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Conduction Block of the Primary Afferent Fibers
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=ABSTRACT=

The present study was undertaken to elucidate the desensitization of cutaneous receptors and
the conduction block of the afferent nerves induced by direct application of allyl isotheocyanate
(mustard oil) to the receptive field (RF) or onto the afferent nerve, respectively. Dorsal horn cell
responses to mechanical stimulations of RF were completely suppressed when mustard oil was
applied to either the afferent nerve or the whole area of RF. C-fiber responses of dorsal horn cells
were more susceptive to mustard oil than A-fiber activities. This was confirmed by the experiment
in which the compound action potentials recorded from rat tibial nerve before and after topical
application of mustard oil were compared. The higher the concentration of mustard oil and the longer
the application time, the more powerful desensitization or conduction block was induced.

From the results of the present study, it is suggested that the desensitization of the afferent fiber
and sensory receptors induced by mustard oil results mainly from the conduction block of C-fiber in

the primary afferent nerve.
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INTRODUCTION

Antidromic stimulation of the sensory nerves
results in cutaneous vasodilation and plasma
extravasation associated with an increased vas-
cular permeability(Lembeck & Holzer, 1979;
Rosell et al, 1981; Couture & Cuello, 1984). For
the development of this neurogenic inflamma-
tion, unmyelinated nociceptive fibers must be
intact. Neurogenic inflammatory response such
as antidromic vasodilation occurs only when
unmyelinated C-fibers are stimulated (Hinsey &
Gasser, 1930; Celander & Folkow, 1953) and
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fails to occur after chronic denervation of skin
with neonatal capsaicin treatment(Jancso et al,
1967;Gamse et al, 1980), Many of the peptides
that can be localized to unmyelinated afferents
have been implicated in neurogenic inflamma-
tion. One of the most probable candidates
responsible for the production of neurogenic
inflammation is believed to be substance P(SP)
(Lembeck & Holzer, 1979; Rosell et al, 1981;
Couture & Cuello, 1984) and calcitonin gene-
related peptide (CGRP) is also known to have
nociceptive and vasodilatory actions(Brain et al,
1985; Oku et al, 1987).

The inflammatory responses
induced by antidromic nerve stimulation are
known to have much in common with those
evoked by topical application of mustard oil

neurogenic
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(allyl isotheocyanate). Mustard oil topically
applied onto a peripheral sensory nerve also
produces plasma extravasation and vasodilation
(Jancsé et al, 1967; Kocher et al, 1985). How-
ever, mustard oil does not evoke inflammatory
responses after neonatal capsaicin treatment or
surgical denervation of sensory nerves(Jancsé et
al, 1967; Jancsé et al, 1968; Gamse et al, 1980).
Reeh et al(1986) reported that following topical
application of mustard oil onto the rat
saphenous nerve, thermal sensitivity and
ongoing discharges of C-fibers were generally
increased but in several units, the initial excita-
tion of C-fibers was followed by delayed
desensitization. Using single unit recording,
Woolf and Wall (1986) confirmed that mustard
oil activates the majority of cutaneous C-fibers
with the minimal effect on A delta afferents,
indicating that the inflammatory responses
evoked by mustard oil is likely to be of
neurogenic type.

In our previous study on the responsiveness of
cat dorsal horn cells during mustard oii-induced
inflammation, we demonstated that subcutane-
ous injection of mustard oil into the receptive
field could elicit desensitization of the dorsal
horn neurons(Yun et al, 1990). Repeated admin-
istration of capsaicin is also known to cause
desensitization of the nociceptors to chemical
stimuli (Jancsé et al, 1967). The present study
was undertaken to elucidate the desensitization
induced by direct application of mustard oil to
receptive fields or onto the afferent nerves.

METHODS

Responsiveness of dorsal horn cells

Twenty adult cats weighing 2.5 to 3.5 kg were
used in this experiment. After pretreatment with
ketamine HCl (10 mg/kg), the animals were
anesthetized by the intravenous injection of g-
chloralose (60 mg/kg). The animals were artifi-
cially ventilated with a respirator and paralyzed

by continuous infusion of pancuronium bro-
mide (0.3 mg/kg/hr). Throughout the -entire
experiment, end-tidal CO, level was kept
between 3.5 and 4.5% and the rectal temperature
was maintained near 37 ‘C with a homeothermic
blanket system. The arterial blood pressure was
also monitored. Laminectomy was performed to
expose lumbosacral spinal cord at the 1.4-Si
levels. The common peroneal and tibial nerves
were dissected free from the surrounding tissues
at popliteal fossa and placed on two sets of
tripolar platinum electrodes for electrical stim-
ulation. The distance between two electrodes
was about 3 to 4 cm. Liquid paraffin pools were
made over the exposed spinal cord and periph-
eral nerves to prevent drying.

