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Abstract

Blaha L., R. Kopp, K. Simkov4, J. Mare§: Oxidative Sress Biomarkers are Modulated
in Slver Carp (Hypophthalmichthys molitrix Val.) Exposed to Microcystin-Producing
Cyanobacterial Water Bloom. Acta Vet Brno 2004, 73: 477-482.

In the present paper we evaluated the effects of natural toxic cyanobacterial water bloom on
oxidative stressbiomarkersin silver carp. Modulations of reduced gl uthatione (GSH), animportant
cellular antioxidant and substrate of detoxification enzymes and malondialdehyde (MDA),
a biomarker of lipid peroxidation, were monitored in three groups of fish. The groups were as
follows: 1) fish from aguarium, 2) fish from store-pond without cyanobacterial bloom, and 3) fish
exposed for 25 daysto living natural population of cyanobacterial water bloom (dominated by the
populationsof colonial cyanobacteriaMicrocystisichthyoblabe (60%) and Microcystisaeruginosa
(40%) containing microcystins at the total concentration 513 ug-g~* of dry biomass).

In comparison with control fish from the store-pond, the levels of GSH were significantly
elevated in fish exposed to cyanobacteriaindicating increased GSH demand asaresult of oxidative
stress and/or induction of detoxification enzymesin microcystin-exposed fish. On the other hand,
fish from aguarium had significantly lower levels of GSH in comparison with those from the store-
pond.

The concentrations of MDA weredlightly elevated in fish exposed to cyanobacteria, differences
between fish groups were not statistically significant. Our observations indicate that exposure of
fish to toxic cyanobacterial blooms induces oxidative stress, a fundamental factor of numerous
diseases and accelerated ageing in living organisms.

Oxidative stress, microcystins, Hypophthal michthys molitrix

Oxidative stress, i.e. pathological processes related to overproduction of reactive oxygen
species (ROS) in tissues is one of important general toxicity mechanisms of many
xenobiotics. Oxidative stressis considered a fundamental factor of ageing processes, leads
to DNA damage and is causative agent of many diseases including cancer (Toyokuni et
a. 1995; Hof manové et al. 2000).

Induction of oxidative stress after exposure to numerous xenobhiotics was reveaed
experimentally as well under field conditions at both human and many species of other
organisms including fish. Oxidative stress was shown to be induced by anthropogenic
contaminants as persistent organic pollutants (POPs), heavy metals, and also by toxins
produced during massive blooms of cyanobacteria(Ding et a. 1998; van der Oost et al.
2003). Along with continuous worldwide anthropogenic water eutrophication, cyanotoxins
(particularly peptide microcystins) are of growing environmental aswell as health concern
and were shown to cause serious adverse effects in human as well as aguatic organisms
including fish (Dawson 1998).
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The exposure and effects of chemicalsin living organisms can be studied by biomarkers,
i.e. specific changes (responses) in biological parameters reflecting specific toxicity
mechanism such as overproduction of ROS and oxidative stress (Boel sterli 2003). Several
oxidative stress biomarkers were validated, and they included: (i) direct assessment of ROS
overproduction after exposureto tested chemicals (dueto short lifetime of ROS, the approach
is suitable mostly for in vitro studies (Li et al. 2003), (ii) assessment of oxidation products
of biological molecules as measurement of lipid peroxidation product malondiadehyde,
MDA, (iii) determination of changes in antioxidant mechanisms and detoxification
parameters such as concentrations of glutathione (GSH) — critical cellular antioxidant and
conjugation substrate of detoxification enzymes. Monitoring of the biomarkers in living
organisms including fish is a validated approach and serves as early warning of adverse
changes and damage resulting from chemical exposure (van der Oost et al. 2003).

The aim of the present work was to study modulation and responses in two important
oxidative stress biomarkers, MDA and GSH, in silver carp (Hypophthal michthys molitrix
Val.) after 25-day natural exposure to cyanobacterial bloom producing cyanotoxins
(microcystins).

Materialsand Methods

Juvenile fish of silver carp (Hypophthalmichthys molitrix Val.) obtained from single stripping (mean weight
50 g) were used for experiments. Fish were caged and exposed to cyanobacteria bloom (dominated by
coccal Microcystisichthyoblabe 60% a M. aeruginosa 40%, 4-116 x 108 cells- mi-1) which naturally developedin
abreeding pond for 25 days during August 2003. In parallel, control groups of fish were carried either in a pond
without apparent cyanobacterial bloom (phytoplankton dominated by chlorococcal green algae and diatoms) or
experimental aquarium without phytoplankton. Concentrations of microcystinsin the cyanobacterial biomasswere
determined by HPLC (Agillent 1100 system, Supelcosil ABZ + Plus C18 column) coupled with photodiode array
detector. Previously published method wasused (Blaha and Marsalek 2003).

Basic physico-chemical parameters were monitored during the experiment. Dissolved oxygen ranged in all
experimental variants among 95-159% of saturation, pH 7.8-9.6, water temperature 19.5-24.2 °C, ammonia
0.02-0.31 mg.I"t N-NH,*, and nitrite 0,055-0,199 mg.I"X N-NO,".

