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РЕЗЮМЕ

Ïî äàííûì Âñåìèðíîé îðãàíèçàöèè çäðàâîîõðàíåíèÿ, ðàñïðîñòðàíåííîñòü ýïèëåïñèè â ìèðå âûñîêà: 
çàáîëåâàåìîñòü íàñåëåíèÿ ñîñòàâëÿåò îêîëî 0,5–1%. Â 20–40% ñëó÷àÿõ èç íèõ, ïî äàííûì ðàçëè÷íûõ 
èñòî÷íèêîâ, íå óäàåòñÿ äîñòèãíóòü êîíòðîëÿ íàä ïðèñòóïàìè ñòàíäàðòíûìè ñïîñîáàìè ëå÷åíèÿ, 
÷òî çíà÷èòåëüíî óõóäøàåò êà÷åñòâî æèçíè ïàöèåíòà, ïîâûøàåò ýêîíîìè÷åñêèå çàòðàòû, ñòàâèò 
ïåðåä âðà÷îì ñëîæíóþ çàäà÷ó â âèäå íåîáõîäèìîñòè ïîäáîðà îïòèìàëüíîãî ëå÷åíèÿ äëÿ ñíèæåíèÿ 
÷àñòîòû ïðèñòóïîâ. Ýòî îáúÿñíÿåò àêòóàëüíîñòü ñîçäàíèÿ íîâûõ è ìîäèôèêàöèè êëàññè÷åñêèõ 
ïðîòèâîýïèëåïòè÷åñêèõ ïðåïàðàòîâ (ÏÝÏ), à òàêæå ïîèñêà îïòèìàëüíûõ è áåçîïàñíûõ ïóòåé 
ââåäåíèÿ è äîñòàâêè ëåêàðñòâåííûõ ñðåäñòâ. Äëÿ èçó÷åíèÿ ìåõàíèçìîâ äåéñòâèÿ ÏÝÏ íà ðàçëè÷íûå 
ïóòè ýïèëåïòîãåíåçà èñïîëüçóåòñÿ ìîäåëèðîâàíèå ñóäîðîæíûõ ïðèïàäêîâ è õðîíè÷åñêîé ýïèëåïñèè 
íà æèâîòíûõ, äëÿ ýòîãî ïðèìåíÿþòñÿ ìåõàíè÷åñêèå, ôèçè÷åñêèå, õèìè÷åñêèå è ãåíåòè÷åñêèå ìîäåëè 
ýïèëåïñèè. Â ïðåäñòàâëåííîì îáçîðå îáñóæäàþòñÿ õèìè÷åñêèå ìîäåëè õðîíè÷åñêîé ýïèëåïñèè, 
êîòîðûå ñåãîäíÿ íàèáîëåå ÷àñòî èñïîëüçóþòñÿ â ýêñïåðèìåíòàëüíîé íåâðîëîãèè; ïðèâåäåíû 
õàðàêòåðèñòèêè ìîäåëåé, óêàçàíû èõ ïðåèìóùåñòâà è íåäîñòàòêè; ðàñêðûòà ñïåöèôèêà èññëåäîâàíèÿ, 
ãäå ìîäåëè ìîãóò áûòü èñïîëüçîâàíû; ðàññìîòðåíû øêàëû îöåíêè ýïèëåïòè÷åñêèõ ïðèñòóïîâ ó 
æèâîòíûõ. 

Êëþ÷åâûå ñëîâà: ýïèëåïñèÿ, ïðèïàäîê, ìîäåëèðîâàíèå ýïèëåïñèè íà ìûøàõ, õèìè÷åñêàÿ ìîäåëü, 
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Êîíôëèêò èíòåðåñîâ. Àâòîðû äåêëàðèðóþò îòñóòñòâèå ÿâíûõ è ïîòåíöèàëüíûõ êîíôëèêòîâ 
èíòåðåñîâ, ñâÿçàííûõ ñ ïóáëèêàöèåé íàñòîÿùåé ñòàòüè.
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ВВЕДЕНИЕ

Ñîãëàñíî îïðåäåëåíèþ Ìåæäóíàðîäíîé ëèãè 
ïî áîðüáå ñ ýïèëåïñèåé (International League 
Against Epilepsy, ILAE), ýïèëåïñèÿ – ýòî çàáîëå-
âàíèå ãîëîâíîãî ìîçãà, îòâå÷àþùåå ñëåäóþùèì 
êðèòåðèÿì: 1) íå ìåíåå äâóõ íåñïðîâîöèðîâàííûõ 
(èëè ðåôëåêòîðíûõ) ýïèëåïòè÷åñêèõ ïðèñòóïîâ 
ñ èíòåðâàëîì áîëåå 24 ÷; 2) îäèí íåñïðîâîöèðî-
âàííûé (èëè ðåôëåêòîðíûé) ïðèñòóï è âåðîÿò-
íîñòü ïîâòîðåíèÿ ïðèñòóïîâ, áëèçêàÿ ê îáùåìó 
ðèñêó ðåöèäèâà (60%) ïîñëå äâóõ ñïîíòàííûõ 
ïðèñòóïîâ, â ïîñëåäóþùèå 10 ëåò; 3) óñòàíîâ-
ëåííûé äèàãíîç ýïèëåïòè÷åñêîãî ñèíäðîìà [1]. 
Áàçîâîé òåðàïèåé äëÿ äîñòèæåíèÿ êîíòðîëÿ íàä 
ýïèëåïòè÷åñêèìè ïðèñòóïàìè ÿâëÿþòñÿ ïðîòèâî-
ýïèëåïòè÷åñêèå ïðåïàðàòû (ÏÝÏ), ÷èñëî êîòî-
ðûõ óâåëè÷èâàåòñÿ ïî ìåðå íàêîïëåíèÿ çíàíèé 
îá ýïèëåïòîãåíåçå è ðàçâèòèÿ êëèíè÷åñêîé ôàð-
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ABSTRACT

According to the World Health Organization, the prevalence of epilepsy in the world is high, at about 
0.5–1% of the world’s population. In 20–40% of cases, according to various sources, it is not possible 
with standard treatment methods to achieve control over attacks, which significantly impairs the patient’s 
quality of life, increases economic costs, and poses a difficult task for the doctor to select the optimal 
treatment to reduce the frequency of attacks. This explains the urgency of creating new and modifying 
classical antiepileptic drugs (AEDs), as well as finding optimal and safe ways of administering and delivering 
the drugs. To study the mechanisms of AEDs’ effect on various pathways of epileptogenesis, simulation 
of convulsive seizures and chronic epilepsy in animals is used; for this purpose, mechanical, physical, 
chemical, and genetic models of epilepsy are used. The present review discusses chemical models of 
chronic epilepsy, which are most often used in experimental neuroscience today. It also describes the 
characteristics, advantages and disadvantages of each of them, the specificity of the study where they can 
be used and the assessment scales for epileptic seizures in animals.
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ìàêîëîãèè [2–4]. Îöåíêó ýôôåêòèâíîñòè íîâûõ 
ÏÝÏ íà ñòàäèè äîêëèíè÷åñêèõ èññëåäîâàíèé 
êëàññè÷åñêè îñóùåñòâëÿþò íà æèâîòíûõ ìîäå-
ëÿõ ýïèëåïñèè è ñïðîâîöèðîâàííûõ ðàçëè÷íûìè 
ìåòîäàìè ñóäîðîæíûõ ïðèïàäêîâ. Ñ ýòîé öåëüþ 
èñïîëüçóþòñÿ ðàçëè÷íûå ìåòîäèêè: ìåõàíè÷å-
ñêèå (òðàâìàòèçàöèÿ ñòðóêòóð öåíòðàëüíîé íåðâ-
íîé ñèñòåìû, áîëåâîå âîçäåéñòâèå); ôèçè÷åñêèå 
(çâóêîâûå è ñâåòîâûå ðàçäðàæåíèÿ, ãèïåðòåðìèÿ, 
âîçäåéñòâèå ýëåêòðè÷åñòâîì); àïïëèêàöèè ìåòàë-
ëîâ (íàíåñåíèå íà ïîâåðõíîñòü êîðû ãîëîâíîãî 
èëè èíòðàöåðåáðàëüíîå ââåäåíèå ñîåäèíåíèé ìå-
òàëëîâ: ãèäðîêñèäà àëþìèíèÿ, ñóëüôàòà öèíêà, 
õëîðèäà êîáàëüòà); õèìè÷åñêèå ìåòîäû; à òàêæå 
ãåíåòè÷åñêèå ìîäåëè ýïèëåïñèè [4, 5].

