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SUMMARY

1. Local application of capsaicin to the
sciatic nerve of rats induced a long-
lasting increase in the nociceptive
threshold as tested by the hot-plate
method, and prevented neurogenic
inflammation in the lateral part of
the dorsal skin of the rat’s paw.

2. Application of capsaicin to the
saphenous nerve prevented the neuro-
genic inflammatory response, induced
either by antidromic electrical stim-
ulation of the saphenous nerve or by
painting the skin with mustard oil,
in the medial part of the dorsal skin
of the paw.

3. The functional impairment induced by
local capsaicin treatment of saphenous
or sciatic nerves was strictly con-
fined to the skin area supplied by
the corresponding nerve.

4. It is suggested that local capsaicin
treatment of peripheral nerves selec-
tively damages the chemosensitive
nerve fibres presumably by depleting
their substance P content.
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INTRODUCTION

Capsaicin applied locally or parenter-
ally renders sensory nerve endings in-
sensitive to all kinds of chemical pain
stimuli for a long time and inhibits
neurogenic inflammation in adult rats
and guinea pigs (Jancsdé and Jancsdé-Gabor,
1959; Jancsd, 1968; Jancsd et al., 1967).
This functional impairment ensues at the
level of the primary sensory neurone
(Jancsd et al., 1967; Jancsd and KnyihAar,
1975) without causing its degeneration
(Jobé et al., 1969); only mitochondrial
swelling was observed in one type of
sensory ganglion cells (Jod et al.,

1969) and in some nerve endings of the
rat cornea (Szolcsanyi et al., 1975).
However, a possible direct axonal site
of action of capsaicin has not been
considered.

On the other hand, necnatal capsaicin
treatment has been shown to induce in
rats the selective degeneration of chemo-
sensitive primary sensory heurones in-
volved in the mediation of chemogenic
pain and in neurogenic inflammatory res-
ponses, as well (Jancsd et al., 1977;
Jancsd and Kirdly, 1980). In these ani-
mals a marked reduction in the number of
unmyelinated afferent C fibres of peri-
pheral nerves has been established
(Jancsd et al., 1977, 1980).

We now report that capsaicin applied
locally on peripheral nerves induces a
long-lasting impairment in pain sensi-
tivity and in neurogenic plasma extra-
vasation.

METHODS

Sprague~Dawley rats of CFY strain of
either sex were used. In one group of
animals the sciatic nerve of both sides
was exposed in the midthigh under ether
anaesthesia and a piece of gelfoam
(Spongostan, Ferrosan, Denmark) moistened
with 0.1 ml of a 1% capsaicin solution
was placed around the nerve. The gelfoam
was removed after 15 min and the wound
was closed with Michel clips. Another
group of rats was treated in a similar
way with only the solvent of capsaicin.

In another series of experiments the
saphenous nerve of both sides was ex-
posed high in the thigh and a piece of
gelfoam moistened either with 1%
capsaicin solution or with the solvent
was placed on the nerves for 15 min.
After removal of the gelfoam piece the
wound was closed.

The nociceptive threshold was asses-
sed by the hot-plate test. Rats were
placed on a metal plate with a constant
temperature of 56 C and the reaction
time (licking of the hind paw) was meas-~
ured with a stop-watch. If no response
ensued within 60 sec the rats were re-
moved from the hot-plate tc prevent
tissue damage.

Neurogenic inflammation was brought
about either by antidromic electrical
stimulation of the saphenous nerve as
described by Jancséd et al., (1967), or
by painting the dorsal skin of the hind
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paw with mustard oil which, according to
Jancsdé (1960, 1968 and Jancsé et al.,
(1980), exerts its effect exclusively by
the neurogenic route. Five min after i.v.
injection of 50 mg/kg Evans blue dye the
cut peripheral end of the saphenous nerve
was stimulated antidromically with rect-
angular pulses by means of a bipolar
platinum electrode for 10 min (10 V/1 ms/
2 Hz), or the skin of the paw was painted
with 5% mustard oil in liguid paraffin.
At the end of electrical stimulation of
the nerve, or 10 min after mustard oil
painting of the paw the rats were killed
by bleeding, the skin area was excised

in which stimulation-induced extravasa-
tion could be expected and the exuded

dye was extracted and measured spectro-
photometrically according to the method
of Jancsé6-Gaébor et al., (1967).

