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Abstract

Tributyltin (TBT) has been used as antifouling in ship paints and directly released into marine environment for many decades. 
TBT and its metabolites dibutyltin (DBT) and monobutyltin (MBT) are known to cause multiple toxic stresses to aquatic 
organisms at cellular and ecosystem levels. In the current study, the marine fish American plaice (Hippoglossoides platessoides) 
was used to investigate TBT and DBT bioaccumulation and to evaluate its morphological effects after trophic and sub-chronic 
exposure doses. Four groups of seven male and female mature fish were separated in four tanks (control, TBT, TBT water 
quality control and DBT groups), and exposed by food to four and eight doses of TBT and DBT (30 ng g–1 each three days, 
corresponding respectively to 12 and 24 days of exposure). After four and eight doses, three animals were anesthetized from 
each tank and liver, spleen and posterior kidney were sampled for histopathological studies and muscle for chemical analysis. 
Chemical results showed that only TBT was bioaccumulated in muscle with a decreasing rate after 24 days. Necrotic areas 
were observed in liver and vacuolated cells and cellular deposit were found within renal tubules for both TBT and DBT 
exposed groups although DBT and MBT were not detected in fish muscle.
Keywords: bioaccumulation, bioassay, DBT, Hippoglossoides platessoides, TBT, trophic exposure.

Resumo

Bioacumulação e efeito trófico e subcrônico do TBT e DBT em linguado (Hipposglossoides platessoides)

O tributilestanho (TBT) tem sido utilizado como antiaderente em pinturas de navio e diretamente liberado para os ambientes 
aquáticos por décadas. O TBT e seus metabólitos dibutilestanho (DBT) e monobutilestantho (MBT) podem causar danos na 
saúde de organismos aquáticos devido às suas propriedades tóxicas. No presente estudo, o peixe marinho American plaice 
(Hippoglossoides platessoides) foi utilizado para investigar a bioacumulação e os efeitos morfológicos do TBT e DBT após 
exposição trófica e subcrônica. Quatro grupos de sete indivíduos adultos entre fêmeas e machos foram separados em quatro 
tanques (controle, TBT, controle da qualidade da água e DBT), e quatro e oito doses de TBT e DBT foram testadas (30 ng g–1 
cada três dias, correspondendo respectivamente a 12 e 24 dias de exposição). Após quatro e oito doses três animais foram 
anestesiados de cada tanque e o fígado, baço e o rim posterior foram amostrado para estudos de histopatologia e o músculo 
para análises químicas. Os resultados mostraram que somente o TBT foi bioacumulado no músculo decrescendo sua taxa após 
24 dias. Áreas necróticas foram observadas em fígado e células vacuolizadas e depósitos celulares foram encontrados dentro 
dos túbulos renais. Os presentes danos tem sido também descritos para outras espécies de peixes devido a exposição ao TBT.
Palavras-chave: bioacumulação, bioensaios, DBT, TBT, Hippoglossoides platessoides, exposição trófica.
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Introduction

The IMO International Convention on the Control of 
Harmful Anti-Fouling Systems (2001) (Adoption: 5 October 2001; 
Entry in force: 17 September 2008) prohibits the use of harmful 
organotins in anti-fouling paints used on ships. According to 
the Convention this regulation applies to all ships (except 
fixed and floating platforms, floating storage units (FSUs), and 
floating production storage and off-loading units (FPSOs) that 
have been constructed prior to 1 January 2003 and that have 
not been in dry-dock on or after 1 January 2003.

