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The use of vaccines for disease prevention in aquaculture has expanded both with regard to the number of
fish species and number of microbial diseases. Despite the importance and success of vaccination, little is
known about the mechanisms of oxidative stress and antioxidant defense in fish during vaccination against
furunculosis. In the present study, we have determined the oxidative stress biomarkers and antioxidant
defense in the brain tissue of rainbow trout (Oncorhynchus mykiss) vaccinated against furunculosis. The
analysis of oxidative stress biomarkers has revealed significant alterations between vaccinated fish against
furunculosis and unhandled controls. The brain tissue of vaccinated trout had lower level of aldehydic and
ketonic derivatives of oxidatively modified proteins, as well as lipid peroxidation. The total antioxidant
capacity becomes more susceptible to oxidative damage induced by vaccination against furunculosis.
Glutathione-dependent enzymes and catalase activity were dependent to oxidative stress in vaccinated
trout. Correlations between lipid peroxidation, carbonyl derivatives of protein damage, and antioxidant
defense confirmed the assumption that oxidative stress could activate the antioxidant defenses for improve
adaptive mechanisms during immunization. Understanding the role of biochemical changes in the tissues
of vaccinated trout has important implications for understanding of the complex physiological alterations
that occur in immunization, and also for improving aquaculture practices to maximize tissues growth and
health of vaccinated trout.
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INTRODUCTION.

Motile aeromonads are often referred to as a
complex of disease organisms that are associated
with bacterial haemorrhagic septicaemias and oth-
er ulcerative conditions in fish [Cipriano, Austin,
2011]. Notwithstanding, motile aeromonads are
ubiquitous in most freshwater environments and
are common in the water column and in the upper

layers of sediment [Hazen, 1979].

Motile aeromonads cause diverse pathological
conditions that include acute, chronic and covert
infections. Severity of disease is influenced by a
number of interrelated factors, including bacterial
virulence, the kind and degree of stress exerted on
a population of fish, the physiological condition of
the host and the degree of genetic resistance in-
herent within specific populations. Motile aero-
monads differ interspecifically and intraspecifical -
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ly in their relative pathogenicity or their ability to
cause disease [ Cipriano, Austin, 2011].

In the acute form of a motile aeromonad dis-
ease, a fatal septicaemia may occur so rapidly that
fish die before they have time to develop anything
but a few gross signs of disease. When clinical
signs of infection are present, affected fish may
show exophthalmia, reddening of the skin and an
accumulation of fluid in the scale pockets. The ab-
domen may become distended as a result of an oe-
dema and the scales may bristle out from the skin
to give a ‘washboard’ appearance. The gills may
haemorrhage and ulcers may develop on the der-
mis [ Faktorovich, 1969; Cipriano, Austin, 2011].

Ogara and co-workers [1998] observed severe
eye pathology and heavy mortality among yearling
and older rainbow trout accompanying a severe
outbreak of motile aeromonad septicaemia. Motile
aeromonads were isolated from the eyes, liver and
kidneys of affected fish. Histopathologically, fish
may exhibit epithelial hyperplasia in the foregut,
leptomeningeal congestion in the brain, as well as
a thrombosis and inflammation in the perisclerotic
region and corneal epithelium of the eye [Fuen-
tes, Perez, 1998]. There may also be a severe
branchitis, as indicated by leucocytic infiltration
and dilation of the central venous sinus [Grizzle,
Kiryu, 1993]. These authors also noted that cat-
fish with septicaemic or latent infections had en-
larged nuclei in the branchial epithelium and that
there was a significant correlation between pres-
ences of these gill lesions and the severity of he-
patic and pancreatic lesions.

