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Abstract

Background: In folk medicine, Satureja khuzestanica infusion is prescribed to use before the meals to treat muscle pains, indiges-
tion, cramps, nausea, diarrhea, and infectious diseases, especially bladder infections and inflammations.
Objectives: This study aimed to evaluate the antibacterial activity of S. khuzestanica essential oil against clinical isolates of E. coli
from urinary tract infections.
MaterialsandMethods: The chemical composition of S. khuzestanicaessential oil was determined by gas chromatography (GC) and
mass spectrometer (GC-MS) analyses. The antibacterial activity of S. khuzestanica essential oil and carvacrol as its main component
was evaluated by disk diffusion and microbroth dilution assays. Then, the synergistic activity of essential oil and carvacrol with
gentamicin were determined by checkerboard microtiter assay.
Results: The chemical analysis of S. khuzestanica essential oil revealed the presence of carvacrol (94.1%) as its main component.
The inhibition zone diameters of S. khuzestanica essential oil and carvacrol dose-dependently increased. The Minimum Inhibitory
Concentration (MIC) values of S. khuzestanica essential oil and carvacrol were 0.14±0.08µL/mL and 0.09±0.04µL/mL, respectively.
S. khuzestanica essential oil and carvacrol showed bactericidal effects against clinical isolates of E. coli and synergistic effect with
gentamicin (fractional inhibitory concentration index < 0.05).
Conclusions: The antibacterial activity of S. khuzestanica essential oil is associated with carvacrol as its main component. The pres-
ence of other minor components in essential oil decreases the antibacterial activity of S. khuzestanica essential oil. Other clinical
studies are essential to demonstrate the antibacterial effects of S. khuzestanica for treatment of urinary tract infection.
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1. Background

In ancient times, before the development of new chem-
ical antimicrobial agents, medicinal plants were used by
indigenous people for treatment of their infectious dis-
eases. Currently, the antimicrobial activities of plants for
treatment of infections have been scientifically approved
(1-5).

Satureja khuzestanica (Lamiaceae family) is extensively
grown in northern Khuzestan and southern Lorestan
provinces of Iran (6). The people from these regions know
S. khuzestanica as an analgesic and antiseptic herb since an-
cient times (7).

The folklor and traditional healers have recommended
taking a cup of Satureja infusion before the meals to treat
many ailments such as muscle pains, indigestion, cramps,
nausea, diarrhea, and infectious diseases, especially blad-
der infections and inflammations (7, 8). Recent studies
have confirmed the anti-inflammatory (9), analgesic (10),
and many traditional uses of this plant.

Escherichia coli has been reported as the cause of 62.5%
of urinary tract infections (11). It can cause a variety of
infections such as urinary tract infections (12, 13), neona-
tal meningitis (14, 15), nosocomial blood stream infections
(16), genital tract infection of pregnant women (17), neona-
tal nosocomial infections (18), catheter associated infec-
tions in patients undergoing hemodialysis (19), blood-
stream infections (20) and ophthalmia neonatorum (21)
in both humans (14-16, 22-26) and animals. Furthermore,
a high frequency of antibiotic resistant E. coli strains has
been reported from different parts of the world (15, 27, 28).

In one study from northern west of Iran, the resistant
E. coli strains were reported to amoxicillin (99.3%), gen-
tamicin (33.6%), tetracycline (72.8%), ceftazidime (46.4%),
co-trimoxazole (75%), imipenem (1.4%), ciprofloxacin
(47.6%), norfloxacin (50.7%), cephalothin (77.8%), amikacin
(12.1%), nitrofurantoin (12.9%), chloramphenicol (20.7%),
and nalidixic acid (60.7%). It has been shown that 84.2% of
these isolates were multi-drug resistant E. coli (27).
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2. Objectives

Because of the importance of E. coli role in urinary tract
infections and high frequency of drug resistant E. coli, we
evaluate the antibacterial activity of Satureja khuzestanica
essential oil against clinical isolates of E. coliextracted from
the patients with urinary tract infections.

