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Abstract:

The possible effect of dietary administration ofahaxtract Pandanus tectorius) on rainbow
trout (Oncorhynchus mykiss) immune status as well as its effect as an amtr agent was
studied. Fish were divided into 4 groups beforaliteg with commercial diet (0%, control;
0.5%, 1% and 2% of hala extract) for 2 weeks. Tifece of diet on the humoral immune
parameters, ie total protein, myeloperoxidase cuntantiproteases, lysozyme and
bactericidal activities were studied. Also, theeeffof the diets on the expression of some
immune-related genes in rainbow trout head-kidriéNF( LYZ2, IL-8 andCD-4) as well as
tumour suppressor gend/(-1a) was investigated. At the end of the feeding fiigl groups
were challenged withYersinia ruckeri. The results demonstrated enhancement in all the
immune parameters in fish fed hala extract dietapared to control fish especially with the
highest dose (2%) which recorded the highest saamf increase (p < 0.05) in some
parameters (total protein, myeloperoxidase contamtiproteases, and bactericidal activities)
compared to the control. The results obtained frdmallenge withY. ruckeri revealed
reduction in the mortalities in fish groups fedwit% and 2% doses of hala extract. Feeding
with hala extract provoked upregulation in all immet related genes. Again, the highest dose
of hala extract showed a significant upregulatiohil' 1la expression (p < 0.05Jhe current
study suggest that the hala extract, especiallyhtleest dose, could be considered a good
food additive to improve the immune status, reistour formation and to resist or control

infectious diseases of rainbow trout.
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1. Introduction:

Aquaculture is considered to provide a valuablers®wf essential protein required for
human health. However, the intensive and extereumculture industry is subject to disease
outbreaks [1]. However, controlling fish diseasgsantibiotics and chemotherapeutics has
caused the development of drug resistant pathageaddition to accumulation of residues in
environment and fish tissue and subsequently inamsnj2]. On the other hand, medicinal
plants provide a promising, alternative methodrsisting and/or controlling fish diseases
[3]. The world tends to use medicinal plants faatment not only because they are cost
effective, biodegradable, and safe but also fogl@sting effects than the synthetic drugs
provide andvhich have faster recovery rates [4]. It is wartantioning that many medicinal
plants have antioxidant properties which delay oevent oxidative damage, therefore

playing a vital role in disease prevention. [5].

Previous studies showed a marked enhancement offishe immune system after
administration of different parts of medicinal pgisn(roots, leaves, seeds, and flowers).
Moreover, various levels of immune response depangbon plant concentrations, time and
method of administration [3]. For example, dietanpplement with three doses of fenugreek
seeds improved the immune status of gilthead saabi@arus aurata L.) especially with
the highest dose (10%) [6]. Moreover, common caypi(inus carpio) showed enhancement
in immune parameters after administration of a sligiplemented with a 2% doseAuhillea
wilhelmsii leaf extract [7]Interestingly, catfish@larias gariepinus) injected with 50 mg/kg
of leek leaf extract showed an increase in humorashune response one month post-

injection [8].
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Hala tree Pandanus tectorius) belongs to the family Pandanaceae that compaisasd 600

members. [9]. This tree was initially cultured Asia and extends to tropical northern
Australia and Pacific islands of Oceania [10]. dntains triterpenoids and flavonoids [11],
thus it was successfully used in folk medicine ianwy countries. In Kiribati, the leaves are
used as therapy for cold, influenza, asthma, hiepalioils and cancer, while the roots are
used to treat haemorrhoids. Fruits, flowers andabevots are used to treat digestive and
respiratory disorders in Hawaii. While, In Palaopts and leaves are used to alleviate

stomach cramps and vomiting, respectively [10].

