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Abstract
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In this work were summarized changes of biochemical markers of fish under the thumb of cyanobac-
terial toxins (microcystins). Among the most studied biomarkers of the influence of cyanobacterial
toxins on fish belong oxidative stress parameters — glutathione S-transferase (GST), non-enzymatic
antioxidant glutathione (GSH), superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase
(GPx), lipid peroxidation (LPO), malondialdehyde (MDA), glutatione reductase (GR), parameters of
blood - values of haemoglobin (Hb), haematocrit (PCV), mean corpuscular haemoglobin concentra-
tion (MCHC), mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH), erythrocyte
(RBC), leukocyte counts (WBC) and plasma — alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), lactate dehydrogenase (LDH), alkaline phosphatase (ALP), cholinesterase (CHE), total
serum protein (TP), glucose (GLU), lactate (LACT), iron (Fe), calcium (Ca), magnesium (Mg), total bi-

lirubin (BIL), phosphorus (P) and protein phosphatase activities (PP1, PP2A).

fish, microcystins, biomarkers, oxidative stress

Eutrophication of aquatic ecosystem accompanied
by cyanobacterial mass development represents
serious environmental problem. Cyanobacteria
as photosynthesizing organisms produce biologi-
cally active compounds that may affect growth and
development of other water organisms and physi-
cal and chemical characteristics of water (CHORUS
et al,, 2000). Great attention has recently been paid
to the impact of cyanobacterial toxins on fish. Symp-
toms of poisoning, pathological changes and in-
fluence on blood indices have been investigated as
well (LANDSBERG et al., 2002).

The influence of cyanotoxins on fish following ex-
perimental intoxications or the impact of an envi-
ronment containing cyanotoxins on fish have been
studied by using clinical, morphological, histologi-
cal, ultrastructural, haematological and biochemical
methods. One of the most common genera (Micro-
cystis) in cyanobacterial blooms produce to hepa-
totoxic microcystins that can occasionally occur in
high concentrations at shallow waters where cyano-
bacteria can accumulate, and may induce injury to
fish (MALBROUCK and KESTEMONT, 2006).

Toxins are synthesized during the growth phase
of the cyanobacteria and large quantities of micro-
cystinsarereleased into the water during the collapse
of the bloom or from actively growing cyanobacte-
rial populations (MALBROUCK and KESTEMONT,
2006). CHORUS and BARTRAM (1999) showed
that 100% of toxins are located in the cells of young
populations of cyanobacteria whereas in decaying
cells, toxin concentrations in water rose to values of
70-80%.

Most of toxins are absorbed into the fish orga-
nism through the gastrointestinal tract, whereas
toxin penetration through the skin or gills is negli-
gible (TENCALLA et al., 1994). It is supposed more
affection of cyanobacterial toxins on fish organism
at higher digestible of cyanobacterial water blooms.
Fish exposed to media containing the dispersed mi-
crocystins demonstrated that toxic effects are time
delayed due to limited penetration into the healthy
fish. The toxic effect after oral administration is ap-
proximately 10 times weaker than after the intra-
peritoneal application (CARBIS et al., 1997).
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Cyanotoxins are rarely ingested by man in amount
high enough for a lethal acute dose, but the damage
caused by chronic effect is particularly more proba-
ble if there is long term frequent exposure. The ma-
ximum allowable concentration for MCYST in drin-
king water was established in 1 pg.l"' (FALCONER
etal,, 1994). Based on this limit, WHO (World Health
Organization) established 0.04 pgkg?' of body
weight day as a tolerable daily intake (TDI) of cya-
nobacteria products content microcystins (CHO-
RUS and BARTRAM, 1999).

CONCLUSIONS

Haematological parameters in blood and
plasma

Liver enzymes (ALT, AST and LDH) are the most
frequently tested enzymes in fish for the indication
of cyanobacterial toxicity. RABERGH et al. (1991)
reported that the activity of blood plasma enzymes
(ALT, AST and LDH) raise in two hours after an in-
traperitoneal injection of toxin as a consequence of
the hepatocyte necrosis. TENCALLA et al. (1994) ob-
served a decrease in their activity after 48h, and in-
terpreted this fact as a result of damage of the ma-
jority of hepatocytes that were not able to release
enzymes into circulatory system. Significantincrease
of the activities of ALT, AST and LDH after intraperi-
toneal or oral administration of microcystin-LR to
the carp was observed (BURY et al., 1997; NAVRA-
TIL et al., 1998; MALBROUCK et al., 2003; LI et al.,
2004; 2007). KOPP and HETESA (2000) reported that
the activity of blood plasma enzymes was increased
after 96-hours of exposure of the carp to natural cya-
nobacterial population. CARBIS et al. (1996) noted
a delay of toxic manifestation in fish exposed to wa-
ter with dispersed microcystin. Serum activities of
AST and ALT increased 7 days after the carps were
exposed to water that contained microcystins. Feral
carp from a lake, where toxic Microcystis aeruginosa
was dominant, had higher activity of AST in serum
(CARBIS et al., 1997). MALBROUCK et al. (2003) re-
ported that activities of plasma enzymes (ALT, AST
and LDH) completely recover after 21 days of intra-
peritoneal injection of microcystin-LR.

