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Abstract

Background and Aim: Macro- and micro-clements are required to ensure the normal course of biochemical processes
in the development of an animal’s body. Any excess, deficiency, or imbalance in chemical elements in an animal’s body
can cause the development of various latent or clinically expressed pathological conditions. Diselementosis in pregnant
cows may lead to impaired embryo and fetal development, as well as reduced neonatal viability. The aim of this study was
to analyze the content of macroelements and microelements in the blood serum of both calving cows and their calves to
evaluate the relationship between indicators of mineral metabolism in the mother and newborn and to establish what role
separate chemical elements play in making newborn calves more prone to bronchopneumonia.

Materials and Methods: The content of potassium (K), sodium (Na), iron (Fe), Copper (Cu), Zinc (Zn), Strontium (Sr),
arsenic (As), nickel (Ni), cobalt (Co), chromium (Cr), molybdenum (Mo), and selenium (Se) in the blood serum of 33
pregnant cows between 239 and 262 days of gestation and their 33 1-day old calves was determined using the Shimadzu
AA6300 (Japan) atomic adsorption spectrophotometer. Calcium (Ca) and magnesium (Mg) content was determined using
ion-selective electrodes from the Olympus-400 analyzer (Beckman Coulter, USA). During the 1* month of life, all calves
in the sample set had some sort of respiratory diseases and seven of the calves had bronchopneumonia. Retrospectively, the
samples of adult and newborn animals were divided into two groups each: Dams I — cows whose calves had uncomplicated
bronchitis (n=26); Dams Il — cows whose calves got bronchopneumonia (n=7); and Newborns I — calves with uncomplicated
bronchitis (n=26); Newborns II — calves with bronchopneumonia (n=7).

Results: The content of Ca, Mg, K, Na, Mo, and Se in dams in both groups of cows was within the reference range; the
concentrations of Fe and Ni were higher than the reference range; and the concentrations of Cu, Zn, As, Co, and Cr were lower
than the reference range. There were no significant differences in elemental status between the Dams I and Dams II groups.
In newborn calves, the concentration of Ca and Mo corresponded to the reference range; the concentrations of Mg, Fe, Co,
and Ni in both groups exceeded the reference range; and the concentrations of Cu, Zn, As, Cr, and Se were lower than the
reference range. Results highlighted that there was a tendency to decrease concentration of Fe, Mo, and Se and a significant
increase in the Ni concentration in calves of the Newborns II group compared with calves of the Newborns I group. It was
also found that Zn, Co, Cr, and Mo actively accumulated in the body of newborn animals while the transplacental transfer of
Cu, As, and Sr was limited; and transfer of Se and Ni was regulated by concentration ratios in the blood of the mother and
the fetus. The excessive concentrations of Ni and Fe in the blood serum of cows and calves and the imbalance in the ratio of
elements Fe—Cu—Zn, Fe—Cu—Co negatively affected erythropoiesis, formation of the immune system, and antioxidant status
of the fetus and newborn. These changes were considered to be risk factors for the development of bronchopneumonia in
calves.

Conclusion: An excess of serum Fe and Ni and deficiency of Cu, Zn, As, Co, and Cr in cows during the gestation period
can lead to similar impairments of the mineral status in newborn calves. At the systemic level, dyslementosis in combination
with the influence of other adverse factors, can lead to an increased load on the respiratory and hematopoietic systems of
calves during postnatal adaptation and can subsequently cause a decrease in the natural resistance of calves and development
of bronchopneumonia.
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and sulfur), and 15 are trace elements (iron [Fe],
iodine, zinc [Zn], copper [ Cu], manganese, cobalt [Co],
molybdenum [Mo], selenium [Se], chromium [Cr],
tin, vanadium, fluorine, silicon, nickel [Ni], and
arsenic [As]) [1,2]. An excess, deficiency, or imbal-
ance of chemical elements in the animal organism,
referred to in the biological literature as “dyslemento-
sis” [3], are usually accompanied by the development
of various latent or clinically expressed pathological
conditions. In farm animals, dyslementosis is usually
caused by geochemical environmental conditions or
impaired absorption of chemical elements from water
and feed. The Voronezh region is one of the southern
regions of the Central Federal District of the Russian
Federation. It is located in the central zone of the
European part of the country and it is a part of the
Central Russian Province. Geologically, the territory
of the Voronezh region is located in the southeast-
ern part of the Voronezh crystalline massif (VCM), a
large Precambrian platform-type structure. An intense
manifestation of sulfide-bearing ultramafite-mafite
magmatism, associated with deposits and numerous
manifestations of sulfide-Cu-Ni ores, is associated
with Precambrian formations in the southeast of the
VCM. Deposits and manifestations of non-metallic
mineral resources can form rocks of the sedimentary
complex. The quality indices of drinking water in the
region are determined by natural factors (an increased
concentration of iron, manganese, boron, and harden-
ing salts in the water). In most cases, the quality of
groundwater in the Voronezh region is determined by
either increased water hardness (up to 20 mg-eq/dm?)
due to the presence of the carbonate component in
water-bearing formation, or a significant amount of
iron (from 0.3 to 6.8 mg/dm’ [1-26 marker and cell
(MAC)]) and manganese (0.55-1.10 mg/dm? [5-10
MAC], sometimes up to 25 MAC). Other heavy metals
in concentrations exceeding MAC were not detected
in the water [4]. Soil and plants in the Voronezh region
are usually poor in iodine, Zn, and Mo [5]. Water and
plants are the sources of mineral elements for cows.
Excess or deficiency of minerals in water and plants
affects the mineral status of animals.

