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Increasing pollution levels have turned our attention to assessing lethal and sublethal effects of toxic
agents using the most informative techniques possible. We must seek non-invasive or non-lethal sam-
pling methods that represent an attractive alternative to traditional techniques of environmental as-
sessment in fish. Detergents are amongst the most common contaminants of water bodies, and LAS
(Linear Alkylbenzene Sulfonate) is one of the most used anionic surfactant on the market. Our study
analyzed morphological alterations (histological and histochemical) of the scale epithelium of Prochilodus
lineatus under exposure to two concentrations of LAS, 3.6 mg/L and 0.36 mg/L, for a period of 30 days and
evaluated at 14, 21 and 30 days. In order to establish morphological analysis of the scale epithelium as a
new non-lethal environmental assessment tool that is reliable and comparable to classic methods, the
relative sensibility of this technique was compared to a commonly used method of environmental as-
sessment in fish, the estimation of the effects of pollutants upon branchial morphology. Two experiments
were carried out, testing animals in tanks, and in individual aquariums. Results of analyses on gill tissue
show that exposure to 3.6 mg/L of surfactant caused severe damage, including hyperplasia, hypertrophy
and fusion at 14 days, with aneurisms at 21 and 30 days; while exposure to 0.36 mg/L had lighter effects
on the organ, mainly lower incidence of fusion and hyperplasia. Aditionally, scale morphology was al-
tered severely in response to 3.6 mg/L of LAS, consistently showing increased mucous and club cell
production. Epithelial thickness was the most variable parameter measured. Scale epithelium sensibility
has the potential to be a reliable environmental marker for fish species since it has the advantage of
being less invasive when compared to traditional methods. However, more studies are required to in-
crease the robustness of the technique before it can be generally applied.

& 2016 Elsevier Inc. All rights reserved.
1. Introduction

There is a growing sense of urgency regarding global pollution
which drives the need to develop the most informative diagnostic
techniques to assess lethal and sub-lethal effects of water con-
taminants (Anderson et al., 1994) and search for non-invasive or
non-lethal sampling techniques that represent an attractive al-
ternative to traditional monitoring methods in fish (Heltsley et al.,
2005). In many developing countries water quality is assessed
primarily through physical and chemical criteria, with little in-
formation concerning effects of several types of contaminants
(Camargo and Martinez, 2007).
ira).
Morphological analysis is a common, efficient tool for identi-
fying the effects of contaminants on target-organs through the
evaluation of lesions and adaptive changes (Schwaiger et al., 1997)
and fish scales have long been used for such purpose in bioaccu-
mulation studies (e.g.: Abdullah et al. (1976), Burguer et al. (2013),
Dua and Gupta (2005)). Several authors also explore the potential
of epithelial tissues as pollution indicators in fish, measuring
mucous production and epithelium thickness (Dowling and Mo-
thersill, 2001; Kilemade and Mothersill, 2000; Pretti et al., 2008;
Rajan and Banerjee, 1991). Whereas other studies/authors show
that alternative structures in the epithelial tissue can be evaluated.
For example, club cells, which are unicellular epidermal glands
characteristic of several orders of fish responsible for the pro-
duction of pheromones in response to toxic and stress agents
(Brown, 2003; Chivers et al., 2007; Zaccone et al., 2001). Their
abundance has been associated with the occurrence of mechanical
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damage to the skin (Chivers et al., 2007). Yet, no attempts have
been made to use fish scales as a non-invasive method to obtain
samples of epithelial tissue for morphological analysis.

Gills are considered the target-organs of several types of con-
taminants and changes in its structure are largely used for con-
tamination assessment (Mallatt, 1985), which makes them a reli-
able standard to validate the sensibility of the scale epithelium as
an environmental assessment technique.

Detergents represent a great portion of the most common
aquatic contaminants and linear alkylbenzene sulfonates (LAS) are
one of the major anionic surfactants used in detergents on the
market (Hera, 2009). The toxic effects of LAS in different con-
centrations and its persistence in several types of water and ef-
fluents have been extensively studied (Konnecker et al., 2011;
Mungray and Kumar, 2009). Data on aquatic toxicity of LAS is rich
and has been compiled by the International Association for Soaps,
Detergents and Maintenance Products and the European Chemical
Industry Council. Toxic levels for many species have been recorded
in European studies �0.25 up to 4.1 mg/L in chronic exposure,
with Predicted no effect concentration (PNEC) of 0.27 mg/L (Hera,
2009). However, neotropical regions have significantly fewer stu-
dies on the matter, which makes it an important aquatic toxicant
that needs to be evaluated for neotropical environments.