The use of vaccines for disease prevention in
aquaculture has expanded both with regard to the
number of fish species and number of microbial
diseases. Moreover, developed vaccines based on
inactivated bacterial pathogens have proven to be
very efficacious in fish [ Sommerset et al., 2005].
Prophylactic measures against Aeromonas sal-
monicida subsp. salmonicida, the causative agent
of furunculosis, have been an active field of re-
search for decades. Villumsen and Raida [2013]
reported that initial studies attempted vaccination
via oral route and immersion. However, these vac-
cination methods proved insufficient when com-
pared to intraperitoneally injected vaccines. The
focus of vaccine research regarding A. salmoni-
cida shifted towards the intraperitoneally injected
vaccines during the 1980’s and —90’s, resulting
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in oil-adjuvanted vaccines providing high levels of
protection over longer periods of time. The ma-
jority of this research has been conducted using
salmon, while rainbow trout, which is also a com-
mercially important species, has played a much
less central role.

Hastein and co-workers [2005] submitted an
update of the current situation worldwide about
bacterial vaccines for fish. Vaccination is used in
the commercial aquaculture of species like Atlantic
salmon (Salmo salar), rainbow trout (Oncorhyn-
chus mykiss), sea bass (Dicentrarchus labrax),
sea bream (Sparus aurata), barramundi (Lates
calcarifer), tilapia (Tilapia spp), turbot (Scoph-
thalmus maximus L.), yellowtail (Seriola quin-
queradiata), purplish and gold-striped amberjack
(Seriola dumereli), striped jack (Pseudocaranx
dentex) and channel catfish (Ictalurus puncta-
tus). The range of bacterial infections for which
vaccines are commercially available now comprises
classical vibriosis (Listonella anguillarum, Vibrio
ordalii), furunculosis (Aeromonas salmonicida
subsp. salmonicida), cold-water vibriosis (Vib-
rio salmonicida), yersiniosis (Yersinia ruckeri),
pasteurellosis (Photobacterium damselae supsp.
piscicida), edwardsiellosis (Edwardsiella ictalu-
ri), winter ulcer (Moritella viscosa), and strep-
tococcosis /lactococcosis (Streptococcus iniae,
Lactococcus garviae). Furthermore, experimental
vaccines are used against diseases such as infection
with Vibrio harveyi and Photobacterium damsela
subsp. damsela in barramundi, piscirickettsiosis
and bacterial kidney disease in salmonids, as well
as infection with Tenacibaculum maritimum in
turbot.

Despite the importance and success of vaccina-
tion, little is known about the mechanisms of oxi-
dative stress and antioxidant defense in fish during
vaccination against furunculosis. In the present
study, we have determined the oxidative stress
biomarkers and antioxidant defense in the brain
tissue of rainbow trout (Oncorhynchus mykiss
(Walbaum, 1792)) vaccinated against furuncu-
losis.

MATERIALS AND METHODS.
Experimental animals. Clinically healthy
rainbow trout with a mean body mass of
(135.5+1.5) g were used in the experiments. The
study was carried out in a Department of Salmo-
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nid Research, Stanislaw Sakowicz Inland Fisher-
ies Institute (Zukowo, Poland). The experiments
were conducted with the current laws in Poland,
according to the Ethical Commission. Experi-
ments were performed at a water temperature of
14.5+0.5 °C and the pH was 7.5. The dissolved
oxygen level was about 12 ppm with additional ox-
ygen supply with a water flow of 25 L./min, and
a photoperiod of 7 hours per day. The fish were
fed with commercial pelleted diet. 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 design. The fish were divided
into two groups and held in 250-L square tanks
(70 fish per tank) supplied with the same wa-
ter as during the acclimation period (2 days).
Fish were vaccinated and grouped as follows:
I) unhandled controls, II) vaccinated by vac-
cine against furunculosis. The vaccine against
furunculosis is a vaccine containing an inacti-
vated strain of A. salmonicida and A. hydrofi-
la in concentration 1x 100 colony forming units
(CFU). The vaccine was produce in Depart-
ment of Epizootology, Faculty of Veterinary
Medicine, University of Warmia and Mazury
(Olsztyn, Poland). Immersion solution con-
tained 1 liter of vaccine per 10 liters of water. It
was prepared immediately prior to vaccination.
Immersion lasted from 60 to 120 seconds. The
fish were kept for 30 days at 14.5 °C after vac-
cination at a water temperature of 14.5+0.5 °C
and the pH 7.5.

