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ABSTRACT. Striped bass, Morone saxatilis, is a marine species that belongs to the Moronidae family, which
has great recreational and commercial importance and high production potential for human consumption. This
research examines two acute stress factors that can be frequent in fish production units: a) handling is carried
out constantly due to maintenance needs, size separation, growth evaluation, and health state, and b) hypoxia
likely occur as the culture tank biomass, temperature, and fish metabolic rate increase. Juvenile fish (initial body
weight 200 + 3.0 g) were distributed in 110 L tanks and fed one week with different dietary tryptophan (Trp)
levels: CDO0.5 (0.5%), D1.0 (1.0%), D1.5 (1.5%) and D2.0 (2.0%). The fish were then exposed to stress by
handling (5 min) or hypoxia (45 min). After that, blood hematocrit (Hct), hemoglobin (HB) and plasma cortisol,
glucose (GLU), lactate (LACT), total protein (TP), aloumin (AL), and globulin (GLOB) were analyzed, and
AL/GLOB ratio was calculated. All analyzed parameters showed great sensitivity to acute stressors. Hypoxia
increased Hct, cortisol, and GLU and decreased HB and LACT. Handling decreased HB and TP and increased
GLU and LACT. D1.0 and D1.5 prevented Hct and LACT disturbance. D1.5 Trp prevented HB disturbance.
All Trp supplemented diets prevented GLU change under hypoxia and TP change after handling. The results
suggest that Trp played a role in M. saxatilis homeostasis restoration under acute stress.
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INTRODUCTION

Some of the handling processes carried out in fish
culture units may represent acute stress factors for the
organisms, that is, the processes of handling, transport,
overcrowding, decrease in dissolved oxygen decrease
and aerator noise, all of which may be expected in
intensive aquaculture (Wendelaar-Bonga 1997).
Handling is an unavoidable stressor due to the constant
maintenance needs of tanks, separation of fish sizes,
and evaluation of growth and health status.

Corresponding editor: Carlos Alvarez

Fish in the wild could be exposed to great daily,
seasonal and spatial variations in oxygen availability.
Likewise, when fish are cultured in cages at high
densities, fish respiration and breakdown of organic
material can cause significant decreases in oxygen
tensions, especially during nighttime when photosyn-
thesis does not occur. Since oxygen diffusion in water
is low, depleted oxygen is stored in the deeper parts of
the cages and cannot be replenished by atmospheric
oxygen (Nikinmma 2002). In all fish farming systems,
the risks of hypoxia conditions significantly increase
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when biomass (due to fish respiration) and temperature
(due to lower oxygen solubility) are high (Stickney
2005).

When stressors are frequent or constant for farmed
fish, they can affect growth performance and feed
efficiency and depress the immune system and
reproduction (Mazur & Iwama 1993, Montero et al.
1999). Consequently, reducing stress is of considerable
importance for improving fish welfare and productivity
of fish farming systems (Ashley 2007, Lupatsch et al.
2010).

Although chronic stress in fish has been widely
characterized, responses to acute stress have been little
studied. Thus, they constitute the basic components that
lead to chronic stress (Floriou-Servou et al. 2021). The
acute stress response mobilizes the energy sources
available in the fish body to meet the energy demand
during the fight against stress (Floriou-Servou et al.
2021).

Acute stress in fish is characterized by a significant
response of some blood plasma parameters. The release
of adrenaline from the adrenal glands plays an
important role in supplying energy demand, stimulating
glycogenolysis in the liver while insulin secretion is
inhibited, resulting in a rapid increase in plasma
glucose levels (Nonogaki 2000). Similarly, lactate
constitutes a fundamental energy substrate during acute
stress events (Floriou-Servou et al. 2021).

The central serotonergic system plays a role in
adjusting body homeostasis in response to internal and
or external environmental changes (Lillesaar 2011),
mediated by the action of pituitary and adrenal
hormones (Lucky 1998). The 5-HT system plays an
important role, including the adrenocortical stress
response (Markus et al. 2000, Lepage et al. 2002) and
other critical physiological responses (Lucki 1998) that
implicate cortisol, glucose, and plasmatic lactate para-
meters. Consequently, hematological and plasmatic
analyses can help assess how aquatic organisms
respond to acute stressors.

