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Abstract:

BACKGROUND: Propolis, a honeybee product, has been used
empirically for centuries and was always mentioned as an
immunomodulatory. OBJECTIVES: In this study, the effects of
propolis on growth indices, innate immune responses and
haematol ogical parameters of Barbus barbuluswere investigated.
METHODS: Three hundred and sixty juvenile Barbus barbulus,
weighing 102+8.2g were randomly divided into four equal groups
intriplicate. Groups 1to 3werefed basal food supplemented with
0.1,0.5, 1% of Propolis-ethanolic-extract (PEE) indiet for 60 days.
Control group received basal diet free of PEE. At the end of
experiment, growth indices were measured in al groups. Various
immunological parameters (serum lysozymme and bactericidal
activity, complement activity, total serum protein and globulin) as
well as hematological parameters (RBC, WBC, hemoglobin,
hematocrit, MCV, MCH and MCHC) of Barbus barbulus were
compared among the groups. Then the fish were challenged with
Aeromonashydrophila. RESULTS: Oral administrationof different
level of PEEinducenosignificant change, neitheringrowthindices
nor in haematological parameters of B. barbulus (p>0.05).
Significant increase in serum Lysozyme and bactericidal activity,
total serum protein and WBC were seenin G2 and G3 compared to
thecontrol group (p<0.05). Meanwhile, mortality after challengeof
fish fed on diet containing 0.5% PPE significantly decreased
comparedtocontrol group. CONCL USIONS: Itwasconcludedthat,
although supplementation of food with 0.5 and 1% PEE enhanced
some immune response indicators of B.barbulus, growth indices
and hematological parameters were not  affected by this
supplementation.

Introduction

Immunostimulants, a heterogeneous group of
compounds, are able to enhance the innate immune
system, thereby preventing infectious diseases. In
fish, several immunostimulants such as vitamins
(Anderson, 1992), substances with microbia origin
(Damo and Bogwald, 2008) extracts from animals
and plants(Estebanet al ., 2000; Bricknell and Dalmo
2005; Alishahi et al., 2010), synthetic compounds
like levamisole (Sakai, 1999 ) and sub products of
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other industries such as chitozan and propolis
(Sforcin, 2007), that play a promising role in
aguaculture by enhancing the disease resistance in
fish species have been reported. By-product im-
munostimulants (such as propolis) have recently
received increasing attentionduetotheir lower costs
and low impact on the environment (Sforcin, 2007).
Propolis (bee glue), a resinous sticky substance
collected by bees from various plant sources and
mixed with secreted beeswax, is a multifunctional
material used by bees in the construction, mainten-
ance, and protection of their hive. Propolis has been
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used since ancient timesas amedicine dueto several
biological and pharmacological properties such as
antibacterial, antifungal, antiviral, anti-protozoa,
anti-inflammatory and immune-stimulant (Kosalec
et a., 2003; Cuesta et al., 2005). Egyptians, Greeks
and Romans reported the use of propolisfor genera
healing qualitiesand cure of somelesionsof theskin
(Sforcin, 2007). In general, it is composed of 50%
resin and vegetabl e bal sam, 30% wax, 10% essential
and aromatic oils, 5% pollen and 5% various other
substances, including organic debris (Burdock,
1998). It has been shown that propolis has both
immunomodul atory and anti-inflammatory effectsin
mammals. Propoliswas abl eto enhance macrophage
functions, lymphocyte proliferation and the number
of plague-forming cells in the spleen as well as
resistance to several pathogens and tumors in a
number of mammalian species (Dimov et al., 1991;
Dimovetal.,1992; Ansorgeeta., 2003; Cuestaet al .,
2005; Abd-El-Rhman., 2009; Kanbur et a ., 2009).

Current developmentsin aquaculture haveled to
more effective production systems and introduction
of new species. Barbus barbulus, a native fish
species, has recently beenartificially propagated and
cultured under poly culture systemin cyprinid ponds
inlran. Inthelast decade several studies have been
carried out on propolis, with various medicina
effects (Orsolic and Basic, 2003; Hu et al., 2005;
Kanbur et al., 2009), but few studiesfocused on the
effect of propolis on immune system of fish species
(Zhangetal., 2009; Abd-EI-Rhman, 2009). Thus, this
study aimedto eval uatetheeffect of differentlevel of
propolis on some haematological and non-specific
immune parameters as well as growth factors of
Barbusbarbulus.

M aterialsand M ethods

Fish: A total of 360 Juvenile B.barbulus
(102+8.2g) were obtained from the reproduction
center of Iranian native fish (Dasht-e - Azadegan) in
Ahvaz, Iran. Fish were kept in 300 L tanks, with
running aerated and dechlorinated water at 25+£1°C
and kept 1 week to acclimate. Tanks were equipped
with external biofiltersand thermostatic heaters.

