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Abstract
Aquaculture needs to optimize production and nutrition of fish. The effects caused by 1, 2, 4 and 20 days of starvation on humoral
immunity and bactericidal activity, against Vibrio anguillarum, in blood and skin mucus of gilthead seabream (Sparus aurata) were

determined. In addition, several blood biochemical parameters were also analysed in order to test the general health status of the fish
and also in an attempt to correlate the physiological changes due to starvation with the changes observed in the immune parameters.
Significant decreases in IgM level and protease activity (P-value < 0.05), as well as significant increases in peroxidase and bactericidal
activity were obtained in the mucus of the fish after short periods of starvation (from 1 to 4 days), compared to the fed fish. However,

it was impossible to determine similar conditions in fish subjected to 20 days of starvation, since all the parameters studied in this
group showed very similar values to those obtained for control fish (fed). This could be due to the necessity for fish to recover their

homeostasis in order to survive, even when maintained under starvation conditions. The possible relationships between the nutritional state and humoral immunity in fish is discussed.
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Phosphate buffer and Tween; PHOS: Phosphate; SE: Standard Error; SGR: Specific growth rate; SHP: Small heterodimer partner; TCA:

Trichloroacetic acid; TMB: 3,3’,5,5’-tetramethylbenzidine hydrochloride; TP: Total Protein; UA: Uric acid; Wspecific: Percentage of specific
weight
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Introduction
The current increase in world population is evident, and in order
to maintain per capita consumption of seafood. With the objec-

tive of increasing production, maintaining the available space, it
will be necessary to increase the efficiency of crops, and for that

will be carried out various practices, formulate more efficient feed,
increase the number of fish per tank, reduce mortality, and so on.

Today, aquaculture production species dependent on feed amount
to 51 million tonnes (Hasan, 2017). Aquafeed accounts for about

50-80% of aquaculture production cost and therefore its use has to
be carefully considered and managed (Hasan, 2017).

Current aquaculture often involves intensive culture, resulting in

severe overcrowding of individuals. Under these conditions, many
specimens in a unit, such as a cage, strengthen their hierarchy, so

that some groups could remain without feeding for short periods
of time (Cerdá, 2012). Most farmed fishes are fed dry feed, industrially produced with different proportions of the main nutrients,

depending on the dietary needs of the species. The main feeding
system in marine cages is through pneumatic cannons in mobile
boats. However, automatic feed distribution systems with video
cameras and feed-fall detectors are increasingly being used to en-

sure that all fishes are being fed correctly (Love, 1980). If the feeding systems are defective, the fishes could starve over a period of

time. It is known that many fish species can survive very long periods of feed deprivation but very quickly undergo changes in several
biochemical and pathological parameters (Woo et al., 2011). Fur-

thermore, diseases caused by nutritional deficiency appear when
the concentration of a specific nutrient, obtained from the diet, falls
below critical levels. Multiple nutritional deficiencies, common in

many farmed fishes can generate undefined changes during long
periods of feed deprivation. Infectious diseases or low nutrient

uptake are often a consequence of a poor balanced diet (Mohapatra et al., 2015). Given the economic importance of fish feeding in
aquaculture and knowing the significance of the immune system to

preserve the wellbeing and health of the animals, it is essential to
know how different periods of feed deprivation affect the activity of

the main immune parameters. It has been demonstrated, however,
that short periods of feed deprivation in aquaculture result in improved disease resistance and tolerance to handling and transport
stress (Plisetskaya, 1980).

Several studies have examined in humans and fishes the relationship between feed deprivation and physiological and structural

changes. Throughout the first days of feed deprivation, glycogen
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and later lipids are used as a source of energy (Sheridan and Mom-

msen, 1991). Gluconeogenesis then increases to generate enough
circulating sugar in the blood. Once the liver’s energy reserves have
been depleted, the fat stored in perivisceral lipid deposits begins to

mobilize. The last tissue to be catabolized is the skeletal musculature, because during feed deprivation the protein turnover is very

low due to the evolutionary pressure to conserve muscle mass in
order to maintain tissue structure and function (Soeters, 2015).

