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Biochemical profile in the muscle tissue of rainbow trout
(Oncorhynchus mykiss) exposed to Disinfectant "CIP"
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Recent research on substances such as acidic agents, e. g. disinfectants based on peracetic acid (PAA) and
hydrogen peroxide show prophylactic effects against bacterial, virus, fungal infections. Such disinfectants,
however, are important and effective as chemiotherapeutant agents but may have damaging effects due to
the generation of reactive oxygen species (ROS) and formation of oxidation products. The aim of this
study was to evaluate the impact of disinfection procedure with Disinfectant "CIP"” based on 15% PAA
and 20% H,0, on the oxidative stress biomarkers (levels of 2-thiobarbituric acid reactive substances,
aldehydic and ketonic derivatives of oxidatively modified proteins) and biochemical indices [alanine- (ALT)
and aspartate aminotransferases (AST), lactate dehydrogenase (LDH), lactate, pyruvate] in the muscle
tissue of juvenile rainbow trout Oncorhynchus mykiss. In the disinfectantive exposure, fish were bathed
with Disinfectant "CIP” in final concentration 16 mL per m?. Fish were bathed with Disinfectant "CIP”
for 20 min and repeated three times every 3 days. Significantly decrease in oxidative stress biomarkers was
observed in the fish exposed to Disinfectant "CIP"”, which may be due to excitation of defense mechanism
of the fish to counter the stress induced by disinfection. In this study, the activities of ALT and AST were
significantly lower in fish after treated by Disinfectant "CIP” than that of fish in control group. The rate of
amino acid transformation via transamination is slowed down by Disinfectant "CIP”. The observation that
lactate level was decreased in muscle samples with decreased of LDH activity in fish treated by Disinfectant
"CIP", supports the hypothesis that lactate is not transferred from white muscle via the blood stream
before it accumulated in liver. Results suggested that the given concentration of Disinfectant "CIP" could
be applied as disinfective agent in salmonid aquaculture; however, further studies are required for safe use.

Key words: disinfection, rainbow trout Oncorhynchus mykiss, muscle tissue, lipid peroxidation, oxidatively
modified proteins, aminotransferases, lactate dehydrogenase, lactate, pyruvate.

INTRODUCTION al effectiveness as demonstrated in various in-

Peracetic acid (PAA) is a strong disinfec- dustries [Kitis, 2004]. The results of Koivunen

tant with a wide spectrum of antimicrobial activ- and Heinonen-Tanski (2005) demonstrated also

ity. The use of PAA as a disinfectant has been that PAA could be a good alternative disinfection

drawing more attention in recent years due to its method for elimination of enteric microbes from
bactericidal, virucidal, fungicidal, and sporicid- different wastewaters.
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PAA is a therapeutic agent used for disinfec-
tion in aquaculture as well [ Meinelt et al., 2015].
The practical application of the products with high
molecular PAA: H,O, ratios should be prioritized
if Aeromonas salmonicida and Yersinia ruckeri
are diagnosed [Meinelt et al., 2015]. The disin-
fection efficiency of PAA towards microorganisms
can be ranked as following on a general basis: bac-
teria>viruses>bacterial spores>protozoan cysts
[Liberti, Notarnicola, 1999; Rudd, Hopkinson,
1989; Kitis, 2004].

The combination of PAA and hydrogen perox-
ide was found to be synergistic [ Alasri et al., 1992,
1993]. Baldry (1983) was compared the antimi-
crobial properties of aqueous solutions of PAA and
hydrogen peroxide (H,O,) against vegetative bac-
teria, bacterial spores and yeasts. H,0O, is more ef-
fective as a sporicide than as a bactericide [ Baldry,
1983]. H,0, is also effective for treating certain
external bacterial infections and flagellate infes-
tations in some species of ornamental fish (serpae
tetra Hyphessobrycon eques, tiger barb Puntius
tetrazona, blue gourami Trichogaster trichopter-
us, suckermouth catfish Hypostomus plecosto-
mus, and green swordtail Xiphophorus hellerii)
[Russo et al., 2007]. The effects of treatment with
H,0O, against a progressive infection with flatworm
parasite Zeuxapta seriolae were determined by
Mansell and co-workers (2005). McAndrew and
colleagues (1998) also demonstrated the effects
of H,O, treatment on different life-cycle stages of
the salmon louse, Lepeophtheirus salmonis. The
mobile adult and pre-adult stages of L. salmonis
readily reattached to Atlantic salmon after H,0,
treatment. Adult female lice reattached in sig-
nificantly lower numbers than untreated controls
[McAndrew et al., 1998]. Meinelt and co-work-
ers (2015) compared the effectiveness of 6 com-
mercial PAA products with different molecular
PAA: H,0O, ratios to reduce bacterial growth of
Aeromonas salmonicida and Yersinia ruckeri and
to determine effective concentrations and exposure
times. All products reduced colony-forming units
(CFUs) of A. salmonicida and Y. ruckeri. H,O,
is not the driving force in the reduction of A. sal-
monicida and Y. ruckeri growth by PAA in vi-
tro, because products with higher molecular PAA:
H,O, ratios inhibited growth better than products
with lower molecular PAA: H,O, ratios at the
same PAA concentration [ Meinelt et al., 2015].

