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Abstract

Results from previous experiments directed to determine the effect of different nutritional factors or the effect of xenobiotics
on hormonal control of reproduction, lead to the hypothesis that hormonal perturbations repeatedly observed indeabass (
trarchus labrax) broodstock feeding commercial diets could have been caused by the presence of aryl hydrocarbon receptor
(AhR) ligands, such as dioxins, furans and polychlorinated biphenyls (PCBs) in the diet. To evaluate this hypothesis, dioxins
and related compounds were analysed in liver of female sea bass fed with a commercial or with a natural diet consisting of
trash fish (bogueBoops boops), and concentrations of vitellogenin (VTG) andgt@éstradiol (E2) were determined in plasma
obtained previously in monthly samplings of these animals. As observed in other experiments, females fed with a commercial
diet exhibited lower VTG and higher E2 plasma levels than females fed with the natural diet. In liver, sea bass fed with the
commercial diet exhibited a profile clearly dominated by high-chlorinated dioxins while in fish fed with the natural diet this
profile was dominated by low chlorinated furans. However, typical AhR ligands, such as 2,3,7,8-tetrachlorogidendo-
showed no differences between groups or, as is the case of planar PCBs, showed higher concentrations in the liver of fish fec
with the natural diet. These results do not permit to explain the observed hormonal alterations by a possible antiestrogenic effect
caused by dioxins and related compounds.
© 2005 Elsevier B.V. All rights reserved.

Keywords: Reproduction; Dioxins; PCBs; Vitellogenin; Estradiol; Sea bass

* Corresponding author. Tel.: +34 91 3474155; fax: +34 91 3572293.
E-mail address: jmnavas@inia.es (J.M. Navas).

0166-445X/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.aquatox.2005.07.014



J.M. Navas et al. / Aquatic Toxicology 75 (2005) 306-315 307

1. Introduction ity (Safe, 1995k All these compounds activate the aryl
hydrocarbon receptor (AhR), which then interacts with
Awide variety of chemicals are able to interact with  the ER-dependent pathwagdfe et al., 1991; Safe,
the endocrine systems of humans and wildlife leading 1995; Ohtake et al., 20Q3Antiestrogenicity caused by
to endocrine disruptionQolborn and Clement, 1992;  these compounds in fishes has been normally detected
Kime, 1995; Kavlock et al., 1996; Jiemez, 1997; Vos  through reductions in the production of vitellogenin
et al., 2000. These compounds can mimic or antag- (VTG) in vivo (Anderson et al., 1996ar in fish hep-
onize the action of hormone receptors, or could also atocytes in vitro Anderson et al., 1996Navas and
disturb the hormone metabolism. All these chemicals, Segner, 2000 However, antiestrogenic compounds do
known as endocrine disrupters, can finally lead to alter- not only affect the production of VTG but they can also
ations of growth, development, sexual differentiation disrupt the global hormonal control of reproduction in
and reproduction. fishes. Forinstance, in sea baBsentrarchus labrax),
Special attention has been paid to the interfer- the ingestion of3-naphthoflavone@NF) through the
ence of chemicals with the action of estrogens, par- diet caused an increase in plasma levels of E2 and
ticularly with that of the prototypical estrogen A7 luteinizing hormone (LH), concomitantly with a reduc-
estradiol (E2), due to the importance of these hor- tion in the plasma concentration of VT@ldvas et al.,
mones in regulation of developmental and reproductive 2004).
processes in vertebrates. Compounds with estrogenic  Similar hormonal alterations, i.e. an increase in
properties exert their hormonal activity via the classi- plasma levels of E2 simultaneously with a decrease in
cal receptor pathway of steroid hormone action, i.e. plasma levels of VTG, have also been observed in sea
they bind as ligands to the estrogen receptor (ER) bass fed with a commercial digilévas et al., 1998
and the ligand-receptor complex subsequently acti- On the contrary, sea bass feeding a natural diet consist-
vates transcription of target gendséi and O’Malley, ing of trash fish (bogu&ioops boops) exhibited higher
1994. One of these genes is the gene for vitel- plasma levels of E2 and lower plasma concentrations
logenin (VTG), a glycolipophosphoprotein that serves of VTG than fish fed with the commercial diet. These
as precursor of the egg reserves. VTG is synthesizeddifferences were associated with differences in the
in the liver of oviparous females under the stimula- fatty acid composition of the diet that also influenced
tion of estrogens, particularly that of E3Vallace, the fatty acid composition of the egghldvas et al.,
19859. The presence of VTG in plasma of male fish 1999.
can be caused by an estrogenic effect of chemi- In a later experiment, designed to determine if the
cals present in aquatic environmentda(ries et al.,  xenobioticB-naphthoflavone@NF) was able to cause
1996. in vivo antiestrogenic effectsNavas et al., 2004
Contrary to chemicals exerting estrogen-like as had been previously detected in vitidagas and
activities, a variety of non-steroidal substances Segner, 200 it was also observed th@iNF-treated
possesses antiestrogenic features, i.e. these combroodstock sea bass exhibited lower plasma VTG lev-
pounds antagonize or inhibit estrogen-dependent els and higher plasma concentrations of E2 with respect
processes in the target celliNgvas and Segner, to control animals. These results lead to the hypothe-
1998. sis, that hormonal differences detected between fish fed
Antiestrogenicity can be caused by direct interac- with trash fish and fish fed with a commercial diet could
tion of chemicals with the ER, when these chem- be caused by the presence of antiestrogenic chemi-
icals act as antagonists and/or partial agonists of cals in the commercial diets inducing similar effects
the ER. This is the case of tamoxifefizukerman  asBNF. In order to evaluate this possibility, VTG and
etal., 1994. In addition, 2,3,7,8-tetrachlorodibenpe- E2 were analysed in sea bass plasma samples taken
dioxin (TCDD), and related compounds such as other monthly from two broodstock groups fed with trash
polychlorinated dibenzp-dioxins (PCDDs), poly-  fish or with a commercial diet, and PCDDs, PCDFs
chlorinated dibenzofurans (PCDFs), some polychlori- and PCBs concentrations were analysed in liver of
nated biphenyls (PCBs) and some polycyclic aromatic females at the end of the experiment after 2 years of
hydrocarbons (PAHSs) also exhibit antiestrogenic activ- treatment.
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2. Material and methods
2.1. Fish and feeding treatments

