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Many, if not all psychiatric diseases are accompanied by 
m e m o r y  disturbances,  in particular, the dementias ,  
schizophrenia,  and, to an extent, mood  disorders. Anxiety 
and stress, on the other hand, cause important alterations 
of memory,  particularly its retrieval. Here we  discuss 
several n e w  findings on the basic mechanisms  of 
consolidation, retrieval and extinction of a prototype 
form of episodic memory  in the rat: condit ioned fear. The 
f indings point  the way  for invest igat ions  on the 
pathology of these aspects of memory  in health and 
disease.  Emphasis is placed on the parallel processing Of 
retrieval in several cortical areas, on the l inks  between  
retrieval and the onset of extinction, on the fact that 
ext inct ion invo lves  n e w  learning requiring gene  
expression, and on the differences between the retrieval 
of recent or remote long-term memories .  

Keywords: Memory consolidation; Memory retrieval; Memory 
extinction; Working memory mechanisms; Remote memory 

I N T R O D U C T I O N :  CONDITIONING, 
RETRIEVAL AND EXTINCTION 

In the first two decades of the XX century, Pavlov 
described the principles through which stimuli 
become associated in order to produce memories. 
Pavlov (1956) reported that learning takes place 
when a stimulus or constellation of stimuli (con- 
ditioned stimulus, CS) is paired with another 
stimulus (unconditioned stimulus, US) that pro- 
duces a clear-cut response. The CS is normally a 
neutral stimulus (light, tone, odour) or group of 
stimuli (an environment, a training apparatus) that 
elicits, at most, orienting or investigative responses. 

The US is what Pavlov used to call a "biologically 
significant" stimulus or group of stimuli: a foot- 
shock, food, a pleasant or unpleasant circumstance 
or situation. The response to the CS becomes 
changed by its pairing with the US; instead of a 
mere orienting response, the subject reacts to the CS 
with a pattern of movements related to the US, called 
a conditioned response (CR). 

It is also known since Pavlov that repeated 
presentation of the CS without the US results in 
extinction of that response. Thus, a retrieval session 
may trigger extinction, if it is carried out without US. 
Extinction involves a new learning: the CS becomes 
dissociated from the US, and associated with a new 
consequence, i.e. the lack of reinforcement. Percep- 
tion of this new association takes place in the first 
retrieval session (Vianna et al., 2001; Szapiro et al., 
2002). 

Upon retrieval, the animals may use the learned 
response (CR) instrumentally in order to obtain the 
US, if it is pleasant or rewarding, or to avoid it, if it is 
unpleasant or punitive. This is called instrumental 
conditioning, and is extinguished more slowly than 
classic Pavlovian conditioning (Konorski, 1948). 

Retrieval is, of course, the only possible measure 
of memory (James, 1890), and the fact that it can 
initiate extinction is important. Our cognitive life 
consists mainly of memories that are more or less 
extinguished for the lack of reinforcement. Extinc- 
tion is not forgetting: extinguished memories are 
rapidly revived if some kind of reminder stimulus 
is given, and very particularly, if the original 
learning situation is recreated (Riccio and 
Richardson, 2000), including the neurohumoral 
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and hormonal conditions present at the time of the 
original training (Izquierdo, 1989). Extinction con- 
sists of a gradual active inhibition of retrieval, 
which, as will be seen, depends on gene expression, 
protein synthesis and the participation of several 
metabolic pathways. Forgetting is, instead, the 
passive loss of memories, resulting from the loss 
of neurons or synapses that occurs with the passage 
of time, or on the mere disuse of synapses (see 
Eccles, 1957). When the loss is very large and 
incapacitating, we call it an amnesic syndrome. But, 
short of that, across a rather indefinable border, 
there is a vast area of incomplete and missing 
memories in normal humans, which begins in early 
life and extends into senility. A 4-year old child 
does not remember any more where his mother 
used to keep the pacifiers. A 30-year old woman 
cannot revive the actual pain suffered during her 
last delivery. A normal 40- or 70-year old person 
often does not remember what movie (s)he saw on 
TV last night, or what was the exchange rate of his 
country's currency to the dollar 23 years ago. Some 
of these memories may have been lost; but others 
were just extinguished, and an appropriate cue 
might bring them back. Amnesic syndromes do not 
result from extinction, but from the effective loss of 
memory functions. 

Some patients remember too vividly frightening 
memories that are often false; this constitutes what 
we call as phobic disorders (Freud, 1952). The 
accep ted therapy  is, exposure to the frightening 
memory until it extinguishes; often with some 
demonstration to the patient that the source of the 
phobia was not as bad as (s)he thinks, or can be 
circumvented. 

The present paper reviews recent findings from 
our laboratories on memory retrieval, reactivation 
and extinction measured in rats in the one-trial 
contextual fear task called inhibitory or passive 
avoidance (Netto and Izquierdo, 1985; Izquierdo and 
Medina, 1997; Izquierdo and McGaugh, 2000). These 
findings may bear on the memory disturbances seen 
in almost all, if not all, psychiatric disorders. 
Anxiety, stress, depression, schizophrenia and the 
various dementias are accompanied by specific 
disturbances of consolidation and /o r  retrieval, 
accompanied by characteristic neurohumoral  
and /or  structural alterations (Cahill and McGaugh, 
1998; Danion et al., 2001; Egan et al., 2001). Anxiety, 
stress and depression are accompanied by altered 
peripheral and central monoamine levels and by 
hiperfunction of the pituitary-adrenal system. These 
affect memory formation and retrieval to various 
degrees. Schizophrenia and the various dementias 
are accompanied by distinct morphological changes 
in areas of the brain that are in charge of mnemonic 
functions, and specific memory alterations occur in 
these diseases. 

THE CHOICE OF A TASK WHOSE 
CONSOLIDATION IS WELL STUDIED 

Contextual fear is a paradigm much used in rodents 
that results in a CR that resembles phobia to a degree. 
In contextual fear, conditioning the CS is the context 
of a training apparatus and the US is a footshock. 
Animals learn that a certain region of the apparatus 
is associated with the shock. Retrieval is tested by 
presenting the CS alone: i.e. by exposing the animal 
to the apparatus without the shock. Depending on 
the conditions of training, the CR is either general 
immobility (Corcoran and Maren, 2001) or the 
specific inhibition of some movements (Netto and 
Izquierdo, 1985). The retrieval test also initiates 
extinction of the CR, that is, new learning, that the CS 
no longer predicts the US (Konorski, 1948; Pavlov, 
1956; Vianna et al., 2001). 

Here, we used a form of contextual fear called one- 
trial step-down inhibitory (passive) avoidance. Rats 
are placed on a platform (CS) and received a 
footshock (US) when they step down from it onto a 
grid. Animals learn to remain longer on the platform 
than they do on the training session (CR). The name 
"avoidance" should not obscure the fact that this is 
not really an instrumental task: it is acquired through 
a single CS (context)-US (footshock) pairing, which 
implies an impossibility for the animal to actually 
use the CR (to stay in a safe platform or compart- 
ment) and instrumentally avoid the US. When the 
animals are tested, they are exposed to the CS alone, 
which is the method of choice for initiating extinc- 
tion. In fact, the long-term memory of one-trial 
avoidance is extinguished by repeated testing at 24 h 
intervals (Izquierdo et al., 1999b). 