Tryptophan (Trp) is an essential amino acid and the
serotonin (5-HT) precursor (Fernstrom 2013), which
usually strengthens the fish's capability to cope with
stress situations (Laranja et al. 2010, Morandini et al.
2015, Cabanillas-Gamez et al. 2018, 2020). Supple-
menting the diets with Trp improved growth rate and
intestinal enzyme activities (amylase and trypsin)
(Zhang et al. 2018), the immune system (Zhang et al.
2018, Ramos-Pinto et al. 2019), welfare (Favero &
Cardoso 2020), and decreased response to acute and
chronic stress (Naumowicz et al. 2017, Cabanillas-
Gamez et al. 2018, 2020, Salamanca et al. 2020) in fish.

Striped bass, Morone saxatilis, is a marine species
that belongs to the Moronidae family distributed mainly
on the shores of the Atlantic Ocean and can be found in
the Gulf of Mexico, from West Florida to Louisiana
(Harrel 1997). Due to its great commercial importance
and high production potential for human consumption,
the species is currently grown in ponds and cages in
various places, such as Bahia de Todos Santos,
Ensenada, Mexico. Here juveniles are cultivated in
ponds in a recirculation aquaculture system and then
transported by ship to cages in Bahia de Todos Santos.
Thus, the fish are exposed to acute stress situations
inherent to the culture process.

No published reports of the acute stress response of
striped bass have been available. Therefore, this
research aims to evaluate the effect of dietary Trp levels
on the blood and plasma parameters of striped bass
exposed to acute stressors.

MATERIALS AND METHODS

Ethical procedures

The Ministry of Agriculture, Livestock, Rural Develop-
ment, Fisheries and Food (SAGARPA, Mexico)
approved all the procedures used for fish handling
through the Mexican Official Standard (NOM-062-
Z00 1999).

Experimental diets

This experiment elaborated on three experimental diets
and the control diet for Morone saxatilis. First, one
fishmeal-based diet was formulated and named: a
control diet with Trp of 0.5 (CDO0.5). Then, three
experimental diets were formulated with the same
ingredients and nutritional composition of the control
feed plus Trp supplementation levels of 1.0, 1.5, 2.0 g
100 g* of dry diet and named D1.0, D1.5, and D2.0,
respectively (Table 1). Diets were formulated as
isonitrogenous (47 g 100 g diet™) and isoenergetic (14
g 100 g diet?). The addition of Trp was made at the
expense of gelatin. Experimental diets were prepared in
the Fish Nutrition Laboratory of the Faculty of Marine
Science at UABC (Universidad Auténoma de Baja
California in Ensenada, B.C., México). All the dry
macro ingredients were mixed thoroughly in a food
mixer (Kitchenaid, MI, USA) for 10 min; then, the
micro ingredients, including tryptophan, were added
and mixed for another 5 min. Immediately after, fish oil
was added slowly to the dry ingredients and mixed for
another 5 min. Lastly, boiling water was added to the
mixture to obtain dough for pelleting. The dough was
pelleted by passing through a 3 mm in a meat grinder.
Diets were dried at 65°C for 24 h and placed in plastic
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Table 1. Experimental diet composition (g 100 g* dry
diet) and simultaneous supplementation with tryptophan
for Morone saxtatilis. Control diet (CDO0.5), and
supplementary diets with tryptophan with D1.0, D1.5 and
D2.0 g 100 g* of dry diet.

CD0.5 D1.0 D15 D20
Fish meal 42.00 42.00 42.00 42.00
Soy protein meal 14.40 14.40 14.40 14.40
Nutrikelp agglutinant  2.50 250 2.50 2.50

Ingredient

Wheat flour 18.00 18.00 18.00 18.00
Gelatin 5.00 4.45 3.90 3.40
Cellulose 283 272 261 245
Fish ail 1.00 1.00 1.00 1.00
Vegetable oil 490 490 490 4.90
Mineral mix 200 200 200 200
Vitamin mix 200 200 200 200
Sopropeche 2.00 2.00 2.00 200
Choline chloride 0.15 0.15 0.15 0.15
Vitamin C 0.15 0.15 0.15 0.15
Vitamin E 0.05 0.05 0.05 0.05
Tryptophan 0.02 068 134 200
Taurine 1.00 100 1.00 1.00
Lysine 0.30 0.30 0.30 0.30
Methionine 0.20 0.20 0.20 0.20
Lecithin 150 150 1,50 1.50
k) g diet 213 213 213 213
Ratio P/E mg kJ™* 220 221 221 221

freezer bags. Dry diets were packed and stored at -20°C
until needed. Proximate analyses were performed using
the methods of the former Association of Official
Analytical Chemists (AOAC 2012).

Fish rearing conditions and stress challenge

Juveniles of M. saxatilis were provided by the marine
finfish hatchery Pacifico Aquaculture SAPI de CV. The
organisms were maintained in a 12 500-L tank system
subjected to constant aeration and water flow. Before
the experiment was conducted, fish were fed a
commercial diet.

