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ABSTRACT The osmoregulatory action of 17b-estradiol (E2) was examined in the euryhaline
teleost Sparus auratas. In a first set of experiments, fish were injected once with vegetable oil
containing E2 (1, 2 and 5 mg/g body weight), transferred 12h after injection from sea water (SW, 38
ppt salinity) to hypersaline water (HSW, 55 ppt) or to brackish water (BW, 5 ppt salinity) and
sampled 12h later (i.e. 24 h post-injection). In a second experiment, fish were injected
intraperitoneally with coconut oil alone or containing E2 (10 mg/g body weight) and sampled after
5 days. In the same experiment, after 5 days of treatment, fish of each group were transferred to
HSW, BW and SW and sampled 4 days later (9 days post-implant). Gill Na+,K+-ATPase activity,
plasma E2 levels, plasma osmolality, and plasma levels of ions (sodium and calcium), glucose, lactate,
protein, triglyceride, and hepatosomatic index were examined. Transfer from SW to HSW produced
no significant effects on any parameters assessed. E2 treatment did not affect any parameter.
Transfer from SW to BW resulted in a significant decrease in plasma osmolality and plasma sodium
but did not affect gill Na+,K+-ATPase activity. A single dose of E2 attenuated the decrease in these
parameters after transfer from SW to BW, but was without effect on gill Na+,K+-ATPase activity. An
implant of E2 (10 mg/g body weight) for 5 days significantly increased plasma calcium, hepatosomatic
index, plasma metabolic parameters, and gill Na+,K+-ATPase activity. In coconut oil-implanted
(sham) fish, transfer from SW to HSW or BW during 4 days significantly elevated gill Na+,K+-
ATPase. Gill Na+,K+-ATPase activity remained unaltered after transfer of E2-treated fish to HSW
or BW. However, in E2-treated fish transferred from SW to SW (9 days in SW after E2-implant), gill
Na+,K+-ATPase activity decreased with respect to HSW- or BW-transferred fish. Shams transferred
to HSW showed increased levels of lactate, protein, and trygliceride in plasma, while those
transferred to BW only displayed increased trygliceride levels. E2-treated fish transferred to HSW
showed higher protein levels without any change in other plasmatic parameters, while those
transferred to BW displayed elevated plasma glucose levels but decreased osmolality and protein
levels. These results substantiate a chronic stimulatory action of E2 on gill Na+,K+-ATPase activity
in the euryhaline teleost Sparus auratas. J. Exp. Zool. 301A:828–836, 2004. r 2004 Wiley-Liss, Inc.

INTRODUCTION

The negative influence of sexual maturation on
seawater adaptability has been well established in
several salmonid species (McCormick and Nai-
man, ’85; Lundqvist et al., ’89; Stuarnes et al., ’94;
Le François et al., 2000). In addition, treatment
with 17b-estradiol (E2) reduces the chloride cell
density, as well as Na+,K+-ATPase activity in gills
of salmonids (Miwa and Specker, ’86; Ikuta et al.,
’87; Madsen and Korsgaard, ’89, ’91; Madsen et al.,
’97), and reduced hepatic flavin-containing mono-
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oxygenase activity in rainbow trout, which in-
creased after seawater transfer and it has been
related to salinity adaptation (Schlenk et al., ’97).

In non-salmonids species, it has also been
demonstrated this negative relationship between
E2 and hypoosmotic capacity. Thus, in Oreochro-
mis mossambicus, E2 treatment reduced this
capacity through a decrease in branchial
Na+,K+-ATPase activity (Vijayan et al., 2001).
Recently, similar negative effects of E2 treatment
on gill Na+,K+-ATPase activity and hypoosmotic
capacity have been reported in Fundulus hetero-
clitus (Mancera et al., 2003).

The pathway used by E2 to affect the osmo-
regulatory system is not known. There are several
in vivo and in vitro evidences about stimulatory
effects of E2 treatment on prolactin (PRL) produc-
tion in teleosts (Nagahama et al., ’75; Wigham
et al., ’77; Olivereau and Olivereau, ’79; Olivereau
et al., ’86; Barry and Grau, ’86). It is well
established the negative effect of PRL on gill
Na+,K+-ATPase activity (Hirano, ’86; McCormick,
’95; Manzon, 2002). In this way, it is possible that
E2 exerts a negative effect on the osmoregulatory
system by increasing plasma PRL levels though a
direct effect of E2 on osmoregulatory organs
cannot be discarded. Accordingly, E2 receptors
have been demonstrated in both intestine and
kidney of salmonids (Persson et al., 2000) and
gilthead sea bream (Socorro et al., 2000).

