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Abstract: Trichomoniasis is an infectious disease afflicting women worldwide. The protozoan parasite Trichomonas
vaginalis is the causative agent of this sexually-transmitted disease, including also men in its infection cycle. The disease
is usually not life-threatening, but has been associated with the development of cervical cancer and increased susceptibil-
ity to HIV. Approved drugs are 5-nitroimidazoles, with metronidazole being the drug of first choice. These drugs act via
induction of oxidative stress and DNA-damage, leading to cell death in the parasite. Nevertheless, with the development
of resistant T. vaginalis strains the treatment of the disease becomes exceedingly difficult. Mechanisms of drug resistance
are characterized by reduced expression or even loss of proteins necessary for drug activation and a decreased reductive
nature in the parasite. A promising strategy for research into new drugs and moreover, to overcome drug resistance, are
compounds derived from natural sources. The present study provides a summary of all so far investigated small molecules
with antitrichomonal activity; promisingly, some also show efficacy against resistant strains. Whereas the list of
chemically characterized compounds derived from plants is rather short, literature provides immense applications of
crude plant extracts tested against T. vaginalis. This demonstrates the absence of studies in this field aimed to identify
and isolate single natural products exhibiting antitrichomonal features. Likewise, elucidating their mode of action on a

molecular basis is of paramount importance.
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1. INTRODUCTION

Protozoal diseases are a major public health problem,
predominately for people in tropical developing countries.
The absence of proper medical facilities in these rural areas
heightens their transmission [1]. Infections with drug-
resistant strains are one of the overriding problems in the
fight against infectious diseases. Considering the limited
drugs in current chemotherapy, which often act by the same
mechanisms, no other drugs are available, if strains were to
develop resistance. The search for new drugs is cost- and
time-consuming, and drug development generally takes
years. The pragmatic strategy is derivation from approved
drugs to achieve improved pharmacological features. How-
ever, the mode of action remains the same and resistant
strains do frequently not reveal sufficient susceptibility.
Another problem is that standard chemotherapeutics
often exhibit unconfirmed risks to patients. Due to their seri-
ous side effects, maximal dosages, needed for complete
eradication of the protozoan parasite, and thereby, avoiding
development of resistance, are deleterious [2]. This shows a
strong need for research focused on new drugs to treat
infectious diseases, to develop safe, effective drugs, and to
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overcome drug resistance. Active substances can chemically
be synthesized or, alternatively, can also be isolated from
natural sources with high diversity of chemical structures.
The most common of which is the use of plant-derived
compounds in medical application, but fungi, bacteria,
and animals also represent valuable sources for chemical
substances with potency for treatment of diseases [3]. Of
special interest are compounds with low cytotoxicity to host
tissues and high antiprotozoal specificity. By serving as
novel lead compounds, their structures can be optimized by
semi-synthetic or fully synthetic derivatization [4]. In the
fields of pharmacology and pharmacy, natural products have
always played an important role in combating diseases.
Famous examples are the glycosides digitoxin, isolated from
Digitalis purpurea and digoxin, derived from D. lanata,
which are applied against cardiac diseases. Other examples
are demonstrated by the alkaloids vincristine and vinblastine,
purified from the plant Vinca rosea (Catharanthus roseus)
and paclitaxel, isolated from Taxus brevifolia, which are
naturally derived anticancer drugs [1]. These successes
exemplarily demonstrate that natural products are a potent
source for the development of drugs against a variety of
diseases, and in particular, to give impact on the treatment
of trichomoniasis. Another strategy to combat infectious
diseases such as trichomoniasis is vaccination. In the present
review, vaccination is not covered. As an overview, key
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reviews that include insight on the development and progress
of vaccination against T. vaginalis are recommended [5, 6].

