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Abstract
[(pF)Phe4Aib7Arg14Lys15]N/OFQ-NH2 (UFP-112) has been designed as a novel ligand for the
nociceptin/orphanin FQ (N/OFQ) peptide receptor (NOP) by combining into the same peptide
different chemical modifications reported to increase N/OFQ potency. In vitro data obtained in the
electrically stimulated mouse vas deferens demonstrated that UFP-112 behaved as a high potency
(pEC50 9.43) full agonist at the NOP receptor. UFP-112 effects were sensitive to the NOP antagonist
UFP-101 but not to naloxone and no longer evident in tissues taken from NOP−/− mice. In vitro half
life of UFP-112 in mouse plasma and brain homogenate was 2.6 and 3.5 fold higher than that of N/
OFQ. In vivo, in the mouse tail withdrawal assay, UFP-112 (1–100 pmol, i.c.v.) mimicked the actions
of N/OFQ producing pronociceptive effects after i.c.v. administration and antinociceptive effects
when given i.t; in both cases, UFP-112 was approx. 100 fold more potent than the natural peptide
and produced longer lasting effects. UFP-112 also mimicked the hyperphagic effect of N/OFQ
producing a bell shaped dose response curve with the maximum reached at 10 pmol. The hyperphagic
effects of N/OFQ and UFP-112 were absent in NOP−/− mice. Equi-effective high doses of UFP-112
(0.1 nmol) and N/OFQ (10 nmol) were injected i.c.v. in mice and spontaneous locomotor activity
recorded for 16 h. N/OFQ produced a clear inhibitory effect which lasted for 60 min while UFP-112
elicited longer lasting effects (> 6h). In conscious rats, UFP-112 (0.1 and 10 nmol/kg, i.v.) produced
a marked and sustained decrease in heart rate, blood pressure, and urinary sodium excretion and a
profound increase in urine flow. Collectively, these findings demonstrate that UFP-112 behaves in
vitro and in vivo as a highly potent and selective ligand able to produce full and long lasting activation
of NOP receptors.
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1. Introduction
About ten years ago, the heptadecapeptide nociceptin/orphanin FQ (N/OFQ) was identified as
the endogenous ligand of a previously orphan G-protein coupled receptor [41,49] now named
N/OFQ peptide (NOP) receptor [17]. Both the peptide and its receptor are widely distributed
in the brain, spinal cord and peripheral nervous system, and modulate a large variety of
biological functions including pain transmission, anxiety, memory, food intake, locomotor
activity and the functions of some peripheral systems such as the airways, the cardiovascular,
gastrointestinal and genitourinary systems [7,42].

Potent and selective ligands are required for investigating in detail the functions regulated by
the N/OFQ–NOP receptor system and ultimately for identifying the therapeutic indications for
NOP receptor agonists and antagonists. The following NOP ligands are currently available: i)
small non peptide molecules, e.g. the agonist Ro 64-6198 [29] and the antagonists J-113397
[46] and SB-612111 [52]; ii) small peptides such as the hexapeptides Ac-RYYRWK-NH2 and
Ac-RYYRIK-NH2 [19] and the pseudopentadapeptide III-BTD [2]; iii) a large series of N/
OFQ related peptides chemically modified for increasing agonist potency or for reducing or
eliminating efficacy. Details about these three classes of NOP ligands can be found in recent
review articles such as [53] and [3]. Our research group has substantially contributed to the
identification of N/OFQ related NOP ligands by performing a series of structure activity studies
which allow the identification of the following useful chemical modifications: C-terminus
amidation that increases agonist potency and reduces susceptibility to peptidases [23],
reduction of the first peptide bond of N/OFQ which reduces ligand efficacy [8], shift of the
Phe1 side chain to the nitrogen atom that eliminates efficacy [25], and substitutions on the
Phe4 side chain (e.g. (pF)Phe4) that increase peptide potency [24]. Other groups identified
different chemical modifications able to increase peptide potency including the Arg14Lys15

substitution [45] or that with the unnatural residue Aib in position 7 and/or 11 [55]. Recently
we combined into the N/OFQ sequence all the above mentioned chemical modifications thus
generating a new series of NOP receptor ligands [1]. The most interesting peptides generated
in this study were the antagonist [Nphe1Aib7Arg14Lys15]N/OFQ-NH2, the partial agonist
[Phe1Ψ(CH2-NH)Gly2(pF)Phe4 Aib7Arg14Lys15]N/OFQ-NH2, and the full agonist [(pF)
Phe4Aib7Arg14Lys15]N/OFQ-NH2 (coded as UFP-112). These peptides were characterized
pharmacologically in a series of in vitro assays including receptor binding and functional
[35S]GTPγS binding in membranes from CHO cells stably expressing the human NOP receptor
and in bioassays experiments performed in the electrically stimulated mouse and rat vas
deferens and guinea pig ileum tissues, where they displayed very high affinity/potency and
NOP selectivity [1].

