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Abstract. The knowledge on the effect of different stress factors on Atlantic salmon, Sa/mo salar Linnaeus,
1758, is far from complete and therefore we decided to find out how the low water level stress could effect patho-
physiological parameters such as: plasma cortisol level, haemoglobin, haematocrit, chloride (CI7), sodium (Na™),
osmolality, lactate, and glucose in this fish; and how this stressor affects the gut morphology. Two hundred and
four juvenile Atlantic salmon were randomly distributed into six fibreglass tanks and divided into two groups:
group 1 (control) and group 2 (low water level stress). The low water level stress did not affect growth perform-
ance and the pathophysiological parameters. Light- and transmission electron microscopy evaluations of the
pyloric caeca and the distal intestine revealed that chronic stress had no effect on gut morphology. Low water
level stress had no clear effects on pathophysiological parameters and gut morphology of Atlantic salmon.

Keywords: chronic and acute stress, Atlantic salmon, haematological parameters, gut, light microscopy, trans-

mission electron microscopy

It is well known that fish are exposed to stressors in the
wild as well as in captivity, particularly during handling in
commercial aquaculture. Numerous papers have reported
that chronic and acute stress may be associated with bio-
chemical and physical disturbances and various physiologi-
cal effects (Kubilay and Ulukdy 2002, Vijayan et al. 2009).
Plasma cortisol is reported to increase in fish after stress
exposure and this is well documented in several studies
(Barton et al. 1988, Mustafa and MacKinnon 1999, Olsen et
al. 2002, 2005, 2008, Askarian and Kousha 2009, Santos
et al. 2010). Cortisol can also affect growth and metabo-
lism of fish during chronic and acute stress (Fast et
al. 2008, Vijayan et al. 2009).

Fridell et al. (2007) reported increased cortisol level
during chronic stress response in the hyperoxic group
(reduced water flow) of Atlantic salmon, Salmo salar
Linnaeus, 1758, reared in freshwater. In juvenile rainbow
trout, Oncorhynchus mykiss (Walbaum, 1792), the level
of cortisol increased during acute stress, but after 1 h it
regained its normal level (Fast et al. 2008, Martinez-
Porchas et al. 2009).

Olsen et al. (2008) subjected Atlantic cod, Gadus
morhua Linnaeus, 1758, to an acute stress (exhaustive

exercise) and this caused an increase in blood haematocrit
and plasma cortisol, glucose, chloride, osmolality, and
lactate. Other studies have reported that acute stress,
inflicted by high fish densities, induced a significant
increase in glucose and lactate in netted European
seabass, Dicentrarchus labrax (Linnaecus, 1758) (see
Santos et al. 2010) and elevating level of plasma cortisol
and lactate in Atlantic salmon exposed to the infectious
anaemia (Olsen et al. 1992) and acute stress response in
Atlantic cod (Olsen et al. 2008). The first aim of the
presently reported study was to evaluate whether lowering
the water level affects the growth performance and the
pathophysiological parameters of salmon. Information is
available of the effect of noise on growth performance,
smelting rates, parasite effects, and disease resistance
(Terhune et al. 1990, Mustafa and MacKinnon 1999,
Wysocki et al. 2007, Davidson et al. 2009), but to our
knowledge no paper on the effect of low water stress on
gut morphology has been published.

Morphological evaluations of the gastrointestinal tract
by light microscopy (LM) and transmission electron
microscopy (TEM) have been suggested to be an impor-
tant tool to evaluate when fish are exposed to stress
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(Olsen et al. 2002). In three previous studies, Olsen et al.
(2002, 2005, 2008) focused on the effect of stress
response on intestinal lining of Atlantic salmon, intestinal
function of rainbow trout, and in fed- and food deprived
Atlantic cod, Gadus morhua. According to these studies,
acute stress had marginal effect on gut morphology, junc-
tional complexes damage (zone between epithelial cells),
and increased cellular detachment in Atlantic salmon and
rainbow trout. The second aim of the presently reported
study was therefore to address the effect of low water
stress on morphological changes in pyloric caeca and dis-
tal intestine of Atlantic salmon.

