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Âñòóïëåíèå. Ôèçèîëîãèÿ ãîðìîíàëüíîé ðåãóëÿ-
öèè ôóíêöèîíàëüíîãî ñîñòîÿíèÿ íåðâíî-ìûøå÷íîé 
ñèñòåìû ïî-ïðåæíåìó îñòàåòñÿ ïðåäìåòîì èíòåí-
ñèâíûõ èññëåäîâàíèé [1, 3, 14]. Â íàñòîÿùåå âðåìÿ 
èìåþòñÿ ýêñïåðèìåíòàëüíûå äîêàçàòåëüñòâà ó÷àñòèÿ 
àêòèâíûõ éîäòèðîíèíîâ â ìîäóëÿöèè ðàáîòû èîí-
íûõ íàñîñîâ ìûøå÷íîãî âîëîêíà [15, 16], ïðîöåññàõ 
íåðâíî-ìûøå÷íîé ïåðåäà÷è [5, 7, 11], à òàêæå ðåãó-
ëÿöèè ðàáîòîñïîñîáíîñòè ñêåëåòíîé ìûøöû [4, 10, 
14]. Îäíàêî ìíîãèå àñïåêòû ïðîáëåìû òèðåîèäíîãî 
êîíòðîëÿ ìûøå÷íîãî ñîêðàùåíèÿ îñòàþòñÿ íåäîñòà-
òî÷íî èññëåäîâàííûìè. Â ÷àñòíîñòè, ïðåäñòàâëÿåòñÿ 
âàæíûì âîïðîñ î õàðàêòåðå ðåãóëÿöèè òèðåîèäíûìè 
ãîðìîíàìè îäíîãî èç âàæíûõ ìåõàíèçìîâ ýðãîòðîï-
íîé ôóíêöèè ñêåëåòíîé ìûøöû – òåðìîãåííîé. Íå-
ñìîòðÿ íà ðÿä èññëåäîâàíèé, âûïîëíåííûõ â ýòîì íà-
ïðàâëåíèè [8, 9, 12], îñòàëñÿ âíå ïîëÿ çðåíèÿ òàêîé 
àñïåêò ïðîáëåìû, êàê õàðàêòåð ðåãóëÿöèè òåïëîâîé 
ýôôåêòèâíîñòè ñîêðàòèòåëüíîãî àêòà ïðè ñîñòîÿíèè 
âûðàæåííîãî òèðåîòîêñèêîçà. 

Öåëüþ ðàáîòû ÿâèëîñü óñòàíîâëåíèå õàðàêòåðà 
ñâÿçè ìåæäó óðîâíåì öèðêóëèðóþùåãî ñâîáîäíîãî 
òðèéîäòèðîíèíà ïðè ðàçëè÷íîì òèðåîèäíîì ñòàòóñå 
(ýóòèðåîçå è òèðåîòîêñèêîçå), ñ îäíîé ñòîðîíû, è òå-
ïëîâîé ñòîèìîñòüþ åäèíèöû âíåøíåé ðàáîòû (ìÄæ), 
âûïîëíåííîé ñêåëåòíîé ìûøöåé áåëûõ êðûñ â óñëî-
âèÿõ in situ, ñ äðóãîé. 

Îáúåêò è ìåòîäû èññëåäîâàíèÿ. Ýêñïåðèìåíòû 
âûïîëíåíû íà 80 âçðîñëûõ áåëûõ êðûñàõ-ñàìöàõ ìàñ-
ñîé 288 ± 1,3 ã. Âñå æèâîòíûå áûëè ðàçäåëåíû íà äâå 
ãðóïïû. Ïåðâîé ãðóïïå êðûñ (30 æèâîòíûõ) åæåäíåâíî 
â òå÷åíèå 4 äíÿ ïîäêîæíî ââîäèëñÿ òðèéîäòèðîíèí â 
äîçå 25 ìêã/êã (òèðåîòîêñèêîç, 25Ò

3
-ãðóïïà). Âòîðàÿ 

ãðóïïà êðûñ (50) áûëà êîíòðîëüíîé. 
Äëÿ èçìåðåíèÿ òåìïåðàòóðíîãî êîýôôèöèåíòà 

ìûøå÷íîãî ñîêðàùåíèÿ èñïîëüçîâàëàñü ýêñïåðèìåí-
òàëüíàÿ óñòàíîâêà, ïðåäñòàâëåííàÿ òåðìîìåòðè÷å-
ñêèì è ýðãîìåòðè÷åñêèì èçìåðèòåëüíûìè êàíàëàìè. 
Òåðìîìåòðè÷åñêèé êàíàë âêëþ÷àåò äàò÷èê òåìïåðàòó-
ðû (ìåäü-êîíñòàíòàíîâàÿ òåðìîïàðà), ôîòîóñèëèòåëü 

Ô-116, îïòðîííûé ïðåîáðàçîâàòåëü è ìíîãîêàíàëü-
íûé öèôðîâîé çàïîìèíàþùèé îñöèëëîãðàô Tektro-
nixs (TDS2004C). Ýðãîìåòðè÷åñêèé êàíàë âêëþ÷àåò 
ìåõàíîäàò÷èê, óñèëèòåëü ïîñòîÿííîãî òîêà è öèôðî-
âîé çàïîìèíàþùèé îñöèëëîãðàô TDS2004C. Äëÿ ðàç-
äðàæåíèÿ íåðâà èñïîëüçîâàëñÿ ýëåêòðîñòèìóëÿòîð è 
áèïîëÿðíûå èãîëü÷àòûå ñòàëüíûå ýëåêòðîäû. 