The one-trial paradigm is a task of choice for 
memory studies (Gold, 1986), for three reasons. First, 
it is acquired in a few seconds, so the training session 
can be easily separated from the ensuing consolida- 
tion, and stages of the consolidation process can be 
easily discriminated from each other (Izquierdo and 
Medina, 1997). Second, it permits a clear-cut 
distinction between learning, retrieval and extinction 
(Vianna et al., 2000b; 2001). Third, the consolidation 
of this task is now very well known to rely on the 
CA1 region of the hippocampus, in association with 
major hippocampal connexions: the entorhinal, 
parietal and cingulate cortex, plus the medial septum 
and the basolateral amygdala (Izquierdo et al., 1992; 
Izquierdo and Medina, 1997). It is impossible 
to differentiate learning from consolidation, 
retrieval arid extinction in multi-trial tasks; in 
successive trials these processes becomes hopelessly 
mixed. 

The series of events leading to long-term memory 
consolidation of the one-trial avoidance task in the 
hippocampus involves: (a) initially, an activation of 
glutamate AMPA, NMDA, and metabotropic 
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FIGURE 1 The main receptors, enzyme pathways and substrates that need to be activated in CA1 pyramidal cells in order for memory of 
a contextual fear task (inhibitory avoidance) to be formed. Glutamate AMPA, NMDA and mGLUR (metabotropic) receptors are necessary. 

2 +  Activation of the NMDA receptors and of Ca channels increase intracellular Ca  2+ levels, which stimulates CaMKII and PKC. CaMKII 
phosphorylates the receptive subunit of the AMPA receptor. 6-NE, dopamine D1 and 5HT1A receptors modulate adenylyl cyclase (AC), the 
enzyme that synthesizes cAMP from ATP. CAMP binds to the regulatory subunit of PKA and activates the enzyme. Meanwhile, the MAPK 
pathway (or Ras-Raf-MEK-ERK pathway, see Walz et al., 1999 and Szapiro et al., 2000) becomes activated in parallel, perhaps as a 
consequence of stress. PKA, MAPK, CaMKII and PKC all may phosphorylate and thereby activate the nuclear constitutive factor CREB, 
which triggers transcription and in consequence protein synthesis. In physiological conditions, probably PKA is the main signaling 
pathway involved in the phosphorylation of CREB. 

(mGluR) g lu tamate  recep tors  ( Izquierdo  and 
Medina, 1997); (b) immediately after, an activation 
of ca lc ium/ca lmodul in  kinase II (CaMKII), which 
phosphoryla tes  and activates the AMPA receptor 
(Cammaro ta  and Bernabeu,  1998); (c) a dua l  
activation of the cAMP-dependent  protein kinase A 
(PKA), first immediate ly  after training, and then 
again 3 - 6 h  later (Bernabeu et al., 1997; Viarma et al., 
2000b); (d) an increase of the phosphoryla ted  state 
of the cons t i tu t ive  t ranscr ip t ion  factor  CREB 
(cAMP response element binding protein) in the 
nucleus of CA1 cells, s imultaneously with the PKA 
peaks (Bernabeu et al., 1997; Taubenfeld et al., 1999); 
(e) a late (3 h) increase of sensitivity in the amnestic 
effect of inhibitors of the mitogen-activated protein 
kinase (MAPK) given into CA1 (Walz et al., 1999); 
and (f) a dual  peak of sensitivity to inhibitors of 
t r ansc r ip t ion  (Fig. 1) or of p ro te in  synthes is  
(Quevedo et al., 1999), coincident in time with the 
two PKA/P-CREB peaks. Steps (c) through (d) 
d e p e n d  on the prev ious  act ivat ion of NMDA 
receptors in CA1: they do not take place if the 
NMDA antagonist,  AP5, is infused into that region 
immediately after training (Cammarota et al., 2000). 

A CAVEAT O N  THE BIOCHEMISTRY OF 
M E M O R Y  

It must  be pointed out  that the biochemical events 
that follow training, themselves, do not carry the 

information pert inent  to the memory  that is formed. 
Long-term memories  rely on synaptic changes, both 
morpholog ica l  and  funct ional ,  which  under l i e  
retrieval when  the appropriate stimuli are presented 
in test sessions (Ram6n y Cajal, 1893; Kandel and 
Squire,  2000; Gein isman,  2002). The code  of 
memories is synaptic, and not metabolic. 

There is reason to believe that the synaptic changes 
that underlie memories  depend on the late phase of 
gene transcription and the resulting protein syn- 
thesis (Kandel and Squire, 2000; Muller et al., 2002; 
Regan, 2002). The molecular events that take place 
between receptor stimulation and protein synthesis 
are mere boosters of the signals that are needed in 
order  for this t ransduction process to take place. 
They are, however,  necessary boosters; if they are 
blocked, consolidation does not  take place and 
memories  are not formed. 

W O R K I N G  M E M O R Y  

Working memory,  as given in Baddeley (1997), is 
defined as a non-archival system located mainly in 
the prefrontal cortex that operates on-line or at the 
most, for a few seconds or minutes after the training 
experience (Goldman-Rakic, 1996; Izquierdo et al., 
1998c). Working m e m o r y  is in charge of the 
sensorimotor gating that is essential for an adequate  
percept ion of reality and its compar i son  wi th  



576 I. IZQUIERDO et al. 

180 
160 

140 

120 

100 
80 
6O 
40 ~'~ . 
2O 

o ~ 
m d 

7 

Q 

HIPPOCAMPUS 

N ~ d N d d d 

z < < o o 

n 
o 
r ~  
n 

FIGURE 2 Molecular mechanisms of retrieval in CA1 region of 
the hippocampus. The following drugs were infused bilaterally 
into each of these structures 10min prior to a test session of the 
one-trial avoidance task, carried out 24 h after training: the AMPA 
receptor blocker, DNQX (0.4 or 1.0 ~tg/side); the NMDA receptor 
blocker, AP5 (2.0 or 5.0 p,g/side); the mGluR antagonist, MCPG 
(0.5 or 2.5 p,g/side); the inhibitor of PKA, Rp-cAMPs (Rp, 0.1 or 
0.5 ~g/side);  the stimulant of PKA, Sp-cAMPs (Sp, 0.5 ~g/side); 
and the MAPKK inhibitor, PD098059 (PD, 10 or 50~M on 
each side). Retrieval was inhibited by DNQX, MCPG, Sp and PD, 
enhanced by Sp, and not affected by AP5. Thus, retrieval requires 
intact AMPA receptors and mGluRs, PKA and MAPK. 

preexisting memories (Geyer et at., 2001). This is 
deficient in schizophrenia, and constitutes one of the 
cardinal symptoms of this disease (Artiges et al., 
2000). It is distinct from short- and long-term 
memory (see below), and leaves no detectable 
biochemical trace. 