Gilthead sea bream (Sparus auratus) is an
euryhaline teleost capable of adapting to extreme
changes in environmental salinity. Our group has
analysed the osmoregulatory system of this spe-
cies, by studying responses of plasma parameters
to abrupt changes in salinity (Mancera et al., ’93)
or the osmoregulatory and metabolic effects of
treatment with cortisol (Mancera et al., ’94; Laiz-
Carrión et al., 2003). Recently, we have also
analysed the influence of different hormones
(PRL, growth hormone -GH-, and cortisol) on the
osmoregulatory capacity of gilthead sea bream,
showing a clear role of PRL for adaptation to
hypoosmotic environments, and a possible dual
role of cortisol for adaptation to hypo- and
hyperosmotic environments (Mancera et al.,
2002). However, as far as we are aware, there
are no studies available regarding the osmoregu-
latory effects of E2 in this species. The aim of the
present study was, therefore, to establish effects of
E2 treatment on hypoosmoregulatory and hyper-
osmoregulatory capacity in S. auratus. The results
are discussed in relation to the osmoregulatory
role of this hormone in other teleosts.

MATERIAL AND METHODS

Fish

Immature male gilthead sea bream (Sparus
aurata L., 40–60 g body weight) were provided
by Planta de Cultivos Marinos (CASEM, Univer-
sidad de Cádiz, Puerto Real, Cádiz, Spain) and
transferred to the web laboratories at Faculty of
Marine Science (Puerto Real, Cádiz). They were
acclimated to SW in 300 L aquaria for, at least, 2
weeks in an open system (38 ppt salinity, 1000
mOsm/kg H2O) before the experiments. BW (5 ppt
salinity, 130 mOsm/kg H2O) was obtained by
mixing SW with dechlorinated tap water in a
recirculating system. HSW (55 ppt salinity, 1554
mOsm/kg H2O) was obtained by mixing full SW
with natural marine salts (Unionsal, Cádiz, Spain)
in a recirculating system. In the Experiment 2 (see
below) the system in the tanks containing SW was
also recirculated to be comparable with that of BW
and HSW fish. Once the systems became recircu-
lated, the common water quality criteria (hard-
ness, and the levels of oxygen, carbon dioxide,
hydrogen sulphide, nitrite, nitrate, ammonia,
calcium, chlorine and suspended solids) were
assessed with no major changes being observed.
Water salinity was checked every day and cor-
rected when necessary. During the experiments
(May-June), fish were maintained under natural
photoperiod and constant temperature (181C), and
fed daily with 1% body weight commercial dry
pellets (Dibaq-Diprotg SA, Segovia, Spain). They
were fasted for 24 h before hormone injection and
sampling. The experiments described comply with
the Guidelines of the European Union Council (86/
609/EU) and of the University of Cádiz (Spain) for
the use of laboratory animals.

Injection protocol

Fish were caught by netting, lightly anaesthe-
tized with 2-phenoxyethanol (0.05% v/v; Sigma),
weighed, injected intraperitoneally (5 ml g-1 body
weight) with E2 (Sigma E-8875) and returned to
their tanks. Hormone for short-term treatment
(Experiment 1) was suspended in vegetable oil
(commercial sunflower oil) while for long-term
treatment (Experiment 2) was suspended in coco-
nut oil (Sigma C-1758). Hormone was injected
intraperitoneally, and vehicle injections served as
controls. No mortality was observed during the
experiments.
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Experimental design

Experiment 1: SW-adapted fish received a single
injection of E2 (1, 2 or 5 mg/g body weight)
suspended in vegetable oil and were transferred
to HSW 12h after the injection. Twelve h after the
transfer (24h post-injection) the fish were sampled
(see below). A similar protocol was also followed
transferring fish from SW to BW.

Experiment 2: SW-adapted fish were implanted
with slow-release coconut oil implants alone
(sham) or containing E2 (10 mg/g body weight).
This dose has been previously used in this species
by other authors who showed a chronic increase in
E2 levels during at least 2 weeks (Mosconi et al.,
’98; Guerreiro et al., 2002; Cavaco et al., 2003). In
our study, 5 days after implant, 12 fish of coconut
oil-implanted (sham) group and 12 fish of E2-
implanted group were sampled. At the same time,
12 fish of each group were transferred to HSW
(hyperosmotic test), BW (hypoosmotic test) and
SW (transfer test). Four days after transfer, all
groups were sampled (see below).

