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Abstract Plant essential oils and its constituent molecules
have been suggested as an alternative to control insect.
The contribution of the constituents to the effect of the
oil is determined by the interactions occurring between
them. Synergistic interactions would improve the insec-
ticide efficacy of the compounds due to the utilization
of lower doses. We evaluated the insecticidal activity of
geranium (Geranium maculatum L.) oil and its major constit-
uents against Musca domestica L. and studied the toxic inter-
actions in artificial mixtures of those constituents in the natural
ratio. While synergistic interactions were determined in house
fly in this study, these were of low intensity evidencing that
the effect of each constituent was slightly modified by the
other constituents present in the mixtures. The search for syn-
ergism between components is a strategy to improve the in-
secticide activity of natural compounds. The synergism helps
to reduce the environmental and toxicological impact due to
the reduction of the dose of use.

Keywords Toxic interactions - Monoterpenoids -
Synergism - House fly

Introduction

Where conventional insecticides fail as the result of insecti-
cide resistance, investigations continue to focus on the devel-
opment of insect control alternatives. Plant essential oils are a
rich source of bioactive chemicals, as the oil itself and its
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constituent molecules (e.g., monoterpenoids), and have been
suggested as an alternative to control insect pests because of
their repellent, ovicidal, adulticidal, and feeding inhibition ac-
tivities reported against various insect species including house
fly (Isman 2000; Palacios et al. 2009; Morey and Khandagle
2012; Kumar et al. 2013; Sinthusiri and Soonwera 2014).

The insecticidal activity of oils is governed by its chemical
composition, i.e., the proportion and types of constituent mol-
ecules. The contribution of each constituent to the effect of a
blend is determined in part by the other constituents present
due to pharmacological interactions occurring between them
(e.g., synergism). From pest control point of view, synergism
allows to improve the insecticide efficacy of natural products
due to that a determined effect level can be reach with lower
dose (Chou 2006). Synergism between monoterpenoids both
natural and artificial mixtures evaluated against diverse pest
insects has been reported by different authors (Don Pedro
1996; Hummelbrunner and Isman 2001; Bekele and
Hassanali 2001; Jiang et al. 2009; Gallardo et al. 2012).

Thus, the aim of present study was to determine the insec-
ticidal potency of geranium oil and its major constituents
against males Musca domestica L. (housefly). We also pro-
posed to determine the occurrence of toxic interactions be-
tween the major constituents through of evaluation of com-
plex mixtures of them.

Materials and methods

Male M. domestica 3—5 days old were used in this
study obtained from colony reared in our laboratory in
optimal environmental conditions (25+1 °C, 60-75 %
RH, and 12:12 L:D photoperiod). Adult flies were fed
by placing dry milk, sugar, and water inside 28x28x
28-cm boxes. The medium to rear larvae consisted of dried
yeast, whole dry milk, agar, and nipagine.
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Table 1  Toxic activity by topical application of geranium oil and its
major constituents against male Musca domestica

Oil/constituents n X Slope£SE ~ LDs" (95 % CL)
Geranium oil 150 1.493 2.098+0.604 55.34 (33.37-72.44)
Geraniol 150 0.533 5.700+0.956 45.63 (39.35-53.19)
Citronellol 180 0.001 4.893+0.913 59.50 (49.77-68.44)
Linalool 180 0.327 7.319+1.612 106.88 (90.45-118.41)

Citronellyl formate 150 0.012 6.676+1.328 48.06 (41.60-53.35)

#Lethal dose 50 expressed in micrograms/insect

Pure compounds (citronellol, geraniol, citronellyl formate,
and linalool) were purchased from Sigma-Aldrich Co. (St
Louis, MO, USA). Geranium oil was obtained from
Fritzsche Saica (Buenos Aires, Argentina). Analytical grade
acetone (Merck, Buenos Aires, Argentina) was used as the
carrier.

Acute toxicity of geranium oil, major constituents,
and mixtures was determined by topical application on
adult males. Citronellol, geraniol, citronellyl formate,
and linalool were used as the four major constituents
of geranium oil according Gallardo et al (2012). Five
mixtures were used: the first contained all major con-
stituents; the remaining four contained all constituents
except one. In all cases, constituents were combined in
the same ratio as the geranium oil. In all tests, groups
of at least 10 insects were treated with 1 ul of acetone
solution of the compounds. The flies were anesthetized
with CO, with a flux of 1-2 I/min. Doses were applied
to the abdomen using a repeating topical dispenser at-
tached to a 50-ul syringe (Hamilton Company, Reno).
Doses ranged from 2 to 200 pg/insect, and each dose was
replicated at least three times. Topical application with acetone
alone was made for controls. Treated flies were placed in
plastic containers (250 ml) containing a little plastic recipient
with cotton moistened with 10 ml of water and covered with a
voile. The containers were maintained for 24 h in a growth
chamber at rearing conditions. The mortality was recorded at

24 h after topical application. The criterion for mortality was
inability to walk and fly.

