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Abstract Previous studies have shown that Senegalese

sole is partially euryhaline in the juvenile phase, being able

to adapt to a wide range of salinities in a short-time period,

due to changes at the osmoregulatory and metabolic level.

This study aimed to assess the effects of acclimation of sole

to a wide range of salinities, with a special emphasis on the

role of plasma amino acids during this process. Sole

juveniles were acclimated for 2 weeks to different salini-

ties: 5, 15, 25, 38, and 55 g L-1. Plasma levels of cortisol,

glucose, osmolality, and free amino acids were assessed at

the end. Changes in plasma levels of cortisol, glucose, and

amino acids indicate that fish reared at 5 and 55 g L-1

were facing extra energy costs. Amino acids seem to play

an important role during salinity acclimation, either as

energy sources or as important osmolytes for cell volume

regulation.

Keywords Salinity acclimation � Stress � Amino acids �
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Introduction

Senegalese sole (Solea senegalensis Kaup 1858) is a

Pleuronectiform that inhabits coastal waters and estuaries

(Bauchot 1987; Quéro et al. 1986). Therefore, it is

expected that this species can tolerate a wide range of

salinities. In previous studies it has been shown that

Senegalese sole is partially euryhaline in the juvenile

phase, being able to adapt to a wide range of salinities (5–

55 g L-1) in a short-time period. The osmotic acclimation

to different environmental salinities induced changes at

osmoregulatory and metabolic levels, as well as the acti-

vation of the stress system (Arjona et al. 2007, 2008).

During osmotic acclimation of euryhaline fish species

an enhanced energy requirement in osmoregulatory (as

gills and kidney) and non-osmoregulatory (as liver and

brain) tissues, involved directly or indirectly on osmo-

regulatory work, is observed. These increased energy

requirements must be fuelled by metabolites as glucose,

lactate, or amino acids (Sangiao-Alvarellos et al. 2003,

2005; Soengas et al. 2008). Cortisol is considered to be an

important hormone in osmotic acclimation and stress

response in teleosts (Laiz-Carrión et al. 2003; McCormick

2001; Mommsen et al. 1999), including Senegalese sole

(Arjona et al. 2007, 2008; Costas et al. 2008). Among other

functions, cortisol may regulate energy metabolism by

affecting important metabolic pathways as gluconeogen-

esis, glycogenesis, lipogenesis, glycolysis, glycogenolysis,

or amino acid catabolism (Laiz-Carrión et al. 2002, 2003;

Mommsen et al. 1999).

Cortisol administration affects plasma concentration of

some indispensable amino acids in fish (Vijayan et al.

1997). Moreover, stress conditions that induced high

plasma cortisol levels modified fish amino acid metabolism

in several teleost species (Milligan 1997; Vijayan et al.
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1997), including Senegalese sole (Aragão et al. 2008;

Costas et al. 2008; Pinto et al. 2007). It has been suggested

that fish under stressful conditions have additional amino

acid requirements, due to higher energetic requirements or

for the synthesis of stress-related proteins (Aragão et al.

2008; Costas et al. 2008; Pinto et al. 2007). Therefore, the

possible changes in cortisol due to osmotic acclimation and

the increased energy requirements during this process are

expected to have a great impact on amino acid metabolism

in Senegalese sole.

During osmotic acclimation amino acids present a role

not only as energetic substrates, but also as plasma and cell

osmolytes. Osmotic pressures in teleost fish are regulated at

nearly constant levels, even in euryhaline species (Yancey

2001a). In order to maintain cell osmolality and volume,

marine fish rely on the use of organic osmolytes, since the

use of inorganic ions may be incompatible with long-term

protein functions (Yancey 2001b). These organic osmo-

lytes are essentially nitrogen-based compounds, in which

several amino acids as glycine, b-alanine, or taurine are

included (Yancey 2001a). Dispensable amino acids seem to

be preferentially used for osmoregulatory proposes, rather

than the ten amino acids considered indispensable for the

fish, as they cannot synthesise them (arginine, histidine,

isoleucine, leucine, lysine, methionine, phenylalanine,

threonine, tryptophan, and valine—Wilson 2002).

Although amino acids seem to assume a significant

importance during osmotic acclimation, few studies with

fish have focussed on this subject. Therefore, the purpose

of this study was to assess the effects of acclimation of the

euryhaline Senegalese sole to a wide range of environ-

mental salinities. The study focused on modifications in

plasma amino acid levels and stress-related plasma indi-

cators. The results will be discussed in relation to the role

of plasma amino acids during osmotic acclimation in

teleosts.

