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Abstract
Immunostimulants are the most important elements for the control of fish diseases in fresh water
aquaculture. Study on the functional mechanism of immunostimulants in fish is vital for elucidating their
medicinal property. The effect of dietary supplementation of Limonia acidissima on the immune gene
expression of Catla catla was studied. Catla (5 ± 5.5 g) were fed with experimental diets containing 1.5
(T1), 3 (T2) and 6% (T3) Limonia fruit (LF) powder and control diet (T0) for different experimental
feeding periods 30, 60, 90, and 120 days. Following each feeding period fish were immunized with heatkilled Aeromonas hydrophila. Tissue samples were collected from kidney after 10 days of immunization.
Five fish were sacrificed for tissue collection and gene expression analysis was performed for innate
immune genes such as IL-10 and IFN-γ with β- actin as control. There were up-regulations of IL-10 and
IFN-γ gene expressions in kidney compared to control. Significantly (p ≤ 0.05) higher expressions of IL10 and IFN- γ were observed in T2 diet fed fish compared during 30, 60, and 90 days feeding period
compared to other groups. This study revealed tissue specific gene expression pattern in catla kidney.
Keywords: Catla, L. acidissima, Immunostimulant, Gene expression.

1. Introduction
Disease outbreaks and indiscriminate use of antibiotics in aquaculture has increased the
percentage of antibiotic resistant microorganisms leading to economic loss [1].
Immunostimulants are used as an alternative to antibiotics for enhancing the immunity of fish
against the infectious disease. The use of plant compounds as herbal immunostimulants has
been increasing rapidly in aquaculture to avert the overuse of hazardous antibiotics. Limonia
acidissima L. belongs to family Rutaceae and is a traditional medicinal plant with therapeutic
properties. The Limonia fruit had been studied for its rich antioxidant, medicinal properties
and growth promoting properties in carps [2, 3]. Elucidation of fish immune system is important
for the development of alternative treatment and disease prevention strategies [4]. Cytokine
genes play an important role in regulating the immune system of fish. Recently, many cytokine
and immune-related genes have been identified and characterized in fish, which has supported
in numerous studies on the expression of these genes during pathogen exposure [5, 6, 7].
Innate immune response plays a vital role in the first line defence in fish against pathogen
infection. This system consists of a large number of cells involved in body fluids.
Administration of immunostimulants such as Spirulina sp. enhanced the expression tumour
necrosis factor –alpha (TNFα) and interleukin one beta (IL-1β) genes in Cyprinus carpio [8].
Among different cytokine genes interleukin 10 (IL-10) is known for its significant antiinflammatory properties and enables the organism to respond to infectious agent, inducing an
inflammatory cascade along with other defensive responses [9, 10]. Interferon gamma (INF-γ) is
a key cytokine which regulates innate and adaptive immunity against viral and intracellular
bacterial infections. IFN-γ stimulates macrophage-mediated phagocytosis, regulates proinflammatory cytokines and induce proteins that bind to iron and create bacteriostatic
environment by limiting the availability of iron to the pathogens [11, 12]. Constitutive expression
of IFN- γ genes were demonstrated in Cyprinus carpio in several immune organs, cell types
and could be accounted for the regulation by immunostimulants [13].
Catla catla is an Indian major carp of high commercial value and farmed in a polyculture
system. The fish is prone to diseases such as aeromoniasis, edwardsielosis etc. Modulation of
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immune system by immunostimulants in Indian major carp,
especially in catla is still unclear. The present investigation
was undertaken to study the impact of dietary supplementation
of Limonia fruit on the expression pattern of some immune
related genes such as IL-10 and IFN-γ in the kidney tissue of
catla.
2. Materials and methods
2.1 Experimental setup and feeding of fish
Catla catla (5.0 ± 5.5 g) fingerlings were obtained from
Induced carp spawning and seed rearing centre, Tamil Nadu

Fisheries Development Corporation (TNFDC, Govt. of India),
Aliyar, Tamil Nadu, India and where randomly distributed in
twelve tanks (50 fish per 100 L). Fish were acclimatized for 10
days. Fish were fed with experimental diets containing 1.5%
(T1), 3% (T2) and 6% (T3) Limonia acidissima fruit (LF)
powder and control diet (T0) at the rate of 5% body weight
(Table 1). The feed was rationed in two portions and was
given at 9.30 am and 4.30 pm. Water temperature and pH
ranged from 27 to 30 °C and 7.2 to 8.0, respectively. The
experimental feeding trial was carried out for 30, 60, 90 and
120 days feeding period.