The experiment started in January 2011 and lasted
until May 2011—for a total of 65 days. Juveniles of
Atlantic salmon, Salmo salar, from a single population
were obtained from the Institute of Marine Research,
Matre Research Station, Matredal, Norway. Two hundred
and four fish were randomly distributed into 6 fibreglass
tanks, 34 fish per tank, with a total average wet weight of
approximately 7 kg per tank. The 400-L tanks were sup-
plied with sea water (temperature 8—10°C, water flow
20 L - min!). The fish were acclimatized to experimental
conditions for two days prior to the experiment. The indi-
vidual fish weight (mean + standard deviation) ranged
from 104 +4.9 to 354 + 6.1 g while individual fork length
(mean =+ standard deviation) ranged from 220 + 1.5 to
300 + 1.6 mm. The fish were divided into two groups:
group 1 (control) and group 2 (low water level stress). The
experiments (in two groups) were carried out in triplicate
for 65 days. During that time the fish were fed Fiskefor pel-
lets (Skretting Ltd., 50 mg, 3 mm) at 1000 h and 1400 h;
2.5% of wet body weight per day. Faeces and uneaten
food in the tanks were collected 1 h after each feeding.

Cleaning of rearing tanks is a normal procedure in com-
mercial aquaculture and this chronic stress may affect the
fish. In order to evaluate how fish react to this stress; the
water level in three tanks were lowered (reduced to10 cm)
for 30 min twice a day at 0900 h and 1300 h throughout
the 65 days. After 65 days of rearing, all the groups were
exposed to low water level for 30 min (acute stress).

Specific growth rate (SGR) and feed conversion ratio
(FCR) were calculated using the formulae described by
De Silva and Anderson (1995) as follows:

SGR =100 [In W;—In W] - ¢!
where: W; and W;were the initial and final body weight [g]
and ¢, the time in days.
FCR=FC- WG
where: WG = wet weight gain, FC = dry feed consumed [g].

Fish sampled for blood analysis were anesthetized
using tricaine methanesulfonate (MS-222), 70 ppm for 3
min, to avoid bleeding stress. Blood samples from 30 fish
of each treatment were taken from the caudal artery using
commercially produced heparinised needles.

Haematocrit was measured using heparinised microcap-
illary tubes and a Compur M1100 haematocrit centrifuge
according to Olsen et al. (2002, 2008). Blood (100 pL) were
transferred to a 0.5 mL Eppendorf tubes and frozen in lig-
uid nitrogen and further stored at —80°C prior to analysis

of haemoglobin, which was estimated using the
ReflotronPlus auto analyzer (Roche, Mannheim,
Germany) according to Olsen et al. (2008). Blood osmo-
lality was measured using freeze point determination
(Advanced Micro Osmometer Model 3300, Advanced
Instruments Inc., Norwood, MA, USA). Plasma was pre-
pared from the remaining blood sample by immediate
centrifugation at 11 000 rpm for 1 min (Jouan Al4),
frozen in liquid nitrogen and stored at —80°C until ana-
lyzed. Plasma chloride concentrations (CI), lactate, Na*
and K" were analysed by ion-selective electrode (Cobas
C.111). Plasma cortisol was measured by ELISA as
described by Barry et al. (2001).

Fish used for analysing biochemical parameters were
also used for LM and TEM evaluations of the gut.
Abdomens were carefully opened aseptically and samples
from pyloric caeca and distal intestine were immediately
fixed in formalin and Karnovsky fixative as described by
Olsen et al. (2002). To determine morphological differ-
ences of the various treatments, 10 randomly selected LM
and TEM images from each segment were sampled from
five fish of each treatment group.

The morphological changes were evaluated in the terms
of full and empty goblet cells, length of microvilli [um],
disintegrated microvilli, number of vacuoles, oedema and
cell damage, and number of granulocytes in lamina pro-
pria. Differences were ranked according to Ringe et
al. (2007b); 0 =no observed, 1 = low (1-3 out of 10 images),
2 = moderate (4—6 out of 10 images), 3 = high (7 or more
out of 10 images).

Statistical analyses of the results were performed using
MS Excel software. Numerical results were exhibited as the
mean + standard deviation. The Pearson’s product-moment
correlation coefficient was calculated and tested for signif-
icance against the no correlation zero hypothesis through
the procedure correlation. Data performed to analysis of
variance (ANOVA) test to observed variance in a particu-
lar variable. The significance level was chosen at P < 0.05.
Normality and variance homogeneity of data were carried
out by using Norm-Quant software and F-test in MS Excel,
respectively. Student’s #-test was run as post hoc test when
ANOVA was valid for data set.

