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Abstract
Bacterial infections have been associated with immune dysfunction and oxidative stress in cultured �sh
species while essential elements could boost immunity and exhibit antioxidant properties in �sh. This
study was therefore aimed at determining the effects of pre-exposure to waterborne selenium on humoral
immunity and redox status of Clarias gariepinus experimentally challenged with Serratia marcescens.
Juveniles C. gariepinus were pre-exposed to 50 µg/L selenium for 14 days after which they were
challenged with 5 × 103 CFU/mL of S. marcescens via oral gavage for 24 or 48 h. The control �sh were
not exposed to selenium and not challenged with bacteria. Thereafter, �sh were sacri�ced, blood collected
into EDTA bottles for the determination of plasma nitric oxide levels and respiratory burst, and the liver
excised for the determination of reduced glutathione, lipid peroxidation, and activities of catalase,
superoxide dismutase, and glutathione peroxidase. Fish that were challenged with bacteria without pre-
exposure to selenium had elevated levels of nitric oxide, reduced glutathione, lipid peroxidation, and a
higher activity of glutathione peroxidase and respiratory burst but a signi�cant decrease in the activity of
superoxide dismutase compared to the �sh that were pre-exposed to selenium prior to bacterial challenge
at both 24 and 48 h post-infection periods. The results from this study showed that infection with S.
marcescens is capable of disrupting the immune system and redox homeostasis in C. gariepinus, while
pre-exposure to selenium has the ability to improve the physiological status of �sh that were challenged
with bacteria probably through its antioxidant properties.

Highlight
The pre-exposure of Clarias gariepinus to waterborne selenium for 14 days improve the redox
homeostasis and innate immunity of �sh that were experimentally challenged with the bacterium,
Serratia marcescens.

Introduction
Globally, �sh are currently recognized as one of the cheapest source of animal protein accounting for up
to 17% of dietary animal protein intake (Cazcarro et al. 2019). The important role of �sh as the major
source of animal protein has therefore resulted in increased �sh production, and aquaculture continue to
contribute to global �sh production with global inland aquaculture production increasing from 29.9
million tons in 2007 to 41.9 million tons in 2012, although African countries contribute less than 2.7% of
the global �sh production (FAO 2018). However, in recent times, the investment in aquaculture is on the
rise in African countries like Egypt, Nigeria, Uganda and Ghana (Cai et al. 2017; FAO 2018). In fact, a
recent statistics showed that Africa experienced a growth rate of 15.5% in total �sh production from
1995-2018 (FAO 2016).

The African cat�sh, Clarias gariepinus is widely cultivated in most African countries due to its tolerance
to hostile environment such as turbid water, having high stocking density, fast growth rate etc. (El-Shebly
2006). In most African countries, local �sh farmers cultivate their �sh in earthen ponds, a system which
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predisposes the �sh in culture to infection by pathogens especially bacteria since the earthen ponds have
been shown to harbor pathogenic organisms (Ampofo and Clerk 2010; Adeyemi et al. 2013). Notably, the
infection of cultured �sh by the bacteria Serratia marcescens has been widely reported in the literature. In
the US, S. marcescens has been isolated in the white perch (Baya et al. 1992). In Malaysia, an outbreak of
endemic disease from tilapia �sh farms was linked to infection by S. marcescens (Chan et al. 2013). It
has also been reported to cause high mortality and morbidity in guppy, Poecilia reticulata with skin and
�n rot lesions (Dharmaratnam et al. 2017).

Fish are protected against pathogen infections by speci�c and non-speci�c immune element. Non-
speci�c immune elements are those elements that act not only as �rst line of defense against all
pathogens, but also play an instructive role in the development of acquired immune response (Biller-
Takahasi and Urbinati 2014). The inhibition of speci�c immune responses and nonspeci�c defense
mechanisms as a result of continuous stress by pathogen infections result in increased susceptibility to
infections (Kotob et al. 2016). Aside the effects on immune systems, bacterial infections have been
shown to result in redox imbalance in �sh causing tissue lipid peroxidation and modulation of
antioxidant enzymes (Adeyemi 2014; Roy et al. 2019; Souza et al. 2019). Fish like other vertebrates rely
on complex antioxidant systems that include molecules such as glutathione and vitamin E, and
antioxidant enzymes like catalase, superoxide dismutase, glutathione peroxidase, thioredoxin reductase
etc. to �ght oxidative stress.

