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SUMMARY

The present study is part of a project which focuses on the relation between environmental
pollution and fish diseases. Field studies in various polluted coastal areas in Europe and the
United States of America clearly indicate a relation between pollution and the increase in
prevalence of tumours and infectious diseases in fish. Research under controlled laboratory
conditions is necessary in order to prove causal links between pollution with specific
xenobiotics and disease prevalence. One of the chemicals of interest in the myriad of
xenobiotics found in polluted waters and sediments is the organotin compound tributyltin
(TBT), originating mainly from antifouling paints used on the hulls of ships.

This report describes a study in which flounders (Platichthys flesus) were exposed to
bis(tri-n-butyltin)oxide (TBTO) in the water under controlled laboratory conditions. The
possible histopathological effects on several organs (gill, skin, eye, liver, mesonephros,
ovary/testis, spleen, and gastrointestinal tract) were examined and morphometric analysis of
the thymus was performed to assess the target organ(s) for TBTO in this fish species. Also
the function of the non specific and specific resistance was studied using ex vivo/ in vitro
immune function tests.

Exposure of flounder to TBTO, in concentrations which are in the same order of
magnitude as maximum TBT levels measured in the field (experiment: 17.3 ug TBT; field:
7.2 ug TBT), caused mortality after 7-12 days, decreased the condition factor, resulted in gill
lesions, and induced significant reduction of the non specific resistance. No marked effects
on the relative thymus volume, or the specific inmune system were noted after exposure to
TBTO.
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SAMENVATTING

De beschreven experimenten zijn een onderdeel van een project dat zich richt op de relatie
tussen milieuverontreiniging en visziekten. Veld onderzoeken uvitgevoerd in diverse
verontreinigde kustwateren in zowel Europa als de Verenigde Staten laten een duidelijke
relatie tussen vervuiling en een toegenomen prevalentie van tumoren en infectieziekten bij
vissen zien. Onderzoek onder gecontroleerde laboratoriumomstandigheden is echter
noodzakelijk om een eventueel causaal verband tussen vervuiling met specifieke
xenobiotische stoffen en het frequenter voorkomen van ziektes aan te tonen. Eén van de
chemische verbindingen in de veelheid van xenobiotica die gevonden kunnen worden in
vervuilde wateren en sedimenten is de organotin verbinding tributyltin (TBT), hoofdzakelijk
afkomstig van verf waarmee scheepshuiden worden behandeld om ongewenste aangroei van
onder andere algen en schelpdieren tegen te gaan.

Dit rapport beschrijft een onderzoek waarin botten (Platichthys flesus) via het water
werden blootgesteld aan bis(tri-n-butyltin)oxide (TBTO) onder gecontroleerde laboratorium
omstandigheden. De mogelijke histopathologische effecten aan diverse organen (kieuw, huid,
ogen, lever, buiknier, ovarium/testikel, milt en maagdarmkanaal) werden onderzocht en
tevens werd er een morfometrisch onderzoek van de thymus (zwezerik) uitgevoerd om de
doelorganen van TBTO bij de bot vast te stellen. Daarnaast werd het functioneren van zowel
de specifieke- als aspecifieke afweer onderzocht door gebruik te maken van ex vivo / in vitro
immuun functietesten.

Blootstelling van botten aan TBTO gehaltes in dezelfde orde van grootte als de
maximaal gemeten TBT gehaltes in de veldsituatie (experiment: 17.3 ug TBT; veld: 7.2 pg
TBT) veroorzaakte sterfte na 7-12 dagen, een vermindering van de conditiefactor,
kieuwlaesies en een significante onderdrukking van de aspecificke weerstand. Er werden
geen duidelijke effecten waargenomen op het relatieve volume van de thymus en op het
specifieke immuunsysteem na blootstelling aan TBTO.
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1. INTRODUCTION

The present study is part of a fish disease project which focuses on the relation
between environmental pollution and fish diseases. Field studies in various polluted coastal
areas in Europe and the United States of America clearly indicate a relation between pollution
and the increase in prevalence of tumours and infectious diseases in fish (Malins et al, 1984,
1985; Couch and Harshbarger, 1985; Murchelano and Wolke, 1991; Vethaak and Reinhalt,
1992; Myers et al, 1994; Vethaak and Jol, 1996). Field studies can be useful in providing data
supporting the hypothesis of a causal relation between marine pollution and fish diseases.
Although these studies have a high pertinence to natural populations, it is not possible to
establish a direct link between pollution and disease in a field study mainly due to the variety of
potential causal factors involved. In a large scale mesocosm experiment flounders (Platichthys
flesus), a bottom dwelling fish species that is relevant for the Dutch field situation, were
exposed to contaminated harbour sediment. Exposed animals showed an increased prevalence
of liver tumours and lymphocystis virus infections compared to the control group (Vethaak et
al. 1996). In mesocosm experiments one can confine the number of intervening variables and
simulate a natural habitat at the same time, combining a moderate control of variables with a
moderate relevance to the natural population. Research under controlled laboratory conditions
remains necessary in order to prove causal links between pollution with specific xenobiotics
and disease induction (Vethaak 1993; Wester and Vos, 1994). One of the chemicals of interest,
in the myriad of xenobiotics found in polluted waters and sediments is, the organotin compound
tributyltin (TBT).

