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BRUTO, V. AND H. ANISMAN. Acute and chronic amphetamine treatment: Differential modification of exploratory
hehavior in a radial maze. PHARMACOL. BIOCHEM BEHAV 19(3) 487-496. 1983.—Mice permitted to explore an 8-arm
radial maze displayed high levels of spontaneous alternation as measured by the frequency of visiting (a) the 4 least recently
entered arms. (b) the 2 least recently visited arms. and (¢) sequences of arms which are adjacent to one another. Acute
treatment with low doses of amphetamine (1.0 mg/kg) eliminated the alternation tendency. Higher doses (5.0-7.0 mg/kg)
also produced marked stimulus perseveration. such that mice tended to revisit the two arms that had been most recently
entered. With repeated amphetamine treatment the perseveration tendency was attenuated. The abatement of persevera-
tion in the radial maze did not appear to reflect simply the reduction in the potency of the drug. That is. the reduction of
perseveration after chronic exposure to amphetamine was not accompanied by recovery of normal exploratory patterns. In
fact. the alternation and adjacent alternation patterns typical of naive animals were absent in mice chronically treated with
amphetamine even when tested in the nondrug state. It was suggested that the attenuation of amphetamine induced
perseveration after chronic amphetamine administration may reflect a breakdown of normal behavior patterns rather than

the development of a4 genuine tolerance.

Amphectamine Acute Chronic Exploration

Perseveration

Alternation

WHEN permitted to explore a Y- or T-maze, both rats and
mice exhibit a preference for the arm of the maze that was
least recently visited [2.3]. This behavior, termed spontane-
ous alternation, i1s assumed to reflect habituation to the most
recently visited arms of the maze. resulting in a preference
for the more novel arm [3). Treatments believed to disrupt
habituation, such as anticholinergics, provoke random re-
sponse patterns, such that chance levels of alternation are
typically observed [5. 7. 23]. Treatment with amphetamine
will also disrupt alternation. but this effect can be distin-
guished from the behavioral effects of anticholinergics. Un-
like anticholinergic agents, treatment with intermediate
doses of amphetamine will elicit a marked perseverative
tendency. 1.c.. animals successively visit two arms of the
maze [I, 11, 12, 13]. It has been suggested that
amphetamine-induced stimulus perseveration may be de-
pendent on the functional integrity of the noradrenergic sys-
tem [13] and may reflect enhanced attention to selective as-
pects of the environment [ 15].

In contrast to behaviors such as stereotypy. which are
cnhanced with repeated amphetamine treatment [20.21]. the
perseverative tendency is reduced with chronic administra-
tion of amphetamine [10. 13, 14]. Typically, among animals
that reccived injections of amphetamine. performance is
neither characteristic of saline-treated animals nor of animals
that received acute injection of the drug [10, 13, 14]. That is

to say. the attenuation of the perseverative tendency in mice
chronically treated with amphetamine did not result in be-
havior which resembled that of pharmacologically naive
animals. Whereas animals treated with saline exhibited
above chance alternation scores (between 65 and 709).
animals with a history of S to 30 days of amphetamine treat-
ment exhibited levels of alternation which did not deviate
from chance (i.e.. alternation scores between 50 and 55%).

It was recently proposed that the reduction of the perse-
verative tendency with chronic amphetamine treatment may
not be a consequence of drug tolerance. but rather may be
reflective of the intrusion of other drug-induced tendencies
that are antagonistic with the perseveration [15]. It was
suggested that chronic amphetamine treatment may provoke
disruption of attentional abilities that may be fundamental
for the execution of both perseverative sequences and alter-
nation behavior. Unfortunately, this conclusion is tempered
owing to the lack of sensitivity of the alternation measure
employed. More specifically, the limited number of possible
responses available, and hence the limited types of response
profiles that can be expected in a Y-maze, often makes it
difficult to distinguish between animals exploring in a ran-
dom fashion (i.e.. alternation scores between 50 and 55%)
and animals exploring the maze systematically (e.g., alter-
nation scores between 65 and 70%). The purpose of the pres-
ent investigation was to assess the acute and chronic effects
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of d-amphetamine in an 8-arm radial maze which permitted
identification of a broad range of response profiles.

EXPERIMENT !

In the Y-maze. entering a given arm may be designated as
either an alternation or a perseveration response. For in-
stance, if an animal had previously visited arms | and 2. a
subsequent entry into arm 3 is defined as an alternation.
while entry into arm 1 is defined as a perseveration response.
In the 8-arm radial maze it is not only possible to distinguish
between alternation and perseveration, but degrees of these
responses can be determined. That is, if an animal had
shown a series of arm entries suchas 1.2.3.4, 5,6, 7. on the
next arm entry it may choose to alternate (i.c., visit arm 8),
or perseverate (i.e., visit arm 6); the probability associated
with the occurrence of either an alternation or a persevera-
tion response is 0.125. In contrast to the Y-maze, however. a
nonalternation does not necessarily constitute a persevera-
tion. For instance. the animal may choose to revisit either
arms 1. 2, 3, 4, or 5. which are less novel than arm 8. but
more novel than arm 6. Accordingly. entries to these arms
might be considered weaker alternation responses. In a simi-
lar fashion, a break in a perseverative tendency does not
necessarily constitute an alternation. If an animal had
entered arms 1, 2. 3, 4, 3, 4, 3, 4, on the next entry it may
choose to revisit arm 3 (i.e., perseverate) or enter one of
arms 5, 6, 7, or 8 (i.e.. alternate). Alternatively, the animal
may choose to revisit either arm 1 or 2. which are relatively
more novel than either arm 3 or 4, and as such might be
viewed as weaker perseveration.