A successful therapy of Ichthyophthirius mul-
tifiliis, one of the most dangerous diseases in
aquaculture and ornamental fish breeding world-
wide, with PAA is only possible while fighting the
free living stages theronts and tomonts [ Meinelt
et al., 2007]. The toxicity of Wofasteril E400
(40% PAA) to free-living forms of I. multifiliis
was determined shortly after tomonts were physi-
cally removed from the surface of the fish and at
2.5 and 24 h after removal. Results indicate that
0.6 to 0.9 mg L PAA killed 39 to 82% of the
newly released tomonts within 48 h when treat-
ed immediately [Meinelt et al., 2009]. Results
suggest that disinfectants based on PAA could be
used for additional disease treatments in freshwater
aquaculture; however, more information is needed
to evaluate its usefulness on various diseases, spe-
cies and culture settings [ Straus et al., 2012a, b].

In mammals, acute toxicity of PAA after oral
administration consisted from erythrocytic infiltra-
tion and exudation with morphological changes in
the whole of the lungs, inflammatory to necrotic
changes in the mucosa of the gastrointestinal tract,
hyperaemia of the liver and spleen and damage in
the renal tubules in the rats, while repeated use
of bactericidal concentrations of PAA or formu-
lations containing this substance could cause ir-
ritative changes in the respiratory tract and skin,
mainly inflammatory and necrotic changes of the
target organs, lung and mucosa [Busch, 1973].
The predominant systemic effects seen after expo-
sure of animals by inhalation or dermal contact are
reduced body weight gain, blood count changes
and inflammatory reactions in the liver.

PAA is a strong oxidizing disinfectant, which
is currently sold in several commercial com-
pounds. Strong PAA solutions have to be han-
dled with care but the PAA (CH;CO;H) itself
breaks down in water into acetic acid (C,H,0O,)
and hydrogen peroxide (H,0O,) and further into
water and oxygen, which all are rather harmless

compounds [Jussila et al., 2011]. The mecha-
nism of the toxicity might be that PAA and H,O,
are exogenous sources of reactive oxygen species
(ROS). They can pass the cell membrane and
increase the endogenous ROS concentration [ Liu
et al., 2016]. Hydrogen peroxide can transport
across membranes by free diffusion and is scav-
enged by antioxidant enzymes, i. e. catalase and
glutathione peroxidase under normal conditions
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[Bienert et al., 2006]. Excess hydrogen peroxide
can react with free Cu and Fe in the cytosol and
form hydroxyl radicals leading to damage in mac-
romolecules [ Cavaletto et al., 2002].

Therefore, the aim of this study was to evalu-
ate the impact of disinfection procedure with Dis-
infectant "CIP"” based on 15% PAA and 20%
H,O, on the oxidative stress biomarkers (lev-
els of 2-thiobarbituric acid reactive substances
(TBARS), aldehydic and ketonic derivatives of
oxidatively modified proteins) and biochemical in-
dices (alanine- and aspartate aminotransferases,
lactate dehydrogenase, lactate, pyruvate) in the
muscle tissue of juvenile rainbow trout (Onco-
rhynchus mykiss Walbaum).

