Fish and Shellfish Immunology 95 (2019) 117-127

=
Fish & Shellfish
Immunology

Contents lists available at ScienceDirect

Fish and Shellfish Immunology

journal homepage: www.elsevier.com/locate/fsi

Full length article

Check for
updates

Study the immunomodulation of anthracenedione in striped dwarf catfish,
Mystus vittatus against pathogenic bacteria, Aeromonas hydrophila

Ramasamy Harikrishnan®, Gunapathy Devi®, Bilal Ahmad Paray", Mohammad K. Al-Sadoon®,
Seyed Hossein Hoseinifar’, Elumalai Gokul®

2 Department of Zoology, Pachaiyappa's College for Men, Kanchipuram, 631 501, Tamil Nadu, India

Y Department of Zoology, Nehru Memorial College, Puthanampatti, 621 007, Tamil Nadu, India

©Zoology Department, College of Science, King Saud University, PO Box 2455, Riyadh, 11451, Saudi Arabia

d Department of Fisheries, Faculty of Fisheries and Environmental Sciences, Gorgan University of Agricultural Sciences and Natural Resources, Gorgan, Iran
€ Department of Animal Science, School of Life Sciences, Bharathidasan University, Tiruchirapalli, 620 024, Tamil Nadu, India

ARTICLE INFO ABSTRACT

Keywords: Anthracenedione is a derivative of anthraquinone aromatic organic natural pigments found in senna, aloe latex,
Aeromonas hydrophila rhubarb, cascara, lichens, and fungi having broad range of bioactivity, including anti-cancer, anti-inflammatory,
Anthracenedione anti-microbial, anti-fungal, anti-oxidant, anti-viral activities suggesting potential for clinical purpose of many
g:;’r‘;‘;};ll!’)agr;mﬂers diseases. The effect of anthracenedione enriched diet on growth, hematology, innate and adaptive immune

parameters as well as protection from Aeromonas hydrophila in Mystus vittatus was reported. The weight gain,
feed intake, specific growth rate (SGR), and feed conversion ratio (FCR) were significantly increased in unin-
fected groups fed with 5mg kg’1 diet. The red blood cells (RBC) and white blood cells (WBC) count and the
percentage of lymphocytes were significantly augmented in both infected and uninfected groups feeding with
any diet. The percentage of monocytes, eosinophils, neutrophils and the biochemical profile such as total pro-
tein, albumin, and globulin also were significantly increased in the infected and uninfected groups fed with
5mgkg ™! enriched diet. The innate and adaptive immune parameters such as phagocytic activity, im-
munoglobulin M (IgM), respiratory burst activity, complement activity, and lysozyme activity were significantly
increased in uninfected and infected groups fed with 5 or 10mgkg ™" diets but not with 1 mgkg ™" diet. The
serum superoxide dismutase (SOD) activity is significantly increased in the uninfected and infected fish fed with
5mgkg ! diet but the increase was not significantly observed in 1 or 10 mgkg ™! diets. The nitric oxide (NO)
production is significantly elevated in both uninfected and infected groups fed with 5 mgkg ™! diet. On the other
hand, the lymphocyte proliferation and myeloperoxidase (MPO) activity were significantly increased the in-
fected and uninfected groups fed with 5 and 10 mgkg ™' diets. The cumulative mortality was found 5% with 1
and 5mgkg~! diet groups while it was observed 10% mortality with 10mgkg ™' diet group. Based on the
results, it is observed that feeding the uninfected and infected groups with 5mgkg~' anthracenedione diet
resulted in better improvement of growth, hematological, biochemical, and innate as well as adaptive immune
parameters in M. vittatus against A. hydrophila.

Mystus vittatus
Innate and adaptive immunity

1. Introduction dweller feeding mainly on cladocerans, rotifers, ostracods, insects, oli-

gochaetes, chlorophyceae, bascillariophyceae, molluscs, crustaceans,

Asian striped dwarf catfish, Mystus vittatus (Bloch, 1794) is a
freshwater species belonging to family Bagridae and order Siluriformes;
it is a common inhabitant of estuarine and coastal waters, lakes and
swamps in muddy substrates with marginal vegetation; it enjoys a wide
distribution throughout the Indian subcontinent including Bangladesh,
Bhutan, Cambodia, India, Laos, Nepal, Malaysia, Myanmar, Pakistan,
Sri Lanka, Thailand, and Vietnam. M. vittatus is an omnivorous bottom
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diatoms, green algae, blue green algae, worms, insects, and plant ma-
terials. In fish markets, M. vittatus is available throughout the year; it is
relished for its delicious taste and high nutrient content like protein,
micronutrients, vitamins and many minor and trace elements, such as
sodium, potassium, calcium, iron, iodine, zinc, magnesium, and phos-
phorus [1,2]. However, M. vittatus is infected by many bacterial, fungal,
and parasitic pathogens including Aeromonas hydrophila leading to huge
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economic loss [3-10]. Some traditional antibiotics and chemother-
apeutics agents are generally used to control of the infectious diseases
in fish but its overuse resultant in development of drug-resistant bac-
teria, toxic residues, causing public health problems. On the other hand,
fish vaccines though are efficient, a fish vaccine are not only pathogen
specific but also are labor-intensive and expensive.

A number of herbals reported that act as immunostimulant in fish
[11-15]; however, the biological and immunological activities of
herbal bioactive compounds in fish limited [16-19]. Anthracenedione
are a class of aromatic secondary metabolites compounds with a 9,10-
dioxoanthracene core derived from Anthraquinones that possess a
broad spectrum of bioactivities, including anti-cancer, anti-in-
flammatory, anti-microbial, anti-fungal, anti-oxidant, anti-tumor, anti-
malarial, anti-viral, cathartic, diuretic, phytoestrogen, and vasorelaxing
activities suggesting possible in clinical application of many diseases
[20-27]. There was no any study on the effect of anthracenedione
supplementation diet on growth performance or immunity in aquatic
organisms. Therefore, this experiment was carry out to investigate for
the first time the effect of diet enriched with anthracenedione on
growth performance, hematology, physiology, immunity, and disease
resistance in M. vittatus against A. hydrophila.

2. Material and methods
2.1. Diet

The formulated diet was incorporated with silkworm pupae and fish
meal as protein sources; refined wheat flour (maida) as carbohydrate
sources; oil cake, cod liver oil, and corn oil as lipid sources (Table 1).
The ingredients were passed through an electric blender and hot water
was added for paste condition, after cooling vitamins and minerals
premix were added. The prepared of the feed ingredients were equally
divided into four experimental diets and thoroughly mixing with or

Table 1
Ingredients and the proximate composition (mg kg~ ' dry matter) of experi-
mental diets.

Ingredient Omgkg™! 1mgkg™! 5mgkg ™! 10mgkg™?
Silkworm pupae 500 500 500 500
Fish meal 150 150 150 150
Maida floor 150 150 150 150
Oil cake 150 150 150 150
Corn oil 20 19.01 19.05 19.1
Cod liver oil 20 20 20 20
Vitamin and 10 10 10 10
mineral
premix*
Anthracenedione 0 1 5 10
(mg)
Total 1000 1000 1000 1000
Proximate composition (%)
Moisture 8.2 = 0.20 8.0 = 0.24 8.1 = 0.22 8.5 = 0.26
Crude protein (%) 455 = 1.32 45.2 = 1.38 45.0 = 1.82 45.3 = 1.64
Crude lipid (%) 235 = 1.22 231 = 1.14 233 = 1.18 23.6 = 1.34
Crude carbohydrate 16.2 = 0.80 16.6 = 0.74 16.4 = 0.94 16.0 = 0.75
(%)
Crude ash (%) 214 = 0.76 21.0 = 0.72 21.5 = 0.64 21.2 = 0.88
Crude fiber (%) 2.2 + 0.26 2.0 = 0.28 2.1 + 0.22 2.5 + 0.32

*Vitamin premix (g kg’l): 19.2 a-cellulose, 5 choline chloride, 2 inositol, 1
ascorbic acid, 0.75 niacin, 0.5 calcium pantothenate, 0.2 riboflavin, 0.04 me-
nadione, 0.05 pyridoxine hydrochloride, 0.05 thiamin hydrochloride, 0.015
folic acid, 0.005 biotin, 0.0001 vitamin B12, vitamin E (DL- a-tocopheryl
acetate). Mineral mixture (g kg~ "): 135.7 calcium biphosphate, 326.9 calcium
lactate, 29.7 ferric citrate, 132.0 magnesium sulphate, 239.8 potassium phos-
phate (dibasic), 87.2 sodium biphosphate, 43.5 sodium chloride, 0.154 alumi-
nium chloride - 6H,0, 0.15 potassium iodide, 0.10 cuprous chloride, 0.80
magnus sulphate - H,O, 1.0 cobalt chloride + 6H,0, 4.0 zinc sulphate - 7H,0;
Loba Chemie India.
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without anthracenedione obtained from sigma namely: (1) diet con-
taining with anthracenedione and diet containing (2) 1mg kg’l, 3)
5mgkg !, and (4) 10 mgkg ™! of anthracenedione and extruder mesh
sieve (1 mm diameter). The anthracenedione purity and validation
tested according to Mehta [28]. The diets were air dried and stored at
—20°C until used. The proximate composition of these experimental
diets including crude protein, crude lipid, crude carbohydrate, crude
ash, and crude fiber were analysis by the following method AOAC [29].

