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INTRODUCTION

In recent decades, the problem of providing animals with macro- and
microelements has worsened, which is connected with changes in the technology of
cattle breeding. Year-round keeping of livestock indoors, changing the structure of
rations, irrational exploitation of premixes, numerical stress, and anthropogenic load
have led to the spread of "diseases of industrialization,” most of which are associated
with a deficiency or excess of elements 2345 Inorganic salts of trace elements for
preventive and therapeutic purposes do not always ensure their optimal level in body
tissues. The inconsistency of the recipes of standard premixes with the biogeochemical
features of the region causes this problem © 7. Moreover, the addition of mineral salts
to feed is often not practical because there is a chemical incompatibility of some ions
8, For example, copper sulfate is applied as a copper source in premixes, and potassium
iodide, as a source of iodine. Their interaction produces insoluble copper iodide and

volatile elemental iodine; it occurs in aqueous solutions and contacts with dry salts.
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Therefore, including trace elements in the diet in an inorganic form has many
disadvantages. In this regard, it is advisable to administrate those mineral preparations
in which microelements are chelated compounds with bioligands substances similar to

natural carriers of microelements °.

1. Clinical status for cows' osteodystrophy when administrating inorganic
and chelated compounds of microelements

Our research was conducted based on farms in the Lviv region. Control over the
prophylactic effect of trace elements was carried out established on the results of a
clinical study of cows °, and biochemical analysis of blood serum and urine *, which
were maintained before the start of feeding and on the 60th and 90th day of the
experiment.

Taking into account the research results and guided by the principle of treatment
of trace element diseases according to M.O. Sudakov, we calculated doses based on
their deficiency in the diet 2,

According to the results of a clinical and laboratory study, we selected 45 dry
cows suffering from a subclinical form of osteodystrophy, from which 3 groups were
formed: one control (15 heads) and two experimental ones - 15 animals each.

The cows of the first experimental group received inorganic compounds of
minerals in the amount per trace element (mg): copper — 52.5, zinc — 301, cobalt - 5.6,
and manganese — 56.2. The animals of the second group received the same trace
elements in the form of chelated compounds with the amino acid methionine
(methionates) in the same doses. In addition, cows of experimental groups 1 and 2

received tricalcium phosphate at 80 g/day per animal, 28 g of calcium, and 14.4 g of

® Mdenoposuu B.JI. MikpoenemenTHi criofyku y npodinakruii ocreoauctpodii kopis. Haykosuii sicrux Jlbeiecokozo
HayionanbHo2o yHisepcumemy eemepunaphoi meduyunu ma 6iomexnonoeii imeni C.3. ocuyvkoeo. 2011. T. 14. Ne 3
(53). 4. 1. C. 292-297.

0 ®enopornu B.JL., Craguuk A.M. JlaGopaTopHa JiarHOCTMKa CYOKJIiHIYHOTO Ta KIIHIYHOTO Mepediry eH300TU4HOT
ocreoauctpodii kopiB. Haykosuii gicnux JIbi6cbKk020 HAYIOHANLHO20 YHiGepcumemy GemepuHapHoi meouyunu ma
6iomexnonoziu imeni C.3. Iocuyvroeo. 2007. T .9. Ne3 (34). Y. 1 C. 225-231.

1 Craguux A.M., @enoposud A.M. MeTtaboniunuii npodiis KpoBi 32 €H300THUHOT ocTeoaucTpodii kopis. Haykosuil
gicnuk JIb8i6CcbK020 HAYIOHATLHOCO YHIGEepCUmemy gemepuHapHoi meouyunu ma oiomexnonociu imeni C.3. Iicuybkoeo.
2006. T. 8. Ne 2 (29). Y. 1. C. 185-190.

12 MikpoenemenTo3u cinbcbkorocnogapcbkux Teapun / M.O. Cynaxos, B.1. Bepesa, L.T. Tlorypcebkuii [1a in.] — Kuis:
VYpoxaii. 1991. 144 c.



phosphorus. The vitamin preparation "Kombisol ADsE" (1 ml of the drug contains
vitamin A - 50,000 MO; Ds— 10000 MO; E — 100 mg) 2 ml/day per animal. Animals
of the control group received only the essential diet. Compounds of salts of trace
elements, tricalcium phosphate, and vitamins were mixed with concentrated feed and
fed for 90 days.

The research established that the clinical condition of the cows of the control
group, which received only the essential diet, did not differ on the 60th day compared
to the animals' indicators at the experiment's beginning. On the 90th day of research,
60% of cows in the control group were diagnosed with pale mucous membranes.
During the entire experimental period, the general condition of the animals was
satisfactory. The cows mostly lay down, did not get up long, and stepped on their
limbs when standing.

Changes characterizing mineral metabolism disorders became more pronounced:
distortion of taste was noted in 3 cows (20%), disheveled and dullness of hair - 5
(33.3%), depigmentation of the hair coat - 4 (26.7%), delayed molting — 7 (46.7%),
decrease in skin elasticity — 4 (26.7%), incorrect regulation of limbs — in 3 (20%).
Alopecia was found around the eyes, neck, back, and limbs. When palpating the last
pair of ribs in 7 (46.7%) cows, their thinning was noted in 5 (33.3%) - lysis of the tail
vertebrae. That is, typical symptoms of stages 1 and 2 of osteodystrophy were
registered in the control group of cows. In the cows of the research groups, which, in
addition to the essential diet, were fed inorganic salts and chelated compounds of
microelements, positive changes in clinical status indicators were established.

In the cows of the first experimental group, the body temperature fluctuated
within limits 38,7—39,3°C (39,0+£0,25 °C), pulse rate and breathing averaged
62.0£1.25 beat./min. and 22.0£1.18 breaths.mov./min. respectively.

Allotriophagy was observed in only one cow, which is 6.67% of all cows in the
first experimental group, while at the beginning of the experiment, there were 7 of them
(46.7%). The hair coat became shiny, the skin became elastic, the mucous membranes
of 6 cows (40%) became pink, and in 9 (60%) - they acquired a pale pink color. On the
90th day of the experiment, hair depigmentation was not observed in cows.



