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ABSTRACT

We studied the effect of chromium (Cr) and
lead (Pb) and their combination using the
freshwater fish Hoplosternum littorale. After 15
days, we analyzed the responses of multiple
biomarkers, such as morphometric and
hematological parameters, hepatic and renal
enzymes activities (aspartate and alanine
aminotransferases, alkaline phosphatase) and
oxidative stress markers (antioxidant enzymes
activities and lipid peroxidation). Cr caused a
decrease in glucose levels and tissue damage in
liver and kidney. Pb caused changes in
hematological parameters, tissue damage in liver
and kidney and induced liver lipid peroxidation.
The metal combination modified hematological
parameters and increased the hepatic injury
biomarkers. According to multivariate statistical
analysis, fish exposed to the mixture showed a
differential physiologic profile to those exposed to
individual metals. Thus, H. littorale has
demonstrated to be sensitive for biomarkers
response and suitable as potential test species. Our
results suggest deleterious effects of sublethal
concentrations of heavy metals and support the
usefulness of a multi-biomarker approach for the
characterization of toxicological —mechanisms
induced by the exposure to a combination of Cr and
Pb.
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INTRODUCTION

Heavy metals occur naturally in the
environment and they are found in both ground and
surface waters. Fish can absorb metals through the
skin, the gill epithelium and the gastroinstestinal
tract. They are accumulated mainly in kidney, liver
and gills, which anatomical and physiological
features make them key target organs of toxic
substances [1].
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Chromium (Cr) and lead (Pb) have been found
in water bodies of Argentina [2-4] and in native
species tissues [1, 5]. Low concentrations of Cr can
generate morphological abnormalities in fish liver
and gills [6]. As regards Pb, it has caused cellular
abnormalities by micronucleus formation [7] and
inhibits the activity of the §-aminolevulinic acid
dehydratase enzyme in aquatic organisms [8].

Although toxicity of individual metals has
been extensively studied in fish [9, 10], data about
the effects of their mixtures on fish biomarkers are
scarce. Some laboratory studies have investigated
the effects of mixtures such as lead and cadmium
[11], zinc and cadmium [12], chromium and nickel
[13]. To our knowledge, this is the first report of a
multi-biomarker assessment carried out on fish
exposed to combined Cr + Pb.

The combined use of a set of complementary
biomarkers can detect exposure to contaminants
and quantify their impact on living organisms.
Consequently, the multi-biomarker approach has
gained considerable interest in ecotoxicological
research, and has been recently applied in field and
laboratory studies [14-16].

Hoplosternum littorale (Pisces,
Callichthyidae) is a neotropical fish species widely
distributed in South America. Because they are easy
to collect and maintain in laboratory conditions [17-
18], H. littorale is proposed as test species.

This study is aimed at evaluating multi-
biomarker responses in H. littorale, after controlled
exposure to an environmental concentration of Cr
and Pb alone, and in combination. The multi-
biomarker approach focuses on morphometric
indexes, hematological responses, tissue damage
markers and oxidative stress parameters.

MATERIALS AND METHODS

Fish. Adult H. littorale (n = 32; 9.38 £ 0.77
cm standard length; 21.95 + 4.82 g) were obtained
from an aquarium trade. For acclimation purpose,
fish were held in 150-L tanks containing aerated
dechlorinated water for two weeks, and fed once
daily with dry commercial pellets. Both acclimation
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and experimental periods were carried out in 12:12
h light—dark cycles and temperature was 25 + 1 °C.

Experimental design. Based on previous
reports of heavy metal concentrations in water
bodies of Argentina [4, 19], H. littorale were
exposed to relevant environmentally concentrations
of Cr (100 ugCr-L™"), Pb (100 ugPb-L") and their
combination (100 pgCrL' + 100 pgPbL™).
According to previous studies, the mixture was
defined as the addition of the two individual
concentrations [9, 16, 20]. A group kept in tap
water served as the control.

Metal stock solutions were prepared by
dissolving appropriate amount of K,Cr,O; and
Pb(NOs): (analytical grade, Merk) in distilled water,
and the nominal test concentration of each metal or
combination were obtained by adding appropriate
aliquots of each stock solution to the aquaria.
Levels of Cr and Pb in aquaria were measured by
anatomic absorption spectrophotometer (Perkin
Elmer Analyst).

Tests were conducted in glass aquaria
containing 5 L of test solution and one fish. A
control and three treatments were replicated eight
times. The aquarium solutions were renewed every
two days by transferring the fish to another
aquarium.

After 15 days, fish were anesthetized and
measured, weighted, sacrificed and dissected. Liver
and kidney were immediately frozen in liquid
nitrogen and stored at -80°C. All experiments were
conducted in accordance with national and
institutional guidelines for the protection of animal
welfare.

