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ABSTRACT

Helicobacter pylori (H. pylori) infection is a major health concern contributing to gastrointestinal
diseases. Appropriate treatment to decrease the prevalence of such infections particularly in developing countries is the
key factor. However, the emergence of antimicrobial resistance to conventional therapy protocols highlights the need for
initiating alternative treatment approaches. This study aimed to explore novel essential oil combinations with potent activity
against H. pylori isolates from Sudanese patients.

H. pylori strains were isolated and identified phenotypically using conventional biochemical tests.
Genetic identification was performed using polymerase chain reaction (PCR) targeted H. pylori 16S Ribosomal RNA (rRNA)
primary tetracycline-binding-sites gene. Amplified gene was then sequenced using Sanger sequencing and analyzed using
different bioinformatics tools. Moreover, six essential oils (Eos) were investigated for their in vitro activity against H. pylori
clinical isolates.

m The H. pyloriisolates from Sudanese patients were identified by analysis of 16S rRNA sequences. All tested essential
oils completely inhibited growth of the selected H. pylori clinical isolates at 125 pg/ml concentration. Clove and maharaib
oils exhibited maximum activity and inhibited the growth of all studied strains even at of 3.9 pug/ml concentration. Moreover,
the mixtures of cinnamon-lemongrass, cinnamon-maharaib, thyme-maharaib, frankincense-maharaib, and lemongrass-
maharaib displayed potent synergism against tested strains with the fractional inhibitory concentration (FIC) indices ranged
from 0.26 to 0.5.

The synergistic combinations displayed promising alternative therapeutics and showed the capacity to be
recommended for further additional studies as well as clinical trials targeting H. pylori infection.
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1. Introduction

Helicobacter pylori (H. pylori) is a spirally rod-shaped
micro-aerophilic flagellated Gram-negative
bacterium. It was first identified by Marshall and
Warren in 1982 associated with gastric disorders.
Currently, it is considered as a global pathogen that
affects half of the world's population, with higher rate
of occurrence in developing countries. It causes
various stomach disorders, including gastritis, chronic
peptic ulceration, gastric adenocarcinoma, and
mucosa-associated lymphoid tissue (MALT)
lymphoma, leading to significant morbidity and
mortality. Researchers attribute this pathogenicity to
the presence of virulence genes such as vacuolating
toxin  (VacA) and cytotoxin-associated gene
Pathogenicity Island (cagPAl) (1-5).

In Sudan; H. pylori was detected in 80% of gastritis
samples, 56% among patients with duodenal ulcer and
60% among patients with duodenitis. Moreover, a
recent study applied molecular techniques to detect
H. pylori from different regions of Sudan, their study
indicated that 37.33% of samples obtained from
patients experiencing different endoscopic findings
are H. pylori positive (6, 7).

Despite decades of effort, eradicating the pathogen
remains a challenging task for physicians, as there is
no universally effective regimen in addition to the high
rate of resistance. The critical problem is that no single
drug cures H. pylori infection. The standard triple
therapy consists of a proton pump inhibitor,
amoxicillin, and clarithromycin. This therapy is used
for H. pylori eradication in many countries. However,
due to the rising prevalence of antimicrobial
resistance, mainly to clarithromycin, many other
regimens were developed, including quadruple,
sequential and concomitant therapy regimens
supplemented with metronidazole, clarithromycin
and levofloxacin. Indeed, considerable attempts have
been made to resolve such dilemma, yet, resistance to
clarithromycin and metronidazole is still critical
concern and have led to eradication failure.
Furthermore, adding insult to an injury, the side
effects of the triple regimens were reported to
decrease the treatment compliance as well (8).

Plant extracts especially essential oils (Eos) are used
for centuries as antimicrobial agents or food
preservatives. Accordingly, several studies have been
established to extract various natural products
including essential oils and screen their antimicrobial
activity (9, 10).

Cymbopogon schoenanthus is one of the most
important species of the Poaceae family; its
antibacterial activity against both Gram-positive and
Gram-negative bacteria has been previously reported
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(11-13). The Poaceae family also includes
Cymbopogon citratus, which exhibits similar broad
antimicrobial activity (14, 15). Moreover, Syzygium
aromaticum belongs to Myrtaceae family and its
bioactive properties and inhibitory effects against
wide range of bacteria including H. pylori were
reported as well (16-18). Furthermore, Boswellia
papyrifera or Sudanese frankincense is a member of
Burseraceae family; it has been determined to have
high antibacterial as well as antifungal activities (19,
20). Thymus vulgaris belongs to Lamiaceae family and
is native to the Southern Europe and the
Mediterranean area; it has been verified to have
antibacterial and anti-adherent activities against some
bacteria (21, 22). Lastly, Cinnamomum verum, which
is known as true cinnamon is indigenous to Sri Lanka
and Southern parts of India and has been investigated
for its antibacterial potential in several studies (23,
24). These herbs not only exhibit bactericidal
properties but also demonstrate significant synergistic
effects when combined with other herbs or
antibiotics. This underscores the potential of such
combinations to enhance antimicrobial efficacy,
particularly against life-threatening bacteria such as H.
pylori (25-28).

Even though combining EOs would minimize the
minimum inhibitory concentration (MIC) of their
combinations and enhance the activity in synergistic
effects, there have been few in-depth studies focusing
on their antimicrobial properties (28). The current
study therefore initiated to evaluate in vitro
antibacterial activity of some EOs combinations
against specific H. pylori clinical isolates from patients
in Sudan.

2. Materials and Methods
Study Design

This prospective cross-sectional hospital-based
study was conducted in Soba University Hospital,
Khartoum, Sudan from June 2018 to September 2019.
All  laboratory processes were performed in
Microbiology and Molecular Biology labs at Faculty of
Medical Laboratory Sciences, University of Khartoum.

Data Collection

Patients with upper gastrointestinal tract (GIT)
symptoms especially dyspepsia and heart burn who
had referred to Gastroenterology Department for
endoscopy during the mentioned period were
included after obtaining an informed consent.
Patients with a history of using proton pump inhibitors
(PPIs), antibiotics, or non-steroidal anti-inflammatory
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drugs (NSAIDs) were excluded. Patients’ data was first
de-identified and then recorded in excel file.

Primary Identification of H. pylori

Duplicated mucosal biopsy specimens were taken
from the gastric antrum samples using a disinfected
endoscope. Egg yolk emulsion (EYE) agar was used for
cultivation with minor modifications (29). Columbia
agar base (40.40 gr/L) was also used with 10% egg
yolk, 0.25% yeast extract, and campylobacter selective
supplement (10 mg vancomycin, 5 mg trimethoprim,
5 mg cefsulodin, and 5 mg amphotericin B per liter).
For non-selective cultivation the same media were
used without adding selective supplements. Both
plates were incubated in a microaerophilic
atmosphere composed of 10% CO; and 5% O: using
CO2 incubator for up to 5 days at 37°C and 100%
humidity.

All detected colonies were presumptively identified
by morphological features, microscopical
examinations, and biochemical tests including urease,
oxidase, and catalase tests. The isolated H. pylori
colonies were further sub-cultured on blood and
chocolate blood agar media supplemented with 0.25%
yeast extract for purification purposes.