It is known that dyslementosis in pregnant cows
can lead to the impaired development of embryos and
fetuses and a decrease in the viability of newborns [6,7].
Even subclinical disorders of mineral metabolism
in pregnant cows can adversely affect the elemental
status and health of offspring [8]. Unfortunately, the
question of assessing the mineral status of newborn
calves has not been studied enough; monitoring is
often carried out using reference ranges established
for adult animals, without taking into account the
regional and pedigree characteristics of cattle.

Respiratory diseases in young cattle remain
one of the most common problems of industrial ani-
mal husbandry [9-11]. They account for up to 75%
of total morbidity and over 50% of loss in cattle
cases [12]. For improvement in prevention measures

and treatment of respiratory diseases in calves, it is
vitally important to assess risk factors associated with
impairment of the elemental status in the mother and
fetus. Optimization of indices is needed for the sys-
tem of reference range in the mineral metabolism of
cattle to adequately interpret the results of studies and
diagnoses [13]. Deficiency or excess of some mineral
elements may be the cause or result of respiratory dis-
eases. So, the search for bio element-markers in respi-
ratory diseases to be used for routine clinical practice
is important [14-16].

The aim of this study was to analyze the content
of macro- and micro-elements in the blood serum of
pregnant cows and their calves to identify the relation-
ship between the indices of mineral metabolism in the
mother-newborn system. Based on these findings, it
can be established what role individual chemical ele-
ments play in making newborn calves more prone to
the development of bronchopneumonia.

Materials and Methods

Ethical approval

Blood samples were collected as per standard
sampling procedures without any harm to the animals.
Approval from the Federal Service for Veterinary
and Phytosanitary Surveillance of the Ministry of
Agriculture of Russian Federation was not required;
the study did not affect normal animal physiology.

Study location and period

The studies were performed in
“Voronezhpishcheproduct. L.td” Novousmansky dis-
trict of the Voronezh region, Russia during the spring
2015.

Animal materials and study design

Pregnant, red-motley Holstein breed cows (n=33)
and their calves (n=33) were used in the present study.
The calves were kept in a dispensary with 5-6 heads
per cage for 10-20 days. Newborn calves received
colostrum from their mothers 3 times a day. For the
first 10 days, colostrum (then milk) was administered
in the amount of one-tenth of the animal’s total weight.
To assess the calves’ health status, body temperature,
cardiac rate and respiration rate, presence/absence of
diarrhea, cough, nose discharge, and discharge from
the eyes were all determined. Behavioral changes,
sucking reflex, activity, and appetite were also taken
into consideration, and thorax auscultation was car-
ried out. During the 1% month of life, inflammatory
diseases of the upper respiratory tract (bronchitis, and
tracheobronchitis) of varying severity were found in
all of the calves. In some cases, self-recovery in the
animals was observed when accompanied with proper
care and feeding. Inflammation of the upper respira-
tory tract complicated by bronchopneumonia was also
recorded in seven calves.

Collection of samples
Blood samples were collected from cows on days
239 to 262 of gestation and from their calves 24 h after
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birth. This was carried out in the morning hours before
feeding using jugular vein puncture. Vacuum test tubes
without anticoagulants were used to obtain blood serum.

Biochemical analysis

Concentration of microelements was deter-
mined from the blood serum of the animals using the
Shimadzu AA6300 (Japan) atomic adsorption spectro-
photometer, while Ca and Mg content was determined
using ion-selective electrodes of the Olympus-400
analyzer (Beckman Coulter, USA).

Statistical analysis

Statistical analysis of the research results was
carried out using the Stadia 7.0 Professional (InCo,
Russia) and MedCalc for Windows, version 17.5.3
(MedCalc Software, Ostend, Belgium) software pack-
ages. Retrospectively, samples of adult and newborn
animals were divided into two groups each: Dams
I — cows, whose calves experienced uncomplicated
bronchitis development (n=26); Dams Il — cows,
whose calves caught bronchopneumonia (n=7); and
Newborns I — calves with uncomplicated bronchitis
development (n=26); Newborns Il — calves with bron-
chopneumonia (n=7).

The data are presented in the format of arithme-
tic meantstandard deviation and the medians of indi-
cators are given. A hypothesis regarding the feature
distribution normality was tested using Kolmogorov’s
criterion and the w? and Chi-square Pearson’s criteria.
Feature medians were compared using the Wilcoxon

Wk-test. Receiver operating characteristic (ROC) analy-
sis according to the Del.ong et al. method [17] was used
to detect predictors of bronchopneumonia in calves.
Correlations between indicators were identified using
Spearman’s coefficient (r). The null hypothesis was
rejected for all statistical processing methods at p<0.05.

Results and Discussion

It was found that the content of Ca, Mg, K, Na,
Mo, and Se in down-calving cows in both groups was
within the reference ranges established for this breed
and age [18-20]. The concentrations of Fe and Ni in
the blood serum of adult animals were higher than the
reference values while the concentration of Cu, Zn,
As, Co, and Cr was lower (Table-1). Mineral metab-
olism indices in cows were characterized by a wide
range of variation (Table-1), and therefore, there were
no statistically significant differences between the
Dams [ and Dams II groups for the content of macro-
and micro-elements. At the trend level (0.05<p<0.1), a
higher content of Cu and Ni was found in cows of the
Dams II group compared to those of the Dams I group.

The increased concentration of Fe in the blood
serum of cows may be due to an excess of intake in
drinking water. It is known that the mechanisms regu-
lating the metabolism of Fe stimulate its accumulation,
but does not control the removal of excess iron from the
body [6]. As not all of the iron entering the bodies of
cows can be adequately utilized, its concentration within
blood samples exceeds physiological values (Table-2).

