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Abstract
Selenium is one of the most essential trace elements in fishes. Therefore, determining
the optimal level of selenium in the fish diet is one of the main concerns of researchers.
This study investigated the effects of Sel-Plex (Selenium yeast) supplement on the
hematological parameters and immunological parameters, and growth performance in
Siberian Sturgeon, Acipenser baerii. The Siberian Sturgeon fed with diets
supplemented with 0 (control), 5, 10 and 15 g kg-1 Sel-Plex feed for 8 weeks. Growth
performance, hematological parameters, total immunoglobulin, alternative complement
activity (ACH50), C3 and C4 levels and lysozyme activity were measured at the end of
the experiment. No significant differences have been observed (p>0.05) in weight gain
(WG), specific growth rate (SGR), feed conversion ratio (FCR) and condition factors
(CF) in the fish fed with different concentrations of Sel-Plex supplement when
compared with the control group. The results showed that administration of 10 g SelPlex in this ﬁsh signiﬁcantly increased erythrocyte, hemoglobin levels, hematocrit
value, leukocytes, and lymphocytes counts. However, neutrophils of fish administrated
with 10 and 15 g dietary Sel-Plex significantly decreased. The results revealed that SelPlex significantly increased total immunoglobulin, ACH50, C3, and lysozyme activities
in the supplemented groups compared with the control. Plasma C4 levels in the fish fed
with 5 and 15 g Sel-Plex were significantly higher than the control fish. The results of
this study suggest that dietary Sel-Plex supplement at levels ≤15 g kg-1 diet increased
some hematological indices and improved the innate immune parameters of the
Siberian Sturgeon, without affecting their growth performance.
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Introduction
Trace elements play a critical role in
biochemical
and
physiological
processes in fish (Wang et al., 2015).
Such processes include the formation of
connective and skeletal tissues,
production
of
hemoglobin
and
myoglobin, contributing to acid-base
balance, transmission of nerves
impulses, cell replication, gene
transcription, and acting as cofactors for
important enzymes and hormones in the
body (Wang et al., 2015). Trace
elements and vitamins improve the
immune system by activating the Tcell-mediated immune responses and
the
adaptive
immune
response
(Wintergerst et al., 2007). Maggini et
al. (2007) suggest that adequate intakes
of micronutrients can affect the
physical barriers (skin and mucosa),
cellular immunity, humoral immunity
and antibody production.
Selenium, a trace element, is one of
the most critical micronutrients in
vertebrates (Hung, 2017; Nazari et al.,
2017; Gholizadeh Zare Tavana et al.,
2018). Some organic forms of
selenium, such as seleno-cysteine are
involved in the synthesis of selenoproteins (Lu and Holmgren, 2009).
Among vertebrates, fish have 30-37
types of seleno-proteins (Lobanov et
al., 2009). Seleno-proteins are involved
in the antioxidant defense system,
thyroid activity, synthesis of other
seleno-proteins, and selenium transfer
(Kryukov et al., 2003). Selenium is
necessary for reproduction and immune
responses (Hoffmann and Berry, 2008).
It is one of the main elements in
glutathione peroxidase which is a key

enzyme in protecting cell membrane
lipids against oxidative damage in
cellular and intracellular levels (De Riu
et al., 2014). Selenium also acts as a
cofactor in several vital enzymes
including
thioredoxin
reductase,
glutathione peroxidase and glutathione
S-transferase (Zhang et al., 2008).
In fishes, Selenium is absorbed from
the intestine, but the rate of selenium
uptake depends on the physiological
demands of the species. Previous
studies have identified selenium as a
trace element, required for normal body
functions in fish, but toxic at elevated
levels (Miller, 2006). The selenium
requirements in fish are between 0.150.5 mg kg-1 diets (Schwasz, 1995).
Weiss and Hogan (2005) and Pacitti et
al. (2016) found a relationship between
selenium concentrations in blood and
growth
performance
and
immunological
or
hematological
parameters. Selenium may increase the
activity of natural killer cells (NK
cells), increase T cell proliferation and
vaccine efficacy in experimental
animals (Broome et al., 2004).
Moreover, the increase in lymphocyte
proliferation and NK activity has been
reported in humans after administering
selenium (Broome et al., 2004). High
levels of selenium in the diet (> 13-15
mg kg-1) have been associated with
impaired reproduction (Janz et al.,
2010), suppressed immune system
(Janz et al., 2010), oxidative stress
(Miller, 2006), reduced growth, feed
deficiency and increased mortality
(Janz et al., 2010).
The physiological and toxicological
studies in various fish species indicate
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the importance of chemical forms of
selenium in diet or environment. There
is a significant difference between
organic and inorganic forms of
selenium in their bioaccumulation and
toxicity (Bakke et al., 2010; Janz et al.,
2010). Selen-omethionine, an organic
form of selenium, is the most common
form of selenium in diets and often
constitutes more significant than 80%
of the total available Selenium (Young
et al., 2010).
Sel-Plex is seleno-methionine that is
biosynthesized by brewer’s yeast,
Saccharomyces cerevisiae. Compared
with inorganic selenium, Sel-Plex is
more digestible and better absorbed in
tissues and lets the fish build nutrient
reserves against periods of increased
selenium demand without causing
toxicity (Pacitti et al., 2015; Pacitti et
al., 2016).
In our study, we investigated the
effects of diets supplemented with
organic selenium (Selenium yeast, SelPlex® supplement) on hematological
and immunological parameters in
juvenile Siberian sturgeon, Acipenser
baerii. Sturgeons are among the most
important commercial species in the
world. Recently, cultivation of Siberian
sturgeon, A. baeri, has increased in
Western Europe (Gisbert and Williot,
2002). Cultivation of this species has
also increased in Iran. Siberian sturgeon
is highly compatible to rearing
conditions
and
laboratory
environments, which make it an
appropriate biological model for
physiological and nutritional studies
(Hung, 2017).
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Materials and methods
Juvenile Siberian sturgeons, A. baerii,
were used in the present study
according to the National Ethical
Framework for Animal Research in Iran
(Mobasher et al., 2008). One hundred
twenty Siberian sturgeons were
obtained from the International
Sturgeon Research Institute (Rasht,
Gilan Province, Iran). Fish were
randomly stocked into twelve 500-liter
fiberglass tanks (10 fish per tank) and
allowed
to
acclimate
to
the
experimental environment in aerated
tanks with 100% daily water exchange
for two weeks before the experiment.
Water temperature, pH and dissolved
oxygen were maintained at 21 ± 2 °C,
7.4 ±0.2, and 6±1 mg L-1, respectively.
During the acclimation period, ﬁsh
were fed with pellets prepared
according to commercial formulations
obtained from Faradaneh Company,
Shahrekord, Iran, according to the
manufacturer’s recommended rate.
Dietary crude protein and lipid levels
were formulated at 45±0.5 % and
15.75 ±0.3 % respectively (Table 1).
The formulated ﬁsh feed was
enriched with organic selenium (Table
1).
Organic
Selenium
was
supplemented as Sel-Plex (Alltech Inc.,
Nicholasville, KY, USA) at 5, 10 and
15 g kg-1 (equivalent to 5, 10 and 15 mg
kg-1 Selenomethionine, respectively) for
a total of three treatments. Each
supplemented diet was mixed in a
mixer for 30 minutes and then
homogenized into a paste by adding
fish oil (20 mL kg-1) and distilled water
into the food mixer. Distilled water
required for pelleting (20-40% of feed
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weight) was then added to the mixture
and further homogenization. This
mixture was passed through a meat
grinder, producing strings, which were
dried in an oven at 55°C for 12 h and
then broken to produce 2-3 mm long

