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fected by Dactylogyrus lamellatus, Gyrodactylus hypophthalmichtidis, Eudiplozoon nipponicum ). The fish
of the first experimental group were administered “Brovermectin-granulate ™", and the second experi-
mental group were administerec a complex of drugs “Brovermectin-granulate ™" and “Avesstim ™. Fish
Bila Tserkva National Agrarian infected with various ectoparasites (Dactylogyrus lamellatus, Gyrodactylus hypophthalmichtidis, Eudiplo-
University, Pl. Soborna 8/1, zoon nipponicum ) served as controls. Fish of each group were kept in separate aquariums with a capacity
g;lflgszgz;.’iy 1 region, of 40 dm’ with artificial aeration at a temperature of 20-22 °C. Their care and feeding was carried out

’ ’ according to the relevant norms and rations. During the entire period of research, the behavior and clinical
condition of the fish were observed. The pre-experimental period of acclimatization of annuals was 7 days.
The use of the drug “Brovermectin-granulate ™" to one-year-old white carp, crucian carp and scaly carp
affected by monogeneans had a stimulating effect on the resistance of their organism. At the same time, the
simultaneous use of the specified drug with the immunomodulator “Avesstim ™ contributed to better
activation of the humoral link of non-specific immunity in sick fish. To normalize the organism homeostasis,
correct metabolism and activate the humoral link of non-specific immunity during a monogenoid invasion of
carp, it is recommended to feed them with a combined feed of the drugs “‘Brovermectin-granulate ™ and
the immunomodulator “Avesstim ™.

Key words: carp fish, immunomodulators, immune system, Dactylogyrus lamellatus, Gyrodactylus hy-
pophthalmichtidis, Eudiplozoon nipponicum.

Introduction occurrence and spread of fish diseases and also their pre-

vention is an important problem of modern fish farming,

Ichthyopathological control of inland water of since the efficiency of breeding aquaculture facilities and

Ukraine, development of ecologically safe methods of the preservation of fish products depends on its solution
prevention of fish diseases is a component of general (Davydov etal., 2013; Dzhmil', 2013).

ecological monitoring of natural ecosystems and measures A number of factors contribute to the spread of fish

aimed at preserving biodiversity and rational use of bio-  diseases, the main of which are insufficient veterinary

logical resources (Bozhyk & Pukalo, 2012; Kofonov et  supervision during the transportation of fish, violations of

al., 2020; Prychepa et al., 2021). quarantine measures, low technological culture and quali-

The epizootic state of reservoirs significantly affects ty of artificial feed, deterioration of the ecological situa-

to their fish productivity. Studying the patterns of the tion in reservoirs and growing conditions. For the early

Scientific Messenger LNUVMB. Series: Veterinary sciences, 2022, vol. 24, no 107
29



Hayxosuit Bicuuk JIHYBMB imeni C.3. Ikunpkoro. Cepisi: Berepunaphi nayku, 2022, T 24, Ne 107

diagnosis of pathological changes in the body of fish,
immunological, hematological, biochemical and histolog-
ical studies are indicative (Zurawski et al., 2001;
Jevtushenko et al., 2015; Fedorovych & Gutyj, 2019).

It is known from literary sources that parasitic diseases
in fish cause disorders of the immune system. Accordingly,
this causes increased sensitivity of fish to conditionally
pathogenic microflora and other biotic and abiotic factors
of the environment. To eliminate the pathogenic effect of
ectoparasites on the fish’ organism, it is advisable to use
immunomodulators in combination with antiparasitic
drugs. This will not only increase the effectiveness of ther-
apy, but also increase the immune status and resistance of
the fish body. Loboyko Yu. V. and others (Lobojko, 2012;
Loboiko et al., 2017) established that the complex use of
the drug “Brovermectin-granulate ™ and the immuno-
modulator “Avesstim ™" for carp lerneosis promotes the
activation of the immune system, and the acceleration of
the recovery of damaged tissues and cells, the improvement
of hemodynamics, metabolism and the general state of the
body. In view, we studied the influence of the drugs
“Brovermectin-granulate ™” and “Avesstim ™" on the
indicators of non-specific resistance of one-year-old white
carp and crucian carp, infested with dactylogyrus and hyro-
dactylus, and scaly carp infested with diplozoans.

