02 êã . ìñ-1), êîãäà èçìåðåíèå áûëî
âûïîëíåíî  â  àáñîëþòíûõ âåëè÷èíàõ .
Íîðìàëèçîâàííàÿ (% ÌÏÑ) âåëè÷èíà dP

òñ
/

dt óâåëè÷èëàñü íà 14,9 % (Ð < 0,05).

ÎÁÑÓÆÄÅÍÈÅ

ÀÍÎÃ áåç ïàññèâíîãî ðàñòÿæåíèÿ.
Â ðàáîòå ïîêàçàíî, ÷òî ñîêðàòèòåëüíûå
ñâîéñòâà ìåäëåííî ñîêðàùàþùåéñÿ ÒÌÃ
[4] îòíîñèòåëüíî áûñòðî èçìåíÿþòñÿ ïîä
âîçäåéñòâèåì ìåõàíè÷åñêîé ðàçãðóçêè,
äîïîëíÿÿ,  òàêèì îáðàçîì, ðàíåå ïîëó-
÷åííûå äàííûå [5, 38, 39].

Áûñòðàÿ ïðèðîäà èçìåíåíèé õàðàêòå-
ðèñòèê êðèâîé ðàçâèòèÿ èçîìåòðè÷åñêîé Ð

îñ

(ÂÎÑ è 1/2 ÏÐ), ñ îäíîé ñòîðîíû, ìîæåò
áûòü îáúÿñíåíà, îòíîñèòåëüíî áîëüøåé
àòðîôèåé ìåäëåííî ñîêðàùàþùèõñÿ âîëî-
êîí (òèïà I), êîòîðûå ñîñòàâëÿþò áîëü-
øèíñòâî ÒÌÃ [34], à ñ äðóãîé ñòîðîíû, �
äëèòåëüíîñòüþ ïðîöåññîâ âûñâîáîæäåíèÿ
è ïîòðåáëåíèÿ Ñà2+ ñàðêîïëàçìàòè÷åñêèì
ðåòèêóëóìîì (ÑÐ) â ðåçóëüòàòå ìåõàíè-
÷åñêîé ðàçãðóçêè ìûøöû [17]. Ïåðâè÷íûì
òðèããåðîì ýòèõ èçìåíåíèé ìîæåò áûòü
èçìåíåíèå ñêîðîñòè âûäåëåíèÿ Ñà2+ èç
ìèîôèáðèëëÿðíûõ áåëêîâ [17].  Óìåíü-
øåíèå ñêîðîñòè ïîòðåáëåíèÿ Ñà2+ îòìå-
÷àåòñÿ ïðè íåèñïîëüçîâàíèè ìûøöû [37].
Ñíèæåíèå ñêîðîñòè âûñâîáîæäåíèÿ Ñà2+

îòðàçèòñÿ ëèáî íà óâåëè÷åíèè âðåìåíè
êðèâîé ðàçâèòèÿ Ð

îñ
, ëèáî ïîçâîëèò ðàçâèòü

áîëüøóþ âåëè÷èíó Ð
îñ

.
Ïðèðîäó ñíèæåíèÿ Ð

îñ
 òðóäíî îáúÿñ-

íèòü. Ïåðâè÷íûé ôàêòîð îáúÿñíåíèé ýòèõ

èçìåíåíèé ìîæåò áûòü ñâÿçàí ñ èçìåíå-
íèÿìè â ôóíêöèè ÑÐ [17].  Îäíàêî ýòî
òðóäíî ïðåäñòàâèòü, ïîñêîëüêó âëèÿíèå ÑÐ
íà  Ð

îñ
 «ìàñêèðóåòñÿ»  àòðîôè÷åñêèìè

ïðîöåññàìè, íî òåì íå ìåíåå, ýòî ïðåä-
ñòàâëÿåò èíòåðåñ, ò.ê. ïðåäïîëàãàåòñÿ, ÷òî
èçìåíåíèå Ð

îñ
 ïðîèñõîäèò áëàãîäàðÿ èçìå-

íåíèÿì â ÑÐ. Èçìåíåíèÿ â êèíåòèêå ìå-
õàíè÷åñêèõ îòâåòîâ ïðè ïàðíîì ðàçäðà-
æåíèè ñ ðàçíûìè ìåæèìïóëüñíûìè èí-
òåðâàëàìè óêàçûâàåò íà èçìåíåíèå ñîäåð-
æàíèÿ Ñà2+ â ìûøöå. Óìåíüøåíèå äëè-
òåëüíîñòè îäèíî÷íîãî ñîêðàùåíèÿ ÒÌÃ ìî-
æåò áûòü îò÷àñòè ñëåäñòâèåì ñíèæåíèÿ Ð

îñ
.

Êðîìå òîãî, èçìåíåíèå â ïîêàçàòåëÿõ
Ð

îñ
 ìîæåò  áûòü  ïðè÷èíîé èçìåíåíèé

÷óâñòâèòåëüíîñòè ìûøöû ïîñëå ìåõà-
íè÷åñêîé ðàçãðóçêè, êàê îòìå÷àëîñü ðàíåå
[30], è ìûøå÷íîé òåìïåðàòóðû. Ìû ïðåä-
ïîëàãàåì,  ÷òî  â  íàøåì ýêñïåðèìåíòå
ïîñòåëüíûé ðåæèì � ïðè÷èíà óìåíüøåíèÿ
÷óâñòâèòåëüíîñòè ìûøöû.  Êîëåáàíèå
òåìïåðàòóðû òåëà òàêæå ìîæåò áûòü ïðè-
÷èíîé èçìåíåíèÿ òåìïåðàòóðû ìûøöû è
òàêèì îáðàçîì âëèÿòü íà  èõ ñîêðàòè-
òåëüíûå  ñâîéñòâà  [21] .  Â  íàñòîÿùåì
èññëåäîâàíèè ó âñåõ îáñëåäîâàííûõ íåïðå-
ðûâíî êîíòðîëèðîâàëàñü òåìïåðàòóðà òåëà,
êîòîðàÿ áûëà â ïðåäåëàõ ôèçèîëîãè÷åñêîé
íîðìû (36,4�36,6°C). Ñíèæåíèå òåìïå-
ðàòóðû â ïðåäåëàõ 5°C ðàññìàòðèâàåòñÿ
êàê ôèçèîëîãè÷åñêàÿ íîðìà.  ÀÍÎÃ íå
«ñóõàÿ» âîäíàÿ èììåðñèÿ, êîãäà äåéñò-
âèòåëüíî îòìå÷àåòñÿ íåêîòîðîå ñíèæåíèå
òåìïåðàòóðû òåëà (2). Îäíàêî óìåíüøåíèå
íàñòîëüêî íåçíà÷èòåëüíîå,  ÷òî ýòî íå
ìîæåò áûòü ñâÿçàíî ñî ñêîðîñòüþ ðàñïðî-
ñòðàíåíèÿ íåðâíîãî èìïóëüñà ïî ìûøå÷-
íîìó âîëîêíó [9] è â ýòîì ñëó÷àå ìîæíî
ïðîèãíîðèðîâàòü âîçìîæíîñòü âëèÿíèÿ
ýòîãî ôàêòîðà.

Óìåíüøåíèå Ð
îñ

, íàáëþäàåìîé â íàñ-
òîÿùåì èññëåäîâàíèè ,  ñîãëàñóåò ñÿ  ñ
ïðåäûäóùèìè äàííûìè, êîòîðûå ïîêàçàëè
ñíèæåíèå ìûøå÷íîé ñèëû âî âðåìÿ ïðîèç-
âîëüíûõ è ýëåêòðè÷åñêè âûçâàííûõ ñîêðà-

Íåðâíî-ìûøå÷íûå îòâåòû òðåõãëàâîé ìûøöû ãîëåíè
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ùåíèé [5, 38, 39]. Ó âñåõ îáñëåäîâàííûõ
ïîñëå ÀÍÎÃ îáíàðóæåíî îäíîíàïðàâëåí-
íîå óìåíüøåíèå Ð

îñ
 è Ð

î
 ÒÌÃ. Ð

î
 ÒÌÃ

óìåíüøàåòñÿ, ñîñòàâëÿÿ 18 % åå èñõîäíîé
âåëè÷èíû. Ð

î
 ÿâëÿåòñÿ ïîêàçàòåëåì ñïî-

ñîáíîñòè ìûøöû ãåíåðèðîâàòü ìàêñèìàëü-
íóþ ñèëó è îòðàæàåò ÷èñëî àêòèâíûõ ìîñ-
òèêîâ ìåæäó àêòèíîâûìè è ìèîçèíîâûìè
íèòÿìè [20]. ÀÍÎÃ ïðîäóöèðóåò ñíèæåíèå
Ð

î
 [5, 23, 24, 38, 39], ÷òî, âåðîÿòíî, îòðà-

æàåò ñíèæåíèå ÷èñëà àêòèâíûõ ïîïåðå÷íî-
ïîëîñàòûõ ìîñòèêîâ è êàê ñëåäñòâèå �
óìåíüøåíèå ðàáîòîñïîñîáíîñòè. Ïî ýòîìó
ñëó÷àþ ìîæíî âûñêàçàòü äâà ïðåäïîëî-
æåíèÿ. Ïåðâîå, ïîñëå ÀÍÎÃ îáùåå êîëè-
÷åñòâî ïîïåðå÷íî-ïîëîñàòûõ ìîñòèêîâ
áûëî óìåíüøåíî,  è  âòîðîå,  ÷òî  ñèëà,
ðàçâèâàåìàÿ  êàæäûì ìî ñòèêîì,  áûëà
ñíèæåíà.  Îäíàêî,  êîãäà óäåëüíàÿ ñèëà
ìûøöû ðàññ÷èòûâàåòñÿ íà åäèíèöó ïëî-
ùàäè ïîïåðå÷íîãî ñå÷åíèÿ, òî ñèëà îêàçû-
âàåòñÿ îäèíàêîâîé ïîñëå íåèñïîëüçîâàíèÿ
[51]. Ýòî óêàçûâàåò, ÷òî ïðåäïîëîæåíèå îá
óìåíüøåíèè ìàêñèìàëüíîãî ÷èñëà ïîïå-
ðå÷íûõ ìîñòèêîâ áîëåå àäåêâàòíî ê íàøèì
ðåçóëüòàòàì, ÷åì èçìåíåíèå èõ ïëîòíîñòè.
Òàêèì îáðàçîì, ñíèæåíèå Ð

î
 ÒÌÃ ìîæåò

áûòü íåïîñðåäñòâåííî ñâÿçàíî ñ óìåíü-
øåíèåì äèàìåòðà âîëîêîí è ñ àòðîôèåé
ìûøöû.

Äîïîëíèòåëüíî, ñíèæåíèå Ð
î
 öåëîé

ìûøöû ïðåäïîëàãàåò, ÷òî ïðîäîëæèòåëü-
íàÿ ìåõàíè÷åñêàÿ ðàçãðóçêà ìîæåò çàòðî-
íóòü íåêîòîðûå ýòàïû ñâÿçè âîçáóæäåíèå �
ñîêðàùåíèå [23]. Ýòî ìîæåò áûòü èçìåíå-
íèå â ñàðêîëåììå ïîòåíöèàëà äåéñòâèÿ,
èçìåíåíèå äâèæåíèÿ çàðÿäà â T-òóáóëÿðíûõ
êàíàëàõ è/èëè ïðÿìîå âëèÿíèå íà ïîòðåá-
ëåíèå Ñà2+ ÑÐ. Àëüòåðíàòèâíî, íåóïîòðåá-
ëåíèå, âûçûâàÿ àòðîôèþ ìûøöû, ìîæåò
óâåëè÷èòü âíåêëåòî÷íîå ïðîñòðàíñòâî è
íàïðÿæåííîñòü ìûøöû, â öåëîì, óìåíü-
øèòüñÿ áîëüøå, ÷åì ïëîùàäü ïîïåðå÷íîãî
ñå÷åíèÿ âîëîêíà.

Ìåõàíèçìû, îòâåòñòâåííûå çà ïîòåðþ
ñèëû ìûøöû ïðè íåèñïîëüçîâàíèè, îñòàþò-

ñÿ íå âïîëíå ÿñíûìè. Óìåíüøåíèå ïëîùà-
äè ïîïåðå÷íîãî ñå÷åíèÿ ìåäëåííî- è áûñò-
ðîñîêðàùàþùèõñÿ âîëîêîí ìûøöû íå
ìîæåò áûòü îäíèì èç âîçìîæíûõ ìåõà-
íèçìîâ, îòâåòñòâåííûõ çà ñíèæåíèå ñèëû,
õîòÿ àòðîôèÿ ìûøöû, âåðîÿòíî, âëèÿåò íà
ïîòåðþ ñèëû. Ìîðôîëîãè÷åñêèå èññëåäî-
âàíèÿ â íàøåé ðàáîòå íå áûëè âûïîëíåíû.
Îäíàêî Hikida è ñîàâò. [31] ïîêàçàëè, ÷òî
îòíîñèòåëüíûå  èçìåíåíèÿ  â  ðàçìåðå
ìûøöû è  âîëîêîí  áûëè ìåíüøå,  ÷åì
îòíîñèòåëüíîå èçìåíåíèå â  ñèëå.  Ýòè
àâòîðû ïîêàçàëè, ÷òî óëüòðàñòðóêòóðíûå
èçìåíåíèÿ, âîçìîæíî, óìåíüøèëè ñïîñîá-
íîñòü ïðîäóöèðîâàòü ñèëó ñîêðàùåíèÿ
ìûøöû âî âðåìÿ è ïîñëå ïðîäîëæèòåëüíîé
ìåõàíè÷åñêîé ðàçãðóçêè.

Íàìíîãî áîëüøåå óìåíüøåíèå ÌÏÑ
(34 %) ïî ñðàâíåíèþ ñ íåçíà÷èòåëüíûìè
èçìåíåíèÿìè â Ð

î
 (18 %) ïîñëå 60-ñóòî÷íîé

ÀÍÎÃ óêàçûâàåò íà íåñïîñîáíîñòü öåíò-
ðàëüíîé íåðâíîé ñèñòåìû íîðìàëüíî
àêòèâèðîâàòü ÒÌÃ. ßâëÿåòñÿ ëè ýòî íåäîñ-
òàòêîì ìîòèâàöèè ñî ñòîðîíû îòäåëüíûõ
îáñëåäîâàííûõ èëè â íåïðîèçâîëüíîì
óìåíüøåíèè ÷àñòîòû ñòèìóëÿöèè ìîòî-
íåéðîíà,  èëè àíñàìáëÿ ìîòîíåéðîíîâ,
èííåðâèðóþùèõ äàííóþ ãðóïïó ìûøö,
òðóäíî ðàñïîçíàòü.  Õîòÿ âñå îáñëåäî-
âàííûå áûëè êðàéíå âûñîêî ìîòèâèðîâàíû
è íå ñîîáùàëè î âîçìîæíîì äèñêîìôîðòå
èëè æåñòêîñòè â êîëåííîì ñóñòàâå ïðè
âûïîëíåíèè òåñòîâûõ èñïûòàíèé (ðàçâèòèå
ÌÏÑ), êîòîðûå ìîãëè áû îáúÿñíèòü íèçêèé
ïîêàçàòåëü ÌÏÑ. Óâåëè÷åíèå çíà÷åíèÿ Ð

ä

ñâèäåòåëüñòâóåò î ñíèæåíèè öåíòðàëüíîé
ïîñûëêè ê ìûøöå, ÷òî ñíèæàåò ìîòîðíûé
êîíòðîëü ïðîèçâîëüíîãî ñîêðàùåíèÿ ìûø-
öû. Ôàêòè÷åñêè, âî âðåìÿ âûïîëíåíèÿ ÌÏÑ
ýëåêòðîìèîãðàôè÷åñêàÿ àêòèâíîñòü áûëà
çíà÷èòåëüíî èçìåíåííîé â  ðåçóëüòàòå
ìåõàíè÷åñêîé ðàçãðóçêè [23, 28]. Êðîìå
òîãî, ñíèæåíèå àìïëèòóäû ïîñëå ðàçãðóçêè
ïðåäïîëàãàåò,  ÷òî ìåíüøåå ÷èñëî ìî-
òîðíûõ, äâèãàòåëüíûõ, åäèíèö ìûøöû
áûëî àêòèâèðîâàíî ïðè íåóïîòðåáëåíèè

Þ.À. Êîðÿê
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[28] ,  è  áîëåå  òîãî ,  áûëî îáíàðóæåíî
óìåíüøåíèå ìàêñèìàëüíîé ÷àñòîòû èì-
ïóëüñàöèè ìîòîðíûõ åäèíèö [24] ,  ÷òî
ìîæíî áûëî áû îáúÿñíèòü èçìåíåíèÿìè â
ïðîïðèîöåïòèâíûõ àôôåðåíòàõ [48].

Ñêîðîñòü ðàçâèòèÿ âûçâàííîãî ñîêðà-
ùåíèÿ â îòâåò íà ýëåêòðè÷åñêóþ ñòèìó-
ëÿöèþ íåðâà (÷àñòîòà 150 èìï./ñ) è ðàññ÷è-
òàííàÿ â îòíîñèòåëüíîé øêàëå èçìåíèëàñü
íåçíà÷èòåëüíî ïîñëå ÀÍÎÃ. Ýòî íàáëþ-
äåíèå ñîãëàñóåòñÿ ñ ðàíåå ïîëó÷åííûìè
äàííûìè,  ÷òî ïðè ðàçãðóçêå ìûøö íå
îòìå÷àëîñü ñóùåñòâåííûõ èçìåíåíèé â
ñêîðîñòíî-ñèëîâûõ õàðàêòåðèñòèêàõ ìûøö,
[55] è ïîääåðæèâàåò íàáëþäåíèÿ îá îòíîñè-
òåëüíîì ïîñòîÿíñòâå ìåõàíèçìà òåòàíè-
÷åñêîãî ñîêðàùåíèÿ è ñîâðåìåííîé (ïîïå-
ðå÷íûõ ìî ñòèêîâ)  òåîðèè ìûøå÷íîãî
ñîêðàùåíèÿ [52]. Ïîýòîìó, ïî-âèäèìîìó,
ðàçóìíî çàêëþ÷èòü, ÷òî íåóïîòðåáëåíèå
(íàïðèìåð ,  ÀÍÎÃ)  èìååò  íåáîëüøîå
âëèÿíèå íà öèêë ïîïåðå÷íûõ ìîñòèêîâ èëè
íà àêòèâíîñòü ìèîçèíà [20].

ÀÍÎÃ ñ ïàññèâíûì ðàñòÿæåíèåì ìûøöû
Íàøå èññëåäîâàíèå ïîäòâåðæäàåò ðàíåå
ïîëó÷åííûå äàííûå, ÷òî ïðîäîëæèòåëüíîå
ïàññèâíîå ðàñòÿæåíèå ñêåëåòíîé ìûøöû ó
÷åëîâåêà ìîæåò áûòü ïðè÷èíîé çíà÷è-
òåëüíûõ ñíèæåíèé ñèëîâûõ âîçìîæíîñòåé
[13, 14, 27]. Ïðîäîëæèòåëüíîå (â íàøåì
ñëó÷àå 5 ÷/ñóò íà ïðîòÿæåíèè 60 ñóò)
ïàññèâíîå ðàñòÿæåíèå ÒÌÃ ïðèâîäèò ê
ñíèæåíèþ Ð

îñ
 (íà 17 %), ÌÏÑ (íà 43 %) è

ñîáñòâåííî-ñèëîâûõ ñâîéñòâ  ìûøöû,
îöåíèâàåìûõ ïî çíà÷åíèþ Ð

î
 (íà 19 %).

Ñíèæåíèå ÌÏÑ áûëî áîëåå çíà÷èòåëüíûì
ïî ñðàâíåíèþ ñ òåì, ÷òî ñîîáùàëîñü ðàíåå
[13, 27].  Ñóùåñòâåííî áîëüøàÿ ïîòåðÿ
ñèëû ñîêðàùåíèÿ ÒÌÃ ìîæåò ÷àñòè÷íî
áûòü îáóñëîâëåíà ñíèæåííîé àêòèâíîñòüþ
â óñëîâèÿõ ÀÍÎÃ è, ÷àñòè÷íî, áëàãîäàðÿ
óìåíüøåíèþ ñïîñîáíîñòè ãåíåðèðîâàòü
ñèëó. Áîëåå òîãî, äåôèöèò ñèëû ìîæåò
áûòü ñâÿçàí è íàðóøåíèåì â ïåðåäà÷å ñèëû
îò âîëîêîí ìûøöû ê åå ñóõîæèëèþ, ïîñ-
êîëüêó âîçìîæíî ïîâðåæäåíèå ìûøå÷íî-

ñóõîæèëüíîãî ñîåäèíåíèÿ, êîòîðîå êðàéíå
÷óâñòâèòåëüíî ê ÷ðåçìåðíîìó ïðîäîë-
æèòåëüíîìó ðàñòÿæåíèþ è ëåãêî ïîâðåæ-
äàþòñÿ èç-çà âûñîêîãî íàïðÿæåíèÿ, ðàçâè-
âàþùåãîñÿ íà êîíöàõ óòîí÷åííûõ ìûøå÷-
íûõ âîëîêîí  â  ðå çóëüòàòå  ïðîäîëæè-
òåëüíîãî ðàñòÿæåíèÿ [29]. Â ðåçóëüòàòå
ìîæíî îæèäàòü íàðóøåíèÿ ñâÿçè ìåæäó
æå ñòêî ñòüþ ìûøöû è ñîêðàòèòåëüíîé
ðàáîòîñïîñîáíîñòüþ è êàê ñëåäñòâèå ýòîãî
óìåíüøåíèÿ æåñòêîñòè ìûøå÷íîãî ïó÷êà
ãåíåðèðîâàííîé ñèëû [14, 27].

Êðîìå èçìåíåíèé æåñòêîñòè ìûøöû â
ðåçóëüòàòå ïðîäîëæèòåëüíîãî ïàññèâíîãî
ðàñòÿæåíèÿ, ìîæíî ïðåäïîëîæèòü èçìå-
íåíèå è ñîåäèíèòåëüíîé òêàíè, âûçâàííîå
ïîâðåæäåíèåì ìûøöû, ÷òî áóäåò äîïîë-
íèòåëüíûì ôàêòîðîì, âûçûâàþùèì ñíè-
æåíèå ãåíåðèðîâàíèÿ ñèëû [11, 43]. Ïîä-
òâåðæäåíèåì ýòîãî ÿâëÿåòñÿ ÷ðåçâû÷àéíî
ïîâûøåííàÿ àêòèâíîñòü êðåàòèíêèíàçû êàê
ìàðêåðà ñòåïåíè ïîâðåæäåíèÿ ìûøöû ïðè
âûïîëíåíèè óïðàæíåíèé.  Îáíàðóæåíî
çíà÷èòåëüíîå óâåëè÷åíèå íà 250 % ýòîãî
ïîêàçàòåëÿ ïîñëå ñèëüíîãî ðåçêîãî ðàñòÿ-
æåíèÿ ìûøöû [12] è òîëüêî íà 62 % ïîñëå
ïàññèâíîãî ðàñòÿæåíèÿ íà ïðîòÿæåíèè 17
ìèí [53].

Ïðè îáñóæäåíèè íåðâíûõ ìåõàíèçìîâ,
îïðåäåëÿþùèõ èçìåíåíèÿ â ñîêðàòèòåëü-
íûõ ñâîéñòâàõ ìûøöû â îòâåò íà åå ðàñ-
òÿæåíèå, îáû÷íî ðàññìàòðèâàþò íàðó-
øåíèÿ â àôôåðåíòàõ ìîòîíåéðîííîãî ïóëà
[22] .  Äåéñòâèòåëüíî,  íåéðîìûøå÷íûå
îòâåòû ïî ïðèíöèïó îáðàòíîé ñâÿçè ìîãóò
îñëàáèòü àêòèâíîñòü ìûøöû ïîñëå ïðî-
äîëæèòåëüíîãî ïàññèâíîãî ðàñòÿæåíèÿ è,
â ÷àñòíîñòè, ñóõîæèëüíûé ðåôëåêñ Ãîëüä-
æè, ìåõàíîðåöåïòîðû (àôôåðåíòû òèïà III)
è ðåöåïòîðû áîëè (àôôåðåíòû òèïà IV).
Ñóõîæèëüíûé ðåôëåêñ Ãîëüäæè âûçûâàåò
àóòîãåííîå òîðìîæåíèå, êîãäà ñóõîæèëüíûé
îðãàí,  ðàñïîëîæåííûé â  ñóõîæèëüíî-
ìûøå÷íûõ ñóñòàâàõ, ðåãèñòðèðóåò êðàéíå
âûñîêîå íàïðÿæåíèå, ðàçâèâàåìîå ìûøöåé
ïðè åå ðàñòÿæåíèè. Ïî ïðèíöèïó îáðàòíîé
ñâÿçè àôôåðåíòû, îðãàíèçîâàííûå ñóõî-

Íåðâíî-ìûøå÷íûå îòâåòû òðåõãëàâîé ìûøöû ãîëåíè
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æèëüíûì îðãàíîì Ãîëüäæè, âûçîâóò òîð-
ìîæåíèå àãîíèñòà [25], ÷òî ïîíèçèò óðî-
âåíü ãåíåðèðîâàíèÿ ñèëû è óìåíüøèò
ïîòåíöèàëüíî «âðåäíîå» íàïðÿæåíèå íà
ìûøöó. Àêòèâíîñòü ñóõîæèëüíîãî îðãàíà
Ãîëüäæè ïîâûøàåòñÿ ïðè ÷ðåçâû÷àéíî
èíòåíñèâíîì ðàñòÿæåíèè ìûøöû [32] è
÷àñòîòà èìïóëüñàöèè åãî ðåöåïòîðîâ âî
âðåìÿ ðàñòÿæåíèÿ ìûøöû íå ÿâëÿåòñÿ
ïîñòîÿííîé è ïîýòîìó ýôôåêò âîçíèêàåò
ïðàêòè÷åñêè ìãíîâåííî [10].  Äåéñòâè-
òåëüíî,  âåëè÷èíà ÌÏÑ ïîñëå ïðîäîë-
æèòåëüíîãî ïàññèâíîãî ðàñòÿæåíèÿ ÒÌÃ
ñî ñòàâèëà  â  ñðåäíåì òîëüêî  43  % îò
èñõîäíîé. Ñíèæåíèå àêòèâíîñòè ïîñëå
ïðåêðàùåíèÿ ðàñòÿæåíèÿ, âîçìîæíî, ÷àñ-
òè÷íî è îáúÿñíÿåòñÿ àêòèâíîñòüþ ñóõî-
æèëüíîãî îðãàíà Ãîëüäæè [32] êàê îäíîãî
èç âåðîÿòíûõ ìåõàíèçìîâ óìåíüøåíèÿ
ÌÏÑ (ñîêðàòèòåëüíûõ ñâîéñòâ) â óñëîâèÿõ
íàñòîÿùåãî  ýêñïåðèìåíòà .  Ïàññèâíîå
ðàñòÿæåíèå àííóëèðóåò íå òîëüêî âîçáóæ-
äåíèå àôôåðåíòîâ îò ìûøå÷íûõ âåðåòåí
[10, 47], íî è âîçáóäèìîñòü ìîòîíåéðîííîãî
ïóëà ìîæåò áûòü îñëàáëåíà íåïðÿìî ÷åðåç
âîëîêíà I-à  ïðåñèíàïòè÷åñêèì òîðìî-
æåíèåì I-à àôôåðåíòîâ [22].

Óâåëè÷åííàÿ ïîäàòëèâîñòü ìûøå÷íî-
ñóõîæèëüíîãî êîìïëåêñà ìîæåò òàêæå
îñëàáèòü íåðâíóþ àêòèâíîñòü ïî ïðèíöèïó
îáðàòíîé ñâÿçè [27]. Îáíàðóæåíî çíà÷èò-
åëüíîå (84,8  %) ñíèæåíèå àìïëèòóäû
ñòðå÷-ðåôëåêñà ïîñëå áûñòðûõ ïàññèâíûõ
ðèòìè÷åñêèõ ðàñòÿæåíèé ìûøöû íà ïðîòÿ-
æåíèè îäíîãî ÷àñà [13],  ÷òî ñâÿçàíî ñ
ñóùåñòâåííûì óìåíüøåíèåì ïàññèâíîé
ñîïðîòèâëÿþùåéñÿ ñèëû ðàñòÿæåíèÿ ìûø-
öû, ïîçâîëÿÿ ïðåäïîëîæèòü, ÷òî èñòî÷íèê
óìåíüøåíèÿ ðåôëåêòîðíîé ÷óâñòâèòåëü-
íîñòè � ýòî ñíèæåíèå àêòèâíîñòè àôôå-
ðåíòîâ áîëüøîãî äèàìåòðà êàê ðåçóëüòàò
óìåíüøåííîé ìåõàíè÷åñêîé ÷óâñòâèòåëü-
íîñòè ìûøå÷íûõ âåðåòåí ê ðàñòÿæåíèþ
[13, 27].

Ìîæíî ïðåäïîëîæèòü, ÷òî ñíèæåíèå
ñèëîâûõ ñîêðàòèòåëüíûõ ñâîéñòâ (â ÷àñò-

íîñòè, óìåíüøåíèå ÌÏÑ è Ð
î
) ïîñëå ïðî-

äîëæèòåëüíîãî ïàññèâíîãî ðàñòÿæåíèÿ â
óñëîâèÿõ ÀÍÎÃ ñâÿçàíî ñ äèñêîìôîðò-
íîñòüþ è áîëåâûìè îùóùåíèÿìè. Äåéñòâè-
òåëüíî, ìåõàíîðåöåïòîðû (öåíòðîñòðåìè-
òåëüíûå àôôåðåíòû òèïà III) è ðåöåïòîðû
áîëè (àôôåðåíòû òèïà IV) ïî ïðèíöèïó
îáðàòíîé ñâÿçè ìîãóò óìåíüøèòü öåíò-
ðàëüíóþ ïî ñûëêó  [16 ,  32] .  Îäíàêî  â
íàñòîÿùåì èññëåäîâàíèè ñîîáùåíèé î
äèñêîìôîðòå èëè áîëè âî âðåìÿ âûïîëíåíèÿ
ìàêñèìàëüíûõ ïðîèçâîëüíûõ óñèëèé ïîñëå
âûïîëíåíèÿ ïðîäîëæèòåëüíîé äâóõìå-
ñÿ÷íîé «òðåíèðîâêè» ñ ïàññèâíûì ðàñòÿ-
æåíèåì ìûøö-ðàçãèáàòåëåé ñòîïû, íå
ïîñòóïàëî è, òàêèì îáðàçîì, âîñïðèÿòèå
ðàñòÿæåíèÿ è äèñêîìôîðò ðàññìàòðèâàòü
êàê ïðè÷èíó âðåìåííîãî îòêàçà îò àêòèâ-
íîñòè ìîæåò áûòü îòâåðãíóòî, õîòÿ íåêî-
òîðûå îáñëåäóåìûå ñîîáùàëè,  ÷òî èõ
«ìûøöû íå õîòÿò ñîêðàùàòüñÿ» ïîñëå
ïðèìåíåíèÿ ïðîäîëæèòåëüíîãî ðàñòÿæåíèÿ,
íåñìîòðÿ íà ìàêñèìàëüíîå ïðîèçâîëüíîå
óñèëèå.

Óìåíüøåííàÿ  ñïî ñîáíî ñòü  ãåíåðè-
ðîâàòü ñèëó ìûøöû âî âðåìÿ ïðîèçâîëüíûõ
ìàêñèìàëüíûõ óñèëèé ïîñëå ïðîäîëæè-
òåëüíîãî ïàññèâíîãî ðàñòÿæåíèÿ ìîæåò
áûòü âûçâàíà äîïîëíèòåëüíûìè ôàêòî-
ðàìè, ÷åì ñíèæåíèå öåíòðàëüíîé, ìîòîð-
íîé, àêòèâíîñòè îïðåäåëÿþùåé âåëè÷èíó
ÌÏÑ â óñëîâèÿõ ÀÍÎÃ [7, 40] è, â ÷àñò-
íîñòè, èçìåíåíèÿ â îòíîøåíèÿõ äëèíà�
íàïðÿæåíèå è/èëè ïîäàòëèâîé äåôîðìàöèè
ñîåäèíèòåëüíîé òêàíè. Ñíèæåíèå ÌÏÑ
ïîñëå ïðîäîëæèòåëüíîãî ïàññèâíîãî ðàñòÿ-
æåíèÿ, âîçìîæíî, îáóñëîâëåíî óäëèíåíèåì
ìûøå÷íûõ âîëîêîí. Óëüòðàçâóêîâûå èññëå-
äîâàíèÿ, âûïîëíåííûå ïîñëå ïàññèâíîãî
ðàñòÿæåíèÿ ñ èçìåðåíèåì äëèíû âîëîêîí
îòäåëüíûõ ãîëîâîê  ÒÌ Ã,  îáíàðóæèëè
óâåëè÷åíèå äëèíû ìûøå÷íûõ âîëîêîí â m.
soleus, m. lateral gastrocnemius è â m. me-
dial gastrocnemius íà 8, 8 è 2 ìì ñîîòâåòñò-
âåííî [35]. Â ðåçóëüòàòå âçàèìîäåéñòâèå
àêòèíîâûõ è ìèîçèíîâûõ íèòåé ïðèõîäèòñÿ
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íà ìåíåå «îïòèìàëüíóþ» ÷àñòü õàðàêòå-
ðèñòè÷åñêîé êðèâîé äëèíà�íàïðÿæåíèå è,
ñîîòâåòñòâåííî, íàïðÿæåíèå ìûøöû ðàçâè-
âàåòñÿ ìåíüøå. Èçìåíåíèå õàðàêòåðèñòèê
äëèíà�íàïðÿæåíèå, âûçâàííîå ïàññèâíûì
ìàêñèìàëüíûì ðàñòÿæåíèåì ÒÌÃ, îêàçû-
âàåò âëèÿíèå íà ïàòòåðí íåðâíîé àêòèâ-
íîñòè:  îáíàðóæèâàåòñÿ  ñóùåñòâåííîå
óìåíüøåíèå àêòèâíîñòè ìîòîðíûõ åäèíèö
è ýëåêòðîìèîãðàììû [27].  Áîëåå òîãî,
óðîâåíü íåðâíîé ìîäèôèêàöèè, âûçâàííîé
ïàññèâíûì ðàñòÿæåíèåì,  çàâèñèò  îò
îáùåãî ðàñòÿæåíèÿ ìûøå÷íî-ñóõîæèëü-
íîãî êîìïëåêñà [14].

Â  íàñòîÿùåé ðàáîòå  èñïîëüçóåìîå
ïðîäîëæèòåëüíîå ïàññèâíîå ðàñòÿæåíèå
ìûøöû ñóùåñòâåííî îòëè÷àåòñÿ îò ïðèìå-
íÿåìîãî ñïîðòñìåíàìè ïðè âûïîëíåíèè
òðåáóåìîãî äâèæåíèÿ/óïðàæíåíèÿ. Èíòåí-
ñèâíîñòü è ïðîäîëæèòåëüíîñòü ðàñòÿæåíèÿ
ìûøöû, íåîáõîäèìûå äëÿ äëèòåëüíîãî
èçìåíåíèÿ æåñòêîñòè â ìûøöå, íåèçâåñòíû
[45].  Áîëåå òîãî,  æåñòêîñòü ïî ñâîåìó
âÿçêî-ýëàñòè÷å ñêîìó õàðàêòåðó  èìååò
òåíäåíöèþ î÷åíü  áûñòðî  âîçâðàùàòü
ìûøöó ê ñîñòîÿíèþ ïîêîÿ è/èëè ãåíåòè-
÷åñêè è áèîìåõàíè÷åñêè îïðåäåëÿòü äëèíó
ìûøöû.  Â ýòîé ñâÿçè ïðåäñòàâëÿåòñÿ
ñîìíèòåëüíûì ïðîòèâîñòîÿòü ýòîé òåí-
äåíöèè, èñïîëüçóÿ ïðîäîëæèòåëüíîå ïàñ-
ñèâíîå ðàñòÿæåíèå ìûøöû, ÷òîáû óâåëè-
÷èòü ðàáîòîñïîñîáíîñòü, êîãäà, â öåëîì,
ðàáîòîñïîñîáíîñòü ìûøöû ìîæåò áûòü
ïîñòàâëåíà ïîä óãðîçó, èçìåíÿÿ òîíêèé
äèíàìè÷åñêèé áàëàíñ íåðâíûõ, àðõèòåê-
òóðíûõ è ýëåêòðîôèçèîëîãè÷åñêèõ ôàê-
òîðîâ,  êîòîðûå ñóùåñòâó þò â  ìûøöå,
÷òîáû ãåíåðèðîâàòü  ñèëó.  Ýëåìåíòû,
âëèÿþùèå íà æåñòêîñòü ìûøöû, ìîãóò åå
«ñòàáèëèçèðîâàòü» ÷òîáû ãåíåðèðîâàòü
ñèëó, è ëþáîå èçìåíåíèå ýòèõ ýëåìåíòîâ
ñòàâèò ïîä óãðîçó ïðîèçâîäñòâî ñèëû.

Òàêèì îáðàçîì, íàñòîÿùåå èññëåäî-
âàíèå ïîêàçûâàåò, ÷òî ïðîäîëæèòåëüíîå
ïàññèâíîå ðàñòÿæåíèå ìûøö â óñëîâèÿõ
ñíèæåííîé ìåõàíè÷åñêîé ðàçãðóçêè íå
ìîæåò îáëåã÷àòü ñîêðàòèòåëüíûå ñâîéñò-

âà. Ñíèæåíèå ÌÏÑ ÷àñòè÷íî îáóñëîâëåíî
ñíèæåíèåì àêòèâíîñòè ìûøöû, à ÷àñòè÷íî �
ñïîñîáíîñòüþ ãåíåðèðîâàòü ñèëó.

