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Abstract

Clarias fuscus, Silurus asotus and Silurus meridionalis are economically
important species in the aquaculture industry in China. However, comparative
analysis of immune indices of C. fuscus, S. asotus, and S. meridionalis has
been rarely been conducted. In the present study, head kidney and spleen
indices and blood serum immunologically related enzyme activity of C. fuscus,
S. asotus, and S. meridionalis were detected. Both head kidney and spleen
body ratios were highest in S. meridionalis, followed by S. asotus, and lowest
in C. fuscus. This suggests that the degree of lymphocyte proliferation and
immune function of S. meridionalis might be strongest compared to S. asotus
and C. fuscus. Blood serum lysozyme activity, superoxide dismutase (SOD)
activity, and alkaline phosphatase activity, were highest in S. meridionalis,
followed by S. asotus, but lowest in C. fuscus. Compared to S. asotus,
acid phosphatase activity and catalase activity was higher in C. fuscus. Both
acid phosphatase and catalase activities were highest in S. meridionalis, which
was in line with lysozyme, superoxide dismutase (SOD), alkaline phosphatase,
head kidney and spleen body ratios. This indicated that compared to S. asotus
and C. fuscus, the immune function of S. meridionalis was strongest, and
might have the greatest resistance to invaders like parasites, bacteria, and
viruses. These results provide a theoretical basis for selection of varieties and
optimization of germplasm in fish culture production and may be very
valuable in future research.

Corresponding author. Tel.:18890707586, fax:+86 0736-7186016, e-mail: *
xiahu@webmail.hzau.edu.cn and Pinhong Yang
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Introduction
As in higher vertebrates, fish rely on both specific and non-specific mechanisms to
protect themselves against invading pathogens (Xia et al., 2017). In fish, the primary
areas of non-specific defense are the skin and mucus (Kumar et al., 2013). As a first line
of defense, various peptides/proteins such as lysozymes, antibodies, complementary
factors, and other lytic factors are present in the serum where they prevent colonization
of microorganisms, leading to prevention of infection and disease (Das et al., 2009).

Clarias fuscus is an economically important fish in China and is distributed widely in
south China, Yangtze river, Pearl River, Min River, and even Hainan island (Zhou et al.,
2015). It is also distributed in Southeast Asia and Africa and forms different geographical
population in the aforementioned region. It is an important economic fish also distributed
in other regions.

Silurus asotus is classified Siluriformes and Siluridae (Park et al., 2004). The fish is a
warm water fish inhabiting waters with temperatures ranging from 20-27°C. It is a
nocturnal carnivorous fish and preys not only on crustaceans but also on other aquatic
animals (Yang et al., 2015). Far Eastern catfish grow about 20-50 cm per a year. S.
asotus live in China, Japan, and all Korean rivers. They are delicious and highly nutritious
so are utilized as edible fish (Park et al., 2004).

Silurus meridionalis is a carnivorous forager that is characterized by a size, faster
growth rate, and stronger disease resistance than other carnivorous fish in the same
waters. It can survive with several months of food deprivation (Fu et al., 2011; Zhang
and Xie 2000). This species is widely distributed in the Changjiang and Jialing rivers in
China, where food supply fluctuates dramatically throughout the year (Zeng et al.,
2014).

There are interspecific and intraspecific differences in non-specific immunity of fish. C.
fuscus, S. asotus, and S. meridionalis are economically important species in the
aquaculture industry in China. However, comparative study of non-specific immune
indices of C. fuscus, S. asotus, and S. meridionalis has rarely been undertaken. The aim
of the present study was to compare the non-specific immune indices of C. fuscus, S.
asotus, and S. meridionalis to provide a theoretical basis for selection of varieties and
optimization of germplasm in fish culture production, which would be valuable for
research and application.

Materials and Methods

Experimental fish
C. fuscus, S. asotus, and S. meridionalis (body weight: 450-455g) were collected from a
breeding base of Hunan University of Arts and Science. Prior to beginning the
experiments, fish were acclimatized and quarantined in plastic tanks in aerated
freshwater at 24+£2°C for two weeks. The experiment was approved by the Institutional
Animal Care and Use Committees (IACUC) of Hunan University of Arts and Science,
Changde, China.

