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confirmed in the reserve area, 12 of them have been detected in stationaries: Muscardinus
avellanarius L., Sorex arenarius L., Microtus agrestis L., Microtus arvalis Pallas, Terricola
subterranus L., Miodes glareolus Schreber, Sylvaemus tauricus L., Sylvaemus sylvaticus L.,
Apodemus agrarius Pallas, Sorex minutus L., Cricetus cricetus L., Microtus minutus Pallas.

During the research, data have been obtained that make it possible to analyze the occurrence of
species in biocenoses, to establish their relative number, the criterion of which is the falling into traps
and the proportion of the sample in the calculation per 100 trap-days and the point of the species
abundance on the teriostationary. During the research 21700 trap-days were worked out, 3057
individuals of mouse rodents were found. Dominant species in all stationaries with abundance score 5
are: Sylvaemus tauricus L., Sylvaemus sylvaticus L., Myodes glareolus Schreber.

The subdomains with the abundance score 4 are: Terricola subterranus L., Microtus agrestis L.
Out of 12 species of mouse rodents, outbreaks of numbers in stationary accountings were recorded in
five species: Miodes glareolus Schreber at ST-1 41 individuals in 2007, at CT-2 — 53 individuals in
spring and autumn 2007, at ST-4 in 2007 — individuals, at ST-5 in 2006 — 21 individuals, at ST-7 in
2006 — 37individuals, M. agrestis at ST-3 in 2007 41 individuals; Microtus arvalis Pallas 37
individuals in 2002 at the same stationary; Sylvaemus sylvaticus L. at ST-4 in spring 2015 and
Sylvaemus tauricus L. at ST-4 in autumn 2005, 2007, 2016, at ST-5 in 2007, 2017 and at ST-6 in
2007, 2008, 2016. During the researches from 1994 to 2015 (CT-1 — CT-3) and from 2005 to 2017
(CT-4 — CT-7) several outbreaks of mouse rodents number marked at all stationaries simultaneously
in almost the same number of years: 2000-2001, 2007-2008, 2013-2014. We associate this with the
presence of favorable climatic conditions of autumn and winter and the yield of tree seeds these years.
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EFFECT OF NICKEL ON FUNCTIONING OF ADAPTIVE
SYSTEMSRESPONSIBLE FORENDOGENOUS AMMONIA
BINDING AND EXCRETION IN CARP

Effectof 20 mkg/L nickel ions on ammonia metabolism in carp (Cyprinus carpio) during 14 days
exposure at 7, 20 and 25°C was studied. Accumulation of nickel by organs does not demonstrate
temperature-dependent correlations. Favorable temperature conditions (20°C, and to a lesser extent
25°C) facilitate adaptive mechanisms aimed at control of nickel migration in organism. Increasing of
ammonia concentration in the gill, kidney and brain at 7°C demonstrates an in adequate functioning of
detoxification and excretion processes. Increasing of alanine aminotransferase role in regulation of
ammonia homeostasis at low temperatureis found. Active functioning of glutamine system at higher
water temperatures (20 and 25°C) provides decreasing or stabilization of endogenous ammonia
content under effect of nickel ions.
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Rate and direction of protein metabolism are among the major indicators of functional status of
organism under normal and unfavorable environmental conditions. Maintenance of homeostatic level
of ammonia in tissues can be considered asthe main factor in regulation of protein metabolism,
balance between catabolic and anabolic processes,and formation of physiological response of
freshwater fish organisms [2].

Impact of toxic substances leads toactivationof catabolic processes aimed at maintenance of
energy homeostasis, resulting in accumulation of metabolic products in the tissues.Intensive
catabolism of nitrogen-containing substances accompanied by utilization of their carbon ‘skeleton’ as
an energy source leads to an intensive ammonia production in the tissues. Glutamine system is the
predominant way of endogenous ammonia detoxification in carp [13]. Itincludes ammonia binding to
non-toxic glutamine in glutamine-synthetase reaction (hepatopancreas, muscles, brain), its
transportation to the gills and further deamination by glutaminase and excretion of ammonia into
environment. In addition to glutamine system, functioning of alanine pathway in carp organism was
shown [1], which consists in amination of pyruvic acid by alanine aminotransferase in the muscles,
transportation of alanine to the liver and its transamination in this tissue, followed by utilization of
produced pyruvic acid in gluconeogenesis pathway and ammonia excretion with kidneys.Imbalance in
gill and kidney routes of ammonia excretion caused by toxic substances and alterations in activities of
certain enzymes providing this process may lead to broad spectrum of metabolic disorders in fish
organism.