Fifty male and female 3-year-old sea bass (mean
weight and length-standard error of the mean:
567.8+20.3g and 35.# 0.3 cm, respectively) were
reared at the Instituto de Acuicultura de Torre de la Sal,
CSIC (East coast of Spain, 49, 0°). During rearing,
larvae were first fed witthrtemia salina nauplii, and
then with commercial food during the first 6 months of
life. After that, animals received natural food (bogue,
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sampling, the fish were anaesthetised with ethyl
aminobenzoate metanesulfonate (MS-222, 04y
after one day of starvation. Weights were recorded
and the tank biomass was calculated in order to adjust
the ration for each group. Blood was withdrawn from
the caudal vessels with a heparinized syringe and dis-
pensed in ice-cold heparinized tubes. Blood samples
were always collected at the same time of the day
(between 11 and 14 h). Plasma was obtained by cen-
trifugation (1500x g for 30 min at 4£°C) and stored at
—20°C until analyzed.

Seabass are pelagic spawners and during the spawn-

Boops boops, considered as trash fish, obtained from ing season, females and males released their ova and
the local fish market and freezed. They were cut to lit- sperm spontaneously into the tanks. The eggs were
tle pieces just before feeding the sea bass broodstock)collected from the outflow water of the tanks in fine
without a concrete feeding schedule until the beginning meshed nets. The nets were checked daily and the
of the experiment. At the beginning of the summer, incidence of spawning recorded. The period between
the fish were divided into two groups. Each group the first and the last spawning was considered as the
contained 24-26 fish and the male/female ratio was spawning season, and the mean spawning date was

approximately 1.5/1. They were kept in 20001 tanks
supplied with aerated flow-through sea water (37.8 %o
salinity) and maintained under natural photoperiod and
temperature (temperature range:°@in January to
26°C in August).

In the experiment, one group was fed with whole
trash fish Boops boops). The other group was fed
with commercial diet pellets (9 mm pellet, BOCM
Pauls, Renfrew, Scotland). The composition of this diet
(Table J) was provided by the manufacturer, who con-
trolled it regularly. Fish were fed five days a week at a
ration of 2.2% of tank biomass per day, from June to
October, and 1.2% of tank biomass the rest of the year.
The experiment started in July and lasted for 22 months.

2.2. Sampling procedure

All animals were sampled at monthly intervals until

the beginning of the second spawning season. Before

Table 1
Proximate composition (percentage of dry weight) of the pelleted diet
and the natural diet (trash fisBoops boops) used in the experiment

Natural diet Commercial diet
Dry weight (%) 23 91
Proteins 71 60
Carbohydrates Not detected 19
Lipids 20 10
Ash 9 10

calculated as the mean of the number of days passed
between the first and the successive spawnings; i.e.
if the first spawning occurred on the 2nd of Decem-
ber, the second on the 15th and the third on the 1st
of January, the series of humbers used to calculate
the mid spawning time was 1, 14, and 3afiuy

et al., 199%. Spawning period and the mean spawn-
ing time are represented Figs. 1 and 2in order to
make the results of VTG and E2 plasma concentrations
clearer.

After 2 years with the described feeding regimes,
i.e. when animals were 5 years old, some females were
anaesthetised by immersion in ice and sacrificed. A
sample of liver was taken, immediately frozen in liquid
nitrogen, and stored at80°C for the chemical analysis
of organochlorine compounds.

2.3. Vitellogenin and 17 B-estradiol analysis

Vitellogenin and E2 analysis were performed in a
total of seven or eight female plasma samples every
month (the plasma from the same females was always
analysed). Plasma VTG levels in females were mea-
sured using a homologous ELISA, as described by
Maharbs et al. (1994)The range of the standard curve
was 1 to 60 ng/ml, corresponding to 85-20% of bind-
ing, respectively. Depending on the reproductive stage
of the females, appropriate dilution factors (from 10-
fold to 100,000-fold dilution) were used for the plasma
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Fig. 2. Plasma 13-estradiol levels in female sea bass along an entire
Fig. 1. Plasma vitellogenin levels throughout the reproductive cycle reproductive cycle, in fish fed with a natural diet (trash fish) or with a
in female sea bass fed with a natural diet (trash fish) or with a com- commercial diet. Data are expressed as meSE.M. @=70rn=8