Â õîäå îïûòà æèâîòíîå íàðêîòèçèðîâàëîñü (òè-
îïåíòàë â äîçå 75 ìã/êã âíóòðèáðþøèííî), à çàòåì 
ôèêñèðîâàëîñü â ñòàíêå óñòàíîâêè. Äàëåå ïðåïàðî-
âàëñÿ ìàëîáåðöîâûé íåðâ, êîòîðûé â äàëüíåéøåì 
ïîìåùàëñÿ â ïîãðóæíîé ýëåêòðîä. Íàçâàííûé íåðâ 
èííåðâèðóåò ïåðåäíþþ áîëüøåáåðöîâóþ ìûøöó, ñî-
êðàùåíèå êîòîðîé âûçûâàåò ñãèáàíèå ñòîïû çàäíåé 
ëàïêè. Ñòîïà çàäíåé ëàïêè æèâîòíîãî êðåïèëàñü çà-
æèìîì, ïîñëå ÷åãî íà óðîâíå áîëüøîãî ïàëüöà çàòÿ-
ãèâàëàñü ëèãàòóðà, ñîåäèíåííàÿ ñ ïîòåíöèîìåòðè-
÷åñêèì äàò÷èêîì. Ïðè ýëåêòðè÷åñêîì ðàçäðàæåíèè 
ìàëîáåðöîâîãî íåðâà ñòîïà èçãèáàëàñü, ïîäíèìàÿ 
ãðóç ìàññîé 100 ãðàììîâ. Äëÿ ðàçäðàæåíèÿ íåðâà èñ-
ïîëüçîâàëñÿ ñëåäóþùèé ðåæèì: 7 ñåêóíä ïðÿìîóãîëü-
íûìè ýëåêòðè÷åñêèìè èìïóëüñàìè äëèòåëüíîñòüþ 
100 ìêñ êàæäûé ïðè ÷àñòîòå 60 èìï/ñ è àìïëèòóäå 300 
ìÂ. Ïàðàëëåëüíî ðåãèñòðèðîâàëàñü è òåðìîãðàììà, 
íà îñíîâàíèè êîòîðîé èçìåðÿëàñü âåëè÷èíà ïðèðî-
ñòà òåìïåðàòóðû ìûøöû ïðè åå ñîêðàùåíèè (+Ò0). 
Ýòî ïîçâîëÿëî â äàëüíåéøåì ðàññ÷èòàòü îòíîøåíèå 
«+Ò0» ê «À» [9]. 

Ïîñëå èçìåðåíèÿ áàçîâûõ çíà÷åíèé èññëåäóåìûõ 
ïîêàçàòåëåé æèâîòíîå äåêàïèòèðîâàëîñü, è â êðîâè 
îïðåäåëÿëîñü ñîäåðæàíèå ñâîáîäíîãî òðèéîäòèðî-
íèíà. Îïðåäåëåíèå ãîðìîíà ïðîâîäèëîñü ñ ïîìîùüþ 
ìåòîäà èììóíîôåðìåíòíîãî àíàëèçà ñ èñïîëüçîâà-
íèåì ñèñòåìû ‘’ThermoLabsystems’’ è ñòàíäàðòíîãî 
íàáîðà ðåàãåíòîâ «ÒèðîèäÈÔÀ-òðèéîäòèðîíèí ñâî-
áîäíûé» ïðîèçâîäñòâà Ðîññèè. Ñòàòèñòè÷åñêàÿ îá-
ðàáîòêà ïîëó÷åííûõ äàííûõ ïðîâîäèëàñü ñ èñïîëü-
çîâàíèåì ïàêåòîâ àíàëèçà Statistica è Excel. Îöåíêà 
îòëè÷èé ìåæäó äâóìÿ ìíîæåñòâàìè ïðîâîäèëàñü ñ 
ïîìîùüþ äâóõâûáîðî÷íîãî F-òåñòà äëÿ äèñïåðñèé. 

Ñîäåðæàíèå æèâîòíûõ è ýêñïåðèìåíòû ïðîâîäè-
ëèñü ñîãëàñíî ïîëîæåíèé «Åâðîïåéñêîé êîíâåíöèè 
î çàùèòå ïîçâîíî÷íûõ æèâîòíûõ, êîòîðûå èñïîëü-
çóþòñÿ äëÿ ýêñïåðèìåíòîâ è äðóãèõ íàó÷íûõ öåëåé» 
(Ñòðàññáóðã, 1985), «Çàãàëüíèõ åòè÷íèõ ïðèíöèï³â 
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åêñïåðèìåíò³â íà òâàðèíàõ», óòâåðæäåííûõ Ïåðâûì 
íàöèîíàëüíûì êîíãðåññîì ïî áèîýòèêå (Êèåâ, 2001). 

