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Abstract

The immunostimulatory and disease resistance properties of herb Achyranthes

aspera L. (Amaranthaceae) were evaluated in rohu Labeo rohita in pond. Rohu

fry (1.9 � 0.08 g) were cultured in hapas (25 hapa�1) set inside a pond and

were fed with two experimental diets containing 0.5% seeds (D1) and leaves

(D2) of A. aspera and control diet (D3). Fish were challenged with Aeromonas

hydrophila after 80 days. The cumulative mortality rate of fish was significantly

(P < 0.05) higher in D3 (28e48%) compared to others. Average weight was

significantly (P < 0.05) higher in D1 (6.5e12.5%) compared to other treatments.

Myeloperoxidase and nitric oxide synthase levels were significantly (P < 0.05)

higher in D1 and D2 compared to D3. Thiobarbituric acid reactive substances

and carbonyl protein levels were significantly (P < 0.05) lower in

hepatopancreas and kidney of D1 compared to others. In hepatopancreas, the

expressions of lysozyme C, loysozyme G, TNF-a, IL-10 and IL-1b were
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significantly (P < 0.05) higher in D1 compared to others. This treatment was

followed by D2. In kidney, lysozyme G and TNF-a levels were significantly (P

< 0.05) higher in D1 and D2 compared to D3. Whereas, IL-10 and IL-1b were

significantly (P < 0.05) down-regulated and up-regulated, respectively in kidney

of D2. There was up-regulation (P < 0.05) of TLR-4 in hepatopancreas and

kidney of D1 and D2 diets fed rohu, respectively compared to others.

Keywords: Immunology, Zoology

1. Introduction

The application of herbal immunostimulants has been increasing rapidly to control

the disease in aquaculture [1]. Several plant ingredients show promising results viz.

miers, Tinospora cordifolia leaf extract [2], mango,Magnifera indica kernel [3], So-

lanum trilobatum leaf [4], green tea [5], guava Psidium guajava leaves [6, 7], ginger

Zingiber officinale [8]. All these studies are performed in the control laboratory con-

ditions. Validation of these studies is required in the ponds, the most important

source for aquaculture production in Asian countries. Achyranthes aspera L., a

member of the Family Amaranthaceae is commonly found as weed in various parts

of India. The bushy herb can be grown in the field regularly. Roots and seeds of A.

aspera showed immunostimulatory and disease resistance properties in fishes in the

laboratory conditions. The supplementation of A. aspera in diets stimulates specific

and non-specific immune systems of Catla catla (catla), Cyprinus carpio (common

carp) and Labeo rohita (rohu) [9, 10, 11, 12, 13]. The supplementation of seeds of A.

aspera in diet also enhances the growth of fish. Even it protects the early larvae of

carps from harmful UV-B irradiation [14, 15, 16, 17, 18].

The study of biochemical composition of seeds unveils the reason for beneficial ef-

fect of A. aspera on carps. Two glycosides of oleanolic acid, saponin A and B are

present in the alcohol extract of seeds [19]. Chakrabarti et al. [20] reported the

occurrence of ecdysterone and two essential fatty acids linolenic acid and oleic

acid in the seeds. Ecdysterone is associated with the increased protein synthesis

in skeletal muscle [21]. The amino acid profile study shows that leucine, isoleucine,

phenylalanine and valine contents of seeds are equivalent to Bengal gram, whereas,

sulphur amino acids methionine and cystine contents are higher compared to most

pulses [22]. The long-chain polyunsaturated fatty acid (PUFA) plays important role

in many physiological functions. So far, all experiments with A. aspera are con-

ducted in laboratory conditions. The validation of laboratory study is most essential

in the field conditions. Among various parts of the plant, only immunostimulatory

properties of roots and seeds have been evaluated; the efficiency of leaves yet to be

evaluated.
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The innate immune system is the baseline defence system of fish [23]. Myeloperox-

idase and nitric oxide synthase reflect the status of the immune system of the species.

