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Аннотация. Проведен научно-аналитический обзор экспериментальных исследований с использова-
нием крыс в качестве биологических тест-систем и оценкой параметров электрокардиограммы (ЭКГ).
Представлены данные о различных методах регистрации ЭКГ, применяющиеся как в отечественных экс-
периментальных исследованиях, так и в зарубежных, у ненаркотизированных и наркотизированных жи-
вотных, об их преимуществах и ограничениях. Описаны варианты неинвазивного и инвазивного подходов
к записи электрической активности сердца у ненаркотизированных крыс, включая метод телеметриче-
ского мониторинга ЭКГ, которые позволяют проводить исследования в свободном поведении животного.
В обзоре широко представлены различные экспериментальные исследования с регистрацией ЭКГ у нар-
котизированных животных. Систематизированы данные о влиянии разных видов анестезии на электри-
ческие проявления деятельности проводящей системы сердца крыс, гемодинамические показатели и ак-
тивность вегетативных центров, которые их регулируют. 

В обзоре проведен анализ параметров ЭКГ крысы, зарегистрированных в экспериментальных иссле-
дованиях, в сопоставлении с параметрами ЭКГ человека, а также дана оценка возможностей экстрапо-
ляции полученных данных на человека. 

Проведенный анализ литературных данных выявил достаточно широкий спектр научных эксперимен-
тальных исследований и доклинических испытаний лекарственных препаратов, основанных на исполь-
зовании метода электрокардиографии у крыс. В качестве наиболее существенных параметров ЭКГ крыс
выделены: интервал PR, комплекс QRS (у крыс RS или Rs), амплитуда зубца T и корригируемый интервал
QT, которые имеют практическое значение для адекватной интерпретации данных экспериментальных
исследований интегральных характеристик деятельности сердечно-сосудистой системы и межсистемных
механизмов регуляции.

Ключевые слова: крысы, анестезия, электрокардиография, телеметрия, сердце, электрическая актив-
ность, доклинические исследования. 
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ùÎÂÍÚÓÙËÁËÓÎÓ„Ë˜ÂÒÍÓÂ ËÒÒÎÂ‰Ó‚‡ÌËÂ ÒÂ‰-
ˆ‡ ÓÒÚ‡ÂÚÒfl ÓÒÌÓ‚ÓÈ ÏÌÓ„Ëı Ì‡Û˜Ì˚ı ËÒÒÎÂ‰Ó‚‡-
ÌËÈ [1, 2, 3]. è‡ÍÚË˜ÂÒÍ‡fl ÁÌ‡˜ËÏÓÒÚ¸ ˝ÍÒÔÂË-
ÏÂÌÚ‡Î¸Ì˚ı ‡·ÓÚ Ò ÏÓ‰ÂÎËÓ‚‡ÌËÂÏ ‡ÁÎË˜Ì˚ı
Ì‡Û¯ÂÌËÈ ÒÂ‰Â˜ÌÓÈ ‰ÂflÚÂÎ¸ÌÓÒÚË ÓÔÂ‰ÂÎflÂÚ-
Òfl, ÔÂÊ‰Â ‚ÒÂ„Ó, ‚ÓÁÏÓÊÌÓÒÚflÏË ̋ ÍÒÚ‡ÔÓÎflˆËË
ÔÓÎÛ˜ÂÌÌ˚ı ‰‡ÌÌ˚ı Ì‡ Ó„‡ÌËÁÏ ̃ ÂÎÓ‚ÂÍ‡. ùÚÓ ÚÂ-
·ÛÂÚ Ú˘‡ÚÂÎ¸ÌÓÈ ÔÓ‡·ÓÚÍË ËÌÙÓÏ‡ˆËË Ó ÒÓÓÚ-
‚ÂÚÒÚ‚ËË ÙËÁËÓÎÓ„Ë˜ÂÒÍËı ÏÂı‡ÌËÁÏÓ‚ ÊË‚ÓÚÌ˚ı
Ë ˜ÂÎÓ‚ÂÍ‡, Ó ÙÛÌ‰‡ÏÂÌÚ‡Î¸Ì˚ı ÓÒÌÓ‚‡ı ÔÂ‰ÔÓ-
Î‡„‡ÂÏÓ„Ó ˝ÍÒÔÂËÏÂÌÚ‡ Ë ‡‰ÂÍ‚‡ÚÌ˚ı ÏÂÚÓ‰‡ı
Â„ËÒÚ‡ˆËË. Ç˚·Ó ÊË‚ÓÚÌÓ„Ó ‰Îfl ˝ÍÒÔÂËÏÂÌ-
Ú‡Î¸ÌÓ„Ó ÏÓ‰ÂÎËÓ‚‡ÌËfl ÓÔÂ‰ÂÎflÂÚÒfl ÍËÚÂËflÏË
ÔÓ‰Ó·Ëfl: ÒıÓ‰ÒÚ‚ÓÏ ·ËÓÎÓ„Ë˜ÂÒÍËı Ô‡‡ÏÂÚÓ‚
ÙËÁËÓÎÓ„Ë˜ÂÒÍËı ÒËÒÚÂÏ, Ó·˘ÌÓÒÚ¸˛ Ô‡‡ÏÂÚÓ‚
ÏÂÚ‡·ÓÎË˜ÂÒÍËı ÔÓˆÂÒÒÓ‚, ÒıÓ‰ÒÚ‚ÓÏ ̃ Û‚ÒÚ‚ËÚÂÎ¸-
ÌÓÒÚË [4]. Ç Ò‚flÁË Ò ÚÂÏ, ˜ÚÓ ÏÂÚÓ‰ËÍ‡ ˝ÎÂÍÚÓ-
Í‡‰ËÓ„‡ÙËË ÔÓÁ‚ÓÎflÂÚ ÔÓÎÛ˜ËÚ¸ ÔÂ‰ÒÚ‡‚ÎÂÌËÂ
Ó· ËÌÚÂ„‡Î¸Ì˚ı ı‡‡ÍÚÂËÒÚËÍ‡ı ‰ÂflÚÂÎ¸ÌÓÒÚË
ÒÂ‰Â˜ÌÓ-ÒÓÒÛ‰ËÒÚÓÈ ÒËÒÚÂÏ˚, ÓÌ‡ ÓÒÚ‡ÂÚÒfl ÁÌ‡-
˜ËÏÓÈ ‚ ÍÎËÌË˜ÂÒÍËı ËÒÒÎÂ‰Ó‚‡ÌËflı Ë ËÏÂÂÚ ̄ Ë-
ÓÍËÂ ÔÂÒÔÂÍÚË‚˚ ‰Îfl ÍÓÂÎflˆËË Ò ̋ ÍÒÔÂËÏÂÌ-
Ú‡Î¸Ì˚ÏË ‰‡ÌÌ˚ÏË.

Ç ÒÓ‚ÂÏÂÌÌ˚ı ÓÚÂ˜ÂÒÚ‚ÂÌÌ˚ı Ë Á‡Û·ÂÊÌ˚ı
ËÒÒÎÂ‰Ó‚‡ÌËflı Ò ÔËÏÂÌÂÌËÂÏ ̋ ÎÂÍÚÓÍ‡‰ËÓ„‡-
ÙËË ‚ Á‡‚ËÒËÏÓÒÚË ÓÚ ˆÂÎË ˝ÍÒÔÂËÏÂÌÚ‡ ‚ Í‡˜Â-
ÒÚ‚Â ÏÓ‰ÂÎ¸Ì˚ı ÊË‚ÓÚÌ˚ı ̃ ‡˘Â ‚ÒÂ„Ó ‚ÒÚÂ˜‡˛ÚÒfl
„˚ÁÛÌ˚, ÍÓ¯ÍË, ÒÓ·‡ÍË, Ò‚ËÌ¸Ë. å˚ ÔÓ‚ÂÎË ‡Ì‡-
ÎËÁ ÛÒÒÍÓ- Ë ‡Ì„ÎÓflÁ˚˜ÌÓÈ ÎËÚÂ‡ÚÛ˚, ‡ Ú‡ÍÊÂ
ÍÓÌÚÂÌÚ-‡Ì‡ÎËÁ Web-·‡Á ‰‡ÌÌ˚ı Ì‡Û˜ÌÓÈ ÏÂ‰Ë-
ˆËÌÒÍÓÈ ËÌÙÓÏ‡ˆËË ÔÓËÒÍÓ‚˚ı ÒËÒÚÂÏ PubMed
Ë Google Scholar, Cyberleninka, ‚Â‰Û˘ÂÈ ·‡Á˚ ‰‡Ì-
Ì˚ı ̂ ËÚËÓ‚‡ÌËÈ Web of Science Core Collection
Ë Ì‡Û˜ÌÓÈ ̋ ÎÂÍÚÓÌÌÓÈ ·Ë·ÎËÓÚÂÍË eLIBRARY.RU
Á‡ ÔÂËÓ‰ Ò 2007„. ÔÓ 2017 „., ‚ ÂÁÛÎ¸Ú‡ÚÂ ÍÓÚÓ-
Ó„Ó ·˚ÎË ÔÓÎÛ˜ÂÌ˚ ‰‡ÌÌ˚Â Ó ˜‡ÒÚÓÚÂ ËÒÔÓÎ¸ÁÓ-
‚‡ÌËfl ÏÂÚÓ‰ËÍË ̋ ÎÂÍÚÓÍ‡‰ËÓ„‡ÙËË Û ‡ÁÎË˜Ì˚ı
Î‡·Ó‡ÚÓÌ˚ı ÊË‚ÓÚÌ˚ı ‚ ̋ ÍÒÔÂËÏÂÌÚÂ (Ú‡·Î. 1).

ç‡ ·ÓÎ¸¯ËÌÒÚ‚Â ËÌÚÂÌÂÚ-ÔÓÚ‡ÎÓ‚ Ï‡ÍÒËÏ‡Î¸-
ÌÓÂ ÍÓÎË˜ÂÒÚ‚Ó ÛÔÓÏËÌ‡ÌËÈ Ó Â„ËÒÚ‡ˆËË ùäÉ
Û Î‡·Ó‡ÚÓÌ˚ı ÊË‚ÓÚÌ˚ı ÔËÌ‡‰ÎÂÊËÚ Í˚Ò‡Ï

(Ú‡·Î. 1), ˜ÚÓ ÔÓ‰Ú‚ÂÊ‰‡ÂÚ Ëı ‡ÍÚË‚ÌÓÂ ËÒÔÓÎ¸-
ÁÓ‚‡ÌËÂ ‚ Í‡˜ÂÒÚ‚Â ·ËÓÎÓ„Ë˜ÂÒÍËı ÚÂÒÚ-ÒËÒÚÂÏ ‚ ÒÓ-
‚ÂÏÂÌÌ˚ı Ì‡Û˜Ì˚ı ËÒÒÎÂ‰Ó‚‡ÌËflı.

ñÂÎ¸: ÔÓ‚ÂÒÚË ‡Ì‡ÎËÚË˜ÂÒÍËÈ Ó·ÁÓ ËÒÒÎÂ‰Ó-
‚‡ÌËÈ ÔÓ ÓˆÂÌÍÂ Ô‡‡ÏÂÚÓ‚ ùäÉ Í˚Ò ‚ ˝ÍÒÔÂ-
ËÏÂÌÚÂ Ë ‚ÓÁÏÓÊÌÓÈ ̋ ÍÒÚ‡ÔÓÎflˆËË Ì‡ Ó„‡ÌËÁÏ
˜ÂÎÓ‚ÂÍ‡.

åÂÚÓ‰Ë˜ÂÒÍËÂ ÔÓ‰ıÓ‰˚ Í Â„ËÒÚ‡ˆËË
˝ÎÂÍÚÓÍ‡‰ËÓ„‡ÏÏ˚ Û Í˚Ò

Ç ÎËÚÂ‡ÚÛÂ ÓÔËÒ‡Ì˚ ‡ÁÎË˜Ì˚Â ÔËÂÏ˚ Â-
„ËÒÚ‡ˆËË ùäÉ Û ÌÂÌ‡ÍÓÚËÁËÓ‚‡ÌÌ˚ı Ë Ì‡ÍÓ-
ÚËÁËÓ‚‡ÌÌ˚ı ÊË‚ÓÚÌ˚ı. ÑÎfl Â„ËÒÚ‡ˆËË ùäÉ
Û ÌÂÌ‡ÍÓÚËÁËÓ‚‡ÌÌ˚ı ÊË‚ÓÚÌ˚ı ÔÂ‰Î‡„‡˛ÚÒfl
‰‚‡ ÓÒÌÓ‚Ì˚ı ÔÓ‰ıÓ‰‡: ÌÂËÌ‚‡ÁË‚Ì˚È Ë ËÌ‚‡ÁË‚-
Ì˚È. 