Organotins are widely utilised organometallic compounds. Most of these chemicals
are man made, except for methyltins, which can be produced under natural conditions (Guard
et al.,1981). Organotins are used in a variety of products: as stabilisers in polyvinyl chloride
(PVC), catalysts in polyurethane and silicone elastomers and as pesticides. Although the use
of bis(tri-n-butyltin)oxide (TBTO) in antifouling paints for small ships (fength < 25 m) has
been banned in the Netherlands (since 1990) and in several other countries, it is still the
major source of tributyltin (TBT) in water and sediments (Fent, 1996). This has resulted in
TBT concentrations up to 5.76 pg/l in Canadian freshwater (Maguire et al., 1986), 1.5 pg/l in
marine waters in France (Alzieu et al., 1989, and 1.66 pg/l in various harbours in the
Netherlands (Ritsema and Laane, 1991). Because the degradation of TBT in sediments can be
very slow (Stewart and De Mora, 1990; De Mora et al., 1995; Evans et al., 1995), the large
reservoirs of TBT polluted sediments may also pose a threat especially to bottom dwelling fish
species such as flounder.

Experiments with organotin compounds have shown various toxic effects in
experimental animals including effects on the liver, the endocrine system, and especially the
immune system. Exposure of rats to organotin compounds, including TBTO, induced a
reduction in weight and cellularity of the thymus. Also depletion of T-cell areas in the spleen
and lymphnodes was observed (Seinen et al., 1977a,b; Krajnc et al., 1984; Snoeij et al.,
1985). Functional impairment of immune system has been found in rats resulting in a
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decreased thymus dependent antibody synthesis against sheep red blood cells and Trichinella
spiralis after short term and long term exposure to TBTO (Vos et al, 1984, 1990; Van
Loveren et al., 1990). Also a decreased natural killer cell (NK-cell) activity, and a decreased
splenic clearance of Listeria monocytogenes (both reactions of the non specific resistance)
were found in these studies.

Several effects of TBT have been reported in fish as well. Dose dependent
teratogenic effects and delayed hatching after short term exposure of minnow (Phoxinus
phoxinus) eggs, and a dose dependent decreased survival of short term exposed larvae of
minnow have been reported (Fent, 1996). Also histological alterations in a variety of organs
were described in these experiments. In experiments studying the effects of TBTO in medaka
(Oryzias latipes) and guppy (Poecilia reticulata) showed histopathological lesions in liver,
kidney, eye and gill epithelium (Wester and Canton, 1987; Wester et al., 1990). Several
effects of TBT on the immune system of fish have been reported. It is known from
mammalian as well as fish studies that the immune system is sensitive to the effects of
pollution (Anderson and Zeeman, 1995) and immune parameters can therefore be valuable as
biomarkers to evaluate the health status of fish and to monitor the possible effects of
pollutants on the exposed organism. In rainbow trout, a concentration dependent
lymphodepletion in the spleen has been reported (Schwaiger et al., 1994), and exposure of
rainbow trout yolk sac fry to both TBT and dibutyltin (DBT) significantly reduced trout
resistance to Aeromonas hydrophila challenge although no effects on the thymus or other
lymphoid organs were noted (De Vries et al., 1991). In a comparative study using medaka
and guppy, thymus atrophy was induced by aqueous TBTO exposure in the guppy only
(Wester and Canton, 1987; Wester et al., 1990). A concentration dependent decrease in
phagocytic activity of phagocytes exposed in vitro to TBT in levels ranging from 0.04 to 400
pg/ml was found in Atlantic croaker (Micropogonias undulatus), hogchocker (Trinectes
maculatus) and in oyster toadfish (Opsanus tau) (Wishkovsky et al., 1989). Intraperitoneal
injection of TBT in channel catfish (Jctalurus punctatus) resulted in peripheral blood
neutrophilia and suppression of the humoral immune response against heat killed
Edwardsiella ictaluri. Also reduction of the non-specific cytotoxic cell (NCC) activity and a
decreased phagocyte oxidative burst were found in the same study (Rice et al., 1995).

In the present study, flounders were exposed to TBTO under controlled laboratory
conditions (Grinwis et al., 1995). Histopathological investigation of the gill, skin, eyes, liver,
mesonephros, spleen, ovary/testis and gastrointestinal tract was performed to assess the
target organ(s) for TBTO pathology in this fish species. Also scanning electron microscopy
of the gills was carried out. A sensitive parameter for thymotoxic effects in mammals is the
weight of the thymus. However, it is not possible to excise and weigh the thymus in flounder
due to the small size of the organ, its topographical orientation and its similar colour and
structure compared to the surrounding muscle tissue. In addition quantitative histological
interpretation of the thymus using routine histological techniques is difficult due to the
irregular shape and lack of clear cortex-medulla distinction in the flounder thymus (Grinwis
et al., 1995). Therefore in the present study morphometric techniques were used on