Materials and methods

Experimental procedures

The experiment was carried out in the wet laboratories at the

Faculty of Marine and Environmental Sciences (Puerto Real,

Cadiz, Spain), following an experimental protocol of accli-

mation to different environmental salinities used previously

with Senegalese sole (Solea senegalensis; Arjona et al. 2007,

2008). Immature juveniles of Senegalese sole (60 ± 15 g

wet weight) acclimated to full-strength seawater (38 g L-1)

were randomly divided into five groups (n = 10 for each

group) and transferred into 400-L tanks. Each tank contained a

different salinity: 5 (140 mOsm kg-1 H2O), 15 (364 mOsm

kg-1 H2O), 25 (637 mOsm kg-1 H2O), 38 (1,090 mOsm

kg-1 H2O), and 55 g L-1 (1,546 mOsm kg-1 H2O), main-

tained by recirculating the tank water. The experimental

salinities were achieved either by mixing full-strength

seawater (38 g L-1) with dechlorinated tap water or by

mixing full-strength seawater with natural marine salt

(Salina de La Tapa, Puerto de Santa Marı́a, Cadiz, Spain).

Water salinity was checked daily and corrected when nec-

essary by the addition of small volumes of either freshwater

or seawater. During the experimental period, water quality

criteria (hardness, oxygen, carbon dioxide, hydrogen sul-

phide, nitrite, nitrate, ammonia, calcium, chlorine, and

suspended solids) were assessed with commercial available

kits and standard protocols; no major changes were

observed. During the experiment the fish were maintained

under natural photoperiod (November 2006) and constant

temperature (16–17�C). Fish were fed once daily with

commercial dry pellets (Dibaq-Diproteg SA, Segovia,

Spain) at a ration of 1% body weight. All experimental

procedures complied with the Guidelines of the European

Union Council (86/609/EU) and of the University of Cadiz

for the use of laboratory animals.

Fish were exposed to the different environmental

salinities for 2 weeks. At the end of the experimental

period, they were fasted for 24 h before sampling, in order

to avoid any influence of feeding on cortisol and glucose

levels (Arends et al. 1999). Fish were anaesthetised with

2-phenoxyethanol (1,000 ppm; Sigma-Aldrich, Germany).

Blood was withdrawn individually from the caudal vein of

the fish using 1-mL syringes rinsed with a solution

containing 25,000 U ammonium heparin per 3 mL NaCl

0.9%. After each tank sampling, which took 10–15 min,

blood was centrifuged at 10,0009g for 3 min at 4�C. The

collected plasma was frozen in liquid nitrogen for further

analysis of cortisol, glucose, osmolality, and free amino

acid levels. Analytical procedures were carried out at the

Centro de Ciências do Mar do Algarve (CCMAR, Faro,

Portugal) facilities and the samples were stored at -25�C

until analysis.

Analytical procedures

Although ten fish per treatment were sampled, due to the

small size of fish, the plasma volume obtained was not

enough to analyse all the parameters in all individuals.

Therefore, for each of the parameters determined (cortisol,

glucose, osmolality, and free amino acids), plasma samples

from six individual fish were analysed.

Plasma cortisol was determined by radioimmunoassay

(RIA) as described by Rotllant et al. (2006). Briefly, 50 lL

of plasma samples was diluted in 950 lL phosphate buffer

containing 1 g L-1 gelatin, pH 7.6, and denatured at 80�C

for 1 h. Duplicate aliquots (100 lL) of diluted denatured

plasma were then used in the assay.
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Plasma glucose was assayed using a commercially

available kit (Boehringer Mannheim, R-Biopharm AG.,

Darmstadt, Germany). Plasma osmolality was determined

using a cryo-osmometer (Osmomat 030, Gonotec, Berlin)

and expressed as mOsm kg-1 H2O.

Plasma samples for free amino acid analysis were

deproteinised by centrifugal ultrafiltration (10 kDa cut-

off, 2,5009g, 20 min, 4�C). After deproteinisation,

samples were pre-column derivatized with phenylisothi-

ocyanate (PITC, Pierce), using the PicoTag method

(Waters, USA) described by Cohen et al. (1989). Exter-

nal standards were prepared along with the samples,

using physiological amino acid standard solutions (acid/

neutral and basics from Sigma) and a glutamine solution.