The elevated levels of these parameters are indicators of healthy immune system of

fish. The pattern recognition molecule, the toll-like receptor (TLR) is associated with

certain activities of the innate immune system viz. production of cytokines, differen-

tiation of cells, production of reactive nitrogen and oxidative radicals [24, 25]. Cy-

tokines play an important role in the immune system by binding to specific receptors

and setting off a cascade of events leading to induction, enhancement or inhibition of

a number of cytokines-regulated genes [26]. Interleukin-1b is one of the pivotal early

response pro-inflammatory cytokines that enables organisms to respond to any infec-

tion, inducing an inflammatory cascade, along with other defensive responses [23,

27]. TNF-a is associated with recruitment and activation of phagocytes [28]. The

expression patterns of immune related genes were studied in rohu infected with Ed-

wardsiella tarda [29] and Aeromonas hydrophila [10, 30, 31]. The information on

the expression of immune related genes in fish fed with enriched diets and chal-

lenged with bacteria in pond conditions is lacking. The aim of the present study is

to evaluate the immunostimulatory and disease resistance properties of seeds and

leaves of Achyranthes aspera in Labeo rohita challenged with Aeromonas hydro-

phila in the pond conditions.
2. Materials and methods

2.1. Culture of fish and challenge with pathogen

Indian major carp L. rohita fry were procured from a fish farm, acclimated for 7 days

and then fry (1.9 � 0.08 g) were introduced in hapas (25 hapa�1) set inside the pond

(54.5 m � 30.5 m � 2.25 m) of Rohtak Centre, Central Institute of Fisheries Edu-

cation (Indian Council of Agricultural Research), Haryana. Each hapa (2.0 m � 1.5

m � 1.5 m) was made of nylon net; the top of the hapa was covered with a net to

avoid the escape of fish. Hapas were set inside the pond with bamboo stick. Rohu

fry were fed with two experimental diets containing plant ingredients and control

diet (Table 1). The experimental diets were prepared with 0.5% seeds (diet 1, D1)

and leaves (diet 2, D2) of A. aspera with other ingredients; diet without plant ingre-

dient served as control (diet 3, D3). A. aspera was grown in the outdoor facility;

leaves and ripe seeds were collected regularly, cleaned, dried, ground and kept in

the refrigerator for further use. Three replicates were used for each feeding regime.

Food was given once daily (9.00 a. m.) at the rate of 5% of body weight. Major water

quality parameters like temperature, pH, dissolved oxygen and conductivity were re-

corded regularly using HQ40d Multiparameter (Hach, USA) from four sides of the

pond closer to the hapas. Water temperature and pH ranged from 28.5 to 31 �C and
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Table 1. Composition of experimental and control diets.

Ingredients Diets

0.5% Seeds (D1) 0.5% Leaves (D2) Control (D3)

Composition (g kgL1)
Fish powder 482.76 482.76 482.76

Wheat flour 488.24 488.24 493.24

Cod liver oil 20.00 20.00 20.00

Vitamin & mineral pre-mix 4.00 4.00 4.00

Leaves - 5.00 -

Seeds 5.00 - -

Proximate composition (g 100 gL1)
Crude protein 36.71 35.67 33.58

Crude fat 8.31 7.82 8.64

Carbohydrates 37.52 38.36 43.45

Ash 8.03 8.12 7.20

Moisture 9.43 10.03 7.14

Crude fibre 0.44 0.65 0.41

Energy (kcal 100 g�1) 371.7 366.5 385.8
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8.4 to 9.16, respectively throughout the culture period. Dissolved oxygen level

ranged from 7.11 to 9.62 mg L�1 in the pond. After 80 days of initial feeding,

fish were anesthetized with MS 222 (Sigma, USA) and injected intraperitoneally

(100 mL) with live Aeromonas hydrophila (5 � 106 CFU mL�1). A group of fish

injected with buffer served as sham control. All fish were introduced in the respec-

tive hapa and mortality of fish was recorded for 10 days at 12 h interval. The whole

study was conducted following the guidelines of Institutional Animal Ethics Com-

mittee, IAEC (approved by Committee for the Purpose of Control and Supervision

of Experiments on Animals, CPCSEA) (Reference: DU/ZOOL/IAEC-R/2015/08).

