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DYNAMICS OF THE IMMUNE STATUS OF COWS AGAINST THE BACKGROUND OF 
COMBINED USE OF LOCAL AND ALIMENTARY-MEDIATED PHYTOBIOTICS

Abstract. The effect of a two-component phytobiotic complex on the immune status of cows with post-
parturient complications was considered. In the examined cows, inflammatory processes with moderate 
intoxication were diagnosed in 50% of cases. 13 isolates of microorganisms in various combinations were 
selected in the washings from the vaginal mucosa of cows. In 70% of cases, P. aeruginosa + S. aureus 
were found in the species composition of associations of opportunistic pathogens; in 40% of cases - Str. 
Uberis + C. Albicans. During the evaluation of the immune status, it was revealed that 30% of cows had a 
decrease rate of regeneration of the pool of neutrophils and monocytes. 70% of the animals had an imbalance 
between the main parts of the immune system. The humoral component prevailed in 20% of cows, and the 
cellular component of immune system prevailed in 50% of cows. In 30% of cases, cows demonstrated a 
reduction in the phagocytic activity of monocyte-macrophage cells by an average of 23.3%. After the end of 
the experiment with the use of a two-component phytobiotic complex, P. aeruginosa, S. aureus, Str. uberis, 
C. albicans, P. mirabilis and E. cloacae were totally eliminated from the microbiocenosis of the cow’s vagina.
Also, a decrease in the frequency of isolation of E. faecalis, E. faecium and E.coli was found. While reducing
the antigenic load on the cow’s body, an increase in the rate of regeneration of the pool of neutrophils and
monocytes, an up-rise in their cytotoxic activity by an average of 1.8 times, and a growth in the intensity of
oxidative metabolism by 39.5% were recorded in the immune status indices in 80% of cases. The level of
balance in the system of cellular and humoral immunity was stabilized in 80% of the animals.

Key words: Cows, postpartum period, immunoreactivity, phytobiotics, Nigella sativa, opportunistic 
pathogens.

Introduction. The problem of diseases of the reproductive organs in dairy cattle has assumed a socio-
economic nature in the scope of the intensification of technologies in the livestock industry [1, 2]. 

One of the main factors influencing the development of these diseases is the conditions of the ‘life’ of 
animals during pregnancy and after parturition. A reduced quality of conditions results in abnormal labor 
and puerperal (postpartum) infections in cows. The major role in the etiology and emergence of postpartum 
infectious diseases is signified by opportunistic pathogens and dysbacteriosis in the birth canal of animals [3, 
4]. 

Involutional changes in the genitals and other organs of cows in labor generate favorable conditions for 
the reproduction of pathogenic and opportunistic pathogens. The antigenic load on the body of mother cows 
grows significantly. The condition is worsened by the physiological changes in the quantitative composition 
of the cellular component of immune system and its qualitative features occurring in the postpartum period 
in cows. At this time, the immune system is not able to completely and adequately respond to the growing 
antigenic load. The immunosuppressive conditions are formed in animals, and the development of chronic 
inflammatory diseases is found in the reproductive organs.

The research is executed at the expense of a grant of the Russian scientific fund (project No. 18-16-00040).
Materials and methods. We applied a two-component phytobiotic complex consisting of a drug for 

topical use (M2) and a drug of alimentary action (FOG-20), designed to reconstruct the immune resistance 
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of the body of productive animals with chronic immunodeficiency in the conditions of technogenic 
environmental contamination. The component for topical use (M2) was a water-oil emulsion, consisted of: 
Distilled water - 74% of the volume, Nigella sativa L. oil - 25% of the volume, essential oil of seeds of 
Nigella sativa L. - 1.0% of the volume. The mass fraction of active metabolites in the essential oil complex 
was: thymoquinone-32.8%, thymohydroquinone-2.7%, and longifolene-1.7%. The oils were produced on the 
basis of the Research Institute of Agriculture of the Crimea by steam distillation and cold pressing methods. 
The component for internal use (FOG-20) was a liquid feed supplement based on active plant metabolites, 
ascorbic acid, and vitamin D-E complex.

The antibacterial effect of M2 on cultures of microorganisms was previously studied. We used multidrug-
resistant isolates of S. aureus and P. aeruginosa, separated from cattle, as well as standard strains of S. Aureus 
(ATCC 25923) and E. coli (ATCC 25922). The inhibitory activity of the drug was analyzed by the volume 
displacement method on the Mueller-Hinton agar. The inhibition zone of microorganisms around the well with 
the experimental preparation was assessed: less than 6 mm-the isolate is not sensitive to this drug (‘R’, score 
in the calculations – 0), the inhibition zone of 7-16 mm-weakly sensitive (‘S/2’, score in the calculations-1); 
the inhibition zone of more than 16 mm – the microorganism is sensitive (‘S’, score in the calculations - 2).