Biomarkers. Morphometric and
hematological parameters. The condition factor
(CF) and the liver somatic index (LSI) were
calculated according to Goede and Barton [21].
Blood was rapidly extracted from the caudal vessel
by dissection of the caudal peduncle. Red blood
cells (RBC), hemoglobin concentration (Hb) and
hematocrit (Ht) were -calculated according to
Cazenave et al. [22]. Mean cell volume (MCV),
mean cell hemoglobin (MCH) and mean cell
hemoglobin concentration (MCHC) were calculated
from primary indices. Plasma was separated by
centrifugation at 1409 g for 10 min. The glucose
concentration (GL) and the total proteins (TP) were
calculated employing commercial kits (Wiener
Lab®). A drop of freshly collected blood was
smeared on clean slides to estimate the total white
blood cells (WBC) counts and for determination of
leukocyte frequency according to Tavares-Dias and
de Moraes [23].

Transaminases and alkaline phosphatase.
Samples of liver and kidney were homogenized in
phosphate buffer (pH 7.4). The homogenate was
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centrifuged at 25,000 g at 4 °C for 10 min,
and supernatant was collected.  Aspartate
aminotransferase (AST) and alanine

aminotransferase (ALT) activities were estimated
according to Reitman and Frankel. [24]. Alkaline
phosphatase (ALP) (Orthophosphoric monoester
phosphohydrolase)  activity = was  determined
colorimetrically using a commercial kit (Wiener
Lab®). Each sample was measured by triplicate and
the enzymatic activity was calculated in terms of
protein content [25].

Ocxidative stress markers. Antioxidant
enzyme extracts from liver and kidney were
prepared according to Cazenave et al. [14]. The
activity of glutathione S-transferase (GST) was
determined according to Habig et al. [26].
Gluthation reductase activity (GR) was assayed
according to Tanaka et al. [27]. The activity of
glutathione peroxidase (GPx) was determined
according to Drotar et al. [28]. Catalase activity
(CAT) was determined according to Beutler. [29].
All enzymatic assays were carried out in triplicate
and the enzymatic activity was calculated in terms
of the sample protein content [25].

Liver lipid peroxidation (LPO) levels were
determined according to Fatima et al. [30]. The
LPO activity was expressed as nanomoles of
TBARS formed per hour, per milligram of proteins
(nmol TBARS: h'l-mg prot™!). Protein content of
each sample was determined according to Bradford
[30].

Statistical Analysis. All data are reported as
mean #* standard error. Shapiro—Wilks test was
applied to evaluate normality while Levene test was
used to test the homogeneity of variance. Variables
that had not a normal distribution and/or homogeny
of variance were transformed using Logio and
tested again, prior to parametric analysis. For
statistical comparisons of data among treatments,
one way analysis of variance (ANOVA) followed
by a Multiple Comparison Test (Tukey) were
performed. P-values below 0.05 were regarded as
significant. In addition, principal component
analysis (PCA) was performed in order to get a
comprehensive view of the results, and to define the
most important parameters involved in metal
toxicity. Multivariate analysis was carried out
taking into account four cases (individuals with 30
variables measured). All statistical analysis was
performed by the InfoStat software [31].

RESULTS AND DISCUSSION
Morphometric and hematological
parameters. Morphometric and hematological

biomarkers in control and exposed fish are
summarized in Table 1. CF and LSI did not show
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variation among treatments. These results are in
agreement with Lombardi et al. [1], who observed
no changes in Prochilodus lineatus collected from a
river contaminated with Pb, Cd, Cu and Zn. H.
littorale exposed to Pb and the mixture showed an
increase in MCH (p=0.05) and MCHC (p=0.01).
These results are in agreement with Ates et al. [32],
who observed higher MCH levels in Oncorhynchus
mykiss exposed to Pb and Cu individually for 72
hours.

Besides, fish exposed to Cr showed a decrease
in glucose levels (p=0.03) (Table 1). This result
coincides with Mehrim [33], who observed the
same response in Oreochromis niloticus exposed to
Cr for 12 weeks by diet treatment. The decrease of
glucose caused by Cr may due to the utilization of
glucose as an energetic substrate for repairing the
damage caused by the metal, or homeostasis
mechanisms related to glycogenolysis and
glyconeogenesis that tend to keep glucose at normal
levels [34].

