Binghamton University

The Open Repository @ Binghamton (The ORB)

Graduate Dissertations and Theses Dissertations, Theses and Capstones

1978

The Effects of post-training strychnine treatment of the long term
retention of discrimination training by mice

Michael John Brennan
Binghamton University-SUNY

Follow this and additional works at: https://orb.binghamton.edu/dissertation_and_theses

b Part of the Psychology Commons

Recommended Citation

Brennan, Michael John, "The Effects of post-training strychnine treatment of the long term retention of
discrimination training by mice" (1978). Graduate Dissertations and Theses. 75.
https://orb.binghamton.edu/dissertation_and_theses/75

This Dissertation is brought to you for free and open access by the Dissertations, Theses and Capstones at The
Open Repository @ Binghamton (The ORB). It has been accepted for inclusion in Graduate Dissertations and
Theses by an authorized administrator of The Open Repository @ Binghamton (The ORB). For more information,
please contact ORB@binghamton.edu.


https://orb.binghamton.edu/
https://orb.binghamton.edu/dissertation_and_theses
https://orb.binghamton.edu/etds
https://orb.binghamton.edu/dissertation_and_theses?utm_source=orb.binghamton.edu%2Fdissertation_and_theses%2F75&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/404?utm_source=orb.binghamton.edu%2Fdissertation_and_theses%2F75&utm_medium=PDF&utm_campaign=PDFCoverPages
https://orb.binghamton.edu/dissertation_and_theses/75?utm_source=orb.binghamton.edu%2Fdissertation_and_theses%2F75&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:ORB@binghamton.edu

A1 AG DNINIVYL NOLLYNIMIROSICG
40 NOVLINALIY WRIEL DNOT
AHL NO INAWLVARML DNINHOANLS
ONINIVHL-150d 40 S19344d HHAL

CRW

NVNN:IRE T A



THE EFFECTS OF POST-TRAINING STRYCHNINE
TREATMENT ON THE LONG TERM RETENTION

OF DISCRIMINATION TRAINING BY MICE

BY
MICHAEL JOHN BRENNAN

B. A., Saint Francis College, Brooklyn, New York, 1972
M. A., State University of New York at Binghamton, 1976

DISSERTATION

Submitted in partial fulfillment of the requirements for
the degree of Doctor of Philosophy in Psychology
in the CGraduate School of the
State University of New York
at Binghamion

1973



Table of

Sheet of acceptance . . .
Acknowledgements.

Abstract. . .

. . . .

List of Illustrations . .

Introduction.

.

General Methods .
Data Analysis .

Experiment 1.
Experiment 2.
Experiment 3.

. . . .

. . . .

. . . .

General Discussion. . . .

References. .
Appendix A. .
Appendix B. .
Appendix C. .
Appendix D. .

.

.

=T A

39091 01275876 3

page

I R T I N R R |
ey S S 1 X
v e e s e e e s w e ELL
SR R e S R T

. . . e ] . . . . . . . . 1

s & % o & o 8 s 8 & v ou e 28
6w e omoaw e e oW s & e e 29
PRR o b R S
o e we e el e e w e e 2
oo e e e e e wie e e e DL
el s e o w meen s e e e D
A 10 ¢
L T I S e ¢ s

4 g

i ¥ "‘ﬁ' _i



Accepted in partial fulfillment of the requirements for
the degree of Doctor of Philosophy in
State University of New York at Binghamton

Name

William C. Gordon, Ph.D.

(Chairman)

Richard G. Burright, Ph.D.

Norman E. Spear,

Jerrold Aronson,

Ph:Dis

Ph:Ds

Department

Psychology

Psychology

Psychology

Philosophy

Signature

Date

Lu'? C\,ﬁ‘%ﬂé/ /g/;/ 77

.=

P

/ C 'QAAI#:;.Ja::::;?ﬁi /2%4?3/{> P

[2/1¥7

(ﬂﬁwﬁ(%//i/z?/z




Acknowledgements

Over the past four years, William Gordon has afforded me the
freedom and the opportunity to pursue an independent program of re-
search. Without his encouragement, I might have been more timid
about addressing questions which departed from the more traditional
concerns of animal memory research. For this unigue opportunity,

I shall remain in his debt. I also owe a particular debt to Richard
Burright for the many times that he patiently listened to the "rough
edges" of my thinking. Without this forum, many research plans would
have remained on the back burner. I would also like to express my
gratitude to Norman Spear for his support and encouragement. A
special thanks is to be extended to Ms. Debbie Jackson for typing

the final draft of the dissertation. Finally, I would like to ex-
press my gratitude to my friends and fellow graduate students, who
each, in their own way, provided support and encouragement throughout

my years as a graduate student.

IX



Abstract

An attempt was made to determine the effects of post-training
strychnine treatment on the retention of specific memory attributes
over extended temporal intervals. Heterogeneous strain (Binghamton
HET) mice were given two training trials (1 trial per day) on a dis-
crimination problem for which there was two relevant redundant stim-
ulus cues, a brightness cue and a spatial-sequence cue. Immediately
after the second training trial, mice were administered intraperiton-
eal injections of either strychnine sulphate (1.0 mg/kg) or physio-
logical saline. After retention intervals of either 1, 3, or 27 days,
mice were tested under either complete cue reversal (both training
cues were reversed), partial cue reversal (one training cue was re-
versed while the other cue remained unchanged), or relearning condi-
tions (both training cues were unchanged).

On the bpasis of subjects' performance upon initial exposure
(first retention test trial) to cue reversal conditions, it was shown
that strychnine had enhanced the memory of specific rather than more
general-contextual aspects of the training situation. Strychnine- .
treated mice exhibited significantly greater impairment of initial
test performarce than saline-treated mice, when both cues were rever—
sed during retention testing. Secondly, strychnine was shown to select-
ively enhance the memory of the brightness cue; the initial test perfor-
mance of strychnine—-treated mice was more impaired when the brightness

LTT



cue rather than the spatial-sequence cue was reversed during retention
testing. No significant differences in initial test performance were
observed between saline-~treated mice as a function of which cue reversed
during retention testing. Thirdly, the effects of post-training strych-
nine treatment appeared to be relatively short-lived or, at least, mask-
ed by whatever forgetting may have occurred over the 7 and 21 Day reten-—
tion intervals. It was suggested that, while strychnine treatment may
have strengthened specific memory attributes, strychnine may not have
otherwise affected the rate of forgetting of specific memory attributes.
The possibility was also raised that sirychnine treatment may bias the
manner in which the memory of a learning event is processed, in such a
way that the memory may be less accessible for retrieval after long
retention intervals.

Finally, because a progressive decrease in negative transfer was
observed, as a function of retention interval duration, when mice were
tested under cue reversal conditions, it was suggested that forgetting
of specific memory attributes had occurred. In comparison, relatively
little forgetting was indicated by the performance of mice on a re-
learning task. The discrepancy between these findings was argued to
reflect the relative insensitivity of a relearning task as a measure

of retention.
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Various investigators (e.g., McGaugh, 1973) have proposed that
-strychnine sulphate and other central nervous system (CNS) stimulants
enhance the memory of learning experiences. The facilitory effect of
strychnine on memory has been inferred from the finding that animals,
administered sub—convulsive doses of strychnine shortly after a learn-
ing experience, tend to exhibit enhanced performance on subsequent re-—
tention trials (e.g., McCaugh and Krivanek, 1970). For the most part,
such findings have been attributed to a strychnine-induced enhancement
of the neurobiological mechanisms underlying memory storage processes
(Dawson and McGaugh, 1973). This supposition, however, has not been
entirely free from debate. Some investigators (e.g., Thiessen, Schle-
singer, and Clhoun, 1961; Whishaw and Cooper, 1970) have argued that
the facilitory effects of strychnine on retention test performance may
not necessarily represent an effect of strychnine on associative pro-
cesses, but rather, may represent an effect of strychnine on various
non-associative processes, such as attention or motivation, which
influence the performance of a learned response. Because this contro-
versy underscores one of the most fundamental issues that must be ad-
dressed in this area of research, it would be useful then to review
some of the methodological problems and general findings of this area
of research before detailing the specific concerns of the present stud-
ies.

Lashley (1917) was the first to suggest that strychnine may have
a facilitory influence on learning and memory processes. Rats, that

were administered strychnine 10 minutes prior to each daily ftreining



session in a maze, required significantly fewer trials to attain a
learning criterion than control subjects that were administered injec-
tions of distilled water. Lashley's discovery was not pursued in earn-
est until the late 1950's, when McCaugh and his associates (McGaugh,
19593 McGaugh and Petrinovich, 1959) "reactivated" interest in the
potential implications of Lashley's findings. While McGaugh and Pet-
rinovich (1959) and other investigators (e.g., McGaugh and Thomson,
19623 Petrinovich, 1963) demonstrated that pre-training injections of
strychnine facilitated acquisition performance on a number of different
behavioral tasks, these early studies did not constitute an unambiguous
demonstration of the effects of stirychnine on learning and memory pro-

cesses.

Methodological Problems. The fact that, in these and many other

early studies, animals were administered drug treatments prior to train-
ing precludes a clear interpretation of the effects of drug treatment

on two accounts. First, it is impossible to determine whether_the ob-
served facilitory effects of strychnine were the result of a strychnine-
induced enhancement of learning and memory processes, or resulted from
some proactive influence of strychnine on attentional, motivational, or
other non-associative processes. For example, when strychnine is admin-
istered prior to training, the facilitory effects on acquisition perfor-
mance have been interpreted, in some cases, to be a result of a strych-
nine-induced alteration of subjects' sensitivity to reinforcement con-

tingencies or a strychnine-induced depression of competing response
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tendencies. Whishaw and Cooper (1970), for instance, have argued that
Lashley's findings could be attributed to a depression of exploratory
activity by strychnine rather than a direct enhancement of maze learn-—
ing. Interpretation is further complicated when response latency is
the principal dependent measure used in studies of strychnine-induced
facilitation. In addition to the finding that strychnine-treated ani-
mals tend to exhibit longer latencies in maze tasks (Lashley, 1917;
McGaugh and Petrinovich, 1959), strychnine also has been shown to de-
press open field activity (Theissen, Schlesinger, and Calhoun, 1961),
home cage activity (Calhoun, 1965) and general exploratory activity
(Theissen et al., 1961; Wishaw and Cooper, 1970).

Secondly, the practice of pre-training drug treatments also pre-
cludes a clear distinction between the effects of strychnine on the ini-
tial acquisition of stimulus information and the effects of strychnine
on memory processes., Further, when strychnine is administered prior
to both training and test sessions, it is unclear whether enhanced re-
tention test performance in these situations represent the result of
strychnine-induced enhancement of post-training memory processing or
state-dependent learning (e.g., Overton, 1971).

In more recent studies, investigators have attempted to minimize
these types of interpretive problems by administering drug injectiions
at various intervals after training, and then testing subjects 24 to
48 hours after drug treatment. Under these conditions, facilitated re-
tention test performance cannot be attributed to an effect of strych-

nine on the initial acquisition of information, because the drug treat-
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ment is administered after the learning experience. Further, because
strychnine is rapidly metabolized and should be completely eliminated
from the animal's system within 24 hours (cf. Franz, 1975), enhanced

retention test performance should reflect a retroactive influence of

strychnine on the memory of prior training rather than state-depend-

ent retention or non-specific proactive effects of strychnine on re-

tention test performance.

While these assumptions have met with general acceptance, it should
be noted that there have been some reports which have suggested that
proactive effects of strychnine and other CNS stimulants may persist
over drug treatment-test intervals of 24 to 72 hours. Cooper and Krass
(1963) reported that strychnine-injected rats exhibited a faster rate
of acquisition on a shock motivated maze task than blank—-injected con-—-
trols, even when rats were tested 72 hours after drug treatment. It
is not clear, however, that Cooper and Krass demonstrated a proactive
effect of strychnine. Cooper and Krass gave rats extensive (2 weeks)
training on a "practice problem" in the maze prior to drug treatment,
an® as such, this introduces the possibility that the facilitated per-
formance on the new (test) problem may have been due to enhanced posi-
tive transfer from prior training. Furthermore, CGreenough and McCaugh
(1965) failed to replicate Cooper and Krass' findings. In most of the
other cases in which 24 hour proactive drug effects have been noted
(Bauer, 1972; Bauer and Duncan, 1971), the general finding has been
that proactive drug effects were observed only for animals that had

received repeated daily drug injections (typically for 10 to 20 days)



prior to testing.

These latter types of findings raise another possible methodolo-—
gical problem, i.e., the potential cumulative effects of repeated drug
injections. This problem is of some concern, given that, in most cases
in which post-=-trial injections of strychnine or other CNS stimulants
have been shown to facilitate retention test performance, subjects were
administered repeated daily drug injections during the course of train-
ing. Some caution in this regard has been suggested by a recent find-
ing by Izquierdo, Fernandez, Olivera, and Settineri (1975). These in-
vestigators observed that, when rats were administered daily injections
of tnitially-sub-convulsive doses of strychnine (1.0 mg/kg), pentylene—
tetrazol (30 mg/kg), or picrotoxin (1.2 mg/kg), rats eventually exhi-
bited clonic convulsions to the same dose of these agents after 10 to
20 injections. While the basis of these findings is not clear at pre-
sent, these results suggest a possible cumulative effect of repeated
drug injections. As such, the distinction between possible proactive
and retroactive effects of post-trial administration of CNS sitimulants
may become obscured when drug injections are administered throughout
the course of training.

These methodological problems have been the central focus of much
of the debate regarding the interpretation of the effects of strychnine
and other CNS stimulants on retention test performance. While the re-
sults of many of the earlier studies have been subject to alternative
interpretations, more recent studies (e.g., Gordon and Spear, 1973)

have adequately addressed many of these methodological problems. In
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these cases, a..clear distinction was provided between possible proactive
and retroactive effects of strychnine, in that no facilitory effects of
strychnine were observed for non-trained control animals, administered
strychnine 24 hours prior to testing. Furthermore, facilitory effects
of strychnine were observed when animals received only a single post-

training injection of sirychnine.

The Generality of Drug Facilitation. While these methodological

considerations must be kept in mind, it also should be noted that a
rather persuasive case has been advanced for the generality of the basic
facilitation phenomenon. Post-trial strychnine treatments have been
shown to facilitate maze learning (e.g., McGaugh, Thomson, Westbrook,
and Hudspeth, 1962), brightness discrimination learning (e.g., Kriva-
nek and Hunt, 1967; McGaugh and Krivanek, 1970), sensory precondition-
ing (Humphrey, 1968), and the learning of an "oddity" problem (Hudspeth,
1964). Furthermore, strychnine-induced enhancement has been demonstrat-
ed in test situations in which either appetitive or aversive reinforce-
ment contingencies were in effect. Suggestions that the facilitory
effect of strychnine may be due to a proactive influence on response
latency have been countered by the fact that both passive (Franchina
and Moore, 1968) and active avoidance learning (Bovet, McGaugh, and
Oliverio, 1966) have been shown to be enhanced by post-trial strychnine
treatment.

While the effects of strychnine on memory processing have been

studied more extensively than the effects of other CNS stimulants, a
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similar pattern of results emerges when these other agents are employ-
ed. Post training administration of picrotoxin (Breen and McGaugh,
1962), pentylenetetrazol (Krivanek, 1971), 5=-7-diphenyl-l-3-diazada-
mantan-9-ol (McGaugh, Westbrook, and Thomson, 1962), amphetamine (Evan-
gelista and Izquierdo, 1971), and caffeine (Garg and Holland, 1967)
all have been shown to enhance retention test performance. As with
strychnine, the facilitory effects of these other agents have been
demonstrated in a variety of behavioral test situations (cf. Calhoun,

1971; McGaugh, 1973).

Factors Affecting Drug-Induced Facilitation. There are, however,

limits to the apparent generality of these findings. Some failures to
obtain drug-induced facilitation have been reported (Carlson, 1966;
Louttit, 1965; Oglesby and Winter, 1974; Pearl and McKean, 1967; Prien,
Wayner, and Kahan, 1963; Shaeffer, 1968; Stein and Kimble, 1966). While
these negative findings do gquestion the generality of the phenomenon,
these findings may be indicative primarily of subject and/or procedural
differences between studies. Petrinovich (1967) has suggested that

many of these negative findings may be attributed to the use of an in-
appropriate or non-optional drug dosages for inducing facilitation of
retention test performance. Responding specifically to Louttit's (1965)
finding, Petrinovich demonstrated that post-trial administration of
strychnine enhanced the retention test performance of Long-Evans rats,
but only when the rats were administered a low dose (0.125 mg/kg) of

strychnine.
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In studies, in which the effects of a wide range of different dose-
levels have been investigated, the facilitory effects of strychnine and
other CNS stimulants have been shown to be dose-dependent. McGaugh and
Krivanek (1970), for example, reported enhancement of brightness discri-
mination learning for Swiss iWebster mice administered either low (0,025
mg/kg) or high doses (1.0 and 1.25 mg/kg) of strychnine after each train-
ing trial; no facilitory effect of drug treatment was observed for mice
administered intermediate dose levels (0.20 to 0.80 mg/kg) of strychnine.
The optimal doses for facilitation, however, have been found to vary as
a function of strain differences and training conditions.