Âûñîêóþ ïîïóëÿðíîñòü â ôóíäàìåíòàëüíîé 
ýïèëåïòîëîãèè èìåþò êèíäëèíã-ìîäåëè ýïèëåïñèè 
(õèìè÷åñêèå è ýëåêòðè÷åñêèå), êîãäà ðàçäðàæàþ-
ùèé ôàêòîð âîçäåéñòâóåò íà êîðêîâûå íåéðîíû 
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Обзоры и лекции

ëàáîðàòîðíîãî æèâîòíîãî ìíîãîêðàòíî â ïîä-
ïîðîãîâîé äîçèðîâêå, ïîñëå ÷åãî åãî ãîëîâíîé 
ìîçã ñïîñîáåí ãåíåðèðîâàòü ïàòîëîãè÷åñêóþ ñèí-
õðîíèçàöèþ â âèäå ýïèëåïòè÷åñêèõ ðàçðÿäîâ áåç 
ââåäåíèÿ àãåíòà. Ïðè ýòîì ôîðìèðóåòñÿ óñòîé-
÷èâîå ïàòîëîãè÷åñêîå ñîñòîÿíèå ñòàáèëüíî ïîâû-
øåííîé ñóäîðîæíîé ãîòîâíîñòè, ñîõðàíÿþùååñÿ 
äëèòåëüíîå âðåìÿ ïîñëå îòìåíû ýïèëåïòîãåííîãî 
ñòèìóëà. Â ðåçóëüòàòå òàêîãî âîçäåéñòâèÿ ÷åðåç 
îïðåäåëåííîå âðåìÿ ýïèëåïòè÷åñêèå ïðèñòóïû íà-

÷èíàþò ðàçâèâàòüñÿ ñàìè ïî ñåáå áåç âîçäåéñòâèÿ 
ïðîâîöèðóþùåãî ôàêòîðà, êîòîðûé èçíà÷àëüíî 
çàïóñòèë ïàòîëîãè÷åñêèé ïðîöåññ êèíäëèíãà. Òà-
êèå æèâîòíûå ìîäåëè ïîçâîëÿþò èçó÷àòü ïðîöåñ-
ñû, ïðîòåêàþùèå ïðè õðîíè÷åñêîé ýïèëåïñèè. 

Íàèáîëåå ýêîíîìè÷íûìè è ìåíåå òðóäîåìêèìè 
ÿâëÿþòñÿ õèìè÷åñêèå ìîäåëè ýïèëåïñèè, ïîçâî-
ëÿþùèå ñòàíäàðòèçèðîâàòü îïûòû, ðàññ÷èòûâàÿ 
äîçû ââîäèìûõ  ôàðìàêîëîãè÷åñêèõ ïðåïàðàòîâ 
(òàáë. 1) [6–8]. 

Ò à á ë è ö à  1 
Ta b l e  1

Ïðåïàðàòû äëÿ õèìè÷åñêèõ ìîäåëåé ýïèëåïñèè 
Substances for chemical models of epilepsy

Ãðóïïà
Group

Âåùåñòâî
Substance

Îñîáåííîñòè ïðèìåíåíèÿ
Application features

Àíòàãîíèñòû ãàììà-
àìèíîìàñëÿíîé êèñëîòû 
(ÃÀÌÊ)
Gamma Aminobutyric 
Acid (GABA) antagonists

Áèêóêóëëèí, ïèêðîòîêñèí, áåòà-
êàðáîëèí, ïåíèöèëëèí G, êîðàçîë 

(ïåíòèëåíòåòðàçîë)
Bicuculline, picrotoxin, beta-carbo-
line, penicillin G, corazole (penty-

lenetetrazole)

Êîðàçîë – íàèáîëåå ÷àñòî ïðèìåíÿåìûé íåêîíêóðåíòíûé 
àíòàãîíèñò ÃÀÌÊ

À
-ðåöåïòîðà, êîòîðûé òàêæå îáëàäàåò 

ñïîñîáíîñòüþ àêòèâèðîâàòü íàòðèåâûå êàíàëû íåéðîíîâ
Corazole is the most commonly used non-competitive antag-
onist of the GABA

À
 receptor, which also has the ability to 

activate sodium channels in neurons

Àãîíèñòû ãëóòàìàòà
Glutamate antagonists

Êîêàèí, êàèíîâàÿ êèñëîòà, ïðîêàèí
Cocaine, kainic acid, procaine

Ïëîõî ïðîíèêàþò ÷åðåç ãåìàòîýíöåôàëè÷åñêèé áàðüåð, 
ïîýòîìó ïðèìåíÿþòñÿ â ôîðìå àïïëèêàöèé íà ïîâåðõíîñòü 
ãîëîâíîãî ìîçãà â îïðåäåëåííîé îáëàñòè
They penetrate poorly through the blood-brain barrier, there-
fore, they are used in the form of applications on the surface 
of the brain in a certain area

Ì-õîëèíîìèìåòèêè
M-cholinomimetics

Ïèëîêàðïèí
Pilocarpine

Ïðèìåíåíèå àññîöèèðîâàíî ñ âûñîêîé ñìåðòíîñòüþ æè-
âîòíûõ, ïðåâûøàþùåé 50%
Use is associated with high mortality among animals, exceed-
ing 50%

