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Abstract

The authors believe that the explanation of the accumulated data on metabolic processes in
highly productive ruminant animals, which for the time being remains within the framework of the
existing physiological and biochemical paradigm, requires an in-depth interpretation on a fundamen-
tally new experimental and conceptual basis, which assumes an analysis of the complex interconnec-
tions of the set of objects and their functions that were previously not considered. First, , it is neces-
sary to consider the biochemistry of intracellular compartmentalization from a different point of view
based on the strict mutual complementarity of the mitochondrial Krebs cycle and the cytoplasmic
glycolysis and gluconeogenesis with a peroxisomal glyoxylate cycle. The possibility of glyoxylate cycle
functioning in highly productive ruminants was postulated by the authors for the first time following
from experimental data on catalytic activity of isocitrate lyase (EC 4.1.3.1) and malate synthase (EC
4.1.3.2) (V.P. Galochkina et al., 2012). The presence of these enzymes allows the synthesis of glu-
cose from acetic acid, which comes in large quantities from the contents of the rumen. Ruminants
are physiologically hypoglycemic. Phylogenetically, they mainly eat coarse vegetable food which in-
creases the proportion of acetate in the rumen content. Easily hydrolyzed carbohydrates in the ru-
men content reduce the percentage of acetate and increase the proportion of propionate and butyr-
ate, which results in a decreased pH (M. Oba et al., 2015). Permanent glucose deficiency causes an
increase in the somatotropin to insulin level indicating an increase in the metabolically ineffective
gluconeogenesis. Simultaneously, the blood concentration of unesterified fatty acider increases, indi-
cating an increase in lipolysis in fat depots. There is a low ratio of insulin to glucagon with an increase
in urea concentration. Milk fat content reduces (F. Piccioli-Cappelli et al., 2014). Peroxysomes are par-
tially capable of beta-oxidation of fatty acids to C 13, which facilitates Krebs cycle and allows changes
in its metabolic orientation. The authors consider the glyoxylate cycle as a chance which enables the
animal to improve metabolism and intensify productivity. Bicarbon acid oxidation is energetically more
effective compared to tricarboxylic acid cycle, since the glyoxylate cycle is a shortened of tricarboxylic
acid cycle capable of functioning without limiting isocitrate dehydrogenase and alpha-ketoglutarate de-
hydrogenase reactions (V.P. Galochkina et al., 2011). Secondly, one must considered hypothetical
provisions on the leading regulatory role of multifactorial interrelationships between mono- and mul-
timolecular constellations of mono- and polymeric biologically active substances, hormones and en-
zymes, both temporarily formed and constant. This extensive group of specific agents includes insu-
lin, peroxisomal cysteamine, glyoxylic acid, oxygen, hydroperoxide and D-amino acid oxidases. The
theoretical positions stated in the article have passed primary validation in model experiments on in-
tensively fattened bulls with the use of clenbuterol, the agonist of beta-adrenergic receptors.

Keywords: regulation of metabolism, peroxisomes, glyoxylate cycle, D-amino acid oxidase,
glyoxylate, cysteamine, insulin, hydroperoxide, oxygen

A large number of organic acids formed in a fore stomach of highly pro-
ductive ruminant animals and serving as the main source of metabolic energy have
a multiple positive effect on the Krebs cycle and on specific features of the pro-



duction and metabolic processes in vivo. Glyoxylate cycle in majority of the living
beings plays a role of the main assistant in the main metabolic cycle. Due to the
expressed biochemical features of metabolism in highly productive ruminant ani-
mals, glyoxylate cycle evolutionally plays a role of the auxiliary link to ensure the
improved metabolism and, accordingly, to increase the productivity in animals. It
must be understood that organism of highly productive ruminant animals operates
in a specific mode of chronic metabolic stresses and requires suitable meeting of
the specific metabolic needs for realization of the high productivity potential. It
results in a continuing need for the reasoned biologization of all technical feeding
and growing aspects of highly productive animals.

Highly proactive animals not only produce more products of better
quality, but also consume less nutritional substances for production thereof.
Their metabolism is characterized by different speed and different metabolic
trend. Highly productive milking cow shall have productive longevity while
maintaining its reproductive function. A cow yielding 30 kg of milk daily elimi-
nates at average of 1200 g of fat, 1000 g of protein, and 1400 g. of lactose.
Herewith, no more than 10% of the glucose formed in the gastrointestinal tract
due to the hydrolysis of feed carbohydrates is used in the metabolic process. The
remaining glucose required for synthesis of the milk components and to address
all metabolic needs of the organism are synthesized de novo [1, 2].

Recently, many farming units in Russia get an average annual milk yield
per stock of 10000 kg per cow and more. Ruminant animals are phylogenetically
adapted to consumption of a coarse vegetable food rich in fiber, which is hydro-
lyzed in the rumen content predominantly formed with acetate. In practice, high-
concentrate hydrolyzing rations, hydrolysis products of which change the evolu-
tionally developed fermentation processes are applied. They decrease proportion of
acetate and propionate in rumen content and results in decrease of pH and sys-
temic disturbance of acid-base balance [3], acidulation of tissues and decrease of
fat biosynthesis in the breast gland. Consequently, syndrome of a low content of
fat in milk is an issue of a particular concern in the world, and pertains to so-
called nutritional disorders in highly productive cows.

In our view, the existing visions of metabolic processes in highly produc-
tive cows do not yield the necessary level of understanding of how to achieve high
productivity while maintaining the fat content in milk. A revolutionary new physi-
ologic and biochemical basis for rethinking it shall involve knowledge on glyox-
ylate cycle in peroxisomal reactions in combination with oxidation of D-amino
acids, glycolysis, gluconeogenesis, liposysis and bioenergetic processes in cytoplasm
and mitochondria [4, 5]. Before proceeding with presentation of the subject matter
of the proposed conceptual approach, we are going to consider the role of some
critical sub-cellular organelle, metabolic cycles, and molecular compounds partici-
pating in the regulatory processes.

Peroxisome. Being the oldest intracellular subunit and the last one dis-
covered in recent years, it is considered to be the key organelle of intracellular,
intercellular, and inter-organ communication, cooperation, and regulation of the
biochemical processes [6]. Peroxisome got its name because it always contains
enzymes by use of the molecular oxygen for detachment of hydrogen atoms from
the organic substrates in the oxidation reactions with formation of hydrogen per-
oxide [7]. Along with mitochondria, peroxisome serves as the main oxygen utili-
zation center in a cell [8]. Peroxisome, having metabolic systems of formation
and decomposition of hydrogen peroxide, generation and quenching of superox-
ide radicals, may influence on many processes in a cell. Quantity of intracellular
hydrogen peroxide defines the intensity of morphogenetic and biochemical pro-
cesses, and peroxisome serves as the regulator of oxidation-reduction peroxide-



dependent reactions controlling both the speed of biosynthesis and biodegrada-
tion [9]. As distinguished from the processes in mitochondria, hydrogen perox-
ide, rather than high-energy compounds, is formed due to the peroxisomal oxi-
dation. Peroxisome just like the mitochondria performs the biological oxidation
function, save that the oxidation process in peroxisome is not associated with
generation of the nicotinamide adenine dinucleotide, reduced form (NADN)
and adenosine triphosphate (ATP) [10]. If mitochondrial Krebs cycle is publicly
recognized as the main metabolic and energetic “tank” utilizing the end prod-
ucts of all principal metabolic flows in vivo and simultaneously performing a
function of a regulatory center of such processes, then peroxisomes with their
glyoxylate cycle shall be apparently seen as antioxidant “reactors” and “dispatch-
ing nods” in vivo. It should be noted than both pro- and antioxidant reactions
simultaneously proceed in both most important cell compartments — mitochon-
dria and peroxisome.

Noble Prize Winner C. De Duve was the first to suggest that it was the
peroxisomal metabolism that played an important role in development of new
biochemical transformation ways. For that end, peroxisome required enzymatic
machinery for performance of the metabolic reactions (in addition to electron
carrier system) ensuring cooperation with mitochondria [11]. Interoperation be-
tween peroxisome and mitochondria is due to the organization of metabolite
flows comprising an integral regulated structure specific for this or other tissue,
organ, and organism in general [12].

D-amino acid oxidase and production of reactive oxygen
forms. Peroxisome is the only sub-cellular organelle where D-amino acid ox-
ydase (DAAQO) consume oxygen in the catalytic process of right-handed amino
acid hydrolysis and produce hydroperoxide [13]. Oxygen is indispensable for all
aerobic organisms and plays the paramount role in generation of high-energy
compounds at oxidative phosphorylation. Reactive oxygen forms (ROF), includ-
ing superoxide anion and H,O,_ are formed in these reactions, which, inter alia,
are required for signal transduction in metabolic pathways, regulating the cell
growth and oxidation-reduction status [14]. The oxygen role in vivo is dualistic.
ROFs, being natural and absolutely essential metabolites, are involved in a num-
ber of natural physiological processes, including killing of microbes and viruses.
However, during stress periods of any etiology ROF concentration may drasti-
cally grow, thus, causing many pathological states in structures and functions of
a cell [15].

Low production of H,0O, in astrocyte peroxisome protects neurons from
the oxidation stress, whilst high concentration of H,0O, is neurotoxic [16, 17].
Inhibition of astrocyte enzyme of D-amino acid oxydase protects neurons from
the oxidation loss allowing using the H,O,-based neuroprotection machinery
[18]. These discoveries show implication of D-amino acid oxydase in control of
intracellular concentration of hydrogen peroxide across time and space, and rep-
resent opportunity for decoding of the most interesting and novel astrocyte-
dependent neuroprotection mechanism. In pursuance of the above-listed factors,
it was assumed that for combat with oxidation stress all neurons are linked to-
gether in a metabolic complex with astrocytes. The same assumption was made
regarding the substrates of peroxisomal oxydase, which could represent an unsta-
ble and, rather, temporary structures — unstable non-enzymatic complexes of
glyoxylic acid with various nucleophilic agents, including D-amino acids [19].
Hydrogen peroxide plays the key role in a cell signal system, and is deemed to be
the predominant candidate to adaptive reaction mediators in astrocytes. Thus, it
implies the importance of hydrogen peroxide in maintenance of astrocyte-
dependent neuron protection from the oxidation stress and the role of H,O; in in-



duction of astrocyte activation of specific neurotropic transcriptional nuclear factor
(Nrf-2). Such results presuppose the availability of specific regulating mechanisms
for neuronal cells with involvement of the hydrogen peroxide [20]. The organism
constantly requires regulating and neutralization of ROFs with participation of a
number of special and indirectly involved enzymes, including DAAO, superoxide
dismutase, xanthine oxidase, glutathione peroxidase, hemoxygenase, and etc. [21].

Hypothesis on interoperation of glyoxylate cycle, D-amino
acid oxidase and insulin in regulation of the cell metabolism. Meta-
bolic function of cysteamine. For a long time, cysteamine was regarded as a tradi-
tional antioxidant and standard radio protector. Cysteamine is a thiol-containing
product of cysteine decarboxylation with participation of panthotenic acid serv-
ing as the primary component of coenzyme A synthesis. In case of deficit of the
panthotenic acid in the organism, insulin treatment results in sharp reduction of
coenzyme A synthesis [22]. Insulin decreases the degradation speed of coenzyme
A and cysteamine synthesis. It is quiet natural since coenzyme A is required for
insulin activation of acetate acylation and residues of other fat acids upon syn-
thesis of the fat acids with longer carbon chain [23]. Cysteamine is regarded as
an intracellular negative messenger of insulin. To this end, insulin and cysteamine
have diametrically opposite effects on a number of metabolic processes. For in-
stance, insulin promotes activity of pyruvate dehydrogenase (PDH), glycogen syn-
thase, hexokinase, phosphorylase, and phosphatase. Cysteamine have an inhibition
effect on these enzymes [24]. Insulin inhibits fructose-1,6-bisphosphatase, while
cysteamine activates thereof. Decrease of cysteamine concentration has positive ef-
fect on the processes flowing under the action of insulin. Krebs cycle, glycolysis,
lipogenesis, and synthetic processes are activated [25].

Spontaneously formed nucleophilic cysteamine-glyoxylate complex is a
good substrate for D-amino acid oxidase. This complex is formed in the physio-
logical conditions in presence of oxygen [23]. Reaction of oxydase with cysteam-
ine-glyoxylate complex flows significantly faster than with complexes of glyoxylate
with acetaldehyde-ammonia, putrescine, aminopropanol, octapamine, ethylendia-
mine, and ethyl ether of cysteine. Normal physiological amines, including hista-
mine, serotonin, adrenalin, noradrenalin, spermine, spermidine, and cadaverine
do not practically react with glyoxylate by D-amino acid oxidase [26, 27]. It is as-
sumed that product of glyoxylate-cysteamine reaction may serve as a metabolic ef-
fector which, following formation of a covalent link, may intensify reactivity of
enzymes and may modify nucleic acids [28].

Role of glyoxylate acid. Glyoxylate is a quiet toxic intracellular compound
for the animals [29]. It controls many reactions: it inhibits mitochondrial carriage
of phosphorus, carriage of electrons through cytochrome chain and transfer of mi-
tochondrial substrates, and suppresses activity of enzymes of Krebs cycle. Glyox-
ylate, having inhibited phosphatase of pyruvate dehydrogenase complex (PDC) (its
regulatory subunit), decreases the flow of pyroracemic acid through the pyruvate
dehydrogenase complex. It is crucial for the organism to neutralize such highly-
reactive hazardous two-carbon intermediate product of peroxisomal reactions. As
it was already noted before, the best substrates of peroxisomal oxidase are unsta-
ble non-enzymatic glyoxylate complexes with different nucleophilic agents, in-
cluding the D-amino acids [19, 20].

Inhibitors of D-amino acid oxidase. D-amino acid oxidase is
found in peroxisome only. It plays the specific role in the central nervous system
due to involvement in maintenance of the cognitive functions, which we associate
with animal aggressiveness, temper, and adaptiveness to feeding and keeping con-
ditions. Many studies in activation and inhibition of D-amino acid oxidase are de-
voted to decoding of the interoperation mechanisms of such enzyme category with



specific receptors, particularly, in the brain tissues [27, 30, 31].

Strong non-specific oxydase inhibitors, including D-amino acid oxidase,
involve adenosine diphosphate (ADP), adenosine diphosphate ribose (ADP-
ribose), nicotineamide adenine dinucleotide, reduced form (NAADN), nicotin-
eamide adenine dinucleotide phosphate, reduced form (NAADP), diphospho-
coenzyme A (intermediary product of CoA synthesis, the most effective inhibitor
of such type of inhibitors), which at physiological concentration inhibit under
the Flavin Adenine Dinucleotide (FAD) — concurrent mechanism. Weak non-
specific inhibitors also include CoA, acetile-CoA, ATP, and etc. [32, 33]. The fact
that ADP is an effective inhibitor whereas ATP is not, expressly points out to in-
fluence of the energetic cell state on the oxidase activity. Restored nicotinamide
coenzyme forms inhibit the oxidase, while the oxidated forms activate it. Accord-
ingly and what is very important, the oxidation-reduction cell systems, are predom-
inantly exposed to effect of O, (by all means, along with other substrate-metabolic
and cofactor effects) [34, 35].

Insulin. Insulin is one of the important poly-functional and thoroughly
studied anabolic hormones. By activation of Na*-K*-dependable adenosine tri-
phosphatase it strengthens carriage of both glucose and amino acids to a cell.
Along with that, insulin is in charge for biosynthesis and degrading of proteins,
growth of muscle mass, depositing and consumption of energetic material in
form of lipids and glycogen (23). As we have already noted before, cysteamine has
an anti-insulin effect on metabolism. Insulin may be considered to be involved in
practically all main processes in vivo: it actively promotes pyruvate dehydrogenase,
it advances glycogen synthesis, it activates glycolysis, proteo-synthesis and lipogen-
esis, at the same time suppressing glycogenolusis and gluconeogenesis, and reduc-
ing liposysis. As it infers from the preceding paragraph, cysteamine has positive ef-
fect on all the above-listed processes [23].

According to the available information on oxidase inhibition, reactions
catalyzed by D-amino acid oxidase are engaged in regulatory insulin system in a
cell. Earlier we have considered in detail the possibility of specific induction
mechanisms and interrelated operation of peroxisome and insulin in ruminant
animals, as apart from such mechanisms in monogastric animals [36, 37]. We
believe that studying of the functional activity of insular apparatus, its interoper-
ation with the general hormone status, value and efficiency of metabolic and
productive response reaction to practically all influencing factors, serves as the
pacing factor for description of the metabolic control mechanisms in animals
[36]. Insulin and somatotropin production value and dynamics were studied de-
pending on the qualitative and quantitative type of the animal diet [36]. Based
on such studies, we have emerged to a justified opinion that concentration of insu-
lin and somatotropin in blood varies upon strengthening of hydrolysis in rumen
and intestinal tract, whereas it is increased in the first one and decreased in the
second one. In other words, the increased secretion of insulin induced by the
breeding inhibits biosynthesis and secretion of the growth hormone produced by
adenohypophysis. However, serious biochemical explanation of the paradox of
multidirectional change of concentration of such two anabolic hormones im-
portant for the organism (“insulin-somatotropin scissors™) is still missing. We have
proposed that high concentration of insulin after breeding results in its higher
connectivity, and insulin in a bound state does not have any effect on proteolytic
activity and is unable to activate somatotropic hormone which, in pursuance
thereof, requires participation of a specific protease. Consequently, after feeding
most part of somatotropin is in inactive form and is scarcely found. Most proba-
bly, such mechanism may partially explain the multidirectional action of such an-



abolic hormones. Insulin and somatotropin are synergic by their effect on soma-
tomedin and are antagonists by their effect on metabolism of glucose and fat ac-
ids. Such relations are precisely regulated by “insulin-somatotropin scissors”. Af-
ter feeding, not only accumulation of the plastic and energetic substances in
form of the muscle mass is required, but also accumulation of carbohydrates and
fats in form of glycogen and deposited lipids. Somatotropin promotes lipolysis
and gluconeogenesis, of which from the amino acids. Therefore, after feeding
the insulin, having activated the synthesis of glycogen and lipogenesis, presents
activation of somatotropin. At that, insulin activates glycolysis for use of the
produced energy in synthesis of the muscular proteins.

Tests on bull-calves with various feeding schedules and use
of hormones and clenbuterol - agonist of B-adreno receptors. We
have compared metabolism of Kholmogory bull calves at different feeding inten-
sity, different levels of dietary protein, lysine, and methionine not digestible in a
rumen, upon use of androgenic and estrogenic preparations and betazine thyro-
static and upon use of different dosages of clenbuterol, the agonist of B-adreno-
receptors [36]. The results were conclusive, but unexpected. Thus, use of syn-
thetic clenbuterol anabolic just like the intensive feeding had resulted in suppres-
sion of insular apparatus of pancreas, adrenal, and thyroid glands. Compensative
strengthening of functions of such glands was noted after withdrawal of the medi-
cines. We have drawn our attention to such paradoxical and unexplainable fact
that insulin concentration in blood is reduced, whereas this hormone is primarily
in charge for growth of the muscular mass and accumulation of energy sources for
maintenance of the growth.

It is a well-known that both clenbuterol and insulin promote biosynthesis
of a muscle protein and reduce degrading thereof [36]. Although insulin increases
lipogenesis and suppresses lipolysis, clenbuterol reduces deposition of a fat. In oth-
er model test at feeding of the bull-calves by exogenous anabolic sex steroids and
betazine, activity of all dehydrogenases of citrate cycle was reduced in liver with
sharp increase of pyruvate carboxylase activity in combination of the high intensity
of growth and significant decrease of concentration of 11-oxycorticosteroids, insu-
lin, and somatotropin in blood [37, 38. Herewith, the most intensive growth and
the best results of carcass yield, yield of additional meat in carcass, and content
of the protein in meat were found in bull-calves with the lowest basal level of insulin
and thyroid hormones in blood. Such direction of metabolic processes and for-
mation of the productive features in animals is absolutely not in line with the exist-
ing biochemical paradigm. In our opinion, such facts may have physiological and
biochemical explanation only accounting for the processes flowing in peroxisomes.
In particular, we believe that ability of such structures to supply the additional ace-
tate-based glucose to the organism, thus resulting in the increased activity of Krebs
cycle, and to participate simultaneously in induction of the synthesis and secretion
of insulin plays an important role in the considered studies [1, 4, 37].

G.A. Hamilton [23] had shown the ability of peroxisomal oxidase to cata-
lyse formation of H,O, with consumption of molecular oxygen. Besides, it is
well-known that reduction of intracellular partial oxygen pressure results in inhi-
bition of oxidation-reduction reactions. Cysteamine-glyoxylate complex serves as
an active substrate form of D-amino acid oxidase. Complexes are formed sponta-
neously and are present in the physiological conditions in concentrations leading
to the significant growth of reaction speeds catalyzed by D-amino acid oxidase.
Glyoxylate itself is considered as an inhibitor of oxidative metabolism and breath
in vitro. It has non-enzymic reaction with oxaloacetate and produces oxalomalo-
nat (keto-isocitrate), which simultaneously serves as an inhibitor of aconitase,
NAADP-dependent isocitrate dehydrogenase and a-ketoglutarate dehydrogenase.



Besides, it inhibits mitochondrial carriage of phosphorus and electrons along the
cytochrome chain. As we have already noted before, D-amino acid oxidase acidi-
fies glyoxylate in form of glyoxylate-cysteamine complex, and cysteamine performs
a function of a negative intracellular insulin messenger. In its turn, insulin may
slow down formation of cysteamine by inhibition of CoA metabolism leading in
formation of cysteamine. Insulin, having linked with its receptors on membranes,
increases hardness of the later and slows down the access of intracellular CoA
metabolites and phospho-pantetheine to relevant enzymes — nucleotide pyro-
phosphatase and alkaline phosphatase located on surface of the membrane ex-
posed to the cytoplasm [23].

Besides, it is known that hypoglucemia is developed in animals with def-
icit of pantothenate and such animals are substantially more sensitive to insulin
than animals sufficiently supplied with such vitamin. It is also known that con-
centration of CoA does not forego any significant changes upon additional insu-
lin injections. However, the speed of its biosynthesis from the pantothenic acid
is sharply decreased (90 % of inhibition in perfused heart). Insulin reduces the
CoA degrading and cysteamine synthesis speed. As it was noted before, insulin
promotes activity of pyruvate dehydrogenase, glycogen synthase, hexokinase,
phosphorylase, and phosphatase. Cysteamine has an inhibition effect on such
enzymes. At the same time, insulin inhibits fructose-1,6-bisphosphatase, while
cysteamine activates thereof. Since insulin decreases concentration of intracellular
oxygen, it shall, in our opinion, decrease the activity of peroxysomal oxydase,
thus, leading to accumulation of glyoxylate. At the same time, decrease of the par-
tial oxygen pressure promptly inhibits the activity of Krebs cycle enzymes. De-
crease of activity in peroxysomal oxydase results in increased concentration of gly-
oxylate, which also serves the active inhibitor of Krebs cycle enzymes and cyto-
chrome system enzymes. In our opinion, the resulting metabolic state of a cell
shall result in activation of glyoxylate cycle in peroxisomes.

According to G.A. Hamilton [23], H,O,, it may have insulin-like effect
by free access through membranes. However, this idea was not taken seriously by
major part of scientific world, regardless of the firm empirical support of fast
phosphorylation of insulin receptors in fat tissue in presence of the hydrogen per-
oxide. Similar mechanism was confirmed for insulin-like growth factor (IGF). It is
notable that in purified plasmatic membranes (as compared to homogenates) hy-
drogen peroxide does not have an adverse effect. It is assumed that the said insu-
lin-like effect of H,O, may not be intermediated by stimulation of phosphoryla-
tion of insulin receptors by hydrogen peroxide. It results in the increased mem-
brane tension and activation of Na*/K*-ATP in tissues, including miocytes, which
promotes biosynthesis of muscular proteins and growth of muscular mass. The
above-listed factors confirm the ability of H,O, to render insulin-like effects.
Herewith, activation of receptors by hydrogen peroxide requires a number of cell
components [22, 39-41]. We assess these facts in support of our hypothesis, sub-
ject to which the processes similar to processes flowing at insulin stimulation may
flow under the effect of H,O, in the intensively fed bull-calves at low concentra-
tion of insulin in blood and activation of peroxisomal reaction not only in adipo-
cytes, but also in other tissues, including the muscular tissue. These may, in par-
ticular, involve the observed strengthening of biosynthesis of the muscular proteins.
Besides, even if role of H»O, as an intracellular insulin messenger (the similar
function is performed by cysteamine) was not confirmed, its ability to render insu-
lin-like effects was already demonstrated [23, 24].

For ruminant animals, when large quantity of acetic acid is formed at
chronic deficit of glucose, it is metabolically important to use part of acetic acid
for synthesis of organic acids, from which glucose is formed in furtherance. This



is justified by the need for glyoxylate cycle operation in such animals, which would
allow achieving the higher productivity without metabolic disorders in form of ke-
tosis and acidosis, provided sufficient quantity of easily-digestible fiber in a diet of
such animals [4]. In complex crosslinks in the clenbuterol test we have seen the ac-
tion of specific insulin-peroxisome interaction mechanisms. According to our con-
cept, it could be assumed that application of clenbuterol results in activation of gly-
oxylate cycle with strengthening of peroxisomal B-oxidation of fat acids. Herewith,
two molecules of the activated acetate acid with formation of one molecule of suc-
cinate, malate, and oxaloacetate are used for one turn of glyoxylate cycle [37].

Glyoxylate cycle. All biochemistry study guides point out to the lack
of glyoxylate cycle in higher animals. However, we have demonstrated that key
glyoxylate cycle enzymes of isocitrate lyase (EC number 4.1.3.1) and malate syn-
thase (EC number 4.1.3.2) are functioning along with Krebs cycle dehydrogenase
and pyruvate carboxylase (key enzyme of gluconeogenesis) in hepatic tissues of
bull-calves intensively fed for meat [1, 37]. Therefore, we believe that it is possi-
ble to assume that in metabolism securing the high productivity in ruminant an-
imals glyoxylate cycle not only functions by strengthening of metabolite flow
through the cycle of tri-carbon acids to terminal oxidation chain, but also ren-
ders regulatory effect on the general trend of metabolite flow simultaneously with
Krebs cycle dehydrogenase [2, 4]. Two of the above-mentioned cycles, by per-
formance of the intracellular endoecological function, integrate carbohydrate and
lipid metabolism regulating the gluconeogenesis, Krebs, and glyoxylate cycles, and
electron carriage chains. This demonstrates the quantitative coherence of carbon
flows, processes in various sub-cellular compartments and hormone, substrate, co-
factor, and enzyme regulation of such processes. In our opinion, glyoxylate and
Krebs cycles are two complementary, interchangeable, interrelated, and mutually
regulating processes.

Works of the national scientists show functioning of the glyoxylate cycle
in laboratory animals — new-born, starving, diabetic, and placed in extreme con-
ditions (stress) [42-45]. In support of our hypothesis, it is principally important
that four of the above-described states may be unified by a common consistent
pattern — metabolic deficit of glucose, which is also peculiar to ruminant ani-
mals with hypoglycemia — physiological norm. The above considered factors al-
low us to assume that ruminant animals in process of their evolution may have
produced and philogenetically fixed the response reaction of organism to chroni-
cally lowered concentration of glucose in blood. One of the assumed adaptations
is functioning of the glyoxylate cycle is constantly induced by glucose deficit for
the additional metabolic support by such essential metabolite. To sum up, it
should be concluded that glyoxylate cycle in ruminant animals - first of all (in
order of priority, not in order of importance), directly relates to cell endoecolo-
gy, secondly, relates to growth of metabolic productivity of the tri-carbon acid
cycle (upon interoperation thereof with bi-carbon acid cycle) for improvement
of the high production substrate support, and thirdly, participates in coordina-
tion of the principal intracellular, intercellular, and inter-organ metabolic pro-
cesses across the time and space.

To conclude, we again draw our attention to potential metabolic role of
D-amino acid oxidase in ruminant animals. We have considered the ability of
such enzyme to hydrolyse the substrates with the use of molecular oxygen and
production of hydrogen peroxide. As it was noted before, reduction of intracellular
partial oxygen pressure results in inhibition of the oxidation-reduction reactions,
and growth of such pressure results in activation thereof. Accordingly, D-amino
acid oxidase may contribute to intracellular regulation at two levels: by decreas-
ing of oxygen concentration and by increasing the concentration of H,O,.



Thus, we suggest a hypothesized regulation of the metabolic processes in
highly productive ruminant animals accounting for the role of pro-oxidation sys-
tems, hormones, cell compartments, related cycles of tri-carbon and bi-carbon cy-
cles. Known laws of biochemical logic allow assuming the existence of the as-
sumed hypothetic chain of metabolic transformations, while the proposed ap-
proach allows adjusting the traditional paradigm. Besides, it may contribute to
perception of the whole number of received paradoxical and empirical factors
pending their interpretation and discovered by us and many authors in considering
the specific aspects of metabolism in ruminant animals. Volume of accumulated
knowledge allows adjusting the existing physiological and biochemical perspectives
at principally new conceptual platform. It is based on subtle entanglement of mi-
tochondrial Krebs cycle, cytoplasm glycolysis and gluconeogenesis processes with
peroxisomal glyoxylate cycle. The complex of multi-factor interlinks between the
insulin, peroxisomal cysteamine, glyoxylate, Krebs cycle dehydrogenase, oxygen,
hydroperoxide, and D-amino acid oxidase should be accounted for understanding
of their leading role in regulation of the metabolic processes in highly productive
ruminant animals. Naturally, the proposed hypothetic concept requires supple-
mentary understanding, updating, and broad empirical verification.
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Abstract

Genetically controlled immune system is responsible for population heterogeneity on the
immune response. This review focuses on molecular mechanisms of cell-mediated and antibody-
mediated immune response and molecular markers for genomic selection. Genotypic differences
between individuals in terms of tolerance/susceptibility to infectious diseases are characteristic of
animal populations (S.C. Bishop et al., 2014). Data massive indicates multiple SNPs associated with
high and low immune responses of animals, providing the possibility of calculating the coefficients of
genomic breeding values for this attribute. There is a need to assess the dispersion of indirect genetic
effects that help to open up new possibilities for the control of infectious diseases through selection.
However, it should be noted that the quantitative genetic analysis based on individual animal disease
status covers only part of the total genetic variation that affects the dynamics of infectious diseases in
populations. Estimation of gene expression patterns in a particular immune response is considered as
the most valuable (V.V. Firstova et al., 2010). Study of the major histocompatibility complex (MHC-
B) 209296 bp region in birds with high-density SNP chips allowed the authors to determine 45 key
genes which affect MHC-B diversity through recombination. The findings extend the understanding
of the contribution of recombination to the diversity of MHC-B haplotypes, including the ability to
identify hot spots and recombination estimation of recombination frequency (J.E. Fulton et al., 2016).
The causative mutations related to the basic genetic variability of innate and adaptive immune responses
in chickens are mapped (A. Slawinska et al., 2013). Search for causal mutations responsible for genetic
variation in the immune response can be used as an approach to diagnostic tests. E.g., SNP associated
with susceptibility to tuberculosis are detected (M.L. Bermingham et al., 2014). Immune response falls
into a category of complex and quantitative traits that are under control of multiple genes with a no-
ticeable influence of the environment. Obviously, some genes of common universal action may partici-
pate in innate and adaptive immunity. We can assume that such immunity has predominantly additive
mode of inheritance (M. Siwek et al., 2015). Breeding for diseases resistance is greatly difficult because
of low heritability and lack of estimates for comprehensive genetic assessment of the disease resistance
variability. Growing genomic evaluations of the animals has created a basis for the use of molecular
markers in breeding to increase animal resistance to diseases. Studies of the genome and the overall
adaptive immune response associations in different species of farm animals provide an important start-
ing point for the implementation of such plans. Identification of potential biological pathways and genes
associated with immune response can assist in advancing the understanding of the important processes
in animal resistance or susceptibility to diseases.

Keywords: immune response, antibodies, genome, single nucleotide polymorphism, SNP, dis-
ease, resistance, selection, quantitative traits, receptors, animals, heritability, associations, mutations

Infectious diseases are a big challenge for livestock farming and present
a zoonotic threat to human health. Change of the nature of immune response in
line with a characteristic of the pathogen effect provides main protection for the
animals. Genotypic inter-specie differences in terms of tolerance/susceptibility to
infectious diseases were found [1, 2]. However, one issue still pending is the possi-
bility for inclusion of the characteristics of immune response into the selective in-
dices to reduce frequency and severity of diseases in animals.

Over the past decade, genome valuation technique by genome-wide



screening of single nucleotide polymorphisms (SNPs) in animals was developed.
The technique allows detecting of up to few millions SNPs, hundreds and thou-
sands of which may serve as variation markers at detection of quantitative traits.
Genome selection was successfully implemented in the breeder’s service of many
countries in the world [3].

Present review summarizes information on candidate gene, quantitative
trait locus (QTL), causal mutations engaged in immunity control, and associated
single nucleotide polymorphisms (SNPs) due to the genomic selection perspec-
tives for disease resistance in animals. The studies on association of polymor-
phisms in several genome elements with total adaptive immune response in various
species of agricultural animals allow creating the framework for realization of such
plans. Identification of the potential genes and biological immune-reactivity
mechanisms will help us understanding the formation of the disease toler-
ance/susceptibility in animals and detecting the markers of immune response
traits for inclusion thereof in the genome selection criteria.

Present review compares molecular marker-based methods of animal im-
mune response characterization as the tools for selection of individuals with high
tolerance to diseases.

Innate and adaptive immunity are two categories of immune response.
Studies of genetic background of immune response are based on identification of
relevant QTL (quantitative trait loci) and single mutations in structural candidate
genes involved in the immune response control. To search SNPs associations in
particular QTL regions and gene candidates, such genes and SNPs found in
databases (http://www.ncbi.nlm.nih.gov) are assessed for the relationship be-
tween SNPs and variation of qualitative traits. There is an aggregated linear
model for evaluation of the relative effects of genes on tolerance/susceptibility to
infectious diseases [4]. This model is applicable to study the marker and gene
associations with incidence and distribution of diseases. However, traditional
quantitative genetic analysis of certain pathology covers only part of the total
genetic variation that affects the dynamics of infectious diseases in populations
[5]. Although research data confirm applicability of linear model for a probabilistic
estimate of susceptibility to the infection, characterization of the parameters as-
sessed by this model is incomplete, and its infectious component is not always lin-
ear [6]. Another model is based on the equation for probability of the disease de-
pending on genetically controlled specific susceptibility of the individual and the
genotypes of the infected members of the group. These models are good tools to
study the variability of quantitative traits, when all genes involved must be assessed
simultaneously (e.g. in genomic prediction of breeding value), and to identify
genes that facilitate the spread of the infection [7].

The high density SNP chips showed 45 main genes in bird genome, with
localization in 209,296 bps region of major histo-compatibility complexes (MHC-
B), which promote variability by recombination [8]. SNP genotyping allowed
identifying 122 haplotypes by MHC-B, including new recombinant haplotypes
due to crossing-over. Besides, evidences of gene duplications and deletion were
obtained. It was shown that SNP panel is sufficient for identification of known
and new recombinant haplotypes. Perceptions of recombinant contribution to
variety of MHC-B haplotypes have been changed, including the opportunity for
identification of hot recombination spots and estimation of recombination fre-
quencies [8].

Immune responses refer to the complex quantitative traits and are con-
trolled by a number of genes, manifestation of which depends on the environ-
ment. Search for the key mutations in charge for the genetically determined var-
iability of a trait could be considered as an approach to disease tolerance diagno-



sis and as an approach to prevention and treatment of diseases. M. Siwek et al.
[9] has studied the adaptive immunity under the effect of hemocyanin and genetic
immune response to liposaccharides and lipoteichoic acid. Candidate genes and
mutations in chicks were registered with identification of SNP associations in cer-
tain QTL regions. At genotyping by chips (Illumina, USA), the most significant
SNPs associated by response to hemocyanin were found in gene encoding JMJID6
(Jumonji domain-containing 6 protein, arginine demethylase and lysine hystone)
and located on chromosome 18. Four SNPs were located in candidate genes
FOXJ1 (transcription factor 1) on chromosome 18, EPHBI (B1 tyrosinase recep-
tor) — on chromosome 9, PTGER4 (prostangladin E receptor 4) — on Z-
chromosome, PRKCB (protein kinase C pB-isoform) — on chromosome 14. The
association with antibody response to liposaccharides was found for all of them.
One SNP in ITGB4 gene (B4 integrin) located on chromosome 18 is also associ-
ated with genetic immunity response to liposaccharides. Characteristic of such
gene product makes them the candidate for participation in immune response to
liposaccharides, in control of T-cell functions and proliferation thereof. Thus,
FOXJ1 gene is involved in regulation of T-cell tolerance and inhibition of sponta-
neous autoimmune diseases; PTGER4 gene modulates the immune response by
intensification of the production of E2 prostaglandin in case of inflammation;
ITGB4 gene is associated with immune response to lipoteichoic acid which initi-
ates such immune response through recognition of toll-like receptors 2 (TLR) in-
teroperating with macrophages or antigen-presenting dendritic cells.

Therefore, SNPs associated with more significant incidences of immune re-
sponse s to hemocyanin and lipoteichoic acids are located in QTL regions, which
were primarily, based on linkage group analysis, proposed as the principal ones by
their effect on the immune response. Similar analysis may merely serve as a pre-
liminary search engine of the key mutations in gene candidates. Several universal
genes may participate in formation of the genetic and adaptive immunity. It may
be considered that this or other immunity mainly has an additive inheritance type.

QTL associated with immune response was found on chromosomes 9, 4,
and 18 in chicks [10]. Additional statistical analysis of QTL, with narrowing of
the confidence range, had shown that the selected areas on chromosomes 9, 4,
18 and Z have causal mutations associated with the main genetically determined
variability of the innate and adaptive immune responses. Candidate genes associ-
ated with lipoteichoic acid antibody synthesis are located on chromosome 9
(genes EPHBI, KLHL6, PROCR) and on chromosomes 18 (genes [/7TGB4,
UNCI3D, MAP2K4, FOXJI, JMJD6). The SNP polymorphism association was
found of the area of MAPKSIP3, IL9R, SOCSI and PRKCB genes on chromo-
some 14 with the immune response to liposaccharides. The candidate genes for
antibody response to lipoteichoic acid are on chromosomes 9 (KLHLG6), 8
(FOXJ1, ITGB4, JMJD6), and Z (PTGERA4).

Genome evaluation is a perspective tool for improvement of breeding for
economically important qualitative traits in animals, i.e. milk and meat produc-
tivity and quality [3, 11, 12]. X. Lu et al. [13] had studied SNPs associated with
immune response in 657 pigs. Piglets aged 21 days were vaccinated with a modi-
fied live vaccine against the classical swine fever. Blood samples were collected
when the animals aged 20-35 days. Blood IFNy and interleukin-10 (IL-10), their
quantitative ratio, and virus-neutralization antibodies of IgG were assessed. Illu-
mina porcine SNP60 BeadChip was used in genotyping. Following quality con-
trol, 46079 SNPs were selected for identification of associations based on regres-
sion model of each SNP. A total of 10000 iterations were performed for valid
results. The 32 SNPs, which accounted for 3.23 to 13.81% of the total phenotype
dispersion, were selected at statistically significant level. Phenotype dispersion by



IFNy, 1L-10, IFNy/IL-10 and IgG comprised 37.52, 82.94, 26.74, and 24.16 %,
respectively. It is possible that several significant SNPs are located in areas con-
taining a number of known immunity genes. This study makes the basis for identi-
fication of mutations affecting the immune potential in pigs. Associations were
found of SNPs in gene PANEI (Proliferation Associated Nuclear Element 1, mi-
nor histocompatibility antibody) with blood immunological parameters and body
weight in young pigs at birth [14]. Further studies identified allele frequency of
such gene in domestic pigs and wild boars and its association with reproduction
values [15]. Wild pigs did not validly differ from the domestic ones in frequency of
polymorphous variants of PANEI, however, litter size and weight decreased in
sows with C—G replacement in intron 1 of gene PANE]

Modern molecular methods can help to identify high associations of
genes and genome areas with the response to vaccines and with tolerance to
certain pathogens. This allows researchers to map tolerance-associated genes
for further use in genomic selection. Special attention should be drawn to virus
diseases. Their causative agents are constantly mutating and evolving that ne-
cessities molecular and genetic control of whether the associations involved in
the disease tolerance have changed.

Genomic evaluation of the pigs of Korean and Yorkshire crosses in F;
had shown 46865 SNPs [16]. Regression analysis showed 54 SNPs assumedly
associated with neutrophil, lymphocyte, monocyte, eosinophil, basophil, immu-
noglobulin, insulin, and insulin-like growth factor 1 (IGF1) functions. Each set
of SNPs had explained from 24 to 42 % of phenotype dispersion of the traits
studied. Several pleiotropic SNPs were found on chromosomes 4, 13, 14, and 15.
High density SNP microchips also revealed QTLs for blood components associat-
ed with immune response [17, 18].

Genetic factors impact susceptibility to and the course of porcine repro-
ductive and respiratory syndrome (PRRS), a disease with significant economic
damage to the livestock [19]. QTLs located on pig chromosome 4 explain most
genetic variations in PRRS susceptibility. Genome-wide analysis of 200 pigs with
Illumina porcine SNP60 BeadChip has revealed that specific haplotypes could
associate with the desired phenotypes, and certain genomic regions were in-
volved in a response to PRRS [19, 20]. The traits associated with the infection
response were mostly controlled by the chromosome 4 region, however small
effects were due to other chromosomes. These studies also assessed the predictive
value of QTL-based genome estimates for pig breeding. Selection for SNP geno-
types of QTLs located on chromosome 4 may reduce PRRS effects, including the
economic ones. The key role of chromosome 4 mutation rs340943904 in the
control of PRRS response is under consideration. The study results will help in
development of breeding methods to combat PRRS.

Statistically valid data indicate wide-genome associations of SNPs with
susceptibility to infectious diseases. Such associations are identified in cattle in
tuberculosis caused by Mycobacterium bovis, the disease with significant econom-
ic damage and the risk of zoonosis [21-25]. Tuberculosis tolerance loci were re-
vealed with Illumina BovineHD BeadChip. Identification of two new tolerance
loci, the PTPRT (Receptor-type tyrosine-protein phosphatase T) genes and
MYO3B (myosine II11B), were due to use of linear and logistic mixed models, as
well as regressions. Informative SNPs explain 21 % of phenotype tolerance to
tuberculosis, including 6.2 % dispersion due to PTPRT gene and 3.6 % disper-
sion associated with the assumed MYO3B gene variant copies.

Be it repeat that modern methods of quantitative genetic analysis of pa-
thology manifestation in the individual disclose only a part of the genetic variation
[26], and selection for disease tolerance is seriously challenged by low heritability



of a trait. Selection for the tolerance by the estimates of direct and indirect se-
lection traits is more effective than the traditional selection methods but necessi-
tates the improved statistical models and the models of indirect genetic effect
manifestation. Additionally, modern approach to selection requires relevant
methods of data collection and test planning to reliably assess genetic parameters
of susceptibility in the host and pathogenicity of the infectious agent [27]. Dif-
ferences in the infection transfer may be due to inherited physiological and behav-
ioral variations. It should be also noted that improper administration of antibiotics
induces the tolerance of pathogens and requires additional measures to control
diseases [28, 29].

Canadian researchers had shown that accounting for the immune re-
sponse traits the animal breeding allows increasing the disease tolerance in dairy
cattle. Recording of the cell-mediated reaction and response through antibodies
allowed separating the animals into groups with strong, average, and weak im-
mune response [30]. Inheritance ratio of 0.19 to 0.29 indicates perspectives of
selection for immune response traits. In turn, higher immunity contributes to a
decreased frequency of mastitis, hysteritis, and ketosis [31]. Cows with weak an-
tibody-mediated immunity usually suffer from the most severe mastitis. Immu-
nological parameters should be used in breeding for the improved immunity to
reduce the frequency and severity of a number of diseases in agricultural ani-
mals. In cows, candidate genes and SNPs associated with antibody-mediated im-
munity, as well as biological mechanisms involved in control of immune response,
were disclosed [32]. With P < 0.05 confidence, 4045 out of 54609 of the regis-
tered SNPs were associated with humorous immune response. After false alleles
with low frequency were excluded, 402 SNPs were obtained. The SNPs, like the
genes of major bovine histocompatibility complex (Bola), were mostly located on
chromosome 23. So the study of dairy cattle shows numerous SNPs associated
with varying capability to produce antibodies, which allows use of this trait in
animal breeding.

Many chronic autoimmune diseases may be due to changes in the genes of
immune response. Lab based technology was used to characterize in vitro the im-
mune response as related to dairy cattle phenotypes including in vivo immune re-
sponse phenotyping [33, 34]. Blood lymphocytes of cows different in the strength
of immune response were stimulated with concanavalin A to study protein synthe-
sis and gene expression. Production of interleukine 4 (IL-4), IFNy and IFNG gene
expression were higher in animals classified as high responders compared to those
of low immune status. However the responders did not differ in a number of other
traits studied. The authors concluded that the distinct cytokine profiles could be
used to define disease resistance phenotypes. The laboratory tests are expected to
select animals for immune reactivity in order to reduce incidence and severity of
diseases.

Like immune-related QTLs, genes of effector proteins, e.g. cytokines, an-
tiviral interferon, involved in the control of immune mechanisms against certain
pathogen may be also mapped.

It was shown that tolerance of mice to infection caused by Francisella tu-
larensis subsp. holarctica is due to emergence of CD69 molecules at surface of
T-helpers and synthesis of IFNy and IL-17 by splenocytes [35]. HLA-DR
(human leukocyte antigen), the late activation marker, appears on the surface of
T-helpers (CD69+ and CD45R0O++) and cytotoxic lymphocytes under the effect of
F1 capsular antigen of Yersinia pestis at immunization with a live pestiferous
vaccine [36]. Specificities of activation of T and B lymphocytes, expression of
their surface markers and synthesis of cytokines as influenced by specific Y. pestis
and F. tularensis antigens are reported [37]. The effects of recombinant producers



of capsular F1 Y. pestis KM 277 antigen, the purified product (F1), chemical
pestiferous vaccine and protective antigenic complexes of various tularemia agent
sub-species on expression of Toll-like receptors 2 and 4 were compared [38].
Recombinant Y. pestis KM 277 strain, the capsular F1 antigen, and the chemical
vaccine increased mRNA TLR2 expression during the first hours after injection
with further enhanced cell proliferation in thymus and spleen resulting in high
protective immunity.

Spontaneous production of interferon IFNy (Th1 T-helper sub-population
marker) and interleukin 4 (IL-4) (Th2 T-helper sub-population marker) in blood
cell cultures and mixed population of lymphocytes, as well as blood levels of
immunoglobulins IgG, IgM, IgA, IgE against capsular F1 antigen were com-
pared to those induced with conconavalin A or antigen of inactivated pestiferous
bacteria. The data showed functional activity of Thl and Th2 cells (production
of IFNy and IL-4) after vaccination [38]. Receptors for IgM which in various
periods of ontogenesis is present in cattle blood in soluble and bound forms are
described. Qualitative changes in populations of animal cells bearing the receptor
proteins IgSF [39], as well as functions of IgSF [40] are described.

TLRs are decisive in genetic immunity against many pathogens [41].
Each TLR identifies certain pathogen and participates in signal transfer to initi-
ate the immune response. The mammals have 13 TLRs (from TLRI to TLR13)
specifically linking the ligands. Number of TLRs varies in different animal spe-
cies. Toll-like receptors operate in many cell types, including macrophages, anti-
gen-presenting dendritic cells, keratinocytes, and sperm cells. TLR1, TLR2,
TLR4, TLRS, TLR6, and TLR10 on cell membrane recognize molecules specific
for pathogens (except for the nucleic acids), while intracellular TLR3, TLR7,
TLRS, and TLR9 identify nucleic acids. TLRs are relatively big proteins. Por-
cine surface and intracellular TLRs consist of 785-856 and 905-1050 amino ac-
ids, respectively. A system of TLRs on cell membranes is polymorphous that
allows recognition of more pathogens. Pigs have 10 TLR genes which are
mapped on chromosomes 1, 8, 10, 13, 15, and X. Genetic and functional tests
revealed several missence-SNPs in porcine 7LR genes. TLRI, TLRS5 and TLR6
are involved in production of antibodies after vaccination against Actinobacillus
pleuropneumoniae [42]. TLRZ2 is associated with frequent pneumonias caused by
Mpycoplasma hyopneumoniae [43], TLRS is associated with expression of 1L-2, IL-
10 in mononuclear cells of peripheral blood [44]. SNPs in TLR2 and TLR5
cause the amino acid replacements related to differential response to Salmonella
enteric [45]. Out of 10 of porcine TLS genes, TLR4 is more frequent. SNPs in
TLR4 are reliably associated with changed transcriptional activity of interferon
genes, tumor necrosis factor, interleukins 1L-2, IL-4, IL-6, and with lung injuries
[46]. In addition, SNPs in TLR4 correlate with the ability of pigs to become
agents of infection because of the pathogen in feces [47]. Both humoral and cellu-
lar immune responses are effective in African swine fever [48].

Double intramuscular injections of the experimentally inactivated vaccines
in chicks against the respiratory mycoplasmosis activate T-helper sub-populations
soon after vaccination. Herewith, number of CD4+ T-helpers reaches the maxi-
mum values on day 21 [49]. Both histocompatibility gene clusters, MHC-B and
MHC-Y, in chicks are located as separate haplotypes [50]. Although many genes
of MHC-B are polymorphous, and the system itself is polygenous, the role of
only some MHC-B loci is documented, and in most cases associations between
MHC-B and disease tolerance are determined only at haplotype level [51]. BGI
locus has quiet significant effect on development of Marek’s disease [52]. Rela-
tionship between the genes of MHC-Y cluster discovered recently, and the dis-
ease tolerance is established [53]. Several poultry lines inbred for MHC-B, in-



cluding congenic White Leghorn lines, were produced to study the relationships
between the MHC-B haplotypes and tolerance to infectious diseases. Haplotypes
MHC-B were primarily identified by hemagglutination. Haplotypes including BG
and BF loci were found among homozygotic families [54]. Recently, large-scale
sequencing of MHC-B area of 59 kbps confirmed the differences between 14
standard haplotypes. It was proven that mutations, recombinations, and gene
conversions have contributed to variation of MHC-B haplotypes [55]. For more
accurate differentiation of MHC-B types in several chicken breeds and popula-
tions, 101 SNPs were revealed in the main area sequence (GenBank AB268588)
containing 45 genes most part of which is involved in control of innate and
adaptive immunity.

TLRs participate in activation of macrophages in mammals. TLRI5 ex-
pression in birds significantly increases at stimulation by both intact and heat- or
formalin-inactivated Salmonella enterica, Escherichia coli, and Enterococcus galli-
narum, but does not depend on known TLR agonists and Rhodococcus equi [56].
These observations show that several TLR agonists are not ligands of TRLI15,
which is responsible for recognition of specific gram-negative and gram-positive
bacteria causing diseases in chickens.

Crosses of animals with different immune responses to detect QTLs de-
fining such differences may serve an example of functional genomics methods
in immune response studies. With the same purpose, the expression of thou-
sands of genes before and after the infection is estimated with oligonucleotide
chips via differentiation of the effects for specific antigens [57]. Interpretation of
QTL effects is challenged since QTLs are big in size and may contain hundreds
of potential candidate genes. Use of microchips allows identification of a large
number of differentially manifesting genes, but, unfortunately, does not explain
the specificity of their relationships. Cis- and trans-regulation of gene expression
initiation still remains a challenge in studying genes operation in a QTL.

Recovery also depends on the effectiveness of immune response [5§],
and, thus, identification of genes affecting the immune functions may help to
identify animals with different recovery speed. The inherited immune character-
istics are related to immune-reactive QTL. Thus, the inherited traits, i.e. portion
of immunity-related blood cell types and quantity of blood antibodies, are ex-
pressed.

T-regulatory cells (Treg), a small sub-population of T-lymphocytes, play
an important role in the immune response modulation [59]. Suppressive activity
of Treg may have adverse effects. At the same time, these cells are involved in
tolerance to own antigens and suppression of autoimmunity in hemotransfu-
sion. This phenomenon gives new perspectives for immune therapy of autoim-
mune diseases and better acceptance of homotransplants. Data on cellular and
molecular mechanisms of immune processes in oncopathologies showed an
important controlling and balancing effect of Treg family on the immune sys-
tem [60]. Molecular and genetic specificities of peripheral Treg cells, micro
environmental impact on their differentiation and activity, family self-regulation
by nTregs, immune aspects of peripheral tolerance and immune therapy of on-
cological diseases are now key issues for experiments and clinical tests. Studying
mechanisms of immune activation and regulation by naive T-cells, memory T-
cells, MHC molecules, and signal proteins will contribute to a progress in anti-
tumor vaccine therapy. Peripheral tolerance, i.e. suppression of potentially auto-
reactive T-and B-cells in peripheral tissues, and participation of Tregs in toler-
ance formation in malignant tumor are studied [61]. Seven Treg family members
differing in immune phenotype and functional characteristics are described [62].
Flow cytometry was used to divide cytotoxic peripheral blood T-lymphocytes



into sub-populations (CD27+, CD28+, CD45RA+, and CD62L+) [64]. This
method was also helpful at identification of CD3+CD8+ lymphocyte population
during differentiation [63].

Thus, causative mutations and the candidate genes involved in animal
immune function are associated with single nucleotide polymorphisms (SNPs)
both in QTLs and the candidate genes themselves. Research results evidence on
the presence of the key SNPs associated with strong and weak immune response.
This data allows calculation of animal breeding value estimates for disease toler-
ance. Immune responses are usually under control of many genes with various
phenotypic effects and under the significant effect of environment. Study of toler-
ance genes, causal mutations, and molecular markers gives the approach to disease
diagnosis, prevention, and treatment at molecular and genetic level. The use of
genetically determined characteristics of immune response together with other
breeding value estimates will reduce disease incidence and severity in animals.
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Abstract

Pestiviruses are an important cause of economic losses in the dairy and beef industry.
Diseases caused by them are common around the world with varying prevalence associated with
the features of regional strategy of livestock including in Russia (A.G. Glotov et al., 2002;
M.I. Gulyukin et al., 2013; J.F. Ridpath, 2010). The bovine viral diarrhea virus is considered as a
prototype member of the genus Pestivirus, Flaviviridae family. Two distinct viruses designated as
BVDVI1 and BVDV2 cause the disease in cattle. A candidate member of the genus is BVDV3, the
atypical and not classified pestivirus which shows high similarity to BVDV1 and BVDV2. The
BVDV3 presence in the cattle population can compromise BVDV control or eradication (F.V.
Bauermann, 2013). This virus requires special attention. BVDV was isolated from commercial lots
of fetal bovine serum used for cell culture and biologicals, and is dangerous because of possible
spread to new regions (H. Schirrmeier et al., 2004). Viruses of this genus are contaminants of fetal
serum, continuous cell line cultures, human and animal vaccines, interferons, trypsin, embryos,
stem cells, etc. (B. Makoschey et al., 2003; S.Q. Zhang et al., 2014). Because of globalization and
rapid development of cell biotechnology in veterinary and human medicine, the demand for fetal
bovine serum, which is a by-product of beef industry, is annually increasing (G. Gstraunthaler et
al., 2013). OIE has established product quality standards and regulations according to which all
the cell cultures intended to use must be tested for the absence of the virus and its RNA in some
passages. Blood serum including fetal serum must be free of the virus and also of the specific anti-
bodies thereto (OIE, 2015). These requirements should also apply to BVDV3. The lack of fetal
bovine serum production in Russia creates the possible risk of lots from foreign manufacturers of
questionable quality. Special scholar publications report on cases of contamination of different cell
cultures and sera by noncytopathic BVDYV strains in Russia (S.V. Alekseenkova et al., 2013). The
live vaccines prepared using low-quality raw materials can be a potential source of virus for sus-
ceptible animals, and contaminated diagnostic antigens can cause false results of the study.
Thence, more strict control is extremely important to prevent biological contamination of vaccines
and other biologicals.

Keywords: pestiviruses, cattle, bovine viral diarrhea viruses, atypical pestivirus, fetal bovine
serum, contamination

Pestiviruses are an important cause of economic losses in the dairy and
beef industry. Diseases caused by them are common around the world, including
Russia, with varying prevalence associated with the regional features of the cattle
breeding strategy [1-3]. Viral diarrhea is caused by mucous membrane diseases in
the bovine animals (BYDV — Bovine Viral Diarrhea Virus) and is considered to
be a prototype member of the genus Pestivirus (Flaviviridae) family. Two distinct
viruses designated as BVDV1 and BVDV2 cause the disease in bovine animals.
The first one is common all over the world (recently, 21 subtypes — from 1la to
lu — are described) [4-7], and the second one is characterized by the limited



spread, in particularly, in USA and Canada [8, 9], South America (Brazil, Uru-
guay) [10, 11], in several European countries (Germany, Slovakia, Italy) [12-
14], Asia (South Korea, Japan) [15, 16], and Mongolia [17]. The BVDV2 is di-
vided into five subtypes (from 2a to 2e) [18]. A candidate member of the genus
is a non-officially classified virus having several names (BVDV3, Hobi-like pes-
tivirus, an atypical pestivirus) and showing high similarity to BVDVI1 and
BVDV2. The BVDV3 presence in the cattle population can significantly mitigate
the effectiveness of BVDV control and pathogen eradication. The BVDV3 was
for the first time secreted in 2004 from the fetal calf serum made in Brazil [21],
and in furtherance was found in bovine animals in South America [22], Asia
[23-25] and Europe [26, 27]. Representatives of Pestivirus genus are known as
serum contaminants, continuous cell culture lines, vaccines for medical and vet-
erinary purposes, interferon, trypsin, and other medicines for biotechnical re-
searches and techniques, embryos, stem cells, etc. [19, 20]. Although BVDV as a
biological product contaminant is well known since 1960s [28], role of the atypi-
cal virus is elucidated to a lesser extent.

Specific feature of the studied virus group is its ability to cause persistent
fetal infection by only non-cytopathogenic biotype. Fetal infection takes place
on day 40-125 of intrauterine growth, when fetal immune system is not formed
yet [1]. It results in birth of immune tolerant calves serving as persistent source
of pathogen for non-immune animals. Concentration of virus in blood of such
individuals is high starting from the intrauterine growth, and they produce it
during the entire life with all discharges and excreta. No specific antibodies are
produced in persistently infected animals [3].

We have summarized information on contamination by fetal bovine serum
(FBS) pestivirus. This fact should be accounted for due to the threat of pestivirus
spread with the lots of imported FBSs, especially due to the growth of FBS con-
sumption in cell technologies, biotechnology, pharmaceutics, and medicine.

Fetal serum. FBS is the most known and widely used additive to
breeding grounds for initiation and increase of cell culture growth speed in
mammals due to high concentration of biological substances in fetal blood [28].
There are still no other universal and effective cell growth stimulators. FBS is a
natural mixture of factors required for cell sticking in substrata, their active
growth, and proliferation [29]. In Russian scholar publications FBS is called a
fetal calf serum, however during the last years such term was revised by several
authors since serum is not produced in embryo period, but rather in the later fe-
tal period.

The serum is produced in aseptic conditions from the fetal blood of ran-
domly selected pregnant beef cows meant for slaughter [29]. Since animals of
both sexes are freely pastured together in large-size fleets, cows often become
pregnant. Cows are specially settled for production of fetal serum in Hungary,
Baltic States, and, possibly, Czech Republic [30]. Usually, biomaterial is a 6-
month foetus, but in fact foetus aged 3-months may be used. Usually, blood is
collected by cardiocentesis, while in Uruguay, Brazil, and Australia blood in col-
lected by centesis of umbilical or jugular vein [30]. Each lot of commercial fetal
serum includes the material collected from different farms. As a result, the entire
lot may be contaminated if it contains serum of infected animals [31].

The highest demand for FBS is in USA and Europe, where the largest
share of FBS is produced, however, with the use of raw material supplied by
Brazil, Argentina, Central America states, South Africa, Australia, and New
Zealand [28]. Main exporters of finished products for cell culture at production
of vaccines and preparations are USA, New Zealand, and Australia. Serum for
research purposes is mainly supplied from the South America, South Africa, and



Brazil. Thus, in 2007 Brazil was the second beef meat producing and exporting
country. Consequently, during the year 70 % of serum used in the European
medical industry was from Brazil [32].

FBS market. Cell cultures are widely used in biopharmaceutical industry,
growth of which, in its turn, promotes FBS production and sales. Since 2013 bi-
opharmaceuticals became the largest and, according to forecasts, rapidly growing
segment of cell culture market [33]. It is expected that by 2019 the global market
of the cell culture based products (culture medium, serum, and reagents) in bio-
technology, pharmacy, and medicine would grow by up to USD 4.1 billion [34].
Due to studies of human stem cells and their use for treatment of various mal-
functions, it is expected that the market of products for cell cultures will grow up
to USD 14.8 billion by 2019 (as compared to 2014, when such market volume
comprised USD 6.0 billion) [35]. Nearly 500000 1 of fetal bovine serum is pro-
duced annually all over the world requiring up to 1000000 calves. FBS sales
grow [28], while the entire market is under control of several producers. For in-
stance, in 2014 it was three American companies, the Thermo Fisher Scientific,
Life Technologies Co. and Sigma-Aldrich, the aggregate share of sales of which
comprised 80 %; buyers were mainly large biopharmaceutical companies. The
first two of the above-listed firms accounts to 60 % of FBS market in USA and
in the world [30].

In this context, it is important that FBS buyers around the world have
reviewed their relations with the suppliers and have determined the strategy to
lower the risks of possible FBS contamination by endotoxins, mycoplasmas,
PrPsc, and viruses (in particular, pestiviruses) accounting for the qualitative and
quantitative, geographic, and seasonal changes in FBS lots [36]. Regardless of
the fact that veterinary specialists during studies select foetus only from animals
suitable for human consumption, it is widely known that FBS is a potential
source of many viruses. FBS contamination by bovine pestiviruses is known since
1960s, provided that BVDV is most prevalent due to its ability to trans-placental
transmission with further persistence in immunologically immature foetus [37].
Due to the risk of virus contamination, it was strongly recommended to inactivate
serum in addition to the direct virus testing with the use of validated and effective
methods [38]. However, in recent years persistence of contamination was reported
even after the recommended procedures.

To ensure FBS quality, representative samples of the unified lots are
usually tested for sterility (bacteria, fungus), endotoxins, immunoglobulins, vi-
ruses, biochemical values and electrophoretic profiles. Afterwards, it is sterilized
by filtration and may be treated by y-rays or high temperatures. These proce-
dures, as well as ultimate freezing, ensure the additional risk-free safety [39].
Premium quality values of FBS are low concentration of immunoglobulin, ab-
sence of viruses, and endotoxins. However, serum lots not always pass necessary
testing or it is insufficiently effective. Following the protocol that combined cell
culture method and detection of RNA pestiviruses, B. Makoschey at al. [37] had
shown that 4 of 7 FBS lots were contaminated by infectious BVDV1 of non-
cytopathogenic biotype.

H. Xia at al. [40], for the first time having demonstrated the contamina-
tion of commercial FBS of different geographic origin not only by BVDVI1 and
BVDV2, but also by the emergent BVDV3, had suggested that such viruses are
much more widely spread than it was earlier assumed. Analysis of 33 FBS lots
from 10 producers by reverse transcription polymerase chain reaction (RT-PCR)
allowed detecting BVDVI1 in 29 lots from 11 countries, BVDV2 in 11 lots from
South America, and BVDV3 in 13 lots from America, Australia, Brazil, Canada,
and Mexico. S.Q. Zhang at al. [31] had established that Chinese FBS medicines



from different regions of the country were contaminated by minimum one type of
pestivirus (including BVDV1 and BVDV2).

BVDV3 virus. Although the origin and emergent properties of HoBi-like-
virus are unknown, according to one of the hypothesis it originates from the
South America, from where it was spread to other countries and other conti-
nents with contaminated biological products, such as fetal serum and vaccines
[23]. As per F.V. Bauermann at al. [41], over 30 % FBS lots from the South
America tested in the Europe were contaminated by such virus.

After PCR analysis of 26 archival FBS lots (years 1992-2013), having
passed filtration and y-raying [27], all of them was found to contain minimum
one type of bovine pestivirus. BVDV1 was in 2 lots, BVDV2 was in 10 lots, and
HoBi-like-virus was in 15 lots. Seven lots were produced in the South America,
one lot was from Australia, and 7 lots had undefined origin. Based on results of
philogenetic analysis, the identified virus was referred to the Brazil group. This
virus was brought in Italy with FBS [2]

Upon examination of 90 series of commercial serum made in USA and
pre-packed in Europe, the authors have reported that no virus was found and,
thus, have concluded on no cross-country circulation thereof [42]. Nevertheless,
part of lots contained BVDV: BVDV1 was found in 19 and BVDV2 was found
in one lot out of 20 positive series based on results of the phylogenic analysis.
Such fact implies the contamination possibility of FBS marked as US product,
provided pre-sales treatment and packing, as well as probability of improper
marking following such treatment and mixture with samples from other geo-
graphical regions of the world. It is alarming since lots marked as made in USA
or Australia are present at FBS market, i.e. in countries, which according to the
official data are free from the atypical bovine pestivirus.

Spread of atypical bovine pestivirus (as apart from BVDV1 and BVDV?2)
is possibly limited by several regions. As it was noted before, Hobi-like-virus was
primarily secreted and characterized in 2004 in Germany by analysis of FBS Ilot
collected in Brazil and pre-packed in Europe [21]. Isolate called D32/00 ‘HoBi’
was considered to be prototype for the Brazil group of pestiviruses. Afterwards,
several authors have identified its genetically varying subtypes with regional spread,
in particular Thai subtype [42]. Afterwards, it was hypothesized on existence of the
third, Indian group of strains [25]. There is an assumption on existence of the
fourth group of virus secreted outside the Indian region, in particular in Italy [27].
Therefore, four genetic groups of BVDV3 (3a-d) are recently identified.