3. Materials andMethods

3.1. Plant Materials and Essential Oil Extraction

Full flowering Satureja khuzestanica aerial parts were
collected from Poldokhtar, Lorestan province, Iran in June
2014. The plants were dried in shade. Then, the herbarium
samples were identified and authenticated under num-
ber 168-1 in the agricultural department, research center
of Barij, Kashan, Iran. The plant was powdered and sub-
jected to hydrodistillation by Clevenger-type apparatus for
3 hours. The essential oil was separated and kept in a dark
vial at a cold place until its analysis.

3.2. Analyses of the Essential Oil by GC and GC-MS Analyses

The chemical composition of essential oil was analyzed
using gas chromatography (GC) and mass spectrometer
(GC-MS) apparatuses. The GC and GC-MS analyses were
conducted by Agilent technology (HP) 6890 with capillary
column of HP-1MS (30 m × 0.25 mm, film thickness 0.25
µm) and Agilent technology (HP) 6890 coupled with 5973
network mass selective detector system, respectively. The
oven temperature program was initiated at 40°C, held for 1
minute and then raised up to 230°C at a rate of 3°C/minute,
held for 10 minutes. Helium was used as the carrier gas
at a flow rate of 1.0 mL/minute with a split ratio equal to
1/50 injector. The detector and injector temperatures were
250°C and 230°C, respectively. Components of essential oil
were identified through comparison with retention index
(RI) relative to homologous series of n-alkanes and by com-
puter search using libraries of Wiley 275.L and Wiley 7n.1, as
well as comparing the fragmentation pattern of the mass
spectra with data published in the literature (29).

3.3. Escherichia coli Strains and Antimicrobial Evaluations

In this study, we used 15 clinical isolates of Escherichia
coli, including 14 clinical isolates of E. coli from patients
with urinary tract infections and one ATCC 8739. They
were identified by biochemical test and culturing on Eosin
methylene blue (EMB) agar. E. coli strains were cultured
overnight on nutrient Agar (Merck). One or two colonies of
each strain were suspended in normal saline and its turbid-
ity was adjusted to 0.5 MacFarland by spectrophotometri-
cal method (1 × 108 CFU/mL).

The inhibition zone diameters (in mm) of S. khuzes-
tanica essential oil were determined by disk diffusion as-
say. The above microbial suspensions were inoculated on
Muller Hinton Agar (Merck) by sterile cotton swab. Ster-
ile disks containing different concentrations of essential
oil were placed on inoculated plates. The plates were incu-
bated for 24 - 48 hours, then the inhibition zone diameters
(mm) were measured and recorded as means ± standard
deviation (SD) (30).

The minimal inhibitory concentration (MIC) and min-
imal bactericidal concentration (MBC) values of essential
oil were determined by microbroth dilution assay. The
essential oil was dissolved in DMSO (Dimethyl sulfoxide)
and diluted in water and then 100 µL of each dilution
was added into each well of 96-well microtiter plates. The
above microbial suspensions were diluted to 106 CFU/mL.
Afterwards, 100 µL of diluted microbial suspensions were
added to each well and incubated at 37°C for 24 hours. The
concentration of the first well not showing any turbidity
was recorded as the MIC and the concentration of the first
well without any growth on agar medium was reported as
the MBC (31).

3.4. Checkerboard Titer Test for Gentamicin and S. khuzestanica
Essential Oil Against E. coli

Eight serial, twofold dilutions of S. khuzestanica essen-
tial oil and gentamicin were prepared. Then, 50 µL of each
dilution of essential oil or carvacrol was added to the wells
of 96-well plates in vertical orientation and 10 µL of gen-
tamicin dilutions was added in horizontal orientation.

One hundred µL of E. coli (106 CFU/mL) was added to
each well and incubated at 35 ± 2°C for 24 hours. Frac-
tional inhibitory concentrations (FICs) were calculated as
the MIC of the essential oil and gentamicin combination
divided by the MIC of essential oil or gentamicin alone.
The FIC index was the total FIC of essential oil and gentam-
icin and interpreted as synergistic effect when < 0.5, indif-
ferent when ≥ 0.5 - 2, and antagonistic when > 2.0. The
synergic effect is shown graphically by applying published
isobole methods (32).