Yu. Koryak

STATIC STRETCH TRAINING IN CONDITIONS
OF SIMULATED MICROGRAVITY MAINTAINS
CONTRACTILE PROPERTIES OF MUSCLES

The effect of a 60-day 6° head-down tilt (HDT) of bed rest
with and without countermeasures on the mechanical properties
of human the triceps surae muscle was studied in 12 healthy
young men subjects. One group (n=6; mean age 30.8 ± 3.1
years) underwent a 60-day HDT and a second group (n=6;
mean age 30.5 ± 1.9 years) underwent HDT with counter-
measures (long-term passive stretching). The results showed
that the contractile properties of skeletal muscle change
considerably. After HDT without countermeasures the maximal
voluntary contraction (MVC) declined by 33.5 % (P < 0.05),
the electrically evoked tetanic tension at 150 Hz (P

o
) and

isometric twitch contraction (P
t
) reduced by 18.0 % (P < 0.02)

and 17.3 % (P < 0.05), respectively. Time-to peak tension
(TPT) of the twitch increased by 3.4 %, but half-relaxation
time (1/2 RT) decreased by 7.2 %, and total contraction time
(TCT) increased not significantly. The difference between Po
and MVC expressed as a percentage of P

o
 and referred to as

force deficiency (P
d
), has also been calculated. The P

d
 increased

by 61 % (P < 0.001). The rate of rise of voluntary contractions
calculated according to an relative scale significantly reduced,
but the electrically evoked contraction no substantial changes
were observed. After HDT with long-term passive stretching
caused decrease by 43.0 % (P < 0.05) in MVC, and P

t
, and in

P
o
 by 17.0 %, and by19.4 % (P < 0.05), respectively. The P

d

increased significantly by 100 % (P < 0.001). TPT, and 1/2 RT
not change significantly, and TCT of the twitch increased by
6.5 %, respectively in relation to the control condition. The
rate of rise of electrically evoked tetanic tension did not change
significantly during HDT with countermeasures but the rate
of rise in on isometric voluntary tension development were
decreased. These data indicate that prolonged passive stretch-
ing of a single muscle decreases voluntary strength. Thus, the
received data specify, that the long passive stretching of a
muscle does not find out preventive facilitate contractile prop-
erties of the muscular device from negative influences of me-
chanical unloading. This study presents evidence that pro-
longed passive muscle stretching can lead to some modifica-
tion of contraction material behavior. In addition, altered mate-
rial properties seem to affect proprioceptive feedback and,
therefore, the motor unit activation in proportion to the
contractile failure.
Key words: human triceps surae muscle � bed rest  muscle
stretching � contractile properties � voluntary activation  elec-
trically induced contraction � weightlessness countermeasures.
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Ìîðôîô³ç³îëîã³÷íà õàðàêòåðèñòèêà ïëàçìàòè÷íèõ
ìåìáðàí ë³ìôîöèò³â çà óìîâ åêñïåðèìåíòàëüíîãî
öóêðîâîãî ä³àáåòó íà òë³ âïëèâó L-àðã³í³íó
òà àì³íîãóàí³äèíó

Äîñë³äæåíî ä³àìåòð ³ ïëîùó ë³ìôîöèò³â òà ¿õí³õ ÿäåð, ðåçåðâí³ òà ðåãóëÿòîðí³ ìîæëèâîñò³
ìåìáðàí öèõ êë³òèí ó íîðì³ òà çà óìîâ åêñïåðèìåíòàëüíîãî öóêðîâîãî ä³àáåòó (ÖÄ), à òàêîæ
íà òë³ ââåäåííÿ åêçîãåííîãî L-àðã³í³íó àáî àì³íîãóàí³äèíó. Ó òâàðèí ç ÖÄ âèÿâèëè ³ñòîòíå
ðîçõîäæåííÿ â ðîçì³ð³ òà ìåìáðàííîìó ôîíä³ ë³ìôîöèò³â, ÿêèé äëÿ öèõ êë³òèí ó êîíòðîë³
ñòàíîâèâ 70 %, à ïðè ä³àáåò³ � 40 %, ùî ìîæå áóòè îäí³ºþ ç ïðè÷èí, ÿê³ ïðîâîêóþòü çì³íè ó
âëàñòèâîñòÿõ ³ ôóíêö³îíàëüíîìó ñòàí³ ë³ìôîöèò³â. Çà óìîâ ä³àáåòó ââåäåííÿ åêçîãåííîãî
L-àðã³í³íó òà àì³íîãóàí³äèíó ñïðè÷èíèëî ïîçèòèâíèé êîðèãóâàëüíèé åôåêò � îá�ºì ë³ìôîöèò³â
çìåíøèâñÿ, òà ïîêðàùèëèñÿ ðåãóëÿòîðí³ ìîæëèâîñò³ ìåìáðàí öèõ êë³òèí.
Êëþ÷îâ³ ñëîâà: ë³ìôîöèòè, åêñïåðèìåíòàëüíèé öóêðîâèé ä³àáåò, L-àðã³í³í, àì³íîãóàí³äèí.
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ÂÑÒÓÏ

Öóêðîâèé ä³àáåò (ÖÄ) õàðàêòåðèçóºòüñÿ
ðîçâèòêîì ã³ïîêñè÷íîãî ñòàíó. Çà óìîâ
ã³ïîêñ³¿ äåô³öèò åíåðãåòè÷íèõ ñóáñòðàò³â
àêòèâóº â³ëüíîðàäèêàëüíå îêèñíåííÿ òà
ï³äâèùóº ñòàá³ëüí³ñòü ìåòàáîë³ò³â îêñèäó
àçîòó, ùî ïðèçâîäèòü äî ïîñèëåííÿ öèòî-
òîêñè÷íèõ âëàñòèâîñòåé àêòèâíèõ ôîðì
êèñíþ òà äî ðîçâèòêó îêñèäàòèâíîãî ñòðåñó
[1, 7, 8, 15]. Ïàòîãåíåòè÷íà ðîëü îñòàííüîãî
ïîâ�ÿçàíà ç ïîøêîäæåííÿì ÄÍÊ, ë³ï³ä³â,
á³ëê³â, ïîðóøåííÿì êë³òèííîãî ãîìåîñòàçó
òà íàêîïè÷åííÿì ìîëåêóë ³ç  çì³íåíîþ
ñòðóêòóðîþ [3, 12]. Îêèñíåííÿ á³ëêîâèõ ³
ë³ï³äíèõ êîìïîíåíò³â ïëàçìàòè÷íî¿ ìåìáðàíè
ìîæå âèêëèêàòè äåïîëÿðèçàö³þ, çì³íè ó
á³ëêîâî-ë³ï³äíîìó ñêëàä³ òà ðåçåðâíèõ ìîæ-
ëèâîñòÿõ ìåìáðàí àáî ë³çèñ êë³òèí [4, 13].

Çà óìîâ ä³àáåòó äëÿ ïîñëàáëåííÿ òîê-
ñè÷íî¿ ä³¿ â³ëüíèõ ðàäèêàë³â êèñíþ âèêî-
ðèñòîâóºòüñÿ ð³çíîìàí³òí³ ðå÷îâèíè, çîêðå-
ìà L-àðã³í³í. Äàí³ ë³òåðàòóðè ç öüîãî ïèòàí-
íÿ ñóïåðå÷ëèâ³, òîìó ùî àðã³í³í, ÿê â³äîìî,

º äîíîðîì îêñèäó àçîòó, àëå ç ³íøîãî áîêó,
ìîæå âèñòóïàòè ÷èííèêîì, ÿêèé ïðèãí³÷óº
âèä³ëåííÿ ñóïåðîêñèäíîãî àí³îíà. Â îäíèõ
äîñë³äæåííÿõ ïîêàçàíî [1], ùî ó òâàðèí,
õâîðèõ íà ÖÄ, ïðè ââåäåíí³ L-àðã³í³íó
çá³ëüøóºòüñÿ  âì³ñò  ãëþêîçè òà  ãë ³êî-
çèëüîâàíîãî ãåìîãëîá³íó ó êðîâ³, òîáòî
ïîñèëþºòüñÿ ïàòîëîã³÷íèé ñòàí. ²íø³ äàí³
ë³òåðàòóðè, íàâïàêè, âêàçóþòü íà ìîæëè-
â³ñòü êîðèãóâàëüíîãî ïîçèòèâíîãî åôåêòó
ââåäåííÿ L-àðã³í³íó [6, 9]. ²ñíóº ê³ëüêà
øëÿõ³â ñïðèÿòëèâîãî âïëèâó åêçîãåííîãî L-
àðã³í³íó ïðè ä³àáåò³. Îäíèì ç îñíîâíèõ º
çíèæåííÿ ïåðåêèñíîãî îêèñíåííÿ ë³ï³ä³â ï³ä
÷àñ òðèâàëîãî ïðèéîìó àðã³í³íó [9], ùî ìîæå
áóòè ïåðñïåêòèâíèì íàïðÿìêîì ó ä³àáå-
òîëîã³¿. Çàñòîñóâàííÿ àì³íîãóàí³äèíó (AÃ) �
ñåëåêòèâíîãî ³íã³á³òîðà ³íäóöèáåëüíî¿ NO-
ñèíòàçè òà ³íã³á³òîðà íåôåðìåíòàòèâíîãî
ãë³êîçèëþâàííÿ, à òàêîæ ÷èííèêà, çäàòíîãî
ïîïåðåäæàòè ïîñòòðàíñëÿö³éí³ ìîäèô³êàö³¿
á³ëê³â çà ó÷àñòþ ïåðîêñèí³òðèòó, º â³äì³í-
íèì â³ä ä³¿ L-àðã³í³íó, ïðîòå àêòóàëüíèì
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íàïðÿìêîì ïðè ö³é ïàòîëîã³¿ [2].
Ìåòà  íàøî¿  ðîáîòè �  äîñë³äæåííÿ

îá�ºìó ë³ìôîöèò³â, ä³àìåòðà ¿õí³õ ÿäåð,
ðåçåðâíèõ ³ ðåãóëÿòîðíèõ ìîæëèâîñòåé
ìåìáðàí öèõ êë³òèí ó íîðì³ òà çà óìîâ
åêñïåðèìåíòàëüíîãî ÖÄ, à òàêîæ âïëèâó
ñèñòåìè L-àðã³í³í�NO íà çì³íè ó ñòðóêòóð³
ìåìáðàí ïðè ââåäåíí³  åêçîãåííîãî L-
àðã³í³íó ³ AÃ.

ÌÅÒÎÄÈÊÀ

Äîñë³äæåííÿ ïðîâîäèëè íà ùóðàõ-ñàìöÿõ
ë³í³¿ Â³ñòàð ìàñîþ 120�140 ã. Òâàðèíàì
çàáåçïå÷èëè â³ëüíèé äîñòóï äî ¿æ³ òà âîäè
³ç ïåðåáóâàííÿì ó ñòàíäàðòíèõ óìîâàõ (12-
ãîäèííà çì³íà ñâ³òëà òà òåìðÿâè).  ÖÄ
âèêëèêàëè âíóòð³øíüîî÷åðåâèííèì ââå-
äåííÿì ñòðåïòîçîòîöèíó ô³ðìè �Sigma�
(ÑØÀ) ó äîç³ 7 ìã/100 ã. Ñòðåïòîçîòîöèí
ðîç÷èíÿëè â 10 ììîëü/ë öèòðàòíîìó áóôåð³;
ðÍ 5,5. Ðîçâèòîê ä³àáåòó êîíòðîëþâàëè çà
âì³ñòîì ãëþêîçè â êðîâ³, ÿêó âèçíà÷àëè
ãëþêîçîîêñèäàçíèì ìåòîäîì ç âèêîðèñ-
òàííÿì íàáîðó ðåàêòèâ³â �Lachema� (×å-
õ³ÿ) .  Â åêñïåðèìåíò³  âèêîðèñòîâóâàëè
òâàðèí ç³ âì³ñòîì ãëþêîçè 14�16 ììîëü/ë.
×åðåç 72 ãîä ç ìîìåíòó ³íäóêö³¿ ä³àáåòó
òâàðèíàì îäí³º¿ ãðóïè ïî÷èíàëè ââîäèòè ç
ïèòíîþ âîäîþ L-àðã³í³í (�Reanal�, Óãîð-
ùèíà) â êîíöåíòðàö³¿ 1,25 ã/ë ïðîòÿãîì 14
ä³á, à ³íø³é ãðóï³ � AÃ (�Sigma�, ÑØÀ) ó
êîíöåíòðàö³¿ 1 ã/ë ïðîòÿãîì 30 ä³á. Òâàðèí,
ÿêèì ââîäèëè äîñë³äæóâàí³  ðå÷îâèíè,
äåêàï³òóâàëè ï³ä åô³ðíèì íàðêîçîì â³äïî-
â³äíî íà 14-òó òà 30-òó äîáó åêñïåðèìåíòó.

Çàá³ð êðîâ³ äëÿ îòðèìàííÿ ëåéêîöèò³â
ïðîâîäèëè ç çàñòîñóâàííÿì 3,8%-ãî ðîç÷èíó
öèòðàòó íàòð³þ (ê³íöåâå ðîçâåäåííÿ öèòðàò
íàòð³þ : êðîâ = 1:100).

Ë³ìôîöèòè âèä³ëÿëè ç öèòðàòíî¿ êðîâ³ ó
ãðàä³ºíò³ ãóñòèíè ç âèêîðèñòàííÿì Gradisol�
G (�Aqua-medica�, Ïîëüùà) çã³äíî ç ³íñò-
ðóêö³ºþ ô³ðìè-âèðîáíèêà. Ï³ñëÿ öåíòðè-
ôóãóâàííÿ  êë ³òèíè äâ ³÷ ³  â ³äìèâàëè â
çàáóôåðåíîìó ô³ç³îëîã³÷íîìó ðîç÷èí³ (ðÍ

7,2�7,4). Æèòòºçäàòí³ñòü êë³òèí ó òåñò³ ç òðè-
ïàíîâèì ñèí³ì áóëà íå ìåíøîþ í³æ 98 %.

Ó êàìåð³ Ãîðÿºâà ï³äðàõîâóâàëè ê³ëü-
ê³ñòü âèä³ëåíèõ ë³ìôîöèò³â, ÿê³ öåíòðè-
ôóãóâàëè ïðè 1500 õâ-1 ïðîòÿãîì 5 õâ,
â³äáèðàëè íàäîñàäîâó ð³äèíó, à òîä³ êîí-
öåíòðàö³þ êë³òèí â îñàä³ äîâîäèëè äî 100�
200 òèñ./ìêë.

Ó ïðîá³ðêè îá�ºìîì 1,5 ìë ïîì³ùàëè ïî
10 ìêë ñóñïåíç³¿ ë³ìôîöèò³â. Äîäàâàëè ïî
100 ìêë îäíîãî ³ç ðîç÷èí³â õëîðèäó íàòð³þ
(0,9; 0,45; 0,2 %). Â 0,45%-ìó ðîç÷èí³
õëîðèäó íàòð³þ êë³òèíè ³íêóáóâàëè 40 ñ, 60
ñ, 5 õâ ÷è 1 ãîä. Â 0,2%-ìó ðîç÷èí³ õëîðèäó
íàòð³þ êë³òèíè ³íêóáóâàëè 40 ñ. Ïåðøà
ïðîá³ðêà (0,9%-é ðîç÷èí õëîðèäó íàòð³þ)
áóëà êîíòðîëåì. ²ç ³íøèõ ïðîá³ðîê ï³ñëÿ
ïåâíîãî ïðîì³æêó ÷àñó ³íêóáàö³¿ çàáèðàëè ³
ïåðåíîñèëè íà ïðåäìåòíå ñêëî êðàïëþ
ðîçâåäåíî¿ ñóñïåíç³¿ îá�ºìîì 5 ìêë. ²ç ö³º¿
êðàïë³  âèãîòîâëÿëè ìàçîê ³  ô³êñóâàëè
ìåòèëîâèì ñïèðòîì. Êë³òèíè çàôàðáîâó-
âàëè çà  Ðîìàíîâñüêèì.  Ï³ä ñâ³òëîâèì
ì³êðîñêîïîì ïðè çá³ëüøåíí³ 1350 (îêóëÿð-
ì³êðîìåòð ÌÎÂ-1-15*) âèì³ðþâàëè ä³à-
ìåòð êë³òèí. Âèðàõîâóâàëè ñåðåäí³é ä³à-
ìåòð (D) äëÿ 40�50 ë³ìôîöèò³â íà îäíîìó
ìàçêó.  Ïëîùó ïîâåðõí³  êë³òèí ðîçðà-
õîâóâàëè çà ôîðìóëîþ: S=ðD2.

Ïîð³âíþþ÷è ðîçì³ðè êë³òèí â ³çîòî-
í³÷íîìó ðîç÷èí³ òà ï³ñëÿ 1-ãîäèííî¿ ³íêóáà-
ö³¿ â ã³ïîòîí³÷íîìó ðîç÷èí³, âèçíà÷àëè
ðåãóëÿòîðíó çäàòí³ñòü  êë³òèí.  Îö³íêó
ïðîâîäèëè çà êîåô³ö³ºíòîì, ÿêèé âèðà-
õîâóâàëè ÿê â³äíîøåííÿ ð³çíèö³ ä³àìåòð³â äî
âèõ³äíîãî ä³àìåòðà êë³òèí:

êî å ô³ö ³ºíò  ðåãóëÿòîðíî¿  çäàòíî ñò ³  =
(D

0,45 % (1 ãîä)
 � D

0,9 %
) / D

0,9 %
.

Ðåçåðâí³ ìîæëèâîñò³ ìåìáðàíè âèçíà-
÷àëè çà çì³íîþ ðîçì³ðó êë³òèí ï³ñëÿ 40-
ñåêóíäíî¿ ³íêóáàö³¿ â 0,2%-ìó ðîç÷èí³ õëîðèäó
íàòð³þ ïîð³âíÿíî ç âèõ³äíèì çíà÷åííÿì.
Ðîçðàõîâóâàëè ³íäåêñ ðåçåðâíî¿ ïîâåðõí³:
S

0,2 %
 / S

0,9 %
. Çìåíøåííÿ ³íäåêñó º ïîêàçíèêîì

äåô³öèòó ìåìáðàííîãî ôîíäó [10].

Ìîðôîô³ç³îëîã³÷íà õàðàêòåðèñòèêà ïëàçìàòè÷íèõ ìåìáðàí ë³ìôîöèò³â
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Ðå çóëüòàòè  äî ñë ³äæåíü  îáðîáëÿëè
ñòàòèñòè÷íî ç âèêîðèñòàííÿ ñåðåäíüîãî
àðèôìåòè÷íîãî òà ñòàíäàðòíî¿ ïîõèáêè (Ì
± m), à òàêîæ äîñòîâ³ðíîãî ³íòåðâàëó, ùî
âèêîðèñòîâó âàâñÿ  ïðè îö³íö³  ñòóïåíÿ
äîñòîâ³ðíîñò³ (Ð) çà äîïîìîãîþ êðèòåð³þ t
Ñòüþäåíòà. Ðîçá³æíîñò³ ââàæàëèñÿ ñòà-
òèñòè÷íî äîñòîâ³ðíèìè ïðè Ð < 0,05.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ¯Õ ÎÁÃÎÂÎÐÅÍÍß

Ùîá óñòàíîâèòè îñíîâí³ â³äì³ííîñò³ â ðîç-
ì³ð³ ë³ìôîöèò³â ïåðèôåðè÷íî¿ êðîâ³ ïðè ÖÄ
ïîð³âíÿíî ç êîíòðîëåì, ìîðôîìåòðè÷íî
äîñë³äæóâàëè íàïðÿìîê çì³í ó ðîçì³ð³ öèõ
êë³òèí ïðè ââåäåíí³ åêçîãåííîãî L-àðã³í³íó
àáî AÃ.

Çàëåæíî â³ä âèì³ðÿíèõ ä³àìåòð³â ë³ìôî-
öèò³â (ó ì³êðîìåòðàõ), ãðàô³÷íî çîáðàæàëè
ðîçïîä³ë êë³òèí ó â³äñîòêîâîìó â³äíîøåíí³,
à  îòðèìàí³  ðåçóëüòàòè ïðåäñòàâëÿëè ó
âèãëÿä³ ëåéêîöèòîãðàìè (ðèñ. 1).

Ó ïîïóëÿö³¿ ë³ìôîöèò³â êîíòðîëüíèõ
òâàðèí âèÿâèëè, ùî êë³òèíè õàðàêòåðè-
çóþòüñÿ øèðîêîþ âàð³àö³þ ðîçì³ð³â � â³ä 3
äî 14 ìêì (äèâ. ðèñ. 1). Á³ëüø³ñòü ë³ìôî-
öèò³â (23 %) ìàþòü ðîçì³ð 7 ìêì. Ìàë³

ë ³ìôîöèòè  ìàþòü  ä ³àìåòð  äî  6  ìêì.
Ñåðåäí³ � â³ä 6 äî 8 ìêì � öå êë³òèíè, ÿê³
ñèíòåçóþòü àíòèò³ëà  [16] .  Ë³ìôîöèòè
âåëèêîãî ðîçì³ðó ìàþòü ä³àìåòð á³ëüøå
í³æ 8  ìêì �  öå  êë³òèíè ç  âèðàæåíîþ
ì³òîòè÷íîþ àêòèâí³ñòþ [5].

Ïîºäíàííÿ ð³çíèõ ïóë³â ë³ìôî¿äíèõ
êë³òèí ó ïåðèôåðè÷í³é êðîâ³ àáî ïåðåâàãà
îäíîãî ³ç íèõ âïëèâàº íà õàðàêòåð êë³í³÷íîãî
ïåðåá³ãó çàõâîðþâàííÿ òà ³ìóííèé ñòàòóñ
õâîðîãî [5] .  Ìîðôîëîã³÷íî ë³ìôîöèòè
ïåðèôåðè÷íî¿ êðîâ³ êîíòðîëüíèõ ùóð³â ³
òâàðèí ç ÖÄ ìàëî â³äð³çíÿþòüñÿ, òîä³ ÿê
ïðè ä³àáåò³ ñòàòèñòè÷íèé àíàë³ç ðîçïîä³ëó
ë³ìôîöèò³â çà ðîçì³ðîì âèÿâèâ çñóâ êðèâî¿
ðîçïîä³ëó âïðàâî äî ñóáïîïóëÿö³¿ âåëèêèõ
ë³ìôî¿äíèõ êë³òèí (8�10 ìêì) ïîð³âíÿíî ç
êðèâîþ ðîçïîä³ëó â êîíòðîë³ (äèâ. ðèñ. 1).

Ïðè ÖÄ ñïîñòåð³ãàºòüñÿ çìåíøåííÿ
âì³ñòó ìàëèõ ë³ìôîöèò³â ðîçì³ðîì äî 7
ìêì,  ùî ìîæå âêàçóâàòè íà çíèæåííÿ
ê³ëüêîñò³ Ò-õåëïåð³â [11] ³, ÿê íàñë³äîê,
ìàºìî ïîðóøåííÿ êë³òèííîãî ³ìóí³òåòó òà
öèòîòîêñè÷íî¿ ôóíêö³¿ Ò-åôåêòîð³â ³ íàòó-
ðàëüíèõ ê³ëåð³â [5, 10, 16]. Òàê³ çì³íè,
ìîæëèâî, çóìîâëåí³ ÷àñòêîâèì ïîðóøåííÿì
ë³ìôîöèòîïîåçó â ðåçóëüòàò³ çíèæåííÿ

Ðèñ. 1. Âïëèâ L-àðã³í³íó òà àì³íîãóàí³äèíó íà ëåéêîöèòîãðàìó êîíòðîëüíèõ ùóð³â (à) ³ òâàðèí ç åêñïåðèìåíòàëüíèì
ñòðåïòîçîòîöèíîâèì ä³àáåòîì (á). 1 � áåç ââåäåííÿ ïðåïàðàò³â, 2 � ââåäåííÿ L-àðã³í³íó, 3 � ââåäåííÿ àì³íîãóàí³äèíó
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êîíöåíòðàö³¿ ³íñóë³íó. Àíàë³ç ïàòîô³ç³îëîã³÷-
íîãî òà á³îõ³ì³÷íîãî ïðîô³ëþ ñèñòåìè êðîâ³ ññàâ-
ö³â òà ëþäèíè ïðè ÖÄ ïîêàçàâ, ùî çàëåæí³ñòü
ïðîë³ôåðàòèâíî¿ òà ôóíêö³îíàëüíî¿ àêòèâíîñò³
¿¿ êë³òèí â³ä ³íñóë³íó º ôóíêö³ºþ åâîëþö³éíîãî
÷àñó ö³º¿ ñèñòåìè, à ñàì ãîðìîí ìàº âëàñ-
òèâîñò³ ñï³ëüíîãî ãåìîïîåòèíó [14, 17].

Íà ðèñ. 1 íàâåäåíî òðè ëåéêîöèòîãðàìè,
ÿê³ â³äîáðàæàþòü ðîçïîä³ë ë³ìôîöèò³â áåç
ââåäåííÿ äîñë³äæóâàíèõ ðå÷îâèí ³  ï³ä
âïëèâîì L-àðã³í³íó òà AÃ. Ï³ñëÿ ââåäåííÿ
àðã³í³íó ëåéêîöèòîãðàìà ÿê ó êîíòðîë³, òàê
³ ïðè ä³àáåò³ ïîêàçàëè çá³ëüøåííÿ ÷èñëà
ìàëèõ  ë ³ìôîöèò ³â  â ³ä  3  äî  12  ìêì ç
ìàêñèìàëüíèì ÷èñëîì êë³òèí ðîçì³ðîì 6
ìêì. Ë³ìôîöèòè êîíòðîëüíèõ òâàðèí ï³ä
âïëèâîì AÃ óòâîðþþòü íà ëåéêîöèòîãðàì³
äâà ï³êè: îäèí ï³ê ç ìàêñèìàëüíèì ÷èñëîì
êë³òèí ðîçì³ðîì 6 ìêì, à ³íøèé � 8 ìêì.
Çà óìîâ ä³àáåòó ââåäåííÿ AÃ, ÿê ³ ó ðàç³ ç
L-àðã³í³íîì, âèêëèêàëî çñóâ êðèâî¿ âë³âî äî

ïîïóëÿö³¿ ìàëèõ ë³ìôîöèò³â ä³àìåòðîì 6
ìêì. ¯õíÿ ê³ëüê³ñòü çðîñëà äî 45 %. Òàêèì
÷èíîì, ââåäåííÿ äîñë³äæóâàíèõ ðå÷îâèí
ïðèçâîäèëî äî ïîÿâè ó ïåðèôåðè÷í³é êðîâ³
êîíòðîëüíèõ ùóð³â ³ òâàðèí ç ÖÄ ë³ìôîöèò³â
ìàëîãî ðîçì³ðó, ÿê³ â³äïîâ³äàþòü çà êë³òèíí³
ðåàêö³¿ ³ìóííîãî çàõèñòó îðãàí³çìó.

Íà äðóãîìó åòàï³  äëÿ äîñë³äæåííÿ
âïëèâó ñèñòåìè L-àðã³í³í�NO íà çì³íè ó
ä³àìåòð³ òà ïëîù³ ë³ìôîöèò³â êðîâ³ êë³òèíè
³íêóáóâàëè â ðîç÷èíàõ õëîðèäó íàòð³þ ð³çíî¿
îñìîëÿðíîñò³. Ïîð³âíÿííÿ îòðèìàíèõ ìîð-
ôîëîã³÷íèõ ïîêàçíèê³â ë³ìôîöèò³â êðîâ³
êîíòðîëüíèõ òâàðèí ïðè ³íêóáàö³¿ â 0,45%-
ìó ðîç÷èí³ õëîðèäó íàòð³þ â³ä 40 ñ äî 1 ãîä
ïîêàçàëî, ùî îá�ºì êë³òèí çá³ëüøóºòüñÿ
âïðîäîâæ ïåðøèõ 40�60 ñ (òàáë. 1). Ç 5-¿
õâèëèíè ðîçì³ð êë³òèí çìåíøóºòüñÿ. Ñòà-
á³ëüíîãî ñòàíó ë³ìôîöèòè ñÿãàëè ïðèáëèçíî
äî ê³íöÿ 60-¿ õâèëèíè. Â 0,2%-ìó ðîç÷èí³
õëîðèäó íàòð³þ íà 40-é ñåêóíä³ ³íêóáàö³¿

Ãðóïà òâàðèí; Êîíöåíòðàö³ÿ ðîç÷èíó, ÷àñ ³íêóáàö³¿ êë³òèí

ïîêàçíèê 0,9 % 0,45 % 0,45 % 0,45 % 0,45 % 0,2 %

0 ñ 40 ñ 60 ñ 5 õâ 1 ãîä 40 ñ

Êîíòðîëü
     Ä³àìåòð, ìêì 7,2 ± 0,3 8,3 ± 0,5* 8,0 ± 0,3* 7,8 ± 0,3 7,5 ± 0,4 12,3 ± 0,6*
     Ïëîùà ïîâåðõí³, ìêì2 163 215 200 197 185 471
Ââåäåííÿ L-àðã³í³íó
     Ä³àìåòð, ìêì 6,0 ± 0,3* 6,3 ± 0,4 6,3 ± 0,3 6,1 ± 0,3 5,8 ± 0,4 7,8 ± 0,5
     Ïëîùà ïîâåðõí³, ìêì2 113 125 126 115 108 191
Ââåäåííÿ àì³íîãóàí³äèíó
     Ä³àìåòð, ìêì 6,7 ± 0,4 7,7 ± 0,3 6,9 ± 0,4 7,5 ± 0,5 7,4 ± 0,4 7,6 ± 0,6
     Ïëîùà ïîâåðõí³, ìêì2 140 186 150 175 173 181
Öóêðîâèé ä³àáåò
     Ä³àìåòð, ìêì 9,1 ± 0,5* 10,1±0,4** 9,8±0,3** 9,9±0,4** 8,0 ± 0,3** 12,7 ± 0,5**
     Ïëîùà ïîâåðõí³, ìêì2 257 322 193 311 201 508
Ââåäåííÿ L-àðã³í³íó
     Ä³àìåòð, ìêì 6,1 ± 0,4** 6,7 ± 0,3 6,9 ± 0,4 7,1 ± 0,4 6,3 ± 0,3 7,7 ± 0,4
     Ïëîùà ïîâåðõí³, ìêì2 117 143 149 160 125 187
Ââåäåííÿ àì³íîãóàí³äèíó
     Ä³àìåòð, ìêì 5,8 ± 0,3** 7,4 ± 0,4 6,8 ± 0,4 7,0 ± 0,3 7,4 ± 0,5 7,8 ± 0,5
     Ïëîùà ïîâåðõí³, ìêì2 105 171 144 152 170 192

Ïðèì³òêà. Òóò ³ â òàáë. 2: * Ð < 0,05 � ïîð³âíÿíî ç êîíòðîëüíèìè êë³òèíàìè, ³íêóáîâàíèìè â 0,9%-ìó
ðîç÷èí³ õëîðèäó íàòð³þ; ** Ð < 0,05 � ïîð³âíÿíî ç ë³ìôîöèòàìè òâàðèí, õâîðèõ íà öóêðîâèé ä³àáåò
(³íêóáàö³ÿ â 0,9%-ìó ðîç÷èí³ õëîðèäó íàòð³þ).

Òàáëèöÿ 1. Çì³íà ðîçì³ð³â ë³ìôîöèò³â, ³íêóáîâàíèõ ó ðîç÷èíàõ õëîðèäó íàòð³þ ð³çíî¿ îñìîëÿðíîñò³
(Ì ± m, n = 6)

Ìîðôîô³ç³îëîã³÷íà õàðàêòåðèñòèêà ïëàçìàòè÷íèõ ìåìáðàí ë³ìôîöèò³â
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íàáóõàííÿ ë³ìôîöèò³â áóëî íàéá³ëüø âè-
ðàæåíèì.

Ïðè ÖÄ ó ìîðôîìåòð³ ¿  ë ³ìôîöèò³â
çàðåºñòðóâàëè òàê³ çì³íè: íà 40-é ñåêóíä³
³íêóáàö³¿ â 0,45%-ìó ðîç÷èí³ õëîðèäó íàòð³þ
îá�ºì êë³òèí ó ñåðåäíüîìó çá³ëüøóâàâñÿ íà
1 ìêì ³ çàëèøàâñÿ â öüîìó ä³àïàçîí³ (10,1
ìêì ± 0,4 ìêì) ïðîòÿãîì íàñòóïíèõ 5 õâ
åêñïîçèö³¿, à ÷åðåç 1 ãîä � çìåíøóâàâñÿ äî
8,0 ìêì ± 0,3 ìêì. Ïðè ä³àáåò³ íà 40-é
ñåêóíä³ ³íêóáàö³¿ â 0,2%-ìó ðîç÷èí³ õëîðèäó
íàòð³þ öåé ïîêàçíèê çðîñòàâ íà 40 %
ïîð³âíÿíî ç ðîçì³ðîì ë³ìôîöèò³â ó ô³ç³î-
ëîã³÷íîìó ðîç÷èí³ (äèâ. òàáë. 1).

Ìîðôîìåòðè÷íå äîñë³äæåííÿ ë³ìôî-
öèò³â êîíòðîëüíèõ òâàðèí ïðè ââåäåíí³ L-
àðã³í³íó ïîêàçàëî, ùî ï³ä ÷àñ ³íêóáàö³¿
ë³ìôîöèò³â ó 0,45%-ìó ðîç÷èí³ õëîðèäó
íàòð³þ îá�ºì êë³òèí äîñòîâ³ðíî çá³ëü-
øóâàâñÿ; â 0,2%-ìó ðîç÷èí³ õëîðèäó íàòð³þ
ä³àìåòð äîñë³äæóâàíèõ ëåéêîöèò³â çðîñòàâ
íà 30 % (äèâ. òàáë. 1). Ï³ä âïëèâîì AÃ ó
ðîçì³ðàõ ë³ìôîöèò³â êîíòðîëüíèõ ùóð³â
ñïîñòåð³ãàþòüñÿ òàê³ çì³íè: â 0,45%-ìó
ðîç÷èí³ õëîðèäó íàòð³þ âïðîäîâæ ïåðøèõ
40 ñ  îá�ºì êë³òèí çá³ëüøóâàâñÿ;  ç  5- ¿
õâèëèíè êë³òèíè íàáóâàëè ñòàá³ëüíîãî
ðîçì³ðó, ÿêèé íå çì³íþâàâñÿ äî ê³íöÿ 60-¿
õâèëèíè ³íêóáàö³¿ ;  â  0 ,2%-ìó ðîç÷èí³
õëîðèäó íàòð³þ ä³àìåòð ³ ïëîùà ë³ìôîöèò³â
çðîñòàëè ëèøå íà 15 %.

Âñòàíîâëåíî, ùî â ùóð³â ç ÖÄ íà òë³
âïëèâó L-àðã³í³íó âïðîäîâæ ïåðøèõ 5 õâ
³íêóáàö³¿ â 0,45%-ìó ðîç÷èí³ õëîðèäó íàòð³þ
ðîçì³ð ë³ìôîöèò³â çá³ëüøóâàâñÿ ³ ñÿãàâ
ñòàá³ëüíîãî (âèõ³äíîãî) çíà÷åííÿ ÷åðåç 1
ãîä åêñïîçèö³¿. Çá³ëüøóâàâñÿ òàêîæ ä³àìåòð
ë³ìôîöèò³â ó 0,2%-ìó ðîç÷èí³ õëîðèäó
íàòð³þ íà 26 % ïîð³âíÿíî ç êë³òèíàìè ó
ô³ç³îëîã³÷íîìó ðîç÷èí³ (äèâ. òàáë. 1). Ïðè
ä³¿ ÀÃ ðîçì³ð ë³ìôîöèò³â çðîñòàâ óïðîäîâæ
ïåðøèõ 5 õâ ³íêóáàö³¿ â 0,45%-ìó ðîç÷èí³
õëîðèäó íàòð³þ ³  ñÿãàâ ìàêñèìàëüíèõ
çíà÷åíü ïðè åêñïîçèö³¿ â 0,2%-ìó ðîç÷èí³
(äèâ. òàáë. 1). Ñë³ä â³äì³òèòè, ùî äî ê³íöÿ
60-¿ õâèëèíè ³íêóáàö³¿ â 0,45%-ìó ðîç÷èí³
õëîðèäó íàòð³þ ë³ìôîöèòè òàê ³ íå äîñÿãàëè

âèõ³äíîãî ðîçì³ðó.
Íà òðåòüîìó åòàï³ äîñë³äæåíü ïîð³â-

íþâàëè ðîçì³ð ë³ìôîöèò³â òà ä³àìåòð ¿õ
ÿäåð ï³ä ÷àñ ³íêóáàö³¿ â ðîç÷èíàõ ð³çíî¿
îñìîëÿðíîñò³,  à òàêîæ íà òë³ ââåäåííÿ
L-àðã³í³íó àáî AÃ.

Ïîð³âíÿëüíå äîñë³äæåííÿ ðîçì³ð³â ÿäðà
(òàáë. 2) ³ êë³òèíè (äèâ. òàáë. 1) ïîêàçàëî,
ùî ðåçåðâ öèòîïëàçìàòè÷íî¿ ìåìáðàíè
ë³ìôîöèò³â êîíòðîëüíèõ òâàðèí çíà÷íî
ïåðåâèùèâ ðåçåðâ ÿäåðíî¿ ìåìáðàíè (ïðè
³íêóáàö³¿ â 0,2%-ìó ðîç÷èí³ õëîðèäó íàòð³þ
ä³àìåòð ë³ìôîöèò³â çá³ëüøóâàâñÿ íà 72 %
ïîð³âíÿíî ç 53 % äëÿ ÿäåðíî¿ ìåìáðàíè öèõ
êë³òèí). Àíàë³ç ðîçì³ð³â ÿäåð ë³ìôîöèò³â ó
êîíò ðîëüíèõ  òâàðèí  íà  òë ³  ââåäåííÿ
L-àðã³í³íó ïîð³âíÿíî ç³ çíà÷åííÿìè ó ùóð³â
áåç ä³¿ ðå÷îâèí äàâ çìîãó âèÿâèòè çìåí-
øåííÿ ðîçì³ðó ÿäðà íà 12 % (0,9%-é ðîç÷èí
õëîðèäó íàòð³þ). Ïðè ââåäåíí³ L-àðã³í³íó
ðåçåðâ öèòîïëàçìàòè÷íî¿ ìåìáðàíè ë³ìôî-
öèò³â íå ïåðåâèùèâ ðåçåðâ ÿäåðíî¿ ìåìá-
ðàíè (â 0,2%-ìó ðîç÷èí³ õëîðèäó íàòð³þ
ä³àìåòð ë³ìôîöèòà çá³ëüøóâàâñÿ íà 30 %,
à ÿäåðíî¿ ìåìáðàíè � íà 28 %; äèâ. òàáë. 2).

Ï³ä âïëèâîì AÃ ó êîíòðîëüíèõ ùóð³â íå
çì³íþâàâñÿ ðîçì³ð ÿäðà ë³ìôîöèòà (³íêó-
áàö³ÿ â 0,2%-ìó ðîç÷èí³ õëîðèäó íàòð³þ), à
ðåçåðâ öèòîïëàçìàòè÷íî¿ ìåìáðàíè öèõ
êë³òèí íå ïåðåâèùèâ ðåçåðâ ÿäåðíî¿ ìåìá-
ðàíè ³ çðîñòàâ ëèøå íà 15 % (äèâ. òàáë. 2).

Çà óìîâ ñòðåïòîçîòîöèíîâîãî ä³àáåòó
ðîçì³ð ë³ìôîöèò³â, ³íêóáîâàíèõ ó 0,2%-ìó
ðîç÷èí³ õëîðèäó íàòð³þ, çá³ëüøóâàâñÿ íà 40 %
(äèâ. òàáë. 1), à ðîçì³ð ÿäðà � íà 27 %, ùî
âêàçóº íà ïåðåâèùåííÿ ðåçåðâó öèòîïëàç-
ìàòè÷íî¿ ìåìáðàíè êë³òèí íàä ðåçåðâîì
ÿäåðíî¿ ìåìáðàíè (äèâ. òàáë. 2). Ïðîòå
ïîð³âíÿíî ç êîíòðîëüíèìè òâàðèíàìè ïðè
ä³àáåò³ ïîðóøóºòüñÿ ðåçåðâ ÿê äëÿ öèòî-
ïëàçìàòè÷íî¿, òàê ³ äëÿ ÿäåðíî¿ ìåìáðàí
ë³ìôîöèò³â.