After the exposure, 6 fish from each experimental variant were randomly selected, anaesthesized and muscle,
skin and hepatopancreas samples were stored frozen for further analyses of biomarkers. Tissue samples were
extracted with phosphate buffer saline (PBS, pH 7.2, 5 g fresh weight / 20 mL PBS). Homogenates of muscle, skin
and hepatopancreas were analysed for microcystin (commercial ELISA, Envirologix, USA, LOD 0.6 g.g'1 fresh
weight). Homogenates of hepatopancreas were further assessed for total protein (according to Lowry 1951),
reduced glutathione (GSH) or malondialdehyde (MDA).

GSH was determined according to Ellman method (Ell man 1959). Samples were treated with trichloroacetic
acid (TCA, 25% v/v) and decanted (8900 rpm for 10 min). Supernatant (50 pL) was mixed with TRIS-HCI buffer
(230 L, 0.8 M TRIS/HCI, 0.02 M EDTA, pH 8.9) and 20 pL of 0,01 M DTNB (2,2"-dinitro-5,5 -dithiobenzoic
acid, Ellman’sreagent). Reaction mixturewasincubated for 5 min at room temperature, absorbance of GSH-DNTB
conjugate was determined at 412 nm and concentrations (ug GSH/mg protein) calculated according to standard
calibration. The level of tissue lipid peroxidation was determined by assessment of MDA as total thiobarbituric
acid (TBARS)-reactive productsby modified method of Livingstone et al. (1990). The homogenateswere mixed
with TCA (20% v/v) and butylhydroxytoluene (BHT 2% v/v) and decanted (8900 rpm for 20 min). Supernatant
wasfurther mixedinratio 5:1:4 with 0.6M HCI and thiobarbituricacid (100mM TBA in 0.8 M TRIS-HCI, pH 7.4).
The mixture was incubated at 95 °C for 45 min, cooled to room temperature, absorbance of TBA-MDA conjugate
determined at 550 nm (590 nm reference), and the concentration of MDA (nmol MDA/mg protein) calculated
according to standard calibration curve.

Differences between the groups were compared by Analysis of Variance (ANOVA) followed by Dunnet’s
contrasts. P-valuesless than 0.05 were considered statistically significant.

Results

Three microcystin variants (microcystin-RR, -YR and -LR) were determined in the
biomass of cyanobacteria at a total concentration of 513 pg-g™ d.w. (concentrations of
individual variantswere 122, 185, 206 ug-g™1). The concentrations arewell comparablewith
levelsfrom other localitiesin the Czech Republic (M ar§éalek et a. 2001). ELISA found no
detectable microcystinsin the tissues of silver carp (< 0.6 ng-g f.w.).
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Fig. 1. Levelsof reduced glutathione (GSH) in hepatopancresas of silver carp (Hypophthalmichthys molitrix Val.) in
experimental groups. Asterisks(***) indicate statistically significant difference (P < 0.001) from Control pond group.

Thelevels of GSH and MDA at individual experimental variants are presented in Fig. 1
and Fig. 2, respectively. Fish exposed to cyanobacterial bloom had significantly elevated
haepatopancreas concentrations of GSH in compari son with the control pond group (Fig. 1).
On the other hand, significantly decreased levels (P = 0.021) were observed in a group of
aquarium fish. Concentrations of MDA, a biomarker of lipid peroxidation, did not differ
significantly among compared groups of fish. However, increasing trend was observed in
agroup exposed to cyanobacterial bloom (Fig. 2).
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Fig. 2. Levelsof lipid peroxidation (MDA concentrations) in hepatopancreas of silver carp (Hypophthal michthys
molitrix Val.) in experimental groups.
Discussion
Fish exposed to cyanobacterial water blooms are under stress that can substantially affect
both physiological status and muscle tissue quality. Our results obtained with commercial
ELISA did not revea increased concentrations of cyanobacterial toxins microcystins in
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tissues of exposed fish (< 0.6 ng-gl f.w.). Negative observations could be related to
relatively short exposure period (25 days) during which only minor microcystin
accumulation could occur in silver carp (to our knowledge no previous reports studied
bioconcentration of microcystin in this fish species). Additionally, interference of the
extracted complex matrix with ELISA procedure cannot be excluded. However, ELISA for
microcystins was successfully employed for analyses of animal tissues (Freitas de
M agal haes et al. 2001).

In spite of minor microcystin accumulationinfish liver, sensitive changes of biochemical
markers were observed. The most significant was the effect of exposure to cyanobacterial
bloom on GSH levelscorresponding toinduced oxidative stress (Pflugmacher et al. 1998;
Wiegand et al. 2002). Elevation of GSH levels reflects stimulation of detoxification
metabolism followed by increased GSH demand (e.g. stimulation of glutathion-S-
transferases) as also previously reported in other aguatic organisms (Best et a. 2002).
However, modulation of detoxification enzymes could result in numerous negative effects
as increased susceptibility to ROS formation, increased energetic demand, proliferation of
cells and induction of neoplastic foci (van der Oost et a. 2003).