histological serial sections to determine possible changes in thymus volume. Ex vivo/ in vitro
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assays were also carried out in this study in order to assess effects on immune function. An
assay to quantify the activity of an important first line defence mechanism in fish,
comparable to mammalian natural killer (NK) cell activity, has been developed for flounder
(Boonstra et al., 1996). The activity of non-specific cytotoxic (NCC) cells can be measured
in vitro by determining their ability to lyse a *!Cr-radiolabeled target cell. The amount of
radioactivity released is a measure for the number of cells killed by the NCC cells. The target
cell used in the cytotoxicity assay was a virus-transformed murine lymphoma cell line, YAC-
1. This cell line is commonly used in mammalian as well as piscine assays and has proven to
be a sensitive target for the action of NK and NCC cells (Faisal et al., 1989; Van Loveren et
al., 1990; Greenly et al., 1992). Specific immunological reactions are mediated by T and B
lymphocytes. It was shown that flounder lymphocytes can be stimulated to proliferate in
vitro with a specific T and B cell mitogen (Boonstra et al., 1996). The degree of stimulation

is a parameter for the function of the specific defence mechanisms.
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2. MATERIALS AND METHODS

2.1 Fish species and maintenance

The test organisms, flounder, with a length of 4-7 cm and 2-3 years of age were obtained
from the National Institute for Fisheries Research (RIVO-DLO, IJmuiden, The Netherlands).
These fish were caught with a dip-net during a short period in spring from an estuary near
Southampton (England). They belonged to the 0+ age-group and measured approximately 1 cm
upon arrival at the RIVO-DLO, where the animals were raised. The animals were acclimatised
for at least 2 weeks under controlled conditions as described previously (Grinwis et al., 1995)
at the test laboratory before they were used in the experiments.

The fish were kept in groups of 5 (experiment 1) or 10 (experiment 2 and 3) animals
in 100 litre glass aquaria filled with 25 litre freshwater (Dutch Standard Water (DSW)). The
water was aerated continuously, O, and pH levels were checked every other day. A water
temperature of 19 + 2 =C and a 16-8 hours light-dark regimen were maintained during the
experiments. The animals were fed frozen Artemia Salina (SELCO, Artemia Systems N.V.,
Baas-Rode, Belgium) daily except in weekends. In experiments 2 and 3, 2.7 litres of
silversand (M32 , van Roon-Vreeswijk, Nieuwegein, The Netherlands) was added in order to

improve husbandry conditions in these bottom dwelling fish species (Grinwis et al., 1995).

2.2 Chemicals and chemical analysis

Bis(tri-n-butyltin)oxide was obtained from Fluka Chemika a.g. (Buchs, Switserland). The
purity of the lot used (15210) was 96%. A stock solution with a concentration of 20 mg
TBTO dissolved in 50 ml dimethylsulfoxide (DMSO; purity >99.5%, Merck, Amsterdam,
The Netherlands) was used. In experiments 2 and 3 water samples were taken for TBTO
analysis (Table 2). In order to ascertain the effects of the silversand on the actual TBTO
water concentration, an additional aquarium without silversand with two flounders was added
in experiment 2.

For the organotin analysis, an excess of potassiumtetrahydroborate solution was
added to the acidified water samples (1 ml 37% HCI/l, Merck, Amsterdam, The Netherlands)
in an oxygen free environment. The produced volatile hydrides were expelled by nitrogen gas
and subsequently condensed in a chromosorb GNAW 60/80 column coated with a layer of
3% SP-2100 (Supelco, Sigma-Aldrich, Zwijndrecht, The Netherlands) cooled in liquid
nitrogen. Detection of butyltin components was performed with an atom absorption
spectrometer (AAS type 2380; wave length 22.4 nm, slit 0.2 nm; Perkin Elmer, Nieuwerkerk,
The Netherlands).
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23 Experimental design

Table 1 gives an overview of the experimental design, a more detailed description is

presented below.

Experiment 1

This experiment was used for dose range finding. Four groups of 10 flounders each, 5
animals per aquarium, were exposed semi-static to 0, 3.2, 10 or 32 pg TBTO/I. DMSO was
used as a carrier with a maximum concentration of 20 ul DMSO/I DSW, and two carrier-
control groups were included in the experiment. The exposure medium was renewed every
Monday, Wednesday and Friday. Clinical parameters like behaviour, food uptake and
external features were monitored during feeding.

Five animals per group were killed after 7 and 14 days with an overdose of tricaine
methanosulfonate (MS222°%, Sandoz Itd., Basel, Switzerland ), fixed in Bouin’s fixative for
24 hours and then transferred into 70% alcohol for histological investigation.

Experiment 2

This experiment was carried out because all animals in the highest dose group died in
experiment 1 and were not suitable for histological examination, and animals in the lower
dose groups did not show exposure related effects. Four groups of 10 flounders each were
exposed to 0, 3.2, 10 or 32 pg TBTO/1 . The exposure medium was renewed every Monday

Wednesday and Friday for 4 weeks. Clinical parameters were monitored during feeding.

The animals were killed after 28 days with an overdose of MS222® . The weight and
length were measured. From these data the condition factor (100 * body Weight/length3) was
calculated. Blood samples, and samples of spleen and mesonephros were taken for immune

function tests as described below. The remaining parts of the mesonephros and the rest of the
fish were fixed in 4% buffered formaldehyde.

