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Abstract: Aim: The aim of this study was to evaluate the water quality, cyanobacteria toxins in a 
water-bloom and acute toxicity of intraperitoneally administered crude extract of water-bloom to Brycon 
cephalus (Günter, 1896; Characidae), as well as the histological changes of the gill tissues of fish exposed 
for 26 hours. Methods: B. cephalus is a native Brazilian fish, popular with anglers. Samples were collected 
from two ponds (fishing and hatchery) from fee-fishing facilities located in the Mogi-Guaçu basin, SP, 
Brazil. The physical, chemical and biological parameters were measured. The Elisa competitive immunoassay 
was used to ascertain the microcystin content in intracellular cyanobacteria water-bloom samples from 
Hatchery Pond (HP), and tissue sections were stained with haematoxylin-eosin and examined using 
light microscopy. Results: According to the Modified Carlson Index, both ponds were classified as being 
hyper-eutrophic (>80), with chlorophyll-a of 327.4- 420.6 µg.L–1, TP of 248-340 µg.L–1, and Secchi 
disc depth of 50-30 cm). The Elisa technique showed evidence of microcystin-LR in the water bloom 
(242 µg.g–1p.s). There were two species of Anabaena; two of Aphanocapsa; one each of Aphanotece sp.; and 
Cylindorospermopsis rarciborkii, and four species of Microcystis. In a 26 hours laboratory acute test, doses 
of 1000, 500, 250 and 125 ug.kg–1 of crud extract caused 100, 80, 60 and 20% mortality in B. cephalus. 
The LC50 was 229 mg.kg–1 of fish body weight. No histopathological changes were found in the control 
fish. The results showed that the gills exposed to the different concentrations of crude extract suffered 
modified morphology, lesions, total fusion of lamellae, dilated sanguineous capillaries of secondary lamellae 
and displacement of the epithelium. Conclusions: We suggest that fish farms and fee- fishing facilities 
should be monitored for algae blooms, to minimize the exposure of fish to potent cyanotoxins and the 
probability of fish kills as a consequence of biologics intoxication.

Keywords: cyanobacteria bloom, fee-fishing ponds, toxicity, mycrocistin, gill lesion, Brycon cephalus.

Resumo: Objetivo: O objetivo deste trabalho foi avaliar a qualidade de água, a possível toxicidade de 
um florescimento de Cynobateria via administração intraperitoneal do extrato seco em peixes da espécie 
Brycon cephalus (Günter, 1896; Characidae), bem como as alterações histológicas nas brânquias dos peixes 
em teste agudo de 24 horas. Métodos: O B. cephalus é uma espécie da fauna nativa brasileira e com grande 
aceitação no mercado. As amostras foram coletadas em pesque-pague localizado na cidade de Espírito 
Santo do Pinhal, bacia hidrográfica do rio Mogi-Guaçu, SP, Brazil. Foram tomadas de um lago de pesca 
(FP) e de um viveiro de criação de peixes (HP) com intensa floração de Cyanobacteria. Foram medidas as 
variáveis físicas, químicas e biológicas da água. Aplicou-se o teste Elisa de imunuensaio competitivo para 
determinação da presença de Microcistina no conteúdo celular das espécies presentes no florescimento. Os 
materiais para estudos histológicos foram corados com hematoxilina-eosina e analisados em microscopia 
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1. Introduction

Fee fishing, where an angler pay for the right to fish or 
for the fish they catch, is becoming increasingly popular in 
Brazil. Fee-fishing started in marginal areas unsuitable for 
agriculture or other activities, but it has recently expanded 
rapidly to occupy former farmland, as landowners realize 
that ponds can be turned into alternative sources of revenue. 
(Graziano-Silva et al., 1999; Lopes, 2005)

The highest potential demand for fee-fishing in Brazil 
is in the Southeastern and Southern regions, especially 
close to large urban centers (Kitamura et al., 1999, 2002). 
This demand is related to several factors, such as the search 
for leisure and tourist activities in natural environments, 
and location and esthetics are often the most important 
selling points. Many people fish to relax and to escape the 
hustle and bustle of everyday life (Schuett and Pierskalla, 
2007). They want to be assured of catching fish, which is 
becoming less likely as natural stocks are over-fished in 
more accessible locations traditionally visited by anglers. 
Fee-fishing ponds have been expanding in number in the 
state of São Paulo, along with the growing development 
of fish farming. According to Venturieri (2002) there 
are 1000  fee-fishing ponds on a database, out of which 
250 locations were visited.

The most crucial factor affecting fish health in ponds 
is the oxygen depletion resulting from blooms of phyto-
plankton. It is a common cause of mortality to fish and 
crustaceans in aquaculture ponds (Boyd, 1990), and the 
maintenance of water quality in fish culture crawls is a 
basic requirement for the economic success of productive 
systems. This quality can be affected by several factors, such 
as the water source and feeding management (Eler et al., 
2001). Improving water sanitary conditions in fee-fishing 
and fish culture not only enhances production efficiency, 
but protects the health of those eating the fish caught and 
of the environment in general. 

