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The effects of the probiotic Subtilis on the peripheral blood
system of Clarias gariepinus
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Abstract. The article discusses the prospects for using pfigkiin aquaculture. The effect of probiotics
on the physiological processes in the body of Aficatfish grown under artificial breeding is dissed.
The effectiveness of using probiotics to increaselpctivity, improve the gastrointestinal tract figh,
increase non-specific resistance and stress nesésia analyzed. The results of our own researcthen
use of the probiotic Subtilis, which is currentlged in many industries, including fish farming, are
presented. The aim of the work was to study thecefsf the probiotic subtilis on the erythron systend

on the structure of the leukocyte formula of Africaatfish. Against the background of the probiotic
subtilis, the total number of red blood cells ire thloodstream was increasing, and the proportion of
immature forms was progressively decreasing. Ths®®l dynamics and sexual characteristics of the
catfish peripheral blood system were studied with tse of a probiotic. In general, the stimulagffgct

of the probiotic subtilis on erythropoiesis and tiveite blood system was found. Analysis of the
leukogram of African catfish indicated the actieatiof the cellular component of the immune system
when using a probiotic in feeding. Our resultswalios to recommend the use of the probiotic subftilis
the cultivation of African catfish in industrial agculture. This work was supported by the Russian
Foundation for Basic Research with the grant 18-001520.

absorption of nutrients, thereby reducing feed oAt
the same time, not only feed is used more effibjebut
also the economic indicators of production increase
significantly.

In the technological process of growing fish, thisre
a crucial critical moment when the fish larvae, ihgv
lost the yolk sac, begin to actively eat and cantbta
swallow water. Therefore, it is very important psety
during this period to colonize the fish intestinethw
microbiota, which has a healing effect on the it
microbiocenosis and enhances natural immunity. The
use of probiotic allows one to create conditions tfee
growth and development of fish. In the contemporary
aquaculture in many countries, African catfish (@a
gariepinus) is becoming increasingly popular as an
object of industrial fish breeding. And this is not
a surprising, since this species easily adapts to the

environment, and, in addition, it reproduces geisily

and exhibits increased resistance to diseases [5].

At fish farms in the Russian Federation and Europea
countries in recirculating aquatic systems (RA3k t
most popular of all catfish species is the Africaufish -

[2-4]. The widespread demand for probiotics in all Clarias gariepinus, and not two closely relatedcime
sectors of agricultural production stimulated the Clarias lazera and Clarias batrachus [6], which are

emergence of many new probiotic preparations which W|deI.y used. for growmg_malnly n troplcal counsie
are in demand in various industries. nfectious diseases of fish are considered the most

By optimizing the microbiocenosis of the digestive ?angeron;sf_lr;]aquzculguri th_ey ar(ta af[:co:‘npan_ledfggl
tract, the microflora of probiotics increases the 0Sses ot fish products. An important role in irseg

1 Introduction

Currently, aquaculture is developing steadily tlgtoaut
the world. The purpose of its development is tovjgte
the population with a variety of fish products tteat
available to people with different income levels,veell
as meeting the needs of adjacent industries fémteal
products.

Unlike natural conditions, under cultivation
conditions in recirculation aquatic systems (RARB) is
deprived of natural food, it lives in an aquatic
environment that has lost its self-cleaning ahility

Under the influence of microflora of water and feed
changes occur in the microbiocenosis of the imestof
fish [1]. As a rule, they are negative. Violatioimsthe
composition of the intestinal microbiota lead to
weakening of growth, a high susceptibility of fist
diseases. In addition, fish are subject to stresdes
various origins, which are inevitable during intewes
cultivation and further aggravate the situation.

In the last decade, interest in probiotics haseiased
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the productivity of industrial and fish farming the cells, a Burquer count camera was used with ao&w

prevention and treatment of diseases. The maingrid engraved on it. Erythrocyte counts were penfed

pathogens that cause fish diseases are aeromonads) 80 small squares located diagonally. For celintimg,

pseudomonads, vibrios, many types of enterobacteria2-3 drops of a blood solution were used.

