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PREFACE 

 
Our knowledge about how fish respond to stress has increased substantially 
during the last three decades. Several research groups have characterized the 
stress response in different species and described its functional significance. 
Recent research efforts have also been directed at understanding cellular and 
molecular stress responses and how the different components of the stress 
response affect fish performance. 
 
This symposium covers aspects of the stress response ranging from molecular to 
whole organism levels and how they can affect fish. The topics of the oral and 
poster presentations include: molecular responses to stress, glucocorticoid 
response to stress, stress and health, stress and behaviour, stress and 
reproduction, and the effects of environmental stressors. 
  
We thank all of the participants for their contribution to this symposium and we 
hope that you have taken this opportunity to discuss and establish new 
collaborations to further increase our knowledge on this important topic in fish 
biology. 
 
Symposium Organizers: 
 
 Gilberto Moraes  
  Federal University of Sao Carlos  
 Luis 0. B. Afonso 
  Institute for Marine Biosciences  
  National Research Council of Canada 
 Bruce A. Barton 
  Institute for Marine Biosciences  
  National Research Council of Canada 

George K. Iwama 
  Institute for Marine Biosciences  
  National Research Council of Canada 
 Don MacKinlay 

Fisheries and Oceans Canada 
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main limitation of our present knowledge lies in the scarcity of data available on 
the significance of HSPs within the whole animal.   
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Introduction 
 
Hsp90 is thought to be one of the most abundant of the highly conserved heat 
shock or stress proteins (hsps), comprising 1-2% of all cytosolic proteins in 
mammals. This protein also has an important role in steroid signal transduction.  
For example, it is thought that hsp90 is necessary for proper estrogen action in 
vivo by directly associating with the hormone-binding domain of the estrogen 
receptor maintaining it in an active conformational state (Cheung and Smith 
2000; Fliss et al. 2000).  In salmonid fish, hsp90 is present in high constitutive 
levels and its expression increases in response to many stressors (Pan et al. 
2000; Vijayan et al. 2003).  Unlike the situation in mammals, however, the 
subcellular localization of hsp90 is not known in fish, nor do we appreciate its 
role in estrogen signalling.   
 
In this study, we investigated the subcellular localization of hsp90 in juvenile 
and mature rainbow trout.  We also examined distribution of hsp90 after 
treatment of juveniles with the exogenous estrogens, 17β-estradiol (E2) and its 
mimic, 4-nonylphenol (4-NP). 
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Results and Discussion 
 
Livers from juvenile and mature fish were separated into nuclear (N) and non-
nuclear (containing cytoplasm, organelles, and membranes; COM) fractions.  
Purity of each fraction was assessed by measuring the activity of the 
cytoplasmic enzyme LDH.  Not surprisingly, LDH activity in non-nuclear 
(COM) fractions was significantly higher than in nuclear (N) fractions in liver 
tissues of mature (one-way ANOVA, p < 0.05) and juvenile fish (unpaired, two-
tailed t-test, p < 0.05).  There was very little LDH activity in nuclear fractions. 
 
When comparing juvenile and mature fish, there was no significant difference in 
total protein within the nuclear (N) or non-nuclear (COM) fractions (Figure 1).  
There was also no significant difference among juvenile treatment groups within 
the nuclear (N) or non-nuclear (COM) fractions (Figure 1).  Comparison 
between fractions, however, indicated that the nuclear (N) fractions had 
significantly less protein than the non-nuclear (COM) fraction in all groups 
(two-way ANOVA, p<0.001; Figure 1). Taking this into consideration, we 
expressed hsp90 as relative units per gram liver tissue (Figure 2).   
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Figure 1.  Total protein per gram of liver (µg/g) of cellular fractions from livers 
of mature rainbow trout (Oncorhynchus mykiss) or juveniles exposed (5 days) to 
ethanol, estradiol (E2), 40µg/L 4NP, or 80µg/L 4NP.  n = 6 for all groups. Bars 
represent mean + SEM.  Significant differences between fractions are indicated 
by * (p < 0.001).   
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Figure 2.  Total relative hsp90 levels in non-nuclear (COM) and nuclear (N) 
fractions of juvenile and mature rainbow trout (Oncorhynchus mykiss) exposed 
(5 days) to ethanol, estradiol (E2), 40µg/L 4-NP, or 80µg/L 4-NP.  Levels are 
relative to a standard fish run on all gels.  n = 6 for all groups except nuclear 
JuvEtOH and COM mature where n = 5 and nuclear Juv40NP where n = 4.  Bars 
represent mean + SEM.  Significant differences between cellular fractions in 
each group are represented by * (p < 0.05).  Significant differences among 
treatment groups for nuclear fractions are represented by + (p < 0.001).  A 
significant difference between the mature COM fraction and the JuvEtOH, 
JuvE2, and Juv40NP COM fractions is represented by ∞ ( p < 0.05).   
 
 
Total hsp90 levels in juveniles exposed to an ethanol control were not 
significantly different between the nuclear (N) fraction and the non-nuclear 
(COM) fraction (Figure 2).   In contrast, mature fish had significantly greater 
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hsp90 outside the nucleus, as is the case in mammals.  Thus, it appears there is a 
developmental shift in hsp90 localization in fish, with juveniles expressing 
hsp90 equally in the nucleus and cytoplasm and mature fish expressing hsp90 
primarily in the cytoplasm.  To our knowledge this phenomenon has not yet 
been shown in fish or any other organism. 
   
Treatment of juvenile fish with exogenous estrogens (estrogen or 4-NP) also 
caused a translocation of hsp90 out of the nucleus into the cytoplasm indicated 
by the significant decrease in nuclear hsp90 in the treatment groups compared to 
the EtOH control (one-way ANOVA, p < 0.001; Figure 2).  These results 
indicate an estrogen-dependent shift in hsp90 subcellular localization with a 
movement of hsp90 out of the nucleus in juvenile fish when exposed to 
environmental estrogens.  This movement of hsp90 suggests important roles for 
this stress protein in estrogen signalling and possibly in the mechanism of 
endocrine disruption in fish. 
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EXTENDED ABSTRACT ONLY - DO NOT CITE 

 
Over the past several decades, considerable research has focused on elucidating 
the role of heat shock proteins in protecting the integrity of cellular protein pools 
during exposure to stressors (Lindquist 1986).  Indeed, we now know that Hsps 
play an important role in the cellular response to natural fluctuations in the 
environment (Feder and Hofmann 1999; Basu et al. 2002).  This may in part be 
due to the role of Hsps in inducible stress tolerance, or the capacity of one stress 
to increase an organism’s tolerance to a subsequent stressor (Kampinga et al. 
1995).  This phenomenon is well documented under laboratory conditions; 
however, there is little information on the significance of inducible stress 
tolerance in nature. 
 
The rocky intertidal offers a particularly good environment in which to examine 
stress tolerance strategies in a variable environment.  The periodicity of 
environmental change in the intertidal zone raises interesting questions 
regarding the phenomenon of inducible stress tolerance in nature.  It is possible 
that exposure to a low tide period that is particularly stressful may induce a 
series of responses that will protect the organism from subsequent low tide 
exposures.  Our previous work examining inducible stress tolerance in tidepool 
sculpins (Oligocottus maculosus) suggests that the Hsp70 response is one 
mechanism involved in this increase in stress tolerance (Todgham et al. 2004).  
In addition, examination of the time frame of protection conferred by exposure 
to a mild stressor raises the possibility that inducible stress tolerance may have a 
role in the natural environment and that the Hsp response may be structured to 
reflect the periodicity of the tidal cycle.   
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The main objective of this study was to take what we have learned about 
inducible stress tolerance in tidepool sculpins in the lab and apply it to fish in 
the field to determine whether tidal cycle plays a role in modulating stress 
tolerance in intertidal organisms and whether the environmental change inherent 
in the intertidal zone imparts some degree of rhythmicity to the heat shock 
protein response.   
 
We first investigated differences in thermal and osmotic tolerance among 
tidepool sculpins collected from the field (tidepool and subtidal) and those 
acclimatized to constant laboratory conditions (11°C, 32 ppt) for 2 weeks.  We 
then examined whether these differences were associated with differences in the 
induction profiles of a suite of Hsps (Hsp70, Hsp90 and Hsp60) during a 24h 
recovery period (sampling at 0h, 8h, and 24h recovery).   
 

Figure 1:  Mortality of tidepool sculpins following exposure to either a severe heat shock 
(HS - 28oC, 3h) or a severe osmotic shock (OS - 91ppt, 2h).  Sculpins were either held under 
constant conditions for 2 weeks (Lab-Acclimatized) prior to experimentation or collected 
from either a tidepool (Tidepool Field-Acclimatized) or the subtidal zone (Subtidal Field-
Acclimatized) and experimented on within 24h of capture.

M
or

ta
lit

y

0

20

40

60

80

100

HS OS HS OS HS OS
2 week

Lab-acclimatized
Tidepool

Field-acclimatized
Subtidal

Field-acclimatized

Heat Shock (HS) = 3h @ 28oC
Osmotic Shock (OS) = 2h @ 91ppt

20/35

18/36

1/36

10/36

20/36

0/36

Sculpins acclimatized to laboratory conditions for 2 weeks experienced 57% and 
50% mortality when exposed to severe thermal (3h, 28oC) or osmotic (2h, 
90ppt) challenges, respectively (Figure 1).  However, sculpins collected from 
both tidepools and the subtidal zone, and challenged within 24 hrs of capture, 
experienced no mortality when exposed to the same heat shock.   
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Osmotic tolerance of sculpins collected from the subtidal zone was not 
significantly different from that of lab-acclimatized fish, whereas tidepool-
collected sculpins were more tolerant, experiencing only 28% mortality. 
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Figure 2:  Branchial Hsp90 of tidepool sculpins exposed to a severe heat shock (HS - 28oC, 3h) 
and either sampled prior to exposure (time 0) or allowed to recover for 0h, 8h or 24h following 
exposure.  Sculpins were either held under constant conditions for 2 weeks (Lab-Acclimatized) 
prior to experimentation or collected from either a tidepool (Tidepool Field-Acclimatized) or 
the subtidal zone (Subtidal Field-Acclimatized) and experimented on within 24h of capture. 
* represents significant difference from lab-acclimatized group within each sampling time.  No 
fish survived to 24h recovery in the Lab-Acclimatized group
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There were no notable differences in the Hsp70 or Hsp60 response between 
groups; however, there was a strong association between elevated levels of 
Hsp90 in the field groups and an increased thermal tolerance (Figure 2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
These results suggest that exposure to daily fluctuations in environmental 
conditions imparts a certain degree of natural stress tolerance to tidepool 
sculpins and that sculpins in nature differ in their Hsp response, particularly the 
response of Hsp90, compared to their lab-acclimated counterparts.   
 
In order to further explore the effect of environmental variability on stress 
tolerance, we investigated whether the periodicity of environmental change 
associated with the tidal cycle structures the Hsp response of sculpins.  By 
artificially simulating the temperature cycling of a mid-intertidal tidepool (10 ↔ 



 

22oC), we began to examine the natural rhythm of Hsps in the tidepool sculpin 
every 6h over 2 tidal cycles.  This past summer at the Bamfield Marine Sciences 
Centre we investigated whether this Hsp rhythm exists naturally in tidepool 
sculpins inhabiting intertidal pools and whether this rhythm decays upon transfer 
to constant ambient ocean conditions.  We found that there was a moderate 
rhythm in hsc70 mRNA that cycled in phase with the temperature cycles and 
that hsp70 mRNA peaked with peak cycle temperature.  There was no natural 
rhythm seen in fish acclimated to constant temperature.  Therefore, upon 
removal from the intertidal zone into a constant environment, there was decay in 
the natural rhythm of the Hsp response. 
 
 
Conclusions 
 
These investigations into the cellular stress response of intertidal fish have 
provided novel insights into mechanisms that may facilitate survival in this 
variable environment.  Within the literature, the plastic nature of the Hsp 
response and its involvement in inducible stress tolerance has raised some 
fundamental questions regarding the environmental regulation of these 
protective processes.  This study begins to directly address the role of 
environmental history in structuring the Hsp response and the importance of a 
variable environment in conferring stress tolerance above what is genetically 
fixed. 
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EXTENDED ABSTRACT ONLY – DO NOT CITE 
 
 
The organismal response to a stressor is usually determined by measurement of 
plasma hormone and metabolite levels in fish. Specifically, plasma cortisol and 
glucose and lactate levels are commonly used as indicators of the primary and 
secondary stress responses, respectively, in fish. In addition, we know that 
molecular responses can be a very sensitive and reliable indicator of cellular 
stress in fish. This is based mostly on the expression patterns of stress-
responsive genes and proteins in cells, including heat shock proteins, 
cytochrome P450s and metallothioneins. Also, these molecular responses 
correlate well with cellular defense capacity to cope with the stressor. However, 
few studies have focused on the gene expression patterns to stressors at the 
organismal level in fish. Also, it is likely that there are other genes/pathways 
that are activated either in a stressor-specific and/or non-specific manner, but yet 
to be discovered in fish. 
 
With this in mind, we are using a targeted cDNA microarray, developed 
specifically for rainbow trout as a tool to examine the gene expression patterns 
in response to stressors in fish. The ability to simultaneously monitor the 
expression of hundreds to thousands of genes makes cDNA microarrays an 
extremely powerful tool in physiology and environmental toxicology.  Our 
cDNA microarray incorporates a battery of ~150 well characterized trout genes 
representing various aspects of cellular physiology, including endocrine axes, 
growth and metabolism, iono- and osmo-regulation and immune and stress 
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response pathways. Also, we have validated the cross-species reliability of this 
microarray for use with most salmonids.   
 
