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Effect of Capsaicin on Causalgiform Pain in the Rat
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=ABSTRACT=

The purpose of this study is to obtain the effective concentration of capsaicin to relieve pain with no change
in the number of C-fibers and its effective duration for pain relief. Capsaicin has been used extremely as a ex-
perimental tool and as topical medications for acute or chronic tissue injuries and partial nerve injury is the
main cause of causalgiform pain disorders in humans. Here, the left sciatic nerve was ligated unilaterally at the
high-level of the thigh to prepare an animal model of this pain condition. The rat developed guarding behavior
of the ipsilateral hind paw within a few hours after the operation and this behavior was maintained for several
months thereafter, suggesting the possibility of spontaneous pain. These animals were divided into two groups(4-week
& 8-week) and each group was subdivided into five groups by different concentration (0.05, 0.1, 0.5, 1.0 & 2.0%).
Each capsaicin concentration was treated locally on the spinal cord-side of the ligated nerve and the foot-withdrawal
latency was measured. Thereafter, the dorsal roots of L5 were removed from both sides immediately after in-
tracardial perfusion for the counting of C-fibers by the histological procedure. There were no significant dif-
ferences in the foot-withdrawal latency and the number of C-fibers between the left side treated with 0.05% capsaicin
and the right side treated with the vehicle. However, latencies of the left sides treated with 0.1, 0.5, and 1.0
% capsaicin increased significantly throughout 4-6 weeks with almost no change in the number of C-fibers, and
the latencies showed the trends to approach slowly to those of the conditions after operation. The latency of
subgroup treated with 2.0% increased by approximate 70% more than that of the right side throughout 8 weeks,
and the number of C-fibers decreased by about 30% or more These results suggest that the elevated latency
with capsaicin(0.1-1.0%) treatment is due to the inhibition of impulse transmission throughout the primary af-
ferent fiber and the data from 2.0% are due to partial destruction of C-fibers. Therefore, capsaicin concentra-
tions from 0.1% to 1.0% are probably very effective for the treatment of causalgiform pain with almost no
destruction of C-fibers.
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INTRODUCTION

Capsaicin  (8-methyl-N-vanillyl-6-nonena-
mide) is the irritant compound of hot pepper
in the capsicum plant. This compound was
studied at first by the Hungarian Phar-
macologist Nicholas-Jancso about an extensive
characterization of the pharmacologic effects

This work was supported by the Research Fund for Basic
Medical Science, Korea Research Foundation, 1990.

143

in the late 1940s. In animal studies it has been
used in a large number of ways in neonatal and
adult animals including local and systemic in-
jection. Many of reports have revealed a
number of effects of capsaicin which include:(i)
marked stimulation of peripheral nociceptors
followed by a long-lasting insensitivity to
chemical pain (Buck & Burks, 1986), (ii)
markedly elevated nociceptive chemical and
pressure thresholds but no effect or even slightly
reduced nociceptive heat thresholds(Hayes &
Tyers, 1980, Konietzny & Hensel, 1983,
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McMahon et al, 1991), (iii) alterations in the
histochemical content of many C-fibers, reduc-
ing the expression of some neuropeptides, such
as substance P, calcitonin gene related peptide,
cholecystokinin and fluoride resistant acid
phosphatase (Ainsworth et al, 1981, Nagy et al,
1981, Helke et al, 1981, Buck et al, 1982,
Marley et al, 1982, Lynn & Shakhanbeh, 1988),
(iv)increased mechanical nociceptive thresholds
but unchanged thermal thresholds (Cervero &
McRitchie, 1982), (v) analgesic effect or selec-
tive destruction of unmyelinated afferents (Fit-
zgerald, 1983, Chung et al, 1985, Otsuka &
Yanagisawa, 1987), (vi)definitive reduction or
block in C-fiber transmission( Williams &
Zieglgansberger, 1982, Gamse et al, 1982,
Petsche et al, 1983) (vii)excitable properties of
sensory nerve: terminals, axon, cell body
(Roberts, 1986, Ritter & Dinh, 1988), (viii)selec-
tive action in reducing C-nociceptor activity and
functional changes by the loss of C-fiber
nociceptors (Lynn, 1990), and (ix)reduction in
responses of spinothalamic tract(STT) cells to
noxious heat stimuli(Chung et al, 1992). Based
on these results, it suggests that capsaicin not
only acts as a neurotoxic substance but also as
a good medicine for relief of severe pain. More
recently, the possibility has been raised that
some of the long-term physiologic effects of
capsaicin on causalia or related severe pain seen
in experimental studies might be useful in the
clinic (McMahon, 1991).

