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Внутриутробный дисэлементоз у телят и его роль 
в формировании предрасположенности к осложненному течению

респираторных заболеваний в период новорожденности

Аннотация. Обследована группа из 33 глубокостельных коров и полученных от них новорожденных те-
лят. В течение первого месяца жизни у всех телят регистрировали респираторные заболевания, у 7 особей
микробронхит осложнился бронхопневмонией. Выборки взрослых и новорожденных животных ретроспек-
тивно были поделены на 2 группы каждая: Т1 и К1 — телята без бронхопневмонии и их матери, соответствен-
но; Т2 и К2 — телята в бронхопневмонией и их матери, соответственно. Были проанализированы гемато-
логические показатели и содержание As, Ni, Co, Cr, Mo в сыворотке крови животных. У глубокостельных
коров содержание Mo находилось в пределах нормы, концентрация Ni была повышена, As, Co и Cr — сни-
жена. Различий между группами К1 и К2 по содержанию микроэлементов не выявлено. Были обнаружены
корреляции между содержанием Ni и МСНС (средней концентрацией гемоглобина в эритроците), концент-
рацией As и MCV (средним объемом эритроцитов) и RDW (степенью разброса эритроцитов по объему) у ко-
ров. У телят норме соответствовало содержание Mo в сыворотке; концентрации Co и Ni превышали рефе-
ренсные значения, As — была ниже. Концентрация Ni в группе Т2 была выше, чем в группе Т1. У телят
обнаружены корреляции между концентрацией Ni и количеством лейкоцитов и моноцитов, а также между
концентрацией As и количеством сегментоядерных нейтрофильных гранулоцитов и моноцитов. Выявлено,
что Co, Cr, Mo активно аккумулировались в организме телят во время внутриутробного периода, перенос As
от матери к плоду был ограничен; трансфер Ni регулировался соотношением концентраций в крови матери
и плода. Избыточное содержание Ni и дефицит As в сыворотке крови стельных коров и телят можно считать
факторами риска развития осложнений респираторных заболеваний у молодняка крупного рогатого скота.
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Ç‚Â‰ÂÌËÂ. Ç ÒÓÒÚ‡‚ ÍÎÂÚÍË ‚ıÓ‰ËÚ ·ÓÎÂÂ 80 ıË-
ÏË˜ÂÒÍËı ̋ ÎÂÏÂÌÚÓ‚, 22 ËÁ ÌËı Ò˜ËÚ‡˛ÚÒfl ÊËÁÌÂÌ-
ÌÓ ÌÂÓ·ıÓ‰ËÏ˚ÏË ‰Îfl ÊË‚ÓÚÌ˚ı [1]. àÒÚÓ˜ÌËÍ‡-
ÏË ÏËÍÓ˝ÎÂÏÂÌÚÓ‚ ‰Îfl ÍÛÔÌÓ„Ó Ó„‡ÚÓ„Ó ÒÍÓÚ‡
fl‚Îfl˛ÚÒfl ÔË˘‡ Ë ‚Ó‰‡, ÔÓ˝ÚÓÏÛ Ù‡ÍÚÓ˚ ÔËÓ‰-
ÌÓ„Ó ı‡‡ÍÚÂ‡ Ë ÒÓÒÚ‡‚ ÍÓÏÓ‚ ÓÚ‡Ê‡˛ÚÒfl Ì‡ Ëı
ÏËÌÂ‡Î¸ÌÓÏ ÒÚ‡ÚÛÒÂ. íÂËÚÓËfl ÇÓÓÌÂÊÒÍÓÈ
Ó·Î‡ÒÚË Ì‡ıÓ‰ËÚÒfl ‚ ÁÓÌÂ ÏÂÒÚÓÓÊ‰ÂÌËÈ ÒÛÎ¸ÙË‰-
ÌÓ-ÏÂ‰ÌÓÌËÍÂÎÂ‚˚ı Û‰, ̃ ÚÓ ÓÚ‡Ê‡ÂÚÒfl Ì‡ ÒÓÒÚ‡-
‚Â ‚Ó‰˚ Ë ÔÓ˜‚ Â„ËÓÌ‡ [2, 3].

ç‡Û¯ÂÌËÂ ·ËÓ˝ÎÂÏÂÌÚÌÓ„Ó ÒÓÒÚ‡‚‡ Ó„‡ÌËÁÏ‡
(‰ËÒ˝ÎÂÏÂÌÚÓÁ) [4] ÒÓÔÓ‚ÓÊ‰‡ÂÚÒfl ‡Á‚ËÚËÂÏ ÒÍ˚-
Ú˚ı ËÎË ÍÎËÌË˜ÂÒÍË ‚˚‡ÊÂÌÌ˚ı Ô‡ÚÓÎÓ„Ë˜ÂÒÍËı
ÒÓÒÚÓflÌËÈ. Ç ÓÒÌÓ‚ÌÓÏ Û ÍÛÔÌÓ„Ó Ó„‡ÚÓ„Ó ÒÍÓÚ‡
Ì‡·Î˛‰‡˛ÚÒfl ÚÛ‰ÌÓ ‰Ë‡„ÌÓÒÚËÛÂÏ˚Â ÒÛ·ÍÎËÌË-
˜ÂÒÍËÂ Ì‡Û¯ÂÌËfl ÏËÌÂ‡Î¸ÌÓ„Ó Ó·ÏÂÌ‡ [5], ÍÓÚÓ-
˚Â ÔË‚Ó‰flÚ Í ÛıÛ‰¯ÂÌË˛ ÛÒ‚ÓÂÌËfl ÔËÚ‡ÚÂÎ¸Ì˚ı
‚Â˘ÂÒÚ‚, ÔÓ‚˚¯ÂÌË˛ ‚ÓÒÔËËÏ˜Ë‚ÓÒÚË Í ËÌÙÂÍ-
ˆËÓÌÌ˚Ï Á‡·ÓÎÂ‚‡ÌËflÏ, Ì‡Û¯ÂÌËflÏ ‡Á‚ËÚËfl
ÔÎÓ‰‡ [6]. ÅÓÎÂÁÌË Ó„‡ÌÓ‚ ‰˚ı‡ÌËfl ÓÒÚ‡˛ÚÒfl Ó‰-
ÌÓÈ ËÁ Ì‡Ë·ÓÎÂÂ ‡ÒÔÓÒÚ‡ÌÂÌÌ˚ı ÔÓ·ÎÂÏ ÔÓ-
Ï˚¯ÎÂÌÌÓ„Ó ÊË‚ÓÚÌÓ‚Ó‰ÒÚ‚‡ [7–9]. ÑÎfl ÒÓ‚Â-
¯ÂÌÒÚ‚Ó‚‡ÌËfl ÏÂ ÔÓÙËÎ‡ÍÚËÍË ÂÒÔË‡ÚÓÌ˚ı
ËÌÙÂÍˆËÈ Û ÌÓ‚ÓÓÊ‰ÂÌÌ˚ı ÚÂÎflÚ ·ÓÎ¸¯ÓÂ ÁÌ‡˜Â-
ÌËÂ ËÏÂÂÚ ËÁÛ˜ÂÌËÂ ÏËÌÂ‡Î¸ÌÓ„Ó ÒÚ‡ÚÛÒ‡ Ï‡ÚÂË
Ë ÔÎÓ‰‡. èÓ˝ÚÓÏÛ Û ÍÛÔÌÓ„Ó Ó„‡ÚÓ„Ó ÒÍÓÚ‡ ÌÂÓ·-
ıÓ‰ËÏÓ ÛÚÓ˜ÌflÚ¸ ÒËÒÚÂÏÛ ÂÙÂÂÌÒÌ˚ı ÔÓÍ‡Á‡ÚÂ-
ÎÂÈ ˝ÎÂÏÂÌÚÌÓ„Ó Ó·ÏÂÌ‡ [10] Ë ÔÓ‚Ó‰ËÚ¸ ÒÂ‰Ë
ÌËı ÔÓËÒÍ ·ËÓÏ‡ÍÂÓ‚ ÂÒÔË‡ÚÓÌ˚ı Á‡·ÓÎÂ‚‡-
ÌËÈ [11–13].