Using this trout cDNA microarray, we are characterizing the molecular 
responses to acute and chronic stressor in rainbow trout. The acute stressor 
consisted of a 3 min handling disturbance followed by recovery over a 24 h 
period, while the chronic stressor fish were confined at very high density for the 
entire duration. Fish were sampled at 1 and 24 h post-stressor exposure. These 
studies were also repeated with fish fed RU486 (a glucocorticoid receptor 
antagonist) to tease out the role of cortisol in the regulation of stress-responsive 
genes in rainbow trout.  Our results clearly point to a gene expression pattern 
that was very distinct; several genes showed transient elevation post-stress, 
whereas others remained elevated over the entire period. We are currently using 
quantitative real-time PCR to confirm the magnitude of up- or down-regulation 
of genes seen with microarrays. These studies will pave the way for establishing 
a stress-responsive gene expression database for trout. Also, it will allow 
identification of novel stress-responsive pathways for further functional 
characterization using proteomics.    
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Introduction 
  
Stressors activate the alarm responses in all physiological compartments and 
neuro-endocrine mediators are mobilised as a first response. The release of these 
mediators, mainly hormones generate physiological and metabolic changes that 
allow organisms to drive energy in order to cope with the stressor, at least at the 
short-term basis. When the stressor is chronic maladaptation may occur and it is 
known that one the  consequences of maladaptation is the depression or 
supression of immune mechanisms. Among the endocrine mediators, cortisol is 
released by interrenal cells in the head kidney of fish and induces multiple 
effects on the fish metabolism, energetics and osmoregulation.  
 
Regarding the effects of cortisol on the fish immune response, a number of 
authors have shown a variety of effects, but a clear role in the immuno-
endocrine relationship has not been stated so far (Weyts et al., 1999; Holland et 
al., 2002).  Therefore, the present work attempts to clarify the role of cortisol in 
two type of responses: The structural changes, i.e., proliferation of Monocyte 
Adherent cells (MAP) in the head kidney and functional changes, i.e. the 
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phagocytic activity and cytokine expression, specifically Tumor Necrosis Factor 
alpha. (TNFα). 
 
 
Methods 
 
For these purposes the techniques used were the following: Cortisol 
measurements were performed in fish blood plasma by 
Radioinmmunoassay. Head kidney cell changes were assessed by a 
primary culture of monocyte-type leukocytes (Mackenzie et al., 2003). 
TNFα expression was determined by Northern blot and PCR and 
phagocytosis was assessed by flow cytometry. 
 
 
Results and discussion 
 
The results showed that when fish are injected with a bacterial 
Lipopolisaccharide (LPS) an increase in cortisol is induced, indicating 
that this is perceived as an stressor to the fish. Injection of cortisol 
induced a decrease in the number of MAP cells of the head kidney and 
this effect can be reverted by cortisol blockers. Additionally, cortisol is 
able to revert the phenotypic changes in these cells after LPS treatment.   
 
Regarding functional features, cortisol appears not to affect the 
phagocytic abilities nor apoptosis in these cells. The expression of  
TNFα is affected by cortisol, thus showing a clear reduction when 
MAP cells are treated with cortisol in vitro. 
 
The overall results suggest that cortisol produces partial suppressive 
changes in the immune responses studied. Therefore, cortisol would act 
as a modulator of the immune response rather than a suppressor.  
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Lectins in innate immunity and early development  
 
Humoral and phagocyte-associated lectins constitute critical components of 
innate immunity in vertebrates and invertebrates. Their roles include not only 
self/non-self recognition but also downstream effector functions, such as 
agglutination, immobilization, and complement-mediated opsonization and 
killing of potential pathogens. Further, lectins and other pattern recognition 
molecules may function in antigen processing, and as modulators of adaptive 
immune responses. The diversity in non-self recognition capacity of the lectin 
repertoire in ectothermic vertebrates that posess adaptive immune mechanisms 
less sophisticated than those described in mammals has remained an open 
question. Experimental evidence suggests that: (a) lectin repertoires in teleost 
fish are highly diversified, and include not only representatives of the lectin 
families described in mammals, but also members of lectin families described 
for the first time in fish species; (b) although some lectins such as galectins, may 
bind endogenous ligands and mediate critical functions in early development, 
others like C- and F-type lectins bind sugars on the surface of potential 
pathogens. 
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Zebrafish as the model of choice for functional studies on galectins 
 
Galectins have been proposed to mediate developmental processes, such as 
embryo implantation and myogenesis, and various roles in immunity. However, 
the high functional “redundancy” of the galectin repertoire in mammals has 
hindered the rigorous characterization of their specific roles by gene knockout 
approaches in murine models. In recent years, the use of teleost fish as 
alternative models for addressing developmental questions in mammals has 
expanded dramatically, and we propose their use for the elucidation of 
biological roles of galectins in embryogenesis and innate immunity. All three 
major galectin types, proto, chimera and tandem-repeat, are present in teleost 
fish, and phylogenetic topologies confirm the expected clustering with their 
mammalian orthologues. As a model organism, the zebrafish (Danio rerio) may 
help to overcome limitations imposed by the murine models because it offers 
substantial advantages: external fertilization, transparent embryos that develop 
rapidly in vitro, a diverse toolbox of established methods to manipulate early 
gene expression, a growing collection of mutations that affect early embryonic 
development, availability of cell lines, and most importantly, a less diversified 
galectin repertoire. 
 
 
F-lectins: structural and functional aspects in innate immunity of fish 
 
Fucose-binding lectins are present in tissues and fluids from invertebrate and 
vertebrate species. Well-characterized examples, such as the lectin CPL-III from 
the tunicate Clavelina picta and the fucose-binding mammalian collectins, 
clearly belong to the C-lectin type. Others, such as FBP32 from the striped bass 
Morone saxatilis, the agglutinin from Anguilla anguilla (AAA), and serum 
“fucolectins” from A. japonica, lack a typical sequence motif present in any of 
the lectin families described so far. Furthermore, because of their specificity for 
carbohydrate moieties present on potential microbial pathogens, and their 
inducibility upon infectious or inflammatory challenge, these lectins are 
considered as recognition factors in innate immunity.  We have characterized the 
biochemical properties and primary structure of the carbohydrate recognition 
domain (CRD) of FBP32 and by comparison with other related lectins, 
identified the sequence motif that defines a lectin family (F-lectins) which 
includes members present in organisms ranging from insects (Drosophila 
melanogaster) to ectothermic vertebrates (Xenopus laevis). F-lectins exhibit 
considerable diversity in organization, with CRDs present as single units, such 
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as in AAA, organized in multiple homologous tandem repeats, or associated to 
other recognition domains.  The crystal structure of the AAA enabled the 
characterization of a structural fold (F-lectin fold), which is shared not only with 
other lectins from this family, but also with a glycosidase, a glycooxidase, and a 
human clotting factor. The identification of novel recognition/effector factors 
that mediate innate immunity in fish opens new possibilities for their use as 
genetic markers for disease resistance/susceptibility, and the design and 
implementation of novel intervention strategies  
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Fish live in an environment where they are constantly exposed to potential 
pathogens; viruses and bacteria have been recorded at concentrations of up to 
109 particles/mL of seawater (Hennes & Suttle 1995). The ubiquitous nature of 
pathogens represents one of the most serious biological challenges that fish 
encounter. While the physiological responses of environmental stress have been 
extensively examined in fish, there is a large void in the understanding of how 
fish react at a physiological level during an immune response. A closer 
examination of some of those relationships between immunological challenge 
and the physiological stress responses could help provide a more complete 
understanding of the changes an animal undergoes during such a challenge may 
assist in the development of more effective future therapeutic applications. 
 
A series of experiments were carried out to investigate the changes in commonly 
measured indicators of the physiological and cellular stress responses during a 
series of immune challenges. We have reported previously that an active acute 
infection with Listonella anguillarum resulted in a classic stress response 
(Ackerman & Iwama, 2001). While this was not altogether surprising, what was 
intriging was the increase in the tissue levels of hsp70 preceding any clinical 

 25



 

 26

Days post-injection
1 2 3 4 5 6 7

Li
ve

r h
sp

70
 (R

el
at

iv
e 

U
ni

ts
)

-10
-8
-6
-4
-2
0
2
4
6
8

10
12
14
16
18
20
22
24

a

b

b

a

b

b
b

a

a

LPS (35 mg/kg)

saline

formalin killed bacterin (106cells/fish)

a

b

b

 

Days post-injection
1 2 3 4 5 6 7

ea
d 

Ki
 h

sp
70

 (
ni

ts
)

0

10

20

30

50

60

ab

a

b

a

a

ab

b
b

LPS (35 mg/kg)

saline

formalin killed bacterin (106cells/fish)

b

 
Figure 1. hsp70 levels in liver and head kidney tissues 
following non-lethal immune challenge. Significant 
differences (p<0.05, n=10) between treatments within a 
sampling period are indicated by superscript letters.   

signs of infection and prior 
to peak blood levels of the 
bacteria. This was the first 
time that such a response 
was observed  during an 
acute bacterial infection. 
Previously, this had only 
been seen at the late 
clinical stages of a chronic 
Renibacterium 
salmoninarum infection 
(Forsyth et al, 1997) 
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We were interested in 
learning if the responses 
were merely towards to 
damage, likely caused by a 
live pathogen, or if they 
would be seen when fish 
were non-lethally 
challenged, and how 
cortisol factored into the 
equation. We chose to 
further investigate by 
examining responses to a 
killed bacterin based on the 
same primary isolate 
(Pacific Biological Station, 
Nanaimo, B.C., isolate 
number 98055) of L. 
anguillarum (106 cells/fish 
in PBS) and the endotoxic 
component, LPS (from E. 
coli (Serotype 026:B6, 
Sigma L3755) (35 mg/kg) 
in PBS). Further to this experiment, another study was carried out to examine 
the effects of live challenge, non-lethal immune challenge, and the effects of 
cortisol using two cell lines representing the tissues examined hsp70 in the 
whole animal studies.  

 

 



 

Both a killed bacterin and 
LPS resulted in significant 
cortisol concentrations 
compared to controls in the 
whole animal study, but 
these changes were not as 
extreme as those seen in the 
live challenge indicating 
that an active infection 
generates a more extensive 
stress response than does 
vaccination. The bacterin 
challenged fish had a 
significantly lower plasma 
glucose level than controls 
or LPS challenged fish 
potentially indicating a 
greater energy requirement 
to address an 
immunological pressure. Of 
particular interest however, 
were the differences seen in 
the hsp70 response of the 
two tissues. Where 
previously, a live challenge 
led to an increase in hsp70 
in the liver and head kidney 
tissues, only the LPS 
resulted in an increase in the 
head kidney tissue, and both 
treatments resulted in a 
significant decrease in 
hsp70 in the liver at 2d and 
3d post challenge (Figure 
1).  
 
A long term salmon head kid
cultures were used to examine
the presence and the absence
resulted in distinct differences
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 Figure 2. Hsp70 levels in hepatocyte (top) and SHK-1 
(bottom) cells 24 hrs following immune challenge. 
Significant differences (p<0.05, n=10) between treatments 
are indicated by superscript letters.   
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ney cell line (SHK-1) and primary hepatocyte 
 the effects of immunological challenge both in 
 of cortisol. Twenty four hour exposure again 
 between the two cell cultures (Figure 2). The 
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SHK-1 cell line did not appear to be as responsive to the challenge as the 
hepatocytes did and relatively few differences were seen. The hepatocyte 
primary cultures displayed a distinct pattern where cells incubated with a 
physiological stress level of cortisol (300 ng/mL) had consistently greater hsp70 
levels than cells incubated without the stress hormone. Interestingly, at a 4 hr 
sampling (data not shown) this trend was reversed in several of the treatments, 
most significantly in the live pathogen challenged cells, such that cells receiving 
a stress level of cortisol had a significantly lower hsp70 level. The samples taken 
at 4 hrs post challenge supports other studies that show an attenuating effect of 
cortisol on hsp70, yet the 24 hr sample (Figure 2) clearly shows that after a 
period, the attenuation appears to be overcome. 
 
Ellis (1981) wrote that “In order to understand  and explain the 
mechanisms and physiological significance of the stress-stress response 
phenomenon, biologists need to adopt a multidisciplinary synthetic 
approach rather than the reductionist one which has proved so 
successful for understanding mechanistic aspects of biology but is 
inadequate for explaining the significance of physiological events in 
functional terms, which is surely, the crux of biology.”  Researchers are 
just beginning to tease apart the many roles that hsp70 plays in 
biological systems and it is perhaps important to note that many studies 
employ treatments outside the physiological norm. The challenges we 
have carried out indicate hsp70 plays a biologically relevant role in the 
physiological responses to an immune challenge, but the relationships 
are complex and require further study.   
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In rainbow trout (Oncorhynchus mykiss) the magnitude of the cortisol response 
to stress shows both consistency over time and a high degree of heritability, and 
high responding (HR) and low responding (LR) lines of rainbow trout has been 
generated by individual selection for consistently high or low post-stress cortisol 
values (Pottinger and Carrick, 1999). In addition to divergent post-stress plasma 
levels of cortisol, HR and LR trout also differ in other neuroendocrine 
parameters. For instance, LR fish show higher brain serotonin (5-
Hydroxytryptamine, 5-HT) turnover  (Øverli et al., 2001), and respond to acute 
stress with a larger increase in plasma catecholamines, than HR fish do. 
Moreover, a link between neuroendocrine stress responses and behavioural traits 
is evident from observations on these lines of rainbow trout. In particular, LR 
fish are socially dominant over HR fish when paired (Pottinger and Carrick, 
2001). LR trout also resume feeding faster than HR trout when transferred to 
social isolation, and display a reduced locomotor response in a territorial 
intrusion test (Øverli et al., 2002a).  When kept in groups LR fish show higher 
locomotor activity than HR fish, a difference that could be related to higher 
levels of aggression in groups of LR fish. A higher level of aggression in LR 
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fish is also suggested by the fact that LR fish grew faster than HR fish when 
kept in mixed groups. The combination of these results suggests that LR and HR 
trout are displaying divergent stress coping styles, LR fish being proactive and 
HR fish reactive (Koolhaas et al., 1999). Recent results from similar studies 
using a non-selected hatchery population of rainbow trout supports the 
suggestion that divergent stress coping strategies, akin to what has been 
described as proactive and reactive stress coping in rodents (Koolhaas et al., 
1999), exists in rainbow trout.  
 