Norleucine was used as an internal standard. Samples

and standards were analysed by high pressure liquid

chromatography (HPLC) in a Waters Reversed-Phase

Amino Acid Analysis System, equipped with a PicoTag

column (3.9 9 300 mm), a column heater (set at 46�C),

a binary pump, an autosampler, and an UV/Vis detector

(at 254 nm), using the conditions described by Cohen

et al. (1989). Resulting peaks were analysed with the

Breeze software (Waters).

Data analysis

For each plasma parameter analysed, results were

expressed as mean ± standard deviation (SD) of six

individual fish samples. Data were analysed by one-way

analysis of variance (ANOVA) using the computer pack-

age SPSS for Windows 15.0. When significant differences

were obtained from the ANOVA, Tukey’s post hoc tests

were used to identify significantly different groups.

The level of significance used was P B 0.05 for all sta-

tistical tests.

Results

Acclimation of Senegalese sole juveniles from full-strength

seawater (38 g L-1) to different environmental salinities

affected some plasma parameters, as shown in Table 1. In

fish acclimated to 55 g L-1 a significant increase in corti-

sol and osmolality levels was found compared with the

other salinities tested. A significant effect of the environ-

mental salinity on plasma glucose levels was also found, as

detected by one-way ANOVA (P = 0.023). However, the

post hoc tests could not identify the significantly different

groups, which are probably related to the high variability

found for this parameter. Nevertheless, the mean plasma

glucose level tended to be lower in specimens acclimated

to extreme environmental salinities (5, 55 g L-1), with

respect to the other salinities tested.

Plasma total free amino acid concentrations were affected

by environmental salinities, showing a ‘‘U-shaped’’ rela-

tionship with respect to salinity, well described by a

polynomial equation (Fig. 1). The lowest plasma total free

amino acid concentration was found in fish acclimated to

15 g L-1, this being significantly lower than in fish accli-

mated to 5 g L-1 or maintained at 38 g L-1. Plasma total

indispensable amino acid concentrations followed the same

Table 1 Plasma cortisol, glucose, and osmolality levels in S. senegalensis juveniles acclimated to different salinities for 2 weeks

Salinity (g L-1) Cortisol (ng mL-1) Glucose (mM) Osmolality (mOsm kg-1)

5 15 ± 16§ 2.0 ± 0.9 357 ± 8§

15 18 ± 8§ 4.0 ± 0.8 345 ± 10§

25 20 ± 18§ 3.7 ± 1.5 370 ± 6§

38 38 ± 66§ 3.2 ± 6.0 357 ± 26§

55 220 ± 92* 2.0 ± 1.5 398 ± 18*

Data are shown as mean values ± SD (n = 6). Different symbols within the same column indicate significant differences among the treatments

for the same parameter. Significant differences among the treatments were identified for glucose (P = 0.023, one-way ANOVA), but these could

not be identified through post hoc tests

Fig. 1 Plasma concentrations of total free amino acids in S.
senegalensis juveniles acclimated to different salinities for 2 weeks.

Total (filled circles), dispensable (black bars), and indispensable

(white bars) amino acids. Results are expressed as mean values ? SD

(n = 6). Different superscripts indicate significant differences among

the treatments for total (a or b), dispensable (plus, hat, or asterisk), or

indispensable amino acids (a or b). A polynomial line has been fitted

to total free amino acid data, where x represents the salinity
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pattern as total free amino acid concentrations. Plasma

concentration of total dispensable amino acids tended to

increase as salinity increases, being significantly higher at

55 g L-1 than at 5, 15, and 25 g L-1.

Regarding the individual plasma amino acid con-

centrations (Fig. 2), it was observed that among the

indispensable amino acids, the branched-chain amino acids

(isoleucine, leucine, and valine) tended to increase with

salinity. These concentrations were significantly higher

in specimens acclimated to 55 g L-1 than in fish accli-

mated to 5 or 15 g L-1 (Fig. 2a). Plasma concentrations of

lysine showed a ‘‘U-shaped’’ relationship with respect to

environmental salinity. Lysine concentrations were signi-

ficantly lower at 15 and 25 g L-1 and significantly higher

Fig. 2 Plasma concentrations

for the different indispensable

(a) and dispensable (b) amino

acids in S. senegalensis
juveniles acclimated to different

salinities for 2 weeks (black
bars, 5; , 15; white bars, 25;

, 38; , 55 g L-1). Results

are expressed as mean

values ? SD (n = 6). Different
symbols indicate significant

differences among salinities for

the same amino acid
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at 55 g L-1 than at the other salinities tested (Fig. 2a). No

clear tendency in plasma arginine and threonine levels with

respect to environmental salinities were observed, while

the levels of the other indispensable amino acids assessed

(histidine, methionine, and phenylalanine) did not change

significantly with environmental salinity (Fig. 2a). Regarding

the individual dispensable amino acids, it was observed that

plasma concentrations of glutamine, proline, and ornithine

were significantly higher in fish acclimated to 55 g L-1 than

at the other salinities tested (Fig. 2b). Plasma concentrations

of alanine, tyrosine, c-amino-n-butyric acid (GABA), and

taurine tended to increase as salinity increases.

