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Abstract: Nerium oleander is an evergreen shrub known for its multiple therapeutic properties. The
study aimed to evaluate the antimicrobial potential of the hydroalcoholic extract of Nerium oleander
flowers (NOFE) against selected foodborne pathogens, besides assessing the potential synergistic
interaction between NOFE and ciprofloxacin against MRSA. The antibacterial activity of NOFE (30
pg/ml) and ciprofloxacin (10 pg/ml) was evaluated against selected Gram-negative, Gram-positive,
and drug-resistant bacteria using agar well diffusion assay. The MIC values were assessed using the
broth microdilution method. Additionally, NOFE and ciprofloxacin’s synergistic antibacterial activity
was examined against MRSA. NOFE inhibited the growth of tested bacteria, producing an inhibition
zone (I1Z) diameter ranging from 24+0.4 mm to 48+0.2 mm. NOFE produced the largest 1Z diameter
against L. monocytogenes and the smallest IZ diameter against MRSA. Moreover, NOFE had more
potent activity against MRSA and MDR K. pneumonia (24+0.4 and 28+0.2 mm) than ciprofloxacin
(12+0.5 and 14£0.4 mm). NOFE at 12.5 pg/ml was the lowest MIC value against E. coli, B. subtilis,
and L. monocytogenes, while it had the highest MIC value of 200 pg/ml against MRSA. The
antibacterial potential of N. oleander against a broad range of foodborne pathogens is evident,
supporting its use in folk medicine.
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1. Introduction

Foodborne gastroenteric diseases are a major public health dilemma, depleting
healthcare systems, especially in developing countries. Gastroenteritis is the inflammation of
the stomach and intestinal walls caused by consuming contaminated food or water.
Symptoms of gastroenteritis vary from mild to severe diarrhea, nausea, vomiting, and
stomach cramps; however, more severe life-threatening symptoms may occur, especially in
children under 5 years of age [1]. Bacterial gastroenteritis is widely reported in developing
countries [2]. The most commonly reported causative bacteria are Bacillus cereus,
Staphylococcus aureus, Clostridium botulinum, Vibrio cholerae, Escherichia coli, Listeria
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monocytogenes, Salmonella, and Shigella [3-5]; however, unusual gastroenteritis outbreaks
have been associated with Klebsiella pneumoniae, Pseudomonas aeruginosa, and methicillin-
resistant Staphylococcus aureus (MRSA) [6-10]. Since bacteria mainly cause gastroenteritis,
antibiotics are often prescribed to treat resulting infections [1]. However, the resistance of
bacteria against the commonly prescribed antibiotics has become a matter of concern.

Recently, great interest has been devoted to medicinal plants, and thus, the term Green
Medicine has emerged widely. Plants are believed to be a safe, reliable, and cheaper
alternative to synthetic drugs, which are usually associated with more side effects [11].
Historically, plant extracts have been globally used to prevent and treat a wide range of
diseases since they can produce a diverse range of bioactive molecules and medicinal
compounds [12]. These compounds are of great medical significance since their bioactivity
generally does not produce resistance [13].

Nerium oleander (N. oleander) is a little shrub belonging to the family Apocynaceae
that is widely distributed worldwide and remains green throughout the year [14,15]. N.
oleander is widely used in folk medicine for the treatment of cancer, leprosy, and skin
diseases (e.g., foot fungal infections). The oleander plant's fresh parts, including the wood,
bark, leaves, and flowers, contain lethal glycosides that are highly toxic to humans, animals,
and insects [16-18]. Despite its documented toxicity in both fresh and dry forms, N. oleander
has been reported to exhibit several therapeutic effects derived from different parts of the
plant, such as antidiabetic [19,20], antioxidant [21], antitumor [22,23], antiviral [24], and
hepatoprotective activities [25,26]. Moreover, N. oleander plant extracts have been
demonstrated to inhibit the growth of a broad range of bacteria, such as Salmonella
typhimurium, Salmonella enterica, Escherichia coli, Pseudomonas aeruginosa, Klebsiella
pneumoniae, Staphylococcus aureus, MRSA, Staphylococcus epidermidis, Bacillus subtilis,
and Bacillus cereus [27-32]. N. oleander has been thought to demonstrate antibacterial
activity due to the presence of certain constituents such as conessine, digitoxigenin,
amorphane, eucalyptol, a-pinene, calarene, limonene, terpinene-4-ol, and sabinene [26,33—
35].