pellets. The pellets were packed and
stored at -20°C in a freezer. The control
diet was prepared by the same process,
although no supplement has been
added.

Table 1: Composition of experimental diets for Siberian sturgeon (Acipenser baerii)
Ingredient (%)
Control
5 g kg-1
10 g kg-1
15 g kg-1
Sel-Plex
Sel-Plex
Sel-Plex
Commercial diet
98
98
98
98
Carboxy-methyl cellulose
2
1.5
1
0.5
Sel-Plex supplement
0.0
0.5
1
1.5
Proximate
composition
(%)
Crude protein (%)
44.9±0.4
45±0.4
45±0.4
45.2±0.5
Crude lipid (%)
15.75±0.3 15.81±0.5
15.65±0.5
15.61±0.6
Crude fiber (%)
2.03±0.1
2.17±0.2
2.14±0.2
2.08±0.2
Moisture (%)
10.3±0.5
10.1±0.4
9.9±0.5
9.7±0.6
Ash (%)
7.5±0.6
7.9±0.7
8.4±0.7
9.4±1.3
Gross energy (Kcal kg-1)
3320±93
3330±86
3330±76
3340±70

An 8 weeks feeding trial was conducted
using 120 juvenile Siberian Sturgeons,
with an average weight of 47.8±2.7 g
and an average length of 26±1 cm
(mean±SD). During the experimental
period, ﬁsh were fed with sturgeon
pellets with 0 (control), 5, 10 and 15 g
kg-1 Sel-Plex supplement at 3% of their
body weight three times a day. Fish
were
weighed
individually and
measured every two weeks and group
weights were employed to adjust
feeding rates. At the end of the
experiment, 12 ﬁsh per treatment were
anesthetized with tricaine methanesulfonate (MS-222) solution (500 ppm)
and blood was collected from the
caudal vein using 2 mL heparinized
syringes. The collected blood was
transferred into 2 mL microcentrifuge
tubes. The blood sample was
centrifuged for 15 min at 6000 g at 4
°C. Plasma samples were immediately

stored at -25 °C prior to biochemical
analysis.
The growth parameters such as
weight gain, specific growth rate, feed
conversion ratio and condition factors
were calculated using the following
formulas, on day 15 and 30 (Banaee et
al., 2013).

The blood was immediately used to
determine the number of red blood cells
(RBC) and white blood cells (WBC) by
using
a
hemocytometer
at
400×magnification. Subsequently, blood
was diluted to 10–2 and 10–3 in
phosphate buffered saline (PBS), at pH
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7.2 (Ahmadi et al., 2014). Haematocrit
(Hct) was determined by the
microhematocrit method described by
Ahmadi et al. (2014). Haemoglobin
(Hb) concentration was measured,
using cyanohemoglobin (Ahmadi et al.,
2014). Blood smears were prepared
according to Ahmadi et al. (2014) and
Banaee et al., (2016) and examined at
400×magnification to differential white
cell count.
The mean corpuscular volume
(MCV),
the
mean
corpuscular
hemoglobin (MCH) and the mean
corpuscular hemoglobin concentration
(MCHC) were calculated according to
the following formulas:
;

;

