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ABSTRACT

Mycotoxins, toxic substances produced by fungi, are one of the most common contaminants of feed and food
products in Ukraine. Favorable climatic conditions and anthropogenic influence contribute to their active development
and spread. Contamination with mycotoxins can lead to significant economic losses in the agro-industrial complex and
negatively affect the health of animals and people. A complete list and detailed description of poisoning symptoms can
be used as indicators to identify poisons as well as non-infectious fish diseases.

The purpose of the work: to investigate the effect of mycotoxin T2 on the morphological parameters of the carp
organism. The object of the study: peculiarities of changes in the morphological indicators of fish under the influence of
mycotoxin T2. The subject of the study: the effect of mycotoxin T2 on external indicators of organs and tissues of carp.

Methodology. The object of the study were two-year-old carp: scaly and mirror carp (Cyprinus carpio L.) weighing
200-300 g. Experiments to study the effect of mycotoxin were carried out in 200-liter aquariums with settled tap water,
in which fish were placed at the rate of 1 specimen per 40 dm3 of water. In all cases, control was carried out and a constant
hydrochemical regime of water was maintained. The concentration of mycotoxin corresponding to 2 MPC was achieved
by adding calculated amounts of the mycotoxin solution. The zoological (L) and industrial (1) lengths of fish were
determined, Fulton's fattening factor (Q). All results were processed statistically.

The scientific novelty of the work is that the complex effect of mycotoxin T2 and the morphological indicators of
mirror carp and scaly carp were studied for the first time.

Conclusions. As a result of the study, a negative effect of mycotoxin T2 on the morphological parameters of the
carp organism was established. Under the influence of T-2 toxin, significant changes in the structure of gills, skin, fins and
internal organs were observed in fish. Discoloration of the ends of the petals, the appearance of light spots and numerous
hemorrhages were found in the gills, which indicates a violation of oxygen exchange. On the skin of the fish, the formation
of whitish mucus was recorded, as well as separate ulcers, which are a sign of dermonecrotic processes. It was also
established that mycotoxin T2 causes disorders of a hemorrhagic nature, manifested in numerous hemorrhages in muscle
tissues and organs of the digestive system. A comparative analysis of the effects of the toxin on scaly and mirror carp
showed that scaly carp had higher endurance, which may be due to its better growth rates and resistance to adverse
conditions. Thus, mycotoxin T2 poses a significant threat to fish health and can negatively affect aquaculture performance.
This study highlights the need to control feed quality and mycotoxin content to prevent intoxication in fish farming.
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AHOTAIIA

MiKOTOKCHHH, TOKCUYHI pe4OBUHH, L0 YTBOPHIOIOTLCS IpUbAMHU, € OAHHMU 3 HaHIOIIMPEHINX 3abpyh-
HIOBauiB KOpPMIB Ta MPOJYKTIB xap4yBaHHA B YKkpaiHi. COpUATAUBI KJIMaTU4HI YMOBU Ta aHTPOINOreHHUU BILJINB
CIPUAKTh [XHbOMY aKTUBHOMY DO3BUTKY Ta MOLIMPEHHIO. 3apaXeHH MIKOTOKCMHAaMHU MOXe INPU3BOLUTHU [0
3HAYHHUX €KOHOMIYHHMX BTPAT B arponpOMHCIOBOMY KOMILJIEKCI Ta HEraTMBHO BIIMBATH HA 3J0pPOB'Sl TBapHH i
gwogei. [loBHUH nepesiik Ta JeTajJbHA XapaKTEPUCTHUKA CHMIITOMIB OTPYEHHS MOXYThb 6YTH BUKOPHUCTAHI fK
iHAMKATOPH A1 BUSHAYEHHS OTPYT, @ TAKOX He3apa3HUX 3aXBOPIOBaHb puob.
MeTa po6OTH: AOCHIAUTH BIUIMB MiKOTOKCHMHY T2 Ha MopdoJsioriuHi mokasHMKM opraHiamy kopoma. O6’eKT
JocJiKeHHsI: 0COBJUBOCTI 3MiH MopdoJioriYyHUX NMoKa3HUKIB pub 3a ail MikoTokcuHy T2. [IpeaMeT Joc/iKeHHS:
BIJIUB MiKOTOKCHHY T2 Ha 30BHIIlIHI TOKa3HUKU OpPraHiB Ta TKAHUH KOpoIIa.
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MeTogosiorisg. O6’eKTOM JOCTiKEeHHS OYJIH ABOXJ/IITHI KOPOIU: JIYCKaTHUH Ta A3epKanbHui (Cyprinus carpio L.)
Macow 200-300 r. Jlocsigu Mo BUBYEHHIO BIJIMBY MIKOTOKCUHY NpoBoAU/IK y 200-/1iTpOBHUX aKkBapiyMax 3 BiZICTOSIHOIO
BOJIONPOBiHOIO BOJ010, B sAKi puOy po3MillyBaju 3 po3paxyHKy 1 eksemmissp Ha 40aM3 Boau. B ycix Bumagkax
3JliICHIOBABCSl KOHTPOJIb Ta MiATPUMYyBaBCS NOCTIMHUH TiApOXiMiYHUM pexXuM BoAu. KoHLleHTpalito MiKOTOKCUHY, 10
BignoBigana 2 I'/IK mocaranacs misixoM BHECEHHS PO3PaXyHKOBUX KiJIbKOCTEH pO3YMHY MiKOTOKCHHY. BH3Hadaiu
3oouioriyHy (L) Ta npomucnoBy (1) AoBxuHU pu6b, KoedilieHT BrogoBaHocTi 3a PystoHoM (Q). Yci pesysnbTaTu 6yiu
06po6JieH]i CTaATUCTUYHO.

