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Öåëü èññëåäîâàíèÿ — èçó÷åíèå ýôôåêòèâíîñòè àäðåíàëèíà â êîìïåíñàöèè íåãàòèâíûõ ýôôåêòîâ äëèòåëüíî ââîäè-
ìîãî ãèäðîêîðòèçîíà íà ñêåëåòíóþ ìûøöó ñìåøàííîãî òèïà. Ìåòîäèêà. Ýêñïåðèìåíòû ïðîâîäèëèñü íà ïîëîâîçðåëûõ
êðûñàõ-ñàìêàõ (190—220 ã), ðàçäåëåííûõ íà 3 ãðóïïû: êîíòðîëüíóþ (n = 10), I îïûòíóþ (n = 10, åæåäíåâíî íà ïðîòÿ-
æåíèè 30 ñóò. ïîëó÷àëè ãèäðîêîðòèçîíà àöåòàò, Ã-ãðóïïà) è II îïûòíóþ (n = 10, åæåäíåâíî íà ïðîòÿæåíèè 30 ñóò. ïîëó-
÷àëè ãèäðîêîðòèçîíà àöåòàò â êîìïëåêñå ñ àäðåíàëèíà ãèäðîõëîðèäîì, (Ã+À)-ãðóïïà). Ãèäðîêîðòèçîíà àöåòàò («Ôàð-
ìàê», Óêðàèíà) ââîäèëè âíóòðèáðþøèííî â äîçå, àäåêâàòíîé òåðàïåâòè÷åñêîé äëÿ ÷åëîâåêà, — 3 ìã/êã. Àäðåíàëèíà
ãèäðîõëîðèä («Çäîðîâüå», Óêðàèíà) ââîäèëè ïîäêîæíî â äîçå 0,2 ìã/êã. Íà íàðêîòèçèðîâàííûõ æèâîòíûõ (òèîïåíòàë
íàòðèÿ, 100 ìã/êã) ñ ïîìîùüþ ìåòîäîâ ýëåêòðîìèîãðàôèè è ìèîãðàôèè èçó÷àëè ïàðàìåòðû ôóíêöèîíàëüíîãî ñîñòîÿíèÿ
ïåðåäíåé áîëüøåáåðöîâîé ìûøöû â óñëîâèÿõ åå ñîêðàùåíèÿ, èíäóöèðîâàííîãî ðàçäðàæåíèåì ñâåðõïîðîãîâûì ýëåêòðè÷å-
ñêèì òîêîì ìàëîáåðöîâîãî íåðâà. Ðåçóëüòàòû. Äëèòåëüíîå (â òå÷åíèå 30 ñóò.) ââåäåíèå ãèäðîêîðòèçîíà âûçûâàëî ðàç-
âèòèå ñèìïòîìîâ ñòåðîèäíîé ìèîïàòèè, î ÷åì ñâèäåòåëüñòâóåò ïîÿâëåíèå íèçêîàìïëèòóäíûõ Ì-îòâåòîâ íîðìàëüíîé äëè-
òåëüíîñòè, âîçðàñòàíèå ÷àñòîòû ïîëèôàçíûõ ïîòåíöèàëîâ (äî 30%), óìåíüøåíèå êîëè÷åñòâà àêòèâèðóåìûõ äâèãàòåëüíûõ
åäèíèö (íà 33%) è ìûøå÷íîé ìàññû (íà 14%). Ãèäðîêîðòèçîíîâûé ãèïåðêîðòèöèçì ñîïðîâîæäàëñÿ óäëèíåíèåì ëàòåíò-
íîãî ïåðèîäà îäèíî÷íîãî ñîêðàùåíèÿ ïåðåäíåé áîëüøåáåðöîâîé ìûøöû (íà 37%) è ôàçû åãî óêîðî÷åíèÿ (íà 20%),
óìåíüøåíèåì àìïëèòóäû îäèíî÷íûõ ñîêðàùåíèé (íà 32%), îáúåìà âûïîëíåííîé ìûøöåé âíåøíåé ðàáîòû (íà 40%) è
ðàçâèâàåìîé ìîùíîñòè (íà 41%) ïðè òåòàíè÷åñêîì ñîêðàùåíèè. Îòìå÷åíû íàðóøåíèÿ â öåëîñòíîì ïðîöåññå íåðâíî-ìû-
øå÷íîé ïåðåäà÷è, ÷òî ïðîÿâëÿëîñü â óìåíüøåíèè ñòåïåíè åå íàäåæíîñòè (ó 30% îñîáåé), âûðàæåííîì îáëåã÷åíèè (áîëåå
85% ó 50% îñîáåé) èëè äåïðåññèè (äî -42% ó 40% îñîáåé) ïðè ñòèìóëÿöèè íåðâíî-ìûøå÷íîãî àïïàðàòà ñ îïòèìàëü-
íîé ÷àñòîòîé (30 èìï/ñ). Àäðåíàëèí, ââîäèìûé â êîìïëåêñå ñ ãèäðîêîðòèçîíîì, ïðåäîòâðàùàë ïîÿâëåíèå ðÿäà ñèìïòî-
ìîâ ìèîïàòèè, òàêèõ, êàê ñíèæåíèå àìïëèòóäû Ì-îòâåòîâ, óìåíüøåíèå êîëè÷åñòâà àêòèâèðóåìûõ äâèãàòåëüíûõ åäèíèö
ìûøöû, åå ìàññû, âíåøíåé ðàáîòû è ìîùíîñòè, à òàêæå îáóñëîâëèâàë óìåíüøåíèå ÷àñòîòû ãåíåðàöèè ïîëèôàçíûõ
Ì-îòâåòîâ (ñ 30% äî 10%). Êðîìå òîãî, àäðåíàëèí îñëàáëÿë íåãàòèâíûé ýôôåêò ãèäðîêîðòèçîíà íà ñèíàïòè÷åñêèé àï-
ïàðàò, ÷òî ïðîÿâëÿëîñü â óìåíüøåíèè ÷àñòîòû âñòðå÷àåìîñòè ñíèæåííîé íàäåæíîñòè ñèíàïòè÷åñêîé ïåðåäà÷è (ñ 30% äî
10%), âûðàæåííîãî åå îáëåã÷åíèÿ (ñ 50% äî 20%) è äåïðåññèè (ñ 40% äî 10%) ó æèâîòíûõ (Ã+À)-ãðóïïû â ñðàâíå-
íèè ñ Ã-ãðóïïîé. Çàêëþ÷åíèå. Ïîëó÷åííûå â ìîäåëüíûõ ýêñïåðèìåíòàõ íà æèâîòíûõ â óñëîâèÿõ in situ äàííûå ñâèäåòå-
ëüñòâóþò î ñïîñîáíîñòè àäðåíàëèíà ýôôåêòèâíî êîìïåíñèðîâàòü ðÿä íåãàòèâíûõ ýôôåêòîâ, ðàçâèâàþùèõñÿ â ñêåëåòíîé
ìûøöå ïðè äëèòåëüíîì ââåäåíèè ãèäðîêîðòèçîíà.
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Based on the beneficial effect of chronic adrenergic stimulation on the neuromuscular apparatus function, the aim of this
study was to evaluate efficacy of adrenaline at therapeutic doses in compensation for adverse effects of chronically adminis-
tered hydrocortisone on mixed-fiber type skeletal muscles (m. tibialis anterior). Method. Experiments were performed on
sexually mature female rats (190—220 g) divided into 3 groups: control (n = 10), experimental group 1 (H group, n = 10,
hydrocortisone acetate, for 30 days daily), and experimental group 2 (H+A group, n = 10, hydrocortisone acetate in combi-
nation with adrenaline hydrochloride, for 30 days daily). Hydrocortisone acetate (Farmak, Ukraine) was injected i.p. at a
dose of 0.2 mg/kg, which was equivalent to the human therapeutic dose of 3 mg/kg. Adrenaline hydrochloride (Zdorovje,
Ukraine) was injected s.c. at a dose of 0.2 mg/kg. Parameters of the tibialis anterior muscle function were studied on anes-
thetized animals (sodium thiopental, 100 mg/kg) using electromyography and myography methods. Muscle contractions
were induced by suprathreshold electrical stimulation of the fibular nerve. Results. Chronic administration (30 days) of hy-
drocortisone caused symptoms of steroid myopathy evident as low-amplitude M-waves of normal duration, increased fre-
quency of polyphase potentials (by 30%), decreased quantity of activated motor units (by 33%), and decreased muscle
mass (by 14%). Hydrocortisone-induced hypercorticoidism was associated with prolonged latent period (by 37%) and
shortening phase (by 20%) and decreased amplitude (by 32%), amount of muscular external work (by 40%) in a single
tibialis anterior muscle contraction, and decreased muscular power (by 41%) developed in a tetanic contraction. Following
repeated hydrocortisone injections, the overall process of neuromuscular transmission was disturbed, which was evident as its
impaired reliability (30% of rats) and pronounced facilitation (>85% in 50% of rats) or depression (<-42% in 40% of
rats) at an optimum stimulation frequency (30 imp/s). Adrenaline administered in combination with hydrocortisone pre-
vented formation of myopathy symptoms, such as decreases in the M-wave amplitude, number of activated motor units,
muscle weight, external work and power, and it also decreased the frequency of polyphase M-waves (from 30% to 10%). In
addition, adrenaline attenuated the adverse effect of hydrocortisone on the synaptic apparatus by decreasing the incidence of
reduced reliability of synaptic transmission (from 30% to 10%), facilitation (from 50% to 20%), and depression (from
40% to 10%) in the H+A-group compared to the H group. Conclusion. The experimental data obtained in model experi-
ments on animals in situ support the adrenaline ability to effectively compensate for a number of adverse effects of chronic
hydrocortisone treatment on the skeletal muscle.
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Ââåäåíèå

