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Copper and Zinc are essential for fishes elements with wide spectrum of biological activity, however
their simultaneous influence on the activity of antioxidant system and carp growth in physiological and exces-
sive concentrations demands further investigations. Actuality of following experiments is determined, inter alia,
by species differences of susceptibility of fishes to increased content of trace elements in diet, organic and tis-
sue peculiarities of their distribution in organism.

This paper presents that at Copper concentration in mixed fodder equated to 1 MPL (maximum per-
mitted level) it accumulates in the gills of carp in greater measure than in the liver and skeletal muscles. At
the same time, Zinc accumulates equally in the gills, liver and skeletal muscles. At 2 MPLs in mixed fodder,
Copper accumulates equally in all abovementioned tissues of carp, while Zinc accumulates preferably in the
gills and liver, than in the skeletal muscles. At 1 MPL of Copper and Zinc in mixed fodder, activity of main
antioxidant enzymes in the carp gills, liver and skeletal muscles is increasing against the decreasing of lipid
peroxidation products level. At 2 MPL of Copper and Zinc in mixed fodder, level of lipid peroxidation products
in the gills, liver and skeletal muscles of carp is conversely increasing. During the experiment (45 days), carps
of control group increased their live weight 1.65 times, and carps of the I*' and 2" experimental groups — 1.94
and 1.82 times, respectively.
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ITPU 3I'OJOBYBAHHI KOMBIKOPMY 3 PI3HUM BMICTOM MIAI I HTUHKY

H. €. Anosuy’, U. . Pigic?
yandeni77@gmail.com

!JIbBIBCHKHI HAI[IOHAILHUI YHIBEPCUTET BETCPUHAPHOT METUIIMHU
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Miov ma Lunk Hanedcamv 00 HCUMMEBO BANCIUBUX Ol pUO eleMeHmi6 3 WUPOKUM CReKmpom 0io-
J102I4HOI 0ii, npome IXHiti 0OHOYACHUL 8NIUB Y DI3I0N02TUHUX MA NOHAOHOPMOBUX KOHYEHMPAYIAX HA CUCTNEMY
AHMUOKCUOAHMHO20 3AXUCHTY MA PiCM KOPONA nompebye nodanbuio20 GUBYEHHs. AkmyanbHicms maxkux 0o-
COXHCEHb NPOOUKMOBAHA 30KPEMA BUOOBUMU BIOMIHHOCMAMU YYMAUBOCMI pUb 00 NIOBULYEHO20 8MICY MIKDO-
e/leMeHmig Y KOpMi ma Op2aHHO-MKAHUHHUMU OCOONUBOCMAMU IXHbO2O PO3NOOLTY 8 OP2AHIZMI.

Ipu suxonanni yiei pobomu 6y10 6CMAaH0B1EHO, WO 30 OOHIET 2PAHUYHOL KOHYeHmpayii' y KoMOIKopMi
Miob y Koponie HazpoMadHCyeMbCA 8 380pax OLILULOIO MIPOIO, HIdC Y NeYiHYl ma cKelemHux m’sa3ax, a Lunk —
00HAKOB0I0 MIpOI0 Y 340pax, neuinyi ma cKelemuux m’sa3ax. 3a 080X SpaHUIHO OONYCIMUMUX KOHYEHMPAYill
y Kombikopmi Miob HazpomMaoicyemuscs y 6Cix MKAHUHAX OP2AHI3MY KOPONnie 00HaKo60, a L{unk — 6inbuior Mipoio
y 3a0pax i neuinyi, HidC y CKelemHUX M 'a3ax. 3a oOHiei epanuuno donycmumoi konyenmpayii Mioi ma L{unky
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8 KOMOIKOpMI Y 30pax, newinyi ma cKeiemuux M s3ax Koponie niosuuyemobcsi AKMUGHICMb OCHOBHUX EH3UMIB
AHMUOKCUOGHTHO20 3aXUCTTY MA SHUNCYEMBCSL PI6EHb NPOOYKINIE NEPEKUCHO20 OKUCHEHHs Ninidie. 3a 060X epa-
HUUHO donycmumux kKonyenmpayiu Mioi ma L{unky ¢ xombixopmi y 336pax, neuwinyi ma cKelemuux M si3ax Kopo-
nie, HABNAKU, 3POCMAE 6MICI NPOOYKMIE NEPEKUCHO20 OKUCHEHHs inidis. 3a nepiod docnidy (45 ouis) koponu
KOHMPOAbHOI epynu 30inbuuiu ceoio dcugy macy 6 1,65 pasy, a koponu I ma Il docnionux epyn — 6ionogiowo,
6 1,941 1,82 pa3y.

