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Abstract

Garlic is known to possess a vast variety of biological functions. It was reported to be an
antimicrobial, antithrombotic, anticacer, antioxidant and could improve the immune-system
as well as had the capacity to lower serum lipid and glucose levels. The impact of allicin on
signaling pathways still needs to be investigated and reports about its effect on cytokine
production are inconsistent. In the present study, we investigated the influence of allicin on
several carp genes and checked the immediate response of these genes. Direct p-regulation of
pro-inflammatory cytokines as IL-1p, TNF-a, IL-10, TLR3, and INF-a, INFyl was observed
after stimulation of carp head kidney (HK) cells with allicin extract. These results strongly
indicate that allicin is responsible for the anti-inflammatory effects. Further, the results
suggest that there are potential therapeutic effects of allicin on chronic inflammatory diseases.
These effects need more investigations in aquaculture industries.
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1. Introduction

Disease control is a major issue to the aquaculture industry; therefore it is of a great
importance to prevent the outbreak of disease during the culture of commercially important
fish species. One alternative way of prevention is the use of immunostimulants that affect the
host rather than the pathogen, elevating nonspecific and specific host defenses.

Garlic’s historic and worldwide medicinal uses have made it one of the most extensively
studied medicinal herbs. However, the actual curative benefits of this member of the
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Liliaceae family are unclear. Garlic is considered safe by the food drug administration (FDA),
based on the lack of known serious adverse outcomes despite culinary and medicinal use
throughout human history. The main purported active ingredient, allicin, is degraded by
crushing, heat, and acid; thus, efficacy is optimized by consuming raw cloves or
enteric-coated tablets. The usual dose is 300 mg, taken 2 to 3 times per day, standardized to at
least 1.3% allicin (equivalent to approximately 3 g or 1 fresh clove daily. The enzyme allinase
converts alliin to allicin (diallyl thiosulphinate), which is an extremely unstable compound
that is responsible for the pungent smell of garlic (Block, 1985). It becomes quickly
decomposed into organo-sulphur compounds, i.e. diallyl sulphide (DAS), diallyl disulphides
(DADS), polysulphides and ajoenes (Miron et al., 2004). S-allyl cysteine is a relatively stable,
odorless, bioavailable and water-soluble compound and is considered to contribute to the
pharmacological and immunological activities of garlic (Corzo-Martinez et al., 2007). Allicin
diallyl thiosulphinate is an active but volatile compound of garlic. It has been implicated in
antibacterial activity against a wide range of Gram-positive and Gram-negative bacteria, and
has antiviral, antifungal and anti-protozoal activity (Rose et al., 2005). It has been found that
the antioxidant allicin scavenges OH and inhibits lipid peroxidation. Higher doses (>100 uM)
of allicin have proven toxic to mammalian cells (Hasan et al., 2007). Moreover, Shahsavani
et al. (2011) showed that allicin supplementation is effective in decreasing lead accumulation
in all examined tissues of common carp. The promising ameliorative effects of allicin on
tissue lead levels of common carp make it a good candidate for therapeutic intervention of
lead poisoning. Miron et al. (2000) concluded that allicin could easily diffuse into the internal
volume of vesicles or into the cytoplasm of red blood cells. Allicin have the ability in
preventing immune mediated concanavalin A-induced liver damage in mice (Santhosha et al.,
2013). Allicin modulates the effect of T-cells and adhesion molecules and exerts an inhibitory
effect on NF-kappa B activation and hence prevents liver damage. Studies have also
suggested that allicin could be used therapeutically in treating chronic inflammatory diseases
like inflammatory bowel disease.

Cytokines are small glycoproteins involved in extracellular signaling and play a significant
role in balancing host immune responses. Based on their structural features, cytokines have
been grouped into several families, including Interleukins (IL) such as IL-1, -2, -6, -12, -10,
-17, Tumor necrosis factors (TNFs), transforming growth factors, and chemokines (Vilcek,
2003). These molecules regulate local and systemic immune inflammatory and regulatory
events. The differentiation of Th cells into Th1-Th2 cells is important as hosts mount
effective immune responses. The differentiation and balance between Th1—Th2 type response
is predominately mediated by the respective cytokines. Previously, identification of fish
cytokines was based mainly on EST- and PCR-mediated homology cloning using degenerate
PCR primers (Savan & Sakai, 2000).

