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Abstract: Efflux pumps are proteins present in the plasma membrane of bacteria, which transport
antibiotics and other compounds into the extracellular medium, conferring resistance. The
discovery of natural efflux pump inhibitors is a promising alternative. a-Bisabolol is a sesquiterpene
isolated from several plants such as Matricaria chamomilla L. and has important properties such as
antibacterial and anti-inflammatory activity. Currently, the formation of inclusion complexes with
B-Cyclodextrin has been used for improving the physicochemical characteristics of the host
molecule. This study evaluated the effect of a-Bisabolol, in isolation and in complexation with (3-
Cyclodextrin, as TetK and NorA efflux pump inhibitors in Staphylococcus aureus strains. The
minimum inhibitory concentration (MIC) was determined. Subsequently, inhibitory activity over
the pumps was observed by an MIC reduction for the antibiotics, by using subinhibitory
concentrations (MIC/8) in combination with tetracycline and norfloxacin. The MIC of the
compounds was 21024 pg/mL. a-Bisabolol potentiated the action of tetracycline and reduced the
MIC of norfloxacin to a clinically relevant concentration. The complexed substance showed
synergism however, the effect of the isolated a-Bisabolol was superior to the complex. These results
indicate a-Bisabolol is a potential substance to be used as an efflux pump inhibitor.
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1. Introduction

Bacterial resistance to chemotherapy represents a serious problem for human health. The
indiscriminate use of antibiotics for the treatment of infections has enabled the emergence of
mechanisms of resistance between various microbial strains, allowing the survival and spread of
pathogenic bacteria. This problem has been aggravated, especially in hospital environments, and is
directly related to high mortality numbers and medical expenses, reinforcing the inefficiency and
limitations of the use of certain drugs [1,2].

The mechanisms enabling bacterial cells to resist the action of chemotherapeutic agents include:
(a) alteration of the drug target sites, (b) enzymatic destruction of the antibiotic, (c) reduction in cell
membrane permeability and (d) efflux pumps [3]. Efflux pumps have an important role in the
emergence of multiple drug resistant (MDR) bacterial strains. Pseudomonas aeruginosa, Escherichia coli,
and Staphylococcus aureus are bacteria of medical interest that use this survival strategy [4,5].

Efflux pumps are proteins integrated into the cell membrane and are responsible for pumping
antibiotics and toxic substances into the extracellular medium [6]. Thus, efflux pumps reduce the
concentration of these substances inside the cell, and consequently reduce the microorganism’s
susceptibility to the drug’s effect [7]. Many Gram-positive and Gram-negative bacterial strains
possess efflux pumps, and the genes encoding these proteins are located in chromosomes or plasmids
[8,9].

Certain natural and synthetic substances have been previously described as efflux pump
inhibitors (EPI’s), which are a therapeutic alternative against this resistance mechanism through their
combination with antibiotics. Thus, a synergistic effect may reverse this resistance and restore drug
efficacy against MDR bacteria. However, many of these characterized molecules present a high
toxicity and low biological stability [10].

The search for new substances with pharmacological value from medicinal plant-derived
secondary metabolites is a promising field [11,12]. Plants have a great chemical diversity with the
potential of possessing antimicrobial agents, with their activity being previously proven and
described as an important candidate for the development of new natural efflux pump inhibitors
[13,14].

a-Bisabolol is a monocyclic sesquiterpene present in the essential oils of Vanillosmopsis
erythropappa Sch. Bip. (Candeia), Vanillosmopsis arborea Barker (candeeiro) and Matricaria chamomilla
L. Rausch (camomilla), belonging to the Asteraceae family, which may also be isolated from other
aromatic plant varieties [15,16]. Following extraction, a-Bisabolol varies from colorless to light
yellow, having a slightly viscous appearance and strong floral aroma. Because of this feature it is
widely used for flavoring liquids and foods and is also present in preparations of makeup, eye
creams, moisturizers, antiperspirants, cleansers, and sunscreens [17,18]. It also presents important
biological and pharmacological properties, such as anti-inflammatory, antiparasitic, anti-tumor, anti-
irritant, antiallergic, antifungal, and antibacterial activity [19,20-22].

