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NIOHI pe3yibmamu 6 aKeaxKyibmypi 8 Nooanvbuux nepcnekmusax. MatioOymui 0o-
CNLIOJHCEHHS, CNPAMOBAHT HA BUOLIEHHS | I0eHMUPIKAYIT0 AKMUBHUX PEYOBUH 3 eMAHONb-
HUX paxyin piznux euodig Ficus, donomoxcyms maxoxc 00ciioumu CnoayKu 3 Kpauoo
anmubakmepianoroio yinnicmioo. CKpuHine 8CiX O00CHIONCYBAHUX POCIUH U000 THULUX
8Udi8 0i0102TYHOI AKMUBHOCI, GKIIOYAIOYU IMYHOCTUMYIIOIOWY [ AHMUOKCUOAHMHY),
mamume 8adiciu8e 3HA4YEeHHs 6 NPAKMUYHIU AKEAK)IbMYPI.

Knouosi cnosa: Aeromonas hydrophila, Citrobacter freundii, Pseudomonas
fluorescens, Yersinia ruckeri, anmumixpoona axmuenicms, OUCKO-OUQY3TUHUL MEemOO
baiiepa-Kip6i, emanonvruii ekcmpaxkm
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In this study, we have tested the use of Chloramine-T in dose 9 mg per L in dis-
infective procedures in brown trout (Salmo trutta m. fario L.). The aim of the present
study was to examine the effects of disinfection by chloramine-T on the cardiac tissue of
brown trout using oxidative stress biomarkers [levels of 2-thiobarbituric acid reactive
substances (TBARS) and oxidatively modified protein products] to observe the its toxic
effects. The endpoints obtained from this study will be useful to monitor the effects of
disinfectant bathing with chloramine-T for this species of fish. This study opens a new
perspective on the investigation of toxic effects of Chloramine-T, mainly with respect to
the biochemical parameters in various tissues of brown trout. Significantly lower
TBARS level (by 13 %, p>0.05) in trout disinfected by Chloramine-T compared to con-
trol group was observed. Aldehydic and ketonic derivatives of oxidatively modified pro-
teins in the cardiac tissue of brown trout disinfected by chloramine-T were non-
significantly lower compared to controls. The present work demonstrated changes in
oxidative stress indices in the cardiac tissue of brown trout after disinfected action to
Chloramine-T. During the disinfection, all parameters measured remained at control
values with low concentration exposures. The parameters measured could provide use-
ful information for evaluating the biochemical effects of Chloramine-T on fish, but
needs more detailed investigation before these findings can be used to monitor the
aquatic environment. Mechanisms of these physiological responses in fish need to be
further studied.

Keywords: Chloramine-T, disinfection, brown trout (Salmo trutta m. fario

L.), cardiac tissue, lipid peroxidation, oxidatively modified pro-
teins.

Chloramine-T has been used as a disinfectant since the early 1900s in a wide va-
riety of industries that range from hospital to agricultural use. It is effective against a

49



rl
o Hayxoso-mexuiunuil Groremens I HAAH - Nol19

large number of bacteria and viruses without inducing drug resistance. The aquaculture
industry has become very interested in developing Chloramine-T for use as a therapeu-
tant against proliferative gill disease (PGD) and bacterial gill disease (BGD) [2]. Chlo-
ramine-T is easy to use and effective against many bacteria (both Gram-negative and
Gram-positive), viruses (enveloped and naked), fungi, algae, yeast, and parasites [2].
Chloramine-T is effective for the control of bacterial gill disease, proliferative gill dis-
ease, and flexibacteriosis. Bacterial gill disease is caused by a variety of Gram-negative
bacteria (myxobacteria, aeromonads, and pseudomonads [2, 12]. The disease is highly
contagious among cultured salmonids and can lead to substantial fish losses. An ap-
proved therapeutant to control bacterial gill disease is needed to enable the production
of salmonids for restoration of fish stocks and for sport and commercial fisheries. Flexi-
bacteriosis is a generic term that includes columnaris disease, saddleback disease, bacte-
rial cold water disease, tail rot, peduncle disease, and related infections caused by the
disease organisms Flexibacter columnaris (Cytophaga columnaris) and F. psychrophi-
lus in freshwater and F. maritimus in marine fish [2].

