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The changes in total lipids, their fatty acid composition and the ratio of individual classes were established in tissues of the intestine,
hepatopancreas and skeletal muscles of carp (Cyprinus carpio Linnaeus, 1758), with body weight 14.5–20.5 g, at different rates of
invasion by Bothriocephalus acheilognathi (Yamaguti, 1934) helminth, which belongs to the family Bothriocephalidae, of the Pseudophyllidae order, of the Cestoda class. The examined carp was divided into three groups: first group of fish was free from intestinal helStepan Gzhytskyj
Lviv National University minths of B. acheilognathi (control); second group of fish was weakly infected with helminths (intensity of invasion is 1–3 helminths
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per fish); the third group of fish was highly infected (the invasion intensity is 4 worms and more per fish). Our results showed that fish
and Biotechnologies,
infected with helminth B. acheilognathi compared to uninfected fish had reduced total lipid level in the gut due to phospholipids, triacylPekarska st., 50,
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reserve energy sources – triacylglycerols is probably reduced, and lipids are characterized by a high content of saturated fatty acids
(С14:0, С16:0, С18:0) and lower content of unsaturated: arachidonic (С20:4), linolenic (С18:3) and linoleic acid (С18:2), which is
associated with a decrease in the source for the synthesis of a number of polyunsaturated fatty acids, especially docosahexaenoic
(С22:6). The total content of lipids, triacylglycerols, free fatty acids and phospholipids in skeletal muscle of carp during the Bothriocephalus invasion decreased and the content of free cholesterol, mono- and triacylglycerols increased. Helminth B. acheilognathi has the
effect of reducing the total lipids of the skeletal muscle content of С18-, С20-, С22-polyunsaturated fatty acids and increasing the content of saturated (С14:0, С16:0, С18:0) and monounsaturated (С16:1, С18:1) fatty acids. The obtained results prove that the parasite B.
acheilognathi in the intestine of the carp significantly affects the nutrition processes of the host depending on the intensity of the damage
by helminths, which is accompanied by impaired lipid metabolism.
Keywords: fatty acids; intestine; hepatopancreas; skeletal muscle; metabolism; Bothriocephalidae; Pseudophyllidae.

Introduction
Ecosystems are a complex of living organisms that have adapted to
joint living in a particular habitat, forming a whole with it. Living organisms interact directly and indirectly, forming the basis for many ecosystem properties and processes, such as the nutrient cycle (Agrawal et al.,
2007). Health and disease represent two basic forms of the life process.
Health status and disease can change constantly throughout the life of a
fish, the one exceeding the other on many occasions. During its lifetime
the body of a fish is exposed to different environmental influences: fluctuations of hydrological and hydrochemical parameters, pathogens of diseases, etc. (Marenkov, 2018). In the host-parasite interaction, the feeder
population develops protective mechanisms to avoid parasites, and parasites develop counter-adaptation to overcome the protection mechanisms
of the host, which leads to a tight joint evolution of the host-parasite
(Klein, 2005). Therefore individuals are constantly adjusting to change of
external factors and irritants, which means adaptation. Adaptation mechanisms are aimed at supporting homeostasis, that is the equilibrium state
of the organism with the external environment (Davies, 2016).
Research on adaptation mechanisms of the organism to the environment is a topical issue in biochemistry and physiology. All adaptation
processes are based on biochemical adaptations, that is the ability of living
systems to adapt to changing conditions of the environment due to modifications of their biochemical structure and metabolic reactions. In biochemical adaptation of a living organism, lipids and their components
214

