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Introduction 

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

previously orphan G protein coupled receptor now named NPSR [1]. The NPS/NPSR system regulates 

several biological functions, including wakefulness, stress and anxiety, food intake, memory 

processes, and drug abuse [2]. 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 
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modulation of aggressiveness and of the methylphenidate induced hyperactivity has been studied 

using mice lacking the NPSR receptor (NPSR(-/-),[3]) and the selective NPSR antagonists SHA 68 SHA 

68 [4, 5] and [tBu-D-Gly5]NPS [6, 7]. Additionally, considering that high reward seeking behavior is a 

mania symptom, some efforts have been done to set up and validate the sucrose preference test in 

our laboratories, with the aim to assess the effects of NPS and the phenotype of NPSR(-/-) mice in this 

assay. Finally, because it is well known that poor pharmacokinetic proprieties limit the use of SHA 68 

in vivo [5], some work has been done, in collaboration with Dr. Preti (Department of Chemical and 

Pharmaceutical Science, University of Ferrara), to design, synthetize and pharmacologically 

characterize in vitro new small molecule NPSR antagonists.  

 

Materials and methods 

In vivo studies 

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. (2012) [3]. 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) {Laursen, 1986 #103} and routinely adopted in 

our laboratory {Rizzi, 2008 #101}. 

Drugs and reagents – NPS was synthesized according to published methods [6, 9]. SHA 68 was 

synthesized using the procedures described by Okamura et al. (2008) [5]. NPS was dissolved in saline. 

SHA 68 dissolved in water containing 10% Cremophor (Sigma-Aldrich, St. Louis, MO, USA). 
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Methylphenidate was purchased from R&D Systems Europe (UK) and dissolved in saline, fentanyl was 

purchased from SALARAS (Como, Italy), caffeine was from Sigma-Aldrich (St. Louis, MO, USA) . 

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 territoriality is 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 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.  

Locomotor activity 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. Fentanyl (0.1 mg/kg) and caffeine (20 mg/kg) were given s.c. 5 min and 30 min 

before recording locomotor activity. 

Sucrose preference test – the sucrose preference test was performed using the two bottles procedure 

with single housed mice. Before stating the experiment, mice were allow to acclimate in single house 

conditions for two days. Subsequently, mice were provided with two bottles: day 1 and 2, the bottles 

were filled with tap water, while days 3 and 4 the bottles were filled with 1% sucrose solution. 

Starting from day 5, the sucrose preference was assessed giving to mice, for 3 days, a free choice 

between two bottles, one with 1% sucrose solution and another with tap water. Water and sucrose 

consumption were measured every 24 hours weighting the bottles. To prevent possible effects of side 

preference in drinking behavior, the position of the bottles was switched every 12 h. No previous food 
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or water deprivation was applied before the test. The preference for sucrose was calculated as a 

percentage of consumed sucrose solution of the total amount of liquid drunk. 

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. 

 

In vitro studies 

Cell culture and calcium mobilization experiments - HEK293mNPSR were generated as previously 

described [8] and maintained in DMEM medium supplemented with 10% fetal bovine serum, 2 mM L-

Glutamine, hygromycin B (100 mg/l), and cultured at 37 °C in 5% CO2 humidified air. HEK293mNPSR cells 

were seeded at a density of 50,000 cells/well into poly-D-Lysine coated 96-well black, clear-bottom 

plates. The following day, the cells were incubated with medium supplemented with 2.5 mM 

probenecid, 3 µM of the calcium sensitive fluorescent dye Fluo-4 AM and 0.01% pluronic acid, for 30 

min at 37 °C. After that time the loading solution was aspirated and 100 µl/well of assay buffer 

(Hank’s Balanced Salt Solution; HBSS) supplemented with 20 mM 4-(2-hydroxyethyl)-1-

piperazineethanesulfonic acid (HEPES), 2.5 mM probenecid and 500 µM Brilliant Black (Aldrich) was 

added. Concentrated solutions (1 mM) of NPS were made in bidistilled water and kept at –20 °C. SHA 

68 and DN compounds were dissolved in DMSO (10 mM). Serial dilutions were carried out in 

HBSS/HEPES (20 mM) buffer (containing 0.02% bovine serum albumine fraction V). After placing both 

plates (cell culture and master plate) into the fluorometric imaging plate reader FlexStation II 