The mode of action of chloramine-T is thought to be through oxidative process-
es, quickly destroying cell material or disrupting essential cellular processes. Microor-
ganisms do not develop resistances to chloramine-T as often happens with antibiotics.
In addition, the chloramine-T ion is highly stable and remains active over an extended
period of time. Because chloramine-T is effective at low concentrations (200 to
300 ppm [710 to 1070 uM]), it is an effective disinfectant without causing tissue cyto-
toxicity. It may be used as a disinfectant for both skin and for wounds [2].

Impacts of chloramine-T have been assessed in a variety of freshwater and ma-
rine life. 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 resulted in a reduction in dry weight increase, standard
respiration rate, growth, and metabolic activity (Chloramine-T [127-65-1] and Metabo-
lite p-Toluenesulfonamide [70-55-3]).

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
(study details not provided) (Powell and Perry 1996). 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 [2].

Crayfish were tolerant to short-term chloramine-T exposure, while rapid crayfish
reaction to an increased chemical level indicated their high sensitivity, an essential at-
tribute of real-time environmental assessment [7]. To assess whether narrow-clawed
crayfish Astacus leptodactylus can respond by heart rate changes to presence in water of
such biocide as chloramine-T, adult males in study of Kuklina and co-workers (2014)
were exposed to its low (2 and 5 mg L™"), moderate (10 mg L™', commonly used in in-
dustry and aquaculture) and exceeded (20 and 50 mg L") concentrations. In addition, a
physical stress test evaluated energy expenditure following the chemical trials. Three
key reactions (cardiac initial, first-hour and daily prolonged exposure) were discussed
with particular focus on crayfish initial reaction as the most meaningful in on-line water
quality biomonitoring. After short-term exposure to both chloramine-T concentrations,
crayfish were found to respond rapidly, within 2-5 min. According to heart rate chang-
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es, the 1-h exposure did not adversely affect crayfish at either concentration, as well as
during daily exposure to 10 mg L™". As assessed by the heart rate, the 24-h exposure to
50 mg L' of chloramine-T was toxic for crayfish and led to substantial loss of energy
that became apparent during subsequently conducted physical stress. The results of
Kuklina and co-workers (2014) supported a hypothesis that crayfish vital functions are
connected with environment they inhabit closely enough to serve as biological
monitors [7].

In this study, we have tested the use of Chloramine-T in dose 9 mg per L in dis-
infective procedures in brown trout (Salmo trutta m. fario L.). The aim of the present
study was to examine the effects of disinfection by chloramine-T on the cardiac tissue
of brown trout using oxidative stress biomarkers (levels of 2-thiobarbituric acid reactive
substances and oxidatively modified protein products) to observe the its toxic effects.
The endpoints obtained from this study will be useful to monitor the effects of disin-
fectant bathing with chloramine-T for this species of fish. This study opens a new per-
spective on the investigation of toxic effects of Chloramine-T, mainly with respect to
the biochemical parameters in various tissues of brown trout.

Material and methods. Fish. Twenty clinically healthy brown trout (Salmo
trutta m. fario L.) were used in the experiments. The study was carried out in a Depart-
ment of Salmonid Research, Stanislaw Sakowicz Inland Fisheries Institute (Rutki, Po-
land). Experiments were performed at a water temperature of 162 °C and the pH was
7.5. The dissolved oxygen level was about 12 ppm with additional oxygen supply. All
biochemical assays were carried out at Department of Zoology, Institute of Biology and
Environmental Protection, 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). On
alternate days, the water supply to each tank was stopped. In the disinfectant exposure,
brown trout (n=10) were exposed to Chloramine-T in final concentration 9 mg per
L. Control group of brown trout (n=10) were handled 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 sampled. Fish were not anesthetized before
tissue sampling.