McGaugh and his associates (e.g., McGaugh, Thomson, Westbrook, and
Hudspeth, 1962) have reported differential. effects of strychnine and
5-T-diphenyl-l-3-diazadamantan-9-ol (1757 IS, a synthetic compound which
has similar effects on CNS neural activity as strychnine) between the
Tryon S1 (maze bright) and Tryon 83 (maze dull) rat strains. In some
cases (e.g., Westbrook and McGaugh, 1964), sex differences have been ob-
served to correlate with differential effectiveness of drug treatment.
The nature of these differences, however, was not consistent across
studies. GCarg and Holland (1967) and Garg (1970) also have reported dif-
ferential facilitory effects of nicotine and picrotoxin between the Maud-
sley reactive and non-reactive rat strains, with greater facilitation
observed for the Maudsley reactive strain.

Similar differences in the effectiveness of drug treatment have been
observed between various inbred mouse strains. Krivanek and McCGaugh (1963)

noted differences in terms of the optimal facilitory dose of pentylenete-
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trazol between Balb/c and CSTBL/6 mice, with maximal facilitation ob-
served for Balb/c mice at the 5 mg/kg dose and at the 10 mg/kg dose for
C57BL/6 mice. At the 20 mg/kg dose, pentylenetetrazol was found to im-
pair the retention test performance of Balb/c mice but not C57BL/6 mice.
Castellano (e.g., 1976, 1977) has reported differential and often oppo-
site effects of post-trial nicotine and caffeine administration between
the Balb/cJ, DBA/2J, and C57BL/6J strains. For example, post-trial ad-
ministration of nicotine (0.5 mg/kg) enhanced brightness discrimination
learning by C57TBL/6J mice but impaired the test performance of DBA/2J
mice (Castellano, 1976). Comparisons between control animals, however,
revealed that these two strains differed in terms of rate of learning,
with the DBA/ZJ strain observed to have a faster rate of acquisition.
While it is unclear whether the differential facilitory effects of CNS
stimulants reflect strain differences in susceptibility to these agents
(cf. Schlesinger, Boggan, and Griek, 1968) or strain differences in
learning ability, or an interaction between these factors, the results
of these studies underscore the rather pronounced influence various
subject characteristics (see also, Buckholtz, 1974) may have on the de-
monstration of drug-induced facilitation of retention test performance.

At another level, Hall (1969) has shown that differences in task
difficulty may account for some of the failures to obtain drug-induced
facilitation. When rats were trained on a relatively easy discrimina-
tion task, no significant differences in test performance were observed
between strychnine-treated and saline-treated animals; however, when

rats were trained on a relatively more difficult discrimination problem,
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a significant facilitory effect of post-trial sirychnine treatment was
observed (see also, Cooker and Albert, 1967). Hall argued that the
discrepancy between these findings was not indicative of an absence of
a facilitory effect of a facilitory effect of strychnine on the learning
of the '"easy'" discrimination problem, but rather, reflected a difficulty
in detecting a facilitory affect of strychnine due to a '"ceiling effect".
When learning is at or near asymptotic levels, it becomes more difficult
t0 observe any further improvements in test performance as a function
of drug treatment. A similar type of '"ceiling effect" may be encounter-
ed when animals are given extended training on a given task prior to
drug treatment (e.g., Bovet, McGaugh, and Oliverio, 1966).

The effectiveness of post-training drug treatment has also been
shown to vary as a function of the duration of the training-drug treat-
ment interval; the general finding has been that, with increases in the
duration of the training-drug treatment interval, there is a correspond-
ing decrease in the facilitory effect of drug treatment (e.g., McGaugh
and Krivanek, 1970). Hunt and Bauer (1969) have demonstrated that the
temporal gradient of facilitation may also interact with drug dosage.

These various findings suggest that, while strychnine may enhance
retention test performance, the degree of enhancement that may be obtain-
ed in a given study may vary depending on the influence of various sub-
Ject and experimental factors, as well as the characteristics of the post-
training environment (Calhoun, 1966). It is difficult, however, to iso-
late the influence of these various factors, for more often than not,
these factors have been found to interact in a complex fasion (e.g.,

Krivanek, 1971).



1L

Theoretical Interpretations. The general pattern of results dis-

cussed thus far suggests that the facilitory effect of strychnine and
other CNS stimulants is due mainly to enhancement of associative rather
than non—-associative processes. Granted this initial premise, the con-
cern then becomes one of delineating the nature of the effects of these
agents on associative processes. The memory consolidation model (eege,
McGaugh, 1966) has provided the principal theoretical framework for this
area of research. Briefly, the basic assumption of this model is that,
for a short period of time following a learning event, the memory of that
event 1s represented in a relatively labile or transitory form before
being consolidated and stored in a relatively more permanent form. Dur-
ing this labile phase, the memory trace is assumed to be susceptible to
disruption or modification by environmental treatments (e.g., electro-
convulsive shock, drug administration) which take place after the learn-—
ing event. Once the memory trace is represented (stored) in long-term
memory, it is assumed that the memory is no longer susceptible to fur-
ther modification. The general finding that strychnine—induced facili-
tation is a time-dependent phenomenon is consistent with the assumptions
of the memory consolidation model. Typically, strychnine-induced enhan-—
cement of retention test performance is only observed when animals are
administered strychnine immediately or within minutes after a learning
event (e.g., McGaugh and Krivanek, 1970).

The noted dependence of strychnine—induced facilitation on vari-
ous subject characteristics and training parameters is, however, incon-

Sistent with earlier assumptions (e.g., Hebb, 194S) that the labile con-—
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solidation phase of memory processing was of fixed duration. Recent
revisions of the memory consolidation model (e.g., Gold and lMcGaugh,
19753 Mah and Albert, 1973) have been introduced to account for the
influence of these factors. Gold and McGaugh have attributed the faci-
litory effect of strychnine and other CNS stimulants to an enhancement
of non-specific processes (e.g., arousal level) which modulate the rate
of perseﬁeration or consolidation of the memory trace. Training condi-
tions which might affect arousal level or induce phasic charges in hor-
monal levels (e.g., footshock) may in turn alter the effectiveness of
subsequent drug treatment.

With these types of revisions, the memory consolidation model can
account for most of the findings in the drug facilitation literature;
however, even with these modifications, the memory consolidation model
has considerable difficulty in accounting for some recent findings that
strychnine may facilitate retention of prior training when administered
24 to 72 hours after a learning event (Alpern and Crabbe, 1972; Crabbe
and Alpern, 1973b; Gordon, 19773 Gordon and Spear, 19733 Sara and Re-
macle, 1977). Based on the assumption that the consolidation of a mem—
ory trace should be completed within minutes after training, the memory
of prior training should not be suseptible to the effects of strychnine
treatment 24 hours after the original learning event. Gordon and Spear
(1973) and Cordon (1977) however, demonstrated that the memory of prior
Passive avoidance training could be enhanced when rats were administered
Strychnine 72 hours after training, but only if rats were given a "mem-—
Ory reactivation" treatment (confinement in the training apparatus with-

out presentation of the CS)'shortly orior to drug treatment. These in-
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vestigators argued that the memory of prior training was susceptible to
the facilitory effects of strychnine in these instances because the ''re-
activation" treatment had induced a re-processing of the memory of prior
training.

These findings are in contrast to those of Alpern and Crabbe (1972)
and Crabbe and Alpern (1973) who demonstrated that a series of 10 daily
injections of strychnine, beginning 24 hours after training, could facili-
tate subsequent retention test performance in the absence of providing a
"peactivation" treatment. Gordon, Brennan, and Rose (1975), however,
failed to replicate Alpern and Crabbe's findings. Sara and Remacle (1977)
reported that when strychnine was administered 15 minutes prior to the
retention test, strychnine treatment was found to enhance test perfor-
mance of rats administered electroconvulsive shock shortly after passive
avoidance training.or "undertrained" rats (i.e., rats given passive avoid-
ance training at low shock levels). Because test performances of various
control groups suggested the absence of a proactive effect of strychnine,
Sara and Remacle argued that strychnine had enhanced the retrieval of
the memory of prior passive avoidance training.

These recent findings suggest that strychnine may not affect only
the initial processing of a memory but also may influence subsequent re-
processing and/or retrieval of a memory. While these are initial find-
ings, they do point to considering phases or aspects of memory process—
ing that have been largely ignored by the memory consolidation model.
These findings, particularly those of Gordon and Spear (1973) and Gor-
don (1977), also suggest alternative views of memory processing. In

contrast to the memory consolidation model, some investigators (e.g.,
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Lewis, 19763 Spear, 1973) have suggested that the memory of a learning
event is relatively rapidly stored and subsequently is further organi-
zed or "elaborated" in order to facilitate later retrieval. These
hypotheses, however, are only recent developments within animal memory
research and have not received as much attention as the more tradition-
al memory consolidation model. Nevertheless, these types of notions
seem to provide an important alternative context in which to interpret

the effects of drug treatment on memory processes.

Theoretical Limitations. Over the past 20 years, the memory con-

solidation model has provided the principal theoretical framework for
drug facilitation research, and as noted, most of the findings in this
area of research can be accounted for by various versions of the memory
consolidation model. This success, however, may be paradoxically indica-
tive of the limitations of this model; the model may be too general.

The limitations of the memory consolidation model becomes apparent, when
it is realized that there has been relatively little progress in this
area of research. In this light, an earlier evaluation made by Cooper
and Krass (1963) still seems to be appropriate: "In spite of the con=—
Siderable amount of research carried out in this area there seems as

yet little justification for concluding that much progress has been made
beyond Lashley's original contribution" (p. 474). This suggestion is
not intended to ignore the contributions that various researchers have
made over the past 20 years. There indeed have been notable methodolo-

gical refinements, the generality of the basic phenomenon has been extend-
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ed and some of the factors which might influence the effectiveness of
post—trial drug treatments have been identified. Despite these achieve-
ments, there has been little progress in the understanding of the nature
of the effects of strychnine and othrr CNS stimulants on memory processes.
Earlier hopes (e.g., McCGaugh, 1959) that this line of research would de-
lineate the neurochemical correlates of memory processing largely have
not been realized. The specific physiological mechanisms by which stry-
chnine and other CNS stimulants exert a facilitory influence on memory
processing have not been well defined (cf. Appendix A).

At another level, little is known about the manner in which strych-
nine affects the various characteristics of the memory of a learning
experience. It is in this context that the limitations of the memory
consolidation model become most apparent. The principal emphasis of the
memory consolidation model has been directed to the characteristic pro-
perties of initial (short—term) memory processing; little, if any, atten-
tion has been afforded to the characteristics of the memory itself.
Within the consolidation model, the memory of a learning event has typi-
cally been discussed in very general terms; it would seem that the mem-
ory of a learning event is regarded as a unitary element, processed and

stored as a single bit of information.

Memory Attributes. This conceptualization of the memory of a learn-

ing event, however, is not consistent with much of the recent evidence
concerning learning and memory retrieval in animals., Within a given

learning situation, an animal if confronted with a variety of stimuli
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or discriminative stimuli for instrumental responding. It is also clear
that when redundant relevant stimuli (i.e., compound stimuli, with each
component being equally predictive of reinforcement) are present in a
learning situation, certain stimuli tend to gain control over responding,
whereas, other stimuli acquire only minimal control (e.g., D'Amato and
Fazzaro, 1966). Furthermore, it has been demonstrated that, while a
variety of stimuli from a learning situation may serve as retrieval cues
on subsequent retention tests, certain cues are more effective than others
in aiding memory retrieval (e.g., Svear, Gordon, and Martin, 1973).

These kinds of data suggest that the memory of a learning eveni may
consist of a variety of attributes or components each representing some
feature of the learning event (cf. Spear, 1971; Underwood, 1969), and
‘that these attributes may be dirferentially processed or stored such
that some attributes are more accessible than others for subsequent mem-—
ory retrieval. Such a theoretical framework introduces a number of
questions concerning the specific manner in which stirychnine enhances
retention test performance. It is possible, for example, that enhance-
ment results almost entirely from the strengthening of memory attributes
representing critical aspects of the learning event (i.e., specific sti-
mulus-response associations), and that attributes representing more gen-
eral aspects are too weak to benefit from drug treatment. On the other
'% hand, it is possible that in many cases the critical memory attributes
are at maximal strength following learning and that drug—induced enhance-
ment results primarily from the strengthening of the attributes represent-
ing contextual stimuli. Finally, drug-induced facilitation could result

;f from the strengthening of general memory attributes which have little
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gpecific relevance to a particular learning situation. Such attributes
might represent features of the learning situation, such as the experi-
ence of being handled or the use of general attentional stralegies
(e.g.y an observing response), which could transfer positively to most
retention test situations.

These and related alternatives have received little attention in
the drug—facilitation literature. In addition fto the already noted bias-
es in research emphasis, most of the behavicral paradigm commonly employ-—
ed to assess the effects of drug treatment on memory processes dec not
provide a means of distinguishing between these alternative modes of
memory enhancement. In most studies, animals have been trained under
similar stimulus conditions. Under such conditions, it is difficult to
determine whether enhance retention test performance reflects drug-induced
enhancement of relatively specific memory attributes or more general-con-
textual memory attributes. In either case, a facilitory effect of drug
treatment would be expected to be expressed in terms of enhanced positive
transfer from prior learning to the retention test.

The negative transfer paradigm (cf. Postman, 1971), however, seems
to provide one means of distinguishing between these alternatives. Under
such a paradigm, subjects are trained on a given task (e.g., passive
avoidance) and are subsequently tested on a conflicting task (e.g., active
avoidance). Under these conditions, retention of specific or critical
training experiences should impair test performance, while retention of
more general training experiences (e.g., prior handling) could potentially
facilitate test performance. Using negative transfer designs, recent

Studies (e.g., Gordon, 1977; Brennan and Gordon, in press) have provided
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some initial evidence that the effect of post-training strychnine treat-
ment is expressed primarily in terms of an enhancement of specific rather
than general memory attributes. In both studies, the test performance
of strychnine-—treated subjects was significantly more impaired than that
of saline-treated subjects, when subjects were tested on a conflicting
active avoidance task (Gordon, 1977) or discrimination reversal (Brennan
and Gordon).

Brennan and Gordon also attempted to extend this type of analysis
a step further. In a second experiment, mice were given training on a
discrimination problem with two relevant redundant cues, a brightness
cue and a spatial-sequence cue. Mice were administered either strych-
nine (1.0 mg/kg) or saline immediately after training. Twenty-four hours
after drug treatment, mice were tested under partial cue reversal condi-
tions (i.e., one training cue was reversed while the other cue remained
unchanged). The results of this study suggested that strychnine had
differentially enhanced the memory of the two discriminative stimulij
strychnine-treated mice were observed to make significantly more errors
when the spatial sequence cue was reversed than when the brightness cue
was reversed during the retention testing. Because no similar effect of
test was observed for saline-treated mice, Brennam and Gordon suggested
-~ that strychnine may have induced some form of‘selective post-trial pro-
~ cessing of the two stimulus cues.
The present studies represent an extension of Brennan and Gordon's
f Study. As in previous study, the basic intent was to determine whether
ffstrychnine would differentially enhance the memory of redundant discri-

& Minative stimuli. The specific concern of the present studies, however,
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was to determine the effects of post—-training sirychnine treatment on
the retention of specific memory attributes over extended (1 to 21 days)
retention intervals (i.e., attempt was made to determine whether the
purported differential effects of strychnine would still be observed
when mice were tested after relatively long retention intervals).

The attempt to extend the type of analysis used by Bremnnan and
Cordon to an investigation of the effects of post-training strychnine
treatment on the retention of discrimination training zcross long inter-
vals not only distinguishes the present studies from the more tradition-
al concerns of drug facilitation research, but also introduces questions
which have received relatively little attention in studies investigating
‘the retention of choice behavior by animals. The basic point of depart-
ure is reflected in the methods used to assess retention of discrimina-
" tion training in the present studies.

With few exceptions, the relearning test has been the most commonly
used means of assessing the effects of retention interval duration on

the retention of a learned response. As noted, in most studies which

- have investigated the effects of post-training drug treatment on the

memory of a learning experience, animals have also been typically train-
ed and tested under similar stimulus conditions. In both instances, re-
. tention test performance provides relatively little information about

L the characteristics of the memory at the time of retention testing.

i It was because of this lack of specificity that Bunch (1941b) question-
 ed the appropriateness of the relearning test performance as a measure

i of retention. The principal criticism which was raised by Bunch was

. the fact that specific and general memory attributes appeared to be
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differentially affected by retention interval duration.

While rats were observed to exhibit considerable forgetting of
prior training on a complex (14 unit) maze task over intervals of 60
to 120 days, the degree of positive transfer from itraining on a 5 unit
maze task to subsequent training on a more complex 14 unit maze task was
roughly equivalent, whether rats were tested within 2 days or 120 days
after training on the 5 unit maze task (Bunch, 194la). A similar dis-
tinction beiween specific and general transfer effects was suggested
by the finding that, while prior training was found to impair reversal
learning when rats were tested within 2 days of initial discrimination
training was found to facilitate reversal learning when rats were test-
ed after retention intervals of 14 to 28 days (Bunch, 1939). The sug-
1 gestion in both cases was that, while animals exhibited considerable
 forgetting of the specific aspects of prior training, retention of more
general aspects of prior training were less affected by retention inter-

val duration and transferred positively to the learning of a related

. maze task or reversal learning.

