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The essential oils (EOs) extracted from the mint species Mentha pulegium and Mentha spicata,
together with their main constituents, pulegone, menthone, and carvone, were tested for insecticidal
and genotoxic activities onDrosophila melanogaster. The EOs of both aromatic plants showed strong
insecticidal activity, while only the oil of M. spicata exhibited a mutagenic one. Among the
constituents studied, the most effective insecticide was found to be pulegone, while the most effective
for genotoxic activity was menthone. Data show that both toxic and genotoxic activities of the EOs
of the two studied mint plants are not in accordance with those of their main constituents, pulegone,
menthone, and carvone. Pulegone is significantly more effective (9 times) as an insecticide, while
menthone and carvone are less effective (6 and 2 times, respectively) insecticides when used in
their authentic forms, and a mixture of authentic pulegone and menthone, in levels resembling
their content in the oil ofM. pulegium, showed that the strong toxicity of pulegone is suppressed in
the presence of menthone. All the above suggest that synergistic/antagonistic phenomena may be
involved that alter the toxicity of the whole EO.
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INTRODUCTION

It is well-known that plant-derived natural products
are extensively used as biologically active compounds.
Among them, essential oils (EOs) were the first preser-
vatives used by man, originally in their natural state
within plant tissues and then as oils obtained by
distillation. Many of these crude mixtures have been
found to have antifungal, antimicrobial, cytostatic,
and insecticidal activities (Kelsey et al., 1984; Janssen
et al., 1987; Balandrin and Klocke, 1988; Thompson,
1989; Konstantopoulou et al., 1992; Sivropoulou et al.,
1995).
Plant extracts have been used as insecticides by

humans since before the time of ancient Romans.
Today, there is an increasing interest in the use of
“insecticidal” plants, because of the necessity of finding
safer insecticides in combination with the need of
preventing environmental degradation and pollution. In
addition, the extensive use of several aromatic plants
in the cosmetics and food industries, demands an
extensive screening of EOs and their components for
genotoxic activities.
The present study on the insecticidal and genotoxic

activity of the essential oils of the aromatic plants
Mentha pulegium and Mentha spicata as well as their
main components, namely, pulegone, menthone, and
carvone, was undertaken in order to confirm the toxicity
of each tested compound by defining the crucial amounts
of each compound that cause death to Drosophila
melanogaster, and to determine the positive, negative,
or neutral genotoxic effects that these compounds
exert.

MATERIALS AND METHODS

Plant Material. Essential oils from the mint plants M.
pulegium and M. spicata, species abundantly found in the

Greek flora, belonging to the Lamiaceae family, were kindly
provided by Dr. S. Kokkini. M. pulegium (designated no. 1526)
contains 75.7% pulegone and 10.1% menthone; M. spicata
(designated no. 1645) contains 32.1% carvone (S. Kokkini,
unpublished results). Authentic commercially available pule-
gone, menthone, and carvone, used in the present study, were
obtained from Aldrich Chemical Corp.
Genetic System. Two D. melanogaster strains (kindly

provided by Dr. Marec), the multiple wing hair strain (mwh),
with genetic constitution mwh e/mwh e and the flare (flr3)
strain with genetic constitution y wco/y wco; flr3 se/TM2 Ubx130
se e (Marec and Gelbic, 1994), were used in the present
study. Description of the genetic markers is given in
Lindsley and Zimm (1992). Larvae from the cross between
flr3 virgin females with mwh males were used for testing
(Graf et al., 1984). The stocks and the crosses were main-
tained at 24 ( 1 °C in 16 h light-8 h dark on a yeast-glucose
medium.
Experimental Procedures. In order to screen the lethal

effects of the tested compounds, eggs from the Drosophila cross
mentioned above were collected during an 8 h period, and
72 ( 4 h later the larvae were removed from the food.
Groups of 50 larvae, after washing with 17% NaCl solution
(Graf et al., 1984), were transferred to individual Petri dishes
(9 cm diameter) containing a Whatman 3 mm paper moistened
with Ringer solution (Becker, 1959) and exposed to various
amounts of the examined compound. Different amounts of
EOs or their components were applied to a small filter paper
disk (4 mm diameter) placed at the center of the petri dish
(Konstantopoulou et al., 1992). Dishes were kept at 24 ( 1
°C and 60% humidity for 18 h. After the exposure period, the
larvae were washed with Ringer solution and transferred to
new individual vials with food until emergence of adult flies.
Each experiment was repeated three times, and the number
of flies survived per vial were counted in both control and test
cultures.
For screening the genotoxic activity of the tested compounds,