ñÂÎ¸ ËÒÒÎÂ‰Ó‚‡ÌËÈ — ‡Ì‡ÎËÁ ÒÓ‰ÂÊ‡ÌËfl As,
Ni, Co, Cr, Mo ‚ Ò˚‚ÓÓÚÍÂ ÍÓ‚Ë „ÎÛ·ÓÍÓÒÚÂÎ¸-
Ì˚ı ÍÓÓ‚ Ë ÌÓ‚ÓÓÊ‰ÂÌÌ˚ı ÚÂÎflÚ, ‚˚fl‚ÎÂÌËÂ
Ò‚flÁÂÈ ÏÂÊ‰Û ÔÓÍ‡Á‡ÚÂÎflÏË ÏËÌÂ‡Î¸ÌÓ„Ó Ó·ÏÂ-
Ì‡ ‚ ÒËÒÚÂÏÂ «Ï‡Ú¸ — ÔÎÓ‰», ÛÒÚ‡ÌÓ‚ÎÂÌËÂ ÓÎË
‰ËÒ˝ÎÂÏÂÌÚÓÁ‡ ‚ ‡Á‚ËÚËË ÔÂ‰‡ÒÔÓÎÓÊÂÌÌÓÒÚË
Í ÂÒÔË‡ÚÓÌ˚Ï Á‡·ÓÎÂ‚‡ÌËflÏ Û ÏÓÎÓ‰ÌflÍ‡ ÍÛÔ-
ÌÓ„Ó Ó„‡ÚÓ„Ó ÒÍÓÚ‡.

åÂÚÓ‰˚ ËÒÒÎÂ‰Ó‚‡ÌËfl. é·ÒÎÂ‰Ó‚‡ÌÓ 33 Ô‡˚
„ÎÛ·ÓÍÓÒÚÂÎ¸Ì˚ı ÍÓÓ‚ Ë Ëı ÌÓ‚ÓÓÊ‰ÂÌÌ˚ı ÚÂ-
ÎflÚ Í‡ÒÌÓ-ÔÂÒÚÓÈ „ÓÎ¯ÚËÌÒÍÓÈ ÔÓÓ‰˚. Å˚ÎË
ÒÓ·Î˛‰ÂÌ˚ ‚ÒÂ ÏÂÊ‰ÛÌ‡Ó‰Ì˚Â Ë Ì‡ˆËÓÌ‡Î¸Ì˚Â
ÛÍÓ‚Ó‰fl˘ËÂ ÔËÌˆËÔ˚ ÔÓ ÛıÓ‰Û Ë ËÒÔÓÎ¸ÁÓ‚‡-
ÌË˛ ÊË‚ÓÚÌ˚ı. á‡·Ó ÍÓ‚Ë Û ÍÓÓ‚ ÔÓËÁ‚Ó‰Ë-