Previous studies recorded antioxidant, antibadteranticoagulant, anti-inflammatory,
hepatoprotective, antidiarrheal, anticonvulsantyretic and anti-cancer activities for leaf
extract [10, 12]. However, there has been no ingasbn carried out on the effect of hala
leaf extract on the immune system of fish. Thus therent study was carried out to
investigate the possible effects of dietary suppletrof hala leaf extract on rainbow trout
immune response either in serum or in cell by eranthe expression of some immune-
related genesT\F, LYZ2, IL-8 and CD-4) in head kidney as well as study its effect as anti-

tumour agent by examination of the expressiowbfla gene (tumour suppressor gene)

2. Materials and methods:

2.1. Preparation of plant extract and diets:

Hala (Pandanus tectorius) leaves were collected from a local market in $&udbia. About
one kilogram of dried powder of hala was extraatsithg 95% alcohol (Merck, Germany) by
percolation till exhaustion (4 X 4 1) and filteredf by filler paper. The combined filtrates of

the plant were evaporated under reduced pressulel@am temperature using rotator
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evaporator. The obtained residue (250 g) was usepkaparing the diets. Four different
concentrations were prepared; commercial diet npplemented (0%, control), commercial

diet supplemented with 0.5 g (0.5%), 1 g (1 %) 2md(2%)/ 100 g of hala extract.

2.2. Fish, experimental design and sampling:

Rainbow trout ©ncorhynchus mykiss) of average weight 18 + 1 g were obtained from a
commercial fish farm in Scotland, and acclimatire@erated free flowing freshwater (14 +
2°C). During acclimatization, fish were fed thrémes daily with a commercial diet
(Biomar). Fish were distributed randomly into 4 gps each with 30 fish (10 per replicate)
and fed for 14 days with 0.5 g (0.5%), 1g (1%) @l (2%)/100 g ohala extract. Controls
were fed with commercial diet only to examine tlesgble mode of action and effect on
immune status. Blood was collected from fish areasted using. 3- amino benzoic acid
ethyl ester; Sigma-Aldrich, Basingstoke, U.K.) byrisge before transfer to Vacuettes
without heparin (Greiner, Stonehouse, U.K.) and tef clot for 2 h at 4°C, prior to
centrifugation (1600 g, 25 min, 4 °C), and storéd 20°C until use. The fish were then

sacrificed using an overdose of the above anaésthet
2.3. Humoral immune parameters:
2.3.1. Lysozyme activity:

Serum lysozyme activity was measured accordingl8]. [ Briefly, 60 uL of serum was
added to 2 mL of a suspensionMifcrococcus lysodeikticus (0.2 mg mt in a 0.05 M sodium
phosphate buffer (pH 6.2) and absorbance was nmezhatis30 nm after 0.5 and 4.5 min on a
spectrophotometer. A unit of lysozyme activity wekedined as the sample amount causing a

decrease in absorbance of 0.001 Hin
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2.3.2. Total protein content

Total protein was measured by Bradford assay usowgne serum albumin (BSA) as the
standard. Briefly, 2 mg il solution of BSA was prepared and serial dilutiomade with
phosphate buffer saline (PBS). Around|2®f each dilution was added to 1 ml of Bradford
reagent (Sigma-Aldrich) before incubated at roommperature for 15 min. The standard
curve was prepared by measuring the absorbanaebfsample at 595 nm verses the sample
concentration. Serum samples were diluted (1: 100PBS before 2Qul of each serum
dilution was added to 1 ml of Bradford reagent.eAfincubation for 15 min, the absorbance
of the unknown samples was taken and plotted dmostandard curve to obtain the total

protein content for each sample [14].
2.3.3 Antiproteases activity

The serum anti-trypsin activity was measured adgogrdo Lange, Gdmundsdottir [15].
Thus, 20ul of standard trypsin solution (Sigma-Aldrich, 5 mgj*) was incubated with 20l

of serum for 10 min at 22°C. Subsequently, 206f 0.1 M PBS (PH 7.2) and 250 of 2%
azocasein solution (Sigma-Aldrich, 20 mg ml PB®ere added. The mixture was incubated
for 1 h at 22°C before stopping with the additidr500 ul of 10 % (v/v) trichloro acetic acid
(TCA). Then, the mixture was incubated for 30 mi2'Z before centrifuging at 6000 x g for
5 min. About 100ul of the supernatant was transferred to a 96 mietoflat bottom plate
containing 10Qul of 1 N NaOH well". The absorbance was read in the ELISA readerGit 41
nm. Positive control (100%) was prepared by repiathe serum with buffer. For a negative
control, buffer replaced both serum and trypsine plercentage inhibition of trypsin activity

was calculated by comparing with a positive congaohple.
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2.3.4. Myeloperoxidase content:

