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ABSTRACT

Pollution of aquatic ecosystems is one of the current environmental problems that negatively affects aquatic
organisms, in particular cyprinid fish. Heavy metals and surfactants are the main anthropogenic toxicants that can cause
significant morphological and biochemical changes in the body of fish. Research into their impact is important for
assessing the state of water resources and developing measures to reduce environmental risks.

Purpose of the work: to assess the impact of heavy metal ions (Zn**, Cd**) and sodium lauryl sulfate on the
morphological and biochemical indicators of the carp body. The object of the study is biochemical and morphological
transformations in the carp body. The subject of the study is changes in the content of glucose, proteins, lipids and
moisture in carp tissues under the influence of toxic substances.

Methodology. The study was conducted on two-year-old carp of the scaly and mirror morphotypes (Cyprinus
carpio L.) weighing 250-350 g. Fish were kept in 200 dm?® aquariums with settled tap water, in which a stable
hydrochemical regime was maintained. Toxic load was created by introducing appropriate concentrations of Zn?*, Cd**
and sodium lauryl sulfate. Morphological changes (damage to the skin, fins, gills) and biochemical parameters (content
of glucose, proteins, lipids and moisture in tissues) were analyzed. The results obtained were processed by statistical
methods.

Scientific novelty. For the first time, the combined effect of heavy metals and surfactants on the morphological
and biochemical parameters of the carp organism was studied, which allows using ichthyological parameters as
bioindicators of aquatic environment pollution.

Conclusions. During the experiment, changes in the appearance of the fish were observed, in particular damage
to the fins and skin and scales, increased mucus secretion in carp that were in an aquarium with sodium lauryl sulfate for
14 days. When toxicants of various origins act on the fish body, the glucose content is more sensitive than the total protein
content. These indicators can be recommended for monitoring water bodies using fish of the cyprinid family. Under the
influence of toxic environmental conditions, a decrease in the lipid content was observed in both white muscles and liver
tissues, with the exception of the simultaneous exposure to sodium lauryl sulfate and ions. An increase in the amount of
lipids in the liver can lead to exhaustion of the body and indicate tissue degeneration. When studying the effect of toxic
substances on the moisture content in various carp tissues, no significant changes were observed. The presence of a
multi-stage cell defense system, which has developed during phylogenetic development, determines the complexity of
the cause-and-effect relationships between biochemical processes and their focus, primarily, on maintaining the optimal
metabolic balance of the cell and the organism as a whole, which is expressed in changes in biochemical indicators.

Key words: scaly carp, heavy metals, surfactants, ichthyological indicators, metabolic changes
AHOTALIA

3a0pyHEHHSI BOJJHUX €KOCHUCTEM € OJHIEI0 3 aKTYaJbHUX €KOJIOTIYHUX NMpOo6JieM, [0 HETaTUBHO BILJIMBAE Ha
riipo6ioHTiB, 30KpeMa Ha KoOpomoBHUX pu6. Bakki MeTanu Ta NOBepXHEBO-aKTHUBHI pPEYOBUHU € OCHOBHUMHU
AHTPONOreHHUMH TOKCMKAHTAMU, IKi MOXKYTh CHPUYUHSATH 3Ha4Hi Mopdostoriyni Ta 6ioxiMiyHi 3MiHU B opraHi3Mi puo.
JocnifkeHHs IXHbOT0 BIJIMBY € BaXXK/JIMBUM /JIJ151 OL[iHKH CTaHy BOJHUX PeCcypciB Ta po3poOKH 3aX0/iB 11[0/10 3MeHILeHHS
€KOJIOTIYHUX PU3UKIB.

MeTa poGOTH: OLiIHMTH BIJIMB i0HIB BaXkkux MeTasiB (Zn**, Cd**) Ta HaTpii saypuscynbdaty Ha MopdosoriuHi
Ta 6ioxXiMiuHi MOKa3HUKHU opraHizaMmy kopomna. O6’eKT AocaimxeHHs - GioxiMiyHiI Ta MopdosioriyHi nepeTBOpPeHHS B
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opranismi kopomna. [IpeameT gocaipkeHHs — 3MiHM BMICTY TJIIOKO3H, 6i/1KiB, j1ini/iiB i BOJIOTKM B TKAaHMHAX Kopona mij
BIIJINBOM TOKCUYHHUX PEUYOBUH.