The intensity of the alternation tendency may be assessed
by comparing the proportion of visits to one of the two
(2-arm alternation). or to one of the four (4-arm alternation)
lcast recently entered arms: the probability of visiting one of
the two least recently entered arms being much less (0.25)
than the probability of visiting one of the 4 least recently
entered arms (0.50). Likewise, the intensity of the perse-
verative tendency might be ¢xamined by comparing the pro-
portion of visits to one of the two. or to one of the four. most
recently entered arms (2-arm and 4-arm perscveration, re-
spectively).

Finally. the use of the radial maze might allow for clarifi-
cation as to whether alternation reflects a preference for the
most temporally novel arms. or whether the alternation
tendency simply involves a sequential pattern of stimulus
sampling. For example. mice may respond to novelty and
may also be most inclined to visit arms that are adjacent to
one another. In the Y-maze every perseveration or alterna-
tion response must involve entry into an immediately adja-
cent arm. In the 8-arm radial maze alternation and persever-
ation responses need not be directed to adjacent arms of the
maze.

The preceding discussion suggests that the radial maze
offers advantages over the Y-maze in assessing patterns of
exploration. Not only is it possible to assess adjacent alter-
nation, but degrees of alternation and perseveration can be
detected. Assessment of these tendencies may provide a
method with which to differentiate the behavior of animals
treated with saline from that of mice trcated acutely or
chronically with amphetamine. The purpose of the first ex-
periment was simply to examine the exploratory response
patterns of mice in a radial maze. and to compare the behav-
ior of saline-treated animals with that of animals acutely
treated with amphetamine.

BRUTO AND ANISMAN

METHOD

Subjects

A total of 60 male. Swiss Webster mice, obtained from
Biobreeding Laboratories, Ottawa, Ontario, at 50 to 65 days
of age served as subjects. Animals were acclimatized to the
laboratory for a period of seven days prior to behavioral
testing. Mice were housed in groups of five in opaque poly-
propylene cages. and provided access to lab chow and water
ad lib.

Apparatus

An elevated, eight-arm wooden radial maze similar to that
described by Olton [16. 17, 18] was used to measure spon-
taneous alternation. perseveration. and locomotor activity.
Each of the arms (55.9 ¢m by 11.4 ¢m) radiated from a cen-
tral octagonal area (25.4 ¢m in diameter). thus requiring the
animal to enter the central areca in order to gain access to
another arm. The surface of the maze was sand-colored
grain.

Procedure

Animals were randomly assigned to one of six groups and
injected intraperitoneally (IP) with either physiological saline
(10.0 ml/kg) or one of five doses of d-amphetamine sulfate
(1.0, 3.0, 5.0, 7.0 or 9.0 mg/kg) salt weight. in a volume of
10.0 ml/kg) and placed in individual holding cages to await
behavioral testing. Fiftcen minutes after IP injection, the
subject was placed in the center of the 8-arm maze and
allowed to explore freely for a period of fifteen minutes. The
sequence and number of arm entries was recorded. The
maze surface was cleaned between tests to minimize the
odor cues of previously tested animals. All testing was con-
ducted during the light portion of the light-dark cycle.

Behavioral Scoring

Arm entries were analyzed in terms of: (a) locomotor ac-
tivity: total number of arm entries: (b) 2-arm alternation: the
proportion of entries to one of the two least recently visited
arms. The proportion of such responses was calculated by
dividing the total number of 2-arm alternations (i.¢.. number
of visits to one of the 2 least recently entered arms) by the
total number of arm entrics minus 6. By chance the
probability of such responses occurring is 0.25. In this con-
text. a perseveration response would be a return to one of
the 6 most recently entered arms. (¢) 4-Arm alternation: the
proportion of visits to one of the four least recently entered
arms. In this case. the proportion of alternation responses
was determined by dividing the total number of 4-arm alter-
nations (i.c.. number of entries to one of the 4 least recently
visited arms) by the number of arm entries minus 4. The
probability of such an alternation response is 0.50. and as
such this measure may be considered a more lax form of the
alternation tendency. A return to one of the four most re-
cently entered arms would constitute a 4-arm perseveration.
The probability of such a response occurring would be 0.50.
In effect, the probability of a non-alternation in the 4-arm
alternation measure is equivalent to that of a perseveration:
thus these measures are analogous to the alternation and
perseveration scores seen in the Y-maze task. (d) Persevera-
tion: the proportion of entries to the most recently visited
arms. The proportion of such responses was determined by
dividing the number of perseverations by the total number of
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TABLE 1
MEAN NUMBER OF ARM ENTRIES (+S.E.M.) AS A FUNCTION OF DRUG TREATMENT
1.0 3.0 S.0 7.0 9.0
Saline mg'kg mg/kg mg'kg mg'kg mgkg
56.8 + 5.3 89.9 + 14.1 126.8 -~ 5.0 118.3 - 19.1 16.4 ~ 10.0 9.1+ 12.8

arm entries minus two. The probability of a perseveration is
0.125 and thus provides a more stringent index of the perse-
verative tendency than the 4-arm perseveration measure. (¢)
Sequential/adjacent alternation: the proportion of alternation
responses in which three arm entries occurred in im-
mediately adjacent arms. For instance, if the arms of the
maze were labelled 1 through 8. a pattern of entries such as
2.3.4.5.6. 5.7.8.7, 6. would receive a score of four
adjacent alternations (the italic entries would be considered
adjacent alternation responses). The proportion of adjacent
alternation responses was calculated by dividing the number
of such responses by the total number of arm entries minus
two.

