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Abstract
Nociceptin/orphanin FQ (N/OFQ) is the endogenous peptide for the NOP receptors. Depending on
the doses, intrathecal administration of N/OFQ has dual actions (ie, hyperalgesia and antinociception)
in rodents. However, the pharmacological profile of intrathecal N/OFQ is not fully known in
primates. The aim of this study was to investigate behavioral effects of intrathecal N/OFQ over a
wide dose range and to compare its effects with ligands known to produce hyperalgesia or
antinociception in monkeys. Intrathecal N/OFQ from 1 fmol to 1 nmol did not produce any
hyperalgesic or scratching responses. In contrast, intrathecal substance P 100 nmol produced
hyperalgesia, and intrathecal DAMGO 10 nmol produced antinociception. At the dose range between
10 nmol and 1 µmol, intrathecal N/OFQ dose-dependently produced thermal antinociception against
a noxious stimulus in 2 intensities. More importantly, N/OFQ in combined with intrathecal morphine
dose-dependently potentiated morphine-induced antinociception without inhibiting morphine-
induced itch/scratching. Taken together, this study is the first to provide a unique functional profile
of intrathecal N/OFQ over a wide dose range in primates. Intrathecal N/OFQ produces thermal
antinociception without anti-morphine actions or scratching responses, indicating that N/OFQ or
NOP receptor agonists represent a promising target as spinal analgesics.

Perspective: Intrathecal administration of N/OFQ only produced thermal antinociception, not
hyperalgesia, in monkeys. In addition, intrathecal N/OFQ does not have anti-morphine actions or
itch/scratching responses. This study strongly supports the therapeutic potential of N/OFQ or NOP
receptor agonists as spinal analgesics for clinical trials.
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Spinal administration of µ-opioid receptor agonists is an important method for pain
management, and it is widely used for obstetric analgesia.8,10 However, itch/pruritus is the
most common side effect derived from spinal opioids, and it reduces the value of pain relief
afforded by spinal opioids.8,14 Previously, we have established an experimental model of spinal
opioid-induced itch/scratching in monkeys.18,21 Intrathecal administration of morphine dose-
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dependently produces antinociception with simultaneous scratching responses in monkeys,18

and this observation parallels closely with the behavioral effects of spinal morphine in humans.
1,34 This experimental model using the intrathecal route for drug delivery in primates provides
a valuable tool for identifying a novel, viable target as spinal analgesics.

Interestingly, a recent study found that intrathecal administration of an endogenous peptide,
nociceptin/orphanin FQ (N/OFQ),28,36 in the dose range of nanomoles produced
antinociceptive effects without itch/scratching responses in monkeys.22 Such naltrexone-
insensitive effects could be blocked by the selective N/OFQ peptide receptor (NOP) antagonist
J-113397 indicating that activation of spinal NOP receptors may be a promising target for
spinal analgesia.22,24 However, ultra low doses of N/OFQ administered intrathecally at the
dose range of femtomoles produced spontaneous agitation and pain manifested by biting,
scratching, and licking behavioral responses in mice, suggesting that spinal N/OFQ has
biphasic actions in rodents.15,40 Anatomical studies indicated that species differences may
exist in the distribution of N/OFQ and NOP receptors.2,4 Nevertheless, most studies report that
there is a high expression of N/OFQ and NOP receptors in the spinal cord of both rodents and
humans.31,44 It is worth investigating whether spinal N/OFQ has both antinociceptive and
pronociceptive/hyperalgesic actions and further characterizing the physiological functions of
spinal N/OFQ in primates.

Therefore, the aim of this study was to extensively investigate and directly compare the
behavioral effects of intrathecally administered N/OFQ over a wide dose range in monkeys.
As noted, rodent studies have shown that intrathecal DAMGO and substance P produced
antinociceptive and pronociceptive effects, respectively. 29,30,41 By using both behavioral end
points (ie, antinociception/hyperalgesia and scratching responses), effects of intrathecal
DAMGO and substance P were compared with those of intrathecal N/OFQ. Antinociceptive
effects of intrathecal N/OFQ were further studied against a noxious stimulus in 2 intensities.
In addition, the potential interaction between intrathecal N/OFQ and morphine was determined
to explore whether N/OFQ modulated intrathecal morphine-induced antinociception and
scratching responses.

