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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., 
Apode�us 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: Terrícola 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 – ��-3) and from 2005 to 2017 
(��-4 – ��-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 Ni2+ 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°�for 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 Ni2+ (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 14th 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 (AlAT) – [6]. Content of ammonia in the tissues was determined with 
‘microdiffusion’ method [18], glutamine (Gln) – [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 Ni2+, mkg/g of wet weight 
Experiment 

conditions 
T°C

Organs 

Muscle Liver Gill Kidney Intestine 

Control 
7 

0.53±0.15 1.60±0.14 1.03±0.16 3.15±0.12 1.55±0.22 

Treatment 3.89±0.11* 3.41±0.16* 2.49±0.08* 5.43±0.12* 4.36±0.20* 

Control 
20 

0.70±0.35 1.53±0.12 0.96±0.19 3.23±0.18 1.45±0.12 

Treatment 1.22±0.14 3.24±0.14* 2.33±0.22* 5.77±0.10 2.87±0.16* 

Control 
25 

0.60±0.22 1.49±0.12 1.10±0.15 3.20±0.13 1.62±0.17 

Treatment 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 Ni2+ 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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Fig. 1. Changes in ammonia concentration in carp organs under effect of 20 mkg/L Ni2+ at 
different temperatures, mkM/g wet weight 

Atthe temperature 7°C increasing in AlAT 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 (AlAT, mkM pyruvate/min/mg
protein), glutamine synthetase (GS, mkMPi/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/LNi2+ 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 AlAT 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 
AlAT 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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