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Abstract – This study evaluated the activity of plant extracts on Nosema ceranae development and their
toxicity on the infected host Apis mellifera. Newly emerged bees were fed ad libitum with enriched syrups after
individual infection. Diets consisted of ethanolic extracts obtained from Artemisia absinthium, Allium sativum,
Laurus nobilis, and Ilex paraguariensis diluted in syrup at 1% and 10% concentrations. Examination of
individual midgut homogenates on day 19 post-infection indicated that 1% concentration of L. nobilis extract
significantly inhibited N. ceranae development. Absinth extract, previously reported as effective against
Nosema apis, did not diminish the number of N. ceranae spores throughout the experiment. Ten percent
concentrations showed high toxicity on infected bees, but also a significant activity diminishing parasitosis
development in short periods. Syrups with the addition of extracts were consumed avidly as the control, even
more in some cases. The present study constitutes the first report of antiparasitic activity in vivo of plant
extracts against the Microsporidian N. ceranae and postulate natural substances as an alternative for
antiparasitic treatment.
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1. INTRODUCTION

Among parasites affecting honeybees,
nosemosis caused by Nosema ceranae is one
of the most prevalent and pathogenic (Martín-
Hernández et al. 2007; Higes et al. 2007;
Paxton et al. 2007). This intracellular parasite
has recently shifted hosts and seems to be the
main microsporidian infection in Apis melli-
fera colonies (review in Fries 2010). These
highly specialized fungi (Keeling and Fast

2002) are obligate intracellular parasites that
spread among cells and hosts via spores.

The effective control of this disease is carried
out by administering the antibiotic fumagillin
(dicyclohexylammonium), which temporarily
reduces parasitosis (Williams et al. 2008). This
drug is the only one available for treatment and
is no longer allowed in most EU member states
because of possible residues in honey.

Research efforts to find effective and non-
contaminant compounds against N. ceranae
infection have been undertaken using different
substances, such as essential oils, lisozime,
thymol, and fitolexin resveratrol (Maistrello et
al. 2008; Costa et al. 2010), as well as bacterial
metabolites (Porrini et al. 2010).
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Higher plants have been traditionally used as
extracts to treat a number of infectious diseases,
including those caused by bacteria, fungi, proto-
zoa, and viruses (Soylu et al. 2005; Yoshida et al.
2005; Nejad and Deokule 2009). However, these
substances are largely unexploited in conven-
tional animal production and their effect on
honeybees has been little studied (Pohorecka
2004a). The biological activity of extracts have
been demonstrated against bee pathologies, such
as American Foulbrood (the disease caused by
the sporulated bacteria Paenibacillus larvae;
Gende et al. 2008) and the parasitic mite Varroa
destructor (Damiani 2010). Also, Artemisia
absinthium extract has been tested against
Nosema apis (Pohorecka 2004b), the first
reported etiological agent of nosemosis in A.
mellifera.

The aim of this work was to evaluate the
bioactivity of plant extracts on N. ceranae
development under laboratory conditions, with
the particular goal of developing formulations
for disease treatment, based on widely available
plants.

2. MATERIALS AND METHODS

2.1 Bee collection and assays conditions

Experiments were carried out from November to
December 2009 in the Arthropods Laboratory at the
Universidad Nacional de Mar del Plata (Argentina).
Newly emerged A. mellifera bees were obtained from
a colony located in the experimental apiary J. J.
Nágera coastal station, placed on route 11 km 32 (38°
10′06″ S, 57°38′10″ W) and kept under incubator
conditions during the experiment (32°C±0.79; 60%±
3.3 HR).

2.2 N. ceranae strains

The Nosema spores used for inoculation were
purified from a laboratory strain developed in
confined workers. Spores were molecularly charac-
terized following Martín-Hernández et al. (2007).
Sequencing results were entered in the GenBank
BLASTn, which yielded 98% homology with N.
ceranae (accession number FJ425736).

