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Abstract

The aim of the presented work was to evaluate #ueimce of toxic cyanobacterial water
blooms on blood indices of silver carfgdypophthalmichthys molitri¥/al.). Silver carp, the body
mass 278.8+76.0 g, were used in the experiment.eXperimental fish were exposed to natural
populations of cyanobacterial water bloonMigrocystis aeruginosaM. ichthyoblabeand M.
viridis), which contained three microcystins (total conication 425.0 pg g of dry biomass in
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the beginning of the experiment, respective 1824qit of dry biomass at the end of the
experiment). Hematological indices showed evidémainges in fish exposed to the cyanobacterial
population in comparison with the control groupeTesults obtained from these experiments do
not always correspond with the literature sourddsese data pointed to some hematological
indicators that fluctuated in large interval. Taicand density of cyanobacterial water blooms
had important role at individual hematological el as well.

INTRODUCTION

Eutrophication of aquatic ecosystem is accompatugdcyanobacterial
mass development represents serious environmewtalem. Cyanobacteria as
photosynthesizing organisms produce biologicallfvaccompounds that may
affect growth and development of other water orgiasi and physical and
chemical characteristics of water (MarSalek andameak 1996). Great attention
has recently been paid to the impact of cyanobattexins on fish. Symptoms
of poisoning, pathological changes, and influenoebtmod indices have been
investigated as well.

Most of toxins are absorbed into the fish organishmough the
gastrointestinal tract, whereas toxin penetratiomough the skin or gills is
negligible (Tencallaet al 1994). It is supposed more affection of cyanodyaeat
toxins on fish organism at higher digestible ofruylaacterial water blooms.

Beveridgeet al (1993) reported that the intussusceptionMatrocystis
aeruginosacells byHypophthalmichthys molitrixs significantly depended on
toxicity of cyanobacterial population.

Silver carp that digest only cyanobacterial watepins have a decrease in
hemoglobin values and modifications of leukocriégtrenko 1979).

In silver carp, intraperitoneal exposure to mickigyLR causes significant
decrease in values of leukocyte, lymfocyte, haepiug| total proteins and
significant increase of plasmatic enzyme activiy. T, AST, LDH) (Vajcova
et al 1998).

Intraperitoneal exposure to microcystins causex liilssue damage in fish
that is demonstrated by significant increase imiakaaminotransferase (ALT),
aspartate aminotransferase (AST) and lactate debgdase (LDH) activities
(Raberghet al. 1991, Navratikt al. 1998).

Toxic effect on fish exposed to media containing dispersed microcystin
is manifested in the time-delay caused by limitedgiration into the healthy
fish. Toxic effect after the oral administrationaigproximately 10 times weaker
than after the intraperitoneal application (Cadiial 1996a).

Long-term impact of the cyanobacteria containingrogystins at lower
concentrations is relatively difficult to observeindividual fish; therefore, the
control of more individuals of the fish populatiags more useful. The
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measurement of aminotransferase (ALT, AST), bilelscbilirubin, sodium,
and chloride from the blood serum is recommendedk{iSat al. 1996b).

MATERIALS AND METHODS

Biennial fish of silver carp Hypophthalmichthys molitrix/al.) obtained
from single strippingmean weight 278.8+76.0 g) were used for experiment
Fish were caged and exposed to cyanobacterial blgmminated by coccal
Microcystis ichtyoblabeM. aeruginosaandM. viridis, 2.5-26x 10° cells mlY),
which were naturally developed in a breeding pards7 days during August-
October 2004. In parallel, control groups of fiskrev carried either in a pond
without apparent cyanobacterial bloom (phytoplankt@ominated by
chlorococcal green algae and diatoms).

Concentrations of microcystins in the cyanobactetidomass were
determined by HPLC (Agillent 1100 system, SupelcasBZ+Plus C18
column) coupled with photodiode array detectorvieigsly published method
of toxin analyses was used (Blaha and Mar3alek)2003

Basic physic-chemical parameters were monitorednguexperiment.
Dissolved oxygen ranged in all experimental vagabetween 80-255 % of
saturation, pH 7.4-10.1, water temperature 13.8-2€, ammonia 0.00-1.23
mg I N-NH,", and nitrite 0.027-0.114 mg N-NO,".