have an important role. The role of lipids in cellular metabolism is manysided. However, there are three main functions of lipids: energy, structural
and bioeffective (act as messengers), that are the most studied (Murzina
et al., 2013). It is known, that the successful development of aquaculture
facilities depends on the resistance of fisheries to diseases. In industrial fish
breeding in pond farms of Ukraine the invasive disease of bothriocephalosis is widely disseminated (Pukalo & Shek, 2018). Cestodoses infestation
most often occurs in one-year old carp (Ahmad et al., 2018; Kuchta et al.,
2018). Partial occlusion and damage of the intestinal mucosa by helminths
leads to disruption of execution functions of the digestive tract: suction,
barrier, the emission of digestive secretions decreases (Britton et al., 2011).
During the infection of fish with Bothriocephalus, the intestines are not
sufficiently filled with food or are completely empty, which leads to the
reduced growth and development of carp (Hansen et al., 2006; Scholz
et al., 2012). However the catarrhal-hemorrhagic enteritis caused by cestodes combined with the action of their exchange products, that are absorbed
through the intestinal wall into the bloodstream and further into the hepatopancreas, causes fatty dystrophy and changes in metabolic processes
(Britton et al., 2011; Gaikwad et al., 2016).
Among the criteria for evaluation of the quality of fishery products are
indicators of lipid metabolism, dependent on feeding and environmental
conditions (Hansen et al., 2006; Hu et al., 2016; Murzina et al., 2016). Fish
are weakened as a result of Bothriocephalus invasion and poorly adapted
to the mobilization of spare body substances as a source of energy during
winter. In fish adaptation processes one of the main roles is played by
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lipids, which combine a lot of organic compounds, performing different
functions in energy and plastic exchange (Hrytsyniak et al., 2010; Dey
et al., 2015). This leads to increased usage of endogenous substrates during energy processes in fish tissues, in particular fatty acids, which are
released in the process of cleavage of triacylglycerols, deposited in the
liver and adipose tissue (Hrytsyniak et al., 2010; Murzina et al., 2020).
In addition, one of the reasons of decrease in fish productivity of ponds
could be abnormalities in lipid metabolism, its direction and intensity, providing fish adaptation to Bothriocephalus invasion. The role of individual
metabolites, including lipids, in the physiological and biochemical features
of hydrobionts should be determined in order to understand the ability of
organisms to survive in changing conditions (Murzina et al., 2013).
This determines the relevance of research, aimed at clarifying the
changes in the content of lipids and their fatty acid composition in the tissues of carp during the Bothriocephalus invasion, since their survival in
the winter largely depends on the deposition of fat in skeletal muscle.
Thereby the purpose of our work was to investigate the effect of different
intensities of B. acheilognathi invasion on the total content of lipids, their
fatty acid composition and the ratio of individual classes in the intestines,
hepatopancreas and skeletal muscles of the carp.
Materials and methods
The research was conducted at the Department of Parasitology and
Ichthyopathology of Lviv National University of Veterinary Medicine and
Biotechnologies and the Institute of Animal Biology (Lviv). The object of
the study was carp (Cyprinus carpio Linnaeus, 1758) from growing ponds
with different intensities of B. acheilognathi helminth infestation. For this
purpose, three groups of this-year carp were formed. Fish free from intestinal cestodes (B. acheilognathi), control rules (first group). The fish of the
second group were weakly infected with helminths (intensity of invasion
is 1–3 helminths per fish), and the third group of fish was highly infected
(the invasion intensity is 4 worms and more per fish). Carp weight ranges
14.5–20.5 g. The intestinal wall, hepatopancreas and muscle samples of
the anterior apical part of the back, which were obtained immediately after
the decapitation of the fish after catching them from the ponds were taken
for research. Tissue samples were frozen in liquid nitrogen. Samples from
medium-sized tissue samples, each of which was part of a sample of
tissues from six fish, were taken for biochemical research. We used four
medium samples of fish tissue of each group (n = 4) for research.
The determination of total lipid content in biological materials were
performed by the Falch method (Folch et al., 1957; Vlizlo et al., 2012)
with a mixture of chloroform with methanol in a ratio of 2 : 1. Determination of individual lipid classes content in tissues was performed by thin
layer chromatography on ascending silica gel solvent stream hexanediethyl ether-glacial acetic acid (70 : 30 : 1) (Kates, 1975; Vlizlo et al.,
2012), followed by the detection of individual classes by treating the plates
in iodine vapors (Stahl, 1965; Vlizlo et al., 2012). The quantitative determination of lipid classes (phospholipids, di- and triacylglycerols, free fatty
acids, free and esterified cholesterol) was made with the dichromate method, by determining the colour intensity on a spectrophotometer at a
wavelength of 490 nm (Arkhipov & Antonov, 1979; Vlizlo et al., 2012).
Fatty acid composition of total lipids was determined by the gas-liquid
chromatography method (Sidorov et al., 1991; Vlizlo et al., 2012) using a
“Chromium-4” chromatograph.
The analysis of obtained data was performed using Statistica 6.0 software (StatSoft Inc., USA). Tables demonstrate the results in form of x ±
standard deviation. Differences between values in control and study groups were determined by using ANOVA, where P a value less than 0.05
(taking into account the Bonferroni error) was considered as statistically
significant.
Results
Changes in lipid content that depended on the intensity of the infection were detected in the tissue of intestines of fish during B. acheilognathi
infestation (Table 1). The presence of Bothriocephalus in the gut of carp
caused a statistically significant lower lipid content from 10.37 (uninfected
fish) to 6.20 g% in second group with infected intensity of 1–3 parasites

per fish and up to 3.78 g% in third group with an infected intensity of 4 or
more parasites per fish. When the intestines are clogged with cestodes
(they fill about 1/3–2/3 of the digestive tract) the partial supply of nutrients
from the outside is stopped, and mobilizing energy sources, that will be
used during the winter, are insufficiently stored in different fat depots of
fish.
Table 1
Total lipid content and ratio of their individual classes in the intestines
of the investigated fish, not infected and infected with B. acheilognathi
(x ± SD, n = 4)
Lipid classes
Total lipids, g%
Lipid classes,%
Phospholipids
Mono- and
diacylglycerols
Free cholesterol
Free fatty acids
Triacylglycerols
Cholesterol esterified

Uninfected,
control
first group
10.37 ± 0.65

1–3 parasites
per fish
second group
6.20 ± 0.52**

>3 parasites
per fish
third group
3.78 ± 0.57***

42.48 ± 0.93

38.14 ± 0.63**

36.41 ± 1.22**

16.97 ± 0.96

19.21 ± 0.67

25.47 ± 1.02***

8.60 ± 0.80
14.26 ± 1.30
13.37 ± 0.71
4.33 ± 0.30

10.36 ± 0.88
13.88 ± 0.39
12.97 ± 1.26
5.47 ± 0.73

11.38 ± 0.63*
9.40 ± 0.92*
10.92 ± 0.79*
6.42 ± 0.84*

Notes: * – P < 0.05; ** – P < 0.01; *** – P < 0.001 relative to controls (including
Bonferroni correction).

