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ABSTRACT

PROTEIN SYNTHESIS INHIBITION AND SHORT AND LONG TERM
HABTTUATION OF THE DORSAL ANTENNAE WITHDRAWAL RESPONSE IN
HELIX ASPERSA, BY S. RAY '

The pharmacological disruption of memory by various
protein synthesis inhibitory drugs (PSIs) has implicated -
protein synthesis as a requirement for long term learning
but not for short. However, evidence derived from PSI
research remains equivocal, with the apparent amnesic
effects of PSIs being attributed to drug side-effects and
general behavioural debilitations.

Research reported in this thesis investigates the
behavioural effects on short and long term habituation of
the dorsal antennae withdrawal reflex in the snail (Helix
aspersa) of three antibiotic drugs known to reversibly
inhibit protein synthesis; anisomycin, actinomycin D, and
puromycin., Initially, habituation was established as true
learning in the snail and was demonstrated to be capable of
retention for over 24 hours from one training session and
over 6 months from a series of training sessions. The
parametric characteristics of both short and long term
habituation in the snail was established and found to be
identical to those demonstrated in vertebrate habituation.
Such characteristics were found to be different for short
and long term habituation. Injection of PSIs showed no
effect on short term habituation but disrupted long term
habituation if PSI was active within a 'critical time
window' during or for approximately 40 minutes after
training. Later injections had no amnesic effect, and
neither did injections 2 hours prior to training. The
amnesic effects were demonstrated not to be attributable to
drug side-effects by the development and application of a
'behavioural test battery' to screen general snail behaviour
for drug induced debilitations at a variety of doses.
Dose/amnesic effect relationships are also reported.
Potentially confounding effects, such as, state dependent
learning, and drug performance effects, were controlled out.
The effects of the PSIs on short and long term habituation
are then reported in terms of their effects on the
established short and long term parametric characteristics
of the learning. Drug injected snails showed normal short
term parametric characteristics in training. However, in a
long term retest drug treated snails also showed the
parametric characteristics of short term habituation which
demonstrated the degree of induced amnesia.

The results are discussed in terms of a gene expression
model of long term habituation and suggest that short and
long term habituation are mediated by different processes.
Short term habituation is protein synthesis independent and
long term habituation is protein synthesis dependent.
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experiment was terminated. Four such substitutions were
necessary. Fully extended snails received repeated
presentations of a tactile stimulus with an ISI of 30 sec.
The tactile stimulus was a touch approximately 2 mm caudal
to the dorsal antennae from a 35 mm length of 2-mm dowel.
Repeated presentations continued until they reached
criterion of habituation..Criterion for habituation was
three consecutive non responses. Trials to habituation were
recorded exclusive of these three non responses. This
criterion of habituation was used throughout the thesis
unless otherwise stated. Five snails were sampled for
recovery of the response at each of the following post
training intervals: 2, 4, 6, 8, 10, 12, 14, 16, 18, and 20
min. All responses were measured for duration and magnitude

as reported in Experiment 1, Chapter 3.

RESULTS

Recovery of the response post-training is shown in
Figure 4.1. Duration of response data were analysed in a
2-way ANOVA with a within subject factor of trial (first
response training/first response at retest) and a between
subjects factor of post-training retest interval. This
revealed a significant effect of post-training interval
(F(9/40) = 6.287, p<.01), and of trial (F(49/40) = 640.115,
p<.001) with a significant post training interval x trial
interaction (F{(4/40) = 6.794, p<.01).

Analysis of simple main effects revealed no difference

between groups in terms of initial response in training
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(F(1/40) <1) but a significant difference in initial
response between rétest conditions (F(1/40) = 352.52,
p<.001).

Within group comparisons of initial training and retest
responses showed the initial response in retest to be
significantly smaller than the initial response evidenced in
training in all ten retest conditions.

As can be seen from Figure 4.1, initial response at
retest increased as a function of elapsed time from
training. The response had not totally recovered by the
maximum post-training interval sampled.

Magnitude of response data was also similarly analysed
and revealed a significant effect of post-training
interval (F(1/40) = 12.69, p<.001) and of trial (F(1/40) =
25.20, p¢<.001) with a significant post-training interval x
trial interaction (F(1/40) = 12.12, p<.025).

Analysis of simple main effects showed that in
comparisons between groups there was noc difference in
initial training response (F(1/40) = 2.80, p>.05), but there
was a significant difference in the magnitude of the first
response at retest between groups (F(1/40) = 512.23,
p<.001). Comparisons within groups across training and
retest response revealed that the response had recovered to

its initial magnitude by the 8 min retest (F(1/40) <1). The

results for this measure are shown in Figure 4.2,







DISCUSSION

The above results suggest that habituation of the
dorsal antennae withdrawal response recovers with time after
the response has reached zero. It is of note that the two
measures of recovery used showed that for duration of
response, the reflex had not recovered completely by the 20
min post training test, whereas, the magnitude of the post
training response had recovered to its original pretraining

level by 8 min post training.
EXPERIMENT 2

Long tefm habituation of this response from one
training session was further investigated by comparing
performance of trained snails post-training with that of
non-trained snails. The measure used was trials to

habituation.

Method

Subjects. One hundred and eighty mature snails were
sampled from a population of 250 snails captured from the
hills of Jennycliff Bay,vSouth Devon.

