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Abstract
Although dynorphin A-(1–17) has been characterized in vitro as a high efficacy κ-opioid receptor
agonist, functional studies of dynorphin A-(1–17) following central or systemic administration
indicate the involvement of both opioid and non-opioid components. The aim of this study was to
investigate whether local administration of dynorphin-related analogs can attenuate capsaicin (8-
methyl-N-vanillyl-6-nonenamide)-induced nociception and what type of opioid receptor mediates
the local action of dynorphin A-(1–17) in monkeys. Capsaicin (100 μg) was used to evoke a
nociceptive response, thermal allodynia, which was manifested as a reduced tail-withdrawal latency
in normally innocuous 46°C warm water. Co-administration of dynorphin A-(1–17) (0.3–10 μg) with
capsaicin in the tail dose-dependently inhibited thermal allodynia; however, both non-opioid
fragments dynorphin A-(2–17) (10–300 μg) and dynorphin A-(2–13) (10–300 μg) were ineffective.
Local antiallodynia of dynorphin A-(1–17) was antagonized by a small dose (100 μg) of an opioid
receptor antagonist, quadazocine, applied s.c. in the tail. Pretreatment with a selective κ-opioid
receptor antagonist, nor-binaltorphimine (nor-BNI), s.c. 320 μg in the tail also reversed local
antiallodynia of dynorphin A-(1–17). Both locally effective doses of antagonists, when applied s.c.
in the back, did not antagonize local dynorphin A-(1–17), indicating that peripheral κ-opioid
receptors selectively mediated the local action of dynorphin A-(1–17) in the tail. In addition, a much
larger dose of dynorphin A-(1–17) (1000 μg), when administered s.c. in the back or i.m. in the thigh,
did not cause sedative or diuretic effects. These results suggest that in vivo opioid actions of
dynorphin-related peptides can be differentiated locally in this procedure. They also indicate that
local application of peptidic ligands may be a useful medication for localized pain.
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1. Introduction
Dynorphin A-(1–17) is a heptadecapeptide that is an endogenous ligand for κ-opioid receptors
(Goldstein et al., 1981; Chavkin et al., 1982). Dynorphin A-(1–17) has a relatively high binding
selectivity for κ-opioid receptors in cloned opioid receptors and in primate cortex membranes
(Meng et al., 1993; Raynor et al., 1994; Kim et al., 1996; Butelman et al., 1998), although
recent in vitro studies suggest that dynorphin A-(1–17) may interact with μ- and δ-opioid
receptors only at higher concentrations (Alt et al., 1998; Zhang et al., 1998). Nevertheless,
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dynorphin A-(1–17) has very high efficacy in activating G proteins in a cell line expressing
human κ-opioid receptors (Zhu et al., 1997; Remmers et al., 1999).

On the other hand, the in vivo characterization of dynorphin A-(1–17) is controversial. For
instance, intrathecal injection of dynorphin A-(1–17), dynorphin A-(1–13), or the non-opioid
dynorphin A-(2–17) all caused severe motor dysfunction in rats as shown by flaccid extension
of hindlimbs and loss of muscle tone (e.g., Faden and Jacobs, 1984; Stevens and Yaksh,
1986; Caudle and Isaac, 1988; Long et al., 1988). This motor impairment was not reversed by
opioid receptor antagonists and was not observed with synthetic κ-opioid receptor agonists
such as U50,488 [(trans)-3,4-dichloro-N-methyl-N-[2-(1- pyrrolidinyl)-cyclohexyl]
benzeneacetamide]. However, it can be partially reduced or blocked by N-methyl-D-aspartate
(NMDA) receptor antagonists (Caudle and Isaac, 1988; Shukla and Lemaire, 1994; Shukla et
al., 1997). Intravenous administration of dynorphin A-(1–17) in monkeys decreased food-
reinforced responding, but dynorphin A-(2–17) was ineffective. The operant inhibitory effects
of dynorphin A-(1–17) were not reversed by an opioid receptor antagonist, but stimulation of
serum prolactin release by intravenous dynorphin A-(1–17) was mediated by κ-opioid receptors
in monkeys (Butelman et al., 1999). Therefore, dynorphin A-(1–17) and its related analogs
following central or systemic administration have complex in vivo profiles including opioid
and non-opioid components of actions.

