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A B S T R A C T

This study investigates the effect of emodin enriched diet on growth, hematology, and immune response in
walking catfish, Clarias batrachus against Aeromonas hydrophila. The basal (control) diet supplemented with
emodin at 0.0, 0.1, 0.2, or 0.4 g kg−1 was fed to the experimental groups for a period of four weeks. Feeding
infected fish with 0.2 g kg−1 and 0.4 g kg−1 emodin enriched diets resulted in an overall weight gain, enhanced
PER and FCR when compared to other diets. The survival rates were 98.3% and 96.7% in 0.1 g kg−1 and
0.4 g kg−1 emodin diet fed groups. Feeding with 0.2 g kg−1 diet the RBC level significantly elevated on week 1
and with 0.4 g kg−1 diet on weeks 2 and 4. The WBC, the percentage of globulin and neutrophils increased
significantly with 0.2 g kg−1 diet only on week 4; however with 0.4 g kg−1 diet the increase was observed from
week 1–4. The phagocytic activity increased significantly on being fed with 0.4 g kg−1 diet on week 2 while with
0.2 g kg−1 and 0.4 g kg−1 diets the increase manifested only on week 4; the respiratory burst activity also sig-
nificantly increased on week 4 whereas increased the complement activity on weeks 2 and 4. The superoxide
dismutase (SOD) activity was high on being fed with 0.4 g kg−1 diet on week 1; with 0.2 g kg−1 or 0.4 g kg−1

diets the increase was observed on weeks 2 and 4. The serum IgM level significantly increased when fed with
0.4 g kg−1 diet whereas the lysozyme activity was enhanced with 0.2 g kg−1 and 0.4 g kg−1 emodin diets on
weeks 2 and 4. The percentage cumulative mortality was 10% with 0.1 g kg−1 or 0.2 g kg−1 diets while with
0.2 g kg−1 diet it was 15%. The results demonstrate that as a feed additive emodin acts as an immunostimulant
enhancing the specific and nonspecific immune defense affording increased disease protection, enhances better
growth and boosts hematology parameters in C. batrachus against A. hydrophila infection.

1. Introduction

Aquaculture as an industry has achieved significant strides in recent
decades; this also impelled the need to boost the immunity of cultivated
organisms against pathogens. Indeed intensive fish farming practice has
triggered stress conditions that adversely affect the immune system,
increasing the susceptibility to pathogens which contribute to economic
loss. The walking catfish, Clarias batrachus a freshwater air breathing
catfish, is an amenable species for intensive culture. Though, it is a
native species of Southeast Asia and Africa due to its wide adaptability
to varying conditions. C. batrachus has been successfully introduced
outside its native range in several countries for intensive aquaculture. It
is considered as one of the most popular and economically valuable
freshwater food fish in the countries like India, Bangladesh, Sri Lanka,

Myanmar, and Malaysia [1]. In the wild C. batrachus is becoming a
critically endangered species due to over-exploitation and reduction of
native habitat due to reclamation of wetlands coupled with excessive
input of pesticides, herbicides, and inorganic fertilizers from agri-
cultural farms [2]. In some parts of India, particularly in West Bengal,
Tripura, and Tamil Nadu C. batrachus is valued as a medicinal fish used
traditionally to boost the health of pregnant and lactating mothers,
elders and children; it is an excellent source of aquaprotein ensuring
nutritional enrichment in the regular diet of the people apart from
being an export commodity. Besides it is a source for sustainable live-
lihood, employment generation. India has exported catfish products
worth of 315.41 INR million in 2016 [3].

Aeromonas hydrophila is a Gram-negative rod-shaped bacterial pa-
thogen commonly found in all aquatic habitats besides in sludge, soil,
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and food; its infection is commonly associated with several disease
symptoms like hemorrhagic septicemia, epizootic ulcerative syndrome
(EUS), fin and tail rot [4,5] and motile aeromonad septicemia (MAS)
leading to high mortality worldwide [6]. In intensive culture practice
Aeromonas inflicts mass mortalities and economic loss in catfish culture
throughout world and is considered as the most common and trouble-
some pathogen in warm as well as cold water [1,7–10].

