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Significant anthropogenic influence, the emergence of a large number of pollutants of various origins create an ad-
verse effect on the vital activities of organisms inhabiting water bodies. Often, the consequence of such impacts is a
violation of the qualitative and quantitative composition of the microbiota - the autochthonous specific water body and
the one that forms the microbiocenosis of the organism of aquatic animals, which leads to the development of diseases.
Recently, the number of studies indicating the positive effect of the use of probiotics as preventive, therapeutic agents
and biological factors affecting water quality has been increasing. Probiotic microorganisms not only perform a pro-
tective function against pathogens through the production of short-chain fatty acids, bacteriocins, lysozyme, hydrogen
peroxide, but also synthesize numerous enzymes and metabolites to provide digestive, regulatory, trophic, immunomod-
ulatory and immunostimulatory functions. The range of studied probiotics is represented not only by microorganisms
traditional for aquaculture (for example, Bacillus), but also by representatives of the genus Lactobacillus, the presence
of which is recorded in individual biotopes of fish. We have studied the effect of Lactobacillus casei probiotic microor-
ganisms introduced into the feed on some individual hematological indicators of Carassius gibelio Bloch and analyzed
changes in general behavioral indicators under the influence of modified feed. The effect of probiotics was studied after
15-day acclimatization of fish in aquariums.

It has been proven that the introduction of probiotics as part of the feed substrate for 28 days has a positive effect
on rapid adaptation to external stress factors, stabilization and weight gain of fish, physiological state of external mu-
cous membranes, behavior and general condition of fish, which may indirectly indicate the role of probiotics in mobili-
zation of body systems in the event of a change in living conditions. An increase in the number of leukocytes, an in-
crease in the level of phagocytic activity of neutrophils, in particular the phagocytic index, was noted, which confirms

the direct effect of probiotics in increasing the body's reactivity.

Kniouosi cnosa: Lactobacillus casei, Carassius gibelio Bloch, probiotics, leukocytes, phagocytic activity

Introduction. One of the reasons that leads to the
development of pathological conditions of the fish
organism is the increase in the content of pollutants
in reservoirs due to the intensification of various
industries, including fish farming. Not only highly
virulent pathogens, but also representatives of the
saprophytic microflora are often released from the
organs of sick fish, which indicates a significant
decrease in the overall reactivity of the organism. To
overcome or prevent bacterial infection of aquatic
organisms, alternative means — probiotics — are
increasingly used to replace the active use of antibi-
otics, which leads to the selection and further circu-
lation of opportunistic and pathogenic microorgan-
isms with increased resistance (Simon R., et al.,
2021; Sayes C. etal., 2017; Cruz P. M. et al., 2012).

It is known that probiotics are living cultures of
microorganisms that are used to normalize microbi-
ocenoses in the case of pathologies associated with
dysbiotic conditions and the prevention of infectious
diseases. Among the main requirements for probiot-
ics are: safety of use, significant adhesive and antag-
onistic potential, stimulating effect on the develop-
ment of indigenous microflora, etc. Among the pro-

Bionoriuni cucremu. T.14. Bun.1. 2022

biotic cultures actively used in aquaculture, the share
of Lactobacillus, which is not only native to the
digestive tract of warm-blooded animals, but also
inhabits various biotopes of the fish body, has re-
cently been increasing (Yasmin N. et al, 2022). The
beneficial effect of probiotics is associated with
colonization resistance, biotransformation of toxins,
regulatory and digestive functions. Particular atten-
tion among them deserves immunomodulatory (Gup-
ta S. et al, 2019). It is known that immunological
reactions are powerful homeostatic mechanisms that
ensure the stability of the body's internal environ-
ment when it is disturbed by substances of an anti-
genic nature. The immune system of fish is a combi-
nation of cellular (lymphocytes, granulocytes, Kup-
ffer cells, Langerhans cells, etc.) and humoral (im-
munoglobulins, system of complement components,
lysozyme, interferon, hemolysins, etc.) immunity
factors (Ringo E.et al, 2018). A significant part of
immunocompetent cells is an integral part of blood
and lymph. Cellular link of nonspecific resistance of
fish organism, as well as mammals, is characterized
by phagocytic activity of blood. Phagocytosis is
considered the main process of nonspecific re-
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sistance. According to the literature, fish are charac-
terized by the dominance of non-specific protective
factors, and in the early stages of ontogenesis, they
are decisive.