Nickel is a ubiquitous trace metal in the biosphere. In natural waters Ni°* is the dominant
chemical species [9]. Concentration of nickel in unpolluted and low-polluted freshwater surface
waters varies between 0.8 and10 mkg/L [7]. It should, however, be noted that Ukrainian maximal
allowed concentration (PDK) of nickel ions in the water bodies of fish-breeding purpose is close tothe
upper level mentioned above(10 mkg/L).

It is well known that an effect of metal on aquatic organisms depends both on thechemical
nature of the metal and physical and chemical parameters of aquatic environment. Temperature is a
majorfactoras it determines the rate of metabolic activity and canmodify dramaticallythe impact
oftoxic substances, and nickel in particular [12].The aim of present paperis the study of physiological
and biochemical mechanisms of detoxification and excretion of ammonia under effect of sub-lethal
concentrations of nickel ions and their accumulation in tissues at different temperatures of water
during sub-chronic experiment.

Material and methods

For experimental study one-year-age carp, Cyprinus carpio L., of both genders (weight 180-200g)
were collected from fish-breeding station of the Institute of Hydrobiology (Bila Tserkva, Kyiv
region). Fishes were divided into three groups andacclimatized to laboratory conditionsand test
temperatures 7, 20 and 25°Cfor aperiod of 21 days prior to the experiment.Thereafter each
temperature group was divided into two groups,6 fishes in each in 100 Laquariums. As a result three
groups served as control and were maintainedwithout treatment,otherthree groups of the fishes were
treated with sub-lethal concentration20 mkg/Lof Ni** (nickel chloride, chemically pure grade) for a
period of 14 days.To avoid the effect of exometabolites and to maintain desired nickel ions
concentration half of volume of experimental medium was renewed daily in both control and
experimental aquariums.

At the end of 14™ day fishes from control and treated groups were dissected out for the removal
of muscle, liver, kidneys, gills, intestine and brain tissues. Activity of glutamine synthetase (GS) was
determined with ‘phosphate’ method [4] in modification [3], glutaminase (GA) — [5], alanine
aminotransferase (AIAT) — [6]. Content of ammonia in the tissues was determined with
‘microdiffusion’ method [18], glutamine (GIn) — [8]. Concentration of nickel in the organs was
determined with atomic absorption spectroscopy method (AAS-2, Carl Zeiss).All data are represented
as mean =+ standard deviation.
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Results and discussion

Content of nickel in the organs of control fish in this study decreased in the sequence:
kidney>liver>intestine>gill>muscle (see table),whichto a certain extent corresponds to the data
obtained in other investigations [19]. The highest concentration of nickel in kidneys could testify to
suggestion of the leading role of this organ in excretion of this metal from the organism [11].Nickel
ion, having more affinity to oxygen and nitrogen donor electron pairs on the contrary tosulfurones
[14],
isnotcapableofstrongbindingtoproteinsandisexcretedmoreeasilyincomparisontotheotherheavymetals.
Table

Content of nickel in carp organs after 14-day exposition to 20 mkg/Lof Ni’*, mkg/g of wet weight

Experiment . Organs

conditions e Muscle Liver Gill Kidney Intestine
Control 0.53£0.15 1.60+0.14 1.03+0.16 3.154+0.12 1.55+0.22

Treatment ’ 3.89+0.11%* 3.414+0.16* 2.4940.08* 5.434+0.12* 4.36+0.20*
Control 0.70+0.35 1.53+0.12 0.96+0.19 3.234+0.18 1.45+0.12