One of the major limitations of using natural products is a reduced water solubility and
bioavailability of the molecules of interest. An innovative strategy to overcome such challenges is
their complexation with cyclodextrins; in other words, the formation of inclusion complexes to
increase the water solubility of the plant compound [23]. This molecular property has enabled the
use of cyclodextrins in different applications in science and technology, mainly in the pharmaceutical
industry, by virtue of obtaining new drugs with different physical and chemical properties with the
same active compounds [24].

[-CD is the most commonly used natural cyclodextrin in drug inclusion complex formation [25].
It has great complexation versatility with different hydrophobic drugs, the cavity size is ideal for
drugs between 200 and 800 g/moL, it is easy to obtain at low financial cost, and its efficacy is approved
for use [26].

In view of the above, the present study aims to evaluate the effect of the a-Bisabolol and {3-
Cyclodextrin natural compounds, both in isolation and through inclusion complexes, as inhibitors
against Staphylococcus aureus strains carrying genes encoding an active efflux mechanism.
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2. Results and Discussion

2.1. Antibacterial Activity

According to Table 1, a-Bisabolol and [-Cyclodextrin, both isolated and complexed, did not
present direct antibacterial activity over S. aureus strains carrying efflux pumps. They had an MIC 2
1024 pg/mL, this concentration being considered clinically irrelevant [27]. Only the positive control
(chlorpromazine) inhibited both strains at the 128 pg/mL concentration.

Table 1. Determination of the minimum inhibitory concentration (ug/mL) of «-Bisabolol, o-
Bisabolol/B-CD, B-Cyclodextrin, and Chlorpromazine.

Strain SAIS-58 SA 1199B
a-Bisabolol >1024 >1024
a-Bisabolol/B-CD >1024 >1024
B-Cyclodextrin >1024 >1024
Chlorpromazine 128 128
Legend: SA: Staphylococcus aureus, a-Bisabolol/B-CD: a-Bisabolol and p-Cyclodextrin inclusion complex.

In the study by Oliveira et al. [28] the antimicrobial potential of the isolated a-Bisabolol and its
complex with 3-Cyclodextrin was evaluated against the S. aureus 10 multi-resistant strain. Both
compounds did not present an efficacy (MIC = 1024 pg/mL), corroborating with the present results
showing these natural substances do not have a direct action against S. aureus strains expressing some
types of resistance. However, this is the first study evaluating a-Bisabolol and its complex against
efflux pump carrying strains.

In studies done by Andrade et al. and Oliveira et al. [28,29] similar results were found for the
pure 3-CD against S. aureus, P. aeruginosa, and E. coli bacteria, reinforcing the absence of an effect for
this oligosaccharide against these strains.

2.2. Inhibitory Effect over Pumps by MIC Reduction

Although a-Bisabolol had no direct antimicrobial effect when tested at subinhibitory
concentrations (MIC/8) when in combination with tetracycline and norfloxacin antibiotics, this
sesquiterpene demonstrated a synergistic effect, that is, it potentiated the action of the drugs against
the strains. When combined with tetracycline, all tested compounds presented synergism reducing
the effective tetracycline concentration from 192 ug/mL to 128 pg/mL against the SA IS-58 TetK pump
expressing strain (Figure 1).
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Figure 1. Effect of the compounds associated with tetracycline against Staphylococcus aureus IS-58. SA:
Staphylococcus aureus, a-Bisa: Isolated a-Bisabolol, a-Bisa: 3-CD: a-Bisabolol and p-Cyclodextrin
inclusion complex, 3-CD: -Cyclodextrin. **** statistically significant value with p <0.0001.