However, the use of butyltins for decades contaminated 
most marine aquatic ecosystems in different coastal regions 
around the world (International Marine Coatings, 2008). 
Tributyltin (TBT) is a compound added to antifouling paints 
widely used in the past to protect small and large ships 
from fooling and constituted the main source of organotins 
detected in estuarine ecosystems (Fent, 1996). High levels 
of TBT have been detected in several marinas and harbors 
(Pickston, 1988; Alzieu  et  al., 1989; Daly; Fabris, 1993), 
where damages to aquatic organisms have been described 
(Gibbs et al, 1988; Byrne et al, 1989; Ellis; Pattisina, 1990; 
Kingtong et al., 2007), but the toxic mechanisms have not 
been completely elucidated. Oliveira Ribeiro et al. (2000) 
described the morphological effects of TBT in tropical fish 
Astyanax sp. and more recently in northern fish Salvelinus 
alpinus (Oliveira Ribeiro et al., 2007) after intraperitoneal 
injection, a practical method to observe direct damages to 
cells and tissues but considered environmentally unrealistic. 
The histopathological changes in fish depend on the chemical 
concentration, exposure time, uptake routes, species and other 
environmental features (Oliveira Ribeiro et al., 2005; Valdez 
Domingos et al., 2007). In addition, fish have been shown to 
bioaccumulate organotins from food chain (Martin et al., 1989; 
Schwaiger  et  al., 1992), but sediments and suspended 
particles might be the main sources of organotin to biota 
(Tanabe  et  al.,  1994). In this short study, the marine fish 
American plaice (Hippoglossoides platessoides) has been 
submitted to a laboratory sub-chronic exposure by trophic route 
to investigate the uptake and bioaccumulation of TBT and its 
metabolites dibutyltin (DBT) in muscle, and to evaluate the 
histological damages in liver, spleen and posterior kidney.

Material and Methods

The American plaice Hipoglossoides platessoides is a 
high valued commercial demersal species distributed in the 
eastern and western North Atlantic Ocean. This bottom fish 
species fed mainly invertebrates and small fish (Fishbase, 
2008). Twenty-eigth (28) male and female mature fish were 
acclimatized for 20 days under experimental conditions (12 h 
light/12 h dark) and constant flow water in tanks of 80 liters. 
For the experimental design, the group was randomly separated 
in four groups (seven individuals each), then three groups were 
maintained in the same tank separated by nets and one, the 
control group (mean fish weight = 34.86 ± 6.6 g), was isolated 
in another tank. The three groups in the same tank were used 
respectively as TBT (48.04 ± 9.31 g), TBT water quality control 

(40.34 ± 14.14 g) and DBT (49.48 ± 16.4 g) groups. The doses 
(TBT = 30 ng g–1  ± 0.0038 and DBT = 30 ng g–1 ± 0.0068) were 
administrated in food pellets according to Oliveira Ribeiro et al. 
(1999) after each three-day period during 12 to 24 days (Figure 1). 
The TBT water quality control group was used to control the 
excretion of organotins from the first group (TBT group) that 
could compromise the DBT group. After four and eight doses, 
three fish were anesthetized (MS222, 0.2%) and muscle samples 
were dissected and frozen for chemical analysis. Liver, spleen 
and kidney samples were collected for a preliminary histological 
study (n = 3 fish/treatment/time point), preserved in fixative 
solution ALFAC (ethanol 80%, formaldehyde 6% and acetic 
glacial acid 5%) for 16 h, dehydrated in ethanol and embedded 
in Paraplast Plus resin (Sigma Co.). Sections (5 μm thick) were 
stained in haematoxylin and eosin (HE) and examined by light 
microscopy. Toxicopathic lesions were classified according to 
the diagnostic criteria of Boorman et al. (1997). For electronic 
microscopy evaluation, a separate sample of liver tissue was 
fixed in 2.5% glutaraldehyde and 1.8% paraformaldehyde in 
0.1 M sodium cacodylate buffer (pH 7.2), post fixed in 1% 
osmium tetroxide, dehydrated in ethanol, propylene oxide, and 
embedded in PoliEmbed 812 plastic resin (EMS). Semi-thin 
sections were stained with toluidine blue and the ultra-thin 
sections were contrasted by uranil acetate (5%) and lead citrate, 
and evaluated using a JEOLTEM 1200 EXII transmission 
electron microscope.