The M. saxatilis juveniles (initial body weight 200
+ 3.0 g) were selected and distributed into 12 110-L
tanks. Each tank was stocked with 15 fish, and all tanks
were supplied with continuous seawater recirculation.
During the study, the temperature was maintained at
24.0 £ 0.5°C; the average salinity value was 35 * 0.5,
and the photoperiod was controlled as a 12:12 h

light:dark cycle (the lights were turned on at 08:00 and
turned off at 20:00 h). Oxygen concentration was above
6 mg L, and nitrogenous compounds were within the
recommended limits for marine species. All fish were
fed a commercial diet during an acclimation period of
three weeks. After the acclimation period, four expe-
rimental groups (three tanks each) were fed for another
week using either one of the three experimental diets or
the control diet (Table 1) until apparent satiation.
Feeding occurred twice daily (08:00 and 17:00 h), and
tanks were cleaned seven days a week after each
feeding.

After the week of feeding with experimental diets,
three fish from each tank (nine fish per treatment) were
transferred to a container with filtered seawater and
clove oil at a concentration of 50 puL L to be
anesthetized. After approximately 2 min, blood
samples were collected by heart puncture using insulin
syringes containing 0.1 mL of ethylenediaminete-
traacetic acid (EDTA) anticoagulant solution (5 mg
mL™? blood), according to the method described by
Blaxhall & Daisle (1973).

Later, the remaining fish of each tank were divided
into two groups of three fish each and were exposed to
one of two stress factors (handling or hypoxia)
following the protocol described by Cabanillas et al.
(2018). Briefly, fish exposed to handling were
constantly persecuted and captured with a net for 5 min.
Then, the fish remained undisturbed for 45 min, while
hypoxia consisted of the immediate transfer of the fish
to a new tank with a lowered oxygen level by
displacement with an air stone connected to a nitrogen
tank. The oxygen level was maintained at 1 mg L™ for
45 min with constant monitoring. After that, sedation
and blood monitoring protocols were performed as
described in both stress-exposed groups.

In both cases (handling and hypoxia), sedation and
blood sampling protocols were followed as described
above for the undisturbed fish group after the stress
period.

Blood and plasma analysis

Once the blood was drawn, all samples were imme-
diately analyzed for hemoglobin (HB) and hematocrit
(Hct) concentrations. Subsequently, blood plasma
separation was performed. The samples were centri-
fuged for 5 min at 12000 g rpm at 4°C (Atencio-Garcia
et al. 2007).

The following analyses were performed from blood
plasma: cortisol, lactate (LACT), total protein (TP),
albumin (AL), and glucose (GLU). Hct values were
determined by the microhematocrit method proposed
by Blaxhall & Daisley (1973). The HB content in blood
and plasma TP, AL, and GLU were measured by a
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standardized procedure using kits from Pointe
Scientific (USA). Cortisol levels (ng mL?) were
measured with a DRG® Cortisol ELISA Kit (EIA-1887,
DRG International, Inc., USA), and LACT (ng mL™)
was analyzed with a commercially available colori-
metric L-lactate Assay Kit (ab6533, Abcam,
Cambridge, UK). Globulin (GLOB) was obtained by
subtracting the albumin value from the TP. All
absorbance readings were done with the Thermo
Scientific™ Multiskan™ GO Microplate Spectro-
photometer (Thermo Fisher Scientific, Inc. Madrid,
Spain).

Statistical analysis

Data from the three replicates (three tanks)
corresponding to the same treatment were analyzed by
one-way analysis of variance (ANOVA) to rule out
differences within each treatment. All blood and
plasma data were analyzed using a two-way ANOVA
considering diets and stress factors as independent
variables. Sample normality and variance homos-
cedasticity were analyzed using Kolmogorov-Smirnov
and Levene’s median tests. All significant differences
identified by ANOVA were further analyzed by
performing multiple comparisons using Tukey’s
honestly significant difference (HSD) mean compa-
rison test. All statistical tests used a P < 0.05
significance level, and all statistical analyses were
performed using Sigma Stat 3.5 computer package,
Richmond, CA, USA.

RESULTS

Hematocrit

The Hct was affected by the level of Trp (P = 0.047)
and stress factors (P < 0.001), although no interaction
was observed between both variables (P = 0.121)
(Table 2). The lowest Hct was observed after handling
concerning undisturbed and hypoxia (P < 0.001); in
contrast, Hct was higher in fish exposed to hypoxia than
in the undisturbed group (P < 0.001). In organisms fed
CDO0.5, Hct increased in fish exposed to hypoxia
compared to undisturbed and handling (P = 0.010 and
< 0.001, respectively). In fish fed the D2.0 diet, Hct
increased during hypoxia compared to handling (P =
0.001). In fish exposed to hypoxia, Hct was higher in
the groups fed the CDO0.5 diet than those fed D1.0 and
D1.5 diets (P = 0.002 and 0.035, respectively).