Therefore, the purpose of this work was to study
individual hematological indicators of the body of
fish under conditions of 28-day exposure to probiot-
ics introduced as part of the feed substrate. At the
same time, the dynamics of fish mass, leukocyte
content, indicators of phagocytic activity were de-
termined, and general behavioral reactions were
evaluated.

Materials and methods. Carassius gibelio Bloch
fish with an average initial weight of 60 g were kept
in glass aquariums 40x27x40 cm (water volume was
40 1) at a water temperature of 14°C and a 16-hour
photoperiod. The water in the aquariums was
changed daily by 3/4 of the volume using a siphon.

For 15 days, the fish were acclimatized, receiving
a standard feed ration. The amount of feed was 1%
of the total weight, taking into account the tempera-
ture regime, the features of the component composi-
tion and the size of the feed.

Further, the fish were divided into 2 experimental
groups: | — fish of the control group, which were on
a standard feed ration (Aller Bronze feed with a
diameter of 3 mm); Il - fish that received probiotic
cultures in the feed substrate. To create probiotic-
containing feed, Aller Bronze with a diameter of 3
mm was used as a basis, after wetting with water,
Lactobacillus casei was added (the latter kindly
provided to us by the employees of the D.K. Zabo-
lotny Institute of Microbiology and Virology of the
National Academy of Sciences of Ukraine) in the
amount of CFU 1x10%Y/g, and the modified feed was
regranulated (the diameter of the granulator holes is
3 mm). The obtained granules were dried for 48
hours.

The experiment lasted 28 days. Fish were
weighed every 7 days of the experiment to assess
changes in fish weight.

Determination of individual indicators of the
immune system was carried out in whole blood.
Blood sampling was carried out from the site of a
live incision at the intersection of the tail fin of fish,
having previously removed the scales from the punc-
ture site and treated it with alcohol to avoid mucus
getting into the blood (Lawrence M.J. et al., 2020).
The instruments were pre-treated with an anticoagu-
lant.

The total number of leukocytes was determined
and the phagocytic activity of neutrophils was ana-
lyzed by a modified method (Simpson D. W. et al.,
1979) using a previously prepared yeast suspension.
50 ul of working yeast solution was added to 100 ul
of heparin-stabilized blood and mixed gently. After
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a 60-minute incubation at 37 0C, a smear was pre-
pared by carefully removing 10 ul of leukoconcen-
trate from the upper layer. Fixation was carried out
with 96% ethyl alcohol for 15 min and stained ac-
cording to Pappenheim.

The results were calculated using a microscope
using an immersion lens (x100), the total magnifica-
tion of the microscope was 1500 times. The phago-
cytic index (the percentage of neutrophils involved
in phagocytosis) and the phagocytic number (the
average number of yeast captured by one neutrophil)
were calculated.

The results of the experimental data were pro-
cessed statistically using software Microsoft Excel.
At the same time, the results were reliable at the
level of reliability p<0,05 according to the Student's
criterion.

Results and discussion. The diversity of action of
probiotics confirms their importance in key areas of
successful fish farming, including nutrition of hy-
drobionts, control of the environment and strength-
ening of resistance of organisms (Wuertz S. et al.,
2021). The introduction of probiotics under the con-
ditions of aquaculture can be carried out in a variety
of ways, which will be manifested in a different
mechanism of their beneficial effect - from inhibit-
ing pathogens, strengthening the immune response
to improving water quality (Pandey A.A. et al.,
2022; Niamphithak P. et al., 2017). They are often
used to directly add them to water or encapsulate
them in live feed. In the case of using probiotics for
the needs of large fish farms, it is rational, in our
opinion, to use probiotic cultures as part of feed.