Fishwerefedwithcommercial pellets(Behparvar
Company, Iran) twice a day. Water quality factors
wererecorded duringtheexperiment as: temperature,
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25+1C; Dissolved oxygen, 8-10 ppm; pH, 7.8+0.2;
NO,<0.01ppm and NH3<0.1ppm. Water exchange
ratewas 20% of water volumedaily.

Crude propolis and its ethanolic-extract:
Propolis composition is highly variable, creating a
probleminthemedical useand standardization. Inthe
presentwork, crudepropolissamplewascollectedin
summer from the north of Khuzestan province
(Masjed-soleiman) using propolistrapsand keptina
dark and dry place until used. Propolis-ethanolic-
extract (PEE) was prepared by adding 30 mL of
absolute ethanol to 3 g minced propolis in bottles
whichwereseal ed and shakenindarknessfor 1 day at
roomtemperature. Theextract wasthenfilteredtwice
and stored in sealed bottlesat 4°C until used (Cuesta
etal. 2005).

Experimental settings: Three hundred and sixty
fishweredividedinto4equal groups, eachgroupwith
threereplicates(eachreplicate contained 30fish) and
fed for 60 days under the following treatments. the
first group (G1) received 0.1% PEF/ kg diet , the
second and third groups (G2 and G3) received 0.5%
and 1% PEE/Kkg diet respectively and the control
group (G4) received no PEF. Fish were hand-fed ad
libitum twiceaday.

Fish were anesthetized with M S222 and blood-
samples were collected from the caudal peduncle
vein of 6 fish from each Aquarium. Hematol ogical
parameterswere assessed after sampling onthesame
day. Remained blood samples were centrifuged
(3000gfor 15min) and serawas separated and stored
at -20°C until used (Schaperclaus1991).

Feed preparation: Commercial barbus diet
(BeizaCo, Iran) was used as abasal diet. For better
homogenation of PEE withfood, initially granulated
food becamepasteby adding distilledwater toit, then
0.1, 0.5 and 1% (w/w) PEE was added to food and
homogenized with an electric mixer . Finaly, food
was pelleted by means of a special meat grinder.
Control food was prepared in the same way without
supplementation with PEE. Prepared experimental
foodswere packed in nylon bags, labeled and stored
at 4°C until use (Cuestaet al., 2005).

Growth performance: The averageweight gain
(AWG), specificgrowthrate (SGR), feed conversion
ratio (FCR) and feed efficiency ratio (FER) were
caculated at day 60 according to the following
equations:
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AWG (g/fish) =Averagefina weight(g) - Average
initial weight (g) / experimental period (day).

SGR (%/day) = 100(In final body weight (g) - In
initial body weight(g) / experimental period (day).

FCR=Feed intake(g) / weight gain (g).

FER = Body weight gain (g) / Feed intake (g).

Lysozyme activity: Lysozyme activity was
measured by the method of Parry et al., (1965) with
minor modifications of Ellis (Ellis, 1990). In this
turbidimetric assay, 0.3 mg mL-L lyophilized
Micrococcus lysodeikticus in 0.05 mM sodium
phosphatebuffer (pH=6.2) wasused assubstrate. Ten
microlitres of fish serum was added to 200 pL of
bacterial suspension in triplicate wells of ELISA
plate and the reduction in absorbance at 490 nm was
determinedafter 0.5and4.5minof incubationat 22°C
using a microplate reader. One unit of lysozyme
activity was defined as areduction in absorbance of
0.001 per min.

Serum bactericidal activity: Serum bactericidal
activity wasmeasured accordingto Kgjitaet al. 1990
with dlight modification. Sera samples from each
group were diluted three times with 0.1% gelatin-
veronal buffer (GVBC2) (pH 7.5, containing 0.5mM
mL™* Mg®* and 0.15 mM mL™ Ca?"). Aeromonas
hydrophila (live, washed cells) was suspended inthe
samebuffer tomakeaconcentrationof 1x10°cfumL”
! The diluted sera and bacteria were mixed at 1:1,
incubated for 90 minat 25°C and shaken. Thenumber
of viablebacteriawasthen cal culated by countingthe
coloniesfromtheresultantincubated mixtureon TSA
platesintriplicate after 24 hincubation.