The purpose of the work

The purpose of the work is to study the influence of
the drugs “Brovermectin-granulate ™” and “Avesstim
™>on the indicators of non-specific resistance of one-
year-old carp fishes infested with monogeneans (Dactylo-
gyrus lamellatus, Gyrodactylus hypophthalmichtidis,
Eudiplozoon nipponicum ).

Research material and methods

For conducting experiments, 14 experimental groups
were formed (two groups of each species of fish affected
by each of the above parasites). The fish of the first exper-
imental group were administered “Brovermectin-
granulate ™, the second experimental group were ad-
ministered a complex of drugs “Brovermectin-granulate
™ and “Avesstim ™”. Fish infected with various ecto-
parasites served as controls.

Fish of each group were kept in separate aquariums
with a capacity of 40 dm?® with artificial aeration at a
temperature of 20-22 °C. Their care and feeding was
carried out according to the relevant norms and rations.

Table 1

During the entire period of research, the behavior and
clinical condition of the fish were observed. The pre-
experimental period of acclimatization of annuals was 7
days.

TreaTMent of infested fish with the drug “Brovermec-
tin-granulate ™" (at the rate of 60 mg/kg of fish weight)
and a complex of drugs “Brovermectin-granulate ™” (60
mg/kg of fish weight) and “Avesstim ™” (1 mg/kg of fish
weight) was carried out two days in a row by introducing
them orally with the help of a probe into the anterior part
of the intestine. Before use, the drugs in the specified
doses were mixed with 1 ml of 2 % starch paste. Only
I ml of 2 % paste was administered to the fish of the
control groups. On the 14th day after the use of the drugs,
a parasitological examination of the fish was performed
and blood was taken for research. In the blood of the fish,
the same indicators were studied as in the first stage of the
experiment.

The natural resistance of experimental fish was stud-
ied by a complex of humoral blood factors. Lysozyme
activity of blood serum was determined by the nephelo-
metric method described by V. G. Dorofeychuk (1986),
bactericidal activity of blood serum by the photocolori-
metric method described by L. V. Novikova et al. (1981),
phagocytic activity of blood neutrophilswas determined
according to V. E. Chumachenko (1990), the phagocytic
index is the number of phagocytosed microbial bodies per
active neutrophil and characterizes the absorption capaci-
ty of phagocytes, the phagocytic number is the number of
phagocytosed microbial bodies per 100 counted neutro-
phils (Vlizlo, 2012).

The analysis of research results was carried out using
the Statistica 6.0 software package. The probability of
differences was assessed by Student's t-test. The results
were considered reliable at P < 0.05.

Results and their discussion

It was established that the use of the above-mentioned
drugs in the treatment of one-year-old carp fish infested
with monogeneans contributed to an increase in non-
specific resistance indicators. Thus, in one-year-old white
carp infested with Dactylogyrus lamellatus, which were
treated with the drug “Brovermectin-granulate ™, the
lysozyme activity of the blood serum increased by 1.12 %
compared to the control group, the bactericidal activity by
1.58, the phagocytic activity of blood neutrophils by by
0.87 %, the phagocytic index by 0.26 and the phagocytic
number by 0.18 units. (Table 1).

Indicators of non-specific resistance in the blood of one-year-old white carp infested with Dactylogyrus lamellatus,

before and after the use of drugs, M £ m (n = 6)

. A group of fish
Indicators : i
control group first experimental group second experimental group

Lysozyme activity, % 37.71 £0.613 38.83 +£0.550 39.92 £0.544"
Bactericidal activity, % 25.02 £0.602 26.60 +£0.512 27.33 £0.522F
Phagocytic activity, % 37.13 £0.558 38.00 +0.532 39.40 £ 0.648"
Phagocytic index, units. 8.78 £0.286 9.04 +0.247 9.51 £0.263
Phagocytic number, units. 3.25+0.068 3.43 £0.063 3.74 £ 0.065™"

Note: * —P <0.05, ™ — P < 0.001 — compared to the control group
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A significantly greater stimulating effect of “Brover-
mectin-granulate ™ on indicators of non-specific re-
sistance of fish affected by parasites was observed when it
was used together with the immunomodulator “Avesstim
™ This is evidenced by the probable growth of all the
investigated indicators (the exception is the phagocytic
index). Thus, the lysozyme activity of blood serum in
one-year-old white carp treated simultaneously with both
of the above-mentioned drugs increased by 2.21 % (P <
0.05), bactericidal activity by 2.31 % (P < 0.05), phago-

Table 2

cytic activity of blood neutrophils — by 2.27 % (P < 0.05),
phagocytic index — by 0.73, and phagocytic number — by
0.49 units. (P < 0.001). According to these indicators
difference was also observed between the fish of the first
and second research groups and it amounted to 1.09; 0.73;
1.40 %; 0.47 and 0.31 units. (P <0.01).