Total immunoglobulin (Ig) was
determined using Amar et al. (2000)
method. Thus, 100 μL of plasma
sample (100-fold dilutions in PBS) was
mixed with an equal volume of 12%
(v/v) solution of polyethylene glycol
and incubated for 2 hours at room
temperature which reduced the Ig. The
Ig molecules were removed by
centrifugation (5000 g at 4°C) and the
protein content was determined like
total protein determination by the
Biuret reaction. This value was
subtracted from the total protein level,
which corresponds to the total Ig level
and was expressed in mg mL-1.
Alternative complement activity
(ACH50) was evaluated following the
procedure of Yano (1992) by using
sheep red blood cells (ShRBC) (Bahar
Afshan Research and Development
Institute, Iran). ShRBC were washed
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and adjusted to 2×108 cell mL–1 in
ethylene glycol tetraacetic acid
magnesium-gelatin veronal buffer (0.01
M). 100 μl of the ShRBC suspension
was lysed with 3.4 mL of distilled water
and the hemolysate was determined at
414 nm against distilled water to reach
100% lysis. The test plasma was
diluted, and different volumes ranging
from 0.1 to 0.25 mL were brought up to
0.25 mL total volume before being
allowed to react with 0.1 mL of RaRBC
in test tubes. After incubation at 20°C
for 90 min with occasional shaking,
3.15 mL of a 0.9% (v/v) saline solution
was added to each tube then centrifuged
at 1600×G for 10 min at 4°C. The
absorbance (A) of the supernatant was
measured using a spectrophotometer at
414 nm. A lysis curve was obtained by
plotting the percentage of haemolysis
against the volume of plasma added.
The volume of the plasma producing
50% haemolysis (ACH50) was
determined and the number of ACH50
Units ml-1 was obtained from each fish.
The immunoturbidimetric test (Pars
Azmun, Iran) was adopted to determine
the serum complement level. C3 and C4
in serum samples were mixed with the
antibody provided by the kits, and then
an antigen-antibody complex was
produced. The optical density (OD)
value was measured at 340 nm.
Compared with the values of the
standards from the kits, C3 and C4
contents were expressed in μg ml-1
(Abdollahi et al., 2016).
The turbidimetric assay for lysozyme
activity was carried out according to
Lange et al. (2001) with minor
modifications. Thus, plasma (50 µl)
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was added to 2 mL of a suspension of
Micrococcus luteus (Actinobacteria:
Micrococcaceae) (0.2 mg ml–1) in a
0.05 M sodium phosphate buffer (pH
6.2). The reaction was carried out at
25°C and absorbance was measured at
570 nm after 0.5 min and 4.5 min by
using a spectrophotometer. PBS was
used as the blank. Hen’s egg white
lysozyme (Sigma) was used in sterile
sodium phosphate Buffer (PBS) as a
standard curve to determine the
lysozyme activity of the samples. The
specific activity (Units mL-1 plasma) of
lysozyme was determined.
The significant difference in the
biochemical parameters of fish treated
with different concentrations of Sel-

Plex was examined using one-way
ANOVA. Data were checked for
normality (Kolmogorov-Smirnov test).
Means were compared by Duncan’s test
and a p<0.05 was considered
statistically
significant.
Statistical
analyses were performed using IBM
SPSS Statistics 19. Data are presented
as mean±SD.
Results
There were no significant differences
(p>0.05) in weight gain, specific
growth rate, and feed conversion ratio
and condition factors between fish
which were fed with different
concentrations of Sel-Plex supplement
and the control group (Table 2).

Table 2: growth performance of juvenile Siberian sturgeon (Acipenser baerii)
Sel-Plex supplement for 8 weeks.
Growth performance Control
5 g Sel-Plex 10 g Sel-Plex
parameters
(0 g Sel-Plex supplement
supplement
supplement)
Initial weight
47.45±3.37a
47.98±0.85a
48.66±3.13a
a

26.1±0.5

a

15 g Sel-Plex
supplement
46.91±2.95a
25.9±0.9a

Initial length

26.6±1.2

Final weight

160.03±8.05a

164.58±9.41a

161.20±3.22a

160.87±10.51a

Final length

37.1±0.9a

37.7±0.9a

37.9±1.3a

37.3±0.8a

WG (g)

112.29±10.48a
a

26.5±0.7

a

fed 5, 10 and 15 g

116.60±9.06a
2.20±0.09

a

112.61±10.52a
2.14±0.16

113.97±11.49a

a

2.17±0.17a

SGR (%)

2.16±0.20

CF (%)

0.32±0.2a

0.31±0.02a

0.30±0.02a

0.31±0.01a

FCR

1.26±0.13a

1.21±0.10a

1.25±0.13a

1.24±0.12a

Data are represented as meanS.D. Different letters stand for statistically significant differences at
p<0.05

Compared to the control group, fish fed
with 10 g kg-1 Sel-Plex supplement had
significantly
higher
(p<0.05)
erythrocyte,
hemoglobin,
and
hematocrit values (Table 3). MCV and
MCH indices were significantly
(p<0.05) lower in fish fed with 10 g kg1
Sel-Plex supplement compared to the
control group. The results indicated no

significant changes in MCHC index or
monocyte and eosinophil percentage in
fish fed with Sel-Plex supplement
(Table 3).
There was a significant increase in
leukocytes and lymphocytes percentage
in fish fed with 10 and 15 g kg-1 SelPlex. The neutrophil percentage in fish
fed with 10 and 15 g kg-1 Sel-Plex was
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significantly (p<0.05) lower than the
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control group.