(Molecular Devices, Sunnyvale, CA), fluorescence changes were measured. On-line additions were 

carried out in a volume of 50 µl/well. To facilitate drug diffusion into the wells in antagonist type 

experiments, the present studies were performed at 37 °C and three cycles of mixing (25 μL from each 

well moved up and down 3 times) were performed immediately after antagonist injection to the 

wells. Inhibition response curves were determined against the stimulatory effect of 10 nM NPS. In 

antagonism experiments SHA 68 and DN compounds were injected into the wells 24 min before 

adding NPS. Data were expressed as mean ± sem of at least four independent experiments made in 

duplicate. Maximum change in fluorescence, expressed in percent of baseline fluorescence, was used 

to determine agonist response. Non-linear regression analysis using GraphPad Prism software (v.4.0) 

allowed logistic iterative fitting of the resultant responses and the calculation of agonist potencies 
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and maximal effects. Agonist potencies are given as pEC50 (the negative logarithm to base 10 of the 

molar concentration of an agonist that produces 50% of the maximal possible effect). SHA 68 and DN 

compounds antagonist properties were evaluated in inhibition experiments; the antagonist potency 

was expressed as pKB derived from the following equation:  

KB = IC50 / ((2+([A]/EC50)n)1/n-1) 

where IC50 is the concentration of antagonist that produces 50% inhibition of the agonist response, 

[A] is the concentration of agonist, EC50 is the concentration of agonist producing a 50% maximal 

response and n is the Hill coefficient of the concentration response curve to the agonist.  

 

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. 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). 

 

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. 
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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 [4, 5, 7]. 

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. 

 

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. 

 

In knockout experiments, methylphenidate 10 mg/kg injected s.c. increased mouse locomotor activity 

in NPSR(+/+) mice but not in NPSR(-/-) mice. Of note, in agreement with previously reported data [3], 

no differences were measured between the locomotor activity of  NPSR(+/+) and NPSR(-/-) mice 

injected with saline (Figure 5). Considering the lack of activity of methylphenidate in NPSR(-/-) mice, 
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the effects of NPS in the methylphenidate induced hyperactivity test has not been tested in these 

mice. 
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Figure 5. Methylphenidate induced hyperactivity test. Effect of methylphenidate (10 mg/kg, 15 min 
pretreatment) in NPSR(+/+) and NPSR(-/-) mice. Two way ANOVA (genotype x methylphenidate) revealed an 
effect of genotype (F(1,46) = 11.36),  methylphenidate (F(1,46) = 24.42) and of the genotype x methylphenidate 
interaction (F(1,46) = 11.16) on the total distance travelled. * p < 0.05 vs control, # p < 0.05 vs NPSR(+/+). Data 
are the mean ± sem of 13 mice/group. 
 

In a subsequent series of experiments, the sensitivity of NPSR(-/-) to other stimulant drugs, with 

mechanisms of action different from methylphenidate, has been investigated. In particular, the 

stimulant effects of caffeine and fentanyl have been assessed in NPSR(+/+) and NPSR(-/-) mice. As 

shown in figure 3, caffeine (20 mg/kg s.c.) did not produce any stimulant effects, neither in NPSR(+/+), 

nor in NPSR(-/-) mice. On the other hand, fentanyl (0.1 mg/kg s.c.) produced a robust increase of 

locomotor activity in NPSR(+/+) mice but being inactive in NPSR(-/-) mice (Figure 6). 
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Figure 6. Locomotor activity test. Effect of fentanyl (0.1 mg/kg, 5 min pretreatment) and caffeine (20 mg/kg, 30 

min pretreatment) in NPSR(+/+) and NPSR(-/-) mice. Two way ANOVA (genotype x treatment) revealed an 

effect of genotype (F(1,44) = 7.88), treatment (F(2,44) = 13.88) and of the genotype x treatment interaction (F(2,44) = 

6.20) on the total distance travelled. * p < 0.05 vs control, # p < 0.05 vs NPSR(+/+). Data are the mean ± sem of 

8 or 9 mice/group. 
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Sucrose preference test – a first series of experiments have been performed to set up the right 

experimental conditions to induce sucrose preference in CD-1 mice. After the acclimatization period, 

performed to make mice familiar with the isolation condition, the availability of two bottles and the 

sucrose taste, the sucrose preference of mice have been evaluated over a period of three days, every 

24 hours. Unfortunately, under these experimental conditions, CD-1 mice did not shown any sucrose 

preference (sucrose preference of 46±5%, 58±5% and 56±8%, after 24, 48 and 72 hours, respectively, 

mean ± sem of 5 mice). 