Here we present a detailed evaluation of the pharmacological profile of UFP-112. In vitro the
peptide was evaluated in the electrically stimulated mouse vas deferens, challenged with
antagonists and reassessed in tissues taken from NOP receptor gene knockout mice
(NOP−/−), moreover the metabolic stability of UFP-112 was compared to that of N/OFQ in
mouse brain homogenate and plasma.

In vivo UFP-112 was studied in rodents by assessing its effects on various biological functions
known to be modulated by N/OFQ, including supraspinal and spinal pain transmission, food
intake, locomotor activity, as well as cardiovascular and renal functions.

2. Material and methods
2.1 Animals

Male Swiss albino (Morini, Reggio Emilia, Italy, 25–30 g) were housed in 425 x 266 x 155
mm cages (Tecniplast, MN, Italy), 8 animals / cage, under standard conditions (22°C, 55%
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humidity, 12-h light-dark cycle, light on at 7.00 AM) with food (MIL, standard diet, Morini,
RE, Italy) and water ad libitum for at least 5 days before experiments commenced. CD1/
C57BL6/J-129 wild type (NOP+/+) and knockout for the NOP receptor gene (NOP−/−) mice
were genotyped by PCR. Details of the generation and breeding of mutant mice have been
previously published [22,44]. Male Sprague-Dawley rats (Harlan, Indianapolis, IN) weighing
300–350g were used for the cardiovascular and renal function studies. Rats were housed in
groups of two and were maintained on a 12 h light/dark cycle (lights on at 7 am) with free
access to a normal sodium diet (sodium content, 163 mEq/Kg) and tap water ad libitum. All
procedures were conducted in accordance to the guidelines published in the European
Communities Council directives (86/609/EEC) and those of the National Institutes of Health
for the Care and Use of Animals approved by the Louisiana State University Health Sciences
Center Institutional Animal Care and Use Committee.

2.2 Electrically stimulated mouse vas deferens
Vas deferens taken from Swiss or CD1/C57BL6/J-129 NOP+/+ and NOP−/− mice were
prepared as previously described [4]. Tissues were continuously stimulated through two
platinum ring electrodes with supramaximal voltage rectangular pulses of 1 msec duration and
0.05 Hz frequency. The electrically evoked contractions (twitches) were measured isotonically
with a strain gauge transducer (Basile 7006) and recorded with the PC based acquisition system
PowerLab 4/25 (model ML845, ADInstruments, Australia). After an equilibration period of
about 60 min, the contractions induced by electrical field stimulation were stable; at this time,
cumulative concentration-response curves to N/OFQ or UFP-112 were performed (0.5 log-unit
step) in the absence or in presence of antagonists (the selective NOP receptor antagonist
UFP-101[11], or the non selective classical opioid receptor antagonist naloxone, (15 min pre-
incubation time).

2.3 Peptide half-life in mouse plasma and brain homogenate
Plasma and brain tissue samples were obtained from male Swiss mice. The animals, after being
sacrificed under ether anesthesia, were perfused with physiological heparin solution injected
through a needle placed in the left ventricle. Blood was then withdrawn and centrifuged at
14000 xg for 2 minutes at room temperature. After separation from the pellet, the plasma was
aliquoted and stocked at −80° C. After blood withdrawal, the animal was further perfused with
a physiological solution for 2 minutes before brain removal. The brain tissue was homogenized
in 5 vol. (w/v) of Tris/HCl (50 mM, pH 7.4, 0°C) with a ultra-Turrax (Janke Kunkel, Staufen,
FRG) 3 times for 15 seconds each. The supernatant obtained by centrifugation (3000 xg for 15
min at 4°C) was decanted and then stocked at −80°C. The protein content of the preparations,
determined by the Bradford method [5], was approximately 8 μg/μl for the brain homogenate
and 17 μg/μl for the plasma. An aliquot of 100 μl solution of each peptide (3 mg/500 μl Tris)
was incubated (at a final concentration of 6 μg/μl) with brain homogenate or plasma (450 μl)
in a total volume of 1 ml, containing Tris/HCl 50 mM pH 7.4 buffer. Incubation of the aliquots
was carried out at 37 °C for various periods up to 240 min. At different incubation times, an
aliquot of the solution (100 μl) was removed and peptide degradation was blocked by addition
of 4.5% TFA solution (200 μl). After centrifugation (3000 rpm for 15 minutes) an aliquot (100
μl) of supernatant was injected into RP-HPLC. HPLC analysis was performed in a Kromasil
100-5C18 column (4.6 x 250 mm) using a Beckman System Gold chromatography system
equipped with a variable wave length UV detector. The experimental conditions for elution
included a gradient analysis with water (solvent A) and acetonitrile (solvent B), both containing
0.1% TFA, at a flow rate of 0.7 ml/min. The following protocol was used for gradient analysis:
linear gradient from 5% to 40% B in 20 minutes; linear gradient from 40% to 60% B in 5
minutes; linear gradient from 60% to 5% B in 5 minutes. The elute was monitored at 220 nm.
The half life (T1/2) was obtained by linear regression with the least square method,
diagramming the peak areas of each derivative as a function of the incubation times. In
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particular, the time points for determining the T1/2 of N/OFQ and UFP-112 were the following:
0, 5, 10, 20, 30, 60, 120 and 240 min in the plasma; 0, 1, 2, 5, 7, 10, 15 and 20 min in the brain.
2.4 Intracerebroventricularly (i.c.v.) or intrathecally (i.t.) injections Mice were i.c.v. (2 μl/
mouse) or i.t. (5 μl/mouse) injected, under light ether anesthesia (i.e. sufficient for losing the
righting reflex), according to the procedure described by [36] and [27], respectively.