Several fish cytokine genes have been isolated and characterized in recent years, and
researchers have used mRNA expression as a tool for measuring immune responses (genomic
database of zebrafish and fugu). Although not all genes discovered by homology cloning may
encode for proteins with the same function as the query genes, it appears that fish have most
of the cytokines relevant to responses to bacteria, viruses, inflammation, or cell proliferation
and chemo-attraction. In particular, pro-inflammatory cytokines, including IL-1B, TNF-a,
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IL-8, IL-12, INFs, and IL-10 are commonly used immune-regulatory genes in fish (Castillo et
al., 2009; Tanekhy et al., 2010).

The present study was carried out to investigate the effect of allicin, a crude garlic extract on
the immune related genes expressions in the common carp, Cyprinus carpio L.

2. Material and Methods
2.1 Fish

Adult common carp (mean mass 300g) were obtained from Susano farm, Miyazaki, Japan.
They were checked thoroughly for injury and disease conditions, and only healthy fishes
were used for this study. After washing with 0.01% KMnO4 solution for 15 min, they were
placed in nine plastic pools (500 L) containing non-chlorinated water. Prior to the start of the
experiment, the fishes were acclimatized to the food and laboratory conditions with 12 h dark
and 12 h light cycles, pH range of 6.95 to 7.60 and temperature ranging from 16 to 24 °C for
15 days.

2.2 Allicin (Garlic extract)

Fresh garlic cloves (70 g) were blended in 35 ml distilled H20, centrifuged, ultra-filtered
through a 10 kDa cut-off membrane (Flowgen, UK) and sterilized by filtration (0.45 mm). By
subtracting the weight of the insoluble material from the weight of the original cloves, the
final concentration of the garlic extract in solution was determined to be 57.1% (W/v).
Aliquots were stored at -20 °C until required.

2.3 In vitro Stimulation Using Allicin

A preliminary in vitro stimulation test using different concentrations of allicin was conducted.
The in vitro stimulation test was done by using concentration of 6 pg/ul, 12 pg/pl, 25 pg/pl
and 50 pg/ul of allicin at 4h post-stimulation. The lower concentration of allicin 6 pg/ul
resulted in a significant increase of all immune genes used in this study. However, higher
concentrations of 25 and 50 pg/ul resulted in a marked decrease in these genes (unpublished
data). Therefore, we decided to use the concentration of 6 pg/ul of allicin for the gene
expression study.

The head kidney (HK) cells of five fish were isolated according to the modified method
described by Braun-Nesje et al (1982). The cells were removed from the fish and filtered
through a nylon mesh with RPMI 1640 medium (Nissui, Japan) containing 1 % streptomycin
/ penicillin (S/P, Gibco, USA), 0. 2% heparin (Sigma, USA) and 10 % carp serum (CS). HK
cells of carp were evenly dispersed in the RPMI 1640 medium and stimulated with 6 ug/ul of
allicin at Oh (control), 1h, 4h, 8h, and 12 h post-stimulation at 22 °C, in RPMI 1640 medium
supplemented with 50 ug / ml of ampicillin.

2.4 Expression Analysis of Carp Cytokine Genes
2.4.1 RT-PCR

Total RNA was isolated from treated Carp HK cells using ISOGEN (Nippon Gene, Osaka,
Japan) according to the manufacturer’s instructions. cDNA synthesis was then performed
using ReverTra Dash (Toyobo, Osaka, Japan). Using the synthesized cDNA as a template,
PCR reactions were performed according to the following protocol: 1 pL of cDNA was
mixed with 5 uL of ANTPs (10 uM of each dNTP) and 10x Gene 7ag Universal buffer, 0.5
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puL of Tag polymerase (5 units/puL), 5 puL of each specific primer (5 pM) and 28.5 pL of
distilled water. Specific carp B-actin primers served as internal control. Expression levels of
the carp interleukin (IL)-1B (AB010701; Fujiki et al., 2000), IL-10 (AB110780; Savan et al.,
2003), typel INF (Kitao et al, 2009), INFyl, INFy2, TLR3 and TNF -a (AB112424; Saeij et
al., 2003) have been performed. The sequences, annealing temperature and PCR product size
for each of the specific primer pairs for carp B-actin and the cytokines observed in this study
are outlined in Table 1.

Table 1. Common carp immune related genes primers and the PCR conditions with accession
numbers

Primers Sequence (5'-3) Cycle No An.Temp (°C) Amplicon size (bp) Accession No.