The experiment was approved by the Food Safety
Authority, FOTS, Norway (No. 2907: Etablering av kro-
nisk stressmodell).

Throughout the experiment no mortalities were
observed. The presently reported study showed that stress
had not significantly affected growth during the experi-
ment; 65 days (Table 1). The specific growth rates (SGR)
ranged between 0.95 and 0.97, feed conversion ratios
(FCR) ranged from 0.46 to 0.54, and weight gains were
between 6050 and 6277 g.

Results of blood cortisol sampled from the control group
(not exposed to stress; 65 days) and after chronic stress and
acute stress are presented in Table 2. The results of blood
cortisol level (ng - mL ") of the two treatment groups: con-
trol (group 1), and low water level stress (group 2) showed
no significant differences (P > 0.05). Table 3 display the
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results of haematocrit, haemoglobin, glucose, lactate, K,
Na, Cl, and osmolality and show that these parameters were
not affected by the different treatments.

Morphological evaluations of pyloric caeca and distal
intestine of the control group and group 2 exposed to
chronic stress are shown in Table 4. No clear differences
with regard to full and empty goblet cells, number of vac-
uoles and granulocytes within lamina propria were
observed. Mean length of microvilli in pyloric caeca; esti-
mated by light microscopy, were shorter but not signifi-
cantly different; in the control group; 3.9 + 0.59 pm, com-
pared with the low water level group; 4.6 + 0.75 pm.
A similar trend was observed for the microvilli length in
distal intestine being shorter in the control group com-
pared to the other treatment groups, but the results showed
no significant differences between the groups (P > 0.05).

Histological evaluations of pyloric caeca and distal
intestine of Atlantic salmon exposed to one hour of acute
stress by LM and TEM are shown in Table 5. No loosen-
ing of enterocytes from basal membrane in the treatment
groups was observed (results not shown). A high score (3)
of both full and empty goblet cells were noticed in group
1 (control) compare to group 2 (low water level; score 1).
Disintegrated microvilli determined by TEM, but to less
extent were only detected in distal intestine of the control

Table 1
Specific growth rate, feed conversion ratio,
initial and final weight per treatment, and weight gain
of Atlantic salmon, Sal/mo salar, during 65-day exposure
to low water level acute stress

Treatment ((c}g(r)lltlrrz)ll) (low(\};g':le? lzevel)
SGR 0.95+0.117 0.97 £0.079
FCR 0.46 = 0.0005 0.54 +£0.0001
Initial weight [g] 6903.3 7131.3
Final weight [g] 12954 13408.7
Weight gain [g] 6050.7 6277.4

Values are mean + standard deviation; weight gain = final
weight — initial weight; » = 102 (in each treatment);
SGR = specific growth rate, FCR = food conversion ratio.

Table 2
Blood cortisol levels of Atlantic salmon,
Salmo salar, after 65-day exposure
to low water level acute stress and 1 h post-acute stress

Parameter Treatment

[ng-mL"] Group 1 Group 2
Cl 11.01 £29.01¢ 12.01 £3.42
C2 160.87 = 65.2 171.33 £67.2

Values are mean + standard deviation; Group 1 = control,
Group 2 = low water level treatment; C1 = blood cortisol
level before acute stress, C2 = blood cortisol level one hour
post-acute stress; n = 30 (in each treatment); CFish not
exposed to chronic stress.

group. Some oedema or cell damages were noticed in the
gastrointestinal tract of group 2, but no clear effect was
noticed between the treatments. The presences of granu-
locytes in lamina propria in pyloric caeca and distal intes-
tine were generally high in most of the gut segments of
the treatment groups sampled one hour post acute stress
except for distal intestine of group 1; estimated by TEM
and group 2; estimated by LM. Mean length of microvilli
estimated by LM in pyloric caeca; were shorter in the con-
trol compared to the low water level group; 5.5 £ 1.30 um
but the results showed no significant differences between
the groups (P > 0.05).

With regard to the microvilli length the only signifi-
cantly differences (P < 0.05) observed was between in
distal intestine of group 2 (chronic stress) vs. distal intes-
tine of group 2 (acute stress) and pyloric caeca of group 2
(chronic stress) vs. pyloric caeca of group 2 (acute stress).

