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Abstract The condition factor and blood vari-
ables, including erythrocyte lipid peroxidation
(LPO) and the activity of antioxidant enzymes
such as superoxide dismutase (SOD), catalase
(CAT), and glutathione peroxidase (GPx), in
two ecologically distinct fish species (Astyanax
fasciatus and Pimelodus maculatus) were eval-
uvated at five sites in the Furnas Hydroelectric
Power Station reservoir (Brazil) to assess water
quality. Aldrin/dieldrin, endosulfan, heptachlor
epoxide, and metolachlor were detected at differ-
ent concentrations in four of the sites. Condition
factor was not directly affected by such contami-
nants. A negative correlation between hematocrit
and heptachlor was detected in P. maculatus. Posi-
tive correlations between red blood cells and
heptachlor as well as an interactive effect of
metolachlor and aldrin/dieldrin were detected in
A. fasciatus. The erythrocytes of both species col-
lected from the contaminated sites showed high
levels of LPO, an increase in SOD and GPx ac-
tivities and a decrease in CAT activity. Although
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the leukocyte number and the differential per-
centage of leukocytes varied among the sites, the
hematological variables, the LPO levels, and the
antioxidant enzyme activities could be used to
assess water quality, regardless of the differences
in the responses of the fish species.
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Introduction

Agriculture is an important activity in tropical and
subtropical regions, but these production systems
rely on the use of pesticides to control insects
or fungal diseases and to maintain productivity.
The impacts of pesticides on natural fish popu-
lations in aquatic ecosystems have been investi-
gated, and fish biomarkers have been recognized
as very useful tools for freshwater biomonitoring
(Triebskorn et al. 2007; Weber et al. 2007). Lab-
oratory and field studies have revealed numer-
ous organic disorders in fish that have been
exposed to xenobiotic molecules, with resulting
changes in blood variables, growth, and reproduc-
tion (Cerqueira and Fernandes 2002).

The condition factor, a somatic biomarker, is
indicative of health and reflects feeding conditions
as well as energy consumption and metabolism
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(Schulz and Martins-Junior 2001; Alberto et al.
2005). Toxic substances in the water may affect
the growth of fish by directly changing metabolism
and increasing the energy required to maintain
homeostasis, or they can indirectly impact growth
by reducing food availability.

In freshwater fish, most pesticides, metals, and
other chemicals are taken up directly from the
water by the gills, due to the large volume of water
that fish need to ventilate their gills to obtain
oxygen for aerobic metabolism. Toxins can also be
acquired through the intestines during the transit
of contaminated food. These chemicals are then
distributed throughout the body via the blood.
Blood cells are some of the first cells to come into
contact with and be affected by xenobiotics. Blood
cells also respond to changes in other tissues that
have suffered some biochemical or physiological
disorders due to xenobiotic exposure (Cerqueira
and Fernandes 2002; Mazon et al. 2002; Ruas
et al. 2008). Changes in hematology depend on
the actions of xenobiotic molecules in biological
systems, the concentrations of the contaminants in
the water, the exposure time, and species sensitiv-
ity. Fish erythrocytes have been useful for inves-
tigations of biochemical processes at the cellular
level, including oxidative stress and lipoperoxida-
tion (Ruas et al. 2008).

Erythrocytes are essential for the transport of
gases (O, and CO,) from respiratory surfaces to
tissues and vice versa, supplying metabolic needs
and functioning in hydrogen buffering. Erythro-
cytes are the major site for the reactive oxygen
species (ROS) production because of their role in
the O, transport system. Leukocytes possess high
phagocytic activity, participating actively in an
organism’s defense system and they are essential
for immunological responses in fish (Serpunin and
Likhatchyova 1998). Similarly, thrombocytes are
involved in blood clotting and organism defense
(Passantino et al. 2005). Blood plasma transports
numerous nutrient molecules, ions, and metabo-
lite residues for excretion.