Many studies have also been made to investigate general blood bio-

chemistry, as well as the immune system of fishes, especially those

of commercial interest (Folmar et al., 1992; Sandnes et al., 1988;
Wedemeyer and Yasutake, 1977; Tietz, 1976; Lennox, 1924; Izar,

1911). However, to the best of our knowledge, there are no data
about the changes in skin mucus immunity in starved fishes. The
skin mucus of teleosts has several characteristics: it has intraspe-

cific communication functions (Saglio and Blanc, 1989), reduces
the force of friction in turbulent waters (Rosen and Cornford, 1971)

and protects against parasites, fungi and bacteria (Pickering, 1974;
Cameron and Endean. 1973). It is well documented that skin mucus
contains many substances involved in immunity (Guardiola et al.,
2015; Guardiola et al., 2016; Mercado et al., 2018; Khansari et al.

2018). More recently, it has also been used to determine fish stress
(Guardiola et al. 2018). In addition, the study of skin mucus has cer-

tain advantages over serum as a biomarker of the state of fish, since
its collection is minimally invasive, simple and rapid (Khansari et

al., 2018; Palaksha et al., 2008). We therefore thought it was impor-

tant to determine whether there was a direct correlation between
the nutritional status of fishes and the immune parameters present on skin mucus. While severe stress can result in massive mortalities, sublethal stress can compromise various physiological and

behavioural functions, leading to suppressed disease resistance
and growth rate, both contributing to suboptimal production. The
recognition of stressed states, as well as the management of fish

health are therefore critical to the success of an aquaculture operation (Hasan, 2017).

Taking into account all these considerations, the aim of the present
research was to test if there were any significant variations in the

biochemical and immune parameters in serum and skin mucus of
gilthead seabream (Sparus aurata L.) related to different periods
of feed deprivation, this would then ascertain whether the mucus
could be used as a good indicator of nutritional status. Gilthead

seabream were used because is one of the most farmed marine fish
species at present and non-lethal and few-invasive techniques were
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was collected and the protein concentration was determined in the

same way as described above. The serum samples were also stored
at -80ºC until analysed.

Fish: One hundred juvenile gilthead seabream of 125 ± 25g body

Biochemical parameters: Three serum samples per treatment

water (250 L) at the Marine Facilities of the University of Murcia.

commercial rotors. Concentrations of bile acids, glucose, uric acid,

weight (mean ± S.E.) were obtained from a local farm (Murcia,
Spain) and randomly distributed in 10 tanks (10 fish/thank) of sea
The water was maintained at 20 ± 2ºC, 28‰ of salinity and circulated at 900 L/h. The fish acclimatized for 2 weeks under these
conditions and were fed daily at a rate of 2% of their mean tank bio-

mass with a commercial diet (Skretting, Spain; www.skretting.com/
es-ES/). After the acclimatization period, fish in two tanks contin-

were analysed with the VetScan VS2 Chemistry Analyzer (Abaxis;

www.abaxis.com), using the Avian/Reptilian Profile Plus (Abaxis)

total protein, globulin, albumin, calcium, phosphate and sodium
were measured.

Immune parameters

Immunoglobulin M (IgM): To measure IgM levels, an enzyme-

ued being fed in the same way (control group), while those of the

linked immune sorbent assay (ELISA) was performed following the

each feed deprivation period (days), the specimens were weighed

teins on 96-well flat bottom plates and incubated (one night, 4 ºC)

other tanks were subjected to different time regimes of feed depri-

vation, in duplicate. Before starting the experiment and at the end of
(g) to calculate the specific growth rate (SGR); SGR = 100 (ln WFinal
– ln WInitial)/(t Final–t Initial), where W Initial = initial weight, WFinal = final
weight, t Initial= initial time and t Final = final time, and the percentage

of specific weight (WSpecific): WSpecific = 100(WFinal– W Initial)/(WInitial

(t Final–t Initial)). All the experimental protocols were approved by the
Commission of Ethics of the University of Murcia.