These findings have a particular implication for the general find-
1 ing that animals tend to exhibit relatively little forgetting of simple
(one-choice) choice behavior, when tested under relearning conditions

'f after extending retention intervals (cf. Gleitman, 1971). While it is
Possivle that the memory of specific stimulus-response associations may
- not be affected or are less susceptible to the effects of retention

} interval duration in these paradigms, it is also possible that the re-

; tention of general memory attributes may mask whatever forgetting of
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specific stimulus-response associations, which might have taken place
over extended retention intervals. In this light, it is instructive
to note that one of the few studies to observe some degree of forgetting
of simple choice behavior after retention intervals of 3 to 14 days (Hill,
Cotton, Spear, and Duncan, 1969), likewise provided some indication that
there was differential retention of specific and general memory attri-
butes. While no differences were observed in terms of "stem" (start
box to choice point) speed, significant decreases in "arm" (choice point
to goal area) speed were observed as a function of retention interval
duration. It would seem that, while animals exhibited relatively little
forgetting of more general training experiences (e.g., that they were
reinforced in the T-maze), animals appeared to exhibit forgetting of
. more specific training experiences (i.e., the exact location or reinfor-
~ cement).

The importance of providing some degree of distinction between

; general and specific transfer effects becomes more critical in the con-

- text of interpreting the effects of post-training drug treatment on

- retention test performance, particularly when relatively long intervals
intervene between drug treatment and the retention test. Given the sug-
E'gestion that strychnine enhances relatively specific memory attributes,
1ja question may be raised as to whether post—training stirychnine treaiment
- May enhance the subsequent retrieval of specific memory attributes after
{‘extended retention intervals. It is possible, for example, that the
{ieffects of strychnine may be relatively short-lived; while strychnine

E‘may strengthen specific memory attributes, strychnine treatment may not




22
otherwise affect the rate of forgetting of specific memory attributes.
If, on the other hand, strychnine enhances the "elaboration" of the mem-—
ory of a learning experience (cf. Lewis, 1976), post-training strychnine
treatment could potentially improve the accessibility of specific memory
attributes for subsequent retrieval, even after extended intervals.

The few studies (Carg and Holland, 1967; McGaugh, Westbrook, and
Thomson, 1962; and Stein and Kimble, 1966) which have included relative-
1y long (14 to 30 days) drug treatment—tesf intervals, however, do not
provide a basis of determining the consequences of drug treatment on the

.( retention of prior training across long retention intervals. In all

- three studies, a facilitory effect of drug treatment was not observed

;‘when animals were tested after long retention intervals; this finding,

i however, was due largely to the fact that relatively little forgetting

i was exhibited by control animals. As such, it is difficult to interpret

; the findings of these studies. In addition to the fact that the use of

a relearning test may have obscured forgetting of specific memory attri-

f butes, various methodological problems (e.g., failure to control for

: degree of training) may have also obscured any differences in the reten-—
Evtion test performance between drug-treated and control animals.

Because of the problems of the above cited studies, the initial con-
ﬂ'cern of the present studies was to determine whether non-injected mice
ﬁinuld exhibit some degree of forgetting of prior discrimination training
':}as a function of retention interval duration (Experiment 1). Given that
?»Some degree of forgetting was observed in Experiment 1, an initial attempt
13Was made in Experiment 2 to determine the effects of post-training strych-

- Nine treatment on the retention of discrimination training. In this study,
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mice were given a single injection of either strychnine or saline imme-
diately after discrimination training and were then tested on the same
 discrimination problem after various retention intervals (1 to 21 days).
While the use of a relearning test in Experiment 2 is subject to criti-
cisms already noted, the decision was made to test mice under these con-
ditions to maintain some commornality with prior research in this area.

The principal purpose of the present studies, however, was not only
3 to determine whether strychnine would enhance the test performance of
mice tested after relatively long retention intervals, but also to de-
i termine the specificity of the effects of post-training strychnine
~ treatment on the retention of discrimination training. In order to ob-
i tain some index of the specificity of the effects of strychnine treat-
ment, mice in Experiment 3 were injected with either strychnine or saline
? immediately after discrimination training and were then tested under
 various cue reversal conditions after extended retention intervals (1 to

f 2l days).
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General Methods

Since the apparatus and training procedure are similar in all
q‘three experiments, they will be reported in detail in this section
~ and subsequently only variations in testing procedures and drug

 treatment conditions will be indicated.

Subjects The subjects for all three experiments were male
?Heterogenous (Binghamton HET) mice, 60 days old at the start of
E?training. The Binghamton HET stock was derived from an eight-way
j_‘cross (Lp/J, Bald/cJ, MA/T, LG/J, SM/J, 129/J, DBA/2J, and C5TBL/6J).
%Mice were housed 4-5 to a cage in a temperature-controlled vivarium,
" with a 12 hr/12 hr light-dark cycle (lights on 0800-2000 hrs) in

- effect. Mice were trained and tested between 1100 and 1400 hrs.

Apparatus All training and testing took place in a 6 unit
discrimination maze, similar to that used by Crabbe and Alpern
i(1973a) and by Brennan and Cordon (in press). The maze and basic

training conditions are shown in Figure 1. The maze was constructed

Insert Figure 1 about here

:@f Plexiglas and consisted of a start compartment, 6 separate dis-
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crimination units, and a goal compartment.

The start compartment was 10 cm long, 3.5 cm wide, and 5 cm high
and was painted flat grey. Each of the 6 discrimination units consisted
of an 8 x 3.5 x 5 cm flat grey entryway which led to a chamber divided
into 2 alleyways — one painted flat white and the other flat black. A
5 cm high barrier, beginning 3 cm past the end of the entryway, separa-
ted the two alleyways. Each alleyway was 25 cm long, 3.5 cm wide, and
5 cm high. A piece of clear vinyl was used to block the incorrect al-
leyway of each discrimination unit. The vinyl barrier was placed so
that it could not be seen from the choice point of each discrimination
unit.

The discrimination units were positioned linearly such that the
entryway of each unit followed either the start compartment ( in the
case of discrimination unit 1) or the exit from the preceding discrimin-
ation unit. Sliding doors, painted flat grey, could be inserted between
any compartment of the maze and the entryway to the next compartment.

Following the last discrimination unit was a goal compartment
which consisted of an entryway (7 x 3.5 x 5 cm) vainted flat grey and
2 goal area painted either flat white or flat black, depending on the
particular training or test condition. A plastic drinking cup, 1.5 cm
in dia., was mounted on the floor of the goal area, 1 cm from the end
of the goal compartment. The entire maze was covered with a sheet of
clear Plexiglas, with separate removable sheets of Plexiglas covering

the start and goal compartments.
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General Training Procedures. Prior to the start of training, all

mice were placed on water deprivation for 48 hours. Subjects in each

of the three experiments were given two acquisition trials in the maze
;;(1 trial per day). During training, choice of the white alleyway of

\ each discrimination unit allowed the subject entry into either subse-

. gquent discrimination units or the goal compartment (painted flat white).
The discrimination units were arranged such that the white alleyways

i appeared in a LRRLLR sequence (L=left, R=right) during training. The

i decision to make the white alleyway correct for all animals during acqui-
. sition was based on the fact that vilot animals tended to show an initial
i;preference for the black alleyways in the maze (see also, Crabbe and Al-
- pern, 1973a). Thus, all animals were trained to enter the non-preferred
:alleyway.

] At the start of training trials, the door between the start compar-
‘ment and the first discrimination unit was closed; the doors bvetween
:'all other maze units were open. The subject was placed into the start

.~ compartment and the door between the start compartment and the first
;discrimination unit was opened. A correctional procedure was in effect
 during training and testing; i.e., within a given discrimination unit,
lsubjects could repeatedly enter the incorrect alleyway. Once a subject

' had entered either a discrimination unit or the goal compartment, a sli-

;ding door was closed behind the subject to prevent re-entry of the pre-—
fceding maze unit. Three response measures were recorded: Choice errors
j(the initial entry of an incorrect alleyway), repeated errors (all sub-—
}Sequent re—entries of an incorrect alleyway), and the latency to traverse

the maze.
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Following entry into the goal compartment, mice were given a
10 second access to a 0.3% saccharin solution. Immediately after
removal from the goal compartment on Training Day 1, mice were re-—
turned to their home cages. On Training Day 2, mice were either
returned to their home cages (Experiment 1) or were administered
drug treatment and then returned to their home cages (experiment
2 and 3).

Throughout all phases (i.e., training, retention interval,
testing) of each of the three experiments, mice were maintained on
a 23 hr 50 min water deprivation schedule. During voth training
and testing, mice were given a 10 min access to water in their home
;.cages, approximately 30 min after each experimental session. During
: the retention interval, mice were left undisturbed, except for nor-
! mal (once a week) cage changing, in their home cages, which were

 placed in the vivarium.
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Data Analysis

Separate repeated measures analyses of variances (cf. Keppel, 1973)
] were performed on each of the three response measures, with trials as

] the within factor. In prior research (e.g., Brennan and Gordon, in press),
Ulin which similar maze tasks were used, the major effects of drug treat-
f‘ment were often observed in terms of the tendency of mice in various
;.treatment groups to exhibit differential error responding within speci-
i'fic discrimination units. For this reason, the analyses of variance
that were performed on choice and repeated error responding during

~ testing, in the present experiments included discrimination unit as an
ﬁ;additional within factor. When differential patterning of error respond-
- ing was indicated by the overall analysis, subsequent analyses of
 variance were conducted on error responding within the first 3 dis-

.~ crimination units and final 3 discrimination units of the maze. The
"decision 10 examine the patterns of error responding in this particu-
:ilar manner was governed by the fact that these were the two distinct
Aipaiterns of error responding that were typically observed in the pre-—
 sent experiments. All subsequent comparisons between individual treat-
;ment group means were made in terms of the Duncan Multiple Range Test

. (Duncan, 1955).

Summary tables for all the analyses of variance that were con-
.éduCted are presented in separate appendices for each experiment:
:‘Experiment 1 (Appendix B), Experiment 2 ( Appendix C), and Experiment

3 (Appendix D).
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Experiment 1

Before an attempt could be made to determine whether post—-train-
ing strychnine treatment would have an effect on the retention of
Eldiscrimination training across extended temporal intervals, it was im-
1 portant to determine whether non-drugged mice would exhibit some de-—

! gree of forgetting as a function of retention interval duration. The

| importance of this preliminary investigation is underscored by the fact
[;that one of the critical problems, that is common to the three princi-
;;pal studies (Garg and Holland, 1967; McGaugh, Westbrook, and Thomson,

~ 1962; and Stein and Kimble, 1966) that failed to observe a facilitory

~ effect of post-training drug treatment, when animals were tested 14

to 30 days after drug treatment, was the general absence of any appre-
ciable forgetting by control animals in these studies. Under these

circumstances, it is unclear whether the failure to observe a facili-

- tory effect of drug treatment represented an absence of an effect of

.‘drug treatment, or rather, a '"ceiling effect". Some aspects of the
:Aexperimental protocol in these studies suggest that it may have been
:‘difficult to detect an effect of drug treatment, given the near asymp-
:‘totic retention test performance by control animals.

In all three studies, animals either were trained to criterion

- Or were given extended training prior to retention testing. Under

~ these training conditions, relatively little forgetting of a well

Lilearned response might be expected to occur over retention intervals
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:f of 14 to 30 days (cf. Gleitman, 1971).

| In two of these studies (Garg and Holland, 1967; McGaugh et al.,
:l1962) animals were trained under either food or water deprivation con-
zlditions. At the end of training, animals were placed on an ad libi-
lftum schedule until a few days prior to retention testing, when depri-
_1vation conditions were re-instated. The re-introduction of depriva-
;_tion conditions may have enhanced the retention test performance of

- animals by providing for a clear discrimination between training and
7;non-training cues, The re—introduction of deprivation conditions may
have also facilitated the retrieval of the memory of prior training

- by placing the animals in a motivational state similar to that of
original training (cf. Spear, 1973).

| An attempt was made to minimize some of these problems in the

- present study. First, mice were given only two discrimination train-
i;ing trials prior to the imposition of retention intervals of either
11, 3, 7y or 21 days. In addition to an attempt to maintain some com-
- monality with the parameters used in previous work in this laboratory,
fit was felt that the memory of discrimination training would not have
‘;acquired maximal strength by the end of training, and as such, might

- have increased the possibility that some degree of forgetting would be
ipbserved. In previous work, HET mice were typically not observed to
 éitain a learning criterion (i.e., no more than 1 choice error over
2 consecutive trials) until after 4 to 6 training trials (see also,

 Crabbe and Alpern, 1973a). Second, mice were maintained on the same
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 deprivation schedule throughout all three phases (training, retention
. interval, and retention test) of the present study to minimize the pos-

é’sibility that motivational cues might serve as distinctive training

cues.
Methods

Procedure. Two days prior to training, all mice were placed on
:fwater deprivation and were randomly assigned to 1 of 4 retention in-

-i terval conditions: 1 Day (RI1, n=3), 3 Day (RI3, n=8), 7 Day (RIT,

' n=7), and 21 Day (RI21, n=7) retention intervals. All mice were giv-
;en two discrimination training trials (1 trial per day) on the pre-
Efiously described discrimination problems. After the designated re-
’;tention intervals, mice in each of the four groups were given 4 reten-
i;tion test trials (1 trial per day) on the same discrimination problem.
:No drug treatments were administered at any time during the course of

- the present experiment.

Results and Discussion

During training, no significant differences in either choice error
fior repeated error were observed between the four treatment groups.
§tWhile no reduction in choice error responding was observed during train-
i;ing, mice did make significantly fewer-repeated errors on the second

5;training trial (E 1,26=14.0, 2<2001), suggesting that some learning
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did take place over the two training trials. Mice also exhibited a
gignificant reduction in the latency to traverse the maze on the second
| training trial (F 1,26=20.89, p<001). While no significant main effect
‘-'- of retention interval condition was observed in terms of the latency

. measure, a significant groups x trials interaction was noted (_E 3,26=
3,10, 2605). This latter finding was due mainly to the fact that the
-. RI21 group had a significantly longer mean latency than the other 3

1 treatment groups (2(.05 in all cases) on the second training trial.
During the four trials of retention testing, a significant main
 effect of retention interval duration was observed in terms of choice

:  error responding ® 3,26=3.62, p<.05). As illustrated in Figure 2a,

mice tested 21 days'after initial discrimination training made signifi-

Insert Figures 2a and 2b about here

f cantly more choice errors than mice in either the RI1 (p<Ol), RI3

‘f (p<.05), or the RIT (p«05) conditions. While no significant differ—
ences in choice error responding were ooserved between the RI3 and RIT7
groups, mice in both groups were observed to make significantly more
choice errors over the four test trials than mice in the RI1 group

1 (p<.05 in both cases). The observed differences in choice error res-
Aupond.ing were most evident on the first retention test trial (E 3,26=4.56,
- D<¢.025). As illustrated in Figure 2b, RI21 mice made significantly more
Choice errors than mice in either the RI1 (p<&O0l) or RI3 (p<.05) groups

" on the first retention test trial. No significant differences were ob-




Figure 2.
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The mean number of choice errors over
four test trials for each of the treat-—
ment groups in Experiment 1 is shown

as a function of retention interval

duration.

The mean number of choice errors on
the first retention test trial for
each of the treatment groups in Ex-

periment 1 is shown as a function of

retention interval duration.




- _
] 1 1 1 1 [| 1
(o)) i~ () M — O
(VIYL 1S31 #s]) SYOYY3 3D10HO NV3IW
<|
[ 1 1 1 | [ |
_ (0)) N~ Te} 9] — @

(SVIYL 1S3L ¥ Y3A0) SHOHY3 IDI0HD NVIW

21
RETENTION

INTERVAL (DAYS)



33
~ gerved between the RI21 and RIT7 groups or between the RI1, RI3, and RIT
w groups on the first retention test trial. On all subsequent test trials,

- no statistically significant differences in choice error responding were

% noted between any of the four treatment groups. The relatively transi-
1‘tory retention deficit observed for mice tested 21 days after discrimi-
~ nation training is similar to that noted by other investigators (cf.
T;Gleitman, 1971). Animals have typically been found to exhibit relatively
| little forgetting of choice behavior over retention intervals ranging
,;from 5 to 44 days (e.g., Gleitman and Jung, 1963; Maier and Gleitman,

- 1967), except in situations in which animals are trained on an opposing
1task or discrimination reversal shortly after initial discrimination -
:training (e.g., Chiszar and Spear, 1968; Maier and CGleitman, 1967).

