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confirmed in the reserve area, 12 of them have bdetected in stationariedMuscardinus
avellanarius L., Sorex arenariusL., Microtus agrestisL., Microtus arvalis Pallas, Terricola
subterranus L., Miodes glareolusSchreber, Sylvaemus tauricud.., Sylvaemus sylvaticus.,
Apodenus agrariusPallas Sorex minutus., Cricetus cricetud.., Microtus minutudPallas.

During the research, data have been obtained thlke h possible to analyze the occurrence of
species in biocenoses, to establish their relatinaber, the criterion of which is the falling irtraps
and the proportion of the sample in the calculapen 100 trap-days and the point of the species
abundance on the teriostationary. During the refe@1700 trap-days were worked out, 3057
individuals of mouse rodents were found. Domingo@cges in all stationaries with abundance score 5
are:Sylvaemus tauricuss., Sylvaemus sylvaticus, Myodes glareolu$chreber.

The subdomains with the abundance score 4Tamicola subterranus., Microtus agrestid..

Out of 12 species of mouse rodents, outbreaks mmbeus in stationary accountings were recorded in
five speciesMiodes glareolusSchreber at ST-1 41 individuals in 2007, at CT-23-ndividuals in
spring and autumn 2007, at ST-4 in 2007 — indivisluat ST-5 in 2006 — 21 individuals, at ST-7 in
2006 — 37individuals M. agrestisat ST-3 in 2007 41 individualdylicrotus arvalis Pallas 37
individuals in 2002 at the same stationa8ylvaemus sylvaticus. at ST-4 in spring 2015 and
Sylvaemus tauricuk. at ST-4 in autumn 2005, 2007, 2016, at ST-2007, 2017 and at ST-6 in
2007, 2008, 2016. During the researches from 18692015 (CT-1 -CT-3) and from 2005 to 2017
(CT-4 —CT-7) several outbreaks of mouse rodents number maakeall stationaries simultaneously
in almost the same number of years: 2000-2001, -2008, 2013-2014. We associate this with the
presence of favorable climatic conditions of autuand 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 cafygrinus carpid during 14 days
exposure at 7, 20 and 5 was studied. Accumulation of nickel by organs does demonstrate
temperature-dependent correlations. Favorable tenye conditions (ZC, and to a lesser extent
25°C) facilitate adaptive mechanisms aimed at contfalickel migration in organism. Increasing of
ammonia concentration in the gill, kidney and brair®C demonstrates an in adequate functioning of
detoxification and excretion processes. Increasinglanine aminotransferase role in regulation of
ammonia homeostasis at low temperatureis foundvédtnctioning of glutamine system at higher
water temperatures (20 and°€) provides decreasing or stabilization of endogsnammonia
content under effect of nickel ions.
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Rate and direction of protein metabolism are amtireg major indicators of functional status of
organism under normal and unfavorable environmergatlitions. Maintenance of homeostatic level
of ammonia in tissues can be considered asthe faator in regulation of protein metabolism,
balance between catabolic and anabolic processed@mation of physiological response of
freshwater fish organisms [2].

Impact of toxic substances leads toactivationo&loalic processes aimed at maintenance of
energy homeostasis, resulting in accumulation oftabwic products in the tissues.Intensive
catabolism of nitrogen-containing substances acemmep by utilization of their carbon ‘skeleton’ as
an energy source leads to an intensive ammoniauptiot in the tissues. Glutamine system is the
predominant way of endogenous ammonia detoxifioatiocarp [13]. Itincludes ammonia binding to
non-toxic glutamine in glutamine-synthetase reactithepatopancreas, muscles, brain), its
transportation to the gills and further deaminatimnglutaminase and excretion of ammonia into
environment. In addition to glutamine system, fiohg of alanine pathway in carp organism was
shown [1], which consists in amination of pyruviddaby alanine aminotransferase in the muscles,
transportation of alanine to the liver and its samination in this tissue, followed by utilizatiof
produced pyruvic acid in gluconeogenesis pathwalysanmonia excretion with kidneys.Imbalance in
gill and kidney routes of ammonia excretion causgdoxic substances and alterations in activities o
certain enzymes providing this process may leabtrémd spectrum of metabolic disorders in fish
organism.