Working memory is regulated by dopamine D1 
and cholinergic muscarinic receptors in the antero- 
lateral prefrontal cortex (Izquierdo et al., 1998) and 
by muscarinic cholinergic mechanisms in the 
basolateral amygdala (Beninger et al., 2001; Izquierdo 
et al., 2002). 

Schizophrenics usually report that they perceive 
reality as complex and often menacing ("I see 
everything at the same time", "all that surrounds me 
is coming at me"). This reveals a failure of 
sensorimotor gating, which results from an insuffi- 
cient degree of prepulse inhibition, i.e. by the 
mechanism by which stimuli are able to reduce 
perception of others that follow (Geyer et at., 2001). 
The result of this is a deficiency of working memory 
functions (Artiges et al., 2000). 

Biochemical Mechanisms Involved in the Retrieval 
of Long-term Memory 

Both retrieval (Barros et al., 2000; Eldridge et al., 2000) 
and extinction (Corcoran and Maren, 2001) are 
processed by the hippocampus. In particular, it has 
been recently shown that there is a selective 
activation of CA1 neurons during the recall of 
contextual memories (Hall et al., 2001). However, as 

will be seen, recent findings indicate that several 
other cortical structures participate in retrieval along 
with the hippocampus. 

The effect on retrieval of the bilateral infusion of the 
antagonist of NMDA glutamate receptors, AP5 (D-2- 
amino-5-phosphonovalerate, 2.0 or 5.0 p,g/side), the 
antagonist of AMPA receptors, DNQX (0.4 or 
1.0p~g/side), the generic glutamate metabotropic 
receptor antagonist, MCPG (0.5 or 2.5 ~g/side), the 
PKA inhibitor, Rp-cAMPs (0.1 or 0.5 ~g/side), the 
PKA stimulant, Sp-cAMPs (0.5p, g/s ide) ,  and 
the MAPK inhibitor PD098059 (10 or 50 p~M) was 
studied in the CA1 region of the rat hippocampus, as 
reported elsewhere (L.A. Izquierdo et al., 2000) (Fig. 2). 
Here, we show the effect of the same treatments when 
given bilaterally 10 min before retention testing into 
the entorhinal cortex (Fig. 3a), posterior parietal 
cortex (Fig. 3b), anterior cingulate cortex (Fig. 3c) and 
basolateral amygdala (Fig. 3d). Control animals 
received the vehicle in which the drugs were 
dissolved (2% DMSO in saline). Infusion volume 
was 0.5 Ixl per side in all cases in this and all following 
experiments using localized drug administrations. 
Infusions were 10 min prior to retrieval. Retrieval was 
measured 24 h after training. Retrieval is immediately 
followed by an increase in the activity of two enzymes 
of the MAPK pathway, p42 and p44 in CA1 
(Szapiro et al., 2000). 

As can be seen, in all the cortical structures, 
MCPG, Rp-cAMPs and PD098059 depressed, and 
Sp-cAMPs enhanced retrieval performance. DNQX 
depressed retrieval when given into CA1, entorhinal 
or parietal cortex, but not when given into the 
anterior cingulate cortex. AP5 depressed retrieval 
when given into the parietal or anterior cingulate 
cortex but not when given into CA1 or entorhinal 
cortex. The mGluR antagonist, MCPG, was effective 
when given into any of the cortical structures 
studied. Therefore, the enzyme requirements for 
retrieval (PKA, MAPK) were similar in all the 
cortical structures studied, but the type of glutamate 
receptors required was different in each case: 
mGluRs were required in all cortical areas, AMPA 
receptors were required in all areas except the 
cingulate cortex, and NMDA receptors are required 
for retrieval in parietal and cingulate cortex 
(Barros et al., 2000) 

It may be added here that, additionally, we have 
shown that the bilateral infusion into CA1 of a 
specific inhibitor of the protein kinase C (PKC) c~/[3II 
isoform(s) (Vianna et al., 2000a), or of an inhibitor of 
tyr-protein kinases (Pereira et al., 2001) inhibits 
retrieval. This suggests an additional involvement of 
PKC c~/~II and of tyr-kinases in CA1 in retrieval. 
On the other hand, the CaMKII inhibitor, KN-62 has 
no effect on retrieval when given into CA1 
suggesting that this enzyme is not involved in this 
process (Izquierdo et al., 2000). 
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FIGURE 3 Same as Fig. 2, but with bilateral infusions of the drugs into: a, entorhinal cortex; b, posterior parietal cortex; c, anterior 
cingulate cortex; d, basolateral nuclear complex of the amygdala. DNQX inhibited retrieval in all structures except the cingulate cortex. 
AP5 inhibited retrieval only when given into the parietal or anterior cingulate cortex. MCPG, Rp and PD inhibited retrieval, and Sp 
stimulated retrieval, in all structures except the basolateral amygdala (Barros et al., 2000). Therefore, different types of glutamate receptors 
and PKA and MAPK are required for retrieval in hippocampus, entorhinal cortex, parietal cortex and anterior cingulate cortex. In the 
basolateral amygdala the only requirement for retrieval appears to be intact AMPA receptors. 

Thus, retrieval of long-term memory of the one- 
trial task involves the simultaneous operation of a 
rather complex molecular machinery in at least four 
different cortical areas of the brain; the only 
differences among areas reside in the differential 
involvement of glutamate receptor types in each 
region. 

With the exception of DNQX, none of the other 
substances had any effect when given bilaterally into 
the basolateral amygdala (Fig. 3d). This does not 
detract from the importance of this structure in 
retrieval (e.g. de Quervain et al., 1998); it merely 
shows that it participates using regular glutamatergic 
transmission without a necessary involvement of 
signaling pathways. It is possible that the role of the 
basolateral amygdala in the retrieval of one-trial 
avoidance may be modulatory, as it is in the 
consolidation of that task (Izquierdo et al., 1992; 
Cahill et al., 1999; Izquierdo and McGaugh, 2000). 

In all cases, behavioral controls were carried out 
studying the effect of these substances, given at the 
same doses into the same structures on open-field 

and plus-maze behavior, in order to rule out possible 
influences of the treatments on locomotion, explora- 
tion or conflict behavior. None of the treatments had 
any such effect; therefore, their influence on retention 
testing can be interpreted in terms of actual retrieval 
and not of non-specific actions on motility 
(Izquierdo et al., 2000; Barros et al., 2002). 