3.5. Statistical Analyses

The data were analyzed in GraphPad Prism software
and the differences between the means of inhibition zone
diameters, MIC and MBC values were estimated by 1-way
Analysis of variance (ANOVA). The significant levels be-
tween the means values were 0.05.
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4. Results

4.1. Chemical Composition of S. khuzestanica Essential Oil

Eleven components were identified in S. khuzestanica
essential oil that represented 98% of total essential oil com-
position. Carvacrol (94.1%) was the main component of S.
khuzestanica essential oil followed by β-bisabolene (1.7%)
and p-cymene (0.5%) (Table 1).

Table 1. Major Components of Satureja khuzestanica Oil

Compound RI Percentage

α-Terpinene 929 0.2

p-Cymene 938 0.5

β-Phellandrene 941 0.1

γ-Terpinene 971 0.4

Linalool 1013 0.1

Carvacrol 1257 94.1

Eugenol 1295 0.2

trans-Caryophyllene 1327 0.4

α-Bergamotene 1336 0.1

Neryl-acetone 1350 0.1

β-Bisabolene 1387 1.7

Abbreviation: RI = retention index.

4.2. The Antimicrobial Activity of S. khuzestanica Essential Oil
Against Clinical Isolates of E. coli

In this study, we evaluated the antimicrobial activity of
different concentrations of S. khuzestanica essential oil and
its main component, carvacrol against clinical isolates of E.
coli by disk diffusion method (Figure 1).

In each concentration, the amount of carvacrol was
equal to its concentration in S. khuzestanica essential oil.
The inhibition zone diameters of carvacrol and S. khuzes-
tanica essential oil were intensified with increasing their
concentrations.

The inhibition zone diameters of carvacrol were not
significantly different with the inhibition zone diameters
of S. khuzestanica essential oil.

The inhibition zone diameters of S. khuzestanica essen-
tial oil (768 µg) and of carvacrol (721 µg, 94% of 768 µg es-
sential oil) were equal to the inhibition zone diameters of
gentamicin (10 µg). In higher concentrations of carvacrol
or essential oil, the inhibition zone diameters of essential
oil and carvacrol were significantly larger than that of gen-
tamicin (Figure 1A).

The antimicrobial evaluation of essential oil and car-
vacrol by microbroth dilution assay showed that the mean

of MIC values (µL/mL) for carvacrol and S. khuzestanica
essential oil were 0.09 and 0.14, respectively while the
MIC value for gentamicin was 2.3 µg/mL. The MBC values
(µL/mL) for carvacrol and S. khuzestanica essential oil were
0.09 and 0.14, respectively, while the MBC value for gen-
tamicin was 4.3 µg/mL. There was no significant statisti-
cally difference between the antibacterial activity of car-
vacrol and S. khuzestanica essential oil against clinical iso-
lates of E. coli (Figure 1B).

4.3. The Synergistic Evaluation Between the Essential Oil and
Gentamicin

The synergistic effect of gentamicin with carvacrol was
evaluated too. The presence of both carvacrol and S. khuzes-
tanica essential oil decreased the MIC value of gentamicin
to 0.0625. Gentamicin decreased the MIC value of car-
vacrol and S. khuzestanica essential oil from 0.25 and 0.125
to 0.007 and 0.007, respectively. The FIC of gentamicin
with carvacrol and essential oil were the same and was
0.03125 while the FIC of carvacrol and S. khuzestanica essen-
tial oil were 0.028 and 0.0028, respectively (Table 2). FICI of
gentamicin with carvacrol and S. khuzestanica essential oil
were < 0.05. Therefore, carvacrol and S. khuzestanica essen-
tial oil had synergistic effects with gentamicin as isobolo-
gram curve is shown (Figure 2).

Table 2. The FIC and FICI Values of Gentamicin With S. khuzestanica Oil or Carvacrol
Against E. coli ATCC 8739

FIC FICI

Gentamicin 0.03125 0.05925

Carvacrol 0.028

Gentamicin 0.03125 0.03405

S. khuzestanica oil 0.0028

Abbreviations: FIC, Fractional inhibitory concentration; FICI, FIC index.

