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RELAZIONE:  
 

Introduction 

Neuropeptide S (NPS, human sequence SFRNGVGTGMKKTSFQRAKS) is the endogenous ligand of a 

previously orphan G protein coupled receptor now named NPSR (Xu et al., 2004). The NPS/NPSR 

system regulates several biological functions, including wakefulness, stress and anxiety, food 

intake, memory processes, and drug abuse (Guerrini et al., 2010). A pilot study performed by Dr. 

Ruzza in Prof. Gavioli’s lab. (University of Rio Grande du Norte, Brazil) demonstrated that NPS 

(0.01 – 1 nmol), injected intracerebroventriculary (i.c.v.) in mice, reduces aggressiveness in the 

resident/intruder test (from the dose of 0.1 nmol) and reduces the hyperactivity response to 

methylphenidate (at the higher dose tested of 1 nmol), producing similar effects as those evoked 

by valproate. Since aggressiveness is a common sign of manic states and methylphenidate induced 

hyperactivity is considered a pharmacological model of mania, our results suggest that the NPSR 

receptor can represent an innovative pharmacological target for the control of bipolar disorders. 

In the present research activity the mechanism of action of NPS and the role played by the 

endogenous NPS/NPSR system in the modulation of aggressiveness and of the methylphenidate 

induced hyperactivity has been studied using mice lacking the NPSR receptor (NPSR(-/-), Ruzza et 
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al., 2012a) and the selective NPSR antagonists SHA 68 (Okamura et al., 2008; Ruzza et al., 2010) 

and [tBu-D-Gly5]NPS (Guerrini et al., 2009a; Ruzza et al., 2012b).  

 

Materials and methods 

For the present research male CD-1 mice (Harlan, Udine, Italy) and NPSR(+/+) and NPSR(-/-) mice 

congenic to CD-1 strain (8 – 24 weeks old, breed in the animal facility of the Department of 

Medical Science, Section of Pharmacology of the University of Ferrara) were used. NPSR(+/+) and 

NPSR(-/-) mice were generated as described by Ruzza et al. (2012a). All the experiments complied 

with European Communities Council directives (2010/63/E) and national regulations (D.Lgs, 

26/2014) and were approved by the Animal Welfare Body of the University of Ferrara and by the 

Italian Ministry of Health (Authorization n° 120/2014-PR). Mice were housed in 267 x 207 x 140 

mm cages (Tecniplast, Varese, Italy), 5 mice/cage, under standard conditions (22°C, 55% humidity, 

12 h light–dark cycle, lights on 7.00 am) with food and water ad libitum for at least 15 days before 

experiments began. Each cage was also provided with a mouse red house (Tecniplast, Varese, 

Italy) and nesting material. Each animal was used only once. NPS and [tBu-D-Gly5]NPS were 

injected i.c.v.. I.c.v. injections (2 µl per mouse) were given under light isofluorane anesthesia, into 

the left ventricle according to the procedure described by Laursen and Belknap (1986) and 

routinely adopted in our laboratory (Rizzi et al., 2008).  

Drugs and reagents – NPS and [tBu-D-Gly5]NPS were synthesized according to published methods 

(Guerrini et al., 2009a,b). SHA 68 was synthesized using the procedures described by Okamura et 

al. (2008). NPS and [tBu-D-Gly5]NPS were dissolved in saline, while SHA 68 was dissolved in water 

containing 10% Cremophor (Sigma-Aldrich, St. Louis, MO, USA). Methylphenidate was purchased 

from R&D Systems Europe (UK) and dissolved in saline.    

Resident/intruder test – The resident mouse (16 weeks old, ~ 40 g) was housed individually for 7 

days before the experiment in a 267 x 207 x 140 mm plastic cage. Since territorialityis strongly 

based on the presence of olfactory cues, the bedding was never cleaned during this period. 

Intruder mice (8 weeks old, ~ 25 - 30 g) were socially housed. Each resident mouse was tested 

twice: the first day of experiment it was tested with no treatment and its basal aggressiveness was 

recorded (control), after 3 days, the same mouse was re-tested with treatment. The test begins 

when the intruder is placed in the resident cage and lasts for 10 min. During this period the 

number of attacks and the time that the resident mouse spends attacking the intruder are 
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recorded by an expert observer. The following behaviors are scored as attacks: bites, lateral 

threat, upright posture by the resident, clinch, keep down, tail rattles and chase. Mice that did not 

fight during the first test have been excluded from the study ( ~ 10%). The second day of test mice 

were randomly assigned to the different experimental groups. Saline, NPS and [tBu-D-Gly5]NPS 

were given i.c.v. 30 min before starting the test. SHA 68  was given i.p. 30 min before starting the 

test. In antagonism experiments NPS and [tBu-D-Gly5]NPS were coinjected 30 min before the 

experiment. 