Procedure. Laboratory housing, criterion for
participation, test apparatus and habituation stimulus were
as reported in Experiment 1, The Experiment was conducted
throughout the days of April 18, 19, 20, 1985. Temperature

in the laboratory varied from 18 to 23 C.
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Fully extended snails were subjected to repeated
presentations of the tactile stimulus with an ISI of 30 secs
until the criterion for habituation was achieved. Each snail
was then numbered for identification with black paint and
replaced in the home vivarium. The snails remained in the
home vivarium until they were retested for retention. Thirty
snails were given an habituation test at each of the
following retest intervals, 6, 12, 18, 24 , 36, or 48 hours
post training. Of the 30 snails at each retest interval, 15
snails had received one training session to habituation and
the remaining 15 snails had received no training prior to
the test but were handled. The number of trials required to
reach criterion in retest were compared for trained and non
trained snails. Evidence of retention was taken as savings
in trials to habituation in the trained groups. Trained and
non trained snails were all housed together in the same
vivarium. Procedure for retest consisted of an assistant
locating trained or non trained snails and masking their
identification numbers with insulating tape to eﬁsure that
the experimenter was unaware whether a snail had neen
previously trained or not. Habituation procedure and
criterion.were identical to the initial training phase.

Snails that refused to emerge from their shells in the
apparatus orientation period or when due for testing were
removed from the experiment and replaced by spare
pre-trained snails that fulfilled the retest interval
criterion of a particular test. Twelve such substitutions

were necessary.
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RESULTS

A 2-way ANOVA was conducted with two between subject
factors of post training interval and condition
(trained/non-trained). This revealed significant main
effects of post-training interval (F (5/168) = 10.298.
p<.001) and condition (F(1/168) = 48.951, p<.001) with a
significant post training interval x condition interaction
(F(5/168) = 5.890, p<.05).

Analysis of simple main effects showed that there was
ng significant difference across post-training intervals for
non trained snails (F(5/168) = 2.95, p>.05), but there was a
difference between trained snails at different retest
intervals (F(5/168) = 77.92, p<.001). Savings in trials to
habituation decreased as post-training test increased. .
Trained snails required significantly fewer trials to
habituation than non trained snails at the following retest
intervals, 6 hrs (F(5/168) = 32.58, p<.001), 12 hrs
(F(5/168) = 32.58, p<.001) and 18 hrs (F(5/168) = 9.94,
p<.001). There was also a small difference in the 24 hr
retest (F(5/168) = 2.68, p<.05). There was no difference
between trained and non trained at 36 or 48 hr retest
(F{(5/168) <1) (see Figure 4.3).

A further 2 way-ANOVA, with a between subjects factor
of post training interval and a within subject factor of
session (training/ retest) was conducted on the training and
retest data of the trained snails. Trials to habituation in
training were compared with the number required in retest,

retention at a particular post training interval being
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evidenced by savings in retest compared with training. This
analysis showed a significant effect of post training
interval (F(5/84) = 4,580, p<.005) and training session
(F(1/84) = 175.098, p<.001) with a significant post training
interval x training session interaction (F(5/84) = 27.972,
p<ﬂ001).

Bnalysis of simple main effects revealed large savings
in the 6 hr (F(5/84) = 118.265, p<¢.001), 12 hr (F(5/84) =
131.95, p<.001), and 18 hr (F(5/84) = 57.58, p<.001) retest
conditions. Slight savings at retest were evident at 24
hours (F(5/84) = 7.117, p<.001). No retention was evidenced
at either 36 or 48 hrs (F(5/84) <1). There was no difference
in the number of trials to habituation in the initial

training sessions (F(1/84) = 2,579, p>.5). (see Figure 4.4)
DISCUSSION

There was eyidence of retention in terms of savings on
trials to habituation up to 18 hours post training. The |
amount of saving varied as a function of the post training
interval, with greater savings in the shorter post training
intervals. At 24 hrs post training there were slight savings
evident but these were minimal compared to the savings

sampled at 18 hrs post training.
GENERAL DISCUSSICN

The dorsal antennae withdrawal reflex of the snail was

found to habituate with an average of 9 presentations of a
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as a measure of habituation.
METHOD

Subjects. Sixty mature snails were sampled from a
laboratory housed population of 100 snails collected from
the Plymstock area of Plymouth. Housing and criterion for
participation was as reported in Experiment 1. Snails were
numbered for purposes of identification using black paint.
Indelibility of the numbers was ensured by varnishing the
area of shell with the number on. The experiment was
conducted on throughout April 1, 2, 3, 4, and 5, 1985,
between the hours of 1830 and 0915. Temperature in the
laboratory varied from 16 to 20 C.

Procedure. The participating snails were randomly
assigned to one of 3 ISI conditions (&0, 60 or 300 secs),
with 20 snails per condition. All snails received 2 training
sessions to criterion of habituation interspaced with a 12
hr inter-training interval. The technique for habituation
and habituating stimulus were as reported in Experiment 2.
Of the 20 snails in each ISI condition, 10 were given a
retest for savings in terms of the number of trials to
rehabituation 24 hrs after Session 2. The remaining 10
snails were given an identical retest 72 hrs after Session
2. ISI condition was ﬁaintained in both training sessions
and during retest. Trials required to reach criterion in

each session were recorded.
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RESULTS

These data were analysed in a 3-way ANOVA with a within
subjects factor of session and two between subject factors
of ISI and retest. It revealed a significant effect of ISI
(F(2/54) = 17.908, p<.001) and session (F(1/54) = 482.993,
p<.001) but no significant difference between the two
retests (F(1/54) <1), p>.5). There was a significant ISI x
session interaction (F(2/54) = 43.853, p<.001) and retest x
session interaction (F (1/54) = 6.188, p<.025), but neither
the IST x retest interaction nor the three way interaction
of ISI x session x retest reach significance (F's(2/54) <1).