Tissue isolation. Tissue samples were removed from fish after decapitation. One
fish was used for each homogenate preparation. Briefly, tissue samples were excised,
weighted and washed in ice-cold buffer. The minced tissue was rinsed clear of blood
with cold isolation buffer and homogenized in a homogenizer H500 with a motor-driven
pestle 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 [1].

Assay of 2-thiobarbituric acid reactive substances (TBARS). An aliquot of the
homogenate was used to determine the lipid peroxidation status of the sample by meas-
uring the concentration of 2-thiobarbituric-acid-reacting substances (TBARS), accord-
ing to the method of Kamyshnikov (2004) [6]. Reaction mixture contained sample ho-
mogenate (2.1 mL, 10 % w/v) in tris-HCI buffer (100 mM, pH 7.2), 2-thiobarbituric ac-
id (TBA; 0.8 %, 1.0 mL), and trichloracetic acid (TCA; 20 %, 1.0 mL). The total vol-
ume was kept in a water bath at 100°C for 10 min. After cooling, mixture was centri-
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fuged at 3,000g for 10 min. The absorbance of the supernatant was measured at 540 nm.
TBARS values were reported as nmoles malonic dialdehyde (MDA) per mg protein.

Assay of carbonyl groups of oxidatively modified proteins. Carbonyl groups
were measured as an indication of oxidative damage to proteins according to the method
of Levine and co-workers (1990) [8] in modification of Dubinina and co-workers
(1995) [3]. Samples were incubated at room temperature for 1 h with 10 mM 2,4-
dinitrophenylhydrazine (DNTP) in 2M HCI. Blanks were run without DNTP. After-
wards, proteins were precipitated with 20 % TCA and centrifuged for 20 min at 3,000 g.
The protein pellet was washed three times with ethanol:ethylacetate (1:1) and incubated
at 37°C until complete resuspension. The carbonyl content was measured spectropho-
tometrically at 370 nm (aldehydic derivatives, OMP37) and at 430 nm (ketonic deriva-
tives, OMP430) (molar extinction coefficient 22,000 M*-cm™) and expressed as nmol
per mg protein.

Statistical analysis. Results are expressed as mean + S.E.M. All variables were
tested for normal distribution using the Kolmogorov-Smirnov test (P>0.05). Signifi-
cance of differences in the oxidative stress biomarkers in the cardiac tissue of brown
trout between control and Chloramine-T-exposed groups (significance level at p<0.05)
was examined using Mann-Whitney U test according to Zar (1999) [22]. In addition, the
relationships between oxidative stress biomarkers of all individuals were evaluated us-
ing Spearman's correlation analysis. All statistical calculations were performed on sepa-
rate data from each individual with STATISTICA 8.0 software (StatSoft, Krakow, Po-
land).

Results. Influence of chloramine-T disinfection on lipid peroxidation biomarker,
measured as 2-thiobarbituric acid reactive substances in the cardiac tissue of brown
trout are presented in Fig. 1A. Significantly lower TBARS level (by 13%, p>0.05) in
trout disinfected by Chloramine-T compared to control group was observed (Fig. 1A).

Aldehydic and ketonic derivatives of oxidatively modified proteins in the cardi-
ac tissue of brown trout disinfected by chloramine-T were non-significantly lower com-
pared to controls (Fig. 1B).

Discussion. Our results showed that Chloramine-T disinfection caused to de-
crease lipid peroxidation with non-significant reduce of aldehydic and ketonic deriva-
tives of oxidative proteins (Fig. 1). Our studies indicated that chloramine-T in dose
9 mg per L could at least partly attenuate oxidative stress and can be used for prophylac-
tic treatment of brown trout. However, more detailed studies on using of these specific
biomarkers to monitor the disinfectant treatment in aquaculture are needed.

