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The growth of the world's population poses a number of challenges to fish industry
professionals to provide people with a sufficient amount of quality, primarily protein
products. Ukraine has a sufficient resource of reservoirs and has potential opportunities for
the construction and development of a powerful fisheries complex. This makes it necessary to
find ways, first and foremost, to restore inland fishing and increase the productivity of fisheries.
One of the ways to solve this problem is to organize a large-scale introduction of valuable fish
species into natural and transformed reservoirs. The latter should be based on the annual supply
of a sufficient amount of quality and viable young fish. This is not possible without the presence
on specialized farms of their own replacement and broodstock population, able to ensure effective
artificial reproduction of fish. Under this problem, the main result of effective fish farming is
the preservation of offspring, their quality and the ability to quickly restore reproductive potential
after technological work. One way to overcome this problem may be the use of immunostimulants,
which became the basis of our research.

The main purpose of the study was to improve the methods of preserving the offspring
of herbivorous fish after factory reproduction, associated with the use of immunostimulants on
farms in southern Ukraine. The place of special research was the incubation shop and summer
stock ponds of the State Institution of the Novokakhovka fish factory. The research material
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was the broodstock of white silver carp grown on the farm. Data are presented as mean values
and standard error (x = SE). Statistical analysis was performed by means of analysis of variance
(one-way ANOVA). The research used commonly used methods in fish farming.

The analysis allows us to conclude on the feasibility of treatment of fetuses with the drug
as an antimicrobial and stimulant. The use of the experimental immunostimulant Anfluron 2
1U significantly increases the resistance of silver carp breeders after operations on artificial
reproduction in the factory. Females of white silver carp injected with immunostimulants showed
higher growth and survival throughout the observation period.

Key words: immunostimulant, fish, silver carp, reproduction, resistance, survival, broodstock.

Onighipenxo B.B., Kopuienxko B.O., Kosuuap M.B. Bnnue imynocmumynamopie Ha
GUINCUBAHHA 000PUG 0804e60T pudU

3pocmanns nacenenns Hawloi naanemu cmagums nepeo cneyianricmamu pubHoi 2ary3i HU3KY
npoonemM, CnpAMo8aHux Ha 3abesneuents a00el 00CMAmMHbLOIO KilbKiCmio AKICHUX, Hacamne-
peo binkosux, npodykmis. Yipaina mae docmammuiil pecypc pubo2ocnooapcobkux 6000UM i Mae
NOMEHYINIHI MONCAUBOCIT 011 (POPMYBAHHS MA PO3GUMKY NOMYAUCHO20 PUOO2OCNOOAPCHLKO2O
Komnaexcy. Lle 3ymosnioe neoOXioHicme nepedycim 6i0HO8IEHH PUOHO20 20CNO00APCMEA Y 6HY-
MPpIWHix pationax i niosuwents epekmugnocmi pudbrozo npomuciy. OOHUM i3 WLIAXIE SUPTUIEHHS
yiei npobremu € opearizayis Macumabroi iHmpoOdyKyii yinHux euodie pub y npupoOHi ma mpaH-
cgpopmosani odotimu. Ocmanne mae 6a3y8amucs Ha WOPIYHOMY OMPUMAHHL OOCMAMHbOL Killb-
KOCMI AKICHO20 U HCUMMEIOAMHO20 NOCAOK08020 Mamepiany YiHHUX 6udie pub. Lle Hemodxciuso
0e3 HaABHOCMI 6 CNeYiani308aHuUx 20CHOOAPCMEAX GIACHO20 PEMOHMY Md MAMOYHUX cmaod,
30amuux 3abe3neqyumu egekmugne wmyuHe posMHodcents. Y pamkax yiei npoonemu 20106-
HUM Pe3yIbmamom epekmugnozo UpOWy8ans puou € 30epediceHts Nomomcmaed, to2o AKicmy
i 30amHicmb NAIOHUKIE WEUOKO BIOHOBNI08AMU PenpoOYKIMUEHUL NOMEHYIaN NiCis MeXHON02i4-
Hux pooim. OOnum 3i cnocobié NOOONAHHA Yiei nPodIEMU MOdCE OYMU BUKOPUCTIAHHSL IMYHOCHIU-
MYTAMOPIB, WO CIMANO OCHOBOIO O0CTIONHCEHHS.