The body temperature of the cows of the second group at the end of the experiment
ranged from 38.1-38.8°C (38.4+0.25 °C), pulse rate — 6177 beats/min, (69.0+ 1.25
beats/min), and the respiratory rate is 21-27 breaths.mov./min. (23.0+£1.18
resp.move./min). On the 60th day, molting was completed, and the hair coat was evenly
pigmented. The mucous membranes of all cows were pink and pale pink. Allotriophagy
was not observed in the animals.

Clinical study results established that the symptoms progressed in the cows of the
control group. Furthermore, at the end of the experiment, signs characteristic of the 1st
and 2nd stages of osteodystrophy were found, in particular, lysis of the last tail
vertebrae and ribs 3.

When feeding chelated compounds of microelements, the clinical symptoms of
the cows of the second experimental group normalized on the 60th day of the
experiment. In contrast, the clinical symptoms of the cows of the first group

disappeared only after the end of the study (the 90th day).

2. The content of macroelements in the blood serum of cows suffering from
osteodystrophy administrating inorganic and chelated compounds of
microelements

In the cows of the control group, on the 60th day of the experiment, the total
calcium level in blood serum decreased significantly (p<0.001) from 2.37%+0.022
mmol/l to 2.18+0.011 mmol/I. On the 90th day - to 2.01+0.014 mmol/l (p<0.01; 0.001,
Fig. 1). The decline in the total calcium concentration in the blood serum of cows of
the control group is due to its low amount in the diet.

In the cows of the first experimental group, during the use of tricalcium phosphate
and inorganic salts of microelements, the concentration of total calcium in blood serum
did not differ from the initial values. However, on the 60th day, its content in blood
serum was 13.8% higher (ps<0,001), and on the 90th day — 18.9% (p3<0,001) compared
to the control (Fig. 1).
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Fig. 1 — Content of total calcium in blood serum of cows, mmol/Il

In the second experimental group, the total calcium concentration in blood serum
increased from 2.38+0.019 mmol/I at the beginning of the experiment to 2.54+0.031
mmol/l (p.<0.05) on the 60th day. At the end - up to 2.59+£0.030 mmol/l (p,<0.001).
The concentration of total calcium in the blood serum of cows of this group on the
60th day was probably 16.5% (p,<0.001), and at the end - 28.9% (p4<0.001) compared
to the control group of animals.

The best therapeutic effect of using tricalcium phosphate in combination with
chelated compounds of microelements was confirmed by the fact that total calcium
content was 8.4% (ps<0.001) higher than cows of the first experimental group on the
90th day of the experiment.

The inorganic phosphorus concentration in the blood serum of the control group
during the entire experiment decreased from 1.80£0.03 mmol/l to 1.42+0.02 on the
60th day and to 1.26+£0.08 mmol/l on the 90th (p<0.001). It was less by 21.1 and
30.0%, respectively, compared to the beginning of the study (Fig. 2).

In cows of experimental group I, the inorganic phosphorus concentration
remained stable throughout the experiment (Fig. 2; Table 1). However, on the 60th
and 90th day, its concentration was higher by 31.0 and 42.1%, respectively (ps<0.001)
compared to the indicators of the control group.

After the end of the experiment in group | on the 90th day, the macroelement



concentration decreased (p;<0.5). Still, it was within the physiological range
(2.79£0.03 mmol/l) and remained higher by 42.0% (p3<0.001) than the control (Fig.
2).
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Fig. 2 — The content of inorganic phosphorus in the blood serum of cows, mmol/I

In the cows of the Il experimental group, the inorganic phosphorus concentration
in the blood serum on the 60th day did not change compared to the beginning.
Furthermore, it did not differ from the indicator in the first group. However, only after
90 days it increased (p<0.001) compared to the beginning of the experiment (+ 7.7%)
and the first research group (+9.5%).

The macroelement concentration on the 60th day was higher by 31.7% (p4<0.001)
compared to the control, and after the end - by 55.6% (p2<0.001; Fig. 2).

The calcium-phosphorus ratio at the beginning was in the range of 1.30-1.33. On
the 60th day, the ratio between macroelements in the blood of cows of the control group
was, on average, 1.54+0.01. After the end of the experiment — 1.59+0.01 and was
19.5% higher (p<0.001) compared to the beginning (Table 1).

In cows of the 1st and 2nd experimental groups, the ratio of calcium to phosphorus

using tricalcium phosphate remained unchanged. Thus, in the cows of the 1st



experimental group, the ratio of macroelements did not change.

Table 1
Calcium-phosphorus ratio in blood serum of cows
A group of Biometric Research period
Cows indicator In the 60" day 90™ day
beginning
Control, Lim 1,17-1,44 1,45-1,63 1,53-1,64
n=15 Mzm 1,33+0,02 1,54+0,01 1,59+0,01
p< 0,001 0,001
Lim 1,23-1,44 1,27-1,40 1,27-1,46
| _ Mz£m 1,31+0,02 1,33+0,01 1,34+0,01
ﬁ)iplesrlmental, 01< 01 05
P3< 0,001 0,001
Lim 1,17-1,39 1,27-1,46 1,18-1,43
Mz£m 1,32+0,02 1,36+0,02 1,29+0,02
::prerimental ps 0,05 05
n=15 ’ Pa< 0,001 0,001
P5< 0,5 0,05

In the beginning, it was 1.31+0.02, and at the end - 1.34+0.01 (p1<0.5), while it
was smaller (p3<0.001) compared to the control.

In the Il experimental group, the calcium-phosphorus ratio did not change. It was
1.32+0.01 at the beginning of the experiment and 1.2920.02 on the 90th day. Compared
to the control on the 60th and 90th day, it was smaller (p4<0.001) by 11.7 and 18.9%,
respectively. In addition, in the end, the calcium-phosphorus ratio in 5 cows (33.3%)
was in the range of 1.18-1.31 and was lower (ps<0.05) by 3.7% compared to the index
in cows | of the research group.

