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Abstract

A decade of studies on long-term habituation (LTH) in the cratey words
Chasmagnathuss reviewed. Upon sudden presentation of a passing/emory
object overhead, the crab reacts with an escape response that habltassed training
ates promptly and for at least five days. LTH proved to be an instané®aced training
of associative memory and showed context, stimulus frequency arfg/cloheximide
circadian phase specificity. A strong training protocol (STR5(

trials, intertrial interval (ITI) of 171 s) invariably yielded LTH, while

a weak training protocol (WTPX(O trials, ITI = 171 s) invariably
failed. STP was used with a presumably amnestic agent and WTP with

a presumably hypermnestic agent. Remarkably, systemic administra-

tion of low doses was effective, which is likely to be due to the lack of

an endothelial blood-brain barrier. LTH was blocked by inhibitors of

protein and RNA synthesis, enhanced by protein kinase A (PKA)

activators and reduced by PKA inhibitors, facilitated by angiotensin Il

and IV and disrupted by saralasin. The presence of angiotensins and

related compounds in the crab brain was demonstrated. Diverse results

suggest that LTH includes two components: an initial memory pro-

duced by spaced training and mainly expressed at an initial phase of

testing, and a retraining memory produced by massed training and

expressed at a later phase of testing (retraining). The initial memory

would be associative, context specific and sensitive to cycloheximide,

while the retraining memory would be nonassociative, context inde-

pendent and insensitive to cycloheximide.

« Angiotensin

Simple and basic models to study
memory

honey bed\pis(6)). A virtue usually attrib-
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uted to invertebrates is that they are simple
models though the use of this term has been
Simple-system approaches using invertedighly controversial. Indeed, the CNS of in-
brate species have led to considerableertebrates cannotbe considered simple from
progress in our understanding of the mechdhe perspective of a neural network researcher
nisms underlying learning and memory (e.g.since the amount of neurons involved in a
the mollusksAplysia(1,2) andHermissenda current mnemonic process is assumed to be
(3,4), the fruit fly Drosophila(5), and the far larger than that required to obtain a satis-
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factory description of the underlying circuit. salient results obtained over more than ten
For example, the CNS dhplysiacontains years using a basic model of memory, namely
approximately 20,000 neurons and hundredthe long-term habituation (LTH) of the crab
if not thousands, of these neurons are prolchasmagnathus granulatus
ably active during classical conditioning of
Aplysids gill- and siphon-withdrawal re- The protagonist
flexes (7). However, the level of complexity
of the invertebrates used as memory systems The semiterrestrial crabhasmagnathus
to date is very much lower than that ofis found along the coast of South Brazil,
vertebrates, so that the basic mechanisnisruguay and Argentina, occupying mud flats
that subserve memory become methodologef the mesolittoral and supralittoral zones of
cally much more accessible, and thereforfresh-seawater transition. For our study, adult
the term basic system is more appropriatmale crabs of similar size were easily cap-
than that of simple system. tured throughout the year from the rias (nar-
A current assumption in studies with arow coastal inlets) of San Clemente del Tuyd,
basic system of memory is that conclusionargentina, and transported to the laboratory.
obtained with such research could be exfhe animals were kept in plastic tanks filled
tended to other animals, including humango 2 cm depth with artificial sea water and
This possibility is based on the fact thafed rabbit pellets every 3 days. After feeding
animals of very different species share manthe water was changed and the animals ap-
elementary anatomical and functional strucpeared to be healthy up to at least 15 days
tures. Many neurotransmitters, key moleculesfter arrival.
and entire signal transduction pathways have
emerged early in evolution and have beeAn automatic device to study
largely conserved. In other words, the aslong-term habituation in crabs
sumption is that the basic core of memory is
the same from annelids to humans and that Upon sudden presentation of a rectangu-
the main differences between species afar screen passing overhead, the crab re-
given by the emergent properties that arise &ponds with a running reaction in an attempt
a consequence of increasing complexity. to escape. The flight reaction declines over
Thirty years ago a fascinating researclvarious trials and the decrement persists for
was started aimed at simplifying the procesat least five days (11,12).
of memory to its most essential components To study this process, a wholly auto-
and since then outstanding progress has begrated device that allows the experimenter to
made in identifying key molecules associwork with 40 animals simultaneously was
ated with long-term synaptic plasticity (e.g.,used. The apparatus is described in detail
8,9). However, it is still necessary to deterelsewhere (13). Briefly, the experimental
mine whether these findings are really pertiunit is the actometer (Figure 1a), consisting
nent to long-term memory. Consequently, ibf a bowl-shaped plastic container (C) with a
has been argued that the relevance to memasteep concave wall and a flat central circle,
of these results should be tested in a behagevered to a depth of 0.5 cm with water. The
ing animal (an appropriate basic model)crab was placed in the container which was
thus bringing the search for the cellular anduspended by three strings from an upper
molecular basis of memory back to the bewooden framework and was illuminated with
haviors it was designed to explain (10).  a 10-W lamp placed 30 cm above the animal.
With this theoretical reference frameworkAn opaque rectangular screen (R) was moved
we are presenting in this review the moshorizontally by a motor (M) over the animal
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and across the upper surface of the frame- Figure 1 - a, The actometer, one
work, thus provoking a running response of ° of the 40 units of the apparatus.
. . b C: Plastic container; R: rectangu-
the crab and consequently container oscilla- lar screen: M: motor: P: piezo-
tions. A stylus was centrally cemented to the electric transducer. b, Training-
bottom of the container and connected to a to-testing change in context ex-
. . . periment: the lamp that illumi-
piezoelectric transducer (P). Container os- @ nates the actometer container
cillations induced electrical signals propor- N S from above is rotated 90 de-
tional to the velocity of the oscillations ? grees and directed towards the
through the transducer. These signals were : pack wall of the actometer. ¢,
Idem: a ring with black and white
amplified, integrated during the recording vertical stripes (S) is located in-
time (9 s) and translated into numerical units side the usual actometer con-
ranging from zero to 1530, before being tainer (N)
processed with a computer. The experimerStrong vs weak training protocol
tal room had 40 actometers, separated from
each other by partitions. A computer was A trained group underwent 15 or more
employed to program trial sequences, tridraining trials when a strong training protocol
duration and intertrial intervals, as well as tovas used (Figure 2). The sharp fall in response
monitor experimental events. shown by TR during the training session corre-
During an experiment, crabs were ususponds to the so-called short-term habituation
ally distributed into pairs of groups, each(STH) (Figure 2, left panels). After the 24-h
pair consisting of a trained group (TR) and éntersession interval, most of the testing trials
control group (CT). The experimental proceshowed a significant difference between TR
dure for a TR could be summarized as foland CT, i.e., the strong protocol yielded a
lows. A stimulation session consisted of aobust LTH (Figure 2, middle upper panel). A
fixed number of trials given with an intertrial similar pattern of results was invariably ob-
interval (ITI) of 171 s and preceded by 15ained in all experiments in our laboratory
min of adaptation to the actometer. Eaclprovided that 20 or more crabs per group were
trial lasted 9 s and consisted of passing thgsed, though very often the most constant
screen four times over the actometer andifference was found during the first two test-
recording the activity of the crab throughouing trials. In contrast, ten or fewer training
the trial time. Two sessions per experimentrials invariably failed to induce LTH (Figure
were run, i.e., the training session (5, 10, 18, middle lower panel).
or 30 trials) and the testing session (6 trials), The advantage of having such contrast-
separated by 24 or more hours. During thimg and reliable results with two protocols
intersession interval, crabs were individuthat hardly differ in the amount of training is
ally lodged in rest containers covered withapparent mainly for interventive experiments.
water to a depth of 0.5 cm and kept insidghus, a strong training protocol is used when
dimly lit drawers. an agent presumably has an amnestic effect,
The experimental protocol for a CT waswhile a weak training protocol is adopted
the same as that of TR in all respects excepthen it is assumed to have a hypermnestic
that animals of this group stayed in thd= facilitatory) effect (Figure 2, right panels).
actometers during the entire training session
without being trained, i.e., without beingBehavioral experiments
presented to the habituating stimulus. Reten-
tion for long-term habituation is operation-The adaptive value of LTH
ally defined as the significant difference be-
tween CT and TR in a testing session. Since the very beginning of our work, the