2.5 Tail-withdrawal assay
All experiments were started at 10.00 a.m. and performed according to the procedure previously
described in detail [9]. Briefly, the mice were placed in a holder and the distal half of the tail
was immersed in water at 48 °C. Withdrawal latency time was measured by an experienced
observer blind to drug treatment. A cut off time of 20 s was chosen to avoid tissue damage.
For each series of experiments at least 12 mice were randomly assigned to each treatment. Tail-
withdrawal latency was determined immediately before and 5, 15, 30, 60, 90 and 120 min after
i.c.v. or i.t injection of saline (control) or UFP-112 (1-100 pmol).

2.6 Food Intake
The day before the experiment mice were individually housed in cages with food and water ad
libitum. Mice were i.c.v. injected with saline, N/OFQ (0.1 – 10 nmol) or UFP-112 (1 – 100
pmol). The effects of 1 nmol of N/OFQ and 0.01 nmol of UFP-112 were assessed in NOP+/+

and NOP−/− mice. Food intake was measured after 30 and 60 min from drug injection and
expressed as g/kg of body weight. All experiments were started at 10:00 a.m.

2.7 Locomotor activity assay
Equieffective doses of UPF-112 (0.1 nmol) and N/OFQ (10 nmol) were injected i.c.v. (at 17.00
PM) and locomotor activity was recorded for 16h. Experiments were carried following the
procedure described in [50]. Locomotor activity was assessed using Basile activity cages,
which consist of a four-channel resistance detector circuit which converts the bridges “broken”
by the animal paws into pulses that are summed by an electronic counter every 5 min. Total
number of impulses were recorded every 30 min for 16 hours. Mice were not accustomed to
the cages before drug treatment.

2.8 Cardiovascular and renal functions in conscious male Sprague-Dawley rats
On the day of the study, rats were anesthetized with sodium methohexital (75 mg/kg i.p. and
supplemented with 10 mg/kg i.v. as needed; King Pharmaceuticals, Bristol, TN) and
instrumented with left femoral artery (blood pressure measurement), vein (isotonic saline
infusion), and urinary bladder (urine collection) catheters using standard techniques described
previously [31,32]. Following surgical preparation rats were placed in a rat holder (a chamber
with plexiglass ends connected by stainless steel rods; the metal rods formed an inverted U
shape and a flat base in which the rat would sit), which permits forward and backward
movement of the rat while minimizing movement during surgical recovery and allows for
collection of urine. An i.v. infusion of isotonic saline (55 μl/min) was started and continued
for the duration of the experiment. The experimental protocol commenced after rats regained
full consciousness and cardiovascular, renal and excretory functions stabilized. After collection
of baseline control measurements for each parameter, UFP-112 (0.1 nmol; n=6, 10 nmol;
n=6) or N/OFQ (10 nmol; n=6) were administered by an i.v. bolus injection. Immediately after
i.v. administration, experimental urine samples (10-min consecutive periods) were collected
for 80 min. Heart rate was derived from the pulse pressure with a tachograph (model 7 P4H;
Grass Instruments, Quincy, MA). Heart rate and arterial pressure were continuously monitored
and recorded on a Grass polygraph (model 7). Urine volume was determined gravimetrically.
Urine sodium concentration was measured by flame photometry (model 943; Instrumental
Laboratories, Lexington, MA).
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2.9 Chemicals
The peptides used in this study were prepared and purified as recently described [1]. For in
vitro experiments, the compounds were solubilized in H2O and stock solutions (2 mM) were
stored at–70 °C until use; for in vivo studies, the substances were solubilized in physiological
medium just before performing the experiment.