5. Discussion

Carvacrol inhibits E. coli O157H7 (33) by different mech-
anisms such as down-regulating the genes expressed in
colonization and invasion (34), inducing the heat shock
protein 60, inhibiting the flagellin synthesis (22), disrupt-
ing depolarization of the cytoplasmic membrane, and in-
creasing the permeability of membranes (35).

The results of our study showed that S. khuzestanica es-
sential oil has high antibacterial activity against clinical
isolates of E. coli, but the antibacterial activity of carvacrol
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Figure 1. The Antibacterial Activity of S. khuzestanica Oil, Carvacrol, and Gentamicin Against Clinical Isolates
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against clinical isolates of E. coli was higher than S. khuzes-
tanica essential oil. Presumably, the other minor compo-
nents antagonize carvacrol effect in S. khuzestanica essen-
tial oil and decrease its antibacterial properties. Further-
more, S. khuzestanica essential oil had strong antibacterial
activity against clinical isolates of E. coli and can be a suit-
able choice for treatment of urinary tract infections.

Today, the resistance of the clinical isolates of E. coli to-
ward the current antibiotics (20, 36) has been increased.
Thus, breaking this resistance by lowering the dose of an-
tibiotics or minimizing the shots of treatments by essen-
tial oils provides a new horizon for effective treatments.

In this study, we confirmed the synergistic effects of
gentamicin with carvacrol and S. khuzestanica essential oil.
S. khuzestanica essential oil by its main component, car-
vacrol, decreased the MIC value of gentamicin to low dose.
Therefore, further clinical investigations can be conducted
to evaluate the synergistic effects of S. khuzestanica essen-
tial oil with gentamicin in the treatment of urinary tract
infection.

Footnotes

Authors’ Contribution: All authors were involved in all
steps of the manuscript preparation.

Funding/Support: The study was financially supported by
Barij essence pharmaceutical company, Kashan, Iran.

References

1. Li R, Yang JJ, Shi YX, Zhao M, Ji KL, Zhang P, et al. Chemical compo-
sition, antimicrobial and anti-inflammatory activities of the essen-
tial oil from Maqian (Zanthoxylum myriacanthum var. pubescens) in
Xishuangbanna, SW China. J Ethnopharmacol. 2014;158 Pt A:43–8. doi:
10.1016/j.jep.2014.10.006. [PubMed: 25448503].

2. Sadgrove NJ, Jones GL. Medicinal compounds, chemically and biolog-
ically characterised from extracts of Australian Callitris endlicheri
and C.glaucophylla (Cupressaceae): used traditionally in Aboriginal
and colonial pharmacopoeia. J Ethnopharmacol. 2014;153(3):872–83.
doi: 10.1016/j.jep.2014.03.054. [PubMed: 24690774].

3. Sun J, Wang X, Wang P, Li L, Qu W, Liang J. Antimicrobial, an-
tioxidant and cytotoxic properties of essential oil from Dic-
tamnus angustifolius. J Ethnopharmacol. 2015;159:296–300. doi:
10.1016/j.jep.2014.06.055. [PubMed: 24997390].

4. Bokaeian M, Sheikh M, Hassanshahian M, Saeidi S, Sahraei S. The an-
tibacterial activity of silver nanoparticles produced in the plant sesa-
mum indicum seed extract: A green method against multi-drug resis-
tant escherichia coli. Int J Enteric Pathog. 2014;2(2).

5. Saeidi S, Amini Boroujeni N, Ahmadi H, Hassanshahian M. Antibacte-
rial Activity of Some Plant Extracts Against Extended- Spectrum Beta-
Lactamase Producing Escherichia coli Isolates. Jundishapur JMicrobiol.
2015;8(2):eee15434. doi: 10.5812/jjm.15434. [PubMed: 25793093].

6. Jamzad Z. A new species of the genus Satureja (Labiatae) from Iran.
Iran J Bot. 1994;6(2):215–8.

7. Zargari A. Medicinal Plants. 4th ed. Tehran: Tehran University Publica-
tions; 1990.

8. Momtaz S, Abdollahi M. An update on pharmacology of Satureja
species; from antioxidant, antimicrobial, antidiabetes and anti-
hyperlipidemic to reproductive stimulation. IJP. 2010;6(4):346–53.