Ç ÛÒÒÍÓ- Ë ‡Ì„ÎÓflÁ˚˜ÌÓÈ ÎËÚÂ‡ÚÛÂ ‚ÒÚÂ-
˜‡˛ÚÒfl ‡ÁÎË˜Ì˚Â ‚‡Ë‡ÌÚ˚ ÌÂËÌ‚‡ÁË‚ÌÓ„Ó ÔÓ‰-
ıÓ‰‡. Ç ̃ ‡ÒÚÌÓÒÚË, ÓÔËÒ‡Ì ÒÔÓÒÓ· Â„ËÒÚ‡ˆËË ùäÉ
Ò ÔÓÏÓ˘¸˛ ÏËÌË‡Ú˛Ì˚ı ˝ÎÂÍÚÓ‰Ó‚-Á‡ÊËÏÓ‚
ÔË ÏÂÒÚÌÓÏ Ó·ÂÁ·ÓÎË‚‡ÌËË (0,05 ÏÎ 0,5% ‡Ò-
Ú‚Ó‡ ÎË‰ÓÍ‡ËÌ‡). ÜË‚ÓÚÌ˚ı ÌÂ ÙËÍÒËÓ‚‡ÎË Ë ÌÂ
ËÁÓÎËÓ‚‡ÎË ‰Û„ ÓÚ ‰Û„‡, ‡ ‰ÂÊ‡ÎË ‚ÏÂÒÚÂ ÔÓ
4–5 ÓÒÓ·ÂÈ ‚ Ó‰ÌÓÈ ‰ÓÒÚ‡ÚÓ˜ÌÓ ÚÂÒÌÓÈ ÍÓÓ·ÍÂ,
˜ÚÓ ÒÔÓÒÓ·ÒÚ‚Ó‚‡ÎÓ Ëı ‡‰‡ÔÚ‡ˆËË Ë ‰‡‚‡ÎÓ ‚ÓÁÏÓÊ-
ÌÓÒÚ¸ Â„ËÒÚËÓ‚‡Ú¸ ùäÉ [5]. Ç ‰Û„ÓÏ ËÒÒÎÂ-
‰Ó‚‡ÌËË Á‡ ÌÂ‰ÂÎ˛ ‰Ó Â„ËÒÚ‡ˆËË ùäÉ Í˚Ò ‡ÌÂ-
ÒÚÂÁËÓ‚‡ÎË ÍÂÚ‡ÏËÌÓÏ (85 Ï„/Í„) Ë ÍÒËÎ‡ÁËÌÓÏ
(15 Ï„/Í„), ÔÓÒÎÂ ˜Â„Ó ÔÓËÁ‚Ó‰ËÎË ÙËÍÒ‡ˆË˛
˝ÎÂÍÚÓ‰Ó‚. ùÎÂÍÚÓ‰˚ ‚ ‚Ë‰Â ÏÂÚ‡ÎÎË˜ÂÒÍËı Á‡-
ÊËÏÓ‚ ÔËÍÂÔÎflÎË Í ÍÓÊÂ ÊË‚ÓÚÌ˚ı ‚ ÌËÊÌÂÈ
˜‡ÒÚË ÒÔËÌ˚, Ì‡ ÎÂ‚Û˛ Ë Ô‡‚Û˛ ÔÂÂ‰ÌËÂ ÍÓÌÂ˜-
ÌÓÒÚË ‚ Ó·Î‡ÒÚË ÔÓÂÍˆËË ÎÓÔ‡ÚÍË. á‡ÔËÒ¸ ùäÉ
ÔÓ‚Ó‰ËÎË ‚ ÍÎÂÚÍÂ, „‰Â Í˚Ò˚ ÌÂ ·˚ÎË Ó„‡ÌË˜Â-
Ì˚ ‚ ‰‚ËÊÂÌËflı [6]. éÔËÒ‡Ì Ú‡ÍÊÂ ÒÔÓÒÓ· Â-
„ËÒÚ‡ˆËË ùäÉ Û Í˚Ò ‚ Ò‚Ó·Ó‰ÌÓÏ ÔÓ‚Â‰ÂÌËË Ò ËÒ-
ÔÓÎ¸ÁÓ‚‡ÌËÂÏ ÍÛÚÍË ËÁ ıÎÓÔÍ‡, Ì‡ ‚ÌÛÚÂÌÌÂÈ
ÒÚÓÓÌÂ ÍÓÚÓÓÈ ÔËÍÂÔÎflÎË ÔÎ‡ÚËÌÓ‚˚Â ˝ÎÂÍ-
ÚÓ‰˚. ä‡Ê‰˚È ˝ÎÂÍÚÓ‰ ‡ÁÏÂÓÏ 7,0×3,0 ÏÏ
·˚Î ÒÓÂ‰ËÌÂÌ Í‡·ÂÎÂÏ Ò ÒËÒÚÂÏÓÈ Â„ËÒÚ‡ˆËË.
ä˚ÒÛ ÔÓÏÂ˘‡ÎË ‚ ÔÓÁ‡˜Ì˚È ·ÓÍÒ Ò ÓÚ‚ÂÒÚËflÏË
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í‡·ÎËˆ‡ 1. ó‡ÒÚÓÚ‡ ÛÔÓÏËÌ‡ÌËfl Ì‡ ËÌÚÂÌÂÚ-ÔÓÚ‡Î‡ı ·‡Á ‰‡ÌÌ˚ı, ÏÂ‰ËˆËÌÒÍËı ˝ÎÂÍÚÓÌÌ˚ı
·Ë·ÎËÓÚÂÍ Â„ËÒÚ‡ˆËË ùäÉ Û ‡ÁÎË˜Ì˚ı Î‡·Ó‡ÚÓÌ˚ı ÊË‚ÓÚÌ˚ı ‚ ˝ÍÒÔÂËÏÂÌÚÂ 

Á‡ ÔÂËÓ‰ 2007–2017 „„.

‹ Ô/Ô ã‡·Ó‡ÚÓÌ˚Â
ÊË‚ÓÚÌ˚Â

ó‡ÒÚÓÚ‡ ÛÔÓÏËÌ‡ÌËfl ùäÉ, %

Web of Science PubMed eLIBRARY, Google Scholar Cyberleninka

1 ä˚Ò˚ 26,4 30,0 28,9 35,8 32,9

2 å˚¯Ë 21,5 21,2 22,2 20,9 17,6

3 äÓÎËÍË 6,3 8,1 12,5 11,0 9,1

4 äÓ¯ÍË 6,8 2,2 7,5 7,6 8,4

5 ëÓ·‡ÍË 32,2 22,0 23,6 18,7 25,9

6 ë‚ËÌ¸Ë 6,8 16,5 5,3 6,0 6,1
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Ë ÒÔÛÒÚfl 10 ÏËÌÛÚ, ÓÒÛ˘ÂÒÚ‚ÎflÎË Á‡ÔËÒ¸ ˝ÎÂÍÚÓ-
Í‡‰ËÓ„‡ÏÏ˚ [7]. êÂ„ËÒÚ‡ˆË˛ ùäÉ ÔÓËÁ‚Ó‰Ë-
ÎË Ú‡ÍÊÂ Û Í˚Ò, Í‡Ê‰Û˛ ËÁ ÍÓÚÓ˚ı ÔÓÏÂ˘‡ÎË
‚ ̋ Í‡ÌËÓ‚‡ÌÌÛ˛ Í‡ÏÂÛ ‡ÁÏÂÓÏ 70×50ÒÏ Ò ‚ÓÁ-
ÏÓÊÌÓÒÚ¸˛ Ò‚Ó·Ó‰ÌÓ„Ó ÔÂÂÏÂ˘ÂÌËfl. ëÚ‡Î¸Ì˚Â
˝ÎÂÍÚÓ‰˚ ‰Îfl Â„ËÒÚ‡ˆËË ùäÉ ·˚ÎË ‚ÏÓÌÚËÓ-
‚‡Ì˚ ‚ ÂÁËÌÓ‚Û˛ Ï‡ÌÊÂÚÍÛ, ÍÓÚÓÛ˛ Ó‰Â‚‡ÎË Ì‡
„Û‰¸ ÊË‚ÓÚÌÓ„Ó, ‡ ÔÓ‚Ó‰‡ ÓÚ ̋ ÎÂÍÚÓ‰Ó‚ Ì‡ ÒÔË-
ÌÂ ÒÓ·Ë‡ÎË ‚ Â‰ËÌ˚È Í‡·ÂÎ¸ [8].

àÌ‚‡ÁË‚Ì˚È ÔÓ‰ıÓ‰ Ú‡ÍÊÂ ¯ËÓÍÓ ËÒÔÓÎ¸ÁÛ-
ÂÚÒfl ‚ ËÒÒÎÂ‰Ó‚‡ÌËflı ÓÚÂ˜ÂÒÚ‚ÂÌÌ˚ı Ë Á‡Û·ÂÊ-
Ì˚ı Û˜ÂÌ˚ı. Ç Ó‰ÌÓÏ ËÁ ‚‡Ë‡ÌÚÓ‚ Ú‡ÍÓ„Ó ÏÂÚÓ-
‰‡ Â„ËÒÚËÛ˛˘ËÂ ˝ÎÂÍÚÓ‰˚ ËÏÔÎ‡ÌÚËÓ‚‡ÎË
ÔÓ‰ÍÓÊÌÓ Ì‡ ÒÔËÌÛ ÊË‚ÓÚÌÓ„Ó, ÔÓ ÎËÌËË ÓÒÚËÒÚ˚ı
ÓÚÓÒÚÍÓ‚, Ò ÔËÏÂÌÂÌËÂÏ ÏÂÒÚÌÓÈ ‡ÌÂÒÚÂÁËË 0,5%
‡ÒÚ‚ÓÓÏ ÎË‰ÓÍ‡ËÌ‡ [9]. Ç fl‰Â ‡·ÓÚ Ì‡ÍÓÚË-
ÁËÓ‚‡ÌÌ˚Ï Í˚Ò‡Ï ËÏÔÎ‡ÌÚËÓ‚‡ÎË ·ËÔÓÎfl-
Ì˚Â ÔÎ‡ÚËÌÓ‚˚Â ˝ÎÂÍÚÓ‰˚ ÔÓ‰ÍÓÊÌÓ ‚ Ó·Î‡ÒÚË
ÔÓÂÍˆËË Th2 Ì‡ „Û‰ÌÛ˛ ÍÎÂÚÍÛ. í‡ÍÊÂ ÔÓ‰ÍÓÊ-
ÌÓ ÔÓ‚Ó‰ËÎË ÒÓÂ‰ËÌËÚÂÎ¸Ì˚Â ÔÓ‚Ó‰‡ Ë ‚˚‚Ó-
‰ËÎË Ì‡ÛÊÛ ‚ Á‡‰ÌÂÈ ̄ ÂÈÌÓÈ Ó·Î‡ÒÚË ÊË‚ÓÚÌ˚ı.
á‡ÔËÒ¸ ùäÉ ÔÓËÁ‚Ó‰ËÎË Û ·Ó‰ÒÚ‚Û˛˘Ëı Í˚Ò
‚ Ò‚Ó·Ó‰ÌÓÏ ÔÓ‚Â‰ÂÌËË ̃ ÂÂÁ 24 ̃ ‡Ò‡ ÔÓÒÎÂ ËÏÔÎ‡Ì-
Ú‡ˆËË ˝ÎÂÍÚÓ‰Ó‚ [10]. Ç ‡Ì‡ÎÓ„Ë˜Ì˚ı ËÒÒÎÂ‰Ó-
‚‡ÌËflı ùäÉ Â„ËÒÚËÓ‚‡ÎË ̃ ÂÂÁ 2 ÒÛÚÓÍ [11] ËÎË
˜ÂÂÁ 7 ÒÛÚÓÍ ÔÓÒÎÂ ËÏÔÎ‡ÌÚ‡ˆËË ̋ ÎÂÍÚÓ‰Ó‚ [12].

åÌÓ„ËÂ ËÒÒÎÂ‰Ó‚‡ÚÂÎË ÔÓ‚Ó‰flÚ ÚÂÎÂÏÂÚË˜Â-
ÒÍËÈ ÏÓÌËÚÓËÌ„ ùäÉ, Â¯‡fl Á‡‰‡˜Ë: ÓˆÂÌÍË ·‡-
Î‡ÌÒ‡ ÒËÏÔ‡ÚË˜ÂÒÍÓÈ Ë Ô‡‡ÒËÏÔ‡ÚË˜ÂÒÍÓÈ ÒËÒÚÂÏ
Ì‡ ÓÒÌÓ‚Â Ô‡‡ÏÂÚÓ‚ ùäÉ [13]; Â„ËÒÚ‡ˆËË ùäÉ,
ÒÓ‚ÏÂ˘ÂÌÌÓÈ Ò Ó‰ÌÓ‚ÂÏÂÌÌ˚Ï ËÁÏÂÂÌËÂÏ ÎÂ„Ó˜-
ÌÓ„Ó Ë ÒËÒÚÂÏÌÓ„Ó ‡ÚÂË‡Î¸ÌÓ„Ó ‰‡‚ÎÂÌËfl [14];
Ó‰ÌÓ‚ÂÏÂÌÌÓÈ Â„ËÒÚ‡ˆËË ùäÉ, ÒÂ‰Â˜ÌÓ„Ó ËÚ-
Ï‡ Ë ÒËÒÚÂÏÌÓ„Ó ‡ÚÂË‡Î¸ÌÓ„Ó ‰‡‚ÎÂÌËfl [15]; ËÒ-
ÒÎÂ‰Ó‚‡ÌËfl ‡ËÚÏËË [16]. 

é‰Ì‡ÍÓ ÒÛ˘ÂÒÚ‚Û˛Ú ÂÍÓÏÂÌ‰‡ˆËË — Â„ËÒÚË-
Ó‚‡Ú¸ ùäÉ Û Í˚Ò ÚÓÎ¸ÍÓ ÔÓ‰ Ì‡ÍÓÁÓÏ, Ú‡Í Í‡Í
Û ÌÂÌ‡ÍÓÚËÁËÓ‚‡ÌÌ˚ı ÊË‚ÓÚÌ˚ı ËÁ-Á‡ ‰ÓÊ‡-
ÌËfl Ï˚¯ˆ ‚ÓÁÌËÍ‡˛Ú ÌÂÛÒÚ‡ÌËÏ˚Â ÔÓÏÂıË, ËÒ-
Í‡Ê‡˛˘ËÂ ÁÛ·ˆ˚ [17]. ç‡ Í‡˜ÂÒÚ‚Ó Á‡ÔËÒË Ú‡ÍÊÂ
ÏÓ„ÛÚ ‚ÎËflÚ¸ ‰‚ËÊÂÌËfl ÊË‚ÓÚÌ˚ı, ÒÏÂ˘ÂÌËÂ ̋ ÎÂÍ-
ÚÓ‰Ó‚ ËÎË ‚ÓÒÔ‡ÎÂÌËÂ ‚ ÏÂÒÚÂ ËÏÔÎ‡ÌÚ‡ˆËË ̋ ÎÂÍ-
ÚÓ‰‡ [18]. êÂ„ËÒÚ‡ˆËfl ùäÉ Û Ì‡ÍÓÚËÁËÓ‚‡Ì-
Ì˚ı ÊË‚ÓÚÌ˚ı, ÒÓ„Î‡ÒÌÓ ‰‡ÌÌ˚Ï ÎËÚÂ‡ÚÛ˚, ËÒ-
ÔÓÎ¸ÁÛÂÚÒfl ‰ÓÒÚ‡ÚÓ˜ÌÓ ̄ ËÓÍÓ, ‡ ‚‡Ë‡·ÂÎ¸ÌÓÒÚ¸
ÔÓÎÛ˜‡ÂÏ˚ı ÂÁÛÎ¸Ú‡ÚÓ‚ Ò‚flÁ‡Ì‡ Ò ‚Ë‰ÓÏ ‡ÌÂÒÚÂ-
ÁËË [5].