Head kidney and spleen indices

The fish were weighed and then sacrificed after collecting blood samples. The head
kidney and spleen were removed and weighed, and head kidney and spleen indices were
calculated.

Head kidney index = weight of head kidney (g) / body weight (g) x 100%

Spleen index = weight of spleen (g) / body weight (g) x 100%

Blood sampling

Samples of ten fish were collected from each species, and 1 mL blood was collected
from the caudal vein of each fish with syringes and needles rinsed with heparin. The
blood sample was centrifuged at 1000 g for 5 min to separate the blood serum that was
stored at -20 °C for CAT, AKP, ACP, T-SOD, and lysozyme activity tests.

Lysozyme activity

Lysozyme activity was measured using the turbidity assay. Lysozyme standard
product powder (80,000 U/mg) was used as a standard and 1 mg lyophilized micrococcus
lysodeikticus in sodium phosphate buffer (pH 5.75) was used as substrate. 20 yL plasma
sample was added to 2 mL of substrate and the reduction in the transmittance at 530 nm
was determined after 20 s and 8 min incubation. One unit of lysozyme activity was
defined as the increase in transmittance of 0.001 per min.
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Superoxide dismutase (SOD) activity

Superoxide dismutase (SOD) activity was measured by its ability to inhibit
superoxide radical-dependent reactions using the Ransod Kit (Randox, Crumlin, UK). The
reaction mixture (1.7ml) contained xanthine (0.05 mM) and 2-(4-iodophenyl)-3-(4-
nitrophenol)-5-phenyltetrazolium chloride (INT, 0.025 mM) dissolved in CAPS 50 mM (pH
10.2) and EDTA (0.94 mM). In the presence of xanthine oxidase (80 U I1, 250 ul),
superoxide and uric acid were produced. The superoxide radical then reacted with INT to
produce a red formazan dye. Optical density was measured at 505 nm, and the rate of
reaction was calculated by the absorbance readings 30 s and 3 min after adding xanthine
oxidase. A reference standard SOD was supplied with the Ransod Kit. One unit of SOD
was defined according to the amount required to inhibit the rate of xanthine reduction by
50%. Specific activity was expressed as SOD units/ml.

Catalase, Alkaline phosphatase, and Acid phosphatase activity

In the experiments, we measured catalase activity (CAT), alkaline phosphatase
activity (AKP), and acid phosphatase activity (ACP) of blood serum. Catalase activity,
alkline phosphatase activity, and acid phosphatase activity were determined using the
Diagnostic Reagent Kits purchased from Nanjing Jian Cheng Bioengineering Institute
(China).

Statistical analysis

Data are presented as mean value * standard error (SE); mean values of immune
indices of C. fuscus, S. asotus, and S. meridionalis were compared using the one-way
analysis of variance by Duncan’s test of STATISTICA software package (Version 6.0,
Statsoft, Inc.). Different letters above bars represented significant difference at the levels
of p<0.05, and same letters above bars indicated no significant difference.

Results
Head kidney and spleen indices of C. fuscus, S. asotus, and S. meridionalis were shown
in Figs. 1 & 2. Head kidney body ratio was highest in S. meridionalis, followed by S.
asotus, and was lowest in C. fuscus (Fig. 1). Spleen body ratio of S. meridionalis was
highest, and the spleen body ratio of S. asotus was higher than C. fuscus (Fig. 2).