Kirouosi ciioBa: EH3VMU, ITPOIYKTH IIEPEKMCHOI'O OKMUCHEHHSA JITIIAIB, MIJb,
IUHK, 34bPA, ITEYIHKA, CKEJIETHI M’ 431, KOPOIIA
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Me0w u LJunk omHOCSMEs K YUCTY HCUSHEHHO BANCHBIX OJ1s Pl JNEMEHMO8 C WUPOKUM CHEKMPOM OUONO2U-
UeCKo2o 0elcmausl, 0OHAKO UX OOHOBPEMEHHOE GNIUSTHUE 6 PUZUONOSULECKUX U CBEPXHOPMATUBHBIX KOHYECHMPAYUSX
HA cucmemy aHmuOKCUOAHMHOU 3aUuUmyl U POCH Kapna mpebyem OaibHeuue2o uzyyeHus. AKmyaibHocms maKux
UCCIe008aHUL NPOOUKINOBAHA 8 MOM YUCTIe BUO0BBIMU PAITULUAMU YYECMEUMETLHOCIU PblO K NOGLIUEHHOMY CO-
0EpPIHCAHUIO MUKPOINIEMEHMO8 8 KOpME U OP2AHHO-IMKAHEBIMU 0COOEHHOCMAMU UX PACNPEOeNeHUsL 8 OP2AHUIME.

Ipu evinonnenuu 0annol pabomol 660 YCMAHOBIEHO, YMO NPU OOHOU NPEOETbHO OONYCTMUMOU KOH-
yenmpayuu 8 Komoukopme Meob HAKANIUBAEMCsL 8 MbIUYAX 8 OONbULEN CIENEeHU, YeM 6 NeYeHU U CKeLeNHbIX
mvuuyax, a Llunk — 6 o0unakogoil cmenenu 6 scadbpax, nevenu u ckeremuvlx moiuyax. Ilpu 08yx npedeivro
OONYCMUMBIX KOHYEHMPayusx 6 komouxkopme Meob Haxaniueaemcs 6 0OUHAKOBOU CIMENEHU 60 6CeX MKAHSX
Kapna, a Lfunk — 6 bovuieti cmenenu 6 Jcabpax u neveHu, Yem 8 CKelemuuix mviuwiyax. Ipu 00notl npedenvro 0o-
nycmumou konyenmpayuu Meou u Llunka 6 kombukopme 6 s#cabpax, neveHu u CKeiemHblx Mbluyax Kapna no-
BbIUUACTNCST AKIMUBHOCTb OCHOBHBIX (DepMEenmo8 aHMUOKCUOAHMHOU CUCEMbL U NOHUICAEMCSl YPOBEHb NPO-
OYKMOG NEPEKUCHO20 OKUCTeHUs Tunudos. IIpu 08yx npedenvHo 0onycmumvix Konyenmpayusix Meou u Lunka
8 KOMOUKOpME 8 JHCAOPAX, NeYeHU U CKeLEeMHbIX MbIUYAX Kapnd, HA0O0pom, Y8enudusaemcs co0epicanue npo-
OYKMOB NEPEKUCHO20 OKUCTeHUs Tunudos. Ha npomsicenuu uccneoosanuti (45 onetl) scusas macca Kapnos KoH-
mMponbHOU epynnul ysenuyunace 6 1,65 pasa, a kapnos I u Il skcnepumeHmanbHuix epynn — coomeemcmeeHHto,
6 1,94 u 1,82 pasza.