Application of traditional antibiotics and chemotherapeutics con-
tinue to remain as the standard measure to control fish diseases, though
it leads to development of drug-resistant bacterial strains creating
problems like increased toxicity, residues and possibly some public
health as well as adverse environmental consequences; their application
under culture conditions or in open-water systems remains questionable
because of their bioaccumulation in sediments and organisms besides
being costly; besides the farmers are often provided with ambiguous
advice by feed and chemical companies [11]. Recently the application
of natural immunostimulants such as herbals and probiotics is emerging
as a safe alternative approach to enhance the immunity of cultured fish
to provide better protection against pathogens. Prevention of fish dis-
eases and reduction of the side effects are caused by chemotherapy
demands promotion of organic aquaculture by using herbs and pro-
bioitcs [12–14]. Several natural plant have numerous active principles
such as alkaloids polysaccharides, polypeptides, phenols, terpenoids,
saponins, steroids volatile oils, tannins promote different biological
activities like anti-stress, growth promotion, appetite stimulation, tonic,
immunostimulation, and antimicrobial properties in both finfish and
shellfish [15–18].

Emodin (1, 3, 8-trihydroxy-6-methyl-anthraquinone) is an im-
portant bioactive compound from plants that has a variety of pharma-
cological properties, such as anti-inflammatory [19], anti-oxidant [20],
scavenging free radical [21], anti-microbial [22], immunity regulation
[23], and anti-tumor [24] activities. As an immunostimulant it leads to
an increase in nonspecific immunity and disease resistance [13] and
anti-oxidation activity [13,25]. The anthraquinone extract contains
main constituents, like emodin, chrysophanol, and rhein that promote
growth, enhance immune response, and disease resistance in Macro-
brachium rosenbergii [25]. However, the growth and immune response
of emodin in fish against fish pathogens is yet to be documented. Hence,
the present study examines for the first time the effect of dietary
emodin on growth performance, hematology, immune response, and
disease resistance in C. batrachus against A. hydrophila.

2. Material and methods

2.1. Diet

The basal diet comprised fish meal, crude fiber, soybean meal and
maize powder as the protein sources; wheat bran, rice bran, and tapioca
flour as carbohydrate and fish oil and mustard oil cake as lipid source in
addition to premix vitamins and minerals as shown in Table 1. The
emodin (Sigma-Aldrich, India) was incorporated separately in four ex-
perimental diets with basal control diet at 0.1, 0.2, and 0.4 g kg−1 by
mixing thoroughly. All the ingredients were passed through a grinder,
and passed in a paste extruder (1 mm diameter) through mesh sieve.
The prepared diets were stored at −20 °C until used and the proximate
composition of the diets were quantified by following AOAC (1995); it
comprised crude protein, crude lipid, crude carbohydrate, crude ash,
and crude fiber as shown in Table 1.

2.2. Pathogen

A. hydrophila (MTCC 646) obtained from Institute of Microbial
Technology in Chandigarh, India was isolated from infected fish. The
bacterium was grown in a 250ml conical flask containing tryptic soy
broth (TSB; Merck) to log phase with agitation at 37 °C. The bacterial
culture was harvested after centrifugation at 3500×g for 20min at

4 °C and the resulting bacterial pellets were washed twice with sterile
0.15M phosphate buffered saline (PBS) at pH 7.2. The pellets were
resuspended in PBS, divided into aliquots and stored in TSB supple-
mented with 15% (v/v) glycerol at −70 °C until used. The pathogenic
of A. hydrophila was confirmed to inoculate and reisolation into C. ba-
trachus according to Krieg and Hold [26] and Yogananth et al. [27]. The
identity of A. hydrophila was confirmed by morphological, pictorial,
biochemical characteristics, and PCR method [28,29].

2.3. Fish and experimental design

The healthy C. batrachus (35.2 ± 1.5 g) were purchased from a
commercial fish farm. The fishes were screened for any pathological
symptoms immediately upon arrival and the fish was dip treatment
with 1% KMnO4 solution. The fish were acclimation for 2 weeks in 60 L
aerated fiber tanks prior to experiment conduct. Then fish were divided
into five experimental groups of 25 each in triplicate (5×25 x 3=375
fish) into: Group I: uninfected fish fed with basal control diet (C), Group
II: infected fish fed with basal control diet (I), Group III: infected fish,
fed with 0.1 g kg−1 emodin, Group IV: infected fish, fed with 0.2 g kg−1