Molecular Identification of H. pylori

Manual guanidine chloride method was adopted to
perform DNA extraction as described previously (30).
H. pylori 16S Ribosomal RNA primary tetracycline
binding sites gene was used to characterize the
isolated strains. PCR was carried out using Maxime
PCR PreMix Kit (i-Tag) (iNtRON BIOTECHNOLOGY,
Seongnam, Korea). The following primers were used:
(F: 5'CTGACGCTGATTGCGCGAA-3') (R:
5'TGGCTCCACTTCGCAGTATT-3') (31). PCR was carried
out using thermocycler (SensoQuest, Germany) in 25
ul reaction mixture and the PCR protocol was as
follow: 1 cycle at 95°C for 3 min, 30 cycles at 95°C for
1 min, annealing at 58.5°C for 1 min, and 74°C for 1
min, and a final elongation at 74°C for 15 min. The
amplified products of 535 bp were detected by
electrophoresis on 2% agarose gel in 1x Tris EDTA
Buffer (TBE buffer) (89 mM Tris base, 89 mM Boric acid
and 2 mM EDTA dissolved in 1 Liter H20) for 30 min.
The gels were stained with 3 pl ethidium bromide (10
mg/ml). A 100MW DNA ladder (iNtRON
BIOTECHNOLOGY, Seongnam, Korea) was used in each
gel as a molecular size standard. The 16S rRNA gene
sequences were submitted in GenBank nucleotide
database under following accession numbers:
MW599345, MW599346, and MW599347.

Characterization of H. pylori

To determine changes in 16S rRNA, a comparison
between conserved regions of primary tetracycline
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binding sites was conducted; nucleotide positions
between 722 and 1234 (numbering is according to the
rRNA gene of H. pylori strain 26695) with H. pylori
reference strain 26695 and tetracycline resistance H.
pylori strain 108 (accession number AY062898.1).
Highly similar sequences were retrieved from the NCB/
GenBank database and subjected to multiple
sequence alignment using ClustalWw?2
(http://www.ebi.ac.uk/Tools/msa/clustalw?2/),
Gblocks(http://molevol.cmima.csic.es/castresana/Gb
locks server.html) and BioEdit sequence alignment
editor software. The evolutionary history was inferred
using the Neighbor-Joining method (32, 33).

Preparation of Bacterial Inoculum for Susceptibility
Testing

A BaSOs turbidity standard equivalent to a 0.5
McFarland standard was used to standardize the
bacterial inoculum density for susceptibility test. BaCl>
solution (0.5 ml of 0.048 mol/L) (1.175% w/v BaCl;
2H0) was added to 99.5 ml of 0.18 mol/L (0.36 N)
H2S0a4 (1% v/v) stock solution with constant agitation
to maintain barium sulfate suspension aliquot. The
correct density of turbidity standard was verified
measuring the absorbance using a spectrophotometer
with a 1-cm light path and matched cuvettes. The
absorbance for the 0.5 McFarland standard at 625 nm
was considered from 0.08 to 0.13 (34). Direct colony
suspension method was wused for inoculum
preparation according to Clinical and Laboratory
Standards Institute (CLSI) (35).

Plant Materials Acquisition and Essential Oil
Extraction

The plants used in this study were obtained from
commercial sources. They were provided from
Medicinal and Aromatic Plants and Traditional
Medicine Research Institute (MAPTMRI), Khartoum,
Sudan. Voucher specimens were affirmed for
reference in the herbarium. The botanical names of
the tested plants, families and morphological parts
used are illustrated in Table 2.

In this study, six essential oils were selected based
on their well-documented antimicrobial properties. To
ensure a comprehensive analysis, the oils were chosen
from various botanical families, each with distinct
chemical compositions, allowing for a broader
evaluation of their efficacy against H. pylori. The final
selection was made following review of existing
literature, focusing on oils identified as promising due
to their antimicrobial and synergistic effects. The
availability and purity of the materials were rigorously
assessed to ensure the reliability of the research
outcomes. Each plant material was subjected to 4 hr
hydro-distillation using Clevenger apparatus to obtain
the essential oil. After drying the oil over anhydrous
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sodium sulfate, filter paper was used to filter it, the
oils were then stored in amber vials at 4°C for further
use.

Quantitative Evaluation of EOs Antibacterial
Activity In Vitro

The MIC values of EOs, both individually and in
combinations, were obtained using agar dilution
method following CLS/ instructions with slight
modification (35). Serial two-fold dilutions from the
stock of each EO in 100% absolute methanol as a
solvent were added to a molten and equilibrated to 45
to 50°C Mueller-Hinton agar supplemented with 5%
human blood and 0.25% vyeast extract, then mixed
thoroughly and dispensed into 10 ml Petri dishes on a
level surface to result in an agar depth of 3 to 4 mm.
The agar plates were left to solidify at room
temperature. Immediately, using pipettes with sterile
tips, 5 ul aliquots of bacterial suspensions containing
approximately 10° CFU/ml per spot was used to
inoculate the surface of the dried agar. Additionally, a
drug-free plate was used as control for growth viability
and purity. An agar plate containing the same
concentration of methanol used for diluting oils, but
without oils, was also included to ensure the bacteria
viability at methanol concentration.

Determination of EOs Synergism Against H. pylori

In vitro assessment of antibacterial effects of EOs
combinations were attempted applying the
checkerboard technique. Concisely, the MIC of each
EO alone and in combination was determined. Then,
the fractional inhibitory concentration (FIC) and FIC
index were calculated by summing the separate FICs
of single oil solution using following equation:

FIC (A) = MIC (A) in combination/MIC (A) alone.
FIC (B) = MIC (B) in combination/MIC (B) alone.

FIC index = FIC (A) + FIC (B).

Where, FIC (A), FIC (B), MIC (A) and MIC (B) are the
FICs and MICs for EOs A and B, respectively. Synergistic
activities are defined in a range of FIC index less than
0.75, while antagonism in a range of an FIC index
greater than 2; the combination is defined as additive
in a range of 20.76 (36-38).

Statistical Analysis

Statistical analysis was performed using Statistical
Package for the Social Sciences (SPSS) 21.0 statistical
software. One-way Analysis of Variance (ANOVA) was
conducted, with a 95% confidence interval. Statistical
significance was set at p-value of less than 0.05.

3. Results
General Characteristics

In the current study, 70 mucosal antral biopsy
specimens were included. H. pylori isolates were
detected in 30 (42.9%) rapid urease test. From the
positive Campilobacter Like Organism (CLO) test
samples; 17 (56.7%) strains were isolated using culture
method. All cultured strains gave positive reactions to
the routine biochemical tests with typical colonial
morphology and Gram staining. Moreover, they were all
16S RNA positive. The 16S rRNA sequenced strains
isolated from patients with different pathological
features confirmed identification of H. pylori. The
genetically identified H. pylori strains were used to
evaluate the antimicrobial activity and interactions of
EOs as described in Table 1.

Molecular Identification and Characterization of H.
pylori

Molecular identification of H. pylori was carried out for
three clinical isolates. PCR results showed all of them as
16s rRNA-positive (Figure 1). All genetic fragments were
sequenced. The accession numbers obtained from
Genbank for the sequences are illustrated in Table 1.

535pb

Figure 1. Agarose gel of PCR amplification results for 16srRNA gene. (Lane M: 100pb ladder, Lane NC: negative control, Lanes

1, 2, 3: positive samples).

Year 18, Issue 6 (November — December 2024)

Iranian Journal of Medical Microbiology



378 Anti- H. Pylori Potential of Essential Oils Combinations

Table 1. The accession numbers of the 16S rRNA clinical isolates of H. pylori

Isolate No Accession no. of 16srRNA Clinical region
23 MW599345 Gastric ulcersample
39 MW599346 Gastritis sample
41 MW599347 Dyspepticun-ulcer sample

Analysis of 16S rRNA Sequences

Further analysis of three 16S rRNA sequences
isolated from Sudanese patients with different clinical
features confirmed identification of H. pylori strains.
Blasting these sequences revealed homology of
approximately 99%. These sequences were further

analyzed for mutations and conservations to
determine changes in 16S rRNA. The multiple
sequence alignment (MSA) of the conserved region of
primary tetracycline binding sites revealed that 515 bp
PCR fragment from the three H. pylori clinical isolates
from Sudanese cases lacked AGA926-928—TTC
substitution (Figure 2).