2. DISEASE AND CLINICAL MANIFESTATION

Trichomonas vaginalis is a flagellated protozoan parasite
of humans [7]. During sexual intercourse, it adheres to the
epithelial cells of the genital tract and divides via binary
fission to establish infection [6]. Trichomoniasis is the most
common non-viral sexually transmitted disease (STD) [8],
annually causing 174 million infections worldwide [9]. Due
to the fact that the carrier stays asymptomatic during an
incubation period of 4-28 days, transmission of the parasite
often goes unnoticed [6, 10]. In women, infections can
persist for long periods in the uro-genital tract along with
mild symptoms like puritus and vaginal secretion [11]. In
contrast, vaginitis and pelvic inflammatory diseases are
characteristic symptoms for the acute inflammatory stage of
the disease [12]. Moreover, cervical erosion [13], cervical
cancer and infertility have been associated with trichomonia-
sis. Unborn children are also put at risk. Maternal inflamma-
tion often leads to premature rupture of the placental
membranes causing pre-term delivery, low-birth-weight
babies [7, 12, 14] and high infant mortality [15, 16].
Although the parasite can be transmitted to babies by breast-
feeding, the children’s oestrogen level which wanes in
the third to sixth week of an infant’s life prevents the
development of a neonatal form of the disease [17]. In
contrast to the adverse disease progression in women,
spontaneous resolution of the infection in men is common
[11]. The infection in men often remains dormant, implying
their impact on disease transmission. The mild symptoms
are characterized by discharge and itching. Only rarely the
uro-genital tract is more seriously effected, which may result
in infertility [18, 19]. It is hypothesized that the parasite’s
pathogenesis is inhibited by the oxidative nature of the male
genital tract [20]. Moreover, the prostatic fluid contains zinc
which has been demonstrated to be cytotoxic to the parasite
[21]. The female genital tract, on the contrary, provides a
reducing environment which promotes development of the
infection [20]. Although the low pH of the vagina impairs
the parasite’s cell detaching factors, T. vaginalis affords
to erase Lactobacilli during infection. As a result, the pH
increases and offers a better environment for invasion
and growth of the parasite [22]. Menstrual blood also
increases the pH and serves as iron supply to enhance the
attachment of T. vaginalis [23]. Of particular relevance is
the increased risk of human immunodeficiency virus
(HIV) co-infection facilitated by local inflammation and
microscopic breaches in mucosal barriers [24]. Furthermore,
trichomoniasis causes degradation of a secretory leukocyte
protease inhibitor, which normally protects cells from HIV
infection [25].