Similar changes in indicators of non-specific re-
sistance were noted in the blood of one-year-old white
carp affected by hyrodactylus (Table 2).

Indicators of non-specific resistance in the blood of one-year-old white carp infested with Gyrodactylus ctenopharyn-

godonis, before and after the use of drugs, M = m (n = 6)

. A group of fish
Indicators - -
control group first experimental group second experimental group
Lysozyme activity, % 37.35+0.592 38.52+0.589 39.65 + 0.594"
Bactericidal activity, % 24.75 + 0.606 26.43 +0.568 27.45 +0.525"
Phagocytic activity, % 36.98 +0.593 37.80 £ 0.527 39.05 + 0.551"
Phagocytic index, units. 8.86 +£0.258 9.03+0.216 9.35+0.208
Phagocytic number, units. 3.27 £0.053 3.41 £0.046 3.65 +£0.044™"

Note:* —P <0.05,” -P<0.01,"™ —P <0.001 — compared to the control group

After treatment with the drug “Brovermectin-granulate
, the lysozyme activity of their blood serum increased
by 1.17, the bactericidal activity by 1.68, the phagocytic
activity of blood neutrophils by 0.82 %, the phagocytic
index by 0.17, and the phagocytic number by by 0.14
units. The condition of the humoral link of their immune
system improved even more when using two drugs at the
same time. The above indicators in the fish of the second
experimental group compared to the control group in-
creased by 2.30 (P < 0.05), 2.70 (P < 0.01), 2.07 % (P <
0.05), 0, 49 and 0.38 units. (P < 0.001), and in individuals
of the second experimental group compared to the first
experimental group — by 1.13; 1.02; 1.25 %; 0.32 and
0.24 units. (P <0.01).

T™M>>

Table 3

Under conditions of mixed infestation, a positive ef-
fect of “Brovermectin-granulate ™" and “Avesstim ™~
on the immune system of sick fish was also observed
(Table 3). The stimulating effect of these drugs on the
natural resistance of the body of fish affected simultane-
ously by dactylohyrus and hyrodactylus is evidenced by
the increase in indicators of the humoral link of immunity
in them, namely: lysozyme and bactericidal activity of
blood serum, phagocytic activity of blood neutrophils and
phagocytic index and phagocytic number in the fish of the
first test groups compared to the control group increased
by 0.78, respectively; 2.03 (P < 0.05); 1.12 %; 0.07 and
0.13 units. (P < 0.05), and in individuals of the second
research group by 2.17 (P < 0.05); 3.91 (P < 0.001);
2.57 % (P <0.01); 0.52 and 0.44 units. (P <0.001).

Indicators of non-specific resistance in the blood of one-year-old white carp infested with Dactylogyrus lamellatus and
Gyrodactylus ctenopharyngodonis, before and after the use of drugs, M = m (n = 6)

. A group of fish
Indicator > -
control group first experimental group second experimental group

Lysozyme activity, % 36.45+£0.527 37.23 £0.463 38.62 +0.489"
Bactericidal activity, % 24.02 +0.507 26.05 £ 0.536" 27.93 +£0.547"
Phagocytic activity, % 35.90 £ 0.496 37.02 £0.493 38.47 £0.397™
Phagocytic index, units. 9.04 £ 0.215 9.11 £0.166 9.56+0.114
Phagocytic number, units. 3.24 +0.039 3.37+0.035" 3.68 +£0.032"""

Note: " —P <0.05, "~ P <0.01, ™ — P <0.001 — compared to the control group

According to the investigated indicators of natural re-
sistance there was also a difference between the yearlings
of white carp of the first and second research groups, but
it was reliable only in terms of bactericidal activity of
blood serum, phagocytic activity of blood neutrophils and
phagocytic number. According to these indicators, the
fish of the second experimental group prevailed over the
individuals of the first experimental group by 1.88 (P <
0.05); 1.45 % (P < 0.05) and 0.31 units. (P < 0.001).

