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ABSTRACT
Since William James (1890) first distinguished primary from secondary memory, equivalent to short- and long-
term memory, respectively, it has been assumed that short-term memory processes are in charge of cognition
while long-term memory is being consolidated. From those days a major question has been whether short-
term memory is merely a initial phase of long-term memory, or a separate phenomena. Recent experiments
have shown that many treatments with specific molecular actions given into the hippocampus and related
brain areas after one-trial avoidance learning can effectively cancel short-term memory without affecting
long-term memory formation. This shows that short-term memory and long-term memory involve separate
mechanisms and are independently processed. Other treatments, however, influence both memory types
similarly, suggesting links between both at the receptor and at the post-receptor level, which should not be
surprising as they both deal with nearly the same sensorimotor representations. This review examines recent
advances in short- and long-term memory mechanisms based on the effect of intra-hippocampal infusion of
drugs acting upon neurotransmitter and signal transduction systems on both memory types.
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INTRODUCTION Medina 1997). In 1890, William James proposed

. . . . that while LTM formation is taking place, one or
Declarative memories are not immediately estab-

. . . more short-term memory (STM) systems are in
lished as long-term memories (LTMs), this process v ( ) Y

. charge of cognition. This concept was further de-
takes 3 to 6 hours and involves a sequence of spe- g g P

veloped by others (Carew 1996, Gold & McGaugh

cific molecular processes in the CA1 area of the .
. . . . 1975, Mansuyet al. 1998, Markowitsch 1997, Mc-
hippocampus and its connections (see lzquierdo &

Gaugh 1966), but a key question remained unan-
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Filho. LTM, or are both separate processes (Gold & Mc-

:anited paper Gaugh 1975, Izquierdo 1989, Izquierdo & Medina
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doubtedly it would be necessary to demonstrate tha8HorT- AND LONG-TERM MEMORY
STM can be suppressed without affecting LTM of Early attempts to extricate STM from LTM (see

the same learning experience in the same animal,;herkin 1997, Gold & McGaugh 1975, McGaugh

or that this is utterly impossible (Izquierdo 1989, 1966, Sara 1974) failed because the treatments used

Izquierdoet al. 1998a, 1999).
i to block memory of one or the other type (pro-
Here we review the effect on STM and LTM of

- tein synthesis inhibitors, electroconvulsive shock,
drugs known to affect specific steps of LTM for- . . .
hypoxia, etc.) were inappropriate and severely af-

mation Wlh - gl\fr:j Intobtcjl 1r9e§;or;of ra:;cs hip- fected subjects performance. Over the years, many
ZJOCT:S? a[)eaB( r.l eng&t al' 1997' Cerna eett treatments were found to preserve STM but to can-
' % Dy BEVIGALE &  Cammarota .| | 1\ (eg, Bourtchouladzet al. 1994, Yin &

:s: ;9971,531925?“"?:?0(1& Medlnad1998, Iqu|.(f=,'rdof Tully 1996). These experiments are uninformative
edina ). The drugs used exert specific e “as to whether the former is a step towards the latter

fects upon neurotransmitter receptors or enzymes . .
o P i ) P y or not. Those who have studied short-term potenti-
activities crucial to plastic processes (Bernalkeeu

_ ation (STP) and long-term potentiation (LTP) have
al. 1997a, Cammarotet al. 1998, Izquierdo & .
i ) ] confronted a similar problem. Treatments that spare
Medina 1997, Izquierdo & Medina 1995).

the former but block the latter are ambiguous as to
whether STP and LTP are separate or sequential.
In 1993, Emptage & Carew found that the non-
Memories are classified according to their Comemspecific 5HT antagonist cyproheptadine blocks the
(declarative or explicit, procedural or implicit) gpopt. (2-6 min) but not the long-lasting (24 h) fa-
(Squire 1992, Markowitsch 1997), according to their jjitation of a monosynap-tic response Aplysia

duration (STM, LTM) (Fus’Fer 1998, MarKOWitSCh induced by 5HT. This was the first demonstration of
1997), and according to their nature: archival (STM,; mechanistic separation between short- and long-

LTM) as opposed to transient, moment-to-momen,sting forms of plasticity. We decided to extend this
(WM) (Goldman-Rakic 1992, 1996). The presentinging to STM and LTM of one-trial step-down in-

article deals with STM and LTM of one-trial in- hiitory avoidance in rats, using pharmacological
hibitory or passive avoidance (Gold 1986, Izquierdogphroaches to interfere with cellular mechanisms

& Medina 1997). This might be viewed as an ex- nown to be relevant to plastic events involved in
plicit memory, to the point that terms such aSIearning and memory.