Table 3: haematology parameters of juvenile Siberian sturgeon (Acipenser baerii) fed with Sel-Plex
supplemented diet.
Hematological
Treatments
parameters
Control
5 g Sel-Plex 10 g Sel-Plex 15 g Sel-Plex
(0 g Sel-Plex supplement
supplement
supplement
supplement)
Red Blood Cells (105)
7.66±0.34a
7.70±0.41a
8.69±0.31b
7.35±0.21a
-1
a
a
c
Hemoglobin (g dL )
6.78±0.54
6.66±0.32
7.34±0.19
6.34±0.17b
a
a
c
Hematocrit (%)
35.00±1.12
34.80±1.20
37.60±1.05
33.00±0.65b
a
a
b
MCV (fl)
45.7±0.90
45.2±0.90
43.3±0.80
44.9±0.70a
a
a
b
MCH (pg)
88.4±4.00
86.5±1.00
84.5±1.00
86.3±1.00a
-1
a
a
a
MCHC (g dL )
19.35±0.92
19.13±0.28
19.52±0.20
19.21±0.16a
4
a
a
b
White Blood Cells (10 )
14.82±0.26
14.68±0.25
15.18±0.51
15.14±0.26b
a
a
b
Lymphocyte (%)
65.60±1.42
65.40±2.17
69.40±2.50
67.80±2.39a
a
a
a
Monocyte (%)
4.60±1.08
4.80±0.79
4.20±0.79
4.60±0.52a
a
a
b
Neutrophils (%)
29.40±0.82
29.60±1.42
26.00±2.36
27.00±1.45b
a
a
a
Eosinophils (%)
0.40±0.25
0.20±0.21
0.40±0.25
0.6±0.41a
Data are represented as meanS.D. Different letters stand for statistically significant differences at
p<0.05

There was a significant (p<0.05)
difference in immunological parameters
for all treatment groups in fish fed with
Sel-Plex supplement as compared to the
control group (Figs. 1-5). In fish fed

diets with Sel-Plex supplement,
immunoglobulin was significantly
(p<0.05) increased compared to the
control group (Fig. 1).

Figure 1: Plasma total immunoglobulin levels of Acipenser baerii fed with diets
supplemented with Sel-Plex. Data are presented as meanS.D.
Different letters stand for statistically significant differences at p <0.05.

Alternative
complement
pathway
(ACH50) significantly increased with

increasing Sel-Plex in diet of juvenile
Siberian sturgeon (Fig. 2). We observed
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increased C3 activity with dietary
inclusion of Sel-Plex supplement and it
was the highest at 5 g kg-1 level
(p<0.05) (Fig. 3). In juvenile Siberian

sturgeon, C4 was significantly (p<0.05)
the highest in fish fed with 5 and 15 g
kg-1 Sel-Plex (Fig. 4).

Figure 2: Plasma total complement (ACH50) activity of Acipenser baerii fed with
Sel-Plex supplemented diet. Data are presented as meanS.D. Different
letters stand for statistically significant differences at p<0.05.

Figure 3: Plasma C3 activity of Acipenser baerii fed with Sel-Plex supplemented
diet. Data are presented as meanS.D. Different letters stand for
statistically significant differences at p<0.05.
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Figure 4: Plasma C4 activity of Acipenser baerii fed with Sel-Plex supplemented
diet. Data are presented as meanS.D. Different letters stand for
statistically significant differences at p<0.05.

Figure 5: Plasma lysozyme activity of Acipenser baerii fed with Sel-Plex
supplemented diet. Data are presented as meanS.D. Different letters
stand for statistically significant differences at p<0.05.

All diets containing Sel-Plex showed a
significant increase in lysozyme activity
compared to those fed only with the
control diet (p<0.05) (Fig. 5).

Discussion
Growth performance parameters of
Siberian sturgeons fed with Sel-Plexenriched diet were similar to growth
performance of fish in the control
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group. Sel-Plex had no effects on
weight gain, specific growth rate, feed
conversion ratio and condition factors
(Table 2). This is in agreement with the
results of previous studies on the effects
of selenium supplementation on
rainbow trout (Rider et al., 2009; Pacitti
et al., 2015). However, Ilham et al.
(2016)
found
that
Sel-Plexsupplemented diets improved the
growth performance of juvenile
yellowtail kingfish (Seriola lalandi).
Haematological parameters have
provided
valuable knowledge
for
monitoring fish health (Banaee et al.,
2008). In the present study, the increase
in erythrocytes, haematocrit and
haemoglobin in the fish fed with 10 g
kg-1 dietary Sel-Plex could be attributed
to
increased
erythrocytes
in
hematopoietic organs such as spleen
and head kidney which play an
important role in blood cells formation.
Haratake et al. (2008) found that
plasma selenium may be absorbed by
the RBC through binding to
hemoglobin. Compared with the control
group, 10 g kg-1 Sel-Plex in the diet
significantly decreased the MCV and
the
MCH.
However,
Sel-Plex
administration had no effects on the
MCHC. Selenium can be absorbed by
red blood cells through ion exchange
and then binds to haemoglobin
(Haratake et al., 2008). Reacting with
GSSeSG (glutathione seleno-trisulfide),
the haemoglobin bound selenium is
produced in the RBC (Haratake et al.,
2008). Then, the selenium which is
bound to Hb may be released by a thiol
exchange between glutathione (GSH)
and Hb (Haratake et al., 2008).

