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I.INTRODUCTION

Eugenol, 4-allyl-2-methoxyphenol, has general tox-
ic effects”, cytotoxic effects?, and local anesthetic and
general anesthetic effects”. It causes peripheral
vasodilation”, enhances healing of inflamed tooth
pulps”, has allergenic potential® and causes inhibi-
tion of respiration in liver mitochondria®.

Fugenol is used extensively in dentistry and is a
common component of medicaments placed in the
pulp cavities of teeth. Instances have been reported
of such medicaments based on zinc oxide-eugenol
being associated with paraesthesia of mandibular
nerves presumably by being pressed out through the
root canals. In-vitro tests have demonstrated neuro-
toxic properties of such medicaments”. Eugenol is
often used because of its anodyne effect of pulp-
dentin organ, but little is known about the mecha-
nism of this effect. The analgesic action of eugenol
had long been attributed to the action as a non-spe-
cific counter-irritant. More recently, it has been
reported that the agent inhibits sensory nerve activi-
ty"", or has a potent inhibitory action on PGI2 pro-
duction™.

On the other hand, it has also been reported that
eugenol possesses a capsaicin-like action on peripher-
al endings of primary afferents of the rat urinafy
bladder™. Capsaicin (8-methyl-N- vanillyl-6-non-
emamide) is the pungent component of peppers and
similar plants which has a variety of effects on sen-
sory neurones'”. Capsaicin has been known to cause
the release and depletion of neuropeptides’™'®, cell
excitation and fiber discharge'”, and neuronal cell
death at high concentrations®. In rat dorsal root
ganglion cells (DRG), capsaicin has been shown to
cause cell depolarization™ and increased cell
excitability” as well as an increase in the accumula-
tion of 45Ca*. When using relatively low concentra-
tions of capsaicin ((10 #M), these responses seem to
be restricted to the C-type sensory cells responsible
for the transmission of nociceptive information®. In
this respect, capsaicin is an important tool for inves—
tigating the mechanism by which noxious stimuli are
detected and sensory information is transmitted. The
inorganic dye, ruthenium red (RR), which is an
inhibitor of mitochondrial and Ca* transport #2,
has also recently been shown to antagonize cap~
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saicin-dependent increases in “Ca uptake®’, trans-
mitter release®™, and primary afferent neuron excita-
tion®™.

As for the antinociceptive action of capsaicin, it has
been suggested that capsaicin-induced antinocicep-
tion may alse be mediated through a capsaicin recep-
tor mechanism based on the fact that the inhibitory
effect of capsaicin on nociceptive thresholds is signifi-
cantly antagonized by capsazepine™™. And a recent
study reported that intrathecally injected eugenol
exhibited the inhibitory action on nociceptive
response, and capsazepine abolished the antinocicep-
tive effects of eugenol™. This observation suggested
that eugenol may act to reduce nociceptive thresholds
via the capsaicin receptor located on sensory termi-
nals in the spinat cord.

In the present study, we used eugenol, capsaicin,
and capsazepine to investigate (1) their action on the
tetrodotoxin-resistant sodium current (TTX-r /w) and
high voltage-activated calcium current (HVA 7o), (2)
the possible involvement of capsaicin receptor in the
antinociceptive effects of eugenol in the rat trigeminal
root ganglion (TRG) neurons.

I. MATERIALS & METHODS
Preparation of rat TRG neurons

Rat TRG neurons were prepared by the method
described by Liu and Simon (1996) as follows: after
the decapitation of the ketamine- anesthesized (100
~125mg/kg. I. M.) adult Sprague-Dawley rat (100~
150g), a pair of trigeminal ganglia were dissected
and washed several times in cold (4C) modified
Hanks balanced salt solution (HBSS) containing
130NaCl, bKCl, 0.3KH:PO4, 4NaHCOQOs, 0.3
NazHPO«, 5.68D-glucose and 10 N-2-hydrox-
yethylpiperazine-V -2-ethanesulfonic acid (HEPES)
(in mM, pH 7.3). They were incubated for 40 min-
utes at 37C in HBSS containing 1mg/ml of type XI
collagenase, triturated with flamed Pasteur pipettes,
and finally incubated at 37C for 6min with 1mg/ml
of type IV DNase 1. Then they were retriturated and
washed/centrifuged three times in Dulbecco s modi-
fied Eagle medium (DMEM), and maintained in
room temperature. Cells were used in electrophysio-
logical recording within 6 hours.