Sampling. The animals were quickly captured
and killed on 31 days post vaccination (n=15 in
each group). Brain tissue was removed in situ.
Tissue sample was homogenized in ice-cold buffer
(100 mM Tris-HCI, pH 7.2) using a glass ho-
mogenizer immersed in an ice water bath to a yield
a 10% homogenate. Homogenates were centri-
fuged at 3,000g for 15 min at 4 °C. After centrif-
ugation, the supernatant was collected and frozen
at —20 °C until analyzed. Protein contents were
determined using the method of Bradford [1976]
with bovine serum albumin as a standard. Ab-
sorbance was recorded at 595 nm. All enzymat-
ic assays were carried out at (22+0.5)°C using
a Specol 11 spectrophotometer (Carl Zeiss Jena,
Germany) in duplicate.

TBARS assay for lipid peroxidation. The
level of lipid peroxidation was determined by
quantifying the concentration of TBARS with the
Kamyshnikov method (2004 ) for determining the
malondialdehyde (MDA) concentration. This
method is based on the reaction of the degradation
of lipid peroxidation product, MDA, with TBA
under high temperature and acidity to generate a
colored adduct that is measured spectrophotomet-
rically. The nmol of MDA per 1 mg of tissue pro-
tein was calculated 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
of amino acid reaction with 2,4-Dinitrophenyl-

hydrazine (DNFH) as described by Levine and
co-workers [1990] and as modified by Dubini-
na and co-workers [1995]. Carbonyl groups were
determined spectrofotometrically from the differ-
ence in absorbance at 370 nm (aldehydic deriva-
tives, OMP5,,) and 430 nm (ketonic derivatives,
OMBP,;,) and expressed in nmol per mg of tissue
protein.

Superoxide dismutase activity assay. Super-
oxide dismutase (SOD, E.C. 1.15.1.1) activity
was assessed by its ability to dismutate superox-
ide produced during quercetin auto-oxidation in
an alkaline medium (pH 10.0) by Kostiuk and
co-workers (1990) method. Activity is expressed
in units of SOD per mg of tissue protein.

Catalase activity assay. Catalase (CAT,
E.C. 1.11.1.6) activity was determined by mea-
suring the decrease of H,O, in the reaction
mixture using a spectrophotometer at the wave-
length of 410 nm by the method of Koroliuk and
co-workers [1988]. One unit of catalase activity
is defined as the amount of enzyme required for
decomposition of 1 umol H,O, per min per mg of
tissue protein.

Glutathione reductase activity assay. Glu-
tathione reductase (GR, EC1.6.4.2) activity in
the tissue was measured according to the method
described by Glatzle and co-workers [1974]. The
GR activity was expressed as nmol NADPH per
min per mg of tissue protein.

Glutathione peroxidase activity assay. Glu-
tathione peroxidase (GPx, EC1.11.1.9) activity

was determined by detecting the nonenzymat-
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ic utilization of GSH (the reacting substrate) at
an absorbance of 412 nm after incubation with
5,5-dithiobis-2-nitrobenzoic acid (DTNB) ac-
cording by the method of Moin (1986). GPx ac-
tivity is expressed as umol GSH per min per mg
of tissue protein.

Total antioxidant capacity assay. The TAC
level in the sample was estimated by measuring
the TBARS level following Tween 80 oxidation.
This level was determined spectrophotometrically
at 532 nm [Galaktionova et al., 1998]. The level
of TAC in the sample (%) was calculated with
respect to the absorbance of the blank.

