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Summary. We report the effect of the essential oil extracted from Cymbopogon citratus on endosymbiont-harbouring and endosymbiont-
free strains of the insect trypanosomatid Crithidia deanei grown at 28°C in achemically defined medium. A dose-dependent antiprotozoan
effect of the essential oil of C. citratus could be observed on both strains of C. deanei. The IC, values (50% inhibitory concentration)
for symbiont-bearing and symbiont-free strains were 120 and 60 pg/ml, respectively. The viability assay showed that the symbiont-free
strain is more sensitive to the presence of the essential oil, because lysed cells were observed after 2 h of exposure at higher concentrations.
In addition, aterations in the ultrastructure and in the detection of cell-surface carbohydrate residues in both strains of C. deanel after
treatment with the essential oil were also evaluated. Both strains showed ultrastructural alterations in the cellular and flagellar pocket
membranes, asreveal ed by transmission electron microscopy. In the lectin assay, the essential oil influenced the expression of carbohydrates
in symbiont-free C. deanei, as evidenced by a reduction of sialic acid residues on the cell surface.
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INTRODUCTION disease), and in plants (Phytomonas). This family also
includes some lower trypanosomatids such as Crithidia,

The family Trypanosomatidae harbours protozoans  Blastocrithidia, and Herpetomonas, monoxenous pro-

that are agents of important illnesses in humans and
animal s (such asthe agentsof leishmaniasisand Chagas’
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tozoans usually found in insect hosts and not considered
capable of causing parasitic diseases in vertebrates
(Wallace 1966). Crithidia deanei, which has a
choanomastigote form, normally contains intracellular
symbiotic bacteria, and, like other trypanosomatids, is
easily cultured under axenic conditions. These insect
trypanosomatids contain homol ogues of virulence fac-
tors of the pathogenic ones (d"Avila-Levy et al. 2003),
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and therefore have been used as laboratory models for
biochemical and molecular studies (McGhee and
Cosgrove 1980, Santos et al. 2004).

In trypanosomatids, the possibility of elimination of
the endosymbiont by antibiotic treatment has increased
interest in the study of endosymbiont-harbouring species
(De Souza and Motta 1999). The available dataindicate
that the presence of the endosymbiont induces morpho-
logical changes, interferes with several aspects of me-
tabolism (Freymuiller and Camargo 1981; De Souzaand
Motta1999; d"Avila-Levy et al. 2001, 2003), and modu-
|ates the surface properties of the protozoan, such asthe
exposure of carbohydrate residues (Esteves et al. 1982,
Oda et al. 1984, Faria-e-Silva et al. 1994) and the
expression of glycoproteins (Dias Filho et al. 2005).

The human diseases caused by Trypanosoma cruzi
and Leishmania are responsible for mortality in tropical
and subtropical countries. In addition, there are recent
reports of the presence of trypanosomatids other than
Trypanosoma and Leishmania in certain opportunistic
cutaneousinfectionsinimmunocompromised individuals
(Dedet et al. 1995, Boisseau-Garsaud et al. 2000) and
also inindividuaswith no history of immunodepression
(Boisseau-Garsaud et al. 2000). Drugs such as
benznidazole (used in the acute and intermediate phases
of Chagas disease) and the polyene amphotericin B
(used for leishmaniasis) havelimited action, and theside
effects are drastic (Goad et al. 1984, Castro et al.
2003). Because of this, more attention should be givento
extractsand biologically active compoundsisolated from
plants commonly used in herbal medicine (Essawi and
Srour 2000). The practice of herbalism has become
mainstream throughout the world. Thisis duein part to
the recognition of the value of traditional medical sys-
tems, and the identification of medicinal plants from
indigenous pharmacopeias (Elvin-Lewis 2001). Medici-
nal plants occur worldwide, but they are most abundant
intropical countries (Calixto 2000).

Essentia oils are aromatic oily liquids obtained from
plant material. They can be obtained by expression,
fermentation or extraction, but steam distillation is the
most commonly used method (Burt 2005). Some essen-
tial oils have antibacterial (Wannissorn et al. 2005),
antifungal (Nakamura et al. 2004), antiviral (Bishop
1995), antitoxigenic (Juglal et al. 2002), and antiprotozod
(Holetz et al. 2003, Ueda-Nakamura et al. 2006) prop-
erties.

