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The bioactive hexane extract of Daucus carota seed yielded 2,4,5-trimethoxybenzaldehyde (1), oleic
acid (2), trans-asarone (3), and geraniol (4). Compounds 1-4 were evaluated for their mosquitocidal,
nematicidal, antifeedant, and antimicrobial activities. Only trans-asarone was active in the assays
performed, causing 100% mortality to fourth-instar mosquito larvae, Aedes aegyptii, at 200 µg mL-1

and the nematodes Caenorhabditis elegans and Panagrellus redivivus at 100 µg mL-1. In feeding
trials, trans-asarone also caused significant weight reductions of the caterpillars Helicovarpa zea,
Heliothis virescens, and Manduca sexta when incorporated into artificial diet at a concentration of
100 µg mL-1. Also, it exhibited slight activity at 100 µg mL-1 against the yeasts Candida albicans,
Candida parapsilasis, and Candida kruseii.
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INTRODUCTION

Daucus carotaL., carrot, a herb belonging to the family
Umbelliferae, is grown throughout the temperate regions of the
world for its roots, which are consumed raw and cooked as well
as used in canned, frozen, and dehydrated products. Carrot seeds
have a pungent taste and are used as a folk medicine in Asia
(1), and oil from carrot seed has been studied for its hypotensive,
diuretic, cardiac, anticonvulsant, antifertility, and carminative
effects as well as for treatment of digestive and skin disorders
(2-5). Carrot seed oil from selected varieties has also demon-
strated antibacterial and antifungal activities (6-8).

Implementation of the Food Quality Protection Act (FQPA)
in the United States has encouraged scientists to seek alternatives
to synthetic commercial pest-managing compounds. Recently,
efforts are made to accelerate the search for more toxicologically
and environmentally safe pest-managing agents. It is evident
that plants have their own defense systems to protect them from
pests. Several plant secondary products have been associated
with activities against plant pests. In an attempt to add value to
agricultural products, we have investigated carrot seeds for
potential pest-managing compounds. The preliminary bioassay
of carrot seed extracts showed that the hexane extract was active
against mosquito larvae,Aedes aegyptii. Therefore, the hexane
extract was subjected to mosquitocidal assay-guided purification,
and the resulting compounds were tested for nematicidal,
mosquitocidal, antifeedant, and antimicrobial activities. In this
paper, we report results of assays of these compounds from the

hexane extract of carrot seeds against a broad spectrum of pests
including insects, nematodes, and yeast species.

MATERIALS AND METHODS

General Experimental Procedures.1H and13C NMR spectra were
recorded on Varian INOVA 300 and 500 MHz spectrometers.13C NMR
spectra were recorded at 75 or 126 MHz. Chemical shifts were recorded
in CDCl3, and the values are reported inδ (parts per million) based on
δ residuals of 7.24 for1H NMR and 77 for 13C NMR. Coupling
constants,J, are in hertz. The silica gel used for MPLC was Merk silica
gel 60 (30-70µm particle size). TLC plates (Analtech, silica gel GF,
coated on PE sheets, 200µm) and preparative TLC plates (Analtech,
silica gel, 20× 20 cm; 250, 500, and 1000µm) were viewed under
UV light (254 and 366 nm) after developing. All organic solvents used
were of ACS reagent grade (Aldrich Chemical Co., Milwaukee, WI).

Plant Material. Carrot seeds were provided by Asgrow Seed Co.,
Kalamazoo, MI, and stored at-20 °C until extraction.