4 HOUR RETEST GROUPS. Analysis of simple main effects

for snails retested 24 hrs post training revealed a
significant decline in number of trials to criterion of
habituation across Training Session 1, 2, and the retest for
snails in the 20 sec ISI condition (F(1/54) = 61.19,
p<.001), the 60 secs group (F(1/54) = 181.05, p<.001), and
also in the 300 secs group, (F(1/54) _ 382.86, p<.001).

In all three ISI conditions greatest number of trials
were required in Training Sessicon 1, followed by Session 2
and least were required in retest (see Figure 5.4). All
groups thus demonstrated long term habituation. Comparisons
within each session across ISI conditions revealed a
significant effect of ISI in training session 1 (E(2/54) =
96.296, p<.001). Greatest number of trials were found to be
required with the 300 sec ISI group (M = 7.8), whereas,
fastest habituation occurred in the 20 sec group (M = 14.8).

There was no effect of ISI in Session 2, or retest 24 hrs
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after Session 2 (both F's(2/54) < 1).

72 HOUR RETEST GROUPS. Analysis of simple main effects

were then conducted for the 72 hr results. Again, there was
a significant decline in trials to criterion within =zach ISI

condition across sessions, 20 sec group (F(1/54)

28.73,
p<.001), 60 sec (F(1/54) = 145.24, p<.001), and 300 sec
(F(1/54) = 355.74, p<.001). Most trials were required in
session 1, least in the retest.

Analysis of each session across ISI's revealed a
significant difference in short term habituation (Session 1)
(F(2/54) = 116.398, p<.001). The number of trials required
increased as ISI increased. There was no difference between
groups 12 hrs later (Session 2) or at retest (72 hours)

(both F's ¢1). The results are illustrated in Figure 5.5.

DISCUSSION

As expected, in Session 1, shorter ISIs produced faster
habituation. This is in accord with the findings of
Experiments 1 and 2. In Session 2, 12 hrs after Session 1,
the ISTI effect was not apparent. Compa;ing savings in trials
to habituatién at session two with the number of trials
required in the previocus session, there was a saving in all
IST conditions. ﬁowever, there was no difference in this
saving between ISI conditions, ISIs had no effect on long
term retention of habituation over 12 hrs. The relationship
between ISI and short term habituation did not apply to long
term habituation. Further evidence of this was provided by

the retest data after the two training sessions. No
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significant difference was apparent between ISI conditions
in either the 24 or 72 hrs retest. Both retest sessions
showed evidence of retention in terms of sévings, greatest
savings being evident at the 24 hrs retest. However, there
appears a differential effect of ISI on short and long term
habituation. While in accord with the conclusion of Askew
(1970}, the results do not suppért the suggestion that long
IS5Is produce greater retention of habituation. . :i- .

There is no evidence of ISI effects in long term habituation
once animals had been habituated to criterion. This measure
of habituation may however mask ISI effects, as it is
contaminated by short tgrm, within session effects of ISI.
Consequently, it could be argued that the long ISI
conditions produced the same speed of habituation in the
long term test despite the within session ISI effect. In
order to obtain a measure of long term habituation effects
which is not contaminated by within session effects, a

further experiment was carried out.
EXPERIMENT 3(B)

Although it does have disadvantages (see introduction
to this Chapter), Comparison of first response in each
session as a measure of retention of habituation (Davis,
1970a) is uncontaminated by short term effects. This
provides a second measure of the effects found in
Experiment 3a. ISIs could conceivably produce effects on
levels of responding in long term tests which would not be

apparent with ‘a trials to habituation measure. Consequently,
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Experiment 3a was replicated utilising this second measure

of long term habituation.
METHCD

Subjects. Sixty snails were laboratory housed as
reported in Experiment 1. All snails were collected from the
Stonehouse area of Plymouth.

Procedure. Method and design were as reported in
Experiment 3a. The experiment was conducted during April 10,
11, 12 and 13, 1985, Temperature in the laboratory varied
between 16 and 19 C. Sixty snails were studied. Duration of
first response was recorded for each of the two training
sessions and in the retest session. Magnitude of response
was also recorded for the same responses using the scale in
Experiment 2. Habituation procedure and apparatus were as
reported in the preceding experiment. The ISI conditions

employed were again, 10, 60 and 300 secs.

RESULTS

Data were analysed in a 3—Qay ANOVA with a within
subject factor of session and between subject factors of ISI
and retest interval. For response duration, there was a
significant decrement of first response across session
(F(1/54) = 740.882, p<.001). There was no significant effect
of ISI (F(2/54) <1) or retest interval (F(1/54) <1). Neither
the IST x retest, ISI x session, or retest x session

interactions reached significance (F(2/54) <1). The ISI x
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session x retest also failed to reach éignificance (F(2/54)
<1). Greatest response durations were evidenced in Session
1, smallest in retest.

Category of response data was similarly analysed, a
significant difference in response magnitude of first
response across sessions (F(1/54) = 651.106, p<.001), was
revealed, with no significant effect of ISI (F(2/54) <1) or
retest interval (F(1/54) <1). Similarly all interactions
failed to reach significance (F(2/54) <1). Again the order
of session effect revealed largest response magnitudes in

Session 1, smallest in Session 2.
DISCUSSION

Evidence of a decrement in first response over sessions
was found. Long term retention at 12 hrs (in the second
training session) and at both retest intervals of 24 and 72
hrs was evidenced. The level of savings in first response
duration and magnitude did not vary as a function of ISI
condition.