Alternative complement activity: Alternative
complement activity was assayed following the
procedure of Yano et al. (1992) by using rabbit red
blood cells (RaRBC). Briefly, RaRBC were washed
and adjusted to 2108 cell mL in ethylene glycol
tetra acetic acid-magnesium-gelatin veronal buffer
(0.01 M). Exactly 100 uL of the RaRBC suspension
was lysed with 3.4 mL of distilled water and the
absorbance of the haemolysate was measured at 414
nm against distilled water to obtain the 100% lysis
value. The test serum was appropriately diluted and
different volumes ranging from 0.1 to 0.25 mL were
made up to 0.25 mL total volume before being
alowedtoreact with 0.1 mL of RaRBC intest tubes.
After incubation at 20°C for 90 min with occasiona
shaking, 3.15 mL of a saline solution was added to
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eachtubeand centrifugedat 16001gfor 10minat4°C.
The optical density of supernatant was measured
using a spectrophotometer at 414 nm. A lysis curve
was obtained by plotting the percentage of
haemolysis against the volume of serum added. The
volume yielding 50% haemolysis was determined
and used for calculating the complement activity of
the sample (ACH50) asfollows:

ACH50 value (unitsmL-1)=1/K x (reciprocal of
the serum dilution)x0.5

whereK istheamount of serum (mL) giving 50%
lysisand 0.5 isthe correction factor since this assay
was performed on half scale of the original method.

Total serum protein and globulin: The total
serum protein level was estimated by the method of
Bradford (Bradford 1976) using the standard protein
estimation kit (Zist Shimi Co., Iran). For globulin
estimation 50 uL saturated ammonium sulphate
solution was added drop wise to 50 mL serum
followed by vortexing. Centrifugation was done at
10,000g for 5 min. Then 20 mL of this sample was
dissolved with 80 mL carbonate-bicarbonate buffer
(pH 9.3), and the protein content estimated through
the method of Bradford using the standard protein
estimationkit (Zist shimi co, Iran).

Hematological parameters. Blood samples
were immediately analysed for the estimation of
numbersof erythrocytes, hemoglobin(Hb), hematocrit
(Hct), the mean corpuscular volume (MCV), the
mean corpuscular hemoglobin (MCH) and the mean
corpuscular hemoglobin concentration (MCHC).
Numbersof erythrocytes countswere determined by
thehemocytometer method (Ellis1990); haematocrit
was determined by the micro-hematocrit method
(Fox et al. 1997), and hemogl obin measurement was
determined by the cianometa-haemoglobin method
(Goldenfarb 1971). MCV, MCH and MCHC were
calculated using the formulas as follow (Hu et al.,
2005):

MCV(pm3 cell'l)z (Packed cell volume as
percentage/RBC in millionscell mm3)X1O

MCH (pg cell™) = (Hb in g 100 mL™Y RBC in
millionscell mm?®) *10

MCHC (g 100 mL™ Het) = (Hb in g100 mL™Y/
packed cell volume as percentage) 100

Whiteblood cell count (WBC), Differential cell
count: White blood cell count was made from 6
animals of each group in a Neubauer counting
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chamber as described by Schaperclauset al. (1991).
For Differential count of leukocyteswhole blood on
glassmicroscope slides, driedinair, and stained with
May-Grunwald/Giemsa. One hundred white blood
cells from each smear were assessed and the
percentage of different types of leucocytes was
calculated following the method of Schaperclaus et
al., (1991).

Challenge with bacterium: Twenty fish from
each aquarium were injected intraperitonealy with
0.1 mL of LDsy suspension of A. hyrophila (1.6 x
10"cfu per fish) in PBS. Mortality of challenged fish
was recorded daily for 10 days. The cause of desth
was ascertained by re-isolating the infecting
organism from kidney and liver of dead fish
accordingtoMisraet a. (2006).

Satistical analysis: All statistical analyseswere
performed using SPSS 16 software. Dataweretested
for normal distribution with Shapiroe-Wilk'stest and
for homogeneous variance with Levene's test.
Differences between means of data in groups were
tested with one-way analysis of variance (ANOVA)
and Tukey'scomparison of means; significancelevel
wasdefined as p<0.05.

Results

Growth performance: The results of growth
indiceswere shown in Figure 1. Supplementation of
food by PEE did not induceany specificchangeinall
growthindicesincluding: AWG, SGR, FCRand FER
(p>0.05).

Lysozymeactivity: Thehighest serumlysozyme
activity was seen in G2 and G3 respectively. G1
showed no significant difference with control group
(p>0.05) (Figure?2).

Serum bactericidal activity: Asshownin Table
1, the use of 0.5% and 1% of PEE significantly
decreased the bacterial colonies in comparison to
0.1% PEE and control group (p<0.05).

Alter native complement activity: Asshown in
Tablel, although therewerenosignificant difference
amongthegroupsinalternativecomplement activity,
thehighest alternativecomplement activity was seen
inG2.

Total serum protein and globulin: The highest
serum protein and globulin were in G2 and G3
respectively, but just total protein increased in a
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significant extent compared to control (p>0.05)
(Tablel).

Hematology: The results of hematological
parameters have been shown in Table 2. Total
leukocytecountincreased significantly in G2and G3
(p<0.05). The red blood cells count, packed cell
volume (PCV), MCV, MCH, and MCHC did not
show any significant difference among the groups
(Table2).