ÇÎËflÌËÂ ‡ÁÎË˜Ì˚ı ‚Ë‰Ó‚ ‡ÌÂÒÚÂÁËË Ì‡ Ô‡-
‡ÏÂÚ˚ ùäÉ Í˚Ò

ÑÎfl ‡ÌÂÒÚÂÁËË ‰ÓÒÚÛÔÌ˚ ‡ÁÎË˜Ì˚Â ËÌ„‡Îfl-
ˆËÓÌÌ˚Â Ë ËÌ˙ÂÍˆËÓÌÌ˚Â ÎÂÍ‡ÒÚ‚ÂÌÌ˚Â ÒÂ‰-
ÒÚ‚‡. é‰Ì‡ÍÓ ËÒÒÎÂ‰Ó‚‡ÚÂÎË ÔÓ‰˜ÂÍË‚‡˛Ú, ˜ÚÓ
Ì‡ÍÓÚËÁËÓ‚‡ÌÌÓÂ ÊË‚ÓÚÌÓÂ ÙËÁËÓÎÓ„Ë˜ÂÒÍË ÓÚ-
ÎË˜‡ÂÚÒfl ÓÚ ÌÂÌ‡ÍÓÚËÁËÓ‚‡ÌÌÓ„Ó [19], Ú‡Í Í‡Í

ËÒÔÓÎ¸ÁÛÂÏ˚Â ÔÂÔ‡‡Ú˚ ÏÓ„ÛÚ ÔË‚ÂÒÚË Í ‚Â„Â-
Ú‡ÚË‚Ì˚Ï Ë ÒÂ‰Â˜Ì˚Ï ËÁÏÂÌÂÌËflÏ ‡ÁÎË˜ÌÓÈ
ÒÚÂÔÂÌË [20, 21]. Ç ˝ÍÒÔÂËÏÂÌÚ‡ı Ì‡ ËÁÓÎËÓ-
‚‡ÌÌ˚ı ÍÎÂÚÍ‡ı ÏËÓÍ‡‰‡ ‚ÁÓÒÎ˚ı Í˚Ò ·˚ÎÓ
ÔÓÍ‡Á‡ÌÓ, ˜ÚÓ ËÌ„‡ÎflˆËÓÌÌ˚Â ‡ÌÂÒÚÂÚËÍË („‡ÎÓ-
Ú‡Ì, ËÁÓÙÎÛ‡Ì Ë ˝ÌÙÎ˛‡Ì) ËÌ„Ë·ËÛ˛Ú Na+/
Ca2+ Ë Ca2+ — Í‡Ì‡Î˚ Í‡‰ËÓÏËÓˆËÚÓ‚, ˜ÚÓ ÏÓ-
ÊÂÚ ÔË‚Ó‰ËÚ¸ Í ÓÚËˆ‡ÚÂÎ¸ÌÓÏÛ ËÌÓÚÓÔÌÓÏÛ
˝ÙÙÂÍÚÛ [22]. èÓÎÓÊËÚÂÎ¸Ì˚È ıÓÌÓÚÓÔÌ˚È ̋ Ù-
ÙÂÍÚ ‚ ÒÓ˜ÂÚ‡ÌËË Ò Û„ÌÂÚÂÌËÂÏ ‰˚ı‡ÌËfl Ì‡ ıË-
Û„Ë˜ÂÒÍÓÈ ÒÚ‡‰ËË ‡ÌÂÒÚÂÁËË ÔÓ‰Ú‚ÂÊ‰ÂÌ ÔË
ËÒÔÓÎ¸ÁÓ‚‡ÌËË ËÌ„‡ÎflˆËÓÌÌÓ„Ó Ì‡ÍÓÁ‡ (ËÁÓ-
ÙÎÛ‡Ì) Û Í˚Ò [20]. èÓÍ‡Á‡ÌÓ, ˜ÚÓ ËÒÔÓÎ¸ÁÓ‚‡-
ÌËÂ ËÌ„‡ÎflˆËÓÌÌÓ„Ó ‡ÌÂÒÚÂÚËÍ‡ ÏÂÚÓÍÒËÙÎÛ‡Ì‡
‚ ˝ÍÒÔÂËÏÂÌÚ‡Î¸ÌÓÈ ÔÓˆÂ‰ÛÂ ÛÒËÎË‚‡ÂÚ ‰Ó-
ÏÓÚÓÔÌ˚È Ë ıÓÌÓÚÓÔÌ˚È ˝ÙÙÂÍÚ˚ ‚Â‡Ô‡ÏË-
Î‡, ˜ÚÓ ÒÎÂ‰ÛÂÚ Û˜ËÚ˚‚‡Ú¸ ÔË ÚÂÒÚËÓ‚‡ÌËË ÎÂ-
Í‡ÒÚ‚ÂÌÌ˚ı ÔÂÔ‡‡ÚÓ‚ [19].

çÂÍÓÚÓ˚Â Û˜ÂÌ˚Â ÔÂ‰Î‡„‡˛Ú ‚ Í‡˜ÂÒÚ‚Â ÍÓÏ-
·ËÌ‡ˆËË ‰Îfl Ì‡ÍÓÚËÁËÓ‚‡ÌËfl Í˚Ò ÍÂÚ‡ÏËÌ/
ÍÒËÎ‡ÁËÌ (ÓÚ 50 ‰Ó 100 Ï„/Í„/2,5 Ï„/Í„), Ò ÔÓ-
ÏÓ˘¸˛ ‚ÌÛÚË·˛¯ËÌÌÓ„Ó ËÎË ‚ÌÛÚËÏ˚¯Â˜ÌÓ-
„Ó ‚‚Â‰ÂÌËfl, ˜ÚÓ Ó·ÂÒÔÂ˜Ë‚‡ÂÚ ‰Ó 30 ÏËÌÛÚ Û‰Ó‚-
ÎÂÚ‚ÓËÚÂÎ¸ÌÓÈ ‡ÌÂÒÚÂÁËË [23]. é‰Ì‡ÍÓ ÒÎÂ‰ÛÂÚ
Û˜ËÚ˚‚‡Ú¸ ıÓÌÓÚÓÔÌ˚È ˝ÙÙÂÍÚ ‰‡ÌÌÓÈ ÍÓÏ·Ë-
Ì‡ˆËË ÔÂÔ‡‡ÚÓ‚. éÚÏÂ˜ÂÌÓ, ̃ ÚÓ Û Í˚Ò Sprague-
Dawley, Ó·ÂÁ·ÓÎË‚‡ÂÏ˚ı ÒÏÂÒ¸˛ ÍÂÚ‡ÏËÌ‡ Ë ÍÒË-
Î‡ÁËÌ‡, óëë ÒÓÒÚ‡‚ÎflÎ‡ 239–272 Û‰‡Ó‚ ‚ ÏËÌÛÚÛ
[24], ‡ Û Í˚Ò Wistar — ÓÚ 242 ‰Ó 336 Û‰‡Ó‚ ‚ ÏË-
ÌÛÚÛ [25]. 

Ç Í‡˜ÂÒÚ‚Â ÌÂËÌ„‡ÎflˆËÓÌÌÓÈ ‡ÌÂÒÚÂÁËË ÔÂ‰-
ÎÓÊÂÌÓ ËÒÔÓÎ¸ÁÓ‚‡ÌËÂ ‚ÌÛÚË‚ÂÌÌÓ„Ó ‚‚Â‰ÂÌËfl
ÔÓÔÓÙÓÎ‡ (11,3 ÏÍ„/ÏÎ) ËÎË ÍÓÏ·ËÌ‡ˆËË ÔÓ-
ÔÓÙÓÎ‡ (8,7 ÏÍ„/ÏÎ) Ò ÍÂÚ‡ÏËÌÓÏ (5 Ï„/ÏÎ), ˜ÚÓ
ÔË‚Ó‰ËÎÓ Í ÏÂÌÂÂ ‚˚‡ÊÂÌÌÓÏÛ ÔÓÎÓÊËÚÂÎ¸ÌÓ-
ÏÛ ıÓÌÓÚÓÔÌÓÏÛ ̋ ÙÙÂÍÚÛ, ÌÓ ÒÛ˘ÂÒÚ‚ÂÌÌÓ Û‚Â-
ÎË˜Ë‚‡ÎÓ ˜‡ÒÚÓÚÛ ‰˚ı‡ÌËfl [20].

ÅÓÎ¸¯ËÌÒÚ‚Ó ËÒÒÎÂ‰Ó‚‡ÚÂÎÂÈ ÓÚÏÂ˜‡˛Ú, ˜ÚÓ
Í ‰ÂÈÒÚ‚Ë˛ ‡ÌÂÒÚÂÚËÍ‡ Ì‡Ë·ÓÎÂÂ ̃ Û‚ÒÚ‚ËÚÂÎ¸Ì˚Ï
Ô‡‡ÏÂÚÓÏ ÒÂ‰Â˜ÌÓÈ ‰ÂflÚÂÎ¸ÌÓÒÚË fl‚ÎflÂÚÒfl ˜‡-
ÒÚÓÚ‡ ÒÂ‰Â˜Ì˚ı ÒÓÍ‡˘ÂÌËÈ (óëë) [20, 21, 24, 25].

èË ÔÓ‚Â‰ÂÌËË Â„ËÓÌ‡ÌÓÈ ‡ÌÂÒÚÂÁËË ÎË‰Ó-
Í‡ËÌÓÏ Ì‡·Î˛‰‡Î‡Ò¸ ·‡‰Ë‡ËÚÏËfl, ‡ ÔË ‚ÓÁ-
‡ÒÚ‡˛˘ÂÈ ‰ÓÁËÓ‚ÍÂ ‡ÌÂÒÚÂÚËÍ‡ ‚ÓÁÌËÍ‡Î‡ ·‡-
‰ËÍ‡‰Ëfl, ÍÓÚÓ‡fl ÔÓ„ÂÒÒËÓ‚‡Î‡, ‚ÔÎÓÚ¸ ‰Ó
ÎÂÚ‡Î¸ÌÓ„Ó ËÒıÓ‰‡ [21]. 

àÒÒÎÂ‰Ó‚‡ÚÂÎË, ÔËÏÂÌfl˛˘ËÂ ‰Îfl Ì‡ÍÓÚËÁ‡-
ˆËË ÛÂÚ‡Ì (1-1,5 „/Í„, ‚ÌÛÚË·˛¯ËÌÌÓ) ÛÚ‚Â-
Ê‰‡˛Ú, ˜ÚÓ ‚ ÚÂ‡ÔÂ‚ÚË˜ÂÒÍÓÈ ‰ÓÁÂ ÒÂ‰ÒÚ‚‡ ‰Îfl
Ó·˘Â„Ó Ì‡ÍÓÁ‡ ÌÂ ÔË‚Ó‰flÚ Í ÔÓÎÌÓÏÛ ÔÓ‰‡‚ÎÂ-
ÌË˛ ‡ÍÚË‚ÌÓÒÚË ̂ ÂÌÚÓ‚ Â„ÛÎflˆËË ‚Â„ÂÚ‡ÚË‚Ì˚ı
ÙÛÌÍˆËÈ [26].

Ç Ó‰ÌÓÈ ËÁ ‡·ÓÚ ÔÂ‰ÔËÌflÚ‡ ÔÓÔ˚ÚÍ‡ Ò‡‚-
ÌËÚ¸ ‚ÎËflÌËÂ ‚ÌÛÚË·˛¯ËÌÌÓ„Ó ‚‚Â‰ÂÌËfl ÚÂı
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‡ÌÂÒÚÂÚËÍÓ‚: ÚËÓÔÂÌÚ‡Î‡ (60 Ï„/Í„), ÛÂÚ‡Ì‡
(1200 Ï„/Í„) Ë ÙÂÌÓ·‡·ËÚ‡Î‡ (60 Ï„/Í„) Ì‡ „Â-
ÏÓ‰ËÌ‡ÏË˜ÂÒÍËÂ Ô‡‡ÏÂÚ˚ ‚ ÏÓ‰ÂÎflı ‡ËÚÏËÈ,
‚˚Á‚‡ÌÌ˚ı Ë¯ÂÏËÂÈ Ë ÂÔÂÙÛÁËÂÈ Û Í˚Ò Spra-
gue-Dawley [27]. ç‡Ë·ÓÎÂÂ ÔÂ‰ÔÓ˜ÚËÚÂÎ¸Ì˚Ï
‡‚ÚÓ˚ Ò˜ËÚ‡˛Ú ËÒÔÓÎ¸ÁÓ‚‡ÌËÂ ÙÂÌÓ·‡·ËÚ‡Î‡,
ÍÓÚÓ˚È ÒÓı‡ÌflÂÚ ÒÚ‡·ËÎ¸Ì˚Â „ÂÏÓ‰ËÌ‡ÏË˜ÂÒÍËÂ
ÁÌ‡˜ÂÌËfl, ÒıÓ‰Ì˚Â Ò ÙËÁËÓÎÓ„Ë˜ÂÒÍËÏË, ‚Ó ‚Â-
Ïfl ËÒÒÎÂ‰Ó‚‡ÌËÈ ‡ËÚÏËË. éÚÏÂ˜ÂÌÓ Ú‡ÍÊÂ, ˜ÚÓ
ÔË ËÒÔÓÎ¸ÁÓ‚‡ÌËË ‚ Í‡˜ÂÒÚ‚Â ‡ÌÂÒÚÂÁËË ÙÂÌÓ-
·‡·ËÚ‡Î‡ óëë Í˚Ò ‚‡¸ËÓ‚‡Î‡ ÓÚ 334 ‰Ó 349
Û‰‡Ó‚ ‚ ÏËÌÛÚÛ [28]. 