КОРАЗОЛОВАЯ МОДЕЛЬ
Âåùåñòâî êîðàçîëîâîãî ðÿäà ïåíòèëåíòåòðàçîë 

(ÏÒÇ) – èçâåñòíûé êîíâóëüñàíò, ïðèìåíÿåìûé ïðè 
æèâîòíîé ìîäåëè ýïèëåïñèè, êîòîðûé ìîäåëèðóåò 
êàê õðîíè÷åñêóþ ýïèëåïñèþ ìåòîäîì êèíäëèíãà, 
òàê è îñòðûå ýïèëåïòè÷åñêèå ïðèñòóïû [9]. ÏÒÇ 
áûñòðî ïðîõîäèò ñêâîçü ãåìàòîýíöåôàëè÷åñêèé 
áàðüåð è âûçûâàåò ñóäîðîãè ó ðàçëè÷íûõ ëàáî-
ðàòîðíûõ æèâîòíûõ (ìûøåé, êðûñ, êîøåê è ïðè-
ìàòîâ) ïðè ïàðåíòåðàëüíîì ââåäåíèè. Ìåõàíèçì 
äåéñòâèÿ ÏÒÇ èçó÷åí íåäîñòàòî÷íî, íî èçâåñòíî, 
÷òî îí ïðèâîäèò ê èçìåíåíèÿì â ÃÀÌÊ-åðãè÷å-
ñêîé è ãëóòàìàò-åðãè÷åñêîé ñèñòåìàõ, à òàêæå â 
ñèñòåìå àíòèîêñèäàíòíîé çàùèòû. ÏÒÇ äåéñòâóåò 
÷åðåç ïèêðîòîêñèíîâûé ñàéò ÃÀÌÊÀ-ðåöåïòîð-
íîãî êîìïëåêñà, ïîäàâëÿÿ ðàáîòó ÃÀÌÊ-ðåöåïòî-
ðîâ è âûçûâàÿ çàêðûòèå êàíàëîâ äëÿ èîíîâ õëîðà, 
÷òî ïðèâîäèò ê ñíèæåíèþ ãèïåðïîëÿðèçàöèè êîð-
êîâûõ íåéðîíîâ è ïîâûøåíèþ èõ âîçáóäèìîñòè. 
Ïðåäïîëîæèòåëüíî, ïèêðîòîêñèí è äðóãèå ñõî-
æèå ñ íèì ëèãàíäû, â òîì ÷èñëå ÏÒÇ, ñâÿçûâàþò-

ñÿ ÷åðåç êàíàëüíóþ ïîðó, îáðàçîâàííóþ âòîðûì 
òðàíñìåìáðàííûì äîìåíîì ðåöåïòîðà. 

Ïî ìåõàíèçìó äåéñòâèÿ êîðàçîë îòëè÷àåòñÿ 
îò ïèêðîòîêñèíà è áèêóêóëëèíà, êîòîðûå òàêæå 
ÿâëÿþòñÿ àíòàãîíèñòàìè ÃÀÌÊ. Êîðàçîë ñïîñî-
áåí âçàèìîäåéñòâîâàòü ñ äâóìÿ ïîäêëàññàìè áåí-
çîäèàçåïèíîâûõ ðåöåïòîðîâ: áåíçîäèàçåïèíîâûå 
ðåöåïòîðû 1-ãî òèïà ó÷àñòâóþò â ïðîòèâîñóäî-
ðîæíîì è àíêñèîëèòè÷åñêîì äåéñòâèè áåíçîäèà- 
çåïèíîâ; áåíçîäèàçåïèíîâûå ðåöåïòîðû 2-ãî òèïà 
èíäóöèðóþò ñåäàòèâíîå äåéñòâèå è àòàêñèþ â îò-
âåò íà ïðèìåíåíèå áåíçîäèàçåïèíîâ. Âåðîÿòíî, 
ïðîêîíâóëüñàíòíûé ýôôåêò êîðàçîëà ñâÿçàí ñ 
åãî êîíêóðåíòíûì âçàèìîäåéñòâèåì ñ áåíçîäè-
àçåïèíîâûìè ðåöåïòîðàìè 1-ãî òèïà. Ðàçâèòèå 
ñóäîðîæíîé àêòèâíîñòè ñîïðîâîæäàåòñÿ ïîâû-
øåíèåì âíóòðèêëåòî÷íîé êîíöåíòðàöèè èîíîâ 
êàëüöèÿ. Ïîìèìî êëîíè÷åñêîãî êîìïîíåíòà ïðè-
êîðàçîëîâûõ ñóäîðîãàõ íàáëþäàåòñÿ è òåòàíè÷å-
ñêèé êîìïîíåíò, ñâÿçàííûé ñ äåéñòâèåì ïðåïàðà-
òà íà íåéðîíû ñïèííîãî ìîçãà. 
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Ïðè ÏÒÇ-êèíäëèíãå ïðîèñõîäèò óìåíüøåíèå 
÷óâñòâèòåëüíîñòè ÃÀÌÊÀ-ðåöåïòîðîâ è óâå-
ëè÷åíèå ñîäåðæàíèÿ ñàìîé ÃÀÌÊ â öåíòðàëü-
íîé íåðâíîé ñèñòåìå, ÷òî ïðèâîäèò ê ñíèæåíèþ 
ýôôåêòèâíîñòè òîðìîæåíèÿ. ÏÒÇ âûçûâàåò íå 
òîëüêî íàðóøåíèå ÃÀÌÊ-åðãè÷åñêîé ñèñòåìû, 
íî è èçìåíåíèå ïëîòíîñòè è ÷óâñòâèòåëüíîñòè 
íåêîòîðûõ ïîäòèïîâ ãëóòàìàòíûõ ðåöåïòîðîâ, à 
òàêæå óâåëè÷åíèå ñîäåðæàíèÿ ñàìîãî ãëóòàìàòà 
â ãèïïîêàìïå [10]. Ïðèìåíåíèå ÏÒÇ âûçûâàåò 
àòðîôèþ ãèïïîêàìïà ó êðûñ, ïîñëå ââåäåíèÿ êî-
òîðîãî íàáëþäàåòñÿ ñåëåêòèâíàÿ ãèáåëü íåéðîíîâ 
è àñòðîöèòîâ â ãèïïîêàìïå [11]. Áîëüøèå äîçû 
ÏÒÇ âûçûâàþò ýïèëåïòè÷åñêèé ñòàòóñ, ïîñëå êî-
òîðîãî â ñèíàïñàõ ïèðàìèäíûõ êëåòîê çîíû ÑÀ1 
ãèïïîêàìïà èíäóêöèÿ äîëãîâðåìåííîé ïîòåíöè-
àöèè ñíèæåíà ïî ñðàâíåíèþ ñ êîíòðîëåì, òîãäà 
êàê êðàòêîâðåìåííàÿ ñèíàïòè÷åñêàÿ àêòèâíîñòü 
óâåëè÷åíà [12]. Îñëàáëåíèå äîëãîâðåìåííîé ïî-

Ò à á ë è ö à  2 
Ta b l e  2

Äîçû ïåíòèëåíòåòðàçîëà äëÿ ìîäåëèðîâàíèÿ ðàçëè÷íûõ òèïîâ ýïèëåïòè÷åñêèõ ïðèñòóïîâ 
Doses of pentylenetetrazole to model various types of epileptic seizures

Òèïû ïðèñòóïîâ
Types of seizures

Äîçà è ñïîñîá ââåäåíèÿ
Dose and route of administration

Ôîêàëüíûå
Focal

Ôîêàëüíûå
Focal

Íå âûçûâàåò
N/A

Áèëàòåðàëüíûå òîíèêî-êëîíè÷åñêèå  
ñ ôîêàëüíûì äåáþòîì

Bilateral tonic-clonic seizures with focal onset 

80–90 ìã/êã, ïîäêîæíî èëè èíòðàïåðèòîíåàëüíî
80-90 mg/kg, subcutaneous or intraperitoneal administra-

tion

Ãåíåðàëèçîâàííûå
Generalized

Òîíèêî-êëîíè÷åñêèå
Tonic-clonic

25 ìã/êã êàæäûå 15 ìèí, èíòðàïåðèòîíåàëüíî
25 mg/kg every 15 min, intraperitoneal administration