ÎË Ì‡ 239–262 ‰ÂÌ¸ „ÂÒÚ‡ˆËË, Û ÚÂÎflÚ — ˜ÂÂÁ
24 ̃ ‡Ò‡ ÔÓÒÎÂ ÓÊ‰ÂÌËfl, ‚ ÛÚÂÌÌËÂ ̃ ‡Ò˚, ‰Ó ÍÓÏ-
ÎÂÌËfl, ÔÛÚÂÏ ÔÛÌÍˆËË flÂÏÌÓÈ ‚ÂÌ˚. àÒÔÓÎ¸ÁÓ‚‡-
ÎË ‚‡ÍÛÛÏÌ˚Â ÔÓ·ËÍË ·ÂÁ ‡ÌÚËÍÓ‡„ÛÎflÌÚ‡ ‰Îfl
ÔÓÎÛ˜ÂÌËfl Ò˚‚ÓÓÚÍË ÍÓ‚Ë Ë ÔÓ·ËÍË Ò ùÑíÄ-
Na ‰Îfl „ÂÏ‡ÚÓÎÓ„Ë˜ÂÒÍËı ËÒÒÎÂ‰Ó‚‡ÌËÈ. é·˘ËÈ
‡Ì‡ÎËÁ ÍÓ‚Ë ÔÓ‚Ó‰ËÎË Ì‡ ‡Ì‡ÎËÁ‡ÚÓÂ «Micros-
60» («Horiba ABX», î‡ÌˆËfl). ëÓ‰ÂÊ‡ÌËÂ ÏËÍ-
Ó˝ÎÂÏÂÌÚÓ‚ ‚ Ò˚‚ÓÓÚÍÂ ÍÓ‚Ë ‡Ì‡ÎËÁËÓ‚‡ÎË Ì‡
‡ÚÓÏÌÓ-‡‰ÒÓ·ˆËÓÌÌÓÏ ÒÔÂÍÚÓÙÓÚÓÏÂÚÂ «Shi-
madzu AA6300» (üÔÓÌËfl). ì ÚÂÎflÚ ÂÊÂ‰ÌÂ‚ÌÓ ÓÔ-
Â‰ÂÎflÎË ÚÂÏÔÂ‡ÚÛÛ ÚÂÎ‡, ˜‡ÒÚÓÚÛ ÒÂ‰Â˜Ì˚ı
ÒÓÍ‡˘ÂÌËÈ Ë ‰˚ı‡ÚÂÎ¸Ì˚ı ‰‚ËÊÂÌËÈ, Ì‡ÎË˜ËÂ/
ÓÚÒÛÚÒÚ‚ËÂ ‰Ë‡ÂË, Í‡¯Îfl, ÌÓÒÓ‚˚ı ËÒÚÂ˜ÂÌËÈ, ‚˚-
‰ÂÎÂÌËÈ ËÁ „Î‡Á, ËÁÏÂÌÂÌËÈ ÔÓ‚Â‰ÂÌËfl, ‡ÍÚË‚ÌÓ-
ÒÚË ÒÓÒ‡ÚÂÎ¸ÌÓ„Ó ÂÙÎÂÍÒ‡, ‡ÔÔÂÚËÚ‡, ÔÓ‚Ó‰ËÎË
‡ÛÒÍÛÎ¸Ú‡ˆË˛ „Û‰ÌÓÈ ÍÎÂÚÍË. Ç ÚÂ˜ÂÌËÂ ÔÂ‚Ó„Ó
ÏÂÒflˆ‡ ÊËÁÌË Û ‚ÒÂı ÚÂÎflÚ Â„ËÒÚËÓ‚‡ÎË ·ÓÌ-
ıËÚ. ì 7 ÓÒÓ·ÂÈ ÓÌ ÓÒÎÓÊÌËÎÒfl ·ÓÌıÓÔÌÂ‚ÏÓ-
ÌËÂÈ. êÂÚÓÒÔÂÍÚË‚ÌÓ ‚˚·ÓÍË ‚ÁÓÒÎ˚ı Ë ÌÓ‚Ó-
ÓÊ‰ÂÌÌ˚ı ÊË‚ÓÚÌ˚ı ·˚ÎË ‡Á‰ÂÎÂÌ˚ Ì‡ 2 „ÛÔÔ˚
Í‡Ê‰‡fl: ä1 — ÍÓÓ‚˚-Ï‡ÚÂË ÚÂÎflÚ Ò ÌÂÓÒÎÓÊ-
ÌÂÌÌ˚Ï ÚÂ˜ÂÌËÂÏ ·ÓÌıËÚ‡ (n=26); ä2 — ÍÓÓ‚˚-
Ï‡ÚÂË ÚÂÎflÚ Ò ·ÓÌıÓÔÌÂ‚ÏÓÌËÂÈ (n=7); í1 —
ÚÂÎflÚ‡ Ò ÌÂÓÒÎÓÊÌÂÌÌ˚Ï ÚÂ˜ÂÌËÂÏ ·ÓÌıËÚ‡ (n=26);
í2 — ÚÂÎflÚ‡ Ò ·ÓÌıÓÔÌÂ‚ÏÓÌËÂÈ (n=7). ëÚ‡ÚË-
ÒÚË˜ÂÒÍÛ˛ Ó·‡·ÓÚÍÛ ÂÁÛÎ¸Ú‡ÚÓ‚ ÔÓ‚Ó‰ËÎË ‚ Ô‡-
ÍÂÚ‡ı ÔÓ„‡ÏÏ Stadia 7.0 Professional (InCo,
êÓÒÒËfl) Ë MedCalc for Windows, version 17.5.3
(MedCalc Software, Ostend, Belgium). êÂÁÛÎ¸Ú‡-
Ú˚ ÔÂ‰ÒÚ‡‚ÎÂÌ˚ ‚ ÙÓÏ‡ÚÂ «ÒÂ‰ÌÂÂ ‡ËÙÏÂÚË-
˜ÂÒÍÓÂ ± ÒÚ‡Ì‰‡ÚÌÓÂ ÓÚÍÎÓÌÂÌËÂ», ÔË‚Â‰ÂÌ˚
ÏÂ‰Ë‡Ì˚ ÔÓÍ‡Á‡ÚÂÎÂÈ. çÓÏ‡Î¸ÌÓÒÚ¸ ‡ÒÔÂ‰ÂÎÂ-
ÌËfl ÔÓ‚ÂflÎË Ò ÔÓÏÓ˘¸˛ ÍËÚÂËÂ‚ äÓÎÏÓ„Ó-
Ó‚‡, ω2 Ë χ2. åÂ‰Ë‡Ì˚ Ò‡‚ÌË‚‡ÎË ÔÓ W-ÍËÚÂË˛
ÇËÎÍÓÍÒÓÌ‡. äÓÂÎflˆËË ‚˚fl‚ÎflÎË Ò ÔÓÏÓ˘¸˛
ÍËÚÂËfl ëÔËÏÂÌ‡ (rs). ÑÎfl Ó·Ì‡ÛÊÂÌËfl ÔÂ-
‰ËÍÚÓÓ‚ ÔÌÂ‚ÏÓÌËË Û ÚÂÎflÚ ËÒÔÓÎ¸ÁÓ‚‡ÎË ROC-
‡Ì‡ÎËÁ ÔÓ ÏÂÚÓ‰Û [14]. çÛÎÂ‚Û˛ „ËÔÓÚÂÁÛ ÓÚ‚Â-
„‡ÎË ÔË ê<0,05.

êÂÁÛÎ¸Ú‡Ú˚ ËÒÒÎÂ‰Ó‚‡ÌËfl. ì „ÎÛ·ÓÍÓÒÚÂÎ¸Ì˚ı
ÍÓÓ‚ ÍÓÌˆÂÌÚ‡ˆËfl Mo ÒÓÓÚ‚ÂÚÒÚ‚Ó‚‡Î‡ ÛÒÚ‡ÌÓ‚-
ÎÂÌÌÓÈ ÌÓÏÂ, Ni ·˚Î‡ ÔÓ‚˚¯ÂÌ‡, As, Co Ë Cr —
ÒÌËÊÂÌ‡ (Ú‡·Î. 1).
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í‡·ÎËˆ‡ 1. ëÓ‰ÂÊ‡ÌËÂ ÏËÍÓ˝ÎÂÏÂÌÚÓ‚ ‚ Ò˚‚ÓÓÚÍÂ ÍÓ‚Ë „ÎÛ·ÓÍÓÒÚÂÎ¸Ì˚ı ÍÓÓ‚