Fig. 1. Head kidney body ratio of

w 007 r Clarias fuscus, Silurus asotus and
> o006 k- Silurus  meridionalis. Data are
5 00s | presented as mean £ SE (n =10).
E . Differences were determined by one-
< 004 way analysis of variance (ANOVA).
= 003 - Different letters  above bars
2 represented significant difference at
& oo f the levels of p<0.05, and same
001 + letters above bars indicated no
significant difference.
0.00
Clarias fuscus Stlurus meridionalis Silwrus asotus

5 014 Fig. 2. Spleen body ratio of Clarias
(NS fuscus, Silurus asotus and Silurus

& ok meridionalis. Data are presented as

2 mean * SE (n =10). Differences were

E 008 | determined by one-way analysis of

3 006 variance (ANOVA). Different letters
- above bars represented significant

% 004 | difference at the levels of p<0.05, and
=00t same letters above bars indicated no

000 significant difference.

Clarias fuscus ~ Silurus meridionalis ~ Silurus asotus
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Lysozyme activity of C. fuscus, S. asotus, and S. meridionalis was shown in Fig. 3.
Lysozyme activity was 2.75 U/ml in C. fuscus, 9.75U/ml in S. meridionalis, and 8 U/ml in
S. asotus. Lysozyme activity was highest in S. meridionalis, followed by S. asotus, and
was lowest in C. fuscus (Fig. 3).

Fig. 3. Lysozyme activity of Clarias
12.00 fuscus, Silurus asotus and Silurus
meridionalis. Data are presented as
mean = SE (n =10). Differences
were determined by one-way analysis

a
b

8.00 | of variance (ANOVA). Different letters

above bars represented significant
6.00 | difference at the levels of p<0.05,

and same letters above bars
4.00 + ¢ indicated no significant difference.
2700 _ .
0.00

Clarias fuscus  Silurus meridionalis  Silurus asotus

10.00 -

(1w /n) 3u=s3zuocs awAzosAy

Superoxide dismutase (SOD) activity of C. fuscus, S. asotus, and S. meridionalis was
shown in Fig. 4. Superoxide dismutase (SOD) activity was 56.35 U/ml in C. fuscus, 64.65
U/ml in S. meridionalis and 60.15 U/ml in S. asotus. Superoxide dismutase (SOD)
activity of S. meridionalis was highest, and superoxide dismutase (SOD) activity of S.
asotus was higher than C. fuscus (Fig. 4).

Fig. 4. Superoxide dismutase (SOD)

80.00 1 a activity of Clarias fuscus, Silurus asotus
w» 1000 b and Silurus meridionalis. Data are
g 6000 ¢ presented as mean * SE (n =10).
2 5000 | Differences were determined by one-
E,I 4000 k way analysis of variance (ANOVA).
= . Different letters above bars
€ 3000 A )
3 . represented significant difference at
Z 2000 - the levels of p<0.05, and same letters

10.00 - above bars indicated no significant

0.00 difference.

Clarias fuscus  Silurus meridionalis  Silurus asotus

Catalase activity (CAT) of C. fuscus, S. asotus, and S. meridionalis is shown in Fig. 5.
Catalase activity (CAT) was 2.41 U/ml in C. fuscus, 5.62 U/ml in S. meridionalis and 1.92
U/ml in S. asotus. Catalase activity (CAT) was highest in S. meridionalis, followed by C.
fuscus, and was lowest in S. asotus (Fig. 5).

Fig. 5. Catalase activity (CAT) of
Clarias fuscus, Silurus asotus and

0 - a Silurus  meridionalis. Data  are

6.00 . presented as mean £ SE (n =10).
SO Differences were determined by one-
i way analysis of variance (ANOVA).
3 400 b Different  letters  above  bars
S 300 F C represented significant difference at
'E . z the levels of p<0.05, and same
g 20 letters above bars indicated no
B, 100F significant difference.

0.00

Clarias fuscus Silwrus meridionalis Silwrus asotus
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Alkaline phosphatase activity (AKP) of C. fuscus, S. asotus, and S. meridionalis is
shown in Fig. 6. Alkaline phosphatase activity (AKP) was 2.21 U/ml in C. fuscus, 5.18
U/ml in S. meridionalis and 4.91 U/ml in S. asotus. Alkaline phosphatase activity (AKP)
was highest in S. meridionalis, followed by S. asotus, and was lowest in C. fuscus (Fig. 6).

