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Abstract

The effect of herbal immunostimulargésriched diets was studied on some immune respoasaneters and
disease resistance of African catfiSharias gariepinusn south south Nigeria. One hundred and sba9 fish,
average weight 100 + 1. 4*gwvere randomly divided into thre® groups. One group was immunized with
formalin inactivated vaccine with a booster dogderat4 days (2 weeks) post immunization. The segyodp
was subdivided into two (2) treatment groups armtiviigth Allium sativumandOcimum sanctursupplemented
diets respectively for two weeks (14 days). Thedtlyroup was fed with commercial diet supplementgith
sterile phosphate buffer salif®BSand considered as control. Results showed thabithaleadministration of
Allium sativumand Ocimum sanctunenriched diets and the immunized group were ablaignificantly
enhanced lysozyme activity, serum bactericidalvagtias compare to the control. The study thusagbthat
oral Allium sativumand Ocimum sanctumsupplemented diets could be potential candidates herbal
immunostimulants for African catfish rearing.
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1. Introduction

The African catfishClarias gariepinusis of the Claridae family and widely spread in the avatof tropical
Africa, India, and Asia. They are the most cultufesth in Africa and Nigeria in particular, becausktheir
ability to survive wide variety of environmental ratitions and reproduction in captivity. More sogith
physiological attributes such as fast growth, higbundity, efficient breathing organs, diseasestasi and
survival in captivity endear it to many culturisted makes it a commercial important fish in the ntou
(Kestemont et al., 2007 and Safigizal,2013).

Catfish Clarias splike every other fish are sensitive to infecticagents through attendant nonspecific and
specific immune response or reactions. They oveslied on nonspecific immune mechanism for sutviva
(Sakai, 1999). Immunostimulants are compounds eagiacity to heighten the immune resistance to séesbg
enhancing the nonspecific and specific or adaptafense mechanisms (chakrabarti and Rao, 2006)u3def
herbal based immunostimulants in aquaculture sgellgromising alternative to the use of antibiotérsd
vaccine. Most immunostimulants which have beenesurd for application in aquaculture include amotige s,
glucan (Chen & Ainsworth, 1992), tunicate extradicCumber et al., 1991), allium sativum (Nya & Auwsti
2009), Ginger (Nya & Austin, 2009), Levamisolanday & Munday, 2000; Siwicki et al., 1989), lactoferrin
(Sakai, 1999), Vitamin C (Sahoo & Mukherjee, 2003)igonucleotides from yeast RNA (sakai et al.02))
lipopolysacharided PS (Nya & Austin, 2010). These and other plants deniies are shown to initiates or
activate innate defense mechanisms that may raayttsduction of various components of immune grtips
such as phagocytic activity, lysozymes and compignaetivities, production of antimicrobial molecsiland
macrophages.

Herbal based immunostimulants are environmentahdly, biodegradable, cost effective and bioavélathen
used (Nya & Austin, 2009). GarlicAllium sativumin particular, has a history of dietary and metiti
applications as an anitifective agent (Reuter, Koch & Lawson 1996; Lawson 1998). Indeed, many
experimental and clinical effects of fresh and odeied garlic preparations have been documentedijrasiude
use of garlicin and crushed garlic (Cofelastinez, Corzo & Villamiel 2007; USDA 2007). Evidence of its value
includes inhibition of bacterial growth (e.g. Psalez2002) and fungi growth (Amer, Taha & Tosson (198
Gupta & Porter 2001). In use, garlic leads to station of immune functions in humans and in fishl{8, Das,
Mishra, Pradhan & Sarangi, 2007). In the other ha&eet basilOcimum sanctumpossesses a variety of
biological activities. Eugenol (1-hydroxy-2-methegyallylbenzene), the active compound present immDm
sanctum L., has been found to be largely respanddal the therapeutic potentials of this agent KBsh and
Gupta, 2005). Extracts of various parts @€imum plant on immune system, reproductive system, aéntr
nervous system, cardiovascular system, gastricesystirinary system and blood biochemistry have nbee
described as responsible for the therapeutic stgmfe of this plant in management of various ailtwe
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(Prakash and Gupta, 2005).
Consequently, the aim of this study was to exartiieeprotective effects of dietaAflium sativumandOcimum
in African CatfishClarias gariepinusagainst pathogenic infections

2. Materialsand Methods

2.1. Feedspreparation and Feeding regimes

Oven-dried garlic bulbs and fre§ltimumleaves were obtained from a local market in UyigeNa. The leaves
and the bulb was crushed into small grains usihgusehold garlic press, and mixed directly with owarcial
fish feed (Akwafeedlivestock feed company Nig. Ltd) to achieve (gontrol), 1.0 g per 100 g of feed. The
modified feed was stored in screw cap bottles ahrdemperature until use. The experimental fishewfed
twice daily to satiation for 14 days.