Experiment 3
Based on the results of experiment 2 (the mortality in the highest dose group and the absence
of histological lesions in the lower dose groups) this experiment was used to determine acute
target organ toxicity of TBTO at a concentration of 32 pg/l. The experiment was ended
before mass mortality would take place so animals could be used for both histological
examination and immune function tests. Two groups of 30 animals each were exposed to 0 or
32 ng TBTO/1 for 6 days. The exposure medium was renewed on Wednesday and Friday.
Clinical parameters were monitored during feeding.

The animals were killed after 6 days with an overdose of MS222°%. Their body
weight, liver weight and length were measured. Blood samples, and samples of spleen and
mesonephros were taken for immune function tests as described below. The remaining parts

were fixed in 4% buffered formaldehyde.



report number 732501 002 page 11 of 31

2.4 Calculation of the LC 50

The lethal concentration of TBTO for flounder under the experimental conditions was
calculated in experiments 1 and 2 using the trimmed Spearman-Kaber method for estimating

the median lethal concentration (Hamilton et al., 1977).

2.5 Histological techniques

Selection of organs and tissues for histological examination was based on target organs of
TBTO in other fish species (Wester and Vos, 1994; Wester and Canton., 1987; Wester et al.,
1990). In experiment 1, the animals were fixed in Bouin’s for 24 hours after killing and then
transferred into 70 % ethanol. Several transverse slices were made at standardised levels
(Grinwis et al., 1995) and paraffin embedded. The first level just caudal from the eyes, revealed
gill cavity, gills and the major part of the thyroid gland. The second level halfway the dorsal
commissure of the operculum and the caudal ridge of the operculum showed gills, gill cavity,
thymus, heart and head kidney. The third section is made through the pectoral fin where the
hepatopancreas, stomach, trunk kidney and guts are found. In this third section also the spleen
can be encountered but the localisation of the spleen is somewhat variable and this organ may
also be found in the more caudal part of the body cavity. The fourth level is made just cranial of
the caudal part of the body cavity where gonads, trunk kidney and guts are displayed. The exact
position of the organs may differ due to natural variation, which can cause a problem in finding
small organs like the thymus and spleen. Sections were cut at 5 pm and routinely stained by
haematoxylin and eosin.

The histological procedures in experiment 2 and 3 were different from the
procedures in experiment 1, because the spleen and (part of the) mesonephros were removed
for immune function tests. The remaining part of the mesonephros, the gastro-intestinal tract,
ovary/testis, liver, skin, and the head (including the caudal edge of the opercula) were fixed
in 4% buffered formaldehyde. These tissues were subsequently paraffin embedded and cut
into 5 pm sections which were stained with haematoxylin and eosin (H&E) and periodic acid
Schiff (PAS) according to routine procedures. Histological samples were examined and scored
under cover.

For morphometric analysis of the thymus in experiment 2 and 3, a transverse block
of each fish of about 0.5 cm thick was taken cranially from the caudal edge of the opercula.
This block, which contained the thymus was decalcified for 5 days in formic acid after
fixation in 4% buffered formaldehyde before it was paraffin embedded and was used for
morphometric analysis of the thymus. For this purpose serial sections of 5 pm were made
with an interval of 30 um until the whole thymus was cut. The surface area of the slides of
the thymus was measured using an IBAS 2000 (Kontron, Munich, Germany) image analysis
system. In this way an indirect measurement of the thymus volume was made. If possible, the
thymus at both sides of the body was measured, and the mean values were used in our

results. The thymus volume was related to the body-height ([body height just caudal of
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pectoral ﬁn]3), because a better correlation between the thymus volume and the body height
was found in the control group then between thymus volume and body length or body

weight.
2.6 Scanning electron microscopy

After fixation in 4% buffered formaldehyde, the gills were postfixed in 2% glutaraldehyde,
and in 2% osmiumtetroxide, both in a 0.1 M phosphate buffer. The specimens were dried in a
critical point drying device (Baltzer CPD 030) after dehydration in a graded acetone series.
The dried specimens were mounted on aluminium stubs, sputter coated with a thin layer of
gold in a Polaron coating unit ES000, and examined in a Philips PSEM 501 B scanning

electron microscope.
2.7 Immune function tests

In experiments 3 ex vivo/ in vitro immune function tests were performed on mesonephros and
spleen leukocytes.

Cell suspensions of spleen, and mesonephros were prepared in culture medium
which consisted of RPMI-1640 (GIBCO, Grand Island, USA) supplemented with 18%
distilled water, 10% heat inactivated fetal calf serum (FCS; PAA, Linz, Austria), 100 IU/ml
penicillin, 100 mg/ml streptomycin (hereafter called fcRPMI, flounder complete RPMI) by
squeezing the tissues through a 70 pm nylon cell strainer (Becton Dickinson, Rutherford,
USA). Blood was diluted with 2 volumes fcRPMI. The cell suspensions and diluted blood
were purified by density gradient centrifugation using Ficoll Paque (1.077 g/ml, Pharmacia
LKB Biotechnology, Uppsala, Sweden). Following centrifugation for 20 min at 900xg at
20°C, cells at the interphase were collected and washed twice with fcRPMI for 10 min at
300xg and 4°C. Finally, the pellet was resuspended in 250 pl fcRPMI. (hereafter called
fcRPMI, flounder complete RPMI). The viability of the cells was determined using trypan
blue. In all experiments the viability exceeded 95%. Total cell numbers were counted
manually in a hemocytometer. Cytospin samples were prepared, and stained with May-
Griinwald Giemsa. The percentage of lymphoid cells was determined, and the total lymphoid
cell number was calculated. A total of 10 lymphoid cells/ml was used for measurement of
the NCC activity, and 5x10° lymphoid cells/ml for the LTT.

