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ABSTRACT

Water bodies in the Chaco-Pampean plain contain arsenic (As) and fluoride (F–) occur-
ring naturally. Chasicó Lake, located in the southwest of Buenos Aires Province, has 
high concentrations of both elements (As, 0.05-0.41 mg/L; F–, 6.74-8.54 mg/L). Fish 
can be considered as indicators of environmental pollution. The aim of this study was 
to analyze whether the presence of high concentrations of As and F– found in the liver 
and gills of Odonthestes bonariensis could be associated to histological changes found 
in these tissues. Fish were sampled from different locations of the lake. Tissue samples 
(liver and gills) were subdivided and subjected to an acid digestion to determine As 
and to an alkaline digestion to determine F–. Morphological changes were assessed 
using routine histological techniques. As concentrations in the liver were higher than 
in the gills, while the gills showed higher F– concentrations. The histological examina-
tion of the liver and gills showed alterations that could correspond to the effects of the 
high As and F– concentrations found in these tissues. The toxicity of these elements is 
due to oxidative stress. Silverside is one commercially relevant fish in Buenos Aires 
and a key species in the food chain in the region. Therefore, further histopathological 
studies are relevant to guarantee this fish’s health and safety for human consumption.
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RESUMEN

Los cuerpos de agua de la llanura Chaco-Pampeana contienen arsénico (As) y fluoruro 
(F–) cuyo origen es natural. El Lago Chasicó, ubicado en el sudoeste bonaerense, pre-
senta elevadas concentraciones de ambos elementos (As: 0.05-0.41 mg/L; F–: 6.74-8.54 
mg/L). Los peces pueden considerarse como indicadores de contaminación ambiental. 
El objetivo de este estudio fue analizar si la presencia de altas concentraciones de As y 
F– halladas en hígado y branquias de Odonthestes bonariensis pudiera estar asociada 
con los cambios histológicos encontrados en estos tejidos. Los peces fueron colecta-
dos en diferentes localidades del lago. Se subdividieron muestras de tejidos (hígado y 
branquias) y se sometieron a una digestión ácida para determinar As y a una digestión 
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alcalina para determinar F–. Los cambios morfológicos se determinaron mediante 
técnicas histológicas de rutina. En hígado se hallaron concentraciones de As más altas 
que en branquias, mientras que las branquias mostraron concentraciones de F– más 
elevadas. El examen histológico del hígado y las branquias mostró alteraciones que 
podrían corresponder a los efectos de las altas concentraciones de As y F– halladas en 
esos tejidos. La toxicidad de estos elementos se debe al estrés oxidativo. El pejerrey es 
uno de los peces comerciales más importantes de Buenos Aires y una de las especies 
clave de la cadena alimenticia en la región, por lo que resultan relevantes estudios 
histopatológicos adicionales para asegurar la salud de los peces y su inocuidad para 
el consumo humano.

INTRODUCTION

The Chaco-Pampean plain is one of the largest 
plains in the world and it has As and F– occurring 
naturally in different water bodies (Schenone et al. 
2007, Rosso et al. 2011a, b, Avigliano et al. 2015). 
Chasicó Lake is the water body with highest concen-
trations of both elements (As, 0.05-0.41 mg/L; F–, 
6.74-8.54 mg/L) (Puntoriero et al. 2014a). This lake 
is characterized by its high salinity (> 35 g/L), and its 
aquatic ichthyofauna is restricted to a single species: 
the silverside (Odontesthes bonariensis).

As and F– are associated to toxic trace elements 
since both elements come from the Pampean loess 
originated from volcaniclastic sediments (Smedley 
and Kinniburgh 2002). These elements are relevant 
in aquatic trophic chains because they can be bio-
transferred to different food chain levels, including 
humans (USEPA 1989, 1993). Fish can be considered 
as indicator organisms of environmental pollution 
(Metcalfe-Smith et al. 2003, Bhatnagar and Regar 
2005, Bhatnagar et al. 2007). This is because they 
are constantly exposed to toxic elements dissolved in 
water, through gill breathing and epidermis contact 
(Gernhöfer et al. 2001, Bears et al. 2006).