The study was conducted following all regulations.
2.2. Collection of samples

After 10 days of challenge test, fish were anesthetized with MS 222 (Sigma), blood

sample was drawn from the caudal vein of each fish using Dispo van 2 mL single use

syringe (0.55 � 25 mm/24 � 1) and transferred in serological tube. Blood samples

were allowed to clot at 4 �C overnight. The serum was then spun down at 400� g for

10 min. Then the serum was stored in sterile tube at �20 �C until used for assays.

Three replicates were used for each feeding regime. Hepatopancreas and head kid-

ney were collected aseptically and were preserved at �80 �C for biochemical assays

and gene expression study.
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2.3. Myeloperoxidase and nitric oxide synthase assays

Myeloperoxidase activity was measured following the standard method [32]. First

10 mL serum was taken in each well of microplate, then 90 mL of Hank’s balanced

salt solution (without Ca2þ or Mg2þ), 35 mL of 20 mM 3,30,5,50-tetramethylbenzi-

dine hydrochloride (Genei, India) and 5 mMH2O2 were added to each well of micro-

plate. The mixture was incubated for 2 min and 35 mL of 4 M sulphuric acid was

added to stop the reaction. The activity was recorded at 450 nm.

Nitric oxide synthase levels of tissues (hepatopancreas and head kidney) were re-

corded [33]. In 1 mL phosphate buffer (pH 7.4), 100 mg tissue was homogenized;

centrifuged at 10000� g for 20 min at 4 �C. The supernatant, 100 mL was mixed

with 100 mL Griess reagent and incubated 10 min at room temperature. The activity

was recorded at 540 nm. The nitrite concentration was measured with the nitrite stan-

dard curve and expressed as mmol mg tissue�1.
2.4. Oxidation of tissue lipids and proteins

Thiobarbituric acid reactive substances (TBARS) indicate the oxidation of tissue

lipids (hepatopancreas/head kidney). In 9 mL of KCl (1.15%), 1 g tissue was homog-

enized. Then the sample was incubated at 100 �C for 1 h in acid medium containing

0.45% sodium dodecyl sulphate (SDS) and 0.6% thiobarbituric acid [34]. The sample

was centrifuged at 800 x g at 4 �C for 15 min. The standard was prepared with 1, 1, 3,

3-tetramethoxy propane. The activity was measured at 532 nm and expressed as

mmol MDA mg protein�1.

Carbonyl protein is an indicator of tissue protein oxidation. A 100 mg tissue (hepa-

topancreas/head kidney) was homogenized in 1 mL of potassium phosphate buffer

(50 mM, pH 7.0) containing 0.5 mM ethylenediaminetetraacetic acid and 100 mM

of phenylmethlysulfonyl fluoride [35]. The homogenate (250 mL) was mixed with

0.5 ml of 10% TCA, centrifuged at 13000� g for 5 min and the pellet was used

for the assay. The pellet was mixed with 10 mM dinitrophenyl hydrazine (1 mL,

DNPH) dissolved in 2 M HCl. It was incubated 1 h at room temperature, centrifuged

at 13000 x g for 5 min; the pellet was collected and washed thrice with 1 mL of

ethanol-butylacetate (1:1, v/v). Then it was dissolved in 1.5 mL of 6 M guanidine

hydrochloride, centrifuged at 13000� g for 5 min and the supernatant was collected.

The optical density of the supernatant was measured at 370 nm. The result was ex-

pressed as nmol mg protein�1. The molar extinction coefficient was 22 � 103 M�1

cm�1. Total tissue protein was measured at 750 nm [36].
2.5. Cumulative mortality rate of fish