During the study of the pathogenic effect of ectopara-
sites on the fish’ organism, we established that the indica-
tors of non-specific resistance differed significantly in one
year-old carp affected by Dactylogyrus hypophthalmich-
tidis and in fish treated with the drugs “Brovermectin-
granulate ™” and “Avesstim ™” (Table 4). The indica-
tors of the humoral link of protection improved signifi-
cantly in fish treated with the drug “Brovermectin-
granulate ™” compared to the control group, but a signif-
icant increase was noted only in the bactericidal activity
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of blood serum and the phagocytic activity of blood neu-
trophils respectively by 1.02 (P < 0.01) and 1.34 % (P <
0.05).

Fish that were treated simultaneously with two drugs
were characterized by significantly better natural re-
sistance compared to the control and individuals that were
treated only with “Brovermectin-granulate ™. Thus,
their serum lysozyme activity increased by 1.82 (P <
0.05) and 1.07 %, bactericidal activity by 2.80 (P < 0.001)
and 1.78 % (P < 0.001), phagocytic activity of blood

Table 4

neutrophils by 4.19 (P < 0.001) and 2.85 % (P < 0.001),
phagocytic index by 1.13 (P < 0.001) and 1.21 units. (P <
0.001) and phagocytic number by 0.85 (P < 0.001) and
0.78 units. (P <0.001).

When treating one-year-old white carp affected by
Gyrodactylus  hypophthalmichtidis ~ with  the drug
“Brovermectin-granulate ™", the above-mentioned indi-
cators compared to the control increased by 0.90, respec-
tively; 1.02 (P < 0.05), 0.98 %; 0.25 and 1.18 units.
(Table 5).

Indicators of non-specific resistance in the blood of one-year-old carp infested with Dactylogyrus lamellatus, before and

after the use of drugs, M £ m (n = 6)

. A group of fish
Indicator - -
control group first experimental group second experimental group
Lysozyme activity, % 38.93 £0.547 39.68+0.514 40.75 £ 0.494"
Bactericidal activity, % 26.03 +£0.222 27.05+0.197" 28.83 +0.322"""
Phagocytic activity, % 36.08 = 0.399 37.42 +0.324" 40.27 £0.328™"
Phagocytic index, units. 9.35+0.143 9.27+£0.212 10.48 +0.040""
Phagocytic number, units. 3.37 £0.055 3.44 £ 0.060 4.22 £0.045™

Note:* -~ P <0.05,”~P<0.01, ™ —P <0.001 — compared to the control group

Table 5

Indicators of non-specific resistance in the blood of one-year-old carp infested with Gyrodactylus hypophthalmichtidis,

before and after the use of drugs, M = m (n = 6)

. A group of fish
Indicators ; i
control group first experimental group second experimental group
Lysozyme activity, % 38.82 +£0.589 39.72 £0.567 40.78 £0.513"
Bactericidal activity, % 26.08 +0.257 27.10+£0.279" 28.55 £ 0.347""
Phagocytic activity, % 36.10 + 0.356 37.08 £ 0.419 39.97 +£ 0.427""
Phagocytic index, units. 9.53 £0.261 9.78 +0.248 9.82 +£0.295
Phagocytic number, units. 3.44+0.079 3.62 +0.072 3.92 £0.100"

Note: " —P <0.05," —~P <0.01, ™ —P < 0.001 — compared to the control group

With the simultaneous use of the above-mentioned
drug with the immunomodulator “Avesstim ™”, the in-
vestigated indicators of the humoral link of non-specific
resistance in one-year-old carp compared to the control
probably increased (the exception is the phagocytic in-
dex): lysozyme activity of blood serum by 0.96 (P <
0.05), bactericidal activity by 2.47 (P < 0.001), phagocyt-
ic activity of blood neutrophils by 3.87 % (P < 0.001),
phagocytic index by 0.29 and phagocytic number by 0.48
units. (P <0.01).

According to most of the investigated indicators, a
significant difference was also observed between the fish
of the first and second experimental groups, namely: the

Table 6

bactericidal activity of blood serum in individuals that
were treated simultaneously with two drugs compared to
fish that were injected only with “Brovermectin-granulate
™ increased by 1, 45 (P < 0.01), the phagocytic activity
of blood neutrophils by 2.89 % (P<0.001) and the phago-
cytic number by 0.30 units. (P <0.05).

There was a positive effect of the studied drugs on in-
dicators of the humoral defense of the body of one-year-
old carp and their simultaneous damage by Dactylogyrus
hypophthalmichtidis and Gyrodactylus hypophthalmich-
tidis , although it should be noted that it was smaller than
on the fish® organism affected by only one parasite
(Table 6).