Brehm-Stecher and Johnson [30] noted in their study that some sesquiterpenes such as nerolidol,
farnesol, bisabolol, and apritone increased the susceptibility of S. aureus to several antibiotics,
including tetracycline. The study was done with an experimental assay using the disc-diffusion
method, where this effect may be due to a cell membrane disruptive action by the compounds which
allowed an accumulation of drugs in the cytoplasm. This activity is most commonly evidenced in
Gram-positive bacteria, perhaps because they have fewer membranes than Gram-negative bacteria.
The increased permeability of sesquiterpenes may be due to its structural similarity to the lipid
membrane, thus enhancing the spectrum of action of antibiotics [30].

For the SA 1199 B strain, a-Bisabolol in combination with norfloxacin reduced the antibiotic’s
MIC from 256 pg/mL to 32 pg/mL, showing significant synergistic activity (Figure 2). a-Bisabolol
presented a better modulatory effect than chlorpromazine —an EPI from the phenothiazines class that
has been widely used to sensitize bacteria resistant to various antibiotics and to promote the
accumulation of ethidium bromide [31,32] —thus demonstrating potential as a possible NorA pump
inhibitor that expels hydrophilic fluroquinolones. The mechanisms of inhibition in MDR bacteria are
not yet fully understood. However, it is assumed the inhibitor binds to the pump and blocks its
function in a competitive or noncompetitive manner to the substrate or that it causes disruption in
the energy source required for extrusion [33].
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Figure 2. Effect of the compounds associated with norfloxacin against Staphylococcus aureus 1199B.
SA: Staphylococcus aureus, a-Bisa: isolated a-Bisabolol, a-Bisa: 3-CD: a-Bisabolol and -Cyclodextrin
inclusion complex, 3-CD: 3-Cyclodextrin. **** statistically significant value with p <0.0001.

A synergistic interaction between a-Bisabolol and norfloxacin was also reported for the SA 10
strain in the study by Oliveira et al. [28]. Other terpenes and essential oils are described as
potentiators in S. aureus efflux pump carrying strains. The essential oil from Chenopodium ambrosioides
L. leaves, a mixture rich in terpenes, was tested against SA IS-58 strains. When associated with
tetracholine it interacted synergistically, thus being attributable to its phytochemical constituents
[34]. Some sesquiterpene derivatives isolated from the Ferula ferulioides K. plant presented a
potentiating effect for norfloxacin against the SA-1199B NorA pump expressing strain [35].

Due to the lipophilic character of terpenes, a greater ease of proton and ion penetration exists in
the cell membrane, which may cause modifications in the function and structure of proteins,
including efflux proteins from many infectious microorganisms [36,37]. Although the a-Bisa: 3-CD
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inclusion complex reduced the MIC of Norfloxacin, the effect of the isolated a-Bisabolol has been
shown to be greater than that of the complex and is capable of inhibiting the NorA pump at a much
lower concentration. This is because the inclusion complex can modify the physicochemical
characteristics of the host substance and promote structural reorganization of the molecule,
interfering in the interaction of the compound and consequently its bioactivity [38]. Conversely, the
complex at the 1:1 molar ratio may not have been enough to improve the physical characteristics of
the molecule. Waleczek et al. [39] analyzed the stability of the a-Bisabolol/p-CD complex and found
that a-Bisabolol was not completely included in f-CD, suggesting that an increase in 3-CD quantity
(2:1) may improve complexation.

