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Abstract

This study was conducted to examine in vitro an-
tibacterial potential from seed methanol extract of
Peganum harmala (L) against some fish pathogen-
ic bacteria including Lactococcus garvieae, Aer-
omonas hydrophila, Yersinia ruckeri and Pseu-
odomonas putida isolated from diseased rainbow
trout (Oncorhynchus mykiss). The antibacterial ac-
tivity of extracts was evaluated using disc diffusion
assay, minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC). MICS
were measured by serial dilution and the microplate
assays. Results showed that the methanol extract of
P. harmala was bactericidal for all test bacteria. The
MICs of extract using serial dilution and microplate
method were 0.6 mg mL"' and 0.312 to 0.625 mg
mL" against P. putida and 0.8 mg mL"' and 0.625
to 1.25 mg mL" against L. garvieae, A. hydrophi-
la, Y. ruckeri, respectively which was confirmed by
MBC determination. Thus, the antibacterial activity
of seed extract of P. harmala can be comparable as
an alternative in the control of infectious by these
microorganisms.

Key words: Peganum harmala, seed extracts, fish
pathogenic bacteria, antibacterial activity.

Introduction

During last decades, there has been a steady growth
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of aquaculture industries all over the world and-
such intensive production would experience disease
problems. Infectious diseases which have been oc-
curred sporadically in wild -fish populations may
cause high mortalities when appearing in intensive
fish farming (Gudding, Lillehaug & Evensen1999).
Many bacterial diseases in aquaculture are con-
trolled by antibiotics. However, continuous use of
antibiotics leads to drug resistance and thereby to a
reduced efficiency of the drugs. Antibiotics which
have been accumulated in the environment and fish,
pose a potential risk to consumers and to the envi-
ronment alike (Bektas & Ayik 2011).

Antibiotics and other chemical disinfectants are
widely utilized to prevent bacterial disease in fish.
Due to bacterial pathogens, particularly Lactococ-
cus garvieae (Haghighi Karsidani, Soltani, Nik-
bakhat-Brojeni, Ghasemi & Skall 2010), Aeromonas
hydrophila (John, Rathna Kumari & Balasunda-
ram 2011), Yersinia ruckeri (Tobback, Decostere,
Hermans, Haesebrouck & Chiers 2007) and Pseu-
odomonas putida (Altinok, Kayis & Capkin 2006 )
in rainbow trout, the rapidly expanding aquaculture
industry has suffered from heavy economic losses.
Increased public awareness of the negative effects,
which caused by overexposure to synthetic chem-
icals, has led to the search for “green solutions”
such as organic and synthetic chemical- free food
products (Abutbul, Golan-Goldhirsh, Barazani &
Zilberg 2004; Fereidouni, Akhlaghi & Khadem Al-
hosseini 2013). For organic fish production, it is es-
sential to develop antibacterial treatments that are
made from materials with natural sources.
Medicinal herbs contain physiologically active gra-
dients that over the years have been exploited in
traditional medicine for the treatment of various ail-
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ments because of having anti- microbial properties
(Kelmanson, Jager & Van Staden 2000; Srinivasan,
Sangeetha, Suresh & Perumalsamy 2001; Ghasemi
Pirbalouti, Nikobin Broujeni, Momenii, Malekpoor
& Hamed 2011; Negi, Singh & Rawat 2011). Pega-
num harmala L. (Zygophyllaceae), that has been
also called Harmal or Suryin Rue, is a perennial,
bushy and wild-growing flowering plant with short
creeping root which may grow to 30-100 cm high
(Mahmoodian, Jalilpour & Salehian 2002; Shamsa,
Monsef, Ghamooghi & Verdian Rizi 2007; Goel,
Singh & Saini 2009) is known as “Espand” in Iran
and Harmal in North Africa and African Rue, Mexi-
can Rue, Syrian Rue or Turkish Rue in United States
(Mahmoodian et al. 2002). This plant is widely dis-
tributed in North Africa, Mediterranean, the Middle
East, Pakistan, India and Iran and has been intro-
duced in America and Australia (Asghari & Lock-
wood 2002; Ehsanpour & Saadat 2002;Yousefi,
Ghaffarifar & Dalimi 2009). P. harmala tradition-
ally has been used in Iran as an antiseptic and dis-
infectant agent by burning its seeds (Fathiazada,
Azarmi & Khodaie 2006; Arshad, Zitterl-Eglseer,
Hasnain & Hess 2008). It has been considered for
the treatment of a variety of human ailments such
as lumbago, asthma, colic, jaundice (Bukhari et al.
2008). The most pharmacological active compounds
of P. harmala are several alkaloids which have been
found in the seeds and roots (Mirzaie, Nosrataba-
di, Derakhshanfar & Sharifi 2007). It has also been
reported that this plant had antibacterial, antifungal
and antiviral effects (Shonoudam, Osman, Salama
& Ayoub 2008).