According to literature data #, the ratio of calcium to phosphorus is a reasonably
informative diagnostic indicator of osteodystrophy in cows. Therefore, its calculation

can be used as an additional criterion for diagnosing osteodystrophy.
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The optimal value of the ratio is 1.32-1.68, and its reduction signifies the
development of hypocalcemia. Conversely, its increase indicates hypophosphatemia and
the development of the aphosphorous form of osteodystrophy *°.

The magnesium concentration in the blood serum of cows of the control group
tended to decrease from 0.97+£0.03 mmol/l at the beginning of the experiment to
0.79%0.02 on the 60th and 90th days of the study (p<0.001) ( Fig. 3).
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Fig. 3 — Magnesium content in blood serum of cows, mmol/I

The insufficient intake of magnesium in the diet of animals does not always
decrease since magnesium is mobilized from depots, primarily muscles and bone tissue
16, But in our case, the amount of magnesium in the diet was in excess (+132.4% of the
need). This leads to the displacement of calcium ions from the mineralization processes
of bone tissue, resulting in osteodystrophy.

The development of osteodystrophy is deepened by a lack of calcium in the diet,

which leads to the activation of mechanisms to support its homeostasis. As a result,
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even more, calcium depletion of the bone occurs 1”18 1% In the cows of the control
group, a decrease in magnesium concentration in blood serum was noted at the end of
the experiment. The cause may be an excess of potassium in the diet, which is its
antagonist. The potassium in the diet exceeded the need by 188.3%, which increased
its ratio to magnesium, which was 4.45.

During the study, the magnesium concentration in blood serum in group I, tended
to decrease from 0.97£0.03 to 0.93+£0.03 mmol/l (p1<0.5) on the 60th day, and on the
90th, the macroelement content was lower by 7.2% (p:1<0.05), compared to the
beginning. However, it remained within the normal range (Fig. 3). On the 60th and
90th days of the experiment, the average concentration of magnesium in the blood
serum of the cows of the first group was higher by 17.7 and 13.9% (p3<0.01; 0.001),
respectively, compared to the indicator in the cows of the control group. The
magnesium concentration was at the same level in the blood serum of cows of the I
experimental group, where chelated compounds of microelements were used. In
particular, at the beginning of the experiment, its average concentration was 0.95+0.02
mmol/l. On the 60th day, — 0.98%0.03, and at the end of the experiment, the average
magnesium content was 0.97£0.02 mmol / I. On the 60th and 90th days, it was higher
by 24.0 and 22.8% (p4<0.001), respectively, compared to the indicators of cows of the
control group. Compared to the first group of cows, the concentration of magnesium
in the blood serum of animals of the second experimental group on the 90th day was
higher by 7.8% (ps<0.05).

3. The content of microelements in the blood of cows with osteodystrophy in
the case of using mineral compounds

Among the trace elements indirectly involved in osteogenesis, an important role
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belongs to cobalt, copper, manganese, and zinc. The supply of cobalt and zinc in the
diet of farm cows was insufficient 2> 2!, Therefore, we analyzed the effectiveness of
using inorganic salts and chelated compounds of trace elements for osteodystrophy of
COWS.

In the blood of cows of the control group, the cobalt content at the beginning of
the study was, on average, 0.28+0.011 umol/l. However, during the experiment, its
concentration decreased to 0.19+£0.009 and 0.18£0.004 pumol/l on the 60th and 90th

days, respectively.

0.7
0.62
0.6
0.48 0.5
0.5
0.4
03 0.28 0.27
0.18

n?

0

In the beginning 60 th day 90 th dav
= Control m | experimental Il experimental

Fig. 4 — Cobalt content in the blood of cows, pmol/l

Changes in the level of cobalt in the blood of cows of the control group lead to

hematopoiesis disorders 22 2, which generally complicates the course of
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osteodystrophy.

The cobalt content in the blood of cows of the first experimental group raised on
the 60th day to 0.38+0.011 umol/I (p1<0.001) and was 40.7% higher compared to the
beginning and by 90— to 0.50+0.008 pmol/l or by 85.2% (p1<0.001). Compared with
the control, the level of cobalt on the 60th and 90th days of the study was also 2 and
2.8 times more elevated (p3<0.001), respectively (Fig. 4).

In the blood of cows of the Il experimental group, whose diet included chelated
compounds of microelements, the cobalt content on the 60th day of the experiment
increased by 54.8% (p2<0.001) compared to the beginning and on the 90th day by
100% (p2<0.001; Fig. 4). Along with this, its level was higher on the 60th and 90th day
of the study by 2.5 and 3.4 times (p4<0.001), compared to animals of the control group.

In experimental cows, its content was higher (ps<0.001) on the 60th and 90th days
of the experiment by 26.3 and 24% compared to the indicator in the first group of
animals.

Physiologically, cobalt ions play an indirect role in the processes of osteogenesis.
In particular, they mineralize bone tissue through interaction with copper, which
generally ensures the synthesis of bone collagen 2* . Cobalt also increases the activity
of bone phosphatase, which plays an essential role in the mineralization of bone tissue.
In osteoblasts, it catalyzes enzymatic reactions 2 27,

The content of copper in the blood of cows of the control group decreased during
the entire study period. In particular, on the 60th day, compared with the beginning of
the experiment, its level in the blood of cows reduced by 11.9% (11.8+£0.05 pumol/l;
p<0.001) and by 15.0% at the end of the experiment (11 ,4+0.02 umol/l, p<0.001)
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the state of lipid peroxidation and indices of non-specific resistance of the organism of pregnant mares with
microelementosis. Regulatory Mechanisms in Biosystems. 2019. Vol. 10. Iss. 1. P.87-91. Doi: 10.15421/021914.