çÂÍÓÚÓ˚Â Û˜ÂÌ˚Â ËÒÔÓÎ¸ÁÓ‚‡ÎË ‰Îfl Ì‡ÍÓ-
ÚËÁ‡ˆËË ÌÂÏ·ÛÚ‡Î ‚ ‰ÓÁÂ 3 Ï„/100 „, ‚ÌÛÚËÏ˚-
¯Â˜ÌÓ ËÎË 40 Ï„/Í„ ‚ÌÛÚË·˛¯ËÌÌÓ [29]. ì„ÌÂ-
ÚÂÌËÂ ÙÛÌÍˆËÈ ‰˚ı‡ÌËfl Ë „ÂÏÓ‰ËÌ‡ÏËÍË ‚ ÏÂÌ¸¯ÂÈ
ÒÚÂÔÂÌË ÔÓfl‚ÎflÎÓÒ¸ ÔË ËÒÔÓÎ¸ÁÓ‚‡ÌËË ÍÓÏ·Ë-
ÌËÓ‚‡ÌÌÓ„Ó Ì‡ÍÓÁ‡: 0,3 Ï„ ÁÓÎÂÚËÎ‡ (‚/Ï), 0,8 Ï„
ÍÒËÎ‡ÌËÚ‡ (‚/Ï) Ë 0,01 ÏÎ 0,1% ‡ÒÚ‚Ó‡ ‡ÚÓ-
ÔËÌ‡ (Ô/Í) Ì‡ 100 „ Ï‡ÒÒ˚ ÊË‚ÓÚÌÓ„Ó [30].

Ç Ì‡¯Ëı ËÒÒÎÂ‰Ó‚‡ÌËflı ÔÂÔ‡‡ÚÓÏ ‚˚·Ó‡
‰Îfl Ì‡ÍÓÁ‡ ·˚Î ıÎÓ‡Î„Ë‰‡Ú ‚ ‰ÓÁÂ 300 Ï„/Í„.
èÓÒÎÂ ÒÛÚÓ˜ÌÓ„Ó „ÓÎÓ‰‡ÌËfl Í˚Ò Ì‡ÍÓÚËÁËÓ‚‡ÎË
‚ÌÛÚË·˛¯ËÌÌÓ, ÔÓÒÎÂ ̃ Â„Ó ÔÓËÁ‚Ó‰ËÎË Â„ËÒÚ-
‡ˆË˛ ˝ÎÂÍÚÓÍ‡‰ËÓ„‡ÏÏ˚ Ò ÔÓÏÓ˘¸˛ ˝ÎÂÍ-
ÚÓÍ‡‰ËÓ„‡Ù‡ EGG-1001 VET, ÔÓÎÛ˜ÂÌÌ˚Â Â-
ÁÛÎ¸Ú‡Ú˚ ‡Ì‡ÎËÁËÓ‚‡ÎË [31]. 

í‡ÍËÏ Ó·‡ÁÓÏ, Ô‡‡ÏÂÚ˚ ùäÉ Ë ˝ÙÙÂÍÚ˚
ÚÂÒÚËÛÂÏ˚ı ÔÂÔ‡‡ÚÓ‚ ÏÓ„ÛÚ ÓÚÎË˜‡Ú¸Òfl Û Ì‡-
ÍÓÚËÁËÓ‚‡ÌÌ˚ı Ë ÌÂÌ‡ÍÓÚËÁËÓ‚‡ÌÌ˚ı ÊË‚ÓÚ-
Ì˚ı. é‰Ì‡ÍÓ ̋ ÚÓ ÌÂ ÓÚËˆ‡ÂÚ ‰‡ÌÌÛ˛ ÙÓÏÛ ̋ ÍÒ-
ÔÂËÏÂÌÚ‡, ‡ ÎË¯¸ ÔÂ‰˙fl‚ÎflÂÚ ÓÔÂ‰ÂÎÂÌÌ˚Â
ÚÂ·Ó‚‡ÌËfl Í ‰ËÁ‡ÈÌÛ ËÒÒÎÂ‰Ó‚‡ÌËfl Ë Â„Ó Ú‡Í-

ÚÓ‚ÍÂ. Ç ˜‡ÒÚÌÓÒÚË, Â˜¸ Ë‰ÂÚ Ó ÌÂÓ·ıÓ‰ËÏÓÒÚË
ÍÓÌÚÓÎ¸ÌÓÈ „ÛÔÔ˚ ÊË‚ÓÚÌ˚ı Ò ËÒÒÎÂ‰Ó‚‡ÌËÂÏ
Ô‡‡ÏÂÚÓ‚ ùäÉ ‚ ÛÒÎÓ‚Ëflı ËÒÔÓÎ¸ÁÛÂÏÓÈ ‡ÌÂÒÚÂ-
ÁËË [19].

ÄÌ‡ÎËÁ Ô‡‡ÏÂÚÓ‚ ùäÉ Í˚Ò˚: ÒÓÔÓÒÚ‡‚ÎÂ-
ÌËfl Ò Ô‡‡ÏÂÚ‡ÏË ùäÉ ˜ÂÎÓ‚ÂÍ‡

èË ÔÓ‚Â‰ÂÌËË ̋ ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚ı ËÒÒÎÂ‰Ó-
‚‡ÌËÈ Ì‡ Í˚Ò‡ı ÌÂÓ·ıÓ‰ËÏÓ Û˜ËÚ˚‚‡Ú¸ ÙËÁËÓ-
ÎÓ„Ë˜ÂÒÍËÂ ÓÒÓ·ÂÌÌÓÒÚË Ëı ÒÂ‰Â˜ÌÓ-ÒÓÒÛ‰ËÒÚÓÈ
ÒËÒÚÂÏ˚. Ç ˜‡ÒÚÌÓÒÚË, ËÁ‚ÂÒÚÌÓ, ˜ÚÓ ˜‡ÒÚÓÚ‡ ÒÂ-
‰Â˜Ì˚ı ÒÓÍ‡˘ÂÌËÈ Û Í˚Ò ÒÓÒÚ‡‚ÎflÂÚ ÔËÏÂÌÓ
ÓÚ 300 ‰Ó 500 ‚ ÏËÌÛÚÛ ‚ Á‡‚ËÒËÏÓÒÚË ÓÚ ‚ÓÁ‡ÒÚ‡
[9, 17, 26]. é‰Ì‡ÍÓ ËÏÂ˛ÚÒfl ‰‡ÌÌ˚Â Ó ÚÓÏ, ˜ÚÓ
‚ Â„ÛÎflˆËË ÒÂ‰Â˜ÌÓÈ ‰ÂflÚÂÎ¸ÌÓÒÚË Û Í˚ÒflÚ Ì‡
Ì‡˜‡Î¸Ì˚ı ˝Ú‡Ô‡ı ‡Á‚ËÚËfl ÔÂÓ·Î‡‰‡˛Ú ÒËÏÔ‡-
ÚË˜ÂÒÍËÂ ‚ÎËflÌËfl Ì‡ ÙÓÌÂ ÌËÁÍÓÈ ‡ÍÚË‚ÌÓÒÚË Ô‡-
‡ÒËÏÔ‡ÚË˜ÂÒÍËı ÏÂı‡ÌËÁÏÓ‚. ì ‚ÁÓÒÎ˚ı ÓÒÓ·ÂÈ
Ì‡·Î˛‰‡ÂÚÒfl ÔÂËÏÛ˘ÂÒÚ‚ÂÌÌÓ Ô‡‡ÒËÏÔ‡ÚË˜Â-
ÒÍ‡fl Â„ÛÎflˆËfl, ÔË ÒÌËÊÂÌËË ÒËÏÔ‡ÚÓ‡‰ÂÌ‡ÎÓ-
‚˚ı ‚ÎËflÌËÈ Ì‡ ÒÂ‰ˆÂ [9, 32]. ùÚÓ ‰‡ÂÚ ÓÒÌÓ‚‡ÌËÂ
„Ó‚ÓËÚ¸ Ó ÒıÓ‰ÒÚ‚Â ÏÂı‡ÌËÁÏÓ‚ ‡Á‚ËÚËfl ‚Â„ÂÚ‡-
ÚË‚ÌÓÈ Â„ÛÎflˆËË Ò Ú‡ÍÓ‚˚ÏË Û ̃ ÂÎÓ‚ÂÍ‡, Ë, ÒÎÂ-
‰Ó‚‡ÚÂÎ¸ÌÓ, ËÒÔÓÎ¸ÁÓ‚‡Ú¸ ‰Îfl Ëı ̋ ÍÒÔÂËÏÂÌÚ‡Î¸-
ÌÓ„Ó ËÁÛ˜ÂÌËfl Í˚Ò ‚ Í‡˜ÂÒÚ‚Â ·ËÓÎÓ„Ë˜ÂÒÍËı
ÚÂÒÚ-ÒËÒÚÂÏ. 

áÛ·ˆ˚ ̋ ÎÂÍÚÓÍ‡‰ËÓ„‡ÏÏ˚ Í˚Ò˚, Í‡Í Ë ̃ Â-
ÎÓ‚ÂÍ‡, Ó·ÓÁÌ‡˜‡˛ÚÒfl ·ÛÍ‚‡ÏË P, Q, R, S, í. Ç ÔÂ-
‚ÓÏ ÓÚ‚Â‰ÂÌËË ÁÛ·Âˆ R Ó˜ÂÌ¸ ÌËÁÍËÈ, ‡ ÓÒÚ‡Î¸-
Ì˚Â ÁÛ·ˆ˚ ÓÚÒÛÚÒÚ‚Û˛Ú ËÎË Ò ÚÛ‰ÓÏ ‡ÁÎË˜ËÏ˚,
‚ Ò‚flÁË Ò ˝ÚËÏ ÔÂ‚ÓÂ ÓÚ‚Â‰ÂÌËÂ Û Í˚Ò ÌÂ ËÏÂÂÚ
ÌËÍ‡ÍÓ„Ó ÁÌ‡˜ÂÌËfl. ÇÓ ‚ÚÓÓÏ Ë ÚÂÚ¸ÂÏ ÓÚ‚Â‰Â-
ÌËflı Â„ËÒÚËÛ˛ÚÒfl ÒÚ‡Ì‰‡ÚÌ˚Â ˝ÎÂÍÚÓÍ‡-
‰ËÓ„‡ÏÏ˚. ç‡ ËÒ. 1, 2 Ë 3 ÔÂ‰ÒÚ‡‚ÎÂÌ˚ ÚËÔË˜-
Ì˚Â ˝ÎÂÍÚÓÍ‡‰ËÓ„‡ÏÏ˚ Í˚Ò [18, 31, 32].

Рубрика: Физиология

111Электрокардиография у крыс в экспериментальных исследованиях (обзор литературы)

Рис. 1. Электрокардиограмма наркотизированной хлоралгидратом крысы во II и III стандартных отведениях [31]

Рис. 2. Пример ЭКГ крысы (в ед. ч.) из справочника под редакцией 
Макарова В. Г., Макаровой М. Н. [32]

Рис. 3. Пример ЭКГ крыс во II стандартном отведении [18]
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ÑÎfl ÒÓÔÓÒÚ‡‚ÎÂÌËfl Ô‡‡ÏÂÚÓ‚ ùäÉ Í˚Ò Ò
ÔÓfl‚ÎÂÌËflÏË ˝ÎÂÍÚË˜ÂÒÍÓÈ ‡ÍÚË‚ÌÓÒÚË ÒÂ‰ˆ‡
˜ÂÎÓ‚ÂÍ‡ ‚ÂÒ¸Ï‡ ËÌÙÓÏ‡ÚË‚ÌÓÈ fl‚ÎflÂÚÒfl Ú‡·ÎË-
ˆ‡, ÔË‚Â‰ÂÌÌ‡fl ‚ ÒÔ‡‚Ó˜ÌËÍÂ ÔÓ‰ Â‰‡ÍˆËÂÈ
å‡Í‡Ó‚‡ Ç. É., å‡Í‡Ó‚ÓÈ å. ç. [32]. éÚÌÓ-
ÒËÚÂÎ¸Ì‡fl ‚‡Ë‡·ÂÎ¸ÌÓÒÚ¸ ÔÓÍ‡Á‡ÚÂÎÂÈ ùäÉ, Á‡-
Â„ËÒÚËÓ‚‡ÌÌ˚ı ‚ ‡ÁÎË˜Ì˚ı ËÒÒÎÂ‰Ó‚‡ÌËflı,
ÓÚ‡ÊÂÌ‡ ‚ ÒÓÒÚ‡‚ÎÂÌÌÓÈ Ì‡ÏË Ú‡·ÎËˆÂ (Ú‡·Î.2). 

Ç Á‡ÔËÒË ùäÉ Í˚Ò, Í‡Í Ë Û ˜ÂÎÓ‚ÂÍ‡, ÁÛ·Âˆ ê
ÓÚ‡Ê‡ÂÚ ‡ÒÔÓÒÚ‡ÌÂÌËÂ ‚ÓÁ·ÛÊ‰ÂÌËfl ÔÓ ÔÂ‰-
ÒÂ‰ËflÏ. èÓÎÓÊËÚÂÎ¸Ì‡fl ‚ÓÎÌ‡ ê ‚Ó II ÒÚ‡Ì‰‡Ú-
ÌÓÏ ÓÚ‚Â‰ÂÌËË, ÓÚËˆ‡ÚÂÎ¸Ì˚È ÁÛ·Âˆ ê ‚ ÛÒËÎÂÌÌÓÏ
ÓÚ‚Â‰ÂÌËË aVR Ë ÍÓÏÔÎÂÍÒ QRS ÔÓÒÎÂ ‚ÓÎÌ˚ ê
Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚Û˛Ú Ó ÙËÁËÓÎÓ„Ë˜ÂÒÍÓÏ ÒËÌÛÒÓ‚ÓÏ ËÚ-
ÏÂ. éÚÒÛÚÒÚ‚ËÂ ËÎË ‰ÂÙÓÏ‡ˆËfl ÁÛ·ˆ‡ ÛÍ‡Á˚‚‡ÂÚ
Ì‡ Ì‡ÎË˜ËÂ ÔÂ‰ÒÂ‰Ì˚ı ‡ËÚÏËÈ [18].