Table 1: Composition of control and experimental diets

Materials

Formulation (g/100 g on dry matter basis)
Control (T0)

T1

T2

T3

Rice bran

45

45

45

45

Groundnut oil cake

20

20

20

20

Maize

10

10

10

10

Finger millet

10

10

10

10

Pearl millet

10

10

10

10

Agrimin forte*
Limonia acidissima fruit

5
0

5
1.5

5
3.0

5
6.0

Crude Protein
Crude Lipid
Crude fiber
Ash
Moisture

38.83
11.47
2.23
9.3
6.3

39.23
11.83
2.06
9.52
6.05

39.14
11.85
2.07
9.6
6.48

39.21
11.9
2.13
9.3
6.2

Abbreviations: T0 : Control feed ; T1 : feed mixed with 1.5% L. acidissima ; T2 : feed mixed with 3% L. acidissima ; T3 : feed mixed with 6% L.
acidissima.
*Vitamin and Minerals pre mix, Vit-C free ; Nutritional value (g or IU kg-1) : Vitamin A - 700000 IU; Vitamin D - 140000 IU; Vitamin E - 500
3
mg; Vitamin B12 - 1000 mcg; Folic Acid - 100 mg; Nicotinamide - 1000 mg; Copper - 1200 mg; Cobalt - 150 mg; Iron - 1500 mg; Zinc - 3000
mg; Iodine - 325 mg; Selenium - 10 mg; Magnesium - 6000 mg; Manganese - 1500 mg; Potassium - 100 mg; Calcium - 27 mg; Phosphorus - 13
mg; Sulphur - 0.72 mg; Fluorine - 300 mg.
a Moisture is expressed as percentage of fresh weight; crude protein, crude lipid, and ash are expressed as percentages of dry matter. Each datum
is a mean from three separate determinations.

2.2 Culture of pathogen and Immunization of fish
Aeromonas hydrophila MTCC 1739 (IMTECH, Chandigarh)
was cultured in Tryptone Soya Broth (TSB) (Himedia, India)
for 24 h at 37 °C. The culture was then centrifuged at 3000 × g
for 10 min. The supernatant was discarded and the pellet was
resuspended in phosphate buffered saline (PBS, pH 7.4 ±0.1).
The absorbance of the bacterial suspension was adjusted to 0.5
at 450 nm using Micro plate Reader (Biotek, Model No: ELX
800, Synergy, HT, NY, USA) and was kept in water bath at 65
°C for 2 h. Sterility was confirmed by the absence of bacterial
growth on Tryptone Soya Agar, and this bacterial suspension
was used for immunization of fish.
After each feeding trial, 10 fish were anaesthetized with clove
oil (Himedia, India) and were given intra peritoneal injection
with 1 ml of heat killed A. hydrophila (1 × 106 CFU) for
immunization. Then the fish were released in to the individual
culture tanks maintained for post immunization process.

2.3 Immune-related gene expression study
2.3.1 RNA isolation and cDNA synthesis
Total RNA was extracted using 50-100 mg of kidney tissue
using TRI reagent (Sigma, U.S.A) as per manufacturer’s
protocol. The RNA concentration in the sample was quantified
by measuring the absorbance at 260 nm using Bio photometer
Plus (Eppendorf, India). The purity of the samples was
analyzed by measuring the ratio of OD 260 nm/OD 280 nm.
The samples having OD ratio of 1.8 - 2.0 were taken for the
cDNA synthesis.
Total RNA (2 µg) was used for first strand cDNA synthesis
using Revert aid first strand cDNA synthesis kit (Thermo
scientific, U.S.A) in thermo cycler (Eppendorf, Master cycler
Pro S, U.S.A). RNA was incubated with 1 µl of random
hexamer (20 µM) at 65 °C for 5 min followed by 4 °C for 5
min for primer annealing. After this, the following components
were added to the reaction in order: 4 µl of 5X MMLV-RT
buffer, 1 µl of Ribolock RNase inhibitor (20 U/µl), 2 µl 10
mM
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dNTPs, 1 µl of RT enzyme, 5 µl DEPC water. The reagents
were gently mixed and incubated in the order, 5 min at 25 °C,
1 h at 42 °C, and 10 min at 70 °C. The synthesized cDNA was
stored at 4 °C for further use.
2.4 Gene expression analysis
The amplification of IL-10 and IFN-γ genes were determined.
β-actin was used as a positive control and for sample
normalization. Each PCR reaction consisted of 12.5 µl
nuclease free water, 2 µl 10X PCR buffer (Kcl+, MgCl-), 0.5 µl
10 mM dNTPs, 1.5 µl 25 mM MgCl2, 0.5 µl (10 pmol) of each

forward and reverse primers, followed by 0.5 µl (0.05 U/µl) of
Taq DNA polymerase and 2 µl cDNA template.
The amplification profile was followed in order: Initial
denaturation at 95 °C for 5 min followed by 30 cycles
consisting of denaturation at 95 °C for 30 s, at an optimum
primer annealing temperature for 45 s (Table 2) and extension
at 72 °C for 45 s, followed by final extension at 72 °C for 10
min. The final PCR products were analyzed by electrophoresis
on 1% agarose gel. The relative levels of expression of each
gene were analyzed using Image J software version 1.49 (NIH,
U.S.A).