Experimental design and sampling: All the fish in two tanks were
sampled after each period of feed deprivation (n=20); 1 (1D), 2 (2D),
4 (4D) and 20 days (20D), and control (Control). We selected this

fasting period because fish could remain for certain short periods

of time without feeding and because the main biochemical changes
are evident in these periods (Hasan, 2017). Before sampling, the
fish were anaesthetized with clove oil (Sigma; 5:100 v/v marine wa-

ter) and aliquots of 1 mL of skin mucus was collected with a rubber

spatula by using gentle dorsal-lateral massage on both sides of the
body (Palaksha et al. 2008), for each fish. The samples were then

centrifuged (250 x g, 10 min, 4ºC) and the concentration of total

protein present in the supernatants of each sample was determined
by the Bradford method (Bradford, 1976), using bovine serum albu-

min (BSA, Sigma; www.sigmaaldrich.com) as a control. The protein

concentration of the mucus samples was adjusted to 500 mg of pro-

protocol proposed by Guardiola et al. (Guardiola et al., 2014). Dilu-

tions were made to add 10 µg, in triplicate, of mucus or serum prowith 100 µL of carbonate-bicarbonate buffer (50 mM, pH 9.6). Af-

ter three washes with 100 µL of PBS-T (phosphate buffer 0.1 M and

5:10000 v/v Tween 20, pH 7.3) per well, the plates were blocked
for 2 h at room temperature with a blocking buffer containing 0.03

mL/L of BSA in PBS-T, followed by three new washes with PBS-T.
The plates were then incubated for 1 h with 100 µL per well of
anti-gold monoclonal IgM mouse antibody (Aquatic Diagnostics

Ltd; http://aquaticdiagnostics.com/) (1:100 in blocking buffer solution), washed and incubated with the secondary antibody (Anti
IgG mouse made in goat, dilution 1:1000 in blocking buffer solu-

tion, Sigma). After thorough washing with PBS-T, the process was
continued using 100 µL of a 0.42 mM solution of 3,3’,5,5’-tetramethylbenzidine hydrochloride (TMB, Sigma), prepared at the time
in a 100 mM citric acid/sodium acetate buffer (pH 5.4) containing

1:10000 v/v of H2O2. The reaction was left to act for 10 min and

stopped by adding 50 µL of 2 M H2SO4. The plates were read at 450

nm with a plate reader (FLUOstar Omega, BMG Labtech; https://
www.bmglabtech.com/fluostar-omega/). Negative controls consisted of samples without cutaneous mucus or serum or without

primary antibodies, whose optical density (OD) values were subtracted.

tein/mL with Milli-Q water. The samples were then stored at -80 ºC

Protease: Protease activity was quantified by means of a hydroly-

Aliquots of 1 mL of blood were also obtained from the caudal vein

bated with 125 µL of azocasein (Sigma) at 2:100 w/v in NaHCO3

until analysed.

of each specimen. The blood samples were cooled to 4ºC for 4 h
before being centrifuged (11110 x g, 10 min, 4ºC). Then the serum

sis test of azocasein (Hanif et al., 2004) according to Guardiola et
al. (Guardiola et al., 2014). Samples of 10 µL of serum were incu-

and 100 µL of NaHCO3 during 24h at room temperature and con-

tinuous agitation. Afterwards, 250 µL of TCA (trichloroacetic acid)
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were added and the samples were centrifuged (21770 x g, 5 min).

triptone medium (TSB, Difco Laboratories; https://www.fishersci.

added and the OD was determined in a plate reader at 450 nm. The

lated colonies were diluted in 5 mL of liquid culture medium and

Aliquots of 100 µL of each sample were transferred, to 96-well flat

bottom plates in triplicate. Then, 100 µL of NaHCO3 per well were

procedure to measure the protease activity in mucus started from

a volume of 100 µL of sample and 125 µL of azocasein at 7:1000

w/v in NaHCO3. It then followed the same methods as for serum.

In control samples, the volume of mucus or serum was substituted

by trypsin (5 mg/mL, Sigma) for positive control (100% protease
activity) or NaHCO3 as negative control (0% protease activity).

Antiprotease: Antiprotease activity was determined as the ability

to inhibit the activity of trypsin by means of the azocasein hydroly-

sis assay (Hanif et al., 2004), according to Guardiola et al. (Guardiola et al., 2014). Aliquots of 10 µL of serum and 10 µL of trypsin were

incubated for 10 min with agitation at room temperature. Then,
125 µL of 2:100 w/v azocasein were added in 100 µL of NaHCO3

and incubated for 2h followed by 250 µL of TCA before centrifuging

(21770 x g, 5 min). Then 100 µL of each sample was transferred, in

triplicate, to 96-well flat bottom plates and 100 µL of NaHCO3 per

well were added. Finally, the OD was determined in a plate reader

at 450 nm. The procedure to measure the antiprotease activity of
mucus was based on a volume of 100 µL of sample and 125 µL of

7:1000 w/v azocasein in NaHCO3 and then the method was the
same as for the serum. For controls, the volume of mucus or serum

was replaced by trypsin (5 mg/mL) for a positive control (100%
protease activity) or NaHCO3 as a negative control (0% protease
activity).