emodin, and Group V: infected fish, fed with 0.4 g kg−1 emodin en-
riched diets at the rate of 5% of their body weight twice a day. Feeding
with the respective diets continued till the end of experiment and unfed
feed carefully collected for feed utilization conversion. About 50% of
water was exchange daily. After 30 days of respective feeding, all
groups were challenged intraperitoneally (i.p.) with 50 μl PBS con-
taining A. hydrophila at 2.8× 107 cfuml−1 as determined by using a
Neubauer haemocytometer according to our previous study expect
uninfected control diet group. End of weeks 1, 2, and 4 post-challenge,
six fish were randomly collected from each experimental tank to collect
blood samples by the caudal venipuncture with a 27 gauge needle fitted
1ml syringe for hematological and immunological assays after fish
anaesthetizing with MS-222 (NaHCO3 and tricaine methane sulpho-
nate; Sigma Chemicals, USA) 1:4000 in dechlorinated water for 2min.

2.4. Sample collection

The blood samples were pooled from a random sample of six fish in
each experimental tank and the samples were divided into non-
heparinized and heparinized (K3EDTA vacuum) tubes (Becton

Table 1
Feed ingredients and proximate composition (g/kg dry matter) of experimental diets.

Ingredient 0 g kg−1 0.1 g kg−1 0.2 g kg−1 0.4 g kg−1

Fish meal 15 15 15 15
Crude fiber 5 5 5 5
Mustard oil cake 15 15 15 15
Fish oil 5 5 5 5
Rice bran 15 15 15 15
Soybean meal 10 10 10 10
Maize powder 15 15 15 15
Wheat bran 10 10 10 10
Tapioca flour 5 5 5 5
Molasses 4 3.9 3.8 3.6
Vitamins and minerals premixa 1 1 1 1
Emodin 0 0.1 0.2 0.4
Proximate composition (%)
Crude protein (%) 16.4 16.2 16.6 16.5
Crude lipid (%) 8.2 8.0 8.4 8.6
Crude carbohydrate (%) 18.6 18.4 18.1 18.4
Crude ash (%) 11.3 11.5 11.1 11.6
Crude fiber (%) 6.5 6.3 6.6 6.1

a Vitamins and minerals premix (g/kg diet): Vitamin A, 1600 IU; vitamin D, 2400 IU;
vitamin E, 160mg; vitamin K, 16mg; thiamin, 36mg; riboflavin, 48mg; pyridoxine,
24mg; niacin, 288mg; panthotenic acid, 96mg; folic acid, 8 mg; biotin, 1.3mg; cyano-
cobalamin, 48mg; ascorbic acid, 720mg; choline chloride, 320mg; calcium 5.2 g; cobalt,
3.2 mg; iodine, 4.8mg; copper, 8mg; iron, 32mg; manganese, 76mg; zinc, 160mg;
Endox (antioxidant) 200mg (Colborne Dawes Nutrition Ltd., UK).
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Dickinson Vacutainer Systems, Franklin Lakes, NJ, USA) consecutively
to obtain the serum and whole blood, respectively.

2.5. Growth performance, nutrient utilization, and survival rate

At the end of week 4 after post-challenge, the fish were fasted for
24 h before and moderately anaesthetized with 3-aminobenzoic acid
ethyl ester (MS 222; 100mgml−1) than harvest fish in each experi-
mental group for weighed. Based on recording the weight of each fish
and counting the number of fish, mean weight gain (MWG), specific
growth rate (SGR), protein efficiency ratio (PER), feed conversion ratio
(FCR), protein intake (PI) and fish survival rates (SR %) were calculated
using the following equations:

SGR=100 × [in final weight - in initial weight] x total duration of
the experiment
FCR= feed given (dry weight)/weight gain (wet gain)
SR (%) = (final number of fish/initial number of fish) x 100.

2.6. Hematology

Hematological parameters such red blood corpuscle (RBC) and
white blood corpuscle (WBC) were counted by Neubaur's improved
haematocytometer (Superior, Marienfeld, Germany) using Hyem's and
Turk's as a diluting fluid, respectively. The differential leucocytes was
count after selecting 100 leucocytes from each smear under oil im-
mersion microscope and the percentages (%) of lymphocytes, mono-
cytes, neutrophils, and eosinophils were calculated by counting
100 cells [30,31]. The serum total protein concentration was estimated
by Biuret colourimetric reactions [32] while the serum albumin and
globulin concentrations were estimated by bromocresol green colouri-
metric reaction [33,34].