OCHOBHOW0 MemOot0 00CTIONCEHHS OYII0 80OCKOHANEHHS MemOOi8 30epeceH s NIIOHUKIE pOc-
JUHOIOHUX pUb NiCIIA 3a800CLKO20 POIMHOICEHHS, NOB A3AHUX 13 GUKOPUCIAHHAM IMYHOCIUMY-
asmopie y eocnooapcmeax nieous Yrpainu. Micyem cneyianvrux oociiodcerv 6y6 iHKyOayiii-
Hutl yex i nimneomamouni cmasu J]Y «Hogokaxoscvkuil pu63asody. Mamepianom 0ocniodncents
sucmynanu niioOHuKu 6in02o0 MoBCMONOOUKA, BUPOWEHO20 6 20cnodapcmel. [laHi npedcmagieni
AK cepeOHi 3naueHHss ma cmanoapmua noxuoxa (x £ SE). Cmamucmuunuti ananiz npoeoounu 3a
00nOMO02010 Oucnepcitinozo ananisy (0OHocmopouuiit ANOVA). ¥V 0ocridsicenni sukopucmogysa-
JIUCSL 3A2ATbHOBHCUBAHT MEMOOU 8 PUOHUYMEBL.

Ananiz oae 3moey 3pooumu 8UCHOB0K PO OOYIIbHICIb JIKYB8AHHA NIIOHUKIE NPenapamom K
NPOMUMIKPOOHUM | CIUMYTIAMOPOM. 3aCMOCY8alH A eKCREPUMEHMATLHOZ0 IMYHOCTHUMYISMOPA
Anfluron 21U 3nauno nidguwye cmitikicms NAIOHUKI6 MOBCMOLOOUKA NICA onepayiil 3i wmyy-
HO20 8IOMBOPEHHS 8 3A800CbKUX YM0Gax. TINiOHuKY, wo iH’€Kmy8anucs iMyHOCIMUMYISAMOPOM,
NOKA3Y8anU UWULL PIC | BUIICUBAHHS NPOMASOM YCbO20 NEPIOdy CHOCMEPEIICEHHS.

Kniouosi cnosa: imynocmumynsmop, puba, moECMONOOUK, PO3IMHOJICEHHS, CMILIKICMb,
BUIICUBAHHS, NATOHUKU.

Formulation of the problem. The current state of aquatic bioresources in inland
waters in recent years should be described as tense — due to the threat of extinc-
tion of certain species and populations, due to irrational fishing and pollution
of the aquatic environment, reducing the efficiency of natural reproduction. Against
the background of a sharp decline in the effectiveness of fishing within the inland
waters, Ukraine is making significant efforts to meet the Sustainable Development
Goals of the planet, both in the direction of preventing hunger and conserving aquatic
living resources [1]. This situation makes it necessary to find ways, first of all, related
to the restoration of fish catches in inland waters and the provision of affordable fish
products to the population. There are hopes for the preservation and replenishment
of biological resources associated with the artificial breeding of herbivorous fish,
which allows to maintain industrial stocks and increase the production of marketable
aquaculture products under regulated conditions. The progressiveness and impor-
tance of this area is repeatedly emphasized in the publications of a number of authors
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[2—4]. The real large-scale introduction of herbivorous fish into the Dnieper-Bug
estuary was started in 1974, and representatives of the Far Eastern ichthyofauna —
white and variegated silver carp, grass carp — were chosen as priority introducers.
The basis for this was the fact that the lower reaches of the Dnieper and Southern
Bug, as well as the Dnieper-Bug estuary have significant forage resources, which
representatives of aboriginal ichthyofauna practically do not use and the introduction
into the reservoirs of the Dnieper-Bug estuary. increasing fish productivity in these
areas [5; 6]. At the same time, given the biology of reproduction of herbivorous fish,
the creation of their powerful industrial herd is impossible without their artificial
reproduction and cultivation and subsequent introduction of planting material into
reservoirs of different origin and purpose. At the same time, the systematic growth
of industrial stocks is largely constrained by the lack of sufficient planting material,
the production of which is quite difficult even in the presence of the required num-
ber of broodstock. Despite all the apparent study of various aspects of assessing
the quality of offspring in fishery science has not yet conducted a comprehensive
study, which would be analyzed on a single methodological basis, the triad “quality
of producers — quality of sexual products — quality of youth” [7].

