
Selenium Nanoparticles Act Potentially on the Growth Performance,
Hemato-Biochemical Indices, Antioxidative, and Immune-Related
Genes of European Seabass (Dicentrarchus labrax)

Marwa F. Abd El-Kader1 & Ahmed F. Fath El-Bab2
& Mohamed F. Abd-Elghany3 & Abdel-Wahab A. Abdel-Warith3,4

&

Elsayed M. Younis4 & Mahmoud A. O. Dawood5

Received: 11 September 2020 /Accepted: 8 October 2020
# Springer Science+Business Media, LLC, part of Springer Nature 2020

Abstract
The current study investigated the role of selenium (Se) nanoparticles on the growth performance, hemato-biochemical indices,
antioxidative, and immune-related genes of European seabass (Dicentrarchus labrax). Therefore, fish with initial weight of
20.53 ± 0.10 g/fish were fed diets with 0, 0.25, 0.5, and 1 mg Se nanoparticles/kg diet for 90 days. The final body weight, weight
gain, and specific growth rate of fish fed dietary nano-Se varying levels were significantly higher than the control with the highest
performances and lowest FCR in the group of fish fed nano-Se at 0.5 mg/kg. The values of Hb, PCV, RBCs, and WBCs were
significantly higher in fish fed varying levels of Se nanoparticles than fish fed the basal diets. The values of total serum protein
and globulin were significantly higher in fish fed varying levels of Se nanoparticles than fish fed the basal diets. Additionally,
globulin had higher value in the group of fish fed 0.25 and 0.5 mg nano-Se/kg than fish fed 1 mg nano-Se/kg (P < 0.05). No
significant alterations were observed on albumin, ALT, and AST variables (P > 0.05). Phagocytic index, phagocytic, lysozyme
activities were significantly higher in fish fed varying levels of Se nanoparticles than fish fed the basal diets in a dose dependent
manner (P < 0.05). Further, SOD activity had higher value in the group of fish fed 0.25 and 0.5 mg nano-Se/kg than fish fed 1 mg
nano-Se/kg, whereas CAT was increased in the group of fish fed dietary 0.5 mg nano-Se/kg diet (P < 0.05). The level of MDA
was significantly lowered by dietary nano-Se where the group of fish fed 0.25 mg/kg had the lowest level followed by those fed
0.5 and 1 mg/kg. The expression ofGH, IGF-1, IL-8, and IL-1β genes had the highest mRNA levels in the group of fish fed 0.25
and 0.5 mg/kg followed by those fed 1 mg/kg, whereasHSP70was downregulated. Based on the overall results, Se nanoparticles
are recommended at the rate of 0.5–1 mg/kg diet to maintain the optimal growth performance, hemato-biochemical indices,
antioxidative status, and immune-related genes in European seabass.
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Introduction

The aquaculture sector is one of the primary sources for the
animal proteins required for human nutrition [1]. In this re-
gard, feeding aquatic animals with nutritionally balanced diets
is one of the key factors for successful and sustainable aqua-
culture [2, 3]. Nutritious aquafeed should contain optimal re-
quirements fromminerals and vitamins besides protein, lipids,
and carbohydrates [4, 5]. Additionally, trace minerals which
associated with several physiological, metabolic, and func-
tional properties in organism body [6].

Selenium (Se) is a vital micromineral required to sustain
the growth and metabolic activity of fish and assists as an
essential element of the active core of glutathione peroxidase
(GPx) enzymes [7]. Se is needed in trace amounts only and
deserves particular attention among microminerals due to its
role in the organism’s growth performance and physiological
function [8, 9]. Using nanoparticles in aquafeed have gained
considerable attention due to novel functionalities, including
higher chemical consistency, bioactivity, safety, and the abil-
ity to rapidly trigger Se after digestion compared to the other
types of Se [10, 11]. Dietary supplementation of Se nanopar-
ticles enhanced the growth performance, feed efficiency, and
well-being of several aquatic species, including common carp
(Cyprinus carpio) [12, 13], catfish (Clarias gariepinus) [14],
and meager (Argyrosomus regius) [15]. Additionally, dietary
Se poses antioxidative, immunostimulant, and antibacterial
influences in Asian seabass (Lates calcarifer) [16], red sea
bream (Pagrus major) [17], Nile tilapia (Oreochromis
niloticus) [18], rainbow trout (Oncorhynchus mykiss) [19],
rohu (Labeo rohita) [20], and Pangasinodon hypophthalmus
[21].

European seabass (Dicentrarchus labrax) is widespread in
the Mediterranean area and well-known for its fast growth and
high survival rate in high stocking density, and it also can
tolerate a wide range of environmental fluctuations [22, 23].
However, malnutrition and lack of essential trace minerals are
among the crucial factor to hamper aquaculture growth.
Therefore, the present study was undertaken to examine the
efficacy of dietary nano-Se to strengthen nutrition physiology,
immune response, and antioxidant system in European
seabass.

Materials and Methods

Fish and Experimental Facilities

Three hundred and sixty European seabass (D. labrax) finger-
lings with an average initial body weight of 20.53 ± 0.10 g/
fish were obtained from private farm, Damietta, Egypt. Prior
to the trial, the fish were acclimated to the experimental con-
ditions for 1 week in two indoors circular fiberglass tanks

(1 m3). During this period, fish were fed control diet (45%
crude protein). After acclimatization, the fish were randomly
distributed into 12 hapa measuring (1 × 2 × 1.25 m each),
representing four experimental treatments (in triplicate) at a
stocking density of 10 fish per hapa.