The myeloperoxidase content of serum was measweading to [16]. Briefly, 5Qu serum
was diluted with 1351 of Ca? and Md? free HBSS (Sigma-Aldrich) in flat-bottomed 96-
well plates. Then, 5@l of 20 mM 3,3",5,5 -tetramethylbenzidine hydrocide (TMB,
Sigma-Aldrich) and 5 mM kD, (Sigma-Aldrich) were added (both substrates of xidase).
The reaction was stopped by adding®f 4 M sulphuric acid (KH50O,) after 2 min. The

absorbance was read at 450 nm by ELISA readerkBlample was without serum.
2.3.5. Bacterial culture and bactericidal activity:

Yersinia ruckeri was identified and obtained from Heriot Watt Unsigr before inoculation
into TSA media (Oxoid) for 48 h at 25 °C. The cu#twvas centrifuged for 10 min at 3000 xg
at 4 °C and the pellet resuspended in 0.9% ofealihe bacterial suspensions were counted

using a hemocytometer slide at a magnificationGif*4on a light microscope.

Serum bactericidal activity was done according &itll, Sakai [17] usindersinia ruckeri.
Briefly, 100l of serum was mixed with 10d of bacterial suspension, before incubation for
1 h at 25 °C. A blank control was also prepareddplacing serum with sterile PBS. The
mixture was then diluted with 0.05 M sodium phogphauffer, PBS (pH 6.2) at a ratio of
1:10. Around 5Qul of mixture was plated onto the nutrient agargsdatnd incubated for 48 h

at 25 °C before the number of colonies was counted.
2.4. Challenge wittersinia ruckeri:

All challenge experiments were done under a UK H@ffece Project License (held by A.R.
Lyndon) and a UK Home Office Personal License (H®tdD. A. Austin) and approved by

the Heriot-Watt University Ethics Committee.
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Yersinia ruckeri was grown in nutrient broth (Oxoid) for 24 h at 25°The culture was
centrifuged at 3000 x g for 10 min at 4°C, befdre supernatants were discarded, and the
pellets resuspended in 0.9% (w/v) saline. The ehgk test was carried out on fish by
intraperitoneal injection with 0.1 ml volumes cdntag 1CG° cells/fish, as preliminary
experiments had determined this to be the LD8O0tler challenge strain of. ruckeri.

Mortalities were recorded for up to 10 days [18].
2.5. Gene expression by real time PCR:

Total RNA was extracted from the head kidney anarliusing RNA extraction kit (Applied
biosystem, UK). The quantity of RNA was measuregsianodrop. Around 1 ug of RNA was used

in Reverse transcription by using cDNA kit from entas (York, UK).

The expression ofNF, LYZ2, IL-8, CD-4, § -actin, andWT-1a genes (Table 1) in head kidney were
analysed by real-time PCR machine (ABI PRISM 75&rument, Applied Biosystems) using SYBR
Green PCR Core Reagents (Applied Biosystems). Mix{gomprised of 10 ml of SYBR Green
supermix, 5 ml of primers (0.6 mM each) and 5 mtbNA template) were incubated for 2 min at 95
°C, followed by 40 cycles of 15 s at 95 °C, 1 mir6@ °C, and finally 15 s at 95 °C, 1 min at 60 °C
and 15 s at 95 °C. Gene expression was correctéldebreference gengsactin in each sample. The
primers used are shown in Table 1. Gene expresdithe samples compared to the controls was

calculated according to the following equation:

AC
(Erge) T target (control — sample)

Ratio =

AC
(E:h) T target (control — sample)

2.6. Statistical analysis
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Data were expressed as fold increase (mean + sthedar, SE), obtained by dividing each sample
by the mean control value. Values higher than Yesgan increase while values lower than 1 express
a decrease in the indicated gene. Data were amhlyzene-way analysis of variance (ANOVA).
When differences were found amotiggatments Tukey's test was used to compare means by
Minitab statistical software (Minitab, Coventry, YKDifferences were considered significant at P

<0.05.