In spite of considerable efforts to provide an al-
ternative to medicinal plants with minimum side
effects, easy accessibility, and excellent compatibil-
ity, future clinical trials as well as standardization of
medicinal plants are still required as an important
step in drug discovery (John et al. 2011). The aim
of the present study was initially to assess the anti-
bacterial property of the seed methanol extract of P,
harmala against some of the most important rain-
bow trout (Oncorhynchus mykiss) pathogenic bacte-
ria to provide useful information on the efficacy of
antimicrobial treatments in rainbow trout.

Materials and Methods

Extract preparation

P harmala medicinal plant was collected from
herbal medicine shop and its identity was confirmed
using monographs by Mozaffarian (1996).

The seeds of the plant were shade- dried and
ground into a powder (50 g), macerated in 400 mL
of methanol, filtered, and dried at 35 °C using a ro-
tary vacuum. Then, the extract of sample was stored
in the bottle and refrigerated at 4 °C prior to further
analyses.

Bacterial strain

Strains of L. garvieae (EU727199; Sharifiyazdi,
Akhlaghi, Tabatabaei & Mostafavi Zadeh 2010),
A. hydrophila (JF313402; Dehghani, Akhlaghi &
Dehghani 2012), Y. ruckeri (ATCC29475; Akhlaghi
& Sharifi Yazdi 2008) and P. putida (JN937120;
Hedayatian, Sharifiyazdi & Akhlaghi 2010) were
isolated from the infected rainbow trout from com-
mercial aquaculture farms in Fars Province, Iran
(obtained from the Shiraz University, Shiraz, Iran).
The isolated bacteria were cultured on blood agar by
the use of streaking method and incubation at 30 °C
overnight, aerobically. On the next day, colonies re-
vealing characteristics of test bacteria were selected
for further analyses such as Gram stainingand bio-
chemical tests. It was then confirmed by molecular
methods (Ravelo, Magarinos, Romalde & Toranzo
2001; Austin & Austin 2007; Calist & Ruzzi 2009;
Trakhna, Harf-Monteil, Abdelnour, Maaroufi & Ga-
donna-Widehem 2009).

The bacteria were kept frozen in 15% glycerol, 85%
saline solution or Brain Heart Infusion (BHI) broth,
in aliquots, at -70 °C until used. For infection trials,
100 mLof BHI broth was inoculated with 50 pL of
the frozen isolates. The cultures were shaken (100
rpm) at 27 °C for 48 h. Absorbance (at 600 nm) of
known bacterial densities were determined to ob-
tain a standard calibration curve. An initial bacterial
suspension containing 10’CFU mL"! was made from
the flask broth culture. Subsequent dilutions were
made from the above suspension, which were then
utilized in tests.
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Disc diffusion assay

The disc diffusion assays of Lennette (1985) were
used with some modification to determine the
growth inhibition of extract on all test bacteria.
Muller Hinton (MH) agar (Merck, Germany) was
used to prepare the culture medium and autoclaved
at 121 °C for 15 min. Briefly, plates (8-cm diame-
ter) were prepared with 10 mL MH agar inoculated
with 1 mL of bacterial suspension (107 CFU mL™").
The extracts were dissolved in dimethyl sulfoxide
(DMSO, 15 pL) before being tested for antimicro-
bial activity. Sterile paper discs (5 mm in diameter)
were impregnated with 20 pL of different concentra-
tions of extract (50, 100, 200, 300 and 400 mgmL™!)
placed onto nutrient agar. The plates were incubated
at 35°C for 18 h. Negative controls which were pre-
pared using the same solvent employed to dissolve
the plant extract. Tetracycline and chloramphenicol
(30 pg) were tested in the same conditions as posi-
tive controls.

