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Abstract:

Fifty-five Escherichia coli isolates were obtained from urinary tract infections
using classical methods and the VITEK system. Antibiotic sensitivity testing revealed
that 33 (60%) of the pathogenic E. coli isolates were classified as multidrug-resistant
(MDR). The study found that the majority of the isolates revealed resistance to
ampicillin and ceftazidime, and their resistance ratios were 94.54% and 72.72%,
respectively. In contrast, the most effective antibiotics were ertapenem, imipenem
and tigecycline, and their resistance ratios were 5.45%, 9.09% and 10.9%,
respectively. The aim of the current study is to assess the antimicrobial and
antibiofilm formation activity of Salvia officinalis extract against MDR pathogenic
Escherichia coli. All 33 isolates of MDR pathogenic E. coli displayed biofilm
formation ability extended from moderate to strong. Ethanol extract of Salvia
officinalis plant leaves revealed antibacterial activity against all MDR E. coli isolates
at the concentration of 100 mg/ml, 200 mg/ml, and higher than these concentrations.
Additionally, Salvia officinalis extract also exhibited antibiofilm formation activity
against all MDR pathogenic isolates at the concentration of 50 mg/ml.
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1. Introduction

Urinary tract infections (UTIs) are a significant public health concern, and are most
commonly caused by uropathogenic Escherichia coli (UPEC) in both simple and complex
cases. UPEC is the primary bacterial agent responsible for UTIs, posing a substantial threat to
human health. Uropathogenic E. coli (UPEC) have many virulence factors that enable this
bacterium from colonization and causing UT]Is, such as adhesion and invasions [1, 2]. Pregnant
women experience various physiological changes, particularly to the urinary system, which
increases their susceptibility to UTIs [3]. Escherichia coli is classified as Multidrug Resistant
due to its numerous resistance mechanisms, such as the enzyme f-lactamase, which increases
resistance to P-lactam antibiotics [4]. The incidence of infection varies across different
environments and individuals based on factors such as geography and health status. A
considerable proportion of UTIs may be attributed to closely related UPEC groups, infection
prevalence in women is greater than men [5, 6]. Salvia officinalis extract proven effective as
an antibacterial and antifungal, Salvia officinalis extract contain phenolic acids that have
antimicrobial activity against many pathogens, especially against Pseudomonas aeruginosa
and Staphylococcus aureus [7, 8]. The aim of the current study is to assess the antimicrobial
and antibiofilm formation activity of Salvia officinalis extract against MDR pathogenic
Escherichia coli.

2. Materials and Methods
2.1 Isolation of E. coli

Specimens from UTIs, were collected under sterile conditions from several hospitals of
Karbala, totaling 130 samples. In macroscopic examination, the samples were immediately
streaked onto on MacConkey and Eosin methylene blue (EMB) agar, then incubated at 37 °C
and for 24 hours. Pink colonies were selected and re-cultured on new sterile MacConkey and
EMB agar. Single colonies were then chosen for diagnosis tests such as biochemical,
morphological, oxidase, catalase, and then microscopic examination by Gram staining.
Diagnostic results confirmed by Vitek 2 compact system test [9].
This study was approved by the Ethical Committee, University of Al-Zahraa for Women,
Karbala, under the number 1 in November 13, 2024

2. 2 Susceptibility test

The sensitivity test was conducted using VITEK 2 compact system with antibiotic
sensitivity card that includes 16 antibiotics and test for the presence of extended-spectrum beta-
lactamase (ESBL) enzyme which responsible for resistance to many beta-lactam antibiotics
(penicillins, cephalosporins, carbapenems, or monobactams) [10].

2.3. Biofilm formation assay

The E. coli isolates were tested for their ability to produce biofilm by using Microtiter plate
method.
e All the isolates were cultured for 24 hours at 37°C in Muller Hinton broth (MHB). Following
this, two mL of normal saline were added to a tube with 100 microliters of bacteria, the turbidity
was visually using a turbidity meter, which should fall between 0.5-0.63.
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e A sterile flat bottom 96-well polystyrene microtiter plate method was filled with 180 pl of
MHB containing 1% glucose.

e Three wells of micro-titer plate were filled with 20 ul of bacterial suspension (turbidity should
be between 0.5-0.63), negative control was MHB only.

e After 24 h from incubation in 37 °C, distilled water was used to wash the plate three times
and then dried.

¢ 200 pl crystal violet dye was applied to the plates and left for 15 minutes in room temperature,
then washed and dried for 30 minutes in 37°C.

e Then add 200ul ethanol 96% to wells for 15 min to extraction of the stained adherent.

e Microtiter plate method reader used at 630 nm to read optical density (OD).

Results were divided into four categories according to their optical densities as show in table 1

[11].