Only a few neotropical fish species can be used as models in
environmental assessment, one of them is Prochilodus lineatus, a
specie commonly used in toxicity studies (e.g.: Cerqueira and
Fernandes (2002), Palermo et al. (2015), Paulino et al. (2012),
Pereira et al. (2012, 2014) and Simonato et al. (2008)). It is abun-
dant in South American basins (Reis et al., 2003) and is present in
rivers that continuously receive surfactant contaminants from
domestic and industrial dejects (Meschiatti and Arcifa, 2009).
Therefore, it represents a solid neotropical bioindicator for en-
vironmental monitoring.

Our research aimed to investigate the use of morphological
analysis of the scale epithelium as a reliable tool for environmental
assessment in fish by testing the effects of a common aquatic
contaminant on the number of specialized cells (club cells and
mucous cells) and thickness of the epithelium of a well-known
neotropical specie – P. lineatus. Additionally, a comparison was
made of this new technique to effects on gill morphology, a well
established technique in toxicity studies.
2. Material and methods

2.1. Experiments and sampling

Two experiments were carried out, one in 310 L tanks con-
taining 24 animals, and one in 25 L individual aquariums. Tank
experiments were designed to sample fish for morphological
analyses of gills and scales and aquarium experiments were de-
signed to sample fish for scales and food consumption. Tank ex-
periments only would originally suffice for morphological ana-
lyses, but the aquarium experiments were designed as another set
of tests to obtain feeding data that will not be discussed in this
paper. Because the experimental design in aquariums allowed for
individual responses to be properly accompanied, we present scale
results of those tests in this paper, although we do not present the
feeding results.

For the tank experiments, 72 juveniles with 7–10 cm body
length and approximately 10 g were obtained on a pisciculture
(Piscicultura Polettini – Mogi-Mirim, SP, Brazil), divided into three
groups of 24 individuals (control, first concentration of LAS and
second concentration) and acclimatized for two weeks prior to the
beginning of experiments in 310 L polyethylene tanks equipped
with UV filters, mechanical filters, heaters, water pumps and sandy
bottoms. The sand was acquired at a local store and consisted of
clean, white sand, which was replaced by new, clean sand before
the start of every repetition. The same was done with mechanical
filters.

Fish densities per tank were not expected to affect fish growth,
since the densities in our study are not high if compared with
previous studies which indicate that no effects on growth are
observed in densities up to 0.5 fish/L for much bigger juveniles
(24.9 g).

One experimental group (lower concentration) was exposed to
a 0.36 mg/L dilution of LAS (Sigma-Aldrich©-code 289957), a
second group, to a dilution of 3.6 mg/L and the third was a control
group (control), exposed to water from a well available on campus
(UNESP Rio Claro – Rio Claro, SP, Brazil). Water quality for all ex-
perimental groups can be verified in a physical and chemical
characterization available on the original research (Alves, 2015)
and details of the methods for collection and measuring physical
and chemical parameters are given on a subsequent topic. LAS
concentrations were chosen based on Mungray and Kumar (2009),
that showed that surfactant concentrations vary from 0.36 to
0.49 mg/L in rivers that receive effluents of sewage treatment
plants, and 3.6–4.9 mg/L in effluents directly from sewage treat-
ment plants. Detergent dilutions were made with the same water
used in the control groups.