3. METABOLIC PECULIARITIES AS POTENTIAL
DRUG TARGETS

In order to approach the defense against the protozoan
parasite, differences in biochemical mechanisms between
parasite and host are promising drug targets without
expected cytotoxicity towards the human host [10]. A
particularity of Trichomonas is constituted by the lack of
mitochondria, which renders energy metabolism anaerobic
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[26]. Trichomonas compensates the less efficient metabolic
processes by salvage pathways, demonstrated by a takeover
of amino acids [6, 27], nucleotide precursors [28] and lipids
[6]. Hydrogenosomes partially substitute mitochondria by
representing a compartmentalized machinery for part of the
energy metabolism [29]. The organelle’s name is derived
from its ability to produce hydrogen gas (H,) [5]. In aerobic
eukaryotes the oxidation of pyruvate is catalyzed in the
mitochondria by pyruvate dehydrogenase, whereas in hydro-
gnosomes Fe-S-cluster proteins catalyze the production of
ATP by oxidation of pyruvate to acid end products [10]. In
the parasite, three proteins, namely pyruvate:ferredoxin oxi-
doreductase (PFOR), ferredoxin and Fe-hydrogenase, act in
sequence to promote the metabolism of pyruvate. These pro-
teins are highlighted in the following, because they
also play an important role for the antitrichomonal action of
current chemotherapeutics. The first enzyme in the cascade,
PFOR, is also found in the cytosol of eukaryotes, but in T.
vaginalis it is embedded in the hydrogenosomal membrane
[30]. The second enzyme is ferredoxin, which shows a
relationship to ferredoxins of the cytochrome P450-linked
mixed-function oxidase systems of bacterial and vertebrate
mitochondria [31]. The monomeric Fe-hydrogenase, present-
ing the third enzyme in the reaction, is also found in anaero-
bic bacteria, as well as in other aerobic/microaerophilic pro-
tozoan parasites, ciliates, fungi and chytrids. In the genome
of T. vaginalis three Fe-hydrogenases have been identified
with one being hypothetically localized in the hydrogeno-
some [32]. The cascade catalyzed by the three described
enzymes is characterized by passing on of electrons. In the
reaction, PFOR is reduced by oxidation of pyruvate, while
coenzyme A is acetylated to form acetyl coenzyme A.
Afterwards, PFOR reduces ferredoxin, and finally, the
electrons are released to Fe-hydrogenase, which produces
hydrogen gas (Hy) by transferring electrons to protons [33].
Pyruvate is also formed by hydrogenosomal NAD-
dependent malic enzyme [34]. NADH, generated in this
reaction, is recycled by the reduction of ferredoxin catalyzed
by NADH dehydrogenase. This enzyme was identified
as functional homologue of the catalytic mode of the
mitochondrial NADH dehydrogenase in complex |, the first
step of the respiratory chain in mitochondria [35]. The
NADH:ferredoxin oxidoreductase (NADH:FOR) activity of
NADH hydrogenase presents an PFOR-independent pathway
for drug activation, as well as the potential to maintain the
redox balance [35]. An alternative mechanism for the pyru-
vate metabolism is constituted in the cytosol by lactate de-
hydrogenase, resulting in formation of lactate. Interestingly,
lactate dehydrogenase is found in T. vaginalis, whereas it is
missing Tritrichomonas foetus, the causative agent of
trichomoniasis in cattle [29]. A further peculiarity of the
parasite, and thereby presenting an additional drug target, is
the biosynthesis of Fe-S-cluster proteins, with the necessity
of cysteine as critical building block [36, 37]. Unlike the
human host, Trichomonas can synthesize cysteine de novo
by assimilation of sulphur from the environment followed by
catalysis via cysteine synthase, a protein absent in mammals
[27, 38]. However, Trichomonas offers no sulfur-containing-
amino acid metabolism, and additionally, it lacks the trans-
sulfuration pathway to transform cysteine to methionine, or
vice versa [39]. To compensate, the parasite possesses a
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unique enzyme for sulfur-containing amino acid degradation,
methionine gamma-lyase (MGL) [27]. This protein has
revealed a potency for drug development, since the
compound L-trifluoromethionine (TFM), which is activated
by MGL, was shown to be an efficient growth inhibitor in
vitro against T. vaginalis [40] and E. histolytica [41], another
human protozoan parasite sharing various biological and
biochemical characteristics. Unfortunately, the drug target of
the derived active component has not been elucidated yet.
However, it was demonstrated that complete inhibition of
MGL in vitro was not deleterious towards E. histolytica [41],
reinforcing the assumption that MGL activity might also
not be essential for T. vaginalis. Nevertheless, the efficiency
of TFM was confirmed by a previous in vivo study with
T. vaginalis infected mice [40]. Current research focuses on
antitrichomonal derivatives of TFM along with development
of new lead compounds [10].

4. STANDARD CHEMOTHERAPY

5-nitroimidazoles dominate the current chemotherapy of
trichomoniasis. The drug of first choice is metronidazole
[10], a synthetic 5-nitroimidazole developed in 1959 through
derivation of the antibiotic azomycin isolated from Strepto-
myces eurocidicus [42-44] . The drug is administered orally
or intravenously. A bioavailability of 93-100% is already
achieved upon oral medication, because metronidazole
does not bind to serum proteins [45]. The efficiency of
chemotherapy is high, with a cure rate of 85-95% of
treated patients and re-infections can be avoided through
simultaneous treatment of sexual partners [17]. Chemo-
therapy using metronidazole commonly causes mild side
effects, characterized by the body’s defence mechanisms
against toxic substances, like nausea, vomiting, diarrhoea,
dizziness and headache. More serious side effects, like
anorexia, hypersensitivity, leukopenia, palpitation, confu-
sion, encephalopathy, and peripheral neuropathy are
clinically rarely observed [46]. Nevertheless, metronidazole
crosses the placental barrier and is, therefore, classified
as a class B risk factor for pregnancy by the Food and
Drug Administration (FDA), standing for an unconfirmed
potential risk [5]. Even though, the risk of fetal exposure to
metronidazole through treatment of the mother is considered
to be less dangerous than the risk of the unborn child caused
by maternal trichomoniasis [10]. To perform its mode of
action metronidazole can enter the cell and its organelles via
passive diffusion [10]. It is then activated by the reduced
state of hydrogenosomal ferredoxin via reduction of the 5-
nitro group [47, 48]. This results in formation of a cytotoxic
nitro radical anion which binds transiently to DNA to disrupt
nucleotide strands, leading to cell death [49-52]. A similar
mechanism of action is followed by tinidazole, another 5-
nitroimidazole compound, which is the drug of second
choice in standard chemotherapy [5, 10]. Due to an incom-
plete cross-resistance, tinidazole can be applied for treatment
of metronidazole-resistant trichomoniasis [53, 54]. Further
properties are its longer half-life and lower elimination
rate compared with metronidazole, which might be the
reason for its curative effect at lower dosages [55]. As a
result, fewer and milder side effects occur using tinidazole
for chemotherapy of trichomoniasis [17, 54, 56].
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5. DEVELOPMENT OF RESISTANCE