Table-1: Macroelements and microelements content in blood serum of the down-calving cows.

Indicator Dams I Dams II
Range of deviation (min-max) Mxzts, Me Range of deviation (min-max) Mxts, Me
Calcium, mmol/I 2.48-3.10 2.76+0.16 2.61-2.75 2.67+0.05
Me=2.75 Me=2.67
Magnesium, mmol/I 0.87-0.92 0.89+0.02 0.84-0.93 0.90+0.03
Me=0.90 Me=0.91
Potassium, mmol/I 3.80-5.89 4.65+0.57 3.84-7.62 4.71+0.95
Me=4.47 Me=4.44
Sodium, mmol/I 95.6-164.3 127.6+15.6 122.3-142.8 132.2+7.1
Me=127.8 Me=132.7
Iron, mg/I 1.50-4.70 2.85+0.99 1.40-4.00 2.65+0.92
Me=2.85 Me=2.50
Copper, mg/I| 0.29-0.68 0.50+0.10 0.39-0.85 0.59+0.16
Me=0.48 Me=0.55¢rend
Zink, mg/I 0.11-7.74 0.58+1.51 0.13-18.25 2.75+6.84
Me=0.15 Me=0.17
Strontium, mg/I 0.35-3.27 0.95+0.67 0.27-1.22 0.81+0.36
Me=0.74 Me=0.85
Arsenic, pg/| 14.3-64.2 37.1+15.1 4.5-113.6 51.0+£37.3
Me=40.1 Me=36.8
Nickel, mg/I 0.22-2.90 1.02+0.54 0.53-2.23 1.31+0.62
Me=0.93 Me=1.26trend
Cobalt, pg /I 10.3-38.1 22.1+6.8 14.5-29.7 20.8+5.6
Me=21.3 Me=18.9
Chromium, pg/I 0.1-3.9 0.35+0.80 0.1-0.2 0.13+0.05
Me=0.10 Me=0.10
Molybdenum, pg/I 0.4-3.2 1.38+0.71 0.9-2.6 1.67+0.72
Me=1.35 Me=1.40
Selenium, pg/I 35.2-153.1 68.0+31.2 39.3-188.2 90.6+62.6
Me=57.9 Me=59.1
tend=Differences from the adults I group at the level of statistical trend (0.05<p<0.01)
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Table-2: Standards of mineral elements content in the
blood serum of cows and newborn calves.

Indicator Adult animals Newborn animals
(standard) (standard)
Calcium, mmol/I 2.50-3.13 1.81-3.41
Magnesium, mmol/| 0.82-1.23 0.79-0.95
Potassium, mmol/I 4.00-6.00 4.10-5.70
Sodium, mmol/I 127.0-153.0 12.0-151.0
Iron, mg/I 0.96-2.01 1.00-1.30
Copper, mg/I| 0.80-1.20 0.48-0.79
Zink, mg/I 3.00-5.00 1.00-1.50
Strontium, mg/I No standard No standard
Arsenic, pg/I 50.0-200.0 50.0-200.0
Nickel, mg/I 0.10-0.50 0.10-0.50
Cobalt, pg/l 30.0-50.0 28.0-38.5
Chromium, pg/I 4.00 4.00
Molybdenum, pg/I <10.0 <10.0
Selenium, ug/I 40.0-70.0 65.0-87.0

Ni, which enters the body of animals mainly with
food (drinking water makes an insignificant contribu-
tion to its accumulation), usually accumulates in tis-
sues [21]. The increased Ni content in the blood serum
of pregnant cows may have been associated with the
high element content in the soils of the region and
plant feeds [5]. An excess of Ni in the blood serum of
animals adversely affects the balance of Cu, Zn, and
Fe in the body [22,23] and depresses energy-depen-
dent processes [24]. A negative correlation was found
between the Ni content and the average hemoglobin
concentration in the erythrocytes of adult animals
(r=-0.56, p=0.002). Moreover, the Kruskal-Wallis
test highlighted a significant influence of increased
Ni concentration in the blood on MCHC (k=4.01;
p=0.04), which indicates the contribution of Ni to the
impairment of erythropoiesis in pregnant cows.

Cu deficiency in cattle is a widespread issue in
many regions of the world [25]. In the cows exam-
ined in this study, Cu deficiency was exacerbated by
the excess Ni content in the body. It is known that
Ni exhibits antagonist properties against Cu [23], by
preventing its normal absorption and implementation
in various biological functions. In turn, the Cu defi-
ciency observed in the Dams I and Dams II groups
caused hyperferremia, as Cu regulates the normal
absorption of iron [26]. Cu deficiency was also asso-
ciated with a decrease in the monocyte count in the
peripheral blood of cows (Mon=1.0% in the Dams I
and Dams II groups with a reference range of 1.5-3%).
Monocytopenia negatively affects the functioning of
the innate immune system which, in turn, reduces the
body’s resistance to invading pathogens.

Deficiency of Co in ruminant animals leads to
the impaired synthesis of Vitamin B, and the matu-
ration of erythrocytes [27,28]. Earlier, it was shown
[29] that the subclinical deficiency of Cu and Co in
pregnant cows leads to the development of macrocytic
hyperchromic anemia and impairs normal supply of
oxygen to the mother and fetus organisms. As defi-
ciency in cows also inhibits hematopoiesis [30,31].

A correlation has been revealed between the As level
and the mean cell volume (r=0.36; p=0.03), which
indicates the role of this trace element in the regula-
tion of erythropoiesis in adult animals.