Àáñàíñû
Absence seizures

10–20 ìã/êã, èíòðàïåðèòîíåàëüíî
10-20 mg/kg, intraperitoneal administration 

Ìèîêëîíè÷åñêèå
Myoclonic 

Íå âûçûâàåò
N/A

òåíöèàöèè îáóñëîâëåíî èçìåíåíèÿìè ýêñïðåñ-
ñèè NMDA ðåöåïòîðîâ è (èëè) èçìåíåíèÿìè èõ 
ñóáúåäèíè÷íîãî ñîñòàâà [13]. Êàê áûëî ïîêàçàíî 
ìåòîäîì ïîëèìåðàçíîé öåïíîé ðåàêöèè â ðåàëü-
íîì âðåìåíè, ÷åðåç 3 ÷ ïîñëå èíäóêöèè ñóäîðîã 
ïðîèñõîäèò ñóùåñòâåííîå óñèëåíèå ýêñïðåññèè 
ãåíîâ ñóáúåäèíèö GluN1 è GluN2A, ÷òî ãîâîðèò 
îá óâåëè÷åíèè îáùåãî ÷èñëà NMDA-ðåöåïòîðîâ 
â ãèïïîêàìïå. ×åðåç 24 ÷ íàáëþäàåòñÿ óâåëè÷å-
íèå ýêñïðåññèè ìÐÍÊ GluN2B ñóáúåäèíèöû, ÷òî 
ÿâëÿåòñÿ îäíîé èç ïðè÷èí óìåíüøåíèÿ âåëè÷èíû 
äîëãîâðåìåííîé ïîòåíöèàöèè â ñèíàïñàõ ãèïïî-
êàìïà ïîñëå ýïèëåïòè÷åñêîãî ñòàòóñà, âûçâàííî-
ãî ÏÒÇ [12].

Ïðè ìîäåëèðîâàíèè ýïèëåïñèè íà æèâîòíûõ 
ÏÒÇ èñïîëüçóåòñÿ â ðàçëè÷íûõ (ñóáêîíâóëüñèâ- 
íûõ è êîíâóëüñèâíûõ) äîçàõ, à òèï è òÿæåñòü èí-
äóöèðóåìûõ ýïèëåïòè÷åñêèõ ïðèñòóïîâ  çàâèñÿò 
îò äîçû è ïóòè ââåäåíèÿ ÏÒÇ (òàáë. 2) [14–16].

Ôîðìèðîâàíèå ìîäåëè õðîíè÷åñêîé ýïèëåïñèè 
ìåòîäîì êèíäëèíãà ïðîèñõîäèò çà ñ÷åò ââåäåíèÿ 
ñóáêîíâóëüñèâíûõ äîç ÏÒÇ 24–35 ìã/êã èíòðà-
ïåðèòîíåàëüíî ÷åðåç ñóòêè èëè 1 ðàç â 2–3 äíÿ. 
Ýòîò ìåòîä ïðîñò è øèðîêî ïðèìåíÿåòñÿ â èññëå-
äîâàíèÿõ ïàòîôèçèîëîãèè ýïèëåïñèè è äëÿ äî-
êëèíè÷åñêîãî ñêðèíèíãà ïðîòèâîýïèëåïòè÷åñêèõ 
ïðåïàðàòîâ [17].

ПИЛОКАРПИНОВАЯ МОДЕЛЬ 
Ïèëîêàðïèíîâàÿ ìîäåëü ñ÷èòàåòñÿ íàèáîëåå 

ïîäõîäÿùåé äëÿ ìîäåëèðîâàíèÿ âèñî÷íîé ýïè-
ëåïñèè. Ïèëîêàðïèí – àãîíèñò ìóñêàðèíîâûõ ðå-
öåïòîðîâ, êîòîðûé èñïîëüçóåòñÿ äëÿ èíäóöèðîâà-
íèÿ ýïèëåïòè÷åñêîãî ñòàòóñà çà ñ÷åò îñîáåííîñòåé 
åãî âëèÿíèÿ íà öåíòðàëüíóþ íåðâíóþ ñèñòåìó, 
òàêèõ êàê ãèáåëü íåéðîíîâ, ðåàêòèâíûé ãëèîç è 

ðåìîäåëèðîâàíèå ñèíàïñîâ. Ëèòèé â êîìáèíàöèè 
ñ ïèëîêàðïèíîì ïîòåíöèðóåò ýïèëåïòîãåííîå äåé-
ñòâèå ïèëîêàðïèíà è ïîçâîëÿåò óìåíüøèòü äîçû 
ïèëîêàðïèíà, íåîáõîäèìîãî äëÿ ïðîâîêàöèè ýïè-
ëåïòè÷åñêîãî ñòàòóñà. Ïîâåäåí÷åñêèå èçìåíåíèÿ, 
âûçâàííûå ïèëîêàðïèíîì è ëèòèé-ïèëîêàðïè-
íîì, ó ìûøåé ñõîäíûå [18]. Ïîýòîìó íàèáîëåå 
âîñòðåáîâàííîé â íàñòîÿùåå âðåìÿ ÿâëÿåòñÿ ëè-
òèé-ïèëîêàðïèíîâàÿ ìîäåëü (ËÏÌ), ïðè êîòîðîé 
ýïèëåïòè÷åñêèé ñòàòóñ äîñòèãàåòñÿ èíòðàïåðèòîíå-
àëüíûì ââåäåíèåì âûñîêèõ äîç ïèëîêàðïèíà (îêîëî  
300 ìã/êã). Ïðåäâàðèòåëüíîå âåäåíèå õëîðèäà ëè-
òèÿ çà 24 ÷ äî ïðèìåíåíèÿ ïèëîêàðïèíà ïîòåí-
öèðóåò ýïèëåïòîãåííûå ñâîéñòâà ïèëîêàðïèíà è 
ïîçâîëÿåò ñíèçèòü åãî äîçèðîâêó â 10 ðàç.

Ëèòèé îáëàäàåò íåéðîïðîòåêòèâíûìè ñâîé-
ñòâàìè, ïðè ýòîì íå ñíèæàåò ãëèàëüíóþ àêòè-

Бюллетень сибирской медицины. 2019; 18 (4): 185–196

Егорова Е.В., Дмитренко Д.В., Усольцева А.А. и др. Моделирование хронической эпилепсии на животных



189

Обзоры и лекции

âàöèþ âî âðåìÿ ýïèëåïòè÷åñêîãî ïðèñòóïà, âû-
çûâàåìóþ ïèëîêàðïèíîì, è äàåò áîëåå íèçêóþ 
ëåòàëüíîñòü æèâîòíûõ. Ýòî ìîæåò èñïîëüçîâàòü-
ñÿ êàê äëÿ ìîäåëèðîâàíèÿ ýïèëåïòè÷åñêîãî ñòà-
òóñà, ÷òîáû ñíèçèòü äîëþ ãèáåëè íåéðîíîâ, òàê 
è äëÿ ìîäåëèðîâàíèÿ ìîäåëè õðîíè÷åñêîé ýïè-
ëåïñèè íà æèâîòíûõ.