9. Amanlou M, Dadkhah F, Salehnia A, Farsam H, Dehpour AR. An
anti-inflammatory and anti-nociceptive effects of hydroalcoholic ex-
tract of Satureja khuzistanica Jamzad extract. J Pharm Pharm Sci.
2005;8(1):102–6. [PubMed: 15946603].

10. Esmaeili-Mahani S, Ebrahimi B, Abbasnejad M, Rasoulian B, Sheibani
V. Satureja khuzestanica prevents the development of morphine
analgesic tolerance through suppression of spinal glial cell activa-
tion in rats. J Nat Med. 2015;69(2):165–70. doi: 10.1007/s11418-013-0796-
6. [PubMed: 23943205].

11. Mirsoleymani SR, Salimi M, Shareghi Brojeni M, Ranjbar M, Mehtar-
poor M. Bacterial pathogens and antimicrobial resistance patterns
in pediatric urinary tract infections: a four-year surveillance study
(2009-2012). Int J Pediatr. 2014;2014:126142. doi: 10.1155/2014/126142.
[PubMed: 24959183].

12. Arshad M, Seed PC. Urinary tract infections in the infant.Clin Perinatol.
2015;42(1):17–28. doi: 10.1016/j.clp.2014.10.003. [PubMed: 25677994] vii.

13. Saltoglu N, Karali R, Yemisen M, Ozaras R, Balkan II, Mete B, et al. Com-
parison of community-onset healthcare-associated and hospital-
acquired urinary infections caused by extended-spectrum beta-
lactamase-producingEscherichia coliand antimicrobial activities. Int
J Clin Pract. 2015;69(7):766–70. doi: 10.1111/ijcp.12608.

14. Bonacorsi S, Bingen E. Molecular epidemiology of Escherichia coli
causing neonatal meningitis. Int J Med Microbiol. 2005;295(6-7):373–
81. doi: 10.1016/j.ijmm.2005.07.011. [PubMed: 16238014].

15. Furyk JS, Swann O, Molyneux E. Systematic review: neonatal meningi-
tis in the developing world. Trop Med Int Health. 2011;16(6):672–9. doi:
10.1111/j.1365-3156.2011.02750.x. [PubMed: 21395927].

16. Ron EZ. Distribution and evolution of virulence factors in sep-
ticemic Escherichia coli. Int J Med Microbiol. 2010;300(6):367–70. doi:
10.1016/j.ijmm.2010.04.009. [PubMed: 20510649].

17. Mobasheri M, Saeedi Varnamkhast N, Karimi A, Banaeiyan S. Preva-
lence study of genital tract infections in pregnant women referred
to health centers in Iran. Turk J Med Sci. 2014;44(2):232–6. [PubMed:
25536729].

18. Salamati P, Rahbarimanesh AA, Yunesian M, Naseri M. Neonatal noso-
comial infections in Bahrami Children Hospital. Indian J Pediatr.
2006;73(3):197–200. [PubMed: 16567910].

19. Sanavi S, Ghods A, Afshar R. Catheter associated infections in
hemodialysis patients. Saudi J Kidney Dis Transpl. 2007;18(1):43–6.
[PubMed: 17237890].

20. Japoni A, Farshad S, Alborzi A, Kalani M, Rafaatpour N, Oboodi
B, et al. Epidemiology and Antibacterial Susceptibility Patterns of
Bloodstream Infections, 2001-2004: An Experience with BACTEC
9240 in Southern Iran. Pakistan J Biol Sci. 2008;11(3):422–7. doi:
10.3923/pjbs.2008.422.427.

21. Amini E, Ghasemi M, Daneshjou K. A five-year study in Iran of
ophthalmia neonatorum: prevalence and etiology. Med Sci Monit.
2008;14(2):CR90–6. [PubMed: 18227767].

22. Burt SA, van der Zee R, Koets AP, de Graaff AM, van Knapen F, Gaastra
W, et al. Carvacrol induces heat shock protein 60 and inhibits syn-
thesis of flagellin in Escherichia coli O157:H7. Appl Environ Microbiol.
2007;73(14):4484–90. doi: 10.1128/AEM.00340-07. [PubMed: 17526792].