Lower concentrations of Zn and Cr (III) in the
blood serum of pregnant cows can impair carbohydrate
metabolism, delay fetal development [32], and increase
susceptibility to infectious diseases and stress. These
effects are associated with the biological functions of
these elements in the body. For example, Zn is a com-
ponent and/or activator of enzymes [33,34] which is
necessary for the synthesis of steroid hormones [35];
it also affects the functional activity of the immune
system [36,37]. Cr, being a cofactor of a number of
enzymes, exhibits immunosuppressive properties
under stress conditions [38,39] and regulates glucose
metabolism [40,41]. An imbalance in the Cu—Zn-Fe
system in pregnant cows, which is usually in a state
of dynamic equilibrium [42], against the background
of excess Ni and deficient As, is the main cause of
impairments of erythropoiesis, the functioning of anti-
oxidants and immune systems, and the deficiency of
Co and Cr which enhances its negative effects.

The elemental status of a newborn calf is
determined by the status of the mother cow during
gestation [26] and the content of macro- and micro-el-
ements in the colostrum. However, it has been
shown [43] that not all micronutrients penetrate equally
well through the fetoplacental barrier. Some of them
are only able to accumulate in the mother or calf, and
the regularities of metabolism common to all miner-
als in the mother-fetus system, therefore, do not exist.
In newborn calves, only the content of Ca and Mo in
the blood serum corresponded to the reference ranges
(Table-3). The concentrations of Mg (insignificantly),
Fe, Co, and Ni (significantly) exceeded the reference
ranges in both groups and the content of Cu, Zn, As,
Cr, and Se sat below the reference ranges [18-20].
In the calves of the Newborns II group, it was high-
lighter that there was a higher serum content of Ni
(p<0.05) and decreased concentrations of Fe, Mo and
Se (0.05<p<0.01) present in comparison to calves of
the Newborns I group. According to the results of the
ROC analysis, predictors of bronchopneumonia were
not detected among the studied macro- and micro-ele-
ments in adult animals and their offspring.

A slight excess of Mg in the blood serum of
newborn calves in comparison with the reference
range established for this breed and age (Figure-1 and
Table-3) did not adversely affect their condition. Mg
concentrations in the calves of the Newborns I and
Newborns II groups were not beyond the “adult” ref-
erence range and did not differ from the concentra-
tions observed in their mothers, indicating that there
was a free transplacental transfer of this element and
an establishment of dynamic equilibrium in the moth-
er-fetus system.

It was found that the iron content in the blood
serum of the calves of the Newborns I group was
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Table-3: Macroelements and microelements content in blood serum of the newborn calves.

Indicator Newborns I Newborns II
Range of deviation (min-max) Mzts, Me Range of deviation (min-max) Mxts 6 Me
Calcium, mmol/I 2.79-3.12 2.95+0.93 2.70-3.13 2.96+0.15
Me=2.95 Me=2.94
Magnesium, mmol/I 0.98-1.07 1.02+0.02 0.98-1.05 1.03+0.02
Me=1.02 Me=1.03
Iron, mg/I 0.50-31.00 6.04+£6.91 1.00-6.00 2.61+1.71
Me=3.40 Me=2.10Qtrend
Copper, mg/I 0.14-1.09 0.33+0.20 0.11-0.57 0.36%+0.18
Me=0.29 Me=0.38
Zink, mg/I 0.7-4.22 0.66+1.11 0.12-1.48 0.59+0.55
Me=0.25 Me=0.35
Strontium, mg/I 0.06-2.14 0.38+0.45 0.13-0.87 0.35+0.26
Me=0.26 Me=0.31
Arsenic, pg/l 3.3-172.2 41.7+42.9 8.7-126.4 41.8+40.1
Me=28.4 Me=30.4
Nickel, mg/I 0.10-3.85 1.07+£0.96 0.05-3.17 1.74+0.39
Me=0.96 Me=1.93*
Cobalt, pg/I 27.4-241.9 69.1+46.3 24.00-102.1 63.2+30.0
Me=61.1 Me=72.9
Chromium, pg/I 0.20-13.1 1.38+2.71 0.2-2.6 0.74+0.84
Me=0.60 Me=0.50
Molybdenum, ug/I 1.1-47.1 9.04+10.88 1.0-45.2 8.83+16.12
Me=5.40 Me=3.30trend
Selenium, pg/l 20.8-157.1 54.9+31.1 27.6-106.7 45.6+28.3
Me=48.1 Me=37.6tend

*=Differences from the newborns I group are statistically reliable (p<0.05), t*"d=Differences from the newborns I group

at the level of the statistical trend (0.05<p<0.1)

140
120
100
80
mmol/l 60
40
20
0 _ —— —
Na Ca Mg
M Dams | 127.8 4.47 275 0.9
B Dams Il 132.7 4.44 2.67 0.91
Newborns | 2.95 1.02
B Newborns Il 2.94 1.03

Figure-1: Macroelements content in the blood serum of down-calving cows and newborn calves (median indicator values).

higher than that of their mothers and in calves of
the Newborns II group, it was lower (Table-3 and
Figure-2). However, in all of the groups, the studied
parameters exceeded the reference range established
for this breed and age (Table-2). In general, there
were no restrictions for transplacental transfer of
iron, although it is possible that during gestation in
animals of the Dams II and Newborns II groups, iron
metabolism and/or its accumulation in the fetus could
have been impaired. It is also possible that the rate of
replacement of fetal hemoglobin by adult hemoglo-
bin in the calves of the Newborns II group was lower
than that of the calves in the Newborns II group, and

therefore, a massive release of iron from the destroyed
erythrocytes on the 1% day of life was not observed.
Partial excess of iron could have been included in the
composition of hemoglobin, as indirectly indicated by
a positive correlation between the concentration of Fe
in the blood serum of calves and the mean concen-
tration of hemoglobin in the erythrocytes (r=0.32;
p=0.04). There was severe microcytosis (Mean cor-
puscular volume=41.0 and 40.0 um?®) in the calves
of the Newborns I and Newborns II groups, respec-
tively; the reference range was 52.8-62.2 wm? and an
increase in MCHC could have been compensation for
the insufficient functional viability of erythrocytes.
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Figure-2: Microelements content in the blood serum of down-calving cows and newborn calves (median indicator values).

