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ABSTRACT

New approaches for treatment of infectious diseases in aquatic animals are important in aquaculture
technology progress. In the present study, In vitro and In vivo effects of ethanol extract of honey bee
propolis have been investigated on aquatic pathogenic bacterium Streptococcus iniae isolated from
rainbow trout (Oncorhynchus mykiss). Antimicrobial activity was determined through microdilution
method. Also the effect of propolis ethanol extract on the prevention of infection was tested in rainbow
trout groups which were exposed to Streptococcus iniae infection. The isolated bacterium was identified
as Streptococcus iniae based on biochemical characterization and gene sequence alignment. The results
obtained from antibacterial effects of extract showed that the ethanol extract of propolis had great effect
on Streptococcus iniae (MIC=12.5 mg ml™*, MBC=25 mg ml™). Also ethanol extract showed significant
effect on prevention of streptococcal infection in rainbow trout. The mortality rate decreased to 3.33% by
12.5 mg mI™ and to 3.93% by 25 mg ml™ propolis ethanol extract, which supplemented in fish food in
contrast to 11.1% mortality in infected control group. The results of present study proposed that beehive
propolis is an effective natural product for controlling pathogenic bacteria such as Streptococcus iniae in
aquaculture systems.
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INTRODUCTION

Resin substances which honey bees carry to their hive, in addition to other substances such as wax, oily
acids, volatile oils and other organic and mineral substances, which added to it, is modified to another
substance called propolis. Propolis layers in the hive are used to block the cracks and pores in order to
keep out light, air, and potential predators such as spiders, ants, and other insects which might attack
warm environments and food supplies. The chemical compounds of propolis differ on the basis of the
source area. Flavonoids are the major antibacterial compounds in propolis (Mlagan and Sulimanovic,
1982; Greenaway et al., 1990; Attalla et al., 2007).

There is some inconsistency in the findings over the effect of propolis, which results from its different
geographic sources. Antimicrobial activity of propolis is because of high concentrations of flavonoids in
this natural substance, but this activity differs on the basis of geographical areas and environmental
factors such as pH (Ivancaji¢ et al., 2010). So, the results obtained from different studies may show some
degrees of variety.

Streptococcal infection is one of the main fish diseases which affect aquaculture systems, both freshwater
and marine fish species all over the world (Kitao, 1993; Toranzo et al., 2005). Streptococcus iniae is a
hemolytic, spherical Gram-positive bacterium (0.7x10.4 in size) which arranged as short chains. The
bacterium appears as small white colonies in solid media after 24 to 48 hours in 25°C (Al-Harbi, 2011).
Streptococcus iniae has been detected as a causative agent of prolonged course of disease with specific
lesions in Oncorhynchus mykiss (Eldar and Ghittino, 1999).

In the present study, Streptococcus iniae had been isolated and identified from rainbow trout
(Oncorhynchus mykiss) in Charmahal-Bakhtiari province in Iran and the effect of ethanol extract of bee
propolis had been investigated on the prevention of the streptococcal infection in rainbow trout.
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MATERIALS AND METHODS

Samples: Isolated bacteria obtained from cold water farms in Charmahal-Bakhtiari, Iran. Infected fishes
showed sluggish movement, darkening of body, bilateral exophthalmia, cataract and hemorrhage,
inflammation in gills, abdominal distention, accumulation of bloody fluids in abdominal cavity and
hemorrhage in intestinal lumen and spleen.

Inoculums from brain of the infected fishes were cultivated on blood agar, Brain Heart Infusion broth
(BHI; Merck, Germany) and Tripticase Soy Broth (TSB; Merck, Germany) media followed by incubation
in 25°C. The isolated bacteria were initially identified via microscopic examination and biochemical tests
(Pier et al., 1978; Brooks et al., 2010).