Single unit activity of the spinal neuron
elicited by the electrical stimulation of the
afferent nerves was recorded with the carbon
filament microelectrode. Once single activity of
a dorsal horn cell was recorded, the type of
neuron was determined according to the
response pattern to mechanical stimulation of
the receptive field (RF). Both high threshold
(HT) and wide dynamic range (WDR) cells
with both A- and C-fiber inputs were used in
this experiment. The evoked activities were
amplified (WPI, DAM 80), displayed on
oscilloscope and fed into a window discrimina-
tor, output of which was used by a computer to
compile the poststimulus time histograms. The
A- and C-fiber responses of the dorsal horn cells
were compiled from 20-30 consecutive stimula-
tions of the afferent nerve with single pulse (0.1
msec, 10 T) or a train of three pulses (0.5 msec,
150-250 T), respectively. The stimulus strength
was expressed as times the threshold (T) of the
largest A-fiber and A-fiber threshold was
determined by recording the cord dorsum
potential. Mechanical stimulation was applied
to RF for 10 sec:brushing the skin with a hair
brush (BR), placing a large arterial clip on a
skin fold (PR), and pinching a fold of skin with
forceps(PI).

The control responses of the dorsal horn cell
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to mechanical stimulations were compared with
those obtained after topical application of 20 %
mustard oil to the whole or the part of RF.
Changes in A- and C-fiber responses of spinal
neurons to electrical stimulation at graded
intensities were also recorded before and after
topical application of mustard oil (5 or 20 %)-
soaked cotton strip (3 X3 mm) to afferent nerves
between two sets of stimulating electrodes
(proximal and distal electrodes) for 5 min. The
location of dorsal horn cells was established by
the depth of microelectrode tip below the
surface of the spinal cord. Because the size of
evoked responses was different from one unit to
another, data were expressed as a percentage of
discharges in the control state.

Compound action potential recordings

In this experiment the compound action
potentials were recorded from peripheral nerve
in rats. Most experimental procedures were the
same as in the cat experiments except that
laminectomy was not performed. The afferent
nerve dissected at popliteal fossa was placed on
a tripolar stimulating electrode and the
recording electrode was installed about 2 cm
proximal to the stimulating electrode. The most
proximal lead of the tripolar stimulating elec-
trode toward the recording electrode was
grounded to prevent direct current spread from
the stimulating to the recording electrode. The
compound action potentials evoked by 20 con-
secutive stimuli were averaged. The control
compound action potentials of the A- and C-
fiber volleys were compared with those obtained
after placing a small cotton strip soaked in 5%
mustard oil between the recording and stimu-
lating electrode for 1 minute.

RESULTS

After topical application of mustard oil to the
part of large RF as shown in Fig. 1A3, WDR

cells were still activated by the mechanical
stimuli applied to the part of RF distant from
the mustard oil-applied area(Fig. 1A2). On the
other hand, the responses of WDR cells to
mechanical stimulations of RF were completely
depressed(Fig. 1B2) when mustard oil was
applied to the whole area of RF (Fig. 1B3, n=
9). But in both cases, spontaneous activities
greatly increased. Single sweep oscilloscopic
recordings showed that dorsal horn cells were
still activated by the electrical stimulation of
afferent nerve with suprathreshold intensity
even after topical application of mustard oil to
the whole area of RF (Fig. 1C1 & C2)

The responses of WDR (Fig.2 A) and HT
(Fig. 2B) cells to mechanical stimulations of RF
were not evoked following direct topical appli-
cation of mustard oil to afferent nerve (Fig.
2A2 & B2). This implies that mustard oil
induced conduction block of afferent nerves as
in the receptive field.

To elucidate the susceptive components of
afferent nerves to mustard oil, changes in dorsal
horn cell responses to graded electrical stimula-
tion of afferent nerves were recorded prior to
and after placing 5 % mustard oil-soaked cotton
strip between the proximal and distal stimulat-
ing electrode for 5 minutes (Fig. 3 & 4, n=12).
After the application of mustard oil, A-fiber
responses of WDR cells to the electrical stimu-
lation delivered through the proximal electrode
did not change significantly (Fig. 3B1 & B2) but
those through the distal electrode were weakly
depressed (Fig. 3A1 & A2). A-delta fiber
responses (67.8 %) were a little more strongly
inhibited than the responses to the electrical
stimulation of Aap fibers (97.0%).

