
Abstract Rationale: By acting on peripheral opioid re-
ceptors, opioid agonists can attenuate nociceptive re-
sponses induced by a variety of agents. Objectives: This
study was conducted to characterize capsaicin-induced
thermal hyperalgesia in rats and to evaluate the hypothe-
sis that local administration of either mu or kappa opioid
agonists (fentanyl and U50,488, respectively) can attenu-
ate capsaicin-induced nociception. Methods: Capsaicin
was administered s.c. in the tail of rats to evoke a noci-
ceptive response, which was measured by the warm-wa-
ter tail-withdrawal procedure. Either fentanyl or U50,488
was co-administered with capsaicin in the tail to evaluate
local antinociceptive effects. In addition, the local antag-
onism study was performed to confirm the site of action
of both opioid agonists. Results: Capsaicin (0.3–10 µg)
dose dependently produced thermal hyperalgesia mani-
fested as reduced tail-withdrawal latencies in 45°C wa-
ter. Co-administration of either fentanyl (0.32–3.2 µg) or
U50,488 (10–100 µg) with capsaicin (3 µg) attenuated
capsaicin-induced hyperalgesia in a dose-dependent
manner. Furthermore, this local antinociception was an-
tagonized by small doses (10–100 µg) of an opioid an-
tagonist, quadazocine, applied s.c. in the tail. However,
the locally effective doses of quadazocine, when applied
s.c. in the back (i.e., around the scapular region), did not
antagonize either fentanyl or U50,488. Conclusions: In
this experimental pain model, activation of peripheral
mu or kappa opioid receptors can attenuate capsaicin-in-
duced thermal hyperalgesia in rats. It supports the notion
that peripheral antinociception can be achieved by local
administration of analgesics into the injured tissue with-
out producing central side effects.

Key words Capsaicin · Peripheral opioid receptor ·
Antinociception · Neurogenic inflammation · Hyperalgesia

Introduction

It has been shown that locally administered opioid ago-
nists produce antinociceptive effects by interacting with
peripheral opioid receptors in inflamed tissues (Stein et
al. 1989; Nagasaka et al. 1996; Wilson et al. 1996). This
discovery has stimulated research into treatments that
minimize central side effects. One approach is the appli-
cation of small, systemically inactive doses of analgesics
directly into the injured tissue (Stein et al. 1991; Joshi et
al. 1993). This may be useful particularly under local-
ized pathologic conditions. Another approach is the use
of peripherally selective compounds with a reduced abil-
ity to cross the blood–brain barrier (Junien and Riviere
1995; Read et al. 1997). This allows for systemic admin-
istration and may be beneficial in conditions where pain
is less localized. In the clinic, there are many nociceptive
conditions, such as postoperative pain, cancer and arthri-
tis. It will be valuable to develop different types of ex-
perimental pain models and evaluate the antinociceptive
efficacy of locally applied analgesics.

Capsaicin, the pungent ingredient in hot chili peppers,
has been used to evoke nociceptive responses for evalu-
ating analgesics in primates including humans (Park et
al. 1995; Eisenach et al. 1997; Kinnman et al. 1997; Ko
et al. 1998). Exposure of nociceptor terminals such as C-
fibers to capsaicin initially leads to excitation of the neu-
ron and the subsequent perception of pain associated
with local release of inflammatory pain mediators such
as substance P and calcitonin gene-related peptide
(CGRP) (Holzer 1991; Winter et al. 1995; Caterina et al.
1997; Kilo et al. 1997). It has been reported that intra-
dermal administration of capsaicin to human skin pro-
duces burning pain and allodynic/hyperalgesic responses
(Simone et al. 1989; LaMotte et al. 1992). In a previous
study, we found that capsaicin dose-dependently pro-
duced thermal nociception after it was administered s.c.
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in the tail of rhesus monkeys (Ko et al. 1998). More in-
terestingly, when small, systemically inactive doses of
mu or kappa opioid agonists were co-administered with
capsaicin in the tail, they locally attenuated nociceptive
responses (Ko et al. 1998, 1999). These observations
strengthen the notion that peripheral antinociception can
be achieved by local administration of opioids into the
injured tissue without producing central side effects
(Stein 1995; Wilson et al. 1996).