mercial diet. Data are expressed as meshE.M. @=7 orn=8 fish per sampling point). Legend and signs of the figure are similar
fish per sampling point). Horizontal bars at the bottom of each graph to those inFig. 1

represent the spawning period in each group and the little vertical

bar indicates the mid spawning time. Different letters indicate sig-

nificant differences #<0.05). Statistics were performed between

grOl{pijitzebsame sampliTgttpoiméstdvgaszed and C‘Iiﬁefe”f?etsf domly selected without taking into account the pre-
are indicate uppercase letters), an etween samplin oints 1or - H H H

the same groug(:NpOVA followed Ly Student—NewmaFr)l—}geLpJIs was vious physiological status O.f the female.. Since analy-
used and differences are indicated using lowercase letters). ses were performed following standardized methods
(see below) and no strong variations between sam-
ples were found for the majority of the compounds
used, it was decided to limit the analyses to these first
samples.

Forresidue analysis, freeze-dried liver samples were
homogenised and spiked with known amounts of mix-
tures of13C;,-PCDDs/PCDFs and3C;,-dioxin-like
PCBs. Samples were extracted in a Soxhlet apparatus
for 24 h with toluene:cyclohexane (1:1). Extracts were
treated with sulphuric acid in order to remove organic
components, fat and other interfering substances. Fur-
ther cleanup was based on solid-liquid adsorption chro-
2.4. Analysis of organochlorine compounds in matography. To this end, an automated Power Ptep
liver samples system (FMS Inc., MA, USA) (using pre-packaged

columns containing multilayer silica, basic alumina

Due to the complexity of the extraction proce- and PX-21 carbon as adsorbents) was employed to
dure of the organochlorine compounds from the bio- remove the bulk and other interferences as described by
logical samples, the analysis of these compounds Abad et al. (200Q)Finally, analytes were collected in
was performed first in four and three liver sam- two single fractions containing firstly the mowetio
ples of females fed with the commercial or with the PCBs and secondly nan+#ho PCBs jointly with the
natural diet, respectively. These samples were ran- PCDDs/PCDFs.

samples, in order to place all measurements within the
confidence range of the standard curve.

E2 was extracted from 1Q4 of plasma using cyclo-
hexane:ethylacetate (1:1, v/v) and E2 concentrations
were determined by radioimmunoassay (RIA), accord-
ing to Prat et al. (1990)The range of the standard
curve was 150-8000 pg/ml, corresponding to 85-20%
of binding, respectively.
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The analysis of planar chlorinated hydrocarbons 2.5. Statistical analysis
was carried out using high resolution gas chromato-
graphy-high resolution mass spectrometry (HRGC-  Results are expressed as measstandard error of
HRMS) using a Micromass Ultima NT mass spec- the mean (S.E.M.). For statistical analysis the Sigma
trometer coupled with an Agilent gas chromatograph Stat software from Jandel Scientific (USA) was used.
equipped with a PAL CTC autosampler (Water Instru- The program tests automatically the normality of the
ments, Manchester, UK). The masslynx 4.0 software data using Kolmogorov Smirnoff test, and the equal
version of the workstation was employed. Two micro- variance by checking the variability of the group
liters sample extracts were injected on a DB-5ms means. VTG and E2 data were parametric. Signif-
(J&W Scientific, CA, USA) fused capillary GC col- icant differences between both groups were deter-
umn (40 mx 0.18 mm i.d. and 0.2hm thickness) in mined monthly using thetest (P <0.05). Significant
the splitless mode at 28C. The sample was kept at  differences P <0.05) among months over a repro-
the initial oven temperature of 14C for 1 min, there- ductive cycle were compared for each group using
after, the temperature increased to 2QGat 20°C/min one-way analysis of variance (ANOVA) followed by
and was maintained at 20Q for another min. Finally, Student—Newman—Keuls test.
the oven temperature increased to 3CCat 5°C/min
and was maintained at that temperature for 6 min.
The mass spectrometer was operated in the selected. Results
ion-monitoring (SIM) mode using a positive elec-
tron impact (El+) source. The electron energy was 3.1. Spawnings
40eV, the current trap was 6Q@\, the acceleration
voltage 8000V and the source temperature 250 In the group fed with a natural diet, the first spawn-
MS power resolution was tuned at 10,000 (10%) ing was recorded on 11th of January, and the last one
by measuring perfluorokerosene (PFK) reference on 3rd of April. In group fed with commercial food,
peaks. the spawning period began on 22nd of January and fin-
Quantification was based on the isotopic dilu- ished on 27th of April. The mid spawning time was on
tion method USEPA, 1994 Relative response fac- 21st and 26th of February, respectively. These spawn-
tors (RRF) for the individual 2,3,7,8-PCDDs/Fs and ing dates are representedRrigs. 1 and 2for a better
dioxin-like PCBs were obtained by analysing multi- understanding of the hormonal variations.
analyte standard solution mixtures. The recoveries of
labelled standards were calculated using a mixture of 3.2. Vitellogenin plasma levels
two labelled PCDDs and four PCBs, added before the
HRGC-HRMS analysis. The vitellogenic period in sea bass is character-
To evaluate the accuracy of the procedure a num- ized by a gradual increase of plasma VTG concentra-
ber of quality control (QC) and quality assurance tions, from October until the beginning of spawnings
(QA) measures were applied. This included the anal- in December/January. The high levels of VTG reached
ysis of procedural blanks, certified reference materi- at this date are maintained normally until the end of
als (CARP-2), and the participation in intercalibration the spawning period, showing a sharp decrease around
exercises on food and related matrickklisch et al., May/June. In the present experiment, an increase in
2003. Other common practices such as specific GC plasmalevels on VTG between October and November
separation, sensitivity, resolution power of mass spec- was observed in the group fed with trash fisfig( 1).
trometer, retention times, and acceptable recovery ratesConcentrations of VTG increased then slowly to reach
were routinely attended. maximal levels in February and March. From March, a
2,3,7,8-TCDD equivalents (TEQs) were estimated sharp decrease in plasma levels of VTG was observed,
for PCDD/F congeners and dioxin-like PCBs with an to reach basal levels in May. The group fed with a com-
assigned toxic equivalency factor (TEF) value, based mercial diet showed a similar profile in the variation
on the Fish TEFs reported in 1998 by the World Health of VTG plasma levels, but concentrations detected in
OrganisationVan den Berg et al., 1998 November, December, and February were significantly
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(P<0.05) lower than those observed in the group fed 40

