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ABSTRACT

Central analgesic effect of capsaicin was assessed by the tail flick reflex (TFR) test, using male
Sprague-Dawley rats under anesthesia with pentobarbital sodium (induction with 40 mg/kg and main-
tenance with 4~8 mg/kg/hr). Level of norepinephrine in the spinal cord was also measured. Capsaicin,
35~150 1g, was injected intrathecally, and the TFR latency was measured before, 10, 30, and 60 min-
utes after the drug administration. TFR latency was increased 100% or more immediately by
intrathecal capsaicin, from 2.9 seconds to the maximum of 7.0 seconds at 10 minute after the drug; P <
0.01. The increase in TFR latency was maintained during the course of experiment of 2 hours. Con-
comitant reduction of NE content in the spinal cord was observed; from 16 ng/mg protein to 7 ng/mg
protein. On the other hand, subcutaneous injection of capsaicin of 50 mg/kg did not change the TFR
latency although the NE content reduced similarly to the case of intrathecal injection. Pretreatment of
the animal with 0.5 mg/kg of MK-801 reversed the increase of TFR latency and NE reduction induced
by intrathecal capsaicin. These results suggest that capsaicin causes analgesia at the spinal cord level
by activating the excitatory amino acid-NE-dorsal horn interneurons axis of the descending inhibitory

pain modulation pathway.
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INTRODUCTION

Capsaicin (8-methyl-N-vanilly-6-nonenamide),
a major pungent ingredient of red pepper (genus
Capsicum), is well known to have a biphasic effect
on the peripheral sensory nerves: the initial stim-
ulation or irritation followed by the inhibition or
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depression of the nerve activity. These effects on
peripheral sensory nerves are attributed to the
acute release and subsequent depletion of peptide
neurotransmitters, especially substance P from
nerves such as C- and A-0 fibers (Jancso et al.,
1977; Virus and Gebhart, 1979). Nonpeptide trans-
mitters such as acetylcholine and other monoa-
mines appeared to be resistant to the capsaicin-
induced depletion (Jancso ef al., 1977; Gamse et al.,
1981).

Mechanism of central analgesic effects of capsa-
icin is still not clear. Capsaicin also causes deple-
tion of substance P from the central nervous
system as well as the induction of the central an-
algesia, when administered systemically (Buck et
al., 1981; Hayes and Tyers, 1980; Hayes et al.,



1981). This has drawn interests from many investi-
gators in view of developing non-narcotic central
analgesics. Although other neuropeptides such as
cholecystockinin, somatostatin, vasoactive intesti-
nal polypeptide and Fendorphin were also re-
ported to be affected by capsaicin (Pristley et al.,
1982; Buck er al., 1983; Nagy et al., 1983; Panerai et
al., 1983), the central analgesic effect of capsaicin
is generally considered to be due to the depletion
of substance P (Hayes and Tyers, 1980; Buck et al.,
1981), for substance P neurons are the major com-
ponent of the primary ascending pain pathway
which runs from the dorsal root of spinal cord to
the brain stem. But, the depletion of substance P
and analgesia do not correlate exactly. First, a
temporal discrepancy; the systemic capsaicin of
proper dose induces the central as well as periph-
eral analgesia immediately while the depletion of
substance P from the spinal cord or from the dor-
sal root ganglia is apparent only after a coupte of
days (Miller ef al., 1982). The second discrepancy
is the dose: Hayes et al. (1981) observed a short-
lived ( < 3hrs) analgesia with a single dose of
subcutaneous capsaicin as low as 1 mg/kg which
was too low a dose to deplete substance P signifi-
cantly.

Electrophysiological observations suggest that
capsaicin opens non-specific cation channels on
the membrane of sensitive neurons resulting in
the depolarization. This increases intracellular
calcium concentration by opening of voltage-
gated calcium channel, which finally evokes the
release of substance P from the sensitive neurons
(Wood et al., 1988; Bevan and Szolcsanyi, 1990).
However it has been shown that the high potassi-
um-induced depolarization brings about further
release of substance P after the maximum release
of the peptide by treating the spinal cord slice
with the ceiling concentration of capsaicin
(Gamse et al., 1979b). Thus, the single dose of cap-
saicin does not deplete completely the releasable
pool of the peptide in acute phase. Capsaicin
might increase the rate of inactivation of voltage-
gated calcium channels and thus inhibit activities
of sensitive neuron in peripheral sensory fibers, in
dorsal root ganglia, and in the spinal cord (Bevan
and Szolcsanyi, 1990).