In our previous study [14-21], we assessed the influence of chloramine-T on ox-
idative stress biomarkers and metabolic alterations in various tissues of grayling and
rainbow trout (Oncorhynchus mykiss Walbaum). Chloramine-T bathing markedly de-
crease 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 expo-
sure caused significantly 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, aminotransferases and lactate dehydrogenase activities,
principally causing increased enzymes activity due to oxidative stress in the liver of
chloramine-exposed fish [21]. Our results also showed that chloramine-T bathing mark-
edly increase aldehydic and ketonic derivatives of oxidative protein in hepatic tissue,
while significantly decrease of carbonyl derivatives in cardiac tissue of grayling was
observed [14, 17]. In the muscle tissue of grayling, chloramine-T bathing markedly de-
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crease lipid peroxidation with non-significant decrease of aldehydic and ketonic deriva-
tives of oxidative proteins. However, reduced lipid peroxidation results in decrease of
total antioxidant capacity. Moreover, decreased lipid peroxidation level causes decrease
of aldehydic and ketonic derivatives of oxidatively modified proteins [18]. Our results
also showed that Chloramine-T non-significantly decrease lipid peroxidation as well as
aldehydic and ketonic derivatives of oxidative proteins in the gills of grayling. No sta-
tistically significant alterations in the activities of antioxidant defenses instead catalase
and superoxide dismutase activity in the gill tissue of grayling disinfected by Chlora-
mine-T were noted [16].
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Fig. 1. Lipid peroxidation biomarker, measured as 2-thiobarbituric acid reactive sub-
stances (A), aldehydic and ketonic derivatives of oxidatively modified proteins (B) in the
cardiac tissue of brown trout disinfected by Chloramine-T.

Data are represented as mean £ S.E.M.

The effects of disinfection by Chloramine-T using oxidative stress biomarkers
(levels of 2-thiobarbituric acid reactive substances and derivatives of oxidatively modi-
fied proteins) and biochemical enzymes’ activity [alanine- and aspartate aminotransfer-
ases (ALT and AST), lactate dehydrogenase (LDH)] were assessed in the muscle tissue
of rainbow trout [15]. Our results showed that Chloramine-T bathing caused the de-
crease of the lipid peroxidation as well as ALT and AST activity and significant de-
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crease of LDH activity (by 339 %, p = 0.017) compared to controls. Chloramine-T
markedly affected on lactate and pyruvate metabolism and resulted to decrease of LDH
activity. Correlative analysis revealed that the lipid peroxidation level is correlated with
ALT and AST activity in the muscle tissue of unhandled control group. In the muscle
tissue of trout disinfected by Chloramine-T, LDH activity is correlated 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 a
greater potential for biosynthesis [15, 19].

The effects of disinfection by Chloramine-T on the muscle tissue of grayling us-
ing oxidative stress biomarkers [levels of TBARS and oxidative modified protein
(OMP) derivatives] and antioxidant defense (superoxide dismutase, catalase, glutathi-
one reductase, glutathione peroxidase, total antioxidant capacity) was studied in our
previous study [20]. Our results showed that Chloramine-T bathing markedly decrease
lipid peroxidation with non-significant decrease of aldehydic and ketonic derivatives of
oxidatively modified proteins. However, reduced lipid peroxidation results in decrease
of total antioxidant capacity. Moreover, decreased lipid peroxidation level causes de-
crease of aldehydic (r = 0.854, p = 0.002) and ketonic derivatives of oxidatively modi-
fied proteins (r = 0.852, p = 0.002). Fish developed tissue-specific enzyme responses,
such as decrease in superoxide dismutase and catalase activity as well as total antioxi-
dant capacity in muscle tissue with decrease of lipid peroxidation as response to the
Chloramine-T disinfection. Correlative analysis has revealed positive correlations be-
tween oxidative stress biomarkers (aldehydic and ketonic derivatives of oxidatively
modified proteins, TBARS as marker of lipid peroxidation) and antioxidant defens-
es [20].

