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Abstract. Nowadays pollution of aquatic ecosystems with pesticides causes acute and chronic
poisoning of fish, leading to serious damage to vital organs, such as the liver. Common carp
(Cyprinus carpio Linnaeus, 1758) is a popular edible fish favored for culture due to its rapid
growth, hardiness and reproduction in confined waters. The purpose of the present study was
to investigate the negative effects of cypermethrin (CYP) and chlorpyrifos (CPF), based on
their maximum allowable concentrations (Directive 2013/39/EU) on histochemical and
biochemical biomarkers in the liver of common carp. The histochemical analysis included
Periodic acid-Shiff stainig (PAS reaction) and Sudan Black B staining, while in the biochemical
study different hepatic enzyme activities such as lactate dehydrogenase (LDH), aspartate
aminotransferase (ASAT) and alanine aminotransferase (ALAT). The negative effects of the
tested pesticides on fish were expressed with liver changes in the amount of glycogen and
lipids, and enzyme changes of LDH, ASAT and ALAT, caused by the acute and chronic
exposure to cypermethrin and chlorpyrifos under laboratory conditions. The results from such
experimental set ups could be used in the legislation of protection water bodies from
contamination, in areas near intensive application of plant protection products and also in
implementing the Directive 2013/39/EU and Water Frame Directive by using multi-biomarker
approaches.

Key words: histochemistry, biochemistry, fish, liver, biomarkers, enzymes, pollution,
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Introduction

Today, more than 1400 different
pesticides are used in the environment
worldwide, mostly in agriculture. Over
the past 50 years, the use of these
substances has greatly increased the
quantity and improved the quality of
food for the growing population of the
world (Manuel et al., 2008). A pesticide is
a substance or mixture of substances
designed to kill, repel or reduce damage
from various pests (Eldridge, 2008).
Activities, such as agriculture, fishing,
forestry, construction, mining, urban
development and soil  pollution
occurring in or near the watershed of a
reservoir can lead to disturbance of
water quality and fish health (Mustapha,
2009). Pollution of aquatic ecosystems
with pesticides causes acute and chronic
poisoning of fish, leading to serious
damage to vital organs, such as the liver
(Omitoyin et al., 2006, Velmurugan et al.,
2007). In addition, water pollution,
directly or indirectly, can lead to fish
kills or increased concentrations of toxic
chemicals in edible fish tissue, which
could have a negative effect on the
health of people consuming such fish
(Adedeji & Okocha, 2012).

Common carp (Cyprinus carpio)
belongs to the order Cypriniformes and
the family Cyprinidae, which is
considered to be the largest family of
freshwater fish. It inhabits freshwater
environments, especially lakes, rivers,
and rarely saltwater areas (Barus et al.,
2001). Common carp is widespread in
almost all countries of the world, but it is
very popular in Asia and some European
countries (Weber & Brown, 2011;
Kloskowski, 2011). Common carp is also
a popular edible fish favored for culture
due to its rapid growth, hardiness and

reproduction in confined waters (Singh,
2014).

Chlorpyrifos (O-O-diethyl-O-(3, 5, 6
trichloro-2-pyridyl)-phosphorothioate) is
an organophosphorus insecticide, which
is used to control a wide range of pests,
such as worms, cockroaches, grubs, fleas,
termites, ants and lice. It is applied to
crops including cotton, nuts, vegetables
and ornamentals (Caceres et al., 2007).
The pesticide is a moderately toxic
broad-spectrum lipophilic insecticide
(Mugni et al., 2016) and was developed
in the 1960s to replace other persistent
pesticides (Kumar et al., 2017).

Cypermethrin ([cyano-(3-pheno-
xyphenyl)methyl] 3-(2,2-dichloro-
ethenyl)-2,2-dimethylcyclopropane-1-ca-
rboxylate) is a synthetic pyrethroid
widely used in agriculture, household
and animal husbandry mainly (Valles &
Koehler, 1997). Cypermethrin contains
chlorine atoms in a vinyl side chain of
the compound. The presence of halogens
contributes to greater insecticidal activity
and high stability, as well as providing
better residual activity against insects.
Additionally, the presence of halogens
leads to a higher potential for negative
environmental effects (Bradbury & Coats,
1989).

The combined use of a set of
complementary biomarkers that can both
signal exposure to pollutants and
quantify  their impact on living
organisms allows for a  more
comprehensive and integrative
assessment of the biochemical and
cellular effects induced by
environmental pollutants (Linde-Arias et
al., 2008; Cazenave et al., 2009).

The fish liver is a key organ that
controls many functions and plays an
important role in fish physiology, both in
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anabolism and catabolism (Bruslé &
Anadon, 1996). The activity levels of
plasma enzymes (alkaline phosphatase
(ALP), aspartate aminotransferase
(ASAT), alanine aminotransferase
(ALAT), lactate dehydrogenase (LDH)]
and metabolites (cortisol, glucose,
cholesterol, total protein, creatinine, blood
urea nitrogen and etc.)) are often used as
sensitive indicators of the harmful effects
of pesticideson vital fish tissues (Canli et
al., 2018; Firat & Tutus, 2020). Toxic
compounds interfere with key enzymatic
processes that are associated with the
animal's normal physiology. This
includes carbohydrate, protein and lipid
metabolism. In this regards, biochemical
changes occur before the appearance of
tissue pathological symptoms
(Ksheerasagar et al., 2011).

Lipids can also be synthesized by
the liver (endogenous lipid metabolism).
Fish store lipids in various organs,
including  mesenteric =~ membranes,
muscles and liver. Hepatic lipid
accumulation is induced by biochemical
mechanisms, such as decreased hepatic
lipid export, increased hepatic uptake of
circulating fatty acids, decreased hepatic
beta-oxidation, and increased hepatic
fatty acid synthesis (Sheridan, 1988).
Abnormal lipid accumulation in the liver
has been suggested to be among the

most common pathological hepatic
responses to chemical exposure (Cave et
al., 2011), however it is not that
commonly studied in the aquatic
toxicology research compared to other
biological approaches (enzymes,
histopathology, behavior, etc.).