Approbation of this type of introduction of pro-
biotics under the conditions of aquarium cultivation
of Carassius gibelio Bloch revealed a number of
positive changes.

It should be noted that after removing the fish
from their permanent habitat and transferring them
to aquariums (during the acclimatization period), the
fish lost weight, on average, it decreased to 87% of
the initial weight. The 28-day use of probiotic-
containing feed contributed to a gradual increase in
the weight of the experimental fish (Fig. 1). At the
terminal stages of the experiment, it exceeded the
initial levels, on average, by 16%. It is worth noting
that a similar tendency was not detected when using
a regular fodder diet. In the group of control fish, a
stable decrease in biomass was noted throughout the
experiment. Visual observations made it possible to
state that the fish of the experimental group demon-
strated active behavioral reactions (fast and ori-ented
swimming, immediate reaction to food), high
efficiency of food consumption and moder-ate
sliminess of the skin and no signs of its dark-ening.
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Fig. 1. Amount of biomass of A. dimorphus under different nitrogen supply

The characteristics of similar indicators, which
are important for the analysis of fish health, may
indicate the indirect beneficial effect of probiotics on
the speed of adaptation to stress-ful factors (changes
in living conditions).

It is known that probiotics, in addition to the
protective function (creating colonization re-sistance
of mucous membranes), provide a num-ber of other
important functions lytic, synthetic, trophic,
antimutagenic. One of the most important of them is
the stimulation and modulation of im-mune defense.
Therefore, the next stage of our research involved
the analysis of individual he-matological indicators,
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the change of which is associated with the action of
prophylactic or ther-apeutic agents based on
microorganisms - in par-ticular, the total number of
leukocytes and their physiological activity. It is
known that the num-ber of leukocytes affects the
efficiency of regen-eration of damaged tissues,
destruction of foreign bodies, production of
antibodies, neutralization of parasites. According to
experimental data, the use of probiotic-containing
feed caused an in-crease in the total number of
leukocytes (by 1.3 times, on average from
2.9*1010/1 to 3.8*1010/1), and also caused changes
in the phagocytic activi-ty of neutrophils (Fig. 2).
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Fig. 2. Hematological indicators of Carassius gibelio Bloch under the conditions of using traditional (1) and pro-
biotic-containing feed substrate (11): A — leukocyte content; B — phagocytic index; C — phagocytic number

To characterize the lat-ter, we took into account:
the phagocytic index, which indicates the intensity
of phagocytosis, and the phagocytic number, which
indicates the ab-sorptive capacity of the neutrophil.
In particular, we registered an increase in the
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phagocytic index - in the control group it was 35%,
in the experi-mental group - 64%, but no significant
changes in the phagocytic number were recorded -
2.6 as opposed to 3 for the control fish.
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Conclusions. The use of probiotic-containing  of fish, an increase in feed-eating activity, a positive
feed for 28 days led to a change in individual hema-  effect on the physiological state of the external mu-
tological indicators - an increase in the number of cous membranes, the behavior of fish.
leukocytes, an increase in phagocytic activity (phag-
ocytic index) and caused an increase in the biomass

caudal vasculature. J Fish Biol. 2020; 97(1):4-15. doi:
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BIIJIMB ITPOBIOTHUKIB, BBEIEHUX Y CKJIAJI KOPMOBOI'O CYBCTPATY, HA OKPEMI
TFEMATOJIOT'TYHI ITIOKA3ZHUKHU CARASSIUS GIBELIO BLOCH