3. Experimental design

Three hundre®00 fish average weight 100 + 1. 4" gbtained from private fish farm iGouth South Nigeria
Fish were acclimatized in the aquarium for one waédr to the experiment. The water quality pareerewere
temperature5 +1°C, dissolved oxyge®—9 mg/L, pH 7.4 #0.2, NH; <0.02 mg/Land NQ < 0.1mg.L.Change

of water was done at the rate of 50% daily. Onedhesh and Sixtyl 60 fish were used in the experiment. These
fish were randomly divided into thréegroups of40 fish each and placed in580 litres rubber tanks. One group
was immunized with formalin inactivated vaccine twia booster dose after 14 days (2 weeks) post
immunization. The second and third treatment growpse fed withAllium sativumand Ocimum sanctum
supplemented diets respectively for two weeks (&¢sjl The fourth group was fed with commercial diet
supplemented with sterile phosphate buffer sé@iBSand considered as control.

3.1. Vaccine preparation

Aeromonas hydrophila isolate was sourced from Bimelogy and Genetics laboratory, Akwa Ibom State
University, Nigeria. The isolate was grown in trypé soy broth at 3C€ for 24 h and centrifuged at 800 g for 15
min. It was washed and resuspended in st@&and were then inactivated using 1% formalin fdr hefore
being washe@® times inPBSand stored for use.

3.2. Challenge Experiment

Bacterial broth cultures were prepared in tryptsog hroth (TSB; Oxoid) with overnight incubation at 30°C.
Then, the cultures were centrifuged at 3000 g formin at 4C, before the cells were washed twice in
phosphatebuffered saline (PBS; Oxoid), pH 7.4, and the pellets resuspended in fresh buffer. The concentration
was adjusted to I@ells ml asdetermined by means of a haemocytometer slide (Improved Neubauer Type;
Merck) at a magnification of 40 on a light micropeo Fish were challenged by intraperitoneal ingecti.p)
with 0.1mI* suspensions of the pathogen (suspensions of Aopkida), 24 h after stopping feeding, and
mortalities were recorded over 14 days, and anyl d@amoribund fish were examined bacteriologicatly
confirm the presence of A. hydrophila (after AustirAustin 1989), The relative percentage survilRPS) was
calculated according to Amend (1981).

3.3. Growth calculation

Growth and nutrient utilization were determined @ading to Bag et al., (2011) in terms of feed imtgfel),
specific growth rate (SGR), feed conversion raB€R), protein efficiency ratio (PER), energy retemt(ER)
and hepatosomatic index (HSI) as follows, briefly:

FI (g fish® day') = Total feed intake per fish/number of days.

SGR (% day-1) = 100 x (In [final body weight]- Infiial body weight])/no. of Days

FCR = feed intake/live weight gain

PER = live weight gain/crude protein intake.

ER (%) = 100 x (final fish body energy - initiatfi body energy)/gross energy intake

HSI (%) = 100 x (liver weight/total body weight)

3.4. Serum collection

Blood samples were collected at the end of theifigednd immunization regimen. Td® fish were sampled
randomly from each experimental group, anaestrebtidth MS 222 (tricaine methanesulfonate, TMS) atdg

L™ before blood was collected by venepuncture, amdsferred into vacuette tubes containing heparin as
anticoagulant (Greiner) to prevent clotting. Seamples were separated by centrifugatio2GQ0 g for 10min
and stored in separate Eppendurf tube (Greiner2@fC until used.

3.5. Relative Percentage survival (RPS)

Virulent strain ofA. hydrophilawas used for disease resistance assay.lUdish from each treatment group
were intraperitoneally challenged with the bactesaspension (2.1 x 1€fu per fish) and mortality of
challenged fish was recorded daily for 14 days. Gduese of death was ascertained by re-isolatingnfieeting
organism from kidney and liver of dead fish aftersin & Austin (1989).
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3.6. Serum bactericidal activity

Bactericidal activity was studied following proceduby Kajita et al. (1990) with slight modificatioera
samples were diluted three times with phosphbaféered saline (PBS; Oxoid), pH 7.4, (containing 0.5 mM ml-1
Mg2+ and 0.15 mM ml-1 Ca2+)A. hydrophila (live, washed cells) suspended in the same budfer
concentration of 10colony forming unitCFU ml. The diluted sera and bacteria were mixed at (Uv),
incubated for 90 min at 25 °C with occasional shgkiControl group containing bacterial suspensias aiso
subjected to the same treatment. The numbers bfevizacteria was then calculated by counting tHentes
from the resultant incubated mixture on TSA platfter 24 h incubation in duplicate. The bacteritakivity of
test serum was expressed as percenta@é ofin test group to that of control group.