Causalgia, the extremely painful pain, first
described by Mitchel, Morehouse, and Keen in
1964, develops after penetrating wounds in
which there is usually a painful injury of the me-
dian, ulnar or sciatic nerve (White & Sweet,
1969). In the typical severe forms, the cutaneous
dysesthesia may become so intense that the pa-
tient cannot bear contacted with clothing or
even drafts of air. It has been known that com-
pression or partial damage of nerves causes pain
to be resulted from some local ischemia or
changes in the transport of chemicals within the
unmyleinated C afferents (Zimmermann, 1979).
These C-fibers produce pain on electrical
stimulation and are responsible for the
transport of chemicals that affect spinal cord

cells (Wall, 1984). These reports show clearly
that nerve injury causes pain by various
mechanisms, including causalgiform pain and
these pain signals transmit via C-afferent fibers
entering the spinal cord.

We modified the method that measures
behavioral response to hyperalgesia (Hargreaves
et al, 1988). The method used in this study can
assess to determine the response time of the foot
that withdraw from the heat source, which is
radient heat as a thermal stimulus applied to the
hind sole of restrained rat.

The purpose of this study is to investigate the
effect of capsaicin and its effective duration for
relief of causalgiform pain and to attempt solv-
ing problem on pain control.

METHODS

Subjects

A total of 100 Sprague-Dawley rats (160-
200gm, male) was supplied from the Laboratory
of Experimental Animals in Korea Research In-
stitute of Chemical Technology at 8 weeks after
birth and were kept in the animal room
(temperature: 22-24°C) of our school for about
1 month, and their body weight was 250-300 gm
at the time of operation

Behavioral tests before and after operation

The initial study was to obtain the control
value of the foot-withdrawal latency from each
rat before the operating process. Each rat was
placed on the glass floor (50cm X 50cm, 2mm
in thickness) covered with the transparent
plastic box, and heated locally on the hind paw
at 120°C (tip temperature) with the self-
designed apparatus under the room temperature
of 20-22°C (Fig. 1). The apparatus is compos-
ed of the cromel-alumel thermocouple and the
temperature controller. The latency that
withdraw the hind paw from the heat source
was determined alternately six times at the in-
tervals of 5 minutes, and the latencies were ob-
tained from the left (experimental, LT) side and
the right (control, RT) side of each rat. The
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Fig. 1. The local heating apparatus composed of the
CA thermocouple and the temp. controller.
Each rat was placed on the glass floor
covered with transparent plastic box and the
apparatus was moved to and fro under the
glass floor for local heating of behind paw.
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latency ratio (LT/RT, %) of both sides were
changed into a unit of percent because of in-
dividual difference and were compared each
other with averaged value before and after
operation. The rats used for this study were
selected such that the ratios were not significant
difference between both sides. Rats were devid-
ed into two groups; 4-week and 8-week(50-rat/
group), and each group was divided equivalent-
ly again into five subgroups in according to five
different concentrations of capsaicin solution;
0.05, 0.1. 0.5, 1.0, and 2.0% respectively. Each
concentration of capsaicin (Sigma) was
suspended in a vehicle of 10% ethanol, 10%
Tween 80, and 80 % normal saline. For the con-
trols the vehicle alone was applied on the right
sciatic nerve.

Following the operation schedule to cause
the causalgiform pain, rats were anesthetized
with sodium pentobarbital(40mg/kg, i.p.) and
the skin on the left thigh was opened at the high-
level of experimental side. The sciatic nerve was
exposed and freed from surrounding tissues.
Thereafter, the nerve was ligated loosely three
times with silk thread (No.1) so as to inhibit the

blood flow at two points aparted from Smm
each other. Almost of all rats showed discom-
fortable behaviors and the signs of allodynia,
suggesting causalgifrom pain. The rats that
showed significant differences(over 30%) in the
foot- withdrawal latency between both sides
were selected to compare the capsaicin effect for
4 or 8 weeks. Capsaicin was treated locally on
the spinal cord-side of the ligated sciatic nerve
at 1 week after the latency measurement. A
small piece of parafilm was placed under the
nerve to minimize the spread of capsaicin solu-
tion and similar size of a small piece of gelform
soaked in each concentration was placed around
a Smm-length of the nerve. After wounds were
sutured, rats were returned to recover in their
cage prepared with the soft bedding. The foot-
withdrawal latency determine on 7th day in ac-
cording to previously described procedures.