The introduction of essential elements either as a supplement in diets or incorporation into their
environments has been shown to help in boosting the immune system of animals in response to
infections (Jayawardena et al. 2020; Pecora et al. 2020). One typical essential element that has been
shown to have great role in vertebrate immunity is selenium (Durigon et al. 2019). Selenium is an
essential trace element in regular physiological processes of growing �sh. Also, it is an important
component of the antioxidant system and own a forceful immunomodulation and antimicrobial
e�ciency (Sarkar et al. 2015). It constitute an integral part of several selenoprotiens such as glutathione
peroxidase (GPx), iodothyronine deiodinase, thioredoxin reductase and selenophosphate synthetase.
Although, it is an important components of normal physiological functioning, selenium have a thin
margin between being essential and toxic. Some studies have it that selenium improves humoral and cell-
mediated immune responses of �sh (Hsu and Guo 2002; Biller-Takahashi et al. 2015).

Although, selenium has been reported to have the potential to boost the immune system of �sh but has
been shown to be also toxic to �sh at elevated concentrations, as such there exist a knowledge gap about
the actual role of selenium in �sh physiology especially in circumstance of pathogen infections. Similarly,
since selenium is a major constituent of important antioxidant enzymes such as glutathione peroxidase
and thioredoxin reductase, it is anticipated that routine supply of �sh with moderate concentration of
selenium could help in maintaining the redox homeostasis of �sh. From the foregoing, this study was
aimed at investigating the effects of pre-exposure to waterborne selenium on the innate immunity and
redox status of African cat�sh (C. gariepinus) experimentally challenged with S. marcescens.
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Materials And Methods
Experimental organism

The experimental animal used in this research was the African cat�sh, Clarias gariepinus. A total of 30
juvenile C. gariepinus (mean weight: 2.8 ± 0.13 g) were used in the study. The �sh were purchased from a
commercial farm within Akure metropolis, and were transported in open head plastic containers to the
Research Laboratory, Department of Biology, Federal University of Technology, Akure. The �sh were
allowed to acclimatize to laboratory conditions in chlorine-free tap water for one week prior to
commencement of experiments. The �sh were fed with commercial �sh pellets twice daily during the
period of the acclimatization and experiment.

Pre-exposure of �sh to selenium

The laboratory acclimatized �sh were allocated into six tanks (n = 5 per tank); three of which were
maintained in clean water for 14 days while the remaining tanks were exposed to 50 µg/L selenium
(prepared from the stock solution of selenium) for 14 days. After the 14 days of selenium pre-exposure,
one tank each from the unexposed (control) and selenium-exposed (Sel) were collected and the �sh in
those tanks were sacri�ced, the liver excised, homogenized in ice-cold phosphate buffer (50 mM, pH 7.4),
and the homogenates was used for the determination of oxidative stress parameters; levels of reduced
glutathione, lipid peroxidation, and activities of catalase, superoxide dismutase, and glutathione
peroxidase. The blood was collected into EDTA bottle, centrifuged at 10,000 ×g for 20 min at 4 °C to
obtain the plasma and the plasma levels of nitric oxide and respiratory burst activity were determined.

Experimental challenge of �sh with S. marcescens

Fish in the remaining tanks were challenged with 5 × 103 CFU/mL inoculums of S. marcescens via oral
gavage for either 24 h or 48 h. The tanks were designated as: unexposed �sh for 14 days but challenged
with bacteria for 24 h or 48 h (Bact) and pre-exposed to selenium for 14 days and challenged with
bacteria for 24 or 48 h (Sel + Bact). The �sh in each group were collected at 24 and 48 h post-inoculation
periods, sacri�ced, the liver excised for the determination of oxidative stress parameters while the blood
was collected for the determination blood plasma levels of nitric oxide and respiratory burst activity.

Plasma level of nitric oxide

Nitric oxide levels of the blood plasma were determined according to the method described by Guevara-
Guzman et al. (1994), with a slight modi�cation. Aliquot of 100 μL of the plasma was mixed with 100 μL
Griess reagent and incubated for 10 min at room temperature. The absorbance was read by a
spectrophotometer at 540 nm. The nitrite concentration was measured with the nitrite standard curve and
expressed as µmol/mL.