Åñòåñòâåííûå ãëþêîêîðòèêîèäû è èõ ñèíòåòè÷å-
ñêèå àíàëîãè íàðÿäó ñ ïîçèòèâíûìè êëèíè÷åñêèìè
ýôôåêòàìè îêàçûâàþò âûðàæåííîå íåãàòèâíîå âëèÿ-
íèå íà íåðâíî-ìûøå÷íóþ, èììóííóþ, êîñòíóþ è ðÿä
äðóãèõ ñèñòåì â ñâÿçè ñ êîíå÷íûì êàòàáîëè÷åñêèì
ýôôåêòîì íà èõ ñòðóêòóðû [1, 2]. Ïðîÿâëåíèÿ ñòåðî-
èäíîé ìèîïàòèè õîðîøî èçâåñòíû [3], îäíàêî âîïðî-
ñû, êàñàþùèåñÿ ñïîñîáîâ åå êîìïåíñàöèè, îñòàþòñÿ
îòêðûòûìè.

Â áîëåå ðàííèõ íàøèõ ïóáëèêàöèÿõ [4—6] ïðèâî-
äÿòñÿ äîêàçàòåëüñòâà ñïîñîáíîñòè áëèçêèõ ê ôèçèî-
ëîãè÷åñêèì äîç òèðîêñèíà, òåðàïåâòè÷åñêèõ äîç òåñ-
òîñòåðîíà è íåñòåðîèäíîãî àíàáîëèêà èíîçèíà êîì-

ïåíñèðîâàòü íåêîòîðûå íåãàòèâíûå ýôôåêòû äëèòåëü-
íî ââîäèìîãî äåêñàìåòàçîíà íà ñêåëåòíóþ ìóñêóëàòó-
ðó. Âìåñòå ñ òåì, îñòàåòñÿ ìàëî èçó÷åííûì âîïðîñ îò-
íîñèòåëüíî ýôôåêòèâíîñòè àäðåíåðãè÷åñêîé ñòèìóëÿ-
öèè ìûøöû â êîìïåíñàöèè ñòåðîèäíîé ìèîïàòèè.

Â íàñòîÿùåå âðåìÿ òâåðäî óñòàíîâëåíû ïîëîæèòå-
ëüíûå ýôôåêòû êàòåõîëàìèíîâ íà ñêåëåòíóþ ìóñêó-
ëàòóðó: äîêàçàíî èõ àêòèâèðóþùåå âëèÿíèå íà ýíåð-
ãîîáìåí è ýíåðãîîáåñïå÷åíèå ìûøå÷íûõ âîëîêîí, ýô-
ôåêòèâíîñòü ýëåêòðîìåõàíè÷åñêîãî ñîïðÿæåíèÿ
â íèõ, ñîñòîÿíèå ñèíàïòè÷åñêîé ïåðåäà÷è [7—10].
Ïðè ìíîãîêðàòíîé ñòèìóëÿöèè îðãàíèçìà êàòåõîëà-
ìèíàìè âûÿâëåíà èõ ñïîñîáíîñòü ìîäóëèðîâàòü ýíåð-
ãåòè÷åñêóþ ýôôåêòèâíîñòü ñîêðàòèòåëüíîãî àêòà [11],
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à ÷åðåç ìåìáðàííûå ðåöåïòîðû è ðàçíîîáðàçíûå
âíóòðèêëåòî÷íûå ïîñðåäíèêè (ïðîòåèíêèíàçó À, Ñ,
êàëüìîäóëèíçàâèñèìóþ ïðîòåèíêèíàçó, ÌÀÐ-êèíà-
çû, ÑREB è äðóãèå) — àêòèâèðîâàòü ìàòðè÷íûé
ñèíòåç â ðàçëè÷íûõ êëåòêàõ-ìèøåíÿõ [12], ÷òî äîë-
æíî ïîçèòèâíî îòðàæàòüñÿ íà èõ ôóíêöèîíàëüíîì ñî-
ñòîÿíèè. Âñå ýòî íàðÿäó ñ äðóãèìè äàííûìè óêàçûâà-
åò íà ñïîñîáíîñòü êàòåõîëàìèíîâ îêàçûâàòü âëèÿíèå
íà ôóíäàìåíòàëüíûå ìåõàíèçìû ìûøå÷íîãî ñîêðàùå-
íèÿ, ÷òî ïîçâîëÿåò ðàññìàòðèâàòü èõ ñ òî÷êè çðåíèÿ
âîçìîæíûõ ìîäóëÿòîðîâ ôóíêöèîíàëüíîãî ñîñòîÿíèÿ
íåðâíî-ìûøå÷íîé ñèñòåìû â òåðàïèè ýíäîêðèííîé
ïàòîëîãèè.

Â êà÷åñòâå ðàáî÷åé ãèïîòåçû áûëî ïðèíÿòî ïðåä-
ïîëîæåíèå î âîçìîæíîñòè îñëàáëåíèÿ ïðîÿâëåíèé
ñòåðîèäíîé ìèîïàòèè, âûçâàííîé ìíîãîêðàòíûìè
èíúåêöèÿìè ãèäðîêîðòèçîíà, â ñëó÷àå åãî ñîâìåñòíî-
ãî ñ àäðåíàëèíîì ââåäåíèÿ.

Öåëü èññëåäîâàíèÿ — èçó÷åíèå ýôôåêòèâíîñòè
àäðåíàëèíà â êîìïåíñàöèè íåãàòèâíûõ ýôôåêòîâ äëè-
òåëüíî ââîäèìîãî ãèäðîêîðòèçîíà íà ñêåëåòíóþ ìûø-
öó ñìåøàííîãî òèïà.

Ìåòîäèêà

Âñå èññëåäîâàíèÿ áûëè âûïîëíåíû â ñîîòâåòñòâèè
ñ «Ðóêîâîäñòâîì ïî óõîäó è èñïîëüçîâàíèþ ëàáîðà-
òîðíûõ æèâîòíûõ» (ïóáëèêàöèÿ Íàöèîíàëüíîãî èí-
ñòèòóòà çäîðîâüÿ ¹ 85-23, ÑØÀ) è «Ðóêîâîäñòâîì
ïî ýêñïåðèìåíòàëüíîìó (äîêëèíè÷åñêîìó) èçó÷åíèþ
íîâûõ ôàðìàêîëîãè÷åñêèõ âåùåñòâ» [13]. Ýêñïåðè-
ìåíòû ïðîâîäèëèñü íà ïîëîâîçðåëûõ áåëûõ êðû-
ñàõ-ñàìêàõ (190—220 ã), ðàçäåëåííûõ íà 3 ãðóïïû.
Æèâîòíûå 1-é ãðóïïû (n = 10) åæåñóòî÷íî íà ïðîòÿ-
æåíèè 30 ñóò. ïîëó÷àëè ãèäðîêîðòèçîí (Ã-ãðóïïà).
Êðûñàì 2-é ãðóïïû (n = 10) åæåäíåâíî â òå÷åíèå
30 ñóò. ââîäèëè ãèäðîêîðòèçîí â êîìïëåêñå ñ àäðåíà-
ëèíîì ((Ã+À)-ãðóïïà). Êîíòðîëåì ñëóæèëà 3-ÿ
ãðóïïà (Ê-ãðóïïà, n = 10). Ãèäðîêîðòèçîí (ãèäðî-
êîðòèçîíà àöåòàò, «Ôàðìàê», Óêðàèíà) ââîäèëè
âíóòðèáðþøèííî â äîçå, àäåêâàòíîé òåðàïåâòè÷åñêîé
äëÿ ÷åëîâåêà, 3 ìã/êã. Àäðåíàëèí (àäðåíàëèíà ãèä-
ðîõëîðèä, «Çäîðîâüå», Óêðàèíà) ââîäèëè ïîäêîæíî
â äîçå 0,2 ìã/êã.