In this aspect, there are several important problems, one of which is the need to
preserve the offspring during the production operations of artificial reproduction against
the background of a possible improvement in the quality of sexual products. One
of the ways to overcome this problem may be the use of immunostimulants, which
became the basis of our research.

Analysis of recent research and publications. A series of recent studies allows
us to talk about the important role of the quality of broodstock and obtained sexual
products to obtain high-quality viable planting material for introduction into natural
and artificial reservoirs [8; 9; 10].

Traditional methods of breeding and evaluation of mature fish on the basis of exter-
nal features do not fully reflect the qualitative characteristics of broodstock in the condi-
tions of artificial reproduction, as they are weakly related to fish hatching and subsequent
embryonic development [3; 7; 9]. Selection work in combination with the assessment
of the quality of broodstock in the chain of functional relationships “metabolism
of mature fish — fertility — quality of sexual products — viability of young people” can be
one of the ways to increase the efficiency of artificial breeding [7; 9; 11].

Improving existing biotechnologies of artificial reproduction involves finding
ways to improve the efficiency of work with mature fish. These pathways are based on
the achievements of fisheries science, including scientifically sound methods of pre-
serving broodstock and their reproductive potential during factory reproduction [7; 12].
From a practical point of view, there is no single approach to assessing the quality
of offspring and methods of their preservation during factory reproduction. One way
to overcome this situation may be the use of immunostimulants to increase the level
of resistance of the offspring.

Immunostimulants are substances that stimulate non-specific resistance
of the organism (NRO) and immunity (humoral and cellular immune responses). In
the literature, the term “immunomodulatory” is often used as a synonym for the term
“immunostimulant”.

The most common use of immunostimulants in fish farming is mainly associated
with feeding fish to alleviate infectious diseases or increase growth rates [13; 14;
15; 16].
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Problems of increasing productivity and survival in the cultivation of fish of different
ages are also called various kinds of feed additives that increase the body's resistance.
There are methods of introducing into the main diet of biennials carp saponite, analcym
and bentonite [17], inactivated baker's yeast to the diet of young Russian sturgeon [18],
bentonite clays in the cultivation of marketable fish [19], studied the effect of selenium
on the metabolism of selenotoid and selenoprote of aquaculture [20].

At the same time, there are almost no data on the use of immunostimulants to
improve fish performance in artificial reproduction operations, which are characterized
by high trauma to the offspring against the background of a significant deterioration
of their physiological condition. The use of modern highly effective drugs to preserve
broodstock can make a significant contribution to improving the biotechnology of arti-
ficial fish farming.

Setting objectives. The purpose and objectives of the study were to improve methods
for preserving the offspring of herbivorous fish after factory reproduction, associated
with the use of immunostimulants in farms in southern Ukraine. The experimental part
was aimed at studying the effect of the drug with a typical immunostimulant of recombi-
nant interferon. In our studies, we used the drug recombinant human interferon Anfluron.
This drug is the first and only recombinant interferon created in Ukraine from scratch,
from the stage of scientific development, after the stage of long-term research.

Interferons (IFNs) are a group of biologically active proteins or glycoproteins syn-
thesized by cells in the process of protective reaction to foreign agents — viral infection,
antigenic or mitogenic effects.