Calcium mobilization experiments - In the calcium mobilization assay, NPS increased the intracellular 

calcium concentrations in a concentration-dependent manner with pEC50 and Emax values of 8.95 and 

287 ± 26 % over the basal values, respectively. Inhibition response curve to SHA 68 (0.1 nM – 10 µM) 

were performed against the stimulatory effect of 10 nM NPS, approximately corresponding to the 

EC80 value for the agonist. As shown in Figure 7, SHA 68 concentration-dependently inhibited 10 nM 

NPS stimulatory effects with a pKB value of 8.12. These results are in agreement with previously 

reported data [4]. The pharmacological activity of DN compounds is reported in table 1. All the 

compounds were inactive per se. When tested in inhibition experiments against NPS 10 nM DN05, 

DN06, DN09, DN12, and DN13 were inactive up to 10 µM. All the other DN derivatives were able to 

counteract in a concentration dependent manner the stimulant effects of NPS 10 nM, with pKB values 

between 6.5 and 7.5. 
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Figure 7. Calcium mobilization assay performed on HEK293mNPSR cells. The left panel shows the concentration-

response curve to NPS. The right panel shows the inhibition-response curve to SHA 68 against the stimulatory 

effect of NPS 10 nM. Data are mean ± sem of 5 separate experiments made in duplicate.  
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Table 1. Effects of NPS, SHA 68 and DN compounds in HEK293 cells expressing the mouse NPS recombinant 

receptor (HEK293mNPSR) 

 Agonist Antagonist 

 pEC50 (CL95%) Emax ± sem pKB (CL95%) 

NPS 8.95 (8.74-9.16) 291 ± 15%  

SHA 68 Inactive up to 10 µM 8.12 (7.65 – 8.59) 

DN01 Inactive up to 10 µM 7.58 (6.71 – 8.45) 

DN02 Inactive up to 10 µM 7.32 (6.65 – 7.99) 

DN03 Inactive up to 10 µM 6.49 (5.88 – 7.10) 

DN04 Inactive up to 10 µM 7.35 (6.85 – 7.85) 

DN05 Inactive up to 10 µM Inactive up to 10 µM 

DN06 Inactive up to 10 µM Inactive up to 10 µM 

DN07 Inactive up to 10 µM 6.61 (6.41 – 6.81) 

DN08 Inactive up to 10 µM 6.51 (6.15 – 6.87) 

DN09 Inactive up to 10 µM Inactive up to 10 µM 

DN10 Inactive up to 10 µM 7.38 (6.94 – 7.82) 

DN11 Inactive up to 10 µM 6.33 (6.17 – 6.49) 

DN12 Inactive up to 10 µM Inactive up to 10 µM 

DN13 Inactive up to 10 µM Inactive up to 10 µM 

 

Discussion 

The research activity performed during this year confirmed and extended the finding that NPS 

reduces mice aggressiveness in the resident/intruder test and the hyperactivity induced by 

methylphenidate. Considering that aggressiveness is a common sign of manic states and that 

methylphenidate is a widely used pharmacological mouse model of mania, the general aim of the 

study was to demonstrate the hypothesis that the NPSR receptor can represent a new therapeutic 
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target for the treatment of mania. In particular,  the specific aims were twofold i) to test if the 

endogenous NPS plays a role in regulating the behavior of mice in the resident/intruder test and their 

sensitivity to methylphenidate; ii) to test the involvement of the NPSR receptor in the antimanic 

effects of NPS. 

Specific aim i – to achieve specific aim i 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., nor 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 taken 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 particular, SHA 

68 is characterized by poor pharmacokinetic proprieties [5] and in vivo, at the dose of 50 mg/kg, it 

only partially blocked NPS actions [4]. As far as the methylphenidate hyperactivity test is concerned, 

in agreement with previously reported data [3, 10, 11], no differences were detected between the 

basal locomotor activity of NPSR(+/+) and NPSR(-/-) mice. What is new and pretty surprisingly in this 

study is that methylphenidate did not produce any stimulant effects in mice lacking the NPSR 

receptor, thus suggesting that the endogenous NPS plays a role in the mechanisms of action of 

methylphenidate. Of note, links between the NPSergic and the dopaminergic systems have been 

already suggested [12, 13], and these may in part explain the different sensitivity to the dopamine 

transporter inhibitor methylphenidate. Similar to the resident / intruder findings, the results obtained 

in this test with knockout mice are opposite to those obtained in antagonism studies. In fact, the 

NPSR antagonists [tBu-D-Gly5]NPS and SHA 68 did not produce any affect per se in the 

methylphenidate induced hyperactivity test. Also in this case, to explain the discrepancy between 

knockout and antagonism results it should be take into account that NPSR(-/-) mice lack the NPSergic 



13 
 

signaling in all the brain and during all their life. On the contrary, it is possible that the NPSR 

antagonist produces only an incomplete occupation of the brain NPSRs and for a limited time. 