Hemaoglobin

The Trp and stress factors significantly affected HB (P
= 0.005 and < 0.001, respectively), although no
significant interaction was observed between both
factors (P = 0.247). The factors in the stress analysis

revealed that handling and hypoxia decreased HB in the
undisturbed group (P < 0.001 in both cases). The two-
way ANOVA revealed that both hypoxia and handling
decreased HB with respect to the undisturbed group in
the organisms fed with CDO0.5 (P < 0.001), D1.0 (P =
0.007 to 0.045) and D2.00 (P < 0.001) but not with
D1.5 (P =0.052 to 0.090).

Cortisol

Plasma cortisol was significantly affected by stress
factors (Fig. 1). Fish exposed to hypoxia showed the
highest cortisol level compared to the undisturbed
group and fish exposed to handling (P < 0.001). In fish
exposed to hypoxia, cortisol increased with diet D1.0
compared to the rest of the diets (P = 0.007-0.043).

Glucose

A statistically significant interaction was observed
between diet and stress factors on GLU (P < 0.001).
The GLU was higher in the fish exposed to hypoxia
compared to the undisturbed group and the fish exposed
to handling in all diets (P < 0.001). Similarly, GLU was
higher in the fish exposed to handling compared to the
undisturbed group when they were fed the CDO.5,
D1.0,and D1.5 diets (P < 0.001), except for fish fed the
D2.0 diet (P = 0.452). In fish exposed to handling, the
one-way ANOVA showed that GLU decreased with the
D2.0 diet compared to the CDO0.5 and D1.0 (P = 0.030
and 0.009, respectively). The fish exposed to hypoxia
showed higher GLU when fed with CDO0.5 in all
experimental diets (P = 0.008 to < 0.001) (Fig. 2).
Likewise, the one-way ANOVA showed that, in
general, GLU was lower in fish fed the D2.0 diet
compared to those fed the CDO0.5 diet (P = 0.015) (Fig.
3).

Lactate

The plasmatic LACT level is shown in Table 2. LACT
was affected by stress factors, increasing in organisms
exposed to handling concerning hypoxia in organisms
fed CDO0.5 (P = 0.014) and with the D2.0 (P = 0.025).

Total protein

Diet Trp significantly affected plasma proteins (P =
0.003) (Table 2). TP decreased in organisms fed D1.0
and D1.5 diets (P = 0.023 and 0.006, respectively)
within the undisturbed group. Likewise, TP decreased
during handling the undisturbed group in organisms fed
the CDO.5 diet (P = 0.037).

Albumin

A statistically significant interaction was observed
between dietary Trp and stress factors (P = 0.024) on
plasmatic AL (Table 2). Diet D1.50 decreased AL in
the undisturbed group compared to CD0.5 (P < 0.001).
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Table 2. Blood hematocrit (%) and hemoglobin (g dL) levels, and plasma levels of total proteins, albumin, globulin (g dL™2),
albumin/globulin ratio (Alb:Glob), and lactate (ng pL™) of striped bass Morone saxatilis juveniles fed different dietary
tryptophan levels and subjected to acute stressors. Control diet (CDO0.5), and supplementary diets with tryptophan with
D1.0, D1.5 and D2.0 g 100 g of dry diet. The a and b small letters indicate the differences due to diet within the same
stressor. *Indicates the difference by stress factor within the same diet (**indicates difference vs. * within the same diet).