IFN of different species of animals, despite minor interspecific differences in amino
acid composition, work effectively in the bodies of heterogeneous animals. When IFN
comes into contact with various cells of the body, the latter become immune to almost
all known viruses and many toxins of protein and other nature. IFNs, in contrast to
immunostimulants (inducers of IFNs), are powerful modulators of the immune sys-
tem. a-IFN is produced by lymphoid cells in response to foreign agents — viruses, bac-
teria or neoplastic agents. Activates almost all cells of the immune system, promotes
the production of antibodies. Modulates B-cell immunity. g-IFN is produced by acti-
vated T lymphocytes. Activates cells of the immune system, especially macrophages
(increases activity by 1000 times). Modulates T-cell immunity. Antiviral activity is
lower than in a-IFN.

The place of special research was the incubation shop and summer uterine ponds
of the State Institution of the Novokakhovka fish factory of partial fish. The research
material was the broodstock of white silver carp grown in the farm. The research was
guided by the principles of bioethics. The studies were carried out in accordance with
the European Convention for the Protection of Vertebrate Animals used for Experimen-
tal and other Scientific Purposes ETS No. 123 and approved by the Science Council
of the Kherson State Agrarian and Economic University.

Experimental and control groups of 28 individuals were formed to conduct an exper-
iment to study the effect of immunostimulants on the quality of broodstock. The forma-
tion of the study groups and the calculation was performed on the principle of groups
of analogues [21; 22]. As an experimental immunostimulant we used Anfluron 2 IU, in
vials with a capacity of 10 ml. It was a sterile isotonic (0.15 NaCl, 0.1 Na, K-phosphates
pH 7.2-7.4) aqueous solution of recombinant a- and g-interferons — analogs of human
a-2a- and g-interferons, total protein <15 mcg/ml.

The drug was administered according to the current method, intramuscularly, once,
immediately after the selection of sexual products. The injection was made into the dor-
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sal muscles at an angle of 45° at the anterior edge of the dorsal fin. The injection site was
treated with 75% ethyl alcohol.

After injection, the offspring of the experimental group were placed in a sum-
mer-uterine pond with an area of 0.9 ha. A control group was landed in a similar pond.
The final control of the survival of the experimental material was performed during
the unloading of summer uterine ponds by the method of direct accounting [21; 22].
Morphological studies of offspring were performed according to commonly used meth-
ods with the definition of the main indices of physique [22].

Data are presented as mean values and standard error (x = SE). Statistical analy-
sis was performed by means of analysis of variance (one-way ANOVA). A value of
P <0.05 was considered statistically significant. Analysis of the variance of the influence
of technological and environmental factors on the growth of larvae was carried out
using the MANOVA.

Presentation of the main research material. Given the pharmacodynamics
of the drug, its effect on fish, according to our research and material sources, the effect
of recombinant interferon can be divided into 2 phases: the first is a strong bacterio-
static and bactericidal effect on all known groups of bacteria, fungal diseases and even
viruses. acts as an antibacterial and anti-inflammatory agent, this action lasts for at least
eight days.

It is at this time that the fish's body has the least resistance and is able to be exposed
to both pathogenic microflora and secondary microorganisms. Even inflammations that
occur naturally after receiving sexual products in the internal organs, muscles, due to
the introduction of pituitary drugs and on superficial formations, as a result of trauma
during catching and manipulation during the spawning campaign often lead to vari-
ous pathological processes in the body of broodstock. Due to the physiological state
of the above processes have a very negative effect on the survival of the offspring of her-
bivorous fish, mainly causing their death.

The second phase of the drug is due to the peculiarities of the main active substance.
In terms of pharmaceutical properties, it has a stimulating and immunoprotective effect.
These properties are extremely necessary at the post-spawning maintenance of brood-
stock. If during the first phase the preservation of offspring is determined by the pre-
vention of infectious diseases and post-spawning complications of infectious ethnology,
then in the second phase it is desirable to stimulate the immunostimulant as the main
component of the drug. This effect is manifested in the stimulation of immunity, result-
ing in increased resistance of the body of the offspring, stimulates the processes of diges-
tion, respiration and, importantly, tissue regeneration.