Ðåçóëüòàòû èññëåäîâàíèé è èõ îáñóæäåíèå. 
Ðåçóëüòàòû ýêñïåðèìåíòîâ ïîêàçàëè, ÷òî ó êðûñ 
îïûòíîé ãðóïïû, êîòîðûì ïðåäâàðèòåëüíî ââîäèëñÿ 
òðèéîäòèðîíèí ñðåäíÿÿ âåëè÷èíà óðîâíÿ öèðêóëèðó-
þùåãî ñâîáîäíîãî òðèéîäòèðîíèíà äîñòèãàëà çíà÷å-
íèÿ 17,48 ± 0,33 ïìîëü/ë, ÷òî áûëî âûøå êîíòðîëüíîãî 
óðîâíÿ íà +291 % (ð < 0,001). Òàêèì îáðàçîì, ó æèâîò-
íûõ îïûòíîé ãðóïïû âûçûâàëîñü ñîñòîÿíèå ýêñïåðè-
ìåíòàëüíîãî òèðåîòîêñèêîçà âûðàæåííîé ñòåïåíè. 

Ðåãðåññèîííûé àíàëèç õàðàêòåðà ñâÿçè «ÒÊÌÑ – 
Ò

3
» â öåëîñòíîé ñîâîêóïíîñòè ïîêàçàë, ÷òî ó êðûñ êîí-

òðîëüíîé ãðóïïû îí îïèñûâàåòñÿ óðàâíåíèåì ïàðàáî-
ëû îáùåãî âèäà: ó = 0,17õ2 – 0,63õ + 6,96 ïðè âûñîêîì 
çíà÷åíèè âåëè÷èíû äîñòîâåðíîñòè àïïðîêñèìàöèè 
êðèâîé (R2 = 0,68 ïðè ð = 2. 45Å-06), ãäå «ó» – êîíöåí-
òðàöèÿ òðèéîäòèðîíèíà, ïìîëü/ë; «õ» – òåìïåðàòóð-
íûé êîýôôèöèåíò ìûøå÷íîãî ñîêðàùåíèÿ, (0Ñ/ìÄæ) 
10-3. Çíà÷åíèÿ âñåõ êîýôôèöèåíòîâ â ïðèâåäåííîì 
óðàâíåíèè ñòàòèñòè÷åñêè äîñòîâåðíû (ð < 0,0308). 

Àíàëîãè÷íàÿ ïðîöåäóðà áûëà ïðîâåäåíà è â îòíî-
øåíèè öåëîñòíîé ñîâîêóïíîñòè çíà÷åíèé èññëåäóå-
ìûõ ïîêàçàòåëåé ó êðûñ ñ ýêñïåðèìåíòàëüíûì òèðå-
îòîêñèêîçîì. Õàðàêòåð âûÿâëåííîé ñâÿçè «ÒÊÌÑ – Ò

3
» 

òàêæå îïèñûâàåòñÿ óðàâíåíèåì ïàðàáîëû îáùåãî 
âèäà ñ ïàðàìåòðàìè: ó = 0,14õ2 + 4,1õ – 10,9 ïðè âûñî-
êîì çíà÷åíèè âåëè÷èíû äîñòîâåðíîñòè àïïðîêñèìà-
öèè êðèâîé (R = 0,88 ïðè ð = 1,37Å-07). Çíà÷åíèÿ âñåõ 
êîýôôèöèåíòîâ â ïðèâåäåííîì óðàâíåíèè ñòàòèñòè-
÷åñêè äîñòîâåðíû (ð < 0,048 ÷ 0,017). 

Âèçóàëüíûé àíàëèç ãðàôèêà ðàññåèâàíèÿ çíà-
÷åíèé ÒÊÌÑ ó æèâîòíûõ îáåèõ ãðóïï ïîêàçàë (ðèñ.), 
÷òî â èññëåäóåìûõ âàðèàöèîííûõ ðÿäàõ ìîãóò ñóùå-
ñòâîâàòü îòäåëüíûå íåçàâèñèìûå ìíîæåñòâà. Äëÿ èõ 
âûäåëåíèÿ áûë ïðèìåíåí êëàñòåðíûé àíàëèç (òàáë.). 
Äåéñòâèòåëüíî, â êàæäîì îòäåëüíîì âàðèàöèîííîì 
ðÿäå (ó êîíòðîëüíûõ è òèðåîòîêñèêîçíûõ æèâîòíûõ) 
ëåãêî âûäåëÿþòñÿ, êàê ìèíèìóì, ïî äâà êëàñòåðà, 
ïðåäñòàâëåííûìè íåçàâèñèìûìè ìíîæåñòâàìè. Íà 
ðèñóíêå ýòè ìíîæåñòâà îêàíòîâàíû îâàëàìè. Êðîìå 

óðàâíåíèÿõ äîñòèãàëè 370 % è áûëè ñòàòèñòè÷åñêè 
äîñòîâåðíûìè (p < 0,01). Íà øêàëå êîíöåíòðàöèè Ò

3
 

(øêàëà «Õ» íà ðèñ.) îáîçíà÷åííûå ìíîæåñòâà çàíèìà-
þò äâà ðàçíûõ ó÷àñòêà. Ïåðâûé ó÷àñòîê ðàñïîëàãàåòñÿ 
â îáëàñòè áîëåå íèçêîé êîíöåíòðàöèè òðèéîäòèðîíè-
íà «2,2 ÷ 5,0 ïìîëü/ë», à âòîðîé – â äèàïàçîíå áîëåå 
âûñîêèõ «5,1 ÷ 7,6 ïìîëü/ë». 