Braz J Med Biol Res 30(7) 1997
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Figure 2 - Strong vs weak train-
ing protocol. Ordinate: mean
score per trial + SEM. Left pan-
els: top, the trained group re-
ceives 15 trials (ITI = 171 s) (the
control group stays in the
actometer without training); bot-
tom, idem but the trained group
receives 10 trials. Middle pan-
els: testing of untreated groups.
Right panels: top, testing of
groups treated with an amnestic
agent; bottom, idem with a
hypermnestic agent. Higher
curves correspond to control
groups and lower curves to
trained groups. *P<0.01 com-
pared to control in each trial.
Intersession interval: 24 h.
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finding that a robust LTH was built up by alate well with ecological disparity. The former
single session of 15 training trials (= 45 mirlives immersed in an environment featuring
of training) and was exhibited after a 5-dayind oscillations of cord grasses while the
intersession interval was considered a rathdatter inhabits a bare biotope of rocky prom-
surprising result. In fact, the fright responsentories, so that the probability that a pass-
of the crab induced by an object movingng object signals an actual predator is lower
overhead suggests that this visual stimulu®rChasmagnathuand consequently larger
stands for an impeding threat, so that a peits capacity for acquiring LTH.

sistent reduction of a defensive response

would seem to be nonadaptive for the spa-TH includes a component of associative

cies. Therefore, an extensive study was pememory

formed to ascertain the possible biological

meaning of the robust LTH (14). For this, the  The decrease in the crab reactivity within
capacity for yielding LTH it€hasmagnathus the training session (STH) was shown to
and in Pachygrapsustwo closely related meet most of the parametric criteria of ha-
grapsid species that diverge widely in ecolbituation (15). However, four series of re-
ogy, was compared using the same expensults strongly suggest that LTH can be ap-
mental set up and design. Clear-cut resulisropriately categorized as an instance of as-
were obtained:Chasmagnathushowed a sociative memory, thus supporting Wagner's
far greater capacity for LTH thaRachy- associative theory of habituation (16,17),
grapsusand this difference appears to corret.e., STH would depend solely upon the it-
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erative presentation of the phasic stimulugs expressed during the subsequent test tri-
(= the passing screen overhead, = the dangas. Such interpretation is similar to that
stimulus) while LTH would result from an proposed by the dual-process habituation
association between the phasic stimulus andodel (22,23).
the context in which it is presented (17).
Specifically, results of the four series wereChasmagnathus learns the phase of the day
as follows. 1ChasmagnathusTH was im-  when LTH is acquired
paired when the context was changed be-
tween sessions (12,18; Tomsic D, Pedreira The response level @hasmagnathus
ME, Romano A and Maldonado H, unpub-+the danger stimulus during the dark phase
lished data), either by reorienting the lamgdefined for these experiments as a time
over the actometer (Figure 1b) or by placingnterval between 22:30 and 1:30) was higher
a ring with black and white vertical stripsthan that observed during the light phase
inside the actometer (Figure 1c); 2) pre{between 10:30 and 13:30) and, coinciden-
training exposure to the contextual cues itally, the level of locomotor activity in the
the absence of the phasic stimulus, namebctometer showed a circadian rhythm with a
the classical conditioning procedure of lapeak during the subjective night. However,
tent inhibition (19), reduced LTH (Tomsic LTH was impaired in crabs tested at a time of
D, Pedreira ME, Romano A and Maldonadalay that differed from that of their original
H, unpublished data); 3) post-training expotraining, regardless of the daily phase of the
sure to the context without phasic stimulatraining, testing session or the extent of the
tion, namely the classical conditioning pro-4ntersession interval, i.e., a robust retention
cedure of extinction, produced a decrease was found 24, 48 or 72 h after training but
LTH (Tomsic D, Pedreira ME, Romano Anot after 12 or 36 h (24).
and Maldonado H, unpublished data); 4) The foregoing finding is reminiscent of
LTH tended to vanish with an increasingthe so-called state-dependent retention, an
reduction of the rest interval between trialeffect commonly observed with drug-induced
(Pedreira ME, Romano A, Tomsic D, Lozadastates (25) but also induced nonpharmaco-
M and Maldonado H, unpublished data), atogically (26,27). On an interpretative level,
outcome in keeping with a large body ofit appearshat the retention of the habituated
evidence from experiments of classical conresponse depends on the congruence be-
ditioning (1,20) but at odds with the currenttween the internal state of the crab at the time
view of the nonassociative theory of habituof training and testing, a notion consistent
ation (21). with Spear’s view of memory retrieval
A closer analysis of the foregoing resultg28,29). This type of interpretation assumes
shows that the LTH impairment produced bythat there is an oscillation of the internal
context shift as well as by pre-training orstate, namely a differential set of interocep-
post-training exposure was expressed onlyve cues across time of day, and, on the
during the initial phase of testing (first trial other hand, that memory for the internal state
or first 2-trial block of testing) but not during at training time is stored together with the
the final phase (the last four or five testingnemory of the context-stimulus association.
trials). This disparity suggests that LTH mayBriefly, LTH is circadian-phase specific.
include both an associative and a nonasso-
ciative component: the former, evoked byChasmagnathus learns the rest time interval
the initial exposure to context, subservesetween trials during LTH acquisition