Íà òë³ ââåäåííÿ L-àðã³í³íó òà AÃ ó
òâàðèí ç ÖÄ ðîçì³ð ÿäðà çìåíøóâàâñÿ íà
29 % ïîð³âíÿíî ç³ çíà÷åííÿìè ó ùóð³â áåç
ââåäåííÿ (äèâ. òàáë. 2). Ïðè ä³àáåò³ L-
àðã³í³í âèêëèêàâ çì³íè ó ìåìáðàííîìó
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ôîíä³ ë³ìôîöèò³â: ³íêóáàö³ÿ êë³òèí ó 0,2%-
ìó ðîç÷èí³ õëîðèäó íàòð³þ ïðèçâîäèëà äî
çá³ëüøåííÿ ä³àìåòðà êë³òèí íà 26 %, à ÿäðà
� ëèøå íà 12 %. Òàêèì ÷èíîì, ïðè ÖÄ íà
òë³ ââåäåííÿ L-àðã³í³íó, íåçâàæàþ÷è íà
çìåíøåííÿ ðîçì³ðó ë³ìôîöèò³â ³ ¿õí³õ ÿäåð,
ðåçåðâ öèòîïëàçìàòè÷íî¿ ìåìáðàíè öèõ
êë³òèí ïåðåâèùèâ ðåçåðâ ÿäåðíî¿ ìåìáðàíè
óäâ³÷³, ùî îïîñåðåäêîâàíî ìîæå ñâ³ä÷èòè
ïðî ïîêðàùåííÿ ì³ãðàö³éíèõ âëàñòèâîñòåé
ë³ìôîöèò³â êðîâ³. Â³äîìî, ùî ðåçåðâí³ á³ëêè
ïëàçìàòè÷íî¿ ìåìáðàíè ëåéêîöèò³â ì³ñ-
òÿòüñÿ â ñåêðåòîðíèõ ïóõèðöÿõ. Ï³ä ÷àñ
ñòèìóëÿö³¿ êë³òèí âîíè ïåðåì³ùóþòüñÿ äî
öèòîëåìè, òðàíñïîðòóþ÷è ð³çí³ á³ëêè òà
àäãåçèâí³ ìîëåêóëè äî ïîâåðõí³ ë³ìôîöèò³â,
³  öèì çàáåçïå÷óþòü ¿õíþ ì³ãðàö³þ ³ ç
êðîâîíîñíèõ ñóäèí ó òêàíèíè.

Îòæå, ìîðôîìåòð³ÿ ë³ìôîöèò³â ùóð³â ç ÖÄ
äàëà çìîãó âñòàíîâèòè îñîáëèâîñò³ ê³íåòèêè
îá�ºìó öèõ êë³òèí, ÿêà ïðîÿâëÿëàñÿ â çì³í³
ÿäåðíî-öèòîïëàçìàòè÷íîãî â³äíîøåííÿ â á³ê
ïîì³òíîãî çá³ëüøåííÿ ÷àñòêè öèòîïëàçìè.

Ïîð³âíþþ÷è ðîçì³ðè êë³òèí â ³çîòîí³÷-

íîìó ðîç÷èí³ òà ï³ñëÿ ³íêóáàö³¿ â ã³ïîòî-
í³÷íèõ ðîç÷èíàõ, îö³íþâàëè ðåãóëÿòîðíó
çäàòí³ñòü ³ ðåçåðâí³ ìîæëèâîñò³ ë³ìôîöèò³â.

Íåçíà÷íå çá³ëüøåííÿ ðîçì³ðó êë³òèí (â³ä
7,2  ìêì ó êîíòðîë³  äî 7 ,5  ìêì íà òë³
åêñïîçèö³¿ â 0,45%-ìó ðîç÷èí³ õëîðèäó
íàòð³þ, 1 ãîä) ñâ³ä÷èòü ïðî íîðìàëüíó
ðåãóëÿòîðíó çäàòí³ñòü ë³ìôîöèò³â êîíò-
ðîëüíèõ òâàðèí. Ïðîâ³âøè ïîð³âíÿëüíèé
àíàë³ç íàïðÿìêó çì³í êîåô³ö³ºíòà ðåãóëÿ-
òîðíèõ ìîæëèâîñòåé ìåìáðàí ë³ìôîöèò³â
êîíòðîëüíèõ ùóð³â, âñòàíîâèëè, ùî íà òë³
âïëèâó L-àðã³í³íó äîñë³äæóâàíà âëàñòèâ³ñòü
êë³òèí ïîã³ðøóâàëàñÿ, à ï³ä âïëèâîì AÃ �
ïîêðàùóâàëàñÿ (ðèñ. 2).

Ïîð³âíþþ÷è îòðèìàí³ ðåçóëüòàòè çà
óìîâ ÖÄ ç êîíòðîëüíèìè çíà÷åííÿìè,
ìîæíà  ñòâåðäæóâàòè ,  ùî  ïðè  ä ³àáåò ³
ïîðóøóþòüñÿ ðåãóëÿòîðí³  ìîæëèâî ñò³
ìåìáðàí  ë ³ìôîöèò³â ,  ùî º  íàñë ³äêîì
ðîçðåãóëüîâàíîñò³ âñ³õ òèï³â îáì³íó ðå÷î-
âèí ³ íåãàòèâíîãî âïëèâó ã³ïåðîñìîëÿðíîñò³
âíóòð³øíüîãî ñåðåäîâèùà, çóìîâëåíîãî
âèñîêîþ êîíöåíòðàö³ºþ ãëþêîçè ó ïåðèôå-

Òàáëèöÿ 2. Çì³íà ðîçì³ð³â ÿäåð ë³ìôîöèò³â, ³íêóáîâàíèõ ó ðîç÷èíàõ õëîðèäó íàòð³þ ð³çíî¿ îñìîëÿðíîñò³
(Ì ± m, n = 6)

Ãðóïà òâàðèí; Êîíöåíòðàö³ÿ ðîç÷èíó, ÷àñ ³íêóáàö³¿ êë³òèí

ïîêàçíèê 0,9 % 0,45 % 0,2 %

0 ñ 40 ñ  40 ñ

Êîíòðîëü
     Ä³àìåòð, ìêì 6,6 ± 0,3 7,6 ± 0,4* 10,3 ± 0,6*
     Ïëîùà ïîâåðõí³, ìêì2 135 179 333
Ââåäåííÿ L-àðã³í³íó
     Ä³àìåòð, ìêì 5,8 ± 0,4 6,1± 0,3 7,4± 0,4*
     Ïëîùà ïîâåðõí³, ìêì2 106 117 172
Ââåäåííÿ àì³íîãóàí³äèíó
     Ä³àìåòð, ìêì 6,4± 0,3 7,4 ± 0,4* 7,4± 0,3*
     Ïëîùà ïîâåðõí³, ìêì2 129 173 171
Öóêðîâèé ä³àáåò
     Ä³àìåòð, ìêì 8,1 ± 0,6* 8,9 ± 0,5 10,3 ± 0,6**
     Ïëîùà ïîâåðõí³, ìêì2 206 246 330
Ââåäåííÿ L-àðã³í³íó
     Ä³àìåòð, ìêì 5,9 ± 0,3** 6,5 ± 0,4 6,6 ± 0,4
     Ïëîùà ïîâåðõí³, ìêì2 111 134 138
Ââåäåííÿ àì³íîãóàí³äèíó
     Ä³àìåòð, ìêì 5,6 ± 0,3** 7,2 ± 0,4** 7,6 ± 0,5**
     Ïëîùà ïîâåðõí³, ìêì2 100 161 183

Ìîðôîô³ç³îëîã³÷íà õàðàêòåðèñòèêà ïëàçìàòè÷íèõ ìåìáðàí ë³ìôîöèò³â



ISSN 0201-8489    Ô³ç³îë. æóðí., 2010, Ò. 56, ¹ 5 83

ðè÷í³é êðîâ³ [6, 18]. Çà óìîâ ñòðåïòîçîòîöèíî-
âîãî ä³àáåòó ââåäåííÿ L-àðã³í³íó òà AÃ ïîêðà-
ùèëî ìåìáðàííó ðåãóëÿö³þ êë³òèí ó ïîð³âíÿíí³
ç âèõ³äíèìè çíà÷åííÿìè ïðè ä³àáåò³.

Ó êîíòðîëüíèõ ùóð³â íà òë³ ââåäåííÿ L-
àðã³í³íó òà AÃ çíèæåííÿ ðåçåðâíîãî ³íäåêñó
ë³ìôîöèò³â (äèâ.  ðèñ.  2)  ñâ³ä÷èòü ïðî
äåô³öèò ìåìáðàííîãî ôîíäó.

Ïðè ÖÄ ó ë³ìôîöèòàõ âèÿâèëè äîñòî-
â³ðíå çìåíøåííÿ ìåìáðàííîãî ðåçåðâó
ïîð³âíÿíî ç êîíòðîëåì. Ââåäåííÿ L-àðã³í³íó
âèêëèêàëî íåçíà÷íå çíèæåííÿ ³íäåêñó
ðåçåðâíèõ ìîæëèâîñòåé öèòîïëàçìàòè÷íèõ
ìåìáðàí ë³ìôîöèò³â, ïðîòå ï³ä âïëèâîì AÃ
äîñë³äæóâàíà âëàñòèâ³ñòü íå çàçíàâàëà
â³ðîã³äíèõ çì³í ïîð³âíÿíî ç ë³ìôîöèòàìè
ïðè ä³àáåò³. Îòæå, ó òâàðèí ç åêñïåðè-
ìåíòàëüíèì ÖÄ ââåäåííÿ äîñë³äæóâàíèõ
ðå÷îâèí âèêëèêàëî ïîçèòèâíèé êîðèãó-
âàëüíèé åôåêò íà ðåãóëÿòîðíó çäàòí³ñòü
ìåìáðàí ë³ìôîöèò³â êðîâ³ òà íåçíà÷í³ çì³íè
ó ðåçåðâíîìó ôîíä³ öèõ êë³òèí.

ÂÈÑÍÎÂÊÈ

1.  Ïðè ìîðôîìåòðè÷íîìó äîñë³äæåíí³
ëåéêîöèò³â êðîâ³  ùóð³â ç  åêñïåðèìåí-
òàëüíèì ÖÄ âèÿâëåíî çìåíøåííÿ ÷èñëà
ìàëèõ ë³ìôîöèò³â ðîçì³ðîì äî 7 ìêì òà
çá³ëüøåííÿ ñóáïîïóëÿö³¿ âåëèêèõ ë³ìôîöèò³â
(8�10 ìêì), òîä³ ÿê íà òë³ ä³¿ AÃ ³ L-àðã³í³íó
ê³ëüê³ñòü ìàëèõ ë³ìôîöèò³â ä³àìåòðîì 6
ìêì çá³ëüøèëàñÿ äî 45 %, ñÿãàþ÷è êîíò-
ðîëüíèõ çíà÷åíü.

2. Ïðè ñòðåïòîçîòîöèíîâîìó ä³àáåò³ ïî-
ðóøóºòüñÿ ðåçåðâ ÿäåðíî¿ òà öèòîïëàç-
ìàòè÷íî¿ ìåìáðàí ë³ìôîöèò³â, ÿêèé äëÿ öèõ
êë³òèí ó êîíòðîë³ ñòàíîâèâ 70 %, à ïðè
ä³àáåò³ � 40 %, ùî ìîæå áóòè îäí³ºþ ç
ïðè÷èí, ÿê³ ïðîâîêóþòü çì³íè âëàñòèâîñòåé
³ ôóíêö³îíàëüíîãî ñòàíó ëåéêîöèò³â ïåðèôå-
ðè÷íî¿ êðîâ³ çà äîñë³äæóâàíî¿ ïàòîëîã³¿.

3. Çà óìîâ åêñïåðèìåíòàëüíîãî ÖÄ ïðè
ââåäåíí³ L-àðã³í³íó, íåçâàæàþ÷è íà çìåí-
øåííÿ ðîçì³ð³â ë³ìôîöèò³â òà ¿õí³õ ÿäåð,
ðåçåðâ öèòîïëàçìàòè÷íî¿ ìåìáðàíè öèõ

Ðèñ 2. Çì³íè êîåô³ö³ºíòà ðåãóëÿòîðíèõ ìîæëèâîñòåé (à) òà ³íäåêñó ðåçåðâíèõ ìîæëèâîñòåé (á) ìåìáðàí ë³ìôîöèò³â
ó êîíòðîë³ (1) òà çà óìîâ åêñïåðèìåíòàëüíîãî ä³àáåòó (2), à òàêîæ íà òë³ ââåäåííÿ L-àðã³í³íó àáî àì³íîãóàí³äèíó.
* Ð < 0,05 � ïîð³âíÿíî ç êîíòðîëåì; ** Ð < 0,05 � ïîð³âíÿíî ç åêñïåðèìåíòàëüíèì ä³àáåòîì

².Â. Áðîäÿê, À.Ð. Ãíàòóø, Í.Î. Ñèá³ðíà
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êë³òèí ïåðåâèùèâ ðåçåðâ ÿäåðíî¿ ìåìáðàíè
âäâ³÷³, à òàêîæ ïîë³ïøèëàñÿ ðåãóëÿòîðíà
çäàòí³ñòü ìåìáðàí ë³ìôîöèò³â ïîð³âíÿíî ç
âèõ³äíèìè çíà÷åííÿìè ïðè ä³àáåò³.

4. Ó òâàðèí ç åêñïåðèìåíòàëüíèì ÖÄ
åêçîãåííèé L-àðã³í³í ³ ÀÃ ïðîÿâèëè ïîçè-
òèâíèé êîðèãóâàëüíèé åôåêò ùîäî ìîðôî-
ëîã³÷íèõ ³ ô³ç³îëîã³÷íèõ õàðàêòåðèñòèê
ìåìáðàí ë³ìôîöèò³â, ùî ìîæå ñâ³ä÷èòè ïðî
ïîêðàùåííÿ àäãåçèâíèõ ³ ðóõîâèõ âëàñòè-
âîñòåé ëåéêîöèò³â ó ì³êðîñóäèííîìó ðóñë³
çà öèõ óìîâ.

È.Â. Áðîäÿê, À.Ð. Ãíàòóø, Í.À. Ñèáèðíàÿ

ÌÎÐÔÎÔÈÇÈÎËÎÃÈ×ÅÑÊÀß ÕÀÐÀÊÒÅ-
ÐÈÑÒÈÊÀ ÏËÀÇÌÀÒÈ×ÅÑÊÈÕ ÌÅÌÁÐÀÍ
ËÈÌÔÎÖÈÒÎÂ ÏÐÈ ÝÊÑÏÅÐÈÌÅÍÒÀËÜ-
ÍÎÌ ÑÀÕÀÐÍÎÌ ÄÈÀÁÅÒÅ ÍÀ ÔÎÍÅ
ÂËÈßÍÈß L-ÀÐÃÈÍÈÍÀ È ÀÌÈÍÎÃÓÀ-
ÍÈÄÈÍÀ

Èññëåäîâàíî äèàìåòð è ïëîùàäü ëèìôîöèòîâ è èõ ÿäåð,
ðåçåðâíûå è ðåãóëÿòîðíûå âîçìîæíîñòè ìåìáðàí ýòèõ
êëåòîê â íîðìå è ïðè ýêñïåðèìåíòàëüíîì ñàõàðíîì äèàáåòå
(ÑÄ), à òàêæå íà ôîíå ââåäåíèÿ ýêçîãåííîãî L-àðãèíèíà
èëè àìèíîãóàíèäèíà. Îáíàðóæåíî äîñòîâåðíîå îòëè÷èå â
ðàçìåðå è ìåìáðàííîì ôîíäå ëèìôîöèòîâ æèâîòíûõ ñ ÑÄ,
êîòîðûé äëÿ ýòèõ êëåòîê â êîíòðîëå ñîñòàâëÿë 70 %, à ïðè
äèàáåòå � 40 %, ÷òî ìîæåò áûòü îäíîé èç ïðè÷èí, êîòîðûå
ïðîâîöèðóþò èçìåíåíèÿ â ñâîéñòâàõ è ôóíêöèîíàëüíîì
ñîñòîÿíèè ëèôîöèòîâ. Ââåäåíèå ýêçîãåííîãî L-àðãèíèíà è
àìèíîãóàíèäèíà â óñëîâèÿõ ÑÄ èìåëî ïîëîæèòåëüíûé
êîððèãèðóþùèé ýôôåêò � îáú¸ì ëèìôîöèòîâ óìåíüøàëñÿ
è óëó÷øàëèñü ðåãóëÿòîðíûå âîçìîæíîñòè ìåìáðàí ýòèõ
êëåòîê.
Êëþ÷åâûå ñëîâà: ëèìôîöèòû, ýêñïåðèìåíòàëüíûé ñàõàðíûé
äèàáåò, L-àðãèíèí, àìèíîãóàíèäèí.

I.V. Brodyak, A.R. Hnatush, N.O. Sybirna

EFFECT OF L-ARGININE AND AMINOGUANI-
DINE SYSTEM ON MORPHOLOGICAL AND
PHYSIOLOGICAL CHARACTERISTICS OF
PLASMA MEMBRANES OF BLOOD LYMPHO-
CYTES DURING EXPERIMENTAL DIABETES
MELLITUS

Diameter, the surface area of lymphocytes and their nuclea as
well as the reserve potential and regulatory properties of
lymphocytes membranes in control rats, in rats with experi-
mental diabetes mellitus before and  after administration of L-
arginine and aminoguanidine were investigated. Significant dif-

ference in size and the membrane fund of lymphocytås in
animals with experimental diabetes mellitus was detected. In
control lymphocytes, the membrane fund was 70% while dur-
ing diabetes mellitus it was 40%. Such a difference might be
one of the reasons of changes in properties and functional
state of lymphocytes in diabetes. Administration of L-arginine
and aminoguanidine to diabetic animals caused positive effect:
the volume of lymphocytes diminished and the regulatory
membrane properties of these cells became better.
Key words: lymphocytes, experimental diabetes mellitus,
L-arginine, aminoguanidine.

Ivan Franko National University of L�viv
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Î.Ì. ×óÿí, Î.Î. Á³ðþêîâà, Ì.Þ. Ðàâàºâà

Âïëèâ êåðîâàíîãî äèõàííÿ
ç ³íä³â³äóàëüíî ï³ä³áðàíîþ ÷àñòîòîþ
íà ïîêàçíèêè âàð³àáåëüíîñò³ ðèòìó ñåðöÿ

Âèâ÷åí³ çì³íè ïîêàçíèê³â âàð³àáåëüíîñò³ ñåðöåâîãî ðèòìó ³ ôðàêòàëüíî¿ íåéðîäèíàì³êè â
óìîâàõ êåðîâàíîãî äèõàííÿ íà ÷àñòîò³ êîëèâàíü ñïåêòðà ñåðöåâîãî ðèòìó. Ïîêàçàíî, ùî
êåðîâàíå äèõàííÿ, ÷àñòîòà ÿêîãî â³äïîâ³äàº ÷àñòîò³ ëîêàë³çàö³¿ ìàêñèìàëüíîãî ï³êó
ïîòóæíîñò³ ñåðöåâîãî ðèòìó â íèçüêî÷àñòîòíîìó ä³àïàçîí³ º ìåõàí³çìîì óïðàâë³ííÿ ñåðöåâèì
ðèòìîì ³ çì³íîþ ôóíêö³îíàëüíîãî ñòàíó îðãàí³çìó ëþäèíè â ö³ëîìó.
Êëþ÷îâ³ ñëîâà: êåðîâàíå äèõàííÿ, âàð³àáåëüí³ñòü ñåðöåâîãî ðèòìó, ôðàêòàëüíà íåéðîäèíàì³êà,
ñèñòåìà âåãåòàòèâíîãî êåðóâàííÿ ðèòìîì ñåðöÿ.

©  Î.Ì. ×óÿí, Î.Î. Á³ðþêîâà, Ì.Þ. Ðàâàºâà

ÂÑÒÓÏ

Îñîáëèâèé ³íòåðåñ îñòàíí³ìè ðîêàìè âèê-
ëèêàº äîñë³äæåííÿ ñèíõðîí³çàö³¿ á³îëî-
ã³÷íèõ ðèòì³â ó æèâèõ îðãàí³çìàõ, æèòòº-
ä³ÿëüí³ñòü ÿêèõ çóìîâëåíà âçàºìîä³ºþ
âåëèêîãî ÷èñëà ñêëàäíèõ ðèòì³÷íèõ ïðîöå-
ñ ³â  [6 ,  7 ] .  ßñêðàâèì ïðèêëàäîì òàêî¿
âçàºìîä³¿  ì³æ ð³çíèìè ô³ç³îëîã³÷íèìè
ðèòìàìè º ôóíêö³îíóâàííÿ ñåðöåâî-ñóäèí-
íî¿ ñèñòåìè ëþäèíè. Íàéá³ëüø âàæëèâèìè
êîëèâàëüíèìè ïðîöåñàìè, ùî âèçíà÷àþòü ¿¿
äèíàì³êó,  º  ñåðöåâèé ðèòì ³  äèõàííÿ.
Ïîð³âíÿíî íåäàâíî áóëî âèÿâëåíî,  ùî
îñíîâí³ ðèòìè ñåðöåâî-ñóäèííî¿ ñèñòåìè
ìîæóòü áóòè ñèíõðîí³çîâàí³ ì³æ ñîáîþ [4;
11], ùî â³äïîâ³äàº ñó÷àñíèì óÿâëåííÿì ïðî
ôóíêö³îíóâàííÿ ñêëàäíèõ ñèñòåì [7] .
Ïðè÷îìó áóëî âñòàíîâëåíî, ùî ñèñòåìó,
ÿêà çàäàº îñíîâíèé ñåðöåâèé ðèòì, àáî
ñèñòåìó âåãåòàòèâíîãî êåðóâàííÿ ñåðöåì
(ÑÂÊÑ), ìîæíà ðîçãëÿäàòè ÿê ãåíåðàòîð,
ðîëü ÿêîãî â³ä³ãðàº äèõàííÿ [11]. Òîìó
çàñòîñóâàííÿ êåðîâàíîãî äèõàííÿ ìîæíà
ðîçö³íþâàòè ÿê ââåäåííÿ ïåð³îäè÷íî¿
êîìïîíåíòè â çîâí³øí³é øóìîâèé ñèãíàë,
ùî íàäõîäèòü â ÑÂÊÑ. Îñê³ëüêè äîâåäåíî

³ñíóâàííÿ ñèíõðîí³çàö³¿ ì³æ äèõàííÿì ³
ðèòìîì ðåãóëÿö³¿  ñóäèííîãî òîíóñó íà
÷àñòîò³ 0,1 Ãö [7],  òîìó âèá³ð ÷àñòîòè
äèõàííÿ ÷àñòî ïðîâîäÿòü çã³äíî ç Äå Áîåð-
ìîäåëëþ, êîëè íàÿâí³ñòü âëàñíèõ êîëèâàíü
ñèñòåìè ç óêàçàíîþ ÷àñòîòîþ äàº çìîãó
âèêîðèñòîâóâàòè ðåçîíàíñíèé â³äãóê ó
íèçüêî÷àñòîòíîìó (LF) ä³àïàçîí³ êîëèâàíü
ñåðöåâîãî ðèòìó ç ïåð³îäîì 10 ñ [5]. Åôåêò
ðåçîíàíñó â öüîìó ðàç³ çóìîâëåíèé ô³çè÷-
íèì çá³ãîì ÷àñòîò äâîõ ãàðìîí³éíèõ êîëè-
âàëüíèõ ïðîöåñ³â: çîâí³øíüîãî, ÿêèì âèñòó-
ïàº äèõàííÿ, òà âëàñíèõ êîëèâàíü ñèñòåìè.
Ïðîòå øèðîêî â³äîìà ³íäèâ³äóàëüíà âàð³à-
òèâí³ñòü õâèëüîâîãî ï³êó â íèçüêî÷àñ-
òîòíîìó ä³àïàçîí³ ñïåêòðà (â³ä 0,05 äî 0,15
Ãö), òîìó íåäîë³êîì ³ñíóþ÷èõ ï³äõîä³â º òå,
ùî ÷àñòîòà äèõàííÿ 1 âäèõ çà ñ (0,1 Ãö), íå
çàâæäè ìàòèìå  ðåçîíàíñíèé â ³äãóê  ó
ÑÂÊÑ.

Îòæå, ïåðñïåêòèâíèì º âèêîðèñòàííÿ
ìåòîäó êåðîâàíîãî äèõàííÿ ç ³íäèâ³äóàëüíî
ï³ä³áðàíîþ ÷àñòîòîþ. Ïðîòå ó âèêîðèñ-
òàíèõ ìåòîäèêàõ, ÿê ïðàâèëî, â³äñóòí³
êðèòåð³¿ îö³íêè àäåêâàòíîñò³ é åôåêòèâíîñò³
âèêîðèñòàííÿ  ïàðàìåò ð ³â  êåðîâàíîãî
äèõàííÿ ç áîêó ôóíêö³îíàëüíîãî ñòàíó âñ³º¿
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ñåðöåâî-ñóäèííî¿ ñèñòåìè, âçàºìîä³¿ ¿ ¿
â³ää³ë³â, ÿê³ âèçíà÷àºòüñÿ ÿê³ñòþ é óçãîä-
æåí³ñòþ ôóíêö³îíóâàííÿ ìåõàí³çì³â ¿õ
âåãåòàòèâíî¿ ðåãóëÿö³¿. Òîìó ìîæëèâ³ñòü
çì³íè ïîêàçíèê³â ÑÂÊÑ ³ ôóíêö³îíàëüíîãî
ñòàíó îðãàí³çìó â ö³ëîìó ï³ä âïëèâîì
êåðîâàíîãî äèõàííÿ ç ³íäèâ³äóàëüíî ï³ä³á-
ðàíîþ ÷àñòîòîþ çàëèøàºòüñÿ íåâèâ÷åíîþ.

Ìåòîþ íàøîãî äîñë³äæåííÿ áóëî âèÿâ-
ëåííÿ çì³í ïîêàçíèê³â âàð³àáåëüíîñò³ ñåð-
öåâîãî ðèòìó (ÂÑÐ) â óìîâàõ êåðîâàíîãî
äèõàííÿ íà ÷àñòîò³ êîëèâàíü ñïåêòðà ñåð-
öåâîãî ðèòìó.

ÌÅÒÎÄÈÊÀ

Ó äîñë³äæåíí³ áðàëè ó÷àñòü 21 óìîâíî
çäîðîâà ñòóäåíòêà-âîëîíòåð â³êîì â³ä 18
äî 21 ðîêó ç³ çíà÷åííÿìè ñòðåññ-³íäåêñó (Si
àáî ³íäåêñ íàïðóæåíîñò³ ²Í) [1] â³ä 50 äî
200 óì.îä. Îñê³ëüêè îñîáè ç òàêèì  Si
ïåðåâàæàþòü ñåðåä îáñòåæåíèõ íàìè ñòó-
äåíò³â [3], ìîæíà ïðèïóñòèòè, ùî ó íèõ
ðîçâèâàºòüñÿ íàéá³ëüø òèïîâà ðåàêö³ÿ íà
êåðîâàíå äèõàííÿ.

Äîñë³äæåííÿ ÂÑÐ ïðîâîäèëè çà äîïî-
ìîãîþ ïðîãðàìíî-àïàðàòíîãî êîìïëåêñó
(ÏÀÊ) «Îìåãà-Ì» (âèðîáíèöòâî íàóêîâî-
äîñë³äíî¿ ëàáîðàòîð³¿ «Äèíàì³êà», ì. Ñàíêò-
Ïåòåðáóðã) ùîäíÿ ïðîòÿãîì 10 ä³á ³ ÷åðåç
7 ä³á ï³ñëÿ çàê³í÷åííÿ êóðñó êåðîâàíîãî
äèõàííÿ (17 ä³á åêñïåðèìåíòó) äëÿ ðåºñò-
ðàö³¿ åôåêòó ï³ñëÿä³¿ â îäèí ³ òîé ñàìèé ÷àñ
äîáè, ùî äàëî çìîãó âèêëþ÷èòè âïëèâ
äîáîâèõ êîëèâàíü  ÂÑÐ íà  ðå çóëüòàòè
îáñòåæåííÿ [9].

ÏÀÊ «Îìåãà-Ì» ïðèçíà÷åíèé  äëÿ
êîìïëåêñíîãî äîñë³äæåííÿ ôóíêö³îíàëü-
íîãî ñòàíó îðãàí³çìó ëþäèíè.  Îñíîâó
ìåòîäó ñêëàäàº íîâà ³íôîðìàö³éíà òåõíî-
ëîã³ÿ àíàë³çó ÂÑÐ � «ôðàêòàëüíà íåéðî-
äèíàì³êà» (ÔÍÄ). Äëÿ àïàðàòíî-ïðîãðàìíî¿
ðåàë³çàö³¿ ìåòîäó ç åëåêòðîêàðä³îñèãíàëó
âèä³ëÿþòü 5 ðèòì³â.  Ó êîæíîìó ç  íèõ
âèçíà÷àþòüñÿ õâèë³ ïåðøîãî ïîðÿäêó, ùî º
îãèíàþ÷èìè öèõ ðèòì³â. Ïîäàëüøà íåéðî-
äèíàì³÷íà îáðîáêà � öå ïåðåòâîðåííÿ ñèã-

íàë³â ó êîäîâó êîìá³íàö³þ çà äâ³éêîâîþ îñ-
íîâîþ, ùî ñêëàäàºòüñÿ ç ïîñë³äîâíîñò³ ³ì-
ïóëüñ³â, âñ³ ïàðàìåòðè ÿêèõ îäíàêîâ³ (ðèñ. 1).

Ìåòîäè÷íî òàêèé àëãîðèòì äàº ìîæëè-
â³ñòü îòðèìàòè â ðåàëüíîìó ìàñøòàá³ ÷àñó
îäíîìîìåíòíó ³íôîðìàö³þ ïðî ñòàí îðãà-
í³çìó ëþäèíè ç óñ³õ îñíîâíèõ ð³âí³â ðåãó-
ëÿö³¿ íà ïðèêëàä³ àíàë³çó ðèòì³÷íî¿ àêòèâ-
íîñò³ ñåðöÿ [2] .

Ðåºñòðàö³þ ïðîâîäèëè â ïîëîæåíí³
ñèäÿ÷è ïðè ñïîê³éíîìó äèõàíí³ ïðîòÿãîì 5
õâ, òîáòî ÷àñó, íåîáõ³äíîãî äëÿ íàáîðó 300
êàðä³îêîìïëåêñ³â. Äëÿ öüîãî áóëè âèêî-
ðèñòàí³ îñíîâí³ ìåòîäè àíàë³çó ÂÑÐ (ó
ñèñòåì³ îö³íîê, ùî ðåêîìåíäóþòüñÿ ñòàí-
äàðòàìè ªâðîïåéñüêîãî êàðä³îëîã³÷íîãî ³
Ï³âí³÷íîàìåðèêàíñüêîãî òîâàðèñòâ ñòèìó-
ëÿö³¿ òà åëåêòðîô³ç³îëîã³¿ [8]), à òàêîæ ìå-
òîä ôðàêòàëüíî¿ íåéðîäèíàì³êè, ùî äàº
çìîãó îòðèìàòè ³íòåãðàëüí³ õàðàêòåðèñòèêè
ôóíêö³îíàëüíîãî ñòàíó îáñòåæóâàíèõ
(òàáë. 1).

Ó ïåðøèé äåíü åêñïåðèìåíòó çàïèñ
ïîêàçíèê³â ÂÑÐ ³ ÔÍÄ ïðîâîäèëè íà òë³
ñïîíòàííîãî äèõàííÿ � êîíòðîëüíèé çàïèñ.
Ïðè öüîìó êîíòðîëþâàëè â ³äñóòí³ñòü
ôîðñîâàíèõ âäèõ³â ³ çàòðèìîê äèõàííÿ ï³ä
÷àñ ðåºñòðàö³¿ ÅÊÃ, òèì ñàìèì âèêëþ÷àþ÷è
äîâ³ëüí³ âïëèâè äèõàííÿ íà ñåðöåâî-ñóäèííó
ñèñòåìó, òîáòî äîñë³äæåííÿ ïðîâîäèëè ó
â³äíîñíî ñòàíäàðòíèõ óìîâàõ. Ó íàñòóïí³
äí³ åêñïåðèìåíòó çàïèñ ïîêàçíèê³â ÂÑÐ ³
ÔÍÄ ïðîâîäèëè íà òë³ êåðîâàíîãî äèõàííÿ,
÷àñòîòà ÿêîãî â³äïîâ³äàëà ÷àñòîò³ ëîêà-
ë³çàö³¿ ìàêñèìàëüíîãî ï³êó ïîòóæíîñò³
ñåðöåâîãî ðèòìó â LF-ä³àïàçîí³.

Ï³ä ÷àñ ñåàíñó êåðîâàíîãî äèõàííÿ
êîæíà îáñòåæóâàíà äèõàëà ï³ä ³íäèâ³äóàëü-
íèé ðèòì, ùî çàäàâàâñÿ «äèõàëüíîþ êó-

Ðèñ. 1. Íåéðîäèíàì³÷íèé ìåòîä îáðîáêè ðèòìîãðàìè
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Òàáëèöÿ 1. Îñíîâí³ ìåòîäè àíàë³çó âàð³àáåëüíîñò³ ðèòìó ñåðöÿ

¹ ïï
Êîðîòê³

 ïîçíà÷åííÿ
Ïîêàçíèêè Ô³ç³îëîã³÷íà ³íòåðïðåòàö³ÿ

Ñòàòèñòè÷í³ ìåòîäè
SDNN, ÑÊÂ Standard deviation of the NN interval �

ñåðåäíüî êâàäðàòè÷íå â³äõèëåííÿ ïîâíîãî
ìàñèâó íîðìàëüíèõ (NN) êàðä³î³íòåðâàë³â
(ìñ)

Ñóìàðíèé åôåêò âåãåòàòèâíî¿ ðåãóëÿö³¿
êðîâîîá³ãó [8]

RMSSD The square root of the mean squared diffe-
rences of successive NN interval � êîð³íü ç
ñóìè ð³çíèöü ïîñë³äîâíîãî ðÿäó êàðä³î-
³íòåðâàëîâ (ìñ)

Àêòèâí³ñòü ïàðàñèìïàòè÷íî¿ ëàíêè
âåãåòàòèâíî¿ ðåãóëÿö³¿  [8]

PNN50 Â³äñîòîê (÷àñòêà) ïîñë³äîâíèõ ³íòåðâàë³â
NN, ð³çíèöÿ ì³æ ÿêèìè ïåðåâèùóº 50 ìñ
(%)

Ïîêàçíèê ì³ðè ïåðåâàãè ïàðàñèìïà-
òè÷íî¿ ëàíêè ðåãóëÿö³¿ íàä ñèìïàòè÷-
íîþ [8]

Ãåîìåòðè÷í³ ìåòîäè

Mo Ìîäà �  çíà÷åííÿ R-R, ùî íàéá³ëüø ÷àñòî
çóñòð³÷àºòüñÿ (ìñ)

Â³äïîâ³äàº íàéá³ëüø â³ðîã³äíîìó äëÿ
öüîãî ïåð³îäó ÷àñó ð³âíþ ôóíêö³îíó-
âàííÿ ñèñòåì ðåãóëÿö³¿ [1, 8]

AÌo Àìïë³òóäà ìîäè � ê³ëüê³ñòü R-R, â³äïîâ³ä-
íèõ çíà÷åííþ ìîäè (n)

Óìîâíèé ïîêàçíèê àêòèâíîñò³ ñèìïà-
òè÷íî¿ ëàíêè ðåãóëÿö³¿ [1, 8]

∆X Âàð³àö³éíèé ðîçìàõ � ð³çíèöÿ ì³æ íàéìåí-
øèì ³ íàéá³ëüøèì çíà÷åííÿìè R-R (ìñ)

Óìîâíèé ïîêàçíèê àêòèâíîñò³ ïàðà-
ñèìïàòè÷íî¿ ëàíêè ðåãóëÿö³¿ [1, 8]

Ìåòîäè âàð³àö³éíî¿ ïóëüñîìåòð³¿

Si, ²Í ²íäåêñ íàïðóãè ðåãóëÿòîðíèõ ñèñòåì Ì³ðà ïåðåâàæàííÿ ñèìïàòè÷íèõ âïëè-
â³â íàä ïàðàñèìïàòè÷íèìè [1]

Ìåòîäè ñïåêòðàëüíîãî àíàë³çó

TP, ÒÎÒÀL Total power � ñóìàðíà ïîòóæí³ñòü ñïåêòðà
ÂÑÐ (ìñ2)

Ñóìàðíèé àáñîëþòíèé ð³âåíü àêòèâ-
íîñò³ ðåãóëÿòîðíèõ ñèñòåì [8]

HF High frequency � ïîòóæí³ñòü ñïåêòðà
âèñîêî÷àñòîòíîãî êîìïîíåíòà ÂÑÐ  (ìñ2)

Â³äíîñíèé ð³âåíü àêòèâíîñò³ ïàðàñèì-
ïàòè÷íî¿ ëàíêè ðåãóëÿö³¿ [8]

LF Low frequency � ïîòóæí³ñòü ñïåêòðà íèçü-
êî÷àñòîòíîãî êîìïîíåíòà ÂÑÐ (ìñ2)

Â³äíîñíèé ð³âåíü àêòèâíîñò³ âàçîìî-
òîðíîãî öåíòðó [8]

VLF Very low frequency � ïîòóæí³ñòü ñïåêòðà
äóæå íèçüêî÷àñòîòíîãî êîìïîíåíòà ÂÑÐ
(ìñ2)

Ì³ðà öåíòðàëüíèõ âïëèâ³â íà ñåðäå÷íèé
ðèòì [8]

²íòåãðàëüí³ ïîêàçíèêè ôóíêö³îíàëüíîãî ñòàíó

A Ïîêàçíèê àäàïòàö³ Ì³ðà àêòèâíîñò³ àâòîíîìíîãî êîíòóðà
ðåãóëÿö³¿ ðèòìó ñåðöÿ [2]

B Ïîêàçíèê âåãåòàòèâíî¿ ðåãóëÿö³¿ Ì³ðà àêòèâíîñò³ âåãåòàòèâíîãî êîíòóðà
ðåãóëÿö³¿ ðèòìó ñåðöÿ [2]

C Ïîêàçíèê öåíòðàëüíî¿ ðåãóëÿö³¿ Ì³ðà àêòèâíîñò³ ã³ïîòàëàìî-ãèïîô³çàð-
íî¿ ñèñòåìè [2]

D Ïîêàçíèê ïñèõîåìîö³éíîãî ñòàíó Ì³ðà àêòèâíîñò³ öåíòðàëüíî¿ íåðâîâî¿
ñèñòåìè [2]

Health ²íòåãðàëüíèé ïîêàçíèê ôóíêö³îíàëüíîãî
ñòàíó îáñòåæóâàíèõ

Õàðàêòåðèçóº çàãàëüíèé ôóíêö³îíàëü-
íèé ñòàí [2]
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ëåþ», ïàðàìåòðè ÿêî¿ ðîçðàõîâóâàëèñÿ çà
ðèòìîãðàìîþ, çàïèñàíîþ áåçïîñåðåäíüî
ïåðåä ñåàíñîì äèõàííÿ íà ÏÀÊ «Îìåãà».
Ñï³ââ³äíîøåííÿ òèì÷àñîâèõ ³íòåðâàë³â
âäèõó òà âèäèõó áóëî ïîñò³éíå ³ ñòàíîâèëî:
38 ³  62 % â³äïîâ³äíî,  ùî çá³ãàºòüñÿ ç
ïðàâèëîì «çîëîòîãî ïåðåòèíó» [2]. Ïåð³îäè
äèõàííÿ ñïî÷àòêó åêñïîíåíö³àëüíî ïîäîâ-
æóâàëèñü ³ â çàâåðøàëüí³é ôàç³ åêñïî-
íåíö³àëüíî ñêîðî÷óâàëèñÿ.  Òðèâàë³ñòü
ñåàíñó ñòàíîâèëà áëèçüêî 5 õâ. Ïîâòîðíèé
çàïèñ ðèòìîãðàìè ïðîâîäèëè íå ðàí³øå, í³æ
÷åðåç 5 õâ ï³ñëÿ çàê³í÷åííÿ ñåàíñó êåðîâà-
íîãî äèõàííÿ.