Material and Methods

Certified, juvenile fish  were

purchased from the Institute of Fisheries
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and Aquaculture, Plovdiv, where they
are bred and raised under strictly
controlled conditions. The experimental
individuals were of the same size-age
group (average length 10.1 £ 0.4 (sd) cm;
average weight 1115 £ 0.6 (sd) g),
without external pathological changes.
The individuals were transported using
polyethylene containers filled with water
from the Institute of Fisheries and
Aquaculture, Plovdiv, in which oxygen
tablets were added. After transportation,
the fish were separated into 100 L glass
aquaria with pre-dechlorinated water to
acclimatize for 2 weeks. During this
period, survival and behavior of the fish
were also tracked. In addition, during
the acclimation period, the fish were fed
with specialized carp pellets (CarpCo
Excellent Koi Grower, Helmond, The
Netherlands) and a twelve-hour light
period (12:12) was provided. The fish
were not fed for 2 days before the start of
the experiment.

The tested concentrations of
toxicants for the short-term and long-
term laboratory experiment were
provided and prepared by expert
chemists. The concentrations were
prepared according to  Bulgarian
legislation  (Directive  2013/39/EU),

representing 100%, 50%, 30 % of MAC-
EQS (0.1 ng/L - CPF; 0.0006 ng/L - CYP)
for each test chemical. The reason for
choosing lower concentrations than
MAC-EQS was that in real conditions
biota are usually subjected to the chronic
action of various toxicants that are
presented in rather low concentrations.
Moreover, the concentrations according
MPC-EQS were applied as the
experiment was conducted once. The
pesticides were dissolved in methanol
and an aquarium with clean, tap,
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dechlorinated water was used as a
control.

The test fish were randomly divided
into 15 individuals in the different
concentrations of the  pesticides,
including a control group (no added
chemicals) and were treated under static
conditions for 96 hours and 30 days
(acute, short-term and chronic, long-term
exposure) with nominal and ecologically
relevant concentrations of CPF and CYP
(Yancheva et al, 2019). During the
experiment, the fish were observed for
macroscopic and behavioral changes
(APHA, 2005). A methanol control group
was not used because it was considered
that its significantly low concentration
would have no observed effects. The test
was conducted in a static environment
with no water changes for 96 hours and
30 days (Modesto & Martinez, 2010 a,b;
Santos & Martinez, 2012; Filho et al., 2017;
Sanchez et al., 2018). We also applied this
model in our previous study on the
subject (Georgieva et al., 2021; Yancheva
et al., 2022).

The physico-chemical parameters of
water: pH , temperature, °C, electrical
conductivity, pS/cm, dissolved oxygen,
mg/L were measured at the 96th hour
and the 30th day using a combined
instrument (MultiLine® Multi 3510 IDS,
WTW-Xylem Analytics, Weilheim,
Germany) and published in our previous

research  (Georgieva et al, 2021;
Yancheva et al., 2022).
The liver samples from the

individuals were processed using a Leica
CM 1520 freezing microtome (Leica
Microsystems, Wetzlar, Germany). 5 pm
thick cryosections were prepared from
the material. They were stained for lipids
by Sudan Black B staining according to
Daddy's (1896) method and PAS-reaction

(Schiff-lodic acid) according to McManus
(1948)  for  polysaccharides  (liver
glycogen). The histochemical changes in
the liver of experimental individuals
were  presented  semiquantitatively
according to our modified scale of
Mishra & Mohanty (2008), as follows: (-)
- negative reaction of histochemical
staining; (+/-) - very weak positive
histochemical reaction; (+) - weak
positive histochemical reaction; (++) -
moderate positive reaction to
histochemical staining; (+++) - strong
positive histochemical reaction in the

hepatocytes.
The biochemical study of liver
enzymes - LDH and the

aminotransferases ASAT and ALAT, was
carried out at the Technology Center at
the Faculty of Biology, Plovdiv
University "Paisii Hilendarski". The liver
samples from both exposures were
thawed on ice and homogenized with 50
mM, 300 mM NaCl (pH=7.4). The
homogenates were centrifuged at 4°C for
15 min at 9000 rpm using a refrigeration
centrifuge = (MPW, Poland). After
centrifugation, the supernatant was
separated into new Eppendorf tubes and
frozen at -80°C to measure the activity of
the above enzymes. Lactate dehydronese
activity of the liver extracts was
determined using commercially
available enzymatic kit (LDH FL DGKC,
Cat. LD F245 CH, Chema Diagnostica,
Italy). Alanine aminotransferase activity
of the liver extracts was determined
using commercially available enzymatic
kit (GPT/ALT FL IFCC, Cat. LD F400
CH, Chema  Diagnostica, Italy).
Aspartate aminotransferase activity of
the liver extracts was determined using
commercially available enzymatic kit
(GOT/AST FL IFCC, Cat. GO F400 CH,
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Chema Diagnostica, Italy). All the
reactions of LDH, ALAT and ASAT were
prepared according to the instructions of
the manufacturer of the kits and. The
decrease of the light absorbance of the
reactions at 340 nm, due to the oxidation
of NADH to NAD+ during the reactions
was determined spectrophotometrically
The enzyme activity was measured with
a spectrophotometer (Beckman Coulter
DU 80 model, Inc., Brea, CA, USA) at
25°C.

The amount of total protein in the
tested samples was  determined
spectrophotometrically at 595 nm
according to the method of Bradford
(1976) and the protein content was
calculated against a standard curve of
bovine serum albumin. The obtained
values of LDH, ALAT and ASAT and the
protein content of the samples were used
to calculate the specific enzyme activity
(U/mg protein) of the enzymes of
interest.

All the analyses of LDH, ALAT,
ASAT and protein content were
performed in triplicate and the obtained
average values of the measurements
were used to calculate the acticities of the
corresponding enzymes including +SD.

Results and Discussion

The PAS-reaction is a staining
method used to detect polysaccharides,
such as glycogen in tissues, and the
staining is mainly purple-magenta in
color (Ngokere et al., 2016). It is mainly
used in medicine, but can be applied
along with other combined biomarkers
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in aquatic toxicology to study the
negative effect of various toxicants for
better results. The PAS-reaction works
on the basis of the oxidation by the
periodic acid (or its salts) of 1,2-glycol
groups contained in these compounds to
aldehydes, which are detected with the
help of Schiff's reagent. The staining with
Sudan Black B detects the presence of
fatty degeneration in the cells, with the
cytoplasmic lipids stained dark gray or
black.