Cyanobacteria are naturally occurring components 
of the freshwater phytoplankton community, but are fre-
quently associated with eutrophication. Most cyanobacteria 
blooms have significant adverse effects on water quality. 
The high eutrophication in the pond promotes the oc-
currence of increasingly frequent cyanobacterial blooms, 
which in turn produce toxic substances (cyanotoxins) that 
are either excreted or released into the water when algal 
cells decompose. It is well known that some cyanobacteria, 
such as Microcystis aeruginosa, produce hepatotoxins such 
as microcystin-LR (MC-LR) (Sivonen and Jones, 1999) 
and have been linked with poisoning and the death of 
livestock, wildlife and pets (Chorus, 2001; Codd, 2000). 
Although suspected as a possible cause or contributing 
factor of fish kills, there are few direct links between such 
events and microcystins (Andersen et  al., 1993; Rodger 
et al., 1994, Jewel et al., 2003). High mortality in channel 
catfish, Ictalurus punctatus (Rafinesque), and production 
ponds in South Carolina, USA because of a toxic bloom 
of Anabaena flos-aquae was reported by English, Schwedler 
and Dyck (1994). Channel catfish kills occurring in ponds 
in Arkansas have been attributed to dense blooms of 
Microcystis aeruginosa that produce lethal levels of the algal 
toxin microcystin (Zimba et al., 2001).

Honda et al. (2006), found the presence of Aphanocapsa sp., 
Microcystis aeruginosa, M. panniformis, Microcystis sp., 
Phormidium sp. and Radiocistis fernandoi in 14 fee-fishing 
ponds around the São Paulo metropolitan region, and the 
authors concluded that the species obtained were toxic (he-
patoxins), mailing Microcystis. Moreover, under experimen-
tally essay, Magalhães et al. (2001) and Soares et al. (2004) 
verified accumulation of microcystins in muscle tissue of 
Tilapia rendalli, a fish species frequently found in Brazilian 
fish ponds and reservoirs that experience heavy Microcystis 
blooms. These authors also detected microcystins in muscle 
tissue of fish collected from a brackish lagoon. 

óptica. Resultados: De acordo com o índice de estado trófico(modificado de Carlson) os dois corpos 
estudados foram considerados super-eutróficos (>80), as concentrações de clorofila foram 327.4 (FP) 
–420.6 µg.L–1 (HP); fósforo total 248 (FP) –340 µg.L–1(HP); profundidade do disco de Secchi 50 (FP) 
–30 (HP) cm. Os resultados do teste Elisa mostraram evidências da presença de microcystina_LR nos extrato 
do florescimento (242 µg.g–1p.s). Identificou-se duas espécies do gênero Anabaena, dois de Aphanocapsa, 
Aphanotece SP, Cylindorospermopsis rarciborki e duas espécies do gênero Microcystis. Os resultados do 
ensaio agudo, nas doses de 1000, 500, 250, 125 ug.kg–1 do extrato bruto do florescimento apresentaram 
as seguintes mortalidades 100, 80, 60, 20% de mortalidade dos peixes testados, não ocorreu mortalidade 
no controle. A CL50 foi de 229 mg.kg–1. Não ocorreram alterações histológicas nas brânquias dos peixes 
do tratamento controle. As brânquias dos peixes, expostos nas diferentes concentrações do extrato bruto 
sofreram modificações morfológicas. Dentre estas modificações estiveram: lesões, fusão total da lamela, 
dilatação dos capilares sangüíneos da lamela secundária e deslocamento do epitélio. Conclusões: Sugerem-se 
monitoramentos periódicos das pisciculturas e dos pesque-pague com foco na presença de cyanobacteria. O 
objetivo do monitoramento em viveiros de piscicultura seria o de evitar perdas econômicas por mortandades 
e comercialização de peixes comprometidos a fim de evitar biointoxicação. 

Palavras-chave: floração de cyanobacteria, pesque-pague, toxicicidade, lesões branquiais, Brycon 
cephalus.
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In São Paulo State, two cases of cyanobacteria blooms 
with suspected toxicity occurred in 1979. In the first, death 
occurred among pigeons at the edges of an ornamental lake, 
and in the second, ducks and teals in a zoo died. Microcystis 
aeruginosa and Microcystis sp. prevailed in the bloom, and 
toxicity tests were carried out with mice, which were in-
oculated with the algae by intraperitoneal injection. The 
presence of microcystin was verified. These two cases were 
the first published in Brazil in which the death of animals 
was proved to be caused by algal toxins (Beyruth, 1992). 

Eler et al. (2001) first reported fish kills in a fee-fishing 
pond (Descalvado, SP, Brazil) associated with a cyanobac-
teria bloom in 1998. The authors highlighted the urgent 
need to monitor fish farming and fee-fishing operations, 
and warned that fish from such systems may constitute a 
new route of human intoxication due to the direct and 
cumulative action of toxins, such as the microcystins pro-
duced by cyanobacteria. 

Building on these works, the purpose of this paper is 
to measure cyanobacteria toxins in a water-bloom at a fee-
fishing facility and the acute gill toxicity of intraperitone-
ally administered water-bloom material to Brycon cephalus 
(Günter, 1896; Characidae). We chose B. cephalus because 
it is a native Brazilian fish, popular among anglers, and 
one the most common fish species found in fee-fishing 
facilities (Eler et al., 2006; Lopes et al., 2005; Esteves and 
Ishikawa, 2006).