Recording solutions & Drugs

The composition of internal solution used for the

isolation of 7w was 110CsF, 10NaCl, 0.1CaCl2, 10

HEPES and 11 ethylene glycol-bis(f~aminoethyl
ether)-N, N, N', N -tetraacetic acid (EGTA) (in
mM, pH7.3 adjusted with CsOH). The external solu-
tion used for 7w contained 60 choline-Cl, 60NaCl, 20

tetraethylammonium (TEA)-Cl, 5KCl, 5MgClz, 2

CaClz, 10HEPES and 20glucose (in mM, pH7.4
adjusted with NaOH). 0.1mM CdCle was added to
this solution to suppress /.. The internal solution
used for /e consisted of 100 Cs-methanesulfonate
(Cs— eS0s3), 0.1CaClz, 20TEA-C], 10HEPES, 11
EGTA and 2Mg-ATP (in mM, pH7.3 adjusted with
CsOH). The external solution used for ICa consisted
of 140choline-Cl, 2MgCl2, 10CaClz, 10HEPES and
20glucose (in mM, pH7.4 adjusted with CsOH). All
the enzymes and chemicals above were purchased
from Sigma, except DMEM and methanesulfonic acid
from Gibco Laboratory and Fluka, respectively. TTX
(Research Biochemical International) was dissolved
first in ethyl alcohol and then diluted in the external
solution before use. A stock solutions of capsaicin
(Sigma), and capsazepine (Biomol Research
Laboratory) were made by dissolving them in
ethanol. And eugenol (Sigma) was directly dissolved
into the external solution.

Electrophysiology

The isolated cells were plated onto a polyethyl-
eneimine-coated glass coverslip in a recording cham-
ber (1004 volume) for superfusion (3ml/min) with
control and drug- containing solutions. Patch clamp
pipettes were manufactured from soda lime glass
using a two-stage vertical pipette puller (L/M-3P-A,
List electronics), and fire-polished using a microforge
(MF-83, Narishige). Due to large currents, low-
resistance pipettes (around 0.7~1.5M£) were
employed to reduce the voltage drop across the series
resistance which was compensated 70~75% usually.
Recording of the currents were performed when the
resultant series resistance was less than 3M&Zafter
compensations. Whole-cell patch clamp recordings
were performed with an Axopatch 200A patch clamp
amplifier (Axon instrument). Stimulus application
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and data acquisition were controlled by an IBM-com-
patible personal computer in conjunction with a
Labmaster (PP-50) DMA interface (Warner instru-
ment). The data were lowpass filtered at 5kHz (-3
dB) with the amplifier s Bessel filter, and digitized
every 20us. All data collection and analysis was car-
ried out with pCLAMP 6.0 software (Axon instru-
ment).

Neuron diameter was measured with an eyepiece
micrometer under phase contrast illumination, and
categorized into three groups: small (20~27#m),
medium (33~38¢m) and large (45~51¢m) cells. In
the present study, we recorded voltage-dependent ion
currents primarily in the small cells of 15~30#m in
diameters without or with short processes since (1)
they are known to be related to pain sensation®, (2)
the amplitude of current recorded from the medium
or large cells was so great that a serious series resis-
tance error and the saturation of amplifier could not
be avoided under the ionic condition in this experi-
ment (i. e. 60 Na* in external bathing solution), (3)
the complete compensation of cell membrane capaci-
tance was difficult frequently and the signs of poor
space~clamp condition such as a slow deactivating
current used to be detected in some medium and
large cells or cells with processes.

