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INFLUENCE OF BISPHENOL A AND PROBIOTIC-CONTAINING FEED
CARASSIUS GIBELIO BLOCH INDICATES SEPARATELY
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One of the most common pollutants of water bodies is bisphenol A (BPA), a plastic monomer used to synthesize polycar-
bonate plastics, epoxy resins and thermal paper (Barboza L. et. al., 2020). BPA enters freshwater and marine ecosystems as
a result of leaching from BPA-based composites, as well as with water discharges from manufacturing plants, wastewater
treatment plants and landfills. BPA is characterized by a low accumulation potential in freshwater environments, a short
half-life under aerobic conditions, but due to the continuity of exposure, it is a serious problem (Wu N. C., Seebacher F.,
2020). The ways BPA enters the fish body are diverse: through the digestive tract, gills, skin. Numerous studies have shown
the adverse effects of BPA on the behavioral and morpho-physiological parameters of fish, including swimming patterns,
coordination of movements, appetite, and dysfunction of many systems (endocrine, reproductive, nervous).

It is possible to prevent the negative effects of hunting through the prophylactic use of agents that enhance the overall
reactivity of the body. In this sense, our attention was drawn to probiotics - microorganisms that have a stimulating effect
on the development of indigenous microflora, have a high antagonistic, synthetic, immunomodulatory, regulatory potential.
We have studied the effect of bisphenol A and probiotic microorganisms Lactobacillus casei, introduced in the feed, on
certain indicators of Carassius gibelio Bloch (general behavioral reactions, certain morpho-physiological parameters, qual-
itative and quantitative characteristics of erythrocytes and leukocytes). The study was carried out after 15-day acclimatiza-
tion of fish in aquariums at a water temperature of 14°C, appropriate aeration regime and 16-hour photoperiod.

It was found that 96-hour exposure to bisphenol A at a concentration of 1.5 mg/l causes darkening of the skin, increased
mucus secretion, uncharacteristic motor activity, the appearance of unusual morphotypes of red blood cells, a slight increase
in the number of leukocytes, and a decrease in the phagocytic activity of Carassius gibelio Bloch. Preventive introduction of
probiotic cultures in the feed contributed to the correction of behavioral reactions and individual hematological parameters.

Key words: Carassius gibelio Bloch, bisphenol A, probiotics, erythrocytes, leukocytes, phagocytic activity

Introduction. An urgent problem of today is the
rapid increase in the number of pollutants in the
environment, especially anthropogenic ones. In
aquatic ecosystems, organisms are at greater risk
compared to terrestrial ones, as a large number of
chemicals of various origins easily settle in the
hydrosphere and enter the body.

An example of such hazardous compounds that
pose a threat to the environment and its inhabitants is
plastic and its components. Modern plastic materials
may contain a wide range of additives that provide
specific properties and improve its performance,
stability, durability. Most often, plasticizers, flame
retardants, antioxidants, acid absorbers, lubricants,
light and heat stabilizers, pigments and dyes, etc. are
used for these purposes. Bisphenol A (BPA) is the
most representative representative of this group of
chemicals (Barboza et. al., 2020). It is a xenobiotic
and an exclusively man-made compound used for the
synthesis of polycarbonate plastics, epoxy resins and
thermal paper. Large-scale production of bisphenol A
in different countries of the world has led to its
significant release into the environment of all
continents, including the hydrosphere (Repossi et. al.,
2016).
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According to meta-analysis data, the BPA content
in fresh water is on average 42.3 ng/l (Wu, Seebacher,
2020). In the aquatic environment, BPA usually
decomposes in 0.5-6 days, but due to continuous
ingestion, many organisms, especially fish, are
constantly exposed to this toxic substance (Bhandari
et. al., 2015). At the same time, the following are
noted: disruption of the reproductive system, embryo
development, larval and juvenile growth, obesity due
to modulation of pathways involved in adipocyte
differentiation and lipid accumulation (Sun et.al,
2019); damage to the nervous system and impaired
motor functions due to penetration through the blood-
brain barrier, induction of the pro-inflammatory
process through inhibitory/activating effects on
kinases; development of oxidative stress due to an
increase in reactive oxygen species (ROS) and nitric
oxide (NO) (Afzal et.al., 2022; Akram et.al., 2021).