In fish aquaculture, disinfectants are used against bacterial and protozoal infec-
tions. These compounds cause oxidative stress that may stimulate the generation of re-
active oxygen species, and subsequently the alteration in antioxidant systems of ex-
posed organisms [13]. On the other hand, the results of Sirri and co-workers (2013)
suggest a good tolerability of Doctor fish (Garra rufa) to the two disinfectants (chlora-
mine T and peracetic acid) at the concentrations tested (2 mg/l and 10 mg/l of chlora-
mine T and to 15 microl/l and 45 microl/l of peracetic acid in a 40-minute static bath up
to six times a day for one week). The epidermis and gills were checked for histological
changes and the number of epidermal mucous cells, club cells and taste buds were quan-
tified; mucous cells were also characterized histochemically to detect alterations in mu-
cin production. No mortality or severe histological changes were found in treated or
control fish. Cell count showed a significant increase (p < 0.05) in mucous cells (mean
49.1 £ 6.7 vs 37.0 = 13.1 of controls) in animals treated with peracetic acid inde-
pendently of the dose. Club cell number showed a significant (p < 0.05) decrease in fish
treated with 2 mg/1 of chloramine T (mean 74.3 + 15.6) and with 45 microl/1 of perace-
tic acid (mean 78.17 &+ 10.5) compared to controls (mean 107.0 = 19.2). Histochemical
evaluation of mucous cells did not reveal changes in mucin type in fish exposed to the
two disinfectants [11].

Impacts of chloramine-T have been assessed in a variety of freshwater and ma-
rine life. 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 [5]. Exposure of larval lobsters to
1.0 mg/L [3.6 uM] chloramine-T resulted in a reduction in dry weight increase, standard
respiration rate, growth, and metabolic activity [5]. In intermittent exposures of rainbow
trout to chloramine-T at the therapeutic concentration (10 mg/L [36 uM]), the fish ex-
hibited behaviors that were consistent with respiratory distress (i.e., fish crowing at the
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surface and appeared to hyperventilate [9, 10]. Additional studies were performed to
investigate the impact of a single exposure to chloramine-T. One-hour exposures 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 ventilation
rates and PCO; levels. Both parameters returned to baseline levels within 90 minutes of
removal from chloramine-T.

Chloramine-T also caused a reduction in arterial pH. p-TSA had no significant
effect on ventilation rates, PCO,, or PO, levels. A gradual decrease in pH was noted
during the exposure period that persisted throughout the recovery period. No effects
were found for either hematological parameters or serum catecholamine levels with any
of the treatments [9]. Despite the increased ventilation rate in the chloramine-T treated
fish, PCO, remained elevated. This suggested that a difference in the diffusive conduct-
ance of the gills, impairing CO, excretion, possibly by the secretion of mucous by the
gills, increasing the blood to water diffusion distance and/or unstirred boundary layer of
the gills. This effect could be a result of the release of hypochlorite from chloramine-T.
Single exposures of therapeutic concentrations of chloramine-T appear to have little
pathophysical impact on the health of rainbow trout [9]. Maximum tolerated levels for
rainbow trout ranged from 325 mg/L [1150 uM] for 0.1-hour one-hour exposures to
20 mg/L [71 uM] for 12-hour exposures [4].

Conclusions. The present work demonstrated changes in oxidative stress indices
in the cardiac tissue of brown trout after disinfected action to Chloramine-T. During the
disinfection, all parameters measured remained at control values with low concentration
exposures. The parameters measured could provide useful information for evaluating
the biochemical effects of Chloramine-T on fish, but needs more detailed investigation
before these findings can be used to monitor the aquatic environment. Mechanisms of
these physiological responses in fish are not clear, and need to be further studied.