®
F1¢0ARS
(a)
SRR
. d
WL OO O R

Figure 2. (a), (b), and (c) Show the sequence chromatogram of the aligned strains. The different nucleotides are shown in
colored letters in boxes, and white dots indicate similarity. (d) Shows alignment of clinical isolates sequences with H. pylori
reference strain 26695 and tetracycline resistance H. pylori strain 108 (accession number AY062898.1)

Phylogenetic Analysis of 16S rRNA Sequences

The alignment of isolated sequences exhibited
various sequences that differed in one base-pair
substitution in two positions (T1103C and C1128T)
(Figure [3c]). The MSA of isolates with H. pylori
Genbank strains confirmed the occurrence of
variations between the Sudanese isolates and
selected published nucleotide sequences (Figure [3b]).
The unrooted phylogenetic tree offers significant
insights into evolutionary relationships among various

Year 18, Issue 6 (November — December 2024)

strains, including local isolates such as Strain 23-
Sudan, Strain 39-Sudan, and Strain 41-Sudan.
Divergence of phylogenetic tree resulted in two
lineages, as illustrated in Figure 4. Lineage 1 shows
clustering of Sudanese strains with those from Mexico
and Australia that suggests shared evolutionary
pressures. In lineage 2, 16S rRNA sequence of Strain
41-Sudan shared a common ancestor with strains
from Venezuela. The branch lengths in the
phylogenetic tree indicate genetic divergence, with
Strain 41-Sudan exhibiting a longer branch.
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)
NC 000915.1 H.pylezri T
DQ202371.1-Bangladesh T
DQ829%805.1-Venzeuela [T
LT8382713. 1-Germany
AP023320.1-Japan
AY39447€.1-France
225740.1-UK
HO266659.1-USA
Strain 23-Sudan
CP032043.1-Mexico
CP051494.1-Peru
CP003475.1-USA
Strain 3%-Sudan
CP032041.1-Mexico
CP011485.1-Australia
KP893893.1-Irag
Strain 41-Sudan
LR134517.1-U.K
AYS$593991.1-Brazil
MN32€651.1~India
AP017632.1-Japan

(©)

Figure 3. Multiple sequence alignment of 16S rRNA gene sequences with other selected global strains obtained
from GenBank. (a) and (c): Chromatograms of sequencing results viewed by Finch TV software show nucleotide
variations in 16S rRNA gene of H. pylori illustrated by colored boxes and arrows. (b): Multiple Sequence Alignment
(MSA) of 16S rRNA sequences of three Sudanese H. pylori strains compared with rRNA gene of other selected strains

obtained from GenBank databases using Clustal W2.

APor752 1dapen o8 —MN32891 4rdia
KP893893 14mq AP(017632 1-Japan
65 | CPO 11485 1-Awstalia KP893893 1-q
CPO320411-Mexico CP014851-Austraia
Srain23-Sudan CP03204 1.1-Mexco
HQ2665591-USA Srain23-Sudan
225740 UK HQ266659 1-USA
LR134517 1UK 225740 HUK
Stain 39-Sudan LRIM5171UK
55 |CP003475 1-USA Stain39-Sudan
CPO% 1484 1-Pery CPOO34T75.1-USA
CP032043 1-Medco CP051494 1-Peru
AY394476 1-France CP03204 3 1-Mexaco
AP023320 1-Japan AY394476 1-France
LT8382731-Germany AP023320.1Ja
DQ202371 1-Bangladesh LT838273 1-Germany
AY¥5939911.8mal DQ20ZAT11 adesh
DQB23605 1\ AY5939911-Braa
Svain41-Sudan —DQB2%05 1-Verzevel
= Staind 1-Sudan
——t 66
Q00050

Figure 4. The neighbor-joining tree for the H. pylori 16s rRNA gene of 3 Sudanese strains compared with 17 global reference
strains from the GenBank database. The percentage of replicate trees (1000 replicates) is shown next to the branches. The
evolutionary distance was computed using JC method and is in the units of the number of base substitutions per site. Evolutionary

analyses were conducted using MEGA7.

Quantitative Evaluation of EOs In Vitro

Antimicrobial Activity

The in vitro antimicrobial susceptibility of each EO
was estimated quantitatively by MICs and minimum
bactericidal concentrations (MBCs) (Table 2). The
results showed that the entire six EOs completely
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inhibited the growth of all selected H. pylori clinical
isolates at concentration of 125 ug/ml. Clove and
maharaib oils exhibited maximum activity and
inhibited the growth of all strains even at
concentration of 3.9 ug/ml. The other EOs showed no
bactericidal effect at this concentration.
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A significant difference (P=0.00) was detected in
activities of EOs from different plant families. The
second potent EOs were cinnamon, thyme and
lemongrass, which showed the same MIC and MBC
value of 15.625 pg/ml. Frankincense oil exhibited the
highest MIC value of 125 ug/ml and of course the least
activity against all tested strains (Table 2).

Determination of EOs Synergism Against H. pylori

At the highest concentration (125 pg/ml) all EO
combinations demonstrated bactericidal activity
against all tested strains without exception. Regarding
MICs; the combinations of cinnamon and maharaib
oils, thyme and maharaib oils, frankincense and
maharaib oils, and lemongrass and maharaib oils
showed the highest inhibitory effect with MIC value of
0.97 pg/ml. Clove and cinnamon oils combination
showed an increase in antibacterial activity as
compared to each of them separately. Multivariate
analysis showed significant differences between

Table 2. MICs and MBCs of EOs against H. pylori clinical strains

Essential oils

Family/Botanical name

Common name

inhibitory effects of EOs combinations (P=0.00) on H.
pylori strains.

According to FIC indices; our results indicated
synergistic activity in 33.3% (5/15) of the
combinations (Table 3). Five synergistic combinations,
which exhibit MICs of 0.97 pug/ml and 3.9 pg/ml and
FIC indices from 0.26 to 0.5 were: cinnamon and
lemongrass oils, cinnamon and maharaib oils, thyme
and maharaib oils, frankincense and maharaib oils,
and lemongrass and maharaib oils. The combination
of frankincense oil and Maharaib oil was found to
possess the best synergistic effect with FIC index of
0.26 (Figure 5). Moreover, clove EO displayed no
synergistic effect with other studied essential oils.
Interestingly, the combinations of thyme EO with
other oils resulted in antagonistic effect except when
mixed with maharaib and cinnamon oils.
Nevertheless, antagonistic effect was also observed
when combining frankincense oil with thyme,
lemongrass, clove, and maharaib oils.

Mean MICs/ MBCs

Extracted part
ug/ml

Burseraceae
Frankincense Boswelliapapyrifera

(Delile ex caill.) Hoshst.