2.7. Immunological assays

2.7.1. Separation of head-kidney leucocyte
After collection, whole blood from nonheparinized tubes was al-

lowed to clot at room temperature for 4 h, following by centrifugation
(3000×g) at 4 °C for 10min to collect serum and it frozen at −80 °C
until use. The head-kidney (HK) was removed, cut into small pieces
(fragments), and transferred to 8ml of sRPMI [35]. The cell suspensions
were obtained by forcing of the fragments through a nylon mesh
(100mm size) and the cell suspensions were washed twice by cen-
trifugation at 400g for 10min. The cells were counted and adjusted to
107 cells ml−1 in sRPMI by trypan blue exclusion test.

2.7.2. Complement activity assay
The complement activity was measured by using sheep red blood

cells (SRBC, Biomedics) as targets [36]. The degree of 50% haemolysis
(ACH50) units ml−1 and the lysis curve of each sample were obtained
separately.

2.7.3. Measurement of serum IgM level
Total serum IgM levels were measured by enzyme-linked im-

munosorbent assay (ELISA) by using mouse primary anti-catfish IgM
monoclonal antibody (Aquatic Diagnostics Ltd.) and secondary anti-
mouse IgG-HRP antibody [37]. The plates were read OD at 450 nm
against negative controls (without serum or without primary antibody).

2.7.4. Respiratory burst activity
The respiratory burst activity of catfish HK leucocytes was de-

termined by a chemiluminescence method by using phorbol myristate
acetate (PMA, Sigma) and luminol (Sigma) according to Bayne and
Levy [38]. The luminescence backgrounds were measured by using
reagent solutions containing luminol but not PMA.

2.7.5. Phagocytic activity
The phagocytic activity of catfish HK leucocytes was calculated

through flow cytometry at 488 nm [39]. The phagocytic ability was
determined as the percentage (%) of cells with one or more ingested
bacteria per cell within the phagocytic cell population which was as-
sessed in arbitrary units from the mean fluorescence intensity. The
quantitative analysis of the flow cytometric results was calculated by
using Lysis statistical Software Package (Becton Dickinson).

2.7.6. Lysozyme activity
The lysozyme activity of all serum was determined by turbidimetric

assay [40]. The test serum (0.1 ml) was added to 1.9 ml of Micrococcus
lysodeikticus suspension (Sigma) prepared with 0.2 mgml−1 in a 0.05M
sodium phosphate buffer (pH 6.2) and measured in a spectro-
photometer OD at 530 nm. One unit of lysozyme activity was defined as
the amount of sample causing a reduction in absorbance of 0.001
min−1.

2.7.7. Serum superoxide dismutase
The superoxide dismutase (SOD) activity was calculated by its

ability to inhibit superoxide anion generated by xanthine and xanthine
oxidase reaction system using an SOD detection kit (Nanjing Jiancheng
Bioengineering Institute, China) [41] and measured OD at 550 nm. One
unit of SOD was defined as the amount required for inhibiting the rate
of xanthine reduction by 50% in 1ml reaction system as expressed as
SOD unit per ml serum.

2.8. Challenge test

A group of 20 fish in each experiment separately maintained and
challenged with A. hydrophila except control group according the pro-
cedure mentioned previously. The cumulative mortality and relative
percent survival (RPS) values in each group were calculated over 30
days as follows: RPS= 100 - [(treatment mortality/control mortality) x
100].

2.9. Statistical analysis

The data were expressed as standard error of means (means ± SE)
and the differences between the means were calculated by Tukey's
multiple range tests (SPSS 11.0 statistical software). The P values <
0.05 is considered significant.

3. Results

3.1. Growth performance

The growth performance, feed and protein utilization efficacy of
catfish (Table 2) indicates that a better overall weight gain was ob-
served the infected fish after being fed with 0.2 g kg−1 and 0.4 g kg−1

emodin diets on 4th week. No statistical significant difference
(p > 0.05) was observed in weight gain and growth response of catfish
fish fed with any diet on first week. Better PER and FCR were observed
when fed with 0.2 g kg−1 and 0.4 g kg−1 emodin diets while the least
PER and FCR values were observed with 0.1 g kg−1 emodin diet. The
SGR did not vary significantly among the experimental groups. The
survival rates were 98.3% and 96.7% with 0.1 g kg−1 and 0.4 g kg−1

emodin diets whereas it was 93.3% with 0.4 g kg−1 emodin diet as
compared to control.