As a result of the histochemical
analysis by applying the PAS-reaction,
we observed an increase in the amount
of glycogen in the hepatocytes of the
experimental individuals. We found an
increase in glycogen according to the
proposed scale both in CPF exposure
and in all tested CYP concentrations.
With a similar degree of expression, we
observed an accumulation of glycogen in
the cytoplasm of hepatocytes in after 30
days in both exposures (Table 1; Fig. 1, 3).

When monitoring lipid inclusions in
the hepatocytes, we observed an increase in
the degree of Sudan Black B staining. In the
short-term exposure, the degree of staining
was similar for both toxicants. When
following the changes that occurred after
the long-term exposure, we found an
increase in the degree of lipid inclusions,
again with a similar degree of expression
for both test toxicants. The obtained results
confirm the observed fatty degeneration
with increased lipid inclusions in
hepatocytes through the histopathological
analysis, as well as its degree of expression
(Table 2; Fig. 2, 4).

Table 1. Degree of PAS-reaction in the liver of common carp.

Exposure Control 003pg/L 005pg/L  0.01 pg/L 0.0002 0.0003 0.0006
time CPF CPF CPF pgLCYP  pg/LCYP ng/L CYP
96t hour +/- +/- + + +/- + ++
30t day +/- +/- + + +/- + ++
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Table 2. Degree of Sudan Black B staining in carp (Cyprinus carpio) liver.

Exposure time Control 0.03 0.05 0.01 0.0002 0.0003 0.0006
ng/L  pg/L  pg/L ng/L ng/L ng/L
CPF CPF CPF CcYrp cYrp CYpP
96" hour + + + ++ + ++ ++
30" day + + + ++ + ++ ++
Similarly, to us, Shrivastava (2007) to a change in the processes of glycolysis,

considered that changes in the amount of
glycogen in the liver indicate changes in
carbohydrate metabolism under the influence of
various pesticides. Changes associated with an
increase in the amount of glycogen in hepatocytes
compared to the control group of fish may be due
to changes in the amount of pyruvate, and this
may affect the processes of glycogenesis,
glycogenolysis and gluconeogenesis.

According to Yogesh & Venkateshwarlu
(2022), significant changes in the levels of
glucose, glycogen, total protein and free amino
acids, as well as changes in the activities of the
enzymes lactate dehydrogenase, succinate
dehydrogenase,  malate  dehydrogenase,
protease, aspartate aminotransferase and
alanine aminotransferase were observed in
common carp tissues and the changes
developed progressively with exposure time.
In addition, changes in the carbohydrate
metabolic enzymes indicate that pesticides
cause metabolic disturbances and change
aerobic metabolism to anaerobiosis, while the
changes in protein metabolic enzymes explain
that pesticides may interact with peptide
sequences in the fish directly or indirectly.

An increase in the lipid inclusions in the
cytoplasm of hepatocytes is due to fatty
degeneration in the liver cells, which was also
found in the histopathological examination of
the liver (Georgieva et al., 2021; Yancheva et al.,
2022). Increased synthesis of fatty acids leads
to increased synthesis of triglycerides and
hyperlipidemia  associated = with  fatty
infiltration in hepatocytes. In agreement with
Ayoola (2008), we believe that the changes
related to the alterations in the amount of
glycogen and lipids in the liver of the
experimental individuals can generally be due
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which depends on the administered
concentrations of the toxicant, the duration of
action or its chemical nature.

Lactate dehydrogenase (LDH, ES
1.1.1.27), which is an important biomarker
enzyme, is contained in the cytoplasm of
cells and is involved in maintaining the
balance in carbohydrate metabolism. Any
change in the metabolism of organisms as a
result of toxic stress has a negative effect on
its activity (Mommsen, 2000). In general,
however, less is known about carbohydrate
metabolism in the liver of fish. It has been
studied mainly in their muscles, and the
studies in the available literature, in which
it is considered under the action of heavy
metals and various organic toxicants on
liver, are considerably less (Norton et al.,
2000; Almeida et al., 2002; Cooper et al.,
2002; Napierska & Podolska, 2008; Oliva et
al., 2012).

The results from the analysis showed a
decrease in LDH activity at the 96-hour
exposure, and we observed a stronger
inhibition at the CYP exposure (Fig. 5).
Similar to the short-term test, at the 30-day
exposure we found inhibition of the specific
enzyme activity, observing a similar trend
comparing the two toxicants (Fig. 6).

LDH is a tetrameric glycolytic enzyme
that has been used as a potential marker of
tissue damage (Diamantino et al., 2001).
Viarengo (1985) proved that the action of
various poisons can lead to a change in the
activity of LDH by binding them to some
functional groups. This enzyme is involved
in the carbohydrate metabolism, but also
serves as an indicator of chemical pollution
of the natural environment. The study of



LDH activity can provide useful
information about the cellular metabolism
in organisms that are subjected to the
action of different toxicants (Monteiro et al.,
2006). We agree with Das et al. (2004 a,b)
and Yousafzai & Shakoori (2011) that
alterations in the LDH activity signal
changes in cellular energy metabolism as a
result of water pollution. For example, the
increased activity of LDH can serve as an
enzyme biomarker for the diagnosis of
various disorders in tissues of many
vertebrate organisms, which is often the
result of oxygen depletion after the
exposure to contaminants. This forces the
organisms to start using energy produced
through anaerobic processes. On the other
hand, a decrease in the LDH activity can
serve as a biomarker for increased
glycolysis as a result of chemically induced
stress in the body. A decrease in the

Kovacheva et al.

activity of LDH as a result of chemically
induced stress and an increased amount of
free radicals leads to intensive processes of
gluconeogenesis and glycogen
accumulation, which is also proven by the
histochemical analysis using the PAS
reaction in our study. Along with the
processes of gluconeogenesis, an enhanced
process of glycolysis probably takes place,
which in turn could lead to the
accumulation of pyruvate, hence of Acetyl
CoA and, as a result, to hyperlipidemia,
which is again proven by the histochemical
analysis with Sudan Black B in the current
experiment. The stronger inhibition of the
enzyme after the 30-day exposure we could
also connect with the higher degree of the
observed fatty degeneration through the
histological and histochemical analysis,
which again shows intense processes of
glycolysis and hyperlipidemia.