Respiratory burst assay
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The level of respiratory burst was determined by the method of Anderson and Siwicki (1995). A 100 µL of
blood plasma was mixed with 100 µL of 0.2 % nitroblue tetrazolium (NBT) solution which was
homogenized and incubated for 30 min at 25 °C. The NBT solution was prepared in phosphate buffered
saline (PBS), prepared with NaCl (0.137 M), KCl (2.7 mM), KH2PO4 (1.5 mM), Na2HPO4 (8.1 mM), CaCl2
(0.9 mM), MgCl2 (0.49 mM) in distilled water Milli-Q qsp 1 litre), pH 7.4. 50 µl from the mixture was added
to 1 ml of N, N-dimethyl formamide in a glass tube. The solution was properly homogenized and
afterwards centrifuged at 3000 × g for 5 min. The optical density of the supernatant was measured at
540 nm on a UV/visible spectrophotometer against a blank with same components except the blood was
exchanged with distilled water.  

Liver lipid peroxidation levels

Lipid peroxidation was determined by the thiorbarbituric acid reactive substances assay which quanti�es
the levels of malondialdehyde, the �nal product of lipid peroxidation. This method was based on the
colorimetric determination of malondialdehyde (MDA) according to the method of Esterbauer and
Cheeseman (1990). Homogenized suspension of liver was mixed with 2 volumes of cold 10% (w/v)
trichloroacetic acid (TCA) to precipitate the protein. The precipitate was pelleted by centrifugation, and an
aliquot of the supernatant was added to an equal volume of 0.67% (w/v) thiobarbituric acid and the
mixture placed in a boiling water bath for 10 min. After cooling, the absorbance was read at 532 nm. The
concentration of MDA was expressed as nmol MDA mg protein-1 using a molar extinction coe�cient
of 153,000 M-1cm-1.

Liver reduced glutathione levels (GSH)

The levels of reduced glutathione in the liver homogenate was estimated by the method of Ellman (1959).
Brie�y, 0.5 mL of tissue homogenate was precipitated with 2.0 mL of 5% TCA and centrifuged. To 1.0 mL
of the supernatant, 3.0 mL phosphate buffer and 0.5 mL Ellman’s reagent were added and incubated for
15 min at room temperature. The intensity of yellow color formed was measured at 420 nm. A series of
standards (10– 50 μg GSH) were treated in a similar manner along with the blank containing 1.0 mL
distilled water. The amount of GSH was expressed as nmol/mg protein.

Liver glutathione peroxidase activity 

Glutathione peroxidase activity was determined according to the method of Hafeman et al. (1974). The
tissue homogenate (approximately 0.5 mg protein) was incubated with   0.1 mL of 5 mM GSH, 0.1 mL of
1. 25 mM H2O2, 0.1 mL of 25 mM NaN3 and   phosphate buffer (0.05 mM, pH 7) in a total volume of 2.5

mL at 37 °C for 10  min. The reaction was stopped by adding 2 mL of 1.65 % HPO3
2- and the reaction

mixture was centrifuged at 1500 rpm for 10 min. 2 mL of the supernatant was mixed with 2 mL 0.4 M
Na2HPO4 and 1 mL of 1 mM DTNB. The absorbance of the yellow colored complex was measured at 412
nm after incubation for 10 min at 37 °C against distilled water. A sample without the tissue homogenate
processed in the same way was kept as non-enzymatic reaction.
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Liver superoxide dismutase activity 

Superoxide dismutase (SOD) activity was determined according to the method of Beauchamp and
Fridovich (1971). The reaction mixture comprised 0.01 mL of the tissue homogenate, 0.2 mL of 0.1 M
EDTA (containing 0.0015% NaCN), 0.1 ml of 1.5 mM NBT and phosphate buffer (67 mM, pH 7.8) in a
total volume of 2.6 mL. Later, 0.05 mL of ribo�avin was added to the mixture, and incubated in the dark
for 1 h after which the absorbance was measured at 560 nm using a UV/visible spectrophotometer. The
tissue homogenate was replaced with distilled water to get the reading for the blank. SOD activity was
expressed as µmoles/min/mg protein. 