The objective of this study was to evaluate the antibacterial activity of the N. oleander
flowers extract (NOFE) obtained from the Kingdom of Bahrain against a diverse range of
Gram-negative and Gram-positive foodborne pathogens. Furthermore, the study aimed to
investigate the potential synergistic antibacterial effects of NOFE when combined with
ciprofloxacin against MRSA.

2. Materials and Methods

2.1. Bacterial strains.

Six foodborne bacterial isolates were used throughout the current study. Multidrug-
resistant clinical isolate Klebsiella pneumoniae and methicillin-resistant Staphylococcus
aureus were provided by the Surveillance Microbiology Department strain bank of Al-Shatby
Pediatric Hospital, Alexandria, Egypt. Gram-negative bacteria (Escherichia coli ATCC
25922 and Pseudomonas aeruginosa ATCC 2785) and Gram-positive bacteria (Bacillus
subtilis ATCC 19659 and Listeria monocytogenes ATCC 679) were provided by the Faculty
of Sciences, Alexandria University, Egypt. All strains were maintained at -80°C in nutrient
broth (Oxoid, England) with 20% (v/v) glycerol and were propagated three times in nutrient
broth for activation before experimental use.
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2.2. Flower samples.

One kilogram (1000 g) of the matured pink flowers of the Nerium oleander Linn plant
was collected from the garden of the College of Health and Sports Sciences, University of
Bahrain, in March 2020 (Figure 1). The flowers’ taxonomy was identified at the Faculty of
Sciences, Alexandria University, Egypt.

Figure 1. Fresh pink Nerium oleander Linn flwers.
2.3. Preparation of plant extract.

Flowers of Nerium oleander Linn (1000 g) were thoroughly washed with running
water to remove unwanted materials, air-dried in the shade for a week at ambient
temperature, and ground. Half of the powdered flowers (500 g) were stored at 4°C for further
use, while the other half (500 g) was then extracted using a hydro-ethanol (20:80) mixture by
maceration for three nights under agitation. The mixture was then filtered through a 0.22 ym
sterile filter (Millipore) and concentrated under vacuum at 45°C to obtain a yellowish-pink
paste. The paste obtained was then left to air dry. The dried extract was conserved at -20°C
till further use.

2.4. Preparation of the bacterial inoculum.

Gram-positive (Bacillus subtilis ATCC 19659, Listeria monocytogenes ATCC 679,
and MRSA) and Gram-negative (Escherichia coli ATCC 25922, Pseudomonas aeruginosa
ATCC 2785, and MDR Kiebsiella pneumoniae) bacteria were pre-cultured in nutrient broth
overnight at 35£2°C. Later, the turbidity of each strain was adjusted to a concentration of
1.5x10® CFU/mL using a 0.5 McFarland standard.

2.5. Preparation of the flower extract stock solutions.

The N. oleander flower extract stock solutions were prepared by dissolving crude
dried extracts in pure dimethyl sulfoxide (DMSO) (Sigma Aldrich, USA). Several
concentrations of NOFE were prepared: 10, 20, or 30 pug/ml.
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2.6. Screening of the antibacterial activity.

The antibacterial activity of NOFE and ciprofloxacin (Sigma Aldrich, USA) against
different indicator organisms was evaluated using the agar well diffusion assay in a semi-
solid Mueller-Hinton Agar (MHA) plate (Oxoid, England). After cooling to 40°C and mixing
well, 25 ml of the semi-solid MHA seeded with the bacterial indicator pathogens was poured
into Petri dishes and left to solidify under UV light in a laminar flow hood. After
solidification, a sterile cork borer (6 mm diameter) was used to make wells into agar plates
containing inoculums. Then, 100 pL of DMSO solution containing 30 pug/mL of NOFE or 10
pg/mL of ciprofloxacin was added to the wells. Plates were placed in the refrigerator for 30
minutes to let the flower extract diffuse into the agar. Finally, plates were placed in the
incubator at 37°C for 18 hours. Antibacterial activity was detected by measuring the
inhibition zone (1Z) that appeared following incubation. This was repeated three times for
each indicator strain to calculate the inhibition zone's mean diameter. DMSO at a
concentration of 10% was used as a negative control [36].