èÓÍ‡Á‡ÚÂÎ¸ çÓÏ‡ [15–18]
ÉÛÔÔ‡ ä1 ÉÛÔÔ‡ ä2
M±sx, Me M±sx, Me

çËÍÂÎ¸ (Ni), Ï„/Î 0,10–0,50 1,02±0,54 åÂ=0,93 1,31±0,62 åÂ=1,26 trend

äÓ·‡Î¸Ú (Co), ÏÍ„/Î 30,0–50,0 22,1±6,8 åÂ=21,3 20,8±5,6 åÂ=18,9

å˚¯¸flÍ (As), ÏÍ„/Î 50,0–200,0 37,1±15,1 åÂ=40,1 51,0±37,3 åÂ=36,8

ïÓÏ (Cr), ÏÍ„/Î 4,0 0,4±0,8 åÂ=0,1 0,1±0,1 åÂ=0,1

åÓÎË·‰ÂÌ (Mo), ÏÍ„/Î < 10,0 1,4±0,7 åÂ=1,4 1,7±0,7 åÂ=1,4

èËÏÂ˜‡ÌËÂ: trend — ‚˚fl‚ÎÂÌ˚ ÓÚÎË˜Ëfl ÓÚ „ÛÔÔ˚ ä1 Ì‡ ÛÓ‚ÌÂ ÒÚ‡ÚËÒÚË˜ÂÒÍÓÈ ÚÂÌ‰ÂÌˆËË (0,05<P<0,1).



ëÚ‡ÚËÒÚË˜ÂÒÍË ‰ÓÒÚÓ‚ÂÌ˚ı ‡ÁÎË˜ËÈ ÏÂÊ‰Û
„ÛÔÔ‡ÏË ä1 Ë ä2 ÔÓ ÒÓ‰ÂÊ‡ÌË˛ ÏËÍÓ˝ÎÂÏÂÌ-
ÚÓ‚ ÌÂ ‚˚fl‚ÎÂÌÓ; Ì‡ ÛÓ‚ÌÂ ÚÂÌ‰ÂÌˆËË (0,05<P<0,1)
Ó·Ì‡ÛÊÂÌÓ ÔÓ‚˚¯ÂÌËÂ ÒÓ‰ÂÊ‡ÌËfl Ni Û ÍÓÓ‚
‚ „ÛÔÔÂ ä2 ÔÓ Ò‡‚ÌÂÌË˛ Ò „ÛÔÔÓÈ ä1. ìÒÚ‡ÌÓ‚-
ÎÂÌ˚ ÍÓÂÎflˆËË ÏÂÊ‰Û ÒÓ‰ÂÊ‡ÌËÂÏ Ni Ë ÒÂ‰-
ÌÂÈ ÍÓÌˆÂÌÚ‡ˆËÂÈ „ÂÏÓ„ÎÓ·ËÌ‡ ‚ ˝ËÚÓˆËÚÂ
(rs=—0,56; P<0,05) (MCHC=39,3±1,4 „/Î Ë 37,9±
1,6 „/Î ‚ „ÛÔÔ‡ı ä1 Ë ä2, ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ); ÍÓÌ-
ˆÂÌÚ‡ˆËÂÈ As Ë ÒÂ‰ÌËÏ Ó·˙ÂÏÓÏ ˝ËÚÓˆËÚ‡
(rs=0,36; P<0,05) (MCV=39,3±1,4 ÏÍÏ3 Ë 37,9±
1,6 ÏÍÏ3 ‚ „ÛÔÔ‡ı ä1 Ë ä2, ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ) Ë ÒÚÂ-
ÔÂÌ¸˛ ‡ÌËÁÓˆËÚÓÁ‡ (rs=0,38; P<0,05) (RDW=16,6±
1,0% Ë 15,7±0,7% ‚ „ÛÔÔ‡ı ä1 Ë ä2, ÒÓÓÚ‚ÂÚ-
ÒÚ‚ÂÌÌÓ).

ì ÌÓ‚ÓÓÊ‰ÂÌÌ˚ı ÚÂÎflÚ ÌÓÏÂ ÒÓÓÚ‚ÂÚÒÚ‚Ó‚‡-
ÎÓ ÒÓ‰ÂÊ‡ÌËÂ Mo, ÍÓÌˆÂÌÚ‡ˆËË Co Ë Ni ÒÛ˘Â-
ÒÚ‚ÂÌÌÓ ÔÂ‚˚¯‡ÎË ÂÙÂÂÌÒÌ˚Â ÁÌ‡˜ÂÌËfl, As Ë Cr
·˚ÎË ÌËÊÂ ÌÓÏ˚ (Ú‡·Î. 2).

ì ÚÂÎflÚ ËÁ „ÛÔÔ˚ í2 ·˚ÎÓ ÔÓ‚˚¯ÂÌÓ ÒÓ‰Â-
Ê‡ÌËÂ Ni (P<0,05) Ë ÔÓfl‚ÎflÎ‡Ò¸ ÚÂÌ‰ÂÌˆËfl Í ÒÌË-
ÊÂÌË˛ ÍÓÌˆÂÌÚ‡ˆËË Mo (0,05<P<0,01) ÔÓ Ò‡‚-
ÌÂÌË˛ Ò ÚÂÎflÚ‡ÏË ËÁ „ÛÔÔ˚ í1. Ç˚fl‚ÎÂÌ˚ ÍÓ-
ÂÎflˆËË ÏÂÊ‰Û ÒÓ‰ÂÊ‡ÌËÂÏ Ni Ë ÍÓÎË˜ÂÒÚ‚ÓÏ
ÎËÏÙÓˆËÚÓ‚ (rs= — 0,35; P<0,05) (Lf=12,6±4,3
ı109/Î Ë 10,8±2,9 ı109/Î ‚ „ÛÔÔ‡ı í1 Ë í2, ÒÓ-
ÓÚ‚ÂÚÒÚ‚ÂÌÌÓ) Ë ÏÓÌÓˆËÚÓ‚ (rs=0,31; P<0,05)
(Mon=0,2±0,4% Ë 0,1±0,4% ‚ „ÛÔÔ‡ı í1 Ë í2,
ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ), ‡ Ú‡ÍÊÂ As Ë ‰ÓÎÂÈ ÒÂ„ÏÂÌÚÓ-
fl‰ÂÌ˚ı ÌÂÈÚÓÙËÎÓ‚ (rs=0,35; P<0,05) (ëüç=
32,9±8,3% Ë 39,7±10,7% ‚ „ÛÔÔ‡ı í1 Ë í2, ÒÓ-
ÓÚ‚ÂÚÒÚ‚ÂÌÌÓ) Ë ÏÓÌÓˆËÚÓ‚ (rs=0,37; P<0,05).