Treatment 20 1.224+0.14 3.2440.14* 2.334+0.22% 5.77+0.10 2.87+0.16*
Control 0.60+0.22 1.49+0.12 1.10+0.15 3.20+0.13 1.62+0.17

Treatment 2 1.97+£0.27* 3.47+0.18%* 2.45+0.23* 6.18+0.56 3.81+0.36*

Note. Here and hereinafter: * — difference with control is statistically significant, p<0.05

Data on the accumulation of nickel by carp organs after 14 day exposition in nickel ions
enriched medium did not demonstrate positive temperature-dependent correlation. It can be suggested
that favorable temperature conditions (20°C, and to a lesser extent 25°C)facilitate active functioning
of adaptive mechanisms aimed at control of nickel migration in organism and its excretion to
environment.Revealed nickel accumulation patterns under different temperature conditions areclearly
reflectedin the peculiarities of ammonia metabolism. Tendency to decreasing of ammonia
concentration has been found almost in the all organs at 20 and 25°C under influence of Ni*" in our
study (fig. 1).It should be pointed out that available literature data on ammonia dynamics in the
freshwater fish tissues under impact of different chemical nature substances are controversial if even
described by one and the sameteam of researches [15, 16, 17].

Direction of ammonia metabolism is obviously dependent on the strength of adverse effect, and
mild intoxication leads preferably to reserving of nitrogen-containing substancespool. In contrast,
increasing of ammonia concentration at 7°Cfound in our study is an indication ofdisorders in adaptive
response and is primarily due to theinsufficient functioning of ammonia detoxification systems. The
lowrate of ammonia transformation to non-toxic species is caused probably by the temperature stress
and insufficient energy supplyresulting from shifting to anaerobic metabolism. In this regard we
investigated transamination processes which provideammonia binding to non-toxic form.
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and experimental groups, %

-100
muscle  liver intestine  gill kidney  brain

Control  67+03 5.4+03 7.6£0.4 2.8+0.1 10.3+0.5 2.8+02 B7°C
12.5£0.7 9.6£0.5 8.9+0.4 3.3+02 10.020.6 6.4+0.5 E20°C
13.6£0.7 12.0£0.6 6.7+0.3 3.2+0.1 8.6:04 3.8+0.3 E25°C

Fig. 1. Changes in ammonia concentration in carp organs under effect of 20 mkg/L Ni** at
different temperatures, mkM/g wet weight

Atthe temperature 7°C increasing in AIAT activity was found in muscles, gills and brain.In
contrast, drop in this index in the liver is indicative ofdecrease of its role in ammonia utilizationin this
organ (fig. 2A).The enzyme is likely to play active part in both maintaining of acid-base homeostasis
by binding of intensively produced pyruvate and detoxification of ammonia at low
temperatures.Increasing of pyruvate and lactate content under effect of nickel was reported in the
literature [10].
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Fig. 2. Changes in activity of alanine aminotransferase (AIAT, mkM pyruvate/min/mg
protein), glutamine synthetase (GS, mkMP,/min/mg protein), glutaminase (GA, mkM
ammonia/min/mg protein) and concentration of glutamine (Gln, mkM/g wet weight)in
carp organs under effect of 20 mkg/LNi’" at 7, 20 and 25°C. Note: ni — not investigated.

The role of alanine pathway of ammonia detoxification at higher temperatures under effect of
nickel is probably not so crucial, as changes in AIAT activity were not statistically significant in the
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most cases (fig. 2 B, C). Obtained patterns of glutamine detoxification system componentscan support
this suggestion.

Concentration of glutamine decreased considerably in muscles, liver and intestine at 7°C,and
the tendency to reductionin GS activitywas observed in all organs. However a notable activation of
GA was not in accordance with these changes (fig. 2 A), that can be caused by providing of increased
AIAT activity with glutamate. It is indicative that GS activity decreased in the tissues on 20% against
the dropping of glutamine concentration on 40-90%. Predominantrole of alanine pathway of ammonia
detoxification at low water temperatures can be caused by thedeficiency of ATP reserves required for
glutamine system functioning.

