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Pathological anatomic changes among laboratory rats
in case of experimental infection with the larvae of the nematode
Eustrongylides excisus (Nematoda: Dioctophymatidae)

S. L. Honcharov
sergeyvet85@ukr.net

National University of Life and Environmental Sciences of Ukraine,
16 Polkovnyka Potekhina str., Kyiv, 03041, Ukraine

The aim of the research was to model the experimental infection in laboratory rats
with the larvae of the nematodes Eustrongylides excisus and documenting the macroscopic
changes in organs and tissues of the animals. With a purpose of creating the best conditions
for the nematodes larvae’s survival the animals were divided into 4 groups. The first group
included intact animals. The rats of groups Il and IIl were orally given the 1 % chlorine hydride
solution in the amount of 0.5 and 1 ml respectively. Group IV was a control. The rate of the
larvae survival in groups I, Il and Ill counted, respectively, 18, 38 and 52 % of the general
amount of the larvae put into the organisms of the rats. Among the invaded rats next chang-
es of the clinical conditions were noticed: general weakness, absence of appetite, pain and
tension in the abdominal wall etc. After euthanasia and followed autopsy the symptoms of se-
rofibrous (20 % of the invaded animals) and fibrinopurulent (66.6 %) peritonitis were noticed.
It also showed the signs of the enteral failure syndrome (73.3 %) and the abdominal layers
adhesion (86.6 %). Microabscesses under the liver capsule were noticed as well, in 26.6 %
of the experimentally infected rats. Pathological changes in the thoracic cavity organs, in part
in the heart (pericard and heart sac hemorrhages) and in the lungs (congestive hyperemia
and pulmonary edema) have been found in 60 % cases, and in kidneys in 73.3 % cases.
Symptoms of catarrhal and hemorrhagic gastritis were observed. The positive correlative
connection between the parasitic survival percentage in the organisms of rats and the depth

and difficulty of the pathological process was determined.

Key words: Eustrongylides excisus, rats, experimental invasion, autopsy, pathological

anatomic changes, peritonitis

It is known that the parasites develop the closest
connection with the hosts if they are located in the
animal tissues. In such cases, the negative impact on
homeostasis of the host’s organism is felt the most,
because of mechanic damages of the tissues, meta-
bolic and immune imbalance often followed by sig-
nificant clinical signs and high lethality. The larvae of
the Dioctophymatidae family nematodes are those
kinds of parasites affecting fishes [3]. The larvae of
the Eustrongylides excisus, Jagerskiold, 1909, are the
nematodes from the Dioctophymatidae line, poten-
tially threatening for human health [16]. This species
was described and grounded by Egersheld in 1909
as a result of analyzing the nematodes discovered in
the glandular stomach of the Phalacrocorax birds [14].
Eustrongylides spp. were qualified as a zoonotic para-
site, meaning that it is potentially threatening for hu-
mans. The invasion takes place in case of consuming
fish or fish products that were not thermally treated
enough [21, 27].

The Animal Biology, 2020, vol. 22, no. 1

This species of nematodes is very common for natural
waters and artificial reservoirs of Europe, Asia, North-
ern and Southern Americas. The E. excisus nematodes
were reported to have been registered in Serbia, Turkey,
Brazil, the USA, ltaly, Iran, Azerbaijan, Czech Republic,
Russia and Ukraine [3, 9, 15, 18, 22-25].

E. excisus nematode is a typical bio tapeworm with
a complex development cycle. Fish-eating water birds
from the Ciconiiformes, Anseriformes, Gaviiformes
and Pelecanoformes families are the main definitive
hosts [23]. Intermediate hosts are water oligochaeta
from the Tubificidae and Lumbriculidae family, in
which the hosts are developed during the first and the
second larval periods [14, 15]. Predatory fishes can
also take part in the E. excisus development cycle,
in part Esocidae, Percidae, Gobiidae, Siluridae, Acip-
enseridae etc. [3, 19, 20, 23].

According to [14], the larvae of the E. excisus nema-
tode were discovered in the gastrointestinal tract of the
Caspian seal (Pusa caspica, Gmelin, 1788). The inva-
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sion intensiveness was from a few nematodes to a few
dozens of them. Helminthes were found in the stomach
lumen or deeply penetrated into the gastrointestinal wall
with the main end [14]. Among the fish-eating birds with
the high levels of invasion intensiveness it was possible
to determine gastrointestinal wall perforations and dif-
ferent forms of peritonitis as a consequence of the sec-
ondary microbial flora getting out of the gastrointestinal
canal, which is often deadly. The intestinal tract obtura-
tion with the parasites of this species was also reported
possible [7].

There were the first report about the natural inva-
sion of a human with the Eustrongylides spp. nema-
todes. The consumers of fishes and fish products that
had not been thermally treated enough were invaded
with the eustrongylidosis agents [12]. These invasions
characterized with gastritis and intestine perforations [8].
If the hollow viscera of the gastrointestinal canal are
perforated, the chyme can get into the abdominal cav-
ity, causing inflammatory processes, usually diffuse or
local peritoneum inflammations.

Peritonitis is characterized by the systematic inflam-
matory process and the development of infective and
destructive processes in the abdominal cavity organs
followed by the development of the abdominal sepsis.
In most cases peritonitis is a secondary pathology,
a complication of the main disease or injury that led
to the primary site of disease — inflammatory or trau-
matic organ destruction — occurrence [4].

There are not so many diseases that can be dead-
ly for the individual as a bridging or a definitive host.
But regarding the ability of E. excisus nematodes to
traumatize the abdominal wall and intestine, there is
a risk not only for the health but for the life of the in-
fected host.

The aim of this research was to reproduce eustron-
gylidosis in rats with the description of all the patholog-
ical processes among the researched animals affected
by Eustrongylides.

Materials and Methods

The experimental analysis was conducted on 20 non-
lineal laboratory rats of the same age (3.5 months),
with the body mass 190-230 g. The experiment was
held in June. The researched animals were kept in the
vivarium of the Mykolaiv regional state laboratory of the
State Service of Ukraine for Food Safety and Consumer
Protection in separated cages with perforated bottoms
to avoid coprophagy. The average air temperature in
the room was 19 °C. In between the stagers of the re-
search the rats were fed according to the following nu-
trition plan: grain mix — 35 %, wheat bread — 15 %,
cow milk — 25 %, zoogenic foods (meat, bone and fish
scraps) — 9.5 %, greens and succulent foods — 15 %,
salt — 0.5 %. The animals were given water from auto-
matic waterers. Food and water access was ad libitum.

The laboratory rats were divided by the analogical
principle into 4 groups with 5 animals in each group.
The first group was invaded with the E. excisus larvae.
Each animal was given 0.5 ml of normal saline before
10 E. excisus nematodes were transmitted through the
stomatogastric catheter. The rats of group Il, before the
deliberate invasion with 10 living larvae (L3-L4) was

given 0.5 ml of 1% chlorine hydride solution through the
stomatogastric catheter. Group Il was given 1 ml of 1 %
hydrochloric acid solution through the stomatogastric
catheter and the same number of larvae. Rats of group
IV was a control and received only 0.5 ml of normal sa-
line. The larvae of E. excisus nematodes were selected
from perch (Perca fluviatilis) caught in the waters of the
Dnipro-Buh estuary within the administrative boarder of
the Mykolaiv region. Before the catheter insertion, the
nematode larvae soaked with normal saline were put into
the catheter’s distal part with ophthalmological pincers
not less than 0.5 cm away from the edge. The catheter
was connected with an injector, containing the mentioned
amount of the chlorine hydride to wash the preliminarily
put parasitic larvae out of the catheter into the stomach
cavity. Chlorine hydride injecting manipulations were
repeated up to day 3, including that date.

The observations lasted 5 days. As the waiting term
passed by, the animals were euthanized with the thiopen-
tal sodium solution (0.015 g of the solution to 1 kg of the
weight) and subjected to the pathological anatomical au-
topsy. The number and percentage of the surviving larvae
in the organisms of rats was defined, pathological and
anatomical changes in organs and tissues were rated.

The described method allows to invade with the
defined number of parasitic larvae and to conduct the
biological probe with the most accommodative disease
reproduction laboratory models — rats. This method
can also be used in case of invasion with those kinds
of parasites that could be mechanically fractured with
teeth which makes it impossible to invade the laboratory
animals by feeding.

All the researches were conducted in accordance
with: the Council of Europe Convention for the Protec-
tion of Vertebrate Animals used for Experimental and
other Scientific Purposes (ETS123) established on
18.03.1986; the EU Directive 2010/63/EU, the Europe-
an Union (EU) legislation “on the protection of animals
used for scientific purposes”; The Law of Ukraine dated
21.02. 2006 Ne 3447-1V (revised version 22.06.2017
no. 2120-VIII) “On the Protection of Animals from Brutal
Treatment”.

The amount of the crude protein was measured
biuret reaction, and the proportion of its fractions was
measured by electrophoresis in the polyacrylamide gel.
Student’s t-test with a value level P<0.05 was used to
value the differences between the selected groups.
The research results are represented as a set of the
average values and mean-square errors Mtm.

Results and Discussion

General clinic changes

The invaded animals started to show apathy on the
second day, they had appetite decrease or refused to
eat at all. The majority of the invaded animals showed
low mobility and tried to hide in darker areas. Their hair
was matted and slipping. Clinic examination showed ac-
celerated breathing. It is necessary to note that chest
breathing was dominant 2—3 days after the invasion, the
chest excursion was clearly visible. Light palpation of the
abdominal wall showed pain and tension, but reaching
the 5" day of the experiment the rats’ reaction on palpa-
tion was not so significant. Starting from the 3 day of
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the experiment the researched rats showed some signs
of specific body dislocation — the rats bent to decrease
the abdominal wall tension, and to lower pain intensive-
ness as a consequence. At the beginning of the second
day of the experiment auricular hyperemia was found.
Auriculars turned red, the local temperature increased,
the vascular pattern became more visible. Starting from
the day 3—4 forelimbs and hind limbs were shown to be
cold. Cyanotic discoloration affected auriculars and skin
coverings. Some animals also showed signs of move-
ment coordination disorders — ataxia — they were mov-
ing in their cages swinging side to side. It is necessary to
notice that during the examination of some animals the
fragments of dried blood were discovered in the turbinat-
ed bone, as well as red exudates elements on the wings
of the nose. The daily cleaning showed the decrease of
fecal masses starting from the day 2, probably related
to the food consummation decrease as the pathological
process got deeper.

Macroscopic changes in organs and tissues

Euthanasia and pathological anatomical autopsy
showed inflammatory processes of the parietal and vis-
ceral abdominal layers which are morphologically deter-
mined by significant hyperemia and edema of the con-
nective tissue elements. Peritoneum vessels are char-
acterized as visibly full-blooded. A small amount of turbid
serous exudates (0.2-0.8 ml) was found in the abdominal
cavity. Bloody exudate with the elements of fibrin was no-
ticed in the abdominal cavity of the animals with the high-
estlevel of the larvae survival, and as a consequence, the
biggest pathological impact on the organism. Fibrin was
deposited on the surface of the serous membrane of the
bowel and internal organs, including the omentum, in the
form of filaments and flakes. After the removal of these
layers with pincers the visceral membrane was found to
be less glossy, getting duller. A certain amount of fibrin
in the form of filaments, flakes and grains was detected in
the exudate of the abdominal cavity. These pathological
changes are typical for serofibrous peritonitis (table 1).

The symptoms of this pathology were discovered in
three samples (60 %) from the group | and in one sam-
ple of the group Il. Autopsy discovered the E. excisus
nematode larvae on the gastrointestinal canal, they
showed vital signs (fig. 1).

Fig. 1. The symptoms of diffusive peritonitis on the rat invaded
with eustrongylidosis. Eustrongylides excisus nematode larva
is clearly visible

The intestinal mucosa was anisochromatic pink,
fragmentally covered with small hemorrhages. Intestinal
wall was swollen, parietal peritoneum and bowel adhe-
sion were noticed, in most cases they were caused by
fibrinous deposits. Abdominal layers adhesion was no-
ticed in 3 samples (60 %) of the group | and all 5 sam-
ples (100 %) of the groups Il and Ill. Fibrinopurulent peri-
tonitis was characterized by the synechial process on
the starting stage and the adhesion of the gut loops
into a single conglomerate.

When moving the gastrointestinal canal, the adhe-
sions were relatively easy to stratify, small interloop
abscesses were noticed in between of them. At the
edge of the intestinal wall large layers of fibrin were
observed. What is significant, in severe forms of peri-
tonitis fibrin was colored bright yellow, as in the lighter
forms it was white, sometimes with a yellowish tinge.

Table 1. Pathological changes found in the organisms of laboratory rats experimentally invaded with Eustrongylides excisus nematodes

Clinical signs of the pathological process T(g{;urf’:g 'I('i :ZIUEJL .f; rgrf\lg %‘;ﬁl\é
Symptoms of the serofibrous peritonitis, n (%) 3 (60) 1 (20) Not found Not found
Symptoms of the fibrinopurulent peritonitis, n (%) 1(20) 4 (80) 5(100) Not found
Micro abscesses on the liver surface, n (%) 1(20) 1(20) 2 (40) Not found
Abdominal layers adhesion, n (%) 3 (60) 5 (100) 5(100) Not found
Symptoms of the enteral failure syndrome, n (%) 2 (40) 4 (80) 5(100) Not found
Significant pathologies of the chest cavity organs, n (%) 2 (40) 2 (40) 4 (80) Not found
Symptoms of pathological changes in kidneys, n (%) 2 (40) 4 (80) 5 (100) Not found

Note. Group | are intact animals. Groups Il and Il were given the 1 % hydrochloric acid solution p.o. in the amount of 0.5 and 1 ml respectively.

Group IV is a control group, injected with 0.5 ml of normal saline.
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Fig. 2. The small intestine loop of the invaded rat
with fibrinopurulent peritonitis

Fig. 3. The intestine areas of the rat, deformed by gases
and peritonitis’ content

Fig. 4. Diaphragmatic liver surface of the rat with peritonitis.
A large amount of micro abscesses is clearly visible

The color of the visceral lining of the intestines ranged
from light pink to dark red with cyanotic discoloration.
Minor dot and strip hemorrhages could be observed.
Vascular branches vascularizing the intestinal wall were
dilated, filled with blood, in contrast with the surrounding
tissues. Symptoms of fibrinopurulent peritonitis were no-
ticed in one sample (20 %) of the group I, 4 samples
(80 %) of the group Il and 5 samples (100 %) of the
group lll. The surface of the intestines is covered with
grey-brown plaque, giving it a specific dimness (fig. 2).

Pathological anatomical autopsy showed enlarge-
ment of the intestines and their overflows with gas and
content, apparently caused by its secondary atony (para-
Iytic intestinal obstruction) — the main symptom of perito-
nitis. The intestines are colored light pink with small dark
red segments. The vessels of the serous membrane were
low-filled because gas-filled intestines create tense on the
walll, displacing blood from the peripheral vessels to the
vessels of the mesentery of the intestines, which actually
provides their vascularization. This leads to swelling of the
tissues of the intestinal wall, microcirculation failure, the
increased permeability of capillaries and of the walll itself.
The inflammatory processes in mesenteric tissues are
clearly visible. Symptoms of the enteral failure syndrome
were noticed in 3 samples (60 %) from the group I, and in
all 5 samples (100 %) from groups Il and Ill. Hyperemia
and inflammatory edema are typical (fig. 3).

Liver tissue examination revealed capsular tension.
The incision of the liver parenchyma had a loose tex-
ture and the edges extended beyond the capsule of
the organ, which is a sign of edema. A large number
of abscesses were macroscopically detected under the
liver capsule. This pathology was found in all 3 groups:
in one sample (20 %) from group | and group Il and two
samples (40 %) from the group lll. Autopsy detected
bile duct overflow (fig. 4).

Acute catarrhal and hemorrhagic inflammation was
observed during the examination of the hollow organs,
in part stomach. The surface of the gastric mucosa was
swollen and hyperemic, with a thickened wall. Jelly-like
exudate with blood admixtures flew out of the incised
stomach wall after palpation. Vasodilation was also ob-
served, creating the “vascular” pattern on the mucosa.
Wall perforations, additionally limited by the inflammatory
rollers, were noticed mostly on the fundus surface of the
stomach. The surface of the gastric mucosa was charac-
terized by the significant amount of the serous mucous
exudate, as well as point and strip hemorrhages (fig. 5).

Morphological changes were also noticed in the
spleen: in some cases it was wrinkled and decreased,
but in most cases the enlargement of it was fixed. The
organ pulp was tensed, with a plentiful scarp on the inci-
sion, which was characterized by homogeneous smooth
texture. Kidneys were characterized by ischemic mani-
festations in the cortical layer and acute cerebral pyramid
congestion, which created a significantly contrast pat-
tern. Kidney pathology was noticed in 2 samples (40 %)
from the group I, group Il showed analogical results, in
the group Il there were 4 samples found to be affected
by the kidney pathology, which is 80 % of this group of
the researched animals. Chest cavity organs were also
noticed to be changed. Lungs, in some cases, were col-
ored from bright pink to light red, they were not uniformly
colored and full-blooded, the bronchus incision, when
palpated, was characterized by foamy bloody exudates,
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which was an indicator of edema. Heart examination
showed point hemorrhages on the inner side of the peri-
cardium, in the deep layers of myocardium and on the
epicardium surface. These pathologies were noticed
in the samples from groups | and Il, 2 samples (40 %)
each. The group Il was characterized by significant
chest cavity organ pathologies in 4 samples, which is
80 % of this group of the researched animals.

Larvae survival

It has been discovered during the research process
that after the injection of the E. excisus into the gastro-
intestinal canal of the intact rats, only 9 larvae were dis-
covered when the waiting time passed by. The surviv-
ing index of the parasitic larvae in the organisms of the
researched animals from this particular group count-
ed 18 %, with an average amount of larvae counting
1.810.13 nematodes. It is necessary to notice that the
autopsy of one sample in this group showed no larvae
at all. It apparently means that the parasites could not
accommodate in the gastrointestinal canal of the labo-
ratory rat, so they died and eliminated.

Among the researched animals from the group II,
that received injections of the 1 % hydrochloric acid
solution in the amount of 0.5 ml via stomatogastric cath-
eter and invaded with 10 nematode larvae each simul-
taneously, 19 living larvae the rats had been invaded by
were discovered at the end of the experiment. What is

T 30 %

Fig. 5. Gastric mucosa of the rat invaded with Eustrongylides
excisus larvae. Inflammatory processes are well-observed,
stomach perforations are especially noticeable

significant is that one rat from this experimental group
had 7 parasites with the vital signs, which is the top point
in the given experiment, as the average index counted
3.8+0.24 larvae samples. The general surviving index of
the parasites in the organisms of the invaded animals
during the experiment counted 38 % (table 2).

Table 2. The surviving indexes of the Eustrongylides excisus nematode larvae in the organisms of the laboratory rats

in case of experimental invasion

Numeral characteristics of survival Group | Group Il Group IlI Group IV
Average amount of discovered larvae samples 1.8+0.13 3.8+0.24 510.44 Not found
Parasitic larvae surviving percentage, % 38 52 Not found

Note. Group | are intact animals. Groups Il and Ill were given the 1 % hydrochloric acid solution p.o. in the amount of 0.5 and 1 ml respectively.

Group IV is a control group, injected with 0.5 ml of normal saline.

As a result of injecting the animals from the group IlI
with the 1 % chlorine hydride solution in the amount of
1 ml and 50 (for all samples) larvae of the researched
nematode, 26 larvae were discovered when the waiting
time passed by. The average amount of the parasites in
this group counted 5+0.44 samples. They showed all the
vital signs: they reacted on the mechanical irritators and
were mobile. So, the average surviving percentage in this
researched group counted 52 %. The group IV is a control
group, injected with 0.5 ml of normal saline.

Almost every destructive process in the abdominal
cavity is followed by inflammatory processes which can,
depending on the range of factors, have complications
in the form of local or diffuse peritonitis. Microbiological
insemination is the main reason of the organism desta-
bilization in the complicated pathogenesis of peritonitis.
Significant microbial, autolytic and metabolic disorders
mutually deepen one another, which leads to dysfunc-
tions of cardiovascular system, liver, kidneys and other
vital organs and systems [1, 5, 6, 13].

Important components of peritonitis in the initial stage
are peritoneal hyperemia and formation of the fibrinous
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deposits on it, in which the microflora is mostly [5].
The main cause of the inflammatory processes’ patho-
genesis in the abdominal cavity organs is intoxication
caused by the bacterial breakdown products (toxins)
proteases, biogenic amines, as well as hypovolemia
and gastrointestinal tract paresis.

The pathological anatomical autopsy of the experi-
mental rats showed inflammatory processes in visceral
and parietal peritoneum, as well as exudates and fibrin
deposits in the form of filaments, flakes and grains.

One of the important factors of the progressing
pathogenesis of peritonitis is enteral failure syndrome.
Reflex sympathetic-tonic suppression of gastrointestinal
motility causes bowel atony, as a consequence the in-
testine is deformed by gases and peritonitis’ content [5].
Another typical characteristic — motor-evacuation dys-
function — was established during the autopsy of the
rats invaded with the eustrongylidosis agents. The result
of bowel overstretching is the development of pain and
toxic shock. As a result of the experimental invasion,
the dysfunction was characterized by fecal masses and
gases accumulated in the lumen of the bowel.
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Mechanic damage of the stomach and bowel walls
with E. excisus nematode larvae led to acute inflamma-
tions of the walls of the hollow organs of the abdominal
cavity, in part stomach. Perforating the stomach and
bowel walls the parasite made it possible for the infec-
tion to get out of the intestine on the parietal and visceral
peritoneum layers.

Toxic and terminal periods of peritonitis are charac-
terized by a significant myocardial contractility with circu-
latory disorders increasing proportionally to the infection
development. Flatulence immobilizes diaphragm and as
a consequence affects lung ventilation and causes con-
gestive and inflammatory processes in the chest cavity
organs [4]. That is why pathological changes in the heart,
such as hemorrhages on its membranes and signs of
congestive pulmonary hyperemia, were discovered.

In case of severe peritonitis the pathological pro-
cess is fully realized, leading to a total exhaustion of the
protective and compensatory mechanisms [5]. Such
processes can be observed macroscopically, suppura-
tion is formed between the bowel loops and omentum,
numerous micro abscesses occur under the liver cap-
sule [10, 18]. Such pathological changes among rats
with peritonitis are typical for this pathology. Abscess
formation in the organisms of the rats leads to the in-
fection persistence in the body tissues.

Paralytic obstruction of the gastrointestinal tract
makes nutrition impossible as a consequence it leads
to metabolic disorder, fast exhaustion and electrolyte
imbalance.

The research found positive correlation between the
parasitic surviving percentage in the organisms of rats
and the dept and difficulty of the pathological process,
which can be partly explained by the biological char-
acteristics of the agent and the parasitic strategy of the
E. excisus nematode, which uses fish-eating and preda-
tory birds as definitive hosts in most cases [23]. Accord-
ing to the scientific data the pH level of the gastric acid of
certain predatory and fish-eating birds counts 0.7-1.0.
This significant physiological characteristic makes it
possible for them to digest bones, gristles, scales and
other solid elements of the fish body that are hard to
digest. The high pH of the gastric acid of the fish-eating
birds also allows them to use the tissues of hydrobionts
for nutrition, even in case of major autolysis [2].

Conclusion

To sum up, the results of the experimental research
make it possible to conclude that the invasion of the
laboratory rats with the eustrongylidosis agents leads
to complicated pathological conditions. The given para-
sites are potentially threatening for humans, as humans
are also at risk of being invaded. The detailed analysis
of the agent’s biology, of its spreading and changes in
the organisms of unspecific hosts is a question of pres-
ent interest in monitoring the invasive diseases of the
fishes in natural waters and artificial reservoirs.

Prospects for Further Research

Of great interest is the study of morphological and
biochemical blood parameters of infected animals.
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Honcharov SL. Pathological anatomic changes among laboratory rats in case of experimental infection with the larvae of the nematode Eustron-

MeToto gocnigkeHb Gyno 3mMopenioBaTy ekcrnepuMeHTarnbHe 3apaxeHHs nabopaTopHuX LLypiB NnYMHKamu Hematoan Eustron-
gylides excisus Ta 3aJOKyMEHTYBaTU MaKPOCKOMiYHi 3MiH B opraHax i TkaHMHax NigaocnigHUX TBapyH. 3 METOK CTBOPEHHS! HanbinbLu
onTUMarnbHUX YMOB ANS BMXKWBAHOCTI NNYMHOK HEMaTod TBapwH Ainunun Ha 4-u rpynu. | rpyna — gocnigHa rpyna pedepeHTHUX

TBapwH, Il Ta lll — pocnigHi rpynn, Skum nepopanbHo BBOAWMM 1% PO34MH COMSAHOI KMCnoTu y kinbkocTi 0,5 Ta 1 mn BignosigHo;
IV rpyna — koHTponbHa. TeapuH |, Il i lll rpyn ekcneprmeHTanbHO 3apaxanu nuiMHkaMmu Hematoam Eustrongylides excisus. Tak, Bu-
XMBaHicTb nuunHok napasuTiB y |, Il i Il rpynax craHoBuna 18, 38 Ta 52 % BignoBigHO, Bif, 3aranbHOI KiNbKOCTi MUYMHOK, SKUX Byno

BBEAEHO B OpraHi3Mm LypiB. B iHBasoBaHMX LypiB BigMiYanu 3miHW KMiHIYHOTO CTaHy: cnabkicTb, BiACYTHICTb aneTuTy, 6ontoyicTb
Ta HanpyXeHiCTb YepeBHOI CTiHkU, Towo. icns npoBeAeHHs1 eBTaHasii Ta HAaCTYNHOT aBToMCii 6yno BCTAHOBNEHO O3HaKN CEPO3HO-
iBPMHO3HOrO Ta rHINHO-hiIGPUHO3HOTO NEPUTOHITY. TakoX BigMivanu agresito NUCTKIB 04epPEBVHN Ta YTBOPEHHS Mikpoabcuecis nig
Kancyrnot neviHku. Bigmivanu natonorii opraHiB rpyaHOI NOPOXHUHKM, 30Kpema cepus (KpOBOBUNMBY Ha NepuKapAi Ta 060MoHKax
cepus) i nereHb (siBULLA 3acTilHOI rinepemii, Habpsiky). Takox BUSIBNANM 03HAKWU KaTaparbHOro Ta reMopariyHoro ractputy, nepgopa-
Lii LLNYHKOBOI CTiHKW. BCTaHOBNEHO CTAaTUCTUYHO 3HaYYLLYy TEHAEHLO, LUO i3 3HKEHHAM PiBHS pH LINYHKOBOrO COKY LLYPIB KiNbKiCTb
TINYUHOK, LLIO BVDKUIIN B OpraHiami TBapwH, 36inbLuyBanacsh.

KnrouyoBi cnoBa: Eustrongylides excisus, Lypw, ekcnepuMeHTarnbHe 3apaXKeHHs!, aBTOMCis, MAaToNoroaHaToMiYHi 3MiHWU, NEPUTOHIT
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EHepro3abe3ne4yeHHs TKaHMH nabopaTopHuXx LWypiB
3a YMOB NO€AHAaHOI Ail KaaMin xnopuay Ta HaTpin HITPUTY
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IBaHO-®paHKiBCbKMI HaLiOHaNbHUI MeQUYHUIA YHIBEPCUTET,
Byn. Manuubka, 2, M. IBaHo-®paHkiBcbk, 76018, YkpaiHa

MexaHiam BnnvBy Kagmito Ta HiTpuTIB pisHWMin: Kaamin npurHivye dpepmMeHTHi cuc-

TeMU eHepro3abeanevyeHHs 3aMilleHHsIM OBOBaNEHTHUX MeTarniB, a HiTPUTU NOCUIIOTb
YTBOPEHHSI METreMOrno0biHy, Lo NPU3BOANTL A0 NOPYLUEHHS TPAHCMOPTY KMCHIO A0 KNiTUH.
Ha cborogHi HegocTaTHBO 3'ICOBAHOIO 3anNMLWAETbCA NoeaHaHa gia X KCeHobioTuKiB,
30Kpema Ha eHepreTMyHun obmiH. MeToro gocnigxeHHs Byno 3’acyBaTu CTaH eHepreTny-
HOro o6MiHY y rONMOBHOMY MO3KY Ta NeviHLi WypiB 3a YMOB NoOeAHaHOI Ail KaaMmi xnopu-
Oy Ta HaTpin HITpUTY. IHTOKCUKaLiO MogentoBany TakuM YMHOM: KaaMito Xrnopuza BBOAUNM
BHYTPILLHLOM'A30BO, HATPItO HITPUT — 3 NUTHOI BoAow Y Ao3i 1/10 LD, oanH pas Ha AeHb
ynpogorx 10 gi6. TBapuH po3aineHo Ha ABi rpynu: iHTakTHI Ta gocnigHi. 3abip matepiany
npoBoAMNK Nicna gekanitauii nig TioneHTanoBumM Hapko3om Ha 1-, 14-, 28-y nobu nicns
3aBepLUEHHS BBEAEHHS TOKCUMKAHTIB. [10Ka3HMKM eHepreTMyHoro 0OMiHy BU3Ha4anu Takum
YMHOM: akTuBHOCTI AT®d-a3n, naktaTgerigporeHasm — eH3MMaTUYHUM METOAO0M; KOHLEeH-
Tpauito rNoKO3N — rMOKO300KCUAA3HMM METOAO0M; PiBEHb MiPOBUHOrpagHOl, MOMOYHOI,
ageHo3uHTpudocdopHoi (ATP) kncnot — cnekTpodoTOMETPUYHO; BMIicT Zn, Cu, Mg — 3a
[onomoroto aToMmHo-abcopbuinHoro aHanizatopa. NpoBeaeHi 4OCnigXeHHS BKa3yloTb Ha
NMOPYLLEHHS EHepPreTMYHOro 3abeanevyeHHs1 TKaHWH rofTIOBHOrO MO3KY Ta MeYiHKM 3a KagMieBo-
HITPUTHOT IHTOKCMKaUIT, WO NiATBEPOXKYETHCSA akTMBaLi€el0 aepoBHOr0 OKUCHEHHS TTOKO-
31 Yy roNOBHOMY MO3KY, 3pOoCcTaHHsM BMicTy AT® Ta akTusHocTi AT®-a3u y gocnigxysa-

HUX OpraHax.

KnrouoBi cnoBa: wypu,eHepreTudHnin ooMiH, kKagmin xnopug, HaTpin HiTpuT, Na*-,
K*-akTuBytoda, Mg?*-3anexHa AT®-a3a, ageHo3MHTpudocdopHa KMCnoTa, rMoKo3a, nakrart-

perigporeHasa, nedviHka, rorioBHMIN MO30K

Y HaBKOMULIHBOMY CepefoBULLI XUBi opraHiamm
MOXYTb 3a3HaBaTu NOEAHAHUX BMUBIB LUKIONNBUX
YMHHWKIB Pi3HNX 3a XiMIYHOK NPUPOAOIO | MEXaHI3MOM
4ii. 3 HayKoBOI niTepaTypu BiAOMO MPO pPO3AaiNbHY Aito
ioHiB Kagmito [2] Ta HiTpuTiB [1] Ha opraHiam TBapwH.
TokcuyHa gis Kagmito nposBngeTbCs NOMAITPONHUM
BMNSVNBOM Ha OpraHiam TBapwvH i MOANHW, 30Kpema
akTuBaLiero npouecis nepokcuaadii ninigis Ta Ginkis,
NOpYLUEHHAM aHTUOKCUAAHTHOIO 3axXMCTy, CUCTEMM
remocTasy [5, 10, 12]. MNMpu HITPUTHIN iIHTOKCUKALLT Bia-
OyBa€ETbCH iIHTEHCMBHE YTBOPEHHSA METreMornobiny,
NOPYLUEHHS TPAHCNOPTY KUCHIO 40 KMiTWUH, 3MiHN
y ByrnmeBogHoMmy Ta ninigHomy obmiHi [1, 6, 11]. OgHak
noegHaHa ais UMx KCeHobIOTUKIB 3anmLLIaeTbCa Heao-
CTaTHbLO 3’ICOBAHOI0.

BpaxoBytouun BuLLleckasaHe, METO AOCHiIIKEHHS
Oyno 3’acyBaTtu CTaH eHepreTU4Horo 0OMiHy y ronoe-
HOMY MO3KY Ta MediHLi LWypiB 3a YMOB noegHaHoi gii
KagMmin xnopuay Ta HaTpi HITpUTY.
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MaTtepianu i meTogm

HocnigpxeHHs npoeogunu Ha 48 6invx 6e3nopoaHux
nabopaTopHuKX Lwypax-camusx macoto Tina 180-220 ,
SKMX YTPMMYBanu Ha cTaHgapTHOMY pauioHi BiBapito.
TOKCUYHE ypaXKeHHS BUKNMKanu Kagmin xnopmuaom
(CdCl,) Ta HaTpin HiTpuToMm (NaNO,). IHToKcKKaLito
MoentoBany TakumMm YMHOM: KaZMiln xnopwua BBOAUINN
BHYTPILLUHBOM’A30BO B 03I 1,2 MI/Kr Macu Tina TBapuHu
(1/10 LD,,), a HaTpin HITPUT BUMOIOBaNM 3 MUTHOIO BO-
00 3 po3paxyHKy 2,1 Mr/Kr macu Tina TBapvHu B A03i
1/10 LD, oanH pas Ha aeHb npotarom 10 ai6 [14].
[HTaKTHMM TBapMHam BogHOYaC BBOAMMN BigNOBIaHY
Kinbkictb 0,9 % posunHy HaTpin xnopuay. Jocnigxy-
BaHUX TBapuH Oyno posgineHo Ha 2 rpynu: | rpyna
(12 ocobuH) — iHTaKkTHI TBapuWHW; |l rpyna — TBapuHW,
IHTOKCMKOBaHI KaMili XnopuaoMm Ta HaTpiln HITpuToMm (No
12 ocobuH Ha 1-y, 14-y Ta 28-y oobu JocnigKeHHS).
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[ns pocnigXeHb BUKOPUCTOBYBanv roMoreHaT ro-
NOBHOIO MO3KY Ta neviHku. 3abip maTepiany npoBogunm
3rigHO 3 NpaBuamMmn €BPONECHKOI KOHBEHLLT Npo ryMaHHe
CTaBneHHs Jo nabopatopHux TBapuwH (Ctpactypr, 1986),
nicns aekanitawi nig TioneHTanoBnM Hapko3om Ha 1-, 14-,
28-y pobu nicns 3aBepLUEHHS BBEAEHHS TOKCUKaHTIB. No-
Ka3HWK/ EHEPreTUYHOro OOMiHY BU3HaYanm TakvumM YHOM:
akTmBHicTb Na*, K*-aktuyto4oi, Mg?*-3anexHoi AT®-a3n
BM3Ha4anu 3a pisHMLE0 aKTMBHOCTEN Y MPUCYTHOCTI Ta
BiACYTHOCTi oybGaiHy (CTpodaHTuHy) [4]; aKTUBHICTb Nak-
TatgerigporeHasu (JIAIN) — cnekTpodoTOMETPUYHO 3a
Habopom «diniciT-iarHocTvka» (YkpaiHa); KOHLEeHTpaLito
[THOKO3U — FMOKOOKCHAA3HMM METOAOM 3a AONOMOroH
Habopy «®iniciT-[iarHocTvka» (YkpaiHa); BMiCT NipoBMHO-
rpagHOI KUCNOTU — 3a KiNbKICTHO NOXigHMX 2,4-ONHITpo-
doeHinrigpasoHy (2,4-0H®I) [13]; piBeHb MOIOYHOI KUCTTO-
TN — 3a peakujeto 3 napaokeuandeHinom [7]; ATe — 3a
KinbkicTio Pocdopy, mogmdikoBaHo MeToaMKo Anen-
HukoBa i Pybuoga [9]. Bmict MarHito, Kynpymy, LinHKy Bu-
3Havanm 3a JOMOMOroK aTOMHO-abcopOLIHOMO CnekTpo-
dorometpa C-115 MK [3, 10]. OTpumaHi pesynsraty nia-
nsranu CTaTMCTUYHOMY aHanisy 3a 3araribHOMPUAHSITO
METOAMKOK 3a Aonomororo nporpamm Statistica 8,0 Ta

nakeTa CTaTMCTUYHUX dOyHKUIN nporpamu Microsoft Excel
2016. KopensuiiHuin aHania npoBoaunu 3a koedilieHToM
MipcoHa. [Ana onucy KinbKiCHNMX 03HaK BUKOPUCTOBYBau
cepeaHe apudmetmyHe (M), cTaHgapTHy Noxmoky (xm),
megiaHy (Me) Ta iHTepKBapTUITbHUI PO3MaX — HUXKHIN-
BepxHin keaptunb (LQ-HQ) [8].

Pe3ynbrat 1 06roBopeHHs

HocnipxeHHs koHueHTpauii AT® y romoreHaTax ro-
NOBHOIO MO3KYy Ta MeYiHKM 3a YMOB noeaHaHoi aii Kaa-
Mito xropuay Ta Hatpin HiTpuTy 40O3BONWMAM BCTAHOBUTU
3pOCTaHHS LbOro NoKasHuKa Yy roMoreHaTi rofloBHOMo
MO3Ky Y 2,3 pa3sy Ha 28-y goby gocnigy nopiBHSHO 3 iH-
TaKTHUMM TBapMHaMU. Sk nokasanu Hawli AOCHioKEeHHS,
y romoreHari nediHku cnocrepiranu BiporigHe (P<0,001)
3pOCTaHHSA YNPOAOBX BCbOro nepiogy AOCHiIAXEHHS
y 3—6 pasiB NOPIBHAHO 3 KOHTPOSBHOLO rpynoto (Tabn. 1).
BusHaueHHst ATP-a3HOi aKTUBHOCTI 403BOMNUITO BCTAHO-
BuTU BiporigHe (P<0,001) 3pocTaHHs LibOro NokasHuka
y 2-13 pasiB y gocnigxyBaHnX TKaHNWHaX yNpodoBX
YCbOro nepiogy eKCNEPUMEHTY NMOPIBHSAHO 3 KOHTPOMNEM.

Ta6nuus 1. [oka3HUKM eHepreTUYHOro O6MiHy Y rofIoBHOMY MO3KY Ta NeviHui Wwypis
3a ymoB noefHaHoro BrnmBy kagmito xnopuay (CdCl,) ta Hatpii HiTputy (NaNO,) (Mtm, n=12)

Table 1. Parameters of energy metabolism in the brain and liver of rats
under the combined influence of cadmium chloride (CdCl,) and sodium nitrite (NaNO,) (Mtm, n=12)

Merearrim /| ParEisers TK_aHMHa | rpyna Il rpyna Il rpyna IV rpyna
Tissue 1st group 2 group 3 group 4™ group
r°”°BE';"”’.' MO3OK 3,090,29 3,5410,97 2,38+0,36 7,3742,16*
AT®D, MKMOnb/I TKAHUHU il
ATP, uymol/g of tissue :
Mevinika 1,02£0,03 6,19¢1,51* 3,010,73 5,95+1,28
Liver
r°”°B|;'”V.' MOSOK™ 251,30£53,04  2452,304647,27* 2710,38£798,13*  486,22+256,19
ATd-asa, MkmonbxP /Mr, _xrof el
ATPase, pmoIXP‘/mgpymeiHXhour Mevinka
Liver 274,13+40,74 3645,75+525,42* 424,49+104,62 448,85+92,19*

lMpumimka. | rpyna — iHTakTHi TBApuHy; |l rpyna — 3abip matepiany Ha 1-y goby; |l rpyna— 3abip matepiany Ha 14-y ooby;
IV rpyna — 3a6ip matepiany Ha 28-y o6y nicnsi 3aBepLUeHHs BBEAEHHS KaAMili Xnopuay Ta HaTpii HITpUTy.

TyT i gani ctatTMcTMYHO BiporigHa pisHUUs wopo KoHTpono * — P<0,001 3a kputepiem CTbloaeHTa.

Note. 1%t group — intact animals; 2" group — probe on the 1%t day; 3 group — probe on the 14" day;

4™ group — probe on the 28" day after cadmium chloride and sodium nitrite was completed.

Here and further the statistically significant difference compared control * — P<0.001 according to Student’s criterion.