èÓ ÂÁÛÎ¸Ú‡Ú‡Ï ROC-‡Ì‡ÎËÁ‡ ÔÂ‰ËÍÚÓÓ‚ ·ÓÌ-
ıÓÔÌÂ‚ÏÓÌËË Û ÚÂÎflÚ ÒÂ‰Ë ÛÍ‡Á‡ÌÌ˚ı ÏËÍÓ˝ÎÂ-
ÏÂÌÚÓ‚ ÌÂ ‚˚fl‚ÎÂÌÓ.

é·ÒÛÊ‰ÂÌËÂ ÂÁÛÎ¸Ú‡ÚÓ‚. àÁ·˚ÚÓÍ Ni ÓÚË-
ˆ‡ÚÂÎ¸ÌÓ ‚ÎËflÂÚ Ì‡ ·‡Î‡ÌÒ Cu, Zn Ë Fe [19, 20],
Û„ÌÂÚ‡ÂÚ ˝ÌÂ„ÓÁ‡‚ËÒËÏ˚Â ÔÓˆÂÒÒ˚ [21]. éÚË-
ˆ‡ÚÂÎ¸Ì‡fl ÍÓÂÎflˆËfl ÏÂÊ‰Û ÍÓÌˆÂÌÚ‡ˆËÂÈ Ni
Ë åëçë Û ‚ÁÓÒÎ˚ı ÊË‚ÓÚÌ˚ı Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚ÛÂÚ
Ó ÌÂ„‡ÚË‚ÌÓÏ ‚ÎËflÌËË ÛÍ‡Á‡ÌÌÓ„Ó ˝ÎÂÏÂÌÚ‡ Ì‡ „Â-
ÏÓÔÓ˝Á, ‚ÓÁÏÓÊÌÓ, ̃ ÂÂÁ Ì‡Û¯ÂÌËÂ ËÏ Ó·ÏÂÌ‡ Fe
Ë Cu.

As ‚ÎËflÂÚ Ì‡ ÓÍËÒÎËÚÂÎ¸Ì˚Â ÔÓˆÂÒÒ˚ ‚ ÏË-
ÚÓıÓÌ‰Ëflı, Û˜‡ÒÚ‚ÛÂÚ ‚ Ó·ÏÂÌÂ ‡ÁÓÚËÒÚ˚ı ÓÒÌÓ-
‚‡ÌËÈ Ë ‚ Ó˜ÂÌ¸ Ï‡Î˚ı ‰ÓÁ‡ı ÒÚËÏÛÎËÛÂÚ ÒËÌÚÂÁ
„ÂÏÓ„ÎÓ·ËÌ‡ [22, 23]. ÑÂÙËˆËÚ As, ‚˚fl‚ÎÂÌÌ˚È
Û ÒÚÂÎ¸Ì˚ı ÍÓÓ‚, Û„ÌÂÚ‡ÂÚ ÍÓ‚ÂÚ‚ÓÂÌËÂ, ̃ ÚÓ ÔÓ‰-
Ú‚ÂÊ‰‡ÂÚÒfl Ì‡ÎË˜ËÂÏ ÍÓÂÎflˆËÈ ÏÂÊ‰Û ÒÓ‰Â-
Ê‡ÌËÂÏ As Ë MCV.

çÂ‰ÓÒÚ‡ÚÓÍ Co, ÍÓÚÓÓÏÛ Ì‡Ë·ÓÎÂÂ ÔÓ‰‚ÂÊÂÌ
ÍÛÔÌ˚È Ó„‡Ú˚È ÒÍÓÚ [24], ‚˚Á˚‚‡ÂÚ Ì‡Û¯ÂÌËÂ
ÒËÌÚÂÁ‡ ‚ËÚ‡ÏËÌ‡ Ç12 [25].

ÑËÒ˝ÎÂÏÂÌÚÓÁ ÔÓ Ni, As Ë Co, ‚˚fl‚ÎÂÌÌ˚È 
Û ‚ÁÓÒÎ˚ı ÊË‚ÓÚÌ˚ı, ÔË‚Ó‰ËÎ Í ÔÓfl‚ÎÂÌË˛
ÔËÁÌ‡ÍÓ‚ Ï‡ÍÓˆËÚ‡ÌÓÈ „ËÔÂıÓÏÌÓÈ ‡ÌÂÏËË
(MCHC ÔÓ‚˚¯ÂÌ‡; åëç — Ì‡ ‚ÂıÌÂÈ „‡ÌËˆÂ
ÌÓÏ˚). å‡ÍÓˆËÚ˚ Ì‡Û¯‡˛Ú ÏËÍÓˆËÍÛÎflˆË˛
ÍÓ‚Ë, ‚ ÚÓÏ ̃ ËÒÎÂ ‚ ÔÎ‡ˆÂÌÚÂ, Ë ‚ÒÎÂ‰ÒÚ‚ËÂ ̋ ÚÓ„Ó
ÛıÛ‰¯‡ÂÚÒfl „‡ÁÓÓ·ÏÂÌ Û ‚ÌÛÚËÛÚÓ·ÌÓ„Ó ÔÎÓ‰‡.

Cr (III) fl‚ÎflÂÚÒfl ÍÓÙ‡ÍÚÓÓÏ ÌÂÍÓÚÓ˚ı ÙÂ-
ÏÂÌÚÓ‚ Ë ÌÂÓ·ıÓ‰ËÏ ‰Îfl ÒÚ‡·ËÎËÁ‡ˆËË ·ÂÎÍÓ‚
[26], ÔÓfl‚ÎflÂÚ Ò‚ÓÈÒÚ‚‡ ËÏÏÛÌÓÒÛÔÂÒÒÓ‡ ÔË
ÒÚÂÒÒÂ [27], Â„ÛÎËÛÂÚ ÏÂÚ‡·ÓÎËÁÏ „Î˛ÍÓÁ˚ [28,
29]. ÑÂÙËˆËÚ Cr Û ÒÚÂÎ¸Ì˚ı ÍÓÓ‚ ÏÓÊÂÚ ÔË‚Ó-
‰ËÚ¸ Í „ËÔÓÚÓÙËË ÔÎÓ‰‡, ‡ Ú‡ÍÊÂ ÒÌËÊ‡Ú¸ ÛÒÚÓÈ-
˜Ë‚ÓÒÚ¸ ÊË‚ÓÚÌ˚ı Í ËÌÙÂÍˆËÓÌÌ˚Ï Á‡·ÓÎÂ‚‡ÌËflÏ
Ë ÒÚÂÒÒÛ.