T h e  M o d u l a t i o n  o f  R e t r i e v a l  b y  M o n o a m i n e s  a n d  
Acetylcholine 

Dopaminergic D1, ~-noradrenergic, serotonergic 1A 
and muscarinic cholinergic receptors in the hippo- 
campus and other areas of the brain modulate the 
consolidation of short- and long-term memory 
(Izquierdo et al., 1999a; Izquierdo and McGaugh, 
2000). We decided to find out whether they are also 
involved in the modulation of retrieval of the one- 
trial task in the areas in which we had studied the 
molecular mechanisms of retrieval (see preceding 
section). Dopaminergic D1, ~-noradrenergic, sero- 
tonergic 1A and muscarinic cholinergic receptors 
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FIGURE 4 Modulation of retrieval in a, CA1 region of the hippocampus; b, entorhinal cortex; c, posterior parietal cortex; d, anterior 
cingulate cortex. The following drugs were infused bilaterally into each of these structures 10 min prior to a test session of the on-trial 
avoidance task: the Dopamine D1 agonist, SKF38393 (SKF, 0.3 or 1.5 lag/side); the D1 antagonist, SCH23390 (SCH, 0.2 or 1.0 #`g/side); 
norepinephrine (NE, 0.1 or 0.5 lag/side); the B-blocker, timolol (TIM, 0.05 or 0.3 i~g/side); the 5HTIA agonist, 8-HO-DPAT (DPAT, 0.5 or 
2.5 #,g/side); the 5HT1A antagonist, NAN-190 (NAN, 0.5 or 2.5 #`g/side); the cholinergic muscarinic stimulant, oxotremorine (OXO, 0.05 or 
0.03 lag/side); and the muscarinic receptor antagonist, scopolamine (SCOP, 0.4 or 2.0 #`g/side). In all structures, retrieval was enhanced by 
SKF, NE, NAN and OXO, and depressed by SCH, TIM, DPAT and SCOP. In the basolateral amygdala, thus, dopaminergic D1, 
p-noradrenergic, 5HTIA and cholinergic muscarinic receptors modulate retrieval simultaneously in CA1, entorhinal cortex, posterior 
parietal cortex and anterior cingulate cortex. D1, 13 and muscarinic receptors facilitate, and 5HTIA receptors inhibit retrieval. In the 
basolateral amygdala (E), modulation is restricted to a stimulant role of f~-noradrenergic receptors: only two of the drugs had an effect: NE, 
which enhanced retrieval, and TIM, which depressed retrieval (see Barros et al., 2001). 

a r e  w i d e l y  b e l i e v e d  to  r e s p o n d  to l eve l s  of  
a l e r tnes s  a n d  anxiety ,  a n d  to  be  i n v o l v e d  in the  
p e r c e p t i o n  a n d  r eac t ion  to anxiety ,  s t ress  a n d  m o o d  
c h a n g e s  ( I z q u i e r d o  a n d  M c G a u g h ,  2000). 

A n i m a l s  r e c e i v e d  b i l a t e r a l  i n fus ions  in  the  CA1 
a rea  of  the  h i p p o c a m p u s  (Fig. 4a), or  the  e n t o r h i n a l  
(Fig. 4b),  p o s t e r i o r  p a r i e t a l  (Fig. 4c) or  an t e r io r  

c ingu l a t e  cor tex  (Fig. 4d)  of  the  f o l l o w i n g  d r u g s :  the  
d o p a m i n e  D1 agonis t ,  SKF38393 (0.3 or  1.5 t .~g/side),  
the  D1 an tagon i s t ,  SCH23390 (0.2 or  1.0 ~ g / s i d e ) ,  
n o r e p i n e p h r i n e  (0.1 or  0.5 ~ g / s i d e ) ,  the  p - a d r e n o -  
c e p t o r  an t agon i s t ,  t imolo l  (0.03 or  0.06 t~g /s ide) ,  the  
5 H T I A  agonis t ,  8 -HO-DPAT (0.5 or  2.5 t~g /s ide) ,  
the  5 H T I A  a n t a g o n i s t  N A N - 1 9 0  (0.5 or  2.5 t~g /s ide) ,  
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the cholinergic muscarinic stimulant, oxotremorine 
(0.06 or 0.3p~g/side), or the muscarinic receptor 
antagonist, scopolamine HBr (0.4 or 2.0~g/side). 
Control animals received saline; drugs were dis- 
solved in saline. Infusion volume was 0.5 ~1 in all 
cases. Infusions were 10 min prior to retrieval, 24h 
after training. 

The effect of the various treatments was almost 
identical in all four brain areas: CA1 (Fig. 4a), 
entorhinal cortex (Fig. 4b), posterior parietal cortex 
(Fig. 4c) and anterior cingulate cortex (Fig. 4d). In all 
cases, SKF38393, norepinephrine, NAN-190 and 
oxotremorine enhanced, and SCH23390, timolol, 
8-HO-DPAT and scopolamine depressed retrieval 
performance. Therefore, it can be concluded that 
through simultaneous actions upon all the cortical 
regions studied, dopamine D1, beta-noradrenergic 
and muscarinic cholinergic receptors enhance, and 
5HTIA receptors depress, long-term memory retrie- 
val. It seems likely that these modulatory influences 
underlie the changes in retrieval seen in circum- 
stances of anxiety, stress or alterations of mood; such 
as the flashbacks or "blanks" that occur in such 
conditions (Barros et al., 2001). 

Again, as in the previous experiment, here none of 
the treatments was found to alter open-field or plus- 
maze behavior (Barros et al., 2000; 2001), so their 
influence on retention testing may be genuinely 
interpreted as due to an effect on retrieval. 

Thus, in addition to relying on a relatively complex 
molecular machinery acting simultaneously in four 
different cortical areas, retrieval can be strongly 
modulated by drugs that act on the main receptors 
that are known to be activated by alertness, mood, 
emotion and affect, in those same brain areas. The 
receptor agonists and antagonists used here are 
known to influence the PKA and PKC signaling 
pathways indirectly: the monoamines by influences 
on adenylyl cyclase, and the muscarinic agents by 
influences on PKC or other pathways (see Izquierdo 
and Medina, 1997; Barros et al., 2001). It is conceivable 
that their action on retrieval is mediated by such 
influences. 

This and the preceding experiment show that 
retrieval of a memory as simple as that of one-trial 
avoidance does not involve exclusively the hippo- 
campus. It is, instead, dependent  on strongly 
modulated parallel processing involving a variety 
of receptors and signaling pathways at four different 
cortical regions. 

Extinction of Long-term Memory 

As commented above, retrieval performed in the 
absence of a US initiates extinction (Pavlov, 1956). 
Extinction is perhaps the most visible consequence of 
retrieval. A memory whose retrieval is reiterated 
often enough, without the US, will fade; and this has 

important adaptive consequences. A brain clogged 
with memories that never fade, will be, for most 
purposes, a rather useless brain, as Borges's famous 
story "Funes the Memorious" showed. In that story, 
the central character, Funes, is condemned to 
remember everything all the time; for example, a 
whole day of his life. But in order to retrieve an entire 
day of his life he needs another entire day of his life, 
so he is unable to move on. As Borges states, one 
needs to extinguish (or forget) memories in order to 
be able to make generalizations. 

Another consequence of retrieval is that it may be 
entangled with other memories that are being 
formed or retrieved at the same time, thus forming 
complex and often false memories. This is found 
frequently in the elderly, who mix events or facts 
about one person (for example, the son) with those 
about another (for example, a brother). 

Extinction of the long-term retrieval of the one- 
trial fear task has been shown to occur upon 
repeated testing over several days (Izquierdo et al., 
1999b). Berman and Dudai (2001) recently reported 
that the extinction of conditioned taste aversion is 
prevented by the infusion of anisomycin into the 
insular lobe at the time of the first retention test of 
a series. This finding suggested that extinction 
requires protein synthesis. The insula is crucial for 
the consolidation of conditioned taste aversion 
(Dudai et al., 1995). 