Ôèçèîëîãè÷åñêîå çíà÷åíèå äàííîãî ôåíîìåíà çà-
êëþ÷àåòñÿ â òîì, ÷òî ïðè ýóòèðåîèäíîì ñòàòóñå, ò. å. â 
óñëîâèÿõ íîðìû, öèðêóëèðóþùèé ñâîáîäíûé òðèéîä-
òèðîíèí ýíäîãåííîãî ïðîèñõîæäåíèÿ âûïîëíÿåò ðîëü 
ìîäóëÿòîðà òåïëîîáðàçîâàòåëüíîé ôóíêöèè ñêåëåò-
íîé ìûøöû, â ÷àñòíîñòè ïóòåì ðåãóëÿöèè òåðìîãåí-
íîé ñòîèìîñòè åäèíèöû âûïîëíÿåìîé åþ ðàáîòû. 

Öåëîñòíàÿ çàâèñèìîñòü «ÒÊÌÑ – Ò
3
» äëÿ êðûñ òè-

ðåîòîêñèêîçíîé ãðóïïû òàêæå ðàñïàäàåòñÿ íà äâà 
ìíîæåñòâà, êîòîðûå õàðàêòåðèçóþòñÿ ðàçíûìè êî-
ýôôèöèåíòàìè ðåãðåññèé è êîððåëÿöèè Ïèðñîíà 
(p < 0,05). Â íà÷àëüíîé îáëàñòè êîíöåíòðàöèé òðèé-
îäòèðîíèíà ó êðûñ 25Ò

3
-ãðóïïû (äèàïàçîí «14,1 ÷ 18,2 

ïìîëü/ë») çàâèñèìîñòü îòñóòñòâîâàëà, à â êîíå÷íîé 
îáëàñòè «18,4 ÷ 21,0 ïìîëü/ë», áûëà õîðîøî âûðàæå-
íà. Â òî æå âðåìÿ ñðåäíÿÿ âåëè÷èíà ÒÊÌÑ â íà÷àëü-
íîì äèàïàçîíå êîíöåíòðàöèé Ò

3
 (3-é êëàñòåð) áûëà 

íà 19 % âûøå (p < 0,01), ÷åì â êîíå÷íîì (4-é êëàñòåð, 
òàáë.). Ñëåäîâàòåëüíî, ïî äîñòèæåíèè êîíöåíòðàöèè 
òðèéîäòèðîíèíà îïðåäåëåííîãî óðîâíÿ òåïëîâàÿ ñòî-
èìîñòü ìûøå÷íîãî ñîêðàùåíèÿ áîëåå íå ðàñòåò, à, 
íàîáîðîò – íà÷èíàåò ñíèæàòüñÿ. 

Ïðåäñòàâëÿåò è èíòåðåñ àíàëèç òî÷íîñòè ðåãóëÿ-
öèè âåëè÷èíû ÒÊÌÑ â ðàçíûõ ñåêòîðàõ øêàëû êîí-
öåíòðàöèè ñâîáîäíîãî òðèéîäòèðîíèíà. Òàê, ïîñëå 
äîñòèæåíèÿ êîíöåíòðàöèè Ò

3
 ó êðûñ ñ ýóòèðåîèäíûì 

ñòàòóñîì óðîâíÿ 5,0 ÷ 7,6 ïìîëü/ë âåëè÷èíà ñòàíäàðò-
íîãî îòêëîíåíèÿ äëÿ ñðåäíåãî çíà÷åíèÿ òåìïåðàòóð-
íîãî êîýôôèöèåíòà ìûøå÷íîãî ñîêðàùåíèÿ â óêàçàí-
íîì äèàïàçîíå ðåçêî âîçðîñëà (â 2,9 ðàçà), ÷òî ìîæåò 
ðàññìàòðèâàòüñÿ êàê ïðèçíàê ñíèæåíèÿ òî÷íîñòè ðå-
ãóëÿöèè. Ýòî æå ÿâëåíèå õîðîøî âèäíî íà ðèñóíêå 
(ìíîæåñòâî ¹ 2). 

5
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Ðèñ. Çàâèñèìîñòü òåìïåðàòóðíîãî êîýôôèöèåíòà ìûøå÷íîãî 
ñîêðàùåíèÿ îò óðîâíÿ öèðêóëèðóþùåãî ñâîáîäíîãî òðèéîäòè-

ðîíèíà ó êðûñ ïðè ðàçëè÷íîì òèðåîèäíîì ñòàòóñå. 
Ïðèìå÷àíèå: 1, 2, 3, 4 – îòäåëüíûå ìíîæåñòâà èç âàðèàíò öåëîñòíîãî 

âàðèàöèîííîãî ðÿäà, âûäåëåííûå ìåòîäîì êëàñòåðíîãî àíàëèçà. 

òîãî, âûäåëåííûå ïàðû íåçàâèñèìûõ ìíî-
æåñòâ â öåëîñòíîé ñîâîêóïíîñòè êðûñ êîí-
òðîëüíîé ãðóïïû (ìíîæåñòâà 1 è 2) ñòàòè-
ñòè÷åñêè ðàçëè÷àþòñÿ (äâóõâûáîðî÷íûé 
F-òåñò äëÿ äèñïåðñèè, ð = 1,43Å-07). Ó æè-
âîòíûõ òèðåîòîêñèêîçíîé ãðóïïû äâà ìíî-
æåñòâà (3 è 4) òàêæå ñòàòèñòè÷åñêè ðàçëè-
÷àþòñÿ äðóã îò äðóãà (ð = 0,0065). 