0.05 ppm CPF &

fromm e w04

Fig. 1. Intensity of PAS-reaction in carp liver after 96-hour exposure.
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Fig. 3. Intensity of PAS-reaction in carp liver after 30-day exposure.
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Fig. 4. Intensity of Sudan Black B staining in carp liver after 30-day exposure.
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Fig. 5. Changes in the specific enzyme activity of LDH
after 96-hour exposure to CPF and CYP.
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Fig. 6. Changes in the specific enzyme activity of LDH after 30-day exposure to CPF and CYP.

In addition, Rao (2006) found in his
experiments an increase in the activity of
LDH in the fish brain and gills, and a
decrease in the activity of LDH in the liver
under the influence of various pesticides,
which clearly indicates different damage to
the studied tissue.

Furthermore, Abhijith et al. (2016)
found a decrease in the LDH activity in the
gills and liver of Catla catla under the
influence of methyl parathion (MP).
According to the authors, the results show a
higher degree of glycolysis under pesticide
stress. According to Abhijith et al. (2016)
MP can inhibit the aerobic and anaerobic
metabolism of fish, leading to a decrease in
the LDH activity, which was confirmed
with the results obtained in the present
study. Tripathi & Shasmal (2011) found
reduction of the LDH activity in the gill,
liver, brain and muscle of Heteropneustes
fossilis exposed to CPF, which may be due to
binding of pesticides or their metabolites to
the enzyme molecule.

According to El-Shehawi et al. (2007) in
ecotoxicological studies, the increase or
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decrease of ALAT and ASAT levels in the
blood and other examined organs and
tissues of fish can be used as a successful
indicator of water pollution. ASAT is also
considered a key enzyme for nitrogen
metabolism and energy mobilization in
invertebrates, is often used as a biochemical
indicator of stress (Shobha et al., 2001).
According to El-Shehawi et al. (2007)
aminotransferases are widely used to
diagnose the damage that toxins do to the
liver in fish and some other organs, such as
gills and  muscles. In  addition,
transaminases (aminotransferases), have
been widely used as sensitive markers of
possible tissue damage, particularly liver
toxicity, for many years in aquatic
toxicology (Ramaiah, 2007).

The results on the changes in the
aminotransferase activity showed
inhibition of the specific enzyme activity in
both the short-term and long-term
exposure (Fig. 7, Fig. 8, Fig. 9, Fig. 10). We
observed a stronger decrease in the specific
activity after the 30-day exposure (Fig. 8,
Fig. 10).
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Fig. 8. Changes in the specific enzyme activity of
ASAT after 30-day exposure to CPF and CYP.
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Fig. 9. Changes in the specific enzyme activity of
ALAT after 96-hour exposure to CPF and CYP.

ALAT U/mg protein
Average + SD
30
25
20
15
10
5
0
N
& & & & & o &
<@ & & & ® g o
Q .
QQ 0‘0 Qo

Fig. 10. Changes in the specific enzyme activity of
ALAT after 30-day exposure to CPF and CYP.

A number of authors have followed the  different poisons. For example, Karan et al.
activity of aminotransferases in various (1998) measured a substantial increase in
organs of carp fish under the influence of = the ALAT activity, Velmurugan et al. (2008)
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found an increase in the activity of
aminotransferases in gills, brain and
muscles of fish, Ziki¢ et al. (2001) and
Heydarnejad et al. (2013) indicated that the
activity of aminotransferases increased in
blood serum. Guo et al. (2002) reported an
increase in the aminotransferase activity in
liver under the influence of ytterbium.
Moreover, Al-Ghanim (2014) found an
increase in ALAT, ASAT and GDH activity
in all organs of fish exposed to
cypermethrin. This suggests the active
trans-deamination of amino acids to
incorporate keto acids into the Krebs cycle
to release the energy needed for new
protein  synthesis (Sivaramakrishna &
Radhakrishnaiah, 1998). The elevation of
these enzymes generally indicates amino
acid wutilization, while the elevation of
transaminases suggests a strong efflux of
metabolites under cypermethrin stress, as
stress conditions generally induce an
increase in the transamination pathway
(Awasthi et al, 1984). Involvement of
alternative pathways, such as
aminotransferase reactions, is also possible
due to inhibition of oxidative enzymes, such
as isocitrate dehydrogenase and cytochrome
C oxidase. Changes in the aminotransferase
activity are often reflected in nitrogen
metabolism and interdependent
biochemical reactions. Elevated
aminotransferase levels may be due to
tissue damage after intoxication (Raju &
Ramna, 1985). Amino acids appear to be
mobilized to undergo transamination to 2-
keto acids for use in the production of
energy-rich compounds (Shobha et al., 2001)
Rao (2006) reported that the reduction
of aminotransferase activity in the liver of
Oreochromis mossambicus under the influence
of organophosphorus pesticides may be due
to liver damage. We agree with Abhijith et
al. (2016) that the detoxification mechanism
may not be efficient enough to prevent the
toxicity and effect of the toxicant in the
body. According to Tripathi & Shasmal
(2011), a decrease in the specific activity of
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metabolic enzymes upon exposure to
organophosphorus and pyrethroid
pesticides indicates the direct impact of
these toxicants on the enzyme activity.
Neelima et al. (2013) also reported a
decrease in the ALAT and ASAT activity
when treating fish with cypermethrin.

The established decrease in the
enzymatic activity of LDH, ASAT and
ALAT after the long-term exposure with the
test pesticides compared to short-term
exposure could be also associated with the
increased necrosis in the hepatocytes
(Georgieva et al., 2021; Yancheva et al.,
2022), which in turn indicates degenerative
changes in the hepatic cells.