The absorption of common concentrations of mi-
crocystins in natural water through oral, dermal or
brachial pathways may be limited in normal healthy
fish. The acute toxicity of microcystins is unlikely to
occur in feral carp and chronic injury will probably
not be detected by changes of enzyme (AST, ALT,
ALP and LDH) activity in the blood plasma. Other
biochemical parameters of blood and plasma as Hb,
PCV,RBC, MCV, MCH, MCHC, CHE, LACT, Ca, Mg,
Fe, P, BIL and GLU, in particular, were influenced by
the action of the natural population of cyanobacte-
rial water bloom due to the participation of other ac-
tive substances and changes in water chemistry.

Concentration of BIL rises eight hours after intra-
peritoneal injection of microcystins (CARBIS et al.,
1996). Higher concentration of toxic cyanobacteria

in a natural lake caused the increase of BIL concen-
tration in serum of feral carp (CARBIS et al., 1997), on
the second hand KOPP et al. (2005) was no-observed
influence of toxic cyanobacteria on the values of BIL
in silver carp. BURY et al (1996) (in brown trout) and
ERNST et al. (2006) (in whitefish) observed slightly
increased levels of GLU in fish exposed to cyanobac-
teria, but changes were not significant. KOPP et al.
(2005) showed that serum activities of ALP and va-
lues of GLU, Ca and Mg significantly decreased and
activities of CHE, LACT, Fe and P significantly in-
creased in the silver carp exposed to the toxic cyano-
bacterial population.

The levels of blood cell components Hb, PCV,
RBC, MCV, MCH and MCHC usually decrease af-
ter application of pure microcystins or toxic cyano-
bacterial biomass in consequence with patho-mor-
phological changes. These comprise of extensive
haemorrhage in the skin, eyes, hepatopancreas and
swim bladder (NAVRATIL et al., 1998; VAJCOVA
etal., 1998). A significant decrease of total leukocyte
counts (WBC) was observed after intraperitoneal or
oral administration of microcystin-LR in the carp
(PALIKOVA et al., 1998). Values of TP significantly
decreased after intraperitoneal application of pure
microcystin-LR into common carp (NAVRATIL
et al., 1998), silver carp (VAJCOVA et al., 1998) and
were not changed in common carp (CARBIS et al.,
1996). Changes of TP under the influence of cyano-
bacterial populations were reduced in common carp
(KOPP and HETESA, 2000) and were not changed in
silver carp (KOPP et al., 2005).

Biochemical indices of blood and plasma in fish
are affected by many endogenousand exogenousfac-
tors. Liver enzymes (ALT, AST and LDH) are the most
suitable parameters in fish as indicators of the toxi-
city of cyanobacteria after intraperitoneal or per oral
biomass application. The toxic effect of cyanobacte-
ria on fish under natural environmental conditions
is many times weaker than after the intraperitoneal
or per-oral application. In case of chronic exposure,
cyanobacteria would not be likely detected by en-
zyme activity changes (ALT, AST, ALP, ACP, CHE and
LDH) in the blood plasma of fish.

Parameters of oxidative stress

Oxidative stress, i.c. pathological processes related
to overproduction of reactive oxygen species (ROS)
in tissues is one of important general toxicity me-
chanisms of many xenobiotics. Oxidative stress was
shown to be induced by anthropogenic contami-
nants as persistent organic pollutants (POPs), heavy
metals, and also by toxins produced during mas-
sive blooms of cyanobacteria (DING et al. 1998; VAN
DER OOST et al., 2003).

