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Abstract— RedOx (reduction-oxidation) processes
determine the resistance of the organism to pol-
lutants. The aim of the study was to establish
a possible relationship between copper and zinc
concentration in the blood of calves and the enzyme
activity of superoxide dismutase. The study was
conducted in 2019 on 20 calves with a weight of 201-
250 kg. The samples of venous blood were taken to
estimate the level of hemoglobin, glutathione, metal-
lothioneins, as well as zinc, copper, and superoxide
dismutase activity. The obtained average values
of these substances’ concentrations were compared
between each other. A positive correlation between
the activity of superoxide dismutase and the con-
centration of zinc (r = 0.64) and copper (r = 0.87)
in the blood of calves has been established. It may
be because both metals are obligatory components

of superoxide dismutase. There is also a positive
relationship between the levels of copper and zinc
(r = 0.68). For the other parameters, no reliable
relationship was found. The data obtained indicate
a positive relationship between superoxide dismutase
activity and metal concentrations of copper and
zinc in the blood of calves. At the same time, a
more significant positive relationship is established
for copper.

Keywords- antioxidant system; calves; metalloth-
ioneins; superoxide dismutase

I. INTRODUCTION

Among all the metabolic processes occurring
in animals, one of the key roles is assigned
to reduction-oxidation (redox) processes intended
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to meet the body’s energy needs. Additionally,
redox processes determine oxygen delivery and
utilization in the tissues. Therefore, oxygen rad-
icals are constantly formed in the body, being
quenched/scavenged by endogenous and exoge-
nous antioxidants that maintain homeostasis. In-
creased concentration of oxygen radicals can lead
to lipid peroxidation (LPO), leading to negative
effects, which manifests in various kinds of dam-
age to cell membranes, organelles (lysosomes), or
functional cells (erythrocytes). Given the critical
functions performed by membranes, organelles,
and erythrocytes, the negative impact of excessive
LPO should not be underestimated [1].

At the cellular level, the negative effect is ex-
pressed in structural and irreversible changes of
cell membranes, leading to the death of a single
cell, entire tissue, or even the entire organism.
Another negative characteristic of LPOs exces-
sive concentrations is the disruption of such a
vital process as cellular respiration. In particu-
lar, primary LPO products (diene conjugates) are
toxic metabolites, contributing to the damage of
such macromolecules as proteins, enzymes, nu-
cleic acids, and lipoproteins. Another type of LPO
product includes aldehydes and ketone bodies,
such as malonic dialdehyde. These compounds are
involved in the synthesis of prostaglandins and
steroids (progesterone, etc.). The reaction between
dialdehydes and free groups of membrane com-
pounds results in the formation of peroxidation
end products, such as Schiff base. If the formation
of such products is prolonged, their concentration
increases, and their interaction with free groups of
membrane compounds eventually leads to mem-
brane destruction and the death of cells [2].

Three groups of antioxidation factors were dis-
tinguished: 1) enzymes such as superoxide dis-
mutase, catalase, and glutathione peroxidase); 2)
proteins, which include ferritin, ceruloplasmin,
transferrin, and albumin; and 3) low-molecular-
weight compounds such as vitamins (E, C, A) and
other compounds (ubiquinone, carotenoids, acetyl-
cysteine, and alipoic acid) [3]. Due to the hetero-
geneity of the antioxidant factors, the mechanisms

that regulate oxidative activity are different. In par-
ticular, superoxide dismutase has an inactivating
effect on the superoxide anion as it contains metal
ions at varying valence ratios. Such metals include
zinc, magnesium, copper, and manganese [4].

Another enzyme, catalase, plays a crucial role in
preventing the accumulation of hydrogen peroxide
excess in cells. The latter is formed by aerobic
oxidation of reduced flavoproteins. Of extreme im-
portance for studying the physiological processes
occurring during the first postnatal development
stages in young cattle is understanding the fight
against excessive peroxidation product concen-
tration, which may provoke the development of
various pathologies [5].