Cymbopogon citratus is a plant used in traditional
folk medicinein Brazil for the treatment of nervous and

gastrointestinal disturbances, and in various other coun-
tries to treat fevers (Melo et al. 2001). The volatile oil
obtained from fresh leaves of thisplant iswidely used by
the perfume and cosmetics industries. It has also been
used in chemical synthesis, because of its high citral
content (Rauber et al. 2005).

Here we report the effect of the essential oil ex-
tracted from C. citratus on the growth, viability, cell-
surface carbohydrate residues, and ultrastructure of
endosymbiont-harbouring and endosymbiont-free strains
of C. deanei cultured in a defined medium at 28°C.

MATERIALS AND METHODS

Plant material. Cymbopogon citratus was collected in Maringa,
Parana, Brazil, and identified. A voucher No. HUM 520 is deposited
at the Maringa State University Herbarium. Fresh leaves from the
plant were cut into pieces and steam-distilled by Clevenger”sappara-
tus. The essential oil was then stored at -20°C until needed.

Microor ganisms. Culturesof symbiont-bearing Crithidia deanei
(ATCC 30255) were maintained by weekly transfers into a chemi-
cally defined medium (Mundin et al. 1974), added in 5 ml volumesto
screw-capped tubes. The symbiont-free strain of C. deanel was
maintai ned in the same defined medium, supplemented with 0.03 g/l
of nicotinamide (Sigma Chemical Company, St. Louis, MO, U.SA.)
(Mundin and Roitman 1977). Cellswere grown at 28°C for 48 h and
stored at 4°C.

Antiprotozoan activity of Cymbopogon citratus essential oil.
For this experiment, symbiont-bearing and symbiont-free strains of
C. deanei were incubated in the defined medium supplemented with
0.03 g/l of nicotinamide containing different concentrations of the
essentia oil, initialy diluted in 2% Tween 80. Cells were grown in
13 x 100 mm tubes containing 1 ml of the medium, and the starting
inoculum consisted of cellsinlogarithmic growth phase (2 x 10° cells/
ml). After 24, 48, 72, and 96 h at 28°C, cell growth was estimated by
counting in ahaemocytometer (Improved Double Neubauer). All the
experimentswere performed intriplicate. Theresultswere expressed
aslog number (cells/ml) and asthe percentage of growth inhibition at
48 h. Amphotericin B (FUNGIZON®, Bristol-Myers Squibb,
S&o Paulo, Brazil) and benznidazole (N-benzyl-2-nitro-
1-imidazol acetamide, Roche Pharmaceutical s, Rio de Janeiro, Brazil)
were prepared in the same defined medium and used as reference
drugs.

Viability assay. In order to evaluate the viability of the protozoa
treated with essential oil, each solution was added to microcentrifuge
tubes containing 2 x 107 cells in the logarithmic growth phase, and
incubated at 28°C. After addition of the essential oil, 25 pl of the
protozoan suspension was removed after 2, 4, 6, 8, 12, and 24 h and
was mixed in an equal volume of 0.4% trypan blue, and the cell
viability was quantified by light microscopy. All preparations were
made in duplicate. The percentage of viability was determined by
counting at least 200 cells (Berry et al. 1991).

Adgglutination with lectins. The agglutination tests were made
in 96-well plaquesusing amicrotitrator. Equal volumes (25 W) of the
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cell suspension (2 x 10° cell/ml), treated with the IC_, concentration
(50% inhibitory concentration) of the essential oil and each lectin
were mixed and then left a room temperature (25°C) for 1 h.
The agglutination of the cellswas aways scored visually with ahand
lens after the settled cells had been gently resuspended, and also by
observations using an inverted microscope (Zeiss Axiovert 25).
Theagglutinationinhibition assayswere carried out at room tempera-
ture in the presence of specific monosaccharides. All lectins were
purchased from Sigma Chemical Co. (St. Louis, MO).

