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The effects of starvation on some epidermal mucus immune parameters in rainbow trout,

Oncorhynchus mykiss
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Abstract: The skin of a fish acts as the primary protective agent against biological, physical, and
chemical stress. However, the effects of such stressors on fish mucosal immune responses have been
hardly investigated. Fasting or feed deprivation commonly is occurred in aquaculture due to season,
production policies, or disease. This research was aimed to investigate the impacts of 20-day
starvation on skin mucosal immune responses of rainbow trout. The results revealed that the
enzymatic activities of lysozyme (LZM) and alkaline phosphatase (ALP), as well as the total
immunoglobulins (Ig) level and bactericidal activities were significantly reduced in the skin mucus
of fasted fish. No significant changes were observed in the esterase and protease activities.
Bactericidal activity in the mucus of starved fish was significantly lower than control group after 20
days. Therefore, it could be strongly suggested that this species should not remain under starvation
stress as this kind of stress impairs mucosal immune barriers which, in turn, could make the fish more
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susceptible to infections or harmful agents.

Introduction

Fasting or feed deprivation is a normal occurrence that
many fish species may experience in their natural
environments during migration, reproduction, and due
to some adverse conditions in the environment, like
red tides or cold-water masses in the summer (Cho et
al., 2006; Sridee and Boonanuntanasarn, 2012; Park et
al., 2012). Furthermore, feed deprivation can be used
as a managing approach to decrease mortality due to
disease occurrence and overproduction (Shoemaker et
al., 2003) or to reduce water quality complications and
decrease stress management (Davis and Gaylord,
2011). Nevertheless, in several previous researches,
starvation was perceived as a stressor (Furné et al.,
2009; Langer et al., 2014; Varga et al., 2014; Piccinetti
et al., 2014; Arslan et al., 2015).

Unlike mammals, fish could tolerate long periods
of fasting. However, extended starvation exhausts the
energy reserves of the fish (Rundles, 2008) and
depress their immune system. As a result, the fish
become predisposed to the infectious diseases (Raina
and Sachar, 2014). In fact, study of the immune
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defense mechanisms is of main importance for
assessing fish health since a direct correlation between
the functioning of the immune system and the ability
to prevent disease outbreaks has been recognized
(Hoseini and Ghelichpour, 2013; Hoseini et al., 2014;
Hoseini et al., 2019; de Souza e Silva et al., 2019;
Gholizadeh Zare Tavana et al., 2019; Foysal et al.,
2020;).

The skin mucus of fish acts as the first line of
defense against stressors (Jung et al., 2012; Guardiola
et al., 2015; Tacchi et al., 2015; Khansari et al., 2018).
Little is known regarding how the skin mucosal
immune system operates in different species of fish.
Fish skin mucus is composed of water, mucin,
complement, C-reactive proteins, lectins, cathepsins,
defensins, haemolysins, immunoglobulin M (IgM),
agglutinin,  proteolytic antimicrobial
peptides, acid and alkaline phosphatases, superoxide
dismutase, and Lysozyme, act as inhibitory agents
against  various infections  (Ingram,  1980;
Subramanian et al., 2007; Esteban, 2012; Guardiola et
al., 2014).

enzymes,
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Recently, numerous studies have revealed that
some factors that cause stress, such as infectious
agents, environmental pollutants, prolonged transport
stress, and over-crowding stress can change the
complete structural and cellular composition in skin
of Oncorhynchus mykiss, Sparus aurata, and Puntius
tetrazona (Lindenstrgm et al., 2004; Tacchi et al.,
2015; Guardiola et al., 2015; Roosta and Hosseinifar,
2016). Furthermore, different fish species undergo
some changes in their mucus structure and immune
responses, following any environmental and
physiological changes (Guardiola et al., 2014).
Hoseini et al. (2014) revealed the serum levels of T4,
T3, cortisol, glucose, lactate, triglyceride and
cholesterol were significantly affected by fasting
period in rainbow trout; however, there were no
significant changes in serum total protein, albumin,
globulin or A:G among the fish fasted 0-72 h (Hoseini
et al., 2014).

The same results showed by Hoseini et al. (2019)
on common carp. Three days of fasting led to a
significant decrease in serum levels of lactate and
thyroid hormones. Fourteen days of fasting led to
initiation of physiological process to maintain serum
glucose by increase in serum cortisol level and lactate
utilization. These fish had lower levels of thyroid
hormones  suggesting suppression of  basal
metabolism. The fish also had lower WBC and serum
lysozyme and total Ig levels indicating
immunosuppression. Therefore, this research was
aimed to study some immune system alteration in the
skin mucus of rainbow trout following a short-term
feed deprivation.