The main goal of this study was to evaluate
the condition factor, the blood hematological vari-
ables, and some oxidative stress biomarkers in
the erythrocytes of two ecologically distinct fish
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species from the reservoir of the Furnas Hydro-
electric Power Station (Furnas HPS), in Brazil,
to assess water quality and to establish if these
variables can be associated with different types
of anthropogenic contamination. The oxidative
stress biomarkers selected were lipid peroxida-
tion (LPO) and the activity of specific antioxidant
enzymes: superoxide dismutase (SOD), catalase
(CAT), and glutathione peroxidase (GPx). The
physical and chemical water characteristics were
also determined. The Furnas HPS is the largest
power station in southeastern Brazil. This site was
selected because it is not only located in a pre-
dominantly agricultural region but also receives
untreated urban water discharges from numer-
ous small and medium-size cities. The lambari,
Astyanax fasciatus (benthic-pelagic species), and
the mandi, Pimelodus maculatus (benthic species),
are resident fish species that do not exhibit migra-
tion behavior and are widely distributed through-
out the reservoir, allowing for comparisons
between sites.

Materials and methods
Study area

Furnas HPS is located in Minas Gerais, Brazil
(Fig. 1). The reservoir is the result of the damming
of the Rio Grande (250 km long) and the Rio
Sapucai (170 km long), and it has a 1,440 km?
overflow area with 21 million cubic meters and
a perimeter of 3,500 km. The reservoir is bor-
dered by 34 small- to medium-size cities, most
of which engage in intense agricultural and cat-
tle farming activities. Water and fish specimens
were collected from five sites: site 1 (the reference
site) at the confluence of the Grande and Sapucai
Rivers [Turvo (FU10) S20°40'835” W 46°13'232"];
site 2, Guapé—FU20 (S20°44'331” W 45°55'800");
site 3, Porto Fernandes—FUS0 (S20°48'826"
W 45°40'567"), both in the Rio Grande axis;
site 4, Barranco Alto—FU30 (S21°10'510" W
45°57'061"), and site 5, Fama—FU40 (521°24'074”
W 45°49'621") in the Rio Sapucai axis (Fig. 1).
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Fig. 1 Map of the Furnas Hydroelectric Power Station reservoir, Minas Gerais, Brazil, showing the sites of water and fish
collection (filled circle): FU10 (Turvo), FU20 (Guapé), FU30 (Barranco Alto), FU40 (Fama), and FU50 (Porto Fernandes)

Fish and water collection

Lambari (A. fasciatus, n = 20/site, Wt = 37.8 +
2.6 g, Lt =14.3 £ 0.3 cm) and mandi (P. maculatus,
n = 15/site, Wt = 182.3 £ 329 g, Lt = 25.1 £
1.4 cm) specimens were collected along with water
samples in June (winter season) and December
(summer season) of 2006. Water samples were
collected (three stations per site located 100 m
apart from one another) for chemical analysis
performed according to standard methods for ex-
amination of wastewater.

Water analyses

Dissolved oxygen (DO), conductivity, tempera-
ture, and pH were measured in the field using a

multi-parameter water analyzer (YSI, 600XL).
Alkalinity and total phosphorus were determined
as described by Golterman et al. (1978). Total
hardness and chloride concentration were deter-
mined following the APHA (1992) method-
ologies; ammoniacal nitrogen, nitrite, and
nitrate were determined using the colorimetric
method (Mackereth et al. 1978). Metal
concentrations were determined following stan-
dards SW84603050/3051 (USEPA 1986). The
aluminum concentration was determined using
eriochrome cyanine R. Cadmium, copper, iron,
and zinc concentrations were determined by
atomic absorption spectrometry. The concentra-
tions of pesticides in the water were determined
following USEPA protocols: 2,4 dichlorophe-
noxyacetic acid (USEPA 8321); alachlor, atrazine,
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glyphosate, hexachlorobenzene, lindane (gamma-
BHC), metolachlor, methoxyclor, molinate,
pendimethalin, permethrin, propanil, simazine,
and trifluralin (USEPA 8270); aldrin, dieldrin,
chlordane, endosulfan, endrin, heptachlor, and
heptachlor epoxide (USEPA 8081); bentazon
and pentachlorophenol (USEPA 8151); and
dichlorodiphenyltrichloroethane (DDT isomers;
USEPA, 8260) using a gas chromatograph HP
5980 and a mass spectrometer HP 5970 MSD.