An alteration in differential leucocytes count
was showed in fish exposed to Pb compared with
the control group; there was an increase in
neutrophils (p=0.016) and a decrease in eosinophils
(p=0.0232) (Table 1). Pb is involved in irreversible
effects on cells due to their interaction with cellular
macromolecules [35]. On the other hand,
neutrophils function as phagocytes to salvage debris
from injured tissues [36]. So, neutrophilia observed
in our study could indicate an increased phagocytic
action in order to eliminate cellular debris. As
regards eosinophils, low concentrations have been
widely reported in fish, but their function is not
clear [37].
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Transaminases and alkaline
phosphatase. AST and ALT are enzymes involved
in the metabolism of amino acids, and their
alterations allow the identification of tissue damage
in organs such as the liver and kidney [38].
Inductions of AST (p=0.0003) and ALT (p=0.0004)
were observed in the liver of fish exposed to the
mixture (Fig. 1A). In kidney, an induction of AST
was observed in the Cr-exposed fish (p=0.0003)
(Fig. 1B). These results agree with those found by
other authors in the liver of fish exposed to heavy
metals in field and laboratory studies [39, 40]. Thus,
transaminases resulted in sensitive indicators of
cellular damage, and an increase of their activity
could be related to hepatic problems [38].

ALP activity was increased in the liver of fish
exposed to the three treatments (p<0.0001) (Fig.
1A). This result correlates with other authors who
exposed O. niloticus to Pb and Zn + Cd [20, 41].
However, in kidney decreased ALP activity was
shown in fish exposed to all treatments (p=0.04)
(Fig. 1B). ALP enzyme is very important for
detoxification, and any alteration of its activity
could cause biochemical deficiency, cellular
dysfunction and tissue damage [20].

Oxidative stress biomarkers. Antioxidant
enzymes activities in control and exposed fish are
summarized in Table 2. CAT activity was
decreased in the liver of fish exposed to Cr and Pb
individually (p=0.0002). This coincides with Atli
and Canli [42], who observed a decrease of CAT
activity in liver of O. niloticus exposed to sublethal
concentrations of Cr for 2 and 20 days. Other
authors observed the same response in kidney of
Cr-exposed fish [43, 44]. CAT inhibition may be

TABLE 1
Morphometric and hematological parameters of H. littorale exposed to chromium (100 ugCr -L) and lead
(100 pgPb ‘L) individually, and in combination (Cr + Pb), for 15 days. The values are expressed as means
+ SE. Means sharing the asterisk (*) are significantly different at p<0.05.

Parameter Control Cr Pb Cr+Pb

LSI 1.54 £0.07 1.52+£0.12 1.40 £0.19 1.59 £0.15
CF 1.27 £0.03 1.22 £ 0.04 1.26 £ 0.02 1.22 £0.02
RBC (10%uL") 1.80 £ 0.13 1.79+£0.37 1.81 £0.15 1.42 £0.15
Ht (%) 30.67 £ 2.03 28.97+£291 30.31 £2.41 26.51 £ 1.87
Hb (g-dL) 4.89+0.44 4.56+0.75 5.75+£0.69 5.54 £0.84
MCV (um?) 174.89 £12.53 180.43 + 14.68 168.55 +7.53 191.50 £9.22
MCH (pg) 28.13+£2.97 2733 £3.54 31.80+2.82 390.71+£2.84"
MCHC (%) 15.85 £ 0.66 1519+ 1.36 18.67+1.06" 21.18+1.86"
GL (g'Lh 0.59 £ 0.04 0.37+£0.05" 0.52 +£0.07 0.68 £0.12
TP (g-dL™") 3.00+£0.10 2.65+0.30 3.23+£0.20 2.78 £0.27
WBC (ul) 10530 + 1351 17449 + 5062 11721 £ 2740 8650 + 704
Lymphocytes (%) 65.02 +5.05 72.54 +4.44 64.23 +4.69 68.58 £2.99
Neutrophils (%) 7.45+1.67 5.31+0.96 16.53£1.94 " 7.94 +1.01
Eosinophils (%) 20.56 £ 1.68 14.26 £ 2.64 580+ 141" 16.66 + 1.65
Monocytes (%) 4.88+1.29 7.90 £2.50 7.31+1.54 6.58 £0.89
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FIGURE 1

Aspartate aminotransferase (AST), alanine aminotranferase (ALT), and alkaline phosphatase (ALP)
activities in liver and kidney of H. littorale exposed to chromium (100 ugCr ‘L) and lead (100 ugPb -L*)
individually, and in combination (Cr + Pb), for 15 days. Means sharing the asterisk (*) are significantly
different at p<0.05.

related to the accompanied direct binding of metal
ions to sulthydryl groups on the enzyme molecule.
Reduced CAT activity may increase cellular HyOo,
and this molecule has the potential of inducing
oxidative stress and starting the LPO process [45].
Such response was observed in the liver of H.
littorale exposed to Pb individually, in which the
inhibition of CAT was accompanied by an
increased in LPO levels (p=0.0198) (Table 2).
Many authors have found a positive
correlation between the increase of LPO levels and
the inhibition of CAT activity in fish exposed to
different xenobitics [46, 47]. Oliva et al. [48] found
an increase in LPO levels in the liver of Solea
senegalensis inhabiting a river contaminated with
metals. However, Campana et al. [49] observed a
decrease in LPO levels in the liver of

Halobratrachus didactylus exposed to Pb for 7
days. Thus, the results observed in H. littorale
exposed to Pb could indicate that the liver suffered
an oxidative damage that the antioxidant defense
system could not prevent.