Fig. 6. Alkaline phosphatase activity

6.00 d C (AKP) of Clarias fuscus, Silurus asotus
500 L and Silurus meridionalis. Data are
' presented as mean £ SE (n =10).
400 F Differences were determined by one-
b way analysis of variance (ANOVA).
3.00 1 Different letters above bars
200 1 represented significant difference at
- the levels of p<0.05, and same letters
1.00 F above bars indicated no significant
difference.
0.00

Clarias fuscus Silurus meridionalis Silurus asotus

Acid phosphatase activity (ACP) of C. fuscus, S. asotus, and S. meridionalis was
shown in Fig. 7. Acid phosphatase activity (ACP) was 1.68 U/ml in C. fuscus, 1.83 U/ml in
S. meridionalis and 0.42 U/ml in S. asotus. Acid phosphatase activity (ACP) was highest
in S. meridionalis, followed by C. fuscus, and was lowest in S. asotus (Fig. 7).

Fig. 7. Acid phosphatase activity (ACP)

o a of Clarias fuscus, Silurus asotus and
Silurus meridionalis. Data are presented

as mean = SE (n =10). Differences were

determined by one-way analysis of

b variance (ANOVA). Different letters

above bars represented significant

difference at the levels of p<0.05, and

- same letters above bars indicated no

2.00
1.80
1.60
140
1.20
1.00
0.80
0.60
040
0.20
0.00

(1w /n) Asanoe 4oy

significant difference.

Clarias fuscus Silurus meridionalis Silurus asotus

Discussion

Immune organs are important parts of the immune system. As the histology foundations,
they are vital in maintaining normal immune function (Qiao et al., 2013). The head
kidney morphology and function were similar to the mammalian bone marrow, which was
a major hematopoietic organ and site of production of antibodies and other immune cells
in teleost fish (Xia et al., 2015). Head kidney is the major immune organ in fish and
plays an important role in immune response of teleostei (Rijkers et al., 1980). The spleen
is the last genesia-organ in the development of the lymphatic system of teleosts
(Manning and Turner, 1994). To some extent changes in weight of head kidney and
spleen indicate the developmental status of these organs which is important for the
immunity of fish (Wang et al., 2006). In the present study, both head kidney and spleen
body ratios were highest in S. meridionalis, followed by S. asotus, and lowest in C. fuscus.
This indicated that the degree of lymphocyte proliferation and immune function of S.
meridionalis was strongest compared to S. asotus and C. fuscus.

Neutrophils are considered the source of lysozyme and the enzyme appears to be
much more bactericidal than lysozyme of higher vertebrates (Ellis, 2017). Lysozyme
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activity functions as a primary defense factor of non-specific humoral immunity in
preference to cellular defense mechanisms (Basha et al., 2013). Fish serum lysozyme is
believed to be of leukocyte origin (Kumar et al., 2013). Lysozyme plays an important role
in innate immunity by lysis of bacterial cell wall and thus stimulates the phagocytosis of
bacteria (Ellis, 1990). Its ability to disrupt the cell walls of certain pathogens makes
lysozyme a natural antagonist to harmful invaders like parasite, bacteria and virus.
Lysozyme occurs prominently in fish serum and mucus (Wang et al., 2006). Lysozyme
activity may be enhanced at relatively low concentrations of pollutants, and it has been
proved that lysozyme activity was induced by relatively low dosage of mercury exposure
(Low and Sin, 1996). The serum lysozyme activity was significantly increased in low dose
of MCs group (Qiao et al., 2013).

The serum lysozyme is used as an indicator of innate immune response in fish (Tort
et al., 2003). An increased level is considered to be a natural protective mechanism in
fish (Ingram, 1980). In the present study, blood serum lysozyme activity was highest in
S. meridionalis, followed by S. asotus, and was lowest in C. fuscus. We found that the
blood serum of S. meridionalis had potentially strong resistance to harmful invaders like
parasites, bacteria, and viruses compared to S. asotus and C. fuscus.