Karouessbie ciopa: PEPMEHTDL ITPOAYKTBI ITEPEKMCHOI'O OKMCIIEHW A JIMTTN/IOB,
ME/Ib, HINHK, ’)KABPbBI, IIEYEHDL, CKEJIETHBIE MBIIIIIbLI, KAPIIbI

As a result of industrial and agricultural tivity of A’-desaturase [9]. The desaturases are
production, fishponds can accumulate increased involved in fatty acids metabolism in fishes.
concentrations of heavy metals [1, 2], those, de- Moreover, heavy metals, firstly divalent (Zinc,
pending on their properties, valence and content, Copper, Lead, Cadmium etc.) are able to form
can affect metabolic processes in the freshwater salts (soaps) with fatty acids [10]. Thus, Cop-
fishes [3—5], mainly as a constituents of numer- per and Zinc while involving in regulation of
ous enzymes [6]. For instance, Zinc is a part of the antioxidant enzymes activity and fatty acids
the antioxidant enzyme superoxide dismutase; metabolism in tissues of freshwater fishes, can in-
also, it regulates the activity of A*-, A*-, A>- and directly influence on fish growth and biological
A®- desaturases [6—8]. Copper influences the value of fish meat.
activity of antioxidant enzymes superoxide dis- The aim of our experiment was to research
mutase and catalase; besides, it affects the ac- of the activity of main antioxidant enzymes in tis-
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sues of carp and growth intensity under different
concentration of Copper and Zinc in mixed fodder.

Materials and methods

The experiment was conducted on three
groups (4 fishes in each group) of two year old
common carp (Cyprinus carpio L.) with average
live weight 332 g. For 45 days carps were kept
in pongs 0.04 sq hectares each.

Carps of control group were fed standard
granulated mixed fodder (K 111-3/4) without in-
clusion of Copper and Zinc. Carps of the 1* and
2m experimental groups were fed the same fod-
der with addition of sulfates of Copper and Zinc.

Concentration of Copper and Zinc in
the mixed fodder for the 1% experimental group
achieved 1 MPL (8 and 100 mg/kg correspond-
ingly), while for the 2" experimental group it
achieved 2 MPL (16 and 200 mg/kg correspond-
ingly). Sulfates of Copper and Zinc were added
to the mixed fodder on its granulation. Standard
mixed fodder and mixed fodder with heavy met-
als addition were fed daily to the carps in dosage
6 % of their live weight at 8 am.

In the end of experiment the carps were
weighted, after that three carps from each group
were slaughtered and samples of the gills, liver
and skeletal muscles were taken for laboratory
research. In mentioned tissues samples the activity

of superoxide dismutase, glutathione peroxidase
and catalase was estimated [11-13], as well as
concentration of Copper, Zinc [14], primary and
secondary lipid peroxidation products [15-17].

Results of investigations were processed
statistically. Average magnitude (M), average er-
ror (=m) and probability of differences between
two average magnitudes (P) were calculated. Dif-
ference 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 Copper concentra-
tion in mixed fodder equated to 1 MPL in com-
parison to its natural content, it accumulates in the
gills in greater extent (P<0.01) than in the liver
and skeletal muscles (P<0.05). Zinc at concen-
tration in the mixed fodder equated to 1 MPL
accumulates equally in the gills, liver and skel-
etal muscles (P<0.05). At 2 MPL in the mixed
fodder, Copper accumulates in all investigated
tissues of carp in the same extent (P<0.05), while
Zinc accumulates foremost in the gills and liver
(P<0.01), and secondarily — in the skeletal mus-
cles (P<0.05) (Table 1).

Increasing of Copper and Zinc concentra-
tion in carp tissues led to changes of the activity

Table 1

Concentration of Zinc and Copper in carp tissues
under their different contents in mixed fodder, mg/kg of living weight (M+m, n=4)

The 1% Experimental group

Control group

(1 MPL of Zinc and Copper in mixed fodder)

The 2™ Experimental group
(2 MPL of Zinc and Copper in mixed fodder)

