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Abstract: This research aimed to investigate multi-target inhibitors against the Beta-Lactamases protein of urinary tract
infections (UTI) Escherichia coli, which is considered the main virulence factor of this bacterium. Drug design is regarded
as a new approach to drug discovery and industry. The combination of Ginger Essential Oil (GEO) and Cefepime (FEP)
showed effective results against Beta-Lactamase enzymes of UTI E.coli, 512 FEP+ 100% GEO and 1024 FEP + 100%
GEO for (20 mm and 26 mm) inhibition zone respectively. The present study concluded that the isolates of E.coli of UTI
from Iraqi hospitals were MDR and XDR, and their virulence was due to the presence of bla_,, genes. In silico screening,
servers have been used to design an inhibitor model for Beta-Lactamases from the natural product of GEO. Cefepime and

Ginger's essential oil showed a strong synergistic effect on these bacteria.
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|
Introduction

Escherichia coli producing enzymes Extended Spec-
trum Beta-Lactamases (ESBLs) has appeared as a signifi-
cant reason for UTIl. ESBLs are the enzymes that hydrolyze
all Penicillins, Cephalosporins and Monobactams and cau-
se cross-resistance to co-trimoxazole, fluoroquinolones and
amino acids glycosides, all of which are commonly favored
in UTI management'.

Essential oils and their constituents have been used
to treat many human diseases since ancient times. Today,
EOs are an alternative source with their oral, topical and
aromatherapy treatment. Essential oils are compounds
from spices, aromatic herbs, fruits, and flowers. Extract of
Ginger was confirmed effective against four test organisms
— two drugs resistant and two non drug resistant bacteria.
Thus, it is remarkable to recognize the potential use of Gin-
ger Extract in treating infections caused by Staphylococcus
aureus, E.coli, Methicillin Resistant Staphylococcus aureus,
and ESBLEC2.

The prevalence of ESBL-producing E.coli urinary tract
infections (UTIs) is increasing worldwide. The impact and
risk factors were investigated?.

The study aimed to determine the bactericidal pro-
perty of Ginger Essential Oil against Extended Spectrum
Beta-Lactamase enzymes producing Escherichia coli (ES-
BLEC) in combination with Cephalosporin antibiotic.

|
Materials and methods

Patients Specimens Collection

Through the period extending from November /2021
to February /2022, 100 Clinical specimens comprising; pa-
tients suffering from (UTI) of all ages and genders. Urine

samples were collected in sterilized containers from inpa-
tients admitted in hospitals in Baghdad in Al-Karkh.

Laboratory Prepared Culture Media

All media, including MacConkey agar, Muller Hinton
agar and broth, Nutrient agar and broth and Eosin Me-
thylene Blue (EMB) agar, were prepared according to the
manufacturing company instruction; the constituents were
dissolved in distilled water (DW), pH was adjusted to 7.2+
0.2 then boiled in water to dissolve all branches completely.
The sterilization of media was done by autoclaving at 121°C
for 15min at 15 pounds/inch?, then distributed into sterile
Petri dishes; otherwise, the media were incubated at 37 °C
for 24 hours to ensure sterility.

Genes Selection

This study used conventional PCR to detect the fo-
llowing genes: Uniplex PCR was used to amplify ESBL, in-
cluding bla,,, gene.

Minimum inhibitory concentration (MIC) was determi-
ned by agar dilution and broth dilution method against anti-
biotic Ceftazidime (CAZ), Ceftriaxone (CRO), and Cefepime
(FEP) of antibiotic powders. A loop entire (1ul) of culture
was streaked on MH broth plates containing antibiotics at a
concentration of (64, 128, 256, 512, and 1024 pg/ml); these
plates were incubated for 24 hours at 37°C. Growing colo-
nies were macroscopically observed after 24 hours**.