and Escherichia coli. Blood was collected using a blood-count pipet for
The use of probiotics in fish farms is one of thesimn  erythrocytes and pre-mixed with a 0.65% NacCl soluti

effective solutions for preventing fish diseasesd an We counted all the cells lying not only inside stpare

preventing water pollution from fish metabolitesqJ itself, but also on its boundary lines, if mosttioé cells
Quite recently, it was believed that probioticséa@  were in the inner part of the square. The averagebier

narrow "intestinal" orientation. However, in recemtars of erythroid cells was determined as follows: thenber

it has been found that probiotics have inherent of all counted cells was divided by the number of

immunomodulating effects, they also act as metaboli squares in which red blood cells were counted &@) a

regulators [10]. value corresponding to the average number of cells
A typical representative of probiotics is the dotites  containing 1/4000 ménwas obtained. Multiplying the

drug Subtilis, whose effective agent is Bacillubtdis result by 4000 and the degree of dilution, we olgdian

and Bacillus licheniformis. The microorganisms bist average erythrocyte content in 1 fam

probiotic actively secrete biologically active stadrees Red blood cells were divided into blastocytes,

in the intestine and produce various digestive sres/  immature erythrocytes and mature erythrocytes. The

and enzymes [11]. proportion of each group of red blood cells was
The dose of probiotics is selected in each case,determined by the formula:

depending on the species and age of fish, season, M =n/mx100%, where

temperature. The effect of using probiotics in fish M — the proportion of red blood cells of the studied

farming is undeniable, but the actions that impletme group; n — specific red blood cell count; m — total

these effects is still under study [12].
In particular, the effect of probiotics on the bdoo

system of fish has not been sufficiently studied.

Therefore, in our work, we study the effect of the
probiotic Subtilis on the hematopoietic system,
examining the erythron system and the leukogram.

number of red blood cells studied (Zhiteneva et al.
2004)

Blood smears were made at the place of capture, the
they were fixed with 96° ethanol. After drying, the
preparations were stained according to the
Romanowsky—-Giemsa method. When calculating the

The main objective of the study is to establish the forms of red blood cells and the leukocyte formua,

nature of the effect of the probiotic Subtilis dre tred
and white blood system of African catfish (Clarias
gariepinus).

2 Materials and methods
The material for the study was African catfish,wgnoin

the laboratory of Experimental Biology and Aquaatgt
of the Ulyanovsk State Agrarian University.

optical binocular microscope with an immersion lens
was used. Cedar oil was used as immersion. On blood
smears, all uniform blood elements found in théd fief
vision were counted successively, and on speciahdo
they were marked depending on their belonging te on
or another group.

According to the generally accepted technique, the
counting of various forms of cells was started frima
middle of the smear, moving the visual fields usihg
zigzag method to the edge of the glass slide, sinee

For this purpose, two groups, the experimental andformed blood elements are located in different pat
control one were formed. The groups included both e preparation due to their different specificvifsa

males and females of African catfish, 25 specimen i
each. In all groups, the fish were fed with extdid@od
“Limkorm”, where the protein content was 46-52%.
Feeding was carried out manually, so as to endhee t
fastest possible eating, the frequency of feeding @4
hours.

For preventive maintenance, increasing productivity
normalizing digestion and improving the physioladic
state, the probiotic Subtilis-C was introduced itihe
diet of the experimental group of males and females
the amount of 40 grams per 1 kg of feed. The ptabio
was dissolved and the compound feed was irrigaidd w
it until completely absorbed, right before feeding.
Probiotics were not used in feeding control groops
males and females of African catfish.

African catfish were kept in tanks of 3.8 m3 in RAS

Statistical data processing was carried out by the
method of variation statistics using the Excel pang,
the results of the differences were evaluated by th
Student criterion, the differences were considered
reliable at P> 0.05.

3 Results and discussion

During the evolutionary process, blood, being thsi®
of the internal environment of the body, acquired a
complex of especially important functions that eesu
homeostasis, regulation and optimization of the
relationship of the organism with the external
environment.

Hematological parameters are an indicator of the

The water temperature was maintained at 26 ° C, thebody's reactions to various stress effects. Acogrdo

oxygen content in the water was 4 mg/I.
Peripheral blood was taken intravitally from the
caudal vein. To calculate the total number of rézbd

the reaction of the blood system in response to the
effects of adverse factors, their influence on the
physiological state of fish can be estimated.
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Blood is one of the most flexible systems of the depends on many indicators. Their fluctuation can b
organism in relation to environmental factors. This affected by sexual activity, spawning, season efyar,

property is due to its composition and functionkeT
ratio of different forms of red blood cells in the
peripheral blood of fish is a rather informativelirator
that reflects various aspects of the vital activtyits
body. These include: health status, species spegcifi
seasonal changes, way of life characteristics,itimurty
habitat, stages of the life cycle, etc.

Blood performs many functions. Of paramount
importance is oxygen transport, no less importaatiae
transfer of nutrients from the digestive systenotoer
tissues, of metabolites from the place of formatmithe
sites of neutralization and excretion, the transbér
hormones from the endocrine glands to the tissaled,
the transport of immunity factors.

time of day, nutrition, starvation and a numberotfer
parameters.