Fish analyses

Fish were weighed and measured, and blood was
taken through the caudal vein. The relationship
between wet body mass (Mp) and total length
(L¢) was calculated as Mp = aL't?, and the con-
dition factor (K) was calculated according to the
equation K = Mg/L?, where Mg is the wet body
mass (g), L is the total length (cm), and b is the
isometry coefficient.

Blood sub-samples were used for hematological
analyses immediately after sampling. The hemat-
ocrit (Hct, %) was determined using heparinized
capillary tubes in a microhematocrit centrifuge.
The hemoglobin concentration (Hb, g dL™!)
was determined using the cyanomethemoglobin
method, and the red blood cell count (RBC,
pl) was estimated using a modified Neubauer
chamber. Mean cell volume (MCV, fL), mean
cell hemoglobin (MCH, pg cell™!), and mean
cell hemoglobin concentration (MCHC, g dL~")
were calculated using Hct, Hb, and RBC mea-
surements. Blood smears were stained using poly-
chromatic differential staining (Fast Panotic LB,
Laborclin). The leukocyte and thrombocyte num-
bers were counted and indirectly calculated ac-
cording to McKnight (1966).

The remaining blood was centrifuged, and
the plasma was removed. The erythrocytes were
hemolized and centrifuged at 4°C. The super-
natant aliquots were stored at —70°C, and the
enzyme activities and lipid peroxidation were mea-
sured spectrophotometrically (Biochrom Libra
S32) at 25°C.

Lipid peroxidation was assessed by Fe?t ox-
idation in the presence of xylenol orange (fer-
rous oxidation-xylenol orange) (Jiang et al. 1992).
Catalase activity was determined by the de-
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crease of the hydrogen peroxide (H,O,) con-
centration monitored at 240 nm (Aebi 1974).
Superoxide dismutase activity was measured after
hemoglobin precipitation and extraction in chlo-
roform/ethanol by an indirect inhibition assay of
the reduction of nitro blue tetrazolium (Crouch
et al. 1981). Gluthatione peroxidase activity was
measured using DTNB reagent (Hafeman et al.
1974).

Statistical analysis

Data are presented as the mean =+ standard error
(SEM). Principal component analysis (PCA) and
hierarchical cluster analysis (HCA) were applied
to the aquatic variables to delineate geochemi-
cal groups. The correlation was applied to iden-
tify the interactions between the water variables
and the biological variables. Data normality was
tested using the Kolmogorov—Smirnov test. Para-
metric Tukey—Kramer (white and red series) and
non-parametric Kruskal-Wallis (condition factor)
tests were used to compare the sites. The Mann—
Whitney U test was applied to compare data from
June and December. The accepted significance of
the data was 5% (P < 0.05), and analyses were
conducted with XlIStat 7.5 (PCA and correlations)
and BioEstat v. 3.0 (ANOVA).