27 depoposuy B.JI. MikpoesieMeHTHI croyku y mpodinakTuii octeoauctpodii kopis. Haykosuii sicnux Jlveiecbkozo
HayioHanbHO20 YHieepcumemy eemepunapHoi meouyunu ma 6Oiomexnonocit imeni C.3. Iocuyvroco. 2011. T. 14. Ne 3
(53). 4. 1. C. 292-297.

11



(Fig.5).
20 18.4
18 17.8 - :
16 14.2 '
14 13.4 13.1
11.8

12 114
10

8

6

4

2

O - -

In the beginning 60 th day 90 th day
= Control ® | experimental Il experimental

Fig. 5 — Copper content in the blood of cows, wmol/l

In the blood of cows of the 1st experimental group fed with inorganic salts of trace
elements on the 60th and 90th days of the experiment, the average copper content was
14.240.12 and 15.6+0.05 umol/l, which was higher 5.2 and 15.5% (p1<0.001) compared
to the beginning (13.5+0.06 umol/l). It was also established that its content in the blood
of cows was 20.3 and 36.8% higher (p3<0.001), respectively, compared to the control.

The copper content in the blood of cows of the Il group fed with chelated
compounds of trace elements on the 60th day of the study averaged 17.8+0.22 umol/l
and was higher by 35.8% (p»<0.001) compared to the beginning.

Subsequently, its content also continued to increase (p,<0.001). After the end of
the experiment, it averaged 18.4+0.16 pmol/l and was 40.5% higher (p,<0.001)
compared to the beginning of the experiment (Fig. 5 ).

On the 60th and 90th days of the research, the copper content in the blood of the
cows of the second group was higher by 50.8 and 61.4% (p,<0.001) compared to the
control group of animals. In the blood of cows of the Il group, fed with chelated
compounds of microelements, the copper content was higher by 25.3 and 18.0%
(p5<0.001), compared to the first group, whose diet included inorganic salts of trace

elements.
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Cuprum ions catalyze enzymatic reactions in osteoblasts, thus contributing to the
synthesis of bone tissue and its remodeling ** 2. Therefore, using mineral feeding in
cows of the | and Il experimental cows helps reduce resorption processes; on the other
hand, it helps build bone tissue.

The manganese content in the blood of cows of the control group ranged from 1.95
to 2.20 pumol/l. During the experiment, it decreased from the initial values of 2.09+0.02
to 1.97+0.04 umol/l at the end of the experiment, which was 5.7%. In the blood of the
cows of the first group, the manganese content on the 60th and 90th days increased by
29.8% (p1<0.001) compared to the beginning. The indicator was also 37.0% (p3<0.001)
higher compared to the control group of cows (Fig. 6).

In the blood of cows of the Il experimental group, the average manganese content
on the 60th day was 2.8+0.05 umol/l on average. However, on the 90th day - 3.0+0.03
umol/l, and was higher by 40.0 and 50.0% (p2<0.001), compared to the beginning of the
study (2.0+0.02 pmol/l).
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Fig. 6 — Manganese content in the blood of cows, pmol/l

On the 60th and 90th days of the experiment, the manganese content was higher

28 Rondanelli M., Faliva M.A., Infantino V., Gasparri C., lannello G., Perna S., Riva A., Petrangolini G., Tartara A.,
Peroni G. Copper as Dietary Supplement for Bone Metabolism: A Review. Nutrients. 2021. Nel3(7). P. 2246. doi:
10.3390/nu13072246

2 Slivinska L.G, Shcherbatyy A.R., Lukashchuk B.O. Hypocobaltosis and hypocuprosis in pregnant mares in the western
biogeochemical zone of Ukraine (distribution, diagnosis). Ukrainian journal of veterinary and agricultural sciences.
2018. Vol 1 (2). P. 11-14. doi: 10.32718/ujvas1-2.03
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by 42.1 and 52.3% (p4<0.001) compared to the control group of animals (Fig. 6).

In addition, in the blood of cows of the Il group, which were fed chelated
compounds of microelements, on the 90th day of the experiment, the manganese
content was higher by 11.1% (p5<0.001), compared to the index of cows of the I group,
which included the diet included inorganic compounds of trace elements (Fig. 6.).

Manganese, in ossification processes, activates bone alkaline phosphatase and
participates in the mineralization of collagen fibrils of bone tissue **3%32, In the | and
Il experimental groups, under the influence of the use of inorganic and chelated
compounds of microelements, the mechanism of mineralization of bone tissue was
restored.

The zinc content in the blood of the cows of the experimental and control groups
at the beginning of the research was at the lower limit of physiological fluctuations.
During the study, it continued to remain unchanged in the blood of the cows of the
control group, as its deficiency was detected in the diet (39.2% to the requirement),
which does not make it possible to ensure its proper level in the blood of the animals
of this group.

In the blood of cows of the 1st experimental group, an increase in zinc content
was established by 9.6% (p;:<0.001) (60th day) and by 14.1% (90th day; p;<0.001) than
in the beginning of the experiment and at 11.8 and 16.3% (p3<0.001) compared to the
control group of animals (Fig. 7 ). In the blood of cows of the Il research group, the
use of chelated zinc compounds on the 60th and 90th days caused an increase in its
content by 21.8 and 31.1% (p»<0.001) compared to the beginning of the study. The
level of zinc was also higher by 20.2 and 29.4% (p,<0.001), respectively, compared to

animals of the control group.

30 Rondanelli M., Faliva M.A., Peroni G., Infantino V., Gasparri C., lannello G., Perna S., Riva A., Petrangolini P., Tartara
A. Essentiality of Manganese for Bone Health: An Overview and Update. Natural Product Communications. 2021. Ne
16(5). doi:10.1177/1934578X211016649

31 Beattie J.H., Avenel A. Trace element and bone metabolism. Nutrition Research Reviews. 1992. Ne5. P.167—188.

32 Underwood E.J., Suttle N. F. The Mineral Nutrition of Livestock. CABI Publishing. 2021. 614 p.
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The chelated compounds of microelements in cows of the Il research group
showed a better therapeutic effect since the zinc content was higher on the 60th day of
the study - by 7.6% (ps<0.001), on the 90th - by 11.2% compared to the | group.
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Fig. 7 — Zinc content in the blood of cows, umol/l

In the blood of cows of the | and Il experimental groups, restoring the zinc level
to optimal values indicates the cessation of bone tissue demineralization processes
since its biological role in osteogenesis is related to bone mineralization 3334,

Therefore, the use of inorganic and chelated compounds of trace elements for
osteodystrophy of cows contributes to the normalization of the blood's cobalt, copper,

manganese, and zinc content.

