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Abstract

Estragole, a relatively nontoxic terpenoid ether, is an important
constituent of many essential oils with widespread applications in
folk medicine and aromatherapy and known to have potent local
anesthetic activity. We investigated the effects of estragole on the
compound action potential (CAP) of the rat sciatic nerve. The
experiments were carried out on sciatic nerves dissected from
Wistar rats. Nerves, mounted in a moist chamber, were stimulated
at a frequency of 0.2 Hz, with electric pulses of 50-100-µs duration
at 10-20 V, and evoked CAP were monitored on an oscilloscope
and recorded on a computer. CAP control parameters were: peak-
to-peak amplitude (PPA), 9.9 ± 0.55 mV (N = 15), conduction ve-
locity, 92.2 ± 4.36 m/s (N = 15), chronaxy, 45.6 ± 3.74 µs (N = 5), and
rheobase, 3.9 ± 0.78 V (N = 5). Estragole induced a dose-dependent
blockade of the CAP. At 0.6 mM, estragole had no demonstrable
effect. At 2.0 and 6.0 mM estragole, PPA was significantly reduced
at the end of 180-min exposure of the nerve to the drug to 85.6 ±
3.96 and 13.04 ± 1.80% of control, respectively. At 4.0 mM, estra-
gole significantly altered PPA, conduction velocity, chronaxy, and
rheobase (P ≤ 0.05, ANOVA; N = 5) to 49.3 ± 6.21 and 77.7 ± 3.84,
125.9 ± 10.43 and 116.7 ± 4.59%, of control, respectively. All of
these effects developed slowly and were reversible upon a 300-min
wash-out. The data show that estragole dose-dependently blocks
nerve excitability.
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Estragole, a methyl chavicol and a rela-
tively nontoxic volatile terpenoid ether, is a
major component of the essential oil of many
plants such as Ravensara anisata (Raven-
sara), Ocimum basilicum (basil), Foeniculum
vulgare (fennel), Artemisia dracunculus (tar-
ragon), and Croton zehntneri (“canela de

cunhã”, in Northeastern Brazil), which are
widely used in folk medicine and in
aromatherapy (1,2). Many biological actions
of terpenoid ethers have been studied. The
compounds are reported to have neurotro-
pic, antimicrobial, antispasmodic, and im-
munostimulant properties (2,3). Estragole
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and its isomer anethole have a documented
sedative and anticonvulsant activity related
to their neurotropic property (2,3).

Many essential oils and their chemical
constituents are known to have potent local
anesthetic activity (4-6) and the blockade of
neuronal excitability induced by them might
have important inflammatory and immuno-
logical consequences (7,8). Since no previ-
ous pharmacological studies with estragole
have examined its effects on peripheral nerve
electrophysiology, the objective of the pres-
ent study was to characterize the actions of
estragole on the compound action potential
(CAP).

Sciatic nerves were dissected from Wistar
rats (Rattus norvegicus, 300-350 g) sacri-
ficed by cervical dislocation and exsan-
guination. All animals were cared for in
compliance with the Guide for the Care and
Use of Laboratory Animals, published by the
US National Institute of Health (NIH Publica-
tion 85-23, revised 1985). One nerve was
mounted in a moist chamber and one of its
ends was stimulated with a stimulus isolation
unit (Model SIU4678, Grass Instruments
Co., Quincy, MA, USA) connected to a
stimulator (Model S48, Grass Instruments
Co.). Stimuli were delivered at a frequency
of 0.2 Hz, with electric pulses of 50-100-µs
duration at 10-20 V, for peak-to-peak ampli-
tude and conduction velocity measurements
and of 20-1000 µs at 2-10 V for chronaxy
and rheobase measurements. Evoked CAP
were recorded with platinum electrodes placed
4 to 5 cm from the stimulating electrodes.
For continuous monitoring these were con-
nected to an oscilloscope (Model 547, Tek-
tronix, Inc., Portland, OR, USA) through a
high input impedance amplifier (Model P15,
Grass Instruments Co.). For data capture
and analysis, a digidata 1200 computer ac-
quisition hardware (Axon Instruments, Inc.,
Foster City, CA, USA) and AxoScope soft-
ware (Axon Instruments, Inc.) were used. A
15- to 20-mm segment of the nerve sus-
pended between the stimulating and record-

ing electrodes was immersed in Locke’s
solution which was used to maintain cham-
ber humidity. Conduction velocity was meas-
ured by dividing the distance between the
stimulating and recording electrodes by the
time elapsed between the initiation of the
stimulus and the time when 50% of the
increase of the α component of CAP was
reached. Strength-duration curves with con-
stant-voltage square waves were used to
determine rheobase and chronaxy (9). Rheo-
base was measured as the threshold stimulus
voltage (Vth) for an active response with a
long-duration pulse (1000 µs) and chronaxy
as the pulse-width corresponding to twice
the rheobase. Pharmacological agents were
dissolved in Locke’s solution and adminis-
tered via the bath.