Inhibition zones in mm (without disc paper diam-
eter) around discs were measured. Theantibacteri-
al activity was characterizedas the diameter of in-
hibition zones produced by the extract against test
microorganisms. The experiment was repeated in
triplicate and the mean of diameter of the inhibition
zones was calculated.

Minimal inhibitory concentration assay

To determine the minimal inhibitory concentrations
(MICs) of antimicrobial agents, serial dilution and
microplate assays were used. The MIC was defined
as the lowest concentration of the extract to inhibit
the growth of the microorganism to 50%.

Serial dilution assay

MICs were determined by broth dilution method
in culture tubes (Jorgensen, Turnidge & Washington
1999.) with some modification. The extract was ini-
tially tested at 2 mg mL"! and serially diluted from
2 to 0.04 mg mL". Then, each tube was inoculated
with 1 mL of suspension containing 10’ CFU mL"!
of each bacterium and incubated at 25 °C for 24 h.
Erythromycin was included as a positive control in

each assay. Extract-free solution was used as a neg-
ative control. Control tubes were incubated under
the same condition. The tubes were examined for
visible growth or lack of growth for each dilution
of test bacteria. Turbidity indicated growth of the
microorganism and the MIC was the lowest concen-
tration in which no growth was visually observed
(Jorgensen et al. 1999).

Minimum bactericidal concentration assay

The MBC values of the extract were determined by
the drop plate method from the tubes, which no vis-
ible growth found apparently according to Kowser
& Fatema (2009). Some modifications were made
to the method. The Minimal Bactericidal Concen-
tration (MBC) assay was conducted as an adjunct to
the MIC and was used to determine the concentra-
tion of extract which was lethal to the target bacteria
in vitro. From each MIC broth tube without visible
growth, 25 pl volume of the broth was aliquot onto
Nutrient agar and spread across the entire surface
of the plate. Then, the dilution of the sub cultured
MIC tube was recorded on each plate and incubated
at 25°C for 24 h. The MBC plates were analyzed for
colony growth or lack of growth for each dilution
sub cultured. No growth indicated that the extract
was bactericidal at that dilution; Growth revealed
that the extract was bacteriostatic but not bactericid-
al at that dilution.

Microplate assay

The method of Stubbings, Bostock, Ingham &
Chopra (2004) with some modification was used to
determine the MIC of extract against all of test bac-
teria. Sterile 96-well microplates were utilized for
the assay. The stock extract was dissolved in DMSO
(no more than 5%). All wells (two rows for each
microorganism) were filled with TSB (1 mL). Test
extract (ImL) was added to the first well of each
row and serial two-fold dilutions (0.019 to 10 mg
mL") were made down to the desired minimum
concentration. The wells (two rows for each micro-
organism) were inoculated with the suspension of
each test bacteria (0.1 mL of 0.5 McFarland Stan-
dard) and incubated at 37°C overnight. The growth
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of each microorganism in the different dilutions of
extract was determined by measuring the optical
density at 600 nm with a spectrophotometer. The
well filled with TSB medium and the suspension of
each test bacteria was included as a positive control
in each assay. The well filled with TSB medium and
extract was used as a negative control. All assays
were carried out in triplicate. The inhibition demon-
strated by the extract is expressed by the following
equation (Zampini,Vattuone & Isla 2005): Inhibi-
tion % = [(OD ¢ —OD t) / OD c] x100 where ODc
is the OD600 for the negative control (containing
no extract) and OD t is the OD600 for the sample
treated with the antimicrobial compounds.