Histological study

After the determination of the latency is
over, rats were anesthetized with sodium pen-
tobarbital(40mg/kg,i.p.). Each rat was perfused
intracardially with 300ml{(room temperature) of
saline containing 400 units of heparin and 0.4
ml of 1% sodium nitrite. When the auricular
effluent was free of blood, the perfusion fluid
was changed to a fixative solution (500ml) of
3% paraformaldehyde, 3% glutaraldehyde, and
0.1 % picric acid in 0.1M cacodylate buffer (pH
7.4). The dorsal root of L5 was exposed by
laminectomy, and removed together with com-
parable segment of the right sciatic nerve as con-
trol material. The tissue was placed in a petri
dish containing cold fixative solution. Under a
dissecting microscope, 1cm long blocks of the
roots were dissected at about 1 cm from the dor-
sal root ganglion. The specimens were stored
in cold fixative solution for 8-12 hours, rinsed
with cacodylate buffer, and postfixed in 1%
osmium tetroxide in 0. 1M cacodylate buffer for
2 hours. Following en bloc staining with 0.5%
uranyl acetate, the pieces were dehydrated by
using a graded series of ethanol and embedded
in an Epon-Araldite mixture. Thin sections
(1um in thickness) were cut with an ultramicro-
tome (Sorvall, type MT-5000), and after stain-



146 Kim, Jeon, Kim, Park and Choi

ing with 1% of toluidine blue, the sections were
examined with a light microscope (Olympus
BH-2), and photographed at a magnification of
400.

Photomicrographs were printed with an ad-
ditional magnification of 2.5. Montages
representing the whole cross section of the dor-
sal root were reconstructed from photomicro-
graphs. Unmyelinated fibers were counted with
the aid of 4x magnifying glass, and each axon
was counted to avoid potential error due to an
uneven distribution of fibers. The counting er-
ror, in terms of repeated counts for the same
tissue was +8%.

RESULTS

Sign of causalgiform pain

The rats were awake within approximately
10 minutes or more early after the termination
of the surgical anesthesia. An hour later they
were fully alert and responsive. For this time
the rats placed on the glass floor showed the
discomfortable behavior that flexed the
operated hind limb and bore less weight on the
operated side than the contralateral side. This
behavior lasted several weeks, suggesting that
the contact with the floor appeared to be an
aversive stimulus. Furthermore, beginning
about 1 hour post-operation and for a period
of several weeks thereafter, the rats at rest clear-
ly preferred the contralateral intact hind limb.
The ipsilateral hind limb was usually placed on
the cushioned scrotum, with the paw hanging
in mid-air. While resting, the rats paid con-
siderable attention to the operated side in a
manner unlike usual grooming. This behavior
was not observed in the sham operated rats.

Foot-withdrawal latencies

Difference between pre- and post-operation in
each subgroup

All the animals were tested for foot-
withdrawal latency before and after operation
throughout 4 weeks or 8 weeks. The average
ratios of all rats before operation were not
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Fig. 2. The ratio changes in pre-and post-operation
group. In the pre-operation group, the ratios
between both sides were about 100% in all
subgroups with no significant differences. In
the postoperation, however, the ratios show-
ed significant differences. A ratio of = 100%
represents that the latencies between ex-
perimental and control side have no dif-
ference and <100% represents that
experimental side is more sensitive to heat
stimulation than control side.

significantly different between both sides,
however, rats used for this study showed the
significant difference in the ratio after opera-
tion. In Fig. 2 the difference of the ratios in pre-
and post-operation of each subgroup are plot-
ted. A ratio of <100 % represents that the ex-
perimental side was more sensitive to heat
stimulation than the control side, and >100%,
the opposite effect. For the ratios in all
subgroups before operation, the difference
shows no significant variations with about
100%. However, the ratios of all subgroups
after operation were reduced markedly with no
significant difference among them (p<0.005).

Different concentrations of capsaicin and their
effective durations

The change of the reduced ratio after cap-
saicin treatment and its effective duration show-
ed in Fig. 3 and 4. In the Fig. 3 the ratio from
the 0.05% capsaicin-treated animals was cons-
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Fig. 3. The ratio changes for 4 weeks after capsaicin
treatment

tant throughout 4 weeks without any significant
change(indicative of hyperreflexia). Those from
the 0.1%, 0.5 %, and 1% were the singificant
differences in the ratio throughout 4 weeks
showing the trend to approach gradually the
ratios before capsaicin treatment. However, the
ratio from 2.0% showed great changes which
the ratio of capsaicin-treatment side is increas-
ed by approximate 70% (indicative of
hyporeflexia) on the contrary compared to the
control side throughout 4 weeks. In the Fig. 4
there are compared with the ratio changes that
continued capsaicin effect over 4 weeks. The
data from 2.0% show continously stronger ef-
fect throughout 8 weeks and did not approach
to the ratio of the control side. These results
suggest that the lower concentration less than
0.1% has no effect to relieve the causalgiform
pain and the higher concentrations more than
0.1% have considerable sustained effect on the
control of the causalgiform pain disorders for
at least 4 weeks and, however, the data from
2.0% show the long-lasting stronger effect over
8 weeks.