Few studies have characterized the effects of dynorphin-related analogs following local
administration. Only one rodent study has reported that intraplantar dynorphin A-(1–17)
produced a naloxone-reversible antinociception in an inflammatory pain model, but dynorphin
A-(2–17) was ineffective. However, this study did not evaluate what opioid receptor subtypes
mediated the local action of dynorphin A-(1–17) (Beyer et al., 1997). Considering that local
administration of peptides may minimize distribution factors and adverse effects produced by
central or systemic administration, it is valuable to explore the local antinociception of
dynorphin-related analogs in different experimental pain models. Previously, we found that
s.c. capsaicin in the tail of monkey evoked a nociceptive response, thermal allodynia, which
was manifested as a reduced tail-withdrawal latency in normally innocuous warm water (Ko
et al., 1998). In this procedure, small, systemically inactive doses of κ-opioid receptor agonists
can locally attenuate capsaicin-induced thermal nociception, which has been demonstrated as
a peripheral action of κ-opioid receptors (Ko et al., 1999a).

The aim of this study was therefore to examine whether local administration of dynorphin A-
(1–17) and non-opioid fragments dynorphin A-(2–17) and dynorphin A-(2–13) can attenuate
capsaicin-induced nociception in monkeys. Antagonism studies were performed to
characterize opioid receptor subtypes mediating local actions of dynorphin A-(1–17). In
addition, intramuscular (i.m.) administration of dynorphin A-(1–17) and a prototypic κ-opioid
receptor agonist U50,488 was conducted in order to compare potential diuretic effects, which
can be produced following i.m. administration of non-peptidic κ-opioid receptor agonists
(Leander, 1983; Dykstra et al., 1987).

2. Materials and methods
2.1. Subjects

Eleven adult male and female rhesus monkeys (Macaca mulatta) with body weights ranging
between 7.1 and 12.9 kg were used (their mean weight during this study was 9.7 kg). They
were housed individually with free access to water and were fed approximately 25–30 biscuits
(Purina Monkey Chow; Ralston Purina, St. Louis, MO) and fresh fruit daily. Six monkeys were
previously trained in the warm water tail-withdrawal procedure and all monkeys did not have
exposure to opioids or capsaicin for one month before the present study. Animals used in this
study were maintained in accordance with the University Committee on the Use and Care of
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Animals in the University of Michigan, and the Guide for the Care and Use of Laboratory
Animals (7th edn). by the Institute of Laboratory Animal Resources (Natl. Acad. Press,
Washington, DC, revised 1996).

2.2. Procedure
Thermal antinociception was measured by a warm water tail-withdrawal procedure, which has
been described previously (Ko et al., 1998). Briefly, monkeys were seated in restraint chairs
and the lower part of the shaved tail (approximately 15 cm) was immersed into warm water
maintained at temperatures of 42°C, 46°C, or 50°C. Tail-withdrawal latencies were recorded
by an experimenter who did not know experimental conditions. A maximum cutoff latency (20
s) was used in order to prevent tissue damage. Each experimental session began with control
determinations at three temperatures in a varying order. Subsequent tail-withdrawal latencies
were determined at 5, 15, 30, 45, and 60 min after injection. A single-dosing procedure was
used in all test sessions. Experimental sessions were conducted only once per week.

2.3. Experimental design
After capsaicin was administered s.c. in the tail, it dose-dependently caused thermal allodynia
for approximately 30 min following injection (Ko et al., 1998). Based on these previous results,
we choose 100 μg of capsaicin in 46°C water as a standard noxious stimulus for the present
studies.

2.3.1. Antinociceptive effects of dynorphin-related analogs—Dynorphin A-(1–17)
(0.3–10 μg), dynorphin A-(2–17) (10–300 μg), or dynorphin A-(2–13) (10–300 μg) was co-
administered with capsaicin in the tail to evaluate their antiallodynic effects. The maximum
locally effective dose was administered s.c. in the back (i.e., around the scapular region) against
capsaicin. In addition, this locally effective dose was administered s.c. in the tail to evaluate
whether it changed the thermal nociceptive threshold in the absence of capsaicin. For
comparison, systemic antinociceptive effects of dynorphin A-(1–17) (3–300 μg/kg) were
studied by s.c. administration in the back immediately after capsaicin injection.