Ockinbku ioHn MarHito € akTuBatopammn ATd-asu,
BaXNMMBUM € LOCNIOKEHHS BMICTY LbOro enemMeHTa
B TKaHWHaXx rofiOBHOro MO3KY Ta nediHku. BcTaHoB-
neHo, WO KOoHLUeHTpauia Marwito BiporigHo 3pocTa-
na (P<0,001) y ronoBHOMYy M0O3Kky — y 2,3-3,7 pa3sy
BMPOOOBX YCbOro nepiofly AOCAIMKEHHS. Y nevdiHui pi-
BeHb MarHito MaB pi3HOHaNPAMIIEHNA XapakTep: 3HU-
XyBaBcs Ha 1- Ta 28-y gobu y 1,7 i 4 pasu BignoBigHo,
a Ha 14-y 0oby, HaBnaku, CnocTepirany 3poCTaHHs NOro
BMicTY y 5 pasis (puc. 1).

OcCHOBHUM Dxepenom eHeprii 4ns JochigKyBaHUX
TKaHWH — FOMIOBHOMO MO3KY Ta MeYiHKM — € TToKo3a.
OTpumaHi pesynsrati nokasanu pisHoHanpsIMIeHi 3aMiHu
KOHLIEHTpAaUiT [MHKO3K: Y rONOBHOMY MO3KY — BiporigHe
(P<0,001) sHmxeHHs y 3,5; 2,3 Ta 1,7 pasy Ha 1-y, 14-y

The Animal Biology, 2020, vol. 22, no. 1

i 28-y poby pgocnigKeHHs BigMoBigHO. Y MediHuj cnocTte-
piranu 3pocTaHHs KOHUEHTpaUil rroko3n y 2,6 pasy Ha
1-y 0oby, He3HauHe 3pocTaHHsA Ha 14-y [o0y Ta 3HKEH-
Hs Ha 36 % Yy ni3Hil Nepioa JocnigpkeHHs (puc. 2).
HocnimxeHHa meTaboniTiB ByrnmeBogHoro obmiHy 3a-
ceiguuno BiporigHe (P<0,001) 3HMXEHHS pPiBHSA MOMOY-
HOI KMCMOTW: y FTONTIOBHOMY MO3KYy — YMPOAOBX YCbOro
nepiogy oocnimkeHHs, y 24, 6 Ta 1,75 pasy Ha 1-, 14- Ta
28-y nobwm; y neviHui — B 5,8 i 1,7 pasy Ha 14- Ta 28-y
nobw gocnigpxeHHs BignosigHo. BoaHovac koHUeHTpa-
Lisi NipoBMHOrpagHoi KUCMNOTKU Y FONOBHOMY MO3KY Bi-
porigHo (P<0,001) 3poctana y 3-3,5 pa3y BNpoaoBX
YCbOro nepioay OOCHIMKEHHA. Y neviHui Lein noKasHuK
BiporiaHo (P<0,001) 3HmXyBaBCS NPOTArOM YCbOro Ao-
cnigxysaHoro nepioay B 1,8 pasy (puc. 3).
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Fig. 1. Influence of cadmium chloride (CdCl,) and sodium nitrite (NaNO,)
on the concentration of Magnesium (ug/g) in the brain and liver of rats
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Puc. 2. Bnnvs kagmito xnopuay (CdCl,) Ta Hatpin HiTputy (NaNO,)

Ha KOHLIeHTpaLIito moKo3n (MMOMb/I TKaHWHW) Yy TONMOBHOMY MO3KY Ta MeviHui LwypiB
Fig. 2. Influence of cadmium chloride (CdCl,) and sodium nitrite (NaNO,)

on glucose concentration (mmol/g) in the brain and liver of rats
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Puc. 3. Bnnue Kagmito xnopuay (CdCl,) Ta Hatpiit HiTputy (NaNO,) Ha KOHLEHTpaLito MOMOYHOT (MMOIbL/I TKaHUHK)
Ta NipoBUrpagHoi (MKMOMb/I TKAHWHW) KUCMOT Y FOfIOBHOMY MO3KY Ta NeviHui Wwypis

Fig. 3. Influence of cadmium chloride (CdCl,) and sodium nitrite (NaNO,) on the concentration of lactic (mmol/g)
and pyruvic (umol/g) acids in the brain and liver of rats.
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Tabnuus 2. AKTUBHICTb nakTaTaerigporeHasn Ta BMicT Linkky i Kynpymy B opraHax ypis
3a yMOB noeaHaHoro snnvey kaamito xnopugy (CdCl,) Ta Hatpiit HiTpuTy (NaNO,) (Mtm, n=12)
Table 2. Lactate dehydrogenase in brain and liver of rats under the combined influence

of cadmium chloride (CdCl,) and sodium nitrite (NaNO,) (Mtm, n=12)

MokasHuku / Parameters LLELILE lipyna II rpyna Il rpyna IV rpyna
Tissue 1st group 2" group 3" group 4" group
NakTatgerigporexasa, r°”°BE§"’”’.' MO3OK 2,099+0,78 0,98+0,26 0,52+0,21* 0,99£0,17
MKMOJSb/CXT TKaHUHU L&l
Lactatedehydrogenase, Mevinka
umolisxg of tissue o 1,35£0,46 0,21£0,08* 0,19+0,04* 0,65+0,19
r°”°BE';"“’.' MO3OK 787,6+217,6 522,58+137,22  1291,49+530,18  663,14+214,59
LIMHK, MKF/T TKaHUHW beEI
Zinc, ug/g of tissue .
”E:;:fa 399,6+95,5 519,7476,2 913,5£98,2* 311,04£92,9

[onoBHMI MO30K

Kyrnpym, MKr/r TKaHUHN Brain
Cuprum, pg/g of tissue —
Liver

155,17+12,66

141,9+£34,8

150,65+58,47 177,45+13,05 150,44+37,61

90,5+15,7 217,7+£27,8* 191,7£21,4

Bu3HauyeHHA nakTataerigporeHasHol akTUBHOCTI
y FONTOBHOMY MO3KY NMOKa3ano ii 3HWKEHHSs, HanicToT-
HilWi 3MiHK cnocTepiranu Ha 14-y noby focnigxeH-
HA — Yy 4 pasun NOPIBHAHO 3 KOHTPOJSILHOK FPYMNoo
TBapWH. Y neviHui Takox cnocTepiranu cyTTese il 3HU-
XKEHHs, 30kpema Ha 1- Ta 14-y nobn —y 6,5 Ta 7 pasis
MOPIBHSIHO 3 iIHTAKTHMMMK TBapuHamu (Tabn. 2).

HocnigpkeHHst KOHUeHTpauil MikpoenemMeHTiB LinHky
Ta Kynpymy, siki BUCTynatoTb akTuBaTtopaMy nakrat-
JeriaporeHasn, nokasanu Taki 3MiHW Yy FofIOBHOMY MO3KY
LLYpiB: 3HWXKEHHS piBHA LiMHKy Ha 1- Ta 28-y nobwu cno-
CTEpPEXEHHs!, Ha 14-y noby Hamy BCTAHOBMEHO 3pOC-
TaHHS LbOro nokasHuka B 1,6 pasy. NMogibHy 3akoHOMip-
HICTb cnocTepiranu i Wwopao pisHA Kynpymy y ronosHo-
My MO3Ky. Y neviHui piBeHb LIMHKY 3pocTas ynpoaosx
1-14 ni6 — y 2 pa3swn, Ha 28-y noby 6yB HK4MM Big No-
Ka3HWKIB KOHTPOMbLHOI rpynu, BMICT Kynpymy pis3ko 3HU-
XyBaBcs Ha 1-y goby — Ha 36 %, y HacTynHi nepioan
crnocrepiranu BiporigHe 3pOoCTaHHS, 30Kpema HanbinbLL
iCTOTHe Ha 14-y noby — B 1,5 paasy.

OTpumaHi pesynbsraTti BKasyroTb Ha Pi3HUIA XapakTep
3MiH B eHepreTm4HoMy OBMiHi y TKaHMHaX rofoBHOMO
MO3KY i NeYiHUi 3anexHo Big nepiogy AOCHiMKEHb.

Y ronoBHOMY MO3KY 3a NOEAHAHOI Ail TOKCUKaHTIB
BMicT AT® cyTTeBO 3HMXKyBaBcs Ha 14-y goby i pi3ko
3pocTaB Y NisHboMy nepiogi. Mpu LboMy BapTo 3a3Ha-
YUTW NPO HAMHWKYMIA piBEHD MMIOKO3K Ha 1-y 406y, BNpo-
[JOBX BCbOrO €KCNepMMEHTY Liei MoKa3HuK byB BiporigHO
HIDKYMM Bi KOHTPOMBLHOI rpynu. BogHovac cnoctepiranu
3pOCTaHHS PiBHA NipYBaTY i 3HWKEHHA NakTary, Lo MOXe
BKa3yBaTW Ha aKTUBAaLito aepobHOro rmikonisy i niaTeep-
DPKYETBCA HU3bKOK akTuBHICTIO JIAIN ynpoaosx BCbOro
nepiogy AocnimpkeHb. Y ronoBHOMY MO3Ky Ha 28-y ooy
KOHLeHTpauis nakTaTy i aktmBHicTb JIOI 3HMKyBanacs,
a koedilieHT kopensuji ctaHosmB r = —0,86.

Y neviHuj 3a yMOB KaZIMi€BO-HITPUTHOT iHTOKCUKALLT
crnocTepiranu 3Ha4yHe 3pOCTaHHs KoHUeHTpaLji ATO i ak-
TBHOCTI AT®-a3n BNpOoJoBX YCbOro nepiogy AOCHIoKEH-
Hs. [py UbOMY BapTO 3a3HAYNTMK, LLO PiBEHb [MHOKO3U
B paHHiIl nepiog 3pocTae, a B noganbLui nepiogn aocni-
PKEHHSA — 3HUXKYETBCA. TakoX crocTepiran NO3UTUBHUN
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KOPENSILiNHMIN 3B’I30K MK 3HVKEHHST KOHLIEHTpaLlii [THo-
KO3W i 3pocTaHHs BMicTy AT® — koedilieHT kopensuii
ctaHoswms r=0,81. LLlogo npomixHnx meTaboniTis 0BMiHY
[MOKO31 — MOMOYHOT Ta NiPOBUHOIPaAHOI KUCHOT, TO X
KOHLIEHTpaLisi | aKTUBHICTb NakTaTaerigporeHasu y romo-
reHati neviHkm BiporigHo (P<0,001) 3HmXyBanack ynpo-
JOBX ekcrnepuMeHTy. Lle Mmoxe cBigumMTi Nnpo nocuneHe
BMKOPWUCTaHHA NakTarty i nipyBaTy y NPOLECi rMHoKOHeore-
Hesy Ans 3abe3neveHHst eHepreTUIHNX NoTped opraHiamy
npv aganTaLii 4o BNnMBY AOCHISKYBaHNX KCEHOBIOTMKIB.

BucHoBku

1. MoegHaHWM BNNMB KagMito XIopyay Ta HaTpito Hi-
TPUTY Ha OpraHiaM NnabopaTopHMX LLYpPIiB NPM3BOAMB [0
3pocTaHHs piBHA ATO Ta ATP-a3HOI akTMBHOCTI Ha 28-y
000y JoCnigXKeHHS y TKaHMHaX rorloBHOrO MO3Ky Ta ne-
YiHKK, LLIO MOXHa po3rmsgaTh Sk NposiB aganTawii eHep-
reTm4Horo obmiHy 3a Aii 4ocnigKyBaHUX TOKCUKaHTIB.

2. BHKEHHS KOHLEHTpaLLii FMoKO3K Ta MOMOYHOI KMC-
NOTK i 3pOCTaHHSA MipyBaTy B rONIOBHOMY MO3Ky Nlabopa-
TOPHMX LLypiB BNPOAOBX YCbOrO Mepiogy OOCHMKEHHS
MOXYTb BKa3yBaTW Ha aKkT1BaLito NpoLEeciB aepobHOro
OKMCHEHHS! 3a YMOB iHTOKCUKALii KagMmito Xropuaom Ta
HaTpito HiTpuTOM. BogHOYac Taka iHTOKCKKaLis Cynpo-
BOKYETbCS 3POCTAHHSAM [TIHOKO3U Ta 3HUKEHHAM PiBHS
nakraTy i nipyBaTy y neviHui, Lo MoXe CBiguuTn npo
aKTUBALito NPOLEeCy [MIOKOHeoreHeay i B Takuin cnocid
3a6e3neunT NiaTpUMaHHA eHepreTudHux noTpeb opra-
Hi3MYy, 30Kpema rofloBHOro MO3KY.

MepcnekTuBM noganbLnX AocnigXkeHb

OTpumMaHi pesynsrati BKasytoTb Ha MOPYLUEHHS Npo-
LeciB eHepreTMyHoro 06MmiHy y neviHui Ta rornoBHOMY
MO3KY 1TabopaTopHUX LLYPIB 3a YMOB KaAMIEBO-HITPUTHOT
iHTOKCKKaUii i noTpebyoTe NoganbLLIOoro NornMbneHoro
BMBYEHHS (MOPAGONOriYHOro, reHeTUYHOrO Ta iH.) Ta no-
LUYKIB KOPEKLUii BUSIBNEHNX NOPYLUEHD.
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Energy supply of laboratory rats tissues at combined action of cadmium chloride and sodium nitrite

L. D. Kuras, H. M. Erstenyuk
kuras1205@ukr.net

Ivano-Frankivsk National Medical University,
2 Halytska str., lvano-Frankivsk, 76018, Ukraine

The mechanism of action of Cadmium and nitrites is different: Cadmium inhibits the enzyme systems of energy supply by replacing
divalent metals; and nitrites enhance the formation of methemoglobin, which disrupts oxygen transport to cells. However, to date, the
combined effect of these xenobiotics, in particular on energy metabolism, remains poorly understood. Taking into account the foregoing,
the purpose of this study was to find out the state of energy metabolism in the brain and liver of rats under conditions of combined action
of cadmium chloride and sodium nitrite. The intoxication was modeled as follows: cadmium chloride was administered intramuscularly.
Sodium nitrite was administered with drinking water at a dose of 1/10 of LD, once a day for 10 days. Animals were divided into two
groups: intact and experimental. The material was collected after decapitation under thiopental anesthesia at 1%, 14", 28" day after the
completion of the introduction of toxicants. Indicators of energy metabolism were determined as follows: activity of ATPase, lactate dehy-
drogenase — enzymatic method; glucose concentration — glucose oxidase method; the level of pyruvic, lactic, adenosine triphosphate
(ATP) acids — spectrophotometrically; content of Zn, Cu, Mg — by atomic absorption spectrophotometer. The conducted researches
indicate disturbance of energy supply of brain and liver tissues by cadmium-nitrite intoxication, which is confirmed by activation of aerobic
oxidation of glucose in the brain, increase of ATP content and activity of ATPase in the investigated organs.

Key words: rats, energy metabolism, cadmium chloride, sodium nitrite, Na*, K*-activation, Mg?*-dependent ATPase, adenosine

triphosphate, glucose, lactate dehydrogenase, liver, brain
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IMyHOCTMMYynOBanbHa Ais 6eTa-rnoKkaHy
3a MeAuKaMeHTO3HOI iMyHocynpecii MypyakiB

1O. B. MapmuHis, A. B. Kicepa

juliamartyniv8@gmail.com

JIbBiBCbKUIA HaLiOHaNbHUIA YHIBEpCUTET BETEPUHAPHOI MeAnUMHY Ta bioTexHonorin imeHi C. 3. IKULIBKOTO,

Byn. MNekapcbka, 50, M. JbaiB, 79010, YkpaiHa

OcobnusicTto fji 6eTa-rniokaHiB € BNAMB Ha BCi NONynNsLji NENKOLMTIB, L0 CYNpOBOMDKY-
€TbCS aKTMBaLjieto dharoumTapHol oyHKLUiT. KOpTUKOCTEPOIAHI FOPMOHW MatoTb iIMyHOCYNPECUBHY
nito. MogentoBaHHs iMyHOCYNpecii 4ano 3Mory OLiHUTK 3MiHW B KPOBI Nig, BNAIMBOM JEKCaMeTa30-
Hy, LLIO € fjil0YO0I0 pedoBMHOO Npenapaty «[ekcadopT», Ta 6eTa-rmokaHy SK iMyHOCTUMYnSTopa.
lemaTonoriyni gocnigkeHHst Ans 3’acyBaHHA iIMyHOCTUMYIOBAnbHOI Aii 6eTa-rmiokaHy Ha Tri Me-
OMKaMeHTO3HOI iMyHocynpecii «[JekcadhopToM» NPOBENU 3 METOK 3'ACYBaHHS IMYHHOI peakTuB-
HOCTI opraHi3my Mypyakis (Cavia porcellus). B ymoBax BiBapito nposenu gocnia Ha 20-1 300poBux
Myp4Yakax (ogHa KOHTpOIbHa i TpU JocnigHi rpynu no 5 ocobuH y KoXHIN rpyni: | rpyna — iMyHo-
cynpecis 6e3 imyHoctumynstopa; |l rpyna — 6e3 imyHocynpecii 3 imyHoctumynsitopowm; I rpyna —
iMyHOCYNpecis 3 iMyHOCTUMYNSTOPOM). IMyHOCynpecito 3ajicHioBany TeapuHam | Ta lll gocnigHux
rpyn ABOPa3oBo 3 iHTepBanom KoXxHI 7 4ib: niglwkipHo BBoamnm npenapar «ekcadopT» Ha OCHOBI
JekcameTasoHy nponoHrosaHoi gii (Intervet Schering-Plough Animal Health, Hinepnangw).
Ak iMyHOCTMMYNATOpP BMKOpUCTOBYBanu 6eta-rntokaH B fo3i 30 Mr Ha kr macu. Npenapar 3a-
JaBanu BMMNOIBaHHAM 1 pa3 B AeHb WwoaHsa npoTsarom 14 aid tBapuHam Il Ta lll gocnigHux rpyn
nicns apyroro BBeAeHHs «[ekcadopTy». 3a gii «[lekcadopTy» y KpOBi 4OCHiAKyBaHNX TBAPUH
BCT@HOBIIEHO 3MEHLLEHHS KiNIbKOCTi NEeNKouUTiB, 30Kkpema nimdouuTis, WO Bigobpaxkae imyHo-
CYNPECUBHWI CTaH opraHiamy. BunotoBaHHA TBapuHam GeTa-rntokaHy npr3soauno 4o 36inbLUeHHs

Yy X KPOBI KiMbKOCTi NenkounTiB, 30Kkpema nimcouunTis i TpomboLUTIB.

Knio4oBi cnoBa: mypuyaky, 6eTa-rntokaH, gekcadopT, iMYHITET, KpoB, NenkoumTn, nimdo-

LMTK, HEeUTpohinn, eosmHodinu, Mikpocnopia

LLnpoko 3acTocoByBaHi CbOrofHi HaTyparnbHi iMyHO-
CTUMYNSATOPW, Ha BIAMIHY Bifi CUHTETUYHUX, HE YMHSATb
TOKCUYHOIO BMMBY Ha OpraHiaM i XxapakTepuayoTbCcs
MiHiManbHUM PU3MKOM PO3BUTKY NOBIYHMX peakLin.
Livm BMMOram noBHICTIO BiANOBiAaoTb 3acoby Ha OCHOBI
6eTa-rntokanie [1]. Kpim aktuBauii dparoumtapHoi yHk-
ujii makpodaris, 6eTa-rnokaHu 3a 4OMNOMOIO TUX Xe
MakpodariB MOTEHLIiOTb CUHTE3 MeajiaTopiB i Bionoriy-
HO aKTMBHUX CyOCTaHLjn — NiMJOKIHIB, iIHTEPdEPOHIB,
iMyHornobyninie. 3a Bnnuey GeTa-rntokaHiB NigBuLLy-
€TbCA KOHUEHTpaLis iMmyHornodyniHy A y nnasmi Kposi,
Lo 3abe3nevye MicLIeBUI iMYHITET. BeTa-rmiokaHn MaroTb
perynsauiiHui BNAvB Ha Bci cybnonynsuii nemnkoumTis,
a 3HauuTb, | Ha iIMyHHY cuctemy [3].

beTta-rntokaHun € npegcraBHUKaMu nonicaxapuiis
MOHoMepiB D-rmoko3u, 3'eaHaHmX 3a gornomoroto 6eta-
rMiKo3naHNX 3B’A3KIB, | BIAPI3HAOTLCA MidK COOO0 MO-
NEKYNAPHOK Macoto, LWNbHICTIO | TPUBUMIPHOKO CTPYK-
Typoto [9]. HanakTusHiwoto dopmoto beTa-rniokaHis
€ 6eta-1,3/1,6-rnokaH, B MONEKyIi AKOro rnoko3a
npuB’sisaHa go no3uuin 1 i 3, monekyna mae Bigrany-
XeHHs y nosumuisax 1 6 [2]. bera-rnokaHn — ue Benuki
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MONEKynu, sKi He NigaaTbCs PepMeHTaTUBHIN par-
MeHTaLl B LLTYHKOBO-KULLKOBOMY TPaKTi, 3aXONOKTb-
Cs1 KMNITMHAMM CITM30BOT 00OMOHKM KULLEYHUKY | aKTUBHO
nepeHoCcATLCA Y NiACIN30BUI LIap, Ae aKTUBYIOTbL MaKpo-
dharu, a yepes HMX — nimcpounTK, BignoBiganeHi 3a 3a-
XUCT eHgoTenito, TO6To 3a micueBunt imyHiteT [14]. 3a-
BASIKM MeXaHi3My penonynsauii akTmeoBaHi niMounTm 3i
Cnn30B0i 0OOMOHKM KULLIEYHUKY ONCEMIHYIOTL Y CIN30BI
0BOSOHKM pi3HNX opraHiB, 3abe3neuytoun 3axucT iX Big
iHdekuin [1]. Ha noBepxHi Makpodbaris, siki 38’A3y0TbCS
TiNbKW 3 HEPO3ranyXeHo OiNsHKOK Monekynu berta-
rMHoKaHy, BiAOyBaeTbCst akTMBaLis Makpodaris 1 peani-
3YETLCS IMYHHUI 3aXUCT opraHiamy [4, 16]. AKTUBY€ETbCA
charoumTapHa pyHKLUis Makpodarie Ta NoCUIeHo CUHTe-
3YIOTbCS | BUBINIbHAOTLCA LIMTOKIHW, SIKi € CUrHanom Ans
iHLUMX KMNITUH iMYHHOT cuctemu, 3okpema T-nimcouuTis,
hakTopa pocTy enigepmanbHux knituH [11]. YactuHa
GeTa-rmioKaHiB Yepes BOPITHY BEHY NOTPaNsioThb y ne-
YiHKY, e 3axonntoTbes KnitnHamn Kyndepa, Ski y Bia-
noBiab Ha B3aemopito 3 nosicaxapugamn BUAINAIOTb
LMTOKIHK, LLIO aKTUBYOTb CUCTEMHMI iMyHiTeT [13]. OTxe,
BeTa-rmoKaHn akTUBYIOTb SIK MICLIEBUI IMYHITET (3axucT
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OpraHiamMy Bif, BTOPrHEHb aHTUrEHIB), TaK i CUCTEMHUI
IMYHITET (3HULLEHHS YYy>KOPIAHOIO reHETUYHOTo MaTepia-
ny i BiQHOBINEHHSI iIMyHHOro romeocTasy). BiamiHHa puca
imyHoMopyntotodoi aii 6eTta-1,3/1,6-rnmokany nonsirae
B a4eKBaTHOMY MiABULLIEHHI aKTUBHOCTI iIMyHHOI CUCTEMM
6e3 il HagmipHoi cTumynauii [3].

PauioHanbHa MeankameHTO3Ha KOpeKList pyHKLio-
HanbHOI aKTUBHOCTI iIMYHHOI CUCTeMW € HeOOXiaHUM 3a-
X0O0M 3a BaraTbox 3aXBOpLOBaHb i natonorii. JouinsH1um
i OOr'PYHTOBaHNM € BMKOPUCTaHHS aKTMBaTopIB (eHO0-
TOKCUHW, Bipycy, 6akTepil) NepBUHHOI NTAHKKN iIMYHITETY —
Makpodaris, 04HaK BOHO He 3aBXaun BUcokoedekTneHe
i 6esneyHe. Y cBoto Yepry, cnonykm beta-1,3/1,6-rmiokaHy
i 6eta-1,3(D)-rmtokaHy 6e3nedHi i ix MoXHa 3acTocoByBa-
TN SIK eHTeparnbHo, Tak i napeHTepanbHo. Lis dapmako-
KiHETMYHa 0CcobnUBICTL BeTa-rMoKaHiB i 0OYMOBMIOE X
LLMPOKE 3aCTOCyBaHHs1 B MEQUYHIN NpakTuui. CTUMynsLisi
npoueciB pereHepaLii Yepes akTuBaLito KepaTMHOUMTIB
i hibpobnactieB — micueBuin edekT beTa-rnokaHis [15,
18]. Metoto po6oTH Byro BU3HAUMTU iIMYHOCTVMYIOBaNb-
Hy Aito 6eTa-miokaHy 3a MeaKaMeHTO3HOI iIMyHOCYMPECii.

MaTepian i meToaun

B ymoBax BiBapito JIbBiBCLKOrO HaLliOHanbLHOroO yHi-
BEPCUTETY BETEPUHAPHOI MeguumHu Ta GioTexHonorin
imeHi C. 3. [xnubkoro nposenu gocnigkeHHs Ha 20 300-
pOBMX Myp4akax, 3 skux Byno cqopmoBaHO OAHY KOH-
TponbHYy i Tpu gocnigHi rpynu (I rpyna — imyHocynpecia
6e3 imyHocTumynaTopa; |l rpyna — 6e3 iMmyHocynpecii
3 imyHocTUMynsTopoM; Il rpyna — imyHocynpecis 3 iMyHo-
CTUMYINATOPOM) MO 5 OCOBUH y KOXHIN rpyni.

YTpyMaHHsi, rogiento, AOrMsA, Ta YCi MaHinynauii 3 myp-
Yakamu 34iNCHI0BaNM 3rigHO 3 €BPOMENCHKO0 KOHBEHLLED
«[po 3axmcT xpebeTHUX TBapUH, SKi BUKOPUCTOBYHOTLCS
ONst focnigHvx Ta iHWnx HaykoBux Wineny (Ctpacypr,
1986 p.) i «3aranbHNX ETUMHUX NPUHLMNIB EKCEPUMEH-
TiB Ha TBapuHax», yxBaneHux Nepwmm HauioHansHUM
KOHrpecom 3 6ioetuku (Kuis, 2001). EkcnepumeHT npo-
BOOMNM 3 OTPUMAHHAM MPUHLMMIB N'yMaHHOCTI, BUKINa-
OeHnx y ampekTusi €sponencebkoil CninbHoTU [10].

[nsa npoBeaeHHs iMyHOCYNpecii BUKOPUCTOBYBanNu
KOPTUKOCTEPOIAHWA FOPMOH AeKCaMeTas30oH B iMyHOCyrpe-
cnBHux gosax 0,05-0,5 mr Ha 1 kr macu TBapuHu [12].
3 Uieto MeToo 4BOPA30BO 3 iHTEpBArioM KOXHi 7 Aid TBapu-
Hawm | Ta Il gocnigHmx rpyn NiALLKIPHO BBOAUMW Npenapar
«[dekcachopT» Ha OCHOBI JeKCaMeTa3oHy NMPONOHIOBaHO!
4ii (Intervet Schering-Plough Animal Health, Hinepnanaw).

AK iIMyHOCTUMYNATOP BUKOPUCTOBYBanu 6eta-rnio-
kaH (TOB «HaykoBo-BupoGHM4Ya komMnaHis ,Binapyc’»,
YkpaiHa), B 0o3i — 30 Mr Ha Kr Macu BUMOKBAHHSM
1 pa3 Ha goby Bnpogosx 14 ai6 TBapuHam Il Ta Il go-
cnigHWX rpyn nicns apyroro BBeAeHHs «[ekcadopTy».

[MpoBeneHoO MeamMKamMeHTO3HY iIMyHOCYNPECIto, Npu-
nom BeTa-rniokaHy Ta WOTWXHEBI 3abopu KpoBi Ans
remMaTornoriYyHMX AOCNiAKEHb:

* nepLumn 3abip KpoBi + nepLue BBeAeHHs «[ekca-
copTy» TBapuHam | Ta lll gocnigHux rpym;

* yepes 7 fi6 — apyruin 3abip Kposi + Apyre BBe-
neHHsa «JekcadopTty» TBapuHam | ta lll gocnigHnx
rpyn + noyanu napeHTepanbHO BBOOUTU GeTa-rmtoKaH

TBapuHawm Il i lll gocnigHnx rpym;

* yepes 7 Oib — Tperin 3abip KpoBi + MPOAOBXUNN
npuiom Beta-rntokaHy TBapuHam Il i lll gocnigHux rpym;
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* Yepes 7 0ib — yeTBepTUii 3abip KPOBI + NPUNMHEHO
npunom GeTa-rnokaHy;

* yepes 7 Oi6b — n’atuii 3abip KpoB.i.

emaTonorivHi gocnigXeHHss NpoBoaUIM Y NpuBaT-
Hi BeTepuHapHin naboparopii «Heonac» ®OMN Omu-
Tpiesa I. B. (M. J1bBiB, YkpaiHa). KinbkicTb eputpoumTis
i nerikounTiB BU3Ha4YanM METOAOM iX NigpaxyHKy B Ka-
mepi Mopsiesa [7], BMiCT remorno6iHy — remornobiHujia-
HigHUM meToaoMm [17]. Jleikorpamy BUBOAWIM HA OCHOBI
nigpaxyHky Ta gudepeHudianii 100 kniTnH nenkoumTie
y Maskax kpoBi, nodhapboBaHux 3a metTogukor Poma-
HoBcbkoro-Iiman. Npu upoMy BpaxoByBanu po3Mip K-
TUH, BENWYMHY | (hopMy SApa, HAsiBHICTb Ta KOMIp 3epeH
y umTtonnasami [5]. BennunHy reMaTtokpuTy BU3HaYanm 3a
OOMOMOIOK reMaTOKPUTHUX Kaninapis LeHTpudyryBaH-
HsiM 10 xB npy 3000 06/xB, LBMAKICTb OCiAaHHSA €pUTPO-
uuTiB (1 rog) — 3 gonomoroto ninetok MNMaHyeHkoa [17].

Lincoposuin matepian CTaTMCTUYHO OnpaLbOByBanm
3a JOMOMOroro koMm'toTepHol nporpamu Microsoft Excel
3 nakety Microsoft Office 2007. BiporigHicTe BU3Ha4anm
3a t-kpuTepiem.

Pe3ynbTaTth 1 06roBopeHHs

[emaTonoriyHMMM AOCHIAXXEHHAMN BCTAHOBIEHO,
o y TBapuvH | gocnigHoi rpynu (Tabn. 1), skum aBopa-
30BO 3 iHTepBanom y 7 aid nigwkipHo BBogunn «[lexca-
opT», BIPOrigHO 3MEHLIMIAch KifbKiCTb NENKoUUTIB 0
4,0210,31 (P<0,05) 3 5,41+0,03 I'/n y KOHTpOTi.

KinbkicTb nimcpounTiB 3meHLyBanach i3 36,76x7,74
(koHTponb) oo 34,20+1,24; 33,80+1,74; 32,80+1,71 %
(P<0,001) y TBApWH gocnigHux rpyn. BctaHoBneHo nia-
BMLLIEHHS! MANMYKOSIAEPHNX | CErMEHTOSAEPHMX HEUTPO-
doinis, BignosiaHo, Ao 8,20+0,20 i44,40+0,93 3 7,08+0,29 %
i 35,52+0,15 % y TBapuH KOHTPOMbHOT rpynu.

Y 1BapuH Il gocnigHoi rpynu, sknuv 3agasanuy beta-
rMoKaH, BigMiveHi 3MiHM MOPONOriYHOro CKNaay KPoBi
00 36iNbLUEHHS KINbKOCTI NENKOUMTIB Ta niMdpoumTiB 6e3
NposiBy O3Hak 3ananeHHs (Tabn. 2). Lle ceigumTtb npo
NiABMLLEHHS OMiPHOI (OYHKLIT OpraHiaMy Ta NigTBepmIKye
iMyHOCTUMYrtOBarbHY Aito 6eTa-rmtokaHy. Kinbkicte nen-
kouwmTiB y TBapuH Il gocniaHoi rpynu BiporigHo (P<0,001)
3binbwmnacsa oo 8,56+0,62 [/n nopiBHSHO 3 TBAapUHa-
MW KOHTPOSIbHOT FPpYnK, B SIKOT MOKa3HWKM CTaHOBUN
5,41+0,03 I'/n. KinbkicTe nimcpouuTiB 36inbmnnacs, Big-
noBigHo, o 51,6+0,51 % (P<0,001) 3 36,76+7,74 %. Cno-
CTepiraeTbCs BipPOrigHe 3MEHLLEHHS KiNbKOCTi CerMeHTO-
anepHux Hentpodpinis 3 35,52+0,15 % (P<0,001) go
26,8+1,02 %.

Y tBapviH Il gocnigHoT rpynu, SkKMMm NpoBoaAnN Me-
AVIKaMeHTO3HY iMyHocynpecito «[JekcadopTom» 3 iMyHO-
CTMMyNsTOpoM GeTa-rmoKkaHoOM, BCTAHOBIEHO, LLO Nif
aieto «[ekcadopTy» 3MEHLLYETLCS KiNbKICTb NENKOLIMTIB
0o 4,02+0,50 I'/n 3 5,41%0,03 I'/n, kinbkicTb Nnimdouun-
TiB — 0o 33,6012,25 % 3 36,76+7,74 % (Tabn. 3).

Micnsa npunomy BeTa-rnokaHy BigMiYeHO Biporia-
He 30inbLueHHS KinbkocTi nenkouuTiB oo 8,6+0,60 I'/n
(P<0,001) 3 5,41+0,03 '/n, 36inbLUeHHS KiNbKOCTi Nimcpo-
umTie oo 49,40+2,70 % 3 36,76x7,74 % i TpomboLUK-
TiB — Ao 253,00+£22,63 '/n 3 204,0046,64 [/n y mypyakis
KOHTpOnbHOI rpynu. KinbkicTb eoavHodiniB BiporigHO 3HW-
XYETbCA K Nicns BBeAeHHs1 «[ekcadopty» o 2,4+0,6 %
(P<0,001), Tak i 6eta-rmtokaHy o 3,8+0,49 % (P<0,001)
3 5,840,06 % y kOHTpON.
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Immunostimulatory effect of beta-glucan at drug-induced immunosuppression in guinea pigs

Tabnuusa 1. MopdonoriyHi noka3HUKKM KpoBi MypyakiB | 4ocnigHoT rpynu,

imyHocynpecis «[ekcadopTom» 6e3 imyHocTumynsitopa (Mtm, n=5)

Table 1. Guinea pigs blood morphological parameters, | experimental group,
immunosuppression with Dexafort without immunostimulator (Mtm, n=5)

3abip kposi / Blood sampling

Moka3sHuk / Index KE’:HTF;OJ-;b
ontro 1 2 3 4 5
FemaTokpuT / Hematocrit, % 43,56+0,19 44,00£2,22 43,80+2,22 42,40+2,14 42,00+1,79 42,60+1,80
emorno6iH, r/n / Hemoglobin, g/l 135,02+1,10 132,80+6,49 135,645,80 133,4046,20 136,60+4,15 132,00£3,77
Epurpouwi, T/n/ Erythrocytes, Tk 5,23+0,04 5,38+0,24 5,23+0,21 5,13+0,18 5,08+0,10 5,06+0,01
TpomGouunTu, [/n / Platelets, g/l 204,00£6,64 200,00+13,70  199,40+10,59  205,80+11,13  201,00+13,11 203,00+£11,52
Nenkountn, In / Leukocytes, g/l 5,41+0,03 5,74+0,32 3,88+0,54 3,78+0,47 4,12+0,34 4,02+0,31*
n 7,08+0,29 6,00+0,77 7,80+0,37 8,00+0,45 8,20+0,20 7,00+0,45
Hevitpodpinu / Neutrophils, %
C 35,52+0,15 37,00+4,57 48,80+1,96 45,60+2,01 28,00+1,52 44,4+0,93
EosuHodinm / Eosinophils, % 5,80+0,06 6,00+1,14 4,20+0,37 6,00+0,55 5,60+0,51 5,8+0,37
NimdounTtn / Lymphocytes, % 36,76+7,74 44,60+4,89 32,20+2,56 32,80+1,71***  34,20+1,24***  33,80+1,74***
MoHouuTn / Monocytes, % 7,48+0,29 6,60+1,25 7,20+1,11 7,40+0,68 8,00+0,45 9,00+0,45
Basodinu / Basophils, % 0 0 0 0 0 0
#LIOE, mm/ron / *ESR, mm/hour 1,82+0,19 2,20+0,49 2,20+0,20 2,60+0,24 2,60+0,24 2,60+0,24
KonbopoBuit nokaskik 0,78£0,00 0,75£0,05 0,7540,04 0,75£0,04 0,74£0,03 0,75£0,04
Color indicator
lMpumimka. Y Ui Ta HACTyNHUX TabnuUusix BipPOri4HICTb Pi3HMLb 3 KOHTPONbHOLO rpynoto: * — P<0,05; *** — P<0,001;
# — LWIBUAKICTb OCigaaHHs epUTPOLUTIB.
Note. In this and the following tables the probability of differences with the control group: * — P <0.05; *** — P <0.001;
# — erythrocyte sedimentation rate.
Tabnuusa 2. MopdonoriyHi nokasHuku kpoBsi Mypuyakis |l gocnigHoi rpynu
6e3 imyHocynpecii 3 iMyHocTuMynsTopom 6eta-rntokaHom (Mtm, n=5)
Table 2. Guinea pigs blood morphological parameters, Il experimental group
without immunosuppression with beta-glucan immunostimulator (M+m, n=5)
KoHTponb 3abip kposi / Blood sampling
MokasHuk / Index Control
ontro 1 2 3 4 5
FemaTokpuT / Hematocrit, % 43,56+0,19 43,20+0,93 42,8+1,59 45,40+1,72 45,00+1,34 44,60+1,50
emorno6iH, r/n / Hemoglobin, g/l 135,02+1,10 141,40+4,27 139,60+3,34 147,40+1,86 145,60+1,86 141,2044,41
Epurpount, T/n/ Erythrocytes, Tk 5,23+0,04 4,97+0,21 5,10+0,16 5,36+0,12 5,28+0,15 5,32+0,14
TpomGouuTu, [/n / Platelets, g/l 204,00£6,64 194,00+16,97  192,80+15,35  194,00+20,60 193,60+18,70  197,40+19,79
JlenkoumnTn, I'/n / Leukocytes, g/l 5,41+0,03 5,14+0,30 5,52+0,65 6,94+0,75 8,52+0,55** 8,56+0,62**
n 7,08+0,29 5,40+0,24 6,00+0,55 5,60+0,51 6,20+0,37 6,80+0,37
Hewtpodpinm / Neutrophils, %
35,52+0,15 40,60+2,68 39,60+1,86 32,00+1,10 28,00+1,52***  26,80+1,02***
EosunHodinm / Eosinophils, % 5,80+0,06 5,20+0,86 6,00£0,55 5,60+0,51 6,20+0,37 6,80+0,37
NimdounTtn / Lymphocytes, % 36,76+7,74 44,20+2,01 43,80+1,16 48,20+0,86 51,80+0,86***  51,60+0,51***
MoHouuTn / Monocytes, % 7,48+0,29 4,60+1,25 4,60+1,08 7,60+0,51 7,40£0,51 7,8+0,20
Basodinu / Basophils, % 0 0 0 0 0 0
#LIOE, mm/rog / *ESR, mm/hour 1,82+0,19 2,00+0,32 2,00+0,32 2,00+0,32 2,00+0,32 2,00+0,32
Konboposui nokashitk 0,780,00 0,82+0,04 0,82+0,04 0,83£0,03 0,83£0.03 0,84£0,03
Color indicator
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IMyHOCTUMYAHOBasIbHA Ais 6eTa-r1toKaHy 3a MeANKaMEHTO3HOI IMyHOCYNpPeCii Mypyakis

Tabnuusa 3. MopdonoriyHi noka3Huku kposi Mypuyacis |l gocnigHoi rpynu,
iMmyHocynpecisa «[ekcadopTom», 3 iMyHOCTUMYnsATOpom GeTa-rnokaHoM (Mtm, n=5)
Table 3. Guinea pigs blood morphological parameters, |1l experimental group,
immunosuppression with Dexafort with beta-glucan immunostimulator (Mtm, n=5)

3abip kposi / Blood sampling

MokasHuk / Index KOCHT‘:OI;E’
ontro 1 2 3 4 5

FematokpuT / Hematocrit, % 43,56+0,19 43,60£1,72 42,60+2,16 43,40£1,36 43,20+0,86 42,600,75
F'emorno6iH, /n / Hemoglobin, g/l 135,02+1,10  134,00+2,32 131,60£2,14 133,00£1,95 131,203,40 133,80+3,31
Epurpouwvtu, T/n/ Erythrocytes, Tk 5,23+0,04 4,74+0,10 4,70+£0,10 4,87+0,10 4,96+0,08 5,04+0,05
TpomGount, I/n / Platelets, g/l 204,00£6,64  198,20£20,91  245,40+24,06 257,40+24,26  256,00£22,61  253,00£22,63
NevikounTn, /n / Leukocytes, g/l 5,41+0,03 5,18+0,58 4,02+0,50 6,50£0,73 8,60+0,69**  8,600,60***

n 7,08+0,29 5,0040,41 7,00+0,77 4,80+0,49 5,50+0,51 5,60+0,60
Hevitpodpinm / Neutrophils, %

C 35,52+0,15 38,80+3,56 49,80+2,67 43,20+1,46 34,002,47 33,80+2,82
EosuHodbinu / Eosinophils, % 5,80+0,06 3,4£1,29 2,40£0,60*** 3,20+0,37* 3,800,49*** 3,80+0,37*
NimdbounTn / Lymphocytes, % 36,76+7,74 45,80+1,66 33,60+2,25 41,00+1,30 49,20+2,13 49,402,70
MowoumTn / Monocytes, % 7,48+0,29 6,400,87 6,80+0,58 7,2040,37 7,40%0,51 7,400,24
Basodinu / Basophils, % 0 0 0 0 0 0
*LWOE, mm/rog / *ESR, mm/hour 1,82+0,19 2,60+2,24 2,40+0,24 2,4010,24 2,4010,24 2,4010,24
NI e 0,78+0,00 0,83+0,03 0,810,01 0,80+0,01 0,800,01 0,800,01
Color indicator

JlerkoumnTL B opraHi3ami TBapuH BigirpatoTb 3aXMCHY,
TpodpiuHy i TpaHCNoOpTyBanbHy ponb. 3axucHa gyHK- BucHoBku

List nerkoumnTiB — 3abe3neyeHHst KMiTMHHOIO iMyHiTe-
Ty. TakoX BOHU 3HULLLYIOTb KMITUHWU, LLO PYMHYOTBCS, Ta
nepepomKeHi KNITUHU BNACHOMO opraHi3Mmy, po3nisHa-
tOTb | 3HELUKOXKYIOTb FTEHETUYHO YYXKOPiAHI pe4OBUNHU
(mikpoopraHiamu). Hentpodinu BUKOHYIOTb (PYHKLIiHO
draroumTosy i UUTOTOKCMYHOCTI. 3HAa4YHO MOCTYNaKThb-
cs1 Makpocparam 3a paroLMTapHO aKTUBHICTIO i MO-
XYTb 3ax0nnoBaTh Nuwle BigHOCHO ApiOHi 00’ekTH,
TOMY iX LLe Ha3nBaloTb Mikpodparamu. BinbLl TUNOBOO
BNacTMBICTIO LNX KNiTUH € cekpeuis bakTopiB arpecii
Ha30BHI 4O TKAHWHHOI PiAVHW 015 3HULLEHHS BiNbHUX
naroreHis. HerTpodinu nepwinmmn HagxooaThb i3 KPOBI
0o micua nepebysaHHa natoreHy. Came 3 iX AisnbHic-
TIO NOB’A3aHEe BMHUKHEHHS rinepTepmil Ta iHTOKcMKauii
Ha paHHix eTanax 3ananeHHs, a TakoxX hopMyBaHHs
FHIMHOro ekcydaTy i 0OMexyBanbHOro Bany HaBKOIO
BOrHuLLA iHgeKuii [6].