The experiment on the phytobiotic complex of local and alimentary effects on the immune status of cattle 
was performed on the basis of a dairy farm situated in an area with a high level of technogenic pollution of 
agrobiocenoses. 10 cows were formed in an experimental group, which included animals in the postpartum 
period (12-30 days after calving). The material for microbiological, hematological, and immunological 
analysis was selected before and after the experiment. The cows ‘ vagina was irrigated with the topical 
preparation M2 for 7 days. The dosing schedule was 20 ml per animal a day. The alimentary component FOG-
20 was added to the diet of cows in the amount of 100 per animal a day, preliminarily diluted with water for 
drinking up to a volume of 500 ml, for 7 days. 

Following the completion of the experiment, swabs were re-selected for microbiological examination, and 
blood was re-selected for hematological and immunological analysis. The microorganisms were cultured on 
solid medium with further isolation and identification. The identification of microorganisms was performed 
by the MALDI-TOF method on a VITEK MS analyzer. 

The morphological composition of the blood was assessed using Abacus Junior Vet analyzer (‘Diatron’, 
Austria), applying standard ‘Diatron’ reagents. The leukocyte formula was calculated in blood smears by 
Giemsa stain (300 cells per smear) on an Olympus BX 43 microscope (Japan). 

In order to determine the endogenous intoxication and immunoreactivity in cows, integral leukocyte indices 
were computed according to the method of Marzhokhova M.Yu. (2016) in the author’s modification (Zhukov 
et al., 2016; Marzhokhova et al., 2016) for the following cell types: neutrophils, segmental neutrophils; 
banded neutrophils; immature neutrophils; monocytes; lymphocytes; eosinophils; basophils (in %). The 
following indexes were estimated: leukocyte intoxication index in B. A. Reis’s modification (LII); White 
blood cell shift index (WBCSI); Lymphocyte ratio (LI); G.D. Dashtayants nuclear index (NI) 

Immunological blood tests included the determination of the relative content of T-lymphocytes and 
B-lymphocytes, the T/B index, the phagocytic activity (PA) of neutrophils and monocytes pursuant to the
method of P.N. Smirnov and co-authors (Smirnov P.N., 2016). The reactions were recorded using a biological
microscope for laboratory research Axio Scope. A1 with Zen 3.1 software (Karl Zeiss, Germany), Micros
MCX 100 binocular microscope (Austria). Osmotic fragility of cow red blood cells was assessed by the unified
photocolorimetric method (Idelson L.I., 2002). The analysis was performed on KFC-2 photocolorimeter
(Russia). The rate of oxidative metabolism in the examined cows was determined by the concentration of
lipid peroxidation products, which was defined by the accumulation of malondialdehyde (MDA) in the blood
serum (Kondrakhin I.P, 2004). The MDA level was detected using iMarkTM ‘BIO-RAD’ photometer (Japan)
by the transmission density. In order to analyze the cytotoxic activity of phagocytic cells, the concentration
of myeloperoxidase (MPO) in the leukocyte lysate was defined (Kondrakhin I.P, 2004). The MPO level was
detected using iMarkTM ‘BIO-RAD ‘ photometer (Japan) by the transmission density.

The research is executed at the expense of a grant of the Russian scientific fund (project No. 18-16-00040).
Results and discussion. During complex studies of bioassays from cows in the postpartum period (12-

30 days after calving), 13 isolates of opportunistic pathogens were separated in the swabs from the vaginal 
mucosa. The pathogen isolates were identified only as part of the associations in the swabs from the vaginal 
mucosa. In 70% of cases, P. aeruginosa+ S. aureus were found in the species composition of associations of 
opportunistic pathogens; in 40% of cases – Str. Uberis+ C. albicans. 

The analysis of the results of the study of the main hematological indicators of blood in the examined 
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animals before the experiment found that the content of red blood cells corresponded to the physiological 
standards of the species:  6.12±0.45 ∙ 1012 l-1 (N= 5.0-7.5 ∙ 1012 l-1). The hemoglobin concentration and the 
average hemoglobin concentration in red blood cells were also within the physiological standards of the 
species: 98.4±1.7 g l-1 (NHGB=90-120 g l-1); 307.3±4.9 g l-1 (NMCHC=300-360 g l-1). In the animals, there were 
no hemolytic conditions during the study. It was proved by the results of the study of the physical and 
chemical profiles of the erythrocyte membranes by the fragility test. In 0.9% sodium chloride solution, the 
osmotic fragility of red blood cells was 1.44±0.14%, and in the osmotic load test in 0.45% sodium chloride 
solution-42.62±2.17%. 