There is another connection between antioxi-
dant enzymes and micronutrients (zinc, copper,
manganese, selenium), since the micronutrients
mentioned above are a part of the enzymes. In
particular, the active center of superoxide dismu-
tase contains copper and manganese. Superoxide
dismutase, in turn, is one of the main components
of the antioxidant system [6].

Free radicals are well-known leading players
in the pathogenesis of more than one hundred
diseases when in increased concentration [7]. Most
of these diseases are otherwise associated with
the adverse effects of environmental factors or
aging processes. The increased reactivity of free
radicals is associated with the presence of a free-
electron on the outer orbital of an atom. When
free radicals inside the body react with macro-
molecules on the surface of cell membranes, the
latter is destroyed. Negative effects of free radicals
are linked to the processes that occur in cells,
such as protein phosphorylation, as well as cell
proliferation or DNA transcription in cell nuclei. In
organs, free radicals are involved in the regulation
of vascular tone. In case of increased concentration
of free radicals, the synthesis of prostaglandins and
metalloproteins, together with growth factors, are
activated. Usually, only up to 5% of the oxygen
used by the body is converted into free radicals.
Some of them, such as nitric oxide (NO), can
exhibit antioxidant properties [8].
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It is known that, when blocking highly toxic
oxygen radicals formed in the process of oxy-
gen metabolism, the enzyme superoxide dismutase
(SOD, EC 1.15.1.1) plays a significant role. It
belongs to the group of antioxidant enzymes that
catalyzes superoxide dismutation to oxygen and
hydrogen peroxide and also prevents oxidation
of several biologically active substances [9-11].
SOD activity determination in the blood of animal
species and humans possesses important diagnos-
tic value in developing various pathologies [12,13].

SOD is a metalloprotein that catalyzes the con-
version of the highly active superoxide radical into
less active hydrogen peroxide. Three varieties of
the enzyme are distinguished by the level of iron,
copper, zinc, or magnesium ions [14]. Copper and
zinc levels play a major role in SOD activity. The
study of physiological processes, including redox
reactions, is equally essential for both medicine
and veterinary medicine. Furthermore, the results
obtained in veterinary medicine can be extrapo-
lated to medicine, following similar experiments.
At the same time, there have been no studies
in which the role of superoxide dismutase and
copper/zinc concentrations in blood have been
considered and compared simultaneously.

This determined the relevance of the present
work. The blood of calves was analyzed to estab-
lish the relationship between the concentration of
copper and zinc on the one hand, and the activity
of superoxide dismutase on the other. The authors
suggest that these parameters are more directly
related to copper than to zinc.

This work aimed to define the existence of a
relationship between the concentration of copper
and zinc in the blood of calves and the activity of
the enzyme superoxide dismutase.

Considering that an insufficient number of data
on the copper and zinc concentrations and SOD
activity comparison is available, we evaluated this
interaction by analyzing the blood of calves. In
addition, this study took into account the total
glutathione and metallothioneins content in the
blood of animal species determined by liquid
chromatography and derivatization thereof using

N-9 (acridinyl) maleimide.

II. MATERIALS AND METHODS

A. Materials

The study was carried in 2019 out at the Liskin-
skiy APC, Liskinskiy District, Voronezh Region in
Russia. Young cattle species were selected weigh-
ing 201-250 kg. The study enrolled 20 animals.
Animal species received a ration consisting of 25
kg of silage, 2 kg of straw and 1.8 kg of combined
feed.

Venous blood samples for laboratory tests were
taken from animal species in the morning before
feeding. Vacuum tubes with EDTA-Na were used
for the whole blood samples.

All international and national guidelines for the
care and use of animals were followed. The study
complies with the relevant ethical standards. It
was approved at the Ethical Committee’s meeting
of Voronezh State Agricultural University named
after Emperor Peter the Great (Minutes of the
meeting No. 554).

B. Analytical Methods

When determining hemoglobin content, 20 µl of
blood were added to 4 ml of 0.04% NH4OH, and
the contents were mixed by shaking for 5 minutes.
After one hour, solution absorbance was measured
at 523 nm in cuvettes with an optical path length
of 1 cm using the 320 spectrophotometer (Hi-
tachi). Hemoglobin content was identified accord-
ing to the hemoglobin standard calibration chart
(Sigma 08449 hemoglobin from bovine blood).
This method is described in the article [15].

