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ABSTRACT

Background: Mycobacterium spp. are responsible for several diseases, particularly in immunocompro-
mised populations. The spreading of the resistance to antimycobacterial drugs is a significant problem
to the public health and requires to find out a new and innovative alternative for the treatment of drug
resistant mycobacterial strains. In this study, the antimycobacterial activity of Micromeria barbata, Euca-
lyptus globulus and Juniperus excelsa essential oils extracted from Lebanese plants was investigated against
selected Mycobacterium spp. strains.
Methods: Several dilutions of the three aforementioned essential oils were studied for antimycobacterial
activity against four Mycobacterium spp. strains: Mycobacterium tuberculosis subsp. tuberculosis (ATCC®
27294™), multidrug-resistant M. tuberculosis (CMUL 157), Mycobacterium kansasii Hauduroy (ATCC®
12478™) and Mycobacterium gordonae Bojalil et al. (ATCC® 14470™)),
Results: Even with high dilutions, all tested essential oils showed a high antimycobacterial activity against
targeted strains. Our data showed that M. barbata, E. globulus and J. excelsa essential oils totally inhibit the
mycobacterial growth whatever the tested strains for the dilution 1/250, 1/100 and 1/250, respectively.
Conclusion: To our knowledge, this is the first study regarding the antimycobacterial activity of essential
oils in Lebanon. Our data show promising results, and encourage to investigate more on these medicinal
plants, especially M. barbata.
© 2019 The Authors. Published by Elsevier Limited on behalf of King Saud Bin Abdulaziz University
for Health Sciences. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

rifampicin and multidrug resistant (MDR) TB worldwide in 2017,
respectively [2].

Tuberculosis (TB) is an ancient scourge that has affected
mankind throughout known history and human prehistory [1]. In
2017, 10 million (range, 9 million-11.1 million) people around the
world became sick with TB disease. There were 1.3 million TB-
related deaths worldwide (including 0.3 million among people with
HIV). Moreover, about 558,000 and 458,000 new cases developed
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Despite the implementation of directly observed treatment
short course strategy, approximately 20% of TB cases are now resis-
tant to at least one major anti-TB drug and around 5% of all cases of
TB are classed as MDR or extensively drug-resistant (XDR) [3,4]. The
spread of MDR and XDR Mycobacterium tuberculosis strains threat-
ens to disrupt decades of progress in controlling TB [5]. While some
new antimycobacterial drugs such as bedaquiline and delamanid
with the potential to treat some drug-resistant strains are becoming
approved by Food and Drug Administration (FDA), recent studies
showed the rapid emergence of resistant strains [6-8]. Hence, the
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treatment of drug-resistant TB remains a big challenge due to the
need to consider, when approaching it, the context of individual
and collective health and the drug resistance.

In fact, essential oils are considered as good potential antibi-
otic alternatives and holistic medicine for similar purposes [9-11].
These natural compounds are now widely used as traditional
medicines in pharmaceutical, food, and cosmetic products because
these oils effectively inhibit the growth of microbes with lower side
effects than synthetic antimicrobial agents in humans. Recently,
several reports described the anti-TB activity of medicinal plants
and natural products [12-15]. However, to our knowledge, no data
are currently available regarding the anti-tubercular activity of
Micromeria barbata essential oil. Therefore, the main aim of this
study was to evaluate the antimycobacterial activity of M. bar-
bata essential oil. Moreover, other essential oils extracted from two
Lebanese plants Eucalyptus globulus and Juniperus excelsa were also
assessed for the first time in Lebanon.

Materials and methods
The samples of the essential oils

The original essential oils of 3 medicinal plants were used: M.
barbata, E. globulus and J. excelsa. All plants were collected from the
region of Dinniyeh, North Lebanon. The essential oils were obtained
by hydrodistillation technique using the Clevenger-type apparatus
in the laboratory of the chamber of commerce, industry and agricul-
ture in Tripoli. The percentage yield (2%) of the oils was calculated
on moisture-free basis. All extracted oils were stored in a sterile
container in the dark at 4 °C till analysis.