2. Material and Methods

2.1. Environmental variables

The water samples were collected from a fee-fishing 
pond and hatchery located in the Mogi-Guaçu water-
shed, in the municipality of Espírito Santo do Pinhal, 
São Paulo state, Brasil. The pond was stocked with Piaractus 
mesopotamicus, Oreochromis niloticus, and the hatchery with 
Piaractus mesopotamicus (pacu). Both ponds were stocked at 
high fish density (4 kg.m–2). Samples from the two ponds 
were taken during the intermediary season (November/02) 
at 2:00 PM. to measure the following variables: pH, con-
ductivity, dissolved oxygen and temperature, measured 
directly in the ponds with a Horiba U-10 multiline instru-
ment; NO2

--N and NO3
-N, according to the technique 

described by Mackereth et al. (1978); NH3
--N according to 

Koroleff (1976); total organic-N according to Golterman 
et al. (1978); phosphorus according to the American Public 
Health Association (1980); orthophosphates, total inorgan-
ic-P and SiO-

2 according to Golterman et al., (1978); total 
suspended solids according to Wetzel and Likens (1991), 
chlorophyll-a according to Nusch (1980); and water trans-
parency using a Secchi disk. The Modified Carlson Index 
(MSI), described in Toledo-Jr. et al. (1983), was applied 
to the results obtained for phosphorus, chlorophyll-a and 
water transparency, in order to assess the trophy levels of the 

environments studied. The cyanobacteria were determined 
according to the current taxonomy literature descript by 
Komárek and Anagnostidis (1985, 1986, 1999, 2005), 
Komárek and Komárková (2002), Sant’Anna and Azevedo 
(2000), Sant’Anna et al. (2004, 2006).

The evaluation of water quality in the ponds was based 
on the classifications recommended by Brazil’s National 
Environmental Council (CONAMA 357, 2005) for special 
class and class 2, which ranks the water in natural environ-
ments or aquaculture operations from which aquatic organ-
isms for human consumption are taken. For the qualitative 
analysis of phytoplankton, 50 liter water samples were 
concentrated through a plankton net (20 µm mesh) and 
fixed with formaldehyde. 

2.2. Microcystin LR analysis

The dense (with scum) water bloom cyanobacteria 
were collected with a bucket, and concentrated through a 
plankton net (20 µm mesh) to obtain 5 L of material. The 
samples were frozen and lyophilized at –30 °C, and the dried 
material was weighed (10-4 g) and stored at –20 °C. 

An Elisa competitive immunoassay kit (Envirologix, 
Inc.®) was used to analyze the microcystin content in intra-
cellular cyanobacteria water bloom samples. Typically, 30 g 
of a well-mixed freeze-dried algae sample was homogenized 
and resuspended in 1 mL distilled water and broken (with 
intermittent freezing and defrosting), and submitted to 
ultrasonification (50 watt high intensity ultrasonic proces-
sor) for 3 minutes at 20 x 100 kHz under cooling on ice. 
The supernatant was filtered (millipore, ester and cellulose), 
two analyses were performed, and triplicates were run. 
The results were expressed as microcystin-LR equivalents 
(µg.g-1 dry wt freeze-dried cyanobacteria). 

2.3. Fish bioassay 

Brycon cephalus fingerlings (19 ± 5 g) were obtained 
from the Águas Claras fish farm, Mococa, São Paulo State, 
Brazil. The fish were placed in a flow-through tank con-
taining 22-25 °C of dechlorinated farm reservoir water and 
allowed to acclimate for seven days prior to the experiment. 
The fish were fed with commercial food once daily at a 
rate of 1% body weight. Feeding was terminated 48 hours 
prior to toxin exposure and throughout the experiment. 
The experiment was conducted at the School of Animal 
Science, University of São Paulo. 

The water bloom (scum) crude extracted, collected from 
Hatchery Pond was dissolved in 0.9% NaCl immediately 
before use. The fish were maintained according to standard 
husbandry procedures. Using 1 cm, 22 gauge needles, 
the following doses were injected intraperitoneally along 
the ventral midline: two fish (controls) received 0 µg.kg–1 
extracted (0.5 mL, 0.9% NaCI), and six fish were injected 
with 125, 250, 500, 1000 mg.kg–1 (dried extracted/kg of 
body weight). The fish were continuously monitored for 
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changes in swimming and other behavior. At the end of 
the experiment (26 hours), the surviving fish (whether 
moribund or still active) were killed by a sharp blow to the 
head. They were then weighed and a complete necropsy was 
performed (Kotak et al., 1996). 

2.4. Histological analysis

The histological studies were carried out on the gills 
of both the fish that survived and died in the experiment. 
After necropsy, the specimens were fixed in Bouin’s liquid, 
dehydrated and embedded in paraffin, sliced into 4.0 to 
6.0 µm seriated cuts using a Micron HM 340E microtome 
and steel blade, stained with hematoxylin-eosin (HE), and 
then studied under an optical microscope. The assessment 
of the type and degree of alterations was based on Poleksic 
and Mitrovic-Tutundisic (1994).