3. Materials and Methods

3.1. Bioactive Compounds and Complexation

The a-Bisabolol and 3-Cyclodextrin compounds were obtained from Sigma-Aldrich®, San Luis,
MO, U.S.A. The formation of the a-Bisabolol/B-CD inclusion complex was performed and donated
by the Pharmacy Laboratory of the Federal University of Sergipe (UFS). First the substances were
mixed and 2 mL of distilled water was added. The substances were homogenized with a mortar and
pistil . Afterwards complexation occurred at a 1:1 molar ratio (222.36 g-moL-": 1135 g-moL-") in 20 mL
of water under constant stirring over a 36 h period. The samples were desiccated and removed by
manual grinding. The results from the complex characterization are described in the study by
Oliveira et al. [28]. For the microbiological assays, 10 mg of each compound were weighed and
diluted in 1 mL dimethyl sulfoxide (DMSO), then a second dilution in sterile distilled water was
performed until the initial concentration of 1024 pg/mL was reached.

3.2. Culture Media

The following culture media were used for microbiological tests: Heart Infusion Agar (HIA,
laboratories Difco Ltda., Detroit, MI, USA) prepared according to the manufacturer and Brain Heart
Infusion (BHI Acumedia Manufacturers, Inc.) prepared to a concentration of 10%.

3.3. Bacterial Strains

The S. aureus bacterial strains used were: IS-58, endowed with plasmid pT181 carrying the TetK
efflux pump protein that extrudes tetracycline; and the 1199B strain that presents resistance to
norfloxacin by NorA pump expression. The strains were donated to the Laboratory of Microbiology
and Molecular Biology (LMBM) by Prof. S. Gibbons (University of London), where they were
cultured and kept in stock at 4 °C in solid Heart Infusion Agar (HIA, Difco) medium. The IS-58
plasmid carrier strain was seeded in culture medium with the antibiotic tetracycline at a sub-
inhibitory concentration in order to guarantee gene expression and to avoid losing this characteristic.

3.4. Drugs, Pump Inhibitors, and Reagents

The antibiotics tetracycline and norfloxacin, as well as the efflux pump inhibitor
chlorpromazine, were diluted in distilled sterile water to a concentration of 1024 pg/mL. The
resazurin sodium colorimetric bacterial growth indicator (through oxide reduction) was used for the
test readings.

3.5. Determination of the Minimum Inhibitory Concentration (MIC)

The minimum inhibitory concentration test was performed by the broth microdilution method
[40]. The stock strains were seeded in HIA solid medium and kept in an incubator at 37 °C for a period
of 24 h. Thereafter, with the aid of a nickel-chromium loop, colonies of replicate cells were collected
and inoculated into test tubes containing 3 mL of sterile saline solution (0.9%). The inocula were
compared to the Mcfarland scale 105 CFU. After standardization, Eppendorfs® containing 1350 uL of
the BHI liquid culture medium and 150 pL of the bacterial inoculum were prepared. Subsequently,
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microdilution plates were filled with 100 uL of the total content solution from the Eppendorfs®.
Microdilution was then performed, where 100 uL of each compound was added into the first well
and serial dilutions (1:1) were carried out up to the penultimate cavity, with the last one being used
as the growth control. The concentration of the compounds ranged from 512 to 0.5 pg/mL. At the end
of the experiment the plates were incubated in a bacteriological oven at 37 °C for 24 h. 20 uL of sodium
resazurin was added to the wells for reading and after one hour any color changes in the wells were
noted, where a change from blue to pink indicated colony growth. The MIC was defined as the lowest
concentration where bacterial growth was not observed according to the CLSI (Clinical and
Laboratory Standards Institute) [41].

3.6. Evaluation of Efflux Pump Inhibition by a Modulating Effect

MIC reduction is a method used to identify possible efflux pump inhibitors [42]. To check the
modulatory effect of the antibiotic plus natural compound combination on efflux pump inhibition,
the method performed by Coutinho et al. [43] was used, where the compounds were evaluated at
sub-inhibitory concentrations (MIC/8). For this purpose, Eppendorfs® were filled with 150 pL of the
bacterial inoculum, with all compounds at sub-inhibitory concentrations (MIC/8), and were
supplemented with BHI liquid culture medium until it reached 1.5 mL in volume. A modulation
control was also prepared with the same inoculum quantity and 1350 uL of BHI. Next, the plates
were filled and micro diluted with 100 uL of the antibiotics up to the penultimate cavity (1:1). The
plates were incubated and readings with resazurin were taken. Antibiotic MIC reduction when in
modulation with chlorpromazine is an indication of the presence and inhibition of efflux pumps.