the wing somatic mutation and recombination tests (SMART)
(see Graf et al. (1984) and Wuergler and Vogel (1986) for
reviews) were applied. The experiments were carried out
according to the method described in the previous paragraph.
Larvae of the flr3 × mwh crosses were treated with concentra-
tions slightly above the crucial dose of each individual com-
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pound that causes death to 50% of the tested larvae (LD50).
The trans-heterozygous (mwh/flr3) female flies that emerged
from the cross mentioned above were selected and stored in
70% ethanol-glycerol (1:1). Their wings were mounted in
Euparal solution and scored at 400× magnification for the
presence of mosaic spots. On the basis of the size, the number,
and the type of cells showing malformed wing hairs, different
categories of spots were recorded by following the methods and
criteria of Graf et al. (1984). Each of the five compounds tested
was assayed in at least three independent experiments. For
comparative analysis, a parallel experiment using only Ringer
solution was carried out. In all control experiments, the
frequency of the spontaneous spots observed was found to be
about the same, and the average frequency of the controls was
used for the statistical analysis.
Statistical Analysis. The mortality caused by the tested

compounds was corrected according to the following equa-
tion: (a - b)100/a, where a and b correspond to the number
of the surviving adults in the control and test experiments,
respectively.
For statistical analysis of the genotoxic effects of the tested

compounds, the spots were grouped into four categories: (a)
small single spots (with one or two affected cells, either mwh
or flr3), (b) large single spots (with three or more affected
cells, either mwh or flr3), (c) twin spots (consisting of both
mwh and flr3 subclones), and (d) total single spots. For the
statistical significance of the results, the multiple-decision
procedure (Selby and Olson, 1981; details are given in Frei
and Wuergler (1988)) was used. The procedure is based on
the conditional binomial test (Kastenbaum and Bowman, 1970;
Margolin et al., 1983) and the X2 test (K. Pearson’s criterion).
Each statistical test was carried out at 5% significance
level.

RESULTS AND DISCUSSION

Essential oils composed by isoprenoid compounds,
mainly mono- and sesquiterpenes are the carriers of the
smell found in aromatic plants. These secondary me-
tabolites are often complex biomolecules, and there are
many suggestions for their biological role, as, for
example, allelopathy, antiherbivore action, and interac-
tion with microorganisms and insects (Kelsey et al.,
1984; Janssen et al., 1987; Thompson, 1989; Konstan-
topoulou et al., 1992; Vokou, 1992; Panizzi et al., 1993;
Sivropoulou et al., 1995).
The mode of action of the essential oils or their

constituents, as insecticides, remains unclear. Many of
them deter insects from feeding, while other have been
proved to be neurotoxicant in their action or insect
growth regulators, including analogs and antagonists
of endogenous hormones. Moreover, constituents of EOs
such as terpenoids are also present in insects, acting
as pheromones, thus making the interactions between
plants and insects more complex (for review see Balan-
drin and Klocke (1988) and Reynolds (1987) and refer-
ences therein).
Mint species are very important from the economical

point of view and most of them are characterized by
great chemical diversity (see Kokkini (1991, 1992) for
reviews). The spearmint oil (rich in carvone) extracted
mainly from M. spicata and the pennyroyal oil (rich in
pulegone) obtained exclusively from M. pulegium are
two of the most commercially exploited EOs (see Kok-
kini (1992) for review).
In the present study, EOs extracted fromM. pulegium

(pennyroyal oil), rich in the monoterpenes pulegone
(75.7% of the total oil) and menthone (10.1%), and M.
spicata (spearmint oil), rich in carvone (32.1%), together
with authentic commercially available pulegone, men-
thone, and carvone, were examined for insecticidal and
genotoxic activity. The insecticidal action of all the

compounds tested was confirmed after a series of
preliminary experiments. Five different amounts of
each compound were determined, which caused death
to Drosophila lower than 100%. Determining the toxic-
ity as the fraction of the adult flies that emerged from
the treated larvae, the number of larvae surviving to
adulthood was recorded, in control and tested cultures.
The average survival in the controls was 86%. The
results, expressed as the percentage of survived larvae,
after correction (see also the statistical analysis), are
shown in Figures 1 and 2. From these curves, the LD50
of each compound was estimated (Table 1).
According to the present results, the EOs derived from

the mint plants M. pulegium and M. spicata are very
effective as insecticides since small amounts of both EOs
cause death to a great number of insects (Figure 1; Table
1). The observed strong toxicity of the above oils on D.
melanogaster is in accordance with that previously
reported onDrosophila auraria (Konstantopoulou et al.,
1992). However, contrary to the previous report, the
EO of M. spicata proved to be the most effective one
(Figure 1; Table 1). Such differences are rather ex-
pected, since both the EOs and the insects used in the
above studies are different. It is well-known that the
chemical composition of the EOs of mint species may
differ significantly within the same taxon, depending
on genetic and geographical parameters (e.g., climatic,
seasonal) (see Kokkini (1992) for a review), and their

Figure 1. Percentage of larvae surviving to adulthood after
exposure to different concentrations of the essential oils ofM.
pulegium and M. spicata.