Results
Water

The physical and chemical variables of the water
at all sites are shown in Table 1. Temperature,
dissolved oxygen, pH, and conductivity did not
differ between sites. The N-ammonia, N-nitrite,
and N-nitrate values in the water were higher
at FU30 in June; chloride was higher at FU20
and FUS50 in June, and the iron concentra-
tion was higher at FU20, FU40, and FUS50 in
December (Table 1). All of these variables, ex-
cept for the iron concentration, were lower than
the upper limits recommended by the Brazilian
Environment National Council in water for biota
preservation (CONAMA 357/2005). Most of the
pesticides that were tested were not present
at levels above the detection limits of the ana-
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lytical methods, but different concentrations of
aldrin/dieldrin, endosulfan, heptachlor epoxide,
and metolachlor were detected in FU20, FU30,
FU40, and FU50 (Table 1). The concentration
was higher than the dissolved upper limits rec-
ommended by CONAMA 357/2005, which are
0.005, 0.056, 0.01, and 10 pg/L, respectively, for
aldrin/dieldrin, endosulfan, heptachlor epoxide,
and metolachlor. PCA analyses revealed an asso-
ciation (59%) between endosulfan and heptachlor
in June at FU30 and aldrin/dieldrin, heptachlor,
and metolachlor at FU20 and FUS50. Strong asso-
ciations (89%) between aldrin/dieldrin, endosul-
fan, heptachlor, and metolachlor were observed in
December at FU20 and between aldrin/dieldrin,
heptachlor, and metolachlor at FUS0.

The HCA analysis revealed high similarity be-
tween FU20 and FUS50 and between FU30 and
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Fig. 2 Relationship between total length (L;) and body
mass (Mp) (a, b); condition factor (K) (¢, d) of A. fasciatus
and P. maculatus from the Furnas HPS, MG, Brazil. Labels
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FU40. FU10 was not similar to any of the other
four sites.

Condition factor

The relationship between the wet body mass (Mp)
and total length (L) was described by the vari-
ables Mp = 0.001 L}%2, r? = 0.87 for A. fasciatus
and My = 0.002 L3>3, r* = 0.92 for P. maculatus
(Fig. 2a, b), indicating positive allometric growth.
The condition factor (K) was significantly lower in
fish collected from FU30 in June (Fig. 2c, d).

Hematological variables
Figure 3 shows the values of Hct, RBC, Hb,

and the hematimetric index (MVC, MHC, and
MCHC) of A. fasciatus and P. maculatus collected
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in June (winter) and December (summer). No
significant differences in the hematological values
were found among A. fasciatus, with the excep-
tion of the Hb concentration and the MCHC in
fish from FU40 which were lower than those of
fish from FU10 (in June). A positive correlation
was found between RBC and heptachlor (RBC =

199.80 + 49.1*heptachlor; r? = 0.75P < 0.05) in
fish collected in June. Hematological variables in
P. maculatus did not differ between the sites in
each period, but some differences were found be-
tween June and December: the Hb concentration
in FU40; MCV in FU30; MCH in FU40 and FU50;
and MCHC in FU30, FU40, and FU30 were all
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different from the values obtained at other sites
(P < 0.05). A negative correlation between Hct
and heptachlor (Hct = 34.73 — 16.35*heptachlor;
r> = 0.81, P < 0.03) was found in June.

In A. fasciatus, the total number of leukocytes
was higher in June (P < 0.05; Table 2). The high-
est and the lowest leukocyte numbers were de-
tected in fish from FU30 and FUA40, respectively.
In December, the lowest value was observed in
FUS50. P. maculatus individuals from FU20, FU30,
and FUS0 exhibited fewer leukocytes in June
(Table 2). In A. fasciatus, the lymphocyte percent-
age was higher and the percentages of monocytes
and neutrophils were similar in fish from FU10
in both June and December. The monocyte fre-
quency was lower in FU20 and FU30 (P < 0.05) in
December. In P. maculatus, the lymphocytes were
also the most frequent white blood cell detected
in fish from FU10 in June and from FU10, FU20,
and FU30 in December. The neutrophil percent-
age was elevated in fish from FU40 in Decem-
ber (Table 2). Special granulocytic cells (SGCs)
or PAS-positive granular leukocytes were found
in all P. maculatus specimens and were elevated
in fish collected from FU30 in December. These
cells were absent in all A. fasciatus collected in
December.