MATERIALS AND METHODS

Experimental Fish. Juveniles of rainbow trout
at the age of 0+ (in the first year of life) came from
spawning in Department of Salmonid Research,
Inland Fisheries Institute (Rutki, Zukowo, Po-
land). Fish were fed daily of feed with using of
tape feeders. Feed daily dose was calculated ac-
cording to the applicable feed table, depending on
the water temperature. Fish were starved one day
prior to experiment. Forty four clinically healthy
rainbow trout with a mean body mass of 45.8+1.2
g were used in the experiments. Experiments were
performed at a water temperature of 16=2 °C and
the pH was 7.5—7.6. The dissolved oxygen level
was about 12 ppm with additional oxygen supply.
Every morning were measured temperature and
the oxygen content in the water, using thermome-
ter and oxygen meter, respectively. All enzymatic
assays were carried out at Department of Zoology
and Animal Physiology, Institute of Biology and
Environmental Protection, Pomeranian Universi-
ty in Slupsk (Poland).

Experimental Procedure. The fish were di-
vided into two groups and held in 250-L. square

tanks (70 fish per tank). As disinfecting agent was

used Disinfectant "CIP" solution based on 15%
PAA and 20% H,O, (firm “Biochem-Art”,
Gdansk, Poland). It was admitted to market by
the license No. 0508 /04 of Minister of Health in
Poland (27.01.2004) as biocidal product named
Disinfectant "CIP” [ Grudniewska et al., 2008].
In the disinfectant exposure, fish were bathed
with Disinfectant “CIP” solution in final con-
centration 16 mL per m> (Group II). Fish were
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bathed for 20 min and repeated three times ev-
ery 3 days. Bathing with Disinfectant "CIP"” were
taken in the morning before fish feeding. Control
fish (Group I) were handled at same manner as
Group II but without Disinfectant "CIP” treat-
ment. Two days after the last bathing, twenty two
individuals from each group were sampled. Fish
were not anesthetized before tissue sampling.

Tissue isolation. Muscle tissue was removed
from trout after decapitation. One trout was used
for each homogenate preparation. Briefly, muscle
tissue was excised, weighted and washed in ice-
cold buffer. The minced tissue was rinsed clear of
blood with cold isolation buffer and homogenized
in a glass Potter-Elvehjem homogenising vessel
with a motor-driven pestle on ice. The isolation
buffer contained 100 mM tris-HCI; pH of 7.2
was adjusted with HCIL.

Analytical methods. Thiobarbituric acid
(TBA), oxidized and reduced glutathione
(GSSG and GSH), NADPH, 5,5-dithio-
bis-2-nitrobenzoic acid (DTNB), ethylenedi-
aminetetraacetic acid (EDTA), thrichloroacetic
acid (TCA), quercetin, hydrogen peroxide, am-
monium molybdate, sodium aside, t-butylhydrop-
eroxide, Tween 80, urea acid, 2,4-dinitrophenyl
hydrazine (DNFH) were obtained from Fluka
(Buchs, Switzerland). All other chemicals were
of analytical grade. All enzymatic assays were
carried out at 25+0.5 "C using a Specol 11 spec-
trophotometer (Carl Zeiss Jena, Germany). The
enzymatic reactions were started by adding the
homogenate suspension. The specific assay con-
ditions are presented subsequently. Each sample
was analyzed in triplicate. The protein concentra-
tion in each sample was determined according to
Bradford (1976) using bovine serum albumin as
a standard.

TBARS assay for lipid peroxidation. The lev-
el of lipid peroxidation was determined by quan-
tifying the concentration of TBARS according
to Kamyshnikov (2004) for determining the
malondialdehyde (MDA) concentration. The
nmol of MDA per 1 mg of tissue protein was cal-
culated by using 1.56-10> mM-! cm-! as extinction
coefficient.

The carbonyl derivatives content of protein
oxidative modification (OMP ) assay. The rate
of protein oxidative destruction was estimated from
the reaction of the resultant carbonyl derivatives
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of amino acid reaction with 2,4-Dinitrophenyl-
hydrazine (DNFH) as described by Levine and
co-workers (1990) and as modified by Dubi-
nina and co-workers (1995). DNPH was used
for determining carbonyl content in soluble and
insoluble proteins. Carbonyl groups were deter-
mined spectrofotometrically from the difference
in absorbance at 370 nm (aldehydic derivatives,
OMP;,) and 430 nm (ketonic derivatives,
OMBP ) and expressed in nmol per mg of tissue
protein.