retention during the first testing trial, while
the latter, evoked by the first trial at testing, Recent results (Pedreira ME, Romano A,
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Tomsic D, Lozada M and Maldonado H,ence between the CT and TR groups gener-
unpublished data) have confirmed and exally occurred during the initial part of the
tended previous results (30) showing thatesting curve, then decreasing over trials (14).
LTH retention is impaired when differentlt is worth emphasizing that an opposite
intertrial intervals (ITI) are used at trainingpicture of results was obtained f&achy-
and testing. Thus, when a strong trainingrapsus CT and TR were invariably indis-
protocol is used with either 45- or 135-s ITltinguishable during the initial phase of test-
instead of the usual one of 171 s, an equaling but significant differences emerged over
robust LTH is obtained provided that 45- ottrials. 2) When animals underwent a weak
135-s ITI were included at testing. In con4raining or were submitted to a strong train-
trast, LTH is impaired when ITI shifts from ing protocol followed by the injection of an
45 to 135 s or vice versa. This phenomenocamnestic agent, any CT-TR difference dur-
is found with different combinations of ITI ing the initial phase of testing vanished (e.qg.,
and when a relation of 3.0-fold betweenl2,18,32), though sporadic CT-TR differ-
intervals is respected. ences appeared in a few trials of the retrain-
Therefore, LTH is frequency specific, aing phase. 3) When a weak training was
result that, along with those showing contextarried out and a facilitatory agent was ad-
and circadian-phase specificity, contrastsinistered after training, a CT-TR differ-
with the current view of habituation as anence was disclosed during the initial testing
extremely simple process. Indeed, severaphase but not necessarily during retraining
authors share the idea that habituation aris€32). 4) A context shift as well as pre- or
solely from changes that are intrinsic to gost-training exposure to the actometer in
reflex pathway and that all the processethe absence of the phasic stimulus impaired
could be reduced to acquire a single item dfTH during the initial phase of testing but
memory, namely that for the iterated stimunot at retraining, suggesting that LTH may
lus. More explicitly, Hawkins and Kandel be composed of an associative and a nonas-
(31) proposed the hypothesis that all theociative component, respectively (Tomsic
instances of complex memories could b®, Pedreira ME, Romano A and Maldonado
explained by combiningunits of exceed- H, unpublished data).
ingly simple memories (irreducible modules A recent study (Pedreira ME, Romano A,
of memory) such as habituation and sensitifomsic D, Lozada M and Maldonado H,

zation. unpublished data) was carried out to deter-
mine how the magnitude of these two puta-

Massed and spaced training build up tive memory components of LTH are influ-

different memory components of LTH enced by the training stimulus frequency,

i.e., the length of the training ITI. For this
Several results from our laboratory havepurpose, the experimental data were ana-
suggested the possibility that the impact ofyzed separately for the initial testing phase
LTH on the first trial or on the first 2-trial (confined in this case to the first testing trial)
block of the testing session (initial testingand retraining (the block of the last five
phase) was different from the impact on théesting trials). Four examples from a long
following block of trials (retraining phase), series of experiments are illustrated in Fig-
suggesting that different mechanisms mawre 3. Figure 3 A, B and C shows the testing
be subserving memory at different testingerformances of groups that received 15 train-
phases. The following results support thisng trials and stayed in the actometers for 45
distinction. 1) When animals underwent amin, but one group was given a 171-s ITI
strong training protocol, the largest differ-(Figure 3A), another group had a 27-s ITI
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(Figure 3B) and a third group had no rest
interval between trials (Figure 3C). With a
training ITI longer than 27 s a significant
difference was always found both during the
initial testing phase and at retraining; with
the 27-s training ITI (a boundary case), LTH
was expressed during the initial testing phase§ 500 f=
but not at retraining, and with massive train-
ing no retention was expressed during any N R .

1000 f-

500 I

n testing score

819

testing phase. However, when the number of 0 1 2 3 4 5 6 0
trials of the massive training was increased germze mn-

up to 300 trials (i.e., 45 min of continuous C [
stimulation) (Figure 3D), LTH was expressed
at retraining but not during the initial phase
of testing. The main conclusion from this

behavioral analysis is that one memory com-
ponent of LTH is only produced by spaced
training though expressed both during the
initial testing phase and at retraining, and

800 I~

Mean testing score

400

OcT27 W 2727

consequently termed initial memory, and B T S —

5 6 0 1

1 0 1
o 0 1 2 3 4
another one produced by massed training Tk
and expressed only at retraining, and conse- gdcro Moo

quently termed retraining memory.

[ Control M Trained

Pharmacological and biochemical

Trials

[ CT-0 W 0-0
300 Trials

Figure 3 - Massed and spaced training. Testing performance (6 trials). Ordinate: mean score

experlments per trial + SEM. CT, Control group; TR, trained group. A, TR received 15 training trials, ITl =
171s. B, Idem but ITI =27 s. C, Idem but ITI = 0 s. D, TR had received 300 trials, ITI =0 s.
The lack of an endothelial blood-brain *P<0.01 between TR and CT at first testing trial (initial phase) or at retraining (dotted box);

barrier in Chasmagnathus enhances the **idem but P<0.005. Intersession interval: 24 h.

action of compounds given by systemic cloheximide (CYX) (12), actinomycin-D
administration (ATY) (18), angiotensin Il (35), enkephalin
(33), serotonin (36). The relative simplicity