Table 1: Biofilms categories according to optical density

Optical Densities Results
OD <0ODc Non producers
ODc <OD < 2x0Dc Weak producers
2x0Dc < OD < 4x0ODc Moderate producers
4x0ODc <OD Strong producers

2.4. Preparation of leaves extract

Leaves from S. officinalis plant were collected from local plant stores in Kerbala. Initially,
in the first, the leaves were washed multiple times with water to remove dust and any other
particles, then dried in an air oven at 60 °C for three days. One, the air-dried, the leaves were
grounded in the blender and 10 gm of the plant powder was extracted with 200 ml aqueous
ethanol (80%) using Soxhlet for 8 hours. The extract was then dried using a rotary evaporator
at 60 °C and the resulting powder was kept in closed glass container in refrigerator until use
[12].

2.5. Minimum inhibitory concentration of Salvia officinalis

The antibacterial activity of S. officinalis leaf extract was assessed using the macro-dilution
method as recommended by CLSI [13]. Two-fold serial dilutions were prepared with Muller
Hinton broth with final concentrations 800, 400, 200, 100, 50, 25, 12.5, and 6.25 mg/ml of the
leaf extract.
A fresh bacterial suspension of Escherichia coli was prepared, ensuring the turbidity measured
between 0.5 and 0.63 (about 1.5*10% CFU/ml), and 10 pl this suspension was inoculated into
each dilution across all eight test tubes. The tubes were then incubated for 24 hours in 37°C.
After incubation, turbidity was examined and the lowest concentration of S. officinalis leaves
extract that inhibit the bacterial visible growth was considered as minimum inhibitory
concentration (MIC). Two tubes were prepared as negative control (only MHB) and positive
control (MHB and 10pl (1.5*10° CFU/ml) bacteria inoculum) [14].

2.6. Antibiofilm activity of Salvia officinalis

The assay was performed in micro-titer plate as described by [15], with some modification.
Fifty microliters of MHB containing 1 % glucose were added to each well of the microtiter
plate, followed by the addition of 50pl of an alcoholic leaves extract (100 mg/ml concentration)
in MHB was added to wells and 10ul from bacterial inoculum was added. Negative control
was MHB only. After incubating at 37 °C for 24 h from incubation, distilled water was used to
wash the plate three times and then dried. Two hundred microliters of crystal violet dye were
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applied to the plates and left for 15 minutes in room temperature, then washed and dried for 30
minutes in 37°C. Subsequently, 200 pul of 96% ethanol was added to each well for 15 minutes
to extract the stained adherent material.

A second microtiter plate was prepared and inoculated with the same method but without
treated with alcoholic leaves extract, used to comparison the results for each isolate before and
after processing with alcoholic leaves extract to identify antibiofilm like activity of alcoholic
leaves extract to prevention biofilm formation by E. coli. MTP reader used at 630 nm to read
optical density (OD). Results were determined according to the absorbance of media control
[11]. The percentage reduction in biofilm formation was measured using the following formula
[15]:

Control OD — Testsample QD « 100

2% Beduchon= = 10D

3. Results and Discussion
3.1 Isolation and Identification of Escherichia coli

Fifty-five uropathogenic E. coli isolates were obtained, with a higher number of isolates
from female (n= 31) compared to male (n=24). This difference is attributed to the anatomical
and physiological characteristics of female that make it more susceptible to infection with UTI
than male. These findings agreed with study by Joya et al., [16], which reported that the number
of E. coli isolates from UTI in female more than male, and also with many studies [17,18].

3.2 Susceptibility test

The sensitivity test conducted using VITKE system demonstrated variations in the
resistance of E. coli isolates to 16 antibiotics (Figure 1), and confirmed the presence of the
extended-spectrum beta-lactamase enzyme in uropathogenic E. coli.
High resistance ratio was observed against ampicillin and ceftazidime, with resistance ratios of
94.54% and 72.72%, respectively. Ertapenem, imipenem, and tigecycline showed lowest
resistance ratio were 5.45%, 9.09% and 10.9%, respectively. Specifically, 52 isolates (94.54%)
were resistant to ampicillin, 40 (72.72%) isolates to ceftazidime, 37 (67.27%) isolates to
ceftriaxone, 33 (60%) isolates to cefepime, 5 (9.09%) isolates to imipenem, 7 (12.72%) isolates
to amikacin, 11 (20%) isolates to gentamicin, 14 (25.45%) isolates to ciprofloxacin, and 9
(16.36%) 1solates to levofloxacin. The results of resent study for these antibiotics were in
agreement with many studies [16,19-21].
Twenty-four (43.63%) and 18 (32.72%) isolates were resistant to piperacillin/tazobactam and
nitrofurantoin, respectively. These results contrast with the findings of Kulkarni et al., [19],
who reported that the resistance ratios to piperacillin/tazobactam and nitrofurantoin were
19.24% and 7.59%, respectively. However, they agreed with the study by Al-Hasnawy et al.,
[20] which found that 44.8% of isolates were resistant to nitrofurantoin, and agreed with
another local study by Ahmed and Nsaif [22] that revealed 40% from isolates were resistant to
piperacillin/tazobactam.
In this study, E. coli isolates exhibited varying resistance rates to cefazolin, ertapenem, and
trimethoprim/Sulfamethoxazole were 22 (40%), 3 (5.45%), and 31 (56.36%) isolates,
respectively. These results are consistent with findings from a local study by Nagqid ez al., [23].
Thirty-three isolates (60%) resistant to cefoxitin antibiotic and only six isolates (10.9%)
resistant to tigecycline, that agreed with the results of Ahmed and Nsaif [22] and Musa et al.,
[24], who reported resistance rate of 63.3% and 10% from isolates were resistant to these
antibiotics, respectively.
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Figure 1: Antibiotics sensitivity test of E. coli isolates.