2.3 Preparation of crude ethanolic extracts

Plant material was obtained as follows. Dry leaves
of laurel, Laurus nobilis L. (Lauraceae), and absinth,
Artemisia absinthium L. (Asteraceae); dry leaves and
stems/trunks of yerba mate, Ilex paraguariensis St.-
Hil. (Aquifoliaceae); and garlic cloves, Allium sat-
ivum L (Liliaceae) were collected in different geo-
graphic area from Argentina: laurel was obtained
from Henderson (36°18′ S; 61°42′ W), Buenos Aires
Province; absinth from Chapadmalal (38°10′06″ S;
57°38′10″ W) Buenos Aires Province; yerba mate
and garlic were obtained as commercial samples
packed in Misiones Province and Buenos Aires
Province respectively. The samples of laurel and
absinth were identified and deposited in the Faculty
of Exact and Natural Sciences, National University of
Mar del Plata herbarium.

After drying at 37°C for 24 h, the plant material was
ground using mortar and pestle. Exposure to sunlight
was avoided to prevent the loss of active components.

2.4 Extraction of selected plant material
powder by maceration method

Five hundred milliliters of an 80% ethanol (extrac-
tion fluid) was mixed with 100 g of plant material. The
mixtures were kept for 5 days in tightly sealed vessels at
room temperature at 20°C, protected from sunlight, and
mixed several times daily. This mixture was vacuum
filtered and further extraction of the residue was
repeated once until a clear colorless supernatant
extraction liquid was obtained. The extracted liquid
was subjected to evaporation in a water bath (40°C) to
remove the ethanol until a semisolid state of extracted
liquid was obtained. The semisolid extract produced
was stored at 4°C until use (2 months for L. nobilis, Y.
paraguayensis, and A. sativum while A. absinthium
was used immediately after extraction).

2.5 Experimental design

The toxicity of the extracts on A. mellifera infected
with N. ceranae and their antiparasitic effect was
evaluated systematically. Ninety individuals per treat-
ment (3 replicates of 30 bees), confined to experimental
wooden cages with a plastic mesh (11×9×6 cm3)
participated in this assay. Workers were carefully
removed from brood combs from the same colony
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within 6 h, randomly confined, and supplied with sugar
syrup 60% (w/v). Individual infection was achieved on
day 3 (after emergence) using a technique modified
from that published by Rinderer (1976). By means of
this technique, bees are not anesthetized. Consumption
of the inoculum occurs in a small container and is
induced by previous starvation, thereby preventing oral
structures manipulation to force intake and so minimiz-
ing the stress resulting from prolonged handling.

Bees were individually infected with 10 μL of
solution (2.03×104 spores) and then supplied with
one of the following diets: syrup enriched with 1% or
10% plant extract (garlic, laurel, absinth, or yerba
mate) or control syrup. After inoculation, extracts
dilutions were administered ad libitum, replacing the
volumes on a daily basis until the end of the
experiment. Extracts were supplied in cane sugar
syrup so as to force bees to incorporate them in each
feeding. In order to control unwanted infection due to
food contamination, manipulation, or incidental in-
gestion of spores when the operculum is cut during
bee emergence, 30 bees were confined to one cage.
They were individually inoculated with 60% (w/v)
sucrose syrup without spores (keeping the same diet
after inoculation) and sacrificed at the end of the
assay to quantify presence of spores on their midgut.

On days 7, 15, and 19 post-infection (p.i.), five
bees per replicate were sacrificed in order to
individually quantify the number of spores in the
midgut (Cantwell 1970). Solutions evaporation was
controlled to correct the consumed volumes.

2.6 Statistic analysis

Duncan multiple comparison test (α=0.05) was
performed to test differences in spore loads. This test
was used to determine significant differences among
group means in the analysis of variance.

For each treatment, survival curves plotting
number of live bees versus time were constructed
using data from each cage. Gehan–Breslow non-
parametric test was performed to determine whether
survival curves were significantly different. Pair-
wise multiple comparisons were performed with
Holm–Sidak method.