A reciprocal relationship between the brain and endocrine system appear to 
exist, linking cortisol levels during stress to behavioural traits such as the 
outcome of agonistic interactions. Data from other studies suggest that the brain 
5-HT system could provide such a link between stress responses and behaviour. 
In salmonid fish, as in many other vertebrates, social subordination results in a 
drastic but reversible inhibition of behavioural responsiveness along with a 
sustained activation of the brain 5-HT system. Elevated brain 5-HT activity 
appears important in mediating several behavioural and physiological responses 
to social subordination, including inhibition of aggressive behaviour, lowered 
feed intake, suppression of locomotor activity and elevated plasma cortisol 
levels (Winberg and Nilsson, 1993). However, cortisol may also have 
behavioural effects, as well as effects on the synthesis and release of 5-HT and 
other monoaminergic neurotransmitters. We have shown that short-term cortisol 
treatment increases activity and aggression whereas long-term treatment with 
cortisol has the opposite effect, decreasing activity and aggression in rainbow 
trout (Øverli et al., 2002b). Thus, cortisol appears to have time- and context-
dependent effects on behaviour, which could either be mediated by interaction 
with 5-HT or other neurotransmitter systems, or reflect a direct behavioural role 
for cortisol receptors in fish. 
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Introduction 
 
The mass die-off of Pacific salmon (genus Oncorhyncus) shortly after they 
spawn is one of the most dramatic but poorly understood phenomena in biology 
(Dickhoff, 1989).  Highly elevated levels of the stress hormone cortisol mediate 
this programmed death by causing tissue degeneration, suppressing the immune 
system, and impairing various homeostatic mechanisms (Dickhoff, 1989; Stein-
Behren and Sapolsky, 1992). The cause of this hypercortisolism, however, is not 
known (Dickhoff, 1989). We postulated that post-spawning mortality is 
regulated by 17α,20β-dihydroxyprogesterone (17,20-P) – a gonadal steroid that 
rises markedly at spawning and regulates final gamete maturation in both sexes 
(Scott and Carario, 1987; Nagahama, 1987).  Specifically, we tested the 
hypothesis that 17,20-P inhibits peripheral cortisol metabolism leading to 
hypercortisolism.  
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Materials and Methods 
 
Coho salmon were obtained from the Lake Mills State Fish Hatchery, Lake 
Mills, Wisconsin. Rainbow trout were obtained from commercial sources.  The 
fish were reared in 750-L flow-through tanks under ambient temperature 
conditions (11-16°C) and a constant 16-hr light/8-hr dark photoperiod.  The fish 
were fed Silver Cup trout feed (Murray, UT) once daily at approximately 1% of 
their body weight. The fish ranged in size from 80 to 263 g, and all were 
sexually immature. Cortisol metabolism was analyzed by measuring the 
formation of ether- and water-soluble products after incubation of kidney and 
liver fragments in the presence of 170 nM [14C]-cortisol for 1-24 hr at 15°C. 
Controls were incubates without tissue. Cortisol metabolites were extracted and 
analyzed by liquid chromatography - mass spectrography (LC-MS) according to 
Marwah et al. (2002).  
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Figure 1. Dose-response effects of 17α,20β-dihydroxy-4-pregnen-3-one (17,20-

P) on the production of cortisol-sulfate (bars) and cortisone (line) by coho 
salmon kidney.  Tissue was incubated in vitro for 21 hours at 15°C in the 
presence of [14C]-cortisol.  Data shown are mean + SEM of triplicate 
incubations.  cpm = counts per minute.  
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Results  

 
Kidney tissue of both rainbow trout and coho salmon rapidly converted cortisol 
into water-soluble metabolites (WSMs), whereas the liver of both species had 
almost no cortisol metabolizing activity (data not shown). Analysis by LC-MS 
demonstrated that the coho salmon kidney primarily converted cortisol into 
cortisol-sulfate, although a neutral steroid tentatively identified as cortisone was 
also produced. The rainbow trout kidney produced almost no cortisol-sulfate, 
but primarily converted cortisol into an unidentified, water-soluble, multi-
hydroxylated metabolite (data not shown).   
 
In coho salmon kidney, the production of cortisol-sulfate was strongly inhibited 
by 17,20β-P, and there was a corresponding increase in cortisone (Fig. 1). 
17,20β-P also inhibited cortisol metabolism by the rainbow trout kidney, but the 
inhibitory effects were significantly less than in coho salmon (Table 1).  
 
 

Table 1.  Effects of Steroids on the Production of Water Soluble Cortisol 
Metabolites by the Kidney of Coho Salmon and Rainbow Trout 

Note. Levels are expressed as percentage of control (mean + SEM, n = 
3).  Asterisks indicate significant differences within species between 
the steroid treatment group and the corresponding no steroid control (*, 
P < 0.05; **, P < 0.01, ***, P < 0.001).  Italics indicate steroids where a 
significant difference between species was observed (P < 0.05). All 
steroids were tested at 1.5 x 10-6 M.  

Treatment Coho Salmon Rainbow Trout 
No steroid control 100 + 7.4 100 + 11.8 
17,20β-P 6.4 + 0.2*** 43.7 + 0.9* 
17,20α-P 9.8 + 0.9*** 73.7 + 11.8 
Cortisone 9.4 + 0.5*** 30.1 + 10.2** 
Cortisol 53.7 + 7.6** 32.9 + 8.0** 
Estradiol-17β 115.6 + 12.3 65.7 + 6.3 
Testosterone 76.7 + 0.6 101.3 + 13.1 
11-Ketotestosterone 63.4 + 3.9* 48.8 + 0.9* 
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Experiments were conducted to investigate the effects of various steroid 
hormones on cortisol metabolism by the kidney of coho salmon and rainbow 
trout. In coho salmon, 17,20β-P, cortisone and 17,20α-P strongly inhibited the 
conversion of [14C]-cortisol to cortisol-sulfate (Table 1). In rainbow trout, 
cortisone also the most potent inhibitor of cortisol metabolism, but this steroid 
was much less effective in rainbow trout than coho salmon (Table 1).   
 
Discussion 
 
We discovered a novel cortisol-metabolizing enzyme in the kidney of the coho 
salmon, a steroid sulfotransferase, whose activity is strongly inhibited by 
physiological concentrations of 17,20-P and cortisone. The sulfotransferase is 
not present in rainbow trout, a closely related species that does not die after 
spawning. These discoveries may be key to understanding the hypercortisolism 
associated with the post-spawning death of Pacific salmon.  We propose the 
following model: the prespawning surge in 17,20β-P inhibits sulfotransferase in 
the coho salmon kidney blocking the metabolism of cortisol.  The inhibition of 
sulfotransferase allows cortisol to be converted to cortisone, and cortisone 
further inhibits sulfotransferase activity, and so on.  This mechanism does occur 
in the iteroparous rainbow trout that lacks the renal cortisol sulfotransferase.   
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Introduction 
 
Privileged by an amazing colorful and particularly diverse fish fauna, the 
Amazon basin has been an important source of ornamental species for 
international markets. The acceptance and quality of ornamental fish exploited 
from the Amazon region have been criticized worldwide because of its “rustic 
and primitive” procedures of capture, handling and transport. Since 1998, the 
Brazilian government and research groups from “Project Piaba” in collaboration 
with international institutions are investigating water quality criteria and health 
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status of fishes exploited from Barcelos. Stress assessment seems to be an 
efficient physiological tool to estimate health status in fish. However, most of 
the classical stress indicators used in fish (hematocrit, blood glucose, ions and 
cortisol) are not feasible for Amazonian ornamental fish due to their limited size 
and blood availability.  
 
Cortisol is known to play an important role in stress, altering the fish 
homeostasis (Mommsen et al, 1999). Therefore alternative methods like whole 
body extraction (de Jesus et al., 1991) are helpful. This technique was validated 
for the several species and used as the main stress indicator (together with water 
quality parameters) to monitor the transport conditions of the Cardinal tetra 
(Paracheirodon axelrodi) from its natural habitats to the exporter’s facilities in 
Manaus. Cardinal tetra represents alone over 80% of the Amazon ornamental 
fish exports. 
 
 
Material and Methods 
 
Five different Amazonian fish species were selected for whole body cortisol 
determinations: Cardinal Tetra (Paracheirodon axelrodi), Marbled Hatchetfish 
(Carnegiella strrigata), Angelfish (Pterophyllum scarale), Apistogram 
(Apistogramma gibbiceps), and a Catfish, (Aspidoras sp). 
 
Fishes were collected directly from their natural habitats in different streams 
(igarapés) near Barcelos (Amazonas), with the exception of P. scalare, which 
was obtained from a cultured stock at CAUNESP aquaculture station.  
Whole body cortisol extraction method was based on de Jesus et al. (1991) with 
modifications. Cortisol analysis was performed by Radioimunoassay (RIA) and 
results validated by serial dilutions and verification of parallelism with cortisol 
standard curve.  
 
In order to test if the validated method is suitable for routine stress assessment in 
Amazonian ornamental fish, a group of wild caught fish where submitted to in 
situ transport experiment. Fish and water samples were collected in nine 
different locations: stream (igarapé); plastic tubs; during the transport from the 
fishing camps to Barcelos; at the floating house in Barcelos (where fish are 
sorted, treated with salt and antibiotics); during the boat transport from Barcelos 
to Manaus at the beginning (Boat 1), middle (Boat 2) and at the and of a 30 hour 
trip (Boat 3); twelve hours (overnight) after arrival in the exporter’s facilities in 
Manaus (Exporter) and after a fifteen day quarantine. Water quality parameters 
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(temperature, dissolved oxygen, conductivity, pH, hardness, ions, nitrite, nitrate 
and total ammonia) were assessed. 
 
 
Results and Discussion  
 
The basal levels of whole body cortisol assessed in the five Amazonian 
ornamental fish and their respective recovery rates are shown in Table 1.  
 
 
Table 1. Whole body cortisol levels (mean ± SEM) and recovery rates in five 

Amazonian ornamental fish. 
 

Species Cortisol 
(ng/g wet tissue) 

Recovery rate  
(%) 

P. axelrodi 10.17 ± 3.74 83.48 ± 6.17 
C. strigata 8.21 ± 0.86 67.15 ± 4.69 
A. gibbiceps 30.35 ± 3.39 74.39 ± 5.80 
P. scalare 3.10 ± 0.37 83.54 ± 4.38 
Aspidoras sp. 59.27 ± 7.18 78.82 ± 6.82 

 
 
No apparent relationship between the phylogenetic position of fish and its 
respective whole body cortisol levels was observed, since in the two cichlid 
species, cortisol levels are around tem times higher in the apistogram when 
compared to angelfish (Table 1). Further studies on a more diversified group of 
Amazonian ornamental fishes need to be done to confirm or exclude a 
correlation between cortisol levels and their phylogenetic position.  
 
The whole body cortisol profile obtained during the stress monitoring of 
cardinal tetras is shown in Figure 1. The cortisol levels are gradually increasing 
from the igarapé to Barcelos. However a sudden elevation of cortisol levels is 
clearly noted in the floating house in Barcelos. In this site, fishes are roughly 
manipulated for sorting, water is renewed and prophylactic treatment with table 
salt and tetracycline are performed. During this process, which can extend up to 
4 hours, fish are submitted to a stressing condition, demonstrated by a 6-fold 
increment on cortisol levels. Once in the boat, which usually leaves Barcelos at 
night, fishes are able to gradually recover their cortisol levels to slightly above 
basal levels (boat 2). The evaluation of water quality parameters revealed 
progressive increases in pH (from 4.85±0.08 to 6.36±0.09) and total ammonia 
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Figure 1. Plasma cortisol values of juvenile matrinxã exposed to cold shock. 

Control groups were only exposed to the necessary handling to hold the 
experimental cold shock.  
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Figure 2. Bands intensity of Gills HSP 70 in matrinxã exposed to cold shock. 
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Introduction 
 
Stress has been shown to have negative affects on many aspects of fish 
physiology. The magnitude and severity of the stress response varies greatly 
between species (Barton 2002), as does its impact on reproduction (Schreck et 
al., 2001).  Stress has been shown to cause a decrease in circulating plasma 
androgen levels in a number of fish species, which may deleteriously affect male 
reproduction. The effect of selecting for stress responsiveness is still unclear. 
Rainbow trout selected for high cortisol responsiveness had significantly higher 
weights, lengths, and coefficient of condition when exposed to an acute stressor 
on a monthly basis (Pottinger and Carrick, 1999). There is not a significant 
amount of data examining the divergence of stress responsiveness in any 
perciform species.  Our lab has recently demonstrated that significant 
heterogeneity exists in the cortisol response to stress in male striped bass (Wang 
et al., in press). Understanding the repercussions of selecting broodfish for 
cortisol responsiveness could aid in determining if cortisol responsiveness 
should be used as a selection marker.  Such selection could not only aid in the 
domestication of striped bass, but could also enhance the hybrid striped bass 
industry by identifying superior striped bass males to be crossed with white bass 
females (Morone chrysops). The aim of the present study was to examine male 
striped bass broodstock, selected for high and low cortisol stress responsiveness, 
for potential differences in their reproductive function.  
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Methods 
 
An experimental population (n=67) of mature, domestic male striped bass were 
individually tagged and exposed to two minute, net challenges monthly (n=4) to 
identify fish with a consistently high (HCR) or low (LCR) cortisol stress 
response. One-hour post challenge, fish were anesthetized and bled to obtain 
plasma cortisol levels. Means were ranked, and the top or bottom ten fish of the 
population were selected for treatments.  Fish were weighed on all sample dates 
and their specific growth rates (SGR=[(ln W2 – ln W1)/(t2 – t1)]100) were 
calculated.  Stress challenges continued to be administered to the population (n 
=67) monthly from November through March.  As plasma T and 11-KT play 
important roles in the endocrine regulation of spermatogenesis, they were also 
measured. Starting in December fish were also checked to confirm spermiation. 
During the spawning season (five weeks beginning April 2003), each fish was 
individually held in a net out-of-water for thirty seconds to  expose all fish to 
significant stressors during the spawning season. Additionally, each Monday: all 
fish had blood samples drawn; each Wednesday: all fish had sperm samples 
(≈.5ml) collected; and on Friday: they were weighed and blood collected again. 
All plasma samples were measured using ELISA procedures validated for 
striped bass by our lab (Wang et al. in press). Sperm samples were analyzed for 
motility (percent and duration) using a phase contrast microscope linked to a 
video camera and monitor. Spermatocrit was also obtained. Repeated measures 
ANOVA analyses were used to assess differences between high and low cortisol 
responsive fish.  Spermiation data was analyzed using a mixed model for 
binomial data.  All data was analyzed using SASv8, mixed model procedures. 
 