Intrahippocampal infusion of the transcription 
blocker, DRB did not affect retrieval measured 
15min later, but blocked extinction measured on 
three successive test sessions carried out 24, 48 and 
72 h after the first test (Fig. 5). The effect is similar to 
that reported previously for the protein synthesis 
inhibitor, anisomycin (Vianna et al., 2001). These 
results indicate that the initiation of extinction 
requires, like consolidation, new mRNA synthesis. 

Intrahippocampal administration of muscimol, a 
GABAA receptor agonist, blocks context-specific 
extinction of a fear conditioning task related to one- 
trial avoidance (Corcoran and Maren, 2001). The 
indirect GABAA antagonist, picrotoxin, enhances 
extinction of one-trial avoidance when given 
systemically (McGaugh et al., 1990). AP5 given into 
the basolateral amygdala hinders extinction of fear- 
potentiated startle (Falls et al., 1992). 

We decided to find out whether the infusion into 
CA1 of the NMDA receptor antagonist, AP5 (5.0 ~g /  
side), the PKA inhibitor, Rp-cAMPs (0.5 p~g/side), 
the CaMKII inhibitor, KN-62 (0.1 ~g/side) and the 
MAPK inhibitor, PD098059 (50 ~M), given 15min 
prior to a retrieval test 24 h after training, affected 
extinction measured by the retrieval performance in 
further retention tests. 

The effect of bilateral infusions into CA1 of AP5, 
KN-62, Rp-cAMPs and PD098059 given prior to 
retrieval on further retrieval sessions carried out one 
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FIGURE 5 Effect of DRB (10 or 50 ~M) given bilaterally into CA115 min prior to the first of four retention tests on retrieval of the one-trial 
inhibitory avoidance task. Testing was 24, 48, 72 and 96 h after training, respectively. Control animals received 0.5 ~1 of saline per side. The 
drug clearly inhibited the extinction of the task (Muller et al., 2002). This is similar to what has been reported for the protein synthesis 
inhibitor, anisomycin (Vianna et al., 2001). Thus, extinction is a new learning requiring, as the original task, gene transcription and protein 
synthesis at the time of the first retention test. 

or more days later is shown in Fig. 6. Animals treated 
with Rp-cAMPs and PD098059, but not AP5 or KN-62, 
prior to the first test, showed impaired retrieval in 
that test, but not in the subsequent ones. As shown 
elsewhere (Barros et al., 2000), here we found that the 
two former drugs impaired retrieval. There were no 
signs of extinction in any of the drug-treated groups: 
retrieval performance did not decline between the 
first and the fourth test. Therefore, the present data 
show that NMDA receptors, CaMKII, PKA and 
MAPK at the time of the first test are all necessary for 
the initiation of extinction. Further, they show that the 
actual level of retrieval performance in the first test is 
not crucial for extinction; probably the essential 
element is merely the detection of the CS-"no shock" 
association (Corcoran and Maren, 2001). 

Thus, the main consequence of retention testing is 
to initiate extinction, which develops after that 
gradually over repeated tests. Extinction is a new 
learning that results from the association of the CS 
with the lack of the previous US (Konorski, 1948; 
Pavlov, 1956) and requires gene transcription (Fig. 5) 
and protein synthesis in CA1 (Vianna et al., 2001) at 
the time of its inception. Its molecular pharmacology 
is remindful of, but not identical with, that of the 
memory consolidation of the avoidance task. 
It requires intact, NMDA receptors, CaMKII, PKA 
and MAPK activity in CA1 (Fig. 6). The big 
difference with consolidation is that extinction 
requires all these events plus transcription and 
protein synthesis at about the same time, whereas in 
consolidation, the NMDA activation precedes that of 
the enzymatic pathways, and these occur sequen- 
tially over several hours, culminating by a late peak 
of P-CREB elevation, gene transcription and protein 

synthesis 3 - 6 h  after training (Izquierdo and 
Medina, 1997; Cammarota et al., 1999, 2000; Kandel 
and Squire, 2000) (see also Fig. 1). 

The molecular mechanisms that generate extinc- 
tion are initiated at the time of retrieval in the CA1 
region of the hippocampus, and include some of 
those that are involved in retrieval. Therefore, it may 
be said that retrieval "plants" the seeds of its own 
extinction in CA1. Some of the "seeds" (the MAPK 
and PKA signaling pathways) are required for 
retrieval itself; the others (NMDA receptors and 
CaMKII) are not. 

Retrieval and Extinction of Short-term Memory 

In a series of papers published between 1998 and 
2000 (see Izquierdo et al., 1998a,b; 1999b; Walz et al., 
1999), we showed that short- and long-term memory 
are separate and parallel processes. Short-term 
memory was defined as the archival system that 
maintains memories during the 3-6 h that it takes for 
long-term memory to become consolidated. Both 
forms of memory are distinct from working memory. 
The discovery that short- and long-term memory are 
separate stemmed from previous observations by 
McGaugh (1966) and Emptage and Carew (1983) and 
was based on the observation that a variety of 
pharmacological treatments given into CA1, the 
entorhinal or the parietal cortex are able to knock out 
short-term memory while leaving long-term 
memory intact for the same task in the same animal 
(Izquierdo et al., 1998a-c; 1999a). 

The same drugs that had been studied for their 
effect on long-term memory in the CA1 region were 
given 10min prior to a retrieval test of short-term 
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FIGURE 6 Training (Tr) and Test session (TT) retrieval performance expressed as median (interquartile step-down latency, in sec), in the 
one-trial avoidance task in rats. TT sessions were carried out at 24 h intervals over successive days (TT1, TT2, TT3, TT4). Animals received, 
15min prior to TT1, a bilateral infusion into the CA1 region of the dorsal hippocampus of saline, AP5 (5p~g/side), Rp-cAMPs 
(Rp, 0.5 ~g/side), KN-62 (KN, 1.0 ~g/side) nmoles), or PD098059 (PD, 50 p,M). In the saline-treated animals, retrieval decreased along the 
successive sessions, which indicates extinction. In this and successive figures, # indicates significant differences in Mann-Whitney U tests 
(p < 0.03) in performance when compared with TT1. Rp and PD, but not AP5 or KN-62 attenuated retrieval in TT1, but the four drugs 
blocked extinction In the successive test sessions. In this and following figures, asterisks indicate significant differences in Mann-Whitney 
U tests (p < 0.02) relative to the corresponding session of the saline group. 
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FIGURE 7 Rats were trained in one-trial step-down inhibitory avoidance using a 0.5 mA footshock and tested for retrieval 1.5, 3.0, 4.5 and 
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visible upon repeated testing in the first 6h; clear-cut extinction was seen in the long-term memory tests. Asterisk indicates significant 
differences from the first test session at p < 0.02 in Duncan test. 

memory,  measured  3 h after training. It was found 
that the retrieval of short- term memory,  unlike that 
of the long-term type, is insensitive to most  of the 
treatments. It is blocked only by the AMPA receptor 
antagonist,  CNQX, and by  the mGluR antagonist, 
MCPG (Izquierdo et al., 2000). Therefore ,  the 
metabolic requirements of the retrieval of short- 
term m e m o r y  are scarce, indeed, and it seems only to 
d e p e n d  on  the in tegr i ty  of regu la r  synapt ic  
AMPAergic transmission in CA1. 