EoanHodinum, siki HerTpodinu, € dparouptamm n uuTo-
TOKCUYHUMM KMNiTUHaAMW, iX OiSNbHICTb Mae cnewianiso-
BaHMIN xapakTep i TiICHO noe’a3aHa 3 PYHKLiOHYBaH-
HAM IMYHHOI cuctemn cnusoBux. OgHUM i3 NPOBIgHUX
epeKTOpHMX IMyHHUX MEXaHi3MiB CIM30BMX OOOSOHOK
€ MexaHi3M, onocepeakoBaHW QIANbHICTIO TYYHUX KIli-
TuH [8]. Eo3mMHOMINM pa3om i3 NpsIMOI0 MOLLKOAXYBarib-
HOIO fiiet0 Ha MaToreH BUCTYNalTb y pori perynstopa
LbOro MexaHiamy, 3anobiratoum oro rinepakTuaadii [6].

OTxe, 3a yMOBU MeMKaMEHTO3HOI iMyHocynpecil
OeTa-rnioKaH BUSIBIISIE aKTUBHY iIMYHOCTUMYIIOBAIbHY
Aito, Wo niaTBepaXeHo pesynbtataMmun NpoBeaeHnx
AocnigXeHb.

18

1. «dekcaopT» 9K iMyHOCYNpecop NpUrHivye imy-
HITET, WO CyNpPOBOOXKYETHCHA 3MEHLLUEHHAM KifbKOCTi
NEeNKouUTIB, NIMAPOLMTIB i 30iNbLLUEHHSIM KifTbKOCTi cer-
MEHTOSIAEPHNX Ta NanMyKoagepHUX HenTpodinis.

2. Ha Tni MegnkameHTO3HOI iMyHOCYynpecii npuiom
BeTa-rnokaHy 3abesnevye NPULLBMALLIEHHS BiJHOBMEH-
Hs1 iIMyHHOrO cTaTycy opraHiamy. Lle 3acBiguye 30inb-
LLIEHHS KiNbKOCTI NenkouuTi, NiMAOLNTIB | 3MEHLLEHHS
KINbKOCTI cermeHTosgepHux HenTpoinis. beta-rntokaH
JOUiNbHO 3acTocoByBaTh NpU iMyHOAeMILUTHUX CTaHaxX
Ta 3a yMOBU NpoBedeHHs Tepanii KOPTUKOCTEPOTHUMM
ropMoHamu.

MepcnekTuBM NoganbLMX AOoCAiAKeHb

Po3pobneHHs Ha OcHOBI BeTa-rmiokaHy iMyHOCTUMY-
NoBanbHOro npenapary, kUi y NOeAHaHHI 3 BioTMHOM
3a0e3neqnTb CTUMYIALIO IMYHITETY 3a MIKpOCTOpIi KOTiB
Ta NPUCKOPEHHS pereHepaLlii ypakeHux GinsiHOK LLKipy
i WwepcTi 36ygHukom Microsporum canis.
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Immunostimulatory effect of beta-glucan at drug-induced immunosuppression in guinea pigs
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Martyniv YV, Kisera YV. Immunostimulatory effect of beta-glucan at drug-induced immunosuppression in guinea pigs. Biol. Tvarin. 2020;

The peculiarity of beta-glucan action is the effect on all leukocyte populations, which is accompanied by the activation of phagocytic
function. Corticosteroid hormones have an immunosuppressive effect. Inmunosuppression modeling allowed us to evaluate changes in
blood under the influence of dexamethasone, which is the active substance of Dexafort and beta-glucan as an immunostimulant. Hema-
tologic studies to determine the immunostimulatory action of beta-glucan on the background of drug immunosuppression with Dexafort
were conducted to determine the immune reactivity of the organism (Cavia porcellus). In vivarium conditions, 20 healthy guinea pigs
(one control and three experimental groups) were tested: group | — immunosuppression without immunostimulant; group Il — immuno-
suppression with immunostimulant; group [ll — immunosuppression with immunostimulant) of 5 individuals in each group. Immunosup-
pression was performed on animals | and Il of the experimental groups twice every 7 days: subcutaneously administered Dexafort on
the basis of long-acting dexamethasone manufactured by Intervet Schering-Plow Animal Health (Netherlands). Beta-glucan at a dose of
30 mg per kg of mass was used as an immunostimulator. The drug was administered by drinking once a day for 14 days to animals of the
Il'and Il experimental groups after the second administration of Dexafort. Due to the action of Dexafort in the blood of the animals tested
decreased the number of leukocytes, in particular lymphocytes, which reflects the immunosuppressive state of the body. Beta-glucan
feeding to animals resulted in an increase in their blood leukocyte count, including lymphocytes and platelets.
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BnnueB HaHo4YacTUHOK Kynpymy Ha 6ioxiMi4yHi MOKa3HUKM
CUPOBATKMN KPOBi Kponuub

1O. I. Cnusuyk’, O. B. lLImaneHko’, I. I. leskaH’, B. 4. Cupsamka'?,
O. FO. Cnusuyk®, A. P. Kopbeubkul’

slyvchuk@gmail.com

"IHcTuTyT Gionorii TBAapuH HAAH,
Byn. B. Ctyca, 38, m. JlbBiB, 79034, YkpaiHa, inenbiol@mail.lviv.ua

2[lbBiBCbKMI HaLiOHANbHWIA YHIBepcUTET iMeHi IBaHa dpaHka,
Byn. pywescbkoro, 4, M. JlbeiB, 79005, YkpaiHa

3[lep>aBHWIN HAYKOBO-AOCHIAHWIA KOHTPOSbHUIA IHCTUTYT BETNpenapartis i KopMoBux fo6aBoK,
Byn. foHeubka, 11, m. JIbeiB, 79019, YkpaiHa

Y cTatTi npeacrasneHi pesynsrati gisionoro-6ioxiMmivHMX gocCnigkeHb 3a Ail HaHo-
YacTuHok Kynpymy Ha opraHiam ctateBo3pinux kponuupb. KniHivyHi napameTtpu Ta GioxiMiyHi
MOKa3HUKM KPOBi [O3BONATH OLHUTM 6E3MeYHICTb 3aCTOCYBaHHSA OTPUMaHUX HAHOYACTUHOK
Ta BMNNUB OOBroTpMBanux iHTpanepuToHianbHMX BBeAEHb Ha OOMIHHI npouecu B opraHiami
TBaApWH i B NOAanbLlUMX AOCIIIKEHHAX pO3podbuTK npenapat ans nikyBaHHsS PisHMX naTo-
norin penpogykTUBHOI CUCTEMM Y CiNlbCbKOrOCNOAaPChKNX TBapWH. [OCnigXeHHA NpoBeaeHi
Ha 18 kponuusax nopoam « TepMoHcbka Bina» 4-MiCs4HOrO BiKY, XXMBOHO Baroto 3—3,5 Kr, aHanoris
3a GioxiMiYHUMK NOKa3HMKaMM CUPOBATKM KpoBi. Byno chopmoBaHo Tpu rpynu no 6 kponuub
y KOXHil: koHTponbHa, | Ta Il gocnigHi. Bnpogoex 28 gib yepes KOXHMX cim Aib kponuuam
iHTpanepuTOHianbHO BBOAUNM NpenapaTu. TBapnHamM KOHTPOSLHOI rpynu y poni nnaue6o
Beogunu 0,9 % posumH HaTpito xnopugy gosoto 1,5 mn/kr. Kponvuam gocnigHux rpyn BBo-
annu npenapar 3 pi3HUM BMICTOM HaHo4yacTuHok Kynpymy. BctaHOBNEHO NO3UTUBHMIA BNNvB
AocnigkeHnx HaHo4dacTMHOK Kynpymy Ha obMiHHI npouecy B opraHiami Kponuupb. IHTpanepuTo-
HianbHe BBeAEHHS HaHoYacTMHOK Kynpymy Ha no4aTKoBWUX eTanax AochifXeHHs (nicns apyroi
iH’eKLiT) 3yMOBMIO NiOBWLLEHHSA EH3UMAaTUYHKX akTMBHOCTEN ANAT, ACAT, Lo MOXe BKa3yBaTy
Ha aganTalito opraHiamMy 40 BBeAEHUX npenapartiB. 3HKeHHS akTuBHOCTI JIAIT y cMpoBaTLi KpOoBi
Kponuup 3a dii BBeAeHWX npenapariB Moxe 6yTu NoB’a3aHnM i3 iHTeHcudikaLieto MeTaboniyHmx
BHYTPILUHBOKNITUHHNX eHepro3aTpaTHNX NpoueciB. AKTUBHICTb raMa-rnytamaTTpaHcdepasm
B AMHaMiILi nepiogy OOCMiIMKEHHS He BiApI3HANacs y KOHTPONbHUX i 4OCAIAHUX rpynax Kpo-
Nk, WO BKa3ye Ha Te, Lo BBeAEHI HaMu npenapaTti HaHO4YacTUHOK Kynpymy He € TOKCUYHUMMU.
BeeneHHs HaHo4acTuHOK Kynpymy B 803i 50 MKI/Kr NO3MTUBHO BNIIMBANO Ha PenpoOayKTUBHY
CMCTEMY CaMuLb KPOfiB Ta MpoLecu eMOpioHanbHOro pO3BUTKY.

Knro4yoBi cnoBa: kponuui, HaHOYaCTUHKM Kynpymy, eH3uMu, iMnnaHTaLis, )KoBTe Tifno

HaHouacTnHkn Kynpymy mMaroTb ICKpaBO BUpaXKeHi
BakTepuyumaHi, oyHriunaHi Ta BipyLMAHI BNACcTUBOCTI i €
nepcrnekTUBHNUMK NPoayKTaMm HaHoTexHororii [3, 7, 11].
BoHu y 7 pasiB MeHLL TOKCUYHI, HX coni Kynpymy, a Bu-
XiOHI pe4oBUHM ANs ofepKaHHA HaHO4acTUHOK Kynpymy
CYTTEBO A€ELUEBLLI, HiX Ti, SIKi BUKOPUCTOBYIOTb A1 ofep-
XXaHHSA HaHo4YacTUHOK ApreHTymy 4m Aypymy [12].
Kynpym BxoauTb A0 ckragy GionoriyHmx Kkatanisatopis —
eH3MMiB, NpsIMO abo onocepeaKoBaHo Bigirpae NpoBia-
Hy porb y BinbLIOCTi 0OMIHHMX NPOLIECIB i € X FONOBHUM
perynatopom [17]. YHikanbHi gi3nyHi, XiMiyHi Ta Giono-
riYHi BMAcTWMBOCTI HAHOYACTUHOK KynpyMy BigKpvBatoTb
LLUMPOKi MepPCNEKTUBM iX BUKOPUCTaHHS B AiarHOCTUL,
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B pori 6iomoneKkynapHMX MITOK, a TaKoX y Tepanii paky
Ta Bipycy iMyHogediunty nogunu [1, 5, 6, 13, 18].
OpHak HaHOYaCTUHKM MOXKYTb MaTy cneumdivH1iA BNnve
Ha opraHu i TKaHWHW TBapWH, LLIO NPU3BOAUTL [0 PO3BUTKY
Pi3HMX NaTonoriyHnx ctaHis [2, 8, 9]. CTabinbHicTb bio-
XiMIYHOrO CTaTyCy € HeBi' EMHOK YMOBOIK HOPMAaIbHOIo
(PYHKLIOHYBaHHSA OpraHiaMy, TOMy BUSIBNEHHS i OLiHKa
BapiabenbHOCTi MOPAONOriYHMX i BIOXiMIYHUX NOKa3HK-
KiB KPOBI 51K iHTErpaLinHOro cepefoBuLLa OpraHiamy, B sikin
BigoOpa)atTbCsl BCi 3MiHM, € BaXXKNMBOK CKNagoBO
MpY KOMMSIEKCHIN NMOPIBHAMBHIN OLiHLi OOMiHY PEYOBUH.
Tomy CTBOPEHHSA HOBOIO MPOAYKTY i3 aKTUBHUM Ljil04nM
areHTom Ta eqheKTMBHOK CUCTEMOKO LOCTaBKU, KM 6r
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MaKCMMIi3yBaB TepaneBTUYHUN edhekT i 3BoauB A0 MiHi-
MyMYy HEraTMBHUI BMMVB HAHOYACTUHOK Ha OpraHiamMu
TBapuWH Ta NOAEN, Mae BaXNMBe MpuKnagHe Ta Teo-
peTnyHe 3Ha4YeHHsl B penpoayKTMBHIN BGioTexHonoril,
MeOuumMHI Ta BeTepuHapii [4, 15, 16].

3anpoBamkeHHss HaHodacTuHoK Kynpymy ans Tepa-
NEeBTUYHOrO 1 AiarHOCTUYHOMO 3aCTOCYBaHHS YCKIaaHHO-
€TbCcsA OpakoM iHcbopMallii Npo X MexaHiaMu BNMBYy Ha
OpraHi3m TBapWH i NIIOAMHN Ha KNITMHHOMY Ta MOJIEKY-
NAPHOMY piBHAX. HeBigoMnMM 3anunLLaoTbCa MexaHis-
MM iX TOKCMKOSOTNiYHOI Aji Ha PenpoayKTUBHY CUCTEMY
Ta npouecu 3annigHeHHs y TBapuH. lNposegeHMn Hamm
OOCMIIKEHHAMN 3 BUBYEHHS LIUTOTOKCUYHOTO BMMBY
HOBOCVHTE30BaHMX HaHO4acTUHOK Kynpymy, ctabinizosa-
HMX acKOpOIHOBOO KMCIOTO Ta Pi3HUMUM KOHLEHTpaLis-
MU NOMIBIHINNIPONIZOHY, Ha KyNbTYPY KMNiTUH rpaHynbo3n
Ta ramMeTn TBapyH BCTAaHOBIEHO iX MO3UTUBHWI BNAMB Ta
onTuMarneHi 4o3n. ToMy OOHWMM 3 aKTyarnbHUX HanpsMis
CyYacHUX AoChigKeHb € BUBYEHHS BMNUBY HOBOCUHTE-
30BaHWX HaHOYaCTUHOK Kynpymy, ctabinisoBaHnx ackop-
GiHOBOIO KMCOTO Ta nonisiHiNMiponigoHom (PVP), Ha
nabopatopHux TBapuHax. KniHivHi cnoctepexeHHs Ta
¢pigionoro-6ioximMivHi MOKA3HUKN KPOBI MPW 3aCTOCYBaHHI
HaHo4YacTUHOK Kynpymy y Kponuvub 403BOMATb OLHUTK
Be3neyHiCTb 3aCTOCYBaHHS OTPUMAHUX HAHOYACTMHOK
Ta OUHWTW BNNMB JAOBroTpMBanuxX iHTpanepuToHiansHNX
BBeAeHb Ha OOMIHHI Npouecy B opraHiaMi TBapWH i B Mo-
AanbLlUmnxX JOCNiAXEeHHAX po3pobuTy NnpenapaTtu ans
CifTbCbKOrocnoAapCbkMx TBapUH AN NiKyBaHHS Pi3HNX
naTonorivi penpoayKTUBHOI CUCTEMMN.

Mertoto Lboro gocnigpkeHHs Byno 3'acysatu dpisionoro-
GioxiMivHi ocobnuBocTi Aii HaHo4YacTuHOK Kynpymy,
OTpMMaHMX B NabopaTopHMX yMOBAX, Ha OpraHiam Kpo-
NULb Ta TIXHI0 PenpPOAYKTUBHY GOYHKLiHO.

MaTtepianu i meTogm

Bci ekcnepumeHTanbHi npouenypu 3 TBApuHamMm
in vivo 6ynu cxsaneHi Komicieto 3 6ioetukum IHCTUTYTY Bio-
noril TBapmH HAAH BignoBigHO 40 YMHHOMO 3aKOHOAaB-
cTBa YkpaiHu. 3a cxemoto gocnigxeHb 6yno nigibpaHo
18 kpormupb nopoan « TepMoHckka Ginay 4-Mics4HOrO BiKY,
Macoto Tina 3—3,5 Kr, aHanoriB 3a BiOXiMiYHUMN MOKa3HU-
KaMun cMpoBaTku KpoBi. Kponuub yTpMmMyBanu B OKpemMux
KniTKax Ha cTaHAapTHOMY pauioHi (Tabn. 1).

TBapuH 6yno po3aineHo Ha TpU rpynu: KOHTPOTbHY,
| Ta Il gocnigHy no 6 kponuub Yy KOXHiNn. Bnpogosx
28 [ib yepes KOXHUX CiM Aib KponemaTkam iHTpanepu-
TOHianbHO BBOAMMAM OOCHigKyBaHi npenapatu. Kponu-
LSIM KOHTPONbHOI rpynu y poni nnaue6o seogmnu 0,9 %
PO34KH HaTpito xropugy gosow 1,5 mn/kr. Kponvusam
AoCnigHMX rpyn BBOAMNW Npenapar 3 PisHUM BMICTOM
HaHo4acTuHOK Kynpymy. Ha 28-y o6y TBapvHam Bcix
OOCTiAHMX Tpyn BHYTpPiWHbOM A30B0 BBOAMNN 40 10
roHagoTPOMiHY CMpOBaTKM Xepebunx kobun (PoricoH,
IHmepeem, Hinepnangn). Yepes noby TBapuHam yBoau-
NV roHagoTPONIH-PUAI3IHI TOPMOH | LLUTYYHO 3annigHto-
Banu [10, 14]. Yepes 14 gib B ymoBax BiBapito IHCTUTYTY
npoBogunu 3abin TBapuH, Bigbvpanu penpogyKTUBHI
opraHu — MarTKy i SEYHUKN, SKi nomilanu B TepMo-
cTtaToBaHun disionoriyHun posyuH (0,9 % NaCl) 3a
Temnepatypu 38 °C Ta goctaenanu B nabopatopito
penpoayKTUBHOI BIOTEXHOMOTrII, Ae NPOBOAWNM iX MOPAIO-
METPUYHY OLIiHKY.

3pasku kpoBi Bigbypanu i3 KpaoBoi BEHN Byxa KpoO-
nvub 3a goby A0 BBeOeHHS npenapartiB i yepe3 goby
Nicns KOXHOI iH’eKLii AN BUBYEHHS aKTUBHOCTI eH3u-
MiB y CMpOBaTLi KPOBi B AMHaMILi, OCKiNbKW CTYMiHb Nig-
BWLLEHHS1 aKTUBHOCTI €H3UMIB CBiQ4MTb MPO HAasIBHICTb
LUUTONITUYHOIO CUHOPOMY, arne He 3aBXAu BKasye Ha
rMUBUHY ypaxkeHHs1 opraHy. EH3MMHY akTUBHICTb BU3Ha-
Yyanu 3a gonomoroto Habopis Humman (Hime4unHa) Ha
GioximiyHoMy aHanizatopi Humalyzer 2000 (Humman,
HimeuunHa) BignoBigHO 0O IHCTPYKLiA BUPOBHUKIB.

Pesynbratv npegcraBneHi sk cepeaHe 3HaYeHHs +
CTaHgapTHe BiaxuneHHs. Bci ctatncTuyHi aHanism npo-
BOAMNMCA 3a gonomorot nporpamu Microsoft Excel.
BigmiHHOCTI Mi>XX rpynamu BM3Ha4anu 3a JONOMOroro
t-tecty CTblogeHTa. Pi3HMUS MiX rpynamm BBaXkanacbh
BiporigHoto 3a P<0,05.

Pe3ynbTaty 1 06roBOpeHHs

MMig yac aHanisy nokasHukiB AnNAT akTmeHOCTI (puc. 1)
y CMpoBaTLi KpOBi KPONULLb KOHTPOMbHOT FPynu BUSIB-
NEeHO NiABULLIEHHS aKTUBHOCTI LLbOrOo EH3UMY Yepes
noby nicna nepwoi iHTpanepuToHianbHOI iH' eKUIi.
OueBnpgHO, Lie MOXHa MoB’sAA3aTh 3i CTPECOBUM CTa-
HOM TBapWH, IKUN BMHUKAB Mif vac iH’ekuii Ta 3abopy
3pasKiB KPOBi.

Tabnuus 1. Cxema AocnimKeHb 3 BUBYEHHS BNIVMBY HAHOYACTMHOK Mifi Ha dpi3ionoro-6ioximivHi MOKa3HUKN y KporemaTok
Table 1. Investigation pattern for the study of the influence of copper nanoparticles on biochemical and physiological parameters of female rabbits

I'pyna / Group

Cxema BBegeHHs / Administration pattern

MaHinynsuii / Manipulations

0,9 % i3po3unH 1,5 Mn/kr Ha iH eKLi0

KoHTponbHa
Control

4 pa3u Yepes cim fib Bnpogosx 28-mu Ai6
0.9 % saline solution 1.5 ml/kg per injection

4 times every 7 days for 28 days

HaHo4acTuHkm migi 50 MKr/Kr Ha iH’eKLito
4 pasu BNpoaoBx 28-mu Ai6
Copper nanoparticles 50 ug/kg/per injection
4 times during 28 days

| pocnigHa
18t experimental

3abip KpoBi 0 BBEAEHHNA NpenaparTis,
Ha 7-, 14-, 21- Ta 28-y nobu
Blood sampling before the drug administration,
on the 7", 14, 21st and 28" day

HaHouactuHkm migi 100 MKr/kr Ha iH'ekLito

Il gocnigHa
2" experimental

4 pa3su vepes 7 ai6 Bnponosx 28 Ai6
Copper nanoparticles 100 pg/kg/per injection

4 times every 7 days during 28 days
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[ KontponsHa / Control | nocnigha / 1 experimental

70

Il gocnigHa / 2" experimental

60

1l

MO/n /1U/L

T
1 ,qoﬁa 1 /JoGa 1 noﬁa 1 qoﬁa

nicna 1-i iH'ekuii  nicnst 2-i iW'ekuii  nicns 3-iiH'ekyii  nicns 4- iWexui
1day a day lay
after 1% injection  after 2 injection  after 3¢ injection  after 4" injection

Puc. 1. AnariHamiHoTpaHcdepasHa (AnAT) akTUBHICTb

y CUpoBaTLi KPOBi KpOnuLb 3a iIHTpanepuUToHianbHOro BBEAEHHS
HaHo4acTuHok Kynpymy

Fig. 1. Alanine aminotransferase (ALT) activity in the blood serum
of female rabbits during the intraperitoneal administration

of copper nanoparticles

3a noganblumnx gocnigpxkeHb ANAT-aKTUBHICTb 3HU-
)KyBanachb i nicns 4eTBepToi iH'ekuii Oyna HaBiTb HUX-
YO0 3a BiAMNOBIAHMI NOKAa3HWK 0 NoYaTKy OOCNIMXKEHb.
AktusHicTe AnAT B | i Il gocnigHin rpyni niaeuwmnack
Yyepes goby nicna gpyroi iH’ekuii npenaparis (B | rpy-
ni — BiporiaHo), 3o0kpema us pisHuusa byna B niBTOpa
pasu BULLIOIO Bif, BiANOBIAHOrO NOKa3HUKa KOHTPOIb-
HOI rpynu, ogHak Ui pisHMUi He Bynu BiporigHMMK no-
PIBHAHO 3 KOHTponem. 3a nNoganbLOro AOCiAXKEHHSs
akTuBHocTi AnAT B cnpoBaTui KPOBi KporemaTok Ui
MOKa3HWKN NOCTYMNOBO 3HWXKYBAaNUCs i gocsranu piBHs
MOKa3HUKIB Ha novaTKy OOCHiIKEHb.

BuasneHi 3amiHn acnaptatamiHoTpaHcdepasHoi
(AcAT) akTmBHOCTI Bynun HeaHa4yHUMK (puc. 2). Y KOH-
TPOMbHIN rpyni AMHaMiKa nokasHukis ACAT-aKTUBHOCTI
Byna cxoxa i3 auHamikoto AnAT. MNicna apyroi iH ekuii
NoKasHUKM akTMBHOCTI ACAT y KOHTPOMbHIN rpyni BU-
PIBHIOKOTLCS | € CTabINbHNUMK BNPOAOBXK AOCNIMKEHHS,
ToAi AK Yy AOCRIAHUX rpynax BUABMNEHO NiABULLIEHHSA
acnapTtatamMiHOTpaHcdepasHoi akTUBHOCTI Nicnsa apy-
roi iH'ekuii npenapartis NpoTY BiANOBIAHOMO NOKasHMKa
00 noyatky gocnigxeHb, npudomy B |l gocnigHin rpyni
uen nokasHuk 6ye BiporigHum (P<0,05). Y guHamiui
eKCMepUMEHTY Ui NOKa3HUKN NOCTYNOBO 3HUXYIOTbCA
i CTalTb HXYMMM 32 BiOMNOBIAHI MOKa3HMKM 4O noYvaTky
JocnigXeHb.

3a pocnigXeHHs Aji HaHoyacTuHOK Kynpymy Ha op-
raHiam B LiNIOMy 3a X iHTpanepuToHianbHOro BBEAEHHS
OOUiNbHUM € BM3HAYeHHA rama-rrnytamintpaHcdepa-
3U, siKa xapaktepunsye yHKUiOHaNbHUA CTaH NeYiHKn
(Tabn. 2).

MigBULLEHHS rama-rnyTaminTpaHcgepasHoi akTuB-
HOCTi MOXe BKa3yBaTW Ha TOKCUYHE YPaXXeHHs NeYiHKu.
[ama-rnyTamintpaHcdepasa — MikpoCOManbHUN eH-
3uM, Skuin 6epe ydacTb B 0OMiHi aMiHOKWUCIOT i y BEMUKIl
KiNbKOCTi HAsiBHUIA y NEeYiHLi, XXOBYHUX XOAaXx, HUpKaX.
OTpuMaHi HaMy NoKa3HWKU B AMHAMILi OOCHIIKEHHS
rama-rnytamintTpaHcdepasHoi akTMBHOCTI € Ha OgHO-
MY PiBHi, MDK KOHTPOIMbHOI Ta AOCNIAHMMU rpynamMmu
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[ KontponsHa / Control | nocnigha / 1 experimental

35 7

Il gocnigHa / 2™ experimental

30

(T,

1 qoﬁa 1 /JOGE 1 noﬁa 1 qoﬁa
nicna 1-i iW'ekuii  nicnst 2- iW'ekuii  nicns 3-iiH'ekyii  nicns 4- iWexui
1day da da lay
after 1% injection after 2 injection  after 3¢ injection  after 4" injection

MO/n /1U/L
> B

o

Puc. 2. AcnaptatamiHoTpaHcdepasHa (ACAT) akTUBHICTb

y CUpoBaTLi KPOBi KPOMMLb 3a iIHTPaNepUTOHIanbHOro BBEAEHHS
HaHo4acTuHoK Kynpymy

Fig. 2. Aspartate aminotransferase (AST) activity in the blood serum
of female rabbits during the intraperitoneal administration

of copper nanoparticles

Pi3HNLb HE BUSIBIEHO, LLIO MOXE BKa3yBaTu Ha Te, LU0
BBeeHi HaMu npenapaTtn 3 BMiCTOM HaHOYaCTUHOK
Kynpymy He € TOKCU4HUMM.

Bigomo, wo nyxxHa docpatasa katanisye rigponis
cknagHux edipie ocopHOi KMCNOTU | OpraHiyHnX
cnonyk. Mpu aHanisi nokasHukiB ny>xxHodocdatasHol
aKTMBHOCTI B CMPOBATLLi KPOBi Kponuub 3a iHTpanepu-
TOHianNbHOro BBEAEHHSA npenapaTiB 3 BMiICTOM HaHO-
YacTuHoK Kynpymy BiporigHUxX pi3HuLUb SIK B AMHaMIL
AocnifgXeHb, Tak i Mk KOHTPOMbHOK Ta AOCAIAHUMM
rpynamu He BusiBrieHo (tabn. 3).

INakTatgerigporeHasa (J1AIN) — ue 0ouH 3 eH3MMIB,
AKUIA MoKasye HasiBHICTb NOLLKOAXEHUX KIiTUH. MMiaBu-
LeHy nakTaTaerigporeHasHy akTUBHICTb B YCiX Jocnia-
HWX Fpynax i KOHTponi Npy NepLiomy 3abopi 3paskiB Ans
AocnifpkeHb MOXHa NoB’sa3aTu 3i cTpecom (puc. 3).

M | nocnigwa / 1<t experimental

T .

0 1 poba 1 pnoba 1 poba 1 poba
nicns 1-7 iH'ekuii  nicns 2-i iW'ekuii  nicns 3-iW'ekuii  nicna 4- iWexyii
1

[ KontponsHa / Control
500

Il pocnigHa / 2 experimental

T

450
400 [
350

MO/n /IU/L
nN
3

a a ay
after 1<t injection  after 2" injection  after 3 injection  after 4" injection

Puc. 3. JlaktatgerinporeHasHa akTMBHICTb Y CMPOBATLIi KPOBi KpPOmnuLb
3a iHTpanepuTOHianbHOro BBEAEHHS HaHOYacTUHOK Kynpymy

Fig. 3. Lactate dehydrogenase activity in the blood serum of female
rabbits during the intraperitoneal administration of copper nanoparticles
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Tabnuusa 2. NamarnytamintpaHcdepasHa ([T T) akTMBHICTb B CMPOBATLi KPOBi KPONWLb 3a iHTPanepuUTOHianbHOro BBEAEHHS

HaHovacTuHok Kynpymy, MO/n (Mtm, n=6)

Table 2. y-glutamyltransferase (GGT) activity in the blood serum of female rabbits during the intraperitoneal administration

of copper nanoparticles, IU/L (M+m, n=6)

’ A ’ KoHTponbHa | pocnigHa Il gocnigHa
Yac 3abopy 3paskiB kposi / Time of blood samples collection Control 1¢ experimental 2 experimental
0 7,62+0,92 9,00+0,41 8,25+0,66
Micnsa 1-i iv’ekuii / After 1t injection 7,25+1,00 6,97+0,69 7,85+0,69
Micnsa 2-i in’exuii / After 2" injection 7,97+0,73 7,77+0,65 8,40+0,53
Micna 3-i iv’exuii / After 3 injection 7,95+0,66 8,40+0,41 8,37+0,32
Micnsa 4-i iv’ekuii / After 4™ injection 6,70+0,21 7,45+0,24 7,30+0,51
Ta6nuus 3. llyxxHodocdaTasHa (JIP) akTUBHICTE B CMpOBATL KPOBi KpONULb 3a iHTPanepuTOoHianbHOro BBEAEHHS
HaHo4acTuHok Kynpymy, MO/n (Mtm, n=6)
Table 3. Alkaline phosphatase (ALP) activity in the blood serum of female rabbits during the intraperitoneal administration
of copper nanoparticles, IU/L (Mtm, n=6)
. R . KoHTponbHa | pocnigHa Il pocnigHa
Yac 3abopy 3paskiB kposi / Time of blood samples collection Control 1# experimental 2 experimental

0

Micns 1-i in’ekuii / After 11 injection
Micna 2-i in’ekuii / After 2" injection
Micnsa 3-i iv’ekwuii / After 3 injection

Micna 4-i in’ekuii / After 4™ injection

181,27+12,11 186,75+21,07 203,42+13,71

202,90+14,13 177,22+17,35 204,50+18,80

179,87+3,58 174,60+12,81 187,87+20,64
191,25+7,23 156,25+18,76 212,47+5,84
172,47+21,36 145,67+14,62 187,67+14,66

MoganbLwi AocnigKeHHS aKTUBHOCTI LbOro eH3UMY
MOKa3ytoTb NOro 3HMXEHHS B KOHTPOSbHIN | AOCNIAHUX
rpynax, 3oKpema B JOCHiAHMX rpynax Lji NOKasHWKK Ha-
NPUKIHLiI AOCNIOKEHHS BipOrigHO 3HWXKYIOTLCS BABIMi.
BHuxeHHs J1OM-akTMBHOCTI y cupoBaTLi KpoBi Kponuub
3a fii BBeoeHUX npenapaTtiB MOXHa nos’a3aTtu 3 nigsu-
LLIEHMW MEeTaBONIYHUMW BHYTPILLIHBOKMITUHHMMM MPO-
uecamu, siki NoTpebyroTb 3HAYHMX EHEPTETUYHNX BUTPAT,
a BignogigHo, i 1AI. Omxe, HaHo4acTUHKM Kynpymy He
30iMCHIOTb HEraTUBHOTO BMSIMBY HA OPraHi3aM Kponuub.

S
~

o
o
1

lMicnsa eBTaHasii TBapWH Bigibpany penpogyKTUBHI
opraHu (MaTKy Ta SiE4HMKKN) Ta NpoBenu ix Mmopdome-
TPUYHY OLiHKY. Byno nigpaxoBaHO KifbKiCTb HasiBHUX
XKOBTMX TiN BariTHOCTi HA KOXXHOMY i3 S€YHUKIB Ta Kinb-
KiCTb XXMBUX Nnogis B matui. BctaHoBneHo, LWo B Ao-
CcnigHWX rpynax KinbKiCTb XOBTUX Tin BariTHOCTI Ta
KiNbKICTb XXUBMX MIIOAIB HA OfgHY camky 6yno BinbLue,
HiX Y KOHTponbHin rpyni. Ane y Il rpyni KinbkicTb Micub
imnnaHTauin nnogie 6yno Ginble nopiBHAHO 3 | go-
CnigHOI0 Ta KOHTPOIBHOK rpynamu (puc. 4).

~

=)
o

=

Kinbkicts noais
Quantity of fetuses
[=>]

©
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KinbKicTb »0BTUX Tin
Quantity of corpora lutea

©
[N}

85 0
KoHTponb | gocrigHa Il gocnigHa KoHTponb
Control 1% experimental 2" experimental Control

0
| gocnigHa Il gocnigHa KoHTponb | pocnigHa
1 experimental 2" experimental Control

=)
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©
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KinbkicTb iMnnaHTauin
Quantity of inplantation sites
>

N

Il gocnigHa
1stexperimental 2" experimental

Puc. 4. lMoka3Hukn MopdonoriyHoi OLiHKA PenpOoaYyKTUBHWUX OpPraHiB KpomnuLib NepPLLIOi NOMOBUHM BariTHOCTI

3a fil iHTpanepuToHanbHOro BBEAEHHS HaHO4YacTUHOK Kynpymy. A — NOKa3HUKM KiNbKOCTi XXOBTUX TiN A€YHUKA;

B — nokasHUKM KinbKOCTi HasiBHUX NnogiB y MaTui; C — nokasHUKM BUSIBIIEHUX MICLb iMMnaHTaL,in

Fig. 4. Parameters of morphological evaluation of reproductive organs of female rabbits

during the first half of pregnancy under the influence of intraperitoneal administration of copper nanoparticles.

A — quantity of corpora lutea of ovary; B — quantity of fetuses present in the uterus; C — identified implantation sites
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MNpoTe 3a KinbKiCTIO AoiMNNaHTauiHOI i 3aranbHoi
emOpioHanbHOI cMepTHOCTI (puc. 5) kpawmumm Gynun
MoKasHWKN y TBapuH | 4OCNigHOI rpynu, SKMM BBOAWIU
50 MKr/Kr XXMBOi Macu HaHoO4YacTUHOK Kynpymy.

[ KontponsHa / Control | nocnigha / 1+ experimental
4/
.*/:

Il pocnigHa / 2™ experimental

L

T T
[ToiMnnarHavjiitha cmepThicTs  MicnsiMnnarHavyitia cMepTHicTb
Pre-implantation mortality Post-implantation mortality

3aranbHa CMepTHICTb
Total mortality

Puc. 5. NokasHukn emBbpioHanbHOT CMepPTHOCTI

y NepLuUiln NONOBUHI BariTHOCTI KponuLb

3a iHTpanepuToHianbHOro BBEAEHHS HaHOYaCTMHOK Kynpymy
Fig. 5. Parameters of embryonic mortality during the first half
of pregnancy in female rabbits under the influence

of copper nanoparticles intraperitoneal administration

OTxe, BBeeHHs1 HAHo4YacTMHOK Kynpymy B fo3i
50 mKr/kr macu Tina No3nTMBHO BMNANBArNo Ha penpo-
OYKTUBHY CMCTEMY Ta npouecu embpioHanbHOro pos-
BUTKY KpOnuup.

BucHoBKu

BusiBneHi BiporigHi amiHn aktnBHocTi AnAT, ACAT
nu1ie Ha nepuly Aoby nicnsa gpyroi iH exuii HAHOYaCTUHOK
Kynpymy B £0o3i, BignosigHo, 50 mkr/kr Ta 100 Mkr/kr.