Ïîñëå îêîí÷àíèÿ ïîäãîòîâèòåëüíîãî ïåðèîäà
ó íàðêîòèçèðîâàííûõ (òèîïåíòàë íàòðèÿ, âíóòðèáðþ-
øèííî, 100 ìã/êã) æèâîòíûõ âñåõ ãðóïï â óñëîâèÿõ
in situ ñ ïîìîùüþ ìåòîäîâ ýëåêòðîìèîãðàôèè è ìèîã-
ðàôèè èçó÷àëè ðÿä ïàðàìåòðîâ ôóíêöèîíàëüíîãî ñî-
ñòîÿíèÿ ïåðåäíåé áîëüøåáåðöîâîé ìûøöû (m. tibialis
anterior). Ñðåäè ìíîãî÷èñëåííûõ ìåòîäîâ ýëåêòðîìè-
îãðàôèè áûë âûáðàí ìåòîä ðåãèñòðàöèè Ì-îòâåòîâ
ñêåëåòíîé ìûøöû, ãåíåðèðóåìûõ ïðè ýëåêòðè÷åñêîé
ñòèìóëÿöèè ìàëîáåðöîâîãî íåðâà. Äëÿ ðàçäðàæåíèÿ

íåðâà èñïîëüçîâàëèñü áèïîëÿðíûå èãîëü÷àòûå ýëåêò-
ðîäû ñ ìåæýëåêòðîäíûì ðàññòîÿíèåì 1 ìì, à òàêæå
ýëåêòðîñòèìóëÿòîð, ïîñòðîåííûé íà îñíîâå ôóíêöèî-
íàëüíîãî ãåíåðàòîðà ICL8038CCDP è îïòðîííîé
ãàëüâàíè÷åñêîé ðàçâÿçêè. Ñóììàðíûé ýëåêòðè÷åñêèé
ïîòåíöèàë (Ì-îòâåò) îòâîäèëñÿ îò ñðåäíåé ÷àñòè ïå-
ðåäíåáåðöîâîé ìûøöû áèïîëÿðíûìè èãîëü÷àòûìè
ýëåêòðîäàìè ñ ìåæýëåêòðîäíûì ðàññòîÿíèåì 1 ìì,
çàòåì óñèëèâàëñÿ (èçìåðèòåëüíûé óñèëèòåëü íà îñíî-
âå INA118) è ðåãèñòðèðîâàëñÿ ñ ïîìîùüþ öèôðîâûõ
çàïîìèíàþùèõ îñöèëëîãðàôîâ Siglent
(SDS1062CM) èëè Tektronix (TDS2004C).

Ïðè èññëåäîâàíèè ýðãîìåòðè÷åñêèõ ïàðàìåòðîâ
ñîêðàùåíèÿ ïåðåäíåé áîëüøåáåðöîâîé ìûøöû èñ-
ïîëüçîâàëè ìåòîä ìèîãðàôèè. Ñ ýòîé öåëüþ ñòîïó
çàäíåé ëàïêè æèâîòíîãî ôèêñèðîâàëè â ñòàíêå, è íà
óðîâíå áîëüøîãî ïàëüöà çàòÿãèâàëè ëèãàòóðó, ñîåäè-
íåííóþ ñ ïîòåíöèîìåòðè÷åñêèì äàò÷èêîì (ÏÒÏ-1).
Äëÿ ðåãèñòðàöèè ìèîãðàììû èñïîëüçîâàëè ìíîãîêà-
íàëüíûé öèôðîâîé çàïîìèíàþùèé îñöèëëîãðàô, ÷òî
ïîçâîëèëî ñ âûñîêîé ðàçðåøàþùåé ñïîñîáíîñòüþ èç-
ìåðÿòü àìïëèòóäíûå è âðåìåííûå ïàðàìåòðû ìûøå÷-
íîãî ñîêðàùåíèÿ ñ ïîñëåäóþùèì âû÷èñëåíèåì ýðãî-
ìåòðè÷åñêèõ ïîêàçàòåëåé (ðàáîòà è ìîùíîñòü).

Àëãîðèòì îïûòà

Íà 1-ì ýòàïå ðåãèñòðèðîâàëè ñåðèþ îäèíî÷íûõ
Ì-îòâåòîâ ïðè ðàçäðàæåíèè ìàëîáåðöîâîãî íåðâà
ñâåðõïîðîãîâûìè ýëåêòðè÷åñêèìè èìïóëüñàìè äëèòå-
ëüíîñòüþ 150 ìêñ êàæäûé ñ ÷àñòîòîé 0,2 èìï/ñ è ñè-
ëîé òîêà 500 ìêÀ. Âû÷èñëÿëè ëàòåíòíûé ïåðèîä ãå-
íåðàöèè Ì-îòâåòà (ìñ), åãî ïðîäîëæèòåëüíîñòü (ìñ)
è àìïëèòóäó (ìÂ); ïðîâîäèëàñü òàêæå îöåíêà ôîðìû
Ì-îòâåòîâ íà ïðåäìåò èõ ïîëèôàçíîñòè (â % îò îá-
ùåãî ÷èñëà).

Íà 2-ì ýòàïå îïûòà ðåãèñòðèðîâàëè öèêë èç
40 Ì-îòâåòîâ ïðè ïðîãðåññèâíî íàðàñòàþùåé â òå÷å-
íèå 4 ñ ñèëå ðàçäðàæåíèÿ. Ñ ýòîé öåëüþ ýëåêòðîñòè-
ìóëÿòîð ïåðåâîäèëñÿ â ðåæèì ãåíåðàöèè ïðÿìîóãîëü-
íûõ èìïóëüñîâ ÷àñòîòîé 10 èìï/ñ ïðè ëèíåéíî íàðàñ-
òàþùåé àìïëèòóäå îò ïîäïîðîãîâûõ äî ñâåðõïîðîãî-
âûõ çíà÷åíèé. Íà îñíîâàíèè ïðîöåíòíîãî èçìåíåíèÿ
àìïëèòóäû ìàêñèìàëüíîãî Ì-îòâåòà îòíîñèòåëüíî
àìïëèòóäû ìèíèìàëüíîãî îïðåäåëÿëè ïðèáëèçèòåëü-
íîå êîëè÷åñòâî àêòèâèðóåìûõ äâèãàòåëüíûõ åäèíèö
ìûøöû (ìåòîäèêà Galea V. [14]).

Íà 3-ì ýòàïå â òå÷åíèå 5 ñ ðåãèñòðèðîâàëè ïà÷êó
Ì-îòâåòîâ ïðè ðàçäðàæåíèè íåðâà ñâåðõïîðîãîâûìè
èìïóëüñàìè (ñèëà òîêà 500 ìêÀ) ïðè íèçêîé ÷àñòîòå
(4 èìï/ñ) è ïîñòîÿííîé äëèòåëüíîñòè èìïóëüñîâ
(150 ìêñ). Íà îñíîâàíèè ïîëó÷åííûõ çàïèñåé ïî èç-
ìåíåíèþ àìïëèòóäû 5-ãî Ì-îòâåòà îòíîñèòåëüíî
1-ãî, ïðèíÿòîãî çà 100%, îöåíèâàëè äåêðåìåíò çàòó-
õàíèÿ Ì-îòâåòîâ [15].
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Íà 4-ì ýòàïå îïûòà â òå÷åíèå 5 ñ çàïèñûâàëè
Ì-îòâåòû ìûøöû ïðè îïòèìàëüíîé äëÿ íåðâíî-ìû-
øå÷íîãî ñîåäèíåíèÿ ÷àñòîòå ðàçäðàæåíèÿ íåðâà —
30 èìï/ñ [15], ñèëå òîêà 500 ìêÀ è äëèòåëüíîñòè
èìïóëüñîâ 150 ìêñ. Íà îñíîâàíèè çàïèñè Ì-îòâåòîâ
îïðåäåëÿëè èçìåíåíèå èõ àìïëèòóäû îòíîñèòåëüíî
1-ãî, àìïëèòóäà êîòîðîãî ïðèíèìàëàñü çà 100%.
Ñ÷èòàåòñÿ [15, 16], ÷òî óâåëè÷åíèå àìïëèòóäû Ì-îò-
âåòîâ ìûøöû â áîëåå ÷åì 30% îòíîñèòåëüíî 1-ãî
â ñåðèè ïðè ðàçäðàæåíèè íåðâíî-ìûøå÷íîãî àïïàðà-
òà ñ îïòèìàëüíîé ÷àñòîòîé (30 èìï/ñ) ñâèäåòåëüñò-
âóåò î ïàòîëîãè÷åñêîì îáëåã÷åíèè ñèíàïòè÷åñêîé ïå-
ðåäà÷è, òîãäà êàê óìåíüøåíèå àìïëèòóäû Ì-îòâåòîâ
áîëåå ÷åì 25% îòíîñèòåëüíî àìïëèòóäû 1-ãî óêàçû-
âàåò íà ïàòîëîãè÷åñêè çíà÷èìóþ äåïðåññèþ íåð-
âíî-ìûøå÷íîé ïåðåäà÷è.