Available data confirm the need for constant updating and advancing the
bovine virus identification methods, and for development of the rules of interna-
tional trade in FBS and animals. In the past years, several technologies for low-
ering the quantity or inactivation of FBS viruses were tested. According to the
Directive of the European Medicines Agency (EMEA), United Kingdom,
BVDYV was included in the list of viruses which could be used for quality veri-
fication of the inactivation procedure [30]. Impulse treatment of FBS by UV
rays with wave length of 355 and 266 um has a good effect [43]. In this re-
spect, a device to perform 14 minute treatment with red LED (Light Emitting
Diode, A = 627 um) and methylene blue in ultimate concentration of 1 pm effec-
tive against BVDV are proposed for use [41]. Nevertheless, risk of FBS contami-
nation by pestiviruses remains real, and even weak contamination upon use of
FBS as an additive to growing medium may result in infection of the cell cul-
tures [30].

FBS use. Because of high FBS contamination by viruses, it is impossi-
ble to exclude the use of its virus-containing lots in large-scale production of
vaccines [37]. Therefore, the virus must be inactivated in each lot under strict



control of the effectiveness of the procedure by laboratory tests. To this end,
guidelines and rules of inactivation methods and relevant tests were developed.
Recently, EME rules, which are applicable to production of medicines for veter-
inary and medicinal purposes, presuppose compulsory treatment by the approved
methods [38]. BVDYV test shall be one of the primary contamination assessment
methods before and after the inactivation of virus. The ultimate lot of medicine
shall be free from virus and antibodies [30].

Upon use of FBS in production of veterinary medicines, virus identifica-
tion protocol presupposes at least three transits in sensitive cell culture and im-
munohistochemistry analysis with referent anti-BVDV monospecific antiserum
(polyclonal or containing the pool of monoclonal antibodies). If virus is detected,
titrating from the serum lot is performed to confirm that concentration of virus is
sufficient for control of the performed inactivation with the use of validated tests
and does not exceed 103-10°® TCDsy/ml. Moreover, for testing purposes, it is pro-
posed to use PCR with electrophoretic separation of products and in real time
mode. Sensitivity and specificity of additional methods shall not be less than in
standard tests. Besides, the producer shall be able to determine whether the de-
tected RNA is infected. There is also a directive presupposing the methodology
which should be used at suspicion to contamination of the finished serum lot by
nuclein acids of virus [30] to identify whether virus infection factors are encoded
by such consequences. To this end, double testing involving detection of virus by
PCR (predominantly by semi-quantitative with internal control) and detection of
contamination by virus in other tests are applied. Only laboratory tests are used
upon identification of viral contamination of the live vaccines. To this end, the
end product is inoculated in sensitive cells with conduction of at least three blind
passages with further immunoperoxidase painting of monolayer, as well as by test-
ing by immunofluorescence or PCR methods. In case of negative test results in
vitro with confirmation thereof in PCR, no in vivo test is conducted, save for the
exclusive circumstances.

Production of biological preparations for medical detection of virus re-
quires methods to effectively detect both virus biotypes. Besides, immunofluores-
cent staining of cell culture monolayer with fluorescein-tagged antibodies (FA) is
recommended. Direct PCR method is deemed to be less suitable for detection of
infectious virus. At detection of contamination, it is estimated by quantitative
methods (value shall be less that the established value for virus inactivation by
valid methods). Upon detection of BVDV, serum shall be repeatedly tested with
continued treatments until the negative result.

Cows used as donors of biomaterial for FBS production, shall be clearly
established, and their state shall be fixed subject to EMEA regulations [37]. It is
not recommended to carry out vaccination in such herds for prevention of any
influence of post-vaccination antibodies.

Regardless of the numerous attempts to govern FBS safety, falsifications
of products, from which honest suppliers and large number of serum consumers
have suffered, take place [36]. From 2003 to 2011 one firm added bovine serum
albumin, water and growth additives to FBS made in USA. Some lots of such
serum (143 series, 280000 1) could be still sold around the world under other
trademarks or trade names. In this regard, it is suggested that FBS market is not
governed quiet effectively and falsification remains possible [28]. In this case, in
addition to improper medicine composition, the producer could not be identi-
fied. Falsified product may contain BSA of mature animals from USA and/or
mixture of fetal serum obtained from other sources in Canada, Argentina, Brazil,
or Mexico. This recently reported illegal practice may significantly influence on
the results and validity of scientific tests with cell and tissues cultures [28] and dis-



credit the global FBS market [30]. An issue of falsification of the geographical
origin of FBS deserves special attention. As early as in 1994, it was reported on
the sale of nearly 30000 I of serum from New Zealand around the world, however
according to the official data only 15000 1 of high quality products were annually
prepared in this country [43]. Accordingly, the consumer may get a product,
which by its geographical origin is not compliant with the official requirements
and is produced in the region where infection status of donor fleets is less favor-
able and value of FBS is far lower [30].

It was suggested that several companies allow mixing the serum during
production and transportation [40]. It results in breach of the equipment clean-
ing regulation or in infected lot among the lots from different producers. Moreo-
ver, FBS lots may be erroneously tagged by the country of origin different from
the real one [39].

To ensure quality, it is necessary to take special care at confirmation of
validity of the supplier information and to exercise duly care at operation with
all suppliers of the preparation. Qualitative supply means that all values, includ-
ing the history of origin, shall be properly documented, fully transparent, and
confirmed by an independent auditor. Besides, other important information shall
be also available. For instance, at detection of virus tests results depend on the
inoculate volume, used cell culture line, number of passages, specificity of anti-
bodies used in immunofluorescence test, correct selection of primers or probes
for RT-PCR. It is also useful to indicate virus detection threshold in commonly
used international units (for instance, number of infected particles or genome
copies).

World Organization for Animal Health (OIE, France) issues a clear
regulation subject to which all cell cultures prior to the targeted use shall be test-
ed for BVDV in several passages. Blood serum, including fetal serum, shall be
free from viruses, and also from specific antibodies [46, 47]. Nevertheless, cases
of cell culture and serum contamination by BVDYV strains of non-cytopathogenic
type were described in Russia [48-50]. As a result, cultural live vaccines may be-
come a source of viruses for sensible animals, and contaminated diagnostic anti-
bodies may be a reason of invalid test results. Therefore, improved control aimed
at prevention of biological contamination is highly important in production of
vaccines and other biologicals [48].

Thus, because of globalization and modern cell biotechnologies in veter-
inary and medicine, a demand for fetal bovine serum (FBS) is annually in-
creased. FBS contamination is still relevant and results from the increased de-
mand, availability of unfair producers and sellers, incompliant marking of the
products and lack of the unified FBS control methodology. In the extension of
FBS market, existence of atypical pestiviruses requires special attention. They have
been detected in the commercial blood serum pools used for cell culture and pro-
duction of biological medicines, and represent a hazard due to ability to spread in
new regions. Lack of FBS production in Russia opens the way for doubtful goods
quality from unreliable manufacturers.
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Abstract

Alfalfa dry matter is characterized by the less content of sugar, celluloses and hemicellu-
loses and more quantity of pectin in comparison to grasses (P. Mc-Donald et al., 1970). The high
level of pectin provides increased rate of feed fermentation in a rumen (E.F. Annison, et al.,
1962). This leads to improved assimilation of alfalfa silage dry matter by cattle, despite the low
energy level unlike to cereal grasses silage (M. Grabov, 2016). As a result, the nutrients intake and
productivity of cows increase. However, there are some particularities in qualitative alfalfa silage-
and haylage-making, such as absence of abundant Enferobacteriaceae bacteria on the alfalfa plants
(R.A. Shurchno et al., 2008), unlike cereal grasses (Yu.A. Pobednov et al., 2015). Thereof the basic
kind of alfalfa silage and haylage spoilage is butyric (putrid) fermentation. With due regard to this
fact, the main principle of alfalfa conservation is based on the known rule of G.W. Wieringa (1963),
which tells about increasing of clostridium bacteria sensitivity to active acidity (pH) of feed when
dry matter content in plants rises. This allows providing feed preservation under significantly high-
er pH, than at ensiling the freshly-cut mass (F. Weissbach, 2012). However, fodder must reach fast
acidification with determined pH value to eliminate a butyric fermentation at each dry matter con-
tent. But this condition especially difficult for performance at alfalfa ensiling, because plants contain
much weak-bound water even at 35 % dry matter content, in contrast to cereal grasses and red clo-
ver. At weak acidification, it can lead to intensive proteolysis (X.S. Guo et al., 2012) with ammonia
accumulation and an increase in buffer capacity of feed. As a result, pH of alfalfa silage does not
decline to necessary level for elimination the clostridium bacteria growth during the long period and
it causes to accumulation a butyric acid and the products of putrid decay of the proteins. It is possi-
ble to reduce the intensity of proteolysis by increased feed acidification with addition of liquid organ-
ic acids or inoculants of lactic acid bacteria combined with sugar. Another way is ensiling of alfalfa
wilted to > 40 % dry matter content followed by application of the lactic acid bacteria-based inocu-
lants. At this level of dehydration, the content of sugar in dry matter increases 1.6 times (Yu.A.
Pobednov et al., 2016), and addition of the bacterial inoculants leads to increasing a degree of feed
acidification as well as storage and feed-out stability (F. Weissbach, 2012). Application of enzymes in
ensiling alfalfa wilted to > 40 % dry matter is one more advanced method of this forage crop conser-
vation (A.A. Anisimov, 2006). Another effective approach of alfalfa silage-making is using enzyme
additives combined with lactic acid bacteria (M. Grabov, 2016).

Keywords: alfalfa, proteolysis, dry matter content, acidification, lactic acid bacteria-based
inoculants, enzymes, silage quality

Animals fed with poor silage experience deficit of nutritious matter,
which negatively affects their productivity, health, meat and milk production [1].
The problem with production of the high quality feed is particularly acute at
procurement of silage and haylage from alfalfa. It is more often applied in the
agricultural practice since for many farming units production of the feed with
content of up to 22 % raw protein in dry matter (DM) is a real way to increase
the economic stability [2]. Besides high levels of raw protein, alfalfa is character-
ized by the less content of pectin, as well as presence of special structured fiber
[3]. High pectin fermentation results in accelerated alfalfa fermentation in a ru-



men. Thus, digestibility of pectin and pectin acid in sheep reaches 90 % [4].
Alfalfa does not follow the known rule that animal consumption of bulky feed
dry matter correlates to its nutrient value. Nutritional value of the dry matter
in the diet with alfalfa silage is less that in the diet with grass silage (6.9 vs.
7.1 mJ/kg for net energy of lactation), however its daily consumption by cows is
higher, 22.1-23.2 and 20.3-21.2 kg [5]. This results in increased consumption of
nutrients and animal productivity.

At the same time, high content of raw protein in alfalfa is often associat-
ed with its main unfavorable technological attribute of a non-silage culture [6].
Having compared buffering capacity of various plant species containing raw pro-
tein, calcium, and magnesium, the researchers have found that the richer the
plants in the said compounds, the higher their buffer capacity [7]. However, it is
mineral compounds, and not the nitrogenous matter, that play the main role in
improvement of buffer capacity. Alfalfa is rich in mineral substances with ex-
pressed properties of bases [8, 9]. High buffer capacity of alfalfa entails accumu-
lation of significantly larger quantity of lactic acid than it is required for acidifi-
cation of grasses and clover, which in the context of sugar deficit is hard to en-
sure at regular silage making even in sun-cured form. This fact increases the in-
terest in use of lactobacillus medicines at alfalfa silage making.

Sugar deficit and buffer capacity of the biomass leads to necessity for
sun-wilting of alfalfa up to > 45 % of DM (10). Chemical content of plants may
be improved by their wilting in mowing. Thus, after 6-hour mowing of alfalfa up
to 35.1 % of DM, amount of sugars increased 1.3 times from 4.82 to 6.24 %
[11]. Simultaneously, sugar-buffer ratio to cured mass increased from 1.0 to 1.4.
Consequently, rapid dehydration of alfalfa provides transferring thereof from the
category of non-ensilaging plants to the category of hardly-ensilaging plants.
However, in alfalfa, unlike the clover and grasses, the procedure has no detecta-
ble effect on ensilaging results [12].

Earlier it was erroneously suggested than plants cured up to > 35 % DM
are successfully ensilaged regardless of sugar content in them [13]. This sugges-
tion still does not have an experimental confirmation [14, 15]. The concept of
silage capacity of vegetable feed should also be clarified. In Russia it is still asso-
ciated with chemical composition of the ensilaged mass and with misconception
that wilting to up to 40 % DM does not have negative effect on the intensity of
lactic-acid fermentation [16]. Meanwhile, even poor wilting up to 30 % DM
noticeably retains development of lactobacillus resulting in slowing down the
speed of feed acidification and, consequently, occurrence of the negative micro-
biological processes in the feed [15]. Nature of the later is totally dependent on
the plant species and the extent of wilting. Because of that, even high concentra-
tion of sugar in cured grasses does not warrant production of high quality silage.

Ensilaging also depends on the factors that promote the plant ability to
rapid and quiet strong acidification. The most important of them is quantitative
and qualitative composition of epiphytic microflora. It is usually favorable at en-
silaging of maize, 1 g of which at the middle dough stage contains > 10> CFU of
lactobacillus [7]. In the above count they are represented by only highly active
hormone-enzyme Lactobacillus plantarum [17] well-adapted to bulk fermentation
with relatively high content of dry matter. Silage from the chopped maize, re-
gardless of the significant DM content, is rapidly acidified at the middle dough
stage to active acidity (pH) < 4.2 that depresses development of all unfavorable
bacterium. In perennial herbs, mainly alfalfa, the composition of epiphytic mi-
crobes association is often unfavorable [18], but determines not only the domi-
nant type of feed damage, but also ways to avoid spoiling. It is established [19]
that alfalfa is not characterized by the presence on coli group usual in large



number in grasses [17]. Mainly, alfalfa silage is damaged due to butyric (septic)
fermentation [15]. It leads to the main conservation principle of alfalfa (rule of
G.W. Wieringa) that is based on a fact that Clostridia sensitivity to feed acidity
significantly increases along with increase of the dry matter in the green biomass
[20]. It allows production of the oil acid free silage from the cured alfalfa at sig-
nificantly higher pH as compared to ensilaging of new-mown grasses.

It should be noted that such rule applies only to ensilaging of high-
protein leguminoze grasses, but becomes fully irrelevant at use of sugar-
contained cured grasses with other composition of epiphytic microbial flora
requiring application of other conservation methods. As apart from the high-
protein leguminoze grasses, butyric fermentation is often neither eliminated,
nor becomes more manifested (secondary fermentation) in ensilaging of grasses
in cured form [14, 15]. This is due to intensive development of coli forms —
enterobacterium against the background of slow feed acidification. Enterobac-
teria, because of ineffective sugar fermentation in grasses, lead to sugar deficit
in the ensilaged mass and the butyric fermentation. Not only Clostridia, but
also enterobacterium shall be suppressed to stop the butyric fermentation in the
silage from cured grasses. Regardless of the wilting extent, grasses shall be
acidified to pH < 4.3 for 3 days [21] to exclude growth of enterobacteria. Ac-
counting for the limited lactobacillus fermentation at beginning of ensilaging,
the required acidification speed and extent may be achieved only with addition
of osmotolerant lactobacillus strains. In lack of them, even easily ensilaging
grasses cured up to > 30 % DM are not such in fact [22]. Thus, in the global
practice the term “fermentability” is recently used in lieu of “ensilage capaci-
ty” [23], the term that is based on the chemical composition of plants and de-
fines their potential ability to acidification.

Note that the rule of G.W. Wieringa [20] is not fully correct for alfalfa.
According to the rule, it could be concluded [7] that at sugar-buffer ratio of 0.5-
10 the alfalfa shall be cured up to 37-41 % DM. However, it is impossible to
produce qualitative feed from alfalfa by spontaneous ensilaging, provided such
quantity of dry matter. Green alfalfa mass rich in protein and pectin contains a
lot of poorly bound water [24]. Because of acidification delay, plant protein-
egrading enzymes remain highly active for a long time [25]. During the first 2
days of ensilaging, proteolysis in alfalfa comprises 25 umol of amino acids/h per
1 kg of DM [26]. Wilting up to 35 % DM does not reduce activity thereof. It
should be highlighted that protein of clover and grasses is hydrolyzed during en-
silaging to significantly lesser extent that alfalfa protein [27].

Due to the rapid sugar consumption, amino acids are subjected to oxida-
tive de-amination with high ammonium production [28] that improves buffer
capacity of feed in ensilaging. Otherwise, alfalfa, which due to preliminary wilt-
ing acquires the properties of hardly-fermented plants, is again transformed into
the non-ensilaging crop within the first 2 days of ensilaging. That is why alfalfa,
unlike hardly-fermentable perennial grasses and clover, is usually not ensilaged,
but hay-laid by wilting up to > 45 % DM.

It is considered that haylage, as compared to silage, is preserved not due
to active acidification, but due to formation of the physiological dryness in cured
grasses that warrants lack of access of moisture germs contained in the plants
[29, 30]. Besides, even A.A. Zubrilin [31] warned of an obvious mistake to count
only dry matter in the green mass at determination of the extent of development
of this or other micro germ group. It is known that several products, for in-
stance, jelly contains a lot of water, but it is inaccessible for many microbes. Re-
cently, at determination of micro germ development extent, activity of contained
water (Aw). Aw (is expressed in dimensionless units of the scale from 0 to 1) —



is a quantity of non-bound micro germ accessible water in product) is estimated
[32]. Even at 45-50 % DM, Aw in plants does not fall below 0.95 [7], whereas
pH is not standardized only at Aw of no more than 0.85 [33]. It is significantly
lower than it is noted in grasses, even if such grasses are cured up to 60 % DM.
To this end, it could be concluded that wilting of alfalfa up to > 45 % DM is
not only associated with creation of physiological dryness in plants, but also with
the necessity for assurance of the high preservation of feed in the context of
weak acidification. In fact, feed acidification extent and accumulation of the
fermentation acids are standardized at haylaying of the sugar-containing grasses
testified in support of such assumption.

According to G. Pahlow at al. [21], at conservation of sugar-containing
grasses with DM > 45 %, it should be acidified during 3 days to pH < 4.5, and
shall accumulate in the DM of at least 3.5 % acetic acid. The latter is required for
suppression of yeast fungi development, being the main initiators of aerobic dam-
age of haylage when removed from the storage reservoirs [7]. Just like at ensilaging
of cured grasses, it could be achieved only with involvement of lactobacillus.
However, medicines based on the heterofermentative lactobacillus strains should
be used at preparation of haylage from grasses producing, along with the lactic
acid, significant quantity of acetic acid [34]. Accordingly, ensilaging process also
flows in the green mass cured up to > 45 % DM.

Regardless of affiliation with non-ensilaging cultures, alfalfa (at ensilag-
ing in small insulated vessels) in the laboratory tests is preserved for a long
time even in newly mown form without fermentation and damage thereof. It is
explained by presence of the secondary vegetable metabolites with antimicrobi-
al action [35]. It includes several free non-protein amino acids [36], saponines,
many phenol compounds, alkaloids [37] and other compounds. Majority of the
secondary metabolites are cancerogenous and, thus, hazardous to animals [38§].
The role of the secondary vegetable metabolites in preservation of alfalfa silage
is so high that results of the laboratory tests could not be transferred in pro-
duction environment without relevant adjustment. Presence of the secondary
metabolites in alfalfa and other legumetized species is also due to the high aer-
obic stability of produced silage and haylage [35, 39]. However, it is impossible
to preserve alfalfa silage and haylage in production environment without proper
acidification. It is alfalfa inability to acidify during a continuous time to the
extent eliminating development of butyric bacteria mainly causing feed dam-
age. Thus, in one of the lab-based alfalfa ensilaging tests with 39.9 % DM after
3, 7, 15, 30 and 60 days of ensilaging the pH value was 5.85; 5.54; 5.17; 4.85,
and 4.57, respectively [11]. It means that acidification had reached value elim-
inating the butyric fermentation only after 2 months of ensilaging. High preser-
vation ability of feed in the laboratory tests was assured by the secondary vege-
table metabolites; however in the production environment such silage would
have become useless during the said storage term.

To increase the alfalfa fermentation ability, it is required to suppress pro-
teolysis in process of plant dehydration in the field and their further ensilaging.
Such opinion, in particular, is supported by X.S. Guo at al. [40]. In the field it
is achieved by the intensive wilting of alfalfa in mowing (within 2-4 hours after
mowing content of DM in the green mass achieves 35 % and more) [11]. Prote-
olysis intensity at ensilaging may be reduced by fast switching of pH to the limits
of proteolytic enzyme activities [25, 41], which is hard to achieve at spontaneous
fermentation of the cured mass due to its buffer capacity and lack of sugar. The
situation becomes more challenged because the optimal proteolytic pH in alfalfa
is lower than in clover, by 6.0 and 6.5 [42]. It means that alfalfa shall be acidi-
fied faster and more intensively than the clover to avoid proteolysis.



At low alfalfa wilting (< 35 % DM), stability of the feed is ensured only
at its rapid acidification to pH < 4.6, which could not be reached even with the
use of lactobacillus. It is established that administration of lactobacillus medi-
cines at ensilaging of alfalfa (36 % DM) did not result in notable increase of the
feed acidification (pH 4.34-4.40 against 4.42 in regular silage) [43]. Several re-
searchers believe that qualitative silage could be produced at ensilaging of alfalfa
even with the use of lactobacillus biologicals in combination with sugar additives
[44]. However, their results show that such approach relates to significant loss of
nutrient compounds (up to 30 %) and is useless in practice. According to other
data, effect of molasses with lactobacillus medicines on reduction of proteolysis
at ensilaging of alfalfa has been growing with increase of the dry matter content
from 20 to 37 % [45]. Use of molasses had resulted in increase of the acetic acid
in feed that evidences on activation of unfavorable microbial flora.

To elevate sugar content, the cured alfalfa ensilaging with fermentative
additives is considered. Thus, in favorable weather conditions Ferkon fermenta-
tive medicine upon ensilaging of alfalfa cured up to 30 % DM was as effective as
formic acid [46]. However, at detailed analysis, both medicines were ineffective.
Just like at administration of Ferkon, and at introduction of 0.5 % muratic acid,
pH of feed comprised 4.72-4.70 and accumulation of ammonium in dry matter
of silage was 0.43-0.41 %. It means that neither of the used medicines ensured
creation of the active acidification that is able to prevent butyric fermentation.
Upon ensilaging of clover meadow cured to the same content of dry matter and
Ferkon medicine, formic acid, and content of ammonium in the feed compris-
ing accordingly 0.09 and 0.10 %, pH of silage was 4.14 and 4.37. There is a re-
port on the use of common method for satisfactory ensilaging of alfalfa-grass
mixture cured up to 35-40 % DM, with share of alfalfa from 50 to 75 % [47]. At
ensilaging of net alfalfa with Ferkon and formic acid, positive results were ob-
tained only at wilting to up > 40 % DM [12]. In such a case, silage produced in
the production environment is acidified to pH of 4.47 and 4.33, which ensured
its high storage stability.

L. Kung at al. [48] had achieved good results by ensilaging of alfalfa with
the same content of dry matter upon the use of heterofermentative Lactobacillus
buchneri with B-glucanase, a-amilase, xylanase and galactomanase. Such ensilag-
ing (along with better preservation and quality of feed) had resulted in notable in-
crease of its aerobic stability. It was certain [35, 39] that haylage and silage from
the cured legumetized grasses are quiet resistant to aerobic fall, elimination issue
of which arises only at preparation of silage from the maize at middle dough stage
[49, 50], sorgo [51] and haylage from grain crops and grasses [52, 53].

Alfalfa and lactobacillus-based ensilaging technology shall be used since
even in the southern regions of Russia it is often impossible to cure the mass to
the haylage moisture [54] resulting in low quality feed. In Volgograd Region,
more than half of the prepared haylage is annually associated with the low grade
feed [55]. At favorable wilting conditions, when content of DM in alfalfa rapidly
goes up to value > 45 %, stimulation of lactobacillus fermentation by the use of
the lactic fermentating agents provides significant effect. According to O.M. Kur-
naeva [56], haylaying of alfalfa in the productive environment with introduction
of Litosil lactobacillus medicine had reduced accumulation of ammonium in the
feed from 26.4 to 10.1 mg%, with loss of DM from 17.6 to 13.2 %, and had en-
sured stability of haylage at storage. At haylaying of alfalfa (with up to 50 %
DM) in tranches, feed pH following 6 and 12 months of storage remained high
and comprised accordingly 5.21 and 5.06 [56]. For this reason, accumulation of
the oil acid in the natural feed kept growing: after 6 and 12 months of storage it
comprised 0.06 and 0.11 %. During the entire storage term the oil acid was not



accumulated in the haylage where, due to administration of Litosil medicine,
feed pH had rapidly decreased to the extent limiting the growth of butyric acid
bacteria. Upon haylaying of the same mass in roll under films, feed pH after 1
and 6 months of storage comprised accordingly 5.08 and 5.32, while content of
butyric acid comprised 0.11 and 0.21 %, accordingly. Use of Litosil in this case
also ensured production of the feed free from butyric acid. Consequently, even
upon wilting up to 50 % DM warranted preservation of feed both at storage in
tranches and rolls is ensured only upon use of lactobacillus medicines.

Upon reduction of DM in alfalfa, instability of silage at storage is sig-
nificantly increased. To solve the problem, we must first of all increase the lac-
tobacillus-butyric acid bacteria competition, which to a significant extent is
promoted by alfalfa wilting up to > 40 % DM. In this case, lactic acid is accu-
mulated more than in ensilaging of newly mown alfalfa [15]. At slow acidifica-
tion, it is important that butyric acid bacteria are present in plants as spores [18].
The dryer the plants, the slower the spores of butyric acid bacteria are growing;
and lactobacillus (even at low activity) manage to acidify the feed to the required
pH value. Thus, the alfalfa ensilaging mechanism cured up to > 45 % DM is
applied recently [33]. This is also associated with the requirement of DM
preservation within the range from 40 to 50 % (i.e. the acceptable deviation
from the recommended value is no more than 5 %) [7], which significantly
challenges haylaying of alfalfa in the production context and accounts for the
feasibility of use of lactobacillus fermentations accelerating acidification of the
mass and increasing the feed stability at storage and removal.

It is understood that upper wilting limit of the ensilaged alfalfa mass is
determined by its technical properties, namely the compression ability. At plac-
ing of alfalfa for storage in tranches, content of DM shall not exceed 50 %, pro-
vided careful grinding of plants and their absolute air insulation [7]. The upper
wilting limit is related not only to the ability of the mass to rapid acidification
under the effect of biological preparations to the state excluding development of
butyric acid bacteria. The more the green mass is cured, the more effective is
application of lactobacillus medicines at wilting. Thus, at ensilaging of alfalfa
cured up to 41.1 % DM by lactobacillus medicine Ecosyl, the feed is acidified to
pH 4.45 vs. to 4.64 in regular silage [57]. Herewith, it is pH at beginning of en-
silaging process suppressing the proteolysis that is important rather than final
active acidity of the feed [58]. It is indicated by reduction of the share of nitro-
gen ammonia in the total feed nitrogen (with 11.2 to 7.6 %) in the silage pre-
pared by lactobacillus fermentation.

At less dry matter in the green mass, effectiveness of Ecosyl use is nota-
bly decreased. For instance, at ensilaging of alfalfa with 38.1 % of DM, pH of
the trial and control feed comprised 4.73 and 4.53, accordingly. Share of nitrogen
ammonia in the total nitrogen had decreased from 12.7 to 9.4 %. At ensilaging of
alfalfa with 22.6 % DM, pH in control and test sample comprised 5.23 and 4.93;
share of nitrogen ammonia in the total nitrogen was 17.2 and 14.5 %. The above
data testifies that upon increase of the quantity of DM in the ensilaged alfalfa
from 22.6 to 41.1 %, share of nitrogen ammonia in the total nitrogen of feed had
practically decreased in two times — from 14.5 to 7.6 %, and pH had decreased
from 4.93 to 4.45. Accordingly, ensilaging of alfalfa cured up to > 40 % DM
with lactobacillus not only promotes acceleration, but also more acidification of
feed that improves its stability at storage.

According to some researchers, use of lactobacillus is the main reason of
ammonia growth in the dry matter of alfalfa silage [59]. Such conclusion is
based on the assumption that at sugar deficit in the ensilaged green mass, lactic
bacteria uses carbon skeleton of amino acids for energetic metabolism. It hap-



pens in cases when use of lactobacillus medicines does not promote any more
intensive acidification of the feed. Thus, in one of alfalfa ensilaging tests (Taisia
variety) with 31.3 % DM by regular way and with introduction of Biotrof prepa-
ration, pH in finished silage comprised accordingly 5.06 and 5.02, ammonia
content in the dry matter comprised 0.54 and 0.62 % [11]. At the same time, at
ensilaging of alfalfa Pastbischnaya 88 variety rich in sugar, even at regular ensi-
laging of plants with 24.5 % DM the feed was acidified to pH 4.70. Biotrof
preparation did not have any significant effect on the acidification extent of the
finished silage (pH 4.68), but had accelerated such process. Dry matter of the
control silage sample contained 0.17 % of oil acid, while it was not found in the
trial sample. Intensification of acidification had resulted in accumulation of
ammonia in dry matter of feed from 0.30 to 0.26 %. Accordingly, at develop-
ment of the effective technology of ensilaging of the cured alfalfa by lactobacillus
medicine it is important to account for the possible significant role of the kind
differences in plants.

Interesting results were obtained by Hungarian researchers [60] at ensi-
laging of alfalfa (32.3 % DM) upon use of maize flour, in which 89 % of starch
was hydrolyzed to simple sugars. Maize flour was added accounting for 1.0 % to
the green mass. According to authors, it promoted production of high quality feed
with good ratio of lactic and acetic acids. At the same time, addition of cellulosol-
ythic enzymes and their combinations with lactobacillus at ensilaging of alfalfa
with 34 % DM was ineffective just as in the above-described tests [61]. Ensilag-
ing of alfalfa cured up to 33.40 and 53.00% DM with addition of tannin was
rested with positive results [62]. Importantly, in this case the effect of tannin use
for protheolysis limitation had increased by increasing the content of dry matter
in the green mass. Disadvantage of the above method is that high tannin dosages
(= 2.0 % of DM) reduce digestibility of the nutrient components in the feed.

The most important property of alfalfa silage produced with addition of
lactobacillus medicine is its high productive action validly exceeding the produc-
tive action of spontaneous fermentation silage. At difference of total 0.3 kg in
consumption of DM rations with alfalfa silage produced in regular manner and
with addition of lactobacillus, the difference in the average daily milk yield was
0.8 kg (40.7 vs. 39.9 kg) at higher milk fat (3.43 vs. to 3.37 %) in animals of the
test group [48]. The literature sources yet lack clear explanation of such case.
Some researchers associate it with increase of the mass of rumen microbial flora,
which serves a source of complete protein for high productive cows [63, 64].

Let us also consider the factors which, besides decrease of protheolysis in
alfalfa green mass cured up to > 40 % DM, may be the reason for more intense
acidification of the feed at addition of lactobacillus enzymes. First of all, it pro-
motes more homofermentative type of lactobacillus fermentation in the silage
[65, 66]. Lactic acid which is dissociated to ions more than other fermentation
acids [7, 67] promotes higher acidity in the feed. Important condition of successful
ensilaging of alfalfa in deeply cured form is creation of sugar both at rapid wilting
of plants up to > 40 % DM [11, 15], as well as in fermentation process of the
cured mass in anaerobic conditions. It is due to content of up to 5 % of starch
[23] in the dry matter of alfalfa which is hydrolyzed under the effect of fermenta-
tion acids to simple sugars. Besides, alfalfa contains saponine (C,;H3701¢) that is
fermented into sapogenin, glucose, and unknown tart substance [68]. It may
happen that another important message is that up to 2 % of apple acid is accu-
mulated in the dry matter of alfalfa cured up to > 40 % DM, which, according
to certain authors [69], may be fermented by lactobacillus.

Thus, alfalfa is characterized, along with sugar deficit, by very high buff-
er capacity exceeding 1.6-2.3 times the buffer capacity of other fodder plants.



The higher the buffer capacity, the more fermentation acids are neutralized,
which strongly suppresses feed acidification, especially during the first ensilaging
phase. At high protein and pectin contents, alfalfa biomass, even when wilted up
to > 35 % dry matter (DM), still contains significant amount of weak-bound
water which at slow acidification leads to high proteolytic activity and protein
hydrolysis. It is accompanied by high accumulation of ammonium in silage and
further increase in buffer capacity. Thence, acidification of wilted alfalfa to the
pH suppressing clostridia may take more time, even in use of lactobacilli or their
combinations with enzymes, resulting in feed damage. In this, it is required i) to
reduce proteolysis in the ensilaged green mass, ii) to slow down growth of butyr-
ic acid bacteria during the first phase of ensilaging with intensification of lacto-
bacillus fermentation, and iii) to increase the pH to that critical for butyric acid
bacteria. To this end, alfalfa mass shall be rapidly wilted to > 40 % DM and sub-
jected to ensilaging with the use of osmotolerant lactobacillus strains.
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Abstract

The concept of ecological niche occupies the central position in modern ecology (Eu. Od-
um, 1975). The concept of ecological niche may to a certain extent explain how different species
can normally function and produce, growing side by side with each other, and absorbing water
and mineral resources within a certain ecotope. In the context of the traditional concept of ecologi-
cal niche, the community can be imagined as extensive n-dimensional hyper space within which
each specific population evolves in such direction to correspond to own part of this space (G. Huth-
inson, 1957). The niche is characterized by its position and the response to the factors within the
hyperspace of this community. In recent years, along with the traditional concept of niche, there was
a concept of neutralizm which is actively developed by Stephen Hubbel and his supporters (G. Bell,
2001; J. Whitfield, 2002). According to this concept, species coexist thanks to similarity, but not
distinctions, as a result of similarity on demographic characteristics, i.e. the similar specific speed of
population growth and speed of settling of the released site. A number of authors have tried to unite
within one model the neutralistic and niche mechanisms of functioning of species in community (D.
Gravel et al., 2006). Now even more often ecologists speak about two types of communities (A.M.
Gilyarov, 2010). Communities of the first type are organized according to the principle of a discrep-
ancy of types on different ecological niches. Their existence is possible only because their niches are
differing. Communities of the second type are organized and capable to coexist very long if are eco-
logically identical due to the same probability of an individual of different species to reproduce, die
out, and occupy free spaces. It is supposed that if species long live in the same place, then they al-
ready are definitely rather close ecologically. We created multispecific, multi-tiered agroecosystems
consisting of shrubs, semishrubs and grasses for arid conditions of Central Asia based on the tradi-
tional concept of a divergence of species in different ecological niches. For formation floristic and
cenotic full-member multispecific pasture agroecosystems, we used fodder shrubs, typical for the
southern deserts (Haloxylon aphyllum, Aellenia subaphylla), semi-shrubs (FEurotia ceratoides), draft
semishrubs (Kochia prostrata, Salsola orientalis, Camphorosma lessingii, Artemisia diffusa), xerofitic
perennial grasses (Poa bulbosa, Carex pachystylis) as the members of typical zonal flora. Multispecific
shrubs-semishrubs-grassy pasture agrophytocenosis which were formed using zonal dominant species
of fodder plants provided for a rapid restoration of biodiversity and the fodder efficiency lost under
land degradation. The spring-summer and autumn-winter pasture agroecosystems created from mix
of fodder shrubs, semishrubs, draft semishrubs and perennial grasses with different rhythmic of de-
velopment, different type of root system, different drought resistance and heat resistance are more
durable and productive than natural pasture ecosystems of the Central Asian deserts. Along with
ecological advantages, multispecific pasture agroecosystems are much more various on structures of
forages, they are better eaten and more stoutly satisfy physiological needs of animals for nutrients.

Keywords: natural pastures, constructed pastures, pasture agrophytocenosis, ecological niche



The ecological niche concept as a focus of modern ecology [1] was first
suggested upon the attempt to formulate the role of a species in the community
[2]. An ecological niche puts together plants, animals, and microorganisms to a
sustainable unit which fits species living under specific environmental conditions.
The concept of ecological niche may to a certain extent explain how different
species can normally function, growing “side by side” and using water and nutri-
ents within a certain ecotope. The interest of researchers to the concept of eco-
logical niche has grown enormously over the last 60 years.

Purpose of present article is to justify construction perspectives of high
productive everlasting multispecies pastture agricultural ecosystems in arid re-
gions of the Central Asia.

Realized niche , The term “niche” was intro-
Fundamental niche duced by J. Grinell [cit. ex 3] for de-

notation of the smallest unit of specie
outspread; Ch. Elton [4] had defined
it as a place of an organism in biotic
environment. It was assumed that eco-
logical niches in rare species are not
overlapped. E. Pianka [2] and Yu. Od-
um [1] have developed a concept of
competitive exclusion. According to
G.F. Gause [5], an ecological niche
is a space which could not be occu-
First dimension of the niche pled by any two SpCCiCS for the un-

Fig. 1. The balance between the realized and fundamen- limited long time. As per G.E. Hut-

tal mc!les foy two species. Outer per.lphery limits (in chinson [6], a definition of ecological
two dimensions) the areas of the niche space where

both species may potentially exist. At that, they push niche should account for all physical,
out each other from the part of overlapping area of chemical, and biological variables of

fundamental niches. ".l"h.e realized niche is a real area the environment. Ecological niche of
occupied by any specie in a relevant space [7]. .

any specie can be represented as a
part of a multidimensional space, separate axis of which correspond to factors
required for normal existence. The niche with » significant dimensions is de-
scribed as n-dimension space or hyperspace by stepwise addition of one dimension.
G.E. Hutchinson had introduced the term of fundamental niche (covers all multi-
tude of optimal conditions in which any specie kind may exist in the absence of
competition) and realized niche (actual set of conditions in which any specie usu-
ally exists) (Fig. 1). The realized niche is less than or equal to the fundamental
one [3]. The ecological niches are discrete (fundamental niches are not over-
lapped), and species wealth of any community depends on the total occupied
space and average size of each niche. The ecological niche of a species can be
established through the distribution function of the activity of using a resource
along its gradient [7]. Hyperspace of niches of any single specie involves parts of
hyperspaces of other species. If overlapping is insignificant or if resources are
overabundant, then species with overlapping niches may co-exist in practically
separated niches. If niches are overlapped to a greater extent and if resources in
the overlapping area are not enough to meet the demands of a species, then the
more adapted species will limit the abundance of the less adapted species. As a
result, a competitive exclusion may occur in the overlapping points. In extensive
n-dimension hyperspace occupied by a community, each species population
evolves to correspond to its part of the space. The niche of the species is due to
its position and the response to the factors within the hyperspace occupied by
the community [3].

/[ \§\\Niche overlapping area

Second dimension of the niche

Fundamental niche Realized niche




In 2000s, new approaches to study structure of communities appeared |8,
9]. The neutralism concept actively developed by S.P. Hubbell [10-12] and other
researchers [13, 14] was an impulse. S.P. Hubbell had proposed neutral hypothe-
sis subject to which various tree species coexist due to their similarity, rather
than due to differences. To achieve stable coexistence, plants shall be similar, to
a maximum extent, by its demographic characteristics, shall have similar specific
population growth speed and occupation speed of a vacated area. The neutral
theory was exemplified in tropic rain forests (Barro Colorado Island, Panama
Canal area), where no notable separation of the ecologic niches between tree
species exists [15]. It allows for coexistence of the species and does not require
their compulsory deviation by different ecologic niches. Species of a single
community may coexist due to similarity of their ecologic properties [16]. Here-
with, neutrality is expressed at the level of individuals rather than species [13,
14]. According to S.P. Hubbell [11], the principal mechanism of high wealth of
species in tropic forests is plant seedling elimination depending on the stand
density. Such mechanism is considered as applicable to temperate forests [17,
18]. I. Volkov et al. [19] have mathematically substantiated the Hubbell’s model.
However, it was assumed [20, 21] that neutrality concept could be applied in
particular cases and had no status of a universal theory. There were attempts [23,
24] to integrate neutral and niche mechanisms of species functioning. For in-
stance, P.B. Adler et al. (24) had proposed a model linking the neutrality con-
cept with traditional opinions on the niche structure of the community. The
model is based on idea of P. Chesson [25] considering the neutrality as an ex-
treme case of more general theory accounting primarily for the species deviations
to different niches.

The past two decades had demonstrated the role of ecological niches in
maintenance and preservation of plant biodiversity [26], optimization of the
population and cenotic diversity [27] in forest successions [28, 29]. The concept
of ecological niches is applicable in phytoindication [30], at differentiation of the
ecologicsl niches of grasses in the area of desert wooden plant [31], for mainte-
nance of the species and intra-species population diversity of Artemisia genus
[32], for stable development of feed production in arid regions [33], in studying
invasive plant ecology [34, 35], at estimation of allelopathy of invasive plants
[36] and competitiveness of invasive species [34], at assessment of cenotic stress
on agrophytocenosis [37], an also at studying population diversity of pine marten
[38] and morphological diversity of mammals [39].

Ecologists mostly discuss two types of communities [40], the niche as-
sembled communities, and dispersal assembled communities, at probable appear-
ance of a species at a particular location with further survival, regardless of simi-
larity with neighbors. It is assumed that if species coexist in the same place, they
are ecologically close.

An example of the approach corresponding to the traditional concept of
ecological niches is the studied herein formation of pastture agricultural ecosys-
tems based on dispersal of phytocenotically balanced mixtures of feeding plants
different in ecologic and biological sense in the context of Karnabchul desert. It
ensures successive recovery of biodiversity and feeding productivity of the pasture
agricultural ecosystems in area of degraded lands. Earlier [33, 41], we have em-
pirically demonstrated that in such conditions the fullest mastering of the funda-
mental ecological niche and its resources could be reached at modeling by type of
the natural zonal biogeocenotical structures. They represent a mixture of ecologi-
cally and biologically diversified feeding shrubs, sub-shrubs, suffrutices, and
grasses. Usually, integrity of species, ecotypes, and cultivars of fodder crops,
which suite to the zonal biogeocenose types [2] and are ecobiologically and phy-



tocenotically compatible, gives synergic effect [41].

Upon use of the external niche resources, L.G. Ramensky [42] had dis-
tinguished interoperation of species by type of additions. K.A. Kurkin [43] had
developed a principle of ecological niche differentiation by type of complemen-
tarities in species during formation of narrow pasture ecosystems. At construction
of pasture agricultural ecosystems in the arid regions of the Central Asia and Rus-
sia, fluctuation type is important. Optimal productivity of such pastures requires
use of fodder plants growing in different conditions but having in the ecosystems
the same function, with mutual replacement upon environment changes.

N.T. Nechaeva [44] indicates that in different Carex species (Carex phy-
sodes, C. subphysoides, C. pachystylis), co-growing in foothill semi-desert Turk-
menistan the yields in different years are similar in quality and quantity. Such
communities are created by type of ecologically functional aggregations of close
species, when two and more species are involved in cenose as an ecologic sum of
types, in which such representative of community (specie) is distinguished and
which is more adapted to certain environment [45]. Variability of environment
factors causes response at biocenotic level. Arid territories require multi-
component mixtures of replaceable fodder plants to stabilize productivity of the
ecosystems. Thus, mixtures of Bassia prostrate, Salsola sp., and Artemisia sp. with
bulbous bluegrass and ephemeral plants are good on piedmont and foothills in the
Central Asia [46].

Seasonal complementary type is based on combination in the pasture ag-
ricultural ecosystems of the species, ecotypes, and genus of feeding plants with
different growth and development rhythms (long-sustained vegetating, short-term
vegetating, and ephemeral phenorhythmotypes). Species vegetating all year
around or during its most part may involve feeding shrubs such as Haloxylon
aphyllum, Salsola paletzkiana, Haloxylon persicum, Aellenia subaphylla, Ephedra
strobilacea; semi-shrubs — Kochia prostrata, Salsola orientalis, Camphorosma les-
singii, Salsola gemmascens, and battle sansola as annual species. Short-term vege-
tating types of feeding plants growing in spring and at beginning of summer in-
volve Astragalus, Calligonum, dry sansolas, several longstanding grains, ephem-
eroids (Poa bulbosa) and ephemeral plants (Bromus tectorum, Malcolmia grandi-
flora, Eremopyrum orientalis, Leptaleum filifolium, etc.).

Phenological diversity of species promotes longstanding increase in the pas-
ture feed. Combination of ephemeroids of Poa bulbosa and Carex pachystylis vege-
tating from February until May, and annual sansola genus (Climacoptera lanata,
Gamanthus gamacarpus, Halimocnemis villosa) vegetating from May to the end of
November is an example of high seasonal productivity of pastures in piedmont of
the Central Asia [47].

Successive complementary type presupposes replacement of less sustaina-
ble species by more sustainable that ensures rapid achievement of the maximum
productivity by less sustainable species. It is reasonable to select high productive
species that are relatively resistant to a set of abiotic stresses. Species forming from
the second year of life sufficiently high feeding mass crops in the complex of pas-
ture agricultural ecosystems involve Kochia prostrata, Camphorosma lessingii, Aelle-
nia subaphylla, and Sansola orientalis. During 3-6 years biomass yield increases,
and then during 6-12 years their productivity becomes flat with further stepwise
decreasing thereof. In this, Camphorosma lessingii, followed by Kochia prostrata,
Aellenia subaphylla and Sansola orientalis give place to Haloxylon sp., Salsola
paletzkiana, Salsola Richteri, and Ephedra strobilacea without any changes in the
upper productivity threshold of the agrophytocenose (at least 6-8 c/ha in dry
mass). Ephemeral plants and annual Sansola sp. may successively replace species
of longstanding pasture agricultural ecosystems.



Tier-based plant stand complementarity ensures mastering of various
ecological niches and intensified use of eco-resources in arid areas of the Central
Asia and Russia [47]. This principle applies at ecologic recovery of degraded
landscapes by use of the mixture of various forms and species of fodder plants.
Ecologically and biologically diversified species get different ecologic niches dur-
ing formation of the pasture ecosystems and further can interact temporally and
spatially.

Functional differentiation of ecological niches is essential in productivity
and sustainability of agro-ecosystems and may become a sufficient reserve for
recovery of degraded lands and increase in pasture productivity. Feeding shrubs
and semi-shrubs which are unable to produce grassy turf sustainable for pasture
are usually used upon creation of the pasture agricultural ecosystems on degrad-
ed lands. Poa bulbosa and Carex pachystylis (or each of these species) may form
grassy sod preventing pasture digression. One more example of functional com-
plementation is the use of condensed moisture by xerohalophilous shrubs (Ha-
loxylon sp.) at sesquialteral or double maximum hygroscopicity of soil.

Until the middle of XX century, restoration of biodiversity and produc-
tivity of desert pastures was deemed impossible. However, such technology was
proposed later [41, 46]. There is an opinion that all 3KysIyTe arid ecosystems are
secondary antropogenous [48]. Because of overpasture, burning out, and plow-
ing, they lost certain species, become simplified and cenotically incomplete. The
floristic composition of grass stand and horizons of arid plant communities be-
came poorer. In such communities ecological niches remain free, and resources
of heat, moisture, and mineral nutrition are not fully used. Thus, the fodder
productivity of such communities is always lower compared to floristically full
phytocenoses [49].
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bulbosa (A, profile length is 3.5 m; zone of piedmont
/ semi-desert of Nishansk Desert, Kashkadarya Regi-
1054 Y on, Karshinsk District), associations of Artemisia
diffusa + Carex pachystylis + Poa bulbosa (B, profile
length is 3 m; zone of absinthic-ephemeral Karna-
bchul desert, Samarkand Region, Sovetobadsky District) and spring-summer suffrutex-grassy ecosystem
aged 8 years (C, profile length 3.5 m; Samarkand Region, Sovetobadsky District): 1 — Kochia prostrata,
2 — Camphorosma lessingii, 3 — Poa bulbosa.
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Floristic and cenotic deficiency and availability of unused ecologic nich-
es in the existing ephemeroid and ephemeroid-absinthic pasture ecosystems we
showed in our past studies [33, 41]. Ecological niches of ephemeroid sedge-
poeceae communities are small (Fig. 2, A), those of ephemeroid-absinthic
communities are somewhat larger (see Fig. 2, B). These natural phytocenoses
use resources available in small amount in air and soil. Constructed multispecies



and multitier pasture ecosystems with zonal typical fodder shrubs, semi-shrubs
and suffrutices which roots deeply penetrate into the soil ensure new ecological
niches and consumption of moisture and nutritional reserves from significantly
more soil layers (see Fig. 2, C).

In spring-summer suffrutex-grassy ecosystems for southern deserts we used
semi-shrub Eurotia ceratoides, 25 % + suffrutices Kochia prostrata, 30 % + Cam-
phorosma lessingii, 25 % + Poa bulbosa, 20 %. The pasture ecosystem created on
disturbed natural forage lands in Karnabchul Desert consisted of two synusiae.
The first one was Eurotia ceratoides, Kochia prostrate, and Camphorosma lessingii.
The above-ground heights of the plants were 75-78 cm, 70-75 ¢cm, and 57-60 cm,
respectively. The number of generative and vegetative shoots per shrub was up
to 27 and 38 for Eurotia ceratoides, and up to 24 to 41 for Kochia prostrate, with
of generative and vegetative shoot length of 50-75 cm and 10-24 cm, respectively.
In Camphorosma lessingii, shoot number was much lower — 38-42, of which 9-11
shoots were generative (32-48 cm), and the remaining ones were vegetative (5-12
cm). Suffrutices aged 6 years had formed powerful, deeply penetrating root sys-
tem. Roots of Kochia prostrata reached a depth of 750 cm and were spread hori-
zontally to 355 cm. The depth and width of roots of Camphorosma lessingii were
700 cm and 250 cm, respectively (see Fig. 2, C).

Ephemeroids Poa bulbosa, Carex pachystylis, together with ephemeral
plants Bromus tectorum, Boissiera purnilio and Trigonella grandiflora were the
grassy synusia of the suffrutex-grassy pasture ecosystem. The height of plants av-
eraged 18-20 cm. The depth of Poa bulbosa, Bromus tectorum, and Boissiera
purnilio roots reached up to 30 cm, with some root depth of 45 cm. Poa bulbosa
and Carex pachystylis plants formed a dense grassy sod. The roots of the synusia
main occupied the 0-20 cm soil layer.

In the Kochia— Camphorosma pasture ecosystem aged 3 years ephemeral
plants became numerous. They appeared in the spring and summer due to germi-
nation of the seeds from the soil and those brought from outside. After seeding
Kochia prostrata and Camphorosma lessingii, single Bromus tectorum and Boissiera
purnilio plants were found in the first and second years, and they grew in number
starting from the third year of life. A total of 17 ephemeral species of 7 families
were in the ecosystem. They were mainly represented by grasses (7-10 species),
crucifers (2-4 species), and leguminous (2-4 species) plants. Nutritionally valu-
able ephemeroids, ephemeral plants, etc. (12-17 species), including Bromus
tectorum, Boissiera pumilio, Poa bulbosa, Malcolmia turkestanica and Trigonella
grandiilora which can form the base of the pasture grassy layer were insignifi-
cant in number.

Starting from the 2-3 year of life and in the next 6 years, fodder produc-
tivity of the ecosystem increased (Fig. 3), with the maximum at years 5-6. Sharp
increase of the feeding mass happened from year 2 when pasture agro-ecosystem
is recommended for use.

20 1.84 Fig. 3. Feeding productivity of
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Characteristic feature of the created spring-summer pasture ecosystems is
rapid growing during spring. By the mid-April, from 0.50 to 0.65 t/ha of dry



feeding mass were accumulated depending on the meteorological conditions.
Productivity of the natural pastures by this period did not exceed 0.01 t/ha for
dry matter in dry years, and 0.3 t/ha in favorable wet periods. By the mid-May
ecosystem accumulated from 50 to 80 % of the yield at the end of summer. In-
tensive growth of Kochia prostrata feeding mass was mainly by the end of June
(60-80 %) followed by slowing down. Until the mid-summer (end of June) green
biomass of Camphorosma lessingii was slowly growing with further notable
growth. Such complementation ensures a uniform distribution of herbaceous
plants in spring-summer pasture ecosystems, which allows animals to eat well

Shrub Haloxylon aphyllum, 15 % + semi-shrub Aellenia subaphylla, 20 % +
suffrutices Artemisia diffusa, 35 % + Salsola orientalis, 30 % were used in fall-
winter shrub-grassy pasture ecosystems. This agricultural ecosystem consisted of
five synusiae different in aboveground and underground spheres (Fig. 4).

At age of 7 years, Haloxylon
aphyllum of the first synusia, had reached
400-450 cm in height with head diame-
ter of 320-350 cm. Powerful root sys-
tem penetrated into the soil up to 14 m
and spread horizontally, depending on
the mechanical composition of soil lay-
ers, up to 2.5-5.0 meters. Roots of Ha-
loxylon sp. reaching the soil layers of
capillary wetting by ground waters (at
depth of 10-12 m), formed numerous
small roots. Height of Aellenia subaphyl-
la plants of the second synusia was 120-
140 cm. Rooting system was powerful
and penetrated into soil up to 750 cm.
In synusia of Salsola orientalis the shrub
height and width were 50-60 cm and
40-45 cm, respectively. Dimensions of
its roots were up to 700 cm in depth
and up to 200 cm in the horizontal di-

450 1

1
N
3,

)
STy L4
- )

~
Ny
P

Height, cm
&
(=]
;
7 SR

.
N

A

AN

T

1
2SS
e

T 7’

2
2
=N
e
Eo
Sy

,.’1“ r\}\\ \_ - - - - -

14004

[

Ground water

Fig. 4. Vertical profile of fall-winter pasture
shrub-suffrutex-grassy ecosystem aged 7 years:
1 — Haloxylon aphyllum, 2 — Halothamnus sub-
aphylla, 3 — Salsola orientalis, 4 — Artemisia
diffusa, 5 — Ephemeretum (profile length 4.5 m;
Kamabchul Desert, Samarkand Region, Sovet-
obadsky District).

rection. Artemisia diffusa formed the
fourth synusia with height of plants of
35-40 cm at diameter of bushes of 40-
45 cm. Depth of the roots of Artemisia
diffusa was up to 110 cm, size in the
horizontal direction was up to 150 cm.
Ephemeroid Poa bulbosa and ephemeral

plants Bromus tectorum, Malcolmia turkestanica prevailed in the fifth synusia.
Their height was 20-25 cm. Roots of Poa bulbosa and Bromus tectorum are fila-
ceous and form dense grassy sod at soil surface (0-5 cm). Main part of roots (up

to 85 %) was at the 0-15 cm soil layer.

Feeding productivity, t/ha

Fig. 5. Pasture productivity of fall-
winter shrub-suffrutex-grassy eco-
system: a — Haloxylon aphyllum,
b — Aellenia subaphylla, ¢ —
Salsola orientalis, d —Artemisia
diffusa (Karnabchul Desert, Sa-
markand Region, Sovetobadsky
District, 2004-2011).



Created pasture ecosystem of fall-winter use had high and stable feeding
productivity (Fig. 5), which as early as within 3 years was twice higher than in
the natural desert-like pastures (0.3 t/ha). Feeding productivity growth was sus-
tainable until 9-10 years of life due to Haloxylon aphyllum, Sansola subaphylla),
suffruticulose (Salsola orientalis, Artemisia diffusa typical for the Karnabchul De-
sert with participation of the naturally growing Poa bulbosa. Maximum yield of
the fall-winter pasture ecosystem was at the age of 9-10 years (2.2-2.6 t/ha of dry
matter). The portion of fodder plants in total yield of the ecosystem depended on
the species and living forms of the plants. The maximum yield was from Salsola
orientalis (11.6-59.4 % depending on the plant age and meteorological condi-
tions of the year). Yield of Aellenia subaphylla and Artemisia halophila signifi-
cantly varied.

Aellenia subaphylla and Salsola orientalis can rapidly accumulate green
mass during the first years of life (2-4 years), while Haloxylon aphyllum displays
this ability significantly slower. Depending on the age and meteorological condi-
tions, Haloxylon aphyllum made 3.6 to 28.1 % of yield of the pasture ecosystem.
Presence Salsola orientalis, Artemisia halophila and Aellenia subaphylla makes the
pastures excellent for grazing sheep in fall-winter period. In its turn, Haloxylon
aphyllum not only gives enough fodder for animals during fall and winter, but
also protects them from strong winds at low winter temperatures.

Therefore, the ecological niche concept is important for improvement of
the theoretical principles and methods to adaptively construct floristically and
cenotically complete pasture agro-ecosystems in arid areas of the Central Asia.
Accelerated ecological reclamation by creation of arid pasture ecosystems which
are based on staged, seasonal, successive, functional, and fluctuation differentia-
tion of the ecologic niches ensures recovery of biodiversity and growth of feed
productivity. We have realized this approach in the Central-Asian region by
seeding phytocenotically balanced combinations of zonally typical dominants of
the natural flora which are the most ecologically suitable for arid conditions of
the region. Pasture suffrutex-grassy agro-ecosystems for spring-summer period
have high and stable productivity and may be used as pastures for sheep, meat
cattle, and camels. Fall-winter agro-ecosystems consist of shrubs, semi-shrubs,
suffrutices and grasses, occupy various ecological niches in the aboveground and
underground (edaphic) spheres, complement each other by important ecological,
biological and economic characteristics, and effectively use environmental re-
sources. It allows us to restore biodiversity, to increase yielding on low-
productive territories and badlands, to optimize arid biocenoses of the Central-
Asian region. All these will ensure sustainability of the pasture livestock sector.
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Abstract

Modern poultry breeding is aimed towards maximizing productive performance and genetic
potential of chicken breeds and lines used for different purposes in order to obtain the greatest profit.
Prevalence of foreign highly productive commercial chicken lines and crosses is determined by sever-
al factors, the most important of which are the high productivity of chicken lines, as well as the lack
of support and ineffective implementation of programs targeted to genetic conservation of native
breeds. Preferences given to highly productive chicken breeds in breeding and poultry farming also
have negative effects which manifest in a reduced genetic diversity due to narrow specialization of se-
lected breeds and lead to the reduction of national genetic resources. The study of genetically deter-
mined features of different chicken breeds is one of the priority tasks of the gene pool conservation
problem. In this study, we used two types of molecular genetic markers, PCR-RFLP and Indel, to
investigate the genetic differentiation of Ukrainian chicken breeds in comparative aspect based on
polymorphism of different functional genes whose allelic variants are associated with productive
traits. The Ukrainian chicken breeds for different primary use, i.e. Borkovskaya Barvistaya line A,
Plymouth Rock White line G-2, Poltava clay line 14 and Rhode Island Red line 38, were compared.
Genetic differentiation of the chicken populations was performed by analyzing frequencies of alleles
in polymorphic loci of prolactin gene (PRL), growth hormone gene (GH), insulin-like growth factor
I gene (IGF-I), gene family of transforming growth factors B (7GF-BI1, TGF-B2 and TGF-j3), pitui-
tary transcription factor-1 gene (P/7-1) and Mx gene (Mx). For generalized estimation of breed di-
versity, the genetic distances were calculated based on the studied polymorphic loci for both PCR-
RFLP and Indel markers. The most genetically distant breeds were Borkovskaya Barvistaya and
Rhode Island Red (24.9 % of the differences). In general, the largest differences can be noted be-
tween the egg-lying and dual-purpose chicken breeds. In this, the allelic differences with the lines
used for both eggs and meat were most pronounced (23-25 %). Differences between the breeds of
dual use, i.e. primary for meat and eggs or for eggs and meat, were not expressed enough. Maximum
differences were between populations of Poltava clay and Plymouth Rock White chicken (11.2 %),
while minimum differences were between Rhode Island Red and White Plymouth Rock chicken
(4.2 %). In turn, the genetic distance between the two egg-meat breeds studied was intermediate
compared to the above-mentioned (7.1 % difference). The pattern of phylogenetic tree corresponds
to the previously described regularities and reflects differentiation of the chicken lines by their prima-
ry use. As follows from the dendrogram, the chickens of egg-meat primary use form a separate clus-
ter. At the same time, meat-egg and egg-lying chickens form separate branches, while the egg-lying
breed shows the greatest genetic differences compared to the other lines.

Keywords: polymorphism, allele, population, chicken, genetic distances, egg chicken breeds,
dual-purpose chicken breeds

Modern poultry breeding is aimed towards maximizing the potential use
of chicken breeds and lines used for different purpose in order to obtain the
greatest profit from sale of poultry. Worldwide spread of foreign highly produc-
tive commercial chicken crosses and lines depend on the several factors, the
most important of which is high productivity values in poultry, as well as lack of



support and effective realization of the programs for conservation of genetic
sources of the domestic breeds in general. Endless hurry for profit may often lit-
erally result in extermination of the breeds in creation of which decades of work
were spent by the national geneticists and animal breeders. The key concept of
modern poultry breeding industry is effectiveness that is expressed in the growing
values of poultry yield [1]. However breeding of highly productive poultry may
also have negative effects manifested in reduced genetic diversity because of nar-
row specialization of breeds and lines, leading to a decrease in national genetic
resources [2, 3]. Lower interest in various genetic resources endangers their ex-
istence in general and may lead to loss of the unique genetic properties, which
are alien to modern industrial poultry and which are characterizing local breed-
ing groups in particular [4, 5].

At beginning of 1990s, the Poultry Breeding Institute at the Ukrainian
Academy of Agrarian Sciences had tenths of agricultural poultry breeds and lines
used for different purpose, including rare breeds — Yurlovo Crower, Italian par-
tridge, bare-necked chicken breeds, mini chickens, etc. [6]. Today, the State
Trial Poultry Breeding Station (successor of the above-named poultry breeding
institute) has the limited number of the Ukrainian chicken breeds represented by
only several lines. The most spread representatives of such “genetic core” are
breeds of egg laying chickens — Borkovskaya Barvistaya (line A), meat-egg
chickens — Plymouth Rock White (line G-2), dual-purpose chickens — Poltava
clay (line 14), and Rhode Island Red (line 38 and line 02). Recently, the above-
listed chicken breeds lack the importance for the industrial poultry breeding and
are sold only for the needs of small farming units, which is to the most extent
defined by good adaptive properties of the Ukrainian chicken upon keeping
them at the courtyard. Lack of the expressed state support and interest of the
large poultry producers in Ukraine endanger the existence of the genetic breeds
in general, which, in case of their extermination, would result in permanent loss
of the unique genetic material adapted to keeping conditions in relevant geo-
graphic zone. Use of genetic properties of various poultry breeds refers to priori-
ty genetic conservation issues [7]. Therefore, analysis of specific properties of the
genetic structure of the Ukrainian chicken populations (along with genetic con-
servation in general) becomes the paramount task for the Ukrainian poultry
breeding industry.

We have already studied genetic and population parameters of trial chick-
en lines. In this publication we for the first time put an emphasis on the genetic
differentiation of selected Ukrainian populations in the comparable aspect based
on data on polymorphism of various functional genes, allele variants of which are
associated with emergence of the economically useful traits.

Purpose of the present study is molecular and genetic differentiation of the
Ukrainian chicken breeds.

Technique. The studies of Ukrainian trial chicken populations including
Borkovskaya Barvistaya (line A) egg-laying chickens, Plymouth Rock White (line
G-2) meat-egg chickens, and Poltava clay (line 14) and Rhode Island Red (line
38) dual purpose chickens were carried out from 2011 to 2015.

Polymorphism of target genes by PCR-RFLP and Indel markers was
studied. These were 57 bps insertion in intron 2 of PIT-1 (gene of pituitary tran-
scription factor-1); 24 bps insertion in promoter area and transition of cytosine
to thiamin in position —2402 of PRL (prolactin gene); Mspl polymorphism in in-
tron 1 and intron 4, and Sacl and Alul polymorphisms in intron 4 of GH
(growth hormone gene); Hinfl polymorphism in promoter area and Pstl poly-
morphism in 5°'UTR region of IGF-I (gene of insulin-like growth factor I);
Mboll polymorphism of TGF-B1 (gene of transformation growth factor g1) exon



area; Rsal polymorphism of TGF-B2 (gene of transformation growth factor 2)
promoter area; Bsll polymorphism in intron 4 of TGF-B3 (gene of transfor-
mation growth factor f3); Rsal polymorphism in exon 13 of Mx (gene Mx).

The primers, protocols, and restriction enzymes were as described [8-15].

Amplification was done with the use of DreamTaq PCR Master Mix rea-
gents (Thermo Scientific, USA) and a programmed thermal cycler TherCyc
(DNA Technology, Russia) as per the protocol: denaturation for 5 min at 94 °C
(1 cycle); denaturation for 1 min at 94 °C, annealing for 1 min at the temperature
specific for each locus, elongation for 1 min at 72 °C (35 cycles); final elongation
for 10 min at 72 °C (1 cycle). The final mixture volume was 20 ul, and concentra-
tion of primers was 0.2 uM. Genotyping was based on electrophoretic analysis.

Polymorphic allele frequency was determined by maximum likelihood
formulas [16]. Based on the obtained data, the Nei genetic distances and Wright
F-statistics were calculated by common methods with the use of Popgen32 soft-
ware (https://sites.ualberta.ca/~fyeh/popgene do-wnload.html). Divergence de-
gree between the populations was determined based on F, with Fg of 0.00-0.05
for poor divergence, of 0.06-0.15 for medium divergence, of 0.16-0.25 for high
divergence, and of > 0.25 for ultrahigh divergence [17]. Philogenetic tree was
plotted using PHILIP 3.69 (http://evolution.gs.washington.edu/phylip/getme-
newl.html) and MEGA 7 (https://www.megasoftware.net/download form) soft-
wares. Validity of allele frequency values and confidence limits of their diversity
were determined by statistical error and t-test [16]. The differences were statisti-
cally significant at p < 0.05.