Thyme

Cinnamon

Clove

Lemongrass

Camel'shay (Maharaib)

LamiaceaeThymus vulgaris L

Lauraceae. Cinnamomumverum).S. Presl|

Myrtaceae
Syzygiumaromaticum (L.)
Merr. & L.M.Perry

Poaceae (Graminae)

Cymbopogoncitratus (DC.) Stapf

Poaceae

Cymbopogonschoenanthus (L.) Spreng
Ssp. proximus

Resin 125
Aerial parts 15.625
Barks 15.625
Flower buds 3.9
leaves 15.625
Root 3.9

Table 3. Susceptibility of H. pylori clinical isolates to EOs in combination blends (1:1)

Mean MICs/ FIC of essential 0il 1  FIC of essential oil 2 . .
FIC index Interaction
MBCs (1.1) pg /ml ug /ml ug /ml
AB 3.9 A=1 B=0.24 1.24 Additive
AC 15.625 =4 C=1 5 Antagonism
AD 125 A=32 D=1 33 Antagonism
AE 15.625 A=4 E=1 5 Antagonism
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FIC of essential oil 2

Mean MICs/ FIC of essential oil 1

MBCs (1.1) pg /ml ug /ml
AF 3.9 A=1
BC 15.625 B=1
BD 15.625 B=1
BE 3.9 B=0.25
BF 0.97 B=0.06
cb 125 C=8
CE 125 C=8
CF 0.97 C=0.06
DE 125 D=1
DF 0.97 D=0.01
EF 0.97 E=0.06

ug /ml FIC index Interaction
F=1 2 Additive
Cc=1 2 Additive
D=0.13 1.13 Additive
E=0.25 0.5 Synergism
F=0.25 0.31 Synergism
D=1 9 Antagonism
E=8 16 Antagonism
F=0.25 0.31 Synergism
E=8 9 Antagonism
F=0.25 0.26 Synergism
F=0.25 0.31 Synergism

Keys: A= Clove oil, B= Cinnamon oil, C= Thyme oil, D= Frankincense oil. EzLemongrass oil, F= Maharaib oil, FIC= Fractional inhibitory
concentration. FIC index: < 0.5= Synergism,> 0.76= Additive, > 2.0= Antagonism.

FIC index for synergestic essntial oils
combinations

0.5

0.4

0.3 WFIC index for synergestic
essntial oils combinations
0.2

0.1

EF DF CF BF

Essential oils combinations

Figure 5. Synergistic EOs combinations. (EF=Lemongrass oil-Maharaiboil, DF Frankincense oil-Maharaiboil, CF=Thyme oil-
Maharaiboil, BF=Cinnamon oil-Maharaib oil, BE=Cinnamon oil-Lemongrass oil. FIC=Fractional inhibitory concentration).

4, Discussion

In this study, we utilized conventional culturing,
PCR, and sequencing methods for identification of H.
pylori. The analysis of the obtained 16S rRNA
sequences further confirmed H. pylori identification of
our isolates; however, noticeable level of genetic
diversity between isolates and various sequences has
been observed.

Understanding the genetic relationships and
variations among H. pylori strains is vital for the public
health strategies. Moreover, phylogenetic analysis
revealed sources of infection and transmission routes,
which in turn guides treatment decisions. Our results

Year 18, Issue 6 (November — December 2024)

showed that two lineages diverge from un-rooted
phylogenetic tree. Lacking the root emphasizes links
among strains, rather than their ancestry. This is
particularly relevant when the evolutionary history is
not completely understood. Moreover, two major
clades in phylogenetic tree showed significant genetic
differences among strains. These differences are likely
the result of historical migrations and local
adaptations.  Consequently, recognizing such
differences help in understanding variations in
virulence as well as disease outcomes (39-42).
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Furthermore, the clustering of Sudanese strains
with those from Mexico and Australia in one lineage
suggests they share evolutionary pressures. These
may be due to similar environments or diets, which
could affect the spread of H. pylori infections in these
regions. Regarding the other linage, Strain 41-Sudan
exhibits a longer branch, which suggests unique
evolutionary pressures or adaptations. Our findings
are consistent with a previous study that
characterized H. pylori strains in Sudan (7, 40-42).

The biological activity of plant EOs against H. pylori
strains has been previously established, however; in
this study markedly variable bactericidal activity was
observed among EOs. This variability is probably due
to various reasons, for instance; even within one
species, the MIC values of EOs chemo-types might
sometimes differ, particularly within a chemo-type if
different strains of the same microorganism were
used. Additionally, using the same plant sourced from
different suppliers or employing various methods may
influence the obtaining results (10, 37, 38, 43, 44). The
present study showed the potency of EOs of C
schoenanthus (maharaib), S. aromaticum (clove), C.
citratus (lemongrass), C. verum (cinnamon), T. vulgaris
(thyme) and B. papyrifera (frankincense) and their
combinations against specific H. pylori clinical
isolates (MW599345, MW599346 and MW599347,
MZ813315, MZ813316) originated from human gastric
samples.

The findings of the current study align with the
literature, which also confirmed the superior
antibacterial activities of maharaib oil in comparison
with other oils against H. pylori reference strain (10).
Nevertheless, the different MIC values obtained
probably attributed to different geographical origin of
C. schoenanthus oil as well as different extraction
method.

Although the results revealed by Korona-Glowniak
et al (10) proved anti H. pylori proprieties of clove EO,
they found a lower bactericidal activity with MIC of
31.3 mg/L. This variation is not surprising, as they used
different H. pylori strains. Additionally, the
antibacterial activity of T. vulgaris EO against H. pylori
has been confirmed by numerous studies (10, 38, 44).
The MIC for thyme oil was obtained 15.6 pg/ml and it
was exactly the same as what found in a Poland study
(45).

On the other hand, current result is opposed to
those previously determined in several studies
worldwide. For instance, the effect of thyme EO on
viability of H. pylori strain was determined in a liquid
medium and it was found to be very effective with a
very low MBC at 0.4 pug/ml (38). Current finding also
differs from that of Esmaeili et al (44) who recorded a
lower MBC value against standard strain of H. pylori.
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This discrepancy may be attributed to the use of
different plant parts from various habitats, as well as
the use of different media and bacterial strains.

Moreover, Bergonzelli et al (38) reported a similar
finding; all H. pylori strains tested in their study were
equally sensitive to C. citrates and C. verum EOs.

Furthermore, several studies have investigated the
antibacterial activity of Betula papyrifera EO against
different pathogens (20, 26). However, to the best of
our knowledge, the current study is the first to
investigate the bactericidal activity of frankincense EO
against H. pylori clinical strains.

Regarding cinnamon, several studies have shown
that cinnamaldehyde, a compound in cinnamon,
possesses strong urease inhibition activity, which may
explain the anti-H. pylori properties of cinnamon EO
(46, 47).

We investigated for the first time the antibacterial
efficacy of the above mentioned synergistic blends
against H. pylori clinical strains. The bioactivity of
mixed EOs is still not completely understood,
however, synergism results in affecting multiple target
sites in the bacterial cell as diverse components of oils
may act synergistically giving rise to the efficiency of
the whole oils interactions (48). It has been reported
that the major constituents in cinnamon oil that are
responsible for its antimicrobial potency are
cinnamldehyde, eugenol, and linalool (48). Moreover,
EOs containing citral or eugenol as major components
exert high antibacterial activity (48). Citral, in
particular, is reported to disrupt bacterial cell
membranes and interfere with cellular functions (49).
It is noteworthy that the combination of essential oils
from Cymbopogon species like C. citrates and C.
schoenanthus exhibited strong anti-H. pylori effects,
likely due to the presence of citral in both oils.
Similarly, the mixture of C. citrates and C. verum EOs
were more effective than individual oils. The main
possibility is that cinnamaldehyde, as a component of
cinnamon oil, strengthened the effects of citral on
disrupting the bacterial cell membrane. As a result, the
combination of cinnamon with C. schoenanthus EOs
exhibited a remarkable synergism due to
cinnamaldehyde effect together with citral in the
enrichment of their antibacterial activity (46, 49).