INF-a F TGCATATGGCTCGGCCAATA 35 61 804 AB376667
INF-at R GTCAAGACAAGAAACCTCACC

IL-1B F GGAGAATGTGATCGAAGAGC 30 61 280 AJ245636
IL-1B R GTAGAGGTTGCTGTTGGA

I-1I0F  TGATGACATGGAACCATTACTGG 30 60 284 AB110780
I-I0R  CACCTTTTTCCTTCATCTTTTCA

TNF-a F GCTGTCTGCTTCACGCTC 30 58 188 AJ311800
TNF-a R AAAGCCTGGTCCTGGTTC

INFYy1F GTCGCTGCTGCTTGATAGAA 32 60 166 AM261214
INFy1 R CTGAAGCTCCCTCCATACTT

INFy2 F GAGGAACCTGAGCAGAATCT 32 60 202 AM168523
INFy2 R CCTTGATCGCCCATAGTGTT

TLR3 F GCAGCACAACAACTTGGCTA 32 59 197 DQ885910
TLR3 R CATGCAGCTGATCCAAGAGA

B-actin F ACCTCATGAAGATCCTGACC 24 60 312 M24113
B-actin R TGCTAATCCACATCTGCTGG

PCR products were electrophoresed on a 1.5 % agarose gel to detect the specific gene bands.

2.5 Semi-Quantitative Analysis of RT-PCR Products

Semi-quantitative analysis was undertaken in accordance to the method described by Kono et
al. (2004). The carp cytokine / f-actin gene ratio and shrimp genes / EF ratio were determined
by densitometry, undertaken by measuring photo-stimulated luminescence values using
SCIENCE LAB99 IMAGE GAUGE software (Fujifilm, Tokyo, Japan), and by comparing the
transcript levels of these genes to the internal genes.

2.6 Statistical Analysis

Data is expressed as mean + SEM. PCR results for the infected and control groups were
analyzed using ANOVA and Tukey’s significant difference tests.
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3. Results and Discussion

Some adjuvants and immunostimulant substances such azadirachtin, chitin, CpG-ODN:s,
sodium alginate and iota-carrageenan, yeast, B-glucans as well as bacterial polysaccharides
are commonly used to prevent occurrence of disease and to enhance immunity of fish.
B-glucan administration has been reported to increase antibody production, complement
activity, lysozyme activity, macrophage activity and respiratory burst of channel catfish
Ictalurus punctatus, rainbow trout Oncorhynchus mykiss, Atlantic salmon Salmo salar, and
gilthead seabream Sparus auratus. It is demonstrated that dietary garlic or garlic extract
allicin enhance the non-specific immune mechanism of rainbow trout Oncorhynchus mykiss
by stimulating the proliferation of immune cells, and enhancing phagocytosis, oxidative burst
and lysozyme activities, Nya and Austin (2009, 2010) and Agatha A. Nwabueze (2012).

The pro-inflammatory cytokine (TNF-a) is key components in innate immunity and the
inflammatory response in fish (Saeij et al., 2003). TNF-a is also an important
macrophage-activating factor (MAF) produced by leukocytes. It is synthesized by various
cell types upon stimulation with endotoxin, inflammatory mediators, or cytokines such as
IL-1B, and in an autocrine manner, upon stimulation by TNF-a itself (Hirono et al., 2000).
Expression studies, particularly those conducted in vitro, have generally demonstrated that
TNF-o mRNA expression and regulation in trout, carp, and flounder is similar to that
observed in mammals, with similar activation kinetics (Wang & Secombes, 2013). In the
present study, the expression of TNF-a was significantly increased 1 and 4 hours post
stimulation as compared to the control group, the highest expression of the IL-10 gene was
observed 4 hours post stimulation (Figure 1).
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Figure 1. Expression analysis of IL-1, IL-10, TLR3 and TNFa in kidney of Cyprinus carpio
after being stimulated with crude garlic extract

Garlic has been shown to have anti-inflammatory and pro-apoptotic properties among others.
It was hypothesized that treating placental explants with garlic may inhibit the production of
inflammatory cytokines tumor necrosis factor (TNF-a). A reduction in TNFa production was
evident at both low (10 pg/mL) and high (500 pg/mL and 1000 pg/mL) garlic concentrations
in preeclamptic explants (Markis et al., 2004). TNF-a is an important pro-inflammatory
cytokine. It is reported that allicin markedly inhibited the spontaneous TNF-a expression and
TNF-a -induced secretion of IL-1PB, from the two different cell lines in a dose-dependent
manner and suppressed the expression of IL-1 mRNA level (Lang et al., 2002).