2.10 Statistical analysis
All data are expressed as mean ± s.e.m. and the number of separate experiments is reported for
each series of data. Data have been analyzed statistically with the Student’s t-test or one way
ANOVA followed by the Dunnett’s test, as specified in table and figure legends; p values less
than 0.05 were considered statistically significant. Curve fitting was performed using PRISM
4.0 (GraphPad Software In., San Diego, U.S.A.). Agonist potencies were expressed as
pEC50, which is the negative logarithm to base 10 of the agonist molar concentration that
produces 50% of the maximal possible effect of that agonist. The Emax is the maximal effect
that an agonist can elicit in a given tissue/preparation. pA2 values were calculated using the
Gaddum Schild equation pKB = −log((CR-1)/[Antagonist]), assuming a slope equal to unity.

3. Results
3.1 Electrically stimulated mouse vas deferens

In the electrically stimulated mouse vas deferens, N/OFQ and UFP-112 concentration
dependently inhibited electrically induced twitches with similar maximal effects. However,
UFP-112 was approximately 100 fold more potent than N/OFQ (pEC50 values 9.43 and 7.47,
respectively). Single concentrations of the NOP selective antagonist UFP-101 (1 μM) and of
the non-selective opioid receptor antagonist naloxone (1 μM) were challenged against the
inhibitory effects induced by N/OFQ and UFP-112 (figure 1) in this preparation. Both the
antagonists did not modify per se the control twitches and naloxone did not affect the
concentration response curve to either N/OFQ or UFP-112. In contrast UFP-101 displaced to
the right the concentration response curve to N/OFQ and UFP-112 to a similar extent, therefore
showing similar pKB values (6.81 and 6.91 respectively). The effects of the NOP agonists
UFP-112 and N/OFQ, and those elicited by the selective DOP agonist [D-Pen2,D-Pen5]-
Enkephalin (DPDPE) were investigated in the electrically stimulated mouse vas deferens taken
from wild type (NOP+/+) and NOP receptor knockout (NOP−/−) mice (Figure 2). In NOP+/+

tissues UFP-112 mimicked the inhibitory effects of N/OFQ (Emax 91 ± 1%; pEC50 7.62),
showing similar maximal effects (86 ± 2%) but higher potency (pEC50 9.40) (Figure 2, left
panel). In tissues taken from NOP−/− mice, N/OFQ and UFP-112 were virtually inactive up to
micromolar concentrations (figure 2, right panel). In the same series of experiments, the DOP
receptor selective agonist DPDPE displayed similar potency (pEC50 8.49 and 8.17) and
efficacy (97 ± 2% and 95 ± 1%) in tissues taken from NOP+/+ and NOP−/− mice (Figure 2).

3.2 Peptide half-life in mouse plasma and brain homogenate
The degradation half-life (T1/2) of N/OFQ and UFP-112 in mouse plasma and brain
homogenate was obtained by least-square linear regression analysis of peptide pick area versus
time as shown in table 1. Results of this analysis indicate that N/OFQ showed a relatively long
half live in the plasma (about 1 h) compared to that obtained in the brain homogenate (approx
3 min). UFP-112 exhibited significantly longer half lives compared to the natural peptide. In
particular, the plasma T½ of UFP-112 is about 3-fold longer than that of N/OFQ and this
difference was even more pronounced in the mouse brain homogenate.
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3.3 Tail-withdrawal assay in mice
The i.t. injection of UFP-112 (1–100 pmol) and the i.c.v. injection of 1 pmol of peptide in mice
did not induce any effect on animal gross behavior. In contrast, mice treated with UFP-112 at
10 pmol and particularly at 100 pmol i.c.v. showed a decrease in locomotor activity, ataxia and
loss of the righting reflex, in a similar manner to what occurs after i.c.v. injection of high doses
of N/OFQ (i.e. 10 nmol) [9,49,50]. However, while the N/OFQ effects appeared immediately
after i.c.v. injection, those produced by UFP-112 were only evident after at least 30 min. Results
summarized in figure 3 show that the tail withdrawal latencies of saline injected mice were
stable at 4–5 s over the time course of the experiment. UFP-112 (1–100 pmol) produced dose
dependent pronociceptive effects after i.c.v. administration (figure 3, left panel) and
antinociceptive effects when given i.t. (figure 3, right panel). Thus, UFP-112 mimicked the
actions of N/OFQ, approximately 100-fold more potent than the natural peptide, and produced
longer lasting effects (see for comparison the dose response curves to N/OFQ previously
published in [9] and [43]). In fact, the effects induced by UFP-112 in the tail-withdrawal assay
were still evident at least 120 min after the i.c.v. or i.t. injection of the peptide, while those
elicited by N/OFQ lasted for about 30 min.