3. Results

3.1. Environmental conditions 

In the fish farming pond, the measurements and col-
lections were carried out under clear skies and intense 
sunlight, with a light breeze, between 2:00 and 3:00 PM. 
We observed the presence of algal blooms covering half the 
pond, concentrated in the direction of the monk. The water 
coloration was blue-green, with the presence of surface 
scum, and some points were dark at the surface, which could 
have been related to the collapse of the algae cells. According 
to the owner, this had lasted for a month. The algae bloom 
gave off a strong odor of BHC (CHC). The bloom sample 
concentrated in the plankton net (20 µm mesh) had the 
same smell, which is characteristic of cyanobacteria blooms. 
The Secchi disk depth was 30 cm, which is in line with the 
presence of these algae blooms. Although we found no fish 
morality in this pond, according to the owner, previously 
the fish had been swimming erratically and in circles at the 
surface with their mouths open. Because of this, these fish 
had been transferred to two other ponds on the property. 

In the fee-fishing pond, we did not observe the presence 
of a similar bloom. Although the water was greenish, we did 
not note the characteristic smell of cyanobacteria blooms. 

Table I presents the water quality (physical, chemical 
and biological characteristics) and Carlson index obtained 
at each pond. The water temperature was 27.5 °C in the 
fee-fishing pond (FP) and to 29.2 °C in the hatchery pond 
(HP). According to the Modified Carlson Index (MCI), 
both ponds were classified as hyper-eutrophic (>80). 
Although the concentrations of NT, PT, total, orthophos-
phate and chlorophyll-a were higher in the HP than the FP. 
According to the standard Brazilian guidelines (CONAMA 
Resolution 357/05) for class 2, the concentrations of total 
phosphorus were up to 10 and 14 times higher in the FP 
and HP, respectively. The nitrogen/phosphorus ratio (N/P) 
ranged from 29:1 to 17:1 in the FP and HP, respectively. 

The result of NO3
--N concentration was up to 17 times 

higher in the FP. The TSS concentrations ranged from 
320 mg.L–1 (FP) to 350 mg.L (HP), and the form of or-
ganic matter in suspension was two times higher than in 
inorganic form in both ponds. 

The result of the Elisa test showed evidence of micro-
cystin-LR in the water bloom sample from the HP, with 
a concentration of 242 µg.g–1 (d.w.). The phytoplankton 
biomass varied from 327.4 (HP) to 254 µg.L–1 (FP) of 
chlorophyll-a. The cyanobacteria species identified were 
Anabaena spiroides, Anabaena sp., Aphanocapsa delicatissima, 
Aphanocapsa sp., Aphanotece sp., Cylindorospermopsis 
rarciborkii, Microcystis aeruginosa, Microcystis novacekii, 
Microcystis poniformiis, Microcystis sp., Pseudoanabaena 
muscicola and Pseudoanabaena sp.

3.2. Acute exposure tests 

The control fish became slightly lethargic following 
injection but resumed normal swimming and feeding ap-
proximately 60 minutes afterwards. In contrast, the fish 
injected with algae extract remained lethargic for extended 
periods, interrupted by quick bursts of frenetic swimming. 
The depression and lethargy became more pronounced with 
time and they began to avoid food. The treated fish also lost 
swimming coordination and buoyancy control, which in-
creased with time and was most severe in the 1000, 500 and 
250 mg.kg–1 dose groups. Fish in these groups frequently 
floated near the surface of the water, either on their side or 
upright with their heads facing down. Terminally, opercular 
ventilatory movements gradually decreased in frequency 
and magnitude, although the fish receiving a dose of 
250 mg.kg–1 maintained opercular ventilatory movement 
throughout the bioassay period. Fish in the 125 mg.kg–1 
dose group also exhibited sluggish swimming and loss of 
buoyancy control, but to a lesser degree. 100% fishes in 
the 1000 mg.kg–1 dose group died (2, 5, 18 and 24 hours 
after treatment). 80% fishes in the 500 mg.kg–1 group 
died (6, 18 and 24 hours after treatment). 60% fishes in 
the 250 mg.kg–1 group died (all 18 hours after treatment). 
10% fishes in the 125 mg.kg–1 group died 24 hours after 
treatment. Thus, there were four survivors after 26 hours 
in the treatment groups. There was no mortality in the 
controls over the same 26 hours period. 	

The necropsy revealed that the fish killed by the toxin 
had mucous in the operculum and on the skin. There was 
hemorrhaging near the eyes and between the ventral fins. 
The gills and livers showed the effects of anemia, with 
rose coloring, and the livers also showed hyperplasia. In 
two individuals from the 1000 mg.kg–1 and one from the 
500  mg.kg–1 treatment there were dark biliary crystals 
spread throughout the abdominal cavity. The kidneys were 
rose colored and the biliary vesicle was dark. Besides this, 
we observed hemorrhaging in the muscles, along with an 
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olive green tinge to the flesh of the fish killed by high doses 
of the algal extracts.

3.3. Gill histopathology

The gills of the fish in the control group had normal 
morphology. We could see the primary filament, well-de-
veloped secondary lamellae with pronounced interlamellar 
spaces, the arrangement of the pillar cells and erithrocytes 
in the secondary lamellae, as well as the presence of the 
cartilaginous support (Figure 1a). 