In sharp contrast, C-fiber responses of WDR
cells elicited by the electrical stimulation
delivered through the distal electrode were
almost completely disappeared after topical
application of 5 % mustard oil (Fig. 4A1 & A2)
while those through the proximal electrode were
not affected as was the case with A-fiber
responses. On the other hand, A- as well as C-
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Fig. 1. Desensitizing action of allyl isotheocyanate on the responses of WDR cell to mechanical stimulation. BR:
brush, PR:pressure, PI.pinch. Al & Bl:the control responses of WDR cell to mechanical stimulation. A2:after
applying allyl isotheocyanate (20 %) to the restricted small area of receptive field, WDR cells still responded to

mechanical stimulation and generally spontaneous activities were increased. B2:following application of allyl
isotheocyanate (20 %) to the whole receptive field, responses of WDR cell to mechanical stimulation completely
disappeared. A3 & B3:drawings showing the location of receptive field and the area to which allyl isotheocyanate
was applied. Black dot:the area to which mechanical stimuli were applied. Cross-hatched area:the area to which
allyl isotheocyanate was applied. Cl1 & C2:single sweep oscilloscopic recordings of dorsal horn cell activities
during electrical stimulation of afferent nerves with suprathreshold intensity (0.5 msec, 7 mA) before (Cl) and
after (C2) application of allyl isotheocyanate to the whole receptive field.

fiber responses of WDR cells were almost com-
pletely disappeared after the topical application
of higher concentration (20 %) of mustard oil to
afferent nerves for a longer time (10 min.) (Fig.
5A & B, n=5).

By the comparison of the compound action
potentials recorded from rat tibial nerve (n=9)
before and after topical application of mustard

oil, it was confirmed that C-fiber volleys are
more susceptive to mustard oil than A-fiber
volleys (Fig. 6). As shown in Fig. 6A2 and B2,
C-fiber volley was completely disappeared
whereas A-fiber volley was strongly depressed
after topical application of mustard oil to
afferent nerve.
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Fig. 2. The conduction block induced by the topical application of allyl isotheocyanate (5 %) to afferent fibers.
BR:brush, PR:pressure Plpinch. A1 & Bl:the control responses of WDR (A1) and HT (B1) cells to mechanical
stimulation. A2 & B2:the responses of WDR (A2) and HT (B2) cells to mechanical stimuli were completely
blocked following direct application of allyl isotheocyanate to afferent fibers.
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Fig. 3. Effects of allyl isotheocyanate (5 %) on the A-fiber responses of dorsal horn cells. Arrows indicate the
time at which single stimulus (0.1 msec, 10 T) was applied. Al & Bl:the control A-fiber responses evoked by the
stimulation of afferent nerves with the distal (A1) and proximal (Bl) stimulating electrodes. A2 & B2:after
application of allyl isotheocyanate onto nerve between the distal and proximal stimulating electrodes, A-fiber
responses to the electrical stimulation with distal electrode (A2) were weakly suppressed whereas those to the
electrical stimulation with proximal electrode (B2) were not changed.
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Fig. 4. Changes in C-fiber responses of WDR cells induced by the application of allyl isotheocyanate (5 %) onto
the afferent nerve. Arrows indicate the time at which 3 train stimuli (0.5 msec, 200 T) were applied. Al & Bi:
the control C-fiber responses of WDR cell to electrical stimulation of afferent fibers with the distal (41) and
proximal (Bl) electrodes. A2 & B2:C-fiber responses eroked by the electrical stimulation of afferent fibers with
the distal electrode (A2) were completely inhibited but those induced by the electrical stimulation with the
proximal electrode were not affected.
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Fig. 5. Inhibition of A- and C-fiber responses of the dorsal horn cell by the application of higher concentration
(20 %) of allyl isotheocyanate for a longer time (10 min). Arrows indicate the time at which single or train
stimuli were applied to afferent nerve. Al & Bl:the control A-(A1) and C-(Bl) fiber responses of WDR cell to
graded electrical stimulations. A2 & B2:A-(A2) and C-(B2) fiber responses were very strongly depressed after
topical application of higher concentration of mustard oil (20 %) for a longer time (10 min) to afferent nerves.
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Fig. 6. Effects of allyl isotheocyanate on the A- and C-fiber volleys in the rat. Arrows indicate the time at which
electrical stimulus was applied to a nerve. A1 & Bl:the control A-(A1) and C-(Bl) fiber volleys induced by
electrical stimulation of tibial nerve. A2 & B2:A- and C-fiber volleys were greatly depressed after the topical
application of mustard oil (5 %) to the afferent nerve in the rat.