Water saturation by oxygen, temperature, and pHewegasured by WTW
Oxi 340i dissolved oxygen meter and by WTW pH 3#@ter.

Ammonium ions were determined by Nessler method aitdtes by
method with N-(1-naphthyl)-ethylenediamine and auilic acid (Horakovéet
al. 1986).

Cyanobacterial biomass was evaluated by chloropaiyioncentrations
(ISO 10260) and by number of cells counted in Biiskeounting chamber.

Blood samples were taken from the head into theuaiped tubes after the
termination of the exposure time (30 and 67 dagslditional processing of
blood and plasma separation was carried out affeb&@lovaet al (1986).
Values of haemoglobin (Hb) and haematocrit (PCV)reweetermined by
standard methods (Svobodaetéal. 1986).

Commercial kits were used for the detection ofltptatein (TP), activities
of aminotransferases (ALT, AST), activity of lagtaiehydrogenase (LDH),
alkaline phosphatase (ALP), cholinesterase (CHE)ylase (AMS), glucose
(GLU), lactate (LACT), albumin (ALB), urea (UREANd electrolyte (Ca, Mg,
P, Fe). Mentioned parameters were measurement byIAL650 (Bayer-
USA) analyzer. The analyzer works at photometriogaple and forms open
analytic system.
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Statistical evaluation of results (ANOVA) was prded by software
Microsoft Excel 2000.

Table 1

Haematological indices of biennial silver carp under the influence of toxic cyanobacterial
water bloom.

Exposition 30 dayg 30 days|67 dayq67 day:
groups (n=10) Control [Exp. Control[Exp.
cyanobacteridcells mi* - |1.145.838 - |249.16
microcystins |ug g- DW - 425.0 - | 1824
Chlorophyll afug I 40.05 | 451.76 | 16,02| 387.68
PCV [ mear|] 0.27 0.28

SD | 0.04| 003 | 0.03]| 0.03
. |mear 58.48| 64.27 | 62.85| 74.91
SD | 851 | 664 | 9.37| 891
1 mean 5,9 6.0 6.0 6.1
SD | 04| 06 | 053] 0.89
ALP a1+ mear] 195 oBel o0.4s| 038

SD | 0.84| 025 | 0.15| 0.18
mear] 098 | 0.69 | 054 0.35
SD | 056 033 | 0.39] 0.23
mear| 541 | 530 | 3.24| 453
SD | 1.97| 064 | 050| 2.23
mean 2.87 3.16 1.63| 2,99
SD | 1.74| 1,50 | 153 0,50

mear| 27 - 211 1.96
SD | 010| 0.20 | 0.10]| 0.8
1 |mear] 24.75| 24.98 | 25.77| 26.35
SD | 2.22| 228 | 2.90]| 3.63
mear] 4.81 |IIGIS6M 3.29 | 3.16
SD | 0.80| 1.18 | 041]| 0.55
mean 1.16 1.15 1.11
SD | 0.07| 006 | 0.07] 0.05
mean 4.10 5.29 5.15| 4.21
SD | 094 | 129 | 1.18]| 1.37
mear] 12.19 | 13.17 | 11.77 | 13.52
SD | 299 | 266 | 211 | 2.61
mear] 2.51 |28 1.78 | 1.71
SD | 014 | 0.30 | 0.4 | 0.8
mean 11.3 15.4 8.0
SD | 4.68| 218 | 2.84 | 2.84
mear| 0.61 | 0.70 | 0.25 | 0.25
SD | 015| 0.16 | 0.17 | 0.12
mear] 84.33| 82.75 | 43.12 | 66.65
SD | 12.54| 9.06 | 12.24| 25.06

Hb g I

ALB g |

ALT Likat |

AMS ukat |

AST pkat I'*

Ca mmol I’}

TP gl

GLU mmol |}

Mg mmol |

LACT mmol |}

LDH ikat |

P mmol I’}

Fe pmol *

UREA mol I

CHS pkat It

p=001 p<0,05
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RESULTS

Three microcystin variants (microcystin-RR, -YR andlR) were
determined in the biomass of cyanobacteria at wacentration 540 pg'y
d.w. (concentrations of individual variants were, 4@, 452 pg @) at the
beginning of the experiment.