Liver catalase (CAT) activity

The catalase activity was determined according to the method described by Aebi (1984). Aliquot of 25 μL
of tissue homogenate was added to 1.0 mL of phosphate buffer, and the enzyme reaction was started by
the addition of 250 μL of H2O2 solution. The decrease in absorbance was measured at 240 nm at 30
seconds intervals for 3 min. The enzyme blank was run simultaneously with 250 μL of distilled water
instead of hydrogen peroxide. The enzyme activity is expressed as nmoles of H2O2 decomposed/min/mg
protein. 

Protein determination

The protein levels in the tissue homogenate was determined according to the method described by
Bradford (1976), using bovine serum albumen as the standard.

Statistical analyses

Data obtained were expressed as mean ± standard deviation. The data on GSH, MDA, CAT activity, SOD
activity, GPx activity, nitric oxide, and respiratory burst were subjected to two-way analysis of variance
with selenium pre-exposure (pre-exposed to selenium for 14 days versus not pre-exposed to selenium)
and post-infection time (24 h versus 48 h) as factors. The means were separated using Tukey’s multiple
comparison tests. Statistical analyses were performed using GraphPad Prism software (version 5), and
statistical signi�cance was assumed at p < 0.05.

Results
Plasma levels of nitric oxide

The levels of nitric oxide in the blood plasma of C. gariepinus at 24 h or 48 h post-infection durations are
shown in Figure 1A. There was a signi�cant effect of pre-exposure to selenium on the levels of nitric
oxide in the �sh (F3, 40 = 55.26, p < 0.0001) while there was no signi�cant effect of post-infection duration
(F1, 40 = 0.06, p = 0.8136). At both 24 h and 48 h post-infection durations, the levels of nitric oxide was
highest in the group that were challenged with bacteria without selenium pre-exposure (Bact). There was
a signi�cant reduction in the levels of nitric oxide in the group pre-exposed to selenium prior to bacterial
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challenge (Sel + Bact) compared to the group challenged with bacterial without selenium pre-exposure
(Bact). Also, the selenium pre-exposed group (Sel) has signi�cant lower levels of nitric oxide compared to
the control. 

Respiratory burst activity

Figure 1B shows the respiratory burst in C. gariepinus challenged with S. marcescens with or without pre-
exposure to selenium at 24 and 48 h post-infection durations. The pre-exposure of �sh to selenium
resulted in a signi�cant difference in the respiratory burst activity of C. gariepinus (F3, 40 = 121.86, p <
0.0001). The respiratory burst was signi�cantly lower in the group pre-exposed to selenium prior to
bacterial challenge compared to the group challenged with bacteria without selenium pre-exposure. The
respiratory burst in the group pre-exposed to selenium was statistically the same as in control. The
respiratory burst activity increased signi�cantly with a longer post-infection duration (48 h) especially in
the group challenged with bacteria without selenium pre-exposure (F1, 40 = 16.99, p = 0.0002). There was
a signi�cant interactive effect of selenium pre-exposure and post-infection duration on the respiratory
burst (F3, 40 = 6.76, p = 0.0009).

Liver lipid peroxidation levels

The extent of lipid peroxidation in terms of the levels of malondialdehyde (MDA) in C. gariepinus
challenged with S. marcescens with or without pre-exposure to selenium at 24 and 48 h post-infection
durations was shown in Figure 2A. The levels of MDA in the liver of �sh depended on both selenium pre-
exposure (F3, 40 = 480.08, p < 0.0001) and post-infection duration (F1, 20 = 106.21, p < 0.0001). The levels
of MDA was highest in the group that were challenged with bacteria without selenium pre-exposure.
There was a signi�cant reduction in the levels of MDA in the group pre-exposed to selenium prior to
bacterial challenge compared to the group challenged with bacterial without selenium pre-exposure. Also,
the selenium pre-exposed group (Sel) has signi�cant lower level of MDA compared to the control. The
level of MDA increased signi�cantly in bacterial challenged groups (with or without selenium pre-
exposure) at 48 h compared to 24 h post-infection period. There was a signi�cant interactive effects of
selenium pre-exposure and post-infection duration on the levels of MDA (F3, 40 = 44.60, p < 0.0001).