Results. Use of PCR method and restriction analysis enabled us to de-
termine polymorphous variants of the selected genes in the Ukrainian chicken
breeds. Structure of the primers, relevant restriction enzymes, as well as relative
sizes of the amplification and restriction products are provided in table 1 below.

1. Nucleotide sequences of primers, relevant restriction enzymes, and relative sizes of
the amplification/restriction products

Nucleotide sequences . Restriction Amplification/restriction
Locus . Annealing

of primers (references) endonuclease |products, bps
PIT-1 gtcaaggcaaatattctgtacc; 58 °C I — 387; D— 330
(intron 2) tgcatgttaatttggetctg [8]
PRL tttaatattgtgggtgaagagaca; 54 °C I — 154, D — 130
(promoter) atgccactgatcctcgaaaacte [9]
PRL agaggcagcccaggcattttac; 62 °C Alul C — 160/144/81/54;
(C-2402T) cctgggtctggtttggaaattg [9] T — 304/81/54
GH atccccaggcaaacatcctc; 55 °C Mspl A — 539/237,
(intron 1) cctcgacatccagetcacat [10] B — 392/237/147;

C — 267/237/147/125
GH ctaaaggacctggaagaaggg; 61 °C Mspl A — 1200;
(intron 4) aacttgtcgtaggtgggtctg [10] B — 600/600;
C — 500/700

GH ctaaaggacctggaagaaggg; 61 °C Sacl A —584/440/144;
(intron 4) aacttgtcgtaggtgggtctg [10] B — 1024/144
GH ctgagggacgtggttatgggceac; 63 °C Alul C — 167/293;
(intron 4) gacctcaaggattgcaggget [11] T — 108/185/167
IGF-1 cattgcgcaggctctatctg; 55 °C Hinfl C —622/191;
(promoter) tcaagagaagcccttca [12] A — 378/244/191
IGF-1 gactatacagaaagaaccac; 53 °C Pstl C| — 621;
(5"UTR) tatcactcaagtggctcaagt [13] C, — 257/364
TGF-p1 ggggtcttcaagetgagegt; 65 °C Mboll B — 173/67,
(exon) ttggcaatgctctgeatgte [14] F — 240
TGF-B2 gccataggttcagtgcaag; 52 °C Rsal B — 100/184;
(promoter) tgacagaagctctcaagcece [14] L — 284
TGF-B3 tcagggcaggtagagggtgt; 64 °C Bsll B — 125/75/74/20;
(intron 4) gccactggcaggattctcac [14] L — 145/75/74
Mx ccttcagcectgtttttctcctttaggaa; 60 °C Rsal A — 100;
(exon 13) cagaggaatctgattgctcaggegtgta [15] G —73/27

Table 2 shows allele frequencyies of the studied loci in the lines.



2. Allele frequencies of the studied loci in the populations of Ukrainian chicken

breeds
Locus, restriction Plymouth Borkovskaya Breecs
endonuclease Rock White Barvistaya Poltava clay Rhode Island Red
PRL 0,135 (D% 0,710 (1)b; 0 0,060 (I)3;
24 Indel 0,865 (D)2 0,290 (D) 1 (D) 0,940 (D)d
PRL 0.155 (C)3; 0.710 (C)b; 0,372 (C)¢; 0,140 (C)ad;
C-2402T 0,845 (T)a 0,290 (T)b 0,628 (T)e 0,860 (T)ad
GH 0,435 (A); 0,650 (A)b; 0,908 (A)S; 0,390 (A)d;
intron 1 0,395 (B)2; 0,270 (B)b; 0,020 (B)<; 0,130 (B)S;
Mspl 0,170 (C) 0,080 (C)b 0,072 (C)be 0,480 (C)¢
GH 0,560 (A)2; 0,750 (A)b; 0,100 (A)S; 0,270 (A)S;
intron 4 0,160 (B)2; 0,080 (B)b; 0,070 (B)be; 0,310 (B)d;
Mispl 0,280 (C) 0,170 (C)b 0,830 (C)° 0,420 (C)¢
GH 0,030 (A)%; 0,550 (A)b; 0,036 (Aac; 0,110 (A)S;
intron 4 0,970 (B)2 0,450 (B)b 0,964 (B)ac 0,890 (B)d
Sacl
GH 0,140 (C)3; 0,080 (C)zb; 0,040 (C)be; 0,300 (C)d;
intron 4 0,860 (T)2 0,920 (T)2b 0,960 (T)be 0,700 (T)d
Alul
IGF-1 0,180 (C})% 0,270 (C))b; 0,380 (C))¢; 0,350 (C)bed;
TR 1 R ol 0290 (5 00
T a- . - .
Hinfl 0.320 (C)2 0.730 (C)P 0.710 (C)be 0.580 (C)d
rert 00 e Ok 0:690 (B 082 e
a C a
rore R S 2 0210 (L) 0550 (e
a Cc
TGF-p3 0,240 EB;H; 0.170 EB;ﬂb; 0.520 EB;C; 0,330 EB;C‘;
0,760 (L)2 0,830 (L)2 0,480 (L)° 0,670 (L)d
Mx 0.210 (A); 0.375 (A)b; 0,140 (A)2c; 0,125 (A)ed;
0.790 (G)2 0,625 (G)b 0.860 (G)ac 0.875 (G)«d
PIT-1 0,520 (1)%; 0,360 (1)b; 0,630 (1)S; 0,650 (1)<d;
0,480 (D)2 0,640 (D) 0,370 (D)¢ 0,350 (D)<d

Note. Sizes of amplification/restriction products for each studied locus (A, B, C, Cy, C,, D, F, G, I, L, T)
are provided in table 1; different letters in the upper index (a, b, c, d) signify the statistically significant dif-
ferences (p < 0.05) within the locus limit.

Insertion in the promoter of prolactin gene indicates the expressed pre-
vailing of allele I in the population of egg-laying chickens. The dual-purpose
chickens (both egg and meat, and meat-egg) show prevailing of allele D, where-
as in Poltava chickens this locus is monomorphic, i.e. the population entirely
consists of individuals with DD genotype. Distribution of alleles for C-2402T
mutation in PRL locus was somewhat similar. Thus, frequencies of C and T al-
leles in the population of egg-laying chickens were similar to those for I and D
alleles. This interesting phenomenon is due to practically absolute prevalence
of IC haplotype over IT haplotype, and DT haplotype over DC haplotype in
the said population. Herewith, such trend was not observed in other popula-
tions. We assume that prevalence of IC haplotypes in egg-laying chickens di-
rectly reflects the effect of performed selection. Such assumption is confirmed
by many authors who report on the relationship of I and C alleles with egg
yield in chickens of various breeds that, in its turn, correlates with results of
our studies [9, 18, 19]. Note, for this mutation, unlike the above-described,
prolactin locus was polymorphic in the Poltava chicken population. Herewith,
C allele frequency in line 14 was the highest for the dual-purpose chicken
populations. In its turn, lines G-2 and 38 were practically identical by propor-
tion of C and T allele frequencies.

Chicken lines for different primary use significantly differ in Mspl poly-
morphism in intron 1 of growth hormone gene. Thus, Rhode Island Red line
was characterized by prevalence of C allele (0.480), while its frequency was small
in other populations. It should be noted that the smallest C allele frequency was
in Poltava clay line (0.072), which just like Rhode Island Red line refers to dual-



purpose type. Possibly, the interbreed differences were more important than
productivity types. At the same time, Poltava chickens were characterized by the
highest A allele frequency (0.908) and the smallest B allele frequency (0.020) as
compared to other studied lines. At that, only A allele was found homozygous in
the said population. According to results of foreign authors, C allele is complete-
ly absent in the commercial lines of egg-laying chickens (Hy-Line), whereas its
frequency in the native populations expressly varies [20]. Chicken lines of differ-
ent primary use also significantly differ in allele frequencies on Mspl polymor-
phism of intron 4 of growth hormone gene. Thus, no BB homozygotes were
found in the Poltava clay and Borkovskaya Barvistaya populations. This results
in low frequency of B allele. Herewith, Poltava clay line has the highest frequen-
cy of CC genotypes and, accordingly, the highest frequency of C allele. The
highest frequency of allele A was in egg-laying chickens, and the smallest one
was in dual-purpose chickens (line 14). Line 38 has the highest frequency of al-
lele B. Egg-laying chickens expressly differed from other birds by Sacl polymor-
phism of intron 4 of growth hormone gene due to prevalence of allele A (0.550).
In other populations allele A was significantly less frequent, from 0.030 to 0.110,
and found only in heterozygotes. Differences between lines for Alul polymor-
phism in intron 4 of growth hormone gene are sufficiently smoothed, except for
the Rhode Island Red population with the highest allele C frequency. Allele T is
expressly dominating in other populations.

Allele C, prevails for insulin-like growth factor I locus in all populations
studied. This is mostly expressed in line G-2 of Plymouth Rock White (only one
bird homozygous for allele C; was found). The closest allele frequencies were in
chickens used for egg and meat. Intermediate position is characteristic of egg-
laying chickens. Foreign researchers report that commercial meat chicken crosses
have a significant prevalence of allele C; (for Cobb 500, C; frequency is 0.84) or
sufficiently close ratio of allele frequencies (for Hubbard, C; frequency is 0.42)
[21]. Other studies show high egg yield of C,C, individuals compared to C,;C,
ones in populations of the native Korean and Chinese breeds [22, 23]. The dual-
purpose chicken lines have the highest differences from other studied populations
by Hinfl polymorphism of insulin-like growth factor I gene promoter area. This
population was characterized by prevalence of AA homozygotes, which results in
prevalence of relevant allele. The other populations did not practically differ from
each other. These data correlate with foreign study results showing association of
allele A in poultry with meat properties [12, 24]. In fact, dual-purpose chicken
lines have higher meat properties (i.e. live weight, carcass weight, etc.) as com-
pared to other breeds. Therefore, the observed distribution of allele frequencies in
the studied populations is quite reasonable, but further studies are necessary to
found out the links of /GF-I allele variants with productive properties of Plymouth
Rock White line, given breed specificity of molecular markers.

The studied population of egg-laying chickens is leading on Mboll poly-
morphism of TGF-B1 exon area with the prevalence of allele B and maximum
number of BB homozygotes. Allele F significantly prevails among chicken for
different primary use with maximum frequency in the Rhode Island Red popula-
tion which lacks BB homozygotes. It should be noted that during studies of the
productive properties of chickens depending on allele variants TGF-B1, positive
association of allele F with meat yield values was in Poltava clay breed that, in its
turn, allows us to explain the observed allele frequencies [25]. As to Rsal poly-
morphism of TGF-B2 promoter, we have not found specially expressed differences
between the lines. In general, allele B prevails, except for Plymouth Rock White
breed, with maximum frequency for Poltava chicken line which also has the



lowest heterozygosity. The proportion of TGF-B3 alleles in populations of dual-
purpose and egg-lying chickens was practically the same (no valid differences were
found) with significant prevalence of allele L. Line 38 was denoted by practically
double prevalence of allele L regarding B. Differences in allele frequencies in line
38 compared to other populations were valid. Population of Poltava clay chick-
ens in which frequencies of B and L alleles have practically coincided (0.520 vs.
0.480) validly differed from other studied lines.

Similar Rsal polymorphism for gene Mx was denoted in all populations.
Allele G prevailed over allele A that was mainly expressed in egg-and-meat
chicken and the least expressed in egg-laying chickens. Moreover, it is egg-laying
chicken line where we have found the greatest number of AA homozygotes. By
PIT-1 allele ratio, egg-lying and egg-and-meat chickens significantly differed
while dual-purpose breeds are the intermediates (see Table 2).

For generalized assessment of the genetic differentiation in the populations
of chickens for different primary use, we have estimated genetic distances based on
the studied polymorphic loci (both PCR-RFLP and Indel markers were analyzed).
The values and the opposite genetic likelihood indices are provided in the Table 3.

3. Genetic distances and genetic likelihood between the the populations of the
Ukrainian chicken breeds

Breed Plymouth Rock Borkovskaya Poltava cla Rhode Island
White Barvistaya y Red
Plymouth Rock White 0.1951 0.1124 0.0424
Borkovskaya Barvistaya 0.8228 0.2319 0.2488
Poltava clay 0.8937 0.7930 0.0712
Rhode Island Red 0.9585 0.7797 0.9313

N ot e. Genetic distance values are above the diagonal, genetic likelihood values are under the diagonal.

The most genetically apart breeds were Borkovskaya Barvistaya and
Rhode Island Red (24.9 % of differences). In general, the least likelihood was
found in egg-laying and dual-purpose breeds, whereas the least likelihood was
noted in egg-meat chickens (23-25 % of differences in allele variants of loci)
(see Table 3). Dual-purpose and egg-and-meat chickens differ slightly, Poltava
clay and Plymouth Rock White lines are the most differentiated (11.2 %), Rhode
Island Red and Plymouth Rock White are the least differentiated (4.2 %). In
turn, intermediate genetic distances were between the two breeds of egg-and-
meat types (7.1 % differences).

Having analyzed the genetic differentiation in chicken populations, we
could note specific distribution of allele frequencies of the studied polymorphic
loci depending on the productivity type. In this, the extent of differences by dif-
ferent markers was not the same. In this regard, it is reasonable to assess the de-
gree of dissimilarities between the populations by separate loci. In addition to es-
timation of the genetic distances by Nei, coefficient Fy may serve as a good in-
strument as it directly reflects subdivision of the populations and may be calcu-
lated for individual loci. Fg values for each locus within all studied populations
may be used to estimate dissimilarities (genetic subdivision) in the chickens as
per the selected genes.

Both studied mutations in prolactin locus clearly display the dissimilari-
ties between the egg-laying and dual-purpose chickens as it is evidenced by Fg
values from 0.34 to 0.55 for 24 Indel and from 0.11 to 0.33 for C-2402T, respec-
tively. Maximum dissimilarities for the insertion in the prolactin locus were in
line 14 due to monomorphism of this locus in the studied population. Fy devia-
tions for dual-purpose lines were insignificant. Wright’s genetic subdivision val-
ues (Fg) correlate with Nei’s genetic distance (Dn) calculated separately for pro-
lactin locus. Dn values for populations of egg-laying and dual-purpose chickens
are from 0.66 to 0.97 for 24 Indel and from 0.22 to 0.65 for C-2402T.



The allele frequencies of growth hormone locus are directly determined
by mutation type. By intron 1 polymorphism (Mspl-polymorphism), the Polta-
va clay population stands apart and clearly differ from the meet-and-egg lines
(Fst = 0.19) and the egg-meet lines (Fst = 0.23) but not from the egg-laying
lines (0.09). Dissimilarities between other lines were insignificant. Only the
Rhode Island Red chickens are somewhat dissimilar from other studied popula-
tions by Alul polymorphism in intron 4, with Fy from 0.04 to 0.12 vs. Fy of
0.03-0.08. By Sacl polymorphism in GH intron 4 compared to other mutations
in this locus, the egg-laying and combines lines are the most dissimilar, with Fg
of 0.23 to 0.33. Combined breeds have practically minimum Fg values of 0.02-
0.08. The highest similarity by Mspl polymorphism in GH intron 4 was between
Plymouth Rock White and Borkovskaya Barvistaya breeds (Fg = 0.03), as well
as Rhode Island Red breed (Fi = 0.05), while the last two breeds, in turn, dif-
fered from each other (Fi = 0.14). The Poltava clay and egg-laying chickens
(Fs = 0.39), as well as Plymouth Rock White chickens (Fg = 0.23) are the most
diverse. These trends completely correspond to the Nei’s genetic distance.

Study of transforming growth factor B gene family polymorphism re-
vealed that by Mboll polymorphism of 7TGF-B1 exon the egg-laying chicken
population is the least diverse from line 14 (Fi = 0.11) and the most diverse
from line 38 (Fi = 0.24) as compared to meet-egg chickens (Fg = 0.18). The
populations for combined use do not differ. No expressed dissimilarities between
the lines were found for Rsal polymorphism of TGF-B2 promoter fragment. A
comparison of Plymouth Rock White and Poltava clay populations results in the
highest F value. Fg for locus TGF-B3 in all populations also did not reflect sig-
nificant dissimilarities.

We did not found any significant Fg distance between all populations for
Pstl polymorphism of insulin-like growth factor I locus. The meat-egg chicken
line shows the highest Hinfl polymorphism of insulin-like growth factor I gene
promoter, except for comparisons with Rhode Island Red chickens. For all other
lines dissimilarities are insignificant.

Also, we have not found any significant differences of Fg for PIT-1 lo-
cus. Rsal polymorphism of Mx gene is similar for all populations, with Fg from
0.01 to 0.08.

In general, allele frequencies in chicken populations may depend on both
selection purpose (towards egg or meat yield, etc.), and characteristic features of
breeds. Moreover, in phenotypic-based selection of individuals for nest formation
the breeder often uses several characteristics of which each is due to effects of sev-
eral genes (alleles). Quantitative traits are determined by the aggregate activity of
the significant number of genes and, thus, the selected individuals with desired
performance parameters may also have nonproductive alleles especially manifested
in heterozygotes. All these factors together result in the distribution we observed.

0.032 . Dendrogram of interpopulation relationships
0.012 | A Population3 by Nei’s genetic distance (Neighbor Joining
0'005. Populationd method): Population 1 — Plymouth Rock
0.006 . White, line G-2; Population 2 —
— B Populationl Borkovskaya Barvistaya, line A; Population
0.062 * 3 — Poltava clay, line 14; Population 4 —

= Population? Rhode Island Red, line 38.

.01

Dendrogram of genetic diversity of the chicken populations (Fig.) was
plotted by Neighbor Joining method with the use of genetic distances for all
studied loci. The obtained phylogenetic tree generally corresponds to earlier de-
scribed regularities and reflects the dissimilarities between the chicken lines de-



pending on the chicken types. Populations of egg-meat chickens are clustered
together. At the same time, meet-and-egg and egg-laying chickens form separate
branches, provided that the egg-laying breed demonstrates the highest genetic
dissimilarities as compared to other lines.

Our results testify that, traditional phenotype-based selection in fact does
not allow for the desired genotypes and elimination of individuals possessing
nonproductive alleles of the wide range of loci. Traditional selection practice
shows that Ukrainian breeds are inferior to the imported chicken lines, mainly
because of limited use of marker associated selection (MAS) in poultry breeding.
MAS is a quit routine tool enabling an increase in poultry productivity to the
level of foreign lines with a number of monomorphic candidate genes, as it is
shown by foreign researches.

Thus, our data validly prove that genetic differentiation of the chicken
populations by a set of polymorphic loci mainly depends on the poultry primary
use. However, the effect of this factor may vary. Genetic variability revealed in
each of the studied breeds allows targeted selection with the use of molecular and
genetic methods, including individual QTL genotyping, to produce the lines with a
certain set of desired genotypes and their combinations. It will enable breeders to
maximum use of the productive potential of the Ukrainian chicken breeds.
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Abstract

Morpho-functional changes in reproductive organs of bulls due to the influence of conti-
nental climate with cold winters and hot summers can repress reproductive function (I.M. Donnik
et al., 2005). It requires a deep knowledge of immunobiological, hormonal and biochemical
mechanisms regulating the reproductive function in animals, with regard to their adaptability to
various environmental and farming conditions (I.M. Donnik et al., 2015). Here, we compared for
the first time the autoimmune state of domestic- and foreign-bred Holstein bull sires aged 3 to 9
years (n = 101) which were housed in two ecologically different regions, the Moscow Province
(Head Center for Reproduction of Farm Animals) and the Sverdlov Province (Uralplemcenter,
Regional Information and Selection Center). Autoimmunity detected by sperm immobilization test
was unidentified in 69 % and 83 % of bull sires from the Sverdlov Region and the Moscow Prov-
ince, respectively. The percentages of bulls with a high titer (> 1:8) of sperm immobilization com-
prised 3 % and 8 % in the Sverdlov Region and the Moscow Region, respectively. At the titers of
approximately 1:4, the autoimmune anti-sperm state of the animals was reversible and easily re-
stored following recommended technologies during two cycles of spermatogenesis. A comparative-
ly high titer was recorded during more intense exploitation of bulls. The Holstein bulls of different
origin also differed in susceptibility to developing the autoimmune anti-sperm response. The sires
of the Canadian selection were more susceptible, while the lowest-level autoimmunity was charac-
teristic of the Holland bulls. Endogenous hormone levels correlated with the autoimmunity: in
case of the titer elevation, the endogenous hormone concentrations decreased, but unequally, i.e.
by 38 % and 46 % for testosterone and estradiol, respectively. The variations in correlation be-
tween testosterone and estradiol could reach 49 %. The percentage of animals with the titers of
1:4 to 1:8 was higher among the young bull sires aged 28 months, while the anti-sperm antibodies
were not revealed or autoimmunity was weakly expressed in the mature bulls aged 35 months, with
the titers of 0 to 1:2. Therefore, the young bulls at the start of their intensive use are more suscep-
tible to various impacts as compared to the pubertal sires.

Keywords: autoimmunity, bull sires, testosterone, estradiol, thyroxin

Reproductive function is closely related to animal metabolism, re-
sistance, and adaptiveness [1]. Deviations in morphofunctional state of the re-
productive organs in bovine animals located in different natural zones may result
in sexual disorders and deterioration of reproductive ability [2]. Thus, in the
context of extreme continental climate the ovarian function in females is re-
duced with noted lack of primary and secondary follicles in atresia phase. In the
diary breeding context, up to 95 % of the population genetic progress is attribut-
ed to the influence of servicing bulls. To ensure qualitative production of sperm it



is required to adhere to feeding, maintenance and sperm collection technologies
with simultaneous systematic multifactor analysis of the head count, including bio-
chemical, hormonal, spermatologic, histological, and immunological methods
(identification of circulating autoimmune antibodies to cell structure antigens of
testicular apparatus) [3, 4].

The unfavorable properties such as increased sensitivity to stresses, and
pathologic response to unfavorable environmental effects are identified in high
productive animals of pure-bred lines. They are susceptible even to insignificant
deviations from the diet and maintenance regime, which is expressed by metabolic
disorder affecting their immune status. It also results in reduction of the produc-
tive, reproductive properties, advance cull, and, consequently, in large economic
damage [3].

Pathogenesis of autoimmune diseases is very complicated and relates to
interoperation of many endogenous and exogenous factors [6]. Anti-sperm anti-
bodies are able to disturb spermatogenesis and may cause pathospermia, may pre-
vent penetration of spermatozoids through the cervical mucus and ovum fertilation
[7-10]. Autoimmune response against spermatozoids may be caused by mechanical
trauma, overheating, infections of the reproductive tract, cryptorchidism, prostati-
tis [7, 11-14], and genetic predisposition [15]. Production of anti-sperm antibodies
is deemed to be one of the male infertility reasons [13, 16-18], but may be usually
found even in fertile males [18, 19].

Real reasons for deterioration of the qualitative sperm characteristics could
not be always foreseen. Any unbalance in the diet by nutritional value (deficit or
excess) or by any component has negative effect on all spermatogenesis stages: di-
vision of seminiferous epithelium, formation and maturing of spermatozoids, bio-
chemical content of secretion of accessory sex organs, and integrity of blood-testis
barrier [20]. Physiological state and resistance ability of the livestock in the indus-
trial intensive animal breeding are under effect of a number of technological
stresses [21]. Unfavorable ecologic factors (technogenic environmental pollution,
natural and climate conditions of highlands) also change the biochemical state in
animals. Unfavorable ecologic zones are considered to be the regions close to in-
dustrial enterprises, atomic, aluminum, and metallurgical plants-polluting water
and fed for animals by toxic elements [22]. Natural resistance, humoral and cell
immunity are weakened under the effect of negative factors, accompanied by pol-
lution by heavy metals, secondary immunodeficits, and deterioration of reproduc-
tive ability [23].

Autoimmunity, as a consequence of secondary immunedeficit, may serve
one of the main reasons of reproductive malfunction in agricultural animals. De-
pending on the duration of factor and its nature, autoimmune state may have
temporary, and reversible or long-lasting and non-reversible effects which signifi-
cantly affect the reproductive ability in males. Negative correlation was estab-
lished between the presence of autoimmune antibodies to sperm in blood of ser-
vicing bulls and fertilization effectiveness. Sperm concentration in ejaculates and
quantity of semen suitable for cryo-conservation is validly reduced in bulls with
autoimmune anti-sperm antibodies. Systematic and timely identification of the
sires with autoimmune antibodies to sperm is practically important in breeding
enterprises. Normative value of immune status accounting for the main ecologic
factors should be developed at studying of the populations of practically healthy
animals [24-26].

For a long time, reproductive and immune systems in males were studied
independently. However, the interest in their interoperation, especially in auto-
immunity effect on infertility or reduction of the male fertility, constantly grows
[13, 27]. Autoimmune process in testicular apparatus in males is considered to



be an etiologic factor of testicular failure, resulting in reduction of the hormonal
function of gonad [28]. Admittedly, valid (P < 0.001) reduction in volume and
mass of both testis were found in animals suffering from autoimmune orchitis,
and testosterone content was significantly reduced in animals suffering from au-
toimmune hypogonadism. Relationship between the immune and hormonal sys-
tems (disorders in one of them leads to failure of the other one) is a known fact.
As exemplified by highly productive cows, it was testified that simultaneous cor-
rection of immune, hormonal, and biochemical state in animals has more appre-
ciable effect [29].

Information on effect of anti-sperm autoimmune antibodies on fertiliza-
tion is contradictory. There is no common understanding of the role of humoral
immunity upon reproduction and anti-sperm antibodies in development of infer-
tility [7, 8, 30]. Practically, no clinical studies of the autoimmune process in inter-
stitial Leydig’s testicular cells producing the main androgene — testosterone were
conducted [28]. Since there is no clear diagnostics algorithm of autoimmune hy-
pogonadism in males and females, it challenges the real assessment of its spread
and correction ability. Presence of autoimmune antibodies to steroid producing
cells of other endocrine organs and nonorganospecific antibodies may serve as a
supplementary diagnostic criterion of such pathology. Development of the meth-
ods for assessment of the influence of anti-sperm antibodies on fertility of sperma-
tozoids and male infertility has an undisputable clinical importance [31].

Here, we have for the first time conducted a comprehensive immunobi-
ological and hormonal monitoring of producing bulls in the conditions of Moscow
and Sverdlovsk regions, accounting for the country of origin, location, and use
mode, age, interbreed differences (animal paints), hormonal status in terms of
testosterone and estradiol, as well as concentration in blood serum of cholester-
ine, the precursor of such hormones. Relation of autoimmune titer with age,
origin, and geographical location of the animals, as well as the number of en-
dogenous hormones that grew up with decreasing of the autoimmunity titer has
been established. Share of the aforesaid autoimmune animals is found among
young bulls, whereas autoimmune state is not found or is poorly manifested in
majority of mature species.

Purpose of this research was assessment of autoimmune antibody titer
and hormonal profile in servicing bulls at adaptation to different conditions of
care and use.

Techniques. The studies in November 2016 involved superior servicing
bull sires of the dmestic and foreign selection aged 3-9 years (n = 101) in two
regions, Moscow (JSC Head Center for Reproduction of Farm Animals, n = 64)
and Sverdlovsk (OJSC Uralplemcentr, n = 37). Blood was collected from the
jugular vein in sterile vials. Blood serum was separated, and samples were inacti-
vated at temperature of 56 °C in thermostat during 30 minutes and were kept at
temperature of below —18 °C prior to their use. Sperm was individually collected
on artificial vagina and was immediately used during studies after assessment.

Titer of autoimmune antibodies to spermatozoids was determined by
sperm immobilization test (SIT) in the presence of complement (I.I. Soko-
lovskaya et al., 1990) of Guinea pig. The semen used in SIR has spermatozoid
mobility scoring > 0.7 with concentration of > 0.8 billion/ml preliminary diluted
with 0.9 % NaCl solution up to concentration of 300 million/ml. For SIR, we
used 32-well plates (MiniMed LLC, Russia) with 0.1 ml of 1 % NaCl solution
added to each well. The first upper well served as the control. A 0.1 ml aliquot of
undiluted blood serum of the studied male was added to the next well in vertical
row, and 0.1 ml of 1:2, 1:4, 1:8, 1:16 and 1:32 dilutions of titrated serum were
added to other wells of the vertical row. Then, 0.1 ml of 1:10 diluted Guinea pig



blood serum and 0.1 ml of diluted semen aliquots were added to each well. The
plates were shaken delicately, covered with glass cup and half~-dumped in water-
bath (37 °C). Results were recorded 2 hours after formation of precipitates. The
last blood serum dilution providing sperm immobilization was considered the
sperm-immobilizing antibody titer of the bull (the autoimmunity titer). Reac-
tion was conducted in three analytical replicates.

Endogenous blood testosterone and estradiol concentration was assayed
by ELISA test with the use of a Uniplan AFG-01 device (CJSC Pikon, Russia),
testosterone reagent kit Immuno-FA-TS, and estradiol reagent kit Immuni-FA-E
(Russia). Analysis kit (Spinreac, Spain) and a ChemWell® 2902 automated ana-
lyzer (Awareness Technology, Inc., USA) were used to measure blood cholesterol
concentration.

Mean (M) and standard error of the mean (£SEM) was calculated using
Microsoft Office (MS Excel) software. Validity of differences were assessed by
Student r-test, differences were statistically significant at P < 0.05.

Results. When comparing bulls’ immune status, we accounted for animal
location, climate zone, and ecologic factors, age, breed, and the mode of exploi-
tation. Sperm immobilization test we used is based on binding autoimmune anti-
sperm antibodies circulating in the blood with spermatozoids via their surface anti-
gens in the presence of Guinea pig complement (Table 1).

1. Blood anti-sperm antibody titers in servicing bulls of different origin at two
breeding enterprises (November 2016)

. Total SIT titer" (total and share)
Enterprise, |Bull number
region (%) share, | o Vo | 14 | 18 | 116 MESEM
%) ) ] T 0-1:2 | L4-1.8 [ 1:16

0JSC Uralplem- 37 35 17 7 10 1 0 24 11 0
centr (Sverdlov (100) (94.59) (48.57)(20.00)(28.57)(2.86) 0  (68.57+7.85) (31.43+7.85) 0
Region)
AO GCV (Mos- 64 61 34 19 3 4 1 53 7 1
cow) (100) (95.31) (53.12)(29.68) (4.69) (6.25) (1.56) (82.81+4.72) (10.94+3.90) (1.56+1.55)

Differences compared to the values for OJSC Uralplemcentr +14.24 —20.49* +1.56

Note. AO GCV — OJSC Head Center for Reproduction of Farm Animals. SIT — sperm immobilization test.
* Differences between animals of OJSC Uralplemcentr and OJSC Head Center for Reproduction of Farm Animals
are statistically significant at P < 0.05.

2. Blood anti-sperm antibody titers in Holstein Black and White bulls depending on
their age (n = 35, OJSC Uralplemcentr, Sverdlov Region, November 2016)

SIT titer™
Bull age, months n total portion of the total amount, % (MESEM)
0 [12]14]1:.8]1:16 0-1:2 | 1:4-1:8
16-24 9 4 2 3 0 0 66.671£15.71 33.33£15.71
25-36 11 3 2 6 0 0 45.45+15.01 54.55£15.01
37-48 11 8 0 2 1 0 72.73£13.43 27.27+13.43
Over 48 4 2 2 0 0 0 100 0

Notes. SIT — sperm immobilization test.

The obtained results testify that the animals of OJSC Head Center for
Reproduction of Farm Animals are superior, as 82.8 % of livestock (53 out of 61
bulls) lack autoimmune antibodies or have the lowest titers (0-1:2). That is, the
autoimmune status of the bull sires is normal. In OJSC Uralplemcentr this pa-
rameter is 14 % lower and the number of bulls with relatively high SIT titers
(1:4-1:8) is significantly higher compared to the animals of OJSC Head Center
for Reproduction of Farm Animals (P < 0.05). At that, 10 of 11 bulls from
OJSC Uralplemcentr had relatively low titers of anti-sperm antibodies — 1:4.
Such titers may result from physiological disorders of technological origin, e.g. at
sperm collection, and/or because of improper diet, mainly at lack of carotene.
According to our previous studies, such autoimmune state can be easily corrected



during one or two cycles of spermatogenesis.

The age of bulls from OJSC Uralplemcentr significantly affected their
autoimmunity (Table 2). Similar results were also obtained in bulls from JSC
Head Center for Reproduction of Farm Animals (# = 15, data not shown).

Comparison of autoimmunity titers in Holstein bulls of different selection
at two breeding enterprises (Tables 3) revealed the influence of the origin and
place of use of the animals on their immune status.

3. Blood anti-sperm antibody titers in Holstein bulls of different origin at two breed-
ing enterprises (November 2016)

SIT titer *
Country of origin| total portion of the total amount, % (M£SEM)
0 [1:2] 1:4 [1:8]1:16 0-1:2 | 14-1:8 | 116
OJSC Uralplemcentr (Sverdlov Region)
Netherlands 11 5 3 3 0 0 72.73£13.43 27.27+13.43 0
Denmark 10 8 - 1 1 0 80.00£12.65 20.00+12.65 0
Russia 5 1 2 2 0 0 60.00+21.91 40.00£21.91 0
JSC Head Center for Reproduction of Farm Animals (Moscow Region)
Canada 30 5 11 5 7 2 53,33 40,00 6.6714.03

Note. SIT — sperm immobilization test. Dash means absence of data.

SIT titers of 0-1:2 were characteristic of most tested Danish bulls. About
half of Canadian bulls also had such titers, and autoimmune shifts were typical of
a significant part of the population, i.e. in 40 % that approximately is 2 times
higher than in Danish bulls. A total of 6.7 % of the Canadian bulls showed the
highest SIT titer (1:16) indicating serious immune disorders. These bulls were 4-5
year-old animals which have been exploited more intensively. Apparently, their au-
toimmune disorder is caused by improper diets during active use leading to a de-
cline in carotene and vitamin A blood level below the norm. Improper semen col-
lection may also cause small traumas of sexual apparatus that is one of the main
etiological factors of bulls’ autoimmunity.

To study the dependence of immune status on the intrabreed differences,
we compared SIT titers in the Black Pied and Red Pied Canadian Holsteins
(Table 4). A total of 42.86 % Black Pied bulls had rather high titers, whereas
among the Red Pied bulls this parameter was approximately 2 times lower. Nev-
ertheless, final conclusions about the discovered phenomenon are not possible
until more animals will be involved in the studying.

4. Blood anti-sperm antibody titers in Black Pied and Red Pied Holstein bulls (JSC
Head Center for Reproduction of Farm Animals, Moscow Region, November

2016)
SIT titer™
Suit n total portion of the total amount, (M*SEM)
0 [12]1:4] 1:8 1116 0-1:2 | 1418 | 116
Black Pied 19 1 8 3 6 1 42.8610.80 42.861+10.80 4.7614.65
Red Pied 11 4 3 2 1 1 53.85£15.03 23.08+11.69 7.62+7.34

Note. SIT — sperm immobilization test.

5. Blood endogenous hormones (umol/l) in Holstein bulls depending on anti-sperm
antibody titers (ME£SEM, JSC Head Center for Reproduction of Farm Animals,
Moscow Region, November 2016)

SIT titer* | n | Thyroxine | Estradiol | Testosterone
0-1:2 22 66.50+9.64 0.087£0.050 16.81£5.33
1:4-1:16 18 66.22+10.16 0.087£0.080 15.13+5.55

Note. SIT — sperm immobilization test.

In studying endogenous hormone production in a relationship with auto-
immunity, we conditionally divided the Canadian Holstein 24-40 month-old
bulls from JSC Head Center for Reproduction of Farm Animals into two groups,



with SIT titer of 0-1:2 (conventional lack of autoimmunity) and more than 1:4
(different degree of autoimmunity) (Table 5). The results show trend towards
10 % reduction in testosterone concentration with an increase in anti-sperm an-
tibody titers. The thyroxine content shows no reliable differences. Among the
animals of JSC Uralplemcentr a decrease in blood testosterone concentration
with an increase in SIT titers is even more pronounced (by 38 %) (Table 6).
Cholesterol content also increased (by 14 %) within the physiological limits (see
Table 6).

6. Blood endogenous hormones and cholesterol, their precursor, in Holstein bulls
depending on anti-sperm antibody titers (M=SEM, JSC Uralplemcentr, Sverd-
lov Region, November 2016)

SIT titer™ n ;l;;cr?(t)(l)/slterone, Estradiol, pmol/l] Cholesterol, pmol/1 Egj(:f;;g?ol Age, months
Total 34 17.5%3.1 0.44+0.21 3.50%0.10 5.2+1.6 35.1£3.1
of which:
0-1:2 23 20.0+3.8 0.45+0.24 3.27£0.20 6.31£2.3 38.1+4.1
1:4-1:8 11 12.4+£4.9 0.32+0.44 3.72+£0.20 3.2%1.1 28.0+4.6
difference -37.9% -46 % +13.7 % -48.9 % -10.0

Note. SIT — sperm immobilization test.

The data we obtained in different regions correlate (see Tables 5, 6) that
is indicative of the relationship between the autoimmune status and androgenous
hormones.

Thus, alteration of anti-sperm antibody titers depends on the bulls’ age.
High titers (from 1:4 to 1:8) are characteristic of younger animals aged 28
months, while low titers (0-1:2) are typical for bulls aged 35 months. According-
ly, young bulls at the beginning of intensive use are more subjected to different af-
fecting factors, whereas mature animals are more sustainable. Testosterone/es-
tradiol ratio of the bulls aged 38 months is 6.3 at higher autoimmune titers. In
these bulls testosterone/estradiol ratio is approximately 2 times higher compared
to that of the animals aged 28 months. We did not detect any significant differ-
ences in the content of cholesterol, the precursor of most sexual hormones, be-
tween the bulls of different age. More animals with relatively high autoimmunity
are among the bulls of Russian and Canadian selection. The studied Red Pied
Holstein bulls are more subjected to different changes or damages of testicular
apparatus than Black Pied sires (7.62 and 4.76 %, respectively, the titer of 1:16).
Anti-sperm titers are significantly higher in Holstein bulls from JSC Ural-
plemcentr. In our view, this is caused by adverse technogenic agents in the re-
gions. However, the increase of titer (1:4) is reversible and can be easily normal-
ized for 1-2 cycles of spermatogenesis in the absence of the etiologic factor.
Sperm immobilization test, together with measurement of blood concentration of
endogenous hormones may be helpful tools for diagnostic of autoimmune disor-
ders in male reproductive system.
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Abstract

Cytogenetic studies of mares are widely used in practice (in case of embryonic death this is a
mandatory test) in countries with developed horse breeding. Genetic evaluation of Equus caballus is
also widely performed. Nevertheless, in the available literature, we could not find publications on the
relationship between cytogenetic disorders in mares and the effectiveness of artificial insemination
with frozen and thawed sperm. This paper is the first report on the impact of the cytogenetic status
of mares E. caballus of Ukrainian horse breed on their sexual cycle and the efficacy of the artificial
insemination by Kharkov technology. It has been shown that in case of ovary hypofunction caused
by an increased chromosomal variability, as estimated by the per cent of aberrant metaphases with
no genome mutations and the transmitted cytogenetic disturbances found, it is necessary to divide
the mares into three groups: up to 5 %, from 5 to 10 % and over 10 % overall chromosomal instabil-
ity. This allows better characterization of mares’ physiological condition to optimized treatment and
the artificial insemination procedure by Kharkov technology. When cooled semen used, the fertility
of the mares having more than 10 % aberrant metaphases was the lowest, by 29.81 and 31.86 % less
(p < 0.01) compared to mares from the groups with lower chromosomal instability. When thawed
semen was used, the fertility was the highest in the mares with the chromosomal instability up to
5 %, that is, on average 14.93 % higher (p < 0.05) compared to the mares with more than 5 % of
metaphases with aberrations. The influence of cytogenetic status on the fertility in the insemination
was clearly seen when the cryopreserved semen was used as compared to cooled semen. The fertility
of the mares inseminated with cryopreserved sperm averaged was 71.60 % in group 1 (up to 5 %
aberrant metaphases), 56.67 % in group 2 (5-10 % aberrant metaphases), and only 37.04 % in group
3 (> 10 % aberrant metaphases). So, estimation of cytogenetic status ensures optimization of artifi-
cial insemination and an increase in mares’ fertility when used cooled and frozen-thawed semen.

Keywords: Equus caballus, cytogenetic status of mares, fertility, aberrations

Genetic evaluation of Equus caballus is performed in many countries [1-
3]. Nevertheless, we could not find in the available literature any publications on
the relationship between cytogenetic disorders in mares and the effectiveness of
artificial insemination with frozen and thawed sperm. Cytogenetic studies are
more practically used in countries with developed horse breeding than in
Ukraine, and in mandatory manner in case of embryonic death [4-6]. It should
be noted that intensive selection in the Ukrainian horse breeds without sufficient
fundamental studies could result in spread of cytogenetic anomalies which are
able to reduce reproductive function [7-9]. Probably, for this particular reason
foal crop across the Ukrainian horse breeding industry does not exceed 50 %
lacking the required minimum of breeding reproductive stock for majority of the
raised breeds. Only 3 out of the 12 F. caballus breeds officially registered in the
Ukraine have sufficient quantity of breed animals; herewith the total number of
horse stock at beginning of 2015 had decreased to 320-330 thousands [10]. Thus,



the fundamental objective of the horse breeding development program in
Ukraine is to preserve and to increase the number of stock by 2020. Although
use of modern reproduction biotechnology methods has its role to play [11, 12],
they are ineffective upon diagnosis of anovulatory sex cycle in mares caused by
hypovarianism or cytogenetic disorders.

It should be noted that over the last years we have witnessed decrease in
fertility in all animal species (just like in humans) and growth of a number of ob-
stetric-gynecologic diseases that, possibly, is partially due to deterioration of the
ecologic situation [13-16]. Cytogenetic studies are wider used in the context of
zoological gardens to preserve the appropriate gene pool and to ensure the effec-
tive animal reproduction [17-18].

These findings point out to the need for use of cytogenetic studies to
find the reasons of anovulatory sex cycles and to increase fertilization rates in
mares both in the natural horsing and after artificial insemination. First of all, it
is necessary to perform cytogenetic tests on mares with rectally confirmed
hypovarianism as the most spread pathology. However, only few cytogenetic
tests were performed on FE. caballus in Ukraine as regards to the reproductive
function, without studying the link with effectiveness of the artificial insemina-
tion [19, 20].

In this paper we have for the first time shown that fertilization of horses
of the Ukrainian roadster breed depends on the instability degree of their chro-
mosomes apparatus (provided lack of genome mutations and balanced genetical-
ly transmitted cytogenetic disorders), provided that this effect is manifested
stronger if mares are inseminated by frozen-thawed, rather than by frozen sperm.

Purpose of this study was establishment of the impact of the cytogenetic
status in mares E. caballus of the Ukrainian horse breed on their sexual cycle
and the efficacy of the artificial insemination by Kharkov technology.

Techniques. Tests on 143 mares of the Ukrainian roadster breed were
conducted during 3 years (2012-2015) at one and the same farming units (pri-
vate stud farms and breed reproducing farms in Kharkov, Poltava, Dniprope-
trovsk, Zaporozhian, and Kiev regions of the Ukraine).

Blood for cytogenetic tests was collected weekly in sterile vials with hep-
arin from the jugular vein before insemination by commonly accepted methods
with adherence to the aseptic and antiseptic regulations. Lymphocytes were culti-
vated during 48-56 hours in sterile conditions in Eagle medium or 199 medium
(Sigma, USA) with addition of the inactivated calf serum, Phytohaemagglutinin
(Sigma, USA) and antibiotics (penicillin and streptomycin, 100 mg/cm?3) at tem-
perature of 37 °C, following which preparations based on metaphase lymphocyte
plates were produced ([21, 22]. Medicines were examined by optical microscope
Jenaval (Carl Zeiss, Germany) under oil immersion at magnification of x1000.

Based on cytogenetic data, mares were divided into groups prior to the
horsing and insemination period depending on the percentage of metaphases with
aberrations (up to 5 %, 5-10 % and over 10 %). Afterwards, a set of zootechnical
and veterinary actions were taken for improvement of fertility (better feeding and
raising, longer motion, use of developed complex for individual care) in mares
with established hypovarianism. Animals with genome mutations and balanced
genetically transmitted cytogenetic anomalies were excluded from the studies.

Optimal insemination time was comprehensively diagnosed by ultrasound
scanner Aquila Pro (Esaote, Spain) for veterinary purpose with rectal linear
probe (6-8 mHz).

Artificial insemination was performed in the first full-value ovulatory sex
cycle by Kharkov technology [10] with the use of our instrument [23]. Cooled
and frozen-thawed sperm was used. Prior to insemination, cooled stud sperm



was stored for no more than 48 hours in the household refrigerator at tempera-
ture of 2-4 °C. Sperm was frozen by Kharkov technology [10], spermatozoids
were packed up in tube syringes of 5 cm3 with sperm concentration of 150-
200 million/cm3. One sperm dose was used for one insemination. Spermatozoids
were unfrozen (tube syringes) in water bath at temperature of 38-40 °C during 2-3
minutes. After defrosting, only such spermatozoids were used for insemination
purposes, in which sperm mobility rate scored over 3 (at least 30 % of spermato-
zoon with rectilinear motion). Donor studs had acceptable chromosomal variabil-
ity (at least 5 % of metaphases with aberrations) and no genome mutations and
balanced cytogenetic disorders.

Study results were statistically processed by commonly accepted methods
[24], as well as with the use of specialized program SPSS (IBM, USA). Mean
(M) values and standard errors of the mean (xSEM) are provided in table below.
Deviations were assessed by Student’s 7-test and were considered statistically sig-
nificant at p < 0.05.

Results. The paramount problem occurring at preservation of the Ukraini-
an gene pool of E. caballus breed is in decrease of the number of mares with
anovulatory sex cycles as fertilization becomes impossible in such animals [25]. At
complex diagnostics of the state of reproductive range, deviations from the physio-
logical norm were noted in animals with chromosomal variability exceeding 5 %.
Physiological pre-ovulation mare follicle at acceptable number of metaphases with
aberrations and hypo-ovaria in species with high percentage is presented in Fig. 1
below.

Fig. 1. Physiological follicle of
mare (Equus caballus) of Ukrain-
ian roadster breed with accepta-
ble cytogenetic status (on the
left) and hypo-ovaria at high
percentage of metaphases with
aberrations (on the right).

Fig. 2. Metaphase plates in
mares (Equus caballus) of
Ukrainian roadster breed without
aberrations (on the left) and high
chromosomal instability (on the
right): 1 — paired fragments,
2 — circular bodies, 3 — di-
centrics.

Normal metapha-
ses and observed cytoge-
netic disorders are illus-
trated in Fig. 2.

Data of the table 1 show that the mares with total chromosomal instability
of up to 5 % and physiological sex cycle had metaphases with aberrations by
5.31 % less (p < 0.001) than animals from the group with 5-10 % aberrations, and
by 17.09 % less (p < 0.001) metaphases with aberrations as compared to mares
among which over 10 % of aberration metaphases are registered.

Upon use of defrost sperm, effect of cytogenetic status in mares on their
fertilization by way of insemination was more displayed than in case of use of
the cooled sperm, which correlates to other study results of use of frozen-thawed

Nl



stud sperm [26, 27]. Insemination was performed in the first full-value ovulation
sex cycle. Fertilization rate upon use of the cooled sperm (by percentage of
newborn studs) in mares with cytogenetic status of over 10 % metaphases with
aberrations was the least as follows: in average by 29.81 and 31.86 % lower (p <
0.01) than in animals of the groups with 5-10 % and < 5 % metaphases with
aberrations, respectively. Upon insemination by cooled sperm, fertilization rates
in mares from the first (up to 5 % of metaphases with aberrations) and the sec-
ond (5-10 % of metaphases with aberrations) groups lacked valid deviations.

1. Cytogenetic status of mares (Equus caballus) of the Ukrainian roadster breed and
their fertilization at artificial insemination by Kharkov technology (M*=SEM, pri-
vate horse breeding plants and breeding reproducing centers of the Ukraine,
years 2012-2015)

Indicat Metaphases with aberrations
ndicator <5% | 510% | >10%

Number of studied metaphases 2418 2486 2930
Number of mares in a group 44 45 54
Metaphases with aberrations 1.48+0.08 4.40£0.11%%* 10.67£0.22%**
Relative number of metaphases with aberrations, % 2.70%£0.14 8.01£0.22%** 19.7910.46***
Number of studs born from the cooled sperm, % 92.00%1.15 90.00x1.11 60.1910.93**
Number of studs born from the thawed sperm, % 71.60+1.14 56.67+1.11* 37.04£1.85%*

* Wk Rk Deviations are statistically significant as compared to the first group of mares (up to 5 % of metaphases
with aberrations) at p < 0.05; p < 0.01 and p < 0.001, respectively.

Fertilization rates by insemination by thawed sperm was the highest in
the group with total chromosomal instability of < 5 %, having in average ex-
ceeded by 14.93 % (p < 0.05) the rates in mares from the second group and by
34.56 % (p < 0.01) in mares with the highest percentage of metaphases with ab-
errations (> 10 %). Other researchers also note that cytogenetic status in mares
is especially important upon use of the unfrozen sperm [28, 29].

2. Structure of chromosomal aberrations in mares (Equus caballus) of the Ukrainian

roadster breed with different degree of chromosomal instability (M+SEM, private
horse breeding plants and breeding reproducing centers of the Ukraine, years

2012-2015)
Indicat Metaphases with aberrations
ndicator <5% \ 5-10 % \ > 10 %
Total aberrations 1.9540.10 6.6910.27%** 14.41£0.33%**
Structure of aberrations, %:
single fragments of chromosomes 70.08+3.78 47.57+2.10%%* 43.02+1.85%**
paired fragments of chromosomes 23.11%£5.10 27.75%£1.65 23.11+0.77
circular chromosomes 0.00%0.00 10.36+1.70 16.8411.20%*
gaps and breaks in chromosomes 6.81+5.29 13.74%£1.95 16.27+1.03
dicentrics 0.001+0.00 0.58+0.66 0.7610.87

* ¥k Rk Deviations are statistically significant as compared to the first group of mares (up to 5 % of metaphases
with aberrations) at p < 0.05; p < 0.01 and p < 0.001, respectively.

Studies of the structure of chromosomal aberrations (Table 2) had shown
that their total number in mares from the first group (with acceptable total
chromosomal instability) was in average by 4.74 less (p < 0.001) than in the sec-
ond group, and by 12.46 less (p < 0.001) than in the third group. Single frag-
ments of chromosomes had prevailed amongst the aberrations, whereas in the
first group such indicator was by 22.51 % higher (p < 0.001) than in the second
group and by 27.06 % higher (p < 0.001) than in the third group, where number
of anovulation cycles was the highest. Percentage of paired chromosome frag-
ments was in average practically similar in mares with total chromosomal insta-
bility of up to 5 % and over 10 %, and in the second group such indicator had
invalidly exceeded thereof in the first and third groups by 4.64 %. Circular
chromosomes were not found in animals from the first group and in the third
group it was by 6.48 % more (p < 0.01) than in the second one. Number of gaps



and breaks in the studied metaphase plates was the least in mares from the first
group that in average was by 6.93 % less than in the second group and by 9.46
% less than in the third group. No dicentrics were found in the studied mares
with the acceptable degree of chromosomal instability (up to 5 %), their highest
percentage was established in animals from the third group with over 10 % met-
aphases with aberrations that was by 0.18 % more than in the second group with
total chromosomal instability 5-10 %.

Therefore, we have studied the impact of cytogenetic status of mares
FEquus caballus of the Ukrainian roadster breed on full-value of their sex cycle
and fertilization by Kharkov technology. It is established that in order to in-
crease fertilization rates in mares it is reasonable to separate them depending
on their cytogenetic status (with number of metaphases with aberrations of up
to 5 %, 5-10 % and over 10 %). Such division allows the breeders to increase
the fertilization rates both naturally and at artificial insemination. Herewith,
fertilization of mares by unfrozen sperm with number of aberration metaphases
of up to 5 % in average comprises 71.60 %, with 5-10 % of such metaphases —
56.67 %, over 10 % — only 37.04 %. Accordingly, it is very important to account
for the cytogenetic status of mares upon use of the unfrozen sperm.
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Abstract

Modern development of animal breeding is impossible without the implementation of mo-
lecular genetic methods, the use of which allows searching for reliable biomarkers of the desired
development of economically useful traits in farm animals based on the analysis of hereditary infor-
mation. Thus, immunogenetic methods allowed significant reduction of errors in the control of pedi-
gree of breeders. Studies of the interrelationships of blood groups with economically useful signs of
animals are in progress. Infertility and barrenness in cattle lead to huge economic losses. The pur-
pose of this work was to identify the relationship between antigenic similarity of blood groups in
parents and reproduction indicators in cattle. The study was carried out from 2009 to 2014 in Sverd-
lovsk Region in the livestock farms Mezenskoe LLC (Beloyarsky Region), Pervouralsky Integrated
Agricultural Production Center (Pervouralsk Town District) and Artemovsky Farming Company
LLC (Artemovsky Region) using 1300 pairs of Ural-type black-and-white cattle. The mated animals
were authentic in origin and certified for blood groups. For their certification, 54 monospecific sera
to 11 blood group systems were used. In mated animals the index of antigenic similarity of blood
groups, expressed as the ratio of similar antigens in bulls and cows to their total number, and homo-
zygosity on EAA, EAF, and EAZ blood group systems were calculated. These blood group systems
were represented by several antigens which makes it possible to trace immune conflict in mated ani-
mals. By biometrical processing, it was identified that the pairs which were heterozygous in EAA and
EAF antigens showed higher efficiency of conception and better survival of the offspring, though the
twinning frequency decreased. The parents homozygous in EAA system produced the progeny in
which the amount of aborted embryos was 2.5 % higher than that in the heterozygous pairs. The
number of calves born dead from the EAF-homozygous pairs was twice as much as that of heterozy-
gous pairs. Apparently, the immune conflict, which leads to the extended period from delivery to
productive insemination and higher offspring death, decreases in animals homozygous in EAZ sys-
tem. The number of calves born dead was 3.2 % for homozygous pairs and 4.7 % for heterozygous
pairs. The index of antigenic similarity of parents varied from 0.1 to 0.8. If the antigenic similarity of
the mated animals was 10 %, significant losses of calves were observed. If the antigenic similarity was
20 %, such losses increased but not significantly. The similar patterns were observed for the twinning.
If the index of antigenic similarity of the mated animals was from 0 to 0.1, the maximum twins were
born, and if the index of similarity was 0.2 or more, the number of twins increased, but gradually.
Thus, the antigenic similarity of mated animals influences the number and survival of born calves.

Keywords: cattle, antigens, blood groups, index of antigenic similarity, homozygosity, mul-
tiple fetus, survival of calves

The most acute problem in modern cattle breeding industry is improve-
ment of reproduction indicators in cattle at preservation of high milk yields. One
of ways to improve reproduction indicators is search of relationships between the
antigen alleles and blood groups and economically useful traits. Determination
of blood groups (protein antigens of erythrocyte plasma membrane) in cattle is
widely used for validity check of origin, studying of the gene pool of cattle popu-
lations, studying of relations between the blood groups and economically useful
traits, and selection of pairs by antigen similarity [1, 2]. Identification of genes
polymorphism of which is associated with variability in performance of econom-
ically useful traits became possible due to progress of molecular genetics and



molecular biology [3, 4]. Studies and comparative analysis of blood groups are
important for studying the evolution of agricultural animal breeds [5]. These
studies enable revising the breed formation processes and forecasting of heterotic
effects in crossbred animals [6].

One of reproduction indicators is fertility as an evolutional ability of
each kind to give birth in natural conditions, thus, compensating death rates.
Multiple pregnancies are an important reproduction indicator in animals which
depends on fertility [7]. The bigger the animal, the longer its life span is, and the
longer is the embryonic development, the lesser is multiple pregnancies' rates.
Cattle refers to oligocarpous category, whereupon the effectiveness of reproduc-
tion in cattle acquires an important economic value [8]. Growth of milk yields
in cows is often accompanied by decrease of its adaptive potential and decrease
of reproduction effectiveness [9]. Moreover, animal genotypes have a great effect
on reproduction indicators [10]. Spontaneous mutations occurring in the seed
bulls may be widely spread across the breed in cattle of highly-specialized milk
breeds, such as Holstein, which are under the intensive pressure of artificial se-
lection [11-13]. In particular, such mutations include BLAD (bovine leukocyte
adhesion deficiency associated with death in calves aged under 1 year) and CVM
(complex vertebral malformation) [14]. Reproduction indicators in cattle are not
only influenced by physiological but also anthropogenic factors [15]. Thus, infer-
tility and dry stat of cows are negative consequences of improperly performed
insemination [16].

Infertility in both sexes is a loss of animal ability to reproduce because of a
dysfunction in mature organism. Temporary (reversal) and persistent (irreversal)
infertility is distinguished in cows [17]. At that, genetic infertility happens quiet
rarely since from the biological point of view there are no animals with genet-
ically limited reproduction indicators [18, 19]. Annually, each infertile cow pro-
duces less milk products (nearly 3 kg of milk per each day of infertility). Signs of
infertility in cows and young cows are manifested in longstanding lack of estrum,
availability of infertile inseminations [20]. Usually, 17-23 % of animals are in-
volved in estrum during the month 1, 48-55 % during month 2, and 18-22 % dur-
ing month 3 after calving. Interval from calving to the first estrum is 2 months.
Therefore, each cow failing to be fertilized during 60 days after calving should be
deemed infertile.

Effective prevention of infertility and dryness are important to increase
cattle livestock, milking capacity, and to optimize reproduction [20, 21]. Dryness
is an economic parameter applied to cattle females only [22, 23]. Dryness is
mainly caused by innate infertility, false identification of estrum and untimely
insemination, lack of motion, low quality of feed, infringement of insemination
technology, and use of pure quality sperm. Infertility and dryness may be also
caused by infection diseases [24, 25] and genetically determined disorders of re-
productive health [26]. High yieldness in stud stock results in production of less
milk, calves, and causes significant economic damage. In breeding farms allow-
ing for 10 % infertility in cows at milk yield of 2500-3000 kg, milk yield is re-
duced by 5 % and consumption of feed per unit of produced milk increases.
Increased duration of infertility in cows by 1 day decreases the annual milk in
cows by 6 kg. For preservation of the high calving it is required to optimize the
insemination terms and animal selection for mating [27], to use vitamin and
mineral additives improving the reproduction indicators [28].

At embryo formation in humans, antigens of mother and father blood
groups affect the immunologic balance [29, 30]. Similar tests were conducted in
animals. It was noted that several loci and blood group antigens in cattle also
affect fertilization and gestation courses [31]. S.L. Gridina et al. [32] had estab-



lished that fertilization in cows depends on antigen combination. Fertility is in-
creased at absence of J antigen, homozygosity of parents by antigens Y, and Gy,
and heterozygosity by antigens A, and S,. Presence of A;, By, Gs, I, Oy, Al,,
Gl, Ry, W, X5, and S antigens in blood of bulls and absence thereof in cows
promotes growth of fruitful insemination frequency. S.L. Gridina et al. [33] and
V.F. Gridin et al. [34] had found alleles (cohesively inherited antigens) of cattle
blood groups controlling the economically useful traits. Studies of I.M. Starodu-
mov et al. [35] and L.V. Kerro [36] had shown that blood groups may be used
for selection and breeding, as well as for improvement of economically useful
traits in cattle.

The present paper for the first time shows correlation between the anti-
gen similarities in cattle pairs of Ural breed and reproduction properties, and
also indicates that the animal blood groups are unequally associated with differ-
ent traits.

Purpose of our paper is studying the relationship between the inheritance
of blood antigens and reproductive indicators in groups of Ural Holstein Black
Pied cattle.

Techniques. Study was conducted from 2009 to 2014 in Sverdlov Region
in Mezenskoye LLC (Beloyarskiy Region), Agricultural Breeding Cooperative
Pervouralsky (Pervouralsk urban district), and Agrofirm Artyemovsky LLC
(Artyemovsky Region) in 1300 pairs of Black Pied Holsteins of Ural type. Tie-up
housing of cattle with milking through milk line is used by the above enterprises.
Cattle were fed according to standard diets. Cattle groups included cows from the
Ist to 2nd calving and servicing bulls. These were 200 cows and 10 bulls in Me-
zenskoye LLC, 400 cows and 11 bulls in Agricultural Breeding Cooperative
Pervouralsky, and 900 cows and 15 bulls in Agrofirm Artyemovsky LLC. Pairs
for artificial insemination were formed out of these animal groups.

Blood groups were assayed as per P.F. Sorokov [37]. Material for analy-
sis was collected once from the tail vein by single-use vacuum blood collection
system in animals aged over 6 months. Blood antigens were found by hemolysis
test (dissolution of erythrocytes under the effect of specific antiserum at presence
of complement). Antiserums were produced at immunization of recipient ani-
mals by donor blood; complement was collected from the rabbit blood serum.
Total 54 monospecific serums were used for identification of 11 blood groups
systems.

Index of antigen similarity of cows with mated bulls was the main cow
grouping criteria based on the aggregate of blood antigens. Index of antigen simi-
larity C, was calculated by formula of S.I. Shadmanov [38]:

Cas = (Abl + A(n)/(Ab + Ac)s
where Ay; and A are the amounts of similar mother and father antigens, Ay, is the
number of identified father antigens, A. is the number of identified mother antigens.

Homozygosity in parent pairs was accounted by blood group systems
EAA, EAF, and EAZ.

The following values were accounted for at assessment of the reproductive
properties in cows: period from calving to successful insemination, fertilization
index, number of abortions, survivability of calves, and multiple pregnancies.

Software packages Snedecor V3.5 and Microsoft Excel were used for bi-
ometrical processing. Mean values of reproduction indicators by samples (M),
standard errors of the mean (ZSEM) were used, statistical significance was as-
sessed at p < 0.05; p < 0.01, and p < 0.001, and correlation coefficients between
the studied reproduction indicators and antigen similarity of pairs were calculated.

Results. Fertility is genetically transmitted, whilst propensity for abortions
and dead-born calves is also conditioned upon the genetic and immunologic fac-



tors [10, 17, 18, 29]. Total 3 % of dead-born calves and 2 % of abortions were
registered in population of Agricultural Breeding Cooperative Pervouralsky
amongst the calves, 5 and 2 % were registered in Mezenskoye LLC, and 2 %
and 0.2 % were registered in Agrofirm Artyemovsky LLC. Abortions and dead-
born calves, even in such insignificant quantities, decrease the calf yield due to
which breeding enterprises suffer economic losses. Simultaneous birth of two and
more female calves results in growth of the number of calves by 100 cows and is
a desired sign.

We have revealed weak positive relations between the antigen similarity
in pairs and abortions (» = 0.2, p < 0.05), as well as dead-born calves (» = 0.1,
p < 0.05) and negative correlation between antigen similarity in pairs and birth
of twins (r = -0.14, p < 0.05). Loss of calves may be slightly reduced and birth
of twins may be slightly increased at mating of bulls and cows with high anti-
gen similarity [35]. An observed effect of the antigen similarity on survivability
of calves is 1-4 %.
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Reproductive indicators in of Black Pied Holstein Ural cattle depending on antigen similarity of parent
pairs: A — abortions, B — dead-born calves, C — birth of twins (Sverdlov Region, 2009-2014).

Figure (A) displays the dynamic changes in survivability of calves depend-
ing on antigenic similarity of mated animals. Change of function from 0.00 to
1.00 shows the growth in abortion probability. Number of abortions had sharply
increased at index of antigen similarity in pairs of up to 10 %. With increase of
the antigen similarity indicator (> 20 %), survivability of calves was growing in
stepwise manner. At the same time, probability of dead-born calve had increased
with increasing of the antigen similarity (see Fig., B). Significant growth in dead
birth frequencies is established at antigen similarity of up to 10 %, whereas at fur-
ther growth of C,  dead birth frequency is slightly growing. Calf loss trend at
close antigen similarity is, apparently, due to the fact that recessive parent al-
leles with unfavorable phenotype effects merge into homozygotous state as it
occurs, for instance, in case of BLAD and CVM [14]. Increase of antigen simi-
larity in bull and cow pairs had also resulted in decrease of twin birth frequen-
cy (see Fig., C) (0.00 at graph means absence of multiple pregnancies, 1.00
means birth of twins). At similarity index of < 0.1, number of twins was maxi-
mum. At increase of antigen similarity in parents to values of over 10 %, proba-
bility of twin birth slightly reduces.

Index of antigen similarity in the mated animals not exceeding 0.10 is
optimal to decrease the calf loss and to promote twin birth. Regardless of weak
correlation, the entire sample shows trend towards the better survivability of
calves at antigen similarity index in bull and cow of 10 %. The use of cattle pairs
with 11-20 % similar antigens gives a noticeable loss of calves.



An increase of propensity for spontaneous abortions and dead-burn
calves is characteristic of some cows [20, 39]. It is necessary to identify and
withdraw them from the population to increase the calf yield by 100 cows. Con-
versely, animals propensive for birth twins are selected for breeding. Daughters
of such cows are also more propensive for birth twins [22]. This approach pro-
motes health care and growth of cattle population at exception of free mar-
tinisme cases (different sex twins). Besides, it is required to select cows with sig-
nificant milk yields for production of breeds with the highest milk yield. Such
indicator is affected by genetic and feeding factors. It should be noted that sensi-
tivity in cows to environment factors growth with increase of the genetic produc-
tivity potential in cows [40].