Glutathione S-transferase (GST)

Changes in activity of detoxification enzyme
glutathione-S-transferase (GST) have been used
as a biomarker of chronic cyanobacterial toxicity
in fish. However, the responses in GST might be
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highly variable (BLAHA et al. 2004). The study with
carp hepatocytes has shown significant increases in
production of reactive oxygen species (ROS), ele-
vation in activities of detoxication enzymes SOD,
CAT, GPX, but the authors observed no significant
changes in reduced glutathione (GSH) levels and no
modulations of GST activity (LI et al., 2003). Similar
weak responses of GST to microcystin-LR exposure
were also observed with early life-stages of zebra
fish (Danio rerio) (WIEGAND et al., 1999). PIETSCH
et al. (2001) reported significant suppression of GST
in zebra fish (Danio rerio) after 24h exposure of fish
eggs to cyanobacterial extract, similar inhibition of
GST activity reported CAZENAVE et al. (2006a) in
Corydoras paleatus after exposure to different doses of
microcystin-RR. Statistically significant decrease in
GST activities was also observed after co-exposure
of zebra fish to microcystin-LR and cyanobacterial
lipopolysacharides (LPS) (BEST et al., 2002) and in
Jenynsia multidentata fed pellets with microcystin-RR
(CAZENAVE et al., 2008). About the juvenile gold-
fish (Carassius aureus) after intraperitoneal injection
of microcystin-LR was observed decrease of hepatic
glutathione-S-transferase (MALBROUCK et al.,
2003). Activity of GST in the embryos of common
carp was determined after exposure to four cyano-
bacterial biomasses. Biomasses with coccal cyano-
bacteria caused variable modulations of the GST
enzyme activities (either increase or decrease), but
exposures to biomass with filamentous cyanobacte-
ria caused significant decrease of GST activity (PALI-
KOVA etal., 2007b).

GST activity was significantly increased in Danio
rerio embryos exposed to pure MC-RR and MC-LF
(CAZENAVE et al., 2006b). Significant increase of
GST was observed after exposure of silver carp (Hy-
pophthalmichthys molitrix) to purified MC-LR and MC-
RR (LI et al., 2007). Silver carp (Hypophthalmichthys
molitrix) exposed to cyanobacterial bloom had signi-
ficantly elevated hepatopankreas concentrations of
GSH (BLAHA et al., 2004). Effects of complex cyano-
bacterial biomass and aqueous extract were tested
on embryo of common carp. GST activity was in-
creased in treatments but the changes were not al-
ways significant (PALIKOVA et al., 2007a). Bioche-
mical changes in common carp (Cyprinus carpio) and
silver carp (Hypophthalmichthys molitrix) exposed to
toxic cyanobacterial blooms in natural environment
was described. Activity of GST was elevated in a ma-
jority of experimental variants in both of kinds, but
only insilver carp significantly (ADAMOVSKY etal.,
2007).

Non-enzymatic antioxidant glutathione (GSH)

Elevation of GSH levels reflects stimulation of de-
toxication metabolism followed by increased GSH
demand (e.g. stimulation of glutathione-S-trans-
ferases) as also previously reported in other aquatic
organisms (BEST et al., 2002). Inductions of GST
seem to correspond to detoxification of MCs by GST-
mediated conjugation with GSH (WIEGAND et al.,
1999; PFLUGMACHER et al.; 1998, PIETSCH et al.,

2001). Elevated GSH concentrations and activities of
the GR (the enzyme regenerating GSH from its oxi-
dized form) furtherreveal increased demands for re-
duced GSH because of enhanced detoxification and/
or oxidative stress induced by toxic cyanobacteria
(LI et al., 2003;JOS et al., 2005; BLAHA ct al., 2004).

Decrease trend in glutatione (GSH) concentra-
tion was observed in the liver of silver carp after in-
jection microcystins (LI et al., 2007), similarly de-
crease of GSH levels in the hepatocytes of common
carp (Cyprinus carpio) exposed to microcystins-LR
reported (LI et al., 2003). Biochemical responses in
common carp (Cyprinus carpio) and silver carp (Hy-
pophthalmichthys molitrix) exposed to toxic cyanobac-
terial blooms in natural environment was monitored.
Activity of GSH was significantly increased after 4
weeks and significantly decreased after 9 weeks of
exposure to in silver carp (no significantly changed
on common carp) (ADAMOVSKY et al., 2007).

