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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 — 0.3 and 4.2 mg/| correspondingly for control group, one maximum permit-
ted level (1 MPL) for the I*' experimental group and 2 MPL for the 2" 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-
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 9.31 % (P<0.02—0.05) and 29.54 % 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 16.49 % (P<0.01), and Copper increases
by 104.54 % (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 3.90 % of live weight, and carps of the I*
and the 2" experimental groups — 4.91 and 9.75 % (P<0.02—0.05) respectively.
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Lunx ma Miov nanexcamv 00 HCUMMEBD BANCTUBUX OISl pUO eLleMEHmMi8 3 WUPOKUM CHEKmPoM Oiono-
2IYHOI Oii; 30Kpema, B0HU BUAUBAIOMb HA NPOYeCU 0OMIHY HCUPHUX KUCTOM. Bymicm ma cnie8iOHOUIEHHS JICUPHUX
KUCIOM 6e3n0cepeonbo 6NAUBAE HA Xap4o8y ma GIoNociuMy YiHHICb M sica pub, KpiM mo2o, HCUPHOKUCTOMHUL
CKAAO KITMUHHUX MeMOPAH 6NAUBAE HA IXHIO NPOHUKHICMb OJi1 KCEHOOIOMUKIB, Y MOMY YUCTL 8ANCKUX MEMANLE.
Taxum yunom, 0OCHIONCEHHS BNAUBY BKAZAHUX eeMEeHMI8 HA MeMADOII3M JHCUPHUX KUCTOM Y PIZHUX Op2aHaX
i MKAHUHAX NPOMUCTOBUX PUD MAE K Meopemuyte, Max i NPaKmuine 3Ha4eHHs..
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Jlocrioocenns npogoounucsy Ha mpvox epynax 0sopiwok kopona (Cyprinus carpio L.) no 10 ocobun
vy Kooicwill epyni. Koponu ympumysanuce 6npodoexc 21 Omst 6e3 nioeodieni 6 yMo8ax akeapiymy 3 KOHYeHmpayicio
Mioi ma Lunxy y 600i, 8ionosiono, 0,3 ma 4,2 me/i 0111 KOHMPOALHOL 2pYynu, OOHIEL SPAHUUHO OONYCIMUMOL KOH-
yeumpayii (1 TJK) ons I 0ocnionoi epynu ma 2 T'JIK ons 1l 0ocnionoi epynu. Hanpuxinyi 0ocnidy koponie kodic-
HOI 2pynu 36accysanu, 3pasku 35a0ep nicis 3a0010 i0dupau 0 1abopamoprux 0ocaioxcensb. Buicm Lunky ma
Mioi 6 350pax eusHayanu cneKmpoMempuyHUM MemoooM, KOHYEHMPayito HeemepupikosaHux HCUPHUX KUCIOm
BUSHAYATU MEMOOOM 2A30601 xpomamozpapii.

Tpeocmasneni pezymomamu docaioxcenv ceiowamn, wjo 3a 1 IJ[K Lunky i Mioi y 600i ixus konyenmpayis
8 3510pax Kopona 3pocmace, 6ionosiono, na 9,31 % (P<0,02—0.05) ma 29,54 % nopienano 3 pubamu KOHMpOabHOL
epynu. 3a 2 TJIK Hunxy ma Miodi y 600i konyenmpayis L{unxy y 3a6pax xopona 3pocmac na 16,49 % (P<0,01),
a Mioi — na 104,54 % (P<0,001) nopisusno 3 KowmponsHoto epynoro. 30inviuenns konyenmpayii Lunky ma Mioi
8 3510pax Kopona nPU3B00UI0 00 IMIH GMICHY 6 HUX Heemepughikosarnux scupHux kuciom. 3oxpema, 3a 1 1J[K Lunky
ma Kynpymy y 6001 y 350pax Kopona cnocmepi2anocs 30L1bUeHHs 3a201bH020 6MICHTY GUCOKO MeMAOONIYHO AKMUG-
HUX Heemepughikoganux sicupHux kuciom. Boonouac 3a 2 I'JIK Lunxky ma Kynpymy y 600i 3aeanbHutl 6Micm GUCOKO
MEMabONIUHO AKMUBHUX HCUPHUX KUCTOM 8 350pax KOpona 3Huicyeascs. 3minu konyenmpayii Lfunky, Kynpymy
ma HeemepughiKoBaAHUX HCUPHUX KUCTOM 8 390pax KOPONa CynpoBo0iCYBATUCy IMIHAMU iX JCUBOT 8al HANPUKIHYT
excnepumenmy. Koponu konmponsnoi epynu empavanu 3,90 % macu mina, a koponu I ma 1l docnionux epyn —
8ionoeiono, 4,91 ma 9,75 % (P<0,02-0,05).

