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Chloramine-T is a widely used disinfectant for the treatment of gill diseases of
fish in freshwater and can be toxic to fish. Therefore, the current study aimed to exam-
ine the safety of this disinfecting product (as it has been attracting researchers’ atten-
tion for applying in aquatic animals) for fish health using markers of aerobic and an-
aerobic capacity (i.e. lactate dehydrogenase activity) in the skeletal muscle and cardiac
tissues of rainbow trout (Oncorhynchus mykiss Walbaum), grayling (Thymallus thy-
mallus Linck), and brown trout (Salmo trutta m. fario). Twenty-two clinically healthy
rainbow trout, twenty-one brown trout, and twenty graylings were exposed to Chlora-
mine-T in a final concentration of 9 mg per L. The Control group of fish was handled in
the same way as the exposed groups. Fish were bathed for 20 min and repeated three
times every 3 days. Two days after the last bathing fish were sampled. In the skeletal
muscle tissue, LDH activity was decreased in the rainbow trout and grayling after dis-
infection by Chloramine-T compared to the unhandled controls. On the other hand,
LDH activity was increased in the skeletal muscle tissue of brown trout. In the cardiac
tissue, disinfection by Chloramine-T caused the decrease of LDH activity in rainbow
trout, brown trout, and grayling. Moreover, in unhandled controls, LDH activity in the
cardiac tissue was higher by 107.5 % (p = 0.000) in brown trout and by 57.6 % (p =
0.001) in the grayling compared to the values obtained in skeletal muscles. The present
investigation demonstrates the alterations in LDH activity in the skeletal muscles and
cardiac tissue after the disinfecting procedure with Chloramine-T in dose 9 mg per
L. Although, after disinfection, the rainbow trout, brown trout, and grayling showed de-
creased trends of aerobic responses in the cardiac tissue indicating adaptive response
against the Chloramine-T toxicity. Similar trends were observed in the skeletal muscles
of rainbow trout and grayling. On the other hand, LDH activity in the skeletal muscles
of brown trout after the disinfecting procedure with Chloramine-T was increased.
Therefore, these biochemical parameters can be considered as indicators for the as-
sessment of disinfecting effects, although further studies are required for investigating
the mechanism involved in this pattern.
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The active chlorine compounds are characterized by major differences in their
chlorinating and/or oxidizing activity. The hypochlorous acid (HOCI) is the strongest
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while organic chloramines are the weakest one [12]. Chloramine T and monochlora-
mine (NH,CI) are active chlorine compounds and well-known biocides. Chloramine T
has stronger oxidative activity than monochloramine, which is a smaller and more lipo-
philic molecule [1, 11]. The application of chloramines as anti-infectives is advisable
because they can efficiently kill pathogens (bacteria, fungi, viruses, protozoa). On the
other hand, they possess additional beneficial properties, i.e. destruction of toxins, deg-
radation of biofilms, and anticoagulative and anti-inflammatory activities [12].

Chloramine-T is an organic N-chloramine with a slow-release mechanism that
involves the production of aqueous free-chlorine (HOCI + OCI-) species that are quite
toxic to aquatic life [14, 17]. Organic chloramines in general are thought to be consider-
ably less toxic to aquatic life than the inorganic chloramines monochloramine (NH,CI),
dichloramine (NHCI,), and trichloramine (NCls). Inorganic chloramines usually exist as
monochloramine in aqueous solutions [17]. The kinetics of chloramine hydrolysis is
slow and rate-limiting compared to those where free chlorine oxidizes another organic
amine or some other organic-N or non-N compound. Usually, the reaction produces a
compound much less toxic than free chlorine [13, 14]. Under many circumstances, chlo-
ramines also lose chlorine through a direct chlorination mechanism, i.e. no free-chlorine
species is involved as an intermediate [17].

The toxicity of chloramine-T has been tested in a variety of fish species by many
authors, as well as in a variety of freshwater and marine life [2-5, 9, 16, 17]. Chlora-
mine-T 96-h LCs values were 1.8 mg/L for channel catfish, 1.9 mg/L for rainbow trout,
and 2.8 mg/L for striped bass (pH = 6.5) [17]. The channel catfish, rainbow trout, and
striped bass were similarly sensitive when tested in soft acidic water [3, 4]. The 96-h
LCso values in waters of pH 7.5 for channel catfish, rainbow trout, striped bass, and fat-
head minnow, and in the water of pH 7.7 for harlequin fish were 3.8, 2.8, 6.3, 7.3, and
60 mg/L, respectively [17]. The 24-h LCso for chloramine-T was determined under a
variety of conditions ranging from the low of 2.8 mg/L for rainbow trout to a high of
120 mg/L for harlequin fish in soft alkaline water (pH 8.0) [17]. In spotted sea trout
eggs and larvae, 48-hour medium tolerance limits were 14.14, 0.57, and 5.75 ppm
[50.20, 2.0, and 20.4 uM] for two-hour- and ten-hour-old eggs, and one-hour post-hatch
larvae, respectively. Exposure of larval lobsters to 1.0 mg/L [3.6 uM] chloramine-T re-
sulted in a reduction in dry weight increase, standard respiration rate, growth, and meta-
bolic activity [7].