Experimental Design and Diets

Four experimental diets are formulated to contain 4 different
levels of Se nanoparticles (60 ± 20 nm) at 0, 0.25, 0.5, and
1 mg/kg (Supplementary File). Se nanoparticles were thor-
oughly mixed with the basal diet (45% crude protein,
AQUA International for Food Industries, Cairo, Egypt) in
the presence of fish oil and water. Then, the experimental diets
were prepared by thoroughly mixing the dry ingredients of
each diet; then, 200 ml of water was added per kg diet there-
after, the mixture (ingredients and water) was blended tomake
a paste of each diet. Pelleting of each diet was carried out by
passing the blended mixture through laboratory pellet ma-
chine with a 1 mm diameter die; the resulting wet pellets were
dried at room temperature until the full drying. The diets were
stored in plastic bags in refrigerator (4 °C) until use. The
chemical composition of diet samples was assessed according
to procedures of AOAC [24]. Se content in the test diets was
checked by using atomic absorption spectrophotometer and
averaged 0.07 (control), 0.31, 0.58, and 1.09 mg/kg diet.
The daily ration was offered three times a day (09.00, 12.00,
and 15.00 h) 6 days a week until satiation level for 90 days.

Water temperature, dissolved oxygen, pH, and ammonia
were monitored weekly during the trial, to maintain water
quality at optimum range for European seabass fingerlings.
Water temperature ranged from 18.0 to 19.0 °C, dissolved
oxygen (DO) from 4.8 to 5.32 mg/L, pH from 7.0 to 7.5,
ammonia (NH3) from 0.03 to 0.038 mg/L, total salinity
(23.41 ppt), and a photoperiod regime (12:12 h light:dark).

Growth and Feed Utilization Indices

At the end of the trial, all fish weighed to calculate the weight
gain (WG), feed conversion ratio (FCR), and specific growth
rate (SGR) using the following equations:

WG ¼ final body weight gð Þ−initial body weight gð Þ
FCR ¼ feed intake gð Þ=weight gain gð Þ

SGR ¼ 100� ln final body weight gð Þ−ln initial body weight gð Þð Þ=duration of feeding dayð Þð Þ

where W is the fish weight (wet weight in g).

Blood Sampling

Blood samples were collected at the end of the experiment.
Five fish per net enclosure were sampled for blood collection.
The fish were anesthetized with MS-222 at 25 mg/L, and the
blood samples were taken by puncturing the caudal vessels.
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The collected blood was divided into two tubes, one contain-
ing heparin (1600 UI/ml) as anticoagulant agent for hemato-
logical assessment, and the other was anticoagulant free for
biochemical estimation. Serum was collected by centrifuga-
tion at 3000 rpm/ 15 min at 4 °C and stored at − 20 °C. The
hematological parameters are expressed in international units
(SI).

The red blood cell counts (RBCs) were determined by
using a Bürker counting chamber and Hayem solution. The
findings and instructions published by Blaxhall and Daisley
[25], and Hrubec and Smith [26] were followed when the
RBCs were determined. Hematocrit (PCV) was determined
by using microhematocrit-heparinized capillary tubes and a
microhematocrite centrifuge (10,000g for 5 min). The values
of PCV were determined within 30 min alter bleeding.
Hemoglobin concentrations (Hb) were determined by the
cyanhemoglobin method, at 540 nm. The total WBCs count
was determined according to the method of Stoskopf [27].
WBCs and Hb values were determined within 6 h after blood
sampling.

Total serum protein (g/dL) was determined using biuret
method according to Doumas and Bayse [28]. Albumin
(g/dL) was determined by the bromocresol green method ac-
cording to Reinhold [29], and globulin (g/dL) was calculated
as the difference between total protein and albumin. Serum
aspartate aminotransferase (AST) and alanine aminotransfer-
ase (ALT) activities were assayed using the method of Gella
and Olivella [30]. The absorbance is read at a wavelength of
505 nm. The absorbance was then interpolated in the calibra-
tion curve.

Immunological and Oxidation Assays

Analysis of serum lysozyme activity was performed using
turbidimetric assay according to Ellis and Stolen [31] based
on the lysis of Gram-positive bacterium Micrococcus
lysodeikticus (Sigma, USA). Leukocyte phagocytic function
followed the method of Cai and Li [32]. The number of leu-
kocytes that engulfed bacteria was counted as percentages in
relation to the total leukocyte number in the smear from the
phagocytosis assay. By following Kawahara and Ueda [33],
the phagocytic activity and phagocytic index were
determined.

Superoxide dismutase (SOD), catalase (CAT), glutathione
peroxidase (GPx), and malonaldehyde (MDA) levels in serum
were measured using diagnostic reagent kits following the
manufacturer’s (Cusabio Biotech Co., Ltd., China)
instructions.

Gene Expression

The expression of hepatic genes was determined using RT-
PCR. Briefly, TRIzol reagent (Invitrogen, Life Technologies,

Carlsbad, CA, USA) was utilized to extract total RNA from
approximately 100 mg of hepatic tissue. RNA samples of 1,8
or more A260/A280 were used for DNA synthesis using a
cDNA synthesis package (Fermentas, Waltham, MA, USA)
using Nanodrop quantitative. The SYBR Green Master Mix
and Table 1 primers with (GAPDH) as a standard gene have
been added to amplify cDNA. Obtained results on amplifica-
tion were assessed using 2−ΔΔ methods [34].

Statistical Analyses

The obtained data were subjected to one-way ANOVA using
SPSS version 22 (SPSS Inc., IL, USA). Differences between
the means were tested at the 5% probability level using
Duncan’s test as a post hoc test.