The results of these two experiments are not in accord
with those of Askew (1970), who, essentially used a similar:;
paradigm with one training session of five trials with a
retest of five trials 30 mins later. Askew used the same ISI
in retest as in training. Interestingly, the first response
in the long term session of Askew's research was not
affected by this confound, and here the efficacy of long
ISIs in training was apparent. He reported 1large recovery

of response during the 30 min inter training interval in the
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1 and 10 sec groups but not in the 100 sec group, suggesting
that longer.ISIs in training produced less recovery of
response in retest than short ISIs. Experiments 3a & b both
failed to replicate this effect. While failing to replicate
Askew's results, the above effects are in accord with Ron
Ray's ISI data, who similarly found no long term ISI effects

(see Chapter 2).

EXPERIMENT 4

Initial experiments thus far reported manipulate ISI in
short term habituation but measured long term effects in a
constant ISI retest. Davis (1970a) has criticised such an
approach and suggested that the lack of long term ISI
effects could be attribu. table to generalization, another
parametric characteristic of habituation (see Chapter 2). In
light of Davis's criticisms, a further experiment was
conducted to replicate the results of Experiment 3a &b using
the same ISI condition in training and retest within
subjects and measuring ISI effects on speed of habituation

and rehabituation.
METHOD

Subjects. Twenty snails were sampled from a population
of 32 snails collected from a Plymouth garden and housed in
a laboratory vivarium.

Procedure. The Experiment was conducted during May 6

and 7 1985. Temperature in the laboratory varied from 15 to
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19 C. Criterion for participation in this experiment,
habituation technique and stimulus were as reported in
Experiment 1. Three ISI conditions were used, 10, 60, and
300 secs, to facilitate comparisons with Experiments 3a and
3b. Each snail received a training session to criterion and
a retest 12 hrs post training. An ISI of 30 secs was
employed in retest independent of original training ISI. The

measure of habituation used was trials to criterion.
RESULTS

The results of Experiment 4 mirrored the effects
described in Experiments 3a & b and are ' presented

graphically in Figure 5.6.
DISCUSSION

Results replicate the findings of Experiment 3a,
negating the criticism of Davis, that using the same ISI in
retest as in training could confound the long term test due
to carry over effects (generalization) from the short term
habituation. Long term habituation of the dorsal antennae
withdrawal response in Helix aspersa showed again, no

variation as a function of the ISI conditions.
EXPERIMENT 5

A further long term study in the same preparation was

conducted and used a fixed number of stimulus presentations
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per session. Each response elicited to each stimulus
presentation in two training sessions and a 48 hrs retest
session was recorded.

Many of the studies of ISI effects on long term
habituation report measures of habituation which only sample
either changes in retest scores compared to training, or
savings in initial response measures. Experiment 5 used a
fixed number of trials approach, to avoid any potential
confound caused by differential stimulus exposure between
ISI conditions, and to quantify ISI effects of decrement of

respons€ in short and long term habituation.
METHOD

Subjects. Thirty snails were sampled from a population
collected from the Stonehouse area of Plymouth.

Procedure. Housing and habituation technique was as
reported in Experiment 1. Each snail received 2 training
sessions of 10 stimulus presentations in one of of three ISI
conditions 20, 60, and 300 secs. Each training session was
interspaced by 12 hrs rest period. A retest was given 48 hrs
after the second training session, and it comprised ten
stimulus presentations. Duration of each response and
magnitude of each response elicited were analysed in all
sessions. Each IST condition contained 10 animals whose
participation was determined on the criterion developed in
Experiment 1. Only in this experiment did this become an
appreciable problem with 11 animals having to be replaced.

The Experiment was conducted on December 3, 4, 5, and 6
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between the hours of 0200 and 0930 hrs, and 1400 and 2100

hrs. Temperature in the laboratory varied from 15 to 19 C.
RESULTS

Duration of response data were analysed in a 3-way
ANOVA, with within subject factors of training session and
response (trial)and a between subject factor of ISI. This
revealed a significant effect of ISI (F (2/27)= 25.333,
p¢<.001), training sessions (F(1/27)= 264.280, p<.001}, and
trials (F(1/27) = 578.971, p<.001). There were significant
ISI x training session (F(2/27) = 26.334, p<.001), ISI x
trial (F(2/27) = 5.366, p<.001), training session x trial
(F(1/27) = 70.156, p<.001), and ISI x training session x
response (F(2/27) = 6.230, p<.01) interactions.

Analysis of simple main effects demonstrated that in
training session 1 shortest response durations were
evidenced by snails in the 20 sec¢ ISI condition,¥largest in
the 300 sec. This occurred at trials 2 to 9. Similarly there
was a saving in response durations in subsequent sessions of
habituation .in all three ISI conditions. There was no ISI
effect at Session é or the long term test (see Figure 5.7).

Category of response magnitude was analysed in the same
way. Again, there was a significant effect of ISI (F (2/27)
= 34.296, p<.001), training session (F(2/54) = 488.690,
p<.001), and trial (F(1/27) = 17.961, p<.001), and there
were significant ISI x training session (F(2/27) = 30.899,
p<.001), ISI x trial (F(2/27) = 4.858, p<.001), training

session x trial (E(1/27) =17.961, p<.001), and ISI x

Page 133

I






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































territorial boundaries. In. H. V. S. Peeke & L. Petrinovich

(Eds.), Habituétion, sensitization, and behavior.

(393-422). Orlando: Academic Press,
Peeke, H.V.S., & Peeke, S.C. (1970). Habituation of

conspecific aggressive responses in the Siamese fighting

fish (Betta splendens). Behavior, 36, 137-156.
Peeke, H.V.S. & Peeke, $5.C. (1972a). Babituation,
reinforcement, and recovery of predatory responses in two

species of fish (Carassius auratus and Macropodus

opercularis). Animal Behaviour 20, 268-273.