Capsaicin-sensitive nerve fibers play an important
role in many types of nociceptive conditions, such as ar-
thritis and nerve injury (Barthó et al. 1990; Kim et al.
1995; Winter et al. 1995; Abbadie and Basbaum 1998).
Many findings have supported the feasibility of pharma-
cological studies of capsaicin-induced pain to investigate
different types of potential analgesics (Park et al. 1995;
Sakurada et al. 1996; Eisenach et al. 1997; Sluka 1997).
Nevertheless, there was no rodent study exploring the
possibility of peripheral antinociceptive actions in the
capsaicin-induced pain model. The aim of this study,
therefore, was to develop an experimental pain model in
rats by applying capsaicin in the tail to induce locally
transient nociception. Then, the peripheral antinocicept-
ion of locally administered fentanyl (a selective mu opi-
oid agonist) and U50,488 (a selective kappa opioid ago-
nist) were evaluated. In particular, local administration
of an opioid antagonist, quadazocine, was conducted to
confirm the site of action of both agonists.

Methods

Animals

Adult male Wistar rats, approximately 300–350 g (Harlan, India-
napolis, Ind.), were maintained on a 12-h.12-h light/dark cycle
(lights on at 6:30 am) with free access to food and water in a tem-
perature-controlled (22±1°C) room. Each animal was used only
once, except in the temperature–threshold experiment (described
below). Animals were maintained in accordance with the Universi-
ty Committee on the Use and Care of Animals in the University of
Michigan, and the Guide for the Care and Use of Laboratory Ani-
mals (7th edn.) by the Institute of Laboratory Animal Resources
(Natl. Academic Press, Washington D.C., revised 1996).

Procedure

Antinociceptive effects were measured by a warm-water tail-with-
drawal assay, which was modified from the study by Walker et al.
(1994). Each rat was hand-held in a towel with its tail hanging free-
ly. The distal 6–8 cm of the tail was immersed into water baths set
at different temperatures. The latency to remove the tail from water
was measured via a hand-held timer; a 15-s maximum latency was
used as the cutoff latency. Normally, at least one day before the test
session, naive rats were habituated to the experimenter’s handling.
During habituation, the rat was wrapped in a towel and the tail was
immersed into the room-temperature water for 10 s; this procedure
took place at least twice. If a rat kept struggling and failed to main-
tain its tail in room-temperature water for over 10 s, it was not
used. During this study, only 3–5% of all the rats failed to satisfy
this criterion. A single dosing procedure was used in all test ses-
sions. Each experimental session began with control determina-
tions at each temperature. Subsequent tail-withdrawal latencies
were determined at 15, 30, 45 and 60 min following the injection.

Experimental designs

Temperature threshold

The effect of different temperatures on the tail-withdrawal latency
was determined in one group of rats (n=12). At the first test ses-
sion, rats were exposed to water at two different temperatures
(45°C and 55°C). At the second test session (24-h interval), the
rats were exposed to another two temperatures (40°C and 50°C).
The interval between the two immersions was approximately
10 min and the order in which two stimuli were presented was de-
termined randomly. The tail-withdrawal latency for each tempera-
ture was measured twice for each rat.

Capsaicin-induced thermal hyperalgesia

Based on a study by Gilchrist et al. (1996), the dose range of cap-
saicin (0.3–10 µg) was chosen to study the thermal hyperalgesic
effect in 45°C and 50°C water. Rats were lightly anesthetized with
isoflurane; then capsaicin was injected s.c. in the terminal 3–4 cm
of the tail, in a constant 0.1-ml volume. Rats recover within 2 min
from this procedure. After injection, the time course of nocicep-
tive responses induced by capsaicin was determined every 15 min
for 1 h.

Local antinociceptive effects of opioid agonists

From the protocol described above, 3 µg of capsaicin was chosen
as a standard noxious stimulus for further studies in 45°C water.
Either a selective mu opioid agonist, fentanyl (0.32–3.2 µg), or a
selective kappa opioid agonist, U50,488 (10–100 µg), was co-ad-
ministered with capsaicin in the tail to assess local antinociceptive
effects against capsaicin in 45°C water. The maximum locally ef-
fective dose of both agonists was also administered s.c. in the back
(i.e., around the scapular region), immediately following capsaicin
injection, in order to evaluate its site of action.