Íà 5-ì ýòàïå ýêñïåðèìåíòà â òå÷åíèå 5 ñ ðåãèñò-
ðèðîâàëèñü îäèíî÷íûå ñîêðàùåíèÿ ìûøöû ñ âíåøíåé
íàãðóçêîé 20 ã ïðè ÷àñòîòå ðàçäðàæåíèÿ íåðâà
4 èìï/ñ, ñèëå òîêà 500 ìêÀ è äëèòåëüíîñòè èìïóëü-
ñîâ 150 ìêñ. Íà îñíîâàíèè àíàëèçà ìèîãðàììû îïðå-
äåëÿëè ëàòåíòíûé ïåðèîä ñîêðàùåíèÿ ìûøöû (ìñ),
àìïëèòóäó (ìì), à òàêæå äëèòåëüíîñòü ôàçû óêîðî-
÷åíèÿ è ðàññëàáëåíèÿ (ìñ).

Íà çàêëþ÷èòåëüíîì, 6-ì, ýòàïå îïûòà ïðîâîäèëè
ðåãèñòðàöèþ òåòàíè÷åñêîãî ñîêðàùåíèÿ ìûøöû
ñ âíåøíåé íàãðóçêîé 70 ã. Ñîêðàùåíèå ìûøöû âû-
çûâàëè ïóòåì ðàçäðàæåíèÿ ìàëîáåðöîâîãî íåðâà
ñâåðõïîðîãîâûì ýëåêòðè÷åñêèì òîêîì ñèëîé
1000 ìêÀ ïðè ÷àñòîòå 70 èìï/ñ è äëèòåëüíîñòè èì-
ïóëüñîâ 0,5 ìñ â òå÷åíèå 6 ñ. Íà îñíîâàíèè ïîëó÷åí-
íûõ ìèîãðàìì ðàññ÷èòûâàëè îáúåì âûïîëíåííîé
ìûøöåé âíåøíåé ðàáîòû (ìÄæ) è ðàçâèâàåìóþ ïðè
ýòîì ìîùíîñòü (ìÂò).

Ïî îêîí÷àíèè îñòðîãî îïûòà â óñëîâèÿõ ãëóáîêîãî
íàðêîçà ïðîâîäèëè ýâòàíàçèþ æèâîòíûõ ïóòåì ââåäå-
íèÿ ëåòàëüíîé äîçû (300 ìã/êã) òèîïåíòàëà íàòðèÿ.

Äëÿ îöåíêè ñòåïåíè ñòàòèñòè÷åñêîé çíà÷èìîñòè
ðàçëè÷èé ìåæäó êîíòðîëüíîé è îïûòíûìè ãðóïïàìè
èñïîëüçîâàëè t-êðèòåðèé Ñòüþäåíòà, ïðåäâàðèòåëüíî
óáåäèâøèñü â òîì, ÷òî ðàñïðåäåëåíèå çíà÷åíèé â âà-
ðèàöèîííîì ðÿäó ñîîòâåòñòâóåò íîðìàëüíîìó çàêîíó
(W-òåñò Øàïèðî—Óèëêà, Statistica 7.0). Çíà÷åíèÿ
ð<0,05 ðàññìàòðèâàëè êàê ñòàòèñòè÷åñêè çíà÷èìûå.

Ðåçóëüòàòû è îáñóæäåíèå

Äëèòåëüíîå ââåäåíèå ãèäðîêîðòèçîíà âûçûâàëî
âûðàæåííîå óõóäøåíèå ôóíêöèîíàëüíîãî ñîñòîÿíèÿ
ïåðåäíåé áîëüøåáåðöîâîé ìûøöû, îòðàæàþùåå ðàç-
âèòèå ñòåðîèäíîé ìèîïàòèè, à êîìáèíèðîâàííûå èíú-
åêöèè ãèäðîêîðòèçîíà ñ àäðåíàëèíîì, íàïðîòèâ —
ïðèâîäèëè ê íîðìàëèçàöèè ðÿäà ïàðàìåòðîâ ñîêðàòè-
òåëüíîãî àêòà.

Õàðàêòåðèñòèêà ïàðàìåòðîâ
Ì-îòâåòà ñêåëåòíîé ìûøöû

Àíàëèç ðåçóëüòàòîâ ïîêàçàë, ÷òî ó æèâîòíûõ, ïî-
ëó÷àâøèõ ãèäðîêîðòèçîí (Ã-ãðóïïà), íàáëþäàëîñü
çíà÷èìîå óäëèíåíèå (íà 20%) îòíîñèòåëüíî êîíòðî-
ëÿ ëàòåíòíîãî ïåðèîäà Ì-îòâåòà è óìåíüøåíèå åãî
àìïëèòóäû íà 35% íà ôîíå íåèçìåííîé äëèòåëüíî-
ñòè, à òàêæå íåêîòîðîå óâåëè÷åíèå ÷àñòîòû âñòðå÷àå-
ìîñòè ïîëèôàçíûõ ïîòåíöèàëîâ (òàáë. 1).

Óäëèíåíèå ëàòåíòíîãî ïåðèîäà Ì-îòâåòà â óñëî-
âèÿõ íåïðÿìîé ýëåêòðè÷åñêîé ñòèìóëÿöèè íåð-
âíî-ìûøå÷íîãî àïïàðàòà ìîæåò áûòü âûçâàíî êàê çà-
ìåäëåíèåì íåðâíî-ìûøå÷íîãî ïðîâåäåíèÿ, òàê è äå-
ñèíõðîíèçàöèåé âîçáóæäåíèÿ â ìûøöå [15]. Óìåíü-
øåíèå àìïëèòóäû Ì-îòâåòîâ íà ôîíå íåèçìåííîé èõ
äëèòåëüíîñòè óêàçûâàåò íå òîëüêî íà äåñèíõðîíèçà-
öèþ âîçáóæäåíèÿ â ìûøöå, íî è äèñòðîôè÷åñêèå èç-
ìåíåíèÿ ìûøå÷íûõ âîëîêîí, ñîïðîâîæäàþùèåñÿ
óìåíüøåíèåì èõ òîëùèíû èëè âûêëþ÷åíèåì ÷àñòè
ïàòîëîãè÷åñêè èçìåíåííûõ âîëîêîí èç îáùåãî âîç-
áóæäåíèÿ [15, 16]. Ïîÿâëåíèå ó 30% îñîáåé ïîëè-
ôàçíûõ ïîòåíöèàëîâ óìåíüøåííîé àìïëèòóäû ÿâëÿåò-
ñÿ åùå îäíèì äîêàçàòåëüñòâîì â ïîëüçó ðàçâèòèÿ ìè-
îïàòè÷åñêèõ èçìåíåíèé â èññëåäóåìîé ïåðåäíåé áîëü-
øåáåðöîâîé ìûøöå.

Ñ öåëüþ âûÿâëåíèÿ âîçìîæíûõ ïðè÷èí ñíèæåíèÿ
àìïëèòóäû Ì-îòâåòîâ ó æèâîòíûõ Ã-ãðóïïû íàìè
áûëî îïðåäåëåíî ñðåäíåå êîëè÷åñòâî àêòèâèðóåìûõ
ïðè íåïðÿìîì ðàçäðàæåíèè íåðâíî-ìûøå÷íîãî àïïà-
ðàòà äâèãàòåëüíûõ åäèíèö [14]. Àíàëèç ïîëó÷åííûõ
äàííûõ ïîêàçàë, ÷òî ñðåäíåå êîëè÷åñòâî àêòèâèðóå-
ìûõ äâèãàòåëüíûõ åäèíèö â Ã-ãðóïïå îêàçàëîñü ñòà-
òèñòè÷åñêè çíà÷èìî íèæå (íà 33%), êîíòðîëüíûõ
çíà÷åíèé (ñì. òàáë. 2). Êðîìå òîãî, èçîëèðîâàííîå
äëèòåëüíîå ââåäåíèå ãèäðîêîðòèçîíà ñîïðîâîæäà-
ëîñü, õîòÿ è ñëàáûì, íî ñòàòèñòè÷åñêè çíà÷èìûì óìå-
íüøåíèåì ìàññû ìûøöû (íà 14% îòíîñèòåëüíî êîí-
òðîëÿ). Îòìå÷åííûå èçìåíåíèÿ ñâèäåòåëüñòâóþò î
ðàçâèòèè äèñòðîôè÷åñêèõ èçìåíåíèé â èññëåäóåìîé
ìûøöå æèâîòíûõ, ïîëó÷àâøèõ ìíîãîêðàòíûå èíúåê-
öèè ãèäðîêîðòèçîíà.