Three sampling periods were executed on days 14, 21 and 30, in
order to detect structural changes provoked by low concentrations
during prolonged exposure, similarly to experimental designs
from other authors (Hera, 2009). The experiment was conducted
twice, animals were fed neotropical fish food (Poytara Disco©)
which fulfils quality levels of 35% Crude Protein set for animal food
and underwent 48 h fasting before every sampling. In every
sampling period, eight scales per individual were removed from
eight individuals per group using tweezers. They were always
removed from the posterior half of the body, near the caudal fin
and under the lateral line, due to the fact that juveniles do not
shed many scales and even in adult specimens loss is higher above
the lateral line (McCart, 1967). Additionally, a selection was made
for six of the same animals already sampled for scales in the tank
experiments in each group and in every sampling group, to be
sampled for gills. Two gill arches were removed from the oper-
culum opening of each of the aforementioned fish. Extraction of
gills was performed under anesthesia using a benzocaine solution
(0.1 g of benzocaine per milliliter of ethyl alcohol in every 100 mL
of deionized water), following approval by the Ethics Committee
(Comissão de Ética no Uso de Animais – CEUA – UNESP, campus of
Rio Claro – Rio Claro, SP, Brazil, Process no. 031/2012).

For aquarium experiments, 12 juveniles were distributed
amongst 12 25 L glass aquaria (1 individual/aquarium) and accli-
matized for two weeks prior to the beginning of every experiment.
Aquariums were equipped with UV filters, mechanical filters,
heaters and water pumps. Animals were assigned to 3 groups,
each comprising of 4 aquariums. LAS concentrations and sampling
periods were the same as in tank experiments. Individuals were
fed neotropical fish food of different granulation (Tetra Veggie
algae wafer©), and underwent 24 h fasting before sampling took
place. Fasting periods were different in an effort to minimize
confinement stress, as the target specie swims in shoals. Food with
a different granulation was used because the experimental design
for aquarium tests was originally outlined to assess food intake
which can only be done with a special kind of granulation.

The experiment in aquariums was repeated four times to match
sample sizes between both types of experiment. Sampling proce-
dures were similar to the previously mentioned, except that ani-
mals were not sacrificed for gill collection during the experiments
and the area where scales were removed was treated with iodine
to avoid infections and help the regeneration process.
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2.2. Scale epithelium

Samples from both experiments were fixed with aqueous Bouin
and 10% formaldehyde, decalcified in 10% EDTA, dehydrated in
ethyl alcohol and embedded in historesin Leica©. Histological
slides were submitted to H.E. (hematoxylin-eosin) and PAS (Peri-
odic Acid-Schiff) techniques according to Paulete and Beçak (1976),
and mounted in Entellan©. Eight longitudinal sections of eight
scales per individual were made. Total cell count was estimated for
mucous cells in PAS slides and for club cells, in H.E. slides, on the
whole length of the scale epithelium. Mucous cells were selected
as a proxy for the status of the immune system, since they con-
stitute the first line of defense against pollutants (Coello and Khan,
1996); while club cells were selected due to their recent associa-
tion to pathogen presence and mechanical lesions in fish skin
(Chivers et al., 2007).

Epithelium thickness was measured in H.E. slides, as variations
in skin thickness are a common response to contaminants (e.g.
Dowling and Mothersill (2001)). Thickness in five equidistant
points in the scale epithelium were measured using ImageJ© in a
new methodology we now propose. These five points represent 0,
0.25, 0.5, 0.75 and 1.0 of the whole length of the epithelium in-
cluding extremities. The whole length of the scale and of the
epitheliumwere also measured (Fig. 1). As epithelial thickness was
not stable along the five points measured, it was compared be-
tween the two concentrations of LAS on a point by point manner
using the Friedman/Dunn test for repeated measures after the
Shapiro–Wilk's normality test. Cell counts were also submitted to
Shapiro–Wilk's normality test and Friedman/Dunn test for re-
peated measures on GraphPad Prism 5©.

Despite our efforts to standardize scale size during sampling,
collected scales differed in size. Thus, to verify that scale size did
not influence epithelium thickness and ensure that results only
depended upon exposure to LAS, linear regressions were built on
GraphPad Prism 5© for epithelium thickness versus scale length,
and versus epithelium length.

Extremities are more variable than other regions due to the fact
that sometimes the epithelium reduces in thickness suddenly and
at other times, it does so gradually. Therefore, middle portions of
the epithelium were generally considered more significant when
interpreting results.

