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Copper and Zinc are essential for fishes elements with wide spectrum of biological activity; in particular, 
they are involved in regulation of fatty acids metabolism. Content and ratio of fatty acids in fish meat is directly 
influenced with its nutritive and biological value; besides, fatty acids composition of cells membranes determines 
their penetration for xenobiotics, including heavy metals. Thus, investigation of the influence of mentioned ele-
ments on the fatty acids metabolism in tissues of fishes has both theoretical and practical importance.

The experiment was conducted on three groups (10 fishes in each group) of two year old common carp 
(Cyprinus carpio L.). Carps were kept for 21 days without feeding in aquariums with different concentration 
of Copper and Zinc in the water � 0.� and �.2 mg�l correspond ingly for control group, one maximum permit�� 0.� and �.2 mg�l correspond ingly for control group, one maximum permit� 0.� and �.2 mg�l correspond ingly for control group, one maximum permit-
ted level (1 MPL) for the 1st experimental group and 2 MPL for the 2nd experimental group. At the end of the 
experiment carps of each group were weighted, and samples of the gills were taken after slaughter for labo� for labo�for labo-
ratory research. Concentration of copper and zinc in the gills was determined by spectrometric method, and 
concentration of non�etherified fatty acids was measured by gas chromatographic method.

Presented results shows that at 1 MPL of Zinc and Copper in the water, their concentration in carp gills 
increases by 9.�1 % (P<0.02–0.05) and 29.5� % respectively in comparison to the fishes of the control group. At 
2 MPL of Zinc and Copper in the water, Zinc increases in carp gills by 16.�9 % (P<0.01), and Copper increases 
by 10�.5� % (P<0.001) in comparison to the control group. Increasing of Copper and Zinc concentration in 
carp gills is accompanied by changes of the concentrations of non�etherified fatty acids in them. In particular, at 
1 MPL of Copper and Zinc in the water, the increasing of total content of high metabolically active non�etherified 
fatty acids in carp gills was observed. At the same time, at 2 MPL of Copper and Zinc in the water, total content 
of high metabolically active non�etherified fatty acids in the gills of carps was decreased. Changes of Copper, 
Zinc and non�etherified fatty acids concentrations in the gills of carps were accompanied by changes of their live 
weight in the end of the experiment. Carps of the control group lost �.90 % of live weight, and carps of the 1st 
and the 2nd experimental groups � �.91 and 9.75 % (P<0.02–0.05) respectively.
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Цинк та Мідь належать до життєво важливих для риб елементів з широким спектром біоло-
гічної дії; зокрема, вони впливають на процеси обміну жирних кислот. Вміст та співвідношення жирних 
кислот безпосередньо впливає на харчову та біологічну цінність м’яса риб, крім того, жирнокислотний 
склад клітинних мембран впливає на їхню проникність для ксенобіотиків, у тому числі важких металів. 
Таким чином, дослідження впливу вказаних елементів на метаболізм жирних кислот у різних органах 
і тканинах промислових риб має як теоретичне, так і практичне значення.
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Дослідження проводились на трьох групах дворічок коропа (Cyprinus carpio L.) по 10 особин 
у кожній групі. Коропи утримувались впродовж 21 дня без підгодівлі в умовах акваріуму з концентрацією 
Міді та Цинку у воді, відповідно, 0,� та �,2 мг�л для контрольної групи, однієї гранично допустимої кон-
центрації (1 ГДК) для I дослідної групи та 2 ГДК для II дослідної групи. Наприкінці досліду коропів кож�I дослідної групи та 2 ГДК для II дослідної групи. Наприкінці досліду коропів кож� дослідної групи та 2 ГДК для II дослідної групи. Наприкінці досліду коропів кож� ГДК для II дослідної групи. Наприкінці досліду коропів кож�ГДК для II дослідної групи. Наприкінці досліду коропів кож�II дослідної групи. Наприкінці досліду коропів кож� дослідної групи. Наприкінці досліду коропів кож-
ної групи зважували, зразки зябер після забою відбирали для лабораторних досліджень. Вміст Цинку та 
Міді в зябрах визначали спектрометричним методом, концентрацію неетерифікованих жирних кислот 
визначали методом газової хроматографії.