Ïðåèìóùåñòâà ËÏÌ ýïèëåïñèè: 1) áîëåå íèç-
êàÿ ëåòàëüíîñòü æèâîòíûõ; 2) âîçìîæíîñòü ìîäå-
ëèðîâàíèÿ ïîâòîðÿþùèõñÿ ýïèëåïòè÷åñêèõ ñòà-
òóñîâ â áîëüøåì êîëè÷åñòâå ðàç; 3) âîçìîæíîñòü 
äîñòîâåðíîé îöåíêè ýôôåêòèâíîñòè ôàðìàêî-
ëîãè÷åñêèõ ïðåïàðàòîâ ââèäó áîëåå ñîõðàííûõ 
ñòðóêòóð ãîëîâíîãî ìîçãà [19].

ËÏÌ îòëè÷àåòñÿ îòñóòñòâèåì âûðàæåííûõ 
ïåðèôåðè÷åñêèõ õîëèíîìèìåòè÷åñêèõ ýôôåêòîâ 
ïèëîêàðïèíà, îäíàêî ëåòàëüíîñòü ëàáîðàòîðíûõ 
æèâîòíûõ ïðè ïðèìåíåíèè äàííîé ìîäåëè ýïè-
ëåïñèè ïðåâûøàåò 50%. Êðîìå òîãî, ïðåäâàðè-
òåëüíîå ââåäåíèå ëèòèÿ ñ ïîñëåäóþùèì ââåäåíèåì 
íåñêîëüêèõ íèçêèõ äîç ïèëîêàðïèíà ýôôåêòèâíî 
âîñïðîèçâîäèò ýïèëåïòè÷åñêèé ñòàòóñ è õðîíè÷å-
ñêóþ ýïèëåïñèþ ó êðûñ ñî çíà÷èìî ìåíüøèì óðîâ-
íåì ëåòàëüíîñòè, ÷åì ïðè èñïîëüçîâàíèè âûñîêîé 
äîçû ïèëîêàðïèíà. Ïðè÷èíû ìåíüøåé ëåòàëüíî-
ñòè æèâîòíûõ ïðè èñïîëüçîâàíèè òàêîé ìåòîäèêè 
íåÿñíû. Âåðîÿòíî, ïîâòîðíîå ââåäåíèå íèçêèõ äîç 
ïèëîêàðïèíà ÷åðåç îïðåäåëåííûå èíòåðâàëû âðå-
ìåíè îòðàæàåò «èíäèâèäóàëüíîå äîçèðîâàíèå» â 
àñïåêòå âíóòðèâèäîâûõ ðàçëè÷èé ÷óâñòâèòåëüíî-
ñòè ãîëîâíîãî ìîçãà ëàáîðàòîðíûõ æèâîòíûõ ê 
ïèëîêàðïèíó, ÷òî íåâîçìîæíî ïðè îäíîêðàòíîì 
ââåäåíèè âûñîêîé äîçû ïèëîêàðïèíà [20].

Ëîêàëüíîå ââåäåíèå ïèëîêàðïèíà âíóòðü æå-
ëóäî÷êîâ ãîëîâíîãî ìîçãà èëè íåïîñðåäñòâåííî 
â ãèïïîêàìï èñïîëüçîâàëîñü ïðè èçó÷åíèè âû-
çâàííîé ïèëîêàðïèíîâûìè ñóäîðîãàìè äèíàìèêè 
óðîâíÿ àìèíîêèñëîò. Â ýòèõ èññëåäîâàíèÿõ íå 
ïðîâîäèëîñü äåòàëüíîãî àíàëèçà ïîâåäåí÷åñêèõ 
ýëåêòðîôèçèîëîãè÷åñêèõ è ìîðôîëîãè÷åñêèõ èç-
ìåíåíèé ïîòåíöèàëüíî ýïèëåïòîãåííûõ ñòðóêòóð 
ãîëîâíîãî ìîçãà, õàðàêòåðíûõ äëÿ äàííîé ìîäåëè 
ýïèëåïñèè. Îäíàêî â 2002 ã. Ì.À. Furtado ïîêàçàë, 
÷òî èíòðàãèïïîêàìïàëüíîå ââåäåíèå ïèëîêàðïè-
íà â äîçå 2,4 ìã/ìë (â îáúåìå 1,0 ìë) âûçûâàåò 
ýïèëåïòè÷åñêèé ñòàòóñ ñ íóëåâîé ëåòàëüíîñòüþ. 
Â äàííîé ìîäåëè ýïèëåïñèè òàêæå íàáëþäàëèñü 
ñïîíòàííûå ïîâòîðíûå ñóäîðîãè, ïàðàìåòðû êî-
òîðûõ áûëè ñõîäíû ñ òåìè, ÷òî áûëè îòìå÷åíû 
ïðè ñèñòåìíîì ââåäåíèè ïèëîêàðïèíà [7, 21].

КАИНАТНАЯ МОДЕЛЬ
Êàèíîâàÿ êèñëîòà – àãîíèñò èîíîòðîïíûõ 

ãëóòàìàòíûõ ðåöåïòîðîâ KA (GluK), øèðîêî 

ïðåäñòàâëåííûõ â ðåãèîíå ãèïïîêàìïà CA3 [22]. 
Ââåäåíèåì êàèíàòà, êàê ëîêàëüíî (â æåëóäî÷êè 
ìîçãà, âíóòðèãèïïîêàìïàëüíî â äîçàõ 0,1–3,0 ìêã 
äëÿ îäíîãî ïîëóøàðèÿ), òàê è ñèñòåìíî (îáû÷íî 
â äîçàõ 15–30 ìã/êã èíòðàïåðèòîíåàëüíî), ìîæåò 
áûòü âûçâàí ëèìáè÷åñêèé ýïèëåïòè÷åñêèé ñòàòóñ. 
Îäíàêî äàííàÿ ýêñïåðèìåíòàëüíàÿ ìîäåëü ÷àñòî 
àññîöèèðîâàíà ñ âûñîêèì óðîâíåì ëåòàëüíîñòè è 
ìàëûì ÷èñëîì æèâîòíûõ ñ ýïèëåïòè÷åñêèìè èç-
ìåíåíèÿìè íà âûõîäå. 

Â 1998 ã. J.L. Hellier è ñîàâò. ìîäèôèöèðîâàëè 
êàèíàòíóþ ìîäåëü ýïèëåïñèè, ïðåäëîæèâ ìíî-
ãîêðàòíîå èñïîëüçîâàíèå ìàëûõ äîç (5 ìã/êã, 
èíòðàïåðèòîíåàëüíî) êàèíàòà. Ýòà ìîäåëü îòëè-
÷àåòñÿ îòíîñèòåëüíî ìåíüøåé ëåòàëüíîñòüþ ëà-
áîðàòîðíûõ æèâîòíûõ (15%), à ïðàêòè÷åñêè âñå 
êðûñû (97%) äåìîíñòðèðóþò ñïîíòàííûå ñóäîðî-
ãè â òå÷åíèå 2 ìåñ è áîëåå [2].