2.7. Determination of minimum inhibitory concentration (MIC).

The minimum inhibitory concentration (MIC) values of NOFE and ciprofloxacin
against the indicator strains were determined according to the Clinical and Laboratory
Standards Institute (CLSI) with minor modifications (Clinical and Laboratory Standards
Institute, 2019). An overnight culture at 37°C in Muller-Hinton broth medium of each tested
indicator strain was adjusted to the logarithmic-phase growth, yielding approximately 108
CFU/ml. Using the indicator strains, the broth dilution method was carried out in 96-well
microtiter plates. A stock solution of NOFE at a concentration of 30 pg/mL was prepared
aseptically in DMSO and then transferred to sterile 96-well microtiter plates containing the
Mueller-Hinton broth. Two-fold serial dilutions of the tested flower extract were prepared
with a final concentration of 800, 400, 200, 100, 50, 25, 12.5, and 6.25 ug/mL per well. The
contents of wells (containing either NOFE or ciprofloxacin in DMSO and bacterial cultures
in Mueller-Hinton broth) were mixed thoroughly and incubated overnight at 37°C. The MIC
was recorded as the lowest concentration of NOFE or ciprofloxacin, which completely
inhibited visible bacterial growth in wells. Wells not containing the extracted flower solutions
were used as a negative control.

2.8. Evaluation of the interaction between ciprofloxacin and NOFE.

The broth microdilution checkerboard method was used to evaluate the interaction
between NOFE extract and ciprofloxacin against MRSA [37]. The MIC values of NOFE and
ciprofloxacin against MRSA at a concentration of 1.5x10° CFU/ml were measured
individually using the broth microdilution (BMD) method. Then, the synergism between
different combinations was evaluated according to the fractional inhibitory concentration
index (FICI), which was calculated as the sum of the FICs of stock solutions of both NOFE
dissolved in nutrient broth containing 10% DMSO and ciprofloxacin. The FIC of each

substance was calculated as follows:
FIC = MIC of the substance in combination (1)

MIC of the substance alone

The FICIs were interpreted as follows: synergy, FICI <0.5; additivity, FICI >0.5 to
<1; indifference, FICI >1 to <4, and antagonism, FICI >4.
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3. Results and Discussion

3.1. Antibacterial activity of NOFE by agar well diffusion assay.

NOFE showed promising antibacterial activity against all the tested foodborne
pathogenic strains (Table 1). Three concentrations of NOFE (10, 20, and 30 pg/ml) were
tested in pilot experiments. Based on the pilot study results, the flower extract concentration
(30 pg/ml) was selected. The activity of NOFE (30 pg/ml) was determined and compared to
the reference standard of ciprofloxacin (10 pg/ml).

Table 1. Antibacterial activity of N. oleander flower extract (NOFE) against the reference standard
ciprofloxacin.
Zone of inhibition (mm)?!

Indicator strains

NOFE (30 pg/ml) Ciprofloxacin (10 pg/ml)
E. coli ATCC25922 38+0.6 26+0.2
P. aeruginosa ATCC 2785 42+0.4 30+0.6
MDR K. Pneumonia 2840.2 14+0.4
B. subtilis ATCC 19659 45+0.8 28405
L. monocytogenes ATCC 679 48+0.2 36+0.8
MRSA 24104 12+0.5

11Z values recorded are means of triplicate determination (n=3)z standard deviations.

The highest antibacterial effect of NOFE was observed against L. monocytogenes with
an 1Z of 48+0.2 mm, followed by B. subtilis and P. aeruginosa with an 1Z of 45+0.8 mm and
42+0.4 mm, respectively. However, the lowest antibacterial activity of NOFE was shown
against MDR K. pneumoniae and MRSA with an I1Z of 28+0.2 mm and 24+0.4 mm,
respectively. This contrasts with a study that evaluated the antibacterial effect of the essential
oils extracted using hexane from the N. oleander flowers cultivated in Morocco against E.
coli, P. aeruginosa, and S. aureus using the disc diffusion method. Their results demonstrated
a stronger antibacterial activity against the Gram-negative pathogens (E. coli and P.
aeruginosa with 1Z diameters = 28.89 mm and 18.22 mm, respectively) compared to the
Gram-positive pathogen (S. aureus with 1Z diameter = 6.32 mm) [38].

Another study assessed the antibacterial activity of n-hexane, dichloromethane, and
methanol extracts of the Iranian N. oleander flowers against different pathogens (E. coli
(PTCC 1047) and S. aureus (PTCC 1112)) using the disc diffusion method. Results indicated
that dichloromethane and methanol extracts displayed a more potent antibacterial activity
against E. coli (14 mm and 15 mm, respectively) and S. aureus (13 mm and 16 mm,
respectively). However, the n-hexane extract showed no effect against the E. coli and showed
only 9 mm IZ for S. aureus [29].