23. Kaper JB, Nataro JP, Mobley HL. Pathogenic Escherichia coli. Nat
Rev Microbiol. 2004;2(2):123–40. doi: 10.1038/nrmicro818. [PubMed:
15040260].

24. Russo TA, Johnson JR. Medical and economic impact of extraintesti-
nal infections due to Escherichia coli: focus on an increasingly impor-
tant endemic problem. Microbes Infect. 2003;5(5):449–56. [PubMed:
12738001].

25. Alizade H, Ghanbarpour R, Nekoubin M. Phylogenetic of Shiga
Toxin-Producing Escherichia coli and Atypical Enteropathogenic Es-
cherichia coli Strains Isolated From Human and Cattle in Kerman,
Iran. Int J Enteric Pathog. 2014;2(1) doi: 10.17795/ijep15195.

Jundishapur J Nat Pharm Prod. 2016; 11(2):e30034. 5

http://dx.doi.org/10.1016/j.jep.2014.10.006
http://www.ncbi.nlm.nih.gov/pubmed/25448503
http://dx.doi.org/10.1016/j.jep.2014.03.054
http://www.ncbi.nlm.nih.gov/pubmed/24690774
http://dx.doi.org/10.1016/j.jep.2014.06.055
http://www.ncbi.nlm.nih.gov/pubmed/24997390
http://dx.doi.org/10.5812/jjm.15434
http://www.ncbi.nlm.nih.gov/pubmed/25793093
http://www.ncbi.nlm.nih.gov/pubmed/15946603
http://dx.doi.org/10.1007/s11418-013-0796-6
http://dx.doi.org/10.1007/s11418-013-0796-6
http://www.ncbi.nlm.nih.gov/pubmed/23943205
http://dx.doi.org/10.1155/2014/126142
http://www.ncbi.nlm.nih.gov/pubmed/24959183
http://dx.doi.org/10.1016/j.clp.2014.10.003
http://www.ncbi.nlm.nih.gov/pubmed/25677994
http://dx.doi.org/10.1111/ijcp.12608
http://dx.doi.org/10.1016/j.ijmm.2005.07.011
http://www.ncbi.nlm.nih.gov/pubmed/16238014
http://dx.doi.org/10.1111/j.1365-3156.2011.02750.x
http://www.ncbi.nlm.nih.gov/pubmed/21395927
http://dx.doi.org/10.1016/j.ijmm.2010.04.009
http://www.ncbi.nlm.nih.gov/pubmed/20510649
http://www.ncbi.nlm.nih.gov/pubmed/25536729
http://www.ncbi.nlm.nih.gov/pubmed/16567910
http://www.ncbi.nlm.nih.gov/pubmed/17237890
http://dx.doi.org/10.3923/pjbs.2008.422.427
http://www.ncbi.nlm.nih.gov/pubmed/18227767
http://dx.doi.org/10.1128/AEM.00340-07
http://www.ncbi.nlm.nih.gov/pubmed/17526792
http://dx.doi.org/10.1038/nrmicro818
http://www.ncbi.nlm.nih.gov/pubmed/15040260
http://www.ncbi.nlm.nih.gov/pubmed/12738001
http://dx.doi.org/10.17795/ijep15195
http://jjnpp.com


Mahboubi M and Kazempour N

26. Saliani M, Jalal R, Kafshdare Goharshadi E. Effects of pH and Temper-
ature on Antibacterial Activity of Zinc Oxide Nanofluid Against Es-
cherichia coli O157: H7 and Staphylococcus aureus. Jundishapur J Mi-
crobiol. 2015;8(2):eee17115. doi: 10.5812/jjm.17115. [PubMed: 25825643].

27. Rezaee MA, Sheikhalizadeh V, Hasani A. Detection of integrons
among multi-drug resistant (MDR) Escherichia coli strains isolated
from clinical specimens in northern west of Iran. Braz J Microbiol.
2011;42(4):1308–13. doi: 10.1590/S1517-838220110004000010. [PubMed:
24031757].