3.4 Food intake studies in mice
Under the present experimental conditions, mice treated with saline eat 1.63 ± 0.61 and 4.50
± 0.96 g/kg at 30 and 60 min, respectively. The i.c.v. injection of N/OFQ induced a dose
dependent hyperphagic effect: the peptide was inactive at 0.1 nmol, while at 1 nmol produced
a statistically significant orexygenic effect both at 30 and 60 min (figure 4, left panel).
Increasing the dose of peptide to 10 nmol resulted into a loss of effect, thus making the dose
response curve to N/OFQ bell shaped. It is worthy of mention that the administration of such
a high dose of peptide was associated with evident sedative effects (i.e. decrease in locomotor
activity, reduction of muscle tone, ataxia and impairment of the righting reflex) as previously
reported by our group and others [7]. UFP-112 mimicked the hyperphagic effect of N/OFQ
producing a bell shaped dose response curve with the maximum reached at 10 pmol (figure 4,
right panel). Thus UFP-112 was found to be approx 100 fold more potent than N/OFQ also in
this assay. In addition, it is worthy of mention that the amount of the maximal orexygenic effect
elicited by UFP-112 was approximately double that evoked by N/OFQ.

NOP receptor knockout mice were used for characterizing the hyperphagic effect induced by
N/OFQ and UFP-112. There were no differences in food consumption between NOP+/+ and
NOP−/− mice. 1 nmol N/OFQ and 10 pmol UFP-112 (figure 5) elicited a robust hyperphagic
effect in NOP+/+ mice while the two peptides were found inactive in NOP−/− animals. It is
worthy of mention that the orexygenic effects of both N/OFQ and UFP-112 were much more
pronounced in CD1/C57BL6/J-129 than in Swiss mice, and that the effect of UFP-112 in CD1/
C57-BL6J-129 mice was higher that that elicited by N/OFQ.

3.5 Locomotor activity studies in mice
As shown in figure 6, mice injected with saline showed a progressive reduction of spontaneous
locomotor activity from 950 ± 160 at 5:30 pm to 105 ± 58 at 7:00 pm. However, when the light
was turned off (at 7:00 pm), there was a clear increase in the spontaneous locomotor activity
which progressively returned to the baseline over the time course of the experiment, as expected
based on the rodent nocturnal activity preference. Under these experimental conditions, 10
nmol N/OFQ given i.c.v. produced a clear inhibitory effect on spontaneous locomotor activity
which lasted for only 60 min while UFP-112 at 100 fold lower doses (i.e. 0.1 nmol) elicited
longer lasting effects by inhibiting locomotor activity for more than 6 hours (figure 6).
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3.6 Cardiovascular and renal responses in rats
The cardiovascular responses produced by i.v. bolus injection of N/OFQ and UFP-112 in
conscious rats are shown in figures 7 (peak changes) and 8 (time course). As shown in Figure
7, in contrast to isotonic saline vehicle, i.v. injection of 10 nmol/kg N/OFQ produced a slight
but significant reduction in mean arterial pressure (basal, 123 ± 2 mmHg; peak, 116 ± 5 mmHg),
and a slight non-significant reduction in heart rate (basal, 388 ± 16 bpm; peak, 376 ± 6 bpm).
Similarly, immediately following drug injection a 100-fold lower dose of UFP-112 (0.1 nmol/
kg, i.v.) produced a comparably small but significant hypotension and bradycardia (figure 7).
However, when administered at 10 nmol/kg, UFP-112 profoundly reduced mean arterial
pressure (basal, 127 ± 2 mmHg; peak, 92 ± 2 mmHg) and heart rate (basal, 364 ± 9 bpm; peak,
255 ± 12 bpm) (figure 7). In addition to increased potency, UFP-112 also produced markedly
longer cardiovascular responses than N/OFQ. In this regard, the changes in mean arterial
pressure and heart rate produced by N/OFQ at 10 nmol/kg (present study; figures 7 and 8) or
higher (30 and 100 nmol/kg; [33]) recovered within 10-min post-drug injection. At the 10 nmol/
kg dose UFP-112 significantly decreased heart rate and mean arterial pressure throughout the
80-min protocol (figure 8). In two of these animals it was observed that these cardiovascular
depressor responses persisted for at least 120-min (further time points not studied; Wainford
and Kapusta personal observations). In addition to changes in cardiovascular function, in these
same animals i.v. bolus injection of UFP-112 (0.1 and 10 nmol/kg) also produced a concurrent
diuretic response (figure 8). At the higher dose tested (10 nmol/kg, i.v.) the UFP-112-induced
increase in urine flow rate was delayed in onset (approximately 30-min), of relatively long
duration (50-60 min), and associated with a reduction in urinary sodium excretion (not
statistically significant). Of note, when administered at 10 nmol/kg N/OFQ did not alter urine
flow rate (figure 8), and instead at higher doses (30, 100, 300, 1000 nmol/kg, i.v) produced
antidiuresis ([33] and Kapusta personal observations). Finally, it should be noted that following
i.v. administration of UFP-112 (10 nmol/kg) the rats appeared sedated and calm (e.g., no
exploratory behaviors).