Peroxidase: Peroxidase activity in mucus (Quade and Roth, 1997)

com/us/en/brands/I9C8LUGQ/difco-laboratories.html) at a concentration of 30:1 w/v and 15:1000 w/v NaCl. Subsequently, isointroduced into an orbital incubator (16 h, 25ºC, and 1 x g). Then,

20 µL of mucus or serum and 20 µL of bacterial dilution at a concentration of 106 bacteria/mL were added to each well of 96-well

plates. The samples were cultured (5h, 25ºC). After incubation, 25
µL/well of MTT [3-(4, 5 dimethyl-2-yl)-2, 5-diphenyl tetrazolium

bromide, 1 mg/mL, Sigma] were added and the samples were incubated for another 10 min (25ºC), before being centrifuged (2000 x

g, 10 min). The supernatant was removed and the precipitate dissolved with 200 µL/well of dimethylsulfoxide (DMSO, Panreac).

Aliquots of 100 µL from each well were transferred to a new plate
of 96 flat-bottomed wells. Absorbance was then measured at 570
and 690 nm. PBS was used as a positive control (0% of bactericidal
activity).

Statistical study: All the results are expressed as mean ± S.E. The
data were analysed with the software IBM SPSS Statistic for Win-

dows [IBM Corp (2014) Version 23.0.; https://www.ibm.com/

SPSS-Statistics/] and the graphical representations were made
with RStudio (https://www.rstudio.com/). The normality of the

variables and the homogeneity of the variances were confirmed by
the Shaphiro-Wilk and the Levene tests, respectively. An ANOVA of

a single factor was used to determine statistically significant differences between the five treatments, assuming significance level

of 95% (P-value < 0.05), followed by the Tuckey or Games Howell
tests, according to the homogeneity of the variables.

was determined according to Guardiola et al. (Guardiola et al.,

Results and Discussion

plates. Then, 50 µl of TMB 20 mM and H2O2 5 mM were added and

for an increasing human population, it will be necessary to increase

2014). Previously, 30 µl of sample (mucus and serum) were diluted with 120 µl of Hank’s buffer (HBSS) in 96-well flat-bottomed

In order to maintain the present consumption of seafood per capita

OD was measured on a plate reader at 450 nm. The blank samples

1997). There are many variables that can cause stress to fishes in-

after 2 min, the reaction was stopped with 50 µl of H2SO4 2M. The
corresponded to samples without mucus or serum. One unit was

defined as the amount that produced an absorbance change of 1
and the activity expressed as U/mg mucus protein or serum.

Bactericidal activity: The bactericidal activity in mucus was de-

termined by evaluating its effect on bacterial growth curves (Sunyer and Tort, 1995). Vibrio anguillarum, an opportunistic marine

pathogen (kindly donated by Dr. MA Moriñigo, University of Málaga, Spain), was used for evaluating bactericidal activity. The bacte-

ria cells were grown at 25ºC on agar plates (0.015 g/mL) with soy

aquaculture production to 23 million tonnes by 2020 (Iwama,

cluding poor water quality (Schreck, 2000), non-optimal salinity or

temperature (Carmichael et al., 1984; Carmichael et al. 1998), high
fish density (Vijayan and Leatherland, 1998), inappropriate back-

ground colour (Gilham and Baker, 1985) and poor nutrition (Bar-

ton et al., 1998; Vijayan and Moon, 1992). The basic needs of most
animals are similar and for this reason, many types of stressors are
considered universal throughout the animal kingdom. Universal
stressors include deviations from optimal ranges for environmental

variables, inadequate refuge from sunlight or predators, negative
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social interactions such as territorial disputes and insufficient food

muscle catabolism, many biochemical changes, and the mobiliza-

enous waste accumulation and suboptimal nutrition (Love, 1980;

of feed deprivation when muscle mass begins to be metabolised

availability. Farmed fishes reared in cages or tanks often experience

several of these stressors in the form of handling, crowding, nitrogMohapatra et al., 2015; Plisetskaya, 1980; Folmar et al., 1992). In
the present study we focused on the consequences of suboptimal

nutrition. To evaluate stress responses in ﬁshes, several methods

can be applied (Pickering and Pottinger, 1989; Kane et al., 2004;
Wendelaar, 1997; Barton, 2002; Ryan and Hightower, 1994). We
selected whole-body weight (Barton, 2002; Ryan and Hightower,