Above studies on substance P release and
electrophysiological evidences support that the
peptide depletion is not the mechanism of acute

central analgesia which is observed within min-
utes to hours after the capsaicin administration.
There must be a separate mechanism of capsai-
cin-induced acute analgesia, although the deple-
tion of substance P might be the underlying mech-
anism of the chronic or late phase analgesia.

In addition, possibilities of direct interactions
with substance P receptors as well as opioid re-
ceptors have already been ruled out (Gamse et al.,
1979a; Mayer et al., 1980). Thus, it is very possible
that capsaicin induces the acute central analgesia
via other component (s) in the mechanism of pain
perception and modulation than the substance P
system.

According to Basbaum and Fields (1984), the
modulation of pain perception occurring in the
dorsal horn of spinal cord, especially in the sub-
stantia gelationsa of layer II, is under the influ-
ence of a certain group of cells in the rostral
ventromedial medulla (RVM). These cells consti-
tute the descending inhibitory pathway of pain
modulation. In this pain modulation, various neu-
rotransmitters are involved: 5-hydroxytryptamine
(5-HT), enkephalin, 7-aminobutyric acid (GABA),
norepinephrine (NE), neurotensin and excitatory
amino acids (EAA) (Aimone e al., 1987; Aimone
and Gebhart, 1986; Basbaum and Fields, 1984;
Marchand and Hagino, 1983; Beitz, 1982). RVM
again receives inputs from periaqueductal gray
(PAG) and nucleus cuneiformis (Aimone and
Gebhart, 1986). The modes of transmission of pain
from the primary pain fibers to the upper hierar-
chy in the CNS, and its modulation at each level
of spinal cord, brain stem and in the cerebral
hemisphere are very complicated. Although the
whole scheme is yet far from complete, a couple
of simplified pictures can be drawn based on
pieces of informations accumulated so far (Fields
et al., 1991; Hamon et al., 1988). First, the major
path of pain perception after the excitation of the
peripheral pain fibers is the primary afferent
pathway along the spinal cord, of which substance
P is the major neurotransmitter, Second, activities
of the primary afferent neurons are modulated by
local interneurons in the dorsal horn. These
interneurons are under control of RVM via on-
cells and off-cells, increasing and decreasing pain
perception respectively. The neurotransmitter (s)
of on-cells are not clearly defined yet, but 5-HT
and NE are suggested as major transmitters used



by off-cells. Third, the major transmitter of the
input to RVM from PAG is suggested as EAA, for
the iontophoresis of glutamate, or N-methyl-D-
aspartate (NMDA) into RVM produces analgesia
equivalent to the analgesia induced by electrical
stimulation of PAG.

We have examined in the preliminary study the
changes of 5-HT and NE levels after capsaicin
treatment. Although 5-HT has been identified as
the neurotransmitter of a group of off-cells at the
level of the medulla and spinal cord (Aimone et
al., 1987; Skagerberg and Bjorklund, 1985) we
could not show any significant change in the §-
HT level at the spinal cord by capsaicin treat-
ment, suggesting that S-HT might not contribute
significantly to the capsaicin-induced analgesia.
Instead, we oberved the reduction of NE content
in the spinal cord by systemic capsaicin treatment
(unpublished data). It is quite possible that NE
system is involved in the capsaicin induced acute
analgesia, for NE also was reported to be involved
in the spinal analgesia (Sagen and Proudifit,
1985). The current study is to further investigate
the acute analgesia induced by capsaicin at the
spinal cord level, to relate this analgesia with the
changes of NE system, and to study the mode of
capsaicin action on the spinal NE system. To lo-
calize the effect on the spinal cord, capsaicin was
introduced through the intrathecal cannula and
the effect was compared with the effect of
systemic administration.

MATERIALS AND METHODS

Chemicals and instruments

Capsaicin, MK-801, norepinephrine hydrochlo-
ride, dihydroxybenzylamine hydrobromide were
purchased from Research Biochemical Incorpo-
rated, Natic, MA, US.A. Aluminum oxide (Al-
umina), dimethylsulfoxide and perchloric acid
were purchases from Sigma. Sodium octylsul-
phate, EDTA, and other general chemicals were
of the highest analytic grade commercially avail-
able.

The tail-flick tester was purchased from Ugo
Basile of ltaly. High performance liquid chro-
matogrpahy was from Pharmacia-LKB of Sweden,
and the Nova-Pak Cj; column from Waters was

used.