3.2. Hematology

The total number of erythrocytes (RBC) significantly increased in
fish treated with 0.2 g kg−1 diet on week 4 and 0.4 g kg−1 diet on weeks
2 and 4 as compared with control. The leucocytes (WBC) and the per-
centage of globulin and neutrophils significantly increased in fish
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treated with 0.2 g kg−1 diet on week 4 and 0.4 g kg−1 diet from weeks
1–4. Total protein and the percentage of lymphcytes, monocytes, and
eosinophils significantly increased with 0.2 g kg−1 and 0.4 g kg−1 diets
during the experimental period. On the other hand, the albumin sig-
nificantly increased with 0.4 g kg−1 diet only on weeks 2 and 4
(Table 3).

3.3. Immune response

3.3.1. Phagocytic activity
The phagocytic capacity of A. hydrophila infected C. batrachus sig-

nificantly increased on being fed with enriched diet at 0.4 g kg−1 but
not with 0.1 g kg−1 or 0.2 g kg−1 diets on first week. It significantly
increased in fish fed with 0.2 g kg−1 and 0.4 g kg−1 emodin diets but
not with 0.1 g kg−1 emodin diet on weeks 2 and 4 (Fig. 1).

3.3.2. Respiratory burst activity
The respiratory burst activity did not differ significantly with any

enriched diet as compared with control on first week. In fish fed diet
enriched with 0.1 g kg−1 and 0.2 g kg−1 emodin did not significantly
enhance the respiratory burst activity on week 2; however a significant
increase was observed on week 2 with 0.2 g kg−1 enriched diet. Further
0.2 g kg−1 and 0.4 g kg−1 emodin diets significantly increased the ac-
tivity on 4th week but not with 0.1 g kg−1 emodin diet (Fig. 2).

3.3.3. Complement activity
The complement activity did not significantly differ with control in

any enriched feed on first week. However, it significantly increased
with 0.2 g kg−1 and 0.4 g kg−1 emodin diets on weeks 2 and 4 but not
with 0.1 g kg−1 emodin diet (Fig. 3).

Table 2
Growth performance and feed utilization in C. batrachus fed with emodin enriched diets against A. hydrophila for 4 weeks.

Indices 0 g kg−1(C) 0 g kg−1(I) 0.1 g kg−1 0.2 g kg−1 0.4 g kg−1

Initial weight(g) 35.1 ± 1.12a 35.3 ± 0.96a 35.6 ± 1.32a 35.4 ± 1.18a 35.5 ± 1.32a

Weight gain(g) 19.9 ± 0.6a 17.5 ± 0.7a 20.5 ± 0.7a 21.8 ± 0.6a 22.2 ± 0.7a

Feed intake(g) 23.4 ± 1.1a 22.1 ± 1.0a 23.8 ± 1.2a 25.3 ± 0.9a 25.8 ± 1.2a

SGR (%/day) 0.62 ± 0.04a 0.60 ± 0.03a 0.64 ± 0.04a 0.66 ± 0.05a 0.69 ± 0.04a

PER 0.77 ± 0.11b 0.72 ± 0.10c 0.80 ± 0.12b 0.84 ± 0.11a 0.87 ± 0.14b

FCR 1.24 ± 0.02b 1.21 ± 0.01a 1.28 ± 0.02b 1.31 ± 0.03c 1.34 ± 0.02b

Survival rate (%) 98.3d 95.0b 98.3d 93.3a 96.7c

SGR: specific growth rate, PER: protein efficiency ratio, FCR: feed conversion ratio.
a: p < 0.05, b: p < 0.01, c: p < 0.001.

Table 3
Hematological and biochemical parameters in C. batrachus fed with emodin enriched diets against A. hydrophila.