Zn actively accumulated in the bodies of calves
under conditions of deficiency in the mother cows,
and Zn level in the blood of newborns exceeded that
in adult animals. This may indicate an effective trans-
fer of this microelement through the placental barrier to
meet the requirement of the fetus. However, due to the
low Zn content in cows, its deficiency in calves was not
compensated. It was found that newborn calves have a
higher requirement for iron and Zn compared to adult
animals [44]. Zn, which is considered toxic to adult ani-
mals (more than 500 mg/kg d.w.), is considered normal
for young animals [45]. Thus, the existing reference
ranges for the content of iron and Zn in the blood serum
of newborn animals (Table-3) may require revision.

Regarding the distribution of Se and Cu between
the organisms of the mother and the fetus, consensus
was not reached. For example, Graham et al. [46],
House and Bell [47], and Ceballos-Marquez et al. [48]
believed that there is an active transfer of Se and Cu
from mother to fetus, limited solely by the needs of the
latter. According to several authors [49], the transmis-
sion of Se to the fetus, and then to the newborn calf,
occurs even when mother cows are deficient in it, to
provide the necessary levels for the newborn. Pavlata
et al. [50] indicated that transplacental transfer of Cu
is partially limited; hence, the concentration of Cu in
the blood serum of calves does not exceed 60% of its
content in mothers. It was found that the level of Cu
in the blood serum of newborn calves was lower than
that of their mothers (Figure-2 and Tables-1 and 3).
This may be due to its deficiency in cows and an
insufficient content of caeruloplasmin, which is the
main carrier of Cu in the blood of calves [51]. In our
opinion, it is believed that there was a partial restric-
tion of the transfer of Cu from mother to fetus, as the
concentration of Cu in the blood serum of adult ani-
mals was deficient but exceeded that of the calves.
The correlation between the level of Cu and monocyte
count in calves (r=0.46, p=0.007) may indicate that

there is a contribution of this element to the forma-
tion of the phagocytosis system in newborn animals.
Thus, a deficiency of Cu can mediate a decrease in
the resistance of newborn animal to infection through
inhibition of the monocyte-macrophage system.

In newborn calves, Se deficiency was also
detected, although its content in the blood serum of
cows was within the reference range. In ruminant ani-
mals, the transmission of Se from mother to newborn
occurs through the placenta and colostrum, while trans-
placental transfer is more effective [37,43,52,53]. The
lack of Se in newborn animals may be due to the fact
that this element is a component of antioxidant protec-
tion and is actively consumed under oxidative stress
conditions during birth. The low content of Se in the
calves of the Newborns II group (less than the age and
adult reference range) can indicate either a more active
consumption or a restriction of metabolism in the moth-
er-fetus system. Newborn calves with hyposelenosis
are known to be more susceptible to infections of the
gastrointestinal and respiratory tracts [54]. The rela-
tionship between the content of Se and monocyte count
in the circulating blood of calves (r=0.45, p=0.007)
indicates deficiency of this element in reduced resis-
tance to infectious diseases. An excess of iron in the
blood serum of calves can adversely affect Se levels,
since Fe*" forms low-solubility complexes with Se and
reduces the absorption rate of the latter [55].

The role of the above-mentioned inorganic ele-
ments in the body and their metabolism in the moth-
er-fetus system is fairly well understood and described
in the literature, but the distribution of other trace ele-
ments between mother and newborn is less studied.

It was found that intensive transfer of Sr from
mother to newborn did not occur, and the content of Sr
in the blood serum of newborn calves was noticeably
lower than that of their mothers (Tables-1 and 3 and
Figure-2). This may have been caused by Sr accumu-
lation and retention in bone tissue. A certain dynamic
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equilibrium is established between the bone and serum
Sr fractions, and the active accumulation of Sr in the
body occurs only with an increase in bone mass during
the period of active growth of skeletal system [56].

The Ni content in all of the groups of animals
exceeded the established reference ranges but was
higher in calves with complicated bronchitis and
in their mothers compared to the animals of the
Newborns I and Dams I groups. The resulting negative
correlation between the Ni concentration and lympho-
cyte count in newborn calves (r=-0.35, p=0.03) may
indicate an immunosuppressive effect of increased
concentrations of this metal. At the same time, Ni con-
centration was positively correlated with the mono-
cyte count in the peripheral blood of calves (r=0.31,
p=0.04), which indicates its stimulating effect on the
phagocytic system of blood. Thus, an excess of Ni
may contribute to an imbalance in the lymphocyt-
ic-monocytic system, which negatively affects resis-
tance to infectious agents.

The concentrations of Co, Cr, and Mo in the
blood serum of newborn calves exceeded those in their
mothers (Tables-1 and 3). Based on the data obtained,
it can be assumed that these heavy metals are actively
transferred through the placenta and accumulate in the
fetus, regardless of their concentration in the mothers’
bloodstream.

As deficiency in newborn calves, in contrast to
adult animals, was more pronounced in the leukocyte
blood count. Correlations between the As content and
percent of segmented neutrophils (r=0.35; p=0.03)
and monocytes (r=0.37, p=0.02) were found. The
parameters of the leukogram in the calves were at the
lower boundary of the age reference range (segmented
neutrophils =32.0 and 38.0; monocytes =0.0 and 0.0
in the Newborns I and Newborns II groups, respec-
tively), which could lead to weakening of the immune
defense.