3.7. Statistical Analysis

The tests were performed in triplicate and the results expressed as mean + standard deviation,
using GraphPad Prism software version 6.0. The results were subjected to a one-way (ANOVA)
followed by Bonferroni’s post hoc test, where the results were considered significant when p < 0.05.

4. Conclusions

The compounds tested did not present a direct antibacterial activity against the efflux pump
carrying strains, presenting MIC values at clinically irrelevant concentrations. However, the isolated
a-Bisabolol potentiated the action of the antibiotics against the tested strains, with the a-Bisabolol/[-
CD inclusion complex also presenting synergism in a more moderate manner. This provided
evidence for the complex changes important properties and the mode of action of the compound. The
a-Bisabolol mechanisms of interaction with the efflux pumps are not yet sufficiently known. Further
studies are needed to prove the potential of the compound as a possible inhibitor and to unmask if
the observed effect is due to membrane rupture or substrate ligation and blockage of the H+ energy
source. Investigating the formulation of these substances is thus necessary for future applications in
the improvement of antibiotics in the fight against bacterial resistance. In any case, the use of mutant
strains of SA 1199B with no efflux pump expression will certainly corroborate these preliminary
findings, as well as RT-PCR analysis to investigate the gene expression levels of NorA and TetK genes
after treatment.

Author Contributions: Conceptualization, R.P.d.C., H.D.M.C., and M.F.B.M.-B.; methodology, R.P.d.C., T.S.d.F,
M.dS.C., ATL.dS, FF.C ILRADM, L]J.Q.-J, A ADS.A, J.P.D.S], and R.L.S.P,; formal analysis, ].W.A.B;
investigation, R.P.d.C.; data curation, T.S.d.F., M.I., and E.M.V ; supervision, M.I. and E.M.V.; writing —original
draft preparation, R.P.d.C.; writing—review and editing, R.P.d.C,, HD.M.C,, M.E.B.M.-B., M.I,, EM.V. and
J.W.A.B. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflicts of interest.



Antibiotics 2020, 9, 28 7 of 8

References

1. Barbosa, T.M.; Levy, S.B. The impact of antibiotic use on resistance development and persistence. Drug
Resist. Updates 2000, 3, 303-311.

2. Tanwar, J.; Das, S.; Fatima, Z.; Hameed, S. Multidrug resistance: An emerging crisis. Inferdiscip. Perspect.
Infect. Dis. 2014, 2014, 1-7.

3. Kumar, S.; Mukherjee, M.M.; Varela, M.F. Modulation of bacterial multidrug resistance efflux pumps of
the major facilitator superfamily. Int. |. Bacteriol. 2013, 2013, 1-15.

4. Marshall, N.J.; Piddock, L.J. Antibacterial efflux systems. Microbiologia. (Madr. Spain) 1997, 13, 285-300.

5. Sun,];Deng, Z; Yan, A. Bacterial multidrug efflux pumps: Mechanisms, physiology and pharmacological
exploitations. Biochem. Biophys. Res. 2014, 453, 254-267.

6.  Blair, JM.A; Piddock, L.J.V. How to measure export via bacterial multidrug resistance efflux pumps. Mbio
2016, 7, 00840-16.

7.  Gibbons, S.; Oluwatuyi, M.; Kaatz, G.W. A novel inhibitor of multidrug efflux pumps in Staphylococcus
Aureus |. Antimicrob. Chemother. 2013, 51, 13-17.