Variations in the antibacterial activity of NOFE observed across different studies may
be attributed to geographical factors, such as environmental conditions and soil type
differences between regions. These factors may influence the concentration and potency of
active constituents in plants grown in different countries. Furthermore, using different
solvents may result in variations in the types and the nature of chemical compounds
dissolving in each solvent [39]. For example, some studies used alcoholic extracts and n-
hexane that may confer an additive antibacterial effect during antimicrobial testing. In the
current study, we used hydro-ethanol for the extraction process, followed by filtration and
drying under a vacuum to remove any residual alcohol that could interfere with the results.
DMSO was chosen as the solvent for the dried flower extract as it does not exhibit
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antibacterial activity, ensuring that any observed antibacterial effects against the target
pathogens are solely attributed to the N. oleander flower extract, not the solvent [40].

The NOFE (30 pg/ml) demonstrated better antibacterial effects against all the tested
foodborne pathogens than that produced by ciprofloxacin (10 pg/ml). Nitave and Patil [41]
reported a similar observation, in which the antimicrobial effects of the ethanolic extract of
the Indian N. oleander flowers at different concentrations (30, 60, and 100 mg/ml) were
compared to those of ciprofloxacin (10 pg/ml) against E. coli, P. aeruginosa, and S. aureus.

3.2. MIC of Nerium oleander flower extract.

The NOFE MIC values ranged from 12.5 pg/ml to 200 pg/ml. The data revealed
variability in NOFE MIC values against the different tested strains (Table 2). The lowest
NOFE MIC values were demonstrated against E. coli ATCC 25922, B. subtilis ATCC 19859,
and L. monocytogenes ATCC 679 at 12.5 pg/ml. However, ciprofloxacin showed the lowest
MIC values against these organisms, with MIC values that ranged from 0.125 to 0.5 pg/ml.

Table 2. Minimum inhibitory concentration (MIC) of the Nerium oleander flowers extract and ciprofloxacin
against all tested bacterial strains.

. . MIC (ug/mL)
Indicator Strains NOFE Ciprofloxacin
E. coli ATCC 25922 12.5 0.125
P. aeruginosa ATCC 2785 25 0.5
MDR K. Pneumonia 100 64
B. subtilis ATCC 19659 12.5 0.5
L. monocytogenes ATCC 679 125 0.5
MRSA 200 128

On the other hand, the current study demonstrated that the resistant isolates (MDR K.
pneumoniae and MRSA) recorded the highest MIC values of 100 pg/ml and 200 pg/ml,
respectively, by the flower extract of N. oleander. Likewise, ciprofloxacin showed the highest
MIC values (64 pg/mL and 128 pg/mL) against the MDR K. pneumoniae and MRSA,
respectively. Differences in the MIC values of plant extracts can be attributed to variations in
the susceptibility of the tested organisms [42].

3.3. Synergistic effect.

The accelerated emergence of drug-resistant pathogenic microbes necessitates
evaluating the joint activity of conventional commercial antibiotics and plant-based natural
antibacterial extracts. The checkerboard method was used to determine the FIC index value
of NOFE and ciprofloxacin against MRSA. NOFE and ciprofloxacin were combined, and the
synergy of their combination was recorded. Results of this study showed that the FICI value
was less than 0.5 (Table 3). Evidence has already been reported for augmenting conventional
antibiotics by acting synergistically with plant-derived compounds [43].

Table 3. FIC index value of both NOFE and ciprofloxacin against MRSA.

; ; MIC (pg/mL) )
Antibacterial agent Single drug Combined drug FIC FICI Interpretation
NOFE 200 40 0.2
Ciprofloxacin 128 16 0.125 0.325 ‘ Synergy
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4. Conclusions

In conclusion, Nerium oleander is currently used traditionally for the treatment of a
variety of diseases in the Kingdom of Bahrain. The positive findings from this study and
many other studies in the literature provide a scientific basis for the traditional use of this
plant for its antibacterial activity. N. oleander flower extract demonstrated potent
antibacterial activity against all the studied foodborne microorganisms (Bacillus subtilis
ATCC 19659, Listeria monocytogenes ATCC 679, Escherichia coli ATCC 25922,
Pseudomonas aeruginosa ATCC 2785, MDR Kilebsiella pneumoniae, and MRSA). Flower
extract showed the highest antibacterial activity against L. monocytogenes ATCC 679, and
the lowest activity was recorded against MRSA. Surprisingly, the antibacterial activity of
NOFE was superior to that of ciprofloxacin against all the tested foodborne strains at the
studied concentrations. Synergistic antibacterial activity between NOFE and ciprofloxacin
against MRSA was reported. Further studies are needed to isolate, purify, and determine the
mechanism of action of the active phytocompound(s) present in the Nerium oleander flower
extract. Extending the antimicrobial testing against different bacterial strains and determining
their synergistic effects with other antibiotics should also be studied.
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