If short- term m e mory  is expected to fulfill its role 
as a s tand-by for long-term memory,  it should not 
suffer extinction. It does not, as shown in Fig. 7. 
These findings further  illustrate the differences 
between the two m e mory  types summar ized  else- 
where  (Izquierdo et al., 1999a). 

Retrieval of Remote Memory 

We remember  not  only things learned a few hours or 
days before, but  also, and importantly, episodes and 
semantic knowledge  acquired decades ago. These 
evoke different states of mind,  different moods  and 
different emotions through the years. Emotional 

events are usual ly  recalled more  intensely by  
children or old people; and, at the same time, 
children and old people  are more  prone  to reacting 
more emotionally when recalling a given memory.  
For example, they are more  prone to cry when  
recalling a funeral than 20- or 40-year olds. So it can 
be said that there is a developmental  difference in the 
quality and perhaps in the quanti ty of retrieval; at 
least concerning emotionally-laden memories.  

There  are several  t rea tments  we l l -known to 
enhance retrieval when  given prior  to a test session: 
exposure to a novel envi ronment  (Izquierdo and 
McGaugh,  1985), and the systemic administrat ion of 
the so-called stress hormones,  epinephrine,  ACTH, 
vasopress in  and ~-endorph in  (Izquierdo,  1989; 
Izquierdo et al., 1997). Here we report  that, in 
addition, two wel l -known antidepressant  agents 
with different biochemical properties,  bupropion  
and sertraline, also enhance retrieval measured  one 
day after training (see below). These two substances 
were administered per os 6 and 3 h prior  to testing 
respectively, in order  to mimick  the t ime for 
maximum effect and the t reatment  conditions used 
in human  patients. 
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FIGURE 8 Exposure to a novel environment (5 min in a 50 x 
50x50cm open-field) lh prior to retention testing enhances 
retrieval. Here animals were tested 31 days after training in the 
one-trial task using a 0.8mA footshock. Novelty presented I h 
before testing enhanced memory unless the animals received, 
10 min prior to testing, a bilateral infusion into CA1 of Rp-cAMPs 
(Rp, 0.5 p~g/side), PD098059 (PD, 50 p,M) or MCPG (2.5 p,g/side), 
but not of AP5 (5.0 ~g/side) or CNQX (1.25 p,g/side). Thus, the 
enhancement of retrieval caused by novelty depends on 
hippocampal mGluRs, PKA and MAPK. 

Exposure to a novel environment  (a 50 x 50 x 
50 cm open field dur ing 5 min) I h prior to testing has 
been known for some time to enhance retrieval 
(Izquierdo and McGaugh,  1985). The effect is now 
k n o w n  to requi re  mGluRs,  PKA and  MAPK 
(Izquierdo et al., 2001) (Fig. 8). 

Two separate groups of male Wistar rats were 
used. One was trained in the one-trial avoidance task 
at the age of three months using a single 0.5 mA 
footshock and tested 24 h later. The other group was 
also trained in this at the age of three months,  but  
using two 0.8 mA footshocks given in close sequence. 
These animals were then tested at the age of 6, 9, 12, 
15 and 18 months.  Thus, in these animals, memory  
aged together with the subjects. Animals were 
randomly  assigned to groups on each test. Results 
are shown in Figs. 9-15.  

As s h o w n  by  Gold  et al., (1981), re t r ieval  
p e r f o r m a n c e  of this task dec l ined  wi th  t ime 
( H = 2 4 . 7 ,  p < 0 . 0 2  in a Kruska l -Wal l i s  test) 
(Figs. 9-15). Retention test performance levels were 
indistinguishable from those of the original training 
session in the last test (p < 0.1 in a M a n n - W h i t n e y  U 
test, two-tailed), carried out when  the memory  was 19 
months  old and the animals were 22 months old. 
Since in the present  experiment,  the animals were 
rotated among treatment groups and tested more 
than once, at different intervals and with different 
treatments, it is not possible to know how much  of the 
loss was due  to simple forgetting (Gold et al., 1981), 
and how much  was due  to extinction caused by the 
repeated testing (e.g. Vianna et al., 2001). The rotation 
of animals across groups at each training-test interval 
was carried out  in such a way  that no animal was 
exposed to the same treatment twice in their life span. 

Exposure to novelty I h prior to testing enhanced 
retrieval 1 day, or 3, 6, 9, 12, 15 or 19 months after 
training to a similar degree, regardless of the level 
of per formance  in control (untreated) animals 
(Fig. 9). 

The effects of the stress hormones  varied with the 
training-test interval. ACTH markedly  enhanced 
retrieval of the avoidance task one day after training 
at a dose of 0.2 p~g/kg. At the 3-month training-test 
interval, however,  ACTH was effective only at a dose 
5 times higher. At the 6-month interval, neither 1.0 
nor 5.0 ~ g / k g  of ACTH had any detectable effect on 
retrieval. At the 9-month interval, ACTH depressed 
retrieval at the dose of 5.0 ~g /kg .  At the 12-month 
training-test interval, ACTH enhanced retrieval, at 
the doses of 1.0 or 5.0 p~g/kg (Fig. 10) When the 
memory  was 15 or 19 months  old, ACTH was able to 
enhance retention test performance again at the 
lowest dose, 0.2 ~g /kg ,  as it did when  memory  was 
1 day old (Fig. 10). 

Adrenal ine  enhanced  retr ieval  at a dose of 
5.0pLg/kg at the 1-day training-test interval but  
only at a dose of 25.0 p~g/kg at the 3- or 6-month 
intervals (Fig. 11). When the memory  was 9 months  
old, the pre-test administrat ion of 25 .0~g /kg  of 
adrenaline actually depressed retrieval. However ,  at 
the 12-, 15- or 19-month training-test intervals, the 
d rug  was again effective at the lowest  dose,  
5.0 btg/kg (Fig. 11). 

Vasopressin enhanced retrieval I day after training 
at a dose of 10 ~g/kg .  At the 3- or 6-month training- 
test intervals it was effective only at a dose 5 times 
higher. It had no effect, even at the higher dose, at the 
9-month interval. Vasopressin enhanced retrieval at 
the two dose levels at the 12-month interval and at 
the lower dose level (10p~g/kg) at the 15- or 
19-month training-test intervals (Fig. 12). 