The evaluation results of the degree of intoxication, the severity of inflammation and the processes of 
tissue degradation, the rate of neutrophil and monocyte regeneration, and the immunological reactivity of the 
examined cows. Inflammatory processes with moderate intoxication in the examined cows were observed in 
50% of cases; in 30%, a decrease in the rate of neutrophil and monocyte regeneration was registered. The 
balance of the humoral and cellular components of the body’s immune system was registered in 30% of the 
animals. In 20% of cases, the predominance of the humoral component was observed, in 50% - the cellular 
component of immune system. The results received were verified in the course of performing immunological 
studies to determine the main indicators of cellular and humoral components of immune system. 

Research of non-specific immunological resistance in experimental animals has demonstrated that in 30% 
of specimens, the number of phagocytic monocyte-macrophage cells is decreased, on average by 23.3%. We 
also found that the phagocytic index (the average number of microorganisms absorbed by one phagocyte) 
in all the examined animals was less than 5 c.u., with an average of 4.12 c.u. In high-producing cows of the 
Ural region, the phagocytic activity of monocyte – macrophage cells is 52.4±6.2%, and the phagocytic index 
is 8.94±0.78 c.u. It is known that one of the causes of changes in the functional characteristics of phagocytic 
cells may be oxidative stress or suppression of cytotoxic activity.

During the determination of the level of the intensity of oxidative metabolism in the examined cows, it was 
demonstrated that the average concentration of malondialdehyde (MDA) in the blood serum was 0.82±0.09 
microns l-1. In clinically healthy animals, this indicator is registered in the range of 0.8-1.2 microns l-1 [5, 6]. 

Therefore, the studies conducted proved that the examined cows did not experience oxidative stress. 
Analysis of the results of the study of the cytotoxic activity of phagocytic cells revealed that the intensity of 
the activation processes of membrane oxidases practically does not vary from the physiological indicators of 
clinically healthy animals-MPO 30-40 c.u., [6]. The myeloperoxidase (MPO) activity in the phagocytic blood 
cells of the examined cows was 30.4±1.2 c.u.

Therefore, the comparison of anamnestic data and the results of laboratory studies has enabled us to 
suggest with a higher degree of probability that postpartum complications and immune dysfunction in cows 
were caused by the occurrence of a number of the following pathogens in the vaginal microbiocenosis: P. 
aeruginosa, S. aureus, Str. uberis, C. albicans, P. mirabilis and E. cloacae. 

Following the completion of the experiment with the administration of a two-component phytobiotic 
(component ‘M2’ for topical use and component ‘FOG - 20’ - supplement to the diet), positive changes in the 
microbiocenosis of the cow’s vagina were found. A number of the following pathogens have been completely 
eliminated: P. aeruginosa, S. aureus, Str. uberis, C. albicans, P. mirabilis and E. cloacae. In all positive 
animals for these isolates before the beginning of the experiment, there was no growth of isolates after the 
experiment. 

The total reduction in the frequency of E. faecalis, E. faecium and E.coli isolates separation was also found 
in the experimental group. Moreover, Escherichia coli isolates demonstrated worse sensitivity to the M2 
preparation, which is compatible with the results of experiments carried out in vitro. P. vulgaris and Bacillus 
spp. isolates showed the greatest resistance to the drug. 

The reduction in the level of antigenic load due to pathogen elimination: P. aeruginosa, S. aureus, Str. uberis, 
C. albicans, P. mirabilis and E. cloacae from the body had a positive impact on the immunohematological
parameters of cows. In 80% of cases, an enhanced rate of regeneration of the pool of neutrophils and
monocytes, a reduced level of imbalance in the system of cellular and humoral components of immune
system was registered.

The balanced change in immunoreactivity in the examined cows was supported by a physiological rise in 
the intensity of oxidative metabolism. The concentration of MDA in the blood serum was equal to 1.13± 0.14 
µm l-1 (before using the complex: MDA 0.82±0.09 µm l-1). 

The most marked positive changes in experimental animals were recorded in the system of non-specific 
immunological resistance. The phagocytic activity of monocyte-macrophage cells was on average 56.2±4.2%, 
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and the phagocytic index was 6.08±0.49 c.u. An enhancement of the phagocytic activity of cells in 80% of 
cases was followed by a pronounced activation of membrane oxidases.