The mechanisms of As incorporated into fish are 
unclear; there are only a few studies about the detoxi-
fication mechanism (Wrobel et al. 2002, Bears et al. 
2006). Regarding F–, studies analyzing its biotransfer-
ence from water to fish tissues are also scarce (Haque 
et al. 2012, Cao et al. 2013, Puntoriero et al. 2014b).

High As concentrations in water cause in fish 
tegument discoloration, histological changes in gills 
and liver, slow growth and low efficiency in feed 
conversion (Russell et al. 2010). As for F–, high con-
centrations can lead to different toxic effects, such 
as decreased growth and development, behavioral 
changes, delay in fertilized egg hatching, histologi-
cal changes in gills and liver, changes in bone tissue, 
metabolic disorders and increase in mortality (Chitra 
et al. 1983, Camargo 2003, Metcalfe-Smith et al. 

2003, Bhatnagar and Regar 2005, Bhatnagar et al. 
2007, Kumar et al. 2007, Shi et al. 2009).

The liver is the main metabolic fish organ and it 
plays an important role in the uptake, accumulation, 
biotransformation and excretion of toxic elements 
(Pedlar et al. 2002). In relation to As, several studies 
have reported liver fibrosis, hepatocellular damage, 
cell edema, focal necrosis areas in addition to hepa-
tocellular carcinoma (Liu et al. 2001, ATSDR 2002, 
Datta et al. 2009). F– plays an important causal role in 
cell apoptosis (Wang et al. 2004). Histopathological 
changes reported in liver by fluoride toxicity of Cyp-
rinus carpio and Channa punctatus include vacuolar 
degeneration, increasing sinusoidal space and focal 
necrosis areas with nuclear pyknosis (Haque et al. 
2012, Cao et al. 2013).

The gills are important organs that fulfill multiple 
functions, including gas exchange, osmotic pressure 
regulation, acid-base balance and ion transport. All 
these actions are closely related to gill chloride cells 
(Mallatt 1985, Mallatt and Stinson 1990) and they 
are one of the entryways for toxins in fish (Hughes 
1984). Once the gills are damaged, the gas exchange 
and osmotic regulation functions could be affected, 
resulting in physiological and histological changes 
in fish (Haque et al. 2012).

Odontesthes bonariensis is a commercially rel-
evant native species, typically found in the Pampean 
plain. The aim of this manuscript was to analyze 
whether the presence of high concentrations of As and 
F– in the liver and gills of Odonthestes bonariensis 
in Chasicó Lake are associated with histological 
anomalies occurring in these tissues.

MATERIAL AND METHODS

Study area
Chasicó Lake (38º 37’ 60” S; 63º 6’ 0” W) is 

located in the southwest of Buenos Aires Province 
(Fig. 1). It is an endorheic system that receives waters 
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from the Chasicó Stream and drains into the Ventania 
system. It is situated on a tectonic belt located more 
than 20 m below sea level, on the southwest slopes of 
the orographic Ventania system. This strip extends in 
a northwest to southeast direction, parallel to the tec-
tonic pit inside which the Colorado River is located. 
The late Tertiary succession of the southern Pampean 
region comprises an extensive plateau capped by a 
thick calcrete crust, which in turn is covered by a thin 
mantle of late Pleistocene–Holocene eolian deposits 
(Zárate et al. 2007). The lake is recharged by direct 
precipitation, a groundwater system and surface run-
offs from a catchment basin of 3.764 km2 (Bonorino et 
al. 1989). The Chasicó Lake surface area was 31 km2 
in 1963, it increased to 85 km2 in 2003-2004 and de-
creased to 50.3 km2 to this date (Remes and Colautti 
2003). This may be the result of natural flood and 
drought periods, which are reflected in its salinity 
and aquatic biota changes. The average maximum 
depth of this water body is 16 m.