To verify the bees' dietary preference towards the
experiment, average daily feed intake was compared
using Kruskal–Wallis nonparametric test and com-

parisons with control treatment were performed by
means of Dunn's method.

The statistical analysis of the results obtained was
conducted applying α=0.05.

3. RESULTS

Significant differences in the number of
Nosema spores occurred 7 days after artificial
inoculation. At this time, 10% treatments of
laurel (6,6×104 spores on average) and yerba
mate (5,5×104 spores on average) showed
spore counts significantly lower than control
(2,2×106 spores on average; p=0.037 and p=
0.017, respectively).

On day 15 p.i. (Figure 1), garlic 1% treatment
reached higher spore loads than those registered
by yerba mate and laurel 1% (P=0.007 and
P=0.003, respectively) but showed no differ-
ences with control treatment (P=0.084). Bees
receiving 1% concentration treatments, except
yerba mate, survived until the end of the
experiment. Examination of individual midgut
homogenates indicated that 1% concentration of
L. nobilis extract significantly inhibited N.
ceranae development on day 19, being the only
treatment different from control at this time (P=
0.017).

Bees not inoculated with spores did not
develop a detectable level of disease at the end
of the experiment. Survival data of these bees is
not presented due to lack of replicates. Survival
curves of bees fed with garlic, laurel, and absinth
at 1% concentration did not differ significantly
from control curve. Ten percent extract concen-
trations showed significantly lower median sur-
vival time compared to 1% groups for each herb
(Figure 2, Table I).

At the end of the experiment, Kruskal–
Wallis test (H=20.283, d.f.=8, P=0.009) and
Dunn's multiple comparison procedure showed
garlic 1% and laurel 1% as groups with higher
daily intake than control treatment (P<0.05).
The following average values of daily intake
(microliter) were registered for every treatment
at 1% and 10% concentration respectively:
absinth 22.57 and 27.97; laurel 27.61 and
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22.95; garlic, 29.09 and 23.07; yerba mate,
23.30 and 21.18; control, 21.60.

It is worth noting that treated individuals showed
no excessive droppings during confinement.

4. DISCUSSION

Our results demonstrate that L. nobilis extract
is effective inhibiting in vivo development of N.

ceranae. The time of action of this extract
depended on its dosage. While 1% concentration
significantly inhibited N. ceranae development
after 19 days of treatment, 10% concentration
seemed to be effective in a shorter period of
time, decreasing parasitosis intensity but causing
high mortality on bees. The antimicrobial activ-
ity of this herb was previously reported against
another fungus species, such as Candida albi-

Figure 2. Survival curves from Gehan–Breslow test.

Figure 1. Parasitosis development for treatments alive after day 7 p.i. (absinth 1%, laurel 1%, garlic 1%, and
10%, yerba maté 1%, control treatment). Different letters indicate significant differences between treatments on
the same day (Duncan test—approximate probabilities for post hoc tests, P<0.05). On day 7, no significant
differences were detected between treatments.
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cans and Aspergillus niger, showing higher
inhibitory activity than the standard antifungal
nystatin (Ertürk 2006). To the best of our
knowledge, this study is the first report of anti-
microsporidian activity of L. nobilis extract and,
therefore, the ways of action remain unclear and
further research is necessary to determine the
identity of the active compounds. In any event,
multiple constituents of plant extracts may be
responsible of the therapeutic activity, being also
possible synergic, additive, and antagonistic
effects among the different compounds. Because
of this, in future designs, the complete extract
could be considered like an active “compound”
(He 2000; Ong 2004).

A. absinthium extract, until now, the only herb
extract tested against Nosema genus, was
reported by Pohorecka (2004b) as inhibitor of
N. apis after 17 days of treatment. However, our
study found that both the highest concentration of
absinth extract (10%) such as prolonged con-
sumption of 1% concentration did not diminish
the spore load of parasitic infection throughout
the experiment. The differences between the two
studies could be explained by a lower suscepti-
bility of N. ceranae to the ethanolic extract of this
herb or by factors that can influence on the
chemical composition of the obtained substances,
such as the extraction method (Tariq et al. 2009;
Ahameethunisa and Hopper 2010). Pohorecka
(op cit) administered a dilution of “standardized
extract” without extraction method specifications,
thus differences with these experiments may be
attributable to this variable.