with trash fish. | = Commercial diet
30
3.3. 17B-Estradiol plasma levels
® 20
In reproducing female sea bass, E2 plasma lev-
els increase from the beginning of vitellogenesis in 10 1
October until the beginning of spawnings in Decem- ﬂ l 1 I
ber/January. In the present experiment, the group fed , pl kLl bl =
i e . , §§§§§§§§§§§§§§§§§
with natural food exhibited a very soft increase in & Q,saqeo &0&0&0 RS SRS
plasma E2 levels from October to Janudfig( 2). In o “,b«";«“’h« A3 @«“‘1%"’;«*",\?,9 2 ﬁ:\?é?é‘{\??‘;«%f
. Y S A
February and March E2 plasma concentrations were — ~*'4 w”'v"’,;b“.:v\,;» 2 ~'~‘.\1»?\1»?\:»E’,}?i‘

similar to those of January, and from March on began

to decrease reaching basal plasma levels in April. In Fig. 3. Percentage distribution of each 2,3,7,8-substituted congener
the case of the group feeding a commercial diet, an inliver of fish fed with a natural diet consisting on trash bogue (black
increase in plasma concentrations of E2 was observedbars) or with a commercial diet (grey bars).

between October and December, reaching at this point

a maximal concentration of about 4 ng/ml. These high

levels were maintained in January and February. As a ble of the concentration found in fish fed with the
consequence, plasma E2 levels in December and Jancommercial diet Table 2. Ortho PCBs showed the
uary were significantly® <0.05) higher in the group  highest values, especially in sea bass fed with trash
fed with a commercial diet than in the group fed with  fish, reaching 60,000 pg/g. Levels in sea bass fed with
fish. In March, plasma concentrations of E2 showed acommercialdietwhere much lower, withamean value
a decline that was maintained during April and May. of 39,000 pg/g.

Thus, for the group fed commercial diet, basal values ~ Calculated TEQs were low in both groups: 4.7 in

of E2 were reached in May. sea bass fed with trash fish and 2.7 in sea bass fed with
a commercial diet{able 9. PCDDs and PCDFs were
3.4. Liver concentrations of organochlorines the mostimportant contributors to total TEQs, followed

by nonortho PCBs. The contribution afrtho PCBs to
Total PCDD/Fs concentrations were low in both total TEQs was almost negligible.

groups, not exceeding a value of 20 pdfglfle 9. The
mean concentrations of each 2,3,7,8-substituted con-
generinliver of fish fed with natural food orwithacom- 4. Discussion
mercial diet are presented ifig. 3. A clear difference
in both profiles can be observed between the groups. In the present experiment, sea bass broodstock fed
While sea bass fed with fish exhibited a profile clearly with a commercial diet exhibited lower plasma levels
dominated by low chlorinated furans (2,3,7,8-TCDF, of VTG and higher plasma levels of E2 than animals
1,2,3,7,8-PnCDF, 2,3,4,7,8-PnCDF and 1,2,3,4,7,8- fed with a natural diet. This effect was also observed in
HxCDF), animals fed with a commercial diet were a previous experimeniNavas et al., 1998 Since pro-
dominated by a high prevalence of higher chlorinated duction of VTG is dependent on high plasma E2 levels,
dioxins (OCDD and 1,2,3,4,6,7,8-HpCDD) as well as the results obtained in both studies are indicative of
for some low chlorinated PCDFs (2,3,7,8-TCDF and alterations in the synthesis of VTG. In a previous study

2,3,4,7,8-PnCDF). (Navas et al., 1998 it was hypothesized that lower
Regarding PCBs, average levels were always higher plasma levels of VTG observed in sea bass fed with
than PCDD/F concentrations. Nemtho PCBs (77, a commercial diet were consequence of an inadequate

126 and 169) were higher in sea bass fed with fish dietary balance of fatty acids that could influence the
than in the specimens fed with commercial diet, with overall fatty acid composition of the liver affecting the
average levels of 428 pg/g, which is almost the dou- synthesis of VTGErémont et al., 1984 In accordance
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Table 2
Mean PCDD/F and PCB concentrations and calculated TEQs (pg/g fresh weight) in liver of sea bass fed with a commercial)dietith
a natural diet/ = 3)

Congener Natural diet (Trash fish) Commercial diet (Fodder)