Antigen similarity, surely, affects the reproduction and production indi-
cators in animals. At that, separate antigens or blood group systems often control
certain traits significantly more than others [31]. Similarity in parents in one sys-
tem may result in improvement of indicators, whereas may result in deteriora-
tion in the other one. We have analyzed the relationships between homo- and
heterozygosity by A, F/V, Z blood group systems and duration of the period
from calving to successful insemination by fertilization index and calf survivabil-
ity index. These systems consist of one-two antigens. This enables us to track
presence or absence of immunological conflict between the mother cow and calf
by certain antigens.

Among the studied animals we revealed A; and A, antigens of EAA
blood group. The following mother and father antigen combinations are found:
homozygotes A;/A;, Ay/Ay, AjAy/A1A,, no antigens (—/-); heterozygotes A;/Ay,
AlAY/ A, AIAY/AL, AlAy/—-, A/-, Ay/—. Period from calving to successful in-
semination for EAA homozygous animals from Agricultural Breeding Coopera-
tive Pervouralskiy and Argofirm Artyemovskiy LLC is longer compared to that
for heterozygous ones (see Table). Abortions and dead-born calves amongst ho-
mozygous pairs are more frequent (by 2.5 and 0.3 %, respectively) than amongst
heterozygotes, that is due to a greater genetic similarity of EAA system parent
antigens. At the same time, number of twins from homozygous pairs is signifi-
cantly higher (3.3 %).

EAF system in the sample consists of F and V antigens. Antigen F is
practically found in all animals of the sample, while antigen V is present only
in few animals. Both blood antigens are rarely found. The sample contains
homozygotes F-/F-, V-/V-, FV/FV, —/- and heterozygotes F-/V-, FV/F,
FV/V, FV/-. As to EAF system, the homozygous pairs in all studied enterprises
are more numerous than heterozygous pairs (see Table). Survivability of calves
from homozygous pairs was less than from heterozygous. Frequencies of abor-
tions, dead-born calves and multiple pregnancies in homozygous pairs are 1.9;
4.8, and 2.9 %, respectively. That is, selection of EAF heterozygous pairs leads
to better survivability of calves. However, frequency of twin births was 0.7 %
lower. Most healthy calf was produced in combination of F or F/V antigens
from bull and V antigen from cow. Insufficient heterogeneity of blood groups
results in calf loss. High frequency of twin birth was at mating bulls and cows
with the same EAF system antigens.

EAZ blood system antigen groups among the studied animal populations
were heterozygotes Z/— and homozygotes Z/Z, —/—. Total number of pairs ho-
mozygous for EAZ blood system antigens in all populations was 442, that is 102
more compared to heterozygous pairs (see Table). Period from calving to suc-
cessful insemination among homozygous pairs from Argofirm Artyemovskiy LLC
is 90 days that is 3 days shorter compared to heterozygous ones. In ABC
Pervouralskiy, this period in heterozygous pairs was also longer than in homozy-



gous pairs by 6 days. That is, we have revealed the trend towards a decrease in
the interval from calving to successful insemination in mating animals homoge-
nous for EAZ system. According to V.K. Milovanov at al. [39], immunologic
conflict occurring due to lack of Z antigen in one parent and presence in the
other parent results in insemination problem. There are cases when at insemina-
tion embryo is lost in the first months of pregnancy. Among the studied popula-
tions, abortions and dead births are more often from EAZ-heterozygous pairs.

Reproductive indicators depending on combinations of parents by blood group sys-
tems in Black Pied Holsteins of Ural type (M=SEM, Sverdlov Region, 2009-2014)

Indicator Mezensko- | ABC Pervour-|Agrofirm Arty- | Total, mean
ye LLC alskiy” emovskiy LLC |value
EAA system
‘Homozygous pairs
Number of pairs 26 40 113 179
Period from calving to successful insemination, days 87.0+2.0 106,0£3,0" 93,0+2,0 95,0+1,0
Fertilization index 1.3040.10 1,17£0,30 1,2040,20"* 1,22+0,30
Number (%) of abortions 6 (3.3 %)
Number (%) of dead-born calves 7 (3.9 %)
Multiple pregnancy (twins), number (%) 6 (3.3 %)
Heterozygous pairs
Number of pairs 95 88 421 604
Period from calving to successful insemination, days 90.6+2.0 82,9%+3.0 90,9+1,0 88,1+3,0
Fertilization index 1.3240.10 1,13£0,20 1,14£0,10 1,19+0,10
Number (%) of abortions 5(0.8 %)
Number (%) of dead-born calves 22 (3.6 %)
Multiple pregnancy (twins), number (%) 17 (2.8 %)
EAF system
‘Homozygotous pairs
Number of pairs 67 81 269 417
Period from calving to successful insemination, days 83.0+1.0 95,043,0" 92,0+2,0 90,0+2,0
Fertilization index 1.3240.20 1,13£0,20 1,14£0,20 1,19+0,10
Number (%) of abortions 8 (1.90 %)
Number (%) of dead-born calves 21 (4.80 %)
Multiple pregnancy (twins), number (%) 12 (2.90 %)
Heterozygous pairs
Number of pairs 54 47 262 363
Period from calving to successful insemination, days 94.0£3.0 70,0%2,0 92,0+3,0 85,5+2,0
Fertilization index 1.43£0.10"* 1,12+0,10 1,12+0,20 1,22+0,30
Number (%) of abortions 2 (0.55 %)
Number (%) of dead-born calves 8 (2.20 %)
Multiple pregnancy (twins), number (%) 8 (2.20 %)
EAZ system
‘Homozygotous pairs
Number of pairs 67 72 303 442
Period from calving to successful insemination, days 88.0+2.0 80,0=1,0 90,0+3,0 86,0+3,0
Fertilization index 1.3410.30 1,22+0,10 1,10£0,20 1,22+0,20
Number (%) of abortions 6 (1.4 %)
Number (%) of dead-born calves 14 (3.2 %)
Multiple pregnancy (twins), number (%) 6 (1.4 %)
Heterozygous pairs
Number of pairs 54 56 230 340
Period from calving to successful insemination, days 87.0+3.0 84,0+2,0 93,0+2,0 88,0+3,0
Fertilization index 1.3410.10 1,19+0,10 1,18+0,30 1,37£0,20
Number (%) of abortions 5(1.5 %)
Number (%) of dead-born calves 16 (4.7 %)
Multiple pregnancy (twins), number (%) 6 (1.8 %)

wk ek wxk Differences between the heterozygous and homozygous pairs are statistically significant at p < 0.05;

p <0.01 and p < 0.001, respectively.

Thus, reproductive properties of Holstein Black Pied cattle depend on

blood group similarities of the parents. Association of blood group system anti-
gens with a certain trait can be more pronounced compared to other traits. At
similarity of the parents, one blood antigen system can be associated with im-
proved reproduction, whereas the other one have negative effects. There is a
trend towards better survivability of calves from heterozygous pairs for EAZ system
(ie. a 2.5-2.7 % reduced number of dead-born calves and 0.3-1.4 % less abor-



tions). Apparently, it is an immunologic conflict that results in death of calves.
We also have discovered trend towards improved survivability of the calves and
an increase in animal populations at 10 % antigenic similarity of parents.
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Abstract

One of the important aims in animal breeding is using the advantages of bio diversity.
Romanov sheep is Russian native breed and has prominent features, such as high percent of twin-
ning. Lori-Bakhtiari breed is dual-purpose (meat and wool) in Iran. Regarding the governmental
policies, confluence between these two breeds is on the agenda. The aim of this research is to
study comparatively some of the sperm features of rams in both breeds in terms of concentration,
motility, morphometry. Semen samples of Lori and Romanov rams were collected in husbandry
research station known as Shuli in Chaharmahal Bakhtiari Province in Iran. In this experiment,
sperm parameters in Romanov ram including large diameter, small diameter, perimeter and area
of head, tail length, mid piece and end piece length were estimated as 9.16+0.37 n, 4.77£0.41 p,
24.474£0.97 p, 24.89+1.94 u2, 57.59+1.50 p, 15.40£1.20 u and 42.19£2.10 p, respectively. A sig-
nificant difference was observed between the large diameter and head area of sperm, while the
small diameter and perimeter of sperm were similar. Motility of type A in Romanov rams was
significantly higher. The tail and mid piece of Romanov sperms was significantly taller than these
parts in Lori’s rams. It seems that taller length of the mid piece and more mitochondria concen-
tration are the causes of higher motility in Romanov spermatozoa.

Keywords: ram, Romanov breed, Lori Bakhtiari breed, sperm, motility, morphology

Iran also has numerous comparative advantages in terms of animal hus-
bandry and products in such a way that every domestic animal nearly can be
reared and maintained. This advantage has led to place Iran as one of the most
lucrative and important countries. Of the goals of the animal breeding institu-
tions is to apply cross breeding in order to use the genetic potentials and in-
crease livestock resistance. Advancements could be seen considerably in the first
generation. Different goals are determined due to the environmental conditions
for sheep management. Those areas in where wool production is most important,
crossbreeding program tends to select wool breeds. In areas where meat is more
important economically, those breeds are used which have high growth rate, feed
efficiency and meat quality [1]. Exploiting the most production potential of
sheep is the only way which is profitably suitable and explainable [2].

Romanov sheep is Russian native breed and imported to France for re-
search purposes by IRNA (French National Institute for Agricultural Research)
research center in 1963 for the first time. This breed is premature and has out-
standing characteristics such as a high percentage of twinning, high maternal
instinct and high physical ability of the newborn lambs. This breed has rather
tall legs. The other important aspect of Romanov is high resistant of ewes and
lambs and their vigor. Lambing is easy. The mean weight of Romanov ram and



ewe are 55-80 kg and 40-50 kg, respectively. Rams have aggressive behavior dur-
ing breeding, and they have sexual activity in all of seasons [3].

Lori Bakhtiari sheep is a heavy and outstanding breed in terms of the
production features in Iran. They are reared in the south-west of Iran, especially
in Chaharmahal Bakhtiari province. The main place of its rearing is Chahar-
maahal Bakhtiari. For its top features, it is reared in the neighboring provinces
such as Isfahan, Lorestan, Kohgiloye va Boyerahamd and Khuzistan. It’s ewe
known as Haftlang. Its fat tail is big and deep. Fat tail is a groove cause to di-
vide and suspense. It’s divided into two completely separate sections (Fig. 1).
Sometimes the end of the fat tail is placed in the lower hocks [3].

Fig. 1. Rams of the local Iranian breed Lori Bakhtiari (left) and a crossbred animal Fy (right). A very
long fat tail characteristic of the breed is considerably shortened in the offspring from crossing.

Exposing Romanov ram to the sun decreased sperm volume, total mo-
tility, individual motility, concentration, viability and normal sperms. Testis
length and its diameter in Romanov ram were higher than the native Finns [4].
The color of semen is dependent upon the sperm concentration and varied from
cream to white. If the sperm concentration is high in the semen, the semen col-
or tends to be cream and if the sperm concentration in semen is low, its color
tends to be white and watery [5]. Studies show that there is a direct relationship
between the number of live sperms and pregnancy [6].

It is planned in order to produce the hybrid of Romanov breed and re-
duce some features of Lori Bakhtiari breed such as the large size of fat tail and
low twining [7]. There is a project for the possibility of crossbreeding between
Romanov ram and Lori Bakhtiari ewes (see Fig. 1). There is not any study about
morphologic parameters in Lori Bakhtiari semen and Romanov ram in Iran.

The aim of this research was the comparison of the semen parameters of
both breeds in terms of volume, concentration, motility and sperm morphometry.

Techniques. Rams were managed in the research station of Jahad
Keshavarzi Organization in Chaharmahal Bakhtiari province — Iran at the same
feeding and maintenance conditions. A total of 24 rams aged 2-3 years, were
kept in the husbandry research station known as Shuli station which 12 of them
were Lori Bakhtiari and the other 12 were Romanov rams. Shuli belongs to Ja-
had Keshavarzi Organization in Chaharmahal Bakhtiari province with longitude
50°, latitude 32° and the height of 2017 meters above the sea level. With the
help of artificial vagina semen samples were collected. Semen was stored at
36 °C to prevent the cold shock. Samples were transferred in the laboratory for
semen analysis.

Fresh semen was diluted with Hepes TCM 199 (Tissue Culture Medium,
Sigma-Aldrich, Inc., USA) in proportion 1:250. From diluted sample 5ul was
placed on Makler Counting Chamber (New York Microscope Company, Inc.,
USA) and evaluated under the microscope using CASA (Computer-aided sperm



analysis) software. To study the sperm morphology, smear was prepared. For
smears staining, Rapid Sperm Staining (RSS) Differentiation quick kit was used.
This kit contains three solutions of A, B and C. At first, solution A was poured
on the smear in such a way that the smear surface is completely covered. After
75 seconds, it is evacuated and the surface of smear was covered with B solution
for 60 seconds and evacuated. Finally, C solution was poured on the smear for
15 sec and it was rinsed with a very slow water flow. Smears were dried com-
pletely at room temperature. After staining stage, about 100 sperms in the field
of microscope equipped with Isc capture program were examined in x40 lenses.
Different parameters, including area, perimeter, large and small diameter of
sperm head, different parts of the sperm body and tail were determined.

Mean (M), standard errors of mean (£SE) and statistical significance (P)
of the differences between the studied parameters in the two rocks were calculated.

Results. Figure 2 shows
the sperm samples under the
microscope with X20 magni-
> fications in Lori Bakhtiari ram.

Different characteris-
tics of semen samples of Lori
Bakhtiari and Romanov rams
are shown in Table 1. Mor-
phological parameters and mo-
tility features of sperm between
two breeds of Romanov and
Lori Bakhtiari were compared.

Morphological param-
Fig. 2. Sperm of Lori Bakhtiari ram (magnification lenses Ct¢TS Of experiment, including
x20). large diameter, small diame-

ter, perimeter (n) and area
(u?) related to the sperm head are shown in Table 2. The length of tail (p),
length of the mid piece and length of end piece are related in the body of sperm.
The results of comparing of sperm morphology in Lori and Romanov rams
showed that there was a significant difference between large diameter and the
head area of sperm (P < 0.01). There was not any significant difference between
the small diameter and the perimeter of the head sperm between these two
breeds. There was a significant difference between the sperm tail and the length
of mid piece while there was not any significant difference between two breeds
in the end piece (see Table 2).

Sperm motility class A, B, C, D, actual sperm velocity, straight move-
ment, mean of the straight movement (u/sec), mean of rotation angle, maxi-
mum range of lateral motility (u), frequency of lateral motility (Hz), percent of
linear movement, percent of rotation angle and standard percentage of straight
motility are among sperm motility. The results are shown in Table 3.

Comparing the mean of sperm parameters in Lori Bakhtiari and Roma-
nov rams indicated that sperm concentration, percent of sperm motility, percent
of proceeding sperm, percent of sperm motility class A, sperm motility class D,
real velocity of sperm, sperm velocity in the straight line, mean of velocity in the
straight line, mean rotation angle and frequency of lateral motility had a signifi-
cant difference in both breeds (P < 0.05). There is a significant relationship be-
tween the percent of sperm motility Class B, percent of sperm motility Class D,
percent of linear of sperm motility, mean rotation angle and percent standard




straight sperm motility in both breeds (see Table 3).

1. Some parameters of ram and semen analysis in Romanov and Lori Bakhtiari
rams (Shuli, Chaharmahal Bakhtiari, Iran)

Breed Age, |[Ram Ram No Replication of Semen color Sperlrzn concentration,
years |color semen sample x1012/ml
Lori Bakhtiari 3.0 White 885954 1 Beige 2.2
Lori Bakhtiari 2.5  White 917163 1 Beige 1.6
Lori Bakhtiari 2.5 White 865821 1 Beige 1.0
Lori Bakhtiari 2.5 White 917163 2 Beige 1.5
Lori Bakhtiari 2.5 White 865821 2 Beige 1.8
Lori Bakhtiari 3.0 White 885954 2 Beige 2.0
Lori Bakhtiari 3.0 White 885954 3 Beige 1.9
Lori Bakhtiari 2.5  White 917163 3 Beige 1.6
Lori Bakhtiari 2.5  White 865821 3 Beige 1.6
Lori Bakhtiari 2.5  White 865586 1 Beige 1.6
Lori Bakhtiari 2.5  White 865586 2 Beige 1.5
Lori Bakhtiari 2.5  White 865586 3 Beige 1.6
Romanov 2.0 Black 50202 1 Beige to white 1.8
Romanov 2.0 Black 50202 2 Beige to white 1.5
Romanov 2.0 Black 50202 3 Beige to white 1.6
Romanov 2.0 Black 52028 1 Beige to white 1.7
Romanov 2.0 Black 52028 2 Beige to white 1.6.
Romanov 2.0 Black 52028 3 Beige to white 1.7
Romanov 2.0 Black 52017 1 Beige to white 1.6
Romanov 2.0 Black 52017 2 Beige to white 14
Romanov 2.0 Black 52017 3 Beige to white 1.6
Romanov 2.0 Black 50141 1 Beige to white 1.8
Romanov 2.0 Black 50141 2 Beige to white 1.5
Romanov 2.0 Black 50141 3 Beige to white 1.6

2. Comparison of morphological parameters in semen sample of Lori Bakhtiari and
Romanov rams (M=£SE, Shuli, Chaharmahal Bakhtiari, Iran)

Parameter | Lori Bakhtiari | Romanov | P
Large diameter, p 8.10£0.37 9.16+0.37 0.000
Small diameter, p 4.6310.33 4.77+0.41 0.130
Perimeter, p 24.29+1.50 24.47+0.97 0.570
Area, p2 26.9711.18 24.89+1.94 0.000
Tail length, Mx 56.11£1.90 57.59£1.50 0.007
Middle piece, p 14.11£1.10 15.40+1.20 0.000
End piece, p 42.01£2.60 42.19£2.10 0.750

3. Comparison of sperm characteristics in Lori Bakhtiari and Romanov rams
(M*SE, Shuli, Chaharmahal Bakhtiari, Iran)

Parameter | Lori Bakhtiari | Romanov | P
Concentration, X 106/m1 5308.8+0.15 6764.4+1.2 0.028
Sperm motility, % 39.24+0.80 59.47£1.60 0.048
Percent of proceeding sperm 33.5540.42 52.37+2.10 0.042
Sperm motility class A, % 21.47£1.10 38.26+1.20 0.320
Sperm motility class B, % 12.07£1.90 14.11£0.60 0.490
Sperm motility class C, % 5.68+1.90 7.09£1.60 0.290
Sperm motility class D, % 60.7610.34 40.53%0.72 0.048
Actual sperm velocity, p/sec 38.8710.42 58.95+£1.70 0.019
Straight movement, p/sec 24.12£1.40 41.08%0.30 0.027
Mean of the straight movement, p/sec 27.87+£1.60 45.82+0.36 0.025
Mean of rotation angle, ° 9.27+1.60 15.17+1.50 0.047
Maximum range of lateral motility, p 1.72+1.40 2.23+1.90 0.030
Frequency of lateral motility, Hz 0.41£0.22 0.74%0.36 0.022
Linear movement, % 36.63%0.65 48.2612.00 0.086
Rotation angle, % 50.15%0.72 60.491+1.50 0.089
Standard of straight motility, % 52.79£1.20 63.291+1.60 0.069

According to Table 3, the highest number of sperm was obtained in Ro-
manov ram (6764.4 million/ml vs. 5308.8 million/ml). The highest percentage of
motile sperm was in Romanov (59.47 % vs. 39.24 %). The highest percentage of
proceeding of sperm was related to Romanov (52.37 % vs. 33.55 %). The highest
percentage of sperm motility in Class A was seen in Romanov ram (38.26 % vs.



21.47 %). The highest real velocity of sperm was in Romanov (58.95 n/sec vs.
38.87 u/sec). Sperm velocity in straight line (p/sec) was higher in Romanov
(45.82 p/sec vs. 27.87 p/sec). The highest rotation angle of sperm was observed
in Romanov (15.13° vs. 9.27°). Sperm lateral motility was higher in Romanov
ram (2.23 pvs. 1.73 p) (see Table 3).

Morphology of sperm has a great influence on sperm motility and ovum
fertilization. Normally, at least 30 % of sperms should have a normal shape [8].
The abnormality of sperm could have different forms. For example twin heads,
two tail and microcephlic sperm. Abnormal sperm is not able to move in a bal-
anced way and these sperms cannot fertile the ovum [9]. In this experiment,
some abnormal forms such as sperm bent tail were seen in the semen sample of
Romanov rams.

Semen color is one of the important indicators determining reproduction
activity. Sperm color of rams and cows changes from light yellow to cream. If
the concentration of sperm increases in semen, the semen color will tend to be
cream and if the sperm concentration is low in semen, its color will change into
watery [5]. In this experiment, the color of semen sample in Lori Bakhtiari was
cream, and in Romanov was whitish. Higher concentration of sperm is in Ro-
manov rams (6.7x1012/ml vs. 5.3x1012/ml).

Motility is the most important factor in fertility. Motility of sperm is im-
portant for its movement through the reproductive system. For this reason, there
is a correlation between motility and fertility. Increasing the percent of straight
motility and fertility of sperm will go up. In this experiment, there was no signif-
icant relationship between the rate of sperm motility in both breeds of Lori-
Bakhtiari and Romanov in Class B and C (P < 0.05), while the motility in clas-
ses A and D in both breeds was significant. Sperm of Romanov breed was higher
than Lori Bakhtiari breed in terms of motility A (P > 0.05). Using some compo-
nent and time variation could change the sperm motility. In a study [10], mela-
tonin in non-reproductive season had no significant effect on motility in Lori
Bakhtiar ram. In another research [11], changes of luteinizing hormone (LH),
follicle-stimulating hormone (FSH) and testosterone hormones in Romanov and
Al de France rams were studied. Results showed that FSH secretion in blood
plasma had no significant difference in both breeds, while LH secretion and tes-
tosterone in Romanov were higher and its secretion started earlier. It seems that
the cause of better reproduction activity performance in Romanov is the specific
secretion of gonadotropins and testosterone [12]. Results from comparison of
sperm motility and fresh semen of ram and the sperm motility after 24 hours in
vitro showed that the motility of fresh sperms was significantly higher than the
semen sample kept after 24 hours in vitro. Decreasing motility to less than 20 %
will reduce fertility. The percent of motile sperms in bulls is 50-80 %. The re-
sults showed that the percent of sperm motility is high at the beginning of sam-
ple evaluation, while sperm motility reduced after a short time [13]. Some male
infertile bull had high motile sperms. In fertile rams, the motility percent was
60-70 and sperms having abnormality in body and tail had poor motility [14]. In
this experiment, the percent of sperm motility in Romanov ram was higher than
in Lori Bakhtiari (59.47 % vs. 39.24 %). Considering a minimum motility of 60
to 70 percent for sperm, it seems that Lori Bakhtiari rams would have a low fer-
tility rate. In this experiment, other measured factors using CASA indicate the
priority of Romanov ram than Lori Bakhtiari ram. The real rate of sperm, per-
cent of sperm proceeding, actual velocity of sperm, sperm velocity in straight
line (u/sec), mean velocity in straight line, mean rotation angle (degree), maxi-
mum range of lateral motility (u), frequency of lateral motility (Hz), percent of



linear of sperm motility, mean percent of rotation angle and standard percent of
straight line sperm motility in Romanov ram were higher than in Lori Bakhtiari
(P > 0.05).

Morphometric study of germ cells especially sperm is very important
in breed characteristics. Different methods are applied for morphometric
study. J. Yaniz et al. [15] investigated the morphometric features of acrosome
and the nucleus of ram by staining the semen samples using florescence micro-
scope. In the first group, some appropriate digital pictures were taken from
sperm, head and nucleus using Potassium lodide stain. The pictures were studied
by a computer program of CASA. In the other group, Hoechst stain was used
sperm nucleolus of ram and was investigated by CASA software. There was no
significant relationship between the data from the first and second groups. Dif-
ferent dimensions of the sperm head were analyzed by CASA. Head length, head
width, proportion of width to length, area and perimeter were estimated 8.08 T,
4.80 r, 0.59, 29.13 12 and 23.93 1, respectively [16]. Potassium iodine was used
to compare sperm nucleuses of bull, boar and ram. Morphometric studies in ram
sperm showed that acrosome of ram sperm is long and wide, while it is small in
bull [17]. In this experiment, sperm parameters in Romanov ram were estimated
including large diameter, small diameter, perimeter and area of head, tail length
and mid piece length as 9.16+0.37, 4.77£0.41, 24.47%£0.97, 24.89++1.94,
57.59%+1.5, 15.40£1.2 and 42.19%2.1 p, respectively. Comparing data from Table
2 related to sperm morphometry of Romanov sperm and Lori Bakhtiari ram
showed that head area of Romanov sperm is significantly greater than sperm
head in Lori Bakhtiari (P > 0.01). The length of middle piece of Romanov
sperm was significantly greater than Lori Bakhtiari sperm. Referring to Table 2,
sperm motility of Romanov ram was higher than Lori Bakhtiari sperm. It seems
more mitochondria accumulate in the mid piece of Romanov sperm (because of
the longer middle part of Romanov sperm than Lori Bakhtiar). This structure
causes to provide more energy for sperm motility.

Therefore, due to the comparison of motility classes of sperm in Roma-
nov and Lori rams, it seems that increasing of sperm motility in Class A in Ro-
manov breed is because of the longer mid piece and high concentration of mito-
chondria. Other features of semen analysis indicate the priority of this breed’s
sperm to Lori Bakhtiari breed.
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Abstract

The status of organic aquaculture which presents production (cultivation) aquatic species
(fish, crustaceans, molluscs, sea plants etc.) and guarantees high quality and safety of the product
in accordance with specific principles is evaluated on the base of a large amount of statistical data.
The main limiting factor of the development of aquaculture, in particular organic aquaculture, in
Russia and in the world is deficiency of feeds (L.Yu. Lagutkina, 2017). Feed production is con-
strained by the deficit, expensiveness, and low ecological safety of fish meal which is a traditional
raw material. The incentives of the development of aquaculture are changes in the culture of food
consumption especially among young people, and willingness of the consumers to pay for the
ecological safety of the products. The new formats of production (P. Edwards, 2015) based on
technologies of sustainable, effective, integrated and organic production will contribute to the
development of an aquaculture. Organic projects of aquaculture (S. Begleiter et al., 2015) become
more attractive for investors. One of the first specialized venture capital funds, Aqua-Spark (Neth-
erlands), has invested $7 min in organic projects in Mozambique, Iceland and Norway since
2014. Global organic aquaculture production in 2015 is evaluated as 400 thousand tons that is
about 0.54 % of the overall aquaculture production (without water plants) but twice as much as
overall volume of Russian aquaculture production. Production of organic aquaculture is focused
on rearing salmon (10 %), molluscs (5 %), carp (1 %), shrimp (1 %), trout (0.3 %), and stur-
geons (0.3 %). Major part of organic products is produced in China (304 thousand tons, or 80 %)
and in Europe (76 thousand tons, 19 %). Among manufacturers (about 1 thousand) those who are
certified (200 in China, 465 in Europe) are of our particular interest. European manufacturers are
certified according to the European (in fact, the international) standards, Chinese manufacturers
are mainly certified according to national organic standard which is not identical to the interna-
tional standards. Russian manufacturers will be certified with regard to the Russian and (or) inter-
national certification systems. Since 2011, the pilot introduction of organic aquaculture in Russia
occurs in the Astrakhan region at a small innovative enterprise Modern Fishery Complex “Shara-
povskii” where aquaculture is combined with crop rotation. “Vitality Leaf. Organic” of Saint-
Petersburg Ecological Union (the Russian system for voluntarily ecological certification of inter-
national level) is acknowledged as congruent to European standards. To date, the development of
organic aquaculture in Russia corresponds neither to natural potential of the country, nor to world
average indicators of the industry. A way to solve the problem may lay in the development of
feeds which will correspond to base requirements of organic standards.

Keywords: organic aquaculture, principles of organic production, organic standards, fish
food products, consumer culture, certification, feeds

Global population growth necessitates rapid development of agriculture
and growth of production output. This could be achieved by relying upon the in-
tensive animal breeding, poultry breeding, and fishery forms. Aquaculture is going
to play an enormous role in development of agriculture. By 2050, 9.8 billions of
people shall be provided with food, i.e. growth of food production by 60 % as



compared to recent food production rates. Aquaculture, as a technological process,
may warrant transparency and manageability of production that serves the basis for
improvement of the safety and ecological compatibility. Contribution of the Rus-
sian aquaculture to the total volume of domestic fish products remains small —
slightly over 4 % [1]. Conversely, it is aquaculture that produces more fish prod-
ucts than pisciculture in the global context starting from 2014 [2]. It is expected
that by 2030 aquaculture would yield 3/4 of fish products to be consumed by
humans in the world [3]. Apparently, development of aquaculture in Russia is
still not in line with natural potentials of the country and with mean global indi-
cators of industrial development. Such low aquaculture production volumes could
be, in particular, explained by the fact that until present time the national demand
for fish protein was satisfied by sufficiently high pisciculture production volumes,
which is in stagnation state in foreign countries.

In present paper we assess global development of organic aquaculture:
production of fish, shell fish, mollusk, sea plants, and other consumable goods
according to certain (“organic”) principles based on statistical data provided in the
available literature sources.

According to statistics, 3/4 of the total aquaculture production volume is
represented by hydrobionts, and !/, — sea weed (Algae) [2]. In 2014, global aq-
uaculture industry had produced 73.8 million of hydrobions (USD 160.2 billion
in producer prices), of which 49.8 million tons of bony fishes (7eleostei) (USD
99.2 billion); 16.1 million tons of mollusks (USD 19 billion); 6.9 million tons of
shell fishes Crustacea (USD 36.2 billion); 7.3 million tons of other sea animals,
including semi-aquatic animals (Amphibia) (USD 3.7 billion). Volume of raised
aquatic plants comprised 27.3 million tons (USD 5.6 billion) [2]. By dominant
growth objects, modern global aquaculture may be defined as limnobiotic exten-
sive, warm-water culture based on species of south-eastern faunal complex [4].

There are several stimuli for rapid development of aquaculture. First of
all, it is growth of demand for aquaculture products [5] caused by growth in
consumption rates of food products due to growth of the number of population
and transformation of product consumption models. In 2009-2014, total con-
sumption of fish products in humans had increased by 18 % (from 123.8 to
146.3 million tons), and consumption per capita — from 18 to 20 kg [2]. Practi-
cally all fish produced by aquaculture, as apart from fish produced by pescicul-
ture, is used for such purpose. The second factor is inability to satisfy the grow-
ing global demand for fish products by traditional pesciculture without a threat
to destruction of the natural ecosystems. Achievement of the fishing margin is
indicated by the fact that during 2009-2014 global fishing volumes had increased
by only 3 %, while aquaculture production volumes — by 32 % [2]. According
to forecasts, by 2030 global consumption of fish caught by pesciculture would be
reduced from 65 million tons (in 2006) to 58 million tons [6], and consumption
volumes of fish produced by aquaculture would, conversely, grow from 47 to 94
million tons [7]. The third factor is lack of fish product safety warranties [8§].
Fishing industry (first of all, pesciculture) does not always warrant ecologic
compatibility of products served on the table, due to complexity of supply
chains. Sometimes it is hard to validly establish the origin of fish, how it was
caught and how it was shipped. Relevance of the issue of increasing the trans-
parency and traceability of fish products had resulted in implementation of rele-
vant international and national programs [9-12]. The fourth factor is increasing
the effectiveness [13], as well as technological accessibility and feasibility of
creation and development of aquaculture objects, first of all, for small and mid-
dle entrepreneurships. In 2000-2014, number of enterprises and farmers dealing
with aquaculture had increased by 49 % — from 12.63 to 18.75 million [2].



Aquaculture development is also promoted by rapid spread of both new
and known, and technologically realized production methods. These are technol-
ogies of stable [14, 15], resource effective [16], and integrated [17], as well as or-
ganic [18] agriculture, re-circulating aquaculture systems (RAS) [19], and aqua-
ponics [20].

By 2050, 70 % of global population would live in the cities and, thus, in
the next decade an explosive growth of demand for technologies of the urbanized
agriculture allowing producing food ingredients and products in the closed con-
trolled environment is expected [21]. These technologies allow improving the
production safety by extending the access to food products by the citizens [22].
Reduction of the traditional logistics supply chain of products that recently in-
creases the cost of food products by 40-100 % as compared to “farm gate” prices
and in which 20-40 % of products are disposed to waste would become the basis
for price affordability. One of such technologies is aquaponics [23-26] that is
based on closed cycle aquaculture. It becomes popular around the world, espe-
cially in the cities, since people become more interested in fresh domestic food
products. Aquaponics extending in closed urban premises [27] promotes rapid
supply of fresh fish, vegetables, and plants to the consumers and more often re-
quires less space and water for production purpose than pond aquaculture [28].
Aquaponics is effective even in countries with cold climate. Recently, there are 20
thousand farming units dealing with aquaponics in the world, and volume of ag-
uaponics market comprises USD 409 million. By 2021 volume of the market
would increase up to USD 907 million (http://industryarc.com).

Since 1999, area of agricultural lands certified by organic standards had
increased from 11 to 51 million ha in the world; number of certified producers of
organic products had increased from 200 thousand to 2.4 million; 87 countries
enforced statutory regulation of the organic production and consumption [29].
Experts forecast rapid growth of global market of organic products from USD
81.6 billion in 2015 [29] to USD 238.4 billion in 2022 (http://www.marketre-
searchstore.com). In absolute figures (total sales of organic products), most de-
veloped markets are US (EUR 35.8 billion), Germany (EUR 8.6 billion),
France (EUR 5.5 billion), China (EUR 4.7 billion), Canada (EUR 2.8 billion),
and United Kingdom (EUR 2.6 billion) [29]. In relative figures, “organics”
market (share of organic products in the total volume of sold products) in mostly
developed in the following European countries: Denmark (8.4 %), Switzerland
(7.7 %), Luxemburg (7.5 %), Sweden (7.3 %), and Austria (6.5 %). European pro-
ducers of organics get significant state support [30].

Production of organics is not merely market niche or sustainable
growth technology [31], but also a reaction of society, producers to the chang-
ing social and economic and social and cultural human behavior [32] as re-
gards to consumption of food products. This trend is recently observed not on-
ly in developed, but also in developing countries [33]. People perceive “food”,
its quality, ecologic compatibility, and safety, and “health” as a whole concept.

Development of organics market is an innovative, but already sustainable
global trend [34]. It is supported by growth of human awareness in influence of
food on health, physical form, well-being; popularity of healthy life style, strive
to diet individualization (functional and personalized diet) [21]; frequent inci-
dents in many countries of the world associated with safety of food products;
increase of the national wealth of developed countries and human readiness to
pay for ecologic compatibility of the products. It is demands of the young gener-
ation that define the successful development of organics production industry.
That is, in 2016 sales volumes in USA had exceeded USD 43.3 billion, and the
most from 18 to 34 years. In average, 45 % Americans are attempting to actively



include organic products in their diet, regardless of the fact that their cost is by
20-100 % higher than the cost of regular food products.

In Russia, civil society is also concerned about safety and ecological
compatibility of food products [35]. They are ready to pay more for ecologically
compatible products and for increased costs, by purchasing fresh, not frozen,
non-processed products free from genetically modified organisms (GMO). First
certified (primarily by European systems) Russian producers of organic products
face an unfair competition [36]. Over half of products marked by “eco”, “bio”,
and “organic” are not related to organic production, thus, negatively affecting de-
velopment of organic production in Russia. Fair market participants (not only
producers, but also associations, certification operators) are forced to compete for
positive image of organic products: mobile applications “Ecopolka” (http://eco-
polka.ru) and “Navigator of Farm Products” (https://inter-start.ru/project85) are
realized for information of consumers on verified organic products.

Importance of organics production in Russia and development of rele-
vant technologies [37] was not left unnoticed by state bodies and development
institutes. As it was noted in “Forecast of scientific and technological develop-
ment of agro-industrial complex of the Russian Federation by 20307, this is one
of the key factors securing access of the national producers to international mar-
kets [21]. Within the scope of the National Technological Initiative, organics
production in Russia is considered as one of the key segments of perspective
food product market (Road Map “Foonet”, http://www.nti2035.ru). However
the national regulatory framework for development of the organics market is not
fully formed [38], first of all, due to absence of the federal law governing rela-
tions associated with production and turnover of organic products.

It terms of technology and its statutory regulation, the organics produc-
tion shall comply with several principles which are recently articulated by the
International Federation of Organic Agriculture Movements (IFOAM) [39]. These
health principles (support and improvement of the health of ecosystems, soils, an-
imals, humans, and planet); ecology (coexistence with essential ecologic systems
and cycles; maintenance of the natural cycles and balances); fairness (protection
of environment, humanity to humans and animals; assurance of conditions and
opportunities for life which accord with physiology, essential behavior and health
of live organism); care (preventative and responsible management of organic ag-
riculture for protection of health of the existing and future generations and envi-
ronment; use of new methods and technologies which may improve the produc-
tion efficiency, and shall not jeopardize the health and well-being of humans).

Practically, it means meeting of the basic requirements of organic
standards. For crop growing it is a conversion (transit) period; use of natural
fertilizers; ban on use of chemical crop protection agents (except for the per-
mitted list of agents), on treatment of seeds by chemical preparations and use
of genetically modified seed material. For animal breeding it means natural
feeds (the following content is permitted: 70 % organics, 30 % organics in
conversion); ban on use of antibiotics, GMOs; animal packing density no more
than permitted and their loose keeping. For processed products it means use of
at least 95 % of organic raw materials and ban on use of artificial additives.

Different certification systems of organics production and products may
impose adapted and additional requirements. Thus, Russian system for voluntari-
ly ecological certification of international level “Vitality Leaf. Organic” (Eco-
logic Union of Saint Petersburg, member of IFOAM) imposes the following
basic requirements for the crop raising: ban on seed treatment by chemical
preparations; ban on use of GMOs; ecologically compatible raising methods (use
of permitted fertilizers and crop protection means, crop rotation) [40]; laborato-



ry tests of soil for content of oil products, benzpyrene, heavy metals, persistent
organic pollutants (POP); laboratory tests of products by extended list of indica-
tors (pesticides, polyaromatic hydrocarbons, POPs, heavy metals); adherence to
statutory regulations on waste disposals, discharges, and waste treatment.

Within the scope of aquaculture, organics direction has also been inten-
sively developing during the last years [41, 42]. Organic aquaculture is defined as
production (growing) of aquaculture objects (fish, shell fish, mollusk, and sea
weed) and crop growing (in case of realization of mixed technology, aquaponics)
according to the above-listed principles. Special requirements are also imposed
in organic aquacultural production: renunciation of use of pesticides, fertilizers
and GMOs, stepwise renunciation of fish flour, strict limiting the use of antibi-
otics and hormones [43]. Organic aquaculture is a production certified by organ-
ic standards, verified at each stage from raising (young animals, feed, and tech-
niques) to treatment and delivery to consumer, and warranting high quality and
safety of products.

Organics aquaculture is a new, extremely perspective and rapidly devel-
oping market niche satisfying the growing demand of humans for safe, ecologi-
cally compatible products in the context of stagnation in the global pesciculture
[44, 45]. Organic projects within the scope of aquaculture become more appeal-
ing for investors. Thus, one of the first specialized venture funds in this domain
is “Aqua-Spark” (Netherlands, founded in 2014), that invested USD 7 million
in organic projects, of which USD 2 million were invested in project “Chicoa
Fish Farm” (Mozambique, year 2014): ecologically compatible, vertically inte-
grated, rapidly extendable technology of fresh-water raising of Tilapia; own in-
cubator; production of planting material and feeds. It is forecasted that this pro-
duction model would effectively operate in all countries of Africa to the south of
Sahara desert. USD 2.5 million was invested in project “Matorka” (Island,
2015) (ecologically compatible production of Salvelinus alpinus from feeds to
end product; recovered energy sources); USD 2.5 million was invested in pro-
ject “Sogn Aqua” (Northway, 2015) (raising of Hippoglossus, patented water
supply system with intensive aeration of purest deep water of fiords allowing re-
nouncing of chemicals and antibiotics, low operating costs, practically complete
absence of environmental impact, since 95 % of used materials are suitable for
secondary processing, as well as possibility of production transfer on shore)
(http://www.aqua-spark.nl).

In 2017 the Research Institute of Organic Agriculture, FiBL, Switzer-
land (http://www.fibl.org) and IFOAM (International Federation of Organic Ag-
riculture Movements) (https://www.ifoam.bio) in their annual report “Global
Organic Agriculture” [29] had for the first time summarized information on de-
velopment of organic aquaculture in the world. Estimated global volume of or-
ganic aquaculture production in 2015 comprised 400 thousand tons (that is only
0.54 % of the total volume of aquaculture products, without sea weed), that is 2
times more than production volume of the Russian aquaculture, in general. Most
part of organic products is produced in China — 304 thousand tons (80 %) and
in Europe — 76 thousand tons (19 %), including Ireland — 31 thousand tons
(mainly Atlantic salmon or Salmo salar), Northway — 17 thousand tons (salm-
on), Romania — 6.4 thousand tons (carp, salmon), Italy — 5.5 thousand tons
(mollusks, Dicen-trarchus labrax, Black Sea salmon, or Salmo trutta, Oncorhyn-
chus mykiss), Denmark — 4.1 thousand tons (mollusks), Hungary — 3.5 thou-
sand tons, Spain — 2.7 thousand tons (mollusks, white mullet, bull trout, rain-
bow trout). From the other countries, the group of large producers is presented
(mainly produced product is indicated) by Vietnam — 3.3 thousand tons
(shrimps), Costa-Rica — 3.2 thousand tons (shrimp), Lithuania — 2.7 thousand



tons (carp), Indonesia — 1.9 thousand tons (shrimp), Ecuador — 1.8 thousand
tons (shrimp), Thailand — 1.5 thousand tons. Significantly smaller production
volumes of organic products are in Croatia— 1.4 thousand tons (mollusks, white
mullet), in Greece — 1.1 thousand tons (white mullet), in Germany — 1.0 thou-
sand tons (rainbow trout), as well as in Honduras — 0.6 thousand tons (shrimps)
[46]. There is still no information on volumes of organic production in many
countries with developed aquaculture (for instance, in Brazil). It could be ex-
pected that following such information, the adjusted global production volume of
organic aquaculture would be higher.

Regardless of the fact that there is no available information on structure
of the most part of organic aquaculture products, the available information re-
flect its specificity: production of organic aquaculture is focused on raising of
salmons (10 %), mollusks (5 %), carp (1 %), shrimp (1 %), trout (0.3 %) and
sturgeon (0.3 %).

Number of organic aquaculture producers constantly grows. There are
200 certified producers [47] in China, 465 — in Europe (most of all in Ger-
many — 160) (http://ec.europa.cu/euro-stat/web/agriculture/data/database).
European producers are certified according to European (in fact international)
standards, Chinese — mainly according to the national organic standard which is
not yet identical to the international standards. Generally, at present there are
nearly 1 thousand of producers of organic aquaculture objects, and their number
would grow.

Organic trend in China is deemed to be one of the key trends in devel-
opment of aquaculture. About 60 % of the total volume of global aquaculture
objects is produced there, of which fish products make 26 million tons, mollusks
make 13.4 million tons, shell fish make 4 million tons, sea weed makes 13.3 million
tons. This volume generates total 27 % (5.12 million) of the global number of
producers — enterprises and farmers dealing with aquaculture [48]. Chinese ag-
uaculture yields 540 fish, mollusk, shell fish, and other invertebrate species, sev-
eral species of amphibians and aquatic reptilians, nearly 30 species of limnetic
macrophytes, over 50 species of micro-seaweed and invertebrate animals. China
remains the global leader in production of sturgeon roe. Experts forecast growth
of Chinese aquaculture market volume by 2020 up to USD 103 billion mainly
due to increase of organic aquaculture production volumes and demand for
“premium” seafood.

In China, 400 thousand ha of agricultural lands (mainly in Zhejiang,
Hainan, Mongol, Jiangsu, Xinjiang, Liaoning, Hunan, Anhui, Fujian, and
Shandong provinces) are used for organic aquacultural production purposes.
Main production technology at organic aquaculture farms in China is raised in
polyculture. The most used production objects are fish, shrimp, Pectinidae, sea
cucumber (trepan) (Holothurioidea), crab (Brach-yura), mollusks, and eel (Mon-
opterus albus) [49].

Pilot region for implementation of organic aquaculture in Russia is As-
trakhan Region [50, 51]. Aquaculture production in combination with crop rota-
tion is in place here since 2011 at small innovative enterprise “Modern Fishery
Complex “Sharapovskii”. Production process by organic technology includes
alternating growing of aquaculture objects (carp, herbivorous fish) and agricul-
tural species (melons, grains, vegetables) without the use of substances contain-
ing synthetic materials and chemical agents that allows ensuring production safe-
ty of products. Preparation program of stagnal areas increases in 2 times the crop
yields of agricultural products following predecessor (aquaculture objects), fish
yields in 1.5 times [52]. Organic technology in combination with methods of
adaptive agricultural production [53] and production of ecologically compatible



products [54] had shown high effectiveness in the context suitable for stagnal
culture [55] that makes its large-scale application possible in fishery basins of
arid area of Russia. Diagnostic audit of the food product safety management sys-
tem was conducted at fishery complex “Sharapovskiy” for compliance with re-
quirements of the state standard GOST P ISO 22000-2007 [56] and organic pro-
duction by program “ECO-PRODUCT” adopted in “R-Standard” voluntary
certification system [57] that confirmed development of organic aquaculture and
readiness to further certification.

Effective development of organic aquaculture direction in China, as well
as in Russia, suppresses the deficit of organic feeds [58] and lack of organic cer-
tification in majority of producers. Certification of organic aquaculture produc-
tion and products in Russia would be done within the limits of the Russian and
international certification systems and governed by relevant law and statutory
regulations, including GOST P 57022-2016 [59]. Cost of certification would vary
depending on the number of types of certified products, production volume, and
etc. Most probably, it would be compatible with certification cost of agricultural
production. Cost of certification of compliance to GOST P 56508-2015 [60]
would comprise 70 thousand rubles/ year (GOST presupposes only nearly 70 %
requirements of European organic standards); by European organic standards
through European operators — USD 10 thousand [61]. Cost of certification for
compliance to standard “Vitality Leaf. Organic” of the Ecologic Union of Saint
Petersburg, recognized as compliant to the European standards, in average com-
prise 150 thousand rubles/year.

Therefore, aquaculture production industry is ready for radical changes,
which would be associated with new formats of organic production and which
would also change the food product consumption picture. Large global venture
funds have been already included in investment organic aquaculture projects,
and these projects are accounted for at conduction of scientific researches. Inno-
vative developments are supported by governments of many countries, interna-
tional organizations, and private investors. Perspectives of aquaculture changes
are associated with practical realization of organic technologies promoted by
both growth of the number of issues related to safety of food products and eco-
logic threats, as well as by growth of population of organic food products. For
effective development of organic aquaculture direction in the world and in Rus-
sia, in particular, it iS necessary to overcome a number of barriers, in particular
deficit of organic feed and lack of international certification in majority of or-
ganic aquaculture operators. All these facts and factors shall be accounted for in
the domestic aquaculture development strategy to enable the Russian producers
to compete at the global market for a few years.

REFERENCES

1. FAR: Ob"em proizvodstva produktsii akvakul'tury v 2016 godu uvelichilsya do 205 tys. Ton |FAR.
Aquaculture products increased to 205 thousand tons in 2016]. Available http://fish.gov.ru/press-
tsentr/novosti/17053-ob-em-proizvodstva-produktsii-akvakultury-v-2016-godu-uvelichilsya-do-
205-tys-tonn. Accessed October 9, 2017 (in Russ.).

2. FAO: The state of world fisheries and aquaculture 2016. Available http://www.fao.org/3/a-
i5555e.pdf. Accessed February 2, 2017.

3. Fish to 2030: Prospects for fisheries and aquaculture. Available http://www.fao.org/doc-
rep/019/i3640e/i3640e.pdf. Accessed February 2, 2017.

4. Bostock J., McAndrew B., Richards R., Jauncey K., Telfer T., Lorenzen K., Little D., Ross L.,
Handisyde N., Gatward 1., Corneret R. Aquaculture: global status and trends. Philos. T. Roy.
Soc. B, 2010, 365(1554): 2897-2912 (doi: 10.1098/rstb.2010.0170).

5. Ottinger M., Clauss K., Kuenzer C. Aquaculture: relevance, distribution, impacts and spatial assess-
ments — a review. Ocean Coast. Manage., 2016, 119: 244-266 (doi: 10.1016/j.ocecoaman.2015.10.015).

6. Pauly D., Alder J., Bennett E., Christensen V., Tyedmers P., Watson R. The future for fisher-



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

24.

25.

26.

28.

29.

30.

31.

ies. Science, 2003, 302(5649): 1359-1361 (doi: 10.1126/science.1088667).

Branch T.A., Jensen O.P., Ricard D., Ye Y., Hilborn R. Contrasting global trends in marine
fishery status obtained from catches and from stock assessments. Conserv. Biol., 2011, 25(4),
777-786 (doi: 10.1111/5.1523-1739.2011.01687.x).

Leal M.C., Pimentel T., Ricardo F., Rosa R., Calado R. Seafood traceability: current needs,
available tools, and biotechnological challenges for origin certification. Trends Biotechnol., 2015,
33(6): 331-336 (doi: 10.1016/j.tibtech.2015.03.003).

Charlebois S., Sterling B., Haratifar S., Naing S.K. Comparison of global food traceability,
regulations and requirements. Comp. Rev. Food Sci. F., 2014, 13(5): 1104-1123 (doi:
10.1111/1541-4337.12101).

Borit M., Olsen P. Seafood traceability systems: gap analysis of inconsistencies in standards and
norms. FAO, Rome, 2016.

Tekhnicheskii reglament Evraziiskogo ekonomicheskogo soyuza «O bezopasnosti ryby i pishchevoi
rybnoi produktsii». [Technical Regulations of the Eurasian Economic Union on the Safety of
Fish and Food Fish Products]. Available http://docs.cntd.ru/document/420394425. Accessed
October 9, 2017 (in Russ.).

Dvoryaninova O.P., Sokolov A.V., Alekhina A.V. Tekhnologii pishchevoi i pererabatyvayushchei
promyshlennosti APK — produkty zdorovogo pitaniya, 2017, 1(15): 14-22 (in Russ.).

Edwards P. Aquaculture environment interactions: past, present and likely future trends. Aqua-
culture, 2015, 447: 2-14.

Pretty J. Agricultural sustainability: concepts, principles and evidence. Philos. T. Roy. Soc. B,
2008, 363(1491): 447-466 (doi: 10.1098/rstb.2007.2163).

Velten S., Lewenton J., Jager N., Nevig J. What is sustainable agriculture? A systematic review.
Sustainability, 2015, 7(6): 7833-7865 (doi: 10.3390/su7067833).

Padmavathy K., Poyyamoli G. Alternative farming techniques for sustainable food production.
Sustainable Agriculture Reviews, 2011, 7: 367-424 (doi: 10.1007/978-94-007-1521-9_13).
Hendrickson J.R., Hanson J.D., Tanaka D.L, Sassenrath G. Principles of integrated agricultural
systems: introduction to processes and definition. Renew. Agr. Food Syst., 2008, 23(4): 265-271
(doi: 10.1017/S1742170507001718).

Siddique S., Hamid M., Tariq A., Kazi A.G. Organic farming: the return to nature. In: Im-
provement of crops in the era of climatic changes. P. Ahmad, M. Wani, M. Azooz, LS. Phan Tran
(eds.). Springer, New York, NY, 2014: 249-281 (doi: 10.1007/978-1-4614-8824-8 10).

Ellis R.P., Urbina M.A., Wilson R.W. Lessons from two high CO, worlds — future oceans and
intensive aquaculture. Glob. Change Biol., 2014, 23(6): 2141-2148 (doi: 10.1111/gcb.13515).
Goddek S., Delaide B., Mankasingh U., Ragnarsdottir K.V., Jijakli H.R. Challenges of sustainable
and commercial aquaponics. Sustainability, 2015, 7(4): 4199-4224 (doi: 10.3390/su7044199).
Prognoz nauchno-tekhnologicheskogo razvitiva agropromyshlennogo kompleksa Rossiiskoi Federatsii
na period do 2030 goda [Forecast of scientific and technological development of the agro-
industrial complex of the Russian Federation up to 2030]. Moscow, 2017 (in Russ.).

Lyzhin D.N. Problemy natsional'noi strategii, 2014, 2(23): 79-94 (in Russ.).

Kénig B., Junge R., Bittsanszky A., Villarroel M., Komives T. On the sustainability of aquapon-
ics. Ecocycles, 2016, 2(1): 26-32 (doi: 10.19040/ecocycles.v2il.50).

Kloas W., GroR R., Baganz D., Graupner J., Monsees H., Schmidt U., Staaks G., Suhl J.,
Tschirmer M., Wittstock B., Wuertz S., Zikova A., Rennert B. A new concept for aquaponic
systems to improve sustainability, increase productivity, and reduce environmental impacts. Ag-
uacult. Environ. Interact., 2015, 7: 179-192 (doi: 10.3354/aei00146).

Matishov G.G., Ponomareva E.N., Kazarnikova A.V., Il'ina L.P., Grigor'ev V.A., Sokolova
T.A., Pol'shina T.N., Kovalenko M.V., Kuzov A.A., Korchunov A.A. Izvestiya vysshikh
uchebnykh zavedenii. Severo-Kavkazskii region. Seriya Estestvennye nauki, 2016, 3(191): 41-48
(in Russ.).

Ermakova N.A., Zlotnitskaya T.S. Rybnoe khozyaistvo, 2016, 5: 57-62 (in Russ.).

Palma Lampreia Dos-Santos M.J. Smart cities and urban areas — aquaponics as innovative
urban agriculture. Urban For. Urban Gree., 2016, 20: 402-406 (doi: 10.1016/j.ufug.2016.10.004).
Shafahi M., Woolston D. Aquaponics: a sustainable food production system. Proc. ASME 2014
International Mechanical Engineering Congress and Exposition. Montreal, Canada, V. 3:
VO003T03A073 (doi: 10.1115/IMECE2014-39441).

FiBL, IFOAM — Organics international: the world of organic agriculture: statistics and emerging
trends 2017. Nuremberg, BIOFACH, 2017.

Akimova Yu.A. Materialy Mezhdunarodnoi nauchno-prakticheskoi konferentsii «Innovatsionnoe
razvitie otraslei APK: ugrozy i novye vozmozhnosti» |Proc. Int. Conf. «Innovative development of
the agribusiness sector: challenges and new opportunities»|. Moscow, 2017: 32-37 (in Russ.).
Rahmann G., Ardakani M.R., Barberi P., Boehm H., Canali S., Chander M., Wahyudi D.,
Dengel L., Erisman J.W., Galvis-Martinez A.C., Hamm U., Kahl J., Képke U., Kihne S.,
Lee S.B., Lges A.-K., Moos J.H., Neuhof D., Nuutila J.T., Olowe V., Oppermann R., Rem-
biatkowska E., Riddle J., Rasmussen I.A., Shade J., Sohn S.M., Tadesse M., Tashi S.,
Thatcher A., Uddin N., von Fragstein und Niemsdorff P., Wibe A., Wivstad M., Wenliang W.,



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.
48.

49.

50.

51

52.

53.

54.

55.

56.

57.

Zanoli R. Organic Agriculture 3.0 is innovation with research. Organic Agriculture, 2017, 7(3):
169-197 (doi: 10.1007/s13165-016-0171-5).

Basha M.B., Mason C., Shamsudin M.F., Hussain H.I., Salem M.A. Consumers attitude towards
organic food. Proc. Econ. Financ., 2015, 31: 444-452 (doi: 10.1016/S2212-5671(15)01219-8).
Mehree 1. Consumer behaviour of organic food a developing country perspective. Interna-
tional Journal of Marketing and Business Communication, 2015, 4(4): 442-452 (doi:
10.21863/ijmbc/2015.4.4.024).

Dorias M., Alsanius B. Advances and trends in organic fruit and vegetable farming research.
Horticultural Reviews, 2015, 43: 185-268 (doi: 10.1002/9781119107781.ch04).

Belova I.N., Karslyants E.A. Vestnik Rossiiskogo universiteta druzhby narodov. Seriya Ekonomika,
2014, 2(40): 48 (in Russ.).

Gorelova 1.E. Perspektivy nauki, 2017, 5(92): 49-53 (in Russ.).

Gokhberg L., Kuzminov 1. Technological future of the agriculture and food sector in Russia In:
Global innovation index 2017. Innovation feeding the world. Chapter 9. Geneva, New Delhi, Cor-
nell University, INSEAD, and the World Intellectual Property Organization, 2017: 135-141.
Ryzhkova S.M., Kruchinina V.M., Gasanova Kh.N., Novoselov E.A. Fkonomika sel'skokho-
zyaistvennykh i pererabatyvayushchikh predpriyatii, 2017, 8: 57-63 (in Russ.).

Printsipy organicheskogo sel'skogo khozyaistva |Principles of organic agriculture]. Available
http://www.ifoam.bio/sites/default/files/poa_russian_web.pdf. Accessed October 9, 2017 (in
Russ.).

van Mansvelt J.D., Temirbekova S.K. General position of organic agriculture in Western
Europe: concept, practical aspects and global prospects. Agricultural Biology, 2017, 52(3), 478-
486 (doi: 10.15389/agrobiology.2017.3.478eng).

Jena A.K., Biswas P., Saha H. Advanced farming systems in aquaculture: strategies to enhance
the production. Innovative Farming, 2017, 1(1): 84-89.

Ratheesh K.R., Sandeep K.P., Manju L.N., Sreekanth G.B. Organic aqua-farming a gateway to
sustainable aquaculture. Aqua International, 2013, August: 25-28.

Bergleiter S., Meisch S. Certification standards for aquaculture products: bringing together the
values of producers and consumers in globalised organic food markets. Journal of Agricultural
and Environmental Ethics, 2015, 28(3): 553-569 (doi: 10.1007/s10806-015-9531-5).

Branch T.A., Jensen O.P., Ricard D.Ye.Y., Hilborn R. Contrasting global trends in marine
fishery status obtained from catches and from stock assessments. Conserv. Biol., 2011, 25(4):
777-786 (doi: 10.1111/5.1523-1739.2011.01687.x).

Mullon C., Friton P., Cury P. The dynamics of collapse in world fisheries. Fish Fish., 2005,
6(2): 111-120 (doi: 10.1111/j.1467-2979.2005.00181.x).

The world of organic agriculture. Statistics and emerging trends 2013. FiBL-IFOAM Report. FiBL-
IFOAM, 2013: 340.

Aquaculture market in China 2016-2020. TechNavio — Infiniti Research Ltd., 2016.

The state of world fisheries and aquaculture 2016. FAO, 2016. Available http://www.fao.org/3/a-
15555e.pdf. Accessed March 3, 2017.

Xie B., Qin J., Yang H., Wang X., Wang Y.-H., Li T.-Y. Organic aquaculture in China: A review
from a global perspective. Aquaculture, 2013, 414-415: 243-253 (doi: 10.1016/j.aquaculture.2013.08.019).
Lagutkina L.Yu., Ponomarev S.V. Vestnik Astrakhanskogo gosudarstvennogo tekhnicheskogo uni-
versiteta. Seriya: Rybnoe khozyaistvo, 2016, 4: 74-82 (in Russ.).

Lagutkina L.Yu., Levina O.A., Ponomarev S.V., Sheikhgasanov K.G. Materialy III
Mezhdunarodnaya nauchnaya Internet-konferentsiya «Sovremennye tendentsii v  sel'skom
khozyaistve» [Proc. 111 Online Conf. «Current trends in agriculture»]. Kazan', 2014: 66-71 (in
Russ.).

Lagutkina L.Yu., Sheikhgasanov K.G., Pozhidaeva M.A., Biryukova M.G. Vestnik Astrakhanskogo
gosudarstvennogo tekhnicheskogo universiteta. Seriya Rybnoe khozyaistvo, 2016, 2: 84-93 (in Russ.).
Tulokhonov A.K., Namzhilova L.G., Boldanov T.A. Materialy III Mezhdunarodnoi nauchnoi
Internet-konferentsii «Sovremennye tendentsii v sel'skom khozyaistve» [Proc. 111 Online Conf. «Cur-
rent trends in agriculture»]. Kazan', 2014: 122-139 (in Russ.).

Sheikhgasanov K.G., Lagutkina L.Yu., Ponomarev S.V. Vestnik Astrakhanskogo gosudarstvennogo
tekhnicheskogo universiteta. Seriya: Rybnoe khozyaistvo, 2014, 3: 97-103 (in Russ.).

Lavelina T.P. Ratsional'noe ispolzovanie zemel'nykh resursov Severnogo Prikaspiya pri integrirovan-
nom proizvodstve rastitelnoi i rybnoi produktsii. Avtoreferat kandidatskoi dissertatsii | Effective use of
land resources of the Northern Caspian region in integration of plant and fish production. PhD
Thesis]. Moscow, 1998 (in Russ.).

GOST R ISO 22000-2007. Sistemy menedzhmenta kachestva pishchevoi produktsii. Trebovaniya k
organizatsiyam, uchastvuyushchim v tsepi sozdaniya pishchevoi produktsii [State Standard R ISO
22000-2007. Food quality management systems. Requirements for organizations involved in
food production]. Available http://www.internet-law.ru/gosts/gost/529. Accessed October 9,
2017 (in Russ.).

Predlagaemye OS «DEKUES» skhemy sertifikatsi [The certification schemes proposed by the



58.

59.

60.

61.

DEKUES OS]. Available http://www.dgs-russia.ru. Accessed October 9, 2017 (in Russ.).
Lagutkina L.Yu. Vestnik Astrakhanskogo gosudarstvennogo tekhnicheskogo universiteta. Seriya:
Rybnoe khozyaistvo, 2017, 1: 67-78 (doi: 10.24143/2073-5529-2017-1-67-78) (in Russ.).

GOST R 57022-2016. Produktsiya organicheskogo proizvodstva. Poryadok provedeniya dobrovol'noi
sertifikatsii organicheskogo proizvodstva [State Standard R 57022-2016. Organic products. The
procedure for voluntary certification of organic production]. Moscow, 2016 (in Russ.).

GOST R 56508-2015. Produktsiya organicheskogo proizvodstva. Pravila proizvodstva, khraneniya,
transportirovaniya |State Standard R 56508-2015. Organic products. Rules of production, stor-
age, transportation]. Moscow, 2015 (in Russ.).

Natsional'nyi organicheskii soyuz: Tol'ko 80 proizvoditelei organicheskoi produktsii v Rossii sertifitsi-
rovany |[National Organic Union: Only 80 manufacturers of organic products in Russia are certi-
fied]. Available http://rosorganic.ru/about/press/only-80-organic-producers-are-certi.html. Ac-
cessed March 3, 2017 (in Russ.).



AGRICULTURAL BIOLOGY, ISSN 2412-0324 (English ed. Online)
2018, V. 53, Ne 2, pp. 337-347

(SEL’SKOKHOZYAISTVENNAYA BIOLOGIYA) ISSN 0131-6397 (Russian ed. Print)
ISSN 2313-4836 (Russian ed. Online)

UDC 639.3/.5:574.5:591.1 doi: 10.15389/agrobiology.2018.2.337eng
doi: 10.15389/agrobiology.2018.2.337rus

FUNCTIONAL INDICATORS OF POIKILOTHERMIC AQUATIC
SPECIES FROM NATURAL AND ARTIFICIAL WATER BIOCENOSES

D.D. ADZHIEV!, G.I. PRONINAZ, A.A. IVANOV3, N.Yu. KORIAGINA?

IMoscow Center for Dermatovenerology and Cosmetology, V.G. Korolenko Clinic (Branch), 3, ul. Korolenko, Moscow,
107106 Russia, e-mail adjiev-dd@mail.ru (54 corresponding author), clin.korolenko@mail.ru;

2All-Russian Research Institute of Fishery Irrigation, Federal Agency of Scientific Organizations, pos. im. Vo-
rovskogo, Noginskii Region, Moscow Province, 107106 Russia, e-mail gidrobiont4@mail.ru;

3Timiryazev Russian State Agrarian University— Moscow Agrarian Academy, 49, ul. Timiryazevskaya, Moscow, 127550
Russia, e-mail ayvanov@timacad.ru, fomich52@gmail.com

ORCID:
Adzhiev D.D. orcid.org/0000-0001-6789-4086 Koriagina N.Yu. orcid.org/0000-0001-8556-2202
Pronina G.I. orcid.org/0000-0002-0805-6784 Ivanov A.A. orcid.org/0000-0003-1436-510X

Received May 12, 2016
Abstract

For assessment of sustainability of natural biocenoses and the physiological and immuno-
logical state of hydrobionts in aquaculture, it is necessary to know functional parameters of circulat-
ing liquids in hydrobionts of different taxonomic groups. The purpose of this study was to analyze
the limits of the main indicators of homeostasis in aquatic animals and fish from natural water bod-
ies, i.e. crayfish (Astacus astacus and Pontastacus leptodactylus), fish (carp Cyprinus caprio L., tench
Tinca tinca L. and catfish Silurus glanis L.), and amphibians (frogs Rana temporaria and Xenopus
laevis). Here, here is the first report on hematologic, cytochemical, biochemical indicators for
these species which inhabits natural water bodies or are artificially grown in the conditions of
Moscow and Pskov provinces and Chuvashiya region. Hematological investigations included dif-
ferential count of blood cells of fishes and amphibians in smears stained by the Pappengeim tech-
nique; hemolymph of river crayfish was examined in Goryaev chamber. Immunological parameters
were evaluated by cytochemical method as an average cytochemical coefficient (CCC) of lysoso-
mal cationic protein in fish blood neutrophils and crayfish haemocytes in the reaction with
Bromphenol blue. Biochemical parameters were assessed in blood serum using a biochemical ana-
lyzer Chem Well (Awarenes Technology, Inc., USA). The reference constants of homeostasis we
found are as follows: the total number of cells in crayfish hemolymph of 700 to 800 per 1 ul; the
number of red blood cells in fish of 1-2 million/pl, blood leukocytes in fish of 50-150 thousand
per 1 pl. Interspecific differences in haemocyte patterns between Astacus astacus and Pontastacus
leptodactylus were not revealed. Biochemical differences were as follows: glucose concentration in
the Astacus astacus hemolymph was 64 % higher compared to that in Pontastacus leptodactylus
whereas the alkaline phosphatase activity was almost 71 % lower. Agranular and semi-agranular
haemocytes, along with juvenile forms that we called transparent cells, serve as phagocytes in
crayfish. In healthy crayfish, phagocytic activity of these cells, as estimated by the average cyto-
chemical coefficient of the lysosomal cationic protein level, was approximately the same and
ranged from 1.5 to 2.0. In fish, we found gender and species-related differences of homeostatic
constants. The presence of promyelocytes, the blast forms of leukocytes, in Tinca tinca was indica-
tive of more intensive leukopoiesis. The percentage of neutrophils was higher in male Tinca tinca
due to 2- to 3-fold number of band neutrophils compared to other groups. The level of non-
enzyme cationic protein in the lysosomes of neutrophils of female carp, tench and catfish were
higher compared to male individuals. The activity of aspartate aminotransferase (ASAT) in male
tench and catfish was almost 3 times higher than that in carp. The carbohydrate metabolism in
carp and catfish, in terms of lactate concentration, was more than 3 times higher compared to
tench. Among the studied amphibians, we observed interspecific and gender differences. The pro-
portion of segmented neutrophils in Rana temporaria was more than 4 times higher than that of
Xenopus laevis. Gender variations in the number of segmented cells were as follows: the cell num-
ber in male Rana temporaria and Xenopus laevis were 27 and 33 % lower than that of females. The
blood lymphocyte counts in Rana temporaria were significantly lower than that in Xenopus laevis.
We found gender differences of Rana temporaria on biochemical parameters. As compared to the
males, the female Rana temporaria showed higher activity of ALAT and ASAT (by 6 and 19 %, re-
spectively), creatine kinase (by 29 %), and alkaline phosphatase (by 60 %). The total blood pro-
tein content in amphibians was 2-3 %, blood glucose averaged 1-4 mmol/l, triglycerides varied



from 0 to 400 mg%. It is proposed to use parameters of aquatic organisms’ homeostasis for eco-
logical monitoring of natural and artificial water biocenoses.