Local antagonism of quadazocine

Given that onset and distribution factors may be minimized with
local administration, an opioid antagonist, quadazocine (1–100
µg), was co-administered with capsaicin and the opioid agonist in
the tail, in order to investigate local antagonist effects. Likewise,
the highest locally effective dose of quadazocine was injected s.c.
in the back, immediately following capsaicin injection, to verify
whether the antagonist effects were localized in the tail.

Data analysis

Except for the temperature and time-course study, the 15-min time
point was used for analysis because this was the time of peak ef-
fects of both capsaicin and opioid agonists. The dose-dependent
effects of the agonist and antagonist were analyzed with one-way
analysis of variance (ANOVA) followed by the Newman-Keuls
test (*P<0.05; **P<0.01). In addition, in the time-course study, a
significant reduction in tail-withdrawal latency was also deter-
mined using the Newman-Keuls test.

Drugs

Fentanyl hydrochloride (National Institute on Drug Abuse, Beth-
esda, Md.), U50,488 (Upjohn Co., Kalamazoo, Mich.) and quad-
azocine methanesulfonate (Sanofi, Malvern, Pa.) were dissolved in
sterile water. Capsaicin (Sigma, St. Louis, Mo.) was initially dis-
solved in a solution of Tween 80/95%ethanol/saline in a ratio of
1/1/8, and was subsequently diluted to lower concentrations with
saline. For local administration, all compounds were mixed in the
capsaicin solution and injected as a 0.1-ml volume in the tail.
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Results

Control tail-withdrawal latencies

After habituation, rats showed a consistent profile in tail-
withdrawal responses. Normally, rats kept their tails in
40°C and 45°C water for 15 s (cutoff latency) and re-
moved their tails from 50°C and 55°C water rapidly. In
50°C water, the average tail-withdrawal latency was
5.0±0.8 s (n=12); in 55°C water, the latency was 2.4±
0.3 s. Although most of rats kept their tails in 40°C and
45°C water for 15 s, it should be noted that approximate-
ly 10% of rats in this study had 12–14 s latency in 45°C
water, possibly indicating that 45°C water was a thermal
threshold for rats in this procedure.

Capsaicin-induced thermal hyperalgesia

After capsaicin (0.3–10 µg) was injected into the tail, it
produced transiently nociceptive responses, such as ther-
mal hyperalgesia, which were indicated as reduced tail-
withdrawal latencies in both 45°C and 50°C water. Fig-
ure 1 illustrates the time course of the capsaicin-evoked
nociceptive responses in 45°C water in a dose-dependent
manner. In particular, both 3 µg and 10 µg of capsaicin
caused rapid tail-withdrawal latencies of approximately

5.2 s in 45°C water at 15 min post-injection, and noci-
ceptive responses gradually disappeared over the course
of an hour. This quick-onset and short-duration nocicep-
tive response was mediated locally in the tail, because
the same amount of capsaicin (3 µg and 10 µg), applied
s.c. in the back, had no effect on the tail-withdrawal la-
tency (data not shown). For our purpose, the dose of 3 µg
capsaicin was chosen to induce thermal hyperalgesia in
45°C water for further studies.

Local antinociceptive effects of opioid agonists

Figure 2 compares the local antinociceptive effects of
fentanyl and U50,488 following co-administration with
capsaicin (3 µg). Local administration of fentanyl
(0.32–3.2 µg) dose dependently inhibited capsaicin-in-
duced thermal hyperalgesia in 45°C water (Fig. 2, upper
panel). Both doses of fentanyl (i.e., 1 µg and 3.2 µg) sig-
nificantly elevated the tail-withdrawal latency in the
presence of capsaicin compared with the vehicle group
(P<0.01). However, the highest dose of fentanyl (3.2 µg),
when injected s.c. in the back, was not effective against
capsaicin. On the other hand, local administration of

Fig. 1 Time course of capsaicin-induced thermal hyperalgesia in
45°C (upper panel) and 50°C water (lower panel). Each symbol
represents the condition induced by different doses of capsaicin
injected into the tail. Each symbol represents the mean±SEM
(n=8). Abscissae: time after injection (min). Ordinates: tail-with-
drawal latency (s). Asterisks represent significant differences from
the vehicle group at the same time point (*P<0.05; **P<0.01)

