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Abstract

Background: Trichomoniasis is one of the most common nonviral sexually transmitted infections worldwide that its drug-resistant
cases are on the rise.
Objectives: The aim of this study was to evaluate the antiprotozoal activity of Marrubium vulgare essential oil and extracts against
Trichomonas vaginalis.
Methods: After preparation of essential oil and extracts of M. vulgare, five T. vaginalis isolates were subjected to susceptibility testing
after 24 and 48 hours of incubation at 35.5°C under aerobic conditions.
Results: The examined essential oil and extracts had potent antitrichomonal activities against T. vaginalis. After 48-hour exposure,
the most antitrichomonal activity of M. vulgare preparations was related to the essential oil, with a mean minimum inhibitory con-
centration (MIC) value of 291 ± 136 µg/mL, followed by ethyl acetate (541 ± 197 µg/mL), methanol (1000 ± 0 µg/mL), and n-hexane
(1500 ± 490 µg/mL) extracts, in comparison with metronidazole (with MICs ranging from 3.1 to 12.5 µg/mL).
Conclusions: The findings of this study showed that the compounds of M. vulgare have significant activities against T. vaginalis
parasite. Therefore, future studies are needed to clear more details about antitrichomonal properties of M. vulgare compounds
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1. Background

Trichomonas vaginalis is a flagellated parasite that
causes human urogenital trichomoniasis.

Infections with the parasite are one of the most preva-
lent sexually transmitted infections worldwide (1) so that,
according to the WHO report in 2008, 276.4 million cases
of the infection occur annually, which are more than the
cases of syphilis, gonorrhea, and chlamydia infections (2).
Clinical trichomoniasis in females can occur with differ-
ent intensities, ranging from asymptomatic to severe in-
fections. In addition, the infection is associated with some
complications such as adverse pregnancy outcomes, infer-
tility, cervical neoplasia, and most recently, the increased
risk of transmission and acquisition of HIV infection (1, 3).

Since 1961, metronidazole, a 5-nitroimidazole deriva-
tive, has been the main approved drug for the treatment
of trichomoniasis in the world. The use of metronidazole
is encountering two challenges: First, carcinogenic and

teratogenic potential of metronidazole and second, treat-
ment failure of refractory trichomoniasis. The first clinical
trichomoniasis resistant to metronidazole was observed in
1962, which has been on the rise (4). The Center for Dis-
ease Control and Prevention (CDC) in the United States has
estimated that 2 to 5% of clinical T. vaginalis isolates have
some levels of resistance to metronidazole (5, 6). There-
fore, research on the effectiveness of new pharmaceutical
compounds for the treatment of trichomoniasis is neces-
sary.

Traditionally, herbal medicines have been considered
as safe drugs for the treatment of many diseases. More-
over, the plant natural compounds are of particular inter-
est due to their broad range of reported activities, such
as antimicrobial, anti-inflammatory, antioxidant, and cy-
totoxic properties (7-9). Lamiaceae (Labiatae) family, with
the global distribution and approximately 220 genera and
4000 species, contains important genera in terms of phy-
tomedicine (10). The genus Marrubium (Lamiaceae) is rep-
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resented in Iran by 10 species. Marrubium vulgare is a peren-
nial herb native to Iran with extensive distribution in some
areas. This herb is known commonly as white horehound
and prescribed in traditional medicine, principally to re-
lieve coughs and treatment of gastrointestinal disorders.
Additional properties such as anti-inflammatory, neuro-
sedative, antioxidant, antispasmodic, analgesic, hypolipi-
demic, and hypoglycemic activities have been attributed
to it. Some of the identified phytochemical compounds in
M. vulgare are flavonoids, steroids, lactones, alkaloids, tan-
nins, and diterpenoids, especially marrubiin, a bioactive
diterpene (11, 12).

So far, the effects of a large number of herbal medicines
or their natural derivatives have been investigated against
pathogenic microbes. In this regard, there is a few evi-
dence of the antimicrobial potential of crude extracts and
essential oil of M. vulgare (13-15). Therefore, this study was
conducted to assess the in vitro effect of M. vulgare, as a new
antitrichomonal agent, on T. vaginalis.

2. Methods

2.1. Plant Material

The aerial parts of M. vulgare were collected in June
2016 from an Avicenna herbs’ garden in Hamadan, western
Iran. The herb was identified by specialists of the Hamadan
Research and Education Center for Agricultural and Natu-
ral Resources and deposited as a voucher specimen under
number 7950.