ì ÚÂÎflÚ ÒÛÚÓ˜ÌÓ„Ó ‚ÓÁ‡ÒÚ‡ ÒÓ‰ÂÊ‡ÌËÂ ÌÂ-
Ó„‡ÌË˜ÂÒÍËı ‚Â˘ÂÒÚ‚ ÓÔÂ‰ÂÎflÂÚÒfl ÂÁÂ‚‡ÏË,
Ì‡ÍÓÔÎÂÌÌ˚ÏË ‚ ÚÂ˜ÂÌËÂ ‚ÌÛÚËÛÚÓ·ÌÓ„Ó ‡Á‚Ë-
ÚËfl, Ë Á‡‚ËÒËÚ ÓÚ ÏËÌÂ‡Î¸ÌÓ„Ó ÒÚ‡ÚÛÒ‡ Ï‡ÚÂË
‚ ÔÂËÓ‰ ÒÚÂÎ¸ÌÓÒÚË. ÑËÒ˝ÎÂÏÂÌÚÓÁ Û ÍÓÓ‚ ÔË-
‚Ó‰ËÎ Í ÔÓ‚˚¯ÂÌË˛ ÍÓÌˆÂÌÚ‡ˆËË Ni, ÌÂ‰ÓÒÚ‡Ú-
ÍÛ As Ë Cr Û ÚÂÎflÚ. Ni ‡ÍÚË‚ÌÓ ‡ÍÍÛÏÛÎËÓ‚‡ÎÒfl
‚ Ó„‡ÌËÁÏÂ ÌÓ‚ÓÓÊ‰ÂÌÌ˚ı, ÔË ̋ ÚÓÏ Â„Ó ÒÓ‰Â-
Ê‡ÌËÂ Û ÚÂÎflÚ Ò ÓÒÎÓÊÌÂÌÌ˚Ï ÚÂ˜ÂÌËÂÏ ·ÓÌıËÚ‡
Ë Ëı Ï‡ÚÂÂÈ ·˚ÎÓ ‚˚¯Â, ̃ ÂÏ Û ÊË‚ÓÚÌ˚ı ‚ „ÛÔ-
Ô‡ı í1 Ë ä1, ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ (ËÒÛÌÓÍ). äÓ·‡Î¸Ú
Ì‡Í‡ÔÎË‚‡ÎÒfl Û ÚÂÎflÚ ÌÂÁ‡‚ËÒËÏÓ ÓÚ ÛÓ‚Ìfl Ó·ÂÒ-
ÔÂ˜ÂÌÌÓÒÚË ËÏ ÍÓÓ‚, Ú‡Í ˜ÚÓ Â„Ó ‰ÂÙËˆËÚ‡ Û ÌÓ-
‚ÓÓÊ‰ÂÌÌ˚ı, ‚ ÓÚÎË˜ËÂ ÓÚ Ëı Ï‡ÚÂÂÈ, ÌÂ Ì‡·Î˛-
‰‡ÎÓÒ¸. äÓÌˆÂÌÚ‡ˆËË Cr Ë åÓ Û ÚÂÎflÚ ÔÂ‚˚¯‡ÎË
‡Ì‡ÎÓ„Ë˜Ì˚Â ÔÓÍ‡Á‡ÚÂÎË Û ÍÓÓ‚, Ó‰Ì‡ÍÓ ·˚ÎË
Ò‚flÁ‡Ì˚ Ò ÌËÏË (rs=0,63; P<0,05 Ë rs=—0,30;
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í‡·ÎËˆ‡ 2. ëÓ‰ÂÊ‡ÌËÂ ÏËÍÓ˝ÎÂÏÂÌÚÓ‚ ‚ Ò˚‚ÓÓÚÍÂ ÍÓ‚Ë Û ÌÓ‚ÓÓÊ‰ÂÌÌ˚ı ÚÂÎflÚ

èÓÍ‡Á‡ÚÂÎ¸ çÓÏ‡ [15–18]
ÉÛÔÔ‡ í1 ÉÛÔÔ‡ í2

M±sx, Me M±sx, Me

çËÍÂÎ¸ (Ni), Ï„/Î 0,10–0,50 1,07±0,96 åÂ=0,96 1,74±0,39 åÂ=1,93*

å˚¯¸flÍ (As), ÏÍ„/Î 50,0–200,0 41,7±42,9 åÂ=28,4 41,8±40,1 åÂ=30,4

äÓ·‡Î¸Ú (Co), ÏÍ„/Î 28,0–38,5 69,1±46,3 åÂ=61,1 63,2±30,0 åÂ=72,9

ïÓÏ (Cr), ÏÍ„/Î 4,0 1,4±2,7 åÂ=0,6 0,7±0,8 åÂ=0,5

åÓÎË·‰ÂÌ (Mo), ÏÍ„/Î <10,0 9,0±10,9 åÂ=5,4 8,8±16,1 åÂ=3,3 trend

èËÏÂ˜‡ÌËÂ: * — ÓÚÎË˜Ëfl ÓÚ „ÛÔÔ˚ í1 ÒÚ‡ÚËÒÚË˜ÂÒÍË ‰ÓÒÚÓ‚ÂÌ˚ (P<0,05); trend — ‚˚fl‚ÎÂÌ˚ ÓÚÎË˜Ëfl ÓÚ
„ÛÔÔ˚ í1 Ì‡ ÛÓ‚ÌÂ ÒÚ‡ÚËÒÚË˜ÂÒÍÓÈ ÚÂÌ‰ÂÌˆËË (0,05<P<0,1).



P<0,05, ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ). í‡ÌÒÔÎ‡ˆÂÌÚ‡Ì˚È ÔÂ-
ÂÌÓÒ As ·˚Î Ó„‡ÌË˜ÂÌ, Â„Ó ÍÓÌˆÂÌÚ‡ˆËfl ‚ ÍÓ-
‚Ë ÍÓÓ‚-Ï‡ÚÂÂÈ ·˚Î‡ ‚˚¯Â, ̃ ÂÏ Û Ëı ÔÓÚÓÏÒÚ‚‡
(êËÒ. 1).