CuNPs y 0osi 50 mkr/kr Ta 100 MKr/Kr HEe BUKITMKAE
BipOriAHMX 3MiH aKTMBHOCTI renatocneumdiyHmx eH3u-
MiB — y-rnyTaminTpaHcdepasu Ta nyxHoi doccarasu.
3a uux ymoB cnoctepiraeTbcs BiporigHe 3MeHLUEHHSA
aktmHocTi J1Ar.

BmicT okpemmx meTtaboniTiB a30TUCTOro 0OMiIHY B Kpo-
Bi KpONWLb 3a BMfMBY HaHOYACTUHOK He 3a3HaBaB BipoO-
rigHMX 3MiH B AnHamiLi gocnimkeHHs. OTxe, 3aCTOCoBaHi
npenapaty HETOKCUYHI.

HanHwx4i nokasHuku goiMnnaHTauiiHoil Ta 3aranb-
HOT embGpioHanbHOI cMepTHOCTI 6ynu y | gocnigHin
rpyni, TBapuHam sikoi BBogunm 50 MKI/Kr macu Tina
CuNPs, nopiBHSIHO 3 NOKa3HMKaMM KOHTPOJSbHOI Ta
Il pocnigHoi rpynw.

KinbkicTe nnoais 6yna HanbinbLwot B Il gocnigHin
rpyni, TBapuHam sikoi BBoagunu 100 MKr/kr macu Tina
CuNPs, HaiMEHLLOK — Y KOHTPOSbHIN.

MepcnekTMBM NoganbLUMX AOCHiAKEeHb
MnaHyeTbca npoBoAUTU OOCHIOXEHHSA Ail HaHO-

YacTuHoK Kynpymy Ha eHepreTu4Hui, 6inkosuin 0OMiH
Ta aHTUOKCUOAHTHUI CTaTyC OpraHiamy TBapwH.
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This article presents the results of physiological and biochemical investigations of the copper nanoparticles effect on the organism
of mature female rabbits. Clinical observations and biochemical parameters of blood would permit to assess the safety of use
of obtained nanoparticles and to evaluate the influence of prolonged intraperitoneal administration thereof on the metabolism of
the animals, as well as, basing on further studies, to develop drugs for the treatment of various pathologies of the reproductive
system of farm animals. For this investigation 18 four-month-old female rabbits of the Blanc de Termonde breed weighing 3-3.5 kg
and analogous by biochemical parameters of blood serum were selected. They were divided into three groups: control, 1t and 2™
experimental ones, each group containing 6 rabbits. Every 7" day of the 28-day period the rabbits were subjected to intraperitoneal
administration of drugs. The rabbits of the control group received 0.9 % physiological solution as placebo, 1.5 ml/kg per injection. The
rabbits of the experimental group received a preparation containing copper nanoparticles. The investigation results showed a positive
influence of the studied copper nanoparticles on the metabolic processes. Intraperitoneal administration of copper nanoparticles on
initial stages of the study (after the second injection) produced increased ALT and AST activities, which might be associated with the
adaptation of organism to the introduced drugs. The decreased LDH activity in the blood serum of the rabbits during the administration
of the preparations might be associated with enhanced intracellular metabolic processes requiring considerable expenditures of energy.
The dynamics of the gamma glutamate transferase activity remained on the same level in the control and both experimental groups of
female rabbits, indicating that the introduced copper nanoparticles drugs were not toxic. The administration of copper nanoparticles in
the dose of 50 pg/kg of body weight has positive effects on the reproductive system of female rabbits and the processes of embryonic
development.
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Slyvchyk Y1, Shtapenko OV, Hevkan Il, Syrvatka VY, Slyvchyk OY, Korbetsky AR. Effects of copper nanoparticles on the biochemical parameters
of blood serum of female rabbits. Biol. Tvarin. 2020; 22(1): 20-25. DOI: 10.15407/animbiol22.01.020.



https://doi.org/10.15407/animbiol22.01.026
UDC 579.222:546.23

Received 23.09.2019 = Accepted 14.11.2019 = Published online 01.05.2020

FemaTonoriyHi NoKkasHUKM WypiB 3a BBeAEHHSA eHpogroKcauunHy

y cKnaai nonimepy

O. M. 3enerina’, . [l. Ocmanie?, B. B. Bnizno?*, I. A. [poxe®, C. |. BuHHUUbKa®

Zeleninaoksana@ukr.net

'Opecbkuii AepXXaBHUIA arpapHuin yHiBepCuTeT,
Byn. KpacHoBa, 3a, m. Ogeca, 65012, YkpaiHa

2lncTuTyT Gionorii TBapuH HAAH,
Byn. B. Ctyca, 38, M. JlbBiB, 79034, YkpaiHa

3HauioHanbHWI yHiBepcuTeT «JIbBiBCbKa MOMiTEXHIKaY,
nn. Ce. lOpa, 2, m. JlbsiB, 79013, YkpaiHa

“OepxxaBHUA HAYKOBO-AOCHIAHUA KOHTPOMNBbHUIA IHCTUTYT
BETEPMHaPHUX NpenapariB Ta KOPMOBKX [00ABOK,
Byn. foHeubka, 11, M. JlbBiB, 79019, YkpaiHa

BuB4yanu BnnvB KoMnnekcy aHTnbioTrka eHpodriokcauuHy 3 NoniMepoM MonieTUneH-

rnikonb-400 (MEM-400) Ha BMICT remMornobiHy, KiflbKiCTb epUTPOLUTIB | NENKOLMTIB, a TaKoX
CTaH nenkorpamm KpoBi KNiHiYHO 340p0BUX WypiB. EHpoMiokcaumH MiICTUTb Y CTPYKTYPI
MOMeKynu peakuiiHo3aaTHi KapboKCUNbHI Fpynu, WO poBUTb MOXITUBUM NPOBEAEHHS NOrO MO-
Aundpikauii 3 ogep)kaHHAM HOBUKX crnonyk. Komnnekc aHTubioTnka eHpodonokcauuHy 3 MNMEM-400
ofepXKyBanu peakuieto xnopanrigpuay eHpocdpriokcauuHy 3 MNMEM-400. Y pesynsraTi BBEAEHHS
JocCnixXyBaHNX PEYOBUH HE BCTAHOBMEHO BiAXUNEHb KNiHIYHOrO cTaHy TBapuH. [ia komnnekcy
eHpodnokcauunH+lEN-400 Ha cbomy Aoby nicnsi 3akiHieHHSA BBEAEHHS npenapary nposiB-
NAETBCA 3HMWKEHHAM KiNTIbKOCTi €PUTPOLMTIB | KOHLIEHTpaUii remornobiHy B KPOBi LLypiB, a Ha
14 i 21 pobn — akTMByBaHHAM remonoeTnyHol dyHKUil. 3okpema, Yyepes 14 fib nicna 3acTo-
CyBaHHs NpenapariB KinbkiCTb epUTPOLIUTIB Y KPOBI TBAPUH KOHTPOSBHOI rPyni i 3a BBEAEHHS
Komnnekcy eHpodrnokcaumH+IEN-400 ctaHoBuna 4,6—4,7x10'?/n, ogHak 6yna Ha 8,0-16,4 %
HWXXYOIO Bif, rpyn LypiB, AKMM 3acTOCOBYBanu okpemMo aHTubioTuk i NMEM-400. BogHo4ac 3a
BiCYTHOCTI BipOrigHOT pi3HMUI KifTbKOCTi epUTpOoUMTIB NigBULLYyBanacb KOHLEHTpauis reMorno-
OiHy, gka BGyna MakcumarnbHO Yy TBApWUH 3a BBEAEHHS KOMMNMeKcy eHpodnokcaumH+IEMN-400
(132,2+4,10 r/n) i gewo Hwk4Yow (Ha 2,7-8,9 r/n) y kpoBi WwypiB iHWKX rpyn. [icna BBeAeHHs
B opraHi3m Lwypis gis MNMEM-400 ta eHpocrnokcaumHy K OKpeMo, Tak i B cknafi KoMmnnekcy
eHpodnokcaunH+IEN-400 xapakTepusyBanacs 3HMKEHHAM KifbKOCTi TeNKoUmTiB BNPOOOBX
ycboro gocnigy. Tak, 4yepes 21 goby ekcnepuMeHTy y KPOBi TBapuH, SKMM BBOAWUIN KOMI-
nekc eHpodrokcauuH+rNEN-400, kinbkicTb nerkounTie 6yna HaHuk4oo — 4,2+0,41x10%n
(P<0,001), a 3a BBeaeHHs1 eHpodhnokcauuHy y umnctin oopmi Ta NEM-400 — meHwa, Bigno-
BigHO, Ha 14,5 % (P<0,05) i 34,8 % (P<0,01). 3MiHuK cniBBigHOLLEHHSA Pi3HMX BUAIB NENKOUUTIB
Y KpOBI LLypiB 3a BBEAEHHSA OOCIOXYBaHMX PEYOBUH XapaKTepuayoTb peakLito-Bignosigb
Ha BBeOEHHSA npenapary, iHTEHCUMBHICTb SIKUX 3racae Yepes ciM fib.

KnrouoBi cnoBa: wypwu, HaHononimepu, eHpodrioKCaLnH, reMaTosoridHi MOKasHUKN,
nemnkouuTmn

Hessaxkatoum Ha LUBUOKWIA MPOrpec y CTBOPEHHI Nikap-
CbKUX Mpenaparis i po3BUTKY dhapMaLeBTUYHUX TEXHOMO-
riR, iHCpEKLiMHI 3aXBOPIOBaHHS, CPUYMHEHI BakTepiamu,
NPOAOBXYHOTb ByTW OfHieto 3 HaNbiNbLLKMX Npobrem [4].
Mainke BCi MiKpoOopraHiamm 3gaTHi NPOTUCTOATY chapMako-
TepaneBTUYHUM BTPYYaHHAM 3aBOSKU LUBUAKIN €BOnoLLIT
reHETUYHMX MeXaHi3MiB, Lo NP13BOaNTL 40 hopMyBaHHSA
PE3UCTEHTHOCTI Ta 3yMOBIOE HEOOXIAHICTE NepernsHy T
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CTpATerito 1 TaKTWKY 3aCTOCYBaHHS aHTMBIOTKKIB [5]. Tomy
CUHTE3 HOBUX aHTMBaKTEpiarnbHUX NpenapariB € akTyasb-
HUM Onsa GionoriyHux, dhapMaueBTUYHUX Ta MEOUYHUX
Hayk. CbOrogHi cepeq NnepcrneKkTMBHUX HanpsamiB CTBO-
PEHHS1 HOBUX NiKapCbknX 3acobiB € HaHOBIoTexHOMOTII [8,
12]. OcKinbky BUKOpUCTaHHSA NpenaparTiB Y 3BUYanHuX
chopmMax NoB’a3aHe 3 BENMKUMMN TPYAHOLLAMM 5K y JOCAr-
HeHHI MicLsa Ail NikiB, Tak i B NigTPMMaHHI BignoBiaHWX 403
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npenapary BNPOAOBX NEBHOTO Nepiogy Yacy, akTyarnsHUM
€ PO3pOONEHHS NOMIMEPHNUX HAHOYaCTUHOK, siki 3abe3ne-
YyHOTb 3aXMCT JiKyBarnbHUX Npenaparis Big HECNpUATv-
BMX YMOB HaBKOJMLLHBOIO CEpeoBMLLa, CTabini3yoTb
X TPaHCMOPTYBaHHS 4O OpraHiB | TKaHWH, CMOBINbHIOTb
OECTPYKUi0 Ta BUBEOEHHS 3 opraHiamy [6].

3aBOskun HEBENUKOMY PO3MIPY, CTPYKTYPI Ta BENWKIi
NoLli NnoBepxHi HAHOPO3MipHi MaTepianyu HabyBatloTb
crneumdivHnx disnko-ximiyHMx Bnactmeocten [7]. Lle nae
3MOry cMcTemMaM 3 HaHOYaCTUHKaMM JoNaTtv HasiBHI Ans
3BUYANHNX POPM OOMEXKEHHS, MONErLLYHYN TPAHCNOPT
40 cneundivyHnx KnitTmHHuX miwexen [10].

B ocTaHHi poku crnioctepiraeTbCsa CTPIMKUIA PO3BUTOK
noniMepHoT Ximil y ranysi CTBOpeHHs1 HOBUX MaTtepianis
ONs MeguyHoro 3actocyBaHHsA. Ocobnueuii iHTEpec
CTaHOBNATbL NoniMepw, siki OTpUManu Ha3By «MNceBgo-
noniamiHokMcnoTuy». Ha BigMiHy Big NoniamiHOKMUCNOT,
BOHW MIiCTSITb B OCHOBHOMY NaHLII03i YpeTaHOBi, ECTEPHI,
aHrigpuaHi Ta iHwi ximivHi 38’a3ku [9, 11]. MNepesara ix no-
nsrae B TOMy, LU0 BOHU € BiogerpagabenbHuMm i 3a BBe-
JEHHS B OpraHiaM He BUKIMKaKoTb iMyHHOI peakui [1, 2].

MeTa gocrnimkeHb — BUBYMTU BIIMB KOMIIEKCY aHTW-
GioTvKa eHpodorokcauuHy 3 nonimepom MNEM-400 Ha BmicT
remMornobiHy, KiNbKiCTb €pUTPOLIUTIB i MENKOLMTIB, a TaKoX
CTaH nemnkorpamMmmn KpoBi KMiHiYHO 340POBMX LLYPIB.

MaTepianu i meTogm

[ocnigykeHHs NpoBenu Ha KIiHIYHO 340POBUX CaMLAX
wypis (niHis Wistar), sikom Tpu Micsiui, macoto Tina 180—
200 r, gKMxX yTpuMyBanu B CTaHOapTHUX YMOBaXx BiBapito
Ha 3aranbHOMPUNHATOMY paLiOHi.

[ns BMBYEHHSA BNMBY aHTMBIOTMKa eHpodriokcaum-
Hy (TpaguuinHa doopma) Ta HaHOMNONIMEPHOTO KOMMMEKCY
eHpocpriokcaumHy 3 MNMEM-400 Ha remaTonoriyHi NokasHu-
Kn wypiB (eHpodpnokcaumn-NEr-400; Bmict aHTMGIOTU-
ka = 1,8 %) chopmMOBaHO YOTVPW TPYMM LLYpPIB — KOH-
TPOMbLHY i TpY gocnigHi, No 12 TBapuH y KOXHIN. LLlypam
KOHTPOIBHOI FPynu BHYTPILLHLOM’ I30BO BBOAUNM pisio-
noriyHun po3vmH ob’emom 0,03 mn, LWwypam gocnigHnx
rpyn: | — 0,03 mn aHTMbioTUKa eHpodnokcaLuH (Tpa-
avuinHa gopma), Il — 0,03 mn MEM-400, [l — 0,03 mn
komMnnekc eHpodrokcaunH+NEN-400. O6’em BBEAEHUX
npenapariB BignoBigaB 403i eHpodhroKauyHy (Tpaguuin-
Ha copma) Ans nikyBaHHs TBapuvH i ctaHosus 0,03 mn
Ha 200 r macwu Lypa ans Beix rpyn. [Npenapaty BBoAunM
LWoao60BO NPOTAroM YOTMPLOX Aib.

[Hekanitauito TBapuH npoeogmnm Yepes 7, 141 21 noby
nicns BBeOEHHs Npenaparis. YTpUMaHHs, rogisnto, 4ormssa
Ta yci MaHinynauii 3 TBapMHamMm 34iMCHIOBann 3rigHo
3 €BPONENCHKOI0 KOHBEHLLIED MPO 3aXUCT XpebeTHMX
TBAPWH, LLIO BUKOPUCTOBYIOTLCA A1 AOCAIAHNX Ta iHLINX
HaykoBwx uinen (Ctpacbypr, 1986) i «3aransHUMmn eTny-
HYMW NPUHLMNaMM EKCNIEPMMEHTIB Ha TBapuMHax», yxBa-
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Puc. 2. 3’egHaHHsa eHpodnokcauuHy 3 MEM-400 (n=9)
Fig. 2. Connection of enrofloxacin with PEG-400 (n=9)
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neHvmMm MNepumm HauioHanbHUM KOHIPEeCoM 3 BioeTuku
(Kui, 2001). ExcnepumeHTV NpoBOAMnU 3 AOTPUMAHHSAM
NPUHUMNIB N'yMaHHOCTI, BUKNaAeHWX y OnpekTuBi €Bpo-
nevicbkoi CninbHOTH [3].

EHporiokcaumH MIiCTUTb Yy CTPYKTYPI MOMEKYnn peak-
LiiHO3aaTHI KapBOKCUIbHI rpynu, Lo pobuTb MOXITMBUM
NPOBEAEHHS MOro MoamaikaLii 3 ogepXaHHsM HOBYX CMo-
nyk (puc. 1). Komnnekc aHTMbioTMKa eHpodprokcaumHy
3 nonimepom NEM-400 ogepxyBanu 3a peakLieto B3aemo-
4ii xnopaHrigpuay eHpodnokcaumHy 3 MNEMr-400 (puc. 2).

YncToTa NpoaykTy, 3a AaHMMU BUCOKOE(EKTUBHOI pi-
AVHHOI xpomartorpadii, ctaHoBuna 98-99 %.

[na pocnimpkeHs reMaTonoriYHUX NoKasHWKIB Binbupa-
N1 UinbHY KpoB Y BakyymHi npobipku 3 K.EATA. Y UinbHin
KPOBI BU3Ha4anu KOHLEHTpaLjto remMorno0iny (r/n), Kinb-
KicTb eputpoumTis (10%2/n) i nevikouwmTis (10%/n), cniesigHO-
LUEHHS pi3HuxX BuaiB nevkoumTis (%). JocnigxeHHs npo-
BOAWUIM Ha aBTOMATUYHOMY remMaTosiornyHOMY aHarni3aTopi
Abacus Junior vet. CTaTUCTUYHWI aHani3 pesynsrarTis npo-
BOOWIM 3 BUKOPUCTaHHSIM NepCOHarnbHOro Komm'iotepa
i nporpamMHoro 3abe3neveHHst Microsoft Excel Ta Origin.

Pe3ynbrat 1 06roBopeHHs

Y pesynbTaTi BBEAEHHSA A0CNIAXYBAHUX PEYOBUH
He Byrio BCTAHOBMEHO BiAXWITEHb 3ararnibHOro KriHi4HOro
CTaHy TBapVviH, aneTuT OyB 36epexxeHni.

3a yMOBUM 3aCTOCYBaHHS KOMMIIEKCY aHTUBIOTUKA eH-
pocpriokcauuHy 3 NEM-400 BcTaHOBNEHO, LLO HA CbOMY
000y nicnsi BBeQeHHS Npenapary KinbkKiCTb epUTpoLInTIB
6yna Hwk4oto Ha 20,8-26,4 % (P<0,01-0,001) nopisHsHO
3 KOHTPOSIEM Ta iHWMMK JOCHiAHNMM rpynamMm (Tabn. 1).
BignosigHo, y BkasaHin rpyni TBapuH Ha 8,3-12,2 %
(P<0,001) 3HmxyBaBCcst BMICT reMornobiHy.

HO

Puc. 1. 1-uuknonponin-6-gtop-7-(4-etnn-1-ninepasutin)-1,4-
aurinpo-4-okco-3-xiHomniH-kapboHoBa KucnoTa (eHpodnoKkcaumH)
Fig. 1. 1-cyclopropyl-6-fluoro-7-(4-ethyl-1-piperazinyl)-1,4-dihydro-
4-oxo-3-quinoline-carboxylic acid (enrofloxacin)
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Tabnuusa 1. lematonorivHi MOKa3HWMKK LLYPIB 3@ BBEAEHHS eHpodhnokcauuHy y cknagi nonimepy (n=4)
Table 1. Hematological indices of the rat for the introduction of enrofloxacin in the polymer composition (n=4)

[o6a pgocnigy / Day of the experiment

I'pyna TBapuvH

Group of animals U 5 2

Mzm CVv Mzm CVv Mzm CVv

Kinbkictb eputpouuTie, 10'%/n / Red blood cell count, 10"%/L

KoHTponb / Control 5,3+0,18 6,9 4,7+0,33 141 5,5+0,17 6,0
| pocnigHa / | experimental 5,7+0,13 4,8 5,0+0,22 8,6 5,7+0,20 6,9
Il pocnigHa / Il experimental 5,6+0,28 9,9 5,5+0,18 6,7 5,7+0,11 4,0
Il mocnigHa / Il experimental 4,2+0,21** 10,0 4,6+0,59 26,0 6,1+0,43 14,0

KoHueHTpauis remornobiHy, r/n / Hemoglobin concentration, g/L

KoHTponb / Control 125,8+2,38 1,9 129,5 £ 5,41 4,2 120,5+ 6,02 5,0
| pocnigHa / | experimental 124,5+2,17 3,5 123,3+5,99 9,7 128,5+4,10 6,4
Il pocnigHa / Il experimental 120,5+1,35 2,2 127,3+3,34 53 129,3+0,82 1,3
11l mocnigHa / Il experimental 110,5+1,03*** 1,9 132,2+4,10 6,2 130,5+4,13 6,3

KinbkicTb nenkouuti,10°%/n / White blood cell count,10%/L

KoHTponb / Control 7,0+0,18 53 6,3+0,44 14,0 6,9+0,29 8,5
| pocnigHa / | experimental 6,0£0,12** 4,0 6,31£0,23 74 5,9+0,12* 4,2
Il pocnigHa / Il experimental 4,5+0,21*** 9,2 5,7+0,31 10,9 4,5+0,44* 19,6
IIl pocnigna / 11l experimental 5,4+0,20*** 7,5 5,3+0,45 17,2 4,240,41*** 19,4

lMpumimka. Y Ui Ta HacTynHin Tabnuui pi3HMLS CTaTUCTUYHO BiporigHa MNOPIBHAHO 3 KOHTPOMbHOK rpynoto: * — P<0,05; ** — P<0,01;
*** _ P<0,001.
Note. In this and the following table, the differences is statistically significant compared to the control group: * — P<0.05; ** — P<0.01;
*** — P<0.001.

Tabnuusa 2. llerikorpama LLypiB 3a BBeAeHHs kommnnekcy eHpodnokcaunH+EN-400 (M+m, n=4)
Table 2. Leukogram of rats for the introduction of enrofloxacin+PEG-400 complex (M+m, n=4)

HenTpodinu / Neutrophils, %

Mpyna TeapHH LﬂiMCbOLI,VITVI MoHouutn EOSV.IHOd)i{'IVI
Group of animals ympt:/i)cytes Mong/fytes Eosnlzphlls CermeHTosiaepHi ManuuKosiaepHi
Segmented Stab
7 poba / 7" day
KoHTponb / Control 79,3+1,29 3,3£0,41 5,0+0,35 20,3+1,34 0,0+0,00
| pocnigHa / | experimental 65,0+0,61** 7,3+0,74** 4,3+0,41 24,8+0,74* 8,8+0,74
Il pocnigHa / Il experimental 62,3+1,43** 7,3+0,74** 0,0+0,00 24,5+0,90* 9,3+1,34
Il mocnigHa / Il experimental 68,7+2,75* 8,4+0,74*** 0,0+0,00 15,3+2,27 3,7+0,54
14 po6a / 14" day
KoHTponb / Control 75,3+2,63 2,8+0,54 4,5+0,75 17,3+1,98 1+0
| pocnigHa / | experimental 75,5+3,44 3,0+0,00 5,3+1,24 16,5+2,14 340
Il gocnigHa / Il experimental 73,0£2,96 2,0+0,61 110 23,0+1,06* 1+0
Il gocnigra / 1l experimental 76,8+3,45 2,5+1,06 0+0 19,3+1,29 10
21 poba / 215 day
KonTpons / Control 77,5+3,40 3,0£0,61 3,3+0,41 18,8+1,08 0+0
| pocnigHa / | experimental 83,3+3,42 3,0+0,61 2,2+0,82 11,3£3,19 1+0
Il gocnigHa / Il experimental 78,0+2,03 1,5+0,25 0+0 14,8+1,19 10
IIl pocnigna / 11l experimental 70,0+1,46 2,0+0,35 0+0 24,5+1,03** 0+0
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Kpim TOro, KinbkiCTb NENKOUUTIB y TBapWH 3a BBe-
OenHHs MEM-400, eHpodriokcaumHy Ta KOMMeKCy eHpo-
dnokcaumH+TEN-400 3meHwyBanacs, BignoBigHo, Ha
35,8, 14,31 22,9 % (P<0,01-0,001) nopiBHsAHO 3 aHano-
MYHMM NMOKa3HUKOM LLYPiB KOHTPOSbHOI rpynu.

Uepes 14 gib nicns 3actocyBaHHs Npenaparis y Ly-
piB AOCNIOHMX rPyn BENUYMHW OOCHIMIKEHUX remaTorno-
rYHMX NOKa3HUKIB HOpManisyBanucs. 30Kkpema, KinbKicTb
EPUTPOLMTIB Y KPOBi KOHTPOIbHMX TBAPWH i 32 BBEAEH-
HSA KoMnnekcy eHpodgnokcaunH+lEN-400 ctaHoBuna
4,6-4,7x10"/n, ogHak Lwe 6yna Ha 8,0-16,4 % (P>0,05)
HXKYOLO BiZ rpyn LUYpPIB, SIKUM 3aCTOCOBYBarnu OKPeEMO
aHTubioTuk i NMEM-400. MNopsa 3 uum, 3a BiACYTHOCTI
BIpOriAHOT Pi3HWLI B YMCHi epUTPOLINTIB NiABULLYBaBCS
BMICT reMorrnobiHy, skui 6yB MakcMmanbHUM Y TBapyH
3a BBeJEeHHS KoMnnekcy eHpodnokcaumH+E-400
(132,244,10 r/n) i geLwo Hwkunm (Ha 2,7-8,9 r/n) y KpoBi
LWypiB iHWWX AOCAIAHUX rpyn.

Cnig Big3HaunTy, Wo Yepes 7 i 14 pib ekcnepumeHTy
KiNbKiCTb NENKOLIUTIB 3HKYBanacs y KpoBi TBAPUH, SIKUM
BBOAMIM KOMMnekc eHpodonokcaumH+IEN-400 ta nuiwe
MEr-400 (5,3-5,7%10%n), i MeHLWwO Mipoto — 3a BBe-
OEeHHS TiNbKM eHpodnioKcaumHy y TpagauuUinHin gopmi.
Uepes 21 0oby B KpOBi TBAPWH, SKMM BBOAMIM KOMIMIIEKC
eHpodnokcaunH+IEN-400, KinbkicTb epUTPOLMTIB | KOH-
LieHTpaLlist remornobiHy 6ynn HakBMLLMMM — BiANoOBIAHO,
6,1+0,43%10"/n i 130,5+4,13 r/n, ane KinbKicTb nemnko-
umTiB 6yna HanHmwk4oo — 4,2+0,41x10%n (P<0,001).
3a BBeAEHHs1 eHpPOdNIOKCaLMHY Y YMCTin dpopwmi Ta MET -
400 TaKoX BiAMIYEHO 3HKEHHS KiNbKOCTiI NENKOLUNTIB —
BignosigHo, Ha 14,5 (P<0,05) i 34,8 % (P<0,01).

OTxe, BBeOEHHS Lypam eHpodnoKkcauuHy y Tpa-
anuivnin dpopmi i NMEM-400 Tta koMnnekcy eHpodorokca-
umH 3 NMEMN-400 HeogHO3HAYHO BMNMBAKOTb HA iHTEH-
CMBHICTb remonoesy. 3okpema, KOMMIeKC eHpodoriokca-
uUMH+TEM-400 cnpyymHSAE 3HWKEHHS KiNbKOCTi epuTpo-
UMTIB | KOHUEHTpaUii reMmornobiHy Ha 7-my o6y nicns
BBEAEHHS NpenaparTy, npote Yyepe3 14 aid6 BenMumHu
3Ha4eHb NOBEPTAIOTLCA A0 PiBHS KOHTPOIHO | Ha 21-y [oby
Oynu BuLWMMK, BignoBigHo, Ha 9,91 7,7 %.

OpHo4vacHo NposBAETLCS iHribyBanbHa gist Komn-
nekcy eHpodonokcaunH+EN-400 Ha yTBOPEHHS NENKo-
LMTIB, KiNbKICTb SIKMX BIpPOMiAHO 3HWXKyBanacst BNpoaoBX
7-i 21-i 06 pocnimkeHb. OueBMaHMMM dakTopamu, siKi
Npu3BoAATb A0 3MEHLLEHHS Y1Cna NenkoumnTie, Binb-
Lwoto mipoto € TpaHcnoptep (MEM-400) i MeHLLO — aHTu-
BioTKK (eHpodnokcauuH).

3a pocnigKeHHs cniBBigHOLLEHHS Pi3HMX BMAIB Nen-
KOUMTIB y KPOBI LLypiB 3a Aii npenapatis BCTAHOBMEHO,
Lo Ha 7-my o6y nicns BBEAEHHS OKPEMO €HpPOdITOK-
cauuHy y uucTin popmi i MEM-400 kinbkicTb nimcouunTia
3HMXKyBanacs, BignoeigHo, Ha 18,11 21,5 % (P<0,001),
a fji komnnekcy eHpodrokcaunH+EN-400 — Ha 13,4 %
(P<0,05). Ha 14-i 21-y nobu pgocnig)KeHb BENMUYMHA 3Ha-
YeHb NiMdoUUTIB y TBAPWH AOCHIAHUX rPYM, NOPIBHSAHO
3 KOHTPOIEM, BipOrigHO He Bigpi3HAnucst i Bynm B mexxax
70-83 % (tabn. 2).

KinbkicTb MOHOUMTIB Ha 7-y 0By AoCniaKeHb Y KPOBI
TBapWH AocrnigHux rpyn 6yna suwot y 2,2—-2,5 pasy
(P<0,01-0,001), Hix y koHTpONI. Ha 14-i 21-y nobwn go-
CnigKeHb BENMUYMHU 3HAYEHb LibOro NoKasHuKa y LWypiB
nigaocnigHux rpyn konusanuce y mexax 1,5-3,0 %
i BipOrigHO He Bigpi3HANUCH.

KinbkicTb €031HOQINIB Y KPOBi TBAPUH KOHTPOSBHOI
rpynu i 3a BBeAEeHHS eHporioKkcaLnHy y Tpaauuin-
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Hin chopmi Byna npubnmaHo ogHakoso A0 14-1 oobu
(4,0-5,3 %) i 3HwkyBanacs (2,2-3,3 %) Ha 21-y ooty
JocnigXeHb.

BinbLwi 3miHM BusBNeHi ona Hentpodinis (tabn. 2).
3oKpema, KinbKiCTb CErMEHTOSAEPHMX KINITUH Y KPOBI TBa-
PVIH, KM BBOAUIM KOMIMOHEHTW Npenapary okpemo, nia-
BULLlyBanacs Ha 7-y foby gocnimxeHb (eHpodriokcaumH
y TpaauuinHin copmi Ta NEM-400) Ha 4,2—4,5 % (P<0,05),
a 3a BBejeHHs1 koMmnnekcy eHpodonokcaunH+EN-400 —
HaBnaku, 3HwkyBanacs Ha 5,0 % (P>0,05). LLe yepe3
7 n0i6 nicnis BBeOEHHS Aitoumx pevyoBuH (Ha 14-Ty goby)
KiNbKICTb CErMEHTOSIAEPHMX HEMTpOQiNniB HOpManisysa-
nacb 9K 'y TBapyvH KOHTPOIbHOI rPpynu, Tak i 3a BBEOEHHS
eHpodnoKcaLMHy Y TpaauLIinHIN dopMi Ta KOMMEKCHOIO
npenapary, konmeatounch Big 16,5 oo 19,3 %, a 3a Bee-
aeHHs MNEM-400 6yna suwoto Ha 5,7 % (P<0,05).

Ha 21-y noby gocnigXeHb KinbKicTb HEMTpodinis
y kpoBi wypis | Ta Il gocnigHmx rpyn Oyna HWKYOH, HiXK
y KOHTponi, BignosigHo, Ha 6,5 i 4,0 %, a 3a BBeaeHHSA
Komnnekcy eHpodriokcaunH+MEN-400 — HaBnaku, nia-
BuULLEeHoto Ha 5,7 % (P<0,01).

KinbkicTb nanuukosiaepHux HenTpoginis Ha 7-y nody
nicnsi 3aKiH4eHHs1 BBEAEHHsI npenaparis 36inblumnach
Y KPOBi AOCNIAHUX rPyN TBAPUH, NMOPIBHAHO 3 KOHTPOMEM,
Ha 14-Ty poby iX BiACOTOK 3HM3UBCH 40 i3ionoriyHnX
3Ha4eHb i 3anMLwaBcsa Ha TOMY X piBHI 4o 21-i gobu.

BucHoBKu

1. Ois komnnekcy eHpodprnokcaumH+IEN-400 Ha 7-y
000y nicnsa 3aKkiHYeHHs1 BBEAEHHS NpenapaTy NposiBs-
E€TbCS 3HWXKEHHSM YnUCHa epUTPOLMTIB i KOHLEHTpaUil
remornobiHy B KPOBI LLypiB, a Ha 14- i 21-y nobu — aktu-
BYBaHHSAM reMOMNOETUYHOI (OYHKLLT.

2. [ia ME-400 Ta eHpohriokcaLmHy siK OKpeMo, Tak
i B cknagi komnnekcy eHpodnokcaumH+IEN-400 nicns
BBEJEHHS B OPraHiam LLypiB XapaKTepu3yeTbCsl 3HUKEH-
HAM KiNbKOCTi NENKOLUTIB BNPOOOBX LOCHIAKEHb.

3. 3MiHM CniBBIOHOLLEHHS Pi3HUX BUAIB NIENKOLUTIB
Y KpOBi LLypiB 3a BBeAEHHS JOCNiOKYBaHUX PedYOBUH
XapaKTepuayoTb peakLito-BianoBiab Ha BBEAEHHS npe-
napary, iIHTEHCUBHICTb sIKMX 3racae Yepes cim gio.

MepcnekTuBM NoganbLIMX JOCHiAXKEeHb

HouinbHnm 6yaoe BUBYMTY aKTUBHICTb EH3VMMIB aHTU-
OKCMOAHTHOrO 3aXMUCTY i IX LUTOTOKCUMYHICTb B opra-
Hi3Mi TBapwH.
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Hematological indices of rats after administration of enrofloxacin as a subunit of polymer
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The influence of antibiotic enrofloxacin and PEG-400 polymer complex on hemoglobin content, red and white blood cell count, and
blood leukogram state of apparently healthy rats has been studied. The enrofloxacin contains reactive carboxyl groups in the molecule
structure, it makes possible to carry out modifications for obtaining new compounds. The complex of enrofloxacin with polymer was
obtained by interaction of enrofloxacin hydrochloride with polyethylene glycol-400. There were not any abnormal changes in the physi-
ological state of the animals after administration none of the tested substances. The effect of the enrofloxacin + PEG400 complex in
7 days after the injection was manifested by the decrease of red blood cells count and hemoglobin concentration in the rats’ blood, and
after 14 and 21 days — by activation of hematopoietic function. Particularly, on the 14" day red blood cell counts in the blood of control
animals and animals treated with enrofloxacin+PEG-400 complex were approximately equal and ranged 4.6—4.7x10'%/L, and were
8.0-16.4 % (P>0.05) lower than in experimental rats received the antibiotic and PEG-400 separately. At the same time, in the absence
of significant difference in red blood cell count, the blood hemoglobin concentration increased. This concentration reached a maximum
after the administration of the enrofloxacin + PEG-400 complex (132.2+4.10 g/L), but it became a little bit lower (2.7-8.9 g/L) in rats’
blood of other experimental groups. The effects of PEG-400 and enrofloxacin both separately and in complex of enrofloxacin + PEG400,
were characterized by the decrease in leukocytes count throughout the experiment. So, after the 21t day of experiment white blood cell
count was the lowest in the blood of animals after the enrofloxacin + PEG-400 complex administration (4.2+0.41x10%L; P<0.001) in
comparison with the control group; but when the enrofloxacin and PEG-400 were administered separately, white blood cell count was
14.5 (P<0.05) and 34.8 % (P<0.01) lower, respectively. Changes in the ratio of different types of leukocytes in the blood of rats charac-
terize the reaction of the body to the introduction of the test substances, the intensity of which decays on the 7" day of the experiment.
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HoBiTHi nigxoan oo aHanisy eni3oo0TU4YHOI CUTYyauil 3i cKa3y B YKpaiHi

l. ®@. Makoscbka
iryna.makovska@nubip.edu.ua

HauioHanbHui yHiBepcuteT BiopecypciB i NPUPOAOKOPUCTYBaHHS YKpaiHu,
Byn. MonkoBHuka MoTexiHa, 16, m. Kni, 03041, YkpaiHa, dekanat_vetmed@nubip.edu.ua

Ockinbku reorpadivHa iHopMmauiiHa cuctema (IlC) € iHcTpymeHTOM ans 36opy AaHmX
3 DaraTbox JpKkepen pisHMMM METoaMM, SKUA, KpiM CTaHOAPTHOrO KapTorpadpyBaHHs, 403BOSAE
opraHi3oByBaTy, 36epirat, 06pobnaTy, aHaniysatu, MOAENoBaTK, NPEACTaBNSATA NPOCTOPOBI
[aHi Ta CTBOPIOBATU MPOrHO3M, TO METOK HALLIOMO AOCNiAKEeHHS Oyro NpoBeneHHsT aHani3y enisoo-
TUYHOT cUTyaUlil 3i ckady B YKpaiHi i3 3aCTOCyBaHHSIM HOBITHIX re0iH(popMaLiiH1X TexHonorin. [Ans
uporo 6yno 3ibpaHo AaHi i3 3aXBOPIOBAHOCTI Ha CKas, BU3HAYeHO reorpacdpiyHi KoopavHaTu ans
KOXHOTO BUMazKy, CTBOPEHO HAayKoOBO-iHGhopMalLliiHy 6a3y AaHWX YCix BUNaakiB ckady Ta aganTo-
BaHO ii Ana pobotun y nporpamHoMy 3abe3nedeHHi QGIS. TC 3acTtocoByBanu Ans AUHAMIYHMX
Mogenen, y sKnx NpoCToOpoBMIA PO3MNOAIN BUNAAKIB Ckady Ang pisHMX BuaiB TBapuH 3MiHIOBaBCSA
y MOCrigoBHUX YacoBux Mexax. [poBeaeHo kapTorpadivHy BidyanisaLito NOLWMPEHHSA ckasy Ha
TepuTopii BCix obnacten YkpaiHu. BusHayeHHs HanpsiMKiB pyXy eni3ooTil noka3ano 3mileHHs
eninca cTaH4apTHUX BiAXUINEHb Y CXiAHOMY HaNpsIMKY AN AOMaLUHIX TBapwH, ane B 3axigHo-
My — ANng aukux. Hameuily LWinbHICTb cka3dy cepen OAUKUX TBapuH BUSABNEHO Y XMeNbHULBKIN
Ta BiHHMUBKIN 06r., a HaHWx4y — y MonTaBckkih 06n. Cepen AOMaLLHIX TBApWH HanbinbLua
LLNbHICTb BANAAKIB CKady BUSIBIEHA Y NIBHIMHO-CXiAHI YacTuHI BiHHMLEKOT 00n. (Ha mexi i3 Kuie-
CbKO0 0011.) i y MiBHIYHO-CXiAHIN YacTuHi Yepkacbkoi Ta KipoBorpagcbkoi obr., a HanHmk4a —
y 3akapnatcbkiv Ta niBgeHHiv YactuHi Ogecokol 06n. AHania cuTyaLii B3OoBX KopaoHiB YkpaiHu
nokasaB NepeBaXaHHs ckasy cepen JoMaLLHIX TBapWH B3O0BX KOpAOHIB 3 Pocieto, a AMknx — no-
pyu i3 kopgoHamu 3 binopyccto, Mongosoto Ta YropLumHoto. LLlogo ce3o0HHOCTI MOLWMPEHHS ckasy
ONs pi3HNX rpyn TBapwH, TO 3aXBOPHOBAHICTb cepes AOMaLLHIX TBApUH HanbinbLue cnocTepiranm
Ha noyaTtky poky (y mepLuiomy KBapTarni), a cepeq OAVMKUX — HanpuKiHLUi poKy (y 4YeTBepTomy
KkBapTani). TakKuM YMHOM, BCTAHOBIEHHS 30H HAMBULLOIO ypaXKeHHs1 CKa3oM, Nepiogis nignomy
i cnagy eni3ooTii, BU3HaYeHHs1 BUAOBOIO PO3NOBCIOMKEHHS CKa3dy Ha TepUTOPIl KOXKHOI 0bnacTi

[03BONUTL ePeKTUBHILLE NNaHyBaTU M NPOBOAUTW NPOTUENIZ00TUYHI 3axoan B YKpaiHi.