The number of thrombocytes was lower in A.
fasciatus than in P. maculatus (Table 2). There
were no significant differences in the number
of thrombocytes in A. fasciatus from all sites;
however, in P. maculatus, the thrombocyte num-
ber was higher in fish from FU20 collected in
June. Positive correlations between thrombocytes
and the metolachlor concentration (7 = 4.96 +
0.19*metolachlor, > = 0.96, P < 0.003) were de-
tected in A. fasciatus and P. maculatus collected in
June.

Erythrocyte LPO and antioxidant enzyme
activities

The LPO concentration in the erythrocytes was
higher in the contaminated sites (P < 0.05) and
significantly higher in June (P < 0.05), except
in FU40 (Fig. 4a, b). In A. fasciatus, the ac-
tivities of SOD and GPx were higher in FU20
and FU30 (June and December) and in FUS0
(June); CAT activity in the contaminated sites
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Fig. 4 Lipoperoxidation (LPO) in the erythrocytes of
A. fasciatus (a) and P. maculatus (b) from Furnas HPS
reservoir, MG, Brazil, in June (unfilled bars) and De-
cember (filled bars). Labels a, b, ¢, d, and e indicate
differences from FU10, FU20, FU30, FU40, and FUS50,
respectively. Asterisk indicates a difference between June
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was lower than that at the reference site (Fig. Sa,
¢, and e). A negative correlation was found be-
tween aldrin/dieldrin and SOD activity (SOD =
258.26 — 64.41*aldrin/dieldrin, > = 098, P <
0.05) as well as GPx activity (GPx=1.07 —
0.23*aldrin/dieldrin, > = 0.86, P < 0.05). Endo-
sulfan showed a negative correlation with CAT
activity (CAT = 18.19 — 7.21*endosulfan, > =
0.74, P < 0.05).

In P. maculatus, the SOD and GPx activities
were higher in all of the contaminated sites, and
significant differences were found between June
and December (Fig. 5b, f). CAT activity was
lower in FU20, FU30, and FU50 and significantly
higher in December (Fig. 5d). Temperature and
aldrin/dieldrin exhibited a positive correlation
with GPx activity (GPx = 9.20 4 5.26*aldrin/
dieldrin + 0.40temperature, r> = 0.98, P < 0.05)
and an interactive effect was verified between
heptachlor epoxide, alkalinity, and CAT ac-
tivity (CAT = 25.63 — 11.88*heptachlor + 0.29*
alkalinity, r* = 0.97, P < 0.05).
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Fig. 5 Superoxide dismutase (SOD), catalase (CAT), and
glutathione peroxidase (GPx) activity in the erythrocytes
of A. fasciatus (a, ¢, and e) and P. maculatus (b, d, and
f) from the Furnas HPS reservoir, MG, Brazil, in June

Discussion

The presence of the organochlorines aldrin/
dieldrin, endosulfan, heptachlor, epoxide, meto-
lachlor (FU20, FU30, FU40, and FU50), and iron
(FU40) dissolved in water characterize the Fur-
nas HPS reservoir as contaminated. The simi-
larity between sites located in the same river is
due to the predominance of certain cultures at
each riverside. The dendritic shape of the Fur-
nas reservoir favor punctuates contamination pat-
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(unfilled bars) and December (filled bars). Labelsa, b, c, d,
and e indicate differences from FU10, FU20, FU30, FU40,
and FUS50, respectively. Asterisk indicates a difference be-
tween June and December

terns. Fish inhabiting these areas are exposed to
a mixture of contaminants that differ in concen-
tration according to the time of year, a pattern
that is likely due to the periodicity of pesticide
application to the agricultural landscapes, or to
the dynamics of these contaminants in the reser-
voir (water-sediment). Organochlorines have low
solubility in water and high adsorption in the or-
ganic matter, making them persistent in the en-
vironment. These compounds are retained in the
sediment particulate phase and are released into
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the water depending on the characteristics of the
water.