RESULTS

Local treatment of the sciatic nerves
with capsaicin did not induce any appar-
ent change in motor performance of the
rat. Atrophy of the legs or other phe-
nomena characteristic of section of the
sciatic nerve have not been observed.

On the other hand, a dramatic increase
in the latency of the nociceptive re-
sponse was observed as measured by the
hot plate test. As shown in Table 1 this
reduced pain sensitivity was evident al-
ready one day after local capsaicin
treatment and persisted over the obser-
vation period.

TABLE 1. Latency of nociceptive response
(sec) before (zero time) and at differ-

ent intervals after local application of
capsaicin to both sciatic nerves of rats

No Time elapsed after the treatment
rat (days)
0 1 7 16 33
1. 10 >60 >60 >60
2. 11 >60 >60 >60
3. 13 >60 >60 >60
4. 12 37 >60 >60
5. 7 36 30 38
6. 6 >60 >60 >60
7. 9 >60 >60 >60
8. 11 >60 >60 >60
9. 7 >60 >60 >60
10. 9 >60 >60 >60
11. 12 >60 >60 >60
12. 6 >60 >60 45
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Fig. 1. A: Evans blue dye accumulation
in the skin of the paw of rats in re-
sponse to antidromic electrical stimula-
tion of the saphenous nerve for 10 min
(10 Vv/1 ms/2 HZ); B = solvent-treated
saphenous nerve, B = capsaicin-treated
saphenous nerve. B: Plasma extravasation
induced by mustard oil in the skin of
the paw of rats on the saphenous nerve
of which capsaicin was applied two weeks
before; ® = skin area innervated by the
sciatic nerve, B = skin area innervated
by the saphenous nerve. Values are

mean + SEM of ten experiments

Fig. 2. Effect of local capsaicin treat-
ment of the saphenous nerve on the plas-
ma extravasation induced by mustard oil.
Both saphenous nerves were treated with
capsaicin 4 weeks before the experiment.
Note that in the area innervated by the
saphenous nerve no dye accumulation
ensued



The nociceptive threshold of animals the
sciatic nerves of which were treated
with the solvent of capsaicin remained
unchanged. Similarly, local capsaicin
treatment of both saphenous nerves,
which supply only the dorsomedial part
of skin of the paw, did not increase

the latency of the nociceptive response
in the hot plate test.

Local capsaicin treatment of the
saphenous or sciatic nerves resulted in
a complete loss of the neurogenic in-
flammatory response in the skin areas
innervated by the nerves, induced either
by painting the skin with mustard oil or
by antidromic electrical stimulation of
the nerves (Fig. 1). Fig. 2 shows the
effect of mustard oil on the skin of the
paws of a rat whose saphencus nerves
were treated locally with capsaicin 4
weeks before. There was no dye extra-
vasation in the skin area innervated by
the saphenous nerve.

DISCUSSION

The present experiments furnish direct
evidence for an axonal site of action of
capsaicin. In fact, local treatment of
both sciatic nerves with capsaicin re-
sulted in a long-lasting increase in the
nociceptive threshold as tested by the
hot-plate method, and parallel with this
a complete abolition of the neurogenic
inflammatory response ensued in the
lateral part of the dorsal skin of the
paw. This points to a marked impairment
of the function of these nerves, since
the sciatic nerve provides the sensory
innervation of the plantar, and of the
lateral part of the dorsal skin of the
rat’s paw (Devor et al., 1979). On the
other hand, if capsaicin was applied to
the saphenous nerve, which supplies the
medial part of the dorsal skin of the
rat paw, there was a complete abolition
of the neurogenic inflammation induced
either by antidromic electrical stimula-
tion of the nerve or by painting the
dorsal skin of the paw with mustard oil,
in the area innervated by the nerve. The
pessibility that these phenomena were
due to a systemic action of capsaicin
can be excluded, since the functional
impairment was strictly confined to the
skin area supplied by the capsaicin-
treated nerve,