The high antimicrobial activity of Thymus species
has been attributed to their phenolic components
such as thymol and carvacrol (48). Combining thyme
and C. schoenanthus EOs revealed promising
synergistic antibacterial effects, where thymol
disrupts bacterial membranes and combines with
carvacrol to act on different microbial targets (48, 50).
Moreover, the combination of frankincense and C.
schoenanthus EOs showed synergistic inhibition of H.
pylori, where boswellic acids in frankincense EO may
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enhance the antibacterial properties of the
components in C. schoenanthus (51).

Various studies addressed synergism between EOs
components, however, additive and even antagonistic
effects among different compounds have also been
observed. For instance, mixing eugenol with linolool
has been reported to possess synergistic interaction
(37) and that might explain to some extent the low FIC
value obtained in the current study from cinnamon-
clove combination.

Furthermore, the present study showed the
potency of maharaib oil in enhancing the antibacterial
activity of the other tested oils, yet the reason of this
enhancement is unknown. Numerous studies
acknowledged that the chemical composition of
maharaib oil from Sudan contains piperitone,
carvacrol and thymol (52). Piperitone is the major
compound of C. schoenanthus oil and it has been
already addressed to synergize the antibacterial
activity of some antibiotics (52, 53). However, it has
been assumed that not only the major components
are responsible for the total activity of EOs, but also
components of lower abundance should be taken into
account (54). That is why the combination of whole
EOs unexceptionally has higher antibacterial activity
than the mixtures of their major components (50, 55).
Generally, these synergistic effects are attributed to
mechanisms such as enhanced cell membrane
disruption, enzyme inhibition, and interference with
bacterial communication pathways. Further in vivo
studies are necessary to confirm the efficacy and
therapeutic potential of these EO combinations
against H. pylori infections.

The narrow scope of this study, which utilized only
six essential oils from Sudan, coupled with limited
sample size, constrains the generalizability of the
findings. Yet it reveals promising insights into essential
oils as potential H. pylori treatments, especially in
regions where antibiotic resistance is a growing
concern. The absence of in vivo trials limits definitive
conclusions about the oils efficacy and synergistic
effects. However, previous research has
demonstrated in vivo anti-H. pylori activity for several
tested oils (9). Despite the current limitations, these
results lay groundwork for the future in vivo studies
and possible therapeutic developments.

5. Conclusion

The obtained results pointed out the great potential
of S. aromaticum and C. schoenanthus oils to prevent
the in vitro growth of the H. pylori strains. Moreover,
the synergistic combinations of cinnamon-lemongrass,
cinnamon-maharaib, thyme-maharaib, frankincense-
maharaib and lemongrass-maharaib  displayed
promising alternative therapeutic agents targeting H.
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pylori infection. Furthermore, essential oil of C
schoenanthus strengthened the efficacy of other
essential oils under study.

6. Declarations

Acknowledgment

Authors would like to thank Dr. Hatim Mudawi and
the nursing staff at Gastrointestinal Tract Endoscopy
Unit at Soba University Hospital. Sincere thanks as well
to Miss Abeer Babiker for her great help during sample
collection. Many thanks and gratitude to the
assistance received from Dr. Hassan Hussein, Miss
Arwa El-Agib, Miss Safa Mohammed Elhassan, FMLS,
University of Khartoum. Dr. Khalid A. Enan and Miss
Tarteel Hassan, in the Virology Department Central lab
are acknowledged as well for their generous
assistance. The authors love to thank Dr. Yahia
Suliman in Medicinal and Aromatic Plants and
Traditional Medicine Research Institute (MAPTMRI)
for his ultimate support.

Ethical Considerations

Not applicable.

Authors’ Contributions

All authors have reviewed the final version to be
published and agreed to be accountable for all aspects
of the work.

1- Maryam A SalahEldin: Concept and design,
Acquisition, analysis, or interpretation of data,
Drafting of the manuscript, Critical review of the
manuscript for important intellectual content. 2- El-
Amin Mohamed lbrahim: Acquisition, analysis, or
interpretation of data, Critical review of the
manuscript for important intellectual content,
Supervision. 3- Sara Gamal Gubara Mohamed:
Acquisition, analysis, or interpretation of data,
Drafting of the manuscript. 4- Samah Awad
AbduRahim, 5- Hadeel Gassim Hassan, 6- Ali Elbagir Ali
Mohamed, 7- Leena Babiker Idris Babiker, 8- Hana A
Elkhalifa, 9- Marwa M Suliman, 10- Marwan M
Badawi, and 11- Mohamed A. Hassan: Concept and
design, Drafting of the manuscript. 12- Aisha Zoheir
Ibrahim Almagboul: Concept and design, Drafting of
the manuscript, Critical review of the manuscript for
important intellectual content, Supervision.

Conflict of Interests

The authors declare that they have no conflict of
interests.

Iranian Journal of Medical Microbiology



384 Anti- H. Pylori Potential of Essential Oils Combinations

Financial Support and Sponsorship

All authors have declared that they have no financial

relationships with any organizations that might have
an interest in the submitted work.

References

1.

Marshall BJ, Warren JR. Unidentified curved
bacilli in the stomach of patients with gastritis
and peptic ulceration. Lancet. 1984;1(8390):
1311-5. [DOI:10.1016/50140-6736(84)91816-6]
[PMID]

Li Y, Choi H, Leung K, Jiang F, Graham DY, Leung
WK. Global prevalence of Helicobacter pylori
infection between 1980 and 2022: a systematic
review and meta-analysis. Lancet Gastroenterol
Hepatol. 2023;8(6):553-564.
[DOI:10.1016/52468-1253(23)00070-5] [PMID]

Ishikawa E, Nakamura M, Satou A, Shimada K,
Nakamura S. Mucosa-Associated Lymphoid
Tissue (MALT) Lymphoma in the Gastrointestinal
Tract in the Modern Era. Cancers (Basel). 2022;
14(2):446. [DOI:10.3390/cancers14020446]
[PMID] [PMCID]

Caso GC, McClain MS, Erwin AL, Truelock MD,
Campbell AM, Leasure CS, et al. Functional
Properties of Oligomeric and Monomeric Forms
of Helicobacter pylori VacA Toxin. Infect Immun.
2021;89(12):e0034821. [PMID] [PMCID]
[DOI:10.1128/1A1.00348-21]

Takahashi-Kanemitsu A, Knight CT, Hatakeyama
M. Molecular anatomy and pathogenic actions of
Helicobacter pylori CagA that underpin gastric
carcinogenesis. Cell Mol Immunol. 2020;17:50-
63. [DOI:10.1038/s41423-019-0339-5] [PMID]
[PMCID]

Azim Mirghani YA, Ahmed S, Ahmed M, Ismail
MO, Fedail SS, Kamel M, et al. Detection of
Helicobacter pylori in endoscopic biopsies in
Sudan. Trop Doct. 1994;24(4):161-3.
[DOI:10.1177/004947559402400407] [PMID]

Idris AB, Hassan HG, Ali MAS, Eltaher SM, Idris LB,
Altayb HN, et al. Molecular Phylogenetic Analysis
of 16S rRNA Sequences ldentified Two Lineages
of Helicobacter pylori Strains Detected from
Different Regions in Sudan Suggestive of
Differential Evolution. Int J Microbiol. 2020;2020:
8825718. [DOI:10.1155/2020/8825718] [PMID]
[PMCID]

Gupta A, Shetty S, Mutalik S, Chandrashekar HR,
K N, Mathew EM, et al. Treatment of H. pylori
infection and gastric ulcer: Need for novel
Pharmaceutical formulation. Heliyon. 2023;

Year 18, Issue 6 (November — December 2024)

10.