1994), the biochemical composition of blood (Dutta et al. 2005; Hosoya et al., 2007; Acerate et al., 2004; Barton, 2002; Iwama et al.,

2004; Olsen et al., 2008) and immune parameters (Trenzado et al.,
2008) as few-invasive methods.

Before starting the experiment and at the end of each feed depri-

vation period, all fish in each tank were weighed, to calculate the
average weight of the fish per tank and to determine possible variations within each tank. Morphometric relationships can be used to
determine the nutritional status of a fish, but they vary with intrin-

sic parameters such as age and stage of development. In the present study no statistically significant variation in weights of the fish

in groups 1D, 2D and 4D were observed compared to the weight

of control fish. Significant differences from the fed, control fish
were only detected in the 20D group, where statistically significant
weight losses were recorded (Table 1).
Wspecific
(%)

SGR (%)

Control

1D

2D

4D

20D

7.99 ±
4.38a

-0.02 ±
0.95ab

-0.67 ±
1.23ab

-1.87 ±
1.45ab

-8.48 ±
0.99b

0.34 ±
0.22a

-0.06 ±
0.95a

-0.36 ±
0.58a

- 0.49 ±
0.37a

-0.44 ±
0.05b

Table 1: Mean ± S.E. percentage specific change in weight per day
(Wspecific) and specific growth rate (SGR). for each feed deprivation
period: control, 1 day (1D), 2 days (2D), 4 days (4D) and 20 days
(20D) . The letters determine the statistical groups with significant
differences between the different treatments (P-value < 0.05).
These short times have been selected for the present work because
the farmed fish could be easily suffering feed deprivation for these

short periods in farm conditions. During feed deprivation, the

whole body or some organ sizes and weights can change (e.g. the
condition factor and the hepato-somatic and gonado-somatic indices) (Ryan and Hightower, 1994; Dutta et al., 2005). Furthermore,

tion of glycogen, lipids and proteins can take place (Mohapatra et

al., 2015). However, these do not occur until very advanced stages
(Folmar et al., 1992). On the other hand, 20 days was selected as
a period of feed deprivation that can be considered long. Thus in

the present study no statistically significant loss of weight was observed until 20 days of feed deprivation. These results agree with

those obtained in rainbow trout (Oncorhynchus mykiss L.) in which,

similarly, weight loss began to be observed after 21 days of feed
deprivation (Vijayan and Moon, 1992).

Glucose is the main substrate for cell and matrix maintenance, controlling the redox state. However, as a limitation of the irreversible

oxidation of glucose the body begins to use fat as fuel, increases
the oxidation of ketone and fatty acids and decreases the oxidation

of glucose (Folmar et al., 1992). Lipid mobilization has also been

considered a common response to feed deprivation in fishes (Choi
et al., 2007; Kaneko et al., 2016). During short periods of feed deprivation, lipids provide energy for metabolic activities and main-

tain the homeostasis of the fish (Liao et al., 2017). It has also been
shown that, in feed deprivation, the use of proteins is delayed as

much as possible to maintain the structure of the organism and allow it to perform the most important metabolic functions (Folmar

et al., 1992). The amino acids used during feed deprivation come

from peripheral tissues to maintain storage in central organs. Thus,
amino acids go from peripheral tissues to important central organs
in order to not impede the generation of acute phase proteins and
immune cells, cell proliferation and matrix regeneration (Folmar

et al., 1992). As mentioned above, feed deprivation involves the

mobilization of molecules and their catabolism in certain tissues.