2.2. Preparation of the N-Hexane, Ethyl Acetate, and Methanol
Extracts

The aerial parts of the plant were dried in shade and
at ambient temperature. Then, the dried plant’s materi-
als were crushed into powders and subjected to extraction
by the maceration method (16). Briefly, the plant powder
(100 g) was soaked in three solvents: Methanol, ethyl ac-
etate, and n-hexane (3× 1 L, RT for 72 hours). The extraction
continued until reaching the concentration of the extracts
through evaporation under vacuum by a rotary evaporator
below 40°C. The obtained light brown gum was stored in a
dark airtight container at 4°C until use.

2.3. Preparation of the Essential Oil

The dried plant’s powder (100 g) was subjected to hy-
drodistillation for three hours by using a Clevenger-type
apparatus. The acquired essential oil was dehydrated with
anhydrous sodium sulfate and kept in a dark airtight con-
tainer at 4°C until use (17).

2.4. Isolation and Parasite Culture

To improve the validity and reliability of the results, in-
stead of one isolate, we used five T. vaginalis isolates. The
isolates were grown axenically in TYI-S-33 medium com-
pleted with 10% of heat-inactivated bovine serum and an-
tibiotics. The axenic parasites were applied for suscep-
tibility testing at the parasitology research laboratory of
Hamadan University of Medical Sciences from August to
September 2016 (18, 19).

2.5. Preparation of Antitrichomonal Solutions

The metronidazole solution was prepared by dissolv-
ing the drug powder (Sigma Chemical Co. St Louis) in
distilled water and sterilized by syringe filter (0.22 µm
pore size). Dimethyl sulfoxide (D2650 SIGMA, BioReagent)
was used to dissolve the extracts and essential oil. The
metronidazole and plant solutions were subjected to se-
rial twofold dilutions in TYI-S-33 medium ranging from 200
µg/mL to 0.1 µg/mL and from 4000 µg/mL to 62.5 µg/mL,
respectively (19).

2.6. Determination of Minimum Inhibitory Concentration

The minimum inhibitory concentration (MIC) refers to
the lowest concentration of the metronidazole, extracts,
and essential oils that causes immobilization and death of
the parasites after 24 and 48 hours of exposure to the an-
titrichomonal agents (20). In addition, the concentration
of the antitrichomonal agents that caused immobilization
and death of 90% of trichomonad, in comparison with a
negative control, was considered as a 90% inhibitory con-
centration (IC90).

2.7. Antitrichomonal Susceptibility Assay

In vitro antitrichomonal susceptibility assay was car-
ried out according to the method recommended by the
CDC (20). The susceptibility testing was conducted in 96-
well flat-bottom microtiter plates, as follows: First, the
respective concentrations of the antitrichomonal agents
were prepared and then, a certain volume of the isolated
parasites in the logarithmic phase of growth (1 × 105

cells/mL) was added to the wells of the microtiter test
plates and incubated at 35.5°C. After 24 and 48 hours of
incubation, the test plates were examined to determine
the MICs of the antitrichomonal agents by an inverted mi-
croscope. All susceptibility tests were done aerobically in
duplicate and repeated three independent times under
the sterile condition and against a negative control (with-
out any extracts or essential oil), a positive control (with
metronidazole), and a DMSO control.
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2.8. Data Analysis

Data were presented as MIC values, ≥ IC90 values, and
means± standard deviation (SD) and analyzed by SPSS sta-
tistical software, version 16. The mean MIC values were
compared by nonparametric tests, Friedman’s test, and
Wilcoxon test and P values of less than 0.05 were consid-
ered statistically significant.

3. Results

In this study, the in vitro antitrichomonal activity of M.
vulgare essential oil and extracts was investigated against
five clinical T. vaginalis isolates. In total, for each herbal
preparation, 30 series of susceptibility tests were con-
ducted and the mean MIC values were compared with each
other and with that of metronidazole as a standard drug.

All investigated extracts and the essential oil had po-
tential antitrichomonal activity by inhibition of motility
and death of the parasite after 24 and 48 hours of exposure.
Table 1 shows the efficacy of the herbal agents after 24-hour
incubation, with the highest effect on the parasite being
related to the essential oil of M. vulgare. After 48-hour in-
cubation, the effect of herbal agents increased and the es-
sential oil of M. vulgare was detected as the most effective
antitrichomonal agent with a mean MIC value of 291 ± 136
µg/mL, followed by ethyl acetate extract (541± 197µg/mL),
methanol extract (1000 ± 0 µg/mL), and n-hexane extract
(1500 ± 490 µg/mL) (P < 0.001) (Table 2). Friedman’s test
analysis showed significant differences between the anti-
Trichomonas agent groups (P < 0.001) although Wilcoxon
test revealed no significant difference between the effects
of methanol and hexane extracts on T. vaginalis isolates (P
< 0.08).