“declarative” or “explicit” can be applied to experi-

ments using rodents (Bures 1998). Putative subdivi-

sions of STM and LTM (see Markowitsch 1997 and METHODOLOGICAL CONCERNS

Squire 1992) will be ignored, inasmuch as they areRecent data have substantially enhanced under-
irrelevant to the findings discussed here, and therstanding of the molecular basis of LTM formation
is no tangible biological basis to substantiate anyof the one-trial avoidance task in rats (Izquierdo &
such subdivision (Izquierdet al. 1999). Here, Medina 1995, Izquierdo & Medina 1997) and other
therefore, we will restrict ourselves to McGaugh'’s forms of plasticity (Yin & Tully 1996, Colley &
(1968) concept of “three memory trace systems:Routtenberg 1993). Thus, the question of the rela-
one forimmediate memory, one for short-term mem-tion between STM and LTM can now be posed in
ory (which develops in a few seconds or minutes anctellular and molecular terms.

lasts for several hours), and one which consolidates  There is no direct way to extricate the biochem-
slowly and is relatively permanent” (see also Mc-istry of the first 3-6 h of LTM from that of STM,
Gaugh 2000) since both occur simultaneously. Lesions, surgical

MEMORY TYPES
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or genetic, are particularly inadequate for such aral. 1999). Finally, it has been reliably shown to
endeavor since both their effect and the recoverydepend on the actual inhibition of one particular re-
from their effect are very long lasting and will con- sponse (stepping down with the four paws on the
taminate any memory studied after them, be it shorgrid) and not of others (rearing, exploration, stick-
orlong (Izquierdo & Medina 1998). The onlywayto ing the head out, placing just the forepaws on the
address this question is to use drugs known to affeogrid).
those biochemical events and whose actionisrapidly =~ Our methodology consisted in testing animals
reversible. We used immediate and prolonged posttwice: first at 1.5 h from training, in order to mea-
training infusions into definite brain regions of drugs sure STM, and then again at 24 h, in order to measure
of known biochemical effects whose influence onLTM (see Izquierdcet al. 1999). One concern was
LTM had been well-established (Izquierdo & Me- whether testing the animals twice might alter LTM
dina 1995, Izquierdo & Medina 1997). either by extinction or by a reminder effect. This

In our experiments we did not measure STMwas ruled out by two facts: First, there were no sig-
at periods shorter than 1.5 h, not only in order tonificant differences in control groups between STM
avoid a superposition with WM, but also to avoid and LTM performance in any of our studies (Figures
confounds by the lingering presence of the drug atl-4). Second, it was recently shown that repeated
the infusion sites or by the infusion procedure itself.testing over the fit$ h after training does not lead to
Using similar infusion procedures (Q.8given over  extinction, whereas repeated testing between 9 and
30 sec), drugs take between 01 h to difuse 96 h does (Medinat al. 1999).
away from the infusion sites (Martin 1991, Wadz
al. 2000a). EFFECT OF TREATMENTSGIVEN INTO

We chose to use a one-trial step-down in- THE HIPPOCAMPUS ON SHORT- AND
hibitory (passive) avoidance task in rats for several LONG-TERM MEMORY
reasons. First, its rapid acquisition facilitates theThe drugs used, their doses and the results obtained
analysis of the time of occurrence of post-trainingon STM and LTM are shown in Figusel - 4. The
events (Gold 1996, Izquierdo & Medina 1995). Sec-whole data is published elsewhere (I1zquiestial.
ond, it depends on the integrated activity of a well-1998a, b, ¢, 1999, 2000, Vianegal. 1999, 2000a,
studied neural circuit, i.e., the hippocampal CA1 re-b, Walzet al. 1999). Results shown in Figure 1
gion, the entorhinal cortex and the posterior pari-demonstrate the involvement of the different glu-
etal cortex (Ardenghét al. 1997, Izquierdcet al.  tamatergic receptor subtypes, and of tha BA 4,
1997) modulated early on by the amygdala and theolinergic muscarinic, dopaminergic D1 and of the
medial septum (Bianchiet al. 1999, Cahill & Mc-  serotonergic &T14 hippocampal receptors on the
Gaugh 1998, Izquierdet al. 1992). Third, it is early events of STM and LTM processsing. The
the task whose pharmacology and molecular basisubsequent data (Figures 2-4) demonstrate the se-
has been most extensively studied, particularly inlective contribution of different signal transduction
CA1 and the entorhinal cortex (Izquierdo & Med- cascades tothe prolonged postraining period of STM
ina 1995, Izquierdo & Medina 1997). Fourth, yearsand LTM simultaneous processing.
of work have established that using a 0.3-0.4 mA
training shock one can obtain retention test laten/MMEDIATE INVOLVEMENT OF NEUROTRANSMITTER
cies far enough from a floor or a ceiling, and there-SYSTEMS
fore easily amenable to the comparative anaThe drugs used were: the glutamate NMDA recep-