8.  Piddock, L.J.V. Multidrug-resistance efflux pumps? not just for resistance. Nat. Rev. Microbiol. 2006, 4, 629—
636.

9.  Poole, K. Efflux pumps as antimicrobial resistance mechanisms. Ann. Med. 2007, 39, 162-176.

10. Pages, ].M.; Amaral, L. Mechanisms of drug efflux and strategies to combat them: Challenging the efflux
pump of Gram-negative bacteria. Biochim. Biophys. Acta (BBA) Proteins Proteom. 2009, 1794, 826-833.

11. Bezerra, JW.A,; Costa, A.R.; da Silva, M.A.P.; Rocha, M.L; Boligon, A.A.; da Rocha, J.B.T.; Barros, L.M,;
Kamdem, J.P. Chemical composition and toxicological evaluation of Hyptis suaveolens (L.) Poiteau
(LAMIACEAE) in Drosophila melanogaster and Artemia salina. S. Afr. J. Bot. 2017, 113, 437-442.

12. Filho, C.V,; Yunes, R.A. Estratégias para a obtengao de compostos farmacologicamente ativos a partir de
plantas medicinais. Conceitos sobre modificacdo estrutural para otimizagao da atividade. Quim. Nova 1998,
21, 99-105.

13. Stavri, M.; Piddock, L.J.V.; Gibbons, S. Bacterial efflux pump inhibitors from natural sources. |. Antimicrob.
Chemother. 2006, 59, 1247-1260.

14. Tegos, G.P.; Mark, H.; Strouse, J.; Mohiuddin, M.T.K,; Bologa, G.C.; Larry, A.S. Microbial efflux pump
inhibition: Tactics and strategies. Curr. Pharm. Des. 2011, 17, 1291-1302.

15. Rocha, N.F.M,; Oliveira, G.V.; Aratijo, F.Y.R,; Rios, E.R.V.; Carvalho, A.M.R.; Vasconcelos, L.F.; Macédo,
D.S.; Soares, P.M.G.; Sousa, D.P.S.; Sousa, F.C.F. (-)-a-Bisabolol-induced gastroprotection is associated with
reduction in lipid peroxidation, superoxide dismutase activity and neutrophil migration. Eur. . Pharm. Sci.
2011, 44, 455-461.

16. Rodrigues, F.F.G.; Colares, A.V.; Nonato, C.D.F.A.; Galvao-Rodrigues, F.F.; Mota, M.L.; Morais-Braga,
M.F.B,; Costa, ].G.M.. In vitro antimicrobial activity of the essential oil from Vanillosmopsis arborea Barker
(Asteraceae) and its major constituent, a-bisabolol. Microb. Pathog. 2018, 125, 144-149.

17. Russell, K.; Jacob, S.E. Bisabolol. Dermat. 2010, 21, 57-58, 2010.

18. Bhatia, S.P.; McGinty, D.; Letizia, C.S.; Api, A.M. Fragrance material review on alpha-bisabolol. Food Chem.
Toxicol. 2008, 46, 72-76.

19. CAVALIERI, E.; Mariotto, S.; Fabrizi, C.; Prati, A.C.; Gottardo, R.; Leone, S.; Berra, L.V.; Lauro, G.M.;
Ciampa, A.R.; Suzuki, H. a-Bisabolol, a nontoxic natural compound, strongly induces apoptosis in glioma
cells. Biochem. Biophs. Res. Commun. 2004, 315, 589-594.

20. Corpas-Lopez, V.; Merino-Espinosa, G.; Acedo-Sanchez, C.; Diaz-Saez, V.; Navarro-Moll, M.C.; Morillas-
Marquez, F.; Martin-Sanchez, J. Effectiveness of the sesquiterpene (-)-a-bisabolol in dogs with naturally
acquired canine leishmaniosis: An exploratory clinical trial. Vet. Res. Commun. 2018, 42, 121-130.

21. Van Zyl, R.L;; Seatlholo, S.T.; Van Vuuren, S.F.; Viljoen, A.M. (2006). The Biological Activities of 20 Nature
Identical Essential Oil Constituents. . Essent. Oil Res. 2006, 18, 219-133.