Escherichia coli produce extended spectrum [-lactamase which enables this bacterium to
resistant different types of antibiotics such as ceftazidime, ampicillin, cefotaxime, and
ceftriaxone. This enzyme contributes to the multidrug resistant isolates, complicating the
infection and making treatment more challenging. The ESBL producing E. coli responsible for
high death rates [25, 26, 27]. In this study, thirty-three isolates (60%) were identified as ESBL
producers, while a study by Khan et al., [21] revealed 57% of isolates from UTI were ESBL
producers. Thirty-three (60%) isolates were identified as Multidrug Resistant (MDR)
Escherichia coli based on the results antibiotics sensitivity test to 16 antibiotics. Several studied
have shown an increase in the MDR ratio of E. coli especially that isolated from UTI samples.
For instance, a study by Khan et al., [21] found that 84% of isolates were MDR, while another
study by Al-Hasnawy et al., [20] was showed 88.09% of isolates were MDR.

3.3. Biofilm formation capacity of Uropathogenic E. coli

Fifty-two isolates (94.55%) of all UPEC isolates showed biofilm formation capacity by
MTP method and 3 (5.45%) were non-producer. This high percentage was distributed across
three groups: 12 (21.82%) weak isolates, 29 (52.73%) moderate isolates, and 11 (20%) strong
isolates (Figure 2). All these findings were in agreement with many study that showed high
percent from biofilm formation ability in E. coli isolates especially, that isolates from UTIs,
making it more resistant to wide range of antibiotics and complicates infection and their
treatment, this explains why the most isolates from UTIs were MDR [28,29,30,31]. Notably,
all the MDR isolates in this study were biofilm-former, moderate (n= 22) and strong (n=11).
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Figure 2: Biofilm formation ability in Uropathogenic E. coli

3.4 Minimum inhibitory concentration and antibiofilm activity of Salvia officinalis extract

The extract of Salvia officinalis leaves demonstrated antibacterial activity at the
concentrations of 100 and 200 mg/ml and higher than these concentrations, while 50 mg/ml
and below showed no inhibitory effect against all MDR Uropathogenic E. coli isolates. The
antibiofilm activity of this plant leaves extract was assessed by MTP method at concentration
of 50 mg/ml (equal to subMIC) against all MDR isolates, this extract led to high reduction
percentage in biofilm formation of all MDR isolates table 2, when all these isolates become
non-producers to biofilm after processed with this extract.

Table 2: Reduction percentage of biofilm

perclzsfa‘;f‘r";e v (50-59)% (60-69)% (70-79)% (80-89)%
No. of isolates 2 13 10 8

These findings are consistent with several studies that demonstrated that the S. officinalis

extract have antibacterial and antibiofilm activities against wide range of bacteria such as E.
coli, P. aeruginosa, Bacillus subtilis, Enterococcus faecalis, S. mutans and Staphylococcus
aureus [32-38]. Selim et al., showed antimicrobial properties of S. officinalis extract against
MDR bacterial isolates [39]. Many of the medicine plant have different compounds which
responsible for antibacterial and antibiofilm activity such as chlorogenic acid, rosmarinic acid,
flavonoids and rutin in S. officinalis [40, 41].
Chlorogenic acid in S. officinalis with potent biological activity. This phenolic compound
exhibit antibacterial activity against E. coli, by disrupting the integrity of the cell wall and
membrane because of the high polarity and affinity of chlorogenic acid for lipids, led to binds
effectively to the surface of Gram-negative bacteria, and alterations in the membrane structure.
This process leads to an increase in membrane permeability, resulting in the leakage of cellular
contents [42]. Rutin, very important compound in S. officinalis due to their antibacterial and
antifungal activity and for use in the drug delivery system [43]. Terpenes are a key class of
compounds found in many medicinal plants, including Salvia officinalis, and are responsible
for their antibacterial properties [44, 45]. The presence of notable amounts of terpenes in S.
officinalis is thought to contribute to its antibacterial activity.
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In the same manner, polar compounds in S. officinalis such as alcohols and phenols were
excellent active ingredients against many bacterial species [46]. Cineol (1,8-cineol) one of the
antibacterial active compounds in S. officinalis [46], against different bacterial species
especially E. coli [47, 48]. Manool is one of the key compounds that enables S. officinalis to
resist and eliminate microbes [49],

Flavonoids derived possess antibacterial activity against bacterial biofilms, because these
flavonoids were found to reduce the metabolic activity of the biofilm by 28% and 29%, that
indicate their potential in combating biofilm-related infections [50]. Carvacrol and thymol were
very important components that present in S. officinalis extract [46], responsible for the efflux
pumps inhibition, prevent the biofilm formation and disruption of preformed biofilms,
inhibition of bacterial motility and membrane ATPases, and the disruption of bacterial
membrane that leads to bacterial lysis and leakage of intracellular contents resulting in death.
Thus, when carvacrol interacts with the lipid bilayer and penetrate the fatty acid chains, led to
expand and destabilization of the cytoplasmic membrane [51, 52].