Tail flick reflex (TFR) Test; (modified from Sin-
clair et al., 1988)

Male Sprague-Dawley rate of 250~300g were
used. The animal was anesthetized with pentobar-
bital sodium, 40 mg/kg i.p., and the femoral vein
cannula was established. An intrathecal catheter
was inserted via cisterna to reach the lumbar en-
largement of the spinal cord (10cm from the cis-
ternal orifice). And the animal was kept under the
anesthesia of the level to show the corneal reflex
by infusing pentobarbital sodium at the rate of 8
to 10 mg/hr through the femoral cannula through-
out the course of tail flick test. Thermal stimula-
tion was given as the infra-red ray of the energy
equivalent to the temperature of 60°C. The arbi-
trary cut-off time to prevent the tissue damage
was 7 seconds. For one series of TFR test at the
designated time, four tests were performed at in-
tervals of two minutes with the stimulation site on
the tail moving provimally 1 cm each time start-
ing from the distal one third point. The result of
the TFR test was presented as seconds of latency,
averaging the four measurements. Test drugs were
administered when the TFR latency was stabi-
lized at 2.5~3 seconds. In cases of the intrathecal
administration, 35 to 150 g of capsaicin in 104
of the vehicle composed of dimethylsulfoxide
(DMSO), ethanol and artificial cerebrospinal
fluid (10:40:50) was injected in 10 minutes peri-
od through the cannula. For the systemic
administration of capsaicin, the dose of 50 mg/kg
was injected s.c. in the vehicle of 10% Tween 80
and 10% ethanol in saline (1 ml). 10 minutes be-
fore the capsaicin s.c. injection, 1 mg of atropine
sulfate was injected through the femoral cannula
to prevent the bronchospasm. In some experi-
ments the EAA receptor, MK-801, in saline (0.5
mg/kg) was injected through the femoral cannula,
20 minutes before capsaicin. For the control ani-
mal of each group, the corresponding volume of
vehicle was injected. TFR latency was measured
before, and at 10, 30, 60 minutes and sometimes at
120 minutes after the injection.

Measurement of NE contents in the spinal cord

The NE content in the spinal cord was mea-
sured on the high performance liquid chromatog-



raphy (HPLC) as follows (Sunol et al, 1988;
Marsden and Joseph, 1986). The spinal cord was
rapidly removed from the animal at 10, 30 and 60
minute points, and homogenized in ice-cold 0.1 M
perchloric acid (10 ml per g of wet tissue) contain-
ing 0.4 mM sodium metabisulfite. The homogenate
was centrifuged at 3,000 X g for 10 minutes. The
supernatant was collected and the activated
alumina (200 mg/ml) was added to adsorb cate-
cholamines. At this point, 3,4-dihydroxyben-
zylamine (DHBA) at the concentration of 100~
500 ng/ml was added to the supernatant as the in-
ternal standard of HPLC. After the alumina was
washed twice with distilled water, catecholamines
were extracted with 0.5 M perchloric acid con-
taining 04 mM sodium metabisulfite (10041 per
100 mg of alumina). Then, the extract was ana-
lyzed with the HPLC. For the HPLC, a C-18 re-
verse phase column (Nova-Pak) of 4 um bid size
and 0.5 X 12 cm dimension was used. The compo-
sition of the mobile phase was; 0.1 MNaH,PO,,
0.1 mM EDTA, 1.0 mM sodium octylsulphate, 9%
methanol, and pH 3.6. The flow rate was 0.5 ml/
minute. The electrochemical detector was used
for the detection. Quantitation of NE was done by
calculating the peak area and multiplying it by
the conversion factor obtained from the standard
curves of NE and DHBA, The quantity of NE was
expressed as ng per mg protein, and the protein
was measured by Bradford method (Stoscheck,
1990; Bradford, 1976).

Statistics

Unpaired t-test of the data was done using
StatView IV program on Macintosh LC personal
computer.

RESULTS

Intrathecal capsaicin (Fig. 1)

The TFR latency was increased from 2.9 sec-
onds to the maximum value of 7 seconds within
10 minutes after the intrathecal administration of
capsaicin. Meanwhile, NE content of the spinal
cord was decreased by more than 50%, from 14 ng
to 6.5 ng per mg protein at the time of 30 minute
and this decrease lasted more than an hour (even
up to 2 hours). Both of the changes in TFR laten-
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Fig. 1. Intrathecal capsaicin on TRF and spinal cord
NE level. Capsaicin, 35 g in 104 vehicle, was
injected through the intrathecal cannula as de-
scribed in Method. TFR latency was measured
before capsaicin (0 time), 10 min, 30 min, and
1hr after capsaicin injection (open squares).
The spinal cord NE level was measured at
each time point as described in Method (closed
circle). the value at each point represents mean
+ S.E.from 5 animals or more.