Mean S.E.M. TEQs Mean S.E.M. TEQs
2,3,7,8-TCDF 7.31 0.85 0.37 1.86 0.39 0.09
1,2,3,7,8-PeCDF 4.88 0.86 0.24 0.81 0.18 0.04
2,3,4,7,8-PeCDF 3.32 0.48 1.66 142 0.31 0.71
1,2,3,4,7,8-HxCDF 1.98 0.36 0.02 0.54 0.11 006
1,2,3,6,7,8-HxCDF 0.20 0.03 0.02 0.46 0.10 0.05
2,3,4,6,7,8-HXCDF 0.27 0.02 0.03 0.46 0.11 005
1,2,3,7,8,9-HxCDF 0.36 0.35 0.04 0.31 0.07 0.03
1,2,3,4,6,7,8-HpCDF 0.04 0.01 0.00 0.43 0.11 000
1,2,3,4,7,8,9-HpCDF 0.20 0.18 0.00 0.36 0.07 0.00
OCDF 0.03 0.00 0.00 0.77 0.29 0.00
2,3,7,8-TCDD 0.34 0.04 0.34 0.35 0.05 0.35
1,2,3,7,8-PeCDD 0.62 0.09 0.62 0.60 0.13 0.60
1,2,3,4,7,8-HxCDD 0.01 0.00 0.00 0.38 0.12 019
1,2,3,6,7,8-HxCDD 0.09 0.01 0.09 0.54 0.15 0.01
1,2,3,7,8,9-HxCDD 0.03 0.03 0.03 0.48 0.15 0.10
1,2,3,4,6,7,8-HpCDD 0.03 0.00 0.00 1.29 0.57 0.00
OCDD 0.17 0.09 0.00 2.61 0.76 0.00
Sum PCDD/Fs 19.96 2.87 3.53 13.75 3.53 2.19
PCB 77 237.38 24.86 0.02 116.74 25.87 0.01
PCB 126 173.90 22.70 0.87 53.70 16.90 0.27
PCB 169 16.91 2.38 0.00 8.17 211 0.00
Sum nonertho PCBs 428.20 49.84 0.89 178.62 42.34 0.28
PCB 123 8550.82 1738.29 0.04 7691.75 1531.66 0.04
PCB 118 25796.20 1294.15 0.13 15539.00 9268.49 0.08
PCB 114 634.48 132.14 0.01 1546.50 468.01 0.00
PCB 105 8337.95 2227.22 0.04 4789.50 1202.33 0.02
PCB 167 5437.79 1057.30 0.03 8415.68 6071.68 0.04
PCB 156 7646.96 1283.39 0.04 23.13 0.00 0.00
PCB 157 1755.14 331.05 0.01 580.50 182.11 0.00
PCB 189 1844.92 396.74 0.01 334.00 94.85 0.00
Sumortho-PCBs 60004.27 8 460.27 0.30 38920.06 18581.48 0.19
Total TEQs 4.72 2.66

with this, a clear influence of the fatty acid composition production, has been shown in vitro using primary
of the diets on the fatty acid composition of the eggs trout hepatocytesNavas and Segner, 2000Reduc-
was observedNavas et al., 1998 Probably the fatty  tion of E2 induced VTG production has also been
acid composition of the VTG was also affected, since reported in rainbow trout in vivo afteBNF injec-
VTG accounts for the major part of the oocyte growth tion (Anderson et al., 1996b Some authors have
(Wallace, 198% also reported increases in plasma sex steroid concen-
However, whenBNF was administered through trations after TCDD treatments in great blue heron
the diet to sea bass broodstock a reduction of VTG (Ardea herodias, Janz and Bellward, 199@nd in rain-
plasma levels associated with high plasma concentra-bow trout Oncorhynchus mykiss, Andersson et al.,
tions of E2 was also observedligvas et al., 2004 1993. Intraperitoneal injections of the planar PCB126,
The antiestrogenicity oBNF, i.e. its capacity to pro-  3,3,4,4-tetrachlorobiphenyl, caused also an increase
voke a dose-dependent reduction in E2 induced VTG of E2 plasma levels simultaneously with a reduction of
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VTG plasma concentrations in percdrone ameri-
cana,Monosson et al., 1994In the above-cited studies
abouBNF antiestrogenicity, the reduction of VTG pro-

313

were very low and the toxicity associated to these con-
centrations should be negligible, as evidenced by the
low TEQs values. As a consequence, a direct effect of

duction was accompanied by an increase in the hepaticthese chemicals on the hepatic processes related with

content of cytochrome P4501A (CYP1A) protein or in
CYP1A dependent enzymatic activities. Since CYP1A
induction is mediated by the activation of AhR, a direct
implication of AhR can be suggested. Similarly, TCDD
and PCB126 are also known AhR ligands and acti-
vators Gafe et al., 199land exposure of sea bream,
Sparus aurata, to TCDD in vivo leads to an induction
of CYP1A (Ortiz et al., 2002 All these results sug-
gest a direct implication of AhR in the antiestrogenic
processes observed.

PCBs and PCDDs are poorly metabolized in fish,

the production of VTG stimulated by E2 is unlikely.
In addition, levels of PCBs, PCDDs and PCDFs were
in general higher in liver of female sea bass fed with
fish, exhibiting higher VTG levels, than in liver of sea
bass fed with a commercial diet. As a consequence,
reduction of VTG concentrations observed in sea bass
fed with a commercial diet, with respect to sea bass fed
with fish, cannot be attributed to the accumulation of
these compounds.