Camphor, 1,8-cineole, and a-pinene all these compounds found in high concentration in S.
officinalis extract. All these compounds were reported with antibacterial and anti-biofilm
activity [39, 53].

Conclusion

We can conclude that the S. officinalis ethanoic leaves extract had antimicrobial and anti-
biofilm activity against MDR uropathogenic E. coli. High resistance ratio was achieved by E.
coli against ampicillin and ceftazidime. While the most effective antibiotics were ertapenem,
imipenem and tigecycline. Uropathogenic E. coli isolates have high biofilm formation capacity
(weak, moderate, and strong).

“Conflict of Interest: The authors declare that they have no conflicts of interest.”

References

[1] Y. Zhou, Z. Zhou, L. Zheng, Z. Gong, Y. Li, Y. Jin, Y. Huang, and M. Chi, “Urinary Tract
Infections Caused by Uropathogenic Escherichia coli: Mechanisms of Infection and Treatment
Options,” [International Journal of Molecular Science, vo. 24, no. 13, pp. 10537, 2023.
https://doi.org/10.3390%2Fijms241310537.

[2] P. Ketkhao, F. Utrarachkij, N. Parikumsil, K. Poonchareon, A. Kerdsin, P. Ekchariyawat, P.
Narongpun, C. Nakajima, Y. Suzuki, and O. Suthienkul, “Phylogenetic diversity and virulence
gene characteristics of Escherichia coli from pork and patients with urinary tract infections in
Thailand,” PLoS One, 19(7), €0307544, 2024. https://doi.org/10.1371/journal.pone.0307544.

[3] M. G. Ahmed, “Genotypic Detection of the Virulence Factors of Uropathogenic Escherichia coli
(UPEC) Strains Isolated from Pregnant Females and Their Correlation with Antibiotic Resistance
Pattern,” Al-Azhar Journal of Pharmaceutical Sciences, vol. 63, no. 1, pp. 149 — 172, 2021.
https://doi.org/10.21608/ajps.2021.153566.

[4] G.Kapoor, S. Saigal, and A. Elongavan, “Action and resistance mechanisms of antibiotics: A guide
for clinicians,” Journal of Anaesthesiology, Clinical Pharmacology, vol. 33, no. 3, pp. 300-305,
2017. https://doi.org/10.4103%2Fjoacp.JOACP_349 15.

[S] V. S. Forsyth, C. N. Armbruster, S. N. Smith, A. Pirani, A. Springman, M. S. Walters, G. R.
Nielubowicz, S. D. Himpsl, E. S. Snitkin, and H. L. T. Mobley, “Rapid Growth of Uropathogenic
Escherichia coli During Human Urinary Tract Infection,” Microbiology, vol. 9, no. 2, ¢00186-18,
2018. https://doi.org/10.1128%2FmBi0.00186-18.

[6] M. Matsukawa, M. Igarashi, H. Watanabe, L. Qin, M. Ohnishi, L. Terajima, S. Iyoda, T. Morita-
Ishihara, K. Tateda, Y. Ishii, T. Saga, K. Aoki, and R. A. Bonomo, “Epidemiology and genotypic
characterization of dissemination patterns of uropathogenic Escherichia coli in a community,”
Epidemiology and Infection, 147, €148, 2019. https://doi.org/10.1017%2FS0950268819000426.


https://doi.org/10.3390%2Fijms241310537
https://doi.org/10.1371/journal.pone.0307544
https://doi.org/10.21608/ajps.2021.153566
https://doi.org/10.4103%2Fjoacp.JOACP_349_15
https://doi.org/10.1128%2FmBio.00186-18
https://doi.org/10.1017%2FS0950268819000426

Ali Iraqi Journal of Science, 2025, Vol. xx, No. x, pp: xx

[7] S. Ghadaksaz, S. Farajnia, F. Pournaghiazar, L. H. Ebrahimzadeh, R. Salahlou, A. Delazar, A.
Zandesh, “Antimicrobial efficacy and cytotoxicity of ethanolic extracts of Salvia
officinalis and Juglans regia against oral pathogens,” J Adv Periodontol Implant Dent. Vol. 17,
no. 1, pp. 46-53, 2025.

[8] A. Ghorbani, and M. Esmaeilizadeh, ‘“Pharmacological properties of Salvia officinalis and its
components,” Journal of Traditional and Complementary Medicine, vol. 7, no. 4, pp. 433-440,
2017. https://doi.org/10.1016%2F]j.jtcme.2016.12.014.

[9] B. A. Forbes, D. F. Sahm, and A. S. Weissfeld, (Eds) Enterobacteriaceae. Chapter 25. In: Bailey
and Scottis Diagnostic Microbiology. 11th ed. Mosby: St. Louis; p.365-77, 2002.