-

cy and NE content were statistically significant
against the control values before the injection of
capsaicin (p < 0.01). These effects were observed
consistantly in the range of capsaicin dose from
35 to 150 sg. The analgesia was inconsistant below
the range, and the writhing or even outright con-
vulsion happened with the dose above the range.
Fig. 1 shows the result at the dose of 35 /g which
was the lowest dose having the consistancy in the
analgesic effect. Injection of the vehicle only did
not change the TFR latency or NE contents (data
not shown).

Subcutaneous injection of capsaicin (Fig. 2)

Subcutaneous injection of capsaicin, 50 mg/kg,
did not affect the TFR latency, but decreased NE
contents in the same fashion as the intrathecal in-
jection. The dose was the maximum single dose
which was reported to decrease substance P levels
in the CNS without bronchospasm or shock.
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Fig. 2. Subcutaneous capsaicin on TFR and spinal
cord NE level. Capsaicin of 50 mg/kg was in-
jected subcutaneously. At the designated time
point, TFR latency (open square) and spinal
cord NE level (closed circle) were measured as
described for Fig. 1. The value at each point
represents mean = S.E. from 5 animals or

more.
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Fig. 4. MK-801 on intrathecal capsaicin-induced NE
changes. Spinal cord NE levels were measured
from rats conditioned as described from Fig. 3.
The value at each point represents mean = S.
E. from 5 animals or more. Asterisks: P < 0.01
between MK-801 and vehicle only groups.
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Fig. 3. MK-801 on intrathecal capsaicin-induced anal-
gesia. MK-801 of 0.5mg/kg or vehicle only
were injected 20 minutes before the intrathecal
injection of capsaicin (50 4g in 1041 of vehicle).
The TFR latency was measured as described in
Method at each time point. Open squares are
for animals pretreated with MK-801; closed
circles, vehicle only. The value at each point
represents mean + S.E. from 5 animals or
more. Asterisks: P < 0.01 between MK-801 and
vehicle only groups.

MK-801 and intrathecal capsaicin (Fig. 3, 4)

Pretreatment of MK-801, a non-competitive an-
tagonist of NMDA receptor, reversed the capsai-
cin effects. The increase in TFR latency by
intrathecal capsaicin of (dose = 50ug) was re-
versed by the pretreatment of MK-801, 0.5 mg/kg,
which was complete by the 60 min point (30 min-
ute and 60 minute points after capsaicin, p < 0.01;
Fig. 3). Changes in NE contents by capsaicin also
were reversed by MK-801 (Fig. 4). MK-801, by it-
self, did not affect the TFR or NE content signifi-
cantly (data not shown).

MK-801 and subcutaneous capsaicin (Fig, 5)

Pretreatment with MK-801, 2.5 mg/kg, partially
reversed the depletion of NE induced by
subcutanous capsaicin of 50 mg/kg (from 6.91 ng/
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Fig. 5. MK-801 on subcutaneous capsaicin-induced
NE changes. MK-801 (2.5mg/kg) or vehicle
were injected i.v. 20 minutes before the subcu-
taneous injection of capsaicin (50 mg/kg). At
the 1hr point after capsaicin, the spinal cord
level of NE was measured. Each value repre-
sents mean ¥ S.E. from 5 animals for capsaicin
only and 4 animals for capsaicin plus MK-801.

mg protein = 0.51 to 8.54 + 0.77 at 60 minutes
after capsaicin injection, P < 0.05).

DISCUSSION

The current data showing the increaes of TFR
latency and corresponding decrease of NE con-
tent induced by intrathecal capsaicin suggest that
capsaicin causes central analgesia by activating
the NE system in the spinal cord. The effects of
capsaicin on non-peptide neurotransmitters such
as NE, dopamine, acetylcholine, y-amino butyric
acid, and etc. have been reported to be equivocal
at best (for review, Holzer, 1991). But, those stud-
ies were chronic or subacute ones equivalent to
those for the peptide depletion studies. This is the
first report so far of the acute effect of capsaicin
on the spinal norepinephrine level. It is plausible
that the intrathecally administered capsaicin in-
duces spinal analgesia by activating the nor-
adrenergic system, because there have been accu-