Extraction and Isolation. Ground carrot seeds (1 kg) were
sequentially extracted with hexane, EtOAc, and MeOH (1.5 L× 4, 24
h each) and yielded 121.1, 57.8, and 25.1 g of residue, respectively,
upon removal of solvent. A portion of the hexane extract (32 g) was
stirred with MeOH and filtered to yield MeOH soluble (4.84 g) and
insoluble (26 g) fractions. The bioactive MeOH soluble fraction (3.09
g) was fractionated by MPLC on silica gel (Sanki Engineering Ltd.,
model LBP-V pump operating at 1-15 psi, Chemco MPLC tayperling
type glass column, 35× 4 cm) using hexane with an increasing amount
of acetone and finally with MeOH as eluting solvent. Fractions collected
were A (720 mL, 220 mg), eluted with 100% hexane and hexane/
acetone (8:1); B (155 mL, 1.84 g), eluted with hexane/acetone (8:1);
C (75 mL, 145 mg), D (75 mL, 74 mg), and E (75 mL, 15 mg), eluted
with hexane/acetone (4:1); F (75 mL, 17 mg), eluted with hexane/
acetone (4:1 and 1:1); and G (195 mL, 165 mg) and H (165 mL, 300
mg), eluted with 100% acetone followed by 100% MeOH.
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Fraction H (40 mg) was purified by preparative TLC using hexane/
acetone (4:1× 3) as the mobile phase and yielded compound1 (7.8
mg). Similarly, purification of fraction G by preparative TLC using
hexane/EtOAc, 3:1, as the mobile phase afforded compound2. Fraction
B was further subjected to MPLC on silica gel using hexane with an
increasing amount of acetone and yielded fractions I (565 mL, 60 mg),
eluted with 100% hexane and hexane/acetone (15:1); II (30 mL, 92
mg), III (90 mL, 942.4 mg), IV (60 mL, 73 mg), and V (120 mL,
215.1 mg), eluted with hexane/acetone (15:1); and VI (660 mL, 135.2
mg), eluted with 100% acetone. The bioactive fraction IV was further
purified by preparative TLC using hexane/chloroform/toluene/MeOH
(3:2:2:0.1) as the solvent system and afforded compound3 (5.9 mg).
The purification of fraction A (40 mg) by preparative TLC (100%
hexane) yielded compound4 (20.3 mg) (Figure 1).

Nematicidal Assay. Cultures of the nematodesCaenorhabditis
elegansandPanagrellus rediViVuswere maintained in the Bioactive
Natural Products and Phytoceuticals Laboratory, Michigan State
University.C. eleganswas cultured on NG agar medium containing a
strain ofEscherichia coliin disposable Petri dishes with 2-4 mL of
physiological saline solution, andP. rediViVuswas grown in axenic,
liquid basal heme medium (5 mL) in scintillation vials. The cultures
were stored at room temperature and subcultured prior to the assay. A
nematode suspension diluted in physiological saline (15-20 nematodes
in a 48µL aliquot) was delivered to each of two wells per treatment in
Corning polystyrene 96-well plates. Two microliters of DMSO (50%)
or test compound in 50% DMSO was added to each corresponding
well. The plate was covered, wrapped with Parafilm, and kept in a
humid chamber. The number of dead nematodes was recorded 2, 4, 6,
8, and 24 h after treatment by microscopic observation (9, 10).

Mosquitocidal Assay.First-instar larvae of the mosquitoA. aegyptii
were provided by Drs. Alexander Raikel and Alan Hays, Department
of Entomology, Michigan State University. The larvae were reared in
reverse osmosis water in an incubator at 26°C for 4 days, after which
time 10-15 larvae were placed in 980µL of degassed water in test
tubes. Twenty microliters of a solution of test compound in DMSO, or
DMSO as a control, was then added to each tube. Pure compounds
were tested at concentrations of 200 and 100µg mL-1. Treatments
and controls were replicated three times. The number of dead larvae
was recorded at 2 h intervals for 24 h (10, 11).

Antifeedant Assay. Eggs of the lepidoptera speciesHelicoVarpa
zea,HeliothisVirescens, andManduca sextawere purchased from the
Department of Entomology, North Carolina State University, Raleigh,
NC. For all three insects the antifeedant assay was performed according
to a published procedure (12). The weights of larvae that had fed on
diet containing test compounds were compared with those that had fed
on diet containing DMSO alone. The results were analyzed by using
ANOVA (p e 0.01), and the means were compared by calculating the
least significant difference (LSD).

Antimicrobial Assay. Pure compounds were evaluated for anti-
microbial activities according to reported procedures (9, 13) against

the yeastsCandida albicans(MSU strain), Candida kruseii(MSU
strain), andCandida parapsilasis(MSU strain), which were cultured
in Petri dishes containing YMG medium (20 mL); the bacteriaE. coli,
Streptococcus aureus, andStaphylococcus epidermidis, which were
cultured in Emmons medium (20 mL); and the fungiAspergillus flaVus,
Aspergillus parasiticus, andFusarium oxysporum, which were cultured
in PDA medium (20 mL). DMSO was used as a control treatment.
DMSO or test compounds dissolved in DMSO (20µL) at 100µg mL-1

were spotted on the bioassay plates containing a lawn of test organisms.
The plates were allowed to dry in a laminar flow hood and then
incubated at 27°C for 72 h. The zone of inhibition was measured in
millimeters.