Minimum Inhibitory Concentration (MIC) of Ginger Es-
sential Oil (GEO)

Minimum Inhibitory Concentration (MIC) was determi-
ned by agar well diffusion method, loop full (1pl) growths
from bacterial isolate that were inoculated into nutrient
agar and then incubated at 37 °C for 24 hours. The bac-
terial suspensions were diluted with normal saline. Adjust
the turbidity and compare with the standard tube (McFar-
land number 0.5) to yield a uniform suspension containing
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Name of primer Sequence' 5——-—-——--3' Product Size(bp) Primers Design
TEM_F TCTCAGAATGACTT- 566 Designed in current
GGTTGAG study
TEM_R TTAATCAGTGAGGCACC-
TATC

Table 1. Listed the Sequences of the Primers Used for Conventional PCR to Detect Beta-lactamase Gene.

1.5x10% CFU/ml. A cotton swab was dipped and streaked
into adjustment suspension the entire Mueller-Hinton agar
(for all tested bacteria) surface of plates. Media were cut
into four wells (6mm diameter) by cork borer, diluting the
oil with 10 % DMSO. 100 pL of GEO were added into wells
(The plates were performed in triplicates) at 100%, 50%,
25%, and 12.5%. All plate of the tested organisms was then
allowed to incubate at 37°C overnight. After 24 hours of in-
cubation, each plate was noted for the zone of inhibition for
all isolates. The inhibitions zone's diameter was measured
by measuring scale in millimeters (mm)e.

Estimation of Antibacterial Effect

Depending on the MIC value of fourth antibiotic genera-
tion of cephalosporin (Cefepime). The optimum MIC value
was selected according to the growth of bacteria; the con-
centration of inhibition was 1024 pg / ml of Cefepime, and
the focus taken below was 512 pg / ml. The highest concen-
tration of Ginger oil was taken 100 %. The same wells me-
thod was used for antibiotic FEP and GEO?, Depending on
who indicated that quercetin showed high antibacterial ac-
tivities and additive or synergistic effects with the antibiotic.

Zingiber officinale (Ginger)

Zingiber officinale (Ginger) rhizomes were bought from
the market of Baghdad city and classified in the College of
Science, Department of Life Biology, the University of Bagh-
dad as Zingiber officinale Roscoe.

Activation of Bacteria

Bacteria were activated in brain-heart infusion broth
and then incubated at 37°C for 24 hrs.

Pre — Treatment

100 E.coli clinical isolates DNA were extracted after
growing in brain-heart infusion broth (BHIB) (without anti-
biotic and GEO), then incubated at 37°C to detect bla,,,.

Essential Oil Extraction

The essential oil was extracted from the Ginger plant
rhizomes using a specialized Clevenger device to remove
the light oil connected with a volumetric flask of 1000 ml, as
200 gm. Fresh Ginger rhizomes were mixed with 500 ml of
(DW), then the distillation process was carried with 80-90
[, and distillation lasted 2 hours. As a result, the oil yield
obtained for every run was calculated using (1)8.

Isolation and Identification of Escherichia coli

In CHROMagar, isolates of E.coli appeared as pink-red
colonies at 37°C for 24 hours, as shown in Figure (1); this
medium also has selectivity for other urinary tract patho-
gens with a specific color for each bacterial genus. Chro-
mogenic agars are reliable for detecting aerobic Gram-ne-
gative bacteria by easier recognizing different colonies on
these media.

Minimum Inhibitory Concentration (MICs) Susceptibility Test

Minimum inhibitory concentration (MICs) is defined
as the lowest concentration of an antimicrobial agent that
will inhibit the visible growth of microorganisms after incu-
bation. The antibiotic susceptibilities of clinical isolates of
Multi-Drug Resistant E.coli (MDREC) were determined in
terms of MICs of antibiotics against the isolates, using the
agar dilution method. The MICs that have been investigated
in the present study are shown in Figure (2).

Cefepime (FEP), CRO: (64 pg/mL -1024 pg/mL) Re-
sistance, CAZ: (64 pg/mL) Sensitive, FEP:(1024 pg/mL)
Sensitive.

This indicated that the MIC value of Ceftazidime (CAZ)
was at a concentration (64 pg/mL), and of Cefepime (FEP)
was at a concentration (1024 pg/mL). Finally, E.coli isolates
exhibit a high resistance to Ceftriaxone (CRO).

Essential Oil (GEO

Wells method was utilized after the 24 hours incubation
period, for 40 samples (containing genes bla,,,) qualified
as the final study sample (each sample was repeated three
times). The GEO exhibited varying degrees of inhibitory
activity against the ESBL E.coli. As expected, higher GEO
concentration produced wider zones of inhibition. Table (2)
Shown antibacterial activity of GEO against ESBL (UTI) E.
coli.