Materials and Methods

In accordance with the National Ethical Framework
for Animal Research in Iran, rainbow trout was chosen
for the experimentation in this study (Mobasher et al.,
2008). Specimens with a body weight of 22.6+4.6 g,
were selected from a local fish farm, Shiraz, Iran. In
order to adaptation, fish kept in 250 L fiberglass tanks
for three weeks. During this period, the water was
recirculated, fish were exposed to natural photoperiod,
and water temperature, dissolved oxygen, and pH

were 13.2+£1.8°C, 6.220.9 ppm and 7.5+0.2,
respectively. Fish fed twice a day with commercial
pellets (Beiza Co, Iran) as 2% of their body weight.
After acclimation, fish were divided into two
groups in triplicates, one maintained at starvation and
the other was fed daily with the same diet to apparent
satiation twice daily, as a control. The experiment
lasted 20 days (Tran et al., 2018), during which 6
specimens from both the control and fasted groups
were sampled at time zero (before starvation) and on
day 20 after the start of the starvation for the
measurement of selected skin immune parameters. In
both treatments (control and starved fish), before
sampling, the fish were first anesthetized by 0.1 ppm
MS222 (Argent Laboratories Inc., Redmond, WA,
USA). Then, a sterile plastic spatula, with enough
caution to prevent contamination with blood,
intestinal and urogenital secretions, was used to
scratch the skin mucus from the dorso-lateral surfaces
(Palaksha et al., 2008). Once the mucus was collected,
an overdose (100 ppm) of MS222 was used to
euthanize the fish. Mucus samples were homogenized
using one volume of sterile normal saline (9%o).
Afterward, the samples were centrifuged at 2000 g for
10 min at 4°C. The supernatant was stored at -80°C
for further analysis.
Skin mucus total immunoglobulin: The method
described by Siwiki and Anderson (1993) was used to
measure the total immunoglobulins (total Ig). First, Ig
was precipitated in serum using a 12% polyethylene
glycol solution and remaining protein in the
supernatant was assayed by Bradford method
(Bradford, 1979) and it was subtracted from the total
protein to give total Ig content.
Lysozyme activity: The turbidimetric assay was
applied to measure the Lysozyme activity (Demers
and Bayne, 1997). Briefly, 50 pL suspension of
bacterium Micrococcus luteus (Sigma) (0.3 mg/mL of
lyophilized cells dissolved in 40 mM sodium
phosphate buffer, pH 6.5) and 50 uL of the mucus
sample were mixed together. The incubation of the
mixture was done at 30°C; then, after O and 15 min,
the reduction in the absorbance at 450 nm was
measured in a microplate reader (BioTek ELx 808
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instrument, USA). The quantity of enzyme that caused
a decline in the absorbance of 0.001 per minute was
defined as a unit of lysozyme activity.

Alkaline phosphatase activity: Using the method of
Palaksha et al. (2008), the measurement of the activity
of alkaline phosphatase was done after the incubation
of the mucus supernatants with 4 mM para-
nitrophenyl phosphate (Sigma) in 100 mM ammonium
bicarbonate buffer which contained 1 mM magnesium
chloride, pH 7.8 at 30°C. The quantity of enzyme that
freed 1 mmol of para-nitrophenyl product in 1 min was
defined as one unit of activity.

Protease activity: Utilizing the method offered by
Palaksha et al. (2008), the activity of protease was
determined by azocasein hydrolysis assay. 50 uL of
the mucus sample re-suspended in 100 mM
ammonium bicarbonate, pH 7.8, with 50 uL. azocasein
substrate 0.25% (w/v) in the same buffer for 19 h at
30°C were incubated for assaying azocasein
hydrolysis. Fifty ul of 20% (w/v) trichloroacetic acid
was added to the process to bring the reaction to a halt.
This was followed by a 5 min centrifugation at 15400
g (Equal volumes of supernatant (100 uL)). Then, 0.5
M NaOH was added to a 96 well plate and the
absorbance was evaluated at 405 nm. The quantity of
the enzyme that triggered a variation in the absorbance
of 0.001/min was defined as one unit of activity. Each
unit of activity was determined per mg of protein
(specific activity).

Esterase activity: Based on Palaksha et al. (2008),
when mucus supernatants were incubated with 0.4
mM para-nitrophenyl myristate in 100 mM
ammonium bicarbonate buffer containing 0.5% Triton
X-100, pH7.8 at 30°C; then, the detection of esterase
activity was processed. A plate reader was used to
keep a constant record of the absorbance for 2 h at 405
nm. The amount of enzyme needed to set free 1 mmol
of para-nitrophenyl product inl min was defined as the
activity.

Antibacterial assay: Before the samples of mucus
were analyzed, they were defrosted at room
temperature. In vitro bactericidal activity of mucus
examined against Aeromonas
Yersinia ruckeri, and Lactococcus

samples  were
hydrophila,

garviae, which had been taken from the stock culture
kept at the Microbiology Laboratory of the Aquatic
Animal Health and Diseases Department, School of
Veterinary Medicine, Shiraz University. The standard
disc diffusion method was used to detect the
antibacterial activity of the mucus samples (Bauer et
al.,, 1966). At first, different species of bacteria of
interest to the present study were cultured in nutrient
broth medium for 24 h at 25°C; then, 0.1 mL of broth
culture medium (contains 1.5%x10% CFU/ mL) was
cultivated on Mueller Hinton agar. Aseptic paper discs
with a 6 mm diameter were soaked with 200 pL. of
mucus sample and put on the medium. The incubation
was performed at 25°C for 24 h. Following that, the
discs were checked and a ruler was used to calculate
the growth inhibition area diameter in mm (minus the
diameter of paper discs). The clear part which
surrounded the discs was considered as an indication
of the antibacterial activity.