SOD activity in whole blood with heparin was
evaluated by the adrenaline auto-oxidation method
[16,17] after the erythrocytes separation, wash-
ing thereof with 0.9% cold sodium chloride so-
lution, and hemolysis at 1 - 4oC for 15 min-
utes. Absorption alteration was observed at 347
nm in the 320 spectrophotometers temperature-
controlled cuvette.

Copper and zinc concentrations in blood were
determined by atomic absorption spectroscopy
(AAS) in the flame version using the CORTEC
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LLC certified device after blood mineralization
with a mixture of nitric and perchloric acids.

Glutathione and metallothioneins content was
determined by low-pressure liquid chromatogra-
phy using a device with Shimadzu spectroflu-
orometric detector in the form of fluorescent
complexes after the reaction of SH-groups with
N-(9-acridinyl) maleimide (NAM) in columns
with polymeric sorbents [18]. In this case, blood
samples were mixed with an equal portion of
methanol, and the clear supernatant fluid was
used for analysis after homogenization and cen-
trifugation. SS groups restoration to SH groups
was carried out with sodium borohydride in the
nitrogen atmosphere at 50oC.

C. Statistical Analysis

Study results were processed by the variation
analysis method using Ms-Excel 2013 software
program The arithmetic mean and error of the
mean were calculated for each of the studied pa-
rameters, i.e., superoxide dismutase activity, cop-
per and zinc concentrations, glutathione, and met-
allothioneins. Also, the variability from minimum
to maximum for each of these parameters was in-
dicated. The concentration of the studied parame-
ters was established depending on the hemoglobin
level. The correlations between the parameters,
i.e., how the concentration of one compound is
related to that of another (Pearson correlations)
was stated as well. At that, correlations greater
than 0.50 were considered significant. A p ≤ 0.05
was taken as the baseline level of significantly dif-
ferent data. The data were tested for normality (test
for distribution normality). The obtained results
allowed stating that the distribution of parame-
ters corresponded to normal, specifying parametric
analysis.

III. RESULTS

Data on the calves’ blood components con-
tent and SOD activity are presented in Table 1.
Hemoglobin content in the blood of the clinically
healthy calves varied from 104.8 to 151.7 g/l with
an average of 129.2±10.9 g/l, which is considered
a physiological norm. Ten animal species out of 20

had hemoglobin levels approaching the 120 g/l
indicators. Hemoprotein content of 107-116 mg/l
was found only with three calves.

SOD activity (in hemoglobin units/mg) varied
from 0.80 to 1.51 units, but in most cases was
approaching the 1 indicator (0.99±0.11). Zinc
concentration in the calves’ blood was noticeably
varying and ranging from 1.50 to 4.58 mg/l.
On average, zinc content in the calves’ blood
was 2.60±0.60 mg/l. Variation range reached 3
units. However, the maximum zinc concentration
in blood was found only with one calf (4.58
and averaging at 1.08±0.22 mg/l. The average
copper concentration value in the calves’ blood ap-
proached the most common trace element content
in the blood of terrestrial mammals.

Table 1 also presents the results of studies on the
content of total glutathione and metallothioneins
in the calves’ blood. Glutathione content varies
from 80.3 to 255.2 mg/l, i.e., in 3 times, as
in the case of trace elements. This indicates a
significant difference in metabolic processes with
rapidly growing animal species.

Data on MT concentration in the calves’ blood
is presented for the first time. MT average content
in the calves’ blood is 13.3 ± 2.8 mg/l. This
low molecular weight metalloprotein content is
significantly lower than that of glutathione and
varies from 7.9 to 19.6 mg/l. The relationship
between the content of separate blood components
with calves is demonstrated in Table 2. Significant
positive correlation between SOD activity and zinc
(r = 0.64) and especially copper (r = 0.87)
concentrations in the blood of the young animal
species is noteworthy. In all likelihood, this is
because both trace elements are the SOD essen-
tial components [12, 11]. At the same time, the
relationship between the level of copper and zinc
is also significant (r = 0.68).