Therefore, the RBC count may remain
normal, but measurable levels of the Hb
will decrease. With a decrease in the Hb
content, MCV and MCH indices
decrease as well. However, with an
increase in the Sel-Plex level in the diet
(15 g kg-1), no alterations are found in
the blood indices. Furthermore, reduced
MCV and MCH may be attributed to
the increased number of new RBCs
which are still small and have a lower
hemoglobin level compared to the
mature RBCs (Harvey, 2012).
An increase in the leukocyte count
and lymphocyte percentage in the blood
of the fish fed with 10 and 15 g kg-1
Sel-Plex could be attributed to a higher
lymphocyte proliferation. Zhuang et al.
(2015) showed that selenium could
affect the immune system through the
upregulation of the interleukin (IL)-2
receptor α and β subunits on
lymphocytes. Interleukins are involved
in activating B cells, immunoglobulin
synthesis and T-cell proliferation,
differentiation
of
cytotoxic
T
lymphocytes, and production, activation
and persistence of natural killer (NK)
cell
through the
activation
of
cytokinins (Zhuang et al., 2015).
Although neutrophils have been
decreased in the fish treated with 10
and 15 g kg-1 Sel-Plex, Weiss and
Hogan (2005) reported that dietary
selenium did not significantly affect the
percentage of neutrophils in domestic
animals. In contrast, Ibeagha et al.
(2009) demonstrated that the efficiency
of neutrophils to kill or phagocytize
pathogens was enhanced by adequate
selenium status in domestic animals.
Neutrophils are capable of destroying
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bacteria by producing superoxidederived radicals. The continuous
production of superoxide radicals
depends on levels of selenium and
glutathione peroxidase (GPx) in
neutrophils. However, Arthur et al.
(2003) reported neutrophils’ dual
pattern in removing pathogens in
response to changes in dietary selenium
levels. On the one hand, removal of
pathogens by neutrophils increases
significantly when selenium levels are
low. On the other hand, an increase in
selenium levels may not affect the
removal of pathogens (Arthur et al.,
2003). Our findings indicate that an
increase in the dietary Sel-Plex
decreases neutrophils percentage in
blood. Effects of the Sel-Plex on the
ability of neutrophils to eliminate
pathogens are not evaluated in this
study. However, the increase in
neutrophils efficiency may compensate
for their reduction.
Moreover, inclusion of Sel-Plex into
the diet of fish had no effects on the
percentage
of
monocytes
and
eosinophils.
Innate immunity and non-specific
immune parameters could be a useful
tool to evaluate the effects of selenium
on the immune system of fish. As the
most important component of humoral
immunity in fish, immunoglobulins
play a key role in identifying and
eliminating pathogens such as bacteria
and
viruses.
We
found
that
immunoglobulin levels in the A. baerii
fed with Sel-Plex supplement were
significantly
higher
than
immunoglobulin levels in the control
group. Dietary selenium caused an
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increase in the synthesis rate of humoral
immunoglobulins in breeding animals
(Gelderman and Clapper, 2013; Hall et
al.,
2014).
Increased
total
immunoglobulin levels in channel
catfish
which
were
fed
with
selenomethionine and selenium yeast
supplement (Wang et al., 2015) agree
with the results of the present study.
Khan et al. (2008) reported similar
results in broilers which were given
selenium supplements, with or without
vitamin E.
The complement system is one of the
most important parts of the innate
immune system in fish. A combination
of factors such as diversity, high titer
and activation of the complement
system in different environmental
conditions have made the complement
system as one of the most effective
parameters in the immune system of
fish (Pushpa et al., 2014). As in
mammals, three complement activation
pathways are active in fish and fish
protein complements are homologous to
complement compounds in mammals in
terms of structure and function (Pushpa
et al., 2014). Thus, the increase in
complement activity (ACH50) can help
in
recognizing
and
eliminating
pathogens by phagocytosis (Ahmadi et
al., 2012). A significant increase in
alternative
complement
activity
(ACH50) as well as an increase in C3
and C4 activities was observed in the
fish after feeding with Sel-Plex for two
months. The third component (C3) is a
glycoprotein which is synthesized by
hepatocytes and monocytes. C3 is one
of the major proteins in the complement
system in fish and usually acts as the
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substrate for both classical and
alternative pathways (Pushpa et al.,
2014). Interaction of opsonized cells
with C3 receptors on phagocytes
increases phagocytosis (Wang et al.,
2015). C3 is a flexible molecule which
interacts with other proteins of the
complement system and therefore
increases their performance (Wang et
al., 2015). The fourth component (C4)
is a glycoprotein which is synthesized
by macrophages and monocytes. C4
plays a key role in the immunity and
tolerance of animals. C4 deals with
certain infections by connecting the
recognition pathways to other effector
proteins of the immune system (Boshra
et al., 2004). C4 participates in
eliminating certain pathogens. So, the
increased activity of ACH50, C3 and
C4 in plasma of the fish fed with SelPlex may indicate an increase in their
synthesis rate in liver, macrophages and
monocytes.
The results revealed a significant
increase in lysozyme activity in all the
treatment groups after feeding for two
months, especially in the fish receiving
5 g kg-1 Sel-Plex. Lysozymes have an
antibacterial activity characterized by
the ability to damage the cell wall of
bacteria. Lysozyme is one of the nonspecific factors in the immune system
which is usually synthesized by
leukocytes (Saurabh and Sahoo, 2008).
The increased activity of lysozyme in
the fish treated with Sel-Plex
supplement may indicate stimulation of
the non-specific immune system.
Lysozyme has anti-inflammatory, antiviral, and anti-bacterial properties and
eliminates gram-negative and gram-