2.3.2. Antagonism of dynorphin A-(1–17)-induced local antiallodynia—
Considering that onset and distribution factors may be minimized with local administration,
an opioid receptor antagonist, quadazocine (10–100 μg), was co-administered with capsaicin
and dynorphin A-(1–17) in the tail to evaluate local antagonist effects. Similarly, the maximum
locally effective dose of quadazocine was injected s.c. in the back to verify whether the
antagonism was localized in the tail.

In addition, a selective κ-opioid receptor antagonist, nor-binaltorphimine (nor-BNI) was used
to confirm local antiallodynic actions of dynorphin A-(1–17). Previously, we have
demonstrated that pretreatment with nor-BNI 320 μg in the tail significantly antagonized
U50,488 [(trans)-3,4-dichloro-N-methyl-N-[2-(1-pyrrolidinyl)-cyclohexyl]-
benzeneacetamide]-induced local antinociception against capsaicin, but it did not antagonize
the local antinociception of μ-opioid receptor agonists (Ko et al., 1998, 1999a). By using the
same procedure, nor-BNI was administered s.c. in the marked tail. The tail-withdrawal
latencies in 42°C, 46°C, and 50°C water were measured for 1 h after injection, in order to verify
whether nor-BNI alone interfered with normal tail-withdrawal responses. Then, local
antiallodynic effects of dynorphin A-(1–17) against capsaicin were determined 24 h after local
nor-BNI pretreatment. Likewise, nor-BNI 320 μg was administered s.c. in the back with the
same pretreatment time to verify whether the antagonism was localized in the tail.

2.3.3. Diuretic effects of U50,488 and dynorphin A-(1–17)—Urine outputs were
collected in the home cage over 3 h after i.m. administration of U50,488 (100–1000 μg) or
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dynorphin A-(1–17) (10–1000 μg). These dose ranges were chosen, starting from their locally
effective doses, which produced local antinociception against capsaicin. A fixed injection
volume (0.5 ml) was used in order to compare diuretic effects, which may be interfered by
differential distribution factors of non-peptidic versus peptidic ligands. Experimental sessions
were conducted typically between 9 am to noon; and they were performed twice per week with
at least a 3-day interval,. The result with each dose was replicated two to three times in each
monkey (n = 5).

2.4. Data analysis
Individual tail-withdrawal latencies were converted to percent of maximum possible effect (%
MPE) by the following formula: %MPE = [(test latency − control latency)/(cutoff latency, 20
s − control latency)] × 100. The 15-min time point was used for data analysis because this was
the time of peak effects of capsaicin and peptidic opioid agonists following local administration
(Ko et al., 1998, 1999a). Mean ED50 values were obtained from individual ED50 values, which
were calculated by least-squares regression using the portion of the dose–effect curves
spanning 50% MPE, and 95% confidence limits were also determined. Similarly, the mean
ID50 value of quadazocine was determined in the same manner by defining the dose that
inhibited 50% MPE of dynorphin A-(1–17). Considering the mean body weight of monkeys
was approximately 10 kg during this study, an attempt was made to compare doses of s.c.
injection in the tail (μg) versus in the back (μg/kg) based on the mean weight of monkeys (i.e.,
10 μg/kg corresponds to 100 μg, given an approximate monkey weight of 10 kg). In addition,
dose-dependent effects were analyzed with one-way analysis of variance followed by the
Newman–Keuls test (P < 0.01).

2.5. Drugs
Dynorphin A-(1–17) and its related analogs (Department of Chemistry, University of Arizona,
Tucson, AZ), U50,488 HCl (Upjohn, Kalamazoo, MI), quadazocine methanesulfonate (Sanofi,
Malvern, PA), and nor-BNI (provided by Dr. H.I. Mosberg, Division of Medicinal Chemistry,
College of Pharmacy, University of Michigan, Ann Arbor, MI) were dissolved in sterile water.
For systemic administration, all compounds were administered s.c. in the back (i.e., around the
scapular region) with 0.1 ml/kg volume. Capsaicin (Sigma, St. Louis, MO) was dissolved in a
solution of Tween 80/ethanol/saline in a ratio of 1:1:8. For local antinociceptive assay, all
compounds were mixed in the capsaicin solution and were injected s.c. in the terminal 1 to 4
cm of the tail with constant 0.1 ml volume. For diuretic assay, all compounds were injected
intramuscularly in either lateral side of thighs with constant 0.5 ml volume.