Results

Growth Performance

The final body weight and weight gain of fish fed dietary
nano-Se varying levels are significantly higher than the con-
trol (Table 2). The specific growth rate recorded higher value
in the group of fish fed nano-Se at 0.5 mg/kg than the other
groups (Table 2). However, the FCR was significantly re-
duced in fish fed dietary nano-Se with the lowest value in fish
0.5 mg nano-Se/kg (P < 0.05).

Hemato-Biochemical Indices

The hematological indices of European seabass show regular
values except for the Hb, PCV, RBCs, and WBCs (Table 3).
The values of Hb, PCV, RBCs, and WBCs were significantly
higher in fish fed varying levels of Se nanoparticles than fish
fed the basal diets. Additionally, PCV had higher value in the
group of fish fed 0.25 and 0.5 mg nano-Se/kg than fish fed
1 mg nano-Se/kg (P < 0.05).

The values of total serum protein and globulin are signifi-
cantly higher in fish fed varying levels of Se nanoparticles
than fish fed the basal diets (Table 4). Additionally, globulin
had higher value in the group of fish fed 0.25 and 0.5 mg
nano-Se/kg than fish fed 1 mg nano-Se/kg (P < 0.05). No
significant alterations were observed on albumin, ALT, and
AST variables (P > 0.05).

Immune and Antioxidative Response

Phagocytic index, phagocytic, lysozyme activities were sig-
nificantly higher in fish fed varying levels of Se nanoparticles
than fish fed the basal diets (Table 5). Further, the phagocytic
activity had higher value in the group of fish fed 0.25 and
0.5 mg nano-Se/kg than fish fed 1 mg nano-Se/kg (P < 0.05).
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SOD, CAT, and GPx activities are significantly higher in
fish fed varying levels of Se nanoparticles than fish fed the
basal diets (Table 6). Further, SOD activity had higher value
in the group of fish fed 0.25 and 0.5 mg nano-Se/kg than fish
fed 1 mg nano-Se/kg, whereas CAT was increased in the
group of fish fed dietary 0.5 mg nano-Se/kg diet (P < 0.05).
The level of MDA is significantly lowered by dietary nano-Se
where the group of fish fed 0.25 mg/kg had the lowest level
followed by those fed 0.5 and 1 mg/kg (Table 6).

Gene Expression

The relative expression of liver GH, IGF-1, HSP70, IL-8, and
IL-1β genes are significantly varied among the group of fish
fed nano-Se (P < 0.05) (Fig. 1). The expression ofGH, IGF-1,
IL-8, and IL-1β genes had the highest mRNA levels in the
group of fish fed 0.25 and 0.5 mg/kg followed by those fed
1 mg/kg. However, the expression ofHSP70was significantly
downregulated in fish fed dietary nano-Se with regard to the
control group.

Discussion

The new trend in the aquaculture sector is to increase fishery
intensification through the management of the aquatic

environment and feeding strategies. The well-balanced nutri-
tional formulations should contain the essential nutrients (e.g.,
proteins, lipids, carbohydrates, vitamins, and minerals) re-
quired for the maintenance of body performance, metabolism,
and physiological behavior [2]. Selenium (Se) is an essential
element that has been indicated to improve the quality of
aquafeeds. The Se-depended proteins’ activity in the body
can be malformed due to the lack of Se, resulting in the signs
and symptoms of deficiency [8]. The lack of Se in aquafeeds
induces diverse effects on the performances and feed efficien-
cy of fish. Nano mineral form is ranged between 1 and
100 nm, which makes it easy for absorption and available
within the body tissues and fluids [35]. Further, nanoparticles
are characterized by the small size and large surface, which
potentiate their biological and physiological ability. The re-
sults showed increased final body weight, weight gain, SGR,
and FCR in fish fed dietary nano-Se at 0.5–1 mg/kg.
Similarly, the growth rate was enhanced by dietary Se in
Nile tilapia [36], crucian carp [37], and rainbow trout [38].
Wang and Yan [39] illuminated that a certain concentration
of nano-Se increased the protein contents of intestinal epithe-
lial cells of the crucian carp. The increase in intracellular pro-
tein of intestinal epithelial cells may cause better metabolism
of feed ingredients resulting in higher growth enhancement.
Another possible reason is the role of Se, which acts as co-
enzymes for digestive enzymes synthesis and hence increases

Table 1 Primers of RT-qPCR
used in this study Gene Sequence Accession number

IL-8 Forward: GTCTGAGAAGCCTGGGAGTG AM490063.1
Reverse: GCAATGGGAGTTAGCAGGAA

IL-1β Forward: ATCTGGAGGTGGTGGACAAA AJ269472.1
Reverse: AGGGTGCTGATGTTCAAACC

HSP70 Forward: GCTCCACTCGTATCCCCAAG AY423555.2
Reverse: ACATCCAGAAGCAGCAGGTC

GH Forward: TGAGGAAGAGGAGGAGGTGA GQ918491
Reverse: GGAGGTGGAGCTACAGAACA

IGF-1 Forward: CGCTGCAGTTTGTGTGTGG AY800248
Reverse: CTCTTGGCATGTCTGTGTGG

GAPDH Forward: GAAGGTTATCAAGGCCGCTG AJ567450
Reverse: CACACACGGTTGCTGTATCC

Table 2 Growth performance of
European seabass fed with diets
supplemented with different
levels Se nanoparticles for
90 days