Selection of mycobacterial strains

4 strains of Mycobacterium spp. were included in this study.
The first was M. tuberculosis subsp. tuberculosis (ATCC® 27294™)
sensitive to rifampicin, isoniazid, ethambutol, and pyrazinamide.
The second was also a clinical strain of M. tuberculosis (CMUL
157) isolated from pulmonary secretions of an infected Lebanese
patient, and resistant to first line TB drugs (rifampicin, isoniazid,
ethambutol, and pyrazinamide). The third and fourth were nontu-
berculous mycobacteria American Type Culture Collection (ATCC)
reference strains: (i) Mycobacterium kansasii Hauduroy (ATCC®
12478™) resistant to streptomycin and p-aminosalicylic acid, and
(ii) Mycobacterium gordonae Bojalil et al. (ATCC® 14470™) suscep-
tible to all atypical antimycobacterial drugs. This part of the study
was carried out in the Laboratoire Microbiologie Santé et Environ-
nement at Lebanese University.

Preparation of the mycobacterial suspension

After adding 20-30 sterile glass beads in a sterile conical
tube (50ml), fresh mycobacterial colonies were transferred by
using sterile swab consistent with mycobacteria growing on
Lowenstein-Jensen media. After vortexing for 1 min, 0.5 ml of Mid-
dlebrook 7H9 broth with glycerol (Becton, Dickinson”®, USA) was
added to the aggregates followed by 1min of vortexing. After-
wards, 5 additional ml of Middlebrook 7H9 broth with glycerol
were added. The suspension was homogenized by vortexing the
tube for 1 min (solution A). From this suspension, a new suspension
was prepared by adding few ml of solution A in 100 ml Middlebrook
7H9 broth with glycerol in order to adjust by optical density a sus-
pension with a turbidity equivalent to a BCG suspension (Sanofi
Pasteur MSD, France) titrated to 2—8 x 10° CFU/ml (Solution B).
OADC (125 pl/ml) and PANTA (25 pl/ml) were supplemented to
the solution B. PANTA (Becton, Dickinson, USA) is a mixture of

antibiotics including polymyxin B, amphotericin B, nalidixic acid,
trimethoprim and azlocillin.

Study of the antimycobacterial activity of essential oils

In order to evaluate the antimycobacterial activity of essen-
tial oils, two consecutive steps were performed using a liquid
medium (Middlebrook 7H9 broth) for 7 days, and a solid medium
(Lowenstein-Jensen) for 3 weeks, respectively. Unfortunately, the
presence of essential oils prevents the direct detection of mycobac-
terial growth on Middlebrook 7H9 broth. In order to overcome
this issue, after incubation in the liquid medium, a subculture is
made on Lowenstein-Jensen medium in order to detect mycobac-
terial colonies. In fact, the time required to obtain reliable drug
susceptibility testing results with Mycobacteria Growth Indica-
tor Tube (MGIT) medium is between 3 to 12 days [16]. However,
the use of a strict standardized high inoculum concentration
(2—8 x 10° CFU/ml) allowed us to successfully perform our exper-
iments.

Firstly, because of the immiscibility of the essential oils to water
and thus to the culture medium an emulsification was performed
using a 0.2% agar. This solution allows a homogeneous distribu-
tion of essential oils and maximizes the germ/compound contact.
In this agar solution, the following dilutions were prepared as
1/2,1/10th, 1/25th, 1/50th, 1/100th, 1/200th, 1/300th and 1/500th.
Test tubes containing each 9 ml of solution B were sterilized for
20min at 121°C and cooled to 50°C, then 1ml of each dilution
was added aseptically in order to obtain a final concentration of
1/20th, 1/100th, 1/250th, 1/500th, 1/1000th, 1/2000th, 1/3000th
and 1/5000th. The tubes were shacked to disperse the essential
oil in the culture medium. Negative and positive controls were
also prepared. Negative control contained sterile Middlebrook 7H9
broth with glycerol without adding mycobacterial suspension. Or,
the positive control contained mycobacterial suspension without
adding essential oil. All tubes were incubated at 36 °C during 7 days.
Then, 200 w1 from each tube was inoculated on Lowenstein—Jensen
slants for mycobacterial culture as previously described [17]. The
experiments were repeated three times for each essential oil and
the average results were reported.