The effect of retention interval duration was less apparent in
’;terms of repeated error responding during retention testing. UWhile no
;Ssignificant main effect of retention interval duration was noted, a
_isignificant retention interval x discrimination unit interaction was
’;noted (F 5, 130=1.87, p<-05). Separate analyses of variance on re—

. Peated error responding in the first 3 and final 3 discrimination units
f;revealed that, while no significant differences were observed in terms
}Of repeated error responding in the first 3 discrimination units, signi-
ficant differences in repeated error responding in the final 3 discrimi-
jnation units were observed among the various retention interval groups
(F 3,26=4.47, p<025). Mice in the RI21 group made significantly more

- repeated errors in the final 3 discrimination units than the other 3

 treatment groups QB<LOI in all cases) during the four trials of retention

ftesting. As was the case for choice error responding, between group dif-
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'?ferences in repeated error responding in the final 3 discrimination units
k were observed only on the first retention test trial (E 3,26=3.T1, 3<305).
This latter finding might suggest that, while all mice were exhibit-
?-ing comparable levels of repeated error responding upon initial exposure
~ to the maze (i.e., the first 3 discrimination units) on the first reten-
I}tion test trial, mice in the RI21 group may have been attending to inappro-
;fpriate stimulus cueé, which could have interfered with subsequent choice
behavior. In comparison to the increase in repeated error responding in
_ the final 3 discrimination units that was observed for RI21 mice on the
;first retention test trial, mice in the 3 other retention interval con-
‘ ditions exhibited a reduction in repeated error responding in the final
F3 discrimination units. It is difficult, however, to determine which

- stimulus cues were controlling the test performance of RI21 mice.

While the pattern of results for the latency measure likewise sug-
VIgested a retention deficit on the part of mice in the RI21 group, the
main effect of retention interval duration was only marginally signifi-
;cant (E 3,26=2.96, .lQ}g}.OS). In an attempt to correct for the noted
differences in maze latency on the second training trial, latency dif-
tference scores were computed (i.e.,,latency second training trial -
latency first test trial). An analysis of variance on the latency dif-
errence scores, however, also yielded only a marginally significant

- effect of retention interval duration (F 3,26=2,28 .ld}g?.OS). Never—
ftheless, post-hoc comparisons revealed that, on the first retention test
ftrial, the RI21 group was found to have a significantly longer mean la-

:tency than the RI1 and RI3 groups (2(.05 in both cases); no significant
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The general pattern of results suggests that the present paradigm

1:may be appropriate for examining the effects of post-training strych-
;‘nine treatment on the retention of discrimination training across long
fjretention intervals, since some degree of forgetting was shown to occur
llas a function of retention interval duration. The present test condi-
ftions (i.e., relearning), however, may not be appropriate for identify-
~ ing the specific nature of the retention deficits which are observed;
tfor example, under these conditions it is difficult to determine which

 stimulus cues are controlling retention test performance.
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Experiment 2

Within the area of drug facilitation research, the principal con-

;cern of research has been to delineate the effects of strychnine and
?other CNS stimulants on the initial processing (or consolidation) of
¥the memory of a learning experience. It 1is unclear, however, how the
;proposed enhancement of initial memory processing by these agents may
ﬁaffect the retention and retrieval of the memory of a learning exper-—
tience, when animals are tested after relatively long temporal intervals.
The few studies, which have investigated the effects of post-
ffraining dr&g treatments on retention test performance after extended
?intervals, would tend to suggest that the facilitory effects of drug
treatment are relatively short-lived. GCarg and Holland (1967) and
iMcGaugh, Westbrook, and Thomson (1962) reported that drug treatment
éenhanced test performance, when animals were tested 24 to 48 hours
after drug treatment; however, when these same animals were given a
gsecond retention test 30 days after the initial test phase, no signi-
ificant differences in retention test performances were observed be-
1%ween drug-treated and control animals. Some of the methodological
&broblems of these two studies have already been discussed in Experi-
fment 1. The within-subject design of these two studies introduces an
%additional problem, in that there was no independent test of the ef-

Biects of post-training drug treatment on retention over long intervals.

In the present experiment, separate groups of mice were administ-
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 ered either strychnine or saline immediately after discrimination
ftraining and were then tested either 1, 3, 7, or 21 days after drug
z%reatment. Because the present experiment was intended as an initial
}investigation of the effects of strychnine on the retention of prior
1aiscrimination training, mice were trained and tested on the same
jﬂiscrimination problem. Despite the limitations of the relearning
iiest condition as an index of retention, it was felt that it would
‘}e useful to first examine the effects of strychnine under these con-
ditions, not only to maintain some degrees of commonality with prior
;esearch, but also to provide a basis of comparison for a more de-
Lailed analysis of the effects of strychnine treatment on the reten-

;-

tion of specific memory attributes (cf. Experiment 3).
Methods

Procedure. Two days prior to discrimination training mice were
flaced on water deprivation and were randomly assigned to 1 of 4 re-
iention interval conditions (1, 3, 7, or 21 Day retention intervals).
icllowing the first discrimination training trial, mice within each of
ihe 4 retention interval conditions were matched on the basis of the
mumber of choice errors and were randomly assigned to 1 of 2 drug
;reatment conditions, either ST (1.0 mg/kg strychnine sulphate) or

%A (0.9% saline) resulting in a total of 8 treatment conditions:

ST1 (n=8), SA1 (n=8), ST3 (n=6), S43 (n=7), ST7 (n=8), SA7 (n=7),

ST21 (n=6), and 5421 (n=T7).
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Immediately following removal from the goal compartment on the

”;second discrimination training trial, mice were administered equal vol-
iume (1cc/0.1 kg body weight) intraperitoneal injections of either physi-
:ﬁological saline or 1.0 mg/kg strychnine sulphate (dissolved in a 0.9%
?;saline solution). In pilot studies with HET mice, the 1.0 mg/kg dose
;:of strychnine appeared to be the most effective facilitory dose of the

 various levels of strychnine that were tested. The LD for strych-

50
L:nine for HET mice was found to be 2.0 mg/kg. Immediately after drug
ftreatment, mice were returned to their home cages. After the designa-
 ted retention intervals, mice in each of the 8 treatment groups were
;given 4 retention test trials ( 1 trial per day) on the same discrimi-
fnaiion problem (i.e., white=correct brightness and the sequence of

correct choices=LRRLLR). No further drug treatments were administered

~ during either the retention interval or retention testing.

Results and Discussion

Both training and test data were analysed in terms of repeated
;measures analyses of variance, with retention interval duration and

1 drug treatment condition as the between factors. Prior to drug treat-
- ment, significant differences in choice error responding were observed
fas a function of assignment to retention interval condition (E 35 49=
4.14, p<¢.0l). This finding was due mainly to the fact that mice in the
ERI7 condition made significantly fewer choice errors (X=6.0) than mice
'ja-SSigned. to either the RI3 (X=7.85, p .01) or the RI21 conditions

‘f(i=7.92, ) .01). No significant differences in choice error respond-
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T ing were observed between either the RI(X=6.88) and the RI7 conditions
é or between mice in either the RI1, RI3, or RI21 conditions during dis-
. crimination training. These differences in choice error responding
E were observed primarily on the second training trial (F 3,49=3.68,
fIFGOS). The basis of the observed differences in choice error respond-
i}ing during training is unclear in that all mice were trained and tested
-:under similar conditions. No significant differences of repeated error
',responding or mean latency was observed among the various treatment
::groups during training. As was the case in Experiment 1, no signifi-
 cant reductions in choice error responding were observed during training,
;while significant reductions in repeated error responding (E 1,49=21.99,
' p<.001) and latency (F 1,49=101.94, p<.001) were observed over the two
training trials.
During retention testing, significant differences in choice error
g responding were observed as a function of retention interval duration ?
»‘(E 3,49=5.8O,_2<.01) and the interaction of retention interval and drug
treatment conditions (F 3,49=7.14, p .001). As illustrated in Figure 3,

,]various anomalous findings were noted. First, most studies, which have

Insert Figure 3 about here

i;reported a facilitory effect of strychnine on retention test performance,

iitend to observe this effect when animals are tested 24 to 48 hours after




Figure 3.

39a

The mean number of choice errors (over four
test trials) of each of the treatment groups
in Experiment 2 is shown as a function of

post-training drug treatment and retention

interval duration.
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ridrug treatment. In the present study, while STl mice tended to make
;:fewer choice errors than SAl mice, this difference was not found to be
‘;statistically significant. In contrast, ST2l mice were observed to make
x.significantly fewer choice errors than SA21 mice (p<.05) during reten-
ftion testing. This finding may, in part, reflect a "ceiling effect".
fIn various pilot studies, we have failed to observe a clear facilitory
'effect of strychnine, when mice were tested under similar conditions

' 24 hours after drug treatment. It is'possible that, under these train-
- ing and test conditions, the memory of prior discrimination training

- may be readily accessible for both saline-treated and strychnine-treated
" mice. With some degree of forgetting on the part of saline-treated mice
~ over the 21 Day retention interval, the facilitory effect of post—train-
;ing strychnine treatment was more apparent. While the absence of any
fsignificant differences in choice error responding between the ST1 and

; ST21 groups might suggest that post-training sirychnine treatment had

- "protected" the memory of prior discrimination training from the detri-
- mental effects of extended retention interval duration, this suggestion,
‘Jhowever, must be qualified in terms of the more general pattern of re-—

~ sults in the present study.

] The fact that both the SA3 and ST3 groups exhibited relatively

Poor performance during retention testing introduces some problems for

- the suggestion that post-training strychnine treatment had enhanced the
“jretention of discrimination training. Even more problematic is the find-

ﬂing that the SAT group made significantly fewer choice errors during

testing than all other treatment groups (R<.01 in 211 cases), with the

Qexception of the ST1 and ST21 groups (.1072>.05 in these latter two
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‘;cases). The superior performance of the SA7 group was in sharp contrast
‘Eto that observed for non-injected mice that were tested 7 days after dis-
zcrimination training in Experiment 1. The interpretation of this finding
?is further complicated by the fact that the RI7 group in the present
istudy was also observed to exhibit superior performance during initial
idiscrimination training.

| It is unclear then whether the enhanced retention test performance
}of the SAT group represented an effect of degree of learning, retention
interval duration, drug treatment, or an interaction between these various
 factors. The potential influence of the degree of original learning was
ﬁsuggested by the fact that, when difference scores were computed (i.e.,
choice errors second training trial - choice errors first retention test
trial), no significant main effects of retention interval duration or
Edrug itreatment were observed. Whatever the case, the present pattern of
results introduces the need for caution in interpreting the effects of
fdrug treatment and retention interval duration.

In addition to overall differences in choice error responding

:during retention testing, differences were also observed in terms of the

Patterning of choice error responding (cf. Appendix C). The mean number

fFigure 4. The superior performance of the SA7 group was reflected by

Insert Figure 4 about here
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Figure 4. The mean number of choice errors in the first

3 and final 3 discrimination units (over four test trials)
for each of the treatment groups in Experiment 2 is

shown as a function of post-training drug treatment and

retention interval duration.
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‘the fact that the SAT group was found to make significantly fewer choice
;errors in the first 3 discrimination units than all other treatment
tgroups (p<-05) during retention testing. While the ST1 and ST21 groups
iwere also observed to make significantly fewer choice errors in the first
3 discrimination units than the ST7 (p<.05 in both cases) and the SA3
f(p(.OS in both cases) groups, perhaps the most interesting finding was
:that, with the exception of the ST3 group, strychnine-treated mice tend-
ed to exhibit a reduction in choice error responding in the final 3 dis-
?crimination units, In comparison, saline-treated mice tended to exhibit
an increase in choice error responding in the final 3 discrimination
:units during retention testing. While these findings are admittedly
difficult to interpret in the context of the noted differences in acqui-
isition performance, these patterns of choice error responding may be
ésuggestive of distinction between the stimuli that were controlling the
 choice behavior of saline-—treated and strychnine-treated mice during
retention testing. The present test conditions, however, do not provide
‘a2 means of determining the specific stimulus cues which were controlling
J@hoice behavior.

| While differences in choice error responding were observed during
 retention testing, no significant differences in repeated error respond-
1ﬁng were observed between the various treatment groups during retention
:ﬁesting. This finding was due to the fact that mice tended to make rela-
i}ively few repeated errors during retention testing in the present study.
During retention testing, significant differences in mean latency
ﬁWere observed between the various treatment groups. An analysis of

Variance on the latency measure revealed a significant interaction of
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Edrug treatment x retention interval condition (E 3’49=4'29’.R<'05) and
}a gignificant interaction of drug treatment x retention interval dura-
tion x test trial (F 9,147=1.88, p<.05). These findings were due pri-
?marily to the fact that the SA21 group was observed to have a signifi
Jcantly longer mean latency than all other treatment groups (p<.05) on
ithe first retention test trial. No significant differences in mean la-
;tency were observed between any of the other treatment groups on the
;first retention test trial. While a retention deficit on the part of
;%he SA21 group was suggested by the impaired choice behavior of this
fﬁreatment group during retention testing, the latency measure provides
.ﬁerhaps, the clearest evidence that there was some degree of forgetting
fﬁy saline-treated mice after a 21 Day retention interval. The signi-
;;icant difference in mean latency between the SA21 and ST21 groups on
{%he first retention test trial might suggest that post-training strych-
;@ine treatment had enhanced the retention of the memory of prior dis-
crimination training; this suggestion, however, must be gualified by
ihe more general pattern of results.

In the present study, the various treatment groups were found to
‘differ during initial discrimination training. These differences in
‘acquisition performance apparently were reflected in terms of the dif-
i&erences noted in test performance. The problematic features of the
.Lresent results may, however, be important, in that they underscore the
limitations of the present paradigm for investigating the effects of
'§OSt—training strychnine treatment on the retention of prior training

ﬁver long intervals. While some degree of forgetting was observed for
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ﬂnon-injected mice (RIZl) in Experiment 1 and by - the SA21 groups in the
épresent study, the particular patterns of error responding by mice in
ﬂthese groups (i.e., increased error responding in the final 3 discrimi-
ination units) may be indigéative of a more important characteristic of
ithe retention deficits which were observed. In both cases, it was sug—
ﬁgested that, after 21 Day retention intervals, mice may have been attend-
jing to inappropriate stimulus cues at the time of retention testing.

‘The present test conditions (i.e., a relearning task) do not provide a
clear means of determining the relative saliency of various training
?cues, and further, the present test conditions do not provide a way of
,@ssessihg whether there were any changes in cue saliency as a function
bbf retention interval duration.

These limitations of the relearning test condition have already
;ieen suggested in Experiment 1; in the present study, these limitations
'hay be more critical, given that strychnine-treated and saline-treated
Amice were observed to exhibit differential responding. In addition to
the fact that the present test conditions do not provide a means of iden-
tifying the specific characteristics of the retention deficits which were
?baerved, the present test conditions may obscure the effects of post-
3raining strychnine treatment on the retention of prior discrimination
:raining. For example, due to the fact that the present test conditions
@epresent an optimal situation for both specific and general positive
#ransfer from prior training, any strychnine-induced enhancement of spe-
Qific memory attributes may have been masked by the effects of general
iOSitive transfer on the retention test performance of saline-treated mice.

A8 such, the present test conditions may not provide a sensitive index of
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srior discrimination training.
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Experiment 3

In both Experiment 1 and 2, the possibility was raised that, after
%relatively long retention intervals, there may have been a change in the
- gtimulus cues which were controlling sugjects' retention test performance.
;This possible characteristic of forgetting (i.e., a change in stimulus
ioontrol), however, may often go undetected when animals are tested under
;relearning conditions. For this reason, the general finding that there
{}s relatively little forgetting of choice behavior over extended reten-
2tion intervals (cf. Gleitman, 1971) may reflect the fact that the com—
honly used relearning test condition may not provide a sensitive index
‘?f forgetting., Eecause the relearning task represents an optimal condi-
'%ion for both specific and general positive transfer from prior training,
}orgetting of specific stimulus-response associations may be obscured by
éihe retention of more general aspects of prior training (cf. Bunch, 1941b).
%{his is, in part, suggested by the finding that the amount of negative
Eransfer, which is observed when subjects are tested on a discrimination
%eversal, is an inverse function of retention interval duration (e.g.,
'unch, 1939; Gollin, 1964; Stevenson and Weir, 1959). These findings
@uggest that there is some forgetting, even relatively rapid forgetting
,fe.g., Gollin, 1964), of specific stimulus-—response associations in
éhoice situations as a function of retention interval duration.