Cell suspensions from the mesonephros were incubated overnight (26°C, 5% CO,-
95% air) since preincubation is known to enhance the NCC activity (Graves et al., 1984) and
because macrophages are removed simultaneously making use of their tendency to adhere to
plastic. Following the preincubation, 100 pl effector cell suspension was added to the labeled
target cells at effector to target cell ratios ranging from 5 to 20. The plates were centrifuged
in order to enhance cell to cell contact (200xg, 5 min). Following a 4 hours incubation at
room temperature (20°C) in an atmosphere of 5% C0O,-95% air, the plates were centrifuged
(200xg, 5 min) and supernatant from each well was collected. Radioactivity was determined

using a gamma counter (Packard, Tilburg, the Netherlands). The percentage specific release
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was calculated as: [radioactive counts in the supernatant minus the spontaneous release by
the target cells] divided by [the maximum release by the target cells minus their spontaneous
release].

Lymphocytes obtained from the spleen were stimulated by adding the T-cell mitogen
phytohaemagglutinin (PHA, HA 15, Murex Diagnostics Ltd, Dartford, UK) and peripheral
blood lymphocytes with the B-cell mitogen lipopolysaccharide (LPS, LPS W, E. coli
0127:B8, Difco Laboratories, Detroit, USA). A more detailed description of these function

tests is reported elsewhere (Boonstra et al., 1996).
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3. RESULTS

3.1 Chemical analysis

Actual water concentrations were measured in experiments 2 and 3 in control and exposed
groups at 0, 6, and 48 hours after the start of exposure. Data are shown in Table 2. The
recovery in experiment 2 at t=0 was 77 % in the 10pg/1 group with silversand and 99% in the
10 pg/l group without silversand. In experiment 3 only 55% of the TBTO was recovered at
t=0 in the 32 pg/l group (with silversand). The actual TBTO concentration in the 32 pg/l
group at t=0 was 17.75 pg/kg water in experiment 3. In the same experiment the TBTO level
dropped to 7.99 ug/kg water at t=6 hours and to 1.89 pg/kg water, which is approximately
10% of the t=0 level, at t=48 hours. Levels of mono- and dibutyltin components were very
low or even below the detection level. The exposure medium was renewed 3 times a week in

the present study.

3.2 Clinical findings

Behavioural changes were seen in the highest dose groups (32pug/1) in experiment 2 and 3,
but were not obvious in experiment 1. The animals showed a decreased food uptake and a
decreased activity. The severity of these symptoms did not clearly increase in time. In
experiment 1 the first animal in the 32 pg TBTO/1 group died after 2 days, the mortality was
100% after 7 days. In experiment 2 mortality in the 32 pg TBTO/I group started after 3 days,
and was 100% after 12 days. The LC50 for TBTO after 14 days, in flounder kept under the
conditions as used in our study, was 17.9 pg/l calculated using the trimmed Spearman-Kaber
method (Hamilton et al., 1977). In experiment 2 no significant changes in body weight were
found between control and exposed groups after 28 days (Table 3). Animals exposed to 10
@ g TBTO/1 showed a significant decrease of the condition factor after 28 days of exposure
in experiment 2 (Table 3). The liver weight and the hepatosomatic index, calculated in
experiment 3 (Table 4), showed a significant increase in exposed animals.

3.3 Histopathology

Animals that died during the experiment were lost for histological investigation since dead
fish rapidly develop autolytic changes. Especially gill epithelium is very sensitive,
desquamates rapidly and can not be evaluated properly even a few hours after death.

All animals in the 32 pg/l groups in experiments 1 and 2 died before the end of the
experiment, so no histopathological data from these groups were available. In all experiments
gills, hepatopancreas, mesonephros, gastro-intestinal tract and ovary/testis of the surviving

animals were examined. In experiment 1 also histopathology of the thyroid gland and the
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skin was performed, and in experiment 2 also the eyes were examined. In experiments 1 and
2 no exposure related histopathological changes were found in the above mentioned organs.

In experiment 3 all animals of the 32pg/1 group showed gill lesions (Table 5; Figs. 1-
4). Budding of epithelial cells (Fig.2) of the primary and secondary lamellae was absent or
rare in control animals but frequent in animals in the 32pg/1 group. Epithelial proliferation
(Fig.3) and fusion of secondary lamellae (synechia) (Fig.4) was present in control animals
but not as frequent, prominent and extensive as in animals exposed to 32ug/l.