The mortality of rohu in each hapa was recorded at 12 h interval after the challenge

with A. hydrophila. The number of fish was recorded and expressed in per cent with
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respect to the initial one. Finally, it was expressed as cumulative mortality rate of

rohu.
2.6. Gene expression study

2.6.1. Total RNA isolation and cDNA synthesis

The hepatopancreas and head kidney (100 mg) of rohu were processed separately in

TRIzol reagent (Ambion, Life Technologies, USA) for the extraction of total RNA

following the protocol of manufacturer. In Synergy H1 Hybrid microplate reader

(Biotek, USA), the concentration and purity of RNA was checked at 260 and 280

nm, using Take 3 plate. Then integrity of extracted RNA was checked in 1% agarose

gel. Total RNA (1 mg), was treated with 1U of DNase I (Sigma-Aldrich, USA) to

avoid any contamination of DNA. High capacity cDNA reverse transcription kit

(Applied Biosystems, USA) with RNase inhibitor was used for the reverse transcrip-

tion of DNase-treated RNA following the manufacturer’s protocol. The product was

stored at �20 �C for further gene expression study.
2.6.2. Quantitative real-time PCR analysis

The quantitative real-time PCR (qRT-PCR) was performed to amplify immune rele-

vant target genes like, lysozyme G, lysozyme C, TNF-a, IL-10, IL-1b, TLR-4 and

housekeeping gene, b-actin using QuantStudio 6 Flex Real-Time PCR system

(Applied Biosystems). MicroAmp optical 96-well reaction plate (0.1 mL) was

used for amplifications. Primers for different genes were either self-designed or

collected from earlier published data (Table 2). The cDNA of all the treatments

were diluted (1:1) in nuclease-free water. Amplifications were carried out with 10

mL reaction volume and that composed of 1.0 mL of diluted cDNA, 0.25 mL of For-

ward and Reverse primers (2.5 mM each), 5 mL of Universal 2X PowerUp SYBR

Green Master Mix (Applied Biosystems), 3.5 mL of nuclease-free water. Amplifica-

tions were performed in duplicate wells under following conditions: initial denatur-

ation at 95 �C for 10 min followed by 40 cycles of 95 �C for 15 sec, annealing at 55
�C (for lysozyme G, lysozyme C, TNF-a) and 60 �C (for IL-10, IL-1b, TLR-4, b-

actin), and extension at 72 �C for 1 min. The reaction carried out without cDNA tem-

plate was a negative control. The qPCR specificity was verified with melt curve an-

alysed at a 95 �C for 15 sec (1.6 �C sec�1), 60 �C for 1 min (1.6 �C sec�1) and 95 �C
for 15 sec (0.15 �C sec�1). The PCR efficiencies were determined by analysis of se-

rial dilutions of cDNA. The efficiencies close to 100% allowed the application of

2�DDCT method for calculation of relative gene expression of the target gene with

that of reference gene b-actin [37]. The specificity of the amplification product

was verified in 1% agarose gel.
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Table 2. Target genes and sequences of primers used for qPCR analysis.

Target gene Primer Primer sequence (50-30) Accession
number/reference

Lysozyme C Lyso C Fw
Lyso C Rv

CGATGATGGCACTCCAGGT
CATGCTTTCAGTCCTTCGGC

EF203085.1

Lysozyme G Lyso G Fw
Lyso G Rv

CAATGGCTTTGGCCTCATGC
CACGTGGGAAACTTTGCTCTG

KC934746.1

TNF-a TNF-a Fw
TNF-a Rv

GGCGGCTTGAAAGTAGTGGA
TATGCAGAACGTCGTGGTCC

FN543477.1

IL-10 IL-10 Fw
IL-10 Rv

GCTCAGTGCAGAAGAGTCGAC
CCCGCTTGAGATCCTGAAATATA

[49]

IL-1b IL-1b Fw
IL-1b Rv

GTACCCCACAAAACATCGGC
CAAGAGCAGTTTGGGCAAGG

AM932525.1

TLR-4 TLR-4 Fw
TLR-4 Rv

CTAAGAAAGTGCTTGGGCTTCAT
GGTTTGTGGCAATAATGGCTTTC

KX218428.1

b-actin b-actin Fw
b-actin Rv

GACTTCGAGCAGGAGATGG
CAAGAAGGATGGCTGGAACA

[29]
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2.7. Statistical analysis

All data are given as Mean � SE. One-way analysis of variance and Duncan’s mul-

tiple range test [38] were used to find out the difference among various treatments.