Statistical analyses

Statistical analyses were performed with GraphPad Prism 6.0
(GraphPad Software Inc., San Diego, CA) using the Student’s t-test
to compare the antimycobacterial activity between medicinal plant
essential oils, and to also compare the antimycobacterial activity of
M. barbata against M. tuberculosis strain (ATCC 27294) and MDR M.
tuberculosis clinical strain. The tests were two-sided, with a type I
error set at o =0.05.

Results

During the last decades, due to the emergence and spread of
MDR Mycobacterium spp. strains worldwide, demand for searching
novel antimycobacterial agents is being increased. The medicinal
plant essential oils as natural substances could represent a poten-
tial source of new antimycobacterial agent. In this study, three
essential oils extracted from Lebanese plants (M. barbata, E. globulus
and J. excelsa) were studied for antimycobacterial activity. In order
to evaluate their antimycobacterial activity, a new protocol was
adapted and validated. Our data showed that M. barbata, E. globulus
and J. excelsa essential oils were 100% active against studied strains
(Table 1; Fig. 1). Even with a high dilution, the investigated essen-
tial oils showed a high antimycobacterial activity on all the tested
strains. The results showed that M. barbata, E. globulus and J. excelsa
essential oils totally inhibit the mycobacterial growth whatever
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Table 1

Antibacterial effect of M. barbata, E. globulus, and J. excelsa essential oils on the studied mycobacterial strains, the results represent the higher essential oils dilution conferring

a complete growth inhibition against the studied strains.

Mycobacterial strain

Higher essential oil dilution conferring antimycobacterial activity

M. barbata E. globulus J. excels
M. kansasii (ATCC® 12478™) 1/1000 1/100 1/500
M. gordonae (ATCC® 14470™) 1/500 1/250 1/500
M. tuberculosis (ATCC® 27294™) 1/1000 1/250 1/500
M. tuberculosis MDR (CMUL 157) 1/250 1/250 1/250

*The experiments were repeated three times for each essential oil, and the reported dilutions were the same in all series.

Fig. 1. Antimycobacterial activity of M. barbata essential oil against M. gordonae
(ATCC® 14470™), with a complete growth inhibition (100% inhibition) obtained at
a maximum dilution of 1/500.

the tested strains for the dilution 1/250, 1/100 and 1/250, respec-
tively. The experiments were highly reproducible, delivering the
same results for every repeated test. The total inhibition (100%) is
defined by the absence of mycobacterial growth after 7 days of incu-
bation. Out of studied mycobacterial strains, M. barbata essential
oil was the most effective in comparison with E. globulus essential
oil (p-value=0.001), and J. excelsa essential oil (p-value=0.28). In
addition, M. barbata essential oil was significantly more effective on
wild-type M. tuberculosis strain (ATCC 27294) than MDR M. tuber-
culosis strain (p-value=0.005). Regarding E. globulus, essential oil
extracted from this plant was the less active in comparison with
the other investigated essential oils.

Discussion

Essential oils are becoming increasingly popular to be used
for a wide variety of applications, such as alternative natural
medicines and aroma therapeutics. Indeed, M. barbata, E. globulus
and J. excelsa are three medicinal plants which grow in temperate
regions and are widely present in Middle Eastern region, particu-
larly in Lebanon. However, despite that many studies worldwide
reported the potential application of essential oils as promising
antimicrobial agents, only very rare data are available in the lit-
erature regarding the antimicrobial activity of these essential oils.
The present study represents the first report on antimycobacte-
rial activity of Lebanese essential oils against M. tuberculosis and
atypical mycobacteria. Moreover, the evaluation assay adopted
in this study has allowed us to evaluate the antimycobacterial
activity of essential oils accurately. In comparison with other meth-
ods reported in the literature, this assay is easier to implement
and less complicated [12,15]. Numerous investigations conducted
on the assessment of the antimicrobial activity of essential oils
extracted from Micromeria spp. have reported a significant activity
against bacteria and fungi [18,19]. Our previous studies reported
that the essential oil of M. barbata have potentially a rich source
of antimicrobial agents [19]. In addition, regarding E. globulus and