IL-1B is produced by macrophages, monocytes, and dendritic cells. IL-1B acting as an
important mediator of the inflammatory response and is involved in a variety of cellular
activities (Miliani et al., 2007). The expression of IL-1p was found to be higher than the
controls 1h post stimulation with garlic extract (Figure 1) giving onset up-regulation. This
activation of IL-1P maybe related with the enhancement of macrophage functions. Fujiki et al.
(1999, 2000) analyzed the expressed genes in HK of carp injected with sodium alginate and
scleroglucan by suppression subtractive hybridization and reported the expression of
immune-related genes like IL-1pB. Kono et al. (2002) demonstrated the activation of IL-1f in
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carp injected with PG. IL-1p expression in rainbow trout HK leucocytes is induced by LPS
stimulation (Zou et al., 2000). Jorgensen et al. (2001) showed that CpG ODN 1668 activates
trout macrophages to express IL-1B. CpG ODN 1668, in concentrations varying from 2 to 20
M, also produced significant induction of IL-13 expression.

IL-10 is an immune-regulatory cytokine that influences the immunological system, both on
the innate and cell-mediated response. The up-regulation of IL-10 was recorded at 1 and 4h
compared to the control group. The highest expression of the IL-10 gene was observed at 1h
(Fig.1). IL-10 expression has been identified in carp after LPS stimulation to the HK
(Tanekhy et al., 2009). It was hypothesized that treating placental explants with garlic may
stimulate the production of anti-inflammatory cytokines IL-10 by the placental explants. The
lower concentration of garlic 10 pg/mL resulted in a significant increase in IL-10 production
by normal placentas. However, higher concentrations of 500 pg/mL and 1000 pg/mL resulted
in a marked decrease in IL-10 production (Markis et al., 2004). In the current study, the
expression of the IL-10 gene was significantly increased at 1 and 4h stimulation with allicin.
IL-10 is generally known as an immunosuppressive cytokine. This is because, in rainbow
trout and carp, IL-10, like other inflammatory cytokines such as TNF-a, IL-1p is expressed
soon after LPS stimulation, whereas in humans, IL-10 is not expressed so quickly (Inoue et
al., 2005).

Toll-like receptors (TLRs) play an essential role in the innate immune system by initiating
and directing immune responses to pathogens and control activation of adaptive immune
responses. TLR3 triggers specific signaling pathways that culminate in the activation of
NF-kB and IRF3 transcription factors, as well as apoptosis, enabling the host to mount an
effective innate immune response through the induction of cytokines, chemokines, and other
pro-inflammatory mediators.

In the present study, the expression of TLR3 was significantly increased 1 and 4h post
stimulation as compared to the control group. The highest expression of the IL-10 gene was
observed at 1h (Figure 1). Poly I:C has been shown to bind TLR3. TLR3 deficient mice
macrophages were shown to have greatly reduced responses to poly I:C. Human natural killer
cells (NK cells) have been reported to express TLR3, to up-regulate TLR3 mRNA and
cytotoxic activity following poly I:C stimulation.

Interferon (IFN) is a protein that is secreted from cells in response to invasion by pathogens,
and is classified into type-I IFN (I-IFN) and type-II (II-IFN). IFN are produced in numerous
cell types including lymphocytes (T and B cells), macrophages, fibroblasts, blood vessel
endothelial cells and osteogenetic cells, and are known to be important elements in antivirus
reply (Samuel, 2001). In the present study, the expression of INF-a was significantly
increased at 1 and 4h compared to the control group. The highest expression of the INF-a
gene was observed at 1h (Figure 2).
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Figure 2. Expression analysis of interferons (INFa, INFy1l and INFy2) in kidney of Cyprinus
carpio after being stimulated with crude garlic extract
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The expression of INFyl and was INFy2 was significantly higher than the control group at 1h
(Figure 2). The CpG ODN 1668 used has been shown by several different groups to stimulate
immune mechanisms in higher vertebrates and recently it was reported to activate Atlantic
salmon leucocytes to produce IFN-like cytokines (Jorgensen et al., 2001). There was no effect
of different types of stimulants of IFN production, including LPS, poly I:C and the mitogen
PHA, on the inducibility of the cell line in rainbow trout (Castro et al., 2010). PHA is a
mitogen widely used to induce blastogenesis and mitosis in peripheral lymphocytes and to
induce IFN-gamma expression. It was shown previously to strongly induce trout IFN-gamma
expression in primary cultures of head kidney leucocytes at low doses (10 mg/ml). Using the
same dose, Castro et al. (2010) have also detected a correlated expression in the primary cell
line cultures after 4 h of PHA stimulation as an IFN-gamma induced gene. Recently, PHA
was described as an activator for type I [FNs in RTG-2 cells using high concentrations of the
lectin (50 mg/ml).

In conclusion, the present study documented that allicin activate both non-specific humoral
immunity and non-specific cellular immune ability by increasing expression of cytokine
genes in head kidney of carp. The potent immunostimulatory activities of allicin reported for
fish in this study suggest allicin as an interesting immunostimulant to be tested in fish
vaccines challenge test with pathogens.
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