All experiments were carried out at room tempera-
ture (22~25T).

. RESULTS
Tetrodotoxin-resistant sodium current (TTX-r /)

I was isolated from the other kinds of voltage-de-
pendent currents in whole—cell patch clamp record-
ings by 1) suppressing IK with the use of the equimo-
lar replacement of K* with Cs* in the internal solution
and by the addition of 20mM TEA in the external so-
lution, 2) suppressing ICa by 0.1mM Cd** in the external
solution and 5mM Mg** in the internal and external so-
lutions, and 3) decreasing the concentration of Na* in
the external solution to 60mM by the isomolar substi-
tution of choline to prevent the saturation of the amplifier
by large /. Inward current recorded under this ionic con-
dition was reduced as expected by the partial replace-
ment, of the external Na* by choline (Fig. 1A). The ob-
served potential for zero current flow was 46.7+£0.5 mV
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Fig. 1. Inward current component carried by Na*

(n=30), as expected for sodium selective channel, and
moved 11.32£0.3mV (»=3) in the hyperpolarizing di~
rection when the external Na' concentration was reduced
from 60 to 40 mM (Fig. 1B), which is identical to the
predicted value by the Nernst equation for a sodium-se~
lective channel. In addition, when the Nav in the
bathing solution were totally removed, the current
traces became much smaller and the direction of the cur-
rent became outward (n=3, not shown). These obser-
vations indicate that the inward current may be voltage
dependent /..

Fig. 2A shows typical /v recorded from the acutely
isolated rat TRG neuron under the ionic condition
described above. 7w was first observed at the poten-
tial of -40~-30mV and peaked at -20~+10mV (Fig.
2A). The current was appeared to be composed of
two components of voltage-dependent /v distin-
guished by their sensitivity to TTX. In most cases,
0.1sM TTX failed to inhibit INa completely (Fig.
2A(b)). The component which was resistant to 0.14M
TTX was not also significantly inhibited by 20M
TTX (=2, not shown). TTX-r /w was observed in
the »90% of the small TRG neurons less than 30¢m
in diameter in the presence of 0.14M TTX. However,
external application of 0.1#4M TTX suppressed most
of the current in some preparations (Fig. 2B). This
suggests that most of the small TRG neurons from
adult rat may express TTX-r /7w with or without
TTX-s Iw, which resulted in difficulties in direct
observation of isolated TTX-s /+ in small neurons.

The maximal current density of the TTX-r 7w was
quite various from cell to cell. The maximal TTX-r /x
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was elicited at a test potential of 0 or +10mV (Fig.
2Ad), and the current density of TTX-r /w elicited by
voltage steps to +10mV from a holding potential
(Vh) of 70mV was 268.5 20.6 pA/pF (»=20).

EFFECTS OF EUGENOL&CAPSAICIN ON TTX-~r 7w

In this study, the actions of eugenol and capsaicin
on the TTX-r /v in the presence of 2mM Ca?*, 5mM
Mg* and 0.1mM Cd* in the external bathing solu-
tion were investigated. 1mM Eugenol and 1#M cap-
saicin were tested. For the evaluation of the effects of
both eugenol and capsaicin, a constant 8 ms step
pulse of OmV from 70mV was stimulated before and
after. perfusion of the agents. Current traces were
leak-subtracted and the current amplitude was mea-
sured af the peak of the current. Fig. 3 shows TTX-r
I evoked by a step pulse of OmV after perfusion of 1
mM eugenol. Amplitude of TTX-r /x evoked by a step
pulse of OmV in control was about 3nA, and 1mM
eugenol blocked TTX-r /% up to 50% of that of con-
trol. On the other hand 1#M capsaicin also blocked
about 30% of TTX-r /v and its inhibitory effect was
less than that of eugenol (Fig. 4). Also we evaluated
the effect of eugenol and capsaicin on the voltage
dependence of TTX-r /wm. TTX-1 /. was evoked by a
ramp pulse from -70mV to +20mV. During the peri-
od of the ramp pulse ImM Eugenol and 14M cap-
saicin partially blocked the TTX-r /v (Fig. 5). And
the voltage dependence of TTX-r /v was little
changed after perfusion of eugenol and capsaicin