Table 2: Primers used in this study and their annealing temperature and sizes of PCR amplicons.

Target
gene
IL-10
IFN-γ
β-Actin

Primer

Primer sequence (5′ to3′)

IL-10 FP
IL-10 RP
IFN-γ FP
IFN-γ RP
β-Actin FP
β-Actin RP

ACC TGC ACA TTG CTA CAG CA
CCC GCT TGA GAT CCT GAA AT
AAG GGT TCC TGC TCT TGT CA
GCC ATT TTT CAC CTC GAC TG
GGT CAT CAC CAT TGG CAA TG
CAG GGA TGT GAT CTC CTT CT

2.5 Statistical analysis
The ratio of immune-related gene/beta actin product was
further calculated after subtraction of the background pixel
intensity for each gene of interest and mean value was
calculated from three samples. Data were analyzed using
paired sample T-test. Significance level was considered at p ≤
0.05.
3. Results and Discussion
The immune response of LF supplemented diet fed fish after
immunization with heat killed A. hydrophila, was assessed by
measuring the expression of genes encoding IL-10 (antiinflammatory cytokine) and INF-γ (pro-inflammatory
cytokine). Densitometry quantification of these immune genes
relative to β-actin was compared among kidney tissues of
control and experimental diet fed catla following exposure
with heat killed pathogen.
In kidney tissues, the IL-10 expression was up-regulated in L.

Optimum
annealing
temperature
(Ԩ)
59

PCR amplicon
size (bp)
235

54

210

60

N.S

acisissima fruit supplemented diet fed groups (9-32%) as
compared to control group (Figure 1) over the entire feeding
period. Significantly (p ≤ 0.05) higher IL-10 expression was
observed in fish fed with 1.5% (T1) LF supplemented diet fed
for 30 days, whereas 3% (T2) LF supplemented diet fed fish
showed significant (p ≤ 0.05) IL-10 expression during 30, 60,
and 90 days. However there IL-10 expression was insignificant
(p ≤ 0.05) among the experimental groups during 120 days
feeding period. The expression of INF- γ was up-regulated (921.5 %) in LF supplement diet fed catla compared to control
group during the entire feeding scheme. Interestingly, the IFNγ expression was significant (p ≤ 0.05) in 3% (T2) LF
supplemented diet fed fish during 30, 60 and 90 days feeding
period (Figure 2). The IFN-γ expression in experimental
groups were insignificant (p ≥ 0.05) during 120 days of
feeding period as compared to β-actin control. Moreover, it
was observed that the expression of IFN- γ relatively
decreased in all groups after 60 days feeding period.

Fig 1: Expression pattern of IL-10 gene relative to β-actin in the kidney of Catla catla. Values are expressed as mean ± S.E. Values denoted
with superscripts, differ significantly (* p ≤ 0.05) with that of control (n=3).
~ 220 ~
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Fig 2: Expression pattern of IFN-γ gene relative to β-actin in the kidney of Catla catla. Values are expressed as mean ± S.E. Values denoted
with superscripts, differ significantly (* p ≤ 0.05) with that of control (n=3).

Fig 3: Expression pattern of immune genes in Catla catla fed with L. acidissima fruit (LF) supplemented diets. T0 (Control diet), T1 (1.5% LF),
T2 (3% LF), and T3 (6% LF).