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 ox-
idative stress biomarkers level (significance level,

p<0.05) was examined using Mann-Whitney U
test. Correlations between parameters at the set
significance level were evaluated using Spearman’s
correlation analysis [ Zar, 1999]. All statistical
calculation was performed on separate data from

each individual with STATISTICA 8.0.

REsuLTS.

Vaccination caused a significant decrease of
the TBARS level in the brain tissue by 24.1%
(p=0.017) (Fig. 1A). Aldehydic and keton-
ic derivatives of oxidatively modified proteins in
the trout vaccinated against Aeromonas sSpp. were
significantly reduced (by 27%, p=0.008 and by
24%, p=0.008, respectively) compared to the
level in the controls (Fig. 1B).

SOD and GR activities were non-significantly
inhibited, while CAT and GPx activity was in-
creased in the brain tissue of vaccinated fish com-

pared to control fish (Table 1). The TAC was sig-
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Fig. 1. TBARS level (A), aldehydic and ketonic derivatives of oxidatively modified proteins in the brain tissue of the
trout vaccinated against Aeromonas spp. Data are represented as mean = S.E.M.

* _ the significant difference was shown as p<<0.05 when compared vaccinated group and unhandled group values.
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Table 1. Enzymatic antioxidant defenses in the brain tissue of the rainbow trout vaccinated against

furunculosis

Antioxidant enzymes activity

Unhandled group (n=15)

Vaccinated group (n=15)

SOD, U-mg! protein 749.89+48.18 780.12+156.72
CAT, ymol - min-!- mg! protein 119.67+10.21 95.74+6.91
GR, umol - min-'-mg-! protein 1.747+0.199 1.956+0.208
GPx, pmol -min'1-mg'1 protein 1104.15+183.13 945.65+149.80
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Fig. 2. TAC in the brain tissue of the trout vaccinated against Aeromonas spp. Data are represented as mean + S.E.M.

* _ the significant difference was shown as p<<0.05 when compared vaccinated group and unhandled group values.

nificantly decreased in brain compared to those in
the control (by 42.8%, p=0.000) (Fig. 2).-

Several correlations between checked param-
eters were found (Fig. 3). In vaccinated group,
CAT (r=0.731, p=0.002), GR (r=0.790,
p=0.001), and GPx activity (r=0.709,
p=0.003) correlated with aldehydic derivatives of
OMP and TBARS level (r=0.588, p=0.021;
r=0.673, p=0.006; r=0.732, p=0.002, re-
spectively). Moreover, ketonic derivatives of
OMP positively correlated with GR (r=0.802,
p=0.000) and GPx activity (r=0.715, p=0.003)
(Fig. 3).

Discussion.

The study showed a post-treatment alterations
in oxidative stress profile in the brain tissue of rain-
bow trout treated by vaccine against furunculosis.
The decrease of lipid peroxidation (TBARS lev-
el), as well as aldehydic and ketonic derivatives of
protein damage was observed (Fig. 1). However,
the post-treatment TAC level was decreased after
vaccination (Fig. 2). In our study, lower level of
TBARS and proteins oxidation in the brain tissue

of vaccinated fish apparently is caused by adap-
tation of brain metabolism to the vaccine against
furunculosis during immunization.

In our previous study, we determined the in-
fluence of vaccination against furunculosis on the
level of oxidative stress biomarkers (lipid peroxi-
dation and oxidatively modified proteins) and bio-
chemical enzymes activity (alanine and aspartate
aminotransferases, lactate dehydrogenase) in the
gills of brown trout, Salmo trutta m. fario. In con-
trary to our current study, the level of lipid peroxi-
dation in the gills of brown trout treated by vaccine
against furunculosis was significantly increased by
179% (p=0.000) compared to unhandled con-
trol. The content of aldehydic and ketonic de-
rivatives of oxidatively modified proteins, as well
as aminotransferases and lactate dehydrogenase
(LDH) activities in the gills were significantly in-
creased in the group vaccinated against furuncu-
losis compared to unhandled group [Tkachenko,
Grudniewska, 2015]. Interestingly, in the gills of
rainbow trout, O. mykiss, the decrease of aldehy-
dic and ketonic derivatives of protein damage was
observed. However, the post-treatment level of
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C OMP 45:GR: y = -735.9 + 17.307x; r = 0.802; p = 0.000; r?> = 0.643
OMP5,:GRx: y = -783.99 + 11.118x; r = 0.715; p = 0.003; r> = 0.512
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Fig. 3. Correlations between oxidative stress biomarkers in the brain tissue of the trout vaccinated against Aeromonas
spp.