Statistical analysis: Immunological data and
antibacterial activity were analyzed using a two-
sample t-test. Each data set was checked for normality
using a Shapiro-Wilk test. Non-normal data were
transformed for statistical comparison. All the
statistical analyses were performed using SPSS
software (version 16.0, Chicago, IL) and the
probability of P<0.05 was considered statistically
significant. Data are presented as mean£SD.

Results

All biomarkers were measured before the final
experiment to ensure that the individual conditions of
the fish tested were uniform (at O days). The results
showed that there was no significant difference
between the fish assigned to the different experimental
groups (Table 1). There was no case of fish death
throughout the experiment in spite of the feed
deprivation. MeanzSD of the epidermal immune
factors observed in the sample fish are tabulated in
Figures 1. A significant reduction in the enzymatic
activities of LZM (Fig. 1) and ALP (Fig. 2), as well as
total Ig level (Fig. 3), was observed in the skin mucus
of the starved fish compared to those measured in the
fed ones (P<0.05). Similar results were found for skin
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Table 1. Immunological and antibacterial results before the start of the final experiment.

Biomarkers

Lysozyme

Alkaline phosphatase
Esterase

Protease

Total Immunoglobulins
Yersinia ruckeri
Aeromonas hydrophila
Lactococcus garviae

Control Starved fish
29.67+1.86 30.17+3.31
8.17+1.60 9.67+1.03
2.22+0.34 2.23+0.28
20.67+£2.73 21.33+£2.66
5.87+0.37 6.25+0.41
5.17+£1.72 7.17+1.32
9.83+2.14 11+2.10
7.00+1.79 5.83+2.14

Table 2. Antibacterial activity of epidermal mucus in rainbow trout 20 days after subjection to starvation.

20 days
Bacteria Control Starved fish
A. hydrophila 8.8+2.0° 4.0+2.22
Y. ruckeri 6.0+1.4b¢ 2.5+1.62
L. garviae 7.7+1.6° 3.7+2.0°
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Figure 1. Alterations in skin mucus lysozyme activities of rainbow
trout 20 days after subjection to starvation. (MeantSD, n=6).
Different letter notations indicate significant differences at £<0.05.
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Figure 2. Alterations in skin mucus alkaline phosphatase activities of
rainbow trout 20 days after subjection to starvation. (MeantSD, n=6).
Different letter notations indicate significant differences at P<0.05.

mucus bactericidal activities against selected bacterial
pathogens (Table 2). However, the protease and

esterase activities did not show any differences after
exposure to starvation (Figs. 4, 5).

Figure 3. Alterations in skin mucus total immunoglobulin levels of
rainbow trout 20 days after subjection to starvation. (MeanSD,
n=6). Different letter notations indicate significant differences at
P<0.05.
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Figure 4. Alterations in skin mucus protease activities of rainbow
trout 20 days after subjection to starvation. (MeantSD, n=6).
Different letter notations indicate significant differences at £<0.05.

Discussions
Although it is clear that nutritional disturbance can
interfere with the resistance to pathogens in
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Figure 5. Alterations in skin mucus esterase activities of rainbow
trout before and 20 days after subjection to starvation. (MeanSD,
n=6). Different letter notations indicate significant differences at
P<0.05.
domesticated animals  (Klasing, 1998), the
mechanisms by which nutritional variations modulate
the fish immune system are largely unidentified. On
the other hand, the significance of the mucosal
surfaces, as the first defending position and the initial
target in an attack by infectious agents, has been
increasingly highlighted (Rombout et al., 2011;
Esteban, 2012). Nevertheless, the vulnerability of the
mucosal defensive system to alterations in nutrients
has just recently been noticed in fish species (Vieira et
al., 2011; Landeira-Dabarca et al., 2013).

Different enzymes with recognized functions in the
immune reactions have been shown in numerous
species of fish as they were noticed in the present
research. Of these enzymes, ALP in mucus has been
reported to function as a factor with antibacterial
properties because it is an enzyme involved in
hydrolysis (Ross et al., 2000). Also, it has been
reported that ALP plays a pivotal role in the primary
phases of wound healing (Rai and Mittal, 1991; Iger
and Abraham, 1990, 1997) and against stress (Iger and
Abraham, 1990, 1997).