Assays of ALT (E.C. 2.6.1.2) and AST
(E.C. 2.6.1.1) activities. ALT and AST activity
was analyzed spectrophotometrically by standard
enzymatic method [Reitman, Frankel, 1957].
The ketoacids produced by the enzyme action re-
acts with 2,4-dinitrophenylhydrazine producing
hydrazone complex measured calorimetrically at
530 nm. ALT and AST activities were expressed
as umol pyruvate per h per mg of protein.

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
LLDH activity was expressed as pimol pyruvate per
h per mg of protein.

Assays of lactate and pyruvate concentrations.
Lactate and pyruvate concentration was measured
according to the procedure described by Hera-
simov and Plaksina (2000). One mL of tissue
homogenate sample was added to 6 mL distilled
water and 1 mL. metaphosphoric acid (10%). The
mixture was centrifuged at 800g for 5 min to sep-
arate the supernatant. 1 mL. CuSO, (25%) and
0.5 g Ca(OH), were added to the supernatant,
which was then mixed for 30 min. The mixture
was centrifuged at 1,000g for 10 min. For lactate
concentration assay the resulting supernatant was
resuspended in 3 mL p-dimethylamino benzalde-

hyde and 1 mLL NaOH (25%). Solutions were
heated in a water bath at 37°C for 45 min, which

was then centrifuged at 1000g for 10 min. The
absorbance was measured at 420 nm. Solution
with p-dimethylamino benzaldehyde and NaOH
(25%) was used as blank. For pyruvate concen-
tration assay the resulting supernatant was resus-
pended in 0.1 mL. CuSO, (10%), 4 mL. H,SO,,
and 0.1 mL hydroquinone, which was then heat-
ed in a water bath at 100°C for 15 min. The ab-
sorbance was measured at 430 nm. Calibration
curve of lactate (0.1—5 mM) and pyruvate (0.1—
5 mM) was used, and results were expressed in
nmol per mg protein.

Statistical analysis. The mean = S.E.M.
values was calculated for each group to deter-
mine the significance of inter group difference. All
variables were tested for normal distribution us-
ing the Kolmogorov-Smirnov and Lilliefors test
(p>0.05). Significance of differences between the
oxidative stress biomarkers and biochemical in-
dices (significance level, p<0.05) was examined
using Mann-Whitney U test. Correlations be-
tween parameters at the set significance level were
evaluated using Spearman’s correlation analysis
[Zar, 1999]. All statistical calculation was per-
formed on separate data from each individual with

STATISTICA 8.0 (StatSoft, Krakow, Poland).

REsuLTS

TBARS as biomarkers of lipid peroxidation as
well as aldehydic and ketonic derivatives as bio-
markers of protein oxidation in the muscle tissue of
rainbow trout disinfected by Disinfectant "CIP”
are presented in Table 1. TBARS and ketonic de-
rivatives of oxidatively modified proteins showed
significant decrease by 24% (p=0.047) and by
31% (p=0.003), respectively between controls
and Disinfectant "CIP" -treated group (‘Table 1).

Biochemical profile in the muscle tissue of
rainbow trout treated by Disinfectant "CIP" are
shown in Fig. 1. The ALT, AST, and LDH ac-

Table 1. Oxidative stress biomarkers in the muscle tissue of the trout treated by CIP-Disinfectant.

Ocxidative stress biomarkers

Control group (n=22)

Disinfectant “CIP”-treated group (n=22)

TBARS, nmol-mg! protein 534.30+43.96 403.71+30.70*
Aldehydic derivatives of OMP, nmol-mg-! protein 18.66+1.60 15.93+2.78
Ketonic derivatives of OMP, nmol'mg! protein 13.52+1.20 9.38+1.77*

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

— the significant difference was shown as p<0.05 when compared disinfected group and control group values.
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Fig. 1. Activity of alanine- and aspartate aminotransferases, lactate dehydrogenase (A), lactate and pyruvate level (B)
in the muscle tissue of the trout treated by Disinfectant "CIP".

Data are represented as mean = S.E.M. * — the significant difference was shown as p<0.05 when compared disinfected
P! g P P
group and controls values.

tivity was lower by 32% (p=0.009), by 47%
(p=0.000), and by 72% (p=0.000), respective-
ly after Disinfectant "CIP" traetment. The lactate
level in the muscle tissue of disinfected trout was
significantly decreased by 45% (p=0.000) com-
pared to the controls (Fig. 1).