The injection procedure in pharmacolo-of brain organization and the lack of an

gical experiments wit€hasmagnathuswas endothelial blood-brain barrier in crabs (37),

as follows. Fifty pl of vehicle or drug solu- together with the fact that blood is distrib-

tion was injected through the right side of thaited throughout an extensive capillary sys-

dorsal cephalothoracic-abdominal membrangm in various neuropil areas of the brain

by means of a syringe fitted with a sleeve t¢38,39), may explain the low threshold for

control depth of penetration to 4 mm, thuslrug action. The possibility of working with

ensuring that the injected solution was resuch low doses by systemic injection makes

leased roughly at the center of the pericardidhis a suitable approach to study the mecha-

sac (e.g., 32-34). Aremarkable feature sharetstic aspects of mnemonic processes.

by all these experiments was that the effec-

tive drug doses given by systemic administTH is blocked by inhibitors of protein and

tration were manifestly low, i.e., equivalentRNA synthesis

to or even lower than doses administered by

intracranial injection in vertebrates, e.g., cy- A first step in a study aimed at elucidat-

Braz J Med Biol Res 30(7) 1997
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equal to or less than 5 ug CYX or 0.5 ug ATY
whereas overt symptoms of sickness appeared
‘|‘ T 24 h after injection with doses hardly higher

5 ug CYX 10 pg CYX 20 pg CYX

Mean testing score

400 —

‘|‘ T than 20 pg CYX or 0.7 ug ATY. Concerning
T the time window of the CYX effect, experi-
ments carried out with 20 pg CYX showed
amnesia when the drug was injected 2 h after
training but not after 6 h. To address the
= possibility that the effect of CYX cited above
might be an instance of state dependence (e.g.,
40,41), an experiment was conducted in which
vehicle or drugs were injected pre-training and

CT TR

CT TR cT TR CT TR pre-testing. LTH impairment was only shown
in those combinations that included an injec-

Figure 4 - Cycloheximide (CYX) impairs LTH. Testing performance (6 trials). Ordinate: mean  tion of CYX before training_

score per trial + SEM. Injections after a strong training protocol (30 trials). Open bars:
injection with vehicle; striped bars: idem with CYX. CT, Control group; TR, trained group.

In other experiments two groups of crabs

*P<0.05 compared to CT injected with vehicle. Intersession interval: 72 h. received vehicle (control group) or 20 Hg

Braz J Med Biol Res 30(7) 1997

CYX (treated group) before training, and
ing the mechanisms that subsebasmag- after 30 min of adaptation were submitted to
nathusLTH was to inquire to what extent a strong training of 30 trials. No difference
this mnemonic process is protein synthesiBetween the training curves obtained for the
dependent. Thus, a series of experimentso groups was found, suggesting that the
was performed aimed at testing the effect géreinjection of CYX has no effect on STH.
CYX and ATY on acquisition and retention  Apart from their amnestic effect, CYX
of LTH (12,18). and ATY only have an inhibitory effect on

An injection of 10 pg of CYX inhibited protein synthesis in common: CYX acts di-
incorporation of ¥*C]-amino acids into brain rectly on the translation step while ATY acts
protein by 88% for 2 h and 20 pg inhibited it byindirectly by blocking total RNA synthesis.
92%, while 0.6 pug of ATY inhibited incorpo- Therefore, the present results support the
ration by 59.7% for 1 h, but no inhibition wasview thatChasmagnathusTH, unlike STH,
found at 24 h postinjection in any case. To tesequiresde novoprotein synthesis.
the effect of blocking protein synthesis on A current observation in experiments with
LTH, the strong training protocol (15 or 30CYX was that the amnestic effect was con-
trials separated by 171 s) was used and tlspicuous during the initial phase of testing but
impact was assessed considering only the pgyeor or absent at retraining. This differential
formance during the first testing trial or theeffect of CYX is in keeping with the differen-
first 2-trial block, i.e., during the so-calledtial effect of context shift and stimulus fre-
initial phase of testing. Both CYX (10-20 pg)quency previously discussed in this review.
and ATY (0.6 pg) administered immediatelyTherefore, it is tempting to draw a comprehen-
after training impaired LTH tested at 24 h. Thesive conclusion, namely that the initial memory
amnestic effect of CYX was also shown at 72s context specific and sensitive to cyclohexi-
or 120 h of intersession interval when 10-2@nide, while the retraining memory is inde-
pHg CYX but not 5 pg were injected (an expendent of the context and insensitive to cy-
ample of these experiments is illustrated ircloheximide. Obviously, such dual-process
Figure 4). The amnestic window of thesdabituation model requires further research to
drugs proved to be very narrow since n@btain stronger empirical underpinnings. Spe-
memory impairment was found with doseifically, experiments aimed at testing the ef-
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fect of cycloheximide and context shift on

!

(RS

821

] ACT-CT
W ACT-TR

h

either LTH after massed training or after spaced 000 2 iﬁt?; "
training are necessary. Incidentally, it is worth
emphasizing the similarity between the hy- g
pothesis proposed f@@hasmagnathuand g .
that advanced for olfactory learning bro- ;i; N
sophila(5), i.e., the initial and retraining LTH é 500 | %
of Chasmagnathysarallels long-termmemory £ \
and anesthesia-resistant memorpdsoph- g \{\i’/
ila, respectively. — 2?{%
cAMP-dependent protein kinase A (PKA) 0 T .
mediates Chasmagnathus LTH Trials

Initially, it was reported that systemic B O sALCT

1000 @ SAL-TR

administration of the cAMP membrane per-
meable analog 8-(4-chlorophenylthio)-cAMP
(CPT-cAMP) plus the phosphodiesterase
inhibitor isobutyl methylxanthine (IBMX)
induced LTH when injected before orimme-
diately after a 5-trial training session (42).
Although such a result supports the view that
an increase in cCAMP level is one of the key
steps in the consolidation of crab LTH, it is
not possible to definitely conclude that

e O %

a1
o
o

Mean response at testing

8 4 B 6
Trials

[J INH-CT
B INH-TR

cAMP-dependent PKA mediates the mne- 0 12 s 4 5 e 2
monic process. Actually, it is known that Tl

Trials

CPT-cAMP also activates cGMP-dependentigure 5 - LTH is mediated by PKA. Testing performance (6 trials). Ordinate: mean score per
protein kinase (43) and that either IBMX ortrial + SEM. A, Effect of 75 uM Sp-5,6-DCI-cBIMPS (ACT) pre-training injection on LTH.