The amount of total phospholipids in uninfected intestinal tissue was
42.5%, and in infected intestinal tissue was lower by 10.2% (P < 0.01) in
the second group and lower by 14.3% (P < 0.001) in the third group.
The content of the fraction of triacylglycerols herewith decreased in infected fish, respectively by 3.0% and 18.3% (P < 0.05), as well as free fatty
acids, respectively, by 2.7% and 34.1% (P < 0.05). At the same time the
concentration of free and esterified cholesterol and mono- and diacylglycerols increased. It is important to say that the greater intensity of infection
of fish with Bothriocephalus, the more expressed the process.
The data presented in Table 2 shows that the fatty acid composition of
total lipids tissue of intestinal tissue of carp depends on the intensity of
infection by parasites. In both groups of infected fish the same tendency is
observed to increase in the amount of saturated fatty acids due to myristic
(С14:0), pentadecanoic (С15:0), margaric (C17:0) and especially palmitic
(С16:0) and stearic (С18:0) which are relatively uninfected.
In cestodes of fish the most clear increase is noted in the content of
oleic acid (С18:1, P < 0.05; P < 0.01). This indicator in the gut tissue of
infected fish compared to uninfected increased by 12.9% in the second
group and 19.6% in the third group. The content of other monounsaturated fatty acids also increased: palmitoleic (С16:1, P < 0.05), heptadecenoic
(С17:1). At the same time in infected fish there was a significant decrease
in polyunsaturated acids: linoleic (С18:2, P < 0.01; P < 0.001), linolenic
(С18:3, P < 0.05; P < 0.001), arachidonic (С20:4, P < 0.01; P < 0.001),
decosahexaenoic (С22:6, P < 0.05; P < 0.001) was observed. In the absence of linoleic acid, carp cannot synthesize other polyunsaturated acids
of ω3 series, which leads to increase in oleic and palmitic acids.
The research has shown that the lipid composition of the hepatopancreas undergoes changes depending on the intensity of B. acheilognathi
infection (Table 3). In the hepatopancreas of carp infected by 1–3 parasites
per fish the concentration of total lipids decreased relative to uninfected by
24.9% (P < 0.01), and in carp infected with 4 or more parasites per fish –
by 63.2% (P < 0.001). Reduced lipid concentration in the hepatopancreas
of infected fish is obviously connected to the changes their membrane
structure and therefore their permeability.
For individual lipid classes, it should be noted that in the second and
third experimental groups, compared to control, a lower level of phospholipids, triacylglycerols, free fatty acids (P < 0.05) was observed. It is important to mention, the increase in concentration of free and esterified cholesterol in hepatopancreas (P < 0.05), which perform a stabilizing function
in biological membranes, as well as mono- and diacylglycerols (P < 0.01).
A difference between infected and not infected fish has been identified in the fatty acid composition of lipids (Table 4). In the hepatopancreas
of infected fish the amount of saturated fatty acids increases on account of
palmitic (С16:0) 8.8% in the second group and 12.5% (P < 0.05) in the
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third group, respectively, myristic (С14:0) on 17.5% (P < 0.01) and 31.3%
(P < 0.01) and stearic acid (С18:0) on 14.8% (P < 0.05) and 20.1% (P <
0.05), which are synthesized in the body. Increased biosynthesis of individual saturated fatty acids in the hepatopancreas is perhaps associated
with the adaptive reactions of the fish body to B. acheilognathi infection.
Table 2
The content of fatty acids of total lipids in the intestines of the investigated
fish, not infected and infected with B. acheilognathi (%, x ± SD, n = 4)
Fatty acid code
С14:0
С14:1
С15:0
С16:0
С16:1
С17:0
С17:1
С18:0
С18:1
С18:2
С18:3
С20:1
С20:2
С20:3
С20:4
С20:5
С22:3
С22:4
С22:5
С22:6
С24:1
∑ saturated FA
∑ unsaturated FA
∑ monounsaturated FA
∑ polyunsaturated FA
Saturated FA /
unsaturated FA

Uninfected,
control
0.70 ± 0.01
0.34 ± 0.05
0.78 ± 0.02
20.00 ± 0.54
6.49 ± 0.37
0.88 ± 0.03
0.53 ± 0.03
10.60 ± 0.49
24.65 ± 0.84
22.45 ± 0.80
0.95 ± 0.03
2.01 ± 0.06
1.02 ± 0.04
0.79 ± 0.05
2.43 ± 0.09
0.74 ± 0.02
0.18 ± 0.04
0.53 ± 0.04
0.58 ± 0.05
2.82 ± 0.07
0.53 ± 0.01
32.96 ± 3.85
67.04 ± 2.05
34.54 ± 3.90
32.50 ± 2.15
0.49

1–3 parasites
per fish
0.81 ± 0.01***
0.37 ± 0.03
0.85 ± 0.01*
21.75 ± 0.60
7.58 ± 0.15*
1.03 ± 0.04*
0.56 ± 0.03
10.93 ± 0.44
27.83 ± 0.69*
17.86 ± 0.83*
0.84 ± 0.03*
1.89 ± 0.07
0.93 ± 0.04
0.53 ± 0.03**
1.90 ± 0.09**
0.68 ± 0.03
0.19 ± 0.03
0.44 ± 0.05
0.44 ± 0.04
2.16 ± 0.05***
0.43 ± 0.03*
35.37 ± 4.15
64.63 ± 2.06
38.66 ± 4.43
25.97 ± 1.71*
0.55