DISCUSSION

It is known that spinal neurons as well as
nociceptive neurons are generally sensitized
after induction of local inflammations including
neurogenic ones (Yun et al, 1990). In the present
study, the responses of dorsal horn cells to
mechanical stimulations of RF completely dis-
appeared while spontaneous activities generally
increased following topical application of mus-
tard oil to the whole area of RF. However,
dorsal horn cells invariably responded to the
mechanical stimulations when mustard oil had
been topically applied to the restricted area of
RF distant from the stimulated area. On the
other hand, responses of dorsal horn cells to
electrical stimulations of afferent fibers were
blocked if mustard oil had been topically
applied to afferent nerves proximal to the distal

electrode. In general the C-fiber responses of cat
dorsal horn cells were strongly suppressed than
A-fiber ones and higher concentration of mus-
tard oil appeared to have stronger blocking
effect. These experimental findings strongly
suggest that mustard oil can induce strong
desensitization of RF and conduction block of
primary afferent nerve. These results agree well
with the reporst of Yun et al (1990) and Reeh et
al (1986) who observed delayed desensitizations
of single afferent nerve fiber and dorsal horn
cells preceded by initial sensitization.

The excitatory action of mustard oil is
believed to result from the activation of small
diameter fibers, especially C-fibers. Topical
application of mustard oil to RF or afferent
nerves has been known to strongly activate
small unmyelinated fibers with the minimal
effect on myelinated fibers (Woolf & Wall,
1986; Russell et al, 1987). The mustard oil-
induced inflammatory responses are not
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observed in animals without an intact C-fiber
innervation (Jancsé et al, 1967; Jancsd et al,
1968; Gamse et al, 1980). This strong activation
of high threshold nociceptive afferent by mus-
tard oil may cause the release of some
substances from the nerve endings, which facili-
tate the transmission of nociceptive sensory sig-
nals in the spinal cord and these same
substances also seem to produce plasma
extravasation and vasodilation in the peripheral
tissue. SP and CGRP are likely to be the candi-
date substances to meet the aforementioned
requirements. These two substances have strong
vasodilatory action (Moochhala & Sawynok,
1984; Brain et al, 1985) and are released only by
the stimulation of unmyelinated afferent fibers
and noxious stimuli applied to RF (Yaksh et
al., 1980;Duggan & Hendry, 1986; Duggan et al,
1988). Antagonists against SP and CGRP
effectively attenuate plasma extravasation and
vasodilation induced by mustard oil or by
antidromic nerve stimulation (Rosell et al, 1981;
Couture & Cuello, 1984; Louis et al, 1989). SP
has been reported to induce the release of
histamine, which is one of the well known
inflammatory products (Erjavec et al, 1981;
Fewtrell et al, 1982) and excitatory amino acids
such as aspartate and glutamate (Skilling et al,
1988; Smullin et al, 1990).

The mechanism by which mustard oil induces
desensitization is far from clear and needs to be
explored by further studies. One possible
hypothesis is that degradative product of SP is
responsible for the mustard oil-induced de-
sensitization. Larson (1988) reported that
repeated intrathecal injection of SP(1-11)
resulted in the desensitization of SP(l-11)-
induced pain behaviors. Repeated injection of
C-terminal fragments of SP(5-11) did not evoke
desensitization but elicited SP-like pain behav-
iors in animals (Cridland & Henry, 1988). On
the other hand, N-terminal fragments of SP(1-7)
did not have SP-like action and inhibited the
pain behaviors induced by the injection of SP(1-
11) or SP(5-11) (Hall & Stewart, 1983; Igwe et

al, 1988). Prevention of N-terminal production
with the inhibition of SP(1-11) degradative
enzymes was reported to block the development
of the SP-induced desensitization and enhanced
the SP-induced behavioral episodes (Igwe et al,
1988; Larson, 1988). These experimental find-
ings suggest that excessive amount of SP
released by strong stimulation of mustard oil
applied to RF may be degraded enzymatically
and these N-terminal fragments produced by SP
degradation may cause the development of
desensitization, This hypothesis may explain the
desensitization phenomena induced in RF but
not the conduction block of the afferent fibers.

At present, there is no direct evidence that
mustard oil has depolarizing action, but judging
from its irritative property it is possible that
mustard oil has a strong depolarizing action. If
this is the case, prolonged excessive depo-
larization induced by mustard oil may cause
conduction block of the nerve.

The facts that mustard oil induces more
selective activation of C-fibers and also causes
the development of delayed desensitization are
comparable to the actions of capsaicin, It has
been reported that after topical application of
capsaicin to afferent nerves, the C-fiber re-
sponses of spinothalamic tract cells to graded
electrical stimulation of afferent nerves were
strongly depressed with little effect on the
responses to innocuous stimuli (Chung et al,
1985) and that repeated application of capsaicin
also resulted in delayed desensitization of RF
(Jancso et al, 1967; Petsnhe et al, 1983). This
conduction block induced by capsaicin can be
caused by strong depolarizing action resulting
from an increase in Na* and Ca** conductances
(Hayes et al, 1984;Marsh et al, 1987).

From the results obtained from the present
work it is not possible to intelligently discuss
the mechanism underlying the desensitization
induced by mustard oil. Our findings suggest
that the desensitization of the afferent fibers and
sensory receptors induced by mustard oil results
mainly from the conduction block of C-fibers.
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