positive bacteria (Saurabh and Sahoo,
2008).
This study aimed to investigate the
effects of Sel-Plex on growth
performance and immunological and
hematological parameters in Siberian
Sturgeon, A. baerii. In conclusion,
dietary supplementation of Sel-Plex had
no significant effect on growth
performance but significantly increased
specific hematological indices and
improved the innate immune system of
Siberian Sturgeon. Although the
findings of this study show that SelPlex supplement may improve the
immune system of fish, more research
is needed to comprehend the immunostimulatory impact of this material
fully.
Acknowledgements
This study was supported by grant from
Behbahan Khatam Alanbia University
of Technology. The authors are grateful
to Maryam Banaie for proofreading the
manuscript.
References
Abdollahi R., Heidari B. and
Aghamaali, M., 2016. Evaluation of
lysozyme, complement C3, and total
protein in different developmental
stages of Caspian kutum (Rutilus
frisii kutum K.). Archives of Polish
Fisheries,
24,
15-22.
DOI:
10.1515/aopf-2016-0002.
Ahmadi, K., Banaee, M., Vosoghei,
A.R., Mirvaghefei, A.R. and
Ataeimehr, B., 2012. Evaluation of
the immunomodulatory effects of
silymarin
extract
(Silybum
marianum) on some immune

Downloaded from jifro.ir at 12:34 +0330 on Saturday December 7th 2019

Iranian Journal of Fisheries Sciences 18(4) 2019

parameters of rainbow trout,
Oncorhynchus
mykiss
(Actinopterygii:
Salmoniformes:
Salmonidae). Acta Ichthyologica Et
Piscatoria, 42(2), 113-120. DOI:
10.3750/AIP2011.42.2.04.
Ahmadi, K., Mirvaghefei, A.R.,
Banaee, M. and Vosoghei, A.R.,
2014. Effects of long-term diazinon
exposure on some immunological
and haematological parameters in
rainbow trout Oncorhynchus mykiss
(Walbaum, 1792)', Toxicology and
Environmental Health Sciences,
6(1), 1-7. DOI:10.1007/s13530-0140181-1.
Amar, E.C., Kiron, V., Satoh, S.,
Okamoto, N. and Watanabe, T.,
2000. Effects of dietary β-carotene
on the immune response of rainbow
trout,
Oncorhynchus
mykiss.
Fisheries Science, 66, 1068–1075.
DOI:
10.1046/j.14442906.2000.00170.x.
Arthur, J.R., McKenzie, R.C. and
Beckett, G.J., 2003. Selenium in the
immune system. The Journal of
Nutrition, 133(5), 1457S-1459S.
Bakke, A.M., Tashjian, D.H., Wang,
C.F., Lee, S.H., Bai, S.C. and
Hung, S.S., 2010. Competition
between
selenomethionine
and
methionine absorption in the
intestinal tract of green sturgeon
(Acipenser medirostris). Aquatic
Toxicology, 96, 62-69. DOI:
10.1016/j.aquatox.2009.09.014.
Banaee,
M.,
Fallahpour,
F.,
Soleimany, V. and Nematdoost
Haghi, B., 2016. Preclinical toxicity
and safety evaluation of Althaea
officinalis L. extract as naturopathic

842

medicine in common carp (Cyprinus
carpio L.): Hematological and
biochemical study. Journal of
Applied Aquaculture, 28(2), 92-109.
DOI:10.1080/10454438.2016.11722
85.
Banaee,
M.,
Daryalaal,
F.,
Emampoor, M.R. and Yaghobi,
M., 2013. Effects of soybean meal
based diet on growth performance
and
hemolymph
biochemical
parameters
of
narrow-clawed
crayfish
(Astacus
leptodacylus
ESCHSCHOLTZ, 1823). Croatian
Journal of Fisheries, 71(2), 45-57.
Banaee, M., Mirvagefei, A.R., Rafei,
G.R., and Majazi Amiri, B., 2008.
Effect of sub-lethal diazinon
concentrations on blood plasma
biochemistry. International Journal
of Environmental Research, 2(2),
189–198.
Boshra, H., Gelman, A.E. and
Sunyer, J.O., 2004. Structural and
functional
characterization
of
complement C4 and C1s-like
molecules in teleost fish: Insights
into the evolution of classical and
alternative pathways. Journal of
Immunology, 173(1), 349-359. DOI:
10.4049/jimmunol.173.1.349.
Broome, C.S., McArdle, F., Kyle,
J.A., Andrews, F., Lowe, N.M.,
Hart, C.A., Arthur, J.R. and
Jackson, M.J., 2004. An increase in
selenium intake improves immune
function and poliovirus handling in
adults with marginal selenium. The
American Journal of Clinical
Nutrition, 80(1), 154-62.
De Riu, N., Lee, J.W., Huang, S.S.,
Moniello, G. and Hung, S.S., 2014.

Downloaded from jifro.ir at 12:34 +0330 on Saturday December 7th 2019

843 Gholizadeh Zare Tavana et al., Effects of dietary Sel-Plex supplement on…

Effect of dietary selenomethionine
on growth performance, tissue
burden, and histopathology in green
and white sturgeon. Aquatic
Toxicology, 148, 65-73. DOI:
10.1016/j.aquatox.2013.12.030.
Gelderman, A. and Clapper, J., 2013.
Effects of inorganic or organic
selenium on immunoglobulins in
swine. Journal of Animal Science
and Biotechnology, 4(1), 47. DOI:
10.1186/2049-1891-4-47.
Gholizadeh Zare Tavana, B., Banaee,
M.,
Yousefi
Jourdehi,
A.,
Nematdoost Haghi, B. and Seyed
Hassani, M., 2018. Effects of
selenium (Sel-Plex) supplement on
blood biochemical parameters of
juvenile
Siberian
sturgeon
(Acipenser baerii). Iranian Journal
of Fisheries Sciences, 17(2), 300312.
DOI:
10.22092/IJFS.2018.115481
Gisbert, E. and Williot, P., 2002.
Advances in the larval rearing of
Siberian sturgeon. Journal of Fish
Biology banner, 60(5), 1071-1092.
DOI:
10.1111/j.10958649.2002.tb01705.x.
Hall, J.A., Bobe, G., Vorachek, W.R.,
Estill, C.T., Mosher, W.D., Pirelli,
G.J. and Gamroth, M., 2014.
Effect of supranutritional maternal
and
colostral
selenium
supplementation
on
passive
absorption of immunoglobulin G in
selenium-replete
dairy
calves.
Journal of Dairy Science, 97(7),
4379-4391. DOI: 10.3168/jds.20137481.
Haratake,
M.,
Fujimoto,
K.,
Hirakawa, R., Ono, M. and