11.

12.

13.

14.

15.

16.

17.

9(10):e20406. [PMID] [PMCID]
[DOI:10.1016/j.heliyon.2023.620406]

Ohno T, Kita M, Yamaoka Y, Imamura S,
Yamamoto T, Mitsufuji S, et al. Antimicrobial
activity of essential oils against Helicobacter
pylori. Helicobacter. 2003;8(3):207-15.

[DOI:10.1046/j.1523-5378.2003.00146.x] [PMID]

Korona-Glowniak I, Glowniak-Lipa A, Ludwiczuk
A, Baj T, Malm A. The In Vitro Activity of Essential
Qils against Helicobacter Pylori Growth and
Urease Activity. Molecules. 2020;25(3):586.
[DOI:10.3390/molecules25030586] [PMID]
[PMCID]

Bertea CM, Maffei ME. The genus Cymbopogon:
botany including anatomy, physiology,
biochemistry, and molecular biology. In: Akhila A,
editor. Essential Qil-Bearing Grasses: The genus
Cymbopogon. Boca Raton (US): CRC Press; 2010.
pp.1-24.

Aous W, Benchabane O, Outaleb T, Hazzit M,
Mouhouche F, Yekkour A, et al. Essential oils of
Cymbopogon schoenanthus (L.) Spreng. from
Algerian Sahara: chemical variability,
antioxidant, antimicrobial and insecticidal
properties. J Essent Oil Res. 2019;31(6):562-572.
[DOI:10.1080/10412905.2019.1612790]

Malti CEW, El Haci IA, Hassani F, Paoli M,
Gibernau M, Tomi F, et al. Composition, Chemical
Variability and Biological Activity of Cymbopogon
schoenanthus Essential Oil from Central Algeria.
Chem Biodivers. 2020;17(6):e2000138.
[DOI:10.1002/cbdv.202000138] [PMID]

Clayton WD. Gramineae. In: Flora of West Africa:
Tropical Africa; 1968. Vol.3. pp. 349-512.

Sharma N, Sheikh ZN, Alamri S, Singh B, Kesawat
MS, Guleria S. Chemical Composition,
Antibacterial and Combinatorial Effects of the
Essential Oils from Cymbopogon spp. and
Mentha arvensis with Conventional Antibiotics.
Agronomy. 2023;13(4):1091.
[DOI:10.3390/agronomy13041091]

Bowles E. The chemistry of aromatherapeutic

oils. 3rd ed. Australia: Allen and Unwin; 2003. pp.
25.

Batiha GE, Alkazmi LM, Wasef LG, Beshbishy AM,
Nadwa EH, Rashwan EK. Syzygium aromaticum L.
(Myrtaceae): Traditional Uses, Bioactive

Iranian Journal of Medical Microbiology


https://doi.org/10.1016/S0140-6736(84)91816-6
https://www.ncbi.nlm.nih.gov/pubmed/6145023
https://doi.org/10.1016/S2468-1253(23)00070-5
https://www.ncbi.nlm.nih.gov/pubmed/37086739
https://doi.org/10.3390/cancers14020446
https://www.ncbi.nlm.nih.gov/pubmed/35053607
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8773811
https://www.ncbi.nlm.nih.gov/pubmed/34543122
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8594603
https://doi.org/10.1128/IAI.00348-21
https://doi.org/10.1038/s41423-019-0339-5
https://www.ncbi.nlm.nih.gov/pubmed/31804619
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6952403
https://doi.org/10.1177/004947559402400407
https://www.ncbi.nlm.nih.gov/pubmed/7801358
https://doi.org/10.1155/2020/8825718
https://www.ncbi.nlm.nih.gov/pubmed/33178282
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7609147
https://www.ncbi.nlm.nih.gov/pubmed/37810864
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10550623
https://doi.org/10.1016/j.heliyon.2023.e20406
https://doi.org/10.1046/j.1523-5378.2003.00146.x
https://www.ncbi.nlm.nih.gov/pubmed/12752733
https://doi.org/10.3390/molecules25030586
https://www.ncbi.nlm.nih.gov/pubmed/32013183
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7037374
https://doi.org/10.1080/10412905.2019.1612790
https://doi.org/10.1002/cbdv.202000138
https://www.ncbi.nlm.nih.gov/pubmed/32286731
https://doi.org/10.3390/agronomy13041091

Maryam A SalahEldin et al., 385

18.

19.

20.

21.

22.

23.

24,

25.

26.

Chemical Constituents, Pharmacological and
Toxicological Activities. Biomolecules. 2020;
10(2):202. [DOI:10.3390/biom10020202] [PMID]
[PMCID]

Jung DH, Park MH, Kim CJ, Lee JY, Keum CY, Kim
IS, et al. Effect of B-caryophyllene from Cloves
Extract on Helicobacter pylori Eradication in
Mouse Model. Nutrients. 2020;12(4):1000.
[DOI:10.3390/nu12041000] [PMID] [PMCID]

Vollesen K, Hedberg |, Edwards S, editors.
Burseraceae. In: Flora of Ethiopia. National
Herbarium, Addis Ababa, Ethiopia; 1989. pp.
442-478.

Abdelsamad A, Ahmed K, Al-magboul A, Fadul E.
Antimicrobial activity of essential oils and
extracts of oleo-gum resins from boswellia
papyrifera (tarak tarak) grown in some parts of
the sudan. Arab J Med Aromat Plants. 2020;6(1):
22-35.

Morales R. The history, botany and taxonomy of
the genus Thymus. In: Stahl-Biskup E, Sdez F,
editors. Thyme: The genus Thymus. London:
Taylor & Francis; 2002. pp. 1-43.

Diniz AF, Santos B, Nébrega LMMO, Santos VRL,
Mariz WS, Cruz PSC, et al. Antibacterial activity of
Thymus vulgaris (thyme) essential oil against
strains of Pseudomonas aeruginosa, Klebsiella
pneumoniae and Staphylococcus saprophyticus
isolated from meat product. Braz J Biol. 2023;83:
€275306. [DOI:10.1590/1519-6984.275306]
[PMID]

Paranagama PA, Wimalasena S, Jayatilake GS,
Jayawardena AL, Senanayake UM, Mubarak AM.
A comparison of essential oil constituents of
bark, leaf, root and fruit of cinnamon
(Cinnamomum zeylanicum Blum) grown in Sri
Lanka. J Natn Sci Foundation Sri Lanka. 2001;29:
147-153. [DOI:10.4038/|nsfsr.v29i3-4.2613]

Pathak R, Sharma H. A review on medicinal uses
of Cinnamomum verum (cinnamon). Journal of
Drug Delivery and Therapeutics. 2021;11(6-
S):161-6. [DOI:10.22270/jddt.v11i6-5.5145]

Sawadogo |, Paré A, Kaboré D, Montet D, Durand
N, Bouajila J, et al. Antifungal and
Antiaflatoxinogenic Effects of Cymbopogon
citratus, Cymbopogon nardus, and Cymbopogon
schoenanthus Essential Qils Alone and in
Combination. J Fungi (Basel). 2022;8(2):117.
[DOI:10.3390/jof8020117] [PMID] [PMCID]

de RapperS, Van Vuuren SF, Kamatou GP, Viljoen
AM, Dagne E. The additive and synergistic
antimicrobial effects of select frankincense and
myrrh oils--a combination from the pharaonic
pharmacopoeia. Lett Appl Microbiol. 2012;54(4):

Year 18, Issue 6 (November — December 2024)

27.