>3 parasites
per fish
0.84 ± 0.02***
0.40 ± 0.04
0.91 ± 0.02**
23.02 ± 0.64*
7.75 ± 0.10*
1.24 ± 0.05***
0.73 ± 0.06*
12.20 ± 0.38*
29.47 ± 0.92**
14.74 ± 0.97***
0.67 ± 0.03***
1.74 ± 0.06*
0.82 ± 0.03**
0.49 ± 0.04**
1.53 ± 0.10***
0.56 ± 0.03**
0.15 ± 0.03
0.43 ± 0.04
0.42 ± 0.02*
1.47 ± 0.09***
0.32 ± 0.02***
38.21 ± 4.41
61.79 ± 2.08*
40.51 ± 4.69
21.28 ± 1.41***
0.61

Notes: see Table 1.

Table 3
Total lipid content and ratio of their individual classes
in the hepatopancreas of the investigated fish, not infected
and infected with B. acheilognathi (x ± SD, n = 4)
Lipid classes
Total lipids, g%
Lipid classes,%
Phospholipids
Mono- and
diacylglycerols
Free cholesterol
Free fatty acids
Triacylglycerols
Cholesterol esterified

Uninfected,
control
20.58 ± 1.04

1–3 parasites
per fish
15.46 ± 1.14**

>3 parasites
per fish
7.57 ± 0.85***

47.98 ± 0.71

45.36 ± 0.58*

44.08 ± 0.86*

11.30 ± 0.62

14.50 ± 0.54**

16.63 ± 0.88**

6.47 ± 0.84
12.83 ± 1.00
17.46 ± 1.14
3.96 ± 0.50

9.61 ± 0.54*
9.04 ± 0.62*
15.35 ± 1.34
6.14 ± 0.76

10.20 ± 0.57*
8.59 ± 0.87*
14.16 ± 0.74*
6.34 ± 0.76*

Notes: see Table 1.

A particularly pronounced difference was revealed in the ratio of the
reserve of essential fatty acids, having an alimentary origin. In the hepatopancreas of infected fish the amount of arachidonic acid (С20:4) decreased in second group by 18.9% (P < 0.01) and in the third group by 48.0%
(P < 0.001), and, respectively, of linoleic (С18:2) by 14.4% (P < 0.01) and
by 25.3 (P < 0.001) and linolenic (С18:3) by 20.5% (P > 0.01) and 40.9%
(P < 0.05), which serve as a source of synthesis for a number of polyunsaturated fatty acids. In the lipids we found a reduction in the proportion of
сoncentrations of pentaenoic fatty acids and especially docosahexaenoic
acid (C22:6) by 43.9% in the second group (P < 0.001) and 63.8% in the
third group (P < 0.001) compared to not infected fish.
In not infected fish, the total content of saturated fatty acids of lipids
was 33.3%, while in the infected Bothriocephalus second group it was
36.6% and in third group 38.0%, that of unsaturated fatty acids, respectively, 66.7%, 63.4% and 62.0%, the unsaturation coefficient was 0.50,
0.58 and 0.61, respectively.
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Table 4
The content of fatty acids of total lipids of hepatopancreas
of the investigated fish, not infected and infected
with B. acheilognathi (%, x ± SD, n = 4)
Fatty acid code
С14:0
С14:1
С15:0
С16:0
С16:1
С17:0
С17:1
С18:0
С18:1
С18:2
С18:3
С20:1
С20:2
С20:3
С20:4
С20:5
С22:3
С22:4
С22:5
С22:6
С24:1
∑ saturated FA
∑ unsaturated FA
∑ monounsaturated FA
∑ polyunsaturated FA
Saturated FA /
unsaturated FA

Uninfected,
control
0.80 ± 0.02
0.19 ± 0.01
0.26 ± 0.01
20.56 ± 0.49
5.43 ± 0.16
0.99 ± 0.06
0.55 ± 0.02
10.67 ± 0.46
37.30 ± 0.72
10.25 ± 0.33
0.44 ± 0.05
3.75 ± 0.10
1.10 ± 0.06
0.68 ± 0.04
2.81 ± 0.07
0.24 ± 0.02
0.14 ± 0.06
0.39 ± 0.04
0.25 ± 0.09
2.87 ± 0.11
0.33 ± 0.02
33.28 ± 3.97
66.72 ± 2.45
47.55 ± 5.94
19.17 ± 0.98
0.50

1–3 parasites
per fish
0.94 ± 0.03**
0.22 ± 0.02
0.32 ± 0.02*
22.37 ± 0.69
6.03 ± 0.16*
0.72 ± 0.02**
0.53 ± 0.01
12.25 ± 0.38*
38.56 ± 0.66
8.36 ± 0.38**
0.36 ± 0.03
2.99 ± 0.07***
0.80 ± 0.03**
0.58 ± 0.03
2.28 ± 0.06**
0.22 ± 0.03
0.12 ± 0.05
0.28 ± 0.03
0.20 ± 0.09
1.61 ± 0.08***
0.27 ± 0.01*
36.60 ± 4.38
63.40 ± 2.53
48.60 ± 6.16
14.80 ± 0.80**
0.58