No available data were found regarding the effects
of starvation on mucosal ALP activity in fish species.
Our findings pointed to a significant reduction in the
mucosal activity of ALP in the fasted fish. Similar
results were found in turbot (Scophthalmus maximus)
reared in high density for 120 days (Jia et al., 2016).
However, despite to the results of the present work, it
has been shown that some stressors namely high

stocking densities (Roosta and Hosseinifar., 2016),
aluminum acidity (Ledy et al., 2003), and hypoxia
(Vatsos et al., 2010), significantly enhanced the ALP
activity in the mucus of the tiger barbs (Pentius
tetrazona), brown trouts (Salmo truta fario), and sea
bass (Dicentrarchus labrax), respectively. Such
alteration in the activity of ALP could be used as an
indication of stress in some circumstances (Ross et al.,
2000), for instance in the conditions tested in the
current work. However, further studies are required to
approve this hypothesis. Since ALP activity is
dependent on maintaining the homeostasis of ions,
starvation may affect ALP activity by reducing the
level of uptake of ions such as calcium.

Proteases and esterase were also measured in the
current work because both of them have been linked
with skin immune responses and defense against
microbial infections (Esteban, 2012). In skin mucus,
proteases can act as a defense means against infectious
agents both directly, via splitting their proteins
(Subramanian et al., 2007), and indirectly, via
hindering their colonization and invasion mechanisms
(Aranishi et al., 1998). Furthermore, proteases may
activate  other parameters such as
complement, immunoglobulins or antibacterial
peptides (Hjelmeland et al., 1983; Fernandes and
Smith., 2002; Kennedy et al., 2009). Some studies
have documented the alterations that take place in the
mucus proteases in the face of stress (Aranishi and
Nakane., 1997; Aranishi et al., 1999; Easy and Ross.,
2010) and infection (Ross et al., 2000; Aranishi and
Mano, 2000) and pointed their importance in mucosal
immunity. However, our data showed no changes in
the fish epidermal proteases activities following 20
days of starvation. In a similar way, Jia et al. (2016)
found no changes in protease activity in the epidermal
mucus of turbots (Scophthalmus maximus) exposed to
crowding stress.

Furthermore, in the current research, the effects of
feed deprivation on esterase level in the skin mucus
were examined. Even though the function of the
esterase in fish mucus is not known, it is known that it
can function separately or in collaboration with other
mucosal immune components defending against the

immune
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infectious agents (Sheikhzadeh et al., 2012).
Previously, activity ~ was
demonstrated in gilthead sea bream fish (Sparus
aurata) following waterborne exposure to some heavy
metals (Guardiola et al., 2015). Conversely, a
significant reduction in the esterase activity was
reported in the skin mucus of turbots reared in high-
density conditions (Jia et al., 2016). However, in the
current work, no change in the esterase activity was
found in the mucus of the starved fish.

In addition, the total Ig was measured in the present
research. Immunoglobulins have crucial roles to play
in defending the fish from serious infectious agents
and conserving the mucosal homeostasis (Esteban,
2012). IgM and teleost polymeric immunoglobulin
receptor (pIgR) found locally in the skin play an
essential role in the mucosal immunity of fish
(Esteban, 2012). Our data revealed that total Ig took a
remarkable reduction in the epidermal mucus of the
fasted fish. Hormonal changes during starvation may
affect the production of
Furthermore, starvation can affect the stimulation of B
cells and the secretion of T cell-derived cytokines (Ota
et al., 2016). Interestingly, the value of the Ig
measured in the skin mucus of the sea bream (Sparus
aurata) which had been exposed to heavy metals
reduced on the second day of exposure; however, it
elevated later (Guardiola et al., 2015). Nevertheless,
no change in the serum IgM values was recorded after
starvation in either European sea bass (Dicentrarchus
labrax) (Caruso et al., 2011) or Mesopotamichthys
sharpeyi (Najafi et al., 2015).

In fish immunity studies, serum lysozyme activity
has been mainly evaluated (Ellis, 2001), yet the
lysozyme functions in the mucosal surfaces have
received less attention comparatively (Bergsson et al.,
2005; Nigam et al., 2012). For supporting the
importance of lysozyme for disease resistance, in a
study carried out by Yazawa et al. (2006), they
generated a transgenic zebrafish (Danio rerio) strain
expressing a chicken lysozyme gene and the results
showed that the transgenic strain survived 65% when
confronted with Flexibacter columnare while the wild-
type fish survived 0% when challenged with the same

increased esterase

immunoglobulins.

bacterial agent.

We revealed that lysozyme content in the skin
mucus significantly decreased after starvation.
Likewise, the mucus lysozyme activity obviously
decreased in turbots raised in high-density condition
(Jia et al., 2016). Similarly, in blackspot sea bream
(Pagellus bogaraveo), which had been starved for 31
days, a significant reduction was found in the
lysozyme activity of their skin mucus. However, the
activity of lysozyme was doubled in the skin mucus of
European seabass, Dicentrarchus labrax reared at the
same condition (Caruso et al., 2011). It seems that the
difference in the mucosal activity of lysozyme could
be associated with many factors such as season
(Schrock et al., 2001), type of species, stress
management, gene mutation, diet, maturity, sex
(Balfry and Iwama., 2004; Caruso et al., 2011), and
even epidermis thickness and the number of the
mucous cells (Subramanian et al., 2007).