RESULTS AND DISCUSSION
Locomotor Activity

As shown in Table 1, amphetamine administration
produced a dose-dependent change of the number of arms
visited, F(5,54)=9.64, p<0.001. Newman-Keuls multiple
comparisons («=0.05) indicated that the 3.0 and 5.0 mg/kg
doses of amphetamine significantly increased the number of
arm entries relative to saline-treated mice: the 3.0 mg/kg
dosage was found to be maximally effective in this respect.
In contrast, neither 1.0, 7.0, nor 9.0 mg/kg of amphetamine
significantly enhanced locomotor activity relative to saline-
treated controls. In fact, five of the ten mice tested with 9.0
mg/kg showed a decline in activity: these animals exhibited
fewer than § arm entries during the 15-minute test period,
and this group was consequently not included in the analyses
of alternation and perseveration.

Spontaneous Alternation

Independent analyses of variance were conducted for
each of the alternation measures. In addition, x* analyses of
each of the group scores were conducted in order to deter-
mine whether performance deviated from chance. As typi-
cally seen in the Y-maze [11.12], saline-treated animals
permitted to explore the radial maze freely exhibited a pat-
tern of exploration characterized by a marked preference for
the least recently visited arms of the maze. In fact, x*
analyses of the total group proportion of alternation re-
sponses indicated that saline-treated animals exhibited levels
of alternation which exceeded chance, irrespective of
whether the 2- or 4-arm alternation measure was considered.
In contrast. as seen in Table 2. treatment with amphetamine
was found to reduce alternation to chance or below chance
levels. Not unexpectedly. Analysis of Variance revealed that
acute injection of amphetamine reduced the proportion of
responses to the least recently entered arms, F(4,45)=9.41,
9.44, p<<0.05 for the 2-arm and 4-arm alternation measures,
respectively (sce panels B and C of Fig. 1). Newman-Keuls
multiple comparisons revealed that relative to saline treated

subjects. acute treatment with all doses of amphetamine ef-
fectively reduced the proportion of 2-arm alternation re-
sponses. Predictably. when the less stringent or less sensi-
tive 4-arm alternation measure was considered. Newman-
Keuls multiple comparisons («=0.05) indicated that only the
3.0, 5.0 and 7.0 mg/kg dosages significantly reduced the pro-
portion of alternation responses.

In addition to a preference for the temporally most novel
arms of the maze. saline-treated mice showed a marked
tendency to sample their environment in a systematic fash-
ion. As seen in Panel A of Fig. 1. saline-treated mice exhib-
ited sequences of at least 3 arm entries in which they suc-
cessively entered adjacent arms (adjacent alternation). The
frequency of such responses exceeded chance (see Table 2).
Acute amphetamine treatment influenced the proportion of
adjacent  alternation responses.  F(4.45)=7.3. p<0.05.
Newman-Keuls multiple comparisons («=0.05) revealed that
all doscs of amphetamine significantly reduced the propor-
tion of such responses relative to saline-treated controls.
Moreover, among amphetamine-treated mice adjacent alter-
nation levels either did not differ from chance or were lower
than chance levels (see Table 2).

Perseveration

The frequency of 2-arm perseveration responses as a
function of drug treatment is shown in Panel D of Fig. 1. As
scen in the Y-maze exploratory task {11, 12, 13, 14}, acute
amphetamine treatment influenced the occurrence of
stimulus perseveration, F(4.45)=6.68, p<0.05. Subsequent
Newman-Keuls multiple comparisons («=0.05) revealed
that. relative to saline-treated animals. 5.0 and 7.0 mg/kg of
amphetamine increased the frequency of perseverative re-
sponses. x* Analyses (see Table 2) indicated that persevera-
tion scores in these two groups significantly differed from
chance values. It will be recalled that analysis of the 4-arm
alternation (which is the reciprocal of 4-arm perseveration)
indicated that 3.0, 5.0 and 7.0 mg/kg of amphetamine signifi-
cantly reduced 4-arm perseveration. These data are consis-
tent with the supposition that 2-arm perseveration is a more
stringent indicator of the perseverative tendency than 4-arm
perseveration and hence changes are detected within a more
limited range of doses. Moreover, examination of the effects
of amphetamine on alternation and perseveration in the ra-
dial maze suggests that amphetamine-induced decrements in
alternation (2- and 4-arm) may be distinguished from
amphetamine-induced perseveration. For example, acute
treatment with 1.0 mg/kg produced a significant decrease in
the proportion of 2-arm alternation responses but the reduc-
tion in the alternation tendency was not accompanied by any
appreciable increase in 2-arm perseveration. In higher doses.
of course. the reduced alternation was accompanied by
marked perseveration.