3. Results
Monkeys used in this study displayed a consistent profile in tail-withdrawal responses, which
were similar to what we have reported previously in different groups of monkeys (Ko et al.,
1998, 1999a). Normally, they kept their tails in 42°C and 46°C water for 20 s (cutoff latency)
and removed their tails from 50°C water rapidly (within 1–3 s). As noted, the thermal pain
threshold in monkeys in this study is similar to other primate studies. For instance, it has been
reported that monkeys frequently escaped the 51°C stimulus, but almost never from the 43°C
and 47°C temperatures; human subjects have described 43°C as slightly warm, 47°C as
distinctly warm but not painful, and 51°C as a clearly painful stimulus (Kupers et al., 1997).
After capsaicin 100 μg was injected s.c. in the monkey’s tail, it evoked a nociceptive response,
thermal allodynia, which was manifested as a reduced tail-withdrawal latency of approximately
2–3 s in 46°C water. This thermal allodynic response peaked at 5 to 15 min and gradually
disappeared within 1 h after injection (Ko et al., 1998).
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3.1. Antinociceptive effects of dynorphin-related analogs
Fig. 1 compares the antinociceptive effects of dynorphin A-(1–17) against capsaicin-induced
thermal allodynia following s.c. administration in the tail and in the back. Co-administration
of dynorphin A-(1–17) (0.3–10 μg) with capsaicin (100 μg) in the tail dose-dependently
attenuated allodynia in 46°C water (Fig. 1, top). However, when the locally effective dose of
dynorphin A-(1–17) 10 μg was administered s.c. in the back, it was not effective against
capsaicin. The ED50 value of dynorphin A-(1–17)-induced local antinociception in this
procedure was 3.3 μg (95% C.L.: 1.9–5.8 μg). In contrast, when dynorphin A-(1–17) (3–300
μg/kg) was administered s.c. in the back, it did not attenuate capsaicin-induced allodynia (Fig.
1, bottom). Given that the mean weight of monkeys was 9.7 kg during this study, 300 μg/kg
of dynorphin A-(1–17) approximately corresponded to 3000 μg total dose for a monkey (see
Fig. 1, the second abscissa of bottom panel). The antiallodynic potency of s.c. dynorphin A-
(1–17) in the tail was at least 300- to 1000-fold higher than s.c. dynorphin A-(1–17) in the
back. It is worth noting that s.c. dynorphin A-(1–17) in the tail and in the back at these doses
did not cause any notable behavioral change, such as sedation, through the entire test session
after injection.

Fig. 2 illustrates tail-withdrawal responses of monkeys at 15 min following local injection in
the tail. The injection procedure itself (i.e., vehicle injection) did not interfere with normal tail-
withdrawal responses. Although 50°C water alone is a noxious stimulus, s.c. dynorphin A-(1–
17) 10 μg in the tail did not produce antinociception against 50°C water in this procedure. This
dose of dynorphin A-(1–17) alone did not cause any swelling in the tail. It should be noted that
neither vehicle nor dynorphin A-(1–17) injected in the tail changed tail-withdrawal latencies
through the entire test session (i.e., 5–60 min). On the other hand, both dynorphin A-(2–17)
and dynorphin A-(2–13), when co-administered with capsaicin in the tail, did not attenuate
capsaicin-induced allodynia in 46°C water, and this ineffectiveness was observed up to a dose
of 300 μg (Fig. 3).

3.2. Antagonism of dynorphin A-(1–17)-induced local antiallodynia
Fig. 4 illustrates the local quadazocine antagonism of dynorphin A-(1–17)-induced
antiallodynia in the tail. Co-administration of quadazocine (10–100 μg) with capsaicin (100
μg) and dynorphin A-(1–17) (10 μg) in the tail dose-dependently antagonized the local
inhibition of dynorphin A-(1–17) in capsaicin-induced allodynia in 46°C water. The ID50 value
of quadazocine against dynorphin A-(1–17) in this procedure was 30.6 μg (95% C.L.: 13.7–
68.2 μg). However, when the locally effective dose of quadazocine 100 μg was administered
s.c. in the back, it did not antagonize local dynorphin A-(1–17) (Fig. 5). Furthermore,
pretreatment with nor-BNI 320 μg in the tail also significantly antagonized dynorphin A-(1–
17)-induced local antinociception against capsaicin (Fig. 5). In the same pretreatment
procedure, when nor-BNI 320 μg was administered s.c. in the back, it did not antagonize local
dynorphin A-(1–17). As noted, following s.c. injection of nor-BNI in the tail or in the back,
there were no changes of tail-withdrawal latencies in both 46 and 50°C water (data not shown).
Administration of nor-BNI also did not change monkeys’ thermal nociceptive threshold after
24 h and beyond.