Ôåíîìåíîëîãèÿ ýïèëåïòè÷åñêèõ ïðèñòóïîâ è 
ñòàäèéíîñòü ðàçâèòèÿ õðîíè÷åñêîé ýïèëåïñèè 
ïðè èñïîëüçîâàíèè êàèíàòíîé ìîäåëè àíàëîãè÷-
íû ïèëîêàðïèíîâîé. Õîòÿ îáå ìîäåëè èñïîëüçó-
þòñÿ øèðîêî, íî ïèëîêàðïèíîâàÿ ìîäåëü îáëàäà-
åò íåêîòîðûìè ïðåèìóùåñòâàìè ïî ñðàâíåíèþ ñ 
êàèíàòíîé, â òîì ÷èñëå áîëåå ïðåäñêàçóåìîé áèî-
äîñòóïíîñòüþ ïðåïàðàòà; áîëüøåé âåðîÿòíîñòüþ 
èíäóöèðîâàíèÿ ýïèëåïòè÷åñêîãî ñòàòóñà [24]. Â 
òî æå âðåìÿ êàèíàòíóþ ìîäåëü ñ÷èòàþò áîëåå ñå-
ëåêòèâíîé, ïîñêîëüêó äëÿ íåå ìåíåå õàðàêòåðíû, 
õîòÿ è íå èñêëþ÷åíû, ýêñòðàòåìïîðàëüíûå ïî-
âðåæäåíèÿ ãîëîâíîãî ìîçãà (òàáë. 3) [5]. 

ОЦЕНКА ЭПИЛЕПТИЧЕСКИХ ПРИСТУПОВ
Â õîäå ðàçðàáîòêè è ïðèìåíåíèÿ ýêñïåðèìåí-

òàëüíîé ìîäåëè ýïèëåïñèè àêòóàëüíûì ÿâëÿåòñÿ 
âîïðîñ î ñïîñîáå îöåíêè ñèëû ýïèëåïòè÷åñêèõ 
ïðèñòóïîâ â õîäå íåéðîïîâåäåí÷åñêîãî òåñòèðî-
âàíèÿ ëàáîðàòîðíûõ æèâîòíûõ. Ïåðâîé è íàèáî-
ëåå øèðîêî ïðèìåíÿåìîé ñòàëà øêàëà, ïðåäëî-
æåííàÿ R.J. Racine (1972) [23], êîòîðàÿ âêëþ÷àåò 
ñëåäóþùèå ñòàäèè ýïèëåïòîãåíåçà, êîððåëèðóþ-
ùèå ñ èçìåíåíèÿìè íà ýëåêòðîýíöåôàëîãðàììå 
(ÝÝÃ) (òàáë. 4).

Øêàëà R.J. Racine, â êîòîðîé ïðåäñòàâëåí êî-
ëè÷åñòâåííî èçìåðèìûé ñïîñîá îöåíêè ñèëû èí-
äóöèðîâàííûõ ó æèâîòíûõ ýïèëåïòè÷åñêèõ ïðè-
ñòóïîâ, ïîçâîëèëà èçó÷èòü ýïèëåïñèþ íà ðàíåå 
íåäîñòóïíîì óðîâíå (ñ èñïîëüçîâàíèåì æèâîòíûõ 
ìîäåëåé) è ñòàëà îñíîâîé äëÿ âñåõ øêàë, ðàçðà-
áîòàííûõ â äàëüíåéøåì. Ïîñêîëüêó äàííàÿ øêà-
ëà èçíà÷àëüíî ðàçðàáàòûâàëàñü äëÿ îöåíêè ñèëû 
ýïèëåïòè÷åñêîãî ïðèñòóïà, âûçâàííîãî ýëåêòðè÷å-
ñêèì ðàçäðàæåíèåì àìèãäàëû, áûëè ïîëó÷åíû ðå-
çóëüòàòû, ãîâîðÿùèå îá îòñóòñòâèè êëàññè÷åñêèõ  
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ïåðâîé è âòîðîé ñòàäèé ïðè ýëåêòðîñòèìóëÿöèè 
ãèïïîêàìïà [24]. Èç-çà òîãî, ÷òî R.J. Racine èñ-
ïîëüçîâàë êðûñ â êà÷åñòâå ýêñïåðèìåíòàëüíûõ 
æèâîòíûõ, âîçíèêëè ïðîáëåìû ïðè ïðèìåíåíèè 
ïðåäëîæåííîé èì øêàëû â ìîäåëÿõ ýïèëåïñèè, 
èñïîëüçóþùèõ äðóãèå âèäû æèâîòíûõ. Â ñâÿçè ñ 
ýòèì ïðåäëîæåíà øêàëà W.J. Loskota, ðàçðàáî-
òàííàÿ äëÿ ïðèìåíåíèÿ â ìîäåëÿõ ñ èñïîëüçîâà-
íèåì ïåñ÷àíîê è âêëþ÷àþùàÿ øåñòü ñòàäèé ýïè-
ëåïòè÷åñêîãî ïðèñòóïà (ñì. òàáë. 4) [25].

Áîëüøå âîïðîñîâ âîçíèêàåò ïðè èñïîëüçîâà-
íèè øêàëû R.J. Racine ïðè îöåíêå ýïèëåïòè÷å-

ñêèõ ïðèñòóïîâ â ìîäåëÿõ ýïèëåïòîãåíåçà, íå 
ñâÿçàííûõ ñ ýëåêòðîñòèìóëÿöèåé ñòðóêòóð ëèì-
áè÷åñêîé ñèñòåìû. Òàê, ýòà êëàññè÷åñêàÿ øêàëà 
áûëà îòâåðãíóòà ïðè èçó÷åíèè  àóäèîãåííûõ âòî-
ðè÷íî ãåíåðàëèçîâàííûõ ýïèëåïòè÷åñêèõ ïðèñòó-
ïîâ. Âìåñòî íåå áûëà ïðåäëîæåíà øêàëà, âêëþ-
÷àþùàÿ äåâÿòü  ñòàäèé [26]. Êðîìå òîãî, áûëà 
ðàçðàáîòàíà ìîäåëü êëàñòåðíîãî àíàëèçà äëÿ 
îöåíêè àóäèîãåííûõ ýïèëåïòè÷åñêèõ ïðèñòóïîâ, 
ó÷èòûâàþùàÿ âåðîÿòíîñòíûå îòíîøåíèÿ ìåæäó 
èõ ðàçëè÷íûìè ïîâåäåí÷åñêèìè ïðîÿâëåíèÿìè 
(ñì. òàáë. 4) [27].