Concentration of Zinc in the gills

233.97+6.011 | 271.1045.523*

| 279.73+5.494%*

Concentration of Zinc in the liver

185.57+4.542 | 211.97+5.171*

| 220.97+4.161%*

Concentration of Zinc in the skeletal muscles

13.50£0.550 | 15.80+0.522% | 16.23+0.502*
Concentration of Copper in the gills
0.99+0.151 | 1.42+0.091%* | 1.54+0.102%
Concentration of Copper in the liver
6.55+0.072 | 6.8420.044* | 6.91+0.044*
Concentration of Copper in the skeletal muscles
0.67+0.042 | 0.85:£0.042* | 0.90:£0.041*
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Table 2
Activity of antioxidant enzymes in carp tissues
under different concentration of Copper and Zinc in mixed fodder (M+m, n=4)
The 1* Experimental group | The 2™ Experimental group
Antioxidant enzymes Control group | (1 MPL of Zinc and Copper | (2 MPL of Zinc and Copper
in mixed fodder) in mixed fodder)
Gills

Superoxide dismutase, 2.5940.073 2.88+0.049% 2.32:0.055*
units/mg protein

Glutathione peroxidase, *

umol of reduced glutathione/100 mg protein/min 13.6320.639 13.7720.491 11.50+0.404
Catalase, % "

wonol HLO. metabolized/min/me protein 4.72+0.061 4.49+0.044 5.06:+0.087

Liver

Superoxide dismutase, 2.64+0.072 2.9240.047* 2.340.050*
units/mg protein

Glutathione peroxidase, . %

umol of reduced glutathione/100 mg protein/min 19.35+0.438 21.99+0.308 18.01£0.172
Catalase, % %

umol H.O. metabolized/min/mg protein 4.95+0.072 4.66+0.075 5.25+0.082

Skeletal muscles

Superoxide dismutase, 2.1540.075 2.43£0.043* 1.89-40.046*
units/mg protein

Glutathione peroxidase, " "

umol of reduced glutathione/100 mg protein/min 13.25+0.093 13.64+0.078 12.88+0.069
Catalase, 4.5240.052 4.320.038* 4.75+0.055*

umol H O, metabolized/min/mg protein

of main antioxidant enzymes in them (7able 2).
In particular, at 1 MPL of Copper and Zinc in
the mixed fodder, the activity of superoxide dis-
mutase and catalase increased in gills, while in
the liver and skeletal muscles, increase of the ac-
tivity of superoxide dismutase, glutathione perox-
idase and catalase was observed (P<0.05-0.01).
Mentioned results suggested about activation of
the activity of antioxidant enzymes at 1 MPL of
Copper and Zinc in diet.

Table 2 presents that at 2 MPL of Copper
and Zinc in the mixed fodder the activity of su-
peroxide dismutase and glutathione peroxidase is
decreased in carp gills, liver and skeletal muscles,
while the activity of catalase in mentioned tissues
is increased (P<0.05). Apparently, relatively high
concentrations of Copper and Zinc in diet lead
to inhibition of the activity of the main antioxi-
dant enzymes.

The observed changes of the antioxidant
enzymes activity led to change of the content
of primary and secondary lipid peroxidation prod-
ucts (lipid hydroperoxides, conjugated dienes and
malondialdehyde) in the gills, liver and skeletal

muscles. In particular, at I MPL of Copper and
Zinc in mixed fodder, concentration of lipid hy-
droperoxides, conjugated dienes and malondial-
dehyde in the gills is decreasing. Content of lipid
hydroperoxides and malondialdehyde is decreas-
ing in the liver and skeletal muscles (P<0.05-0.01)
(Table 3). At 2 MPL of Copper and Zinc in diet,
concentration of lipid hydroperoxides and malon-
dialdehyde is increasing in the gills, and concen-
tration of lipid hydroperoxides, conjugated dienes
and malondialdehyde is decreasing in the liver
and skeletal muscles (P<0.05).