Kirouosi cnosa: HEETEPUDIKOBAHI JKMPHI KUCJIOTU, LIUHK, MI/1b, 35I6PA, KOPOIIH,
XKNBA MACA

OCOBEHHOCTHU COAEPKXAHUSA HESDCTEPU®UILINPOBAHHBIX ’KUPHBIX KUCJIOT
B /KABPAX KAPIIA ITPU PA3JIMYHON KOHIIEHTPAIIMA MEJN U IIUHKA B BOJIE

U. ®. Pusuc', H. E. SAnoeuy’
yandeni77@gmail.com

"MHucTuTyT cenbekoro xo3siictBa Kapnarcekoro permona HAAH,

ya. ['pymesckoro, 5, c. O6pomuHo, JIbBoBCcKas 00i., 81115, Ykpauna
2JIbBOBCKHI HALIMOHAJIbHBIN YHUBEPCUTET BETEPUHAPHOIN METUIIMHBI
u onorexnoioruii umenu C. 3. I xuikoro,

yi. Ilekapckas, 50, . JIsBoB, 79010, Ykpanna

Meob u L{unk omHOCAMCS K HCUSHEHHO BANCHBIM OJISL PbLO DNEMEHMAM C WUPOKUM CREKMPOM OUONO2U-
YecKko2o 6030eticmaust, 0OHOIL U3 CIMOPOH KOMOPO20 AGNAeMCsL 6lusiHue Ha obmen dcupbvix kuciom. Codeporcanue
U COOMHOWEHUE JHCUPHBIX KUCTIOM 8 MACe PblO HENOCPEOCMBEHHO GIUsIEN HA €20 NUWEesYI0 U ODUONOSUYECKYIO YeH-
HOCHIb, KPOME MO20, HCUPHOKUCTONMHBIL COCMAG KIEMOYHbIX MEMOPAH 61UsIem HA UX NPOHULAEMOCHb OJisl KCEHO-
OUOMUKOB, 6 MOM HUCLe MSNCENLIX MEMALT08. TaKkum 0Opazom, Uccie008anue GIUSHUSL YKA3AHHbIX JIeMEeHM08 HA
MemadonUaM HCUPHBIX KUCTOM 6 PAZTUUHBIX OP2AHAX U MKAHSX NPOMBIULTIEHHBIX PblO UMeem KaK meopemuyeckoe,
Max u npaKxmuyeckoe sHavenue.

Hccneoosanus nposoounuce na mpex epynnax ogyxaemox kapna (Cyprinus carpio L.) no 10 ocobeii
6 kavicootl epynne. Kapnvi cooepoicanucy na npomsidicenuu 21 OHst Oe3 KOpMIeHUsL 8 YCIOBUSX AK8APUYMA C KOHYEH-
mpayueti Meou u [{unxa 6 6ode, coomsemcmeernio, 0,3 u 4,2 me/n 0151 KOHMPONLHOU SPYNnnbl, OOHOU NPEOEIbHO
oonycmumoti konyenmpayueti (1 I1/[K) ona I sxcnepumenmanvnoti epynnot u 2 IJ[K ons Il sxcnepumenmanshoti
epynnul. B konye onvima xapnos kaxcooti u3 epynn 638euusani, 0opasysl #cadp nocivl 3605 omoupanu 0s 1abo-
pamopHruix ucciedosanuil. Codeporcanue Lunka u Meou 6 acabpax onpedensiiu cCnekmpomempuieckum Memooom,
KOHYEHMPayuo Heemepughuyupo8aHHbIX HCUPHBIX KUCIOM — Memo0OM 2A3060L XPOMAmMozpagpuu.