3. Results:

3.1.Humoral immune parameters:

In Lysozyme activity and Myeloperoxidase contdfig( 1 & 2), the highest significant values (p <
0.05) were reported in fish groups fed with 0.5% @& of hala extract with respect to the values
found in the control group (0%). Although all dosédala extract showed highly serum total protein
compared to the control (0%) none of them showgdifstant differences compared to the values
found in control group (Fig.3). The antiproteasavay (Fig.4) was increased in specimens fed with
0.5% or 2% doses of hala extract (compared to enalthough only in the group fed 2% dose the
increases were statistically significant, comparethe values found in control (p < 0.0Regarding
bactericidal activity (Fig. 5), all groups fed wittala extract showed high activity compared to the

control group (especially with 2% dose) but withsigmificant differences.

3.2. Challenge withversinia ruckeri

Fish groups fed with diets supplemented of halaaektfor 2 weeks resulted in reduction in
mortalities after challenge with Ruckeri (Fig.6). The resistance % ruckeri infection was increased

in fish groups fed for 2 weeks with 2% and 1% doskhala extract where the survival percent was
26.67% and 21.43 %, respectively, compared torabgtoup (33.3 %). However, the difference was

not significant.

3.3.Gene expression:
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The results revealed an increase in the expresdionmune related gene$NF, LYZ2, IL-8

and CD-4) in the head kidney of rainbow trout after adm@son of diets enriched with
0.5% and 1% of hala extract for 2 weeks compardati¢aexpression recorded in the control
group (Fig. 7). Interestingly, the lowest dose ¥0)Showed the highest expression compared
to other groups and control group while only bestagistically significant (p < 0.05) falNF

andIL-8 compared to the control.

Moreover, the results showed significant up- regoitain WT-1a gene of head kidney (p <
0.05), in fish fed with 1% and 2% doses of halaaottcompared to control. The highest

expression was recorded in the dose of 2%.

Discussion:

Lysozyme is an important non-specific immune patam&hich plays a vital role in fish defence
mechanisms against diseases. It is responsiblgpi&onin, and thus activates the complement system
and phagocytes [19]. Our results revealed a sigmifi enhancement in serum lysozyme activity of
the fish group fed 0.5% and 2% of hala extractpeesvely, for 2 weeks compared to the control
group (0%). This could be attributed to a dose ddpat effect of hala extract on rainbow trout.
Similar observation was reported in lysozyme agtiof rainbow trout fed for 2 weeks with 0.5% and
1% of tetra Cotinus coggyria) [20], and 1% & 2% of black cumin oiN{gella sativa) [21], . Also, the

highest activity depended mainly on the dose adstmation.

Myeloperoxidase is an important enzyme expresseadiyna neutrophils, which have the ability to
produce hypochlorous acid from one of the oxidatamsicals (HO,) [22]. This process has a great
benefit to kill invading microorganisms [23]. Thesults showed an increase in myeloperoxidase
content in all treatment groups with hala extraspecially in those fed with 0.5 % and 2% where a
significant value (p < 0.5) was recorded comparedcontrol group. Similar to our study,
myeloperoxidase was increased significantly inbvawm trout fed for two weeks with 1% and 2% of

lupin (Lupinus perennis), mango Mangifera indica), and nettle rtica dioica) [3]. Also, the highest

10
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myeloperoxidase content and lysozyme activity v@alwere recorded in rainbow trout fed 0.1% and
0.5% of caper leaf extract for 4 weeks [19]. Iwierth mentioning that time and dosage are two
important factors which control the efficiency oflapt immunostimulants. For example,

Christybapita, Divyagnaneswari [24] noticed a digant increase in common tilapia fed with diets
containing different concentrations of false ddiesgf for 1 week, while feeding for 2 or 3 weeks

didn't showed any significant increase.