Fig. 2 Local antinociceptive effects of fentanyl (upper panel) and
U50,488 (lower panel) administered in the tail (hashed bars) and
in the back (filled bars) against capsaicin (3 µg) in 45°C water.
Each value represents the mean±SEM (n=7–9). Abscissae: dose of
agonists injected locally (µg). Ordinates: tail-withdrawal latency
(s). Each data point was obtained 15 min after injection. Asterisks
represent significant differences from the vehicle group (*P<0.05;
**P<0.01). A stippled line represents a cut-off time. Other details
as in Fig. 1



cal fentanyl. On the other hand, local administration of
quadazocine (10–100 µg) also antagonized the local ac-
tions of U50,488 (100 µg) in a dose-dependent manner
(Fig. 3, lower panel). Similarly, the highest effective
dose of quadazocine (100 µg), when applied in the back,
did not antagonize local U50,488. Nevertheless, local ad-
ministration of quadazocine displayed a different antago-
nist potency against fentanyl and U50,488, in which
10 µg of quadazocine significantly antagonized local
fentanyl, but not U50,488. In addition, the high dose of
quadazocine (100 µg) alone did not change the rat’s no-
ciceptive responses in this procedure (data not shown).

Discussion

The present study illustrated that local administration of
opioid agonists significantly diminished capsaicin-in-
duced thermal hyperalgesia in a dose-dependent manner.
The antagonist study confirmed that this local anti-
nociception was in the tail and was mediated by different
opioid receptors. These results support the notion that
activation of peripheral opioid receptors can relieve no-
ciception mediated by different mechanisms (Stein et al.
1989; Stein 1995; Nagasaka et al. 1996; Wilson et al.
1996; Ko et al. 1998, 1999).

Local application of capsaicin into the tail of rats
caused transient thermal hyperalgesia, manifested as re-
duced tail-withdrawal latencies in 45°C water (Fig. 1). In
the similar dose range, intraplantar injection of capsaicin
in rats also produced hyperalgesia to heat and mechani-
cal stimuli (Gilchrist et al. 1996). The duration of ther-
mal hyperalgesia in both studies is also similar, in that its
effect only lasts for 15–30 min and disappears within an
hour. In contrast, the duration of mechanical hyperalge-
sia seems to be longer, approximately 2 h (Gilchrist et al.
1996). Capsaicin has been widely used in clinical studies
for evaluating the antinociceptive efficacy of different
analgesics (Park et al. 1995; Eisenach et al. 1997; Kinn-
man et al. 1997). Given the evidence that capsaicin-
sensitive nerve fibers are involved in a variety of noci-
ceptive conditions (Barthó et al. 1990; Kim et al. 1995;
Winter et al. 1995; Abbadie and Basbaum 1998), it is
valuable to develop capsaicin-induced pain models in
animals for evaluating different compounds and clarify-
ing the underlying mechanisms (Sakurada et al. 1996;
Sluka et al. 1997; Ko et al. 1998, 1999).

Capsaicin evokes pain sensations by activating C-
fibers and stimulating the release of neuropeptides, such
as substance P and CGRP, from primary nociceptive af-
ferents (Holzer 1991; Winter et al. 1995; Caterina et al.
1997; Kilo et al. 1997). Both substance P and CGRP
play an important role in neurogenic inflammation and
contribute to the transmission of nociceptive information
(McDonald et al. 1996; Kilo et al. 1997; Cao et al.
1998). It has been shown that activation of peripheral mu
or kappa opioid receptors can inhibit the excitability of
primary afferent neurons (Russell et al. 1987; Haley et
al. 1990; Andreev et al. 1994) and reduce the release of
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U50,488 (10–100 µg) also dose dependently inhibited
capsaicin-induced hyperalgesia (Fig. 2, lower panel).
Similarly, the antinociceptive effect of U50,488 was not
observed when the high dose of U50,488 (100 µg) was
applied in the back. Although the 15-min time point was
used to analyze the data, it was worth noting that this in-
effectiveness was observed throughout one hour of the
test session. In addition, the locally effective doses of
both agonists did not cause any behavioral changes such
as sedation or reduction of locomotion following injec-
tions. It is worth noting that locally effective doses of
fentanyl (3.2 µg) and U50,488 (100 µg) were not effec-
tive against a noxious stimulus of 50°C water in the ab-
sence of capsaicin (data not shown).