4. Discussion
The in vitro and in vivo findings summarized in the present study demonstrate that UFP-112
is a novel NOP receptor ligand that behaves as a highly potent and selective full agonist and
produces long lasting effects in vivo. These pharmacological features make UFP-112 an
extremely useful tool for future studies investigating the physiological role of the N/OFQ–
NOP receptor system and the therapeutic possibilities of innovative drugs interacting with the
NOP receptor.

As far as ligand efficacy is concerned, previous studies performed in a panel of in vitro assays
[1] demonstrated that UFP-112 behaves as a full agonist at NOP receptors. In fact, in GTPγS]
binding experiments performed on membranes prepared from CHO cells expressing the human
NOP receptor, N/OFQ and UFP-112 induced similar maximal effects corresponding to
approximately 8 times the basal values [1]. Similarly, in tissues from various species (mouse
and rat vas deferens, guinea pig ileum) both peptides inhibited the electrically stimulated twitch
response showing superimposable maximal effects [1]. This has been confirmed in the present
experiments performed on vas deferent tissues taken from Swiss and CD1/C57BL6/J-129 mice.
The full agonist pharmacological activity of UFP-112 was confirmed in vivo in the present
series of experiments where UFP-112 mimicked the actions elicited by N/OFQ after i.c.v.
(pronociceptive and orexigenic effects, inhibition of locomotor activity), i.t. (antinociceptive
action), and i.v. (hypotensive and bradycardic effects) administration producing maximal
effects similar or even greater than those of natural ligand. However, it should be mentioned
that the evaluation of ligand efficacy in in vivo experiments cannot be as detailed as in in vitro
studies, the former being possibly biased by a series of factors including differences in the
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onset and duration of action, in the ability to reach the target receptors, in the resistance to
enzymatic degradation, etc. Despite these considerations, in vitro and in vivo data converge
indicating that UFP-112 is able to evoke, via NOP receptor activation, maximal effect similar
to those of N/OFQ, thus behaving as a full agonist.

Very high potency was consistently recorded when investigating the actions of UFP-112. In
fact, UFP-112 bound the NOP receptor with a pKi of 10.55, 10 times higher than that of N/
OFQ (pKi 9.50), and displayed pEC50 values in isolated tissues (range 8.34 – 9.24)
approximately 30 times higher than N/OFQ (range 6.83 – 8.05). This difference in potency
was even more pronounced in vivo, where UFP-112 mimicked N/OFQ actions at doses 100
fold lower. Thus, the difference in potency between N/OFQ and UFP-112 seems to increase
from 10 to 30 and 100 in membranes, tissues and whole animals, respectively. This suggests
that other factors are involved apart from higher affinity to the NOP receptor, for instance the
susceptibility to enzymatic degradation which has been demonstrated to be significantly lower
(by approximately 3 fold) for UFP-112 compared to N/OFQ both in mouse plasma and brain
homogenate.

Another pharmacological feature critical in determining the usefulness of a given ligand is the
selectivity of action. The following lines of evidence demonstrated that UFP-112 is highly
selective for the NOP receptor: i) in binding experiments UFP-112 displayed affinity for NOP
sites at concentrations at least 100 fold lower than those required to bind classical opioid sites
[1]; ii) in bioassay experiments performed in the mouse vas deferens, the action of UFP-112
was resistant to naloxone and prevented by the selective NOP-receptor antagonist UFP-101
[10,11] which displayed superimposable pKB values against UFP-112 and N/OFQ; iii) in the
same preparation, the inhibitory effects of both UFP-112 and N/OFQ were no longer present
in tissues taken from NOP−/− mice, while those of the DOP selective agonist DPDPE were
similar in tissues from NOP+/+and NOP−/− animals (thus ruling out the possibility that the lack
of NOP receptor produces a non specific loss of sensitivity to inhibitory signals), iv) the in
vivo orexygenic action of UFP-112 (and N/OFQ) was evident in NOP+/+ but not in NOP−/−

mice. Altogether these series of data demonstrated that the in vitro and in vivo actions of
UFP-112 are solely due to the selective activation of the NOP receptor.