The presence of PCBs and some organochlorine
pesticides in the tissues of a variety of organisms

and these compounds bioaccumulate and biomagnify related with the marine environment has been reported
through the marine food chain, so that they may reach (Jiménez et al., 2000; Borrell et al., 2001; Harris
high concentrations in fish oil used for the manufacture et al., 2003; Kannan et al., 2003; Storelli et al., 2003

of fish feed. The presence of sormeho-substituted
PCBs in fish feed and in both commercially and

However, there exists an enormous lack of informa-
tion about the levels of PCDDs, PCDFs and some PCB

laboratory-cultured sea bass has been recently reporteccongeners (particularly noswtho substituted PCBs) in

(Serrano etal., 2003However, thesertho-substituted
PCBs do not exist in planar conformatidd{ana et al.,

commercial marine organism&ntunes and Gil (2004)
found that sea bass from natural environments showed

2002, which is a structural condition necessary for the lower PCB levels than farmed fish. Commercial diets
compound to bind to the AhR and induce antiestro- had been suggested to be a major source of PCBs
genic processes mediated by this receptor. In fact, aand other organochlorine compounds. In addition, the
study carried out in vitro using cultured rainbow trout higher lipid content normally found in farmed fish can,
hepatocytes showed that the antiestrogenic potencyat least in part, be the cause of this effect. The results
of theseortho-substituted PCBs is limiteddhderson from the present study give some more valuable infor-
etal., 1996a mation about the PCDD, PCDF and PCB content in

Inthis work, several compounds showing high bind-
ing affinity for the AhR, and high antiestrogenic capac-
ity have been analysed in liver, including a variety

farmed fish, and, interestingly, these results do not
agree with reported results of other authors since sea
bass fed with natural food exhibited slightly higher val-

of PCDDs, PCDFs and planar PCB#/dng et al., ues of PCBs, PCDDs and PCDFs than sea bass fed

1993; Safe, 1995; Ohtake et al., 200Bue to the with commercial food. These results could be related

hydrophobicity and lipoaffinity of these compounds, with the fact that bogues serving as food were captured

it is expected that other body compartments, such asin coastal areas near harbours thus being exposed to

visceral fat, exhibit higher concentrations than those pollution caused by sea traffic, so that they accumu-

observed in hepatic tissueSdrrano et al., 2003Dur- late higher levels of the analysed chemicals than the

ing vitellogenesis, fat depots are used and contaminantsfish used to prepare the commercial diet of the present

may be redistributed and transported to liver. Since liver experiment.

plays a major role in both detoxification processes and

vitellogenesis, organochlorines present in this organ

could be hampering the synthesis of VTG. Taking that 5. Conclusions

into account, chemical analyses were performed only

in the hepatic tissues. It has been repeatedly observed that fish fed with
Levels of organochlorine compounds detected in a commercial diet exhibited lower plasma concentra-

liver of fish feeding a commercial or a natural diet tions of VTG and higher concentrations of E2 than fish
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fed with a natural diet. These alterations are similar Colborn, T., Clement, C., 1992. Chemically Induced Alterations in
to those observed in female sea bass exposed through Sexual and Functional Development. Princeton Scientific Pub-
the diet to the AhR agonigNF. In the present work, lishing, Princetown, NJ, USA. _

dif b dinthe li trati ft Frémont, L., leger, C., Petridou, B., Gozzelino, M.T., 1984. Effects

) ifierences o _Serve inthe “{er _Concen rations ortyp- of a (» — 3) polyunsaturated fatty acid-deficient diet on profiles
ical AhR agonists, such as dioxins, furans ?md PCBs,  ofserumvitellogenin and lipoprotein in vitellogenic trosino
between sea bass fed with a commercial diet and sea  gairdneri). Lipids 19, 522-528.

bass fed with a natural diet, cannot support the hypoth- Harries, J.E., Sheahan, D.A., Jobling, S., Matthiessen, P., Neall, P.,

esis that the observed hormonal alterations are caused Routiedge, E.J., Rycroft, R., Sumpter, J.P., Tylor, T., 1996. A

by an abnormally high ingestion of these compounds
through the commercial diet.

Acknowledgements

This work was financially supported by projects
REN 2002-00639/GLO and AGL2003/02283 from the
Spanish Ministry of Education and Science (MEC) and
by project ACU 02-004 from INIA. JasMaiia Navas
and Esteban Abad hold R@my Cajal contracts from
MEC.

References

Abad, E., Sad, J., Caixach, J., Rivera, J., 2000. Application of
an automated cleanup system for the analysis of PCDD/PCDF
in environmental samples. J. Chromatogr. A 893, 383—
391.

Anderson, M.J., Olsen, H., Matsumura, F., Hinton, D.E., 1996a. In
vivo modulation of 1B-estradiol-induced vitellogenin synthesis
and estrogen receptor in rainbow tro@ngcorhynchus mykiss)
liver cells byp-naphthoflavone. Toxicol. Appl. Pharmacol. 137,
210-218.

Anderson, M.J., Miller, M.R., Hinton, D.E., 1996b. In vitro mod-
ulation of 1B-estradiol-induced vitellogenin synthesis: effects
of cytochrome P4501A1 inducing compounds on rainbow trout
(Oncorhynchus mykiss) liver cells. Aquat. Toxicol. 34, 327—
350.