Statistical analysis

Experiments were conducted in triplicate and results
were expressed as mean +standard deviation (SD).
A comparison of antibacterial activity of the extract
against all test bacteria with standard antibiotics was
evaluated by applying a two tailed- unpaired t- test.
The comparison and difference between all test bac-
teria were evaluated by using one- way analysis of
variance (ANOVA) and Duncan multiple compari-
sons test, respectively. Bacterial strains were con-
sidered to be significantly different if P<0.05. All
statistics were performed using SPSS for windows
version 16 (Chicago, IL., USA).

Results

Table 1 presents diameters of inhibition zones ex-
erted by the different concentrations of extract and
the two standards (tetracycline and chlorampheni-
col) towards tested microorganisms. P. harmala
seeds extract was effective against all tested bacte-
rial strains. Higher inhibition was detected against
A. hydrophila, Y. ruckeri and L. garvieae compared
with P. putida (P<0.05). The activity of seed extract
was higher than that of tetracycline for all tested
microorganisms. In the case of 4. hydrophila and
Y. ruckeri, the activity of seed extract (21£2.95,
19+4.12 respectively) was lower than that of chlor-
amphenicol (29+£2.25, 23+3.91 respectively).

Subsequent experiment was conducted to determine
the growth inhibition values (%) and MIC deter-
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mination of different concentrations of methanol
extract of P. harmala for all test bacterial strains
using serial dilution (Table2) and microplate assay
(Fig.1). The extract showed strong antibacterial ac-
tivity against all test bacteria and the MIC values
of extract using serial dilution (Table 2) and micro-
plate method (Fig. 1) were 0.6 mg mL"and 0.312
to 0.625 mg mL"' against P. putida and 0.8 mg mL"!
and 0.625 to 1.25 mg mL"! against L. garvieae, A.
hydrophila and Y. ruckeri, respectively. There were
significant differences in the antibacterial activities
of different concentrations of P. harmala extract on
L. garvieae, A. hydrophila, Y. ruckeri and P. putida
strains (P<0.05). As Figure 1 illustrates, among the
bacterial strains tested, Y. ruckeri and P. putida re-
vealed the lowest growth in different concentrations
of methanol extract of P. harmala seeds which were
studied. Moreover, the methanol extract at different
doses had different potential which increase with
dose. As can be seen from Table 2, MBC assay per-
formed as an adjunct to the MIC showing that For
P, putida and Y. ruckeri, the MBC of extract was
observed in 0.8 mg mL"and for L. garvieae and A.
hydrophila was found in 1.1 mg mL".

Discussion

In recent years, a great spread of multidrug-resis-
tant (MDR) bacterial pathogens has become a se-
rious concern worldwide in terms of public health
and economic impacts. Enhanced public awareness
of the negative effects caused by overexposure to
synthetic chemicals has led to the search for “green
solutions” such as organic and synthetic chemical-
free food products (Abutbul ef al. 2004; Fereidouni
et al. 2013). For organic fish production, it is nec-
essary to develop antibacterial treatments that are
made from materials with natural sources.

In the present study, the activity of seed extract was
higher than that of tetracycline for all tested mi-
croorganisms. Also, higher inhibition was detected
against A. hydrophila, Y. ruckeri and L. garvieae in
comparison with P. putida (Table 1). It shows that
P harmala extract as a natural and environmental
friendly compound can be considered as an import-
ant source of antibacterial agent against the three
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Table 1 The Inhibition zones around the discs (mm) produced by antibacterialactivity of different concentrations of P.harmala (mg
mL") and standard antibiotics (tetracycline and chloramphenicol) against bacterial strains isolated from rainbow trout

bacterial strains

Concentration (mg mL™)

50 100 200 300 400 500 tetracycline  chloramphenicol
A.hydrophila 25+43.13 16+1.78 18+3.10 2144.12 21+3.80 21+2.95 1843.11 2942.25
P, putida ND ND 8+1.11 11+3.23 12+3.76 13+1.20 12+3.74 ND
L.garvieae 13+£1.78 17£2.12 18+2.54 20+1.12 20+1.33 20+1.23 14+1.88 19+4.12
Y.ruckeri 16+2.25 18+2.21 19+3.34 19+3.98 19+4.21 19+4.12 18+2.74 23+3.91

Each data point represents the mean (+ S.D.) of triplicates. Data are identified by unpaired t- test .ND: not determined.