In experiments with cyanobacterial biomass, the levels of ammonia should be monitored
as known confounding factor in observed toxicity (Kopp and Hete$a 2000). During the
experiment the levels were slightly elevated in fish exposed to cyanobacteria (maximum
concentration 0.14 mg-I-1 NH,) and were correlated withincreased pH (up to 9.6). However,
the levels were bel ow the maximum acceptable limit (0,05 mg-l-1 NH; for cyprinids) at the
end of experiment (Svobodovaetal. 1993). Inrelationto only minor elevation of ammonia
during experiment, modulation of monitored oxidative stress biomarkers (GSH and MDA)
by this factor seem to be negligible, and toxic cyanobacterial metabolites (microcystins of
other compounds) seem to be responsible for observed effects.

Although cyanobacteria form natural communities in the ecosystems, current research
reveals that aguatic organisms (including fish) react to their metabolites as to xenobiatics.
Modulations of detoxification aparatus followed by possible chronic adverse effects after
exposures to cyanobacterial metabolites were described. With respect to detoxification
kinetics, variability in biomarkers could be expected. During acute phases of exposure,
declinein antioxidant levelsis often observed, followed by stimulations along with chronic
exposures and induction of detoxification apparatus. The results comparable to our
observations (stimulation of GSH levels) along with detoxification enzyme induction
(glutathion peroxidase) were reported in mice exposed to purified microcystins in vivo
(Gehringer etal. 2004). Theauthorsal so observedincreased levelsof MDA indicated also
in our experiments with carp (however, the differences between fish groups were not
statistically significant). Similarly, increased oxidative stress and elevation of GSH levels
in rat hepatocytes after exposure to microcystin-LR were observed by Bouaicha and
Maatouk (2004).

Fish cells were also shown to be susceptible to induction of oxidative stress by
cyanobacterial metabolites(Li et al. 2003). Acute exposures of hepatocytesin vitroto high
concentrationsof microcystinsresulted in acute oxidative stressreflected by overproduction
of ROS, stimulation of enzymatic detoxification (glutathion peroxidase, GPx, superoxid
dismutase, SOD, catalase, CAT). Correspondingly to high doses of microcystins, authors
reported acute depletion of GSH levelsin common carp hepatocytes (Li et al. 2003).

Our in vivo study with silver carp was carried out in natural conditions and even after
relatively short exposure to cyanobacterial bloom (25 days) significant effects on oxidative
stress biomarkers were observed as highly significant stimulation of GSH levels and
increased lipid peroxidation insignificantly (determined as MDA concentration). In
accordance with previously reported studies, our results indicate that cyanobacterial toxins
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induce non-physiological activations of detoxification enzymesaswell asgeneral oxidative
stressin fish. Prolonged oxidative stress can then result in substantially affected health status
of fish and other chronic negative effects as documented by numerous recent research
reports (Pflugmacher et al. 1998; Wiegand et al. 2002; Li et al. 2003; Bouaicha and
Maatouk 2004).

Modulace biomarkert oxidativniho stresu u tolstolobika bilého (Hypophthalmichthys
molitrix Val.) po expozici vodnimu kvétu sinic produkujici microcystin

Cilem predloZené price bylo sledovat vliv toxickych populaci vodnich kvéti sinic na
biomarkery oxidativniho stresu u tolstolobika bilého. Sledovana byla zména celkového
glutathionu (GSH)-peptidu vyznamné se podilejictho se na antioxidacni kapacité
bunék a koncentrace malondialdehydu (MDA) — kone¢ného produktu peroxidace lipida.
Zmény byly sledovany u tfi skupin ryb 1) u ryb v akvériich, 2) u ryb v sadce bez sinic a 3)
u ryb exponovanych 25 dni v sddce s masivné pfirozené vyvinutym vodnim kvétem sinic,
tvofenym kolonidlnimi sinicemi Microcystis ichthyoblabe (60 %) a Microcystis aeruginosa
(40 %) obsahujicich mikrocystiny v celkové koncentraci 513 pg.g”! d.w.

Hodnoty GSH byly signifikantné zvySeny u ryb z prostfedi vodniho kvétu sinic ve
srovnani s rybami bez sinic jako vysledek reakce na oxidativni stres a zvySenou potiebu
GSH pro ochranné (detoxika¢ni) enzymy (hlavné GPx) v disledku expozice mikrocystiny.
Na druhou stranu byly u ryb z akvdrii zji$tény signifikantné niZ§i hodnoty GSH ve srovnani
s rybami z prostfedi bez sinic.

Hodnoty MDA byly mirn€ zvySeny u ryb z prostfedi vodniho kvétu sinic, av§ak rozdily
mezi jednotlivymi pokusnymi skupinami ryb nebyly statisticky signifikantni.
Nase sledovani signalizuji, u ryb exponovanych v toxickych populacich sinic, indukci
oxidativniho stresu jako duleZitého faktoru urychlujici stirnuti Zivych organizmi.
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