(Fig. 6).
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Fig. 5. Eugenol & capsaicin inhibited TTCX-r /v evoked by ramp pulse

HIGH VOLTAGE-ACTIVATED CALCIUM CUR-
RENT (HVA /)

I was recorded from rat TRG neurons under condi-
tions which 1) suppressed IK by the replacement of in-
ternal K™ with Cs*, and 20mM TEA included in exter-
nal solution, 2) suppressed /v with choline replacing ex-
ternal Na*, and 3) enhanced /. using 10mM Ca®* as a
charge carrier.

Fig. 7 shows whole-cell /= obtained from a small
diameter neuron evoked by depolarizing steps to var-
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ious test potentials from a Vh of ~80mV, which is
thought to be comprised of multiple components of
1. By applying depolarizing steps from a Vh at -80
mV, transiently inactivating /e was first observed at
about -60mV. The current reached its peak in 5~30
ms after the onset of the step pulse and decayed
rapidly in a single-exponential time course with a
time constant of 15~30ms. With further depolariza-
tion the peak amplitude increased smoothly and
reached a plateau at about -30mV, resulting in a
distinct shoulder in I-V relationship (Fig. 7C). At the
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Fig. 10. Eugenol & capsaicin inhibited HVA /& evoked by ramp pulse

potential about -30~-20mV, a step increase in cur-
rent amplitude was observed and the decay of the
current became progressively less pronounced. When
the cell was held at -40mV, all of the decaying com~
ponent of /e could no longer be evoked over the whole
range of test potentials, but sustained /7. was acti-
vated at the stronger depolarizations. The current
showed little inactivation during 80ms step pulse
(Fig. 7B) and was maximal at near -10mV (Fig.
7C). These observations suggest the presence of two
current components with different activation range,
i.e. low-voltage activated (LVA) and high-voltage
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activated (HVA) /e, in small sized rat TRG neurons.
EFFECTS OF EUGENOL & CAPSAICIN ON HVA /.

For the evaluation of the effects of both eugenol
and capsaicin on HVA /., a constant 50ms step pulse
of 10mV from -70mV was stimulated before and after
perfusion of the agents. Current traces were not
leak-subtracted and the current amplitude was mea-
sured at the peak of the current. Fig. 8 shows HVA
1. evoked by a step pulse of 10mV after perfusion of
1mM eugenol. Amplitude of HVA e evoked by a step
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Fig. 12. Capsazepine blocked the effect of capsaicin on
the HVA I,

pulse of 10mV in control was about 2.2nA, and 1
mM eugenol blocked HVA 7. up to 75% of that of
control. Also 1#M capsaicin blocked about 90% of
HVA 7. (Fig. 9). And we evaluated the effect of
eugenol and capsaicin on the voltage dependence of
HVA /e. HVA I was evoked by a ramp pulse from -
70mV to +70mV. During the whole period of the
ramp pulse 1mM eugenol and 1#M capsaicin marked-
ly blocked the HVA /.. (Fig. 10). Fig. 11 shows the
current-voltage (Z-V) relationship of theHVA /.
There was a significant shift in the (/-V) relationship

1: imM Eugenol

2: Control

nA

20ms

Fig. 13. Eugenol blocked HVA /e with capsazepine

of the HVA /.. after perfusion of eugenol and cap-
saicin. 1mM Eugenol and 1#M capsaicin shifted the
(1-V) relationship of the HVA /. to a depolarizing
direction. This means that eugenol and capsaicin can
alter the voltage dependence of HVA /e of TRG neu-
rons.