Obtained data show that glutamine system is active at higher water temperatures (fig. 2 B, C).
Multidirectional changes in the glutamine system componentsdynamics were foundat 20°C.
Glutamine content increased considerably against the moderateloss or constancyin activity GS and
GA thatmay be attributed toreservation of nitrogen as glutamine for further utilization in biosynthetic
processes [15, 16]. Positive correlation between activities of GS and GA and glutamine content was
found at 25°C. Taking into account decreasing of ammonia concentration in the liver and muscles at
this temperature it may be an indication of high activity of glutamine system and its satisfactory
involvement in endogenous ammonia excretion.

Conclusions

Influence of low and high temperatures on ammonia metabolism in carp results inactivation of
adaptive systems of its detoxification and excretion, which can be affected byimpact of toxic
substances. Hence intoxication of organism by endogenous ammonia under unfavorable conditions
occurs. Effect of nickel ions at concentration 20 mkg/L and 7°C leads to accumulation of ammonia in
the gill, kidney and brain that may reflect theinadequate functioning of detoxification and excretion
processes. It is found increasing of alanine aminotransferase role in regulation of ammonia
homeostasis at low temperatures. Active functioning of glutamine system at higher water
temperatures (20 and 25°C) provides decreasing or stabilization of endogenous ammonia content
under effect of nickel ions. Data on the accumulation of nickel by carp organs after 14 day exposition
did not demonstrate temperature-dependent correlation. Favorable temperature conditions (20°C, and
to a lesser extent 25°C) facilitate adaptive mechanisms aimed at control of nickel migration in
organism and its excretion.
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Inctutyrt rinpo6ionorii Hanionanenoi Axagemii Hayk Ykpainu

TepHomiNbCHKUH HAIIOHAIBHUI IeAaroriynuii yHiBepcuretT iMeHi Bonoxumupa I'natioka

BIUIMB IOHIB HIKEJIIO HA ®YHKIIOHYBAHHA AJAIITUBHUX CUCTEM 3B’ I3YBAHHA
TA BUBEAEHHA EHIOI'EHHOI'O AMOHIIO V KOPOITA

JlocmipkeHo 0 ioHiB Hikemo y KoHmeHTpamii 20 MKI/IM’ Ha MeTaGoJi3M aMOHil0 y Koporma
(Cyprinus carpio) npu excrio3uilii 14 ni6 3a remmneparypu 7, 20 ta 25°C. Otpumani J1aHi He BUSBIIN
OPSMOTO KOPEILSILIHHOTO 3B’SI3KYy MK HAaKOIMHMYCHHSM HIKEJI0 OpraHaMH KOpOIa Ta TEMIIePaTypOro
cepefioBuIna. 3a crnpuamMBUX Temrepatyp (20°C)y wmeHmii wipi 25°C) QyHKIIOHYBaHHS
aJaNTHBHUXMEXAHI3MIB 3a0e3ledye KOHTPOJb Mirpamii HIKemM0 B oOpraHi3mi pub. 3pocTaHHS
KOHIIGHTpaIil aMOHil0 y 3i0paX, HUpKax Ta MO3Ky mpu 7°CCBIIYHUTH MPO HEJOCTATHIO aKTHBHICTh
mpolieciB Horo AeTOKCHKalii Ta BUBeAEHHS. BUABIEHO 3pocTaHHA poJli anaHiH-aMiHOTpaHcdepasn y
perysiii roMeocTasy aMoOHII0 3a HU3BKHX TeMmIieparyp. AKTHBHE (YHKI[IOHYBaHHS TJyTaMiHOBOL
CHUCTEMH TpH BHIIMX Temmeparypax cepemouma (20 ta 25°C) 3abe3nedye 3MEHIICHHS a0o
cTabiii3amio KOHIIEHTpAIil €HJ0reHHOI0 aMOHiIo 3a [ii 10HIB HiKelTIO.