Histological study

The ratio changes resulted from capsaicin
treatment suggest that impulse transmission was
inhibited for several weeks, and it may be due
to the destruction of C-fibers themselves. In
Fig. 5 the data from all subgroups were not
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Fig. 4. The ratio changes for 8 weeks after capsaicin

treatment
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Fig. 5. The Changes in the number of C-fiber af-
Jerents. the lower concentrations than 1.0%
capsaicin show almost no reduction in the
number, however the higher concentration
than 1.0% shows marked reduction.

significant difference in the number of C-fibers
between both sides except the subgroup of
2.0%. These results suggest that the lower con-
centrations less than 1.0% can cause the inhibi-
tion with almost no change in the number of
C-fibers and, however, 2.0% capsaicin shows
significant reduction in the number of C-fibers.
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DISCUSSION

In our previous study(Chung et al. 1992), we
showed that application of capsaicin to the
sciatic nerve in monkeys causes a reduction in
the responsiveness of STT cells to noxious heat
stimuli that lasts at least several weeks. We
believed that the reduction in responses of the
STT cells was due to the partial destruction of
C-fibers in the peripheral nerve. In addition,
other mechanisms that capsaicin application can
reduce responses to C-fiber volleys and to nox-
ious heat stimuli are inhibition of axonal
transport of peptides (Gamse et al. 1982),
chemical changes in the spinal cord terminals
(Palermo et al. 1981, Nagy et al. 1980, Theriault
et al. 1979, Jessel et al. 1978) and long-lasting
conduction block of C-fibers(Petsche et al.
1983, Williams & Zieglgansberger, 1982, Wall
& Fitzerald, 1981).

In this study the results suggest that the
sciatic nerve ligated loosely can cause
causalgiform pain to last constantly for several
weeks, and that local treatment of capsaicin
from 0.1% to 1.0% to the nerve can cause the
elevation of foot-withdrawal latency to noxious
heat stimulation. And the elevated effect lasts
at least 4-6 weeks with almost no change of C-
fibers in the number. The treatment of 2.0%
capsaicin, however, can cause the marked eleva-
tion of the latency until 8 weeks or more,
leading to the dramatic loss of C-fiber afferents.

A number of recent studies have involved the
induction of peripheral neuropathies in several
animal models that have quite different
characteristics from those produced by nerve
damage in this study. For example, Benett and
Xie (1988) produced such a mononeuropathy
by tying 4 loose ligatures around the sciatic
nerve in rats. The animals develop a hyper-
responsiveness to thermal stimuli that lasts a
month or more. Different model was describ-
ed by Seltzer et al.(1990) in which about 1/3 to
1/2 of the sciatic nerve of rats was interruped
by a tight ligature. These animals also show the
signs of hyperalgesia that last a month or more.
More recently, Kim and Chung(1991) describ-

ed new model, in which one or two lumbar
spinal nerves are ligated tightly in rats. These
animals develop a hyperalgesia that includes a
prominent reduction in threshold for responses
to stimulation with Von Frei hairs, suggesting
‘a mechanical allodynia. However, in this study
the nerve tied by 2 loose ligature so as to in-
hibit the blood flow and the hyperrespon-
siveness to thernal stimuli was similar to those
of early reports. Especially, the two prepara-
tions described by Seltzer et al. and this study
produce some similar and some distinctly dif-
ferent findings in the postoperative follow-up
of the withdrawal latencies to heat stimulation.
The behavioral disorders and the withdrawal
latencies of experimental side are similar to each
other but the latencies of control side are not
consistent with each other.

Trauma in some peripheral tissue first ac-
tivates unmyelinated (C) nociceptors. This ac-
tivity excites WDR (and other) neurons in the
spinal cord and also cause these neurons to
become more responsive to all subsequent af-
ferent inputs. If this sensitization of WDR
neurons is present over time, then the WDR
neurons will continue to give a vigorous
response to mechanical stimulation of A-fiber
mechanoreceptors even after healing is com-
plete, leading to touch-evoked pain or
allodynia{Roberts, 1986). Based on this theory,
we used the method that capsaicin is treated
locally on the sciatic nerve in experimental side
for the purpose of the inhibition of noxious
signal transmission throughout C-fibers and we
also thought that the sensitization of WDR
neurons becomes to be reduced as a result of
capsaicin treatment.

We believe that the marked reduction of the
withdrawal latency to local heat stimulation on
the hind paw was due to the depression of signal
transmission throughout the C-fiber afferents
in the peripheral nerve, especially from 0.1%
to 1.0%. It is clear that those concentrations
were so effective for the reduction of the laten-
¢y at least 4-6 weeks. However, though we do
not know whether additional mechanisms
decribed previously was involved in the results
of this study, we also believe the possibility that



— Effect of Capsaicin on Causalgiform Pain in the Rat — 149

capsaicin exerts a number of roles for the in-
hibition of signal transmission with the inter-
pretation of many results in early reports.
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