[10] M. Penati, L. Musa, L. Filippone Pavesi, A. Guaraglia, F. Ulloa, P. Moroni, R. Piccinini, and M.
F. Addis, “Multidrug-Resistant Extended-Spectrum Beta-Lactamase (ESBL)-Producing
Escherichia coli in a Dairy Herd: Distribution and Antimicrobial Resistance Profiles,” Antibiotics
(Basel), vol. 13, no. 3, pp. 241, 2024,

[11] D. Wojnicz, A. Kucharska, A. Sokot-tetowska, M. Kicia, and D. Tichaczek-Gosk, “Medicinal
plants extracts affect virulence factors expression and biofilm formation by the uropathogenic
Escherichia  coli,” Urological research, Vol. 40, no. 6, pp. 683-697, 2012.
https://doi.org/10.1007%2Fs00240-012-0499-6.

[12] I. Ahmed, Z. Mehmood, and F. Mohammad, “Screening of some Indian medicinal plants for their
antimicrobial properties,” Journal of Ethnopharmacology, vol. 62, no. 2, pp. 183 — 193, 1998.
https://doi.org/10.1016/S0378-8741(98)00055-5.

[13] P. Melvin, S. James, M. April, Shelley Campeau, K. Sharon, F. Marcelo, M. Romney, J. Thomas,
J. Amy, M. Tony, S. Michael, N. Audrey, J. Patricia, and D. Pranita, 2023. Performance Standards
for Antimicrobial Susceptibility Testing. 30th edition.

[14] F. A. Tabouk, R. Nabizadeh, N. Mirzaei, N. H. Jazani, M. Yousefi, and M. A. Hasanloei,
“Comparative efficacy of hospital disinfectants against nosocomial infection pathogens,”
Antimicrobial Resistance and Infection Control, 9:115, 2020. https://doi.org/10.1186/s13756-020-
00781-y.

[15] S. Mathur, M. Gutte, D. Paul, and M. Udgire, “Study the effect of essential oils on microbial
biofilm formation by Klebsiella pneumoniae,” Sch. Acad. J. Biosci. Vol. 1, no. 3, pp:76-79, 2013.

[16] M. Joya, A.K. Aalemi, and A.T. Baryali, “Prevalence and Antibiotic Susceptibility of the Common
Bacterial Uropathogen Among UTI Patients in French Medical Institute for Children,” Infect Drug
Resist. Vol. 15, pp. 4291-4297, 2022.

[17] W.-H. Lin, Y.-Z. Zhang, P.-Y. Liu, P.-S. Chen, S. Wang, P.-Y. Kuo, T.T.D Thuy, T.T.T. Duong,
L.-L. Wen, Y.-H. Hsieh, M. C. Wang, and C. Y. Kao, “Distinct characteristics of Escherichia coli
isolated from patients with Urinary Tract Infections in a Medical Center at a Ten-Year" Interval,”
Pathogens, vol. 10, no. 9, pp. 1156, 2021. https://doi.org/10.3390%2Fpathogens10091156.

[18] N. Alfuraiji, A. Al-Hamami, M. Ibrahim, H. K Rajab, and B. W. Hussain, “Uropathogenic
Escherichia coli virulence characteristics and antimicrobial resistance amongst pediatric
urinary  tract infections,” Journal of Medicine and Life, vol. 15, no. 5, pp. 650-654, 2022.
https://doi.org/10.25122%2Fjml-2021-0148.

[19] S. R. Kulkarni, B. V. Peerapur, and K. S. Sailesh, “Isolation and Antibiotic susceptibility pattern
of Escherichia coli from urinary tract infections in a tertiary care hospital of North Eastern
Karnataka,” Journal of Natural Science, Biology and Medicine, vol. 8, no. 2, pp. 176-180, 2017.
https://pubmed.ncbi.nlm.nih.gov/28781483.

[20] H.H. Al-Hasnawy, M.R. Judi, and H. J. Hamza, "The Dissemination of Multidrug Resistance
(MDR) and Extensively Drug Resistant (XDR) among Uropathogenic E. coli (UPEC) Isolates
from Urinary Tract Infection Patients in Babylon Province, Iraq," Baghdad Science Journal, Vol.
16: Iss. 4, Article 24, 2019. DOI: https://doi.org/10.21123/bsj.2019.16.4(Suppl.).0986.

[21] A. Khan, V.S. Saraf, F. Siddiqui, T. Batool, Z. Noreen, S. Javed, A. Ahmad, W.B. Alonazi, M.
Ibrahim, S. Pucciarelli, and S. Bokhari, "Multidrug resistance among uropathogenic clonal group
A E. coliisolates from Pakistani women with uncomplicated urinary tract infections. BMC
Microbiol, vol. 24, no. 74, 2024.