Indicators of non-specific resistance in the blood of one-year-old carp infested with Dactylogyrus lamellatus and Gyro-
dactylus hypophthalmichtidis, before and after the use of drugs, M = m (n = 6)

. A group of fish
Indicators : i
control group first experimental group second experimental group

Lysozyme activity, % 37.12+0.534 38.28 £ 0.509 40.02 £ 0.490""
Bactericidal activity, % 24.83 £0.302 26.30 = 0.374" 28.03 £ 0.454™
Phagocytic activity, % 35.02 +0.289 36.63 +0.220" 39.57 £0.282"
Phagocytic index, units. 9.40+0.219 9.43+0.218 9.23 £0.238
Phagocytic number, units. 3.29 £ 0.071 3.45+0.071 3.65 £ 0.090"

Note: " —P <0.05, " -P <0.01, ™ —P <0.001 — compared to the control group
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It was established that in the fish treated with
“Brovermectin-granulate ™” all the above-mentioned
indicators increased, however, this increase was probable
only according to the bactericidal activity of blood serum
by 1.47 (P < 0.05) and the phagocytic activity of blood
neutrophils by 1.61 % (P <0.01).

Simultaneous use of “Brovermectin-granulate and
“Avesstim ™” had a much better effect on indicators of
non-specific resistance of infested fish. In fish treated sim-
ultaneously with two drugs, the lysozyme activity of the
blood serum, compared to the control and individuals of the
first experimental group, increased by 2.90 (P < 0.01) and
1.74 (P < 0.05), respectively, bactericidal activity by 3.20

TM>>

Table 7

(P < 0.001) and 1.73 (P < 0.05), phagocytic activity of
blood neutrophils by 4.55 (P < 0.001) and 2.94 % (P <
0.001), phagocytic index by 0.17 and 0.20 and the phago-
cytic number by 0.36 (P < 0.01) and 0.20 units.

A diplozoic invasion also has a significant negative
impact on the immune status of fish. The results of our
research show that the indicators of non-specific re-
sistance in one-year-old scaly carp affected by Eudiplozo-
on nipponicum significantly worsened. However, the use
of the antiparasitic drug “Brovermectin-granulate ™" and
the immunomodulator “Avesstim ™ to the infested fish
had a positive effect on the humoral link of its non-
specific resistance (Table 7).

Indicators of non-specific resistance in the blood of one-year-old carp infested with Eudiplozoon nipponicum, before

and after the use of drugs, M £ m (n = 6)

. A group of fish
Indicators : i
control group first experimental group second experimental group
Lysozyme activity, % 37.32+0.209 38.20 + 0.356 38.77 £ 0.383™
Bactericidal activity, % 25.55+0.229 26.18 £ 0.237 26.78 +0.263™
Phagocytic activity, % 36.90 £ 0.262 37.55+£0.222 38.12+£0.211"
Phagocytic index, units. 10.29 £ 0.153 10.74 £0.195 11.02£0.188"
Phagocytic number, units. 3.80 £ 0.080 4.03 £0.097 4.20£0.089™

Note: ™ —P < 0.01 — compared to the control group

It should be noted that in one-year-old carp, which
were treated only with “Brovermectin-granulate ™,
although there was an increase in the investigated indica-
tors of natural resistance, however, it was unreliable in all
cases. With the simultaneous use of two drugs, an in-
crease in the studied indicators was probable in all cases.
Thus, the lysozyme activity of blood serum in the fish of
the second experimental group compared to the control
increased by 1.45 (P <0.01), bactericidal activity by 1.23
(P < 0.01), phagocytic activity of blood neutrophils by 1,
22 % (P < 0.01), phagocytic index by 0.73 (P < 0.05) and
phagocytic number by 0.40 units. (P < 0.01). A difference
was found in terms of the above-mentioned indicators
between yearlings of the carp of the first and second ex-
perimental groups, however, in all cases it was unreliable.

Conclusions

The use of the drug “Brovermectin-granulate ™ to
one-year-old white carp, silver carp and scaly carp affect-
ed by monogeneans had a stimulating effect on the re-
sistance of their organism. At the same time, the simulta-
neous use of the specified drug with the immunomodula-
tor “Avesstim ™ contributed to better activation of the
humoral link of non-specific immunity in sick fish.
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