Parameters Weeks 0 g kg−1(C) 0 g kg−1(I) 0.1 g kg−1 0.2 g kg−1 0.4 g kg−1

RBC(million/m3) 1 2.12a 2.10a 2.24a 2.28a 2.86a

2 2.13a 2.04a 2.32a 2.92a 3.48b

4 2.15a 2.06a 2.41a 3.66b 3.83b

WBC(Per μl) 1 4330.3a 4325.7a 4338.3a 4358.6b 4418.7c

2 4331.6a 4322.2a 4342.5a 4374.2b 4456.2c

4 4333.1a 4313.8a 4345.1a 4393.4b 4487.5c

Totalprotein (mg/dl) 1 2.23a 2.20a 2.56a 3.15b 3.56b

2 2.26a 2.16a 2.86a 3.36b 3.74b

4 2.28a 2.12a 3.43b 3.64b 3.91c

Albumin (mg/dl) 1 1.30a 1.25a 1.37a 1.38a 1.73a

2 1.33a 1.21a 1.44a 1.62a 1.96b

4 1.36a 1.14a 1.51a 1.83a 2.34b

Globulin (mg/dl) 1 1.38a 1.35a 1.41a 1.56a 2.25b

2 1.44a 1.32a 1.65a 1.92a 2.58b

4 1.46a 1.29a 1.78a 2.34b 2.82b

Lymphcytes (%) 1 30.2a 30.0a 31.4a 32.1b 32.6b

2 30.5a 29.7a 31.7a 32.8b 33.9c

4 30.8a 29.4a 31.9a 33.7b 34.5c

Monocytes (%) 1 2.4a 2.2a 2.7a 3.2b 3.4b

2 2.6a 2.3a 2.9a 3.8b 4.0b

4 2.8a 2.0a 3.1a 4.1b 4.4b

Eosinophils (%) 1 6.2a 6.0a 6.4a 6.8a 7.7b

2 6.5a 6.1a 6.7a 7.6b 8.1c

4 6.8a 6.0a 6.9a 7.9b 8.6c

Neutrophils (%) 1 25.2a 25.0a 25.4a 26.5b 27.4b

2 25.5a 24.7a 25.7a 26.9b 27.7c

4 25.8a 25.3a 25.9a 27.6b 28.1b

RBC: red blood cell, WBC: white blood cell.
a: p < 0.05, b: p < 0.01, c: p < 0.001.
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3.3.4. Serum superoxide dismutase
The serum superoxide dismutase (SOD) activity did not significantly

enhance in fish fed with 0.1 g kg−1 and 0.2 g kg−1 emodin diets
whereas it significantly increased with 0.4 g kg−1 diet on first week.
The SOD activity significantly increased with 0.2 g kg−1 and 0.4 g kg−1

emodin diets on weeks 2 and 4 when compared with control (Fig. 4).

3.3.5. Serum IgM
The serum IgM did not significantly increase when fed with

0.1 g kg−1 and 0.2 g kg−1 emodin diets during the experimental period.
However, the level significantly increased when fed with 0.4 g kg−1

diet (Fig. 5).

3.3.6. Lysozyme activity
The lysozyme activity of A. hydrophila infected C. batrachus did not

significantly enhance with any emodin enriched diet on first week. It

significantly increased when fed with 0.4 g kg−1 emodin diet on 2nd
week but not with 0.1 g kg−1 and 0.2 g kg−1 emodin diets. The lyso-
zyme activity was significantly enhanced with 0.2 g kg−1 and
0.4 g kg−1 emodin diets on 4th week in comparison with control
(Fig. 6).

3.4. Disease resistance

The cumulative mortality was 10% in fish fed with 0.1 g kg−1 and
0.2 g kg−1 emodin diets for 30 days, whereas with 0.2 g kg−1 diet the
mortality was 15%. However, the mortality was 85% in the infected fish
fed with control diet (without emodin). (See Fig. 7).

4. Discussion

The weight gain was significantly higher when the infected fish
were fed with 0.2 g kg−1 and 0.4 g kg−1 emodin diets on 4th week.
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There were significant variations in the feed intake pattern among
treatment groups. A better PER and FCR were found with 0.2 g kg−1

and 0.4 g kg−1 emodin diets. The SGR values did not significantly vary
among the experimental groups. In line with these findings a recent
study has reported in Cirrhinus mrigala infected with Edwardsiella tarda
when fed with diet enriched with curcumin at 1.5% level significantly
had better percentage weight gain (PWG), FER, FCR, SGR, PER, and
RPS than that of control [42]. Scophthalmus maximus, Cyprinus carpio,
and Oreochromis niloticus when fed with soya saponins containing
diet also showed similar results [43–45]. The survival rates were 98.3%
and 96.7% in 0.1 g kg−1 and 0.4 g kg−1 emodin diets whereas it was
93.3% with 0.4 g kg−1 emodin diet.