[~-Endorphin enhanced retrieval at the dose of 
1.0 p~g/kg when  the memory  was acquired on the 
preceding day, but  only at the dose of 5.0 p~g/kg 
when the memory  was 3 months old. At the 6 
month  training-test interval, ~-endorphin had no 
effect on retrieval at the doses of 5.0 or even 
25.0 ~g/kg .  When the memory  was 9 months  old, 
the drug had a depressant  effect on retrieval at the 
dose of 25.0 p~g/kg. At the 12-month interval the 
enhancing effect of [3-endorphin reappeared,  at 
doses of either 5.0 or 25.0 btg/kg (Fig. 13). At the 15- 
or 19-month training-test intervals, [3-endorphin 
again enhanced  retr ieval  at the lowes t  dose  
(1.0 p~g/kg), as it did when  the memory  was just 
1-day old (Fig. 13). 

Bupropion (20 or 60 mg /kg ,  p.o.) was given p.o. 6h  
prior to testing, and sertraline (3.3 or 10 m g / k g ,  p.o.) 
was given 3 h prior to testing. These times are those at 
which  the c o m p o u n d s  are supposed  to at tain 
m a x i m u m  effect in clinical practice.  Figure 14 
illustrates the findings obtained with bupropion  and 
Fig. 15 those obtained with sertraline. Both drugs, 
at the two dose levels studied, significantly enhanced 
retrieval performance at all training-test intervals, 
regardless of the basal performance level at different 
ages. At the I day, 3 month  and 9 month  training-test 
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FIGURE 9 Effect of exposure to novelty 1 h prior to testing on retrieval of one-trial s tep-down avoidance in rats. Asterisks indicate 
significant differences from control groups. The animals were trained at the age of 3 months,  and tested either the next day, or 3, 6, 9,12, 15 
or 19 months  later. White columns correspond to animals just taken out of their home cages and tested (controls). Dotted columns 
correspond to animals exposed to a novel environment  I h before the retention tests. Animals tested 1 day, 3 months  or 9 months  were 
submit ted to a 2nd retention test, 3h  after the first. N = 10 per  group. In control animals, retrieval declined with age (or wi th  the length of 
the training-test interval). This decline was significant in a one-way Kruskal-Wallis ANOVA (H = 25.2, p < 0.02). At the 19-month 
Interval, control test session values were not different from those of the training session (p > 0.1 in a M a n n - W h i t n e y  U test). Exposure to 
the novel environment  prior to retention testing enhanced retrieval performance at all intervals and ages (p < 0.02 in M a n n - W h i t n e y  U 
tests) w h e n  compared wi th  control test performance or with performance in a second test 3 h after the first). 

interval there was a significant difference between 
the two dose levels of bupropion (p < 0.05). 
At the 3 month interval, there was a dose- 
response difference in the sertraline-treated animals 

(p < 0.05). At all other intervals, the difference 
in the effect of the two doses of each compound 
were not significantly different. The enhancement 
of retrieval caused by the two drugs was actually 
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FIGURE 10 Effect of ACTH1-24 on retrieval of one-trial inhibitory avoidance in rats, measured at different times from training: I day, 3, 6, 
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ACTH (5.0 ixg/kg) are shown in the darkest columns. The effect of ACTH1_24 was different across training-test intervals (H = 23.4 in a 
Kruskal-Wallis ANOVA, p < 0.02, N = 63). ACTH1_24 given i.p. 10min before retention testing enhanced retrieval of step-down 
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effective again in enhancing retrieval at the lower dose levels when the animals were tested 12, 15 or 19 months after training. Note that the 
level of retention test performance declined with age in the control (saline-treated) animals, and that at 22 months of age (19 months after 
training) the retention scores became indistinguishable from those of the training session. 
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FIGURE 11 Effect of adrenaline on retrieval of one-trial inhibitory avoidance in rats, measured 1 day or 3, 6, 9, 12, 15 or 19 months after 
training. The white columns show data from saline-treated controls; the gray dotted columns show data obtained using 5.0 ~g /kg  of 
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FIGURE 12 Effect of vasopressin on retrieval of one-trial inhibitory avoidance in rats, measured I day or 3, 6, 9, 12, 15 or 19 months after 
training. The white columns show data from saline controls, the light gray columns show data obtained using 10 ~g/kg of vasopressin, and 
the darker columns show data obtained using 50.0 ~g/kg of the drug. The effect of vas0pressin on retrieval was different at different 
training-test intervals (H = 21.9, p < 0.02, N = 64). Vasopressin enhanced retrieval measured I day after training when given 10 min prior 
to testing at a dose of 10.0 ~g/kg, ip. Vasopressin also enhanced retrieval when animals were tested 3 or 6 months after training, but only 
with a dose of 50.0 ~g/kg. In the animals with the 3 month training-test interval, the enhancing effect of vasopressin was no longer seen in a 
second retention test carried out 3 h after the first. However, 3 months later, the effect of vasopressin, even at the higher dose, was no longer 
seen. The hormone enhanced retrieval again when memory was tested 12, 15 or 19 months after training. 
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FIGURE 13 Effect of ~-endorphin on retrieval of one-trial inhibitory avoidance in rats, measured I day or 3, 6, 9,12, 15 or 19 months after 
training. Data from saline controls are shown in the white columns; data obtained with 1.0 ~g/kg of ~-Endorphin are shown in the light 
dotted columns, data obtained using 5.0 ~g/kg of ~-endorphin are shown in the gray dotted columns, and data obtained using the higher 
dose of the drug (25.0 p,g/kg) are shown in the darkest columns. The effect of ~-endorphin was different at different training-test intervals 
(H = 31.6, p < 0.02, N = 62). ~-Endorphin enhanced retention test performance of the one-trial task at a dose of 1.0 ~g/kg given ip. 10 min 
before testing, when the animals were tested I day after training. When the memory was 3 month old, a dose of 5.0 p,g/kg was needed to 
obtain retrieval enhancement. This effect was no longer seen in a second test session carried out 3h later. When the memory was 6 or 9 
months old, not even 25.0 ~g/kg of the drug were able to alter retention test performance. Three months later, however, ~-endorphin 
enhanced retrieval again at the doses of 5.0 and 25.0 p,g/kg. When the memory was 15 or 19 months old, and the rats were 18 and 22 
months old, respectively, ~-endorphin again facilitated retrieval at the lowest dose, 1.0 ixg/kg. 

m o r e  i n t e n s e  in  t h e  a n i m a l s  t e s t e d  a t  t h e  l o n g e r  

t r a i n i n g - t e s t  i n t e r v a l s ,  i.e. in  t h e  o l d e r  a n i m a l s :  in  

s e v e r a l  o f  t h e s e  g r o u p s  al l  a n i m a l s  r e a c h e d  the  180 s 

ce i l i ng .  