In intermittent exposures of rainbow trout to chloramine-T at the therapeutic
concentration (10 mg/L [36 uM]), the fish exhibited behaviors that were consistent with
respiratory distress (i.e., fish crowing at the surface and appeared to hyperventilate) as
described in the study of Powell and Perry (1996) [16]. Additional studies were per-
formed to investigate the impact of a single exposure to chloramine-T. One-hour expo-
sures of rainbow trout to chloramine-T (9 or 2 mg/L [30 or 7 uM]) or p-TSA (9 mg/L
[50 uM]) through catheterized dorsal aorta resulted in a significant increase in both ven-
tilation rates and PCO, levels. Both parameters returned to baseline levels within 90
minutes of removal from chloramine-T [7]. In our previous study [27], Chloramine-T
disinfection markedly decreases the level of the aldehydic and ketonic derivatives of
oxidatively modified proteins, and aminotransferase activity only in rainbow trout liver,
and their elevation is a compensatory mechanism to impaired metabolism. No signifi-
cant changes were found in oxidative stress biomarkers between untreated controls and
Chloramine-treated brown trout. For grayling, Chloramine-T exposure caused a signifi-
cant elevation in the levels of oxidative stress biomarkers in the liver. Increased levels
of aldehydic and ketonic derivatives of oxidatively modified proteins could modify lac-
tate and pyruvate levels, aminotransferase, and lactate dehydrogenase activities, princi-
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pally causing increased enzyme activity due to oxidative stress in the liver of chlora-
mine-exposed fish [27].

In this study, we have tested the use of Chloramine-T in dose 9 mg per L in dis-
infecting procedures in the rainbow trout (Oncorhynchus mykiss), brown trout (Salmo
trutta m. fario), and grayling (Thymallus thymallus Linck). To observe the effects of
Chloramine-T at the therapeutic concentration, rainbow trout, grayling, and brown trout,
which are some of the most important salmonids in the human diet was studied. This
study opens a new perspective on the investigation of toxic effects of Chloramine-T,
mainly concerning the biochemical parameters in various tissues of salmonids. Thus,
the purpose of the current study was to evaluate the safety of this disinfecting product (it
has been attracting researchers’ attention for application in aquatic animals) for fish
health using markers of aerobic and anaerobic capacity (i.e. lactate dehydrogenase ac-
tivity) in the skeletal muscle and cardiac tissues of rainbow trout, grayling, and brown
trout.

Materials and methods. Fish. Twenty-two clinically healthy rainbow trout
(Oncorhynchus mykiss), twenty-one brown trout (Salmo trutta m. fario), and twenty
grayling (Thymallus thymallus) were used in the experiments. The study was carried out
in the Department of Salmonid Research, Stanistaw Sakowicz Inland Fisheries Institute
(Rutki, Poland). Experiments were performed at a water temperature of 16 + 2°C and
the pH was 7.5. The dissolved oxygen level was about 12 ppm with an additional oxy-
gen supply. All biochemical assays were carried out at the Department of Zoology and
Animal Physiology, Institute of Biology and Earth Sciences, Pomeranian University in
Stupsk (Poland).

The fish were divided into two groups and held in 250-L square tanks (70 fish
per tank) supplied with the same water as during the acclimation period (2 days). In the
disinfectant exposure, grayling (n = 11), rainbow trout (n = 11) and brown trout (n = 10)
were exposed to Chloramine-T in final concentration 9 mg per L. Control untreated
group of grayling (n = 11), rainbow trout (n = 10), and brown trout (n = 10) were han-
dled in the same way as Chloramine-T exposed groups. Fish were bathed for 20 min
and repeated three times every 3 days. Two days after the last bathing, fish were sam-
pled. Fish were not anesthetized before tissue sampling.

Tissue isolation. Tissue samples (skeletal muscles and cardiac tissue) were re-
moved from fish after decapitation. One fish was used for each homogenate preparation.
Briefly, tissues were excised, weighed, and washed in the ice-cold buffer. The minced
tissue was rinsed clear of blood with cold isolation buffer and homogenized in a ho-
mogenizator H500 with a motor-driven pestle (Pol-EkoAparatura, Poland) on ice. The
isolation buffer contained 100 mM Tris-HCI; pH of 7.2 was adjusted with HCI.

Analytical methods. All enzymatic assays were carried out at 25+0.5°C using a
Specol 11 spectrophotometer (Carl Zeiss Jena, Germany). The enzymatic reactions were
started by adding the homogenate suspension. The specific assay conditions are pre-
sented subsequently. Each sample was analyzed in triplicate. The protein concentration
in each sample was determined according to Bradford (1976) using bovine serum albu-
min as a standard [6].

Assay of LDH (E.C. 1.1.1.27) activity. The colorimetric method of Sevela and
Tovarek (1959) was used for the determination of LDH activity LDH activity was ex-
pressed as pmol pyruvate per hour per mg of protein [18].

