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Summary

The present study examined the effects of dietayytl®1 (Myrtus communis L.) on non-specific
immune parameters and bactericidal activity of skincus in rainbow troutQncorhynchus
mykiss) fingerlings. Three hundred and sixty fingerlin@@&50 + 0.55 g) were distributed in
twelve cages (65 x 65 x 65 cm) with a metal framéwdhe study included four treatments
repeated in triplicates. The treatments were fepdiouts with experimental diets containing
different levels (0, 0.5, 1 and 1.5%) of Myrtle pasv. The fingerlings were fed on experimental
diet for sixty days and then skin mucus non-spedifimune parameters as well as bactericidal
activity were measured. At the end of the triag tighest skin mucus soluble protein level was
observed in group fed with 1.5% MyrtlE € 0.05). The alkaline phosphatase (ALP) activigsw
significantly increased in fish groups fed 1 antP4.Myrtle compared with the control group (

< 0.05). However, evaluation of skin mucus lysozyamegvity showed no significant difference
between treatments and control grotp> 0.05). Also, no antibacterial activity was degelct
againstEscherichia coli, Staphylococcus aureus and Salmonella enterica in all treatments and
control group. Whereas skin mucus of rainbow tshawed antimicrobial activity against fish
pathogensAeromonas hydrophila andYersinia ruckeri) in 1 and 1.5% Myrtle treatments. These
results indicated beneficial effects of dietary Mgon mucosal immune parameters of fingerling
rainbow trout.

Keywords: Rainbow trout, Myrtle, mucosal immunity, non-sgeci immunity, Skin,
Bactericidal activity

Introduction

In the aquatic environment, fish consistently faseish pathogenic and non-pathogenic

microorganisms. The innate immune system provi@eslired defence against those harmful
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organisms and contributes to host survival [1].6 bart of nonspecific immune defenses in fish
is the mucus layer on the skin, secreted by epidegablet cells, that is the first line of defense
against invading pathogens [2-5]. Epidermal muaustains widely varied biologically active
substances that playing important roles in inhlgitihe pathogens entrance [6].

The intensive production systems exposes culturgdnism to stress which may consequently
elevates the risk of disease outbreak [7]. Theiegjpdn of immunostimulants in diet has been
suggested as a promising mean for improving thétetatus and disease prevention [8]. The
usefulness of immunostimulants has been demondtiatenodern aquaculture. There is a wide
range of immunostimulants such as vitamins, miganisms, animal and plant extracts, by-
products of other industries, etc. [9]. The meditiplants and their derivate classified as
environment friendly immunostimulants which are tesiective and without any side-effects
[10]. Myrtle (Myrtus communis L.) is an important medicinal plants native to Med#egan
regions and Middle East especially in Iran. It Ingj® to Myrtaceae family (Myrtales order) and
in literatures many medicinal properties attributedhis plant [11, 12]. Myrtle leaves contain
various chemical and polyphenolic compounds sug¢lfiasnoids, tannins, saponins, vitamin C
and essential oils [13,14]. Previous studies readealntimicrobial and antibacterial [15-19],
antiviral [20, 21], antifungal [22-24] and antiosidt properties [19, 25-28] of Myrtle. This
medicinal plant reported to be safe and withoutrtiak and toxic effects [29-32].

It has been reported that administration of hedbatary supplements such as Garlic [33],
Peppermint Mentha piperita) [34] and palm fruit [35] improved the mucosal imne responses
of Caspian roachRitilus rutilus), Caspian white fishRutilus frisii kutum) and common carp
(Cyprinus carpio), respectively. However, to the best of our knalgke there is no information

on the effects oM. communis on the fish mucosal parameters. Thus, the ainhiefdtudy was



69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

determination of the effects of dietary administnatof Myrtle on some epidermal mucosal
immunity parameters in the rainbow tro@ngor hynchus mykiss) fingerling.

