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Summary
Hexanic and methanolic extracts from aerial parts of T. vulgaris inhibited the growth of M. tuberculosis
H37Rv. Bioassay-guided from the most active extract to led obtained secondary fraction with antimicobacterial
activity. From the secondary fractions active compounds were obtained and were identified by spectrometric
and spectroscopic data. The mixture of (E and Z)-phytol and ursolic and oleanolic acid results active against M.
tuberculosis H37Rv (MIC=25 µg/mL) and moderately active against MDR M. tuberculosis clinical isolates
with MIC values from 6.25 to 12.5 µg/mL. Main compounds from T. vulgaris, thymol, carvacrol and mixture of
them were inactive against M. tuberculosis H37Rv. Both extracts showing LD50 >5g/kg and IC50 = 646 ppm.
Mixture of thymol/carvacrol and ursolic/oleanolic acid exhibited the IC50 = 250 and >1000 ppm, respectively.
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Tuberculosis is the most ancient epidemic disease in the world, and it is mainly an opportunistic disease in
HIV/AIDS patients. Approximately, one million patients die each year and it is estimated that for 2020, one
billion persons will have acquired the disease, 200 million could develop it, and 70 million will die due to TB,
if urgent measures are not taken immediately.1,2 In 1996, WHO implemented the DOTS strategy to control
and eradicate TB. The treatment scheme established through DOTS is the administration of 4 or 5 combined
drugs for periods of up to nine months.3 Actually, TB is caused by multidrugresistant (MDR) strains that do
not respond to the actual TB therapy and are hard to eradicate. Some authors describe that approximately
3.2% of the TB cases worldwide are MDR. Second-line drugs are applied for this cases, but they are
expensive, cause several and serious secondary effects, and induce resistance easily.4 On the other hand, for
more than three decades, the search for new anti-TB agents was scarcely.5 Several investigations groups are
now focusing in the search of active molecules and/or structural prototypes for the development of new antiTB agents from natural and synthetic sources, which will shorten the treatment or complement it.6-8 In Mexico
the use of medicinal plants is ancient and very spread and has allow to development of a permanent line of
investigation focused in the search of molecules with anti-TB activity.
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It has allowed evaluating approximately 50 species, from which seven inhibit the growth of Mycobacterium
tuberculosis H37Rv.9,10 and Thymus vugaris is one of them. This specie is commonly known as “tomillo” and
it is used to treat respiratory and gastrointestinal diseases.11,12 Previous biological research describe their
antispasmodic, antibacterial, antiviral, antifungal, antiinflammatory and antiseptic activity, but the
antimycobacterial potential has not been described.13-16 Many investigations on this species have been limited
to the study of the composition and antimicrobial activity of the essential oil. Chemical investigations of the
essential oil and low polar extracts have showed the presence of thymol and carvacrol as main components.
Many other monoterpenoids and their glycosides, as well as diterpenoids, acetophenone glycosides, biphenyl
compounds, and flavonoids are reported in essential oils, chloroformic and methanolic extracts from this
species.15, 17-22

Material and methods
Plant Material
T. vulgaris was collected in Oaxaca, Mexico, in July, 1999 and was botanically identified and a voucher
specimen was deposited at the IMSS Herbarium (code IMSSM No. 2117).

Extraction and Isolation
Hexanic (Hex) and methanolic (MeOH) extracts from dry and powdered aerial parts of T. vulgaris were
prepared by maceration for 24 hr at room temperature. Both of them were filtered and evaporated under low
pressure to dryness at 40 ºC, and later were fractionated by column chromatography on silica gel and eluted
with a mixture of organic solvents of increasing polarity. From the Hex extract 20 primary fractions (F1-20)
were obtained and 34 from the MeOH extract (F1’-F34’). All fractions were evaluated by microdilution alamar
blue assay (MABA). Active fractions (F8 and F9-12 from Hex extract) were further rechromatographed on Si
gel to obtain 12 (8a-8l) and 17 secondary fractions (10a-10q), respectively. 8h-8j and 10g-10l showed in tlc a
major compounds, were the most active and were analyzed by GC-EM.
Additionally, in primary fraction F12’ and F13’ (from MeOH extract) a mixture of thymol/carvacrol, βsitosterol and stigmasterol was detected. From fraction F25’ and F26’ a mixture of ursolic/oleanolic acid was
obtained by acid/basic partition process. All compounds were structurally characterized by spectroscopic and
spectrometric data and were compared with those previously described in literature.

Antimycobacterial activity in vitro
The samples were tested for activity against M. tuberculosis using MABA, as previously described.9,23,24
against M. tuberculosis H37Rv and 7 MDR M. tuberculosis clinical isolates.
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Brine Shrimp lethality and acute toxicity
The extracts were evaluated for lethality to brine shrimp larvae, according to previously described protocols.25
IC50 was determined by probit test. The acute toxicity was determined in male Balb/c (±28 gr) mice following
the methodology described by Lorke.26 The study with animals was performed according the guidelines of the
local ethics committee for experimentation in animals in Mexico. The samples were solubilized in tween
20:H2O (3:7) and were administered orally in a volume not higher to 0.3 mL at 1, 1.6, 2.9, and 5 g/K.