Regardless the effector components and the
mechanisms participating in the bacterial killing, the
assessment of bactericidal activity of skin mucus
could be more important in practice than single
enzymatic activities (Guardiola et al., 2014). Several
studies have shown that the skin mucus of some fish
species presented a strong antibacterial and antifungal
activity against a wide range of microbial pathogens
(Hellio et al., 2002; Subramanian et al., 2008;
Dhanaraj et al., 2009). In a study, one-week starvation
in channel catfish significantly increased the mortality
to F. columnare which normally penetrates through
surface mucosa (Liu et al., 2013).

The results of the present study showed that when
the sample fish were exposed to starvation, some
antimicrobial activities started to operate against
specific infectious agents and a remarkable reduction
was observed in the antibacterial activity. Our results
conflict with those obtained by Roosta and Hoseinifar
(2016) who found the elevation of antibacterial
activity in the skin mucus of the tiger barbs (Pentius
tetrazona) subjected to crowding stress. In addition,
the exposure of sea bream to heavy metals caused a
significant increase in their skin mucus bactericidal
activity (Guardiola et al., 2015).
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In conclusion, the current work demonstrated a
converse relationship between starvation and immune
response in the skin mucus of rainbow trout. The
enzymatic activities of LZM, ALP as well as Ig level
and bactericidal activity were significantly reduced in
the skin mucus of fish after 20 days of starvation.
Moreover, the dramatic variations observed between
the findings of the present study and those of others
could possibly be attributed to factors such as season,
length of feed deprivation, evolutionary adaptation to
starvation, and pathogen dynamics (prevalence, routes
of transmission, and so on). The present findings
suggest the important role of nutrition in maintaining
the immunological functioning of the skin mucus in
the rainbow trout. Thus, it is strongly recommended
that this fish species should not remain under
starvation stress since this kind of stress can impair the
mucosal immune barriers which, in turn, could make
the fish more susceptible to infections or harmful
agents.

Acknowledgments

The authors would like to thank the Aquatic Animal
Health and Diseases Department, School of
Veterinary Medicine, Shiraz University, for its
support of the present research by providing a research
grant to the first author.

References

Aranishi F., Mano N. (2000). Response of skin cathepsins
to infection of Edwardsiella tardain Japanese flounder.
Fisheries Science, 66: 169-170.

Aranishi F., Mano N., Hirose H. (1998). Fluorescence
localization of epidermal cathepsins L and B in the
Japanese eel. Fish Physiology and Biochemistry, 19:
205-209.

Aranishi F., Mano N., Nakane M., Hirose H. (1999).
Effects of thermal stress on skin defense lysins of
European eel, Anguilla anguilla. Journal of Fish
Disease, 22: 227-229.

Aranishi F., Nakane M. (1997). Epidermal proteases of the
Japanese eel. Fish Physiology and Biochemistry, 16:
471-478.

Arslan G., Sahin T., Hisar O., Hisar S.A. (2015). Effects of
low temperature and starvation on plasma cortisol, tri

iodothyronine, thyroxine, thyroid-stimulating hormone
and prolactin levels of juvenile common carp (Cyprinus
carpio), Marine Science and Technology Bulletin, 4(2):
5-9.

Balfry S.K., Iwama G.K. (2004). Observations on the
inherent variability of measuring lysozyme activity in
coho salmon (Oncorhynchus kisutch). Comparative
Biochemistry and Physiology, Part B, 138: 207-211.

Bauer A.W., Kirby W.M., Sherris J.C. (1966). Antibiotic
susceptibility testing by a standard single disc method.
American Journal of Clinical Pathology, 451: 493-496.

Bergsson G., Agerberth B., Jornvall H., Gudmundsson
G.H. (2005). Isolation and identification of
antimicrobial components from the epidermal mucus of
Atlantic cod (Gadus morhua). The FEBS Journal, 272:
4960-4969.

Bradford M.M. (1979). A rapid and sensitive method for
the quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding. Analytical
Biochemistry, 72: 249-254.

Caruso G., Denaro M.G., Caruso R., Genovese L., Mancari
F., Maricchiolo G. (2012). Short fasting and refeeding
in red porgy (Pagrus pagrus, Linnaeus 1758): response
of some haematological, biochemical and non-specific
immune parameters. Marine Environmental Research,
81:18-25.

Caruso G., Denaro M.G., Caruso R., Mancari F., Genovese
L., Maricchiolo G. (2011). Response to short term
starvation of growth, haematological, biochemical and
non-specific immune parameters in European sea bass
(Dicentrarchus labrax) and blackspot sea bream
(Pagellus bogaraveo). Marine Environmental Research,
72: 46-52.

Caruso G., Maricchiolo G., Micale V., Genovese L.,
Caruso R., Denaro M.G. (2010). Physiological
responses to starvation in the European eel (Anguilla
anguilla): effects on haematological, biochemical, non-
specific immune parameters and skin structures. Fish
Physiology and Biochemistry, 36: 71-83.