4. Changes in the indicators of connective tissue metabolites in the blood

serum of cows with osteodystrophy during the application of trace elements
Bone tissue in its composition contains many organic components (collagen and
non-collagen proteins, glycosaminoglycans, etc.), the determination of which can be

used to diagnose disorders of mineral metabolism, in particular, osteodystrophy in

33 Beattie J.H., Avenel A. Trace element and bone metabolism. Nutrition Research Reviews. 1992. Ne5. P.167—-188.
34 Cynaxos M.O., Bepesa B.1., Iorypcekuii .. MikpoeneMeHTO3H CibChbKOTOCHOAAPCHKUX TBapyH. Kuis: Yposkaii.
1992.
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animals *°.

The total glycosaminoglycans (GAG) content in the blood serum of cows of the
control group was, on average, 26.6+0.63 mg/100 ml. However, on the 60th and 90th
days of the experiment, the content of total GAG grew to 39.6+0.67 and 44.1+0.47
mg/100 ml, respectively (p<0.001). An increase in the total GAG content in the cows'
blood serum indicates the destruction and resorption of the organic part of the bone,
which is an indicator of the clinical stage of osteodystrophy.

In the cows of the first experimental group, the average content of total GAGSs
during the study also increased from the initial - 26.4+0.56 to 31.1+0.39 mg/100 ml at
60 and 32.0+0.40 mg/100 ml - 90 days of the experiment. In addition, it was greater by
17.8 and 21.2% (p1<0.001), compared to the initial indicator. However, relative to the
control group, the content of total GAGs on the 60th and 90th day of the study was
lower by 21.4 and 27.4% (p3<0.001), respectively.

The increase in the content of total GAGs in the blood serum of the cows of the
first research group to the indicated values is the result of the decay of the organic part

of the bone, which is characteristic of the subclinical course of osteodystrophy.
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Fig. 8 — Content of total GAGs in blood serum of cows

% Macnax 10.B., Cobakap A.B. EtionaTorenes ocreomuctpodii y ki3 3aaHeHchKoi mopomu. Bicwux Ilonmaecekoi

depoicasnoi azpaproi akademii. 2015. Nel1-2. C.119-123.
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In the cows of the second experimental group, which were fed with chelated
compounds of microelements during the study, the content of total GAG in the blood
serum increased on the 60th day (p»<0.05; Fig. 8), but on the 90th day - it remained at
the level of 28, 1+0.34 mg/100 ml, which is 4.9% more (p2<0.05) compared to the
beginning of the experiment (26.8+0.55 mg/100 ml). In contrast to the control group,
the content of total GAGs on the 60th and 90th days was 1.40 and 1.57 times lower
(ps<0.001) and 9.0 and 12.2% descending than the values of the first experimental
group groups.

Analysis of the fractional composition of total GAGs in blood serum showed that
the content of all three fractions increased in cows of the control group during the study.
In particular, on the 90th day of the experiment, the content of X-6-C - by 63.2%, X-
4-C - by 49.1%, and the third fraction - by 87.3% increased significantly (p<0.001)
compared to the beginning of the experiment.

In the cows of the first group, the indicators of each of the three fractions of GAG
increased during the experiment. On the 90th day, they were higher by 20.4, 14.4, and
21.2% (p1<0.001), compared to the beginning, and relative to the control group of
cows, their concentration at the end of the study was lower by 27.2%; 21.6 and 27.4%
(ps<0.001).

In the cows of the second experimental group, chelated compounds of trace
elements were used by an increase in the content of X-6-C, keratan, heparan and
dermatan sulfates, and heparin. On the 90th day, their content was higher by 6.1 and
9.7% (p2<0.001), respectively, compared to the beginning of the experiment. It was
lower by 33.2%, 36.4 and 42.4% (p,<0.001) than in the control group and by 8.2; 18.8
and 15.0% (ps<0.001) compared to the indicators of cows of the first research group.

An increase in the content of all fractions of GAG in the blood serum of cows of
the control group indicates the breakdown of the components of the intercellular matrix
of bone tissue.

In addition, we determined the redistribution of GAG fractions - X-6-C, X-4-C,
and keratan-, heparan-, dermatan sulfate, and heparin (Table 2). In the cows of the first

experimental group, the percentage of the first and second fractions of GAG remained
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stable, while the redistribution took place at the expense of the third. Thus, the use of
chelated compounds of microelements showed a better therapeutic effect, compared to
inorganic salts, as it contributed to the stabilization of the content of biopolymers in

the cows of the second research group.

18

Table 2
Redistribution of HAG fractions during the study, in percent
Control group The first is experimental The second is
GAG factions experimental

ng ng ng

Inthe | 60" | 90" | Inthe| 60" | 90" | Inthe| 60™ | 90
beginni| day | day | beginni| day day | beginnii day | day

6-sulfate

Chondroitin- | 54,1 | 56,5 | 53,3 | 538 | 553 | 53,4 | 552 | 52,6 | 559

4-sulfate

Chondroitin- | 222 | 20,2 | 199 | 22,7 | 219 | 216 | 21,7 | 23,0 | 199

Keratan,

dermatan
sulfates
and heparin

heparan, 23,7 | 233 | 26,8 | 235 | 228 | 250 | 23,1 | 244 | 2472

GAG

The amount of| 100,0 | 100,0| 100,0| 100,0 | 100,0| 100,0 | 100,0 | 100,0| 100,0

The concentration of another metabolite of connective tissue - chondroitin sulfate
at the beginning of the experiment was higher in all groups compared to the indicators
of clinically healthy cows. In the blood serum of cows of the control group, the
concentration of chondroitin sulfates continued to increase from 0.36+0.01 mg/100 ml
to 0.38+£0.01 mg/100 ml (p<0.5) on the 60th day and up to 0.46 £0.01 mg/100 ml after
the end of the experiment (p<0.001; Fig. 9).