Andersson, T., &rlin, L., Olsen, S., Fostier, A., Breton, B., 1993.
Pituitary as a target organ for toxic effects of P4501A1 inducing
chemicals. Mol. Cell. Endocrinol. 91, 99-105.

Antunes, P, Gil, O.,2004. PCB and DDT contamination in cultivated
and wild sea bass from Ria de Aveiro, Portugal. Chemosphere
54, 1503-1507.

Borrell, A, Cantos, G., Pastor, T., Aguilar, A., 2001. Organochlorine
compounds in common dolphin®¢lphinus delphis) from the
Atlantic and Mediterranean waters of Spain. Environ. Pollut. 114,
265-274.

Chana, A., Concejero, M.A., de Frutos, M., Gatez, M.J., Her-
radbn, B., 2002. Computacional studies on biphenyl derivatives.
Analysis of the conformational mobility, molecular electrostatic
potencial, and dipole moment of chlorinated biphenyls. Toxicol-
ogy 15, 1514-1526.

survey of estrogenic activity in United Kingdom inland waters.
Environ. Toxicol. Chem. 15, 1993-2002.

Harris, M.L., Wilson, L.K., Norstrom, R.J., Elliott, J.E., 2003. Egg
concentrations of polychlorinated dibenzatioxins and diben-
zofurans in double-creste@Kalacrocorax auritus) and pelagic
(P. pelagicus) cormorants from the strait of Georgia, Canada,
1973-1998. Environ. Sci. Technol. 37, 822—-831.

Janz, D.M., Bellward, G.D., 1997. Effects of acute 2,3,7,8-
tetrachlorodibenzg-dioxin exposure on plasma thyroid and sex
steroid hormone concentrations and estrogen receptor levels
in adult great blue herons. Environ. Toxicol. Chem. 16, 985—
989.

Jiménez, B., 1997. Environmental effects of endocrine disruptors
and current methodologies for assessing wildlife effects. Trends
Analyt. Chem. 16, 596—606.

Jiménez, B., Jiranez, O., Reich, S., Eljarrat, E., Rivera, J., Galaz,
M.J., 2000. Evaluation of 2,3,7,8 specific congener and toxic
potency of persistent PCDD and PCDF in cetaceans from the
Mediterranean Sea. Environ. Sci. Technol. 34, 756—763.

Kannan, K., Kumar, K.S., Nakata, H., Falandysz, J., Oehme,
G., Masunaga, S., 2003. Polychlorinated biphenyls, dib@nzo-
dioxins, dibenzofurans, apgp’-DDE in livers of white-tailed sea
eables from Eastern Germany, 1979-1998. Environ. Sci. Tech-
nol. 37, 1249-1255.

Kavlock, R.J., Daston, G.P., de Rosa, C., Fenner-Crisp, P., Gray,
L.E., Kaatari, S., Lucier, G., Luster, M., Mac, M.J., Mazka, C.,
Miller, R., Moore, J., Rolland, R., Scott, G., Sheehan, D., Sinks,
T., Tilson, H.A., 1996. Research needs for the risk assessment of
endocrine disruptors: a report of the US-EPA sponsored work-
shop. Environ. Health Perspect. 102 (Suppl. 4), 715-740.

Kime, D.E., 1995. The effects of pollution on reproduction of fish.
Rev. Fish Biol. Fisheries 5, 52—-95.

Malisch, R., Fraisse, D., Abad, E., Rivera, J., 2003. Results of a
quality control study for determination of PCDD/Fs and dioxin-
like PCBs in food and feed samples. Organohal. Compd. 60,
114-117.

Mafarbs, E., Zanuy, S., Bfiez, J., Carrillo, M., Le Menn, F., 1994.
Sea bassLicentrarchus labrax L.) vitellogenin: Il. Validation
of an enzyme linked immunosorbent assay (ELISA). Comp.
Biochem. Physiol. 107 (B), 217-223.

Monosson, E., Fleming, W.J., Sullivan, C.V., 1994. Effects of the pla-
nar PCB 3,34,4-tetrachlorobiphenyl (TCB) on ovarian devel-
opment, plasma levels of sex steroid hormones and vitellogenin,
and progeny survival in the white perchrone americana).
Aguat. Toxicol. 29, 1-19.

Navas, J.M., Segner, H., 1998. Antiestrogenic activity of anthro-
pogenic and natural chemicals. Environ. Sci. Pollut. Res. 5,
75-82.



J.M. Navas et al. / Aquatic Toxicology 75 (2005) 306-315

Navas, J.M., Segner, H., 2000. Antiestrogenicity fahaphthof-
lavone and PAHs in cultured rainbow trout hepatocytes: evidence
for a role of the arylhydrocarbon receptor. Aquat. Toxicol. 51,
79-92.

Navas, J.M., Maarbs, E., Thrush, M., Ramos, J., Zanuy, S., Carrillo,
M., Zohar, Y., Bromage, N., 1998. Effect of dietary lipid com-
position of vitellogenin, 1@3-estradiol and gonadotropin plasma
levels and spawning performance in captive sea bags/trar-
chus labrax L.). Aquaculture 165, 65—79.

Navas, J.M., Zanuy, S., Segner, H., Carrillo, M., 20k
Naphthoflavone alters normal plasma levels of vitellogenif; 17
estradiol and luteinizing hormone in sea bass broodstock. Aquat.
Toxicol. 67, 337-345.