In both newborn calves and adult animals, the
main systemic effects of dyslementosis included an
excess of Ni, deficiency of As, and a shift of balance
in the Cu-Zn-Fe system. These changes induced
hematopoiesis disorders which led to the onset of
microcytic hypochromic anemia [29] and functional
insufficiency of the immune and antioxidant defense
systems which negatively affected resistance to infec-
tious diseases.

Conclusion

Dyslementosis in cows during the gestation
period, which is characterized by an excess of serum
Fe and Ni and deficiency of Cu, Zn, As, Co, and Cr,
can lead to similar impairments of the mineral status in
newborn calves. The transplacental transfer of Cu, As,
and Se from the mother to the fetus or its accumulation
in the colostrum was partially limited, and therefore,
concentrations of these elements in the blood serum
of newborn calves were below reference range and
lower than the corresponding levels of these elements

in their mothers. Heavy metals (Ni, Co, Cr, and Mo),
on the contrary, were actively transferred across the
placenta. These metals were significantly accumu-
lated in calves, regardless of the levels of these metals
in the mother cows. Their content in the blood serum
of day old calves exceeded that in adult animals, and
the concentrations of Ni and Co were higher than the
physiological level.

The wide range of variation in the study param-
eters, the complex system of relationships between
them, and the variety of compensatory mechanisms at
the organism level significantly complicated the anal-
ysis and interpretation of the role that individual trace
elements play in the formation of susceptibility to a par-
ticular pathology. An analysis of the relationships in the
mineral metabolism system suggested that excess Ni,
deficient As, and imbalances in the Fe-Cu—Zn and Fe—
Cu—Co triads in mother cows and newborn calves may
be a potential threat to their health. These disorders can
negatively affect erythropoiesis while also impairing
the balance of the lymphocyte-phagocytic system and
the prooxidant-antioxidant system. This allows them to
be considered risk factors that are involved in the com-
plications of respiratory diseases in calves.

At the systemic level, dyslementosis in combi-
nation with the influence of other adverse factors, can
lead to an increased load on the respiratory and hema-
topoietic systems of calves during postnatal adap-
tation and can subsequently cause a decrease in the
natural resistance calves have for the development of
bronchopneumonia.

Authors’ Contributions

EK: The idea of manuscript, literature search, and
wrote the manuscript draft. EK and VK: Performed the
statistical analyses. VK: Conceived and designed the
study. AC and MA: Collected samples and performed
the experiments. MA and VS and AC: Performed the
laboratory analyses. AC and VS revised the man-
uscript critically. All authors read and approved the
final manuscript.

Acknowledgments

This work was financially supported by All-
Russian Veterinary Research Institute of Pathology,
Pharmacology and Therapy (Project state registration
No. 115021270050).

Competing Interests

The authors declare that they have no competing
interests.

Publisher’s Note

Veterinary World remains neutral with regard
to jurisdictional claims in published institutional
affiliation.

References

I. National Academies of Sciences, Engineering, and Medicine
(2016) Nutrient Requirements of Beef Cattle. 8" ed. The

Veterinary World, EISSN: 2231-0916

993



Available at www.veterinaryworld.org/Vol.13/May-2020/23.pdf

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

National Academies Press, Washington, DC. p109-139.
Lingamaneni, P., Kiran, K.K., Ravi, T.C., Venkat, R.R.B.
and Lingamaneni, K.P. (2015) A review on role of essential
trace elements in health and disease. J. NTR Univ. Health.
Sci., 4(2): 75-85.

Skalnyi, A.V., Rudakov, .A., Notova, S.V., Skalnyi, V.V,
Burtseva, T.I., Baranova, T.I. and Gubaidulina, S.G. (2005)
Bioelementology: Basic notions and terminology (dictio-
nary of terms). Oregon State University, Orenburg. p1-50.
Department of Natural Resources and Ecology of the
Voronezh Region (2018) Report on the State of Environment
in the Territory of Voronezh District in 2017. Voronezh
Regional Printing House, Voronezh. p1-220.

Protasova, N.A., Gorbunova, N.S. and Belyaev, A.B. (2015)
Biological geochemistry of microelements in typical black
earth of the Voronezh district. . Bulletin of the VSU, Series:
Chemistry, Biology, Pharmacy, 4: 100-106.

Radwinska, J. and Zarczynska, K. (2014) Effects of mineral
deficiency on the health of young ruminants. J. Elementol.,
19(3): 915-928.

McKeating, D.R., Fisher, J.J. and Perkins, A.V. (2019)
Elemental metabolomics and pregnancy outcomes.
Nutrients, 11(1): 73-90.

Kegley, E.B., Ball, J.J. and Beck, P.A. (2016) Impact of
mineral and vitamin status on beef cattle immune function
and health. J. Anim. Sci., 94(12): 5401-5413.

Love, W.J., Lehenbauer, T.W.,Kass, P.H., Van Eenennaam,A.L.
and Aly, S.S. (2014) Development of a novel clinical scoring
system for on-farm diagnosis of bovine respiratory disease in
pre-weaned dairy calves. Peer J., 2: €238-e252.

Windeyer, M.C., Leslie, K.E., Godden, S.M., Hodgins, D.C.,
Lissemore, K.D. and LeBlanc, S.J. (2014) Factors associ-
ated with morbidity, mortality, and growth of dairy heifer
calves up to 3 months of age. Prev. Vet. Med., 113(2):
231-240.