Superoxide dismutase (SOD) is one of the main anti-oxidant defense enzymes
generated in response to oxidative stress that converts the highly toxic superoxide
anions into hydrogen peroxide (Fridovich, 1995). SOD decreases in WSSV-infected P.
monodon (Chang et al., 2003). The activity of SOD was significantly lowered in WSSV-
infected F. indicus (Sarathi et al., 2008). The activity of superoxide dismutase
responsible for the scavenging of reactive oxygen species (ROS) decreased leading to the
increases of superoxide anion (Liu and Chen, 2004). An increase in the superoxide anion
production against pathogens is considered to be beneficial after exposing shrimp to
immunostimulants (Downs et al., 2001). In the present study, the activity of SOD was
highest in S. meridionalis, followed by S. asotus, and was lowest in C. fuscus, which is in
line with blood serum lysozyme activity. The highest level of SOD activity was considered
to be beneficial after exposing S. meridionalis to immunostimulants compared to S.
asotus and C. fuscus.

Catalase activity (CAT) is one of the primary antioxidant enzymes involved in ROS
removal (Sun et al., 2012). Superoxide anion (O2¢—) was reduced to H202 by SOD, and
H202 was converted to water and oxygen by CAT (Pandey et al., 2003). The production of
02" has been reported to be an accurate method to measure the effectiveness of potential
immunostimulants (Song and Hsieh, 1994). An increase in H202 and superoxide anion is
considered beneficial in protecting against disease and increasing immunity (Song and
Hsieh, 1994). A similar tendency as that observed for SOD and lysozyme activity was
found for CAT; CAT activity was highest in S. meridionalis, followed by C. fuscus, and
was lowest in S. asotus, indicating that S. meridionalis had the potentially strongest
resistance to harmful invaders.

Increased phosphatase activity indicates higher breakdown of the energy reserve,
which is utilized for growth and survival of fish (Sahu et al., 2008). Alkaline phosphatase
plays an important role in metabolic regulation, which is directly involved in the transfer
of phosphate groups and calcium phosphorus metabolism. Alkaline phosphatase also
changes the surface structure of pathogens and strengthens the recognition and
phagocytosis of pathogens (Hu et al., 2008). Alkaline phosphatase activity was increased
in the group of fish fed turmeric over a number of days. An increase in the alkaline
phosphatase activity is considered beneficial for fish disease resistance (Hu et al., 2008).
In another study, acid phosphatase activity was increased post-challenge with
Aeromonas hydrophila in all groups (Das et al., 2009). In the present study, blood serum
alkaline phosphatase activity was highest in S. meridionalis, followed by S. asotus , and
was lowest in C. fuscus. Blood serum acid phosphatase activity was also highest in S.
meridionalis, while blood serum acid phosphatase activity of C. fuscus was higher
compared to S. asotus. There are interspecific and intraspecific differences in non-specific
immunity in different fish. Both blood serum acid phosphatase activity and alkaline
phosphatase activity were highest in S. meridionalis, which is in line with lysozyme
activity, superoxide dismutase (SOD) activity, catalase activity, and head kidney and
spleen body ratios. The immune function of S. meridionalis was found to be strongest,
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and it had strongest resistance to harmful invaders like parasites, bacteria, and viruses
compared to S. asotus and C. fuscus.

The present study compared, for the first time, the non-specific immune indices of C.
fuscus, S. asotus and S. meridionalis. In the present study, the head kidney index,
spleen index, blood serum lysozyme activity, superoxide dismutase (SOD) activity, and
alkaline phosphatase activity were highest in S. meridionalis, followed by S. asotus, and
was lowest in C. fuscus. Meanwhile, both acid phosphatase and catalase activities were
highest in S. meridionalis. These results suggested that the immune function of S.
meridionalis was strongest, and it had strongest resistance to harmful invaders like
parasites, bacteria, and viruses compared to S. asotus and C. fuscus. These results
provide a theoretical basis for selection of varieties and optimization of germplasm in fish
culture production, and are valuable for future research and application.
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