The gills of the fish exposed to different concentrations 
of algal extract had altered gill morphology, whose lesions in 
general consisted of intense proliferation of epithelial cells 
between the secondary lamellae, resulting in reduced inter-
lamellar spaces and total fusion of some lamellae; dilation of 
sanguineous capillaries and displacement of the epithelium 
covering the secondary lamellae (Figure 1b-l).

In some cases there were more severe alterations, such 
as total fusion of all the secondary lamellae, aneurisms, 
rupture of secondary lamellae and hemorrhaging, character-

izing second-stage alterations (Figure 1c, d, e, h, j, l). Even 
at the lowest concentration (125 mg.kg–1) we observed 
the presence of chloride cells in the secondary lamellae 
(Figure 1b). 

The histological analysis showed second-stage altera-
tions in the exposed specimens at all concentrations, which 
indicates the potential toxicity of MCYT-LR. 

The proliferation of cells between the secondary lamellae 
became more accentuated with increasing concentrations, 
leading to the occurrence of total fusion of the lamellae 
and reduction of the respiratory area at the intermediate 
concentrations (250 and 500 mg.kg–1) and highest one 
(1000 mg.kg–1) (Figure 1e, h, j). However, the severity 
of the lesions (regarding the degree of change) did not 
increase with the rising concentrations, since even at the 
lowest concentration (125 mg.kg–1) there was rupture of 
the secondary lamellae and hemorrhaging, which are con-
sidered to be irreversible alterations (Figure 1d). We also 
found this at the highest concentration (Figure 1l). These 
results indicate that cyanotoxins can cause severe effects in 
fish even at low concentrations.

Figure 1. Cross-section of the gill filament of Brycon cephalus. a) Control. Normal development of the primary filament (F) and sec-
ondary lamellae (SL), well-defined interlemellar spaces (X); stratified epithelium of the filament (→); pillar cells (PC); erythrocytes (E) 
and cartilaginous support (C). b-d) 125 mg.kg–1. Dilation of the sanguineous capillaries (D); lifting of the epithelium (→); chloride 
cells (); aneurism (); rupture of secondary lamellae and hemorrhaging (R). e-f ) 250 mg.kg–1. Proliferation of epithelial cells and 
total fusion of the all the lamellae (→); reduced interlamellar spaces (X); dilation of sanguineous capillaries (D). g-h) 500 mg.kg–1. 
Proliferation of epithelial cells and total fusion of all the lamellae (→) and total fusion of all the lamellae (TF); lifting of the epithelium 
that covers the secondary lamellae (); dilation of capillaries (D). i-l) 1000 mg.kg–1. Proliferation of epithelial cells (→) and total 
fusion of all the lamellae (TF), making it impossible to see the secondary lamellae; lifting of the epithelium that covers the secondary 
lamellae (); rupture of lamellae (R). HE coloration. 
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4. Discussion

Blooming of Cyanobacteria in fee-fishing ponds and 
fish farms has become a more frequent phenomenon in the 
last years in Brazil. In this research, a monitored fee-fishing 
ponds, pond indicated blooms composed by different spe-
cies in the hatchery pond. 

The diversity of Cyanobateria in the blooming could 
be associated to the combination of physicals and chemi-
cals variables described in this research. For instance, high 
temperatures (above of 20 °C), lightly alkaline pH (7.9), 
total phosphorus (248-340 μg.L–1) and N/P ratio (29:1 and 
17:1) might have promoted favorable conditions for the 
growing and maintenance of the bloom in the studied place 
(Table 1). Such conditions were similar to those described 
by Kotak et al. (2000) and Zurawell et al. (2005) in their 
reviews on the main environmental factors associated with 
the development and maintenance of Cyanobacteria blooms 
in fresh waters environments. 

According to many published reports, the high phos-
phorous load derived from fish food increases the phyto-
plankton biomass in fee-fishing ponds, indicating an intense 
eutrophication process. The Modified Carlson Index clas-
sifies these ponds as hyper-eutrophic environments. This 
can render them unfeasible as a consequence of poor water 

quality. Many studies have found that the quality of the 
water used in recreational fisheries is poor and that many 
problems result from inadequate management. Anoxia is 
one of the main effects of eutrophication, which causes 
the appearance of algae blooms and the release of toxic 
substances by certain species of cyanobacteria (Kitamura 
et al., 1999, Eler et al., 2003, Mercante et al., 2004). 

Studies have found that the toxins released by cy-
anobacteria plays (cause) intoxication and death of fish 
(Phillips et al., 1985; Rabergh et al., 1991; Rodger et al., 
1994; Zimba et al., 2001). Although some species of toxic 
cyanobacteria can cause harmful effects on fish when in-
gested, they can be components of the diet of certain species 
of the Cyclidae and Cyprinidae families (Rabergh et al., 
1991; Paerl and Tucker, 1995). A study by Carmichael 
and Safferman (1992) found that some species of carp and 
tilapia are tolerant to microcystins, which can indicate a 
possible route for human exposure to the harmful effects of 
cyanotoxins from eating contaminated fish. Because of this 
possible threat, the World Health Organization (WHO) 
has established an acceptable limit for the “tolerable daily 
intake” (TDI) of microcystins, which is 0.04 µg.kg–1 of 
body weight (Chorus and Bartram, 1999). 