Sampling

Fish were deeply anaesthetized with 2-phenoxy-
ethanol (0.1% v/v), and weighed. Blood was
obtained in ammonium-heparinized syringes from
the caudal peduncle. Plasma samples were ob-
tained after centrifugation of blood (1 min at
10,000 g) and were immediately frozen on dry ice
and stored at �801C until further assay. Gill
tissue was dissected and placed in 100 ml of ice-cold
SEI buffer (150 mM sucrose, 10 mM EDTA, 50
mM imidazole, pH 7.3) and frozen at �801C. In
the Experiment 2, gills and liver were weighed,
frozen on dry ice and stored at �801C until
assayed.

Analytical techniques

Gill Na+,K+-ATPase activity was determined
using the microassay method of McCormick (’93)
adapted to gilthead seabream (Mancera et al.,
2002). Gill tissue was defrozen and homogenized
in 125 ml of SEI buffer with 0.1% deoxycholic acid,
then centrifuged at 2000 g for 30 s. Duplicate 10 ml
homogenate samples were added to 200 ml assay
mixture with and without 0.5 mmol.l�1 ouabain in
96-well microplates at 251C and read at 340 nm for
10 min with intermittent mixing. Ouabain-sensi-
tive ATPase activity was detected by enzymatic
coupling of ATP dephosphorylation to NADH
oxidation and expressed as mmol ADP mg�1

protein.h-1. The protein content was determined

using the Pierce BCA Protein kit (Pierce, Rock-
ford, IL) with bovine albumin as standard. Both
assays were run on a microplate reader as above.

Plasma glucose and lactate were measured
using commercial kits from Sigma (Sigma #16–
20UV and Sigma #735, respectively) adapted to
microplates (Stein, ’63; Iwama et al., ’89). Plasma
protein was measured using the bicinchoninic acid
method (Smith et al., ’85) with the BCA protein kit
(Pierce) for microplates using bovine serum
albumin as standard. Plasma triglycerides were
determined enzymatically with a commercial kit
(Sigma #334-UV; Bucolo and David, ’73) in
microplates. These assays were run on a Bio
Kinetics EL-340i Automated Microplate Reader
(Bio-Tek Instruments, Winooski, VT) using Del-
taSoft3 software for Macintosh (BioMetallics, Inc.,
Princeton, NJ). Plasma osmolality was measured
with a vapor pressure osmometer (Fiske One-Ten
Osmometer, Fiske, VT) and expressed as
mOsm.kg�1. Plasma Na+ was measured using a
atomic absorption spectrophotometer (Philips
PU7000), and plasma Ca++ levels with a commer-
cial kit (Spinreact, Madrid, Spain).

Statistics

In Experiment 1 differences among groups were
assessed by one-way ANOVA. In Experiment 2,
the differences between sham and E2-treated fish
after 5 days of implantation were assessed with a
Student t test (significance level Po0.05). The
differences observed between different groups
assessed after 5 days of implantation followed by
subsequent transfer to different salinities for 4
days were analyzed using a two-way ANOVA with
treatment (sham and 17b-estradiol) and salinity
(BW, SW, and HSW) as independent variables.
When significant differences were obtained from
the ANOVA multiple comparisons were carried
out using the Student-Newman-Keuls test. Sig-
nificance level was set at Po0.05.

RESULTS

Transfer of S. auratas from SW to HSW for 12 h
did not significantly change any osmoregulatory
parameter assessed. E2 treatment previous to
transfer had not effect on gill Na+,K+-ATPase
activity and plasma osmolality, and the remaining
parameters evaluated in plasma (Table 1). Only a
significant increase was observed in plasma
calcium levels in fish treated with the higher dose
of E2.
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Hypoosmotic transfer for 12 h significantly
decreased plasma osmolality and plasma ions
(sodium and calcium) but did not affect gill
Na+,K+-ATPase activity (Table 2). E2 treatment
previous to transfer was without effect on gill
Na+,K+-ATPase activity, or in glucose, lactate,
and protein levels in plasma while increased
plasma levels of triglycerides (Table 2).