2.2. Pathogen

The pathogenic bacterium, Aeromonas hydrophila isolated from the
kidney of infected fish showing common clinical signs like fin rot, gill
necrosis, body lesion, protrusion of scale, and severe ulcerative lesions
together with swollen in kidney and liver were brought from a local fish
farm. The isolated kidney samples were grown on tryptic soy agar (TSA)
plates for 24 h at 30 °C. The cultured bacterial cells were subcultured,
purified, and resuspensions by using with 0.85% PBS (phosphate buf-
fered saline). The concentration of the resultant bacterial cell suspen-
sion was 4.1 X 10" cfuml ™! as calculated by a Neubauer haemocyt-
ometer [30]. The biochemical profiles of the bacterial cells were
analysed by using microbe biochemical identification tube method
(Hangzhou Microbial Reagent Co., Ltd) following the manufacturer's
instruction. The genomic DNA was isolated from the bacterial cells that
performed by polymerase chain reaction (PCR) using universal primers
(ABI 3730): forward primer 27 F: 5’-agagtttgatcctggctcag-3’ and reverse
primer 1492 R: 5’-tacggctaccttgttacgactt-3’ (Sangon Biotech, Shanghai
Co., Ltd.) further confirmation according to manufacture's instructions
[31,32]. The amplified 16 S genomic DNA gene sequences analysis
based on BLAST search in GeneBank database [33].

2.3. Fish condition and experimental setup

Healthy Mystus vittatus (31.4 = 1.4 g) were collected from a local
fish market. The health status of the fish was examined immediately
upon arrival. The fish were immersed with 1% KMnO, solution and
acclimatized in 100 L aerated fiber tanks for 2 weeks prior to experi-
ment. After fish were divided into eight groups of 25 fish each
(8 x 25 = 200 fish) in triplicate groups (3 X 200 = 600 fish) as: i) un-
infected control fish fed with control diet without incorporation of
anthracenedione [C]; un-infected (UI) fish fed with (ii) 1 mg kg’1 [UI-1
mg] (iii) 5mg kg_l [UI-5 mg], and (iv) 10 mg kg_1 [UI-10 mg] of an-
thracenedione; (v) the A. hydrophila challenged/infected fish fed with
control diet (I-C); infected (I) fish fed with (vi) 1 mg kg_1 [1-1 mg], (vii)
5mgkg~! [I-5 mgl, and (viii) 10mgkg™' [I-10 mg] of anthracene-
dione. The respective diet was provided each group throughout the
experimental period at the rate of 5%/day of their body weight two
times in a day at 10.00 a.m. and 01:00 p.m. The water was renewed
daily about 50%. After 30 days of respective feeding, groups v to viii
were challenged intraperitoneally (i.p.) with 50ul PBS suspension
containing A. hydrophila at 4.1 x 107 cfuml~* while the other groups (i
to iv) injected only with PBS suspension. There are six fish randomly
chosen in each experimental group on 60th day for blood sampling. The
blood samples done cardiac vein puncture in a sterile 20 gauge needle
fitted 1 ml syringe for hematological and immunological study after fish
anaesthetizing with MS-222 (NaHCO; and tricaine methane sulpho-
nate; Sigma Chemicals, USA) 1:4000 in dechlorinated water for 2 min.

2.4. Preparation of whole blood and their serum

The blood samples were mixed from a random sample of six fish in
each experimental tank separately. Each sample were equally divided
into nonheparinized and heparinized (K3EDTA vacuum) tubes (Becton
Dickinson Vacutainer Systems, Franklin Lakes, NJ, USA) for separation
of serum and whole blood sample.
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2.5. Growth, nutritional status, and survival rate

At the end of 60th day post-challenge, six fish randomly were col-
lected in each experimental tank after fasted of 24 h and moderately
anaesthetized with MS 222 and weighed. The mean weight gain
(MWG) = [initial body weight] - [final body weight]; specific growth
rate (SGR) = [(in final body weight - in initial body weight)/number of
days x 100]; protein efficiency ratio (PER) = [(% protein in diet x
weight of diet consumed)/100]; feed conversion ratio (FCR) = [(feed
consumed)/(weight gain); protein intake (PI) = [(fish wet weight
gain)/(fish consumed protein) x 100]; survival (%) = [(final number of
fish)/(initial number of fish) x 100] was calculated according to
Jawahar et al. [34].

2.6. Hematology

The red blood corpuscle (RBC) and white blood corpuscle (WBC)
were enumerated by Neubaur's improved haematocytometer (Superior,
Marienfeld, Germany) using Hyem's and Turk's diluting fluids. The
percentages differential leucocytes such as lymphocytes, monocytes,
neutrophils, and eosinophils were calculated by counting 100 cells from
each smear under oil immersion microscope [35,36]. The blood bio-
chemical profiles of serum total protein concentration was determined
by Biuret colourimetric reactions [37] and the serum albumin and
globulin concentrations were measured by bromocresol green colouri-
metric reaction [38,39].

2.7. Immunological assays

2.7.1. Isolation of head-kidney leucocytes

The nonheparinized whole blood samples allow clotting at room
temperature (RT) for 4h, than centrifuged at 3000 x g for 10 min at
4 °C. After centrifugation, the blood serums were separated and stored
at —80°C until used for immunological study. The head-kidney leu-
cocytes (HKL) was separated and transferred into 8 ml of sSRPMI [40].
The cell suspensions were acquired by forcing of the fragments through
a nylon mesh (100 mm size), than the cell suspensions washed two
times by centrifugation at 400g for 10 min. After, the leucocytes were
count and adjusted to 107 cells ml~* in sRPMI using trypan blue ex-
clusion test.

2.7.2. Immunological assay

The complement activity was determined by using sheep red blood
cells (SRBC, Biomedics) as targets [41]. The total serum im-
munoglobulin M (IgM) level was determined by enzyme-linked im-
munosorbent assay (ELISA) using mouse primary anti-fish [gM mono-
clonal antibody (Aquatic Diagnostics Ltd.) and secondary anti-mouse
IgG-HRP antibody [42]. The respiratory burst activity of M. vittatus HKL
was estimated by chemiluminescence method using phorbol myristate
acetate (PMA, Sigma) and luminol (Sigma) [43]. The phagocytic ac-
tivity of M. vittatus HKL was determined by flow cytometry at 488 nm
[44]. The lysozyme activity of serum was determined by turbidimetric
assay [45]. The superoxide dismutase (SOD) activity was estimated by
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its ability to inhibit superoxide anion generated through xanthine and
xanthine oxidase reaction using an SOD detection kit (Nanjing Jian-
cheng Bioengineering Institute, China) [46]. The nitric oxide (NO)
production was investigated by measuring absorbance of nitrite from
the supernatant using the Griess reaction [47] and the leukocyte pro-
liferate response of M. vittatus HKL was determined by the MTT [3-(4,5-
dimethyl thiazol-2-yl)-2,5-diphenyl tetrazolium bromide] colorimetric
assay [48]. Total myeloperoxidase (MPO) content of serum was mea-
sured by Quade and Roth [49] and alpha-2 macroglobulin (a-2 M) was
determined by Zuo and Woo [50].

2.8. Mortality, reisolation, and identification of the bacteria

A total of 20 fish in each group (20 x 8 = 160 fish) were used se-
parately in triplicate (160 x 3 = 480 fish) for cumulative mortality.
The challenge study, bacterial preparation, concentration, and the ex-
perimental conditions were same as mentioned previous section. The
mortality was recorded for 30 days and the cause of mortality was
determined and confirmed by reisolation of bacteria from infected fish
kidney tissues [51,52] by streaked onto TSA agar plate. The char-
acteristics of A. hydrophila was confirmed by morphological, pictorial,
biochemical characterization, and PCR method [32,33]. The cumula-
tive mortality (CM) and relative percent survival (RPS) values in each
group were calculated over 30 days as follows: CM (%) = 100 -
[(treatment mortality/control mortality)] x 100; RPS (%) =1 - [(%
mortality of challenged group)]/[(% mortality of unchallenged group)]
x 100.