[22] A. Q. Ahmed and Z. M. Nsaif, “Molecular detection of some virulence genes in E. coli isolated
from women with urinary tract infections,” MS.C. Thesis. University of Diyala, College of
Science, Department of Biology, 2021


https://doi.org/10.1016%2Fj.jtcme.2016.12.014
https://doi.org/10.1007%2Fs00240-012-0499-6
https://doi.org/10.1016/S0378-8741(98)00055-5
https://doi.org/10.1186/s13756-020-00781-y
https://doi.org/10.1186/s13756-020-00781-y
https://doi.org/10.3390%2Fpathogens10091156
https://doi.org/10.25122%2Fjml-2021-0148
https://pubmed.ncbi.nlm.nih.gov/28781483

Ali Iraqi Journal of Science, 2025, Vol. xx, No. x, pp: xx

[23] I. A. Naqid, A. A. Balatay, N. R. Hussein, K. A. Saced, H. A. Ahmed, and S. H. Yousif, “Antibiotic
Susceptibility Pattern of Escherichia coli Isolated from Various Clinical Samples in Duhok City,
Kurdistan Region of Iraq,” International Journal of Infect, vol. 7, no. 3, 103740, 2020.
https://doi.org/10.5812/iji.103740.

[24] I. M. Musa, A. Muhammad, and S. Ibrahim, “Detection of multidrug resistance E. coli isolated
from patients with UTI in FMC Birnin, Kebbi,” Microbes and Infectious Diseases, vol. 4, no. 4,
pp- 1325-1330, 2023. https://doi.org/10.21608/mid.2022.167458.1395.

[25] K. Kayastha, B. Dhungel, S. Karki, B. Adhikari, M. R. Banjara, K. R. Rijal, and P. Ghimire,
“Extended-Spectrum B-Lactamase-Producing Escherichia coli and Klebsiella Species in Pediatric
Patients Visiting International Friendship Children's Hospital, Kathmandu, Nepal,” Infectious
Diseases (Auckl), 13: 1178633720909798, 2020. https://pubmed.ncbi.nlm.nih.gov/32158219.

[26] B. F. Brooks, K. C. Carroll, J. S. Butel, and S. A. Morse, “Jawetz, Melnick and Adelbergs Medical
Microbiology. 24th.ed. The McGraw- Hill Companies, Inc. New York.pp:224-232, 2007.

[27] R. A. Izdebski, J. Baraniak, A. Fiett, M. Adler, J. Kazma, C. Salomon, A. Lawrence, A. Rossini,
J. Salvia, J. Vidal Samso, M. Fierro, S. Paul, C. Malhotra-Kumar, Lammens, H. Goossens, W.
Hryniewicz, C. Brun-Buisson, Y. Carmeli, and M. Gniadkowski, “Clonal structure, extended-
spectrum B-lactamases, and acquired AmpC-type cephalosporinases of Escherichia coli
populations colonizing patients in rehabilitation centers in four countries," Antimicrobial Agents
and Chemotherapy, vol. 57, no. 1, pp. 309-316, 2013. https://pubmed.ncbi.nlm.nih.gov/23114774.

[28] Z. Naziri, J. A. Kilegolan, M. S. Moezzi, and A. Derakhshandeh, “Biofilm formation by
uropathogenic Escherichia coli: a complicating factor for treatment and recurrence of urinary tract
infections,”  Journal  of  Hospital Infection, vol. 117, pp. 9-16, 2021.
https://doi.org/10.1016/j.jhin.2021.08.017.

[29] F. Y. Ramirez Castillo, A. L. Guerrero Barrera, J. Harel, F. J. Avelar Gonzalez, P. Vogeleer, J. M.
Arreola Guerra, M. Gonzilez Gamez, “Biofilm Formation by Escherichia coli Isolated from
Urinary Tract Infections from Aguascalientes, Mexico,” Microorganisms, vol 11, no. 12, pp. 2858,
2023. https://doi.org/10.3390/microorganisms11122858.

[30] N. A. Hassuna, E. M. Rabea, W. K. M. Mahdi, and W. M. Abdelraheem, “Biofilm formation and
antimicrobial resistance pattern of uropathogenic E. coli ST131 isolated from children with
malignant tumors,” The Journal of Antibiotics, vol. 77, pp. 324-330, 2024.
https://doi.org/10.1038/s41429-024-00704-8.

[31] K. Sherif, R. Kishk, M. Fouad, A. Abdelmaogood, and A. Elghazaly, “Detection of biofilm among
uropathogenic Escherichia coli clinical isolates in Suez Canal University Hospitals,” Microbes
and Infectious Diseases, vol. 5, no. 2, pp- 713-724, 2024.
https://doi.org/10.21608/mid.2024.263981.1770.

[32] Y. Lahlou, S. Moujabbir, A. Aboukhalaf, B. E. Amraoui, and T. Bamhaoud, “Antibacterial activity
of essential oils of Salvia officinalis growing in Morocco,” Roczniki Panstwowego Zakladu
Higieny / Annals of the National Institute of Hygiene, vol. 74, no. 4, pp. 459-468, 2023.
https://doi.org/10.32394/rpzh.2023.0275.

[33] L. Nguyen, J. Garcia, K. Gruenberg, and C. MacDougall, “Multidrug-Resistant Pseudomonas
Infections: Hard to Treat, But Hope on the Horizon? Current Infectious Disease Reports, vol. 20,
no. 8, pp. 23, 2018. https://doi.org/10.1007/s11908-018-0629-6.