EFFECT OF CAPSAZEPINE ON HVA /. BLOCKADE

Capsazepine, a selective and competitive antagonist
of the actions of capsaicin, was used to investigate
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the possible involvement of capsaicin receptor in the
inhibitory effects of eugenol on the HVA /a. For the
evaluation of this relationship, TRG neurons were
perfused with calcium external solution contained 50
#M capsazepine and stimulated by a constant 50ms
step pulse of 10mV from -70mV before and after per-
fusion of eugenol and capsaicin. Current traces were
not leak-subtracted and the current amplitude was
measured at the peak of the current. Fig. 12 shows
HVA /.. evoked by a step pulse of 10mV after perfu-
sion of 1#M capsaicin. The current trace in control
was identical to that evoked by capsaicin. This indi-
cated that capsazepine blocked the effect of capsaicin
on the HVA Ze.. However eugenol blocked the HVA /e
evoked by a step pulse of 10mV in the presence of 50
#M capsazepine, or capsazepine did not affect the
inhibitory effects of eugenol on the HVA 7. (Fig. 13).
This means that eugenol may act on receptors that

are not capsaicin receptors of TRG neurons in rela-
tion with the HVA /..

V. DISCUSSION

The voltage-sensitive Na® channel, whose opening
causes the upstroke of the nerve action potential, is
blocked in practically all neurons by low concentra-
tions of TTX. Na" channels in nociceptive neurons
have long been known to be an exception as they are
TTX-resistant, a property they share with Na* chan-
nels in cardiac muscle®*. A TTX-resistant Na*
channel has recently been isolated by difference
cloning of mRNA from the dorsal ganglion (DRG)™.
Patch clamp techniques have been used to investi-
gate the range and properties of ionic channels
underlying these electrical activity in dissociated
mammalian DRG neurons, and two types of /w have
been characterized : in general, TTX-s /w are found
in large-diameter cells, and TTX-r /v are expressed
in small-diameter cells®®*®%" % Although the func-
tional contribution of TTX-r /w to the electrophysio-
logical activities of sensory neurons is not clear, it is
suggested that the TTX-r /v may contribute to the
prolongation of the interspike interval by extending
the inactivated state of TTX-s /w during sustained
depolarization of the membrane potential®” or may be
responsible for the slow adaptive properties and the
generation of the long trains of action potentials
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because TTX-r /v shows the extremely slow inactiva-
tion process and the rapid repriming kinetics®*.
Recent studies suggested that TTX-r /w» may partic-
ipate in the sensitization to noxious stimuli in small
capsaicin-sensitive primary afferent neurons, based
on its modulation by pain-inducing agents®. We
recorded 7w, primarily, from the small sized TRG
neurons ranging from 15 to 30#m and we observed
TTX-r Ix in every cell investigated in the presence of
0.1M TTX.

Calcium channels help control many biological func-
tions including excitability, transmitter release, con-
traction, metabolism and gene expression. Thus,
there is great interest in the existence and properties
of different types of Ca®* channels**. The co-exis-
tence of multiple types of Ca*'-selective channels
within a given type of cell was first described on the
basis of voltage-clamp studies utilizing microelectrode
recordings™. In vertebrate neurons, multiple Ca®*
conductances were predicted initially on the basis of
voltage recordings®’
experiments demonstrated three or more populations
of Ca®* channels in many species and tissues.

Rat DRG neurons are known to have several types
of calcium channels®® which are similar to those
reported in chick sensory neurons™ : (1) a transient
(T-type) or LVA ICa, (2) a dihydropyridine-sensi-
tive, sustained (L-type) or HVA /., and (3) N-type
I showing kinetic properties between the T- and L-
type Is, and a selective suppression by «-CgTx.
Recently, a fourth type, known as the P-type /e, dis-
tinguished by its unique sensitivity to «w-agatoxin,
also has been described in the rat DRG neurons®.
We identified both LVA and HVA /. from acutely iso-
lated rat TRG neurons. LVA /. was identified by the
low threshold for the activation at about -60~-50
mV with maximal current amplitude at the voltage of
-30mV, a fast rate of inactivation and a shoulder in
the I-V curve. HVA /.. was recorded in every cell
investigated, whereas LVA /e did not appear to be
recorded uniformly. Therefore we investigated the
effect of eugenol and capsaicin on the HVA /..