28.

29.

30.

31.

32.

33.

34.

35.

352-8. [DOI:10.1111/j.1472-765X.2012.03216.x]
[PMID]

Benameur Q, Gervasi T, Pellizzeri V, Pluchtovad M,
Tali-Maama H, Assaous F, et al. Antibacterial
activity of Thymus vulgaris essential oil alone and
in combination with cefotaxime against blaESBL
producing multidrug resistant
Enterobacteriaceae isolates. Nat Prod Res. 2019;
33(18):2647-54.
[DOI:10.1080/14786419.2018.1466124] [PMID]
Iseppi R, Truzzi E, Sabia C, Messi P. Efficacy and
Synergistic Potential of Cinnamon
(Cinnamomum zeylanicum) and Clove (Syzygium
aromaticum L. Merr. & Perry) Essential Oils to
Control Food-Borne Pathogens in Fresh-Cut
Fruits. Antibiotics (Basel). 2024;13(4):319.
[DOI:10.3390/antibiotics13040319] [PMID]
[PMCID]

Westblom TU, Madan E, Midkiff BR. Egg yolk
emulsion agar, a new medium for the cultivation
of Helicobacter pylori. J Clin Microbiol. 1991;
29(4):819-21. [PMID] [PMCID]
[DOI:10.1128/jcm.29.4.819-821.1991]

Gassoum A, Arbab MA, Aldeaf SAH, Elhassan LA,
Elshibli E, Elhassan AM. Allele frequency of p53
gene arg72pro in sudanese meningioma patients
and controls. Int J Sci Technol Res. 2014;3(6):
243-8.

Seriki AT, Smith SI, Adeleye Al, Fowora MA.
Molecular analysis of low-level tetracycline
resistance in clinical isolates of Helicobacter
pylori among dyspeptic patients in South West
Nigeria. J Glob Antimicrob Resist. 2018;13:143-5.
[DOI:10.1016/j.jgar.2018.01.003] [PMID]

Cowley TA. BioEdit: a user-friendly biological
sequence alignment editor and analysis program
for Windows 95/98/NT. Nucleic Acids Symp Ser.
1999;41:95-8.

McWilliam H, Li W, Uludag M, Squizzato S, Park
YM, Buso N, et al. Analysis tool web services from
the EMBL-EBI. Nucleic Acids Res. 2013;41:W597-
W600. [DOI:10.1093/nar/gkt376] [PMID]
[PMCID]

Clinical and Laboratory Standards Institute (CLSI).
Protocols for evaluating dehydrated Mueller-
Hinton agar; approved standard-second edition.
CLSI document M06-A2. Wayne, PA: Clinical and
Laboratory Standards Institute; 2006.

Clinical and Laboratory Standards Institute (CLSI).
Method for Dilution Antimicrobial Susceptibility
Tests for Bacteria That Grow Aerobically;
Approved Standard-Eleventh Edition. CLSI
document MO7. Wayne, PA: Clinical and
Laboratory Standards Institute; 2018.

Iranian Journal of Medical Microbiology


https://doi.org/10.3390/biom10020202
https://www.ncbi.nlm.nih.gov/pubmed/32019140
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7072209
https://doi.org/10.3390/nu12041000
https://www.ncbi.nlm.nih.gov/pubmed/32260414
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7230661
https://doi.org/10.1590/1519-6984.275306
https://www.ncbi.nlm.nih.gov/pubmed/37585936
https://doi.org/10.4038/jnsfsr.v29i3-4.2613
https://doi.org/10.22270/jddt.v11i6-S.5145
https://doi.org/10.3390/jof8020117
https://www.ncbi.nlm.nih.gov/pubmed/35205871
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8878799
https://doi.org/10.1111/j.1472-765X.2012.03216.x
https://www.ncbi.nlm.nih.gov/pubmed/22288378
https://doi.org/10.1080/14786419.2018.1466124
https://www.ncbi.nlm.nih.gov/pubmed/29726697
https://doi.org/10.3390/antibiotics13040319
https://www.ncbi.nlm.nih.gov/pubmed/38666995
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11047545
https://www.ncbi.nlm.nih.gov/pubmed/1890184
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC269878
https://doi.org/10.1128/jcm.29.4.819-821.1991
https://doi.org/10.1016/j.jgar.2018.01.003
https://www.ncbi.nlm.nih.gov/pubmed/29355664
https://doi.org/10.1093/nar/gkt376
https://www.ncbi.nlm.nih.gov/pubmed/23671338
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3692137

386 Anti- H. Pylori Potential of Essential Oils Combinations

36. Martinez-Irujo JJ, Villahermosa ML, Alberdi E, Cinnamomum Genus. Molecules. 2021;26(13):
Santiago E. A checkerboard method to evaluate 3803. [DOI:10.3390/molecules26133803]
interactions between drugs. Biochem [PMID] [PMCID]

Pharmacol. 1996;51(5):635-44. 47. Aygil A, Kibar F, Ciragil P. Quercetin and
[DOI:10.1016/50006-2952(95)02230-9] [PMID] cinnamaldehyde show antipathogenic activity

37. Bassolé IH, Juliani HR. Essential oils in against Proteus mirabilis isolates: inhibition of
combination and their antimicrobial properties. swarming motility and urease activity. Flora J
Molecules. 2012;17(4):3989-4006. [PMCID] Infect Dis Clin Microbiol. 2020;25(1):76-83.
[DOI:10.3390/molecules17043989] [PMID] [DOI:10.5578/flora.69001]

38. Bergonzelli GE, Donnicola D, Porta N, Corthésy- 48. Basavegowda N, Baek KH. Synergistic
Theulaz IE. Essential oils as components of a diet- Antioxidant and Antibacterial Advantages of
based approach to management of Helicobacter Essential Oils for Food Packaging Applications.
infection. Antimicrob Agents Chemother. 2003; Biomolecules. 2021;11(9):1267.
47(10):3240-6. [PMID] [PMCID] [DOI:10.3390/biom11091267] [PMID] [PMCID]
[DOI:10.1128/AAC.47.10.3240-3246.2003] 49. Qian W, Liu M, Fu'Y, Wang T, Zhang J, Yang M, et

39. Francis A, Huber KT, Moulton V. Tree-Based al. Antimicrobial and Antibiofilm Activities of
Unrooted Phylogenetic Networks. Bull Math Biol. Citral Against Carbapenem-Resistant
2018;80(2):404-16. [PMID] [PMCID] Enterobacter cloacae. Foodborne Pathog Dis.
[DOI:10.1007/5s11538-018-0530-3] 2020;17(7):459-65.