Multi-biomarker approach. Many authors
suggest that the selection of an appropriate battery
of biomarkers and their integral analysis are
important to determine deleterious effects caused
by both complex mixtures of pollutants and chronic
situation of contamination [15, 16, 48]. When a
wide number of biomarkers are measured, many
approaches are used to analyze their results. The
principal component analysis (PCA) is one of the
techniques usually employed [50]. In the present

TABLE 2
Oxidative stress markers in liver and kidney of H. littorale exposed to chromium (100 ugCr ‘L) and lead
(100 pgPb ‘L) individually, and in combination (Cr + Pb), for 15 days. The values of antioxidant enzyme
activities (nkat mg prot™!) and lipid peroxidation (nmol TBARS: h"!'mg prot™!) are expressed as means *
SE. Means sharing the asterisk (*) are significantly different at p<0.05.

Control Cr Pb Cr+Pb
Liver
GST 9.85+£0.81 8.06 £0.43 7.76 £ 1.04 9.13+0.98
GR 0.49 £0.05 0.51 £0.06 0.57 £ 0.06 0.53 £0.05
GPx 3.95+0.24 4.39+048 4.12£0.38 3.80+0.34
CAT  552.24 £34.76 338.88 £25.64 " 355.52+35.33 " 657.13 +£28.24
LPO 0.06 +0.01 0.07 £0.01 0.12+0.01" 0.04 £0.02
Kidney
GST 4.94+0.36 4.27+0.24 4.64 £0.37 3.55+0.31
GR 0.98 £0.11 0.74 £0.13 0.80 £ 0.07 0.68 £0.12
GPx 6.58 £0.65 6.01 £0.27 6.28 +0.57 5.17 £ 0.66
CAT  106.33 +18.87 87.73 £ 6.07 103.08 £ 6.53 104.72 £ 12.87
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factorial plane of the principal component analysis (PCA). Biomarkers with correlation coefficients >0.5
were represented in the PCA. Biomarkers abbreviations are explained in the text with the exception: Ne
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study, two components were extracted by applying
the PCA (Fig. 2). According to Legendre and
Legendre [51], interpretation of principal
components may be done for eigenvalues of the
data matrix higher than 1. The PCA indicated that
10 eigenvalues were higher than 1; moreover
correlation coefficients are significant when they
are higher than \/d/n, d being the number of
principal components and »n the number of
variables. Therefore, correlation coefficients >0.5
were indicative of a good representation of the
variables with principal component axes. The
components accounted for 34.2% of the original
dataset variance. The first principal component
(PC1) explained 19.0% of the variance, and showed
significant positive loadings for glucose, MCV,
MCH, MCHC, AST, ALT and CAT in liver. On the
contrary, a negative correlation was found in WBC,
GST, RBC and GPx in kidney, and GPx and LPO
in liver. The second principal component (PC2)
explained 15.2% of the variance, and showed
positive correlations for the CF, Ht, Hb, neutrophils
and ALT in kidney, but negative correlations for
GPx and RBC in liver. Thus, Figure 2 represents
that PC1 separated clearly fish exposed to Cr + Pb
from the other treatments and PC2 shows the great
variability of individual physiologic responses
(independently of the treatment).

The increase of both transaminases activities
and oxidative damage found in our study suggests
that the liver is a target organ under the action of
the metal combination. These results are in
agreement with many authors, who claimed that the
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liver is more sensitive to metal exposure than the
kidney [42].

CONCLUSIONS

In summary, our results showed different
effects on H. littorale exposed to individual metals
and their combination. Cr produced nutrients
mobilization by a decrease in plasma glucose, tissue
damage in liver and kidney, and an inhibition of an
antioxidant enzyme (CAT). On the other hand,
hematological alterations, tissue damage in liver
and kidney and evident hepatic oxidative stress
were found in fish exposed to Pb. The combination
of metals caused changes in hematological
parameters and damages in tissues. The multi-
biomarker approach based on a wide array of
physiological parameters showed that fish exposed
to Cr + Pb had a different physiologic profile to
those exposed to individual metals. Thus, this work
underscores the need for new studies to explore
how complex mixtures affect aquatic organisms.
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