Conclusion

In sum, all concentrations of the tested
pesticides cypermethrin and chlopyrifos in
the short-term and long-term exposure
negatively affected the histochemical and
biochemical values in liver of common carp.
The negative effects were expressed with
liver changes in the amount of glycogen and
lipids, and enzyme alterations in the
specific activity of LDH, ASAT and ALAT.
We found that these alterations affect the
processes of glycogenesis, glycogenolysis,
gluconeogenesis, carbohydrate and nitrogen
metabolism. The results from such
experimental set ups could be used in the
legislation of protection water bodies from
contamination in areas near intensive
application of plant protection products and
also in implementing the Water Frame
Directive by using multi-biomarker
approaches, which are not that common,
but easy and reliable to apply, such as
histochemistry.

Acknowledgments. The study is
conducted with the financial help of project FP
21 BF 008 and project “Vita Plus” financed by
Science Research Fund at the University of
Plovdiv Paisii Hilendarski under the “Green
Technologies” project line. The national
program “Young scientists and postdoscs”



Histochemical and Biochemical Changes in Common Carp (Cyprinus carpio Linnaeus, 1785)...

funded by the Ministry of Education in
Bulgaria is also highly appreciated.

References

Abhijith, B. D., Ramesh, M. & Poopal R. K.
(2016). Responses of metabolic and
antioxidant enzymatic activities in gill,
liver and plasma of Catla catla during
methyl parathion exposure. The
Journal of Basic & Applied Zoology, 77,
31-40. doi: .

Adedeji, O.B. & Okocha, R.O. (2012).
Overview of Pesticide Toxicity in Fish.
Advances in Environmental Biology, 6(8),
2344-2351.

Al-Ghanim, K. A. (2014). Effect of a
synthetic pyrethyroid, cypermethrin,
on aminotransferases and glutamate
dehydrogenase activities in gill, liver
and muscles of a freshwater fish,
Cyprinus carpio. Pakistan Journal of
Zoology, 46(4), 997-1001.

Almeida, J. A., Diniz, Y. S., Marques, S. F. G,,
Faine, L. A., Ribas, B. O., Burneiko, R.
C. & Novellj, E. L. B. (2002). The use
of the oxidative stress responses as
biomarkers in Nile tilapia
(Oreochromis niloticus) exposed in vivo
to cadmium contamination.
Environment International, 27, 673-679.
doi: .

APHA. (2005). Standard  methods  for
examination of water and wastewater. 21
Ed. Washington, American Public
Health Association.

Awasthi, M., Shaw, P., Dubale, M. S. &
Gadhia, P. (1984). Metabolic changes
induced by organophosphates in the
piscine organs. Environmental Research,
35(1), 320-325. doi:

Ayoola S. O. (2008). Toxicity of glyphosate
herbicide on Nile tilapia (Oreochromis
niloticus) juvenile. African Journal of
Agricultural Research, 3(12), 825-834.

Barus, V., Peaz, M. & Kohlmann, K. (2001).
Cyprinus carpio (Linnaeus, 1758). In P.
M. Banarescu, H. ]J. Paepke (Eds). The

136

freshwater fishes of Europe, v. 5/1II;
Cyprinidae 2/1III, and Gasterosteidae.
(pp. 85-179). Germany: AULA-G
GmbH Wiebelsheim.

Bradbury, S. P. & Coats, J. R. (1989).

Comparative  toxicology of the
pyrethroid insecticides. Reviews of
Environmental ~ Contamination — and

Toxicology, 108, 133-177. doi:

Bradford, M. M. A. (1976). A rapid and
sensitive method for the
quantification of microgram
quantities of protein utilizing the
principle of protein-dye binding.
Analytical Biochemistry, 72, 248-254.

Bruslé, J. & Anadon, G. G. (1996). The
structure and function of fish liver. In
J. S. D. Munshi, H. M. Dutta (Eds.).
Fish Morphology. (pp. 77-93). North-
Holland, Science Publishers.

Céceres, T., He, W., Naidu, R. & Megharaj,
M. (2007). Toxicity of chlorpyrifos and
TCP alone and in combination to
Daphnia carinata: the influence of
microbial degradation in natural
water. Water Research, 41 (19), 4497-
4503. doi: .

Canli, E. G., Dogan, A. & Canli, M. (2018).
Serum  biomarker levels alter
following nanoparticle (AlOs;, CuO,
TiO;) exposures in freshwater fish
(Oreochromis niloticus). Environmental
Toxicology and Pharmacology, 62, 181-

187. doi: .
Cave, M., Falkner, K. C. & McClain, A.
(2011). Occupational and
environmental hepatotoxicity. In:
Textbook of Liver Disease
(Hepatology).  Elsevier ~ Saunders,

Philadelphia, 476-492.

Cazenave, J., Bacchetta, C.,, Parma, M. ],
Scarabotti, P. A. & Wunderlin, D. A.
(2009). Multiple biomarkers responses
in  Prochilodus  lineatus  allowed
assessing changes in the water quality
of Salado River basin (Santa Fe,
Argentina). Environmental Pollution,


https://doi.org/10.1016/j.jobaz.2015.11.002
https://doi.org/10.1016/s0160-4120(01)00127-1
https://doi.org/10.1016/0013-9351(84)90138-5
https://doi.org/10.1016/0013-9351(84)90138-5
https://doi.org/10.1007/978-1-4613-8850-0_4
https://doi.org/10.1016/j.watres.2007.06.025
https://doi.org/10.1016/j.etap.2018.07.009

157(11), 3025-3033. doi:

Cooper, R. U., Clough, L. M., Farwell, M. A.
& West, T. L. (2002). Hypoxia induced
metabolic and antioxidant enzymatic
activities in the estuarine fish
Leiostomus ~ xanthurus.  Journal  of
Experimental ~ Marine  Biology and
Ecology, 279, 1-20. doi:

Daddy. (1896). Nouvelle méthode pour
colorer la graisse dans les tissues.
Archives Italiennes De Biologie, pp. 143.