KnrouoBi cnoBa: ckas, reciHdpopmaLiviHi TexHomorii, eni3ooTisl, 6asa aaHux, [NC-aHanis,

Bidyanisauis

Cka3 — ue cMepTenbHUIN BipYyCHUIA 300HO3, KU
CMPUYMHAETBCSA NiccaBipycaMmn, nepeBaxHo BipycoM
ckasy (RABV) Ta, IMOBIpHO, € HaaBHiLlOW 3apee-
CTpOBaHoOI0 iHeKLUi€eto, Bigomoto noacTtay [7]. MNonpu
3yCUNIIS KOHTPOSIO Ta NOCTIMHOIo Harnga4y, cnopaguny-
Hi Ta eni300TKYHI CNanaxu ckasy 3anuuarTbCs Herne-
penbayvyBaHMMK, NigKPECNOYN HEOOCTATHICTb 3HaHb
npo Te, WO BNNMBaE Ha NepedaBaHHs Ta pPO3NOBCHO-
DKEHHs1 ioro 30yaHuka [1]. [nsa kpalioro po3ymiHHS
€ni300TUYHOrO NPOLIECY CKaly BaXNMBO 34iICHIOBATU
Harnag y NoegHaHHi 3 4iarHOCTUKOK Ta MOAESoBaH-
HSAM MOLUMPEHHS XBOPOobun, a Ans ePeKTMBHOIO NpoBe-
OEeHHS aHTMpabiyHMX 3axofiB HeobxigHO BpaxoByBaTU
006’eKTMBHI CTaTUCTUYHI Ta reorpadiyHi gaHi nowmpe-
HocTi ckaay [11].

Y Baratbox KpaiHax 3actocoBytotb '1C, Lo gossonse
BU3HA4YNTU reorpacdpivyHy nokauito KOXXHOro Bunagky,
BCTAHOBUTW YaCOBUI PO3MOAiN 3aXBOPOBAHOCTI, BU-
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ABUTW NoKanisauilo NOro KnacTtepis, HanNpsaM pyxy
eni3oo0Ti Ta NporHo3yBaTn mManbyTHi cnanaxwu [3].
3acTocyBaHHs reoiHopmMaLiiHUX CUCTEM LO3BONSE
BM3Ha4aTW OCHOBHi 3B’A3KW MDK JaHUMU LLIOAO 3aXBO-
PHOBAHOCTI y NONYnsALii NeBHOro BUAY TBapuWH Ta X reo-
rpadiyHMM pPO3NOBCIOMKEHHAM, TOMY ANs Harnagy 3a
CKa3oM BaKN1BO BUKOPUCTOBYBATM HOBITHI Nigxoau Ta
imnnemeHTyBatu 'IC-TexHonorii, siki MOXyTb 3abe3ne-
4YyBaTW BUCOKY SAKICTb Ta eDeKTUBHICTb MMaHyBaHHS
1 NpoBefeHHs NpoTmnenisooTu4HmMx 3axogis [10].

Ockinbku Harnsag 3a ckasom B YKpaiHi 30iNCHIOETLCS
6e3 BM3Ha4yeHHs reorpadivyHnX KOOpAUHAT AN KOX-
HOro BMNagKy, NPiOpUTETHNM € CTBOPEHHSA Ba3n AaHux
y BCix obnacTsx i3 3actocyBaHHsMm [1C ans BusBNeHHs
0Ccob6nMBOCTEN NOLWNPEHHA XBOPOOU, BUSHAUYEHHSA
NPOCTOPOBUX TEHAEHLN Ta HAABHOCTI MOTEHUIMHNX
KrnacTepiB ckaay, o Oyae KopucHUM ans edpeKTUBHOI
60poTbbY 3 UMM 3axBOpOBaHHAM [8].
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MeToto po6oTn Byno npoBecTy aHani3 eniso0TUYHOI
cuTyauii 3i ckasy y Bcix obnacTax YkpaiHu i3 3actocy-
BaHHSAM HOBITHIX Nigxo4iB Ha OCHOBI reciHOopMaLiNHNX
TEXHONMOTIN.

MaTtepianu i meToaun

[aHi Onsi docniOxKeHHs

[nsa npoBeneHHs1 aHanizy Gyno oxonneHo BCi obnac-
Ti YkpaiHu, 3a BuHaTkoMm AP Kpum i okynosaHux Pocieto
TepuTopin JJoHeubkoi Ta JlyraHcbkoi o6n.

OdbiuivHi gani ansa oocnimkeHHa OTpUMaHi 3 PiYHMX
3BiTIB 0bracHMx nabopartopilt BETEpPMHAPHOI MEANLIMHA
Hepxnpoacnoxuecnyxou Ykpainu. Iicnst cTaTMcTUYHoI
06pobKy HaMM CTBOPEHO €AVHY HaLjoHanbHy 6asy AaHuX,
sika MICTUTb iHcbopmaLito Mpo: a) MicLe crianaxy (obnacTb,
panoH, HaceneHu NyHKT); ) KiNbKICTb 3arbnnx TBapwH;
B) BUA TBapWH; r) AaTy NiaTBEPOKEHHS AiarHo3y.

[nsa KoXXHOro BMNagKy ckasy Oynu BU3HA4eHi reo-
rpacpivHi KoopanHaT (gOBroTa i WMpoTa) i3 3acTocy-
BaHHAM pecypciB GeoHack. OTpumaHi koopanHaTtu
Aofasanu B HOBY Ba3y gaHux i agantyBanu ii Ans
po6otu y nporpami NC.

Ockinbku gaHi Wwoao Bunagkis ckasy 3a Becb 2019 p.
y pidHMX 3BiTax OyayTb gocTynHi nuwe y keiTHI 2020 p.,
TO AS19 NOLYKY | BU3HA4YeHHS reorpacdpiyHmMx KoopamHat
3 KOXXHOrO cranaxy BUKOpUCTOBYBanu gaHi nonepeg-
HiX POKIB.

3aranom onpauboBaHo 10713 Bunaakis (2012—
2018 pp.), ane y ubomy gocnifXeHHi Ana npeacTas-
neHHs nepe.ar 3actocyBaHHA NC-TexHonorin BUKo-
puctoByBanu AaHi 2018 p.

lMpocmoposuli aHani3

[ns npoBeaeHHs NPOCTOPOBO-4AaCOBOro aHanisy
BMKOPUCTOBYBanu nporpamHe 3abesnevyeHHs Quan-
tum GIS 3.4.6., Wo € 3aranbHO4OCTYMNHOK KpocnnaT-
dopmenHoto MC (hitps://www.qgis.org/ru/site/forusers/
download.html). Ona NC-aHanisy obyncnoBanm cTax-
AapTHy BiacTaHb (Standard Distance), eninc ctaHgapT-
H¥X BigxuneHb (Standard Deviation Ellipse) Ta agepHy
ouiHky wineHocTi (Kernel Density Estimation). Ctan-
OapTHY BiACTaHb BUKOPUCTOBYBanu Ans ob4ncneHHs
pagiycy nowyKy nig Yac BU3HaAYEHHA S4epHOT OLHKN
wineHocTi (https://docs.qgis.org/testing/en/docs/user
manual/index.html). Eninc ctaHaapTHUX BigXuneHb
po3paxoByBanu AN BU3HAYEHHS NPOCTOPOBOI TEH-
OeHUii HanpsIMIB NOLLMPEHHS Ta BU3HAYEHHS gucnepcii
BMNaakiB ckady. [ns Bcix enincis Bnbpanu po3mip og-
HOro CTaHOAPTHOIO BiAXWUIEHHS, WO BpaxoBye A0 68 %
BMMAJKIB CKa3y Bif 3aranbHOI KifTbKOCTI.

[MpocTopoBun po3nodin NpoBOAUNIN OKPEMO ANs
3HauYyLWKUX rpyn TBapuH, a came: cepe OOMaLLHIX
M’AcoigHMX — cobak i KoTiB (BpaxoByBanu gomatl-
HiX i 6e3npuTYNbHNX), cepen CiNbCbKOrocnogapCcbkux
TBapuH — BeNUKoi poraToi xygoou (BPX), a cepen
ONKNX — FUCULb.

[ns BUSBNEHHS 30H i3 BUCOKOID LUIMNBHICTIO CKasy
3aCcTOCOBYBanv MeTof SAepPHOT OLHKW LUINBHOCTI, SKUiA
KOHBEPTYE TOYKOBI [aHi y CyLinbHYy MOBEPXHIO Ta BKa-
3y€ IHTEHCUBHICTb MOAIN i WinbHOCTI. Yci kapTn 6ynu
copmoBaHi B QGIS 3.4.6. BekTOpHi Wwapu KOpaoHiB
Ta obrnacten YkpaiHu 6ynm otpumaHi Ha canTi https:/
www.diva-gis.org/Data.
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Mpotsrom 2018 p. B YkpaiHi 6yno nigTeBepoxeHo
1704 Bynagkm ckasy, 3 skux 58 % — gomaluHi TBapu-
HY, a 42 % — guki (puc. 1). Cepen AoMaLLHIX TBApWH
HanbinbLly 3aXBOPIOBAHICTbL CNoCcTepirany y AoMaLLHixX
M’SICOIQHMX, NepeBaxHO Y KoTiB (480 Bunagkis — 28,2 %)
Ta cobak (427 BunagkiB — 25 %). Cepen cinbcbko-
rocnogapcbkmnx — y BPX 3adhikcoBaHo 136 Bunagkis
(8 %). Cepen ouknx TBapuH 3axBOPIOBaHICTb nepe-
Baxana y nucuub — 548 Bunagkis (32,2 %).

3 pesynbrartiB AocnigKeHb, NpeacTaBneHnx Ha puc. 1,
BMOHO 3HaYHe NepeBaXkaHHs1 3aXBOPHOBAHOCTI JoMall-
HiX M'ACOTQHMX HaZ OMKUMWU. AHanoriyHy TeHaeHLUio
crnocTepiranu i B nonepeaHix pokax 3 nepMaHeHTHUM
npesarntoBaHHAM KOTIB Y YaCTLi 3aXBOPIOBaHb CKa3oM
cepeq AoOMaLUHIX M’AcoigHuX [6].

BusHauyeHHs1 HanpsMKy pyxy enisooTii ckasy y Han-
GinbLU 3HAYYLLMX OO0 3aXBOPIOBAHOCTI rpyn TBApWH
(Mmewnup, kotiB, cobak Ta BPX) gano moxnuveicTe BCcTa-
HOBWUTW TaKi 3aKOHOMIPHOCTI i TeHAeHUil. Eninc cTan-
OApPTHUX BiOXWIEHb NS BANAAKIB CKady y NMcuLb No-
Ka3aB 3MilLleHHs B MiBOEHHO-3aXiAHOMY HanpPsIMKY, LLO
niaTBepoKyeThCs 30iNbLUEHHSIM 3aXBOPIOBAHOCTI Y 3a-
XigHux obnacTtsax. Eninc ctaHaapTHUX BiaxuneHb ans
BMNaKiB CKasy y KOTiB OyB BUTArHYTILWOI hopMu, pos-
TaloBYyBaBCA Y LIEHTPi YKpaiHu Ta pyxaBcs Y MiBHIYHO-
CXiQHOMY HanpsIMKY, LLIO BKa3y€e Ha pO30CEPEIKEHICTb
3aXBOPIOBaHOCTI Ta NepeBaXaHHs BUNaAKiB y LeHTparb-
HiM Ta NiBHIYHIN YacTuHI YkpaiHn. Eninc ana sunagkise
cKkasy y cobak, aHarnori4Ho enincy Ans KoTiB, TakoX 30-
cepeamBCa Y LieHTparnbHii YacTuHI YkpaiHu, ane pyxas-
CA y NiBAEHHO-CXiAHOMY HanpAMKY. Y LibOMY BUNaaKy
enincu Ans goMaLlHiX M ICOIAHMX Mabke Haknaaanuch.
Eninc ans sunagkis ckasy y BPX ByB KOMNakTHILLMM, LLO
BKa3ye Ha NokanisaLito enisooTii Ha oOMexeHnx Tepu-
TOpISAX i3 HANPSIMKOM pyXy eni3ooTin napanenbHO pyxy
enincis 4ns gomallHix M'acoigHux (puc. 2).

3a npoBefeHHs SAepHOI OLIHKM LNTbHOCTI 3aXBOPHO-
BaHHS Ha cKa3 ans AMKUX TBApWH CYTTEBOK 0COGMMBIC-
THO BUSIBUNAChb KOHLEHTpaLisi MakcumMarbHOI 3axXBOplo-
BaHOCTI B 3axigHnx obnactsax YkpaiHu. 3 pesynbraTtis
JocnimpxkeHs (puc. 3A) BUAHO, LLO i30MiHIT 4iTKO oKpec-
TNOKTb MEXi eni300Tin ckasdy B AWK Npupoai, ki oxon-
JIOKTh 3 O4HAKOBOK iIHTEHCMBHICTIO BCIO TEPUTOPILO
BiHHMUBKOT (MeHLLe Ha kopAdoHi i3 MongoBsoto) Ta Xmenb-
HULbKOI 06M., NiBAEHHY YacTUHy XXutommpcbkoi 06n. Ta
niBOeHHO-CXiaHY YacTuHy YepHiBeLbkoi 0bn. (Ha KOpAOoHi
i3 MonaoBow), 3 MEHLLOK IHTEHCUBHICTIO — Maixe
BCO TepHOMIinbCbKy 001., LeHTparnbHy YacTuHy XKnuto-
MupcbKoi Ta KipoBorpagcbkoi oorn.

KpiM 3ragaHmx «rapsiymx TOHOK», eni3ooTii ckasy B AuW-
Ki npypogi nokanisyBanuck y NiBAEHHO-3axigHivi Yactu-
Hi 3akapnatcbkoi 06r. (Ha KOpAoHi 3 YropLuHOLD), Ha
nepetuHi J1bBiBCbKOI, IBaHO-PpaHKiBCbKOI Ta TepHoninb-
CbKoOi 0071., Ha Mexi M PiBHeHCbKoo Ta XMenbHULb-
Koo 00r1., y NiBHIYHO-3axXigHiv YacTuHI YepHiriBcbkoi 0or.
(Ha kopgoHi i3 Binopyccto), LueHTpanbHux YactnHax Cym-
CbKOi Ta Yepkacbkoi 06n., Ha Mexi [IHINponeTpoBCLKOI
3 KipoBorpaacbkoto Ta 3anopisbkoro Ta nepeBaXkHin Yac-
TUHI 3anopisbkoi 00n. Y iHWKX YacTuUHax YkpaiHu enizoo-
Til ckasy cepef ANKUX TBApUH peecTpyBanucs pigko.
3asHauMMmo, Lo HaMeHLwa LWinbHicTb Oyna 3adikco-
BaHa Ha TepuTopii MNonTaBcbkoi 0bn.
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Puc. 1. MNMowmnpeHHsa 3axBOptOBaHHA Ha cKa3 cepeq AOMaLUHIX Ta AUKUX TBapuH B YkpaiHi npotarom 2018 p.
Fig. 1. The spread of rabies among domestic and wild animals in Ukraine during 2018

TaKy enisooTU4Hy CUTYaLLit0 MOXXHA MOSICHWUTY Pi3HUM
CTyneHeM edheKkTUBHOCTI KaMnaHii 3 nepopanbHoi Bak-
uMHaUii, Ky NpoBOAMIN BUOIPKOBO NiLLe y NEBHUX 06-
nactax YkpaiHu, wo 6yno noe’s3aHo 3 6pakom KOLUTIB
Ta He BpaxoBYyBaso HagMipHY LWiNbHICTb nonynsauii nu-
cuub [5]. MoaibHi BUCHOBKM MOXHA NpoymTaTi y poboTtax
iHLIKX BYeHMX [4, 8].

lNpoBeneHHA 90epHOT OLIHKK LWiNbHOCTI BUNaakiB
ckasy cepepn AoMallHixX TBapuH (puc. 3b) nokasano, wo
€ni300Tis cka3y oxonuna Mamke Bci obnacTi YkpaiHu.
HamBuwy WinbHICTL cKa3y crnocTepirany Takox y Bin-
HULBKIV 00r., ane y NiBHIMHO-CXIiAHIN ii YaCTuHI, 0cobnmMBo
Ha Mexi i3 KniBcbkoto 06m., a TakoX y NiBHIYHO-CXiaHIN
YacTuHi Yepkacbkoi Ta KipoBorpagcbkoi obrn. MeHwe
6ynu ypaxeHi 3anopisbka, [JoHelbka, JlyraHcbka Ta
XapkiBcbka 06n. (nobnmay kopgoHiB 3 Pocieto). Y Bcix
iHLWKMX obnacTax 3adikcoBaHO CePeaHHO LWiNbHICTb BU-
nagkie ckasdy. HanmHwk4a wWinbHicTb Oyna BcTaHoBMNe-
Ha Ha TepuTopil 3akapnaTcbKoi Ta NIBAEHHOT YacTUHU
Opecbkoi 00n. 3a gaHUMK Pi3HUX BYEHUX, MOLUMPEHHSI
ckasy cepef JOMaLLHIX TBapWH Ha BCi TepuTopil Ykpa-
THY NoB’sA3aHe 3 HaA3BU4alHO BUCOKOK YMCENBHICTIO
nonynsiuii cobak i KoTiB — K AOMaLLHIX, TakK i 6e3npu-
TYNbHWX, Ta HU3bKUM BiACOTKOM X BakumHauii [2].

3a NopiBHANBHOIO aHanidy 3anexHoCTi IHTEHCUBHOC-
Ti ypaXXeHHs1 CKa3oM Bif, CE30HHOCTI i3 3aCTOCYBaHHAM
METOAMKM SOEPHOI OLLIHKM LWinbHOCTI Oyno BCTaHoBNE-
HO (pucC. 4) HaMBMLLY LWiMbHICTb Y MepLIOMY KBapTani
2018 p. Ha TepuTOpIi NIBHIYHO-CXiAHOT YacTMHW BiHHMUB-
Koi 0bn., y ueHTpanbHin YyacTtuHi KipoBorpaacbkoi Ta
Ha TepuTopiIl CXigHMX obnacrten.

The Animal Biology, 2020, vol. 22, no. 1
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Puc. 2. Enincy ctangapTHUX BigXvMneHb ansa AnKux
Ta fomaluHix TBapuH B 2018 p.

Fig. 2. Standard Deviation Ellipses for wild

and domestic animals in 2018

Y Opyromy i TpeTboMy KBapTarnax 3adikcoBaHO He-
3Ha4YHi ypaxxeHHs TBApWH CKa3oM Ha BCil Teputopil
YkpaiHu 3 nepeBaxaHHSAM Yy LeHTpanbHuUX obnacTsx.
Y yeTBepTOMY KBapTani HaMBULLY LUiNbHICTL crnocTe-
piranun Ha TepuTopii Bciei XMenbHMULUBKOI Ta NiBHIYHO-
3axigHoi YacTuHM BiHHMUbKOT 06n. Ockinbkn y none-
pedHbOMY aHanisi My BCTAHOBWIW, LLO Ha UUX Tepu-
TOpiSIX CKa3 nepeBaXkae cepepn nucuub, a y CXigHuUx
obnacTsix cka3 npeBarntoBaB cepes AOMaLLHIX TBapUH,
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Puc. 3. LWLinbHicTb BUNaakis ckasy cepen ankux (A) Ta gomaluHix (B) TeapuH B YkpaiHi B 2018 p.

TyT i Aani: YepBOHUM KONbOPOM MO3HAYEHO TEPUTOPII i3 HAMBULLIOO LUIMNbHICTIO, BNAKUTHUM — i3 HAWHIKYOD
Fig. 3. Density of rabies cases among wild (A) and domestic (B) animals in Ukraine in 2018.
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Puc. 4. LinbHicTb BUNagkiB ckasy cepen BCix BMAIB TBapuH 3a kBapTtanamu 2018 p.
Fig. 4. Density of rabies cases among animals in Ukraine in quarters of 2018

MOXKHa CTBEpZKyBaTu, LLO B NMCULb CKa3 Hanbinblue
NPOSsIBNAETLCA Y YETBEPTOMY i MEPLUOMY KBapTanax,
a B JOMaLLHiX TBapuH — y nepiomy kBaptani 2018 p.
MopibHi BUCHOBKM 3 Ornsigy Ha CE30HHICTb MOLUMPEHHST
CcKagy cepeq pisHMX BMAiB TBapyH BigobpaxeHi B poboTtax
iHWKMX BYeHMX [2, 9].

Takum YmMHOM, rmMmnbLue po3yMiHHSI €Mi300TUYHOTO
npoLecy ckasy, nepioais nianomy i cnagy enisooTin Jo-
3BONUTL NaHyBaTu  NPOBOAUTW BaKUMHALO B HaK-
OiNbLU TOYHI YACOBI NPOMIKKM.
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BucHoBku

[ocnigpxeHHsA Nnokasano edhekTUBHICTb 3anpoBa-
IPKEHHA HOBITHIX nigxoaiB Ans npoBeaeHHs aHanisy
€ni300TUYHOT CcUTYyaUil Woao ckasy, pesynsratn Koro
AOUINbHO BUKOPUCTOBYBATU ANSA BAOCKOHANEHHS cUC-
TeMU HarmnsA4y Ta KOHTPOO CKaay.

ImnnemeHTauia INC 3amicTb Knacu4Horo kaprorpa-
dyBaHHA 0O3BOMSE BCTAHOBUTU: @) HAanNpsaAMKu pyxy
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€ni3ooTin; 6) BMAOBY reonokauito; B) AMHaMiYHy Bi3y-
anisauito; r) 3anexHicTb Bif Ce30HHOCTI; A) Teputopii
3 HaNBINbLUMM Ta HAMMEHLLMM CTYMEHEM YpaXkeHHS 3a-
NeXHO Bif BUAY TBAapuH He nuLue B Mexax obnacten,
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The priorities of study the epizootic process of any zoonoses should conduct the analysis using new approaches and technologies in
developed countries of the world. Since geographic information systems (GIS) are a tool for collecting data from many sources by various
methods that, unlike to standard mapping, can organize, store, retrieve, analyze, model, present spatial data and generate forecasts,
our goal was to analyze the epizootic situation of rabies in Ukraine using geo-information technologies. To achieve this goal, we needed
to collect rabies incidence data, determine the longitude and latitude of geographic coordinates for each case, create a database of all
rabies cases and adapt it to run QGIS software. GIS was used for dynamic models in which the spatial distribution of rabies cases for
different animal species varied over successive time frames. The use of GIS, unlike classical mapping, allowed the establishment of the
epizootic movement directions, species geolocation, dynamic visualization, seasonality dependence, and the identification of the areas with
the highest and lowest degree of infected depending not only on the region, but also within the species of each district. In this case, the
determination of the epizootic, movement directions showed a move in the east direction for the domestic animals and in the west direction
for the wild animals. Identification of the areas with the highest and lowest infected of rabies made it possible to establish that the highest
the concentration of rabies cases among wild animals were observed in the Khmelnytskyi and Vinnytsia regions and the lowest was in
the Poltava region. Among domestic animals, the highest incidence of rabies occurred in the north-eastern part of the Vinnytsia region,
especially on the border with the Kyiv region, as well as in the northeastern part of the Cherkasy and Kirovograd regions, and the lowest
in the territory of the Transcarpathian and southern parts of the Odesa region. Thus, the establishment of zones of greatest infected with
rabies, understanding the periods of ups and downs of epizootics, the establishment of species the specificity of each region will provide
qualitative and effective planning and carrying out control measures in the territory of all regions of Ukraine.

Key words: rabies, geoinformation technologies, epizooty, database, GIS analysis, visualization
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Flight activity of bee colonies at Acer spp. bee pollen collection
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The aim of the research was to investigate the flight activity of bee colonies during
Acer spp. flowering, as a source of monofloral bee pollen. To achieve this goal the following
tasks were set: to investigate the intensity of flight of bees during flowering of maples; to esti-
mate the condition of bee colonies by the strength and quantity of brood after feeding with the
elements of training for feed; to establish the pollen productivity of bee colonies during Acer spp.
flowering. The common zootechnical methods of forming the analogue groups were used (con-
trol — standard maintenance; experiment — feeding with maple pollen); pollen productivity of
bee colonies was evaluated by the amount of products received; the botanical origin of the bee
pollen was determined by pollen analysis. It was found that the flight intensity of bees of the
experimental group was higher than the control during the first accounting by an average of
38.5 %, the second by 30.0 % and the third by 19.4 %. According to the number of open and
sealed broods, the experimental colonies outweighed the controls by 0.5 and 1 honeycomb at
the first count and by 0.5 — at the second; by the amount of forage by 0.5 honeycomb at the first
count and by 1 — at the second. The experimental colonies were found to have higher pollen
productivity. The daily volume of yields in the experimental colonies ranged from 64 to 97 g with
a maximum coefficient of variation of 9.6 %, and in controls — from 90 to 135 g, with a variation
of 14.4 %. This suggests that the more flying bees are there in a colony, the more different
work they do (collecting nectar, pollen, propolis, water), which can affect productivity over time.
It has been established that stimulating feeding and training of bees have a positive effect on the
increase in the pollen productivity of colonies. The average daily pollen productivity of the bee
colonies of the experimental group was 104.3 g, and the control one — 79.3 g, which is less by
24 %. The weight of the raw pollen received was 2.7 kg from the experimental group and 2.1 kg
from the control group, which is 22.2 % less. The difference in weight of the total collection
was also caused by the larger mass of a single pollen clump out of the monofloral gathering,
which outweighed the polyfloral (control group) by 28 %. Therefore, stimulating feeding of bee
colonies with sugar dough with maple pollen increases their pollen productivity on harvesting
monofloral bee pollen during Acer spp. flowering.

Key words: pollen, bee pollen, feeding, Acer, pollen productivity, bee training

Bee pollen is a product of plant and animal origin.
The basis of its composition is a set of pollen grains
(flower pollen) mainly of angiosperms, which are their
male germ cells (gametophytes). Bees collect pollen,
add to it the secret of salivary glands and moisten with
nectar, thus forming a lump of pollen grains in a spe-
cial attachment on the rear legs (basket for collecting
pollen) [1].

Beekeepers began to select bee pollen by using
special devices with lattices that were mounted on
the entrance. For the first time such devices were
invented and applied in America in 1930-1932 by
practitioner beekeeper Eckhart [13]. The first pollen
collectors were released in the fifties by the American
company “Dadan”. The device was completely metal
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and heavy [6]. The principle of their work was that the
bee passing through the lattice would leave a pollen
lump outside. Because the openings were such that
the bee could pass without the burden of pollen. This
principle is still used today in all designs of modern
pollen collectors. The first patent on the pollen collector
lattice is owned by [1, 6].

Today, the technology for the production of bee pollen
has been developed. Most of the scientific work on the
development of this technology belongs to the prominent
figure of Ukrainian beekeeping — Viktor Polishchuk [6].
The doctrine of the behavior of bees during the collection
of forage belongs to Levchenko (1976) [5].

It is known [1, 5, 8, 7, 10, 11] that pollen productivity
of colonies is influenced by many factors. They can be
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divided into internal and external. Internal include those
related to the conditions of development and functioning
of the colony — strength, number of broods, microclimate
and others. Thus, [5] investigated the effect of colony
strength and bee-flying intensity on the mass of the bee.
According to her findings, the amount of harvested bee
pollen depends on the strength of the colony and the ratio
of different bees age; in April, the mass of gathered the
bee pollen is lower than in May, which is explained by
the lower strength of colonies.

The correlation between the morphological features of
the body of the bee and bee pollen is established. The age
of bees involved in pollen collecting activities also mat-
ters. After all, bees comb pollen grains from the hairs that
cover exoskeleton. With age, the bee loses its hairline.
In addition, in different parts of the body of the bee, the
hairs have a different structure, so they accumulate pollen
grains not equally [1, 14]. It has been investigated [12]
that selection of bee pollen affects the number of broods
and, accordingly, the development of bee colonies.

At the same time, the topic of obtaining monofloral
bee pollen is not fully disclosed. Earlier, the Depart-
ment of Horse Breeding and Beekeeping of NULES
of Ukraine investigated the morphological features of
the monofloral bee pollen from Acer species [9] and
established the possibility of obtaining it in commodity
volumes. Therefore, the studies concerning the de-
velopment of technology for obtaining monofloral bee
pollen, the forage conditions for its collection, the be-
havior of bees during collection, are relevant.

The aim of the study was to investigate the flight ac-
tivity of bee colonies during the flowering of Acer spp. as
a source of monofloral bee pollen. To achieve this goal,
the following tasks were set: to investigate the intensi-
ty of bee flight during Acer spp. flowering; to estimate
the status of bee colonies by the strength and amount of
brood after feeding with training feed elements; to es-
tablish the pollen productivity of bee colonies during
Acer spp. flowering.

Materials and Methods

The studies were conducted in February-May 2019 in
the conditions of the laboratory “Holosiivskyi educational
and research apiary” on bee colonies of Ukrainian breed,
which were kept in multi-body hives within 10 standard
honeycombs. The tasks set were solved experimen-
tally using zootechnical (alignment and assessment of
the status of bee colonies, their flight activity and pollen
productivity, assessment of bee pollen on classification
grounds), microscopic (pollen analysis) and statistical
methods of investigation.

Zootechnical research methods consisted of com-
paring the data obtained from the analogous groups of
bee colonies (three colonies each). The control group is
classic retention, without the use of feeding. Experimen-
tal group — classic retention + protein-carbohydrate
feeding with elements of training bees to smell. Other
factors for the two groups were the same (nature and
climate, forage). Training of bees was carried out by
the standard technique using sugar-pollen dough with
monofloral pollen of Acer spp. [4]. Pollen productivity of
bee colonies was evaluated by the number of products
obtained using common methods [4].
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The selection of bee sting from bee colonies began on
01.05.19, with the beginning of flowering of maple trees
(A. platanoides, A. campestre, A. tataricum) and finished
accounting with its ending on 26.05.19. The product was
selected daily and weighed in the native form. After that,
it was sent to the “Sadochok” dryer for 12 hours. The ob-
tained bee pollen from control and experimental colonies
was stored separately for further evaluation.

To determine the botanical origin of bee pollen,
a pollen analysis technique (methods of melissopaly-
nology [15]) and a pollen grains classifier developed at
the Department of Horses and Beekeeping of NULES
of Ukraine were used [3, 4]. Assessment of bee pollen
by classification characteristics was performed accord-
ing to previously established data [2].

The data obtained were statistically processed.

Results and Discussion

Observations on the bee colonies of the control and
experimental groups revealed rapid development as
a result of the feeding used. It was found that the inten-
sity of flight work in control and experimental colonies
was different (table 1).

Table 1. Intensity of flight activity of bees (n=3)

The number of bees that returned with pollen in 5 minutes

Accounting Date
Groups .
time 01.05 10.05 20.05
08:00  94,110,24 118,2+6,20 132,27,12
12:00  77,3%+8,17 9914515  102,3%6,22
Control  15:00 15,246,110  30,3%7,11  47,2+4,08
D 62,20 82,53 93,90
per day
08:00  128,1+7,21 140,3¢8,13 134,1+8,07
12:00  119,3t516 12521623 130,3+7,18
Experi-
mental 15:00  56,2¢509 88,1919 85,149,114
Average 101,20 117,87 116,50
per day

For three counts, a general trend of higher flight ac-
tivity in the morning was observed, falling to the second
half of the day. This is probably due to the functioning
and secretion of nectaries, which were filled with secre-
tions until midday and worker switched to gathering car-
bohydrate forage. In general, the flight intensity of the
bees of the experimental group outweighed the control
throughout the collection period of the bee’s leg. Name-
ly, during the first accounting by an average of 38.5 %,
the second — by 30.0 % and the third — by 19.4 %. The
decrease in the difference of the flight activity between
experimental and control groups may be due to the fact
that the bees of the colonies of control group began
to even out in strength as a result of the accumula-
tion of natural forages in the nests. This fact can be
traced to the dynamics of the average daily flight per-
formance of both groups (fig. 1).
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Fig. 1. Dynamics of bee flight activity during beekeeping selection

Fig. 1 shows that the average daily flight activity of
the bees of the control group improved at the end of the
bee collection period, which may indicate the impact of
an increase in the feed base due to natural sources.
At this time a large number of pollen-bearing plants began
to bloom. Naturally, the bee colonies that were trained
to collect pollen from maple trees were only focused
on this species. And the colonies of the control group
increased the number of flights by visiting different spe-
cies of plants in the area of productive flight of bees.

The assumptions about the reason for the decrease
in the difference between the flight performance of ex-
perimental and control groups were confirmed during
the control inspection of the colonies. Thus, at the end of
the bee pollen collection period, the control and experi-
mental group colonies aligned in strength (table 2).

Table 2. Assessment of the status of bee colonies
during flowering of Acer species

N Control Experimental
1 2 3 4 5 6
for 10.05
Strength of colonies, bee space 8 8 8 10 10 10
Open brood, combs 3 3 3 35 35 35
Sealed brood, combs 2 2 2 3 3 3
Fodder combs, pcs. 3 3 3 35 35 35
for 20.05
Strength of colonies, bee space 10 10 10 10 10 10
Open brood, combs 3 8 & | 8B | 3B
Sealed brood, combs 3 3 35 35 35
Fodder combs, pcs. 4 4 4 3 3 3

Thus, during the second control inspection of colonies
of the control group, their strength increased by 2 combs
compared to the results of the first control inspection. In
terms of number of broods opened and sealed, the ex-
perimental colonies outweighed the controls by 0.5 and
1 cell at the first control inspection and by 0.5 cells at the
second. In terms of the number of feeds, experimental
colonies outperformed the controls by 0.5 cells in the first
accounting and 1 in the second.
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Thus, we determined that the intensity of flight activ-
ity of bees depends on the strength of colonies and the
amount of brood in the nest. This conclusion is in line
with lvanova’s statements (2011) [1].

In the control colonies, where the numbers of open
and sealed broods increased, there was a tendency
towards the increase in flight activity. On the other
hand, in experimental colonies, where the strength
of colonies was the same throughout the accounting
period, at the end of the flowering maple, flight activity
decreased.

However, comparing the quantitative indicators of
the gathered bee pollen, it has been found that the more
brood there is in the colony, the more protein feed is
collected by bees. The results of the bee colonies pollen
productivity are presented in table 3.

Table 3. Pollen productivity of bee colonies
during flowering of Acer species, g

e Control Experimental
2 3 4 5| 6

01.05 80 90 96 90 90 93
02.05 76 83 77 92 94 90
03.05 80 85 82 98 98 100
04.05 79 68 82 90 98 90
05.05 85 68 76 90 94 96
06.05 81 90 83 90 90 98
07.05 82 80 79 120 104 115
08.05 80 72 85 100 102 104
09.05 67 84 69 126 134 128
10.05 96 79 83 135 103 101
11.05 84 80 82 114 100 106
12.05 85 77 73 102 115 120
13.05 89 84 88 129 100 130
14.05 75 85 78 121 117 103
15.05 70 71 80 101 109 105
16.05 80 80 66 135 130 112
17.05 69 74 82 103 104 101
18.05 85 68 78 119 120 127
19.05 79 82 74 100 110 102
20.05 65 87 75 118 105 125
21.05 83 78 97 90 96 94
22.05 72 80 70 90 92 90
23.05 80 80 84 100 95 97
24.05 73 86 85 98 101 90
25.05 80 91 75 92 94 90
26.05 64 70 72 95 100 99
Xts 78.4+ 79.7+ 79.7+ 1053t 103.7+ 104.1%

+1.47 £137 $1.44 297 +2.25 +2.51
Cv, % 9.6 8.8 9.2 14.4 1.1 12.3
Lim 64-% 68-91 66-97 90-135 90—-134 90—130

Note. X — the average of the sample; s — the standard error; Cv —
correlation coefficient; Lim — the boundaries of the smallest and
largest sample values.
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Table 3 shows that the experimental colonies had
higher pollen productivity, which fluctuated more in
their indicators by day, as indicated by the coefficient
of variation. Thus, in the experimental colonies, the
daily volume of gathered bee pollen was from 64 g to
97 g with a maximum coefficient of variation of 9.6 %,
and in control colonies — from 90 g to 135 g, with
a variation of 14.4 %. This suggests that the more fly-
ing bees the colony has, the more different work they
do (such as collecting nectar, pollen, propolis, water),
which can change performance over time and cause
a higher coefficient of variation.

The dynamics of averaged pollen productivity of bee
colonies of control and experimental groups are shown
in fig. 2.

@ Control e Experimental
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> > S
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0
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Accounting date

Fig. 2. Dynamics of pollen productivity of control and experimental
groups during flowering of Acer species

As a result of the obtained data, it can be argued
that the methods of increasing pollen productivity,
namely carbohydrate protein feeding with odor train-
ing elements, have a positive effect on the increase
of flight activity and as a consequence of the bee
colonies’ pollen productivity. Thus, the average daily
pollen productivity of bee colonies of the experimen-
tal group was 104.3 g, and the control one — 79.3 g,
which is 24 % less.

According to the results of the evaluation of bee
pollen on classification grounds, the obtained prod-
uct had significant differences. Thus, the mass of the
collected native bee pollen during the whole account-
ing period was 2.7 kg from the experimental group
and 2.1 kg from the control, which is less by 22.2 %.
After drying of the product, the mass of the pollen de-
creased equally in both groups by 20 %, regardless of
the species’ botanical diversity. However, taking into
account the average weight of one pollen lump, it dif-
fered (table 4).

Table 4 shows that the monofloral bee pollen out-
weighed the polyfloral obtained from the control group
by an average of 28 % in terms of the weight of the
pollen lump. This may be due to the fact that the to-
tal pollen collection had less formed pollen lumps or of
lower weight as a species feature got into it. As well as
the density of pollen lump formation and morphological
structure of pollen grains.

The Animal Biology, 2020, vol. 22, no. 1

Table 4. Classification indicators of bee pollen (n=100)

Indicator Control Experimental

Weight of one

9.1£1.74
pollen lump, mg

12.6+0.92

Species of pollen- forest grass, trees of the

bearing plants trees, shrubs Acer species
Botanical origin forest of Acer species
Season spring

Homogeneity homogeneous
Polyflora, % polyfloral monofloral, 90
Formation, points 2-5 5

As a result of pollen analysis, the bee pollen ob-
tained from the control group was polyfloral, some
pollen lumps had a botanical origin from forest plants,
namely, grasses — anemones, garlic, nettle, wheat;
bushes — barberry, white turf, trees — oak, ash, alder,
maple. Because of this, within one pollen lump, it was
homogeneous, that is, the pollen belonged to one type
of plant. The bee pollen of the study group was homo-
geneous, with a monoflority of 90 %. The results of the
assessment by formation showed that the pollen lumps
of the bee pollen of the control group differed in the
degree of formation depending on the botanical origin.
In this case, the largest sizes were characterized by
pollen clumps of maple and oak.

Conclusions

Flight activity of bee colonies at bee gathering is in-
creased due to carbohydrate protein supplementation
by an average of 29.3 % and dust efficiency by 24 %.
Feeding bee colonies with training elements ensured
the flight of bees to a specific species of plants and
obtaining a 90 %. monofloral product.

Prospects for Further Research

The prospects for further research are to investigate
the technological conditions for obtaining monofloral
bee stalk from other plant species.
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INboTHa pianbHiCTL 6MKONMHUX cimen Ha 360pi 6axonuHOro obHIXkA 3 poay Acer L.