Statistical analysis. The mean + S.E.M. values were calculated for each group
to determine the significance of the intergroup difference. All variables were tested for
normal distribution using the Kolmogorov-Smirnov and Lilliefors test (p>0.05). Signifi-
cance of differences between biomarkers levels (significance level, p<0.05) was exam-
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ined using the Mann-Whitney U test. Correlations between parameters at the set signifi-
cance level were evaluated using Spearman's correlation analysis [28]. All statistical
calculation was performed on separate data from each individual with STATISTICA
13.3 (StatSoft, Poland).

Results. Lactate dehydrogenase activity in the skeletal muscle and cardiac tis-
sues of the rainbow trout, grayling, and brown trout disinfected by Chloramine-T is pre-
sented in Fig. 1.
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Fig. 1. Lactate dehydrogenase (LDH) activity in the skeletal muscle and
cardiac tissues the rainbow trout (Oncorhynchus mykiss Walbaum), brown trout
(Salmo trutta m. fario), and grayling (Thymallus thymallus) disinfected by Chlora-
mine-T.

Data are represented as mean = S.E.M.

* — the significant difference was shown as p<0.05 when compared disinfected
group (n=10) and unhandled group (n=10) values.

LDH is the terminal enzyme of anaerobic glycolysis and is used as an indicator
of anaerobic capacity [19]. Changes in LDH activity may signal alterations in protein
and carbohydrate metabolism in disinfected fish. LDH activity, likewise ALT and AST
in the cardiac tissue, was significantly decreased after Chloramine-T exposure (Fig. 1).
In the skeletal muscle tissue, LDH activity was decreased in the rainbow trout (28.61 +
2.71vs. 42.52 + 4.07 pmol-h ™ mg™ protein) and grayling (14.87 + 1.81 vs. 16.53 £ 0.91
umol-h™*-mg™ protein) after disinfection by Chloramine-T compared to the unhandled
controls. On the other hand, LDH activity was increased (24.08 + 3.40 vs. 15.26 £+ 1.51
umol-h™*-mg™ protein) in the skeletal muscle tissue of brown trout. In the cardiac tissue,
disinfection by Chloramine-T caused the decrease of LDH activity in rainbow trout
(30.87 + 1.72 vs. 39.35 + 1.99 pumol-h™*mg™? protein), brown trout (28.74 + 1.46 vs.
31.67 + 0.86 pmol-h™mg™ protein), and grayling (19.27 + 0.82 vs. 26.05 + 1.11
umol-h™*-mg™ protein) (Fig. 1). Moreover, in unhandled controls, LDH activity in the
cardiac tissue was higher by 107.5% (p = 0.000) in brown trout and by 57.6% (p =
0.001) in the grayling compared to the values obtained in skeletal muscles.

The statistically significant decreased LDH activity was recorded by 33% (p =
0.001) in the skeletal muscles of rainbow trout and by 26% (p = 0.000) in cardiac tissue
of grayling, and a similar pattern was also observed in cardiac tissue of rainbow trout
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and brown trout, but these changes were non-significant. In the cardiac tissue of gray-
ling, disinfection by Chloramine-T caused the decrease of LDH activity by 26% (p =
0.001). The recovery pattern in case of LDH activity in the skeletal muscles after disin-
fection by Chloramine-T was in the following order: brown trout (58%) > rainbow trout
(32%) > grayling (10%). In the case of cardiac tissue, the recovery pattern of LDH ac-
tivity after disinfection by Chloramine-T was in the following order: grayling (10%) >
rainbow trout (22%) > brown trout (9%).

Like transaminases, LDH activity was also reduced during disinfection as a
compensatory response to overcome the stress. Reduced activity of LDH during disin-
fecting measurement by Chloramine-T may be due to lower synthesis rate of lactate and
pyruvate and less energy demand as fishes are in the recovery period after disinfection.
Moreover, the highest LDH activity was recorded in the skeletal muscle tissue of brown
trout and rainbow trout. Indeed, the LDH activity in the white muscles of fish is related
mainly to its involvement in anaerobic glycolysis [19]. This process is the main energy
supply of the white muscle during intensive contractions [8]. With age and body mass
gain, the rate of parr anaerobic metabolism increases. It was shown that the level of
LDH activity reflects the degree of physical activity in fish and their swimming charac-
teristics. Many fish species were found to have an age-related and size-related increase
in the intensity of anaerobic energy metabolism, as well as in the activity of LDH and
other glycolytic enzymes [19]. Atlantic salmon parr at age 1+, 2+, and 3+ are character-
ized by high physical activity due to increasing the energy supply for swimming activity
as they inhabit areas with high current velocity and have to actively resist the cur-
rent [8].