_ : eak training protocol (5 trials). SAL-CT, Control group injected with saline; SAL-TR, trained
CPT-cAMP increases cGMP levels (44) S(é\r/oup injected with saline; ACT-CT, control injected with ACT; ACT-TR, trained group

that an explanation in terms of meChanismiﬁjected with ACT. B, Effect of 25 uM Rp-8-Cl-cAMPS (INH) pre-training injection on LTH.
other than activation of PKA may accountstrong training protocol (156 trials). SAL-CT and SAL-TR as in A; INH-CT, control injected with
for the facilitatory effect of CPT-cAMP + INH; INH-TR, trained group injected with INH. *P<0.05 compared to control. Intersession

. interval: 24 h. A box highlights the first testing trial.
IBMX. Therefore, further experiments (45)

were aimed at studying the effect of the PKAory effect of ACT on retention would be
activator Sp-5,6-DCI-cBIMPS (ACT) and expected to occur after the weak protocol
the inhibitor Rp-8-CI-cAMPS (INH) on re- and an amnestic effect of INH would be
tention level of the habituated response, testeskpected to occur after the strong protocol.
24 h after a weak training protocol (5 trials)The results were conclusive. A CT-TR dif-
or after a strong training protocol (15 or 30ference was shown mainly at the initial phase
trials), respectively. ACT and INH are mem-of testing when crabs were injected immedi-
brane-permeant, metabolically stable anaately before or after a weak training. In con-
logs of cAMP whose action is highly specif-trast, a strong training failed to yield LTH
ic for PKA, both interacting with the regula- when INH was injected pre- or post-training.

tory unit of this kinase (43,46). If PKA acti- Figure 5 shows an example of these results.

vation were a necessary step for memory In all the experiments with pre-training
storage in this learning paradigm, a facilitainjection, no difference between the saline

Braz J Med Biol Res 30(7) 1997
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Figure 6 - Angiotensin IV
(ANGIV) has a facilitatory effect
on LTH. Testing performance (6
trials). Ordinate: mean score per
trial + SEM. Injections after a
weak training protocol (5 trials).
A, Open bars: injection with ve-
hicle; striped bars: idem with di-
verse doses of ANGIV. B, I[dem
but striped bars stand for ANGIV
coinjected with different doses
of saralasin (SARA). Intersession
interval: 24 h. Other symbols as
in Figure 4. *P<0.05 compared
to control.
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tivation is a necessary step for LTHIhas-

magnathusthus confirming that the cAMP
L ; mechanism of signal transduction seems to
; be a conserved molecular process implicated
0 %
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o

o
T

in long-lasting storage of memory.

Mean response

Components of the renin-angiotensin system
(RAS) are involved in LTH modulation

o1

o

o
T

AEY-00 ©D DO @5 05 B0  mme Manipulation of brain angiotensin levels
B appears to influence acquisition and recall of
oo b T ; a newly learned task in vertebrates but re-
; ; X sults are still controversial (47-50). How-
2 : ever, research on this subject has been con-
gmoo - fined to this phylum, despite the fact that
é components of RAS have been described in
S 500 invertebrates: for example, angiotensin Il
and | in leeches (51,52), angiotensinogen-
o like epitopes in the nervous systen\pfysia
R T (53) and angiotensin-converting enzyme-like
SARA-» 0.0 00 00 50 00 5.0 pmol 2o . X
activity in blue crabs (54), reflecting the high
[ Control  {/7} Trained groups conservation of angiotensins in the course of

evolution. Therefore, it seemed justified to
and drug (ACT or INH) groups was ob-explore the influence of angiotensins on
served during training. ChasmagnathukTH (32,35).

The above results demonstrated that the Human angiotensin Il (ANGII) (50 pmol)
two cAMP analogues employed were able tinjected immediately after a weak training
alter LTH in the crab. However, in order toprotocol (10 trials) showed LTH at 24 h
conclude that PKA is actually implicated inmainly when data analysis was confined to
the formation ofChasmagnathusTH, a the initial testing phase. Such facilitatory
biochemical characterization of the effecteffect of ANGII proved to be dose depend-
of both ACT and INH on the crab cAMP- ent and reversible by saralasin (5 pmol), i.e.,
dependent protein kinase was perfornied. by an ANGII antagonist with a well-known
vitro kinase assays using extracts@fas- inhibitory effect on the whole current family
magnathusrain showed a dose-dependentf ANGII receptors (55). Moreover, the ef-
increase of phosphotransferase activity bfect of ANGII vanished when the weak train-
ACT and an antagonist effect of INH. Addi-ing protocol was reduced to only 5 trials or
tion of PKi, i.e., the specific inhibitor of when the peptide was given before training
PKA, clearly reduced the level of activityor 1 h after. On the other hand, saralasin
induced by ACT, thus indicating that theimpaired LTH when injected before a strong
effect of the CAMP analogue was essentiallyraining protocol, though no effect on STH
due to PKA activation in the crab. To ourwas shown. An amnestic effect of saralasin
knowledge, this was the first report in whichwas also obtained when the drug was given
the action of CAMP analogues has been stuédmmediately after the strong training but not
ied by means of drug administration to intacf h later.
animals. Biochemical experiments provided addi-