Ïîñëå âûäåëåíèÿ â öåëîñòíûõ ñîâîêóï-
íîñòÿõ «ÒÊÌÑ – Ò

3
» ó êîíòðîëüíûõ è òèðå-

îòîêñèêîçíûõ êðûñ ïî äâà íåçàâèñèìûõ 
ìíîæåñòâà ñòàëî âîçìîæíûì ïðîâåñòè 
îöåíêó õàðàêòåðà çàâèñèìîñòè ìåæäó èñ-
ñëåäóåìûìè ïîêàçàòåëÿìè (ÒÊÌÑ è Ò

3
) 

âíóòðè êàæäîãî èç íèõ. 
Ðåãðåññèîííûé àíàëèç ïîêàçàë, ÷òî ó 

êðûñ êîíòðîëüíîé ãðóïïû õàðàêòåð ñâÿçè 
«ÒÊÌÑ – Ò

3
» â ïåðâîì è âòîðîì ìíîæå-

ñòâàõ îïèñûâàåòñÿ îäíîòèïíûìè óðàâíå-
íèÿìè ïðÿìîé ëèíèè ñ ñîîòâåòñòâóþùèìè 
ïàðàìåòðàìè (òàáë.). Ðàçëè÷èÿ â âåëè-
÷èíàõ êîýôôèöèåíòîâ ðåãðåññèè â îáîèõ 
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Òàáëèöà

Õàðàêòåðèñòèêà çàâèñèìîñòè ìåæäó âåëè÷èíîé 
òåìïåðàòóðíîãî êîýôôèöèåíòà ìûøå÷íîãî ñîêðàùåíèÿ 

(ó) è óðîâíåì öèðêóëèðóþùåãî òðèéîäòèðîíèíà (õ) â 
ðàçíûõ äèàïàçîíàõ øêàëû êîíöåíòðàöèé ãîðìîíà

Ãðóïïà

Äèàïàçîí 
êîíöåíòðàöèè 
òðèéîä òèðî-

íèíà, ïìîëü/ë

Óðàâíåíèå 
ðåãðåññèè

Êîýôôèöèåíò 
ðåãðåññèè

Êîýôôèöèåíò 
êîððåëÿöèè 

Ïèðñîíà

Êîíòðîëü
n = 50

2,2 – 4,9 ó = 0,43 õ + 5,4
0,43 ± 0,11
ð = 4,3Å-04

0,59 ± 0,14
ð < 0,01, n = 33

5,0 – 7,6 ó = 1,61 õ – 0,27
1,61 ± 0,43
ð = 1,6Å-03

0,68 ± 0,18
ð < 0,01, n = 17

Òèðå-
îòîêñèêîç
n = 30

14,1 – 18,2 ó = -0,2 õ + 22,1
-0,20 ± 0,13

ð = 0,135
0,37 ± 0,24

ð < 0,05, n = 17

18,4 – 21,0 ó = -0,94õ + 33,4
-0,91 ± 0,04

ð = 0,042
0,59 ± 0,28

ð < 0,05, n = 13

Ïðè ýêñïåðèìåíòàëüíîì òèðåîòîêñèêîçå íàáëþ-
äàëàñü îáðàòíàÿ çàêîíîìåðíîñòü. Òàê, åñëè â íà÷à-
ëå äèàïàçîíà êîíöåíòðàöèè Ò

3
 (14,1 ÷ 18,2 ïìîëü/ë, 

ìíîæåñòâî ¹ 3) âåëè÷èíà ñòàíäàðòíîãî îòêëîíåíèÿ 
áûëà íå âûñîêîé, òî â äèàïàçîíå (18,4 ÷ 21,0 ïìîëü/ë, 
ìíîæåñòâî ¹ 4), íàîáîðîò – ðåçêî (â 2,2 ðàçà) 
óâåëè÷èâàëàñü. 

Ðàññìàòðèâàÿ âåðîÿòíûå ìåõàíèçìû ìîäóëÿöèè 
òðèéîäòèðîíèíîì òåìïåðàòóðíîé ñòîèìîñòè ìûøå÷-
íîãî ñîêðàùåíèÿ, â êà÷åñòâå òàêîâûõ ìîæíî íàçâàòü 
ìåõàíèçìû «äåãðàäàöèè» ýíåðãèè [12, 13]. Ñðåäè 
íèõ íàèáîëåå èçâåñòíûìè ÿâëÿþòñÿ ìåõàíèçìû àê-
òèâàöèè ðàáîòû íàòðèé-êàëèåâîãî è êàëüöèåâîãî íà-
ñîñîâ [15, 16], ìåõàíèçì çàïóñêà òðèéîäòèðîíèíîì 
òàê íàçûâàåìûõ áåñïîëåçíûõ öèêëîâ òèïà «ãèäðîëèç-
ðåýñòåðèôèêàöèÿ æèðíûõ êèñëîò» [13], âîçìîæíî, 
ðàçîáùåíèå îêèñëèòåëüíîãî ôîñôîðèëèðîâàíèÿ â 
äûõàòåëüíîé öåïè [2, 6], à òàêæå óñèëåíèå ýôôåêòîâ 
ýíäîãåííûõ êàòåõîëàìèíîâ íà ðÿä êëþ÷åâûõ ïðîöåñ-
ñîâ ìåòàáîëèçìà â ìûøå÷íîé òêàíè [4, 12]. Â êàæäîì 
èç ýòèõ ñëó÷àåâ ñêåëåòíàÿ ìûøöà ïðè âûïîëíåíèè 
ñòàíäàðòíîé åäèíèöû âíåøíåé ðàáîòû (â íàøåì ñëó-
÷àå ìÄæ) àâòîìàòè÷åñêè áóäåò çàòðà÷èâàòü áîëüøåå 
êîëè÷åñòâî ýíåðãèè, ÷òî âíåøíå âûðàçèòñÿ â ïîâûøå-
íèè òåìïåðàòóðíîãî êîýôôèöèåíòà ìûøå÷íîé ðàáî-
òû, ÷òî ìû è íàáëþäàëè. 