The initial decrease of LDH activity in the skeletal muscles and cardiac tissue
observed in our experiment indicated aerobic condition at the cellular level induced by
the disinfection by Chloramine-T. Since we measured LDH activity in other tissues
such as skeletal muscles and cardiac tissue, we suggest their possible targets for induced
aerobic metabolism by this particular chemical exposure. The effects of disinfection by
Chloramine-T using oxidative stress biomarkers (levels of 2-thiobarbituric acid reactive
substances and derivatives of oxidatively modified proteins) and biochemical enzymes’
activity [alanine- and aspartate aminotransferases (ALT and AST), lactate dehydrogen-
ase (LDH)] were assessed in the muscle tissue of rainbow trout [21]. Our results showed
that Chloramine-T bathing caused a decrease in the lipid peroxidation as well as ALT
and AST activity and a significant decrease in LDH activity compared to controls.
Chloramine-T markedly affected lactate and pyruvate metabolism and resulted in to de-
crease in LDH activity. The correlative analysis revealed that the lipid peroxidation lev-
el is correlated with ALT and AST activity in the muscle tissue of the unhandled control
group. In the muscle tissue of trout disinfected by Chloramine-T, LDH activity is corre-
lated positively with ALT and AST activity. Thus, the skeletal muscles of fish play an
important role in the processing of lactate through the gluconeogenic and glycogenic
pathways including greater potential for biosynthesis [21, 22].

In our previous study [20-27], we have assessed the influence of chloramine-T
on oxidative stress biomarkers and metabolic alterations in various tissues of some
salmonids. Chloramine-T bathing markedly decreases aldehydic and ketonic derivatives
of oxidative protein, and aminotransferases activity only in rainbow trout liver, and their
elevation is a compensatory mechanism to impaired metabolism. No significant changes
were found in oxidative stress biomarkers between control and chloramine-treated
brown trout. For grayling, Chloramine-T exposure caused a significant elevation in the
levels of severe oxidative stress biomarkers in the liver. Increased aldehydic and ketonic
derivatives of oxidative protein could modify lactate and pyruvate levels, aminotrans-
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ferases, and lactate dehydrogenase activities, principally causing increased enzyme ac-
tivity due to oxidative stress in the liver of chloramine-exposed fish [27]. Our results
also showed that chloramine-T bathing markedly increases aldehydic and ketonic deriv-
atives of oxidative protein in hepatic tissue, while a significant decrease of carbonyl de-
rivatives in cardiac tissue of grayling was observed [20, 23]. In the muscle tissue of
grayling, chloramine-T bathing markedly decreases lipid peroxidation with a non-
significant decrease of aldehydic and ketonic derivatives of oxidative proteins. Howev-
er, reduced lipid peroxidation results in a decrease in total antioxidant capacity. Moreo-
ver, decreased lipid peroxidation level causes a decrease of aldehydic and ketonic deriv-
atives of oxidatively modified proteins [24]. Our results also showed that Chloramine-T
non-significantly decreases lipid peroxidation as well as aldehydic and ketonic deriva-
tives of oxidative proteins in the gills of grayling. No statistically significant alterations
in the activities of antioxidant defenses instead catalase and superoxide dismutase activ-
ity in the gill tissue of grayling disinfected by Chloramine-T were noted [22].

The effects of disinfection by Chloramine-T on the muscle tissue of grayling us-
ing oxidative stress biomarkers and antioxidant defense (superoxide dismutase, catalase,
glutathione reductase, glutathione peroxidase, total antioxidant capacity) was studied in
our previous study [26]. Our results showed that Chloramine-T bathing markedly de-
crease lipid peroxidation with a non-significant decrease of aldehydic and ketonic de-
rivatives of oxidatively modified proteins. However, reduced lipid peroxidation results
in a decrease in total antioxidant capacity. Moreover, decreased lipid peroxidation level
causes a decrease of aldehydic and ketonic derivatives of oxidatively modified proteins.
Fish developed tissue-specific enzyme responses, such as a decrease in superoxide dis-
mutase and catalase activity as well as total antioxidant capacity in muscle tissue with a
decrease of lipid peroxidation as a response to the Chloramine-T disinfection. Correla-
tive analysis has revealed positive correlations between oxidative stress biomarkers (al-
dehydic and ketonic derivatives of oxidatively modified proteins, TBARS as a marker
of lipid peroxidation) and antioxidant defenses [26].

The time-course stress responses in the liver of rainbow trout exposed to cu-
prous chloride (CuCl) and cupric chloride (CuCl,) were examined by Elia and co-
workers (2017). They noted that the decrease in LDH activity during the first days of
post-treatment was relatively less marked at day 9, suggesting a decline in glycolytic
activity. The marked increase after treatment with both copper species indicates that
metal exposure induced a hypoxic condition, shifting from aerobic to anaerobic metabo-
lism [10]. Also, Orrego and co-workers (2011) have used the anaerobic and aerobic
metabolic capacities in rainbow trout livers for investigation whether pulse exposure to
Chilean pulp and paper mill effluent solid-phase extracted (SPE) extracts via intraperi-
toneal injection (IP), would result in changes in the activities of the respiratory metabol-
ic enzymes citrate synthase (CS) and LDH. It also investigated if an alteration in liver
metabolic capacity influenced the liver detoxification processes and estrogenic effects.
Their study showed that intraperitoneal injection of pulp and paper mill effluent extracts
affected the anaerobic and aerobic metabolic capacities in rainbow trout livers, but this
metabolic alteration did not affect detoxification capability or estrogenic effect. Besides,
a comparison of those enzymatic activities with fish IP injected with SPE extracts of
two model effluents coming from industries that process 100% different types of feed-
stocks (softwood, SW, and hardwood, HW) was also evaluated. Initial induction of the
anaerobic metabolism (increase in LDH enzymatic activity) was detected in all Chilean
pulp mill effluent extracts evaluated, contrary to the initial unaltered aerobic metabo-
lism (CS enzymatic activity) observed [15].
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Conclusions. The present investigation demonstrates the alterations in LDH ac-
tivity in the skeletal muscles and cardiac tissue after the disinfecting procedure with
Chloramine-T in dose 9 mg per L. Although, after disinfection, the rainbow trout,
brown trout, and grayling showed decreased trends of aerobic responses in the cardiac
tissue indicating adaptive response against the Chloramine-T toxicity. Similar trends
were observed in the skeletal muscles of rainbow trout and grayling. On the other hand,
LDH activity in the skeletal muscles of brown trout after the disinfecting procedure with
Chloramine-T increased. Therefore, these biochemical parameters can be considered as
indicators for the assessment of disinfecting effects, although further studies are re-
quired for investigating the mechanism involved in this pattern.