Methylphenidate induced hyperactivity test - For these experiments the ANY-maze video tracking 

system was used (Ugo Basile, application version 4.52c Beta). Mice were positioned in a square 

plastic cage (40x40 cm), one mouse per cage. Four mice were monitored in parallel. Mouse 

horizontal locomotor activity was monitored by a camera. Methylphenidate (10 mg/kg) was given 

s.c. 15 min before recording locomotor activity. NPS and [tBu-D-Gly5]NPS were given i.c.v. 5 min 

before methylphenidate. SHA 68 was given i.p. 30 min before methylphenidate. In antagonism 

experiments NPS and [tBu-D-Gly5]NPS were coinjected 5 min before methylphenidate. 

Data analysis and terminology - Data are expressed as mean ± sem of n animals. Data were 

analyzed using paired Student’s t test or two-way ANOVA followed by the Bonferroni’s post hoc 

test, as specify in figure legends. Differences were considered statistically significant when p < 

0.05. 

 

Results 

Resident/intruder test - in the resident/intruder test resident mice lacking the NPSR receptor were 

more aggressive than NPSR(+/+) mice. In fact they spent significantly more time attacking the 

intruder mice. No statistically significant differences were recorded in the number of attacks 

between NPSR(+/+) and NPSR(-/-) resident mice (figure 3). Importantly, NPS 1 nmol (i.c.v., 30 min 

of pre-treatment) was able to reduce the time spent attacking in NPSR(+/+) but was totally 

inactive in NPSR(-/-) mice. Moreover NPS strongly decreased the number of attacks done by 

NPSR(+/+) but only weakly reduced the number of attacks done by NPSR(-/-) mice (figure 1). 
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Figure 1. Resident/intruder test performed in NPSR(+/+) and NPSR(-/-) mice. Effect of the lack of the 
receptor and of NPS (1 nmol) injected i.c.v. the second day of test 30 min before starting the experiment. 
Two way ANOVA (genotype x treatment) for repeated measurements revealed an effect of genotype (F(1,24) 
= 39.45), of NPS (F(1,24) = 16.30) and of the genotype x NPS interaction (F(1,24) = 6.46) on the time spent 
attacking and an effect of NPS (F(1,24) = 49.43) and of the genotype x NPS interaction (F(1,24) = 2.69) on the 
number of attacks. * p < 0.05 vs control, # p < 0.05 vs NPSR(+/+). Data are the mean ± sem of 13 mice. 

  

For antagonism experiments, the doses of [tBu-D-Gly5]NPS (10 nmol) and SHA 68 (50 mg/kg) used 

in the present research were chosen on the bases of previously studies reporting that at these 

doses NPSR antagonists are able to block the effects evoked by the exogenously administered NPS 

(Okamura et al., 2008; Ruzza et al., 2012b; Ruzza et al., 2010). When injected i.c.v. 30 min before 

starting the test the selective NPSR antagonist [tBu-D-Gly5]NPS did not change the behavior of 

mice subjected to the resident/intruder test, neither in terms of time spent attacking, neither in 

terms of number of attacks. A similar result was obtained testing the selective non peptide 

antagonist SHA 68 (i.p., 30 min of pre-treatment). When [tBu-D-Gly5]NPS was coinjected i.c.v. with 

NPS 0.1 nmol, it totally blocked the antiaggressive effects of the natural peptide. On the contrary, 

SHA 68 (50 mg/kg, 30 min before NPS) did not block NPS effects (figure 2). 
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Figure 2. Resident/intruder test. Effect of NPS (0.1 nmol, i.c.v., 30 min of pre-treatment), [tBu-D-Gly5]NPS 
(10 nmol, i.c.v., 30 min of pre-treatment) SHA 68 (50 mg/kg, i.p., 30 min of pre-treatment),  [tBu-D-Gly5]NPS 
+ NPS and SHA 68 + NPS on the time the resident mice spent attacking (left panels) and on their number of 
attacks (right panels). Two way ANOVA (antagonist x NPS) for repeated measurements revealed an effect of 
antagonist (F(2,50) = 12.97), of NPS (F(1,50) = 14.66) and of the antagonist x NPS interaction (F(2,50) = 16.26) on 
the time spent attacking and an effect of antagonist (F(2,50) = 11.31) and of NPS (F(1,50) = 38.76) on the 
number of attacks. * p < 0.05 vs control, # p < 0.05 vs saline. Data are the mean ± sem of 8 - 12 mice/group. 