Serum protein is an important parameter in humeraedune system in fish. Its composition plays a
vital role in keeping fish healthy. Moreover, theshimportant role played by acute phase proteins i
in limiting the spread of infectious agents througgpairing tissue damage and killing micro-
organisms [25, 26]. Present results also demoestrthancement in total protein value in all groups
that received different concentration of hala esttgroups as compared to the control (especiallly wi
the dose of 2%). This is in agreement with DugeArda [27] who reported increases in serum
protein levels in rainbow trout fed with 0.1% anb Df ginger Zingiber officinale), nettle Urtica
dioica) and mistletoe\(iscum album). Several studies reported an increase of seroteip levels in
fish species after using dietary supplement witmfd as immunostimulants [6, 7, 28, 29]. Moreover,
they suggested that elevation in fish total protegre probably a result of enhancement of the non-

specific immune response.

Antiproteases or protease inhibitors are activéeowes in the non-specific immune system that
inhibit the action of proteases either by bindingtheir active sites or by 'trapping' the protetise
prevent protein hydrolysis [30] and thus limitingetgrowth of invading bacteria in fish [31]. In the
present study, the highest dose of hala extracrded the highest significant enhancement in serum
antiproteases compared to the control. In agreemaétiit our result several studies recorded
enhancement in fish species after administratiordigts supplemented with medicinal plants [6, 32,
33]. Itis worth emphasizing that the increasdish immune response depend mainly on dose and

time of administration. Moreover, the response dispends on fish species. For example, 0.5% dose

11
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of garlic reported the highest antiprotease agtiirit rainbow trout after feeding for 2 weeks [33].
Although, the highest antiprotease in Asian seabeddor 2 weeks was reported at 1.5% dose of

garlic [34].

Various humoral molecules involved in non- spacifitnune response have a power to protect the
fish from invading microbes [35]. Serum bacteritidativity is a lysin mechanism known for the
killing and clearing of pathogenic organisms imfj81]. In our studyY. ruckeri was used as a model
to examine the activity of hala extract to kill tihacterial infection. The strength of immune
molecules in fish serum to kiN. ruckeri can detected by the lowest number of bacteriadnieb
grown on media. Fish groups fed with hala extragealed higher bactericidal activity compared to
control, especially in the group fed with the highdose (2%). Similarly, using the highest dose of
black cumin seed (3%) as food supplement in rainbowt diet caused higher bactericidal against
Aeromonas hydrophila, [21]. Also, rohu Kabeo rohita) recorded an enhancement in serum
bactericidal activity againgt. hydrophila after feeding for 2 weeks with doses of pricklaffHlower

seed and the activity was elevated with higher entration of seeds [35].

Challenge with target pathogen is one of the m@duable tests to evaluate the efficiency of
immunostimulant to resist microbes. The resistdagel of fish can be recognized from the survival
percent after a bacterial infection [36]. The resuévealed that dietary supplement with hala ektra
relatively increased the resistance of rainbowttamgainstY. ruckeri, where the highest doses (2%
and 1% respectively) recorded the highest resistalmc agreement with our study using stinging
nettle Urtica dioica) as food supplement of rainbow trout diet increae resistance 8. ruckeri,
especially with the highest dose [37]. However, sammunostimulant can enhance the resistance of
fish against some bacteria but failed to resistdtieer. For example an improvement in survival
percent of rainbow trout fed with probiotic for 2eeks was recorded following challenge with
Aeromonas salmonicida, Vibrio ordalii, andY. ruckeri, but not so withV. anguillarum [38].
Previous studies showed reduction in mortality mgfabacterial infections in fish after using plant

immunostimulant [3, 39, 40].
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TNF-a, is one of pro-inflammatory cytokines, that mainlproduced by activated
monocytes/macrophages and regulate the expreskimary cytokines [41]. Many studies revealed
that using plant immunostimulants in fish can irglpco-inflammatory responses. For example, using
0.1% of caper as supplement in rainbow trout caelsed up-regulation in the expressioTNF- a of
head kidney [42]. Also, an up-regulationTiNF-a expression was observed in common carp treated
with Rehmannia glutinosa in spleen, head kidney and gut [43]. Moreover, mmm carp fed with
different concentrations of guava leaf powder shibae increase iMfNF-a expression in the head-
kidney, hepatopancreas, and intestine [44]. Sityilaur study demonstrated up-regulationTdfF- «
expression of head kidney in fish groups fed walatextract compared to control. Increasing in the
TNF-a levels could be attributed to the activity of tw@mmpounds in hala extract like flavonoids and

antioxidant [12].