Statistical significance was accepted at P < 0.05 level.
3. Results

3.1. Cumulative mortality of rohu

Rohu fry were fed with test diets containing 0.5% seeds (D1) and leaves (D2) of A.

aspera and control diet (D3) for initial 80 days and then challenged with A. hydro-

phila. After bacterial challenge, the mortality of fish was recorded for 10 days at 12 h

interval. First mortality was recorded in D2 diet fed rohu within 12 h of challenge

with bacterial pathogen. The mortality rates were 2, 4 and 10% in D1, D2 and D3

diets fed groups, respectively after 24 h of challenge. In control diet fed group,

50% fish died within five days of challenge. The cumulative mortality rate was

significantly (P < 0.05) higher in control diet fed rohu compared to the seeds and

leaves supplemented diets fed fish (Fig. 1). The cumulative mortality rates were

28, 48 and 76% in D1, D2 and D3 diets fed rohu, respectively.
3.2. Average weight

Plant supplemented diet showed a positive impact on the growth of rohu fry. The

average weight was significantly (P < 0.05) higher in rohu fed with 0.5% seeds sup-

plemented diet (D1) compared to other two feeding regimes. The average weight of
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Fig. 1. Cumulative mortality of L. rohita fed with three different diets and challenged with A.

Hydrophila.
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D1 diet fed rohu was 6.5 and 12.5% higher compared to the D2 and D3 diets fed fish,

respectively (Table 3).
3.3. Myeloperoxidase and nitric oxide synthase assays

Myeloperoxidase activity was significantly (P< 0.05) higher in D1 and D2 diets fed

rohu compared to the control diet fed fish. There was no significant (P > 0.05) dif-

ference in myeloperoxidase activity between the former two groups. Nitric oxide

synthase levels in hepatopancreas and kidney were significantly (P < 0.05) higher

in D1 diet fed rohu compared to others. The level was 5e7 folds higher in hepato-

pancreas compared to the kidney of rohu fed with same diet (Table 4).
3.4. Oxidation of tissue lipids and proteins

TBARS levels were significantly (P < 0.05) lower in hepatopancreas and kidney

of D1 diet fed rohu compared to others. Similarly, carbonyl protein level was

significantly (P < 0.05) lower in D1 diet fed rohu compared to others. Highest

TBARS and carbonyl protein levels were found in D3 diet fed rohu. The levels
Table 3. Initial and final average weights of L. rohita fed with three different diets
and challenged with A. hydrophila. Mean � SE (25 fish hapa�1, 3 hapas

treatment�1; 25 � 3 ¼ 75 in each treatment) sharing different letters in the same

column are significantly (P < 0.05) different.

Parameters (D1) 0.5% Seeds (D2) 0.5% Leaves (D3) Control

Initial weight (g) 1.9 � 0.08a 1.9 � 0.08a 1.9 � 0.08a

Average weight (g) 25 � 0.40a 23.50 � 0.22b 22.22 � 0.11c
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Table 4. Myeloperoxidase, nitric oxide synthase, thiobarbituric acid reactive

substances (TBARS) and carbonyl protein levels found in L. rohita fed with three

different diets and challenged with A. hydrophila. Mean � SE (6 fish hapa�1, 3

hapas treatment�1; 6 � 3 ¼ 18 in each treatment) sharing different letters in the

same column are significantly (P < 0.05) different.

Parameters 0.5% Seeds (D1) 0.5% Leaves (D2) Control (D3)

Serum
Myeloperoxidase (O.D. at 450 nm) 0.92 � 0.04a 0.91 � 0.02a 0.62 � 0.03b

Hepatopancreas
Nitric oxide synthase (mmol mg tissue�1) 20.82 � 0.14a 15.25 � 0.26b 15.36 � 0.20b

TBARS (mmol MDA mg protein�1) 0.98 � 0.02c 1.32 � 0.04b 2.94 � 0.03a

Carbonyl protein (nmol mg protein�1) 7.80 � 0.04c 8.56 � 3.16b 16.71 � 5.05a

Head kidney
Nitric oxide synthase (mmol mg tissue�1) 4.30 � 0.02a 2.74 � 0.02b 1.78 � 0.02c