The volume of the thymus was calculated by measuring the surface areas of serial
sections (about 45 sections per thymus) with the use of an image analysis system. In exposed
animals, the absolute thymus volume (0.339 £ 0.11 mm3) was not markedly changed when
compared to control animals (0.394 + 0.10 mm3). Also no effects on thymus volume in
relation to body weight or body length were noted after exposure to TBTO (data not shown).
However, when related to the (body height)3 a 20% decrease in relative thymus volume
(control : 0.024 + 0.005 ; exposed: 0.019 £ 0.007) was calculated in animals in the exposed
group (Table 8).

34 Scanning electron microscopy

Scanning electron microscopy of the affected gills (Figs. 5-8), of animals exposed to 32 pg
TBTO/I for 6 days in experiment 3, shows the localised character and three dimensional
extension of these lesions. The roughened surface of primary and secondary lamellae in the
exposed animals caused by budding of the epithelial cells is clearly visible (Fig. 7). As
compared to control animals (Fig. 5) the functional surface area of the gills in exposed
animals is markedly decreased due to fusion of secondary lamellae (Fig. 6), but often normal

gill tissue is present adjacent to these fused lamellae (Fig.8).

3.5 Immune function tests

A significant decrease of the lymphocyte percentage and total lymphocyte number in the
spleen was found in experiment 3 (Table 6). The proliferative response to stimulation with
PHA in experiment 3 showed no statistically significant changes between exposed and
control animals (Table 6). The lymphocyte transformation test (LTT) using LPS as the
mitogen was not performed due to insufficient numbers of peripheral blood lymphocytes.

A strong and significant decrease of the NCC activity was observed in exposed
animals, to approximately 30% of the control values ,at all E/T ratios (5,10 and 20) in
experiment 3 (Table 7). In this experiment 2 of 14 animals (14 %) had no or only
insignificant NCC activity.
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4. DISCUSSION

In the present study flounders, kept in fresh water under controlled conditions, were exposed
to 3 concentrations (3.2, 10 and 32 ug/l) of TBTO. A concentration of 32 ug/l induced 100%
mortality after 7-12 days (14 daysLC50=17.9 pg/l), gill lesions, an increase in liver weight,
an increase of the hepatosomatic index, a decrease in relative thymus volume and a reduction
of the NCC activity. The mortality data are comparable to data obtained from experiments
using medaka and guppy where exposure to 32 pg TBTO/I also resulted in 100% mortality
after 2 weeks (Wester and Canton, 1987; Wester et al., 1990). At a TBTO concentration of
10 pg/l a significant decrease in condition factor was observed in experiment 2. Since no
exposure related histopathological lesions were detected at non lethal concentrations in our
experiments, a steep concentration-effect curve is indicated. This is in contrast with the
occurrence of histopathological lesions at non lethal concentrations in other fish species. In
the guppy and medaka lesions in liver, kidney, eye and gill epithelium were found (Wester
and Canton, 1987; Wester et al., 1990). Teratogenic effects, delayed hatching and histologic
alterations in a variety of organs (skin, muscles, kidney, cornea, lens and retina) were
described in experiments of minnow (Phoxinus phoxinus) eggs after short term exposure to
TBTO. In these experiments also a dose dependent decreased survival of minnow larvae was
found (Fent, 1996). In 4 month old rainbow trout a concentration related depletion of
lymphocytes in the spleen was seen, accompanied by degeneration and necrosis of epithelial
cells and chloride cells in the gills after exposure to TBTO in concentrations ranging from
0.6 to 4.0 pg/l for 28 days (Schwaiger et al., 1994).

Exposure to 32 ug TBTO/I for 6 days resulted in gill lesions in all animals. Some of
these lesions found in the present study, like the epithelial hyperplasia and fusion of
secondary lamellae are non specific and can also be seen after exposure to several other
irritating substances (Mallatt, 1985) and in animals caught in the wild. The budding of
epithelial cells as seen in animals exposed to 32pg TBTO/I in the present study, is likely a
specific reaction to the exposure to TBTO. This lesion has not been described in the review
article on gill lesions induced by toxicants (Mallatt, 1985). Immunohistochemical staining
for apoptosis (using the tunnel assay) did not reveal an increased number of apoptitic cells in
the affected gill epithelium (data not shown). Although it is the only significant
histopathological lesion in the highest dose group, it is unclear if these gill lesions are
responsible for the clinical symptoms (anorexia, decreased activity) and death due to
hypoxia, because the rate of gas exchange across the respiratory epithelium depends on the
dimensions of the epithelium, the concentration gradient, and the diffusion coefficient of the
gas (Randall, 1970) and the major part of the respiratory surface, even in severely affected
gills with fusion of secondary lamellae and epithelial proliferation, appeared not clearly
reduced .

Experimental data in rainbow trout have shown neurotoxicity after exposure to 0.5 or
2.0 pg TBTO/ resulting in ultrastructural lesions in the tectum opticum and optical nerve
(Triebskorn et al., 1994). On the other hand, in rats (Krajnc et al., 1984), guppy and medaka
(Wester and Canton, 1987; Wester et al., 1990) no histopathological effects were seen in the
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central nervous system. The brain tissue was not incorporated in the histopathological
evaluation of the present study (because it is localised in the part of the head that was used
for morphometric analysis of the thymus) so an effect of TBTO on the central nervous
system in flounder can therefore not be excluded although no neurological symptoms were
observed.