Blood parameters

Plasma parameters

Hematocrit Hemoglobin Protein Albumin Globulin Alb:Glob Lactate
CDO0.5 259+ 1.7* 9.01 + 0.28%** 2.84+0.17%* 086+00378 195+0.13*  0.47+0.02 2.10 +0.086
Undisturbed D1.0 273+1.8 8.54 + 0.31** 2.18 +0.15° 0.72 +0.039 1.91+0.16 0.42 +0.03 2.25+0.086
. D15 23.1+2.0 7.73+0.28° 2.07 +0.15° 0.62+0.037° 1.63+0.16 0.41+0.03 2.07 +0.086
D2.0 26.1+15 8.77 +0.31%* 2.32+0.18 0.71+0.042 1.93+0.14** 044 +0.03* 2.24 +0.086
CDO05 33.0+1.74%*  7.52+0.31* 2.35+0.17 0.88+0.042:  1.74+0.13 0.51 +0.022 1.96 + 0.070*
Hvpoxi D1.0 24.6+ 1.6 7.22 +0.28* 2.12+0.14 0.64+0.037° 1.48+0.13 0.44 +0.02 2.16 +0.086
ypoxia D15 26.9+1.8b 6.87 +0.28 184+0.17 0.62+0039° 143+0.13 0.42 + 0,025 2.27+0.086
D2.0 300+1.3*  6.99+0.27* 2.15+0.17 058+0.042°  1.84+0.13*  0.38+0.02°*  2.07+0.086*
CDO05 23.1+15* 7.22+0.27* 2.29 +0.14* 0.75 +0.037 151+0.12* 0.50 +0.02° 2.29 +0.070%*
Handlin D1.0 221+1.8 7.56 +0.27%* 2.32+0.14 0.69 +0.042 1.62+0.13 0.43 +0.02° 2.13+0.086
g D15 214+1.6 6.73+0.31 2.07+0.15 0.70 +0.039 153+0.13 0.44 +0.02° 2.31+0.086
D2.0 23.1+1.30*  6.47+0.31°* 1.98+0.14 0.72 +0.04 1.26 +0.13* 0.60 +0.022%* 244 +0.09**
Trp 0.047 0.005 0.003 <0.001 0.320 0.003 0.259
P-value Stress <0.001 <0.001 0.105 0.204 0.001 <0.001 0.026
Trp X stress 0.121 0.247 0.307 0.024 0.115 <0.001 0.094
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Figure 1. The plasma cortisol level of striped bass Morone saxatilis juveniles fed different levels of tryptophan in the diet
and subjected to different acute stress conditions. Letters indicate the difference between each diet within the same stressor.
*Indicates the differences concerning the undisturbed group within the same diets Control diet (CDO0.5), and supplementary
diets with tryptophan with D1.0, D1.5 and D2.0 g 100 g* of dry diet.

Likewise, diets supplemented with Trp decreased AL
compared with CD0.5 (P < 0.001) in organisms
exposed to hypoxia.

Globulin

0.038); similarly, handling reduced the globulin level
compared to the undisturbed (P = 0.03) and hypoxia (P
= 0.08) groups in organisms fed D2.0 diet.

DISCUSSION

One-way ANOVA showed that hypoxia and handling
reduced GLOB concerning the undisturbed group (P =
0.049 and < 0.001, respectively). Likewise, two-way
ANOVA showed that handling reduced GLOB
regarding undisturbed in the fish fed CDO0.5 diet (P =

This research study evaluates the response of striped
bass Morone saxatilis juveniles to acute stress by
handling and hypoxia. Both stress factors could
frequently be observed in fish farms and should be
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Figure 3. The plasma glucose level of striped bass
Morone saxatilis juveniles fed with different levels of
tryptophan in the diet. One-way ANOVA. Letters indicate
the differences by diet. Control diet (CDO0.5), and
supplementary diets with tryptophan with D1.0, D1.5 and
D2.0 g 100 g* of dry diet.

considered because fish depend on adjustments to their
respiratory, biochemical and physiological process to
maintain their metabolic demands when they face
varying environmental or stress conditions (Da Cruz et
al. 2013). At the organismal level, a stress response
generates and reallocates energy substrates (Floriou-
Servou et al. 2021). When stressors are very frequent or
constant, they can affect growth performance and feed
efficiency, depress the immune system, and affect the
reproduction of farmed fish. Thus, reducing stress is of
considerable importance for improving both fish
welfare and productivity of fish farming systems.

Plasma biochemical variables are functional
indicators of nutritional status (Peres et al. 2014). In
animals, the absence of nutrients in feed or deprivation
periods is compensated by catabolizing energy
resources (Navarro & Gutiérrez 1995). Thus, blood
parameters can be used to evaluate fish health,
physiological condition, and nutritional state (Cheng et
al. 2018). To our knowledge, this research reports for
the first time the changes in blood and plasma
parameters of M. saxatilis juveniles in response to acute
hypoxia and handling stressors after one week of
feeding with different levels of dietary Trp. The
essential amino acid Trp has been shown to reduce
responses of several farmed species to several stressors,
such as temperature (Kumar et al. 2014, Tejpal et al.
2014), salinity (Akhtar et al. 2013), confinement (Basic
et al. 2013), nitrite (Ciji et al. 2015), copper (Hoseini et
al. 2012), crowding (Lepage et al. 2002, Tejpal et al.
2009), handling and hypoxia (Cabanillas-Gamez et al.
2018, 2020) and high density (Cabanillas-Gamez et al.
2020). This research investigates supplementation of
Trp to minimize alteration of blood and plasma
parameters of M. saxatilis juveniles under acute stress
due to hypoxia and handling.