Nickel is a ubiquitous trace metal in the biosphdnenatural waterdNi** is the dominant
chemical species [9]. Concentration of nickel inpoliuted and low-polluted freshwater surface
waters varies between 0.8 andi®g/L [7]. It should, however, be noted that Ukrainiaaxmmal
allowed concentration (PDK) of nickel ions in thater bodies of fish-breeding purpose is close tothe
upper level mentioned above(trkg/L).

It is well known that an effect of metal on aquatiganisms depends both on thechemical
nature of the metal and physical and chemical parars of aquatic environment. Temperature is a
majorfactoras it determines the rate of metabobtivily and canmodify dramaticallythe impact
oftoxic substances, and nickel in particular [1BpTaim of present paperis the study of physioldgica
and biochemical mechanisms of detoxification andr&ion of ammonia under effect of sub-lethal
concentrations of nickel ions and their accumufatio tissues at different temperatures of water
during sub-chronic experiment.

Material and methods

For experimental study one-year-age ca&pprinus carpioL., of both genders (weight 180-2§)0
were collected from fish-breeding station of thestitute of Hydrobiology (Bila Tserkva, Kyiv
region). Fishes were divided into three groups editfaatized to laboratory conditionsand test
temperatures 7, 20 and “Z3or aperiod of 21 days prior to the experiment. Badter each
temperature group was divided into two groups,Befssin each in 10Daquariums. As a result three
groups served as control and were maintainedwitlreatment,otherthree groups of the fishes were
treated with sub-lethal concentration@tkg/Lof Ni** (nickel chloride, chemically pure grade) for a
period of 14 days.To avoid the effect of exometdbsl and to maintain desired nickel ions
concentration half of volume of experimental mediwas renewed daily in both control and
experimental aquariums.

At the end of 1% day fishes from control and treated groups weseatited out for the removal
of muscle, liver, kidneys, gills, intestine andibréssues. Activity of glutamine synthetase (G3jsw
determined with ‘phosphate’ method [4] in modificat [3], glutaminase (GA) — [5], alanine
aminotransferase (AIAT) — [6]. Content of ammonia the tissues was determined with
‘microdiffusion’ method [18], glutamine (GIn) — [8]Concentration of nickel in the organs was
determined with atomic absorption spectroscopy n@e{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 this study decreased in the sequence:
kidney>liver>intestine>gill>muscle (see table)whitic a certain extent corresponds to the data
obtained in other investigations [19]. The higheshcentration of nickel in kidneys could testify to
suggestion of the leading role of this organ inretion of this metal from the organism [11].Nickel
ion, having more affinity to oxygen and nitrogenndo electron pairs on the contrary tosulfurones
[14],
isnotcapableofstrongbindingtoproteinsandisexcretedeasilyincomparisontotheotherheavymetals.
Table

Content of nickel in carp organs after 14-day ekfmsto 20mkg/Lof Ni?*, mkg/gof wet weight

Experiment ToC Organs

conditions Muscle Liver Gill Kidney Intestine
Control 0.53+0.15 1.60+0.14 1.03+0.16 3.15+0.12 1.5540.2

Treatment ! 3.89+0.11* 3.41+0.16% 2.49+0.08f 5.43&*1| 4.36+0.20*
Control 0.70+0.35 1.53+0.12 0.96+0.19 3.23+0.18 1.4540.1

Treatment 20 1.2240.14 3.24+0.141 2.33+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 1.6240.1

Treatment 2 1.97+0.27* 3.47+0.18% 2.45+0.23F 6.1849.5| 3.81+0.36*

Note. Here and hereinafter: * — difference with trohis statistically significantp<0.05