[34] Y. Lekbachab, Z. Lia, D. Xu, S. E. 1. Abed, D. Liu, T. Gu, S. I. Koraichib, K. Yang, and F. Wang,
“Salvia officinalis extract mitigates the microbiologically influenced corrosion of 304L stainless
steel by Pseudomonas aeruginosa biofilm,” Bioelectrochemistry, vol. 128, pp. 193-203, 2019.
https://doi.org/10.1016/j.bioelechem.2019.04.006.

[35] S. Ntondini, G. Lenetha, and T. Dzogbewu, “Antimicrobial activity of Salvia officinalis against
Streptococcus mutans causing dental implant failure: An in vitro study,” Journal of International
Oral Health, vol. 13, no. 5, pp. 499-507, 2021. http://dx.doi.org/10.4103/jioh.jioh 26 21.

[36] E. Ovidi, V. Laghezza Masci, M. Zambelli, A. Tiezzi, S. Vitalini, and S. Garzoli, “Laurus nobilis,
Salvia sclarea and Salvia officinalis Essential Oils and Hydrolates: Evaluation of Liquid and Vapor
Phase Chemical Composition and Biological Activities,” Plants, vol. 10, no. 4, pp. 707, 2021.
https://doi.org/10.3390/plants10040707.

[37] V. Pavi¢, M. Jakovljevi¢, M. Molnar, and S. Joki¢, “Extraction of Carnosic Acid and Carnosol
from Sage (Salvia officinalis L.) Leaves by Supercritical Fluid Extraction and Their Antioxidant


https://doi.org/10.5812/iji.103740
https://doi.org/10.21608/mid.2022.167458.1395
https://pubmed.ncbi.nlm.nih.gov/32158219
https://pubmed.ncbi.nlm.nih.gov/23114774
https://doi.org/10.1016/j.jhin.2021.08.017
https://doi.org/10.3390/microorganisms11122858
https://doi.org/10.1038/s41429-024-00704-8
https://doi.org/10.21608/mid.2024.263981.1770
https://doi.org/10.32394/rpzh.2023.0275
https://doi.org/10.1007/s11908-018-0629-6
https://doi.org/10.1016/j.bioelechem.2019.04.006
http://dx.doi.org/10.4103/jioh.jioh_26_21
https://doi.org/10.3390/plants10040707

Ali Iraqi Journal of Science, 2025, Vol. xx, No. x, pp: xx

and Antibacterial  Activity,” Plants (Basel), vol. 8, mno. 1, pp. 16, 2019.
https://doi.org/10.3390%2Fplants8010016.

[38] A. A. Tafi, S. Meshkini, A. Tukmechi, M. Alishahi, and F. Noori, “Therapeutic and
Histopathological Effect of Aloe vera and Salvia officinalis Hydroethanolic Extracts against
Streptococcus iniae in Rainbow Trout,” Archives of Razi Institute, vol. 75, no. 2, pp. 275-287,
2020. https://doi.org/10.22092/ari.2019.122855.1232.

[39] S. Selim, M. S. Almuhayawi, H. Alghtani, S. K. Al Jaouni, F. M. Saleh, M. Warrad, and N. Hagagy,
“Anti-Salmonella and Antibiofilm Potency of Salvia officinalis L. Essential Oil against Antibiotic-
Resistant  Salmonella  enterica,”  Antibiotics, vol. 11, no. 4, pp. 489, 2022.
https://doi.org/10.3390/antibiotics 1 1040489.

[40] T. S. A. Santos, V. M. Meccatti, T. C. Pereira, M. C. Marcucci, A. A. Hasna, M. C. Valera, L. D.
de Oliveira, and C. A. T. Carvalho, “Antibacterial Effect of Combinations of Salvia officinalis and
Glycyrrhiza glabra Hydroalcoholic Extracts against Enterococcus spp,” Coatings, 13(9):1579,
2023. https://doi.org/10.3390/coatings13091579.

[41] G. Uta, D. S. Manolescu, and S. Avram, “Therapeutic Properties of Several Chemical Compounds
of Salvia officinalis L. in Alzheimer’s Disease,” Mini-Reviews in Medicinal Chemistry, vol. 21,
no. 12, 1421-1430, 2021. https://doi.org/10.2174/1389557521999201230200209.

[42] V. Francisco, G. Costa, A. Figueirinha, C. Marques, P. Pereira, B. Miguel Neves, M. Celeste
Lopes, C. Garcia-Rodriguez, M. Teresa Cruz, and M. Teresa Batista, “Anti-inflammatory activity
of Cymbopogon citratus leaves infusion via proteasome and nuclear factor-kB pathway inhibition:
Contribution of chlorogenic acid,” Journal of Ethnopharmacology, 148(1), 126—134, 2013.
https://doi.org/10.1016/j.jep.2013.03.077.

[43] R. Negahdari, S. Bohlouli, S. Sharifi, S. Maleki Dizaj, Y. Rahbar Saadat, K. Khezri, S. Jafari, E.
Ahmadian, N. Gorbani Jahandizi, and S. Raeesi, “Therapeutic benefits of rutin and its
nanoformulations,” Phytotherapy Research, 35(4), 1719-1738, 2021.
https://doi.org/10.1002/ptr.6904.