Eugenol (as clove oil) has been widely used for
many years as a topical, temporary treatment for the
pain of pulpitis. In combination with zinc oxide,
eugenol has found use as a temporary filling, lining,
base, periodontal dressing, and pulp-capping materi-

. Subsequent voltage-clamp



al. It is still recommended for all but the last applica-

tion. Sedative ad anodyne effects of the agent are.

recognized, but a concomitant irritant effect has been
noted®. There is strong evidence that eugenol
inhibits sensory nerve action'™"*®, and that it
inhibits the synthesis of prostaglandins, which are
very probably involved in the inflammatory process™.
Eugenol also inhibits cellular respiration, in a similar
concentration range® .

The depression of nerve excitability was obtained
from the prevoius reports'®"*. Brodin and Roed
(1984)® reported that the inhibition of the nerve and
muscle activity was reversible below 2.44mM, but
irreversible at 2.44mM or higher concentrations of
eugenol, and suggested that the analgesic effect of
eugenol when applied to the pulp-dentine organ may
be caused by reversible local anesthetic effects or
irreversible inhibition of the excitability, depending
on the concentration of eugenol surrounding the
nerve fibers. Veaco et al. (1982)°" found that the
concentration of eugenol within the pulp cavity was
about 10°M 8min to 8h after placement of a pellet
with eugenol in a cavity in dentine. Thus, the ano-
dyne effect on the pulp-dentine organ may be due to
neurotoxic effect on the nerve fibers in dentine, and
local anesthetic effects on the nerve fibers in the
pulp.

The mechanisms for inhibition of nerve and muscle
cell excitability by membrane stabilizing drugs are an
inhibition of sodium current during the action poten-
tial®**®. However, more evidence that eugenol inhibits
sodium ion current needs to be obtained by voltage
clamp experiments. We used 1mM eugenol which is
reversible concentration in the inhibition of nerve
fibers, and it markedly inhibited the TTX-r /x.. This
finding strongly suggests that eugenol directly blocks
the TTX-r sodium channels and then inhibits the
generation of action potentials for the pain impulses
in the maxillofacial region.

As mentioned above, voltage-activated calcium
channels provide a link between electrical activity
and intracellular chemical signaling. They are
believed to play a crucial role in a number of cellular
processes, especially neurotransmitter release.
However, there is little effort to investigate the effect
of etigenol on the voltage-gated calcium channels. In
the present experiment eugenol significantly inhibit-
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ed the HVA Z.. On the basis of the physiological
function of the calcium channels, it is suggested that
eugenol may inhibit the synaptic transmission as
well as blocking the generaton of action potentials in
the process of pain impulses.

Capsaicin is eaten daily by over a third of the
world s population and produces its pungent taste
sensation when it binds to receptors on a subset of
nociceptors and warm thermoreceptors™. Upon pro-
longed application, it blocks nerve fiber conduction
and depletes peptides from nerve terminals, which
accounts for its clinical use as an analgesic and anti-
inflammatory agent ®. Capsaicin is thought to pro-
duce these effects by activating a single type of
cation—selective ion channel present in a subset of
nociceptive fibers®.