2.9. Statistical analysis

The obtained results are revealed as standard error of mean
(mean = SE). The variances between the means were analysed with
Tukey's multiple range tests (SPSS 11.0 statistical software). The P
value < 0.05 is considered for significant.

3. Results
3.1. Growth

Uninfected fish fed with anthracenedione enriched diets at 1, 5, and
10mgkg 'had better growth performance and feed utilization in-
cluding SGR, PER, and FCR when compared to the infected group fed
with the same diets. The infected fish fed with control diet, the values
significantly low when compared with the uninfected group fed with
control diet. The weight gain, feed intake, SGR, and FCR were sig-
nificantly high in uninfected groups fed with 5mgkg ™" diet than with
other diets (1 mg kg_1 and 10 mg kg_1 diets) (Table 2).

3.2. Hematology
The RBC and WBC counts and the percentage of lymphocytes were

significantly increased in the infected and uninfected groups fed with
anthracenedione enriched diets at 1, 5, and 10 mgkg~' diets. The

Table 2

Growth and feed utilization study of anthracenedione incorporation diets in M. vittatus against A. hydrophila.
Indices C Ul-1 mg kg ! UI-5 mg kg ! UI-10 mgkg ~* 1-C I-1 mg kg ! I-5 mg kg ! 1-10mgkg !
Initial weight (g) 31.3 * 1.12% 31.3 * 1.12% 31.7 * 1.12% 31.4 * 1.14% 31.5 + 1.16° 315 * 1.122 31.5 * 1.16* 31.6 + 1.22°
Weight gain (g) 35.5 + 1.14° 35.3 + 2.20°7 39.7 + 2.12° 38.4 + 1.42° 12.8 + 1.74° 33.3 + 1.92° 38.4 + 2.14° 37.4 + 1.50°
Feed intake (g) 41.4 + 2.27 41.4 = 1.6" 435 + 2.4° 41.4 + 2.4° 36.5 + 1.8° 41.4 + 2.27 42.4 + 1.6" 40.1 = 2.2°
SGR (%/day) 0.73 + 0.04* 0.72 + 0.03% 0.84 * 0.03" 0.75 + 0.02° 0.58 + 0.03% 0.72 + 0.04* 0.80 + 0.04* 0.75 + 0.03%
PER 0.83 * 0.12% 0.84 + 0.10% 0.94 * 0.12% 0.90 * 0.15% 0.72 * 0.18% 0.84 + 0.14% 0.85 * 0.16% 0.81 = 0.12%
FCR 1.34 = 0.02% 1.34 = 0.03° 1.54 + 0.03° 1.45 = 0.03* 1.25 = 0.04° 1.35 = 0.04% 1.56 + 0.03° 1.44 = 0.03°
SR (%) 96.0 95.5 98.0 96.2 91.8 93.5 95.5 93.0

SGR: specific growth rate, PER: protein efficiency ratio, FCR: feed conversion ratio, SR: survival rate, C: control, I-C:
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Table 3

Hematological changes of anthracenedione incorporation diets in M. vittatus against A. hydrophila.
Parameter C Ul-1 mg kg~ ! UI-5 mg kg ! Ul-10mgkg ™! I-C I-1 mg kg~ ! I-5 mg kg ! I-10mgkg ™!
RBC (million/m?) 2.06° 3.03° 3.20° 3.14¢ 1.84° 2.71° 2.85° 2.80°
WBC (Per pl) 4124.2° 4235.2° 4381.0° 4255.2¢ 4134.4° 4204.1° 4367.0° 4238.2°
Lymphcytes (%) 28.6% 32.4° 33.7¢ 33.5¢ 29.12 30.2° 32.0¢ 30.2°
Monocytes (%) 212 2.4° 3.5¢ 3.0 2.2% 2.3° 3.2° 2.4
Eosinophils (%) 6.0° 7.22 7.6° 7.5% 6.2° 6.5% 7.3" 7.3%
Neutrophils (%) 24.52 25.22 26.2° 26.0° 24.12 25.42 26.1° 25.5%
Total protein (mg/dl) 2.412 2.74% 3.56" 3.32" 2.32% 2.88% 3.40" 2.82°
Albumin (mg/dI) 1.26 1.72% 2.88° 1.80% 1.30° 1.45% 2.46° 1.65°
Globulin (mg/dl) 1.26* 1.88% 2.88" 1.94% 1.25% 1.45% 2.58" 1.65%

RBC: red blood cell, WBC: white blood cell, C: control, I-C: infected control, UL uninfected, I: infected.

monocytes, eosinophils, and neutrophils percentage and the total pro-
tein, albumin, and globulin were significantly high in both groups fed
with diet containing at 5mgkg~' of anthracenedione. However,
though the percentage of leucocytes and blood biochemical parameters
(total protein, albumin, and globulin) were not significantly increased
in both groups fed with 1 mgkg ™' and 10 mgkg ™! of anthracenedione
enriched diets. On the other hand, all the hematological and bio-
chemical parameters decreased or did not show any significant differ-
ence in the infected group fed with control diet (Table 3).

3.3. Immune response

3.3.1. Phagocytic activity

The phagocytic activity was significantly high in the uninfected and
infected groups fed with 5mgkg ™! diet. However, the increase was not
statistically significant in the uninfected and infected groups fed with
others diet diets (1 mgkg ™' and 10 mgkg™!). Similarly, the infected
fish fed with control diet also was not significant as compared with
control diet (Fig. 1).

3.3.2. Serum Ig level

The serum IgM level increased significantly in the infected and
uninfected groups fed with 5mgkg ™! and 10mgkg ™" diets; but the
increase was not statistically significant with 1 mgkg~' diet as com-
pared with control diet group. A similar result (P > 0.05) was ob-
served in infected fish after fed with control diet group (Fig. 2).

3.3.3. Respiratory burst activity

The respiratory burst activity was significantly enhanced in the in-
fected and uninfected groups fed with 5mgkg ™! and 10 mgkg ™! diets.
However, it was not significantly enhanced in the infected and unin-
fected groups fed with 1 mgkg™! diet as compared with control diet

group (Fig. 3).

3.3.4. Serum superoxide dismutase (SOD) activity

The SOD activity did not significantly increased the infected and
uninfected groups fed with 1 mgkg ™' or 10 mgkg ™! diets, while it was
observed significantly in both groups fed with 5mgkg ™" diet as com-
pared with control diet group (Fig. 4).

3.3.5. Nitric oxide (NO) production

The nitric oxide (NO) production did not significantly increase the
infected and uninfected groups fed with 1 and 10mgkg~' diets.
However, it was significantly increased in both groups fed with
5mgkg ! diet when compared to control group (Fig. 5).

3.3.6. Lymphocyte proliferation

Lymphocyte proliferation was significantly increase the infected
and uninfected groups fed with 1 mgkg™! diet; while it was not sig-
nificantly high in both groups fed with 5 and 10 mgkg ™' diets when
compared to control group (Fig. 6).

3.3.7. Myeloperoxidase (MPO) activity

The MPO activity did not significantly high in the infected and
uninfected groups fed with 1mgkg ™' diets. On the other hand, the
MPO was significantly increased in both groups when fed with
5mgkg ' and 10mgkg™! diets as compared with control group
(Fig. 7).

3.3.8. Alpha-2 macroglobulin (a-2 M) production

The a-2 M production did not affect the infected and uninfected
groups fed with 5mgkg™! and 10mgkg ™' diets. However, it was
significantly low in both groups fed with 1 mgkg ™! diet group (Fig. 8).

oCmlI-COU-1 mgOl-1mg mUI-5 mg O1-5 mg mUI-10 mg O01-10 mg

0.5

0.4

0.3

0.2

0.1

Phagocytic activity (Units ml™")

b

b b

60 days

Fig. 1. Phagocytic activity of anthracenedione incorporation diets in M. vittatus against A. hydrophila. C: control, I-C: infected control, UI: uninfected, I: infected. Data
expressed as standard error of mean (SEM) in same superscript letter did not statistically significant difference as determined by Tukey's test (P > 0.05).
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oCml-COU-Img OI-1 mgmUI-5mg Ol-5mg mUI-10 mg O1-10 mg

3.5

2.5

1.5

IgM (Unit mlI™)

0.5

b

60 days

Fig. 2. Immunoglobulin M (IgM) of anthracenedione incorporation diets in M. vittatus against A. hydrophila. C: control, I-C: infected control, UL uninfected, I:

infected. The statistical information is shown in Fig. 1.

oCmil-COoUlImg Ol mgmU-5mgoil-5mg mUI-10 mg OI1-10 mg

3.5

2.5

1.5

0.5

Respiratory activity (Units ml™)
N

b

60 days

Fig. 3. Respiratory burst (RB) activity of anthracenedione incorporation diets in M. vittatus against A. hydrophila. C: control, I-C: infected control, UI: uninfected, I:

infected. The statistical information is shown in Fig. 1.

oCmlCOUImg Ol mgmU-5mg @l-5mg mUI-10 mg O1-10 mg

3.5

2.5

1.5 a

0.5

SOD activity (Unit ml*")
N

b

60 days

Fig. 4. Serum superoxide dismutase (SOD) activity of anthracenedione incorporation diets in M. vittatus against A. hydrophila. C: control, I-C: infected control, Ul

uninfected, I: infected. The statistical information is shown in Fig. 1.