Before feeding inorganic salts of microelements in the cows of experimental
group I, the content of chondroitin sulfates was, on average, 0.35+£0.01 g/l and did not
change during the experiment (0.34+0.01 g/l). At the same time, on the 90th day of the
experiment, their concentration was lower by 26.1% (p3<0.001) compared to animals
of the control group, which is explained by the therapeutic effect of inorganic salts of

trace elements.
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Fig. 9 — Content of chondroitin sulfates in blood serum of cows, g/l

The chondroitin sulfates concentration in the cows of the second experimental
group decreased from 0.36x+0.01 g/l at the beginning of the experiment to 0.30+0.01
g/l. At the end of the experiment (p,<0.001), and corresponded to the indicators of
clinically healthy animals. On the 90th day of the experiment, their content was
probably (ps<0.001) lower by 34.7% compared to the indicators in the control group
of cows and by 11.7% (ps<0.05) compared to the first experimental group (Fig. 9).

At the beginning of the study, the sialoglycoproteins concentration in the blood
serum of the cows of the experimental groups did not differ from the indicators of
clinically healthy cows. However, in the blood serum of cows of the control group, the
concentration increased on the 60th day and averaged 3.28+0.05 mmol/l, and on the
90th day — 3.88+0.06 mmol/l, which was higher on the 70,0 and 100% (p<0.001),
respectively, compared to the beginning (Fig. 10).

Such an increase in sialoglycoproteins indicates the deepening of pathological
processes and the development of the clinical stage of osteodystrophy, in which the

destruction of organic components of bone tissue increases.
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Fig. 10 — Content of sialoglycoproteins in blood serum of cows, mmol/I

In the first experimental group, the sialoglycoproteins concentration at the
beginning of the experiment was, on average, 1.95+£0.05 mmol/I, and the 90th day of
the experiment — 2.22+0.03 mmol/I (p1<0.001; Fig. 10). Such indicators were typical
for cows with a subclinical stage of osteodystrophy. It should be noted that the
concentration of sialoglycoproteins in the blood serum of cows of the 1st experimental
group, which were fed inorganic salts of trace elements, was lower by 42.8%
(p3<0.001) compared to their level in the control group of animals (Fig. 10).

In the cows of the second experimental group, the concentration of
sialoglycoproteins in blood serum, which received chelated compounds of
microelements, did not change (p2<0.5). However, compared to the control group of
animals, on the 90th day of the experiment, their concentration was lower by 50.5%
(p2<0.001) and by 13.5% (ps<0.001) compared to the first experimental group (Fig.
10).

Oxyproline is a component of collagen and reflects its catabolism. Its content in
the blood serum of cows of the control group during the experiment increased from
65.0+1.72 umol/l to 107.44£2.48 and 127.7+£0.92 umol/l. On the 60th and 90th days,
which were 1.65 and 1.97 (p<0.001) times higher, respectively, compared to the
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beginning of the study (Fig. 11). An increase in the concentration of oxyproline

indicates the destruction of collagen in bone tissue.
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Fig. 11 — Oxyproline content in blood serum of cows, umol/l

The oxyproline concentration in the blood serum of cows of the 1st group at the
beginning of the experiment was, on average, 65.9+1.45 umol/l. However, on the 90th
day — 72.1+£0.86 umol/l (p1<0.01 ) was smaller by 43.5% (p3<0.001) than in cows of
the control group (Fig. 11).

In cows of the 11 experimental group, the results of the determination of oxyproline
in blood serum were characterized by constant values (Fig. 11). On the 90th day of the
experiment, the content of oxyproline in the blood serum of cows of the Il group was
lower by 45.7% (p4<0.001) compared to the control group, and compared to the | group
by 4.0% (ps<0.05).

The central part of oxyproline is excreted in the urine due to the breakdown of
collagen. Thus, the concentration of oxyproline in the urine of cows of the control
group at the beginning of the experiment was 444.8+7.87 umol/l. However, in the end,
it increased on average to 777.5+£7.15 umol/l (p;<0.001) and was higher by 74.8%
compared to the beginning of the experiment (Fig. 12).

In the urine of cows of the 1st experimental group, the concentration of
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oxyproline also increased (p1<0.001), but fluctuated within the reference values

corresponding to the indicators of clinically healthy cows.
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Fig. 12 — Concentration of oxyproline in the urine of cows, pmol/l

On the 60th and 90th days of the study, the average concentration of oxyproline
in the urine of cows of the 1st experimental group, which were fed inorganic salts of
trace elements, was lower by 24.5 and 33.3% (p3<0.001), respectively, compared to
the control group of cows (Fig. 12).

When feeding chelated compounds of trace elements in the cows' urine, the
oxyproline concentration increased slightly on the 60th day. After the end of the
experiment, it decreased and did not differ from the initial level (p2<0.5; Fig. 12). At
the same time, on the 60th and 90th days, the concentration of the marker in the urine
was probably lower by 25.1 and 42.0%, respectively, compared to the control group
of cows (p4<0.001), and the difference with the indicators in cows of the 1st group
was smaller by 13.0% (ps<0.001) only on the 90th day. Thus, in cows fed inorganic
salts of microelements, an increase in total GAG, chondroitin sulfates, and
sialoglycoproteins in blood serum and oxyproline in urine was increased established.
Stabilization (sialoglycoproteins) and reduction (total GAG, chondroitin sulfates, and

oxyproline) of markers of connective tissue metabolism were established in cows



receiving chelated compounds of microelements, which indicates the suspension of
destructive processes in the bone tissue of the studied cows.
Therefore, using chelated compounds of microelements gave a better therapeutic

and preventive effect than inorganic salts of minerals %,

5. The concentration of citric acid in the blood serum of cows when using
trace elements

We studied the dynamics of citric acid in the blood serum of cows with the
comparative use of inorganic salts and chelated compounds of microelements.