Correlation between SOD activity and glu-
tathione and MT content level was not observed.
However, such a relationship exists between glu-
tathione and MT concentrations, which seems to
be determined by the difference in metabolic pro-
cesses of these biologically active components.
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TABLE I
HEMOGLOBIN, ZINC, COPPER, GLUTATHIONE, AND METALLOTHIONEINS CONTENT AND SOD ACTIVITY IN THE CALVES’

BLOOD

Hb, 
g/l 

SOD activity, 
Hb unit/mg 

Zn, 
mg/l 

Cu, 
mg/l 

Gl, 
mg/l 

MT, 
mg/l 

Weight 
of the 
calves 

142.6 0.86 1.99 0.82 255.2 19.2 208 
121.0 0.94 2.71 0.88 185.4 12.5 224 
151.2 0.94 3.61 1.05 176 15.4 212 
149.0 0.88 2.36 1.00 129.9 7.9 239 
126.4 0.83 1.88 0.98 140.8 12.1 241 
151.7 0.85 1.55 0.92 171.5 12.9 207 
126.9 0.94 2.49 0.98 116.5 11.3 222 
125.3 0.96 2.15 0.90 131.2 9.6 245 
151.7 0.93 3.36 1.16 80.3 9.6 237 
118.3 0.80 1.50 0.62 178.1 16.6 201 
129.6 0.85 2.31 1.11 153.4 19.6 203 
117.2 0.90 2.45 1.02 96.0 10.4 228 
123.7 1.06 1.98 0.87 117.3 12.5 216 
140.4 0.98 1.99 1.03 156 9.4 238 
123.7 0.94 2.29 1.05 132.2 11.3 249 
131.8 1.03 2.92 0.78 158.4 15 209 
104.8 0.90 3.26 0.96 123.2 13.4 234 
115.6 1.51 3.90 2.18 94.4 10.8 243 
106.9 1.21 4.58 1.68 99.3 17 239 
126.9 1.19 2.70 1.57 184.3 19.1 215 
Averages (M ± m)  
129.2 ± 
10.9 

0.98± 
0.11 

2.60± 
0.60 

1.08± 
0.22 

144.0± 
32.3 

13.3± 
2.8 

 

Legend: Hb - hemoglobin, Gl - glutathione, MT - metallothioneins, Zn - zinc, Cu - copper. 

 
The velocity constant in the reaction of MTs with
hydroxyl radicals is 2 orders of magnitude higher
than that of glutathione.

The regression model showed that MT con-
centration increased significantly with calf body
weight (Fig. 1). A positive trend in the regression
was observed between weight and SOD activity,
with zinc concentration tending to increase (Fig.

2). However, a negative trend was observed for
MT concentration (Fig. 3). The PCA analysis (Fig.
4) demonstrated that the weight and hemoglobin
levels are in different components, indicating their
negative relationship. At that, glutathione and MT
concentrations are within the same component but
at negative levels. It indicates a different direc-
tion of the processes involving these substances,
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TABLE II
CORRELATION PARAMETERS BETWEEN CALVES’ BLOOD COMPONENTS

Hb SOD Zn Cu Gl MT 

 
0.348769 -0.27261 -0.26462 0.31708 -0.13691 

  
0.638739 0.874938 0.34148 0.000449 

   
0.684429 0.43311 0.07109 

    
0.40321 0.033942 

     
0.585325 

Legend: Hb - hemoglobin, Gl - glutathione, MT - metallothioneins, Zn - zinc, Cu - copper. 

 

Fig. 1. Regression model for the considered parameters

Fig. 2. Linear regression between SOD activity and Weight of the animals, considering zinc and copper concentrations in
blood
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Fig. 3. Linear regression between MT and Weight of the
animals, considering zinc and copper concentrations in blood

Fig. 4. Results of the PCA analysis for the considered
parameters

whereas the activity of SOD is related to weight,
which was also illustrated in Fig. 1.