However, before drawing conclusions about a role of NPS on the hyperactivity induced by 

dopaminergic drugs, this experiment must be repeated, with a different set of mice and performing 

dose-response curves. Caution should be used also considering that the results from our study are in 

disagreement with the study by Zhu et al. (2010) [11] that reported no differences between 

NPSR(+/+) and NPSR(-/-) mice treated with methamphetamine and with the study by Fendt et al. 

(2010) [10] that reported no differences between NPSR(+/+) and NPSR(-/-) mice treated with cocaine. 

Of note those studies were done with C57BL/6 NPSR(-/-) mice, while our mice are congenic to the CD-

1 stock. The results deriving from the methylphenidate induced hyperactivity test raised questions 

about the possible functions of the NPS / NPSR system in the stimulant effects of different 

substances. To investigate this , the sensitivity of NPSR(-/-) mice to non dopaminergic stimulants has 

been investigated i.e. Fentanyl and caffeine. Similar to methylphenidate, fentanyl evoked stimulant 

effects in wild type but not in mice lacking the NPSR protein. This suggests that the endogenous NPS 

plays a role in mediating not only the stimulant effects of methylphenidate, but also those of different 

drugs. However, also this finding needs to be replicated with different mice and dose-response curves 

should be investigated. As far as the inactivity of caffeine is concerned, we used in these mice the 20 

mg/kg dose, that was previously demonstrated to be active in Swiss mice ([4, 14]). Of note, NPSR(+/+) 

and NPSR(-/-) have been backcrossed on CD-1  stock. It is possible that an higher dose of caffeine is 

needed with these mice to evoke stimulant effects. Thus, this experiment should be repeated using 

different caffeine doses. 

 Specific aim ii - 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 
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results obtain with NPSR(-/-) mice and with the peptide antagonist, this lack of effect of SHA 68 is 

probably due to its poor pharmacokinetic proprieties. 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. Of note, it was not possible to test NPS in 

NPSR(-/-) mice in this assay because of the lack of efficacy of methylphenidate in these animals.. 

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

peptide NPSR antagonists with good pharmacokinetic proprieties is highly desirable. Thus, new small 

molecule NPSR antagonists, analogues of SHA 68, have been designed, synthetized and 

pharmacological characterized in vitro, in cells expressing the recombinant murine NPSR receptor. 

This studies lead to the identification of DN10, a SHA 68 analogue only 3-fold less potent than the 

parental compound, but with good water solubility. This may represent a lead compound for the 

design and synthesis of new potent, selective NPSR antagonists  with better pharmacokinetics 

proprieties, thus overcoming the limitations of SHA 68. Dr. Preti research group (Department of 

Chemical and Pharmaceutical Science, University of Ferrara) is now designing and synthetizing new 

derivatives of DN10.  

At the end of the study, some work has been done to set up the sucrose preference test as a model of 

the high reword seeking behavior typical of manic patients. Unfortunately, under the present 

experimental conditions, CD-1 mice did not shown preference for the intake of sucrose over water. 

Further experiments will be performed using different sucrose solutions (higher concentrations) and 

longer acclimatization time. 

In conclusion, the present study demonstrated that NPS evoked antimanic effects in the resident / 

intruder test and in the methylphenidate induced hyperactivity test through the selective activation 

of the NPSR protein. Thus NPSR can represent a new pharmacological target for the treatment of 

mania. Moreover, the endogenous NPS plays a role in controlling intra-male aggressiveness. Based on 

the present results, it is difficult to draw firm conclusions on the role of the endogenous NPS – NPSR 

system in the control of the mouse sensitivity to methylphenidate stimulant effects. Further studies 

are needed to elucidate this aspect and to the determine if the endogenous NPS/NPSR system has a 

role into the actions of different stimulant drugs. Finally, in the frame of this study a new small 
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molecule NPSR antagonist has been identified, that can represent a lead compound for the 

identification of new NPSR antagonist that will be used as template for future structure activity 

studies aimed at improving its potency, selectivity of action and pharmacokinetic features.  
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