Briefly, the results showed that PKA ac-tional support for the existence of RAS
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components irChasmagnathusThe brain According to a first view, ANGII or
showed ANGII-like immunoreactivity, esti- ANGIV may induce memory enhancement
mated by RIA, and activity corresponding tan crabs through different specific receptor
angiotensin-converting enzyme, estimatedubtypes. The action of ANGII would be
by a significant hydrolytic activity of mediated by receptors other than those de-
Hippuryl-His-Leu which was inhibited by 5 scribed for mammals since neither DUP nor
mM EDTA and 1 pM captopril (32). In PD showed amnestic effects after a strong
addition, angiotensin-like immunoreactivity training protocol. It should be noted that no
was detected by immunohistochemical techangiotensin receptors have been described
niques in cell bodies of neurons correspondas yet for invertebrates.
ing to the two main divisions of th&has- The second hypothesis proposes that the
magnathusbrain, namely the supraesoph-effects obtained with ANGII are a conse-
ageal ganglia and in the terminal medulla ofjluence of its cleavage to ANGIV, i.e., that
the lateral optic lobes. ANGIV is the actual agent of the facilitatory
Recent results (56) showed that a weakffect of angiotensin on the long-term
training protocol of 5 trials managed to in-memory ofChasmagnathu# basic assump-
duce LTH when 5 pmol of the angiotensin Iltion of this view is that the formation of crab
(3-8) fragment termed angiotensin IVANGIV involves successive cleavages of
(ANGIV) was injected post-training, sug-the N-terminus from ANGII to ANGIV, as
gesting that ANGIV has a facilitatory effectalso observed in mammals (58).
stronger than that obtained with ANGII. This
effect proved to be dose dependent with STH may be mediated by endogenous
minimal effective dose near 0.5 pmol andpioids
reversible by saralasin (5 pmol) (Figure 6), a
result which is in conflict with reports indi-  An appreciable number of studies have
cating that saralasin fails to reverse the effetteen performed in our laboratory focusing
of ANGIV (57). However, this disparity could on the probable role of opioids in STH (=
be accounted for by assuming either that idrop in reactivity to the danger stimulus
this case a cleavage in the analogue moléuring the training session of a strong proto-
cule produces a fragment that competes wittol), and in LTH (= retention of the habitu-
the AT4 receptor or that the amnestic effecated response after an intersession interval).
of saralasin masks the facilitatory effect ofThus, it has been shown that morphine or the
ANGIV. Fifty pmol of the nonpeptide angio- synthetic analog of Met-enkephalin, [D-
tensin receptor antagonists DUP and PDAla?lmethionine-enkephalin (DAME), pro-
selective for AT1 and AT2 receptor sub-duces a dose-dependent, naloxone-revers-
types, respectively, failed to reverse théble reduction at the level of the escape
ANGIV effect when coinjected after weakresponse during training (33,34) and that
training (5 trials) and, unlike saralasin,this effect may be accounted for by a central
showed no amnestic effect when given aftesiction (59,60). In addition, two lines of evi-
a strong training protocol (15 trials). dence support the view that STH involves
Two hypotheses can be offered (56) tahe modulatory action of an endogenous
account for the preceding results and to prapioid mechanism. First, after naloxone pre-
vide a theoretical framework for further re-treatment an enhancement in the escape re-
search on the relation between ANGII andponse emerged over trials, slowing down
ANGIV with respect to crab memory. Boththe STH (13), and second, a strong training
hypotheses assume that each peptide actsproduced a transient, naloxone-reversible,
different receptor subtypes. inhibitory effect on the subsequent escape

823

Braz J Med Biol Res 30(7) 1997



824

Figure 7 - The dual-process hy-
pothesis of LTH. Schematic
presentation of the main results
and hypotheses. See text.
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response to a different type of stimulus prethey perceive the danger stimulus though
sented immediately after training (61,62). they are unable to run away.

On the other hand, pre-training injection No results are available concerning a
of opioids completely disrupted LTH (59) possible role of opioids with respect to each
but post-training injection had no amnestiof the putative memory components of LTH.
effect (60). Intriguingly, pre-training injec- However, it may be surmised that when
tion of GABA abolished the response duringhe first testing trial recalls the signal memory,
training but failed to show disruption of an endogenous opioid starts to accelerate
LTH, thus offering a new example of the sothe fall of reactivity in a similar way as
called response-independent habituatioan endogenous opioid would mediate the
(63). The disparity as regards LTH betweelSTH.
results obtained with opioids (response abo-
lition at training and disruption of LTH) and The dual-process hypothesis of LTH
those obtained with GABA (response aboli-
tion at training and maintenance of LTH) is  Several intriguing and challenging ques-
explained in the following terms. The de-tions arise from the results presented in this
pressing effect of exogenous opioids on theeview concerning the dual-process hypoth-
escape response to the phasic stimulus (= tkesis of LTH. Figure 7 summarizes the main
danger stimulus) during training results fronresults and questions. Behavioral and mech-
an impairment in perception, namely, fromanistic properties attributed to initial memory
an interference with the decoding of theare illustrated in the upper part of the figure
danger signal, while the similar effect ofand those attributed to the retraining memory
GABA comes from impairment of respon-are illustrated in the lower part. A question
siveness, namely, from an inhibitory actiormark indicates results based on speculations.
on the efferentlimb. Therefore, opioid-treateddngoing experiments are dealing with two
crabs fail to acquire LTH since they did notof these items. In one case the purpose is to
perceive the danger stimulus during trainingascertain if an endogenous opioid mediates
while GABA-treated crabs acquire LTH sincethe retraining memory and in the other the

Associative
Context-dependent
Cycloheximide sensitive
Mediated by PKA
Modulated by angiotensins

Initial memory LTH at initial
(Context-signal memory) testing phase

- Retraining memory LTH at
Massed training ——p» (Signal memory) retraining

Context-independent

Spaced training ——p

Nonassociative
Cycloheximide insensitive (?)
Mediated by opioids (?)
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purpose is to explore how PKA activity, Acknowledgment
protein synthesis and angiotensin action are

related to each other within a process sub- We thank Angel Vidal for technical as-
serving the initial memory.

References

10.

11.

Care TJ, Pinsker HM & Kandel ER (1972).
LTH of a defensive withdrawal response
reflex in Aplysia. Science, 175: 451-454.
Kandel ER & Schwartz JH (1982). Molecu-
lar biology of an elementary form of learn-
ing: modulation of transmitter release by
cAMP. Science, 218: 433-443.

Alkon JF, Bank B, Naito S, Chung C, Ram
J & Rasmusen H (1987). Protein synthe-
sis inhibition prolongs Ca2+ mediated re-
duction of K+ currents. Proceedings of
the National Academy of Sciences, USA,
84: 6949-6952.

Crow T & Forrester J (1990). Inhibition of
protein synthesis blocks long-term en-
hancement of generator potentials pro-
duced by one-trial in vivo conditioning in
Hermissenda. Proceedings of the National
Academy of Sciences, USA, 87: 4490-
4494,

Tully T, Preat T, Boyton SC & Del Vecchio
M (1994). Genetic dissection of consoli-
dated memory in Drosophila. Cell, 79: 35-
47.

Hammer M & Menzel R (1995). Learning
and memory in the honeybee. Journal of
Neuroscience, 15: 1617-1630.

Glanzman DL (1995). The cellular basis of
classical conditioning in Aplysia californica
- it's less simple than you think. Trends in
Neurosciences, 18: 30-36.

Alberini CM, Ghirardi M, Metz R & Kandel
ER (1994). ApC/EBP is an immediate-early
gene required for the consolidation of
long-term facilitation in Aplysia. Cell, 76:
1099-1114.