LM evaluation of pyloric caeca and distal intestine of
salmon exposed to chronic stress (low water level) after
65 days showed normal appearance (Fig. 1). TEM evalu-
ations of pyloric caeca and distal intestine of this group
were also normal (results not shown). TEM evaluation of
distal intestine of salmon exposed to low water level
stress for 65 days (Fig. 2), showed no major influence on
the enterocytes of the distal intestine.

Table 3
Blood parameters of Atlantic salmon,
Salmo salar, after 65-day exposure to low water level
acute stress and 1 h post-acute stress

Parameter Treatment
Group 1 Group 2

Hetl [%] 33.1 +£4.8¢ 36.6 6.4
Het2 [%)] 355+4.7 325+3.6
Hbl [g-dL1] 9.60 £2.2¢ 9.18+ 1.9
Hb2 [g-dL1] 9.79+ 1.6 8.84+0.9
Glul [mm-L™1] 432+0.5¢ 4.08+0.6
Glu2 [mm-L™] 4.70 0.7 47104
Lactl [mm-L™] 3.41+0.7¢ 3.01 £0.8
Lact2 [mm-L"'] 552+ 1.8 3.62+0.8
K1 [mm- L] 3.8+ 0.5¢ 3.5+0.9
K2 [mm-L"] 43+0.5 43+0.5
Nal [mm-L"] 154+ 2.3¢ 149 +£8.7
Na2 [mm-L"] 160+£9.3 164+3.4
Cll [mm-L™"] 127+£2.9¢ 126+ 7.5
CI2 [mm-L™] 133 +£8.7 140+ 4.5
Osl [MOsm-kg'] 3299+ 7.6° 327.8+£6.1
Os2 [MOsm-kg™] 355+6.3 3492+ 6.1

Values are mean + standard deviation; Group 1 = control,
Group 2 = low water level treatment; n = 30 (in each treat-
ment); “fish not exposed to chronic stress; Hct = haematocrit,
Hb = haemoglobin, Glu = glucose, Lact = lactate, K = potas-
sium, Na = sodium, Cl = chloride, Os = osmolality; Numbers
1 and 2 following individual parameters denote parameter
level before (e.g., Hetl) and 1 h (e.g., Hetl) after acute stress.
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Table 4

Histological evaluation of pyloric caeca and distal intestine of Atlantic salmon, Sal/mo salar,
after 65 days of rearing; with no stress (control; group 1) and lowered of water level (group 2)

Group 1 Group 2
Characteristics Pyloric caeca Distal intestine Pyloric caeca Distal intestine
LM TEM LM TEM LM TEM LM TEM
Full goblet cells 1 2 1 1 1 3 1 1
Empty goblet cells 0 0 1 0 0 1 0 0
No. of vacuoles 1 1 1 1 2 3 2 0
Granulocytes in LP 2 2 1 2 2 2 1 1
Microvilli length 3.9+£0.59 — 38+1.14 — 4.6+0.75 — 4.1+£0.40 —

Group 1 = control, Group 2 = low water level treatment; LM = light microscopy, TEM = transmission electron microscopy;
LP = lamina propria; Microvilli length values [um] are mean + standard deviation; Scores of semi-sections for LM and TEM
are based on 10 randomly taken images from each gut segment per treatment; Evaluations were ranked according to Ringe
et al. (2007a): 0 = no observed, 1 =low (1-3 out of 10 images), 2 = moderate (4—6 out of 10 images), 3 = high (7 or more
out of 10 images).

Table 5
Histological evaluation of pyloric caeca and distal intestine of Atlantic salmon, Sal/mo salar,
exposed to 1 h acute stress

Group 1 Group 2
Characteristics Pyloric caeca Distal intestine Pyloric caeca Distal intestine
LM TEM LM TEM LM TEM LM TEM
Full goblet cells 3 0 2 0 1 1 1 2
Empty goblet cells 3 0 1 0 1 1 1 1
Disint. microvilli 0 0 0 1 0 0 0 0
No. of vacuoles 3 2 2 1 3 3 3 3
OCD 0 0 1 0 1 1 1 1
Granulocytes in LP 2 2 2 0 3 3 0 2
Microvilli length 34+0.54 — 42+1.10 — 55+13 — 3.1+0.60 —

Group 1 = control, Group 2 = low water level treatment; LM = light microscopy, TEM = transmission electron microscopy,
Disint. microvilli = disintegrated microvilli, OCD = oedema or cell damage, LP = lamina propria; Microvilli length values
[wm] are mean + standard deviation; Scores of semi-sections for LM and TEM are based on 10 randomly taken images from
each gut segment per treatment; Evaluations were ranked according to Ringe et al. (2007a): 0 = no observed, 1 = low

(1-3 out of 10 images), 2 = moderate (4—6 out of 10 images), 3 = high (7 or more out of 10 images).