Êðèòåð³ºì åôåêòèâíîñò³ âèêîðèñòîâóâà-
íîãî ìåòîäó áóëà çì³íà ïîêàçíèê³â ÂÑÐ ³
ÔÍÄ ùîäî êîíòðîëüíîãî çàïèñó, îòðèìàíîãî
â 1-é (ôîíîâèé) äåíü åêñïåðèìåíòó ïðè
ñïîíòàííîìó äèõàíí³. Ñòàòèñòè÷íó îáðîá-
êó ðåçóëüòàò³â çä³éñíþâàëàñÿ çà äîïîìîãîþ
ïàêåòó ïðîãðàì Îìåãà-Ì ³ Statistica 6.0.
Äîñòîâ³ðí³ñòü â³äì³ííîñòåé îòðèìàíèõ
ðåçóëüòàò ³â  âèçíà÷à ëè  çà  äîïîìîãîþ
êðèòåð³þ Â³ëêîêñîíà.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ¯Õ ÎÁÃÎÂÎÐÅÍÍß

Ñòàòèñòè÷íèìè ìåòîäàìè àíàë³çó ñåðöå-
âîãî ðèòìó ó îáñòåæóâàíèõ ïðîòÿãîì 10-
äîáîâîãî êóðñó êåðîâàíîãî äèõàííÿ ç ³íäè-
â³äóàëüíî ï³ä³áðàíîþ ÷àñòîòîþ âèÿâëåíî
äîñòîâ³ðíå çá³ëüøåííÿ çíà÷åíü ïîêàçíèê³â
PNN50, RMSSD ³ CKÂ, ïî÷èíàþ÷è ç 2-¿, 3-¿
³ 5-¿ äîáè ñïîñòåðåæåííÿ â³äïîâ³äíî (ðèñ. 2).

Íà 10-òó äîáó äîñë³äæåííÿ ïîêàçíèêè
RMSSD, CKÂ ³ PNN50 çá³ëüøèëèñÿ ùîäî
¿õ ôîíîâèõ çíà÷åíü íà 30 (Ð<0,05), 28 ³ 71
% (Ð<0,01) â³äïîâ³äíî. Öå ñâ³ä÷èòü ïðî òå,
ùî ï³ä âïëèâîì êóðñîâî¿ ä³¿ êåðîâàíîãî
äèõàííÿ ïîñèëèâñÿ àâòîíîìíèé êîíòóð,
çîêðåìà ïàðàñèìïàòè÷íî¿ ëàíêè ðåãóëÿö³¿
ñåðöåâîãî ðèòìó,  à ,  îòæå,  îïòèì³çàö³ÿ
ðåãóëÿö³¿ ô³ç³îëîã³÷íèõ ôóíêö³é.

Êð³ì òîãî, ñë³ä çàçíà÷èòè, ùî ÷åðåç 7
ä³á ï³ñëÿ ïðèïèíåííÿ ñåàíñ³â êåðîâàíîãî
äèõàííÿ çíà÷åííÿ ïîêàçíèê³â ñòàòèñòè÷-
íîãî àíàë³çó ÂÑÐ çàëèøàëèñÿ  äîñòîâ³ðíî
âèùèìè â³ä ïî÷àòêîâèõ (äèâ. ðèñ. 2), ùî äàº
çìîãó ãîâîðèòè ïðî âèðàæåíèé åôåêò
ï³ñëÿä³¿ öüîãî êóðñó.

Ðèñ. 2. Çì³íà ïîêàçíèê³â ñòàòèñòè÷íîãî àíàë³çó ðèòìó ñåðöÿ ï³ä âïëèâîì êåðîâàíîãî äèõàííÿ ç ³íäèâ³äóàëüíî
ï³ä³áðàíîþ ÷àñòîòîþ ó îáñòåæóâàíèõ ó ð³çí³ òåðì³íè äîñë³äæåííÿ (ó â³äñîòêàõ ùîäî öèõ ïîêàçíèê³â ïðè ñïîíòàííîìó
äèõàíí³ çíà÷åíü, ïðèéíÿòèõ çà 100 %): 1 � ÑÊÂ, 2 � pNN50, 3 � RMSDD. * P<0,05 çà êðèòåð³ºì Â³ëêîêñîíà ùîäî
ïî÷àòêîâèõ çíà÷åíü âèâ÷åíèõ ïîêàçíèê³â
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Îòðèìàí³ ðåçóëüòàòè ï³äòâåðäæóþòüñÿ
³ ãåîìåòðè÷íèì àíàë³çîì ñåðöåâîãî ðèòìó,
ÿê³ ñâ³ä÷àòü ïðî òå, ùî âæå ï³ñëÿ 5-êðàòíî¿
ä³¿ êåðîâàíîãî äèõàííÿ äîñòîâ³ðíî çì³íè-
ëèñÿ äîñë³äæóâàí³ ïîêàçíèêè (äèâ. ðèñ. 2),
à íà 10-òó äîáó ñïîñòåðåæåííÿ çíà÷åííÿ
ïîêàçíèêà  ∆X áóëè íà  17  % (Ð<0,01)
âèùèìè, à ÀÌî íà 19 % (Ð<0,05) íèæ÷èìè
â³ä êîíòðîëüíèõ.

×åðåç 7 ä³á ï³ñëÿ êóðñó êåðîâàíîãî
äèõàííÿ, çíà÷åííÿ âèâ÷åíèõ ïîêàçíèê³â
äîñòîâ³ðíî â³äð³çíÿëèñÿ â³ä ïî÷àòêîâèõ:
ÀÌî � 83 %, ∆X � 114 % (Ð<0,05; ðèñ. 3).

Ðîçøèðåííÿ îñíîâè ³ óïëîùåííÿ êóïîëà
ã³ñòîãðàìè R-R õàðàêòåðèçóºòüñÿ çìåí-
øåííÿì çíà÷åíü ïîêàçíèêà Àìî ³ çá³ëü-
øåííÿì ∆X ³ Ìî ³ ìîæå ñâ³ä÷èòè  ïðî
ïîñèëåííÿ àêòèâíîñò³ àâòîíîìíîãî êîíòóðà
ðåãóëÿö³¿  ñåðöåâî-ñóäèííî¿ ñèñòåìè òà
àêòèâ³çàö³þ ïàðàñèìïàòè÷íîãî ³ çìåíøåííÿ
âïëèâó ñèìïàòè÷íîãî â ³ää³ëó ÂÍÑ íà
ñåðöåâèé ðèòì [8].

Ïîõ³äíèìè ç ãåîìåòðè÷íîãî àíàë³çó º
ê³ëüê³ñí³ ïîêàçíèêè âàð³àö³éíî¿ ïóëüñîìåòð³¿,
íàéá³ëüø ïîøèðåíèì ³ ³íôîðìàòèâíèì

ìåòîäîì ÿêî¿ ââàæàþòü àíàë³ç Si ðåãóëÿ-
òîðíèõ ñèñòåì îðãàí³çìó [1].

Ï³ä âïëèâîì êåðîâàíîãî äèõàííÿ íà
5-òó äîáó åêñïåðèìåíòó ð³çêî çíèçèâñÿ (íà
31 %) Si [6] (Ð<0,05) ùîäî ôîíîâèõ çíà÷åíü
öüîãî ïîêàçíèêà (ðèñ. 4).

Ñë³ä â³äçíà÷èòè, ùî ï³ñëÿ íàñòóïíèõ
ñåàíñ³â êåðîâàíîãî äèõàííÿ çíà÷åííÿ öüîãî
ïîêàçíèêà çíàõîäèëèñÿ â ìåæàõ 75�80
óì.îä., òîáòî íà ð³âí³ «ïëàòî» (äèâ. ðèñ. 4).
Íà öüîìó ñàìîìó ð³âí³ Si çàëèøàâñÿ ³ ÷åðåç
7 ä³á ï³ñëÿ çàê³í÷åííÿ êóðñó.

Ñïåêòðàëüíèé àíàë ³ç  ÂÑÐ ïîêàçàâ
äîñòîâ³ðí³ çì³íè äîñë³äæóâàíèõ ïîêàçíèê³â,
ïî÷èíàþ÷è ç 2�3-¿ äîáè åêñïåðèìåíòó (ðèñ.
5,à),  ïðîòå ìàêñèìàëüíèì áóâ çàðåºñò-
ðîâàíèé íà 10-òó äîáó ä³ ¿  êåðîâàíîãî
äèõàííÿ, êîëè ïîòóæíîñò³ ñïåêòðà â ä³àïàçî-
íàõ LF ³ ÍF ñåðöåâîãî ðèòìó çðîñëè íà 112
³ 69 % (Ð<0,01) â³äïîâ³äíî ùîäî ôîíîâèõ
çíà÷åíü. Ñë³ä çàçíà÷èòè, ùî á³ëüøîþ ì³ðîþ
ï³äâèùèëàñÿ ïîòóæí³ñòü LF-êîìïîíåíòà
ñïåêòðà. Çì³íè VLF-êîìïîíåíòà ñïåêòðà
áóëè íåäîñòîâ³ðí³.

Îòæå, îòðèìàí³ íàìè ðåçóëüòàòè ùîäî

Ðèñ. 3. Çì³íà ïîêàçíèê³â ãåîìåòðè÷íîãî àíàë³çó ðèòìó ñåðöÿ ï³ä âïëèâîì êåðîâàíîãî äèõàííÿ ç ³íäèâ³äóàëüíî
ï³ä³áðàíîþ ÷àñòîòîþ ó ð³çí³ òåðì³íè äîñë³äæåííÿ (ó â³äñîòêàõ ùîäî ïî÷àòêîâèõ çíà÷åíü, ïðèéíÿòèõ çà 100 %):
1 � ÀÌî, 2- Ìî, 3 � ∆X. *Ð<0,05
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çá³ëüøåííÿ ïîòóæíîñò³ ÿê LF, òàê ³ HF-
êîìïîíåíò³â ñïåêòðà ñåðöåâîãî ðèòìó ï³ä
ä³ºþ êåðîâàíîãî äèõàííÿ íà ÷àñòîò³ íèçüêî-
÷àñòîòíî¿ ñêëàäîâî¿ ñïåêòðà ñåðöåâîãî
ðèòìó ìîæóòü ñâ³ä÷èòè ïðî ïîñèëåííÿ
âàãóñíèõ ä³é ³ áàðîðåôëåêòîðíî¿ ðåãóëÿö³¿
ÑÂÊÑ.

Ðàçîì ç³ çì³íîþ ïîòóæíîñò³ îêðåìèõ
êîìïîíåíò³â ñïåêòðà ÂÑÐ ï³ä âïëèâîì
êåðîâàíîãî äèõàííÿ çá³ëüøóâàëàñÿ çà-
ãàëüíà éîãî ïîòóæí³ñòü (äèâ. ðèñ. 5,á). Òàê,
íà 10-òó äîáó êåðîâàíîãî äèõàííÿ çàðåºñò-

ðîâàíî ìàêñèìàëüíó ïîòóæí³ñòü ñïåêòðà
(177  % ùîäî  ôîíîâèõ  çíà÷åíü  öüîãî
ïîêàçíèêà; Ð<0,001).

Â³äîìî, ùî ÒÐ â³äîáðàæàº ñóìàðíó
àêòèâí³ñòü âåãåòàòèâíèõ ä³é íà ñåðöåâèé
ðèòì. Âàãóñíà àêòèâàö³ÿ çàçâè÷àé ñóïðî-
âîäæóºòüñÿ çá³ëüøåííÿì öüîãî ïîêàçíèêà
[8] ,  à  ÷èì â³í á³ëüøèé,  òèì ñèëüí³øå
âèðàæåí³ àäàïòàö³éí³ ìîæëèâîñò³ îðãàí³çìó.
Òîìó çá³ëüøåííÿ ÒÐ ó îáñòåæóâàíèõ ï³ä
âïëèâîì êåðîâàíîãî äèõàííÿ ç ³íäèâ³-
äóàëüíî ï³ä³áðàíîþ ÷àñòîòîþ ìîæå áóòè

Î.Ì. ×óÿí, Î.Î. Á³ðþêîâà, Ì.Þ. Ðàâàºâà
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Ðèñ. 4. Çì³íà Si  ï³ä âïëèâîì êåðîâàíîãî äèõàííÿ ç ³íäèâ³äóàëüíî ï³ä³áðàíîþ ÷àñòîòîþ ó ð³çí³ òåðì³íè äîñë³äæåííÿ.
*Ð<0,05

Òàáëèöÿ 2. Äèíàì³êà ³íòåãðàëüíèõ ïîêàçíèê³â ôóíêö³îíàëüíîãî ñòàíó îáñòåæóâàíèõ

×àñ Ïîêàçíèêè

A B C D Health

1-øà äîáà 61,21 ± 2,83 66,94±4,33 56,42 ±3,58 57,94±2,75 60,63 ±3,10
3-òÿ äîáà 65,03 ± 3,37 74,38±4,52 64,52 ±2,62 63,47 ±2,69 66,85 ±2,86

Ð<0,05 Ð<0,05 Ð<0,05
5-òà äîáà 70,07± 3,83 79,64± 3,91 65,67 ±4,16 66,24 ±3,48 70,41 ±3,63

Ð<0,05 Ð<0,05 Ð<0,05 Ð<0,05 Ð<0,05
7-ìà äîáà 70,08±2,87 77,24±,21 66,30 ±3,44 68,53 ±2,91 70,54 ±2,83

Ð<0,01 Ð<0,01 Ð<0,05 Ð<0,01 Ð<0,01
10-òà äîáà 71,87 ± 3,26 80,14± 4,60 69,07 ±2,88 71,13 ±3,20 73,39 ±3,29

Ð<0,05 Ð<0,01 Ð<0,01 Ð<0,01 Ð<0,01
17-òà äîáà 74,05 ± 3,74 81,53± 3,74 71,48 ±3,49 72,08 ±3,66 73,60 ±3,61

Ð<0,01 Ð<0,05 Ð<0,01 Ð<0,01 Ð<0,01

Ïðèì³òêà: Ð � äîñòîâ³ðí³ñòü â³äì³ííîñòåé çà êðèòåð³ºì Â³ëêîêñîíà ùîäî ïî÷àòêîâèõ çíà÷åíü âèâ÷åíèõ
ïîêàçíèê³â.



ISSN 0201-8489    Ô³ç³îë. æóðí., 2010, Ò. 56, ¹ 592

ïîâ�ÿçàíå ç àêòèâàö³ºþ âåãåòàòèâíîãî ³
çìåíøåííÿì âïëèâó öåíòðàëüíîãî êîíòóðà
ðåãóëÿö³¿ ÑÂÊÑ, ùî ïðèçâîäèòü äî çá³ëü-
øåííÿ àäàïö³éíîãî ïîòåíö³àëó îðãàí³çìó.

Çàñòîñóâàííÿ êóðñîâî¿ ä³¿ êåðîâàíîãî
äèõàííÿ ïðèçâåëî äî çá³ëüøåííÿ ïîêàçíèê³â
ÂÑÐ ³  ÔÍÄ ó ñåðåäíüîìó íà 17�23 %
(Ð<0,01) ùîäî ôîíîâèõ çíà÷åíü (òàáë. 2).

Ñë³ä çàçíà÷èòè, ùî çá³ëüøåííÿ çíà÷åíü

³íòåãðàëüíèõ ïîêàçíèê³â ôóíêö³îíàëüíîãî
ñòàíó ï³ä âïëèâîì 10-äîáîâîãî êóðñó
êåðîâàíîãî äèõàííÿ áóëî çàðåºñòðîâàíî âæå
íà 3�5-òó äîáó ³  ïðîäîâæóâàëî ïëàâíî
çá³ëüøóâàòèñÿ âïðîäîâæ óñüîãî êóðñó,
çàëèøàþ÷èñü äîñòîâ³ðíî âèñîêèì ³ ÷åðåç 7
ä³á ï³ñëÿ çàê³í÷åííÿ åêñïåðèìåíòó. Îòðè-
ìàí³ ðåçóëüòàòè ÔÍÄ ñâ³ä÷àòü ïðî òå, ùî
êåðîâàíå äèõàííÿ ç ÷àñòîòîþ êîëèâàíü LF-
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êîìïîíåíòè ñïåêòðà  ñåðöåâîãî  ðèòìó
çàáåçïå÷óº ðåãóëÿö³þ éîãî ãîëîâíèõ ôóíê-
ö³é íà ð³çíèõ ð³âíÿõ: àâòîíîìíîìó, âåãåòà-
òèâíîìó, ã³ïîòàëàìî-ã³ïîô³çàðíîìó, öåíò-
ðàëüíîìó, à,  îòæå, ñïðèÿº çá³ëüøåííþ
àäàïòèâíèõ ìîæëèâîñòåé óñüîãî îðãàí³çìó.

Òàêèì ÷èíîì, çã³äíî ç ïðèâåäåíèìè
ðåçóëüòàòàìè äîñë³äæåííÿ, 10-äîáîâà ä³ÿ
êåðîâàíîãî äèõàííÿ ç ³íäèâ³äóàëüíî ï³ä³á-
ðàíîþ ÷àñòîòîþ âèêëèêàº äîñòîâ³ðíó çì³íó
âèâ÷åíèõ ïîêàçíèê³â ÂÑÐ ³ ¿¿ ïîõ³äíèõ.
Â³äîìî [1], ùî ÂÑÐ º ³íòåãðîâàíèì ïîêàç-
íèêîì âçàºìîä³¿ òðüîõ ÷èííèê³â, ÿê³ ðåãó-
ëþþòü ñåðöåâèé ðèòì:  ðåôëåêòîðíîãî
ñèìïàòè÷íîãî, ðåôëåêòîðíîãî ïàðàñèì-
ïàòè÷íîãî ³  ãóìîðàëüíî-ìåòàáîë³÷íî-
ìåä³àòîðíîãî ñåðåäîâèùà. Çì³íà ñåðöåâîãî
ðèòìó º óí³âåðñàëüíîþ îïåðàòèâíîþ ðåàê-
ö³ºþ  ö³ë³ñíîãî îðãàí³çìó ó â³äïîâ³äü íà
áóäü-ÿêó ä³þ çîâí³øíüîãî ñåðåäîâèùà ³
õàðàêòåðèçóº áàëàíñ ì³æ òîíóñîì ñèìïà-
òè÷íîãî ³ ïàðàñèìïàòè÷íîãî â³ää³ë³â ÂÍÑ.
Òîìó îòðèìàí³  íàìè ðåçóëüòàòè ùîäî
äîñòîâ³ðíî¿ çì³íè ïîêàçíèê³â ÂÑÐ ³ ÔÍÄ
ñâ³ä÷àòü ïðî íîðìàë³çàö³þ çà äîïîìîãîþ
êåðîâàíîãî äèõàííÿ íà ÷àñòîò³  ìàêñè-
ìàëüíîãî ï³êó â LF-ä³àïàçîí³ ñåðöåâîãî
ðèòìó ñèìïàòîâàãóñíîãî áàëàíñó îðãàí³çìó
îáñòåæóâàíèõ.

Îòæå, äèíàì³êà ïîêàçíèê³â ÂÑÐ ³ ÔÍÄ
ñâ³ä÷èòü ïðî òå, ùî êóðñîâà ä³ÿ êåðîâàíîãî
äèõàííÿ ç ³íäèâ³äóàëüíî ï³ä³áðàíîþ ÷àñòî-
òîþ çäàòíà âèá³ðêîâî çì³íþâàòè îñíîâí³
ìåõàí³çìè ðåãóëÿö³¿ ñåðöåâîãî ðèòìó, ùî
ìàþòü àäàïòèâíå çíà÷åííÿ, âíàñë³äîê ÷îãî
â³äíîâëþþòüñÿ ì³æñèñòåìí³ çâ�ÿçêè çíà÷-
íîþ ì³ðîþ ÷åðåç íîðìàë³çàö³þ âåãåòàòèâíî¿
ðåãóëÿö³¿ ,  ùî ïðèçâîäèòü äî àêòèâàö³¿
âíóòð³øí³õ ðåçåðâ³â îðãàí³çìó, ìåõàí³çì³â
íåñïåöèô³÷íî¿ ðåçèñòåíòíîñò³, îïòèì³çàö³¿
íåéðîåíäîêðèííî¿ ðåãóëÿö³¿ ³ ðîçøèðåííÿ
ô³ç³îëîã³÷íèõ ðåçåðâ³â, à òàêîæ ñïðèÿº
íîðìàë³çàö³¿ ôóíêö³îíàëüíîãî ñòàíó îðãà-
í³çìó â ö³ëîìó.

Ìàáóòü, öå ìîæíà ïîÿñíèòè òèì, ùî äëÿ
ðîáîòè òîãî àáî ³íøîãî êîëèâàëüíîãî

êîíòóðó óïðàâë³ííÿ, ÿêèì, çîêðåìà, º ÑÂÊÑ
âàæëèâå çíà÷åííÿ ìàº ñèñòåìà çâîðîòíîãî
çâ�ÿçêó [10]. Ïðè öüîìó õàðàêòåð åôåðåíò-
íîãî ñèãíàëó çàëåæèòèìå â³ä õàðàêòå-
ðèñòèê àôåðåíòíî¿ ³íôîðìàö³¿, ùî íàäõî-
äèòü ó öåíòð óïðàâë³ííÿ êîëèâàëüíèì
êîíòóðîì. Òîìó çì³íà îñîáëèâîñòåé âëàñ-
íèõ êîëèâàëüíèõ ïðîöåñ³â îðãàí³çìó ìîæ-
ëèâà íà îñíîâ³ åôåêòó ðåçîíàíñó â ñïåêòð³
ÂÑÐ ïðè ä³¿ êåðîâàíîãî äèõàííÿ íà ÷àñòî-
òàõ êîëèâàíü ñïåêòðà ñåðöåâîãî ðèòìó.

Òàêèì ÷èíîì, çàñòîñóâàííÿ êåðîâàíîãî
äèõàííÿ ç  ÷àñòîòîþ,  ùî ï³äáèðàºòüñÿ
³íäèâ³äóàëüíî íà îñíîâ³ ïîïåðåäíüîãî
çàïèñó ÂÑÐ, ìîæíà ðîçö³íþâàòè ÿê ââåäåí-
íÿ ïåð³îäè÷íî¿ êîìïîíåíòè â çîâí³øí³é
ñèãíàë äëÿ ãàðìîí³ç³ö³¿ ÑÂÊÑ ëþäèíè, à
äîñòîâ³ðí³ ïîçèòèâí³ çì³íè ïîêàçíèê³â ÂÑÐ
³ ÔÍÄ ïîâ�ÿçàí³ ç ï³äëàøòóâàííÿì åíäîãåí-
íèõ ðèòì³â ï³ä çîâí³øí³é ðèòì êåðîâàíîãî
äèõàííÿ, ùî çàäàºòüñÿ.

ÂÈÑÍÎÂÊÈ

1. Êåðîâàíå äèõàííÿ, ÷àñòîòà ÿêîãî â³äïî-
â³äàº ÷àñòîò³ ëîêàë³çàö³¿ ìàêñèìàëüíîãî
ï³êó ïîòóæíîñò³ ñåðöåâîãî ðèòìó â LF-
ä³àïàçîí³ º ìîãóòí³ì ìåõàí³çìîì êåðóâàííÿ
ñåðöåâèì ðèòìîì ³ çì³íîþ ôóíêö³îíàëüíîãî
ñòàíó îðãàí³çìó â ö³ëîìó.

2. Êóðñîâå äèõàííÿ ç ³íäèâ³äóàëüíî
ï³ä³áðàíîþ ÷àñòîòîþ àêòèâóº ó îáñòåæó-
âàíèõ ïàðàñèìïàòè÷íó ëàíêó  ÂÍÑ òà
àâòîíîìíèé êîíòóð ðåãóëÿö³¿ ³ îñëàáëþº
öåíòðàë³çàö³þ óïðàâë³ííÿ ñåðöåâèì ðèò-
ìîì.

3. Êåðîâàíå äèõàííÿ çàáåçïå÷óº ðåãó-
ëÿö³þ ãîëîâíèõ ôóíêö³é ñåðöåâîãî ðèòìó íà
ð³çíèõ ð³âíÿõ: àâòîíîìíîìó, âåãåòàòèâíîìó,
ã³ïîòàëàìî-ã³ïîô³çàðíîìó, öåíòðàëüíîìó, à,
îòæå,  ñïðèÿº  çá³ëüøåííþ àäàïòèâíèõ
ìîæëèâîñòåé óñüîãî îðãàí³çìó.

4. Êóðñîâà ä³ÿ êåðîâàíîãî äèõàííÿ ìàº
âèðàæåíèé åôåêò ï³ñëÿä³¿, ùî ðåºñòðóºòüñÿ
âïðîäîâæ ïîäàëüøèõ 7 ä³á ï³ñëÿ çàê³í÷åííÿ
êóðñó.

Î.Ì. ×óÿí, Î.Î. Á³ðþêîâà, Ì.Þ. Ðàâàºâà
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ÂËÈßÍÈÅ ÓÏÐÀÂËßÅÌÎÃÎ ÄÛÕÀÍÈß
Ñ ÈÍÄÈÂÈÄÓÀËÜÍÎ ÏÎÄÎÁÐÀÍÍÎÉ
×ÀÑÒÎÒÎÉ ÍÀ ÏÎÊÀÇÀÒÅËÈ
ÂÀÐÈÀÁÅËÜÍÎÑÒÈ ÐÈÒÌÀ ÑÅÐÄÖÀ

Èçó÷åíû èçìåíåíèÿ ïîêàçàòåëåé âàðèàáåëüíîñòè ñåð-
äå÷íîãî ðèòìà è ôðàêòàëüíîé íåéðîäèíàìèêè â óñëîâèÿõ
óïðàâëÿåìîãî äûõàíèÿ íà ÷àñòîòå êîëåáàíèé  ñïåêòðà
ñåðäå÷íîãî ðèòìà. Ïîêàçàíî, ÷òî óïðàâëÿåìîå äûõàíèå,
÷àñòîòà êîòîðîãî ñîîòâåòñòâóåò ÷àñòîòå ëîêàëèçàöèè
ìàêñèìàëüíîãî ïèêà ìîùíîñòè ñåðäå÷íîãî ðèòìà â
íèçêî÷àñòîòíîì äèàïàçîíå ÿâëÿåòñÿ ìîùíûì ìåõàíèçìîì
óïðàâëåíèÿ ñåðäå÷íûì ðèòìîì è èçìåíåíèÿ ôóíêöèî-
íàëüíîãî ñîñòîÿíèÿ îðãàíèçìà â öåëîì.
Êëþ÷åâûå ñëîâà: óïðàâëÿåìîå äûõàíèå, âàðèàáåëüíîñòü
ñåðäå÷íîãî ðèòìà, ôðàêòàëüíàÿ íåéðîäèíàìèêà, ñèñòåìà
âåãåòàòèâíîãî óïðàâëåíèÿ ðèòìîì ñåðäöà.

E.N. Chujan, E.A. Birukova, M.U. Ravaeva

THE INFLUENCE OF INDIVIDUALLY CHOSEN
CONTROLLED BREATHING FREQUENCY ON
THE HEART RATE VARIABILITY INDEXES

We studied the changes in indexes of variability of heart rate
and fractal neurodynamics under conditions of controlled
breathing on fluctuation frequency of a spectrum of heart rate.
It is shown that the controlled breathing, which frequency
corresponds to a frequency of localization of the maximum
peak of capacity of a heart rate in low-frequency  is a powerful
mechanism of management of heart rate and change of a func-
tional condition of an organism as a whole.
Key words: controlled breathing, heart rate variability, fractal
neurodynamics, heart rate vegetative management system.

Òàâð. íàö. óí-ò ³ì. Â.². Âåðíàäñüêîãî;

Öåíòð êîðåêö³¿ ôóíêö³îíàëüíîãî ñòàíó ëþäèíè,
Ñ³ìôåðîïîëü

ÑÏÈÑÎÊ Ë²ÒÅÐÀÒÓÐÈ

1. Áàåâñüêèé Ð.Ì., Áºðñºíåâà Ã.Ï. Îö³íêà àäàïòàö³éíèõ

ìîæëèâîñòåé îðãàí³çìó ³ ðèçê ðîçâèòêó çàõâî-
ðþâàíü. � Ì.: Ìåäèöèíà, 1997. � 236 c.

2. Îá´ðóíòóâàííÿ àïïàðàòíî-ïðîãðàìíèõ ìåòîä³â,
ïðèçíà÷åíèõ  äëÿ ñêð³íèíã-ä³àãíîñòèêè âíóòð³øí³õ
çàõâîðþâàíü ³ äëÿ îö³íêè åôåêòèâíîñò³ ë³êó-
âàëüíî-ïðîô³ëàêòè÷íèõ çàõîä³â â ñèñòåì³ äèñïàí-
ñåðèçàö³¿ â³éñüêîâîñëóæáîâö³â òà ïåíñ³îíåð³â
ÌÎ: çâ³ò ïðî íàóêîâî-äîñë³äíó ðîáîòó. � ÑÏá:
ÂÌÀ, 2002. � 77 ñ.

3. ×óÿí Î.Ì., Á³ðþêîâà Î.Î., Ðàâàºâà Ì.Þ., Í³ê³ôî-
ðîâ ² .Ð.  Îñîáëèâîñò³ ñèñòåìû âåãåòàòèâíîãî
êåðóâàííÿ ñåðöåì ó âèïðîáîâóâàíèõ ñ ð³çíèì òèïîì
âåãåòàòèâíî¿ ðåãóëÿö³¿ //Â÷åí³ çàïèñêè Òàâð. íàö.
óí-òó ³ì. Â. ². Âåðíàäñüêîãî. � 2009. � 22 (61), ¹1. �
Ñ. 113-133.(Ñåð. «Á³îëîã³ÿ, õ³ì³ÿ»).

4. Brac^ic^-Lotric^ M, Stefanovska A. Synchronization
and modulation in the human cardiorespiratory sys-
tem // Physica A. � 2000. � 283. � Ð. 61.

5. De Boer R.W., Karemuker J.M., Stracker J. // Hemo-
dynamic fluctuations and baroreflex sensitivity in
humans: a beat-to-beat model // Amer. J. Physiol. �
1987. � 253, ¹ 3. � P. 680.

6. Glass L. Synchronization and rhythmic processes in
physiology // Nature. � 2001. � 410. � P. 277.

7. Glass L., Mackey M.C. From clocks to chaos: the
rhythms of life. � Princeton: Princeton University
ðress, 1988. � Ð. 214.

8. Heart rate variability. Standatds of Measurement,
Physiological interpretation and clinical use// Circula-
tion. � 1996. � 93. � P.1043-1065.

9. Huikuri H.V., Niemela M.J., Ojala S., Rantala A.,
Ikaheimo M.J., Airaksinen K.E. Circadian rhythms of
frequency domain measures of heart rate variability in
healthy subjects and patients with coronary artery dis-
ease. Effects of arousal and upright posture // Circula-
tion. � 1994. � 90, ¹ 1. � P. 121.

10.  Malpas S. Neural influences on cardiovascular vari-
ability: possibilities and pitfalls. // Physiol Heart
Circulat. Physiol. � 2002. �¹ 282. � Ð. 6-20.

11. Prokhorov M.D., Ponomarenko V.I., Gridnev V.I.,
Bodrov M.B., Bespyatov A.B. Synchronization be-
tween main rhythmic processes in the human
cardiovascular system // Phys. Rev. E. � 2003. � ¹ 68. �
Ð. 13.

Òàâð. íàö. óí-ò ³ì. Â.². Âåðíàäñüêîãî;
Öåíòð êîðåêö³¿ ôóíêö³îíàëüíîãî ñòàíó ëþäèíè,
Ñ³ìôåðîïîëü
E-mail: health.center.tnu@gmail.com

Ìàòåð³àë íàä³éøîâ äî
ðåäàêö³¿ 04.11.2009

Âïëèâ êåðîâàíîãî äèõàííÿ  ç ³íä³â³äóàëüíî ï³ä³áðàíîþ ÷àñòîòîþ



ISSN 0201-8489    Ô³ç³îë. æóðí., 2010, Ò. 56, ¹ 5 95

ÓÄÊ 577.352.33

Î.À. Ôåäîðåíêî, Ñ.Ì. Ìàð÷åíêî

Ñïîíòàííî àêòèâí³  ³îíí³ êàíàëè
ìåìáðàí ÿäåðíî¿ îáîëîíêè

Â åóêàð³îòíèõ êë³òèíàõ ãåíåòè÷íèé àïàðàò îáìåæåíèé ÿäåðíîþ îáîëîíêîþ, ÿêà ñêëàäàºòüñÿ
ç äâîõ ìåìáðàí, âíóòð³øíüî¿ òà çîâí³øíüî¿, ³ ìîæå ðîçãëÿäàòèñÿ ÿê ñïåöèô³÷íà ÷àñòèíà
åíäîïëàçìàòè÷íîãî ðåòèêóëóìà êë³òèíè. Â ÿäåðíèõ ìåìáðàíàõ çíàõîäÿòüñÿ ÿäåðí³ ïîðè �
êîìïëåêñè, ÿê³ çàáåçïå÷óþòü âèñîêîñåëåêòèâèé òðàíñïîðò ìàêðîìîëåêóë ³ ïàñèâíå ïåðåíåñåííÿ
³îí³â ³ ìàëèõ ìîëåêóë. Êð³ì òîãî, ó âíóòð³øí³é òà çîâí³øí³é ìåìáðàíàõ ÿäåðíî¿ îáîëîíêè áóëè
îïèñàí³ ³îí³ êàíàëè, ñåëåêòèâí³ äî êàò³îí³â òà àí³îí³â. Ô³ç³îëîã³÷íå çíà÷åííÿ öèõ êàíàë³â
ïîâí³ñòþ äîñ³ íå âñòàíîâëåíî ÷åðåç ¿õ âàæêîäîñòóïí³ñòü äëÿ ïðÿìîãî åëåêòðîô³ç³îëîã³÷íîãî
äîñë³äæåííÿ, àëå ìè ìîæåìî ïðèïóñòèòè, ùî âîíè, éìîâ³ðíî, â³ä³ãðàþòü âàæëèâó ðîëü ó
ï³äòðèìàíí³ ³îííîãî áàëàíñó ì³æ öèòîïëàçìîþ/íóêëåîïëàçìîþ òà ëþìåíîì ÿäåðíî¿ îáîëîíêè.
Ó öüîìó îãëÿä³ ìè ç³áðàëè òà ïðîàíàë³çóâàëè äàí³ ùîäî ñïîíòàííî àêòèâíèõ ³îííèõ êàíàë³â,
ÿê³ áóëè çíàéäåí³ â ìåìáðàíàõ ÿäåðíî¿ îáîëîíêè êë³òèí ð³çíèõ òèï³â, ùî äàëî íàì ìîæëèâ³ñòü
óïåðøå êëàñèô³êóâàòè ö³ êàíàëè òà ïðèïóñòèòè ¿õ ôóíêö³éíå çíà÷åííÿ.
Êëþ÷îâ³ ñëîâà: ³îíí³ êàíàëè, ÿäåðíà îáîëîíêà, ÿäåðíà ïîðà, âíóòð³øíüîêë³òèííà ñèãíàë³çàö³ÿ,
êàëüö³ºâèé ñèãíàë, êë³òèíí³ äåïî Ñà2+.
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Â³äîìî, ùî îäíà ç ãîëîâíèõ õàðàêòåðèñòèê
åóêàð³îòíî¿ êë³òèíè º ¿¿ êîìïàðòìåíòàë³-
çàö³ÿ. Ñèñòåìà âíóòð³øíüîêë³òèííèõ ìåìá-
ðàííèõ óòâîðåíü, îñíîâîþ ÿêèõ º åíäîïëàç-
ìàòè÷íèé ðåòèêóëóì (ÅÐ), â³ä³ãðàº âåëèêó
ðîëü ó íîðìàëüíîìó ôóíêö³îíóâàíí³ êë³òèíè.
Ó êë³òèííèõ ìåìáðàí íàÿâí³ ³îíí³ êàíàëè,
ñïåöèô³÷í³ çà ñâî¿ìè âëàñòèâîñòÿìè, ÿê³ íà
â³äì³íó â³ä ³îííèõ êàíàë³â öèòîïëàçìàòè÷íî¿
ìåìáðàíè çàëèøàþòüñÿ íåäîñòàòíüî âèâ-
÷åíèìè ÷åðåç ñêëàäíîñò³ ó ïðîâåäåíí³
åëåêòðîô³ç³îëîã³÷íèõ äîñë³äæåíü áåçïîñå-
ðåäíüî íà âíóòð³øíüîêë³òèííèõ ìåìáðàíàõ,
íå ïîðóøóþ÷è ¿õ íàòèâí³ñòü.

Ãåíåòè÷íèé àïàðàò êë³òèíè â³äîêðåì-
ëåíèé â³ä ðåøòè öèòîïëàçìè ñïåöèô³÷íîþ
îðãàíåëîþ � ÿäåðíîþ îáîëîíêîþ, êîòðó
ðîçãëÿäàþòü ÿê ÷àñòèíó ÅÐ, îñê³ëüêè ¿¿
çîâí³øíÿ ìåìáðàíà òà ïåðèíóêëåàðíèé

ïðîñò³ð ìîðôîëîã³÷íî çâ�ÿçàí³ ç ìåìá-
ðàíîþ òà ëþìåíîì ÅÐ,  à  òàêîæ ìàþòü
ñï³ëüí³ á³îõ³ì³÷í³ âëàñòèâîñò³ [5, 6]. Áóëî
ïîêàçàíî, ùî ÿäåðíà îáîëîíêà, ÿê ³ ÅÐ,
ìîæå ôóíêö³îíóâàòè ÿê êàëüö³ºâå äåïî [33,
36, 42].