Item 0 0.25 0.5 1

IBW (g) 20.17 ± 0.06 20.83 ± 0.32 20.44 ± 0.05 20.67 ± 0.04

FBW (g) 82.78 ± 0.08a 84.77 ± 0.12b 86.44 ± 0.27b 84.29 ± 0.05b

WG (%) 62.61 ± 0.08a 63.94 ± 0.44b 66.00 ± 0.29b 63.63 ± 0.07b

SGR (%/day) 1.68 ± 0.00a 1.67 ± 0.02a 1.72 ± 0.01b 1.67 ± 0.00a

FCR 1.84 ± 0.09c 1.68 ± 0.00b 1.59 ± 0.05a 1.69 ± 0.00b

Data are presented as mean ± S.E. Data in the same row with different superscript are significantly different
(P < 0.05)
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its activity [40]. The activation of digestive enzymes increases
nutrient digestibility and release more nutrients for absorption
by the intestinal epithelial cells. In this context, the level of
FCR is expected to enhance, and the growth performance
increases. Interestingly, the current study results displayed
upregulated expressions of GH and IGF-1 gene expressions
in European seabass, which explains the enhanced growth
performance by dietary Se nanoparticles.

The values of RBCs, WBCs, PCV, and Hb were increased
in fish fed 0.5–1 mg dietary nano-Se. These results probably
are associated with the regulation of the metabolic rate and
well-being of seabass induced by nano-Se feeding. Increasing
of RBCs and Hb causes oxygen availability in the body tissues
owing to the absence of anemic features. The balanced levels
of RBCs, Hb, and PCV also attributed to the role of dietary
nano-Se in affording the nutritional requirements for seabass,
which induced enhanced health status. The antioxidant influ-
ence of the Se results in the balance of the protection of RBCs
membranes and increases their life span by defending them
against harmful impacts of oxygen-free radicals (ROS) and
alleviating anemia and membrane disruption as well as the
reducing cell hemolysis and degeneration [12, 41]. In this
regard, Le and Fotedar [42] reported that yellowtail fed dietary

Se at 0 to 2 mg/kg had enhanced the GPx activity of RBCs.
Additionally, the results showed similar enhancements in the
Hb, RBCs, and PCV indices with dietary Se in common carp
[43].

The high count of WBC refers to enhanced adaptive im-
munity to counteract with pathogens and invaders, which oc-
curs under stressful conditions [44]. WBC functions as the
main component of the front lines of body defense, and its
number increases rapidly when infections occur [45, 46]. In
the present study, increased WBCs and platelet counts in
European seabass strongly supported cell-mediated immunity
by dietary nano-Se [47]. In the parallel to the RBCs results,
hemoglobin values increased with increasing nano-Se levels
as hemoglobin acts as a protein carried by RBCs and having a
role in respiration [48].

The protein content is required for several functions, in-
cluding the cell function, metabolism, secretion of enzymes
and hormones, and regulating physiological processes in the
fish body [49]. Therefore, the detection of the total protein in
fish blood is vital to evaluate the general health condition and
immunity of fish. Besides, the high level of albumin can pro-
tect the blood vessels from leaking out during stress, while
globulins include several immunological related contents

Table 3 Hematological indices of
European seabass fed with diets
supplemented with different
levels Se nanoparticles for
90 days

Item 0 0.25 0.5 1

Hb (g/100 ml) 10.53 ± 0.01a 11.66 ± 0.01b 11.71 ± 0.01b 11.23 ± 0.01b

RBCs (10/mm6) 3.44 ± 0.01a 3.83 ± 0.01b 3.91 ± 0.01b 3.72 ± 0.01b

PCV (%) 34.00 ± 0.00a 38.00 ± 0.00c 38.50 ± 0.29c 36.50 ± 0.29b

MCV (mm3) 98.84 ± 0.17 99.09 ± 0.22 98.59 ± 0.52 98.11 ± 0.47

MCH (Pg) 30.61 ± 0.07 30.39 ± 0.05 29.99 ± 0.10 30.18 ± 0.12

MCHC (%) 30.97 ± 0.02 30.67 ± 0.02 30.42 ± 0.26 30.76 ± 0.27

WBCs (10/mm3) 12.84 ± 0.01a 14.67 ± 0.01b 14.77 ± 0.01b 14.30 ± 0.01b

Heterophils (%) 15.50 ± 0.29 10.50 ± 0.29 10.50 ± 0.29 11.50 ± 0.29

Lymphocytes (%) 76.00 ± 0.00 80.50 ± 0.29 81.00 ± 0.58 79.00 ± 0.58

Monocytes (%) 7.00 ± 0.00 8.00 ± 0.58 7.50 ± 0.29 7.00 ± 0.58

Eosinophils (%) 0.50 ± 0.29 0. 50 ± 0.25 0.50 ± 0.29 1.00 ± 0.00

Basophils (%) 1.00 ± 0.58 0.50 ± 0.29 0.50 ± 0.29 1.50 ± 0.29

Data are presented as mean ± S.E. Data in the same row with different superscript are significantly different
(P < 0.05)

Table 4 Biochemical parameters
of European seabass fed with
diets supplemented with different
levels Se nanoparticles for
90 days