>3 parasites
per fish
1.05 ± 0.04**
0.24 ± 0.02
0.36 ± 0.03*
23.12 ± 0.62*
6.13 ± 0.20*
0.67 ± 0.04**
0.51 ± 0.02
12.82 ± 0.55*
39.78 ± 0.68*
7.66 ± 0.24***
0.26 ± 0.02*
2.64 ± 0.10***
0.76 ± 0.04**
0.55 ± 0.02*
1.46 ± 0.08***
0.18 ± 0.01*
0.08 ± 0.02
0.28 ± 0.05
0.18 ± 0.08
1.04 ± 0.10***
0.23 ± 0.01**
38.02 ± 4.54
61.98 ± 2.62
49.53 ± 6.37
12.45 ± 0.73***
0.61

Notes: see Table 1.

Total lipid content in the the skeletal muscles of fish of third group
(Table 5), the number of helminths in the intestines of which was 4 or
more parasites was much smaller than in the skeletal muscles of fish of the
control group (P < 0.01). Reduction of total lipid content in skeletal muscles of carp of third group in comparison to the fish of first group was
caused by a decrease in the content of triacylglycerols, free fatty acids and
phospholipids (P < 0.05; P < 0.05; P < 0.01), while the content of monoand diacylglycerols increased significantly (P < 0.001).
Table 5
Total lipid content and ratio of their individual classes
in the skeletal muscle of the investigated fish, not infected
and infected with B. acheilognathi (x ± SD, n = 4)
Lipid classes
Total lipids, g%
Lipid classes,%
Phospholipids
Mono- and
diacylglycerols
Free cholesterol
Free fatty acids
Triacylglycerols
Cholesterol esterified

Uninfected,
control
5.80 ± 0.26

1–3 parasites
per fish
5.39 ± 0.27

>3 parasites
per fish
3.74 ± 0.37**

53.84 ± 0.76

51.34 ± 0.80*

49.03 ± 1.04**

10.43 ± 0.47

13.78 ± 0.84*

17.48 ± 0.84***

8.68 ± 0.55
10.47 ± 0.90
10.78 ± 0.68
5.81 ± 0.61

10.82 ± 0.58*
8.90 ± 0.54
8.77 ± 1.33
6.39 ± 0.49

12.31 ± 0.57**
6.60 ± 0.84*
7.67 ± 1.14*
6.91 ± 0.66

Notes: see Table 1.

Similar changes in lipid content were found in the skeletal muscles of
fish in second group compared to first group fish, however, differences in
the content of phospholipids, mono- and diacylglycerols and free cholesterol were significant (P < 0.05). These data mean that a severe Bothriocephalus infection in the skeletal muscles of carp causes not only disintegration of triacylglycerols, but also glycerophospholipids, as evidenced by
their high content of mono- and diacylglycerols and low phospholipids,
and also increases the oxidation of free fatty acids. and also increases the
oxidation of free fatty acids. An increase in the relative content of free
cholesterol in the skeletal muscles of fish in the third group compared to
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first group fish can be explained by the decrease in the relative content of
triacylglycerols and phospholipids in the total amount of lipids. In general,
the results obtained indicate the insufficient supply of this year’s carp infected with Bothriocephalus with energy due to disruption of nutrient absorption of feed, including lipids and their antecessors.
Fatty acid composition in skeletal muscle of total lipids in the carp of
the second, and especially of the third group, in comparison to the fish of
the first group (Table 6) was characterized by a much higher content of
saturated and monounsaturated fatty acids and lower content of polyunsaturated fatty acids (P < 0.001). In particular, a notably higher content of
myristic, palmitic and stearic acids (P < 0.01; P < 0.05; P < 0.05), palmitoleic and oleic acids (P < 0.05) and lower content of linoleic, linolenic,
eicosamonoic, eicosadiene, eicosatetraic, eicosapentaenoic, docosapentaenoic, docosahexaenoic and lignoceric acids (P < 0.001–0.05) was detected
in skeletal muscles of fish from group 3 compared to fish from group 1.
Table 6
The content of fatty acids of total lipids of skeletal muscle
of the investigated fish, not infected and infected
with B. acheilognathi (%, x ± SD, n = 4)
Fatty acid code
С14:0
С14:1
С15:0
С16:0
С16:1
С17:0
С17:1
С18:0
С18:1
С18:2
С18:3
С20:1
С20:2
С20:3
С20:4
С20:5
С22:3
С22:4
С22:5
С22:6
С24:1
∑ saturated FA
∑ unsaturated FA
∑ monounsaturated FA
∑ polyunsaturated FA
Saturated FA/
unsaturated FA

Uninfected,
control
1.06 ± 0.05
0.59 ± 0.05
1.00 ± 0.03
22.42 ± 0.82
5.18 ± 0.12
0.80 ± 0.03
0.44 ± 0.06
8.84 ± 0.36
36.47 ± 0.55
11.62 ± 0.76
1.25 ± 0.17
2.77 ± 0.08
0.93 ± 0.08
0.34 ± 0.12
1.94 ± 0.06
0.68 ± 0.09
0.30 ± 0.08
0.63 ± 0.08
0.55 ± 0.06
1.68 ± 0.09
0.51 ± 0.06
34.12 ± 4.19
65.88 ± 2.42
45.96 ± 5.81
19.92 ± 1.08