Data on the accumulation of nickel by carp orgafisral4 day exposition in nickel ions
enriched medium did not demonstrate positive teatpee-dependent correlation. It can be suggested
that favorable temperature conditions q@0and to a lesser extentZjfacilitate active functioning
of adaptive mechanisms aimed at control of nickéjration in organism and its excretion to
environment.Revealed nickel accumulation pattendeu different temperature conditions areclearly
reflectedin the peculiarities of ammonia metabolisirendency to decreasing of ammonia
concentration has been found almost in the allmsget 20 and 2& under influence oNi** in our
study (fig. 1).It should be pointed out that aviaiéaliterature data on ammonia dynamics in the
freshwater fish tissues under impact of differdmtroical nature substances are controversial if even
described by one and the sameteam of researchesd157].

Direction of ammonia metabolism is obviously depanicon the strength of adverse effect, and
mild intoxication leads preferably to reserving mfrogen-containing substancespool. In contrast,
increasing of ammonia concentration &Cfbund in our study is an indication ofdisordersadaptive
response and is primarily due to theinsufficiemiclioning of ammonia detoxification systems. The
lowrate of ammonia transformation to non-toxic seeaes caused probably by the temperature stress
and insufficient energy supplyresulting from shiftito anaerobic metabolism. In this regard we
investigated transamination processes which prawsheonia binding to non-toxic form.

ISSN 2078-2357Hayk. 3amn. Tepuor. Hail. nea. yH-Ty. Cep. Bion., 2018 Ne 2 (73) 135



EKOJIOI'TA

150 ~

100 -

50 A

O_

-50 -

Difference between control
and experimental groups, %

-100 -
muscle liver intestine  qill kidney  brain

Control 7402 54t0.7 7.640.4 2.&0.1 10.%#0.E 2.&0.2 O7°C
12.5+0.7 9.620.5 8.9+0.4 3.3+0.2 10.0%0.6 6.4+0B20°C
13.620.7 12.0+0.6 6.7+0.3 3.2+0.1 8.6+0.4 3.8+08B25°C

Fig. 1. Changes in ammonia concentration in cagams under effect of 20kg/L Nf* at
different temperaturespkM/gwet weight

Atthe temperature °C increasing in AIAT activity was found in muscleaglls and brain.In
contrast, drop in this index in the liver is indiga ofdecrease of its role in ammonia utilizatiothis
organ (fig. 2A).The enzyme is likely to play actipart in both maintaining of acid-base homeostasis
by binding of intensively produced pyruvate and oddication of ammonia at low
temperatures.Increasing of pyruvate and lactateéeabrunder effect of nickel was reported in the
literature [10].
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Fig. 2. Changes in activity of alanine aminotrarsfe (AIAT,mkM pyruvatemin/mg
protein), glutamine synthetase (GS&KMR/mirymg protein), glutaminase (GAnkM
ammoniamin/mgprotein) and concentration of glutamine (GitkM/gwet weight)in
carp organs under effect of Btkg/LNf* at 7, 20 and Z%. Note: ni — not investigated.

The role of alanine pathway of ammonia detoxificatat higher temperatures under effect of
nickel is probably not so crucial, as changes iATARctivity were not statistically significant ite
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most cases (fig. 2 B, C). Obtained patterns ofaghime detoxification system componentscan support
this suggestion.

Concentration of glutamine decreased considerabliyuscles, liver and intestine &tC/and
the tendency to reductionin GS activitywas obsernvedll organs. However a notable activation of
GA was not in accordance with these changes (fA), 2hat can be caused by providing of increased
AIAT activity with glutamate. It is indicative th&S activity decreased in the tissues on 20% apains
the dropping of glutamine concentration on 40—-9B%dominantrole of alanine pathway of ammonia
detoxification at low water temperatures can besedwby thedeficiency of ATP reserves required for
glutamine system functioning.