Molecular ldentification: The number of 2x10” bacterial cells grown on brain heart infusion broth was
used for DNA extraction by Roche Applied Science DNA extraction kit. Considering the results of the
biochemical tests, the PCR reaction was done using specific primers (TOX1: 5
AAGGGGAAATCGCAAGTGCC 3" and TOX2: 5 ATATCTGATTGGGCCGTCTAA 3) for DNA
replication of lactate oxidase gene in Streptococcus iniae genome (Al-Harbi, 2011). The reaction mixture
included PCR buffer (1X), MgCl, (1.5 mM), dNTP mix (0.2 mM), each primer (10 Pmol ul™), template
DNA (100 ng) and Taq DNA polymerase (1 U mI™). All materials obtained from Takara, Japan.
Sequencing of Replicated Fragments: The final products obtained from replication of the fragment
related to the bacterium have been sequenced by ABI3730XL system (Bioneer Corporation, Korea). The
obtained sequences were aligned with the current sequences in the BLAST database and the isolated
bacterium was detected.

Extract Preparation: Propolis which used in this research was obtained from the Honey bee group of
Isfahan center for research of agricultural science, Iran. Ethanol extract of propolis was prepared using
250 gr of each substance, mixed in 1 litter of 96% ethanol (Merck, Germany) in 2 L flask container. The
containers were covered with aluminum and shacked with 120 rpm in room temperature for 3 days. The
mixture was kept in a stable place in room temperature for 2 days. Then, the extract was filtered through
sterile filter papers and gauzes. To evaporate alcohol, the extract was poured into big glass plates and kept
for 24 to 28 hours in 45°C until complete drying. The obtained extract was stored in 4°C until use
(Dagostin et al., 2010).

Extract Antibacterial Effect: The antibacterial activity of the extract was investigated via well diffusion
method growth inhibition zone diameter measurement) and through microdilution method using serial
dilution 3.125, 6.25, 12.5, 25, 50, 100, 200 and 400 mg ml™ of the ethanol extract were prepared in 10%
dimethyl sulfoxide (DMSO; Merck, Germany). In the latter method, the minimum inhibitory
concentration (MIC) and minimum bactericidal concentration (MBC) of the extracts were determined.

In the well diffusion method, a suspension of 2x108bacterial cells per ml was prepared for each bacterium
in Muller Hinton Broth (MHB; Merck, Germany) medium. Then the suspension was cultured on Muller
Hinton Agar (MHA; Merck, Germany) medium using sterile swap in 4 directions. Wells with 6 mm in
diameter and 2.5 cm distance from each other prepared on the medium. The well bottoms were sealed
with melted MHA. The amount of 100 ul of each concentration obtained from the ethanol extract were
separately added to each well. DMSO 10% solutions was used as negative control. After 24 hours
incubation at 32°C, the diameter of each growth inhibition zone was measured (Kognou et al., 2011). The
experiments were repeated three times.

In the microdilution method, 100 pl of each concentration was separately added to each well of a sterile
lidded microplate. Afterward, the amount of 10° bacterial cells in MHB medium was separately added to
each well. Also 10° bacterial cells were used as positive control and 200 pl sterile MHB medium was used
as negative control. The optical density of microplate wells prior to incubation and 24 hours after
incubation was measured in ELISA reader in the wavelength of 630 nm at 32°C. According to
comparison of optical absorption before and after incubation time, the minimum concentration of the
extract, which revealed no opaqueness, was considered as minimum inhibitory concentration (MIC). In
order to determine the minimum bactericidal concentration (MBC) of each extract, 20ul from the wells
related to MIC and the three wells related to greater concentrations which revealed no detectable
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opaqueness was cultured on MHA medium, and was kept for 24 hours in 32°C. The inoculums from each
extract concentration, which showed no growth on solid medium was taken as MBC (Dagostin et al.,
2010; Kognou et al., 2011). The experiments were repeated three times.

The Effect of Extract on Prevention of Infection: The number of 120 adult rainbow trout with mean
weight of 10+2 gr kept in hatchery raisway and feed with plate food using fresh water flow 2 weeks
before experiment.