Sampling and analytical methods
Fish (n = 30) were sampled in different locations 

of the lake (Fig. 2) using appropriate fishing gear 
(trammels, long lines). The total length was measured 
using an ictiometer (± 0.1 cm), then samples were 
weighed with a Sartorius ED224S extend analytical 
balance (± 0.001 g), and then the fish sex was deter-
mined. Tissue samples (0.5 g each) were subdivided 
and subjected to an acid digestion to determine As 
concentration (APHA, 1995) and to an alkaline diges-
tion to determine F– concentration (Kjellevold Malde 
et al. 2001). The fourth gills were sampled from both 

sides of the fish. Arsenic concentrations were deter-
mined by inductively coupled plasma optical emis-
sion spectrometry (ICP-OES), using a Perkin Elmer 
Optima 2000 DV, and fluoride was determined by the 
electrometric method of fluoride selective electrode. 
A macroscopic analysis of fish was carried out in 
order to find tegument discoloration and changes in 
the spine curvature. The histopathological analysis 
was performed using routine histological techniques 
(H & E, Giemsa, Trichrome).

Statistics
The software used in the statistical analysis was 

Statistica 6 (Statsoft). Pearson correlation was used 
to analyze organs pathologies (p < 0.05).

RESULTS AND DISCUSION

The length of fishes ranged from 39.2 to 42.5 cm 
(39.3 ± 0.22), with a proportion of 25 females and 5 
males. Tables I and II show the results of different 
As and F– concentrations in liver and gills of Odon-
testhes bonariensis and other species, in dry weight. 
The highest values of As were found in the liver vs. 
the gills, both in silverside and other species (Table I). 
The F– concentration in the gills was higher than in the 
liver (Table II), results that agree with previous reports 
for Acipencer baerii in the same tissues (Shi et al. 2009).

The fish macroscopic analysis did not show 
tegument discoloration or abnormal curvature of 
the spine. No microscopic differences were found in 
the liver and gills among the Chasicó Lake sampling 
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sites. Several histological changes were observed 
in the liver of 95 % of the samples, with the most 
common ones being dilation and congestion in blood 
vessels, hemosiderin, dilation and congestion in he-
patic sinusoidal, loss of contact between hepatocytes 
and pancreocytes, cellular degeneration, focal ne-
crosis areas and cellular apoptosis (Fig. 3b-e). Also, 
peliosis areas in the hepatic parenchyma were found, 
indicative of coagulative necrosis areas (Fig. 3f). 

All samples showed histopathological changes in 
the gills, including edema in secondary lamellae and 
epithelial detachment, curling of secondary lamellae, 
congestion and telangiectasia in blood vessels of gill 
filaments and hyperplasia of mucous cells (Fig. 4b-f).

Pearson correlation analysis evidenced that there 
is a significant positive correlation between the pres-
ence of hemosiderin in the liver and congestion in 
blood vessels (r = 0.50; p < 0.05) and hepatic peliosis 

a

d e f

b c

Fig. 3. (a) Liver of control fish (10×). (b) Hemosiderin in hepatopancreas and dilation in blood si-
nusoids (40×). (c) Dilation and congestion in blood vessels (10×). (d) Cellular degeneration 
and dilation in blood sinusoids (40×). (e) Focal necrosis area and nuclear pyknosis (40×). (f) 
Peliosis area (40×)

TABLE I. ARSENIC CONCENTRATION (IN µg/g DRY WEIGHT) IN LIVER AND GILLS OF Odontesthes bonariensis 
SAMPLED IN CHASICÓ LAKE, BUENOS AIRES, ARGENTINA

Liver Gills 
References

Mean ± sd Average Mean ± sd Average

Catla catla 3.90 ± 0.18 3.51-10.90 7.70 ± 1.1 1.01-10.4 Shah et al. (2009)
Alosa immaculata 4.94 ± 1.20 3.69-6.38 1.53 ± 0.33 1.25-2.01 Visnjic-Jeftic et al. (2010)
Acipenser ruthenus 0.52 ± 0.82 0-2.55 0.04 ± 0.14 0-0.65 Jarić et al. (2011)
Odontesthes bonariensis 3.03 ± 0.87 0.24-8.98 4.16 ± 0.53 0.77-8.91 This work

