INSECTICIDAL EFFECTS OF ANTARCTIC
ALGAE Prasiola crispa EXTRACT IN THE ADULT
FRUIT FLY Drosophila melanogaster
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Abstract: In the present study, we aimed to investigate the toxic effects of Prasiola crispa extract on a fruit fly (Drosophila
melanogaster) model. Toxicity was assessed as % mortality, negative geotaxis behaviour and acetylcholine esterase (AchE),
glutathione S-transferase (GST), catalase (CAT) activities as well as glutathione content (GSH) and hydroperoxide formation.
Administration of algae extract (2 mg/mL) to flies for 24 hours resulted in a massive increase in mortality (7.6 fold increase,
compared to control). A significant increase in climbing performance, indicating an alteration in negative geotaxis behaviour,
was also observed. The AchE activity was unchanged after algae extract treatment for 24 hours. However, GST activity was
significantly increased after Prasiola crispa administration. The CAT activity was significantly diminished in flies that received
algae extract for 24 hours. Glutathione levels and hydroperoxide formation remained unchanged. Our results show for the first
time the toxic effects of an Antarctic algae extract in Drosophila melanogaster. The insecticide action of Prasiola crispa may be
related to changes on vital antioxidant systems. Further studies are necessary to elucidate the exact mechanisms of toxicity of this

Antarctic alga to Drosophila melanogaster.
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Introduction

The insecticidal properties of a number of plants have been
investigated for thousands of years, and some of the plants
can substitute many synthetic means of control (Sujatha,
2010). In this respect, it is important to emphasize that
natural agents are environmentally less harmful than
synthetic pesticides. Moreover, natural agents can act in
many insects in different ways (Sujatha, 2010).

Prasiola crispa is a terrestrial eukaryotic green alga
from Antarctica continent. Although there are no studies
targeting the biological effects of this algae, interesting

characteristics, like adhesive properties has been described

for plant of the genus Prasiola sp. (Mostaert et al., 2006),
highlighting the biotechnological importance of this
organism. A study carried out with three Antarctic plant
species (Deschampsia antarctica Desv., Colobanthus quitensis
(Kunth) Bartl., and Polytrichum juniperinum Hedw), have
demonstrated low toxic effects for mammalian and non-
mammalian cells, associated with protective effects against
UV-induced damage (Pereira et al., 2009).

It has been recognized that organisms living in Polar
Regions, are subject to extreme environmental conditions.

This fact has led to the development of natural strategies
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that enable the survival of these organisms under the most

extreme environmental conditions on Earth. Among these
strategies of adaptation is the production of photoprotective
compounds, such as mycosporine-like amino acids,
scytonemim secreted by cyanobacteria and flavonoids
secreted by plants (Pereira ef al., 2009). This fact emphasizes
the importance of studies concerning the biological effects
of these organisms, which may present in its constitution a
combination of chemical compounds normally not found
in other organisms.

In this respect, the main aim of this study was
to evaluate the effects of the extract of the terrestrial
eukaryotic green alga from Antarctica, Prasiola crispa on
survival of adult D. melanogaster, and in parallel, to verify
a possible modulation of antioxidant enzymes activity
and locomotor performance in response to the exposure
of this organism to the Prasiola crispa extract. The fruit
fly Drosophila melanogaster, belongs to the order Diptera
and family Drosophilidae. This model is recognized for its
high sensitivity to toxic substances, thus being considered a
bioindicator for detection of pollutants and also to test the

biological action of natural substances.

Materials and Methods

Plant material

Prasiola crispa (Lightfoot) Kiitzing (1843) was collected
in the ice-free areas near Arctowski Polish Base Region,
Admiralty Bay, King George Island (61° 50’ - 62° 15’ S and
57° 30" - 59° 00’ W), Antarctica. The plants were dried in
a dark chamber with circulating air at 40 °C and stored
in dark bags in a freezer. The dried and powdered plant
material (about 100 g) was submitted to extraction using
methanol (powder/solvent ratio = 1:10 w/v) by maceration
atroom temperature. After 24 hours of extraction the sample
was filtered through Whatman number 1 filter paper and
the same plant material was extracted again with another
1000 mL of methanol. This procedure was repeated for
3 days, after which the methanolic solutions were combined
and evaporated to dryness under reduced pressure by rotary

evaporator at 40-50 °C to obtain the methanolic extracts.
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Drosophila culture and Prasiola crispa extract
treatment

Flies were maintained at 25 °C on a standard diet
(Golombieski et al., 2008). For P. crispa extract exposition
experiments, 60 male adult flies were placed in a vial
containing cotton wool soaked in 2 M sucrose with or
without dissolved Prasiola crispa extract (2 mg/mL). The
flies were maintained under these conditions up to 24 hours.
Finished the period of treatment, 15 individual flies were
submitted to behavioural test and a total of 45 flies were
homogenized for biochemical analysis. Each experiment

was repeated 3 times using different fly cultures.

Flies mortality
Finished the treatments, the number of dead flies were

counted and plotted as percent of total flies.