Results and Discusion
Hex and MeOH extracts showed MIC=50 µg/mL against M. tuberculosis H37Rv. The bioguided assay from
Hex extract led to 20 primary fractions (F1-F20) with increasing polarity, only F8 (MIC=50 µg/mL) and F9-12
(CMI=100 µg/mL) showed antimycobacterial activity (Tabla 1). F8 was submitted to rechromatography and
secondary fractions (8a-8l) were obtained, in 8h-8j a mixture of thymol/carvacrol was detected with Rt 7.53
min and other minor compounds detected by GC-MS. These were β-sitosterol, α-amyrin, stigmasterol, 9eicosin, linoleic and hexadecanoic acids with TR 20.13, 19.63, 19.13, 14.48, 12.52 and 11.58 min, respectively.
These compounds were identified by comparing spectral data with those reported data in Pub/Nist library.
Table 1. Antimycobacterial activity of Hex and MeOH extracts and primary fraction of T. vulgaris.
Fraction
Hex. Ext.
Met. Ext.
F1-F4
F5-F6
F7
F8
F9-F12
F13
F14-F17
F18-F20
Rifampin (Control)

Elusion sistem (%)

Hex (100)
Hex:CHCl3 (90:10)
Hex:CHCl3 (80:20)
Hex:CHCl3 (80:20)
Hex:CHCl3 (80:20)
Hex:CHCl3 (70:30)
Hex:CHCl3 (50:50)
CHCl3 100

MIC* (µg/ml)
50
50
>200
>200
>200
50
100
>200
>200
>200
0.062

Hex. Ext: hexanic extract; Met Ext.: methanolic extract; ND: No determined

From 10g-10l, thymol was obtained as a major compound with m.p. 47 ºC (described 49 ºC), by crystallization
process and was identified by 1H-NMR data. Other compounds detected by GC-MS in this fraction were
carvacrol (TR 7.53 min), (E, Z)-phytol (TR 17.07 y 17.32 min), methylic esther of linoleic acid (TR 17.18 min).
From F25’ and F26’ a mixture of ursolic/oleanolic acid was obtained and was chemical identified by 1H-RMN.
The antimycobacterial test showed that 8h-8j and 10g-10l inhibited the growth of M. tuberculosis H37Rv with
MIC values of 50 and 100 µg/mL, respectively.
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The rest of fractions were inactive showing MIC >200 µg/mL against M. tuberculosis H37Rv. In addition, only
fraction 10g-10l showed marginal activity against MDR M. tuberculosis clinical isolates (MIC= 100 µg/mL)
(Table 2).
Table 2. Effect of secondary fractions against M. tuberculosis H37Rv and MDR clinical isolates of M.
tuberculosis.
Fraction

8h-8j
10g-10l

H37Rv

MTY611

MIC (µg/mL) M. tuberculosis
MTY652 MTY650 MTY687

50
100

>100
100

>100
100

>100
100

>100
100

MTY616, MTY282,
MTY234
>100
>100

Pure compounds were tested and the results showed that (E and Z)-phytol is the most active against M.
tuberculosis H37Rv (MIC=25 µg/mL) and was very active against MDR M. tuberculosis clinical isolates with
MIC values from 6.25 to 12.5 µg/mL (Table 3).

Table 3. Antimycobacterial activity of pure compounds.
Strains
M. tuberculosis
H37Rv
MTY652
MTY687
MTY650
MTY675
MTY282
MTY234
MTY99

MIC* (µg/mL)
Mixture of
thymol/carvacrol
>100
100
100
100
>100
>100
>100
100

phytol
25
6.25
12.5
12.5
12.5
12.5
12.5
12.5

Oleanolic
acid
12.5
ND
50
50
50
50
100
100

Ursolic
acid
12.5
ND
50
50
50
50
50
50

Mixture of
OA/UA
12.5
ND
50
50
50
50
50
ND

The antimycobacterial activity of this compound against M. tuberculosis H37Rv (MIC= 2 µg/ml) has been
previously described and was isolated from Leucas volkensii.6,7 Thymol, carvacrol, and a mixture of them were
inactive against M. tuberculosis H37Rv (MIC >200 µg/ml), these compounds were abundant in T. vulgaris and
has been described as antimicrobial, antiseptic, antiviral and antioxidant agents but not antimicobacterial
activity. On the other hand, the mixture of ursolic/oleanolic acids showed good antimycobacterial activity
against M. tuberculosis H37Rv (MIC=12.5 µg/mL) and a marginal effect against MDR M. tuberculosis clinical
isolates (MIC=50 µg/mL). Mixture of ursolic/oleanolic acids has been isolated in several vegetal include T.
browsonetii but has not reported in T. vulgaris. The antimycobacterial activity was previously described and
potency of the effect was MIC=50 μg/ml (64 μM) against M. tuberculosis H37Rv by radiorespirometric assay.6
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Acute toxicity evaluation in mouse showed that the Hex and MeOH extracts were inactive (DL50 >5g/kg).
Regarding the evaluation of the extracts against A. salina larvae, IC50 was 646 ppm for the both extracts and the
thymol/carvacrol mixture showed IC50 =250 ppm. The ursolic/oleanolic acids mixture was not toxic as the
maximum concentration tested (IC50 >1000 ppm). This is the first reported that described the antimicobacterial
and toxicity of Thymus vulgaris.
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