Представлені результати досліджень свідчать, що за 1 ГДК Цинку і Міді у воді їхня концентрація 
в зябрах коропа зростає, відповідно, на 9,�1 % (P<0,02–0.05) та 29,5� % порівняно з рибами кон трольної 
групи. За 2 ГДК Цинку та Міді у воді концентрація Цинку у зябрах коропа зростає на 16,�9 % (P<0,01), 
а Міді � на 10�,5� % (P<0,001) порівняно з контрольною групою. Збільшення концентрації Цинку та Міді 
в зябрах коропа призводило до змін вмісту в них неетерифікованих жирних кислот. Зокрема, за 1 ГДК Цинку 
та Купруму у воді у зябрах коропа спостерігалось збільшення загального вмісту високо метаболічно актив�ось збільшення загального вмісту високо метаболічно актив�сь збільшення загального вмісту високо метаболічно актив-
них неетерифікованих жирних кислот. Водночас за 2 ГДК Цинку та Купруму у воді загальний вміст високо 
метаболічно активних жирних кислот в зябрах коропа знижувався. Зміни концентрації Цинку, Купруму 
та неетерифікованих жирних кислот в зябрах коропа супроводжувались змінами їх живої ваги наприкінці 
експерименту. Коропи контрольної групи втрачали �,90 % маси тіла, а коропи I та II дослідних груп � 
відповідно, �,91 та 9,75 % (P<0,02–0,05).
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ЖИВА МАСА
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Медь и Цинк относятся к жизненно важным для рыб элементам с широким спектром биологи-
ческого воздействия, одной из сторон которого является влияние на обмен жирных кислот. Содержание 
и соотношение жирных кислот в мясе рыб непосредственно влияет на его пищевую и биологическую цен-
ность, кроме того, жирнокислотный состав клеточных мембран влияет на их проницаемость для ксено-
биотиков, в том числе тяжелых металлов. Таким образом, исследование влияния указанных элементов на 
метаболизм жирных кислот в различных органах и тканях промышленных рыб имеет как теоретическое, 
так и практическое значение.

Исследования проводились на трех группах двухлеток карпа (Cyprinus carpio L.) по 10 особей 
в каждой группе. Карпы содержались на протяжении 21 дня без кормления в условиях аквариума с концен�. Карпы содержались на протяжении 21 дня без кормления в условиях аквариума с концен� Карпы содержались на протяжении 21 дня без кормления в условиях аквариума с концен-
трацией Меди и Цинка в воде, соответственно, 0,� и �,2 мг�л для контрольной группы, одной предельно 
допустимой концентрацией (1 ПДК) для I экспериментальной группы и 2 ПДК для II экспериментальной 
группы. В конце опыта карпов каждой из групп взвешивали, образцы жабр послы забоя отбирали для лабо-
раторных исследований. Содержание Цинка и Меди в жабрах определяли спектрометрическим методом, 
концентрацию неетерифицированных жирных кислот � методом газовой хроматографии.

Представленные результаты свидетельствуют, что при 1 ПДК Цинка и Меди в воде их концен-
трация в жабрах увеличивается на 9,�1 % (P<0,02–0,05) и 29,5� % в сравнении с рыбами контрольной 
группы. При 2 ПДК Цинка и Меди в воде концентрация Цинка в жабрах карпа увеличивается на 16,9� % 
(P<0,01), а Меди � на 10�,5� % (P<0,001) в сравнении с контрольной группой. Повышение концентрации 
Меди и Цинка в жабрах карпа приводило к изменению содержания в них неэстерифицированных жирных 
кислот. При 1 ПДК Цинка и Меди в воде в жабрах карпа наблюдалось увеличение общего содержания вы-
соко метаболически активных неэстерифицированных жирных кислот. Одновременно, при 2 ПДК Меди 
и Цинка в воде общее содержание высоко метаболически активных жирных кислот в жабрах карпа пони-
жалось. Изменения концентрации Меди, Цинка и неэстерифицированных жирных кислот в жабрах карпа 
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сопровождалось изменениями массы их тела в конце эксперимента. Карпы контрольной группы теряли �,90% 
живой массы, а карпы I и II экспериментальных групп � соответственно, �,91 и 9,75 % (P<0,02–0,05).

Ключевые слова: НЕЭСТЕРИФИЦИРОВАННЫЕ ЖИРНЫЕ КИСЛОТЫ, ЦИНК, МЕДЬ, 
ЖАБРЫ, КАРПЫ, ЖИВАЯ МАССА

Metabolic processes in freshwater fishes 
are greatly affected by trace elements [7, 23]. Trace 
elements influence on different pathways of the 
metabolic processes is depended on number of fac-
tors, mainly on their concentration in the water [10, 
16]. Deficiency of trace elements may lead to disor-
ders of vitally important functions, delay of growth 
and development, anemia, oxidation stress etc. 
At the same time, the excessive content of trace ele-
ments may cause biochemical, structural and func-
tional pathologies [7, 23]. Excessive concentration 
of mineral elements in aquatic ecosystems is con-
sidered to be an important ecological problem [7]; 
mostly it is caused by industrial and agricultural 
loading in the area or by local abnormally high 
native trace element content in the soil and crust.