Nakayama, M., 2008. Hemoglobinmediated selenium export from red
blood cells. JBIC Journal of
Biological Inorganic Chemistry,
13(3),
471-479.
DOI:
10.1007/s00775-007-0335-6.
Harvey, W.J., 2012. Veterinary
hematology. A diagnostic guide and
color atlas. St. Louis, MO: Elsevier
Saunders. 370 P.
Hoffmann, P.R. and Berry, M.J.,
2008. The influence of selenium on
immune
responses.
Molecular
Nutrition and Food Research,
52(11),
1273–1280.
DOI:
10.1002/mnfr.200700330.
Huang, S.S., Hung, S.S. and Chan,
H.M., 2014. Maintaining tissue
selenium species distribution as a
potential defense mechanism against
methylmercury toxicity in juvenile
white
sturgeon
(Acipenser
transmontanus). Aquatic Toxicology,
156,
88–95.
DOI:
10.1016/j.aquatox.2014.08.004.
Hung, S.S.O., 2017. Recent advances
in sturgeon nutrition. Animal
Nutrition, 3(3), 191-204. DOI:
10.1016/j.aninu.2017.05.005.
Ibeagha, A.E., Ibeagha-Awemu,
E.M., Mehrzad, J., Baurhoo, B.,
Kgwatalala, P. and Zhao, X., 2009.
The effect of selenium sources and
supplementation
on
neutrophil
functions in dairy cows. Animal,
3(7),
1037-43.
DOI:
10.1017/S1751731109004303.
Ilham, I., Fotedar, R. and Suyasa, N.,
2016. Use of organic selenium
supplements in soybean meal-based
diets for juvenile yellowtail kingfish
(Seriola
lalandi).
International

Downloaded from jifro.ir at 12:34 +0330 on Saturday December 7th 2019

Iranian Journal of Fisheries Sciences 18(4) 2019

Journal of Food Nutritional Science,
3(2): 1-11. DOI: 10.15436/23770619.16.860.
Janz, D.M., DeForest, D.K., Brooks,
M.L., DeForest, D.K., Brooks,
M.L., Chapman, P.M., Gilron, G.,
Hoff,
D.,
Hopkins,
W.A.,
McIntyre, D.O., Mebane, C.A.,
Palace, V.P., Skorupa, J.P. and
Wayland, M., 2010. Selenium
toxicity to aquatic organisms. In P.
M. Chapman, W. J. Adams, M. L.
Brooks, C. G. Delos, S. N. Luoma,
W. A. Maher, et al., Ecological
Assessment of Selenium in the
Aquatic Environment. Pensacola,
Florida: Society and Environmental
Toxicology
and
Chemistry
(SETAC). pp. 139-230.
Khan, M.Z., Akter, S.H., Islam,
M.N., Karim, M.R., Islam, M.R.
and Kon, Y., 2008. The effect of
selenium and vitamin E on the
lymphocytes and immunoglobulincontaining plasma cells in the
lymphoid organ and mucosaassociated lymphatic tissues of
broiler
chickens.
Anatomia,
Histologia, Embryologia: Journal of
Veterinary Medicine Series C, 37(1),
52-59.
DOI:
10.1111/j.14390264.2007.00799.x.
Kryukov, G.V., Castellano, S.,
Novoselov, S.V., Lobanov, A.V.,
Zehtab, O., Guigó, R. and
Gladyshev,
V.N.,
2003.
Characterization of mammalian
selenoproteomes. Science, 300,
1439–1443.
DOI:
10.1126/science.1083516.
Lange, S., Guđmundsdottir, B.K. and
Mangadottir, B., 2001. Humoral

844

immune parameters of cultured
Atlantic
halibut
(Hippoglossus
hippoglossus L.). Fish and Shellfish
Immunology, 11(6), 523–535. DOI:
10.1006/fsim.2000.0333.
Lobanov, A.V., Hatfield, D.L.,
Gladyshev, V.N., 2009. Eukaryotic
selenoproteins and selenoproteomes.
Biochimica et Biophysica Acta,
1790(11),
1424-1428.
DOI:
10.1016/j.bbagen.2009.05.014.
Lu, J. and Holmgren, A., 2009.
Selenoproteins. The Journal of
Biological Chemistry, 284, 723–727.
DOI: 10.1074/jbc.R800045200.
Maggini, S., Wintergerst, E.S.,
Beveridge, S. and Hornig, D.H.,
2007. Selected vitamins and trace
elements support immune function
by strengthening epithelial barriers
and cellular and humoral immune
responses. British Journal of
Nutrition, Suppl 1, S29-35. DOI:
10.1017/S0007114507832971.
Miller, L.L., 2006. The effects of
selenium on the physiological stress
response in fish. Department of
Biological Sciences University of
Lethbridge, Canada. 164 P.
Mobasher,
M.,
Aramesh,
K.,
Aldavoud, S., Ashrafganjooei, N.,
Divsalar, K., Phillips, C. and
Larijani, B., 2008. Proposing a
national ethical framework for
animal research in Iran. Iranian
Journal of Public Health, 37(1), 3946.
Nazari, K., Shamsaie, M., Eila, N.,
Kamali, A., and Sharifpour, I.,
2017. The effects of different dietary
levels of organic and inorganic
selenium
on
some
growth