The attempt to provide some distinction between possible specific

general transfer effects takes on an additional dimension within the

Present paradigm. In both Experiments 1 and 2, mice were given training
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}on a discrimination problem for which there were two relevant and redun-
;aant stumulus cues, a brightness cue and a spatial-sequence cue; the
fdiscrimination problem could be solved by utilizing either stimulus cue.
Under these conditions, the two stimulus cues could potentially exer-
;cise differential control over responding. In previous studies (e.g.,
;Brennan, Gordon, and Komoda, in preparation), there was evidence that,
iwhen mice were trained under these types of conditions, one stimulus cue
;tended to acquire maximal control over responding, while the other stim-—
sulus cue exercised only minimal control over responding. Because mice

- were trained and tested under similar stimulus conditions in Experiments
51 and 2, there was no clear means of assessing the relative saliency of

- the two stimulus cues, and there was also no clear way of determining
 whether there were any changes in cue saliency as a function of retention
- interval duration.

i The possibility that the two stimulus cues may acquire differential
€control over responding also introduces guestions regarding the manner
;in which strychnine treatment may affect the memory of the two stimulus
fcues. Strychnine, for example, could enhance the memory of the two
:stimulus cues to the same degree. On the other hand, it might be suggest-
ﬁed that strychnine may differentially enhance the memory of the two stim-
nulus cues as a function of cue salience. Experiment 2 unfortunately did
tnot provide a means of determining the manner in which strychnine may
Thave affected the memory of the two stimulus cues. Further, the use of
{a Telearning test in Experiment 2 did not provide a clear means of assess-—

 ing the effects of post-training strychnine treatment on the retention of

_the two stimulus cues across long temporal intervals. Using similar train—
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ing conditions, Brennan and Gordon (in press) have, however, provided
‘gome initial evidence that strychnine may differentially enhance the
@emory of relevant, redundant gtimulus cues; when mice were tested
'ﬁnder partial cue reversal conditions (i.e., one training cue was re-
%ersed while the other cue remained unchanged) 24 hours after drug
treatment, significant differences in error responding by strychnine-—
treated mice were observed as a function of which training cue was
reversed during testing.

The intent of the present study was to extend this type of analysis
ﬁo the investigation of the effects of post-training strychnine treat-
@ent on the retention of prior discrimination training across relative-—
1y long intervals. Attempt was made to determine: 1) whether strych-
nine would differentially enhance the memory of the two training cues,
2) whether the proposed selective effect of strychnine induced en-—
hancement would affect test performance, when mice were tested after

ended retention intervals. To this end, separate groups of sirych-

in order to provide a reference condition against which the proposed

?elective effect of strychnine-induced enhancement might be further
FSSessed, separate groups of strychnine—treated and saline-treated mice
iere tested under complete cue reversal conditions (i.e., both training
?ies were reversed during testing) after these same retention intervals.
The present experiment may also be viewed, in part, as an attempt
fD assess the relative sensitivity of these various cue reversal condi-

tions and the relearning test condition as indices of the retention of
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'prior discrimination training. Because mice were found to differ in
‘;terms of acquisition performance in Experiment 2, separate groups of
~ gtrychnine-treated and saline-treated mice were also tested under re-
.1earning conditions in the present experiment.

The working assumptions for the present experiment were derived
largely from Brennan and Gordon's findings. First, it was assumed that
“strychnine would primarily enhance the memory of specific stimulus-
response associations rather than the memory of more general contextual
:stimuli. If strychnine had enhanced the memory of specific stimulus-—
ijresponse assoclations, greater impairment of test performance should be
observed for strychnine-treated than saline-treated mice, when both
Gtraining cues were reversed during testing. If, on the other hand,

' strychnine had primarily enhanced the memory of more general contextual
stimuli, the strychnine treatment might be expected to facilitate test
performance (cf. Brennan and Gordon, Experiment 1).

Secondly, it was assumed that strychnine would differentially en-

- hance the memory of the two training cues. In order to establish this
ifact, two sets of comparisons must be made. First, differences should

' be evident between strychnine-treated mice tested under partial cue

- reversal conditions. Secondly, the differences in test performance that
 are observed between strychnine-treated mice should be of a greater mag-
?nitude than those observed between saline-treated mice tested under par-

- tial cue reversal conditions.
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Methods

Procedure. Prior to the start of discrimination training, all mice
fﬁmre placed on water deprivation for a 48 hour period. All experimental
isubjects were given two discrimination training trials (1 trial per day).
’ifter the first discrimination training trial, experimental subjects

;were matched on the basis of the total number of choice errors and were

; andomly assigned to 1 of 2 drug treatment conditions, ST(1.0 mg/kg
;étrychnine sulphate) or SA(0.9% saline). Mice within each drug treatment
?bondition were then randomly assigned to 1 of 3 retention interval condi-
fions (l, 7, or 21 Day retention intervals) and 1 of 4 test conditionms,
Zfesulting in a total of 24 independent experimental groups (n=8 in each

;group). The design of the present experiment is summarized in Table 1.

Insert Table 1 about here

Immediately following removal from the goal box on the second dis-—
krimination training trial, mice were administered intraperitoneal in-
3ections of either strychnine or saline and were then returned to their
home cages. After the designated retention intervals, mice were tested
1 der 1 of 4 conditions: 1) complete cue reversal (CR; correct bright-
nNess=black and the sequence of correct choice=RLLRRL), 1 of 2 partial
ue reversal conditions with either 2) the brightness cue reversed and

the sequence unchanged (BR; correct brightness=black and the sequence
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Table 1
Summary of training, post-training drug treatment,
and retention test conditions in Experiment 2.

A. Experimental (trained) subjects: Mice received two discrimination
training trials (1 trial per day) prior to drug treatment and reten-
tion testing.

Post-Training Retention Retention Test
Drug Treatment Interval Conditions*

CR BR SR RL

1. Strychnine a, 1 Day
(1.0 mg/xg)
b. 7 Days
¢. 21 Days
2. Saline a, 1 Day
t. 7 Days
c. 21 Days

B. Control (non-trained) subjects: Mice were not given discrimination
training, but were given two goal box adaptation trials (1 trial per
day) prior to drug treatment and testing.

Post-Adaptation Retention Retention Test
Drug Treatment Interval Conditions
CR BR SR RL
1. Strychnine 1 Day
(1.0 mg/kg)
2. Saline 1 Day

Training Conditions: Correct brightness=white, and the sequence of cor-
rect choices=LRRLLR (L=left, R=right).

CR (Complete cue reversal): Correct brightness=black, and the sequence of
correct choices=RLLRRL

BR (Brightness cue reversal): Correct brightness=black, and the sequence
of correct choices=LRRLLR.

SR (Sequence cue reversal): Correct brightness=white, and the sequence
of correct choices=RLLRRL

RL (Relearning Condition): Correct brightness=white, and the sequence of
correct choices=LRRLLR.
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of correct choices=LRRLLR), or 3) the sequence cue reversed and the
brightness cue unchanged (SR; correct brightness=white and the sequence
of correct choices=RLLRRL), or 4) the relearning (RL) test condition,
in which neither training cue was reversed (correct brightness=white
and the sequence of correct choices=LRRLLR). Mice were tested for 4
days (1 trial per day). During testing, mice in the CR and BR conditions
were reinforced in a goal box painted flat black; for mice in the SR
and RL conditions the goal box was painted flat white.

In order to control for possible proactive effects of strychnine
on test performance, 8 additional groups of non-trained but drug-inject-—
ed mice were included in the present study. Instead of discrimination
training, control animals were simply placed into the goal box, with
the door separating the goal box and the sixth discrimination unit closed,
and were given a 10 second access to a 0.3% saccharin solution, once a
day for 2 consecutive days. Following removal from the goal box on Day
2, control animals were immediately administered intraperitoneal injec-
tions of either strychnine (1.0 mg/kg) or saline. Twenty-four hours
after drug treatment, control animals were tested under 1 of 4 condi-
tions (CR, BR, SR, or RL) for 4 days (1 trial per day). No further
drug treatments were administered to either experimental or control

animals during either the retention interval or testing.

Results and Discussion

Separate repeated measures analyses of variance were performed on

both training and test data, with drug treatmert, retention interval,
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duration, and test condition as between factors.
Training

While no significant effects of treatment conditions were observed
in terms of choice error responding across the two training trials, signi-
ficant differences in repeated error responding were observed as a function
of the interaction of assigned drug treatment and retention interval condi-
tions (E 2,168=3.31, E§105) and in the latency to traverse the maze as a
function of assigned retention interval condition (E 2,168=3.21,.2<.05).
Subsequent comparisons revealed that these latter two findings were due
to between group differences in repeated error responding and mean lat-
ency on the first training trial; no significant differences were observ-
ed in terms of any of the three response measures on the second training
trial. TFurthermore, while significant reductions in repeated error re-
sponding (F 1,168=34.41, p<.00l1) and mean latency (F 1,168=291.27, p<.001)
were observed over the two training trials, no significant trials x treat-
ment condition interactions were observed for either response measure.
These findings would suggest that, in contrast to the findings of Experi-
ment 2, mice in the present experiment were exhibiting comparable degrees

 of acquisition at the time of drug treatment.

- Retention Test

The effects of the various treatment conditions were found to inter-
1 act in a complex fashion. In part, this was due to the fact that mice

. Were tested under various cue reversal conditions., In order %o place the
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present findings in proper perspective, it would be useful to consider
some of the aspects of these test conditions before detailing the pre-
sent findings.

When animals are tested under reversal conditions, retention test
performance may not be indicative only of the characteristics of the
memory of prior discrimination training, but may also reflect the fact
that animals are given an opportunity for new learning, or the inter-
action between whatever new learning may be taking place and the memory
of prior training. Under these circumstances, the least ambiguous index
of the characteristics of the memory of prior training would seem to be
provided by subjects' performance upon initial exposure to the reversal
conditions. In the absence of any intervening training, subjects' ini-
tial retention test performance should be in terms of the memory of
prior training. After animals have had exposure to reversal conditions,
it becomes increasingly more difficult to distinguish between the charac-
teristics of the memory of prior training and whatever new learning may
have taken place.

Thé importance of this consideration is further underscored when
it is realized that mice were tested under a '"correction procedure" in
the present experiment. Under these conditions, an animal that tended
%0 exhibit a high degree of repeated error responding upon initial ex-
posure to cue reversal conditions would also have more opportunities
. to learn about the altered contingencies thazn an animal that tended to
make fewer repeated errors. In this context, the possibility exists

that post-training treatments (eegss strychnine administration), which




54
enhance the memory of prior training, may have dual effects on retention
test performance. If strychnine treatment had enhanced the memory of
specific stimulus-response associations, strychnine-treated mice would
be expected to exhibit enhanced negative transfer upon initial exposure
to a reversal of relevant stimulus cues, but given exposure to the alter-
ed stimulus contingencies, strychnine-treated mice might exhibit facili-
tated reversal learning. This pattern of results was suggested by the
findings of Brennan and Gordon. In the present experiment, strychnine
was likewise found to have a dual influence on retention test performance.

In contrast to the findings of Experiments 1 and 2, the effects of
the various treatment conditions in the present experiment were evident
primarily in terms of differences in repeated error responding between
the various treatment groups. While the various treatment groups were
also found to differ in terms of choice error responding, these differ-
ences were observed mainly on the second test trial and, as such, do
not provide an unambiguous index of the effects of drug treatment on
the memory of prior discrimination training. For this reason, consider-
ation will be given first to the differences in repeated error respond-

ing that were observed in the present experiment.

Repeated Error Responding. The post—-training strychnine treatment

was shown to enhance relatively specific attributes of the memory of
Prior training, in that strychnine-treated mice were observed to make

Significantly more repeated errors upon initial exposure (i.e., the

first 3 discrimination units) to the complete cue reversal (CR) condi-
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tion than saline-treated mice on the first retention test trial (p<.Ol).
Further, an analysis of variance on repeated error responding in the
first 3 discrimination units on the first retention test trial sug-
gested that strychnine had differentially enhanced the memory of the
two training cues as indicated by a significant interaction of drug
treatment x test condition (F 3,168=4.83, p<.0l). Strychnine-treated
mice were observed to make significantly more repeated errors in the
first 3 discrimination units when the brightness cue zlone was reversed
(BR condition) than when either the sequence cue alone was reversed

(SR condition, 2{.01) or both the brightness and segquence cues were
unchanged (RL condition,‘2<201) on the first retention test trial.
These findings suggest that strychnine had selectively enhanced the
memory of the brightness cue. In contrast, no significant differences
in repeated error responding in the first 3 discrimination units were
observed between saline-treated mice as a function of test condition.

As illustrated in Figure 5, the effect of post-training strychnine

Insert Figure 5 about here

itreatment on retention test performance was influenced by the duration
iOf the retention test interval.

The differential effects of strychnine treatment were most evident
:in terms of the test performance of strychnine-treated mice that were

iested 1l day after discrimination training. At the 1 Day retention




Figure 5. The mean number of repeated errors in the
first 3 discrimination units on the first retention
test trial for each of the treatment groups in Experi-
ment 3 is shown as a function of post-training drug

treatment, retention interval duration, and test con-

dition
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interval, mice in the STCR and STBR conditions made significantly more
repeated errors in the first 3 discrimination units than mice in either
the STSR (p<.0l in both cases) or the STRL conditions (p«&.0l in both
cases) on the first retention test trial. The fact that no significant
differences were observed hetween the STCR and STBR groups (brightzess
cue reversed in both test conditions) or between the STSR and STRL
groups (brightness cue unchanged in both test conditions) suggests that
the memory of the brightness cue exercised maximal control over respond-
ing on the initial test trial.

The differential effects of strychnine-induced enhancement appeared
to be relatively short-lived, or at least, masked by any forgetting that
may have occurred over the 7 and 21 Day retention intervals. While strych-
nine-treated mice did tend to make more repeated errors in the first 3
discrimination units when the brightness cue (BR) rather than the sequence
cue (SR) was reversed, these differences were not found to be statistically
significant for mice tested either 7 or 21 days after strychnine treat-
ment. There was, however, some suggestion that the effects of strychnine
treatment may have persisted beyond a 24 hour drug treatment-test inter-
val; at the 7 Day retention interval, STCR mice were observed to make
significantly more repeated errors in the first 3 discrimination units
than mice in either the STRL group (p<.05) or the SACR group (.105p>.05)
on the first retention test trial.

The general patterns of repeated error responding by strychnine-
treated mice were in sharp contrast to those observed for saline-treated
mice on the first retention test trial. First, the erfect of test condi-

tion was less evident in terms of repeated error responding by saline-
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treated mice. Only at the 1 Day retention interval was there some sug—

gestion that the test performance of saline-—-treated mice was more im-
paired when the briéhtness cue rather than the sequence cue was reversed;
SABR mice were observed to make more repeated errors in the first 3 dis-
crimination units than SASR mice (.10)2>.05) on the first retention test
trial. Second, in contrast to the initial test performance of strych-
nine-treated mice, saline-treated mice, which were tested 7 or 21 days
after discrimination training, tended to make more repeated errors in
the first 3 discrimination units when the sequence rather than the bright-
ness cue was reversed. While these differences were not found to be
statistically significant, these findings might suggest that, after

the 7 Day and especially after the 21 Day retention intervals, saline-
treated mice were responding more in terms of a brightness preference
than in terms of the memory of prior training. Non-trained control ani-
mals in the present experiment were observed to exhibit greater error
responding when white was the correct brightness (SR condition) than

when black was the correct brightness (BR condition) during test trials
(cf. section on control data).

After mice had had initial exposure to cue reversal conditions on
the first test trial, two differeni patterns of repeated error respond-
ing were observed. First, there was some suggestion of differential
stimulus control in terms of repeated error responding by saline-treat-—
ed mice. Second, strychnine-treated mice tended to exhibit a reduction
in repeated error responding. While there was some suggestion of these
two patterns in terms of repeated error responding in the final 3 dis-

crimination units on the first retention test trial, an analysis of
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variance revealed no significant main effects or interactions. These
patterns were more apparent in terms of repeated error responding in

the first 3 discrimination units on the second test trial. In contrast
to the general absence of differential repeated error responding by sa-—
line-treated mice upon initial exposure to cue reversal conditions, on
the second retention test trial saline-treated mice were observed to
make significantly more repeated errors when tested under the BR condi-
tion than when tested under either the SR or RL conditions (3 .05 din
both cases). This distinction between the repeated error responding by
saline—-treated mice on the first and second retention test trials might
suggest that, while the memory of prior training may not have been read-
ily accessible on the initial exposure to cue reversal conditions, expo-
sure to stimulus conditions on the first test trial may have served to
"re—-activate" the memory of prior discrimination training.

In contrast, no significant differences in repeated error responding
were observed between strychnine-treated mice on the second retention
test vrial. PFurther, strychnine-treated mice tended to make fewer re-
peated errors in the first 3 discrimination units than saline-treated
mice (.10>p>.05) on the second test trial. These findings were similar
to those reported by Brennan and Gordon; after strychnine-treated mice
had exhibited enhanced negative transfer ‘upon initial exposure to cue
reversal conditions, strychnine-treated mice were observed to exhibit
a significant reduction in error responding on subsequent test trials.
This finding may be the result of a number of different factors. The
general reduction in repeated error responding by strychnine-treated

mice in the CR and BR test conditions may reflect the fact that, due to
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the high degree of repeated error responding by STCR and STBR mice upon
initial exposure to cue reversal conditions, mice in these groups had
more opportunities to learn about the altered stimulus contingencies.
This finding may also suggest that strychnine may have also enhanced
general memory attributes to a certain degree, such that after initial
exposure to the reversal of criticel stimulus cues, strychnine-treated
mice may have had an enhanced tendency to alter attentional or response
strategies.

An effect of retention interval duration was also suggested by the
fact that on the second retention test trid no significant differences
in repeated error responding were observed between saline-treated mice
in the 21 Day retention interval condition. Further, strychnine-treat-
ed mice in the 21 Day retention interval condition were not found to
exhibit a reduction in repeated error responding on the second retention
test trial to the same degree as was observed for strychnine-treated
mice in the 1 and 7 Day retention interval conditions. As was the case
for initial test performance, the test performance of mice, in the 21
Day retention interval condition, on the second retention test trial
suggests that the memory of specific training stimulus cues may not
have been accessible to the degree that it exerted a clear influence
on the retention test performance of mice in these groups.