HaykoBa HOBHU3Ha POOOTH NOJISITA€ Yy TOMY, 110 BIeplle BUBYEHO KOMIJIEKCHUH BIJIMB MiKOTOKCUHY T2 Ta
Mop¢oJioriuHi MOKa3HUKU KOPOoTIa 13epKaJIbHOT0 Ta KOPOTIa JIyCKaToro.

BHUCHOBKM. Y pe3yJbTaTi A0CHi/keHHs1 0yJI0 BCTAaHOBJIEHO HEraTUBHUM BIJIMB MiKOTOKCHHY T2 Ha Mopdo-
JIOTiYHi MOKa3HUKU opraHiaMy Kapmna. Ilig fietro Tokcuny T2 y pub cnocTepirajuch CyTTEBI 3MiHU B CTPYKTYpi 356ep,
IIKipHUX MOKPUBIB, IJIaBLiB Ta BHYTPIlIHIX opraHiB. ¥ 3s16pax 6y BUsiBJIeHi 3He6apBJIeHHs KiHL[iB N1eJI0CTOK, [0s1Ba
CBITJIMX IJIIM Ta YUCJEHHI KPOBOBUJIUBY, 110 BKa3ye Ha NOpPYyLIeHHs KUCHeBOoro o6MiHy. Ha mkipi pu6 3adikcoBaHo
YTBOPEHHSI 6i/IyBaTOro CJM3Y, a TAKOXK OKpeMi BUPAa3KH, L0 € 03HAKOIO JEPMOHEKPOTUYHUX NpoueciB. Takoxk 6yJs0
BCTAaHOBJIEHO, 110 MiKOTOKCUH T2 BHUKJIMKAE MOPYLIEHHS reMOpPariyHoro xapakTepy, 10 NPOSABJSETbCA Y YUCIEHHUX
KpPOBOBUJIMBAX y TKAHUHAX M’A13iB Ta opraHax TpaBHOI cucTeMHu. [lopiBHAJBbHUU aHai3 BIVIMBY TOKCUHY Ha JIyCKaTOT O
Ta /A3epKaJIbHOTO Kapla IMOKas3aB, L]0 JyCKaTHUH Kapll Ma€ BUIIY BUTPHUBAJICTb, 10 MOXe OYTH MOB'S3aHO 3 MOro
KpallMMU TeMIIaMU POCTY Ta CTIHKIiCTIO 0 HECHPUAT/IMUBUX YMOB. TakKMM YMHOM, MiKOTOKCUH T2 CTaHOBUTbH 3HAUYHY
3arposy /it 3J0pOoB’s pub Ta MOXKe HETaTHBHO BIJIMBATH Ha MOKAa3HUKHU aKBaKyJbTypH. Lle focimkeHHs NifiKpecaoe
HeOoOXiIHICTb KOHTPOJIIO 3a fIKICTI0O KOPMIB Ta BMICTOM MiKOTOKCHHIB JAJfl MonepeiKeHHs iHTOKCUKalii B puGHOMY
roCroAapcCTBi.

Kiro4o0Bi cs10Ba: kopon JiyckaTui, MopdoJ1oTiuHi NOKa3HUKH, MiKOTOKCHH T2

Formulation of the problem study: the effect of mycotoxin T2 on external

Fish and fish products are among the main indicators of organs and tissues of carp.

ones human protein foods. Historically, produc- Materials and methods
tion in the field of aquaculture was one of the
most developed sectors of the Ukrainian
economy. Pollution of agricultural products
mycotoxins are a global problem: 25 % of the
world of grain production is affected by myco-
toxins, and 36 % of all plant diseases and related
products with the effect of mycotoxins. Myco-
toxins in feed cause such negative consequences,
such as an increase in morbidity, are massive
poisoning of farm animals, poultry and fish.