2.3. Gill analysis

Samples from the tank experiments were fixed with aqueous
Bouin and 10% formaldehyde, dehydrated in ethyl alcohol and
embedded in historesin Leica©. Histological slides were submitted
to H.E. (Haematoxylin-Eosin) technique according to Paulete and
Beçak (1976), and mounted in Entellan©. Morphological altera-
tions were counted in 10 lamellae per section, for 8 sections per
gill arch for each individual sampled (n¼6 per sampling, per
group). Obtained values were submitted to Shapiro–Wilk's nor-
mality test and Kruskal–Wallis/Dunn test for comparison of means
on GraphPad Prism 5©.

2.4. Water quality

Chemical analyses were carried out according to the Standard
Methods for the Examination of Water and Wastewater© on the
water analysis laboratory of UNESP, campus in Rio Claro (Labor-
atório de Análise de Águas – Departamento de Geologia Aplicada –

Instituto de Geociências e Ciências Exatas – UNESP, campus of Rio
Claro, SP, Brazil). ICP-AES metal determination was performed for
Mg, Ca, Sr, Ba, Cr(t), Mn, Fe, Co, Ni, Cu, Zn, Cd, Si, P(t) and Pb. Ionic
chromatography was performed to determine anions F� , Cl� , NO2,
NO3, PO4, SO4, −ClO2 , acetate, oxalate and cations Li, Na, NH4 and K.
Conductivity, pH, total alkalinity and carbonates were determined
by potentiometric titration. Samples for water quality were col-
lected at the beginning of experiments.

Liquid chromatography was performed to determine real LAS
concentration using an Agilent Technologies 1200 series HPLC in
collaboration with a private company (Global Análise & Con-
sultoria© – São Carlos, SP – Brazil). Samples for LAS determination
were taken before every sampling campaign, at days 14, 21 and 30.
3. Results

3.1. Epithelium thickness

Epithelium thickness only increased in 0.36 mg/L of LAS at the
beginning of tank experiments for most epithelial regions. After 21
days of experiment, the epithelium thickened in both surfactant
concentrations and remained thicker than control groups until the
end. Statistical comparisons pointed out significant differences
between LAS groups only at 14 days, one group showed significant
thickening and the other did not.

In aquarium experiments, epithelium thickness decreased in
groups exposed to 0.36 mg/L only after 14 days and remained si-
milar to the observed in control groups during the rest of the
experiment (Fig. 2A). Exposure to 3.6 mg/L of LAS caused epithelial
thinning in most sampling periods. Comparisons between both
surfactant-exposed groups differed significantly, epithelium
thickness significantly varied in one LAS concentration and did not
on the other.

Linear regressions did not point out a relationship between
scale length and epithelial thickness or epithelium length. In all
cases, the data clustered (Supplementary material).

3.2. Mucous cells

Mucous cells were identified as magenta markings, at times
showing a single cell and at others, showing pockets formed by
secretion coming from several different cells (Fig. 3A).

In tank experiments, mucous cells increased in number after 21
days of exposure in both LAS concentrations and was significantly
higher in the 3.6 mg/L group (Fig. 2B). After 30 days, fish exposed to
3.6 mg/L continued to show increased number of mucous cells, but
fish exposed to 0.36 mg/L did not. Control groups showed increased
number of mucous cells compared to previous sampling periods,
which may have biased results. Responses differed statistically be-
tween LAS concentrations throughout the experiments (po0.05).

In aquarium experiments, mucous cell number increased at 14
days in the 0.36 mg/L concentration of LAS (Fig. 2B). Mucous cell
number decreased in 3.6 mg/L of LAS from the beginning of ex-
periments and remained low until the end. Responses differed
statistically between LAS concentrations after 21 and 30 days of
exposure, as one group responded to the contaminant and the
other did not.
3.3. Club cells

Club cells were identified as large, homogeneous cells, weakly
reactive to eosin, with eccentric nucleus (Fig. 3B). Club cell number
varied significantly at 14 days of tank experiments and with a very
small numerical difference from 3.6 mg/L to control. In aquarium
experiments club cell number increased significantly for groups in
3.6 mg/L between all sampling periods, and with a much larger dif-
ference in number when compared to the control group (Fig. 2B).