This work was supported by grant of the Pomeranian University for Young Sci-
entists.
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KYM)KU  (SALMO TRUTTA M. FARIO L.) [OCJIIE JIE3BUH®EKIIHUU
X/IOPAMHUHOM-T

Trauenko I'., Uncmumym 6Ouonoeuu u oxpauwvl oxpycarowetli cpeovl, Ilomop-
ckas Akaoemus 6 Cnyncke (2. Cnynck, Honvwa),

Tpyonesckaa M., Omoen uccnedosanuii nococesvix pwlb, Hucmumym npecho-
800H020 pblOHO0 X03aticmea um. Cmanucnasa Caxosuua, Pymxu, Kyxoeo, Ilonvua

B smom uccnedosanuu mol ucciedoganu euusHue 0e3uHGUYUpYowe2o cpeocmea
Xnopamuna-T 6 0oze 9 me/n y kymowcu (Salmo trutta m. fario L.). I[Jenvio nacmosiwyeeo
uccnedosanus Ovl10 usydenue nocieocmsautl 6030eticmaus Xnopamuna-1 na cepoeunyro
MKAHb KYMACU, UCNONbIYS OUOMAPKEPbl OKUCIUMENbHO20 cmpecca [YposeHb peakmue-
HbIX CoeOuHeHull peazupyrowux ¢ muobapoumyposoi kuciomot (TBARS), arvoezuonvie
U KemoHo8ble NPoU3800Hble OKUCIUMETbHO MOOUPUYUPOBAHHBIX OenKkog]. Dmo uccie-
008aHUe OMKpvIBAEm HOBYIO NEPCNEeKMUBY OJisl UCCIE008AHUSL MOKCUYECKUX IPheKkmos
Xnopamuna-T, enaguvim 06pazom 6 OMHOWEHUU OUOXUMUYECKUX NAPAMEmpOo8 8 pas-
JUYHBIX MKaHAX Kymorcu. Hawwu pezynomamul noxkazanu, umo oesungexyus Xnopamu-
Hom-T HecyuwecmgeenHo CHUdCAem NepeKuUcHoe OKUCIeHUe TUNUO08 U COOepI’CaHUe Allb-
0€2UOHBIX U KEeMOHOBbIX NPOU3BOOHBIX OKUCIUMENbHbIX Oenxkos. Habnoodanca snauu-
menbHo bonee nuskuil yposenv 1BARS (na 13%, p>0,05) y kymorcu nocie oezunguyu-
pyiowux npoyeoyp c¢ Xnopamurnom-T no cpaeuenuro ¢ KOHMpOaAbHOU epynnoil. Anvoe-
2UOHblE U KEeMOHOB8ble NPOU3BOOHbBLE OKUCTUMENLHO MOOUDUYUPOBAHHBIX OENIKO8 8 cep-
0euHoU mKauu Kymoicu, oe3unguyuposanno Xnopamunom-T, 6viiu Hudce no cpagHe-
HUIO C 3HAYEeHUAMU 8 KOHMPOIbHOU 2pynne. B nacmosweti pabome 6vinu npooemon-
CMpUpOBanbl USMEHeHUs noKazamenell OKUCIUMENbHO20 Cmpecca 8 CepoedHol MKaHU
KyMarcu nocie oe3unguyupyrowux npoyedyp ¢ Xnopamunom-1. Hzmepennvle napamems-
Ppol Mo2nu Obl NPEOOCmMAsUmMb NOJE3HYI0 UHDOPMAYUIO Ol OYeHKU DUOXUMUYECKUX I (-
¢exmos Xnopamuna-T Ha pvlby, HO 01151 OoNIee 0emalbHO2O U3YUEeHUs IMU OAHHbLE MO-
2ym Oblmb UCHONB308AHbI MAKHCE OJIs1 MOHUMOPUH2A 800HOLL cpedbl. Mexanuzmvl 2mux
GuzuonocurecKux peakyui y polo Hys#coaromces 8 OanbHeuem u3yueHuu.

