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Justin Smith– 11 January 2013: Intro to NPS
Neurobiology, pharmacology, and medicinal chemistry of Neuropeptide S and its receptor  R Guerrini, S Salvadori, A Rizzi, D Regoli, G Calo 2010 Med Res Rev 30: 751–777
1. Neuropeptide S is a 20 amino acid protein made in the brainstem
a. NPS aa sequence: SFRNGVGTGMKKTSFQRAKS
i. NH3-Ser-Phe-Arg-Asn-Gly-Val-Gly-Thr-Gly-Met-Lys-Lys-Thr-Ser-Phe-Gln-Arg-Ala-Lys-Ser-COOH
1) NH3-Ser-Phe-Arg-Asn-Gly-Val-Gly = biologically active & conserved
a) Phe2-Arg3-Asn4 → receptor binding and ↑activity
b) Gly5-Val6-Gly7 = bioactive protein conformation

b. NPS receptor (NPSR) → ↑Gs → ↑cAMP → ↑PKA
i. NPSR→ ↑Gp → ↑IP3 → ↑Ca++
c. NPS synthesis in
i. LC = locus ceruleus (site of NE synthesis)

ii. Principal sensory Trigeminal nucleus (dorsal pons)

iii. Lateral parabrachial nucleus (cholinergic, pons; induces thirst)
d. NPS projections to/NPSR density high in:

i. Cortex, olfactory nuclei, thalamus, hypothalamus, amygdala, subiculum
ii. Stress-related regions: amygdala, BNST, hypothalamus, VTA, raphé 

e. NPS colocalized with excitatory neurotransmitters or modulators:  Glu and CRF
i. NPS + Glu in LC and principal sensory Trigeminal nucleus

1) NPS + ACh in LC
ii. NPS + CRF in the lateral parabrachial nucleus
iii. NPS does not colocalize with GABA
2. Functional roles of NPS
a. ↓ Anxiety

i. NPS is anxiolytic

1) EPM, light-dark box, open field

2) NPS → presynaptic inhibition of 5-HT and NE in PFC

b. ↑ Arousal

c. ↑ Locomotion

d. Food Intake

i. NPS mostly → ↓ food intake
e. Learning and Memory 
i. NPS → ↑ novel object recognition and spatial memory (MWM)
ii. NPS → ↑ fear extinction (= ↑ learning)

iii. NPS → ↓ contextual conditioned fear

f. Drug Addiction

i. NPS → ↑ cocaine, ETOH seeking

g. Analgesia: NPS → ↓ nociception
3. NPS has a unique behavioral profile ↓ anxiety while ↑ arousal and locomotion
Dave Arendt – 18 January 2013

Intraventricular administration of neuropeptide S has reward-like effects Junran Cao, Luis de Lecea, Satoshi Ikemoto 2010 Eur J Pharmacol 658: 16–21

1. NPS  promotes self-administration
a. NPS injected icv stimulates Wistar rats to press a lever to induce another injection
i. dose dependent NPS stimulation
1) 0.34 , 3.4, 34 pmol/injection
a) All doses produce instantaneous lever pressing for self-administration
b) not significant increase in locomotor activity at the medium dose
2. NPS receptor (NPSR) located in the ventral tegmental area (VTA)
a. No NPSR in the nucleus accumbens (NAc)
3. NPS → NPSR → ↑ VTA → ↑DA release in NAc → ↑D1 receptors

a. D1 antagonist blocks NPS self-administration
b. D1 antagonist SCH 23390 also blocks NPS stimulated locomotion
4. NPS → NPSR → ↑ DMH/PF → ↑ Orx activity
5. Orx1 receptor antagonist blocks NPS self-administration
a.  Orx1 antagonist SB 334867 has no effect on locomotion

6. NPS at a high 1,000 pmol dose produces conditioned place preference

a.  NPS at 100 pmol produces conditioned place aversion
i. Other studies do or don’t show place preference
b. NPS at 100 to 1,000 pmol stimulates locomotion

i. Does not sensitize locomotion

7. Taken together, the data suggests that NPS is rewarding

Justin Smith - 25 January 2013
Neuropeptide S enhances memory during the consolidation phase and Interacts with noradrenergic systems in the brain N Okamura, C Garau, DM Duangdao, SD Clark, K Jüngling, H-C Pape, RK Reinscheid 2011 Neuropsychopharmacology 36: 744–752  
1. Neuropeptide S (icv) → ↑ arousal
a. NPS → ↑ locomotor activity