Thus, when cell membranes are intact, the enzymes are present in

serum at low concentrations, since cell membranes are impermeable to them when the cell metabolizes normally (Wedemeyer and
Yasutake, 1977). Several changes in the molecular composition of

the serum, and possibly skin mucus, may occur with time of feed
deprivation (Heming and Paleczny, 1987). Nine blood parameters,
selected from those used generally in veterinary diagnosis, were
measured in order to detect if there were any significant physi-

ological variations with different feed deprivation times (Table 2).
Although only statistically significant differences were found be-

tween the different experiment times for total proteins, a correlation was observed between changes in concentrations of all parameters studied with respect to the feed deprivation times.
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Control

1D

2D

4D

20D

BA (µmoll/L)

35.33 ± 0.67ab

34.33 ± 0.33a

35 ± 0.58ab

49 ± 6.81b

36 ± 0.57ab

TP(gd/L)

4.13 ± 0.09

4.93 ± 0.39

GLU (mgd/L)
UA(mg/L)

GLOB(gd/L)
ALB(gd/L)

CA(mgd/L)

PHOS(mgd/L)

NA+ (mmol/L)

88.67 ± 6,98
0.2 ± 0

ab

2.13 ± 0.03
1.97 ± 0.07

13.57 ± 0.19

11.93 ± 0.27
171 ± 0

135 ± 32.08

142.33 ± 24.26

126.33 ± 11.1

2.23 ± 0.22

1.77 ± 0.12

2.1 ± 0.21

0.3 ± 0.1

b

2.87 ± 0.15

15.37 ± 1.63

15.47 ± 1.43

181.67 ± 5.33

0.27 ± 0.07
3.8 ± 0.21

a

2.07 ± 0.15

14.67 ± 1.17

12.13 ± 1.05

174.33 ± 3.33

0.2 ± 0

76 ± 12

0.27 ± 0.07

4.13 ± 0.12

4.4 ± 0.23ab

13.67 ± 0.41

14.9 ± 0.4

ab

2.03 ± 0.19

10.6 ± 0.61

173.33 ± 3.93

2.27 ± 0.18

2.17 ± 0.09

11.53 ± 1.05

177.67 ± 3.33

Table 2: Mean ± S.E. values of bile acids (BA), glucose (GLU), uric acid (UA), total protein (TP), globulin (GLOB),
albumin (ALB), calcium (CA), phosphorus (PHOS) and sodium (NA+) for each treatment : control, 1 day (1D), 2

days (2D), 4 days (4D) and 20 days (20D). Lower case letters denote the statistical groups with significant differences between the different starvation periods (P-value < 0.05).
During fasting, not all bile acids (BA) enter the gallbladder (Setch-

indicator of renal status. The concentration of UA, compared to the

(Barnes et al., 1975). In the present study, the BA were not altered in

purines. In contrast, a decreasing trend was observed in the serum

ell et al., 2012) and while serum BA concentration is low in normal

circumstances, BA increase after long periods of feed deprivation
1D or 2D fish compared to the values of control group, but increased
in those of the 4D group (Table 2). Bile acids inhibit the expression

of gluconeogenesis genes, including glucose-6-phosphatase, phosphoenolpyruvate carboxykinase and fructose 1,6-bis-phosphatase

in a form dependent on the nuclear receptor SHP (small heterodimer partner). This increase in BA in serum from fish of group 4D
coincided with a slight decrease in serum glucose (GLU) in the same

group, with respect to fish of group 2D, as a response to the phenomenon explained above. In the fish of groups 1D and 2D, compared to the control groups, there was an increase in the concentra-

tion of GLU possibly due to an early use of GLU as an energy source
followed by hepatic gluconeogenesis (Woo et al., 2011). In fish from
the 20D group, however, there was a decrease of GLU compared to

the control group, perhaps due to the exhaustion of the reserves. A
similar observation in Salmo trutta, in which after 28 days of feed

control group, tended to increase only in serum from fish of the 1D
group, as was also noted in GLU, in response to the degradation of

from fish of groups 2D and 4D, while in the fish of group 20D, there
was an increase in the concentration of UA, compared to control
fish. This may be explained by in response to the decrease in GLU,

perhaps due to liver malfunction, renal gluconeogenesis begins to
occur from glutamine generated during renal catabolization. This
mobilized glutamine passes to gluconeogenesis and purine formation for energy maintenance, which when degraded generates UA
(Moyes and Schulte, 2007; Kardong, 2007; Cox and Nelson, 2014).