[44] T. S. A. Ghazal, Z. Schelz, L. Vidacs, N. Szemerédi, K. Veres, G. Spengler, and J. Hohmann,
“Antimicrobial, Multidrug Resistance Reversal and Biofilm Formation Inhibitory Effect of
Origanum majorana Extracts, Essential Oil and Monoterpenes,” Plants, 11(11):1432, 2022.
https://doi.org/10.3390/plants11111432

[45] D. A. A. Bukhari, “Antimicrobial Activity and Multi-Therapeutic Potential of Salvia officinalis
and Mentha longifolia Essential Oils in Leaves,” Journal of Pure Applied Microbiology,
17(2):826-837, 2023. https://doi.org/10.22207/JPAM.17.2.09.

[46] Y. Lahlou, S. Moujabbir, A. Aboukhalaf, B. E. Amraoui, and T. Bamhaoud, “Antibacterial activity
of essential oils of Salvia officinalis growing in Morocco,” Roczniki Panstwowego Zaktadu
Higieny / Annals of the National Institute of Hygiene, 74(4), pp.459-468, 2023.
https://doi.org/10.32394/rpzh.2023.0275.

[47] S. Schiirmann, F. Oppel, M. Gottschalk, B. Biiker, C. A. Jantos, C. Knabbe, A. Hiitten, B.
Kaltschmidt, C. Kaltschmidt, and H. Sudhoft, “The therapeutic effect of 1, 8-cineol on pathogenic
bacteria species present in chronic rhinosinusitis,” Frontiers in Microbiology, 10:2325, 2019.
https://doi.org/10.3389/fmicb.2019.02325.

[48] K. Chebbac, H. K. Ghneim, A. El Moussaoui, M. Bourhia, A. El Barnossi, Z. Benziane Ouaritini,
A. M. Salamatullah, A. Alzahrani, M. A. M. Aboul-Soud, J. P. Giesy, and R. Guemmouh,
“Antioxidant and Antimicrobial Activities of Chemically-Characterized Essential Oil from
Artemisia aragonensis Lam. against Drug-Resistant Microbes,” Molecules, 27(3):1136, 2022.
https://doi.org/10.3390/molecules27031136.

[49] F. S. F. Mendes, L. M. Garcia, T. D. S. Moraes, L. A. Casemiro, C. B. Alcantara, S. R. Ambrosio,
R. C. S. Veneziani, M. L. D. Miranda, and C. H. G. Martins, “Antibacterial activity of Salvia
officinalis L. against periodontopathogens: An in vitro study,” Anaerobe, 63:102194, 2020.
https://doi.org/10.1016/j.anaerobe.2020.102194.

[50] E. Marcoux, A. B. Lagha, P. Gauthier, and D. Grenier, “Antimicrobial activities of natural plant
compounds against endodontic pathogens and biocompatibility with human gingival fibroblasts,”
Archives of Oral Biology, 116, 104734, 2020. https://doi.org/10.1016/j.archoralbio.2020.104734.

[51] G. H. de Souza, J. A. dos Santos Radai, M. S. Mattos Vaz, K. Esther da Silva, T. L. Fraga, L. S.
Barbosa, and S. Simionatto, “In vitro and in vivo antibacterial activity assays of carvacrol: A


https://doi.org/10.3390%2Fplants8010016
https://doi.org/10.22092/ari.2019.122855.1232
https://doi.org/10.3390/antibiotics11040489
https://doi.org/10.3390/coatings13091579
https://doi.org/10.2174/1389557521999201230200209
https://doi.org/10.1016/j.jep.2013.03.077
https://doi.org/10.1002/ptr.6904
https://doi.org/10.3390/plants11111432
https://doi.org/10.22207/JPAM.17.2.09
https://doi.org/10.32394/rpzh.2023.0275
https://doi.org/10.3389/fmicb.2019.02325
https://doi.org/10.3390/molecules27031136
https://doi.org/10.1016/j.anaerobe.2020.102194
https://doi.org/10.1016/j.archoralbio.2020.104734

Ali Iraqi Journal of Science, 2025, Vol. xx, No. x, pp: xx

candidate for development of innovative treatments against KPC-producing Klebsiella
pneumoniae,” PloS one, 16 (2): €0246003, 2021. https://doi.org/10.1371/journal.pone.0246003.

[52] K. Kachur, and Z. Suntres, “The antibacterial properties of phenolic isomers, carvacrol and
thymol,” Critical reviews in food science and nutrition, 60(18):3042- 3053, 2020.
https://doi.org/10.1080/10408398.2019.1675585.

[53] S. K. El Euch, D. B. Hassine, S. Cazaux, N. Bouzouita, and J. Bouajila, “Salvia officinalis Essential
Oil: Chemical Analysis and Evaluation of Anti-Enzymatic and Antioxidant Bioactivities,” South
African Journal of Botany, 120:253-260, 2019. https://doi.org/10.1016/j.sajb.2018.07.010.


https://doi.org/10.1371/journal.pone.0246003
https://doi.org/10.1080/10408398.2019.1675585
https://doi.org/10.1016/j.sajb.2018.07.010