Discussion

According to the results, food supplemented by
different concentration of PEE for 60 days had no
stimulating effect on the growth indices including:
average weight-gain (AWG), specific growth rate
(SGR), feed conversion ratio (FCR) and feed
efficiency ratio (FER) in B.barbulus. Cuesta et al.
(2005) found that the specific growth rate was not
affected by the dietary intake of propolisin gilthead
seabream, but Abd- EI-Rhman (2009) reported
significantincreasein AWG, SGR and FCRintilapia
fed with propolis enriched diet. They used propolis
with the origin of northern Egypt, whereas our
propolis was originally from the southern region of
Iran. The difference between the origins of
propolises, whichinfluenceitsquality, may beoneof
the main reasons for the incoherence among the
different works. Silici and Kutluca (2005) reported
that honeybeeracehasagreat impact onthechemical
composition and bioactivity of propolis yield.
Difference between the physiology of fish species
can be another reason.

Thelysozymeactivity isanimportant indicator of
the immune defence in both invertebrates and
vertebrates (Ellis, 1999). Lysozyme causes
hydrolysis of the N-acetylmuramic acid and N-
acetylglucosamine, which are constituents of the
peptidoglycanlayer of bacterial cell wall andactivate
the complement system and phagocytes by acting as
an opsonin (Magnado ttir, 2006). In this study food
supplemented with 0.5% and 1% PEE significantly
increasedtheserumlysozymeactivity and stimulated
the immune response in B.barbulus. Increased
lysozyme activity has been reported after sup-
plementing the fish diet with propolis (Abd-El-
Rhman, 2009), propolisand Chinese herbs(Zhang et
a., 2009), herbal extracts(Alishahi et al., 2010), and
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Table 1. Changes intheimmunological parametersin B.barbulusfed with diet containing different level of PEE. Legendsarethe same
asinFigure. 1. Significant differences (p<0.05) are marked by different | etters.

Parameters Gl G2 G3 Control

Serum bactericidal activity* 198+12.63 171+15.12 186+15.9" 200+18.2°
ACH g (unitmL™) 428+18.1% 451+17.72 448+18.1°% 435+ 1472
Total serum protein(gdL ™) 3.16+0.232 3.7120.2° 3.56+0.26" 3.15+0.272
Serum globulin (gdL™) 1.93+0.2% 2.15+0.232 217+0.22% 2.03+0.192

Table2. Changesinthehematol ogical parametersin B.barbulusfed with diet containing different level of PEE. Legendsarethe sameas
inTable. 1. Significant differences (p<0.05) are marked by different letters. (*) Number of live bacteria, counted in TSA media.

Parameters G1 G2 G3 Control

RBC count (x10° cell/mm?) 1.21+0.152 1.31+0.142 1.23+0.082 1.29+0.152
PCV (%) 31.73+5.84°% 34.87+5.68° 33.07+4.92° 31.47+2.19°2

Hb 8.06+0.40% 8.18+0.47% 8.57+0.42% 8.15+0.32%

MCV (fl) 275+23% 291+10.72 286+20.52 269+16.72

MCH (pg) 64+4.52 65.4+3.4°2 66.1+4.52 61.8+4.1°2

MCHC (%) 24.9+35% 21.8+2.42 21.6+2.3% 25.3+2.12
Lymphocyte(%) 81.7+1.02% 83.2+1.02% 82.8+1.20% 84.9+0.822
Neutrophil (%) 17.73+1.002 16.27+0.77% 16.58+0.96 2 15.18+0.66 2
Eosinophil (%) 0.37+0.13% 0.37+0.13% 0.37+0.162 0.44+0.13%
Monocyte (%) 0.71x0.172 0.67+0.18% 0.67+0.15% 0.63+0.13%

vaccineinjection (Alishahi and Kurt, 2006).
Resultsal so showed that although supplementing
diet with 0.5%PEE significantly increased the serum
bactericidal activity against A. Hydrophila(p<0.05),
diet supplemented with 0.1% and 1% PEE had no
stimulating effect on serum bactericidal activity
comparedto thecontrol group.Abd-El-Rhman, 2009
reported significant increase in serum bactericidal
activity following the administration of propolisin
tilapia. Divyagnaneswari et al., (2007) in tilapiaand
Kgjita et a., (1990) in rainbow trout reported an
increase in serum bactericidal activity after
administration of biological immunaostimulants.
Complement, another component of the non-
specific humoral immune response, wasal so studied
inthe present study. Diet supplemented with PEE had
no inducing effect on any changesin the alternative
pathways compared with control treatments (p>0.05).
Although complement activity increased following
oral administration of propolisin gilthead seabream
(Cuesta et al., 2005) and immunostimulants (Sakai,
1999), other workers found that oral administration
of someimmunostimulantshad no inducingeffect on
alternative complement pathway in fish (Alishahi et
a., 2010; Selvargj et al., 2005). These contradictory
results may be due to differencesin immune system
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of fish speciesor immunostimulant characteristics.