Keywords: natural and artificial water biocenosis, aquatic animals, lower vertebrates, cray-
fish, Astacus astacus, Pontastacus leptodactylus, fish, Cyprinus caprio, Tinca tinca; Silurus glanis, am-
phibians, Rana temporaria, Xenopus laevis, homeostasis

Growing demand for qualitative products promotes development of aqua-
culture and artificial reproduction of animal species — traditional members of the
essential biocenosis [1]. At the same time, many species become extinct from wa-
ter biocenosis under the pressure of antropogenous factors which destabilize hy-
drobiont communities. Thus, crawfish and sturgeons are very rarely found in bio-
cenosis in Moscow Region. In the past years, number of amphibionts had sharply
decreased resulting in uncontrolled reproduction of insects — mosquito, fly, and
gad-fly. Recently, reduction in the number of amphibiont populations, death of
separate populations or species in general becomes more global [2]. It is evident
that it is impossible to secure ecologic safety around and inside big cities without
artificial regulation of the population number and specific composition of animal
communities. Artificial reproduction and use of shellfish, fish, amphibian species,
being the biocenesis stability markers, is suppressed by the lack of detailed infor-
mation on physiological norm for animals, first of all, inhabitants of water reser-
voirs, the hydrobionts. Since blood is a labile body system, hematological indica-
tors to the most extent reflect physiological properties of such animals and changes
of their ecosystem at pollution of water reservoirs, and serve the basis of bioindica-
tion method [3].

Invertebrate hydrobionts significantly differ from lower vertebrates not
only by body constitution, but also blood system. Breathing pigment in majority
crawfish species is hemocianine [4] that makes its color blue. Blood system of
shellfish is open: hemolymph circulating in vessels and intercellular cavities con-
sists of liquid part (plasma), and cell components (haemocytes). Many authors
highlight three haemocytes in crawfish [5-7]. We have identified four autonomous
morphofunctional types of such cells [8] well distinguished at microscoping of
freshly collected hemolymph, which were called agranulocytes, semi-
agranulocytes, granulocytes, and transparent cells. Agranular haemocytes (GC I)
are small (3-17 um) usually spherical cells with small number of insertions. They
remain unchanged at object plate than other types. Poly-granular haemocytes (GC
IT) are cells of 8-40 um in size. They are interim cells between two other cell
types. They contain small number of different size granules. Their cytoplasm is de-
structed at object plate and in 30-40 minutes it is hard to distinguish GC II from
agranular haemocytes. Granulocytes (GC III) are the biggest hemolymph cells (up
to 50 pm and more) with numerous and big granules with high refringency. Out-
break of granules with further dissolution of cytoplasm commences in 15
minutes following collection of hemolymph. Size of transparent cells (GC IV)
is nearly 8-35 pm, they are hardly identified and their nucleus is not visible at
light microscopy of native hemolymph. Assumedly, they are non-differentiated
predecessors of blood cells. Hemolymph in vitro in aerobic context rapidly
changes its rheological properties, loses fluidity and transforms into a gel-like
mass, haemocytes are exposed within 30-50 minutes to structural and functional
changes, gradually transforming from an oval-fusiform cells into round-shaped
formations. In anaerobic context, no rheological changes apparently occur in
crawfish endolymph (or the process slows down) which is evidenced by contin-
ued lymphatic leakage at tamponade of traumatic injury of cuticle (endolymph
does not coagulates), whereas gel-form clot is formed in a few seconds upon he-
molymph contact with air [9].

Haemocyte functions in crawfish are not studied enough. However, it is



established that different haemocyte types participate in immune protection.
Membranes of haemocyte-agranulocyte contain recognizing receptors. Antigen
recognition (for instance, B-1,3-glucans fungi or lipopolysaccharides of bacteria
Sn) happen at penetration of alien agents followed by activation of the enzyme
cascade promoting discharge of phenol oxidase from semi-agranular and granular
cells [10]. It is also established that phagocytosis, incapsulation by haemocyte lay-
ers, microbial killing, and agglutination of antigens are done by agranular and
semi-agranular haemocytes [11]. As apart from the selective immunity in superior
vertebrates, crawfish lack genetically transmitted antibodies and tolerance of im-
mune system which provides the basis to assume that hemolymph cells exhibit
phagocytosis activity in anaerobic conditions [12, 13]. Crawfish lack hematopoiesis
organs, but have blood-forming tissue located at dorsal and dorsolateral surface of
ventriculus. There are five types of blood-forming cells, and their number is ap-
proximately 1.4x106[14].

Blood cells and immunity factors of hydrobionts are most studied in fish.
Cell morphology in fish is highly diversified and is displayed in form, cell sizes,
nucleus, granules, specific content of cell elements, and to a significant effect is
defined by ecologic conditions of a specie ecosystem. Values of white and red
blood cells depend on temperature and pollution of water, hydrochemical mode,
content and quantity of consumed feed, stocking density at raising, season, age,
and physiologic state [15-17]. As apart from higher vertebrates, blood of lower
fishes contains sufficient number of immature cell forms. There is no unique clas-
sification of blood cells. That is, some authors [13, 18] divide normoblasts into ba-
sophils, polychromatophils, and oxilophils, and classify them as mature cells; the
other authors [19] consider normoblasts as immature cells, and divide erythro-
cytes, by maturity extent, into basophils and polychromatophils. By maturing, cells
of erythroid row pass erythroblast, normoblasts, basophilic, polychromatophilic,
and mature erythrocyte stages. Subject to commonly accepted terminology, mature
leucocytes are divided into granular or grainy (basophils, eosinophils, neutrophils)
and agranular or non-grainy cells (lymphocytes and monocytes). Immature forms
of lymphocytic row are presented by lymphoblasts, prolymphocytes, monoblasts,
and promonocytes. Mieloblasts, promielocytes, mielocytes, and metamiclocytes
refer to precursors of cells of myeloid (granular) row [20]. As apart from mam-
mals, fish has more hematopoiesis organs. These are gill apparatus and thymus
gland stretching from it, lymphatic follicles, gastric mucosa, heart epithelium and
vascular endothelium, spleen (in higher vertebrates and bone fishes it serves as
blood cell destruction and phagocytosis organ], and kidneys. Hematopoiesis in
bone fishes is mostly active in lymphoid organs, kidneys, and spleen, provided that
principal blood circulation organ is kidneys (front part]. Formation of erythro-
cytes, leucocytes, trombocytes, as well as decomposition of erythrocytes occurs in
kidneys and spleen. In fish (as apart from mature mammals), mature and young
erythrocytes present in peripheral blood do not serve the pathology indicator.

There is scarce information on cellular content of blood in amphibians. It is
known that blood erythrocytes in amphibians are bigger than in fishes, mainly nu-
clear ones [21-24]. Number of erythrocytes in tailed amphibians is approximately
0.07-0.08 million/ul, in untailed, according to various sources, 0.35-0.50 mil-
lion/ul and 0.38-0.64 million/ul; number of leucocytes is 2.4-21.0 thou-
sand/ul, of trombocytes — 8.5-21.6 thousand/ul [25]. Sometimes, non-nucleated
erythrocytes are found (up to 5 %) [19].

For the first time we have studied hematological, cytochemical, and bio-
logical indicators in representatives of water fauna in various taxonomic (crusta-
ceans, fish, amphibians) and gender groups in Moscow, Pskov Regions, and Chu-
vash Republic. The obtained results could be used at assessment of sustainability of



natural biocenosis and the adequacy of keeping conditions of such hydrobionts in
aquaculture.

Purpose of present study was to determine benchmark values for principal
homeostasis indicators in hydrobionts from artificial and natural water basins.

Techniques. Studies (2005-2015) were conducted on sexually mature and
clinically healthy animals of different taxonomic groups: two species of crawfish:
Astacus astacus and Pontastacus leptodactylus, three fish species (Cyprinus caprio L.,
Tinca tinca L., Silurus glanis L.) and two amphibian species (Rana temporaria and
Xenopus laevis) from the natural and agricultural water basins of the temperate
zone of the European Russia (except for Xenopus laevis raised in aquarium condi-
tions). Astacus astacus inhabits basins of Pskov Region, Pontastacus leptodactylus —
of Moscow Region. Carp and catfish were raised in fishing ponds of fish-breeding
farm Kirya (Chuvash Republic), tench — in fish-breeding farm Osenka (Moscow
Region). Animal groups were formed based on analogue principle, accounting for
the generic inhering, sex, age, and live mass. Number of groups depended on
availability of object and varied within the limits of small sample (from 5 to 20
imdiciduals).

Subject to our developed methodology [26], probes of circulating liquids
of crawfish and fish were aseptically collected by noninvasive method. He-
molympth of crawfish was collected in vivo by puncture of ventral sinus, fish
blood from the tail vein. In amphibians, blood for preparation of wipes for he-
matologic and cytochemical studies were collected in vivo from finger and for
biochemical analysis from the heart.

Upon Pappenheim staining method which allows discrimination of nucle-
us and cytoplasmatic inclusions, cells were first subjected to fixation by May-
Gruenwald solution for 3 minutes. After the reagent was removed by washing with
distilled water, the preparations were treated with Romanovsky solution during 40
minutes, washed by tapped water, and air dried.

Total number of haemocytes (TNH) for calculation of haemocyte for-
mula in crawfish was counted in Goryaev’s chamber in native hemolymph just
after collection. For determination of erythropoiesis indicators and differential
leucocytes count in fish (leucocyte formula), peripheral blood wipes stained by
Pappenheim were used. Hematopoiesis activity in fish was assessed as the portion
of immature erythrocyte forms. Amphibian blood cells were counted in Goryaev’s
chamber. For erythrocyte count, blood sample was diluted 200 times with 0.9 %
NaCl solution (20 ul of blood and 4 ml of the solution). Count of erythrocytes X,
in 1 ul of blood was calculated as X, = (a. x 4000 x 200)/80, where a, is the num-
ber of cells in 80 small squares of Goryaev’s chamber. For leucocyte count, sample
was diluted 20 times with 5 % solution of acetic acid with methylene blue. Number
of blood leucocytes X; per pl was calculated as X; = (a; X 250 % 20)/100, where a, is
the number of leucocytes in 100 large squares of Goryaev’s chamber. Digital mi-
croscope Optika DM 15 with software OPMIAS (OPTIKA Micro Image Analysis
Software) (PriborUfa LLC, Russia) was used.

Immunological indicators were cytochemically assessed by mean cyto-
chemical coefficient (CCC) of lysosomal cationic protein in blood neutrophils of
fish and haemocytes of crawfish in test with bromophenol blue [27] adapted for
hydrobions [28]. CCC for fish and crawfish was calculated:

CCC = [0 x Ng(Hg) + 1 x Ny(Hy) + 2 x Ny(Hy) + 3 x N3(Hj3)]/100,
where No(Hg), Ny(H;), No(H;), N3(H3) (%) are the number of neutrophils in
fish (haemocytes in crawfish) with activity of 0, 1, 2, and 3 points.

During biochemical studies, hemolymph of crawfish was centrifuged for
5 minutes at 3000 rpm and 6 °C to prevent rapid coagulation. For production of
serum, fish blood was placed in dry sterile vial and allowed for 1 hour at room



temperature, afterwards serum was carefully collected using syringe with thin
needle, frozen at —15...-20 °C and transported in frozen state in thermal contain-
ers with ice to the laboratory. Biochemical blood indicators in fish and hemo-
Ilymph indicators in crawfish were determined in a programmed automated analyz-
er Chem Well (Awareness Technology, Inc., USA), with the use of reagent toolkits
of JSC Vital Development Corporation (Saint Petersburg) (analysis of proteins by
biuret test method) subject to the producer protocol.

Mean values (M) and standard errors of the mean (£SEM) were calcu-
lated. Results were processed by variation statistical methods by Studen’s 7-test.
Deviations were statistically significant at P < 0.05.

Results. We tested hematologic, cytochemical, and biochemical indica-
tors, based on which conclusion on physiological norm for representatives of
species was drawn.

Specific properties of homeostasis in crawfish. Craw-
fish is a group of cultivated hydrobionts, physiologic properties of which is the
least studied. General clinical analysis of internal environment in crawfish pro-
vides the objective information on animal adaptiveness to ecosystem conditions
and may be used for biomonitoring of environment in general and water envi-
ronment in particular. Characteristics of hematologic, biochemical, and cyto-
chemical indicators in both species of crawfish are illustrated in Table 1.

1. Hemolymph characteristics in two crawfish species In endolympth, the

from natural aquacenosis (MESEM, Moscow and Ccounts of all three _ cell
Pskov regions, 2010-2012) types (agranular, semi-ag-

Indicat Astacus astacus (a) |Pontastacus leptodactylus ranular, grz.mglar) varied in
ndicator (n =10) (n =10) average within 32-35 %.
Haemocylte forlrlnula, %: 100539 o However, in P. leptodactylus
agranular cells U5, JIT4.
semi-agranular cells 24.245.7 29.7+3.4 number of transparent cells
granular cells 27.842.8 32.1£2.4 was by 18.2 % less than in
transparent cells 8.0£1.9 3.3+1.6 _
Hematologic and biochemical indicators: A. aSZ‘aCL{S. For .other. el
TNH, kiloliter/ul 384%111 9111372 ements, interspecies differ-
glucose, pmol/1 2.210.6 <0.52 N P
ALAT, 1U/1 80.6+11.7 55.1£17.8 ences - were msgmﬁcant.
ASAT, U/l 57.747.3 55.3433.5 Mean cytochemical coeffic-
ALP, U/ 17.1£2.1 78.0£20.2¢ ient of lysosomal cationic
Cytochemical indicators: . k
CCC, units 1.70+0.06 1.87£0.17 protein in haemocytes of

Note. TNH — total number of haemocytes, ALAT and ASAT — ala- crawfish P. leptodaczylus is
nine and aspartate aminotransferases, respectively, ALP — alkaline phos- 9.4 % high h in A
phatase, CCC — mean cytochemical coefficient. . 0 gner than 1n A4. as-
a Differences from Astacus astacus are statistically significant at P < 0.05. tacus.

This experiments
show several trends for biochemical indicators of endolympth in crawfish. Activi-
ty of alanine aminotransferase of hemolympth (ALAT) in A. astacus was trice
higher than in P. leptodactylus. Other substrate blood indicators change more no-
tably. Mean glucose concentration in hemolympth in A. astacus exceeded that in
P. leptodactylus by 64 %, while activity of alkaline phosphatase (ALP) was about
5 times lower.

Agranular and semi-agranular haemocytes are phagocytes in crawfish.
Besides, so called transparent cells have phagocytosis ability (assumedly, juvenile
forms) [9]. Our experiments show that phagocyte reserve in two crawfish species
is approximately similar.

Homeostasis in fishes. In evolutionary hierarchy, fishes are low-
er than warm blooded animals and, accordingly, change limits of indicators of
the internal environment in vivo are wider in them. In case of carp, tench, and
catfish (Table 2), hematopoiesis occurs in approximately similar manner. Leuco-
poiesis is more intensive in tench (promieocytes, the blast leucocyte forms are



present). Due to rod nuclear cells, the amount of neutrophils is 2-3 times higher
in female tench than in other groups. No eosinophils were found in all fish spe-
cies, basophils were found in female tench, catfish, and also in female carp at in-
significant level.

2. Hematologic indicators in fish species (M*=SEM, fish breeding farms, Volgograd
Region, Chuvash Republic, 2010-2012)

carp Cyprinus caprio L. | Tench Tinca tinca L. Catfish Silurus glanis L.
Indicator males (a) | females (b) males (c) |females (d) males (e) females (f)
(n =23) (n =10) (n=17) (n =5) (n=12) (n =10)
Erythropoiesis %
Hemocytoblasts,
Erythroblasts 03102 0.6+0.2 1.0+0.4 - 0.7+0.4 -
Normoblasts 29104 3.4£0.3 2.940.1 3.0£0.1 2.7+0.4 3.0£1.4
Basophilic erythro-
cytes 86104 9.1£1.1 6.0+3.8 12.1£4.2 11.6+£4.0 7.5£0.7
Mature erythrocytes 88 215 86.9+1.4  90.1£1.1 84.9+4.3 85.0+4.4 89.5+2.1
Leucocyte formula, %

Mieloblasts - - - - - -
Promielocytes - - 1.0+0.7 2.0+1.4 - -
Mielocytes 08+04 1.3£0.5 - 5.7¢1.7ab  0.5+0.4d 1.01+0.4d
Metamielocytes 4 0£0.9 4310.4 - 6.214.2 3.0£1.4 3.5£0.7
Neutrophils:

rod nuclear 14£03 1.0+0.4 6.0+0.22>  2.040.9¢ 0.71£0.5¢ 1.5+0.4¢

microxyphil

nuclear 16%04 2.4%0.5 3.240.42 4.5+0.13.:b 4.3+0.630 4.5+0.8ab

total 30403 3.4£0.9 9.2+0.92b  6.5+0.92.b 5.0£0.82 6.0+1.22
Eosinophils - - - - - -
Basophils 04+02 0.1£0.2 2.3+0.8 ab - 0.3+0.3 ¢ -
Monocytes 30403 2.240.5 2.1+1.1 5.5£3.5 3.3£2.0 2.5+0.7
Lymphocytes 88 8+12 88.7+1.3 85.4+4.4  74.1%£5.62 87.942.3d 87.0+2.8

Phagocyte activity
CCC, units 181£0 07  1.9440.05 1.68+0.01° 2.05+0.01¢ 1.30+0.153.b,c.d 1.7240.11¢.f
Biochemical values

ALAT, 1U/1 40 2+105  41.3£12.2 39.6£89  32.6%£59 45.0+4.4 75.1£12.8
ASAT, 1U/1 164£13 133£39 346+18ab  310+40a.b 402+12a.b 367+29a.b
Glucose, pmol/1 36x12 45%1.1 9.4+1.3@  6.6+0.52 7.4%1.12 8.1+1.32
Creatine kinase, TU/l 3896163 38774161  3054+18 ab 2990+107 ab  527+93ab.cd 1185+430a.b.c.d
Lactate, mg/dl 66 9+7 5 68.5+£5.7 19.9+4.52ab 19.1£2.7 ab  116.2+5.3a.b,c.d 121.1+9.8a.b,c.d
ALP, 1U/1 255%15 17.540.52  43.6+4.7ab 563+11.4ab  99+6.3a.cd 9.3+4.0a.cd
Albumin, g/dl 11.5£3.4 9.1£1.7 15.2+1.7  14.8t14 12.2+£0.3 13.7£2.7
Total protein, g/l 26.81+6.4 22.3+1.7 249433 21.5%1.2 29.9+2.5 31.0%5.1
Triglicerides, mg/dl 124+42 105£32 76133 94+25 271£105 178+25
Cholesterol, mg/dl 109£12 118+21 121£39 13316 134£28 107£26

Note. ALAT and ASAT — alanine and aspartate aminotransferase, ALP — alkaline phosphatase, CCC — mean
cytochemical coefficient. Dash means no available data.
ab.c.de.f [ etters in upper index indicate the variant differences with which are statistically significant at P < 0.05.

Quantity of non-enzyme cationic protein in neutrophil lysosomes (CCC)
in females was higher than in males; in tench and catfish the differences are reli-
able. Differences could be explained by strengthening of non-specific cell immuni-
ty in females. Activity of aspartate aminotransferase (ASAT) in male tench and cat-
fish was approximately 3 times higher compared to carp, with high reliability, i.e.
for carp and tench 7 = 13.5. Biological role of ASAT is transamination important
for energy metabolism. Any states requiring urgent mobilization of protein com-
ponents to cover energy needs of a body are associated with adaptive hormonally
stimulated biosynthesis of ASAT. Obtained results evidence on higher stress toler-
ance in tench and catfish as compared to carp. Reliable over 3-fold growth of lac-
tate content in carp and catfish compared to tench is testified, which evidences on
intensive carbohydrate metabolism. At the same time, mineral metabolism, ac-
cording to ALP activity, in male tench was 2-3 times more intensive.

In general, the studied clinically healthy fishes showed differences in
leukogram: tench had higher level of macrophages (neutrophils) that indicates
phagocytosis potential. Phagocytic activity of these cells in studied female fishes
was somewhat higher than in males.

Homeostasis in amphibians (Rana temporaria, Xenopus laevis).



In scientific literature, homeostasis indicators in amphibians are discussed unreason-
ably rarely. In our studies of R. temporaria the erythrocyte count ranges within 0.12-
0.37 million/ul in males, and 0.22-0.39 million/ul in females; leucocytes range
within 0.14-0.38 million/ul in males, and 0.13-0.47 million/ul in females. Frogs
show both gender and interspecific differences in leucocyte formula (Table 3).

3. Hematological indicators in frog species (M=SEM)

Rana temporaria Xenopus laevis
Indicator
Er;aljio)(a) fimjﬁ)s) () males (n =5) females (n =5)

Erythropoiesis, %:

hemocytoblasts, erythroblasts 0.8+0.3 0.4+0.4 1.5+2.1 2.1+£0.5

normoblasts 2.8+0.6 2.4%0.5 5.0£2.8 0.9+0.3

mature erythrocytes 96.4+0.7 97.2+0.9 93.5+1.3 97.0+0.6
Leucocyte formula, %:

metamielocytes 0.2+0.3 - - 0.8+0.4

rod nuclear neutrophils 0.2+0.3 0.6+£0.4 - 1.2£0.62

microxyphil nuclear neutrophils 12.2+0.9 16.8+1.52 2.7+0.5 ab 4.3+0.3 ab

total neutrophils 12.4+£0.9 17.4+1.52 2.740.5 ab 5.5+0.4 ab

eosinophils 3.0£0.7 3.240.9 1.8+0.4 0.9+0.4 ab

basophils - 0.4+0.4 0.5+0.7 -

monocytes 2.8+0.5 2.0+0.4 2.6£0.8 2.2+0.5

lymphocytes 81.6+1.0 77.0+1.7 92.4+0.8 ab 90.6+1.2 ab
Bacterial activity, units 1.78+0.27 1.7810.24 2.0240.06 1.74+1.20

Note. BA — bactericide activity of blood neuthrophils. Rana temporaria frogs were taken from the natural
aquacenosis (Moscow Region, 2014), Xenopus laevis grew in an aquarium. Dash means that indicators falls out-
side the device sensitivity limits.

ab etters in upper index indicate the variant differences with which are statistically significant at P < 0.05.

Blood of Rana temporaria males and X. laevis females contain metamielo-
cytes. The number of rod nuclear neutrophils was 67 % higher in X. laevis females
compared to males. Microxyphil nuclear neutrophils in R. temporara were 4-fold
as much as in X. laevis. We revealed gender variations in microxyphil nuclear
cells which counts were 27 and 33 % less in R. femporara and X. laevis males
than in females. Eozinophils of white blood granulocyte row in males and fe-
males of R. temporara was comparable in number, and reliably lower in females
of X. laevis. Number of blood lymphocytes in R. temporaria was lower than in
X. laevis. The value of neutrophil CCC in males and females was about the same in
Rana temporara and 22 % higher in males of Xenopus laevis compared to females.

4. Biochemical blood indicators in males and females T.ot_al bl.OOd volume
of Rana temporaria from natural aquacenosis in amphibians is small that

(M+SEM, Moscow Region, 2014) challenges biochemical testing.

Indicators [Males (a) (n =10) | Females (n =10) 1hat is why we managed to
ALAT, 1U/I 16436 17433 determine only few indicators
ASAT, 1U/I 88+29 109£36 :
Glucose, umol/1 0.8+0.3 1.4%0.2 (Table 4) Sexual differences
CK, 1U/1 985+159 1388362 were characteristic of R. fem-
Creatine, umol/1 4610 47+5 poraria. In females as com-
LDH, 1U/1 3798+417 3430220
Lactat, mg/dl 49+16 5246 pared to males ALAT and
Urine acid, ymol/] 262+110 377151 ASAT activity is 6 and 19 %
ALP, 1U/1 28+16 69+45 . . . .
Albumin,/ o/dl 2142 2540 5 mgher, creatine kmase is 29 %
;Jreal, mg/dl p gﬁé ggi—r;ﬂ higher, and alkaline phospha-

otal protein, g, + + . .

Trigliceride, mg/dl 3+1 116 tase is 60 % higher.
Cholesterol, mg/dl 57411 85+18 Glucose ensures meta-
Hemoglobin, g/l 93+15 172+62

Note. ALAT and ASAT — alanine and aspartate aminotransferases, bOhC p I‘OCCS.SCS in vivo and is
CK — creatinine kinase, LDH — lactate dehydrogenase, ALP — alka- 1mportant I1n energy meta-

line phosphatase. s . . _
a Letter in upper index indicates the variant differences with which bolism in animals. In R. fem

are statistically significant at P < 0.05. poraria females, as compared

to other studies species, this
indicator exceeded that in males to a greater extent (by 43 %). Possibly, nearly 2-



fold excessive content of glucose in females is caused by higher dependence of
females from physical environmental factors, especially during reproduction,
which makes such indicator the most important one. Interestingly, amphibian
females are also superior to males in other biochemical blood parameters (e.g.
content of creatine, lactate, urine acid, albumin, urea, and total protein is 30 %
higher).

Gender specificity of blood lipid metabolism in amphibians of the stud-
ied specie manifests itself in superiority of females over males (blood triglycerides
and cholesterol are 68 % and 33 % higher, respectively). Other assessed biochemi-
cal blood indicators, except for activity of lactate dehydrogenase, were higher in
R. temporara females than in males.

It should be noted that blood microxyphil nuclear cells of R. femporara
males and females (see Table 3) exceeded in number those of X. laevis by 78 and
76 %, the number of neutrophils was 78 and 71 % more, and the count of eo-
sinophils was 40 and 69 % more. Number of blood erythroblasts in X. laevis
males and females as compared to R. temporara was 47 and 80 % higher. Norma-
blasts in R. temporara males was 44 % lower than in X. laevis male. R. temporara
females left behind X. laevis females as per rod nuclear and microxyphil nuclear
neutrophils, their total amount and number of eosinophils (by 67, 76, 71, and
69 %, respectively). Number of rod nuclear neutrophils in X. laevis males ex-
ceeded the indicator of R. femporaria by 80 %. Portion of eosinophils in males
and females of R. temporaria was 44 and 67 % higher compared to X. laevis.

Interspecific differences between studied amphibians in number of lym-
phocytes are not so evident. By the content of agranular haemocytes, X. laevis
males were somewhat superior to R. temporaria males. The trend for lympho-
cytes in males and females was similar. However, average number of lympho-
cytes in R. femporaria is somewhat higher (by 15 %) compared to X. laevis. CCC
values in R. temporaria and X. laevis differ insignificantly.

Therefore, there are specific and gender differences of the studies am-
phibians by homeostasis indicators that reflects adaptation in various biotopes.

It should be noted that crustaceans, fish, and amphibians have a number
of common homeostatic traits, regardless of the great evolutionary remoteness.
Circulating liquids contain granular, agranular, and by juvenile cell forms. In
haemocyte formula of various crawfish species we identified four haemocyte
types in close percentage relationship. Leucogram in the studied lower vertebral
hydrobionts is similar though differs in several types of leucocytes, and intensity
of erythropoiesis is similar. Biochemistry of internal environment in such differ-
ent taxones is also sufficiently similar. We detected glucose, proteins, triglycer-
ides in comparable quantities in hemolympth of crawfish, as well as blood plas-
ma in fish and amphibians.

Thus, we suggest the criteria to estimate the adaptiveness of hydrobionts,
sustainability of natural biocenoses and/or adequacy of aquaculture conditions.
These parameters are as follows: total hemolymph cell number within 700-800 per
ul for crawfish, the erythrocyte count of 1-2 million per ul and leucocyte count of
50-150 thousand per ul in fish and frogs. In vertebrate hydrobionts, the blood total
protein concentration is 2-3%, the glucose concentration is 1-4 umol/l and the
concentration of triglycerides is 0-400 mg%. Mean cytochemical coefficient of
non-enzyme cationic protein of phagocytic cell lysosomes is 1.5-2.1.
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Abstract

Starlet (Acipenser ruthenus L.) is included in the Red Data Books of the Russian Federa-
tion, Perm Krai and Kirov Province. Inter-microsatellite DNA polymorphism analysis of sterlet pop-
ulations of the Kama and Ob rivers has not been performed until now. This paper reports on genetic
diversity and genetic structure of five natural sterlet populations of the Kama, Ob and Vyatka rivers
based on polymorphism of ISSR-PCR markers. The study was carried out in 2015-2916. DNA was
extracted from fragments of pectoral fins of fishes aged 3 to 4 years. DNA samples from 195 individ-
uals were analyzed with five effective ISSR primers. POPGENE 1.31 and GenAlEx6 software was
used for statistical processing. Basic genetic parameters were proportion (Pgs) of polymorphic loci,
expected (He) heterozygosity, number of alleles per locus (Na), effective number of alleles per loci
(Ne), and number of rare alleles (R). The Bayesian method of population structure analysis was
performed using STRUCTURE 2.3.4 software. Genetic structure of a population was characterized
by proportion of heterozygous genotypes (Ht) in the entire population, the expected proportion of
heterozygous genotypes (Hs) in the subpopulation, and the proportion of interpopulation genetic diver-
sity (Gst). As a result, a total of 128 ISSR-PCR markers were identified. The number of amplified
ISSR-PCR markers ranged from 7 to 23 depending on the ISSR primer. It was found that the portion
of polymorphic loci in 4. ruthenus populations was high and amounted to 0,938. Genetic diversity was
the highest in the Vyatka sterlet population (Pgs = 0.876; He = 0.232; Ne = 1.402; R = 10) and the
lowest in the Ob sterlet population (Pgs = 0.634; He = 0.100; Ne = 1.175; R = 3). A total of 23 rare
ISSR-PCR markers were identified for all the samples studied, and 10 of these markers were character-
istic of the Vyatka river sterlets. This indicates the possibility of successful identification of these sterlets
by population-specific markers. Genetic structure analysis showed that the expected proportion of het-
erozygous genotypes (Ht) for the total sample was 0.283, whereas Hg index was much lower making
0.173, therefore, Ggr value was high and amounted to 0.386. The studied populations were highly dif-
ferentiated. The interpopulation component accounted for 38.6 % of genetic diversity, while intrapopu-
lation component was responsible for 61.4 %. In each of the studied populations, the rare ISSR-PCR
markers have been determined that can be used for identification of studied populations of this species.
Thus, the efficiency of ISSR analysis for the identification of sterlets at population level has been
proved. It has been established that polylocus ISSR-PCR markers can be used both for characterizing
gene pools and for molecular genetic identification of populations and breeds, including sterlet popula-
tions and replacement broodstocks. Recommendations for genetic conservation of the Kama and Ob
sterlet populations have been developed. These data should be used to manage replacement broodstocks
in sterlet artificial reproduction for further release of the fry in a population with an identical gene pool.

Keywords: genetic diversity, gene pool, genetic structure, ISSR-PCR markers, molecular-
genetic identification, Acipenser ruthenus L., sterlets

Polymorphism analysis of molecular-genetic markers is a compulsory de-
velopment stage of programs for preservation of the genetic resources of stur-
geons. Gene pool analysis with the use of molecular-genetic markers testifies the



expressed specific properties of genetic structure and the need for further devel-
opment of genetic-based methods for preservation of biodiversity of rare fish
species [1].

Inter-microsatellite DNA polymorphism analysis [inter simple sequence
repeats, ISSR] is a method to investigate genetic diversity of plant and animal
populations. It has good repeatability and is successfully applied in the global [2,
3] and national practice [4]. ISSR-methods may be used for identification of
cross-species and intra-species genetic variability, identification of kinds, popula-
tions, lines, and in several cases for individual genotyping [5]. ISSR markers are
breed and species specific [6]. ISSR-method was used by Yu.A Stolpovskiy et al.
[7-9], L.V. Nesteruk et al. [10], and P.P. Srivastava et al. [11] for genotyping an-
imal populations and breeds, and for identification of silkworm populations [12].
In this regard, it is perspective to apply multi-locus markers in molecular genetic
identification of starlet populations and flocks.

Each year, sturgeon breeding in Russia becomes more extensive as one of
the most important agricultural industries. Artificial reproduction allows compen-
sating damages caused to water resources and taking measures for reintroduction of
sturgeons [13]. Starlet (Acipenser ruthenus L.) is one of the mostly known sturgeon
representatives in Russia with long evolutionary history [14]. Certain populations of
such species are included in the Red Book of the Russian Federation [15], Perm
Territory [16] and Kirov Region [1] Commercial value of sturgeons promotes in-
tensive catching of such fishes. Construction of hydrotechnical facilities and loca-
tion of industrial zones near water objects had resulted in sharp decrease of the
number of natural starlet populations [18]. For its recovery and for compensation
of damage caused by economic humankind activity, species raised at fish breeding
farms are released to the natural environment. Nowadays, there is no information
on effectiveness of such measures since it lacks information on recovery of popula-
tions which is one of the most important components of nature protection re-
acclimatization measures. Accounting of returns to the populations of the species
raised at fish breeding farms requires conduction of studies involving identification
of young fish at farms, as well as species being members of the natural popula-
tion in the studied water reservoirs [19]. Due to the need for protection of wild
capture and endangered fishes, it is especially important to study populations
undergoing antropogenic loads [20]. Inter-microsatellite DNA polymorphism
analysis of starlet populations of the Kama River and Ob River basins has not
been performed until now.

Use of Inter-microsatellite DNA polymorphism analysis enabled us for the
first time to obtain information on starlet populations in Kama, Ob, and Vyatka
rivers. We have identified ISSR makers and proposed two approaches to identifi-
cation of starlet populations. i.e. by unique markers and combination of poly-
morphous markers.

Purpose of present paper is studying genetic diversity of the natural starlet
populations for ISSR marker polymorphism.

Techniques. The natural starlet populations (Acipenser ruthenus L.) aged
3-4 years were studied. Samples were collected in 2015-2016 from 195 individu-
als caught in five places: Vi — Vyatka River near Vishkil Urban Area (middle
course), Sh — Vyatka River near Shurma Urban Area (lower course, 236 km
from Vi sample down the stream), Vp — Vyatka River in area of Vyatskie Poly-
ani city of Kirov Region (lower course, 138 km from Sh sample down the
stream), Km — Kama River lower the stanch of Votkinsk Hydroelectric Station,
CHM — Ob River in confluence region of Irtysh and Ob rivers.

Flipper fragments were collected in vivo. Afterwards, fishes were returned
to basin. Flippers were fixed in 96 % alcohol. Total DNA was extracted from



100 mg samples by S.O. Rogers method [21]. DNA quality and concentration
were controlled spectrophotometrically (NanoDrop 2000, (Thermo Fisher Scien-
tific, USA) and diluted to 10 ng/ul.

Inter-microsatellite DNA polymorphism analysis protocol was as described
[5]. A 25 ul PCR (polymerase chain reaction) mixture contained 2 units of Tag
DNA-polymerase, 2.5 ul standard 10x PCR buffer, 25 pM of primer, 2.5 uM
Mg2*t, 0.25 uM dNTPs, 5 ul of total DNA. DNA probes of fishes were analyzed
with five earlier selected starlet-effective ISSR primers [22]. PCR (an amplifier
GeneAmp Biosystem, Applied Biosystems, USA) was carried out as per usual
ISSR protocol: 2 minute preliminary denaturation at 94 °C; 20 second denatura-
tion at 94 °C, 10 second primer annealing at 6 °C, 10 second elongation at 72 °C
(5 cycles); 5 second denaturation at 94 °C, 5 second primer annealing at 56 °C,
5 second elongation at 72 °C (30 cycles); 2 minute final elongation at of 72 °C.
Annealing temperature depended on primer GC content and varied from 56 to
64 °C. In lieu of DNA, 5 pl de-ionized water was added to reaction mixture as
negative control (K°) to check purity of the reagents. To prove repeatability of
the results, PCR analysis was repeated trice. Amplification products were sepa-
rated by electrophoresis in 1.7 % agar gel with 1X TBE buffer. DNA fragment
lengths were determined with molecular weight marker (100 bp + 1.5 + 3 Kb
DNA Ladder, SibEnzyme-M LLC, Moscow) using Quantity One software in
Gel-Doc XR system (Bio-Rad, USA).

Portion of polymorphic loci (Pgys), expected heterozygosity (H.), mean
allele number (Na), effective allele number (Ne) per locus, and number of rare
alleles (R) were calculated with the use of POPGENE 1.31 software [23] and
special macros GenAlEx6 [24] for Microsoft Excel.

The following parameters were used to describe genetic structure of popu-
lation [25, 26]: expected level of heterozigous genotypes across the entire popula-
tion (Ht) as a measure of total genetic diversity; expected level of heterozigous
genotypes in the subpopulation (Hg) as a measure of interpopulation diversity;
proportion of interpopulation genetic diversity in total diversity, or population sub-
division indicator (Ggt). Bayesian method of analysis of the population structure
was carried out with the use of STRUCTURE 2.3.4 software. Reliability assess-
ment of possible cluster groups and their visualization was carried out by
STRUCTURE HARVESTER software [27]. Population structure was estimated
by allocation of the studied species in the most probable number of clusters ac-
cording to the algorithm of G. Evanno et al. [28]. Cluster number probability
was determined within the range from 1 to 10.

Results. Total 128 ISSR-PCR markers of which 120 were polymorphic
(P95 = 0.938) were revealed in five samples of the natural starlet populations.
Number of amplified ISSR-PCR markers varied from 7 (CR-212 primer) to 23
(X9 primer) depending on the primer. The highest level of polymorphic loci was
in sample Vp (Pgs = 0.876), the least value was in CHM (Pg5 = 0.634). The ex-
pected heterozygosity (H.) for the total sample was low (0.173) (Table 1). The
expected heterozygosity was the highest in Vp population (H. = 0.232), and the
least in CHM (H, = 0.100). We assume that high expected heterozygosity in Vp
is due to systematic releases of young fish from the neighboring fish breeding
farms where individuals from the Vyatka river natural populations are the basis
for breeders’ stock. Presence of unique ISSR-PCR markers (R) in only one of
the studied populations is important to successfully affiliate starlet with certain
population or to control geographic origin. We found 23 unique ISSR-PCR
markers in the total sample of natural populations, provided that 10 of them
were in Vp sample. This testifies on possibility of successful identification of



starlet belonging to such population.

1. Genetic diversity of the natural starlet (Acipenser ruthenus L.) populations (2015-

2016)

Populations | Pos | H. | Na | Ne | R
Vp 0.876 0.232 (0.018) 1.625 (0.486) 1.402 (0.381) 10
Km 0.768 0.162 (0.018) 1.476 (0.501) 1.282 (0.374) 5
CHM 0.634 0.100 (0.016) 1.258 (0.439) 1.175 (0.328) 3
Vi 0.835 0.198 (0.017) 1.625 (0.486) 1.325 (0.344) 5
Sh 0.805 0.174 (0.017) 1.523 (0.501) 1.295 (0.364) 0
Total 0.938 0.173 (0.110) 2.000 (0.000) 1.468 (0.340) 23

N ote. Pgs — portion of polymorphic loci, He — expected heterozygsity, Na — number of alleles per locus, Ne —
effective number of alleles per locus, R — number of unique ISSR-PCR markers. Values are statistically significant at
P < 0.05; standard deviations (SD) are in parenthesis. See description of populations in the section “Tehniques”.

2. Genetic structure and differentiation of the studied starlet (Acipenser ruthenus L.)
populations 0 Kama, Ob, and Vyatka rivers (2015-2016)

ISSR-primer \ Nucleotide sequence (5'—3") \ Hr \ Hg \ Gst
CR-212 (CT)sTG 0.302 (0.028) 0.225 (0.017) 0.252
CR-215 (CA)¢GT 0.314 (0.033) 0.159 (0.085) 0.492
ISSR-9 (ACG),G 0.220 (0.022) 0.159 (0.012) 0.277
X9 (ACC)¢G 0.277 (0.022) 0.155 (0.008) 0.442
X11 (AGC)¢G 0.312 (0.022) 0.182 (0.009) 0.417
Per total sample 0.283 (0.026) 0.173 (0.011) 0.386

Note. Ht — expected level of heterozygous genotypes in the total sample, Hg — expected level of heterozygous
genotypes in a separate population, Gst — interpopulation genetic diversity in total diversity (population subdivi-
sion indicator). Values are statistically significant at P < 0.05; standard deviations (SD) are in parenthesis.

Analysis of the genetic structure and differentiation of the studied starlet
populations (Table 2) revealed the expected heterozygosity Ht of 0.283 for the
total sample. The expected level of heterozygous genotypes in certain population
(Hs) was 0.173. Accordingly, in average 17 % of heterozygotes were in each
population. Ggt value for population subdivision is 0.386, i.e. interpopulation
genetic diversity component accounted for 38.6 % of diversity, intrapopulation
diversity accounted for 61.4 %. That is, the studied starlet samples are highly
differentiated.

Allocation of starlet

g L0 (Acipenser ruthenus L.)
z 0 genotypes from Kama,
g 060 Ob, and Vyatka rivers (at
Z 040 K = 5) (2015-2016).
-“-gf 0.20 STRUCTURE  software.
= 0 1. See description of populations

Vp Km CHM Sh Vi in section “Methodology”.
Studied sample

We have identified five genetically segregated groups and determined
probability of affiliation of each of the 195 studied individuals with any of the
proposed clusters (see Table).

The identified ISSR-PCR markers are stable and reproducible. Obtained
data result in two approaches to identification of starlet population, i.e. by unique
markers and by combination of polymorphic markers. Illustration of the first way
that we suggest is the Vi sample with unique ISSR-PCR 780 bps marker
Ac,,780x9 which is amplified with primer (ACC)¢G (denoted as X9) and present
in Vi with frequency of 0.660. Simultaneous presence of two polymorphic markers,
the Ac,640cRr-212 (640 bps, frequency 0.706) amplified with primer (CT)sTG,
and Acp520x9 (520 bps, frequency 0.735) amplified with (ACC)g¢G, implies the
affiliation with Km population.

Earlier], ISSR-PCR markers were used to control genetic structure of
agricultural mammal species and to identify breed-specific properties of their



gene pools [29]. Simple sequence repeats (SSR) loci were used to identify specif-
ic affiliation of sturgeons and to identify fish species of hybrid origin [30]. In this
paper we have shown effectiveness of inter-microsatellite DNA polymorphism
analysis (ISSR-PCR markers) in studying genetic structure and molecular identifi-
cation of starlet populations. This is necessary to form replacing breeding stocks in
which artificial starlet reproduction occurs with further release of young fish to
population with identical gene pool. A. ruthenus population from Vyatka river
(Vp) with high genetic diversity is recommended for such stocks. Molecular ge-
netic formulae, bar codes, and genetic passports based on molecular markers,
including rare ISSR-PCR markers, will provide control of affiliation of individu-
als to certain population and/or their geographic origin.

Therefore, we have found 128 ISSR-PCR markers in the studied popula-
tions of Acipenser ruthenus of Kama River and Ob River basins. Polymorphic loci
revealed with the use of these markers in the total sample are very frequent
(0.938). The A. ruthenus sample from Vyatka river (Vyatskie city) shows the high-
est genetic diversity indicators (Pgs = 0.876; H, = 0.232; Ne = 1.402; R = 10)
compared to the sample from the same river close to headwaters. Sample from Ob
river shows low genetic diversity (P95 = 0.634; H, = 0.100; Ne = 1.175; R = 3).
The expected heterozygosity (Ht) in total sample is 0.283, whereas in a sepa-
rate population this indicator (Hg) is significantly lower (0.173). Accordingly,
interpopulation genetic diversity component in starlet populations accounts for
38.6 %, and intrapopulation component accounts for 61.4 %. Studied popula-
tions are strongly diversified. Unique molecular markers are identified in each
sample of A. ruthenus. Combinations of polymorphic markers can be used in
molecular genetic identification of the starlet populations.
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Abstract

Reindeer husbandry is a strategically important industry in the Arctic regions of Russian
Federation due to providing the native population with food stuffs. Observing the characteristics of
rumen microorganisms’ composition is necessary to deepen the information on the reindeer physiol-
ogy. In this paper, the results of molecular genetic analysis of the rumen bacterial community com-
position of young and adult specimen Rangifer tarandus individuals from Arctic regions of Russia are
presented for the first time. Samples of ruminal contents were collected from 3 animals of each age
group in 2017 summer-autumn period in the Yamal-Nenets Autonomous District and the Murmansk
Province. The bacterial community composition of the reindeer rumen was analyzed in the laborato-
ry of the «BIOTROF+» company by T-RFLP method (terminal restriction fragment length poly-
morphism). According to the biodiversity indicators, the Yamal-Nenets Autonomous District rein-
deer ruminal microorganisms’ diversity was significantly higher (P < 0.05) than that in the reindeers
of Murmansk region. Young reindeers from the Yamalo-Nenets Autonomous District showed lower
biodiversity indicators (P < 0.05) comparing to adults, whereas in the Murmansk region this was not
observed. According to the taxonomic affiliation, it has been established that up to 83.50%5.07 % of
the phylotypes belong to four bacterial phylums, the Firmicutes, Bacteroidetes, Actinobacteria and
Proteobacteria, while Tenericutes, Fusobacteria, Acidobacteria, Cyanobacteria were less frequent. Ru-
minal microbiome of Rangifer tarandus reindeers showed much higher proportion of unidentified
bacteria, as well as the Eubacteriaceae and Clostridiaceae bacteria, as compared to the most studied
members of the Bovidae family. Note, that several FEubacteriaceae and Clostridiaceae members are
capable of detoxification of usnic acid and other secondary metabolites produced by lichens. During
the reindeer ontogenesis, noticeable changes in the ratio of phylotypes and taxonomic groups in
rumen microbiota were found. The greatest age changes were noticed in the phylum Firmicutes com-
position. In adult reindeer rumen, the total counts of cellulosolytic bacteria of the Clostridia class,
especially of the families Eubacteriaceae, Clostridiaceae and Lachnospiraceae potentially capable of
hydrolysis of plant carbohydrates with the formation of volatile fatty acids (VFA), were significantly
higher than in young group (P < 0.05). The inverse pattern was characteristic of bacteria with similar
properties from the phylum Bacteroidetes, including the genera Bacteroides, Prevotella. 1dentification
of a significant number of opportunistic and pathogenic microorganisms in the Rangifer tarandus



rumen bacterial community, with the dominance of the phylum Fusobacteria, families Campylobacte-
riaceae and Enterobacteriaceae, is also of interest. Up to date, this issue has been poorly observed.
Direct regularity in changing ruminal pathogen profiles in reindeers of different age or from different
habitat was not revealed. Perhaps the detected differences in the level of pathogenic and opportunis-
tic microorganisms could be associated with other factors, e.g. specific pasture ration in different
regions or the epizootic situation in the herd. Additional research will clarify the issues in question.
In general, the obtained results can be used as a basis to develop recommendations for improving the
efficiency of animals breeding.

Keywords: rumen microorganisms, molecular-genetic methods, reindeer, Rangifer tarandus,
Arctic regions

Reindeer (Rangifer tarandus) is unique species specifically adapted to life
in the context of North and, as such, deer farming serves an important animal
breeding industry in arctic regions of Russia supplying food to the population.
Reindeer diet has significant seasonal differences. In summer-autumn period, it is
based on nearly 300 plant species, including grains, sedge, sallow and dwarf birch
leaves. Lichen account for up to 15 %. During winter-spring period it is increase
up to 70 %, while the remaining 30 % are represented by residues of green plants,
moss, and various admixtures [1, 2].

Digestion of vegetable feed in reindeers occurs just like in other rumi-
nants due to enzymes produced by rumen symbionts. It is known that reindeer
rumen is inhabited by symbiont microorganisms: bacteria, fungi, archeas, and
protozoans [3-5]. Its microbial community may reflect both regional properties
of feeding pastoral diet, as well as total physiological state of animals. By today’s
estimates, diversity of microorganisms in rumen of ruminant animals reaches
several thousand species, of which less than 100 were studied in detail. Majority
of them are strictly anaerobic non-cultivated species [6-9] and, at that, the most
informative methods of analysis of the microbial community in rumen are mo-
lecular-genetic aimed at studying of its structure in general, NGS-sequencing
(next-generation sequencing) and T-RFLP-analysis (terminal restriction frag-
ment length polymorphism). They allow detecting and determining the content
of low-presented microorganisms in rumen community that is demonstrated in
tests on cattle stock [10, 11], sheep [12, 13], deer [14], and goats [15, 16].

Nowadays, rumen microbiocenosis in reindeer is less studied among rumi-
nants, although this is of significant concern due to the assessment of adaption-
physiologic and anatomic adaption of a body to unfavorable ecosystem conditions
and feeding conditions of such animal species. Only few papers on molecular-
genetic analysis of rumen microbiocenosis in reindeers, who live in the territory
of Northway [14, 17], as well as rumen microbial flora in other representatives
of Cervidae family — axis deer [18, 19], were published.

In present paper, we have for the first time carried out molecular-genetic
studies of rumen microbiome in reindeer living at the territory of two areas of Arc-
tic Russia — Murmansk Region and Yamal-Nenets Autonomous District. Signifi-
cant differences in content of bacterial community of rumen were established de-
pending in the region and age of animals. The greatest age-specific changes were
found in content of Firmicutes gens. No direct regularity characterizing age-
specific changes in rumen content of pathogenic microorganisms were found.

Purpose of present study is comparative assessment of taxonomic content
of bacterial community in rumen of young and mature Rangifer tarandus species
from different ecosystems in summer-autumn period.

Technuques. Young (aged 1-2 years) and mature (aged 3-6 years) Nenets
reindeer individuals were studied. Samples of rumen content were collected in
summer-autumn in 2017 from 3 animals of each age-specific group in Yamal-
Nenets Autonomous District (AD) (Harp Township, forest-tundra natural-climate
area) and Murmansk Region (Loparskaya Station, tundra natural-climate area).



Content of bacterial community in rumen was analyzed bys T-RFLP
method [20]. Total DNA was extracted from the samples by Genomic DNA Pu-
rification Kit (Fermentas, Inc., Lithuania) subject to producer recommenda-
tions. PCR was carried out at a DNA amplifier Verity (Life Technologies, Inc.,
USA) with the use of eubacterium primers 63F (3'-CAGGCCTAACACA-
TGCAAGTC-5") with fluorophore WellRed D4 at 5'-end (Beckman Coulter,
USA) and 1492R (3’-TACGGHTACCTTGTTACGACTT-5"). Amplification
of 16S rRNA gene fragments was performed in the following mode: 3 minutes
at 95 °C (1 cycle); 30 seconds at 95 °C, 40 seconds at 55 °C, 60 seconds at 72 °C
(35 cycles); 5 minutes at 72 °C. Final concentration of total DNA in the solution
was measured using a fluorimeter Qubit (Invitrogen, Inc, USA) with Qubit dsD-
NA BR Assay Kit (Invitrogen, Inc., USA) subject to producer recommendations.

Fluorescent labeled amplicones of 16S rRNA gene were purified by
standard methodology [21]. Restriction of 30-50 ng DNA by Haelll, Hhal and
Mspl was done according to producer recommendations (Fermentas, Inc., Lith-
uania) during 2 hours at 37 °C. Restriction products were harvested using etha-
nol. Afterwards, 0.2 pul of molecular weight marker Size Standart-600 (Beckman
Coulter, USA) and 10 ul formamide Sample Loading Solution (Beckman Coul-
ter, USA) were added to analyze sample patterns using CEQ 8000 (Beckman
Coulter, USA), the device error was no more than 5 %. Peak sizes and area
were calculated (Fragment Analysis software, Beckman Coulter, USA), proto-
types (phylotypes) were identified with the acceptable study-based error of 1 nu-
cleotide with calculation of their relative portion in microbial community. Bac-
teria affiliation with certain taxonomic group was determined with the use of
databases (http://mica.ibest.uidaho.edu/trflp.php).

Results were processed by dispersion analysis (Microsoft Excel 2010
software). Mean (M) values and standard errors of the mean (xSEM) are pre-
sented in tables below. Reliability of differences between the mean values was
assessed by Student’s z-test. Shannon’s and Simpson’s biodiversity coefficients
were estimated using software http://folk.uio.no/ohammer/past/.

Results. Data on averaged content of summer-based pastoral diet in rein-
deer is presented in table 1 below.

1. Composition (%) of summer pasture diet of reindeer (Rangifer tarandus) in two areas
of Arctic Russia

Diet component | | | 11
Lichen Cladonia 10 5
Lichen Nephroma - 5
Salix borealis 20 5
Salix polaris - 15
Blueberry Vaccinium uliginosum - 10
Dwarf birch Betula nana 20 25
Ordinary birch Betula pendula 20 5
Mixture of longstanding grasses 30 30

Note. 1 — Loparskaya Station, Murmansk Region (forest-tundra), 2 — Harp, Yamal-Nenets Autonomous Dis-
trict (tundra). Dashes mean lack of component in the diet.

The highest death rates in reindeer are during the first years of life that is
probably caused by nutritional deficiency in the habitats [22, 23].

Used primers allow us to amplify 16S rRNA gene nucleotide positions 63
to 1492 (numeration for Esherichia coli 16S rRNA gene).

By T-RFLP, we revealed in reindeer rumen a significant number of bac-
terial phylotypes, from 106.0+£4.70 to 163.0+7.20 depending on the animal age
and habitat (Table 2). This indicator varies during ontogenesis. Maximum phylo-
types are in young individuals from Murmansk Region (P < 0.05). Animals from
Yamal-Nenets Autonomous District show inverse pattern (P < 0.05).



Shannon’s and Simpson’s diversity indices for reindeer from Yamal-
Nenets Autonomous District were higher (P < 0.05), i.e. these animals are more
heterogeneous on rumen bacterial community compared to those of Murmansk
Region. Younger deer from Yamal-Nenets Autonomous District had lower di-
versity (P < 0.05) compared to mature individuals. This testifies on less entro-
py and higher homogeneity of the rumen bacterial community. Diversity indi-
ces in R. farandus from Murmansk Region during ontogenesis did not signifi-
cantly vary (see Table 2).

2. Diversity indicators of rumen bacterial community in young (aged 1-2 years) and
mature (aged 3-6 years) reindeer (Rangifer tarandus) from Murmansk Region (I)
and Yamal-Nenets Autonomous District (I1I) (M+SEM, 2017)

. | 11
Indicator
young \ mature young \ mature
Shannon’s index 2.89+0.32 2.61£0.23 5.40+0.18* 7.12+0.25*%
Simpson’s index 0.74£0.03 0.74£0.02 0.88+0.03* 0.90£0.04*
Phylotype number, units 150.0£5.40 106.0£4.70 109.5t4.15 163.0£7.20

N ote. See description of groups in section “Methodology”.
* Regional differences are statistically significant at P < 0.05.

3. Bacterial taxa (%) found in the rumen of young (aged 1-2 years) and mature
(aged 3-6 years) reindeer (Rangifer tarandus) from Murmansk Region (I) and
Yamal-Nenets Autonomous District (II) (MESEM, 2017)

1 11
Taxon
young \ mature young \ mature
Phylum Bacteroidetes 8.20+0.38 3,89+0,13* 18,32+0,84 13,45%0,64*
Phylum Firmicutes 17.0010.75 46,59+2,08* 35,93+1,63 48,65+1,96*
class Clostridia 9.08+0.40 32,52+1,65* 15,1240,65 26,86+1,21*
family Thermoanaerobacteraceae 2.42+0.11 1,11£0,04* 0,24%0,01 0,124+0,01
family Lachnospiraceae 0.52+0.03 6,83+0,31* 2,30%0,10 2,72%+0,35
family Eubacteriaceae 1.3040.05 16,90+0,74* 9,47+0,34 15,34+0,48*
family Ruminococcaceae 1.1610.04 0,80+0,03* 0,1910,01 -
family Clostridiaceae 3.68+0.17 5,16+0,19* 2,61£0,20 8,36+0,38*
genus Peptococcus - 1,72%+0,07 0,31%0,02 0,32+0,01
genus Lactobacillus 4.1610.19 4,71+0,27 2,66+0,12 1,12+0,06*
genus Bacillus 1.5610.06 5,97+0,24* 4,37+0,25 5,03+0,22
genus Staphylococcus 0.14£0.01 0,8610,04* 0,10£0,01 0,31£0,02*
class Negativicutes 2.06%0.08 2,5310,14 13,68+0,54 15,33+0,63
Phylum Actinobacteria 15.65+0.78 4,47+0,17* 12,20£0,52 7,91+0,30*
genus Bifidobacterium 0.25+0.02 0,15+0,01* 1,09+0,06 0,21+0,02*
other 15.4010.65 4,32+0,16* 11,11£0,36 7,70+0,21*
Phylum Proteobacteria 7.63£0.29 13,11£0,63* 4,3410,21 13,49+0,34*
family Enterobacteriaceae 0.6410.03 7,59+0,12* 1,8310,09 1,00+0,04*
family Campylobacteriaceae 6.08+0.28 3,04%0,10* 1,300,05 9,69+0,35*
family Pseudomonadaceae 0.91%0.03 1,94+0,43* 0,32+0,05 0,48+0,02
family Burkholderiaceae - 0,29+0,01 0,89+0,04 2,32+0,08*
family Succinivibrionaceae - 0,25%+0,01 - -
Phylum Tenericutes (genus Mycoplasma) 0.82+0.02 1,48+0,04* - -
Phylum Fusobacteria 1.0510.04 0,97+0,06 0,18+0,01 1,65+0,05*
Phylum Cyanobacteria - - 0,70%0,03 0,75%0,02
Phylum Acidobacteria - - 0 0,33%+0,01
Non-classified sequences 49.65+3.35 29,49+1,32* 28,33t1,12 13,77£0,95*

Note. See description of groups in section “Methodology”. Dashes mean that values are below those validly
determined by T-RFLP method.
* Differences between mature and young species within one region are statistically significant at P < 0.05.

Majority of identified phylotypes are of four bacterial phyla, Firmicutes,
Bacteroidetes, Actinobacteria and Proteobacteria, which in total, depending on the
age and habitat, makes 48.48+4.19 to 83.50%£5.07 % of the reindeer rumen bac-
teria community (see Table 3). Bacteria of Tenericutes, Fusobacteria, Acidobacte-
ria, and Cyanobacteria phyla are less abundant. Significant part of phylotypes,
from 13.77£0.95 to 49.6513.35 %, could not be identified and refer to any tax-
on. This necessitates additional studies of their functional role.

Our research results are in line with contemporary understanding of ru-



men microbiota in ruminants [8, 20, 24], and particularly in reindeer [14, 17]. It
was earlier reported on large quantity of unidentified taxa in rumen of reindeer
Rangifer tarandus from Northway as compared to cattle stock and Thompson
gazelles [5].

In the samples we collected the percentage of Eubacteriaceae and Clos-
tridiaceae members of Clostridia having cellulose and sacharolythic properties was
also significantly higher than that reported for more studied ruminants of Bo-
vidae, in particular for cattle [8, 20, 24]. According to researchers, these anaero-
bic microorganisms, in particular Eubacterium rangiferina, in reindeer ensure de-
toxication of usnic acid and other secondary metabolites produced by lichen of
Cladonia, Usnea, Lecanora, Ramalina, Evernia, Parmelia, Alectoria genera [25-
27]. It is believed that due to specific properties of microbial community of rein-
deer rumen, consumption of significant quantity of lichen during winter (up to
70 % in total diet) does not have toxic effect on reindeer (as apart from elk or
sheep). Note, it was reported on massive death of over 300 elks due to lichen
consumption at lack of the alternative feed [25].

Microorganisms of phylum Cyanobacteria are present in reindeer rumen
[17] that is entirely logic since cyanobacteria refers to lichen symbionts. Lichen
cyanobionts are mostly the members of Nostoc genus, and to a lesser extent rep-
resent Calothrix, Scytonema, and Fischerella genera [28]. In out experiment, the
number of cyanobacteria was minor among the individuals from Yamal-Nenets
Autonomous District and did not reach the limits of valid determination by T-
RFLP method in animals from Murmansk Region that is probably due to re-
gional specific of summer pasture diet of reindeer.

We have identified a number of similar trends in age-specific changes of
microbiome structure in reindeer from various Arctic regions. Thus, total per-
centage of unidentified bacterial phylotypes in mature animals is significantly
lower (P < 0.05) than in young animals. The greatest age-specific changes
among the identified taxa are noted for phylum Firmicutes. Total content of mi-
croorganisms of Clostridia class in rumen of mature species, especially members
of Fubacteriaceae, Clostridiaceae, and Lachnospiraceae families potentially able
to hydrolyze vegetable carbohydrates to volatile fatty acids, is higher compared
to young animals (P < 0.05). Bacteria with similar properties from Bacteroidetes
phylum (including Bacteroides, Prevotella) which ferment starch, cellulose, several
other carbohydrates, proteins and deaminate amino acids shows opposite pattern.

Interestingly, Ruminococcaceae family cellulolytic bacteria found in cattle
rumen in significant quantity [8, 20, 24] are fully absent in reindeer in our study.

Count of Negativicutes bacteria able to utilize acids (including acetic,
propione, butyric, lactic, and etc.) after fermentation of mono-, oligo- and poly-
saccharides had some trend towards growth in mature individuals compared to
young animals. Significant abundance of selenomonades in rumen, including Sele-
nomonas ruminantium, which differ by appearance and biodiversity from those
found in cattle is described by B.V. Tarakanov [7]. It was reported that acid-
utilizing bacteria of Megasphaera, Selenomonas, Dialister genera are physiologically
significant groups for cattle since they disallow formation of lactate in the rumen.
This prevents a drop of pH followed by lactate acidosis [7, 20, 29]. Here, we
want to draw attention to reliably low percent found for acid-forming Lactoba-
cillus (P < 0.05) and high count of acid-utilizing members of class Nega-
tivicutes (P < 0.05) in reindeer from Yamal-Nenets Autonomous District com-
pared to those from Murmansk Region. Identified differences are probably due
to regional summer pasture diets in Murmansk Region (tundra) and Yamal-
Nenets Autonomous District (forest-tundra area).

Rumen community is widely represented by conventionally pathogenic



microorganisms, majority of which is traditionally related to gastroenteritis. These
are bacteria of Enterobacteriaceae and Pseudomonadaceae families. The percentage
of actinomycetes of phylum Actinobacteria (Coriobacteriaceae, Corynebacterium)
including causative agents of actinomycosis which affect different organs and
tissues [20] was high. Among pathogenic bacteria, we identified agents of cam-
pylobacteriosis (Campylobacteraceae family), pasteurellosis (Pasteurellaceae fami-
ly), mycoplasmosis (Tenericutes gens), necrobacteriosis (Fusobacteria genus), and
purulo-necrotic infections (Staphylococcus genus). Counts of these pathogens in
the studied samples were minor, except for enterobacteria, actinobacteria, cam-
pylobacteria, and fusobacteria. Importantly, in Northern reindeer only necrobac-
teriosis causing massive death of young animals is quite fully studied. In cattle,
Fusobacterium necrophorum, the causative agent of necrobacteriosis, may pene-
trate into blood and then cause hepatic abscess, injury of hooves, skin, and mu-
cosa [22, 23, 29].

In our study we did not found direct regularity characterizing age-
specific changes in rumen composition of pathogenic microorganisms, including
Fusobacteria gens, Campylobacteriaceae, Enterobacteriaceae families. The identi-
fied differences in emergence of these pathogenic and conventionally pathogenic
microorganisms are probably related to nutrition and epizootic situation in stock
that requires clarification in additional studies.