éÚËˆ‡ÚÂÎ¸Ì‡fl ÍÓÂÎflˆËfl ÏÂÊ‰Û ÍÓÌˆÂÌÚ‡-
ˆËÂÈ Ni Ë ÍÓÎË˜ÂÒÚ‚ÓÏ ÎËÏÙÓˆËÚÓ‚ Û ÌÓ‚ÓÓÊ‰ÂÌ-
Ì˚ı ÚÂÎflÚ ÛÍ‡Á˚‚‡ÂÚ Ì‡ Â„Ó ËÏÏÛÌÓ‰ÂÔÂÒÒË‚ÌÓÂ
‰ÂÈÒÚ‚ËÂ. Ç ÚÓ ÊÂ ‚ÂÏfl Ni Ë As, ‚ÓÁÏÓÊÌÓ, ÒÚË-
ÏÛÎËÓ‚‡ÎË ÔÓ‰ÛÍˆË˛ Ù‡„ÓˆËÚËÛ˛˘Ëı ÍÎÂÚÓÍ
ÍÓ‚Ë (ÏÓÌÓˆËÚÓ‚ Ë ëüç). Ni-Ó·ÛÒÎÓ‚ÎÂÌÌ‡fl ÎËÏ-
ÙÓˆËÚÓÔÂÌËfl ÔË‚Ó‰ËÎ‡ Í ÒÌËÊÂÌË˛ ÂÁËÒÚÂÌÚ-

ÌÓÒÚË Ó„‡ÌËÁÏ‡ ÌÓ‚ÓÓÊ‰ÂÌÌ˚ı ÚÂÎflÚ Í ÂÒÔË‡-
ÚÓÌ˚Ï Á‡·ÓÎÂ‚‡ÌËflÏ, ÔÓÒÍÓÎ¸ÍÛ ‰‡ÊÂ ÔÓÎÌÓˆÂÌÌÓ
ÙÛÌÍˆËÓÌËÛ˛˘‡fl Ù‡„ÓˆËÚ‡Ì‡fl ÒËÒÚÂÏ‡ ÌÂ ‚ ÒÓ-
ÒÚÓflÌËË Ò‡ÏÓÒÚÓflÚÂÎ¸ÌÓ Ó·ÂÒÔÂ˜ËÚ¸ ÔÓÎÌÓˆÂÌÌÛ˛
Á‡˘ËÚÛ ÓÚ ËÌÙÂÍˆËÈ.

í‡ÍËÏ Ó·‡ÁÓÏ, ÏÓÊÌÓ Ò˜ËÚ‡Ú¸, ˜ÚÓ Û‚ÂÎË˜Â-
ÌËÂ ÍÓÌˆÂÌÚ‡ˆËË Ni, ‰ÂÙËˆËÚ As Ë ‰ËÒ·‡Î‡ÌÒ
ÏÂÊ‰Û ÓÒÚ‡Î¸Ì˚ÏË ÏËÍÓ˝ÎÂÏÂÌÚ‡ÏË ‚ Ò˚‚ÓÓÚ-
ÍÂ ÍÓ‚Ë Ï‡ÚÂË Ë ÔÎÓ‰‡ ‚ ÔÂËÓ‰ ‚ÌÛÚËÛÚÓ·-
ÌÓ„Ó ‡Á‚ËÚËfl fl‚Îfl˛ÚÒfl Ù‡ÍÚÓ‡ÏË ËÒÍ‡ ‡Á‚Ë-
ÚËfl ·ÓÌıÓÔÌÂ‚ÏÓÌËË Û ÌÓ‚ÓÓÊ‰ÂÌÌ˚ı ÚÂÎflÚ.

Рубрика: Молекулярная генетика
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Рис. 1. Содержание микроэлементов в сыворотке крови глубокостельных коров и новорожденных телят
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Intrauterine dyslementosis in calves and its role in the formation
of predisposition to the complicated course of respiratory 

diseases in the neonatal period

Abstract. A group of 33 deep pregnant cows and calves obtained from them was examined. During the first
month of life, in all calves respiratory diseases were registered, and in 7 individuals, microbronchitis was com-
plicated by bronchopneumonia. Adult and newborn animals were retrospectively divided into 2 groups each: T1
and K1 — calves without bronchopneumonia and their mothers, respectively; T2 and K2 — calves with bron-
chopneumonia and their mothers, respectively. Hematological parameters and the content of As, Ni, Co, Cr, Mo
in the blood serum of cows and calves at the age of 1 day were analyzed. In deep pregnant cows in both groups,
the Mo content was within the normal range, the Ni concentration was increased, As, Co, and Cr were reduced.
Differences between groups K1 and K2 in the content of trace elements were not detected. Correlations were
found between the Ni content and MCHC, the concentration of As and MCV and RDW in deep pregnant cows. In
newborn calves in both groups, the content of Mo in the blood serum corresponded to the norm; Co and Ni con-
centrations exceeded the reference values, As — was lower. The concentration of Ni in calves in the T2 group
was higher than in the T1 group. In calves, correlations were found between the concentration of Ni and the
number of leukocytes and monocytes, as well as between the concentration of As and the number of segmented
neutrophilic granulocytes and monocytes. Co, Cr, Mo actively accumulated in the body of calves during the pre-
natal period, as transfer from mother to fetus was limited; Ni transfer was regulated by the ratio of concentra-
tions in the blood of the mother and the fetus. Excess Ni content and deficiency of As in the blood serum of
pregnant cows and newborn calves can be considered risk factors for the development of complications of res-
piratory diseases in young cattle.

Key words: hematological parameters, cows, calves, microelements, respiratory diseases.

Authors:

Kalaeva E. — PhD. (Biol. Sci.), assistant professor of the Department of Biophysics and Biotechnology; e-mail:
kalaevae@gmail.com (corresponding author);

Kalaev V. — Dr. Habil (Biol. Sci.), professor of the Genetic, Cytology and Bioengineering Department; e-mail:
Dr_Huixs@mail.ru;

Chernitskiy A. — PhD. (Biol. Sci.), Senior Research Scientist of the Reproductive Organs, Breast and Young
Farm Animal’s Diseases Laboratory; e-mail: cherae@mail.ru

Alhamed M. — post-graduate student of the Genetic, Cytology and Bioengineering Department; e-mail:
m.a.hamed84@yandex.ru

Safonov V. — Dr. Habil (Biol. Sci.), Leading Research Scientist of Environmental Biogeochemistry Laboratory;
e-mail: safrus2003@mail.ru

1 Voronezh State University, Russia, Voronezh, University sq., 1;
2 All-Russian Veterinary Research Institute of Pathology, Pharmacology and Therapy, Russia, Voronezh,

Lomonosova str., 114b;
3 V. I. Vernadsky Institute of Geochemistry and Analytical Chemistry, Russia Moscow, Kosigina str., 19.

References

1. National Academies of Sciences, Engineering, and Medicine. Nutrient Requirements of Beef Cattle: Eighth
Revised Edition. — Washington, DC: The National Academies Press, 2016. — https://doi.org/10.17226/
19014.

2. Report on the state of the environment in the territory of the Voronezh region in 2017. — Voronezh:
Voronezh Regional Printing House, 2018 — 220 p.