The effects of amphetamine on perseverative behavior
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TABLE 2
x? ANALYSIS OF THE TOTAL GROUP PROPORTION OF RESPONSE PATTERNS
Treatment
SAL 1.0 mg'kg 3.0 mg'kg 5.0 mg kg 7.0 mg'kg
Adjacent 16.7% 0.21 6.607 2.77 6.60°
Alternation
2-arm 19.2% 0.85 4.32% 0.05 6.47¢
Alternation
4-arm 20.0% 4.00* 3.24 2.56 6.76%
Alternation
Perseveration 1.12 0.57 1.85 0.8 128.6°
In each case. df 1, x* value necessary for p- 0.05=3.86.
*Deviates from chance performance.
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2-arm alternation, 4-arm alternation and perseveration responses as
a function of Drug Treatment (10.0 ml/kg saline or 1.0, 3.0, 5.0 0r 7.0
mg/kg d-amphetamine). In each case. the dotted lines designate
chance levels of responding.

appeared to be independent of changes in locomotor activity.
As seen in Fig. 1, maximal perseveration was observed fol-
lowing 5.0 and 7.0 mg/kg of amphetamine. In contrast, the
peak drug effect on locomotor activity occurred after 3.0
mg/kg, and the 7.0 mg/kg dose did not increase activity at all
(see Table 1).

EXPERIMENTS 2a-2¢

It will be recalled that the perseverative response pattern
induced by amphetamine is absent following repeated expo-
sure to the drug. Kokkinidis and Anisman [15] suggested that
this may have been due to a brecakdown in normal behavior
patterns. possibly owing to attentional deficits, rather than a
reflection of drug tolerance. The purpose of Experiment 2
was twofold: first, to establish the parameters necessary to
provoke the decline in the perseverative response to am-
phctamine in the 8-arm radial maze: and, second. to compare
the response patterns of saline-treated animals to those of
animals that had received chronic amphetamine treatment.
More specifically, would the decline in perseveration in the

function of Drug History (10.0 ml/kg saline or 10.0 mg/kg
d-amphetamine for S consecutive days) and Drug Treatment on Test
Day (10.0 mlkg saline or 3.0 mg/kg d-amphetamine). The dotted
lines denote chance response rates.

latter condition be associated with an increase in the fre-
quency of one of the forms of alternation or would the re-
sponse pattern appear haphazard?

METHOD
Subjects and Apparatus

Experiments 2a. b, and ¢ each involved 40 naive Swiss-
Webster mice. All particulars regarding subjects and appara-
tus were identical to those outlined in Experiment 1. with the
qualification that animals were individually housed from
commencement of the chronic drug or saline regimen.

Procedure

In Experiment 2a, mice received daily [P injections of
either d-amphetamine sulfate (10.0 mg/kg, salt weight. in a
10.0 ml/kg volume) or physiological saline (10.0 ml/kg) on §
consecutive days. On the sixth day. these groups were sub-
divided such that one-half the animals received a 3.0 mg/kg
test dose of d-amphetamine sulfate (saline-amphetamine.
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TABLE 3

MEAN NUMBER OF ARM ENTRIES (- S.E.M.) AS A FUNCTION OF
DRUG HISTORY AND DRUG TREATMENT ON DAY OF TESTING

Drug Treatment
on Day of Testing

2.0 me ke
Drug History Saline  amphetamine
10.0 ml kg S4.3 118.8
saline day for five days -6.2 < 10.0
10.0 mg kg 60.7 141.3
d-amphetamine day for five days S 6.3 -+ 8.0

amphetamine-amphetamine). while the remaining mice re-
ceived saline (saline-saline. amphetamine-saline). This pro-
cedure was replicated in Experiment 2b, with the exception
that a challenge dose of .0 mg/kg was administered prior to
testing. In Experiment 2¢. animals received daily 1P injec-
tions of 10.0 mg/kg d-amphetamine sulfate or saline for ten
consecutive days and received either a challenge dose of 5.0
mg/kg or saline prior to testing on the eleventh day. The
behavioral testing and scoring procedures were identical to
those previously described in Experiment 1.

RESULTS AND DISCUSSION
Experiment 2a

Locomaoror activity, As seen in Table 3. and contirmed by
Analysis of Variance, amphetamine administered on test day
significantly increased locomotor activity, F(1.36)—86.98,
p 0,050 Several investigators [20.21] previously reported
chrontc amphetamine treatment to enhance the motor exci-
tation induced by subscquent amphetamine treatment. As
cvident in Table 3. suggestion of such an effect was evident
in Experiment 2a. However. in the absence of a detailed
analysis of locomotor and stereotypic changes that occur
over various time intervals following amphetamine treat-
ment. it is difficult to determine whether the activity changes
that occurred in the present investigation were comparable
to those previously reported.