Several correlations between checked pa-
rameters were found (Figs 2 and 3). In control

group, ALT activity correlated positively with

LDH activity (r=0.833, p=0.000) and pyru-
vate level (r=0.691, p=0.000), as well as AST
activity correlated positively with LDH activ-
ity (r=0.790, p=0.000) and pyruvate level
(r=0.798, p=0.000). LDH activity correlated
positively with TBARS (r=0.497, p=0.019)
and ketonic derivatives of OMP (r=0.440,
p=0.040). Pyruvate level correlated positively
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with LDH (r=0.539, p=0.001) and lactate level
(r=0.678, p=0.001) (Fig. 2).

In group treated by Disinfectant "CIP”,
ALT correlated positively with LDH activ-
ity (r=0.662, p=0.002) and lactate level
(r=0.978, p=0.000), as well as LDH activity
(r=0.899, p=0.000) and lactate level (r=0.681,
p=0.005). AST activity correlated positively
with ALT (r=0.633, p=0.003) and LDH ac-
tivity (r=0.499, p=0.025), while LDH activi-
ty correlated positively with aldehydic (r=0.510,
p=0.022) and ketonic derivatives of OMP
(r=0.457, p=0.043) (Fig. 3).

DiscussioN
Our study revealed significantly decrease of
oxidative stress biomarkers in the muscle tissue,
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Fig. 2.

a clear oxidative stress inhibition. Lipid peroxida-
tion, a complex process resulting from free radical
reactions in biological membranes forms lipid hy-
droperoxides which decompose double bonds of
unsaturated fatty acids and destructs membrane
lipids [Carvalho Cdos et al., 2012]. The expo-
sure of Disinfectant "CIP” to rainbow trout also
caused a significant decrease in ketonic deriva-
tives of oxidatively modified proteins (Fig. 1B).
Similar significantly decrease in lipid peroxidation
(TBARS as indirect marker of lipids peroxida-
tion) was observed in the fish treated by Disinfec-

tant "CIP" (‘Table 1), which may be due to exci-

tation of defense mechanism of the fish to counter
the stress of toxicant.

ALT and AST are the most important ami-
notransferases in fish tissues [ Fynn-Aikins et al.,
1995]. Moreover, the activity of AST or ALT
is closely related to amino acid metabolism in
fish and the transaminase activity enhanced with
the increase of amino acid metabolism [Cai et
al., 2015]. Activities of serum ALT, AST, and
LDH have been commonly used in the diagno-
sis of fish diseases as well as in the detection of
tissue damage caused by environmental pollution.
An increase of these enzyme activities in the ex-
tracellular fluid or serum is a sensitive indicator of
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Fig. 2. Correlations between oxidative stress biomarkers and biochemical indices in the muscle tissue of rainbow trout
from unhandled controls.

even minor cellular damage and indicates stress-
based tissue impairment [Firat et al., 2011]. In
this study, the activities of ALT and AST were
significantly lower in fish treated by Disinfectant
"CIP" than that of fish in control group (Fig.
1A). This suggests that combination PAA with
hydrogen peroxide could decrease the amino acid
metabolism of muscle tissue in rainbow trout. This
indicates that the rate of amino acid transformation
via transamination is slowed down by Disinfectant
"CIP" treatment.

LDH (EC1.1.1.27) plays a crucial role in

maintaining aerobic metabolism by converting lac-
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tate to pyruvic acid. The cytosolic enzyme LDH
is commonly used as a cell lysis marker in medi-
cal and toxicology domains [ Morcillo et al., 2016;
Diop et al., 2016]. The observation that lactate
level was decreased in muscle samples with de-
creased of LDH activities in fish treated by Dis-
infectant "CIP"” (Figs 1 and 2), supports the hy-
pothesis that lactate is not transferred from white
muscle via the blood stream before it accumulated
in liver. Muscle lactate level in disinfected trout
was considerably lower with constant level of py-
ruvate level (Fig. 1). This was probably caused by
an inhibition of gluconeogenesis to maintain levels
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of circulation glucose. Consequently, decreased
serum glucose levels can be caused. Thus, it can
be assumed that Disinfectant "CIP" affected an-
aerobic metabolism in trout muscle.