Peeke, H.V.S. & Peeke, 5.C. (1972b). Long term memory
defecits for habituation of predatory behaviour in the

forebrain ablated goldfish (Carassius auratus).

Experimental Neurology, 36, 288-294.

Peeke, H.V.S., Herz, M.J., & Gallagher, E. (1971). Changes
in aggressive interactions in adjacently territorial

convict cichlids {(Cichlasoma nigrofasciatum): A study of

habituation. Behavior, 40, 43-54.
Peretz, B. & Moller, R, (1972). Regulation of habituation
withdrawal response by a ganglion in the Aplysia gill.

American Zoology, 12, 613,

Peters, R.I. (1976). Time-dependent results of amino acid

uptake studies of learning in frogs. Pharmacoloqgy,

Biochemistry, and Behaviour, 4, 7-11.

Peters, R.I. & Wirth, M.C. (1976). Shock avoidance
conditioning and (3H)-leucine uptake in a simple

vertebrate system. Physiology and Behaviour, 16, 365-369.

Peterson, G.M., & Squire, L.R. (1977). Cerebral protein

synthesis and long term habituation. Behavioural Biology,

Page 371



21, 443-449.

Petrinovich, L., & Patterson, T.L. (1979). Field studies of
Habituation: I. Effects of reproductive condition, number
of trials, and different delay intervals on responses of

the White-crowned sparrow. Journal of Comparative and

Physiological Psychology, 93, 337-350.

Pieron, H. (1909). La loi d'evanouissement des traces
mnemoniques en fonction du temps chez la Limnee. C.R. Acad.

Sci., Paris, 149, 513-16.

Pieron, H. (1910). L'Adaption aux obscurations repetees
comme phenomene de memoire chez les animaux inferieurs. La

loi de 1'oubli chez la Limnee. Arch. Psychol., Geneve, 9,

39-50.
Pieron, H. (1911a). Les Courbes d'evanouissement des traces

mnemoniques. C. R. Acad. Sci., Paris, 152, 1115-1118.

Pieron, H. (1911b). Sur la determination de la periode
d'etablissement dans les acquisitions mnemoniques.

C.R. Acad. Sci., Paris, 152, 1410 -1413.

Pieron, H. (1913). Recherches experimentales sur la

phenomenes de memoire. Annee psychol., 19, 91-193.

Pohle, W., Lossner, B., Ruthrich, H-L., & Mathies, H.
(1974). Incorporation of labelled precursors into brain
RNA and proteins during acquisition and consolidation of a

brightness discrimination. Ergeb. Exp. Med, 17, 612-623.

Pohle, W. & Mathies, H. (1971). The incorporation of
(3H)uridine monophosphate into the rat brain during
training period. A microautoradiographic study. Brain
Research, 29, 123-127.

Pohle, W. & Matthies, H. (1974). Incorporation of

Page 372



(3H)-leucine into brain cells after learning.

Pharmacology, Biochemistry, and Behaviour, 2, 573-577.

Pohle, W. & Matthies, H. (1976). Influence of
uridine—S?monphosphate on 3H-leucine incorporation into

hippocampal neurons during learning. Pharmacology,

Biochemistry and Behaviour, 4, 225-229.

Popov, N., Ruthrich, H-L., Pohle, W., Schulzeck, 5., &
Matthies, H. (1976a). Increased fucose incorporation into
rat hippocampus during learning. A biochemical and

microautoradiographic study. Brain Research, 101, 295-304.

Popov, N., Schulzeck, S., Mathies, H. (1976b). Changes in
labelling of soluble and solubilized hippocampus proteins

after a learning experiment in rats. Acta. Biol. Med. Ger

35, 213-219.
Popov, N., Schulzeck, S., Schmidt, S., & Matthies, H.
(1975a). Changes in labelling of scluble and solublized

rat brain protein using (3H)leucine as precursor during a

learning experiment. Acta. Bigl, Med. Ger., 34, 583-592.
Popov, N., Schulzeck, S., Schmidt, S., & Matthies,

H. (1975b). Changes in labelling of soluble and insoluble
rat brain proteins using (3H)tyrosine as precursor during

a learning experiment., Acta. Biol. Med. Ger. 34, 1863-1867

Popov, N.A, (1953). Annee Psychol., 53, 415. Cited in

Sharples, S. & Jasper, H. (1956). Habituation of the
arousal reaction. Brain, 79, 655-680.
Porter, J.M. (1938). Adaptation of the galvanic skin

response. Journal of Experimental Psychology, 23, 553-557.

Prosser, C.L., & Hunter, W.S. (1936). The extinction of

startle response and spinal reflexes -in the white rat.

Page 373



American Journal of Physiology, 117, 609-618.

Quartermain, D. & McEwen, B.S. (1970). Temporal
characteristics of amnesia induced by protein synthesis
inhibitor: Determination by shock level. Nature, 228,
667-678.

Quartermain, D., McEwen, B.S. & Azmitia, E.C. (1970).
Amnesia produced by electroconvulsive shock or
cycloheximide: Conditions for recovery. Science, 169,
-683-686,

Quartermain, D., McEwen, B.S. & Azmitia, E.C. (1972).
Recovery of memory following amnesia in rat and mouse.

Journal of Comparative and Physiological Psychology, 79,

360-370.

Quinton, E.E. (1978). Subamnesic cycloheximide treatment

delays consolidation in mice. Journal of Comparative and

Physiological Psychology, 92, 742-748.