TBARS (mmol MDA mg protein�1) 0.75 � 0.01c 1.97 � 0.05b 3.25 � 0.05a

Carbonyl protein (nmol mg protein�1) 5.48 � 0.19c 7.78 � 0.27b 17.99 � 0.28a
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were higher in hepatopancreas compared to the kidney of rohu cultured in the

same feeding regime (Table 4).
3.5. Gene expression

Expression of various immune-related genes supported the physiological study. In

hepatopancreas of seeds (D1) supplemented diet fed rohu, the expressions of lyso-

zyme C and G were significantly (P < 0.05) higher compared to others. This treat-

ment was followed by D2 diet fed rohu and minimum level was found in control diet

(D3) fed fish (Fig. 2). The expression of lysozyme C was higher compared to lyso-

zyme G in the hepatopancreas of rohu cultured in the same feeding regime. Lyso-

zyme G levels were significantly (P < 0.05) higher in kidney of rohu fed with D1

and D2 diets compared to the D3 diet fed fish (Fig. 3). There was no change in lyso-

zyme C level in plant supplemented diets fed rohu compared to the control diet fed

fish. In hepatopancreas of D1 diet fed rohu, the expression of TNF-a was signifi-

cantly (P < 0.05) higher compared to others. This treatment was followed by D2

and D3 diets fed rohu (Fig. 4). In kidney, the expression of TNF-a was significantly

(P < 0.05) higher in D1 and D2 diets fed rohu compared to D3. The expression of

TNF-awas 2e6 folds higher in hepatopancreas compared to kidney of rohu cultured

in same feeding regime. There was up-regulation (P < 0.05) of IL-10 in hepatopan-

creas of rohu fed with D1 diet compared to others (Fig. 5). This treatment was fol-

lowed by D2 diet fed rohu. In kidney, IL-10 was up-regulated (P < 0.05) only in D1

diet fed rohu and it was down-regulated in D2 diet fed fish compared to the control

diet fed fish. In hepatopancreas of D1 diet fed rohu, IL-1b was up-regulated (P <

0.05) compared to others (Fig. 6). Whereas, in kidney significantly (P< 0.05) higher
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Fig. 2. Expression of lysozyme C and lysozyme G in hepatopancreas of L. rohita fed with three different

diets and challenged with A. hydrophila. The relative expression of the target gene lysozyme C/G was

normalized to the expression of b-actin (internal control) and expressed as fold changes relative to the

control diet fed group. Vertical bars with different superscripts are significantly (P < 0.05) different

(2 fish hapa�1, 3 hapas treatment�1; 2 � 3 ¼ 6).

Fig. 3. Expression of lysozyme C and lysozyme G in kidney of L. rohita fed with three different diets

and challenged with A. hydrophila. The relative expression of the target gene lysozyme C/G was normal-

ized to the expression of b-actin (internal control) and expressed as fold changes relative to the control

diet fed group. Vertical bars with different superscripts are significantly (P < 0.05) different (2 fish

hapa�1, 3 hapas treatment�1; 2 � 3 ¼ 6).
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expression was found in D2 diet fed fish compared to others. Similar trend was also

found with TLR-4. There was up-regulation (P < 0.05) of TLR-4 in hepatopancreas

and kidney of rohu fed with D1 and D2 diets, respectively compared to D3 diet fed

fish (Fig. 7).
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Fig. 4. Expression of TNF-a in hepatopancreas and kidney of L. rohita fed with three different diets and

challenged with A. hydrophila. The relative expression of the target gene TNF-a was normalized to the

expression of b-actin (internal control) and expressed as fold changes relative to the control diet fed

group. Vertical bars with different superscripts are significantly (P < 0.05) different (2 fish hapa�1, 3

hapas treatment�1; 2 � 3 ¼ 6).
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4. Discussion

