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Abstract: Because of the frequent use of antibiotics, which leads to the occurrence of resistance by pathogenic bacteria,
and for the benefit of oils and the ease of their availability with minor side effects, thus, the study aimed to investigate
the anti-microbial activity of Sesame seed oil and Eucalyptus against P. aeruginosa bacteria. Ten clinical isolates of
Pseudomonas aeruginosa were previously isolated from wounds and have multi-drug resistance to common antibiotics.
The results of Sesame oil against the bacterial isolates showed no antibacterial activity not only in the agar well diffusion
method but also in the disc diffusion method. At the same time, the findings showed that eucalyptus oil had an antibacterial
activity with concentrations (20%,40%, 60%, 80%, and 100%) against these isolates. Further, the antibiotics susceptibility
test results showed that bacterial isolates were resistant to Amikacin, sensitive to each of cefotaxime, chloramphenicol and
levofloxacin, and the effect of Gentamicin differed against the tested bacteria. Our finding concludes that eucalyptus oil may
be used as an alternative drug in the treatment as an external ointment for wound infection by Pseudomonas aeruginosa.
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|
Introduction

Pseudomonas aeruginosa is an opportunistic pathogen
that causes disease and death in patients with cystic fibrosis
and those with impaired immune systems. P. aeruginosa is
a Gram-negative aerobic bacterium. It can thrive in tempe-
ratures ranging from 4 to 42 degrees Celsius and survives
with low nutrition levels'. These properties enable it to cling
to and live on medical equipment and other hospital sur-
faces, making infections more likely in immunocompromi-
sed individuals?. Patients with cystic fibrosis are at a higher
risk of morbidity and mortality due to the chronic infections
that P. aeruginosa can produce. These infections can lead
to lung damage, deficiency, pneumonia, and urinary tract
infections. P. aeruginosa can also cause bacteremia®*. P,
aeruginosa infections are notoriously difficult to cure becau-
se the bacteria possess a high level of innate resistance
and can develop resistance to a wide range of medications.
Metallo-b-lactamases (MBL), altered penicillin protein bin-
ders (PBP), porin mutations, plasmid enzymatic modifica-
tion, DNA-gyrase mutation, and active expulsion pumps are
all examples of broad-spectrum b-lactamases. These are
just some of the many mechanisms that P. aeruginosa uses
to evade antibiotics®. Carbapenemic drugs (imipenem and
meropenem) are broad-spectrum antibiotics used to treat
P. aeruginosa nosocomial infections. The formation of me-
talloenzymes, a lack of porin permeability and a rise in the
expression of active expulsion pumps are all linked to Car-
bapenemic resistance®. The development of MBL is linked
to carbapenem-resistant P. aeruginosa, which can, except
for aztreonam, hydrolyze all b-lactam antibiotics®’. Becau-
se of the active substances found in various components,
plants have drawn researchers from all over the world as
a source of treatment. For decades, plant oils and extracts