Discussion

This experiment tested the effect of acclimation to different

environmental salinities on selected plasma stress-related

parameters and amino acid levels in Senegalese sole

juveniles. Results suggested a high euryhalinity capacity of

this species with modifications in plasma osmolality, glu-

cose, and cortisol levels. These results agree with that

reported previously for juvenile specimens of Senegalese

sole submitted to a similar range of experimental salinities

(Arjona et al. 2007, 2008). In addition, a clear effect of

salinity on plasma levels of free amino acids has been

observed.

The results from the present study show a tendency for a

lower plasma glucose concentration in fish acclimated to

the lowest (5 g L-1) and highest (55 g L-1) salinities with

respect to specimens acclimated to other salinities (15, 25,

and 38 g L-1). The fish reared at the extreme salinities

could be using higher amounts of glucose to face the higher

energy requirements of different tissues involved directly

or indirectly on osmoregulatory work, as observed in other

euryhaline fish species (Laiz-Carrión et al. 2005; Sangiao-

Alvarellos et al. 2003, 2005) and also suggested in this

species (Arjona et al. 2007, 2008).

Salinity acclimation did result in several changes in the

plasma amino acid levels of Senegalese sole. Changes in

free amino acid levels in relation to salinity acclimation

have been observed in different animals such as mussels

(Deaton 2001), crabs (Fujimori and Abe 2002), insect

larvae (Edwards 1982), or fish (Bystriansky et al. 2007).

Most of the observed changes in plasma amino acid levels

appear to be directly or indirectly involved in osmoregu-

latory processes. The results of the current experiment

indicated that the lowest plasma amino acids levels were

found in fish acclimated to 15 g L-1, an environmental

salinity where Senegalese sole is isosmotic with its med-

ium and net ion and water flux is almost zero (Arjona et al.

2007). However, at extreme salinities (5, 55 g L-1) where

fish osmolality is clearly different from that of the

surrounding water, several changes in the plasma levels of

free amino acids were found.

In euryhaline fish species, both taurine and GABA have

been described as important osmolytes (Huxtable 1992;

Schaarschmidt et al. 1999). An increase in the concentra-

tion of taurine and GABA in the plasma of Senegalese sole

was concomitant with an increase in water osmolality. This

ultimately resulted in a higher plasma osmolality in fish

maintained at 55 g L-1 than at the other environmental

salinities tested. A rise in free amino acid levels in response

to elevated salinity has also been observed for other teleost

fish (Ballantyne 2001).

However, not all changes in free amino acid levels are

related to changes in plasma osmolality. Some of these

changes may be due to energetic costs of osmoregulation.

As already mentioned, fish can use different metabolites

(glucose, lactate, and even amino acids) to get energy for

facing the energetic costs of osmoregulatory work (Soengas

et al. 2008). Among other functions, cortisol may increase

proteolytic activity (Milligan 1997; Mommsen et al. 1999).

A general tendency for an increase in plasma levels of

some amino acids at the highest salinity tested (55 g L-1)

was observed and this may result from an increased pro-

teolysis due to cortisol action in fish acclimated to this

salinity. Several of these amino acids can be easily used as

energetic substrates: (i) the branched-chain amino acids are

used in skeletal muscle, which is the major site of bran-

ched-chain amino acid oxidation (Van den Thillart 1986;