To prevent the above-mentioned changes, it is
possible to use means based on the strengthening of
specific and non-specific resistance of fish. Probiotics
are the most promising among them. Probiotics,
which are representatives of the autochthonous
microflora of organisms, provide numerous functions
- protective, digestive, synthetic, regulatory, trophic
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(Hoseinifar et. al., 2018). They can act not only as an
alternative to antibiotics in the case of overcoming
fungal and bacterial infections, but also show
immunostimulating and immunomodulating effects
(Pandey et. al., 2022; Chauhan and Singh, 2019).
These effects of probiotic bacteria are realized
through  cell-associated mechanisms and the
production of biologically active substances with
immunoregulatory properties. On the other hand, the
broad enzymatic activity of probiotics, which
provides biotransformation of toxic compounds,
encourages their use as bioremediation and biocontrol
factors (Hasan and Banerjee, 2020).

Therefore, the aim of this work was to study the
influence of bisphenol A and the action of probiotics
introduced into the fodder substrate on individual
indicators of the body of Carassius gibelio Bloch. At
the same time, the content of leukocytes was
determined, the qualitative and quantitative
composition of erythrocytes, indicators of phagocytic
activity were analyzed, general behavioral reactions
and changes in fish weight were evaluated.

Materials and methods. Experimental studies
were conducted on Carassius gibelio Bloch fish, the
initial weight of which, on average, was 60 g. The
fish were transferred from the pools of the closed
water supply system to glass aquariums 40x27x40 cm
in size and left for acclimatization for 15 days. During
this time, the fish were on a standard feed ration (daily
in the amount of 1% of the total weight). Throughout
the experimental period, the following conditions
were observed: water temperature - 14 °C,
photoperiod - 16-hour, oxygen supply - appropriate
through the functioning of oxygenators.

Subsequently, the fish were divided into 3
experimental groups: | - fish of the control group
(group - control), which were on a standard food diet
(Aller Bronze feed with a diameter of 3 mm); 1 - fish
that were on a standard food diet for 28 days and were
exposed to a toxic 96-hour exposure to bisphenol A,
concentration of 1.5 mg / | (group - bisphenol) at the
last stages of the experiment; Il - fish that received
probiotic cultures as part of the feed substrate for 28
days and were further exposed to 96-hour exposure to
bisphenol (probiotics + bisphenol). Probiotic-
containing feed was created on the basis of Aller
Bronze with a diameter of 3 mm, followed by the
introduction of Lactobacillus casei (kindly provided
to us by the staff of the Institute of Microbiology and
Virology named after D.K. Zabolotny of the National
Academy of Sciences of Ukraine) in the amount of
1x1011 cfu/g and granulation of the modified feed
(Vasina, 2022). The experiment lasted 32 days.
During the period of acclimatization and 28-day study
of the preventive effect of probiotic feed, water in the
aquariums was replaced daily by 3/4 of the volume.
When studying the short-term effect of bisphenol A
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on Carassius gibelio Bloch, the concentration of the
polutant in water was maintained daily at a constant
level.

Determination of some hematological parameters
was carried out in whole blood. After pretreatment of
the live incision site, blood was collected with a
Pasteur pipette from the tail vein (Lawrence et al.,
2020). The instruments were pretreated with
anticoagulant. The total number of erythrocytes and
leukocytes was determined, and the phagocytic
activity of neutrophils was analyzed by a modified
method (Simpson 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 a 60-minute incubation
at 37 °C, a smear was prepared by carefully removing
10 ul of leukoconcentrate from the upper layer.
Fixation was carried out with 96% ethyl alcohol for
15 min and stained according to Pappenheim.