Item 0 0.25 0.5 1

ALT (U/I) 32.50 ± 0.87 32.50 ± 2.02 29.50 ± 0.29 31.50 ± 0.29

AST (U/I) 25.50 ± 0.29 20.50 ± 0.29 23.50 ± 1.44 25.50 ± 0.29

Blood total protein (mg/dl) 4.08 ± 0.01a 4.59 ± 0.05b 4.65 ± 0.02b 4.41 ± 0.03b

Albumin (g/dl) 1.52 ± 0.00 1.56 ± 0.01 1.52 ± 0.02 1.53 ± 0.02

Globulin (g/dl) 2.55 ± 0.01a 3.03 ± 0.06c 3.13 ± 0.05c 2.88 ± 0.00b

Data are presented as mean ± S.E. Data in the same row with different superscript are significantly different
(P < 0.05)
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[50]. The globulins are the major humoral components among
serum proteins, which perform a significant role in the im-
mune action. The results indicated that the blood total protein
and globulin were increased by dietary nano-Se. The results
assured the positive impact of dietary protein on the health
condition of seabass reared under the current trial conditions.
The increased total proteins and globulin levels are similar to
the study of Ashouri and Keyvanshokooh [12] in common
carp, Abdel-Tawwab and Mousa [51] in African catfish, and
Dawood and Zommara [36] in Nile tilapia. The possible im-
portance of increased total protein may be related to the high
protein content induced by the role of nano-Se in increasing
the levels of selenoprotein in the intracellular intestines of
seabass.

Phagocytes generate ROS during infection to combat path-
ogenic invades [52]. Hence, the oxygen demand increased
after stimulation of the phagocytic cell membrane. The lyso-
zyme activity is a vital response in fish attributed to the ability
of leukocytes (neutrophils and macrophages) to release lyso-
zyme as a humoral constituent of the non-specific defense
mechanism [53]. The current study results illustrated that
European seabass fed nano-Se had enhanced phagocytic in-
dex, phagocytic, and lysozyme activities. In a similar sense,
dietary Se nanoparticles increased the phagocytosis and lyso-
zyme activities in Nile tilapia [36], Piaractus mesopotamicus
[47], and meager [15].

The oxidative stress occurs during stressful environmental
conditions, and pathogenic invades that liberates ROS due to
the imbalance of ROS production and removal [54]. The
overproduced ROS impair the lipid contents in the cell mem-
branes and damage RNA. Excessive ROS also induce lipid
peroxidation, which can be measured by the level of
malondialdehyde (MDA) [55]. As a functional component

of the glutathione peroxidase (GPx), Se performs a highly
significant function in activating the antioxidant defense sys-
tem [56]. The antioxidant activity is the most significant bio-
logical function of Se as it makes selenocysteine, an integral
part of the active core of the GPx [57]. The antioxidant en-
zymes (CAT, SOD, and GPx) are served as the first line of the
antioxidant defense system in fish [58]. The results displayed
enhanced CAT, SOD, and GPx activities in fish fed Se nano-
particles. Similar results were reported for Nile tilapia [36],
common carp [12], gilthead seabream (Sparus aurata) [59],
and meager (Argyrosomus regius) [15]. The MDA level has
decreased in fish fed dietary Se nanoparticles, which confirms
the role of Se in protecting European seabass against lipid
peroxidation. Similarly, Ashouri and Keyvanshokooh [12]
stated that the MDA level was lowered in fish fed dietary Se
nanoparticles.

The heat shock protein (HSP70) is considered one of the
most important genes that maintain the cellular protein and
thus protect cells from apoptosis due to its role in raising
cellular immunity under stressful conditions [60]. The current
study demonstrated that Se nanoparticles downregulated the
HSP70 which indicates that nano-Se has no inflammatory or
stressful impacts on European seabass.

Interleukin 12 (IL-12) is responsible about the expression
of pro-inflammatory cytokine (IL-8), which is helping to resist
pathogenic invasions and regulate the immune response in the
host [61, 62]. The current results revealed upregulated intesti-
nal IL-8 cytokine in European seabass by feeding nano-Se.
The IL-1β cytokine is also among the genes which regulate
the immune response through the readiness against infection
through cell proliferation, differentiation, and apoptosis [63,
64]. The results displayed upregulated IL-1β gene by nano-Se
feeding. Although in the present study no disease challenge

Table 6 Antioxidative capacity
in sera of European seabass fed
with diets supplemented with
different levels Se nanoparticles
for 90 days

Item 0 0.25 0.5 1

SOD (IU/I) 10.09 ± 0.01a 11.11 ± 0.26c 11.05 ± 0.09c 10.50 ± 0.08b

CAT (IU/I) 11.09 ± 0.03a 12.65 ± 0.46b 13.82 ± 0.10c 11.98 ± 0.34b

GPx (IU/I) 16.67 ± 0.13a 17.45 ± 0.06b 17.56 ± 0.06b 17.08 ± 0.01b

MDA (IU/I) 19.95 ± 0.05c 17.85 ± 0.10a 18.84 ± 0.42b 18.70 ± 0.02b

Data presented as mean ± S.E. of individual fish. Values in a row with different superscripts show significant
difference (P < 0.05)

Table 5 Immune parameters in
sera of European seabass fed with
diets supplemented with different
levels Se nanoparticles for
90 days

Item 0 0.25 0.5 1

Lysozyme activity (unit/ml) 9.19 ± 0.02a 10.49 ± 0.02b 10.60 ± 0.03b 10.28 ± 0.01b

Phagocytic activity (%) 11.99 ± 0.02a 14.59 ± 0.01c 14.68 ± 0.01c 13.61 ± 0.02b

Phagocytic index 0.94 ± 0.02a 1.15 ± 0.00b 1.19 ± 0.00b 1.10 ± 0.00b

Data are presented as mean ± S.E. Values in each row with different superscripts shows significant difference
(P < 0.05)
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has been conducted, however, the obtained results are
supporting the role of nano-Se as an immunostimulant
which can be applied in the European seabass diets to
increase the resistance against the possible infection

under farm conditions. The upregulation of HSP70, IL-
1β, and IL-8 genes in the liver of European seabass
means that nano-Se induced enhanced antistressor and
pro-inflammatory responses.