Results 
 
HCR striped bass had significantly higher (p<0.05) growth rates than LCR 
striped bass. Mean plasma T and 11-KT levels (Fig.1) of HCRs were 
significantly higher than LCRs on all sample dates (p<0.05).  In addition to 
being significantly lower than HCRs, mean plasma T levels of LCRs were also 
significantly lower than the population means as well. No significant differences 
(p>0.05) were detected in the percentage motile sperm, duration of sperm 
motility, or spermatocrit between HCR and LCR striped bass. However, HCR 
individuals spermiated earlier and continued spermiation longer (p<0.05) than 
LCR fish (Fig.2).  
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Figure 2. 
 
 

 
Discussion 
 
This study demonstrates that domestic male striped bass broodstock selected for 
high cortisol responsiveness had increased androgen production and a longer 
period of spermiation, compared to low cortisol responsive fish when 
repetitively stressed. Some scientists hypothesize that not all of these stress 
reactions are deleterious, but that glucocorticoids may aid in the down regulation 
of other stress responses (Sapolski et al. 2000). It is highly unlikely that the 
differences in androgen production and spermiation were a direct effect of 
cortisol per se as there was no significant difference in cortisol level between the 
treatment groups, either during the spawning season or in the four months 
preceding the spawning season. One possible explanation for the increase in 
androgen production, increased duration of spermiation, and greater mean 
specific growth rate of striped bass selected for high cortisol responsiveness 
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compared to those selected for low responsiveness is the existence of co-
factor(s) with selection for cortisol responsiveness.  This theory is reinforced by 
the lack of difference in mean plasma cortisol concentration in the time leading 
up to, and during the spawning season, when divergence in other measurable 
factors was found. This study suggests that with further research, striped bass 
that have higher cortisol stress responsiveness may be more desirable than fish 
with low cortisol responsiveness for aquaculture. 
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Abstract 

The Betta is one of the fish more appreciated for ornamental aquariums of fresh 
water. The males are constantly fighting for dominance. The aim of study was 
developing a methodology for decrease the aggressive behavior of the Betta 
Splendens, which allowed a peaceful conviviality between males and females in 
the period to the mating. Besides, this verified which the influence of abiotic 
factors in Betta’s behavior. This study provided a larger knowledge about Betta 
Splendens's behavior and which are the ideal conditions that allow that males 
and females can live peacefully. 

Introduction 

Siamese fighting fish (Betta splendens) is native to Southeast Asia, where they 
inhabit shallow water channels and flooded rice fields. Bettas, like lungfish, can 
obtain oxygen from both water and air because of an extra respiratory organ 
located in the roof of their mouth. This is why Bettas can live in the small fish 
bowls you see in pet stores. You probably have also noticed that there is never 
more than one Betta per bowl. This is because male Bettas are extremely 
aggressive with one another and will engage in spectacular battles when kept in 
close quarters. When placed together, the males will face each other, flare their 
gill covers, and raise their fins to increase their apparent size a threat display that 
usually succeeds in avoiding a physical confrontation, which would involve  
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severe biting, side-to-side tail beating, and sometimes even death (Baumgarten, 
2001). 

Material and Methods 

Betta Splendens with approximately 8 months age placed into a 12-litter 
experimental aquarium (40x25x25 cm). The experiment was divided into two 
phases involving adjustment of the animals to experimental aquariums, 
observation of the agonist behavior and the factors abiotics. During this time, the 
water temperature, pH and conductivity were analyzed. For development the 
experimental groups were used eight females and eight males. The fishes were 
separated in couple per aquarium, where the female glass enclosured, after 
adaptation the matter done. Agonist behavior was analyzed according to Group 
of Study Heterogeneous Growth – UNESP, Botucatu, SP.  

Results 

In this work with a new methodology used showed that agonist behavior to 
Betta decreased in all aquariums. The necessary time to adaptation was ten days. 
After the time we observed matting in 25% in the couples.  

The analyses abiotics factors showed that water temperature averaged 25oC, pH 
7.3 and conductivity 80µS. 

Discussion 

In this work observed that abiotics factors are important for success reproduce in 
these animals in captivity. Under the present experimental conditions used ten 
days, the agonist behavior decreased. In the literature, several studies described 
that the time necessary to matter is only one day, but usually the results is not 
satisfactory  because agonist behavior still can be considerable limitant factor for 
success reproduce. Therefore, the technical tested in the present study showed 
that females are not ingesting eggs and the males decreased aggressive behavior. 
However, more studies should be developing to establish the methodology for 
creation Betta in captivity.  
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Abstract 
Tilapias represent a group of exotic species that are found in the all-Brazilian 
territory. In this study, tilapia of Nile, Oreochromis niloticus was used. The aim 
of the study was to observe the heterogeneous growth and the behavior of this 
species, when submitted to different stress conditions. To determine appropriates 
conditions to maintain the quality of tilapia, we observed the temperature 
variation, light, pH, social and physical parameters. The analyses of 
heterogeneous growth were established according to Group of Study 
Heterogeneous Growth – UNESP. Botucacu – SP. 
Introduction 
Tilapia is the generic name of a group of cichlids endemic to Africa. The group 
consists of three aquaculturally important genera Oreochromis, Sarotherodon 
and Tilapia. Several characteristics distinguish these three genera, but possibly 
the most critical relates to reproductive behavior. All tilapia species are nest 
builders; fertilized eggs are guarded in the nest by a brood parent. 
 
Any evaluation of stress reactions must include a consideration of the kind of 
stress stimulus being studied as well as the kind of animal being subjected to the 
stress stimulus. In animal husbandry, the effect of stress on growth, reproduction 
and resistance to disease is of particular interest. An animal that is subjected to a 
stress stimulus reacts with some kind of stress response. Seyle called this 
response nonspecific because, according to his observations, a wide spectrum of 
stressors resulted in the same kind of stress reactions. (SEYLE, 1956). It is 
possible to describe a stressor according to its physical properties as a thermal, 
chemical, electrical stressor. 
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Working with farm animals, individual differences in both behavioral and 
physiological responses are often so large that apparent stress induced changes 
may be masked by individual differences (LADEWIG, 1987). With the 
objective of verifying these differences, it was used, in this study, the evaluation 
of the heterogeneous growth of each group of fish. Before the development of 
this experiment, it was made the following question: how does the stress 
response affect the animal? 

Material and Methods 

Twenty Fingerlings Nile tilapia, Oreochromis niloticus (LINNAEUS, 1759), 
with approximately 11cm of length and weighing 23g, wire held for about 10 
months in four 24-litter experimental aquariums (40x30x30 cm). During this 
time, the water temperature averaged 25ºC, with continuous aeration. The 
control group was submitted to a photoperiod of 12-h light:12-h dark and the 
experimental group was submitted to a continuous absence of light. Five fishes 
were placed in each aquarium. 

The experiment was divided into three phases involving adjustment of the 
animals to experimental aquaria (0-15th day), observation of the growth and 
behavior in the light absence (9 months) and influence of the abiotics factors 
related the light absence (1 month). In the last two phases the heterogeneous 
growth and the behavior agonistic were observed, proceeding in agreement with 
the established for the Group of Study Heterogeneous Growth – UNESP. 
Botucacu – SP. Fish weight was sampled in the beginning of the experiment and 
in intervals previously established. In the third phase of the experiment, weekly 
analyses of the following factors abiotics were made: pH, conductivity, chloride 
and fluoride. 
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Results 
 
Heterogeneous Growth and abiotics factor -After collection of the data and 
statistical rising, it was observed that the fishes of the control group had a larger 
heterogeneous growth. The samples of the aquariums water analyzed were 
compared with the results of the heterogeneous growth obtained and it showed 
that the conductivity was the most relevant factor in the largest prominence, as 
shown in the Figure 1. 
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Figure 1 Square comparative between the heterogeneous growth and the 
conductivity variation. 
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Growth – It was observed that the experimental group had an increased of 
weight of approximately 12% in relation to the control group control. 

Behavior agonistic - The fish of the experimental group were behaved less 
aggressive during the observation of the behavior, as shown in the Figure 2. 
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Figure 2 Square comparative of the differences in the behavior agonistic 
between the control group and the experimental group. 

Discussion 

In this study we observed that heterogeneous growth of tilapia in continuous 
dark was different when compared with tilapia to a photoperiod of 12-h light:12-
h dark. Considerate total period of analysis the results showed that 
heterogeneous growth was increased in the animals submitted in continuous 
dark. When compared with the conductivity variation we observed that the first 
fifteen days increase in the control group, whereas in relation pH, fluoride and 
temperature was not observed any significant variation. In the literature work 
described that the light influence should alteration physiological parameters in 
fishes (PICKERING, 1992). 

When analyzed agonist behavior we observed that the Tilapia submitted in 
continuous dark presented lower response. This dates suggest that total absence 
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light can represent an additional factor for development and growth in Tilapia. 
However new question that should be clarified in future studies.  

References 

Ladewig, J. The effect of behavioral stress on the episodic release and circadian 
variation of cortisol in bulls. “In proc. Internat. Cong. Appl. Ethol. Farm. 
Anim.” (Ed. J. Unshelm, G. van Putten and K. Zeeb). (KTBL, Darmstadt). 
Pp. 339-342. 

Pickering, A.D. Rainbow trout husbandry: management of the stress response. 
Aquaculture., 100: 125-139, 1992 

  

 109



 

 110



 

CHANGES IN GILL AND HEPATIC NUCLEOLAR ACTIVITY OF THE 

NEOTROPICAL SILVERSIDE Odontesthes bonariensis (PISCES: 

ATHERINIDAE) IN RESPONSE TO FEEDING LEVELS 

 
Pedro Carriquiriborde 

Centro de Investigaciones del Medio Ambiente (CIMA), Facultad de Ciencias 
Exactas, Universidad Nacional de La Plata - CONICET. Calle 47 y 115 s/n 

(1900) La Plata, Buenos Aires, Argentina. Tel/fax: +54(221) 4229329. e-mail: 
pcarriqu@quimica.unlp.edu.ar 

 
Fernando N. Doulut 

Centro de Investigaciones de Genética Básica y Aplicada (CIGEBA), Facultad 
de Ciencias Veterinarias, Universidad Nacional de La Plata.  

 
Julio C. de Luca 

Centro de Investigaciones de Genética Básica y Aplicada (CIGEBA), Facultad 
de Ciencias Veterinarias, Universidad Nacional de La Plata.  

 
Alicia E. Ronco 

Centro de Investigaciones del Medio Ambiente (CIMA), Facultad de Ciencias 
Exactas, Universidad Nacional de La Plata - CONICET. 

 
EXTENDED ABSTRACT ONLY - DO NOT CITE 

 
Introduction 
 
The nucleolus is the product of the ribosomal RNA genes activity and 
consequently nucleolar physiological status is reflected in nucleolar morphology 
(Mélèse and Xue, 1995). Moreover, this subcellular domain within the nucleus 
plays key roles in cell growth, proliferation and aging (Scheer and Hock, 1999). 
Previous studies conducted on fish species stated that “variations in juvenile 
sizes depends on the functional activity of genomes” and found a direct 
proportionality between body mass and size and number of nucleoli per cell 
(Arkhipchuk, 1999). In addition, it was observed that the nuclear size of 
hepatocytes in starved fish is markedly reduced (Strussman and Takashima, 
1990). In the present study we assess nucleolar characteristics, size and number, 
in gill and liver of juveniles of Odontesthes bonariensis submitted to a reduction 
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in the feeding levels, in order to test the hypothesis that the functional activity of 
genomes is affected by environmental factors, as food availability, and that 
nucleolar characteristics can be useful as an indicator of the physiological status 
of the fish. 
 
Materials and Methods 
 
Experiments were performed using juveniles of O. bonariensis (Cuvier et 
Valenciennes, Pisces: Atherinidae). Fish were fed 1/2 the normal ration (2.5% 
body weight/d) for a period of 384h. Six individuals were randomly sampled at 
6, 48, 192, 348h. Specific growth rate (SGR=(ln(W384)-ln(W0))/t]*100) was 
assessed for the whole studied period, and the condition index 
(k=[W/(SL)3]*105) evaluated at each sample time. Gill and liver of each sampled 
fish were dissected and fixed in methanol-acetic acid (3:1). Air-dried slides were 
prepared from nuclear suspension and then stained with AgNO3 according to 
Howell and Black (1980). Ten pictures per slide, containing a mean number of 6 
nuclei, were acquired by a CCD-Iris color video camera on a light microscope 
using the 100X objective. The number of nucleoli per cell was counted directly 
from each image and the volume of each nucleolus was calculated using image 
analysis software. Nucleolar activity was assessed by the mean nuclear volume 
(MNV) and mean nucleoli number (MNN) per nucleus. Statistical differences 
between studied variables at each sampled time were assessed by One-way 
ANOVA followed by LSD post-hoc test, with a significant level of p<0.05. A 
conceptual model was developed in order to explain the time-dependent 
response observed in the MNV, and was fitted to experimental data using non-
linear regression. Linear correlation was used to demonstrate relationships 
between nucleolar parameters and condition index of fish. All statistics were 
calculated using a suitable statistical software pack. 
 
Results 
 
The SGR was -2.85%/day and the average k significantly decreased from 0.89 to 
0.75 during the assessed period. Both parameters demonstrate that fish lost 
weight during the trial and consequently they were fed under the normal 
requirements for the species.  
 