The results were calculated using a microscope
using an immersion lens (x100), the total
magnification of the microscope was 1500 times.The
results of the experimental data were processed
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 their discussion. Hydrobionts,
including fish, are very sensitive to the appearance of
various pollutants in the environment. BPA enters the
body of fish through the skin, gills or alimentary way.
It is known that the toxic effect of bisphenol A on the
body is associated with impaired functioning of many
systems - endocrine, reproductive, nervous, etc. The
effect of BPA on the growth, behavior, morphological
characteristics of fish, its genotoxicity has been
characterized (Afzal et.al., 2022; Frenzilli G. et.al.,
2021). Both long-term and short-term exposure to
polutant causes changes in various tissues and organs
such as liver, kidneys, gills, brain, etc. (Akram et al.,
2022; Faheem et al., 2019; Huang et.al., 2018).

During the experimental study, we did not record
significant changes in the weight of fish of groups |
and Il. During the acclimatization period, fish of both
groups lost weight, which did not reach the initial
values even after 32 days of feeding with traditional
feed substrate. Instead, as in previous studies, the
stabilization (with subsequent increase) of the
biomass of fish of the third group under the conditions
of 28-day use of probiotic-containing feed was stated.
On the 32nd day of the experiment, the weight of fish
in the "control" and "bisphenol” groups averaged
51+6.2 g, and in the "probiotic + bisphenol” group
62+8.1.

Experimental studies have shown that four-day
exposure to bisphenol A caused some morphological
and behavioral changes in fish. In particular, we
observed darkening of the skin and increased external

113


https://www.sciencedirect.com/science/article/pii/S2772813722000038#!

mucus formation (Fig. 1), as well as a decrease in the
efficiency of feed consumption, increased frequency
of swallowing movements, accelerated movement of
gill covers, trembling of fins, decreased motor
activity, and deterioration of coordination of
movements. Such changes were not characteristic of

fish of group I, which were fed with probiotic-
containing feed for 28 days: fish actively moved,
effectively consumed feed; the color of their skin did
not differ from the control group; increased mucus
formation was not observed; atypical respiratory
movements were not detected.

Bisphenol

Probiotic + bisphenol

Fig. 1. Coloration of the skin of the fish of the research groups

The long-term action of probiotics introduced in
the feed substrate obviously not only contributed to
the stimulation of the autochthonous microflora of
fish, but also enhanced the biotransformation of xe-
nobiotics due to the broad enzymatic activity of bac-
teria. It is known that BPA entering the body through
food can be absorbed by the cells of the gastrointesti-
nal tract and liver. Bisphenol deactivation reactions
occur here with the formation of bisphenol A-glucu-
ronide (Mit et. al., 2022), less often bisphenol A-sul-
fate (reactions have been studied in detail in humans
and primates (Dekant end Vo6lkel, 2008)), which can
be excreted from the body. All of the above may in-
directly indicate the rapid adaptation of fish to new
conditions of keeping and increased reactivity of the
body.

It is known that both chronic and short-term ex-
posure to bisphenol A causes various disorders in the
body of animals, as evidenced by changes in indica-
tors that act as biomarkers of the functional state of
the liver, kidneys, gills, muscles, and formed blood
elements (Akram et. al., 2022; Afzal et. al., 2022; Dile
et.al.,, 2022; Akram et. al., 2021; Faheem et. al.,
2019). It is suggested that BPA exhibits genotoxic ac-
tivity, and oxidative stress may be one of the mecha-
nisms of its manifestation (Sharma end Chadha,
2021; Abdel-Tawwab end Hamed, 2018). On the
other hand, probiotics have significant synthetic and
immunomodulating /stimulating properties (Maldo-
nado Galdeano et al., 2019), which allows mobilizing
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various links of the body's defenses. Therefore, the
next stage of the experiment was dedicated to the
study of individual indicators characterizing the qual-
itative and quantitative changes of erythrocytes and
leukocytes in the blood of experimental groups of
fish.