Obtained data show that glutamine system is aetiv@gher water temperatures (fig. 2 B, C).
Multidirectional changes in the glutamine systemmponentsdynamics were foundat °€0
Glutamine content increased considerably agairestmibderateloss or constancyin activity GS and
GA thatmay be attributed toreservation of nitrogsrglutamine for further utilization in biosyntreeti
processes [15, 16]. Positive correlation betwediviaes of GS and GA and glutamine content was
found at 28C. Taking into account decreasing of ammonia coma&oh in the liver and muscles at
this temperature it may be an indication of highivatly of glutamine system and its satisfactory
involvement in endogenous ammonia excretion.

Conclusions

Influence of low and high temperatures on ammongtabolism in carp results inactivation of
adaptive systems of its detoxification and excretiohich can be affected byimpact of toxic
substances. Hence intoxication of organism by emdogs ammonia under unfavorable conditions
occurs. Effect of nickel ions at concentrationr@kg/Land 7C leads to accumulation of ammonia in
the gill, kidney and brain that may reflect theiegqdate functioning of detoxification and excretion
processes. It is found increasing of alanine amamsferase role in regulation of ammonia
homeostasis at low temperatures. Active functioniofg glutamine system at higher water
temperatures (20 and 25) provides decreasing or stabilization of endogenammonia content
under effect of nickel ions. Data on the accumatatf nickel by carp organs after 14 day exposition
did not demonstrate temperature-dependent cowalafiavorable temperature conditions°@0and

to a lesser extent 26) facilitate adaptive mechanisms aimed at contfohickel migration in
organism and its excretion.
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IacTutyT rigpo6ionorii Hanionanshnoi Akanemii Hayk Ykpaian

TepHoniabCHKMI HaLlIOHATBHUI NIelaroriyHui yHiBepcuTeT iMeHi Bonoanmupa 'Hatioka

BIUIMB IOHIB HIKEJIYO HA ®YHKHIOHYBAHHSA AJJAIITUBHUX CUCTEM 3B’ I3YBAHHSA
TA BUBEJAEHHSA EHJIOTEHHOI'O AMOHIIO ¥ KOPOITA

Jlocmikeno nifo iomiB Hikemo y xommentpanii 20 Mkr/miM® Ha MeTabomi3M aMOHiK y Kopoma
(Cyprinus carpi npu excro3uii 14 ni6 3a remnepatypu 7, 20ta 25°C. Otpumani 1aHi He BUSBUIN
OPSIMOTO KOPEJAILIHHOTO 3B’ 3Ky MiXK HAaKOMWYEHHSIM HIKENI0 OpraHaMy KOpoma Ta TeMIepaTypoio
cepenoBuina. 3a crpustauBux Temneparyp (20°Cy wmenwiit wmipi 25°C) QyHKUiOHyBaHHS
aJalTUBHUXMEXaHI3MIB 3a0e3leuye KOHTpONb Mirpamii Hikemo B opraismi pu0. 3poctaHHs
KOHILIEHTpaIii aMoHil0 y 310pax, HUpKax Ta MO3Ky mpu 7°CCBiIYMTH MPO HENOCTaTHIO aKTHBHICTh
npoleciB HOro AeTOKCHKaLii Ta BUBeACHHS. BUsBIeHO 3pocTaHHs poili anaHiH-aMiHOTpaHcdepasu y
perynsmii romeocTasy aMOHII0 3a HU3BKMX TeMIepaTyp. AKTHUBHE (YHKIIOHYBaHHS TJyTaMiHOBOi
CHCTEeMHU TIpU BHIIMX Temrmeparypax cepenosuma (20 ta 25°C) 3abesneuye 3MeHIIEHHS abo
cTaOuTi3aIlif0 KOHIIEHTpAIlii €HJOT€HHOTO aMOHIIO 32 Ji1 i0HIB HIKEITt0.