28. Wu RB, Alexander TW, Li JQ, Munns K, Sharma R, McAllister TA.
Prevalence and diversity of class 1 integrons and resistance genes
in antimicrobial-resistant Escherichia coli originating from beef
cattle administered subtherapeutic antimicrobials. J Appl Micro-
biol. 2011;111(2):511–23. doi: 10.1111/j.1365-2672.2011.05066.x. [PubMed:
21645183].

29. Adams RP. Identification of essential oil components by gas chro-
matography/mass spectroscopy. Journal of the American Society for
Mass Spectrometry. 2007;6(8):671–2.

30. CLSI. . Performance standards for antimicrobial disc susceptibility
test. eleventh edition ed. 32. Pennsylvania: Tentative standard; 2012.

31. CLSI. . Methods for dilution Antimicrobial susceptibility tests for bac-

teria that grow aerobically. eighth edition ed. ; 2009.
32. Mahboubi M, Bidgoli FG. Antistaphylococcal activity of Zataria

multiflora essential oil and its synergy with vancomycin. Phy-
tomedicine. 2010;17(7):548–50. doi: 10.1016/j.phymed.2009.11.004.
[PubMed: 20171067].

33. Kisko G, Roller S. Carvacrol and p-cymene inactivate Escherichia coli
O157:H7 in apple juice. BMCMicrobiol. 2005;5:36. doi: 10.1186/1471-2180-
5-36. [PubMed: 15963233].

34. Baskaran SA, Venkitanarayanan K. Plant-derived antimicrobials re-
duce E. coli O157:H7 virulence factors critical for colonization in cattle
gastrointestinal tract in vitro. BioMed Res Int. 2014.

35. Xu J, Zhou F, Ji BP, Pei RS, Xu N. The antibacterial mechanism
of carvacrol and thymol against Escherichia coli. Lett Appl Micro-
biol. 2008;47(3):174–9. doi: 10.1111/j.1472-765X.2008.02407.x. [PubMed:
19552781].

36. Copur-Cicek A, Ozgumus OB, Saral A, Sandalli C. Antimicrobial re-
sistance patterns and integron carriage of Escherichia coli iso-
lates causing community-acquired infections in Turkey. Ann Lab
Med. 2014;34(2):139–44. doi: 10.3343/alm.2014.34.2.139. [PubMed:
24624350].

6 Jundishapur J Nat Pharm Prod. 2016; 11(2):e30034.

http://dx.doi.org/10.5812/jjm.17115
http://www.ncbi.nlm.nih.gov/pubmed/25825643
http://dx.doi.org/10.1590/S1517-838220110004000010
http://www.ncbi.nlm.nih.gov/pubmed/24031757
http://dx.doi.org/10.1111/j.1365-2672.2011.05066.x
http://www.ncbi.nlm.nih.gov/pubmed/21645183
http://dx.doi.org/10.1016/j.phymed.2009.11.004
http://www.ncbi.nlm.nih.gov/pubmed/20171067
http://dx.doi.org/10.1186/1471-2180-5-36
http://dx.doi.org/10.1186/1471-2180-5-36
http://www.ncbi.nlm.nih.gov/pubmed/15963233
http://dx.doi.org/10.1111/j.1472-765X.2008.02407.x
http://www.ncbi.nlm.nih.gov/pubmed/19552781
http://dx.doi.org/10.3343/alm.2014.34.2.139
http://www.ncbi.nlm.nih.gov/pubmed/24624350
http://jjnpp.com

	Abstract
	1. Background
	2. Objectives
	3. Materials and Methods
	3.1. Plant Materials and Essential Oil Extraction
	3.2. Analyses of the Essential Oil by GC and GC-MS Analyses
	3.3. Escherichia coli Strains and Antimicrobial Evaluations
	3.4. Checkerboard Titer Test for Gentamicin and S. khuzestanica Essential Oil Against E. coli
	3.5. Statistical Analyses

	4. Results
	4.1. Chemical Composition of S. khuzestanica Essential Oil
	Table 1

	4.2. The Antimicrobial Activity of S. khuzestanica Essential Oil Against Clinical Isolates of E. coli
	Figure 1

	4.3. The Synergistic Evaluation Between the Essential Oil and Gentamicin
	Table 2
	Figure 2


	5. Discussion
	Footnotes
	Authors' Contribution
	Funding/Support

	References

