
Frustration

Frustration:

An internal response or state induced by surprising nonreward 

or by its anticipation.

Signals for a 

more preferred 

incentive were 

present.

The actual incentive is 

qualitatively or 

quantitatively lower 

than the expected 

incentive.

Frustration

Secondary (rF)

Induced by a signal for surprising nonreward

Primary (RF)

Directly induced by surprising nonreward

Unobservable 

intervening 

variable.



Primary frustration (RF)

Secondary frustration (rF)
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Aftereffects: immediate (seconds to minutes) consequences of surprising 

nonreward that result from the induction of an aversive internal state.

eR

S Rapp No reward         RF

Anticipatory Effects: an expectation of the aversive internal state 

previously triggered by surprising nonreward in a similar situation.

eR Rapp

S 

eF                  Ravo

Persistence: pairings of eF with reward shift eF’s hedonic value from 

aversive to appetitive, reducing response competition.

eR Rapp

S

eF 

Response 

competition

Counterconditioning

•Drive inducing

•Hedonically aversive

•Cueing properties

•Same as above

•Conflict

•Conflict resolution?

•Behavioral persistence
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FE in Skinner box
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Elliott, 1928, Univ Cal Pub Psychol

Start

Goal

Instrumental successive negative contrast (iSNC) in a complex maze



Magnitude of reinforcement extinction effect (MREE) in Skinner box

Papini et al., 2001, Learn Motiv

ManipulandumGoal

Terminal 

acquisition Extinction
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Summary of effects and procedures

Effects:

•FE RF

•iSNC

•MREE rF

•PREE

Procedures:

•Double runway

•Skinner box RF

•Choice Procedure

•Complex maze

•Runway rF

•Skinner box

Consummatory successive negative contrast (cSNC) RF & rF
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32% sucrose
Last preshift trial (trial 10)
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4% sucrose
First downshift trial (trial 11)



Trial 11: early

I4%

e32%

S RLick

RF

P2

RReject

Trial 11: late  
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Trial 12: early
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Trials 13-15      
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P2

eF RAvoidI4%

e32%

S RLick

RF RReject

P3

4% 

P2: egocentric learning (emotional)

Summary

P3: allocentric learning (cognitive)



Preshift Postshift

Group 1-10 11  *12  13  14  15

-------------------------------------------------------------------------

32/Sal 32% *Saline + 4%

4/Sal 4% *Saline + 4% 

32/Mor 32% *Morphine + 4%

4/Mor 4% *Morphine + 4%

-------------------------------------------------------------------------

Morphine, a nonselective opioid receptor agonist, attenuates cSNC

Rowan & Flaherty, 1987, Psychopharmacology

Similar results are obtained 

when morphine is 

administered before trial 11.

Trial 12
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Opioid receptors are normally engaged by incentive loss.

Downshift: 32% to 6% sucrose

Naloxone dose: 2 mg/kg, i.p.

Naltrindole dose: 1 mg/kg, i.p. 

Administration: 15 min before trials 11-12

Pellegrini et al., 2005, Behav Brain Res Daniel et al., 2009, Neurobiol Learn Mem

Downshift: see abscissa

Naloxone dose: 2 mg/kg, i.p, 

Administration: 15 min before trial 11
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DORs selectively modulate the triggering of cSNC.

Wood et al., 2005, Behav Neurosci
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KORs selectively modulate recovery from cSNC. 

Downshift: 32% to 4% sucrose

U50,488H dose: 1 mg/kg, i.p, 

Administration: 20 min before trial 11 or 12

Wood et al., 2008, Behav Brain Res

* NS* *



Opioid role in cSNC: Evidence 

Morphine        Agonist 

DPDPE               Agonist No effect

U-50,488H          Agonist No effect

Naloxone         Antagonist

Naltrindole           Antagonist No effect

Effect on cSNC

Drug            Receptor Function      Trial 11   Trial 12   Reference

Rowan & Flaherty, 

1987, 

Psychopharmacology

Wood et al., 2005, 

Behav Neurosci

Wood et al., 2008, 

Behav Brain Res

Pellegrini et al., 2005, 

Behav Brain Res

Pellegrini et al., 2005, 

Behav Brain Res



Interpreting the effects of factors that affect memory

Effect on memory

Type of learning Facilitation Interference

Allocentric learning (P3) cSNC cSNC

Egocentric learning (P2) cSNC cSNC

Drugs that 

affect 

memory

Facilitation

Interference

•Hormones (corticosterone)