The implant of E2 (10 mg/g body weight in
coconut oil, Experiment 2) for 5 days significantly
increased plasma levels of calcium and metabolic
parameters, hepatosomatic index, and gill
Na+,K+-ATPase activity (Fig. 1, Table 3). In sham
fish, transfer from SW to HSW during 4 days
significantly increased gill Na+,K+-ATPase activ-
ity but was without effect on plasma osmolality
and plasma sodium. On the other hand, transfer of
sham fish to BW induced an increase in gill
Na+,K+-ATPase activity. Gill Na+,K+-ATPase
activity remained unaltered after transfer of E2-
treated fish to HSW or BW. However, in treated
fish transferred from SW to SW (9 days in SW

after E2-implant), gill Na+,K+-ATPase activity
decreased with respect to HSW- or BW-trans-
ferred fish (Table 3). Plasma osmolality decreased
significantly in E2-treated fish under hyposmotic
change, whereas no changes were observed after
transfer to HSW. As for plasma metabolic para-
meters, sham fish transferred to BW for 4 days
displayed increased triglyceride levels. However,
transfer to HSW increased significantly plasma
levels of lactate, protein and triglyceride. E2-
treated fish transferred to HSW showed higher
protein levels compared with shams without any
change in other plasmatic parameters. Finally,
transfer of treated fish to BW increased plasma
glucose levels while decreased protein levels
compared with shams.

DISCUSSION

In this study, we aimed to assess the osmo-
regulatory action of E2 on the hyperosmotic and
hypoosmotic capacity of gilthead sea bream using

TABLE1. E¡ects of a single dose of 17b-estradiol (E2) on gill Na+,K+-ATPase activity, several parameters in plasma, and hepatosomatic
index (HSI) following transfer from SW to HSW. Fish were kept in SW12h following treatment and then transferred to HSW for 12h

SW E2 0 mg/g E2 1 mg/g E2 2 mg/g E2 5 mg/g

Gill Na+,K+-ATPase (mmol ADP/mg prot./h) 12.1270.49a 12.9070.92a 11.5870.57a 12.0170.79a 10.8670.60a

Osmolality (mOsm/kg) 347.177.8a 351.173.8a 378.376.5a 374.878.0a 363.3710a

Na+ (mM) 168.873.8a 167.274.4a 165.075.3a 162.373.7a 159.775.7a

Ca++ (mM) 2.1170.09a 2.2770.06a,b 2.2670.11a,b 2.4470.08a,b 2.5470.09b

Glucose (mM) 3.9170.19a 4.4270.22a 4.4170.15a 4.3170.16a 4.8470.12a

Lactate (mM) 1.0170.08a,b 1.1170.07a,b 0.9970.07a 1.2470.14a,b 1.3970.11b

Protein (mg/ml) 36.471.3a 37.170.8a 39.471.0a 40.470.8a 38.670.9a

Triglycerides (mM) 1.5570.05a 2.0070.09a,b 2.3770.21b 1.9970.14a,b 2.1970.09a,b

HSI (%) 1.3870.02a 1.2370.02a 1.3770.06a 1.2870.02a 1.3270.04a

Values are the mean7SEM (n¼7^8).
a,bDi¡erent letters indicate signi¢cant di¡erences among groups (Po0.05, one-wayANOVA).

TABLE 2. E¡ects of a single dose of 17b-estradiol (E2) on gill Na+,K+-ATPase activity, several parameters in plasma, and hepatosomatic
index (HSI) following transfer from SW to BW. Fish were kept in SW12h following treatment and then transferred to BW for 12h

SW E2 0 mg/g E2 1 mg/g E2 2 mg/g E2 5 mg/g

Gill Na+,K+-ATPase (mmol ADP/mg prot./h) 11.8371.06a 11.5371.01b 11.3570.44a 11.2571.05a 11.1870.63a