Figure 2. Percentage of larvae surviving to adulthood after
exposure to different concentrations (in microliters) of the
authentic compounds, pulegone, menthone, carvone and 7.5:1
pulegone-menthone mixture.

Insecticidal and Genotoxic Activities of Mint EOs J. Agric. Food Chem., Vol. 45, No. 7, 1997 2691



toxic effects may be species-specific (see Kelsey et al.
(1984) as a review). In addition to their insecticidal
activity, it was found that the EOs of M. pulegium and
M. spicata present also strong antimicrobial activity
(Sivropoulou et al., 1995).
Among the monoterpenes studied, pulegone was

found to be the most toxic, causing death to Drosophila
even in extremely small amounts, followed by carvone
and menthone (Table 1; Figure 2). The strong toxicity
of pulegone was also proved for Spodoptera eridania
larvae (Gunderson et al., 1985). According to our data
presented in Table 1, the insecticidal activity of the
studied EOs is not linearly dependent upon the content
of their main constituents. Taking into account the
toxicity of the authentic component pulegone (LD50 )
0.17) as well as its content (75.7% of the oil) in the whole
EO of M. pulegium, the oil would be expected to be 9
times more effective than it is. On the contrary, the
same oil was expected to be about 6 times less effective,
if its lethal effects were linearly dependent on its
constituent menthone (LD50 ) 1.29, content 10.1%). This
is also the case of the EO of M. spicata (LD50 ) 1.12)
and its main constituent carvone (LD50 ) 0.67, content
32.1%). Carvone is 2 times less effective when used in
its pure form. Given the above results are accurate,
synergistic/antagonistic phenomena may exist that alter
the toxicity of the EOs. In an effort to check this
possibility, we tried to have direct demonstration of the
interactions between the two pure compounds of M.
pulegium. So, we performed the LD50 of a mixture 7.5:1
of authentic pulegone:menthone (relative levels of these
compounds as found in the extract of M. pulegium oil).
Data show (Figure 2; Table 1) that the toxicity of this
mixture is not in accordance either with the toxicity of

the whole essential oil or with that of its constituents.
Indeed, the mixture is found to be about 2 times less
effective than the oil of M. pulegium and 17 times less
so than the authentic pulegone. Taking into account
that 4.06 µL of the above mixture (Table 1) that contains
about 3.75 µL of pulegone causes death to 50% of the
tested Drosophila while 0.2 µL of this constituent
presents the same insecticidal activity, when it is
exclusively used, it is obvious that antagonistic phe-
nomena do exist that alter the toxicity of pulegone in
the presence of menthone. Moreover, the compounds
that constitute the remaining 14.2% of M. pulegium
seem to play an important role in the final toxicity of
the oil, increasing its insecticidal activity. This is
probably due to synergistic phenomena. Similar phe-
nomena have also been reported for many constituents
of natural products (Harborne, 1982). In the case of
carvone, it was proved that its presence alters the
insecticidal activity of pyrethrins (Bestmann et al.,
1988).
Aiming to find out if the crucial amounts (LD50) of

each tested compound that causes death to 50% of the
tested D. melanogaster larvae exert mutations and/or
mitotic recombination effects, the somatic mutation and
recombination tests (SMART) were used. These tests
proved to be very sensitive assays for screening chemical
compounds for genotoxic activity. When Drosophila
embryos or larvae are exposed to different doses of
chemical compounds, various types of somatic mutation
or even mitotic recombination effects may be induced
in a number of imaginal disk cells (see Wuergler and
Vogel (1986) for a review). A good genetic system for
detecting wing somatic mutations and recombination
effects is the one that uses larvae trans-heterozygous
for the third chromosome markers mwh (Lindsley and
Grell, 1968) and flr3 (Garcia-Bellido and Dapena, 1974).
In the case of mutagenesis, recessive phenotypes are re-
expressed as mosaic spots on the wings of the F1
progeny flies. Any increase in the clone frequency as
compared to control reflects mutagenic activity, the
extent of which is characterized by the frequency of
the clone induction (Szabad et al., 1983; Graf et al.,
1984).
Table 2 shows the ability of the EOs of M. pulegium

and M. spicata as well as their main constituents,
pulegone, menthone, and carvone, to induce somatic
mutation or recombination effects. Each of the five
compounds was tested with concentrations slightly
above LD50. As is shown from the statistical analysis,