1. Materialsand methods

2.1. Fish and experimental diets

Rainbow trout ©ncorhynchus mykiss) fingerling weighing 6.50+0.55¢g obtained from a ffginm

in Lorestan, Iran. The fishes were allowed to acatize for two weeks prior to experiment.
During the acclimatization period, fish were fedefitimes a day with a commercial food
(Faradaneh, Iran). The analysis of this commeumiglis given in Table 1. Thereafter, the fishes
were randomly stocked into 12 square cage (65 x @& cm) with a metal framework at a
density of 30 fish per cage. Cages were kept inaeefRay pond (30x3x2 m) with the flow
through system. The average temperature, dissalxggen level and pH were 15 + 1.2 °C, 6.4
+0.1 mg [*and 7.7 + 0.2, respectively.

M. communis samples were supplied, dried at room temperatnulelaen powdered as suggested
elsewhere [55-56]. The obtained powder kept’&t dntil preparation of experimental diets. For
preparation of experimental diets, a commerciat (l@ble 1) was considered as basal diet
(control diet, 0% Myrtle) and three experimentadtdiwere prepared by supplementation of the
basal diet with three levels (0.5, 1 and 1.5%) gfrtM. Experimental diets were kept in plastic
bags at -4 °C until used. During the feeding &0 days), fish were hand-fed (3.8 % of body
weight) four times a day. The feeding ration wasrexed every 2 weeks following a 24-h
starvation period and batch weighing.

2.2. Skin mucus collection

Fish were starved for 24 h and then six specimesre vandomly selected from each cage. Prior

to collection of skin mucus after Ross et al. [86h were anesthetized with 5 mg tlove
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powder. Polyethylene bags contain 10 ml NaCl (50)maMre prepared and sampled fish were
transferred to bags. Fish were removed after 2 thenpbtained mucus samples were transferred
to 15-ml sterile tubes and centrifuged at 1500¥dLtbmin at 4°C. The supernatants were kept at
-80 °C until use.

2.2. Skin mucus protein and enzyme activities

The mucus total protein was determined using bosgr@m albumin as standard according to
the method of Lowry et al. [37]. The absorbance masl using a spectrophotometer (Biochrom,
Libra S12) at 750 nm. Alkaline phosphatase (ALP)}vestimated by using the Ziest Chem
Diagnosticskit (Tehran Company, Iran). The absorption readC& nm in a spectrophotometer
and ALP activity was calculated according to thenafacturer protocol [38]. Lysozyme activity
in mucus samples of rainbow trout was determinéuaguie method described by Ellis [39] with
some modifications. Briefly, the suspension of Eguoe sensitive bacteriumMicrococcus
luteus) prepared in 0.05 M sodium phosphate buffer (p2).660 mL of skin mucus samples
were added to 2 ml of a suspension. Then, aftexetimin the absorbance was read by a
spectrophotometer (Biophotometer Eppendorf). Theadese in absorbance of 0.001 thimas
considered as one unit of lysozyme activity.

2.4. Skin mucus antibacterial activity

The antimicrobial activities of rainbow trout mucwsre evaluated against five bacterial strains
including two common fish pathogengefomonas hydrophila (ATCC 7966) andYersinia
ruckeri (BCCM5/LMG3279)] and three other bacteri&sgherichia coli (ATCC 1554),
Saphylococcus aureus (ATCC 1113) andsalmonella enterica (ATCC)]. The later were selected
as they were used in previous studies on fish skious antibacterial activity. The antibacterial

activity was determined using the standard diskusibn method described by Hellio et al. [40].
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The bacteria were cultured in nutrient broth mediowernight (at 37 °C) and then 0.1 ml of
broth culture (1.5x10CFU mi*) was cultured on nutrient agar. Then, paper d{csnm)
contain 100 pl mucus were placed on the mediumiaocgbated overnight (at 37 °C). The
growth inhibition zone was calculated based onalisbservation and by using a Caliper.