Of the studied nucleolar parameters (Figure 1), only the MNV was significantly 
affected after the reduction of the feeding level, showing an exponential 
decreasing with time, both in gill and liver. Conversely to MNV the MNN was 
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not affected by the feeding regime and its values remained constant during all 
the trial in both tissues. 
 

 

The conceptual m  in MNV was: 
MNVt=[(A-R)/R*MNV0]*[1–exp(-m*t)]+MNV0 
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Figure 1. Time-response of nucleolar parameters, MNV (A, C) and MNN (B, D) 
in the gill (A, B) and liver (C, D) of O. bonariensis submitted to reduction in 
feeding levels. Grey line and equation in panel A and C: exponential model 
fitted to MNV experimental data. Grey lines panel B and D: connection lines 
between averages MNN. Grey and black empty circles: plot of individual and 
mean values respectively. Bars: standard error. Different letters indicate 
statistical differences (LSD, p<0.05) 
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Where the MNV at specific time (t) is function of: i) the initial state of the 
parameter (MNV0), ii) the relationship between the basic daily food 
requirements (R) and the actual quantity of food delivered (A), and iii) the 
metabolic rate of the species at a given age (m). MNV experimental data was 
fitted accurately by the model, both in gill and liver. The maximum observed 
reduction of MNV was 47.3 and 57.1% in gill and liver respectively after 384h. 
These values are close to the 48.7 and 58.2% predicted by the model at infinite 
time, indicating that MNV at the end of the experiment was near to reach the 
quilibrium value in relation with the new feeding regime. 

Coefficient of determination (r2), indicate that 43 
nd 61% of the total variation observed, respectively, in gill and liver MNV was 

he change in k. 

 
• 

onstrating that functional 
ctivity of genomes is affected by environmental factors, and then these 

factors will then affect, for example, fish size. 

e
 

Figure 2. Relationship between k and MNV in the gill (A) and liver (B) of O. 
bonariensis. 
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The relationship between MNV and. k was demonstrated by the linear 
correlation model (Figure 2). 
a
explained by t
 
Conclusions 

Nucleolar activity in the gill and liver of O bonariensis decreased in 
response to reduction in feeding level, dem
a
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The mechanism involved in the functional response of genomes 
concerning nucleolar functions to nutritional status, seemed to be led by 
regulation in synthetic rate (decrease of MNV) more

• 

 than by deactivation 
f nucleolar organizer regions (reduction of MNN). 

• 

useful for aquaculture purposes in countries with scarce 
resources. 
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The response of the nucleolar activity observed in internal (liver) and 
external (gill) organs was comparable. In addition MNV correlate well 
with the condition factor of the fish. Consequently, MNV of external 
organs (eg. fin; Arkhipchuk, 1999) could be useful as a sensitive 
indicator of the general physiological status of the fish that can be 
assessed by means of an inexpensive and non destructive method which 
could be 
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Introduction 
 
The dissolved oxygen is important as an energy source for the ingested feed to 
be processed appropriately by metabolic path ways during oxygen assimilation. 
The need of oxygen varies between species. The oxygen level should always be 
higher than 5.00 mg/l to allow for a good performance. Low DO concentrations 
are normally the first limiting parameter of water quality for Nile tilapia growth 
in intensive system. 
 
The DO concentration depends on the partial pressure of atmosphere oxygen, 
which varies according to altitude, temperature and dissolved substances. The 
partial reduction of oxygen pressure in the water leads to hypoxia (Baldisserotto, 
2002). According to Freeman and Crapo (1982) it can determine the production 
of reactive oxygen species and antioxidants which will revert the stress 
condition. 
 
Antioxidants are important in the molecule protection against oxidative 
damages. Vitamin E acts as a reactive oxygen species remover, protecting 
specially the unsaturated fatty acids of cell membrane. Selenium is an essential 
mineral for fish and it is present on glutathione peroxidase enzyme, which 
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catalyzes the reaction that converts H2O2 in H2O. Blood is an excellent 
parameter for health eveluation in stress condition. 
 
The aim of this research was to evaluate different levels of selenium and vitamin 
E supplementation and their interaction for Nile tilapia juveniles under hypoxia 
condition.  
 
Material and Methods 
 
The research was carried out at Aquatic Organisms Nutrition Laboratory – 
AquaNutri – Veterinary and Animal Science College – UNESP – CAUNESP. 
 
One hundred and ninety two sex reverted fingerlings, average weight of 3.48 ± 
0.10 g, were randomly distributed in 32 300-l aquaria at a density of six 
fish/aquarium during 100 days of experimental period. The experiment was 
carried out in a factorial design 3 x 2, three vitamin E levels (100.0; 200.0 and 
400.0 mg/kg) and 2 selenium levels (0.50 and 1.00 mg/kg), with four replicates 
each treatment, plus the absence of supplementation and 50.00 mg of vitamin 
E/kg and 0.25 mg of selenium/kg-1 diet were tested using a purified diet 
(albumin and gelatin). In this pre-experimental period fish were fed four times a 
day and dissolved oxygen was kept at 7.00 ± 1.00 mg O2D/15l. 
 
After this period the feeding condition was the same but the DO was gradually 
reduced to approximately 1.00 ± 1.00 mg de DO/l leading to hypoxia. Blood 
samples were obtained from fish at the beginning and after six days of hypoxia. 

 
Twelve fish per treatment were randomly chosen and anesthetized with 
benzocaine at 1.00 g/l. Blood samples were collected from caudal vein using 
tuberculin syringes (3.0% anticoagulant) for hematocrit, red blood cell count and 
hemoglobin determination. The methodology for blood analyses was described 
by Jain (1986). After this determination mean corpuscular volume and mean 
corpuscular hemoglobin concentration were calculated. 

 
Data were analyzed by two-way analysis using the general linear model 
procedure (SAS Institute, 1985) complemented by Scheffé and Tukey tests. 
Differences were considered significant at the 0.05 probability level. 
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Results 
 
Mean values for red blood cell, hematocrit, hemoglobin, mean corpuscular 
volume and mean corpuscular hemoglobin concentration were similar 
comparing the beginning and the end of experimental period, except for 1.00 mg 
of Se and 200.00 mg of vitamin E for red blood cells. 

 
After six days of hypoxia significant difference between 200.00 and 400.00 mg 
for red blood cells was observed, comparing vitamin E levels. It was determined 
for hemoglobin that the supplementation level of 200.00 mg of vitamin E was 
significantly lower than 100.00 and 400.00 mg of vitamin E/kg-1 diet also after 
hypoxia. Both results were observed in 1.00 mg of selenium supplementation. 
Neither mean corpuscular value nor mean corpuscular hemoglobin concentration 
were significantly different in any contrast. 
 
Conclusions 
 
Supplementation of selenium and vitamin E did not affect hematological 
parameters after six days of hypoxia; the supplementation of 0.25 mg of 
selenium and 50.00 mg of vitamin E/kg-1 diet changed the erythrocytes values 
after stress condition; the hemoglobin concentration was affected by selenium 
supplementation in a concentration of 200.00 mg of vitamin E; the concentration 
of 1.92 mg OD/l, during six days, did not show oxidative stress in Nile tilapia, 
since there was no change in hematological parameters. 
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Introduction 
 
In the intensive culture system fish are continuously exposed to stress, which 
can determine temporary homeostasis modifications and this can lead to chronic 
stress. 
 
Although fish deaths during winter are not recorded, this can determine  economic 
problems to producers, due to lower resistance and higher disease susceptibility. 
Lovell and Sirikul (1974) observed that channel catfish could lose weight during 
winter leading to a body fat decrease. Bell et al. (1991) observed that diets 
containing high concentrations of ω3 and ω6 could increase Atlantic salmon 
resistance to live through winter. 
 
According to Wedemeyer (1969) an increase in metabolism during stress 
situations also determine the redistribution and a higher demand for vitamins. 
Kitabchi (1967) had hypothesized that high levels of ascorbic acid had an 
inhibitory role in steroid synthesis, preventing the conversion of unsaturated fatty 
acid into cholesterol esters, which are incorporated into steroids. The author 
suggests that increasing the ascorbic acid loading of the fish might prevent the 
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severity of stress response. Based on this the aim of this research was to evaluate 
the effects of lipid and vitamin C supplementation and the irinteraction on 
physiological parameters. 
 

Material and Methods 
 
The research was carried out on Aquatic Organisms Nutrition Laboratory during 
112 days of pre-experimental period plus 43 days of experimental period. 
 
In the pre-experimental period 192 Nile tilapia sex reverted fingerlings, with 
average weight of 5.57 ± 0.50 g, were randomly distributed in 32 300-l aquaria, 
with temperature controlled at 26.0 ± 1.0°C. The experiment was carried out in a 2 
x 3 factorial design, two levels of lipid (8.0 and 12.0%) and three levels of vitamin 
C (300; 600 e 1200 mg of vitamin C/kg diet), with four replicates each treatment, 
plus the absence of nutrient test and 6.0% of lipid and 125.0 mg of vitamin C/kg 
diet. 
 
Eight experimental diets were formulated to contain 32.0% of digestible protein. 
The vitamin and mineral mix used was absent of vitamin C. Lipid and vitamin C 
sources were soybean oil and stay C 35.0%, respectively. All diets were processed 
and dried. Pellets were broken and stored at -18°C. 
 
At the end of the pre-experimental period six fish/treatment were randomly 
chosen, weighted and sacrificed using high anesthesia dose for liver vitamin C 
determination. Another six fish/treatment were randomly chosen and anesthetized 
with benzocaine at 1.00 g/l. Blood samples were collected from caudal vein using 
tuberculin syringes (3.0% EDTA dipotassium salt) for hematocrit, red blood cell 
count and hemoglobin determination. Mean corpuscular volume and mean 
corpuscular hemoglobin concentration were then calculated. Blood for glucose 
determination was obtained from the same fish, using heparinized syringes. 
Plasma was obtained for cortisol determination. 

 
In the experimental phase 48 fish, with average weight of 105.73 ± 19.71 g, 
were randomly distributed in 24 40l-aquaria at a density of two fish/aquarium. 
The temperature was gradually reduced to 18.0 ± 0.5°C and fish were kept under 
this condition for 32 days and 11 days at 15.0 ± 0.5°C. At the end of the 
experimental period the same initial analyses were run. 
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Data were analyzed by two-way analysis using the general linear model 
procedure (SAS Institute, 1985) complemented by Scheffé and Tukey tests. 
Differences were considered significant at the 0.05 probability level. 
 
Results 
 
Red blood cells and hematocrit were significantly different from fish fed non-
supplemented diet comparing with factorial before temperature stress. After 
stress, fish fed diet with no vitamin C supplementation showed difficulty to keep 
blood cells synthesis with 18.7% less red blood cells and 11.7% of hemoglobin. 
Fish fed supplemented diet showed significant increase in red blood cells and 
hematocrit after temperature stress. Vitamin C kept adequate blood values 
comparing initial and final values. 
 
Fish fed diet supplemented with vitamin C showed higher liver concentration 
than the no-supplemented. Values higher than requirement (125.0mg) had also 
higher concentration. Comparing values at the beginning and at the end of stress 
it was observed that the absence and 125.0mg of vitamin C were not enough to 
maintain the minimum concentration after chronic temperature stress. 
 
Fish fed no-supplemented diet showed the same cortisol concentration after 
stress. Comparing values before and after stress it was observed that 600 and 
1200mg kg/diet vitamin C determine significant decrease in cortisol 
concentration. Glucose concentration neither after nor before stress was affected 
by nutrients test supplementation. 
 
Conclusions 
 
Absence of vitamin C in diets impair erythropoiesis and under stress condition 
determine immature cells liberation with lower capacity to carry oxygen and did 
not prepare fish to cope with stress; vitamin C above requirement shows to be 
efficient to mitigate stress and 600 mg kg/diet showed to be economic and 
physiologically sufficient to prepare fish to cope with temperature stress; lipid 
supplementation does not determine alterations in stress biochemical 
parameters. 
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Abstract 
 
Water quality and maintaining water condition are important factors that have 
been pointed out as one of the causes for the high fish mortality occurring on 
ornamental fish exported from the state of Amazonas. Short-term (96 h) 
laboratory tests were conducted with Paracheirodon axelrodi, in order to 
determine the acid and alkaline lethal pH (LC50), lower and higher LT50 for 
temperature, higher LC50 for total ammonia and nitrite. According to the 
findings, cardinal tetra presents a high tolerance limit to pH (acid pH=2.9 and 
alkaline pH=8.8), high temperature (33.3 oC) and total ammonia (23.7 mg/L). 
However, temperatures below 19.6 oC and nitrite concentrations above 1.1 mg/L 
may compromise its survival especially during the shipment abroad. 
 
 
Introduction 
 
The trade of ornamental fish in Amazonas State is one of the most profitable and 
sustainable extractive activities, comprising nearly 90% of all fish export in 
Brazil (Chao et al., 2001). Most of these fish are come from the middle Rio 
Negro basin flooded forests, generating around US$ 3 million, that is, 2% of the 
Manaus free port industry exports. Even though it represents a small portion of 
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all exports undertaken by the Amazon State, it still comprises over 65% of the 
local economy in the municipality of Barcelos, involving 80% of the 16,107 
residents directly or indirectly (Prang, 2001). However in the last few years, the 
State exporters have recorded a drop of between 40 and 50% on the sale of these 
fish. Several factors have contributed for this market loss, among them the 
culture of better quality species, the high mortality rate of fish caught in the 
wild, and the exported fish low quality. From 30 to 70% of the fish captured in 
the Amazon perish between the time of capture and the arrival at the final 
consumer. According to Waichman et al. (2001), maintaining a stable water 
quality condition is a very important factor and its lack may represent one of the 
main causes for the high fish mortality rates. 
 
The purpose of this paper was defining a water quality standard for cardinal 
tetra, Paracheirodon axelrodi, establishing the lethal levels of the acid and 
alkaline pH, high and low temperatures, ammonia and nitrite in the water. The 
cardinal tetra is the most requested Amazonian ornamental fish in the world 
market, dominating the fish exports from Brazil, and representing 80% of all 
fish exported annually from the Amazon State.  
 