Biron and Benfey (1994) showed a short-term increas-
ing of plasma cortisol, haematocrit, and glucose levels on
diploid and triploid brook trout, Salvelinus fontinalis
(Mitchill, 1814), exposed to 5 min acute handling stress.
In contrast, Fridell et al. (2007) reported an increasing of cor-
tisol level during chronic stress response in the hyperoxic
group of Atlantic salmon held in freshwater. In the present-
ly reported study, group 2 with decrease of oxygen in water
circulation, the cortisol level elevated simultaneously and
reduced the erythropoiesis activity compare to control.

Previous studies illustrated blood parameters such as
raised haematocrit, lactate level, glucose, osmolality, and
plasma cortisol concentration following acute stress in
Atlantic salmon (Olsen et al. 2002, Sundh et al. 2009), rain-
bow trout, Oncorhynchus mykiss (see Olsen et al. 2005);
Atlantic cod, Gadus morhua (see Olsen et al. 2008); and
European sea bass, Dicentrarchus labrax (see Santos et
al. 2010), respectively. The results of the presently report-

ed study are in accordance these observations, but the
response appeared to be somewhat higher in the control
and low water level groups while haematocrit and haemo-
globin had lower response in group 2 (Table 4).

Olsen et al. (2008) reported that increasing level of
plasma glucose in cod is caused by extended glycogenol-
ysis and gluconeogenesis through the degradation of
glycogen, a process that may relate to the prolonged ele-
vated levels of plasma cortisol, which will stimulate these
processes. Observations of increased plasma glucose fol-
lowing group one in the presently reported study are in
accordance with the results of Barton and Iwama (1991)
and Olsen et al. (2002). Although we did observed lower
level of glucose in group 2 compare to the control, this
finding was marginal and not significantly different.

Our study showed elevation of lactate level after acute
post stress in all treatments. A smaller decrease of lactate
in group 2 after 65 days of chronic stress compare with
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Fig. 1. Light microscopy micrographs of the gastrointestinal tract of Atlantic salmon, Sal/mo salar, exposed to low
water level for 65 days; A pyloric caeca; B distal intestine; MV = microvilli, GC = goblet cell, V = vacuoles
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as

Fig. 2. TEM mlcfograph of the distal intestine of Atlantic éalmon, Scilmo Saldr, exposed to low water level stress for
65 days; MV = microvilli, D = desmosome, TJ = tight junction

acute situation and control treatment was noticed. Lactate
levels in group 2 were lower compare with control in
acute post stress and might indicate that fish exposed to
low water level are better adapted to stress. However, this
hypothesis merits further investigations.

Olsen et al. (2002, 2005) reported cell damage of
Atlantic salmon and rainbow trout intestinal enterocytes
during stress. In contrast to these results, no clear effect
on cell damage was noticed in the present study, indicat-
ing that Atlantic salmon can adapt to chronic stress.

In the presently reported study, no morphological gut
changes were observed. Widening of intracellular space
was noticed in fish exposed to low water level and vibra-
tion stress. These results are in contrast to those published
by Olsen et al. (2002, 2005), who reported increased inter-
cellular gap in rainbow trout and Atlantic salmon exposed
to handling and fasting stress, respectively.

Our study demonstrated that stress did not have any
major effect on enterocytes in distal intestine of Atlantic
salmon. This observation is in accordance with those
reported by Olsen et al. (2002, 2005).

The effect of stress responses on gut microbiota and the
immune system was investigated in endothermic animals
(Kight and Swaddle 2011, Gonzalez-Rodriguez et al. 2013).
In fish, evaluation of the gut microbiota, gut immunology,
and challenges studies are important parameters to evalu-
ate in stress experiments. As these tests were not carried
out in our study we recommend that these topics are

included in future stress studies because the gastrointesti-
nal tract is one of the major infection routes in fish (Ringe
et al. 2007a, 2007b).
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