IL-8 is another pro-inflammatory cytokine, that prodiig® response to many stimulation factors like
cytokines, LPS and viruses [45]. It plays an imaottrole in attract T-lymphocytes and neutroptals t
sites of inflammation [46]. Similar t®NF- « expression, result demonstrated an increase-gin
rainbow trout head kidney in groups received 0.5 5% doses of hala extrct. Although, only 0.5%
dose recorded significant difference with the cointin agreement with this studil.-8 expression
increased in rainbow trout head kidney after feetsdisupplemented with 1% and 2% of stinging
nettle [47] and 0.1% of caper [42]. Interestingly-8 expression in rainbow trout spleen was
unaffected by the green tea supplementation, wihileead kidney the expression showed significant
increase especially in fish fed with 500 mg'kef green tea [48]. Similarly, gilthead seabread f
dietary supplement with 10% fenugreek showed erdrarat in IL-8 expression of head kidney after

4 weeks [6].

CD4 is an important co-receptor has been reporteteleosts, expressed on T- helper cell,
monocytes and macrophages [42D4 is binding to major histocompatibility complex (MHi class |

molecules on the antigen-presenting cslihilizing the interaction between the T cell poe

13
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complex (TCR) and the MHC [50]. The results dem@ietl an increase @D4 expression in head
kidney in group fed with hala extract compared @atmol group. Similar observations have been in
other fish species after adminstration immunostimtil For example; Atlantic salmo&a{mo salar)
injected with lipopolysaccharide (LPS) afwdjlucan as immunostimulant, showed an enhanceiment
the expression d€D4 in head kidney [51]Also, an increase i@D4 expression of posterior intestine
of European sea bad3i¢entrarchuslabrax) has been reported after feeding diets containdoel of
synbiotic additive (mannan oligosaccharides) [92je slightly higher expression values @D4 of

fish group fed with hala extract may indicate arlyeadaptive immune response.

Lysozyme gene is a bactericidal enzyme that mandgent in lymphoid tissue like head kidney and
thymus as well as serum, mucus, gills [53]. Therevb types of lysozyme (types | and Il), have been
identified in the kidney of rainbow trout. Partiaul lysozyme type Il L(YZ2) showed a potential

antibacterial activity against four gram-negativacteria. Such finding supports the role which
lysozyme plays in non-specific immune defence éh fi54]. Our study reported the highest level of
LYZ2 expression in head kidney of fish group fed with towest dose of hala extract (0.5%), this is
agreement with the result obtained from analysiarsdysozyme level for the same group. Similar
observation have been reported in common carpdied Weeks with diet supplements with date palm
fruit (200 ml kg") where showed a remarkable increase in the exprekssel of lysozyme gene in

head kidneyl(YZ2) and serum lysozyme compared to control [55].

The kidney is plays important functions in fish,t ranly in immune system for production the
leucocytes but also as osmoregulatory function.[3Bjus any malfunction in this organ in really
preferable. Wilms’ tumour suppress@fTl is a tumor suppressor gene, any mutation canded t
Wilms’ tumour, a pediatric kidney cancer [5WI1 is a modulatory gene involved in cell growth and
development of the urogenital system developmeidn@y and gonad) [58]WT1 have been
identified in fish species [59-61]. The suppresdhVT1 led to appear the edema in zebrafish which
suggest that it is involved in pronephros developnié2]. WTla andWT1b are two types have been
reported fromWT1 in zebrafish. Inactivation of wtla leads to theexice of glomeruli while targeting
of wtlb resulted in the formation of renal cysts [60]. Thesult showed an increase WTla
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337  expression in head kidney of fish group treatmeitt Wala extract, especially in the group fed with
338 2% which recorded the highest value. This coulddmgributed to the activity of ROS in plant extract
339 compounds to activate the tumour suppressor gemawaggest the role of this plant to work as anti-

340 tumour agent in kidney.