Correlations between oxidative stress biomark-
ers, amino acid metabolism and aerobic /anaero-
bic metabolism suggested about a significant role
of these indices in assessment of different disinfec-
tant influence and seems to be a sensitive indica-
tors of the fish responses to disinfected procedures
(Figs 2 and 3). Our results showed a significant
correlation of ALT and AST with the LDH ac-
tivity and pyruvate level in the muscle tissue of
control group indicating about link between amino
acid metabolism and aerobic metabolism (Fig. 3).
TBARS and ketonic derivatives of OMP are cor-
related with LDH activity, which suggested that
oxidative stress is linked with anaerobic metabo-
lism both in Disinfectant "CIP” -treated and con-
trol groups (Figs 3 and 4). Thus, the activity of
muscle ALT, AST and LDH together with lac-
tate and pyruvate concentrations as well as oxi-
dative stress biomarkers seems to be a sensitive
indicators of the fish responses to treatment by
Disinfectant "CIP".

In our previous study [ Tkachenko et al., 2014],
the effects of Disinfectant "CIP" on the oxidative
stress biomarkers and antioxidant defenses [super-
oxide dismutase (SOD), catalase (CAT), glu-
tathione reductase (GR), glutathione peroxidase
(GPx), total antioxidant capacity] in muscle, gill,
hepatic and cardiac tissues of rainbow trout were
determined. Lipid peroxidation and carbonyl con-
tents were shown to change according to the tissue
type. Exposure to Disinfectant "CIP" led to a sig-
nificant decrease of lipid peroxidation in the muscle
tissue and carbonyl content in the muscle and gill
tissues. The inhibition of SOD and CAT activity
in muscle, hepatic and cardiac tissues was observed
probably due to increased oxidative stress during
disinfection; however, hepatic and cardiac GPx
activity was increased, in an attempt to counteract
oxidative stress. We suggest that oxidative stress
during the oxidation of PAA and hydrogen per-
oxide may be counteracted by the antioxidant sys-
tem in various tissues of rainbow trout. Correlative
analysis between oxidative stress biomarkers and
antioxidant defense confirm pivotal role of SOD

and CAT against oxidative stress caused by Dis-
infectant "CIP" [ Tkachenko et al., 2014].
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The present finding is also in agreement with
the results of other researchers according useful ef-
fects of PAA application in aquaculture [Meinelt
et al., 2007; Hébert et al., 2008; Meinelt et al.,
2009; Straus, Meinelt, 2009; Picén-Camacho et
al., 2012; Straus et al., 2012a, b; Pedersen et al.,
2013; Chupani et al., 2016]. Aquaculture-related
research with PAA products includes in vitro as-
sessments, where promising disinfection action has
been documented [Meinelt et al., 2009; Straus,
Meinelt, 2009; Picén-Camacho et al., 2012].
The demonstrated in vitro efficacy of the PAA-
based product suggests its great potential espe-
cially to control I. multifiliis infections in com-
mercial aquacultural systems [ Picén-Camacho et
al., 2012]. PAA concentrations of 0.3 ppm were
able to kill all theronts of I. multifiliis in 120 min.
Straus and co-workers (2012b) determined the
effectiveness of PAA for fungus control on channel
catfish (Ictalurus punctatus, Rafinesque) eggs.

The disinfection strategy with PAA can modi-
fy the immune system in fish at the level of T lym-
phocyte proliferation. The evaluation the impacts
of various wastewater disinfection processes on the
immune system of juvenile rainbow trout was as-
sessed by Hébert and co-workers (2008). The
trout were exposed to a primary-treated effluent
for 28 days before and after one of each of the fol-
lowing treatments: ultraviolet radiation, ozonation
and PAA. Immune function was characterized in
leucocytes from the anterior head kidney by the
following three parameters: phagocytosis activi-
ty, natural cytotoxic cells function and lympho-
cyte (B and T') proliferation assays. The results of
Hébert and co-workers (2008) showed that the
fish mass to length ratio was significantly decreased
for the primary-treated and all three disinfection
processes. Exposure to the primary-treated efflu-
ent led to a significant increase in macrophage-re-
lated phagocytosis; the addition of a disinfection
step was effective in removing this effect. Both un-
stimulated and mitogen-stimulated T lymphocyte
proliferation in fish decreased dramatically in fish
exposed to the ozonated effluent compared to fish
exposed to either the primary-treated effluent or
to aquarium water. Stimulation of T lymphocytes

proliferation was observed with the PAA treat-
ment group [Hébert et al., 2008].