The degree of manifestation of which
depends on the degree of infection feed with
mycotoxins, as well as age, sex, species
characteristics of animals, their physiological
state and diet feeding (Fotina et al.,, 2013).

Mycotoxins are natural toxic compounds
synthesized by some types of fungi during their Results and Discussions
growth on plant material. They can enter the The biological effect of T-2 toxin on the
environment through contaminated feed and body of animals is characterized by a wide
affect the health of animals and people who  gpectrum of toxic effects. It includes dermo-
consume contaminated products. Carps, which necrotic, lymphopenic, immunosuppressive,

The object of the study were two-year-old
carp: scaly and mirror carp (Cyprinus carpio L.)
weighing 200-300 g. Experiments to study the
effect of mycotoxin were carried out in 200-liter
aquariums with settled tap water, in which fish
were placed at the rate of 1 specimen per
40 dm3 of water. In all cases, control was carried
out and a constant hydrochemical regime of
water was maintained. The concentration of
mycotoxin corresponding to 2 MPC was achieved
by adding calculated amounts of the mycotoxin
solution. The zoological (L) and industrial (1)
lengths of fish (Musiyenko et al., 2005) and
Fulton's fattening factor (Q) were determined.
All results were processed statistically.

are one of the key commercial species in fresh- neurotoxic effects and a number of remote
water and aquaculture, were used in our study. effects (Nikolaenko et al., 2023).
The purpose of the work: to investigate The dermonecrotic effect is manifested by

the effect of mycotoxin T2 on the morphological  exydative dermatitis and hyperkeratosis of the

parameters of the carp organism. The object of skin around the mouth, necrosis of mucous
the study: peculiarities of changes in the membranes (Figs.1, 2).

morphological indicators of fish under the
influence of mycotoxin T2. The subject of the
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Fig. 1. Hemorrhages on the skin of fish

Fig. 2. Hemorrhages on the skin and fins of fish

Among other important and characteristic
signs of T2 toxicosis is hemorrhagic syndrome,
which is manifested by numerous hemorrhages
in the muscles, under the serous and on the
mucous membranes of the alimentary canal
(Yatsenko et al,, 2017). It is believed that the
basis of the hemorrhagic syndrome is a

decrease in the blood clotting process due to a
decrease in the level of prothrombin and
antithrombin 3, a decrease in the activity of
antiplasmin with a simultaneous increase in the
content of kinins, which cause the expansion of
blood vessels and increase the permeability of
capillaries (Fig. 3).

Fig. 3. Hemorrhages in the organs of the digestive tract
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T2-toxin damages the intestinal mucosa,
which leads to its ulceration, villous atrophy,
and necrotic changes. The thickness of the
intestinal wall decreases, and areas of destruc-
tion and inflammatory infiltration are observed
in the epithelium. Violation of the morphology
of the digestive tract affects the processes of
digestion and assimilation of nutrients.

Disorganization of the structural archi-
tecture of the liver lobes, swelling of the
intercellular space and destruction of

membranes is observed. Pigments such as
lipofuscin may accumulate in the cytoplasm of
cells, indicating oxidative stress.

Figure 4 shows the liver of a carp exposed
to mycotoxin T2.

Fig. 4. Morphological changes of carp organs under the action of mycotoxin

Indicative of T2 toxicosis is a violation of
the morphological composition of the blood,
manifested by leukopenia, lymphocytopenia,
thrombocytopenia, and anemia. Hematological
changes in T2 toxicosis are accompanied by
degenerative and necrotic processes in
immunocompetent organs and an immune-
suppressive state. Central and peripheral
organs of the immune system (red bone
marrow, lymphoid formations of the intestine)
are affected.

T2 toxin suppresses the body's immune
functions. This is accompanied by a decrease in
indicators of non-specific protection of the
body (phagocytosis), the titer of natural
antibodies, cellular (T lymphocytitis of their
subpopulation) and humoral (immune-
globulin) immunity.

It is believed that the main role in the
pathogenesis of T2 toxicosis is played by the
ability of T2 toxin to disrupt protein and
nucleic acid synthesis.

At the molecular level, the inhibition of
T2 protein synthesis by the toxin is associated
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with the blocking of translation initiation.
Moreover, it was established that toxins
capable of suppressing the initiation of
translation have more pronounced toxic
properties compared to those that affect the
later stages of protein synthesis in ribosomes.
Violation of protein synthesis is the result of
the cytotoxic effect of T2 toxin (Mekhed, 2024).
First of all, cells capable of active division,
including the mucous membrane of the
alimentary canal, hematopoietic tissues,
ovaries, and testes, are affected by this. The
appearance of a number of clinical signs in
poisoning with trichothecene mycotoxins,
including T2 toxin (hypodynamia, hypother-
mia, tachycardia) is associated with a violation
of energy metabolism (Polotnianko & Mekhed,
2023).