T h e  e f fec t s  o f  a l l  t h e  t r e a t m e n t s  w e r e  l i m i t e d  to  t h e  

t i m e  of  r e t r i eva l .  R e t e n t i o n  t es t  p e r f o r m a n c e  r e t u r n e d  

to  n o r m a l  3 h a f t e r  t h e  e f fec t  of  n o v e l t y  o r  t h e  s t r e s s  

h o r m o n e s  w a s  o b s e r v e d ,  o r  2 4 h  a f t e r  t h a t  o f  
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FIGURE 14 Same as preceding figures, except that here the animals received, 6h prior to the test session, saline (white columns) or 
bupropion (20 mg/kg, gray columns, or 60 mg/kg; dark columns), p.o. In the 3, 9 and 19 month groups a second test session was carriecl 
out 24 h after the first. Note that retrieval declined with the training-test interval (or with age) in the control animals. Bupropion enhanced 
retention test performance at the two doses and at all training-test intervals. The differences between the groups tested under each dose 
level were significant at p < 0.05 level in the 1 da~ 3 months and 9 months groups. Performance on the 2nd test 24h after the first was 
indistinguishable from that of control groups, and significantly different from those of the first test at the 3, 9 or 19 month training-test 
intervals. The enhancing effect of bupropion on retrieval was more marked at the higher dose of each compound in the tests performed 15 
or 19 months after training (H = 17.3, p < 0.05, N = 70). 

b u p r o p i o n  or ser t ra l ine  was  measu red .  Therefore,  the 
effects d id  no t  car ry  over  to the next  pe r iod  of testing. 

Thus ,  if tes ted every  three m o n t h s ,  m e m o r y  of the 

avo idance  task dec l ines  marked ly ,  b u t  does no t  
d isappear .  I t s  retr ieval ,  however ,  can  be  e n h a n c e d  b y  
novel ty ,  ACTH,  ~ - e n d o r p h i n ,  vasopress in ,  e p i n e p h -  

r ine,  b u p r o p i o n  a n d  ser t ral ine,  the stress h o r m o n e s ,  
or b y  an t idepressan t s .  B u p r o p i o n  a n d  ser t ra l ine  
were  inc reas ing ly  effective w i th  age. N o v e l t y  w a s  
s imi la r ly  effective across ages. The stress h o r m o n e s  
were  ve ry  effective w h e n  the m e m o r y  was  n e w  a n d  
the subjects were  y o u n g ,  a n d  then  lost  effect iveness  
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FIGURE 15 Training and test session step-down latencies of animals trained in step-down inhibitory avoidance I day, or 3, 6, 9, 12, 15 or 
19 months before. The animals received, 3 h prior to the test session, saline (white columns) or sertraline (3.3 mg/kg, gray columns, or 
10 mg/kg, dark columns), p.o. In the 3, 9 and 19 month groups a second test session was carried out 24 h after the first. As in Fig. 1, retrieval 
declined with the training-test interval (or with age) in the control animals. Sertraline enhanced retention test performance at the two doses 
and at all training-test intervals. The differences between the groups tested under each dose level were significant at p < 0.05 level in the 
3 month groups. Performance on the second test 24h after the first was indistinguishable from that of control groups, and significantly 
different from those of the first test at the 3, 9 or 10 month training-test intervals. 

t h r o u g h  t ime;  b u t  they  recovered their  an t i - amnes t i c  
effect a t  a n  age which ,  i n  the  rat, m a y  be cons ide red  
to be advanced .  

It  h a s  b e e n  p r o p o s e d  m a n y  yea r s  ago  tha t  
e m o t i o n a l l y - l a d e n  lea rn ings ,  t h r o u g h  the release of 

stress h o r m o n e s  a nd  b r a i n  n e u r o m o d u l a t o r s ,  m a y  set 
u p  "states"  that,  if r e p r o d u c e d  at the  t ime of test ing,  
wil l  facilitate retr ieval  (Zornetzer ,  1978; [zquierdo ,  
1984; 1991). The p re sen t  task acqu i red  is k n o w n  to be 
a c c o m p a n i e d  by  the release of the stress h o r m o n e s  
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studied here (see Izquierdo, 1989 for references). 
Thus, one way of looking at the present findings is 
that a young and an old age rats are more sensitive to a 
revival of the neurohumoral component(s) of the 
emotional state than are middle-aged rats. State 
dependency on endogenous substances, hormones or 
neurotransmitters, is of course, a peculiar way by 
which retrieval of a given memory can get mixed with 
that of others, or with new memories of the same 
general kind. When confronted with a dangerous or 
otherwise aversive situation, subjects will re-create 
the hormonal and neurohumoral conditions that 
were present in other dangerous or aversive 
circumstances, and this will help them to recall 
strategies of escape or confrontation. While this 
serves a clear-cut adaptive strategy (it is useful to 
remember how to flee when something potentially 
dangerous takes place), it may also confuse the 
memories of one episode with that of others 
(Izquierdo, 1984; 1989). 

Since the animals in the groups tested at 6-18 
months of age were rotated across groups over their 
life span, each of them was tested several times. 
Therefore, the gradual decline seen with aging in 
these animals could, in principle, be attributed to a 
very protracted extinction, rather than to a real loss 
of memory with age. It is true that at some point in 
their life all of them received one or other retrieval- 
enhancing treatment, but then these effects were, as 
mentioned above, short-lived. 

FINAL C O M M E N T  

The findings reported here show that retrieval 
depends on various modulatable molecular events 
taking place in several regions of the rat cortex 
during a short time. But it has profound and very 
long-lasting influences in subsequent behavior. The 
main influence is to initiate extinction, which is a 
new learning that not only uses the biochemical 
systems of retrieval, but recruits others, including 
NMDA receptors, CaMKIL gene transcription and 
protein synthesis. 

But extinguished memories do not really dis- 
appear; they can be revived by appropriate enhan- 
cing treatments of various sorts given before testing. 
The effects of these treatments vary with age; novelty 
or two different antidepressant drugs are effective at 
all ages, the latter increasingly so with age. Stress 
hormones, on the other hand, are more effective in 
the younger and older animals. The theoretical and 
clinical implications of this should be studied. 

In the daily life of humans, retrieval often occurs in 
the presence of the acquisition, retrieval or extinction 
of other memories. This may result in curious 
mixtures through which we often confuse faces, 
names, circumstances or events. This happens more 

often as time goes by: aged persons possess many 
more memories than younger persons with which 
newer ones can be mixed. When retrieval occurs in 
isolation, it tends to produce extinction; when it 
occurs concomitantly with the processing of other 
memories, it may lead to a form of new learning that 
is enriched and also filled with inexactitude. 

A FEW T H O U G H T S  

How strange indeed are our dealings with reality. We 
perceive it and analyze it in a minute account 
through our extraordinarily fast and accurate work- 
ing memory system (Goldman-Rakic, 1996). Immedi- 
ately after that we process it through two separate 
memory systems: one metabolically more economic 
but of short duration, and another one, parallel, 
metabolically quite intricate but much longer lasting 
(Izquierdo et al., 1999a; Izquierdo, 2001). As a result 
of this we change the shape and function of the 
pertinent synapses with remarkable precision 
(Geinisman, 2002). Then we recall the function of 
those modified circuits and retrieve the memories in 
surprising detail. But afterwards we let them slide 
into a kind of oblivion. We make of our brain a map 
of fragments of faded memories. And, every now 
and then, for reasons of mood or emotion that we 
often do not understand, we might bring them back; 
perhaps changed or mixed with other memories. For 
mood and emotion were also present when we 
acquired and when we formed each memory, but 
often in different proportion (Izquierdo, 1989). 

No wonder we fail so often to grasp reality and 
have so many doubts about its meaning. 
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