Fig. 1. ImageJ© windows showing (A) whole scale length measurement (1); (B) epithelium length measurement (2) and five equidistant points in the epithelium, from the
proximal extremity (3) to 0.25 (4), 0.5 (5) and 0.75 (6) of the epithelium length and the distal extremity (7). Numbers in the points correspond to the values presented in the
window named ‘Results’.
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3.4. Gill analysis

Exposure to LAS caused five types of structural changes on the
gills: hypertrophy of pillar cells, hyperplasia of the secondary la-
mellae and of the primary filament, lamellar fusion, and aneur-
isms. The data shows that initial exposure to LAS caused mainly
hypertrophy and hyperplasia, that were later substituted by la-
mellar fusion and aneurisms as the experiment progressed.

Alterations such as hyperplasia and hypertrophy increased
significantly at 14 days of experiments for both experimental
groups. Such increase did not statistically differ between both LAS
concentrations during the entire experiment. Towards the end of
experiments, it regressed with sporadic deviations (Fig. 2C).

Lamellar fusion increased in number at 14 days and was sig-
nificantly higher in groups exposed to 3.6 mg/L of surfactant
(Fig. 2C). After 21 days it decreased for 0.36 mg/L groups, response
statistically differed between LAS exposed groups (po0.05).

Aneurism occurrence increased for 0.36 mg/L of LAS, with experi-
mental groups differing in response (po0.05) at 14 days. After 21 days
aneurisms increased in number in both LAS concentrations until the
end and did not statistically differ between experimental groups
(Fig. 2C).
3.5. Water quality

No physical–chemical parameters in the water analysis pre-
sented values above what is set by the brazilian Ministry of the
Environment for freshwater quality (Resolution 357 – Conama).
Although some parameters/elements were different between
groups: −SO4

2 was elevated in units with 0.36 mg/L of LAS, while
aluminium content was higher in both LAS concentrations. Their
levels did not exceed the standard set by the government. The
concentration of the Cl� ion was elevated in control samples
compared to other groups, but it was also below the standard for
freshwater quality. Since our containers were pumped during the
whole experimental time, it can be assumed that chlorine levels
dropped over time. A complete report for water quality can be
found in the study of Alves (2015).
4. Discussion

The relevance of a lesion depends upon its pathological im-
portance, e.g. the manner in which it affects the function of an
organ and the survivability of an animal (Bernet et al., 1999). Such
a statement is true for all histopathological alterations and



Fig. 2. Five points of epithelium thickness in micrometers over time for the three experimental groups in tank and aquarium experiments (A); means of club cell and mucous
cell number counted in all sampling periods and experimental groups for both experiments (B); and means of morphological alterations in gills for all sampling periods and
experimental groups. The asterisks indicate statistical difference with po0.05 for comparisons of the respective group with the control.
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provides a link between what was observed in the scale epithe-
lium and the gills.

Hypertrophy and hyperplasia are classified as minimally to
moderately important, as they are reversible, and progressive, and
because they lead to increased cell and tissue activity (Bernet et al.,
1999). These types of changes reduce interlamellar space and in-
crease water/blood distance in fish, creating a barrier against the
entry of contaminants (Camargo and Martinez, 2007; Paulino
et al., 2012). This may explain why those alterations were found in
gills at the beginning of experimentation and regressed after the
fish habituated to surfactant concentrations or developed more
severe lesions.

The same can be said for morphological changes observed in
the scale epithelium. Hyperplasia can again be considered an
adaptive or compensatory response to avoid contact with tox-
icants and was triggered right at the beginning of tank and
aquarium experiments because it is a mild, reversible alteration
(Bernet et al., 1999). Effects worsened with prolonged exposure to
LAS in tanks, leading to epithelial thinning, in agreement with
literature, that affirms that epithelial thickness increases with
exposure to low doses and decreases with higher, critical con-
centrations (Kilamade and Mothersill, 2000). Although, exposure
to higher concentrations of LAS may have caused resistance in
aquariums instead of epithelial thinning. Resistance in this case
would mean the regression of adaptive changes without posterior
development of lesions.