•Glutamatergic (D-cycloserine)

•Cholinergic (physostigmine)

•Opioid antagonists (naloxone, naltrindole)

•Anticholinergic (atropine)

•Opioid agonists (DPDPE, U50,488H)

•Protein synthesis inhibitors (anisomycin)

Both (equally) It depends on their Reset 

relative strength cSNC



How do we know that memory is involved in cSNC?

Synaptic stimulation

cAMP-dependent 

cascade

Protein kinases

Genetic expression

mRNA translation

Protein synthesis 

(ribosomes)

Anisomycin

Synaptic plasticity
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Role of memory in cSNC: anisomycin

•Pretrial administration.

•25 mg/kg, sc.

•n=10

Preshift         Postshift Postshift

Group 1-10 11 12-15

32/Ani 32% AniĄ4% 4%

4/Ani 4% AniĄ4% 4%

32/Sal 32% SalĄ4% 4%

4/Sal 4% SalĄ4% 4% 
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Ortega & Papini, unpublished



Role of memory in cSNC: posttraining drug administration procedure

Preshift          Postshift Postshift

Group 1-10 11 12-15

32/D 32% 4%ĄDrug 4%

4/D 4% 4%ĄDrug 4%

32/Sal 32% 4%ĄSaline 4%

4/Sal 4% 4%ĄSaline 4% 

•Posttrial administration.

•No direct effects of drug.

•Memory consolidation.

TimeEvent

In
te

n
s
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Drug

Facilitation

Interference



0

100

200

300

11 12

G
o
a
l-
T

ra
c
k
in

g
 T

im
e
 (
s
)

Trials

4/Veh

32/Veh

4/Nlx

32/Nlx

ORs do not seem to be involved in memory processes required for cSNC.

Downshift: 32% to 4% sucrose

Naloxone dose: 2 mg/kg, i.p, 

Administration: immediately after 

trial 11

Downshift: 32% to 4% sucrose

DPDPE dose: 24 mg/kg, i.p, 

Administration: immediately after 

trial 11

Naltrindole dose: 1 mg/kg, i.p.

Administration: immediately after 

trial 11

Daniel et al., 2009, Neurobiol Learn Mem

* * * *
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•Posttrial administration.

•No direct drug effects.

•Memory consolidation.



Bentosela et al., 2005, Int J Comp Psychol

Atropine      

Physostigmine

Role of memory in cSNC: cholinergic drugs

•Posttrial administration.

•No direct drug effects.

•Memory consolidation.



Role of memory in cSNC: corticosterone

Preshift    Postshift Postshift

Group 1-10 11 12-15

32/Cort 32% 4%ĄCort 4%

4/Cort 4% 4%ĄCort 4%

32/Sal 32% 4%ĄSal 4%

4/Sal 4% 4%ĄSal 4% 

•Posttrial administration.

•No direct drug effects.

•Memory consolidation.

Bentosela et al., 2006, Behav Neurosci
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Role of memory in cSNC: NMDA receptors

Norris et al., submitted.
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•Posttrial administration.

•No direct drug effects.

•Memory consolidation.



Role of memory in cSNC: Effects of DCS on early-trial performance

If DCS facilitates the 

consolidation of 

egocentric memory, 

then animals treated 

with DCS should be 

able to reactivate 

their memory of the 

downshift event 

faster on trial 12 than 

animals treated with 

saline.
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Summary

Corticosterone

KORs, 

benzodiazepine

anxiolytics

DORs

Anisomycin
(inhibición de síntesis 

proteica)

NMDARs