Van Waarde 1988); (ii) glutamine, proline, and ornithine

are members of the ‘‘glutamate family’’ (Brosnan 2000),

which means that they are easily transaminated into glu-

tamate and glutamate transdeamination is the main

pathway of amino acid oxidation in fish liver (Ballantyne

2001); (iii) alanine is a preferential substrate for liver

gluconeogenesis (Ballantyne 2001). It has been shown that

cortisol enhanced hepatic gluconeogenic activity (Laiz-

Carrión et al. 2003; Vijayan et al. 1997). Since Senegalese

sole specimens reared at 55 g L-1 presented higher plasma

cortisol levels than fish at the other salinities tested, it is

possible that gluconeogenesis from amino acids assume a

special importance in these fish. In order to use the carbon

skeletons of amino acids as energy sources or in gluco-

neogenesis, deamination must occur and this probably

leads to an increase in ammonia levels. Glutamine syn-

thesis is an important pathway for ammonia detoxification

in several fish species (Ip et al. 2001) and an increase in

plasma glutamine levels in Senegalese sole juveniles

chronically exposed to exogenous ammonia has been pre-

viously observed (Pinto et al. 2007). Therefore, this

pathway may assume a special importance in fish reared at

the highest environmental salinity tested, which could

explain the twofold increase of the plasma glutamine

concentration in these fish.
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Results from the current experiment show that more

metabolic changes occur when Senegalese sole juveniles

are transferred from seawater (38 g L-1) to hypersaline

(55 g L-1) than to hyposaline (5 g L-1) water. The same

was observed when gilthead seabream (Sparus aurata) was

transferred from seawater to hypersaline water (55 g L-1),

then to low salinity water (6 g L-1, Sangiao-Alvarellos

et al. 2005). According to these authors, in euryhaline

marine fish species acclimation to low-salinity water is less

energy costly than acclimation to hypersaline water.

This study confirms that Senegalese sole juveniles are

able to adapt to a wide range of environmental salinities,

but during this process several metabolic adjustments are

observed. Changes in plasma levels of cortisol, glucose,

and amino acids indicate that fish reared at the extreme

salinities tested (5, 55 g L-1) were facing extra energy

costs, probably related to osmoregulatory processes.

Amino acids seem to play an important role so fish can

adjust to the different environmental salinities, either as

energy sources or as important osmolytes for cell volume

regulation. Further studies analysing the effects of salinity

on some key metabolic enzymes, for instance, enzymes

involved in amino acid catabolism, gluconeogenesis, or in

ammonia detoxification, could provide a clear picture on

the role of amino acids during salinity acclimation in fish.
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37. Révision 1, vol II. Vertébrés. FAO, Rome. pp 1325–1342

Brosnan JT (2000) Glutamate, at the interface between amino acid

and carbohydrate metabolism. J Nutr 130:988S–990S

Bystriansky JS, Frick NT, Ballantyne JS (2007) Intermediary

metabolism of Arctic char Salvelinus alpinus during short-term

salinity exposure. J Exp Biol 210:1971–1985

Cohen SA, Meys M, Tarvin TL (1989) The Pico-Tag method—a

manual of advanced techniques for amino acid analysis. Waters,

Bedford

Costas B, Aragão C, Mancera JM, Dinis MT, Conceição LEC (2008)

High stocking density induces crowding stress and affects amino

acid metabolism in Senegalese sole Solea senegalensis (Kaup

1858) juveniles. Aquac Res 39:1–9

Deaton LE (2001) Hyperosmotic volume regulation in the gills of the

ribbed mussel, Geukensia demissa: rapid accumulation of

betaine and alanine. J Exp Mar Biol Ecol 260:185–197

Edwards HA (1982) Free amino acids as regulators of osmotic

pressure in aquatic insect larvae. J Exp Biol 101:153–160

Fujimori T, Abe H (2002) Physiological roles of free D- and L-alanine

in the crayfish Procambarus clarkii with special reference to

osmotic and anoxic stress responses. Comp Biochem Physiol A

131:893–900

Huxtable RJ (1992) Physiological actions of taurine. Physiol Rev

72:101–144

Ip YK, Chew SF, Randall DJ (2001) Ammonia toxicity, tolerance,

and excretion. In: Wright PA, Anderson AJ (eds) Nitrogen

excretion. Fish physiology, vol 20. Academic Press, San Diego,

pp 109–148

Laiz-Carrión R, Sangiao-Alvarellos S, Guzmán JM, Martı́n del Rı́o

MP, Mı́guez JM, Soengas SL, Mancera JM (2002) Energy

metabolism in fish tissues related to osmoregulation and cortisol

action. Fish Physiol Biochem 27:179–188

Laiz-Carrión R, Martı́n del Rı́o MP, Mı́guez JM, Mancera JM,

Soengas JL (2003) Influence of cortisol on osmoregulation and

energy metabolism in gilthead seabream Sparus aurata. J Exp

Zool 298A:105–118

Laiz-Carrión R, Sangiao-Alvarellos S, Guzmán JM, Martı́n del Rı́o

MP, Soengas JL, Mancera JM (2005) Growth performance of

gilthead sea bream Sparus aurata in different osmotic condi-

tions: implications for osmoregulation and energy metabolism.