Both saline-treated and strychnine-—-treated mice tended to make
relatively few repeated errors on Test Trials 3 and 4. While some dif-
ferences in reveated error responding were noted on these later test

trials (cf. Appendix D), these differences primarily reflected repeated

error responding on the part of 1 or 2 mice within a given treatment
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group.

The patterns of repeated error responding that were observed on the
first 2 retention test trials were reflective of a complex interaction of
the effects of drug treatment and retention interval duration. Not only
was there an indication that post-training strychnine treatment had dif-
ferentially enhanced the memory of the two training cues, but there was
also a suggestion that there was a progressive decrease in differential
stimulus control as a function of retention interval duration. There
was also a suggestion that the relative accessibility of the memory of
prior discrimination training on the first retention test trial may
have influenced the particular patterns of repeated error responding

that were observed on the subsequent test trials.

Choice Error Responding. This pattern of results, however, was not

as evident in terms of the differences in choice error responding that
were noted between the various treatment groups during retention testing.
In contrast to the differences in repeated error responding that were
observed on the first retention test trial, no significant differences
in choice error responding in the first 3 discrimination units were ob-
served on the first retention test trial.

Following initial exposure to cue reversal conditions, strychnine-
treated mice were observed to make fewer choice errors in the final 3
discrimination units than saline-treated mice on the first retention
test trial. This tendency was most pronounced for mice tested 1 day
after discrimination training. STl mice were observed to make signifi-

cantly fewer choice errors in the final 3 discrimination units than
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SAl mice (2(.05) on the first retention test trial. While this finding
was similar to that which was noted in terms of repeated error respond-
'ing by strychnine treated mice on the first retention test trial, this
reduction in choice error responding appeared to be more of a within-
trial phenomenon, for on the second test trial differential choice error
responding was observed for both strychnine-treated and saline-treated
mice.

On the second test trial, both strychnine-treated and saline-
treated mice exhibited greater error responding either when both train-
ing cues were reversed (CR) or when only the brightness cue (BR) was re-
versed than when tested under the RL condition. While this finding
might suggest that the brightness cue exerted greater control over
choice error responding, neither the brightness nor sequence cues ap-
peared to have exercised maximal control over choice error responding
on the second test trial; no significant differences in choice error
responding were observed either between strychnine—treated or between
saline-treated mice tested under the two partial cue reversal conditions.
As was the case for the repeated error measure, the effect of retention
interval duration was reflected in the fact that there was a general
absence of differential choice error responding by either strychnine-
treated or saline-treated mice in the 21 Day retention interval condi-
tion.

The effects of post-training drug treatment were less apparent in
terms of the choice error measure, since differential choice error re-
sponding was observed for both strychnine-~treated and saline-treated

mice on the second retention test trial. The principal distinctions be-
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tween the patterns of choice error responding by strychnine-treated and
saline-treated mice on the second test trial were that, first, strych-
nine-treated mice tended to make more choice errors under the complete
cue reversal condition than saline-—-treated mice (E<-O5)' Secondly,
while both saline-treated and strychnine-treated mice exhibited differ-
ential choice error responding in the first 3 and final 3 discrimination
units on the second test trial, strychnine-treat mice tended to exhibit
greater differential choice error responding in the final 3 discrimina-
tion units. Given that strychnine-—-treated mice were observed to exhibit
a reduction in choice error responding in the final 3 discrimination
units on the first test trial, the absence of clear patterns of differ-
ential choice error responding by strychnine-treated mice in the first
3 discrimination units on the second test trial may indicate that what-
ever new learning may have occurred on the first test trial may have
interferred with initial choice responding by strychnine-treated mice
on the second test trial. No differential effects of drug treatment
were observed in terms of choice error responding on Test Trials 3 and 4.
In comparison to the relatively straightforward pattern of results
which was observed in terms of repeated error responding, the interpre-
tation of the differences in choice error responding is more problem-—
atic. Due to the fact that the major differences in choice error re-
sponding were observed on the second test trial, it is difficult to
attribute these differences unambiguously to an effect of post-train-
ing drug treatment on the memory of prior discrimination training.
While it is difficult to resolve the differences between the patterns

of results observed in terms of the repeated error and choice error
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measures, the discrepancy between these patterns of results may by
indicative of the differential sensitivity of these two response mea-
sures. Using related maze tasks, some other investigators (e.g., Chin,
Donovick, and Burright, 1976; Sikorszky, Donovick, Burright, and Chin,
1977) have found the repeated error measure to provide a more sensi-
tive index of the effects of certain experimental treatments (e.g.,

septal lesions).

Latency. The differences in mean latency, that were observed on
the first retention test trial, largely reflected the differences that
were noted in terms of repeated error responding. As indicated by a
marginally significant interaction of drug treatment x test condition
(g 3,168=2.11, .10 2j>.05), there was a general absence of any signi-
ficant differences in mean latency between saline—-treated mice. The
exception to this general pattern was the finding that SABR mice had
a significantly longer mean latency on the first trial than SARL mice
(.10;>B >.05). In contrast, clear differences in mean latency were
observed between strychnine-treated mice on the first retention test
trial. STCR mice and STBR mice were found to have significantly long-
er mean latencies than either STSR (p< .0l and .10Q p >.05, respectively)
and STRL mice (2<:.Ol and p<.05, respectively). These differences in
mean letency to traverse the maze were primarily observed between
strychnine—-treated mice in the 1 Day retention interval condition;j

no reliable differences in mean latency were observed between mice in
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the 7 and 21 Day retention interval conditions.

Test Performance: Control Animals. While the general pattern of

results suggests that post-training strychnine treatment had enhanced
the memory of prior discrimination training, it was also important to
distinguish between the proposed effects of strychnine on the memory of
prior discrimination training and the possible proactive effects of
strychnine on test performance. The impairment of initial test per-
formance, which was observed for strychnine-treated mice tested under
complete cue reversal and brightness reversal conditions, may have been
due to a proactive influence of strychnine on test performance. Strych-
nine could have enhanced or altered existing brightness preferences,
independent of any effect on the memory of prior discrimination train-—
ing.

It was particularly important to provide a distinction between
the effects of strychnine on the memory of prior discrimination train-
ing and possible proactive effects of strychnine on test performance,
since the most pronounced effects of post-training strychnine treatment
were observed in terms of the initial test performance of mice that
were tested 1 day after drug treatment. This distinction was clearly
provided when comparisons were made between the test performance of
control and experimental (1 Day retention interval) animals.

The effect of prior discrimination training was evident in terms

of the differential effects of the various test conditions on the per—
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formance of control and experimental animals; analyses of variance on
each of the three response measures (cf. Appendix D) revealed a signi-—
ficant interaction of training x test condition in each case. The basic
characteristics of this interaction are illustrated in Figure 6, in

which the mean choice errors (over 4 test trials) are presented for con-—

Insert Figure 6 about here

trol and experimental animals as a function of test condition. During
discrimination training, experimental animals were trained to choose the
non-preferred white alleyway of each discrimination unit. The effect of
prior training was reflected in the finding that experimental animals
made significantly more choice errors than control animals, when the
correct brightness was reversed during the testing (i.e., the CR and BR
test conditions, p& 001l in both cases). ihen the correct brightness

was unchanged during testing (i.e., the SR and RL test conditions),
experimental animals were observed to meke significantly fewer choice
errors than control animals (2<;OOl in both cases).

There was little evidence that strychnine had altered the bright-
ness preference of control animals. Both strychnine-treated and saline-
treated controls tended to make relatively few errors under the CR and
BR test conditions. While both strychnine-treated and saline-treated
controls were observed to exhibit greater error responding under the

SR and RL test conditions, there was, as indicated in Figure 6, a ten-—
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Figure 6. The mean number of choice errors (over four
test trials) for experimental (1 Day retention interval)

and control groups is shown as a function of drug treat-

ment and test condition.




EXPERIMENTAL SUBJECTS

sk SALINE
STRYCHNINE (1.0 mg / kg)

MEAN NUMBER CHOICE ERRORS (4 TEST TRIALS)

TEST CONDITION

65b




66
dency for strychnine-tireated controls to make more choice errors under
the SR condition and fewer- choice errors under the RL condition than
saline—treated controls. In most cases, these differences proved to Dbe
either non-significant or only marginally significant. While the basis
of this difference between control animals is unclear, the important
fact is that, despite this difference between control animals, both
strychnine-treated and saline—tfeated controls tended to exhibit greater
~error responding under the SR and RL test conditions than experimental
animals.

Also in contrast to the test performance of experimental animals,
there was a general absence of significant differences in reveated error
responding by control animals during testing., On the first test trial,
however, strychnine-treated controls were observed to make significantly
fewer repeated errors in the first 3 discrimination units than saline-
treated controls (2<305) tested under the RL condition. The general pat-
tern of results, however, would tend to argue against the suggestion that
the differences initial repeated error responding, which were observed
between strychnine-treated and saline-treated experimental animals, were
due to a proactive effect of strychnine on test performance. As illustra-

tedin Figure 7, there was a clear distinction between the patterns of re-

Insert Figure 7 about here

peated error responding by experimental (1 Day retention interval condi-
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Figure 7. The mean number of repeated errors in the
first 3 discrimination units on the first test trial
for experimental (1 Day retention interval) and con-

trol groups in Experiment 3 is shown as a function of

drug treatment and test condition.
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tion) and control strychnine-treated mice in the first 3 discrimination
units on the first test trial. In contrast, the distinction between
the patterns of repeated error responding by experimental and control
saline-treated mice was less apparent; the only significant difference,
which was noted between experimental and control saline-treated mice
on the first test trial, was the tendency of saline-treated control to
make more repeated errors in the first 3 discrimination units than sa-
line-treated experimental subjects (3(.05) tested under the RL condi-
tion. These general findings provide a further basis of support for
the suggestion that strychnine had differentially enhanced the memory

of the two training cues.

Summary

While a2 more complete discussion of the implications of the pre-
seﬁt findings is reserved for the following section, it would be useful
to review some of the general findings at this point.

First, there was evidence that a single post—training injection of
strychnine sulphate had enhanced relatively specific attributes of the
memory of prior discrimination training. Both in terms of initial re-
peated error responding and mean latency on the first retention test
trial, strychnine—treated mice were found to exhibit significantly
greater impairment of test performance than saline-treated mice, upon
initial exposure to complete cue reversal conditions. Further, the

fact that strychnine-treated mice exhibited greater impairment of ini-




683
tial test performance when the brightness cue rather than the sequence
cue was reversed suggested that strychnine had selectively enhanced the
" memory of the brightness cue.

In contrast, there was relatively little evidence of differential
response impairment on the part of salinetreated experimental subjects
on the first retention test trial. While non-trained control animals
were observed to exhibit differential error responding during testing,
there was a clear distinction between the test performance of strychnine,
treated experimental and control animals, suggesting the absence of a
proactive influence of strychnine on test performance. The differences
in test performance, which were observed between control animals as a
function of test condition, suggested that control animals were respond-
ing primarily in terms of a brightness preference (see also, Crabbe and
Alpern, 1973a).

Second, the suggestion that strychnine had differentially enhanced
the memory of the two training cues must be gqualified by the fact that
this effect appeared to be relatively short-lived. ‘While there was some
suggestion of differential error responding by strychnine-treated mice
in the 7 Day retention interval condition, no significant differences
in test performance were observed between strychnine-—treated mice that
were tested 21 days after drug treatment. The progressive decrease in
differential stimulus control, which was observed as a function of re-—
tention interval duration, suggests that there was some degree of for-
getting of prior discrimination training at the 7 and 21 Day retention

intervals. In contrast, there was relatively little indication of any

forgetting, when mice were tested under relearning (BRL) conditions.
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Further, when mice were tested under RL conditions, there was no clear
evidence of a facilitory effect of strychnine treatment.

The contrasting patterns of results, which were obtained when mice
were tested under the various cue reversal conditions and the RL condi-
tion, point to the differential sensitivity of these various test condi-
tions as indices of the effects of post—-training drug treatment and re-
tention interval duration. Other researchers (e.g., Bunch, 1941b) have
question the sensitivity of the relearning task as an index of forgetting.
The present findings provide an additional basis of support for the con-
tention that the relearning task may not be sensitive enough to detect
the specific characteristics of forgetting over extended retention inter-
vals.

Some comment should be made at this point regarding an apparent
discrepancy between the results of the present study and those of Experi-
ment 1. When mice were tested on a relearning task in the present study,
no significant differenees in initial test performance were observed as
a function of retention interval duration. In contrast, non-injected
mice in Experiment 1 were observed to exhibit a significant impairment
of initial test performance, when tested 21 days after discriminating
training. Though the actual basis of this discrepancy is unclear, other
investigators (e.g., Garg and Holland, 1967) have reported a similar dif-
ference in retention test performance between injected and non-injected
subjects. While there was some suggestion, in Experiment 2, of a reten-—
tion deficit on the part of saline-—-injected mice tested 21 days after
discrimination training, this finding should be regarded with some

caution, given the noted differences in acquisition performance, which
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were Observed in Experiment 2.

Finally, while strychnine treatment was shown to differentially
enhance the memory of relevant, redundant stimulus cues in both the
present study and in Brennan and Gordon's study, differences in cue
salience were noted between these two studies. Brennan and Gordon
reported that strychnine-treated mice exhibited greater response impair-
ment when the spatial-sequence cue was reversed during testing; in the
present study, strychnine-treated mice were observed to exhibit greater
response impairment when the brightness cue was reversed. DBecause mice
were given two discrimination training trials prior to drug treatment
in both studies, it is difficult to clearly isolate the source of va-
riance between these two studies; there is, however, some suggestion
that these differences may reflect the fact that, at the time of drug
treatment, subjects in these two studies may have differed in terms of
degree of learning.

In various pilot studies, we have noted that the relative salience
of the two stimulus cues may be subject to the influence of a number of
variables (e.g., prior handling, degree of training, and task difficulty).
The general finding has been that, when mice are given between 4 and 12
training trials on the present discrimination problem, mice tend to ex-
hibit greater response impairment when the brightness cue rather than
the spatial—-sequence cue is reversed on test trials. As such, the dif-
ferences in cue salience, which were noted between the present study and
that of Brennan and:Gordon, may suggest that, in the present study, mice
were at a relatively higher degree of learning at the time of drug treat-

ment. hatever the basis of the differences between these twc studies,
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the findings in both cases underscore the importance of considering the

characteristics of the memory, which are enhanced by post-training strych-

nine treatment.
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General Discussion

An attempt was made in the present studies to address gquestions,
which have received relatively little attention in prior research con-
cerning the effects of CNS stimulants on memory processing. The prin-
cipal intent of the present studies was to determine the effects of
post-training strychnine treatment on the retention of specific memory
attributes across extended temporal intervals. The results of these
studies do not provide for a simple summary statement regarding the
effects of strychnine on the memory of a learning experience, but rather,
point to the complexity of the effects of strychnine on retention test
performance.

The present findings add to a growing body of evidence, which sug-
gests that strychnine primarily enhances relatively specific attributes
of the memory of a learning experience. Gordon and Spear (1973) and
Gordon (1977) have shown that, when rats were administered strychnine
after passive avoidance training, strychnine-treated rats required sig-
nificantly more trials to learn a conflicting active avoidance response
than saline-treated rats. These findings suggest that strychnine had
enhanced the memory of a specific response tendency. If strychnine had
primarily enhanced the memory of more general or less relevant training
experiences (e.g., handling experiences or exposure to the apparatus),
the retention of these more general training experiences might be expect-
ed to transfer positively to the test situation and, as such, facilitate

rather than impair active avoidance learning.
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In the present studies (Experiment 3), strychnine treatment was
shown to impair initial test performance, when the relevant stimulus
cues were reversed during testing, suggesting that strychnine had en-—
hanced the memory of specific stimulus—response associations. DNot only
were strychnine-treated mice observed to exhibit greater negative trans-—
fer upon initial exposure to complete cue reversal conditions than sa-
line-treated mice, but the effects of post—training strychnine treat-
ment were also shown not to e due to a proactive effect of strychnine
on test performance. As such, these findings replicated the findings
of Brennan and CGordon (in press, Experiment 1).

Beyond a basic distinction between the effects of strychnine on
specific and general memory attributes, the results of Experiment 3
also suggested that post-training strychnine treatment had differentially
enhanced the memory of the two redundant, relevant stimulus cues ( a
brightness cue and a spatial-sequence cue). In the present instance,
it appeared that strychnine had selectively enhanced the memory of the
brightness cue, since strychnine-—treated mice were observed to exhibit
greater response impairment when the brightness cue rather than the
spatial-sequence cue was reversed during retention testing. In compari-
son, there was relatively little evidence of differential response im-
pairment in terms of the initial test performance of saline-treated mice.