Osmolality (mOsm/kg) 349.575a 291.873.9b 311.274.7b 310.276.1b 302.374.6b

Na+ (mM) 166.874.8a 124.472.4b 133.672.2b 134.874.8b 125.272.3b

Ca++ (mM) 2.1570.11a 1.7070.09a 1.8070.06a,b 1.8270.07a,b 1.9870.07a,b

Glucose (mM) 4.0170.18a 3.6470.22a 3.7970.15a 4.4570.16b 3.6870.12a

Lactate (mM) 1.1670.05a 1.1970.07a 1.1270.09a 1.4570.07b 1.1570.05a

Proteins (mg/ml) 36.970.8a 36.271.0a 37.370.6a 37.370.8a 37.871.1a

Triglycerides (mM) 1.7570.05a 1.7670.09a 2.3470.21b 2.4870.14b 2.4970.09b

HSI (%) 1.3670.04a 1.3770.06a 1.3770.04a 1.3470.06a 1.3270.02a

Values are the mean7SEM (n¼7^8).
a,bDi¡erent letters indicate signi¢cant di¡erences among groups (Po0.05, one-wayANOVA).
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two types of E2 treatment: short-term treatment
with a single injection of different doses of E2, and
long-term treatment using a slow-release implant.
In addition, two sampling times were selected for
checking osmoregulatory action of E2: 12h after
transfer for short-term experiments, and 4 days
for long term experiment. Thus, in the experi-
ments involving short term treatment (Experi-
ment 1 with sampling time at 12h post-transfer)
we aimed to check the influence of E2 on the
adaptative period after transfer, while in the long-
term treatment (Experiment 2 with sampling time
at 4 days post-transfer) we aimed to test the
influence of E2 on the chronic regulatory period
after transfer.

The method for delivery and the dose of E2 used
have been demonstrated to produce a stable
increase in the levels of E2 in the blood in different
species of teleosts including gilthead seabream
(Mosconi et al., ’98; Guerreiro et al., 2002; Cavaco
et al., 2003). Moreover, E2 treatment is known to
increase plasma levels of vitellogenin and calcium,
and hepatosomatic index in teleost fish (Mommsen
and Walsh, ’88). In the present experiments,
plasma calcium and protein, and hepatosomatic
index were significantly higher in E2-treated fish
compared with controls, which is a fair indicator of TA
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Fig. 1. Effect of a implant of coconut oil alone (sham) or
containing E2 (10 mg/g body weight) on gill Na+,K+-ATPase
activity of gilthead sea bream after 5 days in SW followed by
transfer to, HSW (hyperosmotic test), BW (hypoosmotic test)
and SW (transfer test) during 4 days. Values are the
mean7SEM (n¼7–8). n, significantly different (Po0.05) from
fish implanted with coconut oil alone (sham) under the same
experimental conditions. Different letters indicate significant
differences (Po0.05) among groups (BW, SW, and HSW)
within each treatment (sham and estradiol).
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an effective E2 treatment in the present experi-
ments.

It is well known that in euryhaline fish, the
abrupt transfer to extreme salinities (such as
those in our experimental design: from SW-38
ppt- to HSW-55ppt- and from SW-38 ppt- to BW-
5ppt-) results in changes in plasma osmotic
parameters, with the subsequent activation of
the osmoregulatory system trying to recover the
original values. Two phases have been described in
that process such as: i) an adaptative period
involving changes in osmotic parameters, and ii)
a chronic regulatory period, where these para-
meters reach again homeostasis (Holmes and
Donaldson, ’69; Maetz, ’74). Our group have
demonstrated previously that gilthead sea bream
presented a short adaptative period of 24–48h
during hypoosmotic transfer (from SW to BW)
(Mancera et al., ’93; Mancera et al., 2002). The
results of the present experiment agree with that
model showing plasma hypoosmolality, and a
reduction in plasma ion levels after hypoosmotic
transfer. However, hyperosmotic transfer (from
SW to HSW) did not induce any change in plasma
osmolality or plasma ion levels, either suggesting
that the adaptative period is shorter or that fish
present a higher resistance to changes in the
internal milieu under this situation. On the other
hand, we have found previously (in the chronic
regulatory period) an increase in gill Na+,K+-
ATPase activity only 3 days after hyperosmotic or
hypoosmotic transfer (Laiz-Carrión, Guerreiro,
Fuentes and Mancera, unpublished data). The
results of Experiment 2 confirmed these previous
data.