3.3.9. Complement activity

The complement activity was significantly enhanced in both groups
fed with 5mgkg™! diet while the other diets (1 mgkg™! diet and
10 mgkg ™! diet) did not significantly increase as compared with con-
trol group (Fig. 9).

3.3.10. Lysozyme activity
The lysozyme activity was found significantly increased in both

groups fed with 5mgkg ™! diet. However, this activity did not sig-
nificantly increase in both groups with other diets (1 mgkg ™' diet and
10 mgkg ™! diet) as compared with control group (Fig. 10).

3.3.11. Disease resistance

The infected fish feeding the control diet was found 90% mortality.
There was no mortality was found in uninfected groups feeding at 1, 5,
and 10mgkg~! diets. However, the infected groups fed at 1 and
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oCmil-COU-Mmg Ol-1 mg mUI-5mg Ol-5mg mUI-10 mg O1-10 mg

0.7
0.6
0.5
0.4
0.3
0.2
0.1

NO production (OD 540 nm)

b

60 days

Fig. 5. Nitric oxide (NO) production of anthracenedione incorporation diets in M. vittatus against A. hydrophila. C: control, I-C: infected control, UI: uninfected, I:

infected. The statistical information is shown in Fig. 1.

5mgkg ' diets were observed 5% mortality whereas with 10 mgkg ™!

diet was observed 10% mortality (Fig. 11).

4. Discussion

M. vittatus is a delicious taste food fish that contain high protein,
micronutrients, vitamins and many minor and trace elements as im-
portance for human growth. A. hydrophila is a Gram-negative oppor-
tunistic bacterial pathogen that produces aerolysin cytotoxic en-
terotoxin in many fishes including M. vittatus as a results in tissue
damage and shows a variety of clinical signs including ulcers, abdom-
inal swelling, exophthalmia, fin rot, fin rot, hemorrhages in the gill and
anal area. In aquaculture especially intensive farming rampant use of
many antibiotics and chemotherapeutant that produce sedimentation,
affect the human health, non target organisms, environmental issues,
and leads to the emergence of drug resistant bacterial strains. Several
herbal immunostimulants have been reported to improve growth, he-
matology, innate and adaptive immune response and protect from
mortality due to infectious diseases [11,16-19,53-59].

Very few reports have been suggested that anthracenedione act as
biological activities. But there was no any report of the anthracene-
dione enriched diet in fish and shellfish growth performance, phy-
siology, and immunity against pathogens. In the present study for the
first time reports on the effect of feeding with anthracenedione in M.
vittatus have observed to improving growth, immunity, and disease
protection against A. hydrophila. A better weight gain, feed intake, SGR,

and FCR were observed in uninfected M. vittatus fed with anthracene-
dione at 5mgkg~! diet than with other diets (1mgkg™' and
10mgkg ™). This was supported in a previous study in Clarias ba-
trachus when fed with 2mgkg ™! and 4 mgkg ™! emodin enriched diets
observed better growth performance against A. hydrophila [55]. It may
suggest that anthracenedione influence for digestion process for
growth. Total protein, albumin, and globulin levels were high in both
groups fed with any enriched diet as compared to control. However, the
blood biochemical parameters (total protein, albumin and globulin)
were significantly high in both groups fed with 5 mg kg ™! diet than that
of other diets (1mgkg™ ' and 10mgkg ™' diets) as suggested that
5mgkg ™! diet containing anthracenedione may be influence to pro-
duction of total protein, albumin and globulin as well the percentage of
leucocytes against A. hydrophila. However, the exact mechanisms of
action of anthracenedione on the physiology and leucocytes production
are unknown. The total protein, albumin, and globulin did influence
significantly in both groups fed with 5mgkg~' diet but did not with
5mgkg ! and 5mgkg ! diets. The decreasing level of serum albumin
indicates that the fluid may escape into tissues causing localized oe-
dema reducing the delivery of nutrients to tissues [60]. On the other
hand, a decrease in the level of serum albumin might be a reliable
disease prognostic indicator increasing the risk of morbidity and mor-
tality [61,62]. Similarly, the increase in the level of serum globulins
values indicate that activation of B-lymphocytes differentiation and
proliferation by IL-6 and TNF-a against parasites, viral, and bacterial
infection [63,64].
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Fig. 6. Lymphocyte proliferation of anthracenedione incorporation diets in M. vittatus against A. hydrophila. C: control, I-C: infected control, UI: uninfected, I:

infected. The statistical information is shown in Fig. 1.
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Fig. 7. Myeloperoxidase (MPO) activity of anthracenedione incorporation diets in M. vittatus against A. hydrophila. C: control, I-C: infected control, UI: uninfected, I:

infected. The statistical information is shown in Fig. 1.

The RBC and WBC counts and the percentage of lymphocytes were
significantly increased in both groups fed with anthracenedione in-
corporated diets at 1, 5, and 10 mgkg~'. However, the percentage of
monocytes, eosinophils, and neutrophils significantly increased only
with 5mgkg~" diet but not with 1mgkg™' or 10mgkg™! diets.
Hematology parameters provide valuable information for fishery biol-
ogists in the assessment of health status and monitoring the stress re-
sponse. In fish an increase in total WBC counts is considered as the first
line of defense in innate and adaptive immunity [56]. The present re-
sults are in agreement with other fishes (Carassius auratus and Cirrhina
mrigala) against A. hydrophila and Aphanomyces invadans [57,58]. Dif-
ferential leukocyte counts (lymphocytes, monocytes, eosinophils, and
neutrophils) indicate significant uniqueness of the health status that
helps in evaluating the immune status in fish. In line with the present
findings an augmentation in monocytes, granulocytes, neutrophils, and
macrophages has been reported in C. mrigala when fed with azadir-
achtin enriched diet against A. invadans [58].

Phagocytosis as innate defence function is mediated by phagocytic
cells including monocytes, neutrophils, and macrophages which con-
stitute the fundamental mechanism in fish defence against pathogens;
this is widely used to assess the antimicrobial activity [65]. These
constitute the majority of important cellular components that con-
tribute to the innate immunity in fish against pathogens [66,67]. The
increase of lymphocytes is may under the control of cytokine gene [68]
or activated by macrophages [69]. The phagocytic activity significantly
is enhanced in the present study of both groups when fed with
5mgkg ! diet. It was suggested that the phagocytic activity increased

significantly in Clarias batrachus on being fed with 4mgkg™! diet on
week 2 whereas with 2mgkg ™' and 4mgkg~' of emodin enriched
diets on week 4 against A. hydrophila [55]. However, the increase was
not statistically significant in both groups fed with 1 and 10 mgkg™*!
enriched diets in the present study.

The serum IgM values extensively modulate in the present study in
both groups fed with 5mgkg ™" and 10 mgkg ! diets, but did not with
1mgkg™! diet. The IgM sometimes has been called a “natural anti-
body” found in normal serum; it binds to specific antigens even in the
absence of prior immunization [70]. The decreasing levels of IgM de-
scribe some humoral immune-deficiencies whereas increasing IgM is
related with diseases and haematological disorders [71]. This results
agreement in C. batrachus, the serum IgM level significantly increased
when fed with 4mgkg™! of emodin diet on week 4 [55]. The me-
chanism of action of anthracenedione on increasing level IgM in serum
in M. vittatus against A. hydrophila is yet to be elucidated.