Therefore, the results of T-RFLP analysis evidence in notable changes of
bacterial community in reindeer rumen during ontogenesis and differences in
community composition in animals living in Murmansk Region and Yamal-
Nenets Autonomous District. In general, over 80 % of identified microorganisms
refer to four bacterial genera, Firmicutes, Bacteroidetes, Actinobacteria and Prote-
obacteria. Tenericutes, Fusobacteria, Acidobacteria and Cyanobacteria taxa are less
freguent. Total diversity of microorganisms is higher in reindeer from Yamal-
Nenets Autonomous District (P < 0.05) as compared to animals from Murmansk
Region. There are similar trends in composition of bacteria which are potentially
able to hydrolyze vegetable carbohydrates. No direct regularity characterizing age-
specific changes in rumen composition of pathogenic microorganisms are found.
Obtained results extend the available information on reindeer physiology in Arctic
Russia conditions. These results may be helpful to improve reindeer herding and
decrease animal death.

REFERENCES

1.  Orpin C.G., Mathiesen S.D., Greenwood Y., Blix A.S. Seasonal changes in the ruminal micro-
flora of the high-arctic Svalbard reindeer (Rangifer tarandus platyrhynchus). Appl. Environ. Mi-
crob., 1985, 50(1): 144-151.

2. Sundset M.A., Edwards J.E., Cheng Y.F., Senosiain R.S., Fraile M.N., Northwood K.S.,
Praesteng K.E., Glad T., Mathiesen S.D., Wright A.D.G. Molecular diversity of the rumen mi-
crobiome of Norwegian reindeer on natural summer pasture. Microb. Ecol., 2009, 57: 335-348
(doi: 10.1007/s00248-008-9414-7).

3. Mathiesen S.D., Mackie R.I., Aschfalk A., Ringg E., Sundset M.A. Microbial ecology of the
gastrointestinal tract in reindeer — changes through season. In: Microbial ecology of the growing
animal; Biology of the growing animals. V. 3. W. Holzapfel, P. Naughton (eds.). Elsevier Press,
Oxford: 73-100.

4. Sundset M.A., Edwards J.E., Cheng Y.F., Senosiain R.S., Fraile M.N., Northwood K.S.,
Praesteng K.E., Glad T., Mathiesen S.D., Wright A.D. Rumen microbial diversity in Svalbard
reindeer, with particular emphasis on methanogenic archaea. FEMS Microbiol. Ecol., 2009,
70(3): 553-562 (doi: 10.1111/j.1574-6941.2009.00750.x).

5.  Sundset M.A., Praesteng K.E., Cann 1.K.O., Mathiesen S.D., Mackie R.I. Novel rumen bacte-
rial diversity in two geographically separated sub-species of reindeer. Microb. Ecol., 2007, 54:
424-438 (doi: 10.1007/500248-007-9254-x).

6. Orpin C.G., Joblin K.N. The rumen anaerobic fungi. In: The rumen microbial ecosystem. P.N.
Hobsen, C.S. Stewart (eds.). Blackie Academic & Professional, London, 1997: 140-195.



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Tarakanov B.V. Metody issledovaniya mikroflory pishchevaritel'nogo trakta sel'skokhozyaistvennykh
zhivotnykh i ptitsy [Methods for studying microflora of the digestive tract of agricultural animals

and poultry]. Moscow, 2006 (in Russ.).

Church D.C. Ruminant animal: Digestive physiology and nutrition. Prentice Hall, New Jer-
sey, 1993.

Hungate R.E. The rumen and its microbes. Academic Press, NY, 1966.

. Jami E., Mizrahi I. Composition and similarity of bovine rumen microbiota across individual

animals. PLoS ONE, 2012, 7(3): €33306 (doi: 10.1371/journal.pone.0033306).

Veneman J.B., Muetzel S., Hart K.J., Faulkner C.L., Moorby J.M., Perdok H.B. Does dietary
mitigation of enteric methane production affect rumen function and animal productivity in
dairy cows? PLoS ONE, 2015, 10(10): ¢0140282 (doi: 10.1371/journal.pone.0140282).

Snelling T.J., Gen¢ B., McKain N., Watson M., Waters S.M., Creevey C.J., Wallace R.J.
Diversity and community composition of methanogenic archaea in the rumen of Scottish up-
land sheep assessed by different methods. PLoS ONE, 2014, 9(9): 106491 (doi:
10.1371 /journal.pone.0106491).

de la Fuente G., Belanche A., Girwood S.E., Pinloche E., Wilkinson T., Newbold C.J. Pros
and cons of Ion-Torrent next generation sequencing versus Terminal Restriction Fragment
Length Polymorphism T-RFLP for studying the rumen bacterial community. PLoS ONE, 2014,
9(7): 101435 (doi: 10.1371/journal.pone.0101435).

Salgado-Flores A., Hagen L.H., Ishaq S.L., Zamanzadeh M., Wright A.-D.G., Pope P.B. Ru-
men and cecum microbiomes in reindeer (Rangifer tarandus tarandus) are changed in response
to a lichen diet and may affect enteric methane emissions. PLoS ONE, 2016, 11(5): e0155213.
(doi: 10.1371/journal.pone.0155213).

Han X., Yang Y., Yan H., Wang X., Qu L., Chen Y. Rumen bacterial diversity of 80 to
110-day-old goats using 16S rRNA sequencing. PLoS ONE, 2015, 10(2): e0117811 (doi:
10.1371/journal.pone.0117811).

Wang L., Xu Q., Kong F., Yang Y., Wu D., Mishra S., Li Y. Exploring the goat rumen
microbiome from seven days to two years. PLoS ONE, 2016, 11(5): e0154354 (doi:
10.1371/journal.pone.0154354).

Zielinska S., Kidawa D., Stempniewicz L., tos M., to$ J.M. New insights into the microbiota of
the Svalbard Reindeer Rangifer tarandus platyrhynchus. Front. Microbiol., 2016, 7: 170 (doi:
10.3389/fmicb.2016.00170).

Gruninger R.J., Sensen C.W., McAllister T.A., Forster R.J. Diversity of rumen bacteria in Ca-
nadian cervids. PLoS ONE, 2014, 9(2): 89682 (doi: 10.1371/journal.pone.0089682).

Zhi-Peng L., Na J., Han-Lu L., Xue-Zhe C., Yi J., Fu-He Y., Guang-Yu L. Analysis of bacte-
rial diversity in rumen of sika deer (Cervus nippon) fed different forages using DGGE and T-RFLP.
China Agriculture Science, 2014, 47(4): 759-768 (doi: 10.3864/].issn.0578-1752.2014.04.016).

Laptev G.YU., Novikova N.I., Ilina L.A., Iyldyrym E.A., Nagornova K.V., Dumova V.A., Soldato-
va V.V., Bol'shakov V.N., Gorfunkel' E.P., Dubrovina E.G., Sokolova O.N., Nikonov I.N.,
Lebedev A.A. Normy soderzhaniya mikroflory v rubtse krupnogo rogatogo skota Norms of micro-
flora in rumen of cattle]. St. Petersburg, 2016 (in Russ.).

Maniatis T., Fritsch E.F., Sambrook J. Molecular cloning: A laboratory manual. Cold Spring
Harbor, NY, 1982.

Samandas A.M., Laishev K.A., Samoilov S.G. Sibirskii vestnik sel'skokhozyaistvennoi nauki,
2011, 5-6: 92-96 (in Russ.).

Laishev K.A., Samandas A.M., Mityukov A.S., Prokudin A.V., Silkina E.V. Izvestiya Sankt-
Peterburgskogo gosudarstvennogo agrarnogo universiteta, 2011, 24: 118-121 (in Russ.).

Nelson K.E., Zinder S.H., Hance 1., Burr P., Odongo D., Wasawo D., Odenyo A., Bishop R.
Phylogenetic analysis of the microbial populations in the wild herbivore gastrointestinal tract:
insights into an unexplored niche. Environ. Microbiol., 2003, 5: 1212-1220 (doi: 10.1046/j.1462-
2920.2003.00526.x).

Roach J.A.G., Musser S.M., Morehouse K., Woo J.Y.J. Determination of usnic acid in lichen
toxic to elk by liquid chromatography with ultraviolet and tandem mass spectrometry determi-
nation. J. Agr. Food Chem., 2006, 54: 2484-2490 (doi: 10.1021/jf052767m).

Luzina O.A., Salakhutdinov N.F. Bioorganicheskaya khimiya, 2016, 3(42), 2016: 276 (doi:
10.7868/S0132342316030106) (in Russ.).

Sundset M.A., Kohn A., Mathiesen S.D., Praesteng K.E. Fubacterium rangiferina, a novel usnic
acid-resistant bacterium from the reindeer rumen. 2008. Naturwissenschaften, 95: 741-749 (doi:
10.1007/s00114-008-0381-0).

Pankratov T.A., Kachalkin A.V., Korchikov E.S.; Dobrovol'skaya T.G. Mikrobiologiya, 2017,
3(86): 265-283 (doi: 10.7868/S0026365617030156) (in Russ.).

Nocek J.E. Bovine acidosis: implications on laminitis. J. Dairy Sci., 1997, 80: 1005-1028 (doi:
10.3168/jds.S0022-0302(97)76026-0).



AGRICULTURAL BIOLOGY, ISSN 2412-0324 (English ed. Online)
2018, V. 53, Ne 2, pp. 364-373

(SEL’SKOKHOZYAISTVENNAYA BIOLOGIYA) ISSN 0131-6397 (Russian ed. Print)
ISSN 2313-4836 (Russian ed. Online)

UDC 636.294:615.9 doi: 10.15389/agrobiology.2018.2.364eng
doi: 10.15389/agrobiology.2018.2.364rus

DIOXIN AND HEAVY METALS CONTAMINATION OF REINDEER
OFFAL FROM RUSSIAN FAR NORTH REGIONS

D.A. MAKAROV, A.A. KOMAROV, V.V. OVCHARENKO, E.A. NEBERA,
A.L. KOZHUSHKEVICH, A.M. KALANTAENKO, E.L. AFANASIEVA, S.V. DEMIDOVA

Russian State Center for Quality and Standardization of Veterinary Drugs and Feed, 5, Zvenigorodskoe sh., Moscow,
123022 Russia, e-mail phorez@yandex.ru (< corresponding author), ovcharenko@vgnki.ru, komarov@vgnki.ru,
areben@yandex.ru, kazhuha@gmail.com, monica824@rambler.ru, evgaf@yandex.ru, semitsvet@yandex.ru

ORCID:

Makarov D.A. orcid.org/0000-0003-3834-0695 Komarov A.A orcid.org/0000-0003-2799-6760
Ovcharenko V.V orcid.org/0000-0001-5086-8973 Nebera E.A. orcid.org/0000-0003-2189-7366
Kozhushkevich A.I. orcid.org/0000-0002-9729-5540 Kalantaenko A.M. orcid.org/0000-0002-9105-2708
Afanasieva E.L. orcid.org/0000-0001-8968-5402 Demidova S.V. orcid.org/0000-0003-0219-9909

The authors declare no conflict of interests
Received July 2, 2017

Abstract

Reindeer herding is vitally important agricultural sector in Russian Far North regions.
Meat, liver, kidneys and other offal are highly consumed by indigenous people and go for export,
therefore problem of reindeer products safety related to chemical contamination is of both scientific
and practical interest. Here, we report levels of dioxins, dI-PCBs, cadmium and mercury in reindeer
meat, liver and kidneys determined in 704 individual samples of meat, liver and kidneys of reindeers
(Rangifer tarandus tarandus and Rangifer tarandus sibiricus) from 8 main reindeer-herding regions of
Russia within the broad geographical range from western to eastern border of the country, including
Kola Peninsula, Nenets Autonomny Orkrug and Yamalo-Nenets Autonomny Orkrugs, Taymir Pen-
insula, Kamchatka and Chukotka. Stable organic pollutants, including dioxins (polychlorinated
dibenzo-para-dioxins and polychlorinated dibenzofurans) and dioxin-like polychlorinated biphenyls,
were determined by high-resolution chromatography-mass spectrometry and expressed as WHO toxic
equivalents (WHO-TEQ). Toxic elements were determined by mass spectrometry with inductively
coupled plasma. Dioxin pollution has shown clear geographical distribution. It reaches the highest
level at the Kola Peninsula and decreases to the East. Heavy metal pollution did not show any geo-
graphical trends. In particular, dioxins concentration in reindeer liver varied from 42.24+10.6 pg
WHO-TEQ/g of fat in Kola Peninsula to 1.2+0.6 WHO-TEQ/g of fat in Chukotka. We have also
investigated cadmium and mercury levels in different feed samples (lichen, mushrooms, compound
feed and forage grain). Literature analysis showed a significant decrease of dioxin levels in reindeer
liver over the last 15 years, while cadmium and mercury content in reindeer liver and kidneys has
increased dramatically. Causes of clear geographical distribution of dioxin pollution and significant
rise of heavy metal contamination need further research. It was shown that cadmium poses the high-
est health risk. Consumption of reindeer offal in six out of 8 investigated regions may lead to cadmi-
um intake exceeding the tolerable intake level more than threefold. In the meantime, consumption
of reindeer meat poses no health risk related to any of the investigated contaminants. Taking into
account growing interest to reindeer liver processing for food production, it is usable to take into
account our data on possible risk of longtime consumption of reindeer offal.

Keywords: Rangifer tarandus L., reindeer, dioxins, polychlorinated biphenyls, cadmium,
mercury, persistent pollutants, Far North

Deer herding is an important agricultural industry of the Russian Fed-
eration. Total reindeer stock at the national territory reaches nearly 1.5 million
of animals [1]. Deer meat is one of the main food products in core nations at
the north of Russia and, thus, analysis of deer meat and sub-product contamina-
tion by dioxins and toxic elements is important [2-4]. It is believed that North-
ern ecosystems are apt to accumulation of sustainable contaminants since they
have all necessary characteristics, including climate and food chain specificities.
Contaminants reach the highest values in organisms being at the top of food



chain. Accumulation of xenobiotics depends on genus, feeding preferences, and
metabolic activity of animals. As to reindeer, seasonal accumulation and mobili-
zation of fat during winter plays an important role. Lipophilic compounds ac-
cumulated in fat tissue, in particular dioxins and dioxin-like polychlorinated bi-
phenyls (dPCB), penetrate into other organs and tissues during fat mobilization
[5-7]. Elective increase of dioxin accumulation occurs in liver of reindeer and
sheep as compared to other productive animals (cows, pigs, poultry). Dioxins
and dPCB are mainly penetrated into body in alimentary way (with feed and
soils [8, 9].

Increased dioxin and dPCB accumulation in reindeer and sheep liver
are caused by specific biochemical properties (in particular, lower activity of de-
toxification enzymes, including cytochrome CYP1A); frequent change of pastures
which increases probability of local point contaminated by dioxins; eating soil
particles at pasturing [8]. Young reindeer show active penetration of dioxin and
dPCB with mother’s milk [10]. Increased dioxin accumulation is specific only
for reindeer liver; their content in other organs and tissues, including muscles,
kidneys, fat, blood, brain, and spleen is insignificant [11, 12].

During the entire year, vascular plants and lichen serve the main food
for deer, where reindeer moss is the feeding base. Lichen makes over 50 % feed
during winter. Accumulation of heavy metals in lichen at atmosphere contami-
nation and active consumption of lichen by deer during winter are deemed to be
the key factors defining the presence of heavy metals in organism [13]. Contam-
ination of far North occurs mainly due to cross-border atmosphere and hydro-
sphere transfer from other regions. For instance, only 13 % of mercuric contami-
nation sources of Murmansk Region are located at the territory of the Kola Penin-
sula, 22 % — in other regions of Russia, and the other regions are Europe, China,
America, Central Asia, etc. At the same time, industrial enterprises located at the
territory of Far North, mainly mining ones (Severonikel of Kola Peninsula and
Norilskiy Nikel of Krasnoyarsk Territory), also contribute to contamination by
dioxin and toxic elements [2]). Polychlorinated biphenyls were actively produced
in the past for different needs, for instance, for oil, paints, and lacquers [14].
During studies of Russian Far North within the International Program of Monitor-
ing and Assessment of Arctic State it was concluded on presence of active unidenti-
fied dPCB sources at the territory of Russian Arctic, which were probably storage
places of non-disposed PCB stocks [2].

Long-term effect of increased dioxin and dPCB concentrations negative-
ly affects immune, nervous, and endocrine systems, sexual function and fetal
development, and causes oncologic diseases [15]. Cadmium is first of all toxic
for kidneys, may cause serious disorders in their function up to renal insufficien-
cy. Accumulation of metal results in bone demineralization. Its effect is also due
to growth of occurrence frequency of lung, endometrial, bladder, and breast
cancer [16]. Mercury has toxic effect on developing nervous system, negatively
affects the immune, blood, and sexual systems, liver and kidneys [17].

In present study we for the first time have identified content of toxic
contaminants in reindeer meat and sub-products with reference to geographic
regions and have assessed the risk at consumption of deer kidneys, liver, and
meat. The highest dioxin contamination of reindeer liver was noted at Kola Pen-
insula, in furtherance its degree was decreasing when moving from West to East.
We have not found similar dependence for cadmium and mercury.

Our purpose was assessment of the composition of dioxin, dioxin-like
polychlorinated biphenyls, cadmium, and mercury in sub-products and muscular
tissue of reindeers (Rangifer tarandus tarandus L. and Rangifer tarandus sibiricus
Murray) from eight regions of Far North of Russia, studying of time-based con-



tamination dynamics by comparison with data from 15-year old literature
sources, and estimation of xenobiotic penetration dosage to organism of the rep-
resentatives of core northern nations.

Techniques. Reindeer tissue probes (704 individual samples of muscular
tissue, liver, and kidneys) and feed (reindeer moss, mushrooms, combined feed,
grain) were collected by inspectors of the Russian Service for Veterinary and
Phytosanitary Surveillance within the scope of the state veterinary monitoring of
food product and feed safety in years 2014-2016 in eight main deer breeding re-
gions of the Russian Federation: Murmansk Region, Nenets Autonomous District
(AD), Komi Republic, Yamal-Nenets Autonomous District, Taymyr Peninsula
(Krasnoyarsk Territory), Sakha Republic (Yakutia), Kamchatka Territory and
Chukotka Autonomous District. Tissues samples were frozen and delivered to the
Russian State Center of Quality and Standardization of Medicinal Products for
Animal Use and Feed (VGNKI, Moscow).

Dioxins (polychlorinated dibenzo-para-dioxins and poly-chlorinated
dibenzofuranes) and dPCB were determined by approved methodology [18] with
the use of a chromatography-mass-spectrometer Autospec Premier (Waters Corp.,
USA). Defrosted probes (50-100 g) were chopped and, after addition of internal
standard solutions of isotope labeled dioxins and dPCB (Wellington Labs, Cana-
da), wiped with sorbent Prep DE (Dionex, USA) until getting a homogenous mix-
tures. Afterwards, they were extracted under pressure by hexane-dichloride-
methane solution 1:1 (vol.) (ASE 350, Dionex, USA). Extracts ere defatted
(H,SOy/silica gel), purified on columns filed with 10 % activated carbon on celite,
steamed and analyzed with the use of gas chromatograph with mass-spectrometric
detection (GX-MK) in selected ion monitoring (SIM) mode at mass-spectrometric
resolution no lower than 10 000 with capillary column VF-Xms (60 m*0.25 pm,
Agilent, USA). Total concentrations of dioxin congeners and dPCB were expressed
in toxic equivalent units of World Health Organization (WHO TEU) and recalculat-
ed for fat content in the original sample. Fat content in probes was determined grav-
imetrically (State Standard GOST 23042-86 “Meat and Meat Products. Methods of
Fat Determination™).

Toxic elements in samples were assessed according to the approved meth-
odology [19]. Content of toxic elements (cadmium and mercury) was determined
by mass-spectrometry method with inductively coupled plasma (ISP-MS) (mass-
spectrometer Varian 820 MS, Varian, Australia). For measurements, samples were
dissolved in nitric acid by microwave deterioration.

Overall dosage (OD) of dioxins and dPCB entering the organism was cal-
culated by formula: OD(d) = AC(d) X ACons(d), where AC(d) is average con-
centration of total dioxins and dPCB in reindeer liver, kidneys or meat, pg WHO
TEU/g of the total weight; ACons(d) is average consumption of liver, kidneys or
meat, g/pax. per week. Due to lack of information on consumption of deer liver
by inhabitants of Far North of Russia, liver consumption value by Sami in North-
way of 64 g/pax. per week [13] was used in calculation, accounting for similar diet
in deer breeding nations. Annual volume of consumed deer meat was taken from
data by reindeer-breeding Chukchi (Chukotka Autonomous District) and com-
prised 72 kg/pax. per year [20]. Cadmium and mercury overall entering dosage
OD(t), ng/pax. per week, was calculated by formula: OD(t) = AC(t) X ACons(t),
where AC(t) is average content of cadmium or mercury in deer liver, kidneys or
meat, pg/kg; ACons(t) is average consumption of deer liver, kidneys or meat,
g/pax. per week. Since there is no information on consumption of deer kidneys
by core nations of Russian Far North, the above indicated value for liver was
used. Also, according to data collected for Eskimos of Northern Canada, core
deer-breeding nations consume more deer kidneys than deer liver [21]. Obtained



results were compared with values of acceptable transferable weekly dosages of
dioxin and dPCB, cadmium and mercury sum. For sum of dioxin and dPCB and
cadmium, we have used values of 14 pg/kg and 2.5 pg/kg of human body weigh
per week as established by EU Scientific Committee on Food [15, 16]. For mer-
cury, we used the WHO values of 4 ug/kg of human body weight per week [22]).
WHO model average weight of 60 kg person was applied to recalculate values ex-
pressed per kilogram of body weight to the values per person [23].

Data on toxic element accumulation which were obtained for regions
with sample number N > 10 were involved in statistical processing. Average con-
centrations in several samples were subjected to dispersion analysis (ANOVA) for
identification of statistical differences between regions. Values were statistically sig-
nificant at P < 0.05. Mean values (X) and standard errors of the mean (A) are
shown in tables below.

Results. Content of dioxins and dPCB in muscular tissue of reindeer does
not exceed permissible values (see Table 1).

1. Accumulation of dioxins and dioxin-like polychlorinated biphenyl (D and dPCB,
pg WHO TEU/g of fat, XtA) in reindeer (Rangifer tarandus tarandus L. and
R. tarandus sibiricus Murray) in regions of Russian Far North (2014-2016)

Region/number of samples | D | D+dPCB | D:dPCB, %
Liver
Murmansk Region/34 42.20+£10.55 145.60£23.99 29:71
Nenets AD/155 23.90+£5.98 85.20+13.95 28:72
Republic of Komi/10 20.71£5.18 - -
Yamal-Nenets AD/79 14.01£3.50 - -
Taymyr peninsula (Krasnoyarsk Territory)/22 5.06+2.43 18.60+5.34 29:71
Republic of Sakha (Yakutia)/5 1.10£0.53 - -
Kamchatka Territory/5 3.50+1.68 - -
Chukotka AD/10 1.20£0.58 - -
Finland (3)/— 42 84.1 50:50
Muscular Tissue
Murmansk Region /24 1.3010.62 - -
Nenets AD/5 0.67£0.32 - -
Taymyr peninsula (Krasnoyarsk Territory)/35 <0.5 - -

Note.AD — autonomous district. WHO TEU — toxic equivalent unit of World Health Organization. Permissi-
ble dioxin content in liver is 6, in muscular tissue — 3 pg WHO TEU/g of fat [24]. Dashes mean lack of data.

At the same time, number of hepatic dioxins in reindeer from Murmansk
Region, Nenets Autonomous District, Republic of Komi, and Yamal-Nenets Au-
tonomous District exceeded the acceptable limits. The highest hepatic dioxins and
dPCB (7 times above the acceptable level) were found in deer from Kola Peninsu-
la. dPCB comprised nearly 70 % of the total dioxin and PCB toxicity expressed
in WHO TEU for all three studied regions. Dioxin contamination of deer meat
was decreased at moving from West to East. Average dioxin content values at the
territory of Northern Finland established by Finnish scientists in years 2006-
2011 [5] well correlate with data obtained by us for Kola Peninsula. The dPCB
contribution to total toxicity of persistent organic pollutants (POPs) for liver of
reindeer at Finnish territory was significantly lower (50 %) than at territory of
Kola Peninsula and other regions of Russia.

Concentration of cadmium and mercury in muscular tissue in reindeer is
within the acceptable level (Table 2). However, values significantly grew in liver
and kidneys. At that, no expressed decrease in content of heavy metals in organs
and tissues is found when moving from west to east similar to the trend observed
for dioxins. Cadmium level in reindeer moss (feeding base of reindeer) and mush-
rooms does not significantly exceed that in feed for bovine animals and pigs. Mer-
cury level in reindeer moss was higher than in feed grain and insignificantly ex-
ceeded that in combined feed. That is, the obtained results disallow explanation of
deer sub product contamination by heavy metals. Possibly, as in case of dioxins
[8], reindeer differences from other species of productive animals (pasturing at



locally polluted territory, consumption of soil particles) play the key role. High
concentration of cadmium and mercury in other types of deer’s feed is also possi-
ble. Accumulation of mercury in mushrooms, for instance, was significantly higher
than in other types of feed products (see Table 2).

2. Content of cadmium and mercury in feed and organisms of reindeer (Rangifer

tarandus tarandus L. and Rangifer tarandus sibiricus Murray) from different re-
gions of Russian Far North (mg/kg, XtA, years 2014-2016)

Specimen Region Numbﬁ;;f SPEC™ Cadmium Mercury
Liver Murmansk Region 109 1.400%£0.200  0.350%0.080
Nenets Autonomous District 155 0.260+0.040  0.170+0.070
Republic of Komi 10 0.620+0.090  0.260+0.060
Yamal-Nenets Autonomous District 78 0.720£0.110  0.180%0.080
Taymyr Peninsula (Krasnoyarsk Territo-
ry) 67 0.340+0.050  0.033+0.015
Republic of Sakha (Yakutia) 5 0.9601+0.140  0.200+0.050
Kamchatka Territory 10 0.530£0.080  0.090+0.040
Chukotkaka Autonomous District 8 0.830£0.120  0.090+0.040
Kidneys Murmansk Region 67 4.400£0.700  0.600%0.140
Nenets Autonomous District 48 1.500%£0.200  0.700%0.170
Republic of Komi 10 1.700£0.300  0.380+0.090
Yamal-Nenets Autonomous District 49 4.300+0.600 0.580+0.140
Taymyr Peninsula (Krasnoyarsk Territo-
ry) 10 0.810+0.120  0.060+0.026
Republic of Sakha (Yakutia) 4 7.600£1.100  0.950+0.230
Kamchatka Territory 10 2.500£0.400 0.410%0.100
Chukotka Autonomous District 8 5.600£0.800 1.100+0.300
Muscular tissue Murmansk Region 6 0.012+0.004 0.110%+0.050
Nenets Autonomous District 5 < 0.005 0.020%0.009
Yamal-Nenets Autonomous District 10 < 0.005 <0.01
Taymyr Peninsula (Krasnoyarsk Territo-
ry) 35 < 0.005 <0.01
Reindeer moss Murmansk Region 20 0.029£0.009 0.031+0.014
Mushrooms (birch
boletus) 3 0.042+0.013  0.084+0.037
Reindeer moss Republic of Sakha (Yakutia) 6 0.071£0.021  0.032+0.014
Feed grain Different regions 6 0.035£0.011  0.013+0.010
Combined feed for
cattle and pigs 10 0.055+0.017  0.027£0.012

Note. AD — autonomous district. Permissible level (PL) of cadmium is 0.3 mg/kg for liver, 1.0 mg/kg for kid-
neys, and 0.05 mg/kg for muscular tissue; PL of mercury is 0.1 mg/kg for liver, 0.2 mg/kg for kidneys, and
0.03 mg/kg for muscular tissue [24].

The figure compares our results with data obtained in 2001 within the
Program of Monitoring and Assessment of the Arctic State [2]. These data show
is that dioxin content in organs and tissues of reindeer for the last 15 years had
significantly decreased, whereas content of cadmium and mercury had signifi-
cantly increased.

Calculation of the dosage of pollutants consumed by a person via reindeer
meat, liver, and kidneys as compared to weekly permissible dosage are provided in
tables 3, 4, and 5.

Consumption of reindeer liver resulted in entering of significantly higher
dosages of dioxins and dPCB as compared to meat.

3. Dosages of cadmium and mercury entering the body at consumption of reindeer
(Rangifer tarandus tarandus L. and Rangifer tarandus sibiricus Murray) sub
products and meat as compared to weekly permissible levels

. Product, Dosage, mcg/(pax. - week) % of PL
Region ; -
sub product| cadmium \ mercury cadmium \mercury

Murmansk Region, Nenets AD,

Yamal-Nenets AD, Taymyr Peninsula Meat <1 <1 <1 <1
Murmansk Region Liver 88.96 22.40 59 9
Nenets AD 16.64 10.88 11 5
Republic of Komi 39.68 16.64 26 7
Yamal-Nenets AD 46.08 11.52 31 5



Continued Table 3

Taymyr Peninsula (Krasnoyarsk Territory) 21.76 2.11 15 1
Republic of Sakha (Yakutia) 61.44 12.80 41 5
Kamchatka Territory 33.92 5.76 23 2
Chukotka AD 53.12 5.76 35 2
Murmansk Region Kidneys 278.4 38.40 186 16
Nenets AD 97.28 44.80 65 19
Republic of Komi 110.72 24.32 74 10
Yamal-Nenets AD 277.12 37.12 185 15
Taymyr Peninsula (Krasnoyarsk Territory) 51.84 3.84 35 2
Republic of Sakha (Yakutia) 486.40 60.80 324 25
Kamchatka Territory 159.36 26.24 106 11
Chukotka AD 355.84 68.48 237 29

Note. AD — autonomous district. Permissible level (PL) of cadmium is 150 pg/(pax. - week), PL of mercury is
240 pg/(pax. - week).
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Average dioxin content (pg WHO TEU/g fat; A, B), cadmium (mg/kg; C, D) and mercury (mg/kg;
E, F) in liver (A, C, E), muscular tissue (B) and kidneys (D, F) of reindeer (Rangifer tarandus
tarandus L. and Rangifer tarandus sibiricus Murray) from different regions of Russian Far North: 1 —
Murmansk Region, 2 — Nenets Autonomous District (AD), 3 — Republic of Komi, 4 — Yamal-
Nenets Autonomous District, 5 — Taymyr Peninsula (Krasnoyarsk Territory), 6 — Republic of
Sakha (Yakutia), 7 — Chukotka AD, 8 — Kamchatka Territory; a — data obtained in 2001 (the
Program of Monitoring and Assessment of Arctic State — AMAP 2001), b — results obtained in
years 2014-2016.



In the most dioxin-polluted Murmansk region dioxin and dPCB dosage
affecting people via reindeer meat and liver is over half of permissible dose. For
mercury, the most load resultes from reindeer kidneys, and average does at con-
sumption of liver and kidneys does not exceed one third of PL. Situation with
cadmium is extremely unfavorable since at consumption of only kidneys PL is
exceeded in majority of regions. Total load at consumption of reindeer liver and
kidneys exceeds PL in six of eight studied regions, except for Taymyr and Ne-
nets AD, and reaches the highest values in Republic of Sakha (Yakutia) (is more
than 3.5 times higher than the PL). Dosages of cadmium and mercury entering
human body with reindeer meat in all four studied regions are no more than 1 %
of a daily permissible dose.

4. Total dosage of dioxin and dioxin-like polychlorinated biphenyl (D and dPCB, pg
WHO TEU/g of total weigh) entering human body at consumption of reindeer
(Rangifer tarandus tarandus L. and Rangifer tarandus sibiricus Murray) meat and
liver as compared to weekly permissible level (PL)

Region Product, sub Fat, % |D + dPCB Load on body, % of TD
product pg/(pax. - week)
Murmansk Region Meat ~5(18) 0.0650 98 12
Nenets AD 0.0335 50 6
Taymyr Peninsula (Krasnoyarsk Territory) 0.0085 13 2
Murmansk Region Liver 4.5 6.55 419 50
Nenets AD 6.0 5.11 327 39
Taymyr Peninsula (Krasnoyarsk Territory) 5.0 0.93 60 7

Note.AD — autonomous district, WHO TEU —toxic equivalents of World Health Organization. TD — 840 pg
WHO TEU/(pax. - week),

5. Total percentage of pollutants entering human body at consumption of reindeer
(Rangifer tarandus tarandus L. and Rangifer tarandus sibiricus Murray) sub
products and meat as compared to permissible level (PL)

% of PL
Region D + dPCB cadmium mercury
(liver + meat) (liver + kidneys) (liver + kidneys)
Murmansk Region 62 245 25
Nenets AD 45 76 24
Republic of Komi 100 17
Yamal-Nenets AD 216 20
Taymyr Peninsula (Krasnoyarsk Territory) 9 50 3
Republic of Sakha (Yakutia) 365 30
Kamchatka Territory 129 13
Chukotka AD 272 31

Note. AD — autonomous district, D and dPCB — dioxins and dioxin-like polychlorinated biphenyl. Dashes
mean lack of data.

It should also be noted that indigenous peoples of Russian Far North is
subjected to significant effect of dioxins, dPCB and toxin elements and from other
sources, besides deer meat, including food products, in particular marine mam-
mals and fish [26].

Recently, high nutritional value of reindeer meat and liver is shown [25].
Also, nutritional value of reindeer liver is significantly higher than that of beef
[27]. In using reindeer liver for cooking, it is reasonable to account for its contam-
ination by persistent organic pollutants and toxic elements.

Therefore, dioxin contamination of reindeer liver in Russian Far North
has clear geographical distribution, the most contaminated region is Kola Penin-
sula, in furtherance dioxin content is decreased when moving from west to east.
Contamination of reindeer sub products by cadmium and mercury does not dis-
play similar regularity. For the last 15 years, content of dioxins in reindeer liver
had significantly decreased, with the increase of cadmium and mercury level in
liver and kidneys. Consumption of reindeer meat from the studied regions does
not bear significant risk for health. But regular and long-term eating of reindeer



liver and kidneys could by risky because of more than 3-fold exceeded permissi-
ble doses.
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Abstract

One of the natural sources of various biologically active substances, including melanin, are
insects. In connection with the possibility of industrial breeding of some insect species for feed pur-
poses and obtaining various products of processing their biomass, an assessment of the biological
effectiveness of the substances obtained is necessary. The purpose of the present studies was to study
the effectiveness of the use of the melanin protein-energy additive (MPEA) from the larva of the
Hermetia illucens fly, in feeding black-and-white breed calves to enhance their safety and growth.
Researches were carried out on 30 calves of black-and-white breed on the basis of experimental farm
«Klenovo-Chegodaevo», Moscow. According to the principle of animal analogues, 3 groups of calves
were formed, 10 animals in each. In the first period of the experiment (1-2 months old calves), the
animals of the group 2 were fed individually with 5.0 ml of MPEA (6 mg melanin per head daily),
and the animals of the group 3 were fed 7.5 ml of MPEA (9 mg melanin per head daily). Starting
from 3 month age, a daily dose of the additive was increased to 7.5 and 10 ml per head, respectively,
in the experimental groups. The duration of the experiment was 89 days. The study of the chemical
composition of MPEA showed the absence of crude fiber (chitin), with a high content of protein,
fat, minerals. In the experimental additive the concentration of melanin was 1.2 mg melanin/ml.
MPEA practically did not contain pathogenic microorganisms and was recognized as non-toxic.
During the experiment, the calves receiving the MPEA an average daily gain and gross gain were
4.13-2.43 kg and 46.44-27.34 g (or 4.23 and 2.49 %) higher, res[ectively, than those in the control
group, with 4.1 and 2.4 % decrease in feed consumption per 1 kg of live weight gain. In the calves
of the experimental groups, there was a tendency for lowering total blood protein level by 3.45
and 2.71 g/l compared to the control due to reducing the fractions of albumins by 1.86 and 1.29 g/I,
and globulins by 1.60 and 1.43 g/l, respectively. Also, ALT activity decreases by 4.3 1U/1 (p < 0.05
for group 3) and 2.38 IU/I (p > 0.05 for group 2). The content of lysozyme, per cent of lysis, the
blood BA level of the calves from the experimental groups turned out to be practically the same,
0.47-0.49 pg/l, 27.27-28.28 %, and 80.39-82.35 %, respectively. However, the FA index of the
calves from the group 2 and group 3 was 5.94 and 6.95 % higher, respectively, compared to the
control. In the calves of the group 2 and group 3, the number of lacto- and bifidobacteria in the
colonic intestine increased, by 2.23x105 and 10.3x105 CFU/g for Lactobacillus, and by 0.33x108
and 1.07x108 CFU/ml for Bifidobacteria compared to the control. There was a decrease in the
amount of lactose-positive coliforms by 1.196x105 and 1.11x105 CFU/g, respectively, compared to
the control animals. Calculation of the feeding efficiency of the MPEA during the experiment
showed a profitability of (+)381.65 and (+)180.90 rubles, or (+)4.29 and(+) 2.03 rubles per head
daily, in the experimental calves when compared to the control animals. MPEA dosage was estab-
lished experimentally, and, possibly, is not definitively precise, since this is the first study of MPEA
biological effectiveness for calves. Further research is needed to identify the biological effect of the
Hermetia illucens larvae on various species of farm animals.

Keywords: calves, larvae, Hermetia illucens, melanin, immunity, microflora

Respiratory and gastrointestinal diseases of young animals result in low



viability, reduced growth rates and, often, death. These factors still remain seri-
ous challenges in livestock husbandry. Pre-weaning and the next transit growing
period are most important in life of young animals since the need for nutritious
substances due to the intensive animal growth is high, and development of fer-
mentative systems of gastrointestinal tract has not been terminated yet. In pre-
weaning period mother’s milk plays important role in antibacterial protection of
calves. In transit period the risk of diseases is especially high since milk in the
diet gradually decreases in amount, while own immune system is still developing
[1]. In new-born calves aged 1-30 days the core place takes digestion malfunc-
tion manifesting in diarrhea and, consequently, in sharp dehydration, anoph-
thalmia, toxemia, and immune deficit [2]. Massive gastroenteritis in calves are
mainly caused by infection agents, including viruses, microbes, protozoan, and
fungi, virulence of which is increased under unfavorable breeding and keeping
conditions [3].

Antimicrobial medicines are widely used for treatment and prevention of
bacterial infections in animals but often do not provide the desired outcome, in
particular, because of adaptive variability of microorganisms and immune deficit
of animals under the effect of medicinal products [4]. More attention is drawn
to bioactive feed additives able to stimulate non-specific immunity [5, 6] for
prevention and treatment of mixed gastrointestinal infections and digestion dis-
orders caused by malfunction of gut microbiocenosis [7, 8]. Natural herbal med-
icines and extracts of animal organs and tissues are perspective [9, 10]. Melanin
is of significant interest [11]. Melanin, a condensed phenol compound, is irregu-
lar high-molecular biopolymer which contributes to dark color of insect cover,
human hair, and cell wall of mushrooms, plants, and microorganisms [12]. Vari-
ous functional groups, highly stable paramagnet centers, and conjugated double
bonds in the molecule ensures diverse use of melanin as photo-, radio-protector
and antioxidant [13].

Melanin refers to the most powerful natural antioxidants. Presence of
melanin in feeds may promote their longstanding storage [14]. During digestion,
melanin is partially used by intestinal microflora and also serves as enterosorbent
and peristalsis regulator affecting intestinal microflora composition. Melanin is
an active antidote at severe intoxications and effective removers of toxins from
intestinal tract before their penetration into blood [15]. Melanin is used for
treatment and prevention of hepatic diseases, stress, and tumors. Melanin is a
powerful natural adaptogen and also has an anti-aging effect [16].

Insects are natural sources of various bioactive substances, including mela-
nin [17]. Given possible farming of insects for various derivatives, the assessment of
biological effectiveness of these substances is of interest [18].

Black soldier fly-larva (Hermetia illucens) deserves the attention. This
species is considered the most perspective for industrial breeding and use of larva
biomass as animal feed [19, 20] and in aquaculture [21, 22]. These insects do
not accumulate pesticides or mycotoxins [23, 24] and are rich in protein and fat
[25]. Chemical composition of larva partially depends on composition of growth
medium [26]. Their lipid profile partially simulates the lipid profile of the sub-
strate, at that, micronutrients such as minerals and vitamins are easily accumu-
lated [27]. N.S. Liland et al. [28] confirm plasticity of the nutritional composi-
tion of larva allowing accumulation of lipids, as well as various water-soluble
compounds.

Melanin and its effect on animal productivity and meat quality are not
studied enough. A.I. Bastrakov et al. [29] had shown high anti-infection proper-
ties of melanin-chitosan complex from dead flies and empty covers of pupa cas-



es. Additive from larva of Hermetia illucens fly potentially accelerates the growth
and development of young farm animals, increases their survivability and stress
resistance. Feeding this additive to young animals allows them additional im-
portant nutrients, since fly larva contain full-value proteins and balanced ratio of
mineral substances [30].

In this paper, melanin protein-energy additive (MPEA) from fly (Her-
metia illucens) larvae was for the first time used in feeding farm animals. This
results in improved composition of intestinal microbiocenosis, reduction of the
diarrhea cases in calves during pre-weaning and transit periods, better feed conver-
sion, higher daily growth rates, and increased survivability of young animals.

Our purpose was to study the effectiveness of use of melanin protein-
energy additive from the larva of Hermetia illucens fly, in feeding Black-and-
White calves to enhance their survivability and growth.

Techniques. Black-and-White pre-weaning calves (n = 30) aged 1-4
months were involved in study (experimental farming unit Klenovo-Chegodaevo,
Moscow, 2017). Three groups, each of 10 analogue animals, were formed. Ani-
mals of group I (control) were fed basic ration (combined feed, whole and regen-
erated milk, cereal grass hay, maize silage and mineral additives) according to
scheme accepted in the unit. Dietary Melanin Protein Energy Additive (MPEA)
was used in groups II and III. Till 3-month age animals of group II were individu-
ally fed orally with 0.5 ml of MPEA (6 mg of melanin per animal daily), and
animals of group III received 7.5 ml of MPEA (9 mg of melanin per animal
daily). Starting from 3-month age, the dosage was increased up to 7.5 and 10 ml
of melanin per animal daily. Studies lasted 89 days. Feed consumption and costs
per living weight gain was estimated daily. Calves were weighted individually at
beginning and at the end of test (in morning hours before feeding), as well as
monthly during tests for determination of gross and average daily growth.

Feeds were sampled for chemical analysis subject to the State Standard
GOST P ISO 6497-2011. Metabolic energy was expressed per raw nutritive sub-
stances [31], rations were calculated using software KormOptimaExpert (Version
2016.15.1.1, Kormoresurs LLC, Russia).

MPEA was produced from the mixture of larva and prepupa of Hermetia
illucens flies (1:1) which were raised on cracked maize grain. Squeezed biomass
was dissolved in distilled water (1:3) following by 2 hour sterilization of 250 ml
suspension at 100 °C in vials. MPEA feeding dose was calculated based on con-
tent of water-soluble melanin in the additive. Melanin concentration was deter-
mined in 100 ml suspension aliquot after sedimentation with HCI and drying the
residue. Suspension was preliminary centrifuged 15 minutes at 1200 g for separa-
tion of non-melanin component (centrifuge OPN-8, JSC DASTAN MNC, Rus-
sia). The obtained melanin residue was separated by centrifuging in the same
mode, then neutralized, dried, and weighed. Melanin concentration in the test
suspension was 1.2 mg/ml.

MPEA components were determined as follows: initial moisture content
by GOST P 54951, air-dry substance by GOST 31640-2012, protein by GOST
32044.1-2012, fat by GOST 32905-2014, cellulose by GOST 31675-2012, nitro-
gen-free extractive substances by calculation, ash content by GOST 32933-2014,
gross metabolic energy by calculation, calcium by GOST 32904-2014, and phos-
phorous by GOST P 51420-99). MPEA sample was also tested for Sta-
phylococcus aureus, Pseudomonas aeruginosa, Salmonella spp., Escherichia coli
(hemolytic), Staphylococcus saprophyticus, Enterobacter spp., Citrobacter spp.,
yeast-like fungi and mildew. Total toxic effect was assessed on 3-5-day culture of
infusoria Tetryhymena pyriformis, toxicity degree was estimated as survivability



infusoria in the tested medium.

Excrements were individually collected from calves of each group (n = 3)
at the end of the experiment. Microbiological profile was determined by serial
dilution methods. Samples of gastrointestinal content were diluted 10-fold. Por-
tions of 0.2 ml for spread-plating method and 1.0 ml for pour-plating method
were used to isolate and identify microorganisms on selective and differential
media with counting colony forming units (CFU/g or CFU/ml).

At isolation and determination of opportunistic pathogenic microorganisms,
samples were incubated in liquid selective medium, and then plated on solid selec-
tive and diagnostic medium to confirm taxonomic affiliation of typical and atypi-
cal colonies. Identification criteria were morphology of colonies, microscopy, and
biochemical properties on differential media (State Science Center of Applied Mi-
crobiology and Biotechnology, Russia) and with the use of test panels (Bi-
oMerieux, France). MRS and Bifidum media were used for identification of lac-
tobacilli (lactobacteria and bifidobacteria), Endo-GRM agar for bacteria of Esche-
richia genus, meat peptone agar (MPA) with 5% sterile defibrinated sheep blood
for hemolytic Streptococcus spp. and E. coli bacteria, and Sabouraud agar with
5 % potassium tellurite for yeast and yeast like fungi. Plates with 30-300 colo-
nies were used for counting. Number of microorganisms (N) was calculated as
N = m-V!1-dl, where m stands for the average arithmetic number of colonies
per two Petrie dishes, V stands for volume of inoculate in a dish (cm3), and d
stands for dilution coefficient.

At the end of test, blood was collected from animals of each group (n = 3).
In samples of whole and stabilized blood, total protein, albumin, globulin, cre-
atinine, urea, total bilirubin, total cholesterol, calcium, phosphorous, glucose,
activity of alkaline phosphatase (AP), aspartate aminotransferase (ASAT), ala-
nine aminotransferase (ALAT), hemoglobin, erythrocytes, lymphocytes, hema-
tocrit value were determined by approved methods. Blood bactericide activity
(BA) was measured photonephelometrically, blood lysozyme level was assayed
by V.I. Mutovin (1974), phagocytic activity (PA) — by endocytosis and diges-
tive ability of blood cells.

180,00 Expected economic effect
of the additive used in calf pre-

160.001 weaning period was calculated from
29 140.004 the data on feed consumption, costs,
Z 120,001 and growth gain.

g 100001 Results were processed by
g dispersion analysis method (ANO-
o 80001 VA) with the use of Statistica 10
3 o0l 2 B¢ software (StatSoft, Inc., USA, 2011;
http://www.statsoft.com).  Average
arithmetic mean values (M), error
of mean square (+m) and signifi-
cance level (p) were -calculated.

2::, i ¥ Statistically, results were deemed

clghting highly reliable at p < 0.001 and
Living weight of Black-and-White pre-weaning calves Significant at p < 0.01 and p < 0.05.
fed dietary bioactive additive from larvae of Hermetia Trend towards reliability was recog-
illucens fly: a — 1 group (control, n = 10), b — II nized at p < 0.1. but p> 0.05. The

group (n = 10), ¢ — III group (n = 10). See descrip- . . .
tion of groups in section “Methodology” (M=*m, exper- difference was invalid at p> 0.1.

imental farming unit “Klenovo-Chegodaevo”, Mos- Results. According to some
cow, 2017). authors’ opinion [32], MPEA mani-



fests biological effect at 0.1 mg/kg of living weight. This was the base value to
calculated feed additive dosage in our tests.

The obtained biomass of black solder fly larva contains 36 % protein and
45 % fat. After defatting, the outcome of squeezed mass with 70 % moisture was
775 g from 1 kg of raw biomass.

Comparison of MPEA and protein concentrate compositions (Table 1) had
shown high content of raw chitin in air-dry substance (ADS) of protein concen-
trate (PC) and its complete lack in MPEA ADS. MPEA ADS is high in protein,
fat, and mineral elements, with melanin concentration of 1.2 mg/ml. The additive
is also free from pathogenic microorganisms and non-toxic.

Initial weight of all calves was practically equal (from 56.0 to 56.90 kg)
(Table 2, Fig.). Dietary MPEA accelerates growth of the animals, and the final
indicators in groups II and III were 2.8 and 2.0 kg higher (or +1.81 and
+1.29 %), respectively, compared to the control group.

1. Chemical composition of melanin protein energy additive (MPEA) and protein
concentrate produced from larva of Hermetia illucens fly

Feed specimen
Indicator MPEA protein concentrate
NS | ADS NS | ADS

Initial moisture, % 71.06 1.89

Air-dry substance, % 28.94 100.00 98.11 100.00
Protein, g/kg 94.46 326.40 533.62 543.90
Fat, g/kg 126.84 438.29 50.82 51.80
Raw chitin, g/kg - - 183.07 186.60
NFES, g/kg 17.68 61.09 92.62 94.40
Ash, g/kg 38.20 132.00 76.13 77.60
Gross energy, MJ/kg 7.36 25.43 19.99 20.38
Metabolic energy, MJ/kg 5.45 18.83 14.55 14.83
Calcium, g/kg 4.68 16.17 15.00 15.29
Phosphorus, g/kg 3.58 12.37 5.10 5.20

N ote. NS — natural substance, ADS — air-dry substance; NFES — nitrogen-free extractive substances. Dashes
mean that no chitin was detected.

2. Growth, survival and feed consumption by Black-and-White pre-weaning calves
fed dietary Melanin Protein Energy Additive (MPEA) from Hermetia illucens fly
larvae (M+m, experimental farming unit “Klenovo-Chegodaevo”, Moscow, 2017)

Indicat Group
ndicator I (control, n=10) | I (n=10) | I (n=10)

Living weight, kg: 56.30+4.02 56.00+3.45 56.90+3.79

at beginning of test

at the end of test 155.00+6.67 157.80+5.76 157.00+7.42
To control, % 100.00 101.81 101.29
Gross growth rate, kg 97.67+5.18 101.80+5.25 100.10+7.64
Average daily growth rate, g 1097.38+58.23 1143.82+58.98 1124.72+85.82
To control, % 100.00 104.23 102.49
Survival, % 90.00 100.00 100.00
Gross consumption of ME, MJ per animal daily 2830.20 2830.20 2830.20
Consumption of EFU per animal daily 3.18 3.18 3.18
Feed consumption, EFU per kg weight gain 2.90 2.78 2.83
To control, % 100.00 95.90 97.60

N ote. ME — metabolic energy, EFU — energy feeding unit. See description of groups in section “Methodology”.

Average daily growth rate in calves of groups II and III was 46.44 g and
27.34 g, or by 4.23 % and 2.49 %, higher than in control group. The animals of
group II showed the highest growth rates. Feed consumption per 1 kg gain in
groups II and III decreased by 4.1 % and 2.4 % as compared to control due to
increase of average daily gain. Animals were willingly consuming MPEA without
any rejections. Calves from trial groups fell ill less frequently, no diarrhea and le-
thal cases occurred, while in group I one calf died.

Although studied blood values do not significantly differ between groups



remaining within the physiological limits, there are some specific differences (Ta-
ble 3). Total blood protein in groups II and III decreases by 3.45 and 2.71 g/l as
compared to control because of a decrease in albumin level by 1.86 and 1.29 g/I
and in globulin level by 1.6 and 1.43 g/1. Total protein level is not enough to fully
assess diet quality. Blood ALAT and ASAT activity additionally indicates on
whether the diet is high-grade and allows characterization of protein metabolism
intensity and hepatic function. We have confirmed reliable decrease of ALAT ac-
tivity (by 4.3 IU/l, p < 0.05)) in calves of group III as compared to control. In
group II this indicator was 2.38 IU/I less than in control. ASAT activity shows the
same trend and is 7.63 and 7.93 1U/1 less in groups II and III compared to con-
trol. Decrease in activity of these enzymes indirectly indicates a stabilizing effect
of the additive on free amino acids which are less subjected to catabolism and
more effectively involved in protein biosynthesis.

In this experiment dietary MPEA does not reliably affect alkaline phos-
phatase and blood Ca and P concentrations in calves, at slight increase in Ca/P
ratio in animals of group III. Blood lysozyme level, lysis percentage, and bacteri-
cidal activity were practically similar, i.e. 0.47 and 0.49 pg/l, 27.27 and 28.28 %,
80.39 and 82.35 %. PA was 5.94 and 6.95 % higher in calves of groups 1I and III,
respectively, at p < 0.05 for group III, as compared to control.

3. Hematological indicators and resistance parameters in Black-and-White pre-
weaning calves fed dietary Melanin Protein Energy Additive (MPEA) from Her-
metia illucens fly larvae (M=*m, experimental farming unit Klenovo-Chegodaevo,
Moscow, 2017)

Indicat Group
ndicator I (control, n=13) | I (n = 3) \ 1ML (n = 3)
Total protein, g/l 78.561+2.17 75.111£1.74 75.85+1.05
Albumin, g/l 33.08+1,16 31.22+0.64 31.79+1.36
Globulin, g/1 45,49+3.33 43.8911.12 44.0611.43
Albumin/globulin coefficient 0.74%0.08 0.7120.01 0.72%0.05
Cholesterol, pmol/1 3.37£0.03 3.60+£0.38 3.12+0.36
Creatinine, pmol/1 68.58+6.99 70.39+3.27 62.7614.40
Urea, pmol/1 5.401£0.41 5.10£0.50 6.49£0.39
Total bilirubin, pmol/1 8.10£3.06 8.4610.66 7.171£0.84
ALAT, 1U/1 15.86+1.03 13.48+1.54 11.56%0.71*
ASAT, 1U/1 65.52+5.69 57.8915.67 57.59+3.04
Triglicerides, pmol/1 0.94+0.04 0.95£0.03 0.86%0.11
Alkali phosphatase, 1U/1 361.33+24.35 435.48+56.05 244.71£65.05
Glucose, pmol/l 5.17£0.14 5.15£0.21 4.6610.85
Calcium, pmol/1 2.8410.08 2.8710.07 2.8310.08
Phosphorous, pmol/1 2.931+0.03 3.1240.11 2.72+0.33
Ca/P ratio 1.2540.02 1.19£0.02 1.40£0.21
Iron, pmol/1 35.6412.03 34.55+2.39 31.6412.27
Leucocytes, x109/1 12.92+0.25 13.2610.88 12.30£0.51
Erythrocytes, x1012/1 10.74£0.32 10.83+£0.31 11.17£0.43
Hemoglobin, g/1 105.37£5.39 102.40+3.77 108.77£2.28
Hematocrit, % 41.21£2.18 41.92+0.81 41.98+0.83
Lysis, % 28.28+1.01 27.27£1.75 27.27£1.75
Lysozyme:
mkg/ml blood 0.49£0.02 0.47£0.03 0.47£0.03
s.u.a, un.a/mg of protein 1.59£0.10 1.6010.13 1.59£0.12
BSBA, % 82.351+0.00 80.39+1.30 80.39+1.30
PA, % 48.20+1.45 54.1411.84 55.15+1.83*
PI 3.39+0.18 2.98+0.09 3.2810.14
PN 1.63£0.10 1.61£0.06 1.81£0.09

Note. A/G — albumin/globulin, ALAT — alaninaminotransferase, ASAT — aspartaaminotransferase, Ca/P —
calcium/phosphorous, BSBA — blood serum bactericidal activity, PA — phagocytic activity, PI — phagocytic
index, PN — phagocyte number; s.u.a, un.a/mg — specific units of activity. See description of groups in section
“Methodology”.

* Differences from control are statistically significant at p < 0.05.

In large intestine of animals from groups II and III counts of lactobacteria
increased by 2.23x105 and 10.3x10° CFU/g, of bifidobacterium — by 0.33x108



and 1.07x10% CFU/ml, respectively, as compared to control (Table 4). Abundance
of lactose-positive E. coli forms decreases by 1.196x10° and 1.11x10> CFU/g
(p < 0.05 for group III). No lactose-negative E. coli forms were found in animals
of trial groups, whereas these forms were present in one calf of the control group
(see Table 3).

4. Qualitative and quantitative composition of microbial flora of large intestine in
Black-and-White pre-weaning calves fed dietary Melanin Protein Energy Additive
(MPEA) from Hermetia illucens fly larvae (Mtm, experimental farming unit
Klenovo-Chegodaevo, Moscow, 2017)

Mi . Group
\croorganisms I(contro, n=3) | 1 (n=3 | ll(n=3)

Lactobacillus, X105 CFU/g 3.10£1.35 5.33£0.99 13.4+3.68*
Bifidobacillus, x 108 CFU /ml 1.33+1.04 1.6610.84 2.40+1.30
Hemolytic microorganisms, CFU g:

streptococci, x 103 2.201+0.08 2.301+0.53 2.35+0.69

Escherichia coli Not found Not found Not found
E.coli, CFU/g:

lactose-positive, x 103 1.20+1.20 0.00410.001 0.0940.09

lactose-negative Found in 1 specimen Not found Not found
Fungi of Candida genus, CFU/g Not found Not found Not found

Note. CFU — coli form unit. See description of groups in section “Methodology”.
* Differences from control were statistically significant at p < 0.05.

MPEA amounts per animal in groups II and III during the experiment
were 520.0 ml and 742.5 ml. Cost of 1 1 of the additive is 100.00 rubles, costs per
animal in tests are 52.00 and 74.25 rubles. Revenue from conventional sale is
(+)1355.35 rubles for control group I, (+)1737.00 rubles for group II, and
(+)1536.25 rubles for group III. In the trial groups the indicator increases because
of living weigh gain due to dietary MPEA. Additional revenue per each calf of
groups II and III during tests is also in line with these findings. During the entire
period total revenue, as compared to the control, is (+)381.65 and (+)180.90 rubles,
or (+)4.29 and (+)2.03 rubles per animal dayly,.

Other authors report on anti-stress effect of melanin (0.1 mg/kg) derived
from yeast Nadsoniella nigra X-1 [33], with no diseases and deaths of post-weaned
pigs. Melanin in stressed animals promotes normal proteinase inhibition and pre-
vents cytolytic syndrome of pancreatic gland [34, 35].

Thus, in this experiment differences in growth rates of calves fed dietary
Melanin Protein Energy Additive (MPEA) from larva of Hermetia illucens fly
were not statistically significant that allows for an increase of daily MPEA dos-
age. Interestingly, MPEA micro dose influences positively non-specific immunity
and intestinal microbiocenosis. Biological effect of MPEA correlates with higher
growth, animal survival rates, and better fed conversion. The MPEA doses estab-
lished herein empirically are not ultimately recommended since biological effec-
tiveness of the additive is studied for the first time. Further studies will clarify
biological effect of both Hermetia illucens fly larva and larva-derived extracts of
physiologically active substances on health and productivity of farm animals,
poultry, and fish.
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Abstract

To date, numerous studies are focused on searching for alternatives to antibiotics with
similar antimicrobial and growth-stimulating effects that do not cause bacterial resistance and poten-
tial side effects for animals. Promising phytogenic compounds have been also recognized as potential
alternatives to antibiotics in feeds. One of the problems of phytogenic compound use is the unstable
chemical composition of plant extracts, depending on the conditions of growth, distribution area and
other factors, so the question arises of extracting some substances with the known properties or de-
signing their compositions. In this paper, it has been shown for the first time that a dietary composi-
tion of biologically active substances of Quercus cortex helps to maintain productivity and improves
the immunomodulating state of Smena 8 poultry cross broilers. In our experiment, a composition of
substances (CS) extracted from Quercus cortex and chemically synthesized («Acros Organics
B.V.B.A.», Belgium) was used, including 2-n-propylresorcinol (98 %, AVH27024); 4-hydroxy-3-
methoxybenzaldehyde (99 %, AC14082-1000); 7-hydroxycoumarin (99 %, AC12111-0250); 3,4,5-
trimethoxyphenol (98.5 %, AC18914-0050); scopoletin (95 %, AC30290-0010); coniferyl alcohol
(98 %, AL22373-5) with a confirmed anti-QS effect. A total of 120 broiler chickens aged 7 days
were divided into 4 groups (#n = 30) by analogue method. Control group was fed with the basic diet
(BD). BD + CS 1 (1 ml/kg of live weight), BD + CS 2 (2 ml/kg of Iw), and BD + CS 3 (3 ml/kg lw)
were used for group 1, group 2, and group 3, respectively. In the experimental groups, as compared to
the control, the number of blood leukocytes increased by 19.2-28.5 % (P < 0.05), blood lymphocytes
were higher by 24.4, 36.2 % (P < 0.05) and 44.0 % (P < 0.05), blood monocytes were higher by 23.5,
23.5 and 29.4 % (P < 0.05), and blood granulocyte counts were higher by 12.3 % (P < 0.05), 5.7
and 9.5 %. The blood ALT activity in the group 2 and group 3 exceeded the control value by 13.2 %
(P < 0.05). The level of GGT tended to decrease in the group 2 and group 3, along with a signifi-
cant decrease in LDH by 17.6-22.5 % (P < 0.05). The intake of the CS as a feed additive was ac-
companied by an increase in blood SOD levels in the test groups, the highest concentration being
observed in the group 1 (95.3 %). The catalase indices had similar patterns. Dietary composition of
biologically active substances promoted a 16.4 % increase (P < 0.05) in blood B-lysine levels in the
group 1. Within 4 weeks, the dietary CSs led to an increase in the live weight of the poultry of the
group 2 and groups 3 by 12.6-15.0 % (P < 0.05) when compared to the group 1. In the group 1, the
birds grew more rapidly with a 100 % survival rate of the herd, in contrast to the remaining groups
with the survival index of 71 to 85 %. These contributed to an insignificant increase in the bird live
weight at the end of the experiment (day 42) by 1.9 % (P > 0.05) compared to the control group.
Thus, feeding broiler chickens with the composition of bioactive substances in the initial concentra-
tion helps to maintain productivity and improve the immunomodulating state of body.

Keywords: biologically active substances, oak bark, broiler chickens, biochemical and mor-
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Use of antibiotics (AB) as growth stimulants in animal feed is limited by
growth of AB resistance of bacterial pathogens that poses a threat for the nation-
al health [1, 2]. To date, numerous studies are focused on searching for alterna-
tives to antimicrobial substances with preventative and growth stimulating effects
that do not cause bacterial resistance and potential side effects in animals.

Phytogenic compounds [1, 3-5] are widely recognized as potential anti-
biotic alternative in feeds. These are plant-based biologically active compounds
with positive effect on animal growth and health, which are often used in form
of essential oils and plant extracts [6]. Results of studies aimed at understanding
of the phytogenic compound action mechanisms, possible side effects and eco-
nomic effectiveness, are not convincing yet. There is information confirming the
ability of phytogenic compounds, including extracts from alfalfa seeds [7], grass-
es [8], and essential oils [9, 10] to affect quorum sensing (QS) of bacteria. All of
them are produced in studies in vitro and relate to food products. QS inhibition
for prevention and combat with bacterial infections in farm animals remains the
less studied problem, except for the aquaculture [11].

One of obstacles for use of phytogenic compounds is instable chemical
composition of plant extracts depending on growing conditions, ecosystem, and
other factors. Earlier, several compounds from oak bark extract (Quercus cortex)
having both antibacterial and anti-QS activity [12, 13] was found. These sub-
stances were used in tests on agricultural poultry.

In present study we for the first time had shown that inclusion of the
composition of biologically active compounds from Quercus cortex extract into
the ration of broiler chickens cross Smena 8 promotes maintenance of produc-
tivity and strengthening of immune-modulating body state.

Purpose of our research is to study effect of various dosages of biologi-
cally active compounds from Quercus cortex extract on productive indicators and
immunity in broiler chickens, and to assess perspectives of use of such combina-
tions and possible mechanism of their action.

Techniques. Chemical substances were identified by gas chromatography
with a mass-selective detector GQCMS 2010 Plus (Shimadzu, Japan) in tube
HP-5MS. GCMS Solutions, GCMS PostRun Analysis software was used at in-
terpretation of research results, set of mass spectra libraries CAS, NISTO0S,
Mainlib, Wiley9 and DD2012 Lib was used for identification of compounds.
Each identified component was quantified as the percentage of its peak area
from the total area of the extract peaks.

In tests we used mixture of substances earlier extracted from the oak
bark [12, 13] and artificially synthesized (Acros Organics B.V.B.A., Belgium).
These are 2-n-propylresorcinol (98 %), 4-hydroxi-3-metoxibenzaldehyde (99 %),
7-hydroxi coumarine (99 %), 3,4,5-trimetoxiphenol (98.5 %), scopoletin (95 %),
and coniferyl alcohol (98 %). Anti-QS-effect of this composition (SC) was tested
on Chromobacterium violaceum strain CV026 by agar diffusion method (qualita-
tively) and by serial dilution method in liquid medium (quantitatively).

Broiler chickens aged 7 days (cross Smena 8, n = 120) divided by ana-
logue method into 4 groups, » = 30 each, were selected for tests in vivarium
conditions. During the tests, all poultry was in similar feeding and keeping con-
ditions. Rations were made accounting for recommendations of the Russian Re-
search and Technological Institute of Poultry (VNITIP) [14]. Control group ate
the main diet (MD); group I (trial) was fed MD + substance composition (SC)
1 (1 ml/kg of live weight); group II (trial) was fed MD + SC 2 (2 ml/kg of live
weight); group III (trial) — MD + SC 3 (3 ml/kg of live mass). Chemical sub-
stances in the composition for the group I were 2-n-propylresorcinol (1.5



mg/ml), 4-hydroxi-3-metoxibenzaldehyde (0.5 mg/ml), 7-hydroxi coumarine
(0.5 mg/ml), 3,4,5-trimetoxi-phenol (2 mg/ml), scopoletin (0.3 mg/ml), conifer-
yl alcohol (4.5 mg/ml); for the group II — 3; 1; 1; 4; 0.6; 9 mg/ml, respectively,
for the group III — 4.5; 1.5; 1.5; 6; 0.9; 13.5 mg/ml. Poultry was fed 2 times
daily, feed consumption was accounted daily, SC solution was provided individ-
ually. Poultry was provided unlimitedly with water. Growth and development of
chickens (inspection and individual weightings were carried out daily, in the
same time in morning hours) was assessed. Decapitation was performed under
nembutal ester on day 42. Housing and procedures during tests were in line with
instructions and recommendations of the Russian regulation (Decree of the
Ministry of Health of USSRNe 755 dated 12.08.1977) and The Guide for Care
and Use of Laboratory Animals (National Academy Press, Washington, D.C.,
1996). All endeavors were taken to minimize the agony in animals and to reduce
the number of used samples.