Total serum proteins increased in G2 and G3
treatments (p<0.05), but no significant differences
were observed in serum immunoglubulines among
the groups (p=0.067). Probably stimulating immune
related proteins such as, lysozyme, complement
component, antibacterial peptides and so on, caused
anincrease in thetotal serum proteinsof propolis
treated fish.

Significant enhancement in the WBC count was
observed in fish fed with 0.5% and 1% PEE
supplemented food in comparison with the control
(p<0.05). The administration of 0.1% PEE had no
stimulating effects on any change (p>0.05) in WBC
count. The present results concur with the reports of
previous workers which describe increments in the
intensity, mobility and activitiesof leukocytes, andin
theproduction of IL-1, TNF and activating factorsof
mammalian leucocytes after in vitro or in vivo
treatment with propolis (Dimov et al., 1992,
Ivanovskaet al., 1995; Murad et a., 2002; Cuesta et
a., 2009). Probably, the increase in the leucocyte
count might have resulted in the enhancement of the
nonspecific defence, because leucocytes are the key
elements in the immune system and are the major
affecter and effector cellsonwhich propolisexertsits
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25 4

15 4

ADG FCR FER SGR

Figure 1. Effect of ora administration of different
concentrationof PEE ongrowth parameters: Averagedaily gain
(ADG), food conversion ratio (FCR), feed efficiency ratio
(FER) and specific growthrate (SGR) of B.barbulus fed for 60
days. G1: groups fed with commercial basal diet containing
0.1% PEE, G2: groups fed with commercial basal diet
containing 0.5% PEE, G3: group fed with commercia basal
diet containing 1% PEE and Control: groups fed with
commercial basal diet freefrom PEE.

[ Gc1[]G2 lG3 Econtrol

2 a
b b
T i I 1
0 - I . i i I
G1 G2 G3

Control

'S

w

L]

WBC (X 10°Cell/mm?)

[

treatments

Figure 3. The effect of administration of food supplemented
with different dose of PEE on WBC value in B.barbulus.
Legends are the same as in Figure 1 Significant differences
(p<0.05) aremarked by different | etters.

activities.

The differential leucocytic-count is an indicator
of heathin fish (Fox et al., 1997). The current study
showed no significant changes in the type of
leucocytes (lymphocytes, neutrophils, monocytes
and neutrophiles) among the experimental groups
(p>0.05) Conversely, Abd-El-Rhman et al., (2009)
reported a decrease in the neutrophils under ora
administration of propolisin tilapia. Also, Cuesta et
al., (2005) reported that water and ethanolic-extracts
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Lysozyme activity (unit/ml)

100

G1 Gl G3 Control

Treatments

Figure 2. The effect of administration of food supplemented
withdifferent doseof PEE on Lysozymeactivity inB.barbulus.
Legends are the same as in Figure 1. Significant differences
(p<0.05) aremarked by different | etters.

of propolisincreased the percentage of phagocytesin
gilthead seabream. Besides, Talasand Gulhan (2009)
reported deep changes in differential leucocytic-
count following administration of toxic concentr-
ation of propolis via immersion route in rainbow
trout. Propolis enhanced the macrophage functions
and lymphocyte proliferation in several mammalian
species (Manolovaet al., 1987; Tatefuji et al., 1996;
Murad et a., 2002; Ansorge et al., 2003). The
differenceof fish speciesandtheir physiology may be
thereason for these contradictory results.

It is known that exogen agents can change
hematological parameters, such as erythrocyte
number, Hb amount, hematocrit value and
haemoglobin indexes (Selvargj et al., 2005). In this
study, there were no significant differencesin PCV,
RBC, Hb, MCV, MCH and MHCH in the control or
PEE treated groups. PCV and RBC are genera
indicators for fish health and help to describe
abnormalities caused by immunostimulants (Selvarg
etal., 2005). Contrary resultswere observed between
previous studies: Abd-El-Rhman (2009) reported an
increase in hematocrit value following ora
administrationof propolisintilapia. Also, Talasetal .,
(2009) emphasized that toxic concentration of
propolis(inwater) induced changesin hematol ogical
parameters in rainbow trout These contradictory
results suggest that further studies using other
sources of propolis and other fish species are
necessary to confirm or refute these findings
(Kleinrok et al., 1978).