Butyltin compounds have been analyzed by gas 
chromatography coupled to mass spectrometry (GC/MS) following 
a method developed in our laboratory (Viglino et al., 2005). 
Briefly, freeze-dried tissue (0.4 g) was digested in tetramethyl 
ammonium hydroxide (TMAH); butyltins were then extracted 
with toluene and derivatized with sodium tetraethyl borate 
before injection in GC/MS. The recovery of butyltin species 
was determinated by successive extractions (n = 6) of standard 
mussel tissues (CRM 477) and was 92 ± 11% for MBT, 74 ± 
11% for DBT and 79% ± 12% for TBT. The detection limit was 
the same for each butyltin species and estimated to 0.75 ng g–1 
dry weight. Butyltin concentrations were not corrected for 
the recovery yield and are reported as tin (ng Sn/g of dry 
weight.)
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Figure 1 – Experimental design. Four tanks with approximately 80 liters 
each were maintained with a constant seawater flow. The tested groups 

(seven individuals each) were separated by nets in the same tank.



33J. Braz. Soc. Ecotoxicol., v. 4, n. 1-3, 2009Sub-chronic and Trophic Effects of TBT and DBT...

sinusoids enlargement in liver after eight doses although a 
lower incidence was observed in individuals from all tested 
groups after four doses (Table 2). The highest incidence was 
observed in individuals exposed to TBT and DBT after eight 
doses. This physiological parameter is affected by residual 
TBT or DBT present in water from TBT group and detected 
in TBT water quality control group (Table 2). The incidence 
of vacuolated cells in epithelial tissue forming the ducts in 
posterior kidney was observed in individuals exposed to 
DBT after four and eight doses, but appeared more evident 
in animals exposed to eight doses. Cellular death is one of 
the drastic effects of organotin exposure. In the current work, 
the presence of cellular deposits within kidney ducts in all 
tested groups suggests the occurrence of necrosis in the duct 
epithelial tissue (Figure 2e). Despite the low occurrence in 
control and TBT water quality control groups after 8 doses, 
this kind of alterations was more frequently observed in the 
exposed groups to butyltins than control groups.

Discussion

The absence of DBT and MBT in muscle of individuals 
exposed to TBT exposed group after four and eight doses 
is not a surprising result as DBT and MBT are relatively 
soluble in water and easily excreted by fish (Lee, 1991). In 
a comparative study using BaP and TBT in trout, Oliveira 
Ribeiro et al. (2007) showed that, despite of the severity of 
lesions in fish exposed to BaP alone, damages as necrosis in 
liver and kidney were also observed in individuals exposed 
to TBT alone. The metabolism of TBT is considered to be 
a detoxification process, as TBT metabolites mono- and 
dibutyltin have been shown to be less toxic than parent TBT 
(Wester and Canton, 1987). However, we found in the current 
work that the DBT group was highly affected after eight 
trophic doses, contrary to the results reported by Wester and 
Canton (1987) and some others. It should be mentioned that 
a study by St-Jean et al., (2002) on the immunotoxicity of 
TBT and DBT on hemocytes of blue mussel reported that in 
vivo hemocyte function was more affected by DBT than by 
TBT, providing a first indication that DBT might be more 
toxic than TBT at cellular level.

Zhang et al. (2008) described the occurrence of reactive 
oxygen species associated with TBT exposure at environmental 

Results

Chemical analysis showed bioaccumulation of TBT 
in fish was higher after four (4) doses and decreased after 
eight  (8) doses indicating an adaptation of fish to butyltin 
exposure and an increase of their excretion capability after 
a few weeks (Table 1). Also it was observed that metabolites 
(DBT and MBT) were not found in muscle of individuals 
exposed to TBT group after four and eight doses, showing 
that these compounds are not accumulated in this tissue. Also 
neither TBT nor DBT were detected in muscle of individuals 
used as TBT water quality control and no tissues damages 
were observed (Tables 1 and 2).