These findings support the notion
that the afferent (transmission of noci-
ceptive impulses) and the efferent (re-
lease of a permeability increasing
factor) functions of chemosensitive
nerve fibres are intimately connected
and are the expression of the two differ-
ent functions of these same nerve fibres.
Local capsaicin treatment of peripheral
nerves presumably affects selectively
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the chemosensitive nerve fibres (Jancsd
et al., 1977, 1980), since motor func-
tions remained apparently intact. In ad-
dition, the impairment of unmyelinated
adrenergic postganglionic nerves seems
also unlikely, since following the liga-
tion of the sciatic or saphenous nerves,
fluorescence histochemistry revealed a
similar accumulation of noradrenaline
proximal to the ligature in both capsai-
cin treated and control nerves {unpub-
lished observation).

As to the possible mechanism of the
long-lasting functional impairment of
chemosensitive nerve fibres induced by
local capsaicin treatment of peripheral
nerves, the following suggestions are to
be considered.

Lembeck and his coworkers provided
convincing evidence that substance P (SP)
is the mediator of antidromic vasodila-
tion and neurogenic plasma extravasation
(Lembeck and Holzer, 1979; Gamse et al.,
1980). Accordingly, SP has been proposed
to be the transmitter released by chemo-
sensitive primary sensory neurones
(Lembeck and Holzer, 1979; Gamse et al.,
1980; Nagy et al., 1980). Therfore, it
is reasonable to assume that local
capsaicin treatment of the nerve may
result in a powerful depletion of SP
from chemosensitive nerve fibres which
in turn induces long-lasting functional
impairment of these fibres. It is to be
mentioned in this context that depletion
of SP from spinal primary sensory affer-
ents has been proposed as the mechanism
of the prolonged thermal analgesia in-
duced by capsaicin introduced directly
into the subarachnoid space in the rat
(vyaksh et al., 1979).

Another alternative would be that
capsaicin applied topically may inhibit
the axonal transport of SP which has
been shown to take place in peripheral
nerves (Hokfelt et al., 1975; Gamse et
al., 1979). An inhibitory effect of
capsaicin on the axoplasmic transport =
similar to that of coldchicine - has been
suggested by Yaksh (cited by Virus and
Gebhart, 1979). However, a general in-
hibitory effect of capsaicin on axoplas-
mic transport seems to be unlikely,
since it failed to block the intraaxonal
transport of noradrenaline. Therefore,
in this case a highly selective action
on SP-containing nerves should be as-
sumed. Either the depletion of SP or the
inhibition of its axonal transport may
lead to a diminished SP content of the
chemosensitive nerve endings and conse-
quently this might be the reason why
neurogenic inflammation cannot be induced
in the skin areas supplied by the capsai-
cin treated nerves. Furthermore, if de~
pletion of SP from chemosensitive prima-
ry sensory neurones actually takes place
following local capsaicin treatment of
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the peripheral nerves, one may argue that
SP is involved in the transmission of
nociceptive impulses. The demonstration
of a decrease in SP content of the af-
fected neuronal structures would afford
further support to the involvement of SP
in the function of these chemosensitive
neurones as it has recently been suggest-
ed (Jessel et al., 1978; Lembeck and
Holzer, 1979; Holzer et al., 1979; Gamse
et al., 1980; Nagy et al., 1980). In ad-
dition, local capsaicin treatment may be
helpful in studies concerning the role of
different sensory nerve fibres in the
transmission of nociceptive impulses.
Finally, these findings may open new
possibilities for the treatment of cer-
tain pathological pain conditions.
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