Materials and Methods
Subjects

Eighteen adult intact male and female rhesus monkeys (Macacamulatta) with body weights
ranging between 6.7 and 12.2 kg were used. The monkeys were housed individually with free
access to water and were fed approximately 25 to 30 biscuits (Purina Monkey Chow; Ralston
Purina, St. Louis, MO) and fresh fruit daily. No monkey had exposure to any opioid 1 month
before the present study. The monkeys were housed in facilities accredited by the American
Association for the Accreditation of Laboratory Animal Care. The studies were conducted in
accordance with the University Committee on the Use and Care of Animals in the University
of Michigan (Ann Arbor, MI) and the Guide for the Care and Use of Laboratory Animals as
adopted and promulgated by the US National Institutes of Health (Bethesda, MD).

Procedures
Nociceptive Responses—The warm water tail-withdrawal assay was used to evaluate
thermal antinociceptive or hyperalgesic effects of the test compound.19,22 Briefly, monkeys
were seated in primate restraint chairs, and the lower part of their shaved tails (approximately
15 cm) were immersed in a thermal flask containing water maintained at either 42°, 46°, 50°,
or 54°C. Tail-withdrawal latencies were measured using a computerized timer by an
experimenter who did not know dosing conditions. In each test session, monkeys were
evaluated once with 4 temperatures given in a random order. If the monkeys did not remove
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their tails within 20 seconds (cutoff), the flask was removed and a maximum time of 20 seconds
was recorded. Test sessions began with determining a control value at each temperature.
Subsequent tail-withdrawal latencies were determined at multiple time points after intrathecal
administration.

Itch/Scratching Responses—Scratching behavior, inferred to be a response to itch
sensation,18,21 was recorded on videotape while the monkeys were in their home cages. Each
recording session was conducted for 15 minutes per test session. A scratch was defined as 1
short-duration (<1 second) episode of scraping contact of the forepaw or hind paw on the skin
surface of other body parts. Scratches occurred repetitively at the same location. Scratching
responses were scored by trained individuals who were blinded to experimental conditions. In
addition, monkeys were rated for sedation and muscle relaxation according to 2 behavioral
rating scales6 while in their home cages. The monitoring of potential side effects was conducted
by an observer at the last minute of each test session.

Experimental Designs
The first part of the study was to determine behavioral responses of intrathecally administered
N/OFQ over a wide range of ultra-low doses (ie, from 1 fmol to 1 nmol). In addition, effects
of DAMGO and substance P were used as control conditions to compare with those of
intrathecal N/OFQ. The doses of intrathecal DAMGO and substance P were selected based on
a previous monkey study and our pilot study.21 The tail-withdrawal latency in the temperatures
46°C (non-noxious) and 50°C (noxious) of warm water was used to detect potential
hyperalgesic/pronociceptive and antinociceptive effects, respectively, in monkeys.19,22 The
second part of the study was to determine the degree of antinociception produced by intrathecal
N/OFQ. The temperature 54°C of warm water represents a higher intensity of the nociceptive
stimulus. The tail-withdrawal latency in both 50 and 54°C of warm water were used to
characterize the antinociceptive effectiveness of intrathecal N/OFQ with increasing doses from
10 nmol to 1 µmol. The third part of the study was to investigate how behaviorally active doses
of N/OFQ modulated intrathecal morphine-induced antinociception and scratching responses.
The dose of intrathecal morphine 50 nmol was selected based on previous studies,20,26 showing
that it produced maximal scratching responses and antinociception, and it could be used to
detect whether intrathecal N/OFQ could interfere with morphine-mediated actions.

Statistical Analysis
Mean values (mean ± SEM) were calculated from individual values for all behavioral end
points. Comparisons were made for the same monkeys across all test sessions in the same
experiment. Data were analyzed by a 2-way analysis of variance (ANOVA) followed by the
Newman-Keuls test for multiple (post hoc) comparisons. For comparison of data at a single
time point, data were analyzed by 1-way ANOVA followed by the Dunnett test for multiple
comparisons. The criterion for significance was set at P < .05.

Drugs
N/OFQ, morphine sulfate (National Institute on Drug Abuse, Bethesda, MD), DAMGO, and
substance P (Sigma-Aldrich, St. Louis, MO) were dissolved in sterile water. Doses are
presented in the compound forms listed above. For intrathecal administration, N/OFQ,
morphine, or the mixture of N/OFQ and morphine was administered at a total volume of
1mL.Thedetaileddescriptionfor intrathecal drug delivery can be referred to previous studies.
20,21 All experiments using intrathecal administration were conducted with a 10-day inter-
injection interval.
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Results
Fig 1 illustrates distinct responses to nociceptive stimuli of monkeys receiving intrathecal
administration of N/OFQ, DAMGO, and substance P. Intrathecal N/OFQ over a wide range
of ultra-low doses (ie, from 1 fmol to 1 nmol) did not produce either hyperalgesic or
antinociceptive responses (Table 1). In contrast, intrathecal substance P 100 nmol produced
hyperalgesic responses in 46°C water [F(1,5) = 1025.2; P < .05] and intrathecal DAMGO 10
nmol produced antinociceptive responses in 50°C water [F(1,5) = 335.9; P< .05].