J. excelsa, most studies have focused on foodborne pathogens and
food spoilage bacteria. Indeed, several essential oils have been
approved as food additives and fall in the category of gener-
ally recognized as safe (GRAS) by the FDA [20]. However, few
data are available concerning the bactericidal activity of essen-
tial oils against Mycobacterium spp. including M. tuberculosis and
non-tuberculosis mycobacteria [12,15]. Some previous studies on
mycobacteria have shown promising results reporting bacterici-
dal effects of crude plant extracts and their constituents or the
root of the plant. Synergistically effects have been documented
with Melaleuca leucodendron essential oil when combined with
kanamycin, isoniazid and rifampicin against M. tuberculosis. For
instance, these combinations increased the potency of isoniazid
4-fold against M. tuberculosis [21]. Another study found that essen-
tial oil isolated from the roots of Euclea natalensis decreased the
MIC 4- to 6-fold for isoniazid and rifampicin, respectively [22]. The
observed antimycobacterial activity can be attributed to the pres-
ence of some components such as carvacrol, a-terpinly acetate,
cymene, thymol, pinene, linalool [19]. These natural compounds,
naturally present in various essential oils, are known to have
antimicrobial activity against various microorganisms.

Furthermore, an aforementioned study showed a high antimi-
crobial activity of the essential oil extracted from the berries of
J. excelsa. Its main component, a-pinene, has a high microbio-
static activity against many clinically important bacteria and yeasts.
The essential oil of J. excelsa has been analyzed by GC/MS. Forty-
four components were identified, with the presence of very high
amounts of a-pinene followed by «-cedrol which are already
known to exhibit antimicrobial activity.

In the same context, Eucalyptus essential oil has antimicro-
bial effects against many bacteria, including M. tuberculosis and
methicillin-resistant Staphylococcus aureus, viruses, and fungi. In
a striking case, a TB infected patient who had refused conventional
treatment, employed E. globulus oil inhalation during 3 weeks.
After 10 days of using Eucalyptus oil the malaise reduced, appetite
improved, cough subsided, and weight was gained [23]. Numerous
studies reported that Eucalyptus essential oil may play an effective
adjunctive role in the treatment of respiratory problems, such as
tuberculosis, pneumonia, bronchitis, asthma and chronic obstruc-
tive pulmonary disease [23-26].

On the other hand, many other essential oils were also inves-
tigated and confirming their effects on mycobacterial strains. For
instance, the essential oil of Myrtus communis was reported as
effective against wild-type M. tuberculosis H37Rv, wild-type M.
tuberculosis H37Ra, clinical resistant M. tuberculosis and Mycobac-
terium avium. Similarly, clove, cumin, and cinnamon essential oils
were active against M. tuberculosis strains, with very low minimum
inhibitory concentration values [27].

In conclusion, to our best knowledge, this study is the first inves-
tigation regarding the antimycobacterial activity of essential oils in
Lebanon. Our data indicates that the three essential oils of M. bar-
bata, E. globulus and J. excelsa have antibacterial activity against M.
tuberculosis and atypical mycobacteria. The essential oil of M. bar-
bata was significantly the more effective of the three tested. These
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results are encouraging to study more on these medicinal plants,
particularly M. barbata. Nevertheless, the main limitations of this
study are the small sample size of strains and the absence of cyto-
toxicity experiments, and thus conclusions made here will need
to be confirmed in a larger ongoing study including MDR and XDR
strains, and evaluating the cytotoxicity of these promising essential
oils.
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