In addition to the mentioned effects of
the biological action of T2 toxin, a violation of
the functional activity of cellular organelles -
mitochondria, lysosomes, endoplasmic reticu-
lum and the interaction of the toxin with the
SH-groups of enzymes, as well as stimulation
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of lipid peroxidation processes, is also
characteristic.

The ability of T2 toxin to interact with the
SH-groups of the active centers of enzymes is
accompanied by a decrease in the activity of a
number of systems that primarily ensure its
metabolism and removal from the body
(SH-glutathione).

Important importance in the biological
action of T2 toxin is assigned to the state of
lipid peroxidation (LPO) and the system of
antioxidant protection of the body (AOZ). As a
result of LPO stimulation, free radicals, lipid
peroxides and hydroperoxides, reactive oxygen
species (superoxide anion, peroxynitrite, nitric
oxide, hydrogen peroxide) accumulate in the
body, which can disrupt the structure and
function of cell membranes. At the same time,

the activity of the AOZ system, which is

represented by enzymatic and non-enzymatic
links, decreases. Suppression of the enzymatic
link of AOZ is manifested by a decrease in the
activity of enzymes: superoxide dismutase,
glutathione peroxidase, glutathione reductase,
catalase, etc. Violation of the non-enzymatic
link of the AOZ is accompanied by a decrease
in the level of natural antioxidants - toco-
pherols, vitamin A and carotenoids, vitamin D,
ascorbic and uric acids in the blood and tissues
of the body.

The differences in the obtained results of
the quantitative indicators of the exterior of
two-year-old carp when being in conditions of
mycotoxin toxicity for 14 days (Table 1) are
not reliable. At the same time, there is a
tendency to decrease the mass of fish.

Table 1

Changes in carp exterior indicators under conditions of toxicosis (M*m, n=5)

Indicator Physiological conditions T2
Q 2,10+0,22 2,14+0,28
L, cm 29,60+2,40 27,70£2,27
1, cm 25,12+2,12 22,72%3,20
m,g 311,80+8,14 252,48+12,26

In order to more thoroughly study the
effect of mycotoxin T2 on the body of fish, we
studied the external changes of the integu-
ments, fins and internal organs of the carp
(Zhelai et al., 2023.). The results of the
experiments are presented in Table 2.

Comparing the morphological changes
under the action of mycotoxin in represen-
tatives of two breeds of carp, it is possible to
draw a conclusion about greater endurance of
scaly carp compared to mirror carp, which can
be explained by better growth rates and
endurance of scaly carp.

Conclusions

As aresult of the study, a negative effect of
mycotoxin T2 on the morphological parameters
of the carp organism was established. Under the
influence of T2 toxin, significant changes in the
structure of gills, skin, fins and internal organs
were observed in fish. Discoloration of the ends
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of the petals, the appearance of light spots and
numerous hemorrhages were found in the gills,
which indicates a violation of oxygen exchange.
On the skin of the fish, the formation of whitish
mucus was recorded, as well as separate ulcers,
which are a sign of dermonecrotic processes. It
was also established that mycotoxin T2 causes
disorders of a hemorrhagic nature, manifested
in numerous hemorrhages in muscle tissues and
organs of the digestive system. A comparative
analysis of the effects of the toxin on scaly and
mirror carp showed that scaly carp had higher
endurance, which may be due to its better
growth rates and resistance to adverse
conditions. Thus, mycotoxin T2 poses a
significant threat to fish health and can
negatively affect aquaculture performance. This
study highlights the need to control feed quality
and mycotoxin content to prevent intoxication
in fish farming.
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Table 2

Morphological changes of integuments, fins and internal organs of scaly (S)
and mirror (M) carp under the influence of mycotoxin T2

Discoloration of the ends of the petals

The presence of light spots

. __

Uneven length of petals

The presence of whitish mucus on the scales

Ulcers at the base of the skull

The lower blade of the tail is dark
behind the upper

Numbers of hemorrhages
in the calves and thoracic

Color unevenness - - .

Graininess of fabrics - + +
Disorders of the bile ducts - - .
Size increase - - .
Bilious - ‘
Thin wall - + +

bladder

The presence of stones - - -

Note: + — sign is clearly expressed in all fish of the group; * — sign is not present in all fish of
the group; - — the sign is not expressed
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