Ïðèìåíåíèå àäðåíàëèíà â êîìïëåêñå ñ ãèäðîêîð-
òèçîíîì â áîëüøèíñòâå ñëó÷àåâ ñãëàæèâàëî íåãàòèâ-
íîå äåéñòâèå ãëþêîêîðòèêîèäà íà ýëåêòðîôèçèîëîãè-
÷åñêèå ïàðàìåòðû ìûøöû. Â ÷àñòíîñòè, ââåäåíèå
ãîðìîíàëüíîé ïàðû «Ã+À» ïðåäîòâðàùàëîëî óäëè-
íåíèå ëàòåíòíîãî ïåðèîäà è ñíèæåíèå àìïëèòóäû
Ì-îòâåòîâ (òàáë. 1), óìåíüøåíèå êîëè÷åñòâà àêòèâè-
ðóåìûõ äâèãàòåëüíûõ åäèíèö è ìàññû ìûøöû
(òàáë. 2), à òàêæå îáóñëîâëèâàëî ñíèæåíèå ÷àñòîòû
ïîÿâëåíèÿ ïîëèôàçíûõ Ì-îòâåòîâ ñ 30% äî 10%
(òàáë. 1).

Ôóíêöèîíàëüíîå ñîñòîÿíèå ñêåëåòíîé ìûøöû
â áîëüøîé ñòåïåíè ìîæåò îïðåäåëÿòüñÿ ïðîöåññàìè,
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ïðîèñõîäÿùèìè ñîáñòâåííî â íåðâíî-ìûøå÷íîì ñè-
íàïñå. Àíàëèç ðåçóëüòàòîâ èññëåäîâàíèÿ ïîêàçàë, ÷òî
ó æèâîòíûõ, ïîëó÷àâøèõ ãèäðîêîðòèçîí (Ã-ãðóïïà),
íàáëþäàëèñü íåãàòèâíûå èçìåíåíèÿ ñî ñòîðîíû íåð-
âíî-ìûøå÷íîé ïåðåäà÷è. Â ïîëüçó ýòîãî ñâèäåòåëüñò-
âóåò íàëè÷èå ó 30% îñîáåé ïàòîëîãè÷åñêè çíà÷èìîãî
(ïðåâûøàþùåãî 10% è äîñòèãàþùåãî 40% è áîëåå)
äåêðåìåíòà àìïëèòóäû 5-ãî Ì-îòâåòà îòíîñèòåëüíî
1-ãî ïðè ðàçäðàæåíèè íåðâíî-ìûøå÷íîãî àïïàðàòà
ñ ÷àñòîòîé 4 èìï/ñ. Âìåñòå ñ òåì, ñðåäíèé ïî Ã-ãðóï-
ïå äåêðåìåíò àìïëèòóäû 5-ãî Ì-îòâåòà îòíîñèòåëüíî
1-ãî ïðè ñòèìóëÿöèè íåðâíî-ìûøå÷íîãî àïïàðàòà
ñ ÷àñòîòîé 4 èìï/ñ íå ïðåâûøàë 10%, õîòÿ çíà÷èìî
îòëè÷àëñÿ îò òàêîâîãî êîíòðîëüíûõ æèâîòíûõ. Íàëè-
÷èå ó 30% îñîáåé Ã-ãðóïïû ïàòîëîãè÷åñêè çíà÷èìîãî

äåêðåìåíòà àìïëèòóäû Ì-îòâåòîâ ïðè ñòèìóëÿöèè
íåðâíî-ìûøå÷íîãî àïïàðàòà ñ íèçêîé ÷àñòîòîé
(3—5 èìï/ñ) ñâèäåòåëüñòâóåò, ñîãëàñíî, î ñíèæåíèè
ñòåïåíè íàäåæíîñòè ñèíàïòè÷åñêîé ïåðåäà÷è [15].

Ïîäòâåðæäåíèåì ïðåäïîëîæåíèÿ î ðàçâèòèè ïà-
òîôèçèîëîãè÷åñêèõ íàðóøåíèé ñî ñòîðîíû íåð-
âíî-ìûøå÷íîãî ñèíàïñà ïîñëå ìíîãîêðàòíûõ èíúåê-
öèé ãèäðîêîðòèçîíà ñâèäåòåëüñòâóþò ðåçóëüòàòû èñ-
ñëåäîâàíèÿ àìïëèòóäíîé õàðàêòåðèñòèêè Ì-îòâåòà íå
òîëüêî ïðè íèçêîé (4 èìï/ñ), íî è îïòèìàëüíîé
(30 èìï/ñ) ÷àñòîòå ñòèìóëÿöèè íåðâà. Òàê, ó 50%
îñîáåé Ã-ãðóïïû îòìå÷àëîñü ïàòîëîãè÷åñêè çíà÷èìîå
(ïðåâûøàþùåå 30% è äîñòèãàþùåå ó íåêîòîðûõ
îñîáåé 200% è áîëåå) îáëåã÷åíèå ñèíàïòè÷åñêîé ïå-
ðåäà÷è, à ó 40% îñîáåé — ïàòîëîãè÷åñêè çíà÷èìàÿ
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Òàáëèöà 1
Ñðåäíèå çíà÷åíèÿ íåêîòîðûõ ïàðàìåòðîâ Ì-îòâåòà ïåðåäíåé áîëüøåáåðöîâîé ìûøöû

ó êðûñ êîíòðîëüíîé è îïûòíûõ ãðóïï (X m� )

Ïàðàìåòð Ì-îòâåòà ìûøöû Ãðóïïà æèâîòíûõ

Ê-ãðóïïà (n = 10) Ã-ãðóïïà (n = 10) (Ã+À)-ãðóïïà
(n = 10)

Ïàðàìåòðû îäèíî÷íîãî Ì-îòâåòà

Ëàòåíòíûé ïåðèîä, ìñ 2,0 ± 0,04 2,4 ± 0,02 (+20%) * 1,9 ± 0,05

Àìïëèòóäà, ìÂ 2,6 ± 0,22 1,7 ± 0,17 (-35%) * 2,1 ± 0,18

Äëèòåëüíîñòü, ìñ 5,5 ± 0,51 4,9 ± 0,44 5,0 ± 0,49

% ïîëèôàçíûõ ïîòåíöèàëîâ 0 30 10

Èçìåíåíèå (%) àìïëèòóäû 5-ãî Ì-îòâåòà îòíîñèòåëüíî 1-ãî ïðè ñòèìóëÿöèè íåðâíî-ìûøå÷íîãî àïïàðàòà ñ ÷àñòîòîé 4 èìï/ñ

Äåêðåìåíò àìïëèòóäû 5-ãî Ì-îòâåòà îòíîñèòåëüíî 1-ãî, % 3,6 ± 1,23 -9,6 ± 5,50 * -1,9 ± 3,42

Ïðîöåíòíîå êîëè÷åñòâî îñîáåé â ãðóïïå ñ äåêðåìåíòîì àìïëèòóäû
Ì-îòâåòîâ áîëåå 10% 0 30 10

Èçìåíåíèå (%) àìïëèòóäû Ì-îòâåòîâ îòíîñèòåëüíî 1-ãî ïðè ñòèìóëÿöèè íåðâíî-ìûøå÷íîãî àïïàðàòà ñ ÷àñòîòîé 30 èìï/ñ

Ñòåïåíü îáëåã÷åíèÿ ñèíàïòè÷åñêîé ïåðåäà÷è (% îòíîñèòåëüíî 1-ãî
Ì-îòâåòà) 11,1 ± 2,8 85,5 ± 27,9* 36,8 ± 20,2

Ïðîöåíòíîå êîëè÷åñòâî îñîáåé â ãðóïïå ñ îáëåã÷åíèåì ñèíàïòè÷å-
ñêîé ïåðåäà÷è áîëåå 30% 0 50 20

Ñòåïåíü äåïðåññèè ñèíàïòè÷åñêîé ïåðåäà÷è (ñíèæåíèå àìïëèòóäû
Ì-îòâåòîâ â % îòíîñèòåëüíî 1-ãî) -2,9 ± 2,28 -17,7 ± 5,2 * -10,5 ± 4,3

Ïðîöåíòíîå êîëè÷åñòâî îñîáåé â ãðóïïå ñ äåïðåññèåé ñèíàïòè÷åñêîé
ïåðåäà÷è áîëåå 25% 0 40 10