Serum proteins have many functions, including maintaining wa-

ter balance in fishes (Tietz, 1976). Thus, total proteins (TP) are
a parameter used in clinical veterinary medicine to determine
nutritional and hydration status, as well as liver, kidney, muscle

and digestive diseases. Changes in serum TP may result from the

combination of changes in different protein fractions, and conse-

deprivation there was a decrease of GLU in the serum (Heming and

quently can be tracked by an estimation of globulin (GLOB) and

Various studies have shown that feed deprivation increases the con-

son, 2014). Serum proteins have different origins, but ALB is only

Paleczny, 1987).

centration of uric acid (UA) in the serum (Izar, 1911). Possible causes

of this are catabolism of purines, hydraulic regulation by catabolizing proteins, accumulation of UA in blood (Izar, 1911) or reduction

of urolitic activity during feed deprivation, as occurs in dogs (Saglio

and Blanc, 1989), Uric acid concentration is considered to be a good

albumin (ALB). Globulin is a group of proteins used in diagnosis
to determine antigenic stimulation and dehydration (Cox and Nelsynthesized in the liver (Wedemeyer and Yasutake, 1977). The ALB

is a protein involved in processes of regulation of hydration and

transport of substances through the bloodstream. Its presence in

serum in high concentrations serves as a diagnosis of liver prob-

lems. In this way, in the present study, although only the TP showed
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statistically significant differences, the TP, GLOB and ALB showed

its concentration in mucus was always lower than in serum, which

from fish belonging to group 1D, compared to the control fish, per-

than in mucus (4D). These results seem to suggest that systemic

similar trends of change varying with feed deprivation time (Table

2). The concentrations of TP, GLOB and ALB increased in serum
haps as a consequence of the mobilization of the recently digested
macromolecules. Similarly, decreases in proteins were observed

in serum from fish of the 2D group, perhaps because the precursor macromolecules were no longer available, but the concentra-

coincides with previous studies (Hanif et al., 2004). In addition,

IgM levels in serum recovered to their normal values earlier (2D)
IgM levels recovered more rapidly than IgM in the skin although
more studies are needed to understand IgM level changes.

tions were too high to promote the use of reserves. However, some
increases were observed in serum from fish belonging to the 4D

group, perhaps as a result of the catabolization of reserves (Sheridan and Mommsen, 1991; Folmar et al., 1992), a trend that also was
detected in serum from fish of the 20D group, compared to values
recorded for control fish.

Among other functions, ALB is responsible for fixing serum calcium

(CA). High concentrations of CA and phosphorus (PHOS) in serum

may be due to a deficiency of vitamin D, which fixes CA and PHOS,
or to renal insufficiency, since the ions are responsible for reab-

sorbing CA and eliminating PHOS. Likewise, other serum ions such
as sodium (NA+) are used to determine renal status, malnutrition,
tissue degradation and dehydration status because they are ions in-

volved in the osmoregulation and active transport of cellular trans-

membrane substances (Moyes and Schulte, 2007; Kardong, 2007;
Cox and Nelson, 2014).

Our results demonstrate that CA, PHOS and NA+ had a similar behaviour in the specimens of each treatment, so that, compared to

the control group, the concentrations increased in the 1D group,

tended to decrease in fish of the 2D and 4D groups and increased in
fish of the 20D group.

The physiological changes that occurred in each treatment due to

the periods of feed deprivation, to which the fish were subjected,

were linked to possible correlations with seric activity changes involved in the immune system. Physiological changes noted in the

serum were compared with the same activities determined in skin
mucus, to validate their possible use as indicators of the nutritional

state of the animals. Immunoglobulin M (IgM) is the first immunoglobulin to act when an immune response is generated (Murphy et

al., 2008; Ellis, 1999). The IgM (a serum globulin) (Figure 1a) and
the GLOB (Table 2) values obtained behaved in the same way, but

only significant differences from the control group were observed

Figure 1: a) Immunoglobulin M (DO 450 nm), b) protease (%) and
c) antiprotease (%) activity determined in serum (grey boxes) and
mucus (filled boxes) samples of Sparus aurata subjected to different
times of feed deprivation: control (fed), 1 day (1D), 2 days (2D), 4
days (4D) and 20 days (20D). Values are means ± S.E. (n=10). The
letters above the bars denote the statistical groups with significant
differences between the different treatments (P-value < 0.05).

in the fish from groups 1D and 2D. Furthermore, IgM levels in mu-

cus (Figure 1a) behaved the same way as in the serum, although
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Protease activity consists of the enzymatic ability to hydrolyze