lysis of stimulant and depressant posttraining treattor antagonist, AP5; the glutamate AMPA receptor
ments (see Izquierdo & Medina 1997, Izquie®o plocker, CNQX; the glutamate metabotropic recep-
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Fig. 1 — In this and all following figures, the ordinates express median (interquartile range) test session latency,
in seconds. In this figure, memory of the step-down task was measured 1.5 h after training (STM) and again
at 24 h (LTM), STM scores are shown in open columns and LTM scores are shown in grey columns. This
figure includes data from five different papers (Izquieetial. 1998a, b, c, 1999, 2000)N = 10— 12 per

group. Infusion volume was.Bul in all cases. The following treatments were given by bilateral infusion
into the CA1 area of the hippocampus: Saline (SAL), vehicle (VEH, 20% dimethylsulfoxide), ARBi8e),

CNQX (0.5ug/side), MCPG (Bug/side), muscimol (MUS, Bu.g/side) and scopolamine HBr (SCOR{side),
SKF38393 (SKF, Bug/side), SCH23390 (SCH,®ug/side), noradrenaline CIH (NE,3ug/side), timolol CIH

(TIM, 0.3ug/side), 8-HO-DPAT (DPAT, Bug/side) and NAN-190 (NAN, Bug/side). * Indicates significant
difference from control values at < 0.001 level. In groups not marked by asterisks the training-test latency
differences were significant ata < 0.001 level. AP5, CNQX, MUS and SCOP caused amnesia both for
STM and LTM. SKF and DPAT caused selective amnesia for STM, leaving LTM intact. SCH enhanced STM
selectively and NE enhanced LTM selectively.

tor antagonist, MCPG; th6ABA 4 receptor ag- and LTM at the glutamate receptor level and at the
onist, muscimol; the muscarinic receptor antagodevel of modulation byGABA 4 and muscarinic re-
nist, scopolamine; the dopamirn®; receptor ag- ceptors.
onist, SKF38393; thé; antagonist, SCH23390; Interestingly, some treatments selectively af-
noradrenaline; thg-adrenoceptor antagonist, tim- fected one but not the other memory type. When
olol; the 5H Ty 4 receptor agonist, 8-HO-DPAT; the given immediately after training, SCH23390 en-
5H T4 antagonist, NAN-190. hanced whereas SKF38393 and 8-HO-DPAT can-
Several of the treatments blocked both STMcelled STM retention without affecting LTM. Oppo-
and LTM: AP5, CNQX, MCPG, muscimol and sitely, noradrenaline facilitated LTM retention with-
scopolamine. This suggests a link between STMoutaffecting STM. These results, specially those ob-
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tained with the infusion o1 and 5H 714 receptor NEUROBIOLOGICAL SEPARATION OF SHORT- AND
agonists, clearly demonstrates the independence &foNG-TERM MEMORY

both memory types. As shown in Figures 1-4, we were indeed able to

replicate and considerably extend the separation of
THE PKA SIGNAL TRANSDUCTION CASCADE short- and long-term plastic events demonstrated by
Emptage and Carew (1993). Our results clearly
demonstrate that STM and LTM are in a great

We wused drugs known to specifically influ-
ence AMPc-dependent protein kinase (PKA) activ- : N
ity: the inhibitor of the regulatory subunit of PKA, dégree independent phenomena, recruiting cel-