Quinton, E.E. & Kramarcy, N.R. (1977). Memory impairment
correlates closely with cycloheximide dose and degree of

inhibition of protein synthesis. Brain Research, 131,

184-190.
Rachman, S. (1960). Reliability of galvanic skin response

measures. Psychological Reports, 6, 326,

Rainbow, T.C. {1979). Role of RNA and protein synthesis in

memory formation. Neurochemical Research, 4, 297-312.

Rainbow, T.C., Alder, J.E. & Flexner, L.B. (1976).
Comparison in mice of the amnestic effects of
cycloheximide and 6-hydroxydopamine in a one-trial passive

avoidance task. Pharmacology, Biochemistry and Behaviour,

4, 347-349.

Page 374



Rainbow, T.C., Hoffman, P.L. & Flexner, L.B. (1980).
Studies of memory: A reevaluation in mice of the effects
of inhibitors on the rate of synthesis of cerebral

proteins as related to amnesia. Pharmacology,

Biochemistry and Behavior, 12, 79-84.

Randt, C.T., Barnett, B.M,, McEwen, B.S. & Quartermain, D,
(1971). Amnesic effects of cycloheximide on two strains of

mice with different memory characteristics. Experimental

Neurology, 30, 467-474,
Ratner, S.C. (1972). Habituation and retention of

habituation in leech, Macrobdella decora. Journal of

Comparative and Physiological Psychology, 81, 115-121.
Ratner, S.C., & Stein, D.G. (1965). Responses of worms to
light as a function of intertrial interval and ganglion

removal. Journal of Comparative and Physioclogical

Psychology, 59, 301-305.
Ray, R.L. (1979). The effects of stimulus intensity and

intertrial interval on long term retention of the OR. In
H.D. Kimmel, E.H. van Olst, & J.F. Orlebeke (Eds.). The

The Orienting Reflex in Humans. 373-380. Hillsdale, N.J:

Erlbaum.

Ray, S. (1984). The effects of anisomycin on short and
long term habituation in the snail. Honours Dissertation,
Plymouth Polytechnic.

Ray, S. (1986a). Habituation in the snail and protein

synthesis. (Paper presented tc the British Psychological

Society Post Graduate conference. University of Hull.)

Ray, S. (1986b). Field Studies of habituation in the snail

Helix aspersa. (Paper presented to the British

Page 375



Psychological Conference Post Graduate Conference.

University of Hull.)
Ray, S. (1987a). The effects of stimulus frequency on
short and long term habituation in the snail Helix

aspersa. (Paper presented to the Experimental Analysis of

Behaviour Group Conference. University of Manchester).

Ray, S. (1987b). The inter-animal transfer of learning: A
gene expression model of long term learning. (Paper

presented to the British Psychological Society Annual

Conference). University of Sussex.

Ray, S. (In prep.). Long term habituation in the snail:
Evidence of retenetion up to six months post training.
Rayport, S.G. & Schacter, S. (1986). Synaptic plasticity
in vitro: cell culture of identified Aplysia neurons
mediating short term habituation and sensitization.

Journal of Neuroscience, 6, 759-763.

Reinis, S. & Goldman, J.M. (1982). The Chemistry of

Behavior. A Molecular Approach to Neuronal Plasticity. New

York. Plenum Press.
Rilling, W., Mittelstaedt, H., & Roeder, K.D. (1959). Prey
recognition in the praying mantis. Behavior, 14, 164-284.
Roessler, R., Collins, F., & Burch, N.R. (1969). Heart

rate responses to sound and light. Psychephysiology, 5,

359-369.

Rose, S.P.R. (1986). Memories and Molecules. New
Scientist, 112, 1536, 40-44.

Rose, S.P.R., Gibbs, M.E., & Hambley, J. (1979). Transient
increase in forebrain muscarinic cholinergic receptors

following passive avoidance learning in the young chick.

Page 376




Rose, S.P.R. & Longstaff, A. (1979). Neurochemical aspects

of learning and memory. In Neurobiology of learning and

memory J.L. McGaugh, & R. Thompson (Eds.). New York.
Plenum.
Rosvold, H.E. (1959). Physiological Psychology. Annual

Review of Psychology, 10, 415-454.

Routtenberg, A., George, D.R., & Davis,'L.G. (1974).
Memory consolidation and fucosylation of crude
synaptosomal glycoproteins resolved by gel

electrophoresis: a regional study. Behaviocural Biology.

Rowell, C.H.F, & Horn, G. {(1968). Dishabituation and
arousal in the response of single nerve cells in an insect

brain. Journal of Experimental Biology, 49, 171-183.

Russell, E.M. (1967). Changes in behaviour of Lebistes

reticulatus upon a repeated shadow stimulus. Animal

Behaviour, 15, 574-585.

Saitoh, T. & Schwartz, J.H. (1985). Journal of Cell

Biology, 100, 835-842.
Sanes, J.R. & Lawrence, J.C. (1983). Activity-dependent
accumulation of basal lamina by cultured myotubes.

Developmental Biology, 97, 123-136.

Sanes, J.R., Schachner, M., & Covault, J. (1986).
Expression of several adhesive macromolecules {N-CAM, L1,
J1, NILE, uvomorulin, laminin, fibronectin, and a heparin
sulfate proteoglycan) in embryonic, adult, and denervated

adult skeletal muscles. Journal of Cell Biology, 102,

420-431.

Savaki, H.E. & Levis, G.M. (1977). Changes in rat brain

Page 377



gangliosides following active avoidance conditioning.

Pharmacoleoqy, Biochemistry and Behaviour, 7, 7-12.