References

1. Armitz, R., Nagl, M., & Gottardi, W. (2009). Microbicidal activity of mono-
chloramine and chloramine T compared. J. Hosp. Infect., 73(2), 164-170.

2. Bills, T. D., Marking, L. L., Dawson, V. K., Howe, & G. E. (1988). Effects
of organic matter and loading rates of fish on the toxicity of chloramine-T. Investiga-
tions in Fish Control Report 97. U.S. Fish and Wildlife Service. Available from the
Publications Unit, U.S. Fish and Wildlife Service, Springfield, Virginia. 4 pp.

3. Bills, T. D., Marking, L. L., Dawson, V. K., & Rach, J. J. (1988). Effects of
environmental factors on the toxicity of chloramine-T to fish. Investigations in Fish
Control Report 96. U.S. Fish and Wildlife Service. Available from the Publications
Unit, U.S. Fish and Wildlife Service, Springfield, Virginia. 6 pp.

4. Bills, T. D., Marking, L. L., & Howe, G. E. (1993). Sensitivity of juvenile
striped bass to chemicals used in aquaculture. U.S. Fish and Wildlife Service Technical
Report Series 192. Available from the Publications Unit, U.S. Fish and Wildlife Ser-
vice, Springfield, Virginia. 11 pp.

5. Bootsma, R. (1973). Infections with Saprolegnia in pike culture (Esox lu-
cius L.). Aquaculture, 2, 385-394.

6. Bradford, M. M. (1976). A rapid and sensitive method for the quantitation
of microgram quantities of protein utilizing the principle of protein-dye binding. Anal.
Biochem., 72, 248-254.

7. Chloramine-T [127-65-1] and Metabolite p-Toluenesulfonamide [70-55-3].
Review of Toxicological Literature. Prepared for Scott Masten, Ph.D., National Institute
of Environmental Health Sciences, Submitted by Karen E. Haneke, M.S. Integrated La-
boratory Systems, 2002,

8. Churova, M. V., Meshcheryakova, O. V., Veselov, A. E., Efremov, D. A., &
Nemova, N. N. (2017). Activity of metabolic enzymes and muscle-specific gene expres-
sion in parr and smolts Atlantic salmon Salmo salar L. of different age groups. Fish
Physiol. Biochem., 43 (4), 1117-1130.

9. Cross, D.G., Hursey, P.A. (1973). Chloramine-T for the control of Ichthy-
ophthirius multifiliis (Fouquet). Journal of Fish Biology, 5, 789-798.

10. Elia, A. C., Magara, G., Righetti, M., Dérr, A. J., Scanzio, T., Pacini, N.,
Abete, M. C., & Prearo, M. (2017). Oxidative stress and related biomarkers in cupric
and cuprous chloride-treated rainbow trout. Environ. Sci. Pollut. Res. Int., 24 (11),
10205-102109.

11. Ferreira, G. L. S., Rosalen, P. L., Peixoto, L. R., Pérez, A. L. A. L,
Carlo, F. G. C., Castellano, L. R. C., Lima, J. M., Freires, I. A., Lima, E. O., & Cas-
tro, R. D. (2017). Antibiofilm Activity and Mechanism of Action of the Disinfectant
Chloramine-T on Candida spp., and Its Toxicity against Human Cells. Molecules,
22(9), 1527.

43



B[
o ‘Hayxoeo-mexniunuii bioremens 191 HAAH -No125

12. Gottardi, W., Debabov, D., & Nagl, M. (2013). N-chloramines, a promising
class of well-tolerated topical anti-infectives. Antimicrob. Agents Chemother., 57 (3),
1107-1114.

13. lIsaac, R. A., Morris, J. C. (1983). Transfer of active chlorine from chlora-
mine to nitrogenous organic compounds. 1. Kinetics. Environ. Sci. Technol., 17 (12),
738-742.