ê‡ÒÔÓÒÚ‡ÌÂÌËÂ ‚ÓÁ·ÛÊ‰ÂÌËfl ÓÚ ÔÂ‰ÒÂ‰ËÈ
Í ÊÂÎÛ‰Ó˜Í‡Ï Û Í˚Ò ÓÚ‡Ê‡ÂÚ ËÌÚÂ‚‡Î PR, Ú‡Í
Í‡Í ÁÛ·Âˆ Q ‚ ·ÓÎ¸¯ËÌÒÚ‚Â ÒÎÛ˜‡Â‚ ÓÚÒÛÚÒÚ‚ÛÂÚ.
èÓ ‰‡ÌÌ˚Ï ‡ÁÎË˜Ì˚ı ‡‚ÚÓÓ‚, ‰ÎËÚÂÎ¸ÌÓÒÚ¸ PR-
ËÌÚÂ‚‡Î‡ Á‡‚ËÒËÚ ÓÚ ‚Ë‰‡ ‡ÌÂÒÚÂÁËË Ë ‚‡¸ËÛÂÚ
ÓÚ 38 ‰Ó 70 ÏÒ Û Í˚Ò Sprague-Dawley, ‡ Û Í˚Ò
Wistar — ÓÚ 39 ‰Ó 78 ÏÒ [18, 40] (Ú‡·Î. 2). 

äÓÏÔÎÂÍÒ QRS ÛÍ‡Á˚‚‡ÂÚ Ì‡ ‚ÂÏfl Ë ı‡‡ÍÚÂ
‡ÒÔÓÒÚ‡ÌÂÌËfl ‰ÂÔÓÎflËÁ‡ˆËË ÔÓ ÊÂÎÛ‰Ó˜Í‡Ï.
èÓÒÍÓÎ¸ÍÛ Q-‚ÓÎÌ‡ Ó·˚˜ÌÓ ÌÂ Ó·Ì‡ÛÊË‚‡ÂÚÒfl
Û Í˚Ò, Ó·˚˜ÌÓ ÓˆÂÌË‚‡˛Ú ÍÓÏÔÎÂÍÒ˚ RS ËÎË Rs.
àı ‰ÎËÚÂÎ¸ÌÓÒÚ¸ Ú‡ÍÊÂ Á‡‚ËÒËÚ ÓÚ ‚Ë‰‡ ‡ÌÂÒÚÂÁËË
Ë ‚‡¸ËÛÂÚ ÓÚ 11,3 ‰Ó 22 ÏÒ Û Í˚Ò Sprague-
Dawley, ‡ Û Í˚Ò Wistar — ÓÚ 14 ‰Ó 28 ÏÒ [18]
(Ú‡·Î. 2). 

ëÂ„ÏÂÌÚ ST ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ‚ÂÏÂÌË Ì‡˜‡Î‡ Â-
ÔÓÎflËÁ‡ˆËË ÊÂÎÛ‰Ó˜ÍÓ‚. éÔËÒ‡Ì‡ ‰ÎËÚÂÎ¸ÌÓÒÚ¸
ST, ÒÓÒÚ‡‚Îfl˛˘‡fl 12,3–18,1 ÏÒ ÔÓ‰ ˝ÙËÌÓÈ
‡ÌÂÒÚÂÁËÂÈ Û Í˚Ò Sprague Dawley Ë 9,58-14,8 ÏÒ
Û Í˚Ò Wistar [18]. éˆÂÌÍ‡ ‰‡ÌÌÓ„Ó Ô‡‡ÏÂÚ‡
ËÏÂÂÚ ‚‡ÊÌÓÂ ÁÌ‡˜ÂÌËÂ ‚ ‰Ë‡„ÌÓÒÚËÍÂ Ë¯ÂÏËË Ë ËÌ-
Ù‡ÍÚ‡ ÏËÓÍ‡‰‡. Ç ˜‡ÒÚÌÓÒÚË, ËÒÒÎÂ‰Ó‚‡ÌËfl Ì‡
Í˚Ò‡ı ÔÓÍ‡Á‡ÎË ÁÌ‡˜ËÚÂÎ¸Ì˚Â ËÁÏÂÌÂÌËfl ÒÂ„ÏÂÌ-
Ú‡ ST ÔË ËÌÙ‡ÍÚÂ ÏËÓÍ‡‰‡ [41]. é‰Ì‡ÍÓ ÒÂ„-
ÏÂÌÚ ST ÚÛ‰ÌÓ Ó·Ì‡ÛÊËÚ¸ ‚ ùäÉ Í˚Ò, ÔÓÒÍÓÎ¸-
ÍÛ ÁÛ·Âˆ S ÔÎ‡‚ÌÓ ÔÂÂıÓ‰ËÚ ‚ ‚ÓÎÌÛ í, ‚ Ò‚flÁË
Ò ˝ÚËÏ ˜‡˘Â ‚ÒÂ„Ó ‡Ì‡ÎËÁËÛ˛Ú QT (RT), ‡ ÌÂ
ÒÂ„ÏÂÌÚ ST [18]. 

áÛ·Âˆ í, ÓÚ‡Ê‡˛˘ËÈ ÔÓˆÂÒÒ ÂÔÓÎflËÁ‡ˆËË
ÊÂÎÛ‰Ó˜ÍÓ‚, Í‡Í Ë ‚ ùäÉ ̃ ÂÎÓ‚ÂÍ‡ — ÔÓÎÓÊËÚÂÎ¸-
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ãËÚÂ‡ÚÛÌ˚È 
ËÒÚÓ˜ÌËÍ óëë P, mV P, s PR, s R, mV S, mV T, mV QRS, s QT, s

á‡Ô‡‰Ì˛Í à. è. Ë
ÒÓ‡‚Ú. [17] — 0,1–

0,35
0,01–
0,02 0,04–0,05 0,3–

0,85 — 0,3–
0,7

0,01–
0,025

0,07–
0,01

å‡Í‡Ó‚ Ç. É., å‡-
Í‡Ó‚‡ å. ç. [32]

0,06±
0,003

0,03±
0,001

0,0443±
0,00009

0,23±
0,01

0,041±
0,002 — 0,0425±

0,00008
0,0811±
0,0034

P. Konopelski et al.
[18] (ÍÂÚ‡ÏËÌ, 

ÍÒËÎ‡ÁËÌ)

239–
272 — — 0,056–

0,066 — — — 0,012–
0,0157 —

ÅÂÎÓÛÒÓ‚ å. Ç. 
Ë ÒÓ‡‚Ú. [33] — — — 0,042±0,0

05 — — — 0,192±
0,031

0,080±
0,026

Regan C. et al. [34]
(ÍÂÚ‡ÏËÌ, ÍÒËÎ‡ÁËÌ)

243–
276 — — 0,057–

0,061 — — — 0,013–
0,014 —

Atli O. et al. [35]
(ÍÂÚ‡ÏËÌ, ÍÒËÎ‡ÁËÌ)

320.6±
49.2 — — 0,048±

0,005 — — 0.09 ±
0.01

0,022±
0,005

0,05229±
0,0047

ÖÏÓÎ‡Â‚ è. Ä. Ë
ÒÓ‡‚Ú. [36] (‰Ë˝ÚËÎÓ-

‚˚È ˝ÙË)

327–
372 0,04–0,06 0,05–

0,1
0,08–
0,1

DamascenÓ D. et al.
[10] (ÚË·ÓÏ˝Ú‡-

ÌÓÎ)
313±8 — — 0,046 — — — 0,039 0,074

Carll A. et al. [15] — — — 0,061 — — 0,058 — —

Garson C.et al. [37] 406,9±
9,5

0,184±
.010

0,184±
0.010

0,046±
0.003

0,590±
0.056

–0,300±
0,073

0,123±
0,01

0,014±
0,001

0,061±
0,003

Mutiso S. et al. [38]
(ÍÂÚ‡ÏËÌ)

342±
12

0,19.8±
0,02

0,028±
0,002

0,030±
0,002

0,72±
0,09

–0,20±
0,02

0,169±
0,01

0,081±
0,004

0,105±
0,003

Gui L. et al. [39] 387±
15 — — 0,052±

0,002 — — — 0,019±
0,001

0,051±
,004

Ahmad A. et al. [28]
(ÔÂÌÚÓ·‡·ËÚ‡Î 

Ì‡ÚËfl)

0,60±
0,01

0,0186±
0,0006

0,0725±
0,0035
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Ì˚È, ‚ ÚÓÏ ˜ËÒÎÂ Ë ‚Ó II ÒÚ‡Ì‰‡ÚÌÓÏ ÓÚ‚Â‰ÂÌËË.
éÚÏÂ˜ÂÌ‡ ËÌ‚ÂÒËfl ÁÛ·ˆ‡ í ÔË „ËÔÓÍ‡ÎËÂÏËË
Û Í˚Ò, ˜ÚÓ ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ËÁÏÂÌÂÌËflÏ ùäÉ Û ˜Â-
ÎÓ‚ÂÍ‡ [18].

àÌÚÂ‚‡Î QT ÔÂ‰ÒÚ‡‚ÎflÂÚ ÒÓ·ÓÈ ‚ÂÏfl ‰ÂÔÓÎfl-
ËÁ‡ˆËË Ë ÂÔÓÎflËÁ‡ˆËË ÊÂÎÛ‰Ó˜ÍÓ‚. ä‡Í Ë ‰Û-
„ËÂ Ô‡‡ÏÂÚ˚ ùäÉ, Â„Ó ‰ÎËÚÂÎ¸ÌÓÒÚ¸ Á‡‚ËÒËÚ ÓÚ
ÚËÔ‡ ‡ÌÂÒÚÂÁËË Ë ÒÓÒÚ‡‚ÎflÂÚ ÓÚ 50 ‰Ó 75,9 ÏÒ Û Í˚Ò
Sprague Dawley, ‡ Û Í˚Ò Wistar — ÓÚ 57 ‰Ó 95 ÏÒ
[18] (Ú‡·Î. 2). äÓÏÂ ÚÓ„Ó, Û Í˚Ò Wistar ÔË ÚÂ-
ÎÂÏÂÚË˜ÂÒÍÓÏ ËÒÒÎÂ‰Ó‚‡ÌËË ·˚Î Á‡Â„ËÒÚËÓ-
‚‡Ì ËÌÚÂ‚‡Î QT ‰ÎËÚÂÎ¸ÌÓÒÚ¸˛ 69–71 ÏÒ [42].
èÓÍ‡Á‡ÌÓ, ˜ÚÓ ‰ÎËÚÂÎ¸ÌÓÒÚ¸ ËÌÚÂ‚‡Î‡ QT ÓÔÂ-
‰ÂÎflÂÚ ÒÍÓÓÒÚ¸ ‚˚ıÓ‰‡ ËÓÌÓ‚ Í‡ÎËfl ËÁ ÍÎÂÚÓÍ
ÏËÓÍ‡‰‡ [43]. àÌÚÂ‚‡Î QT ÏÓÊÂÚ ·˚Ú¸ Û‚ÂÎË-
˜ÂÌ ‚ÒÎÂ‰ÒÚ‚ËÂ „ËÔÓÍ‡ÎËÂÏËË, Í‡Ì‡ÎÓÔ‡ÚËÈ, Ë¯Â-
ÏËË ËÎË ËÌÙ‡ÍÚ‡ ÏËÓÍ‡‰‡ [18]. ì‚ÂÎË˜ÂÌËÂ
ËÌÚÂ‚‡Î‡ QT ‡ÒˆÂÌË‚‡˛Ú Í‡Í ·ËÓÏ‡ÍÂ ‡Ì-
ÌËı ÒÚ‡‰ËÈ ÓÒÚÓÈ Ë¯ÂÏËË ÏËÓÍ‡‰‡ [44]. ì‚Â-
ÎË˜ÂÌËÂ ‰ÎËÚÂÎ¸ÌÓÒÚË ËÌÚÂ‚‡Î‡ QT ‚ ùäÉ fl‚ÎflÂÚ-
Òfl Ú‡ÍÊÂ ÓÒÌÓ‚Ì˚Ï ÔÓÍ‡Á‡ÚÂÎÂÏ ÔË ÓÔÂ‰ÂÎÂÌËË
Í‡‰ËÓÚÓÍÒË˜ÌÓÒÚË ÎÂÍ‡ÒÚ‚ [45, 46], Ó‰Ì‡ÍÓ ̋ ÍÒ-
Ú‡ÔÓÎflˆËfl ÂÁÛÎ¸Ú‡ÚÓ‚ ˝ÚËı ËÒÒÎÂ‰Ó‚‡ÌËÈ Ì‡
Î˛‰ÂÈ ÔÓÍ‡ fl‚ÎflÂÚÒfl Ó„‡ÌË˜ÂÌÌÓÈ [18]. 