Superoxide dismutase (SOD)

The results, when tilapia fish (Oreochromis niloticus)
were injected intraperitoneally with a single dose of
MC-LR or MC-RR showed a different response pat-
tern of both MCanalogsin the different organs. Thus,
MC-LR induced the activity of SOD in the three or-
gans (liver, kidney, gills), MC-RR on the other hand,
induced SOD activity only in the liver (PRIETO etal.,
2006). Activity of SOD was increased in liver of loach
(Misgurnus mizolepis) after orally exposure to low
dose of Microcystis cells (LI et al., 2005). The activity
of SOD was significantly increased after exposure of
common carp to microcystins-LR (LI etal., 2003). On
the second hand, the activity of SOD was significantly
decreased about the tilapia fish (Oreochromis niloticus)
were exposed to a single dose of cyanobacterial cells
containing MC-LR (PRIETO et al., 2007). The ef-
fects of microcystins from cyanobacterial cells on va-
rious oxidative stress biomarkers in liver, kidney and
gill tissues in freshwater tilapia fish (Oreochromis sp.)
were investigated under laboratory conditions. SOD
activity did not change significantly in the liver, kid-
ney or gills of fish that had been exposed to crushed
cyanobacteria for 14 days, but the longer exposure
(21 days) resulted in a significant increase in the SOD
activity in liver and in gills (JOS et al., 2005).

Catalase (CAT)

Tilapia fish (Oreochromis niloticus) after intraperito-
neally injection a single dose of MC-LR or MC-RR
showed increased of the activity of CAT in the three
organs (liver, kidney, gills) (PRTETO et al., 2006). Ac-
tivity of CAT was enhanced in liver Corydoras palea-
tus after exposure to different doses of microcystin-
RR (CAZENAVE et al., 2006a). The activity of CAT
was significantly increased after exposure of com-
mon carp to microcystins-LR (LT et al., 2003). Acti-
vity of CAT was increased in liver of loach (Misgurnus
mizolepis) after orally exposure to low dose of Micro-
cystis cells (LI et al., 2005). CAT activity was signifi-
cantly increased in Danio rerio embryos exposed to
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pure MC-RR and MC-LF (CAZENAVE et al., 2006b).
The effects of microcystins from cyanobacterial cells
on various oxidative stress biomarkers in liver, kid-
ney and gill tissues in freshwater tilapia fish (Oreo-
chromis sp.) were investigated under laboratory con-
ditions. No discernible effects were observed in CAT
activity of liver or kidney after 14 days of exposure,
but activity increased in liver and kidney after 21
days of treatment (JOS et al., 2005).

The activity of CAT was significantly decreased
about the tilapia fish (Oreochromis niloticus) were ex-
posed to a single dose of cyanobacterial cells con-
taining MC-LR (PRIETO et al., 2007).

Glutatione reductase (GR)

Intraperitoneally injection a single dose of MC-
LR or MC-RR showed a different response pattern
of both MC analogs in the different organs of tila-
pia fish (Oreochromis niloticus). Thus, MC-LR induced
the activity of GR only in the liver (not in kidney and
gills), GR were not influenced by MC-RR (PRIETO
etal., 2006). Activity of GR was enhanced in liver and
inhibited in gills Corydoras paleatus after exposure
to different doses of microcystin-RR (CAZENAVE
etal.,, 2006a). The effects of microcystins from cyano-
bacterial cells on various oxidative stress biomar-
kers in liver, kidney and gill tissues in freshwater
tilapia fish (Oreochromis sp.) were investigated under
laboratory conditions. GR activity was significantly
induced after 21 days of exposure in liver and kid-
ney and showed no significant changes in gills (JOS
etal., 2005). Biochemical responses in common carp
(Cyprinus carpio) and silver carp (Hypophthalmichthys
molitrix) exposed to toxic cyanobacterial blooms in
natural environment was monitored. Activity of GR
was elevated in a majority of experimental variants
in both of kinds, but only in common carp signifi-
cantly (ADAMOVSKY et al., 2007).

Impact of pure microcystins (-RR and -LF) on ze-
bra fish (Danio rerio) embryos were monitored. Em-
bryos did not show clear changes in activities of GR
(CAZENAVE et al., 2006b). The activity of GR was
significantly decreased about the tilapia fish (Oreo-
chromis niloticus) were exposed to a single dose of cy-
anobacterial cells containing MC-LR (PRIETO et al.,
2007).