Ïðèìå÷àíèå. * — çíà÷åíèå ïîêàçàòåëÿ ñòàòèñòè÷åñêè çíà÷èìî îòëè÷àåòñÿ (p<0,05) îò óðîâíÿ ñîîòâåòñòâóþùåãî ïàðàìåòðà ó êðûñ
êîíòðîëüíîé ãðóïïû

Òàáëèöà 2
Ñðåäíèå çíà÷åíèÿ ìàññû ïåðåäíåé áîëüøåáåðöîâîé ìûøöû è êîëè÷åñòâà àêòèâèðóåìûõ äâèãàòåëüíûõ åäèíèö

ó æèâîòíûõ êîíòðîëüíîé è îïûòíûõ ãðóïï (X m� )

Ãðóïïà æèâîòíûõ Ìàññà ìûøöû, ìã Êîëè÷åñòâî àêòèâèðóåìûõ äâèãàòåëüíûõ åäèíèö

Ê-ãðóïïà (êîíòðîëü) (n = 10) 436 ± 13 13,6 ± 0,91

Ã-ãðóïïà (n = 10) 376 ± 13 (-14%) * 9,2 ± 0,89 (-32%) *

(Ã+À)-ãðóïïà (n = 10) 396 ± 14 11,8 ± 0,89

Ïðèìå÷àíèå. * — ðàçëè÷èÿ ñòàòèñòè÷åñêè çíà÷èìû (p<0,05) îòíîñèòåëüíî óðîâíÿ êîíòðîëüíûõ êðûñ (Ê-ãðóïïà)



(ïðåâûøàþùàÿ 25% è äîñòèãàþùàÿ 38—42%) äå-
ïðåññèÿ íåðâíî-ìûøå÷íîé ïåðåäà÷è. Â öåëîì, ñðåä-
íÿÿ ïî ãðóïïå ñòåïåíü îáëåã÷åíèÿ ñèíàïòè÷åñêîé ïå-
ðåäà÷è ñóùåñòâåííî ïðåâîñõîäèëà 30%, à äåïðåññèè
íå äîñòèãàëà è 25% (òàáë. 1).

Âûðàæåííîå îáëåã÷åíèå ó 50% îñîáåé Ã-ãðóïïû
ñèíàïòè÷åñêîé ïåðåäà÷è íà ôîíå ñíèæåííîãî ïî àìï-
ëèòóäå 1-ãî Ì-îòâåòà ïðè ñòèìóëÿöèè íåðâíî-ìû-
øå÷íîãî àïïàðàòà ñ îïòèìàëüíîé ÷àñòîòîé
(30 èìï/ñ) óêàçûâàåò íà âîçìîæíóþ èñõîäíóþ «çà-
áëîêèðîâàííîñòü» ñèíàïñîâ [15]. Ïàòîëîãè÷åñêè çíà-
÷èìàÿ äåïðåññèÿ ó 40% îñîáåé Ã-ãðóïïû àìïëèòóäû
Ì-îòâåòîâ ñâèäåòåëüñòâóåò î âåðîÿòíûõ íàðóøåíèÿõ
â ïîñòñèíàïòè÷åñêîì çâåíå, â ÷àñòíîñòè, â ðåçóëüòàòå
äåñåíñèòèçàöèè èëè óìåíüøåíèÿ ïëîòíîñòè õîëèíîðå-
öåïòîðîâ [16]. Â ïîëüçó âîçìîæíîãî íåãàòèâíîãî
âëèÿíèÿ äëèòåëüíî ââîäèìûõ ãëþêîêîðòèêîèäîâ íà
ïîñòñèíàïòè÷åñêóþ ìåìáðàíó ìûøå÷íûõ âîëîêîí
ñâèäåòåëüñòâóþò è èññëåäîâàíèÿ äðóãèõ àâòîðîâ, îò-
ìå÷àâøèõ áëîêèðîâàíèå èîííûõ êàíàëîâ õîëèíîðå-
öåïòîðîâ [17] èëè ñíèæåíèå èõ ÷óâñòâèòåëüíîñòè
ê àöåòèëõîëèíó [18] ïîä âëèÿíèåì âûñîêèõ äîç ãèä-
ðîêîðòèçîíà.

Ôàêò èñõîäíîé «çàáëîêèðîâàííîñòè» ñèíàïñîâ
ïðè ãèäðîêîðòèçîíîâîì ãèïåðêîðòèöèçìå áûë óñòà-
íîâëåí è â áîëåå ðàííèõ íàøèõ èññëåäîâàíèÿõ ïðè
ðàçäðàæåíèè íåðâíî-ìûøå÷íîãî àïïàðàòà ñâåðõïîðî-
ãîâûìè ýëåêòðè÷åñêèìè èìïóëüñàìè íàðàñòàþùåé ÷à-
ñòîòû [19]. Íåêîòîðàÿ «çàáëîêèðîâàííîñòü» ñèíàï-
ñîâ, ñîãëàñíî ìíåíèþ ñïåöèàëèñòîâ [16], ìîæåò áûòü
âûçâàíà äåôèöèòîì ìåäèàòîðà èëè íàðóøåíèåì åãî
êàëüöèéàêòèâèðóåìîãî âûñâîáîæäåíèÿ. Ðàçâèòèå
«çàáëîêèðîâàííîñòè» ñèíàïñîâ ïðè ãèïåðêîðòèöèçìå
âïîëíå ðåàëüíî, — â èññëåäîâàíèÿõ äðóãèõ ñïåöèàëè-
ñòîâ ïîêàçàíà ñïîñîáíîñòü âûñîêèõ äîç ãëþêîêîðòè-
êîèäîâ óìåíüøàòü àìïëèòóäó òîêîâ êîíöåâîé ïëàñ-
òèíêè [20].

Ïåðèîäè÷åñêàÿ äåïðåññèÿ ñèíàïòè÷åñêîé ïåðåäà÷è
ïðè ðèòìè÷åñêîé ãåíåðàöèè ìûøöåé Ì-îòâåòîâ ñ ÷à-
ñòîòîé 30 èìï/ñ ó 40% êðûñ Ã-ãðóïïû íîñèëà ìåíåå
âûðàæåííûé õàðàêòåð, ÷åì åå îáëåã÷åíèå. Äàííûé
ôàêò ñâèäåòåëüñòâóåò â ïîëüçó òîãî, ÷òî íàðóøåíèÿ
â ïîñòñèíàïòè÷åñêîé ìåìáðàíå, ñâÿçàííûå ñ óìåíüøå-
íèåì ïëîòíîñòè èëè ÷óâñòâèòåëüíîñòè õîëèíîðåöåïòî-
ðîâ, ïðè ãèïåðêîðòèöèçìå â íàøåé ìîäåëè áûëè ìå-
íüøå âûðàæåíû, ÷åì íàðóøåíèÿ â ïðåñèíàïòè÷åñêîì
àïïàðàòå. Ïðèìåíåíèå àäðåíàëèíà â êîìïëåêñå ñ ãèä-
ðîêîðòèçîíîì îñëàáëÿëî âûðàæåííîñòü íàðóøåíèé
â ïðåñèíàïòè÷åñêîì àïïàðàòå, â ïîëüçó ÷åãî ñâèäåòå-
ëüñòâóåò ìåíüøàÿ ÷àñòîòà âñòðå÷àåìîñòè ñëó÷àåâ ïà-
òîëîãè÷åñêè çíà÷èìîãî ñèíàïòè÷åñêîãî îáëåã÷åíèÿ è
ìåíüøàÿ åãî âûðàæåííîñòü ó æèâîòíûõ (Ã+À)-ãðóï-
ïû, ïî ñðàâíåíèþ ñ èçîëèðîâàííûì ïðèìåíåíèåì
ãëþêîêîðòèêîèäà (òàáë. 1).

Ïàòîëîãè÷åñêè çíà÷èìàÿ (ñîñòàâèâøàÿ 38%) äå-
ïðåññèÿ ñèíàïòè÷åñêîé ïåðåäà÷è ïðè ñòèìóëÿöèè íåð-
âíî-ìûøå÷íîãî àïïàðàòà ñ îïòèìàëüíîé ÷àñòîòîé
(30 èìï/ñ) â (Ã+À)-ãðóïïå áûëà îòìå÷åíà òîëüêî
ó 1 æèâîòíîãî èç 10. Òàêèì îáðàçîì, êîìïëåêñíîå
ïðèìåíåíèå àäðåíàëèíà ñ ãèäðîêîðòèçîíîì óìåíüøè-
ëî ÷àñòîòó âñòðå÷àåìîñòè ñëó÷àåâ äåïðåññèè ñèíàïòè-
÷åñêîé ïåðåäà÷è, âûçâàííûõ ïîñòñèíàïòè÷åñêèìè íà-
ðóøåíèÿìè.