2. NPS  → ↓ anxiety
a.  Dose dependent

i. EPM, Open field, light-dark box, marble burying
3. NPSR KO mice → ↓ arousal
a. NPSR KO → ↓ exploration in a novel environment
4. NPSR KO → ↑ anxiety
5. NPSR KO → ↑ motor performance
a. Last longer on the rotorod

b. NPSR located in the M2

6. NPS icv → ↑ fear memory
a. NPS → ↑ NPSR → ↑ memory of inhibitory avoidance lasts 96 h
i. Aversive memory of shock blocked by NPSR antagonist SHA 68
1) Latency to move from non-shock area (white color context) to shock area (black)
a) Guillotine divider opens to allow passage
7. NPS → ↑ consolidation of avoidance memory
a. NPS icv amplifies avoidance 5 to 60 minutes after avoidance training
b. NPS does not affect acquisition of avoidance memory
i. NPS does not affect avoidance if administered before training
c. NPS  reduces memory retrieval
8. NPSR KO → ↓ avoidance memory
a. No effect of NPS on nociception
9. β–adrenergic antagonist inhibits NPS-enhanced avoidance memory

a. propranolol reduces freezing

10. NPS + NE work together to stimulate fear memory

11. NPS icv → ↑ novel object recognition memory

a.  The effect of NPS on memory is long lasting (1 week)
12. NPSR KO inhibits memory of objects, place and context

a. NPSR KO reduces object memory
13. NPS system enhances both declarative and fear memories
Li Hao – 1 February 2013
Chronic ethanol potentiates the effect of neuropeptide S in the basolateral amygdala and shows increased anxiolytic and anti-depressive effects J Enquist, M Ferwerda, A Madhavan, D Hok, Jennifer L Whistler 2012 Neuropsychopharmacol 37: 2436–2445
1. NPS is a mediator of stress responsiveness
i. NPS is reciprocally interactive with CRF and Orx systems

ii. NPS is likely to influence drug addiction, withdrawal and relapse

b. NPS suppresses anxious behavior in response to stress
2. chronic ETOH plus withdrawal enhances the icv NPS-induced anxiolytic response 
a. Enhanced NPS anxiolysis in light-dark box, EPM, and open field test 
i. 3 nmol NPS icv
3. chronic ETOH plus withdrawal enhances the icv NPS-induced antidepressant response
a. Enhanced NPS reduction of despair in forced swim, and tail suspension
b. No effect of icv NPS on conditioned place preference

i. 0.3 nmol NPS vs 0.1 nM (CPaversion) or 1nmol NPS (CPP)

4. NPS briefly (1h) reduces ETOH intake
5. NPS stimulates in vitro GABA IPSC in BLA of ETOH exposed mice

a. 1.0 μmol NPS bath on dissected basolateral amygdala
6. NPS injected into the BLA → ↓ anxiety in ETOH exposed mice
7. NPS activity in BLA reduces anxiety

8. NPS activity in BLA diminishes the effect of ETOH consumption on anxious behavior

Tim Hanna – 8 February 2013
Neuropeptide S receptor gene—converging evidence for a role in panic disorder K Domschke
A Reif, H Weber, J Richter, C Hohoff, P Ohrmann, A Pedersen, J Bauer, T Suslow, H Kugel, W Heindel, C Baumann, B Klauke, C Jacob, W Maier, J Fritze, B Bandelow, P Krakowitzky, M Rothermundt, A Erhardt, EB Binder, F Holsboer, AL Gerlach, T Kircher, T Lang, GW Alpers, A Ströhle, L Fehm, AT Gloster, H-U Wittchen, V Arolt, P Pauli, A Hamm, J Deckert 2011, Molecular Psychiatry 16: 938–948
1. NPSR A/T (Asn107Ile or N107I) variant (rs324981) → ↑ NPS activity 10X
a. single-nucleotide A/T polymorphism
i. less active A allele (Asn = Asparagine)

ii. more active T allele (Ile = isoleucine) associated with Panic Disorder

1. ♂ Japanese patients

b. Located on chromosome 7p14.3
i. Chromosome locus 7p14-15 linked to panic disorder
c. NPSR genotype distribution: A/A = 29.0%, A/T = 50.8%, T/T = 20.2%
2. NPSR T allele is significantly correlated with Panic Disorder in ♀s
a. ♂s with NPSR A/T (N107I, rs324981) variant also were correlated with Panic Disorder in discovery (German) and Japanese samples