Das, P. C,, Ayyappan, S., Jena, J. K. & Das, B.
K. (2004a). Acute toxicity of ammonia
and its sub-lethal effects on selected

haematological and enzymatic
parameters of mrigal, Cirrhinus
mrigala  (Hamilton).  Aquaculture

Research, 35, 134-143. doi:

Das, P., Ayyappan, S., Das, B. & Jena, ].
(2004b). Nitrite toxicity in Indian
major carps: sublethal effect on
selected enzymes in fingerlings of
Catla catla, Labeo rohita and Cirrhinus
mrigala. Comparative Biochemistry and
Physiology ~ Part C: Toxicology &
Pharmacology, 138, 3-10. doi:

Diamantino, T. C., Almeida, E., Soares, A. M.
V. M. & Guilhermino, L. (2001).
Lactate dehydrogenase activity - an
effective parameter in aquatic toxicity
tests. Chemosphere, 45(4-5), 553-560.
doi: .

EC. (2013). Directive 2013/39/EU of the
European Parliament and of the
Council of 12 August 2013 amending
Directives 2000/60/EC and
2008/105/EC as regards priority
substances in the field of water policy.
Official Journal of the European Union.

Eldridge, B.F. (2008). Pesticide application
and safety training for applicators of
public health pesticides. California
Department of Public Health, Vector-
Borne Disease Section, 1616 Capitol

Kovacheva et al.

Avenue, MS7307, P.O. Box 997377,
Sacramento, CA.

El-Shehawi, A. M., Ali, F. K. & Seehy, M. A.

(2007). Estimation of water pollution
by genetic biomarkers in tilapia and
catfish species shows species-site
interaction.  African  Journal  of
Biotechnology, 6, 840-846.

Filho, P. J. S., Caldas, J. S., da Rosa, N. N. &

Firat,

Pereira, F. O. P. (2017). Toxicity test
and Cd, Cr, Pb and Zn
bioccumulation in Phalloceros
caudimaculatus. Egyptian  Journal of
Basic and Applied Sciences, 4, 206-211.
doi:

O. & Tutus, R. (2020). Comparative
acute  toxicity = assessment  of
organophosphate and avermectin
insecticides on a freshwater fish
Oreochromis  niloticus. ~ Bulletin  of
Environmental ~ Contamination — and
Toxicology, —105(4), 582-587. doi:

Georgieva, E., Yancheva, V., Stoyanova, S.,

Guo,

Velcheva, I, Iliev, I, Vasileva, T.,
Bivolarski, V., Petkova, E., Laszlé, B.,
Nyeste, K. & Laszl6, L. (2021). Which
is more toxic? Evaluation of the short-
term toxic effects of chlorpyrifos and
cypermethrin on selected biomarkers
in common carp (Cyprinus carpio,
Linnaeus 1758). Toxics, 9, 124. doi:

H., Chen, L, Wang, X. & Chen, Y.
(2002). Physiological responses of
Carassius  auratus  to  ytterbium

exposure. Ecotoxicology and
Environmental Safety, 53, 312-316. doi:

Heydarnejad, M. S., Khosravian-Hemamai, M.

& Nematollahi, A. (2013). Effects of
cadmium at sub-lethal concentration on
growth and biochemical parameters in
rainbow trout (Oncorhynchus mykiss).
Irish Veterinary Journal, 66(1), 11. doi:

Karan, V., Vitorovic, S., Tutundzic, V. &

Poleksic, V. (1998). Functional


https://doi.org/10.1016/j.envpol.2009.05.055
https://doi.org/10.1016/S0022-0981(02)00329-5
https://doi.org/10.1016/S0022-0981(02)00329-5
https://doi.org/10.1111/j.1365-2109.2004.00994.x
https://doi.org/10.1016/j.cca.2004.03.010
https://doi.org/10.1016/s0045-6535(01)00029-7
https://doi.org/10.1016/j.ejbas.2017.06.001
https://doi.org/10.1007/s00128-020-02990-y
https://doi.org/10.3390/toxics9060125
https://doi.org/10.1006/eesa.2002.2223
https://doi.org/10.1186/2046-0481-66-11

Histochemical and Biochemical Changes in Common Carp (Cyprinus carpio Linnaeus, 1785)...

enzymes activity and gill histology of
carp after copper sulfate exposure and
recovery. Ecotoxicology and
Environmental Safety, 40, 49-55. doi:

Kloskowski, J. (2011). Impact of common
carp Cyprinus carpio on aquatic
communities: direct trophic effects
versus habitat deterioration.
Fundamental and Applied Limnology,
178(3), 245-255. doi:

Ksheerasagar, R. L., Hiremath, M. B. &
Kaliwal, B. B. (2011). Impairment of
hepatic biochemical contents and
enzymes activities during carbosulfan
intoxication = in  albino  mice.
International Multidisciplinary Research
Journal, 1(3), 6-15.

Kumar, U., Berliner J., Adak, T., Rath, P. C.,
Dey, A., Pokhare, S. S., Jambhulkar, N.
N., Panneerselvam, P., Kumar, A. &
Mohapatra, S. D. (2017). Non-target
effect of continuous application of
chlorpyrifos on soil  microbes,
nematodes and its persistence under
subhumid tropical rice-rice cropping
system. Ecotoxicology and
Environmental Safety, 135, 225-235. doi:

Linde-Arias, A. R., Inacio, A. F., Novo, L. A.,
de Alburquerque, C. & Moreira, J. C.
(2008). Multibiomarker approach in
fish to assess the impact of pollution
in a large Brazilian river, Paraiba do
Sul. Environmental Pollution, 156(3),
974-979. doi:

Manuel, A. E., Eugenio, L. P., Elena, M. C,,
et al. (2008). The mobility and
degradation of pesticides in soils and
the pollution of groundwater
resources.  Agriculture  Ecosystems
Environmental, 123 (4), 247-260. doi:

McManus, J. F. A. (1948). Histological and
histochemical uses of periodic acid.
Stain Technology, 23, 99-108.