The development of drug resistance can be caused by
different mechanisms. Altered metabolic pathways prevent
the drug reaching its target. Alternative pathways facilitate
the parasites’ independence on inhibited targets or detoxifi-
cation of the drug. In addition, intracellular accumulation
of the drug can be inhibited by decreased drug import
or increased drug export, thereby lowering the effective
concentration below a threshold needed to harm the parasite
[57]. Metronidazole resistance in T. vaginalis is described
by two stages. Whereas these stages have been suggested
to represent unrelated types of resistance formation, novel
studies demonstrate a gradual transformation from the first
stage to the second [58]. The aerobic resistance represents
the earliest stage in resistance development, commonly
observed in vivo by application of therapeutic levels of
the drug [10]. It is characterized by reduction of oxygen
scavenging processes. This results in an increased oxygen
concentration inside the parasite impairing the low redox
potential necessary for metronidazole activation [58-60]. In
addition, activated metronidazole can be oxidized back to
the inactive parent compound, a phenomenon called futile
cycling. This reaction leads to the production of superoxide
radical anions, causing limited cell damage compared to
nitro radical anions produced via metronidazole activation
[5, 61]. Furthermore, reduced expression levels of the
hydrogenosomal enzymes PFOR, malic enzyme and NADH:
FOR have been observed in the aerobic resistant stage,
however, without affecting the level of activated metro-
nidazole. Aerobic resistant strains were demonstrated to
possess an increased sensitivity to oxidative stress. Thus
exposition to high oxygen levels lead to cell death as a
result of accumulation of toxic oxygen metabolites, which
are normally prevented by effective oxygen scavenging
processes [59, 60]. Through further metabolic changes, the
resistance develops to the anaerobic resistance stage [58],
which was demonstrated in vitro by prolonged treatment and
drug pressure [10]. This stage is oxygen-independent and
characterized by advanced gradual loss of PFOR, the key
enzyme in the drug activation pathway. However, alternative
drug activation mechanisms via malic enzyme, NADH:FOR
and ferredoxin still serve to activate the drug. To develop
high resistance the hydrogenosome gets fully inactivated,
realized by decrease and eventual loss of all proteins
involved in drug activation, namely PFOR, malic enzyme,
NADH:FOR, ferredoxin and Fe-hydrogenase [58, 62].
Down-regulation of PFOR and ferredoxin have also been
demonstrated to result in resistance formation in Giardia
intestinalis, an amitochondriate protozoan parasite of the
intestinal tract [63-65]. Alteration of the ferredoxin level
in aerobic resistant strains has been controversially presented
in the literature. Whereas a decreased expression of the
ferredoxin gene was found on the one hand [66], other
studies demonstrate a constant level of ferredoxin in aerobic
resistant T. vaginalis strains, as well as the enzymatic
activity [58, 60, 62]. For protection from reactive oxygen
species (ROS), Trichomonas possesses Fe-superoxide
dismutase. This essential protein also presents a possible
drug target, since it is absent in mammals [5]. Furthermore,
resistant strains circumvent the necessity of inhibited
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proteins by switching to alternative pathways. The highly
repetitive genome of Trichomonas, 160-280 Mb in size,
demonstrates that loss of a single gene might not be critical
for survival of the parasite [10]. Exemplarily, the important
enzyme PFOR can partially be replaced by two additional 2-
keto acid oxidoreducatases (KOR1 and KOR2) which are
also involved in the energy metabolism [67]. KOR1 was
shown to possess an increased activity in resistant strains and
KOR2 is exclusively present upon development of resis-
tance. Advantageously for resistant strains, metronidazole
cannot be activated via the described mechanism while
ferredoxin is still absent [10]. Besides the potential drug
targets found up to date, no reasonable strategies are
available for the increasing number of refractory cases
caused by resistant T. vaginalis strains [5]. To fight persis-
tent trichomoniasis, patients are treated with higher dosages
of metronidazole over longer periods, resulting in deleterious
side effects, intolerance and treatment failures [68, 69]. At
least one percent of all infections with T. vaginalis cannot be
cured, demonstrating the urgent need for the development of
novel drugs to overcome drug resistance. The finding that
tested resistant strains were sensitive to a non-nitroimidazole
drug, the nitrofuran furazolidone [54], encourages the
investigations for screening into new drugs representing
different chemical structures. However, transmission of
resistant T. vaginalis strains is not reported so far, and it is
assumed that resistant strains are handicapped in a way
which prevents transmission to another host. Therefore,
development of resistance remains a problem for the carrier
itself. This causes the assumption that there is no threat
of epidemics caused by resistant T. vaginalis strains, and
subsequently, generating no pressure for development of
new drugs [65].