In experimental studies of the quality of the immunostimulant, we used Anfluron
2 1U, which was injected into the muscular part of the body of the offspring before
landing them for feeding. As our research has shown, due to the stimulating effect
of the immunostimulant, the period of physiological rehabilitation after receiving sex-
ual products is reduced. The stimulating effect of the drug allows fetuses to start feeding
at an earlier date, which has a positive effect on the growth of fish and the development
of their gonads. All this can be easily traced when comparing the linear-weight indica-
tors of the offspring of the experimental and control groups obtained during the autumn
inventory restock.

As a result, the final weight of the offspring of the experimental group exceeded
the similar rate of fish in the control group by 5.4—10.0%, which averaged about 7.7%.
A slightly smaller difference was observed in the linear indicators — 1.9-5.1% (Table 1).
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Table 1
Qualitative assessment of white silver carp females (x = SE, n = 56)
. x + SE c
Indicators experiment control experiment | control Mo
Weight, kg 5.92+1.41 5.46+1.86 1.79 1.87 0,22
Full length L, cm 79.91£3.60 | 79.45+2.54 7.05 7.82 0,13
Short length 1, cm 66.17+£6.55 | 65.97+11.43 7.21 7.31 0,02
Body height H, cm 22.8340.70 | 19.89+1.68 3.39 3.02 1,65
Body girth O, cm 41.2842.40 | 40.19+4.37 6.35 6.27 0,22
Index I/H 34.50+£0.99 | 30.15+1.07 2.25 2.02 3,68
Index I/O 62.38+0.15 | 60,92+0.23 2.09 2.01 5,32

The most strikingly stimulating effect of the drug was manifested when compar-
ing the physique indices of the broodstock involved in the experiment. According to
the indicators of high-back and body girth index, the broodstock of the experimental
group exceeded the similar indicator of fish of the control group by 12.6 and 2.3%,
respectively. There was a significant mathematical difference between these indicators,
the coefficient of differentiation of the series ranged from 3.68 to 5.32.

The antimicrobial and stimulating effect of the drug was also reflected in the survival
rates of offspring, as shown in table 2.

Table 2
The effect of the immunostimulant on the survival of female silver carp

Mortality in Mortality during Mortality in total

Groups of the first three days | the period of summer |during the observation

females after spawning detention period
copy % copy % copy %

experiment 5 17,2 1 3,4 6 20,6
control 8 27,5 8 27,5 16 55,0

Already in the first three days, the mortality of the offspring of the experimental
group decreased by 12% compared with the norm. At the same time, the offspring
of the control group showed almost regulatory death rate. This trend persisted during
the summer season. It is during the summer maintenance and feeding of broodstock that
all the negative consequences related to the quality of broodstock and the level of their
resistance are manifested. The overall survival of the offspring of the experimental
group for the entire observation period reached 79%. At the same time, the mortality
of fish in the control group exceeded 55%.

Conclusions. The conducted analysis allows to draw a conclusion about the expe-
diency of treatment of ovaries with the drug as a promicrobial and stimulant. The use
of the experimental immunostimulant Anfluron 2 IU significantly increases the resis-
tance of silver carp breeders after operations on artificial reproduction in the factory.
Females of white silver carp injected with immunostimulants showed higher growth
and survival throughout the observation period. The treatment itself easily fits into
the technology of factory reproduction of herbivorous fish and can be offered for intro-
duction into the technological scheme of artificial reproduction.
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Ilpobnema noeoodxcentsa 3 meepoumu nOOYmMosUMU 8i0X00AMU € HAO3BUUALHO AKMYATb-
HOM0 013 pecionie Vkpainu. 3eanuwa 8i0xo0ie 3atimaome YiHHI 8 CLlbCbKO2OCNOOAPCHKOMY
3HauenHi semenvui pecypcu. Ocobnugy HebesneKy cmeoprioms HeCaHKYIOHOBAHI 36anuWyd
meepoux nobymoeux 8i0xo0ie, AKi 3a0pyOHIIOMb 3eMII CLIbCLKO2OCHO0APCLKO20 NPU3HA-