Òàêèì îáðàçîì, ðåçóëüòàòû ýêñ-
ïåðèìåíòîâ ïîçâîëÿþò ðàññìàòðè-
âàòü ýíäîãåííûé òðèéîäòèðîíèí 
êàê ìîùíûé àêòèâàòîð òåïëîâîé 
ñòîèìîñòè ìûøå÷íîãî ñîêðàùåíèÿ, 
ôóíêöèîíèðóþùèé êàê â ðàìêàõ 
âñåãî ôèçèîëîãè÷åñêîãî äèàïàçî-
íà êîëåáàíèé óðîâíÿ ãîðìîíà, òàê 
è çà ïðåäåëàìè åãî âåðõíåé ãðà-
íèöû, â òîì ÷èñëå è ïðè ñîñòîÿíèè 
âûðàæåííîãî ýêñïåðèìåíòàëüíîãî 
òèðåîòîêñèêîçà. 

Âûâîäû. 
1. Â óñëîâèÿõ ýóòèðåîèäíî-

ãî ñòàòóñà ñóùåñòâóåò âûðàæåí-
íàÿ (R = 0,82) ïîëîæèòåëüíàÿ ñâÿçü 
ìåæäó óðîâíåì öèðêóëèðóþùåãî 
ñâîáîäíîãî òðèéîäòèðîíèíà è âå-
ëè÷èíîé òåïëîâîé ñòîèìîñòè ìû-
øå÷íîãî ñîêðàùåíèÿ, ðàññ÷èòàííîé 

êàê îòíîøåíèå ïðèðîñòà òåìïåðàòóðû ìûøöû ïðè 
èçîòîíè÷åñêîì ñîêðàùåíèè (+Ò 0Ñ) ê åäèíèöå âû-
ïîëíåííîé â óñëîâèÿõ in situ âíåøíåé ðàáîòû (ìÄæ); 
ïðè ýêñïåðèìåíòàëüíîì òðèéîäòèðîíèíîâîì òèðåî-
òîêñèêîçå íàïðàâëåííîñòü ñâÿçè (R = 0,88) èíâåðòè-
ðóåòñÿ, ïðèîáðåòàÿ îòðèöàòåëü íûé õàðàêòåð. 

2. Íà âåðõíåé ãðàíèöå íîðìû ôèçèîëîãè÷åñêèõ 
êîëåáàíèé óðîâíÿ òðèéîäòèðîíèíà «5,0 ÷ 7,1 ïìîëü/ë» 
òåïëîâàÿ ñòîèìîñòü åäèíèöû ðàáîòû (ìÄæ) íà 37 % 
âûøå, ÷åì â íà÷àëå øêàëû êîíöåíòðàöèé ãîðìîíà 
«2,2 ÷ 4,8 ïìîëü/ë», à ïðè ýêñïåðèìåíòàëüíîì òèðåî-
òîêñèêîçå, íàîáîðîò – â êîíå÷íîé îáëàñòè êîíöåíòðà-
öèé òðèéîäòèðîíèíà («11,9 ÷ 13,8 ïìîëü/ë») òåïëîâàÿ 
ñòîèìîñòü ìûøå÷íîãî ñîêðàùåíèÿ íà 19 % íèæå, ÷åì 
â íà÷àëüíîì äèàïàçîíå «8,8 ÷ 11,8 ïìîëü/ë». 

3. Ïðîöåññ ðåãóëÿöèè òðèéîäòèðîíèíîì òåïëî-
âîé ñòîèìîñòè ìûøå÷íîãî ñîêðàùåíèÿ ïðè ñîñòîÿ-
íèè ýóòèðåîçà è ýêñïåðèìåíòàëüíîì òèðåîòîêñèêîçå, 
ïî äàííûì ïîêàçàòåëåé âàðèàáåëüíîñòè, óõóäøàåòñÿ 
(ñîîòâåòñòâåííî â 2,9 è 2,2 ðàçà) âìåñòå ñ ðîñòîì 
óðîâíÿ öèðêóëèðóþùåãî òðèéîäòèðîíèíà. 