22. Kamatou, G.P.P.; Viljoen, A.M. A review of the application and pharmacological properties of a-bisabolol
and a-bisabolol-rich oils. . Am. Oil Chem. Soc. 2010, 87, 1-7.

23. Yatsu, FK. J. F,; Koester, L.S.; Lula, L; Passos, ].J.; Sinisterra, R.; Bassani, V.L. Multiple complexation of
cyclodextrin with soy isoflavones present in an enriched fraction. Carbohydr. Polym. 2013, 98,726-735.

24. Brito, M.A.F.O,; Junior, C.S.N.; Santos, H.F. Andlise estrutural de ciclodextrinas: Um estudo comparativo
entre métodos tedricos classicos e quanticos. Quim. Nova 2004, 6, 882-888.

25. Saltao, R.; Veiga, F. Ciclodextrinas em novos sistemas terapéuticos. Brazil. ]. Pharm. Sci. 2001, 37, 2-16.

26. Oliveira, R.; Santos, D.; Coelho, P. Ciclodextrinas: Formacao de complexos e sua aplicacdo farmacéutica. R.
Fac. De Ciénc. Da Saiide 2009, 6, 70-83.

27. Houghton, P.J., Howes, M.J.; Lee, C.C.; Steventon, G. Uses and abuses of in vitro tests in

ethnopharmacology: Visualizing an elephant. J. Ethnopharmacol. 2007, 110, 391-400.



Antibiotics 2020, 9, 28 8 of 8

28.

29.

30.

31.

32.

33.
34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Oliveira, E.S.; Freitas, T.S.; Cruz, R.P.; Costa, M.S.; Pereira, R.L.S.; Quintans-Junior, L.J.; Andrade, T.A.;
Menezes, P.P.; Sousa, BM.H.; Nunes, P.S; et al. Evaluation of the antibacterial and modulatory potential
of a-bisabolol, 3-cyclodextrin and a-bisabolol/B-cyclodextrin complex. Biomed. Pharmacother. 2017, 92,
1111-1118.

Andrade, T.A; Freitas, T.S.; Aratjo, F.O.A.; Menezes, P.P.; Doria, A.A.; Rabelo, A.S.; Quintans-Junior, L.J.;
Santos, M.R.V.; Bezerra, D.P.; Serafini, M.R; et al. Physico-chemical characterization and antibacterial
activity of inclusion complexes of Hyptis martiusii Benth essential oil in B-cyclodextrin. Biomed.
Pharmacother. 2017, 89, 201-207.

Brehm-Stecher, B.F.; Johnson, E.A. Sensitization of Staphylococcus aureus and Escherichia coli to antibiotics
by the sesquiterpenoids nerolidol, farnesol, bisabolol, and apritone. Antimicrob. Agents Chemother. 2003, 47,
3357-3360.

Bailey, A.M.; Paulsen, L.T.; Piddock, L.J.V. RamA confers multidrug resistance in Salmonella enterica via
increased expression of acrB, which is inhibited by chlorpromazine. Antimicrob. Agents Chemother. 2008, 52,
3604-3611.

Rodrigues, L.; Wagner, D.; Viveiros, M.; Sampaio, D.; Couto, I.; Vavra, M.; Kern, W.V.; Amaral, L.
Thioridazine and chlorpromazine inhibition of ethidium bromide efflux in Mycobacterium avium and
Mycobacterium smegmatis. ]. Antimicrob. Chemother. 2008, 61,1076-1082.