During phagocytosis, the phagocytic cells cause a spurt in the pro-
duction of large quantities of reactive oxygen species (ROS), reactive
nitrogen species (RNS), and antimicrobial enzymes (cathepsin G and
elastase) [72-74] which enhancing the use of molecular oxygen for RB
activity. Cytoplasmic membrane-associated NADPH oxidase enhance
the oxidant production where molecular oxygen undergoes a one-
electron reduction to form superoxide anions (O, ) and then forming
hydrogen peroxide (HO,) and several other ROS that provide a sub-
strate for the myeloperoxidase (MPO) reaction which in turn generate a
variety of highly toxic metabolites, including hypochlorous acid. This
plays a major role in the immune system triggering a crucial reaction
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Fig. 8. Alpha-2 macroglobulin (a-2 M) of anthracenedione incorporation diets in M. vittatus against A. hydrophila. C: control, I-C: infected control, UIL: uninfected, I:

infected. The statistical information is shown in Fig. 1.
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Fig. 9. Complement activity of anthracenedione incorporation diets in M. vittatus against A. hydrophila. C: control, I-C: infected control, UL uninfected, I: infected.
The statistical information is shown in Fig. 1.
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Fig. 10. Lysozyme activity of anthracenedione incorporation diets in M. vittatus against A. hydrophila. C: control, I-C: infected control, UL uninfected, I: infected. The
statistical information is shown in Fig. 1.

——C ——1-C ——Ul-1 mg =X-I-1 mg =—UI-5 mg —8—I1-5mg ——UI-10 mg —=—1-10 mg

100
90
80
70
60
50
40
30

Cumulative mortality (%)

20

10 e
a8 8 _n-R e-N-8-N-0-

0 I T B DK K KX
12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Days

Fig. 11. Percentage of cumulative mortality of anthracenedione incorporation diets in M. vittatus (n = 20) against A. hydrophila for 30 days. C: control, I-C: infected
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that occurs in phagocytes to degrade internalized particles and bacteria.
The RB activity is significantly enhanced in this study in both groups
fed with 5mgkg ™! diet. This result is in line with a recent study in C.
mrigala administration with active compounds against A. invadans [75].
Harikrishnan et al. [55] also reported that in C. batrachus fed with diet
containing 4mgkg~! emodin diet had increased RB activity sig-
nificantly against A. hydrophila on week 4. The phagocytes produce RB
required for the optimal killing of a wide variety of bacteria, virus, and
fungi [76] and it can induce oxidative stress in host cells during in-
fection [77,78]. However, it did not show significant phagocytic ac-
tivity in the infected and uninfected groups fed with 1mgkg™! and
10 mgkg ™! diets.

Superoxide dismutase (SOD) catalyzes is conversion of superoxide
radicals into hydrogen peroxide and molecular oxygen which play a
significant role in the defense of cells against the toxic effects of oxygen
radicals [79-81]. It competes with NO for superoxide anions, which
react with NO to form peroxynitrite as measuring for antioxidant ca-
pacity [82]. The SOD activity was significantly increased in this study
in both groups when fed with 5 mgkg ™! enriched diet. Similar result is
reported in C. batrachus when fed with emodin diet with 4 mgkg ™! diet
on week 1; with 2gkg ™" or 4mgkg ' diets on weeks 2 and 4 against
A. hydrophila [55]. However, in the infected and uninfected groups fed
with 1 mgkg ™! or 5mgkg~! diets did not enhance the SOD activity in
the present experiment.

The NO is a biologically active-free radical molecule that recognized
for diversity of its physiological functions [82]. Lymphocytes are spe-
cifically recognized and respond to microbial agents form the core of
the acquired immune system [83]. The MPO is an important enzyme
involved in leukocyte mediated host defense function and it regulation
of inflammation. This enzyme utilizes hydrogen peroxide and generated
RB to produce hypochlorous acid with potent microbicidal action [84].
The a-2M is a largest repertoire of proteases in fish that believed to be
potential virulent factors in attacking the host tissues [85]. The NO
production significantly increased in both groups fed with 5mgkg™*
diet. However, the lymphocyte proliferation and the MPO activity sig-
nificantly increased in this study in both groups fed with 5 mg kg ! and
10mgkg ™! diets. On the other hand, a-2 M production did not sig-
nificantly influence in both groups fed with 5mgkg~! and 10 mgkg !
diets but the role anthracenedione on the production of NO, MPO,
lymphocyte, and a-2 M is currently unknown.

Complement component of normal plasma augments the opsoniza-
tion or destruction of bacteria during early stages of infection in the
absence of antibodies; seems clearly that these components evolved first
as a part of the innate immune system, where it still plays an important
role. The complement system consists of a number of unique plasma
proteins that react with one another to opsonize pathogens and induce a
sequence of inflammatory response that help to fight infectious pa-
thogen. The complement activity was significantly enhanced in both
groups in the present study when fed with 5mgkg ™" diet. In a recent
study, C. batrachus is challenged with A. hydrophila reported that si-
milar complement activity when fed with emodin enriched diet be-
tween weeks 2 and 4 [55].

Lysozymes active site can bind or attacks with peptidoglycan mo-
lecule present in Gram-positive bacterial cell walls as a prominent cleft
between N-acetylmuramic acid (NAM) and the fourth carbon atom of N-
acetylglucosamine (NAG). This antimicrobial enzyme produced by an-
imals and major component of Gram-positive bacterial cell wall which
is a part of the innate immune system that hydrolysis and breaking of
1,4-beta-linkages between NAM and NAG residues in peptidoglycan
integrity of bacterial cell walls [72]. It was further confirmed an ef-
fective in attacking the cell wall polysaccharide of different bacterial
species, leading to a break down and hydrolyzing a tetrasaccharide
found most often in Gram-positive bacteria cell wall killing them. In the
present study in both groups fed with 5mgkg ™" diet significantly en-
hanced the lysozyme activity as compared with other diets (1 mgkg™!
diet and 10 mg kg™ 1). A. hydrophila infected C. batrachus when fed with

Fish and Shellfish Immunology 95 (2019) 117-127

2 and 4 mgkg ™! emodin has been reported similar results of lysozyme
activity between weeks 2 and 4 [55]. On the other hand, dietary feeding
of active compounds supplementation diet significantly increased the
lysozyme activity [75].

The infected group when fed with 1mgkg~ ' and 5mgkg~' an-
thracenedione diets has observed only 5% mortality while infected
group fed with 10mgkg ™" diet the mortality was observed 10%. C.
mrigala administration with active compounds resulted in very low
mortality against A. invadans [74]. In A. hydrophila challenged C. ba-
trachus the cumulative mortality was 10% with 1 mgkg ™' of emodin
diet and 15% mortality when fed with 2mgkg ™! and 4mgkg ™' diets
[55]. The infected fish fed without anthracenedione diet showed 90%
mortality. The present study concludes that M. vittatus challenged with
A. hydrophila could significantly modulate the innate and adaptive
immune system resulting in decreased the mortality when fed with
5mgkg~! anthracenedione enriched diet. Further detailed
munological and molecular studies are needed the mechanisms and
mode of action of anthracenedione before using it as feed additive in
aqua feed for sustainable aquaculture production against pathogens.

1

im-

Acknowledgements

The authors would like to express their sincere appreciation to the
Deanship of Scientific Research at the King Saud University, Riyadh,
Saudi Arabia for funding this Research Group project no RG-1437-005.

References

[1] M.Y. Hossain, Z.F. Ahmed, P.M. Leunda, S. Jasmine, S. Oscoz, R. Miranda,

J. Ohtomi, Condition, length-weight and length relationships of the Asian striped
catfish Mystus vittatus (bloch, 1794) (Siluriformes: Bagridae) in the Mathabhanga
river, Southwestern Bangladesh, J. Appl. Ichthyol. 22 (2006) 304-307.

N. Ross, M. Islam, S.H. Thilsted, Small indigenous fish species in Bangladesh:
contribution to vitamin A, calcium and iron intakes, J. Nutr. 133 (2003)
4021-4026.

B. Deivasigamani, S. Kumaran, M. Sakthivel, M. Balamurugan, G.E.G. Jothi,

P. Priyadarshini, Non-specific immune parameters and resistance to Aeromonas
hydrophila infection in the Aasian dwarf cat fish (Mystus vittatus, bloch 1974),
Theriogenol. Insight 1 (2012) 70-83.

K. Anbarasu, M.R. Chandran, Effect of ascorbic acid on the immune response of the
catfish, Mystus gulio (Hamilton), to different bacterins of Aeromonas hydrophila, Fish
Shellfish Immunol. 11 (2001) 347-355.

K. Chairman, A.J.A. Ranjit Singh, C. Padmalatha, Effect of pesticides on intestinal
micro flora in the fish, Mystus vittatus, Asian J. Pharmaceut. Clin. Res. 4 (2011)
156-158.

K. Anbarasu, K. Thangakrishnan, B.V. Arun, M.R. Chandran, Assessment of immune
response in freshwater catfish (Mystus vittatus Bloch) to different bacterins of
Aeromonas hydrophila, Indian J. Exp. Biol. 36 (1998) 990-995.