Local antagonism of quadazocine

Local administration of quadazocine (1–10 µg) antago-
nized the local antinociception of fentanyl (3.2 µg)
against capsaicin in a dose-dependent manner (Fig. 3,
upper panel). Both doses of quadazocine (3.2 µg and
10 µg) significantly suppressed local actions of fentanyl
(P<0.01). After the locally effective dose of quadazocine
(10 µg) was applied in the back, it did not antagonize lo-

Fig. 3 Local antagonist effects of quadazocine administered in the
tail (hashed bars) and in the back (filled bars) against local antino-
ciceptive effects of fentanyl and U50,488 in capsaicin-induced
hyperalgesia in 45°C water. Each value represents the mean±SEM
(n=7–9). Abscissae: dose of quadazocine injected locally (µg). The
labels cap+fent and cap+U50 represent the effects of co-adminis-
tration of capsaicin (3 µg) with fentanyl (3.2 µg) and U50,488
(100 µg) in the tail, respectively. Other details as in Fig. 2
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substance P from peripheral sensory endings (Yonehara
et al. 1992). In addition, in vitro evidence also supports
the inhibitory effects of mu and kappa opioid receptors
(Levine et al. 1993; Schafer et al. 1994; Minami et al.
1995). Thus, the observation that local administration of
opioid agonists can attenuate capsaicin-induced thermal
hyperalgesia (Fig. 2) could be explained by the evidence
that peripheral mu and kappa opioid receptors may act
on primary afferents to inhibit nociceptive transmission
by C-fibers (Russell et al. 1987; Haley et al. 1990; An-
dreev et al. 1994; Zhou et al. 1998). Furthermore, the
current findings are consistent with results observed in
rhesus monkeys (Ko et al. 1998, 1999). The procedure
described in this rodent study could serve as a valuable
tool for evaluating analgesics or peripherally antinoci-
ceptive actions. Compared with the non-human primate
model, the rodent model is inexpensive and less labor in-
tensive, and allows for rapid acquisition of data.

The expression of hyperalgesia involves complicated
mechanisms in both peripheral and central nervous sys-
tems (Dougherty and Willis 1992; Treede et al. 1992;
Stanfa and Dickenson 1995). That the site of antinoci-
ceptive action of locally applied opioid agonists is locat-
ed in the tail is substantiated by antagonist studies. Local
administration of quadazocine, an opioid antagonist,
dose-dependently antagonized the local inhibition of fen-
tanyl against capsaicin-induced hyperalgesia in the tail
(Fig. 3). More importantly, the locally effective dose of
quadazocine, when applied in the back (i.e., around the
scapular region), did not antagonize local fentanyl. This
observation confirms the local agonist study, which indi-
cates that the site of action of a locally applied mu opioid
agonist is in the tail. A similar result for a kappa opioid
agonist, U50,488, indicated that the site of action of lo-
cally applied U50,488 is also in the tail. Quadazocine is
more potent in antagonizing fentanyl than U50,488. This
different antagonist potency of quadazocine against mu
versus kappa agonists is expected, since quadazocine has
a higher affinity for mu receptors than kappa receptors in
opioid-binding preparations (Negus et al. 1993). Quad-
azocine has been previously used to differentiate mu and
kappa receptor-mediated effects in vivo in a variety of
preparations (Bertalmio and Woods 1987; Negus et al.
1993; Ko et al. 1998, 1999).

Taken together, this report provides the functional
evidence that local administration of mu or kappa opi-
oid agonists can attenuate capsaicin-induced thermal
hyperalgesia in rats. The antagonist study confirms that
this local anti-hyperalgesia is in the tail and is mediated
by opioid receptor subtypes. This experimental pain
model could be a useful tool for evaluating newly de-
veloped analgesics and peripherally antinociceptive ac-
tions. It indicates the possibility of local administration
of opioids for pain medication of localized nociceptive
origin.
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