WBC plays an important role in fish immune defense, particularly in
inflammation [46]. The measurement of WBC and neutrophil quantities
in infected fish samples are accepted as a response of cellular immune
system [47]. An increase in WBC level was reported in European eel
when infected with parasite [48]. In this study the total RBC count
significantly increased when fed with 0.2 g kg−1 diet on first week and
0.4 g kg−1 diet on weeks 2 and 4. The WBC, globulin (%), and neu-
trophils (%) significantly increased with 0.2 g kg−1 diet on week 4
whereas with the 0.4 g kg−1 diet from weeks 1–4. Asian seabass fed or
injected with 0.5% of polysaccharide extract at 100mg kg−1 through
intraperitoneal route had significantly increased WBC count against
Vibrio parahaemolyticus [49]. However, the total protein and percentage
of lymphcytes, monocytes, and eosinophils significantly were found
elevated in this study in fish fed with 0.2 g kg−1 and 0.4 g kg−1 en-
riched diets. The albumin level significantly increased with 0.4 g kg−1

diet only on weeks 2 and 4. Similarly, a similar higher total serum
protein, albumin, and globulin values were observed in Labeo rohita fed
with extract of tulsi (Oscimum sanctum) [50]. O. mossambicus injected
with azadirachtin had increased WBC, monocytes, lymphocyes, and
granulocytes [51]. The hematological and biochemical parameters in-
creased in goldfish and C. mrigala treated with azadirachtin against
pathogens [52,53].

The respiratory burst activity was characterized by intracellular
localization of superoxide anion in phagocytes [54]. Activation of
phagocytes can generate superoxides, hydrogen peroxide, and hydroxyl
radical during the period of intense oxygen consumption called re-
spiratory burst [55] which are considered toxic for bacterial fish pa-
thogens [56]. The phagocytic activity in C. batrachus fed with emodin
enriched diet at 0.4 g kg−1 significantly increased on 2nd week and
with 0.2 g kg−1 and 0.4 g kg−1 emodin diets on 4th week in the present
study. Some plants have active immunostimulant compounds such as β-
glucan [57], azadirachtin [58], garlic [59], andrographolide [60] that
significantly stimulate phagocytic activity in different fishes. Another
study in goldfish fed with diet containing azadirachtin had increased
phagocytic activity against A. hydrophila [53]. Litopenaeus vannamei
treated with saponin also resulted in an increased phagocytic activity
against V. alginolyticus [61].

The measurement of respiratory burst is considered as a key

indicator of nonspecific defence mechanism of fish which is widely used
to evaluate the defence ability against pathogens [55,62]. Generally the
highest respiratory activity can be achieved by occurrence of the
highest reduction in NBT [63]. The respiratory burst activity did not
significantly enhance with any dose of emodin enriched diet on weeks 1
and 2 while it significantly increased with 0.2 g kg−1 and 0.4 g kg−1

emodin diets on 4th week in the present study. A significant increase in
the production of intracellular oxidative radical was observed in Asian
seabass fed with diet enriched with 0.1 and 0.5% polysaccharide ex-
tract, injected intraperitoneally at 50 and 100mg kg−1 [49]. C. carpio
fed at 250mg kg−1 levamisole had increased respiratory burst activity
[64]. The same results were also reported in Penaeus mondon and L.
vannamei fed with β-glucan and sodium alginate against bacterial and
viral diseases [63,65]. Similar results were observed in C. mrigala after
being treated with plant compounds (azadirachtin, camphor, and cur-
cumin) which enhanced the production of reactive oxygen and nitrogen
species against Aphanomyces invadans [16]. A recent study demon-
strated that in L. vannamei treated with saponin had an increased re-
spiratory burst activity against V. alginolyticus [61].

The complement system is one of the complex enzyme cascade
comprising numerous glycoproteins that play an important role in hu-
moral immune responses. In this study the complement activity sig-
nificantly increased in fish fed with enriched diet with 0.2 g kg−1 and
0.4 g kg−1 emodin diets on weeks 2 and 4. The present results agree
with findings in grouper, Epinephelus malabaricus fed with dietary L-
ascorbic administered at 288mg kg−1 [66] and Dicentrarchus labrax fed
with diet enriched with sodium alginate which also increased the al-
ternative complement [67]. Our results are in agreement with other
studies using diet enriched with azadirachtin that increase the com-
plement activity in goldfish against A. hydrophila [53]. In this study the
SOD activity significantly increased with 0.4 g kg−1 emodin diet on first
week and 0.2 g kg−1 and 0.4 g kg−1 emodin diets on weeks 2 and 4.
Similarly the goldfish fed with diet containing azadirachtin had in-
creased superoxide anion production against A. hydrophila [53]. V. al-
ginolyticus infected L. vannamei after being treated with saponin also
had increased SOD activity against pathogen [61].