3. NPSR A/T (N107I, rs324981) variant → ↑ HR in response to Behavioral Avoidance Test

a. NPSR A/T (N107I, rs324981) variant → ↑ Anxiety prior to, during, and after BAT
b. NPSR A/T (N107I, rs324981) variant → ↑ sensitivity to Anxiety only during BAT
i. Self-reported sensitivity

4. NPSR A/T (N107I, rs324981) variant → ↓ ACC activity
a. Anterior cingulate gyrus (ACC) is associated with risk assessment
5. NPSR A/T (N107I, rs324981) variant → ↓ elevation of dlPFC and OFC activity
a. Dorsolateral PreFrontal Cortex (dlPFC)→ Glu projections → Amygdalar intercalated GABA neurons → ↓ BLA and CeA activity

b. OrbitoFrontal Cortex (OFC)→ Glu projections → Amygdalar ITC GABA neurons → ↓ BLA and CeA activity

6. NPSR A/T (N107I, rs324981) variant susceptible to Panic Disorder
7. NPS → NPSR A/T (N107I, rs324981) variant → ↑ sympathetic activity, ↑ arousal → ↑ Panic
Andrew Luxon – 15 February 2013

Neuropeptide S promotes wakefulness through activation of the posterior hypothalamic histaminergic and orexinergic neurons P Zhao, YF Shao, M Zhang, K Fan, XP Kong, R Wang, YP Hou 2012, Neuroscience 207: 218–226
1. NPS stimulates arousal
a. Arousal is stimulated by NPS, H, Orx, NE, 5-HT
2. NPS stimulates activation of hypothalamic histamine (H) and orexin (Orx) cells

a. Stimulates arousal interactively with histamine (H) and orexin (Orx)

i. H stimulates motivation and arousal via H1 and H2 receptors

1. Appetitive, sleep-wake, anticipatory 

2. H is produced in the hypthalamic tuberomammillary nucleus TMN

3. H3 receptors provide negative feedback

ii. Orx stimulates arousal and appetite via Orx1 and Orx2 recepotors

1. Sleep-wake transitions

2. Orx is produced in the hypothalamic perifornical area (PeF)

3. Orx neurons project to the H neurons in the TMN 
3. NPS icv stimulates wakefulness
a. ↑ duration of waking episodes (during normal sleep = photophase)

b. Dose-dependent NPS response

i. 0.1 nM NPS blocks sleep for 30 min
ii. 1.0 nM NPS blocks sleep for 1 h
4. NPS inhibits slow-wave sleep (SWS) and paradoxical sleep (REM)

a. ↓ duration of SWS and REM
b. Dose-dependent:  0.1 nM NPS inhibits REM for ~1h
c. 1.0 nM NPS inhibits REM for ~3.5h
5. NPS stimulates arousal and wakefulness in concert with the ascending arousal systems
a. NPS stimulates arousal and wakefulness interactively (and reciprocally) with H and Orx

Zach Niemann – 22 February 2013

Modification of caffeine effects on the affect-modulated startle by neuropeptide S receptor gene variation K Domschke, B Klauke, B Winter, A Gajewska, MJ Herrmann, B Warrings, A Mühlberger, K Wosnitza, A Dlugos, S Naunin, K Nienhaus, M Fobker, C Jacob, V Arolt, P Pauli, A Reif, P Zwanzger, J Deckert 2012 Psychopharmacology 222: 533–541
1. NPS → ↑ locomotion → ↓ by adenosine (Ado) synthesis inhibitor

a. Synaptic Ado comes from 2 sources

i. Bidirectional nucleoside transporters
1. Ado = purine nucleoside comprising a adenine attached to a ribose sugar
a. Adenine = A = purine nucleotide or nucleobase
b. Synthesis via Ecto-nucleotriphosphatediphosphohydrolases and ecto-nucleotidases
c. AOPCP (α,β-mehtylene-adenosine 5’-diphosphate), an ecto-5’-nucleotidase inhibitor
i. NPS action depends on Ado from ecto-5’-nucleotidase synthesis

d. NPS does not affect AMP or ATP in hippocampus or striatum
i. NPS does not influence Ecto-nucleotriphosphatediphosphohydrolases 

2. NPS actions are mediated by Ado
3. Caffeine treatment → ↓ NPS mRNA is decreased in brainstem [image: image1.png]H3C
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a. Caffeine is the most commonly used stimulant 
i. Antagonizes adenosine A2A receptors
1. DA-A interaction in striatum

a. Affects locomotion

ii. Antagonizes A1 receptors
1. Basal forebrain neurons

iii. combat inappropriately timed sleepiness
iv. Extends sleep latency
v. Decreases total sleep time
vi. Increases sleep fragmentation
vii. leads to reduced food intake leading to weight loss
4. Caffeine → ↑ NPSR mRNA in brainstem
a. ↑ negative feedback