Handan, H.A. and Umit, O. (2018) Current approach
to bovine respiratory disease. Dairy Vet. Sci. J., 5(2):
555658-555660.

Rodriguez-Castillo, JL, Lopez-Valencia, G.,
Monge-Navarro, F.J., Medina-Basulto, G.E. and Hori-
Oshima, S. (2017) Detection and economic impact related
to bovine respiratory disease, shrink, and travelling distance
in feedlot cattle in Northwest Mexico. Turk. J. Vet. Anim.
Sci., 41(2): 294-301.

Counotte, G., Holzhauer, M., Carp-van Dijken, S.,
Muskens, J. and Van der Merwe, D. (2019) Levels of
trace elements and potential toxic elements in bovine liv-
ers: A trend analysis from 2007 to 2018. PLoS One, 14(4):
€0214584-¢021494.

Buczinski, S., Ollivett, T.L. and Dendukuri, N. (2015)
Bayesian estimation of the accuracy of the calf respira-
tory scoring chart and ultrasonography for the diagnosis of
bovine respiratory disease in pre-weaned dairy calves. Prev.
Vet. Med., 119(3-4): 227-231.

Buczinski, S., Rademacher, R.D., Tripp, H.M.,
Edmonds, M., Johnson, E.G. and Dufour, S. (2015)
Assessment of L-lactatemia as a predictor of respiratory
disease recognition and severity in feedlot steers. Prev. Vet.
Med., 118(4): 306-318.

Marcato, F., van den Brand, H., Kemp, B. and van Reenen, K.
(2018) Evaluating potential biomarkers of health and perfor-
mance in veal calves. Front. Vet. Sci., 5: 133-150.

DeLong, E.R., DeLong, D.M. and Clarke-Pearson, D.L.
(1988) Comparing the areas under two or more correlated
receiver operating characteristic curves: A nonparametric
approach. Biometrics, 44(3): 837-845.

Blakley, B.R. Overview of Molybdenum Poisoning.
Available from: https://www.msdvetmanual.com/toxi-
cology/molybdenum-poisoning/overview-of-molybde-
num-poisoning. Retrieved on 30-05-2019.

Kondrakhin, I.P. (2004) Methods of Veterinary Clinical
Laboratory Diagnostics. Koloss WB, Moscow, p463-497.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Shakhov, A.G., Alekhin, Y.N., Shabunin, S.V., Sashnina,
LY., Fedosov, D.V., Yerina, T.A., Prigorodova, O.V.
and Sidelnikova, [.R. (2013) Manual of Diagnostics and
Prevention Antenatal and Intranatal Origin Disorders in
Calves. Publishing House Istoki, Voronezh. p1-92.

Nieber, E., Rosseto, F.E. and Menon, K.R. (1993) Nickel
composition toxicity. In: Ziegel, H. and Ziehel, A., editors.
Several Issues of Metal lons Toxicity. Nauka, Moscow.
p270-303.

Kampa, M. and Castanas, E. (2008) Human health effects of
air pollution. Environ. Pollut., 151(2): 362-367.
Filippovich, Y.B. (1999) Basics of Biochemistry: Textbook
for Chemical and Biological Specialties of Pedagogical
Universities and Institutions. 4" ed. Agar Publishing House,
Moscow. p512.

Cameron, K.S., Buchner, V. and Tchounwou, P.B. (2011)
Exploring the molecular mechanisms of nickel-induced
genotoxicity andcarcinogenicity: A literature review. Rev.
Environ. Health, 26(2): 81-92.

Hill, G.M. and Shannon, M.C. (2019) Copper and zinc
nutritional issues for agricultural animal production. Biol.
Trace Elem. Res., 188(1): 148-159.

Hostetler, C.E., Kincaid, R.L. and Mirando, M.A. (2003)
The role of essential trace elements in embryonic and fetal
development in livestock. Vet. J., 166(2): 125-139.

Digest, E.M. (2007) Hyperhomocysteinemia and cobalamin
disorders. Mol. Genet. Metab., 90(2): 113-121.

Sharman, E.D., Wagner, J.J., Larson, C.K., Schutz, J.S,,
Davis, N.E. and Engle, T.E. (2008) The effects of trace min-
eral source on performance and health of newly received
steers and the impact of cobalt concentration on perfor-
mance and lipid metabolism during the finishing phase.
Prof. Anim. Sci., 24(5): 430-438.

Kalaeva, E.A., Kalaev, VN., Chernitskiy, A.E., Alhamed, M.
and Safonov, V.A. (2019) Role of microelement and hema-
tological status of mother and fetus in the formation of pre-
disposition to the development of bronchopneumonia in
calves during the neonatal period. Probl. Prod. Anim. Biol.,
2:44-53.

Garland, T. Overview of Arsenic Poisoning. Available
from: https://www.msdvetmanual.com/toxicology/arse-
nic-poisoning/overview-of-arsenic-poisoning. Retrieved on
30-05-2019.

He, Y., Sun, B., Li, S., Sun, X., Guo, Y., Zhao, H., Wang, Y.,
Jiang, G. and Xing, M. (2016) Simultaneous analysis 26
mineral element contents from highly consumed cultured
chicken overexposed to arsenic trioxide by inductively cou-
pled plasma mass spectrometry. Environ. Sci. Pollut. Res.
Int.,23(21): 21741-21750.

Shabunin, S., Nezhdanov, A., Mikhalev, V., Lozovaya, E.
and Chernitskiy, A. (2017) Diselementosis as a risk factor
of embryo loss in lactating cows. Turk. J. Vet. Anim. Sci.,
41(4): 453-459.