Table 1. Crucial Concentration of the Essential Oils
(EOs) (µL) of M. pulegium and M. spicata, the Authentic
Compounds, Pulegone, Menthone, and Carvone, and a
7.5:1 Pulegone-Menthone Mixture, Which Causes Death
to 50% of the Treated D. melanogaster Larvae (LD50)a

tested compound LD50

EO ofM. pulegium (pennyroyal oil) (containing
75.7% pulegone and 10.1% menthone)

2.09

EO ofM. spicata (spearmint oil)
(containing 32.1% carvone)

1.12

pulegone 0.17
menthone 1.29
carvone 0.67
mixture pulegone-menthone (7.5:1) 4.06
a LD50 was found after estimation of the corrected mortality (see

also text).

Table 2. Summary of Results Obtained in the Wing Somatic Mutation and Recombination Test (SMART) on D.
melanogaster after Treatment with the Essential Oils (EOs) of M. pulegium (M.pul) and M. spicata (M.spi), and the
Authentic Compounds, Pulegone, Menthone, and Carvone

spots per wing (no. of spots) diagnosisa

treatment
wings

analyzed
small single spots
(1-2 cells) m ) 2.0

(large single spots
(>2 cells) m ) 5.0

twin spots
m ) 5.0

total spots
m ) 2

control (ringer) 74 0.74 (55) 0.06 (5) 0.08 (6) 0.89 (66)
EO ofM.pul
2.1 µL 60 0.81 (49) - 0.13 (8) i 0.08 (5) - 1.03 (62) -
EO ofM.spi
1.2 µL 60 1.56 (94) + 0.11 (7) i 0.15 (9) - 1.83 (110) +
pulegone
0.2 µL 60 1.08 (65) + 0.04 (3) - 0.05 (4) - 1.2 (72) w
menthone
1.3 µL 62 1.48 (92) + 0.13 (8) i 0.09 (6) - 1.71 (106) +
carvone
0.7 µL 61 0.93 (56) - 0.08 (5) - 0.08 (5) - 1.08(66) -

a Statistical diagnosis according to Frei and Wuergel (1988); +, positive; -, negative; w, weakly positive; i, inconclusive; m, multiplication
factor. Probability levels: R ) â ) 0.05.
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EO of M. pulegium did not show any mutagenic or
recombinogenic effects, since no significant differences
were found at the frequency of the total single or twin
spots, between the experimental and control series. On
the contrary,M. spicata shows strong mutagenic activ-
ity. The statistically significant increase in the fre-
quency of single spots could mean thatM. spicata is able
to induce point mutations, deletions, and somatic re-
combination effects. On the other hand, the negative
result obtained from the statistical analysis of the twin
spots indicates that the compound does not exhibit
recombinogenic activity (Graf et al., 1984). Taking into
account the concentrations of the EOs used (Tables 1
and 2), it is obvious that the EO of M. spicata is a very
strong toxic and genotoxic (mutagenic but not recombi-
nogenic) oil while that of M. pulegium exhibits strong
toxic but not genotoxic activities. The observed negative
mutagenic and recombinogenic effects of M. pulegium
essential oil in correlation with its strong insecticidal
activity should mean that this compound can be used
as a potent substance for insect pest control. These
results give also signs that this mint oil could possibly
be used in food and cosmetics, although additional
studies, using different bioassays, are needed.
Among the constituents studied (Table 2), carvone

shows negative genotoxic activity, pulegone shows a
very weak positive one, and menthone is found to be a
potent mutagenetic but not recombinogenic inducer.
However, since the concentrations of the above sub-
stances used are different, depending on their insecti-
cidal doses (Table 1; Figure 2), only comparative con-
clusions between their toxic and genotoxic activities can
be emerged. Nevertheless, data presented here show
that both toxic and genotoxic activities of the essential
oils of the studied aromatic plants,M. pulegium andM.
spicata, are not in accordance with those of their major
constituents, pulegone, menthone, and carvone, due to
synergistic/antagonistic phenomena. The high insecti-
cidal activity of the studied pennyroyal and spearmint
oil in cooperation with the increasing interest in the use
of “insecticidal” natural products calls for the extension
of these studies to insects with great economical impact
like Bactrocera (Dacus) oleae (Mavragani-Tsipidou et al.,
in preparation). Moreover, the extensive use of the
aromatic plants in the cosmetics and food industries
calls for further screening of all the used aromatic plants
for mutagenic and recombinogenic activities.

ABBREVIATIONS USED

EO, essential oil; flr, flare; LD50, lethal dose 50%; µL,
microliter; mwh, multiple wing hair; SMART, somatic
mutation and recombination test.
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