3.7. Lysozyme activity assay

Serum lysozyme activity was measured in accordemélis (1990) with a slight modification. Brieflyl0 ul™

of individual serum was mixed with 2Q0™* of aMicrococcus lisodeichticu€Sigma) suspension at 0.2 mg il
in phosphate buffer salineBS (pH 7.4). The mixture was incubated at 27 °C, #&sdoptical density was
measured after 1 and 6 min at 530 nm using an Elpl&# reader. One unit of lysozyme activity waBreel as
the amount of enzyme causing a decrease in absmriod.001 mif‘ml serum.

3.8. Alternative complement activity

Alternative complement activity was measured follogvthe procedure of Yano (1992), using rabbit lpéabd
cells (RaRBC). Briefly, RaRBC were washed and adfliso 2x18 cell mI* in ethylene glycol tetra acetic acid-
magnesium-gelatin veronal buffer (0.01 M). A 1,0d of RaRBC suspension was lysed with 3.4 ml distille
water and the absorbance of the haemolysate wasuneebat 414 nm against distilled water to obtaé100%
lysis value. The test serum was appropriately edutith 3.4 ml distilled water and allowed to reatth 0.1 ml

! of RaRBC in test tubes. After incubation at 20f6€ 90 min with occasional shaking, 3.15™ndf a saline
solution was added to each tube and were centdfagel600g for 10 min at 4 °C. The optical density of
supernatant was measured at 414 nm. A lysis cua® abtained by plotting the percentage of haenmlysi
against the volume of serum added.

The volume yielding 50% haemolysis (ACH50) was deteed and used for calculating the complement
activity of the sample as follows: ACH50 value sninl*) =1/K x (reciprocal of the serum dilution) x 0.Fhere

K is the amount of serum (M)l giving 50% lysis and 0.5 is the correction factdrce this assay was performed
on half scale of the original method.

4, Statistical analysis

Values for each parameter measured were expressadtiametic mean + standard error (SE). The efédct
herbal based immunostimulan@llium sativumand Ocimum sanctumdupplemented diets on some immune
response parameters and disease resistance oam\ftatfishClarias gariepinuswere tested using one-way
ANOVA, and a comparison of the mean values was mgdssing Duncan’s multiple range tests (Duncarb)95
at 5% level of significance. The software program8#SS (version. 14.0) for Window was used for the
analysis.

5. Resultsand Discussion

The protective effect ofAllium sativumand Ocimum sanctunenriched diets on African catfisElarias
gariepinuschallenged with virulenferomonas hydrophilinoculum demonstrated that the oral administration
of these plant derivatives are able to stimulataesaon-specific immune mechanisms of African Cht@i$arias
gariepinus thus are better described as herbal based immostimulants.

Relative percentage survival (RPS): The mortality rate irAllium sativumand Ocimum sancturtreated groups
during 14 days post-challenge period is shown miFiLevels of mortality were 40%n immunized groups;
10% and 5% in fish fed with feed supplemented v@itimum sanctunand Allium sativumdiets respectively
Significant changes was also seen in treated fishompared to the control (P>0.05). Also, mortailitynon-
immunized (control) groups were 86.7%.. The retatpercentage survival (RPS) was significantly high
Allium sativumand Ocimum sanctunsupplemented diet (P<0.05Resistance toA. hydrophila infection
paralleled significantly in the immunized and inttb@llium sativumand Ocimum sanctunreatment groups.
However, the non immunized (control) group did ebbwed reduced mortality after experimental chakeh
with pathogen. In a similar works, resistance agfaipacterial infection in fish was observed afteal o
administration of some herbal based therapeutich a3 Aloe vera(Kim et al. 1999; Alishahi et al. 2010),
Eclipta alba (Christybapita et al. 2007) é®alanum trilobatun{Divyagnaneswari & Cristybapita 2007).

Growth parameters of African catfish: The highest weight gain was observed in the rmeat group
administered withAllium sativumsupplemented diet. The results showed high ade#iptafor the Allium
sativumby cultured Africa catfish. This was possibly doethe high palatability of feed and preferencehaf
fish to consume it as their potential food. The IB&R ofAllium sativumindicates the bioavailability nature of
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supplemented feed and that fish can easily digestféed and convert the nutrients component ta thedy

tissue. The tested value of FCR showing lower riaificates a favorable effect for market econonug tb the
quality of the product. The protein efficiency mativas significantly (P<0.05) high iAllium sativumfeed

treatments tha®cimum sanctunand immunized groups treatments which indicatesgiiwd quality of their
protein as well. The highest ER value gain indisdtee good efficiency ohllium sativumin terms of energy
retention capacity. Similar reports were obtaingdlpa & Austin, (2009) and Bag et al., (2011) amatigers.