Table 2 Determination of MIC (by serial dilution assay) and MBC in different concentrations of P.harmala (mg mL™') against bacterial

strains isolated from rainbow trout

bacterial strains

Concentration (mg mL™")

2 1.5 11 08 06 047 035 026 020 015 010 0.08 0.06 0.04

MIC/ MIC/ MIC/ MIC/ MIC/ MIC/ MIC/ MIC/ MIC/ MIC/ MIC/ MIC/ MIC/ MIC/

MBC MBC MBC MBC MBC MBC MBC MBC MBC MBC MBC MBC MBC MBC
A.hydrophila - /- -/- -/- SRV S A S A s A R e R A S A s A S o
P. putida -/- -/ -/- -/- -/ H I+ A+ I+ I+ I+ )+ )+ )+ 4+
L.garvieae -/- -/- -/- -/+ +/+ +/+ +/+ +/+ +/+ +/+ +/+ +/+ +H/+ A+ +
Yruckeri -/- -/- -/- -/- +/+ +/+ H/+ I+ A+ A+ I+ I+ )+

(+) visible growth of each microorganism (-) No growth of each microorganism.

Gram- negative bacteria including 4. hydrophila, Y.
ruckeri, P. putida and L. garvieae as a Gram- pos-
itive. Bacterial pathogens could be controlled by a
health management protocol using disinfectants such
as natural antibacterial compound besides employ-
ing vaccination of fish against the etiological agent.
It should be noted, however, that such antibacterial
with a natural source is not expensive and could be
prepared and ordered by registered agencies around
the world. The sensitivity of L. garvieae to seed ex-
tract of P. harmala is consistent with published data
by Fereidouni et al. (2013); however, the results are
difficult to compare because literature assays were
carried out at different conditions. They showed
inhibitory effects of seed extract of P. harmala on
growth of L. garvieae, with an inhibition zone of
28 mm (Fereidouni et al. 2013). Darabpour, Posh-
tkouhian Bavi, Motamedi & Seyyed Nejad (2011)
found a remarkable antibacterial effect of extracts
of root and seed of P. harmala against Gram posi-
tive bacterial species including Bacillus anthracis,
Bacillus cereus, Bacillus pumilus, Staphylococ-
cus aureus, Staphylococcus epidermidis, Listeria
monocytogenes, Streptococcus pyogenes and Gram
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negative bacterial species including Pseudomonas
aeruginosa, Brucella melitensis, Proteus mirabi-
lis, Salmonella typhi, Escherichia coli and Kleb-
siella pneumoniae. They also reported that among
the evaluated parts of P. harmala, the root and seed
extracts presented antibacterial activity against all
of tested bacteria even at the lowest concentration.
The Antibacterial effect of leaf part was moderate
while stem and flower extracts showed relatively
poor activity.

Likewise, Amel, Abdlouahab & Abdlhakim (2012)
have reported an inhibitory effect of seed alkaloid
extract of P. harmala against some gram positive
bacterial strains such as Staphylococcus aureus and
Staphylococcus saprophyticus and gram negative
such as Escherichia coli, Klebsiellapneumoniae,
Pseudomonas aeruginosa, Proteus mirabilis and
Serratia spp, The diameters of inhibition zones
ranged from 11 to 22 mm for all treatments.

Also, this finding was in coincidence with Cowan
(1999) and Al-Mizrakchi (1998) ‘studies who dis-
covered that P harmala extract (aqueous and al-
coholic) is very effective against all gram positive
bacteria including Lactobacilli and Streptococcus
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Figure 1 The growth inhibition values (%) and MIC determina-
tion of different concentrations of methanolextract of P.harmala
(mg mL™") for all test bacteria using microplate assay. Each data
point represents the mean (+ S.E.) of triplicates. Data are identi-
fied by Duncans test. The growth inhibition valuesthat are simi-
lar among bacteria strains are identified by * symbol.

mutans, respectively. Other studies have revealed
the sensitivity of A. hydrophilla strain to seed aque-
ous extract of P. harmala. That is, they showed in-
hibitory effects on growth of A. hydrophila, with
inhibition zone 20.5 mm (Abutbul et al. 2004).