Davis K.B., Gaylord T.G. (2011). Effect of fasting on body
composition and responses to stress in sunshine bass.
Comparative Biochemistry and Physiology part A,
158A: 30-36.

de Souza e Silva W., Hisano H., Mattioli C.C., Fernanda L.,
Tores A., Paes-Leme F .O., Luz R K. (2019). Effects of
cyclical short-term fasting and refeeding on juvenile
Lophiosilurus alexandri, a carnivorous Neotropical
catfish. Aquaculture, 505: 12-17



298 Soltanian and Gholamhosseini/ Effects of starvation on epidermal mucus immune in rainbow trout

Demers N.E., Bayne C.J. (1997). The immediate effects of
stress on hormones and plasma lysozyme in rainbow
trout. Developmental and Comparative Immunology,
21:363-373.

Dhanaraj M., Haniffa M., Arun A., Singh S., Muthu R.,
Manikandaraja D. (2009). Antibacterial activity of skin
and intestinal mucus of five different freshwater fish
species viz, Channastriatus, C. micropeltes, C. marulius,
C. punctatus and C. gachua. Malaysian Journal
of Science, 28: 257-262.

Easy R.H., Ross N.W. (2010). Changes in Atlantic salmon
Salmo salar mucus components following short- and
long-term handling stress. Journal of Fish Biology, 77:
1616-1631.

Ellis A. (2001). Innate host defense mechanisms of fish
against viruses and bacteria. Developmental and
Comparative Immunology, 25: 827-839.

Esteban M.A. (2012). An overview of the immunological
defenses in fish skin. International Scholarly Research
Notices Immunology, ID: 853470, 1-29.

Fernandes J.M.O., Smith V.J. (2002). A novel
antimicrobial function for a ribosomal peptide from
rainbow trout skin. Biochemical and Biophysical
Research Communications, 296: 167-171.

Foysal M.J., Fotedar R., Tay A.C.Y., Gupta S.K. (2020).
Effects of long-term starvation on health indices, gut
microbiota and innate immune response of fresh water
crayfish, marron (Cherax cainii, Austin 2002).
Aquaculture, 514: 734444.

Furné M., Garcia-Gallego M., Hidalgo M.C., Morales A.E.,
Domezain A. (2009). Oxidative stress parameters
during starvation and refeeding periods in Adriatic
sturgeon (Acipenser naccariiy and rainbow trout
(Oncorhynchus mykiss). Aquaculture Nutrition, 15(6):
587-595.

Gholizadeh Zare Tavana B., Banaee M., Yousefi Jourdehi
A., Nematdoost Haghi B., Seyed Hassani M.H. (2019).
Effects of dietary Sel-Plex supplement on growth
performance, hematological and immunological
parameters in Siberian sturgeon (Acipenser baerii
Brandt, 1869). Iranian journal of Fishers Science, 18(4):
830-846.

Guardiola F.A., Cuesta A., Arizcun M., Meseguer J.,
Esteban M.A. (2014). Comparative skin mucus and
serum humoral defense mechanisms in the teleost
gilthead sea bream (Sparus aurata). Fish and Shellfish
Immunology, 36: 545-551.

Guardiola F.A., Cuesta A., Esteban M.A. (2016). Using

skin mucus to evaluate stress in gilthead sea bream
(Sparus aurata L..). Fish and Shellfish Immunology, 59:
323-330.

Guardiola F.A., Dioguardi M., Parisi M.G., Trapani M.R.,
Meseguer J., Cuesta A., Cammarata M., Esteban M.A.
(2015). Evaluation of waterborne exposure to heavy
metals in innate immune defenses present on skin
mucus of gilthead sea bream (Sparus aurata). Fish and
Shellfish Immunology, 45: 112-123.

Hellio C., Pons A.M., Beaupoil C., Bourgougnon N., Gal
Y.L. (2002). Antibacterial, antifungal and cytotoxic
activities of extracts from fish epidermis and epidermal
mucus. International Journal of Antimicrobial Agents,
20: 214-219.

Hjelmeland K., Christie M., Raa J. (1983). Skin mucus
protease from rainbow-trout, Sa/mo  gairdneri
Richardson, and its biological significance. Journal of
Fish Biology, 23:13-22.

Hoseini S.M., Abtahi B., Yousefi M. (2019). Effects of
fasting on metabolic and immunological responses of
common carp (Cyprinus carpio) to a further acute stress.
Aquaculture Research, 50(4): 117-1185.

Hoseini S.M., Ghelichpour M. (2013). Effects of pre-
sampling fasting on serum characteristics of common
carp (Cyprinus carpio L.). International Journal of
Aquatic Biology, 1(1): 6-13.

Hoseini S.M., Yousefi M., Rajabiesterabadi H., Paktinat M.
(2014). Effect of short-term (0-72 h) fasting on serum
biochemical
Oncorhynchus mykiss. Journal of Applied Ichthyology,
30(3): 569-573.

Iger Y., Abraham M. (1990). The process of skin healing
in experimentally wounded carp. Journal of Fish
Biology, 36: 421-437.

Iger Y., Abraham M. (1997). Rodlet cells in the epidermis
of fish exposed to stressors. Tissue and Cell, 29: 431-
438.