R.M. Rafique, S. Mahboob, M. Gulzarin, R. Yaqub, M. Ahmad, Helminth parasites of
a freshwater fish Mystus vittatus, Int. J. Agric. Biol. 4 (2002) 1560-8530 /2002/
04-1-56-57.

A.P. Vankara, C. Vijayalakshmi, Metazoan parasites of Mystus vittatus (Bloch) of
River Godavari with description of a new species of Acanthocephala, Raosentis
godavarensis sp, J. Parasit. Dis. 33 (2009) 77-83 nov.

T.A. Qureshi, R. Chouhan, Y. Prasad, S.A. Mastan, Mycological Studies on EUS
Affected Catfish Mystus Cavasius. Abstracts of Fourth Asian Fisheries Forum. 16-20
October, Manila and China Society Fisheries, Asian Fisheries Society, Beijing, 1995,
p. 3.

P. Balasubramanian, R. Sivakami, Analysis of bacterial population in water, sedi-
ment and the fish Mystus vittatus collected from lower Anicut, Thanjavur district,
Tamil Nadu, Int. J. Pharm. Biol. Sci. 9 (2019) 135-138.

R. Harikrishnan, C. Balasundaram, M.S. Heo, Impact of plant products on innate
and adaptive immune system of cultured finfish, Aquaculture 317 (2011) 1-15.
G. Capillo, S. Savoca, R. Costa, M. Sanfilippo, C. Rizzo, A. Giudice, A. Albergamo,
R.R. Bartolomeo, N. Spano, C. Faggio, New insights in the culture method and the
antibacterial potential of Gracilaria gracilis, Mar. Drugs 16 (2018) 492, https://doi.
org/10.3390/md16120492.

G. Rashidian, G.S. Bahrami, M. Naderi Farsani, M.D. Prokic, C. Faggio, The oak
(Quercus brantii) acorn as a growth promotor for rainbow trout (Oncorhynchus
mykiss): growth performance, body composition, liver enzymes activity and blood
biochemical parameters, Nat. Prod. Res. 23 (2018) 1-11, https://doi.org/10.1080/
14786419.2018.1538994.

E. Ahmadifar, N. Sheikhzadeh, K. Roshanaei, N. Dargahi, C. Faggio, Can Dietary
Ginger (Zingiber Officinale) Alter Biochemical and Immunological Parameters and
Gene Expression Related to Growth, Immunity and Antioxidant System in Zebrafish
(Danio rerio)? Aquaculture 507 (2019) 341-348.

S.H. Hoseinifar, S. Yousefi, G. Capillo, H. Paknejad, M. Khalili, A. Tabarraei,

[2]

[3

[4]

[5]

[6]

[7

[8]

[91

[10]

[11]

[12]

[13]

[14]

[15]


http://refhub.elsevier.com/S1050-4648(19)30992-1/sref1
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref1
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref1
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref1
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref2
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref2
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref2
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref3
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref3
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref3
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref3
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref4
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref4
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref4
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref5
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref5
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref5
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref6
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref6
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref6
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref7
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref7
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref7
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref8
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref8
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref8
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref9
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref9
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref9
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref9
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref10
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref10
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref10
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref11
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref11
https://doi.org/10.3390/md16120492
https://doi.org/10.3390/md16120492
https://doi.org/10.1080/14786419.2018.1538994
https://doi.org/10.1080/14786419.2018.1538994
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref14
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref14
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref14
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref14
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref15

R. Harikrishnan, et al.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]
[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]
[38]
[39]

[40]

[41]

[42]

[43]

[44]

H.V. Doan, N. Spano, C. Faggio, Mucosal immune parameters, immune and anti-
oxidant defence related genes expression and growth performance of zebrafish
(Danio rerio) fed on Gracilaria gracilis powder, Fish Shellfish Immunol. 83 (2018)
232-237.

R. Harikrishnan, C. Balasundaram, M.S. Heo, Effect of chemotherapy, vaccination
and immunomodulation in goldfish, Carassius auratus against Aeromonas hydrophila,
DAO (Dis. Aquat. Org.) 88 (2009) 45-54.

R. Harikrishnan, S. Jawahar, S. Thamizharasan, B.A. Paray, M.K. Al-Sadoon,

C. Balasundaram, Immune defense of emodin enriched diet in Clarias batrachus
against Aeromonas hydrophila, Fish Shellfish Immunol. 76 (2018) 13-20.

G. Devi, R. Harikrishnan, B.A. Paray, M.K. Al-Sadoon, S.H. Hoseinifar,

C. Balasundaram, Effects of aloe-emodin on innate immunity, antioxidant and im-
mune cytokines mechanisms in the head kidney leucocytes of Labeo rohita against
Aphanomyces invadans, Fish Shellfish Immunol. 87 (2019) 669-678.

S. Anbazahan, P. Brindha, S. Chandrasekar, P. Mariappan, A.J. Velanganni,

R. Harikrishnan, Effects of saponin supplementation diet on immune response in
Cyprinus carpio against Aeromonas hydrophila, Proceedings of the 7™ National
Symposium on Advance Research in Biosciences, 2014 978-93-80509-43-3, pp.
66-70 3rd & 4th March.

AM. Ali, S.H. El-Sharkawy, J.A. Hamid, N.H. Ismail, N.H. Lajis, Antimicrobial ac-
tivity of selected Malaysian plants, Pertanika J. Trop. Agric. Sci. 18 (1995) 57-61.
R.G. Ayo, J.O. Amupitan, Y. Zhao, Cytotoxicity and antimicrobial studies of 1,6,8-
trihydroxy-3-methyl-anthraquinone (emodin) isolated from the leaves of Cassia
nigricans Vahl, Afr. J. Biotechnol. 6 (2007) 1276-1279.

K. Garcia-Sosa, N. Villarreal-Alvarez, P. Lubben, L.M. Pena-Rodrigues,
Chrysophanol, an antimicrobial anthraquinone from the root extract of Colubrina
greggii, J. Mexican Chem. Soc. 50 (2006) 76-78.

K. Kanokmedhakul, S. Kanokmedhakul, R. Phatchana, Biological activity of an-
thraquinones and triterpenoids from Prismatomeris fragrans, J. Ethnopharmacol. 100
(2005) 284-288.

R. Ahmad, E.N.M. Mahbob, Z.M. Noor, N.H. Ismail, N.H. Lajis, K. Shaari, Evaluation
of antioxidant potential of medicinal plants from Malaysian Rubiaceae (subfamily
Rubioideae), Afr. J. Biotechnol. 9 (2010) 7948-7954.

AM. Ali, M.M. Mackeen, S.H. El-Sharkawy, J.A. Hamid, N.H. Ismail, F.B.H. Ahmad,
N.H. Lajis, Antiviral and cytotoxic activities of some plants used in Malaysian in-
digenous medicine, Pertanika J. Trop. Agric. Sci. 19 (1996) 129-136.

Y.H. Huang, Y.S. Zhen, Rhein induces apoptosis in cancer cells and shows synergy
with mitomycin, Acta Pharm. Sin. 36 (2001) 334-338.

K.O. Eyong, G.N. Folefoc, V. Kuete, V.P. Beng, K. Krohn, H. Hussain,

A.E. Nkengfack, M. Saeftel, S.R. Sarite, A. Hoerauf, A. Newbouldiaquinone, A
naphthoquinone-anthraquinone ether coupled pigment, as a potential antimicrobial
and antimalarial agent from Newbouldia laevis, Phytochemistry 67 (2006) 605-609.
J.P. Mehta, Separation and characterization of anthraquinone derivatives from
cassia fistula using chromatographic and spectral techniques, Int. J. Mod. Chem.
Appl. Sci. 10 (2012) 306-316.

AOAC (Association of Official Analytical Chemists), Animal Feed: Sample
Preparation (950.02), sixteenth ed., (1995) Official methods of analysis.

V. Inglis, R.J. Roberts, N.R. Bromage, Bacterial Diseases of Fish, Blackwell Scientific
Publications, 1993, pp. 109-284.

C.C. Deng, X.Y. Jiang, X. Ye, M.Z. Liu, S.Y. Xu, L.H. Liu, Isolation, identification and
characterization of Aeromonas hydrophila from hemorrhagic grass carp,
Microbiology (Chinese) 36 (2009) 1170-1177.

S. Ghatak, R.K. Agarwal, K.N. Bhilegaonkar, Species 17 identification of clinically
important Aeromonas spp. by restriction fragment 18 length polymorphism of 16S
rDNA, Lett. Appl. Microbiol. 44 (2007) 550-554.