Proteins consist of the humoral elements of the nonspecific immune
system, such as immunoglobulin (Ig), transferrin, agglutinins or pre-
cipitins [68]. The fish Ig is a tetrameric molecule in plasma [69] which
is a major adaptive humoral immune response but in fish the Ig class is
the commonly described. The IgM is present in high concentrations in
fish serum as natural antibodies reflecting the immune system status
without exposing to a specific antigen providing immediate broad
spectrum defense against pathogens [68,70]. The serum IgM level in
this study did not significantly increase in fish fed with 0.1 g kg−1 or
0.2 g kg−1 emodin enriched diets whereas it was high with 0.4 g kg−1

emodin diet. The present result of higher total Ig is supported with the
findings in greasy groupers fed with herbal diet containing purified
active component of Ocimum sanctum [71] and in Siberian sturgeon fed
diet enriched with epin and glucan of Withania somnifera and Myristica
[72]. Our results confirm the observation made in a previous study that
IgM levels increased in O. mossambicus injected with azadirachtin ex-
tract [51].

The lysozyme is well known as a primary marker of fish defense
system, which causes of lysis of pathogens, and activation of the com-
plement system and phagocytes through opsonin [73]. It is an enzyme
that breaks down the peptidoglycan (β-1, 4-glycosidic linkages) of the
bacterial cell wall thus controlling the infection. Increase in the lyso-
zyme activity suggests that elevation of various humoral factors effec-
tively protects the host during pathogen invasion [15]. In the present
study the lysozyme activity in C. batrachus did not vary significantly on
first week; however it registered a significant increase with 0.2 g kg−1

and 0.4 g kg−1 emodin diets on weeks 2 and 4. A similar result was
reported in Chinese sucker fed with enriched diet with various herbal
extracts increasing the serum lysozyme activity [74] and L. rohita [50]
fed with the andrographolide compound enriched diet [60], curcumin
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in C. mrigala [42]. Asian seabass fed with polysaccharide extract en-
riched diets at 0.1 and 0.5% level also had a significant increase [49]. A
similar result was reported in E. malabaricus fed with L-ascorbic ad-
ministration at 288mg kg−1 increased the lysozyme activity [66].
Seabass, Dicentrarchus labrax and grouper, Epinephelus fuscoguttatus fed
with a diet containing sodium alginate or i-carrageenan at 20 and
30mg kg−1 from brown algae, Laminaria digitata and Ascofillum no-
dosum resulted in an increase in the lysozyme activity [67,75]. The
lysozyme activity increased in goldfish fed with diet enriched with
azadirachtin against pathogen [53]. Plant compounds, such as azadir-
achtin, camphor, and curcumin are known to increase the lysozyme
activity in C. mrigala against A. invadans [16].

The cumulative mortality was 10% in fish fed with 0.1 g kg−1 and
0.2 g kg−1 emodin diets for 30 days, whereas the mortality was 15%
with 0.2 g kg−1 diet. The maximum mortality of 85% was observed in
the infected fish fed with control diet (without emodin). The results
agree with the observed survival rate in Asian seabass treated with 0.1
and 0.5% polysaccharide extract enriched diet (70 and 75%, respec-
tively); administration of polysaccharide injected at 50 and
100mg kg−1 resulted in 60 and 80% survival rate, respectively [49].
The similar results also were reported in goldfish fed with azadirachtin
supplemented diet against A. hydrophila [53]. Administration of plant
active compounds such as azadirachtin, camphor, and curcumin also
had a similar result in C. mrigala against pathogen as observed in the
present study [16].

Our results demonstrated that emodin can be a potential im-
munostimulants for fish, although further studies are needed regarding
the implications and efficacy of an immune system which could also
work against pathogens, particularly the elucidation of the defense
mechanism against specific pathogens are necessary. In conclusion, the
present study indicates that dietary supplementation with 0.2 g kg−1

and 0.4 g kg−1 emodin could enhance the hematological and growth
performance and also specific and nonspecific immune response in C.
batrachus against A. hydrophila. However, further studies are needed to
ascertain the mechanisms of emodin with reference to the dose and
period of administration in other fishes against various pathogens.
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