Fig. 1 Relative expression ofGH, IGF-1,HSP70, IL-8, and IL-1β genes in European seabass fed diets enriched with different levels of Se nanoparticles
for 90 days. Data are presented as mean ± S.E. (n = 3). Bars with different superscript are significantly different (P < 0.05)
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Conclusion

Based on the overall results, Se nanoparticles is recommended
at the rate of 0.5–1 mg/kg diet to maintain the optimal growth
performance, hemato-biochemical indices, antioxidative sta-
tus, and immune-related genes in European seabass.

Acknowledgments This work was funded by Researchers Supporting
Project (RSP- 2020/36), King Saud University, Riyadh, Saudi Arabia.

References

1. FAO (2019) Fisheries and aquaculture information and statistics
branch- common carp, Cyprinus carpio. FAO, Rome

2. Dawood MAO (2020) Nutritional immunity of fish intestines: im-
portant insights for sustainable aquaculture. Rev Aquacult. https://
doi.org/10.1111/raq.12492

3. Rashidian G, Kajbaf K, Prokić MD, Faggio C (2020) Extract of
common mallow (Malvae sylvestris) enhances growth, immunity,
and resistance of rainbow trout (Oncorhynchus mykiss) fingerlings
against Yersinia ruckeri infection. Fish Shellf Immunol 96:254–261

4. Teves JFC, Ragaza JA (2016) The quest for indigenous aquafeed
ingredients: a review. Rev Aquac 8(2):154–171

5. Van Doan H et al (2020) Host-associated probiotics: a key factor in
sustainable aquaculture. Rev Fish Sci Aquacult 28(1):16–42

6. Watanabe T, Kiron V, Satoh S (1997) Trace minerals in fish nutri-
tion. Aquaculture 151(1):185–207

7. Khan KU, Zuberi A, Fernandes JBK, Ullah I, Sarwar H (2017) An
overview of the ongoing insights in selenium research and its role in
fish nutrition and fish health. Fish Physiol Biochem 43(6):1689–
1705

8. Skalickova S, Milosavljevic V, Cihalova K, Horky P, Richtera L,
Adam V (2017) Selenium nanoparticles as a nutritional supple-
ment. Nutrition 33:83–90

9. Gobi N, Vaseeharan B, Rekha R, Vijayakumar S, Faggio C (2018)
Bioaccumulation, cytotoxicity and oxidative stress of the acute ex-
posure selenium inOreochromis mossambicus. Ecotoxicol Environ
Saf 162:147–159

10. DawoodMAet al (2020) Copper nanoparticles mitigate the growth,
immunity, and oxidation resistance in common carp (Cyprinus
carpio). Biol Trace Elem Res:1–10

11. Al-Deriny SH et al (2020) Selenium nanoparticles and spirulina
alleviate growth performance, hemato-biochemical, immune-
related genes, and heat shock protein in Nile tilapia (Oreochromis
niloticus). Biol Trace Elem Res. https://doi.org/10.1007/s12011-
020-02096-w

12. Ashouri S, Keyvanshokooh S, Salati AP, Johari SA, Pasha-Zanoosi
H (2015) Effects of different levels of dietary selenium nanoparti-
cles on growth performance, muscle composition, blood biochem-
ical profiles and antioxidant status of common carp (Cyprinus
carpio). Aquaculture 446:25–29

13. Saffari S, Keyvanshokooh S, Zakeri M, Johari SA, Pasha-Zanoosi
H (2017) Effects of different dietary selenium sources (sodium
selenite, selenomethionine and nanoselenium) on growth perfor-
mance, muscle composition, blood enzymes and antioxidant status
of common carp (Cyprinus carpio). Aquac Nutr 23(3):611–617

14. Chris UO, Singh NB, Agarwal A (2018) Nanoparticles as feed
supplement on growth behaviour of cultured catfish (Clarias
gariepinus) fingerlings. Mater Today: Proc 5(3, Part 1):9076–9081

15. Mansour AT-E, Goda AA, Omar EA, Khalil HS, Esteban MÁ
(2017) Dietary supplementation of organic selenium improves
growth, survival, antioxidant and immune status of meagre,
Argyrosomus regius, juveniles. Fish Shellf Immunol 68:516–524

16. Longbaf Dezfouli M, Ghaedtaheri A, Keyvanshokooh S, Salati AP,
Mousavi SM, Pasha-Zanoosi H (2019) Combined or individual
effects of dietary magnesium and selenium nanoparticles on growth
performance, immunity, blood biochemistry and antioxidant status
of Asian seabass (Lates calcarifer) reared in freshwater. Aquac Nutr
25(6):1422–1430

17. Dawood MAO, Koshio S, Zaineldin AI, van Doan H, Moustafa
EM, Abdel-Daim MM, Angeles Esteban M, Hassaan MS (2019)
Dietary supplementation of selenium nanoparticles modulated sys-
temic and mucosal immune status and stress resistance of red sea
bream (Pagrus major). Fish Physiol Biochem 45(1):219–230

18. Dawood MAO, Zommara M, Eweedah NM, Helal AI (2020)
Synergistic effects of selenium nanoparticles and vitamin E on
growth, immune-related gene expression, and regulation of antiox-
idant status of Nile tilapia (Oreochromis niloticus). Biol Trace
Elem Res 195(2):624–635

19. Naderi M, Keyvanshokooh S, Salati AP, Ghaedi A (2017)
Combined or individual effects of dietary vitamin E and selenium
nanoparticles on humoral immune status and serum parameters of
rainbow trout (Oncorhynchus mykiss) under high stocking density.
Aquaculture 474:40–47