3.3. Diuretic effects of U50,488 and dynorphin A-(1–17)
Fig. 6 compares the diuretic effects of U50,488 and dynorphin A-(1–17) following i.m.
administration. The mean value of urine output during 3 h period is approximately 20.6 ±4.2
ml (S.E.M.). i.m. injection of U50,488 (100–1000 μg) in the thigh dose-dependently increased
urine output (Fig. 6, top). In contrast, i.m. injection of dynorphin A-(1–17) (10–1000 μg) did
not increase urine output in the same group of monkeys (Fig. 6, bottom).
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4. Discussion
This study demonstrates that local administration of dynorphin A-(1–17) was very potent in
attenuating capsaicin-induced thermal allodynia in rhesus monkeys and the non-opioid
fragments, dynorphin A-(2–17) and dynorphin A-(2–13), were not effective in the procedure.
Dynorphin A-(1–17)-induced local antiallodynia was mediated by peripheral κ-opioid
receptors. These observations provide the functional evidence of selective κ-opioid receptor-
mediated actions of dynorphin A-(1–17) following local administration in non-human
primates.

4.1. Antinociceptive effects of dynorphin-related analogs
This is the first study to demonstrate that local administration of dynorphin A-(1–17) dose-
dependently inhibited capsaicin-induced thermal allodynia in monkeys (Fig. 1). The locally
effective dose of dynorphin A-(1–17), when applied s.c. in the back, did not inhibit capsaicin-
induced nociception. This indicates that the site of action of locally administered dynorphin
A-(1–17) may be located in the tail. Dynorphin A-(1–17) was approximately 10-fold more
potent than dynorphin A-(1–13) in the same procedure (i.e., ED50: 3 μg vs. 28 μg) (Ko et al.,
1999a). Interestingly, this potency difference is related to in vitro studies, in which dynorphin
A-(1–17) was approximately 30-fold more potent than dynorphin A-(1–13) in stimulating the
[35S]GTPγS binding in a κ-opioid receptor cell line (i.e., ED50: 13 vs. 414 nM) (Remmers et
al., 1999).

Although dynorphin A-(1–17) was characterized in vitro as a high efficacy κ-opioid receptor
agonist, systemic dynorphin A-(1–17) did not display such a profile. Intravenous
administration of dynorphin A-(1–17) only produced slight antinociception against a noxious
stimulus of 50°C water, in which a non-peptide κ-opioid receptor agonist U69,593 produced
full antinociception (Butelman et al., 1999). Similarly, s.c. dynorphin A-(1–17) in the back did
not produce antinociception against capsaicin (Fig. 1). In particular, the antiallodynic potency
of s.c. dynorphin A-(1–17) in the tail was at least 300- to 1000-fold higher than s.c. dynorphin
A-(1–17) in the back. Such a large difference in potency was only observed with peptidic
ligands, but not with non-peptidic compounds (Ko et al., 1998, 1999a). It could be explained
in part by pharmacokinetic factors of peptides such as rapid degradation or poor distribution
(Yu et al., 1996; Gambus et al., 1998).

Thus, locally administered dynorphin A-(1–17) (i.e., s.c. or i.m.) may minimize the centrally
mediated effects. As noted, even s.c. dynorphin A-(1–17) in the back at a dose up to 300 μg/
kg did not produce any overt behavioral change, such as sedation, which has been demonstrated
as part of central actions of κ-opioid receptors (Ko et al., 1999b). Furthermore, i.m. dynorphin
A-(1–17) in the thigh at a dose up to 1000 μg did not produce diuretic effects, but i.m. U50,488
1000 μg significantly increased urine output in the same monkeys (Fig. 6). This dose of
U50,488 is 10-fold higher than its locally effective dose (100 μg) in producing antiallodynic
effects (Ko et al., 1999a). In contrast, i.m. dynorphin A-(1–17) 1000 μg is 100-fold higher than
its antiallodynic dose (10 μg). This suggests that s.c. or i.m. dynorphin A-(1–17) has a wider
window between local and central/systemic actions. For some localized pain (e.g., dental pulp
or knee joint), local administration of dynorphin A-(1–17) or other κ-opioid receptor peptides
may provide pain relief without untoward side effects.