lipid peroxidation biomarker was increased. High-
er level of lipid peroxidation in gills of vaccinated
fish could be induced by respiratory burst through
activation of phagocytic cells [ Pietarinen-Runtti et
al., 2000]. Our study reveals that vaccinated trout
showed alterations in antioxidant defenses. Gluta-
thione-dependent enzymes and catalase activity
were decreased in vaccinated trout. Correlations
between ketonic derivatives of protein damage,
CAT and GPx activity confirm the assumption
that carbonyl derivatives of oxidatively modified
protein could inhibit the antioxidant defenses
[ Tkachenko et al., 2015].

Other researchers also presented different
adverse and long-term protective effects follow-
ing vaccination against A. salmonicida in rain-
bow trout, as well as results on different challenge
methods used for infection of rainbow trout with A4.
salmonicida, a bacterial pathogen eliciting furun-
culosis. The various responses during vaccination
against furunculosis are observed probably due to
the different kind of vaccine, methods of trials and
fish species. Numerous trials have been performed
in order to optimize vaccination and to elucidate
the specific antigens involved in protection. Re-

sults however, have been contradictory and certain
antigens capable of producing agglutinating anti-
bodies against A. salmonicida were not protective.
Furthermore, several authors have suggested that
the protection observed was, in part non-specific.
In contrast, passive immunization of fish with im-
mune sera directed against whole 4. salmonicida
antigens has shown that humoral factors were able
to protect fish. The level of protection correlated
with the level of specific antibodies in the serum
[Bergh et al., 2013]. Villumsen and co-workers
[2015] have noted adverse and long-term protec-
tive effects following oil-adjuvanted vaccination
against 4. salmonicida in rainbow trout. A com-
mercial vaccine and an experimental auto vaccine,
as well as their respective adjuvant formulations
alone were used to evaluate their individual effects,
both prior to and during an experimental water-
borne infection challenge. Macro- and microscop-
ic examination revealed signs of vaccine-induced
adverse effects from 10 weeks to 14 months post
vaccination. Both vaccines induced statistical-
ly significant protection during the experimental