The data in this study showed Hct values from 23.1
to 27.3% in the undisturbed group. These values were
lower than those that have been reported by some
authors (Tisa & Strange 1983, Alvarez-Mendoza et al.
2013, Del Rio-Zaragoza et al. 2021) but similar to those
reported by others (Cech et al. 1996, Lebelo et al. 2001,
Jacobs et al. 2009, Alvarez-Mendoza et al. 2013). Some
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authors suggested that the levels of Hct and HB could
be lower in smaller rather than bigger fish, but the
nutritional condition could also play an important role.

Under hypoxic conditions, fish must make a series
of adjustments to meet the reduced oxygen availability
in their environment. One of the necessary adjustments
is creating greater oxygen circulation capacity in the
blood (Da Cruz et al. 2013). The amount of red blood
cells contained in the blood and that of HB plays a
fundamental role in this process. In this study, Hct
increased after exposure to hypoxia, which could have
been related to the need for a higher number of red
blood cells and HB content to increase the efficiency of
oxygen transport in hypoxia conditions. Da Cruz et al.
(2013) reported a significant increase of Hct for 2 h
after acute hypoxia in Pterygoplichthys anisitsi. These
results align with those previously reported in Totoaba
macdonaldi, a species in which hypoxia had the
greatest influence on increased Hct (Cabanillas-Gamez
et al. 2018). The results in this study indicate that diets
with intermediate Trp levels (D1.0 and D1.5) seem
more effective than those in the other diets in preven-
ting stress effects on Hct.

On the other hand, the hypothesis in this study is that
Hct lowering after handling can be explained by a
possible increase of plasmatic volume, mediated by
adrenaline or noradrenaline, compared to the undisturbed
group and hypoxia conditions. Likewise, cortisol
liberated in the stress response can modulate the ionic
balance, indirectly modifying the water volume in
plasma (Schreck 1982, Pickering & Pottinger 1995).

The HB values were from 7.73t09.01 g dL™%, which
are in the range reported by Tisa & Strange (1983),
Cech et al. (1996), Lebelo et al. (2001), and Alvarez-
Mendoza et al. (2013) but lower than the level reported
by Del Rio-Zaragoza et al. (2021). Both handling and
hypoxia diminished HB in the undisturbed group,
which could be explained by a possible increase in the
number of immature blood cells. Catecholamines can
stimulate the release of red blood cells from the spleen
under stressful situations (Pickering & Pottinger 1995);
furthermore, lower HB in fish exposed to handling
compared to hypoxia (data not shown) support the idea
of an increase in plasmatic volume in the fish exposed
to handling. These results corroborate the pivotal role
of Hct and HB in oxygen transport when the fish are
exposed to low oxygen availability conditions in the
water.

Both handling and hypoxia diminished HB
concerning the undisturbed group in fish fed with all
diets; however, the effect was lower with intermediate
Trp level diets (no significant differences were
observed by stress factor in the fish fed D1.50 diet).
These results suggest that intermediate Trp levels

effectively prevented the stress effect on HB. A
different result was reported by Da Cruz et al. (2013),
who reported a significant increase of HB for 1 h after
acute hypoxia in P. anisitsi. This study argues that the
different results could have been related to the species,
fish size, or hypoxia exposure degree.

Plasma cortisol was from 13.3 to 34.8 ng mL* in the
undisturbed group. Very few works have reported
plasma cortisol levels in this species; some of the few
are those of Tisa & Strange (1983), who reported levels
slightly lower, while Cech et al. (1996) reported levels
of the same range as in this study. The acute stress
factors increased the plasmatic cortisol of M. saxatilis
in fish fed with CDO.5, as reported in T. macdonaldi
and other species (Hoseini et al. 2016, Cabanillas-
Géamez et al. 2018, 2020). However, the difference was
significant only by hypoxia in M. saxatilis. A higher
cortisol level was observed after hypoxia in the fish fed
with the D1.0 diet. In T. macdonaldi (Cabanillas-
Gémez et al. 2018, 2020), higher cortisol levels were
reported in those fed with 2X Trp and 3X Trp diets (Trp
content similar to D1.0 and D1.5 diet in this study) after
acute and chronic stressors. However, the increase was
significant only with the 3X Trp diet (similar to the
D1.5 diet). The effect observed in M. saxatilis with a
lower level of dietary Trp in the diet could indicate a
greater requirement of this amino acid under acute
stress conditions than in other species. The results
observed in M. saxatilis showed a higher cortisol
response after hypoxia compared to handling,
regardless of the diet, which could indicate that the
species is more susceptible to stress represented by
hypoxia. The highest cortisol response was observed
with CD1.0, while diets with higher Trp content
diminished the response after hypoxia. In contrast, in T.
macdonaldi, the stress factor that triggered a higher
cortisol response depended on Trp diet content
(Cabanillas-Gamez et al. 2018). A discrepancy in the
results of this study could have been related to the
difference in fish species, conditions, or methodologies
used.