Minimum Inhibitor)‘ Consecration (MICs) OF Ginger

Estimation of Antibacterial Effect

Depending on the MIC value of the fourth antibiotic ge-
neration of cephalosporin (Cefepime) for ten isolates, the
optimum of MIC value was 1024 pg/ml of Cefepime, and
the concentration was taken below 512 pg/ml. The highest
MIC of GEO was 100%. The same wells method was used,
as shown in table (3).

amount of essential oil (g) obtained

Essential oil (%) =

Results

Isolation and Identification of Escherichia coli

The isolates that were obtained from the 100 samples
were identified according to the following characteristics ob-
served.

Fresh ginger rhizomes (g)used

x 100 % (1)

In the table (3), the optimal MIC value of the GEO that
appeared in this study is 100% (15 mm), the optimum MIC
value of the Cefepime 512 and 1024 (15 mm and 20 mm
inhibition zone, respectively), while the mixed of GEO and
FEP (100% + 512 and 100% + 1024) was (20 mm and 26
mm inhibition zone respectively). Compared with CLSI, the
bacteria were resistant and became sensitive when treated
with GEO and FEP.
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Figure 1. Growth of Escherichia colion CHROMagar after incubation at 37°C for 24 hours.
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Figure 2. Minimum Inhibitory Concentrations (ug/ml) of Antibiotics Against Escherichia coli Ceftriaxone (CRO), Ceftazi-
dime (CAZ).
Treatments No Diameter of inhibition zone (mm)
100% 40 1451+£0.10a
S0% 40 9.72+0.06b
25% 40 9.18+0.11 bc
12.5% 40 7.95+0.07c
Control DMSO 40 6.00+0.00d
LSD value -—-- 1.377 **
Means having different letters in the same column differed significantly. ** (P<0.01)

Table 2. The Antibacterial activity of Ginger Essential Oil against Extended Spectrum Beta-Lactamase Escherichia coli.

Molecular Detection bla,_, gene

The prevalence of Beta-Lactamases producing genes
(bla,,,) was detected and determined for each E.coli clinical
isolate in the present study shown in Figure (3).

In this study, the optimal annealing temperature of the
reaction was 50 °C. However, the annealing temperature of
the reaction started at 67 °C and decreased to about 1°C
every second cycle until the optimum annealing temperatu-
re of primer was reached, followed by 15 additional cycles
at 50 °C. The minimum number of processes needed during
the earlier part of the TD program to eliminate nonspecific
priming would depend on the amplification's efficiency du-

ring high-temperature cycling.

|
Discussion

CHROMagar Orientation medium is preferred medium
because of the high accuracy and the ‘rapid identification
with meager false favorable rates®'. This media is regar-
ded as highly selective and sensitive media for E.coli, and
this media contains agents which inhibit the growth of most
gram-positive organisms. It incorporates substrates ena-
bling color-based preliminary identification of colonies re-
covered within 24 h of inoculation. 71 of the 100 sample
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No ESBL Escherichia Diameter of inhibition zone (mm)
coli GEO 100% FEP 512 FEP 1024 | GEO 100% GEO
+ FEP 512 100% +
FEP 1024

1 ESBL E. coli 15 15 20 20 26

2 ESBL E. coli 15 15 20 20 26

3 ESBL E. coli 15 15 20 20 26

4 ESBL E. coli 15 15 20 20 26

5 ESBL E. coli 15 15 2 20 26

6 ESBL E. coli 15 15 2 20 26

7 ESBL E. coli 15 15 2 20 26

8 ESBL E. coli 15 15 2 20 26

9 ESBL E. coli 15 15 2 20 26
10 ESBL E. coli 15 15 2 20 26

GEO: Ginger Essential Oil, FEP: Cefepime

Table 3. Estimation of Antibacterial Effect of Ginger Essential Oil and Cefepime antibiotics against Extended Spectrum

Beta-Lactamase Escherichia coli.