Copper and Zinc are affecting metabolic 
processes in the freshwater fishes [2, 13, 16] mainly 
as constituents of numerous enzymes [23]. For in-
stance, Zinc is involved in the antioxidant system 
functioning as a part of the superoxide dismutase 
enzyme and in the regulation of fatty acids metabo-
lism as a constituent of Δ3–, Δ4–, Δ5– and Δ6– desatu-
rases [8, 14, 23]. Copper influences the activity of 
antioxidant enzymes superoxide dismutase and, 
indirectly, catalase; besides, it affects the activity of 
Δ9– desaturase [5, 19]. Abovementioned desaturas-
es are involved in fatty acids metabolism in fish’s 
body. Thus, from the one hand, both Zinc and Cop-
per are regulated antioxidant system activity and 
processes of fatty acids desaturation; from the other 
hand, antagonistic interaction between these two 
elements, for example, for binding sites in proteins 
molecules, is reported [20]. Moreover, regardless 
numerous investigations of lipids and fatty acids 
metabolism in fish [6, 11], its tissue specificity un-
der influence of Zinc and Copper is not clarified 
yet. According to this, the aim of our experiment 
was to research the peculiarities of non-etherified 
fatty acids content of carp gills at normal and over 
threshold levels of Copper and Zinc in the water. 
This experiment is a part of investigation of fatty 
acids metabolism in carp body under influence 

of Zinc and Copper, some results of which were 
published before [21, 22].

Materials and methods

The experiment was conducted on three 
groups (10 fishes in each group) of two year old 
common carp (Cyprinus carpio L.) with average 
live weight 320 g. For 21 days carps were kept 
without feeding in aquariums. Carps of the control 
group were kept in the water without Copper and 
Zinc addition (with Copper and Zinc concentra-
tion 0.3 and 4.2 mg/l correspondingly). Carps of 
the 1st and the 2nd experimental groups were kept 
in the water with addition of sulfates of Copper 
and Zinc. Concentration of Copper and Zinc in 
the aquarium water for the 1st experimental group 
achieved 1 MPL (1 and 10 mg/l corresponding-
ly [17]), while for the 2nd experimental group it 
achieved 2 MPL (2 and 20 mg/l correspondingly). 
Oxygen concentration in the aquariums water 
was maintained in the scope 7.0–8.0 mg/l, car-
bon dioxide — 2.1–2.7 mg/l. Water pH reached 
7.6–7.9, temperature varied from 18 to 20 °С. 
Water in the aquariums of all experimental groups 
was changed every two days with the renewing 
of Copper and Zinc content.

In the end of experiment carps of each 
group were weighted and slaughtered via destruc-
tion of the brain by striking of the cranium [1]. 
Samples of the gills were taken for laboratory re-
search. In mentioned tissues samples concentra-
tion of Copper, Zinc and non-esterified fatty acids 
were estimated.

Concentration of copper and zinc in gills 
was determined by spectrometric method [12]. 
Concentration of non-esterified fatty acids was 
determined by gas chromatographic method [15]. 
Lipids from the gills tissue were extracted by 
chloroform-methanol solvent (2:1).

Results of investigations were processed 
mathematically. Average magnitude (M), average 
error (±m) and probability of differences between two 
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average magnitudes (P) were calculated. Difference 
between two average magnitudes was considered 
probable at P<0.05. For calculations the programs 
Origin 6.0, Excel (Microsoft, USA) were used.

Results and discussion

It was revealed that at Zinc and Copper 
concentration in the water equated to 1 MPL, Zinc 
and Copper concentration in carp gills increases 
by 9.31 % (P<0.05) and 29.54 % respectively 
in comparison to the fishes of the control group 
with native content of this elements in the water. 
At 2 MPL of Zinc and Copper in the water, Zinc 
increases in carp gills by 16.49 % (P<0.01), and 
Copper — by 104.54 % (P<0.001) in comparison 
to the control group. The fact of accumulation of 
Zinc and Copper in gills at their high concentra-
tion in the water is also confirmed by number 
of studies [7].

Due both to broad spectrum of biological 
activity in fish body, and to the risk of their exces-
sive income into water ecosystems, influence of 
Zinc and Copper on fish metabolic processes is 
widely researched. For example, influence of dif-
ferent concentration of Zinc and Copper on pro-
tein synthesis [4], amino acids metabolism [9], 
haematological and biochemical parameters [3] 
and lipids composition of fish tissues [11] were 
studied. At the same time, the elements influence 
on fatty acids metabolism in carp tissues is much 
less investigated.