Bactericidal activity only decreased in fish serum from the 1D

dicated that protease was sensitive to changes in the normal status

of the nutritional state in mucus, after short periods of feed depri-

other proteins. The increments observed in serum protease activity

(Figure 1b) in the different treatments, compared to control fish, inof the fish. In the present study, the highest value of seric protease
activity was observed in fish serum of group 1D. Protease activity

decreased in mucus from fish of groups 1D, 2D and 4D, indicating
that the determination of protease activity in skin mucus could be

a good indicator of nutritional status. On the other hand, there was
a higher protease activity in serum than in skin mucus (Figure 1b).
However, in a previous study, higher protease activity was detected

in mucus than in serum (Hanif et al., 2004). These differences in

results may be due to variability associated with the ability of poikilotherms to adapt to natural stress, such as the availability of food,

as well as seasonal variations in the biochemical composition of the
blood (Wedemeyer and Yasutake, 1977).

Fish plasma contains a lot of antiprotease activity due to the presence of α2-macroglobulin and α1-antiprotease (Ellis, 1999). An-

tiprotease activity was not detected in skin mucus in the present
work, perhaps because we used a lower protein concentration of
this matrix, compare to the previous study (Hanif et al., 2004). Antiprotease activity in serum in fish of groups 1D, 2D and 20D was

lower than in serum from the control fish (Figure 1c). For this reason, and because of the low antiprotease activity in skin mucus, an-

tiprotease cannot be considered as a good indicator of nutritional

group and increased in skin mucus of the 2D fish. The bactericidal

activity against this pathogen could be considered as an indicator
vation. Present results demonstrated that both mucus and serum

have high bactericidal activity against V. anguillarum (Figure 2b),
which agrees with previous results (Hanif et al., 2004; Harrel et al.,

1976). It is known that in skin mucus and also in serum there is a
large concentration of antimicrobial peptides, that is very important for the survival of the fish (Guardiola et al., 2015). Previous
studies (Fletcher and Grant, 1969) and our results determined that

the mucus contained fewer macromolecular components than se-

rum, and we deduced that the mucus must be involved in a specific
secretion system of survival against infectious organisms.

In general, for all the enzyme activities measured both in serum

and skin mucus, the values obtained in fish in group 20D were

similar to those obtained in fish in the control group, except for
protease and antiprotease activities in serum (Figures 1 and 2). A

possible explanation for this could be an effort to maintain homeo-

stasis in order to survive. It is known that organisms under stress
can adapt to a new level of homeostasis in an attempt to increase
cell survival. This same phenomenon was observed in BA, CA and
PHOS seric levels in the present study (Table 2).

Conclusion

status.

Several changes have been observed in the studied immune param-

ing lipids, proteins and DNA (Khansari et al., 2018). In addition, cell

of trying to maintain cell survival. In general, the activities found

Stress increases oxygen free radical (ROS) levels, negatively affect-

lysis during prolonged feed deprivation results in increased ROS in
the bloodstream. In the present study, increased serum peroxidase
activity was recorded in serum from fish of 4D group (Figure 2a),

coinciding with the onset of the decline in serum GLU (Table 2). The
increases detected in the peroxidase activity could be interpreted as

a response to the change in serum redox status. On the other hand,
peroxidase activity in skin mucus was also increased but in fish in
groups 2D and 4D. These results support the idea that peroxidase
activity in mucus could be considered a good indicator of nutrition-

al status, mainly due to the fact that this activity seems to change
earlier in mucus than in serum.

Finally, the bactericidal activity in serum and mucus V. anguillarum,

eters as a consequence of short periods of feed deprivation (< 4
days), and a return to a state of homeostasis perhaps with the aim

in S. aurata skin mucus were in lower proportions than those in
serum, except for the bactericidal activity against V. anguillarum,
which was similar in serum and skin mucus. This reinforces the
assumption that in the mucus there is a large number of antimicrobial peptides (still very little studied), which contribute largely

to one of the main functions of mucus as the first external barrier
against pathogenic organisms. Decreased IgM concentration and

protease activity, as well as increased peroxidase and bactericidal
activity in skin mucus could be good indicators of altered nutritional status of fishes, particularly when maintained for short periods of feed deprivation.

a pathogenic marine bacterium that infects many aquaculture species of commercial interest (Harrel et al., 1976), was determined.
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