challenge (P=0.018 for both vaccines), as well

as significantly elevated levels of specific circulat-
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ing antibodies prior to and during the experimental
challenge when compared to an unvaccinated con-
trol group. During the early, critical time points
of the infection, both vaccines appeared to pro-
tect against pathological changes to the liver and
spleen, which provides a probable explanation for
the reduced mortality in the vaccinated groups. A
significant correlation was found between levels of
A. salmonicida-specific antibodies measured pri-
or to challenge and the endpoint survival of each
group after the experimental infection, and further-
more, the levels of these antibodies remained ele-
vated for at least 14 months post vaccination.
Villumsen and Raida [2013] have examined
the effect of a bath vaccination using an experi-
mental A. salmonicida bacterin. Rainbow trout
were vaccinated by a 5 min bath in a forma-
lin-inactivated bacterin. Half of these fish was
booster vaccinated using 50% of the initial vac-
cine dose 10 weeks post primary immunization.
Along with an un-vaccinated control group, the
fish were challenged by waterborne infection 24
weeks post primary immunization. Both vaccinat-
ed groups showed a significantly increased survival
(>93% survival) compared to a 70% survival in
the un-vaccinated control group. When comparing
the survival of the single and dual immunization
groups, there was no significant difference. ELI-
SA showed no significant induction of specific cir-
culating antibodies in either vaccinated group.
Regmer Villumsen and co-workers [ 2012] have
examined the protection against infection with a
Danish strain of A. salmonicida in both vaccinat-
ed and non-vaccinated rainbow trout. A commer-
cial and an experimental auto-vaccine were tested.
The protective effects of the vaccines were eval-
uated through an A. salmonicida challenge 18
weeks post vaccination. Both vaccines resulted in
a significantly increased survival in the vaccinated
fish during a 28 day challenge period relative to
non-vaccinated fish. Throughout the entire exper-
iment, the presence of specific antibodies in plas-
ma was monitored using ELISA. A significant in-
crease in specific antibody levels was seen in fish
vaccinated with both vaccines during the 18 weeks
between vaccination and challenge. Within 3 days
post challenge, a significant decrease in specific
antibodies occurred in vaccinated fish. A positive
correlation was found between mean levels of spe-
cific antibodies pre challenge and overall survival.
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This correlation, along with the observed depletion
of antibodies during the initial phase of infection,
suggests that specific antibodies play an essential
role in vaccine mediated protection against A. sal-
monicida in rainbow trout.

Vanya Ewart and co-workers [2008] have
shown the early response of Atlantic salmon (Sal-
mo salar) macrophages exposed in vitro to A.
salmonicida cultured in broth and in fish. In their
study, the early macrophage responses to A. sal-
monicida grown in vivo and in vitro were com-
pared. Macrophage-enriched cell preparations
from head kidney of Atlantic salmon were infected
in vitro in 96-well microtitre dishes and chang-
es in gene expression during the infection process
were monitored using a custom Atlantic salmon
c¢DNA microarray. 4. salmonicida cultures grown
in tryptic soy broth and in peritoneal implants were
used to infect the macrophages. The macrophages
were harvested at 0.5, 1.0 and 2.0 h after addition
of the bacteria to the medium. Significant chang-
es in gene expression were evident by microarray
analysis at 2.0 h post-infection in macrophages
infected with broth-grown and implant-grown
bacteria; however, gPCR analysis revealed ear-
lier up-regulation of JunB and TNF-a in mac-
rophages exposed to the implant-grown bacteria.
Up-regulation of those genes and others is con-
sistent with the effects of extracellular products
of aeromonad bacteria on macrophages and also
suggests initiation of the innate immune response.

Interestingly, the vaccination against furuncu-
losis in our study caused the decrease of oxidative
modification of proteins in the brain tissue of vac-
cinated fish as compared with the control group.
In our study, the activities of CAT, GR and
GPx were significantly determined by alterations
of oxidative stress biomarkers. CAT (r=0.731,
p=0.002), GR (r=0.790, p=0.001), and GPx
activity (r=0.709, p=0.003) correlated with al-
dehydic derivatives of OMP and TBARS lev-
el (r=0.588, p=0.021; r=0.673, p=0.006;
r=0.732, p=0.002, respectively), while keton-
ic derivatives of OMP positively correlated with
GR (r=0.802, p=0.000) and GPx activity
(r=0.715, p=0.003) (Fig. 3). Correlative anal-
ysis confirmed that decrease of markers of protein
damage and lipid peroxidation may cause to inhi-

bition of CAT, GR and GPx activity (Fig. 3).

The decrease in the antioxidant defenses observed
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in the brain tissue could be due to the production
of reactive oxygen species during vaccination.