Fig 2 compares distinct behavioral responses of monkeys after intrathecal administration of N/
OFQ, DAMGO, and substance P. Intrathecal N/OFQ over a wide dose range of ultra-low doses
did not elicit scratching responses (Table 1). Although intrathecal substance P 100 nmol
significantly produced hyperalgesic effects, this dose of substance P did not elicit scratching
responses. In contrast, intrathecal DAMGO 10 nmol significantly evoked scratching responses
[F(1,5) = 124.3; P < .05] in addition to its antinociceptive effects. Scratching evoked by
intrathecal DAMGO peaked at the first observation period (ie, 15 minutes after intrathecal
administration) and continued throughout the 1 hour observation period (Fig 2 and Table 1).
It is worth noting that intrathecal administration of N/OFQ, DAMGO, and substance P at these
doses did not cause any observable side effects including sedation and muscle relaxation.

Fig 3 shows behavioral responses of intrathecal N/OFQ at doses between 10 and 100 nmol.
Intrathecal N/OFQ dose-dependently produced antinociceptive effects against a nociceptive
stimulus, 50°C water [F(3,15) = 28.1; P < .05]. However, N/OFQ at these doses did not produce
significant antinociception against a higher intensity of nociceptive stimulus, 54°C water and
it did not elicit scratching responses under these conditions. For comparison, Fig 4 shows
behavioral responses of intrathecal N/OFQ at higher doses from 0.1 to 1 µmol. All 3 doses of
intrathecal N/OFQ produced significant antinociception against 50°C water [F(3,15) = 198.4;
P < .05]. In addition, N/OFQ dose-dependently produced antinociceptive effects against 54°
C water [F(3,15) = 15.1, P < .05] without evoking scratching responses. It is worth noting that
intrathecal administration of N/OFQ at these doses did not cause any observable side effects
including sedation and motor impairment.

Fig 5 illustrates behavioral responses of intrathecal N/OFQ in combination with morphine. A
single dose of intrathecal morphine 50 nmol produced antinociceptive effects against 50°C,
not 54°C water (top 2 panels). This antinociceptive effect of intrathecal morphine was
accompanied by profound scratching responses (bottom panel). When N/OFQ was combined
with intrathecal morphine, N/OFQ dose-dependently increased the mixture’s antinociceptive
effects against 54°C water [F(3,15) = 14.2; P < .05]. Under these conditions, increasing doses
of N/OFQ did not attenuate intrathecal morphine-induced scratching responses.

Discussion
The present study showed that intrathecal administration of N/OFQ over a wide dose range
(ie, from 1 fmol to 1 µmol) produced thermal antinociception in the absence of hyperalgesia,
scratching, sedation, and muscle relaxation. There were no sequelae to intrathecal N/OFQ,
administered over several occasions consecutively in the same primates. For comparison,
intrathecal administration of substance P 100 nmol significantly produced pronociceptive/
hyperalgesic effects, manifested as reduced tail-withdrawal latencies in 46°C water. These
results agree with rodent studies, indicating that intrathecal substance P causes hyperalgesic
effects.27,30 Intrathecal administration of substance P and N/OFQ both produced a similar
degree of hyperalgesic effects, as shown by decreased response latency approximately for 2 to
3 seconds in rodents.30,39 It has been suggested that intrathecal N/OFQ-induced hyperalgesia
may be mediated by tachykinin NK1 receptors in the mouse spinal cord.39,40 Although
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intrathecal N/OFQ did not produce hyperalgesic effects like intrathecal substance P in
monkeys, more studies are warranted to elucidate the relationship of intrathecal substance P
with other neurotransmitter systems in the modulation of nociceptive processing of the primate
spinal cord.

In contrast, intrathecal administration of DAMGO 10 nmol significantly produced
antinociceptive effects, manifested as elevated tail-withdrawal latencies in 50°C water. These
effects are consistent with rodent studies, indicating that intrathecal DAMGO is a potent µ-
opioid antinociceptive agent.29,41 By testing intrathecal N/OFQ, substance P, and DAMGO in
the same animals, they displayed distinct effects on modulating the nociceptive threshold. Such
findings may suggest that intrathecal N/OFQ over a wide dose range does not produce
pronociceptive/hyperalgesic responses in monkeys under this context.