Glutathione peroxidase (GPx)

The results, when tilapia fish (Oreochromis niloticus)
were injected intraperitoneally with a single dose of
MC-LR or MC-RR showed a different response pat-
tern of both MCanalogsinthe different organs. Thus,
MC-LR induced the activity of GPx only in the kid-
ney (not in liver and gills), GPx were not influenced
by MC-RR (PRIETO et al., 2006). The activity of GPx
was significantly increased after exposure of com-
mon carp to microcystins-LR (LI etal.,2003). Activity
of GPx was enhanced in liver and inhibited in gills
Corydoras paleatus after exposure to different doses of
microcystin-RR (CAZENAVE et al., 2006a). Activity
of GPx was increased in liver of loach (Misgurnus mi-

zolepis) after orally exposure to low dose of Microcystis
cells (LI etal., 2005). The effects of microcystins from
cyanobacterial cells on various oxidative stress bi-
omarkers in liver, kidney and gill tissues in freshwa-
ter tilapia fish (Oreochromis sp.) were investigated un-
der laboratory conditions. After the longer exposure
there was a significant induction of GPx activity in
liver and kidney, however GPx activity showed a sig-
nificant decrease in gills (JOS et al., 2005).

The activity of GPx was significantly decreased
about the tilapia fish (Oreochromis niloticus) were ex-
posed to a single dose of cyanobacterial cells con-
taining MC-LR (PRIETO et al., 2007). Impact of pure
microcystins (-RR and -LF) on zebra fish (Danio re-
rio) embryos were monitored. Embryos did not
show clear changes in activities of GPx (CAZENAVE
et al., 2006b). Biochemical changes in common carp
(Cyprinus carpio) and silver carp (Hypophthalmichthys
molitrix) exposed to toxic cyanobacterial blooms in
natural environment was described. Activity of GR
was no significantly changed in a majority of expe-
rimental variants in both of kinds (ADAMOVSKY
etal., 2007).

Lipid peroxidation (LPO)

Many studies have demonstrated that lipid per-
oxidation and oxidative stress increases in tissues
of different species of aquatic organisms, as a result
of being exposed to environmental stressors (WIN-
STON and DIGIULIO, 1991).

All three organs studied from tilapia fish i.p. in-
jected with MC-LR showed a significantly increased
level of lipid peroxidation. The liver was the most af-
fected organ. MC-RR also increased LPO values in
kidney and gills, while the liver maintained its ba-
sal value. Also a differential response to both MC va-
riants was observed in the liver and kidney of treated
fish (PRIETO et al., 2006). Microcystin-RR induced
LPO in brain of exposed fish (Corydoras paleatus),
but non in other organs (CAZENAVE et al., 2006a).
The activity of LPO was significantly increased when
the tilapia fish (Oreochromis niloticus) were exposed to
a single dose of cyanobacterial cells containing MC-
LR (PRIETO etal., 2007).

Activity of LPO did not change in liver of loach
(Misgurnus mizolepis) after orally exposure to low dose
of Microcystis cells (LI et al., 2005).

Malondialdehyde (MDA)

The effects of microcystins from cyanobacterial
cells on various oxidative stress biomarkers in liver,
kidney and gill tissues in freshwater tilapia fish (Oreo-
chromis sp.) were investigated under laboratory con-
ditions. After 14 days, were observed significantly
increased of MDA in liver, kidney and gills in fish ex-
posed to the crushed cyanobacteria (JOS et al. 2005).
Silver carp (Hypophthalmichthys molitrix) exposed to
cyanobacterial bloom had increasing trend (but no
significant) concentrations of MDA (BLAHA et al.,
2004).
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Changes in activity of detoxification enzymes and
lipid peroxidation in tissues have been used as a bio-
marker of chronic cyanobacterial toxicity in fish.
However, the responses in these biomarkers could
be highly variable. The main factors in activity of
biomarkers are time of exposure to toxins, kinds of
microcystins (MC-LR, MC-RR or another variant),
kinds of fish and differences in detoxification po-
tency among diverse organs of fish.

Protein phosphatases assay

Microcystins in hepatocytes binds covalently with
protein phosphatases 1 and 2A in the cytosol and
nuclei (FUKUJT and SUGANUMA, 1993). Inhibition
of the enzyme activity results from an initial non-
covalent interaction, which is mediated by MCs hy-
drofobic Adda side chain and the glutamyl carboxyl
(RUNNEGAR et al., 1995). Pathological changes con-
nected with PP inhibition were also observed in fish
treated with purified MC or cyanobacterial material.
Inhibitory effect of MCs on protein phosphatase in
the liver of carp (Cyprinus carpio) investigated TEN-
CALLA and DIETRICH (1997), FISHER and DIET-
RICH (2000), in grass carp XU et al. (2000) in rain-

bow trout (Oncorhynchus mykiss) SAHIN et al. (1995),
FISHER et al. (2000) in medaka fish (Oryzias latipes)
HUYNH-DELERME et al. (2005) and MEZHOUD
et al. (2008). On the other hand the effect of MC-LR
in embryonic development of zebrafish (Danio rerio)
on PP inhibition was very low. The causes of diffe-
rence may be due to membrane impermeability that
impaired the delivery of MC-LR into cytoplasm of
zebrafish (WANG et al., 2005).