Ingram G. (1980). Substances involved in the natural
resistance of fish to infection A- review. Journal of Fish
Biology, 16: 23-60.

Jia R., Liu B.L., Feng W.R., Han C., Huang B., Lei J.L.
(2016). Stress and immune responses in skin of turbot
(Scophthalmus maximus) under different stocking
densities. Fish and Shellfish Immunology, 55: 131-139.

Jung T.S., Del Castillo C.S., Javaregowda P.K., Dalvi R.S.,
Nho S.W., Park S.B., Jang H.B., Cha L.S., Sung HW.,
Hikima J., Aoki T. (2012). Seasonal variation and
comparative analysis of non-specific humoral immune

characteristics in rainbow  trout



Int. J. Aquat. Biol. (2019) 7(5): 291-300 299

substances in the skin mucus of olive flounder
(Paralichthys  olivaceus).  Developmental  and
Comparative Immunology, 38: 295-301.

Kennedy J., Baker P., Piper C., Cotter P., Walsh M., Mooij
M, Bourke M.B., Rea M.C., O’Connor P.M., Ross R.P.,
Hill C., O'Gara F., Marchesi J.R., Dobson A.D. (2009).
Isolation and analysis of bacteria with antimicrobial
activities from the marine sponge haliclona simulans
collected from Irish waters. Marine Biotechnology, 11:
384-396.

Khansari A.R., Balasch J.C., Vallejos-Vidal E., Parra D.,
Reyes-Lépez F.E., Tort L. (2018). Comparative
immune- and stress-related transcript response induced
by air exposure and Vibrio anguillarum bacterin in
rainbow trout (Oncorhynchus mykiss) and gilthead
seabream (Sparus aurata) mucosal surfaces. Frontiers in
Immunology, 9: 856.

Klasing K. (1998). Nutritional modulation of resistance to
infectious diseases. Poultry Science, 77: 1119-1125.
Landeira-Dabarca A., Sieiro C., Alvarez M. (2013).
Change in food ingestion induces rapid shifts in the
diversity of microbiota associated with cutaneous
mucus of Atlantic salmon Sa/mo salar. Journal of Fish

Biology, 82: 893-906.

Langer S., Sharma J., Sharma S. (2014). Effect of
starvation on the cortisol level of fish, Garra gotyla
gotyla. International Journal of Advanced Research in
Biological Sciences, 4(1) 24-26.

Ledy K., Giamberini L., Pihan J. (2003). Mucous cell
responses in gill and skin of brown trout Salmo trutta
fario in acidic, aluminium-containing stream water.
Disease of Aquatic organism 56. 235-240.

Lindenstrgm T., Secombes C.J., Buchmann K. (2004).
Expression of immune response genes in rainbow trout
skin induced by Gyrodactylus derjavini infections.
Veterinary Immunology and Immunopathology, 97:
137-148.

Liu L., Li C., Su B., Beck B.H., Peatman E. (2013). Short-
term feed deprivation alters immune status of surface
mucosa in channel catfish (Ictalurus punctatus). PLOS
ONE, 8, ¢74581.

Martin S.A., Douglas A., Houlihan D.F., Secombes C.J.
(2010). Starvation alters the liver transcriptome of the
innate immune response in Atlantic salmon (Sa/mo
salar). BMC Genomics, 11: 418.

Mobasher M., Aramesh K., Aldavoud S.J., Ashrafganjooei
N., Divsalar K., Philips C.J.C., Larijani B. (2008).
Proposing a national ethical framework for animal

research in Iran. Iranian Journal of Public Health, 37(1):
39-46.

Najafi A., Salati A.P., Yavari V., Asadi F. (2015). Effects
of short term fasting and refeeding on some
hematological ~and  immune  parameters in
Mesopotamichthys  sharpeyi  (Giinther, 1874)
fingerlings. Iranian Journal of Science and Technology,
39A3: 383-389.

Nigam A.K., Kumari U., Mittal S., Mittal A.K. (2012).
Comparative analysis of innate immune parameters of
the skin mucous secretions from certain freshwater
teleosts, inhabiting different ecological niches. Fish
Physiology and Biochemistry, 38: 1245-1256.

Ota Y., Ishihara S., Otani K., Yasuda K., Nishikawa T.,
Tanaka T., Tanaka J., Kiyomatsu T., Kawai K., Hata K.,
Nozawa H., Kazama S., Yamaguchi H., Sunami E.,
Kitayama J., Watanabe T. (2016). Effect of nutrient
starvation on proliferation and cytokine secretion of
peripheral blood lymphocytes. Molecular and Clinical
Oncology, 4(4): 607-610.

Palaksha K.J., Shin G.W., Kim Y.R., Jung T.S. (2008).
Evaluation of non-specific immune components from
the skin mucus of olive flounder (Paralichthys
olivaceus). Fish and Shellfish Immunology, 24: 479-
488.

Piccinetti C.C., Donat M., Radaelli G., Caporale G.,
Mosconi G., Palermo F., Cossignani L., Salvatori R.,
Penuela Lopez R., Olivotto 1. (2014). The effects of
starving and feeding on Dover sole (Solea solea,
Soleidae, Linnaeus, 1758) stress response and early
larval development. Aquaculture Research, 46: 2512-
2526.