Response of oxidative stress biomarkers in
different tissues of fish is dependent of immune
system activation and ROS generation due to re-
spiratory burst in response to microbe recognition
induced by vaccination. Paiva and Bozza [2014]
described the mechanisms by which ROS di-
rectly kill microbes or interfere with the immune
response, the role of ROS in pathogenic viral,
bacterial, and protozoan infections. Phagocytes
recognize microbes through many molecular pat-
terns displayed by them and try to engulf them.
Once a microbe is phagocytosed, the nature of the
molecules recognized on microbe’s surface dic-
tates the treatment enacted within the phagosome.
Respiratory burst, a process by which NADPH
oxidase generates ROS in response to microbe
recognition, is a possible outcome of this process
and helps to get rid of many microbes. Once a
pathogen is phagocytosed, it must subvert the re-
spiratory burst, withstand its oxidative power, or
escape the phagosome to survive. Microbe rec-
ognition sets the immune system in motion, and
ROS are produced not only in the phagocyte
respiratory burst but also in other cell compart-
ments, such as mitochondria, as intermediaries in
many signal transduction pathways, such as leu-
kocyte pattern recognition receptor (PRR) sig-
naling. The generation of ROS is a prerequisite
to the formation of neutrophil extracellular traps
(NETTs); is actively involved in phagolysosomal
formation and enzymatic degradation; autopha-
gy; chemoattraction and inflammation; cell death
of infection reservoirs; antigenic presentation,
T-helper polarization, and lymphocyte prolifer-
ation; iron redistribution among tissues and cell
compartment availability of iron. ROS are used
by cells of the adaptive immune system as reg-
ulators of signal transduction by cell surface re-
ceptors [Williams, Kwon, 2004]. In our study,
immunization against furunculosis was induced
the decrease of lipid and protein oxidation in the
brain tissue of rainbow trout (Fig. 1) in response,
probably, to mobilization of antioxidant defense
caused by immune system and respiratory burst
activation.

Our results suggest that both the glutathi-
one-mediated antioxidant defense system and en-
dogenous CAT play a pivotal role in intracellular

antioxidant defense against vaccinate-induced ox-
idative stress in fish. The impairment in the syn-
thesis of enzymatic and nonenzymatic antioxidants
of vaccinated fish may be the most important fac-
tor in reducing level of total antioxidant capacity

(Fig. 2).

CONCLUSIONS.

The analysis of oxidative stress biomarkers has
revealed a significant alterations between vaccinat-
ed fish against furunculosis compared to unhan-
dled control. The brain tissue of vaccinated trout
had lower level of aldehydic and ketonic deriva-
tives of oxidatively modified proteins, as well as
lipid peroxidation. The total antioxidant capacity
become more susceptible to oxidative damage in-
duced by vaccination against furunculosis. Gluta-
thione-dependent enzymes and catalase activity
were dependent to oxidative stress biomarkers in
vaccinated trout. Correlations between TBARS
level, carbonyl derivatives of protein damage,
CAT, GR, and GPx activity confirmed the as-
sumption that oxidative stress could activate the
antioxidant defenses for improve adaptive mecha-
nisms during immunization.

This work was supported by grant of the Po-
meranian University for Young Scientists.
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The alterations in the oxidative stress biomarkers in the brain tissue of rainbow trout ...

Coaep:xanne 6uomapkepoB OKHCAHTEABHOTO CTpecca
B Mo3roBoil Tkauu paay:xuon gopeau (Oncorhynchus
myRiss) BAKIMHIPOBaHHOU NPOTHE (PypyHKyAe3a

Tkauenxo I'M .1, Ipyaresckas /&

1 Kageapa 300A0ruu 1 pUBHOAOrHMH KHBOTHBIX, MlHCTHTYT GHOAOrHM 1 0Xpanb cpeapr, [ Tomopekas
Axazgemus B Caynicke, [Toabia