L 1 2

500 bp

100 bp

Gene TEM Gene

Product Size 566 bp

PCR Program Yasmin TEM Gene

Figure 3. Gel Electrophoresis profile of bla,,, Gene PCR Product (566bp) on 2%Agarose gel with ethidium bromide (5V/

cm, 80 mins).

isolates were suspected to be E.coli; these results were
similar to (11).

Clinical laboratories use MICs mainly to confirm resis-
tance; they are also employed as a research tool for deter-
mining the activity of new antimicrobial agent and their MIC
breakpoints'2.

The result of the present study for Cefepime and ce-
fotaxime MIC agreed with the result of (13), which showed
higher catalytic efficiency observed of ceftazidime and Ce-
fepime. Beta-lactam antibiotics are the most prescribed
antimicrobial class. The efficacy of Beta-lactams is threa-
tened by the production of Beta-lactamase enzymes, the
predominant resistance mechanism impacting these agents
in Gram-negative bacterial pathogens. The Beta-lactam an-
tibiotic cefepime inhibits Broad-Spectrum Beta-Lactamase
in E.coli'*. Antibiotic resistance is a growing concern when
treating bacterial infections. The number of resistance me-
chanisms acquired by bacteria is increasing each year and
the prevalence of multidrug-resistant (MDR) bacteria is also
increasing®. Few treatment options remain as the rate of
discovery and development of new antibiotics is outpaced
by bacterial resistance development’®.

GEO substances act individually or in synergy with one
another, including but not limited to sesquiterpene com-
pounds like bisapolene, zingiberene, zingiberol, sesquiphe-
llandrene, curcurmene, phenolic compounds like shogaols
and gingerols, and other compounds like 6-dihydroginger-
dione, galanolactone, gingesulfonic acid, zingerone, gera-
niol, neral, monoacyldigalactosylglycerols and gingerglyco-
lipis'™'®. The extract may have caused irreparable damage
to the gram-negative bacteria's outer membrane, causing
their eventual death. Gram-negative bacteria have hydro-
philic outer membranes owing to lipopolysaccharide mole-
cules permitting only lipophilic compounds and macromo-
lecules. If these molecules have antibacterial activity, they
can penetrate the middle layer (which comprises a skinny
peptidoglycan layer) and disturb cellular function, metabo-
lism, and loss of cellular constituents, leading to bacterial
death?°?'; also reported a similar explanation in their stu-
dies.

Analyses show that GEO, combined with other antimi-
crobials, exhibits different effects (additive, synergistic, in-
different and antagonistic) against E.coli. The result above
in agreement with (7), who indicate that quercetin showed
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high antibacterial activity, additive or synergistic effect with
antibiotic against E.coli.

The production of beta-lactamases, a family of enzy-
mes that hydrolyze the beta-lactam ring, thereby inactiva-
ting the antibiotic molecule before binding with PBP's, is the
principal mechanism of resistance to Beta-Lactam antibio-
tics. They also play a significant role in bacteria's intrinsic
and acquired resistance, mainly in gram-negative??2. Com-
paring the inhibitory activity shows that the GEOs are more
effective against ESBL E.coli when added to the antibiotic
Cefepime (FEP). The extract may have caused irreparable
damage to the gram-negative bacteria's outer membra-
ne, causing their eventual death. Gram-negative bacteria
have hydrophilic outer membranes owing to the presence
of lipopolysaccharide molecules permitting only lipophilic
compounds and macromolecules. If these molecules have
antibacterial activity, they can penetrate the middle layer of
gram-negative bacteria (which comprises a skinny peptido-
glycan layer) and disturb cellular function, metabolism, and
loss of cellular constituents, leading to bacterial death?®!.
reported a similar explanation in their studies. The absence
of blag,,, and the presence of bla,,,, were seen in (23), simi-
lar to the finding in the present study.

|
Conclusions

Escherichia coli identified by molecular technique gi-
ves more accurate bacterial identification than traditional
methods. Most local clinical isolates of E.coli had multidrug
resistance to most antibiotics used to treat these bacteria in
our hospitals. According to molecular techniques, all of the
present study's local clinical isolates of E.coli were bla,,,,
genotypes. Using the antibacterial test, Ginger Essential Oil
gave a synergistic effect when added to the antibiotic, which
led to breaking the resistance of E.coli.
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