Spontancous alternation. As evident in Panels A and B of

Fig. 2. the degree of preference which animals demonstrated
for the relatively novel arms of the maze was only influenced
by Drug Treatment on Day of Testing, F's(1.36)-10.12,
16.60. p<20.05, for the 4-arm and 2-arm alternation measures,
respectively. Trrespective of drug history, treatment with 3.0
mg/kg of amphetamine on the day of testing reduced the
proportion of alternation responses. Amimals treated only
with saline exhibited alternation scores which were signifi-
cantly above chance. whereas chance or below chance level
alternation was characteristic of those mice tested in the
drug state. Morcover, while injection of 10.0 mg/kg/day for S
consecutive days did not significantly influence alternation,
it is noteworthy that the 4-arm alternation scores of
AMP/SAL mice did not deviate from chance levels.
Likewise. six of the ten mice chronically treated with am-
phetamine and tested with saline exhibited 2-arm alternation
scores which did not deviate trom chance (see Table 4).
Analysis of Variance of the proportion of adjacent alter-
nation responses indicated a significant interaction between

491

Drug Treatment on day of testing and Drug History,
F(1.36)=5.02 p<20.08 (see Fig. 2). Newman-Keuls multiple
comparisons of the simple main eftects comprising the in-
teraction (a—0.05) revealed that. among saline-pretreated
mice, 3.0 mg/kg of amphetamine significantly reduced the
proportion of adjacent alternation responses relative to mice
that received saline throughout. Chronie treatment with am-
phetamine did not modify the degree of adjacent alternation
responses produced by a 3.0 mg/kg challenge dose of the
drug. Regardless of prior drug history, mice tested in the
amphetamine condition exhibited below chance levels of ad-
jacent alternation (see Table 4). Interestingly. adjacent alter-
nation behavior was modified by chronic amphetamine
among mice subsequently tested in the saline condition. That
is. the adjacent alternation scores of amphetamine-saline
treated mice were significantly lower than those of mice that
were repeatedly treated with saline. In fact. whereas the
adjacent alternation scores of the latter group exceeded
chance. those of the former group did not deviate from
chance (see Table 4).

Perseveration. The proportion of perseveration responses
as o function of the Drug Treatment is shown in Panel C of
Fig. 2. Analysis of Variance indicated that 3.0 mg/kg of am-
phetamine significantly increased the proportion of persev-
eration  responses  relative  to saline-treated  controls,
F(1.36)- 17.00, p-==0.05. Pre-cxposure to amphetamine (10.0
mg/kg) for 5 consecutive days was ineffective in reducing the
perseveration tendency. In spite of this. however. the perse-
veration scores of animals pretreated and tested with am-
phetamine may be differentiated from those of the acute drug
group in that scores of the latter exceeded chance whercas
those of the former did not deviate from chance (sce Table 4).

Experiment 2b

Locomaotor activity. As in Experiment 24, treatment with
amphetamine on test day enhanced locomotor activity, as
reflected by the number of arm entries, F(1.36)=21.25,
p<70L0S (see Table 5). Repeated treatment with amphetamine
for five consecutive days did not significantly influence sub-
sequent activity (see also the Results and Discussion of Ex-
periment 2¢).

Spontancous alternation. Consistent with Experiment 1,
administration of the 5.0 mg/kg dosage of amphetamine on
test day reduced the proportion of both alternation and adja-
cent alternation responses, F's(1.36)-19.83, 35.08, 28.67,
P8 0.05 for the 4-arm, 2-arm and adjacent alternation
measures, respectively (sce Fig. 3). Amphetamine pretreat-
ment was without effect on any of these measures.

Perseveration. Analysis of Variance of the proportion of
perseveration responses indicated that mice treated with
amphetamine on the day of testing showed a significantly
greater proportion of perseveration responses than did
animals that received saline. F(1.36)-9.04, p<<0.05. Al-
though the Analysis of Variance indicated that prior drug
history did not influence perseveration. x* analyses (see
Table 6) indicated that amphetamine pretreatment signifi-
cantly aftected the degree of perseveration observed after a
5.0 mg/kg challenge dose. Whereas mice in the acute am-
phetamine group displayed perseveration scores which ex-
ceeded chance. mice chronically treated with amphetamine
and then tested in the drug state exhibited perscveration
scores which did not deviate from chance. It might also be
noted that although the analysis of variance indicated that
five days of pre-exposure to amphetamine did not signiti-
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TABLE 4
x2 ANALYSIS OF THE TOTAL GROUP PROPORTION OF RESPONSE PATTERNS
Adjacent 2-arm 4-arm Persever-
Treatments Alternation Alternation Alternation ation
saline-saline 34.8* 10.45* 21.2% 0.57
saline-amphetamine 5.23* 0.21 4.0* S.14%
amphetamine-saline 0.21 §.33* 0.36 1.12
amphetamine-amphetamine 7.83* 0.21 2.56 1.12

In each case, df -1, x? value necessary for p<0.05-3.86.

*Deviates from chance performance.

TABLE 5

MEAN NUMBER OF ARM ENTRIES (=S.E.M.) AS A FUNCTION OF
DRUG HISTORY AND DRUG TREATMENT ON DAY OF TESTING

Drug Treatment
on Day of Testing

5.0 mgrkg
Drug History Saline amphetamine
10.0 ml:kg 56 + 6 1S = 1§
saline/day
10.0 mg/kg 47 = 4 85-14
d-amphetamine/day
cantly alter perseveration, half the mice in the

amphetaminc-amphetamine group showed an attenuation of
the perseverative responding normally observed after 5.0
mg/kg of the drug.