S.F. Altschul, W. Gish, W. Miller, E.W. Myers, D.J. Lipman, Basic Local alignment
search tool, J. Mol. Biol. 215 (1990) 403-410.

S. Jawahar, A. Nafar, A.P. Bilal, M.K. Al-Sadoon, C. Balasundaram, R. Harikrishnan,
Bentonite clay supplemented diet on immunity in stinging catfish, Heteropneustes
fossilis against Aeromonas hydrophila, Fish Shellfish Immunol. 75 (2018) 27-31.
S.I.V. Dacie, S.M. Lewis, Practical Haematology, seventh ed., Churchill Ltd,
Livingston, Lodon Melborne and New York, 1991, p. 67 J. and A.

P.K. Joshi, M. Bose, D. Harish, Changes in certain haematological parameters in a
siluroid catfish Clarias batrachus (Linn) exposed to cadmium chloride, Pollution
Resources 21 (2002) 119-131.

A. Koller, Total Serum Protein vol 418, The C.V. Mosby Co, St. Louis, Toronto
Princeton, 1984, pp. 1316-1324 Kaplan A et al. Clin Chem.

B.T. Doumas, W.A. Waston, H.G. Brigg, Albumin standards and the measurement of
serum albumin with bromocresol green, Clin. Chim. Acta 31 (1971) 87-96.

S. Gendler, Uric Acid vol 425, The C. V. Mosby Co, St. Louis, Toronto Princeton,
1984, pp. 1268-1273 Kaplan A et al. Clin Chem.

M. Esteban, V. Mulero, J. Mufoz, J. Meseguer, Methodological aspects of assessing
phagocytosis of Vibrio anguillarum by leucocytes of gilthead seabream (Sparus aurata
L.) by flow cytometry and electron microscopy, Cell Tissue Res. 293 (1998)
133-141.

J. Ortufio, M.A. Esteban, V. Mulero, J. Meseguer, Methods for studying the hae-
molytic, chemoattractant and opsonic activities of seabream (Sparus aurata L.), in:
A.C. Barnes, G.A. Davidson, M. Hiney, D. McInthos (Eds.), Methodology in Fish
Diseases Research, Albion Press, 1998, pp. 97-100. Aberdeen.

A. Cuesta, J. Meseguer, M.A. Esteban, Total serum immunoglobulin M levels are
affected by immunomodulators in seabream (Sparus aurata L.), Vet. Immunol.
Immunopathol. 101 (2004) 203-210.

C.J. Bayne, S. Levy, Modulation of the oxidative burst in trout myeloid cells by
adrenocorticotropic hormone and catecholamines: mechanisms of action, J. Leukoc.
Biol. 50 (1991) 554-560.

A. Rodriguez, M.A. Esteban, J. Meseguer, Phagocytosis and peroxidase release by

126

[45]

[46]

[47]

[48]
[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]
[71]

[72]
[73]

Fish and Shellfish Immunology 95 (2019) 117-127

seabream (Sparus aurata L.) leucocytes in response to yeast cells, Anat. Rec. 272
(2003) 415-423.

A.E. Ellis, Lysozyme assays, in: J.S. Stolen, T.C. Fletcher, D.P. Anderson,

B.S. Robertsen, W.B. Van Muiswinkel (Eds.), Techniques in Fish Inmunology, SOS
Publications, Fair Haven, NJ, 1990, pp. 101-103.

S.H. Wang, J.C. Chen, The protective effect of chitin and chitosan against Vibrio
alginolyticus in white shrimp, Litopenaeus vannamei, Fish Shellfish Immunol. 19
(2005) 191-204.

1.C. Green, D.A. Wagner, J. Glogowski, P.L. Skipper, J.S. Wishnok, S. Tannenbaum,
Analysis of nitrate, nitrite and (15N) nitrate in biological fluids, Anal. Biochem. 126
(1982) 131-138.

T. Mosmann, Rapid colorimetric assay for cellular growth and survival: application
to proliferation and cytotoxicity assays, J. Inmunol. Methods 65 (1983) 55-63.
M.J. Quade, J.A. Roth, A rapid, direct assay tomeasure degranulation of bovine
neutrophil primary granules, Vet. Inmunol. Immunopathol. 58 (1997) 239-248.
X. Zuo, P.T.K. Woo, Natural anti-proteases in rainbow trout, Oncorhynchus mykiss
and brook charr, Salvelinus fontinalis and the in vitro neutralization of fish a2-
macroglobulin by the metalloprotease from the pathogenic haemoflagellate,
Cryptobia salmositic, Parasitology 114 (1997) 375-381.

N.R. Krieg, J.G. Hold, Bergey's Manual of Systematic Bacteriology, Williams and
Wilkins, Baltimore, USA, 1984, pp. 545-547.

N. Yogananth, R. Bhakyaraj, A. Chanthuru, T. Anbalagan, K. Mullai Nila, Detection
of virulence gene Aeromonas hydrophila isolated from fish samples using PCR
technique, Glob. J. Biotechnol. Biochem. 4 (2009) 51-53.

R. Harikrishnan, D.H. Kim, S.H. Hong, P. Mariappan, C. Balasundaram, M.S. Heo,
Non-specific immune response and disease resistance induced by Siegesbeckia
glabrescens against Vibrio parahaemolyticus in Epinephelus bruneus, Fish Shellfish
Immunol. 33 (2012) 359-364.

L. Shanthi Mari, C. Jagruthi, S. Anbazahan, G. Yogeshwari, R. Thirumurugan,

J. Arockiaraj, P. Mariappan, C. Balasundaram, R. Harikrishnan, Protective effect of
chitin and chitosan enriched diets on immunity and disease resistance in Cirrhina
mrigala against Aphanomyces invadans, Fish Shellfish Immunol. 39 (2014) 378-385.
R. Harikrishnan, S. Jawahar, S. Thamizharasan, B.A. Paray, M.K. Al-Sadoon,

C. Balasundaram, Immune defense of emodin enriched diet in Clarias batrachus
against Aeromonas hydrophila, Fish Shellfish Immunol. 76 (2018) 13-20.

M. Divyagnaneswari, R. Christybapita, R.D. Michael, Enhancement of nonspecific
immunity and disease resistance in Oreochromis mossambicus by Solanum trilobatum
leaf fractions, Fish Shellfish Immunol. 23 (2007) 249-259.

R. Harikrishnan, C. Balasundaram, M.C. Kim, J.S. Kim, M.S. Heo, Effective ad-
ministration route of azadirachitin and its impact on haematological and bio-
chemical parameters in goldfish (Carassius auratus) infected with Aeromonas hy-
drophila, Bull. Vet. Inst. Pulawy 53 (2009) 613-619.

R. Harikrishnan, C. Balasundaram, M.S. Heo, Supplementation diet containing
probiotics, herbal and azadirachtin on hematological and biochemical changes in
Cirrhina mrigala against Aphanomyces invadans, Fish. Aquac. J (2010) 1-11 (FAJ-4).
V.D. Doan, S.H. Hoseinifar, K. Srigarm, S. Jaturasitha, B. Yuangsoi, M.A.O. Dawood,
M.A.E. Ringo, C. Faggio, Effects of Assam tea extract on growth, skin mucus, serum
immunity and disease resistance of Nile tilapia (Oreochromis niloticus) against
Streptococcus agalactiae, Fish Shellfish Immunol. 93 (2019) 428-435.

H.S. Lichenstein, D.E. Lyons, M.M. Wurfel, D.A. Johnson, M.D. McGinley,

J.C. Leidli, D.B. Trollinger, J.P. Mayer, S.D. Wright, M.M. Zukowski, A famin is a
new member of the albumin, alpha-fetoprotein, and vitamin D-binding protein gene
family, J. Biol. Chem. 269 (1994) 18149-18154.

D.N. Haefliger, J.E. Moskaitis, D.R. Schoenberg, W. Wahli, Amphibian albumins as
members of the albumin, alpha-fetoprotein, vitamin D-binding protein multigene
family, J. Mol. Evol. 29 (1989) 344-354.

E.B. Oyewo, M.A. Akanji, M.O. Iniaghe, P.B. Fakunle, Toxicological implications of
aqueous leaf extract of Andrographis paniculata in Wistar rat, Nat. Sci. 10 (2012)
91-108.

U. Ackerman, Blood Proteins. Essential of Human Physiology, Churchhill
Livingstone, New York, 1992, pp. 32-35.

C.J. Secombes, The nonspecific immune system: cellular defence, in: G. Iwama,
T. Nakanishi (Eds.), The Fish Immune System, Academic Press, San Diego, CA,
1996, pp. 63-103.