Plasmatic GLU average per diet ranged from 102 to
118 g dL™%, similar to that reported by Tisa & Strange
(1983), one of the few works that have reported the
level of GLU in this species. However, the stress factor
analysis showed significantly lower levels in the
undisturbed group in this study, whose difference
suggests that the values reported by Tisa & Strange
(1983) could indicate a stress response possibly
induced by the capture method. GLU involves
important  functions in bioenergetic mechanisms,
supplying energy for cells and tissues (Gillis &
Ballantyne 1996). To fuel these energy demands, the
release of adrenaline from the adrenals stimulates the
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breakdown of glycogen stores (glycogenolysis) in the
liver while inhibiting insulin secretion, rapidly raising
blood GLU levels (Nonogaki 2000). The data in this
study showed a significant interaction between diets
and stress factors, which modulated the plasma GLU
level. Both stress factors increased GLU regarding the
undisturbed group with all the diets, although all Trp
enriched diets decreased the GLU response after
hypoxia and D2.0 decreased GLU after handling; only
with D2.0, GLU was similar after hypoxia than in the
undisturbed group. The stress hormones adrenaline and
cortisol may play a role in the stress-associated increase
in plasma GLU concentration by gluconeogenesis and
glycogenolysis (lwama et al. 1999) since it has been
demonstrated that acute stress could activate
gluconeogenesis  through  cortisol ~ modulation
(Mommsen et al. 1999, Vijayan et al. 2003). Hormones,
such as adrenaline and glucagon, increase the activity
of some kinases (including phosphorylazinase),
allowing the conversion of glycogen into GLU
(Gardner & Shoback 2011).

On the other hand, the GLU average per diet
(without taking stress factors into account) showed that
the D2.0 diet significantly decreased the value of this
parameter, showing that higher dietary Trp was
effective in reducing plasma GLU concentration.
Furthermore, after fish were exposed to the stress
factors, those fed with higher dietary Trp showed lower
GLU levels than those fed with a CDO0.5 diet.
Cabanillas-Géamez et al. (2018) reported that 1.55% of
dietary Trp prevented the increase in GLU in T.
macdonaldi exposed to the same acute stress factors
(Cabanillas-Gamez et al. 2018), while 0.99 and 1.55%
of dietary Trp reduced GLU in T. macdonaldi exposed
to chronic stress by high and low density (Cabanillas-
Gamez et al. 2020). These data revealed that, in general,
GLU of striped bass decreased as dietary Trp increased,
suggesting that Trp supplemented diets can increase
stress resistance of this species under hypoxic
conditions or handling. Further investigation should be
performed to confirm whether higher GLU observed
after hypoxia relative to handling could support the idea
of increased hydration during handling.

The LACT level was significantly affected by the
stress factors. LACT levels in the blood have been used
as a measure of the anaerobiosis extent and an indicator
of stress in fish (Pickering & Pottinger 1995). LACT
was higher after handling than after hypoxia in groups
fed with CDO0.5 and D2.0 diets. These results align with
a higher energy demand when the fish are persecuted
and handled, which triggers the fight or flight response,
making it necessary to activate anaerobic metabolic
pathways to satisfy energy demand. In T. macdonaldi,
Cabanillas-Gamez et al. (2018) reported a significant

increase in lactate levels due to these same stress factors
regardless of the diet (Cabanillas-Gamez et al. 2018).
The results confirm that fish combine metabolic
suppression and an increase in anaerobic metabolism to
meet the energy requirements during aquatic envi-
ronmental hypoxia (MacCormack et al. 2006). Plasma
LACT has been reported to increase in fish subjected to
stress due to energy being exhausted quickly, and the
fish need to generate energy through anaerobic
metabolism (Pottinger 1998, De Boeck et al. 2001).
Jiang et al. (2017) suggested that high blood GLU
might increase the LACT generation, whereby
hyperglycemia might enhance anaerobic metabolism
and LACT production in M. saxatilis. On the other
hand, no significant differences were observed between
groups fed with D1.0 and D1.5 diets, indicating that
intermediate levels of Trp were more effective in
mitigating stress response.