Ò à á ë è ö à  4 
Ta b l e  4

Øêàëû îöåíêè ýïèëåïòè÷åñêèõ ïðèñòóïîâ íà æèâîòíûõ ìîäåëÿõ 
Scales for assessing epileptic seizures in animal models

Øêàëà
Scale

Îöåíêà
Assessment

Àâòîð
AuthorCòàäèÿ

Stage
Îïèñàíèå
Description

R.J. Racine
0

Oòñóòñòâèå èçìåíåíèé â ïîâåäåíèè
No changes in behavior

R.J. Racine,  
V. Okujava, 

S. Chipashvili, 
1972

1
Æèâîòíîå íåïîäâèæíî, íåïðîèçâîëüíûå äâèæåíèÿ ìîðäî÷êè è ðòà
The animal is motionless, involuntary movements of the snout and mouth

2
Êèâàíèå ãîëîâîé
Head nodding 

3
Êëîíóñ ïåðåäíèõ êîíå÷íîñòåé, «ëîðäîòè÷åñêàÿ ïîçà» – âûãèáàíèå ñïèíû
Clonus of the forelimbs, “lordotic posture» – back arching

4
Êëîíóñ ïåðåäíèõ êîíå÷íîñòåé ñ èõ ðàçâåäåíèåì è ïàäåíèÿìè
Clonus of the forelimbs with their spreading and falls

5

Ãåíåðàëèçîâàííàÿ òîíèêî-êëîíè÷åñêàÿ àêòèâíîñòü ñ ïîòåðåé ïîñòóðàëüíîãî 
òîíóñà, ñïîíòàííûå ïðûæêè. ×àñòî çàêàí÷èâàåòñÿ ñìåðòüþ æèâîòíîãî
Generalized tonic-clonic activity with loss of postural tone, spontaneous jumps. 
Often ends with death of the animal.

W.J. Loskota
0

Îòñóòñòâèå èçìåíåíèé â ïîâåäåíèè
No changes in behavior

W.J. Loskota,  
P. Lomax, 1974

1
Æèâîòíîå äâèæåòñÿ, ïîäåðãèâàíèÿ óñîâ è óøåé
The animal moves, with twitches of the whiskers and ears

2
Íåïîäâèæíîñòü æèâîòíîãî, ïîäåðãèâàíèÿ óñîâ è óøåé
The animal is motionless, with twitches of the whiskers and ears

3
Íåïîäâèæíîñòü æèâîòíîãî ñ ìèîêëîíè÷åñêèìè ïîäåðãèâàíèÿìè
The animal is motionless, with myoclonic twitches 

4

Òîíèêî-êëîíè÷åñêèå ïðèñòóïû (âêëþ÷àþùèå òîíèêî-êëîíè÷åñêèå ïðèñòóïû 
â ïîëîæåíèè íà áîêó è(èëè) ñïîíòàííûå ïðûæêè)
Tonic-clonic seizures (including tonic-clonic seizures when lying on the side 
and(or) spontaneous jumps)

5

Òîíèêî-êëîíè÷åñêèå ïðèñòóïû (âêëþ÷àþùèå òîíèêî-êëîíè÷åñêèå ïðèñòóïû 
ñ ïîäåðãèâàíèåì óñîâ è óøåé, ðàçâåäåíèåì êîíå÷íîñòåé è ïàäåíèåì íà 
ñïèíó, ïðèñòóïû â ïîëîæåíèè íà áîêó, æèâîòå)
Tonic-clonic seizures (including tonic-clonic seizures with twitches of the whis-
kers and ears, spreading of limbs and falling on the back, seizures when lying on 
the side and stomach)

6
Ïðèñòóï, çàêàí÷èâàþùèéñÿ ñìåðòüþ æèâîòíîãî
Seizure ending up with death of the animal
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Øêàëà
Scale

Îöåíêà
Assessment Àâòîð

AuthorCòàäèÿ
Stage

Îïèñàíèå
Description

R.J. Racine (ìî-
äèôèêàöèÿ)
J. Racine (ìîäè-
ôèêàöèÿ)

0
Íîðìàëüíîå ïîâåäåíèå áåç îòêëîíåíèé
Normal behavior without deviations

LÜttjohann,  
P.F. Fabene, 

van  
G. Luijtelaarvan, 

2009

1
Âíåçàïíîå ïðåêðàùåíèå äâèæåíèÿ, ëåæà íà æèâîòå
Sudden cessation of motion when lying on the stomach

2
Êèâêè ãîëîâû, ìèîêëîíóñ ëèöà, ïåðåäíèõ èëè çàäíèõ êîíå÷íîñòåé.
Head nodding, myoclonus of the stout, forelimbs or hindlimbs

3
Ìèîêëîíè÷åñêèé ïðèñòóï âñåãî òåëà, ìèêëîíè÷åñêèå ðûâêè, òâåðäî 
ïðèïîäíÿòûé õâîñò
Myoclonic seizure of the entire body, myoclonic jerks, high and stiff tail

4
Âûòÿãèâàíèå, òîíè÷åñêèé ïðèïàäîê, ïàäåíèå íàáîê
Stretching, tonic seizure, falling on the side 

5
Òîíèêî-êëîíè÷åñêèå ïðèñòóïû, ïàäåíèå íà áîê, ñïîíòàííûå ðûâêè è ïðûæ-
êè
Tonic-clonic seizures, falling on the side, spontaneous jerks and jumps

6
Ñìåðòü æèâîòíîãî
Death of the animal

W. Fischer
0

Îòñóòñòâèå èçìåíåíèé â ïîâåäåíèè
No changes in behavior

W. Fischer,  
H. Kittner, 1998

0,5
Ñëàáîå ïîäåðãèâàíèå ãîëîâû
Weak twitches of the head

1
Ïîäåðãèâàíèÿ óøåé è ìîðäî÷êè
Twitches of the ears and snout 

1,5
Óìåðåííûå êëîíè÷åñêèå ïîäåðãèâàíèÿ ïåðåäíèõ êîíå÷íîñòåé
Moderate clonic twitches of the forelimbs

2

Ìèîêëîíè÷åñêèå ïîäåðãèâàíèÿ òåëà, êëîíè÷åñêèå äâèæåíèÿ ïåðåäíèõ 
êîíå÷íîñòåé áåç ðàçâåäåíèÿ
Myoclonic twitches of the body, clonic movements of the forelimbs without 
spreading 

2,5
Óìåðåííûå êëîíè÷åñêèå ïîäåðãèâàíèÿ ïåðåäíèõ êîíå÷íîñòåé, èõ íåïîëíîå 
ðàçâåäåíèå
Moderate clonic twitches of the forelimbs, their incomplete spreading 

3

Òÿæåëûå áèëàòåðàëüíûå êëîíè÷åñêèå ïðèñòóïû (áîëåå 10 ñ) ñ èõ ïîëíûì 
ðàçâåäåíèåì (ïîçà êåíãóðó)
Severe bilateral clonic seizures (more than 10 sec) with complete spreading of 
the limbs (kangaroo posture)

3,5
Ðàçâåäåíèå êîíå÷íîñòåé è ïàäåíèå â äîïîëíåíèå ê áèëàòåðàëüíîìó êëîíóñó 
ïåðåäíèõ êîíå÷íîñòåé
Spreading of the limbs and falling in addition to bilateral clonus of the forelimbs

4
Ãåíåðàëèçèðîâàííûå êëîíè÷åñêèå ïðèñòóïû ñ ðàçâåäåíèåì êîíå÷íîñòåé, 
ïàäåíèåì, ýïèçîäè÷åñêèìè ïðûæêàìè
Generalized clonic seizures with limb spreading, falling and episodic jumps

4,5

Ãåíåðàëèçîâàííûå òîíèêî-êëîíè÷åñêèå ïðèñòóïû ñ ïîòåðåé ëàáèðèíòíîãî 
ðåôëåêñà (òîíè÷åñêîå ðàçãèáàíèå ïåðåäíèõ êîíå÷íîñòåé)
Generalized tonic-clonic seizures with loss of tonic labyrinthine reflex (tonic 
unbending of the forelimbs)