It should be noted that the antiallodynic dose of dynorphin A-(1–17) alone in the tail did not
modify the thermal nociceptive threshold (Fig. 2). Dynorphin A-(1–17)-induced local
antinociception was only observed under hyperalgesic- or allodynic-like states (Beyer et al.,
1997; present study). This observation is similar to those from previous studies, which
characterized local antinociceptive actions of μ- and κ-opioid receptor agonists in non-human
primates (Ko et al., 1998,1999a). Given that dynorphin A-(1–17) is present at the site of
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inflammation (Hassan et al., 1992), dynorphin A-(1–17) may modulate the activity of
peripheral sensory fibers, which are dynamically regulated by a variety of mediators following
tissue injury and inflammation. Nevertheless, the role of dynorphin A-(1–17) in the central
nervous system is more complicated, as several studies have speculated that dynorphin-related
peptides may contribute to the development or maintenance of neuropathic pain (e.g., Vanderah
et al., 1996;Claude et al., 1999).

Capsaicin evoked pain sensations by activating C-fibers and stimulating the release of
neuropeptides such as substance P and calcitonin gene-related peptide from primary
nociceptive afferents (Winter et al., 1995; Caterina et al., 1997; Szallasi and Blumberg,
1999). Some studies have suggested that activation of peripheral κ-opioid receptors inhibits
the excitability of nociceptive neurons and reduces the release of substance P from primary
afferent fibers (Yonehara et al., 1992; Andreev et al., 1994). Considering that capsaicin-
sensitive nerve fibers are involved in a variety of nociceptive conditions (Bartho et al., 1990;
Kim et al., 1995; Winter et al., 1995), local administration of κ-opioid receptor agonists may
be effective for reducing pain derived from different nociceptive origins (Junien 1995;
Nagasaka et al., 1996; Wilson et al., 1996; Ko et al., 1999a). However, higher concentration
of capsaicin-induced nociceptor-desensitization limits the opportunity of studying different
pain intensities with this capsaicin pain model in non-human primates. It will be important to
develop other types of pain models in monkeys to evaluate the antinociceptive efficacy of κ-
opioid analgesics.

4.2. Antagonism of dynorphin A-(1–17)-induced local antiallodynia
Local administration of an opioid receptor antagonist, quadazocine, dose-dependently
antagonized local antiallodynia of dynorphin A-(1–17) (Fig. 4). This local antagonist potency
of quadazocine against dynorphin A-(1–17) is similar to its potency against a selective κ-opioid
receptor agonist U50,488 in the same procedure (i.e., ID50 31 μg/tail vs. 28 μg/tail), but it is
less potent than the quadazocine dose in antagonizing effects of μ-opioid receptor agonists
(i.e., ID50 4 μg/tail) (Ko et al., 1998,1999a). In particular, local administration of quadazocine
10 μg was effective in antagonizing local actions of fentanyl (Ko et al., 1998), but it was not
effective in antagonizing local actions of dynorphin A-(1–17) in this study. Moreover, local
pretreatment with a selective κ-opioid receptor antagonist, nor-BNI, also reversed local
antiallodynic effects of dynorphin A-(1–17) (Fig. 5). Both locally effective doses of
quadazocine and nor-BNI, when applied s.c. in the back, did not antagonize local effects of
dynorphin A-(1–17) (Fig. 5). These antagonism studies confirm the site of action of locally
administered dynorphin A-(1–17), indicating that peripheral κ-opioid receptors mediated local
antinociception of dynorphin A-(1–17) against capsaicin-induced thermal allodynia in the tail.