Huanh YY, Li XCV & Kandel ER (1994).
cAMP contributes to mossy fiber LTP by
initiating both a covalently mediated early
phase and macromolecular synthesis-de-
pendent late phase. Cell, 79: 69-79.

Silva AJ & Giese KP (1994). Plastic genes
are in! Current Opinion in Neurobiology,
4: 413-420.

Lozada M, Romano A & Maldonado H
(1990). Long-term habituation to a danger
stimulus in the crab Chasmagnathus.
Physiology and Behavior, 47: 35-41.

12.

13.

20.

sistance.

Pedreira ME, Dimant B, Tomsic D,
Quesada-Allue LA & Maldonado H (1995).
Cycloheximide inhibits context memory
and long-term habituation in the crab
Chasmagnathus. Pharmacology, Bio-
chemistry and Behavior, 52: 385-395.
Romano A, Lozada M & Maldonado H
(1990). Effects of naloxone pretreatment
on habituation in the crab Chasmagnathus
granulatus. Behavioral and Neural Biology,
53: 113-122.

Tomsic D, Massoni V & Maldonado H
(1993). Habituation to danger stimulus in
two semiterrestrial crabs: ontogenic, eco-
logical and opioid modulation correlates.
Journal of Comparative Physiology, 173:
621-633.

Brunner D & Maldonado H (1988). Habitu-
ation in the crab Chasmagnathus granula-
tus. Effect of morphine and naloxone.
Journal of Comparative Physiology, 162:
687-694.

Wagner AR (1981). SOP as a model of
automatic memory processing in animal
behavior. In: Spear NE & Miller RR (Edi-
tors), Information Processing in Animals:
Memory Mechanisms. L. Erlbaum associ-
ates, Hillsdale, NJ.

Whitlow JW & Wagner AR (1984).
Memory and habituation. In: Peeke HVS
& Petrinovich L (Editors), Habituation,
Sensitization and Behavior. Academic
Press, London.

Pedreira ME, Dimant B & Maldonado H
(1996). Inhibitors of protein and RNA syn-
thesis block context memory and long-
term habituation in the crab Chasmag-
nathus. Pharmacology, Biochemistry and
Behavior, 54: 611-617.

Lobow RE & Moore AU (1959). Latent
inhibition: effect of non reinforced preex-
posure to the conditioned stimulus. Jour-
nal of Comparative and Physiological Psy-
chology, 52: 415-419.

Hintzman DL (1974). Theoretical implica-
tions of the spacing effect. In: Solso RL
(Editor), Theories in Cognitive Psychology:
Loyola Symposium. L. Erlbaum associ-
ates, Hillsdale, NY.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

825

Thompson RF & Spencer WA (1996). Ha-
bituation: A model phenomenon for the
study of neural substrates of behavior.
Psychological Review, 173: 16-43.

Baker TB & Tiffany ST (1985). Morphine
tolerance as habituation. Psychological
Review, 97: 78-108.

Dafters Rl, Odber J & Miller J (1988).
Associative and non associative tolerance
to morphine: support for a dual process
habituation model. Life Sciences, 42:
1987-1996.

Pereyra P, De La Iglesia H & Maldonado H
(1996). Training-to-testing intervals differ-
ent from 24 h impair habituation in the
crab Chasmagnathus. Physiology and Be-
havior, 59: 19-25.

Overton DA (1978). Major theories of
state dependent learning. In: Ho BT (Edi-
tor), Drug Discrimination and State De-
pendent Learning. Academic Press, New
York.

Peck JH & Ader R (1974). lliness-induced
taste aversion under states of deprivation
and satiation. Animal Learning and Behav-
jor, 2: 6-8.

Santucci AC & Riccio DC (1986).
Hypothermia-induced anterograde amne-
sia and its reversal in rats trained on a
T-maze task. Physiology and Behavior, 36:
1065-1069.

Spear NE (1973). Retrieval of memory in
animals. Psychological Review, 80: 163-
175.

Spear NE (1978). The Processing of
Memories: Forgetting and Retention. L.
Erlbaum associates, Hillsdale, NY.
Lozada M (1993). Habituacion a largo
termino y especificidad del estimulo en el
cangrejo Chasmagnathus granulatus. Doc-
toral thesis, Universidad de Buenos Aires.
Hawkins RD & Kandel ER (1984). Is there
a cell-biological alphabet for simple forms
of learning? Psychological Review, 22:
375-391.

Delorenzi A, Pedreira ME, Romano A,
Garcia SlI, Pirola CJ, Nahmod VE &
Maldonado H (1996). Angiotensin Il en-
hances long-term memory in the crab
Chasmagnathus. Brain Research Bulletin,
41:211-220.

Braz ) Med Biol Res 30(7) 1997



826

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Godoy A & Maldonado H (1995). Modula-
tion of the escape response by D(Ala?)
Met-enkephalin in the crab Chasmag-
nathus. Pharmacology, Biochemistry and
Behavior, 50: 445-451.

Maldonado H, Romano A & Lozada M
(1989). Opioid action on response level to
a danger stimulus in the crab Chasmag-
nathus granulatus. Behavioral Neurosci-
ence, 103: 1139-1143.

Delorenzi A, Pedreira ME, Romano A,
Pirola CJ, Nahmod VE & Maldonado H
(1995). Acute administration of angio-
tensin Il improves long-term habituation
in the crab Chasmagnathus. Neuroscience
Letters, 196: 193-196.

Aggio J, Rakitin A & Maldonado H (1996).
Serotonin-induced short- and long-term
sensitization in the crab Chasmagnathus.
Pharmacology, Biochemistry and Behav-
jor, 53: 441-448.

Abbott J (1970). Absence of blood-brain
barrier in a crustacean, Carcinus maenas.
Nature, 225: 291-293.

Abbott NJ (1992). Comparative physiolo-
gy of the blood-brain barrier. In: Bradbury
MWB (Editor), Physiology and Pharmacol-
ogy of the Blood-Brain Barrier. Springer-
Verlag, Berlin.

Sandeman DC (1986). Organization of the
crustacean central nervous system. In:
Bliss DE (Editor), The Biology of Crusta-
cea. Academic Press, New York.