Despite the broad antiprotozoal activity of
garlic (Mirelman et al. 1987; Ankri et al. 1997;
Ankri and Mirelman 1999), ethanolic extracts
from this plant tested at two concentrations did
not influence significantly N. ceranae develop-
ment along the experiment, even though 1%
extract was consumed more than control syrup.
The efficacy of chemical constituents of garlic
chiefly depends on the mode of preparation and
conservation of its extract. Allicin is one of the
main active compounds of fresh garlic, but it is
also one of the least stable (Block 1992;
Lawson and Block 1997) with a half-life time
which decreases significantly after contact withT
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ethanol (Lawson 1993). Therefore, future
experiments involving the administration of
non-ethanolic extracts and less storage time
could provide different results.

The control of nosemosis disease in honey-
bee colonies requires treatments with an accept-
able anti-microsporidial activity, without side
effect on honeybees and minimizing toxic
residues in wax and honey. Adamczyk et al.
(2005) concluded that the presence of residues
of natural substances in honey samples does not
represent a sanitary risk, only that it may change
the taste of the honey. As for bees, extracts
tested in our experiment did not affect adversely
the consumption of syrup. Furthermore, in some
cases it was increased in comparison to control
diet (i.e., garlic 1%, laurel 1%).

In our study, the spore load remaining after L.
nobilis treatment (about four million) was sig-
nificantly lower than other treatments and con-
trol, but mortality did not differ between them.
These results are supported by previous studies
(Mayack and Naug 2009; Porrini et al. 2011),
which demonstrated that workers infected with
N. ceranae survived just as well as uninfected or
less-infected bees when fed ad libitum.

There is little information about the effect of
plant extracts on honeybee health. Pohorecka
(2004a), administering various standardized
extracts, found no effect on midgut pH, no
significant differences in pharyngeal glands
degeneration during the experiment, and an
increased fat body development (only for nettle
extract). In the present study, extracts of garlic,
absinth, and laurel at 1% concentration showed a
median survival similar to control and, therefore,
its toxic effect on young bees would be minimal.
Given this low mortality, 1% concentration is
recommended for long-term experiments.

Many vegetable extracts include some second-
ary products, such as polyphenols, which are toxic
to insects (review in Berbehenn and Martin 1994).
Honeybees usually avoid the contact with nectars
that contains such secondary compounds (Adler
2000), but in our study, diet selection was not
allowed. The high toxicity of yerba mate,
inclusively at 1% concentration, may be explained
by the presence of these (Rodríguez Vaquero et al.

2009) or similar substances. Some polyphenols,
such as resveratrol, have shown significant
activity against microsporidia (Leiro et al. 2004)
and specifically against N. ceranae (Maistrello et
al. 2008). As such, the decreasing effect on N.
ceranae development obtained for higher concen-
trations of laurel and yerba mate extracts on day 7
p.i. should be studied in future experiments.

It should be noted that the substances adminis-
tered may have different effects if they are fed to
bee colonies. Therefore, it is necessary to test the
studied substances under natural conditions, where
the protein flow, survival of brood, and interaction
with pollen and ventricular microbiota are variables
to consider. Also, association of antibiotics and
natural compounds showed synergistic activity on
honeybee pathogenic bacteria (Gende 2009), there-
fore interactions with drugs such as oxitetracycline
and fumagillin, commonly administered in field
colonies, would also be interesting to study.

The significant antiparasitic activity of laurel,
coupled with its palatability and low toxicity
noticed during the assay, makes its inclusion
feasible in a compound for nosemosis control.
Ethanol extracts often have low antimicrobial
action in relation to essential oils (Nanasombat
and Lohasupthawee 2005; Gende et al. 2008).
For this reason, it will be interesting to test
compounds isolated from this herb.
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