TP was from 2.09 to 2.84 g dL™, lower than that
reported by Tisa & Strange (1983), but similar to that
reported by Alvarez-Mendoza et al. (2013) in the
undisturbed group and Del Rio-Zaragoza et al. (2021).
Likewise, these values are similar to those reported in
T. macdonaldi (Cabanillas-Gamez et al. 2020). The
values are within a lower limit than those reported in
Acipenser brevirostrum by Knowles et al. (2006) and
Sparus aurata by Peres et al. (2013) and lower than the
range reported in Dicentrarchus labrax by Peres et al.
(2014), which suggests that the TP level could depend
on the fish species, size, and condition. Proteins
constitute fundamental plasma components that carry
out key functions in the metabolism and physiology of
organisms. In fish, most resting metabolism is
accomplished by protein catabolism (McClelland
2011). Therefore, proteins are particularly important as
metabolic substrates (Jafari et al. 2018). Variation of
blood TP is coordinated with energy demand for
utilization by vital tissues that perform its metabolism
(Navarro & Gutiérrez 1995). Besides, metabolic fuel
should be bound to plasmatic proteins transferring to
target tissues (McClelland 2011). In this study, TP was
affected by Trp content in the diet. The D1.0 and D1.5
diets decreased TP in the undisturbed group, which
could have been related to higher energy expenditure.
As reported earlier, these dietary Trp levels induce an
increase in cortisol and a reduction in GLU in T.
macdonaldi (Cabanillas-Gamez et al. 2020). Stress
triggers the synthesis, release, and turnover of
glutamate, neuromodulators, and neuropeptides,
metabolically expensive processes (Nonogaki 2000).

According to Jafari et al. (2018), proteolysis occurs
when other endogenous energy resources, such as
glycogen and lipids, are depleted, where the proteins
are the last resource utilized for energy in marine
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species (Hung et al. 1997). In striped bass, handling
decreased TP compared to the undisturbed group in fish
fed CDO0.5 diet, indicating a possible higher energy
expenditure. Since Trp supplemented diets inhibited
protein level reduction, these results could indicate that
fish fed the Trp supplemented diets were more tolerant
of handling stress.

The ALB level observed in M. saxatilis was similar
to that reported by Hrubec et al. (2001) and Del Rio-
Zaragoza et al. (2021). The data in this study revealed
a significant interaction between Trp level and stress
factors on ALB. However, the factor that had a more
significant effect was Trp itself. Lower ALB was
shown with all Trp supplemented diets compared to
CDO0.5 after hypoxia. This behavior is similar to that
shown by the GLU in this same group of fish. As
previously discussed, proteins can be important energy
sources when required; however, no results have been
reported regarding ALB behavior in acute stress
situations, so further research is needed to establish the
role of the ALB response to this stressor.

The effects of Trp on blood and plasma parameters
could be related to the hypothalamic-pituitary-
interrenal (HPI) axis activity. Trp is a serotonin (5-HT)
precursor (Laranja et al. 2010), and 5-HT is a central
nervous system neuromodulator, which stimulates the
HPI axis by triggering the cortropin realizing hormone
production in the hypothalamus (Best et al. 2010,
Medeiros et al. 2010) linked to stress response (Laranja
et al. 2010). However, under stress conditions, the
serotonergic system modulates the onset of the
adrenocorticotropic response (similar to non-stressed
fish) and terminates the response (Lepage et al. 2002,
Hoseini et al. 2016). In totoaba, an inverted U-shaped
response was observed in cortisol levels with similar
Trp levels in the diet (Cabanillas-Gamez et al. 2018,
2020), related to serotonergic activity in the fish brain
(Cabanillas-Gamez et al. 2020). This result indicated
that a medium level of Trp could stimulate the activity
of the HPI axis, while a higher Trp level could inhibit
it. Therefore, the effects of Trp on plasma and blood
parameters of sea bass M. saxatilis in this study could
be related to the activity of the HPI axis.

In summary, the data in this study showed that
hypoxia increased Hct, cortisol, and GLU and
decreased HB and LACT. Handling decreased HB and
TP and increased GLU and LACT. D1.0 and D1.5
prevented Hct and LACT disturbance, and D1.5
prevented HB disturbance. All Trp supplemented diets
prevented GLU disruption under hypoxia and TP
disruption after handling. Therefore, the addition of Trp
to diets can be used to avoid disruptions in fish blood
and plasma under situations of acute stress, which in the
long term, could prevent deleterious effects on fish
health and development.
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