In the present study the cyanobacteria bloom had 
a mixed composition, with predominance of the genus 
Microcystis. Besides microcystin-LR, other cyanotoxins 
may also be present in the lyophilized algal extract. The 
presence of some species that are potential producers of 
these substances was confirmed by the identification of the 
phytoplankton in the samples. For example, we identified 
Cylindorospermopsis rarciborkii, which are producers of 
saxitoxins and cylindrospermopsin, and species of the genus 
Anabena, which produce anatoxin-a. 

Microcystins are the most commonly studied toxins in 
vivo and in vitro conditions. These studies have been more 
focused on acute toxicity. Extensive studies of the LC50 have 
shown that this is approximately >500 µg.kg for fish and 
around 50 µg.kg–1 (one-tenth as much) for mammals, for 
example mice (Zurawell et al., 2005)

In the present study, the LC50 was established at 
229.0 mg.kg of body weight over a period of 26 hours. This 
value can be considered extremely high when compared 
with others obtained for Cyprinus carpio L. by intraperitone-
ally administered, between 300 and 550 µg.kg–1 of MC-LR 
in a seven-day experiment (Andersen et al., 1993) and for 
Oncorhynchus mykiss, by intraperitoneally administered, 
between 400 and 1000 µg.kg–1 of MC-LR in 26 hours 
(Kotak et al., 1996). Doses around 6600 and 1700 µg.kg–1 
of MC-LR cause mortality to the same species mentioned 
before within 10 and 24-48 hours, respectively (Tencalla 
et al., 1994). However, it appears that this difference in 
sensitivity can be a consequence of the susceptibility to 
MC-LR of various fish species (Kotak et al., 1996; Fischer 

Table 1. Morphometric parameters, major chemical, physical 
and biological data on the fee-fishing pond and hatchery in 
November/02, 2:00 PM.

Parameters Fishing 
pond (FP)

Hatchery 
(HP)

Area (m2) 500 2000
Average depth (cm) 200 180
Temperature (°C) 27.5 29.2
Dissolved O2 (mg.L–1) 15.8 15.1
Conductivity (µS.cm–1) 11 12
Secchi disc depth (cm) 50 30
pH 6.9 7.4
TN (mg.L–1) 4.1 9.8
Total N organics (mg.L–1) 4 9
NO3-N (µg.L–1) 116 7
NO2-N(µg.L–1) 2.2 4.3
NH4-N(µg.L–1) 23.4 28
Soluble reactive silica (mg.L–1) 7 6.9
TP (µg.L–1) 248 340 
Total inorganic-P (µg.L–1) 30 85
Ortho phosphate (µg.L–1) 57 139
TN/TP 17 29
Total suspended solids (mg.L–1) 32 35
Inorganic. suspended solids (mg.L–1) 10 11
Organic suspended solids (mg.L–1) 22 24
Mycrocystin-LR (µg.g–1 – d.w.) - 242
Chlorophyll-a (µg.L–1) 327.4 420.6
Modified Carlson Index (MSI) 80.6 86.8
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and Dietrich, 2000), or even can vary within a single species 
(carp) (Rabergh et al., 1991). 

Besides the intrinsic differences of each species, the 
nutritional state and age of the test fish, exposure time and 
form of administering the toxins must be considered as 
factors influencing the toxicity. Thus, the tolerance of the 
test fish in this study in relation to the species studied in 
other reports can be the result of a lower concentration of 
MC-LR and the detoxification capacity of the individual 
fish. According to Kotak et al. (1996), the high tolerance 
of fish to MC-LR and the low mortality found in their 
study can be explained by the slow rate of perfusion of the 
blood in the liver (less than 25% of the capacity of mam-
mals), which can reduce the effectiveness of the initial dose 
administered.

Studies conducted with trout suggest that cyanobacteria 
blooms can cause cellular degeneration, necroses, edemas, 
changes in the consistency of the mucous and gill irritation 
caused by the toxic or physical effects, or a combination 
of these factors (Rodger et al., 1994). In the present study, 
the lesions observed in the test organisms were severe even 
at the lowest concentrations. We found that the intensity 
of the damage was not related to an increase in the dose 
injected into the fish. This may have occurred because of 
the way the cyanotoxin was intraperitoneally administered, 
the capacity of the fish to metabolize the compounds and 
the nature of the substance itself (hepatotoxin). Some au-
thors have discussed the effects of cyanotoxins on fish gills 
in function of the factors mentioned above. Kotak et al. 
(1996) found that the severity of hepatocellular changes was 
not due to an increase in the tested concentration of mi-
crocystin LR (MC-LR). They also found that even though 
this is considered a hepatoxin, the gills were also affected, 
but to a lesser degree than the other organs analyzed (liver 
and kidneys). The authors attribute these results to the type 
of exposure in their study (oral). According to Cazenave 
et al. (2006), C. paleatus exposed to MC-RR presented two 
responses to the activity of CAT in the liver, first an increase 
in response to low concentrations and depletion at high 
levels of exposure. Gupta and Guha (2006), investigating 
the histological and biochemical effects in Heteropneustes 
fossilis exposed to lethal and sublethal contaminations by 
means of intraperitoneally administered, found that the 
most-affected organ was the liver, followed by the kidneys 
and gills. The most frequent changes in the gills were 
proliferation of epithelial cells, edemas, lamellar fusion, 
hyperplasia, necroses, aneurisms, hypertrophy, epithelial 
displacement, proliferation of chloride and mucous cells, 
dilation of the sanguineous capillaries and apoptoses. They 
pointed out that the gills were less affected than the other 
organs because of the method of administering the toxin 
(intraperitoneally administered), which reaches the gills by 
blood circulation, mediated by filtering in the kidneys. They 

also considered that the toxic concentrations can bioac-
cumulate in the liver and only later reach the gills. 