The analysis of the in vivo actions of UFP-112 also demonstrated that this ligand produces
long lasting effects compared to N/OFQ. This was consistently observed among a large series
of assays/actions. In fact, the supraspinal pronociceptive effect of N/OFQ lasted for about 15–
30 min [9], while that of UFP-112 was still evident after 2 hours from i.c.v. injection; the spinal
antinociceptive action of N/OFQ disappeared after 60 min from i.t. injection [43] while those
of UFP-112 were still present and statistically significant after 2 hours. Similar results were
obtained measuring the hypotensive and bradycardic effects evoked by N/OFQ and UFP-112
after i.v. administration in rats, where the action of N/OFQ was short lasting (about 10 min)
while that of UFP-112 persisted for the time of the experiment (i.e. 80 min). In addition, a
specific series of experiments was performed to investigate the duration of action of UFP-112
in comparison with N/OFQ. Mice were i.c.v. injected with equieffective doses of N/OFQ (10
nmol) and UFP-112 (0.1 nmol) and their locomotor activity followed overnight. N/OFQ evoked
a clear inhibitory effect for 60 min while the action of UFP-112 persisted for more than 5 h.
Finally, in both Swiss and CD1/C57BL6/J-129 mice the amount of food eaten in response to
UFP-112 was approximately double that stimulated by N/OFQ; this can be interpreted by
assuming a more prolonged stimulation of the NOP receptor by the former peptide.

In all assays performed, apart from the higher potency and longer duration of action, UFP-112
exclusively mimicked N/OFQ actions without producing any other additional effects.
However, there was an exception to this rule which deserves further comment. Concurrent with
the changes in cardiovascular function, i.v. injection of UFP-112 in rats also produced a
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pronounced diuresis and tendency for antinatriuresis. This is of considerable interest since this
is the first time that a purported NOP receptor full agonist has produced a diuretic response
following i.v. bolus administration. These responses to UFP-112 are different to those to the
natural ligand N/OFQ, which at all previously tested doses up to 1000 nmol/kg i.v. bolus has
not produced diuresis ([33] and Kapusta et al., unpublished results). There are two possible
explanations for the ability of UFP-112 to produce a diuretic response after bolus injection i.v.
Although not tested, UFP-112 may produce diuresis by activating a potential peripheral (e.g.
kidney; [26]) diuretic pathway similar to that previously proposed for NOP receptor partial
agonists [34]. The ability of UFP-112 (but not N/OFQ) to reach these sites after i.v. bolus
injection may derive from its relatively low susceptibility to enzymatic degradation.
Alternatively, following i.v. injection and systemic circulation UFP-112 may have crossed the
blood brain barrier and entered the brain to elicit renal responses through a CNS controlled
pathway. In fact, a number of NOP receptor ligands (full and partial agonists) including N/
OFQ have been shown to elicit diuresis (and antinatriuresis) following i.c.v. administration
[30–32]. Although the high molecular weight associated with the presence of several positively
charged residues makes this latter possibility unlikely, the observed sedation which occurred
in rats following i.v. administration of this drug may support the proposal that UFP-112 may
indeed be able to cross the blood-brain barrier to access the CNS. Experiments are underway
in our laboratories to specifically address this issue.

The UFP-112 pharmacological profile described in the present report, high potency associated
with high NOP selectivity and long duration of action, is corroborated by a number of findings
obtained in other laboratories. In fact, results superimposable to those presented here have been
obtained by comparing UFP-112 and N/OFQ for their ability to i) inhibit capsaicin induced
bronchoconstriction in vitro in the isolated and perfused mouse lung (D’Agostino et al.,
personal communication), ii) stimulating food intake in rats (Cifani et al., personal
communication), iii) reducing gastric acid secretion and preventing ethanol induced gastric
lesions after i.c.v. administration in rats [6], and i.v.) reducing alcohol consumption in
genetically selected alcohol preferring rats[20]. In addition to these findings, the Chinese group
of research of Prof Wang independently identified and pharmacologically characterized a
peptide ligand for the NOP receptor, [(pF)Phe4Aib7Aib11Arg14Lys15]N/OFQ-NH2, very
similar to UFP-112. Data obtained with this peptide in vitro in rat brain binding and bioassay
experiments [13] and in vivo investigating its ability to evoke pronociceptive effects in mice
after i.c.v. administration and hypotensive effects in rats after i.v. injection [47] are again very
similar to what we describe here using UFP-112. Finally the features of UFP-112 should be
compared to those of the best NOP receptor full agonists previously described in literature the
peptide UFP-102 [12] and the non peptide Ro 64-6198 [29]. This latter molecule has the
obvious pharmacokinetic advantages deriving from its non peptide nature (including the ability
of crossing the blood brain barrier) which facilitate the design and realization of chronic studies
(see for instance [18] and [51]). However, findings obtained with Ro 64-6198 can be biased
by its ability to bind classical opioid receptors (at least in rats [20]) and to recognize only a
subset of NOP receptors (at least in some brain areas, e.g. the periaqueductal gray [14]). As
far as UFP-102 is concerned, this peptide displays an in vitro pharmacological profile very
similar to that of UFP-112 ([1,12] and present data) but its in vivo potency seems to be 3-10
fold lower than that of UFP-112 ([12,20] and present data).