Kniouesvie cnosa: Xnopamun-T, dezungexyus, kymoca (Salmo trutta m. fario L.),
cepOeyHas MKaHb, NepeKUcCHoe OKUCIeHUe TUNUO08, OKUCIUMENbHO MOOUDUYUPOBAH-
Hble DeKuU.

BIOMAPKEPU OKHCHIOBAJIBHOI'O CTPECY V CEPLEBIM TKAHUHI
CTPYMKOBOI ®OPEJII (SALMO TRUTTA M. FARIO L.) ITICJIA AE3IH®EKLII
XJIOPAMIHOM-T

Trauenko I'., Incmumym 6ionoz2ii ma oxoporu HasKoIUWHb020 cepedoguua, 11o-
mopcvka Axademis ¢ Cuyncoky (Cnyncok, [onvwa),

Ipyonesckas H., Biodin docrioscens nococesux pub, Incmumym npicHo800H020
pubnozo eocnooapcmea im. Cmanicnasa Caxosuua, Pymku, Kykoeo, [lonvwa.

Y yvomy oocnioxcenni mu oyinunu énaug oe3ingikyrouozo zacoby xnopaminy-T 6
003i 9 me/n y cmpymrosoi ¢popeni (Salmo trutta m. fario L.). Memoio yvo2o docniodxcen-
HA OY710 8U84enHs HACTIOKI6 6naugy xanopaminy-1 na cepyegy mxkanuny cmpymrkogoi ¢o-
peni, BUKOPUCMOBYIOUU OioMapKepu OKUCHIOBANbHO20 Cmpecy [éMicm peakmueHux cno-
YK, AKI peazyroms 3 2-miobap6imypoeoi kucromorw (TBARS), anvoecioni i kemonogi
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NOXIOHI OKUCTIO8AILHO 3MOOupixosanux 6inkis]. Lle docnioxcenns 8ioKkpusae Ho6i nep-
CneKkmueu 01 O0CNIONHCEHH MOKCUYHUX eghekmi X10paminy-T, 20108HUM YUHOM UOOO
OloXIMIYHUX napamempig y pi3HUX MKAHUHAX CMPYMKOBoi ¢openi. Hawi pe3yriomamu
nokaszanu, wo oesinghexyia xnopaminom-T nHecymmeeo 3HUNCYE NePeKUCHe OKUCHEHHS.
Ninidie i émicm anbOe2ionux i KemoHO8UX NOXIOHUX OKUCHI08ANbHUX Oinkie. Cno-
cmepieascs sHauno Hudicuull pisenv TBARS (na 13 %, p>0,05) y cmpymrosoi gopeni
nicaa 0e3uH@IiKyruux npoyeoyp 3 xaopaminom-1T NOpi6HAHO 3 KOHMPOIbHOW 2PYNOI0.
Anvoecioni i KemoHo8i NOXIOHI OKUCHIOBATIbHO MOOUpiKoeanux OLIKI6 6 cepyesill mKa-
HUHU CIMPYMKO8OI ¢hopeni niciisi 0e3un@ikyrouux npoyedyp 3 xnopaminom-T Oyau nudicui
8 NOPIGHAHHI [3 3HAYEHHAMU 8 KOHMPOAbHIU epyni pub. YV Oaniit pobomi 6yau npode-
MOHCMPOBAHI 3MIHU NOKA3HUKIE OKUCHIOBAILHO20 CIPECY 6 cepyesoi MKAHUHU CIpym-
K080i ¢hopeni nicis 0e3unixyrouux npoyedyp 3 xaopaminom-T. Mapkepu oxcudayitino-
20 cmpecy moenu 6 Hadamu KOPUCHY iHgopmayito Onisi OYiHKU OIOXIMIUHUX ehexmis
xnopaminy-T na puby, ane 01 6inbw 0emManbHO20 BUBUEHHS Yi OAHI MOXCYMb OYymMu 8u-
KOpUcmaui  maxkoxc 05l MOHIMOPUHZY B800H020 cepedosuwa. Mexanizmu yux
Qizionociunux peaxyii y pub nompebyoms no0aibuo20 6UEUEHHS.