The feeding of rohu fry with A. aspera seeds and leaves enriched diets showed very

positive effect even in the pond conditions. The mortality rate was highest in the con-

trol diet fed fish. The cumulative mortality rate of fish was 28e48% reduced in
Fig. 5. Expression of IL-10 in hepatopancreas and kidney of L. rohita fed with three different diets and

challenged with A. hydrophila. The relative expression of the target gene IL-10 was normalized to the

expression of b-actin (internal control) and expressed as fold changes relative to the control diet fed

group. Vertical bars with different superscripts are significantly (P < 0.05) different (2 fish hapa�1, 3

hapas treatment�1; 2 � 3 ¼ 6).
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Fig. 6. Expression of IL-1b in hepatopancreas and kidney of L. rohita fed with three different diets and

challenged with A. hydrophila. The relative expression of the target gene IL-1b was normalized to the

expression of b-actin (internal control) and expressed as fold changes relative to the control diet fed

group. Vertical bars with different superscripts are significantly (P < 0.05) different (2 fish hapa�1, 3

hapas treatment�1; 2 � 3 ¼ 6).
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enriched diet fed rohu. Like earlier laboratory based study, best result was obtained

in the seeds supplemented diets fed rohu compared to the other feeding regimes. This

is the first report showing immunostimulatory and disease resistance properties of

leaves of A. aspera. In laboratory experiments, early larvae and fingerlings of

rohu were fed with seeds supplemented diets and then challenged with A.
Fig. 7. Expression of TLR-4 in hepatopancreas and kidney of L. rohita fed with three different diets and

challenged with A. hydrophila. The relative expression of the target gene TLR-4 was normalized to the

expression of b-actin (internal control) and expressed as fold changes relative to the control diet fed

group. Vertical bars with different superscripts are significantly (P < 0.05) different (2 fish hapa�1, 3

hapas treatment�1; 2 � 3 ¼ 6).
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hydrophila. Significantly lower mortality was found in seeds supplemented diets fed

rohu compared to the control one [10, 30]. This is clear from the study that A. aspera

provides protection against bacterial pathogen to all age groups of rohu in control

laboratory conditions as well as in natural pond.

Like earlier study conducted in the laboratory conditions, growth stimulatory prop-

erty of plant supplemented diet was observed in rohu fry cultured in pond. The

average weight was 6.5e12.5% higher in rohu fed with 0.5% seeds supplemented

diet compared to other two feeding regimes in the present study. Enhanced growth

of fish was also found in leaves supplemented diet fed fish compared to the control

one in the pond study. Giri et al. [6] found that supplementation of leaves of other

plant, the guava leaves at 0.5% level enhanced the growth of rohu compared to

the control diet fed fish. The growth of fish is an indicator of health status that influ-

ences the other physiological conditions. In a laboratory study, common carp larvae

fed with 0.5% seed supplemented diet showed higher average weight compared to

the fish fed with control diet [20]. Enhanced growth and survival are the basic re-

quirements of successful aquaculture. In the present study, these two primary requi-

sites are achieved in the pond conditions. The study of immunological and oxidative

stress parameters and gene expression supported these two basic observations.

Higher levels of myeloperoxidase and nitric oxide synthase showed the efficient im-

mune system of rohu in the present study. This pond study confirmed the earlier lab-

oratory experiments. Enrichment of diets with plant ingredients improved the

efficiency of the immune system. Seeds are superior to leaves. A tissue-specific

physiological activity was recorded in the present study as nitric oxide synthase level

was always higher in hepatopancreas compared to the kidney of rohu cultured in the

same feeding regime. Myeloperoxidase and nitric oxide synthase are indicators of

the immunological status of the fish. Myeloperoxidase shows antimicrobial activity.

It occurs abundantly in neutrophil granulocytes; elevated level of myeloperoxidase

helps in the destruction and elimination of invading pathogens from the host body

[39, 40]. Nitric oxide synthase catalyzes the production of cellular signalling mole-

cule nitric oxide that plays vital role in defence mechanism of fish [41]. In the present

study, the elevated levels of myeloperoxidase and nitric oxide synthase indicated the

improved defence system of rohu fed with plant supplemented diets. Supplementa-

tion of seeds of A. aspera enhanced the nitric oxide synthase level in catla [42]. The

presence of long-chain polyunsaturated fatty acids such as linolenic and oleic acids

in the seeds [20] may be associated with the immunostimulatory properties of rohu

challenged with bacterial pathogen in the present study.