6. SCREENING OF NATURAL PRODUCTS

The potential of natural products in the treatment of
diseases is evident in traditional medicines. Since treatments
with medicinal plants were developed over thousands of
years and are still practiced today, it might be promising to
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search for plants traditionally used to treat trichomoniasis
and to isolate and characterize their bioactive chemical
components [1]. Compared to other protozoan parasites,
investigations of natural products with antitrichomonal
activity are rarely found in the literature. Furthermore,
most studies prescribe extracts, oils and tinctures of
plants or marine organisms to exhibit an antitrichomonal
activity. However, to permit meaningful investigations
on a molecular level, it is important to focus on isolated
compounds from plant raw extracts [70]. By restricting the
present overview to compounds isolated from natural
sources with activity against T. vaginalis, the subspecies
of the genus Trichomonas being infectious to humans,
the available studies are reduced to an unsatisfying
minimum. In the following, the few compounds which
exhibit activity against T. vaginalis published to date
are organized according to their chemical structures. The
antitrichomonal activities reported in the studies are
presented, but a great disadvantage of almost all included
investigations is the lack of concurrent proof of cytotoxicity
to mammalian cells. Moreover, the reader should keep
in mind that the data in the literature were generated in
different experimental settings. Therefore, the values are
not entirely comparable. Where possible, we indicated the
activity of the reference drug, metronidazole, to allow the
reader at least some comparability between different studies.
The chemical structures of all compounds discussed in this
review are shown in Fig. (1).

Alkaloids

The alkaloid berberine (1) and its salt, berberine sulphate,
possessed in vitro activity against T. vaginalis. Berberine
sulphate, isolated from Coptis teeta (Ranunculaceae),
applied in a concentration of 1 mg/ml (2.3 mM) inhibited the
growth of the parasite to 34.2 % after 72 h of incubation.
Subsequent analysis of the parasites revealed morphological
changes, characterized by an increased number of vacuoles
and/or their enlargement [71, 72]. In an additional study
under the same experimental settings, berberine sulphate
displayed a minimal lethal concentration (MLC) of 1.2

[3] emodin [5] hederagin

| OH

COOH

[8] mulin-11,13-dien-
20-oic acid

[7] mulinolic acid

[6] azorellanol

Fig. (1). Chemical structures of natural compounds with antitrichomonal activity.
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mg/ml (2.7 mM). Furthermore, using incubation times of 24
and 48 h the effect of 1.2 mg/ml berberine sulphate was
comparable to the reference drug metronidazole in a concen-
tration of 25 pg/ml (146 puM). Afterwards, the effect of
therapy cessation was investigated through reculturing of
the parasites after drug treatment. Consequential, the same
efficiency, indicated by no growth and loss of its motility,
was observed after 72 h of incubation with either 1.2 mg/ml
berberine sulphate or 25 pg/ml metronidazole. As a result,
berberine sulphate possessed 18.5-fold less antitrichomonal
activity compared with metronidazole. Several modes of
actions are suggested for the activity of berberine, and most
likely it acts via intercalation into mitochondrial DNA,
since it has been shown to function as an inhibitor of
topoisomerase Il while stabilizing topoisomerase 11-DNA
complexes [73].