The results of our studies showed that in winter th
number of red blood cells in males in the contnaugp
was 1.38*1@, in the spring - 1.49*1%/, which is
5.5% more. In the experimental group in wintersthi
indicator was equal to 1.51*3, which is 11.92%
lower than in spring. The number of red blood calls
males of the control group in winter was 6.79% lowe
than in the experimental group, and in the spriagogl
the difference was 4.27%.

Blast cells are undifferentiated blood cells thet a
produced in the bone marrow. Subsequently, they are
converted to red blood cells, white blood cells and

These functions are mostly inherent in red blood platelets. They are the precursors of mature blmeils.

cells. They transfer nutrients adsorbed on theaserand
biologically active substances, exchange lipidshwit
blood plasma, participate in the regulation of dwige
and ionic equilibrium, water-salt metabolism. Due t
adsorption on the surface of cells of various suirsts,
red blood cells indirectly participate in immune

In our experience, an insignificant amount of thesks
was noted. They amounted to 0.1%.

The erythrocyte count in fish in the experimental
group in the winter period was higher by 9.4% coraga
with the control. There is a tendency of increase
mature forms of red blood cells in the experimental

responses, as well as in the regulation of bloodgroup due to a decrease in immature ones (Fig. 1).

coagulation system [13].

But the main function of red blood cells can be
considered respiratory function, i.e. the ability bind
and transport oxygen and carbon dioxide. This fanct

Males of the control group in the winter had five
times more mature red blood cells was than immature
ones. The number of mature red blood cells was%4.0
and of immature ones - 15.9%. In the experimental

is carried out by hemoglobin contained in red blood group, the number of mature forms of red bloodscell

cells.

The red blood cells of fish in the bloodstream live
quite a long time, about a year, which is appayentl
associated with the functional activity of hemogiob
molecules.

A characteristic feature of fish is the polymorphis
of red cells, this is expressed in the fact thgtheoid
cells of varying degrees of maturity can simultarsp

was 8.8 times greater than immature ones.

We can see that the number of mature red blood cell
forms in the experimental group was 5.7% highen tiha
the control group. The content of non-mature foims
the experimental group, on the contrary, was lotlvan
in the control group by 1.5 times.

Thus, the number of immature forms of erythrocytes
is apparently related to the seasonal activation of

be present in the bloodstream. Red blood cells aremetabolism in the body of catfish. The presenceedf

divided into mature red blood cells and immatuneris.
The number of red blood cells in the body of fish

blood cell precursors - blastocytes in the spriagqa of
time was noted only in the control group (Fig. 2).

89 7+2 32

84+1,63

15,9+1,72

1.38.51 0.10.1 k
Red blood Blastocyte Mature, % Not
cell count, count, % mature,%

*10M12

m Control

240,85 m Experience

Fig. 1. The content of different groups of red blood cillthe blood of males of African catfish on thekground of a probiotic in
the winter period.
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Fig. 2. The content of different groups of red blood céllthe

blood of males of African catfish agairts background of a

probiotic in the spring period.

The total number of red blood cells in the spring i

change in the content of red blood cells in theo8lof

males of the experimental group was higher than infemale African catfish.

specimen of the control group by 13.4%. The praport
of mature forms of red blood cells in the experitaén
group increased, due to this there was a decraase

The content of red blood cells in the blood of fé&esa
was of the same orientation as that of males. o th
inumber of red blood cells in the spring in the coint

immature forms. Thus the number of mature forms of group was 1.77*1%/l, which is 6.5% more than in

red blood cells in the control group was 91.3 $3%6in
the experimental group - 95.2 + 1.53%.

There were no statistically significant differendas
the content of immature forms in the blood of fiebt a

winter. In winter, the erythrocyte content in the
experimental group was 6.7% higher than in therobnt
in the spring, these differences were 8.47%.

The seasonal dynamics of the content of mature

pronounced tendency existed, since the proportion o forms of red blood cells in the control group hée t

immature forms of red blood cells in the experima¢nt
group was 1.79 times lower than in the control grou
The results of the study of the content of red 8loo
cells in females with the use of the probiotic shewn
in Figures 3, 4.
Based on the data obtained, it is possible to jutige

same orientation as the total number of red blogts.c

In winter, the proportion of mature forms of reddu
cells in the control group was 1.09 times less ftinate
experimental group. The number of immature red dloo
cells in the experimental group, compared with the
control, was 2.03 times lower.