RESULTS AND DISCUSSION

The structures of compounds1-4 (Figure 1), yielded from
mosquitocidal assay-guided purification of the hexane extract
of carrot seeds, were deduced by1H and 13C NMR spectral
experiments. These compounds were identified as 2,4,5-tri-
methoxybenzaldehyde (1), oleic acid (2), trans-asarone (3), and
geraniol (4). Both1H and13C NMR spectral data of compounds
1-4 were identical to their respective published spectral values
(14-17).

Nematicidal assay of compounds1-4 usingC. elegansand
P. rediViVusindicated that only compound3, trans-asarone, was
active against these species, showing 100% mortality at 100
µg mL-1 within 24 h (Figure 2). Compounds1, 2, and4 caused
no mortality toC. elegansandP. rediViVusat this concentration.
Among the compounds1-4 tested against fourth-instarA.
aegyptii larvae, only compound3 showed mortality after 24 h
(Figure 2). Therefore, a dose-response study of the larval
mortality was determined for compound3 and indicated 100
and 43% mortalities at 200 and 100µg mL-1, respectively.

In the caterpillar antifeedant assays, compounds1, 3, and4
were tested againstH. zea,H. Virescens, andM. sextaneonate
larvae at 100µg mL-1 concentration. Onlytrans-asarone,
compound3, demonstrated significant activity against all three
species as indicated by 97, 96, and 79% weight reductions of
H. zea,H. Virescens, andM. sexta, respectively, after 6 days
(Figure 3). Compounds1 and4 had no effect on larval weight

Figure 1. Molecular structures of bioactive compounds from D. carota
seeds.

Figure 2. Effects of a range of concentrations of trans-asarone (3) on
mortality of A. aegyptii, C. elegans, and P. redivivus after exposure for
24 h. Statistical analysis was done using ANOVA (p e 0.01), and the
means were compared by calculating the LSD. The data are presented
as percent mortality to the control DMSO.
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at the concentration tested (Figure 3). Compound2, oleic acid,
was not tested in the antifeedant assays.

Only trans-asarone (3) exhibited activity against the yeasts
at 100µg mL-1, generating zones of inhibition of 6, 7, and 6
mm for C. albicans,C. kruseii, andC. parapsilasisafter 72 h
of incubation, respectively. However, this compound did not
inhibit the growth of the bacteria and fungi when tested at 100
µg mL-1. Compounds1, 2, and4 were not inhibitory to any of
the microorganisms tested in our laboratory at 100µg mL-1

concentration.
Other studies have also showntrans-asarone to have biologi-

cal activity. trans-Asarone has been reported as an antifeedant
against the cutworm,Peridroma saucia, when incorporated into
artificial diet (18), and Poplawski et al. (19) reported that it
exhibited deterrent activity against stored grain pestsSitophilus
granarius (adult),Tribolium confusum(adult and larvae), and
Trogoderma granarium(larvae) (19).trans-Asarone has also
been shown to repel the red-winged blackbird,Agelaius
phoeniceus. The mobility of the second-stageToxocara canis
nematode was rapidly inhibited when incubated withtrans-
asarone (21), and the nematode died after prolonged exposure.

Asarones have also shown antimicrobial activity.trans-
Asarone isolated fromPiper sarmentosuminhibitedE. coli and
Bacillus subtilisat 25 ppm (22). However, in our assays, it did
not show any growth inhibitory activity against the bacteriaE.
coli, S. aureus, and S. epidermidisor the fungiA. flaVus, A.
parasiticus, andF. oxysporumat 100µg mL-1. However, it
exhibited slight growth inhibitory activity against yeastsC.
albicans,C. parapsilasis, andC. kruseiiat 100µg mL-1.

Studies of structure-activity relationships oftrans-asarone
and related phenylpropanoids against the green algaSelenastrum
capricornutumshowed that the biological activity depends on
the number and position of methoxy groups present in the ring
(23). Also, an increase in activity was observed with an increase
in the number of methoxy groups (23). Similarly, methoxy
groups positioned ortho and para to the alkyl side chain provided
the strongest biological activity. In contrast, Poplawski et al.
(19) reported that the presence of a methoxy group in the meta
position may have a considerable influence on deterrent activity.

The mosquitocidal, nematicidal, and antifeedant activities of
trans-asarone reported in this paper are novel. These activities
in conjunction with previously reported activities against several
pests suggest thattrans-asarone has the potential to be developed

as an effective and alternative pest-managing natural product
as a substitute for some of the synthetic pest-managing agents
on the market. Further studies are required to determine the
effective dose and potential oftrans-asarone, or its related
analogues, as pest-managing activity agents under field condi-
tions.
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