Ultrastructure analysis. Both symbiont-bearing and symbiont-
free cells of C. deanei were treated with the IC_; and I1C,, amounts
(90% inhibitory concentration) of the C. citratus essential oil or
amphotericin B in the defined medium supplemented with 0.03 g/l
of nicotinamide at 28°C for 48 h. Cellswere collected by centrifuga-
tion, washed in PBS, and fixed with 2.5% glutaraldehyde in 0.1 M
sodium cacodylate buffer, pH 7.2, at 4°C. The cellswere then rinsed
with 0.1 M sodium cacodylate buffer and postfixed for 30 min at
room temperature in 1% osmium tetroxide plus 0.8% potassium
ferrocyanide and 5.0 mM CaCl,, dehydrated in acetone, incubated
in an acetone-epon mixture (2:1, 1:1, 1:2), and embedded in Epon
resin. Ultrathin sections obtained with a Reichert Ultracut E ultrami-
crotome were stained with uranyl acetate and lead citrate, and ob-
served with a Zeiss CEM-900 electron microscope.

RESULTS

Antiprotozoan activity of the essential ail

A dose-dependent antiprotozoan effect of the essen-
tia oil from C. citratus on C. deanei is evident in
Fig. 1. The inhibitory effect of the essentia oil was
apparent in the cells treated with the highest concentra
tions of the oil. The endosymbiont-free C. deanei (Fig.
1B) appeared to be more sensitive to the essential oil at
concentrations over 100 pg/ml, compared to the endo-
symbiont-harbouring strain, inwhich thecell growth was
inhibited at concentrations over 200 pg/ml (Fig. 1A).
In Fig. 2, the inhibitory effect of the essentia ail,
benznidazole, and amphotericin B on both strainsin the
logarithmic phase (48 h) can be seen. The IC,, and IC,,
concentrations for the symbiont-bearing strain treated
with the essential oil were 120 and 157 pg/ml, respec-
tively (Fig. 2A). For the symbiont-free strain, the IC,,
and 1C,, were 60 and 92 pg/ml (Fig. 2B). Amphotericin
B showed an inhibitory effect at concentrations lower
than 5 pg/ml. In cells of C. deanei containing the
endosymbiont, the 1Cy, and 1Cq, concentrations were
3.4 and 4.7 pg/ml; and in the endosymbiont-free strain,
3.6 and 5 pg/ml, respectively. For benznidazole-treated
cells, much higher concentrations of the drug were
necessary to reach the IC,: for the symbiont-bearing
strain, 841.7 pg/ml, and for the symbiont-free strain,

700 pg/ml were necessary. Tween 80 and dimethyl
sulfoxide, thedilution agents, and petrolatum oil, used as
an indifferent oil, had no effect on protozoan growth
(data not shown).

Cell viability

The viahility of treated and control cells were as-
sessed by atrypan blue dye exclusion test. The percent-
ages of non-viable cells obtained by exposing the proto-
zoan cellsto different concentrations of the essentia oil
and the drugs are shown in Fig. 3. The endosymbiont-
harbouring strain of C. deanel had its viability reduced
at high concentrations (500 and 250 pg/ml) after 8 h of
exposure to the essentia oil, with only 5 and 9 % of
viable cells, respectively (Fig. 3A). At concentrations
lower than 100 pg/ml, viability was more than 71.5%
a 24 h. The endosymbiont-free C. deanei appeared
to be more sensitive, because after 2 h of exposure at
500 pg/ml of theessential oil, al thecellswerelysed, and
after 8 hat 250 pg/ml, all the cellswere non-viable (Fig.
3B). Concentrations below 100 pug/ml showed a proto-
zoan viability over 79%, after 24 h of incubation.
Benznidazoledid not interferewith theviability of either
strain, even at concentrations as high as 1000 pg/ml. For
amphotericin B, the endosymbiont-free strain was more
sensitive than the symbiont-harbouring cells (data not
shown).