Phenolics

Usnic acid, a dibenzofuran, is almost exclusively found
in lichen and is especially abundant in genera such as
Cladonia, Usnea, Lecanora, Ramalina and Evernia.
S-(-)usnic acid (2) exhibited activity against T. vaginalis
in vitro, with a lowest effective concentration of 0.4 mg/ml
(1.2 mM). The reference drug, metronidazole, displayed
the same effects using 0.6 mg/ml (3.5 mM) [74, 75]. Accord-
ingly, S-(-)usnic acid appears to be more potent for the
treatment of trichomoniasis than the current chemo-
therapeutic agent metronidazole. However, the determined
effective concentrations were rather high, namely in a
millimolar range, whereas most of the literature demon-
strates a micromolar concentration for the antitrichomonal
activity of metronidazole.

The extract of Rheum valuate (Polygonaceae) exhibited
lethal effects on Trichomonas in low concentrations
(1:5000). In further investigations isolated compounds were
tested independently during in vitro studies, revealing
the anthraquinone emodin (1,3,8-trihydroxy-6-methylanthra-
quinone) (3) as active compound of the plant extract.
Importantly, emodin affected T. vaginalis without possessing
cytotoxicity towards mammalian cells. In an in vivo study
with BALB/c mice, emodin was effective in decreasing
subcutaneous abscesses caused by T. vaginalis infection
when applied s.c. with 100 mg/kg body weight twice a
day over a period of 7 days (0.37 mM/kg body weight).
Furthermore, emodin treatment delayed vaginal trichomonia-
sis for two days when applied s.c. using 100 mg/kg body
weight twice a day (0.37 mM/kg body weight). Also oral
administration of emodin exhibited curative effects, but
higher dosages had to be applied. The volume of abscesses
was reduced when emodin was applied p.o. with 500 mg/kg
body weight twice a day (1.85 mM/kg body weight), which
was comparable with the application of metronidazole s.c. of
50 mg/kg body weight twice a day (0.29 mM/kg body
weight). The mode of action of emodin has not been studied
extensively, but it was demonstrated that its antitrichomonal
activity was reversed by catalase, a scavenger of hydrogen
peroxide. Therefore, it is suggested that the antitrichomonal
activity of emodin is mediated via production of hydrogen
peroxide as toxic oxygen metabolite [76].