The results of the experiment proved the absence
of reliable changes in the number of erythrocytes of
all experimental groups, but allowed to ascertain the
morphological changes of erythrocytes in the blood
of fish exposed to BPA. At the same time, the appear-
ance of erythrocytes was detected, which were char-
acterized by a pear-shaped, disk-shaped, rod-shaped
shape. Similar morphotypes of erythrocytes were not
observed in the blood of fish of other groups (Fig. 2).

According to literature data (Sharma and Chadha,
2021), under the influence of toxic doses of bisphenol
A for 24-96 hours, abnormalities were detected in the
erythrocytes of C. punctatus, in particular, lysed cells,
binucleated cells, cells with micronuclei, karyolyzed
cells, erythrocytes with a dentate nucleus, fusion of
cells.

It is worth noting the tendency to increase the
level of leukocytes in the blood of fish exposed to bi-
sphenol A, and in the case of preliminary long-term
feeding of fish with probiotic-containing feed, these
changes were significant (Fig. 3, A).
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Control

The number of leukocytes in the blood of fish of
group Il was, on average, 3.9*1010 / | and slightly
differed from the established for fish fed for a long
time with probiotic-containing feed. Obviously, this
indicates the dominant contribution to the activation
of leukocytopoiesis of the appearance of probiotics in
the feed rationThe analysis of phagocytic activity was
carried out, considering two indicators of neutrophil
functioning - phagocytic index, indicating the
percentage of neutrophils involved in phagocytosis
and phagocytic number, which characterizes the
average number of yeast cells captured by one
neutrophil.
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Bisphenol

Probiotic + bisphenol
Fig. 2. Morphotypes of fish erythrocytes: a — normocyte, b — pear-shaped, ¢ — disc-shaped, d — rod-shaped

We registered an increase in the phagocytic index
in fish of the Il group (Fig. 3, B). For example, if in
the control group it was, on average, 35%, then in the
111 group of fish it was equal to 60%.

On the other hand, there was a tendency to
decrease the phagocytic index in fish of the Il group -
up to 32% on average.The highest value of the
phagocytic number was noted for animals of the
control group (Fig. 3, C). For the other two groups
that were exposed to short-term toxic effects of
bisphenol, a slight decrease in the level of phagocytic
number was shown, and it was significant only in the
case of the study of fish that were fed with feed

without probiotics.

I 11 111
A B C
Fig. 3. Leukocyte content (A), phagocytic index (B), phagocytic number (C) in Carassius gibelio
Bloch
Note: | — control, 111 — bisphenol, 111 — probiotic + bisphenol; * - statistically significant difference

compared to the control, p<0.05

Conclusions. A 96-hour exposure to bisphenol A
at a concentration of 1.5 mg/l causes skin darkening,
increased mucus secretion, unusual motor activity,
the appearance of unusual erythrocyte morphotypes,
a slight increase in the number of leukocytes, and a
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decrease in the phagocytic activity of Carassius
gibelio Bloch. Prophylactic introduction of probiotic
cultures as part of the feed contributed to the
correction of behavioral reactions and individual
hematological indicators.
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BII/IUB BIC®EHOJIY A TA IPOBIOTUKOBMICHOI'O KOPMY
HA OKPEMI ITIOKA3HUKHN CARASSIUS GIBELIO BLOCH