JI.M. Bacina, B.O. CrapikoBa, JI.B. Xyna

3Haynull aumpozeHHull 6NIUE, NOSABA BEIUKOI KIIbKOCMI NOTIOMANMIE PI3HOMAHIIMHO20 NOXOONCEHHS CMEOPIOIONb
HeCnpusimIugull GNIU8 HA JHCUMMEOIIbHICMb  Op2anizmie, wo Hacenawoms sodotumu. Hepioko, nacniokom nodionux
6NIUGI6 € NOPYULEHHS SIKICHO-KIIbKICHO20 CKIAOY MIKPOOIOmMU — aymoXmoHHOI KOHKpemHol 6000tmu ma miei, wo gop-
MY€E MIKpoOIOYeHo3U OpeaHizMy 80OHUX MEAPUH, WO NPU3BOOUMb 00 pO3BUMKY X80pob. OcmaHHiM 4acom 3pocmac
KIIbKICMb 00CHIONCEHD, W0 8KA3YIOMb HA NO3UMUSHUL eeKm 3aCmoCy8ants npoOiomuKie ik npoQpiIlaKkmuyHux, JiKy-
BANLHUX 3ACc00i8 ma 0I0N02TUHUX YUHHUKIG, WO BNAUBATOMb HA AKICMb 800u. TIpobiomuyni Mikpoopeanizmu He auuie
30IUICHIOIOMb 3AXUCHY QYHKYIIO W00 NAMO2EHI8 WLISAXOM RPOOYKYIT KOPOMKOIAHYIOZ0BUX JHCUPHUX KUCTOM, bakmepio-
YUuHis, 1izoyumy, nepoxcudy 600HI0, @ Ul A CUHME3YIOMb YUCENbHI (hepmenmu 1l Memaboaimu 05l 3a6e3neuenns mpas-
HOI, pezynamopuoi, mpoghiunoi, imynomodynoouoi ma imynocmumyniowowoi Qynxyii. Cnekmp 0ocaioncysanux npooi-
OMUKi8 npedcmasienull He Juue mpaouyiuHumu O aKeaxKyibmypamu Mikpoopearizmamu (Hanpuxnao Bacillus), a i
npeocmaegnukamu pody Lactobacillus, nasguicme skux ¢ixcytome @ oxpemux Oiomonax pub. Hamu oocnidocysaecs
6nue npodiomuynux mikpoopearizmie Lactobacillus casei, 66edenux y ckiadi Kopmy, Ha OKpemi 2eMamono2iuHi noKas-
nuxu Carassius gibelio Bloch ma npoananizogani sminu 3a2anvHux noeediHKo8Ux NOKA3HUKIE 3a Oii MoOupikoeanozo
Kxopmy. Buguenns 0ii npobiomuxis 30iticniosanu nicis 15-0ennoi axnimamusayii pub y akeapiymax.

Jlosedeno, wo 68edentss npodIOMuUKy y CKIaoi KopmMogoz2o cyocmpamy 8npoooeic 28-mu OHi8 NOZUMUBHO BNIUBAE
Ha WeuodKy adanmayiio 00 3068HIWHIX cCMpecosux Gaxkmopis, cmabinizayilo ma npupicm macu puo, Qizionociynut cman
306HIWHIX CIU30BUX NOKPUBIB, NOBEOIHKY MA 3d2albHULl CMAH pub, WO Moxdce ONOCepeOK08AHO C8IOYUMU NPO pPOJib
npobiomuxie y MoOinizayii cucmem Opeamizmy y 6unaoxy 3minu ymMoe icHysauwus. Biomiueno 30invuienns KiibKocmi
Jletikoyumis, 3poCmanHs pieHs azoyumapHoi axmugHocmi Heumpo@inie, 30kpema azoyumapHo2o NOKA3HUKA, WO
niomeepoicye be3nocepeorto 0iro NPoOIOMUKIE Y NOCULEHHI PeaKMUBHOCI OP2AHIZMY.

Keywords: Lactobacillus casei, Carassius gibelio Bloch, npo6iomuku, netikoyumu, gpazoyumapna akmusHicms
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