Changes of the activity of main antioxi-
dant enzymes, as well as alterations of content
of Copper, Zinc and lipid peroxidation products
in tissues were accompanied by changes of carp
live weight in the end of the experiment (7able 4).
For instance, during the experiment carps of con-
trol group increased their live weight 1.65 times,
while carps of the 1% and the 2™ experimental
groups — 1.94 and 1.82 times, respectively.
The results are pointed on growth inhibition in
carp under high (2 MPL) doses of Copper and
Zinc in diet.
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Table 3

Concentration of lipid peroxidation products in carp tissues
under different concentrations of Copper and Zinc in mixed fodder (M+m, n=4)

Lipid peroxidation products

Control group

The 1* Experimental group
(1 MPL of Zinc and Copper
in mixed fodder)

The 2" Experimental group
(2 MPL of Zinc and Copper
in mixed fodder)

Gills
Lipid hydroperoxides, E /g 6.41+0.064 5.86+£0.098** 6.78+0.066*
Conjugated dienes, mmol/kg tissue 118.07£1.964 109.174£1.992* 124.63+1.386
Malondialdehyde, mmol/g 5.87+0.058 5.37+£0.085** 6.19+0.084*
Liver
Lipid hydroperoxides, E . /g 8.39+0.098 7.80+£0.090* 8.75+0.081*
Conjugated dienes, mmol/kg tissue 116.60£1.587 110.90+1.415 124.50£1.790*
Malondialdehyde, mmol/g 13.05+0.098 12.00+0.219* 14.99+0.575*

Skeletal muscles

Lipid hydroperoxides, E /g 7.56+0.081

6.89+0.098** 7.95+0.072*

Conjugated dienes, mmol/kg tissue

110.70+1.380

106.63+1.386 116.83+£1.241*

Malondialdehyde, mmol/g 9.71+0.098

9.32+0.084* 10.13+0.064*

Table 4

Live weight of two year old common carp
under different concentrations of Copper and Zinc in mixed fodder, g (M+m, n=4)

Control group

The 1** Experimental group
(1 MPL of Zinc and Copper in mixed fodder)

The 2" Experimental group
(2 MPL of Zinc and Copper in mixed fodder)

In the beginning of the experiment

332.2+1.77 | 332.5+1.51 | 332.3+1.92
In the end of the experiment (45 days)
548.0+2.94 | 645.04+2.94%%* | 604.84+3.53%**
Conclusions is decreased in carp gills, liver and skeletal mus-

At Copper concentration in mixed fod-
der equated to 1 MPL in comparison to its natu-
ral content, it accumulates in the gills in greater
extent, than in the liver and skeletal muscles. Zinc
(at concentration in the mixed fodder equated to
1 MPL) accumulates equally in the gills, liver and
skeletal muscles (P<0.05). At 2 MPL in the mixed
fodder, Copper accumulates in all investigated tis-
sues of carp in the same extent, while Zinc accu-
mulates foremost in the gills and liver (P<0.01),
and secondarily — in the skeletal muscles.

At 1 MPL of Copper and Zinc in the mixed
fodder, the activity of superoxide dismutase and
catalase was increased in gills, while in the liver
and skeletal muscles increasing of the activity
of superoxide dismutase, glutathione peroxidase
and catalase was observed. At 2 MPL of Copper
and Zinc in the mixed fodder, the activity of su-
peroxide dismutase and glutathione peroxidase

cles, while the activity of catalase in mentioned
tissues is increased.

At 1 MPL of Copper and Zinc in mixed
fodder, concentration of lipid hydroperoxides,
conjugated dienes and malondialdehyde is de-
creased in the gills, and content of lipid hydro-
peroxides and malondialdehyde is decreased in
the liver and skeletal muscles. At 2 MPL of Cop-
per and Zinc in diet, concentration of lipid hydro-
peroxides and malondialdehyde is increased in
the gills, and concentration of lipid hydroperox-
ides, conjugated dienes and malondialdehyde is
decreased in the liver and skeletal muscles.

During the experiment (45 days) carps
of control group increased their live weight 1.65
times, while carps of the 1 and 2™ experimental
groups — 1.94 and 1.82 times, respectively.

Perspectives for further research. The
presented results are the part of complex inves-
tigation, dedicated to research of Copper and Zinc
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influence at different concentrations on different
metabolic pathways in common carp.

1. Jing Li J., Haixin Yu, Yaning Luan. Meta-
Analysis of the Copper, Zinc, and Cadmium Absorp-
tion Capacities of Aquatic Plants in Heavy Metal-
Polluted Water. Int. J. Environ. Res. Public Health,
2015, vol. 12, Ne 12, pp. 14958-14973.