Agglutination test with lectins

The lectin agglutination of cells from both strains of
C. deanel, treated or not with the essential oil, is shown
in Table 1. The lectins are classified according to their
sugar specificities, and the results were expressed asthe
minimum concentration of lectinsrequired to agglutinate
the cells. The binding reaction was more specific with
cells which were agglutinated at the lowest lectin con-
centration. For symbiont-bearing cells of C. deanei
treated with the essentia ail, only Dolichos biflorusand
Glicine max, D-GalNAc binding lectins, altered the
minimum concentration required to agglutinatethe cells,
to 125 and 15.6 pg/ml, respectively. For the symbiont-
free strain, aterationsin cells treated with the essential
oil were observed for many lectins, as a decrease in the
binding specificity of Limulus polyphemus, asialic acid-
binding lectin, and an increase in the binding specificity
of Arachys hypogaeae, a D-Gal-binding lectin.
Artocarpus integrifolia and G. max, D-GaNac-binding
lectins, and Lens culinaris, alectin that has binding sites
complementary to D-mannose-like residues, aso had
their sugar-binding specificity increased in the presence
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Fig. 1. Growth curves of strains of Crithidia deanei treated with
the essential oil from Cymbopogon citratus: (A) endosymbiont-
harbouring; (B) endosymbiont-free. Control cells - filled diamond;
50 pg/ml - filled circle; 100 pg/ml - open circle; 150 pg/ml - open
square; 200 pg/ml - filled triangle; 250 pg/ml - filled square.
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Fig. 2. Effect of the essential oil from Cymbopogon citratus (filled
square), benznidazole (filled triangle), and amphotericin B (filled
diamond) on the growth inhibition of strains of Crithidia deanel
in defined medium at 28°C after 48 h. (A) endosymbiont-harbouring;
(B) endosymbiont-free.
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Fig. 3. Effect of the essential oil from Cymbopogon citratus on the viability of strains of Crithidia deanei: (A) endosymbiont-harbouring;

(B) endosymbiont-free.
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Figs 4A-F. Ultrastructural morphology of the endosymbiont-harbouring strain of Crithidia deanel cultured at 28°C for 48 h in the absence
(A) or in the presence of the following compounds: the IC_, concentrations of essential oil from Cymbopogon citratus (B and C) or
amphotericin B (D); and the IC_. concentrations of the essenti a oil from Cymbopogon citratus (E) or amphotericin B (F). e - endosymbiont;
f - flagellum; fp - flagellar pock&; g- glycosome; k - kinetoplast; | - lipidinclusion; m - mitochondria, n- nucleus. Arrowsindicate the presence
of membraneous material in the flagellar pocket of treated cells at the IC, concentration, and membranes detaching from the cell at the IC
concentration. Scale bars: 1 pm.
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Table 1. Minimum lectin concentration (ug/ml) required to agglutinate strains of Crithidia deanei in the presence of the essentia oil of

Cymbopogon citratus.

Symbiont-harbouring Symbiont-free
Control cells Cells treated Control cells Cells treated
with essentia oil with essentia oil
D-GIcNAc-binding lectins
Phytolaca americana >500 >500 <7.8 156
Triticum vulgares >500 >500 125 62.5
D-GalNAc-binding lectins
Doalichos biflorus >500 125 <7.8 62.5
Wisteria floribunda >500 >500 15.6 15.6
Phaseolus vulgaris >500 >500 15.6 <7.8
Glicine max 62.5 15.6 31.2 <7.8
Artocarpusintegrifolia <7.8 <7.8 250 15.6
D-Gal-binding lectins
Arachys hypogaeae >500 >500 125 <7.8
D-Man-binding lectins
Canavalia ensiformis >500 >500 <7.8 >500
Lens culinaris >500 250 62.5 15.6
L-fucose-binding lectins
Ulex europeus >500 >500 62.5 31.2
Sialic acid-binding lectins
Limulus polyphemus >500 >500 <7.8 31.2

of the essentia oil. On the other hand, D. biflorus and
Canavalia ensiformis (a D-mannose-like binding lec-
tin) had their sugar-binding specificity decreased. Agglu-
tination wasinhibited by the respective specific monosac-
charides(D-GaNAc, D-Gal, and aD-methyl mannoside)
a 0.1 M.