Data are expressed as mean ± standard deviation

TABLE II. FLUORIDE CONCENTRATION (IN µg/g DRY WEIGHT) IN LIVER AND GILLS OF Odontesthes 
bonariensis SAMPLED IN CHASICÓ LAKE, BUENOS AIRES, ARGENTINA

Liver Gills 
References

Mean ± sd Average Mean ± sd Average

Acipencer baerii 39.01 ± 3.60 36.80-51 169.61 ± 5.21 158-181.20 Shi et al. (2009)
Odontesthes bonariensis 33.71 ± 23.51 7.10-75.30 72.11 ± 12.02 49.10-110-10 This work

Data are expressed as mean ± standard deviation
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areas (r = 0.52; p < 0.05). In addition, focal necrosis 
areas correlated significantly with cell degeneration 
(r = 0.60; p < 0.05). Regarding the occurrence of the 
pathologies identified in both organs, it was observed 
that congestion in blood vessels and cell degeneration 
in liver is more closely associated with epithelium 
detachment (r = 0.43 and 0.51, respectively; p < 0.05) 
and the curling of the secondary gill lamellae (r = 0.45 
and 0.47, respectively; p < 0.05).

The Chasicó Lake’s silverside liver and gills 
showed high concentrations of As and F–. The values 
of both trace elements found in silverside were simi-
lar to those reported by other authors in liver and gills 
(Shah et al. 2009, Shi et al. 2009, Višnjić-Jeftić et al. 
2010, Jarić et al. 2011). In both tissues the values ex-
ceeded the maximum allowed levels according to the 
Argentine Food Code (1985) (As: 1 μg/g, F–: 1.5 μg/g). 
However, the population would not be at risk because 
these tissues are not consumed in the country.

The histopathological study of silverside liver and 
gills showed alterations caused by the toxic effects of 
these trace elements. Oxidative stress is a recognized 
mode of action of As and F– that has been observed 
in soft tissues such as liver, gills, kidney and brain. 
Both trace elements increase the generation of anion 
superoxide (O2

-), hydrogen peroxide and peroxyni-
trite, resulting in the accumulation of proteins in 
the endoplasmic reticulum (ER) causing ER stress 
and reactive oxygen species (ROS) production in 
cell mitochondria (Ghosh et al. 2008). It is known 
that excessive ROS production leads to macromo-
lecular oxidation, resulting in free radical attack of 

membrane phospholipids with resulting membrane 
damage via induction of lipid peroxidation, mito-
chondrial membrane depolarization and apoptosis 
(Barbier et al. 2010). Also, ROS inhibit the activity 
of antioxidant enzymes such as superoxide dismutase 
(SOD), catalase (García-Montalvo et al. 2009), gluta-
thione reductase (GR) and glutathione S transferase 
(GST) (Schuliga et al. 2002, Bhattacharya and Bhat-
tacharya 2007), leading to more damage of cellular 
components. In addition, fluoride may cause an 
inhibitory effect in enzymes of the glycolytic path-
way and the Krebs cycle. Na+/K+-ATPases are also 
inhibited, leading to ATP depletion and a disturbance 
in cell membrane potential. Therefore, fluoride ions 
inhibit cellular respiration and decrease the produc-
tion of ATP (Schuliga et al. 2002).

Liver is the main organ of various key metabolic 
pathways. One of the most sensitive organs is the 
teleost liver, which shows alterations in its histoar-
chitecture, biochemistry, and physiology following 
exposure to various types of environmental pollutants. 
The histological changes in silversides in Chasicó Lake 
showed cellular degeneration and focal necrosis areas, 
which could be associated with inhibition of protein 
synthesis, energy depletion, microtubule disaggrega-
tion and changes in substrate use, resulting in partial 
precipitation of both cytoplasmic and nuclear material 
(Hinton and Laurén 1990). Cellular degeneration and 
the subsequent necrosis would be the result of oxygen 
deficiency as a consequence of degeneration or necro-
sis of gill epithelium and/or vascular dilation observed 
in hepatic blood vessels, leading to hemosiderosis 