Kniouosi cnosa: Cyprinus carpio, ionu nikento, asomucmuii 06MiH, AMOHIl, MKAHUHHUT PO3NOOLN, aoanmayis

U. H. Konogey, O. M. Apcan, B. B. I pybunko

WnctutyT ruapobuonornn Hanmonansaoit Akanemrn Hayk YikpanHsr

TepHOMONBbCKUI HALIMOHAIBHBIN NIe1arOrTHYecKuil yHUBEepcUTEeT MeHU Branumupa ['HaTioka
BUSHWE NMOHOB HUKEJISI HA ®YHKIIMOHNUPOBAHUME AJAIITUBHBIX CUCTEM
CBA3BIBAHU AN BBIBEJIEHUASH/IOT'EHHOI'O AMMOHUMA ¥V KAPITA

Vcere1oBaHO BIMSHIE HOHOB HUKE/S B KOHIEHTpAuy 20 MKI/IM’ Ha METabOoNIM3M aMMOHHS y Kapiia
(Cyprinus carpio) nipu skcnio3unuu 14 cyt uremmneparypax cpenbl 7, 20 ta 25°C. IlomyueHHbIE
JTAaHHBIC HE BBISIBIUIN TPSAMOHKOPPEISIIIMOHHOWCBA3N MEX/y HAKOIUICHHEM HHKEJIsl OpraHaMu Kapra u
temneparypoiicpensl. [lpu OnarompustHeix Temmeparypax (20°C, B Menbmeir cremneHu 25°C)
(GYHKIIMOHUPOBaHKUE AaJaNTHBHBIX MEXaHH3MOB O0ECICYMBACT KOHTPOJIb MHUTPALMM HUKEIS B
opranm3Me pbeI0. VYBeIWYEHHEe KOHICHTPAMM aMMOHHsBXKa0OpaX, MHOYkaxuw Mo3re npu 7°C
CBHUIICTENBCTBYET O HEJOCTaTOYHOW aKTHBHOCTH IIPOIIECCOB €r0 JECTOKCHKAIIMUHM BBIBEICHHUS.
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BrIsiBIIeHO yBenMuYeHHE POJIM alaHUH-aMHHOTpaHc(epasbl B PETYISIUH TOMEOCTa3a aMMOHUS TIPU
HU3KUX TeMIlepaTypax. AKTHBHOE (HYHKIMOHHPOBaHUE IIyTaAMHUHOBOW CUCTEMBI U 00Jiee BHICOKHX
temrieparypax cpensl (20 Ta 25°C) obecrieynBaeT YMEHBIICHNE WM CTAOWIM3AIMI0 KOHIICHTPAIUH
SHJOT€HHOTO aMMOHUS TIPU IEHCTBUU NOHOB HHUKEIIS.

Kniouesvle cnosa: Cyprinus carpio, uonbl HUKelsl, a30mucmulii 00MeH, aMMOHUL, MKaHegoe pacnpedeienue,
aoanmayus
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OCOBJIMBOCTI IIEPEPO3IIOALTY EJIEMEHTIB
MIHEPAJIBHOTI'O ’)KUBJIEHHSA TA IPOAYKTUBHICTD
TOMATIB 3A Ji ®OJIKYPY TA ECPOHY

BuByYeHO BIJIMB TpPUA30JMOXiJHOTO mpenapary ¢GOJiKypy Ta eTWICHHNPOLYLEHTY ecOoHy Ha
MopdoreHnes, HaKOIMYECHHS Ta MEPEepO3NOJin a3oty, Gocdopy i Kamito poCIMHAMH TOMATIB COPTY
Conepocco. BcranoBneHo, mo ¢oIikyp crnpusis (QOpMyBaHHIO OiBIIOI JUCTKOBOI TTOBEPXHI,
MOTOBIIEHHIO JIMCTKIB 3 KpAIlUM PO3BHTKOM XJIOPEHXIMH, IO CHPHSIO 30UIbIICHHIO MMOKa3HUKA
YHUCTOI MPOAYKTUBHOCTI (POTOCHHTE3Y 1 CTBOPIOBAJIO MEPEIyMOBH JUIS IiJBHUIICHHS MPOJYKTHBHOCTI
KyJIbTypH. 3’4COBaHO, IO B Tepioj TUIOJOHOLICHHS BiaOyBamacs peyTuiizamis a3oty, ¢ochopy i
KaJil0 3 BEreTaTHBHUX OPraHiB Ha MOTPeOHM KapIOreHe3y, MPUYOMY MPOLECH ITOCHITIOBANUCS IIiJ
BIUTMBOM TPHA30JIOXIHOTO mpernapary (oikypy. OnTuMizaiis MopQoreHesy Ta TPaHCIIOPTHHX
MIPOLIECIB 3a il MO0 TpenapaTy MPU3BOIUTE 0 TOCTOBIPHOTO ITiBHUIIEHHS BPOXKAHHOCTI KYIBTYpH.
3acrocyBaHHs ec(hOHY Ha KYJIbTypi TOMATIB BUSBHIOCS Hee(DEKTUBHHM.