At the beginning of the study, the citric acid content in the blood serum of cows
of all experimental groups ranged from 227.2 to 262.4 umol/l, corresponding to the
indicators of clinically healthy cows.

The citric acid content is a highly informative indicator of the state of bone tissue.
After 60 and 90 days from the beginning of the study, the blood serum of cows of the
control group decreased to 210.4+6.06 and 193.4+3.10 umol/l (p<0.001), respectively
(Fig. 13), which is a sign of bone tissue resorption and disruption of its mineralization
processes, which occur as a compensatory phenomenon for maintaining calcium
homeostasis in the blood. Therefore, the subclinical course of osteodystrophy deepens
in cows of the control group.

Sixty days after the start of the application of inorganic salts of trace elements in
the cows of the 1st experimental group, the concentration of citric acid in blood serum
was, on average, 238.2+1.44 umol/l, and on the 90th day - 230.7+1.14 pmol/ I, and was
less by 5.7 and 8.7% (p1<0.001) compared to the beginning of the experiment (Fig.13).

It should be noted that the concentration of citric acid decreased in the
experimental group of cows, but the average values corresponded to the indicators
obtained in clinically healthy cows. In addition, the concentration of citric acid in the
blood serum of cows of the 1st research group on the 60th and 90th day of the study
remained higher by 13.2 and 19.3% (p3<0.001), respectively, compared to the control.

3% ®enoposuu B.JIL. TIpodinakruka octeoauctpodii kopis B yMoBax Gioreoximiunoi 30uu periony / B.JI. ®exoposuy //
Hayxoeuil gichux JIb8iecbk020 HAYIOHATLHO20 YHIGepCUmMemy éemepuHapHoi meouyunu ma oiomexuonoeii imeni C.3.
Dorcuyvroeco. 2011. Tom. 13. Ned (50). Y. 1. C. 472-476.
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Fig. 13 — Concentration of citric acid in blood serum

studied cows, pmol/l

The concentration of citric acid in the blood serum of cows of the Il research group
receiving chelated compounds of microelements during the study period was within
limits corresponding to the indicators of clinically healthy cows.

Throughout the experiment, the concentration of citric acid in the 11 group of cows
did not differ among themselves, compared to the beginning of the study, but on the
90th day, it decreased (3.5%), compared to the beginning (249.2+1.85 pumol/l; p2<
0.001). After comparing the Il and | research groups, we found that on the 60th and
90th day, the concentration of citric acid in the first was probably (p5<0.05 and
p5<0.001;) higher. Therefore, analyzing the obtained research results, we established
a positive (stabilizing) effect of mineral feeding on the concentration of citric acid in
the blood serum of the cows of the experimental groups.

Although the average concentration of citric acid in the cows of the 1st
experimental group corresponded to the content of clinically healthy animals, it still
tended to decrease. Its stable concentration in the blood serum of cows of the 1 research
group is connected with the fact that chelated compounds of microelements have a

higher degree of assimilation than inorganic salts.
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6. The vitamins A, E, and 250HDs content in blood serum for
osteodystrophy of cows in the case of the use of trace elements and vitamins
Analysis of vitamin D metabolite content (250HD3) in cows of all groups
established that its concentration at the beginning of the study was below standard.
In the blood serum of cows of the control group at the beginning, the content
of 250HD3ranged from 16.3 to 18.5 nmol/l (17.5+£016). At the end of the experiment,
its average concentration remained unchanged and averaged 17.7+0.13 nmol/I (p<0.5;
Fig. 14).
Low-level 250HDs in the blood serum of cows of the control group during the
study indicates the development of D-hypovitaminosis and osteodystrophy 37 38 39,
The reason for its low concentration is, first of all, an insufficient amount in the diet,

which cannot provide the proper level in the blood serum of the cows of the control

group.
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Fig. 14 — Content of 25(OH)Ds, in blood serum of cows, nmol/I

Application of mineral feeding in combination with vitamins | and Il to
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yuieepcumemy. 2008. Ne 51. C.94-98.
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experimental groups of cows on the 60th day of the study led to an increase in 250HD;
from 17.9£0.07 to 38.8+1.38 nmol/l (p;<0.001) and from 17.7+0.14 to 39.1+1.18
nmol/l (p,<0.001), which is 2.2 times higher, respectively, with the beginning (Table
15).

The increase in the concentration of 250HD3 in the blood serum of the same
animals continued in the subsequent period of the study. On the 90th day of the
experiment, it was higher by 109.5 and 121.5%, respectively, compared to the
beginning. At the same time, in experimental groups | and |1, already on the 60th day
of the study, the concentration of 25OHD3 was 2.2 times higher (ps<0.001; p4<0.001)
compared to the control. The vitamin A content at the beginning in the blood serum of
the control and experimental groups of cows was practically the same. It was within
the physiological range (Fig. 15).
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Fig. 15 — Vitamin A content in blood serum of cows, umol/l

In the blood serum of cows of the control group, the content of vitamin A during
the study remained at the initial values (1.5+0.01 pumol/l) and was within the
physiological range (Fig. 15). It should be noted that despite the insufficient provision

of the diet with its provitamin - carotene (70.4% of the need), the amount of retinol in
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the blood serum was adequate due to the depot organ (liver)*® 41,

After 60 and especially after 90 days, an increase in the content of vitamin A in
the blood serum of cows of the | and Il groups was noted by 13.3 and 21.4% (p;<0.01
and 0.001) and 20.0 and 28.6% (p,<0.001), respectively, compared to the beginning
(Fig. 15).

Similar results were obtained when compared with the control group of cows
(p3<0.001; p4<0.001), but there was no difference in vitamin A content between the
indicators of cows in both experimental groups.