Fig. 4. (a) Gills of control fish (10×). (b) Edema in secondary lamellae and epithelial detachment (10×). 
(c) Epithelial detachment and curling of secondary lamellae (10×). (d) Curling of secondary 
lamellae (10×). (e) Hyperplasia of mucous cells 40 (40×). (f) Congestion and telangiectasia 
in blood vessels in gill filaments (40×)

a
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areas (Mohamed 2009). Peliosis areas were found in 
the fish liver. This pathology may be associated with 
the direct effect of these trace elements on the sinu-
soidal endothelial cells, which leads to focal necrosis 
areas and apoptosis cells (Roy and Bhattacharya 2006). 
Most of the pathologies found in the liver of Chasicó 
Lake fishes were reported by other authors (Shah et 
al. 2009, Višnjić-Jeftić et al. 2010, Jarić et al. 2011), 
however, peliosis areas were not found. In contrast, 
Ahmed et al. (2013) reported cellular rupture in he-
patocytes of Oreochromis mossambicus that occurs 
either directly by denaturation of volume-regulating 
ATPases or indirectly by disruption of the cellular 
energy transfer processes required for ionic regulation.

The gills are important organs with multiple func-
tions, including gas exchange, osmotic pressure regu-
lation, acid-base balance, ion transport and excretion 
of nitrogenous waste, which are closely related to 
chloride cells of epithelial cells in gills (Mallatt 
1985). The ATPases (Na+-K+-ATPase, Ca2+-ATPase) 
in chloride cells serve for ion transport and exchange. 
The membrane tube system in chloride cells is re-
sponsible for energy conversion. The gills are also the 
primary target of pollutants. Once the gills are dam-
aged, the gas exchange and osmotic pressure regula-
tion functions could be impacted and the fish health 
could be compromised. Histopathological changes in 
silversides showed epithelial detachment, necrosis, 
hyperplasia of mucous cells, edema, telangiectasia 
and curling of the secondary lamellae. According to 
Balah et al. (1993), dilation of lamellar blood vessels 
and edema in secondary lamellae may be due to an 
increase in the permeability induced by prolonged 
exposure to these elements. This fluid separates the 
respiratory epithelium from the underlying tissue 
with subsequent epithelium detachment and cellular 
necrosis. The epithelial detachment and necrosis are 
direct responses to As and F– toxicity, increasing the 
distance that the toxicant has to travel to reach the 
blood stream (Mallatt 1985). The observed defense 
response is hyperplasia of mucous cells, which could 
inhibit the absorption of O2 and removal of CO2 
leading to hypoxia and further exacerbated breathing 
difficulties (Kumuragura et al. 1982). The hyperplasia 
of mucous cells and telangiectasia were identified 
in other reports on contaminants such as chromium 
(Dhanapakiam et al. 2004), copper (van Heerden et al. 
2004) and diesel (Simonato et al. 2008). The report of 
Dhanapakiam et al. (2004) analyzed the gill damage 
in Labeo rohita. In contrast to this work, the gills’ 
surface architecture revealed severe changes such as 
fusion and clumping in the middle and distal parts of 
the primary lamellae, swelling and cell deterioration. 

On the other hand, the interlamellar space was filled 
with hyperplastic epithelial cells.

In summary, acute and chronic exposure to As 
and F– may disrupt the osmoregulatory function of 
fish, cause oxidative stress and alter the gill structure.

CONCLUSION

The histological changes identified in silversides 
as analyzed above matched those caused by As and 
F– in other species, so these pathologies could be 
associated with exposure to such elements. These 
findings would support a further mechanistic study 
on arsenic and fluoride accumulation in liver and 
gills.

This work represents the first study conducted in 
the Chasicó Lake about the presence of As and F– in 
silverside fish tissue and it has shown histopathologi-
cal changes.

Since silverside is one of the most commercially 
relevant species in the region and a key species in 
the food chain (Tinco and Iannacone 2013), further 
histopathological studies are relevant to guarantee the 
fish’s health and its quality for human consumption.
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