Blood samples for hematologic studies were collected into vacuum vials
with anticoagulant (EDTA-K3), for biochemical studies — in vacuum vials with
coagulating activator (thrombin). Hematological indicators (number and types of
leucocytes) were estimated (an automated analyzer URIT-2900 Vet Plus, URIT
Medical Electronic Group Co., Ltd”, China).

Data was statistically processed in software IBM SPSS Statistics Version
20 (https://www-01.ibm.com). Mean (M) and standard errors of the mean
(£SEM) were calculated. Differences are statistically significant at p < 0.05.

Results. Analysis of morphological and biochemical blood indicators al-
lows identification of changes in trial groups (Table 1). Number of leucocytes
was 19.2-28.5 % higher (P < 0.05), counts of lymphocytes in groups I, 1I and III
increased by 24.4; 36.2 (P < 0.05) and 44.0 % (P < 0.05), respectively, of mono-
cytes — by 23.5; 23.5 and 29.4 % (P < 0.05), and of granulocytes — by 12.3 (P
< 0.05); 5.7 and 9.5 %.

1. Count (x10%/1) of white cells in blood of cross Smena 8 broiler chickens fed bio-

active composition (extract from oak bark + artificially synthesized substances)
(M*=SEM, vivarium conditions)

Indicat Group

naicator - Feontrol n =15 | 1(m=15 |1l (n=15) | N (n=15
Leucocytes 24.9+1.21 29.7+1.33* 30.5+1.08* 32.0£1.51*
Lymphocytes 12.7+£0.91 15.8+1.18 17.3+£1.58* 18.3+1.11*
Monocytes 1.7£0.77 2.1£1.81 2.1+0.54 2.2+0.53*
Granulocytes 10.5+£0.91 11.8+£0.21* 11.1+£0.94 11.5+1.34

N ote. See description of groups in section “Methodology”.
* Differences with control are statistically significant at P < 0.05.

Hematologic parameters serve convenient indicator for assessment of phys-
iological state and health in animals and may be useful to control effects of feed
additives [15]. Our data correlates with earlier research results [16, 17]. Other tests
on animals in vitro also showed that plant-based bioactive compounds increase
immune activity by increase of phagocytosis [18]. This can also explain growth
of blood indicators in trial groups.

Activity of blood alanine aminotransferase (ALAT) in groups II and III
trial was 13.2 % higher (P < 0.05) compared to control. Activity of aspartate
aminotransferase (ASAT) was the least in group I (P > 0.05) (Table 2).

In earlier paper [19] dietary polyphenols did not significantly affect
ASAT and ALAT, however, the researchers did not performed exact chemical
identification of the bioactive components. In the composition used in our ex-
periment, the coniferyl alcohol which possesses cytotoxicity [20] is high in level
and can affect hepatic cells, as follows from ASAT and ALAT indicators in
groups Il and III. Content of y-glutamyl transpeptidase (y-GT) decreases in



groups II and III at a decrease of lactate dehydrogenase (LDG) by 17.6-22.5 %
(P < 0.05) as compared to control. Obtained data indirectly testify positive effect
of the substance composition in the initial concentration on protein and carbo-
hydrate metabolism. Similar findings are reported by H.Y. Qiao et al. [20]. In
their study dietary 4-hydrxi-3,5-dimetoxi-cinnamic acid, a polyphenolic com-
pound, had no effect (P > 0.05) on blood activity of creatine kinase and lactate
dehydrogenase in broilers. Besides, as is known [21], oak bark extract promotes
better glucose tolerance and significantly decreases its absorption through the
gastric epithelium.

2. Activity of blood enzymes and non-specific immunity indicators in cross Smena 8
broiler chickens fed bioactive composition (extract from oak bark + artificially
synthesized substances) (MESEM, vivarium conditions)

Indicat Group

ndicator control (n=15 | 1(n=15 | I (n=15 |l (n=15)
ALAT, 1U/1 3.8+0.76 4.0+0.36 4.3+£0.43* 4.3+£0.37*
ASAT, 1U/1 228.8+£21.84 219.6+12.53 229.9+13.23 231.8%£15.51
y-GT, 1U/1 16.5+1.04 18.3+£2.85 15.0+1.08 16.0+£2.00
LDG, 1U/1 14.2+3.68 14.0+5.57 11.7+£2.99* 11.0+£2.97*
SOD, % 218.6+54.02 427.1£52.52* 391.1+£38.80* 378.1£51.33*
Catalase, pmol HyO, - 1"l - min’! 989.4+46.30 1438.0+57.73* 1701.6+53.33* 1468.5+52.91*
BSLA, % 47.1+£0.39 45.3£0.91 449+1.2 45.1+0.55
B-Lysine, % 72.9£0.40 89.3+0.80* 69.6+0.52 84.5+0.51

Note. ALAT — alanine aminotransferase, ASAT — aspartate aminotransferase, y-GT — y-glutamyl transpepti-
dase, LDG — lactate dehydrogenase, SOD — superoxide dismutase, BSLA — blood serum lysozyme activity. See
description of groups in section “Methodology”.

* Differences with control are statistically significant at P < 0.05.

SC intake with feed leads to increased antioxidant activity, in particular,
due to higher blood content of superoxide dismutase in chickens of trial groups,
with the highest concentration in group 1 (95.3 %). Catalase content in poultry
in trial groups was higher than in control by 45.3-71.9 % (P < 0.05). Antioxidant
properties of oak bark extracts [22, 23] are also shown in our tests. Increased
total antioxidant activity and SOD level in blood of broilers [24, 25] were due to
feed supplementation with gallic acid, an oak bark component. Increased blood
catalase concentration also occurred in broiler chickens after use of grape seed
powder as a source of polyphenolic substances in diet [19].

SC in the diet promotes 16.4 % higher blood B-lysine content in group I
as compared to control (P < 0.05). Weight gain in poultry of group I was also
higher than in groups II and III, i.e. by 15.0 % (P < 0.05) in 1 week, by 14.3 %
in 2 weeks and by 12.6-13.9 % in weeks 3 and 4. In group I, more rapid growth
combined with 100 % survival while in other groups this indicator was 71-85 %
(see Table 3).

3. Weigh (g) dynamics in cross Smena 8 broiler chickens fed bioactive composition
(extract from oak bark + artificially synthesized substances) (ME*SEM, vivarium

conditions)

Group | Week 1 | Week 2 | Week 3 | Week 4
Control 299.5+154 652.5+28.9 1164.0+21.5 1787.0122.2
I 317.2+£12.5 618.8423.5 1134.4+17.2 1660.0+23.5
11 275.6£20.1 541.0+£23.2% 1007.0+22.7 1571.5+26.8
111 291.6+10.7 558.4+11.3 1015.2+12.4 1456.8+19.5*

N ote. See description of groups in section “Methodology”.
* Differences with control are statistically significant at P < 0.05.

Use of bioactive substances at initial concentration (group I) resulted in
1.9 % (P > 0.05) weight gain at the end of test (on day 42) as compared to con-
trol group. This is in line with data on growth stimulation by dietary gallic acid
and grape seeds rich in polyphenols [19, 20]. The composition we used also con-
tains phenolic compounds and, thus, these results are objectively comparable.



However, there are studies in which B-resorcylic acid as antimicrobial
feeding additive has no effect on weight gain in broiler chickens [26]. In our
study, weight of poultry in groups II and III decreased as concentration of bio-
active substances increased, and, note, propyl resorcinol close in origin to resor-
cylic acid was present in the composition. As to growth stimulation effect, sever-
al mechanisms are possible, e.g. a decrease in total bacterial load, suppression of
pathogenic microorganisms, thinning mucosa layer, and direct immune modula-
tion [27]. It is known that tannings may participate in modulation of the com-
position and activity of intestinal microflora and its interaction with the entering
compounds. It is reported that gram-positive bacteria are more sensitive to
plant-based extracts rich in tannin-like substances [28, 29]. It is also confirmed
by properties of compounds earlier found in Quercus cortex extract [12, 13].

Therefore, dietary additive composition of oak bark extract + artificially
synthesized substances at a dose of 1 ml/kg live weight favorably modulates
immune state and antioxidant activity in vivo in broiler chickens that is followed
by increased blood levels of B-lysine, superoxide dismutase and catalase, higher
survival (up to 100 %) and improved productivity (up to 15 %).

REFERENCES

1. Randrianarivelo R., Danthu P., Benoit C., Ruez P., Raherimandimby M., Starter S. Novel
alternative to antibiotics in shrimp hatchery: effects of the essential oil of Cinnamosma fra-
grans on survival and bacterial concentration of Penaeus monodon larvae. J. Appl. Microbiol.,
2010, 109: 642-650 (doi: 10.1111/j.1365-2672.2010.04694 .x).

2. Allen H.K., Levine U.Y., Looft T., Bandrick M., Casey T.A. Treatment, promotion, commo-
tion: antibiotic alternatives in food-producing animals. Trends Microbiol., 2013, 21: 114-119.
(doi: 10.1016/j.tim.2012.11.001).

3. Windisch W., Schedle K., Plitzer C., Kroismayr A. Use of phytogenic products as feed addi-
tives for swine and poultry. J. Anim. Sci., 2008, 86: e140-¢148 (doi: 10.2527 /jas.2007-0459).

4. Yang W.Z., Benchaar C., Ametaj B.N., Chaves A.V., He M.L., McAllister T.A. Effect of
garlic and juniper berry essential oils on ruminal fermentation and on the site and extent of
digestion in lactating cows. J. Dairy Sci., 2007, 90: 5671-5678 (doi: 10.3168/jds.2007-0369).

5. GonglJ., Yin F., Hou Y., Yin Y. Review: Chinese herbs as alternatives to antibiotics in feed
for swine and poultry production: potential and challenges in application. Can. J. Anim. Sci.,
2014, 94: 223-241 (doi: 10.4141/cjas2013-144).

6. Puvada N., Stanacev V., Glamoc¢i¢ D., Levi¢ J., Peri¢ L., Stanaéev V., Mili¢ D. Beneficial
effects of phytoadditives in broiler nutrition. World Poultry Sci. J., 2013, 69: 27-34 (doi:
10.1017/S0043933913000032).

7. Vikram A., Jayaprakasha G.K., Jesudhasan P.R., Pillai S.D., Patil B.S. Suppression of bacte-
rial cell-cell signalling, biofilm formation and type III secretion system by citrus flavonoids.
J. Appl. Microbiol., 2010, 109: 515-527 (doi: 10.1111/j.1365-2672.2010.04677 .x).

8. Truchado P., Gimenez-Bastida J.A., Larrosa M., Castro-Ibanez 1., Espin J.C., Tomas-
Barberan F.A., Garcia-Conesa M.T., Allende A. Inhibition of quorum sensing (QS) in Yer-
sinia enterocolitica by an orange extract rich in glycosylated flavanones. J. Agric. Food Chem.,
2012, 60(36): 8885-8894 (doi: 10.1021/jf301365a).

9. Choo J.H., Rukayadi Y., Hwang J.K. Inhibition of bacterial quorum sensing by vanilla ex-
tract. Lett. Appl. Microbiol., 2006, 42: 637-641 (doi: 10.1111/j.1472-765X.2006.01928.x).

10. Zhou L., Zheng H., Tang Y., Yu W., Gong Q. Eugenol inhibits quorum sensing at sub-
inhibitory concentrations. Biotechnol. Lett., 2013, 35: 631-637 (doi: 10.1007/s10529-012-
1126-x).

11. Defoirdt T., Boon N., Bossier P., Verstraete W. Disruption of bacterial quorum sensing: an
unexplored strategy to fight infections in aquaculture. Aquaculture, 2004, 240: 69-88 (doi:
10.1016/j.aquaculture.2004.06.031).

12. Deryabin D.G., Tolmacheva A.A. Antibacterial and anti-quorum sensing molecular composition
derived from Quercus cortex (Oak bark) extract. Molecules, 2015, 20(9): 17093-17108 (doi:
10.3390/molecules200917093).

13. Tolmacheva A.A., Rogozhin E.A., Deryabin D.G. Antibacterial and quorum sensing regulatory
activities of some traditional Eastern-European medicinal plants. Acta Pharmaceutica, 2014,
64(2): 173-186 (doi: 10.2478 /acph-2014-0019).

14. Fisinin V.I., Egorov I.A., Lenkova T.N., Okolelova T.M., Ignatova G.V., Shevyakov A.N., Panin
1.G., Grechishnikov V.V., Vetrov P.A., Afanas'ev V.A., Ponomarenko Yu.A. Metodicheskie uka-



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

zaniya po optimizatsii retseptov kombikormov dlya sel'skokhozyaistvennoi ptitsy |Guidelines for the
optimization of animal feed recipes for poultry]. Moscow, 2009 (in Russ.).

Togun V.A., Oseni B.S.A. Effect of low level inclusion of biscuit dust in broiler finisher diet on
pre-pubertal growth and some haematological parameters of unsexed broilers. Res. Comm. Anim.
Sci., 2005, 1: 10-14.

Khalaji S., Zaghari M., Hatami K., Hedari-Dastjerdi S., Lotfi L., Nazarian H. Black cumin
seeds, Artemisia leaves (Artemisia sieberi), and Camellia L. plant extract as phytogenic products
in broiler diets and their effects on performance, blood constituents, immunity, and cecal mi-
crobial population. Poultry Sci., 2011, 90(11): 2500-2510 (doi: 10.3382/ps.2011-01393).
Abou-Elkhair R., Ahmed H.A., Selim S. Effects of black pepper (Piper nigrum), Turmeric
Powder (Curcuma longa) and Coriander Seeds (Coriandrum sativum) and their combinations
as feed additives on growth performance, carcass traits, some blood parameters and humoral
immune response of broiler chickens. Asian Austral. J. Anim., 2014, 27(6): 847-854 (doi:
10.5713/ajas.2013.13644).

Geetha R.V., Lakshmi T., Roy A. A review on nature’s immune boosters. Intl. J. Pharm. Sci.
Rev. Res., 2012, 13: 43-52.

Abu Hafsa S.H., Ibrahim S.A. Effect of dietary polyphenol-rich grape seed on growth perfor-
mance, antioxidant capacity and ileal microflora in broiler chicks. J. Anim. Physiol. Anim. Nutr.,
2017, 102(1): 268-275 (doi: 10.1111/jpn.12688).

Qiao H.Y., Dahiya J.P., Classen H.L. Nutritional and physiological effects of dietary sinapic
acid (4-hydroxy-3,5-dimethoxy-cinnamic acid) in broiler chickens and its metabolism in the di-
gestive tract. Poultry Sci., 2008, 87(4): 719-726 (doi: 10.3382/ps.2007-00357).

Rtibi K., Hammami I., Selmi S., Grami D., Sebai H., Amri M., Marzouki L. Phytochemical
properties and pharmacological effects of Quercus ilex L. aqueous extract on gastrointestinal
physiological parameters in vitro and in vivo. Biomed. Pharmacother., 2017, 94: 787-793 (doi:
10.1016/j.biopha.2017.08.008).

Popovi¢ B.M., Stajner D., Zdero R., Orlovi¢ S., Gali¢ Z. Antioxidant characterization of oak
extracts combining spectrophotometric assays and chemometrics. Sci. World J., 2013: 134656
(doi: 10.1155/2013/134656).

Youn S.H., Kwon J.H., Yin J., Tam L.T., Ahn H.S., Myung S.C., Lee M.W. Anti-
inflammatory and anti-urolithiasis effects of polyphenolic compounds from Quercus gilva
Blume. Molecules, 2017, 22(7): 1121 (doi: 10.3390/molecules22071121).

Samuel K.G., Wang J., Yue H.Y., Wu S.G., Zhang H.J., Duan Z.Y., Qi G.H. Effects of dietary
gallic acid supplementation on performance, antioxidant status, and jejunum intestinal mor-
phology in broiler chicks. Poultry Sci., 2017, 96(8): 2768-2775 (doi: 10.3382/ps/pex091).
Shirzadegan K., Falahpour P. The physicochemical properties and antioxidative potential of raw
thigh meat from broilers fed a dietary medicinal herb extract mixture. Open Vet. J., 2014, 4(2):
69-77.

Wagle B.R., Upadhyay A., Arsi K., Shrestha S., Venkitanarayanan K., Donoghue A.M., Do-
noghue D.J. Application of B-resorcylic acid as potential antimicrobial feed additive to reduce
campylobacter colonization in broiler chickens. Front. Microbiol., 2017, 8: 599 (doi:
10.3389/fmicb.2017.00599).

Engels C., Schieber A., Ganzle M.G. Inhibitory spectra and modes of antimicrobial action of
gallotannins from mango kernels (Mangifera indica L.). Appl. Environ. Microb., 2011, 77(7):
2215-2223 (doi: 10.1128/AEM.02521-10).

Karimov 1., Duskaev G., Inchagova K., Kartabacva M. Inhibition of bacterial Quorum sensing
by the ruminal fluid of cattle. Infernational Journal of GEOMATE, 2017, 13(40): 88-92 (doi:
10.21660/2017.40.659438).

Nohynek L.J., Alakomi H.-L., Kihkénen M.P., Heinonen M., Helander I.M., Oksman-
Caldentey K.M., Puupponen-Pimii R.H. Berry phenolics: antimicrobial properties and mecha-
nisms of action against severe human pathogens. Nutr. Cancer, 2006, 54(1): 18-32 (doi:
10.1207/s15327914nc5401_4).



AGRICULTURAL BIOLOGY, ISSN 2412-0324 (English ed. Online)
2018, V. 53, Ne 2, pp. 393-403

(SEL’SKOKHOZYAISTVENNAYA BIOLOGIYA) ISSN 0131-6397 (Russian ed. Print)
ISSN 2313-4836 (Russian ed. Online)

UDC 636.52/.58.084:636.085.12 doi: 10.15389/agrobiology.2018.2.393eng
doi: 10.15389/agrobiology.2018.2.393rus

COMPARATIVE TESTS OF VARIOUS SOURCES OF MICROELEMENTS
IN FEEDING CHICKEN-BROILERS

E.A. SIZOVAL 2, S A. MIROSHNIKOV1, S.V. LEBEDEV! 2, Yu.I. LEVAKHIN!,
I.A. BABICHEVAS3, V.I. KOSILOV3

Federal Research Centre of Biological Systems and Agrotechnologies RAS, Federal Agency of Scientific Organiza-
tions, 29, ul. 9 Yanvarya, Orenburg, 460000 Russia, e-mail Sizova.L78@yandex.ru (0X corresponding author),
sergey_ru01@mail.ru; 1sv74@list.ru; ylevaxin55@mail.ru; babicheva74-09@mail.ru, kosilov_vi@bk.ru

20renburg State University, 13, prosp. Pobedy, Orenburg, 460018 Russia;

30renburg State Agrarian University, 18, ul. Chelyuskintsev, Orenburg, 460014 Russia

ORCID:

Sizova E.A. orcid.org/0000-0002-5125-5981 Levakhin Yu.I. orcid.org/0000-0003-2345-9298
Miroshnikov S.A. orcid.org/0000-0003-1173-1952 Babicheva I.A. orcid.org/0000-0001-7025-7387
Lebedev S.V. orcid.org/0000-0001-9485-7010 Kosilov V.I. orcid.org/0000-0003-4754-1771
Acknowledgements:

Samples were analyzed in the Laboratory of Agroecology of Nanomaterials, Test Center of All-Russian Research
Institute of Beef Cattle Breeding RAS (ARRIBCB RAS, accreditation certificate RA. RU.21PF59 of 12/02/15)
using equipment of the Shared Use Center, ARRIBCB RAS. Chemical analysis was performed in the laboratory of
ANO Center for Biotic Medicine, Moscow (accreditation certificate GSEN.RU.TSAO.311, registration number in
the State Register ROSS RU. 0001.513118)

Supported financially by Russian Science Foundation (project Ne 14-16-00060-P)

Received December 18, 2017

Abstract

Animals of modern breeds and crosses need more dietary minerals to realize more of their
genetic potential but that leads to an increase in the ecological load. So the development of new
sources of essential chemical elements with relatively less toxicity and higher bioavailability of the
components are of relevance. Ultra-dispersed particles (UDP) are among prospective preparations.
This is the first report on a comparative study of the effects of dietary Cu and Zn additives as
UDP of the alloy, asparaginates and sulfates on performance and productivity of Smena 7 broiler
chicks. The study showed greater availability, a more pronounced positive effect of Cu/Zn-UDP
and the various impact of the forms studied on mineral metabolism. Dietary Cu/Zn-UDP accelerat-
ed bird growth by 3.9 % (P < 0.05) compared to Cu and Zn mineral salts and by 4.7 % (P < 0.01)
compared to Cu and Zn asparaginates. Administration of Cu/Zn-UDP led to an increase in blood
NO metabolites by 9.8 % (P < 0.05), 21.0 % (P < 0.01), 13.0 % (P < 0.05), and 11.0 % (P < 0.05)
compared to the control on days 7, 14, 21 and 28, respectively. By the end of the study, blood
erythrocytes and hemoglobin was 6.27 % higher (P < 0.05) and 19.40 % higher (P < 0.001) com-
pared to the control and also 5.21 % higher and 12.60 % higher when compared to Cu and Zn
asparaginates used. Replacement of copper mineral salt with dietary Cu/Zn-UDP and Cu asparag-
inate was accompanied by an increase in this element pool in the body of 42-day old broiler
chickens by 51.6 % (P < 0.01) and 13.2 %, respectively. By the end of the study, the zinc pool, on
the contrary, decreased by 22.9 % compared to the control when Zn asparaginate was fed but
exceeded the control by 12.5 % (P < 0.05) when using Cu/Zn-UDP. Copper and zinc prepara-
tions used in various ways influenced on the exchange of a number of chemical elements in the
body. Feeding with Cu/Zn-UDP and Cu and Zn asparaginates resulted in lower pools of Ni, Al,
Sn and a significant increase in iodine and cobalt pools compared to control. A distinctive feature of
Cu/Zn-UDP action from that of the asparaginates was an increase in Pb and Cd pools which could
result from a change of the load on transport systems in the intestine when using Cu/Zn-UDP.

Keywords: ultra-dispersed particles of Cu and Zn alloy, Cu and Zn asparaginates, broiler
chicks, productivity, chemical element composition, biochemical and morphological blood parameters

Some estimates suggest that development of nanotechnologies by 2020
will result in establishment of industrial and agricultural productions with turno-
ver from $3.0 tln [1] to $3.4 tln [2]. Yet today actual production of nanomateri-
als exceeds 100 ths. t per annum [3]. Along with wider use in medicine and bi-
ology [4-6], nanomaterials become prevalent in agriculture [7, 8], food and pro-



cessing industry [9, 10]. Only in USA, annual growth rate in such sector com-
prises 25 % ($1.08 bln.) [11]. Use of nanomaterials in agriculture as microele-
ment medications is characterized by their less toxicity (12, 13) and higher bio-
logical availability [14, 15]. The later, in particular in the context of PCR, allows
decreasing pollution of environment at production and use of feeds [16].

Opportunities for use of nanosized microelement forms were demon-
strated in medicine. In particular, it allowed creating medicines for treatment of
anemia. Thus, Ferumoxytol (Feraheme®, AMAG Pharmaceuticals, Inc., USA)
containing superparamagnetic iron oxide nanoparticles (SPION) was approved
by US Food and Drug Administration (FDA) for iron replacement therapy pri-
marily in patients with chronic renal disease [17] and got widespread use at
MRT tests [18].

Today, literature sources suggest using various nanostructural microele-
ment sources in animal breeding industry, including selenium [19], iron [20],
chrome [21] zinc [22], copper (23), etc. Usually, these are medicines containing
one microelement in form of nanoparticles. However, with development of the
concept of synthesis and use of such substances prospects for microelement
complexes, including antagonists, become evident [24].

Science had acquired a great deal of knowledge on the nature and
mechanisms of antagonist relations between chemical elements and other ele-
ments [25-27], phytate [28], amino acids and their salts [29], polyphenols and
peptides [30], etc. in human and animal body, especially at absorption stage in
gastrointestinal tract. Necessity for studying of such relations is determined by
the need for tackling the challenges of prenosological diagnostics and treatment
of elementosis, correction of diets [31], and estimation of actual nutritional val-
ue of diets [32]. Antagonism may reduce availability of some elements which
requires increasing their input norms and may negatively affect the environment.
Earlier, separate feeding of antagonist substances was proposed to exclude antag-
onist relations at soaking (Patent of Invention RUS 2195269 14.02.2001).

In this paper, we had for the first time shown that productive and bio-
logical action of various forms of two essential microelements — zinc and cop-
per (alloy in form of ultrafine particles, asparaginates and sulphates) and their
effect on mineral metabolism in broiler chickens cross Smena 7 is different;
herewith, ultrafine particles were more available in general and had more ex-
pressed positive effect.

Purpose of this paper was to study the effectiveness of ultrafine particles
of copper and zinc alloy as a mineral additive in feeding of broiler chickens as
compared to mineral salts and organic forms of such elements.

Techniques. Copper and zinc asparaginates (V-Min+ LLC, Sergiev Pos-
sad, Russia), mineral salts ZnSO4* 7H,O and CuSO,‘ 5H,0 (Lenreactiv, Saint
Petersburg, Russia) and powder from ultrafine particles of Cu-Zn alloy (UFP
Cu-Zn) made by Peredovie Poroshkovie Tehnologii LLC (Tomsk, Russia) were
used as microelement sources. Cu-Zn UFPs were produced by method of elec-
tric explosion of conductor in argon atmosphere. Material attestation of UFPs
involved scanning and transmission microscopy at JSM 7401F and JEM-
2000FX (JEOL, Japan). X-ray phase analysis was carried out at a diffractome-
ter DRON-7 (Scientific Industrial Enterprise Burevestnik, Russia). Based on
attestation results, size of particles (d) 65£15 pm with ratio Cu® 60+3.5 %, Zn°
40+2.9 %; z-potential 12+£0.4 mV, specific surface 5+1.6 m2/g. At production
of lyosols, water suspensions of Cu-Zn UFPs were treated by ultrasound at dis-
pergator UZDN-2T (Scientific Industrial Enterprise Academpribor, Russia) at
35 KHz, 300/450 W, 10 mcA during 30 minutes. Lyosol was introduced into the
combined feed by gradual mixture method.



Studies were carried out on broiler chicken (cross Smena 7) in vivarium
conditions of the Institute of Bioelementology of Orenburg State University.
Poultry keeping and procedures followed during tests were in line with instruc-
tions and recommendations of the Russian Regulations (Decree of the Ministry
of Health of USSR Nr. 755 dated 12.08.1977) and The Guide for Care and Use
of Laboratory Animals (National Academy Press, Washington, 1996). All en-
deavors were taken to minimize the agony in animals and to reduce the number
of used specimen. 90 chickens aged 1 day were selected for tests. Chickens as-
signed with individual numbers (leg plastic labels), were weighted and in further-
ance were kept in equal conditions. Three groups aged 2 weeks were formed
based on individual daily weighting data and estimated feed costs by par-
analogues: one control and two trial (n = 24 each). Chickens were fed full-value
combined feeds formed accounting for the recommendations [33] according to
age periods. Composition of the main diet (MD) (g/kg) during the period from 7
to 28 days: wheat grain — 475, barley grain — 30, maize — 80, soybean meal —
250, sunflower meal— 70, sunflower oil — 50, premix (made according to the ef-
fective recommendations) — 20, cooking salt — 3.4, moncalcium phosphate —
13, limestone meal — 5, DL-methionine 98.5 % — 1,6, lysine monochlohydrate
98 % — 1, cooking soda — 1; aged 28-42 days: wheat grain — 435, maize — 226,
soybean meal — 150, sunflower meal — 100, sunflower oil — 50, premix — 20,
cooking salt — 3, moncalcium phosphate 10.5, limestone meal — 1, DL- methio-
nine 98.5 % — 1.2, lysine monochlohydrate 98 % — 2.3, baking soda — 1. Dur-
ing the tests chickens were on the Main Diet, in which copper and zinc were
introduced in form of CuSOy4:5H,0 and ZnSO,: 7H,0O as part of premix in-
cluding all standardized microelements. Copper and zinc sulphates in the premix
for chickens from trial groups during the period from 14 to 42 days were re-
placed by Cu-Zn UFPs in dosage of 2.84 mg/kg of feed (group I) or by Cu and
Zn asparaginates in the same dosage (group II). Chickens from all groups were
supplied with distilled water.

Poultry growth was daily controlled by individual weighting in morning
hours before feeding.

Blood was collected from axillary vein on empty stomach in morning
hours before killing of chickens aged 21, 28, 35 and 42 days (for morphologic
studies — in vacuum vials with anticoagulant EDTA, for biochemical — in vacu-
um vials with thrombin as coagulating stimulant). Blood serum was analyzed with-
in no later than 3 hours following sampling.

Morphologic indicators were determined by automated hematologic ana-
lyzer URIT-2900 Vet Plus (URIT Medial Electronic Co., Ltd, PRC). Biochemi-
cal analysis of blood serum was conducted with the use of an automated analyz-
er CS-T240 (DIRUI Industrial Co., Ltd, PRC) and commercial veterinary Kits
(DiaVetTest, DIAKON-DS CJSC, Russia; Randox Laboratories, Ltd, United
Kingdom).

Metabolism of chemical elements was studied by comparative slaughter
method. Mass was calculated, and tissue and organ specimen were collected up-
on slaughter for assessment of the elementary composition frozen and stored at
temperature of —18 °C. Specimens were analyzed for 25 chemical elements (Ca,
Cu, Fe, Li, Mg, Mn, Ni, As, Cr, K, Na, P, Zn, I, V, Co, Se, Ti, Al, Be, Cd,
Pb, Hg, Sn, and Sr). Total element pool in vivo upon slaughter was calculated
as total content in organs and tissues, retention was determined as pool differ-
ence at the end and beginning of the experiment.

Elemental composition of organs and tissues was analyzed by nuclear-
emission spectrometry methods with inductively bound plasma (Optima
2000 V, PerkinElmer, USA) and mass-spectrometry (Elan 9000, PerkinElmer,



USA). Ashing of biosubstrates was performed in microwave decomposition sys-
tem Multiwave-3000 (Anton Paar, Austria).

Data was statistically processed by Statistica 10.0 software (StatSoft, Inc.,
USA) and MS Excel 2000 software package. Mean (M) and standard errors of
the mean (XSEM) values were determined. Differences assessed by Student’s -
test are deemed statistically significant at P < 0.05.

Results. Control species by 4.5 % left behind the species from 11 group
by consumption of combined feeds during tests. At that, feed consumption to
surplus of 1 kg live mass in the control comprised 1.73 kg, that is by 3.40 and
4.04 % more than in I and II groups. Feeding of broiler chickens by Cu-Zn
UFPs was accompanied by more intensive growth (Fig. 1).

Fig. 1. Difference in live weight between cross
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During the main accounting period (14-42 days of life), live weight surplus
of 2349.9 g was noted in group I that exceeded similar indicator in control and in
group 1I by 3.9 (P <0.05) and 4.7 % (P < 0.01), respectively. The results correlate
to results of other studies describing growth stimulating effects of UFP metal med-
icines as compared to traditional microelement sources [34, 35]. It should be not-
ed that valid intergroup difference in growth intensity in our test was noted at high
growth rate in studied poultry (80.8-83.9 g/d). It is hard to explain by only greater
biodiversity of microelements from UFP medicines since poultry, before com-
mencement of the main accounting period, was kept on a balanced diet and
accumulated pool of assessed microelements, which is quiet sufficient for fur-
ther active growth, especially that their required quantity was supplied during
the entire test.

1. Content of blood NO metabolites (umol/l) in cross Smena 7 broiler chickens de-
pending on chemical formula of Cu and Zn used for microelement-based regulation
of ration (ME£SEM, n = 6, testing in vivarium conditions)

Age, days
Group 21 [ 28 | 35 [ 42
I 28.9+0.27* 33.8+1.05%* 33.5+1.27* 31.0+0.59*
11 24.7£0.70 28.6+0.77 30.510.49 32.4+1.96*
Control 26.4%0.20 27.9+0.44 29.6+0.78 27.842.36

N ote. See description of groups in section “Methodology”.
* ** Differences from control are statistically significant at P < .0.05 and P < 0.01.

In our opinion, growth stimulating effect of UFPs was determined by
specific nanoparticle action mechanism on animal organism [36], of which
through strengthening of arginine metabolism and synthesis of nitrogen oxide. This
hypothesis is supported by data (Table 1) demonstrating growth of NO metabo-
lite concentrations in blood serum of chickens from group I during the entire
test on days 7, 14, 21 and 28, respectively, by 9.8 (P < 0.05), 21.0 (P < 0.01),
13.0 (P <0.05) and 11.0 % (P < 0.05) as compared to control.

Differences in action mechanisms of the studied medicines on poultry
were also confirmed by assessment of hematologic parameters. Thus, use of UFP
medicines and asparaginates promoted erythropoiesis. It was well demonstrated



during the first 3 weeks of additive use (Table 2).

2. Age-specific dynamics of several hematologic indicators in cross Smena 7 broiler
chickens depending on chemical form of Cu and Zn used for microelement-based
regulation of diet (MESEM, n = 6, testing in vivarium conditions)

Age, days
Group 2 | 28 | 35 | 0
Erythrocytes, x1012/1
I 2,7610,095* 2,39+0,179* 2,271+0,083 2,71+0,139*
11 2,954+0,041%* 2,40%+0,182* 2,35+0,018 2,2740,076*
Control 2,41+0,635 2,16+0,081 2,260,145 2,550,030
Hemoglobin, g/l
I 116,7£1,84 135,7£1,36** 134,3+£2,67 146,7+1,57**
11 117,3+£1,76 125,0+1,72 139,7+1,96* 130,3+5,93
Control 97,5%+2,50 125,045,00 132,0£6,03 139,3+2,19
Hematocrit, %
I 21,83+0,067** 28,10+1,854* 26,40+0,529 27,53+1,780*
11 24,50+0,321%* 28,40+1,629* 27,97+0,463* 26,60+1,790
Control 20,050,150 25,10+0,529 25,471,017 25,17+0,467
Leucocytes, x1091
I 28,10+0,290 39,370,406 36,7310,687 30,430,767
11 32,97+0,373 33,500,139 40,93+0,476 35,40+0,312
Control 28,45+0,850 34,30+0,921 36,3310,998 35,73+0,307
Lymphocytes, x1091

1 12,73£0,024 18,201+0,781* 15,73£0,210 13,13£0,820
11 11,200,195 12,97+0,730 18,20+0,318* 15,63+0,524
Control 11,00£0,600 10,870,822 15,87+0,513 15,77+0,724

N ote. See description of groups in section “Methodology”.
* ** Differences from control are statistically significant at P < .0.05 and P < 0.01.

Commencement of changes in erythrocytes is reflected on hematocrit
that within 7 days after commencement of tests was increased in groups I and II
by 8.8 and 22.0 %, respectively, above the control group. In furtherance, the dif-
ference had changed within the range from 3.5 to 11.0 %. By the end of tests on
chickens from group I, erythrocytes, hemoglobin, and hematocrit indicators were
higher than in control and in group II by 6.27 (P < 0.05) and 19.4 % (P < 0.001),
5.21 and 12.6 %, 8.66 (P < 0.05) and 3.4 %. Similar effect of copper UFPs on
hemoglobin and erythrocyte concentration is described earlier [37, 38].

Studying of effects from introduction into the chicken’s ration of vari-
ous microelements demonstrates their effect on blood morphology and leu-
cogram in the context of stimulation of oxidation-reduction processes, which,
in its turn, promoted more intensive metabolism [39-41]. In our research,
quantity of white blood cells in broiler chickens from all groups was within the
physiological limits. Indicators of chickens aged 28 days from group I moved
towards the upper limit norm (within 2 weeks after commencement of the re-
search), provided 14.7 % difference from the control. Upon introduction of
asparaginate mixture, similar result (12.6 % difference with control) was noted
only in chickens aged 35 days, i.e. 3 weeks following commencement of the
research. Growth of leucocyte population in groups I and Il had occurred
mainly due to 67.0 % and 15.2 % difference in lymphocytes as compared to
control). Effect of growth of the number of white blood cells under the effect
of ultrafine medicine is not described here for the first time. Earlier, V.B. Bo-
risevich and V.G. Kaplunenko [42] have identified moderate leucocytosis and
strengthening of phagocytic activity in leucocyte cells of broilers due to dietary
copper UFPs and mixture of nano-aquachelates of Ag, Cu, Zn, Mg, Co.

Introduction of various forms of copper and zinc sources had resulted in
different changes in biochemical blood indicators of broiler chickens (Tables 3).

Total blood protein tends to increase as compared to control groups
from day 28 to day 35 at feeding with UFPs. By the end of test (day 42) statisti-
cally significant difference from the control is 11.2 % (P < 0.05), which presup-
poses positive effect of the additive on protein metabolism. The same is con-



firmed by increase of urea indicators as compared to control during the entire
research. No critical changes in creatinine appear that confirms the lack of ne-
phrotoxic action. Blood concentration of glucose in chickens of group I exceed-
ed control values with maximum differences of 39.1 % (P < 0.05, day 28) and
21.8 % (P < 0.05, day 42). Also, triglyceride concentration has a tendency to-
wards growth (by 11.7-53.3 %, P < 0.05).

3. Age-specific dynamics of blood biochemical indicators in cross Smena 7 broiler
chickens depending on chemical form of Cu and Zn used for microelement-based
regulation of diet (MESEM, n = 6, testing in vivarium conditions)

Age, days
Group 21 | 28 | 35 | Iy
Alanine aminotransferase, [U/l
I 1.07£0.064* 2.8310.129** 2.07£0.178 4.77£0.296**
1T 1.87£0.069* 3.171£0.437* 2.80+0.289 2.37£0.110
Control 3.35+£0.150 1.30£0.189 1.97+0.198 2.83+0.189
Aspartate aminotransferase, [U/l
I 281.0£11.40 232.7£9.60 261.1£13.10 353.5+9.40
11 231.0£9.60 244.6+18.10 221.9£12.70 272.0£8.70
Control 252.2+10.80 225.916.00 241.4%10.60 299.9+13.40
Lactate dehydrogenase, [U/l
| 3098.3+36.50* 2693.3£121.40 3104.3+25.00** 2008.0+£24.10%*
11 3316.31£200.40 2992.31+462.30 2852.0£111.50 2801.3+11.30*%
Control 3851.0+54.00 2512.0x71.10 2444.3+15.80 3252.0+33.80
y-Glutamyle transferase, [U/l
I 13.3340.882** 19.671£1.764 18.67+£0.333* 22.67+1.480
1T 19.00£1.155* 17.00+0.142 22.33+£1.202 21.67£0.333
Control 28.50+1.500 14.67+0.882 20.00+1.646 19.33+1.404
Creatinine, umol/l
I 15.9+1.34 19.7+£1.34 16.1+1.12 16.9£0.79
11 16.5+0.72 17.240.38 15.9£+1.39 17.2+1.28
Control 24.91+1.65 16.3+1.39 17.840.67 16.3+1.83
G lucose, mmol/l
I 10.9+0.77* 10.3+£0.37* 9.910.53 10.840.13**
11 9.310.64 7.9£0.60 8.9£0.01* 5.9£0.43
Control 6.1+0.74 7.4+0.85 9.8+0.82 8.910.65
Total protein,g/l
I 30.6+2.75 33.31£0.48* 31.4+1.33 33.1£1.49*
11 33.3£1.22 32.810.24* 32.61£0.37 28.24+2.09
Control 30.9t1.14 29.4+0.85 30.1£1.85 29.8+1.17
Cholesterole, mmol/l
I 4.5+0.08* 4.310.07 2.910.01%* 2.140.11%*
11 4.31+0.39 4.11+0.25 2.0£0.01 2.2+0.19*
Control 4.310.52 4.310.18 2.1£0.01 1.240.06
Triglicerides, mmol/l
I 0.51£0.03 0.16+0.029 0.23£0.036* 0.19£0.021
11 0.3610.08 0.18%0.069 0.27£0.028* 0.10£0.024
Control 0.65%0.07 0.19£0.023 0.15%0.038 0.17£0.007
Urea, mmol/l
I 1.07£0.09 1.00£0.058 1.00£0.058 1.10£0.000*
11 1.37£0.07 1.07£0.033 0.9310.088 0.97+0.033
Control 1.55%0.35 0.9310.033 0.87£0.176 0.9310.033

N ote. See description of groups in section “Methodology”.
* ** Differences from control are statistically significant at P < .0.05 and P < 0.01.

Replacements of copper mineral salt with UFP and asparaginate were
followed by 51.6 % (P < 0.01) and 13.2 % growth in Cu pool in chickens aged 42
days (Fig. 2). Zinc pool decreased by 22.9 % in group II, but exceeded control
values by 12.5 % (P < 0.05) in group I. Possibly, for whatever reasons biological
availability of copper from asparaginate (as compared to zinc) was higher. In such
a case, Cu and Zn antagonism will result in reduced digestion of zinc. For the
same reason, use of separate copper- and zinc-based diets is successful [43].

Elemental status analysis in the tested poultry indicates different effects
of UFP and asparaginates on chemical metabolism. This clearly follows from
comparison of pools of metals. Total concentrations of Zn, Pb, Cd, Ni, Al, and
Sn decrease in chickens of group II (see Fig. 2). The same is true with Ni, Al,
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Fig. 2. Difference in pools of chemical element in cross Smena 7 broiler chickens aged 42 day from
groups I (A) and II (B) depending on formula of dietary Cu- and Zn-based additives. See description
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icant at P < 0.05.
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Fig. 3. Difference in accumulation of Cu as compared to control in cross Smena 7 broiler chickens
from groups I (A) and II (B) depending on formula of dietary Cu- and Zn-based additives: 1 —
hearth, 2 — brain, 3 — liver, 4 — spleen, 5 — kidneys, 6 — muscles, 7 — bursa of Fabricius, 8 —



thymus, 9 — feather; a, b, ¢, d — age of 21, 28, 35 and 42 days, respectively. See description of
groups in section “Methodology”. Star means that differences from control are statistically signifi-
cant at P < 0.05.

and Sn in group I, while Pb and Cd levels rise. We explain this fact by competi-
tion for common transporters of copper, zinc, and other bivalent metals in intes-
tines [44, 45]. Nanoparticles of metals, due to high penetration ability, may en-
ter intestine cells not linking up with transportation proteins [46]. Then, trans-
portation systems defining transfer of Zn and Cu could be used by other bivalent
analogues (Pb, Cd) in group I but are more specific in group II.

Different mechanisms of entering and use of metals from UFPs and as-
paraginates is also supported by concentration dynamics of such elements in
specific tissues and organs (Fig. 3).

Provision of Cu asparaginate during week 1 decreased Cu accumulation
in feather by 24.5 % compared to control, however, afterwards, Cu excess over
control reached 60.9 % after day 14, 41.4 % after day 21, and 28.1 % after day 28.
In group I, this indicator during the entire research was higher than control val-
ues by 13.5, 8.8, 22.3 and 60.9 %. Feather is a marker biosubstrate to assess
mineral status in poultry (Patent of the Russian Federation RU2478956C1). To
our opinion, data we report in this paper show permanent change in availability
of microelements in growing chickens. UFP-based diet results in more even en-
tering copper to organism.

Therefore, comparison of Cu- and Zn-based dietary additives in the prep-
aration forms of mineral salts, asparaginates, and ultrafine particles indicates that
UFP-based forms increase biological availability of the microelements and has
more expressed positive effect on productive properties of broiler chickens.
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Abstract

In 2014 to 2016, despite effective measures to prevent an introduction and transmission of
Anthrax in the Russian Federation, there were seven outbreaks of Anthrax in Volgograd, Rostov,
Belgorod, Saratov regions, the Republic of Tatarstan, and also six outbreaks in reindeer population
in two districts of Yamal-Nenets Autonomous Okrug where 2657 reindeers died. In this article we
present some results of comprehensive characterization of genetic, biological features and phyloge-
netic relationship of Bacillus anthracis strains isolated during the outbreaks in Volgograd region,
Yamal-Nenets Autonomous Okrug and from the soils of burial in Chuvash Republic during last 3
years. Here, we differentiated 11 strains as followed from growth morphology, mobility, Gram stain
procedure, capsule in vivo and in vitro formation, sporulation, proteolytic, hemolytic, lecithinase,
phosphatase, glycolytic activity, protocatechuic acid production, Congo red sorption from the medi-
um, phage sensitivity, toxicity in vitro, plasmid profile, sensitivity to antibiotics recommended for use
in veterinary medicine, virulence for mice. MLVA-typing of the anthrax strains was performed for 20
VNTR loci. It was shown that the main phenotypic and diagnostic features of anthrax strains differed
insignificantly and, in general, corresponded to those of a typical B. anthracis strain. The most signif-
icant phenotypic differences were found in asporogenous and avirulent strain B. anthracis Ne 6017
isolated in 2016 from a Lappish reindeer dog. The B. anthracis strains isolated during one outbreak
were grouped into separate clusters, and within the cluster some strains had insignificant differences
in 1-2 loci. The strains isolated from the soils of burials in the Republic of Chuvashia and from the
Lappish reindeer dog during the Yamal outbreak formed separate clusters. B. anthracis strains showed
high epizootic risk due to pathogenicity factors expressed in vitro. The tests identified the presence of
capsula and toxins, high hemolytic and proteolytic activity, protocatechuic acid synthesis, and high
virulence for laboratory mice (at 6-1000 spores). These results confirm the necessity of continuous
monitoring and evaluation of epizootic caution of anthrax burials and case sites (frost fields), and
specific preventive anti-anthrax measures.

Keywords: Bacillus anthracis, anthrax, strains, phenotypic properties, genotypic properties,
virulence, MLVA

Single cases of anthrax in animals are annually registered in the Russian
Federation, except for 2016, despite effective and quite wide measures to prevent
this infection [1-4]. According to the information of analytic center of the Federal
State Veterinary and Phytosanitary Surveillance (http://www fsvps.ru/fsvps/iac/mes-



sages), seven anthrax foci were in 2014-2016 in Volgograd, Rostov, Belgorod, Sa-
ratov regions, Republic of Tatarstan, and six outbreaks were in reindeer popula-
tions at the territory of two regions of Yamal-Nenets Autonomous District (in the
latter case, 2657 deer died).

Identification of new infectious strains during monitoring of animal
and human diseases considering phenotype, biochemical and molecular-genetic
characterization of isolates gives knowledge of spreading clones of the disease
agent and their origin [5-8]. Biological properties characterize immunological
identity of bacterial strains circulating in animals and vaccine strains, diagnos-
tic features of bacterial pathogens, and the ways for emergence of resistance to
medicines and biocides of various chemical classes among pathogens [9-12].
These are basic for epidemiological and epizootic passports reflecting the de-
gree of epidemiological/epizootic danger of strains and must be used to im-
prove effectiveness of specific and nonspecific prevention and eradication of
animal and human infections [13, 14].

In present paper we have described properties and phylogenetic relations
between the isolates of anthrax agents identified in the burial soil and in dead
animals during disease outbreaks within Russia in 2014-2016, including reindeer
epizooty which was the largest for the few past decades.

Purpose of this research is comprehensive characterization and certifica-
tion of the anthrax strains isolated in the Russian Federation.

Techniques. Strains (11 Bacillus anthracis cultures) were isolated in 2014-
2016 from bovine animals, Lappish reindeer dog, and reindeer, as well as from
burial soils during the anthrax outbreaks in Volgograd Region and Yamal-Nenets
Autonomous District, including burial soils in the Chuvash Republic. All strains
are deposited in the State Collection of Microorganisms causing dangerous and
extremely dangerous animal diseases, including zooanthroponoses and diseases
not found in Russia (State Collection of Microorganisms, Federal Research
Center of Virology and Microbiology (GKM-FICViM)).

Diagnostic traits were studied according to methodological guidelines
MUK 4.2.2413-08 (Moscow, 2009). Phenotypes associated with pathogenicity
(proteolytic, hemolytic, lecithinase, phosphatase, glycolytic activities, synthesis
of protocatechuic acid, absorption of Congo Red dye from the medium) were
identified according to recommendations [15].

Growth and differential media were medium for anthrax microbe isolation
and culture (State Research Center of Applied Microbiology and Biotechnology,
Russia); nutritious semi-liquid agar (BioCompas LLC, Russia); Hottinger agar
based medium for determination of capsule and toxin formation on (RF Patent
No 2204607); casein agar [16]; medium based on 10 % emulsion of chicken
yolk in physiological solution; L-agar with 25 pg/ml Congo Red; two-layer
blood agar (RF Patent No 2238316); Mueller Hinton Agar (HiMedia Labora-
tories Pvt. Ltd, India). Spores of anthrax cultures were produced on potato
agar according to methodological guidelines MU 3.5.2435-09 (Moscow, 2009)
and stored in 30 % glycerol.

Sensitivity of B. anthracis strains to antibacterial agents was assessed
according to MUK 4.2.1890-04 (Moscow, 2004) using Mueller Hinton Agar
and disks for veterinary laboratories (Scientific Research Center of Pharmacol-
ogy, Saint Petersburg).

Capsule and toxin formation of B. anthracis strains in vitro was assessed
by presence of mucous colonies and precipitation under 10 % CO; in air. For in
vivo identification of capsule, 2 mice of 18-20 g in weight were intraperitoneally
infected with 0.5 cm31-day broth culture of each strain. In case the mice did not



died within 10 days they were subjected to CO, euthanasia. To confirm capsule
formation, imprint smears were made from mucous colonies and organs of dead
mice. Preparations were fixed by alcohol:ester mixture (1:1) during 30 minutes
and stained with methylene blue by Loeffler or Romanovsky-Giemsa according
to guidelines for use of dyes. Preparations were examined under microscope at
magnification of xX900. Rose color capsules around cells testified production of
the capsular polypeptide. Test-system for Bacillus and allied species Microgen®
Bacillus-ID (MID-66) (Microgen Bioproducts, United Kingdom) was used to
identify biochemically the isolates.

LDy and LD5; of the strains were assessed in mouse virulence tests us-
ing clinically healthy white outbreeds (18-20 g mice of both sexes). Animal feed-
ing and keeping were subject to the accepted regulations. Animals were used ac-
cording to the European Convention for the Protection of Vertebrate Animals
used for Experimental and Other Scientific Purposes (Strasbourg, 1986). For
each isolate tested, 5 groups of 6 mice per each were subcutaneously injected
with 0.5 cm3 of sporous suspension (2% 108, 4x107, 8x10°, 1.6x10°, and 3.2x105
spores/cm?). Survival and death of mice were recorded during 10 days. LDsy, values
were calculated by Kerber formula modified by I.P. Ashmarin and A.A. Vorobyev
[17]. Minimum number of spores causing 100 % death of mice was referred to
as LDIO().

DNA-sorb-S.M variant 50 (Central Research Institute of Epidemiology,
Moscow) was used for total (chromosome and plasmid) DNA extraction.

Test system AmpliSens® Bacillus anthracis-FRT (Central Research In-
stitute of Epidemiology, Moscow) was used in PCR to identify genetic deter-
minants of capsular polypeptide and toxin, the main pathogenies factors. Multi-
locus variable number tandem repeat analysis (MLVA) was carried out for 20
chromosomal and plasmid VNTR (variable number tandem repeat) loci with
PCR primers [18] of a reagent kit for genetic typing anthrax strains by fragment
analysis (OM-Anthrax-Genotype, Sintol LLC, Moscow). PCR and MLVA pro-
tocols were as per guidelines for test systems (an amplifier C1000 Touch Ther-
mal Cycler with module for PCRq CFX96 Real-Time System, Bio-Rad, USA).
At performance of MLVA [18], sequencing of each locus was done in an 8-
capillary automated genetic analyzer NANOFOR 05 (Trial Plant of Science In-
strument Engineering RAS, Chernogolovka).

UPGMA was used to plot MLVA data based dendrogram.

Results. Geographic origin of the studied isolates are given in Table 1.

1. Strains of Bacillus anthracis isolated in Russia 2014-2016

Strain | Inventory No. | Origin
Volgograd Region
(substracted in Volgograd Regional Veterinary Laboratory, 2014)

6246 370 Bovine spleen
3158/317-318 371 Soil
3184/410 372 Biomaterial (Dubtsovsky District)

Chuvash Republic
(substracted in Chuvash Republican Veterinary Laboratory, 2016)
5833 373 Burial soil
Yamal-Nenets Autonomous District
(substracted in All-Russia R&D Institute of Veterinary Virusology and Microbiology at Russian Academy of Agri-
cultural Sciences, 2016)

5875 374 Reindeer ear
5885 375 Reindeer ear
5886 376 Reindeer ear
6017 377 Discharges from nose of Lappish reindeer dog
6019 378 Reindeer ear
6063 379 Reindeer ear

6064 380 Reindeer ear




2. Manifestation of phenotype, serological, and biological properties associated
with pathogenicity in strains of anthrax agents Bacillus anthracis substracted
at the Russian territory in 2014-2016

Strain [ 1 [2]3J4]5]e6]7]8]oJoJufJr[i3[i4]i15]16]17
6246 T R - + + + + 4+ + - +++ + +++ o + = +
3158/317-318 T R - + + + + + + - 4+++ + +++ o + £ +
3184/410 T R - + + + + + + - 4+++ + +++ o + £ +
5875 T R - + + + + + + - 4+++ - +++ o + + +
5885 T R - + + + - + + - 4+++ - +++ o + + +
5886 T R - + + + - + + - +++ - +++ o« + + +
6019 T R - + + + + + + - +++ - +++ o + + +
6063 T R - + + + - + + - +++ - +++ o« + + +
6064 T R - + o+ o+ - L S T o o S +  + o+
6017 T R - - + - - - - - ++tt + o« +  + o+
5833 T R - + + + + + + - 4+++ + +++ o + + +

Note. 1 — cell morphology, 2 — colony morphology, 3 — phosphatase activity, 4 — spore formation, 5 — presence
of plasmid pXOI, 6 — presence of plasmid pxo2, 7 — toxin production in vitro, 8 — capsulation in vitro, 9 — capsu-
lation in vivo, 10 — lecithinase activity, 11 — protease expression, 12 — synthesis of protocatechuic acid, 13 — he-
molysine expression, 14 — hemolysis type, 15 — absorption of Congo Red, 16 — lysis by phage Fah-VNIIVViM, 17
— lysis by phage RD-ph-6. T — standard morphology, R — R type colonies (rough); «t+/-» — manifestation of
the trait is positive/negative, «t» — weak sensitivity to phage.

3. Biochemical activity in strains of anthrax agents Bacillus anthracis substracted at
the Russian territory 2014-2016

Strain [ 1]2[3]4]5]6]7[8]9]10]t1]12]13]14]15]16][17]18]19]20]21]22]23]24
6246 - - -+ - - - -+ - -+ - - -+ - - - - - - -+
3158/317-318 -+ -+ - - - - 4+ - - + - - - 4+ - - - - - - - 4+
3184/410 i
5875 - - - - - - - -+ - -+ - - -+ - - - - - - +
5885 P S
5886 - - -+ - - - -+ - -+ - - -+ - - - - - -+ +
6019 - - - 4+ - - - -+ - -+ - - -+ - - - - - - -+
6063 - - -+ - - - -+ - -+ - - -+ - - - - - - -+
6064 e
6017 - - -+ - - - -+ - -+ - - -+ - - - - - - -+
5833 e
Note. I, 2, 3, 4, 5, 6 — fermentation of arabinose, mannitol, ramnose, saccharose, adonitol, methyl-D-
glucoside; 7 — production of indole, 8 — utilization of citrate; 9, 10, 11, 12, 13, 14 — fermentation of cellobi-
ose, mannose, salicine, tregalose, galactose, inulin; 15 — production of ONPG (ortho-nitrophenyl--D-

galactopyranoside), 16 — Voges-Proskauer test, 17, 18, 19, 20, 21, 22 — fermentation of inositol, raffinose, sorbi-
tol, xilose, methyl-D-mannoside, melicitose; 23 — arginine decomposition, 24 — reduction of nitrates to nitrites;
«+/—» — manifestation of the trait is positive/negative.

At studying of the main identification traits of B. anthracis strains, it was
established that working collection was represented by 10 standard virulent cultures
and one strain atypical for capsule and spore formation. Comprehensive assessment
of strain properties shown insignificant differences in phenotype (growth mor-
phology in liquid and on solid nutritious mediums, motility, Gram staining, capsu-
lation in vivo and in vitro, spore formation), biochemical activity (proteolytic,
hemolytic, lecithinase, phosphatase, glycolytic activities, synthesis of protocate-
chuic acid, Congo Red absorption), antigen properties (Ascoli's thero precipita-
tion test), sensitivity to anthrax bacteriophages Fah-VNIIVViIM and RD-ph-6,
toxin production in vitro, plasmid profile (PCR detection of fragments of genes
for capsule and toxin formation), sensitivity to antibiotics recommended for vet-
erinary use (Tables 2, 3). Except for strain No 6017 from Lappish reindeer dog,
all cultures have highly expressed hemolysine and proteases, produce capsule
polypeptide in vitro (mucous colonies of S, M or SM type on medium for cap-
sulation and toxin production) and in vivo (capsulated rods in cytological
preparations from organs of died mice), cause a-type hemolysis of erythro-
cytes, and absorb Congo Red. Distinctive property of B. anthracis isolates from
Yamal-Nenets Autonomous District is lack or weak production of protocate-



chuic acid. Strains were visually divided into producing toxin in vitro (No 6246,
3158/317-318, 3184/410, 5833, 5875, 6019) and non-producing (No 5885, 5886,
6017, 6063, 6064). Studied cultures also differed in sensitivity to anthrax phages:
all were lysed by phage RD-ph-6, however strains No 6246, 3158/317-318 and
3184/410 were poorly sensitive to phage Fah-VNIIVViM.

Strains were divided into four groups (Table 4) subject to classification
(19) for LDs, in outbreed white mice which is deemed the most objective value.

4. Virulence of Bacillus anthracis strains isolated in Russia during 2014-2016 in
outbreed white mice

. Indicator, spores per animal ]

Strain LD 10 ‘ LDs, Virulence assessment
6246 5.4x102 8 Highly virulent
3158/317-318 6 Not titered Highly virulent
3184/410 1.2x102 5 Highly virulent
5833 30 6 Highly virulent
5875 20 5 Highly virulent
5885 1.1x103 7 Highly virulent
5886 1.7x102 12 Virulent
6017 Not titered Not titered Avirulent
6019 4.7x102 19 Moderately virulent
6063 150 10 Virulent
6064 60 21 Moderately virulent

Six of the studied strains are highly virulent, two are virulent, and two
are moderately virulent. B. anthracis isolated from Lappish reindeer dog
(No 6017) do not cause death in outbreed white mice and is referred to as aviru-
lent. LDj5 for the studied strains was of 5 to 37 spores per animal, LD1q of 6 to
2000 spores per animal. Determination of LDs, in strain No 3158/317-318 was
impossible since total value of LDy was only 6 spores per animal.

Nine of 11 studied strains are naturally resistant to polymyxin B, sensitive
and highly sensitive to levomycetine, kanamycin, penicillin, tylosin, strepto-mycin,
neomycin, tetracycline, ampicillin and enrofloxacin. Strain No 6246 is resistant
to kanamycin and streptomycin (Table 5).

5. Antibiotic sensitivity of Bacillus anthracis strains isolated in Russia during 2014-

2016

Strain | 1 [ 2] 3] 4] 5] 6 ] 771 8 1] 9 ]10
6246 S S MS S MS MS R R MS R
3158/317-318 S S S S S S S MS S R
3184/410 S S S S S S S MS S R
5875 S S S S S S S S S R
5885 S S S S S MS S MS S R
5886 S S S MS MS R MS MS S R
6019 S S R S MS MS MS MS S R
6063 S S S S S MS S MS S R
6064 S MS S S MS MS S MS S R
6017 S S S S S MS S S S R
5833 S S S S S MS S S S R

Note. 1 — ampicillin, 2 — penicillin, 3 — neomycin, 4 — enrofloxacin, 5 — tylosin, 6 — levomycetine, 7 —
streptomycin, 8 — kanamycin, 9 —tetracycline, 10 — polymixin B; R (resistance) — poorly sensitive; MS (medi-
um sensitive) — medium sensitive; S (sensitive) — sensitive.

B. anthracis is one of the most genetically homogenous pathogens that
challenges identification. Multilocus variable number tandem repeat analysis was
used to tackle the problem. MVLA ensures PCR identification of bacterial DNA
areas which are shortened or elongated during erroneously copying caused by
slipping replication fork [20]. MLVA typing was performed for 20 VNTR loci at
multiplex DNA amplification with estimation of lengths of fluorescently labeled
products for each VNTR locus. Number of repeats in each locus was used to
calculate the distances between strains (Fig.).
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Dendrogram of phylogenetic relations of the studied
Bacillus anthracis isolates (MLVA, UPGMA method):
cluster I — strains denoted as 38-40 are No 5875,
5885, 5886), 42-44 are No 6019, 6063, 6064); clus-
ter II — strain denoted as 41 is No 6017); cluster
III — strains denoted as 33-35 (are No 6264,
3158/317-318, 3184/410); cluster IV — strain denoted
as 37 is No 5833 (State Collection of Microorganisms,
Federal Research Center of Veterinary and Microbi-
ology; see description of strains in Table 1).

MLVA data divide the strains in-
to four clusters. Strains isolated from
reindeer during outbreak of anthrax in
Yamal-Nenets Autonomous District in
2016 form cluster I, one strain (No 6017,
isolated from Lappish reindeer dog,
Yamal-Nenets  Autonomous  District,
2016) is in cluster II, strains from Volgo-
grad Region (2014) form cluster III, and
cluster IV includes B. anthracis isolates
from burial soils in Chuvash Republic (see
Fig., Table 6).

This information confirms previ-
ously established facts that strains isolat-
ed from reindeer and humans in 2016 in
Yamal-Nenets Autonomous District have
one and the same MLVA genotype [21],
and that different anthrax strains circu-
lating in certain territories have geo-
graphically affiliated genotypes [22-25].

Significant differences are found
in strains from clusters I and III by 1-2
loci inside cluster that may evidence on
their subculture in sensitive animals.

6. MLVA-based genotyping of Bacillus anthracis strains isolated in Russia during

2014-2016 for 20 VNTR loci

Strain [ 1] 2[3[4]5[6[78][8]9]10]11]12°[13b[14]15]16°[17]18]19]20
Cluster III

6246 30 31 14 9 45 13 8 20 13 57 78 4 20 S5 20 148 4 4 14 17

3158/317-318 30 31 14 9 45 13 10 20 13 57 78 4 20 S5 20 12 4 4 14 17

3184/410 30 31 14 9 45 1310 20 13 57 78 4 20 S5 20 12 4 5 14 17
Cluster I

5875 27 27 15 10 45 14 9 16 14 53 17 3 21 3 23 9 3 5 14 15

5885 27 27 15 10 45 14 9 16 14 53 17 3 21 3 23 9 3 5 14 15

5886 27 27 15 10 45 14 9 16 14 53 17 3 21 3 23 9 3 5 14 15

6019 27 27 15 10 45 14 9 16 14 53 17 3 21 3 23 9 3 5 14 15

6063 27 27 15 10 45 14 9 16 14 53 17 3 21 3 23 9 3 5 14 15

6064 27 27 15 10 45 14 8 16 14 53 17 3 21 3 23 9 3 5 14 15
Cluster II

6017 24 30 16 12 45 13 8 20 13 57 75 — — 4 20 — 4 4 14 16
Cluster IV

5833 30 30 14 9 45 13 10 20 13 57 75 4 20 4 20 13 4 4 14 16

Note. VNTR — variable-number tandem-repeat; number of repeats in locus are indicated (from 1 to 45). Loci:
1 — Geb-Bams3, 2 — Geb-Bamsl13, 3 — Geb-Bams22, 4 — Geb-Bams23, 5 — Geb-Bams15, 6 — VNTR32, 7 —
pXO1 aat, 8 — virC2, 9 — Geb-Bamsl, 10 — virCl, 11 — Geb-Bams30, 12 — VNTRI17, 13 — VNTRI6, 14 —
vrrA, 15 — virB1, 16 — CL33, 17 — VNTR23, 18 — VNTR35, 19 — vrrB2, 20 — CL12; @ — locus located on
plasmid pX01 B. anthracis, ® — polymorphic loci located on plasmid pX02 B. anthracis; dashes mean that locus
in not found.




Discovery in one anthrax outbreak (Yamal-Nenets Autonomous District,
2016) of the strains relating to two different clusters (I and II) allows assumption
on presence of at least two sources of animal infection. However, this hypothesis
requires further confirmation.