Schwartz, J.H., Castellucci, V.F. & Kandel, E.R. (1971).
Functioning of identified neurons and synapses in abdominal
ganglion of Aplysia in absence of protein synthesis.

Journal of Neurophysiology, 34, 939-953.

Schaub, R.E. (1965). The effects of inter stimulus interval

on GSR adaptation. Psychonomic Science, 2, 361-362.

Segal, D.S., Squire, L.R. & Barondes, S.H. (1971).
Cycloheximide: Its effects on activity are dissociable from
its effects on memory. Science, 172, 82-84.

Shalter, M.D. (1984). Predator-prey behavior and
habituation. In H.V.S. Peeke & L. Petrinovich (Eds.),

Habituation, sensitization, and behavior. (349-392).

Orlando: Academic press.

Sharpless, S.K., & Jasper, H. (1956). Habituation of the
arousal reaction. Brain, 79. 655-680.

Smith, B.D. & Council, J. (1978) Overhabituation and
dishabituation responses as a function of stimulus
intensity and amount of over habituation training.

Psychophysiology, 15, 517-521.

Smith, B.D,, Dickel, M., & Deutsch, S. (1978).
Overextinction and test stimulus modality determinants of

dishabituation. Psychophysioloqgy, 15, 324-329.

Sokolov, E.N. (1955). The higher nervous activity and the

problem of perception. Proceedings of the XIX International

Congress of Psychology, Montreal.

Spanis, C.W. & Squire, L.R. (1978). Elevation of brain

tyrosine by inhibitors of protein synthesis is not

Page 378



responsible for their amnesic effect. Brain Research,

139-388.
Squire, L.R. (1975). Short-term memory as a biological

entity. In D. Deutsch & J.A., Deutsch (Eds.), Short-term

Memory. New York: Academic Press. 1-40.
Squire, L.R. (1982). The neuropsychology of human memory.

Annual Review of Neuroscience, 5, 241-273.

Squire, L,R. & Barondes, S.H. (1972). Variable decay of
memory and its recovery in cycloheximide treated mice.

Proceedings of the National Academy of Science of the

United States of America, 69, 1416-1420.

Squire, L.R. & Barondes, S.H. (1973). Memory impairment
during prolonged training in mice given inhibitors of

cerebral protein synthesis. Brain Research, 56, 215-223.

Squire, L.R. & Barondes, S.H. (1974). Anisomycin, like
other inhibitors of cerebral protein synthesis, impairs
"long-term" memory of a discrimination task. Brain
Research, 66, 301-308.

Squire, L.R. & Barondes, S.H. (1976). Amnesic effect of
cycloheximide not due to depletion of a constitutive brain

protein with short half life. Brain Research, 103, 183-190.

Squire, L.R. & Davis, H.P. (1975). Cerebral protein
synthesis inhibition and discrimination training: Effects

of extent and duration of inhibition. Behavioral Biology,

13, 49-57.
Squire, L.R., Geller, A. & Jarvick, M.E. (1970).
Habituation and activity as affected by cycloheximide.

Communications in Behavioral Biology, 5, 249-254,

Squire, L.R., Smith, G.S. & Barondes, S.H. (1973).

Page 379



Cycloheximide can affect memory within minutes after onset
of training. Nature, 242, 201-202.

Stephenson, D., & Ray, S. (In prep.). Establishment of
habituation of the dorsal antennae withdrawal reflex in the

snail Helix aspersa.

Stephenson, D, (1982). Habituation and Systematic
Desensitization. (PhD Thesis). University of Southampton.
Stern, J.A., Surphlis, W., & Koff, E. (1965). Electrodermal

responsiveness as related to psychiatric diagnosis and

prognosis. Psychophysiology, 2, 51-61.

Sumikawa, X., Parker, I. & Miledi, R. (1984). Partial
purification and functional expression of brain mRNAs
coding for neurotransmitter receptors and voltage-operated

channels. Proceedings of the National Academy of Science

of the United States of America, 81, 7994-7998.

Sutcliffe, J.G. & Milner, R.J. (1984). Brain specific gene

expression. Trends in Biochemical Science, March, 95-99.

Szlep, R. (1964). Changes in the response of spiders to
repeated web vibrations. Behaviour, 23, 203-238.

Thompson, R.F., & Spencer, W.A. (1966). Habituation: A model
phenomenon for the study of neuronal substrates of behavior.

Psychological Review, 73, 16-43.

Thompson, R.F., & Welker, W.I. (1963). Role of auditory
cortex in reflex head orientation by cats to auditory

stimuli. Journal of Comparative and Physiological

Psychology, 56, 996-1002,
Thompson, W.J. (1987). Activity-dependent Regulation of
Gene Expression (Group Report). In J.P. Changeux & M,

Konishi (Eds.) The Neural and Molecular Bases of Learning.

Page 380



J. Wiley & Sons ltd: London. 13-30.

Thorpe, W.T. (1967). Learning and Instinct in animals.

Mathuen: London.
Van Egeran, L.F. (1970). Psychophysiology of Systematic
Desensitization: The habituation model. Journal of

Behaviour Therapy and Experimental Psychiatry. 1, 249-255,

Van Deventer, J.M. (1967). Responses to repeated tactile
stimulation in the planarian Dugesia tigrina. Unpublished
Doctoral Dissertation, Michigan State University. Michigan.
Cited in Ratner, S.C. (1970). Habituation: Research and

theory. In J. Reynierse (Ed.), Current Issues in Animal

learning. University of Nebraska Press: Lincoln, 55-83.
Vasquez, D. (1976). Twenty five years of research on
inhibitors of protein synthesis: Prospects for future
developments in the subject. In A. Kornberg, B.L.