Total concentration of microcystins in the bioma$scyanobacteria was
425 pg ¢ d.w. (concentrations of individual variants we $10, 263 pg:9
at the first extraction of blood (on day 30 of theeriment).

At the end of experiment (on day 67) total conagidn of microcystins
was 182 pg gd.w. (concentrations of individual variants wefg 442 pg g).
The concentrations are well comparable with lef@m other localities in the
Czech Republic (Mar3aleit al. 2001).

Results of haematological examinations are predentethe Table 1.
Statistical evaluation of the influence of cyandbaal population on
hematological indices of the silver carp showedinlis values decrease of ALP
and GLU concentrations (p< 0.01) after 30 days.s€helues were also lower
than in controls after 67 days, but non-signifibanThe Mg significantly
(p< 0.01) decreased after 67 days exposition, &fedays the changes were
non-significant.

Values of PCV, Ca, P, Fe and LACT significantly remsed (p< 0.01 or
p< 0.05) after 30 days exposition compared to oisitiThe changes of PCV
and Fe significantly increased (p< 0.01) after @ysdas well. Values of Hb,
AST and CHS significantly increased (p< 0.05) oafter 67 days exposition
compared to controls.

The changes of ALB, ALT, AMS, TP, LD, and UREA weren-
significantly elevated or decreased compared téralan The values of bilirubin
(BIL), ultra sensitive C-reactive protein (CRPusinsferin (TRF), prealbumin
(PALB), and immunoglobulin (IgG) were non-signifidly changed or methods
of under detection limit were used (data not shown)

DISCUSSION

The values of haematological indices in this wookndt always correspond
well with the results released by other authordéRghet al 1991; Tencallat
al. 1994; Carbiset al 1996a, 1996b; Kopp and Hete3a 2000; Navsitial
1998; Vajcovéet. al 1998). Certain differences caused mainly by diffé
ways of toxin and cyanobacterial cell biomass aagibn and by different
physiological states of cyanobacterial water blgupulations.
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Blood plasma indices appeared as the suitableatatis of toxic effect of
cyanobacteria. Liver enzymes (ALT, AST, and LDHg @ine most frequently
tested enzymes in fish. Raberghal. 1991 reported that the activity of blood
plasma enzymes (ALT, AST and LDH) raise in two Isouafter an
intraperitoneal injection of toxin as a consequeotéhe hepatocyte necrosis.
Tencallaet al (1994) observed a decrease in their activityradi® h, and
interpreted this fact because of damage of the nihajaf hepatocytes that were
not able to release enzymes into circulatory systeanbiset al (1996b) noted
a delay of toxic manifestation in fish exposed tatev with immersed
microcystin. Our results showed only slightly irese in values of AST after 67
days exposition, values of ALT and LDH were nomgfigantly changes.
Activity of ALT was even slightly decreased comgite control.

Vajcovaet al (1998) reported significant decrease in valuesilof PCV,
and TP at silver carp after intraperitoneal appilicaof microcystin-LR. Our
observations did not confirm these results. Thaiesmlof Hb, PCV, and TP
increased after 30 also 67 days exposition.

The results indicated large variation in valueshaématological indices.
Results of blood analyses in fish are affected gnynendogenous and
exogenous factors. The analysis of fish haematoldgdices after
intraperitoneal injection of toxins or oral applicm toxic biomass of
cyanobacteria showed higher differences values) ehgosure of fish to the
toxic biomass or soluble microcystins.

There is no information in the literature on chaageAMS, Ca, Mg, P, Fe,
LAKT, UREA, and CHS in fish after the administrati@f microcystins or
cyanobacterial biomass. The most interesting vauerrum. The changes of
Fe were significantly increased after exposition cginobacteria, probably
under the thumb of liver damaged, consistent oettposure to microcystins.

Continuous grazing on toxic cyanobacteria cellssibyer carp may affect
hepatic function but it may be difficult to detebese changes by analyzing the
blood or serum chemistry of individual fish. Howevéhe analysis of fish
serum should be useful for evaluating microcystmegcosis in a designated
population of fish.
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