ßäåðíà îáîëîíêà, áåçïåðå÷íî, º íàéá³ëü-
øîþ öèñòåðíîþ ÅÐ. Âåëèêèé ðîçì³ð ðîáèòü
¿¿ ºäèíîþ ÷àñòèíîþ ÅÐ â êë³òèíàõ ññàâö³â,
ïðèäàòíîþ äëÿ ïðÿìèõ patch-clamp-ðåºñò-
ðàö³é. Òàêèì ÷èíîì, ìåìáðàíè ÿäåðíî¿
îáîëîíêè ìîæíà âèêîðèñòîâó âàòè äëÿ
äîñë³äæåííÿ ³îííèõ êàíàë³â ðåøòè ÅÐ.

Äîñèòü  ñóïåðå÷ëèâèì çàëèøàºòüñÿ
ïèòàííÿ ùîäî ôóíêö³¿  ³îííèõ êàíàë³â
ÿäåðíî¿ îáîëîíêè. Ââàæàþòü, ùî âîíè
â³äïîâ³äàþòü çà ï³äòðèìàííÿ ñòàëî¿ êîí-
öåíòðàö³¿ ð³çíèõ ³îí³â ó ïåðèíóêëåàðíîìó
ïðîñòîð³ òà íóêëåîïëàçì³ ï³ä ÷àñ ïåâíèõ
ô³ç³îëîã³÷íèõ ñòàí³â ïðîòÿãîì ôóíêö³î-
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íàëüíî¿ àêòèâíîñò³ êë³òèíè. Óñ³ ÿäåðí³ ³îíí³
êàíàëè, ÿê³  íà öåé ÷àñ áóëè îïèñàí³ â
ë³òåðàòóð³, äåìîíñòðóþòü ð³çí³ á³îô³çè÷í³
âëàñòèâîñò³, ïðîòå ô³ç³îëîã³÷íå çíà÷åííÿ
òàêîãî ð³çíîìàí³òòÿ êàíàë³â çàëèøàºòüñÿ
íåçðîçóì³ëèì. Îòæå, äîñë³äæåííÿ ³îííèõ
êàíàë³â ÿäåðíî¿ îáîëîíêè ïðåäñòàâëÿº
³íòåðåñ ó äåê³ëüêîõ â³äíîøåííÿõ.  Ïî-
ïåðøå, âîíè ìîæóòü áðàòè àêòèâíó ó÷àñòü
y ðåãóëÿö³¿ òðàíñïîðòó ì³æ öèòîïëàçìîþ òà
íóêëåîïëàçìîþ,  à  òàêîæ ãåíåòè÷íîãî
àïàðàòó êë³òèíè. Ïî-äðóãå, ö³ ³îíí³ êàíàëè
ÿäåðíî¿ îáîëîíêè ìîæíà ðîçãëÿäàòè ÿê
êàíàëè ÅÐ.

Äîñë³äæåííÿ ³îííèõ êàíàë³â ÿäåðíî¿
îáîëîíêè ìàº íàñàìïåðåä âåëèêå òåîðå-
òè÷íå çíà÷åííÿ, îñê³ëüêè ñïðèÿº á³ëüø
ãëèáîêîìó ðîçóì³ííþ ìåõàí³çì³â âíóòð³ø-
íüîêë³òèííî¿ ðåãóëÿö³¿, çîêðåìà ïåðåäà÷³
êë³òèííèõ ñèãíàë³â âñåðåäèíó ÿäðà, ùî
ñïðè÷èíÿº çì³íè â àêòèâíîñò³ ãåíåòè÷íîãî
àïàðàòó. Ö³ äîñë³äæåííÿ äàþòü ï³äñòàâó äëÿ
ïîäàëüøîãî âèâ÷åííÿ âëàñòèâîñòåé ÿäåðíî¿
îáîëîíêè òà ¿¿ çâ�ÿçêó ç òàêèìè ô³ç³îëîã³÷-
íèìè ÿâèùàìè â êë³òèí³, ÿê àïîïòîç, íåéðî-
äåãåíåðàö³ÿ òîùî.

Ìè ñïðîáóâàëè ç³áðàòè âñ³ â³äîì³ äàí³
ùîäî ³îííèõ êàíàë³â ÿäåðíèõ ìåìáðàí, ÿê³
áóëè çíàéäåí³ â êë³òèíàõ ð³çíèõ òèï³â, òà
ïîÿñíèòè ¿õ  çíà÷åííÿ  ó  íîðìà ëüíîì ó
ôóíêö³îíóâàíí³ êë³òèíè.

Îñîáëèâîñò³ áóäîâè òà ôóíêö³îíóâàííÿ
ÿäåðíî¿ îáîëîíêè êë³òèíè. ßäåðíà îáîëîíêà �
ñïåöèô³÷íà îðãàíåëà,  ÿêà  ôîðìóºòüñÿ
âíàñë³äîê ðîçøèðåííÿ òà çëèòòÿ öèñòåðí ÅÐ
òàêèì ÷èíîì, ùî íàâêîëî ÿäðà óòâîðþºòüñÿ
ïîäâ³éíà ñò³íêà. Öÿ ñòðóêòóðà õàðàêòåðíà
äëÿ âñ³õ åóêàð³îòíèõ êë³òèí. ßäåðíà îáî-
ëîíêà ñêëàäàºòüñÿ ³ç çîâí³øíüî¿ òà âíóò-
ð³øíüî¿ ìåìáðàí, ÿê³ ðîçä³ëåí³ ëþìåíîì,
àáî ïåðèíóêëåàðíèì ïðîñòîðîì, çàâøèðøêè
20�60 íì. Ìåìáðàíè ÿäåðíî¿ îáîëîíêè â
ìîðôîëîã³÷íîìó â³äíîøåíí³ íå â³äð³ç-
íÿþòüñÿ â³ä ðåøòè âíóòð³øíüîêë³òèííèõ
ìåìáðàí: âîíè ìàþòü òîâùèíó áëèçüêî 7 íì
³ ñêëàäàþòüñÿ ç äâîõ îñì³îô³ëüíèõ øàð³â.

ßäåðíà îáîëîíêà íå ëèøå îáìåæóº

ãåíåòè÷íèé ìàòåð³àë êë³òèíè, âîíà º íàï³â-
ïðîíèêíèì áàð�ºðîì ì³æ öèòîïëàçìîþ òà
íóêëåîïëàçìîþ. Òðàíñïîðò êð³çü ÿäåðíó
îáîëîíêó çàáåçïå÷óþòü ÷èñëåíí³ êîìïëåêñè
ÿäåðíî¿ ïîðè (NPÑ). ×åðåç ö³ êîìïëåêñè
çä³éñíþºòüñÿ  ïàñèâíà äèôóç³ÿ  ³îí³â  ³
ìîëåêóë ç ìîëåêóëÿðíîþ ìàñîþ ìåíøå í³æ
40 êÄà [31], à òàêîæ âèñîêîñåëåêòèâíèé
àêòèâíèé òðàíñïîðò ìàêðîìîëåêóë � íóêëå¿-
íîâèõ êèñëîò ³ ïðîòå¿í³â [2, 37, 39]. Êð³ì
òîãî, â çîâí³øí³é ³ âíóòð³øí³é ÿäåðíèõ
ìåìáðàíàõ áóëè âèÿâëåí³ ³îíí³ êàíàëè, ùî
äåìîíñòðóþòü ð³çí³ á³îô³çè÷í³ âëàñòèâîñò³
çàëåæíî â³ä òèïó êë³òèí, â ÿêèõ âîíè áóëè
çíàéäåí³.

Çîâí³øíÿ òà âíóòð³øíÿ ìåìáðàíè ÿäåð-
íî¿ îáîëîíêè ìàþòü ïåâí³ á³îõ³ì³÷í³ òà
ôóíêö³îíàëüí³ â³äì³ííîñò³ [25, 36, 60].
Ìîðôîëîã³÷í³ äîñë³äæåííÿ ïîêàçàëè, ùî
çîâí³øíÿ ÿäåðíà ìåìáðàíà º ïðîäîâæåííÿì
ÅÐ [6, 25, 35, 61]. Öÿ ìåìáðàíà, ÿê ³ ñàðêî/
åíäîïëàçìàòè÷íèé ðåòèêóëóì, ì³ñòèòü
Ñà2+-ATÔàçó, ÿêà â³äïîâ³äàº çà àêòèâíèé
òðàíñïîðò ³îí³â êàëüö³þ [32]. Âíóòð³øíÿ
ìåìáðàíà ò³ñíî âçàºìîä³º ç íóêëåîñêå-
ëåòîì (ëàì³íàìè À, Â ³ Ñ) ÷åðåç ðåöåïòîð
äî ëàì³íó Â, à òàêîæ LAP1- i 2-ïðîòå¿í òà
åìåðèí [53, 61, 62], ìóòàö³¿ ÿêèõ ïðèçâîäÿòü
äî âàæêèõ ñïàäêîâèõ õâîðîá [8]. Äî òîãî
æ, ÿê ïîêàçàëè íåùîäàâí³ äîñë³äæåííÿ,
íàá³ð ³îííèõ êàíàë³â ó âíóòð³øí³é ³ çîâí³øí³é
ìåìáðàíàõ  ÿäåðíî¿  îáîëîíêè ñóòòºâî
â³äð³çíÿºòüñÿ [25, 36, 16�19]. Êð³ì òîãî,
ÿäåðíà îáîëîíêà, òàê ñàìî ÿê ³ ÅÐ, ââà-
æàºòüñÿ êàëüö³ºâèì äåïî, ç ÿêîãî ï³ä ÷àñ
ïåâíèõ ô³ç³îëoã³÷íèõ ÿâèù (çáóäæåííÿ)
âèâ³ëüíþºòüñÿ Ñà2+ [4, 24, 33, 36, 44, 46, 51,
54]. Ïåðø³ äîñë³äæåííÿ, ÿê³ ï³äòâåðäæóþòü
öå ïðèïóùåííÿ áóëè ïðîâåäåí³ íà ³çîëüî-
âàíèõ ÿäðàõ êë³òèí ïå÷³íêè [42]. Àâòîðè
ïîêàçàëè, ùî ö³ ÿäðà ìîæóòü àêóìóëþâàòè
Ñà2+ ÀÒÔ-çàëåæíèì ÷èíîì ³ âèä³ëÿòè éîãî
ïðè àïë³êàö³¿ ³íîçèòîëòðèôîñôàòó.

Îòæå, ÿäåðíà îáîëîíêà êë³òèíè âèêîíóº
íå ëèøå ñòðóêòóðíó ôóíêö³þ, à òàêîæ áåðå
àêòèâíó ó÷àñòü ó âíóòð³øíüîêë³òèíí³é
ñèãíàë³çàö³¿.

Ñïîíòàííî àêòèâí³ ³îíí³ êàíàëè  ìåìáðàí ÿäåðíî¿ îáîëîíêè
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Êîìïëåêñ ÿäåðíî¿ ïîðè � ôóíêö³îíàëüíà
òà ñòðóêòóðíà îäèíèöÿ îáîëîíêè ÿäðà
êë³òèíè. Äîñë³äæåííÿ ç âèêîðèñòàííÿì
åëåêòðîííî¿ ì³êðîñêîï³¿ ïîêàçàëè íàÿâí³ñòü
ó ÿäåðí³é îáîëîíö³  äóæå õàðàêòåðíèõ
óòâîðåíü � ÿäåðíèõ ïîð, ÿê³ ïðîíèçóþòü
îáèäâ³ ÿäåðí³ ìåìáðàíè [29, 37, 39]. Â
ÿäåðí³é ïîð³ çîâí³øíÿ òà âíóòð³øíÿ ìåìá-
ðàíè çëèâàþòüñÿ, âíàñë³äîê ÷îãî ñïîëó-
÷àþòüñÿ öèòîïëàçìà òà íóêëåîïëàçìà,
óòâîðþþ÷è êàíàë ä³àìåòðîì áëèçüêî 90 íì
[20, 35]. Ó öüîìó êàíàë³ çíàõîäèòüñÿ NPC,
ÿêèé ÿâëÿº ñîáîþ âåëè÷åçíó íàäìîëåêó-
ëÿðíó ñòðóêòóðó ìàñîþ ïîíàä 125 ÌÄa òà
ñêëàäàºòüñÿ ç ïîíàä 100 îêðåìèõ á³ëêîâèõ
ìîëåêóë � íóêëåîïîðèí³â [35]. Ó êë³òèíàõ
õðåáåòíèõ âèÿâëåíî á³ëüø í³æ 30 ð³çíèõ
íóêëåîïîðèí³â, ç ÿêèõ á³ëüø³ñòü ðîç÷èííà ³
ëèøå 2 á³ëêè ³íòåãðîâàí³ ó ìåìáðàíó. Â
NPC  ïðåäñòàâëåíî 8�24 êîï³¿ êîæíîãî ç öèõ
á³ëê³â [34, 49, 50].  Ó ñêëàä³ á³ëüøîñò³
íóêëåîïîðèí³â íàÿâí³ òàê çâàí³ FG-ïîâòîðè,
çáàãà÷åí³ íà çàëèøêè ôåí³ëàëàí³íó òà ãë³öèíó,
ÿê³ íåîáõ³äí³ äëÿ çâ�ÿçóâàííÿ ç ðåöåïòîðàìè
(ñïåöèô³÷íèìè äëÿ ÿäåðíîãî ³ìïîðòó òà
åêñïîðòó) ³ çàáåçïå÷óþòü òðàíñïîðòóâàííÿ
ìîëåêóë êð³çü ÿäåðíó îáîëîíêó.

Ñêëàäíèé êîìïëåêñ ïîð ìàº îêòàãî-
íàëüíó ñèìåòð³þ òà âêëþ÷àº òðè ðÿäè
ãðàíóë ðîçì³ðîì áëèçüêî 25 íì, ïî 8 øòóê
ó êîæíîìó � òðè ãîëîâí³ ê³ëüöÿ, ÿê³ óêëàäåí³
îäíå ï³ä îäíèì [1, 29, 59]. Îäèí ðÿä ëåæèòü
ç áîêó íóêëåîïëàçìè, äðóãèé � ç áîêó öèòî-
ïëàçìè, òðåò³é �ðîçòàøîâàíèé â öåíòðàëü-
í³é ÷àñòèí³ ïîðè [43, 50]. Öåíòðàëüíå, àáî
ëþìåíàëüíå, ê³ëüöå ìàº 8 âèïèí³â, ùî
îòî÷óþòü öåíòðàëüíå ÿäðî ñòðóêòóðè, â
ÿêîìó çíàõîäèòüñÿ ñàì êàíàë öüîãî êîìï-
ëåêñó. Äîñë³äæåííÿ åëåêòðîííî¿ òà ôëóîðåñ-
öåíòíî¿ ì³êðîñêîï³¿ ïîêàçàëè, ùî ä³àìåòð
âíóòð³øíüîãî êàíàëó ÿäåðíî¿ ïîðè ïðèá-
ëèçíî 6 íì, à äîâæèíà áëèçüêî 15 íì [1, 26].
Â³ä öèòîïëàçìàòè÷íîãî ê³ëüöÿ â³äõîäÿòü 8
âèðîñò³â ó öèòîïëàçìó, à 8 âèðîñò³â íóêëåî-
ïëàçìàòè÷íîãî ê³ëüöÿ óòâîðþþòü êîøèêî-
ïîä³áíó ñòðóêòóðó, ÿêà ñïîëó÷àºòüñÿ ç

íóêëåîñêåëåòîì [22, 27]. Òàêèì ÷èíîì, NPC
áåðå ó÷àñòü â îðãàí³çàö³¿ ñòðóêòóðè ÿäðà.

Ï³ä ÷àñ ïîä³ëó êë³òèíè NPC ðîçïà-
äàþòüñÿ íà  îêðåì³  íóêëåîïîðèíè,  ÿê³
ïîøèðþþòüñÿ íà âñþ êë³òèíó [34]. Ââà-
æàºòüñÿ, ùî ðîçïàä NPCs ñóïðîâîäæóºòüñÿ
ôîñôîðèëþâàííÿì äåÿêèõ á³ëê³â ÿäåðíî¿
ïîðè. Ï³ñëÿ ðóéíóâàííÿ ÿäåðíî¿ îáîëîíêè
îêðåì³ íóêëåîïîðèíè çáèðàþòüñÿ â ïåâí³
ñêóï÷åííÿ ,  ÿê ³  ìîæíà  ñïîñòåð ³ãàòè  ó
öèòîïëàçì³. Ôîðìóâàííÿ NPCs ïðè óòâîðåíí³
íîâî¿ ÿäåðíî¿ îáîëîíêè ï³ñëÿ ðîçïîä³ëó êë³òèíè
íå ïîòðåáóº ñèíòåçó íîâèõ ïðîòå¿í³â, îñê³ëüêè
êîìïîíåíòè êîìïëåêñ³â ÿäåðíèõ ïîð çáè-
ðàþòüñÿ â³äðàçó æ ï³ñëÿ ì³òîçó [23].

Ù³ëüí³ñòü ÿäåðíèõ ïîð çàëåæèòü â³ä
òèïó êë³òèíè, ¿¿ ô³ç³îëîã³÷íîãî ñòàíó òà
ìåòàáîë³÷íî¿ àêòèâíîñò³ [39]. Òàê, íàïðèê-
ëàä, ó ãåïàòîöèòàõ ù³ëüí³ñòü NPC ñòàíî-
âèòü ïðèáëèçíî 10�15 ïîð íà 1 ìêì2 [55], ó
íåéðîíàõ Ïóðê³íüº � 19�25 ïîð íà 1 ìêì2, â
îë³ãîäåíäðîöèòàõ � 5�7 ïîð íà 1 ìêì2.
Çàãàëüíà ê³ëüê³ñòü ÿäåðíèõ ïîð íà îäíå ÿäðî
íåéðîíà âàð³þº â³ä 18451 ± 2336 (ó íåéðîíàõ
Ïóðê³íüº) äî 621 ± 394 (ó ãðàíóëÿðíèõ
íåéðîíàõ). Ó ãë³àëüíèõ êë³òèíàõ ù³ëüí³ñòü
ÿäåðíèõ ïîð íà îäíå ÿäðî äåùî íèæ÷à ³
ñòàíîâèòü â³ä 1782 ± 162 (ó ïðîòîïëàçìà-
òè÷íèõ àñòðîöèòàõ) äî 402 ± 67 (â îë³ãî-
äåíäðîöèòàõ) [23].

ª äàí³, ùî ³íêîëè ÿäåðí³ ïîðè ìîæóòü
óòâîðþâàòè êëàñòåðè ç äâîõ ÷è á³ëüøå
NPC. Ó íåéðîíàõ Ïóðê³íüº òàê³ êëàñòå-
ðèçîâàí³ êîìïëåêñè ÿäåðíèõ ïîð ñòàíîâëÿòü
82 % â³ä çàãàëüíî¿ ê³ëüêîñò³ ïîð â ÿäåðí³é
îáîëîíö³, à â ³íòåðíåéðîíàõ � 44 % [23].
Ô³ç³îëîã³÷íå çíà÷åííÿ öüîãî ÿâèùa çàëè-
øàºòüñÿ íåç�ÿñîâàíèì.

×åðåç NPCs çä³éñíþºòüñÿ äâîá³÷íå
ïåðåíåñåííÿ ³îí³â ³ ìîëåêóë ì³æ öèòî-
ïëàçìîþ òà íóêëåîïëàçìîþ, ÿêå ìîæå áóòè
äâîõ âèä³â � àêòèâíèé ³ ïàñèâíà äèôóç³ÿ.
Çà ðàõóíîê àêòèâíîãî òðàíñïîðòó êð³çü
ÿäåðí³ ïîðè ïðîíèêàþòü íóêëå¿íîâ³ êèñëîòè
òà ïðîòå¿íè; äëÿ öüîãî âèêîðèñòîâóºòüñÿ
åíåðã³ÿ ã³äðîë³çó ÃTÔ çà íàÿâíîñò³ Ran, ÿêà
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º Ras-ñïîð³äíåíîþ ÃTÔàçîþ [29]. Êð³ì
òîãî, á³ëêè, ÿê³ ïåðåíîñÿòüñÿ â ÿäðî ïîâèíí³
ìàòè ñïåöèô³÷í³ ñèãíàëüí³ ïîñë³äîâíîñò³,
òàê ñàìî é ìîëåêóëè, ÿê³ ç ÿäðà ïîâèíí³
ïîòðàïèòè ó öèòîïëàçìó [13, 57]. Íèí³
â³äîìî áåçë³÷ ÿäåðíèõ ñèãíàëüíèõ ïîñë³-
äîâíîñòåé ð³çíèõ á³ëê³â òâàðèí, äð³æäæ³â ³
ðîñëèí, ÿê³ âï³çíàþòüñÿ ñïåöèô³÷íèìè
òðàíñïîðòíèìè ðåöåïòîðàìè, ùî çâ�ÿ-
çóþòüñÿ ç NPC [29, 37].

Ïàñèâíî êð³çü ÿäåðíó ïîðó ìîæóòü
ïðîíèêàòè ìîëåêóëè ìàñîþ äî 40 êÄà òà
³îíè [31]. Õî÷à çà òðàäèö³éíîþ òî÷êîþ
ïîãëÿäó NPCs íå ïåðåøêîäæàþòü ïåðåñó-
âàííþ ³îí³â ç öèòîïëàçìè ó ÿäðî ³ íàâïàêè,
îñòàíí³ äîñë³äæåííÿ ïîêàçàëè, ùî ÿäåðí³
ïîðè òàêè ñòâîðþþòü áàð�ºð äëÿ â³ëüíî¿
äèôóç³¿. Òàê âèâ³ëüíåííÿ Ñà2+ ç ÿäåðíî¿
îáîëîíêè ìîæå ìîäóëþâàòè ïàñèâíèé
òðàíñïîðò ÷åðåç NPC [54, 58].

Äåÿê³ íàóêîâö³ âèñëîâëþþòü ïðèïó-
ùåííÿ, ùî ó NCP êð³ì öåíòðàëüíîãî êàíàëó
ïîðè, ÷åðåç ÿêèé çä³éñíþºòüñÿ àêòèâíèé
òðàíñïîðò òà ïàñèâíà äèôóç³ÿ, º é ³íø³
äîäàòêîâ³ ïåðèôåðè÷í³ êàíàëè, ÿê³ çàáåç-
ïå÷óþòü ðóõ íåîðãàí³÷íèõ ³îí³â (Ê+, N+, Í+,
Ñà2+ òà Ñ²¯) âñåðåäèíó ÷è íàçîâí³ ÿäðà
íàâ³òü ï³ä ÷àñ òðàíñïîðòó ÷åðåç NPC âåëè-
êî¿ ìîëåêóëè, ÿêà ìîæå çàêðèâàòè öåíò-
ðàëüíó ïîðó êîìïëåêñó. Ö³ êàíàëè, éìîâ³ðíî,
º ÀÒÔ- òà Ñà2+-çàëåæíèìè [39, 52].

Ìîðôîëîã³÷í³ òà ôóíêö³îíàëüí³ äîñë³ä-
æåííÿ, ÿê³ ïðîâîäèëè ð³çí³ ãðóïè â÷åíèõ,
ïîêàçàëè ò ³ñíèé çâ�ÿçîê  ì³æ ³îííèìè
êàíàëàìè ÿäåðíî¿ ìåìáðàíè òà ÿäåðíîþ
ïîðîþ [9�12, 38, 39]. Åëåêòðîííî-ì³êðîñ-
êîï³÷í³ äîñë³äæåííÿ ïîêàçàëè íàÿâí³ñòü
âîñüìè ìàëèõ ïåðèôåðè÷íèõ êàíàë³â, ÿê³
ðîçòàøîâóþòüñÿ íàâêîëî öåíòðàëüíî¿ ïîðè
NPC [52]. Áóëî ïîêàçàíî, ùî ê³ëüê³ñòü
³îííèõ êàíàë³â, çàðåºñòðîâàíèõ çà äîïî-
ìîãîþ ìåòîäó patch-clàmp ó êë³òèíàõ
äåÿêèõ òèï³â, ìîæå çá³ãàòèñÿ ç ê³ëüê³ñòþ
NCP [38, 56]. Êð³ì òîãî, áóëî çðîáëåíî
ïðèïóùåííÿ, í³áè ö³ äâ³ òðàíñïîðòí³ ñèñòåìè
(êð³çü öåíòðàëüíó ïîðó òà ïåðèôåðè÷í³

êàíàëè),  íåçâàæàþ÷è íà ñâîþ ô³çè÷íó
â³äîêðåìëåí³ñòü, ìîæóòü âçàºìíî âïëèâàòè
îäíà íà îäíó, ïðîòå ìåõàí³çìè öüîãî âïëèâó
çàëèøàþòüñÿ íåç�ÿñîâàíèìè. Âñ³ ö³ äàí³
íàâåëè íà äóìêó, í³áè ³îíí³ êàíàëè ä³éñíî
âõîäÿòü äî ñêëàäó NCP. Àëå öå òâåðä-
æåííÿ ñïðîñòîâóþòü ïðàö³ ³íøèõ íàóêîâö³â
[18, 25, 36].

Îòæå, NPC � íå ëèøå ãîëîâíà ñòðóê-
òóðíà ñêëàäîâà ÿäåðíî¿ îáîëîíêè, â³í º
îñíîâíîþ ñïîëó÷íîþ ëàíêîþ ì³æ öèòî-
ïëàçìîþ òà íóêëåîïëàçìîþ, òðàíñïîðò
÷åðåç  ÿêó  õàðàêòåðèçóºòüñÿ  âèñîêîþ
ñåëåêòèâí³ñòþ.

²îíí³ êàíàëè ìåìáðàí ÿäåðíî¿ îáîëîíêè
êë³òèíè. Åëåêòðîô³ç³îëîã³÷í³ âëàñòèâîñò³
ÿäåðíî¿ îáîëîíêè ïî÷àëè äîñë³äæóâàòè ùå
ó 60-ò³ ðîêè, ïðîòå âïåðøå çàðåºñòðóâàòè
ïîîäèíîê³ ³îíí³ êàíàëè âäàëîñÿ çíà÷íî
ï³çí³øå [38]. Âèÿâèëîñÿ, ùî êð³ì ÿäåðíèõ
ïîð, ÷åðåç ÿê³ â³äáóâàºòüñÿ ÿäåðíî-öèòî-
ïëàçìàòè÷íèé òðàíñïîðò, ó çîâí³øí³é òà
âíóòð³øí³é ìåìáðàíàõ ÿäåðíî¿ îáîëîíêè
íàÿâí³ ³îíí³ êàíàëè, ÿê³ ñïîëó÷àþòü öèòî-
ïëàçìó ³ç ïåðèíóêëåàðíèì ïðîñòîðîì. Çà
îñòàíí³é ÷àñ ç�ÿâèëàñÿ íèçêà ïðàöü, ÿê³
ï³äòâåðäæóþòü ³ñíóâàííÿ ÿäåðíèõ ³îííèõ
êàíàë³â ó áàãàòüîõ òèïàõ êë³òèí [3, 14�19,
21, 25, 36, 38, 39, 48].

Äëÿ äîñë³äæåíü âëàñòèâîñòåé ïîîäèíî-
êèõ  ³îííèõ êàíàë³â  ÿäåðíèõ ìåìáðàí
âèêîðèñòîâóþòü ³çîëüîâàí³ ÿäðà [3, 15, 36],
à òàêîæ ïðîòåîë³ïîñîìè [25] ÷è ïëîñê³
ë³ï³äí³ á³øàðè [40, 48] ç³ âáóäîâàíèìè â íèõ
ÿäåðíèìè ìåìáðàíàìè.  Çà  äîïîìîãîþ
ïåâíèõ ìåòîäè÷íèõ ï³äõîä³â ìîæíà äîñë³ä-
æóâàòè âíóòð³øíþ òà çîâí³øíþ ÿäåðí³
ìåìáðàíè òà ¿õ ³îíí³ êàíàëè îêðåìî [36, 37,
48]. Ïðîòå ºäèíèì ìåòîäîì, ÿêèé äàº çìîãó
äîñë³äæóâàòè ÿäåðí³ ³îíí³ êàíàëè ó ¿õ
íàòèâíîìó ñòàí³, º âèêîðèñòàííÿ ³çîëüî-
âàíèõ ÿäåð [16�19].

Ï³ä ÷àñ ðåºñòðàö³¿ ïîîäèíîêèõ êàíàë³â
ó âíóòð³øíüîêë³òèííèõ ìåìáðàíàõ áóëî
âèÿâëåíî áàãàòî ³îííèõ êàíàë³â ð³çíèõ òèï³â.
×àñòèíà  ç  íèõ  íå  ïîòðåáóº  äëÿ  ñâîº ¿

Ñïîíòàííî àêòèâí³ ³îíí³ êàíàëè  ìåìáðàí ÿäåðíî¿ îáîëîíêè
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àêòèâàö³¿ æîäíèõ ñòèìóë³â, ³  òîìó òàê³
êàíàëè íàçèâàþòüñÿ ñïîíòàííî àêòèâíèìè
³îííèìè êàíàëàìè. Ñåðåä íèõ ðîçð³çíÿþòü
êàò³îíí³ òà àí³îíí³ êàíàëè, ÿê³ â³äð³çíÿþòüñÿ
çà ñâî¿ìè á³îô³çè÷íèìè âëàñòèâîñòÿìè òà
ô³ç³îëîã³÷íèì çíà÷åííÿì.

Ïåðøèìè ç ³îííèõ êàíàë³â, ÿê³ âäàëîñÿ
çàðåºñòðóâàòè íà ìåìáðàíàõ ÿäåðíî¿ îáî-
ëîíêè,  áóëè êàë³éñåëåêòèâí³  êàíàëè ç
áàãàòüìà ð³âíÿìè ïðîâ³äíîñò³ ,  ìàêñè-
ìàëüíà ç ÿêèõ ñòàíîâèëà 200 ïÑì [38].

Íèí³ âæå º âåëèêà ê³ëüê³ñòü ïðàöü, â
ÿêèõ, âèêîðèñòîâóþ÷è åëåêòðîô³ç³îëîã³÷í³
ìåòîäè,  áóëè îïèñàí³  ìàëî ñåëåêòèâí³
êàò³îíí³ êàíàëè íà âíóòð³øí³õ ìåìáðàíàõ
êë³òèí. Îäíàê âîíè íå áóëè âèä³ëåí³ òà
êëîíîâàí³, àäæå äîñ³ íå çíàéäåíî ¿õ áëîêà-
òîðè ÷è ³íø³ ìîëåêóëè, çà äîïîìîãîþ ÿêèõ
ö³  êàíàëè ìîæíà ³äåíòèô³êóâàòè ïîçà
ìåìáðàíîþ.

ßäåðí³ ìåìáðàíè íåéðîí³â Ïóðê³íüº
ì³ñòÿòü êàò³îííèé êàíàë ç âåëèêîþ ïðîâ³ä-
í³ñòþ (198 ïÑì ± 27 ïÑì ó ñèìåòðè÷íîìó
ðîç÷èí³ ÊÑl). Öåé êàíàë º ìàëî ñåëåê-
òèâíèì äî îäíîâàëåíòíèõ êàò³îí³â (Ð

Na
/

P
K
=0,65)  òà  íå ïðîïóñêàº äâîâàëåíòí³

êàò³îíè (Ñà2+, Âà2+). Â³äîì³ ìîäóëÿòîðè
êàò³îííèõ êàíàë³â (òåòðàåòèëàìîí³é, àì³íî-
ï³ðèäèí, ðóòåí³óì ðåä, ð³àíîäèí, ãåïàðèí,
La3+, ATÔ, Mg2+) íå ìàþòü æîäíîãî âïëèâó
íà ö³ êàíàëè, ³ ëèøå Ñà2+ òà Âà2+ ó äóæå
âèñîêèõ êîíöåíòðàö³ÿõ (100 ììîëü/ë)
ïðèãí³÷óþòü ¿õ àêòèâí³ñòü [36]. Àâòîðè
ïðèïóñêàþòü, ùî ö³ êàíàëè íåîáõ³äí³ äëÿ
ï³äòðèìàííÿ ³îííîãî  áàëàíñó ï ³ä  ÷àñ
âèâ³ëüíåííÿ Ñà2+ ç ÿäåðíî¿ îáîëîíêè â
ÿäðàõ öèõ íåéðîí³â.

Ó âíóòð³øí³é ìåìáðàí³ ÿäåð ï³ðàì³-
äàëüíèõ íåéðîí³â ÑÀ1-ä³ëÿíêè ó ñèìåò-
ðè÷íîìó ðîç÷èí³ 150 ììîëü/ë ÊÑl áóëè
çàðåºñòðîâàí³ êàíàëè ç ïðîâ³äí³ñòþ 220�260
ïÑì [17]. ßê ïîêàçàëè äîñë³äè, â ðîç÷èí³
KCl/òð³ñ-Cl, öå êàò³îíí³ êàíàëè, ÿê³ çà
ñâî¿ìè ê³íåòè÷íèìè âëàñòèâîñòÿìè òà
ïðîâ³äí³ñòþ áëèçüê³ äî ìàëî ñåëåêòèâíèõ
êàò³îííèõ êàíàë³â, ùî áóëè îïèñàí³ ðàí³øå

â ÿäðàõ íåéðîí³â Ïóðê³íüº ìîçî÷êà ùóðà.
×àñòîòà â³äêðèòîãî ñòàíó êàíàë³â ÿäåð
íåéðîí³â ìîçî÷êà áóëà òàêîæ ïîòåíö³àë-
çàëåæíà, ïðè âåëèêèõ ïîçèòèâíèõ ïîòåí-
ö³àëàõ (á³ëüøå í³æ +60 ìÂ) êàíàëè ìàéæå
âåñü ÷àñ áóëè â³äêðèò³,  à  ïðè âåëèêèõ
íåãàòèâíèõ ïîòåíö³àëàõ (-60 ìÂ òà íèæ÷å)
çàêðèâàëèñÿ [36]. Îòæå, êàò³îíí³ êàíàëè ó
âíóòð³øí³é ìåìáðàí³ ÿäåð íåéðîí³â ÑÀ1-
ä³ëÿíêè ã³ïîêàìïà ìàþòü á³ëüøó ÷óòëè-
â³ñòü äî çì³íè ìåìáðàííîãî ïîòåíö³àëó,
àäæå âîíè ïîâí³ñòþ ïðèãí³÷óþòüñÿ ïðè
ìåíøèõ íåãàòèâíèõ ïîòåíö³àëàõ (-40 ìÂ).
Ö³  êàíàëè,  éìîâ³ðíî,  áåðóòü ó÷àñòü ó
ðåãóëÿö³¿ êàëüö³ºâîãî ñèãíàëó, ³ ðîçá³æí³ñòü
ó ïîòåíö³àëçàëåæíîñò³ ìîæå îçíà÷àòè, ùî
âîíè ïî-ð³çíîìó ðåãóëþþòüñÿ. Çîêðåìà,
á³ëüøà ÷óòëèâ³ñòü äî íåãàòèâíèõ ïîòåí-
ö³àë³â ìîæå îçíà÷àòè, ùî âèêèä Ca2+ ç
ÿäåðíî¿ îáîëîíêè â ã³ïîêàìï³ ìàº ìåíøó
òðèâàë³ñòü.

ÀÒÔ-çàëåæí³ êàë³ºâ³ êàíàëè áóëè çíàé-
äåí³ íà ÿäðàõ â-êë³òèí ï³äøëóíêîâî¿ çàëîçè
ìèø³.  Ö³  êàíàëè àêòèâóþòüñÿ ÀÄÔ òà
áëîêó þòüñÿ ÀÒÔ ó ï³äâèùåíèõ (ì³ë³ -
ìîëÿðíèõ) êîíöåíòðàö³ÿõ. Áóëî ïîêàçàíî,
ùî áëîêóâàííÿ öèõ êàíàë³â ïðèçâîäèòü äî
çá³ëüøåííÿ êîíöåíòðàö³¿ Ñà2+ â ÿäð³, âíàñ-
ë³äîê ÷îãî àêòèâóºòüñÿ ôàêòîð òðàíñêðèïö³¿
CREB (â³ä àíãë. CAMP response ålement-
binding) âïëèâàþ÷è òàêèì ÷èíîì íà åêñï-
ðåñ³þ ãåí³â [47]. Ìè òàêèì ÷èíîì ïîÿñ-
íþºìî çâ�ÿçîê ì³æ çì³íîþ â ìåòàáîë³çì³
êë³òèíè òà ¿¿ ãåíåòè÷íîþ àêòèâí³ñòþ ÷åðåç
àêòèâí³ñòü öèõ êàíàë³â.

Äî öüîãî  ÷àñó  çàëèøàºòüñÿ  íåâèç-
íà÷åíèì ô³ç³îëîã³÷íà ðîëü êàò³îíñåëåê-
òèâíèõ ³îííèõ êàíàë³â ó âíóòð³øí³é ÿäåðí³é
ìåìáðàí³. Êàíàëè, ÿê³ ïðîíèêí³ äëÿ Ê+ òà
³íøèõ îäíîâàëåíòíèõ êàò³îí³â, àëå íåïðî-
íèêí³ äëÿ Ñà2+, ùî áóëè çíàéäåí³ â ÿäåðí³é
ìåìáðàí³  íåéðîí³â  Ïóðê³íüº [18,  36] ,
ï³ðàì³äàëüíèõ íåéðîí³â ã³ïîêàìïà [17] òà Ò-
ë³ìôîáëàñòàõ [16].  Ñõîæ³ êàíàëè áóëè
îïèñàí³ äëÿ ìåìáðàí ñàðêîïëàçìàòè÷íîãî
ðåòèêóëóìà êë³òèí áàãàòüîõ òèï³â [45].
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Â³äîìî, ùî ñàðêîïëàçìàòè÷íèé òà åíäî-
ïëàçìàòè÷íèé ðåòèêóëóìè, à òàêîæ ÿäåðíà
îáîëîíêà º  êàëüö³ºâèì äåïî, òîìó â íèõ
ïîâèíåí áóòè ìåõàí³çì, ÿêèé çàïîá³ãàº
çì³íåííþ ìåìáðàííîãî ïîòåíö³àëó ï³ä ÷àñ
âèõîäó êàëüö³þ ç  öèõ îðãàíåë.  Òàêèì
÷èíîì, ìîæíà çðîáèòè ïðèïóùåííÿ, ùî ö³
êàíàëè çàáåçïå÷óþòü ïîò³ê îäíîâàëåíòíèõ
êàò³îí³â, ÿêèé çàïîá³ãàº çì³íàì ïîòåíö³àëó
ï³ä ÷àñ òðàíñïîðòó ÷åðåç ìåìáðàíó ³íøèõ
êàò³îí³â, íàïðèêëàä Ñà2+ [63, 64]. Êð³ì òîãî,
ó ïîðîæíèí³ åíäîïëàçìàòè÷íîãî ðåòèêó-
ëóìà â³äáóâàºòüñÿ ñèíòåç ³ ìîäèô³êàö³¿ âñ³õ
á³ëê³â êë³òèíè, à äëÿ ¿õ ïîäàëüøîãî òðàíñ-
ïîðòóâàííÿ âåëèêå çíà÷åííÿ ìàº ìåìá-
ðàííèé ïîòåíö³àë.