For minimum inhibitory concentration (MIC), a séridilution of the mucus samples were
prepared in well as suggested elsewhere [40]. D5QEU mi' bacteria were added to wells and

incubated overnight at 37 °C. The MIC of samples determined by visual observation [40].

2.5. Statistical analysis

After checking the normality of data and homogegneftvariance, one-way analysis of variance
(ANOVA) followed by Duncan’s multiple range testsasvused for data analysis. Mean values
were considered significantly differentRt 0.05. All analyses were performed using statsbti

software SPSS (version, 17) and Excel.

3. Results

Regarding skin mucus protein level, a Myrtle dospahdent increase was observed. The
highest increments of protein level was noticethose fish fed 1.5% Myrtle enriched dieBs<
0.05) (Figure 1). Also, the ALP activity significdiynincreasedR < 0.05) in fish fed 1 and 1.5%
Myrtle compared with the control group. In additiahe highest ALP level was observed in the
1.5% Myrtle group (Figure 3). No significant difearce (P>0.05) was observed between
treatments and control group at the end of theeg@ dFigure 2) in case of skin mucus lysozyme

activity.
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The antibacterial activity again&é. coli, S. aureus and S. enterica was not observed in all
treatments and control group. Whereas skin mucu$ ahd 1.5% Myrtle fed rainbow trout
showed antimicrobial activity againat hydrophila andY. ruckeri pathogens (Tables 2). Also,
the antibacterial activity against hydrophila was significantly higher in fish fed 1.5% Myrtle
compared to those in 1% Myrtle treatmeRt< 0.05). In case of MIC of skin mucus similar
results obtained as mentioned above in case diautérial activity (Table 3).

4. Discussion

This study is the first attempt to investigate #fgects of dietary Myrtle on mucosal immune
parameters of rainbow trout fingerling. Our resuftdicated thatMyrtus communis as feed
additive increased skin mucus soluble protein tetlet highest increments in fish fed 1.5%
Myrtle. Similar to the present study, the increasskin mucus protein levels were recorded in
Caspian white fish(Rutilus kutum) fed peppermint Nlentha piperita) [34], Caspian roach
(Rutilus rutilus) fed garlic Allium sativum) [33] and Porthole livebeargPoecilopsis gracilis)

fed commercial probioticLactobacillus casel) [41]. It has been suggested that the increase of
soluble protein level can be considered as a dignucus secretion which is one of the defence
mechanism [42]. In the present study, the elevatbrskin mucus protein levels possibly
indicates 1.5% Myrtle supplementation in the digance this defense mechanisms in rainbow
trout. However, determination of the exact modeaaifon merit further research.

Alkaline phosphatase is an important lysozomal erewhich acts as an antibacterial agent and
plays protective roles in fish during wound healipgrasitic infection and stress [6, 43, 44]. Our
results showed that rainbow trouts fed 1 and 1.5%tls! exhibited significant increase in
alkaline phosphatase activity compared with therobigroup. These finding was in agreements

with those results reported by Adel et al. [34] @amanian-Ghahderijani et al. [33]. The
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increase in protein levels and ALP activity alonghwthe elevation of Myrtle supplementation
level can be due to elevation of mucus secretioationulation of mucosal immune responses
[45].

Among antimicrobial substances in mucus, lysozysna ubiquitous bactericidal enzyme which
is responsible for destroying pathogens throughavee the glycosidic bonds of the
peptidoglycan layer bacteria. Besides, lysozymeo akssponsible for activation of other
important defense molecules include the complemsygstem and phagocytic cells [46-48].

The present results, revealed that feeding on Blgdpplemented diet had no remarkable effects
on skin mucus lysozyme activity. There is no stadegarding the effects aiedicinal herbss
immunostimulant on mucus lysozyme activity. Howewercontrast with present results, feeding
rainbow troutandcommon carp with Ergosan and palm fruit signifitamcreased skin mucus
lysozyme activity compared to the control group3g]. It has been demonstrated that lysozyme
activity to significantly vary depending on manyeonmental (such as water temperature, pH,
photoperiod, season and toxins) and intrinsic {ditlg size, age, sex, infections and stressors)
parameters [49-51].