Horecker, L. Cornudella, & J. Oro (Eds.), Reflections in

Biochemistry. New York: Pergamon Press, 347-356.

Wagner, A.R. (1976). Priming in STM: An information
processing mechanisms for self-generated or
retrieval-generated depression in performance. In T.J.

Tighe & R.N. Leaton (Eds.). Habituation: Perspectives from

Child Development, Animal Behavior, and Neurophysioclogy.

95-128. Hillsdale, N.J: Erlbaum.
Wagner, A.R. (1978). Expectancies and the priming of STM.
In S.H. Hulse, H. Fowler, & W.K. Honig (Eds.). Cognitive

Processes in Animal Behaviour. 177-210. Hillsdale, N.J:

Erlbaum.
Wagner, A.R, (1979). Habituation and memory. In A.

Dickenson, & R.A. Boakes {(Eds.). Mechanisms of Learning &

Page 381



Motivation: A Memorial Volume to Jerry Konorski. 53-82.

Hillsdéle N.J: Erlbaum.
Waters, W.F. & McDonald, D.G. (1975). Stimulus and temporal
variables in the "below-zero" habituation of the orienting

response. Psychophysioloqgy, 12, 461-464.

Waters, W.F. & McDonald, D.G. (1976). Repeated habituation
and overhabituation of the orienting response.

Psychophysiology, 13, 231-235.

Watts, M.E. & Mark, R.F. (1971a). Drug inhibition of memory

formation in chickens: II. Short-term memory. Proceedings of

the Royal Society (Series B: Biological Sciences), 178,

455-464.

Watts, M.E. & Mark, R.F. (1971b). Seperate actions of

oubain and cycloheximide on memory. Brain Research, 25,
420-423. |
Westerman, R.A. {(1963). Somatic inheritance of habituation of
responses to light in planarians. Science, 140, 676-677.
Wickens, D.D., Nield, A.F., & Wickens, C.D. (1966).
Habituation of the GSR and of breathing disturbances in the

cat. Psychonomic Science, 6, 325-326.

Winokur, G., Stewart, M., Stern, J., & Pfeiffer, E. (1962)}..
A Dynamic equilibrium in GSR habituation: The effects of

interstimulus interval. Journal of Psychosomatic Research,

6, 117-122.
Wood, D.C. (1970). Parametric studies of the response
decrement produced by mechanical stimulation in the

protozoan, Stentor coeruleus. Journal of Neurcbiology, 1,

345-360.

Yanagihara, T., & Hyden, H. (1971). Protein Synthesis in

Page 382



various regions of rat hippocampus during learning.

Experimental Neurology, 31, 151-164.

Page 383




APPENDIX 7.1

A series of leucine 3y incorporation studies were
conducted by colleagues in support of this thesis
following the methodology and procedure outlined by
Schwartz et al., (1971). As this work does not
constitute part of this thesis, the brief description
supplied with the results is included as an appendix and

is discussed in light of this fact.

STANDARD INCUBATION CONDITIONS FOR AMINO ACID

INCORPORATION

Test snails received ganglionic injections of 20 yp1l
leucine 3H (specific activity 30-40mc/mmole) in 50 y1 of
physiological saline containing 50 mM Tris-HCl1l buffer
(pH7.7), streptomycin (0.1mg/ml) and penicillin G

(200U/ml) following Schwartz et al., (1971).
PREPARATION OF TISSUE FOR SCINTILLATION COUNTING
The ganglia were dissected from the snail after the

incubation period ascribed in Chapter 7. The ganglia

were immediately frozen in liguid nitrogen and powdered

-in a small glass homogenizer. After precipitation with

5% Trichloroacetic acid (TCA), the protein was kept at

90 C for 20 mins, and subsequently washed on glass-fibre

pads with 5% TCA, and, ethanol:ether (1:2), then dried with
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ether. The pads were counted by scintillation in a

toluene based scintillation fluid.
THE EFFECTS OF ANTIBIOTICS ON INCORPORATION INTO PROTEIN

The time course of leucine incorporation into
ganglia proteins in the presence of each antibitic at
each dose was investigated and is reported in Chapter 7.
These ganglia were incubated under standard conditions
(400 counts/min per pmol) as described above in this
appendix. At the incubation intervals indicated in
Chapter 7, protein from the ganglia were precipitated
and preparéd for scintillation counting as described
above, and the amount of leucine incorporated into
protein is reported (pmoles/ganglion) in Figures 7.1
to 7.4.

Conclusions from these studies however must remain
tentative in light of the lack of supportive data.

These supplied results, and also those reported in
Chapter 8 - 17, are particularly interesting in light of
the apparent similarities of antibiotic dose effects
despite their differences in molecular weights
(Anisomycin, 265.30; Cycloheximide, 281.4; Puromycin,
471.5; & Actinomycin D, 1255.4). With respect to this
variance in molecular weights, these results show a
marked similarity between drugs in terms of their dose
effect relationship. Interestingly this commonality of
dose effect relationship was also found in the

behavioural Chapters (8 - 17). Thus, it cannot be
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discounted that these antibiotics have a behavioural °

effect by a common mechanism as well as, or instead of
their own specific modes of action (see Chapter 1). One
possibility which cannot be ruled out by these labelling
studies is that the antibiotic effects on leucine
incorporation could indicate that the drugs disrupt
amino-acid transport. Robertson, (1978), reports that
pharmacological disruption of amino acid transport
immediately after training disrupts long term memory.
Further investigations would be of interest in this
area, as would similar studies using other radiocactive

amino acids.
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