Òàêîæ º äàí³, ÿê³ ñâ³ä÷àòü, ùî çì³íà
âíóòð³øíüîêë³òèííî¿ êîíöåíòðàö³¿ îäíîâà-
ëåíòíèõ êàò³îí³â ëåæèòü â îñíîâ³ ìåõàí³çì³â
àïîïòîçó. Çîêðåìà, áóëî âñòàíîâëåíî, ùî
çá³ëüøåííÿ âì³ñòó ³îí³â íàòð³þ ñïðè÷èíÿº
íàáóõàííÿ ÿäðà, à çì³íè êîíöåíòðàö³¿ ³îí³â
êàë³þ çàéìàþòü ïðîâ³äíå ïîëîæåííÿ ó
êîíòðîëþâàíí³ ïðîöåñ³â ïîøèðåííÿ ð³çíî-
ìàí³òíèõ çì³í ó êë³òèí³ ï³ä ÷àñ àïîïòîçó [7].

²íøèì òèïîì ñïîíòàííî àêòèâíèõ ³îííèõ
êàíàë³â âèÿâèëèñÿ êàíàëè, ñåëåêòèâí³ äî
Ñl¯.  Õëîðí³ êàíàëè ó êë³òèíàõ ìîæóòü
ðåãóëþâàòè êèñëå ñåðåäîâèùå ó êë³òèííèõ
êîìïàðòìåíòàõ òà åëåêòðîíåéòðàë³çóâàííÿ
ï³ä ÷àñ òðàíñïîðòó ³îí³â (Í+ àáî Ñà2+) êð³çü
âíóòð³øíüîêë³òèíí³ ìåìáðàíè. Êð³ì òîãî,
³îíè õëîðó â³äïîâ³äàþòü çà ï³äòðèìàííÿ
ñòàëîãî òèñêó (òà îá�ºìó) êë³òèíè [56].

Ï�ÿòü îñíîâíèõ òèï³â õëîðíèõ êàíàë³â
³äåíòèô³êîâàíî íà öåé ÷àñ: êàíàëè, ïîâ�ÿçàí³
ç ë³ãàíäêåðîâàíèìè ðåöåïòîðàìè, à òàêîæ
êàíàëè ðîäèíè CFTR, Ñ²Ñ, CLIC ³ CLCÀ.
Ñåðåä íèõ ïðåäñòàâíèêè ðîäèíè CLIC òà
äåÿê³ ç Ñ²Ñ åêñïðåñóþòüñÿ íà ìåìáðàíàõ
âíóòð³øíüîêë³òèííèõ îðãàíåë, çîêðåìà
åíäîïëàçìàòè÷íîãî ðåòèêóëóìà, ÿäåðíî¿
îáîëîíêè, åíäîñîì [14, 30].

Ìîëåêóëÿðíà ñòðóêòóðà õëîðíèõ êàíàë³â
áóëà äîñë³äæåíà çàâäÿêè êëîíóâàííþ ¿õ
ãåí³â, ³ ôóíêö³¿ öèõ êàíàë³â áóëè âèâ÷åí³ íà

ìîëåêóëÿðíîìó ð³âí³. Ìîëåêóëà Ñ²Ñ ñêëà-
äàºòüñÿ ç 18 ñï³ðàëåé, á³ëüø³ñòü ç ÿêèõ
íåïîâí³ñòþ ïåðåòèíàº ìåìáðàíó, 9 ç íèõ
ðîçòàøîâàí³ ïåðïåíäèêóëÿðíî äî ïîâåðõí³
ìåìáðàíè. Êàíàë ìàº âèãëÿä ðîìáà ðîçì³-
ðîì 10õ5,5õ6,5 íì òà âèïèíàº ç îáîõ áîê³â
ìåìáðàíè [30].

Âñ³ Ñ²Ñ-êàíàëè º ãîìîäèìåðàìè. Àíàë³ç
òðèâèì³ðíî¿ ñòðóêòóðè âêàçóº íà íàÿâí³ñòü
äâîõ îäíàêîâèõ ñóáîäèíèöü, ÿê³ êîíòàê-
òóþòü ì³æ ñîáîþ íà âåëèê³é ïëîù³, ùî
ì³ñòèòü ïî ÷îòèðè ñï³ðàë³ â³ä êîæíî¿ ç öèõ
ñóáîäèíèöü. Ò³ Ñ²Ñ-êàíàëè, ÿê³ áóëè äîñë³ä-
æåí³ íà ð³âí³ îäíîãî êàíàëó (Ñ²Ñ-0, Ñ²Ñ-1
òà Ñ²Ñ-2) äåìîíñòðóâàëè äâà ÷³òêèõ ð³âíèõ
çà  àìïë³òóäîþ ð ³âíÿ  ïðîâ ³äíî ñò ³ ,  ùî
âêàçóâàëî íà íàÿâí³ñòü ó ìîëåêóë³ êàíàëó
äâîõ ³äåíòè÷íèõ ïîð ç îêðåìèìè ñåëåê-
òèâíèìè ô³ëüòðàìè (ïîñë³äîâí³ñòü ñåëåê-
òèâíîñò³ ÿêèõ: Cl- > Br- > ²-). Êðèñòàëîãðà-
ô³÷íèé àíàë³ç ï³äòâåðäèâ öå ñïîñòåðåæåííÿ.
Á³ëüø³ñòü êàíàë³â Ñ²Ñ äåìîíñòðóþòü ÷³òêó
ïîòåíö³àëçàëåæí³ñòü, êð³ì òîãî, ìàþòü
ïîäâ³éíèé âîð³òíèé ìåõàí³çì: ïî-ïåðøå,
êîæíà ç  ïîð êàíàëó ìîæå çàêðèâàòèñÿ
íåçàëåæíî ³ øâèäêî (äî 10 ìñ), à ïîò³ì
â³äêðèâàòèñÿ ïðè äåïîëÿðèçàö³¿; ïî-äðóãå,
º ìåõàí³çì, ÿêèé îäíî÷àñíî çàêðèâàº îáèäâ³
ïîðè íà òðèâàëèé ÷àñ (10 ñ � 1 õâ) òà
â³äêðèâàº ¿õ ïðè ã³ïåðïîëÿðèçàö³¿ [30].
Ââàæàþòü, ùî çàëèøîê àñïàðòàòó â äîìåí³
D1 ä³º ÿê ñåíñîð íàïðóãè. Âîð³òí³ ìåõàí³çìè
êàíàë³â çàëåæàòü íå ëèøå â³ä ïîòåíö³àëó, à
òàêîæ ìîäóëþþòüñÿ êîíöåíòðàö³ºþ àí³îí³â
³ ðÍ öèòîïëàçìè [93]. Ñ²Ñ áóëè çíàéäåí³ ó
ñàðêîïëàçìàòè÷íîìó ðåòèêóëóì³ (Ñ²Ñ-1), â
åíäîñîìàõ òà ñèíàïòè÷íèõ âåçèêóëàõ (Ñ²Ñ-
3), åíäîïëàçìàòè÷íîìó ðåòèêóëóì³ (Ñ²Ñ-6),
ë³çîñîìàõ (Ñ²Ñ-7) [30], ïðîòå, éìîâ³ðíî,
âîíè ìîæóòü áóòè ëîêàë³çîâàí³ é íà ³íøèõ
âíóòð³øíüîêë³òèííèõ ìåìáðàíàõ.

Àí³îíí³ êàíàëè, ÿê³ áóëè çíàéäåí³ ó
âíóòð³øí³é ÿäåðí³é ìåìáðàí³ ãðàíóëÿðíèõ
íåéðîí³â  çóá÷àñòî¿  çâèâèíè [19]  òà  â
çîâí³øí³é ÿäåðí³é ìåìáðàí³ Jurkat-êë³òèí
[16], ³ìîâ³ðíî, íàëåæàòü äî ðîäèíè Ñ²Ñ,

Ñïîíòàííî àêòèâí³ ³îíí³ êàíàëè  ìåìáðàí ÿäåðíî¿ îáîëîíêè



ISSN 0201-8489    Ô³ç³îë. æóðí., 2010, Ò. 56, ¹ 5 101

àäæå ö³ êàíàëè äóæå øâèäêî ôëóêòóþâàëè
ì³æ äâîìà  îäíàêîâèìè çà  çíà÷åííÿì
ð³âíÿìè ïðîâ³äíîñò³.

²íøîþ ðîäèíîþ õëîðíèõ âíóòð³øíüî-
êë³òèííèõ êàíàë³â º CLIC. Ïåðøèì ïðåä-
ñòàâíèêîì ö ³º ¿  ðîäèíè,  ÿêèé âäàëîñÿ
âèä³ëèòè òà êëîíóâàòè º àí³îííèé êàíàë
ÿäåðíèõ ìåìáðàí êë³òèí êîðîâ�ÿ÷î¿ íèðêè
ð64 [14]. Ìîëåêóëÿðíà ìàñà öüîãî êàíàëó
64 êÄà, ñêëàäàºòüñÿ â³í ç 437 àì³íîêèñ-
ëîòíèõ çàëèøê³â òà ìàº ëèøå îäíó ä³ëÿíêó,
ùî ïåðåòèíàº ìåìáðàíó [30] .  Ó ÿäðàõ
ìîíîöèò³â ëþäèíè áóëè êëîíîâàí³ âíóòð³ø-
íüîêë³òèíí³ õëîðí³ êàíàëè NCC27, àáî
CLIC-1, òà CLIC-2. Ó êë³òèíàõ ññàâö³â áóâ
êëîíîâàíèé CLIC-3. Óñ³ ö³ êàíàëè äåìîí-
ñòðóþòü âèñîêó ãîìîëîã³þ îäèí äî îäíîãî.
ßê ³  CLIC-1, òàê CLIC-2, CLIC-3 áóëî
âèçíà÷åíî íà ìåìáðàí³ ÿäåðíî¿ îáîëîíêè,
äå âîíè ñïðè÷èíÿþòü ðóõ àí³îí³â êð³çü íå¿
[56]. Áóëî ïîêàçàíî, ùî CLIC-3 ñâî¿ì Ñ-
ê³íöåì ñïîëó÷àºòüñÿ ç ì³òîãåíàêòèâíîþ
ïðîòå¿íê³íàçîþ ERK7 (â³ä àíãë. extracellular
signal-regulated kinase 7) ³, ìîæëèâî, áåðå
ó÷àñòü ó ðåãóëÿö³¿ ðîñòó êë³òèíè [14]. CLIC
áóëè âèÿâëåí³  ìàéæå â  óñ ³õ  òêàíèíàõ
ññàâö³â, àëå íàéá³ëüøèé ð³âåíü ¿õ åêñïðåñ³¿
ñïîñòåð³ãàºòüñÿ â ñåðö³, íèðêàõ, ëåãåíÿõ ³
ñêåëåòíèõ ì�ÿçàõ.

Ó êë³òèíàõ ëþäèíè áóëè çíàéäåí³ õëîðí³
êàíàëè, ùî íå â³äíîñèëèñü äî æîäíîãî ç öèõ
òèï³â, à ñàìå MCLC (â³ä àíãë. mid-1-related
chloride channel), ÿê³ ëîêàë³çóâàëèñÿ ãîëîâ-
íèì ÷èíîì íà åíäîïëàçìàòè÷íîìó ðåòè-
êóëóì³ òà àïàðàò³ Ãîëüäæ³, õî÷à ó ñïåðìà-
òîöèòàõ âèñîêà ¿õ ù³ëüí³ñòü ñïîñòåð³ãàëàñÿ
íà ìåìáðàíàõ ÿäåðíî¿ îáîëîíêè, ùî âêàçóº
íà ó÷àñòü öèõ êàíàë³â ó ñïåðìàòîãåíåç³.
MCLC ó öèõ äîñë³äàõ ìàëè ïðîâ³äí³ñòü 70
ïÑì ó ñèìåòðè÷íîìó ðîç÷èí³ 150 ììîëü/ë
ÊÑ² ³ áóëè á³ëüø ïðîíèêí³ äëÿ àí³îí³â, í³æ
êàò³îí³â (Ð

Ñ²
/Ð

Ê
=3,7). ßê ïîêàçàëè åëåêòðî-

ô³ç³îëîã³÷í³ äîñë³äæåííÿ, ö³ êàíàëè ìîæóòü
ïðîâîäèòè é ³íø³ àí³îíè ó òàê³é ïîñë³-
äîâíîñò³: Br-  > Cl- > F - > SO

4
-2 [41].

Âíóòð³øíüîêë³òèíí³ õëîðí³ êàíàëè ìî-

æóòü áëîêóâàòèñÿ Zn2+ i Cd2+ ó ì³êðîìî-
ëÿðíèõ êîíöåíòðàö³ÿõ. Ñ²Ñ º ìàëî÷óò-
ëèâèìè äî òàêèõ êëàñè÷íèõ áëîêàòîð³â
àí³îííèõ êàíàë³â, ÿê í³òðîôåí³ëïðîï³ë-
àì³íáåíçîàò, äèôåí³ëàì³íîêàðáîêñèëàò ³
ìîæóòü áóòè çàáëîêîâàíèìè íèìè ëèøå ó
ì³ë³ìîëÿðíèõ êîíöåíòðàö³ÿõ. CLIC áëî-
êóþòü ³íäàí³ëîêñèàöåòàò, äèñóëüôîíîâà
êèñëîòà òà TS-TM-êàë³êñàðåí [30].

Õëîðí³ êàíàëè, ùî áóëè çíàéäåí³ â
ìåìáðàíàõ ÿäåðíî¿ îáîëîíêè ð³çíèõ òèï³â
êë³òèí,  ð ³çêî â³äð³çíÿþòüñÿ çà  ñâî¿ìè
á³îô³çè÷íèìè âëàñòèâîñòÿìè.  Ö³  äàí³
ï³äòâåðäæóþòü íàøå ïðèïóùåííÿ ïðî òå, ùî
â êë³òèíàõ ð³çíèõ òèï³â åêñïðåñóþòüñÿ ð³çí³
íàáîðè ³îííèõ êàíàë³â ó ìåìáðàíàõ ÿäåðíî¿
îáîëîíêè. Êð³ì òîãî, íàâ³òü ó íåéðîíàõ
ð³çíèõ â³ää³ë³â ÖÍÑ âîíè ìàþòü ðîçá³æ-
íîñò³ .  Öÿ ðîçá³æí³ñòü  ó  âëàñòèâîñòÿõ
àí³îííèõ êàíàë³â ÿäåðíèõ ìåìáðàí ð³çíèõ
òèï³â, ³ìîâ³ðíî, ïîâ�ÿçàíà ç â³äì³ííîñòÿìè
ó ôóíêö³îíóâàíí³ ¿õ ÿäåðíèõ îáîëîíîê,
ïðîòå äîñòîâ³ðíîãî ïîÿñíåííÿ öüîãî ÿâèùà
íà öåé ÷àñ íå ³ñíóº.

Ïðèïóñêàþòü,  ùî àí³îíí³  êàíàëè â
ÿäåðí³é îáîëîíö³ íåîáõ³äí³ äëÿ ï³äòðèìàííÿ
ì³æ öèòîïëàçìîþ òà  ïåðèíóêëåàðíèì
ïðîñòîðîì ³îííîãî áàëàíñó, ÿêèé ìîæå
ñóòòºâî  çì³íþâàòèñÿ  ï ³ä  ÷àñ  ïåâíèõ
ô³ç³îëîã³÷íèõ ÿâèù, íàïðèêëàä çâ³ëüíåííÿ
Ñà2+ ç ÿäåðíî¿ îáîëîíêè, ïðîòå öå òâåðä-
æåííÿ ïîòðåáóº äîâåäåííÿ.

Ïðîáëåìè äîñë³äæåííÿ ñïîíòàííî àê-
òèâíèõ ³îííèõ êàíàë³â ÿäåðíèõ ìåìáðàí.
ßê âæå áóëî çàçíà÷åíî, ÿäåðíà îáîëîíêà º
îäíî÷àñíî ³íòåãðàëüíîþ ÷àñòèíîþ åíäî-
ïëàçìàòè÷íîãî ðåòèêóëóìà òà ñïåöèô³÷íîþ
ñòðóêòóðîþ, ÿêà ìîæå ðåãóëþâàòè ÿäåðíî-
öèòîïëàçìàòè÷íèé òðàíñïîðò. Òàêà ïîäâ³é-
í³ñòü ôóíêö³é âèêëèêàº ñóìí³âè ùîäî
ô³ç³îëîã³÷íîãî çíà÷åííÿ ³îííèõ êàíàë³â, ÿê³
çíàõîäÿòüñÿ íà ÿäåðí³é îáîëîíö³ .  Ïî-
ïåðøå, âîíè ìîæóòü ÿâëÿòè ñîáîþ ³îíí³
êàíàëè åíäîïëàçìàòè÷íîãî ðåòèêóëóìà.
Ïî-äðóãå, ó patch-clamp ìîæå áóòè çàðåºñò-
ðîâàíà êàíàëîïîä³áíà àêòèâí³ñòü ÿäåðíèõ

Î.À. Ôåäîðåíêî, Ñ.Ì. Ìàð÷åíêî
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ïîð [28, 39, 55]. Òàêèì ÷èíîì, ïðàöþþ÷è ç
ÿäåðíîþ îáîëîíêîþ, âàæëèâî ÷³òêî âèçíà-
÷èòè, ÷è íàëåæàòü êàíàëè, ÿê³ ðåºñòðó-
þòüñÿ, äî êîìïëåêñó ÿäåðíî¿ ïîðè.

Ù³ëüí³ñòü ÿäåðíèõ ïîð ó ÿäåðí³é îáî-
ëîíö³ êë³òèí ð³çíèõ òèï³â âàð³þº â³ä îäèíèöü
äî äåê³ëüêîõ äåñÿòê³â íà 1 ìêì2 [23]. Òàêà
âèñîêà ù³ëüí³ñòü äàº ï³äñòàâè ïðèïóñêàòè,
ùî ï³ä ÷àñ ðåºñòðàö³é ó patch-ï³ïåòö³ ìîæå
ì³ñòèòèñÿ âåëèêà ê³ëüê³ñòü ÿäåðíèõ ïîð.
Òàêèì ÷èíîì, ìîæíà î÷³êóâàòè, ùî îï³ð ï³ä
÷àñ ìåòîäó patch-clàmp áóäå äóæå íèçü-
êèì. Ïðîòå íàñïðàâä³ ç ÿäåðíîþ ìåìá-
ðàíîþ ìîæå áóòè âñòàíîâëåíèé ù³ëüíèé
ã³ãàîìíèé êîíòàêò [38], çàâäÿêè ÷îìó íèçêà
³îíñåëåêòèâíèõ êàíàë³â áóëà îïèñàíà â
ÿäåðí³é îáîëîíö³ êë³òèí ð³çíèõ òèï³â [15, 21,
25, 36, 41, 48].

Äëÿ òîãî, ùîá ïîÿñíèòè ö³ ðîçá³æíîñò³
ó äàíèõ, áóëî ïðèïóùåíî, ùî êàò³îíí³ êàíàëè
âåëèêî¿  ïðîâ ³äíî ñò ³  (äåê ³ëüêà  ñîòåíü
ï³êîñ³ìåíñ³â), ÿê³ áóëè çíàéäåí³ ó ìåìáðàíàõ
ÿäåðíèõ îáîëîíîê ð³çíèõ òèï³â êë³òèí,
ÿâëÿþòü ñîáîþ êàíàëè êîìïëåêñ³â ÿäåðíî¿
ïîðè äëÿ ïàñèâíî¿ äèôóç³¿ ,  ùî, ìàþ÷è
âîð³òí³ ìåõàí³çìè, ìîæóòü ïîâîäèòè ñåáå
ÿê çâè÷àéí³ ³îíí³ êàíàëè. Íà êîðèñòü ö³º¿
ã³ïîòåçè âèñòóïàþòü äåÿê³ â÷åí³ [3, 10, 11,
28, 38, 39, 55], ïðîòå ¿õ äàí³ âèêëèêàþòü
äåÿê³ ñóìí³âè. Òàê, íàïðèêëàä, ïðè äîñë³ä-
æåíí³ á³îô³çè÷íèõ âëàñòèâîñòåé êàò³îííèõ
êàíàë³â âåëèêî¿ ïðîâ³äíîñò³, ÿê³ ÿâëÿëè
ñîáîþ îñíîâíèé òèï ñïîíòàííî àêòèâíèõ
³îííèõ êàíàë³â, ùî áóëè çàðåºñòðîâàí³ â
ìåìáðàíàõ ÿäåðíî¿ îáîëîíêè íåéðîí³â
Ïóðê³íüº ìîçî÷êà, áóëî ÷³òêî ïîêàçàíî, ùî
âîíè íå ìîæóòü áóòè êàíàëàìè ÿäåðíî¿
ïîðè, õî÷à ð³âåíü ¿õ ù³ëüíîñò³ â ìåìáðàíàõ
ÿäåð íåéðîí³â öüîãî òèïó â³äïîâ³äàº ð³âíþ
ÿäåðíèõ ïîð ó òàêèõ êë³òèíàõ [36].

Áóëî ïîêàçàíî,  ùî êàò³îíí³  êàíàëè
âåëèêî¿ ïðîâ³äíîñò³ ìîæóòü áóòè çàðåºñò-
ðîâàí³ ÿê ó çîâí³øí³é, òàê ³ âíóòð³øí³é
ÿäåðí³é ìåìáðàí³. Â îáîõ âèïàäêàõ êàíàëè
ìàëè ³äåíòè÷íó ïðîâ³äí³ñòü, ñåëåêòèâí³ñòü
³ ê³íåòèêó, àëå äóæå â³äð³çíÿëèñÿ çà ñâîºþ

ïîòåíö³àëçàëåæí³ñòþ [18]. Êàíàëè ó çîâ-
í³øí³é ÿäåðí³é ìåìáðàí³ ³íã³áóâàëèñÿ
ïîçèòèâíèìè ïîòåíö³àëàìè â patch-ï³ïåòö³,
à ó âíóòð³øí³é � íåãàòèâíèìè. Ö³ äàí³
øâèäøå óçãîäæóþòüñÿ ³ç  ëîêàë³çàö³ºþ
êàíàë³â ó ìåìáðàíàõ, í³æ ç ¿õ àñîö³àö³ºþ ³ç
êîìïëåêñîì ÿäåðíî¿ ïîðè. Òîïîëîã³÷íà
îð³ºíòàö³ÿ êàíàë³â â³äíîñíî ÿäåðíèõ ìåìá-
ðàí áóëà ³äåíòè÷íà äëÿ îáîõ êàíàë³â. Ö³
êàíàëè ³íã³áóâàëèñÿ íåãàòèâíèì ïîòåí-
ö³àëîì âñåðåäèí³ ÿäåðíî¿ îáîëîíêè, ùî
âêàçóº íà çíàõîäæåííÿ ñåíñîðíî¿ ä³ëÿíêè ¿õ
ìîëåêóëè âñåðåäèí³  ïåðèíóêëåàðíîãî
ïðîñòîðó. Õî÷à ù³ëüí³ñòü ³ ïðîâ³äí³ñòü
êàò³îííèõ êàíàë³â â³äïîâ³äàþòü õàðàê-
òåðèñòèö³ êàíàëó äèôóç³éíî¿ ïîðè, ³íø³
á³îô³çè÷í³ âëàñòèâîñò³ êàò³îííèõ êàíàë³â
ñóïå÷åðàòü öüîìó ïðèïóùåííþ [18].

Îòæå, áóëî íàäàíî äîêàçè òîãî,  ùî
êàò³îíí³ êàíàëè âåëèêî¿ ïðîâ³äíîñò³ íå
ïðîíèçóþòü ïîäâ³éíó ÿäåðíó îáîëîíêó,
ïðîòå çàáåçïå÷óþòü ïðÿìèé êîíòàêò ì³æ
íóêëåîïëàçìîþ àáî öèòîïëàçìîþ òà ïåðè-
íóêëåàðíèì ïðîñòîðîì [18] .  Ìè ïðè-
ïóñêàºìî,  ùî êàò³îíí³  êàíàëè âåëèêî¿
ïðîâ³äíîñò³ ìîæóòü íàëåæàòè äî ³îííèõ
êàíàë³â åíäîïëàçìàòè÷íîãî ðåòèêóëóìà òà
íåîáõ³äí³ äëÿ éîãî ñïåöèô³÷íèõ ôóíêö³é.
Íàïðèêëàä, âîíè ìîæóòü áðàòè ó÷àñòü ó
ðåãóëÿö³¿ âèâ³ëüíåííÿ Ñà2+ ç äåïî [63, 64].

Äîñ³ íåâ³äîìî, ÷îìó íå âäàºòüñÿ âèÿâè-
òè àêòèâí³ñòü êàíàëó ÿäåðíî¿  ïîðè çà
äîïîìîãîþ ìåòîäó patch-clamp. Îäíà ç
ìîæëèâèõ ïðè÷èí ìîæå áóòè ðóéíóâàííÿ
ö³ë³ñíîñò³ êîìïëåêñó ÿäåðíî¿ ïîðè ï³ä ÷àñ
óòâîðåííÿ ã³ãàîìíîãî êîíòàêòó. Òàê, íàï-
ðèêëàä, áóëî ïîêàçàíî, ùî ôîðìóâàííÿ
îñòàííüîãî öèòîïëàçìàòè÷íî¿ ìåìáðàíè
ñóïðîâîäæóºòüñÿ  çíà÷íèìè çì³íàìè ó
ñòðóêòóð³ öèòîñêåëåòà. Òîìó ìîæíà ïðè-
ïóñòèòè, ùî ï³ä ÷àñ patch-clàmp â³ä ÿäåðíî¿
ìåìáðàíè ðóéíóºòüñÿ íóêëåîñêåëåò, ÿêèé
ìàº ò³ñíèé âçàºìîçâ�ÿçîê ç êîìïëåêñîì
ÿäåðíî¿ ïîðè. Òàêèì ÷èíîì, ìîëåêóëÿðíà
ïðèðîäà êàíàëó êîìïëåêñó ÿäåðíî¿ ïîðè
äëÿ ïàñèâíî¿ äèôóç³¿ òà éîãî âëàcòèâîñò³

Ñïîíòàííî àêòèâí³ ³îíí³ êàíàëè  ìåìáðàí ÿäåðíî¿ îáîëîíêè
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ïîòðåáóþòü ïîäàëüøèõ äîñë³äæåíü.
Ï³äñóìîâó þ÷è âñ å  íàïèñàíå  âèùå,

ìîæíà ï³äêðåñëèòè, ùî ó ñó÷àñí³é ë³òå-
ðàòóð³ º áàãàòî ³íôîðìàö³¿, ÿêà ñòîñóºòüñÿ
ñòðóêòóðíèõ ³ ôóíêö³îíàëüíèõ îñîáëèâîñòåé
ÿäåðíî¿ îáîëîíêè êë³òèí. Àëå ïèòàííÿì
ðåãóëÿö³¿ ÿäåðíî-öèòîïëàçìàòè÷íîãî òðàíñ-
ïîðòó ïî÷àëè çàéìàòèñÿ â³äíîñíî íåäàâíî,
òîìó â áàãàòüîõ ðîáîòàõ ïðèñóòí³ äîñèòü
ñóïåðå÷ëèâ³ äàí³. Íà öåé ÷àñ çàëèøàºòüñÿ
áåçë³÷ íåç�ÿñîâàíèõ ïèòàíü ùîäî ðîçóì³ííÿ
ÿêèì ÷èíîì â³äáóâàºòüñÿ ïåðåäà÷à âíóò-
ð³øíüîêë³òèííèõ ñèãíàë³â âñåðåäèíó ÿäðà,
ÿêà ðîëü ó öüîìó íàëåæèòü ÿäåðíèì ïîðàì
òà ³îííèì êàíàëàì ÿäåðíèõ ìåìáðàí.

Äîñë³äæåííÿ ³îííèõ êàíàë³â ÿäåðíî¿
îáîëîíêè äàº íàì çìîãó êðàùå çðîçóì³òè
ïðîöåñè, ùî ëåæàòü â îñíîâ³ âíóòð³ø-
íüîêë³òèííî¿  ñèãíàë³çàö³ ¿ .  Õî÷à ÷³òêå
âèçíà÷åííÿ ô³ç³îëîã³÷íîãî çíà÷åííÿ íàÿâ-
íîñò³ ó âíóòð³øí³é òà çîâí³øí³é ÿäåðíèõ
ìåìáðàíàõ ñïîíòàííî àêòèâíèõ ³îííèõ
êàíàë³â, ÿê³ º ñåëåêòèâíèìè äëÿ àí³îí³â òà
îäíîâàëåíòíèõ êàò³îí³â, äîñ³ íåç�ÿñîâàíå.
Êð³ì òîãî, çàëèøàºòüñÿ â³äêðèòèì ïèòàííÿ
ùîäî  ìîæëèâî¿  ó÷àñò ³  öèõ  êàíàë ³â  ó
ïàòîëîã³÷íèõ ïðîöåñàõ, ÿê³ â³äáóâàþòüñÿ â
êë³òèí³.

Å.À. Ôåäîðåíêî, Ñ.Ì. Ìàð÷åíêî

ÑÏÎÍÒÀÍÍÎ ÀÊÒÈÂÍÛÅ ÈÎÍÍÛÅ
ÊÀÍÀËÛ ÌÅÌÁÐÀÍ ßÄÅÐÍÎÉ ÎÁÎËÎ×ÊÈ

Â ýóêàðèîòíûõ êëåòêàõ ãåíåòè÷åñêèé àïïàðàò îãðàíè÷åí
ÿäåðíîé îáîëî÷êîé, êîòîðàÿ ñîñòîèò èç äâóõ ìåìáðàí,
âíåøíåé è âíóòðåííåé, è ìîæåò ðàññìàòðèâàòüñÿ êàê
ñïåöèôè÷åñêàÿ ÷àñòü ýíäîïëàçìàòè÷åñêîãî ðåòèêóëóìà
êëåòêè. Â ÿäåðíûõ ìåìáðàíàõ íàõîäÿòñÿ ÿäåðíûå ïîðû �
êîìïëåêñû, êîòîðûå îáåñïå÷èâàþò âûñîêîñåëåêòèâûé
òðàíñïîðò ìàêðîìîëåêóë è ïàññèâíûé � èîíîâ è ìàëûõ
ìîëåêóë. Êðîìå òîãî, âî âíóòðåííåé è âî âíåøíåé
ìåìáðàíàõ ÿäåðíîé îáîëî÷êè áûëè îïèñàíû èîííûå êàíàëû
ñ ðàçíûìè ñâîéñòâàìè. Ôèçèîëîãè÷åñêîå çíà÷åíèå ýòèõ
êàíàëîâ ïîëíîñòüþ ïîêà íå óñòàíîâëåíî èç-çà èõ
òðóäíîäîñòóïíîñòè äëÿ ïðÿìîãî ýëåêòðîôèçèîëîãè÷åñêîãî
èññëåäîâàíèÿ, íî ìû ìîæåì ïðåäïîëîæèòü, ÷òî îíè ìîãóò
èãðàòü âàæíóþ ðîëü â ïîääåðæàíèè èîííîãî áàëàíñà ìåæäó
öèòîïëàçìîé/íóêëåîïëàçìîé è ëþìåíîì ÿäåðíîé îáîëî÷êè.
Â ýòîì îáçîðå ìû ñîáðàëè è ïðîàíàëèçèðîâàëè äàííûå ïî

ñïîíòàííî àêòèâíûì èîíûì êàíàëàì, êîòîðûå áûëè íàéäåíû
â ìåìáðàíàõ ÿäåðíîé îáîëî÷êè êëåòîê ðàçíûõ òèïîâ, è
ïîñòàðàëèñü ïðåäïîëîæèòü èõ ôóíêöèîíàëüíîå çíà÷åíèå.
Êëþ÷åâûå ñëîâà: èîííûå êàíàëû, ÿäåðíàÿ îáîëî÷êà,
ÿäåðíàÿ ïîðà, âíóòðèêëåòî÷íàÿ ñèãíàëèçàöèÿ, êàëüöèåâûé
ñèãíàë, êëåòî÷íûå äåïî Ñà2+.

O.A. Fedorenko, S.M. Marchenko

SPONTANIOUSLY ACTIVE ION CANNELS
OF THE NUCLEAR ENVELOPE MEMBRANE

The genetic apparatus of the eukaryotic cells is enclosed by
the nuclear envelope, which consists of two membranes, the
inner and the outer ones, and can be regarded as the specific
part of the endoplasmatic reticulum of the cell. There are nuclear
pores in the nuclear membranes � complexes, which provide
the highly selective transport of macromolecules and passive
transport of ions and small molecules. Besides, ion channels
selective to cations and anions were described in the inner and
the outer nuclear membranes. The physiological significance
of these channels is not still clear because of the difficulty of
access for the direct electrophysiological investigation, but we
can suppose that they can play an important role in the ion
balance between the cytoplasm/nucleoplasm and the nuclear
lumen. In this review we gathered and analyzed data about
spontaneously active ion channels which were found in the
membranes of the nuclear envelope from cells of different
types and tried to propose their functional meaning.
Key words: ion channels, nuclear envelope, nuclear pore,
intracellular signaling, calcium signal, Ca2+ store of the cell.

O.O. Bogomoletz Institute of Physiology, National Academy
of Science of Ukraine, Kyiv
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Ðîëü ãë³êîçàì³íîãë³êàí³â ó ïàòîãåíåç³ àòåðîñêëåðîçó

Â îãëÿä³ îïèñàíà ðîëü ãë³êîçàì³íîãë³êàí³â ³ ïðîòåîãë³êàí³â ó ïàòîãåíåç³ àòåðîñêëåðîðçó ³
ìîæëèâîñò³ êîðåêö³¿ àòåðîñêëåðîòè÷íèõ óðàæåíü ñóäèí çà äîïîìîãîþ âïëèâó íà ¿õí³é
ìåòàáîë³çì.
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Ñåðöåâî-ñóäèíí³ çàõâîðþâàííÿ çàéìàþòü
ïåðøå ì³ñöå ñåðåä ïðè÷èí ñìåðò³ ëþäåé.
Íàéïîøèðåí³ø³ ç íèõ: ³øåì³÷íà õâîðîáà
ñåðöÿ (õâîðîáà êîðîíàðíèõ àðòåð³é), àòåðî-
ñêëåðîç ³ ã³ïåðòåíç³ÿ. Àòåðîñêëåðîç, ÿêèé
çà âèðàçîì Äèëüìàíà [4] º �íîðìàëüíîþ
â³êîâîþ õâîðîáîþ�, óðàæàº íå ò³ëüêè àîðòó
òà ñóäèíè ñåðöÿ, àëå é àðòåð³¿ ìîçêó, íèðîê
òà ³íøèõ îðãàí³â.

Â îñòàíí³ ðîêè âñå á³ëüøî¿ âàãè íàáóâàº
ã³ïîòåçà, çã³äíî ç ÿêîþ â îñíîâ³ àòåðî-
ñêëåðîçó  àðòåð ³àëüíèõ  ñóäèí  ëåæèòü
çàïàëüíèé ïðîöåñ, ùî ñóïðîâîäæóºòüñÿ
³íô³ëüòðàö³ºþ ¿õíüî¿ ñò³íêè ìàêðîôàãàìè òà
ë³ìôîöèòàìè, ïðîäóêö³ºþ öèòîê³í³â ³ çàãàëü-
íèìè ïðîÿâàìè çàïàëåííÿ ó âèãëÿä³ ãîñòðî-
ôàçíî¿ ðåàêö³¿ [9, 15, 17, 47, 51]. Ðîëü
ìîíîöèò³â, ìîá³ë³çîâàíèõ ó àðòåð³àëüíó
ñò³íêó ï³ä âïëèâîì ìîëåêóë àäãåç³¿  òà
õåìîê³í³â, ïîëÿãàº òàêîæ ó òîìó, ùî âîíè
åêñïðåñóþòü ìåòàëîïðîòå¿íàçè, ÿê³ ïîñëàá-
ëþþòü ô³áðîçíèé ïîêðèâ àòåðîñêëåðîòè÷-
íèõ áëÿøîê, ñïðèÿþòü ¿¿ ðîçðèâàì, âèíèê-
íåííþ òðîìáîçó ³ ãîñòðèõ êîðîíaðíèõ ïî-
ðóøåíü[29].

Çã ³äíî ç  ñó÷àñíèìè óÿâëåííÿìè,  â
ìåõàí³çì³ ðîçâèòêó àòåðîñêëåðîòè÷íèõ
óðàæåíü àðòåð³àëüíèõ ñóäèí ãîëîâíèìè º
òðè ïðîöåñè: 1) ïðîë³ôåðàö³ÿ ãëàäåíü-
êîì�ÿçîâèõ êë³òèí (ÃÌÊ), ìàêðîôàã³â ³
ë³ìôîöèò³â; 2) óòâîðåííÿ ÃÌÊ ìàòðèêñó
ñïîëó÷íî¿ òêàíèíè, ùî ì³ñòèòü ô³áðèëÿðí³
á³ëêè (êîëàãåí) ³ ïðîòåîãë³êàíè; 3) íàêîïè-

÷åííÿ ë³ï³ä³â, â³ëüíîãî é åòåðèô³êîâàíîãî
õîëåñòåðèíó â ìàòðèêñ³ òà ïðèëåãëèõ äî
íüîãî êë³òèíàõ [12]. Ðåçóëüòàòè íàóêîâèõ
äîñë³äæåíü îñòàíí³õ ðîê³â ïåðåêîíëèâî
ñâ³ä÷àòü ïðî âàæëèâó ðîëü ïðîòåîãë³êàí³â ³
¿õ àêòèâíèõ ñ³ðêîâì³ñíèõ êîìïîíåíò³â �
ãë³êîçàì³íîãë³êàí³â (ìóêîïîë³ñàõàðèä³â) ó
ïàòîãåíåç³ àòåðîñêëåðîçó, çîêðåìà â ðåãó-
ëÿö³¿ âñ³õ òðüîõ ïåðåë³÷åíèõ ïðîöåñ³â.