Liver reduced glutathione levels (GSH)

Figure 2B shows the levels of reduced glutathione (GSH) in C. gariepinus challenged with S. marcescens
with or without pre-exposure to selenium at 24 and 48 h post-infection durations. The levels of GSH in the
liver of �sh depended on both selenium pre-exposure (F3, 40 = 208.48, p < 0.0001) and post-infection
duration (F1, 20 = 105.51, p < 0.0001). The levels of GSH was lowest in the groups challenged with
bacteria at both 24 and 48 h post-infection durations. There was a signi�cant interactive effects of
selenium pre-exposure and post-infection duration on the levels of GSH (F3, 40 = 38.85, p < 0.0001).

Liver glutathione peroxidase activity
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The activity of glutathione peroxidase (GPx) in C. gariepinus challenged with S. marcescens with or
without pre-exposure to selenium at 24 and 48 h post-infection durations was shown in Figure 2C. The
activity of GPx in the liver of �sh depended on both selenium pre-exposure (F3, 40 = 175.26, p < 0.0001)
and post-infection duration (F1, 20 = 61.35, p < 0.0001). The activity of GPx decreased signi�cantly in the
group challenged with bacteria without selenium pre-exposure compared to the group that was pre-
exposed to selenium prior to bacteria challenge. There was no signi�cant difference in GPx activity
among the control, �sh pre-exposed to selenium alone, and �sh pre-exposed to selenium prior to bacterial
challenge. The GPx activity decreased signi�cantly in bacterial challenged groups (with or without
selenium pre-exposure) at 48 h compared to 24 h post-infection period. There was a strong interactive
effects of selenium pre-exposure and post-infection duration on the activity of GPx (F3, 40 = 20.80, p <
0.0001).

Liver superoxide dismutase activity

The activity of superoxide dismutase (SOD) in C. gariepinus challenged with S. marcescens with or
without pre-exposure to selenium at 24 and 48 h post-infection durations was shown in Figure 2D. The
activity of SOD in the liver of �sh depended on both selenium pre-exposure (F3, 40 = 414.32, p < 0.0001)
and post-infection duration (F1, 20 = 317.60, p < 0.0001). The activity of superoxide dismutase was not
signi�cantly different between the control and selenium group, but was statistically lower than the values
for the groups challenged with bacteria (with or without selenium pre-exposure) especially at 48 h post-
infection duration. The SOD activity increased signi�cantly in bacterial challenged groups (with or
without selenium pre-exposure) at 48 h compared to 24 h post-infection period.

Liver catalase activity

Figure 2E shows the activity of catalase (CAT) in C. gariepinus challenged with S. marcescens with or
without pre-exposure to selenium at 24 and 48 h post-infection durations. There was a signi�cant effect
of pre-exposure to selenium on the activity of catalase (F3, 40 = 23.32, p < 0.0001) while there was no
signi�cant effect of post-infection duration (F1, 40 = 1.83, p = 0.1843). Catalase activity increased
signi�cantly in the groups challenged with bacteria (with or without selenium pre-exposure) compared to
the control and the �sh pre-exposed to selenium but not challenged with bacteria.

Discussion
The present study employed certain humoral immunity parameters to assess the effects of experimental
challenge of C. gariepinus with a pathogenic bacterium, S. marcescens. The levels of nitric oxide has
been used in various studies to evaluate the impact of exposure to stressors in �sh. Nitric oxide acts as a
signaling molecule in in�ammatory reactions which are important components of immune system of �sh
(Pathak and Lal 2010; Baldissera et al. 2020). The signi�cant elevated blood plasma levels of nitric oxide
in �sh challenged with S. marcescens in this study was consistent with results of other studies that also
showed that the levels of nitric oxide increased in �sh as a result of bacterial infection. Campos-Perez et
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al. (2000) reported higher serum nitric oxide in rainbow trout infected with Renibacterium salmoninarum.
This may be due to bacterial products such as lipopolysaccharide that are powerful inducers of nitric
oxide synthase (iNOS), which enhance NO production, a fact supported by the high nitric oxide reported
by Gopalakrishnan et al. (2011) in crab challenged with lipopolysaccharides.