MeTopooria. /locaiP)keHHs] NPOBOJU/IM Ha JBOPIYHUX KOpONax JIyCKaTOro Ta J3epKaJbHOro MOpPGOTUIIIB
(Cyprinus carpio L.) macoto 250-350 r. Pu6 yrpumMyBa/iu B akBapiymax 06’emom 200 gm> i3 BificTOAHO0 BOZONPOBifHOO
BOJIO10, B AKil MiATpUMYyBaBCs CTA6iIbHUM TifpoxXiMiyHUM pekuM. TOKCHYHe HaBaHTAXKEHHSI CTBOPIOBAJIM IILJISIXOM
BHECEeHHS BiZNOBifHMX KoHIeHTpauii Zn?*, Cd®* Ta HaTpili JaypuicyabdaTy. AHaznisyBanu Mopdosoriuni smiu
(mowmKo/pKeHHSA WKipY, IIABIiB, 356ep) Ta 6ioxiMiyHI MOKAa3HUKH (BMICT IJII0KO03H, GiJIKiB, JIiMi/{iB i BOJIOTH B TKAHUHAX).
OTpumMaHi pe3ybTaTh 06p0O6IAIU CTATUCTUYHUMU MEeTOJaMHU.

HaykoBa HOBHM3Ha. Briepiie foci>keHoO KOMGIHOBaHUN BIJIUB BaXXKUX MeTasiB Ta [IAP Ha Mmopdosoriuni Ta
6ioxXiMiuHI MOKAa3HUKHK OpraHi3aMy KOpOIa, 1110 /103B0JISI€ BUKOPUCTOBYBATH iXTioJIOriYHI mapamMeTpH sIK 6i0iHAMKATOPU
3abpyZHeHHS BOJHOI0 Cepe0BULIA.

BucHoBkwu. [lif yac gocaigy 6yso 3adikcoBaHO 3MiHM y 30BHIIIHBOMY BUTIJISAI pUb, 30KpeMa MOUIKOIKEeHHS
NJIaBIIiB, NKIPHUX MOKPUBIB Ta JIyCKH, a TAKOX MiZiBUIIleHe BUAIJIEHHS CJU3Y Y KOPOIIIB, 1110 lepebyBaJsiu B akBapiyMi 3
HaTpil JaypuicynabdaTtom npoTtsarom 14 ai6. BctaHOBJEHO, 1110 i/l BIJIMBOM TOKCUKAHTIB Pi3HOT'0 MOXO/PKEHHS PiBeHb
TJIIOKO3U B OpraHiami pu6 € 6ijJbll YyTJMBUM IMOKAa3HUKOM MOPIBHSIHO 3 BMICTOM 3arajibHoro 6iska. OTpumani
pe3y/bTaTH [03BOJIAIOTh PEKOMeH/JYBaTH Lii MOKAa3HUKU JJ1 MOHITOPUHIY CTaHy BOJOWM i3 BUKOPUCTAHHSAM pUO
POAMHU KOPOTOBUX. 32 yMOB TOKCUYHOT'O BIJIMBY CIIOCTEpirasocs 3HM>KEHHS PiBHA JimiAiB gK y 611X M's3aX, Tak i B
TKaHWHax Ie4iHKH, 32 BUHSITKOM OJIHOYACHOTO BIJIMBY HATpill JaypuicyabdaTy Ta HOHIB KajMito. 36ijblieHHs
KOHLeHTpaLil JiniAiB y neviHii Moe CBilYMTH PO eHepreTUYHe BUCHAXKEHHA OPraHi3My Ta MOXKJIMBI JlereHepaTUBHI
3MiHU y TKaHHWHAaX. AHaJIi3 BIJIMBY TOKCUYHHX PEYOBHH Ha BMICT BOJIOTY B Pi3HUX TKAHWHAX KOpPOIla He BUABYB 3HAYHUX
3MiH. BHUCOKHI piBeHb 3aXMCHUX MeXaHi3MiB KJITHHH, 1m0 CcPOpMyBaucsd B X0Ai (iJIOTEHETUYHOrO PO3BUTKY,
06YMOBJIIOE CKJIAZHICTh B3aEMO3B’I3KIiB MK 6i0XiMiYHMMU MpoIjecaMHy Ta COPSMOBAHICTh IUX 3MiH, NepIl 3a BCe, HA
NiJTPUMKY ONTUMaJbHOIO MeTaboJIiYHOr0 6aJslaHCy KJITHHU Ta OpraHi3aMy 3arajioM, 110 NPOSBJSETbCA Y 3MiHax
6ioxiMiYHMX MOKA3HUKIB.