Intrathecal administration of either N/OFQ or substance P did not significantly elicit scratching
responses, but only intrathecal DAMGO elicited profound scratching responses (Fig 2 and
Table 1). Behavioral responses of intrathecal DAMGO are expected because previous studies
have demonstrated that antinociceptive doses of µ-opioid receptor agonists elicited scratching
responses in monkeys.18,20,26 It is well known that intrathecal morphine produces pain relief
accompanied by simultaneous itch sensation in humans.1,34 These findings strongly support
the notion that increased scratching responses in monkeys may represent a behavioral end point
selective for itch sensation18,21 and may suggest that intrathecal N/OFQ and substance P do
not elicit itch sensation in primates.

It is interesting to know that intrathecal administration of substance P and N/OFQ both elicited
scratching responses in rodents.3,13,15,40 Nevertheless, rodents’ scratching behavior may be
neither necessary nor sufficient to be indicative of pain or itch sensation. For example, early
studies showed that intrathecal substance P–induced scratching was not attenuated by
pretreatment with analgesics, indicating that scratching is not pain-related.3,13 In contrast,
increased scratching is considered as a sign of chronic pain in arthritic rats.11 Perhaps a series
of behavioral responses including scratching, biting, and licking15,40 after intrathecal substance
P or N/OFQ represents a general behavioral spectrum in rodents under the state of pain or/and
agitation, especially when additional measurements such as decreased response latency to a
noxious stimulus were provided.30,39 On the other hand, increased scratching is also considered
as a behavioral response to itch sensation in rodents receiving pruritogenic agents.16,23,25

Whether scratching behavior is pain-related or itch-related depends on the context. Several
factors such as administration routes and species differences may also contribute to different
results or interpretations in the behavioral pharmacology of itch. Therefore, it is very important
to conduct more psychophysical studies in humans and functional studies in animals9,17,42 to
further integrate and elucidate the physiological role of each neurotransmitter in the modulation
of itch and pain sensation.

Intrathecal administration of N/OFQ at the dose range from 10 nmol to 1 µmol dose-
dependently produced antinociception against a noxious stimulus in 2 intensities (Fig 3 and
Fig 4). The magnitude of N/OFQ’s antinociceptive effects in this assay is potentially similar
to that of clinically available µ-opioid analgesics, such as nalbuphine, morphine, and fentanyl.
5,18,43 Importantly, these antinociceptive doses of intrathecal N/OFQ did not elicit scratching
responses. As previously demonstrated, intrathecal N/OFQ-induced antinociception was
blocked by pretreatment with a selective NOP receptor antagonist, J-11339733 but not by a
classic opioid receptor antagonist, naltrexone.22 These findings together suggest that
intrathecal N/OFQ or other NOP receptor agonists may have the therapeutic potential as spinal
analgesics without side effects derived from µ-opioid receptor agonists. The degree of
antinociception produced by an experimental compound depends on its intrinsic efficacy and
the nociceptive stimulus intensity.12,35,38 Future studies are needed to further investigate
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whether intrathecal N/OFQ or other NOP receptor agonists produce the same degree of
antinociception as µ-opioid receptor agonists in monkeys under different pain modalities. In
particular, long-lasting NOP receptor agonists32,37 such as UFP-112 have been identified, and
it would be important to study such agonists in the context of spinal delivery in primates.

When N/OFQ was combined with a single dose of intrathecal morphine, this addition
potentiated intrathecal morphine-induced antinociception, manifested as elevated tail-
withdrawal latencies in 54°C water, by increasing the dose of N/OFQ (Fig 5). Interestingly,
addition of intrathecal N/OFQ did not attenuate intrathecal morphine-elicited scratching
responses. These results may indicate that intrathecal N/OFQ potentiates morphine-induced
antinociception without producing motor-related side effects because monkeys still display
profound scratching responses. Furthermore, in contrast to antimorphine actions of supraspinal
N/OFQ,7,45 intrathecal N/OFQ did not produce anti-morphine actions, indicating that N/OFQ
has different actions on spinal versus supraspinal sites.45 It would be reasonable to expect that
intrathecal administration of a mixture of morphine with NOP receptor agonists produces
antinociceptive effectiveness with fewer side effects. It also would be interesting to investigate
the development of tolerance to antinociceptive effects of spinally administered morphine or/
and NOP receptor agonists in future studies.