While the basic character of this finding was similar to that which
was reported by Brennan and Gordon, differences were noted between these
studies., In Brennan and Gordon's study, strychnine appeared to seleci-

ively enhance the memory of the spatial-sequence cue; in the present

study, strychnine appeared to selectively enhance the memory of the
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brightness cue. The suggestion was made that these differences may re-—
flect the fact that the subjects in these two studies differed in terms
of degree of learning at the time of drug treatment. This suggestion is
not without some precedent. There is some evidence (e.g., Hicks, 1964;
MacKintosh, 1965) that, during the course of maze learning, there may
be a change in the particular stimulus cues, which are controlling
choice responding by rats. While this possible phenomenon needs to be
established more convincingly in the present paradigm, there is at least
an initial suggestion that the specific effects of strychnine-induced
enhancement may vary as a function of the relative salience of stimulus
cues at the time of drug treatment.

In addition to providing an indication of the specificity of the
effects of strychnine, the present findings also suggest that the effects
of strychnine—induced enhancement are more complex than can be ascertain-
ed within the context of a simple relearning task. Because a relearning
task represents an optimal situation for both specific and general posi-
tive transfer from prior training, not only is it difficult to determine
the specificity of the effects of strychnine under these conditions, but
effects of general positive transfer on the test performance of conirol
subjects may, in some cases, further obscure the effects strychnine-
induced enhancement of specific memory attributes. In this latter re-
spect, it is noteworthy that while there was no clear evidence of a
facilitory effect of strychnine treatment, when mice were tested on a
relearning task 24 hours after drug treatment in both Experiments 2 and

3, the finding that strychnine-treated mice exhibited significantly great-

er response impairment than saline-treated mice, upon initial exposure to
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complete cue reversal conditions in Experiment 3, does, however, suggest
that strychnine had enhanced the memory of specific stimulus-response
associations.

The limitations of the relearning test condition become an even more
critical issue, when animals are tested after extended drug treatment-
retention test intervals. Bunch (1941b) has discussed some of the prob-
lems of using a relearning task as an index of the retention of prior
training; because there appears to be differential forgetting of speci-
fic and general memory attributes, any forgetting of specific memory
attributes, which may oecur as a function of retention interval duration,
may be masked by the retention of more general memory attributes. The
relearning task does not provide a clear means of assessing the specific
characteristics of a memory at the time of retention testing. This prob-—
lem was brought to light by the results of the present studies. In both
Experiments 1 and 2, the suggestion was made that, after relatively long
retention intervals, mice may have been attending to inappropriate or
different stimulus cues at the time of retention testing, because quali-
tative-differences in the patterning of choice responding were observed
as a function of retention interval duration. The fact that, in Experi-
ment 2, differences were also observed between the patterns of error
responding by strychnine-treated and saline-treated mice further sug-
gested that there may have been differences in the stimuli which were
controlling the retention test performance of strychnine-treated and
saline-treated mice. In both cases, however, there was no clear means
of specifying the nature of the particular differences in test perform-

ance, which were observed in Experiments 1 and 2, because mice were
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tested on a relearning task.

When mice were tested under various cue reversal conditions in
Experiment 3, however, an initial basis was provided for specifying the
interactive effects of drug treatment and retention interval duration.
At a general level, a comparison between the performance of mice test-
ed under complete cue reversal conditions and the test performance of
mice tested on a relearning task suggested a distinction between the
retention of specific and general memory attributes across extended
retention intervals. The progressive decrease in negative transfer
which was observed as function of retention interval duration, when
mice were tested under complete cue reversal conditions, suggested that
some forgetting of specific stimulus-response associations had occurred.
However, the finding that, even after a 21 Day retention interval, mice
exhibited relatively little impairment of test performance under relearn-
ing conditions, indicated that there was relatively little forgetting
of more general training experiences.

While this distinction between the retention of specific and gen-
eral memory attributes is important and in agreement with some earlier
findings (e.g., Bunch, 1939), perhaps the most interesting findings were
reflected in terms.of the differential effects of retention interval
duration on the initial test performance of strychnine-treated and sa-
line-treated mice.

The effects of post-training strychnine treatment appeared to be
relatively short-lived, in that the effects of strychnine treatment
were clearly evident, only when mice were tested 24 hours after drug

treatment. After the 7 and 21 Day retention intervals, the effects of
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post—training strychnine treatment appeared to be masked by the forget-
ting of specific stimulus—-response associations, which had taken place
over these retention intervals. Some qualifications should, however,
be introduced.

While the progressive decrease in negative transfer, which was ob-
served when strychnine-treated mice were tested under complete cue re-
versal conditions after the 7 and 21 Day retention intervals, suggested
that there was some forgetting of specific stimulus-response associations,
there was nevertheless, some indication that the memory of specific stim-—
ulus-response associations was still accessible to a certain degree, when
strychnine-treated mice were tested 7 days after drug treatment. At the
T Day retention interval, strychnine-treated mice were observed ito make
significantly more repeated errors on the initial retention test trial,
when tested under complete cue reversal conditions than when tested under
relearning conditions. In contrast, there was relatively little evidence
that the initial test performance of saline-treated mice was mediated Dby
the retention of specific stimulus-response associations, since no signi-
ficant differences in initial repeated error responding were observed be-
tween saline-treated mice tested under complete cue reversal conditions
and saline-treated mice tested under relearning conditions, at any of the
three retention intervals.

The effects of retention interval duration were revealed in a more
complex fashion, when mice were tested under partial cue reversal condi-
tions. While there was a suggestion that strychnine had selectively
enhanced the memory of the brightness cue, this effect was only evident

in terms of the initial test performance of strychnine-treated mice test-
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ed 24 hours after drug treatment. No significant differences in initial
test performance were observed between strychnine-treated mice tested un-
der partial cue reversal conditions, at either the 7 or the 21 Day reten-—
tion intervals. This decrease in differential stimulus control would
suggest a relatively more rapid rate of forgetting of specific stimulus-
response associations than would seem to be the case, when the initial
test performance of strychnine-treated mice tested under complete cue
reversal conditions is considered.

This discrepancy may be a function of a number of different factors.
It is possible, for example, that in addition to whatever forgetting
that may have occurred, the fact that, under BR condition, the less sa-
lient spatial sequence cue was unchanged during testing may have also
represented a source of interference; 1i.e., there may have been some
confusion as regards which cue (the reversed vs..the unchanged stimulus
cue) should be attended to. It is also possible that there may have been
a change, as a function of retention interval duration, in the specific
stimulus cues which were controlling initial test performance.

There would seem to be some suggestion of this latter possibility
in terms of the test performance of saline-treated mice. After a 1 Day
retention interval, saline-treated mice were observed to make more re-—
peated errors on the initial test trial, when the brightness cue rather
than the spatial-sequence cue was reversed; after retention intervals of
T or 21 days, however, saline-treated mice tended to make more repeated
errors on the initial test trial, when the spatial-sequence cue was re-—
versed. While these findings might suggest that, after retention inter-

vals of either 7 or 21 days, saline-treated mice were attending more to
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the spatial-sequence cue on the initial test trial, these findings would
seem to be more indicative of the fact that saline-treated mice were re-—
sponding more in terms of a brightness preference than the memory of
prior discrimination training, since saline-treated mice were observed
to exhibit relatively little response impairment, when tested under com-—
plete cue reversal conditions after either the 7 or 21 Day retention in-
tervals.

These qualitative differences in initial test performance, which
were observed when mice were tested on partial cue reversal conditions,
are perhaps one of the most interesting findings of the present studies.
While there is a suggestion that the effect of retention interval dura-
tion was reflected in terms of a loss or a change in stimulus control,
it is difficult to provide a clear interpretation of these findings, since
there was an absence of clear differences in initial test performance be-
tween the various treatment groups tested at the latter retention inter-
vals. In the face of these difficulties, it should, nevertheless, be
realized that the characteristics of these particular retention deficits
. went largely undetected, when mice were tested on a relearning task.

The implications of the present findings, however, go beyond a purely
methodological consideration and raise gquestions for further research.

First, while strychnine was shown to enhance relatively specific
attributes of the memory of prior discrimination training, post-train-
ing strychnine treatment was not found to demanstrably enhance the
retrieval of these memory attributes after a relatively long (21 Day)

retention interval. Though this finding may be taken as an initial

suggestion that the effects of strychnine may not be reflected in terms
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of an enhancement of the organization or "elaboration" of the memory of
a learning experience (cf. Lewis, 1976), this issue remains open to ques-—
tion. It is possible, for instance, that while post-training strychnine
may not '"protect" specific memory attributes from whatever forgetting
that may occur as a function of retention interval duration, post-train-
ing strychnine may enhance the susceptibility of specific memory attri-
butes to the effects of subsequent "memory reactivation'" treatments.

It is also possible, however, that these findings may be indicative
of the fact that post-training strychnine treatment may bias the manner
in which the memory of a learning event is processed, such that the mem-—
ory is less accessible for retrieval after extended retention intervals.
It may well be the case that both specific and general memory attributes
need be organized or "elaborated" into an associative network for effi-
cient memory retrieval. By inducing an enhancement of the processing of
specific memory attributes, strychnine may, in this light, have a detri-
mental effect on the "elaboration" of the memory of a learning event;
less time or attention may be afforded to the processing of more general-
contextual aspects of a learning event. As a result,a strychnine-—enhanced
memory may then be more susceptible to interference or be less acceptible
at the time of retention testing, when there are pronounced changes in
contextual stimuli over temporal intervals.

Second, the present findings also point to the complex changes,
which the memory of a learning experience may undergo as a function of
retention interval duration. As such, these findings would seem to raise

some questions regarding the specificity of the effects of "memory reac-

tivation'" treatments. At one level, guestions may be raised as to whether
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the characteristics of a "reactivated" memory are similar to the charac-
teristics of the memory at the time of original learning (see Gordon,
1977 for an initial treatment of this issue), and whether the character-
istics of a "reactivated" memory may vary as a function of the time inter—
vening between original learning and the introduction of the "memory
reactivation" treatment. At another level, a question may be raised as
to whether different stimuli from a learning situation may bias the
retrieval of different memory attributes.

These types of questions are complex and would seem to require a
more sophisticated type of behavioral analysis than has typically been
afforded by the more conventional behavioral paradigms used in animal
memory research. These types of gquestions do not lend themselves to
easy answers. If the present efforts are an example, more questions
may be raised than are actually answered. If however, the memory of
2 learning experience is regarded as a complex entity, represented by
various attributes (e.g., Underwood, 1969; Spear, 1971), these and re-
lated questions need to be addressed at some level, if further progress

is to be made in better understanding the nature of memory processes

and the neurobiological correlates of memory processes.
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Appendix A

The effects of strychnine and other

, "memory-enhancing" agents on

CNS activity
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While there is evidence that strychnine sulphate and other CNS
stimulants may enhance the memory of a learning event, the specific
neurobiological mechanism(s), through which these agents exert an
effect on memory processing, has not been well defined. One of the
principal problems in delineating the physiological basis of the ef-
fect of these agents on memory processing has been the fact that
these agents affect CNS activity via different mechanisms of action
(e.g., Krauz, 1975).

In this regard, consider the effects of strychnine, picrotoxin, and
pentylenetetrazol on CNS activity. All three agents have been shown to
enhance CNS excitatory activity and, when administered at sufficiently
high dose levels, have been shown to induce behavioral convulsions.

These agents, however, differ in terms of specific mechanisms of action
and also differ in terms of primary sites of effectiveness along the
neuroaxis.

Of these three agents, the effects of strychnine have been the
most extensively studied. Eccles, Schmidt, and Willis (1963) proposed
that strychnine enhances CNS excitatory activity by blocking post-strych-
nine inhibition.More recent studies (e.g., Straughan, 19743 Synder, Young,
Bennett, and Mulder, 19733 Yourng and Synder, 1973; 1974) have attributed
the disinhibitory effect of strychnine to a selective antagonism of the
inhibitory neurotransmitter, glycine. Strychnine has been shown to have
a high affinity for binding on glycine-sensitive receptor sites and is

thought to block the inhivitory effects of glycine by means of a compe—

tition for receptor sites (e.g., Young and Synder, 1973). The principal
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effective sites of strychnine have also been shown to parallel the
regional distributions of glycine-sensitive receptor sites, with the
principal effective sites of strychnine being in the spinal cord and
the lower brain stem (Young and Synder, 1973; Franz, 1975).

Picrotoxin, like strychnine, is thought to enhance CNS excitatory
activity via a disinhibitory mechanismj; but in contrast to strychnine,
the principal mechanism of action of picrotoxin is thought to be a
blocking of presynaptic inhibition (Eccles, Schmitt, and Willis, 1963).
The disinhibitory effect of picrotoxin has been suggested to be due to
an antagonism of another inhibitory neurotransmitter, y=aminobutyric acid
or GABA (e.g., Galendo, 1969; Hill, Simmonds, amnd Straughan, 1972).
While picrotoxin can affect spinal cord activity, the principal effect-
ive sites of picrotoxin are thought to be higher (supraspinal) CNS sites
(cf. Hahn, 19603 Straughan, 1974).

In contrast to both strychnine and picrotoxin, pentylenetrazol is
thought to enhance neural activity by augmenting ongoing CNA excitatory
activity (Baker, Katky, and Benedict, 1965; Fleming, 1973; Hahn, 1960).
While the specific mechanism of action is unclear, it has been shown
that pentylenetrazol can induce repetitive neural firing and shortens
the duration of neural refractory periods (e.g., Eyzaquirre and Lilien-
thal, 1949; Hahn, 1960; Lewin and Esplin, 1961). There is also some
suggestion that the enhancement of neural activity by pentylenetrazol
may be due to a depolizing action of pentylenetrazol (Gross and Woodbury,
1972). The primary sites of the effects of pentylenetrazol appear to

be higher brain (cortical) structures (cf. Esplin and Zablocka-Esplin,

19695 Franz, 1975).
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The regional differences in the sites of primary effectiveness of
these drugs is also reflected in the findings of the few studies in which
these agents were administered directly to different brain structures
after training. Doolittle and Thompson (1966) reported that topical
(cortical) application of pentylenetrazol (0.01%) facilitated maze
learning by rats. Post-trial administration of pentylenetrazol (5-10 mg)
directly to the hippocampus has also been demonstrated to enhance bright-
‘ness discrimination learning by rats (Grossman, 1969). '/hile Doolittle
and Thomson failed to observe a facilitory effect of topical strychnine
administration, Alpern (1963) has reported that implantation of strych-
nine crystals in the mesencephalic reticular formation. enhanced discri-
mination learning by rats.

Due to the diverse mechanisms of action of these and other CNS
stimulants, shown to enhance the retention of a learned response, recent
proposals have tended to suggest that the facilitory effects of these
agents on memory processing are expressed via a common (non-specific)
mechanism of action (Gold and McGaugh, 1975; McCGaugh, 1973; McGaugh
and Krivanek, 1970; and Squire, 1976). The principal suggestion along
these lines is that strychnine and other CNS stimulants may enhance
memory processes by ilncreasing arousal level (e.g., Gold and McGaugh,
1975; Flood, Jarvik, Bennett, Orme, and Rosenzweig, 1977) by way of
the effects of these agents on mesencephalic reticular formation acti-
vity. While the findings of recent electrophsiological studies (Krauz,
1975; Landfield, 1976), in which a relationship has been observed be-—

tween the farilitory effects of strychnine on learning and the effects

of strychnine on CNS activity, provide some préliminary support for
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Appendix B

Summary tables for the analyses of variance performed

on training and test data from Experiment 1*

¥ In Appendix B and all subsequent appendices, only the F-ratios and
‘ mean square error terms for each analysis of variance are indiceted,
in order to simplify the presentation of the results of the statisti-
cal analyses that were conducted.
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Table Bl

F-ratios and mean square (MS) error terms for the

analyses of variance performed on training data

Experiment 1.

F-ratios and MS error Terms

Choice Repeated

Source af Error Error Latency
Retention Interval (RI) 3 0.376 0.40 1.629
MS, S/RI 26 (0.229) (0.316) (335.80)
Trials (7) 1 0.00 14.00%%% 20, 39%**
RI x T 3 1.364 1.50 3.11%

MS, (S/RI) x T 26 (0.223) (0.178) (138.494)




Table B2

F-ratios and mean square (MS) error terms for the
analyses of variance performed on retention test

data, Experiment 1.

Choice Repeated

Source af Error Error Latency
Retention Interval (RI) 3 3.623% 1.75 2.96
MS, S/RI 26 (0.336) (0.067) (117.81)
Trials (T) 3 7.812%%%2 06 11.58%%%
RI x T 9 0,824 0.77 0.97
MS, (S/RI) x T 78 (0.174) (0.057)  (52.79)
Discrimination Units (U) 5 1.214 0.94

RI x U 15 0.932 1.87*

Ms, (S/RI) x U 130 (0.228) (0.042)

TxU 15 1.064 0.580

RIxTxU 45 0.TTT  0.777

MS,(§RI) x T x U 390 (0.220) (0.051)

* 05

*¥% p ¢ 001
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Table B3 (a)

F-ratios and mean square (MS) error terms for the
analysis of variance performed on repeated error
responding in the first three discrimination

units during retention testing, Experiment 1.