It isimportant to estimate bacterial resistance of
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Cumulative mortality (%)
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Days after challenge

Figure 4. Cumulative mortality of B.barbulus in bacterial
challenge after oral administration of different dose of PAA.
"Shieh" stands for a control challenge without bacteria. The
results represent MeantSD (n=20) in each treatment.
Statistical significance between treatments: (*) (p<0.05). In
cumulative mortality, the difference between G2 (fish fed with
food supplemented with 0.5%PEE) and Control isstatistically
significant.
—- G3 - G2+ G1~Control X Shieh

treated fish to determine the efficiency of an
immunostimulant. Thesupplemented diet with 0.5%
PEE significantly decreasedtheA. hydrophilainduc-
ed mortality when compared to the control group
(p<0.05). These results indicated that the PEE
activated the immune system of the B.barbulus.
Decreased mortalities, after challenge with A.
hydrophila were reported in tilapia fed on propolis
extract (Abd-El-Rhman, 2009), vaccinated Caras-
sius auratus gibelio injected with propolis water
extract (Chu, 2006), Chinese sucker fed on propolis
and Herbal extracts(Zhang et al., 2009), C.carpiofed
on Aloe vera extract (Alishahi et a., 2010) and
Chinese herbs (Astragalus radix and Ganoderma
lucidum) (Yinetal., 2008).

To conclude, we have found that ora
administration of propolis(0.5%infood) had thebest
stimul ating effectson the B.barbulusinnate immune
system, but had no effect on growth-performanceand
hematological parameters. The use of propolis as a
fish immunostimulant for fish farming purposes
needs validation with further studies, using different
propolis products and other fish species.

Acknowledgment

This work was financially supported by the

1IVM (2013), 6(4):249-257

Iranian Journal of Veterinary Medicine

research council of Shahid Chamran University,
Ahvaz, Iran.

References
1. Abd-ElI-Rhman, A.M.M. (2009) Antagonism of

Aeromonas hydrophila by propolis and its effect on
the performance of Nile tilapia (Oreochromis
niloticus). Fish Shellfish Immunol. 27: 454-459.

2. Afonso, A., Lousada, S., Silva, J., Ellis, A.E., Silva,
M. T. (1998) Neutrophil and macrophage responses
to inflammation in the peritoneal cavity of rainbow
trout (Oncorhynchus mykiss). A light and electron
microscopic cytochemical study. Dis. Aquat. Organ.
34: 27-37.

3. Alishahi, M., Buchmann, K. (2006) Temperature-
dependent protection against |chthyophthirius
multifiliis following immunization of rainbow trout
using livetheronts. Dis. Aquat. Organ. 72: 269-273.

4. Alishahi, M., Ranjbar, M.M., Ghorbanpour, M.,
Peyghan, R., Meshah, M., Razi jalali, M. (2010)
Effects of dietary Aloe vera on specific and
nonspecific immunity of Common carp (Cyprinus
carpio). J. Vet. Res. 4: 85-91.

5. Aly, SM., Ahmed, Y., Ghareeb, A.A., Moahmed,
M.F. (2008) Studies on Bacillus subtilis and
Lactobacillus acidophilus, as potential probiotics, on
the immune response and resistance of Tilapia
nilotica (Oreochromis niloticus) to challenge
infections. Fish Shellfish Immunol. 25: 128-36.

6. Anderson, D.P. (1992) Immunostimulants, adjuvants,
and vaccine carriers in fish: applications to
aquaculture. Annu. Rev. Fish Dis. 2: 281-307.

7. Bradford, M.M. (1976) A rapid and sensitive method
for the quantification of microgram quantities of
protein. Annu. Biochem. 72; 248.

8. Bricknell, 1., Dalmo, R.A. (2005) The use of
immunostimulants in fish larval aquaculture. Fish
Shellfish Immunol. 19: 457-72.

9. Burdock, GA. (1998) Review of the biological
properties and toxicity of bee propolis (propolis).
Food Chem. Toxicol. 36: 347-363.

10. Chu, W.H. (2006) Adjuvant effect of propolis on
immunisation by inactivated Aeromonas hydrophila
in carp (Carassius auratus gibelio). Fish Shellfish
Immunol. 21: 113-117.

255



Effectsof propolis, a honeybee product, on growth...

11. Cuesta, A., Rodri, A., Esteban, M.A., Meseguer, J.
(2005) In vivo effects of propolis, a honeybee
product, on gilthead seabream innate immune
responses. Fish Shellfish Immunol. 18: 71-80.

12.Damo, R. A.; Bogwald, J. (2008) B-glucans as
conductors of immune symphonies. Fish Shellfish
Immunol. 25: 384-396.

13.Dimov, V., Ivanovska, N., Bankova, V., Popov, S.
(1992) Immunomodulatory action of propolis: V.
Prophylactic activity against Gramnegative infec-
tions and adjuvant effect of the water-soluble
derivative. Vaccine. 10: 817-823.

14. Dimov, V., Ivanovska, N., Manolova, N., Bankova,
V., Nikolov, N., Popov, S. (1991) Immuno-
modulatory action of propolis. Influence on anti
infectious protection and macrophage function.
Apidol. 22: 155-162.

15. Ellis, A.E. (1990) Lysozyme assays. In: Techniques
in Fish Immunology. Stolen, J.S., Fletcher, T.C.,
Anderson, D.P, Roberson, B.S., van Muiswinkel, W.
B. (eds.). SOS Publications. New Jersey, USA. p.
101-113.