Kniouosi crosa: Cyprinus carpiojonu uikento, azomucmuil 00Min, AMOHIN, MKAHUHHUTL PO3NOOLT, adanmayis

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

Wucrutyt runpobuonornn HanmonansHoit Akagemun Hayk Ykpaunst

TepHOnoabCKUN HAIIMOHAIBHBIN MeJarorndeckuil yauBepcuTeT uMeHu Branumupa ['Hatioka
BUAHUWE MOHOB HUKEJISI HA ®YHKIIMOHNUPOBAHUE AJAIITUBHBIX CUCTEM
CBA3bIBAHU AW BBIBEJEHUASHAOI'EHHOI'O AMMOHNSA YV KAPITA

Hcene0BaHo BIHSHEE HOHOB HUKENs B KoHueHTparuy 20 Mkr/am° Ha MeTaGoIM3M aMMOHHS Y Kapra
(Cyprinus carpiQ npu skcnosurmu 14 cyt uremneparypax cpensl 7, 20 ta 25°C. INonyueHHbie
JaHHbIE HE BBISIBUIIM MPSMOHKOPPEISIIMOHHONCBAZN MEKIY HAKOIJICHUEM HUKETSl OpraHaMu Kapra u
temneparypoicpensl. [Ipu OmarompustHeix Temneparypax (20°C, B wmenbmeir crenenun 25°C)
(yHKIMOHUPOBaHHWE aJalTUBHBIX MEXaHMU3MOB O0ECIEYMBACT KOHTPOJIb MHUIPALUU HUKENS B
opraHuzMe pbl0. YBeNMUCHHE KOHLEHTpAalWWd aMMOHUSBXKaOpax, moukaxu wmosre mpu 7°C
CBUJICTENILCTBYET O HEIOCTATOYHOM aKTHBHOCTH IIPOLIECCOB €r0 JETOKCHKALWUHM BBHIBEJCHUS.
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BrusiBiieHO yBenMueHHE PONM ajlaHWH-aMHHOTpaHc(hepasbl B PEryISALUM rOMeocTa3a aMMOHHMS NpU
HHU3KUX TeMIlepaTypax. AKTHBHOE (YHKIMOHUPOBAHUE [NIyTAMHUHOBOW CUCTEMBI IIpU 00jiee BHICOKHX
temneparypax cpenbl (20 Ta 25°C) obecnieynBaeT yMEHBIICHUE WM CTAOMIM3ALMIO KOHIICHTPALUH
9HIOTEHHOTO aMMOHHUS MPH ACHCTBUH HOHOB HUKEIIS.

Kniouesvie crnosa: Cyprinus carpio,uonst nukens, azomucmoiii 00MeH, aMMOHUIL, MKAHE8oe pacnpedeieHue,
adanmayusi
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OCOBJIMBOCTI ITIEPEPO3ITOALTY EJIEMEHTIB
MIHEPAJIBHOI'O )KUBJIEHHA TA TIPOAYKTUBHICTD
TOMATIB 3A JIi ®OJIKYPY TA ECOOHY

BuBdyeHO BIUIMB TPHA30JMOXITHOTO TIpemapary QoOJiKypy Ta eTHICHIPOIYIEeHTY echoHy Ha
Mop(doreHe3, HaKOIMUYEHHS Ta MEPEPO3NOAiN a30Ty, (Gochopy 1 Kajgilo POCIMHAMU TOMATIB COPTY
Conepocco. Bcranopneno, mo ¢Goikyp CHpusB (GOPMYBaHHIO OLIBIIOI JIUCTKOBOI IOBEPXHI,
MOTOBIICHHIO JIMCTKIB 3 KpaIliM PO3BHUTKOM XJIOPEHXIMH, IO CHIPHUSIO 30UTHIICHHIO ITOKA3HHUKA
YUCTOI MPOAYKTUBHOCTI (POTOCHHTE3Y 1 CTBOPIOBAJIO IEPEAYMOBH IS IiJABHMIICHHS MPOIYyKTHBHOCTI
KyJNbTypu. 3'sCOBaHO, IO B IMEpioj IUIOJOHOIICHHS BimOyBajacs peyTuilizamis a3ory, docdopy i
KaJlif0 3 BETCTATHBHUX OpraHiB Ha MOTPEOHM KapIIOTeHE3y, MPHUOMY TPOIECH TOCHIIIOBAIHACS IIif
BINTUBOM TPHA3OJIOXITHOTO Tpemnapary ¢omikypy. Ontumizariss MopdoreHesy Ta TPaHCIIOPTHHX
MIPOIIECIB 3a Jii IILOTO MpernapaTy IPU3BOAUTH 10 JOCTOBIPHOTO IiABHINEHHS BPOKAHOCTI KyJIbTypPH.
3acTocyBaHHs ec(hoHy Ha KYIbTYpl TOMATIB BUSBIIIOCS HEC()EKTHBHUM.