Kiro4yoBi cioBa: Kopon JiyCKaTHM, BaXKKi MeTaJsld, IOBEPXHEBO-aKTHBHI pE€YOBUHH, iXTiOJIOTIYHI NOKAa3HUKH,
MeTabos1iYHi 3MiHU

able to exert an inactivating or stimulating effect

on enzyme systems and disrupt metabolic
The rapid pace of urbanization, human processes in the body.

Formulation of the problem

activity and the rapid development of science In the modern world, pollution with heavy
and technology have introduced significant  metals and surfactants is often observed
changes into the historically formed relations- simultaneously (Nikolaenko et al., 2023). That is

hips between living organisms in natural  why, to assess the possible combined effect of
ecosystems, which are manifested in the  these toxicants on the fish organism, it is
disruption of their functioning and the  jmportant to conduct studies aimed at
impoverishment of the species composition.  establishing patterns, features and levels of
Aquatic ecosystems are characterized by accumulation of heavy metals in the organs and
significant anthropogenic load, because inland  tissues of commercially valuable fish species in
water bodies provide the needs of energy, water  order to predict the possible impact of toxic
transport, industry, agriculture, etc. As aresult  substances on the composition and population
of intensive exploitation, completely new, often of ichthyofauna.

toxic substances enter water bodies or the The purpose of the work: study of the
concentration of already eXiSting ones Slgnlfl- Separate and combined effects of toxic
cantly increases. Therefore, the comprehensive concentrations of heavy metal ions (Zn2+, Cd2*)
use of water resources leads to complex  and surfactant (sodium lauryl sulfate (SLS)) on

pollution of water bodies. Among the pollutants,  the content of energy substrates and moisture
heavy metals and surfactants (surfactants) have in fish tissues.

recently taken one of the first places. A
significant increase in the content of heavy
metals in water leads to numerous biochemical, The studies were conducted in November
physiological and morphological changes in the 2024 - January 2025 on two-river carp
body. Since the normal life of fish is determined (Cyprinus carpio L.) weighing 250-350 g.
by the coordinated work of all functional According to ichthyological observations, no
systems and biochemical processes at their pathogens of parasitic diseases were detected in
core, a deviation from the norm in one of them, the fish. Experiments to study the effect of
caused by a toxicant, can lead to disruption of toxicants were carried out in model conditions -
the life of the whole organism. Surfactants are aquariums with a volume of 200 dm3 with

41

Materials and methods



ISSN 2786-6955 (Online)

Biota. Human. Technology. 2025. No 1

Electronic edition

settled tap water, in which the fish were placed
at the rate of 1 specimen per 40 dm3 of water.
The acclimation period was 3 days, the exposure
to toxicants was 14 days. The fish were not fed.
The total number of animals involved in the
experiment was 40 fish. In all cases, control was
carried out and a constant hydrochemical
regime of the water was maintained. The pH
value was 7.30 = 0.27; the oxygen content was
5.6 + 0.4 mg/dm3, the temperature was main-
tained close to natural. Tapeworms were also
not recorded. The fish were kept in four
variants: control, heavy metal exposure (Zn?* or
Cd?+), surfactant exposure (sodium lauryl
sulfate), simultaneous exposure to sodium
lauryl sulfate and heavy metal ions (Zn2* or
Cd?2+). The concentration of xenobiotics, which
corresponded to two maximum permissible
concentrations, was created by adding sodium
lauryl sulfate, 3CdSO4 x 8H20 and Zn(NOs3)2 x
6H20 to the aquarium water. After the
established time of exposure to xenobiotics (14
days), the animals were decapitated in
accordance with the requirements of the
International Principles of the Declaration of
Helsinki (World Medical Association, 2001).