Ãë³êîçàì³íîãë³êàíè (ÃÀÃ) â³äíîñÿòüñÿ äî
ãåòåðîïîë³ñàõàðèä³â: âîíè º ïîë³ìåðîì
äèñàõàðèäó, ùî ñêëàäàºòüñÿ ç óðîíîâî¿
êèñëîòè (D-ãëþêóðîíîâî¿ ÷è L-³äóðîíîâî¿)
òà ãåêñîçàì³íó (N-àöåòèëàì³íãëþêîçè ÷è
ãàëàêòîçè) [38]. Â îðãàí³çì³ ëþäèíè òà
òâàðèí ÃÀÃ çíàõîäÿòüñÿ íå ó â³ëüíîìó
ñòàí³, à ó ñêëàä³ ïðîòåîãë³êàí³â, äå ¿õí³
ë³í³éí³ ëàíöþãè ïîâ�ÿçàí³ ç á³ëêîâèì ÿäðîì.
Â³äîì³ 6 êëàñ³â ÃÀÃ. Öå � ã³àëóðîíîâà
êèñëîòà, õîíäðî¿òèí-4-ñóëüôàò, õîíäðî¿òèí-
6-ñóëüôàò, äåðìàòàíñóëüôàò, êåðàòàíñóëü-
ôàò ³  ãåïàðèíñóëüôàò (ãåïàðèí). ÃÀÃ º
âàæëèâèì êîìïîíåíòîì ì³æêë³òèííî¿ ðå÷î-
âèíè ñïîëó÷íî¿ òêàíèíè, âîíè âõîäÿòü òàêîæ
äî ñêëàäó  êë ³òèííèõ  ìåìáðàí  âèùèõ
îðãàí³çì³â, ùî ðîáèòü óí³âåðñàëüíîþ ¿õíþ
ïðèñóòí³ñòü ó ð³çíèõ îðãàíàõ ³ òêàíèíàõ,
çîêðåìà â ñåðöåâî-ñóäèíí³é ñèñòåì³. Â
ñò³íêàõ ñóäèí íàÿâí³ ð³çí³ ÃÀÃ, àëå ïåðå-
âàæàº ñåðåä íèõ ãåïàðèí.

Íèí³ âæå ñòàëî õðåñòîìàò³éíèì ïîëî-
æåííÿ ïðî âàæëèâó ðîëü ÃÌÊ (ùî ì³ãðóþòü
ç ìåä³¿ äî ³íòèìè) â ñèíòåç³ êîëàãåíó òà
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ïðîòåîãë³êàí³â (îòæå, ³ ÃÀÃ), ÿê³ ôîðìóþòü
ñïîëó÷íîòêàíèííèé ìàòðèêñ, ùî º îñíîâîþ
äëÿ óòâîðåííÿ àòåðîñêëåðîòè÷íèõ áëÿøîê
[31].  Â öüîìó ïëàí³ âñå á³ëüøå ôàêò³â
íàêîïè÷óºòüñÿ íà êîðèñòü ã³ïîòåçè, çã³äíî
ç ÿêîþ â ìåõàí³çì³ ðîçâèòêó àòåðîñêëå-
ðîòè÷íèõ óðàæåíü ñóäèí ïðîâ³äíîþ ëàíêîþ
º �ðåàêö³ÿ íà ðåòåíö³þ�, â ÿê³é êðèòè÷íó
ðîëü íàäàþòü ïîñèëåíîìó ñèíòåçó ïðîòåî-
ãë³êàí³â ÃÌÊ ñóäèí ï³ä âïëèâîì ïåïòèäíèõ
ôàêòîð³â ðîñòó ³ çâ�ÿçóâàííþ ç ïðîòåî-
ãë³êàíàìè àòåðîãåííèõ ë³ïîïðîòå¿í³â íèçüêî¿
ù³ëüíîñò³ (ËÍÙ) [19]. Ïðè öüîìó ïðîòåî-
ãë³êàíè âïëèâàþòü íà  ïðîë³ôåðàö³þ ³
ì³ãðàö³þ ÃÌÊ, áåðóòü ó÷àñòü ó ë³ï³äíîìó
ìåòàáîë³çì³, â çâ�ÿçóâàíí³ òà ïåðîêñèäàö³¿
ë³ï³ä³â,  ñïðàâëÿþòü ä³þ íà ïðîäóêö³þ
öèòîê³í³â, ïåðåá³ã çàïàëüíîãî òà ³ìóííîãî
ïðîöåñ³â, íà àêòèâàö³þ é àäãåç³þ òðîìáî-
öèò³â ³ ïðîöåñè êîàãóëÿö³¿.

Ö³êàâ³ äîñë³äæåííÿ âèêîíàí³ íà êë³òèíí³é
êóëüòóð³ ÃÌÊ àîðòè ùóð³â [28]. Âèêîðèñ-
òî âó þ÷è ì³÷åíèé 35S -ñóëüôàò,  àâòîðè
ïîêàçàëè, ùî ³íã³á³ö³ÿ ñèíòåçó ÃÀÃ 4-
ìåòèëóìáåë³ôåðèë-β-D-êñèëîçèäîì çìåí-
øóº  íàêîïè÷åííÿ  åêñòðàöåëþëÿðíîãî
ìàò ðèêñó,  âì³ñò  ó  íüîìó õîíäðî¿òèí-
ñóëüôàòó, à òàêîæ ô³áðîíåêòèíó, ëàì³í³íó ³
òðîìáîñïîíä³íó, ÿê³ â³ä³ãðàþòü âàæëèâó
ðîëü ó ì³æêë³òèíí³é âçàºìîä³¿ òà âçàºìîä³¿
êë ³òèíà�ìàòðèêñ .  Ïðè  öüîìó ñïîñòå-
ð³ãàºòüñÿ ïðèãí³÷åííÿ ïîñòêîíôëþåíòíîãî
(áàãàòîøàðîâîãî) ðîñòó ÃÌÊ òà çì³íè
¿õíüî¿ ñòðóêòóðè, çîêðåìà çíèæåííÿ öèòî-
ñêåëåòíèõ ô³ëàìåíò³â, ùî ì³ñòÿòü α-àêòèí,
ÿêèé ñèíòåçóºòüñÿ äèôåðåíö³éîâàíèìè
ÃÌÊ. Ñë³ä òàêîæ çàçíà÷èòè, ùî âàæëèâó
ðîëü õîíäðî¿òèí-ñóëüôàòó ó  ðîçâèòêó
àòåðîñêëåðîçó  ï ³äòâåðäèëè  ïîäàëüø³
äîñë³äæåííÿ [54].

Â³äîìî, ùî õîíäðî¿òèí-ñóëüôàò º ïðè-
ðîäíèì ÃÀÃ, ÿêèé ìàº ïðîòèçàïàëüíó ä³þ
òà âèêîðèñòîâóºòüñÿ ÿê çàñ³á ë³êóâàííÿ
îñòåîàðòðèò³â. Ö³êàâå äîñë³äæåííÿ âèêî-
íàíå íà êðîëèêàõ, ó ÿêèõ îäíî÷àñíî â³äòâî-
ðþâàëè àòåðîñêëåðîç  (óòðèìàííÿì íà

ã³ïåðë³ï³äåì³÷í³é ä³ºò³) ³ õðîí³÷íèé àðòðèò
(âíóòð³øíüîñóãëîáîâèì ââåäåííÿì ñåíñè-
á³ë³çîâàíèì òâàðèíàì îâàëüáóì³íó). Ïðîô³-
ëàêòè÷íå ââåäåííÿ òâàðèíàì õîíäðî¿òèí-
ñóëüôàòó â äîç³ 100 ìã/êã íà äîáó çìåí-
øóâàëî â³äñîòîê êðîëèê³â, ó ÿêèõ ðîçâè-
âàëèñü àòåðîñêëåðîòè÷í³ óðàæåííÿ àîðòè.
Ïðè öüîìó â ñèðîâàòö³ êðîâ³ çìåíøóâàëàñÿ
êîíöåíòðàö³ÿ ïðîçàïàëüíèõ ìîëåêóë � Ñ-
ðåàêòèâíîãî á³ëêà òà ³íòåðëåéê³íó-6 (²Ë-6)
³ ïðèãí³÷óâàëàñü åêñïðåñ³ÿ ÑÑL2/ìîíîöèò-
õåìàòðàêòàíòíîãî á³ëêà (ÌÑÐ-1) ³ öèêëîê-
ñèãåíàçè-2 â ìîíîíóêëåàðàõ ïåðèôåðè÷íî¿
êðîâ³, à òàêîæ çíèæóâàëàñü ÿäåðíà òðàíñëî-
êàö³ÿ íóêëåàðíîãî ôàêòîðà NF-êÂ [29].

Îñíîâíèìè õîíäðî¿òèí- òà äåðìàòàí-
ñóëüôàòíèìè ïðîòåîãë³êàíàìè åêñòðàöå-
ëþëÿðíîãî ìàòðèêñó º àãðåêàí, âåðçèêàí,
á ³ãë ³êàí  ³  äåêîðèí.  Ïîêàçàíî ,  ùî ä ³ÿ
íàçâàíèõ ïðîòåîãë³êàí³â íà ðîçâèòîê àòåðî-
ñêëåðîçó çàëåæèòü â³ä äîâæèíè ëàíöþã³â
ÃÀÃ. Çá³ëüøåííÿ äîâæèíè ñïðèÿº çâ�ÿçó-
âàííþ àòåðîãåííèõ ë³ï³ä³â  ³  ðîçâèòêó
àòåðîñêëåðîçó, à çàïîá³ãàííÿ öüîìó çá³ëü-
øåííþ çà äîïîìîãîþ âïëèâó íà ñèãíàëüí³
øëÿõè ³ ôåðìåíòè ñèíòåçó ÃÀÃ ìîæå áóòè
âèêîðèñòàíå ç òåðàïåâòè÷íîþ ìåòîþ [35].

Âàæëèâó ðîëü ó ðîçâèòêó àòåðîñêëåðîçó
â³ä³ãðàº ³íøèé ÃÀÃ � ã³àëóðîíîâà êèñëîòà.
Âîíà º íåñóëüôàòîâàíèì ÃÀÃ, ÿêèé ñêëà-
äàºòüñÿ ç äèñàõàðèäíèõ îäèíèöü, ïðåä-
ñòàâëåíèõ D-ãëþêóðîíîâîþ êèñëîòîþ òà N-
àöåòèë-D-ãëþêîçàì³íîì.  Ã ³àëóðîíîâà
êèñëîòà  ðîçò àøîâóºòüñÿ  ïåðåâàæíî â
ïîçàêë³òèííîìó ïðîñòîð³ òà íà ïîâåðõí³
êë³òèí, àëå âèÿâëåíà ³ âñåðåäèí³ êë³òèí. Öåé
óí³êàëüíèé á³îïîë³ìåð âèêîíóº â æèâèõ
îðãàí³çìàõ áàãàòî ôóíêö³é. Â³í êîíòðîëþº
ã³äðàòàö³þ òêàíèí ³ ï³äòðèìóº ñòðóêòóðó
ïîçàêë³òèííîãî ìàòðèêñó,  à  ÷åðåç ñâî¿
ðåöåïòîðè (ã³àëàäãåðèíè) áåðå ó÷àñòü â
àäãåç³¿, ì³ãðàö³¿ òà ïðîë³ôåðàö³¿ êë³òèí, ó
çàãîºíí³ ðàí, ðîçâèòêó çàïàëåííÿ òà ³íøèõ
ïàòîëîã ³÷íèõ ïðîöå ñàõ  [7] .  Ãîëîâíèì
ðåöåïòîðîì ã³àëóðîíîâî¿ êèñëîòè º ÑD44,
à ³íøèì � RHAMM (â³ä àíãë. receptor for
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hyaluronic acid mediated motility) [7, 27, 61].
Ö³ âëàñòèâîñò³ âèçíà÷àþòü âàæëèâå

çíà÷åííÿ ã³àëóðîíîâî¿ êèñëîòè ó ðîçâèòêó
àòåðîñêëåðîçó. Ñë³ä çàçíà÷èòè, ùî íàòèâíà,
âèñîêîìîëåêóëÿðíà ã³àëóðîíîâà êèñëîòà ³
ïðîäóêòè ¿¿ äåãðàäàö³¿ � íèçüêîìîëåêóëÿðíà
â³ä³ãðàþòü ð³çíó, ÷àñòî ïðîòèëåæíó ðîëü ó
ôîðìóâàíí³ îêðåìèõ ëàíîê àòåðîñêëå-
ðîòè÷íîãî ïðîöåñó. Óçàãàëüíþþ÷è äàí³
ë³òåðàòóðè, ìîæíà ñêàçàòè, ùî âèñîêîìî-
ëåêóëÿðíà ã³àëóðîíîâà êèñëîòà º àíòè-
àíã³îãåííîþ, à íèçüêîìîëåêóëÿðíà ñòè-
ìóëþº ïðîë³ôåðàö³þ òà äèôåðåíö³þâàííÿ
åíäîòåë³àëüíèõ êë³òèí. Ðàçîì ç òèì âèñîêî-
ìîëåêóëÿðíà ã³àëóðîíîâà êèñëîòà ñòèìóëþº
ð³ñò ³  ì³ãðàö³þ ÃÌÊ ñóäèí,  à  íèçüêî-
ìîëåêóëÿðíà, íàâïàêè, ïðèãí³÷óº ¿õíþ
ïðîë³ôåðàö³þ [7].

Ó äîñë³äæåíí³ íà êóëüòèâîâàíèõ ÃÌÊ
àîðòè ùóð³â ïîêàçàíî, ùî âèñîêîìîëå-
êóëÿðíà ã³àëóðîíîâà êèñëîòà â äîçàõ 1�5
ìã/ìë äîçîçàëåæíî ³íäóêóº ì³ãðàö³þ öèõ
êë³òèí áå ç  ïîì³òíîãî  âïëèâó íà  ¿õíþ
ïðîë³ôåðàö³þ [27]. Àâòîðè òàêîæ óñòà-
íîâèëè, ùî âèñîêîìîëåêóëÿðíà ã³àëóðîíîâà
êèñëîòà íåçàëåæíî àêòèâóº á³ëêè Rho-
ðîäèíè: RhoA òà Rac; â³äïîâ³äíî ïåðøèé �
÷åðåç CD44, à äðóãèé � ÷åðåç RHAMM (ö³
á³ëêè º ðåãóëÿòîðàìè öèòîñêåëåòà àêòèíó).
Ïðè öüîìó ³íäóêîâàíà ã³àëóðîíîâîþ êèñëî-
òîþ ì³ãðàö³ÿ ÃÌÊ çàëåæèòü âèêëþ÷íî â³ä
ìåäèéîâàíî¿ RHAMM-àêòèâàö³¿ Rac, ïîâ�ÿ-
çàíî¿ ç  Ô²3Ê (ôîñôàòèäèë-³íîçèòîë-3-
ê³íàçîþ). Ïîêàçàíî, ùî íàäì³ðíà åêñïðåñ³ÿ
ã³àëóðîíîâî¿  êèñëîòè â ÃÌÊ ñóäèí (ó
òðàíñãåííèõ ìèøåé ç äåô³öèòîì àïîë³ïî-
ïðîòå¿íó Å- àðîÅ) ñïðèÿº ðîçâèòêó àòåðî-
ñêëåðîçó; â àîðò³ ïðè öüîìó ïîòîíøóºòüñÿ
åëàñòè÷íèé øàð, ñóäèíè âòðà÷àþòü åëàñ-
òè÷í³ñòü [18]. Äîñë³äæåííÿ íà õèìåðàõ
ê³ñòêîâîãî ìîçêó (ì³æ ìèøàìè àðîÅ-/- .CD
+/+ òà apoE-/-.CD -/-) âèÿâèëî, ùî ðåöåïòîðè
ã³àëóðîíîâî¿ êèñëîòè CD44 íà êë³òèíàõ
åíäîòåë³þ, ìàêðîôàãàõ ³  Ò-ë³ìôîöèòàõ
ï³äâèùóþòü àäãåç³þ ëåéêîöèò³â äî åíäî-
òåë³àëüíèõ êë³òèí ³ ¿õíþ òðàíñåíäîòåë³àëü-

íó ì³ãðàö³þ [61]. Àâòîðè öüîãî äîñë³ä-
æåííÿ òàêîæ ïîêàçàëè, ùî CD44 ðåãóëþþòü
ì³ãðàö³þ ÃÌÊ ñóäèí ó â³äïîâ³äü íà íèçüêî-
ìîëåêóëÿðíó ã³àëóðîíîâó êèñëîòó, à ¿õí³é
äåô³öèò àêòèâóº ô³áðîç â àòåðîñêëåðî-
òè÷íèõ óðàæåííÿõ.

Íà êóëüòóð³ ÃÌÊ àîðòè êðîëèê³â ë³í³¿
Watanabe ç³ ñïàäêîâîþ ã³ïåðë³ï³äåì³ºþ
ïîêàçàíî, ùî ö³ êë³òèíè íàêîïè÷óþòü ó 2�4
ðàçè á³ëüøå ã³àëóðîíîâî¿ êèñëîòè ³ âèÿâ-
ëÿþòü çìåíøåíó çäàòí³ñòü äåãðàäóâàòè
åêçîãåííó 3Í-ÃÊ, í³æ ÃÌÊ êðîëèê³â ç
íîðìàëüíîþ ë³ï³äåì³ºþ. Òàê ñàìî ô³áðî-
áëàñòè øê³ðè ãîìîçèãîòíèõ ïàö³ºíò³â ç³
ñïàäêîâîþ ã³ïåðë³ï³äåì³ºþ (çóìîâëåíîþ
äåô³öèòîì ðåöåïòîð³â ËÍÙ ó êë³òèíàõ)
íàêîïè÷óþòü ó ê³ëüêà ðàç³â á³ëüøå ã³àëóðî-
íîâî¿ êèñëîòè, í³æ êë³òèíè çäîðîâèõ îñ³á
[48].

Äîñë³äæåííÿ íà êóëüòóð³ ÃÌÊ àîðòè
ëþäåé ïîêàçàëè, ùî â ïåð³îä ñòàð³ííÿ öèõ
êë³òèí ï³äâèùóºòüñÿ ñèíòåç ã³àëóðîíîâî¿
êèñëîòè é àêòèâí³ñòü ôåðìåíò³â ¿¿ ñèíòåçó,
à òàêîæ ïîïåðåäíèêà ñèíòåòè÷íèõ åíçèì³â.
Ïðè öüîìó á³ëüø ñòàð³ êë³òèíè âèÿâëÿëè
âèùó øâèäê³ñòü ì³ãðàö³¿,  ³  öÿ ì³ãðàö³ÿ
ìîäóëþâàëàñÿ ã³àëóðîíîâîþ êèñëîòîþ
÷åðåç ÑD44-ERK1/2-ìåäèéîâàíèé øëÿõ
ïåðåäà÷³ ñèãíàëó [58]. ×åðåç RHAMM ³
CD44-ðåöåïòîðíèé ñèãíàëüíèé øëÿõ ã³àëó-
ðîíîâà êèñëîòà ìåä³þº òàêîæ àíã³îãåíåç,
ÿêèé â³ä³ãðàº âàæëèâó ðîëü íå ò³ëüêè â
çàãîºíí³ ïîðàíåíèõ òêàíèí, àëå ³ â ìåõàí³çì³
ðîçâèòêó ïðîë³ôåðàòèâíî¿ ä³àáåòè÷íî¿
ðåòèíîïàò³¿ òà àòåðîñêëåðîòè÷íèõ óðàæåíü
ñóäèí [50]. Â³äîìî, ùî ïðè öóêðîâîìó
ä³àáåò³ ï³äâèùóºòüñÿ ðèçèê àòåðîñêëåðî-
òè÷íèõ óðàæåíü ñóäèí. ßê ïîêàçàëè åêñïå-
ðèìåíòè íà ñâèíÿõ, ïðè åêñïåðèìåíòàëüí³é
ã³ïåðë³ï³äåì³¿ òà ä³àáåò³ â çð³çàõ êîðîíàðíèõ
ñóäèí òâàðèí ï³äâèùóºòüñÿ âì³ñò ã³àëóðî-
íîâî¿ êèñëîòè, á³ãë³êàíó ³ àðîÂ òà çíè-
æóºòüñÿ âì³ñò åëàñòèíó [36].

Ö³êàâî, ùî ã³àëóðîíîâà êèñëîòà íàêîïè-
÷óºòüñÿ íàâêðóãè ÃÌÊ â àòåðîñêëåðîòè÷-
íèõ óðàæåííÿõ ñóäèí ïðè ä³àáåò³. Âñòàíîâ-
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ëåíî, ùî ¿¿ êîíöåíòðàö³ÿ â ñèðîâàòö³ êðîâ³
õâîðèõ íà ä³àáåò (86,6 íã/ìë ± 5,6 íã/ìë) º
äîñòîâ³ðíî âèùîþ, í³æ ó çäîðîâèõ ëþäåé
(41,7 íã/ìë ± 12 íã/ìë) [39]. Ó õâîðèõ íà
ä³àáåò ² òèïó, ñõèëüíèõ äî ðîçâèòêó àòåðî-
ñêëåðîçó,  ï ³äâèùóºòüñÿ âì³ñò  Ñ-ðåàê-
òèâíîãî á³ëêà, ã³àëóðîíîâî¿ êèñëîòè òà
ã³àëóðîí³äàçè â êðîâ³, à òàêîæ çá³ëüøóºòüñÿ
òîâùèíà ³íòèìè-ìåä³¿ êàðîòèäíèõ ñóäèí,
ïðè÷îìó îñòàíí³é ïîêàçíèê êîðåëþº ç
êîíöåíòðàö³ºþ ã³àëóðîíîâî¿ êèñëîòè â
ïëàçì³ êðîâ³ [41]. Ã³àëóðîíîâà êèñëîòà
çäàòíà ôîðìóâàòè êîìïëåêñè ç ËÍÙ, ÿê³
³íêîðïîðóþòüñÿ ìàêðîôàãàìè, ùî ³íäóêóº
¿õíþ òðàíñôîðìàö³þ ó ï³íèñò³ êë³òèí. Öå
ïîêàçàíî â äîñë³äàõ íà êðîëèêàõ, ó ÿêèõ
âèêëèêàëè àë³ìåíòàðíó ã³ïåðõîëåñòåðè-
íåì³þ ³ ââîäèëè ï³äøê³ðíî ã³àëóðîíîâó
êèñëîòó. Ïðè öüîìó çàõîïëåíà ìàêðîôàãàìè
îñòàííÿ îêèñíþâàëàñÿ ÷åðåç ÑD204 [49].

ÃÀÃ àðòåð³é çàçíàþòü êîìïîçèö³éíèõ ³
ñòðóêòóðíèõ çì³í ó ïåð³îä ðîçâèòêó àòåðî-
ñêëåðîçó. Ö³ çì³íè äîñë³äæóâàëè â åêñïå-
ðèìåíòàõ íà êðîëèêàõ, ÿêèõ ïðîòÿãîì 8 òèæ
óòðèìóâàëè íà ã³ïåðõîëåñòåðèíåì³÷í³é ÷è
àöèäîçîãåíí³é ä³ºò³ àáî íà êîìá³íîâàíîìó
ðàö³îí³ (ã³ïåðõîëåñòåðèíåì³÷íèé ñóì³ñíî ç
àöèäîçîãåííèì). Ïðè öüîìó ï³äâèùåííÿ
çàãàëüíîãî âì³ñòó ÃÀÃ ó àîðò³ ñïîñòåð³ãàëè
ëèøå ó òâàðèí, ùî âæèâàëè êîìá³íîâàíèé
ðàö³îí. Ö³êàâî, ùî ÃÀÃ, åêñòðàãîâàí³ ç àîðòè
êðîëèê³â ç ã³ïåðõîëåñòåðèíåì³ºþ, âèÿâëÿëè
ìåíøó çäàòí³ñòü âçàºìîä³ÿòè ç ËÍÙ, í³æ
ó êîíòðîë³. Ðàçîì ç òèì ÃÀÃ ç àîðòè òâàðèí,
óòðèìóâàíèõ íà êîìá³íîâàíîìó ðàö³îí³, íå
âèÿâëÿëè òàêèõ çì³í. Ìîëåêóëÿðíà ìàñà
ÃÀÃ òâàðèí ç ã³ïåðõîëåñòåðèíåì³ºþ (àëå íå
òâàðèí íà êîìá³íîâàíîìó ðàö³îí³) áóëà
íèæ÷îþ, í³æ ó êîíòðîë³. Àâòîðè ðîáëÿòü
âèñíîâêè, ùî àöèäîç ñàì ïî ñîá³ íå âïëèâàº
íà ñêëàä ÃÀÃ òà íà ¿õíþ âçàºìîä³þ ç ËÍÙ,
àëå ïðè êîìá³íàö³ ¿  àòåðîãåííèõ óìîâ,
çîêðåìà ïðè õðîí³÷í³é íèðêîâ³é íåäîñ-
òàòíîñò³, ìîæå çì³íþâàòè êîíöåíòðàö³þ
ÃÀÃ ³ ðîçì³ðè ëàíöþã³â ãë³êàí³â [56].

ßê áóëî âêàçàíî âèùå, íàêîïè÷åííÿ â

ñò³íö³ ñóäèí ³ âçàºìîä³ÿ ³ìóííèõ êë³òèí,
âêëþ÷àþ÷è Ò-êë³òèíè ³ ìîíîöèòè/ìàêðî-
ôàãè â³ä³ãðàº âàæëèâó ðîëü ó ïàòîãåíåç³
àòåðîñêëåðîçó, îñîáëèâî ³íêîðïîðàö³ÿ ËÍÙ
ìîíîöèòàìè/ìàêðîôàãàìè. Ïðÿì³ äîñë³ä-
æåííÿ ç ì³÷åíèìè 125² îêèñíåíèìè ËÍÙ
ïîêàçàëè, ùî íèçüêîìîëåêóëÿðíà (6,9 êÄà)
ã³àëóðîíîâà êèñëîòà ï³äâèùóº â ìîíîöèòàõ
åêñïðåñ³þ ïðèáèðàëüíîãî (�scavenger �)
ðåöåïòîðà ÑD36, ³íêîðïîðàö³þ íèìè ì³÷åíèõ
îêËÍÙ òà òðàíñåíäîòåë³àëüíó ì³ãðàö³þ
öèõ êë³òèí, ùî ñïðèÿº ¿õí³é òðàíñôîðìàö³¿ ó
ï³íèñò³ êë³òèíè. Öåé ïðîöåñ çä³éñíþºòüñÿ
÷åðåç ïðîòå¿íê³íàçíèé øëÿõ, ³  â íüîìó
â³ä³ãðàº âàæëèâó ðîëü ãîëîâíèé ðåöåïòîð
ã³àëóðîíîâî¿ êèñëîòè ÑD44 [52]. Íà äóìêó
àâòîð³â, öåé ïðîöåñ ìàº âåëèêå çíà÷åííÿ ó
ðîçâèòêó çàïàëåííÿ òà ôîðìóâàíí³ àòåðî-
ñêëåðîòè÷íèõ áëÿøîê çà äîïîìîãîþ ì³ãðà-
ö³¿ ìîíîöèò³â òà ¿õíüîãî äèôåðåíö³þâàííÿ
â ï³íèñò³ ìàêðîôàãè. Àâòîðè ï³äêðåñëþþòü
ñàìå ðîëü íèçüêîìîëåêóëÿðíî¿ ã³àëóðîíîâî¿
êèñëîòè, áî ³ñíóº óÿâëåííÿ, ùî âèñîêî-
ìîëåêóëÿðíà íå ÷èíèòü àòåðîãåííî¿ ä³¿.

Ñó÷àñí³ äîñë³äæåííÿ ïîêàçóþòü, ùî â
ïàòîãåíåç³ àòåðîñêëåðîçó âàæëèâó ðîëü
â³ä ³ãðàþòü öèòîê³íè òà  õåìîê³íè,  ÿê ³
ìåä³þþòü çàïàëüí³ òà ³ìóíí³ ðåàêö³¿ [8, 12,
13]. Ó öüîìó â³äíîøåíí³ ö³êàâèé ²Ë-15, ÿêèé,
ÿê â³äîìî, àêòèâóº ïðîë³ôåðàö³þ Ò-êë³òèí ³
ñòèìóëüîâàíèõ ìîíîíóêëåàð³â [13]. Äîñë³ä-
æåííÿ, âèêîíàí³ íà ductus arteriosus (ó ÿêîìó
ôîðìóâàííÿ íåî³íòèìàëüíî¿ ïîäóøêè íàãà-
äóº ïðîöåñè, ùî â³äáóâàþòüñÿ â ñóäèíàõ ïðè
àòåðîñêëåðîç³) ïîêàçàëè, ùî ²Ë-15 ãàëüìóº
ìåäèéîâàíó ôàêòîðîì ðîñòó ç òðîìáîöèò³â-
ÂÂ ïðîë³ôåðàö³þ ÃÌÊ, àëå íå âïëèâàº íà
¿õíþ ì³ãðàö³þ. Ðàçîì ç òèì â³í äîçîçàëåæíî
ïðèãí³÷óº ³íäóêîâàíó ïðîñòàãëàíãäèíîì Å1
ïðîäóêö³þ ã³àëóðîíîâî¿ êèñëîòè, ÿêà º
ìîãóòí³ì ñòèìóëÿòîðîì ôîðìóâàííÿ íåî³í-
òèìè. Ç öüîãî âèïëèâàº, ùî ²Ë-15 ìîæå
áóòè ïåðñïåêòèâíèì äëÿ ãàëüìóâàííÿ
ïðîäóêö³¿ ã³àëóðîíîâî¿ êèñëîòè òà ôîðìó-
âàííÿ íåî³íòèìè ïðè àòåðîñêëåðîç³ [30].
Ðîëü âàçîäèëàòàòîðíèõ ïðîñòàãëàíäèí³â ó
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ðåãóëÿö³¿ ñèíòåçó ã³àëóðîíîâî¿ êèñëîòè òà
ôîðìóâàíí³ åêñòðàöåëþëÿðíîãî ìàòðèêñà,
ÿêèé º  îñíîâîþ äëÿ óòâîðåííÿ àòåðî-
ñêëåðîòè÷íèõ áëÿøîê ó ñóäèíàõ ïîêàçóþòü
òàêîæ ³íø³ äîñë³äæåííÿ [26].

Çíà÷åííÿ  ð ³ çíèõ  ÃÀÃ ó  ïàòîãåíåç ³
àòåðîñêëåðîçó íåîäíîçíà÷í³. Óñòàíîâëåíî,
ùî ãåïàðèí ³íã³áóº ïðîë³ôåðàö³þ òà ì³ãðàö³þ
ÃÌÊ ÿê ó  êë³òèíí³é  êóëüòóð³ ,  ò àê  ³  â
åêñïåðèìåíòàõ íà òâàðèíàõ [40]. Ìåòîäîì
ã³áðèäèçàö³¿ ³çîëüîâàí³ é îõàðàêòåpèçîâàí³
ð³ñò-àðåøòóâàëüí³ ãåíè, ùî ³íäóêóþòüñÿ â
ÃÌÊ, ï³ääàíèõ ä³¿ ãåïàðèíó [22]. Ïîêàçàíî,
ùî ñåðåä íèõ ÑÑN5 º ñïåöèô³÷íèì ð³ñò-
àðåøòóâàëüíèì ãåíîì, ÿêèé ³íã³áóº ïðîë³-
ôåðàö³þ, ðóõëèâ³ñòü òà ³íâàçèâí³ñòü ÃÌÊ,
àëå íå âïëèâàº íà ¿õíþ àäãåç³þ òà àïîïòîç
[32].

Óñòàíîâëåíî òàêîæ, ùî ïðîòåîãë³êàíè
áåðóòü ó÷àñòü ó òðàíñïîðò³ ë³ïîïðîòå¿í³â.
Ç�ÿñîâàíî, ùî äåôåêòèâíå çâ�ÿçóâàííÿ
ãåïàðèí-ñóëüôàòíèõ ïðîòåîãë³êàí³â ç àðîÅ
ï³äâèùóº ðèçèê àòåðîñêëåðîçó â çâ�ÿçêó ç
íååôåêòèâíèì êë³ðåíñîì çàëèøê³â ë³ïîïðî-
òå¿í³â ïå÷³íêîþ [34]. Îäíàê ïðîòåîãë³êàíè
åêñòðàöåëþëÿðíîãî ìàòðèêñó ³íòèìè àðòå-
ð³é ìîæóòü ñïðèÿòè ïîðóøåííþ çâîðîòíîãî
òðàíñïîðòó õîëåñòåðèíó ³ éîãî íàêîïè÷åííþ
â ñóäèíí³é ñò³íö³ â ïåð³îä àòåðîãåíåçó.
Ïîä³áíà ä³ÿ öèõ ïðîòåîãë³êàí³â ìîæå áóòè
ïîâ�ÿçàíà ç ¿õí³ì àêòèâóâàëüíèì âïëèâîì
íà òðèïòàçó  �  ñåðèíîâó  ïðîòåàçó,  ùî
çâ³ëüíþºòüñÿ ïðè äåãðàíóëÿö³¿  òó÷íèõ
êë³òèí ³ º íåîáõ³äíîþ äëÿ ñòàá³ë³çàö³¿ ÃÀÃ.
Öåé ôåðìåíò âèêëèêàº äåãðàäàö³þ àïîë³-
ïîïðîòå¿í³â ë³ïîïðîòå¿íó âèñîêî¿ ù³ëüíîñò³
3 ³  ïîðóøóº éîãî çäàòí³ñòü âèâ³ëüíÿòè
õîëåñòåðèí ç  êóëüòèâîâàíèõ ìàêðîôà-
ãàëüíèõ ï³íèñòèõ êë³òèí [33]. Ó ïîïåðåä-
æåíí³  òà ãàëüìóâàíí³  ðîçâèòêó àòåðî-
ñêëåðîçó âåëèêó ðîëü â³ä³ãðàº êë³ðåíñ
çàëèøêîâèõ àòåðîãåííèõ ËÍÙ. Êðèòè÷íîþ
ìîëåêóëîþ â öüîìó ïðîöåñ³ º àðîÅ, ÿêèé
ìåä³þº âèñîêîàô³ííå çâ�ÿçóâàííÿ çàëèø-
êîâèõ ë³ïîïðîòå¿í³â ç ÷ëåíàìè ðîäèíè
ðåöåïòîð³â  ËÍÙ (ðËÍÙ),  à  òàêîæ ç

ãåïàðàí-ñóëüôàòíèìè ïðîòåîãë³êàíàìè
êë³òèííî¿  ïîâåðõí³ ,  ÿê³  â ³ä³ãðàþòü ÿê
êîîïåðàòèâíó,  òàê ³  íåçàëåæíó ðîëü ó
êë³ðåíñ³ çàëèøêîâèõ ë³ïîïðîòå¿í³â. Ïðè
äåôåêòèâíîìó êë³ðåíñ³ ËÍÙ ó ìèøåé ç
äåô³öèòîì àäàïòîðíîãî á³ëêà, ùî êîíò-
ðîëþº ³íòåðíàë³çö³þ ðËÍÙ, âèíèêàº àâòî-
ñîìíî-ðåöåñèâíà ã³ïåðõîëåñòåðèíåì³ÿ, àëå
êë³ðåíñ çàëèøêîâèõ ë³ïîïðîòå¿í³â ïðè öüîìó
íå ñèëüíî ïîðóøåíèé. Ìîæëèâî, â öüîìó
ðàç³ çàñâîºííÿ çàëèøêîâèõ ë³ïîïðîòå¿í³â
ãåïàòîöèòàìè çàïåçáå÷óþòü  ãåïàðàí-
ñóëüôàòí³ ïðîòåîãë³êàíè [37].

Âàæëèâó ã³äðîäèíàì³÷íó òà çàõèñíó
ðîëü (ïðîòè çàïàëüíèõ òà ³íøèõ ïîøêîä-
æåííÿõ ñóäèí) â³ä³ãðàº øàð ãë³êîêàë³êñó
ëþì³íàëüíî¿  ïîâåðõí³  åíäîòåë³îöèò³â,
ïîáóäîâàíèé ç ÃÀÃ (ãîëîâíèìè ç íèõ º
ã³àëóðîíîâà êèñëîòà ³ ãåïàðàí-ñóëüôàò). Ó
ô³ç³îëîã³÷íèõ óìîâàõ öåé øàð º òîâùèíîþ
0,5�0 ,6  ìêì ³  ìàº  âåëèêå  çíà÷åííÿ  ó
ïðîöåñàõ òðàíñïîðòó òà çàñâîºííÿ ë³ïîïðî-
òå¿í³â. Â³í ëåãêî ïîðóøóºòüñÿ ïðè çì³íàõ
òîêó êðîâ³, çàïàëüíèõ òà ³íøèõ ïîøêîä-
æåííÿõ ñóäèí, ùî ñïðèÿº ðîçâèòêó àòåðî-
ñêëåðîçó [42, 44, 60]. Çîêðåìà, îáñòåæåííÿ
çäîðîâèõ âîëîíòåð³â ïîêàçàëî, ùî òîâùèíà
ãë³êîêàë³êñà â ì³êðîñóäèíàõ ï³ñëÿ âíóòð³ø-
íüîâåííîãî ââåäåííÿ åíäîòîêñèíó çìåí-
øóºòüñÿ â³ä 0,60 ± 0,1 äî 0,30 ìêì ± 0,1
ìêì, à âì³ñò ãîëîâíîãî êîìïîíåíòó ãë³êî-
êàë³êñà  ã ³àëóðîíîâî¿  êèñëîòè â  êðîâ³
ï³äâèùóºòüñÿ â³ä 62 ± 18 äî 85 íã/ìë ± 24
íã/ìë. Ïðè öüîìó ñïîñòåð³ãàºòüñÿ òàêîæ
àêòèâàö³ÿ ìîíîöèò³â ³ ï³äâèùåííÿ êîàãó-
ëÿö³éíî¿ àêòèâíîñò³. Õàðàêòåðíî, ùî âñ³ ö³
ïîðóøåííÿ çãëàäæóþòüñÿ ï³ä âïëèâîì
ïðèãí³÷åííÿ âàæëèâîãî ìåä³àòîðà çàïà-
ëåííÿ ÔÍÏ-α åòàíåðöåïòîì [42].