Taken together. the results of Experiments 2a and 2b
indicate that daily injections of 10 mg/kg for 5 consecutive
days are ineffective in altering perseveration after subse-
quent challenge doses of 3.0 or 5.0 mg/kg of amphetamine.
However, when tested after injection of saline. animals with
a history of repeated amphetamine treatment do not display
patterns of adjacent alternation ordinarily observed in
saline-treated mice.

FExperiment 2¢

Locomotor activity. As seen in Table 7, animals treated
with 5.0 mg/kg of amphetamine exhibited higher levels of
locomotor activity than did mice tested with saline,
F(1.36)=27.15. p<0.05. Consistent with the results of Exper-
iment 2a and those of other investigators [20,21] mice chron-
ically treated with amphetamine exhibited a greater number
of arm entries than saline-pretreated mice. F(1.36)=7.46,
p<0.05.

Spontaneous alternation. Panels A and B of Fig. 4 illus-
trate the proportion of alternation responses as a function of
drug treatments. The degrece of preference animals demon-
strated for the 4 more novel arms of the maze varied as a
function of Drug History x Drug Treatment on Day of Test-
ing. F(1.36)=7.90, p<0.01. Newman-Keuls multiple com-
parisons (a=0.05) indicated that treatment with am-
phetamine on test day significantly reduced the proportion of
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FIG. 3. Mean proportion (%) +S.E.M. of 2-arm alternation, 4-arm
alternation. perseveration and adjacent alternation responses as a
function of Chronic Drug Pretreatment (10.0 mbkg saline or 10.0
mg/kg d-amphetamine for S consecutive days) and Drug Treatment
on Day of Testing (10.0 ml/kg saline or 5.0 mg/kg d-amphetamine).

alternation responses relative to mice pretreated and tested
with saline; this reduction was to a lesser degree among mice
pretreated with amphctamine. Moreover. alternation scores
of the saline-saline group were higher than those of animals
in the amphetamine-saline group. It will be recalled that the
4-arm alternation measure is, in effect, analogous to the al-
ternation/perseveration index of the Y-maze (where the
probability of both an alternation and a perseveration is
0.50). As such the slight increase in 4-arm alternation (and
thus slight decrease in amphetamine induced 4-arm persev-
eration) in the chronic amphetamine group tested with the
drug is consistent with earlier reports using a Y-maze ex-
ploratory task [10.13]. However. it may be noteworthy that,
while the acute amphetamine group displayed levels of 4-arm
alternation which fell significantly below chance. the 4-arm
perseveration scores of the chronic amphetamine group did
not deviate from chance (see Table 8).

As evident in Panel A of Fig. 4 and substantiated by
Analysis of Varniance, 2-arm alternation performance varied
as a function of Drug History x Drug Treatment on Test
Day, F(1,36)=8.43. p<0.05. Newman-Kculs multiple com-
parisons («=0.05) indicated that irrespective of chronic drug
history. injection of 5.0 mg/kg of amphetamine prior to test-
ing reduced the proportion of 2-arm alternation responses
relative to saline-treated controls. That is, irrespective of
drug history. mice tested following injection of 5.0 mg/kg
exhibited 2-arm alternation scores which did not deviate
from. or fell significantly below. chance (Table 8).
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TABLE 6
x* ANALYSIS OF TOTAL. GROUP PROPORTION OF RESPONSE PATTERNS
Adjacent 2-arm 4-arm Persever-
Treatment Alternation Alternation Alternation ation
saline-saline 12.09* 17.28* 10.2* 0.21
saline-amphetamine 3.86* 4.32* 1.44 16.7%
amphetamine-saline 8.25* 34 3.24 0.21
amphetamine-amphetamine S.14* 1.92 1.44 3.85

In cach case. df'= 1. x? value necessary for p<0.05-3.86.

*Deviates from chance performance.

TABLE 7

MEAN NUMBER OF ARM ENTRIES (=S.E.M.) AS A FUNCTION OF
DRUG HISTORY AND DRUG TREATMENT ON DAY OF TESTING

Drug Treatment
on Day of Testing

5.0 mgikg
Drug History Saline amphetamine
10.0 ml’kg 42+ 4 101 - 17
saline‘day
10.0 mg'kg 71 = 8 140 + 15
d-amphetamine.day
TABILLE 8

x* ANALYSIS OF TOTAL GROUP PROPORTION OF RESPONSE PATTERNS

Adjacent 2-arm 4-arm Persever-
Treatment Alternation Alternation Alternation ation
saline-saline 28.0* 23.52* 29.2* 1.12
saline-amphetamine 1.12 §.33* 12.96* 64.2*
amphetamine-saline 0.02 3.41 9.0* 2.77
amphetamine-amphetamine 3.86 1.92 1.0 16.7*

In cach case. df = |, x* value necessary for p<0.05 =3.86.

*Deviates from chance performance.

Morcover. amphetamine pretreatment was found to influ-
ence alternation behavior even when testing was conducted
in the saline condition. That is. mice repeatedly injected with
amphetamine and tested with saline exhibited significantly
lower 2-arm alternation scores than did mice that were both
pretreated and tested with saline . Indeed. whereas the per-
formance of the latter group exceeded chance. that of the
former group did not deviate from chance (se¢ Table 8).
Thus. there appears to be a breakdown of the alternation
tendency following chronic amphetamine treatment, which
is evident both after a challenge dose of amphetamine and
after saline.