In summary, the data suggest that the IC. of pro-
tein phosphatase inhibition by MCs is in similar
range (0.1-0.25 nM) throughout a wide selection of
organisms, including mammals, bivalves, zooplank-
ton and plant (MACKINTOSH et al., 1990; DEMOTT
and DHAWALE, 1995),i. e., the acute symptom of in-
toxication are associated with the reversible interac-
tion of MC with hepatic PP. Hepatocyte necrosis ap-
pears to be primarily associated with the reversible
and irreversible inhibition of PP1, whereas apopto-
sis, a late event, is associated with the irreversible in-
hibition of PP-2A (FISHER et al., 2000). The ability of
MC:s to inhibit PP is used in a colorimetric protein
phosphatase inhibition assay (PPI assay) for detec-
tion of microcystins (RAPALA et al., 2002).

SOUHRN
Vliv microcystinti na zmény biochemickych parametrti uryb
V uvedené praci byla sledovina odezva biochemickych markert u ryb na toxické ptisobeni cyano-

bakteridlnich toxin® (microcystintl). Mezi nejsledovanéijsi biomarkery vlivu cyanobacteridlnich to-
xind pa¥i parametry oxidativniho stresu - glutation S-transferaza (GST), neenzymaticky antioxidant
glutation (GSH), superoxid dismutiza (SOD), kataldza (CAT), glutation peroxidiza (GPx), lipidova
peroxidace (LPO), malondialdehyd (MDA), glutation reduktiza (GR), parametry krve — hodnota he-
moglobinu (Hb), hematokryt (PCV), stfedni barevna koncentrace (MCHC), stfedni objem erytrocy-
tu (MCV), stfedni obsah hemoglobinu erytrocytu (MCH), pocet erytrocytt (RBC) pocet leukocytti
(WBC), parametry krevni plazmy - alanin aminotransferaza (ALT), aspartat aminotransferdza (AST),
laktat dehydrogenédza (LDH), alkalicka fosfatdza (ALP), cholinesteraza (CHE), celkové bilkoviny (TP),
glukéza (GLU), laktat (LACT), zelezo (Fe), vapnik (Ca), ho¥¢ik (Mg), celkovy bilirubin (BIL), fosfor (P)

a aktivita protein fosfatiz (PP1, PP2A).

Biochemické parametry krve a plazmy u ryb jsou ovlivnény mnoha endogennimi i exogennimi fak-

tory. Mezi nejsledovanégjsi parametry patii enzymy krevni plazmy (ALT, AST and LDH), které vyraz-
né& zvysuji svoji aktivitu po intraperitonedlni nebo perorilni aplikaci microcystint rybam. Toxicky

vy

afinek sinic na ryby v pfirodnim prost¥edi je vyrazné nizsi nez po p¥imé aplikaci toxinu do rybtho
organismu a zmé&ny v aktivit€ enzymt u téchto pfirodnich experimenttl jsou vétsinou neprikazné.
Na vyznamu pak nabyvaji dal3i parametry krevni plazmy indikujici negativni ptisobent sinic (elekt-

rolyty, laktat, glukéza, albumin, cholesterol aj.).

Toxické metabolity sinic vyvolévaji oxidativni stres a sledovani zmén vhodnych biomarkert lze dob-
Fe vyuzit také u ryb k ¢asné indikaci poskozeni organismu v dtsledku expozice toxickym sinicim. Je
zi'ejm4 silna Casovd zavislost modulace detoxika¢nich pochodi p¥i vystaveni ryb vlivu microcystint.
V zévislosti na délce expozice tak 1ze vysledovat néariist i pokles aktivity jednotlivych biomarkert oxi-
dativniho stresu zptisobeny stimulaci nebo inhibici protektivnich procest. Vyrazné rozdily lze v za-
vislosti na intenzité detoxifika¢nich pochodi vysledovat i u rtiznych orgéani ryb, rovn&z tak jsou na-
lézény vyrazné rozdily mezi jednotlivymi druhy ryb.

ryby, microcystiny, biomarkery, oxidativni stres
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Youth and Sports of the Czech Republic.
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