There are no data available regarding the
dynamics of gill Na+,K+-ATPase activity in gilt-
head sea bream under hyperosmotic and hypos-
motic transfer. In teleosts, it has been reported a
rapid non-genomic activation of gill Na+,K+-
ATPase pump involving phosphorylation and/or
membrane insertion of the protein, while the slow
activation is associated with genomic changes, and
involve an increase in the biogenesis of chloride
cells, as well as in the synthesis of new molecules
(Fosket et al., ’81; Hwang et al., ’89; Uchida and
Kaneko, ’96; Mancera and McCormick, 2000;
Tipsmark and Madsen, 2001). In the present
experiments, changes in gill Na+,K+-ATPase
activity were only noticed at 3 days, but not at
24h, suggesting a genomic nature for changes due
to an enhanced production of new molecules of
Na+,K+-ATPase, which is associated with chloride
cell differentiation/synthesis in this species upon

hyperosmotic and hypoosmotic transfer. Short-
term treatment of S. auratus with a single
injection of different doses of E2 did not affect gill
Na+,K+-ATPase activity after hyperosmotic or
hypoosmotic transfer. These results, together with
results from long-term treatment with E2 provide
further support for a genomic action of E2 on
enzymatic activity.

In salmonids, long-term E2 treatment is known
to reduce chloride cell density, as well as gill
Na+,K+-ATPase activity (Miwa and Specker, ’86;
Ikuta et al., ’87; Madsen and Korsgaard, ’89, ’91;
Madsen et al., ’97). In non-salmonid fish, a
negative effect of E2 on gill Na+,K+-ATPase
activity has been also demonstrated in O. mos-
sambicus (Vijayan et al., 2001), and F. heteroclitus
(Mancera et al., 2003). In addition, Vijayan and
colleagues (2001) suggested that the reason for
decreased branchial Na+,K+-ATPase activity and
hypoosmoregulatory capacity after E2 treatment
in O. mossambicus was the reduced metabolic
capacity observed in liver and gills. In the present
study, E2 treatment for 5 days clearly induced an
increase in gill Na+,K+-ATPase activity. To our
knowledge, this is the first report about a
stimulatory action of this hormone on gill
Na+,K+-ATPase activity. E2 implant also in-
creased plasma osmolality, which could be attri-
butable to the increased levels of plasma
metabolites observed in plasma of these fish
(glucose, lactate, and protein).

After 5 days, E2 treatment increased hepatoso-
matic index and plasma calcium, and protein
levels suggesting an increase in vitellogenin
production, as demonstrated previously in this
species under similar hormonal treatment (Mos-
coni et al., ’98; Guerreiro et al., 2002; Cavaco et al.,
2003). In addition, this treatment also increased
plasma levels of glucose, lactate and triglycerides.
The results obtained for glucose agree with those
previously found in several teleost species after E2

treatment (Korsgaard and Mommsen, ’93; Woo
et al., ’93; Sunny et al., 2002), whereas no previous
studies have dealt with changes in plasma levels of
lactate and triglycerides. In a previous paper
(Sangiao-Alvarellos et al., 2003) we have suggested
that lactate and tryglicerides could be used as fuel
in gill cells during acclimation of S. aurata to
different environmental salinities, which could
support the higher gill Na+,K+-ATPase activity
observed in the hyperosmotic environment. In
addition, we have also demonstrated (Laiz-Carrión
et al., 2003) that cortisol administration to gilt-
head sea bream induces a simultaneous increase
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in both Na+,K+-ATPase activity in gills, and
lactate and triglyceride levels in plasma. Our
results after E2 treatment suggest that this
hormone increased levels of plasma metabolites
to support the enhanced osmoregulatory work of
gill epithelia. Moreover, considering the important
metabolic changes elicited by 17b-estradiol on
liver carbohydrate metabolism (Mommsen and
Walsh, ’88; Korsgaard and Mommsen, ’93), the
increased levels of plasma metabolites could be
also the consequence of enhanced hepatic produc-
tion to satisfy the liver production of vitellogenin
and its uptake and further accumulation in
gonads. The presence of E2 receptors has been
demonstrated in both intestine and kidney, but
not in chloride cells of fish (Persson et al., 2000;
Socorro et al., 2000). However, considering the
stimulatory effect of E2 on gill Na+,K+-ATPase
activity, the existence of receptors in those cells
could be a reasonable hypothesis.