Kavas, G.O., Ayral, P.A. and Elhan, A .H. (2013) The effects
of resveratrol on oxidant/antioxidant systems and their
cofactors in rats. Adv. Clin. Exp. Med., 22(2): 151-155.
Miao, X., Sun, W., Fu, Y., Miao, L. and Cai, L. (2013) Zinc
homeostasis in the metabolic syndrome and diabetes. Front.
Med., 7(1): 31-52.

Alves, C.X., Vale, S.H., Dantas, M.M., Maia, A.A.,
Franca, M.C., Marchini, J.S., Leite, L.D. and Brandao-
Neto, J. (2012) Positive effects of zinc supplementation on
growth, GH, IGF1 and IGFBP3 in eutrophic children. J.
Pediatr. Endocrinol. Metab., 25(9-10): 881-887.

El-Far, A.H. (2013) Biochemical alterations in zinc defi-
cient sheep associated by hyperlactatemia. Am. J. Anim. Vet.
Sci., 8(3): 112-116.

Moeini, M.M., Kiani, A., Karami, H. and Mikaeili, E.
(2011) The eftect of selenium administration on the sele-
nium, copper, iron and zinc status of pregnant heifers and
their newborn calves. J. Agric. Sci. Tech., 13(1): 53-59.
Ghazi, H.S., Habibian, M., Moeini, M. and

Veterinary World, EISSN: 2231-0916

994



Available at www.veterinaryworld.org/Vol.13/May-2020/23.pdf

39.

40.

41.

42.

43.

44.

45.

46.

Abdolmohammadi, A. (2011) Effects of different levels of
organic and inorganic chromium on growth performance
and immunocompetence of broilers under heat stress. Biol.
Trace Elem. Res., 146(3): 309-317.

Hayirli, A. (2005) Chromium nutrition of livestock species.
Nutr. Abs. Rev. Ser. B Livest. Feeds Feed, 75(5): 1-14.
Vincent, J.B. (2015) Is the pharmacological mode of action
of chromium (III) as a second messenger? Biol. Trace Elem.
Res., 166(1): 7-12.

Vincent, J.B. (2017) New evidence against chromium as an
essential trace element. J. Nutr., 147(12): 2212-2219.
Gowanlock, D.W., Mahan, D.C., Jolliff, J.S. and Hill, G.M.
(2015) Evaluating the influence of the national research
council levels of Cu, Fe, Mn, and Zn using organic (Bioplex)
minerals on resulting tissue mineral concentrations, metal-

47.

48.

49.

50.

Holstein dairy cows. J. Vet. Diagn. Invest., 6(1): 77-87.
House, W.A. and Bell, A.W. (1994) Sulfur and selenium
accretion in the gravid uterus during late gestation in
Holstein cows. J. Dairy Sci., 77(7): 1860-1869.
Ceballos-Marquez, A., Barkema, H.-W., Stryhn, H., Wichtel, J.J.,
Neumann, J. and Mella, A. (2010) The effect of selenium sup-
plementation before calving on early-lactation udder health in
pastured dairy heifers. J. Dairy Sci., 93(10): 4602-4612.
Hefnawy, A.E.G. and Tértora-Pérez, J.L. (2010) The impor-
tance of selenium and the effects of its deficiency in animal
health. Small Rumin. Res., 89(2-3):185-192.

Pavlata, L., Podhorsky, A., Pechova, A. and Chomat, P.
(2005) Differences in the occurrence of selenium, copper
and zinc deficiencies in dairy cows, calves, heifers and
bulls. Vet. Med., 50(9): 390-400.

lothionein, and liver antioxidant enzymes in grower-fin- 51.  Underwood, E.J. and Suttle, N.F. (1999) Mineral Nutrition
isher swine diets. J. Anim. Sci., 93(3): 1149-1156. of Livestock. Centre for Agriculture and Bioscience
Pavlata, L., Pechova, A. and Dvorak, R. (2004) International, London. p624.
Microelements in colostrum and blood of cows and their 52. Enjalbert, F., Lebreton, P., Salat, O. and Schelcher, F. (1999)
calves during colostral nutrition. Acta Vet. Brno, 73(4): Effects of pre-or postpartum selenium supplementation on
421-429. selenium status in beef cows and their calves. J. Anim. Sci.,
Suttle, N.F. (2010) Suttle, N.F., editor. Mineral Nutrition 77(1): 223-229.
of Livestock. 4" ed. Centre for Agriculture and Bioscience 53.  Mehdi, Y. and Dufrasne, I. (2016) Selenium in cattle: A
International, London. p587. review. Molecules, 21(4): 545-557.
Graham, T.W., Holmberg, C.A., Keen, C.L., 54.  Aleman, M. (2008) A review of equine muscle disorders.
Thurmond, M.C. and Clegg, M.S. (1988) A pathologic and Neuromuscul. Disord., 18(4): 277-287.
toxicologic evaluation of veal calves fed large amounts of 55.  Spears, J.W. and Weiss, W.P. (2008) Role of antioxidants
zinc. Vet. Pathol., 25(6): 484-491. and trace elements in health and immunity of transition
Graham, T.W., Thurmond, M.C., Mohr, F.C., Holmberg, C.A., dairy cows. Vet. J., 176(1): 70-76.
Anderson, M.L. and Keen, C.L. (1994) Relationships 56. Anupama, M., Ashok, K.K. and Naveena, L.L.J. (2018)
between maternal and fetal liver copper, iron, manganese, Role of strontium in biological systems. Eur. J. Pharm.
and zinc concentrations and fetal development in California Med. Res., 3(12): 177-184.

sfeoskeskoskoskskoskk

Veterinary World, EISSN: 2231-0916

995