Source af F-ratios and MS error
Retention Interval (RI) 3 0.82
MS, S/RI 26 (0.166)
Trials 3 1.00
RI x Trials 9 0.99
MS, (S/RI) x Trials 78 (0.147)
Table B3 (b)
F-ratios and mean square error terms (MS) for the
analysis of variance performed on repeated error
responding in the final three discrimination
units during retention testing, Experiment 1.
Source df F-ratios and MS error
Retention Interval (RI) 3 Ao 4T *
Ms, s/RI 26 (0.125)
Trials 3 155
RI x Trials 1l.34
MS, (S/RI) X Trials 78 (O.121)




Appendix C

Summary tables for the analyses of varianc per—

formed on training and test data from

Experiment 2
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Table C 1 (a)

F-ratios and mean square (MS) error terms for the
analyses of variance performed on training data

Experiment 2

Choice Repeated

Source af Error Error Latency
Drug Treatment (D) 1 0.00 0.270 0.34
Retention Interval (RI) 3 4,14 ** 1,40 1.80

D x RI 3 0.48 2.60 1.5
MS, S/D x RI 49 (0.240)  (0.153)  (356.44)
Trials (7) ! 0.58 21.99%¥%%  101,94%%*
D.x T i 0.28 0.08 0.06

RI = T 3 0.85 . 006 0.03
DxRI xT 3" 1.20 2.67 1.45
MS, (S/D x RI) x T 49 (0.232) (0.182) (239.74)

Table C 1 (b)
F-ratios and mean square (MS) error terms for the
analyses of variance performed on Training Trial 2
data, Experiment 2.
Choice Repeated

Source af Error Error Latency
Drug Treatment (D) 1 B, 122 0.015 0.81
Retention Interval (RI) 3 3.683 * 0.265 1.20
D x RI 3 0,217 0.142 0.09
MS, S/D x RI 49 (1.4.4) (0.702) (135.95)

* p<. 05
Sl p<. 01
**x  p<,001




Source

Drug Treatment (D)
Retention Interval (RI)
D x RI

MS, S/D x RI

Trials (T)

DT

RI =T

D x RE = T

MS, (S/D x RI) x T

DxU

RL xU

DxRIxU

MS, (S/D x RI) xU

TxU
DxTxU
RT x 1 U

Dx RL =T x U
MS, (S/PxRI)xTxU

p<.05
*x p<.01
*¥ p<.001

Discrimination Units (U)

49

3
3
9
9
147

5

5
15
15
245

15
15
45
45
735

Table C2

data, Experiment 2.

F-ratios and mean square (MS) error terms for the

analyses of variance performed on retention test

Choice Repeated
Error Error Latency
0.02 0.97 0.69
5. 80%% 1.36 1.67
T.14%%% 0,90 4.29%
(0.227)  (0.070)  (155.42)
15,20%%% 0,37 20,95%%*
1,97 0.68 0.61
1.10 0.58 1.93%
1.30 0.80 1.38%
(0.165)  (0.083) (45.089)
5.64%%% 0,66
1.01 0.46
1.94% 0.62
0.81 0.97
(0.219) (0.083)
3.95%%*%  0.94
1.08 0.78
1.71%% 0.89
0.81 0.90
(0.162) (0.082)
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Table C3 (a)

F-ratios and mean square (MS) error terms for the

analysis of variance performed on choice error re-

responding in. the first three discrimination units

during retention testing, Experiment 2.

Source

Drug Treatment (D)
Retention Interval
D x RL

MS, S/D x RI

Trials (T)

DxT

RI x T

D xR px]

MS, (S/D x RI) x T

* p<.05
** p<.01
**¥  p<,001

49

147

\O \O Ww Ww

F-ratios and MS error

0.94
2.89%
8. 48%%*

(0.504)

8'75***
1.84
0.62
1.69
(0.435)
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Table C3 (b)

F-ratios and mean sguare (MS) error terms for the
analysis of variance performed an choice error re—
sponding in the final three discrimination units

during retention testing, Experiment 2.

Source af F—ratios and MS error
Drug Treatment (D) 1 0.50

Retention Interval (RI) 3 4.46%%

D x RI 3 3.43%

MS, S/D x RI 49 (0.586)

Trials (T) 3 6. T***

DxT 3 0.44

RI x T 9 1.41

Dz RL T 9 0.47

MS, (S/D x RI) x T 147 (0.591)
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Appendix D

Summary tables for the analyses of variance

performed on training and test data from

Experiment 3.
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Table D1

F-ratios and mean square (MS) error terms for the

analyses of variance performed on training data,

Experiment 3.

Choice Repeated

Source af Error Error Latency
Drug Treatment (D) 1 017 0.02 0.37
Retention Interval (RI) 2 0.01 0.043 3.21%
D x RI 2 0.47 3. 31¥ 0.94
Test Condition (C) 3 2.41 0.51 0.61
DxC 3 1.64 0.74 1.00
RI x C 6 1.48 - 0.53 0.52
DxRI xC 6 0.43 0.54 0.68
MS, S/D x RI x C 168 (0.210) (0.335) (408.80)
Trials (T) 1 0.21 B4.41%% 291, 27%**
DxT 1 0.91 0.12 0.00
RI x T 2 0.09 1.97 1,18
DxRI xT 2 0.95 1.39 0.53
CxT 3 0.64 0.74 1.41
DxCxT 3 0.42 1.08 1.02
RIxCxT 6 0.42 0.32 0.42
DxRIxCxT 6 0.68 0.61 0.52
MS,(S/D x RI x C)x T 168 (0.253)  (0.369) (369.76)

* p 4£.05
X P ¢.001
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Table D2

F-ratios and mean square (MS) error terms for the

analyses of variance performed on Training Trial 2
data, Experiment 3.

Choice Repeated

Source af Error Error Latency
Drug Treatment (D) 1 0.3803 0.325 0.47
Retention Interval (RI) 2 0.208 1.900 1:02%
Test Condition (C) 3 0.425 1.846 0.15
D x RI 2 1.177 1.853 0.29
Dx € 3 0.379 0.568 1.27
RI x C 6 0,281 0.805 0.27
D x RI x C 6 0.432 0.514 0.96

MS, S/D x RI x C 168 (1.650)  (1.207) (173.73)
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Table D3

F-ratios and mean square (MS) error terms for the analyses of

variance performed on retention test data, Experiment 3.

Choice Repeated
Source af Error Error Latency
Drug Treatment (D) 1 0.29 0.16 0.07
Retention Interval (RI) 2 2.18 0.35 0.24
D x RI 2 0. T8 0.80 0.01
Test Condition (C) 3 6. TB*** 13.41%%% 6 ,6T%**
DxC 3 1:12 0.29 1.05
RI x C 6 1.17 0.79 1.03
Dx BRI x ¢ 6 0,72 1.54 0.67
MS, S/D x RI x C 168 (0.328) (0.194) (173.39)
Trials (T) 3 43.21%%* 11.59%%% 39 50%%*
Dx T 3 0.14 0.61 1.20
RI x T 6 0.31 0.70 1.18
DxRIxT 6 1.06 1.23 0.69
CxT 9 2.39%% 1,21 1.62
DxCxT 9 0.16 1.25 0.89
RIxCzxT 18 0.79 1.21 0.92
DxRIxCxT 18 1,12 0.44 0.938
MS,(S/D x RI x C)X T 504 (0.197) (0.169) (125.26)
Discrimination Units (U) 5 4.4T* 1.33
DxU 5 0.96 0.47
RI x U 10 1.44 0.83
DxRI xU 10 2. To%* 0.31
CxU 15 5.06%%* 1.96%
DxE8xU 15 1.44 1,78%
RIxCxU 30 0.71 0.71
DxRIxCxU 30 1.7T0 0.86
MS,(S/D x RI x C)x U 840 (0.242) (0.164)
Trials x Units (T x U) 15 1.90%* 1.75%
DxTxU 15 1.63% 1.25
RIxTzxU 30 1.04 1.39
DxRIxTxU 30 ' 0.84 0.67
CxTxU 45 1.08 1.66%*
DxCxTxU 45 1.61%% 1.36%%*
RIxCxT=xU 90 1.25 1.04
DxRIxCxTxU 90 0.35 0.74
MS,(S/D x RI x C)xTxU 2520 (0.197) (0.171)

* p<.05 ** p .0l *%* p g .001
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Table D4

F-ratios and mean square (MS) error terms for each
of the analyses of variance performed on choice error
responding in the first three discrimination units at

each test trial, Experiment 3.

Test Test

Source af Irial 1 Irial 2
Drug Treatment (D) 1 1.951 0.083
Retention Interval (RI) 2 0.567 3.329%
Test Condition (C) 3 1.285 6.453%%%
D x RI 2 2.052 0.360
Dx @ 3 0.583 0.526
RI x C 6 0.468 0.513
DxRIxC 6 0.441 1.061
MS,S/D x RI x C 168 (0.772) (0.562)
Source af Trial 3 Trial 4
Drug Treatment (D) 1 0.759 0.367
Retention Interval (RI) 2 0.590 1.235
Test Condition (C) 3 1.659 0.558

D x RI 2 0.197 1.316
DxC 3 1.559 1.048
RI x C 6 1.565 0.650
DxRIxC 6 0,772 0.813
MS,S/D x RI x C 168 (0.556) (0.510)

* 205
*¥¥% 5 ¢,001
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F-ratios and mean square (MS) error terms for each of the

analyses of variance performed on choice error responding

in the final three discrimination units at each test trial,

Experiment 3.

Source

[

Drug Treatment (D)
Retention Interval (RI)
Test Condition (C)

D x RI

Dix C

RI x C

DxRIxC

MS,S/D x RI x C

OOV DWW+

=
(@)

Source df

Drug Treatment (D)
Retention Interval (RI)
Test Condition (C)

D x RI

DxC

RI x C

D x BRI 2 C

MS,S/D x RI x C

OO W DWW N -

—
(o)

i n<.05
i p<.01
ek » {001

Test

Irial 1

0.267
0.823
1.592
3449 3%
1275
2,237%
1.209
(0.702)

Test
Trial 3

0.837
1.080
4.1 T5%%
1.917
0.547
0.768
0.421
(0.622)

Test
Trigl 2

0.293

1.978
6 . 685%**

2.271
0.467
1.663
1.566
(0.640)

Test
Trial 4

0.294
1.428
0.936
0.073
1.664
1.123
1.379
(0.638)
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Table D6
F-ratios and mean square (MS) error terms for each of the
analyses of variance performed on repeated error responding
in the first three discrimination units at each test trial,

Experiment 1.

Test Test
Source af Trial .1 Trial 2
Drug Treatment (D) 1 1.893 3.111
Retention Interval (RI) 2 1.924 1.835
Test Condition (C) 3 4.745%% 1.394
D x RI 2 0.634 1.835
D% ¢ 3 4.829%% 2.819%
RI x C 6 1.484 0.652
DxRI xC 6 0.110 0.425
MS,s/D x RI x C 168 (0.993) (0.429)

Test Test
Source af Trial 3 Trial 4
Drug Treatment (D) 1 0.441 0.891
Retention Interval (RI) 2 0.193 0.564
Test Condition (C) 3 0.792 1.958
D x RI 2 2.278 0.939
DxC 3 0.965 0.903
RI x C 6 0.652 0.612
MS,S/D x RI x C 168 (0.189) (0.286)

% p €.05
®¥k pL01
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Table D7

F-ratios and mean square (MS) error terms for each of the
analyses of variance performed on repeated error responding
in the final three discrimination units at each test trial,

Experiment 3.

Test Test
Source af Trial 1 Trial 2
Drug Treatment (D) 1 0.008 0.887
Retention Interval (RI) 2 2.350 0.320
Test Condition (C) 3 1.381 1.634
D x RI 2 1.154 1.128
Bl 3 1.470 0.312
RI x C 6 0.601 0.310
DxRIxC 6 0.490 1.637
MS,S/D x RI x C 163 (0.627) (0.345)
Test Test
Source af Trigl 3 Trial 4
Drug Treatment (D) 1 0.028 0.474
Retention Interval (RI) 2 0.790 0.053
Test Condition (C) 3 4.T24%% 2.293
D x RI 2 0.500 2.053
Dx¢ 3 0.503 2.579
RI x C 6 0.790 0.614
DxRI x& 6 0.633 0.363
MS,S/D x RI x C 168 (0.732) (0.099)

¥ p4.J0L
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Table D8
F-ratios and mean square (MS) error terms for analyses of
variance comparisons of the test performance of control
(non-trained) and experimental subjects (1 day Retention Interval),
Experiment 3.

Choice Repeated

Source af Error Error Latency
Exp. vs. Control (EC) L 0.84 0.90 B gLE*
Drug Treatment (D) 1 0.260 0.15 0.75
EC x D 1 0.030 1.76 159
Test Condition (C) 3 T.64%%% 2,16 1.44
EC x C 3 26, 3L**K T TR 1] goNw
DxC 3 0.90 1.44 1.21
ECxDzxC 3 174 1.22 0,030
MS,S/EC x D x C 100 (0.306) (0.174) (211.24)
Trials (T) 3 28.890%%% 16,40%%*% 112,76%%*
EC x T 3 1436 0.54 19, 9q%**
Dx T 3 0.15 0.59 0.23
ECxDxT 3 0.39 0.42 0.93
CxT 9 0.46 0.27 1.63
Bt x € x T 9 1.53 2+ 37" 2.60%*
DxCxT 9 1.30 0.98 1.52
EC xDxCxT 9 0.76 055 0.84
MS,S/EC x D x C)x T 300 (0.215) (0.167) (115.634)
Discrimination Units (U) 2 5,038 2.86%
EC x U 5 0.85 0.53
DxU 5 T.5T***  0.54
ECxD=xU 5 0.63 0.45
Cxu 15 2., 37%* 1.35
ECxCxU 15 159 1:52
DxCxU 15 0.667 0.93
ECxDxCxU 15 2. 87*% 1.20
MS,(S/EC x D x C)x U 500 (0.207)  (0.155)
Trials x Units (T x U) 15 1.89% 2. B1**%
ECxTxU 15 2.02% 0.78
DxT=xU 15 2.06%* 0.65
ECxTxU 15 0.85 0.92
CxTxU 45 1.03 0.99
ECxCxT=xU 45 1.3 1.50%
DxCzxT=xU 45 1.37 1.01
ECxDxCxTxU 45 0.85 1.19
MS,(S/EcxDxC)xTxU

1500 (0.188) (0.164)

* p<£.05 ** p<,01 **% p ¢ ,001
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Table D9

F-ratios and mean square error (MS) terms for the
analyses of variance comparisons of the first test
trial choice error responding of control (non-trained)
and experimental subjects ( 1 day retention interval),

Experiment 3.

F-ratios and MS error terms

Choice Error Responding
Source df Pirst 3 Units Final 3 Units

Exp. vs. Control (EC) 1 0.473 0.250
Drug Treatment (D) 1 3.692 10.319 **
EC x D i 1.293 0.000
Test Condition (C) 3 2.023 1,232

BC x O 3 1.387 3.092 *
DxC 3 0.417 2.164
ECxD z € 3 0.111 1.438
MS, S/EC xD x C 100 (0.708) (0.611)

* R 4.05

*¥ 2_<'05




Table D10 115

IF-ratios and mean sqguare (MS) terms for the analyses of
variance comparisons of the first test trial repeated
error responding of control (non—-trained) and experimental

sub jects (l day retention interval), Experiment 3.

F-ratios and MS error terms

Repeated Error Responding

Source af First 3 Units Final 3 Units

Exp. vs. Control (EC) 1 0.097 1.342
Drug Treatment (D) 1 0.002 0.919
EC x D 1 2.637 1.340
Test Condition (C) 3 1.304 1.951
BEC x C 3 5.660 *%* 2.537 *
D i 3 1.765 0.302
BECxDx C 3 1.428 2.514

MS; S/EC xD x € 100 (1.247) (0.471)




Table D11

F-ratios and mean square (MS) error terms for

the analyses of variance performed on the test

data of control (non—trained) sub jects, BExperiment 3.

Source af
Drug Treatment (D) 1
Test Condition (C) 3
Dx G 3
MS, S/D x C 44
Test Trials (T) 3
Doz 3
gz 1P e
DzCx™n 9
MS,(s/Dx¢C)xT 132
Maze Units (U) 5
D xU 5
CxU 15
DxCxU L5
MS,(s/DxC) xU 220
Trials x Units (T x U) 15
DxTxl 15
CxTxU 45
PxGxD=xT 45

MS,(8/D x0) x M x U 660

x 2<.05
aliad p < .01
*%¥ B £.001

Choice Repeated

Error Error Latency
0.05 0.62 2.00
25.93 *¥* 1,20 7.29 **
1.46 0.98 0.71
(0.330) - (0G:114) (215.21)
17.04 *%% 17,45 *¥% 118,04 ***
0.41 0.39 0.55
0.65 1,119 2.55 **
1.0% il 1417
(0.227) (0.095)  (99.08)
2.07 2.53 ¥
2.95 * 0.37
2.80 **¥¥ 1,74 %
1.72 * 1.86 *
(0.156) (0.081)
1.93 * 2.11 **
1.30 1.06
{4 1.32
107 1.68 **
(0.179)  (0.092)
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