As in the case of 2-arm alternation. Analysis of Variance
indicated that adjacent alternation performance varied as a
function of the interaction between Drug History and Drug
Treatment on Day of Testing., F(1.36)=7.46, p<0.05 (see

Fig. 4). Pairwise comparisons of the simple effects revealed
that, refative to mice in the saline-saline condition, mice pre-
treated with saline and tested with amphetamine displayed a
marked reduction of adjacent alternation, such that the pro-
portion of these responses did not deviate from chance (sec
Table 8). Amphetamine administration prior to testing
among mice that had been chronically treated with am-
phetamine resulted in adjacent alternation scores which did
not differ from those of animals in the acute amphetamine
condition. Indeed, as seen in Table 8. x* tests indicated that
levels  of adjacent alternation in the amphetamine-
amphetamine group did not deviate from chance. Morcover,
adjacent alternation responses were less frequent among
mice that received chronic amphetamine treatment and were
tested in the saline condition than among animals that re-
ceived saline throughout both pretreatment and testing.
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DRUG TREATMENT ON TEST DAY
FIG. 4. Mean proportion (%) * S.FE.M. of 2-arm alternation. 4-arm
alternation. perseveration and adjacent alternation responding as a
function of Drug History (10.0 ml/kg saline or 10.0 mgkg
d-amphetamine for 10 consecutive days) and Drug Treatment on
Test Day (10.0 ml/kg saline or 5.0 mg/kg d-amphetamine). The dot-
ted lines symbolize chance response rates.

Whereas mice in the latter group exhibited adjacent alterna-
tion levels that exceeded chance. animals in the former
group displayed adjacent alternation scores that did not de-

viate from chance. Thus. regardless of treatment on day of

testing, animals with a history of chronic amphetamine ad-
ministration did not exhibit the above chance levels of 2-arm
or adjacent alternation typical of saline-saline mice.

Perseveration. Amphetamine treatment on test day in-
creased the frequency of perseverative responses.
F(1.36)=49.77, p<0.05 (see Fig. 4, Panel C). Contrary to
Experiments 2a and 2b. however. chroni¢c treatment with
amphetamine was found to influence perseveration signifi-
cantly. F(1.36)=4.92, p<0.05. Despite the fact that the inter-
action between these two factors did not reach statistical
significance. F(1,36)—3.01, p =0.09, Newman-Keuls multiple
compartsons (a=0.05) of the simple main effects were con-
ducted on the basis of a priori predictions. These tests indi-
cated that among mice pretreated with saline. a 5.0 mg/kg
challenge dose significantly increased the proportion of per-
severation responses compared with mice that were tested
with saline. Pretreatment with amphetamine did not influ-
ence perseverative responding among mice that were tested
in the saline condition. Among mice chronically treated with
amphetamine. a significant attenuation of the perseverative
tendency was seen following administration of the 5.0 mg/kg
challenge dose. Despite the reduction in amphetamine-
induced perseveration, x* analyses revealed that among both
groups tested with amphetamine (i.c.. saline-amphetamine
and amphetamine-amphetamine) group perseveration scores
exceeded chance. Regardless of the pretreatment condition.
animals tested with saline demonstrated levels of persevera-
tion which did not deviate from chance (see Table 8). Sum-
marizing, inasmuch as the alternation of amphetamine-
induced perseveration was not associated with an increase in
the frequency of alternation (2-arm or adjacent alternation),
the results of Experiment 2¢ suggest that the decline in per-
severation following chronic amphetamine treatment may
reflect a breakdown in normal behavior patterns. Indeed. the
profile of 2-arm and adjacent alternation responses suggest
that the exploratory patterns typical of normal animals are
not evident among mice chronically treated with am-
phetamine even if tested in the non-drug state.
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GENERAL DISCUSSION

As previously observed in the free running Y-maze ex-
ploratory task [11.12], animals treated with saline tend to
visit those arms of a radial maze that were least recently
explored (alternation). Moreover. mice frequently exhibited
response patterns, of at least 3 arm entries in length, in which
they sequentially visited immediately adjacent novel arms
(adjacent alternation). As in the Y-maze [11.12]. as well as
other tests of exploration [8.19], acute treatment with am-
phetamine produced a dose-dependent change of explora-
tory patterns. Acute administration of low dosages of am-
phetamine eliminated both alternation and adjacent alterna-
tion tendencies. In addition to a disruption of alternation
tendencies, higher doses of amphetamine produced a marked
perseverative tendency, such that mice frequently re-entered
the two arms that had been most recently visited. The effects
of amphetamine on exploratory patterns were apparently un-
related to the motor changes induced by the drug. Treatment
with 7.0 mg/kg. which did not enhance motor activity, and
5.0 mg/kg which augmented locomotor activity. both
produced significant reductions in alternation and adjacent
alternation coupled with marked perseveration.