5
Ãåíåðàëèçîâàííûå òîíèêî-êëîíè÷åñêèå ïðèñòóïû è ýïèëåïòè÷åñêèé ñòàòóñ 
(áîëåå 2 ìèí)
Generalized tonic-clonic seizures and status epilepticus (more than 2 min)

Î ê î í ÷ à í è å   ò à á ë .  4  
E n d  o f   t a b l e  4
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Ïðè èçó÷åíèè êîððåëÿöèè ðåçóëüòàòîâ îïðå-
äåëåíèÿ ñòàäèè ïðèñòóïà ïî øêàëå R.J. Racine 
ñ äàííûìè ýëåêòðîýíöåôàëîãðàììû â ìîäåëè 
ïèëîêàðïèí-èíäóöèðîâàííîãî ýïèëåïòè÷åñêîãî 
ñòàòóñà ïîêàçàíà êðàéíå ñëàáàÿ ñâÿçü, îñîáåííî 
ïîñëå ïðîâîêàöèè ó æèâîòíûõ ýïèëåïòè÷åñêîãî 
ñòàòóñà [28].

Îòäåëüíî ñòîèò îáðàòèòü âíèìàíèå íà æè-
âîòíóþ ìîäåëü ýïèëåïñèè ñ èñïîëüçîâàíèåì 
ÃÀÌÊ-àíòàãîíèñòà ÏÒÇ, êîòîðàÿ ñîâìåñòíî ñ 
èñïîëüçîâàíèåì ýëåêòðîøîêîâîé ìîäåëè, ÿâëÿ-
åòñÿ îäíîé èç íàèáîëåå ÷àñòî ïðèìåíÿåìûõ ïðè 
îöåíêå ýôôåêòèâíîñòè ÏÝÏ [29]. Ïîêàçàíî, ÷òî 
êëàññè÷åñêàÿ øêàëà R.J. Racine íå ñïîñîáíà äî-
ñòîâåðíî îòðàæàòü ïîâåäåí÷åñêèå ïðîÿâëåíèÿ 
ýïèëåïòè÷åñêîãî ïðèñòóïà, èíäóöèðîâàííîãî ïðè 
èñïîëüçîâàíèè ÏÒÇ ìîäåëè ýïèëåïñèè. Â ñâÿçè 
ñ ýòèì áûëà ïðåäëîæåíà ìîäèôèêàöèÿ øêàëû  
R.J. Racine, âêëþ÷àþùàÿ øåñòü ñòàäèé (ñì. òàáë. 
4) [17, 30].

Äëÿ îöåíêè ñèëû ýïèëåïòè÷åñêîãî ïðèñòó-
ïà â ìîäåëÿõ íà êðûñàõ ñ ÏÒÇ-èíäóöèðîâàí-
íûì ýïèëåïòîãåíåçîì òàêæå èñïîëüçóåòñÿ øêàëà  
W. Fischer, âêëþ÷àþùàÿ ïÿòü îñíîâíûõ ñòàäèé è 
ïîäñòàäèé, ïðè ó÷åòå êîòîðûõ ÷èñëî êàòåãîðèé â 
øêàëå óâåëè÷èâàåòñÿ äî 11, ÷òî äàåò åé áîëüøóþ 
÷óâñòâèòåëüíîñòü, íî ìåíüøóþ ñïåöèôè÷íîñòü 
(ñì. òàáë. 4) [31].

ЗАКЛЮЧЕНИЕ
Òàêèì îáðàçîì, íàèáîëåå âîñòðåáîâàííûìè â 

ôóíäàìåíòàëüíîé ýïèëåïòîëîãèè ÿâëÿþòñÿ õèìè-
÷åñêèå ìîäåëè ýïèëåïñèè êàê ìåíåå òðóäîåìêèå 
è ìåíåå çàòðàòíûå. Ïðåäñòàâëåííûå ñïîñîáû ìî-
äåëèðîâàíèÿ ýïèëåïñèè íà ìûøàõ èñïîëüçóþòñÿ 
äëÿ ôîðìèðîâàíèÿ õðîíè÷åñêîé ýïèëåïñèè è ýïè-
ëåïòè÷åñêîãî ñòàòóñà. Êàæäûé ìåòîä ñïåöèôè÷åí 
äëÿ îïðåäåëåííîãî òèïà èññëåäîâàíèÿ.  Ñ ïîìî-
ùüþ êîðàçîëîâîé ìîäåëè ìîæíî èññëåäîâàòü ãå-
íåðàëèçîâàííûå òèïû ïðèñòóïîâ, ïèëîêàðïèíî-
âàÿ ìîäåëü íàèáîëåå óäîáíà ïðè èññëåäîâàíèè 
âèñî÷íîé ýïèëåïñèè, êàèíàòíàÿ ìîäåëü èíäóöè-
ðóåò ëèìáè÷åñêèé ýïèëåïòè÷åñêèé ñòàòóñ.  

Ê ñîæàëåíèþ, â íàñòîÿùåå âðåìÿ íåò âûñî-
êîñïåöèôè÷íîé øêàëû äëÿ îöåíêè ýïèëåïòè÷å-
ñêèõ ïðèñòóïîâ ó æèâîòíûõ. Ãëàâíûì ïðåèìóùå-
ñòâîì êëàññè÷åñêîé øêàëû R.J. Racine ÿâëÿåòñÿ 
åå øèðîêîå ïðèìåíåíèå, ïîçâîëÿþùåå ñ ëåãêî-
ñòüþ ñîïîñòàâëÿòü ðåçóëüòàòû èçìåðåíèÿ ñèëû 
ýïèëåïòè÷åñêîãî ïðèñòóïà, ïîëó÷åííûå â ðàçíûõ 
èññëåäîâàíèÿõ. Îäíàêî îáðàòíîé ñòîðîíîé ÿâ-
ëÿåòñÿ òîò ôàêò, ÷òî ïðè ñóùåñòâóþùåì ðàçíî- 
îáðàçèè ýêñïåðèìåíòàëüíûõ ìîäåëåé ýïèëåïñèè, 
êëàññè÷åñêàÿ øêàëà R.J. Racine ÷àñòî íå ñïîñîáíà 

äîñòîâåðíî îòðàçèòü ñèëó ýïèëåïòè÷åñêîãî ïðè-
ñòóïà ó ëàáîðàòîðíîãî æèâîòíîãî, ÷òî ñòàâèò ïîä 
âîïðîñ è âîçìîæíîñòü ñîïîñòàâëåíèÿ ðåçóëüòà-
òîâ, ïîëó÷åííûõ ñ èñïîëüçîâàíèåì ðàçíûõ ìîäå-
ëåé è ïðîòîêîëîâ. Îïòèìàëüíûì ÿâëÿåòñÿ ïîèñê 
è èñïîëüçîâàíèå øêàë, êîòîðûå äîêàçàëè ñâîþ 
ñïîñîáíîñòü äîñòîâåðíî îòðàæàòü ñèëó èíäóöè-
ðîâàííûõ õèìè÷åñêèìè òðèããåðàìè ýïèëåïòè÷å-
ñêèõ ïðèñòóïîâ â êàæäîé êîíêðåòíîé ìîäåëè.
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