Conclusions. The studies conducted revealed that one of the reasons for the reduced level of adaptive 
reserve in cows in the postpartum period was the colonization of the vaginal mucosa by opportunistic 
pathogens [7, 8, 9].

 In 60% of cases, the infectious process in animals was followed by a moderate inflammatory reaction, which 
was registered for a long time – up to 30-33 days after parturition. As it is known, smoldering inflammatory 
processes necessarily cause disorders in the system of humoral and cellular components of immune system. It 
results in its failure in connection with opportunistic pathogens. All the examined cows were diagnosed with 
the depression of the functions of the mononuclear system and polymorphonuclear leukocytes [10, 11, 12]

The combined administration of phytobiotics of topical and alimentary-mediated action in experimental 
cows was diagnosed with a reduced antigenic load on the cells and tissues of the vaginal mucosa. The positive 
effect of antibiotics on the immune system of animals was mediated by the activation of the phagocytosis 
process. In phagocytic cells, an enhancement of cytotoxic activity by an average of 1.8 times and an increase 
in the intensity of oxidative metabolism by 39.5% were registered. Phagocytosis, as an integral feature of 
the system of mononuclear cells and polymorphonuclear leukocytes, involves not only the mechanisms of 
intercellular interactions, but also the synthesis of a broad spectrum of cytokines, that trigger a cascade of 
immunological and biochemical reactions in the body (Zhukov et al., 2016); (Marzhokhova et al., 2016). Our 
study showed that in 80% of cases in experimental cows, when phagocytosis processes are activated, there is 
an enhanced level of overall immunoreactivity of the body.

Therefore, in the conditions of a scientific and production experiment, the prospects of applying a complex 
two-component phytobiotic of topical and alimentary-mediated action in cows with opportunistic bacterial 
infections of the vaginal mucosa in the postpartum period were demonstrated.
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АЛИМЕНТАРЛЫҚ ОРТАҚТАНДЫРЫЛҒАН ФИТОБИОТИКТЕРДІҢ ӘСЕРІНЕН 
СИЫРЛАРДЫҢ ИММУНДЫ СТАТУСЫ

Аннотация. Бұл мақалада екі компонентті фитобиотикалық кешеннің төлдегеннен кейінгі 
асқынулары бар сиырлардың иммундық жағдайына әсері зерттелді. Тәжірибе жүргізілген сиырларда 
орташа интоксикациямен қабыну процестері 50% анықталды. Сиырлар қынабының шырышты 
қабатынан шайындыларда әртүрлі үйлесімде микроорганизмдердің 13 изоляты бөлінді. 70% жағдайда 
микорорганизмдер қауымдастығының түрлік құрамы келесідей: P. aeruginosa+S. aureus, в 40% Str. 
Uberis+C. Albicans. Иммундық жағдайды бағалау кезінде сиырлардың 30%-ында нейтрофилдер мен 
моноциттер мөлшері регенерация жылдамдығының төмендегені анықталды. Жануарлардың 70% 
иммунитеттің негізгі бөліктері арасындағы теңгерімсіздік диагнозы қойылған. Сиырларда гуморальды 
тізбектің басымдылығы 20%, ал жасушалық тізбектік иммунитет 50% екені байқалды. Сиырлардың 
30%-ында моноциттік-макрофаг жасушаларының фагоциттік белсенділігінің орташа есеппен 23,3% 
- ға төмендегені байқалды. Екі компанентті фитобиотикалық кешенді қолданғаннан соң, тәжірбие
аяқталғаннан кейін сиыр қынабының микробиоценозынан толығымен P. aeruginosa, S. aureus, Str.
uberis, C. albicans, P. mirabilis и E. Cloacae жойылды және E. faecalis, E. faecium и E.coli мөлшері азайды.
Сиырлардың денесіне антигендік жүктеменің төмендеуі кезінде иммундық статус көрсеткіштерінде
80% жағдайда нейтрофилдер мен моноциттер пулының регенерация жылдамдығының артуы, олардың
цитотоксикалық белсенділігінің орта есеппен 1,8 есе және тотығу метаболизмінің қарқындылығының
39,5%-ға артуы тіркелді. Иммунитеттің жасушалық және гуморальды байланысы жүйесіндегі тепе-
теңдік деңгейінің тұрақтануы жануарлардың 80%  байқалды.