Serum lysozyme activity: The serum lysozyme activity was increased sigaiftly in the fish fed for 14 days
with feed supplemented withllium sativumand Ocimum sancturand in immunized fish only (Fig 2) but not in
non-immunized groups (P < 0.05). The highest lysmzwactivity was observed in the immunized fish folldw
by group fed withAllium sativumsupplemented diet for 14 days. This work showed résilt of serum
lysozyme activity was significantly increased irsHhi fed with Allium sativum and Ocimum sanctum
supplemented feed, and confirmed same in immunistdas compared to non-immunized (control) groups.
Lysozyme is said to be an enzyme that splits peghjgtan in the bacterial cell wall and thus nonesfieally
inhibits the growth of infectious microorganismshefefore an elevated serum lysozyme activity sjgecif
improved immune mechanism. This increase serunziyse activity obtained is in line with elevateddgyme
level obtained in large yellow croaker (Jian & Wai023) and common carp (Jian & Wu 2004) after feediey
fish with various herbal extractMoreso, several studies have demonstrated immumlsints, probiotics and
vaccines to potentially enhance the serum lysozyatigity in fish (Paulsen et al. 2001 and Villaretlal. 2003).

Alternative complement activity: Fish fed withAllium sativum, Ocimum sanctusupplemented feed, and
immunized fish groups did showed changes in thiarnative complement pathway compared to the non-
immunized control groups (P<0.05). It is argualilattthe mode of action dkllium sativumand Ocimum
sanctumon the immune system of African Catfish could iweostimulation of the complement cascade
(Janeway 1993). In their studies Nya & Austin (200®ported Lectin as the most abundant proteigairic
(Fenwich & Hanley 1985), and is considered to kimdacterial cells to trigger the complement cascand
subsequently phagocytosis (Magnadottir 2006), thadulating the immune mechanism of the host. Howeve
mannose-binding lectin (MBL) is regarded as the tradsundant plant protein and has been implicated in
immune modulations of aquatic organisms. Many warkbave reported on the effect of plant based
immunostimulators on the complement activity (NyaA&stin, 2009). Some reports confirmed increased
complement activity as shown by Bagni et al. (208%) Cheng et al. (2007), Conversely, others remimowed
lack of significant effect on complement activitije administration of immunostimulants (Robertd®99). In

this studyAllium sativumand Ocimum sanctundid induced changes in alternative pathways of dempnt
activity compare to control group.

In conclusion oral administration @éflium sativumand Ocimum sancturenriched diets were able to enhance
some immunological parameters of African catfishluding lysozyme activity, complement activity, ser
bactericidal activity up to 14 days post-challeng&ido, the relative percentage survival (RPS)ist fed these
herbal based immunostimulants was increased dftdlenged with virulent strain @&. hydrophila. Therefore it
may be useful to usAllium sativumand Ocimum sanctunsupplemented at 100 mg Rgdiet for this fish
species, particularly during their stress condgiadowever the actual immunostimulatory active comls in
these herbs calls for further investigations.
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Relative percentage survival (RPS)
Fig. 1. Cumulative mortality of African Catfish post bad#tr challenge after oral administration of
supplemented feeds, Immunized fish and non-immuanilzeh (Control).)..
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The results represent Mean + SD (n = 20) in eagéititnent. Statistical significance between treatmgiit <
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Lysozyme activity:
Fig.2.The effects ofAllium sativumand Ocimum sanctum and immunizatiom serum lysozyme activity
(unitsmL-1) of African Catfish in each sampling period
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(Values are Mean + SD, n= 10).

Table 1. Growth parameters of African catfish fed waHium sativum Ocimum sanctursupplemented diets ,
immunized fish and non-immunized fish (Control).

Treatment Wt. gain g FCR SGR PER HIS %
Allium sativum 1.26.9 1.5+0.4 1.6+0.4 1.2+0.2 2.73
Ocimum sanctum | 1.15 1.3+0.5 1.9+0.3 1.5+0.4 2.5
immunized 1.13 1..0+0.7 1.4+0.1 1.7+0.5 2.3
Control 110 2.3+0.9 1.2+0.3 0.9+0.07 2.0

Data expressed as mean _ SE, P < 0.05, n = 10. SGR, specific growth rate; FCR, feed conversion ratio; PER,
protein efficiency ratio and HSI, hepatosomatiex

Alternative complement activity
Table 2. The effect ofAllium sativumand Ocimum sanctum and immunization alternative complements
activity of African Cat fish

Treatment 5ult 10uL?t 15uL?t
Allium sativum 22.01 22.1 225
Ocimum sanctum 22.1 22.3 22.7
Immunization 22.3 22.4 225
Control 22.0 22.1 22.1

(Mean£SD, n=10). Means in the same column werssigoificantly different (P<0.05) from control.
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