1–3 parasites
per fish
1.38 ± 0.06**
0.79 ± 0.05*
1.10 ± 0.09
24.80 ± 0.86
6.96 ± 0.28**
0.90 ± 0.11
0.57 ± 0.07
9.80 ± 0.31
38.10 ± 0.76
7.34 ± 0.56**
0.76 ± 0.08*
1.92 ± 0.10***
0.67 ± 0.09
0.12 ± 0.01
1.61 ± 0.12*
0.49 ± 0.05
0.19 ± 0.01
0.39 ± 0.08
0.34 ± 0.02*
1.34 ± 0.05*
0.30 ± 0.05*
37.18 ± 4.62
62.82 ± 2.50
48.64 ± 6.08
14.18 ± 0.69***

0.52

0.59

>3 parasites
per fish
1.55 ± 0.09**
0.92 ± 0.07**
1.18 ± 0.04*
25.58 ± 0.89*
7.32 ± 0.13***
0.97 ± 0.09
0.74 ± 0.05**
11.23 ± 0.27**
38.83 ± 0.69
5.65 ± 0.62***
0.62 ± 0.14*
1.58 ± 0.13***
0.60 ± 0.06*
0.10 ± 0.02
0.82 ± 0.08***
0.44 ± 0.03*
0.14 ± 0.01
0.24 ± 0.05**
0.33 ± 0.02*
0.85 ± 0.08***
0.31 ± 0.01*
40.51 ± 4.78
59.49 ± 2.55*
49.70 ± 6.20
9.79 ± 0.53***
0.68

Notes: see Table 1.

Similar differences in the content of these fatty acids in the skeletal
muscles of fish of second group compared to first group fish were less
pronounced, although a number of them are statistically significant. Because of the differences in the content of phospholipids and esterified
cholesterol, lipid classes, characterized by high levels of polyunsaturated
fatty acids, in the test group fish compared to the control group fish were
relatively small or completely absent, then the content of polyunsaturated
fatty acids in the skeletal muscles of fish of the second (P < 0.001) and
third (P < 0.001) groups was considerably less than in skeletal muscles of
fish of the first group, which can be explained by the negative impact the
products of the vital activity of the Bothriocephalus on their absorption
and metabolism. Reduction of the absorption of feed lipids and their antecessor in the gut of Bothriocephalus infected fish testifies the lower lipid
content (P < 0.001–0.05) and a smaller proportion of polyunsaturated fatty
acids (P < 0.001) in their composition in skeletal muscles of fish of the
second and especially third groups, than in skeletal muscles of fish of the
first group. Metabolism disorders of polyunsaturated fatty acids in skeletal
muscles of fish of the second and third groups in comparison with the fish
of the first group indicates lower content of lipid С20- and С22-polyunsaturated fatty acids, which are synthesized from linoleic and linolenic acids.