\

Fig. 1. Damage to the caudal fin of fish under
experimental conditions

During the study, pure sodium lauryl
sulfate was used, which is more aggressive in its
properties than impurities in a surfactant
containing sodium lauryl sulfate, which are able
to slow down the effect of the pure substance on
the fish body. According to its chemical
properties, sodium lauryl sulfate is able to break
down fat molecules, cause irritation, peeling of
the epithelium, scales, impaired gas exchange in
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To determine biochemical parameters,
tissue homogenate was prepared in 0.25M
sucrose in a ratio of 1:10. Glucose content was
determined by the glucose oxidase method
using the “Reagent” reagent kit. Protein content
was determined by the Lowry method (Lowry et
al, 1951), which is based on the biuret color
reaction. Total lipid content was determined
using the “Reagent” reagent kit according to the
kit recommendations. Statistical processing of
the results was carried out according to general
standards using the “Excel” program from the
“Microsoft Office-2003” package and the
Statistika 6.0 program.

During the experiment, changes in the
appearance of the fish were observed, in
particular damage to the fins and skin and
scales, increased mucus secretion in carp that
were in an aquarium with sodium lauryl sulfate
for 14 days.

Results and discussions

Pus-filled blisters and damage to the
caudal fin have been reported (Fig.1, 2).

Fig. 2. Blisters on the skin of fish under
the influence of xenobiotics

the gills, cause hemorrhages in the gills, skin,
increase the functional activity of the liver, as a
result of a decrease in the immunity of the fish
(Musiyenko et al., 2005; Polotnianko & Mekhed,
2024). When removing fish from aquarium
water, it was determined by morphological
description that all fish in the experimental
groups had body damage of various nature.
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It is known that the adaptive mechanism
of maintaining the glucose level in fish tissues is
carried out due to gluconeogenesis, glycoge-
nolysis and intertissue transfer. The level of
glycogen in the studied tissues in autumn and
winter is low (Grubinko, 2005), under the
conditions of the experiment, the penetration of
glucose into the carp organism from the
environment was excluded, gluconeogenesis

was studied earlier (Grubinko, 2005; Matiushko
& Mekhed, 2024), the authors noted the
activation of enzymes of this glucose synthesis
pathway under the action of toxicants, in
particular heavy metals. Therefore, it is
interesting to study the change in the content of
this metabolite in fish tissues under the
combined action of surfactants and heavy metal
ions, as presented in Tables 1 and 2.

Table 1
Glucose content in carp tissues under the action of xenobiotics (mg/ml; M*tm, n=5)
Otrgan/Tissue Control Zn™ SLS Zn* + SLS
Muscle 37.9+2.4 30.1+2.4 34.8+3.2 27.8+3.1*
Liver 118.0+6.8 84.2+2.4* 112.6+8.6 72.5+3.5*

Both toxicants, both individually and in
combination, cause a decrease in glucose levels
in both tissues studied. The maximum changes

were observed in the liver with the simulta-
neous action of lead and sodium lauryl sulfate.

Glucose content in carp tissues under the action of xenobiotics (mg/ml; M*tm, n=5)

Table 2

Organ/Tissue Control ca* Cd**+ SLS
Muscle 44.5+4.6 40.4+3.2 39.2+2.8
Liver 138.4+12.4 122.0+4.8 85.8+6.4

Under the action of cadmium ions, as well
as cadmium ions simultaneously with LSN, a
decrease in the studied indicator was noted,
however, the indicated differences in the
glucose level in fish of the control and
experimental groups are not probable.

The decrease in the glucose content in the
tissues can be explained by metabolic
transformations, participation in a number of
metabolic systems, which are manifested in an
increase in the activity of the corresponding
enzymes (Yatsenko et al., 2017). Thus, it can be

concluded that the glucose content in various
carp tissues under the action of heavy metal
ions and surfactants is sufficiently informative

The results of the study of the content of
total protein in the tissues of carp two-year-olds
are presented in tables 3 and 4. As the results of
the studies showed, the highest protein content
corresponded to liver tissues, approximately
one third less was found in muscle tissue. Under
the influence of extreme factors, these ratios did
not change significantly, with the exception of
the combined action of toxicants.