Түйінді сөздер: сиырлар, босанғаннан кейінгі кезең, иммунореактивтілік, фитобиотиктер, Nigella 
sativa, қарама-қарсы микроорганизмдер.
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ИММУННЫЙ СТАТУС КОРОВ НА ФОНЕ АЛИМЕНТАРНО-ОПОСРЕДОВАННЫХ 
ФИТОБИОТИКОВ

Аннотация. Изучали влияние двухкомпонентного фитобиотического комплекса на иммунный 
статус коров с   послеродовыми осложнениями. Воспалительные процессы с умеренной  интоксикацией 
у обследованных коров  диагностировали в 50% случаев. В смывах со слизистой оболочки влагалища 
коров выделено 13 изолятов микроорганизмов в различных сочетаниях. В 70% случаев в видовом 
составе ассоциаций оппортунистических микроорганизмов присутствовали P. aeruginosa+S. aureus, 
в 40% случаев Str. Uberis+C. Albicans. При оценке иммунного статуса установлено, что у 30% коров 
наблюдалось снижение скорости регенерации пула нейтрофилов и моноцитов. У 70% животных 
диагностировали дисбаланс между основными звеньями иммунитета. У 20% коров отмечали 
превалирование  гуморального звена, у 50% - клеточного звена иммунитета. В 30% случаев у коров 
отмечали  снижение фагоцитарной активности  моноцитарно-макрофагальных клеток в среднем на 
23,3%.

После завершения опыта с применением двухкомпонентного фитобиотического комплекса из 
микробиоценоза влагалища коров были полностью элиминированы  P. aeruginosa, S. aureus, Str. uberis, 
C. albicans, P. mirabilis и E. cloacae и отмечено снижение частоты выделения изолятов E. faecalis, E.
faecium и E.coli. При снижении  антигенной нагрузки  на организм коров в показателях иммунного статуса
в 80% случаев регистрировали увеличение скорости регенерации пула нейтрофилов и моноцитов,
повышение их цитотоксической активности в среднем 1,8 раза и  интенсивности окислительного
метаболизма на 39,5%. Стабилизацию уровня баланса в системе клеточного и гуморального звена
иммунитета отмечали у 80% животных.

Ключевые слова: коровы, послеродовой период,  иммунореактивность,  фитобиотики, Nigellasativa, 
оппортунистические микроорганизмы.
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металлов ИОКЭ НАН РК, а затем – главным научным сотрудником этой лаборатории. 

Нигметова Р.Ш. родилась 29 сентября 1932 г. В 1955 г окончила химический факультет Казахского 
Государственного Университета им. С.М. Кирова. В 1955-1958 г. училась в аспирантуре Института 
химических наук АН КазССР под руководством академика Козловского М.Т.  В 1958-1961 гг. - 
старший лаборант лаборатории аналитической химии. 1962-1966 гг. – младший научный сотрудник 
лаборатории амальгамной химии Института химических наук. 1966-1969.гг. - старший научный 
сотрудник лаборатории сверхчистых металлов  Института органического катализа и электрохимии АН 
КазССР. В 1980 г. Р.Ш. Нигметова возглавила эту лабораторию и посвятила ее работе и развитию всю 
жизнь, как крупный специалист в области физико-химии и термодинамики амальгамных систем. Р.Ш. 
Нигметова принимала участие в проведении внедренческих работ на свинцовом заводе им. Калинина, 
г. Чимкент. Диссертацию на соискание степени доктора химических наук «Термодинамические и 
физико-химические исследования жидких сплавов ртути с металлами II-V подгрупп периодической 
системы элементов» Р. Ш. Нигметова защитила в 1984 г. на ученом совете ИОКЭ, г. Алма-Ата.  Р.Ш. 
Нигметовой впервые проведено систематическое изучение термодинамических и физико-химических 
свойств двойных и тройных (22 системы) амальгамных систем с использованием большого количества 
физико-химических методов исследования. Изучены термодинамические свойства разбавленных 
жидких амальгам кадмия, индия, свинца, олова, висмута, цинка  при температурах 25-200оС. 
Установлена зависимость термодинамических и физико-химических свойств жидких амальгам от 
положения металлов в периодической системе элементов, что позволило прогнозировать свойства 
еще неизученных систем. На основании полученных термодинамических данных амальгамных 
систем установлены критерии поведения многокомпонентных амальгам в люминесцентных лампах. 
В 1992 г. Р.Ш. Нигметова получила звание профессора. Р.Ш. Нигметовой опубликовано около 200 
научных статей и подготовлено совместно с д.т.н. Козиным Л.Ф. 7 кандидатов химических наук. Р.Ш. 
Нигметова работала ученым секретарем диссертационного совета ИОКЭ. Коллеги сохранили о ней 
память, как о принципиальном ученом и отзывчивом человеке.

Сотрудники и коллеги.

MEMORY OF SCIENTISTS
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