Downloaded from jifro.ir at 12:34 +0330 on Saturday December 7th 2019

845 Gholizadeh Zare Tavana et al., Effects of dietary Sel-Plex supplement on…

performance
and
proximate
composition of juvenile rainbow
trout
(Oncorhynchus
mykiss).
Iranian Journal of Fisheries
Sciences, 16(1), 238-251.
Pacitti, D., Lawan, M.M., Sweetman,
J., Martin, S.A., Feldmann, J. and
Secombes, C.J., 2015. Selenium
supplementation in fish: A combined
chemical and biomolecular study to
understand Sel-Plex assimilation and
impact
on
selenoproteome
expression
in
rainbow
trout
(Oncorhynchus mykiss). PLoS One,
10(5),
e0127041.
DOI:10.1371/journal.pone.0127041.
Pacitti, D., Lawan, M.M., Feldmann,
J., Sweetman, J., Wang, T.,
Martin, S.A. and Secombes, C.J.,
2016.
Impact
of
selenium
supplementation on fish antiviral
responses: a whole transcriptomic
analysis
in
rainbow
trout
(Oncorhynchus
mykiss)
fed
supranutritional levels of Sel-Plex®.
BMC Genomics, 17(116), 1-26. DOI:
10.1186/s12864-016-2418-7.
Pushpa, K., Gireesh-Babu, P.,
Rajendran, K.V., Purushothaman,
C.S., Dasgupta, S. and Makesh,
M., 2014. Molecular cloning,
sequencing
and
tissue-level
expression of complement C3 of
Labeo Rohita (Hamilton, 1822). Fish
& Shellfish Immunology, 40(1), 319330. DOI: 10.1016/j.fsi.2014.07.008.
Rider, S.A., Davies, S.J., Jha, A.N.,
Fisher, A.A., Knight, J. and
Sweetman, J.W., 2009. Supranutritional dietary intake of selenite
and selenium yeast in normal and
stressed
rainbow
trout

(Oncorhynchus mykiss): Implications
on selenium status and health
responses. Aquaculture, 295, 282291.
DOI:
10.1016/j.aquaculture.2009.07.003.
Saurabh, S. and Sahoo, P.K., 2008.
Lysozyme: an important defence
molecule of fish innate immune
system.
Aquaculture
Research,
39(3),
223-239.
DOI:
10.1111/j.1365-2109.2007.01883.x.
Schwarz, F.J., 1995. Determination of
mineral requirments of fish. Journal
of Applied Ichthylogy, 11, 164-174.
Wang, J.L., Meng, X.L., Lu, R.H.,
Wu, C., Luo, Y.T., Yan, X., Li,
X.J., Kong, X.H. and Nie, G.X.,
2015. Effects of
Rehmannia
glutinosa on growth performance,
immunological
parameters
and
disease resistance to Aeromonas
hydrophila
in
common
carp
(Cyprinus carpio L.). Aquaculture,
435,
293–300.
DOI:
10.1016/j.aquaculture.2014.10.004.
Weiss, W.P. and Hogan, J.S., 2005.
Effect of selenium source on
selenium status, neutrophil function,
and response to intramammary
endotoxin challenge of dairy cows.
Journal of Dairy Science, 88(12),
4366-4374.
DOI:
10.3168/jds.S0022-0302(05)731234.
Wintergerst, E.S., Maggini, S. and
Hornig, D.H., 2007. Contribution of
selected vitamins and trace elements
to immune function. Annals of
Nutrition and Metabolism, 51(4),
301-23. DOI: 10.1159/000107673.
Yano, T., 1992. Assay of hemolytic
complement activity. In J. S. Stolen,

Downloaded from jifro.ir at 12:34 +0330 on Saturday December 7th 2019

Iranian Journal of Fisheries Sciences 18(4) 2019

T. C. Fletcher, D. P. Anderson, S. C.
Hattari, & A. F. Rowley, Techniques
in Fish Immunology. Fair Haven,
NJ, USA: SOS Publications. pp.
131–141
Young, T., Finley, K., Adams, W.,
Besser, J., Hopkins, W., Jolley, D.
and Hopkins, W.D., 2010. What
you need to know about selenium. In
P. Chapman, W. Adams, M. Brooks,
C. Delos, S. Luoma, W. Maher, et
al., Ecological Assessment of
Selenium
in
the
Aquatic
Environment. CRC Press. pp. 7–45
Zhang, J., Wang, X. and Xu, T., 2008.
Elemental selenium at nano size
(Nano-Se)
as
a
potential
chemopreventive agent with reduced
risk
of
selenium
toxicity:
comparison
with
semethylselenocysteine
in
mice.
Toxicological Sciences, 101(1), 2231. DOI: 10.1093/toxsci/kfm221.
Zhuang, T., Xu, H., Hao, S., Ren, F.,
Chen, X., Pan, C. and Huang, K.,
2015. Effects of selenium on
proliferation,
interleukin-2
production and selenoprotein mRNA
expression
of
normal
and
dexamethasone-treated
porcine
splenocytes. Research in Veterinary
Science,
98,
59-65.
DOI:
10.1016/j.rvsc.2014.11.019.

846