Ç Ò‚flÁË Ò ‚‡Ë‡·ÂÎ¸ÌÓÒÚ¸˛ ËÌÚÂ‚‡Î‡ QT Û ̃ Â-
ÎÓ‚ÂÍ‡ Â„Ó ‰ÎËÚÂÎ¸ÌÓÒÚ¸ ÍÓË„ËÛ˛Ú ÓÚÌÓÒËÚÂÎ¸-
ÌÓ óëë Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ ÙÓÏÛÎ˚ Å‡ÁÂÚÚ‡, ÎË-
·Ó ÙÓÏÛÎ˚ îÂ‰ÂËÍ‡, ÍÓÚÓÛ˛ Ò˜ËÚ‡˛Ú ·ÓÎÂÂ
ÔÂ‰ÔÓ˜ÚËÚÂÎ¸ÌÓÈ [48]. Ç ̋ ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚ı ËÒ-
ÒÎÂ‰Ó‚‡ÌËflı Ú‡ÍÊÂ ËÒÔÓÎ¸ÁÛÂÚÒfl ÍÓË„ËÛÂÏ˚È
ËÌÚÂ‚‡Î QT (QTc), Ì‡ÔËÏÂ, ‰Îfl ‡Ì‡ÎËÁ‡ ËÁ-
ÏÂÌÂÌËÈ ‚ ÔÓˆÂÒÒÂ ÂÔÓÎflËÁ‡ˆËË ÊÂÎÛ‰Ó˜ÍÓ‚
[28]. ç‡ ÓÒÌÓ‚‡ÌËË ‡Ì‡ÎËÁ‡ ÍÓÂÎflˆËË ÏÂÊ‰Û
QTc Ë QT ÛÒÚ‡ÌÓ‚ÎÂÌÓ, ̃ ÚÓ ËÌÚÂ‚‡Î QTc ‰ÓÎÊÂÌ
‡ÒÒ˜ËÚ˚‚‡Ú¸Òfl ‚ ÒÓÓÚ‚ÂÚÒÚ‚ËË Ò ÔÓÔ‡‚ÍÓÈ ÙÓ-
ÏÛÎ˚ Å‡ÁÂÚÚ‡, ‡ ËÏÂÌÌÓ:

„‰Â f ÍÓ˝ÙÙËˆËÂÌÚ ÌÓÏ‡ÎËÁ‡ˆËË ‚ ÒÓÓÚ‚ÂÚÒÚ‚ËË
Ò ‰ÎËÚÂÎ¸ÌÓÒÚ¸˛ ËÌÚÂ‚‡Î‡ RR Û Í˚Ò, ÚÓ ÂÒÚ¸
150 ÏÒ [48].

àÒÔÓÎ¸ÁÓ‚‡ÌËÂ ÏÂÚÓ‰‡ ˝ÎÂÍÚÓÍ‡‰ËÓ-
„‡ÙËË Û Í˚Ò ‚ ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚ı ËÒÒÎÂ-
‰Ó‚‡ÌËflı

ÄÌ‡ÎËÁ ÓÚÂ˜ÂÒÚ‚ÂÌÌÓÈ Ë Á‡Û·ÂÊÌÓÈ ÎËÚÂ‡ÚÛ-
˚ ‚˚fl‚ËÎ ‰ÓÒÚ‡ÚÓ˜ÌÓ ¯ËÓÍËÈ ÒÔÂÍÚ ËÒÒÎÂ‰Ó-
‚‡ÌËÈ, ÓÒÌÓ‚‡ÌÌ˚ı Ì‡ ËÒÔÓÎ¸ÁÓ‚‡ÌËË ÏÂÚÓ‰‡ ̋ ÎÂÍ-
ÚÓÍ‡‰ËÓ„‡ÙËË Û Í˚Ò. ç‡ÔËÏÂ, ÍËÚÂËÂÏ
Ë¯ÂÏËË ÏËÓÍ‡‰‡ ‚ ̋ ÍÒÔÂËÏÂÌÚÂ fl‚ÎflÂÚÒfl ÔÓ‰˙-
ÂÏ ST [29, 49]. ÑÛ„ËÂ ‡‚ÚÓ˚ Ì‡·Î˛‰‡ÎË ˝ÎÂ‚‡-
ˆË˛ ÒÂ„ÏÂÌÚ‡ ST ‚˚¯Â ËÁÓÎËÌËË Ë Â„Ó ‡Ò¯ËÂ-
ÌËÂ, ‡ Ú‡ÍÊÂ ÒÎËflÌËÂ S Ë T [49]. Å‡ÁËÎ¸ÒÍËÂ

Û˜ÂÌ˚Â ‰Îfl ÓˆÂÌÍË Ë¯ÂÏËË ÏËÓÍ‡‰‡ ËÒÔÓÎ¸ÁÓ-
‚‡ÎË ÔÓÍ‡Á‡ÚÂÎË QRS (ÁÌ‡˜ËÚÂÎ¸ÌÓÂ Û‚ÂÎË˜Â-
ÌËÂ), ÒÌËÊÂÌËÂ ÁÛ·ˆ‡ ê Ë QT [50].

ì‚ÂÎË˜ÂÌËÂ ‰ÎËÚÂÎ¸ÌÓÒÚË QRS Û Í˚Ò Ó·Ì‡-
ÛÊË‚‡ÎÓÒ¸ ÔÓÒÎÂ ‚ÓÁ‰ÂÈÒÚ‚Ëfl ÌÂÍÓÚÓ˚ÏË ÔÂ-
Ô‡‡Ú‡ÏË, Ì‡ÔËÏÂ, ‰ËÁÓÔË‡ÏË‰ÓÏ [46] Ë ‡ÁËÚ-
ÓÏËˆËÌÓÏ [35]. 

áÌ‡˜ËÏÓÂ ËÁÏÂÌÂÌËÂ ‰ÎËÚÂÎ¸ÌÓÒÚË ÂÔÓÎflË-
Á‡ˆËË ÊÂÎÛ‰Ó˜ÍÓ‚ Á‡ Ò˜ÂÚ ÂÂ Ì‡˜‡Î¸ÌÓ„Ó ÔÂËÓ‰‡
Ì‡·Î˛‰‡ÎË ‚ÒÎÂ‰ÒÚ‚ËÂ ÔÓÒÚË¯ÂÏË˜ÂÒÍÓÈ ÂÔÂÙÛ-
ÁËË ÍÓÓÌ‡ÌÓÈ ‡ÚÂËË [51]. ÄÌ‡ÎËÁ ËÁÏÂÌÂÌËÈ
ùäÉ Í˚Ò, ‚˚Á‚‡ÌÌ˚ı ̋ ÔËÎÂÔÒËÂÈ ÔÓÒÎÂ ÒÂ‰Â˜ÌÓÈ
Ë¯ÂÏËË Ë ÂÔÂÙÛÁËË, ÔÓÍ‡Á‡Î Û‚ÂÎË˜ÂÌËÂ QRS
‚ ÚÂ˜ÂÌËÂ ÔÂËÓ‰‡ ÒÚ‡·ËÎËÁ‡ˆËË ÔÓ ÓÚÌÓ¯ÂÌË˛
Í „ÛÔÔÂ ÍÓÌÚÓÎfl Ë ÛÏÂÌ¸¯ÂÌËÂ ËÌÚÂ‚‡ÎÓ‚ QT
‚ ÔÂËÓ‰ Ë¯ÂÏËË [50]. 

Ç ËÒÒÎÂ‰Ó‚‡ÌËË ÒÚÂÒÒ-ËÌ‰ÛˆËÓ‚‡ÌÌ˚ı Ì‡Û-
¯ÂÌËÈ ÒÂ‰Â˜ÌÓÈ ‰ÂflÚÂÎ¸ÌÓÒÚË ·˚ÎÓ ‚˚fl‚ÎÂÌÓ ÒÏÂ-
˘ÂÌËÂ ÒÂ„ÏÂÌÚ‡ RS-T Ë ÔÓfl‚ÎÂÌËÂ Ô‡ÚÓÎÓ„Ë˜ÂÒÍÓ-
„Ó ÁÛ·ˆ‡ Q [29]. 

éˆÂÌÍ‡ Ô‡‡ÏÂÚÓ‚ ùäÉ ËÒÔÓÎ¸ÁÛÂÚÒfl ÔË ̋ ÍÒ-
ÔÂËÏÂÌÚ‡Î¸ÌÓÏ ÏÓ‰ÂÎËÓ‚‡ÌËË Ô‡ÚÓÎÓ„ËË ‡Á-
ÎË˜Ì˚ı ÒËÒÚÂÏ Ó„‡ÌËÁÏ‡. Ç ˜‡ÒÚÌÓÒÚË, Ì‡·Î˛-
‰ÂÌËfl ˝ÎÂÍÚË˜ÂÒÍÓÈ ‡ÍÚË‚ÌÓÒÚË ÒÂ‰ˆ‡ ÔÓÒÎÂ
ÔÂ‰ÂÎ¸ÌÓ ‰ÓÔÛÒÚËÏÓÈ ÂÁÂÍˆËË ÔÂ˜ÂÌË ‚˚fl‚ËÎË
ÒÚ‡ÚËÒÚË˜ÂÒÍË ÁÌ‡˜ËÏÓÂ Û‰ÎËÌÂÌËÂ ËÌÚÂ‚‡Î‡ PQ
Ë QT, Û‚ÂÎË˜ÂÌËÂ ‡ÏÔÎËÚÛ‰˚ ÁÛ·ˆ‡ í, ˜ÚÓ Ò‚Ë‰Â-
ÚÂÎ¸ÒÚ‚Ó‚‡ÎÓ Ó ÔÓÒÚÓÔÂ‡ˆËÓÌÌÓÈ Ë¯ÂÏËË ÏËÓ-
Í‡‰‡ [36].

É‡ÁÓ‚˚È ÒÓÒÚ‡‚ ÍÓ‚Ë ÌÂÔÓÒÂ‰ÒÚ‚ÂÌÌÓ ‚ÎËflÂÚ
Ì‡ ̋ ÎÂÍÚË˜ÂÒÍÛ˛ ‡ÍÚË‚ÌÓÒÚ¸ ÒÂ‰ˆ‡. Ç ̋ ÍÒÔÂË-
ÏÂÌÚÂ ·˚ÎÓ ‚˚fl‚ÎÂÌÓ ‰ÓÒÚÓ‚ÂÌÓÂ ÓÚÍÎÓÌÂÌËÂ ÒÂ„-
ÏÂÌÚ‡ ST ‚˚¯Â ËÁÓÎËÌËË, ËÌ‚ÂÒË˛ ÁÛ·ˆ‡ T, ‡ Ú‡Í-
ÊÂ Ì‡Û¯ÂÌËÂ ÔÓ‚Ó‰ËÏÓÒÚË ÔË ÓÚ‡‚ÎÂÌËË Û„‡-
Ì˚Ï „‡ÁÓÏ [52].

èÓÒÎÂ ÚÓÚ‡Î¸ÌÓÈ ÚËÂÓË‰˝ÍÚÓÏËË ‚ ̋ ÍÒÔÂËÏÂÌ-
ÚÂ Û Í˚Ò Ì‡·Î˛‰‡Î‡Ò¸ ·‡‰ËÍ‡‰Ëfl, Ì‡ ùäÉ ËÒ-
˜ÂÁ‡Î ÁÛ·Âˆ R, Ì‡·Î˛‰‡ÎÒfl ÔÓ‰˙ÂÏ ÒÂ„ÏÂÌÚ‡ ST,
˜ÚÓ ÓÁÌ‡˜‡ÎÓ ‡Á‚ËÚËÂ Ë¯ÂÏËË ÏËÓÍ‡‰‡, ÍÓÏÂ
ÚÓ„Ó Ì‡·Î˛‰‡ÎËÒ¸ Ì‡Û¯ÂÌËfl ÔÓ‚Ó‰ËÏÓÒÚË (AV-
·ÎÓÍ‡‰‡) [53].

ÑÂflÚÂÎ¸ÌÓÒÚ¸ ÔÓ‚Ó‰fl˘ÂÈ ÒËÒÚÂÏ˚ ÒÂ‰ˆ‡ ÏÓ-
ÊÂÚ Ì‡Û¯‡Ú¸Òfl ‚ Ò‚flÁË Ò Ì‡ÎË˜ËÂÏ ÒÓÒÛ‰ËÒÚÓÈ Ô‡-
ÚÓÎÓ„ËË ‚ „ÓÎÓ‚ÌÓÏ ÏÓÁ„Â. ùÚÓ ÔÓ‰Ú‚Â‰ËÎË ˝ÍÒ-
ÔÂËÏÂÌÚ˚ Ì‡ Í˚Ò‡ı Ò ÏÓ‰ÂÎ¸˛ ˆÂÂ·‡Î¸ÌÓÈ
Ë¯ÂÏËË, Û ÍÓÚÓ˚ı Ì‡ ùäÉ Ì‡·Î˛‰‡ÎÒfl ÔÓ‰˙ÂÏ
ÒÂ„ÏÂÌÚ‡ ST ‚˚¯Â ËÁÓÎËÌËË, ˜ÚÓ Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚Ó-
‚‡ÎÓ Ë Ó· Ë¯ÂÏËË ÏËÓÍ‡‰‡ [30].