H. I. MapueHtok, I1. O. Adamuyk, O. . AKynboHoK
leonora.adamchuk@gmail.com

HauioHanbHui yHiBepcuTeT BiopecypciB i NPUPOAOKOPUCTYBAHHS YKpaiHu,
Byn. Mepois O6opoHnwu, 15, od. 207, Kuis, 03041, YkpaiHa

MeToto 6yno gocnigXeHHs NbOTHOT AiSNbHOCTI 64KONMHMX ciMen Nig Yac UBIiTiHHA Acer L. sik gxepena MOHOM(IOPHOrO OBHIXOKS.
[na gocsirHeHHs meTy Byno NocTaBneHo 3aBAaHHNA: OOCMIAUTM IHTEHCUBHICTb NbOTY 64XIN Mig Yac UBITIHHA KNEHIB; OLiHUTK CTaH
B60XONUHMX CiIMEN 3a CUMOHo Ta KINbKICTIO po3nnody Micns NiAroaieni 3 enemMeHTaMun pecupyBaHHSA Ha KOPM; BCTAHOBUTY MUIKO-
NPOAYKTUBHICTb BMKONMHNUX CiMen Mig Yac uBiTiHHS Acer L. BukopnctoByBanu 3aranbHONPUAHATI 300TEXHIYHI MeToau hopmyBaHHS
rpyn-aHanoris (KOHTpPONb — CTaHAApPTHE YTPUMaHHS; Aocnig — NigroAdisnst NUKOM 3 KIeHy); NMUNKOBY NPOAYKTUBHICTb BXOMUHUX
cimew oujiHIoBany 3a KinbKiCTio OTpMMaHoi NpoayKLii; 60TaHiuHe NOXOMKEeHHS BIXKONMHOro OBHIXOKA BU3HAYanM MeTogoM NuikoBOro
aHanisy. BctaHoBunu, WWo iHTEHCMBHICTb NbOTY 64N 4ocnigHoi rpynu 6yna BYLLOKO 3a KOHTPOIbHY Mif Yac nepLuoro obniky B cepea-
HboMy Ha 38,5 %, gpyroro — Ha 30,0 % i TpeTboro — Ha 19,4 %. 3a KinbKicTHo BigKpUTOro i 3aneyaraHoro posnnogdy AocnigHi cim'i
nepeBaxanu KoHTporbHi Ha 0,5 i 1 cTinbHUK Npy nepliomy obniky i Ha 0,5 — npu Apyromy; 3a KinbkicTio kopMmiB Ha 0,5 cTinbHUKa
npuv nepLuomy obniky i Ha 1 — npu gpyromy. BctaHoBWNK, WO AOCAIAHI CiM'T Manu BULLY NUIKOBY NPOAYKTUBHICTb. LLloaeHHWI 06’em
NPUHECEHOro OBHIXOKS Y AOCNIAHMX CiM’SIX 3HaXoAMBCS Y Mexax Bif 64 r oo 97 r 3 MakcumarnbHUM koediuieHTom Bapiauii 9,6 %, a 'y
KoHTponbHux — Big 90 r go 135 r, 3 Bapiauieto 14,4 %. Lle aae nigcraBy nNpunycTuTy, WO YMM CiM’'s Mae Binblue NbOTHOI 6aKonu,
TUM GinbLue pisHOT pobOTN BOHM BUKOHYIOTL (30ip HeKTapy, MWKy, Npononicy, BoAM), WO MOXe BNAMBaTh Ha 3MiHy MOKa3HWKIB Npo-
OYKTUBHOCTI 3a NeBHUIA nepiod. BuaHaumnu, wo ctumyniotoda nigrodisns i ApecupyBaHHst 64xin, MatoTb NO3UTUBHUIA edbeKT Ha 36inb-
LLIEHHS1 MUIKONPOAYKTMBHOCTI cimel. CepeaHbofo60Ba NUMKONPOAYKTUBHICTE B4XKONMMHMX ciMen gocnigHoi rpynu ctaHosuna 104,3 ,
a KOHTponbHOI — 79,3 I, WO MeHLwe Ha 24 %. Maca cuporo 3ibpaHoro obHiXoks 3a BeCb nepiog cTaHoBWNa 2,7 Kr Big AOCAIAHOT rpynu
i 2,1 Kr Big KOHTPOSbHOI, WO Ha 22,2 % MeHLe. Pi3Hnus y Basi 3aranbHoro 36opy crpuynHeHa Takox B6inbLIoto Macok okpemoi nun-
KOBOI rpyL04KM MOHOGITOPHOTO 360py, Lo nepeBaxarno nonidriopHe (KOHTPONbHOI rpynun) Ha 28 %. OTxe, cTUMynsLiMHa nigrogiens
BKOMUHNX CiMEN LIyKPOBMM TiCTOM 3 KIEHOBUM NWIKOM, 36inbLLy€e iX MMAKONPOAYKTUBHICTb Ha 36MpaHHi MOHOMIOPHOTO BAXONMHOro
0BHiXOKS Nia Yac uBiTiHHA Acer L.

KnrouoBi cnoBa: nunok, 6mxonuHe obHiXoks, nigroaiens, Acer, NUNKONPOAYKTUBHICTb, APECUMPYBaHHS Gaxin
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NMpoAayKTUBHI O3HaKU KPOJi1iB 3a MPOMUCIIOBOro cxpelyBaHHS nopia
«nonTaBCcbke Cpibnoy, «paasiHCbKa LWWMHLUMNA» Ta «KHOBO3ernaHAcbKa 6ina»

O. B. bouko, O. @. loHyap, I. C. JlyquH

Luchin60@ukr.net

Yepkcbka gocnigHa ctaHuis biopecypcis HAAH,

Byn. MactepiBcbka, 76, M. Yepkacu, 18036, YkpaiHa, bioresurs.ck@ukr.net

MeToto poboTn Byno OBrpyHTYBaHHsSi CXEM CXpeELLyBaHHS KpoMiB y nonynsiuii «nonta.-
Cbke cpibno» 3 BUKOPMUCTAHHSM MOpig «pafstHCbKa LWUMHLLIMAY | «HOBO3enaHACbka bina» Ta
OTPUMAHHS MOMICHOTO MOTOfiB’A MONOAHSKA Ans iHTeHcudiKkawi kponiBHMUTBA. [ria AocnigpKeHHs
Byno nigibpaHo MeToAOM Nap-aHanoris TPY Py KponemaTok Nopoamn «nonTtasckke cpitnoy (MC)
no 15 ronie y koxHin. Kponematok koHTponbHOI rpynu (K) nopoawn NC 3annigHioBanu camuamm
uiei x rpynu. Camuup |l gocnigHoi rpynu nopoam NC 3annigHioBany caMmusamMu nopoan «paasH-
cbka wuHwwunay (PLU). Kponematok Il gocnigHoi rpynun nopoam MNC 3annigHioBany caMmusamm
«HoBO3enaHacbka 6ina» (HB). MonogHsik, OTpMMaHWIA Bif, KOHTPOMLHOI | 4OCNIAHNX rpyn, dop-
MyBanu 3a NpUHLMNOM aHanoris y Tpu rpynm no 20 ronis i y Bilj 35 Ai6 ouiHOBanu ekcrep’epHi Ta
M’SICHi Moka3HuKW. [MpoBeaeHe AOCNIIKEHHS 3aCBiQYMITO, LLO CXPELLYBaHHS MO3UTUBHO BMNMBAE
Ha BiATBOpPOBAanbHI SIKOCTI Kpornemarok, ocobnueo B NnoegHaHHi camok nopoawn MNC 3 camusamum
PLU. BctaHoBneHo, Lo kponemartku || gocnigHoi rpynn xapakrepusyBanucs BULLUMMU NOKa3HM-
Kamu BaratonnigHoCTi, BENMKONMIZHOCTI, MOMOYHOCTI, KiNIbKOCTi Bifly4EHNX KPOMNEHST Ta Macoto
rHi3ga KponeHsT, BionyveHux y Biuj 35 ai6. binblwmin KoMGiHAaTOPHUI BMNNWB Ha BIATBOPHI SKOCTI
Kpornemartok Marno noegHaHHs camok nopoam NC 3 camusimm nopoau PLU. 3a BigrogisensHuMmn
i 0coBNMBO 3a M’ACHUMU Ta 3abiNHMMM NOKa3HMKaMW NepeBakaB NOMICHUA MOFOOHSK KPONiB

noxomkeHHs MC ta HB.

KnrouoBi cnoBa: kpori, cxpellyBaHHS, BiATBOpIOBalibHA 34aTHICTb, EKCTEP’EPHI Ta

3abiliHi NOKa3HWKM

MokpalleHHA HasiBHUX reHOTUMIB KPONiB Ta CTBO-
PEHHS1 HOBUX, MPOAYKTUBHILLMX NOPI4 3anuwarTbCs
aKkTyanbHUMK NUTaHHaMK. [n§a ycnixy cenekuinHoro
npouecy HeobXigHO OTpMMyBaTK BaXkaHi reHETUYHI 3Mi-
HW Ta HarpoMamxXyBaTH iX y HU3Li NOKOMiHb BUBpaHoo
CMCTEMOIO TEXHONOTIN cenekuil, roaisni Ta yTpumaH-
HAa [2, 1,7, 8, 11].

IHTeHcudikauis BUpPOOHULITBA KPONSTUHUN 3aneXuTb
BiJ KifTbKOCTi Ta XKMBOT Macu KPOIEHAT NPy HAPOMKEHHI,
30epeXeHoCTi rHi3aa, iHTEHCUBHOCTI POCTY Ta peHTa-
6enbLHOCTI MPOMMCIOBOIO BUPOBHULTBA KPONSATUHM [2,
14]. Ynm BinbLue o3Hak BpaxoBytoTb Npu BIAGOpI y Kpo-
NIBHULUTBI, TUM MeHLUMI edhekT Moxe ByTun JOCATHYTUIA.
Tomy cno4yaTKy BpaxoBYHOTb OfHY-Bi O3HAKUN, HE HEXTY-
toum iHWKMK. Ha nepwiomy etani 3BepTatTb yBary
Ha MaTepPUHCbKI SKOCTI: XXUBY Macy Npw HapOOKEHHI,
XMBY Macy npu BignyyeHHi y Biui 35 ai6 Ta 36epexe-
HicTb [9, 17].

BrikopucTaHHS y NPOMMUCIIOBMX TEXHOMOTISX CXPEeLLy-
BaHHA Mae Kinbka Linen: 3daraTuti cnagkoBiCTb OaHIel
3 nopig, Ha 6asi 4Box i BinbLLe Mopia CTBOPUTU HOBY NMOPO-
Ay (reHotun), sika 6 y3aranbHua BCi NO3UTUBHI CTOPOHU
BMKOPUCTaHWX N5 CXPeLLyBaHHS Nopig, a 3@ OCHOBHU-

The Animal Biology, 2020, vol. 22, no. 1

M1 — i nepesuLLyBana ix [5, 1, 13]. 3aBoaHHsaM Takoi po-
60TM € KOMBIHYBaHHS Pi3HMX MOPIg, 3 METOK Makcumarb-
HOT edpeKTMBHOCTI BUpoOHUUTBa [3, 19]. [locniaXeHHs
HasIBHMX rEHOTUMIB Ha iX KOMOIHALINHY 30aTHICTb MOXHa
MPOBOAUTM 3@ NPSIMOTO | 3BOPOTHOIO CXpeLLyBaHHs [6].
[na gocarHeHHs uiei MeTn HeobXiaHO BUKOPUCTOBY-
BaTW NOpoaM, SIKi NepeBaXaloTb 3a O3HaKaMmn 3 BUCOKOHO
CMaaKoBICTHO, LLO KOHTPOSOKTLCSA reHaMn aguTUBHOI Al
1 03HaKaMW, 3a SKUMM NPOSIBNSETECS HanKpaLla KoMOiHa-
TOpHa 34aTHICTb Y BUMSAi edpekTy reteposucy. EdexT re-
Teposucy noBuHeH Gyt BULLIMM, OCOBNMBO KONM Nopoau
3HaYHO BiOPI3HAOTLCA OAHA Big OAHOT reHeTUYHO abo Bia-
Aanei cnagkoeo [12, 15, 14]. Konun o6paHi o3Haku (kvBa
Maca npu HapOMKEHHI, MOMOYHICTL | 30epeXeHiCTb) Mo-
3UTVBHO KOPEMIOKOTb MiXK COBO0L0, CenexLis ogqHo4YacHo 3a
LUMMU TPbOMa MOKa3HUKaMW HE 3HUXKYBaTUME iHTEHCUB-
HICTb NPOSIBY BiAroAiBeNbHUX 03HaK MOSOAHSAKY KPOriB
[1, 3]. Ons oTpyMaHHS MakcUMarbHOro edhekTy retepo-
31Cy NOTPIOHO CTBOPUTM FEHOTUNK, HALLAAKN SKUX NPU
CXpeLLyBaHHI MOXYTb HalKpalLle NoeaHyBaTUCh 3a OCHOB-
HUMM KinbKiCHUMM nokasHukamu [10]. Ons uporo notpio-
HO CTBOPUTU MaTepPUHCBKY hopMy, B SIKi NepeBaxkatoTb
(dbokycytoTb) penpoayKTUBHI BMacTUBOCTI KpOnemMaToK
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i ABi abo binbLue 6aTbKiBCbKMX POPM, Y HALLAAKIB SKNX
nepeBaxaloTb BigroAiBenbHi i M’ACHi nokasHukn [18].
Boane noegHaHHA LMX reHoTMNiB 3a6e3ne4nTb Makcu-
MarbHWI PiCT NPOAYKTUBHOCTI [4].

Buxoasaum 3 ckasaHoro BuLLe, METOK AOCTiIKEHHS
Byno obrpyHTYBaTh CXeMM CXpeLLyBaHHS KPONiB Yy Mnorny-
nauii MC 3 sukopuctaHHam nopig P i HB Ta otpyman-
H$1 MOMICHOrO MOroriB’A MOMOAHSAKY ANS iHTeHCUdiKaLi
KponiBHMUTBA.

MaTtepianu i meToamn

JocnimkeHHs NpoBoanNK y KPoniBHUYOMY rocrniofap-
cTBi Yepkacbkoi gocnigHoi ctaHuii 6iopecypcis HAAH, e
3aCTOCOBYHOTb TEXHOMOTI0 iIHTEHCMBHOMO BUPOBHMUTBA
KpOonsiTUHWU. [eHOTUN KPOniB, sSIkUX PO3BOAATL B rOCMO-
papctsi, — NC, PLU, HB. OcHOBHI enemMeHT\ TeXHOMOTIi,
BMKOPWCTaHI B JOCNIIKEHHI: BiAny4eHHS KpONeHaT y 35-
[oboBoMmy BiLli; NiArOTOBYMI Nepioa, 41151 Bigrodismni Kporne-
HAT 57 Ai0; BigroaiBenbHWn nepiog 3 40- 0o 90-gobosoro
BiKy. K MaTepMHCBKY Nopoay BUKOpUCTanu KponemMartok
nopoam NC — uewn reHoTMN HaKBINbLL NPUCTOCOBaHUN
[0 BUPOBHMYMX i KNiIMaTUYHNX YMOB LieHTparnbHoI Ykpai-
HW. baTtbkiBcbki nopoan — camui nopoan PW i HB, ae
Oinblue BUpaXeHi BigrogiBernbHi Ta M’SICHI MOKa3HMKMN.

[na pocnigpkeHHss METOAOM NMap-aHasnoris nigidpaHo
Tpw rpynu kporematok nopogu NC no 15 ronis y KOXHiN.
Kponematok koHTponbHoi rpynu (K) nopoagw MNMC 3annig-
HioBanu camusimu uiei x rpynu. Camuup Il gocnigHot
rpynu nopoam NC 3annigHioBanu camuamu nopogwu PLL.
Kponemarok Il gocnigHoi rpynu nopogw NC 3annigHio-
Banu camuamu HB BignosigHo oo cxemu (Tabn. 1).

Tabnuus 1. Cxema npoBeAeHHs gocnigy Ha kponemartkax (n=15)
Table 1. Scheme of the experiment on rabbit females (n=15)

l'eHotun / Genotype

Mpynw caMok camus Ha'-'-laFKV" F.
Groups females male Offspring , F,
(%) (3)
lkotponbka o pg nc/ps nc/pPs
| control
Il pocnigHa '/,nc '/, PW
Il experimental nedes | R '1,PS ", RS
Il pocnigHa '1,NC "/, HB
Il experimental nc/ps  HB/NB '/,PS'/,NB

Tabnuusa 2. Cxema npoBeaeHHs Aocniay Ha MornoaHsiky kponis (n=20)
Table 2. Scheme of the experiment on rabbit offspring (n=20)

Ipynn [eHotun [MpoayKTUBHI NOKa3HWKK
Groups Genotype Performance indicators
| KOHTPONLHA rnc 2 s
= o5 s o o
| control PS =L Zg B e ER e
) g -0 &5 = X < O
C © - o - [} (TR
. 88 55 gg P8 §S
Il gocniaxa L,NAC,PWl 2« B XE £5£ £
. ; a S © 5 25 Oy O3
Il experimental "/,PS'/,RS § = T - w ©8 EZ
85 3> 58 ¢2 ¢
= @3 £ o0& 5
. ] ; 32 Oom WO Q9 s
Il pocnigHa /,MC "/, HB - =3 le) 0 5
d 1 1 =
lllexperimental /,PS,NB X 5
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MonogHsik, oTpuMaHui Big KOHTPONbLHOI i Aocnia-
HWX rpyn, hopmMyBanu 3a NPUHLMNOM aHarnoris, Biano-
BigHO, y Tpy rpynu no 20 ronie i y Biui 35 Ai6 ouiHoBanu
eKCTep’'epHi Ta M’ACHI MOKa3HUKM 3a CXEMOL0, MOAAHO
y Tabn. 2.

BigTBOptoBanbHy 34aTHICTb KporemMaTokK OLjiHioBa-
nn 3a iHAEeKCOM BiOTBOPIOBANbHOT AKOCTi KporemaTok
(IBAK) [16]:

IBAK =B + 10m + 5z,

ae B — cepegHs Mmaca 0gHOro KponeHaTu nNpu Ha-
POOKEHHI, T;
M — MOJIOMHICTb KpONeMaToK, Kr;
Z — KiNbKiCTb KPOMNEHAT Npw BianyyeHHi B 35-00-
©oBomy Bii, ron.;
10 i 5 — Koperytoui koeilieHTn.

KpuTtepin ouiHku: unBa maca kponeHaT B 35-0o60-
BOMY i 3-MicAYHOMY BiLli, JOBXMHa Tina, ob6xeaTt rpyaen,
iHOEKC 30MTOCTi, LUMPVHA NOMNEPEKY.

IHaekc 36UToCTi TBApWH B13Ha4anu 3a hopMyrioto:

_ __obxsaT rpyaen, cm

6 OOBXWHa Tynyba, cm *100.

OnepxkaHi MaTepiany aocnimkeHHs1 obpobnsnu me-
TOAOM MaTemMaTUYHOI CTaTUCTUKM 3acobamMu nporpam-
Horo nakeTy Statistica 12.1 1a Microsoft Excel (Microsoft
Office 2010) 3a anroputmamu H. A. NnoxmHCeKoro.

Pe3ynbrat 1 06roBopeHHs

>KuBa maca kponemarok nopogu NC Gyna B mexax
42004800 r, a cepegHa Maca nnigHuKiB 06ox nopig cta-
HoBuna 45004600 r. BctaHOBMNEHO, LLIO 3a NMOKa3HUKOM
GaraTonniaHOCTI KporemMaTKu y pesyrsrarTi CXpeLLyBaHHsI
nopoau NC 3 camusimm PLU Ta HB nepeBaxanun camok
BiJ YNCTOMOPOJHOrO CnapoByBaHHSA (Tabn. 3).

Hansuwy GaratonnigHicTe ogepXaHo 3a NoeaHaHHs
kponemartok NC 3 camusimmn nopoaun PLU — 7,0 ronis,
wo Ha 0,2 ronie GinbLle NOPIBHAHO 3 KOHTPONEM i Ha
0,07 roniB — nopiBHsHoO 3 Il gocnigHoto rpynoto.

HanbinbLuo BENUKONMgHICTIO XapaKTepuayBanuch
kponematku Il i lll gocnigHWx rpyn, Ae 3acTocoBaHE M-
nopoaHe cxpeLlyBaHHA Byno BULLUM, BiAMNOBIgHO, Ha 2
i 4 r NOPIBHSIHO 3 KOHTPOMBHOHO rPYMoto. [NMoKkasHWK BENWKO-
NNigHOCTI Koperntoe 3 BiAroaiBenbHUMN pesynsratamu,
a 0cobrnmBO 3 IHTEHCMBHICTIO POCTY MOJTOOHSIKY.

MoroYHICTb KponemMaTok € BaroMmm YMHHUKOM BU-
COKOI iHTEHCMBHOCTI POCTY Ta PO3BUTKY MOJIOAHSKY
Yy MiACUCHWI Nepiog, OCKiNbKM KponeHsTa y nepLuy aeka-
Y XKUTTS XKUBNSATLCS TiNbKN BUCOKONOXUBHUM MOFIOKOM
Kponemartok. ToMy KifbKiCTb CNOXMUTOro MaTepUHCLKOro
MOJ1OKa KponemMaTok € KopensuinHMM NoKasHUKOM 40
Macu Tina KponeHaT. HansuLli NOKasHMKN MOTOYHOT
NPOAYKTMBHOCTI KpONeMaTok Big3HadeHo y nopoau 1C
3a NoegHaHHA 3 camusmu nopoau PLU, wo craHosBuno
2,75 kr (P<0,05), ue nokasHvK nepeBakaB y KOHTPOSb-
Hin Ta Il pocnigHux rpynax.

3a iIHTeHCMBHOIO NPOMUCIIOBOTO BUPOOHMLITBA KPOSisi-
TUHM 3aCTOCOBYHOTb BifITy4YEeHHS KporeHsT y Bili 35 fi6.
BaxxnnBum NOKa3HUKOM BigTBOPIOBarIbHOI 30aTHOCTI Kpo-
NemMaTtoK € Maca rHisga npu BignyyveHHi (tabn. 4). Lien no-
KasHuk ByB BULLMM Yy Kponemartok Il rpynu (noegHaHHs
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Tabnuua 3. NpoaykTMBHA 34aTHICTb KPONEMATOK 3a Pi3HMX BapiaHTiB cxpellyBaHHs (Mtm, n=15)
Table 3. Productivity of rabbit females in different variants of crossing (M+m, n=15)

[NoeaHaHHs

il BaratonnigHicTtb, YTy BenukonnigHicTb, r MonoyHicTb, Kr
I'pynu / Groups Combination ron. MepTBOHAPOOXKEHUX, rof. Body weight Litter weight at weaning —
9 3 Litter size Including stillbirths at birth, g litter weight at birth, kg
| KoHTpOrbHa fnc nec 7,840,34 0,530,193 59,0+1,76 2,650,056
| control PS PS
Il aocriaka e 8,00,40 0,4740,133 63,0+2,22" 2,75+0,082*
Il experimental PS RS
Il aocniana e Hb6 7,040,33 0,60£0,190 61,041,61 2,65+0,067
Il experimental PS NB
lMpumimka. Y uin Ta HacTynHin Tabnuui * — P<0,05; ** — P<0,01; *** — P<0,001 NopiBHAHO 3 KOHTPONEM.
Note. In this and the next table * — P<0.05; ** — P<0.01; *** — P<0.001 compared to the control.
Ta6nuus 4. MNoka3Huku rHisga B 35-0o6oBoMy Bil
Table 4. Litter indicators at 35 days of age
MoepHaHHSA NokasHuku rHisga / Litter indicators IBSIK
Combination .
lpynu / Groups KinbKiCTb ronis cepeaHsa Maca Tina, Kr Maca rHisga, Kr 36epexeHicTb, % Regroductlve
Q IS} litter size average body weight, kg litter weight, kg survival, % index
| KOHTpOMbHa rnc rnc
| control PS PS 6,8+0,24 0,76+0,02 4,7+0,18 93,5 119
Il pocnigHa rnc PLU . -
e PS RS 7,0+0,30 0,80+0,03 5,2+0,11 93,0 125
Il aocnipra fc  Hb 6,9+0,26 0,78+0,03 4,9£0,21* 94,5 122

Il experimental PS NB

MC x PLW), wo Ha 0,21 kr 6inbLue, HixX y Il gocnigrin
rpyni (MC x HB) i Ha 0,45 kr — y | (KOHTPOMLHIN) rpyni
(MC x MNC) 3 BiporigHoto pisHuueto P<0,01.

HaiBuwmn BiAcoToK 36epeXxeHHs1 KpONeHAT Ao Bia-
ny4eHHs1 y 35-0000BOMY BiLli CIOCTEpIrany y KporieMaTtok
Il gocnigHoi rpynu 3a noegHaHHA MNMC x HB — 94,5 %.
BcraHoBneHo, Lo Ha 30epeXKeHHs rHi3aa 3Ha4HoK Mipoto
BNNMBAaB reTepo3nc y NOeAHaHHI 3 AKOCTAMM KpOnemMaToK
nopoau NC, NnpuctocoBaHoi A0 perioHanbHUX Knimatud-
HMX YMOB Ta YTPUMaHHS B NPUMILLEHHSIX. BpaxoBytoum
nepeBarn OKpeMMX NMOKa3HMKIB, SKi MOXYTb BNAMBaTU
Ha noganbLUMn PO3BUTOK MOMOAHSIKY KponiB, BCTAHOBU-
N iHAEKC BiATBOPHUX SKOCTEN Kporemartok. Hamsumwmn
nokasHuk IBAK 6yB y kponematok apyroi Il gocnigHoi
rpynn — 125 (MNMC x PLW), y lll gocnigHin rpyni — 122
(NC x HB). Kponemartkun umx rpyn xapakrepuayBanucs
BMUCOKOK MOJIOYHICTIO Ta BENUKOMMIAHICTHO.

OTxe, cxpeLlyBaHHS NMO3NTUBHO BNMBAOTL Ha Bia-
TBOPOBasbHi IKOCTi KporemaTok, 0cobnmBeo B NoegHaH-
Hi camok nopoau NC 3 camuyamu PLL. Asuuie retepo-
31cy HanbinbL BUpaxeHe 3a cenekuii kponis PLU, wo
CNPSIMOBAHO Ha NPUCTOCYBAHHS 40 YMOB NPOMUCIIOBOI,
IHTEHCVBHOI TEXHOMOrii BUPOBOHNLITBA KPOIATUHY, a Ta-
KOX nopoaw, CTBOPEHOI Ha OCHOBI MOpid, He cropigHe-
HWX 3i CTBOPEHHAM nopoam kponis 1C. NokasHukM Kpo-
nemarok Big usoro noegHaHHs (MC x PLLU) nepesaxanu
KoHTponbHy rpyny (MC x MNC) 3a GaratonnigHicTio Ha
2,9 %, 3a BenMKOMigHICcTiO — BiporigHo Ha 6,4 %, mo-
NOYHiCTIO — BiporigHo Ha 3,8 %, KINbKICTIO Bigny4YeHnx
KponeHsT — Ha 2,9 % (P<0,05), macoto ruisga, Bigny-
YyeHoro Yy Biui 35 gi6 — Ha 8,7 % (P<0,01).
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Y kponemartok Il gocnigHoi rpynu (MNC x HB) ne-
peBara Hag KoHTponem Oyna HesHauHoto 6e3 Biporia-
HUX pi3HULUb. MoXnnBo, 3acTocyBaHHA cenekLii Kpornis
nopoaun HB nposogunu 3a iHWKX YMOB NPOMUCIIOBOT
TexHonorii — 6ponnepHe BUPOOGHULTBO KPOMNATUHN,
LLIO HeedEKTMBHO (KOMBIHALLIMHO) NPOsIBUNOCH Y Noea-
HaHHi 3 kponemartkamu nopoam lNC.

OTpuMaHuin MONOAHSK Bif TPbOX BapiaHTiB Noea-
HaHb OLIHIOBANM 3a EKCTEP’EPHNUMMU, BiAroaiBenbHMMN
i NPWKUTTEBUMM M’ SICHMMU NMOKa3HUKaMM 33 Biany4YeHHs
y Bili 35 gi6 Ta 3-micssiyHOMY BiUi (Tabn. 5).

BcTaHoBneHo, Lo noMicHuin monodHsik Il gocnigHoi
rpynu y 35-gobosomy Biui BiporigHo (P<0,05) Ha 59 1,
a lll rpynn — Ha 43 r nepeBaxaB aHanoriB KOHTPOIbHOT
rpynu 3a NOKasHMKOM >XMBOI Macu.

O6’eKTMBHMM MOKa3HMKOM, SIKMI KOPEIoe i3 3a-
OiMHMMU Ta M’AICHUMU AKOCTAMMU, € iHOEKC 30UTOCTI,
akun 6ys BiporigHo Buwwum (P<0,01) y nomicHoro
mMonogHsKky kponis Ill gocnigHoi rpynu i nepesa-
xaB aHanoris Il rpynu Ha 4,11 %, a KOHTPONb — Ha
8,26 %. lnpuHa nonepeky sik NOKa3HUK M’ACHOT
NPOAYKTMBHOCTI B MOJTOAHSKY KponiB y 35-go6oBomy
Billi HE € (POKYCYIOUO O3HaKO0, ane Bce X 3a UuMm
nokasHukom Hawagku Big nopig MNC ta HB BiporigHo
(P<0,05) nepeaxanu Ha 0,16 cM pOBECHMKIB KOH-
TPOMbHOI rpynu.

3a nokasHMKoM xm1BOoi Macu y Biui 90 Aid nomicHui
monogHsik Il rpynu BiporigHo (P<0,05) nepeBaxas
KOHTPOSbHY rpyny MonoaHsaky nopoau NC Ha 144 T,
mMonogHsik |l nomicHOI rpynu 3 HEBIPOriQHOIO Pi3HULIED
nepesaxas aHanoris | rpynu Ha 57 T.
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Tabnuusa 5. EkcTep’epHi NOKa3HVKM MOMOAHSKY KpPOniB, OTPUMaHMX
YMCTOMOPOAHUM PO3BEAEHHSAM Ta cxpeLlyBaHHsaM (M+m, n=15)
Table 5. Characteristics of young rabbits obtained

by purebred breeding and crossing (M+m, n=15)

l'eHotun / Genotype

OasHaku / Signs rnc /,nc,pW ,NC',Hb
PS 1,PS',RS ,PS',NB

[Moka3Hunkn monoAaHsKy kponie y 35-go6oBomy BiLi
Performance of young rabbits at 35 days of age

XXuBa maca, r

. ) 791,0+9,72 850,0+10,75* 834,0+9,64
Live weight, g

[oBxuHa Tina, cm

gyl B, 24,1+0,39 23,8+0,29 23,2+0,26

Obxsart rpyaen, cm .

Chest girth, m 17,9+0,22 18,7+0,23 19,2+0,31

IHgekc 36utocTi, % o o6
. 74,6+1,08 78,7+0,88 82,8+1,12

Compact index, %

LLinpuria nonepery, oM 5 39, 039 3,450,050  3,55:0,050*

Rump width, cm

Moka3Hukn monoaHsKy kponie y 90-gobosomy BiLi
Performance of young rabbits at 90 days of age

YKuea maca, r

. ) 2823,040,04 2967,0+0,01* 2880,0+0,03
Live weight, r

[oBxuHa Tina, cm

Body longth, o 40,6:0,12  40,3:0,18  39,4+0,45

O6xBaT IPYAGH, CM o5 71610 27.06019  28,0£0,52*

Chest girth, cm

IHgekc 36utocTi, % *
; 65,6+0,31  67,0:0,66  70,8+1,32

Compact index, %

Wpnanonepeky, oM 5 53,0 064 5.9040,058  6,01+0,063*

Rump width, cm

MokasHuk obxBaTy rpyaern MaB BiporigHy pisHULLO
y Il gocnigHin rpyni (P<0,05) i nepeBaaB KporiB KOH-
TPOSbHOI rpynu Ha 2,3 cMm.

Ingekc 36uTtocTi 90-00060BOro MONMOAHSAKY KponiB
[l rpynu, 3a noxooxenHam '/, MC '/, HB siporigHo
(P<0,05) nepeBaxas uuctonopogHux aHanoris 1C Ha
5,28 cm i fOMiHYBaB 3a Ll 03HAKOK reHOTUMYy NigHu-
ka HB nopogw.

[MoKa3HUK NPWKMTTEBOT M’AICHOT OLiHKM — LUMPUHA
nonepeky, B 90-0o6oBoMmy BiLj, BiporigHo 3poctas y Il go-
cnignin rpyni ('/, MC '/, HB) Ha 6,0 cm, Ak NO3UTUBHO
KopentoBae 3 3abiliHOI0 Macoto Ta 3abiHUM BUXOOOM.

Omxe, 6inbLUMn KOMBIHATOPHWUIA BMIMB HA MaTEPUH-
CbKi MOKa3HWKN Marno noegHaHHs camuub nopoau MNC
3 camusamm nopogy PLL. 3a BigrogisenbHumm i ocobnmeo
3a M’'SICHUMM Ta 3abiNHMMK NOKa3HMKaMK NepeBadkas no-
MiCHMIA MonoaHsik kponis noxoaxeHHs MNC i HB.

BucHoBKu

[MpoayKTMBHI NOKa3HMKM KPOnemaToK Bifi CXpeLLlyBaH-
Hs MC x PLU nepeBaxanu koHTporbHy rpyny (MNC x M1C)
3a baraTonnigHicTio, BENUKOMMIAHICTIO, MOMOYHICTIO,
KinbKIiCTIO Bigny4eHUX KPOSeHsT, Macolo rHisga Bigny-
YeHOro MonoAHsKy vy Biui 35 aib.
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3a BigroaiBensHUMKM i 0cOBNMBO 3a M'ACHUMK Ta 3a-
BiNHMMI 03HaKaMK NepeBaXkaB MOMICHUIA MONMOAHSIK KPO-
NiB NOXOMKEHHS «MONTaBCbKe CPibnoy i «HoBo3enaHa-
cbka binay. Lis rpyna kponie y 35- i 90-go6oBomy BiLi
nepeBaxkara aHaroriB 3a NoKa3HMKOM >XUBOI Mach.

MokasHMK NPYXKUTTEBOI M'AICHOT OLLIHKWN — LUMPUHA
nonepeky B 90-go6oBomy BiLi — 6yB BULLMM Y MOMi-
ceW nonTaBCbKOro cpibna ta HoBo3enaHAacbkol Binoi
i ctaHoBMB 6,0 CM, LLO NO3MTMBHO KOPENIOE 3 NoKas-
HUKamu 3abirHOT MacK, 3abiiHOro BMXOAY.

MepcnekTuBM noganbLUNX AOCARIAXKEHb

[ouinbHo B noganbwomy oTpumartm gBo-, Tpu-
nopoAHi MOMici Kponis Nopig «nonTaBcbKe Cpibnoy,
«pagsHCcbKa WMHWIKMIa» i «HoBo3enaHAckbka Gina» Ta
aocnignTn ix 3a penpoayKTUBHUMU, BiAroAiBernbHUMU
i M’ACHAMM NOKa3HMKaMMU.
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Productive characteristics of rabbits at industrial crossbreeding of Poltava Silver,
Soviet Chinchilla and New Zealand White breeds

O. Boiko, O. Honchar, I. Luchyn
Luchin60@ukr.net

Cherkasy Experimental Station of Bioresurces,
76 Pasterivska str., Cherkasy, 18036, Ukraine, bioresurs.ck@ukr.net

The purpose of the study was to substantiate schemes of crossbreeding of rabbits in the population of Poltava Silver breed using
Soviet Chinchilla and New Zealand White breeds to obtain a local stock of young animals for intensification of rabbit breeding. Three
groups of Poltava Silver does of 15 heads each were selected for the experiment by the method of pair-analogues. Rabbits of the control
group (C) of the Poltava silver (PS) breed were fertilized by males of the same group. Rabbits of the Il group of the Poltava silver breed
were fertilized by males of the Soviet Chinchilla (SC) breed. Rabbits of the Ill group were fertilized by males of New Zealand White
breed (NZ). The offspring of control and experimental groups was divided on the principle of analogues in three groups 20 animals in
each group, and at the age of 35 days rabbit exterior and meat quality were evaluated. The research has shown that crossing make
a positive effect on reproductive qualities of rabbits, especially in combination of the Poltava Silver breed females with males of the
Soviet Chinchilla. The second experimental group was characterized by highest litter size, litter weight at birth and litter weight at weaning.
The highest percentage of survival in rabbits youth weaned at 35 days was observed in PS x NZ group (94.5 %). An important indicator
correlating with the slaughter and meat quality of animals is chest girth/body length index, which was significantly higher in hybrid young
rabbits of the Il experimental group, outperforming the group Il analogues by 4.11 % and control by 8.26 %. Greater combinatorial
influence on the reproductive qualities of does had a combination of Poltava Silver females with Soviet Chinchilla males. Poltava Silver
and New Zealand White predominated in the meat and slaughter indices, in particular in meat and slaughtering indices.

Key words: rabbits, crossbreeding, fertility, slaughter
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MpupoaHi MexaHi3aMmu 3axmMcTy KoponoBux puob
3a ypaxeHHs1 6aKTepinHUM aepOMOHO30M
i 3a Aii cuHGioTMYHOro npenapaty «EHTepoHOpMiH»

X. 5. Cononosa
khrystyna.solopova@gmail.com

IHcTuTyT Gionorii TBapmH HAAH,
Byn. B. Ctyca, 38, m. JlbBiB, 79034, YkpaiHa

AepoMOHO3 KOPOMoBMX pnb € OOHNM 3 HaWMOLLMPEHILLNX 3aXBOPIOBaHb CTAaBKOBUX
pub, sike 3aBAaE 3HAYHOI LUKOAW pUOHUUTBY: 3arnbenb pnbu ctaHoBuTb Big 10 0o 90 %. Ans
NiKyBaHHs1 XBOpUX pnb 3aCTOCOBYIOTb aHTUDAKTEPIVHI NpenapaTu: HITpodypaHu, aHTUBIOTUKM,
KOPMOBI @aHTMBIOTMKN, a TakoxX 6apBHUKM. HesBaxkatoum Ha 3HAYHI NepeBaru Big BUKOPUCTAHHS
aHTUBIOTUKIB, CbOrOAHI BBaXal0Thb, LLO HaAMIPHE BUKOPUCTaHHS Byab-akux aHTUBIOTUYHMX peyo-
BVH YNPOAOBX NEBHOrO nepioy Yacy MoXxe Npu3BeCTy 40 NOsIBU NOKanbHOI nonynsuii 6akTepin,
CTilKoT 8o ix gji. Tomy NpoBioTMKM MatoTb HA3KY NepeBar nepes, HasBHUMM BiTaMiHHUMM | aHTUGIO-
TUYHMMM NpenapaTamMm: TEXHOSONYHI B 3aCTOCYBaHHi TBAPMHAM; ManoTOKCUYHI; iX BUPOOHMLTBO
NPOCTe i eKOSOriYHO YMCTE; Li NpenapaTtn AeLleBi; eKOHOMIYHA edDEeKTMBHICTb X 3aCTOCYBaHHSA
BMCOKa. HaBegeHo pesynsrati oChimKeHb BNAMBY CUHBIOTUYHOIO npenapary « EHTepoHOpMIH»
y komnnekci 3 Mogom i CeneHom Ha NokasHUKM HecneuundiyHOi Pe3ncCTEHTHOCTI opraHiamy
KoponiB, ypaxxeHnx bakTepiiHumM aepomMoHO30M. [locnifkeHHs TpoBoannv B YMOBaX akBapiymis
y JbBiBCbKiN gocnigHin ctaHuii IHcTuTyTY pubHoro rocnogapctea HAAH. KoHTponbHa rpyna, oo
SIKOT BXOOWIN KIiHIYHO 300p0Bi pubu, BNpodoBX 7 AHIB Yepe3 30HA oTpumyBana 3 % KpoxmarbHy
CyCneHsito; nepwa gocnigHa rpyna (1) — xBopi Ha aepOMOHO3 KOpOonu, SIKMM aHanoriyHo 3a-
Aasanu nuwe 3 % KpoxmarnbHy CycneHsito; apyriv gocnigHin rpyni (02), aky cdoopmyBanm 3 XxBo-
pVX Ha aepoMOHO3 KOpoMiB, 3agaBanu npenapar «EHTepoHOpMiH» 3 po3paxyHKy 2 mr Ha 1 kr
mMacu pubn y cknagi 3 % kpoxmaneHoil cycneHasii. Nepen BBeaAeHHAM koponaM A0ChigKyBaHWUN
npenapar aktueysanu 14—16 roa. Boaoto, 36ara4yeHoro ioHaMu GionoriYHo akTMBHOIO 1oy Ta
ceneHy y dopmi «Mogic+Sex» (TY Y 15.7-30631018-011:2011). OocnigxeHHsA nokasanu, Lo 3a-
XBOPIOBAHHS KOPOMIB acoujinoBaHoo bakTepianbHOK (hOPMOK aepOMOHO3Y CMPUYMHSANO iIMYHO-
CYNPECUBHUI BMIMB Ha NOKA3HWKN NMPUPOLHOT PE3UCTEHTHOCTI opraHiamy. 3okpema, 3adikcoBa-
HO 3HWKEHHS hbaroumMTapHOi akTUBHOCTI HENTPOMINBHUX rPaHYNOUUTIB i NIZOLUMMHOT aKTUBHOCTI
CMPOBAaTKM KPOBI Ha TNi 36iMNbLUEHHS BMICTY LIMPKYIIOIOYNX IMYHHUX KOMMMEKCIB | haroumutapHoro
iHOekcy. KoHcTaToBaHo peabiniTauiHy gito cuHbioTMuHOro npenaparty «EHTEpOHOPMIiH»
y komnriekci 3 Mlogom i CeneHom Ha AOCTifpKyBaHi MOKa3HWMKN KIMITUHHOI i 'yMoparnbHOI NaHOK
HecneungiyHOi Pe3NCTEHTHOCTI OpraHiaMy pub, ypakeHnx 6akTepiiHuM aepoMOHO30M.