 

Methylphenidate induced hyperactivity test – methylphenidate 10 mg/kg injected s.c. increased 

mouse locomotor activity. NPS, at the dose of 1 nmol i.c.v., significantly decreased the 

methylphenidate induced hyperactivity. The peptidic NPSR antagonist [tBu-D-Gly5]NPS (10 nmol, 

i.c.v.) did not modify mouse locomotor activity and did not change the hyperactivity produced by 

methylphenidate. On the contrary, it was able to revert the effect of NPS in this test (figure 3).  
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Figure 3. Methylphenidate induced hyperactivity test. Effect of NPS (1 nmol, i.c.v., 5 min of pre-treatment), 

[tBu-D-Gly5]NPS (10 nmol, i.c.v., 5 min of pre-treatment) and  [tBu-D-Gly5]NPS + NPS on the locomotor 

activity of mice treated with 10 mg/kg of methylphenidate. Two way ANOVA ([tBu-D-Gly5]NPS x NPS) 

revealed an effect of NPS (F(1,42) = 4.41) and of the [tBu-D-Gly5]NPS x NPS interaction (F(1,42) = 6.78) on 

the total distance travelled by mice treated with methylphenidate. * p < 0.05 vs saline, # p < 0.05 vs NPS. 

Data are the mean ± sem of 12 mice/group. 
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Similarly to [tBu-D-Gly5]NPS, the non peptidic NPSR antagonist SHA 68 (50 mg/kg, i.p.) did not 

modify mouse locomotor activity and did not change the hyperactivity produced by 

methylphenidate (figure 4). 

 

Figure 4. Methylphenidate induced hyperactivity test. Effect of SHA 68 (50 mg/kg, i.p., 30 min of pre-

treatment) on the locomotor activity of mice treated with 10 mg/kg of methylphenidate. Two way ANOVA 

(SHA 68 x methylphenidate) revealed an effect of methylphenidate (F(1,38) = 44.41) on the total distance 

travelled. * p < 0.05 vs saline. Data are the mean ± sem of 12 mice/group. 

 

Discussion and future plans 

The experiments performed during these 6 months confirmed and extended to a different 

laboratory the finding that NPS reduces mice aggressiveness in the resident/intruder test and the 

hyperactivity induced by methylphenidate. To test if the endogenous NPS system plays a role in 

regulating the behavior of mice in the resident/intruder test and their sensitivity to 

methylphenidate mice lacking NPSR and the selective NPSR antagonists [tBu-D-Gly5]NPS and SHA 

68 were used. Interestingly, NPSR(-/-) mice were more aggressive in the resident/intruder test 

than NPSR(+/+) mice, indicating that the endogenous NPS modulates mice aggressiveness. Of 

note, this result was not confirmed by antagonism studies. In fact, neither  [tBu-D-Gly5]NPS 

injected i.c.v., neither SHA 68 injected i.p., changed the behavior of mice in the resident/intruder 

test. To explain the discrepancy between knockout and antagonism results it should be take into 

account that, while NPSR(-/-) mice lack the NPSergic signaling during all the phases of the 

resident/intruder test (isolation and test), NPSR antagonists block the receptor only during the test 

phase. Thus, if the NPS/NPSR system is important during the isolation week for the development 

of territorial aggression, this can be detected only with NPSR(-/-) mice but not with the acute 

administration of NPSR antagonists. Moreover, the lack of effect of the NPSR antagonists may 

derive from an incomplete occupation of the brain NPSRs controlling aggressiveness levels. In 
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particular, SHA 68 is characterized by poor pharmacokinetic proprieties (Okamura et al., 2008) and 

in vivo, at the dose of 50 mg/kg, it only partially blocked NPS actions (Ruzza et al., 2010). [tBu-D-

Gly5]NPS and SHA 68 did not modify the hyperactivity induced by methylphenidate. This result 

indicate that the endogenous NPS/NPSR system does not control the sensitivity of mice to 

methylphenidate, at least under the present experimental conditions. To demonstrate the 

involvement of the NPSR receptor in the antimanic effects of NPS, the peptide has been tested in 

NPSR(-/-) mice and against the NPSR antagonists SHA 68 and [tBu-D-Gly5]NPS in the 

resident/intruder test, and against [tBu-D-Gly5]NPS in the methylphenidate induced hyperactivity 

test. NPS reduce the aggressiveness of wild type mice but was totally inactive in mice lacking the 

NPSR receptor, demonstrating that the mechanism by which NPS produces its effects in the 

resident/intruder test is the selective activation of its receptor. This finding was confirmed by 

antagonism studies, where [tBu-D-Gly5]NPS was able to completely block NPS effects. Of note, SHA 

68 at the dose of 50 mg/kg, did not counteract NPS action in the resident/intruder test. 