The tissular organization of liver, spleen and posterior 
kidney of the American plaice (Hippoglossoides platessoides) 
is similar to other species of teleosts. The presence of 
histopathological lesions showed that TBT and DBT are toxic 
to this species after a trophic exposure, despite of low doses 
administrated (Table 2). Liver and posterior kidneys were 
affected and important lesions as necrosis incidence appeared 
in the majority of individuals mainly after 8 doses.

Necrotic areas were found in both target organs, liver 
and posterior kidney, from TBT and DBT groups (Figure 2 
and Table 2). A low occurence of this lesion was present in 
individuals from TBT water quality control group, as well in 
control group after eight doses in kidney, but absent in liver 
from the control group. More lesions were observed in liver 
of individuals exposed to DBT after eight doses but the higher 
incidence in kidney was in individuals exposed to TBT (Table 2). 
The groups exposed to TBT and DBT presented a vase and 

Table 1 – TBT bioaccumulation in muscle of Hippoglossoides platessoides 
after four and eight doses (trophic and subchronic exposure). The data are 
expressed as ng Sn/g dw.

Groups Individuals 
Number

Muscle 
(g)

4 doses 
(ng g–1)

8 doses 
(ng g–1)

Control (Pool 1) 3 0.51 nd nd
TBT (Pool 2) 3 0.50 29.0 6.1
TBT (Pool 3) 3 0.52 13.0 5.3
TBT (Pool 4) 3 0.50 19.0 7.8
DBT (Pool 5) 3 0.50 nd nd
DBT (Pool 6) 4 0.52 nd nd
nd means not detectable.

Table 2 – Occurrence of lesions observed in liver and kidney of Hippoglossoides platessoides after four and eight doses of TBT and DBT trophic and 
subchronic exposure. C – Control group, C-TBT – TBT water quality group, TBT exposed group, DBT exposed group.

Four Doses Eight Doses
Lesions C C-TBT TBT DBT C C-TBT TBT DBT

Liver
Necrosis area – – + + – + ++ +++
Vase enlargement – + ++ + – ++ +++ ++
Sinusoid Enlargement – – ++ +++ + ++ ++ ++
Kidney
Necrosis area – – ++ ++ + + +++ ++
Vacuolated cells in tubules – – – + – + + ++
Cellular residues within tubules – – ++ + + + ++ ++
(+) means the individual incidence of lesion.
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Figure 2 – Cross section of liver and posterior kidney of Hippoglossoides platessoides after TBT and DBT exposure. a) Liver from control group. The 
white and black arrows represent respectively the pancreatic and hepatic tissues. b) Posterior kidney from control group. Observe the renal parenchyma 

(white arrow) and ducts (black arrows). c) Liver from DBT eight doses group. The arrow shows a large necrosis area. d) Liver from TBT eight doses group. 
Observe the necrosis area with red blood cells accumulation (arrow), and the necrotic cell ultrastructure in detail (d) (scale barr = 1 μm). 

e) Posterior kidney from TBT eight doses group. Observe the vacuolated cells in duct epithelial tissue (small arrows) 
and the cellular residues within the renal ducts (large arrow). A, B, C, D and E scale barr = 50 μm.
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Overall, our results showed that histotoxicity of both TBT 
and DBT increases with time and even DBT appeared more 
toxic than TBT for H. platessoides. The potential toxicity of 
TBT to aquatic organisms and the risk to human population was 
recently very well documented by Rudel et al. (2007) in fish 
species. Due to the lack of information, new concerns about 
TBT metabolites have to be addressed and further studies must 
be encouraged and motivated to elucidate the associated toxic 
mechanisms. In addition, it is very important also to consider 
the effects of TBT and metabolites as part of complex mixtures 
of pollutants, to gain a more realistic interpretation despite 
of the myriad of possibilities and difficulties. Our further 
objectives are to study the effects of TBT and metabolites 
associated with other organic and inorganic chemicals in 
hepathocytes of fish after in vitro exposure.
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