Õàðàêòåðèñòèêà ýðãîìåòðè÷åñêèõ ïàðàìåòðîâ
ìûøå÷íîãî ñîêðàùåíèÿ

Äëèòåëüíîå èçîëèðîâàííîå ââåäåíèå ãèäðîêîðòè-
çîíà îáóñëîâëèâàëî óõóäøåíèå íå òîëüêî ýëåêòðîôè-
çèîëîãè÷åñêèõ, íî è ñîêðàòèòåëüíûõ ïàðàìåòðîâ èñ-
ñëåäóåìîé ìûøöû. Òàê, ó æèâîòíûõ Ã-ãðóïïû íà-
áëþäàëîñü ñòàòèñòè÷åñêè çíà÷èìîå ñíèæåíèå îòíîñè-
òåëüíî êîíòðîëÿ àìïëèòóäû îäèíî÷íîãî ñîêðàùåíèÿ
(íà 32%), âåëè÷èíû âíåøíåé ðàáîòû ìûøöû â ðå-
æèìå ãëàäêîãî òåòàíóñà (íà 40%), à òàêæå ìîùíîñòè
òåòàíè÷åñêîãî ñîêðàùåíèÿ íà 41% (òàáë. 3).
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Òàáëèöà 3
Ñðåäíèå çíà÷åíèÿ ñîêðàòèòåëüíûõ è ýíåðãåòè÷åñêèõ ïàðàìåòðîâ ìûøöû êîíòðîëüíûõ è îïûòíûõ æèâîòíûõ (X m� )

Èññëåäóåìûé ïàðàìåòð Ãðóïïà æèâîòíûõ

Ê-ãðóïïà (êîíòðîëü) Ã-ãðóïïà (Ã+À)-ãðóïïà

Ïàðàìåòðû îäèíî÷íîãî ñîêðàùåíèÿ (ñ âíåøíåé íàãðóçêîé 20 ã)

Àìïëèòóäà óêîðî÷åíèÿ, ìì 2,9 ± 0,17 1,9 ± 0,18 (-32%) * 3,0 ± 0,29

Ëàòåíòíûé ïåðèîä ñîêðàùåíèÿ, ìñ 8,7 ± 0,35 11,9 ± 0,52 (+37%) * 9,2 ± 0,34

Ïðîäîëæèòåëüíîñòü ôàçû óêîðî÷åíèÿ, ìñ 30,1 ± 1,18 38,7 ± 1,54 (+29%) * 24,1 ± 1,12

Ïðîäîëæèòåëüíîñòü ôàçû ðàññëàáëåíèÿ, ìñ 74,1 ± 4,17 88,0 ± 4,18 (+19%) * 77,5 ± 3,93

Ïàðàìåòðû ýíåðãåòèêè ñîêðàùåíèÿ ìûøöû ïðè âûïîëíåíèè 6-ñåêóíäíîãî ãëàäêîãî òåòàíóñà ñ âíåøíåé íàãðóçêîé 70 ã

Îáúåì âíåøíåé ðàáîòû, ìÄæ 10,6 ± 0,84 6,3 ± 0,75 (-40%) * 8,6 ± 0,82

Ðàçâèâàåìàÿ ìîùíîñòü ïðè ñîêðàùåíèè ìûøöû, ìÂò 11,3 ± 0,66 6,7 ± 0,72 (-41%) * 10,0 ± 0,74

Ïðèìå÷àíèå. * — ðàçëè÷èÿ ñòàòèñòè÷åñêè çíà÷èìû (p<0,05) îòíîñèòåëüíî óðîâíÿ êîíòðîëüíûõ êðûñ (Ê-ãðóïïà)



Â îñíîâå íàáëþäàåìîãî íàìè óõóäøåíèÿ ñîêðàòè-
òåëüíûõ ïàðàìåòðîâ ìûøöû êðûñ Ã-ãðóïïû ìîãóò ëå-
æàòü, êàê ìèíèìóì, äâå ïðè÷èíû. Âî-ïåðâûõ, óìåíü-
øåíèå ñèëû, ðàçâèâàåìîé äèñòðîôè÷åñêè èçìåíåííû-
ìè ìûøå÷íûìè âîëîêíàìè. Âî-âòîðûõ, íå èñêëþ÷åíî
è ïîëíîå âûêëþ÷åíèå ÷àñòè ïàòîëîãè÷åñêè èçìåíåí-
íûõ âîëîêîí èç ñîêðàùåíèÿ, îäíèì èç äîêàçàòåëüñòâ
êîòîðîãî ÿâëÿåòñÿ îòìå÷åííîå íàìè ðàíåå ñòàòèñòè÷å-
ñêè çíà÷èìîå óìåíüøåíèå (íà 33% îòíîñèòåëüíî
êîíòðîëÿ) êîëè÷åñòâà àêòèâèðóåìûõ äâèãàòåëüíûõ
åäèíèö ìûøöû ó æèâîòíûõ Ã-ãðóïïû (òàáë. 2). Ó÷è-
òûâàÿ òîò ôàêò, ÷òî èçáûòîê ãëþêîêîðòèêîèäîâ â îð-
ãàíèçìå âûçûâàåò î÷àãîâûå èçìåíåíèÿ â ñêåëåòíûõ
ìûøöàõ [21], è, â ïåðâóþ î÷åðåäü, ñòðàäàþò âîëîêíà
ãëèêîëèòè÷åñêîãî òèïà [22], ìîæíî ïðåäïîëîæèòü,
÷òî ó æèâîòíûõ Ã-ãðóïïû èìåëî ìåñòî âûêëþ÷åíèå
èç ñîêðàòèòåëüíîãî àêòà èìåííî ÷àñòè áûñòðûõ âîëî-
êîí, ïîäâåðãøèõñÿ äèñòðîôè÷åñêèì èçìåíåíèÿì ïîä
äåéñòâèåì ãèäðîêîðòèçîíà. Â ïîëüçó òàêîãî ïðåäïî-
ëîæåíèÿ ãîâîðèò óäëèíåíèå ïàðàìåòðîâ îäèíî÷íîãî
ñîêðàùåíèÿ ìûøöû: ëàòåíòíîãî ïåðèîäà — íà 37%,
ôàçû óêîðî÷åíèÿ — íà 29% è ðàññëàáëåíèÿ — íà
19%, à òàêæå óìåíüøåíèå ìîùíîñòè òåòàíè÷åñêîãî
ñîêðàùåíèÿ (íà 41%), îòíîñèòåëüíî êîíòðîëÿ
(òàáë. 3). Óõóäøåíèå ýíåðãåòè÷åñêèõ ïàðàìåòðîâ
ìûøöû áûëî îáíàðóæåíî è â áîëåå ðàííèõ íàøèõ èñ-
ñëåäîâàíèÿõ ïðè äëèòåëüíîì ââåäåíèè äåêñàìåòàçîíà
[23].

Ââåäåíèå àäðåíàëèíà â êîìïëåêñå ñ ãèäðîêîðòèçî-
íîì íèâåëèðîâàëî íåãàòèâíûå ýôôåêòû ãëþêîêîðòè-
êîèäà íà ñîêðàòèòåëüíûå ïàðàìåòðû ìûøöû. Â ÷àñò-
íîñòè, ïîñëå 30 èíúåêöèé ãîðìîíàëüíîé ïàðû «Ã+À»
íå íàáëþäàëîñü òèïè÷íîãî äëÿ èçîëèðîâàííîãî ïðè-
ìåíåíèÿ ãèäðîêîðòèçîíà ñíèæåíèÿ àìïëèòóäû îäè-
íî÷íûõ ñîêðàùåíèé, óâåëè÷åíèÿ èõ äëèòåëüíîñòè,
óìåíüøåíèÿ âíåøíåé ðàáîòû è ìîùíîñòè òåòàíè÷å-
ñêîãî ñîêðàùåíèÿ (òàáë. 3).

Ïîäâîäÿ èòîã ðåçóëüòàòàì íàøèõ èññëåäîâàíèé,
íåîáõîäèìî îòìåòèòü ñëåäóþùåå. Äëèòåëüíîå (â òå-
÷åíèå 1 ìåñ.) åæåäíåâíîå ââåäåíèå ãèäðîêîðòèçîíà
â ôàðìàêîëîãè÷åñêîé äîçå (3 ìã/êã) ñîïðîâîæäàëîñü
ðàçâèòèåì ìèîïàòè÷åñêèõ èçìåíåíèé â èññëåäóåìîé
ïåðåäíåé áîëüøåáåðöîâîé ìûøöå êðûñ, õàðàêòåðèçó-
þùåéñÿ ñóùåñòâåííûì ïðåîáëàäàíèåì ãëèêîëèòè÷å-
ñêèõ âîëîêîí. Ïðè ýòîì íàðÿäó ñ óõóäøåíèåì ýëåêò-
ðîôèçèîëîãè÷åñêèõ, ñîêðàòèòåëüíûõ è ñêîðîñòíûõ
ïàðàìåòðîâ ñîêðàùåíèÿ ìûøöû íàáëþäàëèñü è îïðå-
äåëåííûå íàðóøåíèÿ â ñèíàïòè÷åñêîì àïïàðàòå: óìå-
íüøåíèå ó ÷àñòè îñîáåé íàäåæíîñòè ñèíàïòè÷åñêîé
ïåðåäà÷è, âûðàæåííîå åå îáëåã÷åíèå èëè äåïðåññèÿ
ïðè ñòèìóëÿöèè ìàëîáåðöîâîãî íåðâà ñ îïòèìàëüíîé
÷àñòîòîé.