á‡ÍÎ˛˜ÂÌËÂ. í‡ÍËÏ Ó·‡ÁÓÏ, Î‡·Ó‡ÚÓÌ˚Â Í˚-
Ò˚ ˜‡˘Â ‰Û„Ëı ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚ı ÊË‚ÓÚÌ˚ı
ËÒÔÓÎ¸ÁÛ˛ÚÒfl ‚ Í‡˜ÂÒÚ‚Â ·ËÓÎÓ„Ë˜ÂÒÍËı ÚÂÒÚ-ÒË-
ÒÚÂÏ ‚ ÒÓ‚ÂÏÂÌÌ˚ı ËÒÒÎÂ‰Ó‚‡ÌËflı ‰Îfl Â„ËÒÚ-
‡ˆËË ̋ ÎÂÍÚË˜ÂÒÍÓÈ ‡ÍÚË‚ÌÓÒÚË ÒÂ‰ˆ‡ Ò ÔÓÏÓ˘¸˛
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ÏÂÚÓ‰‡ ̋ ÎÂÍÚÓÍ‡‰ËÓ„‡ÙËË. êÂ„ËÒÚ‡ˆËfl ̋ ÎÂÍ-
ÚÓÍ‡‰ËÓ„‡ÏÏ˚ Û Í˚Ò ÏÓÊÂÚ ÔÓ‚Ó‰ËÚ¸Òfl Í‡Í
Û ÌÂÌ‡ÍÓÚËÁËÓ‚‡ÌÌ˚ı, Ú‡Í Ë Ì‡ÍÓÚËÁËÓ‚‡Ì-
Ì˚ı ÊË‚ÓÚÌ˚ı Ò Û˜ÂÚÓÏ ‚ÎËflÌËfl ‡ÌÂÒÚÂÚËÍ‡ Ì‡ Ô‡-
‡ÏÂÚ˚ ÒÂ‰Â˜ÌÓÈ ‰ÂflÚÂÎ¸ÌÓÒÚË Ë „ÂÏÓ‰ËÌ‡ÏËÍË.
Ñ‡ÌÌ˚È ÔÓ‰ıÓ‰ ÔÓÁ‚ÓÎflÂÚ Û˜ËÚ˚‚‡Ú¸ ‚‡Ë‡·ÂÎ¸-
ÌÓÒÚ¸ Ô‡‡ÏÂÚÓ‚ ùäÉ ‚ Á‡‚ËÒËÏÓÒÚË ÓÚ ÛÒÎÓ‚ËÈ
˝ÍÒÔÂËÏÂÌÚ‡. èÓ·ÎÂÏÓÈ fl‚Îfl˛ÚÒfl Ú‡ÍÊÂ Ó„‡-
ÌË˜ÂÌËfl ÔflÏÓÈ ˝ÍÒÚ‡ÔÓÎflˆËË Ì‡ Ó„‡ÌËÁÏ ˜Â-
ÎÓ‚ÂÍ‡ Ô‡‡ÏÂÚÓ‚ ùäÉ Í˚Ò, Á‡Â„ËÒÚËÓ‚‡ÌÌ˚ı
‚ ̋ ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚ı ËÒÒÎÂ‰Ó‚‡ÌËflı, Ò‚flÁ‡ÌÌ˚ı
Ò ÙËÁËÓÎÓ„Ë˜ÂÒÍËÏË ÓÒÓ·ÂÌÌÓÒÚflÏË Ëı ÒÂ‰Â˜ÌÓ-
ÒÓÒÛ‰ËÒÚÓÈ ÒËÒÚÂÏ˚. ùÚË Ó„‡ÌË˜ÂÌËfl ÏÓ„ÛÚ ·˚Ú¸
ÌË‚ÂÎËÓ‚‡Ì˚ Ú˘‡ÚÂÎ¸Ì˚Ï ÔÓ‰ıÓ‰ÓÏ Í ‡Á‡·ÓÚÍÂ
‰ËÁ‡ÈÌ‡ ËÒÒÎÂ‰Ó‚‡ÌËfl. èÓ‚Â‰ÂÌÌ˚È ‡Ì‡ÎËÁ ÎË-
ÚÂ‡ÚÛÌ˚ı ‰‡ÌÌ˚ı ÔÓ‰Ú‚ÂÊ‰‡ÂÚ, ˜ÚÓ ÌÂÍÓÚÓ-
˚Â Ô‡‡ÏÂÚ˚ ùäÉ Í˚Ò ‚ÓÁÏÓÊÌÓ ËÒÔÓÎ¸ÁÓ‚‡Ú¸
‰Îfl ‡Ì‡ÎËÁ‡ Ë Ò‡‚ÌÂÌËfl Ò Ú‡ÍÓ‚˚ÏË Û ˜ÂÎÓ‚ÂÍ‡,
‡ ËÏÂÌÌÓ: ËÌÚÂ‚‡Î PR, ÍÓÏÔÎÂÍÒ QRS (RS ËÎË
Rs), ‡ÏÔÎËÚÛ‰‡ ÁÛ·ˆ‡ T Ë ÍÓË„ËÛÂÏ˚È ËÌÚÂ-
‚‡Î QT. Ç ˜‡ÒÚÌÓÒÚË, ‰Îfl ÓˆÂÌÍË ˝ÎÂÍÚË˜ÂÒÍÓÈ
‡ÍÚË‚ÌÓÒÚË ÒÂ‰ˆ‡ Í˚Ò Ë ‰Ë‡„ÌÓÒÚËÍË AV–·ÎÓ-

Í‡‰, ÊÂÎÛ‰Ó˜ÍÓ‚˚ı ‡ËÚÏËÈ, ·ÎÓÍ‡‰ ÌÓÊÂÍ ÉËÒ‡
ËÒÔÓÎ¸ÁÛ˛Ú ‰ÎËÚÂÎ¸ÌÓÒÚ¸ ËÌÚÂ‚‡Î‡ PR Ë ÍÓÏ-
ÔÎÂÍÒ‡ QRS (RS ËÎË Rs) [10, 13, 35, 37, 38]. Ç ÒÎÛ-
˜‡Â ËÁÛ˜ÂÌËfl ‚ ˝ÍÒÔÂËÏÂÌÚÂ Ë¯ÂÏË˜ÂÒÍËı ÔÓ-
ˆÂÒÒÓ‚ ÏËÓÍ‡‰‡, ËÁÏÂÌÂÌËÈ ÛÓ‚Ìfl Í‡ÎËfl ‚ Ò˚-
‚ÓÓÚÍÂ ÍÓ‚Ë ‡Ì‡ÎËÁËÛ˛Ú ÒÂ„ÏÂÌÚ ST [29, 49].
èË ËÁÏÂÌÂÌËË ‰ÎËÚÂÎ¸ÌÓÒÚË ËÌÚÂ‚‡Î‡ QT ÏÓÊ-
ÌÓ ÔÂ‰ÔÓÎ‡„‡Ú¸ Ì‡Û¯ÂÌËfl ÔÓˆÂÒÒÓ‚ ÂÔÓÎflË-
Á‡ˆËË Ë ‡·ÓÚ˚ ËÓÌÌ˚ı Í‡Ì‡ÎÓ‚, ‡ Ú‡ÍÊÂ Ë¯ÂÏË˛
[40]. äÓË„ËÛÂÏ˚È ËÌÚÂ‚‡Î QT ÛÌË‚ÂÒ‡Î¸Ì˚È
ÔÓÍ‡Á‡ÚÂÎ¸, ÍÓÚÓ˚È ̃ ‡˘Â ËÒÔÓÎ¸ÁÛÂÚÒfl ‚ ‰ÓÍÎË-
ÌË˜ÂÒÍËı ËÒÒÎÂ‰Ó‚‡ÌËflı ÎÂÍ‡ÒÚ‚ÂÌÌ˚ı ÔÂÔ‡-
‡ÚÓ‚ Í‡Í ËÌ‰ËÍ‡ÚÓ Í‡‰ËÓÚÓÍÒË˜ÌÓÒÚË ÎÂÍ‡ÒÚ-
‚ÂÌÌÓ„Ó ÒÂ‰ÒÚ‚‡ [33].

í‡ÍËÏ Ó·‡ÁÓÏ, Ô‡‡ÏÂÚ˚ ùäÉ Í˚Ò: ËÌÚÂ-
‚‡Î PR, ÍÓÏÔÎÂÍÒ QRS (RS ËÎË Rs), ‡ÏÔÎËÚÛ‰‡
ÁÛ·ˆ‡ T Ë ÍÓË„ËÛÂÏ˚È ËÌÚÂ‚‡Î QT ËÏÂ˛Ú Ô‡Í-
ÚË˜ÂÒÍÓÂ ÁÌ‡˜ÂÌËÂ ‰Îfl ‡‰ÂÍ‚‡ÚÌÓÈ ËÌÚÂÔÂÚ‡ˆËË
‰‡ÌÌ˚ı ̋ ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚ı ËÒÒÎÂ‰Ó‚‡ÌËÈ ËÌÚÂ„-
‡Î¸Ì˚ı ı‡‡ÍÚÂËÒÚËÍ ‰ÂflÚÂÎ¸ÌÓÒÚË ÒÂ‰Â˜ÌÓ-
ÒÓÒÛ‰ËÒÚÓÈ ÒËÒÚÂÏ˚ Ë ÏÂÊÒËÒÚÂÏÌ˚ı ÏÂı‡ÌËÁÏÓ‚
Â„ÛÎflˆËË.
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Privalova I.1, Shevelev O.2, Hodorovich N.2, Kuznetsova T.3, Glotova I.1, Legostaeva T.1, Ozerova I.1

Electrocardiography in rats in experimental studies 
(review of the literature)

Abstract. A scientific and analytical review of experimental research with the use of rats as biological test
systems and electrocardiogram (ECG) parameters assessment was conducted. The data on various methods
of ECG recording in anesthetized and unanesthetized animals (including the advantages and drawbacks of such
methods) were presented. Both invasive and non-invasive approaches to recording the cardiac electrical activity
in unanesthetized rats (including the method of telemetric ECG monitoring), which allow EEG monitoring in
freely-behaving animals, were described. The review widely presents the studies with ECG registration in anes-
thetized animals. The data on influence of various types of anesthesia on electrical manifestation of cardiac
activity in rats as well as hemodynamic parameters and activity of the vegetative centers regulating them was
systematized. 

The review analyzes the parameters of rat’s ECG recorded in experimental studies in comparison with the
parameters of human’s ECG and assesses the possibilities of extrapolating the data obtained to humans. 

The literature data analysis revealed a fairly wide range of scientific studies and preclinical trials of drugs
based on the use of the electrocardiography method in rats. The most significant ECG parameters in rats were
identified: PR interval, QRS complex (RS or Rs), T wave amplitude and corrected QT interval, which are of prac-
tical importance for adequate interpretation of the data of experimental research of integral characteristics of
cardiovascular system and intersystem regulatory mechanisms activity. 

Key words: rats, anesthesia, electrocardiography, telemetry, heart, electrical activity, preclinical studies.

Authors:

Privalova I. — PhD (Biol. Sci.), Professor of the Department of normal physiology; e-mail: ir_priv@mail.ru;

Shevelev O. — PhD (Med. Sci.), Professor of the Department of pathological physiology; e-mail: shevelev_o@mail.ru;

Hodorovich N. — PhD (Med. Sci.), Professor of the Department of pathological physiology; e-mail: nkhodor-
ovich@mail.ru;

Kuznetsova T. — PhD (Biol. Sci.), assistant of the Department of veterinary genetics and animal husbandry;
e-mail: kuznett@yandex.ru;

Glotova I. — student; e-mail: iraglotowa@mail.ru;

Legostaeva T. — student; e-mail: tatyana.legostaeva@mail.ru;

Ozerova I. — student; e-mail: irina.ozerova-1995@yandex.ru.

1 FSBEI HE Kursk State Medical University, 305041, Russia, Kursk region, Kursk, st. K. Marx, 3;
2 Peoples’ Friendship University of Russia (RUDN University), 117198, Russia, Moscow, ul. Miklouho-Maclay, 6;
3 FSBEI HE «St. Petersburg State Academy of Veterinary Medicine», 196084, Russia, St. Petersburg, Chernigov-

skaya ul, 5.

Magazine-2-2019_Layout 1  18.06.2019  20:47  Page 117



ГЕНЕТИКА И РАЗВЕДЕНИЕ ЖИВОТНЫХ 2/2019

118 И. Л. Привалова и др. ©

References

1. He J. P-Wave Indices and Risk of Ischemic Stroke: A Systematic Review and Meta-Analysis / J. He,
G. Tse, P. Korantzopoulos, K. Letsas, S. Ali-Hasan-Al-Saegh, H. Kamel, G. Li, G. Lip, T. Liu //
Stroke. — 2017. — Vol. 48. — ‹ 8. — P. 2066–2072.

2. Popadyuk V. I., Ilinskaya M. V., Shevelev O. A. Tonsilectomy and heart rate variability: stress assess-
ment // Ecological and physiological problems of adaptation. Proceedings of the XVII All-Russian Sym-
posium. — 2017. — P. 178–180.

3. Shvets D. A. Diagnostic value and mechanisms of postsystolic shortening in case of post-infarction focal
changes in the left ventricle / D. A. Shvets, S. V. Povetkin // Man and His Health. — 2015. — ‹ 1. —
P. 59–64.

4. Karkishchenko N. N. Basics of biomodeling. — M .: MIC, 2005. 608 p.

5. Kuryanova Ye. V. Effect of anesthesia and reflex stimulation of the sympathoadrenal and parasympathetic
systems on heart rate variability in rats / E. V. Kuryanova // Natural Sciences. Journal of Fundamental
and Applied Research. — 2011. — ‹2 (35). — P. 140–148.

6. Dor-Haim H. Redused ventricular arrhythmogeneity and increased electrical complexity in norm al exer-
cised rats / H. Dor-Haim, O. Berenfeld, M. Horowitz, S. Lotan, M. Swissa // PLoS One. — 2013. —
Vol. 8. — ‹ 6. — P. 168–176.

7. Pereira-Junior P. P. Noninvasive method for electrocardiogram recording in conscious rats: feasibility
for heart rate variability analysis / P. P. Pereira-Junior, M. Marocolo, F. P. Rodrigues, E. Medei,
J. H. Nascimento // An Acad Bras Cienc. 2010. — Vol. 82. — ‹ 2. — P. 431–437.

8. O. V. Sergeeva, N. N. Alipov, V. M. Smirnov. Vliyanie atropina, propranolola i atenolola na volnovuyu
strukturu kolebanij ritma serdca u krys [Influence of atropine, propranolol and atenolol on the wave
structure of heart rate fluctuations in rats] // Byulleten' ehksperimental'noj biologii i mediciny [Bulletin
of Experimental Biology and Medicine]. 2008. T. 145. ‹ 4. S. 364–367.

9. Ryzhakina A. YU., Oshevenskij L. V., Krylov V. N. Vliyanie svetovogo rezhima vivariya na vari-
abel'nost' serdechnogo ritma krys [Influence of the light regime of the vivarium on the variability of the
heart rhythm of rats] // Vestnik Nizhegorodskogo universiteta im. N.I. Lobachevskogo [Bulletin of the
Nizhny Novgorod University. N. I. Lobachevsky]. 2014. ‹ 4 (1). P. 183–187.

10. Damasceno D. Cardiac dysfunction in rats prone to audiogenic epileptic seizures / D. Damasceno, Q. Saver-
gnini, E. Gomes, S. Guatimosim, J. Ferreira, C. Doretto, P. Almeida // Seizure. — 2013. — Vol. 22. —
P. 259–266. 