KntouoBi cnoBa: pnbu, koporn, aepoMoHO03, CUHBIOTUKUN, « EHTEPOHOPMIHY», LIMPKYTOOYi
iMYHHI KOMMIEKCH, Ni3oLMMHA aKTUBHICTb CMPOBATKU KPOBI, hbarounTapHa akTUBHICTb, charo-
LMTapHWi iHQeke, harountapHe 4mcno

XBOpOOU pUb HAHOCATbL 3HAYHI EKOHOMIYHI 30UTKM
CBITOBIVi akBaKynbTypi. BUBY4EHHA 3aKOHOMIpHOCTEN iX
BMHUKHEHHS Ta NOLUMPEHHS], po3pobka 3axoais npodi-
NakTUKN € BaXNnBoK Npobnemoro cyyacHoro pubHu-
LTBa, OCKiNbKM Bif, Ti BUPILLEHHA 3aneXuTb ePeKTMB-
HICTb BILTBOPEHHSI Ta BUPOLLYBaHHS puOHUX 06’EKTiB,
36epexeHHst pubHoi npogykuii [15].

AepoMOoHO3 KoponoBux pub (KpacHyxa, remopa-
riyHa cenTuuemis, iHekuinHa YepeBHa BoAsHKA) Ha-
NEeXuTb A0 OOHOro 3 HaAMMOLLMPEHILINX 3aXBOPIOBaHb
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CTaBKOBMX pub, sike 3aBa€ 3HAYHOI LUKOAN PUOHN-
uTBy. Bigxig pvbun BHacnigok LbOro 3axBoploBaHHSA
ctaHoBUTb 10—90 %. BUHMKHEHHS aepOMOHO3y MOXe
OyTu cnpoBokOBaHe cTpec-thakTtopamu: puboBoaHi
MaHinynauii, piske nigBuLLIEHHS TemnepaTypu, opra-
Hi4YHe 3abpyaHEHHS BOGHOMO CepefoBULLLA, 3HMKEHHS
pe3nCTEHTHOCTI opraHiamy pu6 [15]. ns nikyBaHHA
XBOPUX pub 3acToCOBYOTb aHTUbaKTepiliHi Npenapa-
TU: HITPpOPYypaHU, aHTUBIOTUKM, KOPMOBI aHTUOIOTMKM,
a Takox 6apsHukm [11].
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Solopova Kh. Ya.

Natural defense mechanisms in carp infected by bacterial aeromonosis and after treatment with "Enteronormin”

PeuoBuHM, LLIO 3aCTOCOBYIOTLCA B iXTiONATONOri|, —
nepeBaXKHO KaHLUeporeHu i myTtareHu (dopmanit, xmno-
pocpoc, kynpym cynbdat) abo 3 He3HaYHUM TepaneBTUY-
HUM iHOEKCOM (PYHriLMan, NEBHI aHTUBIOTMKM), SIKi BXXE
[aBHO HE BMKOPUCTOBYIOTLCS Y OiNbLUOCTI KpaiH.

[nsa nigBuweHHA HecneymdivyHOT pe3NCTEHTHOCTI
opraHiamy p1b HamyacTile 3aCTOCOBYHOTb iMyHOMOAY-
nsTopu (3agaroTb pubi i3 KOpMOM), AKi CNpUsOTL dop-
MyBaHHIO NOBHOLIHHOT iIMyHHOT BiANOBIAj, Y TOMY YKCA
KNITUHHOT | rymoparnbHoi flaHoK. [10 HUX HanexaTtb
npobioTukn, NpenapaTtn KOMMEKCHOI Aii, a Takox
BiTamiHm C, E Ta A, WO NigBULLYIOTb PE3NCTEHTHICTb
opraniamy [3, 9, 10, 15].

MpobGioTukuM i NpebioTnkn MaTb HA3KY NepeBar
nepen HasgsBHUMMW BITaMiHHUMM | aHTUBIOTUHMHUMK Npena-
paTtamu: TEXHOMOTIYHI B 3aCTOCYBaHHi TBAapMHaM; Maro-
TOKCWYHI; TX BUPOBHMLTBO NPOCTE I EKOSONYHO YNCTE;
Ui npenapaTu geLeBi; eKOHOMIYHA e(PEKTUBHICTb iX
3acTocyBaHHs BUcoka. KombiHoBaHi npenapaty 3 npobio-
TUKIB i NpebioTukiB Ha3nBatoTbCHA cUHBIOTUKaMK [5].

EHTEepOHOPMiH — CMHBIOTUYHMIA Npenapar, Lo cKra-
AaeTbcs 3 koMnnekcy baktepin — Enterococcus spp.,
Bacillus subtilis spp., Lactobacillus spp. Ta LONOMPKHNX
peYoBNH — XiTO3aHy, NenToHy depMEHTATUBHOIO i Me-
neHoro uykpy (PN Ne BB-00427-02-12 Big 13.04.2012).
BiH NposiBNsie aHTaroHICTUYHY aKTUBHICTb A0 LUMPOKOro
CNeKTpy naToreHHux bakTepin i rpndis. Popmyroum Hop-
MarbHy Mikpocpropy, TMM camyMM HopManisye CekpeTop-
HWUI IMYHITET, 0OOMIH pe4YOBUH, CTabini3ye 3axXuCHi cunm
opraHiamy, 36inblye NPOAYKTUBHICTb TBAPWH, NTULI
Ta 6opkin, ix 36epexeHiCTb | NPOAYKTUBHICTb, 3MEHLLIYE
BUTpaTV KOPMIB Ha OOMHULIIO NPUPOCTY XUBOT Baru.
MpenapaT He Mae KyMyNATUBHOI 34aTHOCTI, HE BUMa-
rae 3axvcHux 3acobiB B ymoBax BUpobHMUTBA i 3aCTo-
CyBaHHS Ta He BUKINKAE 3a0pyaHEHHST JOBKONMULLHBLOIO
cepepnosuila [3].

BogHouac Ha pubi Taki AocniokeHHs doparMeHTapHi.
Ha cborogHi HegocTaTHLO BUBYEHUM € BMMB NMpobio-
TUYHMX NpenapaTiB Ha aKTUBHICTb 3aXUCHUX CUCTEM
opraHiamy pnb. Hacamnepep 3'sicyBaHHS BMMarae Jo-
CRigpKeHHs1 BNAMBY CUMHOIOTUYHUX NpenapariB Ha CTaH
NPMPOAHMX MEeXaHi3MiB 3axncTy y kopornosux pub 3a
YMOB X 3aXBOPIOBaHHS.

3 ornsagy Ha ue, 3Ha4YHe HayKoBe i NpakTU4He 3a-
LiKaBreHHs1 CTAHOBUTb BMBYEHHS BNAUBY npenapaty
«EHTEPOHOPMIH» Ha NOKa3HMKN HecneundivHOI pesunc-
TEHTHOCTI Y KOponiB, XBOPUX HA aepOMOHO3.

Marepianu i meTogmn

EkcnepumeHTansHy YyacTuHy poOoTU BUKOHYBanu Ha
OBopiykax kopona Yy J1bBiBCbKil 4OCMiAHIN cTaHLii IHCTK-
TyTy pnbHoro rocnogapctsa HAAH. byno cdopmoBaHo
3 rpynu pmb no 5 ocobrH y koXHIN. KoHTponbHa rpyna,
00 SIKOi BXOAMIM KNiHIYHO 340pOoBi pubu, oTpumMyBana
nmwe 3 % KpoxmarbHy CycrneHsito; neplia gocnigHa
rpyna (01) — xBopi Ha aepOMOHO3 KOPONu, SIKMM 3ada-
Banu nuwe 3 % KpoxmarbHy CycrneHsito; apyra AocrnigHa
rpyna (2) — xBopi Ha aepOMOHO3 KOPOMM, SKUM Yepe3
30HA YyNpodoBX 7 AHIB y cknafdi 3 % KpoxmaribHOI cyc-
neHsii 3agaBanu npenapat « EHTepoHopMiH» 3 po3pa-
XYHKY 2 Mr Ha 1 kr macu pubu. Nepen BBeAEHHAM KOpO-
nam JocnigXyBaHW npenapat aktmeysanu 14—16 roa.
BOAOH0, 3GarayeHoto ioHamu 6ionoriYHO akTUBHOTO oy
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Ta ceneHy y opmi «Mopjic+Se» (TY Y 15.7-30631018-
011:2011). AepoMOHO3 fdiarHoCTyBarnu 3a pesyrnsratamu
GakTepionoriyHoro AOCNiMKEHHS (NPOBEAEHO BUAINEHHS
Ta igeHTudikauito 36yaHnka — Aeromonas Hydrophila)
3 ypaxyBaHHSM eni300TONOMYHUX JaHKX, KNIHIYHUX O3HaK
i naTonoroaHaToOMi4YHUX 3MiH.

Martepianom Ansa oChimKeHHs cnyrysarna KpoB, siky
Gpanu 3 cepus pub 3a gonomoroto ninetku MacTepa,
nonepeaHbO 3aCTOCOBYBANM HAPKO3 3 BUKOPUCTAHHSAM
edpipHoi onii rBo3aukn (Eugenia caryophyllus). Y cvpo-
BaTLi KPOBi BM3Ha4anm nisoumMmMmHy aktueHicTb (JJACK)
0o pobo.oi kynetypu Mycrococcus Lysodeikticus; BMicT
umpkynounx imyHHux komnnekcis (LIIK) cepegHboi
MOIEKYNSpHOi Macu. Y cTabinioBaHili renapyHoOM KpoBi
BM3Ha4anm nokasHuku garoumTosy: paroumTapHy ak-
TuBHicTb (PA), baroumTtapHe ymcno (®Y) Ta cdarouym-
TapHui iHgekc (Pl). 3 MeToto BUBYEHHS! iIHTEHCUBHOCTI
daroumTosy, Bupaxosyeanu &l Ta Y. daroymTtapHuin
iIHOEKC XapaKTepuaye KinbKiCTb 3axonneHnx mikpoopra-
Hi3MIB OQHNM aKTUBHUM (haroLmToM. daroLTapHe Ync-
O BUpaXxae KinbKicTb haroLMToBaHNX MIKPOBHUX KNITWH
Ha 100 nigpaxoBaHux nenkouunTis [13]. BusHa4yeHHSA
JIACK i ®A npoBognnu 3 BpaxyBaHHAM crieumdikm o-
cnigpkeHb Ha rigpobioHTax, BUKOPUCTOBYHOUM BigMnoBigHi
[060BI KynbTypy nabopatopHux WTamiB i TemnepaTyp-
HUA PEXUM KyNbTUBYBaHHS [7].

Opnep:xaHi uMdpoBi AaHi onpaLboBaHO CTAaTUCTUYHO
3a OMOMOroH0 3aranbHONPUAHATUX METOAIB BapiaLiin-
HOI CTaTUCTUKN 3 BU3HAYEHHAM cepenHix BenuyuuH (M),
X KBagpaTu4HOi Noxmbku (M) Ta 4OCTOBIPHOCTI Pi3HULb,
SIKi BCTaHOBNIOBanNu 3a t-kputepiem CTblogeHTa.

Pe3ynbTaty 1 06roBOpeHHs

Lnpkyntotodi imyHHI komnnekeun (LK) xapaktepum-
3yl0Tb pPiBEHb aHTUTINOYTBOPEHHS B OpraHiami, cnps-
MOBaHWI Ha eniMiHaLito NaToreHHNX aHTUreHiB. 3 Ha-
BefeHux y Tabn. 1 gaHmx 6a4mMmo, o 3axXBOPHOBAHHS
KoponiB Ha aepoOMOHO3 NPU3BOAUTL 40 BipOrigHOro
3pocTaHHs BmicTy LIIK Ha Tni 3HMXEHHS Ni3oUMMHOI
aKTUBHOCTI cMpoBaTKKU KpoBi. Bigomo, Lo yTBOpeH-
HS iIMYHHMX KOMMMEKCiB B OpraHiaMi € pesynsratom
crneundivyHoi B3aemMogii aHTUTeHiB 3 aHTUTINamu.
Linpkyntotodi iMyHHI KOMMAEKCU HanexaTb 40 BUCOKO-
MOMEKYNApHMX BINKoBMx Cnornyk, CTpyKTypa Ta yHKLis
AKUX 3anexuTb Bid idmko-XiMiyHMX Ta BionoriyHmx
BMaCTUBOCTEN aHTUrEHY N aHTUTINa.

Tabnuus 1. BMiCT LMPKyIO0YMX iIMYHHUX KOMMIEKCIB Ta
ni3oLMMHa akTMBHICTb KpPOBi AocnigXyBaHux koponis (Mtm, n=4)
Table 1. Content of circulating immune complexes and serum
lysozyme activity in blood of experimental carps (M+m, n=4)

Ipynn / Groups
[MokasHukun -
Parameters el
Control 01/ E1 02 /E2
LK, mmonb/n / CIC, mmol/L 42+1,8 58+2,4**  44,2+19
JIACK/ SLA, % 30,5+2,4 27,25+1,8 27,2422

lMpumimka. TyT i Hagani pPi3HULI CTAaTUCTUYHO BIPOTiAHI NOPIBHAHO
3 kKOHTponem: * — P<0,05, ** — P<0,01, *** — P<0,001.

Note. In this and next tables the significance of differences with
the control is: * — P<0.05, ** — P<0.01, *** — P<0.001.
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MpUPoAHI MexaHi3MU 3aXMCTY KOPONOBUX PUB 3a BaKTEPINHOro aepoMOHO3Y i Ail npenapaTy «EHTepoOHOPMiH»

BwmicT LJIK y cupoBaTui KpoBi KOponiB, XBOPMX Ha aco-
LinoBaHy bopMy aepoMoHo3y, 3binbwmecs B 1,3 pasy
(P<0,01) nopiBHSHO 3 iX piBHEM Y pMO KOHTPONBHOI rpy-
nun. 3acTocyBaHHs kKoponam Apyroi gocnigHoi rpymn 3 %
KpoxMarbHOi cycneHsii i npenapaty « EHTEpoHOPMIH»
CTMPUYMHSANO HOPMAri3yroumIn BMNUB Ha BMICT JOCHimKY-
BaHMX BMCOKOMOMNEKYNsApHUX Binkosux crionyk. Npo ue
BKasye 3MeHLweHHs BmicTy LIIK y cupoBartui kpoBi kopo-
niB gpyroi gocnigHoT rpynu Ta BiACYTHICTb BiporigHUX
Pi3HWLb CTOCOBHO KOHTPOJLHOI rPYmu.

Jlisounm — yHiBepcanbHUn eH3UM, SKUA Mae He-
cneundpivHy 6akTepuungHy gito [4]. Ak HU3bKOMOne-
KynspHui 6inok, BiH Mae 3gaTtHiCTb niggasatu nisucy
CTiHKV BakTepii, CTUMYNIOE CUHTE3 aHTUTIN i HEWTpa-
nisye GakTepianbHi TOKCUHW, NPUCYTHIA Yy cupoBaTLi
KpOBi, cnuai pub, TkKaHMHaxX BHYTPILIHIX opraHie [12].
Hanbinblwa noro KoHUeHTpaLis BUSABMEHA Yy HUpKax
pub, MeHLWa — y cenesiHui, Cn3i LWKIpK i KNLWEYHWUKY.
Y cupoBarTui KpoBi nisounmy ayxe maro, Noro akTuse-
HICTb NPAMO NPOMOPLINHO NOB’si3aHa 3i CTAHOM IMyH-
HOI cucTemn. Y gesiknx Buais pnd Len eH3MM 30BCiM
He 3HangeHun [6].

Mpwn gocnigXXeHHi rymopanbHOI NNaHKN Hecnewm-
hiYHOT PE3NCTEHTHOCTI OpraHiamy Koponis, 30Kpema
Ni3OLUMHOT aKTUBHOCTI CMPOBATKM KPOBi, KOHCTATO-
BaHO TEHOEHLII0 A0 3HWKEHHS LbOro nokasHuka rnpu-
POLHOrO 3aXUCTY Y XBOPMX HAa aepoOMOHO3 pub i niaBu-
LLIEHHS 3a fji cMHBioTnYHOro npenapary. Lle, MoBipHO,
MOB’A3aHO 3 TUM, LLO TUTP Ni30LUMMY 3Ha4YHO 3aNeXnTb
Big 6aratbox ghakTopis.

IMyHORNOriYHa peakTUBHICTb OpraHiamy BU3HaYaETb-
CS 3a Moro 30aTHICTIO po3ni3HaBaTh Ta 3HELLKOOXYBaTh
reHeTUYHO YyxopigHe. KniTMHHY naHky Hecneundiy-
HOi pPe3NCTEHTHOCTI opraHiamy pub, sk i ccaBuiB, Xa-
pakTepuaye daroumMTapHa akTUBHICTb KpoBi. dParouu-
TO3 — Le NpoueC akTUBHOMO MOMMMHAHHSA KITiTUHaMM
OpraHiaMy NaToreHHWX >XUBUX i BOMTUX MIKpOOpraHis-
MiB, @ TaKOX iHLLNX YY>KOPiAHMUX YacToK 3 nogansbLunum
nepeTpaBrieHHAM iX 3a JOMOMOrow BHYTPILLHbOKI-
TUHHUX eH3MMiB. OCHOBHUMM KNiTUHaMW, siki 6epyTb
yyacTb y npoueci dparoumtosy, € HeMTPoginbHi rpa-
HynouwnTm [13].

[MpoBeaeHi gocnimKeHH Nokasanu, WO 3aXBOPHoBaH-
Hs1 KOpOMiB Ha acoLliioBaHy opMy aepOMOHO3Y CrpU4m-
HAMO 3pOCTaHHs barouMTapHOro iHAEKCy Ta dharoumTap-
HOro YMcna Ha TNi 3HWKEHHSA baroumMTapHOI aKTUBHOCTI
HenTpodiniB kpoBi (Tabrn. 2). HeobxiaHo 3ayBaxuTy, LIO
haroumTapHU iHOEKC, AKUIA XapakTepumaye KinbKicTb
3axonfeHnx MiKpoopraHiamis 0O4HUM akTUBHUM dharo-

Tabnuus 2. MNMokasHukn HecneundivyHOT Pe3NCTEHTHOCTI
(darountapHa akTUBHICTb, harounTapHui iHAeKe i darounTapHe
4ncrno) y kpoBi AgocnigkyBaHux koponis (Mtm, n=4)

Table 2. Indicators of nonspecific resistance (phagocytic activity,
neutrophil phagocytic index and phagocytic neutrophil count)

in the blood of the experimental fish (Mtm, n=4)

I'pynu / Groups

Moka3Hukn

Parameters Kg:')mgl'b O1/E1 02/ E2
DA/ PA, % 40,5+¢3,3 38,0+1,05 39,5+1,1
®l, og. / NPI, units 10,4£0,4 12,6+0,6* 11,2+0,4
®Y, oa. / PNC, units 4,2+0,1 4,810,2 4,4+0,08
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LMTOM, Y KpPOBi XBOpMX koponis 6yB Ha 21,1 % (P<0,05)
GinbLNI, HiXK Y KMiHIYHO 300pPOBOI pMbK. Pesynbratu
UMX OOCNiAKEeHb CBigYaTh, L0 3aXBOPHOBAHHS KOPO-
niB Ha acouinoBaHy (bopMy aepoMOHO3Y CMpPUYUHSE
iIMyHOCYNpPEeCUBHUIA BNNMB Ha dharoumTapHy akTUBHICTb
HenTpodiniB KPOBi, BOAHOYAC NOTYXHICTb (harounTosy
3pocTae. Y KoponiB gpyroi AOCHiAHOI rpynu, sikin 3acTo-
coByBanu npenapar « EHTepoHOPMiH», NOKa3HWKK dparo-
LMTO3Y rpaHyrouuTiB KPOBI 3a 3Ha4YEHHSIMK Bynun Ha piBHI
KOHTPOIbHOI rpynu, TOGTO 300poBKX PUB.

Omxe, pesynsTtaTi NpoBeaeHUX JOCNiAXeHb BKa-
3yl0Tb Ha Te, WO Y KOponiB, ypaXeHUX acoLifioBaHO
DOakTepianbHO OPMOI KpacHyxu, 3adikcoBaHO
36iMbLUEHHSI BMICTY LIMPKYMIOYMX iIMYHHUX KOMMIEK-
CiB Ta 3HWXEHHS MOKA3HWUKIB KIMITUHHOI i ryMopanbHOi
NaHoK HecneundidHoT pe3nCTEHTHOCTI, a came dparo-
LMTapHOI Ta Ni3oLMMHOT aKTUBHOCTI KpoBi. 3 unx aa-
HMX MOXHa 3pOOUTU MPUMYLLEHHS, LLO Y KOPONIB, XBO-
pux Ha acouinoBaHy bakTepianbHy OpMY KpacHyxM,
LS NaHKa 3axncTy OyHKUiOHaNbHO MEHLU akTUBHA, HiX
y 3gopoBux pub. Ller dhaktop moxxe Bytn abo ogHum
3 MPOBIOHMX Y NATOreHesi ix 3aXBOPIOBAHHS KPACHYXOH0
abo il Hacnigkom.

3acTocyBaHHsi XBOPMM Ha aepOMOHO3 Koponam
npenapaty «EHTepoHOpMiH» y KOMNnekci 3 Nogom
i CeneHom CnpUYNHANO HOPMani3yr4uii BB Ha LO-
CnigKyBaHi NOKa3HMKM NPUPOAHOro 3axucTy. Lli 3MiHu,
MMOBIPHO, 3yMOBIEHi KOMMNIIEKCHOI aAUTUBHO A€o
MoroYHoKMcnnx GakTepin (Enterococcus spp., Lactoba-
cillus spp. Ta Bacillus subtilis spp.) i LOMOMPKHMX KOM-
MOHEHTIB XiTO3aHy Ta NENTOHY, WO € Y AOCTiKyBaHOMY
npenapari, a Takox CeneHy Ta Vogy. Pasom 3 uym, npe-
napar NPOSBISIE aHTArOHICTUYHY aKTUBHICTb [0 LUMPOKOro
CNeKTpy naToreHHux GakTepin i rpndis. Popmyroum Hop-
ManbHy Mikpodornopy, « EHTepoHoOpMiH» LM cTabinisye
3aXMCHi CUMY OpraHiamy Koporiis.

BucHoBKu

3axBoptoBaHHsI KOPOMIB Ha acouiioBaHy bakTtepi-
arnbHy bopMy KpacCHYyX1 CNPUYMUHSIE iIMYHOCYNPECUBHUIA
BNAMB Ha MNOKa3HMKW NPUPOAHOI PE3MCTEHTHOCTI opra-
Hi3my. 3okpema, 3adhiKCoBaHO 3HUXKEHHS haroLTapHol
aKTUBHOCTI HEUTPOQINBHUX rPaHYOLUUTIB i Ni3OLMMHOI
aKTMBHOCTI CMPOBATKM KPOBi Ha Tni 30iMbLUEHHS BMICTY
LMPKYOYMX IMYHHUX KOMMSIEKCIB i dharounTapHOro
iHoekcy (P<0,05-0,01).

KoHcTaToBaHO peabiniTauinHy gito CUHGIOTMYHOrO
npenapaty «EHTEpOHOPMIiH» Y Komnnekci 3 Mogom
i CeneHoM Ha MOKa3HUKK KNiTUHHOI i rfymopanbHoi
naHok HecneundiYHOI pe3NCTEHTHOCTI OpraHiamy
pub, XBOpUX Ha acouiioBaHy 6akTepianbHy opmy
KpacHyxw.

MepcnekTuBM NoganbLUMX AOCHiAKEeHb

AKTyanbHUM € 3’ACyBaHHA BNNMBY CUHBIOTMKA
«EHTEpOHOPMIiH» Ha CTaH cMCTeMU aHTMOKCUOAHTHO-
ro 3axucty Kkoponis. TakoX AOUINbHUM € AOCTiAKEHHS
iHTEHCMBHOCTI NPOLECiB NEPOKCUAHOrO OKUCHEHHS fi-
nigiB Ta piBHS OKMCHIOBANbHOIO MOLLKOMKEHHS BinkiB
Yy KOpOMiB 3a ypaKeHHA aepOMOHO30M i 3a NiKkyBaHHS
BKasaHUM npenapaTtom.
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Natural defense mechanisms in carp infected by bacterial aeromonosis
and after treatment with the synbiotic drug “Enteronormin”

Kh. Ya. Solopova
khrystyna.solopova@gmail.com

Institute of Animal Biology NAAS,
38 V. Stus str., Lviv, 79034, Ukraine

Aeromonosis of carp fish is one of the most common diseases of pond fish, which causes significant loss for fisheries: fish mortality
is from 10 to 90 %. For fish treatment antibacterial drugs such as nitrofuran, antibiotics, feed antibiotics, as well as dyes are used.
Despite the significant benefits of using antibiotics, it is now believed that overuse of any antibiotic substance over a period of time can
lead to a local population of bacteria resistant to them. Therefore, probiotics have several advantages over existing vitamin and antibiotic
drugs: they are technological in animal use; low toxic; cheap; simple and environmentally friendly production; high economic efficiency of
application. Here are the results of studies of the influence of the synbiotic drug “Enteronormin” with iodine and selenium on the indices
of nonspecific resistance to the organism of carp affected by bacterial aeromonosis. The research was conducted under the conditions
of aquariums at the Lviv Research Station of the Institute of Fisheries of NAAS. The control group, which consisted of clinically healthy
fish, received only 3 % starch suspension, the 1%t experimental group (E1) — aeromonosis affected carps who were given only 3 %
starch suspension, the 2™ experimental group (E2), which consisted of carps affected aeromonosis, through the probe within 7 days
was administered the drug “Enteronormin” at the rate of 2 mg per 1 kg of fish weight in the composition of 3 % starch suspension. Before
feeding for the carp drug was activated for 14—16 hours water enriched with lodine and Selenium ions in the lodis + Se form (TU U 15.7-
30631018-011:2011). Studies have shown that a disease associated with the bacterial form of aeromonosis has an immunosuppres-
sive effect on the body’s natural resistance. In particular, there was a decrease in the phagocytic activity of neutrophilic granulocytes
and lysozyme activity of the blood serum against the background of an increase in the content of circulating immune complexes and
phagocytic index. The rehabilitative effect of the enteronormin synbiotic drug on the investigated indices of cellular and humoral setions
of nonspecific resistance of fish organisms affected by bacterial aeromonosis was ascertained.

Key words: fish, carp, aeromonosis, synbiotics, “Enteronormin”, circulating immune complex, lysocimic activity, phagocytal activity,

neutrophil phagocytic index, phagocytic neutrophil count
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Relationships between subclinical laminitis and sole ulcer in cows
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pavol.mudron@uvlf.sk

University of Veterinary Medicine and Pharmacy in KoSice, clinic of ruminants,
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Subclinical laminitis is a multifactorial syndrome with complex pathophysiology and signif-
icant economic impact on dairy industry. One of the effects it has on the welfare of cattle is that it
predisposes to the development of other lesions on the foot, predominantly sole ulcers and white
line disease. The aim of the study was to investigate if the subclinical laminitis actually pre-
disposes dairy cows to the development of sole ulcer. The data used in this study were obtained
on 220 Holstein Friesian dairy cows during of routine orthopedic and claw trimming visits as well as
within a period between them when lame cows were treated. All of the cows were kept on manure
solid bedding and fed TMR. The average milk year yield was 9000 kg. At the first visit the cows
with subclinical laminitis were identified (LS group). The occurrence of the sole ulcer was checked
at the following visits in all the cows. Out of the 220 examined dairy cows, 10 were affected by the
subclinical laminitis (LS group; 4.55 %). 69 dairy cows were free of claw diseases (control group;
31.4 %). In the following orthopaedic controls, the sole ulcer was detected in two cows from the
LS group (20 %) and only in one cow in the control group (1.45 %). The difference in incidence of
the sole ulcer between both groups was significant (P<0.05). The results of this study indicate that
there is an association between subclinical laminitis and prevalence of sole ulcer in dairy cows.

Key words: cows, subclinical laminitis, sole ulcer

Lameness is the most serious welfare problem fac-
ing the dairy cow and the European dairy industry. The
disorder causes pain and distress for the cow and sub-
stantial economic losses. When evaluating the cost of
each case of lameness, many factors have to be con-
sidered, which can be divided into direct and indirect
costs. Indirect losses are related to: prolonged calving
interval, culling losses, reduced milk yield, weight loss
and replacement costs. The direct losses are consid-
ered to be the veterinary expenses and drugs. A quar-
ter of all losses of lameness, are due to the reduced
milk yield and the discarded antibiotic-treated milk
during the therapy periods. Cows with a higher yield
have an increased risk of lameness, and problems with
lameness occur primarily in the early lactation period;
one to three months [7].

Lameness is a multifactorial condition. Primary caus-
es include infectious agents (e.g., foot rot, digital derma-
titis), laminitis, conformational or other lesions (e.g., cork-
screw claw, leg injury); and claw lesions such as white
line disease, thin sole-induced toe ulcers, sole ulcers,
toe ulcers, sole punctures, and thin soles [2]. Sole ulcers,
which are one of the most severe pathologies causing
lameness, are non-infectious in nature and occur when
claw horn formation is disrupted. The underlying tissue
then becomes inflamed and sometimes exposed. Cows
are particularly vulnerable around the time of parturition;
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changes in hormone levels cause increased vascular
permeability, increasing the risk of oedema and ischemia
in the hoof [5].

The purpose of this study was to examine the rela-
tionship between body condition score and claw diseas-
es in dairy cows in order to form a better understanding
of the development of claw diseases.

Materials and Methods

The data used in this study were obtained on
220 Holstein Friesian dairy cows during two sessions
of routine orthopaedic and claw trimming visits (au-
tumn 2016 and spring 2017) as well as within a period
between them when lame cows were treated. All of
the cows were kept on manure solid bedding and
fed TMR. The average milk year yield was 9000 kg.
At the first visit the cows with subclinical laminitis were
identified (LS group). The diagnosis of the subclinical
laminitis was based on an observation of symptoms
of sole haemorrhages and yellowish-coloured soles.
The occurrence of the sole ulcer was checked at the
following visits in all the cows. Statistical analysis was
performed by running a chi-squared test to test a dif-
ference between sole ulcer incidence in LS and con-
trol (healthy) group.

bionozis meapuH, 2020, 1. 22, N 1



Mudron P.

Relationships between subclinical laminitis and sole ulcer in cows

Results and Discussion

Out of the 220 dairy cows examined during au-
tumn 2016 ten cows were affected by the subclinical
laminitis (LS group; 4.55 %). 69 dairy cows were free
of claw diseases (control group; 31.4 %). In the follow-
ing orthopaedic controls the sole ulcer was detected
in two cows from the LS group (20 %) and only in one
cow in the control group (1.45 %). The difference in
incidence of the sole ulcer between both groups was
significant (P<0.05, table).

Laminitis is an inflammation of the laminar corium
of the hoof wall. In general, the term laminitis is used
to describe a systemic disease affecting not only the
hooves, but also the general condition of the animal.
Researchers believe the inflammation is primarily as-
sociated with a dysfunction of the digital vasculatory
system that results in hypoxia and malnutrition of the
sensitive laminar structure in the hoof wall. The aeti-
ology of the circulatory disturbance is not fully under-
stood and there are some possible explanations often
related to nutrition, which we will discuss further. Due
to mechanical stretching of the attachment between
the inner and outer laminar structures of the hoof wall,
which has been affected by the inflammation (i.e. lam-
initis), the claw bone can rotate and or sink inside the
hoof [1]. Depending on the severity of the laminitis,
the mobility of the claw bone inside the capsule and
the counter pressure on the sole from hard floors, the
sole corium can be contused and secondary lesions
of the sole area can develop [6].

Subclinical laminitis is a multi-factorial welfare issue
which predisposes to the development of other sole
lesions, such as sole ulcer and white line disease, by
weakening the integrity of claw tissues. Its impact on
the economy of dairy industries is enormous, with up to
52 % (average 20—25 %) of high-production intensive-
ly-managed dairy cows becoming lame each year [4].

Sole ulcers are one of the most common causes of
lameness in dairy cows and the most important one [8].
Over the last few years, an extensive change has been
in the supposed role of nutritional management in the
control of lameness. In the past, the control of subacute
ruminal acidosis (SARA) was believed to be a major
factor in limiting claw horn lesions because of SARA's
suggested role in the development of laminitis [3]. The
control of SARA is still believed to be important for main-
taining the health and production but it has now been
proven to be of low priority in the control of lameness.

In our study 20 % of cows suffering from subclinical
laminitis during the controls ended up developing sole
ulcer on either the same or different claw. Although the
number of patients tested is relatively reduced, the re-
sults of the study are significant and justify the hypothe-
sis of the relationship between subclinical laminitis and
sole ulcer. As above mentioned, laminitis is a disease
of many aetiologies and have such a complex patho-
genesis, that some mechanisms may predispose to the
development of sole ulcer at a certain time and another
time not. It is vital to keep in mind that not only disease
or infection leads to sole lesions, but welfare, nutrition,
management and different stages of the life of the animal
play a crucial role on the emergence of lesions on the
claws that cause lameness and reduce productivity.

The Animal Biology, 2020, vol. 22, no. 1

Table. Assessment of the sole ulcer in 220 dairy cows (100 %)
with/without subclinical laminitis

A Sole ulcer
1st trimming L
Claw Status on subsequent trimmings
N % N %
No Disorders 69 314 1 1.45 (of 69)
Subclinical Laminitis 10 4.55 2 20 (of 10)*

Note. * — P<0.05, x*test.

Conclusion

The results of this study indicate that there is an
association between subclinical laminitis and preva-
lence of sole ulcer in dairy cows. Therefore, a dairy
farm management should pay more attention to avoid
all known risk for subclinical laminitis development on
the farm to prevent higher incidence of lameness.

Prospects for Further Research

Laminitis is a complicated disease of which the
origin is not clearly understood. Overall, the update
information strongly suggests that endotoxins (ET) play
a significant role in the development of laminitis in dairy
cows. It is important to continue expanding our knowl-
edge of ET and to develop possible preventative mea-
sures against their actions on the host. Although more
information is available for the role of lipopolysaccha-
rides, several studies indicate a contribution of lipote-
ichoic acid in this disorder as well, which demonstrates
a need to also increase research efforts in this area.
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3B’A30K MiXk CyOKMiHiYHUM NaMiHiTOM Ta BUpa3Koo NiAoOLWBM Y KOPiB

1. MydpoH
pavol.mudron@uvlf.sk

YHiBepcuTeT BETEPMHAPHOI MeanUmMHM Ta dapMauii y Kowwmue, kniHika XXymHUX TBapuH,
Byn. KomeHcbkoro, 73, m. Kowwuue, 04181, CrnoavynHa

Cy6kniHiYHUIA NaMiHIT — ue HaratohakTopHUIA CUHAPOM 3i CKIaAHO NaTodidionorieto Ta 3Ha4HNM EKOHOMIYHUM BMIIMBOM Ha MOOYHE
ckoTtapcTBo. OAMH i3 HeraTMBHUX HACMIAKIB NaMiHITY Ha 3A0POB’A BEMUKOI poraToi XyAobw nonarae B MOXIMBOMY YCKMaAHEHHI oro nepe-
6iry iHLUIMMK XBOpOGamu KOMUT, 30Kpema BUPa3Koto NiAOoLLBM Ta naTororismm 6inoi miHii. MeTotro Halworo gocnimkeHHs 6yno 3'acyBaHHs poni
CyOKiHIYHOro NamiHiTy y po3BUTKY BUpasku Nigowsm. BukopucTtaHi y LboMy gocnimkeHHi aaHi 6ynuv otpymaHi Ha 220 MOMOYHKX FONLUTUHO-
pU3bLCKVX KOPOBaXx Nif, Yac NNAHOBKX CeaHCIB OPTONEANYHOrO Ornsdy Ta 0bpi3aHHS KOMUT, a TakoX NpW NikyBaHHI 3aXBOPIOBaHb KOMUT.
Kopis yTprmyBanu Ha rmumbokin nigcTunui i rogysanu noBHopawioHHo kopMoBoto cymiwwio (TMR). CepenHs piyHa monovHa npogyk-
TUBHICTb kopiB cTaHoBuna 9000 kr. Mpu nepLuomy BigBigyBaHHI BUSIBMSNN KOPIB 3 CyOKNiHIYHUM namiHiToM. Mpu HACTYNHUX 0BCTEXEHHSIX
BCiX KOpIB NEPEBIPANN Ha HasiBHICTb BMpasky nigowwsu. 3 220 obcTexeHnx MOMoYHKX kopis, y 10-Tu giarHoCToBaHO CyOKMiHIYHWIA NamiHiT
(mocnigHa rpyna; 4,55 %), a y 69 kopiB He BUSIBNIEHO XOAHMX NaTOMOrii KonuT (KoHTponbHa rpyna; 31,4 %). IMig yac HacTynHmMx obcTexeHb
BMpaska nigoLsu 6yna BusiBneHa ABOX KOpiB i3 rpynu 3 cybkniHiuHMM namiHitom (20 %) Ta nuiie y ofHiei KOpoBW KOHTPOSBLHOI Fpynn
(1,45 %). PisHnus 3axBoproBaHOCTI Ha BMpasKy MigoLwBy Mk rpynamu 6yna ctatuctmuyHo BiporigHoto (P<0,05). Peaynsrati Lporo gocni-
[PKEeHHS CBigYaTb MPO B3aEMO3B’A30K MiXK HAsAABHICTIO CyOKNiHIYHOMO NamiHiTy Ta BUHMKHEHHSIM BUPa3Ky MiAOLLBM Y KOPIB.

Knro4yoBi crnoBa: KopoBu, CyOKMiHIYHMI NaMmiHiT, BUpaska nigoLsu
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Kopomke noeioomneHHs

Mukona Namania — BuaatHun mikpobGionor Ta enigemionor

(a0 160-piuusa Big AHA HApPOMXKEHHS)

O. B. TimapeHko
elenavikttit@gmail.com

MonTaBcbka Aep)kaBHa arpapHa akagemis,
Byn. Ckosopoau, 1/3, m. MNonTtaea, 36003, YkpaiHa

BuknageHo kopoTkuii GiorpadpivyHmiA Hapuc Ha noluaHy 160-pivys Big AHA HAPOMKEHHS
Mukonn ®egoposuya Namanii, BugaTHoro mikpobionora, enigemionora, ririeHicta i opraHisatopa
OXOPOHM 3[0POB’sl, SIKNIA CTBOPMB APYrYy B CBiTi OAKTEPIoNoriyHy CTaHujilo Ans LwenmneHb NpoTu
ckasy. Mukona ®enoposuy Hapoamecsa 17 ntotoro 1859 p. B Opgeci y ciM’i BincTaBHOro reapgin-
cbkoro ogpitepa degopa Muxannosuya Mamanii. Mukona ®enoposud Mamania 6ys 12-t0 guTu-
HOI0 Y CiM’i, sika Hanexana [0 CTapOBUHHOIO ABOpsAHCBKoro pody. Oia Muxanno JleoHTinosud
lamanis OyB nikapeM, Skuin nepwnm y Lapcbkin Pocii onybnikyBas pesynbsrat gocnigkeHb
wopno cunbipkn. OguH 3 noro npegkis Mpuropin Bucoubkuin cnyxme y borgaHa XmMenbHULBKOTO,
OyB roro nocnom B TypeyunHi, e oTpumae npi3aBUCbko «famanisa», Wo 3 TypeubKoi 03Havarno
«MoryTHin». Y 1880 p. Mukona Namanisa 3akiHune HoBopocincekuii yHiBepcutet B Ogeci,
ay 1883 p. — BiicbkoBo-Megu4Hy akagemito B CaHkT-leTepbypsi. Y 1883 p. Mamanis no-
BepHyBcs B piaHy Ofecy. TyT BiH 3arimaBcs npobneMamu bakrepionorii Ty6epkyneo3y i cubipku.
Y 1886 p. npautoBas y Napwxi y Jlyi lNacTepa, BMBYAOUM LLIENNEHHS NPOTU CKa3y, yAOCKOHaNnMe
nacTepiBCbkuin MeTop, 3anobikHuX wwenneHb. Y 1886 p. H. ®. Mamanisa pasom 3 . I. Me4yHnkoBuM
i A. KO. bapgaxom opraHizyBanu B Ogeci 6akTepionoridyHy CTaHuilo Ans WenneHb NpoTu cKasy.
Mwukona ®efopoBMY BU3HAYMB OCHOBHUI 3axig 60pOTbOM 3 YyMOK — BUHULLEHHS NMaLoKiB.
Po3pobnsaB wenneHHsa npoTn BUcunHoro tudy i Tybepkynbosy. Mukona Mamanis 3pobus 3Hau-
HWA HayKOBWUA BHECOK Y pO3pobreHHs 3axodiB Ae3iHdeKLil, BBiB TEpMiH «ae3iHceKLUisi», byB

iHiLiaTOpOM NpoBeAEHHS Ha TEPUTOPIT BCIET KpaiHK 3aranbHOi BakUMHaLT Big Bicnu.