40. Liu Q, Liu H, Shi L, Gan M, Zhao X, Lyu LD, et al. [DOI:10.1089/fpd.2019.2751] [PMID]

Local adaptation of Mycobacterium tuberculosis 50. Swetha TK, Vikraman A, Nithya C, Hari Prasath N,
on the Tibetan Plateau. Proc Natl Acad Sci U S A. Pandian SK. Synergistic antimicrobial
2021;118(17):€2017831118. [PMID] [PMCID] combination of carvacrol and thymol impairs
[DOI:10. 1073/pnas.2017831118] single and mixed-species biofilms of Candida

41. Atherton JC, Blaser MJ. Coadaptation of albicans  and  Staphylococcus  epidermidis.
Helicobacter pylori and humans: ancient history, Biofouling. 2020;36(10):1256-71.
modern implications. J Clin Invest. 2009;119(9): [DOI:10.1080/08927014.2020.1869949] [PMID]
2475-87.[D0I:10.1172/JCI138605][PMID][PMCID] 51. Jawad M, Bhatia S, Al-Harrasi A, Ullah S, Halim

42. Partha R, Kowalczyk A, Clark NL, Chikina M. SA, Khan A, et al. Antimicrobial topical polymeric
Robust Method for Detecting Convergent Shifts films loaded with Acetyl-11-keto-B-boswellic
in Evolutionary Rates. Mol Biol Evol. 2019;36(8): acid  (AKBA), boswellic acid and silver
1817-30. [DOI:10.1093/molbev/msz107] [PMID] nanoparticles: Optimization, characterization,
[PMCID] and biological activity. Heliyon. 2024;10(13):

43. Chraibi M, Farah A, Elamin O, Iraqui HM, Fikri- Fs&?g]l'[m[w')gﬁo'lo 16/1.heliyon.2024.633351]
Benbrahim K. Characterization, antioxidant, [
antimycobacterial, antimicrobial effcts of 52. Yagi S, Mohammed ABA, Tzanova T, Schohn H,
Moroccan rosemary essential oil, and its Abdelgadir H, Stefanucci A, et al. Chemical
synergistic  antimicrobial  potential  with profile, antiproliferative, antioxidant, and
carvacrol. J Adv Pharm Technol Res. 2020;11(1): enzyme inhibition activities and docking studies
25-9. [DOI:10.41 03/japtr.JAPTR 74 19] [PMID] of Cymbopogon schoenanthus (L.) Spreng. and
[PMCID] Cymbopogon nervatus (Hochst.) Chiov. from

- . . Sudan. J Food Biochem. 2019;00:e13107.

44, Esmaelll D, Moba_rez AM, Tohidpour A. Anti- [DOI:10.1111/ifbc.13107] [PMID]
helicobacter pylori activities of shoya powder
and essential oils of thymus vulgaris and 53. Abdolpour F, Shahverdi A, Rafii F, Fazeli M, Amini
eucalyptus globulus. Open Microbiol J. 2012;6: M. Effects of Piperitone on the Antimicrobial
65-9. [DOI:10. 2174/1874285801206010065] Activity of Nitrofurantoin and on Nitrofurantoin
[PMID] [PMCID] Metabolism by Enterobacter cloacae. Pharm

. Biol. 2007;45(3):230-4.

45. Langeveld WT, Ve!dhwzgn EJ, Burt SA. Synergy [DOI:10.1080/13880200701213161]
between essential oil components and
antibiotics: a review. Crit Rev Microbiol. 2014; 54. Saidana D, Mahjoub MA, Boussaada O, Chriaa J,
40(1):76-94. Chéraif I, Daami M, et al. Chemical composition
[DOI:10.3109/1040841X.2013.763219] [PMID] and antimicrobial activity of volatile compounds

46. Kumar M, Sikri N, Chahal S, Sharma J, Sharma B, of Tamarix boveana (Tamaricaceae). Microbiol

Yadav P, et al. Urease Inhibitory Kinetic Studies
of Various Extracts and Pure Compounds from

Year 18, Issue 6 (November — December 2024)

Res. 2008;163(4):445-55.
[DOI:10.1016/j.micres.2006.07.009] [PMID]

Iranian Journal of Medical Microbiology


https://doi.org/10.1016/S0006-2952(95)02230-9
https://www.ncbi.nlm.nih.gov/pubmed/8615900
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6268925
https://doi.org/10.3390/molecules17043989
https://www.ncbi.nlm.nih.gov/pubmed/22469594
https://www.ncbi.nlm.nih.gov/pubmed/14506036
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC201172
https://doi.org/10.1128/AAC.47.10.3240-3246.2003
https://www.ncbi.nlm.nih.gov/pubmed/30446916
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6828110
https://doi.org/10.1007/s11538-018-0530-3
https://www.ncbi.nlm.nih.gov/pubmed/33879609
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8092575
https://doi.org/10.1073/pnas.2017831118
https://doi.org/10.1172/JCI38605
https://www.ncbi.nlm.nih.gov/pubmed/19729845
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2735910
https://doi.org/10.1093/molbev/msz107
https://www.ncbi.nlm.nih.gov/pubmed/31077321
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6657723
https://doi.org/10.4103/japtr.JAPTR_74_19
https://www.ncbi.nlm.nih.gov/pubmed/32154155
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7034174
https://doi.org/10.2174/1874285801206010065
https://www.ncbi.nlm.nih.gov/pubmed/22927892
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3426772
https://doi.org/10.3109/1040841X.2013.763219
https://www.ncbi.nlm.nih.gov/pubmed/23445470
https://doi.org/10.3390/molecules26133803
https://www.ncbi.nlm.nih.gov/pubmed/34206529
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8270325
https://doi.org/10.5578/flora.69001
https://doi.org/10.3390/biom11091267
https://www.ncbi.nlm.nih.gov/pubmed/34572479
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8466708
https://doi.org/10.1089/fpd.2019.2751
https://www.ncbi.nlm.nih.gov/pubmed/31985261
https://doi.org/10.1080/08927014.2020.1869949
https://www.ncbi.nlm.nih.gov/pubmed/33435734
https://doi.org/10.1016/j.heliyon.2024.e33351
https://www.ncbi.nlm.nih.gov/pubmed/39185498
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11341974
https://doi.org/10.1111/jfbc.13107
https://www.ncbi.nlm.nih.gov/pubmed/31808956
https://doi.org/10.1080/13880200701213161
https://doi.org/10.1016/j.micres.2006.07.009
https://www.ncbi.nlm.nih.gov/pubmed/17223327

Maryam A SalahEldin et al., 387

55. Mangalagiri NP, Panditi SK, Jeevigunta NLL. e06835. [DOI:10.1016/j.heliyon.2021.e06835]
Antimicrobial activity of essential plant oils and [PMID] [PMCID]
their major components. Heliyon. 2021;7(4):

Year 18, Issue 6 (November — December 2024) Iranian Journal of Medical Microbiology


https://doi.org/10.1016/j.heliyon.2021.e06835
https://www.ncbi.nlm.nih.gov/pubmed/33997385
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8099760

	1. Department of Medical Microbiology, University of Khartoum, Khartoum, Sudan
	2. Department of Medical laboratory, Mediclinic Airport Road Hospital, Abu Dhabi, United Arab Emirates
	3. Department of Microbiology, Faculty of Medicine, Al-Rayan Colleges, Al Madinah al-Munawwarah, Saudi Arabia
	4. Department of Psychiatry, Medical Specialization Board, Khartoum, Sudan
	5. Department of Medical Hematology, University of Science and Technology, Omdurman, Sudan
	6. Department of Radiology, Dallah Hospitals, Riyadh, Saudi Arabia
	7. Department of Microbiology, Medical Unit, Higher Academy for Strategic and Security Studies, Khartoum, Sudan
	8. Department of Microbiology, Precision Medicine, Sanimed International Lab and Management, Abu Dhabi, United Arab Emirates
	9. Department of Microbiology, Medicinal and Aromatic Plants and Traditional Medicine Research Institute, Khartoum, Sudan
	1. Introduction
	2. Materials and Methods
	3. Results
	5. Conclusion
	6. Declarations
	Acknowledgment
	Ethical Considerations
	Authors’ Contributions
	Conflict of Interests
	Financial Support and Sponsorship

	1.  10.30699/ijmm.18.6.374
	References