Kuouosi cnosa: Lygopersicon esculentum L., pemapoanmu, OoHOpHO-akyenmopHa cucmema, ejiemeHmu
MIHEPANbHO20 HCUBTIEHHS, NPOOYKIMUSHICMb

Beryn. Perynsimist TOHOpHO-aKIENITOPHOT CHCTEMH POCIWMHH 3a JOMOMOTor (itoropmoHiB abo
MonudikaTopiB ix nii BiAKpUBAE MEPCHEKTHBHM MITYYHOTO MEPEPO3MOIiTY acCUMIIATIB (IIPOLYKTIB
(doTocuHTE3y) 10 TOCMONAPCHKO I[IHHUX OPraHiB, IO BiAirpae BaKJIWBY pPOJIb Yy TMiABHUIIEHHI
MPOIYKTHBHOCTI CLTBCHKOTOCTIONAPCHKHUX KyIbTYp [7]. Bimomo, IO y pOCIWH peryssimis JOHOPHO-
aKIENTOPHUX BIJTHOCHH BH3HAYA€ThCS CHUCTEMOIO MPSIMHX 1 3BOPOTHHX 3B’s3KiB [13], me mporecu
(OoTOCUHTE3Y CIYT'YIOTh OCHOBHUM JIOHOPOM, a IMPOLECH POCTY (BIAKJIAJaHHS PEUOBUH Y 3amac) —
aKLENTOpOM acCUMIJIATIB [3, 5, 9].

3acTOCYBaHHS CHUHTETHYHUX PEryJITOPIB POCTY Ja€ MOXIHMBICTH 3’sICYBaTH, dYepe3 sKi
Mopdonoriuai  Ta (izionoro-6ioXiMiuHi 3MiHM BiAOyBa€TbCcS MOCHJICHHSA a00 MoCiIa0IeHHs
TPaHCIIOPTY MOTOKIB aCHMINATIB Ta €JIEMEHTIB MiHEPATHHOTO JKMBICHHS HA MOTPeOHM KapIoreHe3y
(popmyBanHs 1 pocty ionis) [2, 4, 8]. PazoM 3 TuM, y miTepaTypi NpakTH4HO BiACYTHI JaHi Ipo
MEePEepOo3MNO/IiT €IEMEHTIB MIHEPaIbHOIO JKUBJICHHS MPH IITYYHIA 3MiHI TMOTYXHOCTI JOHOpa U
aKIlerropa 3a il peTapIanTiB.

OpHiero 3 HaWOUIBII TONIMPEHUX TPYN PETapAaHTIB € TPHUA3ONIIOXiAHI TpenapaTH, SKi
MIPUTHIYYIOTh TIEPETBOPEHHS EHT-KAypeHy B KaypeHOBY KHCIOTY, L0 3a0e3redye HaJ3BHYAIHO
BUCOKY 1 CTa0iNnbHY peTapIaHTHY akTWUBHICTH [l]. IHII peTapmaHTH — ETWJICHNPOOYLESHTH He
MEepPepUBaAIOTh CHHTE3 riOepeniHy. AHTuriOepeniHOBUM edekT iX 3HiCHIOETBCS HA CTadisIX
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