Also, the results of this study showed that waterborne selenium improved immune responses and
resistance of C. gariepinus to S. marcescens infection. The low level of nitric oxide in �sh pre-exposed to
selenium prior to bacterial challenged compared with �sh challenged with bacteria without selenium pre-
exposure supports this assertion. This showed that selenium protected the �sh against bacterial
challenge induced nitrogen species. Indeed, selenium has been reported to enhance survival and
production of antibody in channel cat�sh that were challenged with pathogenic bacterium, Edwardsiella
ictaluri (Wang et al. 1997).

Respiratory burst is an indication of tissue damage due to the production of reactive oxygen species
(ROS) due to exposure to biotic and abiotic stressors (de Faria et al. 2021). The high respiratory burst
recorded in bacteria only infected group might also be attributed to septicemia which might stimulate
phagocytic action by antibodies in the blood. The result is in agreement with the �ndings of Reyes-
Becerril et al. (2011) who reported high respiratory burst in Sparus aurata double injected with the Gram-
negative bacteria. Other studies have also reported enhanced level of respiratory burst in �sh after
pathogen infection (Rodríguez et al. 2008; Raida and Buchmann 2009; Biller-Takahasi et al. 2013).

The results from this study showed that infection by S. marcescens resulted in oxidative stress in C.
gariepinus evidenced by increased levels of lipid peroxidation, decreased levels of GSH and decreased
activity of glutathione peroxidase. These results agreed with the reports of Adeyemi (2014) that showed a
signi�cant increase in the levels of tissues lipid peroxidation in response to experimental challenge with
Escherichia coli and Vibrio �scheri. In another study the experimental challenge of grass carp with
Aeromonas hydrophila caused a signi�cant increase in the levels of lipid peroxidation in �sh liver (Zhao
et al. 2019). The increased levels of lipid peroxidation in the liver of �sh challenged with bacteria showed
that infection by S. marcescens weakened the antioxidant systems of the �sh resulting in excessive
accumulation of produced reactive oxygen species due to increased phagocytic and respiratory burst
activities (Roy et al. 2019). This was supported by the results of the activity of glutathione peroxidase
which decreased signi�cantly in �sh following challenge with bacteria. Glutathione peroxidase catalyzes
the reduction reactions of hydrogen peroxide to water and oxygen as well as fatty acid hydroperoxides to
fatty acid alcohols and oxygen at the cytosol and mitochondrial matrix (Day 2009).

It is evident from the results of this study that selenium plays a role in conferring some level of protection
to African cat�sh challenged with S. marcescens. The activity of glutathione peroxidase (GPx) recorded in
this study was higher in selenium and sel + bacteria groups compared to bacteria only and control. The
high activity of GPx corroborated the �ndings of Araujo et al. (2021) that reported higher GPx activity in
liver, kidney and plasma of Nile tilapia exposed to dietary nano-selenium and inorganic selenium.
Similarly, Pacitti et al. (2013) reported that exposure of �sh to selenium signi�cantly increased the



Page 10/15

expression of GPX-1 and GPx-4 which are the two forms of GPx found in the liver that have been shown
to be capable of scavenging hydrogen peroxides radicals. The high GPx activity recorded in the sel and
sel + bact groups might be indicative of the role of selenium in antioxidant defense system.

In conclusion, the results of this study showed that infection of C. gariepinus with S. marcescens causes
redox imbalance in the infected �sh probably due to breakdown of �sh antioxidant systems. Also, our
�ndings demonstrated the antioxidant capability of selenium in stressed �sh. Although, the mechanism
is not fully elucidated, it is believed that selenium constitute a major component of the antioxidant
defense mechanism in �sh. It is therefore recommended that selenium be incorporated into �sh feed in
doses below toxic threshold to booster �sh immunity against pathogens.
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Figure 1

The plasma levels of nitric oxide (A), and respiratory burst activity (B) in C. gariepinus challenged with S.
marcescens with or without pre-exposure to selenium at 24 and 48 h post-infection durations. Each bar is
the mean ± standard deviation (n = 6). Bars with different letters are signi�cant different within the same
exposure duration.
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Figure 2

The levels of lipid peroxidation (A), reduced glutathione (B), activity of glutathione peroxidase (C), activity
of superoxide dismutase (D), and activity of catalase (E) in C. gariepinus challenged with S. marcescens
with or without pre-exposure to selenium at 24 and 48 h post-infection durations. Each bar is the mean ±
standard deviation (n = 6). Bars with different letters are signi�cant different within the same exposure
duration.