Rp-cAMPS, and the selective activator of that sub_lular and molecular events in a separate manner.
unit, Sp-cAMPS. Infusion of Rp-cAMPS in CA1 at Several of the neurotransmitter systems and signal
transduction cascades studied were demonstrated to

be selectively involved in STM and LTM processing,

0 or 170 min after training cancelled LTM, when
the drugs were given 22, 45 or 90 min posttraining, s . . _
they blocked STM but not LTM. The opposite effect contributing at diferent time-windows of the post-
was obtained when the specific stimulator of the regiraining period. Moreover, the abolishment of STM
ulatory subunit of PKA, SpcAMPS is used: when without interference on LTM retention by several
given into CAL 0 or 170 min posttraining itenhanced drugs definitively points to the independence of both

LTM, when given 22, 45 or 90 min posttraining, it MeMOry types.
enhanced STM selectively (Figure 2). Of course, in addition, there are links between

the mechanisms of STM and of LTM at the receptor

and at the post-receptor level. The links are to be

expected, after all, both STM and LTM do deal with
To measure the involvement of calcium-dependenthe same basic sensorimotor representation. Frey
protein kinase (PKC) and the relative contributionand Morris (1998) have suggested various possible
of different PKC isoforms we used two inhibitors: mechanisms of ‘synaptic tagging’in order to explain
one selective to the calcium-dependent isofooms the links between STP and LTP, or between the very
and 81, G6 6976, and other unspecific as to PKCearly (0 min) and the much later (3-6 h) molecu-
isoforms, GO 7874. As shown in Figure 3, STM waslar events that determine persistence of the plastic
suppressed by G6 6976 given into the CA1 regionchange over long periods of time. The persistence
of the hippocampus 10 min before or 50 min afterof LTP or LTM for more than 3-6 h requires gene ac-
training. The two compounds given 10 min before,tivation and protein synthesis, which distinguishes

THE PKC SIGNAL TRANSDUCTION CASCADE

or 50 or 110 min after training canceled LTM. itfrom STP or STM (Bernabeet al. 1997a, Frey &
Morris 1998, Izquierdo & Medina 1997, Quevedo
THE MAPK SIGNAL TRANSDUCTION CASCADE etal. 1999).

Finally, to evaluate the contribution of the mitogen-
INKLINGS INTO THE BIOCHEMISTRY OF SHORT-TERM

activated protein kinase (MAPK) signalling path-

way we used the selective inhibitor of MAPKK (mi- MEMORY

togen activated protein kinase kinase), an upstrearBeveral of the treatments provide hints on a separa-
activator of MAPK, PD098059. As shown in figure tion of the biochemistry of STM and that of LTM,

4, STM was cancelled when PD098059 was giverparticularly in CAL1. STM, like LTM (Izquierdo &
immediatelly after training whereas LTM was sen- Medina 1995, Izquierdo & Medina 1997), is depen-
sitive to the inhibitor only when administration oc- dent immediately after training on the integrity of

curred three hours later. AMPA, NMDA and metabotropic glutamate recep-
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Fig. 2 — Same training-test procedures as in Figure 1. Data from this figure is published elsewhereefVianna
al. 2000a). Rats received post-training bilateral infusions in the dorsal CA1 region of saline, of the selective
inhibitor of the regulatory site of PKA, Rp-cAMPS .@ug/side), or of the selective stimulant of that site,
Sp-cAMPS (05u.g/side). The infusions were: 0, 22, 45, 90 or 170 min after training. STM testing was at 90,
112, 135, 180, 180 and 180 min after training respectivélydicates significant difference from control values

atp < 0.001 level. In groups not marked by asterisks the training-test latency differences were significant at a
p < 0.001 level. The PKA inhibitor given 0 min post-training inhibited both STM and LTM, given 22-90 min
after training it inhibited STM but not LTM, given 170 min after training LTM but not STM. The time-course

of the effect of Rp-cAMP-RS reproduces that obtained using an inhibitor of the catalytic site of the enzyme,
KT5720 (Viannaet al. 1999).