In the present study, increasing doses of methanol
extract of P harmala from 0.019 mg to 10 mg
caused increase in the average growth inhibition of
all tested bacteria, which, in turn, revealed that the
ability of antibacterial effects enhance with increas-
ing doses or concentrations of metabolic substanc-
es. This finding suggested that other components of
P. harmala be identified and examined on growth
of bacteria. Its antibacterial effect against MRSA
(Methicillin Resistant Staphylococcus aureus) was
surveyed by Moghadam, Maleki, Darabpour, Mota-
medi & Seyyed Nejad (2010). They prepared eth-
anolic extract from this plant and tested itby disk
diffusion method. Their results showed that P. har-
mala extract has high antibacterial activity against
MRSA isolates and this activity was increased in
accordance with its concentration (400 mg mL™!) .
The MIC values of extract using serial dilution (Ta-
ble 3) and microplate method (Fig. 1) were 0.6 mg
mL" and 0.312 to 0.625 mg mL"! against P. putida
and 0.8 mg mL" and 0.625 to 1.25 mg mL"' against
L. garvieae, A. hydrophila and Y. ruckeri, respec-
tively. Aligiannis, Kalpotzakis, Mitaku and Chinou
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(2001) have proposed a classification of plant ex-
tracts on the basis of their MIC values as: strong
inhibition: MIC < 500 pg mL'; moderate inhibition:
600 pg mL' < MIC <1500 pg mL"' and low inhi-
bition: MIC > 1600 pg mL-!. On the basis of this
classification, the seed extract exerts a strong inhib-
itory activity on all tested bacteria. Alsothe extract
showed the highest growth inhibition for Y. ruckeri
and P, putida (67.5+ 3.53, 60+8.48 % respectively)
(Fig.2). Also, MBC assay performed as an adjunct
to the MIC showed that P. harmala extract in the
higher concentrations of 0.8 mg mL"! for P. puti-
da and Y. ruckeri and 1.1 mg mL™! for L. garvieae
and A. hydrophila was bactericidal (Table3). The
comparison of MICs and MBCs values allows a
better evaluation of antibacterial effect of bioactive
compounds. According to Biyiti, Meko and Amvam
Zollo (2004), a substance is bactericidal when the
ratio MBC/MIC < 2, and bacteriostatic if the ratio
MBC/MIC > 2. The MIC and MBC are often near
or equal values; therefore, it can be concluded that
seed extract of P. harmala has a bactericidal effect
on the mentioned bacteria. These results are compa-
rable with other studies in rainbow trout (Fereidouni
et al. 2013) which have been reported that in three
methods used for extraction of the eight medicinal
plants in this study the highest level of antibacterial
activity was demonstrated by the essential oil of the
leaves of Satureja bachtiarica, the methanol extract
of P. harmala, the ethanol extracts of Juglans regia
and Trachys permum copticum. Accordingly, they
are potential source of natural antibacterial against
L. garvieae isolated from rainbow trout (Fereidouni
etal.2013).

So far, several alkaloids with pharmaceutical activ-
ity including harmine, harmane, harmalol, harma-
line, vasicine, vasicinon and peganine have been
extracted from the various parts of this plant (Fathi-
azada, Azarmi & Khodaie 2006; Goel et al. 2009).
It has been reported that harmane as a highly aro-
matic planar alkaloid exerts its antibacterial activ-
ity through interchalate with DNA (Cowan 1999).
Thus, this antibacterial mechanism must be consid-
ered for active extract of P. harmala.

Finally, in this study we report for the first time, the
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antibacterial activity of a seed extract of this plant.
The methanol extract of P. harmala seed exhibited
strong antibacterial activity against these Gram-neg-
ative and positive bacterium. Therefore, it might be
used for disinfection of instruments and rainbow
trout raceways. However, further researchis needed
to find out the effective use in vivo of the extract
with special reference to timing, dosage and method
of administration in fish.
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