Kniouosi cnosa. Lygopersicon esculentum Lpemapoanmu, Oonopno-axyenmopna cucmema, eiemeHmu
MIHEPATLHO20 HCUBLEHHS, NPOOYKMUGHICMb

Beryn. Perynsdiis TOHOPHO-aKIENTOPHOI CHUCTEMU POCAMHHM 3a JIOIOMOroi (iTOropMoHiB abo
MoIU(iKaTOPiB X [ii BIAKPHUBAE MEPCIEKTHBH IITYYHOTO IEPEPO3MONIAY aCHMIIATIB (IPOAYKTIB
(oTocHHTE3y) IO TOCIMOJAPCHKO IIHHMX OPraHiB, IO BiAirpac BaXJIWBY pONb V IIiJABHINEHHI
IPOIYKTHBHOCTI CITBCBKOTOCIOAApChKUX KyasTyp [7]. Bimomo, 110 y poCIHH perysisiis TOHOPHO-
aKIENTOPHUX BiJHOCHH BHM3HAYAEThCS CHCTEMOKO TPSAMMX 1 3BOpOTHHX 3B's3kiB [13], me mpomecn
(bOTOCHHTE3Y CIYTYIOTh OCHOBHHUM JOHOPOM, a MPOIECH pocTy (BiIKIaJaHHS PEYOBHH Y 3amac) —
akIenTopoM acuMiisTis [3, 5, 9].

3acTocyBaHHS CHHTCTHYHHUX PETYJISATOPIB POCTY Ja€ MOXKIHMBICTH 3'SCyBaTH, dYepe3 SKi
Mopdoiioriuai  Ta  (iziog0ro-0i0XiMiuHI 3MIHM BiIOYBAa€ThCSA TOCWICHHSA abo0 mocaadicHHS
TPAHCIIOPTY TIOTOKIB aCHUMIIATIB Ta €JIEMEHTIB MIHEPaJLHOTO JKUBJICHHS Ha MOTPEOM KapIoreHe3y
(bopmysanus i pocry mroxiB) [2, 4, 8]. PazoMm 3 TuM, y jiTepaTypi NpakTHYHO BiACYTHI HaHi Tpo
MIEPEPO3IOIT €IEMEHTIB MIHEPaIbHOTO >XKUBJICHHS IPH IITYYHIA 3MiHI TOTY)KHOCTI JOHOpa I
akKIenTopa 3a Jii peTapaaHTiB.

Opmniero 3 HAHOUTHII MOIMMPEHHX TPYH peTapAaHTIB € TPHUA30JIOXIiMHI TpenapaTH, sKi
NPUTHIYYIOTh TIEPETBOPEHHS CHT-KaypeHy B KaypeHOBY KHCJIOTY, IO 3a0e3leuye HaJ3BUYAiHO
BHCOKY 1 CTabiNbHy perapaaHTHy akTuBHICTH [1]. IHIm peTapmaHTH — E€THJIEHIPOAYLEHTH HE
MepepUBAIOTh CHUHTE3 Ti0Oepenminy. AHTHTIOepemiHOBHM edeKT iX 3MIWCHIOETBCS HA CTaisfax
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