1.651.84 0 0
Red blood cell Blastocyte
count, ¥10712 count, %

Mature, %

m Control

B Experience

14,6+2,13
7

240,67

Not mature, %

Fig. 3. The content of different groups of red blood c#llthe blood of female African catfish on the bgiwkund of the probiotic in
winter period.
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Fig. 4. The content of different groups of red blood caill¢he blood of female African catfish on the bgirdund of the probiotic in
the spring period.

Blood counts objectively reflect the intensity of
metabolic processes occurring in the body of fesl
have high correlative relationships with age, seaso
nutrition and other factors affecting normal grovethd
development. A photograph of the red blood cellsiof
African catfish is shown in Fig. 5. Counting was

performed under a small magnification of the
microscope (eyepiece x 10, lens x 8).
In the case of lack of red blood cells in the

bloodstream, they will not be able to effectivelype
with the delivery of oxygen. Reduced red blood cell
count causes a deficiency of hemoglobin and irars,io
which bind oxygen and supply it to tissues. Oxygen
deficiency negatively affects the work of all orgaand
systems of the body. In this case, oxygen stanvatio
organs and tissues will occur.

Another important hematological indicator is a
leukogram. It expresses the percentage of differgrs
of white blood cells. Leukoformula is an indicatdrnot
only the physiological state of fish, but also #tate of

cellular immunity. The composition of the leukofarla

of African catfish was studied by us against the
background of the probiotic Subtilis in mature nsaded
females. The leukogram of males is shown in Fidure
and leukogram of females - in Figure 7.

i/

bal
-

\\ )
erythocytes

Fig. 5. Red blood cells of a mature African catfish

91.693.18

= Control

m Experience

Fig. 6. Leukocyte formula of male African catfish catfié)
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The white blood morphology of -catfish was agranulocytes. They accounted for 2.4 - 3.8% otdked
characterized by the predominance of lymphocytes.number of leukocytes. Monocytes had a blue-vicegye
These cells are most represented in the leukogradn a nucleus of a rounded shape and a narrow rim of the
comprise from 89.52% to 93.18% in African catfish. cytoplasm, painted in a smoky color.

Monocytes were found in blood smears among

89.5292.18
299 ¢« 2929 4 oY
9.4 2.0 O e Z2.D Z
' ' ' ' = Control
ofe e ol &
A" Z'G"ﬂ ‘&,n 6‘3 - .
0‘& 00%\ 0&@ éQo Experlence
%
8
&
Qo\

Fig. 7. Leukocyte formula of female African catfish catfi€o)

In second place in terms of specific gravity in t&hi
blood is the fraction of neutrophils. The relativember
of neutrophils in the blood of fish of both grougisthe

beginning and at the end of the experiment wasiwith pjtferences in the content of red blood cells were

the physiological norm. However, this indicator thre detected in the control and in the experimentaligrof

blood of the experimental group had a significant catfish treated with the probiotic Subtilis. Themer of
decrease, compared with the control group. So, thereq piood cells in catfish treated with the proigiot

4 Conclusion

number of neutrophils in specimen of the contraugr increased significantly.
was in tr:)e range of 3.0 - 3.2%, in the experimegrtalip Against the background of the use of the “Subtilis”
- 2.5-2.6%. probiotic, the number of blastocytes in the blooetsin

Catfish blood is represented by polymorphonuclear yecreases, which indicates a positive effect of the
cells. These are round cells that have a horsesihaged probiotic microorganisms on blood formation.
segmented nucleus and a granular cytoplasm." oy results showed that the use of the probiotic
Eosinophils involved in the development of the Bedy g ptilis had a positive effect on the erythron eysand
immune response during helminthiases and protoma a e leukogram of African catfish as a whole.
also classified as these cells. The number of s \yell known that an increase in the numbereaf
polymorphonuclear c_ells is within: in the experit®@n  p50d cells leads to an improvement in the supfly o
group - 0.9 - 2.0%, in the control group - 0.8 5%,  {issyes and organs with oxygen and positively #fec
depending on sex. _ _ metabolic processes in the body of fish.

The analysis of the leukocyte profile of the cdtfis The use of the probiotic Subtilis in the diet ofién
organism indicates that, against the backgrounthef  cafish optimizes the physiological and bio-cherhica
use of the probiotic Subtilis, a S|gn|f_|cant incgedn _the. status of fish blood, strengthens the immune system
absolute number of lymphocytes is observed in fish, naintaining fish health and increasing fish prothrct
while the relative number of neutrophils, monocytexd performance. In general, the use of probiotics fiactor

polymorphonuclear cells decrea;es. A decreaseén th ensuring the safety of fish products for the final
relative number of neutrophils, monocytes, and .qnsumer — the human being.

polymorphonuclear cells can be explained by aremee
in the proportion ofymphocytes.
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