Our study has revealed the effect of dietary supplementation of
L. acidissima fruit on the immunity of catla against A.
hydrophila. The changes in the immune system following the
infection were also indicated by the up- or down- regulation of
immune related genes. However, expression studies of
immune related gene in Indian major carps and understanding
of immune responses to bacterial infections is at a nascent
phase. The present study, measured the tissue specific immune
gene expression pattern of catla, exposed to heat killed A.
hydrophila after an experimental feeding trial (30-120 days)
with LF supplemented diet. The cytokine IL-10 exhibits antiinflammatory function and are regulated by multiple immune
factors [14]. The primary function of IL-10 is to negate the proinflammatory cytokines (IL-1β, TNFα and IFN-γ) response
and prevent tissue damage [15].
In the present study, IL-10 expression was up-regulated in the
kidney tissues of experimental group fish of different feeding
period, which may be attributed to the prolonged
immunostimulatory property of L. acidissima on fish
immunity. The expression patterns of IL-10 vary extensively
among different species of fish. Increased expression levels of
IL-10 was recorded for fish fed with different
immunostimulants, which were correlated to the transcription
occurring in innate immune cells such as macrophages [16, 17].
Pinto et al. [18], reported up-regulated expression of IL-10 in
sea bass (Dicentrarchus labrax) after artificial infection with

UV-killed Photobacterium damselae. In addition, IL-10 upregulation was observed in Atlantic cod (Gadus morhua)
following LPS treatment [19]. In rohu, IL-10 mRNA transcripts
in gill, liver and kidney showed up-regulation after A.
hydrophila infection in treated fish as compared to control.
Research on the mechanism of catla IL-10 induction revealed
that, blocking nuclear factor (NF)-kB-signalling with BAY117082 in catla kidney cell culture suppressed IL-10 induction by
LPS. This may elucidate the role of catla IL-10 as an antiinflammatory cytokine and its induction via NF-kB signal
pathway [20].
Interferons (IFNs) modulate innate and adaptive immune
response by multifactorial transcriptional regulation. IFN-γ
belongs to type II IFN family and is produced by Natural killer
cells and T lymphocytes in response to viral, bacterial and
parasite antigens [22]. Rainbow trout and carp IFN–γ have
several functional properties in common with mammalian IFN
–γ, including the ability to enhance respiratory burst activity,
nitric oxide production, and phagocytosis of bacteria in
macrophages [23-27]. Mulder et al [28] observed up-regulation of
IFN-γ in rainbow trout (Oncorhynchus mykiss) intestine tissue
following A. salmonicida exposure. Ellingsen et al. [29]
observed up-regulation of IFN- γ and IL-10 in head kidney of
Atlantic cod (Gadus morhua) after intra peritoneal injection
with Francisella noatunensis. Up-regulation of proinflammatory IFN-γ gene expression in LF supplemented diet
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fed fish suggests that the immunity of experimental group fish
was enhanced as compared to control group. It has been well
established that interferon expressions are widely associated
with anti-viral infections, but recent expression studies had
revealed that bacterial components such as lipopolysaccharides
(LPS) and peptidoglycan (PGN) were effective inducers of
IFN-γ in common carp [24].
Furnes et al. [30] observed an up-regulated expression pattern of
IFN- γ in cod infected with formalin-killed Vibrio
anguillarum. In Atlantic salmon IFN- γ was up-regulated
against bacterial derived compounds such as CpG [31].
Considering together, it may be hypothesized that INF-γ
expression in the current study could be activated by A.
hydrophila virulence factors. However, in our study the
relative expressions of IL-10 and IFN-γ varied among
experimental groups of different feeding period. According to
Swain et al. [20] the expression of IL-10 an IFN-γ were
inversely related in catla exposed to A. hydrophila. This may
be correlated with differential expression pattern involving
high IL-10 and relatively IFN-γ among the experimental
groups of catla as compared to control. Further, our findings
elucidate the anti-inflammatory property of IL-10. In the
present study, gene expression varied with experimental
groups and time duration of feeding trial. Significant gene
expression was observed in T1 and T2 during early days of
feeding period (30-90 days) whereas at 120 days the
expressions were insignificant in all experimental groups.
Studies have shown that the effects of immunostimulants are
not does dependent, and over dosage may suppress immune
response. Conversely, Immunostimulants influence the nonspecific immune system over a short duration of time and
prolonged administration may prove ineffective based on dose
[32, 33]
. Highest expression of IL-10 and IFN-γ was observed in
3% LF supplemented diet fed fish. In addition, the
immunostimulatory property of test diets corroborate with
enhanced growth and some innate immune parameters of fresh
water fishes as evident from our previous studies [2, 3, 34].
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4. Conclusion
Our study provided the first information concerning L.
acidissima fruit induced gene expression in fish. The LF
supplementation in diets influenced the immune gene
expression and up-regulated the expression of IL-10 and IFNγ in head kidney of catla following pathogen exposure. These
results will be an added proof for understanding the function
of important immune genes in response to different
immunostimulants, probiotics, vaccines and disease resistance
against various fish pathogens. However it remains for further
study to determine the effect of LF diet supplementation on
immune genes of other fish tissues such as liver, spleen, gills
and intestine which is being focused in our laboratory.
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