tors, and on their presumable modulation by cholin-2000a), and both are necessary for LTM formation
ergic muscarinic8-noradrenergic (stimulant) and (Bernabetet al. 1997a, Viannat al. 1999, 2000a).
G ABA 4 receptors (inhibitory). The role of PKAin STM presumably uses other sub-
PKA clearly has separate influences on the twostrates, inasmuch aB — CRE B1 levels are low
memory types. Itisin charge of STM between 0 andbetween those two peaks (Bernatstal. 1997a),
90 min after training, and it is in charge of LTM at while STM is highly dependent on PKA activity be-
0 and again at 180 min after training, but not in thetween 22 and 90 min after acquisition (Viarsial.
period between these two peaks (Viaehal. 1999, 1999, 2000a) (Figure 2).
2000a, b). The role of PKA in LTM formation in- Results obtained with the PKC inhibitors ex-
volves phosphorylation of the nuclear transcriptiontend the STM and LTM separation, demonstrating
factor CRE By (Bernabelet al. 1997a) twice: first it occurs even at the isoform level. Whereas LTM
immediately, and again 3-6 h after training. Thereapparently does not discriminate among the PKC
are peaks of PKA activity anft — CREB1in CA1  isoforms, depending on their activity during almost
at both periods (Bernabetial. 1997a, Vianna&tal.  two hours after training, STM selectively recruits
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Fig. 3 — Same procedures as in Figure 1. Data from this figure is published elsewhere @/ianr2000b).

Rats received bilateral infusions in the dorsal CA1 region of vehicle, of the selective inhibitor of the B

Bl isoforms, G6 6976 (4.6 nM), or of the generic inhibitor of the PKC, G6 7874 (8 nM). The infusions were
given 10 min before or 50, 110 or 170 after training. STM testing was at 180 min after traiflimdjcates
significant difference from control values pt< 0.001 level. In groups not marked by asterisks the training-
test latency differences were significant gi & 0.001 level. The selective andgl PKC inhibitor given 10

min before or immediately after inhibited both STM and LTM, given 110 min after training it only partially
inhibited LTM. The generic PKC inhibitor in-hibited only LTM, when given 10 min before and 50 min after
training. It also had a less intense amnestic effect when infused 170 min after training.

the @ and gl isoforms in a more restricted time- Finally, the separation on STM and LTM also
window (Figure 3). The findings on the effect of occurs in relation to the MAPK signaling pathway
the two PKC inhibitors on LTM formation are very (Figure 4). This pathway, of which MAPKK is part,
similar in nature and time course to those previouslyprobably plays a rather complex regulatory role in
reported for the generic PKC inhibitors staurosporinplastic events, since it is linked at various differ-
and CGP 41231 (Jerusalinsityal. 1994). Thisalso ent levels with the PKC, CaMKII and PKA cas-
correlates with the report by Paratodtaal. (2000) cades (Bhalla & lyengar 1999, Lisman & Fallon
showing a specific learning-induced increase of thel999), all of which are crucial for LTP and LTM
activity of g1-PKC within the first few min after in-  (Izquierdo & Medina 1997). As recently reported
hibitory avoidance training. The findings on STM inhibitory avoidance LTM for depends on the acti-
may also agree with those of Bourtchoula@rel.  vation of hippocampal MAPKK on the late period
(1990) in which they described an amnesic effect(3-6 h) of memory consolidation (Waétal. 2000a,

of the unspecific PKC inhibitors mellitin and H7 on b) whereas it is important in the induction of STM
memory of inhibitory avoidance in the chick mea- (Walzet al. 1999).

sured 3 h after training. Taken together these biochemical characteris-
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Fig. 4 — Same procedures as in other figures. Data from this figure is published else-wheret @Val®99).

Rats received bilateral infusions in the dorsal CAL1 region of saline or of the selective inhibitor of MAPKK, PD
98059 (5@cM). The infusions were given 0, 30, 90, 120 or 170 min after training. STM testing was at 180 min
after training.*Indicates significant difference from control valuegpat 0.001 level. In groups not marked by
asterisks the training-test latency differences were significanpat @.001 level. PD 98059 given immediately
after training selectively inhibited STM without affecting LTM. When given 170 min after training PD 98059
caused amnesia for LTM.

tics point to similarities between STM and STP receptor level and at the post-receptor level: i.e., in
(Bliss & Collingridge 1993), as well as, once more signal transduction cascades known to be related to
(Izquierdo & Medina 1995, 1997), between LTP andglutamate receptor stimulation (Vianeial. 1999,
LTM in CA1. Itis tempting to suggest that some 2000a, b, Walzt al. 1999).

substrate of the studied kinases may be involved in  The relative importance or intervention of one
the tagging of synapses during the early phase obr other link, or one or other modulatory mecha-
memory formation in CA1, during which STM runs nism, would be expected to vary with the nature of
its full course (Viannaet al. 1999, 2000a, b, Walz the task, and with the relation of each task to others
et al. 1999), as has indeed been suggested for th@zquierdo 1989, Medinet al. 1999) or to other on-
early phase of LTP, during which STP runs it coursegoing physiological events (Morris 1998). There-