Thus, by main phenotypic properties and diagnostic features, anthrax
strains isolated during 2014-2016 in three Russian Federation districts do not
practically differ from the typical strain. Our findings indicate that these isolates
belong to four MLVA20 genotypes having different geographic affiliation. The
exception is Bacillus anthracis strain No 6017 (isolated from Lappish reindeer
dog) on the position between strains from Volgograd Region and Chuvash Re-
public. The studied isolates possess high epizootic danger which is confirmed by
the presence of pathogenic factors in vitro and high virulence in laboratory ani-
mals. This necessitates microbiological monitoring of anthrax burials and places of
ani-mal death (together with improved preventive measures).
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Abstract

Postpartum endometritis prophylaxis in high producing dairy cows in the intensive animal
husbandry is an urgent one because of great economic losses resulted from the productive function
disorder, decreased performance and premature culling. Opportunistic pathogenic microflora and
disbacteriosis may cause postpartum endometritis along with specific infections. Potentially danger-
ous pathogenic bacteria from cows with gynecological pathology contaminate the calves at birth,
causing gastrointestinal diseases. Various pharmaceuticals and biologicals could be used to prevent
postpartum endometritis, including those providing antioxidative effects, immunomodulatory activity,
normalization of hormonal and metabolic status in cows’ genitals and uterine involution. Antibiotics
are in most common use, though their frequent application is accompanied by microecological dis-
orders. Probiotics are considered as a perspective alternative to antibiotics for correcting genital mi-
croflora in calving cows. In the paper we report a study of the impact of probiotics Giprolam and
Simbiter-2 on microflora of down-calving cows’ birth canal in view to prevent postpartum endometritis
and intestinal disorders in calves. Thirty-six red-and-white cows with milk yield of 5100-5400 kg for
previous lactation were chosen. The cows of the group 1 (» = 12) and group 2 (n = 12) have re-
ceived Giprolam and Simbiter-2, respectively, for 5-7 days prior to calving every 24 hours, 100 cm?
intravaginally. The cows of the group 3 (n = 12) served as a control (no probiotics). Clinical obser-
vations were carried out in mother cows for 14 days after calving, and in the calves during colostrum
period. Indigenous and opportunistic microflora was studied in the birth canal before and after calv-
ing, in colostrum and in large intestine in the calves. Bacteriologic examination of cervical mucus,
reproductive tract discharge, colostrum, excrement, as well as cultural, morphological and biochemi-
cal study were performed traditionally. The efficacy of probiotic treatment has been stated. The ex-
periments showed that Giprolam and Simbiter-2 in 71.4 % and 85.8 % cases, respectively, could
effectively provide a physiological level of postpartum indigenous microflora, prevent colonization of
the reproductive tract by opportunistic and pathogenic microflora and restrict postpartum endometri-
tis. The mother cow treatment with Giprolam and Simbiter-2 could also prevent gastrointestinal
diseases in 50.0 % and 41.7 % of the calves, respectively. The high potency of these probiotics is due
to lactic acid bacteria capable of genital tract colonization, providing optimal indigenous microflora
level and the resistance of the genital tract to harmful microflora.

Keywords: cows, microflora of maternal passages, microflora of colostrum, microflora of
intestine in calves, probiotics, postpartum endometritis, prophylaxis

High incidence of acute postpartum endometritis in cows results in sig-
nificant economic loss due to reproduction malfunction, milk production losses,
and anticipated culling of animals [1-5]. Along with agents of infectious diseases
[6-8], opportunistic pathogenic microbial flora and disbacteriosis manifested by
persistent quantitative and qualitative changes in bacterial community of normal
microbial flora plays an important role in the etiology and development of post-
partum endometritis [9-11]. At gynecologic pathology in cows, the possible patho-
genic bacteria may infect calves at birth causing gastrointestinal diseases [12].



Selenium medicines with antioxidant and immunomodulatory effect [13,
14], medicines from placenta normalizing postpartum hormonal-metabolic and
involution processes in genitals [15, 16], preparations intensifying the uterine
activity [17-19], and antimicrobial medicines [20-22] are recommended for use
to prevent development of postpartum endometritis in cows. One of the main
postpartum endometritis preventative measures is use of means eliminating in-
flammations [23, 24]. Use of antibacterial medicines during 3 days postpartum
with preventative purpose does not have significant effect on vaginal microbio-
cenosis. At the same time, long-term treatment course decreases quantitative
and qualitative characteristics of normoflora, increases pH of vaginal secret that
prevents recovery of vaginal microbiocenosis postpartum and creates conditions
for propagation of opportunistic pathogenic microbial flora [25, 26]. Number of
lactobacillus and bifidobacterium is significantly decreased, and opportunistic
pathogenic microbial flora increases in the genital tract postpartum causing post-
partum purulent-septic diseases due to washing out of microorganisms from vagina
by amniotic fluid and blood, traumatization of birth canal, and contamination of
vagina by intestinal microflora [27, 28]. Recovery of protective microbial flora
at disbiotic disorders without the use of biotherapeutic medicines is challenged
as confirmed by disease recurrences [29-33].

Today, use of probiotics as the most essential competitors of pathogenic
and opportunistic pathogenic microflora serves as an alternative to antimicrobial
medicines [34-37]. However, their use in the first day postpartum does not al-
ways prevent occurrence and development of catarrhal endometritis that is due
to disbiotic disorders in vaginal microbiotype before birth. In this regard, it is
perspective to use probiotic medicines for correction of microbionenosis of birth
canals in cows prior to calving.

In present study, we have for the first time shown the need for intravaginal
use of probiotics to down-calving cows for prevention of postpartum endometritis
that also promote optimization of intestinal microbiocenosis in newborn calves
and their addiction to gastrointestinal diseases.

Purpose of this study is to learn corrective effect of Giprolam and Sim-
biter-2 probiotics on vaginal microbial flora in down-calving cows.

Techniques. Study was carried out in commercial dairy farm Vysokoye
(EcoNivaAgro LLC, Liskinsky District, Voronezh Region) in 36 animals of red
and pied breed with milk yield in the past lactation of 5100-5400 kg. During in-
terlactation period cows were kept loose housing at deep litter. Groups were
formed accounting for the expected calving term. Animals were moved to pre-
calving section and, afterwards, to calving section during 10-15 days. Cows were
divided into three groups. Within 5-7 days before calving, animals of trial group I
(n = 12) were treated daily (with 24 hour interval) intravaginally by probiotic
medicine Giprolam (Biotechagro LLC, Russia) by Janet’s syringe and gynecologic
pipette (100 ¢cm3, 5-7 injections). Multiprobiotic Simbiter-2 (Research Industrial
Enterprise O.D. Prolisok, Ukraine) was injected intravaginally in cows of trial
group II (n = 12) according to similar scheme [38]. Medicines were not provid-
ed to group III (control, n = 12).

Clinical surveillance was performed over cows within 14 days following
calving and over calves in colostral period. State of birth canal microbiocenosis
before and after calving, quantitative and qualitative bacterial composition of
colostrum and large intestines in calves was assessed by quantity and frequency
of occurrence of indigenous and opportunistic pathogenic microbial flora. Bacte-
riologic tests of cervical mucus, discharges from genital tracts, colostrum, excre-
ments, studying of cultural and morphologic properties of identified microorgan-
isms were carried out by commonly accepted methods [39].



Preventative effectiveness of probiotics was determined by formula:
E =100 x (B-A)/B,
where E stands for effectiveness, %; A and B are disease frequency amongst an-
imals treated and not treated with medicine, % [40].

Obtained results are presented as mean values (M) and standard errors of
the mean (+m).

Results. Giprolam medicine (registration No PVR 1-35.13/02987) is a
suspension which contains viable strains of lactobacillus Lactobacillus fermentum
44/1 (Russian National Collection of Industrial Microorganisms B-2940) and
Lactococcus lactis subsp. lactis 574 (Russian National Collection of Industrial
Microorganisms B-3145), nor less than 1x108 CFU/cm3, and additional sub-
stances (water, milk serum, glucose, and yeast extract). Lactobacillus strains are
able to succeed in birth canals of cows and have antagonistic effect on opportunis-
tic pathogenic microbial flora penetrating to womb. Multiprobiotic Simbiter-2 —
is a multicomponent medicine for normalization of vaginal microflora in female
organism. Medicine is based on the key protective microorganisms of urogeni-
tal tract, i.e. bacteria Lactobacillus acidophilus, L. casei, L. plantarum, L. gas-
seri, L. brevis, Bifidobacterium bifidum, B. longum, B. breve, B. infantis, B. adoles-
centis, Propionibacterium freudenreichii ssp. shermanii, P. acidipropionici. They
actively ferment glycogen to organic acids, synthesize hydrogen peroxide, bacte-
riocine and lysozyme having high adhesive ability regarding epiteliocytes, pro-
duce vitamins and polysaccharides [38].

1. Microbial flora (Ig CFU/cm3) of birth canals in red and pied cows at treatment
by Giprolam and Simbiter-2 probiotics (M+m)

Bacteria | Group | | Group 11 | Group II1
Lactobacillus spp. 7.53£0.59* 7.64%0.83* 6.55+0.71*
7.64%0.61* 7.58+0.10* 5.64+0.94*
Bifidobacterium spp. 7.64%0.72* 7.784+0.69* 6.50+0.46*
7.75£0.86* 7.54%0.73* 5.47£0.68*
Corynebacterium spp. 2.25+0.02* 2.49+0.17* 2.324+0.19*
2.20+0.01* 2.66+0.23* 3.51£0.41*
Staphylococcus saprophyticus 5.524+0.49* 4.61+0.16* 5.86+0.12*
5.76x0.17* 4.55+0.21* 5.61+0.81*
Staphylococcus epidermidis 3.64%0.02* 4.62+0.61* 5.3740.25*
4.54+0.74* 5.59+0.32* 4.32+0.17%

Staphylococcus aureus
Streptococcus group C
Enterococcus faecalis
Streptococcus spp. hemolytic
Enterobacter spp.

Escherichia coli

not isolated
not isolated
4.5040.16 (50.0)

not isolated
not isolated
4.5740.69 (25.0)

4.4310.58 (50.0)
not isolated
2.6310.01 (25.0)
not isolated
3.91£0.01 (25.0)
not isolated
not isolated
2.51%0.89 (25.0)

4.5110.65 (33.3)
3.9540.01 (16.7)
3.4910.01 (25.0)
2.5610.86 (8.3)
3.64%0.73 (8.3)
2.7740.85 (8.3)
not isolated
3.4610.25 (16.7)

not isolated

not isolated

not isolated
4.3240.03 (25.0)
5.70£0.45 (75.0)
6.6410.81 (75.0)
3.67£0.22 (25.0)
4.35+£0.85 (75.0)
5.68+0.38 (25.0)
5.3910.52 (75.0)

not isolated
4.49%0.02 (25.0)

4.52+0.74 (25.0)
5.70£0.65 (50.0)

N ote. See description of groups in section “Methodology”. Figures in parenthesis show frequency of isolation,
%; microorganisms marked by star were identified in 100 % of animals. Values prior calving and after calving are
above and under bar, respectively.

Microflora of birth canals before administration of medicines (Table 1)
and in control group within 5-7 days before calving did not significantly differ.
Lactobacillus, bifidobacteria, Corynebacterium spp., Staphylococcus saprophyticus
and S. epidermidis were found in all specimens, while Streptococcus group C and
FEscherichia coli were rare. Besides, hemolytic streptococci Enterococcus faecalis
were found prior to administration of Simbiter-2 in group II and in control ani-
mals, and Enterobacter spp. — prior to treatment with the probiotic (see Table 1).

During the period before calving, due to Giprolam, positive dynamics in
lactobacillus (growth by 1.5 %), bifidobacteria (by 1.4 %), Staphylococcus saprophyti-



cus (by 4.2 %), and epidermal staphylococcus (by 19.9 %) counts occurs in birth
canal, with notable trend towards reduction of the number of streptococcus
group C (by 1.6 %). In 25.0 % cases, Enterococcus faecalis and hemolytic strepto-
cocci but no FEscherichia were isolated (see Table 1). Prior to administration of
Simbiter-2, number of lactobacillus and bifidobacteria was optimal, number of
epidermal staphylococci grew by 17.4 %, hemolytic streptococci grew by 29.7 %,
and number of Enterococcus faecalis decreased by 11.7 %. Escherichia and Enter-
obacter spp. were not found (see Table 1).
After calving, abundance of lactobacillus (by 13.9%), bifidobacterium (by
15.9%) was reduced in the control group with increase of the number of opportunis-
tic pathogenic microflora: streptococci group C — by 14.2 %, FEnterococcus
faecalis — by 15.7 %, Escherichia — by 20.7 %. Frequency of isolation of
FEnterococcus faecalis, hemolytic streptococci and Escherichia increased by 50.0;
50.0 and 25.0 %, receptively, besides, at frequency of 25.0 %, staphylococci au-
reus and Enterobacter spp. were isolated (see Table 1). In group I, number of
lactobacilli and bifidobacteria was 26.2 and 29.4 % higher than in control,
while abundance and frequency of streptococci group C was 33.3 and 25.0 %
lower than in control, Enterococcus faecalis — by 39.6 and 50.0 %, hemolytic
streptococci — by 27.5 and 50.0 % lower. Staphylococci aureus, Escherichia and
Enterobacter spp. were not found. Number of lactobacilli in group II as compared to
control was 25.6 % higher, of bifidobacteria —27.5 % higher, count of streptococci
group C was 32.1 % lower, of Enterococcus faecalis — 32.5 % lower, hemolytic
streptococci — 19.8 % lower. Staphylococci aureus, Escherichia and Enterobacter
spp. were not found. In animals treated by Simbiter-2 frequency of hemolytic
streptococci and streptococci group C was 16.7 % lower than in animals treated
with Giprolam.
2. Preventative effectiveness of use of Giprolam and Calving in cows

Simbiter-2 probiotics in red and pied cows treateq with prol.)iotics
was without obstetric aid,

Indicator | Group I | Group II | Group II .
Number of animals 12 12 12 while frequency of puru-
Delivery, min (M=+m) 60+10 30+10 120430 lent-catarrhal endometri-
Postpartum endometritis, 1 4
oo () 24167 L 83) 7 (583) tis did not exceed 16.7 %
Preventative effectiveness, % 71.4 85.8 (Table 2) In control in
N ote. See description of groups in section “Methodology”. 500 % cases, COws were

rendered with obstetric aid,
fetal removal was 2 and 4 times longer than in groups I and II, one cow and its calf
died, and acute purulent-catarrhal endometritis was in over half of animals (see
Table 2).

Intravaginal injection of Giprolam and Simbiter-2 in down-calving cows
promotes postpartum indigenous microflora at physiological level, prevents coloni-
zation of birth canals by opportunistic pathogenic microflora and occurrence of
postpartum endometritis in 71.4 and 85.8 % cases.

Correction of birth canal biocenosis in cows was accompanied by opti-
mization of quantitative and qualitative composition of colostrum microflora. In
day 1 postpartum, in colostrum of animals treated with Giprolam the number of
lactobacilli and bifidobacteria was 9.8 and 29.2 times higher than in control,
Staphylococcus epidermidis was 6.6 times less; Staphylococci aureus, streptococci
group D and Escherichia were not found. Colostrum of cows from group II con-
tained 6.7 and 17.5 times more lactobacilli and bifidobacteria, 1.5 times less
Staphylococcus epidermidis. Staphylococcus aureus was 2.3 times less frequent at 11
times lower count; streptococci group D and Escherichia found in the control
with frequencies of 25.0 and 8.3 % were not isolated. Comparison of Giprolam



and Simbiter-2 effects shows that Giprolam increases number of lactobacilli and
bifidobacteria 1.5- and 1.7-fold, Staphylococcus epidermidis was 4.3 times less,
and Staphylococcus aureus was not found.

Intravaginal administration of probiotics had positive effect on formation
of gastrointestinal normoflora in calves, formation of which starts from fetal
movement through the mother’s birth canals and directly depends of the sanitary
quality and timely production of colostrum (milk), being the lactobacillus and
bifidobacterium source. In the day 1 of life, quantity of lactobacillus in the large
intestines of calves from cows treated with Giprolam, as compared to control, was
237.4 times higher, bifidobacteria —38.9 times higher, and lactose positive Esche-
richia — 2.2 times higher than in control, ratio of the latter and lactose negative
FE. coli increased 17.7 times; quantity of FEnterobacter and Citrobacter genera was
3.5 and 10.7 times less; staphylococci and protei were not found. On day 7,
quantity of lactobacilli and bifidobacteria was 165.5 and 131.3 times higher,
saprophyte staphylococci was 8.3 times higher; opportunistic pathogenic micro-
organisms Enterococcus faecalis was 21.7 times less, Enterococcus faecium — 25.3
times less, lactose negative Escherichia — 8.7 times less, Citrobacter and Enterobac-
ter genera — 10.9 and 18.5 times less. On day 1, quantity of lactobacilli was 19.7
times higher than in the control, bifidobacteria — 15.6 times higher, lactose pos-
itive FEscherichia — 16.3 times higher; opportunistic pathogenic Citrobacter and
Enterobacter bacteria were 29.7 and 7.4 times less; Staphylococcus aureus and pro-
tei were not found on day 1 in the large intestines of calves from cows treated with
Simbiter-2. Optimization of normaflora in calves during colostral period due to
microecologic effects of Giprolam and Simbiter-2 prevents gastrointestinal dis-
eases in calves in 50.0 and 41.7 % cases, respectively.

Therefore, correction of vaginal biocenosis in down-calving cows by
Giprolam and Simbiter-2 to a significant degree prevents development of acute
postpartum endometritis. High effectiveness of use of such probiotics is due to
ability of lactobacilli to colonize birth canals of mother-cows and maintain the
optimal composition of indigenous microflora to prevent infection by pathogenic
microorganisms and excessive colonization of birth canals by opportunistic path-
ogenic bacteria. Such treatment also optimizes quantitative and qualitative mi-
croflora composition of colostrum and intestines of calves that prevents their
gastrointestinal diseases.
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Abstract

Lumpy skin disease caused by lumpy skin disease virus (LSDV, Capripoxvirus, Poxviridae)
is a capripoxviral disease with significant morbidity in cattle, which necessitates the development of
reliable diagnostic tools in the context of live vaccine administration. OIE-recommended PCR assays
target not only LSDV but also sheep pox virus and goat pox virus. Conventional PCR is prone to
carry-over contamination, whereas real-time PCR offers more advantages, including prevention of
amplicon carryover contamination post amplification. In this paper we report the development of a
PCR real time assay for the detection of field isolates of lumpy skin disease virus in clinical samples
from cattle. The specificity was validated against a panel of homologous and heterologous viruses
retrieved from the strain depository of FGBI ARRIAH. The PCR assay was shown to be highly spe-
cific toward field LSDV. When tested in the presence of vaccine strain DNA and related capripox-
viruses, no false-positive results were obtained. Using a series of 10-fold dilutions the assay proved to
be highly sensitive with a detection limit of 0.21 Ig TCDsp/ml. The calculated efficiency of amplifi-
cation was 98.6 %, with SD ranging from 0.11 to 0.33 over five orders of magnitude. The PCR assay
was also validated on samples from experimentally inoculated bulls. The animals received a subcuta-
neous injection of a field LSDV and were tested for the presence of LSDV DNA in blood and nasal
swab in comparison to PCR by D.C. Ireland u Y.S. Binepal (1998) (data not shown). Overall, the
presented assay demonstrated high specificity and sensitivity and can be recommended as a diagnos-
tic tool for the detection of field isolated of LSDV.

Keywords: lumpy skin disease, diagnostics, real-time PCR, genome, virus

Capripoxviruses of Capripoxvirus genus (infectious virus of nodular der-
matitis in bovine animals, capripoxvirus in sheep and goats) are agents of cross-
border zoonotic diseases in large and small cattle, which represent serious threat to
cattle breeding industry, causing significant losses to farming and country econo-
mies [1, 2]. During the past few years, due to intensive trading and, possibly,
natural factors, capripoxviruses had started massive dissemination northwards,
including countries of Near East, Europe, Turkey, and Russia [3-7]. Today,
lumpy skin disease virus (LSDV) in large cattle is deemed the most dangerous.
Massive spread of LSDV in 2015-2016 at south of Europe, Balkan Peninsula,
and in the Russian Federation, has reinforced the need to use highly sensitive
methods for monitoring and accurate diagnosis of the disease as soon as possible
for timely and adequate preventative and protective measures.

LSDV (Capripoxvirus genus, Poxviridae family) genome consists of double-
stranded DNA [8]. LSDV transmission occurs mechanically through bites of in-
sects or through contaminated feed, water, and sperm at fertilization [1, 8-11].
Recent studies established the role of mites in spreading LSDV [12, 13].



LSD is cross-border viral disease in large cattle that is accompanied by
fever, reduction of live weight, injury of lymphatic system, swelling of internal
organs, formation of nodes (nodules, bumps) on skin and internal organs [14].
Recently, disease is included in the list of World Organization for Animal Health
(International epizootic bureau, OIE — IEB, Paris) [15]. Infection of large cattle
by nodular dermatitis is subject to compulsory notification. Subject to Decree Nr.
62 of the Ministry of Agriculture of the Russian Federation dated March 09, 2011,
infectious nodular dermatitis in large cattle is included in the List of infectious and
other diseases in animals, but is not included in the List of infectious, including
highly dangerous diseases, for quarantine, approved by the Ministry of Agriculture
of the Russian Federation Nr. 476 dated December 19, 2011.

Earlier, LSD seasonally emerged in large cattle in African countries [16].
Unprecedented spread of LSD causative agent at south of Russia in 2015-2016
[5, 17] emphasizes the need for highly sensitive and specific diagnostic tests. IEB
recommends detecting LSDV genome by PCR [15], with both classic PCR [18]
and real-time PCR used [19]. The problem is that the IEB tests also detect
DNA of sheep and goat capripoxviruses and not discriminate these viruses from
cattle capripoxvirus. Besides, in classic PCR there is a risk of contamination of
amplification products as electrophoretic detection is needed. C.E. Lamien et al.
[20] suggest PCR amplification with high-resolution melting analysis of DNA
fragments to detect of LSDV and capripoxvirus of sheep and goats. However,
this method is unusable in routine diagnostics because of high dependence on
DNA quality and concentration. Besides, use of live Neethling strain-based vac-
cines against LSD requires tests able to identify and differentiate field isolates.

We propose rapid, reliable, sensitive, and specific real-time PCR method
to identify DNA of LSDYV field isolates in tissues and organs of experimentally
and naturally infected animals.

Purpose of this research was development and validation of real-time
PCR test for identification of LSDV DNA in biomaterial.

Techniques. Total DNA was extracted from 100 ul analyzed specimen
suspension with RIBO-sorb kit (Central Research Institute of Epidemiology,
Moscow) subject to the producer’s instruction.

Primers and probes were developed with Primer3 Engine Software
(available at http://biotools.umassmed.edu/bioapps/primer3_www.cgi) and synth-
esized (Beagle Biotechnology, Saint Petersburg). For detection of virus, we used
primers 2 TAGAAAATGGATGTACCACAAATACAG and r33 TTGTTACAA-
CTCAAATCGTTAGGTG, and probe Tagman ACCACCTAATGATAGTGT-
TTATGATTTAC 5'-end labeled with fluorescent dye carboxyfluorescein (6FAM),
and 3'-end labeled with fluorescence quencher BHQ-1.

For PCR, we used reagent kit GoTaq Flexi DNA Polymerase, 5% Col-
orless GoTaq PCR Buffer, MgCl, (Promega Corp., USA) and 100 mM dNTPs
(Invitrogen, USA). Ultimate 25 ul reaction mixture contained 5 pl 10X PCR
buffer, 3 ul of 25 MM MgCl,, 0.5 ul 10 nmol dNTP, 12.5 pmol of each primer
(forward and reverse), and 7.5 pmol probe. Real-time PCR (qPCR) was carried
out with the use of a Rotor Gene instrument (Qiagen N.V., Germany). PCR
protocol was as follows: 10 minute activation at 95 °C; 40 cycles including 15
seconds at 95 °C and 1 minute at 60 °C.

The results were interpreted based on intersection of fluorescence curve
and threshold line that correlates to presence or absence of threshold cycle value
Ct in relevant column in the table of results at machine-based analysis. Results
were deemed valid provided positive (Ct < 30) and negative (Ct not identified)
amplification controls. Specimen was positive (presence of LSDV DNA) if Ct
did not exceed 35, and negative if Ct was absent or exceeded 37.



Primer specificity was checked with BLAST online resource software
(https://blast.ncbi.nlm.nih.gov/) and by testing genetic material of homologous
and heterologous viruses. Specificity was assessed for DNA of each virus individ-
ually and also for several viral DNAs in a single reaction mixture. gPCR analytic
sensitivity was determined with 10-fold dilutions (up to 1073, initial titer of 5.21
lg TCDsp/ml) of reference strain NDV/Dagestan/2015 genome DNA. For statis-
tical verification, 3 repeated tests with 10-fold dilutions of genome DNA were
carried out to assess result linearity.

Six bulls aged 1.5 years were experimentally infected by intravenous in-
jection of 2 ml bovine virus NDV/Dagestan/2015 field strain (5.21 lg TCDs5y/ml)
according to common recommendations. One animal (control) was not infected.
To detect LSDV on days 4 and 14 post inoculation, blood samples stabilized with
EDTA and nasal washes were collected. To confirm qPCR results, animals were
slaughtered at the end of tests to collect biomaterial for virus isolation in contin-
uous lamb testis cells (collection of cell cultures of the Federal Center for Ani-
mal Health Control) as per description [21].

Linear regression was plotted with Statistica 10 software (StatSoft, Inc.,
USA). At assessment of repeatability, standard errors (=SD) and determination
coefficient r2 were calculated.

Results. The primers and probe were developed for amplification and de-
tection of LSDV EEV (extracellular enveloped virions, ORF126) gene fragment
with a 27 bps deletion characteristic of other Capripoxviridae members and also
of Neethling vaccine strains but absent in field isolates [22, 23].

Specificity. For testing and optimization of the developed method, we
used DNA of reference strains of heterologous viruses (deposited in collection of
microorganisms of Federal Center for Animal Health Control), as well as DNA
of LSDV strains isolated in different regions of Russia in 2015-2016 (Table 1).
These results indicate absence of false positives and specific identification of field
isolates both separately and at presence of DNA of heterologous viruses (viruses of
sheep and goat pox), as well as vaccine strain.

gqPCR sensitivity. Sensitivity of the proposed method with diagnostic
strain NDV/Dagestan/2015 is 0.21 Ig TCDsp/ml at initial titer of 5.21 g TCDsy/ml.
To assess amplification effectiveness during repeated tests, Ct values were deter-
mined. Based on mean Ct values, we obtained linear regression with amplifica-
tion effectiveness value (E) of 98.6 % (Fig.).

1. Specificity of the developed real-time PCR (qPCR) method in detection of lumpy
skin disease virus (LSDYV) field isolates

DNA source | Origin/collection | qPCR

NDV LC/Dagestan/2015 (reference strain) Russia/FSBE VNIIZZH

NDV LC E-95 Africa/ FSBE VNIIZZH

Attenuated vaccine strain SAR VRI Onderstepoort/ FSBE
VNIIZZH

Sheep pox virus, Afganian strain Afganistan/ FSBE VNIIZZH

Sheep pox virus, strain VNIIZZH Russia/ FSBE VNIIZZH

Sheep pox virus, field isolate Russia (Yaroslavl Region)/—

Goat pox virus, strain Primorskiy 2003 Russia / FSBE VNIIZZH

Goat pox virus, strain VNIIZZH 2003 Russia / FSBE VNIIZZH

Goat plague (PPR) virus plagues, strain VNIIZZH Russia / FSBE VNIIZZH

Vesicular stomatitis virus, strain VNIIZZH Russia / FSBE VNIIZZH

Sheep ecthyma virus, field isolate Russia /—

Cowpox viruss, strain VNIIZZH Russia / FSBE VNIIZZH

Note. FSBE VNIIZZH — Federal Center of Animal Health; dashes mean that sample was not included into the
collection.

Repeatability was determined by standard deviation (=SD) for each series
of dilutions, with the use of Ct values. SD for five 10-fold dilutions varied from
0.11 to 0.33. Determination coefficient r2 is 0.9905.
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Obtained results show (Table 2) that all animals prior to inoculation

were LSDYV negative. On day 4 blood samples of bulls No 1, 2 and 3 were posi-

tive in qPCR while in washes LSDV genome was found in bulls No 2, 5 and 6.

On day 14, LSDV genome was found in all bulls, except for animal No 3, in

washes — in all animals, except for bulls No 1 and No 3. All probes from con-

trol animal were negative in qPCR. In cell culture, virus was isolated from ani-
mals No 2, 3 and 4.

2. Identification of lumpy skin disease virus genome (LSDV) in experimentally infect-
ed bull by real-time PCR method (qPCR) and isolation in lamb testis cell culture

gPCR (Ct values)

Animal No|before day 4 day 14 Vlﬂls ek
infection| blood | nasal wash blood | nasal wash cutture
1 0/- 25.01 nf 24.07 nf -
2 0/- 26.11 29.87 26.30 29.00 +
3 0/- 29.50 0 nf nf +
4 0/- nf nf 29.09 29.40 +
5 0/- nf 29.21 21.00 25.54 -
6 0/- nf 29.44 19.30 29.22 -
Control 0/- nf nf nf nf -

N ote. «»/«+» mean absence/presence of virus at isolation in cell culture, nf — genome not found.

When compared two methods, i.e. the qPCR that we developed and
PCR recommended by IEB [15], we failed to detect viral DNA by classical PCR
if Ct exceeded 26.4 (data not shown).

Main purpose of our research is development of real-time PCR effective
for practical identification of LSDV field isolate DNA in situation when live
homological vaccines against infectious nodular dermatitis in cattle are widely
used. Developed primers and probe were tested for specificity by BLAST and
experimentally with DNA of all members of capripoxviruses of different origin
deposited to strain collection of the Federal Center for Animal Health Control
(see Table 1), as well as related sheep and goat capripoxviruses. Positive results
obtained in all the cases indicate high analytical specificity of developed test-
system. Importantly, that this test system allows identification of only field
LSDYV isolates with negatives for vaccine virus and other related capripoxvirus-
es (see Table 1).

Analysis of scholarly publications shows that gPCR for LSDYV field iso-
late identification described herein is of interest as a routine diagnostic tool. In
Russia, papers on the topic are few and those dealing with diagnostic tests are
practically absent. Validation of commercial test systems known at the Russian
market are also not reported that makes objective comparison reasonable.

Recently, we know the only Russian report [22] on detection and differ-
entiation of capripoxviruses by classic PCR method. Multiplex PCR described



therein has a number of advantages. However it is qPCR that avoids the risk of
cross contamination at identification of LSDV genome due to lowering probabil-
ity of false positives and shortening analysis time since amplification products are
not studied in agarose gel. Also, gPCR method is more sensitive and allows
quantitation. Assessment of viral particle copy number at experimental infection
is outside the scope of this research and will be subject of our further study of
LSDYV biological properties.

We have not found any available information on experimental inocula-
tion of sensitive animals with LSDV in Russian academic periodicals. So this
paper is the first such report. However, data we obtained are insufficient to make
statistically reliable conclusions because of small sample.

Proposed qPCR method had shown higher sensitivity compared to the
classical method [18] as the latter did not identify virus DNA at threshold values
of more than 26.4. Nevertheless, virus isolation resulted in three positives, of
which two positives were in animals LSDV negative in classical PCR [18]. Inter-
estingly, at the end of experiment virus commenced to appears in nasal washings
[24, 25]. In identification of LSDV genome by proposed qPCR method, Ct did
not practically differ in blood samples and nasal washings, whereas M. Sevik et al.
[24] noted lesser Ct values for nasal washing specimens than for blood speci-
mens. Possibly, the reason is that in our study the bulls were infected experi-
mentally, whereas M. Sevik et al. [24] reported on naturally infected animals.

The gPCR test system had already been successfully validated on field
specimens from cattle during LSD outbreaks in 2015-2016. These data will be a
scope of our next report.

Therefore, we suggest rapid, reliable, sensitive, and specific real-time
PCR method to identify genetic material of LSDV (lumpy skin disease virus)
field isolates in cattle. This method can be recommended for diagnostic labora-
tories to control nodular dermatitis virus.
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Abstract

Because of the lack of a vaccine, African swine fever (ASF, caused by African swine fever
virus (ASFV) of Asfivirus genus, Asfarviridae family) control strategy is based on making a rapid and
early diagnosis and taking strict veterinary and sanitary measures. In the Eastern Europe countries
where the infection has currently spread, highly virulent isolates are usually detected (J.M. Sanchez-
Vizcaino et al., 2013). In the laboratory diagnosis, polymerase chain reaction (PCR) and direct im-
munofluorescence method are predominantly used. However, since 2012, researchers have observed
some alteration in biological and genetic properties of a number of ASFV isolates. Therefore, sero-
logical methods may become prevalent in the laboratory diagnosis as it was during an ASF epizooty
in the Iberian Peninsula in 1960-1990. We have earlier reported the development of a test system for
the disease immunoblotting serodiagnosis (Rec p30-IB) based on a recombinant structural ASFV
protein p30 (A.S. Kazakova et al., 2014). In this paper, the Rec p30-IB test system validation is
shown. The diagnostic sensitivity of the Rec p30-IB was of 99.3 %, and the specificity was 100 %.
Antibodies against p30 were detected in blood serum and organ samples taken from domestic pigs or
wild boars irrespective of the seroimmunotypic membership and the virulence levels of the ASFV
strains. In the blood serum samples collected from domestic pigs infected with heterologous viruses,
no false-positive results were seen. In the serum of domestic pigs which were survived after intramus-
cular injection of attenuated strains LK-111, KK-262/C, MK-200, FK-135, PSA-1-NH and SCA
2015 VNIIVViM at 103 to 10* HAUs5,/CPEs, antibodies to p30 were detected on day 7 to 10. For
organ samples from domestic pigs that had died from ASF 5 to 10 days post intramuscular infection
with highly virulent strains Lisbon-57, Mozambique-78 or Stavropol 01/08 at a dose of 103 HAEsy,
the antibodies to p30 were detected in 30 % of the animals. The validation results indicate that the
Immunoblotting Test System for African Swine Fever Serodiagnosis (Rec p30-1B) can be used for
laboratory practice and monitoring of blood sera and organ samples collected from ASFV-infected
domestic pigs or wild boars.

Keywords: African swine fever, protein p30 ASFV, serodiagnosis, immunoblotting, validation

African swine fever (ASF) is a contagious septic disease characterized by
fever, hemorrhagic diathesis, and high mortality rate. In acute form, 100 % of
animals die within 5-10 days after manifestation of clinical traits. The disease is
caused by coated large African swine fever virus (ASFV) with double-stranded
DNA, the only representative of Asfarviridae family, which is characterized by



significant variability of biological and genetic properties [1-3]. ASFV has ex-
tremely high potential to cross-border spread. In 2007, it penetrated from Africa
and Georgia, followed by Asian and Eastern-European countries (Armenia, Iran,
Azerbaijan, Russia, Belarus, Ukraine, Latvia, Lithuania, Estonia, Poland) [4, 5].

Due to lack of vaccine in strategy of combat against the disease, the ac-
cent is made on rapid and early diagnostic and strict veterinary and sanitary
measures. However, ASFV diagnostic is challenged by numerous pathogenesis
forms and epizootic scenarios, as well as similarity of clinical and pathomorpho-
logical signs of this disease and other hemorrhagic infectious diseases, e.g. classi-
cal swine fever (CSF), acute pasteurellosis, swine erysipelas, and salmonellosis.
In East-European countries, where CSF is recently spread, high-virulent ASFV
isolates are usually identified [6]. For laboratory diagnostics, different variants of
polymerase chain reaction (PCR) and direct immune-fluorescence method are
mainly used. However, since 2012 variability of biological and genetic properties
were sighted in several isolates extracted at the territory of Russia, Poland, and
Baltic States [7-10]. It provides the basis to assume that pathogenicity of ASFV
circulating in Eastern-Europe varied towards decrease of virulence. Thus, sero-
logic methods could become dominant in the laboratory diagnostics as it was dur-
ing CSF epizooty in 1960-1990 at Iberian Peninsula. Antibodies in blood serum
and immune organs at CSF are identified 7-10 days after infection and in further-
ance during a long time [11]. Their presence serves convincing testimony for diag-
nosing. Today, the inventory of diagnostic means for identification of antibodies is
mainly presented by kits for Indirect Immune Fluorescence Reaction (ITFR), im-
mune-enzyme analysis (ELISA) and immunoblotting assay (IB). International
Epizootic Bureau (IEB) (IEB — World Organization for Animal Health, OIE,
France) recommends confirming ELISA™ specimens by IB method since sam-
ples of field blood serums lose their reactivity in ELISA earlier than in IB, be-
cause the latter can identify linear epitops [12]. Amongst IB advantages are sim-
plicity and objectivity of interpretation, as nitrogen-cellulose strips with absorbed
virus-specific polypeptides could be kept up to 6 months at room temperature in
dry atmosphere [13, 14].

IEBB recommends for ELISA and IB tests cytoplasmic soluble antigen
produced in ASFV infected cell line of monkey’s kidney raised in presence of
swine serum [14, 15]. To secure production of diagnostic test systems, virus-
specific antigens based on recombinant (chimer) immune dominant proteins of
ASFV are developed [16-22]. Such antigens increase sensitivity and specificity of
diagnostics by decreasing the frequency of false positives caused by substances of
cell culture which inevitably contaminate antigens prepared on its basis [15].

Earlier, we have reported on development of a test system for serological
diagnostic of African swine fever by immune blotting, prepared based on recom-
binant ASFV protein p30 [23]. In present paper, we have for the first time pre-
sented data on its validation.

Our objective was estimate of validity of immune blotting test for ASFV
detection based on use recombinant protein p30.

Techniques. Specimens were collected from Large White pigs weighting
30-50 kg of Animal Sector of Federal Research Center of Virology and Immu-
nology, and from wild boars of hunting farm Pokrovskoye, Vladimir Region.
ASFYV virulente strains were Lisbon-57 (L-57, seroimmunotype I), Congo-49 (C-
49, seroimmunotype II), Mozambique-78 (M-78, seroimmunotype III), Stavro-
pol 01/08 (seroimmunotype VIII), ASFV attenuated strains were KK-262/C
(seroimmunotype II), MK-200 (seroimmunotype III), FK-135 (seroimmunotype
1V), PSA-1-NH (seroimmunotype IV), CKA 2015 VNIIVViIM (seroimmunotype
VIII) (all strains) (State Collection of Microorganisms of the Federal Research



Center of Virology and Immunology) [24, 25; Patent RF No 2439152, 2012].

Swine antisera against causative agents of CSF, transmissible gastroenteri-
tis (TGE), and Aujeszky’s disease were produced in Diagnostics and Monitoring
Laboratory of the Federal Research Center of Virology and Microbiology. Refer-
ence negative blood serum sample included 28 specimens from domestic pigs and
wild boars (Smolensk, Voronezh, Tver, Pskov, Rostov, and Volgograd regions), 25
specimens from healthy domestic pigs and wild boards (vivarium of the Federal Re-
search Center of Virology and Microbiology), 480 specimens from domestic pigs
from ASF-free pig breeding farms (Voronezh Region). Reference positive blood
serum sample included 42 specimens from domestic pigs (farming units of Volgo-
grad and Tver regions), 59 specimens from experimentally infected domestic pigs
(Federal Research Center of Virology and Microbiology, collected at different
times after intramuscular inoculation with virulent or attenuated ASFV strains,
seroimmunetypes I-IV, VIII) and from wild boars. ASFV* blood sera were also
received from the reference laboratory of CISA-INIA (Centro de Investigaciyn en
Sanidad Animal, Instituto Nacional de Investigaciyn y TecnologHa Agraria y Ali-
mentaria, Spain). Total 18 spleen specimens from wild boars of Smolensk Re-
gion were reference ASFV™; 11 spleen specimens from wild boars of Smolensk
Region, 18 spleen specimens from domestic pigs of Tula Region, and 10 speci-
mens from experimentally infected pigs (Federal Research Center of Virology and
Microbiology) were reference ASFV*. Absence or presence of anti-ASFV antibod-
ies in each reference specimen were confirmed by indirect immune fluorescence
assay (IIFA), the reference test recommended by IEB. Blood sera and 10 % tissue
suspension processing, hemadsorption, detection of antibodies to ASFV by ITFA
and ELISA were performed as per GOST 28573-90 (Moscow, 2005). If required,
blood serum was incubated during 30 minutes at 56 °C prior to tests to inactivate
infectious virus.

In IIFA, commercial Kit for Differential Immune Fluorescent Diagnos-
tic of African swine fever, classical swine fever, and Aujeszky’s disease (Federal
Research Center of Virology and Microbiology) and cell culture of African green
monkey’s kidney CV-1 (Collection of cell cultures of the Federal Research Center
of Virology and Microbiology) infected by avirulent non hemadsorping ASFV
(strain 691/88, State Collection of Microorganisms of the Federal Research Cen-
ter of Virology and Microbiology) were used with luminescent microscopy (Eclipse
E200, Nikon Co., Japan) to read the results.

ELISA test was performed with commercial ASF-IFA Ab/Ag kit (Federal
Research Center of Virology and Microbiology) [26]. For comparison, we used
ELISA tests for antibodies to ASFV — Ingezim PPA Compac 1.1.PPA.K.3 based
on virus protein vp73 and monoclonal antibodies (Inmunologia y Genetica
Aplicada S.A., Spain), and also ID Screen® African Swine Fever Indirect based
on mixture of recombinant proteins p32, p62, and p72 (IDvet Genetics, France).

Immunoblotting assay (IB) was performed with Test System for African
Swine Fever Serodiagnosis by Immunoblotting Method (Rec p30-IB) (five exper-
imental series, Federal Research Center of Virology and Microbiology).

Mean (M) and standard errors of the mean (XSEM) were calculated.
Statistical indicators of test effectiveness (sensitivity and specificity) were deter-
mined as described [26] at 95-99 % confidence interval.

Results. Rec p30-1B test kit includes immunostrips, positive and negative
control sera, protein A conjugate with horseradish peroxidase, chromogenic sub-
strate and stock solutions required for analysis.

The rate of accurately identified truly positive cases (as sensitivity esti-
mate) was assessed for Rec p30-IB using a panel of blood serum and organ spec-
imens positive for anti-ASFV antibodies as shown by IIFA (“golden standard”



test). The rate of truly negative reads accurately identified by Rec p30-1B for
blood serum and organ specimens which were ASFV™ in IIFA were considered as
specificity estimate. Reproducibility we assessed by comparison of data obtained
by two researchers working independently with two experimental series of Rec
p30-1B. During tests, we used blood serum and organ specimens from domestic
pigs and wild boars sampled both in field and under laboratory conditions.

1. Immunoblotting assay (IB) and indirect immunoflu- ) A total of 100 blood
orescent assay (IIFA) of specimens from healthy SPecimen out of 101 ones

and ASFV experimentally infected positive in IIFA (including

. TIFA 42 field specimens and 58
Specimens posifive | nesative Total  gpecimens from experimental
Infected (IB positive): animals) were also positive
gggsserum 128 8 139 in IB. All 39 out of 39
Healthy (IB negative): IIFA* specimens of organs
gl‘;gﬂsserum (1) ?g 72 were IB*. Hence, diagnos-
Total 140 71 211 tic sensitivity of Rec p30-1B

makes 99.3 % at confidence
interval of 95 to 99 %. Antibodies to p30 were detected in blood serum of domestic
pigs and wild boars regardless of seroimmunotype and virulence of ASFV strains.
Out of 53 blood specimens negative in IIFA, 53 were IB™, and out of 18 ITFA™
organ specimens all were IB". Hence, diagnostic specificity of Rec p30-IB is
100 % (Table 1). Out of 480 blood samples from domestic pigs which were nega-
tive in test with validated commercial ASF-IEA Ab/Ag kit, all were IB™ with Rec
p30-IB. In 12 blood serum specimens from domestic pigs infected by heterologous
viruses (DIC syndrome, CSF, and Aujeszky’s disease), antibodies were not detect-
ed by IB method, i.e. no false positives were registered. For comparison: reported
sensitivity and specificity of ELISA and immunoblotting with baculovirus recom-
binant p30 and field sera of European domestic pigs are within 96-99 % [18, 27].
Estimates of Rec p30-IB testify on highly reliable results of anti-ASFV antibody
identification in blood serum and organs of domestic pigs and wild boars.

- We compared effec-
tiveness of Rec p30-IB and
g ASFV-gspecific commercial

tests offered on the market
6 (Inmunologia y Genetica
Ha Aplicada S.A., Spain; IDvet
2.
0

104

Titer, 1/log,

Genetics, France) for 10

T3 5 7 9 11 13 15 17 19 21 25 25 ASFV specimens (9 of in-

Specimens tact non-infected and clini-

Fig. 1. Analytic sensitivity of indirect immunofluorescence assay Cally healthy domestic pigs

(IIFA, a) and immunoblotting test (IB, b) in identification of and 1 of a wild boar) and

blood antibodies to ASFV after inoculation: specimens NoNo 1- 10 ASFV* specimens (9 of
7, 10, and 17-25 — inoculated with SKA 2015 VNIIVViM; §, 9 — d i . d 1 of

with MK-200; 11, 12 — with KK-262/C; 13 — with FK-135 (do- ¢OMESUC DIgS an of a

mestic pigs); 14-16 — with MK-200 (a wild boar) (laboratory test). Wild boar experimentally in-

oculated with attenuated and

virulent ASFV strains). Additionally, we tested 4 positive blood sera received from

the reference laboratory CISA-INIA (Madrid). The obtained results show 100 %

sensitivity and specificity of Rec p30-IB.

For analytical sensitivity evaluation, we compared IIFA and Rec p30-IB
performance for detection of anti-ASFV antibodies in 2-fold dilutions of positive
blood serum specimens from domestic pigs and a wild boar inoculated with attenu-
ated ASFV strains of seroimmunotypes II-IV and VIII (Fig. 1). Among 25 exam-




ined positive specimens, the antibody titers with IB exceeded those with IIFA in
19 specimens, were the same in 4 specimens and lower in 2 ones. In 10 organ
specimens from domestic pigs inoculated with strain MK-200, the antibody titers
determined with Rec p30-1IB were 4-8 times higher compared to IIFA. This tes-
tifies on higher analytic sensitivity of IB as compared to IIFA.

For reproducibility estimate, Rec
p30-1B should be evaluated either by in-
dependent researchers or with different
series of the kit. In this experiment, two
‘ ‘% experts got the same reads for 4 negative

and 4 positive specimens. The same results

were for 8 negative and 19 positive blood
sera of domestic pigs and wild boars tested
with two Rec p30-IB series.

Antibodies to p30 are detected

Day 7 Day 15 Day 28 from day 7 to day 10 in blood serum of
Fig. 2. Titration of blood anti-ASFV antibodies dOMestic pigs survived after inoculation
(1:3-1:128) 7 to 28 days after intramuscular in- With attenuated strains LK-111, KK-
ocu[ation of Large Whit-e domestic pigs with 262 /C, MK-200, FK-135, PSA-1-NH,
strain CKA 2015 VNIVVIM (10° HAUso. im-— cp 2015 at 10%-10* HAUsg/TCIDs. On

g test). . i .
days 15 and 28, the antibody titers rise and
intensity of IB-bands increases (Fig. 2).

IB test revealed specific antibodies in 30 % of organ specimens from do-
mestic pigs which died from ASF on days 7-10 after intramuscular inoculation
with high virulent strains L-57, M-78 and Stavropol 01/08 at 103 HAUj5y,.

As relapses and remissions in chronic ASF occur periodically, it is im-
portant whether the serodiagnosis is always correct. In our experiment, we first in-
oculated pigs with attenuated strain KK-262/C (106 HAU5g), and then, 28 days
after, infected these animals with virulent strain K-49 (103 HAUj) for simulation
of ASF relapse. Specific antibodies induced by strain KK-262/C were detected on
days 3 and 5 after K-49 inoculation and not revealed on day 7 (Table 2). From
days 12 to 17 of surveillance antibody titers of 1:16 to 1:256 were detected by IB
assay. These results testify that in chronic ASF, antibodies may not be detected
during remissions. This leads to false negatives in serodiagnosis. Therefore, due
to occurrence of low virulent isolates, both serologic and PCR methods are
needed for laboratory diagnosis.

2. Blood antibodies in Large White domestic pigs after inoculation with attenuated
ASFV strain KK-262/C followed homologous virulent strain K-49 (n = 3,
M=ESEM, immunoblotting assay)

Days after infection with Antibody titer, log,

K-49 animalNo1 | animalNo?2 | animalNo3 | animal No 4
3 6.7£0.6 5.7£0.3 6.31£0.3 6.31£0.6

5 6.31£0.3 5.710.6 5.7£0.3 6.31£0.3

7 0.0 0.0 0.0 0.0

12 5.31£0.6 6.31£0.6 5.3%£0.3 7.3£0.3

17 6.71£0.3 6.7£0.6 3.710.6 7.71£0.6

Note, the collection of the Federal Research Center of Virology and Mi-
crobiology involves over 100 ASFV accession from Africa, Latin America, Europe,
while abroad, the total number of deposited samples are 500. In our studies of
blood of domestic pigs and wild boars infected by virulent, low virulent, attenuat-
ed, hemadsorbing and non-hemadsorbing ASFV strains and isolates referred to 5
seroimmunotypes out of known 9, there were no cases when positive serums did
not react with recombinant p30.



Therefore, the proposed immunoblot-based test for African swine fever

serological diagnosis in blood and biopsy material is effective for laboratory prac-
tice and ASF monitoring of domestic pigs and wild boars. Immunoblotting (IB)
assay is reliable and does not need complex technical equipment. Given recom-
mendations of the International Epizootic Bureau (OIE — World Organization
for Animal Health, Paris, France), IB method should be approved in ASF diag-
nosis scheme adopted in the Russian Federation.
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Abstract

Lumpy skin disease is an economically significant transmissible infectious disease with
mortatity rate from 4 to 95 %. Purebred animals are more susceptible to this infection, most serious-
ly the disease occurs in young animals, not enough well-fed individuals, lactating cows. In Russia,
the disease is registered since 2015. To eradicate this infection, it is necessary to study all compo-
nents of the epizootic process. Currently, the studies on the pathogenicity of lumpy skin disease virus
for sheep and goats and wild ruminants are insufficient to assess the role of such animals in the
transmission of the virus. We estimated for the first time that lumpy skin disease virus isolated from
cattle in the Republic of North Ossetia-Alania in 2015 is pathogenic for sheep. The causative agent
was identified by sequencing the GPCR gene. In the experiment with 1.5-month-old lambs (n = 4),
intravenous and intradermal administration of the suspension of the biopsy samples from sick cows
caused the formation of nodules on the skin at the sites of virus inoculation. Nodules were benign in
nature, after two weeks it formed the scabs and separated from the skin. On the skin in places of
formation nodules there were small scars. The genome of lumpy skin disease virus was detected by
real-time PCR in blood samples collected from 9 to 17 days post infection, and in the oral swabs
collected from 17 to 27 days post infection. The duration of viremia in lambs ranged from 3 to 8
days. The presence of infectious virus was confirmed by isolation of virus on continuous cell culture
of sheep kidney. The clinical signs of the disease corresponded to 2 points calculated in accordance
with clinical scoring system within the range from 0 («no visible response») to 10 points («severe
generalization, requiring slaughter»). After euthanasia the samples of the liver, popliteal lymph node,
lungs and spleen were collected to test for the presence of the viral genome. The genome of the virus
was detected only in the lung and lymph nodes. So, our results confirm literature data about patho-
genicity of lumpy skin disease virus for sheep. Potentially, sheep can be involved in the epizootic
process of lumpy skin disease as source of virus transmitted by blood feeding arthropods.

Keywords: lumpy skin disease, lumpy skin disease virus, sheep, experimental infection, viru-
lence, viremia, PCR, genome, cell culture

Nodular dermatitis in cattle (infectious nodular dermatitis, malignant
nodular dermatitis, lumpy skin disease, Dermatitis nodularis bovum) is a trans-
missible viral disease in cattle manifested by numerous nodules (nods) in skin, epi-
thelium of mouth and nasal musoca, esophagus, trachea, and bronchus. Disease is
characteristic of cattle, African buffalos (Syncerus caffer), springbucks (Antidorcas
marsupialis), and gemsbucks (Oryx leucoryx, O. gazelle) [1, 2].

Nodular dermatitis causative agent is DNA-containing virus of Poxviri-
dae family (Capripoxvirus genus) [3, 4]. Source of infection is ill animals, as well



as asymptomatic carriers [5]. Nodular dermatitis virus is mainly transmitted by
inoculation. C.M. Chihota [6] had shown that nodular dermatitis virus may be
transmitted by mosquitoes Aedes aegypti within 2-6 days after the agent enters
the insect organism with blood of the infected animal. Ability to mechanically
transmit virus to sensitive animals was also established in ixodid ticks of Rhipiceph-
alus, Amblyomma, and Hyalomma genera from South Africa [7, 8]. There are data
on a relationship between the nodular dermatitis outbreaks and activity of
Stomoxys calcitrans fly [9]. Contact mode of transmission of nodular dermatitis
virus is not proved. As per V.M. Carn and R.P. Kitching [10], intact animals lo-
cated within 1 month in one box with infected ones remained clinically healthy
during the entire surveillance period.

Protection measures at first drifts of the disease to healthy regions are
stamping out and radical quarantine [11].

Along with skin nodes, nodular dermatitis virus causes fever, lymphade-
nopathy, swellings of subcutaneous tissue and organs, conjunctivitis, reduction of
milk yields, sexual malfunctions and sterility in cattle. Purebred animals are
more sensitive to the infection, most hardly the disease flows in young animals,
animals deficient in weight, and lactating cows. Mortality varies from 4 to 95 %
[12-14].

Incubation period at experimental infection of the cattle by nodular
dermatitis virus is 2-5 days. Viremia is registered in infected animals during 1-2
weeks. Virus dissemination results in injury of mucosa, udder, salivary glands,
testis, and other organs. Within 6-9 days following the experimental infection of
cattle, nodes of nearly 1 cm in diameter appear in virus inoculation points, and
in 12-14 days body temperature goes high up to 40.5 °C. Generalized form of
disease is characterized by appearance of nodules on the skin in all parts of the
animal body. Formation of nodules is accompanied by inflammation of subcuta-
neous tissue, and sometimes muscular tissue. Secondary bacterial infection leads
to inflammation of lymphatic nodes and skin sores [15, 16].

At pathoanatomical examination, nodules are found in mucosa of intes-
tines, trachea, ventricle, and in udder tissues of lactating cows [17]. Appearance
of nodules is accompanied by skin swelling. In generalized form, nodules appear
in mucosa of mouth and nasal cavities, vulva and preputial skin with further ne-
crosis and purulent inflammation. In respiratory tract, pathogen causes heavy
swelling with possible death from asphyxia or lung swell [18-20].

First cases of nodular dermatitis in Russia were registered in 2015 in cat-
tle in settlements of Tlyaratinsk Region of the Republic of Dagestan bordering
with Azerbaijan and Georgia. Later, the diseases occurred in cattle of Naursk
Region of Chechen Republic and Kirov Region of the Republic of North Osse-
tia-Alania [21-23]. According to data of the Information Analytic Department of
the Russian Service for Veterinary and Phytosanitary Surveillance, outbreaks of
nodular dermatitis in cattle were registered in 2016-2017 in the Russian Federa-
tion in the Republic of Dagestan, Bashkortostan, Volgograd, Saratov, Samara,
and Orenburg Regions [24].

Effective protection against nodular dermatitis requires deep studies of all
components of epizootic process. However, the pathogenicity of the lumpy skin
disease virus (LSDYV) in small domestic and wild ruminants is still poorly under-
stood, which hampers comprehension of their role in LSDV transmission. There
are only few publications on the issue. M.S Kukushkina. et al. [25] report on low
pathogenicity of LSDV strain 95 manifested as nodules in the injection point
and fever of experimentally infected adult sheep. LSDV pathogenicity for wild
impalas (Aepyceros melampus) and giraffe (Giraffe camelopardalis) is experimen-
tally shown (animals of both sexes died 6-15 day post infection) [26].



This paper reports on the first estimate of pathogenicity of cattle LSDV
field isolate (Republic of North Ossetia-Alania, Russia, 2015) for sheep. Our find-
ings show 2-point severity score in infected animals as per a 10-point scale of
V.M. Carn et al. [10]. Virus was detected in blood by PCR analysis and direct
isolation in sheep kidneys cell culture (PO-VNIIVViM), as well as in lungs and
spleen. These data indicate that sheep, despite weak pathogenicity of LSDV at
infection, may be involved in LSDV transmission.

Purpose of this study was to estimate pathogenicity of cattle isolate of
LSDV for experimentally infected sheep.

Techniques. Bioptates of skin nodes from cows with nodular dermatitis
(Republic of North Ossetia-Alania) were collected by employees of the Republican
Veterinary Service in 2015 and kept in thermal container (+4...+10 °C). For anal-
ysis, bioptates were grinded in porcelain jar with phosphate buffer. After centrif-
ugation, the prepared 10 % suspensions were used to infect experimental animals
and to extract viral DNA for identification.

DNA for sequencing and PCR analysis was extracted with RIBO-sorb kit
(ILS CJSC, Moscow). After experimental infection, viral genome DNA was de-
tected as per T.R. Bowden et. al. [27] method with oligonucleotide primers
CaPV 074 F; (5'-AAAACGGTATATGGAATAGAGTTGGAA-3"), CaPV 074 R,
(5"-AAATGAAACCAATGGATGGGATA-3'") and hybridization probe CaPV-
074P, (5'-FAM-TGGCTCATAGATTTCCT-MGB-NFQ-3"). PCR mixture con-
tained 10 pM of each primer, 3 pM fluorescent probe (Sintol CJSC, Russia), 2,5
ul 10x DNA buffer, 10 mM dNTPs and 1.5 IU recombinant Taqg DNA poly-
merase (Thermo Fisher Scientific, USA). Real-time PCR was protocol was as fol-
lows: initial denaturation at 95 °C for 10 minutes; amplification at 95 °C for 15
sec, 60 °C for 1 min (45 cycles) (Rotor Gene 6000 amplification detection sys-
tem, Corbette Research, Australia).

GPCR gene fragment PCR amplification (Gradient Palm Cycler, Corbett
Research, Australia) and Sanger sequencing (3130xl Genetic Analyzer, Applied
Biosystems, USA) were performed. Amplification was performed as per C. Le
Goff et al. [28] with olygonucleotide primers (5’ -TTAAGTAAAGCATAACT-
CCAACAAAAATG-3" and 5'-TTTTTTITATTTTTTATCCAATGCTAATACT-3")
and Encyclo Plus PCR kit (Eurogen CJSC, Russia) according to following proto-
col: initial denaturation at 94 °C for 3 minutes; 94 °C for 30 sec, 60 °C for 30 sec,
and 72 °C for 60 sec (35 cycles).

Nucleotide sequences were analyzed with MEGA 7.0 software
(https://www.mega-software.net/) and Neighbor-Joining tree clustering.

Infection activity of 10 % bioptate suspension was determined in 2 clin-
ically healthy Kalmyk calves aged 6 months (210-220 kg weight) by subcutaneous
injection of 0.25 cm?3 aliquots of 10-1-10-5 dilutions in four points along lines verti-
cal to spinal column at 5-6 cm distance between dilutions. Skin injuries in 14-20
days post injection were and lumps were inspected visually.

To assess pathogenicity of LSDV for sheep, four Romanov lambs aged
1.5 months (7-8 kg weight) were inoculated with virus containing 10 % bioptate
suspension (1.0 cm? in jugular vein and 0.25 cm?3 subcutaneously in each of four
points in axilla). Prior to infecting, the control lamb was places in separate hous-
ing and inoculated with physiological solution in the same mode. Animals were
clinically inspected daily. Each 3 days, blood samples, mouth and nasal washes
were collected for viral genome analysis.

Positive blood samples from infected lambs were used for LSDV identifi-
cation in sheep kidney cell culture (PO VNIIBBiM) as per protocol of World
Organization for Animal Health (International Epizootic Bureau, Paris, OIE —
IEB) [29-31]. LSDYV infection activity in specimens was determined by titration in




sheep kidney cell culture (48-well plates, Corning-Costar, USA) with Eagle MEM
(Biolot LLC, Russia). Titers were calculated by Kerber’s method.

After blood-free euthanasia (Adilin-super medicine, Federal Center of
Toxicology, Radiation, and Biological Safety, Kazan), samples of hepatic tissue,
popliteal lymph nodes, lungs, and spleen were collected to detect viral genome.

Tests on animals were carried out according to approval of Federal
Agency for Scientific Organizations of Russia (No 33-11-0132/16.06.2016) under
supervision of Bioethics Commission of Federal Research Center of Virology
and Microbiology.

At calculation of virus titers, mean (M) and standard errors of the mean
(£SEM) were determined.

Results. Pathogen which caused clinical signs of nodular dermatitis in
cows in 2015 in the Republic of North Ossetia-Alania was identified by GPCR
(G-protein-coupled chemokine receptor) gene sequencing. GPCR is a host-range
gene suitable for discrimination of capripoxviruses [28]. Analysis of the sequence
we obtained and deposited in GenBank database (accession No KY595106) with
other LSDV full-size GPCR gene sequences from GenBank identifies this Russian
isolate as nodular dermatitis virus (Fig. 1).

Fig. 1. GPCR gene-based phylo-
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In preliminary test,
the bioptate suspension dil-
uted up to 104 causes local
skin nodes in calves on day
20. Hence, the LSDV titer is
1051 IDsp/cm3 (given the used
volume of 0.25 c¢cm?) and in
experimental infection, total
(intravenous and subcutane-
ous) infectious dose is 1054
ID5y. Nodules in the points
of virus entering (Fig. 2) oc-
curred in lambs on day 10 to
day 13 post inoculation. Skin

indurations were constantly growing in diameter from 2 to 5 cm during 7 days.
The injured skin healed and scabs appeared since week 2 after infection with full
healing on week 3. Temperature reaction in all infected lambs during 25 day
surveillance was within the norm (38.8-40.5 °C).

In this experiment we used 10-point scale proposed by V.M. Carn et al.
[10], with O for absence of visual reactions, 1 for transitive local response, 2 for
local moderate response (nodules of less than 5 cm in diameter, no lymphadenopa-
tia), 3 for moderate local response with nodules of less than 5 cm in diameter and
moderate lymphdenopatia, and 10 for generalized infection with numerous second-
ary nodules of 0.5-5.0 cm in diameter, swelling, hyperemia, severe lymphadenopa-
tia, conjunctivitis, rhinitis, apathy, loss of appetite and deaths, which requires
slaughter. As per the scale, clinical severity in lambs infected with LSDV from
cattle scores 2 points that means low pathogenicity for sheep. Skin of a control



lamb had no visual changes. Body temperature was 38.5-39.0 °C during the entire
surveillance period

On day 15, the lamb No 2
was subjected to euthanasia for autop-
sy of internal organs. No pathologic
changes typical for bovine nodular
dermatitis were visually found. Of liv-
er, popliteal lymph node, lungs and
spleen specimens, only in lungs and
Ilymph nodes LSDV genome was de-
tected by qPCR method (Ct values
of 36.48 and 32.94, respectively).

gPCR test revealed LSDV ge-
nome in blood of experimentally in-
fected lambs on days 9-17 and in

Fig. 2. Skin nodules in lamb at inoculation with h h d 20-2 .
LSDV containing biobtate collected in 2015 in the Mouth washes on days 20- 7 post in-

Republic of North Ossetia-Alania (day 13 post oculation (Table 1), unlike the control
injection). lamb.

1. qPCR identification of cattle LSDV genome (Ct) in experimentally infected lambs

Days post experimental Lamb No 1 Lamb No 2 Lamb No 1 Lamb No 4
inoculation blood | washes | blood | washes | blood | washes | blood [washes
3 — — — — — — — —
6 —_ —_ —_ —_ —_ —_ —_ —_
9 - - - - - - 37.45 -
13 - - - - - - 36.23 -
15 35.99 - - - - -
17 38.38 - 39.08 - 37.23 -
20 - 36. 65 - - - 35.71
23 - 35.51 - - - 36.43
27 - 38.34 - - - 33.19
29 - - - - - -

N ote. Virus containing bioptate for inoculation was collected in 2015 in the Republic of North Ossetia-Alania.
Samples with Ct < 40 are positive; «—» means negative samples with no Ct. Lamb No 2 was subjected to euthanasia
on day 15 for pathoanatomic and PCR study.

2. LSDYV genome isolation from blood of experimentally infected lambs in sheep kid-
neys cell culture PO YNIIVVIiM

Days post experimental Virus titer, Ig TCDsg/cm3

inoculation control lamb | lamb No 1 | lamb No 3 | lamb No 4
3 Not tested Not tested Not tested Not tested
6 Not tested Not tested Not tested Not tested
9 _ _ _ _

13 - - -

15 - 1,0£0,12 (+) - 1,5+0 14(+)
17 - 1,5£0,24 (+) 1,6£0,15 (+) 1,710,18 (+)
20 - - - -

23 - - - -

27 Not tested Not tested Not tested Not tested
29 Not tested Not tested Not tested Not tested

Note. «» — virus not found (no cytopathic effect for 5 consecutive passages); «+» — presence of specific cyto-
pathic action of virus on the 20d passage.

Isolation from blood of the experimentally infected lambs in sheep cell
culture confirms viremia after day 13 till day 23 post inoculation. Note that the
LSDV-specific cytopathic action occurs only in passage 2 in 5-7 days after cul-
ture inoculation at viral titer of 1.5-1.7 Ig TCDsg/cm?3 (Table 2).

Thus, our studies confirm the available data on pathogenicity of nodular
dermatitis virus for sheep during experimental infection [25].

Therefore, field LSDV isolate from cattle (the Republic of North Ossetia-
Alania, 2015) injected to sheep subcutaneously and intravenously causes skin nod-



ules only the points of injections. Observed clinical signs correspond to 2 points
score of 10-point scale of severity. qPCR test detects LSDV genome in blood,
mouth washes, lungs and popliteal lymph nodes of experimentally infected lambs.
LSDV isolation from qPCR positive blood samples in sheep cell culture also con-
firms presence of the pathogen. These facts bring to assumption that sheep can
serve a source of nodular dermatitis virus. More studies, including those on the
carrier role, are required to ultimately understand whether LSDV transmission
by sheep may naturally occur.
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