5. Summary
In conclusion the present experiments suggest that UFP-112 is a highly potent and selective
full agonist for the NOP receptor, partially resistant to enzymatic degradation, and able to
produce long lasting effects in vivo. These pharmacological features are highly desirable
especially for investigating those conditions and states in which a selective and prolonged
stimulation of NOP receptor is beneficial, including anxiety states [21,28], drug addiction
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[15,48], anorectic conditions [16], spinal analgesia (as indicated by laboratory animals [54] as
well as primate [35] studies), cough and possibly other respiratory diseases [40], acute heart
failure [26,34], and, as indicated by clinical studies, urinary incontinence due to overactive
bladder [37–39].
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[Nphe1,Arg14,Lys15]N/OFQ-NH2

DPDPE  
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intrathecal

ANOVA  
analysis of variance
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Figure 1.
Electrically stimulated mouse vas deferens. Concentration response curve to N/OFQ (left
panel) or UFP-112 (right panel) obtained in the absence (control) and in presence of UFP-101
and naloxone. Points indicate the means and vertical lines the s.e.m. of four separate
experiments.
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Figure 2.
Electrically stimulated mouse vas deferens. Concentration response curve to DPDPE, N/OFQ
and UFP-112 in tissues taken from wild type (NOP+/+) (left panel) and NOP receptor knockout
(NOP−/−) mice (right panel). Points indicate the means and vertical lines the s.e.m of four
separate experiments.
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Figure 3.
Mouse tail withdrawal assay. Dose response curve to UFP-112 (i.c.v., left panel) (i.t., right
panel). Points indicate the means and vertical lines the s.e.m of five separate experiments. * p
< 0.05 vs saline according to ANOVA followed by the Dunnett’s test.
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Figure 4.
Cumulative 30 and 60 min food intake following i.c.v. injection of N/OFQ (0.1 - 10 nmol) (left
panel) or UFP-112 (1–100 pmol) (right panel). Values are means ± s.e.m. of 12–15 mice.
Ordinate: g / kg body weight. *p < 0.05 vs saline according to ANOVA followed by the
Dunnett’s t test
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Figure 5.
Cumulative 30 and 60 min food intake following i.c.v. injection of saline, 1 nmol N/OFQ (top
panels) and 10 pmol UFP-112 (bottom panels) in NOP+/+ (left panels) and NOP−/− (right
panels) mice. Values are means ± s.e.m. of 9–12 mice. Ordinate: g / kg body weight. *p < 0.05
vs saline according to the Student t test.
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Figure 6.
Locomotor activity. Time course of the inhibitory effect on spontaneous locomotion induced
by i.c.v. injection of equieffective doses of N/OFQ and UFP-112. Values are means ± s.e.m.
of at 8–10 mice. *p < 0.05 vs saline according to ANOVA followed by the Dunnett’s t test
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Figure 7.
Peak changes in mean arterial pressure and heart rate produced immediately following i.v.
bolus injection of N/OFQ (10 nmol/kg) and UFP-112 (0.1 and 10 nmol/kg). Values are mean
± s.e.m. of six separate experiments. MAP, mean arterial pressure; HR, heart rate. *p < 0.05,
statistically different from saline control group (ANOVA followed by Dunnett’s test). tp < 0.05
statistically different from corresponding N/OFQ treatment at the same dose (unpaired
Student’s t test).
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Figure 8.
Cardiovascular and renal excretory responses produced by i.v. bolus N/OFQ (10 nmol/kg) and
UFP-112 (0.1 nmol/kg or 10 nmol/kg) in conscious male Sprague-Dawley rats. Values are
mean ± s.e.m. of six separate experiments. Urine samples (consecutive 10-min periods) were
collected during control (C, 20 min) and immediately after drug administration for 60 min (N/
OFQ), 80 min (UFP-112; 0.1 nmol/kg or 10 nmol/kg). HR, heart rate; MAP, mean arterial
pressure; UNaV, urinary sodium excretion; V, urine flow rate; ** p < 0.01, * p < 0.05,
statistically different from corresponding group control (C) value (repeated measures ANOVA
followed by Dunnett’s test).
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Table 1
T½ (min) of N/OFQ and UFP-112 in the mouse plasma and brain homogenate.

Plasma Brain

N/OFQ 64 ± 1 3.2 ± 1.8
UFP-112 167 ± 9* 11.3 ± 1.4*

The data are s.e.m of three separate experiments.

*
p<0.05 vs N/OFQ according to the Student’s t-test.
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