The condition factor (K) and blood variables
of both species demonstrated the complexity of
the fishes’ integrated responses to the physical
and chemical characteristics of their environment,
which depend on the chemical concentration,
mode of action, time of exposure, and season. In
general, pollutants have a negative effect on K
by reducing food availability and/or by increas-
ing the energy required to maintain homeostasis
(Dethloff et al. 2001; Bervoets and Blust 2003);
exceptions may be found in untreated domestic
sewage pollution, which is usually related to high
productivity (Schulz and Martins-Junior 2001;
Alberto et al. 2005). The absence of a correlation
between the contaminants and K may suggest that
these two parameters are not directly affected by
such contaminants, at least in these fish species.
Consistent with this hypothesis, high organochlo-
rine concentrations were also found at the FU20
and FUS5O sites of Furnas HPS, and the K values
were not as low as in fish from site FU30. Fur-
thermore, organochlorine residues were detected
in the gills and liver of both A. fasciatus and P.
maculatus from all of the contaminated sites (un-
published data). The presence of unknown vari-
able may explain the low K values in FU30 that
were detected in the June sample.

Multiple contaminants in the water may result
in an interactive effect on the blood variables and
other tissues (Adhikari et al. 2004; Koprucu et al.
2006). The Hct, the RBc, the Hb concentration,
and the hematimetric indexes of both studied
species were similar to those previously deter-
mined for A. fasciatus (Alberto et al. 2005) and P.
maculatus (Ranzani-Paiva et al. 2000). However,
the variability in these measurements between the
sites demonstrates the influence of environmental
characteristics and differences in the physiologi-
cal adjustments between these two species. The
positive correlation between RBC and heptachlor
in A. fasciatus suggests an adjustment to maintain
the O, cascade from the gills to the tissue, while
in P. maculatus, the negative correlation between
Hct and heptachlor implies a reduction of the
efficiency of O,transport and the absence of any
hematological compensatory adjustment to over-
come this effect. Changes in RBC, Hb concentra-

tion, and MCV are directly related to the need for
O, in oxidative metabolism and the efficiency of
O, uptake from the environment and its transport
to tissues.

The higher LPO concentration in the erythro-
cytes of A. fasciatus and P. maculatus are evi-
dence of oxidative stress in fish collected at the
FU20, FU30, and FUS50 sites in June, as these sites
have a higher concentration of organochlorine.
Oxidative stress occurs when the balance between
oxidants and antioxidants is disrupted and the
excessive generation of reactive oxygen species
produces LPO (Scandalios 2005).

Changes in the activity of the antioxidant en-
zymes SOD, CAT, and GPx to maintain the func-
tion and integrity of cells in most animals, as
well as their activation in response to exposure
to pollutants, have been reported in erythrocytes
and various tissues (Bainy et al. 1996; Chebab
et al. 2009; Kaminski et al. 2009). The higher
activity of the antioxidant enzymes SOD, CAT,
and GPx in the erythrocytes of A. fasciatus and
P. maculatus collected in the contaminated sites
were not sufficient to remove ROS and neutral-
ize their effects, resulting in an increase of LPO.
The inhibition of CAT activity in the erythro-
cytes of both species collected in the contami-
nated sites contributed to higher levels of LPO.
The differences of SOD, CAT, and GPx activities
between the A. fasciatus and P. maculatus clearly
showed the different susceptibilities of these en-
zymes to a mixture of toxic compounds. This
phenomenon has been previously emphasized by
Ruas et al. (2008), who measured the activities of
SOD, CAT, and GPx in the erythrocytes of three
cichlid species living in the same contaminated
environment.