Ilpeocmasnennvie pesyromamoi caudemenvcmayiom, umo npu 1 IJ[K Lunka u Meou 6 600e ux Konyen-
mpayus 8 xcabpax ygenuuusaemcs Ha 9,31 % (P<0,02—0,05) u 29,54 % 6 cpasneruu ¢ pbibamu KOHMPOLbHOU
epynnul. Ipu 2 IJIK Lunuka u Meou 6 6o0e konyenmpayusa Lunka 6 scabpax xapna ysenuyusaemcs Ha 16,94 %
(P<0,01), a Meou — na 104,54 % (P<0,001) 6 cpasuenuu ¢ konmponvrot epynnot. IlosviuieHue KoHyenmpayuu
Meou u [Junxa 6 scabpax Kapna npusoouso K UsMEHEHUIO COOEPACAHUS 8 HUX HeICMEPUDUYUPOBAHHBIX HCUPHBIX
xucnom. Ipu 1 IHJIK Lunka u Meou 6 6o0e 6 srcabpax kapna Habmo0aiocs yeerudeHue ooue2o co0epiIcaiisl 6bl-
COKO MeMAOONUYECKU AKMUBHBIX Hedcmepupuyuposannvlx scuphwlx kuciom. Oonosepemento, npu 2 IJ[K Meou
u Lunxa 6 6o0e obwee cooepoicanue bICOKO MemMadONUYecKy AKMUGHBIX JICUPHBIX KUCTIOM 8 Hcadpax Kapna noHu-
arcanocy. Hzmenenus konyenmpayuu Meou, [Junka u Heacmepuguyupo8aHHbX HCUPHBIX KUCTOM 6 Jcabpax kapna
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CONPOBOIACOANOCH UIMEHEHUSMU MACCBL UX mela 8 Konye sxcnepumenma. Kapnoi konmponvroti epynnet mepsiiu 3,90%
arcusot maccwl, a kapnut 1 u 1l sxenepumenmanvivix epynn — coomeemcmeenro, 4,91 u 9,75 % (P<0,02-0,05).

Kirouessie ciioBa: HEOCTEPUOUILTTPOBAHHBIE XXUPHBIE KNCJIOTBI, HUHK, ME/Ib,

KABPbBI, KAPIIbI, )XUBASI MACCA

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 A>-, A*, A>- and A% desatu-
rases [8, 14, 23]. Copper influences the activity of
antioxidant enzymes superoxide dismutase and,
indirectly, catalase; besides, it affects the activity of
A’ 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 1 and the 2™ 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 1% experimental group
achieved 1 MPL (1 and 10 mg/] corresponding-
ly [17]), while for the 2™ experimental group it
achieved 2 MPL (2 and 20 mg/I 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 °C.
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-
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-
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 ®-7 (9.4 against 9.0) and
-9 family (630.8 against 624.4) and polyunsatu-
rated fatty acids of ®-3 (307.6 against 299.1) and
-6 family (315.3 against 304.5 mg/kg of fresh
weight). Wherein, the ratio of non-etherified poly-
unsaturated fatty acids of »-3 family to -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 -7 (8.1 against 9.0) and -9 family (572.4
against 624.4) and polyunsaturated fatty acids of
®-3 (267.5 against 299.1) and ®-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 1* and
the 2" 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 1% Experimental group
(1 MPL of Zinc and Copper in the water)

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

Concentration of Zinc in the gills

247.4746.253 | 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 * — P<0.02-0.05; ** — P<0.01;*** — P<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

. . Control grou The 1*t Experimental group | The 2" Experimental grou
Non—este.rlﬁed fatt.y 2}01ds o (1 MPL oprOpper an(% Zinlz: (2 MPL opr0pper andg Zinlz
and their abbreviation . .
in the water) 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 9.44+0.18 8.1+£0.17*
Stearic acid, 18:0 24.7+1.33 25.9+1.36 19.44+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
®-3/m-6 0.98 0.98 1.02

Table 3

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 1* Experimental group
(1 MPL of Zinc and Copper in the water)

The 2™ 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 (45 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 ®-7 and -9 fam-
ily and polyunsaturated fatty acids of ®-3 and -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 ®-3 family to non-etherified fatty acids of -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 2™ 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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