Ðîëü ÃÀÃ ó ïàòîãåíåç³ àòåðîñêëåðîçó
ìîæå âèçíà÷àòèñü ³ òèì, ùî âîíè áåðóòü
ó÷àñòü ó àãðåãàö³¿ òðîìáîöèò³â ³ çãîðòàíí³
êðîâ³ [25], à òàêîæ ó ïðîöåñàõ àäãåç³¿ Ò-ë³ì-
ôîöèò³â äî åêñòðàöåëþëÿðíîãî ìàòðèêñó
[16].  Äîáðå â³äîìà àíòèêîàãóëÿíòíà òà
àíòèòðîìáîòè÷íà ä³ÿ ãåïàðèíó, ÿêèé ñêëà-

Ðîëü ãë³êîçàì³íîãë³êàí³â ó ïàòîãåíåç³ àòåðîñêëåðîçó
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äàºòüñÿ  ç  ñóëüôàòîâàíèõ çàëèøê³â  D-
ãëþêîçàì³íó ³ D-ãëþêóðîíîâî¿ êèñëîòè (ð³çí³
ôðàêö³¿ ãåïàðèíó ìàþòü ð³çíó äîâæèíó
ïîë³ìåðíîãî ëàíöþãà òà ð³çíó ìîëåêóëÿðíó
ìàñó � â³ä 2 äî 50 êÄà). Â îñòàíí³ ðîêè
îñîáëèâó óâàãó äîñë³äíèê³â ïðèâåðòàþòü
íèçüêîìîëåêóëÿðí³ äåðèâàòè ãåïàðèíó (4�5
êÄà), ÿê³ îäåðæóþòü äåïîë³ìåðèçàö³ºþ
ãåòåðîãåííîãî ãåïàðèíó [10, 11, 20, 21, 23,
59].  Íà â³äì³íó â³ä ãåòåðîïîë³ìåðíîãî
ãåïàðèíó, âîíè ìàþòü á³ëüøó á³îäîñòóï-
í³ñòü ³ àíòèòðîìáîòè÷íó ä³þ, àëå âèÿâ-
ëÿþòü ìåíøó àíòèêîàãóëÿíòíó àêòèâí³ñòü,
ùî  çìåíøóº  íåáåçïåêó  ãåìîðàã ³÷íèõ
óñêëàäíåíü ïðè ¿õíüîìó êë³í³÷íîìó çàñòî-
ñóâàíí³.

Óñòàíîâëåíî, ùî íèçüêîìîëåêóëÿðí³
ãåïàðèíè ìàþòü âèðàçíó àíòèàòåðîãåííó
ä³þ ³ ìîæóòü çàñòîñîâóâàòèñÿ äëÿ ïîïå-
ðåäæåííÿ òà ë³êóâàííÿ òðîìáîçó, ³øåì³÷íèõ
íàïàä³â òà ³íôàðêò³â ì³îêàðäà [20, 21, 23,
59] .  Ó  ìåõàí³çì³  àíòèàòåðîãåííî¿  ä ³ ¿
ãåïàðèí³â, êð³ì ³íã³á³ö³¿ ïðîë³ôåðàö³¿ ³
ì³ãðàö³¿ ÃÌÊ, ÿêà áóëà â³äçíà÷åíà âèùå,
ïåâíó ðîëü â³ä³ãðàþòü ãàëüìóâàííÿ íèìè
ïåðîêñèäàö³¿ ë³ï³ä³â ³ ïðîòèçàïàëüí³ åôåêòè
[20, 21]. Ïîêàçàíî, çîêðåìà, ùî ãåïàðèí
ãàëüìóº ïðîäóêö³þ õåìîê³í³â, ³íäóêîâàíó
³íòåðôåðîíîì-γ ,  ³  òðàíñåíäîòåë³àëüíó
ì³ãðàö³þ Ò-ë³ìôîöèò³â [46]. Â³í ñïðèÿº
âèâ³ëüíåííþ àíòèîêñèäàíòíîãî ôåðìåíòà
ñóïåðîêñèääèñìóòàçè (ÑÎÄ), àêòèâí³ñòü
ÿêîãî çíèæåíà ó õâîðèõ íà àòåðîñêëåðîç
êîðîíàðíèõ àðòåð³é [53].  Öåé ôåðìåíò
ïðîäóêóºòüñÿ ÃÌÊ ³ ãàëüìóº ïðîäóêö³þ
ïåðåêèñó âîäíþ òà ðåàêòèâíèõ ôîðì êèñíþ,
ÿê³ ñïðèÿþòü ïåðîêñèäàö³¿ ë³ï³ä³â. Êð³ì
òîãî, ÑÎÄ ïðèãí³÷óº ïðîäóêö³þ ôàêòîðà
ðîñòó, ïîä³áíîãî äî ôàêòîðà ðîñòó åï³äåð-
ì³ñó, ÿêèé àêòèâóº ïðîë³ôåðàö³þ ÃÌÊ ³
ðîçâèòîê àòåðîñêëåðîçó [43]. Ïîêàçàíî
òàêîæ, ùî êîôàêòîð ²² ãåïàðèíó ³íã³áóº
òðîìá³í ³ ÷èíèòü àíòèàòåðîãåííó ä³þ [55],
à â ìèøåé, äåô³öèòíèõ çà öèì ôàêòîðîì,
ïðèñêîðåíî ôîðìóâàííÿ íåî³íòèìè òà
ðîçâèòîê àòåðîñêëåðîçó [57]. Õàðàêòåðíî,

ùî àíòèàòåðîãåííó ä³þ âèÿâëÿº òàêîæ
ãëþêîçàì³í, ÿêèé º âàæëèâîþ ñêëàäîâîþ
ìîëåêóëè ãåïàðèíó [24].

Ïîçèòèâíà ä³ÿ ãåïàðèíó ïðè àòåðî-
ñêëåðîç³ ìîæå áóòè ïîâ�ÿçàíà òàêîæ ç éîãî
âïëèâîì íà ìàêðîôàãè. Â³äîìî, ùî îñòàíí³
â ñåðåäèí³ àòåðîñêëåðîòè÷íèõ óðàæåíü
ñóäèí åêñïðåñóþòü åíäîòåë³àëüíó ë³ïàçó.
Äîñë³äæåííÿ in vitro íà ÒÍÐ-1 ìàêðîôàãàõ
ïîêàçàëî, ùî ñóïðåñ³ÿ ôóíêö³¿ íàçâàíîãî
ôåðìåíòó çìåíøóº âèòîê õîëåñòåðèíó ç
ìàêðîôàã³â (ìåä³éîâàíèé àðîÀ²), à éîãî
àêòèâàö³ÿ � ï³äâèùóº. Õàðàêòåðíî, ùî
âèòîê õîëåñòåðèíó ç ìàêðîôàã³â çìåí-
øóºòüñÿ òàêîæ ï³ä âïëèâîì ãåïàðèíó [45].

Òàêèì ÷èíîì, ÃÀÃ ÿê ñêëàäîâà ïðîòåî-
ãë³êàí³â, â³ä³ãðàþòü âàæëèâó ðîëü ó ïàòî-
ãåíåç³  àòåðîñêëåðîçó.  Âîíè ðåãóëþþòü
ïðîë³ôåðàö³þ, ì³ãðàö³þ òà àäãåç³þ ÃÌÊ,
âïëèâàþ÷è íà ïðîäóêö³þ ïåïòèäíèõ ôàêòî-
ð³â ðîñòó òà ñèãíàëüí³ ìåõàí³çìè ¿õíüî¿ ä³¿,
à òàêîæ íà ìîëåêóëè êë³òèííî¿ ïîâåðõí³. Íå
ìåø âàæëèâèì º âïëèâ ÃÀÃ íà ë³ï³äíèé
ìåòàáîë³çì, ïåðîêñèäàö³þ ë³ï³ä³â ³ òðàíñ-
ïîðò ë³ïîïðîòå¿í³â. ×åðåç ñèñòåìó öèòîê³í³â
âîíè ðåãóëþþòü ïåðåá³ã çàïàëüíîãî òà
³ìóííîãî ïðîöåñ³â, àêòèâí³ñòü ìîíîöèò³â/
ìàêðîôàã³â ³ ë³ìôî¿äíèõ êë³òèí, ³ñòîòíî
âïëèâàþòü íà àêòèâí³ñòü òðîìáîöèò³â ³
ïðîöåñè çãîðòàííÿ êðîâ³.

Ðàçîì ç  òèì á ³ëüø³ñòü  ïóáë³êàö ³é
ïðèñâÿ÷åíà ì³ñöåâîìó çíà÷åííþ ÃÀÃ ó
ñóäèíàõ. Áðàêóº äîñë³äæåíü ìåòàáîë³çìó
ÃÀÃ òà ¿õíüîãî ñèíòåçó çà  äîïîìîãîþ
ðàä³îíóêë³äíîãî ìåòîäó. Äóæå ìàëî ïðàöü
ïðèñâÿ÷åíî ñèñòåìí³é ðîë³ ÃÀÃ. Â³äñóòí³
äîñë³äæåííÿ ñòîñîâíî çâ�ÿçêó ìåòàáîë³çìó
ÃÀÃ ó ñåðöåâî-ñóäèíí³é ñèñòåì³ òà çâàïí³-
ëèõ òêàíèíàõ ê³ñòîê ³ çóá³â.

Ïðîâåäåí³ íàìè ðàä³îíóêë³äí³ äîñë³ä-
æåííÿ ïîêàçàëè,  ùî ïðè åêñïåðèìåí-
òàëüíîìó àòåðîñêëåðîç³  (âèêëèêàíîìó
àòåðîãåííîþ ä³ºòîþ) ó ùóð³â äîñòîâ³ðíî
ï³äâèùóºòüñÿ âêëþ÷åííÿ ì³÷åíîãî 35S-
ñóëüôàòó, à, îòæå, ñèíòåç ñ³ðêîâì³ñíèõ ÃÀÃ
ó òêàíèíàõ àîðòè,  ñåðöÿ,  ïå÷³íêè,  íè-
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ðîê,ñëèííèõ çàëîç, à òàêîæ ó çâàïí³ëèõ
òêàíèíàõ ê³ñòîê ³ çóá³â [5, 6]. Òîáòî ö³ ïîðó-
øåííÿ ìåòàáîë³çìó ÃÀÃ ïðè åêñïåðè-
ìåíòàëüíîìó àòåðîñêëåðîç³ íîñÿòü ñèñòåì-
íèé õàðàêòåð. Çàãàëüí³ ïîðóøåííÿ îáì³íó
ÃÀÃ ïðîòèëåæíî¿ ñïðÿìîâàíîñò³ (ïðèãí³-
÷åííÿ ñèíòåçó) âèÿâëåí³ íàìè ÿê ó çâàïí³ëèõ
òêàíèíàõ, òàê ³  â áàãàòüîõ âíóòð³øí³õ
îðãàíàõ ïðè åêñïåðèìåíòàëüíîìó ôëþîðîç³
[3] .  Ñèñòåìí³  ïîðóøåííÿ îáì³íó ÃÀÃ
âèÿâèëè  â  ñâî ¿õ  äî ñë ³äæåííÿõ  òàêîæ
Áåðåçîâñüêèé ³ ñï³âàâò. [1] ïðè òðèâàë³é
ã³ïîêñ³¿ òà àë³ìåíòàðí³é äåïðèâàö³¿. ßê ³ â
íàøèõ äîñë³äæåííÿõ, àâòîðè ñïîñòåð³ãàëè
òàêîæ âèðàçí³ çì³íè â ê³ñòêîâ³é òêàíèí³
ùóð³â, äå ÃÀÃ â³ä³ãðàþòü âàæëèâó ðîëü ó
ïðîöåñàõ ì³íåðàë³çàö³¿ ³ ðåìîäåëþâàííÿ
[14]. Ñë³ä çàçíà÷èòè, ùî óñï³øíà åêñïåðè-
ìåíòàëüíà òåðàï³ÿ àòåðîñêëåðîçó ñóïðî-
âîäæóºòüñÿ íîðìàë³çàö³ºþ îáì³íó ÃÀÃ íå
ò³ëüêè ó òêàíèíàõ ñåðöÿ é àîðòè, à òàêîæ â
³íøèõ âíóòð³øí³õ îðãàíàõ ³  çâàïí³ëèõ
òêàíèíàõ [5, 6]. Òàê ñàìî åêñïåðèìåíòàëü-
íà ïðîô³ëàêòèêà ³ òåðàï³ÿ ôëþîðîçó íå ëè-
øå ïîïåðåäæóº ÷è óñóâàº ãðóá³ ïîðóøåííÿ ç
áîêó çóá³â, àëå é íîðìàë³çóº ñèíòåç ÃÀÃ ó
çâàïí³ëèõ òêàíèíàõ ³ âíóòð³øí³õ îðãàíàõ [3].

Î.È. Ñóêìàíñêèé, Ì.Ñ. Äðîãîìèðåöêàÿ,
Î.Â.Äåíüãà, È.Î. Ñóêìàíñêèé
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Â ÏÀÒÎÃÅÍÅÇÅ ÀÒÅÐÎÑÊËÅÐÎÇÀ

Â îáçîðå ðàññìîòðåíà ðîëü ãëèêîçàìèíîãëèêàíîâ è
ïðîòåîãëèêàíîâ â ïàòîãåíåçå àòåðîñêëåðîçà, à òàêæå
âîçìîæíîñòè êîððåêöèè àòåðîñêëåðîòè÷åñêèõ ïîðàæåíèé
ñîñóäîâ ïóòåì âëèÿíèÿ íà èõ ìåòàáîëèçì.
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Neutrophil apoptosis and hypoxia

Neutrophils are the most abundant population of leukocytes, which constitute the defense against
pathogens. Released by neutrophils the proteolytic enzymes and reactive oxygen species help in
eliminating infections, but also cause extensive tissue damage. Neutrophil apoptosis plays an essen-
tial role in cell homeostasis and resolution of inflammation. It is mediated by a complex network of
intracellular apoptotic/survival signaling pathways and can be modulated by a variety of extracel-
lular stimuli such as hypoxia. Here, we review recent studies on the mechanisms of neutrophil death
and survival accentuating on neutrophil apoptosis under hypoxic conditions. Neutrophils possess
components of both extrinsic and intrinsic apoptotic routes. However, in neutrophils this mechanism
has special features. The involvement of death receptors, caspases, mitochondria, and Bcl-2 proteins
are discussed. Both the transcription factor NF-êB and p38MAPK regulate the neutrophil apoptotic
program. Despite that reactive oxygen species (ROS) can directly promote and/or adjust apoptosis,
there is no consensus about the role of ROS on neutrophil lifespan. Thus both the type of ROS
involved and the site of their generation may be important for neutrophil apoptosis. Finally, hypoxia
can activate several signaling pathways. The possible differences between the effects of sustained
and intermittent hypoxia are also addressed.
Key words: neutrophils, apoptosis, hypoxia.
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TAKE-HOME MESSAGES

Neutrophil apoptosis is a central process for ho-
moeostasis and successful resolution of inflam-
mation, but in neutrophils it has special features
because neutrophils are committed to cell death.

Similar to other cells neutrophil apoptosis
possesses components of extrinsic death
receptor and intrinsic mitochondrial apoptotic
pathways in which NF-êB and p38MAPK
controlled proteins such as Bcl-2 family
members and caspases are involved.

ROS generation is involved in neutrophil
apoptosis of activated or infected cells but
is not absolutely required as a mediator of
neutrophil apoptosis under physiological con-
ditions.

In contrast to other cells, in which hy-
poxia induces apoptosis, in neutrophils hy-
pox i a  cause s  a  p ro found  i nh ib i t i on  o f
apoptosis both in vitro and in vivo. The sur-
vival effect of intermittent hypoxia was much
more prominent then sustained hypoxia.

AN OVERVIEW
OF NEUTROPHIL APOPTOSIS

Neutrophils are the most common type of
leukocytes in the circulation which constitute
the first line of defense against pathogens.
They are bone marrow derived, terminally dif-
ferentiated, short lived (8-20 hrs) inflam-
matory cells that are released to the circula-
tion continuously. Senescent neutrophils are
cleared from the blood by liver, spleen and
bone marrow in direct contact with flowing
blood [1]. Neutrophils can exist in the circu-
lation in one of three functional states: quies-
cent, primed or activated [2]. When quiescent
neutrophils encounter a stimulus they are left
in a primed state. Upon encountering a sec-
ond stimulus, they proceed to activation,
releasing reactive oxygen species (ROS), pro-
teolytic enzymes and inflammatory mediators,
which are implicated in clearance of infections
[2]. However, an uncontrolled release of formi-
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dable array of toxic substances may inflict dam-
age to surrounding tissues and propagate inflam-
mation. Neutrophil apoptosis (NA) is a funda-
mental mechanism involved in maintaining a
normal level of neutrophils and ensuring the rapid
resolution of inflammation [3, 4]. NA triggers
the phagocytosis of apoptotic neutrophils by
macrophages and is vital for limiting of tissue
damage in vivo [3]. If neutrophil viability is pro-
longed, destruction of surrounding cells will take
place. When this process, is initiated in the vas-
culature it is implicated in cardiovascular dis-
eases. Importantly, mature neutrophils can un-
dergo apoptosis even without requiring any ap-
parent inductive stimuli. It suggests that the
apoptotic program may already have been initi-
ated in circulating neutrophils [5].

NA is mediated by a complex network of
intracellular death/survival signaling pathways
and can be modulated by a variety of extracellu-
lar stimuli such as cytokines and hypoxia. NA
can be initiated by the death receptor (extrinsic)
pathway and the mitochondrial (intrinsic) path-
way. The last one may play a pivotal role in the
control of spontaneous NA [6, 7]. The caspase
cascade represents the main mechanism which
is activated by both pathways. Caspases are
synthesized as inactive zymogens and are acti-
vated by proteolysis, leading to enzyme cleavage
and nuclear DNA fragmentation. Caspase-8 is
the initiator caspase triggered by death receptors,
whereas initiator caspase-9 cleavage is the sig-
nature of the mitochondrial pathway. Caspase-
3, an effector caspase, is activated by the
caspases-8 and -9 [8]. Figure 1 illustrates the
sequence of events of NA. The data describing
NA pathways are summarized in a number of
recent reviews [3�6, 9, 10].

THE DEATH RECEPTOR PATHWAY

In the extrinsic pathway, ligation of a death
receptor such as tumor necrotic factor recep-
tor 1 (TNFR1) or CD95 induces the forma-
tion of a death-inducing signaling complex
(DISC). DISC consists of the death receptor,
TNF receptor associated death domain-con-

taining proteins (TRADD), Fas-associated
death domain (FADD) adaptor protein, and an
initial caspases (A in Fig.1). Clustering of
death receptors following ligation promotes
aggregation of pro-caspase-8 molecules within
the DISC, inducing their autoproteolysis and
generation of active caspase-8, which acti-
vates the downstream caspase-3, that are the
terminal effectors of apoptosis [5, 6, 9]. Im-
portantly, in human neutrophils DISC may
form spontaneously [5]. TNFR1 signaling is
also known to promote neutrophil survival
through the nuclear transcription factor (NF-
êB) activation, which can be induced by re-
cruitment of TNF receptor associated factor
2 (TRAF2). In both signals the TRADD may
act as a platform adaptor that recruits TRAF2
or FADD and thus activate distinct signaling
cascades including activation of NF-êB-in-
duced survival pathway or caspase-dependent
proapoptotic route. In contrast to TNFR1,
TNFR2 does not contain a TRADD motif [4,
11] and recruits TRAF2 in NF-êB activation
directly. Additionally, TNFR2 may promote
survival by mitogenactivated protein kinases
(MAPK) activation.

THE MITOCHONDRIAL PATHWAY

Mitochondria are the site of oxidative phos-
phorylation in the cells and classically defined
as organelles highly specialized in ATP gen-
eration [12]. It is now generally assumed that
alteration of mitochondrial function is an ear-
ly feature of NA [4�7]. In viable cells, these
organelles are organized as a diffuse tubular
network that clusters during apoptosis. Criti-
cally, the mitochondrial route of apoptosis con-
nects caspases and Bcl-2 proteins pathways
(B in Fig.1).

As is summarized by [4, 6, 9], Bcl-2 is the
prototype for a family of mammalian genes
and the proteins they produce. They govern
mitochondr ia l  outer  membrane permea-
bilization and can be either pro-apoptotic (Bax,
Bak, Bim, Bid, Bad) or anti-apoptotic (Mcl-1,
Bcl-X

L
, A1/Bfl-1). In most cell types, the ex-
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pression and activity of protective Bcl-2
members is higher than pro-apoptotic mem-
bers. In contrast, mature neutrophils constitu-
tively express pro-apoptotic proteins, whereas
the  express ion  o f  an t i -apop to t i c  Bc l -2
members is very low or undetectable in resting
cells [3, 13]. However, anti-apoptotic proteins
are highly and transiently expressed when
neutrophils are exposed to survival factors,
such as heme, IL-8, GM-CSF or hypoxia. The
balance between pro-  and ant iapoptot ic
members determines the fate of the cells [14].
Under physiological conditions, the mitochon-
dr ia l  membrane  i s  po la r ized  and  has  a
membrane potential, the maintenance of which
keeps proteins such as cytochrome c and ROS
within the confines of the mitochondria.
Proapoptotic Bcl-2 proteins exert their effects
by activation of an inner mitochondrial per-
meability transition pore and by induction of
apoptogenic factor cytochrome c release. In
the cytosol cytochrome c is involved in the
assembly of a multimolecular complex known
as �apoptosome�, which consists of cyto-
chrome c, apoptotic protease-activating fac-
tor 1 (Apart 1), and caspase-9 (Fig.1, B). In
the presence of ATP this complex induces the
proteolitic cleavage and activation of pro-
caspase-3 that triggers a downstream cascade
of caspase-3 activity.

Bax is  the best  known pro-apoptot ic
soluble protein. In freshly isolated neutrophils
Bax is found in the cytoplasm in a phosphory-
lated closed state, heterodimerized to Mcl-1.
Under apoptosis Mcl-1 levels are markedly
decreased by proteasome-mediated degrada-
tion. Waning levels of Mcl-1 release Bax from
the heterocomplex Bax:Mcl-1 and allow Bax
to translocate to the mitochondria where it is
thought to form oligomers and exercise its pro-
apoptotic function [15, 16]. Whereas the ac-
tivated Bax and Bak would act as ion channels
and adaptor proteins and mediate the release
of cytochrome c, the anti-apoptotic Bcl-2
would block NA through inhibition of Bax and/
or Bak, by promoting the stability of mitochon-

dr ia l  ou ter  membrane  and/or  impai r ing
insertion of pro-apoptotic proteins. Addition-
ally, the second groups of pro-apoptotic pro-
teins Bad and Bid can modulate negatively the
anti-apoptotic Bcl-2 proteins and positively the
pro-apoptotic ones.

Mcl-1 is represented a key anti-apoptotic
protein. It is only member of anti-apoptotic
Bcl-2 family that  has been rel iably and
reproducibly measured at both the mRNA and
protein level in human neutrophils [17] It�s
well documented that spontaneous apoptosis
is accompanied by degradation of Mcl-1, but
not other anti-apoptotic molecules [18]. Anti-
apoptotic Mcl-1 transcripts are extremely
uns tab le  (near  3  hours  ha l f - l i f e )  [19] .
Moreover, Mcl-1 is a subject to rapid turn-
over [20]. Such rapid changes in Mcl-1 func-
tion permit neutrophils to switch cell fate very
rapidly from survival to death in response to
external signals. Importantly, Mcl-1 is up-
regulated in response to survival stimuli,
thereby having a marked effect on NA [21].

INVOLVEMENT
OF NF-κκκκκB AND P38MAPK IN NA

Both the transcription factor NF-κB [3, 12,
22, 23] and p38MAPK [12, 24, 25] regulate
the NA program (C and D in Fig.1).

NF-κB comprises a family of transcrip-
tion factors that act as regulators of genes
involved in NA and its regulation is highly cell
spec i f ic  and  redox sens i t ive .  NF-κB is
normally found in the cytoplasm held by in-
hibitory proteins called IkBα and is activated
by various stimuli, which converge at the IKK
(IkB kinase) complex. IKK phosphorylates
IkBα leading to its ubiquitination, followed by
proteosomal degradation. The release of IkBα
from the NF-κB complex allows active NF-
κB translocation into the nucleus and bind to
consensus sites in the DNA of responsive
genes .NF-κB ac t iv i ty  in  neu t rophi l s  i s
regulated by mechanisms clearly different
from those in other cells. The most important
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difference is that the newly synthesized IkBα
can enter the nucleus, remove NF-κB from
gene promoters and transport it back to the
cytoplasm. Thus, nuclear accumulation of
IkBα is associated with inhibition of NF-κB
activity and the induction of NA [26, 27].
Using different NF-κB inhibitors it was shown
that inhibition of NF-êB is a powerful inducer
of NA [22], in contrast activators of NF-κB
provides a strong survival signal [23]. NF-κB
controls the expression of survival genes such
as the Bcl-2 family members and regulates
the synthesis of IL-8 [28], known as one of
the most important survival proteins [29]. Anti-
IL-8: IL-8 complex suppresses spontaneous
NA. The survival effect is correlated with a
decline in caspase-3 and caspase-9 activity,
increase in anti-apoptotic protein (Bcl-XL) and
decreased pro-apoptotic proteins (Bax, Bak)
expressions [30].

The p38MAPK activation is part of a gen-
eral stress response that mediates survival in
neutrophils [24, 31]. Given the observation that
p38MAPK is implicated in the activation of
NF-κB [32] it is conceivable that this might
lead to expression of survival genes of the Bcl-
2 family and IL-8. Moreover, p38MAPK can
directly phosphorylate and inhibit the activi-
ties of caspases-8 and caspase-3 and thereby
hinder neutrophil apoptosis [24].

ROS AS INTRACELLULAR MEDIATORS
OF NEUTROPHIL APOPTOSIS

During the last decade, ROS molecules (su-
peroxide anion - O

2
-, hydrogen peroxide -

H
2
O

2
, and the hydroxyl radicals - OH-) moved

from a category of merely unwanted side
products of oxidative metabolism to important
messenger molecules. Among all cell types
neutrophil possess the most powerful system
of ROS [33]. ROS are generated in cells as a
consequence of normal mitochondrial oxida-
tive metabolism and also as part of the respi-
ratory burst, that participate in microbial kill-
ing [34]. The mitochondria serve as the pri-

mary source in the quiescent state whereas
in activated neutrophils the primary ROS gen-
erated by the nicotinamide adenine dinucle-
otide phosphate oxidase (NADPHox) system
[6, 7, 35, 36]. The latter is a multi-enzymatic
complex responsible for the generation of high
amounts of O

2

.
 � through the reduction of

molecular oxygen. In resting neutrophils, about
95% of the inactive NADPHox is found in the
membranes of subcellular granules and vesi-
cles, and the rest resides in the plasma mem-
brane or distributed among cytosol. The cell
activation results in phosphorylation of NAD-
PHox cytosolic subunit and translocation of
the granule pool to plasma or phagosomal
membrane. The activation of the granule pool
of NADPHox induces intracellular ROS pro-
duction, while the stimulation of the mem-
branebound oxidase mainly generates extra-
cellular release of ROS. Importantly, intrac-
ellular generation, but not extracellular release
of ROS, leads to NA [29].

Among the ROS activated molecular tar-
gets are the caspases, the phosphoinositol
PI3K/Akt pathway molecules and NF-êB [13].
Moreover, ROS can mediate death receptor
clustering [37] and rapidly (during minutes)
activate p38MAPK systems [34]. As was dis-
cussed by [38], ROS may be involved in NA
by various ways as direct oxidation of DNA
or/and modification of proteins and enzymes.
Additionally, lipid peroxidation by ROS may
contribute to membrane rupture, eliciting
re lease  of  the  contents  of  in t race l lu la r
compartments [39]. Finally, H

2
O

2
 could be an

intermediate in the intracellular signaling
mechanism of NA, and its oxidized products,
such as OH- (the most toxic of the oxygen
intermediates resulting in DNA damage), may
be crucial for NA [38].

The functional role of ROS in NA is
controversial and the precise signal transduc-
tion pathways are not fully understood. How-
ever, most reports affirm that ROS directly
cause NA [35]. Increased production of H

2
O

2

was noted in neutrophils cultured for 4 hours
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in the absence of any external stimulus [40].
The neutrophil incubation with H

2
O

2
 resulted

in concentration-dependent increase in the
rate of NA [41]. Both ionizing and ultraviolet
radiation are capable of inducing NA, and both
generate ROS. Catalase, which decreases the
intracellular H

2
O

2
 levels in cultured neutro-

phils, inhibits NA [38, 42] and increases IL-8
expression [36]. Similarly, prolonged survival
of neutrophils was detected in patients with
chronic granulomatous disease with hereditary
defect in ROS production [42], which was
associated with enhanced IL-8 levels [43]. In
contrast, it was shown that ROS is also asso-
ciated with activation of survival signaling
routes, in which NF-κB activation could be
involved [12]. Critically, the type of ROS
molecules involved could be important for NA.
For instance, increased intracellular levels of
superoxide in neutrophils lead to activation of
NF-κB, whereas exposure of neutrophils to
hydrogen peroxide inhibits nuclear transloca-
tion of NF-κB [44]. All these data, however,
do not imply that ROS are absolutely required
as mediators of NA, especially under physi-
ologic condit ions [45] and the apparent
contradictory ROS effects on NA could be as
a result of the activation status of cells [13].
Thus, several groups have demonstrated that
ROS generation does not affect the rate of
spontaneous [45, 46] and Fas/APO-1 triggered
NA [37] or underlie the pro-apoptotic effect
of TNF-α, but promote apoptosis in PMA-ac-
tivated neutrophils [45]. H

2
O

2
 does not affect

nuclear translocation of NF-κB in resting
cells, but decrease it in LPS or TNF stimu-
lated neutrophils [28, 40]. Moreover, the types
of activating stimuli (different cytokines,
infection and phagocytosis, PMA or LPS ac-
tivation and hypoxia) may be crucial for ROS
effects on NA. For example, NADPHox-de-
rived intracellular ROS that is generated dur-
ing phagocytosis induces NA via caspase ac-
tivation, whereas treatment of the same neu-
trophils with fMLP results in oxidative burst
that is almost entirely extracellular,  and

apoptosis in these cells is slightly reduced
[39].

Finally, NA could be partially related to the
different levels and types of cellular antioxi-
dant defenses. Thus, the toxic potential of
ROS can be limited by intracellular powerful
antioxidant, such as glutathione [5, 37]. Ap-
parently, changes in redox status are the
earliest event in NA. The intracellular anti-
oxidant defenses of neutrophils may rapidly
degrade H

2
O

2
, thus preventing the formation

of by-products such as HO-.

HYPOXIA-INDUCED NEUTROPHIL
SURVIVAL

Hypoxia, i.e. decreased availability of oxygen
occurs under a variety of physiologic and
pathologic conditions. Hypoxia activates a
number of genes which are important in the
cellular adaptation to low oxygen environment.
Generally hypoxia induces apoptosis in differ-
ent cell types. However, in contrast to other
cells in neutrophils hypoxia causes a profound
concentrationdependent and reversible inhibi-
tion of apoptosis in vitro [41, 47]. Also in vivo
work [48], demonstrated prolonged neutrophil
survival in healthy subjects exposed to acute
hypoxemia.

The hypoxic survival effect was associ-
ated with marked stabilization of hypoxia-in-
ducible factor (HIF-1) [22, 47], a master
regulator of oxygen homeostasis that controls
more than 70 target genes including erythro-
poietin, VEGF, and proteins associated with
glucose and energy metabolism [49]. The abil-
ity of hypoxia to increase NF-κB p65 tran-
script abundance and activity, the ablation of
hypoxic survival by the NF-κB inhibitors
(gliotoxin and parthenolide), and the inhibition
of hypoxic induction of NF-κB in HIF-1α
knockout murine neutrophils suggests HIF-
1α-dependent regulation of the NF-êB path-
way in NA [22]. Additionally, it was docu-
mented that hypoxia activates p38MAPK,
leading to Mcl-1 activation and a subsequent
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delay in NA [21]. Similar to many antiapoptotic
stimuli, long exposure to hypoxia decreases
ROS generation in neutrophils [41]. Interest-
ingly, short hypoxemia in vivo appears to ef-
fects the primed state of the neutrophils for
ROS production without significant effect on
the stimulated/activated state [48].

EFFECTS OF INTERMITTENT HYPOXIA
ON NA

While some diseases involve episodes of sus-
tained hypoxia (SH), diseases like vascular-
ized tumors or Obstructive Sleep Apnea Syn-
drome (OSAS) are associated with intermit-
tent hypoxic (IH) events. OSAS, in particu-
larly, is characterized by intermittent and re-
current pauses in respiration during sleep. The
various signaling pathways, caspase-mediat-
ed with IH and caspase-independent with SH,
were described for PC-12 cells [50]. More-
over, IH leads to HIF-1α accumulation that
persists significantly during re-oxygenation. In
contrast HIF-1α levels in PC-12 cells exposed
to SH were markedly reduced immediately
after re-oxygenation [49]. It was also showed
that in endothelial cells, IH induced a modifi-
cation in HIF-1α phosphorylation pattern with
progressive increase in HIF-1α phosphorilat-
ed form during hypoxic period, which could
lead to cell survival and adaptation to hypoxia
[51]. In contrast, Ryan et al. using HeLa cells
found that HIF-1α is more sensitive to acti-
vation by SH than IH and that NF-κB is more
sensitive to activation by IH than SH [52].
Using endothelial cell models they also found
that IH activates NF-κB at least in part via
p38 MAPK activation [53]. However what
kind of response is true for neutrophils is un-
known.

We compared the effects of IH and SH
on NA using a unique computer-controlled in-
cubation chamber which is attached to an ex-
ternal O

2
-CO

2
 computer-driven controller

(BioSpherix OxyCycler C42 system, Redfield,
NY). Chamber O

2
, N

2
, and CO

2
 levels were

continuously monitored and adjusted accord-
ing to the desired programmed profile. Addi-
tionally a fiber-optic dissolved oxygen elec-
trode was immersed below medium level to
accomplish identical specific experimental
profiles and to monitor dissolved oxygen
concentrations. Using several IH cycles (3-6
and 10 cycles) and oxygen profiles ranging
from 5 to 0.1% O

2
 we established that the

effects of IH were doze- and time-dependent.
Importantly, NA was already significantly de-
creased after three cycles of IH at 5% oxy-
gen concentrations as compared with normo-
xia, indicative of a relatively fast neutrophil
activation over a period of 3 hours. Moreover,
under all IH conditions NA was significantly
lower compared to SH both in whole blood
and in purified neutrophil cultures [54]. This
trend was seen in each subject individually,
but values were slightly higher in purified neu-
trophils compared with whole blood, due to
neutrophil purification. Also in patients with
OSAS NA was significantly attenuated [54].
This was verified by flow cytometry, morpho-
logical features of apoptosis as nuclear and
chromatin condensation and a significant
reduction in caspase-3 activity. Critically, the
percentage of apoptotic neutrophils was nega-
tively correlated with the severity of hypoxia
[54]. Whether SH and IH trigger a common
signaling pathway in NA is currently unclear.
We found that similar to SH the anti-apoptotic
effects of IH are mediated via p38MAPK sig-
naling pathway, since the survival effects of
hypoxia are lost with inhibition of p38MAPK
(unpublished observations). We also deter-
mined that NF-κB activity is required for IH
survival (article in preparation). Thus, treat-
ment of neutrophils with structurally and
mechanistically discrete NF-κB inhibitors
gliotoxin, parthenolide, and IMD-0354 under
IH resulted in significant increase of NA.
Such increased NA was caspase-3 dependent
and was accompanied with decreased IL-8
expression. NF-κB activity was found in-
crease in nuclear fractions of neutrophils
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treated with IH in vitro. Similar, IH activates
NF-êB in neutrophils of OSAS patients [55].

Does ROS also mediate IH-induced de-
crease in NA? Similar to SH [41], we found
that cytoplasmatic ROS generation was de-
creased by 90-92% in neutrophils exposed to
IH as compared to neutrophils maintained in
normoxia. Interestingly, the same levels of
basal ROS production were detected in rest-
ing neutrophils of both OSAS patients and
control subjects [56]. In contrast, after PMA
stimulation significant increases in ROS gen-
erat ion were detected in OSAS pat ients
compared to control [56]. This suggests that
IH may induce neutrophil priming for ROS
production after challenge, which is critical
for the clearance of infections but may be
dangerous to surrounding tissues. Onset of
apoptos i s  in  neu t rophi l s  i s  much  more
complex than the simple mechanisms we have
presented here and the role of ROS molecules
and oxidative stress needs to be further elu-
cidated in NA.
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Ë. Äóãîâñêàÿ, À. Ïîëÿêîâ

AÏÎÏÒÎÇ ÍÅÉÒÐÎÔÈËÎÂ È ÃÈÏÎÊÑÈß

Â îáçîðå ëèòåðàòóðû ïðåäñòàâëåíû äàííûå ñîâðåìåííîé
ëèòåðàòóðû î ìåõàíèçìàõ âûæèâàíèÿ è ãèáåëè íåéòðî-
ôèëüíûõ ëåéêîöèòîâ. Ðàññìàòðèâàþòñÿ âîïðîñû  ðåãóëÿ-
öèè àêòèâíîñòè àïîïòîòè÷åñêîé ïðîãðàììû äëÿ ýòèõ êëåòîê
è ðîëü â óêàçàííûõ ïðîöåññàõ òðàíñêðèïöèîííûõ ôàêòîðîâ
NT-κÂ è p38 MAPK. Òàêæå äèñêóòèðóþòñÿ ñåãîäíÿøíèå
ñâåäåíèÿ îá ó÷àñòèè ñâîáîäíûõ ðàäèêàëîâ â ðåàëèçàöèè
àïîïòîçà íåéòðîôèëîâ. Îñîáîå âíèìàíèå óäåëÿåòñÿ àíàëèçó
ðîëè ãèïîêñèè è ðàçëè÷èÿì âî âëèÿíèè íà îòäåëüíûå
çâåíüÿ àïîïòîçà ïîñòîÿííîé è ïåðèîäè÷åñêîé ãèïîêñèè.
Êëþ÷åâûå ñëîâà: íåéòðîôèëû, àïîïòîç,  ãèïîêñèÿ.

Èçðàèë. Èí-ò òåõíîëîãèé, Õàéôà

Ë. Äóãîâñüêà, Ô. Ïîëÿêîâ

AÏÎÒÅÎÇ ÍÅÉÒÐÎÔ²Ë²Â ² Ã²ÏÎÊÑ²ß

Â îãëÿä³ ë³òåðàòóðè ïðåäñòàâëåí³ äàí³ ñó÷àñíî¿ ë³òåðàòóðè

ïðî ìåõàí³çìè âèæèâàííÿ ³ çàãèáåë³ íåéòðîô³ëüíèõ
ëåéêîöèò³â. Ðîçãëÿäàþòüñÿ ïèòàííÿ ðåãóëÿö³¿ àêòèâíîñò³
àïîïòîòè÷íî¿ ïðîãðàìè öèõ êë³òèí òà ðîëü ó çàçíà÷åíèõ
ïðîöåñàõ òðàíñêðèïö³éíèõ ôàêòîð³â NT-êâ òà p38 MAPK.
Òàêîæ äèñêóòóþòüñÿ ñüîãîäí³øí³ â³äîìîñò³ ïðî ó÷àñòü
â³ëüíèõ ðàäèêàë³â ó ðåàë³çàö³¿ àïîïòîçó íåéòðîô³ë³â.
Îñîáëèâà óâàãà ïðèä³ëÿºòüñÿ àíàë³çó ðîë³ ã³ïîêñ³¿ òà
â³äì³ííîñòÿì âïëèâó íà îêðåì³ ëàíêè àïîïòîçó ïîñò³éíî¿
òà ïåð³îäè÷íî¿ ã³ïîêñ³¿.
Êëþ÷îâ³ ñëîâà: íåéòðîô³ëè, àïîïòîç,  ã³ïîêñ³ÿ.
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