14. Mattice, J. S., Tsai, S. C. (1983). Total residual chlorine as a regulatory tool.
In: R.L. Jolley et al., editors. Water chlorination: Environmental impact and health ef-
fects. Vol 4. Ann. Arbor. Science Publishers, Ann Arbor, Michigan. P. 901-912.

15. Orrego, R., Pandelides, Z., Guchardi, J., & Holdway, D. (2011). Effects of
pulp and paper mill effluent extracts on liver anaerobic and aerobic metabolic enzymes
in rainbow trout. Ecotoxicol. Environ. Saf., 74(4), 761-768.

16. Powell, M. D., Perry, S. F. (1996). Respiratory and acid-base disturbances
in rainbow trout (Oncorhynchus mykiss) blood during exposure to chloramine-T, para-
toluenesulfonamide, and hypochlorite. Canadian Journal of Fisheries and Aquatic Sci-
ences, 53, 701-708.

17. Schmidt, L. J., Gaikowski, M. P., Gingerich, W. H., Stehly, G. R., Lar-
son, W. J., Dawson, V. K., & Schreier, T. M. (2007). Environmental Assessment of the
Effects of Chloramine-T Use in and Discharge by Freshwater Aquaculture. Submitted
to U.S. Food and Drug Administration Center for Veterinary Medicine Director, Divi-
sion of Therapeutic Drugs for Food Animals Office of New Animal Drug Evaluation,
Maryland, USA, 136 p.

18. Sevela, M., Tovarek, J. (1959). Metoda stanoveni laktikodehydrogenazy v
télnich tekutinach [Method for the estimation of lactic dehydrogenase]. Cas. Lek. Cesk.,
98(27), 844-848. Czech.

19. Somero, G. N., Childress, J. J. (1980). A violation of the metabolism-size
scaling paradigm: activities of glycolytic enzymes in muscle increase in larger size fish.
Physiol. Zool., 53, 322-337.

20. Tkachenko, G. M., Grudniewska, J. (2015). Tissue-specific response of pro-
tein oxidation in the grayling (Thymallus thymallus L.) disinfected by chloramine-T.
Scientific Medical Bulletin, 1(1), 76-82.

21. Tkachenko, H., Grudniewska, J. (2016a). Biochemical changes in the mus-
cle tissue of rainbow trout (Oncorhynchus mykiss Walbaum) disinfected by Chlora-
mine-T. Baltic Coastal Zone — Journal of Ecology and Protection of the Coastline, 20,
101-116.

22. Tkachenko, H., Grudniewska, J. (2016b). Influence of chloramine-T on oxi-
dative stress biomarkers in the muscle tissue of grayling (Thymallus thymallus). Scien-
tific journal «Kaliningrad State Technical University Newsy, 42, 49-58.

23. Tkachenko, H., Grudniewska, J. (2016c). Influence of chloramine-T on oxi-
dative stress biomarkers in the cardiac tissue of grayling (Thymallus thymallus Linn.).
In: Globalisation and regional environment protection. Technique, technology, ecology.
Eds T. Noch, W. Mikotajczewska, A. Wesotowska. Gdansk, Gdansk High School Publ.,
2016. — P. 213-234.

24. Tkachenko, H., Grudniewska, J. (2016d). Lipid and protein oxidation in the
muscle tissue of grayling (Thymallus thymallus Linn.) after Chloramine-T disinfection.
Proceedings of the International Forum "The Current State and Prospects for the De-
velopment of Aquaculture in the Caspian Region”, dedicated to the 85™ anniversary of
Dagestan State University and the 75" anniversary of Professor F. Magomayev. Ed. F.
Magomayev, S. Chalayeva, S. Kurbanova, A. Shakhnazova (Makhachkala, 17-19 Oc-
tober, 2016). Makhachkala, Printing house IPE RD, 2016. p. 168-175.

44



gl
HayKoso-mexniunuii broremens 19T HAAH - Ne125 F=

25. Tkachenko, H., Grudniewska, J. (2016e). Effect of chloramine-T disinfec-
tion on oxidative stress biomarkers in the gill tissue of grayling (Thymallus thymallus).
Trudy VNIRO, 162, 150-160.

26. Tkachenko, H., Grudniewska, J. (2016f). Oxidative stress biomarkers in the
muscle tissue of grayling (Thymallus thymallus Linck) after Chloramine-T disinfection.
Stupskie Prace Biologiczne, 13, 231-252.

27. Tkachenko, H., Kurhaluk, N., Grudniewska, J. (2012). Effects of Chlora-
mine-T exposure on oxidative stress biomarkers and liver biochemistry of rainbow
trout, Oncorhynchus mykiss (Walbaum), brown trout, Salmo trutta (L.), and grayling,
Thymallus thymallus. Arch. Pol. Fish., 21, 41-51.