Discussion
One of the important issues in practice when considering the relationship between the parasite and the host is the pathogenicity of parasites, the
level of which depends on the presence or absence of equilibrium in the
parasite-host system. There are three main types of relationship between
the parasite and the host, which determine the position of the system as a
whole: 1) the parasite can be suppressed by the host, whose resistance is
high enough; 2) the normal state of the body is not sufficiently resistant,
the host can be affected by a parasite that causes the disease and even the
death of fish; 3) a certain balance can be struck between the parasite and
the host, when the host resistance is so high that it could greatly limit the
pathogenic impact of the parasite, minimizing it. Transition from one state
to another is conditioned by the evolution of the parasite-host system itself,
exposed to natural selection, which saves first and foremost only these systems in which a certain equilibrium takes place, which benefits both of its
members. The preservation of the parasite-host system is, on the one hand,
achieved by parasite adaptation to the host, which means its specificity, on
the other hand, by means of the host’s adaptation to the parasite, which
reduces pathogenicity and results in equilibrium (Hansen et al., 2006;
Britton et al., 2011; Zargar et al., 2011).
Investigation of the effect of Bothriocephalus invasions on adaptation
of metabolism lipids and physiological functions in carp depends on the
number of B. аcheilognathi helminths in the intestine. According to some
authors (Zargar et al., 2011), the survival of this year’s carp largely depends on their live weight, which is most affected by the level and the
value of feeding and infectious and invasive diseases (Steffens & Wirth,
2007; Pegg et al., 2015).
It is now known that a significant amount of metabolic energy in the
body of fish is deposited in the process of growth and especially at the end
of the growing season in the form of triacylglycerols in their tissues – fat,
hepatopancreas, skeletal muscle (Tocher, 2003) – and is used in energy
processes during the winter starvation (Kminova et al., 2001). With underweight carp when infected with Bothriocephalus, storage of reserve lipids
in the tissues significantly decreases (Hansen et al., 2006), which will have
a negative impact on their ability to meet their needs in metabolic energy
in winter, and thus – on their survival. Change in the structure of lipids
(within physiological limits) is one of the aspects of adaptive reactions that
provide the body with the ability to survive in the face of different ecological factors. Compensatory lipid mechanism facilitates support of membranes (for instance, instability, permeability, mobility of membrane components, activity of ion transport and membrane enzyme activity) in such a
way that the membranes are able to perform optimally their various functions (Murzina et al., 2013).
The novelty of our results lies in detection of decrease in the total lipid
content of carp tissues, infected with Bothriocephalus, which is caused by
a decrease relative the content of phospholipids and triacylglycerols, while
the relative content of mono- and diacylglycerols, free and esterified cholesterol increases. In the tissues of fish, the content of free fatty acids is
significantly reduced. From this it follows that invasion of carp by Bothriocephalus leads to reduced synthesis in their tissues not just of reserve
lipids (triacylglycerols), and also structural (phospholipids).
Our research found that the total lipids of the studied carp tissues, infected with Bothriocephalus, compared to not infected fish, are significantly lower than the content of linoleic, linolenic acids, their derivatives,
and more unsaturated fatty acids. As is known, polyunsaturated fatty acids
are essential components of glycerophospholipids and reducing their intracellular content may cause a decrease in their synthesis. Apart from this,
polyunsaturated fatty acids play a physiological significance in normal
operation and structural lipid stability of cell membranes (Suleimanova
et al., 2018). Another factor the effect of which is to reduce the content of
phospholipids and triacylglycerols in tissues infected with Botriocephalus
fish, is a decrease of glycerolphosphate production due to a decrease of
glucose metabolism. The third factor which affects the synthesis of triacylglycerols in carp tissues, infected with Bothriocephalus, may be insufficient ATP production, through which the use of fatty acids is ensured in the
acylation processes in lipid synthesis. This is evidenced by our finding of a
significantly higher content of monoacylglycerols and diacylglycerols in tissues of fish infected with Bothriocephalus than in the tissues of healthy fish.
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Analysis of the obtained results does provide a sufficient explanation
for the significantly higher level of free and esterified cholesterol in all tissues of carp infected with Bothriocephalus, compared to their content in
the tissues of uninfected fish. However, these data hold considerable interest given their importance. It is known that the lipids of cell membranes
of animal tissues, including fish, represented by phospholipids and cholesterol (Murzina et al., 2016), and the relationship between content of these
classes of lipids in membranes significantly affects their physical and
chemical composition, permeability and metabolic activity (Böhm et al.,
2014; Hashimoto & Hossain, 2018). If it is considered that in the lipids of
the tissues of this year’s carp, infected with Botriocephalus, compared to
total tissue lipids of uninfected fish, a significantly lower content of all
polyunsaturated fatty acids was found, then we can conclude that helminths have a negative impact on the structure and function of tissue cell
membranes, and thus on the physiological state of fish and metabolism in
their body. A particularly negative impact of Bothriocephalus for the life
of this year’s carp can manifest in winter, which is an important liquid
state of cell membranes and fish tissue in the process of their adaptation to
low temperature.
The obtained results show that the negative impact of Bothriocephalus on the life of the carp is caused by impaired lipid metabolism in their
body. Negative influence of Bothriocephalus for the life of carp is as
follows: reduction of synthesis of structural lipids, which adversely affects
their growth; reduction of stocks of triacylglycerols in fish tissues, which
negatively affects their needs for metabolic energy in winter; reducing the
liquid state of cell membranes, which adversely affects their adaptation to
low temperature in winter; impaired synthesis of eicosanoids (prostaglandins, leukotrienes), which play an important role in the regulation of metabolism and physiological functions in fish (Tocher et al., 2015; Husain
et al., 2016); impaired absorption of lipids in the intestine due to the decrease in phospholipid production, that are part of bile, which is important in
the emulsification of lipids upon their cleavage.
Separate tissues and organs of fish differ in the fatty acid composition
of their lipids. It is known that in the process of digestion of feed in the
digestive canal, feed lipids are partially hydrolyzed, and others pass