Material and Methods 
 
Cardinal tetra (0.07 ± 0.002 g) were collected from forest streams (igarapés) of 
the middle Rio Negro basin in the municipality of Barcelos, Amazonas State. 
Fish were transported to the laboratory where they were kept in 500 L holding 
tanks supplied with aerated water, constant temperature (25o ± 1oC) and 
regularly fed with a commercial diet for at least 4 weeks prior to experiments. 
Bioassay experiments to establish tolerance limits to pH, temperature, ammonia 
and nitrite were performed in four 40 L test chambers equipped with an air 
compressor and a thermostat bath. Twenty-four hours prior to the experiments, 
four groups of ten fish (10 per replicate) were transferred to test chambers where 
the water quality was preserved. For each test parameter, the experiments were 
conducted for over 96 h, in which fish mortality was observed and water 
physical and chemical parameters were evaluated.  
 
To test the pH, the water was adjusted with HCl diluted solution for acid pHs 
and Tris and NaOH for alkaline pHs, that was introduced into the thermostatized 
bath to be mixed and later distributed in the test chambers. In order to reach the 
desired pH, the basic or acid solution was added to the bath at 1 h intervals. The 
tested pHs were: control (6.0), acid (2.6, 3.1, 3.6, 4.3, 4.7, 5.2 and 5.6) and 
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alkaline (6.5, 7.2, 7.4, 7.8, 8.4, 8.8 and 9.3. During all the experiment, the water 
pH was monitored every 3 h by a digital pH-meter WTW model pH330i. 
 
For the test with temperatures, a series of progressively higher and lower water 
temperatures was achieved by a programmable thermostat bath (Mod. BTD 770 
- São Carlos, SP, Brazil), which controlled the gradual rising or lowering of the 
temperature to its desired point. The tested temperatures were: control (25 oC), 
high (25, 27, 29, 31, 33, 35 ± 1 oC) and low (21, 19, 17 and 15 ± 1 oC).  
 
To test total ammonia, the water pH was first set to 7.6 ± 0.12 using NaOH 
and/or Tris, which after being diluted from 1 to 2 g/L, it was added to the 
thermostized bath where it was mixed and distributed evenly to all test 
chambers. Then, a pre-established NH4Cl quantity was diluted and added to the 
bath for being distributed to the chambers. The cardinal tetra were exposed to 
six concentrations such as 0.9, 1.4, 8.5, 13.1, 18.6, 23.7 and 35.6 mg/L yielding 
0; 0.022; 0.032, 0.19, 0.23, 0.31, 0.44 and 0.85 mg/L NH3 (unionized ammonia). 
Test chamber ammonia concentration was determines daily and the water pH 
was monitored constantly. Nitrite tolerance tests were performed adding the 
sodium nitrite solution (NaNO2) to obtain four concentrations (0.5; 1.0; 1.5 and 
2.0 mg/L NO2

-).  
 
Regardless the tolerance test performed the water quality variables were 
measured for each test chamber. Dissolved O2, pH, temperature and electric 
conductivity were measured twice daily and water samples were collected for 
total ammonia and nitrite analysis. Dissolved oxygen and water temperature 
were determined through a YSI-55, model 55/12 digital oxygenometer; pH 
measured with a WTW model D-812, electrode (WTW) type E 50 pH 0...14 – 
5... +80o C digital pH-meter; electric conductivity by using a WTW model LF-
92 digital apparatus. Water samples were collected and determined by the 
calorimetric method according to Boyd & Tucker, (1992) for the analysis of 
total ammonia (NH3 + NH4

+) and nitrite (NO2
-) concentrations. 

 
Water quality data are reported as mean ± SD. The mean values of different test 
chambers were compared by using the ANOVA variance analysis. The 
differences were considered to be significant at p<0.05 using the Tukey test. The 
96 h pH (acid and alkaline), temperature (high and low), ammonia and nitrite 
concentrations LC50 were estimated according to the trimmed Spearman-Karber 
method (Hamilton et al., 1977). 
 
 

 127 
 



  

Results and Discussion 
 
We observed water quality uniformity among the replicates of each tested 
variables (pH, temperature, ammonia and nitrite) with no significant difference 
between physical and chemical parameter values (Table 1).  
 
The 96-h LC50 (lethal concentration to 50% of a population) to acid and 
alkaline pH, low and high temperature, total ammonia and nitrite concentrations 
to cardinal tetra are presented in Table 2.The toxicity action and physiology 
effects of low and high pH on fish have been widely studied and reviewed by 
many authors (Wood, 1991; Affonso 2002). During our study, the pH tests with 
cardinal tetra showed 100% survival up to pH 4.0 and below to pH 8.5. The 96-h 
LC50 to acid and alkaline pH was calculated as 2.9 and 8.8 respectively, 
indicating that cardinal tetra is highly tolerant to acid and alkaline pHs. The high 
tolerance of that species to low pHs is to be expected once the pHs are very acid 
(±3.5) in its natural environment (black water streams) (Walker, 2001). 
 
Temperature can influence fishes in multiple ways, among these; it can act as a 
lethal factor when its effect is to destroy the integrity of the organism (Currie et 
al., 1998). In the present study, the LC50 of cardinal tetra to low and high 
temperatures was 19.6 and 33.7 oC respectively. The findings showed that fish 
mortality increased at temperatures below 19 oC and reached a total mortality 
index at 15 oC (Table 2. The tests with high temperatures (25 to 35 oC), showed 
fish survival is 100% at 29 and 31 oC, being lethal above 35º. These findings 
corroborate those obtained by Waichman et al., (2001) on the evaluation of the 
water quality used for transportation of ornamental fish, whose capture and 
fishing grounds temperatures fluctuated from 29 to 31 oC for the cardinal tetra. 
According to those authors, these findings suggest that the highest lethal 
temperatures (LC50 =33.7 oC) to the cardinal tetra restrict the species to high 
temperatures on account of its inability in tolerating low temperatures. 
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Table 1. Water quality parameters during bioassay experiments to establish 
tolerance limits to pH, temperature, total ammonia and nitrite concentrations to 
cardinal tetra. Means ± SD  
 
Tolerance 
Parameter 
 

Acid 
 pH 

Alkaline
pH 

Low 
temp. 

High 
Temp. 

O2(mg/L) 7.8±0.3 8.0±0.4 7.9±0.7 6.3±0.
5 

Temp. 
(oC) 

25±0.7 25±0.7 - - 

pH - - 6.6±0.3 6.6±0.
5 

Condutivit
y 
(µS/cm) 

31.7±16 279±74 8.1±0.3 8.2±0.
2 

Ammonia 
(mg/L) 

0.9±0.0 0.05±0 0.026±0 0.02±0 

Nitrite 
(mg/L) 

0.08±0 0.04±0 0.038±0 0.04±0 

Table 2. Lethal concentrations (LC50) to acid and alka
temperature, total ammonia and nitrite to cardinal tetra.
 
Tolerance 
 Acid 

 pH 
Alkaline 
pH 

Low 
temp. 

High 
Temp. 

A

 
LC5
0 

 
2.9 

 
8.8 

 
19.6. 
(oC) 

 
33.7 (oC) 

 
23

 
 
 
Ammonia and urea are the two main nitrogenous prod
fish, with ammonia usually representing 75-90% of 
(Handy & Poxton, 1993). The acute and chronic tox
been extensively reviewed for freshwater fish (Saik
Walsh, 2000). High levels of ammonia cause stre
physiological response such as osmoregulatory d
branchial epithelium damages (Meade, 1985). The 
experiments indicated 100% survival of the fishes 
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6.2±0.5 8.2±0.6 
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0 

0.008±0 - 
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mmonia Nitrite 

.7 mg/L 
 
1.1 mg/L 

ucts excreted by teleostei 
the nitrogenous excretion 
icities of ammonia have 
i et al., 1999; Wang & 
ss and produce harmful 
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findings obtained in the 
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control and 0.9-mg/L total ammonia, while 98, 88, 85, 62, 30; and 25% of the 
fishes survived to 1.4, 8.5; 13.1, 18.6, 23.7 and 35.6 mg/L total ammonia (or 0; 
0.022; 0.032, 0.19, 0.23, 0.31, 0.44 and 0.85 mg/L NH3) respectively. Lethal 
ammonia concentration (LC50) for cardinal tetra was calculated to be 23.7 mg/L 
NH4+NH3 or 0.36 mg/L NH3. Comparing with literature results (Lemarié et al., 
2004), these data indicate that cardinal tetra may be considered to be a species 
highly tolerant to ammonia, which certainly facilitates its survival, especially 
during transport from Barcelos to Manaus, when the total ammonia 
concentrations are very high (< 12 mg/L; Waichman et al., 2001). 
 
The toxicity of nitrite to fishes has received much attention in recent years, but 
little in formations is available about the susceptibility of tropical fish to nitrite 
(Moraes et al., 1998, Martinez and Souza, 2002; Costa et al., 2004). At elevated 
concentrations, nitrite impedes the oxygen carrying capacity of blood by 
oxidation of haemoglobin (Hb) to methaemoglobin (metHb), which is unable to 
bind oxygen and at acute concentrations decreases markedly the oxygen 
carrying capacity of blood (Jensen, 1995). Its determination for the cardinal tetra 
would be a useful tool to define the environmental quality and handling 
standards during shipment. In our tests with nitrite, all fish survived for 96 h of 
being exposed to the control, while 93, 60 and 35% of fish survived to 0.5, 1.0 
and 1.5 mg/L NO2

-, respectively. Total fish mortality was observed at 2 mg/L 
NO2

-. The 96 h LC50 was calculated as 1.1 mg/L, indicating the high sensitivity 
of this species to nitrite.  
 
In conclusion, findings from our study suggest that low temperatures (< 19 oC) 
and high nitrite concentrations (> 1.1 mg/L) may compromise the cardinal tetra 
ornamental fish survival, especially during the export process and/or wholesale 
fish importers.  
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Fish can swim against a water current and this forced exercise as known as 
training. Many variables can change following training, like growth rate and 
food ration. 
 
Generally favorable swimming speeds leads to increased growth. Appetite is 
stimulated by swimming and fish consume more food. Thus although this body 
activity itself demands more energy, a unit mass of growth is achieved with a 
lower amount of food, and the mass gain is achieved faster. Much of the energy 
savings is due to the ram ventilation in the exercising fish, showed by many 
others factors involved such as stocking density, aggression and hormonal 
levels. Trained fish generally show decreased aggression and hierarchies, 
resulting in increased food for the subordinated fish, decreasing differences in 
size range (Davison, 1989). 

 
Material and Methods 

 
Juvenile specimens of matrinxã, Brycon cephalus, weighing about 25 g, were 
collected at the Águas Claras Fish Farm (Mococa, SP) and transported to 
laboratory (Laboratory of Zoophysiology and Comparative Biochemistry, 
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Federal University of São Carlos, São Carlos, SP, Brazil), where fish were kept 
in 500 L holding tanks supplied with dechlorinated normoxic water (PwO2 > 
130 mmHg) at 25 oC. Fish were fed ad libitum once a day with commercial fish 
pellets with 35% of crude protein. They were randomly divided in two groups: 
Untrained (n = 10), and Trained (n = 10). Fish of Trained groups were 
maintained under a swimming speed of 20 cm.s-1, 24 h a day, for 60 and 90 
days. Untrained group was maintained in a tank without water current (without 
exercise), for the same period. 
 
After the periods mentioned above, blood samples were taken in order to 
determine the following hematological parameters: hematocrit (Hct), blood 
hemoglobin concentration (Hb), red blood cells count (RBCC). Mean cell 
volume (MCV), mean cell hemoglobin (MCH) and mean cell hemoglobin 
concentration (MCHC) were calculated based on hematological parameters. 
Biometric parameters such as body weight (Wt), total (Lt) and standard  (Ls) 
lengths, body height and width were also measured. After blood sampling and 
biometric measurements, fish were killed and the carcasses, free of viscera, were 
weighted. 
 
Values are presented as mean ± SD. Significant differences were tested by 
analysis of variance (ANOVA) followed by Bartlett’s test for homogeneity of 
variance. Significant differences were considered at P < 0.05. 
 

Results 
 
Trained fish showed significantly higher biometric values when compared to the 
untrained group (Figure 1). In general, trained groups showed similar results on 
biometry, in both experimental time 60 and 90 days. 
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The hematocrit values of fish maintained for 90 days under exercise condition 
were significantly higher than those kept for 60 days (Figure 2). Moreover, fish 
trained for 90 days showed higher hematocrit value than the untrained fish. 
When compared to the untrained group, hemoglobin concentration was 
significantly higher only in the group trained for 90 days. The increase in 
hematocrit was due to an increase in red blood cells volume. Consequently, fish 
kept for 90 days under exercise showed lower values of hemoglobin 
concentration in individual red blood cell (MCHC). 
 
Discussion 
 
Chronic exercise increased hematocrit and hemoglobin concentration, probably 
due to a better O2 carrying capacity. Trained fish showed lower MCHC. 
However, this decreased hemoglobin concentration per cell was enough to 
maintain their normal hematological condition. These results indicate that 
exercise can stimulate appetite of trained Brycon cephalus. Moreover, the O2 
carrying capacity was increased, the assimilation of nutrients by the swimming 
muscles was improved and, consequently, fish grew faster, as suggested by 
Davison (1989; 1997). 
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Increased production on aquaculture has partially relied on increasing the 
productivity of farms through changes in husbandry methods. Elevating rearing 
density combines the maximization of water use with increased fish production 
and is one approach to increasing farm production. Stress occurs at various 
stages of the fish cycle production, including capture and confinement (Rotlland 
et al., 2001; Ruane et al., 2001). In general, fish respond to stressful conditions 
with activation of two major pathways. The primary stress response involves the 
sympathetico-chromaffin cell axis and the hypothalamus-pituitary interrenal axis 
resulting in elevated release of plasma catecholamines and cortisol, respectively 
(Wendelaar Bonga 1997).  
 