Both dynorphin-related fragments dynorphin A-(2–17) and dynorphin A-(2–13) did not
produce local antinociception against capsaicin (Fig. 3). This observation further supports the
notion that κ-opioid receptors selectively mediated local antinociceptive effects of dynorphin
A-(1–17) in this procedure. More importantly, it provides functional evidence that tyrosine at
position one of dynorphin A-(1–17) is an essential requirement for binding to opioid receptors
(Meng et al., 1993;Naqvi et al., 1998). Several rodent studies have indicated that central or
systemic administration of dynorphin A-(2–17) or dynorphin A-(2–13) produced non-opioid
antinociceptive effects (Przewlocki et al., 1983;Hooke et al., 1995;Beyer et al., 1997). The
involvement of NMDA receptors has been suggested to explain some of the non-opioid effects
of dynorphin A-(1–17) and related peptides (Shukla and Lemaire, 1994;Shukla et al., 1997).
However, the dissociation of local antinociception between dynorphin A-(1–17) and dynorphin
A-(2–17) in the present study suggests that this capsaicin-induced thermal allodynia is a
selective behavioral endpoint to study the inhibitory effects of locally administered opioid
receptor agonists in monkeys.
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4.3. General summary
This study demonstrates that peripheral κ-opioid receptors mediated dynorphin A-(1–17)-
induced local antinociception against capsaicin-induced thermal allodynia in monkeys.
Dynorphin A-(1–17) has been characterized as a high efficacy κ-opioid receptor agonist in
vitro (Zhu et al., 1997; Remmers et al., 1999). However, central or systemic administration of
dynorphin A-(1–17) displayed both opioid and non-opioid effects in different species and
systemic dynorphin A-(1–17) did not have strong antinociceptive effects in non-human
primates (e.g., Faden and Jacobs, 1984; Shukla and Lemaire, 1994; Butelman et al., 1999). The
present study indicates that local administration of dynorphin A-(1–17) provides an opportunity
to study selective κ-opioid receptor-mediated antinociception of dynorphin A-(1–17). In
addition, it suggests another approach for pain management by activating peripheral κ-opioid
receptors (Junien 1995; Nagasaka et al., 1996; Wilson et al., 1996; Ko et al., 1999a). These
results strengthen the notion that local application of peptidic ligands without untoward side
effects may be a useful medication for localized pain.
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Fig. 1.
Antinociceptive effects of dynorphin A-(1–17) against capsaicin-induced thermal allodynia in
46°C water. Hashed bars indicate dynorphin A-(1–17) was co-administered with capsaicin
(100 μg) in the tail and filled bars indicate dynorphin A-(1–17) was administered s.c. in the
back. Each value represents the mean±S.E.M. (n = 3–6). Asterisks represent a significant
difference from control (**P < 0.01). Abscissae: doses of dynorphin A-(1–17). Ordinates:
percent of maximum possible effect (%MPE). Each data point was obtained at 15 min after
injection. See Materials and methods for other details.
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Fig. 2.
Thermal nociceptive threshold in the absence and presence of dynorphin A-(1–17). Open
circles represent tail-withdrawal latencies following s.c. administration of dynorphin A-(1–17)
10 μg in the tail. See Materials and methods and Fig. 1 for other details.
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Fig. 3.
Lack of local antinociception of dynorphin A-(2–17) and dynorphin A-(2–13) against
capsaicin-induced thermal allodynia in 46°C water. Both peptides were co-administered with
capsaicin in the tail. See Materials and methods and Fig. 1 for other details.
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Fig. 4.
Antagonism of quadazocine in local antiallodynic effects of dynorphin A-(1–17) in 46°C water.
CTRL represents the effects of co-administration of capsaicin 100 μg and dynorphin A-(1–17)
10 μg in the tail. Quadazocine was co-administered with capsaicin and dynorphin A-(1–17) in
the tail. See Materials and methods and Fig. 1 for other details.
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Fig. 5.
Comparison of quadazocine and nor-BNI antagonism when they were administered s.c. in the
tail and in the back against dynorphin A-(1–17)-induced local antiallodynia. The symbol “T”
indicates the corresponding compound was administered s.c. in the tail. The symbol “B”
indicates the corresponding antagonist was administered s.c. in the back. The symbol “−”
represents the absence of conditions. See Materials and methods and Fig. 1 for other details.
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Fig. 6.
Comparison of diuretic effects of U50,488 and dynorphin A-(1–17). Each value represents the
mean ± S.E.M. (n = 5). VEH indicates the effects of i.m. injection of water in the thigh. Asterisks
represents a significant difference from VEH (**P < 0.01). Abscissae: doses of compounds
(μg). Ordinates: urine output (ml) over 3 h after injection. See Materials and methods for other
details.
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