Ultrastructural analysis

In order to determine the ultrastructural changes in
symbiont-harbouring and symbiont-free strains of
C. deanel treated with the IC_, and IC, of the essential
oil of C. citratus and amphotericin B, an analysis was
done by means of transmission electron microscopy. For
the symbiont-harbouring strain treated with the essential
oil at the IC,, level, alterations in the flagellar pocket
membrane were observed, with invaginations of this
membrane and the presence of membraneous material,
and an enlargement of the flagellar pocket (Figs4B, C).
When this strain was treated with the essentia oil at the
IC,, level, extensive vacuolisation and portions of the

g

membrane detaching from the cell body (blebs) ap-
peared (Fig. 4E). The control cells had a proeminent
nucleus with symbionts located close to it and near the
flagellar pocket, and the endoplasmic reticulum was al so
well characterised (Fig. 4A). For the symbiont-free
C. deanei, the essentia oil also affected the membrane
of the flagellar pocket (Figs 5B, C). Cells treated with
the I1C,, concentration showed small membrane frag-
ments and enlargement of the flagellar pocket, with
membraneous material present insideit. For cellstreated
with 1Cyr cytoplasmic aterations, extensivevacuolisation,
and the presence of blebs were evident (Figs 5F, G).
Control cells had the nucleus located at the anterior end
of the protozoa, and glycosomes were situated close to
it. The kinetoplast could be observed inside the mito-
chondria and close to the flagellum (Fig. 5A). When
symbiont-harbouring and symbiont-free strains of
C. deanel were treated with amphotericin B, similar
alterations were observed (Figs 4D, F; 5D, E,G). Blebs
detaching from the cytoplasmic membrane at the IC_;

Figs5A-G. Ultrastructural morphology of the endosymbiont-free strain of Crithidia deanei cultured at 28°C for 48 hiin the absence (A) or in
the presence of the following compounds: the IC_; concentrations of essentia oil from Cymbopogon citratus (B and C) or amphotericin B
(D andE); and the| C, concentrations of theessential oil from Cymbopogon citratus (F) or amphotericin B (G). e- endosymbiont; f - flagellum,
fp - flagellar pocket; g - glycosome; k - kinetoplast; | - lipid inclusion; m - mitochondria; n - nucleus. Arrows indicate the presence of
membraneous material in the flagellar pocket of treated cells, and the presence of blebs. Scalebar: 1 um.
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could only be seen in the symbiont-free strain treated
with amphotericin B (Fig. 5E).

DISCUSSION

A dose-dependent antiprotozoan effect of the essen-
tial oil extracted from C. citratus on C. deanei could be
observed, with differences in the growth inhibition of
both the endosymbiont-harbouring and symbiont-free
strains. The concentration of the essential oil necessary
toinhibit theendosymbiont-harbouring strain of C. deanel
was higher than that necessary to inhibit the endosym-
biont-free cells. Some investigators have reported that
the presence of the endosymbiont interferes with the
protozoan metabolism and induces morphological and
biochemical changes (Freymiller and Camargo 1981,
De Souza and Motta 1999). Cymbopogon citratusis an
herb known worldwide as|emongrass, and the teamade
fromitsleavesispopularly used in Brazil asan antispas-
modic, analgaesic, anti-inflammatory, antipyretic, diuretic,
and sedative (Carlini et al. 1986). Published reports
indicate that the essential oil obtained from fresh leaves
of this plant has antibacterial and antifungal properties
(Onawunmim 1989, Lima et al. 1993, El-Kamil et al.
1998). Recently, Luize et al. (2005) reported that
a crude hydroalcoholic extract of C. citratus is active
against promastigote and amastigote forms of
L. amazonensis and T. cruz, with inhibition rates over
90% at 100 pg/ml.

Because C. deanei is a member of the family
Trypanosomatidae, the drugs benznidazol e and amphot-
ericin B were used to compare the effect of essentia oil
on the protozoans. Benznidazole is a drug used in the
chemotherapy of the acute and intermediate phases of
Chagas disease, which is caused by T. cruz. It acts
through adifferent mechanism, which involves covalent
maodification of macromoleculesby nitroreductiveinter-
mediates (Castro et al. 2003). Holetz et al. (2003)
demonstrated that Herpetomonas samuelpessoai has a
natural resistance to benznidazole (IC,, higher
than 3,840 pM). For C. deanei with and without endo-
symbionts, the IC, concentrations were 841.7 and
700 pg/ml, respectively, indicating a possible resistance
to this drug. Amphotericin B is a valuable drug used in
the treatment of leishmaniasis. It interactswith sterols of
protozoan membranes, and preferentially with ergosterol
(Goad et al. 1984). When C. deanei was treated with
amphotericin B, concentrations|ower than 5 pg/ml were

sufficient to inhibit cell growth, indicating that thisdrug
is efficacious against the protozoan.