This observation was also made by Molina et al. (2005) 
in investigating the biochemical and histological effects on 
Oreochromis sp. exposed sub-chronically to the microcystin 
LR. The authors evaluated the toxic effects comparing two 
types of toxin administration: 1) oral dose mixed with food 
(14 days); and 2) oral dose ground up with food (21 days). 
The biochemical and histological changes were more pro-
nounced in the liver and kidneys, but the gills and stomach 
also showed negative effects. The exposure time was the 
determining factor of the effects found, since the tissue le-
sions and levels of acid and alkaline phosphatases increased 
with the exposure period. The histological changes in the 
gills only appeared after 21 days of exposure (hyperemia 
in the central venous sinus). Possibly the gills were less af-
fected because of the method of exposure (oral), allowing 
the MC-LR to be metabolized first in the liver and gut and 
only later carried to the gills.

In trying to metabolize and eliminate stress agents, fish 
use physiological and biochemical mechanisms, which can 
vary from species to species. In the present study we used 
high concentrations of cyanotoxins, since our objective was 
to evaluate the mortality from acute exposure. Nevertheless, 
the specimens showed 75% survival at 125 mg.kg–1 for 
26 hours of testing. In contrast, Carbis et al. (1996) noted 
histopathological changes in the pancreas and gills of carp 
exposed to 250 µg.kg–1 of MC-LR for seven days, but did 
not observe any mortality in that period. Molina et  al. 
(2005) found that tilapia exposed to 60 µg MC-LR/fish/
day changed their antioxidant defense system according 
to the time of exposure. Simultaneously, the level of lipid 
peroxidation increased significantly in the liver, kidneys and 
gills of fish exposed for 21 days, particularly when they were 
fed with cyanobacteria cells ground up in their food. 

Studies of the morphology of fish gills exposed to various 
toxic agents have shown two types of response: defensive 
(inflammatory) and compensatory (cell proliferation, 
mucous secretion) (Takashima and Hibiya, 1995). Both 
responses serve to block the entrance of toxic substances 
and prevent their distribution through the blood, and thus 
prevent harm caused by direct effects of the agent, with 
these being considered the first signals of intoxication. 
However, because the gills are responsible for maintaining 
the gas exchanges and other important functions, such as 
the ionic and osmotic balance and the acid-base balance, 
histopathological changes in the gill structure can trigger 
respiratory and electrolytic disturbances. The proliferation 
of cells can lead to a notable reduction in the respiratory 
surface, caused by the disappearance of the secondary la-
mellae, which consequently hampers the exchange of gases 
and other gill functions (Poleksic and Mitrovic-Tutundzic, 
1994). Total fusion of the secondary lamellae is induced by 
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high doses of toxic agents, and can also be caused by infec-
tions by parasites and bacteria (Temmink et al., 1989). 

Hence, it is possible to consider that in our study the gill 
changes preceded the death of the fish in the toxicity tests, 
since the lesions noted probably triggered an imbalance in 
the physiological and metabolic processes of the fish.

The increase in the number of chloride cells in the 
secondary lamellae at a concentration of 125 mg.kg–1 rep-
resents a compensatory response to the decrease in ions. The 
chloride cells are involved in ionic regulation, taking in Cl-1 
and excreting HCO3–. These cells are mainly distributed 
in the primary filament. The increase in the number of 
chloride cells suggests a dysfunction in the osmoregulatory 
equilibrium, which was reflected in changes in the plasma 
ion concentrations. The increase of chloride cells has been 
described by other authors (Rajbanshi, 1988; Mazon et al., 
2002) as a response to pollution. We only found this cel-
lular change at the lowest concentration, representing the 
start of intoxication. 

The changes in the blood vessels (capillary dilation, 
aneurisms and hemorrhaging) found in the present study 
demonstrate the toxic potential of cyanotoxins. Aneurisms 
can hinder the gill function by interfering in the blood 
composition. If the unfavorable condition persists for 
extended periods, the aneurisms can rupture, causing 
hemorrhaging, which may well provoke anemia, besides 
providing an entryway for pathogens such as bacteria and 
fungi. These effects eventually kill the fish, diminishing 
the population density of the animals exposed to the toxic 
agent (Rand and Petrocelli, 1985; Poleksic and Mitrovic-
Tutundzic, 1994).

According to Verbost et al. (1989), the entrance of Ca+2 
in the gills is facilitated by a calcium channel in the apical 
membrane of the chloride cells. The extrusion of Ca+2 from 
the cells is mediated by the high affinity of Ca+2 – ATPase 
and possibly by the Na+/ Ca+2 exchange (Flik et al., 1993; 
Verbost et  al., 1994). The concentration of intracellular 
Ca+2 can regulate the extrusion process by means of the 
Ca+2 – protein bond, through the Ca+2 in the endoplasmic 
reticulum (Somlyo, 1985) or sequestration by mitochondria 
(Gunter et al., 1994). Some xenobiotics can inhibit Ca+2 in 
the gills and cause hypocalcemia. 