Before exposure to the drugs, the nerves
were allowed to stabilize until stable peak-to-
peak CAP amplitude recording was achieved
for at least 30 min. The bathed nerve segment
was then exposed to the pharmacological
agent for 180 min. This interval was usually
sufficient to allow steady state action poten-
tial amplitude to be reached during estragole
administration. This period was followed by
wash-out and a 180-min recovery period.
Experiments were carried out at room tem-
perature (24º-26ºC).

Modified Locke’s solution (140 mM NaCl,
5.6 mM KCl, 2.2 mM CaCl2, 1.2 mM MgCl2,
10 mM glucose, and 10 mM Tris-(hydroxy-
methyl-aminomethane), pH 7.4) was thor-
oughly aerated before use in the chamber.
Nerves were usually employed on the day of
dissection; however, in some experiments
they were stored overnight in cold (5ºC)
Locke’s solution for use the following day.
This storage period did not affect electro-
physiological control parameters of the
nerves.

An estragole stock solution (vehicle, di-
methylsulfoxide, DMSO) prepared daily was
added to the chamber Locke’s solution so as
to provide the desired estragole concentra-
tion with a final vehicle concentration always
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lower than 0.25% (v/v). At this concentra-
tion DMSO did not alter CAP parameters. All
salts and drugs, including estragole, were
purchased from Sigma (St. Louis, MO, USA),
or Reagen (Rio de Janeiro, RJ, Brazil) and
were of analytical grade.

Results are reported as mean ± SEM,
with (N) indicating the number of experi-
ments. Data were analyzed statistically by
the Student t-test or by ANOVA followed by
a contrast test, or a nonparametric test, as
appropriate. Results were considered signifi-

cant at P ≤ 0.05.
At 0.6 mM, estragole did not alter the

CAP (Figure 1), but at doses of 2.0, 4.0 and
6.0 mM, peak-to-peak amplitude and con-
duction velocity were significantly reduced
in a dose-dependent manner from control
values (9.9 ± 0.55 mV (N = 15) and 92.2 ±
4.36 m/s (N = 15), respectively). These
effects developed slowly, as shown in Figure
1, and were reversible. At the end of a 180-
min recovery period, with the use of 2.0, 4.0
and 6.0 mM estragole, peak-to-peak ampli-
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Figure 1. Time course of the
effects of estragole on peak-to-
peak amplitude and conduction
velocity of the compound ac-
tion potential (CAP) of rat sciatic
nerve. Panel A shows represen-
tative CAP tracings for control
and at the 180th min of nerve
exposure to 6.0 mM estragole
and at 180-min wash-out. The
dot below each tracing (left side)
shows the moment of stimula-
tion. The quantification of the
estragole-induced effect on
peak-to-peak amplitude and
conduction velocity is shown in
panels B and C, respectively.
Data are reported as mean ±
SEM for 5 experiments. *P <
0.05 compared to control
(ANOVA and Dunn’s test).*
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the pharmacological activities of estragole is
also supported by the similarity of its mole-
cule to that of other important compounds.
Estragole might be considered a derivative of
eugenol, which has been widely used, via
chemical synthesis, as a starting model in the
search for new drugs (5,11-14).

Estragole has been previously shown to
act on excitable tissues (15) with a profile of
action that suggested a more potent inhibito-
ry activity on nerve or neuromuscular trans-
mission than on skeletal muscle fibers. This
suggestion was based on the fact that, when
used within the concentration range of 0.3 to
3.0 mM in a neuromuscular preparation
(phrenic nerve-diaphragm), estragol blocked
the contractile muscle response to indirect
(via nerve) stimulation, but not to direct
muscle stimulation within a short period of
observation (a few minutes). The results of
the present investigation show that a signifi-
cant inhibition of CAP only occurred at
estragole concentrations ≥2 mM and after a
long time (tens of minutes) of nerve expo-
sure (15). This suggests that the blockade of
neuromuscular transmission previously re-
ported was more likely to be an action on
neuromuscular synapses rather than on
nerves. The present data also agree with our
previous preliminary report that at concen-
trations ≥5 mM estragole blocks the CAP of
toad peripheral nerves (16).