28. Zar, J. H. (1999). Biostatistical Analysis, 4™ ed., Prentice Hall Inc., New
Jersey.

HU3MEHEHUE AKTUBHOCTH JIAKTATET'MJI[POI'EHA3bI B CKEJIETHBIX
MBIIIIAX U CEPQEYHOH TKAHHM HEKOTOPbLIX JIOCOCEBbLIX ITIOCJIE
HIPOLE/YPHI JIE3UHDOEKI[UU XTIOPAMHUHOM-T

Trauenxo I'., Kypeantox H., Hncmumym ouonoeuu u Hayx o 3emne I[lomopcroii
akademuu 6 Cnyncke, Ilonvwa

I'pyonesckasn U., Hncmumym enympentnezo pvibonoscmea um. Cmanuciasa Ca-
kosuua, Kykoeo, [lonvwa

Xnopamun-T, wupoxo ucnonwvzyemoe de3unguyupyrowee cpedcmaso 0 iedenus
3a601e8anHUll HAOP NPEeCHOBOOHBIX Pblh, MOdiCem OblMb MAKI’CE MOKCUUHBIM 05l HUX.
Lenvio Hacmoawezo uccredoeanus ObLIO U3YUUMb OE30NACHOCHb 3M020 Oe3uHGuyu-
pyiowezo azenma (8 nocieoHee 8pems npusiekaem sHUMaHue ucciedogamereli OJisl Uc-
NONb308AHUSL HA BOOHBIX HCUBOMHBIX) OJIsL 300P08bs pbld C UCNOIL30BAHUEM MAPKEPOS
a3poOHOL U AHAdPOOHOU CROCOOHOCMU (AKMUBHOCMb Jlakmamoecuopocenasvl, JIJ/I) 6
CKeNIeMmHbIX MbluYax U cepOeyHou mranu paoyichou gopenu (Oncorhynchus mykiss
Walbaum), xapuyca (Thymallus thymallus Linck) u xymorcu (Salmo trutta m. fario).
Heaoyamv 06e KIuHUYECKU 300p08bIX paodydiCcHOU ¢hopenu, 08aoyams 0OHA KyMica U
08ao0yams xXapuycos nooeepeanucs 8030euUcmeuto Xi10pamura-T 6 KOHeyHol KOHYEeHM-
payuu 9 me/n. Poibo kynanu 6 pacmeope xnopamuna-T 6 meyenue 20 mun u smy npoye-
0ypy noemopsiiu mpudxcowvl Kaxcovle 3 ous. Yepes 06a ous nocie nocieone2o Kynauus
OvLIU 838MbL 00pA3YLL PblO 01 buoXumMuieckozo ananusza. Kax noxaszanu pesyromamot
Hawie2o uccaedosanus, akmusHocms JI/{I" Ovina cHudicena 6 cKelemHulx Muliyax y pa-
OydicHOUL hopenu u xapuyca nocie oe3un@exyuu X1opamunom-T no cpagnenuro ¢ KOHm-
poavHotl epynnoti pei6. C opyeoii cmopousi, akmusHocms JI/I" 6vina yeeruuena 6 cke-
JemHbIX Moluyax Kymocu. [esungexyus xnopamunom-T evizeéana cHudiceHue akmueHo-
cmu JII' 6 cepoeunou mxauu y paoysxcuou ¢openu, Kymocu u xapuyca. bonee moeo,
akxmusnocmo JI/II' 6 cepoeunoll mKaHu KOHMPOAbHOU 2pynnvl pulh Ovlia 8vluie HA
107,5 % (p = 0,000) y kymoarcu u na 57,6 % (p = 0,001) y xapuyca no cpagnenuro co
3HAYUEHUAMU, NOJYYEHHbIMU Ol cKellemublx Muluiy. Hacmosawee uccnedosanue oemon-
cmpupyem uzmenenus akmugnocmu JII" 6 ckenemuvlx Muluyax u cepoeunol mrauu
nocie npoyedypul oesungpexyuu xnopamunom-T 6 0oze 9 me/n. Buoxumuueckue omeemuol
6 cepOeuHoll MKAHU YKA3bl8aom Ha Ad0anmueHvle Omeemvl Op2aHusmMa pvlb Ha GlUAHUE
xnopamuna-T. Ananocuunvle meHoeHyuy HAOIIOOANUCH 8 CKENEeMHbBIX MbIUYAX PAOYIHC-
Hou ¢hopenu u xapuyca. C Opyeoi cmoponul, yeeauuuganace akmuenocms JIJI 6 cke-
JIEMHBIX MbIUYAX KYMIACU NOCe npoyedypsl oe3ungexyuu xaopamurom-T. Cnedosame-
JILHO, 9MU OUOXUMUYECKUE NAPAMEMPbL MONCHO PACCMAMPUBAMb KAK UHOUKAMOPbL OJis
oyenKu oe3unHguyupyrowux s¢pexmos, xoms HeobX00uMbl OanbHeluue UCCie008aAHUS
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015l U3YHUeHUsi OUOXUMUYECKUX MEXAHUZMO8 OeliCMBUsl PA3IUYHBIX Oe3UHDUYUPYIOUUX
A2eHmos 8 aKeaxyibmype.

Knrouesvie cnosa: padyacnas ghopenv (Oncorhynchus mykiss Walbaum), kymoica
(Salmo trutta m. fario), xapuyc (Thymallus thymallus Linck), meiuysl, cepoye, raxma-
maoeauopocenasd, 0e3uH@peKyus.