Ïåðñïåêòèâû äàëüíåéøèõ èññëåäîâàíèé ñâÿ-
çàíû ñ ïîñëåäóþùèì èçó÷åíèåì õàðàêòåðà ñâÿçè 
ìåæäó ïîêàçàòåëÿìè ýíåðãåòèêè ìûøå÷íîãî ñîêðà-
ùåíèÿ è óðîâíåì öèðêóëèðóþùèõ òèðåîèäíûõ ãîð-
ìîíîâ ïðè ðàçëè÷íûõ ìîäåëÿõ ýêñïåðèìåíòàëüíîãî 
ãèïåðòèðåîçà è òèðåîòîêñèêîçà. 
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ÓÄÊ 616. 441- 008. 61 + 612. 745. 1
ÂÏËÈÂ ÒÈÐÅÎ¯ÄÈÇÀÖ²¯ ÍÀ ÕÀÐÀÊÒÅÐ ÒÅÏËÎÂÎ¯ ÂÀÐÒÎÑÒ² Ì’ßÇÎÂÎÃÎ ÑÊÎÐÎ×ÅÍÍß Â²Ä Ð²ÂÍß 

ÖÈÐÊÓËÞÞ×ÎÃÎ Â²ËÜÍÎÃÎ ÒÐÈÉÎÄÒÈÐÎÍ²ÍÓ Ó Á²ËÈÕ ÙÓÐ²Â
Ñòàí³øåâñüêà Ò. ². 
Ðåçþìå. Â åêñïåðèìåíòàõ in situ ïîêàçàíî, ùî â óìîâàõ åóòèðåî¿äíîãî ñòàòóñó ³ñíóº âèðàæåíèé (R = 0,82) 

ïîçèòèâíèé çâ’ÿçîê ì³æ ð³âíåì öèðêóëþþ÷îãî â³ëüíîãî òðèéîäòèðîí³íó ³ âåëè÷èíîþ òåïëîâî¿ âàðòîñò³ ñêîðî-
÷åííÿ ì’ÿçà; çà åêñïåðèìåíòàëüíîãî òèðåîòîêñèêîçó ñïðÿìîâàí³ñòü çâ’ÿçêó (R = 0,88) ³íâåðòóºòüñÿ, íàáóâàþ÷è 
íåãàòèâíîãî õàðàêòåðó. Âñòàíîâëåíî, ùî íà âåðõí³é ìåæ³ íîðìè ô³ç³îëîã³÷íèõ êîëèâàíü ð³âíÿ òðèéîäòèðîí³íó «5, 
0 ÷ 7,1 ïìîëü/ë» òåïëîâà âàðò³ñòü îäèíèö³ ðîáîòè ì’ÿçà (ìÄæ) íà 37 % âèùà, í³æ íà ïî÷àòêó øêàëè êîíöåíòðàö³¿ 
ãîðìîíó «2, 2 ÷ 4,8 ïìîëü/ë», à çà åêñïåðèìåíòàëüíîãî òèðåîòîêñèêîçó, íàâïàêè – â ê³íöåâ³é îáëàñò³ êîíöåíòðàö³¿ 
òðèéîäòèðîí³íó (11, 9 ÷ 13,8 ïìîëü/ë) òåïëîâà âàðò³ñòü ñêîðî÷åííÿ ì’ÿçà íà 19 % íèæ÷à, í³æ â ïî÷àòêîâîìó 
ä³àïàçîí³ «8, 8 ÷ 11,8 ïìîëü/ë». Ïîêàçàíî, ùî òî÷í³ñòü ïðîöåñó ðåãóëÿö³¿ òðèéîäòèðîí³íîì òåïëîâî¿ âàðòîñò³ ñêî-
ðî÷åííÿ ì’ÿçà çà ñòàíó åóòèðåîçó ³ åêñïåðèìåíòàëüíîãî òèðåîòîêñèêîçó, çà äàíèìè ïîêàçíèê³â âàð³àáåëüíîñò³, 
ïîã³ðøóºòüñÿ ðàçîì ³ç çðîñòàííÿì ð³âíÿ öèðêóëþþ÷îãî òðèéîäòèðîí³íó (â³äïîâ³äíî â 2,9 ³ 2,2 ðàçè). 

Êëþ÷îâ³ ñëîâà: òèðåîòîêñèêîç, òðèéîäòèðîí³í, ñêåëåòíèé ì’ÿç, åíåðãåòèêà. 
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ÑÎÊÐÀÙÅÍÈß ÎÒ ÓÐÎÂÍß ÖÈÐÊÓËÈÐÓÞÙÅÃÎ ÑÂÎÁÎÄÍÎÃÎ ÒÐÈÉÎÄÒÈÐÎÍÈÍÀ Ó ÁÅËÛÕ ÊÐÛÑ 
Ñòàíèøåâñêàÿ Ò. È. 
Ðåçþìå. Â ýêñïåðèìåíòàõ in situ ïîêàçàíî, ÷òî â óñëîâèÿõ ýóòèðåîèäíîãî ñòàòóñà ñóùåñòâóåò âûðàæåííàÿ 