Marquez, B. Bacterial efflux systems and efflux pumps inhibitors. Biochimie 2005, 87, 1137-1147.
Limaverde, P.W.; Campina, F.F.; Cunha, F.A.B.; Crispim, F.D.; Figueredo, F.G.; Lima, L.F.; Oliveira-Tintino,
C.D.M.; Matos, Y.M.L.; Morais-Braga, M.F.B.; Menezes, L.R.A ; et al. Inhibition of the TetK efflux-pump by
the essential oil of Chenopodium ambrosioides L. and a-terpinene against Staphylococcus aureus 1S-58. Food
Chem. Toxicol. 2017, 109, 957-961.

Liu, T.; Wang, S.; Xu, L.; Fu, W.; Gibbons, S. Sesquiterpenoids with Anti-MDR Staphylococcus aureus
Activities from Ferula ferulioides. Chem. Biodivers. 2015, 12, 599-614.

Cristani, M.; D" Arrigo, M.; Mandalari, G.; Castelli, F.; Sarpietro, M.G.; Micieli, D.; Venuti, V.; Bisignano, G.;
Saija, A.; Trombetta, D. Interaction of four monoterpenes contained in essential oils with model
membranes: Implications for their antibacterial activity. J. Agric. Food Chem. 2007, 55, 6300-6308.

Simdes, M.; Silvia, R.; Manuel, C.A.; Vierira, M.]. Enhancement of Escherichia coli and Staphylococcus
aureus antibiotic susceptibility using sesquiterpenoids. Med. Chem. 2008, 4, 616-623.

Oliveira, H.F.D. Nanoagregados Baseados Em Ciclodextrinas Em Associagdo Com a Tetraciclina:
Caracterizagdo Fisico-Quimica E Avaliacdo Antimicrobiana. Dissertacdo Mestrado em Odontologia,
Universidade Federal de Minas Gerais, Belo horizonte-MG, Brasil, 2007; p. 82.

Waleczek, K.J.; Marques, CH.M.; Hempel, B.; Schimidt, P.C.S. Phase solubility studies of pure (-)-a-
bisabolol and camomile essential oil with B-cyclodextrin. Eur. |. Pharm. Biopharm. 2003, 55, 247-251.
Javadpour, M.M.; Juban, M.M.; Lo, W.CJ.; Bishop, S.M.; Alberty, ].B.; Cowell, S.M.; Becker, C.L.;
McLaughlin, M.L. De novo antimicrobial peptides with low mammalian cell toxicity. J. Med. Chem. 1996,
39, 107-3113.

Clinical and Laboratory Standards Institute. (CLSI). Performance Standards for Antimicrobial Susceptibility
Testing; Twenty-Third Informational Supplement; CLSI Document M100-523; Clinical and Laboratory
Standards Institute: Wayne, PA, USA, 2013.

Viveiros, M.; Martins, M.; Couto, I.; Rodrigues, L.; Spengler, G.; Martins, A.; Kristiansen, J.E.; Molnar, J.;
Amaral, L. New methods for the identification of efflux mediated MDR bacteria, genetic assessment of
regulators and efflux pump constituents, characterization of efflux systems and screening for inhibitors of
efflux pumps. Curr. Drug Targets 2008, 9, 760-778.

Coutinho, H.D.M.; Costa, ].G.M.; Lima, E.O.; Falcao-Silva, V.S.; Siqueira-Jtnior, J.P. Enhancement of the
antibiotic activity against a multiresistant Escherichia coli by Mentha arvensis L. and Chlorpromazine.
Chemotherapy 2008, 54, 328-330.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access

@ ® article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



	1. Introduction
	2. Results and Discussion
	2.1. Antibacterial Activity
	2.2. Inhibitory Effect over Pumps by MIC Reduction

	3. Materials and Methods
	3.1. Bioactive Compounds and Complexation
	3.2. Culture Media
	3.3. Bacterial Strains
	3.4. Drugs, Pump Inhibitors, and Reagents
	3.5. Determination of the Minimum Inhibitory Concentration (MIC)
	3.6. Evaluation of Efflux Pump Inhibition by a Modulating Effect
	3.7. Statistical Analysis

	4. Conclusions
	References