Bleakman et al. (1990)* demonstrated that the
rise in intracellular calcium concentration produced
by exposing DRG cells to capsaicin resuits from Ca**
entry from the extracellular solution rather than
release of Ca** from intracellular store since it was
abolished in a Ca®-free solution. For cells which
were voltage-clamped at 80mV, the route of Ca*
entry is likely to be via the established capsaicin-
induced conductance which has previcusly been
shown to be permeable to Ca*', Na', guanidinium
and Rb" ions™?'. Although Wood et al. (1988)%”
reported no reduction in capsaicin-dependent 45Ca
fluxes into cultured DRG cells by dihydropyridine
drugs, not all calcium channels in rat DRG neurons
are dihydropyridine-sensitive®™. Our finding showed
that capsaicin blocked the HVA /e considerably and
this effect is similar to the other previous reports
concerned with the effects of capsaicin on voltage-
dependent calcium channels. In addition to this
result, we investigate the effect of capsaicin on the
TTX-r /W which is responsible for the generation of
pain impulses in the nociceptors. Capsaicin inhibited
the TTX-r /w expressed in the small neurons of TRG.
Therefore we suggested that capsaicin blocks or
inhibits the generation of action potentials, nerve
conduction, and synaptic transmission of pain sensa-
tion.

The chemical structure of phenolic compound, such
as eugenol is partly similar to that of capsaicin.
Ohkubo and Shibata (1997)* tested the antinocicep-
tive effect of eugenol and capsaicin to investigate the
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receptors involved in their effect. In this experiment
intrathecally injected eugencl and capsaicin produced
the inhibitory action in a dose-dependent manner 24
h after treatment with the agents. In addition, dose-
response curves for each of these compounds were
shifted in a competitive manner by intrathecal cap-
sazepine. Capsazepine, a selective and competitive
antagonist of capsaicin, also abolished the antinoci-
ceptive effects of eugenol in the acetic acid writhing
test. Ohkubo and Shibata (1997)* concluded that
eugenol may act to reduce nociceptive thresholds and
this effect may appear via the capsaicin receptor
located on sensory terminals in the spinal cord.

In the present experiment, we tested whether
eugenol acts on the capsaicin receptors or not. Our
finding showed that eugenol still inhibited the HVA
I in the presence of capsazepine. These data are
therefore not consistent with the hypothesis of
Ohkubo and Shibata (1997)* that eugenol may act
on the capsaicin receptor located on sensory termi-
nals in the spinal cord. And our result means that
capsazepine did not affect the effect of eugenol on the
high voltage-activated calcium channels and eugenol
may act on the receptors that are not capsaicin
receptors in its antinociceptive action

It is therefore concluded that eugenol and capsaicin
inhibited the TTX-resistant voltage-gated sodium
channels and high voltage- activated calcium chan-
nels in TRG neurons, and effect of eugenol on the
high voltage-activated calcium channels may produce
via other receptors different from capsaicin receptors.

V. CONCLUSION

Trigeminal root ganglia (TRG) neurons transmit
various sensory information such as touch, pressure,
pain and temperature from the oral & maxillofacial
region to the central nervous system. Ionic channels
in neuronal membranes have a fundamental role in
the transmission of various sensory impulses. Sodium
channels are important to generation action poten-
tials and classified into TTX-r and TTX-s sodium
channels. Calcium channels play a pivotal role in
many biological functions including excitability,
transmitter release, contraction, metabeolism and
gene expression. Especially, they have a fundamental
importance in the synaptic transmission. Thus, there
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is great interest in the existence and properties of
different types of Ca® channels. Eugenol is often
used because of its anodyne effect of pulp-dentin
organ, but little is known about the mechanism of
this effect. As for the antinociceptive action of cap~-
saicin, it has been suggested that capsaici;l-induced
antinociception may also be mediated through a cap~
saicin receptor. Therefore this experiment was per-
formed to investigate the their action on the
tetrodotoxin-resistant sodium current (TTX-r /«) and
high voltage-activated calcium current (HVA /o),
and the possible involvement of capsaicin receptor in
the antinociceptive effects of eugenol in the rat
trigeminal root ganglion (TRG) neurons

It is concluded that eugenol and capsaicin inhibited
the TTX-resistant voltage-gated sodium channels
and high voltage-activated calcium channels in TRG
neurons, and these results can explain the antinoci~
ceptive action of eugenol and capsaicin. On the other
hand effect of eugenol on the high voltage-activated
calcium channels may produce vi other receptors
different from capsaicin receptors.
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