Presented results shows that increasing of 
Copper and Zinc concentration in carp gills was 
accompanied by changes of the concentrations of 
non-etherified fatty acids in them (table 2), that 
pointed on the influence of relatively high concen-
trations of Copper and Zinc on free fatty acids me-
tabolism. In particular, at 1 MPL of Zinc and Cop-. In particular, at 1 MPL of Zinc and Cop- In particular, at 1 MPL of Zinc and Cop-
per in the water, the tendency to increasing of total 
content of highly metabolically active non-etherified 
fatty acids in carp gills in comparison to control 
group is observed (table 2). The table shows, that 
the tendency to increasing of non-etherified fatty 
acids content in the gills is determined by satu-
rated, monounsaturated and polyunsaturated fatty 
acids. In particular, in the gills of carps of experi- In particular, in the gills of carps of experi-In particular, in the gills of carps of experi-
mental groups in comparison to the carps of con-
trol group, higher concentration of saturated fatty 

acids with even (201.6 mg/kg against 197.1 mg/kg 
of fresh weight) and odd (1.0 against 0.9 mg/kg 
of fresh weight) number of Carbon atoms in chain 
was detected, as well as concentration of monoun-
saturated fatty acids of ω-7 (9.4 against 9.0) and 
ω-9 family (630.8 against 624.4) and polyunsatu-9 family (630.8 against 624.4) and polyunsatu-
rated fatty acids of ω-3 (307.6 against 299.1) and 
ω-6 family (315.3 against 304.5 mg/kg of fresh 
weight). Wherein, the ratio of non-etherified poly-
unsaturated fatty acids of ω-3 family to ω-6 family 
didn’t change (table 2).

At 2 MPL of Zinc and Copper in the water, 
in the gills of experimental carps in comparison 
to the carps of control group, total content of high 
metabolically active non-etherified fatty acids 
was lower due to saturated, monounsaturated and 
polyunsaturated fatty acids (table 2). Decreasing 
of total content of non-etherified fatty acids in the 
gills of experimental carps was caused by lower 
concentration in their composition of saturated 
fatty acids with even (175.2 against 197.1 mg/kg 
of fresh weight) and odd (0.8 against 0.9) num-
ber of Carbon atoms in the chain, as well as lower 
concentration of monounsaturated fatty acids 
of ω-7 (8.1 against 9.0) and ω-9 family (572.4 
against 624.4) and polyunsaturated fatty acids of 
ω-3 (267.5 against 299.1) and ω-6 family (263.1 
against 304.5 mg/kg of fresh weight). Simultane-
ously, the increasing of the efficiency of transfor-
mation of non-etherified linoleic acid to its longer 
and more unsaturated derivatives (0.86 against 
0.89) was established.

Table 2 presents, that at 2 MPL of Zinc and 
Copper in the water, in the gills of carps, in com-
parison to the carps of the control group, the lower 
concentration of non-etherified saturated fatty acids 
(myristic, palmitic, stearic and arachidic), monoun-
saturated fatty acid (palmitoleic) and polyunsatu-
rated fatty acids (linolenic, eicosatrienoic, eicosa-
pentaenoic, docosatrienoic, docosapentaenoic, 
docosahexaenoic) was revealed (P<0.02–0.05).

Changes of Copper, Zinc and non-etheri-
fied fatty acids concentrations in the gills of carps 
are accompanied by changes of their live weight in 
the end of the experiment (table 3). For instance, 
during the experiment, carps of the control group 
lost 3.90 % of live weight, and carps of the 1st and 
the 2nd experimental groups — 4.91 and 9.75 % 
(P<0.02–0.05) respectively.
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Table 1
Copper and Zinc concentration in carp gills under their different content  

in the aquarium water, mg/kg of fresh weight, M±m, n=10
Control group The 1st Experimental group  

(1 MPL of Zinc and Copper in the water) 
The 2nd Experimental group  

(2 MPL of Zinc and Copper in the water) 
Concentration of Zinc in the gills

247.47±6.253 270.53±4.765* 288.30±4.708**
Concentration of Copper in the gills

0.88±0.037 1.14±0.090 1.80±0.101***

Note: here and further * — Р<0.02–0.05; ** — Р<0.01;*** — Р<0.001.