Ââåäåíèå àäðåíàëèíà â êîìïëåêñå ñ ãèäðîêîðòèçî-
íîì ïðåäîòâðàùàëî óõóäøåíèå ýëåêòðîôèçèîëîãè÷å-

ñêèõ, ñîêðàòèòåëüíûõ è ñêîðîñòíûõ ïàðàìåòðîâ ñî-
êðàùåíèÿ ìûøöû, ïàòîëîãè÷åñêè çíà÷èìûõ äåïðåñ-
ñèé èëè îáëåã÷åíèÿ ñèíàïòè÷åñêîé ïåðåäà÷è, òèïè÷-
íûõ äëÿ ìûøöû æèâîòíûõ, ïðè èçîëèðîâàííîì ââå-
äåíèè ãëþêîêîðòèêîèäà.

Ïîëó÷åííûå â ìîäåëüíûõ ýêñïåðèìåíòàõ íà æè-
âîòíûõ â óñëîâèÿõ in situ äàííûå ñâèäåòåëüñòâóþò î
ñïîñîáíîñòè àäðåíàëèíà ýôôåêòèâíî êîìïåíñèðîâàòü
ðÿä íåãàòèâíûõ ýôôåêòîâ, ðàçâèâàþùèõñÿ â ñêåëåò-
íîé ìûøöå ïðè äëèòåëüíîì ââåäåíèè ãèäðîêîðòèçî-
íà.

Referenñes
1. Shishkina L.N., Malkova E.M. Influence of a gluco-

corticoid kenalog on functional activity of macrophages and
neutrophils both in lungs and in peritoneal cavity. Patologic-
heskaya Fiziologiya i Eksperimental`naya terapiya). 2011; 55
(1): 31-7. (in Russian)

2. Gardner D., Shoback D. Greenspan’s Basic and Clini-
cal Endocrinology. 9th ed. New York: McGraw-Hill Medical;
2011.

3. Polunina A.G., Isaev F.V., Dem’ianova M.A. Steroid
myopathy. Zhurnal nevrologii i psikhiatrii imeni S.S. Korsako-
va. 2012; 112 (10-2): 60-4. (in Russian)

4. Sobolev V.I., Trush V.V. Influence of Thyroxine on
Display of Dexamethasone’s Effects on M-response’s Para-
meters of Skeletal Muscle of White Rats. Rossiyskiy Fyziolo-
gicheskiy zhurnal im. I.M. Sechenov). 2013; 99 (9): 1067-76.
(in Russian)

5. Trush V.V. Influence of a Nonsteroid Anabolic Inosine
on the Manifestation of the Effects of Dexamethasone on a
Skeletal Muscle of White Rats. Biologichni Studii.. 2012; 6
(2): 127-38. (in Ukrainian)

6. Trush V.V., Sobolev V.I. Modulation of Dexamethaso-
ne-Induced Effects on the Rat Skeletal Muscles by Testoste-
rone. International Journal of Physiology and Pathophysiology.
2013; 4(4): 24-51.

7. Cairns S.P., Borrani F. �-Adrenergic modulation of
skeletal muscle contraction: key role of excitation-contracti-
on coupling. J. Physiol. 2015; 593(21): 4713-27.

8. Everts M.F., Retterstol K., Clausen T. Effects of adre-
naline on excitationinduced stimulation of the sodium-po-
tassium pump in rat skeletal muscle. Acta Physiologica Scan-
dinavica. 1988; 134: 189-98.

9. Rizvi S.M., Azeem MA. Adrenaline improves endurance
of rabbit gastrocnemius: a study with continuous high frequency
stimulation. Pak. J. Pharm. Sci. 2013; 26(4): 773-7.

10. Grip J., Jakobsson T., Hebert C., Klaude M., Sandst-
rîm G., Wernerman J., Rooyackers O. Lactate kinetics and
mitochondrial respiration in skeletal muscle of healthy hu-
mans under influence of adrenaline. Clin Sci (Lond). 2015;
129(4): 375-84.

11. Sobolev V.I., Korotkova Ò.P. Influence of multiple
injections of adrenaline on power of muscular contraction.
Arkhiv klinicheskoy i ehksperimental’noy meditsiny. 2001; 10
(2): 216-17 (In Russian)

12. Rutter G.A., Rizzuto R. Regulation of mitochondrial
metabolism by ER Ca2+ release: an intimate connection.
Trends Biochem.Sci. 2000; 25: 215-21.

13. Fisenko V.P., ed. Guide to experimental (preclinical)
studying of new pharmacological substances. [Rukovodstvo po

Ïàòîëîãè÷åñêàÿ ôèçèîëîãèÿ è ýêñïåðèìåíòàëüíàÿ òåðàïèÿ. 2017; 61(4) Îðèãèíàëüíûå ñòàòüè

110



eksperementalnomu (doklinicheskomu) izucheniyu novikh far-
makologicheskikh veshchestv]. Moscow; Minzdrav RF, ZAO
«IIA «Remedium»»; 2000. (in Russian)

14. Galea V., De Bruin H., Cavasin R., McComas A.J.
The number and relative size of motor unites estimated by
computer. Muscle and Nerve. 1991; 14: 1123-30.

15. Geht B.M. Theoretical and clinical electromyography.
[Teoreticheskaya i klinicheskaya elektromiografiya]. Lening-
rad: Nauka; 1990. (in Russian)

16. MacIntosh B., Gardiner Ph., McComas A.J. Skeletal
muscle. Form and function. 2th ed. Champaign: Human Kine-
tics; 1998.

17. Bouzat C., Barrantes F.J. Assigning function to resi-
dues in the acetylcholine receptor channel region. Mol.
Membr. Biol. 1997; 14: 167-77.

18. Dodt C., Keyser B., Molle M. Acute suppression of
muscle sympathetic nerve activity by hydrocortisone in hu-
mans. Hypertension. 2000; 3: 758-63.

19. Trush V.V., Sobolev V.I. Amplitude-Frequency’s De-
pendence of M-Response of the Skeletal Muscle of Rats with

Experimental Hypercorticoidizm. Rossiyskiy Fyziologicheskiy
zhurnal imeni I.M. Sechenov. 2015; 101 (7): 829-42. (in Rus-
sian)

20. Braun S., Sarkozi E., McFerrin J. Hydrocortisone in-
fluences voltage-dependent L-type calcium channels in cul-
tured human skeletal muscle. J. Neurosci. Res. 1995; 6:
727-33.

21. Bowes S.B., Jackson N.C., Papachristodoulou D. Ef-
fect of corticosterone on protein degradation in isolated rat
soleus and extensor digitorum longus muscles. J. Endocrinol.
1996; 3: 501-7.

22. Savary I., Debras E., Dardevet D. Effect of glucocor-
ticoid excess on skeletal muscle and heart protein synthesis in
adult and old rats. British Journal of Nutrition. 1998; 3:
297-304.

23. Trush V.V., Sobolev V.I. Influence of iatrogenic hy-
percorticoidism induced by long-term application of dexa-
methasone on power of muscular contraction of white rats.
Patologicheskaya Fiziologiya i Eksperimental`naya terapiya.
2016; 60 (4): 39-46. (in Russian)

Ñâåäåíèÿ îá àâòîðàõ:

Ñîáîëåâ Âàëåðèé Èâàíîâè÷, äîêòîð áèîë. íàóê, ïðîô., êàô. çäîðîâüÿ è ðåàáèëèòàöèè Èíñòèòóòà ïåäàãîãèêè,
ïñèõîëîãèè è èíêëþçèâíîãî îáðàçîâàíèÿ Ãóìàíèòàðíî-ïåäàãîãè÷åñêîé àêàäåìèè Êðûìñêîãî ôåäåðàëüíîãî óíèâåðñè-
òåòà (ã. ßëòà), Ðîññèÿ, e-mail: v.sobolev@mail.ru

Pathological Physiology and Experimental Therapy, Russian journal. 2017; 61(4) Original articles

ISSN 0031-2991 111