2 Orgen uccaegoBanmii AococeBbix poi6, MucturyT npecnosoguoro pribuoro xossicrsa um. C.Cakouua,
[Toabmra

HcnorbsoBauue Bakuua aas npoQUAAKTHRH 3a60A€BaHUI B 06AACTH AaKBAKYAbTYPbl PACIIHPUAOCH KAk
B OTHOIIIEHHH KOAUYECTBA BU/IOB PhIO, TAK H KOAMYECTBAa MUKPOGHDBIX 3a60AeBanuil. HecMorpst na BazknocTb
H YCIIEIIHOCTb BaKLMHALMH, MaAO H3BECTHO O MEXaHH3MaX OKHCAMTEADHOIO CTPECCAa W aHTHOKCHZAAHTHOH
SaIUThI Y Pbl6 BO BpeMsl MMMyHH3aLMM. B HacTosIIeM HCCAel0BAHHH MbI OTIPEZEAMAR COJlepriaHue 6u-
OMapKepOB OKUCAUTEABHOIO CTPEcCa ¥ aHTHOKCHZAHTHOH 3allHUTbI B MO3rOBOH TKAaHH PaZy2KHOH (POPEAH
(Oncorhynchus mykiss) BakuuHHPOBaHHOH MPOTHB QypyHKyAe3a. AHaAU3 cozepKaHus GUOMAPKEPOB
OKHCAHTEAbBHOTO CTpecca I0Ka3aA 3HaYHTeAbHble H3MEHEHHUs] MexKAYy BaKLIMHHPOBAHHbBIMH IIPOTHB QY-
PYHKyA€3a U KOHTPOABHOH rpymnmiamMu pbi6. BpisiBAeHo 60Aee HUSKHH ypOBEHDb aAbJIETHAHBIX U KETOHOBbIX
MIPOHU3BBOJHBIX OKHCAHUTEABHO MOJAM(HUIMPOBAHHDIX OEAKOB, a TaKzke IPOLEeCCOB NEePEeKUCHOTO OKUCAEHHS
AMITMZOB B MOSTOBOH TKaHH BaKUMHUpoBaHHOH Gopern. O611as aHTHOKCHAAHTHAs! aKTHBHOCTD GblAa 6oAee
YYBCTBUTEABHOH K OKHCAHTEABHOMY IIOBPEZK/IEHHIO, BbISBAHHOMY BaKLIHHAUMEH IIPOTHB (QypPyHKyAesa.
AKTHBHOCTb TAYTaTHOH-3aBUCHMbIX (DEPMEHTOB U KaTaAasbl KOPPEAHPOBAAH C COZlEPKAHUEM MapKepOB
OKHCAMTEABHOTO CTpecca y BAKLIMHHPOBAHHOH poperu. Koppeasaunonnnpiii anarus noaTsepauA mpezrmo-
AOZKEHHE, YTO OKMCAMTEABHDBIH CTPECC MO2KET aKTHBHPOBATb AHTHOKCHJAHTHYIO CHCTEMY JAAsl YAYYLIEHHsI
aZlalITallHOHHbIX MEXaHU3MOB BO BpeMsl HMMyHH3alHH. | [oHMMaHHe pOAM 6GHOXMMHYECKHX H3MeHeHHIT
B TKaHAX BaKLIMHHPOBAHHDbIX PbI6 UMeeT BaxKHOE 3HaueHHe A OHMMAHHs CAOKHDBIX (PHBHOAOTHYECKHX
H3MEHEHHH, KOTOpbIe [IPOUCXOAST BO BPEMsi HMMYHH3ALIMH, a TaK:Ke AAs YAYUIIEHHsI METOZAOB aKBaKyAb-
TYPbI Al MAKCUMAAbHOTO POCTA TKAHEH NPUBUTBIX PBIO.

Karouesbie caora: ypynkyaes, pagy:xuas poperr Oncorhynchus mykRiss, nepekucHoe OKMCAEHHE AH-
[IU/I0B, OKUCAUTEABHO MO/JIM(PULIMPOBAHHbIE OEAKH, AaHTHOKCHAHTHASI 3aIIUTa, 001[asi aHTHOKHUCAUTEAbHAS
aKTHBHOCTb
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