Four groups including 30 adult rainbow trout with the mean weight of 10£2 gr in each group prepared in
separated trough (150x50x20 cm) with the following treatments:

- First group as control, feed without the extract (safe control group) in triplicate.

- Second group as infected control group, exposed to 10’ CFU ml™ of Streptococcus iniae for 30 min
and then feed without the extract in triplicate.

- Third group exposed to 10’ CFU ml™ of Streptococcus iniae for 30 min and then feed with food
supplemented with 2% (v/w) of 12.5 mg ml™ concentration of the extract, after evaporation of the ethanol
in triplicate.

- Forth group was the same as third group with the exception that feed with the concentration of 25 mg
ml™ of the extract in triplicate.

The results obtained from mortality rate of the groups had been recorded after ten days. The results were
compared with Wilcoxon signed-rank paired difference test.

RESULTS AND DISSCUSSION
Biochemical Identification: The symptoms in fish samples are illustrated in figure 1.

Table 1: Results of biochemical tests for identification of bacterial isolate

Biochemical test Result

Catalase

MR +
VP

H,S production
Motility

Starch hydrolysis
Gelatin Hydrolysis
Growth in 2% NacCl +
Growth in 4% NacCl

Growth in 6.5% NaCl

Fermentation of:

Glucose +
Manitol +
Xylose _
Sorbitol +
Sucrose +
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Figure 1: The symptoms observed in sample fishes including (from left) cataract and hemorrhage,
inflammation in gills, abdominal distention, accumulation of bloody fluids in abdominal cavity and
hemorrhage in intestinal lumen and spleen

Also Table 1 indicates the results of biochemical characterization of bacterium isolate. Gram-
positive cocci with diplo or chain arrangement were observed in Gram staining. According to
obtained results, the isolate was initially detected as Streptococcus iniae. The results were
completely the same in all inoculated samples.

Molecular Identification: The 760 bp band resulting from amplification of Streptococcus iniae lactate
oxidase gene sequence is illustrated in Figure 2.

Sequence Analysis: The results of sequence alignment of replicated fragments in BLAST database are
illustrated in Table 2. The bacterial isolates showed the specific similarity to Streptococcus iniae.

Table 2: The results obtained from sequencing alignment of replicated fragments.

Lineage Report Organism Report

Streptococcus iniae [firmicutes] Streptococcus iniae [firmicutes] taxid 1346

Streptococcus iniae - 30 7 hits [firmicutes] gb|JF795258.1| Streptococcus iniae strain DGX07 LctO
Streptococcus iniae_ strain DGXO07 LctO (IctO... _30 0.12

(IctO) gene, complete emb|Y07622.1| S.iniae IctP & IctO genes and ORF1
30 0.12

gb|GU324262.1] Streptococcus iniae DNA
topoisomerase IV su... _26 1.5

gb|EF126045.1| Streptococcus iniae strain CGX LctO
(IctO) ... _26 15

gb|AF465842.1| Streptococcus iniae streptolysin  S-
associat... 26 15

gblAY904444.1| Streptococcus iniae capsule operon,
complet... 26 1.5

gb|EU714186.1| Streptococcus iniae strain 02161A
putative.. 24 5.2

Antibacterial Effect of the Extracts: The average diameter of inhibition zone of different extracts on
Streptococcus iniae are illustrated in table 3. The findings resulting from determination of minimum
inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of propolis ethanol
extract on the isolated Streptococcus iniae revealed that the concentration of 12.5 mg ml™ inhibited the
growth of the bacterium (MIC) and the concentration of 25 mg ml™ was able to kill all the bacterial cells
(MBC).
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Figure 2: The 870 bp band resulting from replication of lactate oxidase gene sequence in
Streptococcus iniae

Table 3: Average inhibition zone diameters of propolis ethanol extract on Streptococcus iniae.