(R = 0,82) ïîëîæèòåëüíàÿ ñâÿçü ìåæäó óðîâíåì öèðêóëèðóþùåãî ñâîáîäíîãî òðèéîäòèðîíèíà è âåëè÷èíîé òå-
ïëîâîé ñòîèìîñòè ìûøå÷íîãî ñîêðàùåíèÿ; ïðè ýêñïåðèìåíòàëüíîì òðèéîäòèðîíèíîâîì òèðåîòîêñèêîçå íà-
ïðàâëåííîñòü ñâÿçè (R = 0,88) èíâåðòèðóåòñÿ, ïðèîáðåòàÿ îòðèöàòåëüíûé õàðàêòåð. Óñòàíîâëåíî, ÷òî íà âåðõ-
íåé ãðàíèöå íîðìû ôèçèîëîãè÷åñêèõ êîëåáàíèé óðîâíÿ òðèéîäòèðîíèíà «5,0 ÷ 7,1 ïìîëü/ë» òåïëîâàÿ ñòîèìîñòü 
åäèíèöû ðàáîòû ìûøöû (ìÄæ) íà 37 % âûøå, ÷åì â íà÷àëå øêàëû êîíöåíòðàöèé ãîðìîíà «2,2 ÷ 4,8 ïìîëü/ë», à 
ïðè ýêñïåðèìåíòàëüíîì òèðåîòîêñèêîçå, íàîáîðîò – â êîíå÷íîé îáëàñòè êîíöåíòðàöèé òðèéîäòèðîíèíà («11,9 
÷ 13,8 ïìîëü/ë») òåïëîâàÿ ñòîèìîñòü ìûøå÷íîãî ñîêðàùåíèÿ íà 19 % íèæå, ÷åì â íà÷àëüíîì äèàïàçîíå «8,8 ÷ 
11,8 ïìîëü/ë». Ïîêàçàíî, ÷òî òî÷íîñòü ïðîöåññà ðåãóëÿöèè òðèéîäòèðîíèíîì òåïëîâîé ñòîèìîñòè ìûøå÷íîãî 
ñîêðàùåíèÿ ïðè ñîñòîÿíèè ýóòèðåîçà è ýêñïåðèìåíòàëüíîì òèðåîòîêñèêîçå, ïî äàííûì ïîêàçàòåëåé âàðèà-
áåëüíîñòè, óõóäøàåòñÿ âìåñòå ñ ðîñòîì óðîâíÿ öèðêóëèðóþùåãî òðèéîäòèðîíèíà (ñîîòâåòñòâåííî â 2,9 è 2,2 
ðàçà). 

Êëþ÷åâûå ñëîâà: òèðåîòîêñèêîç, òðèéîäòèðîíèí, ñêåëåòíàÿ ìûøöà, ýíåðãåòèêà. 
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Effect of Tireoidite on the Character of Dependence of the Termal Value of Muscle Contraction from the 

Level of Circulating Free Triiodothyronine in White Rats
Stanishevskaya T. I. 
Abstract. At present, it is important to question the nature of the regulation of thyroid hormones of one of the im-

portant mechanisms of ergotropic function of skeletal muscle – thermogenic. Despite a number of studies carried out 
in this direction, the purview of such aspect of the problem, as the nature of the regulation of the thermal efficiency of 
the contractile act at the state of expressed thyrotoxicosis remained outside. 

The aim of the work is to establish the nature of the relationship between circulating levels of free triiodothyronine 
at different thyroid status (euthyroidism and hyperthyroidism), on the one hand, and the thermal value of the unit of 
external work (mJ) made of skeletal muscle of white rats in conditions in situ, on the other. 

The experiments were performed on 80 adult white male rats. All the animals were divided into two groups. The 
first group of rats (30 animals) was subcutaneously administered daily for four days at a dose of triiodothyronine – 25 
mg / kg (thyrotoxicosis, 25T3 group). The second group of rats (50) was a control group. To measure the temperature 
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coefficient of muscle contraction the experimental setup was used presented by thermometric and ergometric mea-
suring channels. After measuring the baseline values   of the studied parameters the animals were decapitated, and the 
blood was determined by the content of free triiodothyronine by the method of enzyme-linked immunosorbent assay 
using the system “ThermoLabsystems” and a standard set of reagents “ThyroidEIA-free triiodothyronine”. 

Statistical data processing was performed using package of analysis Statistica and Excel. 
Thus, the experimental results allow us to consider the endogenous triiodothyronine as potent activator of the ther-

mal value of muscle contraction, functioning throughout the physiological range fluctuations in hormone levels, and 
within and outside its upper border, including at the state of the expressed experimental thyrotoxicosis . 

In the context of euthyroid status there is a strong (R = 0,82) positive association between the level of circulating free 
triiodothyronine and the magnitude of the thermal value of muscle contraction, calculated as the ratio of temperature 
increase of muscle during isotonic contraction (+ delta T 0C) to a unit formed in conditions in situ of external work (mJ); 
in experimental triyodtironine thyrotoxicosis, direction connection (R = 0,88) is inverted, getting negative. 

At the upper limit of normal physiological fluctuations in the level of triiodothyronine “5,0 ÷ 7,1 pmol / L” thermal 
value of a unit of work (mJ) is 37 % higher than at the beginning of the scale of concentrations of the hormone “2,2 ÷ 4,8 
pmol / L” and in experimental thyrotoxicosis vice versa – in a final concentration range of triiodothyronine (“11,9 ÷ 13,8 
pmol / L”) value of the thermal contraction of muscle by 19 % lower than the initial range “8,8 ÷ 11,8 pmol / l. ”. 

The process of regulation of triiodothyronine thermal value of muscle contraction in state of euthyroidism and exper-
imental thyrotoxicosis, according to indicators of variability, is making worse (respectively 2. 9 and 2. 2 times), together 
with an increase in circulating levels of triiodothyronine. 

Keywords: thyrotoxicosis, triiodothyronine, skeletal muscle, energy. 
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