Feeding of fish with enriched diets stimulated the immune system and as well as

reduced the stress in fish [14, 24, 26]. This was evident from the lower levels of

TBARS and carbonyl protein in hepatopancreas and kidney of enriched diets fed

fish compared to the control fish in the present study. The study also showed that
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hepatopancreas was more sensitive to stress compared to kidney as TBARS and

carbonyl protein levels were highest in the former regardless of feeding regime.

Seeds showed better performance in stress reduction compared to the leaves; still

the latter was better compared to the control treatment. Elevated levels of TBARS

and carbonyl protein are indicators of oxidation of tissue lipid and protein, respec-

tively. Lipid peroxidation is a well-established mechanism of oxidative damage

caused by reactive oxygen species [43]. Lipid peroxidation is the process of oxida-

tive degradation of PUFA and its occurrence in biological membranes causes

impaired membrane function, structural integrity and inactivation of several

membrane-bound enzymes [44]. Lipid peroxidation may bring about protein damage

by its end products, MDA and 4-hydroxynonenal [45]. Fish challenged with bacte-

rial pathogen were prone to oxidation of lipid and protein. Dietary supplementation

of plant ingredients reduced oxidative stress in rohu in the present study.

In the present study, lysozyme C, lysozyme G, TNF-a, IL-10, IL-1b and TLR-4

were up-regulated in hepatopancreas of enriched diets fed rohu compared to the con-

trol one after challenged with A. hydrophila. The expressions were higher in seeds

supplemented diet fed rohu compared to the fish fed with leaves supplemented diet.

In kidney of same rohu, most of these genes were up-regulated compared to the con-

trol diet fed fish, except lysozyme C and IL-10. IL-10 was down-regulated in leaves

supplemented diet fed rohu compared to the control diet fed fish. In kidney, lyso-

zyme G, TNF-a, IL-10 expressions were higher in the seeds supplemented diet

fed rohu compared to the leaves supplemented diet fed fish, whereas, expressions

of IL-1b and TLR-4 showed the opposite trend. The feeding of rohu fingerlings

with other plant ingredient, ginger (root of the plant) showed up-regulation of IL-

10, transforming growth factor-beta (TGF-b) in head kidney, intestine and hepato-

pancreas [8]. A significant difference was found in the expression pattern of IL-

1b, TNF-a, lysozyme C and lysozyme G in E. tarda infected and un-infected

rohu [29]. In rohu challenged with A. hydrophila, a significant up-regulation of

IL-10 and down-regulation of IL-1b and TNF-a was reported in treated group

compared to control [30]. This showed the response of these genes in presence of

pathogen. In rohu fed with other plant leaves, the guava leaves supplemented diets,

there were up-regulations of IL-1b, TNF-a in head-kidney, intestine and hepatopan-

creas, whereas, IL-10 was down-regulated [6]. Significantly higher expressions of

lysozyme, TNF-a and IL-1b were observed in common carp fed with jujube Zizi-

phus jujube [1], ferula Ferula assafoetida [46] and loquat Eriobotrya japonica

[47]. In another study, common carp fed with guava leaf powder enriched diets

showed significant up-regulation of IL-1b while there was no change in the expres-

sion of TNF-a [7]. The expressions of NOD 1 and TLR-22 were higher in liver

compared to kidney [48]. Tissue-specific expressions of various genes were reported

in catla [42]. Similar results were also found in the pond experiment with rohu as the
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expressions of various genes were higher in hepatopancreas compared to kidney of

fish cultured in the same feeding regime.
5. Conclusions

In conclusions, dietary supplementation of A. aspera seeds and leaves enhanced the

growth of rohu, induced the immune system, reduced oxidative damage of tissue and

protected fish from bacterial pathogen. There were up-regulations of most of the

genes in enriched diets fed rohu compared to the control group. Seeds showed better

performance compared to the leaves. The bioactive compounds present in seeds are

beneficial for the fish health. This plant ingredient has immense prospect in the pro-

duction of healthy fish in ponds.
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