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RESULTS & CONCLUSION

INTRODUCTION

MATERIAL & METHOD

Studies on multidrug-resistant microorganisms, especially Escherichia coli (E. coli) strains,

continue worldwide. In addition to the discovery of new antibiotics, there is also significant

research on resistance mechanisms. One such mechanism is the efflux pump, which rapidly

expels substances (antibiotics) from the bacterial cell or reduces their concentration. Therefore,

the effectiveness of antibiotics can be restored by preventing this mechanism, and studies on

potential inhibitors in this direction are ongoing.

In this study, the potential inhibitory effect of acetone extract obtained from Phellinus hartigii (P.

hartigii) against drug-resistant E. coli strains was investigated. This was done by using the

extract in combination with the antibiotics aztreonam (ATM 30 µg), cefixime (CFM 5 µg),

amoxicillin–clavulanate (AMC 30 µg), piperacillin–tazobactam (TZP 36 µg), and ceftriaxone

(CRO 30 µg) (Oxoid, UK).

For the first stage of inhibition, the Ethidium Bromide (EtBr) test was used with P. hartigii

acetone extract. After observing inhibition according to the test results, antibiotic disks were

applied together with the extract, antibiotic, and resistant strains. As a result of this study, it was

observed that activities against E. coli#3 strain ATM (MIC 4), E. coli#10 strain ATM (MIC 8), E.

coli#7 strain TZP (MIC >16/4), and E. coli#8 strain TZP (MIC >16/4) were restored. Based on

these findings, P. hartigii acetone extract may have a potential efflux pump inhibitory effect, but

further studies are required to explain this effect more broadly.
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• Efflux pumps are present in both eukaryotic organisms—such as molds, fungi, yeasts, and

humans and prokaryotic organisms like bacteria (1).

• Some natural efflux pump inhibitors used in in vitro studies include reserpine (2, 3), piperine

(4,3), berberine (5, 6), and geraniol (7,5).

P. hartigii: Macrofungus / Extraction: Provided by acetone extraction / EtBr Test: First stage of

inhibition / Antibiotic Discs: ATM 30 µg, CFM 5 µg, AMC 30 µg, TZP 36 µg, CRO 30 µg

(Oxoid, UK).

 The ethidium bromide cartwheel method was employed to evaluate the inhibition of efflux

pumps by the extracts. Initially, TSB agar plates containing different EtBr concentrations (0.0–

2.5 mg/L) were used to determine the maximum EtBr level that E. coli could expel. Next,

extracts at MIC/2 were applied to these plates to test for inhibition. After incubating for 24 hours

at 37°C, the plates were exposed to UV light to check for EtBr retention, which indicated the

inhibition of the efflux pumps (Martins et al. (2010).

 Last step, extracts that showed efflux pump inhibition were mixed with antibiotics the strains

were resistant to. Each well of a 24-well plate received 1 mL of Mueller Hinton Broth, the

resistant antibiotic, 100 μL of extract (at MIC/2 concentration), and the microorganism

inoculum, followed by incubation at 37°C for 24 hours.
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Microorganism Antibiotic

E. coli#3 ATM

E. coli#10 ATM

E. coli#8 TZP

E. coli#7 TZP

After observing inhibition according to the test results, antibiotic disks were

applied together with the extract, antibiotic, and resistant strains. As a result of

this study, it was observed that activities against E. coli#3 strain ATM (MIC 4),

E. coli#10 strain ATM (MIC 8), E. coli#7 strain TZP (MIC >16/4), and E. coli#8

strain TZP (MIC >16/4) were restored. Based on these findings, P. hartigii

acetone extract may have a potential efflux pump inhibitory effect, but further

studies are required to explain this effect more broadly.

CONFLICTS OF INTEREST

The authors declare no conflicts of interest.

ACKNOWLEDGEMENT

This study was supported by the Kastamonu University Scientific Research Project(KUBAP-01-2021-47)

REFERENCES

1. Gülay, Z. (2001). Antibiyotiklere direnç mekanizmaları ve çözüm önerileri: Beta-laktamlara ve karbapenemlere direnç. Hastane İnfeksiyonları Dergisi, 5, 210–229.

2. Seeger, M. A., Diederichs, K., Eicher, T., Brandstatter, L., Schiefner, A., Verrey, F., & Pos, K. M. (2008). The AcrB efflux pump: conformational cycling and peristalsis lead to multidrug resistance. Current drug targets, 9(9), 729–749.

3. Singh, G., & Srivastava, A. . (2017). Efflux Pump Inhibitors: Enhance Therapy And Cauterıze Tuberculosis. Internatıonal Journal Of Pharmaceutıcal Scıences And Research, 8(7), 2762–2767. https://doi.org/10.13040/IJPSR.0975-8232.8(7).2762-67.

4. Amaral, Leonard, Fanning, S., & Pagès, J.-M. (2011). Efflux Pumps of Gram-Negative Bacteria: Genetic Responses to Stress and the Modulation of their Activity by pH, Inhibitors, and Phenothiazines. Içinde E. J. Toone (Ed.), Advances in

enzymology and related areas of molecular biology (ss. 61–108). https://doi.org/10.1002/9780470920541.ch2.

5. Sharma, A., Gupta, V., & Pathania, R. (2019). Efflux pump inhibitors for bacterial pathogens: From bench to bedside. Indian Journal of Medical Research, 149(2), 129. https://doi.org/10.4103/ijmr.IJMR_2079_17.

6. Stermitz, F. R., Lorenz, P., Tawara, J. N., Zenewicz, L. A., & Lewis, K. (2000). Synergy in a medicinal plant: Antimicrobial action of berberine potentiated by 5′-methoxyhydnocarpin, a multidrug pump inhibitor. Proceedings of the National Academy

of Sciences of the United States of America, 97(4), 1433–1437. https://doi.org/10.1073/pnas.030540597.

7. Lorenzi, V., Muselli, A., Bernardini, A. F., Berti, L., Pagès, J. M., Amaral, L., & Bolla, J. M. (2009). Geraniol restores antibiotic activities against multidrug-resistant isolates from gram-negative species. Antimicrobial Agents and Chemotherapy,

53(5), 2209–2211. https://doi.org/10.1128/AAC.00919-08.

8. Martins, M., Couto, I., Viveiros, M., & Amaral, L. (2010). Identification of effluxmediated multi-drug resistance in bacterial clinical isolates by two simple methods. Içinde In Antibiotic resistance protocols (ss. 143–157). Humana Press.

9. Singh, G., & Srivastava, A. . (2017). Efflux Pump Inhibitors: Enhance Therapy And Cauterıze Tuberculosis. Internatıonal Journal Of Pharmaceutıcal Scıences And Research, 8(7), 2762–2767. https://doi.org/10.13040/IJPSR.0975-8232.8(7).2762-67