Exposure to 32 pg TBTO/! for 6 days resulted in a strong suppression of the NCC
activity at all E/T ratios. This effect of exposure to TBTO on the non specific resistance
shows similarities to data in other species. The statistically significant decrease of the NCC
activity is comparable to the decreased NK cell activity found in rats after oral exposure to
TBTO (Vos et al., 1990, van Loveren et al., 1990). The high inter-individual variability in the
results obtained from the NCC activity assay and other immune function tests is a problem
often reported in piscine immunological studies (Zeeman, 1986; Dunier et al., 1995; Pulsford
et al., 1995). The spleen showed a decrease of lymphocyte percentage and total lymphocyte
numbers. This is in line with the effects of TBT exposure reported in rainbow trout by
Schwaiger et al. (1994), but in contrast with data obtained by De Vries et al. (1991) in the
same fish species. There was however no statistically significant change in lymphocyte
stimulation with PHA (a T-cell mitogen) even if the reduced spleen cell number was taken
into account. This could be due to the high variability in the results. No marked effect on
thymus morphology could be demonstrated by light microscopy. Using morphometry, an
indirect measurement of the thymus volume was made. Results indicated that there was no
difference between the groups with respect to the absolute thymus volume and ratio thymus
volume/body weight. However, since body weight could equally be affected by treatment as
thymus volume (or thymus weight), a more stable parameter was also taken as reference,
such as the ratio thymic volume/body length or body height. Only the ratio thymic
volume/body height3 showed a 20% reduction (p. 0.049, t-test, 1 tailed) but this is considered
of unclear biological significance. In guppy exposed to TBTO concentrations ranging from
0.032 to 10 pg/l for 1 month, thymus atrophy was much clearer (Wester and Canton, 1987).
In rainbow trout exposed to TBTO concentrations ranging from 0.6 to 4.0 pug/l for 28 days, a
concentration related lymphocyte depletion and increased phagocytic activity was found in
the spleen (Schwaiger et al., 1994). Exposure of rainbow trout yolk sac fry to both TBT and
DBT significantly reduced trout resistance to Aeromonas hydrophila challenge but no effects
on the thymus or other lymphoid organs were noted (De Vries et al., 1991).

Chemical analysis data showed some effect of silversand on the actual TBTO
concentrations in the water. At t=0 in the 10 pg TBTO/I group, the presence of silver sand
caused a reduction of the actual water concentration, resulting in a concentration of 7.74 pg
TBTO/kg (9.94 pg TBTO/kg without silversand). But at t= 48 hours the actual TBTO water
concentration was higher in the presence of silversand (0.58 pg/kg compared to 0.25 pg
TBTO/kg). This phenomenon might be explained by a reservoir function of the silversand.
TBTO levels dropped to approximately 10% at t=48 hours, which shows that the renewal of
the exposure medium 3 times a week was adequate. In order to investigate the real
bioavailability, tissue analysis should be performed.
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5. CONCLUSIONS

TBTO levels obtained from field measurements show TBT water-levels of up to 5.76 pug/l
(Maguire et al., 1986), in Dutch harbours levels up to 7.2 pg TBT/I were found. In the
present study, the maximum actual water TBT concentration was 17.3 nug/kg water
(expressed as TBT/kg water, not as Sn/kg water) at t=0, which is only 2.4 times higher than
the highest levels measured in Dutch harbours. The maximum TBT level at t=48 hours in the
present study dropped to 1.83 pg/kg water. This indicates that under field conditions animals
can be exposed, over a long period of time, to TBT concentrations that are in the same order
of magnitude as the concentration in which mortality, gill lesions, a decrease in relative
thymus volume and significant reduction of NCC activity were found in the present study.
Suppression of non specific resistance, shown by a decreased NCC activity may have
detrimental effects on the health status, such as increased susceptibility to viral infections.
Mortality data of flounder exposed to TBTO are comparable to data obtained from guppy and
medaka. The absence of histopathological lesions at sub-lethal concentrations however is in
contrast with findings in guppy and medaka indicating a steeper concentration effect curve
than in flounder. Further studies on long term TBTO exposure will be performed in the near
future including lymphocystis infection experiments, in order to elucidate the on (target)
organs and the immune system. These studies should clarify a possible causal role of TBT
exposure in the increased prevalence of lymphocystis infections as observed in field- and

mesocosm studies.
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Table 1 Toxicity study of TBTO in flounder: experimental design.

Experiment
1 2 3
TBTO conc. 0,3.2,10and 32 pg/l  0,3.2, 10 and 32 pg/l 0 and 32 ug/l
No. of animals/group 10 10 30
Duration 7 and 14 days 28 days 6 days
Yes

Silversand added No Yes
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Table 3 General toxicity parameters (weight, length and condition factor) of flounder exposed to
TBTO for 28 days (experiment 2)°.