Bury et  al. (1996) found that concentrations of 
86.4  µg.L–1 (27 mg/dry mass/L) of MC-LR 7820 or 
MC CYA 43 (oral exposure) produced compounds that in-
hibit the intake of Ca+2 by the gills and the K+ - PnppASE ac-
tivity, as well as the transport of Ca+2 in tilapia (Oreocrhomis 
mossambicus). Studies such as this enable suggesting that the 
morphological changes in gills exposed to cyanotoxins are 
preceded by physiological and biochemical changes.

Cazenave et al. (2005), in analyzing the detoxification 
capacity of different organs of Corydoras paleatus orally 
exposed to MC – RR, at concentrations of 0.5, 2, 5 and 
10 µg.L–1 for 24 hours, found that at lower concentrations 

there was a reduction in the production of GST in the liver 
and brain, while this reduction appeared in the gills only 
at the intermediate concentrations. The authors attributed 
the different responses observed in the organs analyzed to 
the entry route, along with each organ’s capacity for bi-
otransformation and bioaccumulation. Both detoxification 
and the activity of antioxidants were inhibited in the gills, 
suggesting that these organs are not able to compensate for 
the presence of MC-RR. They concluded that this toxin is 
not metabolized in the gills and considered this behavior 
a natural defense against the toxin, explainable by the fact 
the gills are constantly in direct contact with the outside 
environment and thus there is a constant flow of toxic solu-
tions, while the other organs are exposed to a determined 
quantity of the toxin.

According to Egaas et al. (1999), high concentrations 
of toxins produce a secondary effect due to the inhibition 
of the substrate. The first step is the biotransformation 
by enzymes of the cytochrome P450, which can produce a 
cocktail of different metabolites, competing with the GST 
substrates for binding sites on the GST enzyme. On the 
other hand, the inhibition can be characterized by a cova-
lent modification of the enzyme, leading to an irreversible 
loss of activity. Alternatively, low activity might be caused 
by a decrease in the synthesis of the GST protein at the 
molecular level. Considering the importance of GST in 
detoxifying microcystins, this inhibition implies a risk to 
the fish’s health. Further, if the fish are not able to eliminate 
the toxins, they will be susceptible to bioaccumulation, 
which can trigger cell damage, physiological alterations 
and behavioral changes, among other effects. 

Jos et  al. (2005) and Prieto et  al. (2006) evaluated 
the effects of MC-LR on the oxidative stress in the liver, 
kidneys and gills of Nile tilapia (Orecochromis sp.) exposed 
to 60 µg/fish/day under oral administration (mixed and 
ground with food), over periods of 14 and 21 days. They 
concluded that the toxicity depends on the exposure time 
and type of administration of the toxin, since the stress 
levels were higher when given with ground-up food and 
during the 21 day exposure period.

Some authors have evaluated intraperitoneally admin-
istered. exposure to microcystins in fish with emphasis on 
histological aspects. All these studies show necrosis and 
degeneration of the liver, kidneys and also indicate dam-
age to the gill epithelium (Carbis et al., 1997; Kotak et al., 
1996, Snyder et al., 2002; Molina et al., 2005; Gupta and 
Guha, 2006). The changes noted in the gills examined 
by these authors corroborate the present study’s findings: 
hyperplasia, fusion of secondary lamellae, epithelial dis-
location, and production of chloride cells, aneurisms and 
dilation of the sanguineous capillaries. Similar alterations 
have been observed when fish are exposed to oral doses of 
microcystins (Fischer and Dietrich, 2000). 
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Some studies have shown that the gills and epithelium 
function as a barrier to the transport of MCs, and that 
probably the main route of absorption is by ingestion. 
The production of toxins by cyanobacteria can have 
great ecological importance, due to the potential impacts 
ranging from the level of the nanoplankton peak to the 
upper trophic levels (Chorus, 2001). Associated with this 
problem is the risk of bioaccumulation of cyanotoxins in 
organisms higher up the aquatic food chain (Vasconcelos, 
1999; Buynder et al., 2001; Sipiä et al., 2001; Magalhães 
et al., 2003). 

5. Conclusions

Nutrient concentrations in the hatchery pond were 
relatively high, which contributed to proliferation of a 
toxic cyanobacterial bloom leading to the degradation of 
the water quality.

Crude extract of cyanobacteria from fishing and hatch-
ery ponds was toxic, and promoted expressive alterations 
in the gill’s tissue. These findings indicate another way that 
toxins could be manifested. It is important to point out the 
changes in gill’s tissue during the fish bioassay, and mainly 
when massive fish kill took place at the farm following the 
Cyanobacterial bloom event.

We found a pattern of dominance among the cyanobac-
teria, with high densities of representatives Microcystis 
genus. We also identified the presence of microcystin-LR 
(hepatotoxins) in the sample. This finding indicates the 
potential risk to human health of consuming fish con-
taminated with cyanotoxins, as well as the urgent need 
to control the eutrofication of fishing pond and hatchery 
ponds to minimize the occurrence and proliferation of toxic 
cyanobacteria blooms. 
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