Aquaculture 250:849–861

McCormick SD (2001) Endocrine control of osmoregulation in teleost

fish. Am Zool 41:781–794

Milligan CL (1997) The role of cortisol in amino acid mobilization

and metabolism following exhaustive exercise in rainbow trout

(Oncorhynchus mykiss Walbaum). Fish Physiol Biochem

16:1119–1128

Mommsen TP, Vijayan MM, Moon TW (1999) Cortisol in teleosts:

dynamics, mechanisms of action, and metabolic regulation. Rev

Fish Biol Fish 9:211–268

Pinto W, Aragão C, Soares F, Dinis MT, Conceição LEC (2007)

Growth, stress response and free amino acid levels in Senegalese

sole (Solea senegalensis Kaup 1858) chronically exposed to

exogenous ammonia. Aquac Res 38:1198–1204

Quéro JC, Desoutter M, Lagardére F (1986) Soleidae. In: Whitehead

PJP, Bauchot M-L, Hureau J-C, Nielsen J, Tortonese E (eds)

Fishes of the North-Eastern Atlantic and the Mediterranean.

UNESCO, Paris, pp 1308–1324

Rotllant J, Ruane NM, Dinis MT, Canário AVM, Power DM (2006)

Intra-adrenal interactions in fish: catecholamine stimulated

cortisol release in sea bass (Dicentrarchus labrax L.). Comp

Biochem Physiol A 143:375–381

Sangiao-Alvarellos S, Laiz-Carrión R, Guzmán JM, Martı́n del Rı́o

MP, Mı́guez JM, Mancera JM, Soengas JL (2003) Acclimation

of S. aurata to various salinities alters energy metabolism of

316 C. Aragão et al.

123



osmoregulatory and nonosmoregulatory organs. Am J Physiol

Regul Integr Comp Physiol 285:R897–R907

Sangiao-Alvarellos S, Arjona FJ, Martı́n del Rı́o MP, Mı́guez JM,

Mancera JM, Soengas JL (2005) Time course of osmoregulatory

and metabolic changes during osmotic acclimation in Sparus
auratus. J Exp Biol 208:4291–4304

Schaarschmidt T, Meyer E, Jürss K (1999) A comparison of transport-

related gill enzyme activities and tissue-specific free amino acid

concentrations of Baltic Sea (brackish water) and freshwater

threespine sticklebacks, Gasterosteus aculeatus, after salinity

and temperature acclimation. Mar Biol 135:689–697

Soengas JL, Sangiao-Alvarellos S, Laiz-Carrión R, Mancera JM

(2008) Energy metabolism and osmotic acclimation in teleost

fish. In: Baldisserotto B, Mancera JM, Kapoor BG (eds) Fish

osmoregulation. Science Publishers, Inc., Enfield, IBH Publish-

ing Co. Pvt. Ltd, New Delhi, pp 278–307

Van den Thillart G (1986) Energy metabolism of swimming trout

(Salmo gairdneri). Oxidation rates of palmitate, glucose, lactate,

alanine, leucine and glutamate. J Comp Physiol B 156:511–520

Van Waarde A (1988) Biochemistry of non-protein nitrogenous

compounds in fish including the use of amino acids for anaerobic

energy production. Comp Biochem Physiol B 91:207–228

Vijayan MM, Pereira C, Gordon Grau E, Iwama GK (1997)

Metabolic response associated with confinement stress in tilapia:

the role of cortisol. Comp Biochem Physiol C 116:89–95

Wilson RP (2002) Amino acids and proteins. In: Halver JE, Hardy RW

(eds) Fish nutrition. Elsevier Science, San Diego, pp 144–179

Yancey PH (2001a) Nitrogen compounds as osmolytes. In: Wright

PA, Anderson AJ (eds) Nitrogen excretion. Fish physiology, vol

20. Academic Press, San Diego, pp 309–341

Yancey PH (2001b) Water stress, osmolytes and proteins. Am Zool

41:699–709

Amino acid changes in fish exposed to different salinities 317

123


	Changes in plasma amino acid levels in a euryhaline fish �exposed to different environmental salinities
	Abstract
	Introduction
	Materials and methods
	Experimental procedures
	Analytical procedures
	Data analysis

	Results
	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