In vitro drug susceptibility testing of the parasite
showed that all isolates were sensitive to metronidazole
and after 48-hour incubation, the metronidazole MICs
were in the range of 3.1 to 12.5 µg/mL (Table 2).

4. Discussion

Drug resistance of pathogenic microorganisms is a sig-
nificant public health problem that is on the rise. Metron-
idazole is the most common drug used for the treatment
of trichomoniasis and treatment failure with metronida-
zole has been reported and estimated to be up to 10% in the
United States (21).

In the present study, we investigated the antitri-
chomonal activity of extracts and essential oil of M. vulgare
in comparison with metronidazole. All extracts and es-
sential oil had potent antitrichomonal activities dose- and

incubation time-dependently. The tested herbal prepara-
tions were able to kill 100% of the parasites at certain con-
centrations and various effective concentrations were sta-
tistically significant.

Among the tested herbal preparations on the T. vagi-
nalis isolates, essential oil of M. vulgare was the most effec-
tive antiprotozoal compound with the lowest and mean
MIC values of 125 and 291± 136µg/mL, respectively, after 48-
hour incubation. Whereas, the least antiprotozoal effect
was related to the n-hexane extract, with the lowest MIC
of 1000 µg/mL and mean MIC of 1500 ± 490 µg/mL. A sta-
tistically significant difference was observed between the
results of the herbal preparations assay and those of the
metronidazole susceptibility test, with a mean MIC value
of 5.8 ± 3.9 µg/mL. The results indicate the significant ef-
fects of the herbal preparations on the parasite.

The antiprotozoal activity of the compounds was re-
lated to their concentrations. After 48 hours of exposure
and at a minimum concentration of 62.5 µg/mL, M. vul-
gare essential oil was able to kill at least 90% of the para-
sites in susceptibility testing of two isolates. In addition,
the other factor that influenced the antiprotozoal activ-
ity of the compounds was exposure time. Follow-up mi-
crotiter plate tests were performed for up to 72 hours and
the MIC and IC90 values of the herbal preparations reduced
by longer exposure time (data not shown). In this study, we
emphasized the 48-h MIC values of antitrichomonal agents
based on the CDC susceptibility testing protocol (20).

The antiprotozoal activity of M. vulgare found in this
study can be related to the bioactive phytochemical com-
ponents such as flavonoids, alkaloids, steroids, tannins,
and diterpenoids (22). A few reports are available about the
antibiotic activity of M. vulgare components. The antimi-
crobial potency of M. vulgare on some pathogenic Gram-
positive bacteria and Botrytiscinerea fungi was reported by
Zarai et al. In this study, the antibacterial MIC values and
the antifungal inhibition zones of the essential oil were in
the range of 1120 - 2600 µg/mL and 6.6 - 25.2 mm, respec-
tively (13). Molluscicidal and mosquitocidal potency of M.
vulgare has been reported by Salama et al. Biomphalaria
alexandrina adult snail was sensitive to the essential oil
with LC50 and LC90 values of 50 and 100 ppm/3h, respec-
tively. After 24 hours, the ovicidal activity of the essen-
tial oil on B. alexandrina was at 200 ppm. In addition, the
mosquitocidal potency of M. vulgare essential oil was re-
ported on Culex pipiens larvae (LC50 = 100 and LC90 = 200
ppm/12h) and pupae (LC50 = 200 and LC90 = 400 ppm/12h)
(23). Ramos-Guerra and colleagues showed the antiproto-
zoal activity of M. vulgare extracts against two intestinal
protozoa metabolically close to T. vaginalis, Entamoeba his-
tolytica and Giardia lamblia. The methanol and acetone ex-
tracts of M. vulgare were able to inhibit 50% of the growth
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Table 1. Effects of Essential Oil and Extracts of M. vulgare on Five T. vaginalis Isolates, in Comparison with Metronidazole, After 24-Hour Incubation

Essential Oil, Extracts,
and Drug

IC90
b Value, µg/mL MICc Value, µg/mL

Lowest Highest Meana ± SD Lowest Highest Meana ± SD

Essential oil 125 250 175 ± 62 250 500 350 ± 124

Ethyl acetate extract 500 500 500 ± 0 1000 1000 1000 ± 0

Methanol extract 1000 2000 1133 ± 345 2000 4000 2266 ± 691

Hexane extract 500 2000 1250 ± 468 2000 4000 2533 ± 899

Metronidazole 1.6 12.5 5.5 ± 3.8 3.1 25 11.5 ± 7.9

aThe mean of 30 values of susceptibility testing obtained from three independent assays performed in duplicate.
bThe concentration that causes ≥ 90% trichomonads growth inhibition.
cThe concentration that causes the death of 100% trichomonads.