N.F. Neumann, J.L. Stafford, D. Barreda, A.J. Ainsworth, M. Belosevic,
Antimicrobial mechanisms of fish phagocytes and their role in host defense, Dev.
Comp. Immunol. 25 (2001) 807-825.

P.N. Manjrekar, C.L. Jolly, S. Narayanam, Comparative studies of the im-
munomodulatory activity of Tinospora cordifolia and Tinospora sinensis, Fitoterapia
71 (2000) 254-257.

G. Wang, J.H. Kim, M. Sameshima, K. Ogawa, Detection of antibodies against the
monogenean Hetrobothirum okamotoi in tiger puffer by ELISA, Fish Pathol. 32
(1997) 179-180.

F. Tang, W. Zhan, X. Sheng, H. Chi, Immune response of Japanese flounder
Paralichthys olivaceus to outer membrane protein of Edwardsiella tarda, Fish Shellfish
Immunol. 28 (2010) 333-343.

J.P. Jayasekera, E.A. Moseman, M.C. Carroll, Natural antibody and complement
mediate neutralization of influenza virus in the absence of prior immunity, J. Virol.
81 (2007) 3487-3494.

A. Dispenzieri, M.A. Gertz, T.M. Therneau, R.A. Kyle, Retrospective cohort study of
148 patients with polyclonal gammopathy, Mayo Clin. Proc. 76 (2001) 476-487.
A. Belaaouaj, Neutrophil elastase-mediated killing of bacteria: lessons learned from
mutagenesis, Microb. Infect. 4 (2002) 1259-1264.

A.E. Ellis, Immunity to bacteria in fish, Fish Shellfish Immunol. 9 (1999) 291-308.
N.F. Neumann, J.L. Stafford, D. Barreda, A.J. Ainsworth, M. Belosevic,
Antimicrobial mechanisms of fish phagocytes and their role in host defense, Dev.


http://refhub.elsevier.com/S1050-4648(19)30992-1/sref15
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref15
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref15
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref15
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref16
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref16
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref16
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref17
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref17
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref17
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref18
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref18
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref18
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref18
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref19
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref19
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref19
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref19
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref19
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref20
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref20
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref21
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref21
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref21
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref22
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref22
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref22
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref23
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref23
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref23
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref24
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref24
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref24
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref25
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref25
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref25
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref26
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref26
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref27
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref27
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref27
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref27
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref28
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref28
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref28
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref29
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref29
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref30
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref30
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref31
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref31
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref31
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref32
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref32
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref32
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref33
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref33
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref34
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref34
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref34
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref35
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref35
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref36
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref36
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref36
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref37
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref37
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref38
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref38
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref39
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref39
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref40
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref40
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref40
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref40
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref41
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref41
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref41
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref41
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref42
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref42
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref42
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref43
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref43
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref43
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref44
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref44
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref44
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref45
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref45
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref45
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref46
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref46
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref46
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref47
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref47
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref47
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref48
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref48
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref49
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref49
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref50
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref50
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref50
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref50
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref51
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref51
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref52
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref52
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref52
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref53
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref53
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref53
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref53
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref54
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref54
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref54
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref54
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref55
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref55
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref55
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref56
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref56
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref56
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref57
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref57
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref57
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref57
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref58
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref58
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref58
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref59
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref59
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref59
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref59
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref60
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref60
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref60
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref60
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref61
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref61
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref61
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref62
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref62
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref62
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref63
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref63
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref64
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref64
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref64
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref65
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref65
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref65
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref66
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref66
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref66
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref67
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref67
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref67
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref68
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref68
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref68
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref69
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref69
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref69
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref70
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref70
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref71
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref71
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref72
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref73
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref73

R. Harikrishnan, et al.

[74]

[75]
[76]
[77]
[78]

[79]

[80]

Comp. Immunol. 25 (2001) 807-825.

R. Harikrishnan, C. Balasundaram, S. Dharaneedharan, Y.G. Moon, M.C. Kim,

J.S. Kim, M.S. Heo, Effect of plant active compounds on immune response and
disease resistance in Cirrhina mrigala infected with fungal fish pathogen,
Aphanomyces invadans, Aquacult. Res. 40 (2009) 1170-1181.

A.W. Segal, Chronic granulomatous disease, Encyclopedia of Immunology, second
ed., 1998.

K.B. Schwarz, Oxidative stress during viral infection: a review, Free Radic. Biol.
Med. 21 (1996) 641-649.

V.M. Victor, M. Rocha, M. De la Fuente, Immune cells: free radicals and anti-
oxidants in sepsis, Int. J. Inmunopharmacol. 4 (2004) 327-347.

B. Halliwell, J.C. Gutteridge, The definition and measurement of antioxidants in
biological systems, Free Radic. Biol. Med. 18 (1995) 125-126.

V. Aliko, M. Qirjo, E. Sula, V. Morina, C. Faggio, Antioxidant defense system, im-
mune response and erythron profile modulation in Gold fish, Carassius auratus, after
acute manganese treatment, Fish Shellfish Immunol. 76 (2018) 101-109.

N. Gobi, B. Vaseeharan, R. Rekha, S. Vijayakumar, C. Faggio, Bioaccumulation,

[81]

[82]
[83]

[84]

[85]

Fish and Shellfish Immunology 95 (2019) 117-127

cytotoxicity and oxidative stress of the acute exposure selenium in Oreochromis
mossambicus, Ecotoxicol. Environ. Saf. 162 (2018) 147-159.

C. Faggio, M. Pagano, R. Alampi, I. Vazzana, M.R. Felice, Cytotoxicity, haemo-
lymphatic parameters, and oxidative stress following exposure to sub-lethal con-
centrations of quaternium-15 in Mytilus galloprovincialis, Aquat. Toxicol. 180 (2016)
258-265.

V.D. Dixit, N. Parvizi, Nitric oxide and the control of reproduction, Anim. Reprod.
Sci. 65 (2001) 1-16.

P.C. Calder, P. Yaqoob, F. Thies, F.A. Wallace, E.A. Miles, Fatty acids and lym-
phocyte functions, Br. J. Nutr. 87 (2002) S31-S48.

R.A. Dalmo, K. Ingebrightsen, J. Bogwald, Non-specific defense mechanisms in fish,
with particular reference to the reticuloendothelial system (RES), J. Fish Dis. 20
(1997) 241-273.

W.D. Jiang, L. Feng, Y. Liu, J. Jiang, X.Q. Zhou, Myo-inositol prevents oxidative
damage, inhibits oxygen radical generation, and increases antioxidant enzyme ac-
tivities of juvenile Jian carp (Cyprinus carpio var. Jian), Aquacult. Res. 40 (2009)
1770-1776.


http://refhub.elsevier.com/S1050-4648(19)30992-1/sref73
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref74
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref74
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref74
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref74
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref75
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref75
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref76
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref76
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref77
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref77
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref78
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref78
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref79
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref79
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref79
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref80
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref80
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref80
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref81
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref81
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref81
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref81
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref82
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref82
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref83
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref83
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref84
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref84
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref84
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref85
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref85
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref85
http://refhub.elsevier.com/S1050-4648(19)30992-1/sref85

	Study the immunomodulation of anthracenedione in striped dwarf catfish, Mystus vittatus against pathogenic bacteria, Aeromonas hydrophila
	Introduction
	Material and methods
	Diet
	Pathogen
	Fish condition and experimental setup
	Preparation of whole blood and their serum
	Growth, nutritional status, and survival rate
	Hematology
	Immunological assays
	Isolation of head-kidney leucocytes
	Immunological assay

	Mortality, reisolation, and identification of the bacteria
	Statistical analysis

	Results
	Growth
	Hematology
	Immune response
	Phagocytic activity
	Serum Ig level
	Respiratory burst activity
	Serum superoxide dismutase (SOD) activity
	Nitric oxide (NO) production
	Lymphocyte proliferation
	Myeloperoxidase (MPO) activity
	Alpha-2 macroglobulin (α-2 M) production
	Complement activity
	Lysozyme activity
	Disease resistance


	Discussion
	Acknowledgements
	References