At the ultrastructural level, both strains of C. deanei
treated with the essential oil of C. citratus and ampho-
tericin B showed alterations in the membrane of the
flagellar pocket. These changes included invagination
and the presence of membraneous material, and certain
modificationsin the cytoplasmic membrane, such asthe
presence of blebs. Alterations in trypanosomatid mem-
branes have been reported for other compounds. Braga
et al. (2004) reported aterations in the cytoplasmic
membrane and an enlargement of the flagellar pocket of
T. cruz treated with squalene synthase inhibitors. Other
aterations were observed by Rodrigues et al. (2005),
who analyzed promastigote forms of L. amazonensis
treated with BPQ-OH, a specific inhibitor of squalene
synthase, which induced ruptures of the plasma mem-
branewith disconnection from the subpellicular microtu-
bules, the formation of € aborate structures, and intense
membrane shedding. Other studies have reported anal o-
gous aterations in Trypanosoma brucel treated with
proanthocyanidins from Kola acuminata (Kubata et al.
2005). Santos et al. (2006) reported alterations of the
cellular membrane in Phytomonas ser pens treated with
antipain and leupeptin (cystein peptidase inhibitors), in-
cluding fragmentation of the flagellar pocket.

Dueto these ultrastructure alterations, the expression
of membrane carbohydrate residues was determined
using the lectin agglutination assay. All parasites have
carbohydrates on their surfaces, as part of their
cytoskeletons or in their internal structures, and because
of this, lectins can be directly used in agglutination
assays. Lectins have been defined as carbohydrate-
binding proteins other than enzymes or antibodies
(Jacobson and Doyle 1996). A study of cell-surface
carbohydrates using lectins has been done on different
members of the family Trypanosomatidae, such as Try-
panosoma, Leishmania, Herpetomonas, Phytomonas,
and Crithidia (De Souza 1989). Esteves et al. (1982)
studied the cell-surface carbohydrates in endosymbiont-
bearing and endosymbiont-free strains of C. deanei.
They observed that the symbiont-free strain agglutinated
with awider variety of lectins than did the other strain,
and that the concentration of lectins required to aggluti-
natethe cellswaslower than for the symbiont-harbouring
C. deanei.

This pattern could also be observed in the present
study. For symbiont-harbouring C. deanei, the essential
ail increased the binding specificity of surface D-GaNAc
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residues observed with the G. max and D. biflorus
lectins. For the symbiont-free strain treated with the ail,
there was a depletion of the binding specificity for the
sialic acid residues, observed with L. polyphemus, and
an increase of its binding specificity for D-Ga and
D-GalNac sugar residues. Sialic acids are a family of
nine carbon sugars that are found at the non-reducing
end of glycoconjugates, and are linked to galactose and
N-acetyl-D-galactosamine (Shauer and Kamerling 1997).
This result indicates that the essential oil may have
removed thesialic acid residues and exposed other sugar
residues, or that the essential oil may beinterfering with
the expression of these sidic acid glycoconjugates at the
cell surface. Also for the symbiont-free treated cells,
there was a diminution in the recognition of mannose
residues, confirmed by the C. ensiformis lectin.

In conclusion, this study of the effect of the essential
oil from C. citratus on the trypanosomatid C. deanei
with and without endosymbionts demonstrated the im-
portance of these protozoans as abiological model inthe
evaluation of the cellular aterationsand the influence of
the symbiont’s presencein trypanosomatidstreated with
herbal and commercial drugs. These results can contrib-
ute to understanding the drug’'s mechanism of action,
opening new prospects of finding more effective, less
toxic, and relatively inexpensive drugs of vegetable
origin, in the treatment of diseases caused by
trypanosomatids.
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