Mishra, A. K. & Mohanty, B. (2008). Acute
toxicity impacts of hexavalent
chromiumon behavior and
histopathology of gill, kidney and
liver of the freshwater fish, Channa

punctatus  (Bloch).  Environmental
Toxicology and Pharmacology, 26(2),
136-141. doi:

Modesto, K. A. & Martinez, C. B. R. (2010a).
Effects of Roundup transorb on fish:
hematology, antioxidant defenses and

acetylcholinesterase activity.
Chemosphere, 81,  781-787.  doi:

Modesto, K. A. & Martinez, C. B. R. (2010b).
Roundup causes oxidative stress in
liver and inhibits acetylcholinesterase
in muscle and brain of the Prochilodus
lineatus. Chemosphere, 78(3): 294-299.
doi:

Mommsen, T. P. (2000). Glucagon-like
peptide-1 in fishes: the liver and
beyond. American Zoologist, 40, 259-
268.

Monteiro, D. A., Almeida, J. A., Rantin, F. T.
& Kalinin, A. L. (2006). Oxidative
stress biomarkers in the freshwater
characid fish, Brycon cephalus, exposed
to  organophosphorus insecticide
Folisuper 600 (methyl parathion).

Comparative Biochemistry and
Physiology  Part C: Toxicology &
Pharmacology, 143(2): 141-149. doi:

Mugni, H., Paracampo, A., Demetrio, P.,
Pardi, M., Bulus, G., Ronco, A. &
Bonetto, C. (2016). Toxicity persistence
of chlorpyrifos in runoff from
experimental soybean plots to the
non-target amphipod Hyalella
curvispina: effect of crop management.
Bulletin of Environmental Contamination
and Toxicology, 70(2), 257-264. doi:

Mustapha, K. M. (2009). Influence of
watershed activities on the water


https://doi.org/10.1006/eesa.1998.1641
https://doi.org/10.1127/1863-9135/2011/0178-0245
https://doi.org/10.1127/1863-9135/2011/0178-0245
https://doi.org/10.1016/j.ecoenv.2016.10.003
https://doi.org/10.1016/j.envpol.2008.05.006
https://doi.org/10.1016/j.agee.2007.07.011
https://doi.org/10.1016/j.etap.2008.02.010
https://doi.org/10.1016/j.chemosphere.2010.07.005
https://doi.org/10.1016/j.chemosphere.2009.10.047
https://doi.org/10.1016/j.cbpc.2006.01.004
https://doi.org/10.1007/s00244-015-0187-y

quality and fish assemblages of a
tropical African reservoir. Revista de
Biologia Tropical, 57(3), 707-719. doi:

Napierska, D. & Podolska, M. (2008).

Relationship  between  biomarker
responses and contaminant
concentration in selected tissues of
flounder (Platichthys flesus) from the
Polish coastal area of the Baltic Sea.
Oceanologia, 50(3), 421-442.

Neelima, P., Kumar, L. C. A., Rao, N. G. &

Rao, J. C. S. (2013). Studies on activity
levels of aspartate amino transferase
(ASAT) and alanine amino transferase
(ALAT) in the tossue of Cyprinus
carpio (Linn.) exposed to cypermethrin
(25% EC). International Journal of
Pharmacy and Pharmaceutical Sciences,
5(3), 566-570.

Ngokere, A., Choji, T., Ifedioranma, O.,

Kumbish, P., Moses, G., Ahmed, ]J.,
Suleiman, 1., Zamfara, R., Bukar, S. &
Gwong, V. (2016). Periodic acid schiff
reactions and  general  tissue
morphology ~ of  conventionally-
processed  versus  two  rapid
microwave-processed tissues. Current
Journal — of Applied  Science and
Technology, 12, 1-14. doi:

Norton, S. F., Eppley, Z. A. & Sidell, D.

(2000). Allometric scaling of maximal
enzyme activities in the axial
musculature of striped bass, Morone
saxatilis (Walbaum). Physiological and
Biochemical Zoology, 73(6), 819-828. doi:

Oliva, M., José Vicente, ]J.,, Gravato, C.,

Guilhermino, L. & Galindo-Riafio, M.
D. (2012). Oxidative stress biomarkers
in Senegal sole, Solea senegalensis, to
assess the impact of heavy metal
pollution in a Huelva estuary (SW
Spain): seasonal and spatial variation.

Ecotoxicology and Environmental Safety,
75(1), 151-162. doi:

Kovacheva et al.

Omitoyin, B. O., Ajani, E. K., Adesina, B. T.
& Okuagu, C. N. F. (2006). Toxicity of
lindane (Gamma Hexachloro-
Cyclohexane) to Clarias gariepinus
(Burchell 1822). World Journal of
Zoology, 1(1), 57 - 63.

Raju, T. N. & Ramana, R. J. V. (1985).
Variations in amino transferases
during nitrate stress. Indian Journal of
Comparative Animal Physiology, 3, 29-32.

Ramaiah, S. K. (2007). A toxicologist guide
to the diagnostic interpretation of
hepatic biochemical parameters. Food
and Chemical Toxicology, 45(9), 1551 -

1557. doi: .
Rao, J. V. (2006). Biochemical alterations in
euryhaline fish, Oreochromis
mossambicus exposed to sub-lethal
concentrations of an
organophosphorus insecticide,
monocrotophos. Chemosphere. 65(10),
1814-1820. doi:

Rao, J. V. (2006). Toxic effects of novel
organophosphorus insecticide (RPR-V)
on certain biochemical parameters of
euryhaline fish, Oreochromis
mossambicus. Pesticide Biochemistry and
Physiology, ~ 86(2),  78-84.  doi:

Rao, V. ]J. (2006). Sublethal effects of an
organophosphorus insecticide (RPR-II)
on biochemical parameters of tilapia,
Oreochromis mossambicus. Comparative
Biochemistry and Physiology Part C:
Toxicology & Pharmacology, 143(4), 492-
498. doi: .