In addition to the possible interaction of E2 with
gill receptors, E2 treatment can also affect indir-
ectly the parameters evaluated in the present
study by an influence on other endocrine systems.
In several teleosts, it has been demonstrated that
E2 treatment increased plasma PRL levels (Naga-
hama et al., ’75; Wigham et al., ’77; Olivereau and
Olivereau, ’86; Barry and Grau, ’86; Poh et al., ’97;
for other references see Brinca et al., 2003).
Moreover, it is known that in several teleosts,
including S. auratas, PRL treatment decrease gill
Na+,K+-ATPase activity (Manzon, 2000; Mancera
et al., 2002). In gilthead sea bream the presence of
PRL secretion due to E2 treatment is depending
on season since E2 treatment for 7 days increased
in vitro PRL release in winter while lowered PRL
release in spring (Brinca et al., 2003). Since we
have carried out the present E2-implant experi-
ments during spring (May-June), a decrease in the
basal secretion of PRL with lower PRL plasma
levels could be expected. Thus, E2 treatment could
reduce circulating PRL levels and therefore
produce a decrease in the inhibitory effect of this
hormone on gill Na+,K+-ATPase activity.

Considering that E2 treatment is known to
elevate GH production in tilapia (Poh et al., ’97),
a similar situation could be expected in the
present experiments. However, considering that
GH treatment has no clear effects on hypoosmotic
capacity in gilthead sea bream (Mancera et al.,
2002) an effect of E2 mediated by GH do not seem
apparent. It is also well known that cortisol
stimulates gill Na+,K+-ATPase activity in teleosts,
including gilthead sea bream (McCormick, ’95;

Mancera et al., 2002, Laiz-Carrión et al., 2003). We
have no data about cortisol levels in E2-treated
gilthead sea bream, but considering that E2

treatment in tilapia does not affect cortisol
production (Vijayan et al., 2001), we may hypothe-
size a similar situation in our study, thus exclud-
ing a stimulation of gill Na+,K+-ATPase activity
by cortisol.

After transfer from SW to BW or HSW, sham
fish increased gill Na+,K+-ATPase activity with
respect to fish transferred to SW. These data agree
with the typical ‘‘U-shaped’’ relation between gill
Na+,K+-ATPase and environmental salinity
showed previously in some euryhaline species
(see Jensen et al., ’98), including gilthead sea
bream (Laiz-Carrión, Guerreiro, Fuentes and
Mancera, unpublished data). However, E2-treated
gilthead sea bream transferred to BW and HSW
showed similar gill Na+,K+-ATPase activity with
respect to values observed before transfer. The non
existence of an increase in this activity associated
to hypo- or hyperosmotic transfer in E2-treated
fish could suggest the inability of chloride cells to
enhance Na+,K+-ATPase under a new stimuli
(salinity transfer after E2 treatment).

It is interesting to remark that SW-adapted E2-
implanted fish presented higher gill Na+,K+-
ATPase activity at 5 days post-implant, but
showed a decrease in this activity 9 days post-
implant. A loss in sensitivity of gill chloride cells to
exogenous E2 or an exhaustion of gill chloride cells
as a consequence of high E2 levels during nine
days could be also responsible for the data
obtained. The presence of E2 receptors in the
chloride cells of fish has not been demonstrated
yet (Persson et al., 2000; Socorro et al., 2000). If
those receptors were present, a downregulation by
high hormonal levels, similarly to that demon-
strated previously for corticosteroids receptors
(Maule and Schreck, ’91; Shrimpton and Randall,
’94), could help to explain the results of the
present study. However, E2-implanted fish under
hyperosmotic or hypoosmotic transfer maintained
higher gill Na+,K+-ATPase activity at least for 4
more days indicating that chloride cells were able
to maintain this enzyme activity. These results
also suggest that, in addition to hormones, other
factors (like changes in salinity) are also necessary
for the activation of chloride cells (Foskett et al.,
’81; Zadunaisky et al., ’95; Mancera and McCor-
mick, ’98).

In conclusion, our results showed a clear
stimulatory effect of E2 on gill Na+,K+-ATPase
activity after long- but not after short-term
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treatments. To our knowledge, this is the first
report about this stimulatory effect of E2 in
teleosts. Previously, it has been reported that E2

treatment decreases gill Na+,K+-ATPase activity
and osmoregulatory capacity in salmonids (Miwa
and Specker, ’86; Ikuta et al., ’87; Madsen and
Korsgaard, ’89, ’91; Madsen et al., ’97), O.
mossambicus (Vijayan et al., 2001) and F. hetero-
clitus (Mancera et al., 2003). Differences among
species as well as in the history of the fish and in
their environment may be at the basis for such
discrepancies.
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J.M. GUZMÁN ET AL.836