The effects of PAA on crayfish affected by

zoospores of Aphanomyces astaci, the agent of
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crayfish plague, were investigated through assess-
ment of histological changes and oxidative dam-
age by Chupani and co-workers (2016). The gill
was the most affected organ, infiltrated by granular
hemocytes and displaying malformations of lamel-
la tips and disorganization of epithelial cells. The
extent and frequency of histological alterations
were more pronounced in animals exposed to 10
mg-L-! [Chupani et al., 2016].

Liu and co-workers (2015) have evaluated
whether repeated applications of low concentra-
tion PAA could induce continuous stress to the
carp (Cyprinus carpio ). The stress response was
estimated by the increase of water cortisol released
from the carp. The results showed that the in-
crease of water cortisol became less significant and
occurred earlier along repeated applications of low
concentration PAA. It indicates faster but reduc-
ing stress response of the carp. They conclude that
PAA at low concentration is an adaptable stress-
or to carp, and regular applications should cause
no chronic stress. Moreover, low concentration of
PAA is suitable to be applied regularly in recir-
culating aquaculture systems [Liu et al., 2015].
The study of Straus and co-workers (2015) de-
termined the acute toxicity of PAA to 12 fish
species in well water. The experiments were de-
signed to provide the 24 h LC,,, LOEC (Low-
est Observed Effect Concentration) and NOEC
(No Observed Effect Concentration) values for
each species at ~23 °C. Black fathead minnows
(Pimephales promelas) and blue tilapia (Oreo-
chromis aureus) were most and least sensitive, re-
spectively. The mean LOEC value for all species
tested was 3.7 mg /L. PAA with the range of 1.9
mg/L to 5.8 mg/L [Straus et al., 2015].

Therefore, PAA has the potential to control
infections in aquaculture. Low doses of PAA re-
quire planning and surveillance to adjust to situa-
tions where exposure to organic matter is inevita-

ble, since PAA half-lives can be in the order of a
few min [Pedersen et al., 2013].

CONCLUSIONS
Significantly decrease in oxidative stress
(TBARS as indirect marker of lipids peroxida-
tion and ketonic derivatives of oxidatively modified
proteins) was observed in the fish treated by Dis-
infectant "CIP"”, which may be due to excitation
of defense mechanism of the fish to counter the

stress of disinfection. In this study, the activities
of ALT and AST were significantly lower in fish
treated by Disinfectant "CIP"” than that in con-
trol group. The rate of amino acid transformation
via transamination is slowed down by Disinfectant
"CIP" treatment. The observation that lactate lev-
el was decreased in muscle samples with decreased
of LDH activity in fish treated by Disinfectant
"CIP", supports the hypothesis that lactate is not
transferred from white muscle via the blood stream
before it accumulated in hepatic tissue.

Biochemical profiles in the muscle tissue can
provide important information about the internal
environment of the organism, as the unfavorable
changes are the first ones to earliest affect the tis-
sues. The present study showed that the changes
in the enzymes activities, metabolites, and oxi-
dative stress biomarkers in fish treated by Disin-
fectant "CIP" were regarded as the biochemical
manifestation of the toxic actions of PAA and
hydrogen peroxide. We concluded that the alter-
ations in biochemical parameters can be thus used
as rapid and sensitive indicators of monitoring to-
ward the impact of various disinfectants on aquatic
organisms.

This work was supported by grant of the Po-
meranian University for Young Scientists.
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Buoxumuueckuit npouAb B MbIlIeYHOH TKAHH PaLyKHOH
dopean (Oncorhynchus mykiss) nocae o6paborku
aesunduuupyiomum cpeacrsom ,,CIP” na ocnopanuu
NepPyKCYCHOH KHCAOTDI M MEPEKUCH BOJOPOAA

I'M. Tkauenxo!, H. Ipyanescras?