Evaluation of skin mucus in several fish specieeated antibacterial activity against different
types of Gram-positive and Gram-negative bactésl. [Likewise, antimicrobial activity has
been reported for skin mucus of rainbow trout [98]the present study, antibacterial activity
against the fish pathogefn hydrophila and Y. ruckeri was observed in 1 and 1.5% Myrtle
treatments but no activity were observed agdinsbli, S. aureus andS. enterica. These results
were in agreement with previous findings where agseand crude extract of Snakehead fish
(Channa striatus) skin mucus had no antimicrobial activity agaitite human pathogerj54].

Also, in accordance with present finding, the aenttrial activity of fish skin mucus against
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ruckeri has been demonstrated in Ergosan fed rainbow ftQuturthermore, in agreement with
our results, antimicrobial activity of Caspian vehfish skin mucus against several species of
bacteria such a¥. ruckeri increased along with elevation of peppermiktettha piperita)
inclusion level [34]. These findings denote elematof components with bactericidal properties
(e.g. immunoglobulin, complement, lysozyme anditgdn fish skin mucus following dietary
administration immunostimulants [53].

In conclusion, the present results revealed thatdibtary administration of Myrtle powder in
rainbow trout fingerlings may led to enhanced mat@amune response. This study encourages
extensive research for determination of Myrtleramunostimulants in aquaculture with special
focus on determination of mode of action.
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Table 1. Analysis of the commercial feed for rainbow troe&fadaneh, Iran- SFT)

Analysis (%)

Moisture 11
Crude protein 46
Total lipid 14
Ash 10

Fiber 3




Table 2. The antibacterial activity of the skin mucus (grbvimhibition zone diameter [mm]) of rainbow trowdf
diets enriched with different levels bfyrtus communis (0% [control], 0.5%, 1% and 1.5%) for 60 days. W& are

presented as the mean £ SD. Values in a row wifardnt superscripts denote significant differe(iee0.05).

Control 0.5% M 1% M 1.5% M

A hydrophila - - 8.58+0.03 10.08+1.04

Y. ruckeri - - 8.22+0.28 8.25+0.04




Table 3. The Minimum inhibitory concentration (ul M)l of skin mucus of rainbow trout fed diets enricheith

different levels oMyrtus communis (0% [control], 0.5%, 1% and 1.5%) for 60 days.

Control 0.5% M 1% M 1.5% M

A. hydrophila >200 >200 200 100

Y. ruckeri >200 >200 50 50




0.9 H
0.8 A1
0.7 A1
0.6 ~

0.5 A1
0.4 1
0.3 A1
0.2 1
0.1 1
0

Control 0.5% M 1% M 1.5% M

mg ml

Fig. 1. The skin mucus total protein levels (mg™nbf rainbow trout fed diets enriched with diffetdavels of
Myrtus communis (0% [control], 0.5%, 1% and 1.5%) for 60 days. W& are presented as the mean + S.D. Values

in a row with different superscripts denote sigrafit difference (P<0.05).
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Fig. 2. The skin mucus lysozyme activity of rainbow trdat diets enriched with different levels bfyrtus
communis (0% [control], 0.5%, 1% and 1.5%) for 60 days. & are presented as the mean + S.D. Values i a ro

with different superscripts denote significant diffnce (P<0.05).
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Fig. 3. The skin mucus alkaline phosphatase activityairilyow trout fed diets enriched with different levef
Myrtus communis (0% [control], 0.5%, 1% and 1.5%) for 60 days. ¥ are presented as the mean + S.D. Values

in a row with different superscripts denote sigrafit difference (P<0.05).



Dietary Myrtle increased mucosal immune parameters in Rainbow trout

Myrtle powder fed Rainbow trout showed increased skin mucus antimicrobial activity.
Feeding on Myrtle powder supplemented diet had no effects on skin mucus lysozyme
activity