TBTO conc. Length (cm) Weight (gram) Condition factor °

Do D28 Do D28 Do D28
Oug/l 9.0 £0.58 9.10 £ 0.58 1225+245 13.06 £2.49 1.67£0.21 1.71 £ 0.11
32 pg/l 8.55+£0.76 8.79+0.83 10.62 £2.83 11.94 £3.25 1.70 £ 0.29 1.72 £ 0.09
10 pg/l 8.85+0.91 9.06 £ 0.91 13.19+4.22 12.19+£3.31 1.86 +0.28 1.61+0.12°

2 Mean values + standard deviation of 10 animals per group
® Condition factor = 100(body wcight)/length3
' Statistically significant (Student’s t-test) p< 0.03

Table 4 General toxicity parameters (length, weight, liver weight, condition factor and

hepatosomatic index) of flounder exposed to TBTO for 6 days (experiment 3 ).

TBTO conc. Length (cm) Weight (gram) Liver Weight (gram) Condition factor ° Hepatosomatic index
Opg/l 6.36+0.54 4.88+1.33 0.053+£0.014 1.69+0.14 0.011 £ 0.004
32pgA 6.74 + 0.47 5114095 0.073  0.023"* 1.66+0.12 0.015 + 0.005"

* Mean values + standard deviation of 30 animals per group
® Condition factor = 100(body weight)/length’

¢ Liver weight/body weight

# Statistically significant (Student’s t-test) p< 0.001

* Statistically significant (Student’s t-test) p< 0.005

Table 5 Incidence of histopathological gill lesions in flounder exposed to TBTO for 6 days

(experiment 3).
0 ug TBTO/I (n=30) 32 pg TBTO/l (n=27)

Budding of epithelial cells

absent 28 5

rare 2 10

frequent 0 12
Epithelial proliferation/ fusion of lamellae

absent 10 2

mild 14 4

marked 6 2]
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Table 6 Cell counts and mitogen responsiveness of leukocytes to PHA in the spleen of flounders

exposed to TBTO in experiment 3

Total ceil number’ Lymphocyte number’ % lymphocytes PHA @cpm®
TBTO conc.
0 pg/l 59x2.1 1.9+0.7 35.9+6.1 307 £ 329 (59- 774)
32 pg/l 50+4.7 0803 25.6+3.2" 321 + 202 (148-645)

2Mean values * standard deviation of 7 animals per group
b 6
x 10
° The mitogen responsiveness is expressed as counts per minute (©cpm; the proliferation of unstimulated cultures has been subtracted).
The range is given in brackets.
* Statistically significant (Student’s t-test) p< 0.005

# Statistically significant (Student’s t-test) p< 0.01

Table 7 NCC activity of mesonephros leukocytes at different effector to target (E/T) ratios of
flounders exposed to TBTO in experiment 3.

TBTO conc.
E/T5 E/T 10 E/T 20
0 pg/l 87+ 105 (1-31) 19.6 £ 15.7 (5-50) 28.7 + 18.3 (11-56)
32 pg/l 22+18 (0-4) 44+34 (0-8) 87+7.0 (1-18)

* Mean values are expressed as percentage specific release + standard deviation of 7 animals per group, the range is given in brackets.
' Statistically significant (Student’s t-test) p<0.02

Table 8 Thymus volume, and relative thymus volume of flounder exposed to TBTO for 6 days
calculated from morphometric analysis (experiment 3)°.

TBTO conc. Thymus volume (mm”) Body height (cm) Relative Thymus volume"
0 pg/l 0.394 +0.10 25+£02 0.024 = 0.005
32 pg/l 0339+ 0.11 2.6+0.1 0.019 +0.007"

Tmean 3< standard deviation in mm’ of 13 (0 ug TBTO/) or 10 (32 ug TBTO/) animals.
b Thymus volume/[body height just caudal of pectoral fm]3
' Statistically significant (Student’s t-test) p<0.05
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Fig. 1.
Gill of a control animal with normal primary (arrow) and secondary (arrowhead) lamellac. H& E, obj.40x.
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Fig. 2.
Gill of an animal exposed to 32 =g TBTO/I for 6 days showing budding (arrow) of epithelial cells, also some epithelial
hyperplasia is present (arrowhead). H& E, obj. 60x.
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Fig. 3.
Gill of an animal exposed to 32 @ g TBTO/I for 6 days with mild (arrow), and marked (arrowhead) epithelial hyperplasia.
Also budding of epithelial cells is visible. H&E, obj. 60x.

Fig. 4.
Gill of an animal exposed to 32 =g TBTO/1 for 6 days with epithelial proliferation and fusion of secondary lamellae
(synechia; arrow). H&E, 0b). 20x..
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Fig. 5. Gill of a control flounder showing six primary. Each primary lamella has many secondary lamellae on both sides.
The surface. covered with epithelium, is smooth. SEM, 160x.

Fig. 6.Gill of a flounder exposed to 32 % g TBTO/I for 6 days. Six primary lamellae are visible showing marked thickening
(arrow) and fusion of many secondary lamellae (arrowhead). Note also a rougher surface of the thickened parts. SEM, 160x.
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Fig. 7. Gill of a flounder exposed to 32 g TBTO/I for 6 days. Detail of primary and secondary lamellae with swelling and
frequent budding of epithelial cells resulting in an irregular surface. SEM. 1250x.

Fig. 8. Gill of a flounder exposed to 32 # g TBTO/I for 6 days. Five primary lamellae are visible, showing a varying degree
of fusion between secondary lamellae. Also swelling and budding of epithelial cells is seen on the surface of primary
lamellae. SEM. 160x.