341 In conclusion, our results demonstrated that dretapplement with hala extract to rainbow trout for
342  two weeks stimulates the non-specific immune resp@nd increase its resistance towarduckeri

343 infection. The current results suggest that tila bxtract, specially the highest dosage (2%)ccbal

344  considered as a good fish food supplements to eehidne immune system and resist and/or control
345  pathogenic bacterial, in addition to its potentdiect to resist the tumour formulation. Future
346  investigations could focus on the effects of loagding time on the immune status and general health

347  status of fish.
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Table 1. Primers used for real-time PCR.

Gene name

Primer sequences (5’- 3’)

Products size

GenBank
number

Cluster of differentiation
(CD4)

Lysozyme Il

(Lyz2)
Interleukin 8 receptor
(IL-8)

Beta-actin

(B -actin)

Tumor necrosis factor
TNF

Wilms' tumor suppressor 1a
(WT-1a)

GCCCTGCAGAGGACAAATCT
TACAAAGGCCACTGGAGCTG
TCCAGATCAACAGCCGCTAC
GATTCCGTTCGGGTCCAACA
CGGTGCCGTCATATTCCTGT
GGGTCAGGGACTGTTGACTG
ATGGGCCAGAAAGACAGCTACGTG
CTTCTCCATGTCGTCCCAGTTGGT
CAAGAGTTTGAACCTCATTCAG
GCTGCTGCCGCACATAAAG
ATGTTCAGCAACGCACCCTA
GAACTGGGAGGAGTGGTGTG

171

149

110

186

130

129

NM_001124539.1

NM_001124716.1

NM_001124279.1

AJ438158.1

NM 001124374

NM_001124294.1
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Figure 1. Serum lysozyme activity of rainbow tréed for 2 weeks with dietary hala extract
supplemented doses: 0% (control), 0.5%, 1% and R&a are presented as mean * S.E.
Asterisk represents significant difference fromtcolp < 0.05. Bars =mean S.E.
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Figure 2. Serum Myeloperoxidase content of rainbmwt fed for 2 weeks with dietary hala
extract supplemented doses: 0% (control), 0.5% ah®%2%. Data are presented as mean +
S.E. Asterisk represents significant differencerfrcontrol p< 0.05. Bars =mean +S.E.
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Figure 3. Serum total protein of rainbow trout fied 2 weeks with dietary hala extract
supplemented doses: 0% (control), 0.5%, 1% and D&a are presented as mean * S.E.
Asterisk represents significant difference fromtcolnp < 0.05. Bars =mean S.E.
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Figure 4. Serum Antiprotease of rainbow trout fed 2 weeks with dietary hala extract
supplemented doses: 0% (control), 0.5%, 1% and 2BXata are presented as mean *= S.E.
Asterisk represents significant difference fromtcolnp < 0.05. Bars =mean S.E.
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Figure 5. Serum bactericidal activity of rainboreut fed for 2 weeks with dietary hala
extract supplemented doses: 0% (control), 0.5% ah% 2%. Data are presented as mean +
S.E. Asterisk represents significant differencerfrcontrol p< 0.05. Bars =mean +S.E.
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Figure 6. Survival of rainbow trout fed for 2 weekith dietary hala extract supplemented
doses: 0% (control), 0.5%, 1% and 2% followed bglleimge withYersinia ruckeri. Data are
presented as mean + S.E. Asterisk represents is@miifdifference from control g 0.05.
Bars =mean +S.E.
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Figure 7. Expression of immune related genes (TDNZ2, IL-8 and CD-4) and tumour
suppressor genesV{-1a ) in the head kidney of rainbow trout fed dietaryahaxtract
supplemented doses of 0.5%, 1% and 2% for 2 wdakis are expressed as fold increase
(mean * standard error, SE), obtained by dividinghesample value by the mean control
value at the same sampling time. Values higher thexpress an increase while values lower
than 1 express a decrease in the indicated gerterigks denote significant differences
between control and treatment groups (P < 0.05).



Effects of hala extract (Pandanus tectorius) on the immune status of rainbow trout
Hala extract provoked significant up-regulation in most of immune-related.

Hala extract can use to resist tumour formation.

Feeding with hala extract increased resistance toward Yersinia ruckeri infection