Lee DW, Perlmuter AM, Beniston DS,
Bennett EL & Rosenzweig MR (1989). Is
anisomycin-induced amnesia for a passive
avoidance task in chicks the result of
state-dependent learning? Developmen-
tal Brain Research, 49: 179-184.
Patterson TA, Rose SP & Bradley PM
(1989). Anisomycin and amnesia in the
chick: state dependent-effects are not
present with intracranial injections. De-
velopmental Brain Research, 49: 173-178.
Romano A, Delorenzi A, Pedreira ME,
Tomsic D & Maldonado H (1996). Acute
administration of a permeant analog of
cAMP and a phosphodiesterase inhibitor
improves long-term habituation in the crab
Chasmagnathus. Behavioural Brain Re-
search, 75: 119-125.

Sandberg M, Butt E, Nolte C, Fischer L,
Halbrugge M, Beltman J, Jahnsen T,
Genieser HG, Jastorff B & Walter U
(1991). Characterization of Sp-5,6-
dichloro-1-B-D-ribofuranosyl-benzimida-
zole-3",5'-monophosphorothioate as a po-
tent and specific activator of cyclic-AMP-
dependent protein kinase in cell extract
and intact cells. Biochemistry Journal,
279: 521-527.

Braz ) Med Biol Res 30(7) 1997

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Connoly JB, Willits PB, Warrington BH &
Murray JK (1992). 8-(4-chlorophenyl)thio-
cyclic AMP is a potent inhibitor of the
cyclic GMP-specific phosphodiesterase
(PDE Va). Biochemical Pharmacology, 44:
2303-2306.

Romano A, Locatelli F, Delorenzi A,
Pedreira ME & Maldonado H (1996). Ef-
fects of activation and inhibition of cAMP-
dependent protein kinase on long-term
habituation in the crab Chasmagnathus.
Brain Research, 735: 131-140.

Yokosaki H, Tortora G, Pepe S, Maronde
E, Genieser HG, Jastorff B & Cho-Chung
YS (1992). Unhydrolyzable analogs of cy-
clicadenosine-3',5'-monophosphate dem-
onstrating growth inhibition and differen-
tiation in human cancer cells. Cancer Re-
search, 52: 2504-2508.

Morgan TM & Routtenberg A (1977). An-
giotensin injected into the neostriatum
after learning disrupts retention perfor-
mance. Science, 196: 87-89.

Braszko JJ, Wlasienko J, Koziolkiewicz W,
Janecka A & Wisniewski K (1991). The 3-
7 fragment of angiotensin Il is probably
responsible for its psychoactive proper-
ties. Brain Research, 542: 49-54.

Grupp LA & Chow SYM (1993). Angio-
tensin Il mediates a conditioned taste
aversion in water-replete rats. Pharmacol-
ogy, Biochemistry and Behavior, 44: 985-
988.

Wright JW, Miller-Wing AV, Shaffer MJ,
Higginson C, Wright DE, Hanesworth JM
& Harding JW (1993). Angiotensin 11(3-8)
(ANG 1V) hippocampal binding: potential
role in the facilitation of memory. Brain
Research Bulletin, 32: 492-502.

Laurent V, Bulet P & Salzet M (1995). A
comparison of the leech Theromyzon
tessulatom angiotensin I-like molecule
with forms of vertebrate angiotensino-
gens: a hormonal system conserved in
the course of evolution. Neuroscience
Letters, 190: 175-178.

Salzet M, Bulet P, Wattez C & Verger-
Bocquet M (1995). Structural character-
ization of a diuretic peptide from the cen-
tral nervous system of the leech
Erpobdella octoculata. Journal of Biologi-
cal Chemistry, 270: 1575-1582.
Gonzalez GC, Roger |, Gonzalez E,
Martinez-Padron M, Moore GJ &
Lukowiak K (1995). Angiotensinogen-like
epitopes are present in the CNS of Aplysia
californica and co-localize with urotensin
|- and urotensin-like immunoreactivities in
the cerebral ganglia. NeuroReport, 6: 541-
544.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

H. Maldonado et al.

Smiley JW & Doig MT (1994). Distribution
and characterization of angiotensin-con-
verting enzyme-like activity in tissues of
the blue crab Callinectes sapidus. Com-
parative Biochemistry and Physiology, 4:
491-496.

Timmermans PB, Wong PC, Chui AT,
Herblin WF, Benfield P, Carini DJ, Lee RJ,
Wexler RR, Saye JAM & Smith RD (1993).
Angiotensin Il receptors and angiotensin
|l receptor antagonists. Pharmacological
Reviews, 45: 205-251.

Delorenzi A, Locatelli F, Romano A,
Nahmod V & Maldonado H (1997). Angio-
tensin 11(3-8) (ANG [V) induces long-term
memory improvement in the crab Chas-
magnathus. Neuroscience Letters (in
press).

Roberts KA, Krebs LT, Kramar EA, Shaffer
MJ, Harding JW & Wright JW (1995). Au-
toradiographic identification of brain an-
giotensin IV binding sites and differential
c-Fos expression following intracerebro-
ventricular injection of angiotensin Il and
IV in rats. Brain Research, 682: 13-21.
Wright JW & Harding JW (1994). Brain
angiotensin receptor subtypes in the con-
trol of physiological and behavioral re-
sponses. Neuroscience and Biobehavioral
Reviews, 18: 21-53.

Tomsic D & Maldonado H (1990). Central
effect of morphine pretreatment on short-
and long-term habituation to a danger
stimulus in the crab Chasmagnathus.
Pharmacology, Biochemistry and Behav-
jor, 36:787-793.

Tomsic D, Maldonado H & Rakitin A
(1991). Morphine and GABA: Effects on
perception, escape response and long-
term habituation to a danger stimulus in
the crab Chasmagnathus. Brain Research
Bulletin, 26: 699-706.

Romano A, Lozada M & Maldonado H
(1991). Nonhabituation processes affect
stimulus specificity of response habitua-
tion in the crab Chasmagnathus granula-
tus. Behavioral Neuroscience, 105: 542-
552.

Valeggia C, Fernandez-Duque E &
Maldonado H (1988). Danger stimulus-in-
duced analgesia in the crab Chasmag-
nathus granulatus. Brain Research, 481:
304-308.

Peeke HVS (1988). Habituation and the
maintenance of territorial boundaries. In:
Peeke HVS & Petrinovich L (Editors), Ha-
bituation, Sensitization and Behavior. Ac-
ademic Press, New York.