mulated anatomical, electrophysiological and
pharmacological evidences that NE is involved in
the modulation of pain occurring in the dorsal
horn of the spinal cord, especially in layers IT and
III (Sagen and Proudfit, 1985; and for a review,
Proudfit, 1988). A number of cells in this area
respond to peripheral noxious stimuli. Nerve ter-
minals and varicosities containing NE were ob-
served in layers II and III, and inotophoresis of
NE into this region blocks neuronal activations
by noxious stimuli along with the analgesia.
Adrenoceptor involved in the pain modulation is
thought to be of a.-subtype because yohimbine, an
ar-blocker, reduces NE-induced analgesia (Sagen
and Proudifit, 1985). Although the main source of
the spinal NE is considered to be from terminals
of NE cells whose cell bodies are at the brain
stem and the medulla, the possibility of other
sources of NE such as interneurons in the dorsal
horn is not ruled out (Proudfit, 1988). Neither, the
mode of modulation of NE neurons is clear yet.

Pretreatment with MK-801 obliterated the anal-
gesic effect and reversed the concomitant reduc-
tionin the spinal NE level induced by the
intrathecal capsaicin administration. This result
provides another evidence supporting that the NE
system is a part of the descending pain modulat-
ing pathway which is in turn under the influence
of EAA (Aimone and Gebhart, 1986). So far, the
major location of the modulation of the
adrenergic activity of the pain modulation axis
by EAA has been suggested to be medulla, espe-
cially rostral ventromedial area of the medulla
(Aimone et al., 1987). But, in our experiment, the
capsaicin was introduced directly onto the lum-
bar section of the spinal cord through a intrathe-
cal catheter inserted 10 cm from the cisterna, in a
small volume of the vehicle (10 4). It is not con-
ceivable that capsaicin might reach the medulla
considering its high solubility in lipid. Thus, the
site of interaction of MK-801 with capsaicin
should be at the spinal cord, although MK-801
was systemically administered.

The systemic administration of capsaicin via
subcutaneous route, up to the maximum single
dose of 50 mg/kg, did not produce acute analgesia.
This observation confirms the previous observa-
tions reporting no analgesia or even frequent
hyperalgesia in acute phases after the systemic
administration of capsaicin (Baumann et al., 1991).



Only previous repeated administrations of capsai-
cin enough to deplete the central and peripheral
substance P elevate the pain threshold in the
acute phase after a single dose (Buck and Burks,
1986). Because capsaicin is highly lipid soluble
and has the molecular weight of about 300, the
differences in the effects on the TFR due to dif-
ferent routes of administrations can not be ex-
plained by the restriction in the distribution
across the blood-brain barrier. Actually, a phar-
macokinetic study reported the higher concentra-
tions in the brains and the spinal cord than in the
blood or in the liver after i.v. administration of
capsaicin (Saria ef al,, 1981). In the same study, s.c.
administration of capsaicin achieved the CNS
concentration as much as the blood level. In our
current study, the subcutaneous capsaicin in the
bolus dose of 50 mg/kg reduced the spinal cord
NE level in the same fashion as in the case of the
intrathecal administration. This depletion of NE
was reversed by the pretreatment with MK-801,
although in less extent. This again evidences that
subcutaneously administered capsaicin reaches
the spinal cord and affects the adrenergic
interneurons as in the case of intrathecal
administration. The lack of analgesia with the
subcutaneous administration in spite of the equiv-
alent effect on the spinal NE to that with the
intrathecal route might be explained as the fol-
lowing: first, the subcutaneous administration of
capsaicin irritates the peripheral pain fibers facil-
itating the primary pain pathway; this facilitation
activates the excitatory interneurons or on-cells
in the dorsal horn of the spinal cord. The
activation of excitatory interneurons in the dorsal
horn would offset the analgesia mediated by the
activation of off-cells or inhibitory interneurons.
If this is true, the comparison of analgesic effects
between systemic and intrathecal routes of
administration can be employed for assessing the
analgesic potency over the side effect of irritation
in the course of developing the non-opioid analge-
sics from various capsaicin derivatives.

Two major explanations of the capsaicin-in-
duced analgesia so far can be summarized as fol-
lows: first, the depletion of substance P which is
relevant only in the chronic phase but not in the
acute phase; second, the depolarized inhibition of
the neuronal activity due to the prolonged open-
ing of the cation channels on the neuronal mem-

brane (Bevan and Szolcsanyi, 1990) which could
explain acute analgesia but not the chronic be-
cause the depolarization does not last for a day or
two with the single dose. Our current study adds
the third aspect in understanding the analgesic
mechanism of capsaicin; the activation of the de-
scending pain modulation. The study also pro-
vides another evidence that the EAA-NE axis
plays a crucial role in the pain modulation at the
spinal cord level and above (Proudfit, 1988).
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