Ohtake, F., Takeyama, K., Matsumoto, T., Kitagawa, H., Yamamoto,
Y., Nohara, K., Tohyama, C., Krust, A., Mimura, J., Chambon, P.,
Yanagisawa, J., Fujii-Kuriyama, Y., Kato, S., 2003. Modulation
of oestrogen receptor signalling by association with the activated
dioxin receptor. Nature 423, 454-550.

Ortiz, J.B., Jingnez, B., Arellano, J., Goaiez de Canales, M.L.,
Gonzlez, M.J., Segner, H., Abad, E., Rivera, J., Sarasquete,
C., 2002. SeabreamSgarus aurata.) specimens exposed to
TCDD: chemical analisis, CYP1A-induction and histopatholog-
ical effects in liver. Organohal. Compd. 56, 111-114.

Prat, F., Zanuy, S., Carrillo, M., de Mones, A., Fostier, A., 1990.

315

Storelli, M.M., Storelli, A., Marcotrigiano, G.O., 2003. Coplanar
polychlorinated biphenyl congeners in the liveafleus melas-
tomus from different areas of the Mediterranean Sea. Bull. Env-
iron. Contam. Toxicol. 71, 276-282.

Tsai, M.J., O'Malley, B.W., 1994. Molecular mechanisms of action
of steroid/thyroid receptor superfamily members. Annu. Rev.
Biochem. 63, 451-486.

Tzukerman, M.T., Esty, A., Santiso-Mere, D., Danielan, P., Parker,
M.G., Stein, R.B., Pike, J.W., McDonnel, D.P., 1994. Human
estrogen receptor transactivational capacity is determined by both
cellular and promoter context and mediated by two functionally
distinct intramolecular regions. Mol. Endocrinol. 8, 21-30.

U.S. Environmental Protection Agency, 1994. Method 1613. Tetra-
through octachlorinated dioxins and furans by isotopic dilution
HRGC-HRMS. Office of Water Regulation and Standards, Wash-
ington, DC.

Vanden Berg, M., Birnbaum, L., Bosveld, A.T., Brunstrom, B., Cook,
P., Feeley, M., Giesy, J.P., Hanberg, A., Hasegawa, R., Kennedy,
S.W., Kubiak, T., Larsen, J.C., van Leeuwen, F.X., Liem, A K.,
Nolt, C., Peterson, R.E., Poellinger, L., Safe, S., Schrenk, D.,
Tillitt, D., Tysklind, M., Younes, M., Waern, F., Zacharewski, T.,
1998. Toxic equivalency factors (TEFs) for PCBs, PCDDs, and
PCDFs for humans and wildlife. Environ. Health Perspect. 106,
775-792.

Seasonal changes in plasma levels of gonadal steroids of seaVos, J.G., Dybing, E., Greim, H.A., Ladefoged, O., Lamb€.,

bassDientrarchus labrax L. Gen. Comp. Endocrinol. 78, 361—
373.

Safe, S., 1995. Modulation of gene expression and endocrine

response pathways by 2,3,7,8-tetrachlorodibgrzmxin and
related compounds. Pharm. Ther. 67, 247-281.

Safe, S., Astroff, B., Harris, M., Zacahrewski, T., Dickerson, R.,
Romkes, M., Biegel, L., 1991. 2,3,7,8-tetrachlorodibepzo-
dioxin (TCDD) and related compounds as antiestrogens: char-
acterization and mechanism of action. Pharmacol. Toxicol. 69,
400-409.

Serrano, R., Simal-J@n, A., Pitarch, E., Hedndez, F., 2003. Bio-
magnification study on organochlorine compounds in marine
aquaculture: the sea bags{entrarchus labrax) as amodel. Env-
iron. Sci. Technol. 37, 3375-3381.

Tarazona, J.V., Brandt, |., Vethaak, A.D., 2000. Health effects
of endocrine-disrupting chemicals on wildlife, with special ref-
erence to the European situation. Crit. Rev. Toxicol. 30, 71-133.

Wallace, R.A., 1985. Vitellogenesis and oocyte growth in non-
mammalian vertebrates. In: Browder, L.W. (Ed.), Developmental
Biology, vol. 1. Plenum, New York, pp. 127-177.

Wang, X., Porter, W., Krishnan, V., Narasimhan, T.R., Safe, S., 1993.
Mechanism of 2,3,7,8-tetrachlorodibenzalioxin (TCDD)-
mediated decrease of the nuclear estrogen receptor in MCF-7
human breast cancer cells. Mol. Cell. Endocrinol. 96, 159-166.

Zanuy, S., Prat, F., Carrillo, M., Bromage, N.R., 1995. Effects of
constant photoperiod on spawning and plasmg-a&stradiol
levels of sea bas®centrarchus labrax). Aquat. Living Resour.

8, 147-152.



	Organochlorine compounds in liver and concentrations of vitellogenin and 17beta-estradiol in plasma of sea bass fed with a commercial or with a natural diet
	Introduction
	Material and methods
	Fish and feeding treatments
	Sampling procedure
	Vitellogenin and 17beta-estradiol analysis
	Analysis of organochlorine compounds in liver samples
	Statistical analysis

	Results
	Spawnings
	Vitellogenin plasma levels
	17beta-Estradiol plasma levels
	Liver concentrations of organochlorines

	Discussion
	Conclusions
	Acknowledgements
	References