3MIHU AKTUBHOCTI JIAKTATHAET'TJPOI'EHA3U B CKEJIETHUX M'A3AX
I CEPIJEBIN TKAHHUHI JEAKHX JIOCOCEBHMX PHUE IIICJIA ITPOLIEAYPH
JNE3UHDPEKLII XJTIOPAMIHOM-T

Trauenxo I'., Kypeanox H., [ncmumym 6ionocii ma nayk npo 3emnio, Ilomopco-
ka Axademisn 6 Ciyncoky, [lonvwa

I'pyouescoka 1., Incmumym enympiwinvoco pubaymea im. Cmanicrasa Cakogu-
ua, Kyroeo, [lonvwya

Xnopamin-T, saxutl WupoKo SUKOPUCTNOBYEMBCAL K 0e3iHGIKyIouull 3acio 0ns ai-
KVBAHHS 3AX80PI06AHb 310ep NPICHOBOOHUX pub, Modce OYMU MAKOH#C MOKCUUHUM OJifl
Hux. Memorw yb020 00CniONCeHHs NOA2ANA 8 OYIHYI De3neKu ybo2o 0e3iH@IKYIU020
azeHma (OCMAaHHIM Yacom yeli npenapam npueepmac yeazy OOCHIOHUKIE Ol BUKOPUC-
MAHH5 HA BOOHUX MBAPUHAX) Ol 30008’ pub 3 BUKOPUCTMAHHAM MAPKepie aepobHO20
i anaepobroco memabonizmy (akmusnicms aaxmamoeziopocenasu, JI/[I') 6 ckeremuux
m'szax i cepyesii mxanuni paudyscnoi ¢gopeni (Oncorhynchus mykiss Walbaum), xapi-
vea (Thymallus thymallus Linck) i kymorci (Salmo trutta m. fario). [leaoyamo 06i KuiHiu-
HO 300p08i patioyaicHi gopeni, 06adysims 00HA Kymdicd i 08a0ysimv Xapiycos niooasaiu
enaugy xnopaminy-T 6 Kinyegili konyenmpayii 9 me/n1. Pub xynanu 6 po3uuni Xiopaminy-
T npomsiecom 20 xs, i yro npoyedypy nosmopiosanu mpudi koxcHi 3 oui. Yepes 06a OHi
RiCIsL OCMAHHLO20 KYNAHHA OVIU 835Mi 3pA3KU M's13e601 mKanunu pub 0 0ioXiMiuH020
ananizy. Ak nokasanu pe3yibmamu HAw020 00Cuioxcenus, axmusHicms JIII' Oyna
3HUDICEHA 6 CKeNlemHUX M'a3ax y panoysicHoi ¢hopeni i xapiyca nicis Oesingexyii xnopa-
minom-T 6 nopieHAHHI 3 KOHMPOALHOIO epynoto pub. Hamomicms, axmusnicme JI/II" 6y-
Jla nioguujenoro y ckeremuux m'azax xymoci. [esingexyia xnopaminom-T euxnuxana
sHudcenns akmusnocmi JI{I' 6 cepyesiti mxanuni patioysicroi gopeni, Kymaxci i xapiyca.
Kpin moeco, axmusnicmo JI[I" 6 cepyesiiti mxanuni KoHmpoavbHoi epynu pub o6yna euwye
na 107,5 % (p = 0,000) y kymorci i na 57,6 % (p = 0,001) y xapiyca nopiensno 3i 3na-
YEHHAMU, OMPUMAHUMU Ol CKelemHUux m'sasie. Lle 0ocniodicenHss 0eMOHCmpye 3MiHU
axmusnocmi JI/[I" 6 ckenemnux m'a3ax i cepyesiti mkanuHi nicis npoyedypu Oesingex-
yii' xnopaminom-T 6 003i 9 me/n. Bioximiuni 6i0noe6ioi 6 cepyesiti MKAHUHI 8KA3YIOMb HA
aoanmueti 8i0nosioi opeaHizmy pub Ha eéniug xnopaminy-T. Ananoeiyni menoenyii cno-
cmepieanu 8 CKelemHux m'sazax pauoyxcnoi gopeni i xapiyca. 3 iHuozo 60Ky, 30invbuLy-
sanacs axmuenicms JIJ[I' 6 ckeremuux m'sazax xymoci nicisa npoyedypu oesinghexyii
xnopamunom-T. Omoice, yi OioxXimiuHi napamempu MOMICHA PO32A0AMU K THOUKAMOPU
0151 OYiHKU ehexmis Oe3iHghekmanmia, xoua HeoOXiOHI NoOAIbLUI 00CTIONCEHHS O GU-
BUEHHS OIOXIMIUHUX MeXaHi3MI8 iX Oii 8 aKeaKyIbmypi.

Knrwouosi cnosa: paiioyscna ghopenv (Oncorhynchus mykiss Walbaum), kymorca
(Salmo trutta m. fario), xapiyc (Thymallus thymallus Linck), m'a3u, cepye, nakmamoezi-
OpoeceHnasa, oe3ingheKkyis.
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