The trend for mucous and club cell production was also of more
severe effects only with the 3.6 mg/L exposure. Exposure to



Fig. 3. Periodic Acid-Schiff slides (A and B) and Haematoxylin-Eosin slides (C and
D) of scales from control group (A and C) and a group exposed to 3.6 mg/L of LAS (B
and D). Arrow heads in A and B indicate mucous cell markings in epithelium (ep)
and arrows in A and B show markings of pockets formed by secretion coming from
several different cells. In C and D, arrows indicate club cells, identified as larger,
homogeneous cells. col: collagen.
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0.36 mg/L did not impact the number of club cells, and mucous cell
count varied only in the initial sampling periods in both types of
experiments. Exposure to high concentrations (3.6 mg/L) caused
an increase in club cell and mucous cell production during the
whole aquarium experiment.

Severe effects in gills evolved directly from the adaptive
changes in the beginning of experiments. Uncontrolled hyperpla-
sia can lead to complete or partial lamellar fusion, reducing re-
spiratory surface (Rajbanshi and Gupta, 1988) and further in-
creasing water/blood distance (Mallatt, 1985), which explains la-
mellar fusion occurrence at the beginning of experiments, ac-
companying hyperplasia and hypertrophy.

Fusion of lamellae is not an extremely grave effect, but such an
alteration in the gill surface can involve electrolytic imbalance
phenomenoma (Cerqueira and Fernandes, 2002) and alkyl ben-
zenes themselves as well as other types of surfactants impact
membrane penetration (Konnecker et al., 2011). The consequence
is ionic imbalance that induces hypoxia and other severe patho-
logical states such as increased blood flow (Zhu et al., 2002), and
consequent pillar cell rupture, a known cause of aneurysms
(Martinez et al., 2004). This is likely the reason for high incidence
of aneurysms observed after prolonged LAS exposure.
Severe effects after prolonged exposure in the scale epithelium

were of a different nature. Epithelial thinning can be a con-
sequence of immunosuppression caused by prolonged exposure to
contaminants (Tort, 2011) such as LAS. This alteration was ob-
served throughout aquarium experiments in the higher con-
centration, indicating serious effects of LAS and such effects could
worsen with time, as immunosuppression can be related to grave
cases of skin infection, developing into ulceration, even as a result
of stress by confinement (Noga et al., 1998), if the fish does not
develop resistance.

Higher doses of surfactant also provoked increased mucous cell
production in tank experiments, but decreased cell number was
observed in aquariums. Garg and Mittal (1993) explain decreased
mucous production with functional depletion states between
resting phases and intense secretory phases, in cases where re-
sponse is exaggerated and the cells need a period to regain their
ability to synthetize. In our aquarium experiments, mucous pro-
duction was already high in control groups, so a decrease in mu-
cous cells number in LAS exposed groups may just represent an
exhaustion state after even higher mucous production rates were
induced by the surfactant, or a depletion in the ability to properly
regulate mucous production as a compensatory response to the
toxicant agent. Other than that mucous production can be affected
by immunosuppressive events, since mucous plays a role in im-
mune responses (Roumbout et al., 1993; Wendelaar-Bonga, 1997)
and immunosuppression can occur in cases of prolonged stress
(Tort, 2011).

Mucous has been associated with a large spectrum of skin
functions (Bernet et al., 1999; Coello and Khan, 1995; Coello and
Khan, 1996; Zaccone et al., 2001), therefore these responses that
affect mucous production can lead to effects on physical, chemical
and immune protection regulated and compromised through
mucous production and its response to surfactant exposure at
different levels.

Club cells responded solely to the higher dose of surfactant.
They are multifunction epidermal secretory cells found in several
orders of fish, that have been thought to produce alarm sub-
stances, anti-pathogen agents, regulatory factors and respond to
stress agents (Brown, 2003; Chivers et al., 2007; Halbgewachs
et al., 2009; Iger et al., 1994; McPherson et al., 2004; Pfeiffer, 1977;
Smith, 1992; Zaccone et al., 2001).

Our tank experiments showed a significant decrease in club cell
number with initial exposure to a higher concentration of LAS.
There is evidence that club cells participate in immune responses
against pathogens that injure the epidermis (Halbgewachs et al.,
2009; Zaccone et al., 2001), so immunosuppression induced by
contaminant exposure at higher levels could have caused such a
decrease, as was demonstrated in gills and mucous production in
the scale. Such a depletion in cell number reflects a redirection of
energy away from non-essential functions such as club cell pro-
duction (Halbgewachs et al., 2009).