Considering the results obtain with NPSR(-/-) mice and with the peptide antagonist, this lack of 

efficacy of SHA 68 is probably due to its poor pharmacokinetic proprieties. Considering this 

limitations of SHA 68 in vivo, the identification of new, potent and selective non peptide NPSR 

antagonists with good pharmacokinetic proprieties is highly desirable. In the methylphenidate 

induced hyperactivity test [tBu-D-Gly5]NPS was able to counteract NPS effect. This result 

demonstrates that NPS 1 nmol reduces mice hyperactivity via selective NPSR activation. 

During the next months the following research activity will be performed: i) knockout experiments 

will be done in the methylphenidate induced hyperactivity test; ii) considering that high reward 

seeking behavior is a mania symptom, the effects of NPS and the phenotype of NPSR(-/-) mice will 

be assessed in the sucrose preference test; iii) to test a route of administration alternative to the 

i.c.v. injection, NPS will be test in the resident/intruder test after intranasal administration; iv) to 

search for novel NPSR antagonists better than SHA 68, new compounds will be tested in cells 

expressing the mouse NPSR, in the calcium mobilization assay.    

References 

Guerrini, R., Salvadori, S., Rizzi, A., Regoli, D., Calo, G., 2010. Neurobiology, pharmacology, 

and medicinal chemistry of neuropeptide S and its receptor. Med Res Rev 30, 751-777. 



                                                                

8 
 

Laursen, S. E., Belknap, J. K., 1986. Intracerebroventricular injections in mice. Some 

methodological refinements. J Pharmacol Methods 16, 355-357. 

Okamura, N., Habay, S. A., Zeng, J., Chamberlin, A. R., Reinscheid, R. K., 2008. Synthesis and 

pharmacological in vitro and in vivo profile of 3-oxo-1,1-diphenyl-tetrahydro-oxazolo[3,4-

a]pyrazine-7-carboxylic acid 4-fluoro-benzylamide (SHA 68), a selective antagonist of the 

neuropeptide S receptor. J Pharmacol Exp Ther 325, 893-901. 

Rizzi, A., Vergura, R., Marzola, G., Ruzza, C., Guerrini, R., Salvadori, S., Regoli, D., Calo, G., 

2008. Neuropeptide S is a stimulatory anxiolytic agent: a behavioural study in mice. Br J Pharmacol 

154, 471-479. 

Ruzza, C., Pulga, A., Rizzi, A., Marzola, G., Guerrini, R., Calo, G., 2012a. Behavioural 

phenotypic characterization of CD-1 mice lacking the neuropeptide S receptor. 

Neuropharmacology 62, 1999-2009. 

Ruzza, C., Rizzi, A., Camarda, V., Pulga, A., Marzola, G., Filaferro, M., Novi, C., Ruggieri, V., 

Marzola, E., Vitale, G., Salvadori, S., Guerrini, R., Calo, G., 2012b. [tBu-D-Gly5]NPS, a pure and 

potent antagonist of the neuropeptide S receptor: in vitro and in vivo studies. Peptides 34, 404-

411. 

Ruzza, C., Rizzi, A., Trapella, C., Pela, M., Camarda, V., Ruggieri, V., Filaferro, M., Cifani, C., 

Reinscheid, R. K., Vitale, G., Ciccocioppo, R., Salvadori, S., Guerrini, R., Calo, G., 2010. Further 

studies on the pharmacological profile of the neuropeptide S receptor antagonist SHA 68. Peptides 

31, 915-925. 

Xu, Y. L., Reinscheid, R. K., Huitron-Resendiz, S., Clark, S. D., Wang, Z., Lin, S. H., Brucher, F. 

A., Zeng, J., Ly, N. K., Henriksen, S. J., de Lecea, L., Civelli, O., 2004. Neuropeptide S: a neuropeptide 

promoting arousal and anxiolytic-like effects. Neuron 43, 487-497. 

        

 

 

 

 

 

 