Rai A.K., Mittal A.K. (1991). On the activity of acid
phosphatase during skin regeneration in Heteropneustes
fossilis. Bulletin of Life Science, 12: 33-39.

Raina S., Sachar A. (2014). Effect of starvation on immune
organs of fish Labeo boga. Global Journal of Biology
Agriculture and Health Science, 3(1): 11-15.

Rombout J.H., Abelli L., Picchietti S., Scapigliati G., Kiron
V. (2011). Teleost intestinal immunology. Fish and
Shellfish Immunology, 31: 616-626.

Roosta Z., Hoseinifar H. (2016). The effects of crowding
stress on some epidermal mucus immune parameters,
growth performance and survival rate of tiger barb
(Pentius tetrazona). Aquaculture Research, 47: 1682-86.

Ross N.W., Firth K.J.F., Wang A., Burka J.F., Johnson S.C.
(2000). Changes in hydrolytic enzyme activities of
naive Atlantic salmon Sa/mo salar skin mucus due to



300 Soltanian and Gholamhosseini/ Effects of starvation on epidermal mucus immune in rainbow trout

infection with the salmon louse Lepeophtheirus
salmonis and cortisol implantation. Disease of Aquatic
Organism, 41: 43-51.

Rundles S.C. (2008). Malnutrition and host defense.
Nutrition in Pediatrics, 4th ed. Hamilton, Ontario,
Canada. pp: 261-271.

Schrock R.M., Smith S.D., Maule A.G., Doulos S.K.,
Rockowski J.J. (2001). Mucous lysozyme levels in
hatchery Coho salmon (Oncorfhiynchus kisutch) and
spring Chinook salmon (O. tshawytscha) early in the
parr-smolt transformation. Aquaculture, 198: 169-177.

Sheikhzadeh N., Karimi Pashaki A., Nofouzi K., Heidarieh
M., Tayefi Nasrabadi H. (2012). Effects of dietary
Ergosan on cutaneous mucosal immune response in
rainbow trout (Oncorhynchus mykiss). Fish and
Shellfish Immunology, 32: 407-410.

Shoemaker C.A., Klesius P.H., Lim C., Yildirim M.
(2003). Feed deprivation of channel catfish, Ictalurus
punctatus (Rafinesque), influences organosomatic
indices, chemical composition and susceptibility to
Flavobacterium columnare. Journal of Fish Disease,
26(9): 558-561.

Sitja-Bobadilla A., Pérez-Sanchez J. (1999). Diet related
changes in non-specific immune response of European
sea bass (Dicentrarchus labrax L.). Fish and Shellfish
Immunology, 9: 637-640.

Sridee N., Boonanuntanasarn S. (2012). The effects of food
deprivation on hematological indices and blood
indicators of liver function in Oxyleotris marmorata.
International Journal of Biological and Medical
Research, 6(5): 254-258.

Subramanian S., MacKinnon S., Ross N.A. (2007).
Comparative study on innate immune parameters in the
epidermal mucus of various fish species. Comparative
Biochemistry and Physiology Part B, 148: 256-263.

Subramanian S., Ross N.W., MacKinnon S.L. (2008).
Comparison of antimicrobial activity in the epidermal
mucus extracts of fish. Comparative Biochemistry
Physiology, 150: 85-92.

Tacchi L., Lowrey L., Musharrafiech R., Crossey K.,
Larragoite E.T., Salinas 1. (2015). Effects of
transportation stress and addition of salt to transport
water on the skin mucosal homeostasis of rainbow trout
(Oncorhynchus mykiss). Aquaculture, 435: 120-127.

Tran N.T., Xiong F., Hao Y.T., Zhang J., Wu S.G., Wang
G.T. (2018). Starvation influences the microbiota
assembly and expression of immunity-related genes in
the intestine of grass carp (Cfenopharyngodon idellus).

Aquaculture, 489: 121-129.

Varga D., Hancz Cs., Molndr T., Romvéri R., Szabé.
(2014). A Preliminary result on the somatic and body
compositional changes in juvenile common carp during
long-term starvation. Acta Agraria Kaposvdriensis, 18:
50-54.

Vatsos 1., Kotzamanis Y., Henry M., Angelidis P., Alexis
M. (2010). Monitoring stress in fish by applying image
analysis to their skin mucous cells. European Journal of
Histochemistry, 10: 54(2): e22.

Vieira F.A., Gregério S.F., Ferraresso S., Thorne M.A.S.,
Costa R., Milan M., Bargelloni L., Clark M.S., Canario
A.V., Power D.M. (2011). Skin healing and scale
regeneration in fed and unfed sea bream, Sparus auratus.
BMC Genomics, 12: 490.

Yazawa R., Hirono L., Aoki T. (2006). Transgenic zebrafish
expressing chicken lysozyme show resistance against
bacterial diseases. Transgenic Research, 15: 385-391.