(Frey & Morris 1998). fore, it might be judicious at this stage to refrain
from postulating theoretical connections or discon-
FINAL COMMENTS nections among memory types. Further research

O%/vill no doubt contribute to this, and will eventually
find out the extent to which some or all of the many
hypothetical constructs on cognition (Gold 1986,

The results not only show that the mechanisms
STM and LTM are essentially distinct, but also, sug-
gestlinks between STM and LTM in CA1 both atthe

An. Acad. Bras. Ci., (2000)72 (3)
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McGaugh 1968, Squire 1992) are right or wrong. 745-751.

The popular concept that STMis jUSt a passagewa)ﬁERNABEU R, BEVILAQUA L, ARDENGHI P, BROMBERG E

to LTM certainly is wrong, as is the idea that WM ScHMITZ PK, BIANCHIN M. 1ZQUIERDO I & MEDINA

may in any way constitute a sort of STM. JH. 1997a. Involvement of hippocampal D1/D5 re-
At this stage it is safe to say that STM and ceptor - cAMP signaling pathways in a late memory
LTM pertain to and are regulated by separate subsys- consolidation phase of an aversively-motivated task
tems of the brain, which belong in some casestothe inrats, Proc Natl Acad Sci USA 94: 7041-7046.
same and in others to different brain structures (seeBERNABEU R, SCHRODER N, QUEVEDO J, CAMMAROTA M,
Izquierdoet al. 1999), and involve a great variety IzQuierpo I & MEDINA JH. 1997b. Further evidence
of molecular mechanisms at the receptor and post-  for the involvement of a hippocampal Cgmp/Cgmp-
receptor level, some of which may be linked. This  dependent protein kinase cascade in memory consol-
fits with modern concepts of memory organisation  idation,NeuroReport 8: 2221-2224.
(Fuster 1998, Izquierdo & Medina 1997, Izquierdo BEVILAQUA L. ARDENGHI P, SCHRODER N, BROMBERG E.,
etal. 1997), which supersede old phrenologicalcon- ¢, PK, SCHAEFFER E, QUEVEDO J, BIANCHIN

cepts based on lesion studies (i.e., “hippocampal” M, WALz R, MEpINA JH & IzQUIERDO 1. 1997.
as opposed to, say “amygdala-dependent” tasks, see prugs acting upon the protein kinase A/CREB
references (Fuster 1998). All types of memory de-  pathway modulate memory consolidation when
pend on the integrated activity of various brain sites  given late after training into rat hippocampus but
and involve more than one receptor or post-receptor ~ not amygdalaBehav Pharmacol 8: 331-338.

mechanism (Izquierdo & Medina 1997, Izquiemo  py,,;; \ M & IYENGAR R. 1999. Emergent properties of

al. 1999, 2000). networks of biological signalling pathwayScience
From a biological standpoint, it clearly sounds 283; 381-387.

reasonable to search for integrative mechanisms for
BiaANCHIN M, MELLO E Souza T, MEpiNnA JH &

theuvanous. memgry”types among_ those proposed Izquierpo 1. 1999. The amygdala is involved in the
for “synaptic tagging” (Frey & Morris 1998), look- modulation of long-term memory but not in working

ing perhaps very particularly at substrates of the  ; short-term memory.Neurobiol Learn Mem 71:
studied kinases. From a clinical point of view, the 127-31.

monoaminergic pathways that regulate STM and ,
) ) BLiss TVP & CoLLINGRIDGE GR. 1993. A synaptic

LTM (Ardenghietal. 1997, Bevilacquat al. 1997, .

. ] model of memory long-term potentiationNature
Izquierdoet al. 1998c) may be the most interest- 361 31-39
ing to examine. All these pathways are physiolog-
ically related to cAMP/PKA-mediated signaling in
CAl, the entorhinal cortex and the parietal cortex
(Ardenghiet al. 1997, Bevilaquaet al. 1997, Ber-

BourRTCHOULADZE R, POTTER J & Rosg SPR. 1990.
Memory formation in the chick depends on memory
bound protein kinase @rain Res 535; 131-138.

nabeuet al. 1997a). BoURTCHOULADZE R, FRENGUELLI B, Clorr1 FD,
ScHuLtz G & SiLva Al. 1994. Deficient long-
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