In summary, this study reveals a unique functional profile of intrathecal N/OFQ in primates.
Unlike dual actions (ie, both pronociceptive and antinociceptive effects) of intrathecal N/OFQ
observed in rodents, intrathecal N/OFQ over a wide dose range only produced antinociception.
More importantly, intrathecal N/OFQ did not produce anti-morphine actions when it was
combined with intrathecal morphine. The therapeutic potential of N/OFQ and the NOP
receptors has been emphasized for its broad medical applications.24,45 Given that intrathecal
N/OFQ produces antinociception without eliciting itch/scratching responses in monkeys, N/
OFQ or other NOP receptor agonists represent a viable target as spinal analgesics for future
clinical trials.
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Figure 1.
Comparison of warm water tail-withdrawal responses of intrathecally administered N/OFQ,
DAMGO, and substance P. Top panels: Tail-withdrawal latency in 46°C water. Bottom panels:
Tail-withdrawal latency in 50°C water. Behavioral responses were measured at 15-, 30-, 45-,
and 60-minute time points after intrathecal administration of test compound, using a single
dosing procedure. Each value represents mean ± SEM (n = 6). Symbols represent different
dosing conditions for the same monkeys. Asterisk represents a significant difference from the
vehicle condition for all time points (*P < .05).
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Figure 2.
Comparison of itch/scratching responses of intrathecally administered N/OFQ, DAMGO, and
substance P. Behavioral responses were scored for each 15-minute session after intrathecal
administration of test compound, using a single dosing procedure. Each value represents mean
± SEM (n = 6). Symbols represent different dosing conditions for the same monkeys. Asterisk
represents a significant difference from the vehicle condition for all time periods (*P < .05).
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Figure 3.
Behavioral responses of intrathecally administered N/OFQ at doses between 10 and 100 nmol.
A and B, tail-withdrawal latency in 50° and 54°C water, respectively. C, itch/scratching
responses for each 15-minute session crossing the time points, 30, 60, 90, or 120 minutes after
intrathecal N/OFQ (ie, scratching number between 23rd and 38th minutes for the time point,
30 minutes). Each value represents mean ± SEM (n = 6). Symbols represent different
experimental conditions for the same monkeys. Asterisk represents a significant difference
from the vehicle condition at corresponding time point (*P < .05).
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Figure 4.
Behavioral responses of intrathecally administered N/OFQ at doses between 0.1 and 1 µmol.
A and B, tail-withdrawal latency in 50° and 54°C water, respectively. C, itch/scratching
responses for each 15-minute session crossing the time points, 30, 60, 90, or 120 minutes after
intrathecal N/OFQ. Each value represents mean ± SEM (n = 6). Symbols represent different
experimental conditions for the same monkeys. Asterisk represents a significant difference
from the vehicle condition for all time points (*P < .05). #Significant difference from the
vehicle condition at corresponding time point (P < .05). See Fig 3 for other details.
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Figure 5.
Behavioral responses of intrathecally administered N/OFQ in combination with morphine.
Open circles represent the effects of intrathecal morphine 50 nmol alone. Other symbols
represent effects of the same dose of morphine in combination with different doses of N/OFQ
in the same monkeys. Each value represents mean ± SEM (n = 6). Asterisk represents a
significant difference from the control condition (ie, intrathecal morphine alone) at
corresponding time point (*P < .05). See Fig 3 for other details.
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Table 1

Behavioral Responses of Intrathecal Administration of N/OFQ Over a Wide Range of Ultra-
Low Doses as Compared to a Single Dose of DAMGO and Substance P.

Warm Water
Tail-Withdrawal Latency

(sec)*

Itch/Scratching†

Compound/Dose 46°C 50°C Number/15 min

N/OFQ

  0 (vehicle) 20 ± 0‡ 1.6 ± 0.1 50.0 ± 12.9

  1 fmol 20 ± 0 1.7 ± 0.1 33.8 ± 9.9

  10 fmol 20 ± 0 1.6 ± 0.2 49.3 ± 15.7

  100 fmol 20 ± 0 1.4 ± 0.2 44.3 ± 14.0

  1 pmol 20 ± 0 1.7 ± 0.1 57.2 ± 15.3

  10 pmol 20 ± 0 1.8 ± 0.1 57.5 ± 10.2

  100 pmol 20 ± 0 1.9 ± 0.2 41.0 ± 15.1

  1 nmol 20 ± 0 1.6 ± 0.2 35.2 ± 7.1

Substance P

  100 nmol 4.9 ± 1.4§ 1.2 ± 0.1 48.5 ± 8.6

DAMGO

  10 nmol 20 ± 0 16.8 ± 2.1§ 910.5 ± 103.9§

*
The latency was measured at 15 min after intrathecal administration of test compound.

†
The scratching number was scored between 15th and 30th min after intrathecal administration of test compound.

‡
Each value represents mean ± S.E.M. (n = 6).

§
The asterisk represents a significant difference from the vehicle condition (P < 0.05).
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