Concentration (mg ml™) Inhibition zone diameter
(mm)

3.125 00.00+0.000

6.25 00.00+0.000

12.5 18.33+2.51

25 22.00+1.00

50 23.33x1.52

100 25.66+1.52

200 27.00+2.00

400 31.33+1.527

Prevention of Infection: The results obtained from the effect of propolis ethanol extract on the prevention
of streptococcal infection in rainbow trout are shown in table 4. Comparison of the results showed that
there is significant difference between the second (infected control) and third (infected group feed with
12.5 mg ml™* propolis ethanol extract) groups; as well as the second (infected control) and forth (infected
group feed with 25 mg ml™* propolis ethanol extract) groups (p<0.05). Also there was no significant
difference between the effect of 12.5 mg ml™* and 25 mg ml™ of propolis ethanol extract on prevention of
infection (p=2). The comparison of mortality rate between infected control and infected group feed with
ethanol extract of propolis showed a fall of infection rate of about 70% in the latter group.

Table 4: The mortality rates obtained from different treatments on rainbow trout. 1: safe control
group, 2: infected control group, 3: infected group feed with 12.5 mg ml™ propolis ethanol extract,
4: infected group feed with 25 mg ml™* propolis ethanol extract. The results are average of three
repeats

Treatment Mortality (%)
1 0.00

2 11.10

3 3.33

4 3.93

Several species of Streptococcus including Streptococcus iniae, Streptococcus agalactiae, Streptococcus
dysagalactiae, Streptococcus parauberis and Streptococcus feacalis cause of streptoococcosis in farmed
and wild fish (Austin and Austin, 2007). Among these infections, Streptococcus iniae has been reported
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as a major agent for mortality of different fish types all over the world (Muzquiz et al., 1999). The results
of previous study initially showed that streptococcal infections, including Streptococcus iniae, severely
found in trout farm in Iran (Haghighikarsidani et al., 2010). In the present study, we isolated and detected
Streptococcus iniae from rainbow trout of Charmahal-Bakhtiari area, Iran. The isolated bacterium also
showed the most similarity to Streptococcus iniae in genome alignment analysis.

Also we investigated the antibacterial effect of a beehive natural material (propolis) on the isolated
pathogenic bacterium. The results showed for the first time that the ethanol extract of propolis had strong
effect the isolated Streptococcus iniae. A previous study investigated the effects of ethanol extract of
propolis in 2.74 and 5.48 mg ml™ concentrations on Staphylococcus aureus and Escherichia coli based on
inhibition zone diameter and reported that the ethanol extract of propolis has stronger antibacterial
activity against Staphylococcus aureus (Gram-positive) in contrast to Escherichia coli which is Gram-
negative (Rahman et al., 2010). The isolated bacterium in our research also was Gram-positive and was
highly sensitive to propolis ethanol extract (MIC=12.5 mg ml™*, MBC=12.5 mg ml™).

It has been shown that the age of fish is important factor affecting the susceptibility of rainbow trout to
streptococcal infection, so that 50 gr fish suffer longer acute infection than 100 gr fish (Muzquiz et al.,
1999). In the present study we used 10+2 gr rainbow trout fish to ensure susceptibility to infection. As the
result of bacterial infection, 11.1% of fish died trough 10 days after challenge with 10" CFU ml™
Streptococcus iniae for 30 min. In a previous study 2.6x10" CFU ml™ after 15 min exposure led to 34.8%
death in Tilapia with an average weight of 12.7 gr in 28 days (Shoemaker et al., 2000).

In the previous report, iron restriction during infection proposed as biological obstacle for inhibition of
Streptococcus iniae virulence (Wang et al., 2013). Also the findings of the present study revealed for the
first time that the ethanol extract of propolis had strong effect on the resistance of rainbow trout
(Oncorhynchus mykiss) against streptococcal infection, so that the extract decreased 70% of the rate of
mortality in infected fish. Streptococcus iniae is from potential aquatic pathogens and our findings
proposed a powerful approach for prevention of the infection caused by this bacterium in rainbow trout
(Oncorhynchus mykiss) and probably in other agquatic organisms.
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