16.Fox, H.E., White, S.A., Koa, M.F., Fernald, R.D.
(1997) Stress and dominance in a social fish. J.
Neurosci. 16: 6463-6469.

17. Goldenfarb, P.B., Bowyer, F.P, Hall. T. (1971)
Brosious, E.Reproducibility in the hematology
|aboratory: the microhematocrit determination, Am.
J. Clin. Pathol. 56: 35-39.

18.Hu, F, Hepburn, H.R., Li, Y., Chen, M., Radloff,
S.E., Daya, S. (2005) Effects of ethanol and water
extracts of propolis (bee glue) on acute inflammatory
animal models. J. Ethnopharmacol. 100: 276-283.

19. Ivanovska, N.D., Dimov, V.B., Pavlova, S., Bankova,
V.S., Popov, S.S. (1995) Immunomodulatory action
of propolis: V. Anticomplementary activity of a
water-soluble derivative. J. Ethnopharmacol. 47:
135-143.

20.Kgjita, Y., Sakai, M., Atsuta, S., Kobayash, M. (1990)
The immunonodulatory effects of levamisole on
rainbow trout (Oncorhynchus mykiss). Fish Patholol.
25: 93-98.

21. Kanbur, M., Eraslan, G, Silici, S. (2009) Antioxidant
effect of propolis against exposure to propetamphos
inrats. Ecotox. Environ. Saf. 72: 909-915.

22.Khayyal, M.T., El-Ghazaly, M.A., El-Khatib, A.S.,
Hatem, A.M., De Vries, PJ.F., El-Shafei, S., et al.
(2003) A clinical pharmacological study of the

256

Alishahi, M.

potential beneficial effects of apropolisfood product
as an adjuvant in asthmatic patients. Fundamental
Clinic. Pharmacal. 17: 93-102.

23.Kleinrok, Z., Borzecki, Z., Scheller, S., Matuga, W.
(1978) Biological properties and clinical application
of propolis: X. Preliminary pharmacological evalu-
ation of ethanol extract of propolis (EEP). Arzneim.
Forsch./Drug Res. 28: 291-292.

24.Kosalec, |., Bakmaz, M., Pepeljnjak, S. (2003)
Analysis of propolis from the continental and Adriati
regions of Croatia. ActaPharm. 53: 275-85.

25.Lee, R.G, Foerster, J., Jukens, J., Paraskevas, F.,
Greer, J.P, Rodgers, GM. (1993) Wintrobe's-Clinical
Hematology, (10th ed.). Lippincott Williams &
Wilkins, NY, USA.

26.Magnado ttir, B. (2006) Innate immunity of fish
(overview). Fish Shellfish Immunol. 20: 137-151.

27.Manolova, N., Maksimova, V., Manolova, Z.,
Stoilova, I., Korchak, E. (1987) Immunostimulating
effect of propolis: I. Effect on cellular immunity. Acta
Microbiol. Bulgarica. 21:76-81.

28.Misra, C.K., Das, B.K., Mukherjee, S.C., Meher, PK.
(2006) The immunomodulatory effects of tuftsin on
the non-specific immune system of Indian Major
carp (Labeo rohita). Fish Shellfish Immunol. 20:
728-738.

29.Murad, JM., Calvi, SA., Soares, A.M.V.C.,
Bankova, V., Sforcin, J.M. (2002) Effects of propolis
from Brazil and Bulgaria on fungicidal activity of
macrophages against Paracoccidioides brasilensis. J.
Ethnopharmacol. 79: 331-334.

30. Orsolic, N., Basic, I. (2003) |mmunomodulation by
water-soluble derivative of propolis: a factor of
antitumor reactivity. J. Ethnopharmacol. 84: 265-
273.

31.Reed, L.J., Muench, H. (1938) Asimple method of
stimating fifty percent end points. Americ. J.
Hygiene. 27: 493-497.

32.Sakai, M. (1999) Current research status of fish
immunostimulants. Aquaculture. 172: 63-92.

33. Schaperclaus, W., Kulow, H., Schreckenbach, K.
(1991) Hematological and serological technique.
V.S. (ed.). (2" ed.) vol. 1. N, 56 Connaught circus,
Gulab primlani, Oxonian press. New Delhi, India. p.
71-108.

34, Selvarg, V., Sampath, K., Sekar, V. (2005) Administr-
ation of yeast glucan enhances survival and some
non-specific and specific immune parametersin carp

1IVM (2013), 6(4): 249-257



Alishahi, M. Iranian Journal of Veterinary Medicine

(Cyprinus carpio) infected with Aeromonas
hydrophila. Fish Shellfish Immunol. 19: 293-306.