In vitro and in vivo studies have shown that
individual pesticides/herbicides increase the pro-
duction of ROS and enhance SOD, CAT, and
GPx activities in a time- and dose-dependent man-
ner, while a mixture of these toxicants may have
different effects. CAT is inhibited by endosulfan
in chicken erythrocytes (Aggarwal et al. 2009).
SOD and CAT activity increased in the liver of
rats treated with endosulfan or chlorpyriphos and
decreased in those treated with both chemicals
in combination (Chebab et al. 2009). CAT ac-
tivity increased in the muscles of fish living in a
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river that was contaminated heavily with pesti-
cides/herbicides (Michelo et al. 2006).

Although specific immunity in fish is less de-
veloped than that in birds and mammals, fish
have a non-specific resistance system that pro-
tects them against pathogenic and environmen-
tal factors (Passantino et al. 2005). Leukocytes
are involved in specific and non-specific defense
mechanisms, but most pollutants affect the de-
fense system in fish. In general, lymphocytes are
the most numerous white blood cells (70-80%),
as they are involved in antibody production and
inflammatory process. These cells were relatively
scarce in both of the studied species (20-48%
in A. fasciatus and 21-66% in P. maculatus),
while previous studies found 70% lymphocytes in
the same species (Silva-Souza et al. 2000). These
findings suggest a possible immunosuppression
in fish from the Furnas HPS reservoir. Further-
more, the number of monocytes and neutrophils
observed indicates the mobilization of these cells
from lymphoid tissues in response to bacterial
infection. Monocytes are the precursors of tis-
sue macrophages, which ingest foreign materials
and are also involved in the immune response
as antigen-presenting cells that transmit informa-
tion about the ingested material to lymphocytes.
Neutrophils are involved in non-specific immu-
nity, migrating to the infection site and recogniz-
ing, ingesting, and destroying bacteria and other
pathogens (Tavares-Dias et al. 2007). The role
of SGCs is not well established, but as they are
considered as a type of neutrophil, they may be in-
volved in inflammatory and phagocytic processes.
Our results support the hypothesis that the per-
centage of SGCs increases in fish stressed by low
water quality, such as during chronic exposure
to contaminants (Martins et al. 2002), as these
cells were always present in fish collected in the
Furnas HPS reservoir (except in A. fasciatus in
December).

Thrombocyte function is related to blood coag-
ulation and phagocytosis as a link between innate
and adaptive immunity (Passantino et al. 2005).
Increases in the number of thrombocytes have
been reported in Cyprinus carpiovar exposed to
sublethal concentrations of endosulfan (1 pgL=")
under laboratory conditions (Shafig-ur-Rehman
2006). In the present study, there was no correla-
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tion of thrombocytes with the endosulfan present
in water. The low concentrations in most sites, ex-
cluding FU30 and FU40 in June, or the low sensi-
tivity of A. fasciatus and P. maculatus species may
have influenced the responses of these fish. How-
ever, the effect of metolachlor on the thrombocyte
number was evident in the positive correlation be-
tween these variables. This response may be due
to a direct effect on thrombocyte production or to
an indirect effect due to the increased gill tissue
damage (Paulino, personal communication).

Conclusion

Fish exposed to multiple contaminants in their
natural environments present substantial variabil-
ity in most physiological and biochemical vari-
ables. Such responses are expected, as numerous
factors influence organic responses. Considering
the complexity of the aquatic environment and
the coexistence of inducing and inhibiting chem-
icals, this study provides evidence for the impor-
tance of using several biomarkers to estimate risks
in complex situations. The use of a set of bio-
markers can enhance the likelihood of identifying
areas/species that are threatened by chemicals,
especially in cases where differences in sensitivity
may be found among the species. Among the
biomarkers used in this study, the hematological
variables, the erythrocyte LPO levels, and the
activity of the antioxidant enzymes can be used to
assess water quality, regardless of the difference
in responses between fish species. Furthermore,
the higher energy demand of fish needed to repair
the damage caused by the environment may affect
reproductive activity, thereby reducing these spec-
imens in the reservoir and fish diversity over an
extended period.
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