Table 2
Non-esterified fatty acids content in gills of carps under different concentration  
of Copper and Zinc in the aquarium water, mg/kg of fresh weight, M±m, n=10

Non-esterified fatty acids  
and their abbreviation

Control group The 1st Experimental group  
(1 MPL of Copper and Zinc 

in the water) 

The 2nd Experimental group  
(2 MPL of Copper and Zinc 

in the water) 
Capric acid, 10:0 0.3±0.03 0.33±0.033 0.17±0.033
Lauric acid, 12:0 0.6±0.06 0.63±0.033 0.50±0.057
Myristic acid, 14:0 4.8±0.20 4.9±0.29 4.10±0.17*
Pentadecanoic acid, 15:0 0.9±0.03 0.97±0.033 0.77±0.033
Palmitic acid, 16:0 92.0±2.42 94.6±2.71 83.3±1.65*
Palmitoleic acid, 16:1 9.0±0.20 9.4±0.18 8.1±0.17*
Stearic acid, 18:0 24.7±1.33 25.9±1.36 19.4±0.90*
Oleic acid, 18:1 529.9±13.26 535.4±13.19 486.1±11.18
Linoleic acid, 18:2 143.5±7.13 149.8±7.31 122.0±4.69
Linolenic acid, 18:3 81.2±1.96 83.8±1.81 73.7±1.41*
Arachidic acid, 20:0 74.6±1.74 75.2±1.62 67.7±1.56*
Eicosenic acid, 20:1 94.5±2.28 95.4±2.37 86.3±1.90
Eicosadienoic acid, 20:2 58.5±2.20 59.3±2.20 52.2±1.07
Eicosatrienoic acid, 20:3 30.5±1.21 31.5±1.28 25.6±1.27*
Eicosatetraenoic (arachidonic) acid, 20:4 40.2±1.62 41.2±1.70 35.3±1.04
Eicosapentaenoic acid, 20:5 58.5±1.59 59.2±1.70 51.7±1.76*
Docosadienoic acid, 22:2 10.4±0.49 11.0±0.61 8.9±0.26
Docosatrienoic acid, 22:3 21.6±0.52 22.2±0.46 19.3±0.52*
Docosatetraenoic acid, 22:4 21.5±0.67 22.4±0.55 19.2±0.49
Docosapentaenoic acid, 22:5 46.2±1.41 47.7±1.50 40.3±1.33*
Docosahexaenoic acid, 22:6 91.6±2.28 84.7±10.03 82.5±2.20*
Total content of fatty acids 1435.0 1465.6 1287.1
Including saturated 197.9 202.5 176.0

monounsaturated 633.4 640.2 580.5
polyunsaturated 603.6 622.9 530.6

ω-3/ω-6 0.98 0.98 1.02

Table �
Live weight of two year old carp under different concentration of Copper and Zinc  

in the aquarium water, g, M±m, n=10
Control group The 1st Experimental group 

(1 MPL of Zinc and Copper in the water) 
The 2nd Experimental group  

(2 MPL of Zinc and Copper in the water) 
In the beginning of the experiment

320.3±5.72 320.0±6.18 320.0±5.67
In the end of the experiment (�5 days)

307.8±5.57 304.3±5.87 288.8±4.97*
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Conclusions

In our previous experiments we have 
studied Zinc and Copper influence on fatty acids 
metabolism in skeletal muscles and liver of carp. 
Present paper shows, that at increasing of Zinc 
and Copper concentration in the water, the ele-
ments are accumulated in gills tissue in different 
measures; that can be explained by different capa-
bility of metallothioneins to bind these metals.

At 1 MPL of Copper and Zinc in the water, 
the increasing of total content of high metabolically 
active non-etherified fatty acids in carp gills was 
observed. Higher concentration of saturated fatty 
acids with even and odd number of Carbon atoms 
in chain was detected, as well as concentration of 
monounsaturated fatty acids of ω-7 and ω-9 fam-ω-7 and ω-9 fam- and ω-9 fam-ω-9 fam-9 fam-
ily and polyunsaturated fatty acids of ω-3 and ω-6 
family. At 2 MPL of Copper and Zinc in the water, 
total content of high metabolically active non-
etherified fatty acids in carp gills was lower due to 
saturated, monounsaturated and polyunsaturated 
fatty acids. Decreasing of non-etherified fatty acids 
of ω-3 family to non-etherified fatty acids of ω-6 
family ratio was observed.

Increasing of Zinc and Copper and changes 
of non-etherified fatty acids concentrations in the 
gills of carps were accompanied by loss of their 
body weight in the end of the experiment; men-
tioned changes were probable for 2nd experimen-
tal group.

Perspectives for further research. Pre-
sented results are the part of complex investiga-
tion, dedicated to research of Copper and Zinc 
influence at different concentrations on different 
metabolic pathways in common carp.
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