JI.M. Bacina, JI.B. Xyna

Oonum i3 navinowupeniwux nomomanmie 00oim € icgpenon A (BPA) — nracmuxosuii monomep, wo sukopucmo-
8YEMbCsL ONIsL CUHME3Y NONIKAPOOHAMHUX HAACMAC, enOKCUOHUX cmonl | mepmonanepy (Barboza L. et. al., 2020). BPA
NOMPANsAE 8 NPICHOBOOHI MA MOPCLKI eKOCUCTNEeMU BHACTIOOK BUMUBAHHS 3 KOMRO3umis Ha ocrosi BPA, makoorc 3i cku-
oamu 800 UPOOHUYUX NIONPUEMCME, OYUCHUX cnopyO ma cmimmessanruwy. BPA xapaxmepuszyemvca Husekum nomem-
YIanoM HAKONUYYBAHHS 8 NPICHOBOOHUX CepedosUAX, HEMPUBATUM NEPIOOOM HANIBPO3NAOY 6 AePOOHUX YMOBAX, NpOe
yepes besnepepsnicms nompanisanms ckiaoac cepiiosny npooaemy (Wu N. C., Seebacher F., 2020). [llnsxu nompannsnns
BPA 6 opeanizm pubu — pisnomanimui: uepesz mpagrutl mpaxm, 356pa, wikipy. YucenvHi 00Ci0dicenHs NOKA3aNU HeCnpu-
smausuti enaus BPA na nogedinkosi ma mopgo-gizionociuni napamempu pub, sKuo4Haroyu Mooeib NIA8aHHs, KOOPOU-
Hayiio pyxie, anemum, nopyuwleHHs QyHKYIOHY8anHs 6aeamvox cucmem (eHOOKpUHHOL, penpoOyKMUeHoI, Hepeogoi).

Tlonepedumu necamusni eghexmu nROJIOMAHMA MOJCHA Yepe3 NPpoPinakmuyHe 3acmocy8anis 3acobie, Wo cnpusoms
NOCUNEHHIO 3A2ANbHOT peakmueHOCI Op2anismy. ¥ ybomy cenci nawty ysazy npugepHyiu npooiomuxu — Mikpoopeaismu,
WO BUAGIAIOMb CIMUMYTIOIOYULL 8NJIUE HA PO3GUMOK THOUCEHHOT MIKpO®IOpU, 80100iI0Mb BUCOKUM AHMALOHICTIUYHUM,
CUHMEMUYHUM, IMYHOMOOYIIOIOUUM, De2yIamopHUM nomenyianom. Hamu oocnidicysaecs enaug oOicpenonry A ma
npo6iomuunux mixkpoopeanizmige Lactobacillus casei, esedenux y cknadi kopmy, na oxpemi noxasznuxu Carassius gibelio
Bloch (3acansni nosedinxosi peaxyii, nesni moppo-gizionoiuni napamempu, SAKICHO-KLIbKICHY XAPAKMEPUCTIUKY epUm-
poyumie ma netikoyumis). JJocaiosxcenns 30iticniosanu nicisn 15-0ennoi axnimamusayii pud y akeapiymax 3a memnepa-
mypu 6oou 14°C, 6ionogionozo pexcumy aepayii ma 16-200unnozo ghomonepiooy.

Bemanoeneno, wjo 96-200unna dis 6icgpenony A, konyenmpayiero 1,5 me/n, 6UKIUKae nOMeMHiHHI WKIDHUX NOKPUBLS,
nocunene cau308uUdiIenHs, HexapaKxmepHy pyxogy OisAlIbHiCMb, NOAGY HE3GUYHUX MOPHOMUNIE epumpoyumis, HesnayHe
30UIbWENHS. KIIbKOCII IeUKOYUMIS, 3HUdICeHHs. NoKasHuka gacoyumapnoi axmusnocmi Carassius gibelio Bloch.
Ipoginaxmuune 6gedenns npoOIOMUUHUX KYTbMYP Y CKIA0I KOPMY CHPUALO KOPEKYii N08eOiHKO8UX peakyill ma OKpemux
2eMamonociYHUX NOKA3HUKIE.

Kmiouosi crosa: Carassius gibelio Bloch, éicghenon A, npobiomuxu, epumpoyumu, netixoyumu, pazoyumapha ax-
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