Teleosts do not present an adrenal gland with distinct cortex and medulla, 
similar to the ones found in higher vertebrates. So, most of the time, the 
chromaffin tissue and the interrenal cell are intermingled and distributed in the 
head kidney. The aim of the present investigation was to determine whether 
effect of handling and crowding induced stress on the adrenal chromaffin and 
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interrenal cells in the head kidney. Matrinxã (Brycon cephalus, Günther) is a 
freshwater fish of South America of increasing importance among farmed fish in 
Brazil. Its farming is booming in the southeast of the country mainly for sport 
fishing. 
 
The study was conducted at the Aquaculture Centre of the São Paulo State 
University (CAUNESP), Jaboticabal, Brazil. A total of 100 matrinxãs (700 ± 22 
g; 35.0 ± 0.37 cm) were selected randomly and allotted to one 200 m2 earth 
pond, divided into four 50m2 squares (25 fish each, 350 gL3, the approximate 
density usually used in matrinxã rearing). Fish remained in the pond for 30 days 
before the experimental procedures and were fed a commercial diet to apparent 
satiation. The pond received constant water flow (6 Lmin -1). On the 
experimental day, water temperature, pH, dissolved oxygen (Horiba, model 
Water Checker U-10), alkalinity, ammonia and nitrite were measured at the 
08:00 a.m. and 24 hours later in the pond. 
 
Fish did not feed on the day before experimentation. Immediately before the 
capture, six fish randomly selected were sampled (control group, zero time). 
Following this, all fish from three squares were caught and transferred to the 
fourth square, thus increasing the stocking density. The handling of all squares 
took 30min. Crowded fish were sampled at 24 h after stocking in the fourth 
square. Six fish were caught, anaesthetized (benzocaine, 50mg L-1), within 5min 
per sampled group. Fish were weighed, measured, killed by brain destruction 
and ventrally opened for extraction of right head kidney. 
 
Head kidney fragments were fixed for 3h at 4°C in a 4% 
paraformaldehyde and 2% glutaraldehyde solution in 0.1 M sodium 
cacodylate buffer, and postfixed for 2 h in 1% osmium tetroxide 
buffered to pH 7.4 at 4°C. The fragments were dehydrated in a graded 
series of ethyl alcohol and embedded in Epon (Epon 812 ESM, 
Electron Microscopy Sciences, USA). The ultrathin sections were 
contrasted with uranyl acetate and lead citrate, and examined by a Jeol 
1010 C transmission electron microscope. 
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Table 1. Water characteristics in the pond during the experiment. 
 
Grou

p* 
Time 

h 
Temperature 

0C 
pH Oxygen 

mg L-1 
Alkalinity 

mg L-1 
Ammonia 

µg L-1 
Nitrite 
µg L-1 

a 
b 

0 
24 

27.9 
28.3 

7.4 
8.4 

5.4 
6.3 

25 
32 

4.0 
5.0 

8.2 
8.4 

* Group a (Control group) and group b (Crowded fish) both groups were 
sampled at 8:00 am. 

 
 
The water quality was at levels considered appropriate for freshwater fish 
rearing (Wedemeyer, 1997). No mortality was observed throughout the 
experiment. The head kidney is composed of fused bilateral lobes located 
anterior to the swim bladder and ventrolateral to the spinal column. The 
parenchyma revealed lympho-hematopoietic tissue, melano-macrophage centers, 
interrenal gland and chromaffin cells. Chromaffin cells are found in small 
groups, closely associated with the interrenal gland and/or under the 
endothelium of the posterior cardinal vein. So far, the ultrastructural analysis 
revealed two types of chromaffin cells: the first type was characterized by the 
presence of vesicles with round, strongly electron-dense granules, which were 
eccentrically located. Such cells were interpreted as noradrenaline cells. The 
second type cells contained smaller vesicles and electron-lucent granules with a 
small halo separating the granule from the vesicular limiting membrane and was 
identified as adrenaline cells. In the group that was stocked in high density for 
24h the chromaffin cells presented depletion of citoplasmatic vesicles. This 
effect was more evident in the noradrenaline cells. 
 
The ultrastructural analysis of the interrenal cells revealed that the cytoplasm 
contains numerous round mitochondria with tubule-vesicular cristae in an 
electron opaque matrix homogeneously distributed. There is abundant smooth 
endoplasmic reticulum (SER), small Golgi apparatus, lysossome, glycogen 
particles and microfilaments are found in small number. Usually the nucleus is 
round with slightly dense chromatin adhering to the internal surface of the 
nuclear membranes and there is a large nucleolus. Mitochondria and SER are 
organelles directly linked to biosynthesis of steroid hormones (Civinini et al., 
2001). In teleosts the major corticosteroid produced by the interrenal cells is 
cortisol. Interrenal cells from fishes submitted to stress procedures showed 
mitochondria proliferation and marked vesiculation and enlargement of the 
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cytoplasmic SER cisternae. Therefore, the ultrastructural results suggest altered 
cortisol secretion by interrenal cells, which may indicate an activation of the 
pituitary-interrenal axis. Furthermore, cells showed an increased number of 
lysossome, unsharp plasmatic membrane and swelled nuclear membrane, 
indicating cell damage.  
 
Our results suggested that, from the ultrastructural point of view, the procedures 
to which the fishes were submitted were highly stressful, probably leading to 
cell damage, which can ultimately affect growth and maturation of these fishes. 
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Introduction 
 
Fish are normally exposed to rhythmic and abrupt changes in aquatic 
environments and can adaptively respond to such changes. Within suitable 
ranges of aquatic environments, optimal growth, reproductive activity and 
resistance against diseases are expected. On the other hand, it seems that acute 
changes in aquatic environments can act as stressors to fish and cause negative 
responses. Tolerance range to various stressors is variable among fish species 
Few studies have been conducted to clarify relationships between physiological 
responses and acute changes in aquatic environments. Nile tilapia, Oreochromis 
niloticus, is a commercially important fish species and thus it is worth 
evaluating the tolerance ranges to acute changes in aquatic environments in this 
species. The aim of the present study was to experimentally examine the 
physiological and the immune functions responses to possible acute changes in 
aquatic environments. 
 
Materials and Methods 
 
Nile tilapia (11.7 to 13.1 g in body weight) were collected from a pond near 
Sesoko Station, Tropical Biosphere Research Center, University of the Ryukyus, 
Okinawa, Japan, using a casting net. The fish were held in a fresh water tank 
with a filter and aeration system and fed daily with commercial pellet for tilapia. 
Eight fish were transferred to aquaria (60 liters) for least 2 weeks before the start 
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of acute experimental trials The fish were held in a net for 5 min and then 
sampled at 0, 1, 3, 6, 12 and 24 h after netting. The fish were exposed for 6 
hours to acute changes in temperature (from 19.9 to 23, 28 or 33oC), salinity 
(from 0 to 12 or 25 ppt) and water pH (from 7.9 to 4.0). Blood sample was 
collected from the caudal vasculature and plasma was obtained by 
centrifugation. Plasma concentrations of cortisol and immunoglobulin (IgM) 
were measured by ELISA. Lysozyme activity and glucose concentration in the 
plasma were determined by the methods of cell lysis and glucose oxidase, 
respectively. Hematocrit value was also determined.  
 
Results and Discussion 
 
Netting the fish resulted in immediate increases in plasma concentrations of 
cortisol and glucose. They peaked at 6 h and then decreased to a basal level 
within 24 h. Similar results have been obtained after handling stress in fish 
(Barcellos et al., 1999). When the fish were exposed to acute changes in 
temperature, salinity and water pH, plasma concentrations of cortisol and 
glucose, increased significantly after 6 h exposure. No change in hematocrit 
value was observed in any experiments. These results suggest that acute changes 
in aquatic environments can stress the studied fish species In the temperature 
exposure experiment, a significance decrease in plasma cortisol levels was 
found in the fish exposed at 33oC, implying a physiological inadaptable 
temperature level. Plasma level of IgM, but not lysozyme activity, increased 
significantly with changes in temperatures, salinities and pH suggesting that, 
some immune system functions are affected by acute environmental changes. 
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Figure 1. Acute aquatic environmental changes in plasma cortisol and glucose 
concentrations after 6h-exposure of the fish to acute changes in temperature (a), 
salinity (b) and water pH (c). Asterisks (*, ** and ***) show significant 
differences at P<0.05, 0.01 and 0.001, respective 
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Abstract 

 

The purpose of this study was to find a sensitive biomarker to evaluate the stress 

and response of fish before deleterious effects and mortality occur. Red tilapia 

hybrid (total length 20.85 ± 1.21 cm, body weight 157.37 ± 31.86 g) preadapted 

at 24 ± 1� had a erythrocyte count of 1.64 ± 0.31 ~1.74 ± 0.02 ×106 cell/mm3 , a 

leukocyte count of 5.47 ± 0.61 ~ 6.69 ± 0.32 ×104 cell/mm3, a hematocrit of 

24.63 ± 3.40 % and plasma glucose of 40 ± 3 ~ 46 ± 13 mg /dl. Tilapia exposed 

to 3.0 mg/L ammonium chloride for over 24 h, erythrocyte count decreased from 

1.80 ± 0.45 ×106 /mm3 to 1.68 ± 0.44 ×106 /mm3 and individual erythrocyte 

decreased in size (p<0.05). Leukocyte count increased from 17.57± 1.52 ×104 

cell/mm3 to 23.26 ± 3.22 ×104 cell/mm3, LOX activity of platelet-rich plasma 
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increased to 3.56 folds. Plasma glucose and hematocrit showed no significant 

differences from the control (p>0.05). Tilapia exposed to 1.5 mg/L of 

ammonium chloride for 72 h, the erythrocyte count was not significantly 

different from the control (p>0.05), leukocyte count increased with prolonged 

exposure time, plasma glucose increased to 1.70 times, while LOX activity 

increased to 2.68 times of the control. For tilapia, blood LOX activity and the 

ratio of unsaturated fatty acids to saturated acids in erythrocyte membrane were 

more sensitive to the chemical environmental stresses than the classical 

hematological indicators. 

 

Introduction 

 

Environmental condition has been increasingly degenerated due to industrial 

development and other human activities. Although guidelines for water quality 

criteria have been established regarding to the highest concentrations of specific 

chemical toxicants, fish will rarely be faced by a single stressor in isolation. 

Each toxicant may be present in a mixture individually compiling to the 

tolerance levels. The interactions together with or the additive effects of the 

chemical substance in the mixture, or physical stressors may produce ditrimental 

effects resulting in mortality. Biomarkers may be considered realistic 

alternatives for monitoring aquatic environments. Classical plasma indicators of 

stress include cortisol, glycemia, hemoglobin and hematocrit (Hatting, 1976; 

Pickering, 1981; Kumschnabel and Lackner, 1993; Iwama et al., 1997). 
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Lipoxygenases (LOX, EC 1.13.11.12) have been found in fish sanguineous 

tissues. More extensive studies have been done on mammalian LOX in platelet, 

reticulocyte, and leucocyte (Kuhn et al., 2002) having capability of modifying 

biomembranes and lipoproteins. They also play important roles in inflammation 

and erythropoiesis regulating the proliferation of Friend erythroleukemia cells. It 

seems that blood LOX activity may serve as a biomarker in addition to the 

classical hematological parameters to evaluate responses of fish to stress. 

 

Our preliminary studies showed that LOX activities increased in tilapia and 

mullet when water was polluted with cadmium. In addition, LOX activities in 

clam increased almost linearly with concentration of NH4Cl in water. The 

purpose of this study was to obtain reference values of LOX activities in tilapia 

blood in comparison to those of hematological parameters commonly used in 

measuring stress with the expectancy to identify a sensitive biomarker, which 

may be used in monitoring ecotoxicology. 

 

Materials and Methods 

 

Tilapia 

Male red tilapia hybrid (Oreochromis aureus × O. niloticus) average weight 

95.53 ± 30.33 g, total length 17.54 ± 1.86 cm were preadapted at 24°C ± 1°C for 

2 weeks before trials. Control group and two test groups were done in 

duplicates. Eight fish were cultured in a glass tank (65 cm ×45 cm × 50 cm). 
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Ammonium chloride was added in the water of test groups at 1.5 mg/L and 3.0 

mg/L.  

 

Collection of Fish Blood Samples 

Live fish was put on a bed of crushed ice under dimmed light. A damp cloth was 

used to cover the fish head. A sample of 1 mL whole blood was drawn from the 

caudal vein into 0.1 mL of buffered saline (Schon Pharmaceutical Pte Ltd., Juas, 

Singapore) containing 387.5 USP sodium heparin (Sigma), and mixed with 5 

volumes of 0.05 M KH2PO4, pH 7.0 to separation of RBC and plasma. 

 

Preparation of Lipoxygenase (LOX) Crude Extract 

Platelets-rich plasma was dissolved in 0.05M Tris buffer, pH 7.4, as the crude 

LOX extract. The extract was immersed in liquid nitrogen to freeze and was 

stored at -80°C until used. 

 

Preparation of LOX Chemiluminometric Assay 

Hydroperoxide produced by lipoxygenase catalysis was detected using a 

chemiluminescence method (Kondo et al., 1994). The assay mixture contained 

0.78 mL of 0.1 M Na-borate buffer (pH 10.5) consisting 0.04% Tween-20, 200 

µM arachidonic acid in 10 µL ethanol as substrate, 0.1 mL LOX extract (protein 

content 1 mg/ mL), and 0.1 ml luminol (dissolved as 1 mM solution in 0.1 M 

Na-borate buffer , pH 10.5) in 3.5 mL disposable measuring cuvettes. The 

reaction temperature was 25°C. The reaction rate of light emission was 

determined using a luminometer (model 1251, Bio-Orbit Oy, Turku, Finland). 
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Fatty acids Analysis of Erythrocyte Membrane  

Erythrocytes collected were lysed with hypotonic solution pH7.4 and confirmed 

the lysis of cells by microscopic examination. The membrane debris was 

precipitated after centrifugation at 200 xg for 5 min. The supernatant was 

centrifuged again at 5000 xg for 10 min. The total debris was extracted for lipid 

using hexane/isopropanol (3:2, v/v) according to the method of Akahori et al 

(1999). The oil of fish blood 1.5 ml, was saponified and esterified with 

methanol/acetyl chloride (20:1, v/v) 1 ml and hexane 0.5 ml and analyzed by gas 

chromatography (Shimadzu GC-14A, Kyoto, Japan) with a RTX-2330 (Benner, 

Bellefonte, PA) packed 10% phenylcyanopropyl polysiloxane glass column (30 

m × 0.25mm ID). The temperatures of injector and FID detector were set at 

250°C. The oven temperature was programmed from 130 to 230°C at a rate of 

4°C/min then held for 10 min. The carrier gas was nitrogen at a flow rate of 3.3 

mL/min. The fatty acids were identified by comparing their retention times with 

those of the standard fatty acids (GLC-461, Nu-Chek, Elysian, MI, USA), and 

quantified using C13:0 as an internal standard. 