Negative geotaxis and response to flight test

Locomotor ability was determined though the negative
geotaxis assay as described by Bland et al. (2009), with some
modifications. For the assays, 15 adult flies were anesthetized
and placed separately in a vertical glass column (length,
25 cm; diameter, 1.5 cm) (Jimenez-Del-Rio et al., 2010). The
assays were repeated three times at 1 minute intervals. After
30 minutes recovery, individual flies were gently tapped to the
bottom of the column and the time required to reach 8 cm
in the columns was registered. To test the response to flight
of the insects, the flies were gently tapped to the bottom of a
glass flask. After 30 seconds, the numbers of flies remaining

in the base and in the top of the flask were counted.

Biochemical measurements

Flies were homogenized in 0.1 M phosphate buffer
pH 7.0 and centrifuged at 1000 g for 5 minutes (4 °C).
The supernatant was isolated and an aliquot separated for
determination of acetylcholinesterase activity, glutathione
and hydroperoxide content based on protocols previously
described (Franco et al., 2009). The remaining supernatant
was then centrifuged at 20,000 g for 30 minutes. The resulted
supernatant was used for determination of glutathione
S-transferase (GST) and catalase (CAT) activity according
to methods described earlier (Franco et al., 2009).
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Figure 1. Drosophila melanogaster mortality and behaviour after treatment with Prasiola crispa extract. Flies were treated for 24 hours with 2 mg/mL. After
treatment, (a) mortality was observed for a period of 24 hours. Surviving flies were used for determination of (b) negative geotaxis behaviour and (c) response
to flight. Statistical significance was assessed by Student’s t-test. *p<0.05.

Table 1. Enzyme activities, glutathione and hydroperoxide levels.

AchE GST CAT GSH Hydroperoxides
(mU/mg protein) (mU/mg protein) (mU/mg protein) (umol/mg protein) (nmol/mg protein)
Control 30.1 £ 5.0 929 = 155 159.4 = 8.3 0.20 = 0.03 0.26 = 0.001
Extract 272 + 0.4 1411 = 13.3* 128.2 = 12.8* 0.23 = 0.001 0.24 = 0.004

Statistical significance was assessed by Student’s t-test. *p<0.05.

Results

Treatment of flies with 2 mg/mL of Prasiola crispa extract
resulted in a substantial increase (7.6 fold increase, p < 0.05)
in mortality after 24 hours (Figure 1a). An increase in
neurolocomotor activity, assessed by negative geotaxis
behaviour was also observed. In this task, flies that received
algae extract were significantly more efficient (p < 0.05) in
climbing performance (Figure 1b). Fly response was not
altered by algae extract administration during 24 hours
(Figure 1c).

Acetylcholine esterase activity (AchE), glutathione
levels (GSH) and hydroperoxide formation (LPO) was
not changed after Prasiola crispa extract administration to
Drosophila melanogaster for 24 hours (Table 1). However,
it was possible to observe a significant increase (p < 0.05)
in glutathione S-transferase (GST) activity while catalase
(CAT) was significantly inhibited (p < 0.05) in flies treated
with 2 mg/mL of algae extract (Table 1).

Discussion
Commercial insecticides and repellents with lower

mammalian toxicity are desirable and studies focusing the

search for novel biopesticides are ongoing. In the present
study, we investigated the potential insecticidal action of
an Antarctic algae extract. It has been reported that plant
derived compounds may pose toxicity to a wide range of
insects including flies and cockroaches (Kiran et al., 2007).
Plant derived chemicals such as terpenoids and flavonoids
have been studied for their insect repellent activity as well as
antimicrobial action (Bell et al., 1990; Ndemabh et al., 2002).
Our results demonstrated that exposure of fruit flies to a
2 mg/mL solution of Prasiola crispa, for 24 hours caused
signs of toxicity related to disruption of neurobehavioural
function as well as important cell defence antioxidant
systems. Treatment of flies with algae extract caused a
massive increase in mortality. This effect was accompanied
by changes in negative geotaxis, a commonly used
behaviour addressed to assess neurolocomotor function
in Drosophila melanogaster. This result suggests that
Prasiola crispa extract toxicity may be related to a potential
interaction of phytochemicals derived from this plant with
neurotransmission systems involved in the regulation of

such behavioural task.
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Glutathione S-transferase is an important antioxidant

enzyme and is involved in phase II detoxification systems
(Sau et al., 2010). The observed increased GST activity
in Drosophila melanogaster exposed to Prasiola crispa
extract may be related to an adaptive response related
to an increased elimination of toxic plant derivatives.
The inhibition of CAT activity may also be an important
mechanism of toxicity of the extract, since this enzyme has
a crucial role in the clearance of hydrogen peroxide from
cells (Aebi, 1984). The disruption of cell defence antioxidant
systems has been pointed out as a central mechanism
of action in a variety of models of investigation of drug/

compound toxicity (Franco et al., 2009).

Conclusion
In conclusion, our results show preliminary data on the
insecticidal effects of Prasiola crispa extract in a Drosophila

melanogaster model. The exact mechanisms of toxicity
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