20. Swain P, Das R, Das A, Padhi SK, Das KC, Mishra SS (2019)
Effects of dietary zinc oxide and selenium nanoparticles on growth
performance, immune responses and enzyme activity in rohu,
Labeo rohita (Hamilton). Aquac Nutr 25(2):486–494

21. Kumar N, Krishnani KK, Gupta SK, Sharma R, Baitha R, Singh
DK, Singh NP (2018) Immuno-protective role of biologically syn-
thesized dietary selenium nanoparticles against multiple stressors in
Pangasinodon hypophthalmus. Fish Shellf Immunol 78:289–298

22. Magalhães R, Sánchez-López A, Leal RS, Martínez-Llorens S,
Oliva-Teles A, Peres H (2017) Black soldier fly (Hermetia illucens)
pre-pupae meal as a fish meal replacement in diets for European
seabass (Dicentrarchus labrax). Aquaculture 476:79–85

23. Torrecillas S, Makol A, Caballero MJ, Montero D, Robaina L, Real
F, Sweetman J, Tort L, Izquierdo MS (2007) Immune stimulation
and improved infection resistance in European sea bass
(Dicentrarchus labrax) fed mannan oligosaccharides. Fish Shellf
Immunol 23(5):969–981

24. AOAC (2007)Method 2007–04. Association of Official Analytical
Chemists, Washington DC

25. Blaxhall PC, Daisley KW (1973) Routine haematological methods
for use with fish blood. J Fish Biol 5(6):771–781

26. Hrubec TC, Smith SA (1999) Differences between plasma and
serum samples for the evaluation of blood chemistry values in rain-
bow trout, channel catfish, hybrid tilapias, and hybrid striped bass. J
Aquat Anim Health 11(2):116–122

27. Stoskopf M (1993) Fish medicine. WB Saunders Comp,
Philadelphia

28. Doumas BT, Bayse DD, Carter RJ, Peters T Jr, Schaffer R (1981) A
candidate reference method for determination of total protein in
serum. I Development and validation. Clin Chem 27(10):1642–
1650

29. Reinhold J (1953) Total protein, albumin and globulin. Standard
Methods Clinic Chem. 1(S 88)

30. Gella FJ, Olivella T, Pastor MC, Arenas J, Moreno R, Durban R,
Gomez JA (1985) A simple procedure for the routine determination
of aspartate aminotransferase and alanine aminotransferase with
pyridoxal phosphate. Clin Chim Acta 153(3):241–247

31. Ellis A et al (1990) Lysozyme assay. Technique in Fish
Immunology 1:101–103

32. Cai W-q, Li S-f, Ma J-y (2004) Diseases resistance of Nile tilapia
(Oreochromis niloticus), blue tilapia (Oreochromis aureus) and

Abd El-Kader et al.

https://doi.org/10.1111/raq.12492
https://doi.org/10.1111/raq.12492
https://doi.org/10.1007/s12011-020-02096-w
https://doi.org/10.1007/s12011-020-02096-w


their hybrid (female Nile tilapia×male blue tilapia) to Aeromonas
sobria. Aquaculture 229(1):79–87

33. Kawahara E, Ueda T, Nomura S (1991) In vitro phagocytic activity
of white-spotted char blood cells after injection with Aeromonas
salmonicida extracellular products. Fish Pathol 26(4):213–214

34. Pfaffl MJF (2001) A new mathematical model for relative quanti-
fication in real-time RT-PCR. Nucleic Acids Res 29:e45

35. Dawit Moges F, Patel P, Parashar SKS, Das B (2020) Mechanistic
insights into diverse nano-based strategies for aquaculture enhance-
ment: a holistic review. Aquaculture 519:734770

36. Dawood MAO, Zommara M, Eweedah NM, Helal AI (2020) The
evaluation of growth performance, blood health, oxidative status
and immune-related gene expression in Nile tilapia (Oreochromis
niloticus) fed dietary nanoselenium spheres produced by lactic acid
bacteria. Aquaculture 515:734571

37. Zhou X, Wang Y, Gu Q, Li W (2009) Effects of different dietary
selenium sources (selenium nanoparticle and selenomethionine) on
growth performance, muscle composition and glutathione peroxi-
dase enzyme activity of crucian carp (Carassius auratus gibelio).
Aquaculture 291(1):78–81

38. Hunt AO et al (2011) Effects of organic selenium on growth, mus-
cle composition, and antioxidant system in rainbow trout. Israeli J
Aquacult-Bamidgeh 63(562):10

39. Wang Y, Yan X, Fu L (2013) Effect of selenium nanoparticles with
different sizes in primary cultured intestinal epithelial cells of
crucian carp, Carassius auratus gibelio. Int J Nanomedicine 8:
4007–4013

40. Shenkin A (2006) Micronutrients in health and disease. Postgrad
Med J 82(971):559–567

41. Khan KU et al (2016) Effects of dietary selenium nanoparticles on
physiological and biochemical aspects of juvenile tor putitora. Turk
J Zool 40(5):704–712

42. Le KT, Fotedar R (2014) Immune responses to Vibrio anguillarum
in yellowtail kingfish, Seriola lalandi, fed selenium supplementa-
tion. J World Aquacult Soc 45(2):138–148

43. Saffari S, Keyvanshokooh S, Zakeri M, Johari SA, Pasha-Zanoosi
H, Mozanzadeh MT (2018) Effects of dietary organic, inorganic,
and nanoparticulate selenium sources on growth, hemato-immuno-
logical, and serum biochemical parameters of common carp
(Cyprinus carpio). Fish Physiol Biochem 44(4):1087–1097