3. Protasova N. A. Biogeochemistry of trace elements in ordinary black soil of the Voronezh region / N. A. Pro-
tasova, N. S. Gorbunova, A. B. Belyaev // Vestink Voronezhskogo Gosudarstvennogo Universiteta, Seria:
Chimia, Biologia, Pharmacia. — 2015. — No. 4. — P. 100–106.

4. Bioelementology: basic concepts and terms (terminological dictionary) / Skalny A. V., Rudakov I. A.,
Notova S. V. [et al.] — Orenburg: OGU, 2005. — 50 p.



ГЕНЕТИКА И РАЗВЕДЕНИЕ ЖИВОТНЫХ 4/2019

86 Е. А. Калаева и др. ©

5. Kegley E. B. Impact of mineral and vitamin status on beef cattle immune function and health / E. B. Keg-
ley, J. J. Ball, P. A. Beck // Journal of Animal Science. — 2016. — Vol. 94, No 12. — P. 5401–5413.

6. McKeating, D. R. Elemental Metabolomics and Pregnancy Outcomes / D. R. McKeating, J. J. Fisher,
A. V. Perkins / Nutrients. — 2019. — Vol. 11, No 1 — P. 73.

7. Development of a novel clinical scoring system for on-farm diagnosis of bovine respiratory disease in pre-weaned
dairy calves / W. J. Love, T. W. Lehenbauer, P. H. Kass [et al.] // Peer J. — 2014. — Vol. 2. — P. e238.

8. Factors associated with morbidity, mortality, and growth of dairy heifer calves up to 3 months of age /
M. C. Windeyer, K. E. Leslie, S. M. Godden [et al.] //. Preventive Veterinary Medicine. — 2014. —
Vol. 113. — P. 231–240.

9. Handan H .A. Current Approach to Bovine Respiratory Disease / H. A. Handan, O. Umit // Dairy and
Vet Sci J. — 2018. –Vol. 5, No 2. — P. 555658.

10. Levels of trace elements and potential toxic elements in bovine livers: A trend analysis from 2007 to
2018 / G. Counotte, M. Holzhauer, S. Carp-van Dijken [et al.] // PLoS ONE. — 2019. — Vol. 14,
No 4. — P. e0214584.

11. Buczinski S. Bayesian estimation of the accuracy of the calf respiratory scoring chart and ultrasonography
for the diagnosis of bovine respiratory disease in pre-weaned dairy calves / S. Buczinski, T. L. Ollivett,
N. Dendukuri // Prev Vet Med. — 2015. Vol. 119, No 3–4. — P. 227–231.

12. Assessment of L-lactatemia as a predictor of respiratory disease recognition and severity in feedlot steers /
S. Buczinski, R. D. Rademacher, H. M. Tripp [et al.] // Prev Vet Med. — 2015. — Vol. 118, No 4. —
P. 306–318.

13. Evaluating Potential Biomarkers of Health and Performance in Veal Calves / F. Marcato, H. van den
Brand, B. Kemp [et al.] // Vet. Sci. — 2018. — Vol. 5. — P. 133–150.

14. DeLong E. R. Comparing the areas under two or more correlated receiver operating characteristic curves:
a nonparametric approach / E. R. DeLong, D. M. DeLong, D. L. Clarke-Pearson // Biometrics. —
1988. — No 44. — P. 837–845.

15. Kondrahin I. P. Methods of veterinary clinical laboratory diagnostics / I. P. Kondrahin. — Moscow.:
Koloss, 2004. — 520 p.

16. Lamand M. Carences en oligo-ÈlÈments / M. Lamand // Farm Animals. — 2013. — ‹ 3–4. — ë. 84–90.
17. Manuals for the diagnosis and prevention of disorders of antenatal and intranatal origin in calves / A. G. Shak-

hov, Yu. N. Alekhin, S. V. Shabunin [et al.]. — Voronezh: Publishing house «Istoki», 2013. — 92 p.
18. Blakley B. R. Overview of Molybdenum Poisoning / B. R. // https://www.msdvetmanual.com/tox-

icology/molybdenum-poisoning/overview-of-molybdenum-poisoning (30.05.2019).
19. Filippovich Yu. B. Fundamentals of biochemistry: a textbook for chemical and biological specialties of

pedagogical universities and institutes. — 4th ed. / Yu. B. Filippovich. — M.: Publishing house «Agar»,
1999. — 512 p.

20. Kampa M. Human health effects of air pollution / M. Kampa, E. Castanas // Environ Pollut. — 2008. —
Vol. 51, No 2. — P. 362–367.

21. Cameron K.S. Exploring the molecular mechanisms of nickel-induced genotoxicity and carcinogenicity:
a literature review / K. S. Cameron, V. Buchner, P. B. Tchounwou // Rev Environ Health. — 2011. —
Vol. 26, No 2. — P. 81–92.

22. Simultaneous analysis 26 mineral element contents from highly consumed cultured chicken overexposed
to arsenic trioxide by inductively coupled plasma mass spectrometry / Y. He, B. Sun, S. Li [et al.] //
Environ Sci Pollut Res Int. — 2016. — Vol. 23, No 21. P. 21741–21750.

23. Garland T. Overview of Arsenic Poisoning / T. Garland // https://www.msdvetmanual.com/toxicol-
ogy/arsenic-poisoning/overview-of-arsenic-poisoning (30.05.2019)

24. The effects of trace mineral source on performance and health of newly received steers and the impact of
cobalt concentration on performance and lipid metabolism during the finishing phase / E. D. Sharman,
J. J. Wagner, C. K. Larson [et al.] // Professional Animal Scientist. — 2008. — Vol. 24. — P. 430–438.

25. Digest E.M. Hyperhomocysteinemia and cobalamin disorders / E. M. Digest // Mol. Gen. Metab. —
2007. — Vol. 90, No 2. — P. 113–121.

26. Hayirli A. Chromium nutrition of livestock species / A. Hayirli // Nutr Abs Rev Ser B Livestock Feeds
Feed. — 2005. — Vol. 75. — P. 1N–14N.

27. Effects of Different Levels of Organic and Inorganic Chromium on Growth Performance and Immuno-
competence of Broilers under Heat Stress / H. S. Ghazi, M. Habibian, M. Moeini [et al.] // Biological
Trace Element Research. — 2011. — Vol. 146. — P. 309–317.

28. Vincent J. B. Is the Pharmacological Mode of Action of Chromium (III) as a Second Messenger? /
J. B. Vincent // Biol Trace Elem Res. — 2015. — Vol. 166, No 1. — P. 7-12.

29. Vincent J. B. New Evidence against Chromium as an Essential Trace Element / J. B. Vincent // J Nutr. —
2017. — Vol. 147, No 12. — P. 2212–2219.