 

Statistical Treatment 

Data were expressed in mean ± standard deviation of the replicated 

measurements. Students’s t-test was used to analyze the difference between two 

groups for significance analysis at 95% level. Statistical Analysis System 

Program (SAS) was used for statistical analysis of data. 
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Results  

 

1. Glycemia  

 

Tilapia exposed to 1.5 mg/L of NH4Cl at 25°C for 72 h showed that the plasma 

glucose did not increase significantly with time during the first 24 h, but became 

significantly proportional to prolonged exposure time (Fig. 1). 

 

Plasma glucose was 53 ± 6 mg/dl and increased significantly to 91 ± 8 mg/dl 

(p<0.05) after 72 h at 1.5 mg/L of NH4Cl. Tilapia showed hyperglycaemia as a 

physiological response to the chemical stressor. However, exposure to a 

concentration of NH4Cl up to 3 mg/L for 24 h did not cause the plasma glucose 

to elevate (Fig. 2). 
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Figure. 1. Changes in plasma glucose concentration of tilapia exposed to 1.5

mg/L ammonium chloride. 
a, b, c Values with different superscripts are significantly different 
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Fig. 2. Glucose concentration of tilapia exposed to ammonium chloride for 24 

hours.  

 

 

 

2.Lipoxygenase 

 

The platelet-rich plasma of tilapia showed an increase in LOX activity with the 

NH4Cl concentration (p < 0.05) exposed by the fish for 24 h (Fig. 3). At 3.0 

mg/L of NH4Cl for 24 h, the LOX activity was 2.68 fold of the control.  
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At 1.5 mg/L of NH4Cl, LOX activity increased within the first 12 h of exposure, 

reduced between 12 to 24 h, but was still higher than the control (p<0.05). LOX 

activity increased afterwards (Fig. 4). After 72 h of exposure, LOX activity was 

2.86 folds of the control.  
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Fig. 4. Changes in lipoxygenase activity of platelet-rich plasma of tilapia 

exposed to 1.5 mg/L ammonium chloride. a, b, c Values with 

different superscripts are significantly different (p<0.05).

 

3. Unsaturation of Erythrocyte Fatty Acids 

 

Degree of fatty acid unsaturation was changed in erythrocyte membrane caused 

by NH4Cl stress (Table 1). The ratio of total unsaturated fatty acids (UFA in 

mg/g oil), including monoenoic (MUFA) and polyenoic acids (PUFA), to total 

saturated fatty acids (in mg/g oil) decreased with increased degree of stress. The 
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control at 25°C had an UFA/SFA of 1.72, decreased to 0.42 after exposure to 1.5 

mg/L NH4Cl at 25°C for 24 h, further decreased to 0.22 when the NH4Cl 

increased to 3 mg/L. When the water temperature increased to 35°C, the 

corresponding UFA/SFA ratios dropped to ≤ 0.15. 

 

Table. 1. Degree of fatty acid unsaturation in erythrocyte membrane of tilapia 

related to NH4Cl stress 
Fatty acid*  25�, Control 25�, NH4Cl (ppm) 35�, NH4Cl (ppm) 

   1.5 3.0 1.5 3.0 
SFA  30.78 40.54 43.37 46.83 49.04 
MUFA  34.36 28.97 29.59 28.00 29.78 
PUFA  18.65 17.69 12.98 9.11 5.80 
UFA / SFA  1.72 0.42 0.22 0.15 0.12 

*SFA: saturated fatty acid, MUFA: monounsaturated fatty acid, PUFA: 

polyunsatured fatty acid, UFA=MUFA + PUFA. 

 

Discussion 

Plasma glucose has been considered a classical stress indicator in fish (Roche 

and Boge, 1996). However tilapia did not respond with a glycemia to NH4Cl at 

up to 3 mg/L within 24 h. Plasma glucose could only serve as a biomarker when 

this chemical stressor has been continuing for 48 h or longer. 

 

Lipoxygenase in the platelet-rich plasma of tilapia is very sensitive to the 

concentration of NH4Cl in the ambient water. LOX activity is significantly 

elevated within 24 h of exposure to 1.5 mg/L of NH4Cl. The activity increases 

with exposure time and NH4Cl concentration. Therefore, LOX activity in fish 
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blood may trigger a defense mechanism to a chemical stressor. On the other 

hand, LOX activity in the platelet-rich plasma may also catalyze the 

peroxidation of erythrocyte membrane to cause a reduction in unsaturation index 

(UFA/SFA ratio). Otherwise, the fish erythrocyte has very negligible LOX 

activity (Pan et al., 1999). 

 

Conclusion 

 

Blood LOX activity and the degree of unsaturation in erythrocyte membrane are 

more sensitive biomarkers than plasma glucose level as fish respond to stress. 

The 2 parameters change before mucous secretion and mortality occur in 

stressed fish. 
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Abstract 
 
The matrinxã, a fish of the Amazon River Basin, has been considered a 
promising candidate for aquaculture all over Brazil. Currently it has been 
commercially raised in many farms in the Southern States, especially as a sport 
fish. Special attention has been given to the stress physiology of the species 
focusing effects of capture, transportation and stocking density. The studies have 
shown that matrinxã is highly tolerant to the common practices of aquaculture 
with high capacity of recovery.  
 
 
Introduction 
 
Studies tested the use of common salt added to the water transportation of 
matrinxã and have been shown beneficial results. Fish transported for 4 h in 
water with Na Cl (0.0; 1.0; 3.0 and 6.0 g L-1) (Carneiro & Urbinati, 2001a) 
showed higher plasma cortisol after transportation when no salt was used, and 
the values normalized 24 h after. Blood glucose did not alter in fish transported 
in 6.0 g L-1 and recovered in 96 h in the other treatments. All treatments 
provoked lower plasma chloride after transport, excepting for 6.0 g L-1 fish. 
Sodium decreased after transport only without salt, returning to the initial level 
24 h later.  Otherwise salt (6.0 g L-1) added to the water reduced the number of 
gill parasite, Piscinoodinium sp. in matrinxã 96 h after transport (Carneiro & 
Urbinati, 2002c).  
 
The stocking density (100, 200, and 300 kg m-3) at the transportation was also 
examined (Carneiro & Urbinati, 2002a). The water contained salt (6.0 g L-1). No 
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mortality was observed and no plasma cortisol alterations were registered. Blood 
glucose and ammonia levels increased and serum sodium and plasma chloride 
decreased at the highest densities but the stress responses were transient and 
recovered the baseline levels within 24 h, suggesting that matrinxã can be 
transported at densities as high as those tested at least under the conditions 
tested. A recovery period of at least 24 h is recommended.  
 
Other study (Urbinati et al., 2004) assessed the stress responses of juveniles  
during the transport operations (capture, loading in the bags and transport) using 
different densities (83g L-1, 125g L-1 and 166g L-1). There was a cumulative 
effect of the procedures. Increases in plasma cortisol and glucose levels 
concurrent with a decreases in chloride concentrations were verified after 
transport and related operations, however cortisol levels decreased as the 
densities increased showing the tolerance of the species to crowding.  The same 
tolerance was verified in adult specimens (Rocha et al., 2004). Fish were 
adapted in 4 tanks divided in four 50-m2 squares (25 fish per square) for 30 days 
and then transferred to just one square increasing the stocking density (about 90 
fish in one square). Plasma cortisol, glucose, chloride and liver glycogen were 
investigated after capture and 1, 3, 6 and 24 h of crowding. Slight increase was 
verified in cortisol and glucose and decrease in chloride and liver glycogen 
levels, although no statistical significance was detected, suggestting tolerance of 
the fish to the imposed procedures of capture and short-term crowding. 
 
Benzocaine added to the transport water (0, 5, 10, and 20 mg L-1) was also tested 
as a reducing stress agent but the results indicated  (Carneiro & Urbinati, 2001b; 
Urbinati & Carneiro, 2001) that transportation in benzocaine offered no 
advantages and 20 mg L-1 was even harmful causing high mortality (50%) and 
alterations in several stress bioindicators (plasma cortisol, glucose, potassium, 
sodium, chloride and ammonia).  
 
The behavioral and physiological response of matrinxã to conspecific skin 
extract was described and quantified in laboratory condition.  Typical behavioral 
alarm reaction responses were detected and histology of matrinxã epidermis 
confirmed the existence of alarm substance cells at the same time that complete 
section of the olfactory tracts abolished the alarm reaction, pointing out the 
importance of olfaction in the ability to recognize the chemical stimulus. 
However no variations were detected in plasma glucose or cortisol levels. 
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we describe some unusual stressors and then explore some of the main 
contributions from these examples to theoretical concerns on the welfare issue. 
 
Unusual Stressors in Fish  
(according to classification proposed by Moreira & Volpato, 2004). 
 
1) Direct Physical Stressors: the stressed fish is in direct contact with the 
stressor. 
 
Navigation: this anthropogenic stressor can directly kill the fish, but also 
prevents the fish from defending nest, decreases feeding, increases water 
turbidity, restricts refuges and decreases swimming. 
 
Sound: sound produced by either aerators in fishponds or those from explosions 
for sea-floor seismic studies or even oil extraction affect fish. Sound, either 
continuous with low frequency or sudden at high frequency, can be a stressor. 
Infrasound emitted during eel migration increased heart frequency in 
conspecifics. 
 
Environmental color: the reported effects are independent of light intensity, but 
are species dependent. Some environmental colors impair reproduction, feeding, 
growth and fights in fish. The Nile tilapia preferred a yellow environment in a 
multiple-choice test, but showed better performance for growth, food ingestion 
and food conversion under blue and green lights. 
 
Migration: fish migration may reach several hundred kilometers, under very 
drastic conditions (fasted or even starved; surpassing waterfalls, etc.), thereby 
increasing HPI-mediated responses. However, this is a necessary step to develop 
gonads. 
 
Reproductive courtship: courting behavior demands energy and the females may 
be under intense social stress. 
 
 
2) Not-touching Physical Stressors: an organism is a stressor that releases 
information stressing other fish. 
 
Fish chemical cues: the classic example is the alarm substance released from 
club cells burst by mechanical damage. This substance alarms the conspecifics. 
In the catfish pintado, this innate response was partially suppressed in 
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individuals motivated for feeding. Odors from predators disturb the potential 
preys. Chemical from dominant fish imposes social stress in subordinates. 
Chemicals from disturbed pacus prevented conspecifics from feeding. 
 
View of a Predator: the main focus is on the choice among conflicting situations 
(to feed or to take refuge). The Nile tilapia increased ventilatory frequency 
within the view of a voracious allopatric predator, thus suggesting that innate 
visual models disturb the fish. 
 
3) Cues from Stressed Conspecifics: a stressor stresses the fish, which emit 
cues that stress the conspecifics. 
 
Chemical cues: they are released from stressed, but not physically injured, fish 
and alarm conspecifics. 
 
Visual cues: minnows viewing a predator display anti-predator behavior. View 
of this motor pattern elicited conspecifics to take refuge and decrease foraging 
behavior. 
 
4) Memory: memory of a previous experience is recalled by a conditioned 
stimulus and stresses the fish. 
 
Recently, Moreira and Volpato (2004) showed for the first time in fish (Nile 
tilapia) that when memory of a stressful condition (confinement) experienced 24 
h ago was recalled by a conditioned stimulus, the fish increased cortisol at the 
same level as did the confined fish. Moreira and Pottinger (in press) also 
described this memory effect in trout, including both that this learning is 
maintained for some weeks and that it depends on the responsiveness of fish to 
stress. 
 
 
Contributions to the Welfare Issue 
 
Moberg (1999) differentiated distress from stress, with only the former 
suppressing processes such as growth and reproduction. Stress, however, 
includes the HPI-axis-mediated states necessary for the organism to cope with 
challenges without suppressing other processes. Broom defined welfare as the 
state of an individual attempting to cope with environmental challenges and 
includes its health and feelings (Broom & Johnson, 1993). Thus, stress may be 
part of the welfare state. The examples of unusual stressors described here 

 169



 

 

 

170

corroborate that many factors not considered in the HPI paradigm should be 
useful in the welfare context. They include behaviors, with or without clear HPI 
correlation, but always shifted from normal behaviors. The following 
suggestions are depicted from the unusual stressors described above: 
 
Stress (in terms of HPI response) and distress do not necessarily mean a poor 
welfare state; rather, in some cases these states may be part of the welfare 
condition. 
 
Many factors disturbing the fish, but not studied in the classic HPI paradigm, are 
important to the welfare issue. 
 
Memory-induced stress in fish demonstrates the relevant role of individual 
experience in evaluation of welfare. Stressors are not only material, but also 
“mental”. Studies corroborating the interpretation that fish feel pain reinforce 
the importance of subjective experience impairing welfare. 
 
Energy-demanding responses (energetic approach) are not unequivocally related 
to poor welfare state in fish because, for instance, migration, courtship, and 
territory disputes consume energy and are necessary for reproduction in many 
fish species. Moreover, environmental colors imposing energy costs may be 
preferred by the fish. 
 
To consider fish welfare, we must determine the focus: individual, group, 
population, ecological or evolutionary levels. 
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