KnrouoBi cnoBa: Namania Mukona ®egopoBuy, ictopia mikpobionorii, ririeHu Ta

enigemiornorii

Y 2019 p. sunosHunoca 160 pokiB Big AHS Hapo-
xeHHs Mukonn ®egoposurya Mamanii, skMii HapoamBecs
17 moToro 1859 p. B Ogeci B ciM’i BigcTaBHOro reap-
Aincbkoro ogoiuepa ®enopa Muxanosuya Mamanii [3].
Mwukona ®enoposuy 6yB 12-10 AUTUMHOO B CiM'i, LLIO Ha-
nexana oo CTapoBMHHOTO ko3avbkoro poay. Adia Muxan-
no JleoHTinosuy MNamania 6ys nikapem, sK1in nepLunm
B Llapcbkin Pocii onybnikyBaB pe3ynsrati OChioKeHb
wono cunbipku [3]. OgmH 3 noro npeakis Mpuropin Buco-
ubkuii cnyxuB y borgaHa XmenbHuupkoro, 6yB 1oro no-
cnom y TypedyuHi, e oTpymaB npi3BMCbKO «lamanisy,
LLIO TYpELbKOK O3Ha4ano «MOryTHin». 3BigTu i npis-
Buwe. lNMicnsa 3akiH4eHHs npmuBaTHOI rimHasii Mukona
lamanis BCTYyNMB Ha npupogHuye BiaaineHHs disuko-
MaTteMaTnyHoro dakynsrety HoBopociicbKkoro yHisep-
cutety B Opeci [5]. 3apa3 ue Ogecbkuin HauioHannbHWIA
yHiBepcuTeT iMeHi |. |. MedHnkoBa. Tpu RiTHIX KaHiKy-
napHux micaui Mamanis wopivyHo nposogus y PpaHuii
B Ctpacbypsbkomy yHiBepcuteTi B nabopatopii ®. lonne-
3elinepa, BuB4atoumn Gioximito. Y 1880 p. BiH 3aKiH4MB
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YHIBEPCUTET i BCTYNMB Ha 3-i Kypc BilicbkoBo-meanyHoOI
akagemii y CaHkT-lNeTepbyp3i. 3akiHumBLuKM ¥ 1883 p.
akagemito, noBepHyBcs o pigHoi Ogecm [5].

Jlikapi Ta BeTepmHapu, 0cobnmBo NiBOEHHMX ryOepHin
uapcbkoi Pocii, Bynn 3aHenoKoeHi NOLMPEHHAM Takux
Hebe3neqHNX iHEKLIMHMX 3aXBOPIOBaHb, SIK CKa3 3 oro
CTOBIOCOTKOBOK CMEPTHICTIO, cubipka i xonepa. Oneca
Oyna cBOepigHMMM BOpOTaMmn Ans enigemin — BenuKAUM
MOPCBKMIA MOPT, B SIKUIA MPUXOAMIN CyAHA 3 YCbOTO CBITY,
y TOMY 4mncni 3 Hebraronony4Hux B enigemMionoriyHoMy
acnekTi kpaiH. Ogecbki 6akTepionory npauoBanu Hag
CTBOPEHHSIM HaLiIMHOTO LWKTa Big, enigemin, i monoguin
nikap Mukona Namanis ctas NPUYETHNUM [0 BUPILLEHHS
uiei roctpoi npobnemu [4].

B Opeci BiH 3aimaBca npobnemamu 6akTepionorii
Tybepkynboay i cubipkn. Y 1886 p. npautoBaB y [Napwxi
B Jlyi lMacTepa, BMBYAOUM LLENTIEHHSI MPOTK CKady, yao-
CKOHamnmB NacTepiBCbKMIN MeToZ, 3anobikHMX LLEMMEHb.
Y ToMmy X poui pasom 3 I. |. MeyHnkosum i A. 1O. bap-
Oaxom opraHisysaB B Ofeci nepLuy B Pocinicbkin imnepil

53



TitapeHko O. B.

Mwukona lamanis — BUAATHUN Mikpobioaor Ta enigemionor (40 160-pivus Big AHA HAPOAXKEHHS)

Puc. 1. lamanis Mukona ®egoposwu [2]
Fig. 1. Hamaliya Mykola Fedorovych [2]

i Apyry B CBIiTi 6aKkTepionoriyHy CTaHujio Ans WenneHb
npoTtn ckaay [2].

[MactepiBcbka cTaHuUia Oyna Bigkputa 12 4yepBHs
1886 p., a 11 nunHa Mukona ®egopoBuy Bxe 3pobus
nepLui WenneHHs noaam, ki otpumanu ykycn. CtaHuis
cnoyaTtky 6yna poamiweHa B kBapTupi Mamanii [5].

Bnpopoex poky lamania BuB4ae, yaockoHanoe
i aHanisye metog lNMactepa, nigTpyMyo4m 3 HAM Mo-
CTiiHe NUCTYBaHHSA. Y pesynbrarti uiei poboTtn 6ynu
3MiHEHI MeToA NPUroTyBaHHS BaKLMHK i cxema iMyHi-
3auii. HewkianmeicTb akTuBHILLMX npenaparis Mamania
nepesipsiB Ha cobi [5].

lamanis 3armMaBcs b6aratbma npobriemamm i 3podme
4YMMaro LiHHMX CMOCTEPEXEHD, SKi, K BUSBUIOCSH 3ro-
OOM, He 3aBxau Bynu 3po3yMinvmMm i oLiHEHUMK NOTo
cyyacHuKamu, Tomy Lo 6ynm 3pobneHi HaaTo paHo. Tak,
y 1888 p. BiH nokasas, Lo 30yAHWK YyMu poraToi Xyaobu
NpoXoauTb Yepes MIKpONopUCTi PiNsTpU, Ak 3aTpumMy-
toTb BakTepii, To6To BMABMB Bipyc. Mukona ®egoposuy
3ayBakvB SIBULLIE CMOHTAHHOrO Ni3ncy 6akTepin cndipku,
Ha3BaB 1oro GakTepionisoM, BUBYMB LiEN NPOLIEC | Yepes
Barato pokiB 3po3yMmiB, LLO BiAKpyB sBuLLEe BakTepiodoarii.
Ane npiopuTeT Bxe Hanexas [’ Eppento [2].

Y 1892 p. Mukona Mamanis 3aXucTuB AOKTOPCbKY
OuceprTadito Ha TeMy «ETionoris xonepu 3 TO4KK 30py
ekcnepumeHTanbHol natonorii» [3].

Y 1899 p. Mukona ®efopoBuY CTa€e AUPEKTOPOM
OpraHizoBaHOro HMM Ha CBOI KOLWITK BakTepionoriyHoro
i dizionorivyHoro iHcTUTYTY B Ofieci Ha 6asi cTBopeHOT
HMM BakTepionoriyHoi cTaHuii. Konektne IHcTUTyTy 3a-
NMaBcs OiarHOCTUKOK, HAaBYaHHSM fikapiB, BUNYCKOM
nikyBanbHMUX NpenapariB (Hanpuknag, npotnandTepin-
HOI aHTUTOKCUYHOI cnpoBaTkm) [5].
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Y 1901-1902 pp. Mukona ®enoposBuy kepysas
npoTuenigemiyHMMuM 3axogamu nig Yac yymm B Ope-
Ci [2]. Mamanisa BcTaHOBMB, WO OCHOBHUM QKEPENIOM
YymMm Bynu YopHi Wypw, ski npubysann go Ogecun Ha
naponnaeax 3 Tennux kpaid. Tomy Mukona ®egopo-
BMY BU3HAYMB OCHOBHMI 3axig 60poTbbu 3 yymor —
BUHULLEHHS nautokiB. MepLu 3a Bce B6yno ovmLLeHo Big
WwypiB 42 naponnaswu, Aki Npubynu Jo nopTy. Y MicTi,
[04aTKOBO A0 cnelianbHUX rpyn MiCbK1X NpaLliBHUKIB,
BiH CTBOPMB A400POBINbHI 3aroHn 3i 3HULLIEHHS Napo-
NAaBHMX i MICbKMX LLYpPIB 3 NO4anbLINM CriartoBaHHAM
Tpynie. BuHuLeHHA nautokiB Tpmeano 12 gHis, i cnanax
yymu B Opgeci npunuHmnecs [5].

Y 1908 p. MNamanis 6yB nepLunm, XTO 3pO3yMmiB, LLO
BUCUMHUIA TN NepefaeTbes Yyepes yKycu sollen [8].
Y 1910 p. Bnepwe obrpyHTyBaB 3HAYE€HHS OE3iHCEK-
uii anga nikeigauii BUCUMNHOIO i NMOBOPOTHOro Tudis [2].
Mwkona ®egopoBuy BBiB TEPMIH «Ae3iHcekUia» [5].
Y 1912 p. Namanis ctae KepiBHUKOM IHCTUTYTY LUENneHb
npotu Bicnu iMeHi [xeHHepa B CaHkT-lMeTepOypsi [3].
KepyBas iHcTuTyTOM [0 1928 p. [2]. 3apa3 ue CaHkT-
MeTepbyp3bknin HayKOBO-AOCNIAHWUI IHCTUTYT enigemio-
norii Ta mikpobionorii im. Mactepa [9]. Namania 3arimae-
Cs1 OpraHisaui€eto MiHiCTepcTBa HapOAHOro 300POB'S,
CTBOPEHHSM CaHiTapHUX opraHiB Harnsgy, nepebyno-
BOK BoonocTadaHHs. Po3pobnsB WenneHHsa NpoTu
BMCUMNHOIO TUQY i TyOepkynbosy [3].

Po3pobnieHi Mamanieto Teopii iHekuii, 3ananeHHs,
BiPYCHOI €TIONOrii 3NOSAKICHNX NYXIMH, BYEHHSI MPO TOK-
CWHW CTaHOBNATb PyHAAMEHTarbHy OCHOBY 3aranbHoi
naTonorii, imyHonoril, mikpobionorii Ta 6ioximii Mikpo-
opraHi3miB. Mamanis OyB iHiLiaTopomM NpoBefEeHHS
y MNeTporpagi i B ycin kpaiHi 3aranbHoi BakUMHaLil
npotu Bicnu [3]. 3Ha4YHMIA HAyKOBMIA BHECOK 3p00MB
y pO3po6Ky BYEHHS Npo AesiHdekLito [7].

3 1930 no 1938 pp. Mamanis kepysas LieHTpanb-
HUM IHCTUTYTOM enigemionorii i 6aktepionorii B Mo-
CKBI [2].

Y 40-x pp. Mukona ®enoposuy hakTMYHO 34INCHMB
beHOMEH reHETUYHOI TpaHcdopmMalLlii KULWKOBUX BakTe-
pin, WO NiaTBEPAXKYE HASABHICTb MaTepianibHOro Hocid
crnagkoBoCTi — reHy. Po6otu 3 TpaHcdopmadii 6ynm
npogoBxeHi akagemikom B. [1. TimakoBuM Ta noro cnie-
pobiTHMKamu, WO y noganbLioMy Npu3Beno 4o CTBO-
PEHHS1 pafsAHCBLKOI LLKOMW reHEeTUKU Ta MOMNEKYNapHOT
Gionorii mikpoopraHiamis [2].

Y poku [1pyroi cBiTOBOI BiiHM amanisa ans nikyesaH-
Hs1 TyGepKynbo3y po3pobus npenapar, WO CKnagaeTb-
Cs1 3 IBOX KOMMOHEHTIB: «MiKOMy», IKUN MICTUTb aHTU-
reHn TyGepKyrnbO3HOI Mannyku i xapakTepuayeTbest iMy-
Hi3yo4UM edPeKTOM, i «TiCCYniHy» — eKCTPaKTy TKaHWH
iMyHI30BaHMX NaLOKiB, LLO Mae nikyBanbHy Aito [5]. Mu-
kona depoposuy 6yB aBTopom noHag 300 nybnikauin,
cepes sIKnx Benvke Micle 3avmanv MoHorpadii Ta Ha-
BYanbHi NOCiIGHWKNM. lMepLunii nigpydHuK 3 BakTepionorii
ans nikapie 6yB BugaHui we y kiHui 90-x pp. XIX cT.
Y 30—40-Ti pp. 6arato nokoniHb ManbyTHix fikapis BY-
BYanum mikpobionorito 3a noro nigpyyHnkamu. 3 1938 p.
i 0o KiHUs xnTTa Mukona ®egopoBuy 3aBigyBaB Ka-
dhenpoto Mikpobionorii 2-ro MOCKOBCbKOro MEANYHOTO
iHCTUTYTY [2].

Y 1941-1944 pp. Mukona Mamanis 3 gpy>XnHot
Hapieto, LOHbKaMK, OHYKaMu Ta iHWWMW BUOATHU-
MU pagsHCBKUMW BYEHMMU 3 poguHamu nepebysanu
B eBaKyallii B micteuky bopoBe y Kasaxcrani [1].
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Y BopoBomy ToAi 6yB TyBepKyrnbo3HU KypopT. TyT
lamaniss opraHisyBaB naboparopito i npoBoaue dyHaa-
MeHTanbHi AOCMiDKEHHS LWOAO0 crneumdivHoro nikysaH-
HS TyGepKynbo3y, pereHepalii TKaHWH i BiAHOBNEHHS.
LlikaBnm € dpakT, wo Mukona degopoBmy 3a JOCUTL KO-
POTKUIA Yac BUBYMB Ka3axCbKy MOBY i HaBiTb NepenHsB
Aesiki Tpaguuii HapoaHOTO NiKyBaHHS Ka3axis. 3a MeTo-
OOM MicueBux nikapie Maman-ara, ik BOHM 3 NOBaroto
Ha3uBanu Mamanito nikyBaB TyOepKybO3HMUX XBOPUX
i3 BUKkopucTaHHaM 3onoTa. 1930 p. B Kaun-Opgai kasax-
CbKOKO MOBOIO, HaKnagoMm y 4 Tucsadi npuMipHukiB 6yna
HagpykoBaHa moro kHura «Ckas», NpucBsaYeHa opraHi-
3auii y KazaxcraHi craHuii-nabopatopii ons wenneHb
Big ckaay [1].

lamanis HagaBaB BEMMKOrO 3HaYeHHs rianypoHOBIN
KUCNOTI, SIK bakTopy pereHepadii TKaHWH, i NPONoHyBas
il NS NikyBaHHS BOTHUL, TyOepKyrnbO3HOro posnagy
i TpobiyHMX BMpa3ok. HesBaxkaoun Ha NOXmnum BIK,
yuTaB Nekuii nikapam, nMcae cnoragu, npawtoBas Haa
HOBMM BUAAHHAM NigpyyHuKa [2].

Mwvikona PenopoBuY NPakTUYHO BCE CBOE XKUTTS Ta-
KOX 3aMmMaBcs Npobremoto CTapiHHA Ta NPOAOBXKEHHS
XnTtTeanx mex [1]. Noro apy>xkmHa npoTarom wictaeca-
TN POKiB XXMTTS Byna AN HbOro BipHUM APYroM i NoMiY-
HukoM. MNMomepna Hagis Mamania y 1944 p., noxosaHa
y Boposomy [1].

Y 1939 p. Mukony ®egopoBuya obpanu YneHoM-
kopecnoHaeHTom Akagemii Hayk CPCP, a B 1945 p. —
incHum vyneHom Akagemii meamyHmx Hayk CPCP [8].

Momep Mukona d®egoposud Namania 29 6epesHs
1949 p. B Mocksi y Biui 90 pokis. HeonybnikoBaHumum
3anuwnnmes Kinbka pykonucie, y ToMmy yncni «BipycHa
Teopia paky». B octanHin ctatTi y Mukonu ®epnoposuya
€ Taki cnoea: «BuLla pagicTb Ang BY4EHOro — YCBiAOM-
noBaTy, WO Moro npai NPUHOCATb KOPUCTb FoguHI» [2].

o uncna yyHiB H. ®. Mamanii 3apaxoByBanu cebe
akagemikn AMH CPCP B. 1. Timakos i 3. B. Epmonbe-
Ba [5]. IM’a H. ®. Mamanii y 1949 p. 6yno npMcBoeHO
HaykoBo-gocnigHoMy iHCTUTYTY enigemionorii Ta Mikpo-
Oionorii Akagemii megnyHnx Hayk CPCP B Mockai.
3 1966 no 2014 p. Ha3ea IHCTUTYTY 3MIHIOBaAsIOCs LUICTb
pasis. 3 2017 p. 3aknag mae Ha3By «HauioHanbHui
OOCNIAHULBKUIA LEHTP enigemionorii Ta mMikpobionoril
iMeHi noyecHoro akagemika H. ®. Namanii» MiHictep-
CTBa OXOpOHM 3a0poB’s Pocincekoi egepadii. ImeHem
BYEHOTrO TAKOX Ha3BaHa BYNULUS, Ha SKi po3TalloBa-
HUW OOCNIOHUUBKUIA LEHTP, SKUW NpoBoAuTbL byHOa-
MEHTanbHi i NpMKNagHi AOCNIIKEHHS 3 aKTyanbHUX
npobnem enigemionorii, Megu4Hoi Mikpobionorii, reHe-
TUKM Ta MONeKynspHoi Bionorii 6akTepin, iHdeKUinHoT
iMyHonorii, KNiTMHHOT Mikpobionorii Ta GioiHxeHepii.
[ocnimpkeHHs 30iCHIOTLCA B CEMU Bigdinax LeHTpy:
enigemiornorii, reHeTUKN Ta MonekynspHoi Gionorii 6ak-
Tepin, Megm4yHoI mMikpobionorii, 6akTepianbHuX iHek-
LK, iHTepdepoHiB Ta imyHonorii [6].

Y 1964 p. 6yno 3aBepLUEHO BUOaHHS 3ibpaHHS TBOPIB
Mwukonu Mamanii B wectn Tomax [2].

CuH noyecHoro akagemika ®egip Mukonariosuy
lamanis 6yB BiicbkoBMM rikapem y Cubipy, B 3abain-
KanbCbKOMY Kpai, B pPEerioHi, Ae Yac Big vYacy noTysanm
BipYyCHMI eHuedaniT Ta iHwWi iHdekuii [4].

OHyK BUOaTHOro BYeHOro — 3aBigysau Bigainy
KNiTUHHOT dooTobionorii i hoTomoaynAuii MyxnMHHoro
pPOCTY IHCTUTYTY eKcrnepuMeHTanbHOI NaTosiorii, OHKO-
norii i pagio6ionorii imeHi P. €. KaBeubkoro HAH Ykpa-
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Puc. 2. M. ®. Mamanis B npe3naii X BcecotosHoro 3'i3gy
GakTepionoris, enigemionoris i caHiTapHux nikapie B Ogeci,
1926 p. [2]

Fig. 2. M. F. Hamaliya at the Presidium of the X All-Union
Congress of Bacteriologists, Epidemiologists and Sanitary
Physicians in Odesa, 1926 [2]

Puc. 3. M. ®. l'amanis y boposomy, 1941 p. [2]
Fig. 3. M. F. Hamaliya at the Borove, 1941 [2]

THW, gokTop GionoriyHmx Hayk, npodecop Mukona de-
Aoposwud Mamanis, Skuin npautoe Hag NepcnekTUBHUM
MeToaoM hoToaMHaMiYHOT Tepanii nyxnuH. fonosHe
y cboTogmHamiYHin Tepanii — BUBIPKOBICTb CBITIIOBOIO
YPaKEHHS MyXMHHOT TKaHUHKM (Ha BigMIiHY Big, Xipypriy-
HOro BTPy4aHHs) i Mana TpaBMaTu4HiCTb. Llen metog
[O03BONSE He nuwe gomortucs 6esnocepenHboro ypa-
XKEHHS MYXIMHHUX KIiTUH, ane n 3anycTuTu imyHoso-
riYHi MexaHiamu [4].

BucHoBok

BHecok Mukonu ®egoposuya amarnii y BiTYM3HsAHY
Hayky € 6e33anepeqyHumM. Mukona ®egopoBuY yaoCKoHa-
NMB NacTepPIiBCbKUA METOA, 3anobikHMX LLEeNfeHb NpoTu
cKkasy, 3anmaBcs npobnemamm cubipku, xonepu, BUCHN-
HOro i NOBOPOTHOro TUIB, YymMK Ta BiCMK, BBIB TEPMiH
«AesiHceKUig», po3pobnas MeToam AesiHekuii, NpoBo-
OVB (byHaAaMeHTanbHi JOCHiMKEeHHS LWoao cneumgivyHoro
nikyBaHHS Ta NpodinakTukn TyGepKynbo3y, pereHepadii
TKaHWH i BIOHOBMNEHHS HEPBIB, PO3p0bMB Teopii iHdeKL,
3ananeHHs, BipyCHOI eTionoril 3MOAKICHNUX NYyXINH, BYEH-
HS MPO TOKCUHW, BMBYaB Npobnemu cTapiHHS.
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Mykola Hamaliya, an outstanding microbiologist and epidemiologist
(to the 160™ anniversary of the birthday)

E. V. Titarenko
elenavikttit@gmail.com

Poltava State Agrarian Academy,
1/3 Skovorody str., Poltava, 36003, Ukraine

The brief biographical essay in honor of the 160" anniversary of the birth of Mykola Fedorovych Hamaliya, an outstanding Ukrainian
microbiologist, epidemiologist, hygienist and health care organizer who organized the second bacteriological station in the world for
vaccination against rabies. He was born on February 17, 1859 in Odesa in the family of a retired Guards Officer Fedir Mykhailovych
Hamaliya. Mykola was the 12" child in the family, which belonged to an old cossak family. Grandfather Mykhailo Leontovych Hamaliya
was a doctor who was the first in Tsarist Russia to publish the results of his research on anthrax. One of his ancestors, Hryhoriy Vysotsky,
served with Bohdan Khmelnytsky, was his ambassador in Turkey, where he got the nickname “Hamalia”, which in Turkish meant “mighty”.
Mykola Hamaliya graduated from the University in Odesa in 1880 and the Academy of Military Medicine in St. Petersburg in 1883. In 1883,
Hamaliya returned to his native Odesa. He began to study the bacteriology of tuberculosis and anthrax in Odesa. In 1886 he worked
in Paris with L. Pasteur. Studying vaccination against rabies, he improved on Pasteur’s method of prophylactic inoculations. In 1886
M. F. Hamaliya, I. I. Mechnikov and Y. Yu. Bardah organized a bacteriological station in Odesa for vaccination against rabies. Mykola
Hamaliya identified the main measure of the fight against plague — the extermination of rats. He developed vaccination against typhus
and tuberculosis. Mykola Hamaliya made a significant scientific contribution to the development of the doctrine of desinfection, he intro-
duced the term “desinsection” into the language. Hamaliya initiated global vaccination for smallpox.

Key words: Mykola Fedorovych Hamaliya, history of microbiology, epidemiology and hygiene

Titarenko EV. Mykola Hamaliya, an outstanding microbiologist and epidemiologist (to the 160" anniversary of the birthday). Biol. Tvarin. 2020;
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IHCTUTYT BlOoNnorii TBAPUH HAAH
oroioiiye€ HABIP:
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3a cneuianbHOCTSMM:
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MNMpu BCcTyni go acnipaHTypu abiTypieHTU CKNaparTb
icnUTKU 3 iIHO3eMHOI MOBM i cneliaribHOCTI.

HaB4aHHA B acnipaHTypi 34iMCHIOETLCA 3a paxXyHOK:

— KOLWTIB AepxbtooxeTy YKkpaiHM — 3a AepXXaBHUM 3aMOBMEHHSAM;
— KOLUTIB IOPUAMYHUX Ta (Pi3NYHUX OCI6 — Ha yMOBaX KOHTPaKTYy
(3ao4Ha dpopma).

TepmiH nogaHHAa aokymeHTiB: 3 01.07. go 31.08.2020 p.
3a agpecoto: [HcTuTyT Gionorii TBapuH HAAH, Byn. B. Ctyca, 38, m. JlbsiB, 79034.
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IHcTMTyT Gionorii tBapuH HAAH
Orosioulye KOHKypc Ha 3pobyrra
npemii imeHi C. 3. MxuubkKoro

Mpemist imeHi C. 3. IKMLLKOro NpUCymKy-
€TbCS 3a HayKOBi npaui (LUKN HayKOBUX
npaub) 3 BUBYEHHS i 3’ACyBaHHSA disionoro-
BioXiMIYHMX MeXxaHi3MiB pOpMYyBaHHSA NpPo-
AYKTUBHOCTI Ta Pe3NCTEHTHOCTI OpraHiamy,
AocniopKeHHs 3 gpisionorii i Bioximil, KmuBreH-
HS TBapuvH, po3pobreHHs Ta BNPOBagKEHHS
HOBUX BiOTEXHONOriYHNX MeToAiB, Npena-
paTiB, 6ionoriyHo akTUBHMX gob6aBokK, gia-
FTHOCTUKYMIB, CTBOPEHHS HOBWUX MoOpig, TUNIB
| NiHIN cinbCbKkOrocnogapcbkux TBapuH Ta
NTULI, @ TaKOX 3a HayKoBi poboTwn, AKi € 3Ha-
YYLLMMW Y PO3B’A3aHHI aKkTyanbHUX npobnem
36epexXeHHs norosie’a TBAapyH, MiaBULLEHHS
X NPOAYKTUBHOCTI Ta Mio4H4OCTI.

Mpemis npucymKyeTbCa pa3 Ha gBa POKK
3a pesynbraTaMy KOHKYpPCY HayKOBUX yCTa-
HOB cuctemun HauioHanbHOT akagemil arpap-
HUX Hayk YkpaiHu, MiHicTepcTBa pO3BUTKY
€KOHOMIKW, TOpPriBni Ta CiNbCbKOro rocnogap-
cTBa YkpaiHu i MiHicTepcTBa OCBITU | Hayku
Ykpaiuun. [1o y4acTi B KOHKYpCi JonycKakTb-
cs1 pob0oTN, BUKOHAHI OKPEMUMWN HAYKOBLSMM
abo KonekTMBaMm HayKoBUIB, SIKi NpaLolTb
B yctaHoBax HAAH, MiHicTepcTBa po3BUTKY
€KOHOMIKW, TOpPriBMi Ta CiNbCbKOro rocnogap-
ctBa YkpaiHu i MOH YkpaiHu. BucyHeHHs
i NnpencTaBneHHa pobiT Ha 30obyTTa npemil
iMmeHi C. 3. [KMLbKOro NPOBOAUTLCS KOMeK-
TUBaMN HaAYKOBUX NiApO3ainiB yCTaHOBM,
B SIKi Npautol0Tb NPETEHAEHTN, abO BY4EHOLO
(HaykoBoO-TexHi4HO0) pagoto. KoxHui yyac-
HUK MOXe ByTn aBTOPOM 4uM CriBaBTOPOM
nuvie ogHiel 3 NpefCcTaBeHUX Ha KOHKYpPC
(abo uukny pobiT).

MpeTeHOAEHTOM Ha OTpMMaHHA Npemil
Moxe OyTu konektue go 5 oci6. [Jo y4acTi

Y KOHKYpPCi JOnyCKatoTb-
CS1 HAYKOBI nNpali, Big AHS
nyGnikauil SKMX MUHYNO
He MeHLWe 6 micauis,
ane He 6inbwe 5 pokis,
a TakoX BMHaxoau nicns
IX BNpOBadXEHHA B Ha-
poaHe rocnogapcTBo.
PoboTu, aki Bxe oTpu-
Manu [epxxaBHi npemii
YkpaiHu abo iHwWi npemii
YKpaiHun, 40 KOHKYypCY
He JOoMnyCcKalTbCA.

Ha posrnsg ydeHoi pagu IHcTutyTy Gionoril
TBapnH HAAH npeTeHOeHTU MaoTb NoAarTb
TaKi JOKYMEHTMU:

— 3asBY NP0 y4acCTb Y KOHKYPCi 3 nepenikomM
YfieHiB aBTOPCbKOro KOSEKTUBY;

— poBOoTY, LLIO pekoMeHay€eTbCS (LMK pobiT,
cTaTemn Towo);

— aHoTauito poboTK 3 KOPOTKUM BUKITAA0M
1T 3MICTY | 3Ha4YeHHA Ons PO3BUTKY HayKu | Ha-
pOOHOro rocrnofapcTea;

— [OBIAKY NPO TBOPYMIA BHECOK KOXHOro
3 NpeTeHaeHTIB, NignnucaHy KOXXHUM 3 aBTopiB
po6oTu;

— MNPOTOKON BYEHOI (HAyKOBO-TEXHIYHOI)
paav Woao pekomeHaauii pobotu Ha 300byTTa
npemir;

— 3a notpebu — gopgaTkoBi maTepianu
(akTn anpobauin, akTM BNpOBaAXXeHHS, Konil
aBTOPCbKMX CBIAOUTB, BiArykM rpoMagcbKoc-
Ti TOWO).

3a pesynbraTtamu KOHKYpPCY BUOAETHCS CBi-
AO0UTBO NPO NepemMory B KOHKYPCi i naMm’aTHa
BiA3HaKa.

TepMmiH nogaHHA KOHKYPCHUX MaTtepianiB — 3 1 yepBHA no 15 BepecHs 2020 poky.
[ oKkymeHTU HagcunaTtum 3a agpecoro: |[HcTutyT Gionorii TBapuH HAAH,
Byn. B. Ctyca, 38, m. JlbsiB, 79034.
KoHnTakTHuM Tten.: (032) 260-07-95, , dpakc (032) 270-23-89.

KoHKypcHuli komimem



IHCTUTYT BlOonorii TBAPUH HAAH
NMPOBOAMTD:

o [JocnimkeHHa BioXiMIYHMX NOKA3HUKIB
(ananizaTtop Humalyzer 2000, Hime4y4nHa)

o [emaTtonoriyHun aHanis
(ananizatop Mythic-18Vet, LLBenuapis)

o MikpobionoriyHi gocnigXeHHs

(nociB Ha cTepunbHICTb, aHTUBIOTMKOrpama,
cKknag MiKpodriopyu KULLEYHUKY TBapWH,
MiKpOOionoriyHMi aHania Kopmis, BOAW, NOBITPS)

o IMyHOpepMeHTHI JocnigxeHHs
(ananizatop Stat Fax 3000, Hime44ynHa)

o OuiHka penpoayKTUBHOI 34aTHOCTI TBapWH,
LUTYYHE OCIMEHIHHSA, TpaHCNIaHTauia eMbpioHiB

o CenekuinHo-reHeTUYHI JOoCniOKEeHHS
o [ocnigxeHHs kopmiB

o [HocnigkeHHsa monoka

o HocnimkeHHst 9eub
o Bu3HaveHHs nokasHUKIB SKOCTI meay
o [ocnigxeHHsa BOBHW | BONoccs

o ATOMHO-abcopOuinHM | aTOMHO-EMICINHMI aHani3
KOHUEHTpaUil XiMiYHNX eNieMeHTIB

o AHani3 opraHiyHnx gobpus

OpraHi3oBye npoBefeHHs AocnifAXeHb Ha TabopaTopHUX TBapMHax
| Hagae kBanigikoBaHy iHTepnpeTaLito OTPUMaHUX pesyrnbsTarTiB.

* MOXIu8e rpoeedeHHs IHUWUX OOCITIOXEHb
** gci nabopamopii iHcmumymy akpedumoegaHi 0515 Mpo8edeHHS O0CITIOKEHb

IHcTuTyT Gionorii rBapuH HAAH

Byn. B. Ctyca 38, m. JlbBiB, 79034
Ten.: +38 (032) 270-23-89, +38 (068) 709-94-59
e-mail: markinfo@inenbiol.com.ua

3aexou padi criisripaui 3 Bamu!



LleHTp penpoayKTuBHOI MeauuMHKU Ta GioTexHosnorii TBapuH
MM «AKpOMIOH»

Mu, komaHaa daxiBuiB penpoaykTosorie Ta 6ionoriB-6ioTexHoNoriB, siki BUMLLINM 3 HAYKOBOIO cepeaoBu-
Lwa, MatoTb BignoeigHun HaykoBi cTyniHb (PhD) 3a cneuianbHicTio «bioTexHonorisa TBapuHy i GinbLl HiXX g4ecsaTu-
PiYHMIM NPaKTUYHMI OOCBIA, BUKOPUCTOBYIOYN HANHOBILLI AOCATHEHHS HayKun Ta CydacHe obnagHaHHSA, NPOnoHye-
MO MOTEHLIMHUM KNiEHTaM LUMPOKUIA CNEKTP NOCNYr AN AOMALUHIX | roCnogapCbKnx TBapuH.

BcTaHOBNEHHA oNnTUManbHOro nepioay ANA cnapoByBaHHA YM LUTYYHOrO OCiMEHiHHA

[Ona cobak — 3a 4ONOMOroK OCHOBHUX METOZIB: BariHanbHOI LIUTOMOTIi i BU3HAYEHHA KOHLEHTpaLii npo-
recTepoHy y KpOBi Ta JONOMIXHUX: eHAOoCKoMiYHa BariHockonis, Y3[ maTtku i se4HUKIB.

Onsa koHen — Y3[ sieyHukiB (giameTp i dopma chonikyna).

[na ki3 i oBellb — CUHXPOHi3aLis cTaTeBOl OXOTW y 3afaHii rpyni B npoueci 1X NigrotToBkn Ans TypoBOro
LUTYYHOIO OCIMEHIHHS.

LLITy4yHe ociMeHiHHA

Onsa cobak — NpoBeAeHHs LUTYYHOTO OCIMEHIHHS CyK sIK BariHanbHUM METOAOM Bins wunkn maTtki (napa-
LepBiKanbHWI), Tak i HEXipypriyHMM rIMMOOKOMaTKOBMM METOAOM Yepes LUMNKY MaTKM (TpaHCLepBikanbHUA) 3 BU-
KOpuCTaHHAM eHgockona abo «HopBesbKoro katetepa» 3anexHo Big nopoam cobaku.

[Ona koHen — BHYTPILUHBOMATKOBE OCIMEHIHHS CBiXKOIO, OXOMNOAXKEHO (TPAHCNOPTOBAHOK) Ta 3aMOpo-
XXEHOI0 CnepMolo.

[na Ki3 i oBeLlb — BHYTPILLHLOMATKOBE LUTYYHE OCIMEHIHHS Ki3 Ta OCIMEHIHHS BIBLIEMATOK B LLIMNKY MaTKu
CBiXKOK ab0 OXONOPKEHOK CNEPMOL0, TOAI SIK ManapockoniyHe BHYTPILUHLOMAaTKOBE OCIMEHIHHS BiBLLEMaTOK Npo-
BOOUTBCS 3aMOPOXEHOI CNEPMOLO.

Ona KponiB — WTY4YHE OCIMEHIHHS KponuLb 3 BUKOPUCTAHHAM SIK HasiBHMX Ha bepmi camuis, Tak i camu,is,
AKi YTPUMYIOTBCH B iHLLIMX BNACHUKIB.

[nsa kavok Ta iHAMKIB — OpraHisavisi LUTY4YHOro OCiMeHiHHSA Ha bepMax 3 BUPOLLYBaHHS LUX BUAIB NTaxi.,
ane, y 3B’A3Ky 3 BigMiHHICTIO MiXk HAMM y BifOopi cnepmun, cepefoBuLLL@MN Ta CaAMUM OCIMEHIHHAM, € Pi3HULSA
B TEXHOMNOTIYHMX Niaxoaax.

Y3[-piarHocTUKa BariTHOCTi

HiarHocTuka BariTHOCTI i3 BUKOPUCTAHHSAM BMCOKOSIKICHOIO noptatMeHoro Y3[-anapaTy 3 BiANOBiAHMM
BETEPMHAPHUM NPOrpaMHNM 3abe3neveHHsIM, Lo JO3BOSISIE BCTAHOBUTY TEPMIH BariTHOCTI Ta AaTy MOsoriB y cobak,
Kobwr, oBeup i Ki3, a Takox ctaTtb nnoga kobun (58—70 geHb xepebHoCTI).

FHekonoriyHe Ta aHaponoriyHe 00CTeXeHHSA i NiKyBaHHA TBapWH 3 iCTOpiEl0 HennigHOCTI

EHnpokpuHornoriyHe obcTexeHHs, Y3 penpoayKTMBHUX OpraHiB, cnepmMorpama. [liarHocTurka i nikyBaHHs
naTonorini npocTtatu y cobak.

3amMopoXXyBaHHS crnepMmu (KpiokoHcepBauis)

[MpoBOAMMO 3aMOpPOXKyBaHHSA CriepMun CaMLiB PisHMX BUAIB TBApUH Ta 36epiraHHS ii y HaLWOMy KpiOCXOBULL,
sike (PyHKUiOHYe Bxe noHag 13 pokiB. € MOXNUBICTb OTPUMAHHS | NO4ANbLIOr0 3aMOPOXYBaHHSA XUTTE3AATHUX
cnepwmiiB (enigngnmaneHi) Big HecnogisaHo 3arnbnux camuie.

OpraHisaudiss oTpMMaHHs Ta HaACUNaHHA OXONoAKeHoI cnepmu (B YKpaiHi i 3a il mexxamu)

Cnepwma nicis, xkepebuis, uanis i 6apaHis (Ta iH.) nicnsa BiANOBIGHOT NIArOTOBKW | pO36aBNEHHS MOXUBHUM
cepegoBuLLemM mMoxe ByTn oxonomxeHa go 5 °C i TpaHCNoOpTYyBaTUCS B TEPMOKOHTENHEPI NPOTArOM KifbkoX Aib
Ha BenuKi BiaCTaHi 3i 30epexxeHHAM CBOET 3annigHoBanbHOI 30aTHOCTI.

TexHonoria Ovum Pick Up*

BinGip He3pinux AnLekniTUH 3 SSEYHNKIB BUCOKONMPOAYKTUBHMX KOpPiB-AOHOPIB Nig KoHTporem Y3[ 3 no-
JanblUMM JOPOLLYBaHHAM Ta 3annigHEHHsAM in vifro cekcoBaHOK (po34ineHoi 3a cTaTTio) CNePMOL0 i KyNbTUBY-
BaHHSAM 3apoakKiB 0o TpaHcdepabenbHoi cTagii. [Jo3BoNMTbL OTPUMYBATH Bif OOHIET KOPOBU AECATKU TENMULb B PiK
©e3 Xo4HOI 3arpo3u ii penpoayKTMBHOMY 300pOB’t0. B noganbLloMy NnaHyeTbCst 3aCTOCYBaAHHS L€l TEXHOMNOTIT
Ha KOHAX Ta KO3ax.

3a demarnbHoto iHbopmaujiero cmoco8HO 32adaHux rocsye
ma e2Hy4K020 iHOugidyanbHO20 nidxody 3eepmatmecsk 3a men.: +(380) 68 505 74 57

* TpuBae nigrotoBka A0 BNPOBaAXKeHHS NOCyru.