have been used for several purposes. In today's world, an-
tibiotic resistance in microorganisms is a grave concerné.
As a result, herbal remedies derived from plants are consi-
dered safe alternatives to synthetic drugs. The antibacterial
activity of extracts and plant oils, in particular, paved the way
for various applications, including food preservation, medi-
cines, and cosmetics. Therapies and alternative medicine
plant oils are aromatic oily fluids obtained through steam
distillation from different plant parts like flowers, shoots,
seeds, grasses, stems, leaves, forests, fruits, and stocks.
Compared to antibiotics, these oils have been shown to be
highly effective antibacterial agents. These have anti-micro-
bial activities against viruses, bacteria, and fungi, including
antibacterial, antifungal, anticancer, antiviral, and anti-oxi-
dant characteristics®. The genus of Eucalyptus is an aro-
matic and medicinal plant that is widely distributed around
the world. It has therapeutic properties because it produces
bioactive chemicals interacting with other species in the en-
vironment, preventing bacterial and fungal growth™"'. Can-
didates for creating novel anti-microbial medications include
compounds that can suppress infections while causing little
harm to host cells. Today, plant-based treatments are re-
gaining favor because the efficacy of antibiotics, which are
widely regarded as almost universal solutions for infectious
diseases, is waning. This is due to the widespread use of
these chemical agents and their prescription on a large sca-
le, which is sometimes inappropriate, resulting in bacterial
strain adaptability and selection strains that are multiresis-
tant and pose a public health risk'?. Eucalyptus is a nati-
ve Australian genus in the Myrtaceae family, with approxi-
mately 900 varieties and subspecies. Eucalyptus contains
bioactive chemicals. These chemicals have been shown to
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have antibacterial, antifungal, anti-inflammatory, analgesic,
and anti-oxidant properties'®'3. Sesame, also known as Se-
samum indicum L., is a crop that has been farmed for a very
long time and has antifungal characteristics. It is believed
that it originated in the continent of Africa. The anti-oxidant
and health-promoting effects of sesame oil, along with a
rise in the rate of fatty acid oxidation in the mitochondria
and peroxisomes of the liver, can be attributed to sesame
oil'*. Sesame oil consumption appears to increase plasma
gamma-tocopherol and vitamin E activity, which are thou-
ght to aid in cancer and heart disease prevention., as well
as antibacterial activity'®. The widespread use of antibiotics
causes pathogenic bacteria to develop resistance, and be-
cause of the convenience with which oils may be obtained
with the fewest side effects. Thus, the study aimed to exa-
mine if sesame seed oil and Eucalyptus oil could limit the
growth of P. aeruginosa.

|
Materials and methods

Bacterial isolates

Allisolates of P. aeruginosa previously isolated from pa-
tients from the deep skin surface of the wound using sterile
swabs, then cultured directly on blood agar and MacConkey
agar aerobically overnight at 37 ¢ for bacteria and identified
by Vitek 2 system, kept in refrigerator till beginning the work.

Extraction of volatile oil from Eucalyptus and fixed oil
of Sesame

Leaves of Eucalyptus that were collected from the Uni-
versity of Baghdad, Aljadiryaa campus, after cleaning and
rinsing leaves were dried and ground finely and placed in the
Clevenger apparatus to extract the volatile oil using hydro
distillation method by applying a ratio 1:5 between plant and
distilled water'®. Meanwhile, the sesame seed is ground to
a paste and heated to 80-90 c for 15 min. Then add enough
boiling water to suspend the ground seed on stirring for 15
min. The upper oil layer separated after cooling and dried by
heating'. Sesame seed oil was obtained from the local mar-
ket, but its origin is Iran; after we sell it, kept at 4°C until use.

Antibacterial activity of extracted oil

A- Agar well diffusion method

In the first step, activation of bacterial isolates in (BHI)
broth and incubate the tubes at 37°C for 18-24hr. Making
dilute the bacterial broth in normal saline compared with
Mcfarland 0.5 tube (1x10® CFU/ml). Then, culturing on
Mueller Hinton agar (MHA) plates were prepared sterilely.
Inoculation (MHA) plates with the diluted tested bacteria by
the Swabbing method. We added 200ul from each sesa-
me oil concentration (100000ug/ml,50000ug/ml,25000ug/
ml), while Eucalyptus oil concentrations (20%, 40%, 60%,
80%,100%) were put in three wells and one well full by
(DMSO) used as control( since we dissolve the oil with it)
and incubated the plates at 37°C for (18-24hr). Finally, de-
tected inhibition zone for anti-microbial activity.

B- Agar disc diffusion method

Using the activation of bacterial isolates previously,
then diluted the bacterial broth and cultured on (MHA) as
mentioned above. Adding 0.2ml of each sesame seed oil
concentration (5000 pg/ml,10000 pg/m,25000 ug/ml,50000

pg/ml) was used to the submerged disc that we synthesized
it using sterile filter papers. In contrast, the control disc was
soaked with DMSO and put on the surface of a cultured
(MHA) plate aseptically and incubated at 37°C for (18-24hr)
to detect the inhibition zone as a clear zone around the
discs and measured in mm using a ruler.