through the intestinal walls in the non hydrolyzed form. Part of the hydrolyzed lipids, passing through the intestinal wall, are resynthesized again
from its original components (Murzina et al., 2013; Zajic et al., 2013),
other hydrolyzed lipids are subject to specific transformations directly in
the intestine (Murzina et al., 2013).
Fatty acid composition of total lipids in tissue of carp intestines depends on the intensity of invasion by parasites. In both groups of infected
fish, compared to not infected, there is the same upward trend in amounts
of saturated fatty acids due to myristic (С14:0), pentadecanoic (С15:0),
margaric (C17:0) and especially palmitic (С16:0) and stearic (С18:0).
In cestodes of fish there was an increase in the content of oleic acid
(С18:1). This indicator tissue of the intestine of infected fish compared to
not infected increased by12.9–19.6%. The content of others is growing,
monounsaturated fatty acids: palmitoleic (С16:1), heptadecenoic (С17:1).
At the same time, infected fish revealed a significant decrease in polyunsaturated acids: linoleic (С18:2), linolenic (С18:3), arachidonic (С20:4), docosahexaenoic (С22:6). In the absence of linoleic acid, carp cannot synthesize other polyunsaturated acids ω3 series, leading to an increase in oleic
and palmitic acids (Tocher, 2003; Lei et al., 2015). This dependency, as
we can see is observed with infection of fish with Botriocephalus.
Based on these observations (Luo et al., 2009), lipids and glycogen
can be considered as an important source of energy in the liver and considering that protein may be predominantly mobilized in muscle, then lipids
play an important role as energy reserves throughout the body.
The presented results of the study (Lavryn et al., 2014) about lipid
content and the ratio of their classes in the liver of the fish under study
(carp, crucian, perch, pike) from the small rivers of the West Podillya
indicates a lower predicted level of adaptation to environmental conditions. Directing of lipid metabolism towards lipolysis indicates formation of
catabolic stress syndrome in the conditions of intoxication. However, in
the hepatopancreas of carp infected with Bothriocephalus, the total lipids
content decreases due to the pathogenic factor. This decrease is due to the
lower content in the hepatopancreas of this year's carp of triacylglycerols
and phospholipids, which make up more than 60% of the total lipids in
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this fish organ and the formation of catabolic stress syndrome. Our results
on individual lipid classes in the hepatopancreas are consistent with the
data (Scholz et al., 2012) about the decrease in liver content phospholipids
and triacylglycerols that are infected with helminths.
According to histological studies (Britton et al., 2011; Gaikwad et al.,
2016; Ahmad et al., 2018), parasites cause depletion, fragmentation and
necrosis of the argyrophilic fibers of its stroma, associated with selection
helminth phospholipases, which causes the permeability of cell membranes, without destroying them completely (Sisolatin et al., 2017). Hepatopancreas lipids of carp, infected with B. acheilognathi are characterized by
a higher content of saturated fatty acids (С14:0, С16:0, С18:0) and a lower
content of arachidonic (С20:4), linolenic (С18:3) and linoleic (С18:2),
which is associated with a decrease in the source for synthesis of a number
of polyunsaturated fatty acids, especially docosahexaenoic (С22:6).
According to the hypothesis of Bradbury (2011), increase of docosahexaenoic acid in membrane phospholipids in ectotherms is a universal
answer for any (not just temperature) effect, aimed at regulating the processes of metabolism at the subcellular, cellular and tissue levels. Adaptive
content changes of docosahexaenoic acid in membrane lipids occur on a
scale like "macrotime" – specific idioadaptations, while "microtime" is
functional "tuning" of the body to a certain level of metabolic activity.
Nature opted out on one of the most important "adaptation substances"
(adaptogens), namely, docosahexaenoic acid (Kminova et al., 2001; Watanabe, 1993; Sysoliatin & Khizhnyak, 2017).
In the total lipids of skeletal muscle in carp infected with Bothriocephalus the content of С18-, С20-, С22-polyunsaturated fatty acids is
likely to decrease and the content of saturated (С14:0, С16:0, С18:0) and
monounsaturated (С16:1, С18:1) fatty acids that have high metabolic activity is increased. The extent of these changes depends on the degree of
intensity of infection of the fish. Modifications of fatty acid content of
lipids that were detected in muscle of carp can be explained by involvement of fatty acids in systems of reactivity of an organism to actions of
environmental factors, which ensures optimum work all metabolic processes (Sysoliatin et al., 2017). Our results are consistent with those of other
authors (Zajic et al., 2013, Kainz et al., 2017) about increased lipid mobilization, as well as content reduction of polyenes fatty acids in lipids of carp
tissues. They indicate of significant disturbances in the exchange of reserve and structural lipids and polyunsaturated fatty acids in skeletal muscle of carp infected with Bothriocephalus. During the winter fasting in
carp a significant decrease is observed in the number of saturated (pentadecanonic, margaric) and many unsaturated fatty acids from monoenes –
myristoleic, palmitoleic, of polyenes – linolenic (more than twice) and
arachidonic (almost four times) (Tanck et al., 2000; Al-Niaeemi & Dawood, 2017).
Therefore, the results we have obtained proves that the B. acheilognathi parasite in the intestines of the carp can significantly affect the power
supply of the host depending on the intensity of the damage by helminths,
limiting its capabilities when consuming feed – necessary cofactors, substrates and macroergies, leading to impaired lipid metabolism.
Conclusion
The content of total concentration of lipids and lipid fractions in the
tissue of intestines, hepatopancreas and skeletal muscles of carp depends
on intensity of B. acheilognathi helminth damage. In the case of Bothriocephalus infected carp, the total lipid content, structural lipids (phospholipids) and reserve energy sources (triacylglycerols) decreases and the content of free and esterified cholesterol, mono- and diacylglycerols increases.
The intestinal tissue of carp infected by helminth B. acheilognathi
contains less linoleic, linolenic, arachidonic, penta- and hexanoic unsaturated fatty acids, and the level of unsaturated fatty acids decreases and the
content of saturated fatty acids inceases, which leads to an increase in the
saturation factor. Lipids of hepatopancreas of carp in cases of infection
with B. acheilognathi, are characterized by a high content of saturated
fatty acids (С14:0, С16:0, С18:0) and a lesser content of unsaturated –
arachidonic (С20:4), linolenic (С18:3) and linoleic (С18:2), which is related to a decrease in the source for the synthesis of a number of polyunsaturated fatty acids, especially docosahexaenoic (С22:6). In common lipids
of skeletal muscle of carp, the content of С18-, С20-, С22-polyunsaturated
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fatty acids decreases and the content of saturated (С14:0, С16:0, С18:0)
and monounsaturated (С16:1, С18:1) fatty acids increases, and the extent
of these changes depends on intensity of damage to the fish by B. acheilognathi.
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