5. Caffeine → ↑ NPSR mRNA in brainstem
6. NPSRT/T humans + caffeine → ↓ acoustic startle during unpleasant images
a. NPSR A→T (N107I, rs324981) variant

7. NPSRT/T + caffeine → ↑ acoustic startle during neutral images
8. NPS → NPSR → A → A2A in striatum → arousal
9. NPS → NPSRT/T + caffeine → disrupts anxiety responses

James Robertson – 1 March 2013
Antagonism of the neuropeptide S receptor with RTI-118 decreases cocaine self-administration and cocaine-seeking behavior in rats CD Schmoutz, Y Zhang, SP Runyon, NE Goeders 2012 Pharmacology, Biochemistry, Behavior 31: 332–337

1. NPS stimulates reactivation of cue-conditioned cocaine responding
a. NPSR antagonist blocks NPS stimulated cue-induced cocaine reinstatement 

i. SHA-68 = NPSR antagonist
b. NPS does not increase cocaine intake during conditioning

i. NPSR antagonist also does not increase cocaine during conditioning
2. NPS icv stimulates increased cfos activity in the lateral hypothalamus (LH) and amygdala

a. NPS stimulates orexin (Orx) neuron activity in LH

b. NPS injected directly into the LH simulates cue-induced cocaine reinstatement

i. NPS injected into PeF (but not DMH or CeA) also simulates cue-induced cocaine reinstatement
3. NPS→LH stimulated cue-induced cocaine reinstatement is blocked by Orx1 receptor antagonist
a. = Orx1 receptor antagonist 

4. NPSR antagonists inhibit food and cocaine self-administration
a. SHA-68 requires higher dose than RTI-118 to inhibit self-administration
b. RTI-118 at lower doses → ↓ cocaine-self administration without affecting food intake
5. NPSR antagonist → ↓ cue-induced cocaine reinstatement

6. NPSR antagonist → ↓ cocaine-induced cocaine reinstatement

7. NPSR antagonist → ↓ stress-induced cocaine reinstatement

a. Yohimbine = α2-adrenergic antagonist
8. NPS may modulate subjective hedonistic states
9. NPS enhances substance abuse relapse
10. NPSR antagonist RTI-118 may produce therapeutic effects in addiction relapse
Zhang Yufeng – 15 March 2013
Neuropeptide S stimulates the hypothalamo-pituitary-adrenal axis and inhibits food intake KL Smith, M Patterson, WS Dhillo, SR Patel, NM Semjonous, JV Gardiner, MA Ghatei, SR Bloom 2006 Endocrinology 147: 3510–3518
1. NPS is one of several neuromodulators involved in regulation of food intake
a. Including peptides NPY, orexin (Orx), CRF, leptin, insulin, and ghrelin
b. monoamines like 5-HT, DA and NE
2. NPS icv stimulates ACTH and corticosterone (B) secretion
a. Delayed responses of ACTH and B suggest other systems are involved

3. NPS directly into PVN stimulates ACTH and corticosterone (B) secretion

a. PVN produces hormone CRF
b. NPS simulates in PVN secretion of CRF and AVP
4. intraPVN NPS stimulates rearing behavior
a. inhibits grooming behavior
b. icv NPS simulates rearing and locomotion, inhibits sleep

c. PVN does not regulate locomotion or sleep
5. Behavioral effects of NPS are regionally separated
6. NPS icv (trend) and intraPVN inhibits food intake early (1h)
a. May be due to NPS → ↑ CRF
7. NPS icv stimulates food intake after 2-4h
a. NPS stimulates Orx cell activity

b. NPS → ↑ food intake is likely mediated by Orx

8. NPS → NPSR → ↓ food intake  0-0.5 h → ↑ food intake 1-2 h
9. NPS → fast ↓ (0-30 min) food intake blocked by NPSR antagonist

10. NPS → slower ↑ food intake (1-2 h) blocked by NPSR antagonist

11. NPS actively and directly promotes and inhibits feeding in temporally distinct responses
Kassidy Boyd – 22 March 2013