Sanchez, J. A. A., Klosterhoff, M. D. C,,
Romano, L. A. & Pires, D. M. (2018).
Histological evaluation of vital organs
of the livebearer Jenynsia multidentata
(Jenyns, 1842) exposed to glyphosate:
A comparative analysis of Roundup®
formulations. Chemosphere, 217, 914~
924. doi:

Santos, Th. G. & Martinez, C. B. R. (2012).
Atrazine  promotes  biochemical

139


https://doi.org/10.15517/rbt.v57i3.5486
https://doi.org/10.9734/BJAST/2016/19710
https://doi.org/10.1086/318103
https://doi.org/10.1016/j.ecoenv.2011.08.017
https://doi.org/10.1016/j.fct.2007.06.007
https://doi.org/10.1016/j.chemosphere.2006.04.015
https://doi.org/10.1016/j.pestbp.2006.01.008
https://doi.org/10.1016/j.pestbp.2006.01.008
https://doi.org/10.1016/j.cbpc.2006.05.001
https://doi.org/10.1016/j.chemosphere.2018.11.020

Histochemical and Biochemical Changes in Common Carp (Cyprinus carpio Linnaeus, 1785)...

changes and DNA damage in a
Neotropical fish species. Chemosphere,
89, 1118-1125. doi:

Sheridan, M. A. (1988). Lipid dynamics in
fish: aspects of absorption,
transportation, deposition and
mobilization. Comparative Biochemistry
and Physiology, Part B: Biochemistry and
Molecular Biology, 90(4), 679-690. doi:

Shobha, R. A. R., Sudharsan, T. N., Reddy, P.
V. M. & Reddy, R. T. N. (2001). Effect
of arsenite on certain aspects of
protein metabolism in freshwater
teleost, Tilapia mosambica (Peters).
Journal of Environmental Biology, 22(2),
101-104.

Shrivastava, S. (2007). Formathion induced
histophatological changes in the liver
of Clarius batrachus. Journal of
Environmental Research and
Development, 1(3), 264-268.

Singh, R. N. (2014). Effects of Dimethoate
(EC 30%) on gill morphology, oxygen
consumption and serum electrolyte
levels of common carp, Cyprinus carpio
(Linn). International Journal of Scientific
Research in Environmental Sciences, 2(6),
192-198.  doi:

Sivaramakrishna, B. & Radhakrishnaiah, K.
(1998). Impact of sub lethal
concentration of mercury on nitrogen
metabolism of the freshwater fish,

Cyprinus carpio (Linn). Journal of
Environmental Biology, 19(2), 111-117.
Tripathi, G. & Shasmal, J. (2011).

Concentration related responses of
chlorpyriphos in antioxidant,
anaerobic and protein synthesizing
machinery of the freshwater fish,

Heteropneustes  fossilis. Pesticide
Biochemistry and Physiology, 99, 215-
220. doi: .
Valles, S. M. & Koehler, P. G. (1997).
Insecticides used in the urban
environment: mode of action.

140

Cooperative Extension Service,
Istitute of Food and Agricultural
Sciences, University of Florida.
Velmurugan, B., Selvanayagam, M., Cengiz,
E. I. & Unluy, E. (2007). The effects of
monocrotophos to different tissues of
freshwater fish Cirrhinus mrigala.
Bulletin of Environmental Contamination
and Toxicology, 78(6), 450-454. doi:

Velmurugan, B., Selvanayagam, M., Cengiz,
E. I. & Uysal, E. (2008). Levels of
transaminases, alkaline phosphatase,
and protein in tissues of Clarias
gariepienus fingerlings exposed to
sublethal concentrations of cadmium
chloride.  Environmental — Toxicology,
23(6), 672-678. doi: .

Viarengo, A. (1985). Biochemical effects o
trace metals. Marine Pollution Bulletin,
16(4), 153-158. doi:

Weber, M.J. & Brown, M.UL. (2011).

Relationships among invasive
common carp, native fishes, and
physicochemical characteristics in

upper Midwest (USA) lakes. Ecology of
Freshwater Fish, 20(2), 270-278. doi:

Yancheva, V., Georgieva, E., Velcheva, I,
Iliev, I., Stoyanova, S., Vasileva, T.,
Bivolarski, V., Todorova-
Bambaldokova, D., Zulkipli, N., Antal,
L. & Nyeste, K. (2022). Assessment of
the exposure of two pesticides on

common carp (Cyprinus  carpio
Linnaeus, 1758): Are the prolonged
biomarker responses adaptive or

destructive? Comparative Biochemistry
and Physiology Part C: Toxicology &
Pharmacology, 261, 109446. doi:

Yancheva, V., Velcheva, 1., Georgieva, E,,
Mollov, I. & Stoyanova, S. (2019).
Chlorpyrifos induced changes on the
physiology of common carp (Cyprinus
carpio Linnaeus, 1785): A laboratory
exposure study. Applied Ecology and


https://doi.org/10.1016/j.chemosphere.2012.05.096
https://doi.org/10.1016/0305-0491(88)90322-7
https://doi.org/10.12983/ijsres-2014-p0192-0198
https://doi.org/10.12983/ijsres-2014-p0192-0198
https://doi.org/10.1016/j.pestbp.2010.12.006
https://doi.org/10.1007/s00128-007-9190-y
https://doi.org/10.1002/tox.20372
https://doi.org/10.1016/0025-326X(85)90006-2
https://doi.org/10.1016/0025-326X(85)90006-2
https://doi.org/10.1111/j.1600-0633.2011.00493.x
https://doi.org/10.1016/j.cbpc.2022.109446

Kovacheva et al.

Environmental Research, 17(2), 5139-
5157. doi:

Yogesh, K. & Venkateshwarlu, M. (2022).
Modulation in carbohydrate and
protein metabolism under sublethal
concentration of carbosulfan
intoxication in the freshwater fish,
Cyprinus  carpio  (L.)  Biochemical
Systematics and Ecology, 105, 104500.

Yousafzai, A. M. & Shakoori, A. R. (2011).
Hepatic responses of a freshwater fish
against aquatic pollution. Pakistan
Journal of Zoology, 43(2), 209-221.
Ziki¢, R. V., Stajn, A. S., Pavlovic, S. Z,
Ognjanovic, B. I. & Saicic, Z. S. (2001).
Activities of superoxide dismutase
and catalase in erythrocytes and
plasma transaminases of goldfish
(Carassius  auratus  gibelio  Bloch.)
exposed to cadmium. Physiological Received: 01.11.2022
Research, 66,105-111. Accepted: 22.11.2022

141


https://doi.org/10.15666/aeer/1702_51395157
https://doi.org/10.1016/j.bse.2022.104500