Table 2. The Effect of Essential Oil and Extracts of M. vulgare on Five T. vaginalis Isolates, in Comparison with Metronidazole, After 48-Hour Incubation

Essential Oil, Extracts,
and Drug

IC90
b Value, µg/mL MICc Value, µg/mL

Lowest, Highest Meana ± SD Lowest Highest Meana ± SD

Essential oil 62.5 250 145 ± 68 125 500 291 ± 136

Ethyl acetate extract 250 500 375 ± 127 250 1000 541 ± 197

Methanolic extract 500 500 500 ± 0 1000 1000 1000 ± 0

Hexanic extract 500 1000 716 ± 252 1000 2000 1500 ± 490

Metronidazole 0.4 6.2 1.3 ± 1.5 3.1 12.5 5.8 ± 3.9

aThe mean of 30 values of susceptibility testing obtained from three independent assays performed in duplicate.
bThe concentration that causes ≥ 90% trichomonads growth inhibition.
cThe concentration that causes the death of 100% trichomonads.

of E. histolytica (IC50 = 12 and 7µg/mL) and G. lamblia (IC50 =
34 and 90 µg/mL), respectively, after 72 hours of exposure
to the extracts (14). In the mentioned study, the antiproto-
zoal activity of M. vulgare extracts was shown to be in accor-
dance with our survey. However, the extracts of M. vulgare
were more effective against E. histolytica and G. lamblia than
against T. vaginalis, which may be due to reporting IC50 af-
ter 72-hour exposure.

So far, the efficacy of some medicinal herbs has been
explored against T. vaginalis parasite that some of them
will be mentioned. In the investigation of the efficacy of
two Lavandula species on some flagellated protozoa con-
ducted by Moon et al. L. angustifolia and L. intermedia es-
sential oils were able to eliminate T. vaginalis trophozoite
at concentrations of 1 and 0.5% after 20 minutes of expo-
sure. However, both essential oils at concentrations of 0.1%
were effective against the parasite within 65 to 80 min-
utes of exposure time (24). The antitrichomonal activity
of 22 methanolic extracts of Mexican medicinal herbs was
investigated by Calzada and colleagues and the extracts
of Carica papaya and Cocos nucifera were found the most
effective antitrichomonal agents with IC50 values of 5.6
and 5.8µg/mL, respectively, followed by Bocconia frutescens,
Geranium mexicanum, and Lygodiumvenustum with IC50 val-
ues between 30.9 and 60.9 µg/mL, in comparison with the

metronidazole IC50 value (0.037 µg/mL) (25). In a random-
ized controlled clinical trial, the antitrichomonal potency
of Mentha crispa was studied in comparison with secnida-
zole, another member of the 5-nitroimidazole group. The
cure rate of patients with trichomoniasis after receiving
a single dose of secnidazole (2000 mg) was 96.6% while,
in another patient group treated with a single dose of M.
crispa (24 mg), it was 90%. In this study, the difference be-
tween the cure rates of the two antitrichomonal agents
was not statistically significant (P = 0.6120) (26). Ertabak-
lar et al. examined Arbutus unedo leaf extracts against T.
vaginalis during 48 hours of incubation. Among aqueous,
ethanolic, ethyl acetate, and n-hexane extracts, only was
able ethyl acetate extract to inhibit 100% of the growth
of the parasite at a concentration of 500 µg/mL (27). An
encouraging result has been reported about the efficacy
of Allium hirtifolium (Persian shallot) against T. vaginalis.
Taran and colleagues studied the Persian shallot hydroal-
coholic and dichloromethane extract against a flagellate
parasite after 48-hour exposure. The MIC values of the hy-
droalcoholic and dichloromethane extracts were 10 and 5
µg/mL, respectively, in comparison with the MIC value of
metronidazole (2 µg/mL) (28). Organosulfur compounds
such as allicin and ajoene are assumed responsible for the
antimicrobial activity of Allium species (29). Some other
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medicinal plants with antitrichomonal activities that have
been reported include Eucalyptus species, Myrtus Commu-
nis, Artemisia aucheri, Zataria multiflora, Ferula assafoetida,
Allium sativum, Mentha piperita, Salvia officinalis, Tanacetum
Parthenium, and Taxus baccata (30).

4.1. Conclusion

The results of the present study showed that the essen-
tial oil and the extracts of M. vulgare have potential activi-
ties against T. vaginalis parasite although complementary
studies are needed to fractionate and evaluate the efficacy
of bioactive components of M. vulgare against T. vaginalis.
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