IV. DISCUSSION

Increasing pollution associated with the anthro-
pogenic factor causes the ingress of heavy metals
and radioactive substances from the external en-
vironment into the body. Their combined negative
impact on various physiological processes, includ-
ing redox reactions, is becoming increasingly im-
portant. When toxicants enter the body in elevated
concentrations, free radicals are produced, further
increasing the destruction of individual cells, or-
gans, systems, and, eventually, the entire organism
[19]. In this connection, the developments related
to the pro-oxidant-antioxidant system of the body
are highly relevant since the disturbances in the
functioning of these systems will determine the
possible pathologies. This work is among similar
studies devoted to analyzing the protective mech-
anisms of the antioxidant system, as well as the

role of free radicals and thiol compounds in the
maintenance of the antioxidant system [20,21].
The relationship between the concentration of cop-
per ions in the blood of calves and the level of
superoxide dismutase activity, the most important
enzyme in redox reactions, has been demonstrated.
At that, the data obtained on an animal object
and applicable to veterinary medicine can also be
used as a comparison or model in similar medical
studies. Thus, this research data can be applied
not only in veterinary medicine but also in other
disciplines.

Redox reactions play a principal role in
metabolism, providing a dynamic equilibrium be-
tween catabolism and anabolism and thus, achiev-
ing the constancy of physiological processes in
the body. The antioxidant system regulates bio-
chemical processes caused by redox reactions. It
includes both high molecular weight components
(primarily such enzymes as superoxide dismutase,
glutathione peroxidase, catalase, and glutathione
reductase) and low molecular weight components,
particularly vitamins and bioflavonoids [22]. The
regulation of redox processes is performed by
endogenous thiols, which include SH-groups, as
well as thiols and mercaptans. Metallothioneins,
glutathione, cysteine, and other compounds are
known to be also involved in the regulation pro-
cess. The interaction of these compounds in the
blood has also been considered in this paper, while
for metallothioneins, such a study has been per-
formed for the first time. Compounds containing
sulfhydryl groups are known to be involved in
such important processes as cell division, phos-
phorylation, peroxidation, and muscle contraction
[23]. Sulfhydryl groups constitute hormones, ac-
tive enzyme centers, and receptors. Thiol com-
pounds’ role consists of their protective effect
on the functional groups of macromolecules and
cell membranes concerning active oxygen radicals.
Besides, thiol compounds can form complexes
with metal ions, participating in the transport of
these ions or the toxicants’ neutralization [24].
The metallothioneins considered in this work have
the thiol groups of cysteine amino acid residues
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in their composition. They can bind both metals
involved in physiological processes (zinc and cop-
per) and toxicant metals (cadmium, mercury, lead,
arsenic). Pathological processes of such toxicants
accumulation can lead to imbalances in the pro-
oxidant-antioxidant system [25]. In this regard,
oxidative stress develops since the thiol-disulfide
system responds to internal or external influences
by changing the indicators of the redox state [26].
It is also worth mentioning that thiol groups serve
as targets when exposed to heavy metals because
of their high reactivity. Hence, SH-groups are
being blocked, while mercaptides and disulfide
bonds are being formed [27]. If disulfide groups
are reduced, thiol groups can be regenerated, thus
providing antioxidant homeostasis.

V. CONCLUSIONS

The data obtained by the authors indicate a
definite relationship between SOD activity and
copper and zinc trace elements concentration in
calves’ blood. It should be noted that the most
significant relationship is characteristic for copper.
Differentiation in the SOD trace elements compo-
sition in blood of various animal species in the
process of their development could be of interest,
as well as existence of a dependence of SOD
activity on status of the indicated trace elements
in the environment and feed.

As for glutathione and MT, the data obtained
indicate a difference in metabolic pathways involv-
ing SOD and thiol-containing substances. It is of
interest to activate the synthesis thereof under the
extreme geochemical conditions facing an excess
of metals in the environment and feed of animal
species.
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