Table 3

The content of total protein in fish tissues under the influence of xenobiotics

(mg/ml; Mtm, n=5)

Organ/Tissue Control Zn*t SLS 70> + SLS
Muscle 8.5+0.7 7.8+0.6 8.3+1.0 7.5+0.8
Liver 13.2+0.4 12.0£0.8 12.5%1.2 13.0+0.7

Both toxicants cause a slight decrease
in the level of total protein in both white
muscles and liver (Zhelai et al, 2023).
Maximum changes in muscle tissue were
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observed with simultaneous exposure to lead
and sodium lauryl sulfate, in contrast to the
liver.
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Table 4
The content of total protein in fish tissues under the influence of xenobiotics (mg/ml; M*m, n=5)
Otrgan/Tissue Control Cd* Cd**+ SLS
Muscle 9.6+0.4 8.8+0.4 8.540.8
Liver 15.2+0.4 14.0+£0.8 13.5¢1.7

Thus, in the liver and muscles of carp, the
studied toxicants caused a decrease in the
content of total protein, however, the
indicators did not differ significantly in fish of
the control and experimental groups, the
observed differences are unlikely.

When studying the effect of toxic
substances on the moisture content in various
carp tissues (Fig. 3), no significant changes
were observed.

Cd2++5L5
Cd2+

Cortrol2

5LS
n2+

Corntrol

T2 4 S —————

W Liver

B Muscle

60 80 100

Fig. 3. Moisture content (%) in carp tissues during intoxication with heavy metals
and sodium lauryl sulfate (M+m, n=5)

The obtained data indicate that fish
muscle tissues are least exposed to toxicants,
this can be explained by the fact that the main
contact organs of fish are the gills and liver.

Analysis of the results obtained during
the experiment indicates implausible changes
in the lipid content of the liver and white
muscles on the fourteenth day under the
influence of toxicants (Fig. 4).

Cd2++5L5 =
Cd2+ -
Control2 -
In2+ 4515 H
SLS
nZ+ -

Control =

» Liver

B Muscle

=]
b
P

Fig. 4. Content of total lipids (g%) in carp tissues during intoxication with heavy metals
and sodium lauryl sulfate (M+m, n=5)
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According to the results presented in sulfate for 14 days. When toxicants of various
Fig. 4, a decrease in lipid content was observed origins act on the fish body, the glucose
both in white muscles and in liver tissues content is more sensitive than the total protein
under the influence of toxic environmental content. These indicators can be recom-
conditions. The exception is the indicated mended for monitoring water bodies using fish
indicator under the simultaneous influence of of the cyprinid family. Under the influence of
sodium lauryl sulfate and lead ions. The toxic environmental conditions, a decrease in
increase in the amount of lipids in the liver can the lipid content was observed in both white
be explained by the fact that the fish organism, muscles and liver tissues, with the exception of
being on endogenous nutrition, does not use the simultaneous exposure to sodium lauryl
lipids as a nutritional substrate, but on the sulfate and lead ions. An increase in the
contrary, synthesizes and accumulates them at amount of lipids in the liver can lead to
the expense of other substrates - glucose, exhaustion of the body and indicate tissue
glycogen, depleting itself energetically. At the degeneration. When studying the effect of toxic
same time, fat accumulation is observed in the substances on the moisture content in various
liver. This may be a consequence of blocking carp tissues, no significant changes were
their exit from the liver as part of lipoproteins, observed. The presence of a multi-stage cell
which can lead to fatty degeneration of the defense system, which has developed during
liver. phylogenetic development, determines the

complexity of the cause-and-effect relations-

Conclusions hips between biochemical processes and their

During the experiment, changes in the focus, primarily, on maintaining the optimal
appearance of the fish were observed, in metabolic balance of the cell and the organism
particular damage to the fins and skin and as a whole, which is expressed in changes in
scales, increased mucus secretion in carp that biochemical indicators.

were in an aquarium with sodium lauryl
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