Several of the behavioral changes ordinarily induced by
acute amphetamine treatment were modified among mice
with a history of chronic amphetamine administration (10.0
mg/kg of amphcetamine for 10 consecutive days). As in the
Y-maze. the perseverative tendency typically induced by 5.0
mg/kg of amphetamine was reduced if mice had received
chronic exposure to amphetamine. The behavior of those
animals chronically treated with amphetamine and given a
challenge dose of 5.0 mg/kg did not approuach the levels of
alternation or adjacent alternation typically scen in animals
that had received saline throughout the experiment. In ef-
fect, while apparent ““tolerance’ to amphetamine was seen
on measures of perseveration. the level of performance on
the alternation measures was not increased by repeatedly
exposing animals to the drug. In fact. it appeared to be the
case that repeated amphetamine treatment influenced the
behavior of animals ¢ven when subsequently tested in the
nondrug state. Both the 2-arm and adjacent alternation
scores of the amphetamine-saline group were reduced rela-
tive to animals that had received only saline throughout the
experiment. As such. the behavior of animals chronically
treated with amphetamine was clearly distinguishable tfrom
that of mice treated after acute injection with amphetamine
or after saline.

Several possible interpretations of these data are avail-
able. For example. amphetamine could have been stored in
adipose tissue [22]. thereby having long-lasting eftects which
would have been apparent when mice were subsequently
tested in the amphetamine condition. However. it would fol-
low from such an interpretation that perseverative tenden-
cies would be enhanced after chronic drug treatment when
mice were tested with a dosage that ordinarily did not clicit
the perseveration (e.g.. 3.0 mg/kg). The fact that no such
effect was evident in Experiment 2a. where a low dosage was
used in the test. is inconsistent with such an interpretation.

An alternative accounting for the effects of chronic am-
phetamine treatment. previously offered by Kokkinidis and
Anisman [15]. is that such a treatment either directly or indi-
rectly results in disruption of attentional processes. Thus. it
would follow from this hypothesis that. atter chronic am-
phetamine treatment, not only would the perseverative et-
fects normally observed after acute treatment be eliminated.
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but the alternation tendency ordinarily observed after saline
administration would also be antagonized. In effect. the be-
havior of animals chronically pretreated with amphetamine
could be distinguished from that of acutely treated mice or
saline controls in that their behavior would appear
haphazard and low levels of both alternation and persevera-
tion would ensue. In previous Y-maze studies [10, 13, 14)
where the measurement of alternation and perseveration
were not independent of one another. the reduction of perse-
veration and hence the increase of alternation after chronic
treatment could have been interpreted as a reduction in the
potency of amphetamine. However, in the 8-arm radial
maze. adjacent and 2-arm alternation measures may be dis-
sociated from changes in perseveration. As expected.
amphetamine-induced perseveration was eliminated follow-
ing repeated amphetamine treatment without any indication
of recovery of the alternation patterns. Indeed. even when
mice were tested with saline after a chronic amphetamine
regimen. the exploratory patterns ordinarily seen in phar-
macologically naive mice were absent. Thus the data
provisionally suggest that repeated exposure to am-
phetamine provoked changes bevond simply reducing the
potency of the drug.

It is noteworthy at this juncture that behavior of animals
in a radial maze has been used to assess spatial memory [16,
17. 18]. However. it should be emphasized that the way in
which the radial maze is utilized in the spatial memory exper-
iments is fundamentally different from its use in the present
studies. As such, direct comparisons between these two
series of experiments may be tenuous at best. In the case of
spatial memory studies, the particulars of the test situation
were designed to maximize the animals® use of spatial cues
relative to intra-maze cues. In addition. animals were food
deprived and the arms of the maze baited with food. As such.
the animals’ use of spatial information to minimize visits to
alrcady entered arms. to attain food reinforcement. was
maximized. In contrast. mice in the present experiments
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were neither food deprived nor was any food placed in the
maze: mice were simply allowed the opportunity to explore.
It cannot be determined, on the basis of the present data,
whether the alternation and perseveration tendencies were
directed by spatial cues or by intra-maze contextual cues. It
has been demonstrated that in both Y-maze and T-maze ex-
ploratory tasks, intra- and extra-maze cues can be effective
in influencing alternation/perseveration behavior (4. 9, 14).
In the context of the present investigation, the question of
the relative importance of spatial and/or intra-maze cues in
influencing exploratory patterns was of secondary impor-
tance. The critical concern was to compare the behavior of
animals chronically treated with amphetamine with that of
saline-treated animals. The 8-arm radial maze, by virtue of
its many arms, simply provided a more sensitive instrument
than the Y-maze. with which to assess/gauge the strength of
the spontancous alternation and perseveration tendencies
(see Introduction).

Inasmuch as mice exhibit a tendency to enter sequentially
a series of immediately adjacent arms, it 1s possible that the
adjacent alternation tendency reflects a response bias quite
apart from cue utilization processes. 1.¢.. a series of consis-
tent right or left turns will produce adjacent alternation re-
sponses: see analogous discussion of response sequences
and spatial abilities in Eckerman, Gordon, Edwards. Mac-
Phatl, and Gage [6]. and in Watts. Stevens. and Robinson
[24]. In addition. it is not clear whether the adjacent alterna-
tion tendency acts to minimize entries to recently entered
arms. As such it might be argued that chronic amphetamine
treatment may disrupt animals® preference for the novel
arms by virtue of its elimination of adjacent alternation quite
apart of any change in stimulus sampling. The observations
that alternation and adjacent alternation tendencies can be
distinguished from one another argue against such an in-
terpretation. Disruption of the adjacent alternation tendency
can occur in the absence of a concomitant disruption of
4-arm alternation (see Experiment 2).
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