1 Kaq)ezl,pa 300A0I'HH U Cpl/IBI/IOJ\OFI/IH KHBOTHDIX, I/IHCTI/ITyT OHOAOTHH U OXpaHbl CpeAbl, nOMOpCKaﬂ

AKa,ZI,eMHﬂ B CJ\yHCKe, l_[OJ\bU_Ia

2 Orzen nccaegoBanuit Aococesbix poi6, MHCTHTYT npecHOBOAHOrO PHIGHOTO X03sHCTBA HM.
C. Caxosuua, Pytkn, [Toabma

HezaBuue uccaegoBanus Takux BelIecTB, KaKk KUCAbIE Ze3HHPULIMPYIONIUE CPEACTBA, OCOGEHHO Ha OC-
HOBe MepyKCYCHOH KHCAOTBI U MEPOKCHA BOZOPOJA IEMOHCTPHPYIOT 3PMEKTHBHOE MPOPUAAKTHYECKOE
ZeHCTBHE IPOTHB 6aKTepHaAbHDBIX, BHPYCHbIX M TPHOKOBbIX HH(peKIuMi B akBakyAbType. Oanako Takue ze-
3MH(]EKTAaHTbI MOTYT HMETb Pa3pYLIHTEAbHbIE IOCAECTBHS, CBA3aHHbIE C 06pa30BaHHEM aKTHBHBIX (POPM
kucaropoga (AMK) u ob6pasosanmem npozykTos okucaenus. Lleab atoro uccaezosanus coctosira B Tom,
4TO6bI OLIEHUTb Bo3AeHcTBHe Aesunduuupytomtero cpeactBa CIP na ocnose 15 % nepyxcycHoit kucaoTbI
1 20% H,0, na 6uomapxepnr oxucaurerbnoro crpecca [yposun TBK-axrusnbix Bewects, arvaeruanpie
M KETOHOBbIE TIPOU3BOHBIE OKHCAHTEABHO-MOAUPHIIMPOBAHHBIX 6eAKOB | M GHOXHMMUYECKHe TT0Ka3aTeAU
[aranun- (AAT) u acnapraramunorpauncepasor (ACT), raxraraeruaporenasa (AJL), raxrat, mu-
pyBaT| B MbIeuHo# TKaHu paxyxHoit popern Oncorhynchus mykiss. Peibp1 moaseprauch BoszeHCTBHIO
aesunuuupyiomero cpeactsa CIP B koreunoit konnentpamun 16 Ma /M3 B Tevere 20 mun, npoueaypy
TIOBTOPSIAM TPH pasa Kazkzble 3 AHA. SHaYHTEeAbHOE CHH2KEHHE COJIep:KaHHsl MapKepOB OKHCAHTEAbBHOTO
cTpecca HaBAIOZAAOCH Y PbI6, TIOABEPTIIMXCS Bo3aecTBHIO AesuHuuupyommero cpeactsa CIP, uto mo-
KeT 6bITb CBA3aHO C aKTHBALIMEH 3allUTHBIX MEXaHH3MOB PbI6 A IPOTHBOAEHCTBHS CTPECC-HH/YIIHPO-
BaHHOH Zesunpexuuu. B sTom uccaresopanun axtusnocts ANT u ACT 6b1ra sHaunteabHo Hike y pbi6
B rpymne aesuH@uuupoBaHubix pbi6. CKOpPOCTh TpaHCPOPMAIIMHM AMHHOKHCAOT 4epe3 TPAHCAMHHALMIO
3aMeZAAeTCA B MBIIIEYHOH TKaHH Ze3UHPHUIMPOBaHHbIX pbi6. HabAlozenue 3a cHinkenneM ypoBHs AaKTa-
Ta B 06pasiax mpimy ¢ ymenbmennem aktusHoctd N/ moaTep:kzaeT rumoresy o ToM, uTO AaKTaT He
TIEPEHOCUTCS U3 MbIIIEYHOH TKaHU Yepes MOTOK KPOBH Al €ro HaKomAeHus B nedenu. Hammm pesyabratet
MOKa3bIBAIOT, 4TO AaHHas KouueHrtpanus cpeactsa CIP moxer npumensToes Kak zesuHQUUIMPYIONTHH
areHT B akBakyAbType AococeBbrx. OHaKO ZAs1 6€30MaCHOT0 HCTIOAb30BAHHS HEOGXOMMBI IaAbHEHIIIHE
HCCAEZOBAHHSA er0 TOKCHIHOCTH JAS PhIb.

Karwuegbie caora: sesundexuus, paayxuas goperb Oncorhynchus mykiss, mpineunas TkaHb, IepOKCH-
ZJauMs AMIHZOB, OKHCAHTEABHO-MOAH(UINPOBAHHbIE 6EAKH, aMHHOTPaHC(epasbl, AaKTaTAECIHAPOreHasa,
AaKTaT, UpyBar.