The Open Bioactive Compounds Journal, 2009, Volume 2 25

Polyenes

Hamycin (4), a heptaene, was isolated from Streptomyces
pimprina (Streptomycetaceae). This compound is structur-
ally related to amphotericin B and is known for its antifungal
properties. Interestingly, hamycin is used in India for topical
treatment of trichomoniasis. In field studies, topical applica-
tion of hamycin revealed a cure rate of 88 % in two infected
women. Nevertheless, hamycin is prohibited to parental use
due to its systemic toxicity. In addition, an animal model
also indicated tissue toxicity observed upon topical use of
hamycin. In an in vitro study the antitrichomonal activity of
hamycin was carried out with a minimal inhibition concen-
tration (MIC) of 1 pg/ml (0.87 uM) [77]. In further investi-
gations, hamycin was proved in different formulations for
activity against metronidazole-resistant and metronidazole-
sensitive T. vaginalis strains. The MIC values for metronida-
zole were 4-16 pg/ml (23.4-92.4 uM) for susceptible strains
and increased to 200-1500 pg/ml (1168-8763 uM) concern-
ing resistant strains. The 1Csq value for liposomal formula-
tion of hamycin was 1.2-2.4 pg/ml (1.04-2.08 uM), whereas
hamycin-glycerine possessed a higher antitrichomonal activ-
ity with an 1Cs value of 0.5-1.0 pg/ml (0.43-0.86 uM), but
this value is critical, given that the latter formulation was
incompletely solubilized. Use of hamycin-dimethylsulfoxid
and hamycin-deoxycholate was also problematic due to
instability of the formulations. Hamycin-dimethylsufoxid
gels possessed the highest antitrichomonal activity with an
ICsq value of 0.3-1.3 pg/ml (0.26-1.12 uM), but the formula-
tion was only stable for less than 24 h. Similar results have
been observed for hamycin-deoxycholate gels, which freshly
prepared exhibited an 1Csy value of 0.5-1.0 pg/ml (0.43-
0.86 uM), whereas after storage of two months a decreased
activity was prescribed. A further compound, amphotericin
B, exerted an antitrichomonal activity with an ICsy value of
12.5 pg/ml (13.5 uM). In addition, hamycin and ampho-
tericin B were effective for treating both, metronidazole-
sensitive and —resistant, T. vaginalis strains. On the contrary,
hamycin showed no specificity towards the parasite. Concen-
tration of the drug applied for deleterious effects on T.
vaginalis were also cytotoxic to the tested mammalian cell
lines, BHK-21 and HelLa. This prohibits the medial use of
this compound. The mode of action of hamycin is similar to
that of other aromatic polyene antibiotics like amphotericin
B. The mechanism involves binding to ergosterols present in
the plasma membrane of eukaryotic cells, along with the
formation of pores, leading to depletion of cytoplasm and
potenial cell death [78].

Terpenoids

Hederagin (3,23-dihydroxy-12-oleanen-28-oic acid) (5),
a pentacyclic triterpenoid, was isolated from Cussonia holstii
(Araliaceae), a traditional medical plant used in Kenya. In
vitro, the 1Csy value of hederagin was 2.8 uM. However,
metronidazol, was 10 times more efficient displaying an I1Csg
value of 0.28 uM [79].

Diterpenoids with antitrichomonal activity were isolated
from Azorella yareta (Apiaceae), a plant native in north-
eastern Chile and northwestern Argentina. The compounds
azorellanol (6), mulinolic acid (7) and mulin-11,13-dien-20-
oic acid (8) revealed LDsg values in the range of 40 uM. The
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reference drug, metronidazole, was six times more active,
with an LDsq value of 6.6 1M [80].

7. CONCLUSION

After prolonged exposure to drugs, parasites frequently
develop resistance towards chemotherapeutics. Natural
products present a promising source for the development
of new drugs. Nevertheless, there is a lack of isolated com-
pounds evaluated for their activity against trichomoniasis.
The presented terpenoids (5, 6, 7, 8) exhibited a satisfactory
activity against the parasite. However, this study lacked
determination of possible cytotoxicity of the compounds to
mammalian cell lines, data of great importance to evaluate
their potential as alternative antitrichomonal drugs. In
general, evaluation of natural compounds in animal models,
identification of their mode of action, as well as determina-
tion of resistance formation after extensive application is
vastly missing in the literature. Up to date resistance forma-
tion in T. vaginalis towards natural products is not reported.
The finding that T. vaginalis can rapidly develope resistance
to zinc, an antitrichomonal component present in the
prostatic fluid [21], demonstrates the likeliness that evolution
has enabled parasites to develop resistance to substances
they might have been exposed to. However, no presence of
natural products is expected in the uro-genital tract. Given
that a variety of plant extracts have demonstrated an anti-
trichomonal activity, research needs to identify their active
components. The understanding of the molecular mode of
action is of great importance to foster the development of
potential new drugs. For example, use of microarray studies
to show regulation of genes which are affected by drug
treatment and to elucidate pathways in which the drug act.
When a target molecule is known, site-directed mutagenesis
or QSAR (quantitative structure-activity relationship)-
analysis are facilitating methods to reveal structure-activity
relationships by investigation of the molecular properties
which account for the biological action of a drug. However,
only a small number of drug candidates have been investi-
gated so far. This is the reason why drug development
with compounds from natural sources has still had little im-
pact on the treatment of trichomoniasis. To our opinion,
there is a clear need for natural product research to improve
the treatment of trichomonal infections.
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