44. Fiúza LS, Aragão NM, Ribeiro Junior HP, de Moraes MG, Rocha
ÍRCB, Lustosa Neto AD, de Sousa RR, Madrid RMM, de Oliveira
EG, Costa FHF (2015) Effects of salinity on the growth, survival,
haematological parameters and osmoregulation of tambaqui
Colossoma macropomum juveniles. Aquac Res 46:1–9

45. Talpur AD, Ikhwanuddin M (2013) Azadirachta indica (neem) leaf
dietary effects on the immunity response and disease resistance of
Asian seabass, Lates calcarifer challenged with Vibrio harveyi.
Fish Shellf Immunol 34(1):254–264

46. Burgos-Aceves MA, Lionetti L, Faggio C (2019) Multidisciplinary
haematology as prognostic device in environmental and xenobiotic
stress-induced response in fish. Sci Total Environ 670:1170–1183

47. Takahashi LS, Biller-Takahashi JD, Mansano CFM, Urbinati EC,
Gimbo RY, Saita MV (2017) Long-term organic selenium supple-
mentation overcomes the trade-off between immune and antioxi-
dant systems in pacu (Piaractus mesopotamicus). Fish Shellf
Immunol 60:311–317

48. de Azevedo RV et al (2015) Responses of Nile tilapia to different
levels of water salinity. Lat Am J Aquat Res 43(5):828–835

49. Shi X, Li D, Zhuang P, Nie F, Long L (2006) Comparative blood
biochemistry of Amur sturgeon, Acipenser schrenckii, and Chinese
surgeon, Acipenser sinensis. Fish Physiol Biochem 32(1):63–66

50. Uribe C, Folch H, Enriquez R,Moran G (2011) Innate and adaptive
immunity in teleost fish: a review. Vet Med 56(10):486–503

51. Abdel-Tawwab M, Mousa MAA, Abbass FE (2007) Growth per-
formance and physiological response of African catfish, Clarias
gariepinus (B.) fed organic selenium prior to the exposure to envi-
ronmental copper toxicity. Aquaculture 272(1):335–345

52. Itou T, Lida T, Kawatsut H (1996) Kinetics of oxygen metabolism
during respiratory burst in Japanese eel neutrophils. Dev Comp
Immunol 20(5):323–330

53. Tort L, Balasch J, Mackenzie S (2003) Fish immune system. A
crossroads between innate and adaptive responses. Inmunología
22(3):277–286

54. Martínez-Álvarez RM, Morales AE, Sanz A (2005) Antioxidant
defenses in fish: Biotic and abiotic factors. Rev Fish Biol Fish
15(1):75–88

55. Brewer MS (2011) Natural antioxidants: sources, compounds,
mechanisms of action, and potential applications. Compr Rev
Food Sci Food Saf 10(4):221–247

56. Gamble SC, Wiseman A, Goldfarb PS (1997) Selenium-dependent
glutathione peroxidase and other selenoproteins: their synthesis and
biochemical roles. J Chem Technol Biotechnol 68(2):123–134

57. Köhrle J et al (2000) Selenium in biology: facts and medical per-
spectives. Biol Chem 381(9–10):849–864

58. Li XM, Ma YL, Liu XJ (2007) Effect of the Lycium barbarum
polysaccharides on age-related oxidative stress in aged mice. J
Ethnopharmacol 111(3):504–511

59. Saleh R, Betancor MB, Roo J, Benítez-Dorta V, Zamorano MJ,
Bell JG, Izquierdo M (2015) Effect of krill phospholipids versus
soybean lecithin in microdiets for gilthead seabream (Sparus
aurata) larvae on molecular markers of antioxidative metabolism
and bone development. Aquac Nutr 21(4):474–488

60. Ming J, Xie J, Xu P, LiuW, Ge X, Liu B, He Y, Cheng Y, Zhou Q,
Pan L (2010) Molecular cloning and expression of two HSP70
genes in the Wuchang bream (Megalobrama amblycephala Yih).
Fish Shellf Immunol 28(3):407–418

61. Ethuin F et al (2001) Interleukin-12 increases interleukin 8 produc-
tion and release by human polymorphonuclear neutrophils. J
Leukoc Biol 70(3):439–446

62. Liu J, Cao S, Kim S, Chung E, Homma Y, Guan X, Jimenez V, Ma
X (2005) Interleukin-12: an update on its immunological activities,
signaling and regulation of gene expression. Curr Immunol Rev
1(2):119–137

63. Striz I, Brabcova E, Kolesar L, Sekerkova A (2014) Cytokine net-
working of innate immunity cells: a potential target of therapy. Clin
Sci (Lond) 126(9):593–612

64. Dawood MAO et al (2020) Ameliorative effects of Lactobacillus
plantarum L-137 on Nile tilapia (Oreochromis niloticus) exposed
to deltamethrin toxicity in rearing water. Aquat Toxicol 219:
734571

Publisher’s Note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

Selenium Nanoparticles Act Potentially on the Growth Performance, Hemato-Biochemical Indices,...


	Selenium...
	Abstract
	Introduction
	Materials and Methods
	Fish and Experimental Facilities
	Experimental Design and Diets
	Growth and Feed Utilization Indices
	Blood Sampling
	Immunological and Oxidation Assays
	Gene Expression
	Statistical Analyses

	Results
	Growth Performance
	Hemato-Biochemical Indices
	Immune and Antioxidative Response
	Gene Expression

	Discussion
	Conclusion
	References