35. Sforcin, JM. (2007) Propolis and the immune
system: areview. J. Ethnopharmacol. 113: 1-14.

36. Silici, S., Kutluca, S. (2005) Chemical composition
and antibacterial activity of propolis collected by
three different races of honeybeesin the same region.
J. Ethnopharmacol. 99: 69-73.

37.Stevens, M.L. (1997) Fundamentals of Clinical
Hematology, W.B. Saunders, Philadelphia, PA, USA.

38. Sunyer, J.O., Tort, L. (1995) Natural haemolytic and
bactericidal activities of seabream Sparus aurata
serum are effected by the alternative complement
pathway. Vet. Immunol. Immunopathol. 45: 333-345.

39.Talas, Z.S., Gulhan. M.F. (2009) Effects of various
propolis concentrations on biochemical and
hematological parameters of rainbow trout
(Oncorhynchus mykiss). Ecotoxicol. Environ. Saf.
72: 1994-1998.

40. Tatefuji, T., Izumi, N., Ohta, T., Arai, S., Ikeda, M.,
Kurimoto, M. (1996) Isolation and identification of
compounds from Brazilian propolis which enhance
macrophage spreading and mobility. Biol. Pharm.
Bull. 19: 966-970.

41.Yano, T. (1992) Assay of hemolytic complement
activity. In: Techniquesin Fish Immunology. Stolen,
J.S., Fletcher, T.C., Anderson, D.P, Haattari, S.L.,
Rowley, A.F. (eds.). SOS Publications. Poland. p.
131-41.

42.Yin, G,Ardo, L., Thompson, K.D.,Adams, A., Jeney,
Z., Jeney, G. (2008) Chinese herbs (Astragalus radix
and Ganoderma lucidum) enhance immune response
of carp (Cyprinus carpio) and protection against
Aeromonas hydrophila. Fish Shellfish Immunol. 25:
140-145.

43.Zhang, G, Gong, S., Yu, D., Yuan, H. (2009) Propolis
and Herba Epimedii extracts enhance the non-
specific immune response and disease resi stance of
Chinese sucker, Myxocyprinus asiaticus. Fish
Shellfish Immunol. 3:467-472.

1JVM (2013), 6(4):249-257 257



Abstractsin Persian Language

TER-YOY oF o loss o 053 IR el als s aloro
pon dle ($959 (Fosl (5 1a)giS B (Z 3 9 Iy 13 Junes 90 ) J guamo pga 0,3 53l (o 5

*
5Ol omdlts alicde s
2Ol laal Glaal ol raz drghol&ils (K ppals ouSils ¢ l&ilas p she 03 5

(YA slo s YF 1 oles (ioady « WA slouliye ¥ sallie cily 50)

2 1Ak cunlo35y 455350 henl Syome Glsis iy (2025 @) (138 (S ¢ s 513 (i J puazmo ¢p g0 0y taad e die
Y81 )8 gy -85 L8 (bl 00 sle (S5 slitollys (15 chel nly s gl 5318 13 p 5000 925 1 1 3 ]
GedoS (sl 53 . 03053,5 4155 59, 5 o 4 S5 )0(PEE) pgs oy (JSUlojlas 7Y 54/0 /* ¢ (55> Sys5 L o oalo aslad
5 (o (2 sl553 900l ()liee 59 21 (a9 cledpaS cdlabeprn (25 (6,3 h )08 oy 5950 Y cudlad (o) (ool sl S
MCHMCHC) 51 o sl 0 S5la e 5155 s el 3105 3 sl 1555 Jals) i sl
Wbyt (10Uig033T 5L L i oilo w393, Ao Loy 55 5 ) (5 935 18 0 Mas 090, duunlio o oy (MCV,
S S8y s o Y eadlad )l xe il 8l il Abead g, ) e s laligeddonls (il Slaw 515 5,550 g
SlysiS 18,5 4803) 500 53 (P</+0) 393 J S o dy s 7Y 5 /0 (sliloud )3 (S 55 duan (Slad5alS 3105 5 26 (3259 30 ()0 cp
Slali las (p>1/+0). 150,553l (615 me pusiS  S95 sly9S g (4L 035L liwe g (213E haSg s ol g by o) M)
0.1 Lo Lo ooy s RIS (50053 (613 (sime ST/ Lo )3 s 55 Wb g s g 5o (655 L L il 1
anglio o133 ol 5o sy 3 S 505 a1 Lo S5 s gy IS0 s 70/ (33503 0L ol 6 S Ao
5 (dlo ol (S5 slysS g as) gl a3 Lh )5 (6,86 STy g5 300k (3o 955 iz s 33,5 g0 b IS L cishe 1l )0

555 Sy S B e ol ol Ay e gons ) 1 o lo a5 ey

Email: alishahimo j@gmailcom +AN(F\W)YYFAN © s +ANEAN)TYT 2V 22050 ) g 5m o by 5 CR

288