Mortality data were corrected using Abbott formula
(Abbott 1925). Dose-mortality values were subjected to
probit regression analysis (Litchfield and Wilcoxon
1949) using POLO-PC Software (LeOra Software
1987). Median lethal dose values (LDsg) and confidence
intervals were expressed as micrograms per insect. To
establish the type of interaction that occurred in each
mixture, the combination index (CI) was calculated
(Chou 2006). The CI was determined based on the LDs, of
each constituent and mixture by using CompuSyn (Chou
and Martin 2005). A CI of <1, =1, or >1 indicates
synergism, an additive effect, and antagonism, respec-
tively (Chou 2006). The grade of each type of interaction
(slight, moderate, strong, very strong) was established accord-
ing Chou (20006).

Results

The toxicological values of individual major components
from geranium oil on flies are shown in Table 1. All constit-
uents and the natural oil had similar toxicity, close to 50 pg/
insect and overlapping all confidence intervals, except linalool
which was less toxic (106.9 pg/insect). The most toxic
monoterpenoid constituents were geraniol and citronellyl
formate. The toxicological values of mixtures of the
major constituents from geranium oil on flies are shown
in Table 2. The results showed similar toxicity between
all mixtures evaluated and similar to potency of the
individual components. The most toxic mixture was
Geraniol:Citronellyl formate:Linalool, and the less toxic
was the mixture formed by the four major constituents
(Geraniol:Citronellol:Citronellyl formate:Linalool). Two
mixtures evidenced toxicological interactions as moder-
ate synergism (Geraniol:Citronellyl formate:Linalool and
Citronellol:Citronellyl formate:Linalool), and the other
mixtures were nearly additives.

Table 2  Toxic activity by topical application of mixtures of major constituents of geranium oil against male Musca domestica

Mixture of major constituents® n X Slope+SE LD 50° (95 % CL) Cr Type of interaction
according to Chou (2006)
Geraniol:Citronellol:Citronellyl formate:Linalool 120 0.067 7.111+£1.443 58.23 (51.42—64.97) 1.03 Nearly additive
Geraniol:Citronellol:Citronellyl formate 135 0.095 4.063+0722 56.61 (47.25-68.65) 1.07  Nearly additive
Geraniol:Citronellol:Linalool 110 1.607 3.861+0.621 54.80 (43.95-66.13) 0.93 Nearly additive
Geraniol:Citronellyl formate:Linalool 90 0.292 2.775+0.506 38.50 (28.16-50.69) 0.71 Moderate synergism
Citronellol:Citronellyl formate:Linalool 120 0.876 4.031+0.6 48.52 (41.30-56.74) 0.80 Moderate synergism

# Constituents mixed in the same proportion than natural oil

®Lethal dose 50 expressed in micrograms/insect

¢ Combination index (CI) of <1, =1, or >1 indicates synergism, an additive effect, and antagonism respectively (Chou 2006)
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Discussion

In the present work, we determined the insecticidal ac-
tivity of geranium oil and its major constituents against males
M. domestica. Also, we demonstrated the occurrence of
toxicological interactions in artificial mixtures of those
components in the natural ratio. The toxic interactions
determined were moderate synergism and nearly additive.

There are several studies regarding the toxicity of essentials
oils or their monoterpenoid constituents on M. domestica by
topical application. Rice and Coats (1994) evaluated the lethal
toxicity of 22 monoterpenoids and obtained LDso values
ranging between 33 and >500 pg/insect and compared those
of the monoterpenoids studied in the present work.
Sukontason et al. (2004) reported LDs of the eucalyptol of
118 pg/insect for male and 177 pg/insect for female which
also are in similar order of magnitude of LDs, values reported
here for other monoterpenoids. However, Tarelli et al (2009),
using the same bioassay conditions described in the present
study and in the works cited above, reported LDs, values of
several monoterpenoids shared between studies two or three
orders of magnitude more toxic. These authors did not explain
the wide difference in toxic potency with the previous reports,
but our results agreed with Rice and Coats (1994) and
Sukontason et al. (2004).

The contribution of each constituent of a mixture (natural
or artificial) on the toxicity of the mixture can depend of the
other constituents present in the mixture as consequence
of toxicological interactions between them. While inter-
actions were determined in house fly in this study, these
were of low intensity evidencing that there was not a
constituent with major contributions to the toxicity of
the mixtures and that the contribution of each constituent
was just gently modified by the other constituents present in
the mixtures. In contrast, in a similar study carried out on
female head lice, Gallardo et al. (2012) showed that the citro-
nellol was the major contributor to geranium oil toxicity and
demonstrated synergism in all mixtures formed by the same
major constituents of the oil. Thus, the toxicological differ-
ences between insect species are evidenced not only in the
toxic potency of the constituents or mixtures but also in the
type of toxic interactions that occur between individual
monoterpenoids.

Although conventional pesticides are more effective due its
higher toxicity, botanical oils and its constituents may have a
role in the development of insecticides especially in areas
where resistance renders commercial products ineffective.
In this context, the search for synergism between com-
ponents of essential oils is a promising strategy to im-
prove the insecticide activity of natural compounds. The
synergistic mixtures allow reaching a determined level of
effect using lower dose of its constituents than using the con-
stituents isolated. Thus, the synergism also helps to reduce the

environmental and toxicological impact of the compounds
due to the reduction of the dose of use.
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