Antibiotic susceptibility test for P. aeruginosa

The Kirby-Baurer method was used to test anti-micro-
bial sensitivity. The antibiotics that were used in this study
were Amikacin, Azithromycin, cefotaxime, chloramphenicol,
Gentamicin, and levofloxacin. The isolated colonies were
collected using a sterile loop and emulsified in 3-4 ml of ste-
rile physiological saline. A sterile brush that had been dam-
pened in the bacterial suspension was then used to make
streaks across the surface of the Mueller Hinton agar. The
anti-microbial disc was diced using antiseptic forceps, and
then it was regularly distributed on the inoculated plate. Af-
ter incubating the plate aerobically at 37°C for 24 hours, the
zone of growth inhibition around each disc was measured
in millimeters, and the results were reported as sensitive,
intermediate, or resistant to a specific anti-microbial agent
by comparison with standard inhibition zones as mentioned
in the clinical laboratories standards institute®.

Statistical Analysis

The SPSS, IBM version 20, program was used to per-
form the analysis on the data'®. Statistical significance is
assumed when the p-values are less than 0.05.

|
Results

Antibiotics sensitivity test for Pseudomonas aeruginosa

The antibiotic sensitivity test results showed that the
isolates of P. aeruginosa were resistant to Amikacin with a
diameter of inhibition zone 14 mm and 12 mm, respectively.
Azithromycin differs in its effect against the two test isola-
tes, 8mm and 19mm, respectively. The two isolates of P.
aeruginosa were sensitive to each of the cefotaxime, chlo-
ramphenicol, and levofloxacin antibiotics, while the effect of
Gentamicin differed against the two tested isolates. Isolates
1 to 6 were sensitive to Gentamicin with a diameter of inhi-
bition zone 16mm, while isolates 7 to 10 were resistant to
the same antibiotics with a diameter of inhibition zone 12
mm (figure 1).

Antibacterial activity of sesame seed oil against P.
aeruginosa

The results of the antibacterial activity of sesame seed oil
against P. aeruginosa by the two methods are shown in Figures
2 and 3. The bacterium P. aeruginosa offers high resistance to
the concentrations used in both agar well methods and disc di-
ffusion of sesame seed oil, which is unable to inhibit their growth.

Antibacterial activity of Eucalyptus oil against P.
aeruginosa

Figure 4 shows the different concentrations of Eucalyp-
tus oil used; the lowest inhibition zone was found at 20%
concentration with a measurement of 10 mm, while the big-
gest inhibition zone was measured at 18 mm and increased
to 23 mm at 80% and 100% concentrations, respectively.
DMSO was used as a control which give a negative effect
against Pseudomonas aeruginosa as shown in figure 5.
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Figure 1. Antibiotics susceptibility test for P.
aeruginosa.

Figure 3. The effect of sesame oil on P. aeruginosa in the agar disc diffusion method.
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Discussion

Some references showed that Azithromycin was not
approved for the treatment of infection caused by P. aerugi-
nosa, and there are no published breakpoints for this spe-
cies. Still, other references showed that the direct effect of
Azithromycin was on the outer membrane of P. aeruginosa,
which might contribute to its bactericidal activity against this
organism. P. aeruginosa is not only naturally resistant to a
wide variety of anti-microbials but also possesses an ex-
traordinary capacity for developing resistance to commonly
used anti-microbials through the selection of mutations in
chromosomal genes or by horizontally acquiring resistant
determinants. P. aeruginosa is resistant to anti-microbials
not only because it is naturally resistant to them, but also
because it has an extraordinary capacity to develop resis-
tance to commonly used anti-microbial Amikacin and colis-
tin were shown to be the most effective antibiotics against
blood. Respiratory P. aeruginosa isolates, according to cer-
tain investigations®'®. Our findings were in contrast to those
of earlier research. Given that two of our country's isolates

3
Figure 4. The anti-microbial acti-
vity of Eucalyptus oil on P. aeru-
ginosa.
80% 100%

Figure 5. The negative effect of DMSO
as a Control against P. aeruginosa.