Another hypothesis would recap a theory regarding fish blood
cells. Club cells could act the same as thrombocytes, which in-
creased in number when the fish were first exposed to a con-
taminant and decrease, not by suppression, but because they are
substituted by more specific immune cells (Pereira et al., 2012).

On the other hand, aquariums exhibited a standard spectrum of
alterations, seeing as other authors show increase in club cell
number as a response to contaminants, mechanical stress or pa-
thogens (Chivers et al., 2007; Halbgewachs et al., 2009; Rajan and
Banerjee, 1991), and their migration to the epithelial surface (Iger
et al., 1994; Rajan and Banerjee, 1991) to facilitate content release
(Pfeiffer, 1977). Although an exact causal relationship between
epidermal injury and club cell production has not yet been found,
some authors believe mechanical damage to be a part of what
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triggers club cell production, but other chemical cues from causal
agents should be necessary for there to be adaptive changes in
cellular chemistry (Chivers et al., 2007). Other than that, im-
munosuppression mechanisms may also be involved in processes
of pathogen inhibition (Chivers et al., 2007).

In general, alterations in gills and scales were comparable,
aquarium experiments showed the worst lesions only after a
longer exposure time in scales and both in tank and aquarium
experiments, first contact with the surfactant lead to adaptive
responses that later regressed, as was observed in gills.

All responses and lesions cited were also observed by other
authors (Camargo and Martinez, 2007; Cerqueira and Fernandes,
2002; Mallatt, 1985; Paulino et al., 2012; Simonato et al., 2008) and
what was observed in our experiments is not an extremely severe
case but can develop into much more aggressive contamination
states if pollutants persist in the environment (Mallatt, 1985;
Reddy and Rawat, 2013).

All these alterations are also not contaminant-specific (Elahee
and Bhagwant, 2007; Mallatt, 1985; Troncoso and Cazenave., 2012)
and different patterns of reaction can be observed depending on
the nature of the contaminant, its concentration, period of ex-
posure and target specie (Reddy and Rawat, 2013).

Variation in different types of experiments could reflect a
variety of factors, from sample size to additional stress factors such
as handling of fish and acclimatization periods, which can affect
results even in behavior studies (Moreira et al., 2010). As all
parameters were standardized to what is known to work in lit-
erature, there is one last hypothesis left – stress by confinement in
aquarium experiments. Since our target specie is a river species
that swims in shoals, isolating individuals seems to have raised
stress levels considerably and specimens kept swimming errati-
cally in the confined space. Despite our effort to use aquariums
bigger than what is practiced for individual testing on literature
(Moreira et al., 2010), keeping fish isolated affected significantly
their response to contaminants and raised stress levels.

Other than that, LAS and other alkybenzenes break down into
different isomers, each with different degrees of ecotoxicity (Hera,
2009; Konnecker et al., 2011) and morphological effects depend
not only upon that, but on water quality (Konnecker et al., 2011;
Verge et al., 2001) because elements such as metals and ions can
interact with other contaminants, causing synergetic or additive
effects that potentiate toxic action (Lin et al., 2005; Lorris and
Shane, 1993).

Acute and chronic toxicity for LAS and other alkylbenzenes are
well documented. Values of tolerance range from 4.6 mg/L to
9.2 mg/L in 7 to 8 days of exposure and 0.35 mg/L to 5.5 mg/L in 14
to 35 days of exposure to alkylbenzenes (Konnecker et al., 2011).
Although values usually range from 3 to 4 mg/L in acute exposure
and 0.3–1 mg/L in chronic exposure in LAS studies (Hera, 2009).
With that said, concentrations tested and sampling periods are
comparable to what is found in literature, and provoked ecotox-
icological effects.
5. Conclusions

Results show histopathological effects on gills in both LAS
concentrations in all experimental periods, with more severe ef-
fects on higher concentrations. The scale epithelium, though more
variable in results, also responded to LAS, only more consistently
in the higher dose. The technique needs further studies and re-
finement, efforts to standardize results and define sensitivity
compared to traditional techniques, but it shows great potential as
a method of environmental assessment and the advantage of
being a quick, not expensive and non-invasive sampling technique.
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