Knrouosi crnosa: Xnopamin-T, oezinghexyis, cmpymxosa ¢hopenv (Salmo trutta m.
fario L.), cepyesa mxanuna, nepekucHe OKUCHEHHs Ninidi8, OKUCHIOBAILHO MOOUPDIKO-
eami OLIKU.

V]IK 636.2.082.24.083.314
BIIJINB MOHBEJIBAPACHKNX BYTAIB HA CEJIEKIIMHI
MMOKA3ZHUKHU YKPATHCBKOI YOPHO-PABOI MOJIOYHOI
IMOPOJIM B YMOBAX BE3IIPUB'SI3HOI'O YTPUMAHHS

Aamina H.T'. c. H. c.
Incturyr TBapunHuTBa HAAH

Y cmammi pozensioaemuca 6naug ananizyouo020 cxpewiy8anHs MOHOEIbApPOCLKUX
Oyeais i3 YKpaiHCbKOW HOPHO-psO0I0 MOJIOYHOK NOPOOOI0 8 YMO8AX 0Oe3npus’sa3Hoco
VMPUMAHHS HA O0820HE3MIHHIU colom'anil niocmunyi. Bemanoeneno, wo ompumani
NOMICI XapakxmepuzyromvbCsa HUNCYUMU A0ANMAyiUHUMU 30AMHOCMAMU 8 NOPIGHAHHI 3
Hawaokamu 2oumuHcbkux oyeais. Ilpo ye ciouums dinvuia KitbKicmo abopmis, Kilb-
KiCmMb MepmMBOHAPOONCEHUX Meaam ) nepiod MilbHOCMI Mma HUNCHAa 30epediceHicms me-
aUYb 00 6-MicauH020 6iKY. ¥V motl dce uac 00uKu MOHOENbAPOCLKUX OYeaie Maroms ULy
eHnepeito pocmy. YV 6-micaunomy 6iyi 6onu nepesuwyysanu pogechuyv na 10,3 ke.

KitouoBi cnoBa: ykpaiHcbKka 4OpHO-psida MOJIOYHA MOPOJa, MOHOEIbLSIPACH-

Ki Oyrai, BiITBOPIOBAJIbHA 31aTHICTh, OTEJICHHS, TeJIHUIIi.

OpnuM 13 ocHOBHUX (akTOpiB iHTEeHCHIKaLI] raiy3i MOJIOYHOTO CKOTapcTBa B
CYy4acCHUX YMOBax € ILJIECTIPSIMOBaHa CeNeKIIIHO-TUIeMIHHAa po0oTa, sKa CHpHUse reHe-
TUYHOMY 3POCTaHHIO MPOJYKTUBHOCTI MOJIOYHMX NOpiA. OCTaHHIM YacoM IHTEHCHBHE
BUKOPHUCTaHHS CIIEPMH TOJILITHHIB 32 CXEMOIO MOTJIMHAIBHOTO CXPEIlyBaHHs, IPUBEIIO
710 TIOSIBU Yy TBapUH 13 BUCOKOIO YMOBHOIO YAacCTKOIO KPOBI IO TOJIITHHCHKIA MOPOI,
psay npoOseM i3 BIITBOPEHHM, IPOAYKTUBHUM JIOBTOJITTAM 1 3710poB'aM [ 1, 2]. OcHo-
BHUM METOJOM BJIOCKOHAJICHHS TMOPIJ 3aJUIIAETHCS YUCTOMOPOIHE PO3BEACHHS 13 3a-
CTOCYBAaHHSIM B HEOOXIJHUX BHIIJKaX CIHOPIIHEHOTO YHCTOMOPOJHOTO CXpeEIlyBaH-
us [3, 4].
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