The content of vitamin E in the blood serum of cows of the control and
experimental groups at the beginning of the experiment was within the physiological
range (Table 3). In the blood serum of cows of the control group, its average amount
was 9.7+0.13 umol/l. At the end of the research, changes in the concentration of

vitamin E (9.5+£0.11 pmol/l) were not established, but it was normal (Fig. 16).
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Fig. 16 — Vitamin E content in blood serum of cows, pmol/l

In the blood serum of cows of the | and Il experimental groups on the 60th day,

an increase in the concentration of vitamin E was established by 43.0 (p1<0.001) and

40 Cragnuk A.M., ®enoposud B.JL. Bitaminu A, D, E i ocTeokasbliMH y KPOBi KOPiB 3a €H300THYHOI ocTeoaucTpodii Ta
B IIPOIIECi KOMIUIEKCHOI Teparii. Hayxosuii gichux JIb8i6cbk020 HAYIOHATbHO2O YHIBEpCUmMEemY GemepUHAPHOT MeOUyUHU
ma 6iomexnonocii imeni C.3. [cuyvrozo. 2008. Tom. 10. Ne3 (38). Y. 1. C. 234-2309.

4 Illep6atuii A.P. BumicT BitaminiB A i E y xpoBi xepebuux xobun. Haykosuii sicnux JIb6iecbko20 HAyioHaNbHO20
yHigepcumemy eemepunapHoi meouyunu ma 6Oiomexnonocit imeni C.3. Iocuyvroco. 2010. Tom 12. Ne2 (44). U.1. C.
350-354.



43.6% (p2<0.001), respectively, compared to the beginning (Fig. 16).

Table 3
The content of vitamin E in the blood serum of cows, pmol/I
Groups of Biometric Research period
COWS indicator In the 60" day 90" day
beginning
Control, Lim 8,7-10,5 8,8-10,3 8,9-10,0
n=15 M+m 9,7+0,13 9,5+0,22 9,5+0,11
p< 0,5 0,5
Lim 8,85-9,95 10,5-15,6 10,9-16,6
I M+m 9,3+0,08 13,3+0,7 13,4+0,42
experimenta p1< 0,001 0,001
I,n=15 Ps< 0,001 0,001
Lim 8,75-10,1 11,1-155 11,7-16,9
Il M+m 9,4+0,09 13,5+0,6 13,6+0,38
experimenta P2< 0,001 0,001
I,n=15 ps< 0,001 0,001
Ps< 0,5 0,5

At the experiment's end, the vitamin E concentration did not change and remained
constant. Compared with the control group of cows, on the 60th and 90th days of the
study, the concentration of vitamin E in the same animals was higher by 40.0 and
43.1% (p<0.001), respectively (Fig. 16). It should be noted that the vitamin E content
of the cows of the second experimental group was the same as that of the animals of
the first experimental group (ps<0.5). The data we obtained show that using inorganic
salts and chelated compounds of microelements together with vitamins A, D, and E for
osteodystrophy contributes to a complete normalization of the content of the studied

vitamins in the blood of cows.

CONCLUSIONS

1. The administration of trace elements in chelated and inorganic forms for 90
days caused the disappearance of trace element deficiency symptoms and the
stabilization of connective tissue metabolites in the blood serum of cows with
osteodystrophy. The total glycosaminoglycans concentration in the cows of the first
and second experimental groups was 32.0+0.40 (p< 0.001) and 28.1+0.34 mg/100ml
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(p<0.001), sialoglycoproteins — 2.22+0.13 and 1.92+0.14 mmol/l (p<0.001),
chondroitin sulfates — 0.34 £0.07 and 0.30+0.01 g/l (p<0.001), urinary oxyproline —
518.8+2.82 and 451.6+1.86 umol/l (p<0.001). In contrast, in the control group, these
indicators were probably higher. In the cows of the first experimental group, the
concentration of total calcium in blood serum on the 90th day was higher by 18.9%
(p<0.001), inorganic phosphorus — by 42.0%, compared to the control, and in the cows
of the second experimental group, who received chelated compounds of
microelements, by 28.8 and 55.5% (p<0.001), respectively. Compared to the beginning
of the experiment, the level of 25OHD3 increased by 2.2 times - from 17.9+£0.07 to
37.5£0.75 nmol/l (p<0.001) and from 17.7£0.14 to 39.2 £0.63 nmol/l (p<0.001),
vitamin A and E — by 21.4 and 40.0 and 28.6 and 43.1%, respectively (p<0.001).

2. The concentration of citric acid in the blood serum of the cows of the
experimental groups increased by 19.2 and 24.3% (p<0.01), respectively, compared to
the control. In the control group, it decreased to 193.4+7.81 umol/l for norms of 210—
250 pumol/l, which indicates the development of destructive processes in bone tissue.

3. Supplementing the cows of the research group with inorganic salts of
microelements helped to increase the content of zinc, cobalt, manganese, and copper
in the blood by 17.1; 65.2; 29.6 and 29.7%, and the use of chelating compounds,
respectively, by 19.1%; 100; 40.4 and 38.7% compared to the control group.

SUMMARY

With the modern method of dairy farming, the significant spread of diseases
caused by metabolic disorders remains an urgent problem. Osteodystrophy is
particularly common among the latter. The relationship between the content of trace
elements in the soil, fodder, and blood of cows with osteodystrophy in an area depleted
of biogenic trace elements was established. Early diagnostic indicators of the
subclinical course of osteodystrophy in cows are a low serum level of citric acid
(147.6-178.5 pmol/l), osteocalcin (0.93-1.28 ng/l), 25(OH)D3 ( 22.1-24.3 nmol/l),
retinol (1.10-2.02 umol/l), tocopherol (7.0-10.0 pmol/l), an increase in total
glycosaminoglycans (32.4-41, 2 mg/100 ml), chondroitin sulfates (0.29-0.37 g/l),
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sialoglycoproteins (2.29-2.97 mmol/l). The use of chelated compounds in cows
restores the clinical status and indicators of macro- and microelement exchanges and

stabilizes the content of markers of connective tissue metabolism.
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