showed resistance to Amikacin, we suspect this disparity
may be attributable to inappropriate antibiotic prescribing
practices. By attaching to the 30S subunit of the riboso-
me, the aminoglycoside antibiotics gentamicin and Amika-
cin can disrupt the process of protein synthesis. The low
permeability of P. aeruginosa's cell wall, particularly its ou-
ter membrane, is generally thought to be the cause of the
bacteria's intrinsic resistance to all antibiotics. Our results
of sesame oil antibacterial activity have differed from ano-
ther researcher's since? showed that sesame oil exhibited
strong anti-microbial effects against the tested bacteria with
inhibition zone ranging from 15 to 25 mm. This could be
because the organism used for testing was pseudomonas
aeruginosa, which is highly resistant to many antibiotics
and anti-microbial agents. Additionally, the sesame oil that
we used came from the market, and it's possible that it lost
some of its activity because of improper storage because it
was imported from Iran. Methanol extracts of different parts
of Sesame Indicum I. (root, seed, and leaves) had different
levels of anti-oxidant and anti-microbial activity. This was
assayed by agar disc diffusion and agar well diffusion me-
thod against five bacterial species. Also, these results disa-
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greed with our results, which may be due to the use of im-
ported sesame oil from other countries rather than sesame
oil derived from local products?'. A previous study performed
by Yepola and Adeniyi?? showed that phytochemical scree-
ning of leaf extracts of Eucalyptus tannins, saponins, and
cardiac glycosides was discovered in camaldulensis after
testing the plant. Also, this demonstrated that the methanol
extract, dichloromethane fraction, and methanol residue re-
present a broad spectrum of activity; the methanol extracts
demonstrated greater activity against Salmonella typhi,
Staphylococcus aureus, and Bacillus subtilis (15-16 mm)
than they did against Klebsiella ssp., Yersinia enterocoliti-
ca, and Pseudomonas aeruginosa (14 mm). The findings
of our research were consistent with those of a previous
study. The essential oils extracted from Eucalyptus globulus
leaves have a density lower than that of water, a hue similar
to a pale yellow, and an aromatic scent that is spicy. The
antibacterial activity of essential oil displayed considerable
against different strains of Staphylococcus aureus that were
tested. However, the antibacterial activity of essential oil re-
mained lower than that of aqueous extract, which showed
the highest antibacterial activity. Bowras and his coworker
showed this. Our findings regarding the antibacterial activity
of eucalyptus oil against ten clinical isolates of Pseudomo-
nas aeruginosa coincide with the literature in that a higher
oil concentration had a more potent effect on Pseudomo-
nas aeruginosa than a lower concentration of the oil did'.
On the other hand, Damjanovic — Vrantica et al. reported
that the anti-microbial activity test demonstrated that the
essential oil of E. globulus possesses a rather potent an-
ti-microbial activity, particularly against Streptococcus pyo-
genes, E. coli, Candida albicans, Staphylococcus aureus,
Acinetobacter baumanni, and Klebsiella pneumoniae, with
the exception of Pseudomonas aeruginosa & Salmonella
infantis?®. Pseudomonas spp. are recognized to have the
ability to metabolize a wide range of organic chemicals, and
because of this property, it is utilized extensively in biore-
mediation. This may be the reason for their high-level re-
sistance. Chao's team?* demonstrated this. This bacterium
may be simplifying and metabolizing the chemicals in the
oils that are inhibitory to many of the other bacteria. This
would be beneficial to the overall bacterial population. The
primary bioactive compounds in Eucalyptus were -pinene,
p-cymene, limonene, and —terpinene?. According to the
researchers' findings, the essential oils of rosemary and
Eucalyptus have the highest levels of 1,8-cineole of any
other essential oils. Another study investigated the efficacy
of various essential oils against multidrug-resistant strains
of P. aeruginosa. The essential oils investigated included
Cinnamomum zylanicum (Dalchini oil), Eucalyptus globulus
(Nilgri oil), Eugenia caryophyllata (Clove oil), Ocimum sanc-
tum (Tulsi oil), and Allium sativum (Garlic oil). Compared to
other oils, the inhibitory action of Cinnamomum zylanicum
oil against multidrug-resistant bacteria was shown to be the
most potent, followed by the inhibitory action of Eucalyptus
globulus oil (Nilgri oil).

|
Conclusions

Pseudomonas aeruginosa is an opportunistic patho-
gen. Infections by P. aeruginosa are challenging to treat
since these bacteria can acquire resistance to different an-
tibiotics. Our findings conclude that eucalyptus oil may be
used in the treatment as an external ointment for wound

infection by Pseudomonas aeruginosa as an alternative or
along with antibiotics
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