11. Fazan Jr. R. Evaluation of cardiovascular risk factors in the Wistar audiogenic rat (WAR) strain /
Jr. R. Fazan, C. Silva, J. Oliveira, H. Salgado, N. Montano, N. Garcia-Cairasco // PLoS One. — 2015. 

12. Es'haghi F. Investigation of ECG changes in absence epilepsy on WAG/ rij rats / F. Es'haghi, P. Sha-
habi, J. Frounchi, M. Sadighi, H. Yousefi // Basic and Clinical. — 2015. — Vol. 6. — ‹ 2.

13. Carll A. Diesel exhaust inhalation increases cardiac output, bradyarrhythmias, and parasympathetic tone
in aged heart failure–prone rats / A. Carll, R. Lust, M. Hazari, C. Perez, Q. Krantz, C. King, D. Winsett,
W. Cascio, D. Costa, A. Farraj // Toxicological sciences. — 2013. — Vol. 131. — ‹ 2. — P. 583–595.

14. Rey M. Simultaneous pulmonary and systemic blood pressure and ECG interval measurement in con-
scious, freely moving rats / M. Rey, E. Weber, P. Hess // Journal of the American Association for
Laboratory Animal Science. — 2012. — Vol. 51. — ‹ 2. — P. 231–238.

15. Carll A. Whole and particle-free diesel exhausts differentially affect cardiac electrophysiology, blood
pressure, and autonomic balance in heart failure–prone rats / A. Carll, R. Lust, M. Hazari, C. Perez,
Q. Krantz, C. King, D. Winsett, D. Costa, A. Farraj // Toxicological sciences. — 2012. — Vol. 128. —
‹2. — P. 490–499. 

16. Scridon A. Unprovoked atrial tachyarrhythmias in aging spontaneously hypertensive rats: the role of the
autonomic nervous system / A. Scridon, C. Gallet, M. Arisha, V. OrÈa, B. Chapuis, N. Li, A. Tabib,
G. ChristÈ, C. BarrËs, C. Julien, P. Chevalier // American journal of physiology. Heart and circulatory
physiology. — 2012. — P. 386–392.

17. Zapadnyuk I. P., Zahariya E. A. Laboratornye zhivotnye. Razvedenie, soderzhanie, isspol'zovanie v ehksper-
imente: uchebnoe posobie [Laboratory animals. Breeding, content, use in the experiment: a tutorial]. —
Kiev: Vishcha shkola, 1983. 383 p.

18. Konopelski P. Electrocardiography rats a comparison to human / P. Konopelski, M. Ufnal // Physiol
Res. — 2016. — Vol. 65. — ‹ 5. — P. 717–725.

Magazine-2-2019_Layout 1  18.06.2019  20:47  Page 118



Рубрика: Физиология

119Электрокардиография у крыс в экспериментальных исследованиях (обзор литературы)

19. Jamali F. Methoxyflurane anesthesia augments the chronotropic and dromotropic effects of verapamil /
F. Jamali, P. R. Mayo // J Pharm Sci. — 1999. — Vol. 2. — ‹ 1. — P. 30–35.

20. Hacker S. O. A comparison of target-controlled infusion versus volatile inhalant anesthesia for heart
rate, respiratory rate, and recovery time in a rat model / S. O. Hacker, C. E. White, I. H. Black //
Contemp Top Lab Anim Sci. — 2005. — Vol. 44. — ‹ 5. — P. 7–12.

21. Zhao Y. The quaternary lidocaine derivative QX-314 produces long-lasting intravenous regional anesthesia
in rats / Y. Zhao, C. Zhou, J. Liu, P. Liang, D. Liao, Y. Chen, X. Chen // PLoS One. — 2014. —
Vol. 9. — ‹ 6. — P. 34–41.

22. Haworth R. Inhibition of sodium/calcium exchange and calcium channels of heart cells by volatile anes-
thetics / R. Haworth, A. Goknur // Anesthesiology. — 1995. — ‹82. — P. 1255–1265.

23. Albrecht M. Effects of isoflurane, ketamine-xylazine and a combination of medetomidine, midazolam and
fentanyl on physiological variables continuously measured by telemetry in Wistar rats / M. Albrecht,
J. Henke, S. Tacke, M. Markert, B. Guth // BMC Veterinary Research. — 2014. — Vol. 198. —
‹ 10. — P. 95–103.

24. Regan C. In vivo cardiac electrophysiologic and antiarrhythmic effects of an isoquinoline IKur blocker,
ISQ-1, in rat, dog, and nonhuman primate / C. Regan, G. Stump, A. Wallace, K. Anderson, C. Mcin-
tyre, N. Liverton, J. J. Lynch // J Cardiovasc Pharmacol. — 2007. — ‹49. — P. 236–245.

25. Miranda A. Time course of echocardiographic and electrocardiographic parameters in myocardial infarct
in rats / A. Miranda, R. Costa-e-Sousa, J. Werneck-de-Castro, E. Mattos, E. Olivares, V. Ribeiro, M. Silva,
R. Goldenberg, A. Campos-de-Carvalho // An Acad Bras Cienc. — 2007. — ‹ 79. — P. 639–648.

26. Ziyatdinova N.I., Biktemirova R.G., Hisamieva L.I., Zefirov T.L. Vozrastnye osobennosti adrenergich-
eskoj regulyacii hronotropnoj funkcii serdca krys [Age features of adrenergic regulation of the chronotrop-
ic function of the heart of rats] // Zdorov'e, demografiya, ehkologiya finno-ugorskih narodov [Health,
demography, ecology of Finno-Ugric peoples]. 2015. ‹ 4.P. 34–36.

27. Krzemiński T. F. Differential effects of four xylidine derivatives in the model of ischemia- and re-perfu-
sion-induced arrhythmias in rats in vivo / T. F. Krzemiński, K. Mitrega, M. Zorniak, M. Porc // Eur
J Pharmacol. — 2010. — Vol. 644. — ‹1-3. — P. 120–127.

28. Ahmad A. Impact of Isoprenaline and Caffeine on development of left ventricular hypertrophy and renal
hemodynamic in Wistar Kyoto rats / A. Ahmad, M. Sattar, H. Rathore, S. Khan, M. Lazhari, F. Hashmi,
N. Abdullah, E. Johns // Acta Pol Pharm. — 2015. — Vol. 72. — ‹ 5. — P. 1015–1026.

29. Makhmudova L. Kh. Functional biochemical and histological indicators of myocardium in stress-induced
cardiac abnormalities / L. Kh. Makhmudova // Bulletin of the Russian Academy of Medical Sciences. —
2009. — T. 139. — ‹ 5. — P. 113–116.

30. Trofimenko A. I. Features of the electrocardiogram in rats with a model of cerebral ischemia caused by
coagulation of the right middle cerebral artery / A. I. Trofimenko, A. H. Kade, V. P. Lebedev, S. A. Zanin,
T. B. Zabolotskikh, S. N. Merzlyakova, M. V. Kolpakov // Kuban Scientific Medical Herald. — 2012. —
V. 131. — 2. — P. 175–179.

31. Privalova I. L. Analysis of parameters of the electrical activity of the heart of rats under conditions of
modeling of acetate ulcers / I. L. Privalova, E. T. Kamal, I. V. Glotova // Health and Education in
the 21st Century. — 2017. — T. 19. — ‹4. — P. 120–122.

32. DIRECTORY. Physiological, biochemical and biometric indicators of the norm of experimental animals
(edited by Makarov V. G., Makarova M. N.) St. Petersburg: Publishing house «LEMA», 2013. — 116 p.

33. Belousov M. V. Study of the cardiotoxic properties of native humic acids of peat / M. V. Belousov,
R. R. Akhmedzhanov, M. V. Zykova, L. N. Maslov, A. N. Guriev, M. S. Yusubov // Bulletin of Siber-
ian medicine. — 2014. — í.13. — ‹ 1. — P. 14–19.

34. Regan C. Novel method to assess cardiac electrophysiology in the rat: characterization of standard ion
channel blockers / C. Regan, H. Cresswell, R. Zhang, J. Lynch // J Cardiovasc Pharmacol. — 2005. —
‹ 46. — P. 68–75.

35. Atli O. Evaluation of azithromycin induced cardiotoxicity in rats / O. Atli, S. Ilgin, H. Altuntas, D. Bu-
rukoglu // Int J Clin Exp Med. — 2015. — ‹ 8. — P. 3681–3690.

36. Ermolaev P. A., Hramyh T. P., Barskaya L. O. Izmenenie pokazatelej ehlektrokardiogrammy posle pre-
del'no dopustimoj rezekcii pecheni u krys [Changes in the electrocardiogram after maximum permissible
liver resection in rats] // Sibirskij medicinskij zhurnal (Irkutsk) [Siberian Medical Journal (Irkutsk)].  —
2014. — T. 127. — ‹ 4. — P. 48–52.

Magazine-2-2019_Layout 1  18.06.2019  20:47  Page 119



ГЕНЕТИКА И РАЗВЕДЕНИЕ ЖИВОТНЫХ 2/2019

120 И. Л. Привалова и др. ©

37. Garson C. Lack of cardioprotection by single-dose magnesium prophylaxis on isoprenaline-induced my-
ocardial infarction in adult Wistar rats / C. Garson, R. Kelly-Laubscher, D. Blackhurst, A. Gwanyanya //
Cardiovascular journal of Africa. — 2015. — Vol. 26. — ‹ 6. — P. 242–249.

38. Mutiso S. Relationship between anthropometric measures and early electrocardiographic changes in obe-
se rats / S. Mutiso, D. Rono, F. Bukachi // BMC Research Notes. 2014. — Vol. 931. — ‹ 7. —
P. 126–135.

39. Gui L. Ventricular tachyarrhythmias in rats with acute myocardial infarction involves activation of small-
conductance Ca2+-activated K+ channels / L. Gui, Z. Bao, Y. Jia, X. Qin, Z. Cheng, J. Zhu, Q. Chen
// Am J Physiol Heart Circ Physiol. — 2013. — ‹ 304. — P. 118–130.

40. Farraj A. The utility of the small rodent electrocardiogram in toxicology / A. Farraj, M. Hazari, W. Cas-
cio // Toxicol Sci. — 2011. — Vol. 121. — ‹ 1. — P. 11–30.

41. Chrastina A. Experimental model of transthoracic, vascular-targeted, photodynamically induced myocar-
dial infarction / A. Chrastina, P. Pokreisz, J. Schnitzer // Am J Physiol Heart Circ Physiol. — 2014. —
‹ 306. — P. 270–278.

42. Baillard C. Converting enzyme inhibition normalizes QT interval in spontaneously hypertensive rats /
C. Baillard, P. Mansier, P. V. Ennezat, L. Mangin, C. Medigue, B. Swynghedauw, B. Chevalier //
Hypertension. –2000. — Vol. 36. — ‹ 3. P. 350–354.

43. Lionte C., Bologa C., Sorodoc L. Toxic and DrugInduced Changes of the Electrocardiogram. In: Millis RM,
editors. Advances in Electrocardiograms-Clinical Applications. Shanghai: Intech. — 2012. — P. 271–296.

44. Jiménez-Candil J. QT interval and acute myocardial ischemia: past promises, new evidences / J. Jiménez-
Candil, C. Martín-Luengo // Rev Esp Cardiol. — 2008. — Vol. 61. — P. 561–563.

45. Braam S. Prediction of druginduced cardiotoxicity using human embryonic stem cell-derived cardiomy-
ocytes / S. Braam, L. Tertoolen, A. Stolpe, T. Meyer, R. Passier, C. Mummery // Stem Cell Res. —
2010. — Vol. 4. — P. 107–116.

46. KrÛl M. Characterization of Disopyramide derivative ADD424042 as a non-cardiotoxic neuronal sodium
channel blocker with broad-spectrum anticonvulsant activity in rodent seizure models / M. KrÛl, M. Ufnal,
B. Szulczyk, P. Podsadni, A. Drapała, J. Turło, M. Dawidowski // Eur J Pharm Sci. — 2016. — ‹ 81. —
P. 42–51.

47. Funck-Brentano C. Rate-corrected QT interval: techniques and limitations / C. Funck-Brentano, P. Jail-
lon // Am J Cardiol. — 1993. — Vol. 72. — ‹6. — P. 17–22.

48. Kmecova J. Heart rate correction of the QT duration in rats / J. Kmecova, J. Klimas // Eur J Phar-
macol. — 2010. — Vol. 641. — ‹ 2–3. — P. 187–92.

49. Paronik V. Ä. Influence of cardioprotectors on the protease-inhibitory potential of the blood and heart
of rats with adrenaline-induced myocardial ischemia / V. Ä. Paronik // Bulletin of Dnipropetrovsk
University. — 2016. — ‹ 7 (1). — P. 27–31.

50. Tavares J. Epilepsy-induced electrocardiographic alterations following cardiac ischemia and reperfusion
in rats / J. Tavares, E. Vasques, R. Arida, E. Cavalheiro, F. Cabral, L. Torres, F. Menezes-Rodrigues,
A. Jurkiewicz, A. Caricati-Neto, C. Godoy, S. Gomes // Brazilian Journal of Medical and Biological
Research. — 2015. — Vol. 48. — ‹ 2. — P. 140–145.

51. Schetinin P. P. Antiarrhythmic activity of dibornol in the conditions of the model of acute ischemia of
myocardial reperfusion / P. P. Schetinin // Bulletin of Siberian medicine. — 2013. — V. 12. — ‹ 3. —
P. 153–156.

52. Ryakhovsky A.E. Changes in the blood gas composition of rats in acute carbon monoxide poisoning /
A.E. Ryakhovsky, D. A. Enikeev, G. R. Galyautdinova, L. E. Efimova, A. A. Yumadilova // Innovative
Science. — 2017. — ‹ 10. — P. 88–91.

53. Smeyanova L. Ä. Dynamics of ECG with total thyroidectomy in rats / L. A. Smeyanova, A. H. Kade,
S. A. Zanin, K. A. Lieva // International Journal of Experimental Education. — 2013. — ‹ 11–1. —
P. 122–123

Magazine-2-2019_Layout 1  18.06.2019  20:47  Page 120