Intranasally administered neuropeptide S (NPS) exerts anxiolytic effects following internalization into NPS receptor-expressing neurons Irina A Ionescu, Julien Dine, Yi-Chun Yen, Dominik R Buell, L Herrmann, Florian Holsboer, Matthias Eder, Rainer Landgraf, and Ulrike Schmidt 2012 NeuroPsychoPharmacology 37: 1323–1337
1. NPS injected icv and intraBLA → ↓ anxiety
a. icv NPS → ↑ hippocampus, amygdala, cortex, striatum, hypothalamus
b. NPS-NPSR complex is internalized after binding

i. Localized to cytoplasm and perinuclear vesicular structures

2. NPS stimulates Glu neurons in BLA
a. BLA neurons  arise from the endopiriform cortex

3. NPS stimulates GABA intercalated neurons in the medial paracapsular amygdala
a. Intercalated GABA neurons come in two groups

i. Medial paracapsular neurons innervate the CeA
ii. Lateral paracapsular neurons innervate the LA/BLA

4. NPS → CA3 + CA1 → ↓ paired pulse facilitation → ↑ Glu release probability → ↓ LTP
5. Intranasal NPS stimulates activity in brain regions similar to icv NPS
a. inNPS → ↑ olfactory bulb → ↑ internalization → time →  ↑ hippocampus (+ other regions)
6. nasal NPS → ↓ anxiety

a. in EPM and Dark-Light chamber (in C57Bl6 mice)
b. not in open field

c. nasal NPS in HAB mice → ↓ anxiety; only in Dark-Light chamber
i. HAB = high anxiety

d. no effect at 30 min, but nasal NPS effects were exhibited at 4 h

7. nasal NPS → ↑ Bl6 PFC gGluT1 and Synapsin2 at 4 h
a. 24 h: ↑ Bl6 PFC gGluT1 and hippocampal Synapsin2
b. nasal NPS → ↓ HAB hippocampal gGluT1 and Synapsin2 at 4 h
c. 24 h: ↑ HAB GluR1 and GluR2 

8. Intranasal NPS is translocated to internal brain regions (like hippocampus), modifies Glu-related proteins, neurophysiology, and decreases anxiety,
Justin Smith – 12 April 2013

Neuropeptide S-mediated control of fear expression and extinction: Role of intercalated GABAergic neurons in the amygdala K Jüngling, T Seidenbecher, L Sosulina, J Lesting, S Sangha, SD Clark, N Okamura, DM Duangdao, Yan-Ling Xu, Rainer K. Reinscheid, Hans-Christian Pape 2008 Neuron 59: 298–310
1. NPS injected into the amygdala reduces fear-potentiated startle
a. NPS-anxiolytic effect independent of effects on locomotion

2. NPS → ↑ amplitude  & ↑frequency of  un-evoked BLA IPSCs (inhibitory signal)
a. Removing the endopiriform cortex blocks the NPS→ ↑IPSC stimulation

i. But the endopiriform cortex (EPN) is glutamatergic (should produce EPSCs)

b. Amygdala intercalated (ITC) lateral paracapsular cells are GABAergic (produce IPSCs)

c. NPS → ↑ EPNGlu → ↑ lparaITCGABA → ↓ BLA

3. NPS injected into EPN → ↓ freezing due to contextual fear conditioning
a. NPS → EPN → ↓ contextual risk assessment

b. NPS does not inhibit cued fear conditioning or risk assessment
i. Cued fear conditioning does not involved the EPN, but rather the perirhinal cortex

4. NPS receptors are  densely expressed in the LA pyramidal neurons
a. NPSR are not expressed in para ITC neurons

5. NPS injected into BLA reduces anxiety

a. NPS → BLA → ↑ open field and ↑ EPM open arm exploration

b. NPSR antagonist (SHA68) → ↑ anxiety (↓ open field and EPM exploration)

6. NPS → BLA → ↓ expression of cued fear conditioning (freezing) during retraining
a. Retraining after initial training and rest day
b. NPS effect requires administration 2h prior
7. NPSR antagonist → BLA → ↑ expression of cued fear conditioning

8. NPSR antagonist → BLA → ↓ extinction of cued fear conditioning

9. NPS → BLA → ↑ EPSC amplitude on mpara ITC

a. NPS → ↑ mpara ITC firing

b. No increase in firing NPS on BLA pyramidal cells or lpara ITC

10. NPS → BLA → no change in EPSC of BLA pyramidal neurons and interneurons
11. NPS to BLA → mpara ITC synapse → ↑ IPSC amplitude
12. NPS acts in the EPN and BLA to reduce anxiety and extinguish fear memories
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