The effects of eugenol and some of its
derivatives, such as terpineol, on CAP have
been investigated (4,17,18). All of these
agents blocked the CAP of sciatic nerve with
higher potency than demonstrated here for
estragole.

It is known that many substances of the
therapeutic arsenal, not considered to be
local anesthetics, at concentrations higher
than those minimally necessary for their
specific effects might induce local anesthetic
activity, as is the case, for instance, for 1 mM
atropine (19). The effective concentration
range of estragole observed in the present
study might seem high when compared to

tude recovered to 110 ± 3.42 (N = 5), 112.5
± 9.02 and 127.29 ± 11.67% of control (N =
5), respectively, and conduction velocity to
110.7 ± 7.27 (N = 5), 94.2 ± 3.00 and 77.95
± 5.30% of control (N = 5).

Estragole (4.0 mM) induced a reversible
increase in Vth and chronaxy that was signifi-
cant from the 30th to the 180th min of
exposure to this substance (P ≤ 0.05, ANOVA
and Dunnett’s test). At 180 min of nerve
exposure to 4.0 mM estragole, Vth and chron-
axy were (N = 5) 116.7 ± 4.59 and 125.9 ±
10.43%, respectively, of control (3.9 ± 0.78
V and 45.6 ± 3.74 µs).

The major and novel result of the present
study is that estragole blocks the compound
action potential of the rat sciatic nerve. Estra-
gole is a substance considered to be active on
the central nervous system, with sedative
and anticonvulsant activities (2,3). Here we
demonstrate that it also acts on peripheral
nerves, reversibly depressing two param-
eters related to neuronal excitability, CAP
peak-to-peak amplitude and conduction ve-
locity. Estragole also increased Vth and chron-
axy, two parameters directly used to quan-
tify nerve excitability (9). These alterations
show that, within the concentration range
used, estragole decreased neuronal excitabil-
ity. Nerve Vth and chronaxy changes might
result from alteration of passive membrane
properties (leakage conductivity and mem-
brane time constant), voltage-dependent so-
dium conductance and geometric factors. In
the present study we did not investigate the
mechanism underlying the changes in excit-
ability. Estragole is an isomer of anethole, for
which important activities related to inflam-
matory and immunological processes have
been described (2,7), including blockade of
all effects of tumor necrosis factor-α (10).
Since the nervous system plays an important
role in inflammation and immunity (8), it is
important to characterize and elucidate the
mechanism of action of estragole and ane-
thole in terms of nerve effects, as done in the
present study. The relevance of studies on
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atropine, suggesting grossly nonspecific and
irrelevant activity of estragole regarding CAP
blockade. However, this seems to be unlikely
for several reasons. First because, to the best
of our knowledge, no other specific pharma-
cological effects of estragole have been de-
scribed. Second, the effective concentration
range of estragole for blockade of nerve
excitability is similar to that of other classical
local anesthetics such as procaine and lido-
caine (20). Third, the activity of estragole on
nerves is relevant when compared with that
of other anesthetics. This is because a sub-
stance like lidocaine, for instance, within a
millimolar concentration range and after long
exposures (tens of minutes) did not block
some CAP components related to certain
sensory fibers (20). Compared to lidocaine,
estragole fully blocks all CAP components,
including those that are not completely blocked
by lidocaine (data not shown). Thus, estra-
gole compares favorably to lidocaine in terms
of effective dose and blockade of sensory

fibers.
Estragole blocked the amplitude and

propagation velocity of CAP. The control
values reported here for the two parameters
used to quantify the action of estragole action
on CAP, conduction velocity and peak-to-
peak amplitude, are well within the range
reported by others in peripheral nerve re-
cordings in vitro and in vivo. While reported
conduction velocities ranged from 100 to 16
m/s (18), our control value (92.2 m/s) was
close to the upper limit of this range, reflect-
ing the condition of the nerves used. The
preparation showed high and long-lasting
(approximately 8 h) stability, also confirming
the high physiological quality of the prepara-
tions.

In conclusion, we have demonstrated
that estragole, in the millimolar range, is
active on nerves, having a depressive effect
on excitability. This finding is relevant for the
importance of estragole as a constituent of
many essential oils used in aromatherapy (3).
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