2. Sandor Z., Csengeri L., Oncsik M. B., Alexis M. N.,
Zubcova E. Trace metal levels in freshwater fish, sedi-
ment and water. Environ. Sci. Pollut. Res. Int, 2001,
vol. 8, Ne 4, pp. 265-268.

3. Strbac S., Kaganin-Grubin M., Jovan¢iéevi¢ B.,
Simonovi¢ P. Bioaccumulation of Heavy Metals and
Microelements in Silver Bream (Brama brama L.),
Northern Pike (Esox lucius L.), Sterlet (Acipenser ruthe-
nus L.), and Common Carp (Cyprinus carpio L.) From
Tisza River, Serbia. J. Toxicol. Environ. Health A, 2015,
vol. 78, Ne 11, pp. 663—665.

4. Clearwater S. J., Farag A. M., Meyer J. S. Bio-
availability and toxicity of dietborne Copper and Zinc
to fish. Comp. Biochem. Physiol. C. Toxicol. Pharma-
col, 2002, 132, vol. 3, pp. 269-313.

5. Rajamanickam V., Muthuswamy N. Effect of
heavy metals induced toxicity on metabolic biomark-
ers in common carp (Cyprinus Carpio L.). Mj. Int. J.
Sci. Tech., 2008, vol. 12, Ne 01, pp. 192-200.

6. Yanovych N. E., Yanovych D. O. Role of trace
elements in pond fishes vital functions. Science her-
ald of LNUVM and BT named after S. Z. Gzhytsky.,
2014, vol. 16, no. 2, pp. 345-372. (in Ukrainian)

7. Huang Y. S., Cunnane S. C., Horrobin D. F.,
Davignon J. Most biological effects of Zinc deficiency
corrected by gamma-linolenic acid (18:3 omega 6) but
not by linoleic acid (18:2 omega 6). Atherosclerosis,
1982, 41, pp. 193-207.

8. Reed S., Xia Qin, Ran-Ressler R., Brenna J.-T.,
Glahn R. P., Tako E. Dietary Zinc deficiency affects
blood linoleic acid: dihomo-y-linolenic acid (LA:DGLA)
ratio; a sensitive physiological marker of Zinc status
in vivo (Gallus gallus). Nutrients, 2014, vol. 6, Ne 3,
pp- 1164-1180.

9. Wahle K. W. J., Davies N. T. Effect of dietary Cop-
per deficiency in the rat on fatty acid composition of adi-
pose tissue and desaturase activity of liver microsomes.
British Journal of Nutrition, 1975, vol. 34, pp. 105-112.

10. Lewis R. J., St. Hawley’s condensed chemical dic-
tionary. 15" ed. New York, Hoboken, Wiley, 2007, 1379 p.

11. Kostyuk V. A., Potapovuch A. L., Kovaleva G. L.
Simple and sensible method of superoxide dismutase
activity determination, based on reaction of cverce-
tin oxidation. Questions of medical chemistry, 1990,
vol. 2, pp. 88-91. (in Russian)

12. Moin V. M. Simple and specific method of glu-
tathione peroxidase activity determination in erythrocytes.
Laboratory work, 1986, vol. 12, pp. 724-727. (in Russian)

13. Korolyuk M. A., Ivanova L. 1., Mayorova 1. G.
Method of catalase activity determination. Labora-
tory work, 1988, vol. 1, pp. 16—18. (in Russian)

14. Price W. J. Analytical Atomic Absorption Spec-
trometry. Heyden and Son Ltd., London, 1972, 239 p.

15. Myronchik V. V. Technique of determination
of lipid hydroperoxides in biological tissues. Patent
USSR no. 1084681, 1984. (in Russian)

16. Stalnaya 1. D. Determination of conjugated
dienes. In: Contemporary methods in biochemistry,
Orechovich V. N., ed. Moscow, Medicine, 1977, pp. 63—
63. (in Russian)

17. Korobeynikova S. N. Modification of defi-
nition of lipid peroxidation products in reaction with
thiobarbituric acid. Laboratory work, 1989, no. 7,
pp. 8-9. (in Russian)



